








HANDBOOK
OP

HEMISTRY AND PHYSICS
A READY-REFERENCE POCKET BOOK
OF CHEMICAL AND PHYSICAL DATA

ELEVENTH EDITION

COMPILED FROM THE MOST RECENT AUTHORITATIVE
SOURCES

BY

CHARLES D. HODGMAN, M.S.
Associate Professor of Physics at Case School of Applied Scienct

AND

NORBERT A. LANGE, Ph.D.

Assistant Professor ofOrganic Chemistry at

Case School of Applied Science

PRICE, FIVE DOLLARS

Published by

CHEMICAL RUBBER PUBLISHING CO.

CLEVELAND, OHIO, U.S.A.



COPYRIGHT, 1914, 1915, 19l6> 1917, lgl8 , 19x9, lg20j IQ22> I924

1925, 1926

BY

Chemical Rubber Publishing Co.
cleveland, ohio

COPYRIGHT IN GREAT BRITAIN

1919, 1920, 1922, 1924, 1925, 1926

All rights reserved under International Convention

THE PLIMPTON PRESS
NORWOOD- MASS-U- S • A



PREFACE

The Handbook of Chemistry and Physics, continuing the
policy of the past, is being revised at frequent intervals.

The general features and scheme of arrangement, which have
received extensive endorsement in former editions have been
retained. The aim throughout has been to present in condensed
form as large an amount of accurate, reliable and up-to-date
informaton in the fields of chemistry and physics as was con-
sistent with convenience in form and the possibility of wide
utility and distribution. A very large proportion of the tables
have been compiled especially for the Handbook from various
authoritative collections of data and from the current journals.

Since the beginning special consideration has been given to
the requests and suggestions of those who have used former
editions. In this way it has been hoped to develop the book
along lines most acceptable to those interested in a volume of
this type. Suggestions have been received from more than a
thousand members of high standing in the chemical and phys-
ical profession. We believe this cooperation to have been of
very great value in the growth and development of the work.
An attempt has been made to include material on all branches

of chemistry and physics and the closely allied sciences, which
would be likely to find any extended use. On the other hand, in
order to retain the convenience of moderate dimensions >nd at
the same time allow for natural growth due to the extension of
knowledge in these sciences, and logical additions along lines
already developed, it has seemed necessary to exclude types of
material of use only in certain highly specialized fines of work.
Chemistry and physics, always closely related sciences, have

been brought into much more intimate relations by the mora
recent developments of research. To an increasing extent the
student of either science should have a knowledge of the other.
It would seem that there should be a large field for a single
volume containing the constants and formulae of the two sciences
together with mathematical and conversion tables adequate for
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accurate computation. The generous response which the previ-

ous' editions have met indicates that the volumes have been

found useful and it is with the hope of even more comp!<

meeting the needs of the chemists and physicists of the English-

speaking world that succeeding editions are offered.

CHEMICAL RUBBER PUBLISHING )

Cleveland, Ohio



PREFACE TO THE ELEVENTH EDITION

The extensive changes in the atomic weights of the elements

as authorized by the International Committee on Atomic Weights

have entailed a very large revision of numerical values. Tables

of atomic weights, molecular weights, gravimetric factors and

other quantities dependent on the atomic weights have been

fully revised.

The table Physical Constants of Inorganic Compounds has

been completely rewritten and much enlarged, now including

data on considerably over two thousand compounds.

The table Physical Constants of the Elements has been

changed in form and now gives, in addition to the information

previously included considerably more detail in regard to the

discovery and occurrence of the elements besides other facts of

importance and interest.

The table of gravimetric factors has been entirely recomputed

and a large number of factors added.

In response to several requests a table of four-place logarithms

has been added.

Important revisions have been made in the following tables:

Periodic Arrangement of the Elements

Qualitative Analysis Scheme
Indicators

Solubility Product

Degree of Ionization

Dissociation Constants

Mathematical Tables

CHEMICAL RUBBER PUBLISHING CO.
Cleveland, Ohio
Mar. 16, 1926
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ANTIDOTES OF POISONS

Acetic Acid.—Emetics, magnesia, chalk, soap, oil.

Arsenic, Rat Poison, Paris Green.—Milk, raw egg, sweet oil,

lime water, flour and water.

Carbolic Acid.—Any soluble non-toxic sulphate, after pro-

voking vomiting with zinc sulphate; uncooked white of egg

in abundance, milk of lime, saccharate of calcium, olive or

castor oil with magnesia in suspension, ice, washing the stomach

with equal parts water and vinegar; give alcohol or whiskey

or about four fluid ounces camphorated oil at one dose.

Chloroform, Chloral, Ether.—Dash cold water on head and

chest, artificial respiration.

Hydrochloric Acid.—Magnesia, alkali carbonates, albumen, ice.

Hydrocyanic or Prussic Acid.—Hydrogen peroxide internally,

and artificial respiration, breathing ammonia or chlorine from

chlorinated lime, ferrous sulphate followed by potassium car-

bonate, emetics, warmth.

Iodine.—Emetics, stomach siphon, starchy foods in abundance,

sodium thiosulphate.

Lead Acetate.—Emetics, stomach siphon, sodium, potassium

or magnesium sulphates, milk, albumen.

Mercuric Chloride or Corrosive Sublimate.—Zinc sulphate,

emetics, stomach siphon, white of egg, milk, chalk, castor oil,

table salt, reduced iron.

Nitrate of Silver.—Salt and water.

Nitric Acid.—Same as for hydrochloric acid.

Opium, Morphine, Laudanum, Paregoric, etc.—Strong coffee,

hot bath. Keep awake and moving at any cost.

Phosphoric Acid.—Same as for hydrochloric.

Sodium Hydroxide or Potassium Hydroxide.—Vinegar,

lemon juice, orange juice, oil, milk.

Sulphuric Acid.—Same as for hydrochloric acid with the

addition of soap or oil.

Sulphurous Acid or Sulphur Dioxide.—Mustard plaster on
chest; narcotics, expectorants.

1
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BURNS AND SCALDS

Exclude air by thin paste of starch, flour, or baking soda.

Ordinary oils such as vaseline, olive or castor oil, lard or cream

may also be used. Lime water mixed with an equal part of

raw linseed oil makes an excellent dressing. An especially valu-

able material for all burns is picric acid gauze which may be

applied in the form of a compress.

After treatment with any of the above materials, cover with

a cloth or with cotton and hold in place with a light bandage.

ACDD AND ALKALI BURNS

With either, wash off as quickly as possible with a large

quantity of water. Water from a tap may be allowed to flow

over burns.
Acids

While the injury is being washed, have procured, lime water

or lime water and raw Unseed oil mixed together in equal pro-

portions or a mixture of baking soda and water or soap suds and
apply freely. For acid in the eye wash as quickly as possible

with water and then with lime water.

Alkalis

Wash with a large quantity of water as for acid burns. Neutral-

ize with weak vinegar, hard cider or lemon juice. For lime or

other strong alkali burns in the eye wash with weak solution o/

vinegar or with olive oil or a saturated solution of boric acid.



MATHEMATICAL TABLES

ALGEBRA

Factors and Expansions

(a ± b) 2 = a2 ± 2ab + b2 .

(a ± b) 3 = a3 ± 3a2b + 3ab2 ± b3
.

(a ± b)* = a4 ± 4a3b + 6a2b2 ± 4afc» + 64
.

o2 -62 = (a -6) (0 + 6). _
a2 + b2 = (a + bV- l)(o - b\/- l).

a3 -b3 = (a-6)(o2 + a6 + b2
).

a3 + 63 = (a + 6)(a2 - a6 + b2
).

a* + 64 = (a2 + a6V2 + b2) (a
2 - ab\/2 + b2

):

a" - bn = (0 - 6)(an
"

1 + a"_26 + + 6"" 1
)-

a" - b" = (a + b)(an
~

l - an~*b + bn
~

l

),

for even values of n.

on + bn = (o + b) («
n-1 - an_2b + ....+ bn_1 ),

for odd values of n.

o« + a?tf + b* = (a2 + ab + b2)(a2 - ab + b2).

(a + b + c) 2 = a2 + b2 + c2 + 2ab + 2ac + 2bc.

(a + b + c) 3 = a3 + b3 + c3 + 3a2 (b + c) + 3b2(a + c) +
3^(0 + b) + 6abc.

(a + b + c + d+. . . )
2 = a2 + b2 + c2 + d2 + . . . +

2a(b + c + d + . . . ) + 2b(c + d + . . . ) + 2c(d + ...) + ...

See also under Series

a* x 0" = a(I+v).

a1
= o(*~>').

Powers and Roots

o° = 1.

«-*= I.

If
a _ £
b
=

d'

a -

b

_ c -d

1

o1 = •y/aT

Proportion

then

(ab) 1 = a*bx .

/aV afW "6*'

\/ab = \/a \/b.

\/a//a _ Vji

V b

=

<Tb

a + b c + d— =—'
a - b _ c - d

a + b~ c + d
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ALGEBRA (Continued)

Sums of Numbers

The sum of the first n numbers, —
S(n) = 1+2 + 3 + 4 + 5.. ..+ti=

7l(
-
n +U

The sum of the squares of the first n numbers,

zw - 1» + * + p + * + p. .'.
. + * -

w(n + 1}

6

(2w + 1}

The sum of the cubes of the first n numbers,

2(n3
) = l 3 + 23 + 33 + 43 + 53 + n3 =

* 2(n + 1)2

4

Arithmetical Progression

If a is the first term; I, the last term; d, the common difference;

n, the number of terms and s, the sum of n terms, —
2 = a + (n — l)d

s - :>(a +

s = "pa + (n - l)d]

Geometrical Progression

If a is the first term; /, the last term; r, the common ratio;

n, the number of terms and s, the sum of n terms, —
I = arn~l

aOr* - 1)
s = :

—

r - I

a(l - r»)
s = —

1 - r

If n is infinity and r- less than unity, —
a

s =
1 — r

Permutations

If M denote the number of permutations of n things takeD p
at a time, —

.1/ =n(n - 1) C»-2) (n-p + 1)

Combinations

If M denote the number of combinations of n things taken p
at a time, —

M n(n- l)(n-2) (n-p + 1)

\E

M = —p=

—

IP |w - p
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ALGEBRA (Continued)

Quadratic Equations

Any quadratic equation may be reduced to the form, —
ax2 + bx + c «=

r™ -b ± "s/b2 - 4ac
I hen x = „

2a

If b2 - iac is positive the roots are real and unqual.
If b2 - Aac is zero the roots are real and equal.

If b2 - 4ac ia negative the roots are imaginary and unequal.

If b2 - 4ac is a perfect square the roots are rational and un-
equal.

Cubic Equations

A cubic equation, y
3 + py

2 + qy + r = may be reduced to the

form, —
x3 + ax + b «=

V
by substituting for y the value, x — £ Here

a = J(3fl - v
2
) and b = 5V(2p

3 - 9pg + 27r).

For solution let, —

then the values of x will be given by,

A+B A-B ,— A +B A-B /—

r

x = A+B, -—£— + —2~ V-3, ^ 2"" V "

Tf ^! — ^> n there wiu be one reaI r00t and two coniusate

4 +
27 imaginary roots.

b2 tf _ „ there will be three real roots of which two are

4
+
27 ' equal.

If - + — < 0, there will be three real and unequal roots.
4 27

In the last case a trigonometric solution is useful. Compute
the value of the angle <b in the expression, —

then x will have the following values: —

. 2^003* _ ,2^fcos(f + .20°),
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ALGEBRA (Continued)

Approximations

If a and b are small quantities, the following relations are
approximately true, —

(1 ± o)m = 1 ± ma
(1 ± a)m (l ± 6)

n = 1 ± ma ± nb
If n is nearly equal to m,

\/mti = —i

—

f
approximately.

If 6 is a very small angle expressed in radians, —
sin 8 , tan 8

n , .

= 1 and = 1, approximately.
8 8

Series

The expression in parentheses following certain of the series

indicates the region of convergence. If not otherwise indicated

it is to be understood that the series converges for all finite

values of x. Binomial

(x + y)» = x» + nxn~hj + -^-j2— x—Y +

n(n - 1) . . 7(n - m + 1) (n.m)

.. . ,
n(v - l)x2 n{n - \)(n - 2)^

(1 ± x)» = 1 ± nx + . ± — £ — + . . . etc.

!f l£ (x2 < 1)

. . ., n(n + l)x2 „ n(n - l)(n - 2)x3

(1 ± x)"» - 1 + nx + . T -± £ '— + ... etc.

Jf I

3
, (x* < 1)

(1 ± x)_I = l+x+x2 + x3 + x4 + x5 + ... (x2 < 1)

(1 ± x)-* = 1 T 2x + 3x2 T Ax3 + 5x« T 6x* + . . . (x2 < 1)

Taylor's Series

fix + h) = /(x) + */'(*) + |V"(*) + |V"(*) + • •

= f(h) + xf'(h) + £/"(&) + £f'"{h) + . .

.

Maclaurin's Series

fix) =/(o) + xf'io) + |/"(o) + |/'"(<>) + • •

.

.ExprmmJiaZ

, 1111
e = 1+

l
+ ^ +

l
+
l
+ ---

2*2 *j»3 ^4
ei = 1+x+

il

+
i3
+

ii
+ ---
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ALGEBRA (Continued)

Logarithmic

. x-i i/x-i\ 2 l/x-iy
,

log,x = (x - 1) - l(x - 1)2 + i(x - 1)3 - . . .

(x>0)
log, (1 + x) = x - £x2 + |x3 - |x4 + . . . (- ?.< X < 1)

Iog,(r, + 1) - log.(n - 1) =2 [I +^ + gL- + . .

.]

k k k
log,o (n + 1) - log10 n = - + ^i + 3^5 + • • • where * = -4343 • • •

log.(a + x) = log, a + 2[^_ +
\(^^+ * (_£_)'+ .

.]

(a> 0, -a<x< + a.)

x3 x5 x7

Bm* = x-j3 + j|-j7 + ...

X2 X4 X8
cosx = l -^ + ||-]6 + ---

x3 2x^ 17x7 62a?
tan x = x +

3
+

15
+
315

+
2g35

+ • • •

x3 1 3 x5 1 3 5 x 1

,

. _ ,,sin-x =a; + - + -. r 5+2'4-B' 7 + '-- (X<1)

tan->x = x-ix3 + Jx5 - lx7 + ... (x*< 1)

_E_I + J L+ (x2 >l)"2 x
+

3x> 5x*
+ --- Kx > i)

X2 X* Xs
log, sin x = log, x - — -

jgQ
- 2^ - . . . (x2 < ir

2
)

X2 X4 X6 17x* / 7T*\
log, cosx = -

2
--

I
2- i5-252Q-... V*

<
T,J

(*<*)

x2 7X4 62x«

3
+

90
+
2835

x2 3x4 8X5 3x«

/, x2 4s4 31x« \

x2 3x3 9x4
,
37X5

,

(-?)
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MENSURATION FORMUUE

Plain Figures Bounded by Straight Lines

The area of a triangle whose base is b and altitude h

hb
~ 2'

The area of a triangle with angles A, B, and C and sides

opposite a, b, and c, respectively

= hab sin ('.

or = VHS- a)(s - b){s - c),

where s - f (a + b + c).

A rectangle with sides a and 6 has an area = ab.

The area of a parallelogram with side b and the perpendicular
distance U) the parallel side h

= bh.

The area of a parallelogram with sides a and b and the included
angle 6

= ab sin 8.

The area of a rhombus with diagonals c and d,

= fed.

The area of a trapezoid whose parallel sides are o and 6 and
altitude h

= \{a + b)h

The area of any quadrilateral with diagonals a and b and the
angle between them 6

= \ab sin 6.

The area of a regular polygon with n sides, each of length /,

= inl2 cot —

.

n

For a regular polygon of n sides, each side of length I, the
radius of the inscribed circle,

1 x 180
= „ COt .

2 n

The radius of the circumscribed circle,

I 180
= = cosec—

.

2 n
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Area, Radius of Inscribed and Circumscribed Circles for

Regular Polygons

/ = length of one side.

Name.
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Plane Figures Bounded by Curved Lines

The circumference of a circle whose radius is r and diameter
d(d = 2r)

= 2irr = Td. (t = 3.14159)

The area of a circle

= xr2 = Jxrf2 = .7854^.

The length of an arc of a circle for an arc of 6 degrees

Trrfl

~ 180"

Note. — In this and following similar formulae r denotes the
radius of the circle, (OC, Fig. 1).

For an arc of 8 radians the length

= r0.

The length of a chord subtending an angle 6

= 2r sin \6.

The area of a sector where 6 is the angle between the radii

in degrees
7rr2

=
360'

If s is the length of the arc, the area of the sector

_ sr
=

2"

The area of a segment where 6 is the angle between the two
radii in degrees

_ Tr2 r2 sin 6
=
360 2 "

10
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If 6 is in radians the area

» \r\6 - sin 0).

The area of the ring between two circles of radius T\ and r»,

one of which encloses the other,

= 7r(r, +r2)(ri - r2).

The two circles are not necessarily concentric.

Area of the sector of an annulus. (Fig. 2.) — If angle

GOH = 6 and the lines GO and JO = r 1 and r2 respectively, the
area GHIJ

= Jflfa+rjKri -r2 ).

Tig. 2.

If Si = the length of the arc GH and s2 = the arc JI and A
= HI =Ti- r2 , the area GHIJ

= ^h(sx +s2 ).

The circumference of an ellipse whose semiaxes are a and b

= 2wJa ~*~
, approximately.

The area of an ellipse

= wab.

The length of the arc of a parabola, as arc SPQ in Fig. 3,

where x = PR, and y = QR

Wi
The area of the section of the parabola PQRS,

-fey.
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Solids Bounded by Planes

The lateral area of a regular prism = perimeter of a right section

X the length.

The volume of a regular prism = area of base x the altitude.

The lateral area of a regular pyramid, slant height /, length of

one side of base a, and a number of sides n,

= Inal.

The volume of a pyramid =
J area of base x altitude.

Fig. 3.

Surface and Volume of Regular Polyhedra

Surface and volume of regular polyhedra in terms of the
length of one edge /.

Name.
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The area of a fane on the surface of a sphere of radius r,

included between two great circles whose inclination is 6 radians

= 2r20.

The area of a spherical triangle whose angles are .4, B, and
C (radians) on a sphere of radius r

= (A+B + C - ir)r2 .

The area of a spherical polygon of » sides where 6 is the sum
of its angles in radians

= [0 - (n - 2)tt>2
.

The area of the curved surface of a spherical segment of

height h, radius of sphere r

= 2irrh.

The volume of a spherical segment, data as above

= iwh^Sr - h).

If a = radius of the base of the segment, the volume

= J7r/i(/i
2 + 3a2

).

The curved surface of a right cylinder where r = the radius
of the base and h, the altitude,

= 2xrh.

The volume of a cylinder, data as above,

= irr-h.

The curved surface of a right cone whose altitude is h and
radius of base r

= wr^/r2 + /j2_

The volume of a cone, data as above,

= ^f2h = 1.047f*A.

The curved surface of the frustum of a right cone, radius of

base ru of top r2 and altitude h,

= v(Xi + r2)v//i2 + (r, 2 -r2
2
).

The volume of the frustum of a cone, data as above,

The oblate spheroid is formed by the rotation of an ellipse

about its minor axis. If a and b are the major and minor semi-
axes respectively, and e the eccentricity, the surface

O 2 ,

¥
1

1 + e
= 2ira2 + 7T — log, j

e 1 - e

and volume = \iva2b.

13
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The prolate spheroid is formed by the rotation of an ellipse

about its major axis (2a), data as above.

Surface

volume

= 2tt62 + 2x— sin
~

l
e,

e

- |7T062
.

TRIGONOMETRIC FUNCTIONS IN A RIGHT-ANGLED
TRIANGLE

If A, B, and C are the vertices (C the right angle), and a, b,

and h the sides opposite respectively,

b

h'
sin A
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VALUE OF THE FUNCTIONS OF VARIOUS ANGLES

0° 30° 45° 60° 90° 180° 270°

sin i W2 h/3~ 1 -1

cos 1 |V3" W% \ 0-1
tan \y/Z 1 V3 oo

cot co y/3 1 JV3
-

oo

RELATIONS OF THE FUNCTIONS .

1 „™~_ 1
sin x =

cosec x
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FUNCTIONS OF MULTIPLE ANGLES
sin 2x = 2 sin x cos x.

cos 2x = cos2 x - sin2 x = 2 cos2 x - 1 = 1 - 2 sin2 x.

sin 3x = 3 sin x - 4 sin3 x.

cos 3x = 4 cos3 x - 3 cos x.

sin 4x = 8 cos 3 x sin x - 4 cos x sin x.

cos 4x = 8 cos4 x - 8 cos2 x x 1.

sin 5x = 5 sin x — 20 sin3 x + 16 sin5 x.

5x = 16 cos5 x - 20 cos3 x + 5 cos x.

sin 6x = 32 cos5 x sin x - 32 cos3 x sin x +* 6 cos x sin x.

cos 6x = 32 cos6 x - 48 cos4 x + 18 cos2 x - 1.

2 tan x
tan 2x =

cot 2x =

tan 3x =

1 - tan2 x

cot2 x - 1

2 cot x

3 tan x — tan3 x

1-3 tan2 x

cos \x

§x = ±^L - cos X

+ COS X

-±JE
11 +

tan ix = + J1 ~ C(>s s _ 1 - cos x

cos x sin x 1 + cos x

MISCELLANEOUS RELATIONS

sin x ± sin y = 2 sin \ (x ± 7/)- cos § (x ± y).

cos x + cos y = 2 cos \ (x + 1/) • cos £ (x - y).

cos x - cos y = -2 sin § (x + ^)-sin 5 (x - y).

sin (x ± y)tan x ± tan y =

cot x ± cot y

sin x ± sin y
cos x -f cos y

cos x cos y
± sin (x + y)

sin x-sin y

= tan I (x ± y).

sin x + sin w , . . .

= - cot h (x T y).
cos x — cos y
sin x + sin y _ tan \ (x + y)

sin x - sin y tan 5 (x - y)

sin2 x - sin2 y = sin (x + y) -sin (x - y).
cos2 x - cos2 y = - sin (x + y) sin (x - y).
cos2 x - sin2 y = cos (x + y) cos (x — y).

16
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RELATIONS BETWEEN SIDES AND ANGLES OF ANY
PLANE TRIANGLE

In a triangle with angles A, B, and C and sides opposite a,

b, and c respectively,

sin A sin B _ sin C
a b c

a2 = b2 + c2 — 26c cos A.

a = b cos C + c cos B.

b2 + c2 - a2

cos A
26c

A -B a-b C
tan—=— = r cot =•

2 a + 6 2

sin J. = r- \/s(s - a)(s - 6)(s - c),
oc

where s = |(a + 6 + c).

A _ J0»-fr)(s-c)
2 J 6c

sin

s(s - a)
cos

2 \-w-
tan

2 ™ s(s - o)

6 sin A + sin 5 tan % (A + B) cot

" o - b sin A - sin B tan ^ (A - £) tan % (A - B)

RELATIONS IN ANY SPHERICAL TRIANGLE

If A, B and C be the three angles and a, b, and c the opposite

sides,

sin A _ sin B _ sin C
sin a sin 6 sin c

cos a = cos b cos c + sin b sin c cos A.
cos A = - cos B cos C + sin B sin C cos a.

-v
sin (s - b) -sin (s - c)

sin b sin c

where s = \{a + b + c).

,

../sin s-sin (s — a)

V
5

tan U =

sin b sin c

r

where

sin (s — a)

V
sin (s - a) sin (s - 6) sin (s - c)

sin s

17
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. Jcos (S - B) cos OS - C)
COS }fl" 1"

sin B sin C
where 5 - \{A + B + C).

3in J o = V- cos S cos (S — A)
sin B sin C

tan \ a = 72 cos (S - .A)

where R = X-
"c'cos (5 - A) cos (£ - £) cos (S - C)'

is
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CALCULUS
Differentials

d ax = adx
duv = udo + vdu

, u _ vdu — udv

V~ V*

dxn = n xn-1dx
d ex = exdx
deax = a eaxdx

d log, x = dx° x
d xx = x*(l + log e x) dx

d sin x = cos x da;

d cos x = - sin a; dx
d tan x = sec2 x dx
d cot x = - esc2 x dx
d sec x = tan x sec x dx
a' esc x = - cot x • esc x dx

d sin
_1x = (1 - x2)~*dx

d cos _1x = -(1 - x2)~*dx
d tan

~
lx = (1 + x2

)

_1dx
d-cot

_1x = -(1 +x2)"'dx

d sec
~

lx = x-1 (x2 - l)~*dx
d esc

_1x = - x-1 (x2 - l)~*dx

Integrals

xn+1
j x" dx = 7 except n = -1

n + 1

f— = log x

y e'dx = ex

/* e
azdx = -e«

a

f x e
axdx = —-

2
(ax - 1)

y* log x dx = x log x - x

f udv = uv - f tdu

n , , , , (a + bx) n+1

J (a + bx)"dx = —

;

y-jr~ except n = -1

lxl -T

f (a2 + x2
)
-1dx = - tan-1 - = - sin

-1

a a a \/x2 + a2

y^-x^d^log^:

f (a? - x2)~*dx = sin-L- = - cos-1-
a a
19
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Integrals (Continued)

f x(a2 ± x2)"*dx = ± (a2 x x2)>

S sin2 xdx = -5 cos x sin x + \x

S cos2 xdx = \ sin x cos x + %x

y sin a; cos x dx = \ ain2x

y (sin x cos x)
_1dx = log tan x

y tan x dx = — log cos x

y tan2 x dx = tan x - x

y cot x dx = log sin x

y cot2 x dx = — cot x - x

y esc x dx = log tan \x

y x sin x dx = sin x - x cos x

y x cos x dx = cos x + x sin x

2C
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ANALYTICAL GEOMETRY

The distance between two points xu yh and x2 , y2 ,
— rectangu-

lar coordinates:

d = ± V(x2 - xi)
2 + (2/2 - 2/i)

2

For polar coordinates and points T\, du and r2 , d2 :

d = ± vVi2 + r2
2 - 2rir2 cos (0i - 0) 2

The area of a triangle whose vertices are xu ?/,; x2 ,
y-2 , and z3 , y3 :

^ = KxiV2 - xtVi + xi>J3 - X3J/2 + x3iji - Xiy3)

For polar coordinates and vertices, rh ft; r2 , 62 , and r3 , 63 :

A = \{ (r,r2 sin (02 - 0,) + r2r3 sin (03 - 2 ) + r3r x sin (0, - 3 ) |

The equation of a straight line where m is the tangent of the
angle of inclination and c, the distance of intersection with the
Y axis from the origin:

y = mx + c

If a line of inclination m passes through the point X\, y\ its

equation is:

y - y\ = m(x - Xi)

The equation of a line through the points xit yu and X2, y2 is:

y - 3/i _
x -xi

y2 - yi x2 - Xi

If the intercepts on the X and Y axes are a and & respectively,

the equation is:

x y- + £ = 1
o

If the length of the perpendicular from the origin is p and its

angle of inclination the equation is:

x cos + y sin = p

General equation of the straight line:

Ax + By + C =

The equation of a circle whose center is at a, 6, and whose
radius is c:

Or - o)« + (y - 6)
2 = c2

If the origin is at the center:

»* + y* = c2

The polar equation of a circle with the origin on the circum-
ference and its center at point c, a:

r = 2c cos (0 - a).

If the origin is not on the circumference, the radius a and the
center at a point I, o, the equation becomes:

a? = r2 + P - 2rl cos (0 - a)

21
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The equation of a parabola with the origin at the vertex, where
p is the distance from the focus to the vertex:

y
2 = 4px

The polar equation where the pole is at the focus and I the
semi-latus rectum is:

- = 1 - cos 6
r

If the pole is at the vertex and p as above:

_ 4p cos 6
T =

sin2
d

The equation of the ellipse with the origin at the center and
semi-axes o and b:

a2
+

b2

Polar equation where the pole is at the center:

. a2
fc
2

ft —
a- sin 2 + b2 cos2

The equation of the hyperbola with the origin at the center,

semi-axes a and b:

x2
rf

a2 b2

Polar equation, pole at center:

r2 =

-2- = 1'2

a2b2

a2 sin2 Q - b2 cos2 Q

EXPLANATION OF LOGARITHM TABLES

The logarithm of a number is the exponent of that power to
which another number, the base, must be raised to give the num-
ber first named. The base commonly used is 10 and as most
numbers are incommensurable powers of ten a common loga-
rithm, in general, consists of an integer which is called the
characteristic and an endless decimal, the mantissa.

It is to be observed that the common logarithms of all num-
bers expressed by the same figures in the same' order with the
decimal point in different positions have different characteristics

but the same mantissa. To illustrate:— if the decimal point
stand after the first figure of a number, counting from the left,

the characteristic is 0; if after two figures, it is 1; if after three
figures, it is 2, and so forth. If the decimal point stand before the

22
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first significant figure the characteristic is —1, usually written 1;

it there is one zero between the decimal point and the first signifi-

cant figure it is 2 and so on. For example: log 256 = 2.40824,

log 2.56 = 0.40824, log 0.256 = 1.40824, log 0.00256 = 3~.40S24.

Inasmuch as the characteristic may be determined by inspection

the mantissas only are given in tables of common logarithms.
To find the logarithm of a number.
For a number of four figures take out the tabular mantissa

on a line with the first three figures of the number and under its

fourth figure. The characteristic is determined as previously
explained.

For a number of less than four figures supply zeros to make
a four figure number and take the value of the mantissa from the
tables as before. For example: log 2 = log 2.000 = 0.30103.
For a number of more than four figures take the tabular value

of the mantissa for the firs>t four figures; find the d

."en this mantissa and the next greater tabular man
and multiply the difference so found by the remaining figur.

the number as a decimal and add the product to the man'
of the first four figures. For example: to find log 46.762.

log 46.76 = 1.66987

Tabular difference between this mantissa and that for 4677
is .00010.

.*. log 46.762 = 1.66987 + .2 x .00010
= 1.66987 + .00002
= 1.66989

To find the number corresponding to a given logarithm.
If the mantissa is found exactly in the table, join the figure

at the top which is directly above the given mantissa to the
three figures on the line at the left and place the decimal point
according to the characteristic of the logarithm. For example,
log"1 (antilogarithm) 3.39967 = 2510.

If the mantissa is not found exactly in the table it Is necessary
to interpolate. For example, log

-1 3.40028 = 2513. + T
9
f = 2513.5.

The column of proportional parts at the right of each page of
the table shows, under the heading of the various tabular differ-

ences, the parts of these differences which correspond to the
digits from 1 to 9 in the fifth place. This makes it possible to
take out a logarithm for a five figure number or to find an anti-

logarithm of the same number of significant figures with increased
facility, usually by inspection.

The following formula? express the relations on which the use
of logarithms is based.

log ab = log a + log 6

log £ = log a - log 6

log an = n x log a

, »»/- log a
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FOUR-PLACE LOGARITHMS

0000 0043 OOSO 012S 0170
0414 0453 0493 0531 05 I

17 j 082S OS I 08 19

1139 1173 120 L271
1461 1492 1523 1553 15S4

1701 179 I L81S L847 1S75
2041 206« - -.'22 2148
2304 130 23i 180 2405
255 2577 .

I 25 2648
788 281 .

- 2856 2878

3010 3032 30.54 307
3222 3243 26 3284 '

3424 3444 -

>56 3874

3979 3997 4014 4031 4048
4150 4166 4183 4200 4210
43H 4330 4340 4362
4472 44S7 4502 4518 4533
4624 1639 4054 4009 4683

4771 47S0 4800 4814 4S29
4914 4928 4942 4955 4909

5065 5079 5092 5105
211 5224 5237

5315 5328 5340 5353 5366

5441 5453 5405 5478
599 5611

$2 694 5705 5717 5729
-.1 5832 5S43

5911 5922 5933 5944 5955

6021 6031 0042 6053 6064
0128 G13S 0149 0100 0170
0232 6243 0253 6263 0274
6335 6345 0355 6365 6375
6435 6444 0454 0404 6474

0352 0542 0551 0501 6571
17 6 656 6665

0721 673 I 6739 749 0758
0S12 6821 6830 6839 6848
6902 6911 6920 6928 6937

0990 6998 7007 7016 7024
7076 7084 7093 7101 7110
7160 710S 7177 7185 7193
7243 7251 7259 7207 7275
7324 7332 7340 734S 7350

1

0212 0253 0294 0334 0374
6 17 i •

I 682 '719 0755
1004 I 1072 1100
1335

1614 1644 1673 1701

1903 1931 195
2175 2201 2227 253 2279
2430 2455 504 2529

271 7)2 2705
2900 2923 294 i 2 7 2988

31 IS 3139 3150 3181 3201
124 334 i 33

I 22 -

3711 3729 3747 376
'45 3062

4065 4082 40

i

4232 424 Jl 42
4393 440 . 10 4450

4594 4009
4098 4713 4728 1742 4757

:- ! J

1997 .

5119 51..

5250 526
5378 5391 5403 5410 5428

5502 551
5023 5635 5017 5658 :

5740 5752 57
-

. 377 5*

5966 5977 598S 5999 0010

6075 6085 6096 6107 6117
0180 6191 0201 6212 6222
6284 0291 0301 0314 6325

105 6415 0425
0484 6493 6503 6513 6522

6580 0590 6599 6609 66IS
007") 6684 0093 0702 0712
6767 0770 6785 6794
6857 68 - 6884 6S

6946 6955 6961 6972

7033 7042 7050 7059 7067
7118 7120 7135 7143 7152
7202 7210 721S 7220 72:;5

7284 7292 7300 7308
7364 7372 7380 73--

Proportional
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FOUR-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)

N.



HANDBOOK OF CHEMISTRY AND PHYSICS

FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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FIVE-PLACE LOGARITHMS (Continued)
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NATURAL LOGARITHMS
NATURAL OR NAPERIAN LOGARITHMS OF THE NUMBERS

FROM 1 TO 1109

To find the logarithm of a number which is r\; or 10 times etc. a numbei
whose logarithm is given, subtract from or add to the given logarithm the
logarithm of 10.

Thus log 1 . 6 = log 16 - log 10

log 160 = log 16 + log 10 etc.

N
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NATURAL LOGARITHMS (Continued)
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NATURAL LOGARITHMS (Continued)

Log

6. 3 9693 9859 *O026 *0192 *0357

6. 4 1346 1510 1673 1836 1993
2972 3133 3294 3455 3615
4572 4731 4889 5047 5205

6147 6303 6459 6614 6770
7697 7851 8004 8158 8311
9224 9375 9527 9677 9828

6. 5 0728
2209
3669

5108

6526
7925
9304

6. 6 0665
2007
3332

4G39
-

7203

8461

9703
6. 7 0930

2143

3340
4524
5693

6849
7992
9122

6. 8 0239

1344
2437
3518

4588
5646
6693

7730
8755
9770

6. 9 0776

1771
2756
3731

4698
5655
6602

7541
8472
9393

7. 0307

Log

0877
2356
3814

1026 1175 1323
2503 2649 2796
3959 4103 4247

5251 5393 5536 5678

6667
8064
9441

0800
2141
3463

4769
6058
7330

6808 6948 7088
8203 8341 8479
9578 9715 9851

0935 1070 1204
2274 2407 2539
3595 3726 3857

4898 5028 5157
6185 6313 6441
7456 7582 7870

8586 8711 8835 8900

9827
1052
2263

3459
4641
5809

6964
8106
9234

99.50 *0073 *0196
1174 1296 1417
2383 2503 2623

3578 3697 3815
4759 4876 4993
5926 6041 6157

7079
8219
9347

7194 7308
8333 8446
9 459 9571

0351 0461 0572

1454
2540
3620

4694
5751
6797

7833
8857
9871

1504
2055
3733

4801
5857
6901

7930
8959
9972

1074 1783
2703 2S71
3841 3948

4907 5013
5901 6000
7005 7109

8038 8141
9061 9163
*0073 *0174

3 0975 1075 1175

1870
2854
3828

4794
5750
0097

7635
8564
9485

1968
2952
3925

4890
!

6791

2007 2160
3049 3147
4022 4119

4986 50S1
5940 0035
6885 0979

7728 7821 7915
8057 8749 8841
9577 9068 9760

0397 0488 0579 0670

*0523 *0688 *0853 *1017 *1182

2162 2325 2487 2649 2811
3775 3935 4095 4254 4413
5362 5520 5677 5834 5990

6925
8464
9979

1471
2942
4391

7080 7235 7389 7543
8616 8768 8920 9072
*0129 *0279 *0429 *0578

1619 1767
3088 3233
4535 4679

1915 2062
3379 3524
4822 4965

5820 5962 6103 6244 6386
7228
8617
9987

7368 7508
8755 8893
*0123 *0259

7647 7786
9030 9167
*0394 *0530

1338 1473 1607 1740 1874
2672 2804 2936 3068 3200
3988 4118 4249 4379 4509

5286 5415
6568 6096
7834 7960

5.544 5673 5801
0823 G9.50 7077
8085 821 1 8336

9084 9208 9332 9456 9580
*0319 +0441
1538 1059
2743 2863

*0564 *0686 *080S
1780 1901 2022
2982 3102 3221

3934 40.52 4170 4288 4406
5110 5227
6273 6388 6504 6019

7422 7537
I 8072
! 9794

7051 7705 7878
9010

9906 *0017 *0128

0793 0904 1014 1121

_ 2002
2979 30S7
4055 4162

2111 2220 2329
3195 3303 3411
4268 4375 4482

5118 5224 5330 5435 5.541

6171 0276 6380
7213 7310 7420

8244
9204

*0274

8346 8449

*0375 *0475

8551
I

*0575 *0075

1274 1374 14 73 1572 1072

2204
3245
4216

5177
6130
7073

8008
893 4

2363 24G1
3342 3440
4312 4409

2

4505 4601

5273 5368 5464
6224 6319 6414
7107 7201 7354

8101 8193 8286 8379
9026 9118 9210 9302
9942 *0033 *0125

0760 0851 0941 1031 1121
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COTANGENTS
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LOGARITHMS OF THE TRIGONOMETRICAL FUNCTIONS
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DEGREES — RADIANS
The table gives in radians the angle which is expressed in degrees and
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NUMERICAL TABLE

Reciprocals, Powers and Roots "of Numbers, Circumferences and
Areas for Numbers (Diameters) from 1 to 1000
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NUMERICAL TABLE (Continued)
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NUMERICAL TABLE (Continued)
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NUMERICAL TABLE (Continued)

451
452
453
454
455
456
457
458
459
460

461
462
463
464
465
466
467
468
469
470

471
472
473
474
475
476
477
478
479
480

481
482
483
484
485
486
487
488
489
490

491
492
493
494
495
496
497
498
499
500

1000^

2.21729
2.21239
2.20751
2.20264
2.19780
2.19298
2.18818
2.18341
2.17865
2.17391

2.16920
2.16450
2.15983
2.15517
2.15054
2.14592
2.14133
2.136751
2.13220
2.12766

2.12314
2.11864
2.11416
2.10970
2 . 10526
2.10084
2.09644
2.09205
2.08768
2.08333

203401
204304
205209
206116
207025
207936
208849
209764
210681
211600

212521
213444
214369
215296
216225
217156
218098
219024
219961
220900

221841
222784
223729
224676
225625
226576
227529
228484
229441
230400

n>

2.07900
2.07469
2.07039
2.06612
2.06186
2.05761
2.05339
2.04918
2.04499
2.04082

2.03666
2.03252
2.02840
2.02429
2.02020
2.01613
2.01207
2.00803
2.00401
2.00000

Vn

231361
232324
233289
234256
235225
236196
237169
238144
239121
240100

241081
242064
243049
244036
245025
246016
247009
248004
249001
250000

91733851
92345408
92959677
93576664
94196375
94818816
95443993
96071912
96702579
97336000

97972181
98611128
99252847
99897344
100544625
101194696
101847563
102503232
103161709
103823000

104487111
105154048
105823817
106496424
107171875
107850176
108531333
109215352
109902239
110592000

111284641
111980168
112678587
113379904
114084125
114791250
115501303
116214272
116930169
117649000

118370771
119095488
119823157
120553784
121287375
122023936
122763473
123505992
124251499
125000000

<K

21.2368
21.2603
21.2838
21.3073
21.3307
21.3542
21.3776
21.4009
21.4243
21.4476

21.4709
21.4942
21.5174
21.5407
21.5639
21.5870
21.6102
21.6333
21.6564
21.6795

21.7025
21.7256
21.7486
21.7715
21.7945
21.8174
21.8403
21.8632
21.8861
21.9089

21.9317
21.9545
21.9773
22.0000
22.0227
22.0454
22.0681
22.0907
22.1133
22.1359

22.1585
22.1811
22.2036
22.2261
22.2486
22.2711
22.2935
22.3159
22.3383
22.3607

7.66877
7.67443
7.68009
7.68573
7.69137
7.69700
7.70262
7.70824
7.71384
7.71944

7.72503
7.73061
7.73619
7.74175
7.74731
7.75286
7.75840
7.76394
7.76946
7.77498

7.78049
7.78599
7.79149
7.79697
7.80245
7.80793
7.81339
7.81885
7.82429
7.82974

7.83517
7.84059
7.84601
7.85142
7.85683
7.86222
7.86761
7.87299
7.87837
7.88374

7.88909
7.89445
7.89979
7.90513
7.91046
7.91578
7.92110
7.92641
7.93179
7.93701

Circum.
of circle

irn

1416.86
1420.00
1423.14
1426.28
1429.42
1432.57
1435.71
1438.85
1441.99
1445.13

1448.27
1451.42
1454.56
1457.70
1460.84
1463.98
1467.12
1470.27
1473.41
1476.55

1479.69
1482.83
1485.97
1489.11
1492.26
1495.40
1498.54
1501.68
1504.82
1507.96

1511.11
1514.25
1517.39
1520.53
1523.67
1526.81
1529.96
1533.10
1536.24
1539.38

1542.52
1545.66
1548.81
1551.95
1555.09
1558.23
1561.37
1564.51
1567.65
1570.80
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NUMERICAL TABLE (Continued)



HANDBOOK OF CHEMISTRY AND PHYSICS

NUMERICAL TABLE (Continued)



HANDBOOK OF CHEMISTRY AND PHYSICS

NUMERICAL TABLE (Continued)



HANDBOOK OP CHEMISTRY AND PHYSICS

NUMERICAL TABLE (Continued)



HANDBOOK OF CHEMISTRY AND PHYSICS

NUMERICAL TABLE (Continued)

1



HANDBOOK OF CHEMISTRY AND PHYSICS

NUMERICAL TABLE (Continued)



HANDBOOK OF CHEMISTRY AND PHYSICS

NUMERICAL TABLE (Continued)



HANDBOOK OF CHEMISTRY AND PHYSICS

NUMERICAL TABLE (Continued)



HANDBOOK OF CHEMISTRY AND PHYSICS

NTJMERICAL TABLE (Continued)





GENERAL CHEMICAL TABLES
* INTERNATIONAL ATOMIC WEIGHTS

1925

Name Sym- At. At.
bol No. Wt.

Aluminum Al
Antimony, stib-
ium Sb
Argon A
Arsenic As
Barium Ba
Beryllium, glu-
cinum Be
Bismuth Bi
Boron B
Bromine Br
Cadmium ... Cd
Calcium Ca
Cffisium Cs
Carbon C
Cerium Ce
Chlorine CI
Chromium Cr
Cobalt Co
Columbium, ni-

obium Cb
Copper Cu
Dysprosium. . . .Dy
Erbium Er
Europium Eu
Fluorine F
Gadolinium Gd
Gallium Ga
Germanium Ge
Gold, aurum. . . . Au
Hafnium, cel-
tium f Hf
Helium He
Holmium Ho
Hydrogen H
Indium In
Iodine I

Iridium Ir
Iron, ferrum. . . .Fe
Krypton Kr
Lanthanum La
Lead, plumbum . Pb
Lithium Li
Lutecium Lu
Magnesium Mg
Manganese Mn

13 26.97

Val-
ence

51 121.77 3, 5
18 39.91
33 74.96 3, 5
56 137.37 2

4 9.02 2
83 209.00 3, 5

.5 10.82 3
35 79.916 1

48 112.41 2
20 40.07 2
55 132.81 1

6 12.000 2, 4
58 140.25 4, 3
17 35.457 1

24 52.01 2, 3, 6
27 58.94 2, 3

41 93.1 3, 5
29 63.57 1, 2
66 162.52 3
68 167.7 3
63 152.0 3
9 19.00 1

64 157.26 3
31 69.72 3
32 72.60 4
79 197.2 1, 3

72 180.8
2 4.00

67 163.4 3
1 J ODR 1

49 lfL8 ' 3
53 126.932 1

77 193.1 3, 4
26 55.84 2, 3
36 82.9
57 138.90 3
82 207.20 2, 4
3 6.940 1

71 175.0 3
12 24.32 2
25 54.93 2,4, 6, 7

Name Sym- At. At.
bol Xo. Wt.

Mercury, hy-
drargyrum Hg
Molybdenum. . .Mo
Neoclymium .... Nd
Neon Ne

! Ni
Nitrogen N
Osn nm Os
Oxygen O
Palladium Pd
Phosphorus.
Platinum Pt
Potassium, ka-
lium K
Praseodymium . . Pr
Radium Ra
Radon, niton . . . Rn
Rhodium Rh
Rubidium Rb
Ruthenium Ru
Samarium.
Scandium ...
Selenium. ...

Silicon Si

Silver, argentum Ag
Sodium, natri-
um Na
Strontium Sr
Sulfur
Tantalum Ta
Tellurium Te
Terbium Tb
Thallium Tl
Thorium Th
Thulium Tm
Tin, stannum. . ,Sn
Titanium Ti
Tungsten, wol-
framium W
Uranium D
Vanadium V
Xenon Xe
Ytterbium Yb
Yttrium Y
Zinc Zn
Zirconium Zr

80 200.61
42 96.0
60 144.27
10 20.2
28 58.69
7 14.008

76 190.8
8 16.000
46 106.7
15 31.027
78 195.23

19 39.096
59 140.92
88 225.95
86 222.
45 102.091
37 85.44
44 101.7
62 150.43
21 45.10
34 79.2
14 28.06
47 107.880

11 22.997
38 87.63
16 32.064
73 181.5
52 127.5
65 159.2
81 204.39
90 232.15
69 169.4
50 118.70
22 48.1

74 184*0
92 238.17
23 50.96
54 130.2
70 173.6
39 88.9
30 65.38
40 91.

Val-

1,2
3, 4, 6

I

2, 3
3, 5

2, 3 4, 8
2

2,4
3,5
2, 4

1

3

3
1

3,4, 6, S

3
2, 4, 6

4
1

2, 4, 6

1, 3

3
2, 4

3,4

6
4, 6
3, 5

3
3
2
4

* Jour. Amer. Chem. Soc. March, 1925.

t Hafnium is not included in the International Table.
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THE ELEMENTS
Aluminum [L. alumen, alum], Al; at.wt. 26.97; at. no. 13;

m.p. 658.7°C; b.p. 1800°C; sp. gr. 2.70 (20°C); valence 3.

Discovered in 1827 by \Y6hler and again in 1854 by St. Claire

Deville; the first really practical electrical method of exti ion

was patented l\' - in England and the United £

18S5 but this was finally supplanted by methods of Heroult in

France and Hall in America; in 1856 the price was about
a pound, and in 1925, 25 to 30(f a pound. Aluminum is not
found in the metallic form but occurs as silicate in clays, feldspar,

etc., and is extracted chiefly from bauxite, an impure hydruted
oxide, by electrolysis of the solution in molten cryolite. Aluminum
is a white, somewhat soft metal resembling tin in appearance;
among the metals it stands second in the scale of malleability

and sixth in ductility. It is but slightly magnetic and is strongly
electro-positive, so that in contact with most other metals it

rapidly corrodes; the electrical conductivity is about 60 % that
of copper; it is highly sonorous in the bar but has a weak, cracked
sound when cast into a bell. It takes a high polish but this is likely

to become frosted in appearance due to formation of an oxide
coating. Alloys with the following metals have been prepared and
used: zinc, copper, magnesium, cerium, beryllium, cobalt,
tungsten and molybdenum. The compounds of aluminum of

greatest importance are its oxide and its sulfate. The oxide,
alumina, occurs naturally as ruby, sapphire, corundum and emery
and is very hard, ranking next to the diamond.
Antimony [L. antimonium], Sb (stibium); at. wt. 121.77; at

no. 51; m.p. 630° C; b.p. 1440° C; sp. gr. 6.62(20° C); valence
3 or 5. Discovered in 1450 by Valentine. Antimony is a metallic
element occuring native in rare instances but derived chiefly
from stibnite or gray antimony ore (S - rite or red
antimony (2S - - <e or white antimony
senarmontite (Sb 2 :; ), cervantite (Sb^i-SbjOs), and certain "ores

of gold, silver and lead. It is extracted from the sulfide on
roasting to the oxide which is reduced by s scrap iron;
from the oxides the metal is also prepared by reduction with
carbon. In 1925 the price of antimony was about 15-20^ a
pound. Antimony is an extremely brittle metal of a flaky,
crystalline texture, blue-white color and metallic lustre; hard-
ness, 3 to 3.5: not acted on by air at room temperature but when
heated it burns brilliantly with the formation of white fumes of
the oxide Sb2 3 . It is a poor conductor of heat or electricity.

Its property of expanding on cooling, a property which is also
found in its alloys makes it useful in the preparation of fine
and sharp castings. The most important alloys include type
metal, stereotype metal and Babbitt metal. " The principle
compounds of antimony are the sulfides, chlorides and tartar
emetic.
Argon [Gr. argos, inactive], A; at. wt. 39.91; at. no. 18- m p

-189.6°C; b.p. -186.1° C; sp. gr. 1.38A; valence (does not
combine with any other element); a gas existing in the atmos-
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phere in the proportion of about 0.8 % ; it is 2$ times as soluble in

water as nitrogen and has approximately the same solubility as
oxygen; it is best recognized by the characteristic lines in the

red end of the spectrum. Its presence in air was suspected by
Cavendish in 1785; discovered by Lord Kayleigh and Sir William
Ramsay in 1894. The best known method of obtaining argon on
a large scale is from liquid oxygen. It is used as a filler for in-

candescent electric lamps.
Arsenic [I Or, ellow orpiment (identified

with a-- male, from belief that metals were of different

sexes,) Aral - the orpiment from Persian zcrni (zar

gold)]. As; . wt. 74.9(3; at. no. 33; m. p. sublimes (500°

C-, m. p. under preseuj •
' -p. gr. .5.73; valence

3 or 5. Discovered in 1(>'.' 3 iroder. Arsen - si l-g] iy,

very brittle, crystalline, semi-metallic solid, which sublimes
heating, being deposited partly as a I le md partly as a black,

amorphous solid; it tarnishes . id when heat rapidly

oxidized to arsenious oxide (AsjOj). It is rarely found n. tve

occuring mostly - -
. arsenical iron and mispic

: iisenical pyrites I eS Is it is usually prepared by hi ieof

mispickel, the arsenic subliming leaving ferrous sulfide. The
b clement is not considered poisonous (altho many of its com-
pounds are extremely so) and is used in bronzing, pyi

and for hardening and improving the sphericity of shot. The
mo : important compounds are white area ii arsenious oxide

(AsrfO . a ' - -nite or Paris green (CuHAsOi), and, orpin

\ 9 The amorphous form of arsenic has a sp. gr. of 3.70.

Barium [Gr. ba 137.37;

m.p. 8 .... 50°C; sp. gr. 3> < 2. Barium
is a metallic element, soft and silvery white like lead; it belongs
to the alkaline earth group resembling calcium chemically i

is found only in combination with other elements, chiel!

heavy ipai ilfate) and withcrite (carbonate) and is pj pan 1

<' '

jib. It was discovered by Sir Humphry Davy in

i

vl <v The most important compoimds of barium are the per-

oxide, (BaOj), chloride (BaC'l^. sulfate (permanent whiti

blunc fui, BaS0 4 ), nitrate (Ba(NO»)») and chlorate (Bs I ' I

the nitrate and chlorate are used in pyrotechny for produ. o
of green colors: the sulfate in paint manufacture. The sulfide

BaS) phosj>horesces after exposure to light.

Beryllium [L. fr. beryl; also called Glucinvm Gr. qlykys, sweet],

Be or Gl; at. wt. 9.02; at. no. 4; m. p. 1280° C; b. p. . . . ; sp.

gr. 1.85; valence 2. Beryllium is a rare metallic element occuring
in beryl and other silicates discovered in 182S by YVohler. It

resembles magnesium in appearance and chemical properties;

it may be prepared from its chloride by displacement writh sodium.
The chief compounds of beryllium are the oxide, nitrate, sulfate,

chloride, basic acetate and carbonate.
Bismuth [etvmologv dubious: Ger. \Yismuth~\, Bi; at. wt.

209.00; at. no! S3; m.p. .. b.p. 1436° C.; sp. gr. >
(20°); valence 3 or 5. Bismuth is a white, crystalline, brittle

metal with a pinkish tinge that occurs in many places free as
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well as in combination as sulfide, oxide and carbonate; it is

extracted from the ore by melting out the free metal, the oxides

and sulfides being decomposed by the addition of carbon and iron.

It was discovered in 1450 by Valentine. It is a poor conductor ol

electricity, is very diamagnetic, solidifies with expansion, heated
in air it burns with a blue flame forming yellow fumes of the
oxide; its soluble salts are characterised by forming insoluble

basic salts on the addition of water — a property sometimes used
in its detection. Bismuth forms many alloys with metals which
are often used for their property of low melting point and be-
cause of their expansion on cooling are particularly suited for

making sharp castings of objects subject to damage by high
temperatures. The important compounds of bismuth are the
trioxide (Bi203), and the subnitrate of medicinal use (pearl white,

pearl powder, blanc de fard and blanc d'Espagne). Bismuth is

found native in England, France, Peru, and Siberia, but is mostly
obtained from Saxony. The price of the metal in 1925 was
about $2.25 a pound.
Boron [Ar. buraq, Pers. buraK], B; at. wt. 10.82; at. no. 5;

m.p. 2000-2500° C. ; b.p. sublimes 3500° C; sp. gr. of crystals

2.54, of amorphous variety 2.45; valence 3. Boron is an element
found in combination in boric acid, native borax or tincal, boracite
and several other minerals. Boron is obtained by heating boron
trioxide with magnesium powder; it has no commercial value.
The element was discovered in 1808 by Sir Humphrey Davy.
•The most important compounds are boric acid or boracic acid
(H3B03 ), and borax (Na2B4 7 ).

Bromine [Gr. bramos, stench], Br; at. wt. 79.916; at. no. 35;
m.p. -7.3° C; b.p. 61.1° C; sp. gr. of gas 5.87Aand of the liquid
3.12(20°); valence 3 or 5. Bromine, a member of the halogen
group of elements, is obtained from natural brines by displace-
ment with chlorine or electrolytically; it is the only liquid non-
metallic element, a heavy, mobile, reddish-brown liquid, volatiliz-

ing readily at room temperatures to a red vapor with a strong
disagreeable odor resembling chlorine and having a very irritating
effect on the eyes and throat; it is readily soluble in water or
carbon disulfide forming a red solution; it is less active than
chlorine but more so than iodine, it unites readily with many
elements and has a bleaching action; when spilled on the skin it

produces painful sores. It is chiefly employed for the preparation
of its compounds which are useful in photography, medicine,
coal tar derivatives, etc. The most important compounds are
the bromides of sodium and potassium. The element was dis-
covered in 1826 by Balard but it was not prepared in any quantity
till 1860. The price in 1925 was about 50c^ a pound.
Cadmium [Gr. kadmia, Cadmean (earth)], Cd; at wt 112 41'

at. no. 48; m.p. 320.9° C.; b.p. 778° C.; sp. gr. 8.65 (20°);
valence 2. Cadmium is a soft, bluish-white metal which is

malleable and ductile, occuring in small quantities associated
with zinc. It comes off before zinc in the preparation of the metal
condensing as the brown oxide which is then reduced with carbon!
It tarnishes in air and burns when heated forming the oxide.
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It was discovered in 1817 by Stromeyer. It forms a number of

salts of which the sulfate (CdSO«) is the most common. Cadmium
is a component of one of the lowest melting alloys and is alloyed

with silver in electroplating. The price of cadmium in 1925 was
about 7oi a pound.

Calcium [L. calx, lime], Ca; at. wt. 40.07; at. no. 20; m.p.
810° C; b.p ; sp. gr. 1.54 (29°); valence 2. Calcium
is a metallic element, fifth in abundance in the earth's crust of

which it forms 3.5' an essential constituent in leaves, bones,
teeth and shells. It is prepared by electrolysis of the fused
chloride. Chemically it is one of the alkaline earth elements;

it tarnishes readily in air, reacts with water, burns with a brilliant

crimson flame to the oxide and forms many compounds of which
the following are the most important: carbide (CaC2 ), carbonate
in the various forms known as limestone, marble,

stalactites and stalagmites (CaCOi). chloride (< i< I amide
(CaCN 2 ), fluoride (CaF2 ), hydroxide or slaked lime M OH
hypochlorite or bleaching powder (Ca(C10)i or I aCIO I

trate < a NO oxide or quick lime (CaO), phosphate
apofo'l i (PO^j) sulfate or gy\ < lSO«), and sulfid I -

It was discovered in 1808 by Da
Carbon [L. carbo, charcoal], C. ; at. wt. 12.000; a'

m.p. above 3500° C.; b.p. sublimes above 3£ 10

amorphous 1.88, graphite 2.25, diamond 3.51; valence -

Carbon, an element of prehisto Dvery is very widely dis-

tributed in nature, occuring fn , nond and graphite, and in

an impure form as coal; in combination il

carbonates and as a constituent of all living things. It or, mrs

in three allotropic forms, the diamond, graphite and amorph
all forms being solids, insoluble in any common solvent but
dissolving in melted metals from which they crystallize on c

ing in the form of graphite; when the cooling taki | under
pressure some of the carbon is obtai - diamond. Carbon is

unique in forming an almost infinite number of compounds, there
being at the present time almost one quarter of a million known
compounds; the compounds most common are the carbon
carbon dioxide (CO>); carbon monoxide (CO), carbon disulfide

< 3j), chloroform (CHC1 3 ), carbon tetrachloride (CCL,), alcohol

(C2H60), acetic acid (HCjHjO,) and oxalic acid (H2C.04 ).

Cerium [Named after the planet Ceres which was discovered
in 1801 only a short time before the element], Ce; at. wt. 140.25;

at. no. 58; m.p. 640° C; b.p ; sp.gr. 7.02; valence
3 or 4. Cerium is found in a few rare minerals, orthite, cerite and
the samarskite of North Carolina. It is a steel-gray lustrous
metal prepared by electrolysis of the chloride. It was discovered
by Berzehus in 1803 and is used chiefly as the oxide as an im-
portant constituent of incandescent gas mantles.
Caesium [L. caeshis, sky blue], Cs; at. wt. 132.81; at. no. 55;

m.p. 26.4° C; b.p. 670° C; sp. gr. 1.87 (26°); valence 1.

Caesium is an alkaline metal occuring in lepidolite, pollucile and
some mineral springs; it is isolated by electrolysis of the fused
cyanide. It was discovered in 1860 by Bunsen in mineral water
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from Durkheim, in the Palatinate. Caesium is characterized by a
spectrum containing two bright lines in the blue along with
several others in the red, - ad green.

Chlorine [Gr. chlor green], < r. no. 17;

m.p. -40° C; b.p. -33.6 C

I i . gas 2.49 A and 1.51 (-3 I

valence 1, 3, 5 or 7. Chlorine, a member of the halogen group
of elements, is obtained from chlorides 1 iizing

agents or by electrolysis; it is a greenish-yellow gas, with an
irritating and suffocating odor, attacking the res tract
producing symptoms of pneumonia , combining directly

with nearly all elements; in nature it is found in the combined
i' only, cliieHv with sodium as common salt (XaCl), carnal-

' 6H20) and sylvin (KC1). At 10° C, one volume
res 2.58 volumes of chlorine while .1.95

volumes of chlorine are dissolved. The most important com-
pounds are the chlorides, hypochlorites and chlorates. The
element was discovered by Scheele in 1774. In 1925 the price
was about 5-lOe^ a pound.
Chromium [Gr. chroma, color], Cr: at. wt. 52.01; at. no

m.p. 1615° C; b.p. 2200° C; sp. gr. 6.92 (20°); valence 2, 3 or 6.

Chromium is a metallic element resembling iron occuring chiefly
in chrome iron ore (FeOCr2 3 ) and is prepared by the reduction of
the oxide (Cr2() 3 ) with aluminum; it is a very infusible, hard,
gray metal used to harden steel. The most important compounds
are the sodium and potassium chromates (K2CrO*), dichrom

' rjO T ) and the potassium and ammonium chrome alums
3i .K,S0 4.24II>0) ). It was discovered bv Vauquelin in

: n
Cobalt [G. Knbobl goblin or evil spirit], Co; at. wt. 58

at, no. 27; m.p. 1480° C.; b.p
; sp.gr. 8.7

valence 2 or 3. Cobalt is a metallic element occuring in ores
which are sparingly distributed; it occurs most frequently in
amattite (CoAs*), linnaeite, wad, or cobalt bloom (Co.,S 4 j 'and
cobalite or cobalt glance s); it is brittle, hard, verv
magnetic and of a gray color with a reddish tinge. It is used
to alloy with other metals and the salts are used chiefly for the
production of brilliant and permanent blue colors in porcelain,
glass, pottery, tiles, and enamels, being the principle ingredient in

'1 Thenard's Blue. It was discovered bv Brandt in
1773. The chief compounds are the oxide (CoO), the chloride
(CoCL.6H20) and the nitrate (Co(N03 )2.6fljO). The price of
the metal in 1925 was about $3 a pound.
Columbium [Columbia, also called Niobium], Cb. or Xb. at.

wt. 93.1; at. no. 41 ; m.p. 1950° ('.; b.p
; sp.gr. S.4;

valence 3 or 5. Columbium is a very rare metallic element,'
occuring chiefly in niobite or columbite; it is prepared by re-
duction with carbon in the electric furnace and is a gray metal,
forming an acid oxide, CbX)s. from which the salts are derived!
It was discovered in 1S01 by Hatchett.
Copper [L. Cyprium], Cu <ouprurn); at. wt. 63.57; at. no. 29;

m.p. 1083° C; b.p. 2310^.: 8p. gr. S.93-S.95; valence 1 or 2.
Copper is a metallic element, reddish-colored, bright, metallic
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luster, malleable, ductile, good conductor of heat and electricity

(second to silver in electrical conductivity) occuring native and ra

various ores: chalcocite(Cu2S), chalcopyrite (CuFeS^), bornite
(CujFeSa), covelite (CuS), malachite (CuCOj.Cu(OH)j), azurite

(Cua(OH) 2(C03 ) 2 ), cuprite (CusO), tenorite (CuO), chrvsocolla
(CuSiO,.2H 20), chalcanthite (Cu80«.5HtO) and tetrahedrite

(40u^S.8bAi)- It is obtained from the ores by smelting, leaching
or electrolysis. The most important compounds are the oxide
(CuO) and the sulfate (blue vitriol, CuS04.5H20). The discovery
of copper dates from prehistoric times. The price of copper in

in 1925 was about 15^ a pound.
Dysprosium [Gr. hard to speak with], Dy; at. wt. 162.52;

at. no. 66; m.p ; b.p ; sp.gr ; valence
3. Dysprosium is a member of the erbium family of rare earths
and occurs in the minerals xenotime, fergusnnite, gadolinite,

euxonite, polycrase and blomstrandine. The free element has
never been isolated ; it forms highly colored salts. The element
was discovered in 1886 by Lccoq de Boisbaudran.

Erbium \_Yrtierby, a town in Sweden], Er; at. wt. 167.7; ait.

no. 6S; m.p ; b.p ; sp.gr. nrienac ft.

Erbium is a member of the family of rare earths which includes
thulium, erbium, holmium and dysprosium in the order of increas-

ing basicity. It forms highly colored salts and an oxide Er^O*.
The free element has not been isolated. It occurs in the minerals
xenotime, fergusonite, gadolinite, euxonite, polycrase and blom-
strandine.

Europium [Euro-}*], Eu; at. wt. 152.0; at. no. 63; m.p
;

b.p ; sp.gr ; valence 3. See Terbium. Euro-
pium is the most sparsely distributed of the terbium family of

rare earths which includes europium, gadolinium and terbium
in the order of decreasing basicity. The free element has never
been isolated; salts of the type EuXg and EuX2 , where X is a
univalent atom or radical are known. The general characters
of this family resemble those of the cerium family.

Fluorine [L. fiitor, flow], F; at. wt. 19.00; at. no. 9; m.p.
-223° C; b.p. -187° C; sp. gr. gas 1.31A of liquid 1.14 300
valence 1. Fluorine, a meml>er of the halogen group of elenn

is obtained by electrolyzing a solution of potassium hydrogen
fluoride in anhydrous hydrogen fluoride; it is a pale yellow gas,

uniting directly with silicon, carbon, hydrogen and nearly all

other elements in the dark, decomposes almost all compounds to
form fluorides except in the case of oxygen with which it form6
no compounds; it occurs chiefly in fluor spar (CaF2 ) and cryolite

(Na3AlF6); the most important compounds are hydrogen fluoride,

which is used in etching glass, and calcium fluoride. It was
discovered by Scheele in 1771.

Gadolinium [Gadolin, a Russian], Gd; at. wt. 157.26; at. no.

64; m.p ; b.p ; sp. gr
; valence

3. Gadolinium is a member of the terbium family of rare earths
which includes terbium and europium. The general characters
of this family resemble those of the cerium family; the free

element has never been isolated; the element forms oxides of the
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type R2O3 and its salts are usually more soluble than the corres-

ponding terbium salts. Gadolinium is the most plentiful of the

three terbium family elements. These elements decrease in

basicity in the order Eu, Gd and Tb.
Gallium [L. Gallia, France], (in; at. wt. 69.72; at. no. 31; m.p.

30.1° C.; b.p ; sp.gr. 5.94 (23°); valence 2 or 3. Gal-

lium is a rare metal belonging to the aluminum group and is

the only metallic element besides mercury which can be a liquid

at near room temperatures; it is a hard, grayish-white subtance

and was discovered spectroscopically by Lecoq de Boishaudran in

1875 in the zinc blende of Pierrefitte, Ilautes-Pyrenees altho

its occurence was predicted before that time by Mendeleeff who
named it eka-aluminum. It forms two sets of chlorides, bromides,

iodides, nitrates, sulfates and oxides in which it appears divalent

and trivalent.

Germanium [L. Germania, Germany], Ge; at. wt. 72.60;

at. no. 32; m.p. 958° C.; b.p. volatilizes at 1350° C.; sp. gr.

5.47 (20°); valence 4. Germanium is a metallic element of the
silicon group lying between silicon and tin in chemical properties;

it is a gray-white, crystalline, brittle metal that retains its luster

in air at room temperatures; it is prepared by reducing the
oxide obtained from a silver ore (argyrodite) with carbon or with
hydrogen. The most important compounds are the oxide (GeOj)
and the halides (GeCU) the latter being volatile. It was dis-

covered by Winkler in 1886 altho it was predicted before that
time by Mendeleeff who named it eka-silicon.

Gold [Anglo-Saxon gold}, Au (aurum) ; at. wt. 197.2; at. no.

79; m.p. 1063° C; b.p. 2500° C.; sp. gr. 19.32 (17.5°); valence
1 or 3. Gold is a metallic element which occurs free, is very widely
distributed in nature, occuring principally in rock deposits or in
alluvial deposits; it has a yellow color when in mass but when
finely divided it may be black, ruby or purple; it is the most
malleable and ductile, and also one of the softest of the metals;
it is a good conductor of heat and electricity and is not affected
by air and most reagents. Its chief use is in coinage and jewelry;
the commonest compounds are the auric chloride (AuCh) and
the chlorauric acid (HAuCL.) the latter used in photography
for toning the silver image.
Hafnium [Hafnium, Copenhagen], Hf; at. wt. 180.8; at. no.

72; m.p ; b.p ; sp.gr
; valence 4.

Shortly after Bohr's theory was applied to explaining the
periodic system of the elements, G. Urbain announced the ident-
ity of missing element number 72 with Celtium which he had
discovered in 1911. This identification was based upon the
Rontgen spectroscopic observations of A. Dauvilliers. This
identity of celtium and element number 72 did not fit the Bohr
theory as it should have been closely related to the tetravalent
zirconium. With confidence in the Bohr theory, D. Coster and
G. von Hevesy in 1922 made a search for element number 72 in
zirconium minerals by means of Rontgen spectroscopic analysis
and the firstmineral investigated, a zircon from Norway, showed
the presence of element number 72 which they named hafnium.
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On treatment of the mineral with potassium bifluoride and
separation of K2ZrF6 , the mother liquors became richer in the
amount of the new element. All of the zirconium minerals in-

vestigated except polymignite (Zr-Ti) contained from 1-20%
Hf, most of them having it present to the extent of 5% of the
zirconium content. The mineral alvite was found to be par-

ticularly rich in hafnium. In the range of 2500-3500 A the
following lines were found to be most pronounced: 2761.65,

2866.35, 2916.50 and 2940.80. Coster believes that Urbain's
celtium is nothing other than a concentrated cassiopeium (lute-

cium) preparation. In chemical properties, hafnium resembles
zirconium. When sodium phosphate is added to a zirconium
solution strongly acidified with hydrochloric or nitric acid, a
zirconium phosphate is precipitated. All other phosphates are

soluble in concentrated acid (columbium phosphate is only very
slightly soluble) except hafnium which is even less soluble than
zirconium. Its relative occurence in the earth's crust is esti-

mated at > 2 x 10.-5

Helium [Gr. helios, the sun] He; at. wt. 4.00; at. no. 2; m.p.

; b.p. -268.8° C; sp. gr. 0.137A; valence 0. It has never
been solidified, altho H. K. Onnes has cooled the element to the
lowest temperature ever obtained, -272.18° C. ; he has expressed
the opinion that helium may remain a liquid even at absolute
zero. Helium is a gas, inert chemically, obtained by compression
and fractionation of the gas from certain wells and from the min-
erals uraninite, cleveite, fergusonite, monazite, thorianite and
many radio-active minerals. It is the best gas for inflating bal-

loons because of its lightness, being next to hydrogen in this re-

spect, and its non-inflammability. Evidence of the existence of

helium was first obtained by Sir Xorman Lockyer during the
eclipse of 1868 when he detected a new line in the solar spectrum;
in 1895 Ramsey isolated helium from uraninite.

Holmium [L. Holrnia, for Stockholm], Ho; at. wt. 163.4; at. no.

67; m.p ; b.p ; sp.gr ; valence 3.

Holmium in a member of the erbium family of rare earths which
includes thulium, erbium, holmium and dysprosium in the order
of increasing basicity. It is obtained from xenotime, fergusonite,

gadolinite, euxenite, polycrase and blomstrandine. The element
forms highly colored salts; the free element has never been iso-

lated.

Indium [From its indigo spectrum], In; at. wt. 114.8; at. no.

49; m.p. 155° C; b.p. red heat; sp. gr. 7.28; valence 3. Indium
a rare metallic element occuring in some zinc ores; it belongs to

the aluminum group in properties, being a very soft, silvery metal,

not acted on by water or air, burning to the sesquioxide (ln2 3 )

with a blue-«violet flame. It was discovered in 1863 by Reich
and Richter.
Hydrogen [Gr. hydro, water, and genes, forming], H; at. wt.

1.008; at. no. 1; m.p. -259° C.; b.p. -252.8° C.; sp. gr. gas
0.0695A, liquid 0.070(-252° C.); valence 1. Hydrogen is a
colorless gaseous element occuring chiefly in combination with
oxygen as water; it is the lightest of all gases, insoluble in water,
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uniting with many elements to form compounds; it ia used as a
reducing agent, as a means of obtaining high temperature flames

and for inflating balloons; it is a constituent of all acids, hydroxides

and alcohols; it is prepared by the electrolysis of water or by
displacement from acids with metals. It was first recogniz* -

a distinct substance in 1766 by Cavendish.
Iodine [Gr. iodes, violet], I; at. wt. 126.932; at. no. 53^ m.p.

113.5° C; b.p. above 200 c C; ap. gr. gas 8.72 A, solid 4.94 (20

valence 1, 3, 5 or 7. Iodine, a member of the halogen group of

elements, occurs sparingly in the form of iodides in sea water
from which it is assimilated by seaweeds, in Chile saltpeter, and
in caliche (as sodium iodate); from iodides it is obtained on dis-

tillation with sulfuric acid and some oxidizing agent (Mn02 )

and from the iodates by heating with sodium bisulfite. It is a
grayish-black, lustrous solid, volatilizing at ordinary tempera-
tures into a blue-violet gas with an irritating odor; it forms
compounds with many elements but is less active than the other
halogens which displace it from iodides; it combines only partly
with hydrogen when heated and very little or no action on hy-
drocarbons; it forms brown solutions with water (slightly soluble;,

and with alcohol or aqueous potassium iodide; with carbon
disulfide, chloroform or carbon tetrachloride purple solutions are
obtained. The most important compounds are the iodides of
sodium and potassium (KI) and the iodates (KIQs). It was
discovered by Courtois in 1811. The price in 1925 was §4.50 -5.00
a pound.

Iridium [L. iris, rainbow], Ir; at. wt. 193.1; at. no. 77; m.p.
2360° C; b.p ; sp. gr. 22.42 (17°); valence 3 or 4.

Iridium, a metallic element belonging to the platinum family is

a very hard, brittle, white metal, occuring in alluvial deposits
along with platinum; it is used in apparatus for high tempera-
tures; alloyed with platinum, it is used for standard weights and
measures; alloys with osmium are used in tipping pens and com-
pass bearings; iridium black, prepared by exposing alcoholic
solutions of the sulfate to light, is used as a catalytic agent;
the most important salt is the chloride (IrCL). It was discovered
in 1803 by Tennant. The price in 1925 was about S260 an ounce.

Iron [Anglo-Saxon, iron], Fe (ferrum); at. wt. 55.84; at. no.
26; m.p. 1530° C; b.p. 2450° C; sp. gr. 7.85-7.88; valence 2
or 3. Iron is the most abundant of metals and has been known
and used from very early times; the pure metal, which is practi-
cally unknown in the Arts (altho some grades of soft steel are
almost chemically pure), is silver-white, very ductile and mag-
netic; the pure metal may be prepared by electric deposition of
ferrous sulfate or by reduction of pure oxide with hydrogen or'

aluminum; pig iron is hard, brittle and fairly fusible, containing
about 3 % carbon and varying amounts of sulfur, silicon, manga-
nese aad phosphorus; wrought iron is tough, grayish-white, and
malleable, having usually a fibrous structure, very infusible, with
only a few tenths percent or less of carbon; steel is a solid solution
of iron carbide in iron with a carbon content usually below 2

Iron is obtained from the oxide ores by reduction with carbon.

91



HANDBOOK OF CHEMISTRY ASD PHYSICS

Krypton [Gr. Kryptos, hidden], Kr; at, wt. 82.9; at. no. 36;

m.p. -169° C; b.p. -151.7° C; sp. gr. gas 2.818A; valence ().

Krypton is an inert, rare, gaseous element, occuring in small

amounts in the atmosphere, and is characterized by a brilliant

green and yellow line in its spectrum. It was discovered in

1895 by Ramsay and Travers.

Lanthanum [Gr. lai i nceal], La; at. wt. 138.90;

at. no. 57; m.p. 810° C; b.p • 6.156; valence 3.

Lanthanum is a metallic element of tli irths, resembling
iron in its physical properties ; Iv in air to form

i
the ox '• i Oj); *ecurs in the ores < . and mona-
zite; it is prepared from the chloride by treatment with sodium.

It was discovered by Mosander in 1837

Lead [Anglo-Sa oi ad], Pb (plumbuhn •• 207.20; at.

no. 82; m.p. 327° ('.; b.p. 152J I sp. gr. 11.36; valence 2 or 4.

Lead is a metallic element of bluish-white color and bright

luster \ soft, highly malleable, sic city, ductile and
poor conductor of electricity - id chiefly from galei

PbS :• isl og ' - Important lead 8S - are the ni-

ti ,-, Pb(N0 Pb60 Pb(C»H,0
bonate (PbCO - r 1

' 2PbO
Pb "

:

i -<'d in making pipe mtainera

eorrosivi liquids and is useful alloys in-

ohi lii - solder, type metal and - antifriction met Lea<

Baits are <u I in medicin tions because of tbi

.-!
.

;

the solutions. The price of It

-.'-: 'a pound.
Lithium [Gi nel, Li; at. wt. 6.940; at, no. 3; m.p.

186° b.p, 1400 I sp Lit! un k

soft, white metal, belonging to the alkali-metal group;

lightest metal known; it is widely distributed in combination with
other elements occuring in the soil, • and the minerals

lepidolite and spodumene 'silicates occuring in California I

B >uth Dakota respectively), amblyganite (phosphate). When
burned in air it forms the oxide lithia (LioO); ltak -i num-
ber of salts analogous to the salts of sodium or potassium. The

" and citrate are used in medicine to remove uri<

from the body, lithium urate being a soluble salt. It wae
oove ' Arfvedson in 1817.

Lutecium [_Lutelia, ancient name of Paris], Lu; at. wt. 175.0;

at. no. 71 ; m.p ; b.p ; sp. gr. ;
valence

3. It occurs in samarskite and gadolinite; it was discovered

in 1907 by Urbain and Welsbach. Lutecium belongs to the

ytterbium family of earths which includes ytterbium and lute-

cium. In 1907'Lrbain and in 1908 von Welsbach described a

process by which Marignac's ytterbium(1879) could be separated

into the two elements ytterbium (neo-ytterbium) and lutecium.

Both elements occur in very small amounts in nearly all minerals

containing yttrium. The best sources are probably gadolinite,

xenotime. polycrase and blomstrandine. The oxide, chloride

and sulfate have been prepared.
Magnesium [Magnesia, district in Thessaly], Mg; at. wt.
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21.32; at. no. 12; m.p. 651° C; b.p. 1120° C; sp. gr. 1.74 (5°);

valence 2. Magnesium is a light, white, hard and fairly tough
metal, occuring very widely distributed in combination as
magnesite (MgCOa), dolomite (Mg and Ca carbonate), Epsom
salts (MgS04.7H«0), carnallite (K and Mg chlorides), kieserite

(MgS04.H20) and kanite (KCl.MgSO4.3H2O). It is obtained by
electrolysis of the fused chloride. It tarnishes slightly in air

and when in the form of ribbon, wire or powder it ignites on
heating, burning with a dazzling white heat. It is useful in

flash-light photography, and for pyrotechnic purposes. It is

often alloyed with nickel and aluminum; the most important
compounds are the oxide (MgO), the sulfate (MgS04 ), the
chloride (MgCl2 ) and the citrate (MgaCCcHsO?);). It was dis-

covered in 1829 by BuSsy. The price of magnesium in 1925 was
$\ .25^1.30 a pound.
Manganese [L. magnes, magnet], Mn; at. wt. 54.93; at. no.

25; m.p. 1230° C; b.p. 1900° C; sp. gr. 7.42; valence 2, 4, 6 or 7.

Manganese is a gray-white metal resembling iron, but harder and
very brittle; it is obtained from pyrolusite (Mn0 2 ) and psilome-
lane (R0.4Mn02 , where R is Ba, Li, K or Mn); other ores found
in smaller amounts are braunite (3Mn 2 3.MnSi03 ) and manganite
(Mn 2 3.H20). The metal is obtained by reduction of the oxide
with sodium, magnesium, aluminum or by electrolysis. It is

used in the production of alloys with iron (spiegeleisen), copper,
brass and nickel. The most important compounds are the
chloride (MnCL), sulfate (MnS04 ), oxide (MnO), dioxide (MnO,),
and potassium permanganate (KMn04 ). It was discovered in
1774 by Gahn.
Masurium [Masurian province formerly belonging to Germany],

Ma; at. wt ; at. no. 43; m.p ; b.p ;sp.gr.
; valence Masurium is one of the eka-manganeses

discovered by Noddack, Tacke and Berg in 1924 and occurs
in the minerals columbite, sperrylite, gadolinite and fergusonite.
The element was detected with the aid of the Rontgen spectrum
and the relative occurence in the earth's crust is estimated at 10-13

.

Mercury [Planet Mercury'], Hg (hydrargyrum) ; at. wt, 200.61
at. no. 80; m.p. -38.85° C; b.p. 357.25° C; sp. gr. 13.595 (4°),
valence 1 or 2. Mercury or quicksilver is a heavy, silver-white,
shining liquid, a fair conductor of heat and electricity and has a
regular coefficient of expansion; it tarnishes but slightly in air
except when heated to near the boiling point where it is slowly
converted to the oxide (HgO) from which oxygen is again set free
at higher temperatures. It occurs free in nature to a limited
extent but the chief source is the sulfide (cinnabar, HgS) from
which it is obtained by heating in a current of air. The most
important salts are mercuric chloride (corrosive sublimate,
HgCl2 ), mercurous chloride (calomel, HgCl) and mercuric sulfide
(vermilion, HgS). Mercury dissolves many metals forming
amalgams with them. The price of mercury in 1925 was about
$1.20 a pound.
Molybdenum [Gr. mnlybdos, lead], Mo; at. wt. 96.0; at. no.

42; m.p. 2535° C.; b.p. 3620° C; sp. gr. 9.01; valence 3, 4 or 6.
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Molybdenum is a very hard, silver-white metal which does not
occur native being obtained from molybdenite (MoSj) and from
wulfenite (PbMoO<). It is used chiefly in the manufacture of

certain grades of tool steel, boiler plate, rifle barrels, and large

cranks. It was discovered in 1782 by Iljelm.

Neodymium [Gr. neos, new ai twin], Nd; at. wt.

144.27; at. no. 60; m.p. *40 < ; sp. gr. 6.95;

valence 3. Neodymium is an element, belonging to the
rare earths forming a series of pink salts with a characteristic

absorption spectrum. It is one of the components of didymium,
occuring in cerite and similar rare minerals. It was discovered
in 1885 by Welsbach.
Neon [Gr 20.2; at. no. 10; m.p.

-J."- C.; b.p. 239° < .
- gr. 0.674A; - Neon is a

ga < ; i

i

resent in the atmosphere to the extent of one
or two parts per 100,000. It is obtained by liquifaction of air

and « parati irom the other elements by fractional distillation.

I an inert element forming no compounds glows red-
orange in a vacuum tube anil is marked by pronounced red and
green lines in its spectrum. It was ered by Ramsey
Travels in 1895.

Nickel [Sw. abbr. of kuj 58.6 it.no.

28; m.p. 1452° G; b.p : i; val J or 3.

N ickel is a hard, ma ous i !. of a
white color, somewb iductor of electricity

and belonging to the iroj group of elements. It ie

from the nic - pyrrhotite of Ontario and the
garnierite (hydra d el, iron and ma. iund in

New Caledonia) by roasting to the oxide which is then n
carbon or carbon monoxi. chiefly valuable for the i

which it forms with other metals — nickel steel, Germ
brass and 15-2 md Monel

metal (2$ parts copper and 1 part Ni); electrode:*'

nickel plate is used as a protecl The most
im] rtant compounds are the suli 30 and the (

(NiO and NiiOa). Nickel was disci ' • >nstedt in 1751.
The price of the metal in 1925 was about 32^ a pound.

Nitrogen [L., niter forming], N; at. wt. 14.00S; at. no 7

m.p. -210.5° ('.; b.p. -195° C; sp. gr. 0.967 A and liquid I

(-205° C.) solid 1.026 (-252° C); valence 3 or 5. Nitrogen is a
gaseous element which occurs free in the atmosphere of which
it forms about four-fifths and from which it can be obtained by
liquifaction and fractional distillation. It is easily obtained by
heating a. water solution of ammonium nitrite (mixture of am-
monium chloride and sodium nitrite). It is a colorless, odorless
and relatively inert element combining directly with magnesium,
lithium and calcium when heated with them. When mixed with
oxygen and subjected to electric sparks it forms nitrogen per-
oxide. It occurs in all living things as an essential ingredient and
also occurs in the deposits of salt peter (sodium and potassium
nitrate). The chief compounds are the nitrates of many metals,
the five oxides (N20, NO, N2 3 , N02 and N2 5) and ammonia
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(NH 3). It was first obtained in a pun y Rutherford, a
professor of botany in the Uni rgh in 177J

I

was fir-

Osmium at. no. 76
m.p. 2700 3 C: b.p ; sp. gr. 22
Osmium is a bluish-white, hard, crystalline rn

platinum family of elemi ra in iridosm nlati-

num bearing river sands of the Urals. North America and S
Amer: ia the heaviest known form of matter, is very in-

le, oxidizing when heated in the air to th<

with a pungent, irritating and pa vapor and wh:< ;

reduced by organic matter. Osmium in making
lamp filaments and with iridium it forms the alloy osmiridium
which is used because of its hardness in tipping gold
for tine machine bearings. It was discovered ii nant.
Oxygen [Gr. acid former]. O: at. wt. 16.000; at. no. 8; m.p

21 5° C; b.p. -182.7° C; sp.gr. gas 1.1053A, liquid 1.13;valen<
Oxygen is a gaseous element which occurs free in f -phere
of which it forms about one-fifth and from which it can be obta
by liquifaction and fractional distillation; it

heating barium peroxide (BaO.), heating
; a chlorate

by electrolysis of water containing a small amount of
sulfuric acid and by adding sodium peroxide to water.
The critical temperature and pressure are -118° C. .and 50
atmospheres. Gaseous oxygen is colorless, odorless and
the liquid and solid forms are a pale blue color and are magnetic
but much less so than iron. Oxygen is v ,!e of
combining with all elements except the inert elements of the
atmosphere and bromine and fluorine. Under con-
ditions it may be converted into an allotropic form known as
OKone (03 ). It is used in combination with combustible gases in
the oxygen blow pipes and flames: in medicine it > aid
respiration. It was discovered in 1774 by Priest |.

Palladium [Planet Patios], Pd; at. 7; at no 46-
m.p. 1549° C; b.p. 2540° C; sp. gr. 12.16; valence 2 or 4.'

Palladium is a steel-white metal, belonging to the platinum
family of elements; it is obtained in working up platinum with
which it occurs native. It does not tarnish in air and has the
property of absorbing large volumes of hvdrogen to form the
hydride (Pd2H). It is used in the construction of non-magnetic
watches and parts of delicate balances. The most important
compound is the chloride I IMCU. It was discovered in 1804 by
Wollaston. The price of the metal in -i, an
ounce.

Phosphorus [Or. light p
; at . wt 31 .027;' at. no.

15; m.p. 44.2 C; b.p. 288° C; sp. gr. vellow 1.83, red 2.20:
valence 3 or 5. Phosphorus occurs in three allotropic fort- -

vellow, red and black. Though never found free in nature it
is widely distributed in combination in minerals, the most im-
portant being the apati

CaCl2 ) which are the chief ingredients of commercial phosph
derived from South Carolina, Canada and Spain; it is an essential
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ingredient of all cell protoplasm, nervous tissue and bones. It is

obi lined from phosphates by treatment with dilute sulfuric acid

to form o-phosphoric acid, the concentrated solution of which is

mixed with crushed charcoal or coke and dried; on heating this

mixture in retorts, the phosphoric distils and is condensed.

It is also prepared by heating crude phosphate with coke in the

electric furnace when the phasphorus distils off. Ordinary
phosphorus is a waxy solid which is colorless when very pure,

insoluble in water and soluble in carbon disulfide; it takes fire

spontaneously in air burning to the pento it is very poi-

sonous: when heated in its own vapor to 250c
it is converted into

the red variety which does not glow in air and which does not
ignite spontaneously and is not poisonous. The most important
compounds are the pentoxide or phosphoric anhydride (P2 6 ),

the chlorides (PCii and PCI. ,) and the phosphates of the alkali

metals. ' vaa d wered in 16(39 by Brandt. The price of the

yellow and red varieties in 1925 were about 35t and $1.00 a
pound neap '

:

Platinum Sp 195.23; &1 K>. 7X; m.p.
17V I 3016 I t\ -

]

!7; valence 2 or 4. Platinum
is i tin-white metal of metalh< < >< ious, malleable and
ductile, occuring native in alluvial deposits or in rock forming

minerals found principally in the I'ral mountains, in Colombia,
in California, Oregon, Arizona and Alaska. It is welded at a red

heat, li .i- tlicient of linear expansion approximately equal to
•it od gk does not oxidize in air at any temperature but is

corroded by halogens, cyanide, sulfur and caustic alkalies; it

foiinB alloys with lead: it has a catalytic effect of bringing

lb ill combination of hydrogen with water and sulfur dioxicU •

o: L.'-n. The most important compound is chloroplatinic

(HT't< 1 was !
- roared in 1741 by Wood. The pn

platinum in 192."i was around $120.00 an ounce
Potassium [Ki b '], K (kalium); at. wt. 39.090; at. -

19; m.p. 62,3 I p. 712 C. : sp. gr. 0.S7: valence 1. - -

ass am is a soft, bright silvery metal belonging to the al

group; it is never found free but is obtained
: hydroxide (KOH). On exposure to moist air it become*

I'.l with a film of the oxide (K/)) and is preserved by inn: •

bag in kerosene or naphtha. The principal sources of p
i. ooan sof&tr urt in Prussian Saxony from the mi- • -

\ kS04.KCL3H20), sftow (KC1) and ea

\; crude potassium carbonate or potash obtained
1 of wood ashi

-

salts from natural

brines, from cement mill and blast furnace dust, from kelp, from
alkali lakes in Nebraska and Searles Lake, California. The
chief compounds of potassium are the hydroxide, the carboi •

(KiCOj), nitrate (KNOs), chloride (KC1), chlorate (K(
bromide (KBr), iodide (KI), cyanide (KCX), sulfate (K2S
dichromate (IC< 1 !vjCr()4 ) and silicate (K>
It was discovered in 1807 by Davy and was the first metal to be
isolated from an earth by the electric current.

Praseodymium [Gr. praseos, green, and didymos, twin], Pr;
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at. wt. 140.92; at, no. 59; m.p. 940° C; b.p ; sp.gr.

; valence 2. Praseodymium is a metallic element be-

longing to the group of rare earths; it is a one of the constituents

of didymium and is found in cerite. It forms green salts with a
characteristic absorption spectrum. It was discovered in 1885 by
Welsbach.
Radium [L. radius, ray] Ra; at. wt. 225.95; at. no. 88; m.p.

700° C; b.p ; sp.gr ; valence 2. Radium is a
brilliant white metal obtained in 1911 by Mme. Curie and De-
bierne by the electrolysis of a pure solution of radium chloride,

employing a mercury cathode; the amalgam on distillation in

an atmosphere of hydrogen yielded the pure element. The
metal alters very rapidly in contact with air, decomposes water
and is somewhat more volatile than barium. In the form of a
salt it was first isolated by M. and Mme. Curie in 1898 from the
pitchblende in North Bohemia in which it occurs in about one
part in three million. The carnotite sands of Colorado yield

about 2% uranium nitrate, the amount of radium in uranium
is one part in 3,200,000. Radium is obtained commercially as the
bromide or the chloride. The primary uses of radium are in

producing self-luminous paints and in the treatment of cancer
and certain types of skin affections. One gram of radium pro-
duces about 100 cubic millimeters of emanation per day; this is

pumped from the radium, and sealed in minute tubes, which are
then applied to the diseased parts. Radium loses about 1 %
of its activity in 25 years being transformed into elements of

lower atomic weight.

Rhenium [Rhine province formerly belonging to Germany], Re;
at. wt ; at. no. 75; m.p. .......; b.p ; sp.

gr ; valence Rhenium or dwimanganese is

one of the eka-manganeses discovered in 1924 by Noddack,
Tacke and Berg in the minerals columbite, tantalite and wol-
framite. The element was detected with the aid of the Rontgen
spectrum and the relative occurence in the earth's crust is esti-

mated at IO-12.

Rhodium [Gr. rhodon, rose], Rh; at. wt. 102.91; at. no. 45:
m.p. 1950° C; b.p. 2500° C.(?); sp. gr. 12.44; valence 3. Rho-
dium is a silver-white metallic element belonging to the platinum
family, occuring native with other members of this group in

river sands in the Urals and in North and South America. The
salts form red solutions. An alloy with platinum is used in con-
nection with pure platinum, to make the thermojunctions in some
forms of pyrometers. It was discovered in 1804 by Wollaston.
Rubidium [L. rubidus, red], Rb; at. wt. 85.44; at. no. 37;

m.p. 38.5° C; b.p. 696° C; sp. gr. 1.52; valence 1. Rubidium
is a soft, white, rare metallic element of the potassium group
occuring in small quantities in the mineral waters of Durkheim in

Rhenish Palatinate, in lepidolite and in the rare minerals castor
and pollux found in Elba. It is prepared by the electrolysis of
the cyanide, forms salts similar to potassium and colors the
flame red when held in a burner. It was discovered in 1860 by
Bunsen.
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Ruthenium [Ruthenia, Russia], Ru; at. wt. 101.7; at. no.

44; m.p. 2450° C; b.p ; sp.gr. 12.06; valence 3, 4, 6,

or 8. Ruthenium is a hard, brittle, gray metal belonging to the
platinum group, occuring native with the other metals of this

group; it forms red or brown salts; ruthenious chloride (RuClj)
gives a characteristic fine black precipitate with water. It was
discovered in 1845 by Claus.

Samarium [Samarski, a Russian], Sm; at. wt. 150.43; at. no.

62; m.p. 1300-1400° C; b.p : sp.gr. 7.7-7.8; valence 3.

Samarium is a metallic element belonging to the rare earth
group occuring in very minute quantities in samarskite, cerite

and certain Scandinavian minerals. It was discovered by Bois-
baudran in 1879.

Scandium [Scandinavian, Sc; at. wt. 45.10; at. no. 21; m.p.
1200° C.(?); b.p ; sp.gr ; valence 3. Scandium
is a metal belonging to the rare group which has not been isolated

in the elementary form ; it forms colorless salts derived from the
oxide SC2O3. It was discovered by Nilson in 1879.

Selenium [Gr. selene, moon], Se; at. wt. 79.2; at. no. 34;
m.p. 217° C; b.p. 690° C; sp. gr. 4.47-4.80; valence 2, 4, or 6.

Selenium is a gray, crystalline, semi-metallic appearing element
of the sulfur group. The principal source is the flue dust ob-
tained in burning pyrites in the manufacture of sulfuric acid.

It is prepared in a red, amorphous form by reduction of selenic

acid and this on melting and keeping somwhat below the melting
point becomes crystalline. Its conductivity for electricity in-

creases with the brightness of the light with which it is illumi-

nated. The compounds of selenium resemble those of sulfur

very closely. It was discovered in 1817 by Berzelius.

Silicon [L. silex, flint]. Si; at. wt. 28.06; at. no. 14; m.p.
1420° C; b.p. 3500° C. (?); sp. gr. 2.42; valence 4. Silicon is

a non-metallic element resembling graphite in appearance; it

is not found free but in combination is probably more widely dis-

tributed in the solid matter of the earth than any other element
except oxygen. It occurs chiefly as the oxide, silica (SiOj)

(quartz, rock crystal, amethyst, agate, flint, jasper, opal, etc.)

both free and in combination with the metallic oxides as silicates

(granite, hornblende, asbestos, feldspar, clay, mica, etc.). It is

obtained as an amorphous, brown powder on fusion of potassium
fluosilicate with sodium or potassium; the crystalline form is

obtained by passing silicon tetrachloride over melted aluminum
in an atmosphere of hydrogen or by heating potassium fluosilicate

with zinc and sodium at a temperature just blow the boiling

point of zinc. Silicon is not attacked by acids with the exception
of a mixture of nitric and hydrofluoric acids; it is soluble in hot
caustic potash or soda, evolving hydrogen and forming the
corresponding silicate (K2Si03 or Na2Si03 ). It was first prepared
by Berzelius in 1823.

Silver [Anglo-Saxon, soelfor~\, Ag (argentum); at. wt. 107.880;
at. no. 47; m.p. 960.5° C; b.p. 1955° C; sp. gr. 10.50; valence 1.

Silver is a pure white metal having a brilliant luster, a little

harder than gold and is excelled only by that metal in malleability
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and ductility; it excells all other metals as a conductor of heat
and electricity; silver undergoes no change in water or pure air,

but absorbs about 22 times its volume of oxygen when melted
which is again expelled on cooling; it tarnishes in the vapors of

sulfur compounds forming the sulfide (Ag2S). It occurs native
and in many ores, the chief ones being argentite (Ag2S) , stephanite

LgiSbS), pyragyrite (Ag3SbS) and horn silver (AgCl); lead
and copper ores yield considerable silver. Silver is obtained
from the ores by smelting with lead or copper or by amalgamation
with mercury. The most important compounds of silver are the
nitrate (AgX03 or lunar caustic ), the oxide (Ag20), and the
halides (AgCl, AgBr) which darken on exposure to light an
action of which is made use of in photography. The price of the
metal in 1925 was about 68c an ounce.

Sodium [English, soda], Xa (natrium); at. wt. 22.997; at. no.

11; m.p. 97.5° C; b.p. 750° C; sp.gr. 0.971; valence 1. Sodium
is a soft, bright silvery metal belonging to the alkali group; it

is never found free but is obtained by electrolysis of the hydroxide.
On exposure to moist air it becomes coated with a film of the
oxide and is preserved by immersing in kerosene or naphtba.
It is very widely distributed in combination chiefly as common
salt or sodium chloride. It decomposes water with the formation
of hydrogen and the hydroxide of sodium; it burns in air with
the formation of the peroxide (Xa2 2); formerly it was used as a
reducing agent in the preparation of metals (aluminum and
magnesium); it is still used for the reduction of organic com-
pounds, in the preparation of the peroxide and cyanide, and for
keeping the mercury clean and active in gold extraction. The
chief compounds are the chloride (XaCl), bromide (XaBr),
iodide (Nal), carbonate (Xa 2C03 ), bicarbonate (XaHC03 ), sul-
fate (Glaubers salt Na2SO4.10H2O), nitrate (saltpeter XaXOg),
nitrite (XaX02 ), sulfite (Xa 2S03.7H20), thiosulfate (hvpo.
\ s.OzMW), borate (borax Xa 2B4O7.10H,Oj and hvdroxide
(XaOH). It was first isolated in 1807 by Davy.
Strontium [Strontian, town in Scotland], Sr; at. wt. 87.63;

at. no. 38; m.p. 900° C; b.p
; sp. gr. 2.54; valence 2.

Strontium is a hard, yellowish metal belonging to the calcium
group found chiefly in celestine (SrS04) and strontianiti -

It is prepared by electrolysis of the fused chloride and resembles
metallic calcium in its properties; the salts are generallv soluble
in water with the exception of the sulfate, phosphate and car-
bonate; they impart a brilliant crimson color to the flame and
are used in pyrotcchny for red fire. The most important salts are
the bromide (SrBr 2 ), iodide (Sri;), and carbonate (SrC03 ). The
element was first obtained by Davy in 1S0S.

Sulfur [L. s-ulfur], S; at. wt. 32.064; at. no. 16; m.p. rhombic
112.8° C, monoclinic 119.3° C; b.p. 444.7° C; sp. gr. rhombic
2.07; monoclinic 1.957; valence 2, 4, or 6. Sulfur occurs widely
distributed in nature in the free form in Alabama, California,
Colorado, Georgia, Idaho. Kentucky, Louisiana, Nevada, Xew
Mexico, Tennessee, Texas. Utah, Wyoming and Sicily. In
combination it occurs mostly as pyrites; sulfides of iron (FeS2),
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cupreous and arsenical pyrites; sulfides of lead (galena), zinc

(blende), mercury (cinnabar) and antimony (stibnite); it is also

widely distributed in the form of the sulfates of calcium (gypsum),
strontium (selenite) magnesium (Epsom salt) and barium (heavy
spar). It is not practically obtained from the sulfates but is

mined as native sulfur or molten underground by superheated
steam, pumped up and allowed to solidify. It is purified by
precipitation or sublimation. Sulfur is a pale yellow, odorless,

brittle solid, which is insoluble m water and soluble in carbon
disulfide. It occurs in two crystalline forms and an ailotropic

form known aft plat ifi uble in carbon disul-

fide and which reverts to the crystalline form on standing; a
finely divided form know] ulfux is obtained by
sublimation. It readily forms compounds known as sulfides

with many elements. Sulfur is chiefly employed for the preparation
of sulfur dioxide, for fumigation, for the preparation of sulfuric

.
- component of gunpowder and as a parasiticide. It is

easily ignited in air burning to form the dioxi< !• itisagoi I elec-

trical insulating material. The price of sulfur in 1925 was from
2c to 15i a pound depending upon the quality.

Tantalum [Gr. tantalus, myth], Ta; at. wt. 181.5; at. no. 73;

m.p. 2910° C. ; b.p, gl 5 Tantalum
was discovered in 1S02 by E and occurs principally in

the mineral Tantalite (IV ' and is prepared by reduction of

potassium nuorotantalate iK/lal'?) with hydrogen followed by
fusion in a vacuum. It can be drawn v ire with a

high point of fusion and great tenacity which has been :- i

in the construction of filaments for incandescent electric lamps.
It is also used to alloy wirh other metals. It is soluble in fused
alkalis, insoluble in acids and forms the oxide Ta^<

Tellurium [L. lel&us, earth]. Te: at. wt. 127.5; at. no. 5

m.p. 451° C; b.p. 1390° C; sp. gr. 6.25; valence 4 or 6. Tel-
lurium was discovered by Reichenstein in 1782 and occurs as

gold telluride and with some copper ores. It is obtained by re-

duction of telluric oxide and forms a powder of grayish white
metallic appearance. It is a semi-metallic element of the sulfur

group and forms tellurides with hydrogen and metals similar to the
sulfides; the compounds HjTeOa and H.TeO* are only slightly

acid. The inhalation of the vapors of tellurium compounds pro-
duces the very offensive "tellurium breath". Tellurium is used
in ceramics.
Terbium [Ytterby, town in Sweden], Tb; at. wt. 159.2; at. no.

65; m.p ; b.p ; sp.gr ; valence 3.

Terbium was discovered by Mosander in 1843. It occurs in

gadolinite and in the majority of ceria and yttria minerals.
The terbium family of rare earths includes europium, gadolinium
and terbium. None of the metals of the terbium family have
been isolated. The general characters of this family resemble
those of the cerium family. Among the rare earths the decrease
in basicity is in the order Sa, Eu, Gd, Tb, Dy. The elements
are all trivalent and yield colorless oxides of the type R2O3,
altho terbium alone furnishes the higher oxide Tb4 7 . The salts
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of terbium are generally less soluble than those of gadolinium.
These salts are of the type RX3 where X is a univalent atom or

radical. Europium also forms salts of the type EuX2. Euro-
pium is most sparsely distributed and gadolinium the most plenti-

ful of these elements.

Thallium [Gr. thr.llos, budding twig], Tl; at. wt. 204.39;
at. no. 81; m.p. 301.7° C; b.p. 1280° C; sp. gr. 11.85; valence
1 or 3. Thallium, a mtaellic element, discovered by Crookes in

1862 occurs in pyrites and is prepared from the flue dust of

sulfuric acid works. The metal is obtained by heating thallium
iodide with metallic sodium; it resembles lead having a hardness
of 1.2 compared with 1.5 for lead; the malleability is high and
the tenacity is low; it exists in two allotropic forms with a transi-

tion temperature of 226° C; it is a poor conductor of electricity,

tarnishes in air forming the oxide TLO or the hydroxide TIOH in

the presence of water; the element is displaced from solutions
of its salts by zinc. Thallium salts are poisonous and have no
commercial application.

Thorium [God Thor~\, Th; at. wt. 232.15; at. no. 90; m.p.
above 1700" C.; b.p ; sp. gr. 11.2; valence 4. Thorium
was discovered by Berzelius in 1S28 and occurs chiefly in thorite
and other rare minerals. In the U. S. it is obtained chiefly from
monazite which contains from 3 to 9 per cent of the oxide' The
free element has been obtained by heating the double chloride
or fluoride of thorium and potassium wjth metallic sodium or
potassium. The element belongs to the tin group of metals.
Thorium burns brightly in oxygen to form the oxide Th02 which
is also obtained on heating the nitrate, a reaction which is made
use of in the preparation of incand' s mantles. Thorium
emits radiations similar but not identical with those of radium.
Thulium [Thvle, Northland], Tm; at. wt. 169.4; at. no. 69;

m.p
J
b.p ; sp. gr

; valence 3. Thulium
discovered in 1871) by Gleve belongs to the erbium family of the
rare earths which includes dysprosium, holmium, erbium and
thulium. They are characterized by their absorption spectra
and the formation of highly colored salts; they form basic oxides
of the type M 2 3 with the following order of increasing basicity:
thulium, erbium, holmium and dysprosium. They are obtained
from xenotime, fergusonite, gadolinite, euxonite, "polycrase and
blomstrandine. The free elements have not been isolated.

Tin. [Anglo-Saxon, tin'], Sn (stannum); at, wt. 118.70; at. no.
50; m.p. 231.9° C.; b.p. 2270° ('.

; sp. gr. grav, 5.85 at 15°; rhom-
bic, 6.55; tetragonal, 7. 298 at 15°; valence 2 or 4. Tin is found
chiefly in the mineral cassiterite (Sn0 2 ) and is obtained by roast-
ing to remove sulfur and arsenic, and smelting with po'wdered
anthracite in a reverbatory furnace. It is a silver white, mal-
leable and somewhat ductile metal with a low tenacity and highly
crystalline structure; it takes a high polish and is used to coat
other metals to prevent corrosion as it does not corrode easily
in air. When heated in air it forms the dioxide (Sn02 ) which is
feebly basic forming stannate salts with basic oxides. The most
important compound is the chloride (SnCl2.2H20) which is used
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as a reducing agent and as a mordant in calico-printing. Tin is

obtained chiefly from the Malay states, Bolivia, Banka, Billiton,

Cornwall and Australia. The price of the metal was from 65^
to 75 i per pound in 1925.

Titanium [L. Titanes, sons of the earth], Ti; at. wt. 48.1;

at. no. 22; m.p. 1800-1850° C; b.p ; sp.gr. 4.5; valence
3 or 4. Titanium was discovered by Gregor in 1789; it is a
metallic element of the tin group which occurs naturally as the
oxide (Ti02 ) as rutile, brookite and anastase; it occurs also in

various titanates, and with many iron ores. The free element is

prepared by heating the oxide with aluminum or by electrolysis

of the solution of the oxide in calcium chloride. It is a lustrous

white metal which burns in air and is the only element which
burns in nitrogen. The most important compounds are the oxide

(TiOiO which is feebly acidic and from which the titanates are
derived; the halides (TiX 4 ) are volatile liquids, the nitrides

(Ti 2N2, Ti 3N4 ) are metallic in appearance. It is used with steel

to increase the tensile strength; most of the metallurgical tita-

nium of the U. S. comes from the rutile of Virginia. The price

of titanium oxide in 1925 was about 13ff a pound.
Tungsten [Sw. heavy stone], W (wolframium) ; at. wt.

184.0; at. no. 74; m.p. 3400° C; b.p ; sp.gr. 18.7;

valence 6. Tungsten, a metallic element, discovered by d'Elhujar
in 1781, occurs in the form of the oxide (W03 ) in wolframite,
hubnerite, scheelite. The free element is obtained by fusion of
tungsten disulfide and calcium oxide in a graphite crucible by
means of the electric arc. It is hard, brittle, nonmagnetic and
forms the oxide when heated in air. The only solvent for tung-
sten is a mixture of nitric and hydrofluoric acids. It forms
alloys with iron and manganese and imparts hardness to steel.

It is used to make filaments for incandescent electric lamps.
Uranium [Planet Uranus'], U; at. wt. 238.17; at. no. 92

m.p. near Mo at a bright red heat ; b.p ; sp.gr. 18.68
valence 4 orjo. Uranium was discovered by Klaproth in 1789
it occurs in pitchblende (as uranous uranate U(U04)a). The
free element is prepared by reduction of uranous chloride (UCU)
with sodium and is a hard white metal; uranium is used chiefly

in the form of the compounds which give a canary-yellow fluores-

cent glass, a black pigment for china painting and in photo-
graphy. Uranium compounds emit rays although this property
may be due to radium which contaminates the uranium.
Vanadium [Goddess Vanadis], V; at. wt. 50.90; at. no. 23;

m.p. 1720-1780° C.; b.p ; sp.gr. 5.69; valence 3 or 5.

Vanadium is a rare metallic element discovered "by Sefstrom in

1830 and occurs in mettramite (a lead-copper vanadate) and
vanadinite (a lead vanadate); the free element is obtained by
reduction of the chloride in hydrogen forming a gray and very
infusible metal. When alloyed with steel it increases the hard-
ness. The vanadates are employed in the preparation of aniline

black and for coloring glass.

Xenon [Gr. xenos, strange], Xe; at. wt. 130.2; at. no. 54;
m.p. -140° C.; b.p. -109.1° C.; sp. gr. 4.422 (A); sp. gr. liquid,
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3.52 valence 0. Xenon was discovered by Ramsay and Travers
in 1895 in the residue left on evaporating liquid air. It is the

rarest and heaviest of the gases of the argon family and is present

in the atmosphere to the extent of about one part in twenty mil-

lion. It is inert and forms no compounds with other elements.

Ytterbium [Ytterby, town in Sweden], Yb; at. wt. 173.6;

at. no. 70; m.p ; b.p ; sp.gr ; valence
3. The ytterbium family of earths includes ytterbium and
lutecium of which very little is known, both of which have been
obtained from the ytterbium separated by Marignac in 1878. In
1907 L'rbain and in 190S von Welsbach described a process by whch
this ytterbium could be resolved into two elements, — neo-ytter-
bium, or simply ytterbium, and lutecium. These elements
occur in nearly all the minerals which contain yttrium but in very
small amounts. The best sources are probably gadolinite, xeno-
time. polycrase and blomstrandine. The oxides, chlorides and
sulfates of these elements have been prepared.

Yttrium [Ytterby, town in Sweden], Y; at. wt. 88.9; at, no. 39;

m.p. 1490° C; b.p. 2500° C; sp. gr. 3.8; valence 3. Yttrium
is a metallic element belonging to the rare earths. Yttria
was discovered by Gadolin in 1794 and in 1842 Mosander
6howed that yttria could be resolved into three others, the name
yttria being reserved for the most basic one. the others were
named erbia and terbia. Wohler obtained the free element by
reduction of the chloride with potassium; it has also been ob-
tained by electrolysis of a mixture of the chloride and sodium
chloride. The metal forms small scales with a metallic luster and
an iron-grey color; it is readily oxidized in air and is converted
to the hyroxide by boiling water. Yttrium occurs in nearly all

the rare earths but mostly in gadolinite, xenotime, euxonite,
polycrase and samarskite.

Zirconium [Per. argun, gold color], Zr; at. wt. 91.00; at. no.
40; m.p. 2350° C; b.p

; sp. gr. 6.25; valence 4. Zir-
conium was discovered by Berzelius in 1824 and occurs as the
silicate in zircon and hyacinth. It is prepared from the fluorine-
potassium compound by displacement with aluminum or sodium
and forms silvery grey scales or an amorphous black powder.
The oxide has been used in the preparation of incandescent gas
mantles, in paints and lacquers, in insulators, as an abrasive
and colored varieties of the naturally occuring silicates are used
as gems. The price of the pure oxide in 1925 was about 45f to
50^ per pound.

Zinc [G. Ziuk~\, Zn; at. wt. 65.38; at. no. 30; m.p. 419.4
b.p. 930° C; sp. gr. 7.00-7.19; valence 2. Zinc is a metallic
element occuring in nature only in combination with other
elements. The principle ores are the sulfide (sphalerite, or
blende), the carbonate (smithsonite), the oxide (zincite). the
silicates (willemite and calamine). It is a bluish-white metal
which i6 brittle at ordinary temperatures but becomes malleable
at 100° C, a fair conductor of electricity and burns in air at a
high red heat with evolution of white clouds of the oxide. It is

used to alloy with other metals— e. g., with copper it forms brass.
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Galvanizing consists in coating other metals with zinc to prevent
corrosion. It is used as the negative electrode in various types
of electric batteries. The most important compounds are the
oxide, the sulfate and the chloride. The price of the metal in

1925 was about 8£ to 10c per pound.

107



HANDBOOK OF CHEMISTRY AND PHYSICS

PHYSICAL CONSTANTS OF
The following table gives data for over two thousand compounds. It is

intended to include all inorganic compounds concerning which definite informa-
tion is available.

The molecular weights are computed to the nearest hundredth from the
atomic weights of 1925.

Specific gravities are given for definite temperatures where possible, the
temperature in degrees Centigrade being indicated by the small figurea

pearing in the position of an exponent. Unless otherwise indicated the values
are referred to water at 4° C. The figures 5.63J§° indicate a specific gravity
of 5.63 at 20° C. referred to water at 15° C.

In all cases where temperatures are not stated ordinary room temperatures
may be understood (15-25° C).

Boiling points are given at atmospheric pressure unless otherwise indicated.

Solubilities have been given in definite figures and the temperatures stated,
where possible, in the same form as for specific gravity.

The following abbreviations are employed: —

a acid
acet acetone
acet. a acetic acid
al alcohol
alk alkali

amor amorphous
appr approximately

aq aqua, water
aq. rcg aqua Tenia
asym asymmetrical
a tin atmospheres
bl blue
blk black
br brown
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INORGANIC COMPOUNDS
chl chloroform
colorl colorless

cone concentrated
cryst crystalline

d decomposes
dec decomposes
deliq deliquescent
dil dilute

dk . dark
eth ether

ex.

gel. ... . gelatinous
glyc glycerine
-i- graj

grn green
h hot
hex hexagonal
hyg hygroscopic
i insoluble

ind indigo
It light

liq liquid

met metallic

meth methyl
min mineral

monocl monoelinic
needles

octahdr. octahedral
or orange
pa pale
pi. . . .plates
powd powder
pr prisms
reg regular
rhomb rhombic.
rhbdr rhombohedral
s luble

si slightly

subl sublimes
tabl tablets

tetrag r igonal
trie! triclinic

trim trimetric

volt volatilizes

v i rj

wh white
yel yellow
oo . soluble in all

proportions
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PHYSICAL CONSTANTS OF

Name

Aluminum sodium
chloride

sodium fluoride. . . .

sulfate
sulfate
sulfide

Alum, ammonium . . .

ammonium, chrome

ammonium, iron. .

.

Formula

AlCb.NaCl.

caesium. .

potassium

.

potassium, chrome
)01 ssium, iron. . . .

potassium, manga-
nese

rubidium
sodium
thallium

Ammonia

Ammonium ace
antimonate
auricyanide
auroeyanide
arsenate
arsenate
benzoate

borofluoride
bromide
bromoplatinate. . .

carbonate
carbonate, acid. . .

carbon.' te,

mate
carbonate, sesqui

.

chloraurate.
chlorati

chloride. . . .

chloroirii'

chloropalladate.
ehloropalladite. .

chloropla
chloroplatinite . .

ehlorostannate . .

chroma h

cyanate
cyanide

AlF3.3NaF
Ab(SO«) 3

Al2(SOi) 3.18II 2

AL>S3

A12(S04) 3.(NH4) 2S04.
24H2

Cr2(S04) 3.(NH4) 2S04.
24H2

(Xli4) 2S04.
24H»0

^.Cs2S04.24H20
Al2(S04) 3.K 2S04.24H20.

Crj(S04)..KiS04.24HsO.
- 1

: i)s.KjS04.24H2O.
Mn2(S04) 3.K2S04.24II 2

Al2(S04) 3.Rb2S04.24fI2

Al2(S04) 3.Na2SO4.24HsO
A12 (S04)3.T12S04.24H 2(J

NH 3

NEUCfcHiOi
XH.SbO,. 2I1,(). . .

Au(CN),.NH4CN.HsO.
AuCX.XIl.CX.
(XIh) 3 \s(),.3iI:0

NEUAaOs
XH.C7H5O2

'"

NH4BF4
NH«Br
(xih).ptBrr, .;;;

O . .

.

NH4HCO
XlldlCt^Xll

- )3.2XH 4HC03 .

Il-.o

fXHiAuCl.'i.ailoO...

NH4C1

Mol.
wt.

rxn.v.i

(XII ,) s<

fNl I •,>;•;

XlhCV
NH4CX

191.80

209.96
342.13
606.42
150.13
906.66

Crystalline form
and color

cryst., \vh. . . .

monocl. colorl.

hex. nerd. yel.

Colorl. cryst. .

regular

.

rep., green

.

rep., violet

.

reg., violet.

regular

.

colorl. gas

wh. hyg. cryst.
cryst

prisms
colorl. cryst.

956.74 octahdr. grn. or vio-
let

)64.40 reg. violet

1136.20
948.77

998.85
910.45
909.63

1041.46
916.57
1279.36
17.03

77.06
223.84
337.29
267.26
247.13
125.00
139.08

104.86
97.96

710.81
114.10
79 . 05

157.11

272.20

1518.35
101.50
53.50

441.92
355.52
284.61
444 . 05
373.14
367.52
152.09
243.10
60.05
44.05

hex. prisms
reg., colorl
red reg

fori

rhomb, or monocl.
wh. cryst

yel. monocl.
monocl
tetrag

reddish br
br. red
olive grn. need.
yel. rep
tetrag

monocl. yel.
wh. powd. . .

regular

.
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PHYSICAL CONSTANTS OF

dithionate
ferric OJ

ferrocyanidc
fluoride. . .

fluoride acid
fluosilicate

formate
gallale
nypophoapbil

vanadate. . . .

molybdate
rnolybdate, hepta-
nitrate

Name

nitrite

perch!<
perchromatc.

permarj

di- . . . .

phate, meta-. .

phosphite
phosphomolybdate

salicylate

selenate
stannic chloride. . .

sulfate
sulfate, acid
sulfide

sulfide, pent
sulfite

sulfite, acid
sulfhydratc
sulfocyanate
tartrate
tartrate, acid
thiocarbonate
thiosulfate
tungstate, meta-. .

.

tungstate, para- . . .

48 Antimonic acid, meta-
49 Antimonic acid, ortho

Formula

isCnOr.

-06
)4)a.4H2
J)«.6H*0.

NEUF.HF
SiF*

HUOs.HsO
POs

SHjO....

VI0O4

XII, X<),.

ls04.H20.

rOs ....

NH<Mn04

HPO4

NH4H2PO4
XlldU'Oj

P04.12MoOa.
3II2O

.hOt

£SnCl«

MH4HSO4

(NH4)jS03.HjO. . .

NH4HSOJ
X 1 1 : 1 1 S
XH.C'XS

.C.H.Os
NH4HC4H4O6
(NH4)sCSi

(NH4)*W4Ow.8HjO.
«WtO«.6H»0.

I
;

HaSbOi

Mol.
wt.

252.10

196.21
440.02
392.14
37.04
57.05
140.14
03 . 05

205.10
83.08

144.97
289.42

245.48

80.05

64.05
142.10
i 25 . 00
117.50

132.12
388.27
115.08
99.08

1931.20

155.08

179.28

132.14
115.11
68.14
196.40
134.16
99.11
51.11
70.11

184.11
167.08
144.27
148.21
1124.21
1888.34
170.78
188.79

Crystalline form
and color

monocl. orange

monocl
It. grn. cryst
monocl
hex
rhombic ',

monocl

rhombic tab!

'

crysl

monocl
monocl. < olorl
rhomb, or tttrag.

colorl.

trimet. pr. . .

trimet. pr
rhombic

tahdr

rhombic
monocl
monocl., colorl
tetrag

colorl. deliq
yellow '

monocl

rhombic or monocl..

rhomb., colorl

rhombic

or.-red pr
monocl. colorl
rhombic
rhombic, colorl
monocl. colorl
colorl. monocl
colorl

yellow
rhombic
octahdr
rhombic
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PHYSICAL CONSTANTS OF

Name

Antimonic acid, pyro-
Antimonous acid. .

Antimony

bromide (butter of
Sb)

chloride, tri-

chloride, penta-..
fluoride, tri-

fluoride, penta-.

.

hydride (stibene)

iodide, tri-.

oxide, tri- ,

oxide, tetra-

oxide, penta-

oxychloride (ous)

.

oxychloride (ic).. .

sulfate
sulfide, tri-

sulfide, penta-.

Antimonyl potassium
tartrate

sulfate, buM
sulfate, normal ....

Arsenic cryst
Arsenic amorphous...

acid, meta-.
acid, ortho-.
acid, pyro- .

fluoride. . . .

iodide, di- . .

pentoxide
sulfide, di- (r

sulfide, penta-.

.

Arsenous bromide.
chloride
fluoride

Formula

Sb

SbBr3

SbCh.

-

SbHa.

Sbl3 .

Sb2 3 . .

SbOCl.

SbOCU. .

K(SbO)C4H406.iH 20...

b.8bt(OH)4 ...
-).

AS4
Asi

.^HiO.

.\s2Os

Mol.
wt.

358.57
172.79
121.77

361.52

228.14

299.06

124.79

502.57

291.54

307.54

323.54

173.23

244.14
531.73
339.73

403.86

333.91

683.18
371.60
299.84
299.84

123.97
150.99
265.95
169.96
328.82

229.92
213.05

309.24
314.71
181.33
131.96

Crystalline form
and color

hex. rhomb, white.

rhombic

rhombic

liq

octahdr.
oily, liq,

gas

hex., rhomb., mon-
ocl., red-yel.

rhombic or regular.

.

white

yellow

monocl., white

yellow ....
wh. powd

.

hex. black.

orange.

.

octahdr.

gray rhbdr.
black

amor
monool. red

.

yellow
prisms
need., oily liq.

oily liq
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INORGANIC COMPOUNDS (Continued)

4.148210

3.064"°

2.34618°
I

1.344"°

4.848*°

i

3.8-4.0

3.78

Sp. Gr.
HjO =1

(A) air = 1

(D) H, = 1

-6

O, 1060

O, 430

4.02

4.120-""

2.6

4.89

1.716"°

2.00-.50

(D) 5.964'

086
55

3.6611°
2.2055°
2.73

Melting-
point,
Deg. C.

d.

630

-91.5

170.8

d.

d.

555

Boiling-
point.
Deg. C.

1440

280

lQ2*mm
subl.

-18, d. 150

401

"

20 1060

-iH:0, 100

subl.*

d

35.5
d. 206
-80
d.

307

31
-18
-8.5

-H 20, 160

-53

d.

5S5

subl.

130.2
831

!

dec.

601. 6°°

dee.
21.3<>°

dec.

0.00182"°

Solubility in 100 parts of

Cold water

0.000175

5.26"°

dec.

Forms orth
lti. 7

Forma orth

150

dec.
dec.
dec.

* Melts at 500° under pressure, sublimes

115

Hot water

si. s.

dec.

4531«o°

31.3»°

dec.

0.01

dec.

dec.

dec.

35.7»»°

dec.
:

50
o arsenic ac

dec.
dec.
dec.

Alcohol.
acids, etc.

b. KOH
i. al.

a. h. cone.
HjSG*. aq.

3. HC1. HBr,
CS,, aL

s. al.. HC1,
HiC4H.O.

s. HC1

s. KF

c.c.

CSi
s. al.. III.

HC1
CS,

3. HC1. KOB,
HiC^u.
IK 1, KOH,
HI; si. s. a.

IIC1,

I

-

5.15"° t

h, Ck.

id
s. alk.

id
s. alk., ft!

al., eth.,
- ohl.

s. alk.

S •! •

;

a. HBr, HC1
s.IIBr, HC1
s. al., eth.

thout melting 446-457
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PHYSICAL CONSTANTS OF

Name

Arsenous hydride
-

'. ne)
iodide
oxide

oxychloride

.

phosphide. .

selenide. . . .

sulfide (orpiment)..

Auric, see gold
Barium

acetat-
arsenate
arsenate, acid.
boride
bromate
bromide
bromide
butyrate
carbide
carbonate. . . .

chlorate
chloride
chloridi

chloroplatinate.
chloroplatinitc.
chromate
citrate
cyanide
dichromate. . . .

dichromate. .

dithionate. .

ferrocyanide

.

fluoride

fluosilkate. .

fluobromide.
fluochloride

.

fluoiodide. .

.

formate ....
hexanitride,
hydride. . . .

hydroxide . .

hypophosphate. .

hypophosphite. .

iodate

iodide.

.

malate

.

Formula

AsHj.

Aslj..
As2Oa.

AsOCl.
AsP...

As2Sej

.

Ba
BatCsHjOjh.HiO..
Baj(AsO«) 2

BaHAaOi.HjO
BaB«
Ba(BrOa) 2.HjO....
BaBn
BaBr2.2H 2

Ba(C4H702h-2HjO.
BaCj
BaCOj

Ba(C103)2.H 20....
BaCls
BaCl2.2H2

BaPtCl«.4HjO
BaPtCl«.3HjO
BaCrO*
Ba3(C«H507) 2.7H 10.
Ba(CX)i
BaCrjO;

BaCr207.2H2

Ba.%08.2H20
Ba 2Fe(CX) e.6H2 .

BaF2

BaSiFs
,

BaBr2.BaF2

BaCl2.BaF2

BaI2.BaF2

Ba(CH02)2....
BaNe.HsO
BaH2

Ba(OH) 2.8H20.

BaPOa
Ba(H 2P02) 2.H20

.

Ba(I03)i.H20. ..

BaIi.2HiO.

BaC4H,0s

.

Mol.
wt.

77.98

455.76
197.92

126.42
105.99

387.52
246.11

137.37
273.43
690.83
295.35
202.29
411.22
297.20
333.23
341.51
161.37
197.37

322.30
208.28
244.32
617.41
528.48
253.38
916.30
189.39
353.39

389.42
333.53
594.72
175.37
279.43

472.57
383.65
566.60
227.39
239.43
139.39
315.51

216.40
285.47
505.25

427.27

269.40

Crystalline form
and color

red, hex
reg., amor, white.

brown

.

monocl. yel. or red.

yellowish metal.
prisms
black
white cryst
black reg
monocl

monocl.

gray crystals . . ,

rhombic, white.

monocl.

rhombic . . . .

monocl. red.

rhombic yel. pi.

red monocl. pr.

.

yel. need
rhombic
yel. monocl.. . .

.

wh. powd

plates ....
plates ....
plates ....
monocl

cryst
tetrag. wh.

need. . .

.

monocl.
monocl.

rhombic

.
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PHYSICAL CONSTANTS OF

Name Formula Mol.
wt.

Crystalline form
and color

Barium malonate.
,
.1 mi

mctatungstate.

.

i |

nitrite

oxalate

BaCuHiiOUhO.
BaMnO
BaW«( iH.9H»0.

• h)t

Is)j.HjO.

BriCtCb.HsO. . .

oxide
oxide
perchiorate . . .

permanganate.
peroxide
peroxide
persulfate. . . .

phosphate, di-.

Ba<>

I04)i. . .

[nCWt..

SHaO. .

» 8.4HjO.
BaHPO

phosphate, mono-.
phosphate, pyro-.

.

phosphate, tri- . . .

platinocyanide. . .

propionate
Belenate

B

N)4.4H20.
1

silicate. . .

succinate

.

sulfate . . .

13

B

sulfate, acid ...
sulfhydnn
sulfide, mono-. .

sulfide, tetra- . . .

sulfide, tri- ... .

sulfite. .

Bulfocyanati
Beryllium (Glucinum)
bromide
carbide,
carbonat
carbonate, basic
chloride
chloride
fluoride
hydroxide

Ba(IISO«)=. . .

H
B :

iodide
nitrate
oxide
oxychloride
potassium fluoride

1111 fluoride. .

.

sulfate
sulfate

BaS«.HjO

S)«.2HiO.

Bel'.r,

BdCOa.4HiO... .

0*.6HsO.

BeClj.4HjQ

Be(OH) 2

Beh.
i 2.3HsO.

Is

KF

BeSOi.TIljO. . .

257.40
258 . 30
12

247.40
243.39

green, hex.

rcg

153.37
153.37

169.37
313.50
401.56
233.41

331.40
448.79

602.16
508.70
301.47
280.57

213.43
321.53
253.40
233.43

331.51

169.43
283.64
233.50
217.43
289.55

9 . 02

168.85
30.04
141.08
259.18
79.93
152.00
47.02
43.04

262.88
187.

25.02
101.95
163.21
131.01
177.15
231.20

amor. . .

regular

.

hex.. . .

gray
grayish white.
prisms
rhombic need.

tricl

rombic, uh.

gray to yel. n.onocl.

rhombic.

rhombic

.

rhombic
rhombic yel.-grn.
red. rhombic . . . .

yel.-grn
hex

hex. gray
need
yel. hex

white.

need.

,

cryst.

hex.. .

tetrag.
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PHYSICAL CONSTANTS OF

Name

Bismuth

.

bromide
carbonate, sub-. .

.

chloride, di-

chloride, tri-

citrate

dichromatc, basic.
hydroxide
iodide

iodate.

.

nitrate.

nitrate, sub-.
oxalate
oxide, tri- . . .

oxide, tetra-.
oxide, penta-
oxide, penta-
oxybromide.
oxychloride. .

oxyfluoride.
oxyiodide.

.

phosphate.

selenide

.

sulfate. .

sulfide.

.

Boric acid

.

Boron

.

bromide. . ,

carbide
chloride . . .

fluoride. . .

iodide
hydride. . .

oxide
phosphide

.

sulfide, tri-

sulfide, penta-.

.

Borofluohydric acid
Bromic acid

40 Bromine.

chloride,
fluoride

.

hydrate

.

iodide. .

.

Formula

Bi

BiBrj
BbO3.COi.HjO
BiCb
BiCls. .

BiC«H4Or

(BiOhCnOr . .

Bi(OH) 3

Bih

Bi(I03)j
Bi(N03)j.5H 2

BiOXCVH^O. .

Bi2(C204)a
BijOj
BijO«.2HiO. . .

BiiOt.HiO
BiOBr
BiOCl

BiOF
BiOI
BiPO«

BisSca
Bi2 (SO«)3
BisSa
H.BOi

B

BBr,
B«C
BCU
BF3
BIj
BHj
B;Oj
HP
B2S3

B2SS

MBF4
HBrOs
Br2

BrC1.10H2O. .

Brj.lOHtO
BrI

Mol.
wt.

209.00

448.75
544.02
_>79.'Jl

315.37
398.04

766.02
260.02
589.80

733.80
485.10

305.02
682.00
466.00
518.03
498.00
516.02
301.92
260.46

244.00
351.93
304.03

655.60
706.19
514.19
61.84

10.82

250.57
76.92
117.19
67.82

391.62
13.84
69.64
41.85
117.83

181.96
87.83
128.92
159.83

295.53
136.92
339.99
206.85

Crystalline form
and color

rhbdr. pinkish

.

yel. cryst.

black need,
wh. cryst..

.

cryst

orange red

.

white
black hex.

.

white,
tricl...

hex. pi.

yel. tetrag.

brown-yel.
brown ....
red

white.

cryst. . . .

red cryst.

black
wh. need.

.

br. rhomb,
tricl. wh.

.

grn. amor., monocl.

black cryst

gas
cryst. plates
gas

white cryst

cryst

oolorl

red brown liq

yellow
prisms
red octahdr
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PHYSICAL CONSTANTS OF

Bromplatinic see plat

Cadmium . . .

borotungstan
bromate
bromide

Name

carbonate,
chlorate . .

chloride. .

chloride. .

cyanide. .

ferrocyanide

.

fluoride
forma ti

hydroxide. . .

iodate.

iodide.

lactate
nitrate
oxalate. . .

oxide
oxide
oxide, sub-
permangaiii
phosphate

.

potassium iodide.

selenate
sulfate
sulfate
sulfate
sulfide (Greenock-

ite)

sulfite

tungstate. . . .

i m
bromide
bromoiodide . .

carbonate. .

Formula

imc

Cd(C2H 30:):.3H20.
\V,Om.18H 2().

Cd(Br03)2.H.'

CdBrj

CdCOi.
Cd(C10j)i.2H 20.
CdCh
CdCl;.2HiO

Cd(CN) 2

CdjFe(CX) 6 ....
CdF2

Cd(CH02) 2.H20.
Cd(OH) 2

Cd( 103)2

Cdl.....

CdCCaHsOj)!
:4H20. .

3HiO....
CdO
CdO
Cd40
Cd(MnO«) 2.6H20.
Cda(P04)j
Cdl2.2KI.2HiO. .

><2H20.
!

»HK)..
:iCdSO 4.8H2 .

CdS

CdSOa..

CdWO«

.

Cs

carbonate, acid.

.
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PHYSICAL CONSTANTS OF

Name

Caesium iodide
mercuric bromide.

.

mercuric chloride. .

nitrate
nitrite

oxide, mono-
oxide, di-

oxide, tri-

oxide, tetra- (per)

.

perchlorate
periodate
permanganate
silicotungstate
sulfate
sulfide

sulfide, di-

sulfide, di-

sulfide, tri-

sulfide, penta-
tartrate acid

Calcium
acetate
aluminate
ammonium arsenate

ammonium phos-
phate

arsenate
arsenide
borate
boride
bromide
bromide
carbide

carbonate
chlorate
chloride

chloride
chloride
chromate
citrate

cyanide
cyanamide
ferrooyanide
fluoride
fluosilicate

formate
hydride
hydroxide
hypochlorite
hypophosphate. . . .

hypophosphite
iodate

Formula

Csl
CsBr.2HgBrs

CsCl.HgCls
CsXOj ".

CsNO-i
CssO
CsiOj
CsjOa
CszO*
CsCIO,
CsIO*
CsMnO<
CssSiW,2 <2

Cs*S04
CsjS.4H 2

Cs2S2

Csj&.HjO
CsjSj
CsjSs
CsHC^O*
Ca
Ca(C2H3Oi) I.H20..
CaAl2 4

NH4CaAsO«.6H2 .

NH«CaP0..7H20..

Caj(AsO0»
CajAsj
Ca(B02) 2.2H20.
CaB«
CaBr2

CaBr2 .6H 20...
CaCj

CaC03 . . .

Ca(C103 ) 2

CaCh. . . .

259
933
439
194.

178.

281.

297.

313.

329.

232.

323.

251,

3970.

361.

369
329.

347.

361.

425.

281.

40.

176
158

305

CaCkHoO
CaCl:.6H ;

CaCr04.2H.O
Ca3(C«H 60-) 2.4H2

CaCX2

Ca2Fe(CX) e.12H2

CaSiFe
Ca(CH02 ) 2

CaHj
Ca(OH) 2

Ca(C102 ) 2.4H2

Ca2P2 6 .2H 2

Ca(H2P02) 2 .

Ca(I03) 2 ...

Mol.
wt.

tetrag
yel. cryst.
or. cryst.

.

yel. need.

,

choc. br.

.

yel. cryst.

rhombic pi.

need
cryst
dk. red, amor.
cryst
orange

279.25

398.13
270.13
161.74
104.99
199.90
308.00
64.07

100.07
206.98
110.98

129.00
219.08
192.11
570.35
92.09
66.08

508.22
78.0
182.13
130.09
42.09
74.09

247.05
274.23

170.16
389.93

Crystalline form
and color

silv. hex. or rhbdr.
need
prism, need
monocl. pi

monocl.

red cryst.

black reg. .

.

need

cryst. gray,

hex. rhomb, or rhbdr.
rhomb

hex
yel. prisms.
need
reg

tricl.

reg..

rhombic

.

cryst. . . .

hex

monocl.

.

rhombic

.
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PHYSICAL CONSTANTS OF

Name

Calcium iodide
iodide

nitrate

nitrate
nitride

nitrite

oxalate
oxide
permangarur
peroxide. . .

phosphate, mono-,
phosphate, di-. . . .

phosphate, tri- . . .

phosphate, pyro-.

.

phosphate, meta-.
phosphide

phosphite
plumbate
plumbite

-sium sulfate,
phosphate, pyro-..
salicylate
silicate

silicide

sodium sulfate. . .

sulfate
sulfate (gypsum)

.

sulfhydrate
sulfide

sulfite

sulfocyanate
tartrate
thiocarbonate. . . .

thiosulfate
tungstate

Carbon, amorphous.
Carbon, graphite. . .

Carbon, diamond. . .

bromide, di-

bromide, tri-

bromide, tetra-. . .

chloride, di-

chloride, tri-

chloride, tetra-. . .

dioxide

Ca(NO,

HiO

Ca(Mn( I

Ca05.8rL
CaH4(P04) 2.H20.
CallPO. S

Ctto(PO<>_

Formula

Cal2 .

CaIi.6HiO.
Ca(CiHsOa)j.5HiO.
Ca(X( I

Ca(P03 ) 2 .

Ca3P2 . . . .

2CaHPOi.3H <

CaaPbOi
CaPbO=

CaSOi.2

CaS0 4

CaS04.2H:' I

Ca(SH)j.6II/>. .

0».4H2O.

CaWOi.

c
c
C.Br;
C2Br,:

CBn
C2CI4

CjCIg

ecu.

CO2.

Mol.

293.93
402.03
308.23
164.09

236.15
148.23

150.10
140.09

172.14
310.26
320.26

198.12
182.26

294.26
351.34

2.54.19

350.18
116.13
96.19

156.28

136.13
172.17

214.31
72.13
156.17
210.26
260.17
148.26
260.29
288.07
12.00
12.00
12.00

343.66

331.66
165.83

236.74

153.83

44.00

and

monocl

prisms
colorl. o
amor, or
purp. pri

tetrag
rhombic
monocl
amor

white. .

red cry-

monocl
white
octahdr
monocl. or hex.

rhombic .

monocl.

prismatic
reg. wh

trimet. pi

yellow. .

tricl

tetrag. . .

amor., blk
hex. blk
reg

tablet*. .

rhomb, tricl. or re

colorl. liq

color], gas
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PHYSICAL CONSTANTS OF

Name

Carbon disulfide ....

iodide, tetra
monoxide. . .

monosulSdc

.

oxybron.ide

.

oxychloride (phos-

oxysulfide

selenosulfide

filicide

suboxide
telluro-sulSde
thionyl chloride. . .

thionyl pc-rchloride

Ceric carbide
fluoride
hydroxide

nitrate
oxide
peroxide
6ilicide

Bulfate
Cerium

Cerous acetate
bromide. . .

carbonate
chloride
fluoride
hydroxide

iodide
nitrate
oxalate
oxide
oxychlorid<*
phosphate.

sulfate
sulfate
sulfide

Chloric acid

Chlorine

hydrat'
oxide, :.

I !

5

CO...

-

CO:
•

CSC1:
CSCh

CeFtHi
2CeOj.3H:.U

.

CeO:..
CeOa

-

:4H-G.

CenC;HjOi)e.3H;0.
CeBrj.H:0

.

Cei(CO>) 3.5H^). . .

CeCb
CeF,.iH;0
Ce-Oj.6HiO

CCI..9HIO
Ce(N03)3.6HK)

.

CesCCsO.
Ce-Os.
Ce-Oj.2C
CePO.

.

Ce;(Sa)j
Cei(SO()j.8HrO.

-

i

C!; . ...

C1.5H-0

Mol.
wt.

76.13

519.73
28.00

44.06

187.83

60.06

123.26

68.12

68.00

114.98

398.55

388.28
172.25
188.25
196.37
404.44
140.25

688.69
398.01
550.58

206.26
436.60

gas
yel.-red. . .

golden red.
golden yel.

.

red hex. . . .

amor

683.19
434.37
706.64
328.50
821.74
235.28

568.69
712.82

70.91

125.54
86.91

-•.alline form
and color

colorl. liq ;

octahdr
colorl. odorless,

poisonous gas
red powd.

gas, poisonous.

gas

liq

gr. erysl

red-yel
pale yel. powd.
red

yel. need.

.

steel gray.

need
need
wh. powd.

.

cryst

cryst
red. cryst.

gr. powd
purple

.

monocl. pr. or
rhombic

monocl. or rhombic.
monocl
red cry--

greenish yel. gas .

.

octahdr
yel. red
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PHYSICAL CONSTANTS OF

Name

di-Chlorine oxide
or per-

oxide, hept-
oxide, tetr-

Chlorosulfonic acid..

.

Chromic arsenide. . . .

boride
bromide
bromide
carbide
chloride
chloride
fluoride

fluoride
hydroxide

hydroxide,
nitrate
nitrate. . . .

nitride. . . .

oxide
phosphate

.

phosphate

.

phosphide

.

silicide

sulfate. .

sulfate. .

sulfate. .

sulfate . .

sulfide. .

Chromium.

dioxide
tetrasulfide

.

trioxide. . . ,

Chromous acetate

.

carbonate
chloride
fluoride

hydroxide

.

iodide. . . .

oxide. . . .

sulfate . . .

sulfide . . .

Chromyl chloride.

C1C-2.

CISO2.OH..
CrAs
CrB
CrBrj
CrBr3.6H2 .

CrjC2

GtCU
t>H20.

CrF3

CtF».9HjO.
Cr(OH) 3 . . .

Formula

Cr(OH) 3.2H2 . .

Cr(X03) 3.9H20..
Crt(NO»)».16HiD.
CrN
Crs03

Crz(P04)2.6H 20. .

Cra(P04) 2.12H20.

CrP

Cr3Si 2

Cra(SO<) 3

»4)3.5Hj0.
;.15H 20.
..18H20.

Cr

Cr02 .

CraSi.
CrOs.

Cn(C2H 3 2 ) 6.2H20.
CrCOs
CrCl2

CrFi

Cr(OH; 2 . . .

Crl 2

CrO
CnSO,.7H20.

CrOsClt.. . .

Cobalt Co.
carbonyl
phospnide C01P . .

Mol.

67.46

182.91
99.46
116.53
126.97
62.83

3'J9.85

180.06
158.38
266.48
109.01
271.15
103.03

139.07
400.18
746.31
66.02
152.02
402.17

510.27

83.04

212.15

392.21
482.29
668.45
716.50
200.21
52.01

88.01
232.28
100.01

494.20
112.01
122.92
90.01

86.03
305.87
68.01

274.1 'J

84.07
1.54.92

58.94
170.94
148.91

yellowish gas.

oil, colorl

gray
silvery cryst
olive grn. hex
green hex. pi

gray cryst
pink cryst
violet or grn. hex. pi.
grn. octahdr

grn. or blue gel.

green
purp. prisms. . . .

purp. monocl. pr.
amor
hex. dk. grn
bl. grn

Crystalline form
and color

violet, tricl. . .

gr.-blk. cryst.

tetrag. pr. . . .

green
violet cryst. . .

res. violet . . .

br.-blk. powd.
gray cryst. . . .

gray
gr.-blk. powd.
red, tricl

green
amor
cryst
grn. cryst.

yel. brn. . .

black
blue
black powd.
dk. red liq.

.

silvery ....

sm. need.
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PHYSICAL CONSTANTS OF

Name

Cobaltic boride
chloride
chloride dichro. . . .

chloride proseo. . . .

chloride purpureo.

.

chloride lutco
chloride roseo
chromate
hydroxide
oxide
potassium nitrite. .

sulfate
sulfide

sulfide di-

Cobalto cobaltic oxide
Cobaltous acetate. . . .

ammonium chloride
ammonium sulfate.
arsenate
arsenite
bromate
bromide
bromide
carbonate
carbonate basic. . . .

chlorate
chloride

chloride
chromate

cyanide

ferricyanide

ferrocyanide

fluoride
fluoride
hydroxide

iodate
iodide
iodide
iodide
nitrate
oxalate
oxide

perchlorate
phosphate

phosphate
phosphite

Formula

CoB
CoCh
Co(NH 3 ) 3Cl 3.H-
Co(NIl3)4Cl3.H,0
Co(NH 3)jCh
Co(NH 3)gC1 3

Co(NH3) 5Cl a.H,
2CoO.Cr03.2H2

Co(OH) 3

C02O3
2Co(N02) 3.6KN02 .

3H2

Co2(S04) 3

C02S3
C0S2

C03O4
Co(C2H 3O2)2.4H 2

CoCb.NH4Cl.6H2O
CoS04.(NH4) 2SO«.6H2

Co3(As04) 2.8H2

Co3H6(As03)4.H 2

Co(Br03) 2.6H2

CoBr;
CoBr2.6H2

C0CO3
2CoCOs.3Co(OH)2
Co(C103) 2.6H 2

C0CI2

C0CI2.6H2O
CoCrOi

Co(CN) 2.2H2

Co2[Fe(CN) 6]2

Co-FeCCNJe^B^O

CoF2.2H2

f'oF2.5IIF.6H 2

Co(OH) 2

Co(I03) 2

C0I2
CoI 2.2H 2

Coh.6HsO..
..6H2

CoC204.2H 2

CoO

C0(C104)2
C03(P04) 2

Co3rP04) 2.8H2

COHPOS.2H20

Mol.
wt.

69.76
165.31
234.42
251.46
250.47
267.50
268.49
285.92
109.96
165.88
958.60

406.07
214.0
123.07

240.82
249.05
291.45
395.24
598.87
692.72
422.87
218.77
326.88
118.94
516.75
333.95
129.85

237.95
174.95

146.99

600.60

455.88

132.97
305.08
92.96

408.80
312.80
348.84
420.90
291.05
182.97
74.94

257.85
366.87

511.00
175.01

Crystalline form
and color

green cryst.

brick red

.

black.

.

black.

.

yel. pr.

blue cryst.
blk. cryst.

,

black

reg. blk
red-violet cryst.
red

red monocl.
rose red . . .

octahdr. . . .

green
red prisms,
rhbdr., red.
red
regular ....
blue cryst.

.

red monocl.
yel.-brown

.

buff

red.

rose red, cryst. . . .

trimet. prisms
rose red, rhombic

.

green
red
red monocl.
reddish wh.
brown

red need,
reddish . .

reddish

.
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Cobaltous potassium
carbonate

selenide
silicate

sulfate

sulfite

Columbic acid.

Columbium (Niobi-
um)

bromide
chloride penta-

Name

CoCO3.KHCO3.4H2O.

CoSe.

.

Co2SiO<
CoSO*

.

sulfate

.

sulfide

.

CoS04.7H20.

CoS

C0SO3.0H2O.
3Cb2Os.7HjO.

Cb.

CbBr5 .

CbCU

.

hydride

.

nitride. ,

CbH.
CbN

.

oxalate.

oxide mono-

.

oxide di- . . .

oxide pen
oxybroiaide.
oxychloride

.

oxysultide. . .

opper

boride
I

nitride
roxide . . . .

suboxi
Cupric ai

aceto-areenite

ammonium chloride

ammonium sulfate.

arsenate
iite, acid

11 senide

arsenite (Paris
green)

bromate
bromide

Formula

Cb(HCj04)s.

CbO.

CbsO.. .

CbO Br.,

Cb( >Ch

.

Cu

CujN
CuOs.Hit

hh.HtO.

(CuOAS203)3.Cu

CuCl.2NH4Cl.2H1O.

4NH..H.O. .

b04)j.4Hj0. . .

(Ab04)«.2Hi0.

CuHAsOi

Cu(BrO»)
CuBr 2 . .

Mol.
wt.

291.11

138.14
209.94
155.00

281.12

91.00

229.08
924.71

93.10

492.68
270.39

94.11
107.11

538.14

109.10
125.10

266.20
348.85
215.47
298.39
63.57

212.35
129.16
204.72
113.59
270.28
199.63

1014.09

242.05

245.78
540.69
911.74
41)7.77

187.54

409.48
223.40

Crystalline form
and color

rose cryst

yel. cryst
violet

red powd

red rhomb, or
monocl.

brown need

red

steel gray

purp. red
yel. need

gray powd
black

monocl

reg
black

cryst
yel. cryst
need
black
red cryst

yellow
red-brown

olive grn.
olive grn
dk. grn

green

It. blue rhbdr. or
monocl.

rhombic blue. . . .

bluish grn

bluish oetahdr. . .

green

blue-grn. cryst. . .

black
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7.65
4.63
3.472"°

1.9181'°

5.4518°

Sp. Gr.
HaO = 1

(A) air = 1

(D) Hi = 1

7.06JI

6.0-.6

.3-.

7

.4-.

5

.91-. 96

.116

1.9

7.56

2.583

98.9

)6.8

>1100

1.96-.97

Melting-
point,
Deg. C.

1950, ign.

194

d.

subl.

subl. 400

1083

d. 60
d. 300

d. 240

d. 880

-7HiO, 420

-2HjO, 120

d. 150

d.'
'

'

d.

-5H 20, 200
d.

Boiling-
point,
Deg. C. Cold water

240.5

2310

dec.

i.

26.2»°

60.4»°

0.00038

Solubility in 100 parts of

dec.

dec.

dec.

7.2

33. 8°°

18.

5

2!-50

V. 8.

V. s.

g2.6"w°

dec.

Hot water

20

99.3*°

dec.

Alcohol,
acids, etc.

d. HC1
meth.

al.

2.5»°al.

s. a., aq. rg.,

al.

i. -II, HF,
HtSO

HC1.
HNOj, aq.
rg.; s. hot
H

CCh, al.,

HC1
i. a.

10 s.E

(1. al.; s.

H2Cj

IIXOi; s.

-o4 , HP

a »., al.

.03, h.

s. HC1
d. a.

s. a.

d. a.

7.143 al.; s.

eth.

\H<OH

i. al.

\'II,OH
^ a., XlhOH
*. HNO3, aq.

\H4OH

i. bz.
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Name

Cuprous cyanide. . .

fluoride

ferricyanid

ferrocyanide . . . .

hydroxide
iodide
oxide

phosphide

sulfide

sulfite

sulfocyanate ....
Cyanogen

.'upounds
isium

bromate
carbonate
chloride
chromate
oxalate
phosphate

•. ite

Erbium
chloride
nitrate
oxide
sulfate
sulfate

Ferric acetate, basic.
arsenate
arsenite, basic. . . .

bromide
chloride

chloride ....
ferrocyanide (Prus

sian blue)
fluoride
fluoride
formate
hydroxide .

hypophosphite. . .

lactate

oxalate

Formula

Cu2(CX) 2 .

Cu2F2

Cu3Fc(CN)s.

CutFetCXje

.

CuOH.

Cu2 . .

CueP2

Cu2S
Dj.HjO.

CuCNS

see organic tables

Dy
IHjO.

Dy(BrO
Dy2(C03)j.41I,-'i.

. .

I>yCl3

Dy2(CrOJ )3.10II.().
•• o4 ) 3.ion.,o.

l)yI >
1 .5H,.o

Dy2(SeO03.8H 2O
Er
ErCh.6H2

Er(NO»)i.«Hrf)

i«)i

U.8H1O
FeOH(CtHK)
IVAs();,2H,.;)

2FeAsO».F«0».5HjO.
FeBn
FeCla

FeCl 3.6H,o
Fe4[Fe(CN)c]3.

FeF3

EM). . . .

( )S)3

i.9HiO..
Fc2(C20.)3

Mol.
wt.

179.16

165.14

402.60

466.17

80.58
381.00
143.14

443.47

159.20
225.22

121.64
52.02

162.52
411.66
708.41
577.10
268.89
853.23

317.63

898.77

382.17
461.82
383.40
623 . 59
767.72
190.90
230.83
607.36
295.59
162.21

270.31
859.02

112.84
193.91
208.88
106.86
250. 97

404.01
375.68

Crystalline form
and color

\vh. monocl.

red cryst.

br.-red. .

br.-red. .

yellow . . .

reg. red.

gray blk. . . .

rhombic blk.
red

white

.

gas. .

yel. need

yel. plates,
yel. cryst..
prisms. . . .

yellow. . . .

yel. need.

cryst.

amor
rhombic, wh.
br.-yel
dk. red cryst.
hex., blk.-br.

.

red-yel
dk. bl. cryst.

Km., rhombic,
yel. cr\ •

yel. cr\

red-br

bra. amor.
rhombic . .
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Sp. Gr.
H:0= 1

(A) air = 1

I

5.65 li°

5.88

6.35-. 75

5.58
3.83-4.46

1.8064 (A)

1.77

-

-

3.180

3.18

2.804"°
(A) 11.2«°°

3.18

3.4-.

1.6S35»°

Melting-
point,
Deg. C.

90S

-*HiO, 360
606
1210

1100

1US4
-39

d. 120
78

-3H.O, 150
680
-3iH:O.150

-8H;< '

d. 950

d.

d.

subl. d.
- i

37
d.

-3HjO, 100

-l'iHjb.SOO
d.

47.2

d. 100

Boiling-
point,
Deg. C.

759-72
-O, 1800

-22

-6HtO, 110

1.

280-5

Solubility in 100 parts of

Cold water

(J. 0008"°

0.00005
Sl 8.

0.023"°

!

1.002S

i.

i.

deliq.

43 .

30*°°

sl. 8.

74.39»°

246°°

sl. s.

sl. s.

0.043*°
deliq.

Hot water

lOO'oooo

536.6""°

dec.
i.

0.083"°°
V. 8.

V. B.

V. 8.

Alcohol,
acids, etc.

e. HC1,
NH^OH.
KCN

S'0»,

i. al.

<>H; i.

NH4CI

: i. al..

UOH
al.; 8.

B. al.

al. s. al.

dil. a.

s. dil. a., acet.

i. al.

s. al.. a.

. HC1

. a., alk.

. al., eth.
-. s. al., eth.

HC1

b! HC1. i -

i.al.,eth. ; 8. a.

i. al.

i. al.; s. a.

8: alk. citrate
eth.
al.

i. al.; s. a.
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Name

Ferric oxide (hema-
tite)

phosphate

pyrophosphate. . . .

sulfate
sulfate

i under
alum)

sulfide

sulfocyanate
Ferroso-ferric

chloride
ferricyanide (Prus-

sian green)
hydrate
oxide (magnetic

oxide)
sulfide

Ferrous acetate
ammonium sulfate
arsenate

arsenite
bromide
bromide
carbonate
carbonate
chloride
chloride
chloroplatinate. . .

ferricyanide(Turn-
bull's blue)

ferrocyanide
fluoride

formate
hydroxide
iodide
lactate
nitrate
oxalate
oxide
perchlorate
phosphate

potassium oxalate,
sulfate

sulfide

sulfite

sulfocyanate
tartrate
thiosulfate
See also under iron

Fluorine

Formula

FesOj

FePC-4.4H2

Fe4(P207)3.9HK)
- Uh

Fe!(S04) 3.9H2

FejSj
Fe(CXS) 3.3H2

FeCh.2FeCl3.18H;0..

Fe'"4Fe"*[Fe(CX)6>.

FeaOi.4HiO.
Fe30«

Fe(C2H 3 2 ) 2.4H20 ....
\ H ( ) 2SO«.6H2

Fe3(AsOi) 2 .6H2

FeiAsiOs
FeBr2

FeBr2.6H2 . . .

FeC03 .

FeCOj.H20....
FeCh
FeCl2.4H 20....
FePtCl«.H 2 . .

Fe3[Fe(CX)6]2 .

Fe2Fe(CX)<i.
FeF2 .8H20.

Fe(CH02) 2.2H2 . .

iH)j
FeI2 .4H 2

Fe(C3Hs 3 ) 2.3H2 .

Fe(X03) 2.6H20...
FeC20..2H20
FeO
Fe(C104)2.6H2 . . .

Fe3(P04) 2.8H2 . . .

K2Fe(C204) 2.2H20.
FeSOt.7H2

FeS
FeS0 3.2iH 20. . .

^<2.3H20.
FeC4H40«
FeS203.5H20....

Pi.

Mol.
wt.

159.68

222.93

907.67
399.87
562.02

207.87
284.10
775.46

1662.21

303.58
231.52

295.78
24o . 95
392. 14

552.54

341.60
215.67
323.77
115.84
133.86
126.75
198.82
481.83
591.30

323.57
237.97

181.89
89.86

381.77
287.97
287.95
179.86
71.84

362.85
501 . 70

346.06
278.02

87.90
180.94
226.03
203.87
258.05

38.00

Crystalline form
and color

red, hex., rhbdr. or
reg.

yel. rhomb, or
monocl.

amor
ycl. rhomb

yel.-grn
dk. red, reg
yel

grn

blk
blk., octahdr

hex
need
monocl., bl.-grn
grn. amor

grn.-wh

rhomb., red
rhbdr. gray
amor

monocl. bl.-grn
yel. hex
deep bl

amor, bl.-wh
grn

pa. grn. cryst
grn. cryst
grn. cryst
cryst
pa. yel. cryst
black
grn
monocl. bl

gold., need
monocl. or rhombic,

bl.-grn
blk. hex

grn. rhomb
cryst
grn. cryst

grn.-yel
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Name

1 Gold iodide (ous)

.

2 oxide (ic)

oxide (ous).

phosphide.

.

sulfate (ic).

sulfide (ic)

.

sulfide (ous).
Helium

Hydrazine
azoimid
dihydrochloride. . . .

formate
hydroxide
sulfate
nitrate

Hydrazoic acid
Hydrobromic acid,. . .

(hydrogen bro-
mide)

Hydrobromic acid . .

.

Hydrobromic acid. . .

Hydrochloric acid. . . .

(hydrogen chlor-
ide)

Hydrochloric acid. . . .

Hydrochloric acid. . .

.

Hydrocyanic acid. . . .

Hydroferricyanio acid
Hydrofluoric acid. . . .

(hydrogen fluor-
ide)

Hydrofluoric acid. . .

.

Hydriodic acid
(hydrogen iodide)

Hydriodic acid
Hydrogen

peroxide
persulfide

selenide
sulfide
telluride

Hydroxylamine. .

hydrochloride
. .

nitrate
sulfate

Indium
bromide
chloride mono-

.

chloride di- . . . .

chloride tri-

cyanide

Formula

Aul. .

AujOa.

AuiO.

AuiPj
Au1Oj.2SO3.H2O.
AU2S3

AuiS.
He..

NH2.KH2
X2H4.HX,
N2H4.2HCI
N 2H«.2HCOOH

.

N-HUizO
X2H4.H2SO4
X2H4.HNO3
HX3

HBr

HBr.H20
HBr.H20(47.8%).
HC1

HC1.H20(45.2%) . .

HC1.8H2O(20 !

HCN .

H3Fe(CX),
HF

HF.H20(35.35%)

.

HI

HI.H20(57%).
H2
H2O2
H2S2

HiSe
H2S
HiTe
NH2OH
NH2OH.HCI
NH2OH.HXO3.

. .

(NH20H)i.H2.SO< .

In
InBrj
InCl "
InCU
InCb..*.

In(CX),

Mol.
wt.

324.13
442.40

410.40

487.48
620.54
490.59

426.46
4.00

32.05
75.08
104.98
124.08
50.06
130.13
95.06
43.03
80.92

Crystalline form
and color

yd.
blk.

violet

.

gray.

.

br..

blk.

98.94
98.94
36.47

54.48
180.59
27.02

214.91
20.01

38.02
127.94

145.96
2.016
34.02
66 14

81.22
34.08
129.52
33.03
69.50
96.05
164.14
114.80
354.55
150.26
185.71
221.17
192.82

cryst. wh. or liq.

reg.

reg.

tablets.

liq

colorl. gas.

colorl. liq..

colorl. liq..

colorl. gas.

colorl. b'q

colorl. liq

colorl. liq. or gas.
grn. br. need
colorl. liq. or gas.

colorl. liq.

colorl.gas..

colorl. liq..

colorl. gas.
colorl. liq.

.

yel. oil. . . .

colorl. gas.

cryst... .

monocl.

monocl
reg. octhdr. . .

cryst
dk. red cryst.
cryst
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Name

Indium fluoride.

hydroxide

.

iodide. . . .

iodatc. . . .

nitrate
oxide mono-

.

oxide seeqi

perch le

sulfate

sulfide

sulfite

Iodic acid
Iodine

chloride inono-a.

.

chloride n.ono-jS.

.

chloride, tri-

fluoride,

monobromide

.

oxide di-

oxide penta- . . .

Iodoplatin. acid,
see pit;

Iridium

Iridium.

bromide tri-

bromide tetra-. . .

chloride di-

chloride tri-

chloride tetra-. . . .

hydroxide di-

hydroxide sesqui-

.

iodide tri-

iodide tetra-
oxide di-

oxide sesqui-
sulfide mono-. . . .

sulfide di

sulfide sesqui-. . . .

ast

pure

steel

white pig. . .

wrought. . . .

arsi

arsenide di-.

Formula

In 2F6.18H 20.

In(OH) 3 .

Inl 3 . . ..

In(IOj) 3 .

In(NO»)».
InO
In203

In(ClO03.8II 2O.
[11 ) 3

2in2O3.3SO2.SH2O.
HIO3
I2

IC1
IC1

IC13.

IF6 .

Ilir.

I2O0

Ir. .

Ir2 3.3H20.

IrL
ItOj

I

Fe

Fe....
Fe....

FeAs2.

Mol.
wt.

667.89

165.82
494.60
638.60

381.90
130.80
277.60

557.30
517.79
325.79

891.52
175.94
253.86
162.39
162.39

233.30

221.93
206.85
158.93

333.86

193.10

193.10

Crystalline form
and color

need.

yel. cryst.
cryst

need
black

nor. or rhom-
bic

cryst

yel.

cryst
rhombic
rhombic, blk
rhombic, red need,
red, br., rhombic

plates
yel. cryst

Hq
dk. gray cryst.

yel. cr\

trim

white spongy

reg. or hex. rhombic.

olive grn. cryst..
1)1 ue ei \ f

blk.-grn. cr\-st ..

.

olive grn
ilk. red ci

ind. bl..

blk
blk. crv>

blk
bl.-blk

bl. blk
blk
br. blk
sray
cubic, or octhdr.

silvery

gray

silver gray

.
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Sp. Gr.
HiO= 1

(A) air = 1

(D) H 2 = 1

7.179

3.438

4.6290°

3.18222°

3.1107

3.5

4.'2'ir'

4-799-/

15.86

03
85-.}

7. 60-. 80
7.58-. 73

7.86
7.83
7.38

Melting-
point,
Deg. C.

subl.
-

-4JH.O, 10

80

3H 20, 100
d. 170
112-5
24.7
13.9

33

36
d. 130

d. 300

2300?

-3HiO, 100

d. 360

-O, 400
d.

d.

d.

1275
1530

1375
1075
1505
1020
980-1040

Boiling-
point,
Deg. C.

d.

d.

volt. 850

d. 200

-8H2O, 260

184.35
101.3
101.3

97

2450

Solubility in 100 parts of

Cold water

si. s.

deliq.

0.0672O°

deliq.

delicj.

1.

286°°

0.0182"°
dec.

dec.
al. s.

187.4"°

dec.

dec.

dee.

si. s.

Hot water

dec.

-

dec.

Alcohol,
acids, etc.

s.HCl.HNOj;
i. al., eth.

3. a., alk.

s. dil. HiSOi,
HNOi

s. al.

s. a.

a. abe. al., eth.

d. a.; s.

lUhS

v.s.'al.. I!

. al.. K J

•

. al., eth.,

HC1

h.,CSt
eth.: s.

i.al.,eth.,CSi

aq. reg.,
I

aq. reg.,

Cb.HK)
i. al. eth.
s. al.

s. al.

i. a., alk.

s. al.. dil. HC1
s. HC1, alk.

i. al.

a. KI, Nal
i. a., alk.
i. a., alk.
i. a.; s. I

s. HNO
s. a.

s. a.; i. alk.

s. a.; i. alk.

s. a.; i. alk.

s. a.; i. alk.

i. HC1.; si. s.

HNOs
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Name

Iron boride.

carbide.

.

carbide.

.

carbonyl.

disulfide. . .

nitride
phosphide

.

Krypton

Lanthanum. . .

bromatc. . . .

bromide. . . .

carbide
carbonate.. .

chloride ....
chloride ....
nitrate
oxalate
oxide sesqui-

sulfate
sulfate
sulfide

Lead
ate (sugar of

lead)
acetate basic. . .

.

acetate basic ....

acetate basic.

arsenate mono-. .

.

arsenate di-

arsenate meta- . . .

arsenate pyro-. . . .

azoimide
borate
bromate
bromide

carbonate.

carbonate basic
(white lead).

chlorate
chloride

chloride tetra-
chlorite
chromate. . . .

chromate, basic

.

(chrome red)

Formula

FeB.

FeaC...,
FeCU...
Fe(CO)s

FeSj

FetP.

Kr.

La
La2(Br03 ) 6.18H20.
LaBr3.7H 2

LaC2

La 2(C03)3.8H20..
LaCh
LaCl3.7H2

La(N03)3.6H 20...
La:.(C20i)3.9H20.
La;03

.9H 20.
La2(S04)j
La 2(SO<) 3

La2S3

Pb
Pb(C2H3 2 ) 2.3H 20.

Pb2(C2H302)30H

.

Pb(C2H 3 2 ) 2.Pb
(OH) 2 .H 2

Pb(C2H 30») 2 .

2Pb(OH) 2

PbH4(AsO<) 2

PbHAs04

Pb(As03) 2

Pb2As2Or
PbNs
Pb(B02) 2.H20...
Pb(Br03) 2.H20..
PbBr2

PbCOj

2PbC03.Pb(OH)j

Pb(C103) 2H20.
PbCl2

PbCU
Pb(C102) 2 .

PbCr04 . .

.

PbCr04.PbO.

Mol.
wt.

66.66

179.52
103.84
195.84

119.97
125.69
142.71

82.90

138,

1369.

504.

162

601.

245
371

433
703
325

565.

728
373.

207.

379.

608.

584.

£07.68

489.

347.

453.

676
291

310
481

367.

267.20

775.62

392.13
278.11

349.03
342.11
323.21

546.41

Crystalline form
and color

gray cryst

reg. gray
gray cryst
liq

reg. or rhombic yel..

.

gray cryst

colorl. gas

lead gray
hex. prisms

yel. cryst
trimet
wh. cryst
tricl

prisms., colorl

amor, or rhombic,
wh

hex. colorl
red yel. cryst
reg. or monocl. gray
monocl. wh

need

need

rhombic pi

monocl. leaf

hex. tabl
ortho-rhombic cryst

.

oryst
cryst
monocl
rhombic colorl

rhombic

amor, white

monocl
rhombic

liq

monocl. yel
monocl. yel

red cryst
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Sp. Gr.
HiO = 1

(A) air = 1

(D) Hj = 1

3.245

24
4.571

7.592

6.12
4.531 !<°

5.025

9.375
8.74"'

9.2-.S

8.91

9.07

8.342
7.21
7.0-.1

6.9-7.3

8.10"°
6.23

7.48

3.82

8.235
0.534»°

1.178"'°

Melting-
point,
Deg. C.

d. 190
d. 145
-HjO, 130

358

d. 223
d. 300 •

888

290

500
370

d. 130 •

-HiO, 110

d.

806 anh.

1065
>1100

1112

186
70
374

Boiling-
point.
Deg. C.

861 951

1400
d.

430

Solubility in 100 parts of

Cold water

si. s.

dec.
3.

sl. s.

0.06418°
1.6"°

sl. s.

0.014
0.00122°
0.0440°
39»°
0.00016>s°

0.017™°
0.0013^

0.0056i»°

v. s.

O.OOOOU100

0.0042»«°

O.OO4400
0.0001

0.520°

0.03
i.

dec.

300u°

dec.

Hot water

18100°

sl. s.

0.436ioo°

139ioo°

dec.

0.077*

dec.

sl. 8.

dec.
dec.

dec.
v. s.

dec.

Alcohol,
acids, etc.

KCN
a., alk.

s. alk.. HNO,
sl. s. HjSC-4
s. HNO,
i. al.

s. a., alk.

3. alk., a.

sl. s. HNO,
i. al.; s. KI
8.7722° al.

i.al.;s. HNO,
alk., lead

acet.,

NH«C1,
CaCU,
SrCU

i. al.; 8. acet.
a.

s. acet. a.

s. a., alk.

s. a., alk.

s. alk.

s. alk.

al.

s. dil. HNO*
sl. 8. dil.

HNO,

HNO,; i.

acet. a.

8. HNO,
s. HNO,.

KOH
Na«P,07

3. HNO,
cone. a..

NH< salts:

i. al.

sl. 8. H2SO4
sl. 8. H2SO4
s. a.; i. KOH
a. HNO,

dil. a.

KCNS,
HNO,

s. NaiSjO,

s. a.

21.5 al.

151



HANDBOOK OF CHEMISTRY AXD PHYSICS

PHYSICAL CONSTANTS OF

Name

Lithium benzol
bicarbonate
bichromate
borate
bromide
carbide
carbonate
chlorate
chloride

chloro]> i

chromate
brati

fluoride
fluosilicate

formate
hydroxide
iodide
iodide
nitrate
nitrate
nitrite

oxalate
oxalate, acid
oxide
pcrclJoratc
perchlorate

phosphate
salicylate
silicate

silicate

silicide

sulfate

sulfate
sulfate, acid
sulfide

sulfite

urate
Magnesium

acetate
alumina tc

ammonium arsen-
ate

ammonium chloride
ammonium chro-
mate

ammonium phos-
phate

ammonium sulfate

arsenate.

Formula

LiC:Hs0 2

l.ilK Oa
i..2il.()

LicBiO-.oHsO
LiBr

Li2COj
LiClOa.iHjO..
LiCl

Li 2PtCl«.«H 2

LitCrOiHiO
LisCoILOr^U '

I

LiF
3iF 2HiO

LiCHQiHaO
LiOH
Lil
LiI.3II 2

LiNOa
LiNOi.3H»0
LiN0 2 .II 2()

LijCsO
LiHC20,.H 2

LhO. . .

.

LiC10<
LiC104.3H ?

Li 3P04.H 2

I.K'rl !.,(>,

'

I.iuSiOi

USOt

Li2S04.H 2

IJHSO4
. £

Li.SO3.6H2O
I.ilIC4H 2X <03MB
Mg(CiH»Oi)i.4HiO. .

MeO.A1:()3. .

M«NlLAs0,.6H 20...

MgCh.NH4Cl.6HsOM KCKX(NH4) 2 .

OrO,.6H2

MgNH4P04.6H20....

MgS04.(NH4) 2

6H*Q
2MgHAs04.131LO..

.

Mg3(AsOa)s

Mol.
wt.

127.

67.95
265.93
259.24
86.86
37.88
73.88
99.41
42.40

529.95
147.91
281.92
25.91
191.97
69.96

133.87
187.92
(18 . 95

123.00
70.96
101.88
113.96
29.88
106.40
160.45

133.86
143.98
89.94
119.82
63.06
109.94

127.96
104.01
45.94

202.04
174.00
24.32

214.43
142.26
289.42

256.83
400.52

245.48

360.62

562.78

318.88

Crystalline form
and color

cryst
wh
blk.-br.

cryst. wh
cryst
prisms
tetrag
octhdr. wh. . .

orange-red he:
red. trim
cryst
tab!
monoel
rhombic
wh. cryst
cryst

^rhombic, hex
, rhbdr. or reg.

flat need

cryst.

rhbdr.

rhbdr.

hex.

blue cryst
monoel. reg., rhomb.

or hex
monoel
prism

need.

silvery wh.
monoel.. . .

tetrag..

yel. monoel.

tetrag

monoel. pr..
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Name

Magnesium benzoate
borate
bromate
bromide
bromide
carbonate

Mg(C7H.Oj) 2.3H,0

.

Mg(B02 ) 2.8H 2

Mg(Br03) 2.6H 20. ..

MgBr2

MgBr2 .6H2

MgCOa

carbonate
carbonate, basic

chlorate
chloride
chloride
chroma te

ferrocyanide
fluoride
formate
hydroxide (brucite)
iodate
iodide
nitrate
nitride
oxalate
oxide
permanganate

phosphate

.

phosphate,
phosphate, acid. . .

.

phosphate, acid. . .

.

phosphate, pyro-. .

.

phosphate, pyro-. .

.

phosphite
potassium chloride.
potassium sulfate. .

selenate
eilicide

sodium chloride. . .

sulfate
sulfate

(epsom salt)

sulfide
sulfite

tartrate
thiosulfate

Manganese
acetate
ammonium phos-

phate
ammonium sul-

fate
arsenite
benzoate
boride
bromide

Formula

MgC03.3H2

3MgC03.Mg(OH) 2 .

3HsO
Mg(C103) 2.6H20....
MgCl2

MgCl2.6H 2

MgCrO«.7H2

Mg2Fe(CN)«.12H20.
MgF2

Mg(CH02 ) 2.2H20. .

Mg(OH) 2

Mg(I03) 2.4H2

Mgl2

Mg(N03) 2.6H20....
Mg3N2

MgC204.2H2

MgO
Mg(MnO«) 2.6HjO...

Mgi(P04) 2 .4H20...

Mg3(P04) 2.8H2

MgHPO<.3H2

MgHPO<.7H2

MgP2 7

Mg2P207.3H2

MgHP03.3H2

MgCl2.KC1.6H2

MgS04.K2S04.6H20. . . .

MgSe04.6H2

MgsSu
MgCl2 .NaCl.H2

MgSOi
MgSO<.7H2

MgS
MgS03.6H2

MgC4H 4 6 .4H20.. .

MgSj03.6H2

Mn
Mn(C2H3 2 ) 2.4H20.
MnNH4PO<.H2 . . .

MnS04.(NH4) 2SO«.
6H 2

Mn3He(As03)4.2H20....
Mn(C7rh02) 2.3H2

MnB2

MnBr2

Mol.
wt.

wh. powd.

reg.

colorl. hex
hex. rhbdr. or rhom-

bic.

hex
monocl

hex
monocl
yel
pa. yel. cryst.
tetrag
rhombic
rhbdr
monocl

335.08

407.14
174.40
246.47
222.69
276.74
158.40
277.88
402.74
275.62
205.78
171.70
120.38
246.50

56.38
212.48
244.42
244.54
54.93

245.04
186.01

391.23

698.71
351.06
76.57

214.76

Crystalline form
and color

monocl. or tricl.

gr. yel. cryst.. .

.

wh
reg. or hex
purp. need

monocl.

monocl. pi.

plates
hex
wh
wh. amor.

.

hex
monocl. pr.,

monocl

tetrag. or monocl.

cubic, br
wh. cryst. powd.
monoci
prism
gr. pink
monocl. pa. red.
wh. cryst

rose red
flat prisms ....
gr. violet cryst.
rose red
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Name Formula

Manganese bromide. MnBr2.4HiO.
carbide MruC
carbonate MnCOj

chloride ....
chloride. . . .

chloride, per

.

ferrocyanide.

fluoride di-.

.

fluoride sesqui- . . ,

fluosilicate

formate
hydroxide (ous)..

.

hydroxide (ic)

.

hypophoephite.
iodide
lactate
nitrate
oxalate
oxide (ous).. . .

oxide (ic)

oxide, di-

oxide, tri-

oxide, hept-. . . .

oxide, ous, ic. . .

phosphate (ous)

.

phosphate (ous)
acid

phosphide
phosphite

pyrophosphate . .

.

pyrophosphate. .

silicate

silicide

silicide, di-

silicide (ous)

,

sulfate (ic) .

.

sulfate (ous)

,

sulfate (ous)

sulfate (ous)
sulfate (ous)
sulfate (ous)
(common form)

sulfate (ous)

-MnCk
MnCl2.4HsO
MnCU
Mn2Fe(CN)«.7H20.

MnFj

Mn 2F6.6H 2 331.96 cryst
MnSiF«.6HiO.
Mn(CF102)2.2H20.
Mn(OH) 2

Mn2 3.H2

Mn(H.J>
!)i.H!0...

-MnI 2.4H2

Mn(C3HsOs)2.3H.20.
Mn(.\03 ) 2.6H20....
MnC204.2iH2

MnO
Mn2Oj
MnQ2

MnOa
MnjO?
Mn304
Mn 3(P04) 2.7H20.
MnHP04.3H»0..

MnP
MnHPOa.HsO.

Mn2P20;
Mn2P20;.3HjO

.

MnSiOa
MnSi
MnSi2

Mn 2Si.

Mn2(S04).

MnS04
MnSC.rM).

MnS04.2H20.
MnS()4.3H»0.
MnS04.4HsO.

MnS04.5H20.

Mol.
wt.

286.83
176.79
114.93

125.84
197.91
196.76
447.86

92.93

Crystalline form
and color

red monocl.
tetrahdr... .

rhbdr. rose.

rose, monocl.
green

red quad. pr.

305.09 hex..
180.98 monocl..
88.95 hex. wh.

175

203

380
287
287
187

70

157

283.91
337.96
130.99
82.99
111.05

137.92

398.05

150.99
169.01

187.03
205.04
223.06

241.07

tetrag. br
rose red cryst. . . .

rose red monocl.

.

pa. red monocl. .

.

rose, monocl. . . . .

wh. cryst
reg. gray grn
reg. blk
tetrag. or rhomb.

blk.

reddish
dk. red oil

tetrag. blk
amor, reddish. . . .

cryst

dk. gray
reddish

amor. wh. powd.
rose need
tetrahdr
gray octahdr.. . .

quad. pr..

grn. cryst.

reddish . . .

monocl. or rhombic
rose
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Name

Manganese sulfate
(ous)

sulfate (ous)

sulfide (ic)

sulfide (ous)

sulfide (ous)

sulfocyanate

Manganocyanhydric
acid

Mercuric acetate.
arsenate
bromate

bromide
carbonate, basic .

.

chlorate
chloride (corrosive

sublimate)
chromate
cyanide
fluoride
fluosilicate

fulminate
hydroxide
iodate

iodide, red
iodide, yellow ....

iodo bromide
iodo chloride

nitrate
nitride
oxalate

oxide

oxybromide
oxychloride
oxycyanide
oxyfluoride
oxyiodide
phosphate

potassium iodide.

.

selenide
sulfate
sulfate, basic

3MnS.HiO

Mn(CNS) 2.3H»0.

H4Mn(CN).

Hg(CjH,02)j....
Hg3(AsOaj
Hg(Br03)j.2H!0.

HgBn
2HgO.HgC03 .

Hg(C10,),....
HgCli

Formula

M11SO4.6H2O.

MnSO<.7H20.

MnS2 .

MnS..

HgCr04
Hg(CN)i
HgFs
HgSiFe.HgO.3HsO.
HgC2N2 2

Hg(OH) 2

Hg(I03) 2

Hgli...
Hgl 2 ...

HglBr.
HglCl.

Hg(NOa)j
HgaNj. .

.

HgC^..

HgO.

HgBr2.3HgO....
HgCl. 2.3HgO... .

Hg(CN) 2.HgO. .

HgF2.HgO.H 20.
Hgh.3HgO
Hg3(P04) 2

2HgI2.2KI.3H20.
HgSe
HgSO<
HgSO«.2HgO....

Mol.
wt.

259.09

277.11

119.06
86.99

279.00

225.12

215.01

318.66
879.75
492.47

360.44
693.83
367.52
271.52

316.62
252.63
238.61
613.33
284.63
234.63
550.47

454.47
454.47

407.46
363.00

324.63
629.85
288.61

216.61

1010.27
921.35
469.24
473.24
1104.30
791.88

1295.05
279.81
296.72
729.94

Crystalline form
and color

pa. red monocl. or
rhombic.

blk. reg
green cryst. or pink-

ish
gray-pink

wh. scales.

yel
cryst

wh. rhombic.
br.-red
need
wh. rhombic.

dk. red trim,
wh. tetrag. . .

cryst
yel. need. . .

.

octahdr

tetrag. red
rhombic yel

rhombic yel
rhombic yel. or

tetrag. red
wh. cryst
br. powd

yel. tetrag. pi.

red monocl.
yel. cryst
yel. pr
need
yel. cryst
yel. br
wh. to yel

gr. plates
wh. cryst. powd.
yel

158



HANDBOOK OF CHEMISTRY AND PHYSICS

INORGANIC COMPOUNDS (Continued)



HANDBOOK OF CHEMISTRY AXD PHYSICS

PHYSICAL CONSTANTS OF

Name

Mercuric sulfide,

sulfide

sulfocyanate . . . .

Mereurous ac

arsenate
bromati

bromide
carbonate
chlorate
chloride (calomel)..

chromate

.

fluoride. . . .

fluosilicate.

formate . . .

iodate
iodide
nitrate . . . .

oxalate. . . .

oxide

phosphate

.

sulfate. . . .

sulfide
sulforyi at

trinitxide. . . ,

Mercury

27 Mercury-ammonium
compounds:

28 Dimcri'uri-diam-
monimn chloride
(infusible white
ppt.)

Dimercuri-tetra-
ammonium
chloride (fusible
white ppt.)

30 Molybdenum. .

.

bromhydroxide
bromide, di-. . . .

bromide, tri- . . .

bromide, tetra-

.

Formula

HgS
HgS
Hg(CNS)!.
HgC2H3 2 .

HgsAsOi..

HgsHAsCU.
HgBrOj....

HgBr. . .

HgsCOs.
HgCIO*.
HgCl...

Hg2CrO<.

HgF
Hg;SiF6.2H 20.
HgCH()2

HglOa
Hgl

. . .

HgNO».2H*0.
i «0«

JlgjO

Hg3P04.
HgsSOi.

f£

HgNj. .

.

UK

NHgiCl.NH^Cl..

NHgjCUNHiCl

Mo.

MojBr,(OH)j.
MoBn
MoBr3

MoBr<

Mol.
wt.

232.67
232.67

316.75
259.63

740.79

541.19
328.53

280.53
•161.22

284.07
236.07

517.23

219.61
579.31
245.62
375M
327.54
298.65
489.22
417.22

696.86
497.28

433.28
258.68
242.63
200.61

504.18

611.18

641.68
255.83
335.75
415

blk. amor
red rhbdr. or hex.

micaceous seal

dk. red

Crystalline form
and color

yel.-red.
cryst... .

tetrag. yel
yel.-bl
cryst
rhombic or tetrag.

wh.

red cryst. . .

yel. monocl.
prism
glist. scales,

yellowish . .

yel. tetrag.

.

wh. monocl.

black.

wh. monocl.

blk.

ery6t
silvery liq.

cryst.

crystals, red.

red powd
yel
dk. grn. need,
blk. need
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7.67
8.09

7.307

6.409
6.482-7.18

Sp. Gr.
HzO= 1

(A) air = 1

(D) Hj = 1

7.7
4.78

29

30 9.01

9.8

7.56

13.5952°

5.70

Melting-
point,
Deg. C.

subl. 446
subl. 446

d.

d.

d.

d.

subl. 405
d. 130
d.

subl. 500

d.

d. 200

382.5

-

d.

d. 0°

d.

expl.
-38.87

300

2535

Boiling-
point,
Deg. C.

310

dec.

357.25

3620

volt.

Cold water

Solubility in 100 parts of

0.0025

si. s.

0.75"°

dec.

0.00031

si. s.

dec.
si. s.

0.4'*°

0.0417
v. s.

0.055i«-'°

0.14

dec.
dec.
0.01

Hot water

dec.
i.

dec.

dec.
0.09210"

dec.

dec.

Alcohol,
acids, etc.

NasS. KiS;
i. HNOj; s.

aq. reg.
s.aL.Nl! its

s. H 3SO«.
HNOj
HNOj; i.

acet. a.

s. HNOj
8. HNOj, HCI,
HgNOj

i. al.: s. a.

s. NH«C1
s. al., acet. a
i. al., eth;. s.

Hg(NOj) 5 ,

aq. reg.; si.

s. h. HNOi,
HCI

s. HNOj,
KCN

al.

s. djl. HCI
s. KI; i. al.

si. s. HNOj
acet. a.; i.

kill

- H fO
-

1 1
SO,,

HNO
XH4),S

s.HCl.KCNS

HNOj, i.

HCI

s. a.; i. al.

s. a., KI

a. HNOj,
H1SO4,
HCI, aq.
reg.

s. KOH
s. alk.; i. a.

i. a.: d. alk.
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Name

Molybdenum carbide

chloride, di-.

chloride, tri-

chloride, tetra-

chloride, penta-. . .

.

chlorohydroxide . .

.

hexafluoride
oxide, di-

oxide, sesqui-
oxide, tri-. . . .

oxybromide.

.

oxychloride . .

oxychloride . .

oxychloride.

.

oxychloride. .

phosphide. . .

sulfide, di- . . .

sulfide, tri-. .

.

sulfide, tetra-
Molybdic acid.
Molybdic acid.

Neodymium.
bromate. .

.

carbide.

.

chloride

.

chloride

.

oxide.

.

sulfide.

Neon... .

Nickel.

acetate
ammonium chloride
ammonium sulfate

.

arsenide

.

arsenite

.

boride. .

.

bromate.
bromide

.

bromide

.

bromide ammonia.

Formula

MoC.

M0CI2.
MoCli.

MoCU.

MoCb.

MojCU(OH)j.2HiO.
MoF.
M0O2

MojOj. ..

MoOj
MoOjBn.
MoOCh..
M0O2CI2 .

MoOCh.

.

MoiOiCh.
MoaPj....
MoSj....

MoSj
M0S4
H2M0O4
HzMoO^.HiO

.

Nd
Nd2(BrOI)e.l8H20.

NdCj

NdCh

NdCli.BHiO.

NdjO,
NTd2S 3 .

Ne....

Ni.

Ni(CjH>0«)»
NiCh.NH4Cl.6H2O
NiSO«.(NH«)2SO«.6H20

NiAs
Ni3H 6(AsOi)4.H20.
NiB
Ni(Br0 3)2.6H20...
NiBr2

NiBr2 .3H20

NiBrj.6NHa.

Mol.
wt.

108.00

166.91
202.37

237.83

273.29

499.88
210.00
128.00

240.00
144.00
287.83
253.83
198.91
218.37
417.29
350.05
160.13

192.19
224.26
162.02
180.03

144.27
1380.34

168.27

250.64

358.74

336.54
384.73
20.20

58.69

176.74
291.20
394.99

133.65
691.97
69.51

422.62
218.52
272.57

320.71

Crystalline form
and color

gray pr

yel. amor
red need

br. cryst

blk. cryst

yel. amor
cryst
red pr

yel.-blk
rhombic
yel. cryst
green
yel. wh
green
dk. br. cryst.

.

gr. cryst
blk. powd

red.-br
brown powd.

.

need, wh.-yel.,

monocl. yel. .

.

yellowish
red hex. pr.. .

.

yel. hex

violet pr

red rhombic...

reddish
olive grn
colorl. gas. . .

.

silvery metal

.

prism, green.

.

grn. rhombic

.

grn. cryst

grn.-wh
prisms
monocl
yel. scales. . . .

grn. need

violet powd. .

.
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Name Formula
Mol. Crystalline form

and color

Nickel carbonate. .

carbonate, basic

.

carbonyl

chloride
chloride
chloride ammonia.

cyanide

dimethylglyoxime.

NiCOa
2NiC03.3Ni(OH)2.4H2

Ni(CO)<

NiCl2

NiCl2.6HsO.
NiCl2.6NH 3 .

Ni(CN) 2.4H20.

NiCuHuN404.

ferrocyanide

.

Ni2Fe(CN)6.11H20.

fluoride
fluoride, acid. . . .

fluosilicate

formate
hydroxide (ic) . . .

hydroxide (bus)..
iodide
iodide ammonia..
nitrate
nitrate ammonia.
oxide, mon-

NiF2

NiF2.5HF.6H2O
XiSiF6.6H 2

Xi(CH02)j.2H2

Ni(OH) 3

4Ni(OH) 2.HsO
Nil 2

NiI2.6NH 3

Ni(N03) 2.6H2

Ni(N03) 2.4NHs.2H 20..
NiO

oxide, sesqui- . .

oxide (ous) (ic)

.

oxyiodide

perchlorate

.

phosphate

.

phosphide. .

phosphide. .

Ni20a.

NisO*
NiI2.9Ni0.15H20.

Ni'(C104) 2.5H20...
Ni3(P04)2.7H 20...
Ni 3P2

Ni2P

pyrophosphate ....

potassium cyanide,
selenide

Ni2P207.6H2

Ni(CN) 2.2KCN.H20...
NiSe

sulfate

.

sulfate

.

XiSO,
XiS04.6H20.

sulfate

sulfide, mono-.

XiS04.7H20.

XiS

sulfide, sub-
sulfide, (ous) (ic)

sulfite

Niobium see colum-
bium

Nitric acid
Nitrogen

Xi 2S

NiS03.6H20.

HN03 .

N,....

118.69
587.56
170.69

129.60
237.70
231.80

182.77

360.83

527.44

96.69
304.83
308.85
184.74
109.71
388.84
312.55
414.75
290.80
286.87
74.69

165.38

240.07
1255.00

347.68
492.14
138.12
148.41

399.53

258.93
137.89

154.75
262.85

280.87

90.75

149.44
304.33
246.85

rhombic It. gm.
It. grn
need, or liq. . . .

yel. scales,
hex. grn. .

.

grn. pi

scarlet red cryst.

grn. wh

grn. quad... .

trim, prisms,
grn. rhbdr. . .

grn. cryst... .

blk
It. grn
blk. scales. . .

grn. monocl.

blk.

grn. hex. .

.

grn
dk. grn.. . .

gray cryst.

grn

red yel. monocl.
cryst

yel. reg
bl. tetrag. or grn.

monocl.
grn. rhombic 01

monocl
blk. hex

yel. cryst
gr.-blk. rhbdr.
grn. tetrahdr..

63.02
28.02

colorl. liq..

colorl. gas.
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Name

Nitrogen bromophos-
phide

chloride

chlorophosphide

.

iodide
iodoazoimide.

oxide, mon- (ous) .

.

oxide, di- (ic)

oxide, tri- . .

oxide, tetra-

oxide, pent-. . . .

oxybromide. . . .

(nitrosyl bro-
mide)

oxychloride ....
(nitrdsyl chlo-
ride)

selcnide
sulfide

sulfide, penta-.
sulfoehloride . .

Nitroxyl fluoride.

Osmium

ammonium tri-

chloride
chloride, di-. . .

chloride, tri-

.

chloride, tri- . . .

chloride, tetra-.
oxide, mon-. . .

.

oxide, di-

oxide, sesqui-. . .

oxide, tetra-. . .

.

potassium tri-

chloride
potassium tetra-

chloride
sulfide, di-

sulfide, tetra- . .

sulfite.

NPBr2 . .

NCla....

N1P3CU.

Formula

NIi
NH.Nh

NjO
NO or (N2 2) .

NjOj

NOj or (NaO<.)

.

N2 6 ..

NOBr.

NOC1.

NSe.
N«S«.

N,Ss...
NSiCl.
NOaF.
Os....

2(OsC1j.2NH*C1).3H20.

OsCh

OsCli

OsCh.3H20.
OsCh
OsO
Os02

OsjOa
OsO<

2(OsCla.3KCl).6H20.

08CU.2KC1

OsS2 .

OsS«.

OsSOj.

Mol.
wt.

204.87

120.38

347.85

394.80
411.84

44.02
30.01

(60.02)

76.02

46.01
(92.02)

108.02
109.92

65.47

93.21
184.29

188.34
145.66
65.01
190.80

862.38

261.71

297.17

351.22
332.63
206.80
222.80
429.60
254.80

1149.7

481.73

254.93
319.06

270.86

Crystalline form
and color

yel. oil.

trim. . .

blk
red ortho rhomb.

colorl. gas.
colorl. gas.

bl. solid or liq., red br.

gas.
colorl. solid, yel. liq.,

red br. gas

rhombic wh.
dk. br. liq. .

.

yel.-red cryst., liq.

or gas

orange yel
orange red monocl.

.

red
yel
gas
bl. amor.

red br. cryst.

grn. need.. . .

reg. br

red-yel. need. ,

blk
copper red
blk
colorl. monocl.

6dk. red cryst.

octahdr. red.

.

br. yel.

br. blk.

bl. blk.
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Sp. Gr.
HiO- 1

(A) air = 1

(D; H» = 1

1.653

1.98

3.5

(A) 1.530
(A) 1.0366

1.447-1°

1.4903°°

1.642'«°

>1.0

(A) 2.31
1.4165-ll°

2.22"°

1.901Y"

(A) 2. 24
22.48

Melting-
point,
Deg. C.

ezpl. 95

114

expl.

expl.

-102.3
-160.6

-111

-9.6

29.5
2

-60

expl.

188

10-11
d.

139
2700 (?)

d. 560-600

-6H1O,
150-180

d.

255

-89.4
-153

3.5

21.6

45-50

Boiling-
point,
Deg. C. Cold water

-5.6

subl. 135

d.

-63.5"

100

dec.

si. s. d.
dec.

130.52 c.c.
00

7.3 c.c.°°

Solubility in 100 parte of

dec.

expl.

60.82 c.c.«°
0.01000

dec.

dec.

dec.

si. s.

Sl. 8.

Si. 8.

i.

V. Bk

V. 8.

Sl. 8.

sl. S.

i.

i.

dec.

Hot water

eth.,

CS,
s. chl.,

PCI,
al., eth.,

chl.

dec.

dec.

i.

dec.

Alcohol,
acids, etc.

chl..

CS,,

8.HC1..KCN,
NatSrf)i; i.

abs. al.

s. al., USOt

3.5c.c.H,SO«,
26.6 c.c. al.;

b. FeSOi
a., eth.

CS,, chl.,

HNO»,
H*SO«

s. HNO,, CS,
al., eth.,

CS,
sl. s. al., CS,
s. CS,

sl. b. HNO,,
aq. reg.

v. 8. al.;i. eth.

al., eth.,

NaCl
alk., al.,

HC1; sl. s.

eth.
alk.. HQ
HC1, al.

s. al. eth.
NH4OH

v.b. al.; i. eth.

i. al., HC1

i. alk.

HNO,; i.

alk.

s. HC1
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Name Formula Mol.
wt.

Crystalline form
and color

Oxalic acid.
Oxygen. . .

.

Ozone.

Palladium

.

bromide

.

chloride,
chloride

.

cyanide

.

fluoride. . .

hydride . . .

hydroxide,
iodide. . . .

nitrate
oxide, sub-.

.

oxide, mon-

.

oxide, di-. . .

sulfate
sulfide, sub-.

sulfide, mono-.

sulfide, di-

Palladous diam-
monium chloride

diammonium hy-
droxide

Perchloric acid
Perchloric acid
Perchloric acid
Periodic acid
Permanganic acid. . . .

Permolybdic acid
Phosgene see carbon

oxychloride
Phosphamic acid . . . .

Phosphine

Phosphine liquid.
Phosphine solid.

.

Phosph omolybdi c
acid

Phosphonium bro-
mide

chloride
iodide
sulfate

Phosphoric acid,

hypo-
Phosphorie acid,

meta-

H2C2O
O...

Oi.

Pd
PdBr2

PdCh
PdCb.2H-.0

.

Pd(CX) 2 ...

PdFi....
PdjH . . .

Pd(OH)*
Pdli. . .

.

Pd(X03)=....

PdcO
PdO
Pd02

PdSO,.2H»0.
Pd2S

PdS.

PdS*
PdCl».2XH 3 .

Pd(0H)s.2XH>.

HCIO4
HCIO4.H2O.. .

HC104.2H;(). .

HI(>4.2HjO...
HMnO,
HM.oO4.2H2O.

POXH2.(OH)j
PH,

P2H4..
(P4H!) 3

H»P04.12MoOj.12H^.

PlhBr. .,

PH4CI
PH4l
(PH4)2SC*.
H4P20«. . .

.

HPO,.

126.05
32.00

48.00

106.70
266.53
177.61
213.65
15S.72

144.70
214.41
140

360.56 blk

colorl. cryst.

color1. gas . .

colorl. gas. .

reg. hex. silvery.
br
octahdr. reg
br. prism
yel

230.72
229.40
122.70
138.70
238.80
245.46

138.76

170.83
211.68

174.78

100.48
118.50
136.51
227.07
119.94
197.04

97.07
34.05

66.09
378.37

2042.24

114.98

70.52
161.99
166.18
162.09

80.04

yel.-br. rhombic.
blk
blk

br. cryst.,

pray

blk

dk.br
red or yel. cryst.

cryst

colorl. oily liq.

need. .

.

cryst. or lie).. .

monocl

wh. cryst.

lie,..

yel.

monocl. yel

reg. colorl. or gas.

reg. . .

tetrag. prisms.
cryst
cryst

vitreous.
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Name

Phosphoric acid,
ortho-

Phosphoric acid,

pyro-
Phosphorous acid,

hypo-
Phosphorous acid,

ortho-
Phoephorous acid,

pyro-
Phosphorous, red . . .

Phosphorous, yellow

Phosphorous, black

.

Phosphorous arsenide

Phosphorous bro-
mide, tri-

bromide, penta-. . ,

bromofluoride
bromonitride

bromotrichloride,
di-

bromotrichloride,
octa-

bromotrichloride,
tetra-

chloride, tri-

chloride, penta-. . .

.

chlorofluoride
fluoride, tri-

fluoride, penta-. . .

.

heptabromide di-
chloride

hydride tee phos-
phine

iodide, di-

iodide, tri-

iodochloride
monobromotetra-

chloride
nitride
oxide, tri-

oxide, tetra-
oxide, penta-
oxybromide

oxybromdichloride
oxychloride
oxyfluoride

Formula

H»PO,.

HiPsOt.

HjPOs.

HjPOs.

H4P20i.

P«

P4

P4...
PAs.

PBr,.

PBr»...
PBnFj.
PBnN

.

PBnCh.

PBrsClj.

PBr«Cli.

PCli. . .

.

PCI*. . .

.

PCl,Fi.
PF,....
PF«....
PBrrCli

P1I4...
PI.....
PI2Ch.
PBrCl«.

P»N,.
P1O3.

PiOi. .

.

P.O....
POBn.

POBrCU.
POCU...
POF,....

Mol.
wt.

98.05

178.09

66.05

82.05

146.09

124.11

124.11

124.11
105.99

270.78

430.61
247.86
204.87

297.23

776.73

457.06

137.40

208.31

158.94
88.03
126.03
661.35

569.78
411.82
391.26
252.77

163.12
110.05

126.05
142.05
286.78

197.86
153.40
104.03

colorl. fum. liq.

yel. cryst.
pa. yel. .

.

Crystalline form
and color

rhombic . .

need. . . .

tabl

yel. cryst.

need

red amor,

reg. yel...

rhbdr.

orange cryst.

.

br. need

dk. red cryst

.

colorl. liq

yel. rhombic.

.

gas. . .

.

gas
prisms

.

orange pr...

red prisms,
red hex... . ,

yel. cryst.

.

amor
liq. or monocl.

ortho rhomb.

.

amor, wh
plates

tabl
tabl. or liq.

gas
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Phosphorous oxyio-
dide

oxynitride
selenide, sub-

Name

PaOJc.

PON.

eelenide, mono-. .

.

eelenide, tri-

selenide, penta-. . .

.

sulfide, scsqui-.. . .

sulfide, di-

sulfide, tri-

sulfide, penta-. . . .

sulfobromchloride.
sulfobromidc

P4S3 ....
P3S6
PiSo....

-

PSBrCli
PSBd..

sulfobromide.
sulfochloridc

.

sulfocyanate

.

sulfofluoride.

sulfoxide
thioamide
trioxytetrachloride
trisulfotetra-

bromide
Phosphotungstic acid.
Platinic acid, broni-.

.

Platinic acid, chlor-. .

Platinic acid, iodo-. .

.

Platino-platinic oxide.
Platinum

PtBr2 .

PtBn.

PtCh.

bromide di- (ous) . .

bromide, tetra- (ic)

chloride, di- (ous) .

.

chloride, tetra- (ic).

chloride, tetra- (ic).

cyanide
fluoride
hydroxide (ous) . . .

hydroxide (ous) . . . |Pt(OH) 2.2H2 .

hydroxide (ic) Pt(OH)..
iodide, di-(ous) .... Ptl 2

Formula

P2Se.

P2Seu

PsSes

PSBr3.HsO.
PSCh
P(CN'S)a. .

PSFa.

iodide, tetra- (ic)

.

oxide, mon- (ous)

.

oxide, di- (ic)

982.67

61.04
203.31

141.25

299.65

458.05

220.30
285.47
316.4'J

222.37
213.92
302.84

320.86
169.46
205.24

120.09

348.36
111.16
251.88
477.91

3682.73
838.89

518.08
1120.98
649.69
195.23

355.06
514.89

266.14

337.06
427.14
247.2r,

271.23
229.25

265.28
263.26
449.09

702.96
,,() 211.23

P4S406. . ..

PS(NH»)j.
PiO»Cl< . -

PjSaBn...

P205.12W03.42H 2().

H 2PtBrc.9H,.(>

HtPtCle.&HsO.
HiPtle.OHaO. .

Pt304
Pt

PtCh
PtCh.5HjQ.
Pt(CN)j....
PtF4

Pt(OH) 2 ....

Mol.
wt.

red cryst.

amor...
dk. yel.

red.

dk. red.

dk. red need.. .

rhombic yel.. . .

yel. need
gray-yel. cryst.
yel. cryst
yel. liq

yel. octahdr

yel. cryst.
liq

liq

Crystalline form
and color

tetrag
amor. yel.

yel. oil

yel.-grn. cryst.
monocl. red. . .

red.-br. cryst.
br. monocl.. . .

blk
silvery-gray . .

br
dk.br.

br.

br
red monocl.
yel. br
It. br. cryst.
blk

yel. . . .

red br.,

blk. . .

.

227.23 bfk.

amor. br. -blk.
violet-blk
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Name Formula Mol.
wt.

Crystalline form
and color

Platinum oxide, di-

(ic)

oxide, di- (ic)

.

oxide, di- (ic).

PtOj.HsO.

Pt02.2H20.
Pt02.3H 20.

oxide, di- (ic) Pt02.4H20.
sulfide, mono- (ous) PtS

sulfide, di- (ic) PtSj

sulfide, sesqui-
sulfate

Potassium
actate
acetate, acid
aluminate
amid
antimonate
antimonyl tartrate,
arsenate (tribasic).
arsenate (dibasic) .

.

arsenate (mono-
basic)

arsenite
arsenite, acid
aurate
auricyanide
aurocyanide
benzoate
borate, meta-
borate, tetra-
borofluoride
borotartrate
bromate
bromide
bromaurate
bromaurate

bromoplatinate. .

.

bromoplatinitc. . .

carbonate
carbonate
carbonate
carbonate, acid. . .

chlorate

chloride
chloraurate
chlorochromatc.

.

chloriridate
chloropalladate .

.

chloropalladite . .

PtiSj
Pt(SO«)2.4H2

K
KC2H,0 2

KH(C2H 3 2) 2

K2A1 20«.3H2

KH 2N
KSbOa
KSbOC«H4O«.}H20.
KaAsO*
K2HASO4.

KAs02

KH(As02 ) 2.H20...
KAu02.3H2

KAu(CN)UJH20.
KAu(CN) 2

KC7Hj02.3H20....
K2B 20<
K^O-.SrhO
KBF4
KC4H4BO;
KBrOa
KBr
KAuBn
KAuBr4.2H2

K2PtBr6

K2PtBr4
K2CO3
K2COj.2H20.
2K2CO3.3H2O.
KHCO3

KClOi.

KC1
KAuCh...
KOClCrtX
K2 IrCLs. ..

K2PdCl». .

.

K2PdCh

245.25

263.26
281.28

299.29
227.29

yel.

br..

blk.

yel. need,
blk

259.36

486.65
459.42
39.10
98.12
158.14
250.18
55.12

208.87
333.91
256.25
218.16

KH2ASO4 180.07

146.06
272.04
322.34
367.35
288.31
214.18
163.83
323.55
125.92
213.95
167.01
119.01
555.96
591.99

752.92
593.09
138.19
174.23
330.43
100.10

122.55

74.55
378.12
174.56
484.03
397.63

need. blk. or gray.

gray
yel. pi
silvery tetrag.
wh. powd
need, or pi.. . .

cryst
yel. grn
cryst
octahdr
cryst
cryst
colorl. cryst...

tabl
rhombic octahdr.
wh. cryst powd..

.

hex. prisms
hex. prisms, wh...
hex
wh. cryst
rhbdr
reg. colorl

monocl

reg. red. . .

rhbdr. br.

.

wh. powd.
rhombic. .

monocl . . .

moncl

monocl.

reg
yel. need. . .

.

red prisms . .

blk. octahdr.
red. reg

326.72 reg. yel.
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Name Formula
Mol.
wt.

Crystalline form
and color

Potassium oxalate,
oxalate, acid . . . .

oxalate, tetra-. .

.

oxide
oxide, per-
perchlorate
perchromate
periodate
permanganate. .

.

persulfate
perruthenate
peruranate
phosphate, ortho-.
phosphate, hydro-
gen

phosphate, dihy-
drogen

phosphate, meta-.
phosphate, pyro-.

.

phosphite
phosphite, hypo-..
platinate
platinocyanide. . .

platinonitrite
plumbate
ruthenate
selcnate
selenocyanide ....
silicate

silicate, tetra-. . . .

silvercyanide
sodium carbonate.
sodium cobaltini-

trite

stannatc

sulfate
sulfate, acid. .

.

sulfate, pyro-..
sulfide, mono-.

sulfide, mono-.

sulfide, di-. . .

sulfide, tri-. . .

sulfide, tetra-.

sulfide, penta-
sulfite

sulfite, acid . .

sulfite, pyro-.
Bulfocyanate

.

tartrate

tartrate, acid.

K2C2O4.H2O
KHCjCMHjO...
KH 3 (C20.)2.2H20.
K2O
K2O2
KCIO4
KsCrOs
KIO4
KMn04

K2S20s
KRuO<
K2U06.3H20.
KjP04
K2HPO4

KH2PO4.

K4P4O12.2H2O
K4P20;.3H 2

K2HPO3.
KH2PO2
K2Pt03.3II 2

K 2Pt(CN)4.3H20....
K2Pt(N02)4

K2Pb03.3H20
K2RUO4.H2O
K2Se04
KCN.Se
K2Si03

K2Si408

KAg(CN) 2

KNaC03.6H20
K2NaCo(N02)8.H20..

K2SnOj.3H20

K2SO4..
KHSO..
K2S2O7.
K2S....

K2S.5H2O.

K2S2
K2S3
K2S4
K2S,
K2S03.2H20
KHSO3
KjSiOi
KCNS
K2C4H40..iH20.

KHC4H4O6

184.21
137.11
254.15
94.19
110.19
138.55
297.30
230.03
158.03

270.32
204.80
450.41
212.32
174.23

136.14

monocl. wh
trim
tricl

octhdr
yel. amor
rhombic
br. octahdr
rhombic
dk. purp. rhombic.

prism. . .

quad, blk
red cryst
rhombic
amor. wh. powd.

tetrag. colorl.. . .

508
384
158

134
375
431
457
387
261

221
144

154
334
198

230
454

wh. powd. . .

hex. wh
yel. rhbdr. . .

yel. rhombic,
monocl. pr. .

.

rhbdr
rhombic blk..

need.

298.94

174.26
136.17
254.32
110.26

200.34

142.32
174.38
206.45
238.51
194.29
120.17
222.32
97.17

235.23

188.14

amor...

.

reg.

monocl.
yel.

rhbdr.

rhombic or hex
monocl. or rhombic.

br. cryst

ortho rhombic

.

yel. red
yel.-br. cryst.
red br. cryst.

.

orange cryst.
monocl. wh.

.

need
monocl. pi..

.

prisms
monocl

rhombic

.
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Name

Rubidium. . .

bromide
carbonate
carbonate, bi- . . .

chlorate
chloride
chloroplatinate. .

chromate
dichromate
fluoride
fluosilicate

hydride
hydroxide
iodide
iodate
nitrate
oxide, mon-
oxide, di- (per) . .

oxide, tri-

oxide, tetra-
perchlorate
periodate
permanganate . . .

sulfate
sulfide
sulfide

sulfide, penta-. . .

tartrate, acid. . . .

Ruthenium

Ruthenium . . .

chloride, di-.

chloride, tri-

chloride, tetra-
hydroxide
oxide, sesqui-.
oxide, di-

oxide, tetra-

.

oxide, penta-
oxide, non- . .

silicide

Samarium

.

bromatc.

bromide. .

carbide. .

.

chloride. .

chloride. .

fluoride. . .

hydroxide

.

nitrate . . .

oxide
peroxide.

.

Formula

Rb
RbBr
Rb2C03 ...

RbHCOj...
RbClOa....
RbCl
RbiPtCls. . .

RbsCrO* . . .

Rb2Cr20r . .

.

RbF
RbjSiFe
RbH
RbOH
Rbl
RblOa
RbX03

RbsO
RbrOi
R02O3
Rb20«
RbCIO*
RblO*
RbMnCh....
Rb2SO«
Rb2S
RbjS.4HiO.

.

Rb2Ss

RbHaHiOe.
Ru

Ru...
RuCh.
RuCh.

RuCU...
Ru(OH) 3

Ruj03 ...

Ru02 ...

RuO«.

.

Ru2O s .

Ru 4 9 .

RuSi .

.

Sa
Sa2(Br03) 6.18H20.

SaBr3.6HjO....
SaCj
SaCh.
SaCh.3H2

SaF3.*H 2

Sa(OH) 3

Sa(NOj) 3.6H 20.
SajOj..^
Sa<0»

Mol.
wt.

85
165
230.

146.

168.

120.

578.

286.

386.

104.

312.
86.

102.

212.
260.
147.

186.

202.

218.
234.

184.

276.
204.

266.

202.
275.
331.
234.
101.

101.70
172.61
208.07

243.53
152.72
251.40
133.70

165.70
283.40
550.80
129.76

150.43
1392.64

498.27
174.43
256.80
310.85
216.44
201.45
444.55
348.86
745.72

Crystalline form
and color

silvery wh
reg
wh. cryst. powd.
rhombic pr
trim
reg
yel. reg
yel. rhombic. . .

tricl. or monocl . .

reg
prism, need.
gray
reg. octahdr.
cryst
hex. or reg. .

.

yel. octahdr..
yel. need. . . .

blk
yel
rhombic . . . .

tetrag
cryst
hex

cryst
red rhombic

.

trim, pr
blk. porous.

.

gr. cryst...

blk. cryst.
br. cryst . .

blk. powd.
bl.-blk. . . .

reg. violet.

rhombic ye!,
blk. cryst.. . .

blk. cryst... .

met. pr

yel. hex.

yel. hex
grn. yel. cryst.
grn

pa. yel. pr.
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PHYSICAL CONSTANTS OF

Name Formula
Mol.
wt.

Crystalline form
and color

35

36

Samarium sulfate.

.

dium
chloride
oxide
sulfate
mm

Selenium
Selenium

Sa2(SO.)3.8HjO.

: j

-

bromide, mono- . .

bromide, tetra-. . .

bromocbloride, tri-

bromtrichlorid'" . .

chloride, mono-. . .

chloride, tetra- . . .

iodide, mono-

.

iodide, tetra-.

oxide, di-. . . .

-

SeBr«.

oxychloride

.

oxybromide.

nitride

sulfide

sulfoxide
sulfoxytetrachlo-

ride
ic acid

Selenic acid
Selenioua acid ....

Silicic acid, meta-.

Silicic acid, ortho-.

Silicobromoform.

.

Silicochloroform. .

Silicofluoform

.

Silicoiodoform . .

.

Silico-oxalic acid.

Silicon, cryst

Silicon, graphitic

.

Silicon, amorphous.

SeBrCh

.

SeCl«

-

SeOCli.
SeOBn.

SetNj

SeS

H 2SeO,

EfeSeCh.HiO.
: O3

IfcSiOi.

SiHBr3 .

SiHCh.

SiHFa

S1HI3
Si2 2(OH) 2 .

Si

733.18
45.10
151.4
138.20
378.39
633.60
633.60
630.60

318.23

398.86

354.41

229.31

221.03

412.26"

586.93
111.20

166.11
255.03

186.42

111.26
159.26
301.09

145.22

163.23
129.22
78.08

96.09

268.82
135.44

86.07

409.86
122.14
28.06

28.06

28.06

pl

wh. powd.

rod. powd. .

.

red monocl.

.

r. hex.

br. red liq. . .

orange cryst.

orangf
yel. br
red liq

yel. cryst.

steel gr. cryst.
dk. gr.

tetrag. need..

yel. liq.. .

yel. cryst.

orange yel

orange yel. tabl.
grn. pr
wh. need

hex. pr.

need. .

.

cryst...

amor...

liq., colorl.

liq., colorl.

red liq

amor. wh..

.

gr. octahdr.

cryst..

br. amor.
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Name

Silicon boride, tri-. .

.

boride, hexa-

bromide, tri-

bromide, tetra-. . .

bromotrichloride.

.

dibromidichloride

.

tribromchloride. .

.

carbide
chloride, tri-

chloride, tetra-. . .

chlorohydrosulfide
fluoride

hydride
hydride
hydride (trisilane)

hydride (tetrasi-
lane)

iodide, di-

iodide, hexa-
iodide, tetra-
iodoform
iodotrichloride. . . .

oxide, di- (amor-
phous)

oxide, di- (cryst.)

.

oxychloride

sulfide.

sulfobromide.
sulfochloride

.

Silver

acetate.

.

arsenate.

bromate.

bromide

.

carbonate

.

chlorate .

.

Formula

SiB3 .

SiBe.

SiBn. . .

SiBn . . .

SiBrCb.
SiBrjCls.
SiBraCl

.

SiC
SiCls. . .

.

SiCh....
SiCUSH.
SiF4..\.

SiH4 .

SijH8 .

Si3H 8 .

Si«Hio

Sili.

Si 2 I«.

.

Sil«...

SiHI 3 .

SilClj.
SiOj.

.

SiOi . .

.

Si2OCU.

SiS2 .

SiSBrj.
SiSCh.
Ag...

.\gC2H30z.
Ag3AsO< . .

,

AgsAsOi.

AgBr03 .

AgBr...

Ag2C03 .

AgClOj.

Mol.
wt.

60.52

92.98

267.81
347.72
214.35
258.81
303.27
40.06
134.43
169.89
167.50
104.06

32.09
62.17
92.24
122.32

281.92

817.71
535.79
409.86
261.36
60.06

60.06
284.86

92.19

219.96
131.04
107.88

166.90
462.60

446.60

235.80

187.80

275.76

191.34

Crystalline form
and color

blk. rhombic

.

blk. cryst.

rhombic . .

liq

liq

rhombic pi.

leaf, or liq.

.

yel. liq

gas.

gas.
gas.

hex. pi

reg. octahdr., color].

colorl. amor.,

colorl. cryst.,

need.

Pi

pr
reg. wh.

plates.

.

dk. red.

yel.

tetrag

reg. pa. yel.

yel. powd

tetrag. or reg.
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Silver chloride

.

chroma t e. . .

citrate

cyanate. . . .

Name

cyanic

dichromate.

ferricyanide.

ferroeyanide

.

fluoride.. . .

fluosilicate.

iodate

iodide.

nitride
nitrite

nitroprusside.

oxalate. . . .

oxide

oxide, per-.

perchlorate
permatu
phosphate, ortho-.

.

phosphate, pyro- .

.

potassium cyanide
selenide

sulfate,

sulfide.

Formula

AgCl

Ag2CrOi

AgCeHsCh

AgCXO

AgCX

Ag2Cr20;

Ag3Fe(C.\

Ag4Fe(C.N)cH :;

AgF. . .

IHiO . . .

AglOa

Agl

AgXCb

AgNa

Ag2Fe(C.\

AgzCjOi

AgiO

Ag 2Oj

AgClOi
AgMnO,
Ag3PO«

Ag«p2a

KAg(CX

AgiSO*.

Ag2S

Mol.
wt.

143.34

331.77

296.92

149.89

133.89

431.78

553.54

G61.42

126.88
393.85
282.81

234.81

169.89

149.90

431.65

391.76

231.76

247.76

207.24
226.81
418.67

605.57

198.99

311.82

247.82

Crystalline form
and color

reg. wh

dk. red ei

curd, wh

tricl. red

orange.

yel

tetrag. yel..

monocl

hex. or reg. v.

hex. or rhombic colorl.

wh. prisms
wh. tryst
It. pink

wh

br. powd

blk. octahdr

wh
dk. violet, monocl.. .

yel

reg. octahdr
gray

rhombic wh

gr.-blk. reg. or tricl.
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Silver sulfite. . .

sulfocyanate.

tartrate

telluride

thiosulfate. .

tungstale. .

.

Name

Ag2SOa....

AgCXS...

AgiCJhOe.

Ag2Te

Ag»S203...

AgjWOi...

Sodium
acetate
aluminate
amide
ammonium phos-

phate
antimonatc

antimonate, pyro-
arsenate
arsenate, acid ....
arsenate, acid ....
arsenite
aurosulfide
benzoate

borate, meta-

.

borate, meta-

.

borate, tetra-.

.

borate, tetra-.

.

borate, tetra-
(borax)

bromate
bromide
bromide
bromplatinate.
carbide
carbonate
carbonate

carbonate (washing
soda)

carbonate, acid. . .

(baking soda)
carbonate, sesqui-
chlorate
chloraurate
chloride (common

salt)

chlororhodate ...

chloriridate
chloroplatinate . .

Formula

Na
NTaC2H3Oi.3HjO....
XajAhOi
NaNHj
NaNH4HPO<.4H: .

2NaSb03.7H2

Na2H2Sb.O7.H2O

.

NajAs04.12H20. .

Na2HAsO<.7H20..
Na2HAs04.12H 20.
Na2HAsOs
NaAuS.4H 2

NaC7H602

NaB02
Na2B204.4H20..
Na2B<07
Na2B40:.5HiO..
N82B4O7.10H2O.

NaBrOa
NaBr
NaBr.2H20... .

Na2PtBr6.6H20.
Na2C2
NazC03

Na2C03.H20...

Na2CO3.10H2O.

NaHC03

Na4H.(C03) 3.3H20.
NaC10 3

NaAuCh.2HiO....
NaCl

Na3RhClt
Na2IrCl6.6H20.
Na2PtCl8.6H 20.

Mol.
wt.

295.82

165.95

363.79

343.26

325.89

463.76

23.00
136.07
163.93
39.02

209.14

511.65

421.57
424.14
312.07
402.15
169.96
324.33
144.04

cryst. wh

curd, wh

scales

gr. octahdr. . .

wh

pa. yel. cryst.

286.15

84.01

328.05
106.45
398.06
58.45

384.64
559.93
562.06

Crystalline form
and color

tetrag, silvery

.

monocl. pr. . . .

amor
olive grn
monocl

octahdr.

monocl. colorl
monocl. or rhombic

monocl
colorl. cryst.

hex. pr.,

monocl.

octahdr. . .

.

monocl. wh.

reg. colorl. . ,

reg
monocl
dk. red tricl.

powd
wh. powd...
wh. cryst. .

.

moncl...

monocl.

monocl . . .

reg. tetrag.

red tricl.

red tricl.
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3.432

8.318

0.971™°
1.4.5

Sp. Gr.
H 20- 1

(A) air = 1

(D) H2 = 1

1.554

1.759

1.67-.76
1.87

2.367
1.815
1.694^

3.339 1"- 50

3.014
2.176
3.323
1.575"°
2.476

1.458

2.206

2.112
2.49015°

2.17

2.499

d.100

d.

955

d.

97.6
58, anh. 319
1800
155
d.

85.5
57
28

Melting-
point,
Deg. C.

750

400

966
57
741

381
768

852
-HiO, 100

-5H20,
12.5, 34

-CO:, 270

d.

255

805

-6H2O, 100

Boiling-
point,
Deg. C. Cold water

-7H 20, 100
-12H 5O,100

1455

100

d.

1490

Solubility in 100 parts of

si. s.

0. 00002 1*°

0.218°

i.

si. s.

O.O5150

dec.
26«°

s.

dec.
16.7

0.31 I23°

si. s.
26.7i"°

CI ISO

17.20°

V. s.

s.

62. 5**°

1.3*°

1.9*°

2.83°°

27.54»°
79.50°
172.5°°

v. s.

dec.
7.1»°

21.520°

6.90°°

12. 63°°

81.9°°
150io°

35.70°

V. 3.

V. s.

0.203*°

dec.
200
v. s.

dec.
100

Hot water

si. s.

v. s.

140.7*>°

si. s.

76.9100°

V. 8.

V. 8.

52.5100°

99. liooo

20i.4i°0°

90.91°°°

115100°

259.5ioo

dec.
45.4ioo°

420.68io»°

16.4*»°

41.59ioo°

3331200

990«o°

39.8ioo°

v. a.

v. 8.

Alcohol,
acids, etc.

s. XH4OH;
i. HNOj
dil. a.; s.

XH4OH •

s. XH4OH,
KCX

s. HXOj,
KCX

s. XH4OH,
N AOi

s. HXOj.
XH4OH.
KCX
bz.

2.1i«° al.

i. al.

i. al.

s. al., XH4
salts

si. s. al.

si. s. al.

si. s. al.

s. al.

2.3»°,

al.

8.37*0

i. al.

i. a.; s. glyc.

al.

si. s. al.

si. s. al.

s. al.

a.; d. al.

i. al.

i. al., eth.; s.

glyc.

al.

i. al.

s. al.

v. s. abs. al.

si. s. al.; i.

HC1

s. al.

s. al., Clj aq.;
i. eth.
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Name

Sodium chromate. . . .

citrate

'Je

dichromate

dithionat e . . .

ferricyanide.

.

ferric oxalate.
ferrite

vanide.
fluorid<

fluosilj

format

hydride

.

hydros ul fide,

hydroeulfite.
hydro:.

hypochlorite . . . .

hypophosphate.
hypophosphate,

acid
isphite..

.

Kite

iodide
iodide
lactate
manganate
molybdate
molybdate, di- . . .

molybdate, tri-

molybdate, tetra-.
molybdate, octo-. ,

molybdate, deka-.
nitrate
nitride
nitrite

nitroprusside.

.

oxalate
oxalate, acid. .

oxide
parat ungstat e

.

perborate
perborate
perchlorate. . .

perchromate . .

permanganate.
peroxide
perruthenate .

.

Formula

XacCrOj.IOHiO. . .

2Na3C6H60r.llH20.
XaCX
Na2Cr207.2H20....

Xa 2S20s.2H2

Na3Fe((
Na.Fe(C204)3..-
Xa 2Fe204... .

Na4Fe(CN)«.12HsO. .

NaF

NaCH02

Nali

.

-TIjO..
>

;.2HsO.
XaOH

XaOCl
Na«PsO<s.lOHjO..
NajHiPrf

NaHjPOj.HiO.
h

XalOa

Xal
NaI.2H 2

HjOj
NajMnOi.lOHiO...

NajMoj
tfa»MojOio.7HtO. .

HjO. .

xa2.M0s055.4H20.

.

I !.03i.12H-.0.
MaNOi

MaNOi

Na2Fe(CN)sN0.2H20.
NajCiOi
NaHC2O..H 2

Na-O
Na6W 7 24.16H2

NaBOs.H^
NaB03.4H 2

NaC10<

Xa.MnO.3HjO
Na2 2

XaRuO^.HjO

Mol.
wt.

342.16
714.24
49.01

298.05

212.15
298.90
487.92
221.67
520.07
42. 00
188.05
68.01

24.01

92.10
210.15
40.01

74.45
430.20
314.16

106.06
88.07
197.93

silvery need.

need.. .

r-olorl.

wh.. . .

need

monocl. pr. colorl..

149

185.

112.

349.

1286
1718

81
%?,

09

297.91
133.99
130.02
61.99

2098.24
99.83
153.88
122.45
249.00
195.98
77.99

206.71

Crystalline form
and color

yel. trie).,

wh. eryst.

wh. eryst.
red tricl.

.

rhombic. .

red
grn. cryst

.

yel. monocl..
reg. . .

gelat. or hex.
rhombic ....

reg
monocl
amor
monocl. gr.

tabi. . . . :..
need
need

powd. . .

rhbdr. . .

dk. gray
eryst.. . .

tricl. red
wh. eryst. powd.
monocl
gray
tricl

eryst
rhbdr
orange pi. .

.

purp. eryst.

yel. powd .

.

blk. eryst...
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Sodium peruranate. .

phosphate, tribasie

phosphate, dibasic,
phosphate, mono-

basic
phosphate, meta- .

.

phosphate, pyre-. .

,

phosphate, pyro-. .

disodium
phosphite
phosphite, acid
platinate

Name

potassium car-
bonate

potassium tartrate
(Rochelle salt)

salicylate
selenate
selenide
silicate

silicate (water
glass)

silicate

stannate
sulfate

sulfate
sulfate
sulfate, acid
sulfide, mono-

sulfide, penta-
sufite

sulfite

sulfite, acid
sulfocyanate
tartrate
thioantimonate. . . .

(Schlippe's salt)

thioarsenate
thiocarbonate
thioplatinate
thiosulfate

(hypo)
tungstate

uranate
vanadate

Stannous and stannic
see under tin

Strontium
arsenate
arsenite

Formula

Na2U06.5H20....
NajPC>4.12H 20. . .

NajHPOU2H20..
NaHzPOi.HiO . . .

Na<P40i2
NjuPsCVIOH-O...
Na2H2P207.6H2 .

Na2HP03.5H20...
2NaH2P03.5H20..
Na^tO^H-O...

NaKC03.6H20. . .

NaKC«H«06.4H2

NaC7H6 3

Na2Se04

Na2Se
Na^iOs

NasSi«0»

Na2Si03.9H20....

Na2Sn03.3H2 . . .

Na2SC>4

Na2SO«.7H2

Na2SO4.10H 2O....
NaHSOi
Na2S

Na2Ss
Na2S03

Na 2S03.7H2

NaHSOs
NaCNS
Na2C4H406.2H 2 .

NajSbS«.9H20....

2Na3AsS4.15H20..
Na2CS3.H 2

NaiPtaSc
Na^^s.5^0... .

Na2W04.2H20. . .

.

Na 2UO«
NajV04.16H 20...

Sr
SrHAs04.H20....
Sr3(As03) 2.4H20.

.

Mol.
wt.

454.24
380.21
358.22
138.06

408.

446
330.

216,

298.

343.

230.

282

160.

189.

125.

122.

302.

284

266.74
142.06

268.17
322.22
120.07
78.06

206.31
126.06
252.17
104.07
81.07

230.06
481.16

814.65
172.20
870.06
248.20

330.03

348.16
472.21

87.63
245.61
580.87

Crystalline form
and color

red cryst.
hex
rhombic

.

rhombic

.

monocl.

rhbdr

yel

monocl

trim, prisms.

wh. scales. .

.

cryst . .

,

monocl.

hex. plates
rhomb., monocl., or

hex.
rhomb, or tetrag..
monocl
tricl

amor, pink

hex. pr
monocl. pr.

monocl
rhomb, pi.

.

trim. pr. . . .

yel. reg

yel. monocl
yel
red rhombic, need.
monocl pr

rhombic tabl.

yel. . .

cryst

.

silvery cryst.

.

rhombic need,
cryst
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Name

Strontium borate.

boride. . . .

bromatc.

.

bromide. .

bromide. .

carbide. .

.

carbonate.

chlorate

.

chlorate

.

chloride

.

chloride

.

chromate.

cyanide ....
dithionate. .

ferrocyanide

.

fluoride
fluosilicate.

.

formate. . . .

hydrosulfide

.

hydroxide . . .

hydroxide . .

iodide
iodide
molybdate. .

nitraff
nitrate
nitrite

oxalate
oxide

oxide, per-.

oxide, per-
permanganate. . .

phosphate, acid..

salicylate,

selena te . .

silicate,

sulfate

.

sulfate, acid
sulfide, mono-. . .

sulfide, tetra-. . . .

sulfite

sulfocyanate . .

tartrate

.

thiosulfate
Sulfur, amorphous

.

8rB407.4H«0.

SrBs
Sr(Br03)j.HiO

.

SrBr2

8rBr2.6HiO...
SrC2

SrCOj

Formula

Sr(C103) 2

Sr(C103) 2.8H^.
SrCb
SrCh.GJi

SrCrOi

SriCX) 2.4H20
!H 2

ISHiO.

SrSiF6.2H 2

Sr(CH02) 2.2H 20.
Sr(SH) 2

SHsO...
Srl2

SrI2.6H2

BrMoOi

:.4H2G..

SrC20<.H2

SrO

SrQ2

Sr0 2.8H 2

Sr(Mn() 1 ) 2 .3H 20.
SrHP04

St(C7H503) 2.2H 20.
u

-

3rS04.,

Sr(HS04) 2 .

- :.3H20.
.4HjO.

ii 2o.. .

Mol.
wt.

314.97

1.52.55

361.48
247.46
355.56
111.

147.63

Crystalline form
and color

blk. eryst . . .

monocl. pr...

wh. need. . . .

colorl. cryst

.

blk. cryst... .

rhombic, wh.

254 . 54

398.67
158.54
266.64

203.64

211.71
319.82
657.39
125.63
265.72

213.68
153.77
121.65
265 . 77

341.49
449.59
247.63
211.65
283 . 71

197.66
193.65
103.63

119.63

263.76
379.54
183.67

397.74
230.83

163.69
183 . 69

281.77
119.69
323.98
167.69
257.82
307.73
289.84
256.61

rhombic wh... .

need, wh
wh
hex. need., wh.

monocl. pr. yel.

cryst
hex. pi

yel. monocl
reg. octahdr. wh.
tetrag. pr

rhombic
crvst
wh
tetrag. colorl.

plates
colorl. cryst...

reg. octahdr. . .

trie!, wh
hex
colorl

rhomb, gr. wh.

cryst. wh.. .

purp. reg. .

.

rhombic pi.

cryst. colorl.

rhombic. . . .

prisms
rhombic wh.

reg. It. gr
reddish eryst

.

eryst

monocl. prisms wh.
monocl
pa. yel
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3 . 2815°

3.773

4.216V°
358

3.19
62

3.152

3.054
1.964">-'°

3.895'5°

2.373

Sp. Gr.
H2O = 1

(A) air = 1

(D) Hj = 1

4.21
2.999

2.25

3.625
1.3961"°

4.549'4
*°

4.415
4.145
2.98'«- 8°

2.249"-5°

2.6452'°

4.34

3.544'^°

4.23

3.652V
3. 71-. 97

3.7216°

1.966V
2.178"°

45 2.046

Melting-
point,
Deg. C.

-HsO, 120

498-630

d. 1155

d. 290

872

-4H2O, 60;

112

-4HJO, 78

902
'

'

d.

d.

d.

375

d. 240
d.

-6H2O, 100

d. 1000

507

-H2O, 44
d.

3000

-8H2O, 100
dec.

1578
1605

d.

-3HsO, 100

-4H1Oi°
°

120

Boiling-
point,
Deg. C.

d. 160-70

444.7'
"

Solubility in 100 parte of

Cold water

3316°

87. 7"°

204.20°

dec.
0.00111*°

174.9" s°

s.

44.20°

106.20°

0.1215°

v. s.

22160

50
0.01218°

3. 2i*°

s.

s.

0.410°
0.90°°
164°°

448.90°
O.0104i'°

39.50°
60.43°°

62.83> 9 »°

0.0051is°

d. Sr(OH) 2

0.0082°°

0.01820°
270°°

5.6*°

0.011418°

dec.

s. dec.

0.0033

0.1120°
25"°

77100°

250»o°
00

dec.

67100

100

si. s.

Hot water

v. s.

v. s.

IOI.9100
205.8*o°

d.
21,83ioo°

47.71i°o°

370ioo°

101.1100°

206.5100°

5100°

dec.

dec.
291i 8°

28.6ioo°

O.OIO4100

0.75585°
57100°

i.

Alcohol,
acids, etc.

s.HNOj.NH*
salts

s. HNOj

s. al.,amyl.al.

d. a.

0.12 CO2 aq.;
s. a., NH«
salts

s. al.

s. al.

s. abe. al.

acet. a.,

NH« salts

i. al.

i. HF; s. HC1
0.06»° 50%

al.; s. HC1

H

0.012 abs. al.

HNOj

s. HCI.HNOj
si. s. al.; i.

eth.
v. s. al.,

NH,C1
i. NH4OH

s.a.,NH4salts

1.5"°,9.5'8°al.
i. HNOj;s.

h. HC1

i. dil. H2SO4,
al.; si. s. a.

14Jo° H2SO4
s. al.

v. s.' H2SO3
v. s. al.

i. al.

si. s. CS2
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Name

Sulfur, monoclinic

.

Sulfur, rhombic. . .

Sulfur chloride, mono-

chloride, di-

chloride, tetra- ....
bromide, mono-. . .

chloriodide
iodide
hexafluoride

monoxytetra-
chloride

oxide, di-

oxide, sesqui-
oxide, a-tri-

oxide, /3-tri-

oxide, hepta-
pentoxydichloride.

.

trioxytetrachloride

.

Sulfuric acid
Sulfuric acid
Sulfuric acid
Sulfuric acid, pyro-. .

Sulfuric oxychloride.

.

oxyfluoride
Sulfurous oxybromide

oxychloride
oxyfluoride

Tantalum

bromide
chloride

fluoride
nitride

oxide, di-

oxide, tetra-
oxide, pent a-

sulflde

Tartaric acid

Telluric acid
Telluric acid

Formula

S2CI2.

SCh..
SCI4 . .

S2Br2 .

SCh I.

SI«...
SF«...

S2OCI4

SO2...

SjOs.
SO...

(SOa)»
S2O7
SjOsCI;
S2O3CI4
H2SO4
H2SO4.H2O

.

H2SO4.2H2O.
H2S2O7
SO2CI2
SO2F2
SOBr2

SOCI2
SOF2
Ta

TaBrs.
TaCU.

TaFs ..

TasNj

.

TaOi.
T320-4

TatOs

Ta2S4

H2C4H4O6

.

H.Te04
H2Te04.2H20.

Mol.
wt.

256.51
256.51

135.04

102.98
173.89
223.96
407.20
793.66
146.06

221.96

64.06

112.13
80.06

160

176
215
253.

98.

116.

131.

178.

134.

102.

207.

118.

86.

181.

581.08
358.79

276.50
614.54

213.50
427.00
443.00

491.26
150.05

193.52
229.55

Crystalline form
and color

pa. yel.

yel

yel. red liq. . . .

dk. red liq ... .

yel. br. liq

red liq

red yel. pr
gray-blk. cryst.

deep red liq.

colorl. gas. . .

bl. grn. cryst
prism, cryst. or liq.

silky need. . .

need, or liq.

.

liq

cryst
colorl. liq. . . .

prisms or liq.

colorl. liq.. . .

cryst
liq.*

gas
orange yel. . .

liq

gas
blk-gr. cryst.

yel. cryst.
It. yel. pr.,

tetrag
yel. amor..

br. powd
dk. gr
rhombic pr.,

monocl. pr. wh.

reg. octahdr. or
monocl. pr.
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Tellurium

.

Name

bromide, tli-

bromide, tetra-. .

chloride, di-

chloride, tetra- . .

hydride
iodide, di-

iodide, tetra-. . . .

nitrate

.

oxide, nion-
oxidide. di-

oxide, tri-

sulfite

Tellurous acid

Terbium
chloride
oxide

Thallium

acetate
bromide, mono-

.

bromide, di-. . . .

bromide, tri-. . .

carbonate
chlorate
chloride, mono-.

chloride, sesqui-.
chloride, tri-. . .

chloride, tri- . . .

chloroplatinate.
chrotnate

cyanide
dichromate . . . .

ferrocyanide . . . .

fluoride, mono-,
fluoride, tri-.

fluosilioate
hydroxide (ous) .

hydroxide (ic) . . .

hydroxide (ic) . . .

iodide, mono-. . .

iodide, sesqui- . .

iodide, tri-

nitrate (ous)

Formula

Te.

TeBr2

TeBn
TeCls
TeCU
TeH2

TeL
l\h
4TeO2.NsOs.HH2O
TeO

TeOj

(TeOs)2SOi
QjTeO)

Tb
TbCb
TbsOa
Tl

TIC2H3O2
TlBr
TlBr2

TlBr,
TI2CO3
TICIO3
T1C1

TI2CI3
TICI3
TICI3.4H2O
TbPtCls
T]2Cr04

T1CN
TI2O2O7
Tl<Fe(CN)6.2H20.
TIF
T1F3

Tl 2SiFf,.2H20
Tl(OH)
TIO.OH

Tl(OH) 3

Til

TI2I3
TII3
TINO3

Mol.

127.50

287.33
447.16
198.41
269.33
129.52
381.36
635.23

143.50
159.50
175.50

399.06
177.52

159.20
265.57
366.40
204.39

263.41
284.31
364.22
444.14
468.78
287.85
239.85

515.15
310.76
382.83
816.75
524.79

230.40
624.80
1065.48
223 . 39
261.39
586.87
221.40
237.40

25.5.41

331.32

789.58
585.19
266.40

Crystalline form
and color

amor, or rhombic . . .

steel, gr. need.
orange
talk, cryst
yel. crys

blk. cryst
gr. cryst
ortho rhombic.
blk. amor
octahdr. yel... .

orange cryst. . .

octahdr. or monoci.
pr.

need
amor, orange.
bl. wh

silky need.
reg
yel. need. .

yel. need. .

monoci.. . .

reg. wh..

yel. hex.
hex. pi.

.

need. . .

.

pa. orange

.

yel
,

tabl
red cryst. . . .

yel. triel

reg. octahdr.
olive grn. . . .

reg. octahdr.
pr. pa. yel.. .

yel. cryst

br. hex.

.

reg. yel.

blk. need
br. need
rhombic <72. 8°; rh-

bdr. 72.8-142.5°, >
142.5° reg.
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Thallium nitrate (ic)

.

oxide (ous)
oxide (ic)

perchlorate
phosphate

selenate. . . .

selenide ....
sulfate (ous)

,

Name

sulfate (ic)

sulfate, acid. . .

sulfide (ous) . .

sulfide (ic)

sulfite (ous) . .

.

sulfocyanate . .

Thio-, see sulfur
Thorium

boride
boride ....

bromide. .

carbide . .

.

carbonate.

chloride

.

fluoride.

hydroxide

.

iodide. . . .

nitrate. . .

oxalate. . .

oxide, di-

oxide, per-. . . .

platinocyanide

.

sulfate
sulfate
sulfide

Thulium.

Tin
Tin
Tin

Stannic acid
Stannic acid, meta-

.

Stannic acid, thio-. .

Stannic ammonium
chloride

bromide

T1(N0 3)3

Tb.0....
TbOs. . .

TICIO4 . .

TljPO*..

Formula

ThSeOi
TbSe. .

TI2SO4

.

Ti2(S04 ) 3.7H20.
TLHSO4
TI2S
ThS,
T1SS03

T1CNS

Th.

ThB4 . . .

ThB6. ..

ThBn . . .

ThC2 . ..

Th(C03) 2

ThCU.

ThF4.4H2 .

Th(OH)«
Thl<
Th(NOj)4.12HjO.
Th(C204) 2

ThOj
Th2OT
ThCPt(CN)4]2.16H20..
Th(S04) 2

Th(S04) 2.9H 2

ThSj

Tm.

Sn..
Sn..
Sn..

H 2Sn03

HioSnjOis
H2SnS3

SnCl4.(NH4Cl) 2 .

SnBr«

Mol.
wt.

390.41
424.78
456.78
303.85
708.20

551.98
487.98
504.84

823.08
301.46
440.84
504.97
488.84
262.46

232.15

275.43
297.07
551.81
256.15
352.15

373.98

380.21

300.18
539.88
696.37
408.15

264.15
576.30
1118.93
424.28
586.42
296.28

169.40

118.70
118.70
118.70

168.72
843.58
216.91
367.52

438.36

Crystalline form
and color

cryst
yel
hex. blk

need

pr. need
leaf

rhombic pr

leaf

bl. blk. tetrag. ...'.'.

blk. amor
cryst
need

amor, or cryst

prisms
amor, violet
cryst

need

cryst

gelat

pi.: :::::: :::::::::

reg

yel. grn. ortho rhomb,

monocl

rhombic
wh. tetrag
gray

amor

gray
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Name

Stannic chloride.

fluoride,

iodide.

.

oxide

.

oxychloride

.

phosphi
phosphide. .

selenide

sulfate

.

sulfide.

Stannous bromide. .

chloride
chloride (tin salt)

.

fcrricyanide
ferrocyanide
fluoride
hydroxide

iodide.

oxide.

.

oxychloride

.

selenide. . . .

sulfate
sulfide

telluride. .

Titanic acid

.

Titanium
bromide, tetra-.

.

chloride, di-

chloride, tri- . . .

chloride, tetra-.
cyanide

fluoride, tri-. . .

fluoride, tetra-

iodide, tetra-.

.

nitrate
oxalate
oxide, sesqui-.
oxide, di-

oxide, per-. . .

.

Formula

SnCh

.

SnF4 .

SnU.

Sn02 .

SpOCU
I'2Os.l0H 2O.

SnP

SnSe2 .

Sn(SOi)j.2H2 .

SnSj

SnBr 2

SnCl2

S»Cl2.2HjO. , .

Sn3CFe(CN) 6]2
Sn 2Fe(CN)»...
SnF2

Sn(OH; 2

Snl2 .

SnO.

SnO.SnCl2.6HiO
SfiSe
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18

Name

Titanium sulfate. . .

Tungsten

bromide, di-

bromide, penta- . .

carbide

chloride, di-

chloride, tetra- . . .

chloride, penta-..

.

chloride, hcxa- . . .

dioxydibromide. . .

dioxydi chloride. .

.

iodide
oxide, di-

oxide, tri-

oxytetrabroniide.

.

oxytetrachloride.

.

phosphide

phosphide

phosphide

sulfide, di-

sulfide, tri-

Tungstic acid
Tungstic acid, meta-
Uranic acid

Uranium
bromide, tri-

bromide, tetra-. . .

carbide
chloride, tri-

chloride, tetra-.. . .

chloride, penta-. . .

fluoride, tetra-. . .

fluoride, hexa-. . .

.

iodide, tetra-

oxide, di-

oxide (ous, ic) . . .

.

Formula

Ti!(S04) 3

W

WBn...
WBrs...
WsC. . . .

WC12 ...
WCh. . .

wcu. ..

WC16. ..

W02Br: .

WOjCh.

Wis
wo,....
wc>3....
WOBr...
WOC1. .

W2P.. .

WP

WP2

WSs

H'WO)..
HjW,0.3 .

H2UO, . .

U
UBr3 ....

UBr,....
UtCj. . .

.

UCh. . .

.

UC1«....
ucu....
UF.....

UFt

UI4
VO2

UjOs....

Mol.
wt.

384.39

184.00

343.83
583.58
380.00

254.91
325.83
361.29
396.74

375.83
286.91

437.86
216.00
232.00
519.66
341.83
399.03

215.03

246.05

248.13

280.19

150.02
946.02
304.19

238.17
477.92
557.83
512.34
344.54
380.00

Crystalline form
and color

grn. cryst.

gr. to blk,.

bl. blk
violet- br. need

.

gray, amor,
gray cryst.

.

blk. need. .

.

dk. bl. reg..

red pr.. .

,

yel. tabl.

grn
rhombic br. . . .

rhombic yel...

.

blk. need ,

red need
dk. gr. prisms.

blk. cryst . . .

dk. gr. cryst.

blk. powd. . .

yel
yel. octahdr.
yel. powd. .

.

wh. cryst. . .

dk. br. need.
blk. leaf

cryst
br.-red
dk. grn. reg.

415.46 dk. need. . . .

314.17 grn. powd. . .

352.17

745.90
270.17

842.51

yel. monocl.

need
blk. octahdr.

olive grn.
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41

Name

Uranium oxide, tri-. .

oxide, per-
sulfate, (ous)
sulfide, di-

sulfide, sesqui-

Urasyl acetate
ammonium carbon-

ate
chloride
iodate
nitrate

phosphate
potassium carbon-

ate
sodium carbonate,
sulfate

sulfide

Vanadic acid, meta-.

.

Vanadic acid, pyro- . .

Vanadium

bromide, tri-. .

carbide
chloride, di-. .

.

chloride, tri-. .

chloride, tetra-
fluoride, tri-. . .

fluoride, tri-.. .

fluoride, tetra-.

fluoride, penta-.

oxide, di-.

VF6 .

V2 2

oxide, tri- V2O3

Formula

UOj
UO«.2H»0. ...

U(SO<) 2.4H20.
U&
U2S3

U02(C2H302) a.2n20..
U02C03.2(NHi)2C03 .

UO2CI2
U02 (IO.-.i.

U0 2(X03)2.6H20.

U02 (IIPO.i)2.4H 20.
U02C03.2K2C03 . .

.

UOtCO*.2NaiCO».
U02S04.3H2< I

HVO».

H<V207.

V

VBr 3 .

VC.
VCIa.
VCI3.
vcu.
VF3 ..

VF3.3FI20.
XFt

oxide, tetra-
oxide, penta-
oxydibromide
oxytribromide
oxymonochloride. .

.

dioxymonoehloride
oxydichloride
oxytrichloride

silicide

silieide

sulfide, di-

sulfide, tri-

V2O,...
V2Os...
VOBr2 .

VOBrs.
VOC1 .

.

V202CL
VOClt.
VOCb.
VSij . .

.

VxSi . . .

V2S2

V2S3

Mol.
wt.

286.17
338 . 20

302.30
572.53

424.25
522.33

341.08
638.05
502.28

yel. powd. . .

yel. tryst.. .

urn. monocl.
gr
gr. blk

yel. monocl.
yel. cryst . .

yel. cryst.

534.30
606.55

542.16
420.28

302.23
99.97

217.95

50.96

290.71
62.96
121.87
157.33
192.79
107.96

162.01
126.96

145.96

133.92
149.92

165.92
181.92
226.79
306.71
102.42
169.38
137.84
173.33

107.08
129.98

166.05

198.11

rhombic yel.

rhombic yel

.

yel. cryst . . .

Crystalline form
and color

yel. cryst

.

yel. cryst

.

br
yel. scales.

amor, br

It. gr. cryst.. .

gr. blk. amor.

grn. hex.,

pink
red liq. . ,

grn

rhbdr.
yel. . .

It. gr. cryst.

blk. cryst . .

bl. cryBt
yel. -red rhombic

.

br
red. liq

br. powd
yel. cryst
grn. tabl
yel. liq

met. prisms
silv. prisms

blk. pi

dk. pi
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Sp. Gr.
H2 = 1

(A) air = 1

(D) H* = 1

3.0

1.00*°

(D) 63.5
(A) 4.422

2.09
2.575
2.644
9.175

3.49

3.62
3.286»«°
3.80"°

.8"°

.18"°

2.682

35i*°

612

558

,142"°

84

.72

3.3091SO

2.566

4.219V

1.42-.45

Melting-
point,
DeK . C.

oxidizes

-140

1800
-4H2O, 103
150-5

d. 900

149u'

'

780

160
d. 100

d. 1000

-8H1O, 450

419.4

242

235-57
d.

100
394

-CO*

60

300

Boiling-
point,
Deg. C.

100
-109.1

-6H2O, 180

V. 8.

28.4c.c«°

v. s.

0.000583

44.20°

s.

si. dec.

-6H1O, 100

930

subl. in vac

3HjO, 100

-6HsO, 200
650

Solubility in 100 parts of

Cold water

158

V. 8.

V. 8.

V. 8.

0.000137

1.52

9.3

30^°

dec.
700

100
390°°

0.001"°

652»°

Hot water

dec.

4.67100°

dec.

si. 8.

4.8»oo°

i.

44.61000

66.610°°

42«o°
'

v. 8.

670100

Alcohol,
acids, etc.

s. alk.

alk.

s. al.

oo al.

sulf.

s. abs. al.

si. s. dil. a.

3. h. dil. a.

v. 8. a., KOH;
i. NH«OH

. s. dil. a.,

h. KOH

8. al.; i. eth.
s. al.; i. eth.
si. s. CO2 aq.;

s. (NH«) S

COa aq.

s. al.; i. eth.
s. a.

i. alk.; s. a.,

NH4CI
s. al.; si. s.

eth.

s. HNOi
v. s. al., eth.
si. s. HC1
s. a.; i. alk.

s. sat. K2SO4
aq.

s. sl. s. H2SO4;
i. al.

s. a., alk.,

acet. a.
2.825°, 16679°

al.

d. al.; i. eth.

s. HNOj,
HjAs04,
alk.

v. 8. al., eth.,

NH4OH
8. a.,alk.,NH4

salts

v. e. al.
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Name

Zinc chloride

cyanide

ferrocyanide

fluoride
fluoride

hydroxide
iodate

iodide

nitrate

nitride
oxalate

oxide

oxide, per-
oxysulfide
permanganate
phosphate
phosphate

phosphate
phosphate, acid.. . .

phosphate, pyro- . .

phosphide
salicylate
silicate

sulfate
sulfate
6ulfato
sulfide

sulfide (blende)

sulfite

Zirconium

bromide
carbide
chloride
fluoride
hydroxide

iodide

Formula

ZnCh

Zn(CN) 2

ZmFe(CN)».8HiO.

ZnF2

ZuF2.4H20.

Zn(OH) 2

Zn(I03) 2.2H 20.

Znl 2

Zn(NOs)s.6HiO.

Zn 3N2

ZnC2 4.2H 20.

ZnO.

Zn02

ZnO.ZnS
Zn(Mn04) 2.6H 20.
Zm(PO.i) 2

Zna(PO«) 2.4II 2 . .

Zn3(PO< ) 2.8H2 .

ZulliF.Os.2HtO.
Zn 2P2 7

ZnsP2

Zn(C7Hi0i) 2.3H 20.
ZfoSiOi
ZllSO,
ZnSO«.6rTjO
Zn.SOi.7H2O
ZnS

ZnS

ZnS03.2iH20.

Zr

ZrBn .

.

ZrC2...
ZrCU..
ZrF4 ...

Zr(0H)«

Zrl«...

Mol.
wt.

130.29

117.40

396.70

103.38
175.44

99.40
451.28

319.24

297.49

224.16
189.41

81.38

97.38
178.82
411.34
386.19
458.26

530.32
295.50
304.81

258.19
393.51
141.44
161.44

:

287.56
97.44

97.44

190.48

Crystalline form
and color

octahdr. or pr. wh.

ortho-rhombic pr. . .

.

wh. powd

monocl. need

91.00

410.66
115.00
232.83
167.00
159.03

398.73

rhombic pr.

octahdr.

tetrag

.

gray
wh. powd.

wh. hex. or amor.

yd
ye]
dk. bl. cryst

.

pr
pr

rhombic pi.,

tricl

octahdr
need
hex. pr ; . . .

hex. pr
monocl. or tetrag
rhombic or monocl..
yel. rog. tetrahdr. or

hex. rhbdr.
gr

/cryst
(amor
cryst. powd.

hex..

,

gclat

.

red br. cryst.

21*
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PHYSICAL CONSTANTS OF
The following table contains data for over three thousand compounds.

The information has been collected from a large number of sources including
not only the standard reference works but many modern texts on organic
chemistry and on special branches of the subject.

Specific gravities are given at 15° C. where no other temperature is indi-

cated, or at the definite temperature shown by the small figures at the
right.

Boiling-points are given at normal atmospheric pressure unless otherwise
indicated. Decomposition, occurring near or below the melting or boiling
point is indicated by the letter d., preceding the temperature when decompo-
sition occurs before the change of state and following the temperature when
decomposition occurs with the change of state: d. 178 indicates that decom-
position occurs at 178° C; 178, d. indicates that the substance changes state
with decomposition at 178° C.

Solubilities are indicated by figures giving the mass in grams soluble in
100 c.c. of the solvents. Unless otherwise indicated solubilities under alcohol
are for 95% ethyl alcohol.

No. Name Synonyms Formula Mol.
wt.

Abietic acid
Acenaphthene. .

.

Acetal
Acetaldehyde . . .

Acetaldehyde-
semicarbazone

Acetaldoxime . . .

Acetamide.

Acetamidine
Acetamino-
naphthol (1, 2)

Acetamino-
naphthol (4, 1)

Acetamino-phenol
" (2, 1)
" (3, 1)

" (4, 1)

Acetanilide
Acetaniside (o.) . .

Acetbromamide . .

Acetcinnamone. .

.

Acetic acid
anhydride

Acetnaphthalide ( 1

)

(2)

Acetoacetanilide.

.

Acetoethylnitrate.

.

aldehyde

aldoxime

naphthacetol

antifebrin

acetalphanaphthyl-
amine

acet-betanaphthyl-
amine

C20H30O2
C10H6(CH2)2
CHjCH(OC2H5)j..
CH3CHO
CH3CH: NNH-
CONHj
CHjCH: NOH....

CHjCONHj
CHJ -C(NH)NH2...
CHaCONHCioHe-
OH
CH 3CONHCioH6

-

OH
CH£ONHC.H<'
OH
CH3CONHC«Hc
OH
CH.CONHC.H4-
OH
CfHjNHCOCHi
CH3O C6H«-NH-
COCH3
CiHsONHBr

CH5C1H2COCH3

CHjCOOH
(CHiCO)20
C10H7NHCOCH3.

C10H7NHCOCH3.

CHjCOCHiCO'
NHC«H6

CiH40(C2H6 N03)j..

302.24
154.08
118.11
44.03
101.08

59.05

59.05

58.06
201.10

201 . 10

151.08

151.08

151.08

135.08
165.10

137.96

146.08

60.03
102.05
185.10

185.10

177.10

226.13

216
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The following abbreviations are used: — a., acid; abs., absolute; abt.,

about; acet., acetone; acet. a., acetic acid; al., alcohol; alk., alkali; amor.,
amorphous; anh., anhydrous; br., brown; bz., benzene; c, cold; chl.,

chloroform; colorl., colorless; cryst., crystals; d., under melting-points,
boiling-points or solubilities, decomposes; d., in connection with the names
of compounds, dextrorotary; dec, decomposes; dil., dilute; dk., dark;
deliq., deliquescent; eth., ether; exp., explodes; f., from; feath., feathery;
fluores., fluorescent; glac, glacial; glit . , glittering; grn., green; h., hot;
hex., hexagonal; i., insoluble; ign., ignites; 1., laevo-rotary ; leaf, leaflets;

liq., liquid; lgr., ligroin; lng., long; lust., lustrous; m., meta-; meth., methyl;
mic, microscopic; min., mineral; monocl., monoclinic; m.p., melting-point;
n., normal; need., needles; o., ortho-; octahdr., octahedral; p., para-; pa.,
pale; pl., platea; powd., powder; pr., prisms; purp., purple; pyr., pyridine;
rac, racemic; rhomb., rhombic; rhbdr., rhombohedral; s., soluble; sc ,

scales; si., slightly; sm., small; subl., sublimes; sym., symmetrical; tab.,
tablets; tetr., tetragonal; tricl., trichnic; trim., trimetric; una., unsym-
metrical; v., very; vise, viscous; w., water; wh., white; yel., yellow; >,
above; <, below; oo, soluble in all proportions.

No.
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Name Synonyms Formula

Acetoglyceral. . . .

bo-acetic etl>er.

i < ihydroxy-
benzoic acid

'i
-

:
I

Acetone acid. . . .

Acetonechloride .

.

\ <cyan-
hydrine

Acetonediacetic
acid

Acetonedicar-
boxylic acid

Acetone phenyl-
hydrazone

Aeetonitrile.
Acotonylurea ....
Acefcophenine . . . .

Acetophenone. . . .

Acetophenone-
acetone

Acetophenone-
alcohol

Acetopropionic
acid (/3)

Acetothioamide..

.

Acetoxime
Acetphenetidide

(P.)
Acet-toluide (o.)

(m.)

(P.)

Aceturic acid ....

Aoetyl-acetone . .

.

Acetylamino-
benzoic acid (o.)

Acetylamino-
benzoic acid (m.)

Acetylamino-
benzoic acid (p.)

Acetylbenzoic acid
(o.)

Acetylbenzoic acid

<P)
Acetyl-biuret. . . .

bromide

I jl acetoacelalc

acetyl carbinol. . .

dimethyl ketone..
hydroxyiso-
butyric acid

See methyl cyanide

phenyl methyl
ketone, hypnone

hydroxy-aceto-
phenone

phenacetin, oxy-
ethyl acctanilide

C3H6(OH)OjOH,. .

C»H»0 OOH«-
COOH

CHi-CO-CHiOH..
CIL, COCHj
(CHa)2-C-(OH)-
COOH

CH.-CCkCIIi ....

(CaO*C(OH)-CN.

CO(C2H«COOH) 2 .

CO(CHjCOOH)2..

(CH3)2C: NsH-CeHs

'

/)»
C23H17N
CHj-COCgHi

CHs CO- C2H«- CO-
CHj
CH5COCH2OH...

CHj-CO-C«H«-
COOH
CH3CSNH2

(CHO2C: NOH....
CaCONH-CfHc

I

CH3 C6H4NH-
COCH3

CH3-CtH«-NH-
COCHs
CftCfHcNH'
COCH3
(C2HjO)XHCHj-
COOH
CHJCOCH2COCH3
CH3CO XHCeHv
COOH
CH^ONHGHc
COOH
CIMT)-NH-C«H«-
COOH
CHj-COCsH,-
COOH
CH 3 COC6H4-
COOH

CH, CONHCO-
XH CO-NHi
CH3 • CO • Br

218
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Name Synonyms Formula

Acetyl-
carbazole (9) ...

chloride
cyanide
diphenylamine. .

disulfide

ethylmalonate . .

ethyloxamate. .

.

ethylsuccinate . .

glycine

indol (1)

iodide
isatin
malic acid

naphthol
peroxide
phenol
phenylene-

diamine (p.)
phcnylhydrazine

(a)
pyrrol (1)

salicylic acid . . .

thiourea
urea

Acetylene
dicarboxylic acid
dichloride
tetrabromide . . .

tetrachloride.

.

urea
Achroodextrin.

.

Aconic acid

Aconine
Aconitic acid . .

Aconitine

hydrobromide.

Acridine

Acrolein

amino-acetanilide

hydracetin

aspirin

tetrachlorethane.

.

equisetic acid. . . .

acetylbenzoyl-
aconine

acrylic aldehyde..

220

CuHsNCjHiO
CHaCOCl
CHrCOCN
(CsHshN-CsHjO. . .

(CH3-CO) 2Ss
(CH3 -CO)CH(C0 2

-

C2Hs)i

NH(C2HjO)Cs02-
OCiHs ,

CH3 -COCH(CH«-
CO2C2H6)
(C02CiHs)

CH2(NHCjH30)-
CO2H
C8H6(C2HaO)N

C2H3OI
CSH4C02N(C2H30)
C2H 3(OC2HaO)
(COOH)2

CioH70C2H3

(CH3CO)202
C6H5OC 2H30
NH2-C6H4-NH-
COCH3
GftNHNH.
COCH3

C4H4NC2HjO
^ti±t < COOH
CS-NH(C2H30)NH2

NH2-CONH-
COCHs
HC = CH
C2(COOH) 2

CHC1 : CHC1
CHBr2 -CHBr2

CHCI2CHCI2
C2H2(CON2Hi) 2 . ..

C36H62031 ?

CH2 COOCH:C-
1 I

COOH
CCJT41NO9
C3H3(COOH)3
Cs4H470llX(?)

Cj4H«70nNHBr
+ 2iH20

CeH4<C^
I >C6H4...

CHi:CHCHO....
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PHYSICAL CONSTANTS OF

No Name Synonyms Formula

Acrylic acid

.

Adenine

Adipic acid.

.

Aesculin

Aesculetin . .

Aldehyde.
ammonia
benzoic acid (o.)

(m.)
" <P.)

Aldehydin
Aldehydohydroxy-
benzoic acid

(3. 1, 4)
Aldehydohydroxy-
benzoic acid

(4, 1, 3)
Aldehydohydroxy-
benzoic acid

(3, 1, 2)
Aldehydohydroxy-
benzoic acid

Alizarine

amide (o.)

earboxylic acid..

Alkanin

Allantoin.

Allanturic acid.

Allocinnamic acid
Alloxan

Alloxanic acid.

Alloxantine
Allyl-acetate.

acetic acid

.

acetone
acetonitrile.
alcohol
amine
aniline
benzene. . .

.

ethylenecarboxylic
acid

esculin

.

See acetaldehyde

dihydroxyanthra-
quinone <a, /5)

mesoxalylurea.

CH 2 :CHCOOH...

I X,

COOH(CHj)«COOH

CuHibOi

CsEUO* + H2

CH3 CH(OH)Xn 2

COOHCfHrCHO
COOHC.H, CIK)
COOH CeH* I

(CH3)(C:Il5)C;,H2X
CeH3(OH)(COOH)
(CHO)

C«H3(OH)(COOH)
(CHO)

C6H3(OH)(COOH)
(CHO)

C6H3(OH)(COOH)
(CHO)

C6H<(CO) JC«H2

(OH)i
CeH^CO^C.HKOH)

(COOH)C,H3(CO)2

GsHjtOHh
Ci.,HuO*

CiUtStOi

XH2 CONHCO-
CHO

C9H80 2

C4H 3N204 + 1 or 4
H2

NH-CONH-
C3 3(OH)

CsH.OtN,
CHsCOOCsH,.. ..

CjH5 CH2 COOH..
CHj-COCHjCiHi
CaHsCHfCX
CHjrCH CHsOH..
CH.iCHCH.NH;
C«Hs NHGsH
C.HsCH:CHCHi

222



HANDBOOK OF CHEMISTRY AND PHYSICS

ORGANIC COMPOUNDS (Continued)

No.



HANDBOOK OF CHEMISTRY AND PHYSICS

PHYSICAL CONSTANTS OP

Name

Allyl-
benzoate
bromide

chloride

cinnamate

cyanide
ether
formate
iodide
isoamyl ether. .

isocyanide
malonic acid . .

mercaptan. . . .

mustard oil. . . .

oxalate
phenyl ether. .

.

phenylurea. . .

.

pyridine (1). . .

sulfide

sulfocarbamide.
thiocyanate. . .

.

trisulfide

Allylene

dichloride

oxide
Aloin
Alstonine

Aluminum-ethyl.
methyl

Amalinic acid. .

.

Amarin

Amidol.
Amino-acetanilid

, (P)
acetic acid
acetophenone (p.)
anthraquinone ( 1

)

(2)

azo-benzene (p.)
azo-naphthalenc

(4, a, a)
azophenylene . .

.

Synonyms Formula

monobromopropyr
lene Cy)

monochloropropy-
lene (7)

allyl isosulfocy-
anicester, allyl

isothiocyanate

thioallyl ether. . .

:

thiosinamine

methyl acetylene,
propine

tetramethyl
alloxantin

triphenyl dihydro-
glyoxalin

See diaminophenol

glycin, glycocoll . .

aniline yellow ....

azimido benzene

C«H6 COiCsHs...
CHj:CHCHiBr..

CH»:CHCHiCl..

CeHjCHtCHCOO
C3H6

CHj:CHCHiCX.
(CHj:CHCH2)jO.
HCOOCaH,
CHi:CHCHiI...
CaHs-0-CsHn
CH2 :CHCH2NC. .

CH(C3Hs)(COOH)i
CHi:CHCH2SH.
CH2:CHCHiNCS

C20«(C3H5)»

C«H5 OC3H5
NH(C3Hi,)CONH
(CeHi)

CaHsCsHiN
(CHi:CHCH2)2S.

.

CjHsNHCSNHj.
CjHsSCN
(C3H6)2Sj

CHj-CiCH

C3H«CU

CH3 (C:CH)0. ...
CnHisCb + JHjO...
C11H10N2O4
+ 3* H2O

Al(C2H6)j

Al(CH,)j
C 8(CH3),N407

(C«H6)

CH(C«H5)CH
1 1

NH(C«H6)C : N
hydroddoride
NH,-C«H«-NH-
COCH3
NH2CH2COOH...
NH2CH4COCH3
NH.CeHj: (CO)2

:

C«H<
N'HtCiHi: (CO)i:
C«H«

NHj C.H4-N2 CeHt
C10H7N2C10H6 NH 2

C«H4-NHN:N....

224
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Name Synonyms Formula

Amino-
azotoluene

CH S:N:N:CH»:NH 2

12 5 1 2
13 5 1 2

14 5 1 2

14 6 1 3

benzaldehyde (o.)

(m.)

,
" (P.)

benzamide (o.).

.

(m.).
"

<£>••
benzene,
benzenc-sulfonic

acid (o.)

benzene-sulfonvc
acid (m.)

beszene-sulfonic
acid (p.)

benzidine (2) . .

.

benzoic acid (o.)
" (m.)

.
" " (P-)

benzophenone (o.)

(m.)

(P.)
benzonitrile (m.)

(P.)
butyric acid (a)

" 03)

camphor
cinnamic acid (o.)

" (m.)

" (P.)

4 cresol (2)

5 " (2)

6 " (2)

6 " (3)

2 " (4)

3 " (4)

dimethyl aniline
(o.)

" (m.)
" (P.)

diphenyl (o.) . . .

(m.)...

(P.) • • •

See aniline

metanilic acid.. . .

See sulphanilic acid

anthranilic acid..

.

xenylamine

.

CtHi-CH.-NV

C«H«CHiNr
C0H4CH3 XII 2

CcKtOHtKi-
CcH 4 CH3.\H 2

CsEb-CHi-Nt-
("Jh-CHjNHj

\ir2 C«H<-CHO. .

XHrGiHrCIIO. .

NlhCJIrCHO. .

NHrCHvCONHj.
NHt-CeHiCONHi.
NH2G1H4CONHJ.

NHiCs^SOsH
+ *H2

NHj-CsH^SOsII
+ HHiO

(NH2)2C6HsCeH4
XH 2

XH 2 :C6H4COOII
XH2 C6H4COOH..
NH2 CoH4-COOH..
CaHsCOCeH^XIh
C.HsCOCeHAIh
C«H5 COCr,H4XH 2

NH2 -CcH 4 CX
NH 2 -C«H4-CN
C2H 5 CH(NH2)

COOH
CH>CH(NH2)CH2

-

COOH
CioHiS(NH2)0
NH2 C8H4-CH:CH-
COOH
NH2 -C6H4-CH:CH-
COOH
NHj C6H4-CH:CH
COOH
NH 2 C6H3 CHs(OH)

NH2 -C6H3 -CH3(OH)
NH2 C«H 3 CHi(OH)
NHjCsHsCHiCOH)
NH^CsHiCHKOH)
NHj-CsHsCHKOH)
NH2 -C<iH4-N(CH»)t

NHiC«H4N(CHa)j
NH2 C«H4-N(CH»)i
NHjC«H4-CiH 5 . ...

NHi-GH.-CHi....
NH2 'C6H4'C«H6. .
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Name

Amino-
diphenylamine

(o.)

ethanol
ethyl benzene (o.)

" (m.)
" (P.)

guanidine

hexahydro-
benzene

isocaproic (a)
acid

isopropylbenzene
isovaleric acid (a)

" 03)

malonic acid . . .

naphthol (7, 2)..

(1,2)..
(4, 1)..

phenol (o.)

:: &>•::::

propionic acid
(a. d.)

propionic acid
(a. I.)

propionic acid
(a, rac.)

propionic acid ifi)

pyridine (2) . . . .

(3) . . . .

(4) . . . .

quinoline (2).. .

.

(4).. . .

salicylic acid (3)

" (5)

thiazol
thiophene
thiophenol (o.)..

triphenyl-
methane

valeric acid (a)

(7)

Synonyms

para-amidophenol,
rodinol

d-alanine

1-alanine

d, 1-alanine

/3-alanine

Formula

XH2-C.H4-NH-C.Hs

XH2CH2CH2OH
NH2-C«H4-C2H 6

NH2 CeH, C2Hs
NH2-C.H4 CjHs

(NH)C<^g
2

XH2

C*H*(NHz)He.....\

(CH3)2CH-CH2-CH
(NH2)COOH

C.H4(C3H2)NH2....
(CH.) 2CHCH(XH 2)

COOH
(CH3)2C(NH2)CH2-
COOH

NH2-CH(COOH)2.

.

CioH.(NHj)OH
CioH6(NH2)OH
CioH.(NH2)OH

NH2C.H4OH
NH2-C.H,-OH
NH2 OH4-OH

CH3-CH(NH2)
COOH

CH3-CH(NH2)
COOH

CH3-CH(NH2)
COOH
CH2(NH2)CH2
COOH
NH^CsH.N
NH2 -CsH4N
NH2-C5H4X
CiMXHi
C.H.X-XHs

XH2 C6H3(OH)
(COOH)

N'HrC.Hi(OH)
(COOH)

C3H2NSXH2

XH2CH3S
C.H4(NH2)SH
(C.Hs)2CH-C.H4NH2

CH3CH2CH2CH
(XII 2)COOH

CH 3CH(NH2)CH2
CH2COOH
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Crystal-
line form
and color

Sp. gr.

H2O = 1

(A)Air = 1

Melting-
point
°C

Boiling-
point
°C

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

need. f. w.

colorl. liq

colocolorl. liq.

leaf.

cryst.

colorl. liq.

leaf,

leaf".

colorl.

need,
leaf.

rhomb.
colorl.

leaf.

colorl.

prisms

colorl.

prisms
f al.

leaf. f. lgr.

leaf. f. bz
need. f. bz
leaf.

need. f. w.

need.

yel. pi.

yel. oil

need,
pr. f. etl

leaf.

02210°

933220
9900°
975220

8678^°-°

79-80

41
291.5 d.

217

109. d.

200 d.

170
123
184 d.

293

297 d.

195

196

56
64
154.8
129

154
(+H2O
69-70)

235 d.

280 d.

90

'26'"

84

291.S d.

193

171
215-6
214-15
216-65

134

257

subl.

204
250-2

1: 117.5

si. s.

s. HC1.
s. h.

s. w. d.

1.7">°

2.6
1.1»°

20

v. s.

V. s.

V. s.

V. 8.

s. h.

si. 8.

V. s.

Si. 8.

8.

Si. 8.

i.

si. 8.

8.

w. Fe Cb
naphtho
4 400

v. s.

4.5°°

V. si. 8.

i. lgr.

s. bz.

1

s. bi.

s. fluor.

gives
quinone
v. s.

v. B.

si. 8.

0.37»°

v. si.

abs.

v. s.

s.

V. 8.

v. s. chL

V. si. 8.

si. s.

V. s.

si. s.

si. s.

s.; s. bz.
lgr.
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Name Synonyms Formula

Amino-
valeric acid ($)

Ammelid

.

Ammelin

.

Amygdalin

Amygdalinic aeid

Amyl acetate ....
Amyl alcohol (n.)

" (act.)

" (see. a)

" (tert.)

aldehyde. . .

.

amine
benzene (n.).

bromide (n.).

botyrate
carbylamine. . . .

cyanide
dimethylbenzene
chloride (n.). . . .

ether (n.) . . .

formate (n.)

.

glycol (2, 4) .

" (1,4).
iodide

isobutyrate. . . .

isothiocyanate

.

mercaptan ....
methylbenzcne.
methylether . . .

nitrate
nitrite (n.) ....

propionate

.

salicylate . .

valeriate . . .

Amylene (n.) ,

Amyloid ....
Anaesthesine.

Anacardic acid.
Analgen

amylacetic ester.

methy1-n-propy1

carbinol
dimethyl ethyl
carbinol

phenyl pentane..
a-bromopentane.

caproic nitrile. . . .

oc-chloropentane.

.

isoamylene alcohol

apple oil

propyl ethylene...

ethyl-metbyl-
ethylene

trimethyl-ethylene

othyl para-amino-
benzoate

c~ethoyx-a-ben-
zoyl-aminoquino-
line

230

NH2 CHjCH2 CH2
-

CH2COOH
(CN) 3(NH2)(OH) 2 ..

(CNMNHihOH....

CjoH27NOu + 3HjO

(OH)7-C12Hn04-
C7H«COOH

CHsCOO-CtHu
CH 3(CH2) 3CH.OH..
CH3(CiHs)CH-
CH2OH
CHaCH2 CH2 -

CH(OH)CHi
(CH3) 2 -C(OH)-C2H5

C4H9CHO
CH3 (CH2)*NH2 ....
C«Hs • CsHu
CH3 (CH2)*Br

CHr-COOCilln..
C.HnNC
C.HnCN
Cia.(CH3) 2aHn

.

CH3(CH2)4CI

(CsHiOsO
ircooaHn.
C.Hi (OJD 2 .

.

C1Hi„(OH) 2 .

.

CHj(CK») J. .

.

CjHtCOOCsHh. .

.

CiHnXCS
CjHuSH
CsHn(CH3)C«H4..
CiHnOCHj
CiHnONOj
CsHuNOj

C2H5COOC5Hu
HO-C«H4-COOCsHji
C4lI»COOCiHu
CH3 (CH2) 2

-

CH : CH2

C 2HoCH:CHCH3

(CHs)jC:CH-CH»
(C 6HioOs)x '..

NH2 C.H4-COOC2H5

CmHwOi
C-HsONHCJT.
(OC2H 6) : C 3H 3N
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PHYSICAL CONSTANTS OF

Name Synonyms Formula

Anethol (p.)

.

Angelic acid
Anhydroformalde-

hyde-aniline
Aniline

Anis alcohol (p.)..

Anisaldehyde (p.)
Anisic acid (p.) . . .

Anisidine (o.) .

(P).

Anisol

Anthracene ....
Anthracenecar-

boxylic acid (a)
Anthracenecar-

boxylic acid (fi)

Anthracenecar-
boxylic acid (y)

Anthrachryson

.

Anthraflavic acid
(2,6)

Anthragallol
(1, 2, 3)

Anthramine (p) .

Anthranil
Anthranilic acid.
Anthranol

Anthrapurpurin

.

Anthraquinoline

.

Anthraquinone. .

Anthrarufin (1, 5)

Anthrol (m.)

Antimonytriethyl
Antifebrin.
Antimony penta-

methyl
trimethyl

AntipyTene
Apomorphine ....

amino-benzene,
phenyl-amine

anisyl alcohol .

.

methyl phenyl
ether

CHj CH:CH-C«H,
oca.
CJJtCOOH
OHiN : CHi

C«H*-NH*

CH,OC«H,CHiOH
CaO-C£«CHO.,
CHK)C»H«COOH

CH,OCa«NHj..,
CHjOC.H,NH,...

CBUOCHi.

trihydroxy-
anthraquinone

/3-amino-anthra-
cene

See o.-amino-bemoi
7-hydroxy-anthra

trihydroxy anthra-
quinone (1, 2, 7)

See acetanilid

analgesine

.

C.H4 : (CH)t : CJIi
C6H«C*H(COOH)
C*H«

C*H« CiHiCiHj-
COOH

C«H« • CiHj • C«Hj
COOH

CuH«(OH)«Oi

C6H,(OH)(CO)jC6H3
(OH)

ChHsOiCOH).

CsH, : (CH)
NHj
C«H«:NHCO

c acid
CnHioO

CtH,-

CnH*Oi(OH)«

CitHuN

aH4:(CO)i:C»H«..

CsH3(OH)(CO)^tHJ

(OH)
C«H«:(CH)«:C«H,-
OH

Sb(CtHi)i

Sb(CHa) s ..

Sb(CH,)i.

.

CuHuNjO.
Ci-HitXOi.
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Crystal-
line form
and color

Sp. gr.

HK) = 1

(A)Air = 1

Melting-
point
°C

Boiling-
point
°C

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

lvs.

monocl.
mic.

liquid

need,
colorl. liq.

monocl.

colorl. liq.

need. f. h.

w.
colorl. liq.

colorl. leaf,

yel. need.

yel. need.

yel. leaf.

need. f. al.;

yel. leaf

subl
yel. need.

or. red
need,

yel. need.

colorl.

pale yel.

need.

or. need.
f. al.

leaf.

pale yel.

need,
yel. lvs.

need.

liq.

leaf,

wh. amor

0.994

0.954"°

1.022*°

1.113
1.126
1.364«°

1.098

0.988"°

1.147

1.189

1.324"°

1.523
1.192"°

21.6

45.5

45

184.2

5.2
57.7

-37.8

216.5
206 d.

260

abt. 280

>360

>330

310

238

18

160-70

d

abt. 330

170

284.5

280

d. 200

111-13

233

185

184.4

258.8
248
275-80

224
239.5

155

351

subl.

subl.

subl. d.

210-5 d.

446

380

158

96-100

80.6

V. si. B.

sl. s.

3.1"°

sl. s.

v. sl. s.;

a. h.

sl. 3

sl. 8. h.

s. alk.,

green
v. sl. s

s. h.dil.
NaOH

sl. 8. h.

8. acet.

sl. s.

100+
sl. 3.

V. s. h
sl. 8.

0.59"°

fcl. 8.

sl. s.

sl. 6.

V. 8.

V. 8.

V. 8.

0.05"°
2.3 70°

Sl. 8.

100
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Name Synonyms Formula

Apoquinine

.

Arabinic acid ....
Arabinose (d. or 1.)

Arabitol

Arabonic acid. . . .

Arachidic acid.. . .

Arbutin
Arsenic diethyl. . .

Arsenic triethyl. .

.

Arsenic trimethyl
Asparagine (1.) . . .

Aspartic acid. . . .

Aspirin

Atrolactic acid . .

Atropic acid

.

Atropine

Atropine sulfate.

Auramine

Aurine
Azelaic acid.

Azobenzene
Azobenzoic acid

(o.)

Azobenzoic acid
(m.)

Azobenzoic acid

(p.)
Azodicarbonamide
Azodinaphthyla-

mine (a)
Azonaphthalene

(a, a)
Azophenetol (a).

(PO
Azophenol (o.) . .

(m.)..

(P-)..

Azotoluene (o.).

.

(m.).

arabite.

arachic acid.

acetyl-salicylk acid

dauterine, inactive
tropine

coralline.

dihydroxy-azcben-
zene (2, 2')

diliydroxy-azoben-
zene (3, 3')

dihydroxy-azoben-
zene (4, 4')

dimethyl-azoben-
zene (2, 2')

dimethyl-azoben-
zene (3, 3')

CisHbNjOi -f- 2H 2

(CeHioCMs-HiO....
CsHioOs
C.HuOs

HO-CHi(CHOH).
COOH

C10H40O2
CuHi.Oy + WtO*
As(C2Hi) 2

As(C2H6)3

As(CHj),
CiH3(NH 2)(COOH)-
CONHj
CH(NH2)-COOH
CH 2 -COOH

c,Hl<OCOCH,...

CHjC(C.H5)(OH)
COOH + JHiO

CH» : C(C«H*) •

COOH
C17H2JO3N

(Cl-H2303N)2H^04
HN : C[C«Ht -

N(CH 3 ) 2]2

CtsHuOa
COOH(CH2)7-

COOH
C«Hs N2 -CcHs
COOHC.H4-N2

-

CH4COOH
C14H10N2O4 + *H2

CMH10N2O4 + *H2

NH2CON2CONH2
CioHt-Nz-CioH.-
NH2

CmHtNsCioHt....

(C6H40C2Hi)jN2. . . .

(C«H40C 2H5) 2N2 . . . .

HOCHrNjCHr
OH

HOC.H4N2C.H4-
OH

HO-C.H.Nj-C.H.-
OH

CHrCsH.N2C.H4-
CH3

CH3-C.H4-N2-C.H4-
CH.

• Other authorities give CmHsiOm and m.p. 144-166" C.
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PHYSICAL CONSTANTS OF

Name Synonyms Formula

Azotoluene (p.) .

.

Azoxybenzene. . .

.

Azoxybenzoic acid
(o.)

Azoxybenzoic acid
(m.)

Azoxybenzoic acid

(p.)

Azoxynaphthalcne
(a)

Baphiln
Barbituric acid. .

.

Basilicum camphor
Bassorine
Bebeerine
Behenic acid

Behenolic acid . . .

Benzalacetone. . . .

Benzal-acetophe-
none

azine

chloride

cyanhydrine. . . .

Beazaldehyde. . . .

phenylhydrazone

sulfonic acid (a)
Benzaldoxime (a)

(anti.)

Benzaldoxime (/3)

(syn.)

Benzaldoxime car-
boxylic anhydride

(o.)

Benzalhydrazine.

.

Benzalmalonic acid

Benzamaron ....

Benzamide

Benzaurine

Benzamidine. . . .

Benzanilide

Benzazide

dimethyl-azoben-
zene (4, 4')

malonyl urea

benzylidene-
acetone

chalkon

benzylidene
chloride

mandelic nitrile...

art. almond oil. . .

benzoxazinone.. . .

benzylidenehydra-
zine

benzenylamidine.

.

phenyl benzamide

benzoylazide

236

CH3 C6H«-Ni-C«H4-
CH3

(C6H 6) 2 :N2

(COOHCeH4)2N2

(COOHCeHOjNjO

(COOHCeH«) 2N 2

(CioH 7) 2N2

Ci2HioO<
CO: (NH-CO)s:
CH2 + 2H2

CioHie + 3H2

C16H10O5
Ci 8H2iXO-3
C2!HM 2

CMH40O2
C6H6C2H2COCH3 . .

.

C6H6C2H2 COC6H6

C8H6CH : N • N : CH
CeHs
CeHsCHCU

C6H6-CH(OH)CN
C8H5 -CHO
CtHs-CH:NNH-

CeHs(CHO)S03H..
CcHsCHiNOH. ..

C6H6 CH:NOH...

C6H4-CH:NOCO
I 1

C6H5 CH:NNH»..

C6H 5 CH:
C(COOH) 2

C6HS CH[CH-
(C6H 6)COC«H6]2

C6H6 CONH2

C«HjC(:C«H40)-
CH4OH

C6HsC(NH)NHj....
CHsCONHOHi
C.H«CON.
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Name Synonyms Formula

Benzene.

azo-«-naphthyl-
amine

hexabromide (or)

hexachloride (a)

indone
pentacarboxylie
acid

sulfide
sulfinic acid ....
sulfonic acid. . . .

sulfonic amide . .

sulfonic chloride
sulfoxide
trisulfonic acid..

Benzenylami-
noxime

Benzenylamino-
tbiophenoi

Benzenylnaphth-
ylamidine

Benzenylphenyle-
neamidine

Benzhydrolether.

.

Benzhydroxamic
acid

Benzhydrylamine
Benzhydrylben-

zoic acid (p.)
Benzidine (p.).. . .

disulfonic acid (o.)

sulfone
Benzil

Benzilam

Benzilosazone. . . .

Benzildioxime (a)

(0)

(7)
Bcnziloxime («) . .

(Y)..

aposafranone. . .

.

yu-phenylbenao-
tniazole

4, -I'-diamino-di-
phenyl (p.)

dibenzoyl.

txiphenyloxazole

CeHt

CeHsXsCioHVXHj

GsHeBr6

CeHeCls

CsHeCIs
C1SH12.V2O
CeH(COOH)s

(CeHs)sS
.

' !: si B
B -OaH + liH2

< SOtNHt
aH5 so2ci
(C«Hs)tSOj
C«H3(S03H)3

C.H5C(NOH)NHI .

.

c«h« cca
\S

'
C.H5C(XH)XH-
C10H7

/XH\
CHsC CeH*

* N /
[(C«H 6)sCH]»0

C«H6C(XOH)OH. .

.

(CH»)»CHNHj....
CtH 5CH(OH)-
CcH^COOH
XH 2 C6H«C6H<-
NHi

(XHs^CisHeCSOjIT).
CuH.(Nl
C«H5 CO CO (MI.

/OCCaHs
CHsC

^NCCJSt
(C6H 5C) 2(XXH-

C«Hs-C«(XOU
CtH;-Ci(NOH
CHS -C2(X01!
C.H5COC(XOH)

I

C.H 5COC(XOH)
CeHs
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ORGANIC COMPOUNDS (Continued)

Crystal-
line form
and color

monocl.

need.

leaf.

colorl. leaf,

or need,
colorl.

rhomb,
hex. f. al.

pr.

liq.

colorl.

rhomb,
gelat.

need,
need.

Pr.

colorl. oil

colorl.

need,
colorl.

need.
1. need.

f. al.

red cryst.

sm. need.
f. al.

tricl.

need.
1. need.

monocl.
lvs. f. w.
colorl. liq

colorl. liq

colorl. tab
pr.

liq.

cryst.
lg. pr.

pi.

cryst.
lvs.

pi.

Sp. gr.

HiO = 1

(A)Air = 1

1.266

1.199

1 .
000"°

1 • 09S^°

1.38

1.5105<°

1.570
1.219

>H*0

Melting-
point
°C

150

170

305

121.2

42

133-7

95

-13.1
(27)
48.0-.5
>300
140
>300

168

-21.2
103-4, d

60-1

80.5
182

174

278

85-7

161-2

abt.
-1
32-3
128

65-6

112.5
42

d.

112

Boiling-
point
°C

249.2

360

343-4

184-6

191
306

213-4

subl.

subl.

218
198
206.8
d.

161.5

267
expl.

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

v. s. h.

si. s.

0.29*0°

5 91000

1. c.j

si. 8. h

liooo

dec.
si. s.

v. si. s.

si. s. c.

s. h.

si. 8.

S. h.

sl. 8.

sl. 8.

d.

d.

sl. 8. C
S. h.

V. s.

Sl. 8.

d.

1:400
c; s. h,

47150

abs.

8. h.

13.518°

s. h.

1:39

v. s.

V. s.

s. w. d.

d.

Sl. 8.
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Name Synonyms Formula

Benzoyl-
peroxide

.

phenylhydraaine
(«)

phthalic acid
(1. 2, 3)

propionic acid (p)

terephthalic acid

tetramethylene
thiourea
toluide (o.)

" (P-)

Benzpinacone ....

Benzyl-acetamide
acetate
aniline
azide
aceto-acetic ether

alcohol
amine
benzoic acid (o.)

" (P.)

benzoate

phenyl carbinol....

bromide. .

.

carbamate,
carbinol.
chloride. . .

cinnamate.

See phenyl ethyl ale ohal

(CeH6 CO) sOi

CHsCONHNH-
CeHs
OHsCOC.Hs
(COOH)i

C«HiCOCH2 CHr
COOH

C.HsCOCeHa
(COOH) 2

CiHsCOCH(CHj),
NH 2CSNH(C7H 60)
CiHsONH-CeH*-
CHs

CiHsO-NHCbHc
CHa

(C6Hs) 2C(OH) •

C(OH)(CeH6)i
CtHtNHCCjHsO)..
CH3 • COO CHi- CeHs
CiHy-NHCHi...
C«H6 -CH2N3

CiHsOCHCCtHt)
COOC2H6
C.HsCH2OH
C.H6 -CH2-NH2

C.HsCHrCeHj
COOH

C.HsCHiCeH^
COOH

CHiCOOCHj-CeHs

C»HsCHt Br.

.

NH2COOC7H7.

cinnamem

.

C.HsCHjCI.
CH7O2C7H7

.

cyanamide
cyanide
cyanurate
diphenyl (o.) . . .

(p.) . . .

diphenylamine. .

disulfide

ether
hydrazine
hydroxylamine

(a)
hydroxylamine

08)
iodide
mencaptan

C7H7NHCN....
C.HsCHjCN...
(C7H7NCO)a. . . .

C,HsCH2C6H<-
CeHs

C.H s CHiC«H«-
CeHs

C7H7-N(C6H«)i.

.

(CeHsCH2) 2S2 ..

(CeHsCHi^O
CiHj-CHj'NH-NH,
C«H5 CH2-NHOH..

CtHiCHjNHOH..

CeHsCHsI
C.HsCH 2 SH..
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Name Synonyms Formula

Benzyl-
mustard oil

naphthalene (a)

08)
naphthylketone

.

phenanthracene

phenol (p.)

pyridine (a) ....

03) ... •

sulfide

sulfone
sulfoxide
tartronic acid. . .

thiourea. . .

toluene (m.). . . .

" (P.) ....
urea

Benzylideneaniline
Benzylidene

bromide
Benzylidenephenyl-

hydrazine
Benzylidenephtha-

lide

Berberine

Berberonic acid..

.

Betaine

Betol

Betulin

Betulinic acid. . . .

Bilifuscin
Bilirubin . .

Biliverdin
Bismuthtriethyl. .

Biuret

Borneol (i.)

" (d.)

acetate (d.)

Bornylamine

benzyl-isothiocy-
anate

benzyl carbamide

benzalaniline
benzalbromide . . .

pyridine tricarbox-
ylic acid (2, 4, .=>)

trimethylglycine

naphthosalol

Borneo camphor.

.

CeHsCHjXCS

Colls CH2C10H7...

CsHsCHjCioHt...
C5H 5 CH 2 COCioH
C:H7CcHjCjH2-

C«H5 CH2 C.H40H
CeHs CH2 CsH<X . .

CsHs • CHj • C5H4X . .

(C-H 7)2S

(C-Ht) 2S02

(C-H-) 2SO
CtHtC(OH)
(COOHh
NH2CS.VH(CtHt) . .

C7H7C.H4.CHV...
C7H7 • C«H4 • CH3. . .

.

CeHoCHjXHCO-
XH2

CeHsCH: XCeHs
CeHsCHBr2

CeHs-CH:XXH-
CeHs

CeHs-
CHCCfH.COO

I !

C^oHj-OiX + SH^

CiHsXCCOOHJj
(2, 4, 5) + 2H2

COCH 2 X(CH3) 3

1 I

CioH70COC6H4
(OH)

CsellcoOs

CmHuOs
Ci 6HioX204
C34H36X4O7

C32HJ6X408
Bi(C2Hs) 3

NH.COXHCO'
XH2 - -I-HjO

Cio&tOH

C10H17OH

CH3COOC10H17....
CioHi7XH 2
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Name Synonyms Formula

Bornylehloride . . .

Borontriethyl ....
Brassidic acid. . . .

Brazilein

Brazilin

Brom-acetic acid
acetone

acetylene
allyl alcohol. . . .

aniline (o.)
" (m.)
" (p.)

anthracjuinone
(o.)

anthraquinone
(m.)

benzene,
benzoic acid (o.)

" (m.)

" (P-)

camphor

cinnamic acid (or)

" (0)

ethylene
hexahydro-
benzene

naphthalene (a)

(/?)

nitrobenzene (o.)

(m.)

(P.)
phenol (o.)

" (m.)....
" (P.)

phthalic acid (v.)

styrene (a)
" OS)

toluene (o.)
" (m.)....
" (P.) ...

Bromal
Bromoform
Brucine

hydrochloride. .

.

nitrate

phenyl bromide

tribromaldehyde.

.

CioHkCI
BCCsHi),
C22H42O2
C16H12O5

CieHuOs + IJHjO..

CHaBrCOOH
CH2BrCOCHa....

C 2HBr
CHj:CBrCH20H
BrGH,XH!
BrC6H4XH 2

BrCJ^XH.
C«H4(CO)2C6H3Br...

C«H4(CO)2C6HjBr...

CeHjBr

BrC6H« COOH

BrCeH^COOH

BrCeH^COOH

CioHisBrO

CeHsCH:CBr-
COOH

C 6H.-,CBr:CH-
COOH

<HBr
CcHsBrHe

CioHTBr
CioH^Br

BrC 6H4X02

BrC6H 4NO.
BrC6H,X02
BrCe^OH
BrC6H<OH
BrCsH^OH
C6H 3Br(COOH)2....
CcHsCHiCHBr. ..

CBr:CH». ...
BrCe^CHs
BrC6H 4CH 3

BrCe^CHa
CBnCHO
CHBn
C23H2604X2 + 4H2

CllT^f^XVHCl.. ..

DA'rHNOi
+ 2HtO
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Name

Brucine sulfate

Butane (n.) ....

Butyl acetate . .

alcohol (n.). .

.

(sec.)

.

(iso) . .

" (tert.).

amine (n.)

(sec.)

benzene (n.). . . .

(iso.)...
" (sec.).. .

benzoate (n.) . . .

bromide (n.). . .

.

butyrate (n.) . . .

carbinol
chloral

hydrate
chloride (n.).

(tert.)..

cyanide (n.) ....
(tert.)..

ether (n.)

formate
iodide (n.)

(sec.) ....
(tert.)....

mustard oil (n.)
" " (sec.)

" (tert.)

phenyl ketone. .

.

sulfide (n.) . .

" (sec).

Butylene (n.)

glycol (a) . .

" (ft

" (pseudo)

Butyramide (n.).

Butyric acid (n.) .

aldehyde (n.) . .

.

anhydride
Butyryl chloride

(n.)

Butyryl chloride
(iso.)

Synonyms

methyl ethyl car-
binol

trimcthyl carbinol

valeronitrile.

ethyl ethylene.

.

Formula

(C»Hj60,Ns)2H;S04
+ 7HsO

CHaCHi-CHj-CHs

CHaCOOCiHo....
CH3 -(CH2) 2 -CH20H
CH3 CH2 CHOH-
CH3

(CHsh-CH-CHjOH
(CH3) 3 COH

CH3 (CH2) 2 -CHj
NTH2

CH3 -CH(NH2)-

CHj-CHa
C8H5C4H9
C«H5 -C«H 9

C6H5-C.H9
CeHsCOOCJls. ..

CH3 (CH2) 2 -CH2Br
CsHy-COOCiHs...
(CHjIj-C-CHjOH..
C4H5CI3O
dHsCUO +H20. ..

CH3 (CH 2) 2CH2C1..
(CH3) 3C-Cl
CH3 (CH 2) 2CHtCxN
(CH3) 3C-CN.
(C4H9 ) 2

HCOOCUHs,
CH3(CH2) 2CH2I . . .

CH3 CH2 CHICH3

(CH,) 3CI
CH3 (CH2) 2CH2NCS
CH3-CH2 CH(XCSj
CH3

(CH3) 3C-NCS
C4H»COC6H6

[CH3 -(CH2) 2CH2]2 :S
(CHjCHjCH-
CH 3) 2S

C2H 5 CH:CH2

CH3 CHjCH(OH)-
CH2OH
CH3 CH(OH)CH2

-

CH2OH
CH3 -CH(OH)-
CH(OH)CH3

CH3 CH2 -CHj-
CONH2

CH3 (CH2) 2 COOH
CH3 (CH2) 2 CHO..
[CH3-(CH2)jCO>0
CH'CH2 -CHsCOC1

(CHj)j-CH-COCI..
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Name

Butyrine
Cacodyl
chloride
oxide
sulfide
trichloride

Cacodylic acid . . .

Caffeic acid
Caffeine

Camphane
Camphene (i.).. •

(d. or 1.)

Campholic acid. .

.

Camphor (d.

Camphoric acid (i.)

" (d.)

" anhydride

Camphoronic acid
Camphylamine. . .

Cane sugar.
Cantharidine
Capric acid

Caproic acid (n.)

.

Caprylic acid ...

Carbamide chloride
Carbanil
Carbanilid

Carbazide
Carbazole
Carbodiphenyli-

mide
Carbolic acid.
Carbon dioxide. .

.

disulfide
hexachloride. . . .

monoxide

oxysulfide
suboxide
tetrabromide . . .

tetrachloride. . . .

tetraiodide
Carbonyl chloride
disulfethyl
sulfide

Carbo-styril

thialdine

Synonyms

tributyrine.

theine, 1, 3, 7-tri-

methyl-xanthine

See sucrose

phenyl isocyanate
diphenyl urea ....

carbohydrazide. .

.

See phenol

tetrachlormethane

phosgene

carbon oxysulfide
2-hydroxy-
quinoline

Formula

(OIIt-COOJsCjHs..
(CH3)sAs-As(CH3)2
(CH3) 2AsCl
(CHs)2As)2-0
[(CH3)2As]2S

B itAsCl.
(CH 3)2AsOOH
C9Hs04 + JII-O. . .

.

CsHio02N« +H20..

CioHis
C10H16

C10H16

CioHisOt
CioHieO
CnHi4(COOH)3

C 8Hu(COOH)a

C10H14O3

C6Hn(COOH)3
C9Hi5(CH2 NH2)...

CioEh-O*
CH3(CHs) 8 COOH

CH3-(CH*) 4 -COOH
CH3(CH2) 6 COOH
CO(.\H2)Cl
CeHsNCO
CeHsNHCONH-
CeHs
CO(NHNH 2)2

C8H<-NH-C.H<
C(NG>H5)2

CO2

CSj
C2C16
CO

COS
C3O2
CBn
CCU
CI4
COCh
CO(SCaHs)2

COS
HOC»H6N(Py2)....

NH.CSS-N(CtEU)t
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Name Synonyms Formula

Carbyl-oxime.
sulfate

Carmine red
Carminic acid. . . .

Carnine
Carvacrol

Carvenone
Carvomenthene . .

Carvomenthol. . .

.

Carvon

Caryophylin

Catechin
Catechol

Cedrene
Cedriret
Cellulose

acetate penta- .

.

" tetra-. . .

" tri-

nitrate hexa-.. .

.

" penta-. . .

" tetra-. . )

- «.....!

Cerotic acid

Ceryl alcohol

Cetyl alcohol
Cetylene
Chlor-acetanilkle

(o.)

Chlor-acetanilicle
(m.)

Chlor-acetanilide

,
(P-)

acetic acid

acetone
acetyl chloride. .

See fulminic acid

isopropylhydroxy-
toluene

c-arveol

anise oil

pyrocatechin

corulignon

principal constitu-
ent of gun cotton

constituents
of collodion

ethal

CHsO-SCrO-SCV
CH2

C11H12O7
C22H22O13

CtH«N«0 +H2O...
(CE^CH-CsHj-
(CH 3)OH(4, 1, 2)

CioH16

CioHis
CioHwOH
CioHuO

C20H32O2

Cl9Hl80«
C6H4(OH)j(o.)

Cl6H24
CieHicOe
(CeHioOs)x

C6Hs(COOCH3) 5 . . .

.

C6HcO(COOCH 3)4. .

C6H7O2(C00CH8)s..

Cl2HuO<(NOS)«

Ci2Hi605(N03) s

Ci2Hi«06(X03)4

Cl2Hl707(N03) 3

C26HJ2O2

GkHmO*

CicHajOH
C16H30
ClCeH^NHCJM)

C1C6H«NHC2H3

C1C6H4-NHC2HOO

CHiClCOOH

CH2CICOCH3....
CHjCI-COCI

* Also given as C27HWO
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Name

Chlor-

acry lie acid (a)
" " (B)

aniline (o.)
" (m.) ....
" (P-)

benzamide (o.)

:: &.
benzene.

.

benzoic acid (o.)

" (m.)

-

benzyl chloride

(p.)
camphor. .

crotonic acid (a)

diphenyl (o.) . . .

Cm.)...
(p.)...

ethyl alcoh.
malonic acid . .

naphthalem

nitro-benz( in
"
"

nitronaphthalene
(ai, an.)

nitronaphtli

(£1, oti)

phenol (o.)
" (m.)....
" (P.)

phthalic acid
(1, 2, 4)

picrin

propionic a<

pyridine (2)

.

(3).
"

quinoline (2)

13)

(4)

toluene (o.)..
" (m.).

Synonyms

phenylchloride

.

nitro-chloroform,
nitrotrichlor-
methane

(p.)

Formula

CsHCl
CH2 :CClCOOH..
CHCl:CHCOOH
C1C6H4XH2

C1C«H«-XH 2

CKiBUNHj

CICelfcCONB
CIC.H4 •

I

ClCeH^COOH

CICSH4COOH

CICeHVCHiCl...

CioHieCh. .

CH3 -CH:CC1-
COOH

CI • CeH-i • CeHj
Cl'CsHi-Cf.I!
Cl-CeH^-CeHj

CH2C1CH20H
CHCl-CCOOP
C10H-CI
C10H7CI
C1C6H« X02

ICeE ro
ClC«H«NOi
CioH6Cl(X02)

CioH«Cl(NOi)

a-CeHi-OH
ClCoH, OH
CICcH*OH
ClC6H3(COOH) 2 ...

CCbNOz

CH3CHCI COOH
CH 2ClCH2 -COOH
ClCtH«N
CICsEUN
CIC5H.X
C1C9H.X
CICsHjX
ClCsHeN

CICeHi • CH3
CICeHt CHj

CIC«H« CHa
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Name Synonyms Formula

Chloral

alcoholate

hydrate

Chloranil

Chlorhydrine (a)

Chloroform
Cholesterol

benzoate
Cholic acid
Choline

Chromone

Chrysammic acid

Chrysaniline
Chrysarobine ....

Chrysazine

Chrysene

Chrysine

Chrysoldine
Chrysophanic acid
Chrysoquinone. . .

Cincholepidine . .

.

Cinchomeronic acid
Cinchonidine

Cinchonine

bisulfate

hydrochloride...

sulfate

Cineolic acid
Cinnamene
Cinnamic acid.. . .

Cinnamic anhy-
dride

Cinnamic aldehyde

Cinnamic car-
boxylic acid (o.)

trichloracetic alde-
uyde

trichlormethane . .

cholesterin

bilineurine

benzo-7-pyrone. .

.

dyhydroxy-methyl-
anthranol

styrene
phenylacrylic acid

08)

CCb-CHO

CCUCH(OH)0-
C2H5

CCb CH(OH) j

CsCUOj

CHiClCHOH-
CH2OH
CHCh
GasHuOH + H2O. .

.

CmHisOC-HsO
C2<H J0O5 + H2O....
HOCH2CII-
N(CH3 ) 3OH

CeH4 COCH:CHO
I 1

CuH2(NO:.)«(OH)202

Cl9Hi5N3 + 2H20. . .

C15H12O2

C6H3(CO)2C6H3OH
Ci8Hu

C15H10O4

CsHs-lSVCeHsOCHsH
ChHs(OH)jCH302
CisHioOi

CioH»N
C5H3N(COOH)s...
C19H22N2O

C19HJ20NJ

C19H22ON2H2SO4
+ 4H2O

CmHkONj-HCI
+ 2H2O

(Cl9H220N2)2H2SO«
+ 2H2O

C10H16O5
C«H5 CH:CH2
C«HsCH:CH-
COOH

(CaH 70)20

C«Hs CH:CHCHO
COOHCHr
CH:CHCOOH
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Name Synonyms Formula

Cinnamone
Cinnamyl alcohol

Cinnaniyl chloride
Cinnamylmethyl-

ketone
Citraconic acid. . .

Citral
Citramalic acid. . .

Citxene
Citric acid

Citronellal
Citronellol (d.) . .

.

Cocaine

hydrochloride. .

.

Codeine

hydrochloride. . .

phosphate

sulfate

Collidine (a)

" 08)

(7)

Coniferine
Coniferyl alcohol
Coniine (d.)

hydrochloride. . .

Conylene
Cotarnine
Coumalic acid. . . .

Coumaric acid (o.)

" (m.)

" (p.)

Coumarilic acid . .

Coumarin

Coumaron
Creatine

Creatinine

geraniol

.

morphine methyl
ether

2-methyl-4-ethyl
pyridine

4-methyl-3-ethyl
pyridine

2, 4, 6-trimethyl
pyridine

2-propyl piperidine

hydroxycinnamic
acid (o.)

hydroxycinnamic
acid (m.)

hydroxycinnamic
acid (p.)

hydroxyphenyl-
propiolic acid

methylglycocy-
amine

methylglycocyami-
dine

(CJh-CH:CH)»CO
CH:CH-

CH2OH
C9H7OCI.
Cells C*H!COCH3..

C3H4(COOH)i
C9Hu-CHO
G=H4(COOH)CHOH
COOH

CioHis
COOHCH2 C(OH>
(COOH) CHj COOH
CsHwCHO
C10H20O
Ci7HaO«N

C17H21O4NHCI

CuHaOaN + H2O . .

CisHaOaN-HCl
+ 2H2O

Ci 8Hm0iN-HiP04
+ 2H2O

(Ci8H2i03X)2-
3O4 +5H2O

CH3 CsH3NC2H5

CHj-CsHjN-CsH*. .

(CH»)a-CsHjN

CkHjjOs + 2HaO. .

.

CioHwOs
2,C5H,oNC 3H-....
CsHitN-HCI

ClHl4
CuH»N04. .

C5H 3 2(COOH)
HOCtH,CH:CH'
COOH
HO C6H4-CH:CH-
COOH
HOCH4 CH:CH-
COOH
HO C6H4 C!C-
COOH

C»H 6Os

CJfcO
XH:C(NH2)N(CH 3)-

CHj-COOH +H2O
CH7ON3
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Name Synonyms Formula Mol.
wt.

Creosole

Cresol (o.)

" (m.)
" (P-)

Cresotinic acid,

1, 4, 3
Cresotinic acid,

1, 3, 2
Cresotinic acid,

1, 3, 4

Croconic acid ....
Crotonic acid (a)

" (ft

" aldehyde
(a)

Crotonyl alcohol

Crotonylene
Cubebine

Cumene

Cumidic acid

Cumidine

Cumidine, 1, 2, 4, 5

Cuminic acid (p.)

Cumin alcohol (n.)

Cuminic aldehyde
(p.)

Curcumin
Cyamelide
Cyan-acetic acid
Cyanamide

Cyananilide

Cyanethyl car-
bonate

Cyanpropionic
acid (or)

Cyansulfide
Cyanogen
bromide

chloride

dimethylacetylene

isopropylbenzene

p-isopropylamino-
benzene

amino-isopropyl-
benzene

p-isopropyl-
benzaldehyde

nitrilomalonic acid

CH3 OC«Ha(CHa)-
OH, (1, 4, 2)

CHaCeH^OH

CH3 C6H«OH
CHaC6H«OH

C«H3(CH3)(OH)
COOH

C«H3(CH3)(OH)
COOH

C«H3(CHa)(OH)
COOH

Cs 3(OH) 2 +3H20.
CaHsCOOH

CaHsCOOH

CsHsCHO

CHaCH:CH-
CH2OH

CHaCiCCHa....
CioHioOa

C«Hs CH(CHa)2. ...

C6H2(CHa)2(COOH)j

(CHa)2CH CsH«
NHj

CsH4(CaH2)NHs ....

(CHa^CHCaH*-
COOH
C6H< (C3H 7)CH2OH
(CH3) 2CH- CON-
CHO

CmHuOi
(CXOH)„
CH2 (CN)COOH
CNNHi
CN-NHCeHs

CNCOOC2H5

CH3 CH(CN).
COOH

(CN)2S
N:CC: N
CNBr

CNC1

138.08

108.06

108.06
108.06

152.06

152.06

152.06

196.06
86.05

86.05

70.05

72.06

54.05
178.08

120.10

194.08

135.11

130.07

164.10

150.10
148. 1Q

246.11
(43.02)ji

42.03

118.06

99.05

99.05

84.08
52 . 02
105.92

61.47
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No. Name

Cyanuramide

.

Cyanuric acid.

Cyclo-hexane

.

hexanol
hexanone. . .

.

Cymene (1, 4)

(1, 2).

(1, 3).

Dambose. . .

Daphnetin.

.

Deca-hydrc-
naphthalene

Deca-hydro-
quinoline

Decane (n.)

Decyl alcohol (n.)

Decylene (n.) . . .

.

Dehydracetic acid

Desoxalic acid..

Desoxybenzoln

.

Dextrin

Dextrose

Diacetamide.

Diacetanilide.
Diacetin

Diacetoethylace-
tate

Diacetyl
Diacetylbenzalde-

hydo
Diacetylglucose..

.

Diacetylhydro-
quinone

Diacetylene
Di-allyl
Dialuric acid
Diaminoanthra-

quinone (a)
Diaminoanthra-

quinone (/3)

Diaminoanthra-
quinone (7)

Synonyms

melamin.

hexanaphthene. . .

hexahydrophenol

p.-isopropyl
toluene

o.-isopropyl
toluene

m.-isopropyl
toluene

6-methyl-3-aceto-
pyronone

glucose, grape
sugar

glyceryl diacetate

bentylidene-
diacetate

tartronylurea . . .

Formula

C«N3(NH 2) 3

HaOaNaCa + 2H20.

C.H12

(CH2) 6 :CHOH....
(CH 2) 5 : CO j

CH3 C«H< •

CH(CHj) 2

CH3-C6H<-
CH(CH3) 2

CH3 • C6H4 •

CH(CH 3) 2

C«H6(OH) 6

C.HeO*
CioHis

CiIIjNHio

CH3 (CH2) 8 CH3 ..

CH3 (CHj) 8CHjOH

CH3 -(CH2) 7
-

CH : CHj
CH3 CO-
CHCOCH : C(CHj)

C2H(OH) 2(COOH) 3

C6HsCOCH2 C6H5

(CeHioOsJx

CaHinOe + H2

(CH3 -CO) 2NH
C6H5 N(COCH3) 2...

C3H 5(OH)(OOC-
CH3) 2

(C2H30) 2CH-
COOC2H»
CHjCOCOCHi..
C6H 5 CH(C2H3 2 ) 2

C5H6(OC2H30) 2

(OH) 3C(OH)
C«H4(C 2H»Ot)j

CHICCICH
(C3H 5) 2

CJ^X^O,
C»H 8(XH*)sOs

CmH«(NHj)jO»

Ci«H6(NHj) 2 2

Mol.
wt.

126.10

165.08

84.10

100.10
98.08
134.11

134.11

134.11

180.10
17S.05
138.14

139.14

142.18
158.18

140.16

168.06
OCO
—I
194.05
196.10
(162.

08) x
198.11

101.06

177.10
176.10

172.10

86.05
208.10

264.13

194.08

50.02
82.08
144.05
238.10'

238.10

238.10
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Name

Diamino-azo-ben-
zene (2, 4)

-azo-benzene
hydrochloride

benzene (o.) . . . .

a?.-.

Diaminobcnzoic
acid, COOH,
XH2 , XH2 , 1. 2, 3

Diaminobenzoic
acid, COOH,
XH2 , NHj, 1, 3, 4

Diaminobenzoic
acid, COOH,
XH2 , NHj, 1, 3, 5

Diaminobenzoic
acid, COOH,
NHj, NH,, 1, 3,

6

Diaminobenzo-
phenone (4, 4')

Diaminobenzo-
phenone (3, 3 )

Diamino-diphenyl-
amine (p.)

Diamino-diphenyl
methane (4, 4')

Diamino-naphtha-
lene (1, 2)

Diamino-naphtha-
lene (1, 5)

Diamino-naphtha-
lene (1, 8)

Diaminophenol
(2,4)

hydrochloride. .

.

Diamino-stilbene
Diamino-triphenyl

methane (4, 4';

Dianisidine
Diazo-amino-

benzene
aminonaphtha-
lene

benzene chloride

benzene cyanide
benzeneimide . . .

benzene nitrate

" sulfonic
acid (o.)

Synonyms

chrysoidine orange

Mischler's ketone

naphthylene
diamine

naphthylene
diamine

naphthylene
diamine

amidol.

Formula

(XHj) s -C«H3-NV
CeHs

C«H5 NsC«Hs-
(NHs)jHCl

C6H4(NH2) 2 ....

C«H«(NHi) 2 .

CsH«(NHi) s .

C«H»(NHj)jCOOH..

C«H»(NHj)iCOOH. .

C6H»(XH»)iCOOH. .

C«Hj(NHs)iCOOH. . 152.03

(C«H4NHj)jCO. .

.

(C«H4NHj)jCO. .

.

NH(C6H4NH2) 2...

CHj(GsH4NH2) 2

CioH6 -(XH2) 2 ....

CioH6 -(NH2) 2

CioH6 -(XH2) 2

(XH2)2C6H,(OH)

HOC«H,(XH2) 2
-

2HC1
C2H 2(C«H4XH2) 2....

CeHs -CH(C«H4XH 2 ) 2

Ci2H«(OCH3) 2(XH2 ) 2

CsHsXjXHCeHs..

CioHtX2XHCioH-...

C«Hs -NtCl

CtHs-NjCX +HCX
CeHsXs

OHcNjNOi.

C«H4 : X2S03 .

264



HANDBOOK OF CHEMISTRY AND PHYSICS

ORGANIC COMPOUNDS (Continued)

No.



HANDBOOK OF CHEMISTRY AND PHYSICS

PHYSICAL CONSTANTS OP

No.



HANDBOOK OF CHEMISTRY AND PHYSICS

ORGANIC COMPOUNDS (Continued)

No.



HANDBOOK OF CHEMISTRY AND PHYSICS

PHYSICAL CONSTANTS OF

Name

Dichlor-
nitro-hydrine . .

.

quinoline (o.) . .

.

(m.)
N, CI. CI, 1,1'. 3'

quinoline (p.)

N, CI, CI, 1, 1', 4'

quinone
Dicyandiamide. .

.

Dicyandiamidine

Diethyl-acetic acid
amine
aniline
benzene (o.) ....

(m.) . . .

" (P.).---
carbinol
cyanamide
ketone
methylcarbinol.

.

oxamide (a.) . . . .

phosphine
phosphoric acid
propylcarbinol . .

toluene (1, 3, 5)
urea (s.)

" (uns.)

Diethylenediamine

Diethyleneglycol
Digaluc acid

Diglycerol
Diglycolic acid. . .

Dihydracrylic acid
Dihydro-anthra-

cene
benzene (1, 2)..

.

(1.4)...
carveol
carvone
cymene
ethylanthracene

naphthalene (1, 4)
quinoline
resorcinol
toluene (1, 3). . .

xylene
Dihydroxy-anthra-

cene (a)

Synonyms

param, cyanguani-
dine

guanylurea

piperazine

chrysazol

Formula

CH2C1CH(NOj)-
CH2C1

CoHiCUX
CsHsChX

C.HsChX

CsHzCltOt
(CN)2(N"H 2)2 or
C(XH)XH 2XIICX
HX : C(NHj)
NHCONHi

(C2Hs) 2 :CHCOOH
(C»H6)2:XH
C6H5 N(C2H6) 2

GiH^Hsh
OHtiCimh
CiHt(dlhh
(GiEUhCHOH

C2ID2
C2H5-COC2HS
(Ca&OiCCOHJCHj.

.

(COXHC2HO2

(CsHshPH
PO(OC2H5)20H
?C2H5)2C(OH)CjH7
(C2Hs)2 : CeHa-CHa
C2H0XH CO-
NHC2H5

NH2 CON(C2H s)2

XH(C2H4)XHCjH4
I 1

(CH2OH-CH2) 20...
(HO) 3C6H2C02C6H2

(OHkCOOH
C6Hi«0s
0(CH2 COOH)2...
CeHt03
C6H4 : (CH2) S : C«H«

GsHs
CsHg
CioHisO
CioHwO
C10H14H2
CeHiCiHaCCiHs)
CsH*

C10H10
CjHsX
C6H602H2
CHa-CsH?
C 8Hi2
Ci4H.(OH)2
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Name Synonyms Formula

Dihydroxy-
anthracene 03)
benzene (o.)

" (m.)
" (P.)

benzoic acid (2, 3)

" (2,4)

" (2,5)

" (3,5)

" (2,6)

benzophenone

K. >,

(2> 4)
benzophenone

K K
(3 ' 3

'

}

benzophenone
(4, 4')

cinnamic acid. .

.

diphenylmethane

naphtlialenc (1,6)
(1.7)

(1,8)
(2, 3)

(1,4)
(1,2)

(1.5)
(2, 6)

(2,7)

pyridine (2, 4) . .

(2, 6) . .

quinone (2, 5)..

.

stearic acid
tartaric acid. . . .

terephthalic acid
(2, 5)

toluoue (2, 4). . .

(2, 5). . .

" (2,6)...

xylene (1,3,4,6)
" (1,4, 2, 5)

.

" (1,4,2,6)
Diiodo-acetic acid
benzene (o.) ....

" (m.)...
" (P.)-...

rufol
See catechol

See resorcinol

See Quinol

7-resoroylic acid,

hydrophloron . . .

/3-orcin

C»H 8(OH)s.

(HO^OHjCOOH
+ 2H2

(HO) 2 :C6H3 -COOH
+ 3H2

(HO) 2 :C6H 3 COOH

(HO) 2 :CeH3 COOH
+ UH2O

(HO)j:C«H.COOH

C«Hj(OH).COCHi

[C6H«(OH)]tCO. . .

.

CC6H,(OH)]sCO..

(HOjC.HjCjHi-
COOH + §H2

CH2(C8H40H)j. .

.

CioH8(OH) 2

CioH6(OH) 2

CioH6(OH) 2

CioH6(OH) 2

CioH6(OH) 2

CioH6(OII) 2

CioH6(OH) 2

CioH6(OH) 2

CioH6(OH) 2

(HO) 2C6H3N.
(HO) 2CsH 3N + $H2

C 6H2 2 (OH)2
CuHM(OH)20 2

COOHC(OH)2C
(OH)«COOH

C6H2(OH)2(COOH;2
+ H2O

cn,rji-,(OH)2
CH»CeHa(OH)i
CHjC«H»(OH)i

C«H2(Cn3)2(OH) 2 . .

.

CtH2(CH.1 )2(Oi
;

CeHs(CH.1 ) 2(OH) 2 . . .

CHI2COOH
C6HJ2

CH4I2
C6H4I2
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Name Synonyms Formula

Diiso-amylamine

amyl ketone. . . .

butyl

butylamine.

.

butylketone . .

butyloxalate.

,

butylene

propyl carbinol
propylethylene

propyl ketone.

.

Dimethyl acetic
acid

aldehyde

amine
anilin
anthracene (2, 3)

(2, 4)
arsine
benzene
benzoic acid (2, 3)

(2,4)

(2,5)

(2,6)

(3,4)

(3,5)

diethylmethane
ether
ethyl acetic acid

" benzene
(2, 3, 5)

" benzene. .

.

ethylene
glyoxime
hydroquinono . .

.

isobutylcarbinol

isophthalate (1, 3)
isopropylcarbinol
naphthalene (a)

(1,4)
OS)

naphthylamine (a)

03)
nitros amine. . .

.

valerone :

See isobutyric acid

ethylidene-
dimethyl-ether

See xlyenes

xylic acid

mesitylinic acid
(1, 3, 5)

methyl ether

diacetyldioxime. .

.

C(CH3) 2CHCH»-
CH2]2NH

(CsHiOjCO
(CH3 ) 2CH(CH2) 2

CH(CH]) 2

[(CHahCH-CHsHiNH
(C4H 9) 2CO
C20«(C«H,) 2

(CH3) 2C:CH-
C(CHj),

(C3H 7) 2CHOH
(CH3 ) 2CHCH:CH
CH(CH3) 2

(CjH7)»CO

CH,CH(OCH3) 2 ...

(CH3) 2NH
C6H6N(CH3)j

CuH 8(CH3),

CuH^CHsJj
(CH3) 2AsH

(CH3) 2C«HjCOOH

(CHj) 2C6HaCOOH

(CH3) 2C9H3-COOH

(CH.3) 2CeH3 -COOH

(CH3) 2C6H3 COOH

(CH3) 2C6H3 COOH

(CH3) 2C(C2H5) 2

CHsO-CHa
(CH3) 2(C2H 6)-C-
COOH

C2H6CsH3(CH3) 2

C2H6 C ISH3 (CH3) 2

(1, 3, 4)
CH3-CH:CHCH3
(CH3 ) 2C2(NOH) 2 . . .

C6H4(OCH3) 2

(CH3) 2C(OH)CH2
-

CH(CH3) 2

C6H4(COOCH3 ) 2 . . .

.

(CH3) 2(C3H 7)COH
CioH 8(CH3) 2

CioH6(CHs) 2

CioH7-N(CH3) 2

CioH7-N(CH3) 2

(CH,):N-NO
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Name Synonyms Formula

Dimethyl
oxalate

oxamide (s.) ....

" (uns.)

phosphine
phosphinic acid
phthalate (o.). . .

propyl carbinol
pyridine,
pyrrol

quinone (2, 3)..

.

" (2, 5)...
" (2

racemate

resorcinol
succinate
sulfate
tartrate (d. and 1.)

terephthalate (p.)
thetin

thiophene (2, 4)

(2, 5)
urea (sym.)

" (uns.)

Dinaphthol (or)..

.

08)...

Dinaphthyl (a a)

(00)
Dinaphthylamine

03 0)
Dinaphthylketone

OS)

(7)
Dinaphthyl-
methane (a)

Dinaphthyl-
methane (J3)

Dinicotinic acid
N, (COOH) a

(1, 3. 5)
Dinitraniline (2, 4)

(2, 6)

See lutidine

pyridine dicar-
boxylic acid

(COOCHj)i

(CONHCHj)i

(CHj)jNCOCO-
NH2

(CH3 ) 2PH
(CH3 ) 2(OH)PO
C6H4(COOCH3) 2 . . .

.

(CH3)j(C»H-)COH..

(CH3)

C:CHCH:(CHs)NH
I I

(CH3 ) 2C6H 2 2

(CH3 ) 2C«IIiOj
HtOj

C tH406(CH 3)i

C,H4(OCH3) 2

C2H 4 (COOCH3) 2

(CH3)*SO.
C«H 4 6(CH 3) 2

C«H4(COOCHj)s. . .

.

(CH3 ) 2SCH2 COO
I i

(CH3 ) 2C4H2S
(CH3)jC4HjS
CHjXHCO-
XHCHj
NHjCON(CH3 ) 2

-

HO • C10H6 C10H6
OH
HO • C10H6 • C10H6 •

OH
CioH7-CioH?

CloH7-CloH7
NH(Cl0H7)j

(CioHr) 2CO

(C IoH7) 2CO
(CioH7) 2CO
(CxoH7) 2CH2

(CioH7) 2CH2

C 5H3N(COOH)i....

(NOj) 2C»HjNHi...

(NOj) 2C«H»NH,....
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Xame

Diaitro benzene (o.)
•' (m.)

" (P-)
benzoic acid (2, 4)

" (2,5)

" (2.6)

" (3.4;
" (3.5)

chlorbenzene (7)
(0)

(1. -

(a)
(1. 2. 4)

" (1,3,2)
" (1, 3. 4)
" (1, 3. 5)

cresol (p.)

diphenyl (p.p.)
(o.p.)

diphenylamine
(o.p.)

,
" (PP.)

methane. . .

naphthalene (a)

(1.5)
" 03) (1. 8)

7) (1, 3)
naphthol (a)

(1. 2, 4)

(0)
pheno.

" (2, 4).

" (2. 6).

" (3, 4).

(3.5).
resorcinol

(2, 4, 1, 3)
salicylic acid. . .

.

toluene (2, 4) . . .

" (2

" (3,4)...

" (3.5)...
xylene (m.)

" (P-)
(p. isomer)

Synonyms Formula

MO»)»
CtH.*{SO*h

GsH,(XO*)i
(XO^jOHjCOOH

(NOi):C6HjCOOH

(XO!)2-C6HiCOOH

(XOsb C«H,COOH
(XOih C.HjCOOH
GsHsCK-VO^i
CsHaCKXOz)!

CJIjCKXO,)!

C6HiC1(NOi)s
C6HjC1(XOi)i
CsHjCKXCh)!

C«H»(NO,)i(CH,)OH

XO^«H«C*H<XOI

XOiCsH,aH«XOi

(CtHUXCWiXH

(C6H4XOi)jXH
CHj(XOjh
CioH6(XOj)i

CioH,(XOj);
CioH.(XOi) 2

Cl0Hi(XOj)2OH

CioH5(XOi)iOH
(X02)iCtH, OH. ..

(XOi)iC«H, OH. ..

(XOi)iC6H*-OH. ..

(XOj)iC«HjOH. ..

fXOj)j-C«Hj-OH. ..

CJI^XOiMOH).. .

.

C-H^XO^jOj + HK)
(XOihCJfc-CHa...
(XOiJ.-CtHi-CHi...
(XOihCeHa-CHj...
(XOj),C6Hj-CHa...

(XOj)iOHj-CHj...
C 8H.(XOi)i
C 8H 8(XOi)t
CsHs(XOi)!
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Name Synonyms Formula

Dioxindole

Diphenic acid. .

Diphenol (a) (o. o.)
" (0) (m. m.)
" (7) (P- P.)

(5)
Diphenyl
acetic acid

amine

benzene (p.). . . .

carbinol
dicarboxylic acid

ethane (a)
hydrazine (a, a)
ketone.
methane
mustard oil

oxide

thiourea (sym.)
tolylmethane (m.)

Diphenylol

urea (uns.)

Dipicolinic acid
(2,6)

Dipropargyl

Dipropyl amine . .

carbinol
ether
ketone

Dipyridine

Dipyridyl (p. p.)

Diquinoline
Diquinoyl (2, 3')

(6, 6')

(7, 2')

Diresorcinol

Dithiocarbamic
acid

Ditolyl (o. o.)

(o. m.) . . .

" (m. m.)..

.

benzhydrol

See benzophenone

carbanilide

propyl ether
butyrone

CiH.CH(OH)CO-NH
I I

(C6H4-COOH;
(HO-C6H,)j
(HO-C.H,)!
(HO'dai!
(HOCeHOs
C6H5 - C6Hs
(C6H<,) 2 CHCOOH
(CsHs)jNH

C6H5 • C6H4 • CcHs

.

(CeHshCHOH . . .

Ci2H 8(COOH) 2 . .

CH3CH(C6HS) 2 .

(C6H5) 2N-NH2 ..

(C6H5)2CH2 .

Ci 2H 9NCS. .

(C6H4) 20...

CS(NHC6HS ) 2

(C6H5) 2CH(C«H4CH3 )

CoHsCeHsOH

NH2-CON(C6Hs) 2

C6H3NT(COOH) 2 +
1£H2

CHiCCH2 CH2
-

C!CH
(C3H 7 ) 2NH
(C3H7) 2-CHOH
C3H7OC3H7
C3H7COC3H7
C10II10X2

CsH^NCsH^N
+ 2H2O

C9H7NC9H7N.
(C.H«X)2

(C9H6N) 2 .

(C9H1N)*.

(HO) 2C.H3 C6H3
(OH) 2 + 2H2

NH2CS2H

CHs-CeHvCsHi-
CH3

CIIi • C6H4 • C6H4
CH)

CH3 • C6H4 CeH4 •

CH3
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Name Synonyms Formula MoL
wt.

Ditolyl (p. p.)

Ditolyl amine (o.)
" (m.)
" (P.)

EHurea
Dodecane (n.).. . .

Dodecylene
Dulcite

Ecgonine (1.). . .

.

hydrochloride. .

.

Echitine
Eicosan
Elaeomargarie acid
Elaeostearic acid
Elaldic acid
Elaterin
EHagic acid

Emetin
Emodin

Eosine

Eosine (dye)

Epichlorhydririe

(«)
Epieyanhydrine . .

Epidichlorbydrine
(a)

Epiiodohydrine. . .

Erucic acid

Erythrosine

Erythrosine (dye)

Eserin
Ethane
Ethenyl-amino-

phenol
aminothiophenol

diphenylamidinc

triearboxyhe acid
triethyl ether. . .

Either
Ethoxy-benzoic

acid (o.)

Ethoxy-benzoic
acid (m.)

Ethoxy-benzoic
acid (p.)

trihydroxymethyl-
anthraquinone

tetrabromfluores-
oein

alkali salt of above

chloropropylene
oxide

tetraiodofiuores-
cein

alkali salt of above

diethyl ethei.

CH3 CVH4 • CeEU •

CHj
(CH 3C6H4) 2NH.

.

(CI-IsCirhhXH.

.

(CHuCJ^XH..

CO(XHXH) 2CO.
CH3(CH2)io-CH,.
C12H24

C9HU03X + H20. .

.
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Name Synonyms Formula

Ethoxyl-amine . .

.

aniline.
piperidine

Ethyl-acetamide.

.

acetate
acetoacetate. . .

.

acetylene
acrylate
alcohol
allophanate
allyl.

allyl ether

amine
aminobenzoic
acid

aminophenol. . . .

amylketone
aniline
anthracene

benzalacetoace-
tate

benzene
benzoate
benzoic acid (o.)

" (m.)

v " ,
" (P)

benzoyl-acetate

benzylbenzene .

.

benzyl ether. . . .

" ketone. .

.

brom-acetate . .

.

bromide
butyl ether (n.)

ketone (n.)

butyrate
caprate
caproate
caprylate
carbamate.
carbazole
carbonate
carbostyril

chloracetate. . . .

chloracetoacetate

chlorocarbonate
chlorformate. . .

.

acetoacetic ether

phenylethane

.

benzoyl acetic ester

monobromethane

.

See urethane

ethyl chlorcarbon-
ate

CHjOHCHiNHi...
CsHsxNrKOHiOH)..
CsHioNCiH.OH. ..

CjHjONHCjH,...
CHjCOOCjHj
CHi-CO-CH»-CO»-
CiH 5

CiHs CiCH
CjHjOOCiHs
CiHsOH
NHsCOXHCOOCjH,
CzFtb-CzHi
CiHsOCHj-
CH : CHj

CsHs-NHj
GHs-NH-CiHr
COOH

HO-CJfc NH CiHs
CjHiCOCiHu....
CsHsXH&Hi
C8H4C2H(CtHj)-
C«H«

CHsCOC : (CHC«Hs)
COO CtH6

CsHs CiH»
C.Hs COOCiHs. ..

CiH5 C6H« COOH..

CjHsCsHi COOH..

CiH5 -G.H« COOH..
CiHsCOCH,-
COO CiHs

CJTsCHiCJfcCtHs
CiHj-OCHiCjHs..
CtHs COCHt CeBU

CH,BrCOO OH5..

CjHsBr
CsHs O C<H»
CjHo-CO-C«H>
CjHtCOOCjHo. ..

CsHigCOOCjHs
CsHuCOOCiHj
C-HuCOOCjHs

GiHbN-CjHs
(CjHs)iCOa
CsH^GHjCGH*)
NHCO
CH2C1COOCjHj...
CH2C1C0CH»
COOCjHs

CICOOC1H5
CICOOCiHs

2S2
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Name Synonyms Formula

Ethyl-chloride. . .

chlorpropionate
(a)

cinnamate

crotonic acid.. . .

cyanaeetate ....
cyanate
cyanide
diaceto-acetate.

.

dichloracetate. .

.

diethyl-aceto-
aeetate

diethyl-malonat e

diraethyl-
malonate

diphenylamiae. .

diphenyl-
phosphine

disulfide
fluoride

formamide
formate
g-lycerate

glycine
glycol ether
glycollate.
glycollic acid. . .

hexyl carbinol.. .

hydrazine
hydrocinnamate

hydrogenphtha-
late

hydrogen sulfate
hydrosutphide.
hydroxylamine (a)

iodide
isoamyl ether. . .

isobutyl
isobutyl ether. . .

isobutyl ketone
isobirtjrate

isocyanate
isocyanide
isopropyl-aceto-
aeetate

isopropyl ether.

.

ketone

propionitrite

.

ethyl sutfurie acid
See ethyl mercaptan

ethyl <arbylamine

C2HiCl

CHj CHC1COO-
C=H 5

CJI.-,-CH:CH-
COO- C.Hi
CH 3 C2H(C2HS)

COOH
I V-COOCjHs

NCO(C»Hs)

CkHsCN
(CHiCQhCH-
COO < H

CHCbCOO-CiHs..
' oC(GHs)5

COc(
(CjH 3 ) 2 -C-(COO-
CiH

COO-

tXCiHc
(CeHijsCzHoP

(CiBWtSi

HCOXHC2H5
HCOOCtHj
C2H3(OH}2COOC2lIs
CHj(NHC*H»)COOH
CrhOH-CHi-O-CiILs
CH2OH COOC2H,
CH2(OC2H5)COOF
CYH, CH(OH)-C6His
C ;H:,NH-.VR:
CeHs-CH.-CBb-
COOC2H5

CeH^COOOHs)
COOH

C2HVHSO4

NH2-0-CaHs
C2H5XHOH
G-Hsl
CjHs-O-CsHn
CH 3(CH 2) 2CH(CH3 ) 2

GHiOGH,
C2H5COCJI9
(CHACH-COO-
C2H5

C2H0XCO
CsHsNC
C2H3OCH(C3Ht)-
COs-C

C2H s O CH(CHj) 2

C2Hs COCH(CH 3)2

2S4
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Crystal-
line form
and color

HiO = 1

(A) Air = 1

Melting-
point
°C

Boiling-
point
°C

Solubility in gins, per
100 c.c. of

Water Alcohol Ether

colorl. liq.

colorl. liq.

oolorl. liqJ

raonoci.

colorl. liq.

liq

colorl. liq

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

liq.

Eq.

gas

liq.

liq.

leaf.

colorl. liq.

colorl. liq.

liq.

liq.

colorl. liq.

colorl. liq.

liq.

liq.

colorl. liq.

colorl. leaf,

liq.

colorl. liq.

liq,

colorl. liq.

colorl. liq.

colorl. liq.

liq.

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

0.921°°
(0.925°°)

1.087

1.050

1 . 006
0.089
0.78Oa>°
1.101

1.283
0.974"°

0.992

1.002

0.993»°
1.7A

0.952"°
0.917
1.091

0.926™°'
1.083"°

6.' 839°'°

1. 10211"

1.316

0.883 7 - 60

0.908"°
1.94if°
0.761
0.7011°°
0.751
0.815V
0.869*»°

0.898
0.759*°
0. 94712°

0.745°°
0.830°°

-141

12

S9.5
(41.5)

-80

ieo'd.

59-60

d

-112

12. 2-.

5

146

271

subl.

207
162
97.1
200-5

156-8
218

223

196.5

295
293

151
-32

199
54.3

230-40

i3o'"
160
206-7
195 75°""

101
247-9

d.

dec.

68

'72.'3'

112
62
78-80
130
110.1

60
78-9

200.5 d.

54
114.5

2

v. sL a.

si. 8.

el. s.

v. al. a.-

v. al. «.

198
c.c 1 *

......

si. a.

V. 3.

V. s.

0.4200

v. a.

v. al. s.

v. al. a.

s. bz.

6l. S.

2*5
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Name Synonyms Formula

Ethyl-
isosuccinate ....

isothiocyanate . .

isovaleriate

lactate
malate

malonic acid
malonate
mercaptan
monotartrate . . .

mustard oil

naphthalene (a)

03)
naphthylether(a)

" OS)
naphthylamine .

nitrate
nitrite

nitro-benzoate (o.)

" (m.)

" (p.)

nitrocinnamate
(o.)

(P-)
nitrolic acid ....

oenanthylate . . .

orthoacetate ....

orthocarbonate .

orthoformate . . .

orthosilicate ....
oxalacetate

oxalate
palmitate
pelargonatc
phenate
phenol (o.)

" (P.)
phenyl-acetate .

.

phenylacetylene

.

phenylcarbamate

phenylcarbinol .

.

phenylhydrazine
(a, o)

" (a, /3)

ethyl mustard oil

ethyl isothiocyanate

See phenetol

CH,CH(COO-
CsHsh

CtH5 X:CS
(CH3)tCH-CH2

-

COOC2H5
C3Hs03-C2H5
CjH3(OH) •

(COOCzHsh
CsH 5 CH(COOH)s
CH2(COOC2Ho) 2 ...

3H
COOH(CHOH) 2

-

COOC2H5

CioHtCjHs

C10H7 • C2H5
C10H7OC2H5
CioH 7 OC2H5

C10H7XHC2H5
C2H 5X0 3

C2H..X02
X02C6H4-COO-
C2H5

XO2 CeH^COO-
C2H5

XCVCsEUCOO-
C2Hi

C.H6(N02)OjC2H5 ..

C9H6(N02)02C2HS

CHjC(XOH)X02.

CH3(CHj) s

f:OOC2H 5

OH3-C(OC2Ho)3....
0(002^)4
rH(OC2H5)3
(C2Hs)4Si04
C2H5C02 COCH 2

-

COOC2H5
(COOGH5).
Ci.flji-COO-CiHs. .

CjHlsC^C^Hs

CiHsC^OH
CiH5 C«H40H
C«H5 CH2-COO
C2H5

CsHsC; CC2H5
CO(XHC6Ho)OC2H5

C8H5 CH(OH) r5H 5

C«H5X(C»H6)XH2

C6H5XHXHCiHs
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Name Synonyms Formula

Ethyl-
phenyl ketone . .

phenylsulfone. .

.

phenylurea

phosphate
phosphine
phthalate (o.) . .

tm.) . .

(P-) ••

propiolate
propionate
propyl carbinol

(n.)
" ether. . .

.

" ketone...
" malonate

pyridine (2) . . . .

" (3) . . . .

" (4) . . . .

salicylate

silicate

succinate (n.) . .

.

succinic acid ....

sulfate

sulfide
sulfinic acid ....
aulfite

sulfocyanate ....

sulfone
sulfonic acid . . .

sulfonic chloride
sulfoxide
tartrate (d. or 1.)

thiocarbamate . .

thiocyanate ....
toluate (o.)

" (m.) ....

" (P.)

toluene (o.)

" (m.)

" (P.)

trichloracetate. .

urea

• valeriate

ethyl isophthalate
ethyl terephthalatc

C.HiCO-CoTI:,....
GeB .SOtCiBb. . .

! XH-CONH
Ceiib

(C2H 5)3PO<
Cilh-Pih

..: 00 H
OJB COOCiE
:

if cooaH
CHi< COO-i

I

CsHtCHOHCsH;,

See ethyl ortkosilica

3ee ethyl thiocyanate

GjHt-OC^H:,
CaHsCOCjH-
CsH-CH-CCOO-
CjHi),

C2H 5 -aH4N
C2ihc:,ii<yt

CiHa-CJLX
HOC6H.-COO-
CaHs

le

(CH2 COOC:H)i.
C2H3(C2H6)(COOH>t

(CjHihSCU 154.14

(C2Ho)2S03.

methylethjl
benzene (oO

methylethyl
benzene (m.)

methylethyl
benzene (p.)

(C2H.) 2S02
C2H0SO2OH
C2H5-SO2CI
(C2H 5)2SO
C-CH(OH)COO-
C2lL]2

CS(NH2)SCjH5 ...

C2H5SCN
CH3 C6H4-COO-
C2H5
CH3 C6H«COO-
C»H«
CK;C H4-COO-
C2H S

C2H5 -C6H4-CH3..

C2HS • C6H4 CH3 .

.

C2HS C 6H4CE»..

ccbcooc-m ..

XH2COXHC2HS

C4BVCOO Carls.
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No:

1

2
3

4
S

6
7
a

i
10
li

12
13
14

13
M
17
IS

19
20
21

22

23
24
25
26
27
28
26
30
31

32
33
34

35

36

37

40 I

41

42

Crystal-
line form
and color

Sp. gr.

HjO = 1

(A) Air = 1

color, leaf

mcmocL
need.

liq.

eolorl. liq

>oolorl. liq

•oolorl.

eolorl. liq.

eolorl. liq.

eolorl. liq.

eolorl. liq.

eolorl. Eq.
eolorl. liq.

hq.
oolorl. liq.

eolorl. liq

eolorl. liq.

•oolorl. liq.

eolorl.

prisms
eolorl. liq

oolorl. Eq
syrup. ...

icolorl. liq.

rhombic
crystals
liq.

liq.

eolorl. liq;

oolorl. liq.

eolorl. liq.

color!, liq.

eolorl. liq.

oolorl. liq

oolorl. liq

eolorl. liq J

oolorl. liq.

eolorl.

prisms
eolorl. liq.

1.015

<H,0
1.11820°

0.893
D -

; I

0.755°°

0.993

l.l -
0.952"°
1.135

1 . 044

1.184

i
i

: :

1.357*"°

1.209

l./007«°
1 . 039

0.873

i0.869 !0°

«:865M"

1.360
1.213i«°

0.877"°

Melting-
point
°C

21
42
9.9

44

-20.8
-

-21.5

-99.5

70

41-2

192

Boiling-
point
°C

218
>300

215
25

285

119
98.

3

135

G3.6
122-4
221

148.

6

1G5
164-6
231

216.5

208

91-3

ioi'"

248

177'"

280
'

"

146 '(142)

221 (227)

226-8

228

1S8-4

158-9

162

164-7

144.5

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

Sl. 6. C.

2.4200

v. el. s.

sl. s.

v. sl. s.

s. dil. a

L;b1.
dec.

s. dec

15.6">°

s.

dec.
s.

sl. 6.

v. b1. s.

V. 8.

dec. h.

dec.

s.
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Name Synonyms Formula

Ethyl-
vanillate
xylene 1, 3, 5. .

.

" 1,3,4...
Ethylene

acetate
alcohol
benzoate
bromide
chlorohydrine. . .

chloride
cyanhydrine ....

cyanide

diamine

diphenyldiamine
diphenyl ether . .

disulfonic acid . .

ethylidene oxide
glycol
glycol monoace-
tate

iodide
lactic acid
mercaptan

nitrate
nitrite

oxide
phenylsulfone . .

.

thiocyanate. . . .

urea

Ethylidene acetone

cyanhydrine ....
dlbromide
dichloride
diiodide
urea

urethane
Eucalyptol
Eugenol (1, 4, 3).

methyl ether . . .

(1, 2, 4)
Eugetinic acid . . .

Eupittonic acid . .

.

Euxanthic acid . .

.

See ethylene glycol

glycol dibromide .

glycol dichloride .

.

glycol cyanhydrine
succinonitrile ....

glycol
glycol monoace-
tate

glycol diiodide . . .

See hydracrylic acid

glycol dinitrate
glycol dinitrite . .

.

cineol
eugenic acid

C10H12O4
CeHaCCH^CjHs....
C«H.(CH3) 2C2H6....
CHi:CH2

(CHj COO)iCiH«...

CiH4(C7H40.)j
CHjBrCHiBr
CH2CICH2OH
CH2CICH2CI
HOCHjCHjCN-
CNCHjCHiCN .

NH, CHjCH.NHi.

CiH4(C6H5 NH)j...
CjH^COCH^j
CiH^SOsH)*
CH3CHO2C2H4...
HOCHs-CHiOH. . .

HOCHiCHjOOC-
CH.

CH»ICH,I

C.H«(SH)j

NOaCH,CHs XO3
N02-CH,CHi NO2
C2H4O
(CHjSOjJjCiH, . . .

C«H4(SCN)j
CH2NHCONHCH2

I I

CHaCOCH:CH-
CHj

CHaCH(OH)CN. . .

CHaCHBrj
CHaCHCb
CHsCHIi
CjH.OXj

CiH4(NHCOOCiH4)i

CioHuO
CaHsCtH.
(OH)(OCHa)

CaHsCsHa: (OCHa)i

C6Hi(OH)(OCHa)
C3H5COOH

Ci8H 8(OCHa)oOa....

Ci»Hi«Oio + 3H2
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Name Synonyms Formula

Euxanthone

Evernic acid
Eveminic acid . . .

Fenchene
Fenchone
Fexulic acid

Fisetin

Fixilic acid
Flavaniline

Flavone

Flavopurpurin . . .

Fluoran
Fluorantheae ....

Fluorene

Fluorene alcohol .

.

Fluorenenone ....

Flaorbenzene ....
Fluorbenzoic acid

(o.)

"(m.)
" (P.)

Fluorescein
Fluoroform
Formaldehyde. . .

Formamide
Formamidoxime .

.

Formanilid
Formic acid
Formoxime
Formyldiphenyla-
mine

Formylhydrazine

.

Formylsulfalde-
hyde

Frangulin
Fraxin
Fructose

Fuchsin
Fulminurio acid . .

Fumaric acid ....

Furfural
Furfuramidi
Furfurane

1, 7-dihydroxyxan-
thone

HOC8H 3C02C«H30H

CitH.,< I

; oh)jCooh

tetrahydroayfla-

;

!

136
I

aH>(OCH3)OH-
C2H2COOH

HOC»HsOC(C5Hj(OH)2)C(OH 1 I

jS-phenylbenzo-"y-
pyrone

trihydroxy-anthra-
qainone (1, 2, (})

diphenylene ketone

laevulose, fruit

sugar
See rosaniline

furfuraldehyde . . .

CwHl806
C*Hv CAloS

cm
C 6H40C(C 6H5):CHCO
|l I

CuHi,02-(0H)« ....

C20H12O3.
C15H10 . .

(CJIOjiCHs..

(CeHihCHOH.
(CeKUhCO

F
CoH,FCOOH.

CePLFCOOH
CcH^FCOOH. ...
C20H12O5
EFa

HCHO
HCOXH2

\"H 2 ) : XOH
CeHjNHOCH....
HCOOH
CH2 : XOH
CHOX(C 6H 3)2. . .

HCOXH-NH2.
C»H 6S3

C20H20O9

.

C'3;Il3cO20.

CcHijOs. .

CsHsOiNa.

HOOCCH:CH-
COOH
C4H3OCHO

LO3X2
C4H4O
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Name Synonyms Formula Mol.
wt.

Furfuryl alcohol .

.

Furfuryl amine . .

.

Galactose (d.)

Galleln

Gallic acid (3, 4, 5)

Gallin
Gentianin

Geraniol
acetate

Gluconic acid ....
Glucosazone (d.) .

Glucose (d.)

pcntacetate
phenyl hydra-
zone (a)

phenyl hydra-
zone 03)

Glucosone
Glucosoxime (d.)

.

Glutamic acid (r.)

Glutamine

Glutaric acid

Glyceric acid

aldehyde

Glycerine

Glycerolphosphoric
acid

Gyceryl
chlorhydrine (a),
diacetate.
dichlorhydrine

(a, a)
" (a, S)

dinitrate (a) ...

ether
monoacctate.
mononitrate (a)

triacetate,
tribromhydrine.
trichlorhydrine.
trinitrate,

trinitrite

Glycid

gentisin

.

See dextrose

glutaminic acid

See chlorhydrine a
See diacetin
See dichlorhydrine

<*• 3)
See dichlorhydrine

(2,3)

See monacelin

See triacetin

See tribromhydrine
See trichlorhydrine
See nitroglycerine

CiHjOCHsOH
CJIjO-CHi-NH*...
CcHuOs
C20H10O7

(H0) 3C 8H2C00H
+ H2

C2oH, 4Ot
ChHioOs

C^HisCHjOH
CHsCOOCioHw. . .

CsHsCOHhCOOH..
C6Hio0 1(N JHC 6H5)j

C6H706(COCH 3)...
CeHuOsN^CeHs .

.

CsH^OsNjHCeHs ..

C«H,04COCHO...
C 6Hi2Os: NOH
C3H 6(NH2)(COOH) 2

C 3Hs(NH3)(CONH 2)

COOH
HOOC-(CH2) 3

-

COOH
HOCH 2 -CHOH-
COOH
HOCH2-CHOH-
CHO
HOCH 2 -CHOH-
CH2OH

CsHsCO^jOPOsH..

C3H 5(OH)(N03) 2

+ iH*0
C3H6O3C3H5

CH2OHCHOH-
CH2X03

CH2N02 -CHN02 -

CH2N02

C2H30CH20H...

29-i-
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PHYSICAL CONSTANTS OF

Name

Gtycin

Glycocoholic acid

.

Glycogen . .

,

Glycol
acetate . . .

aldehyde . .

,

amide . .

bromhydrina. .

chlorhydrine . .

.

cyanhydride.. .

.

diacetate
dibromide.
dichloride.
dicyanide.
diiodide.
dinitrate.
dinitrite.

monoacetate.

Glyeolid

Glycollie acid. . .

anhydride
Glycocyamine

Glyeolylthiourea

Glyc-xal
Glyoxalic acid

Glyoxalin

Glycxime

Guaiacol ........

Guamidine

.

Guanine

—

Gun cotten.
Haematein. .

Spf-

Haematin ....

Haematoxylin.
Harmalin

Harmin

Helenin

.

Helicin

.

Synonyms

glyoocoll

ethylene glycol. .

.

ethylene broinhy-
drine

ethylene chlorhy-
drine

ethylene cyanhy-
dride

See ethylene acetate

See ethylene bromide
See ethylene chloride

See ethylene cyanide
See ethylene iodide
See ethylene nitrate

See ethylene nitrite

See ethylene glycol
hydantoin

hydroxyacetiic acid

oxalaldehyde
glyoxylic acid. . . .

cellulose Tiexanitrate

monoacetate
C3Hi02N 2 .

C4H4O4

Formula

CH 2(NHj)COOH..

CmH»»04NH-CHi-
COOH

(C 6Hio05)x
HOCHfCH2OH ...

C2H4(OH)OCjH 30..
ClhOHCHO
CH 2(OH)CONH 2 ..

CH2OHCH2Br. . ..

CH2OHCH2CI

CHjOHCHjCN ...

CH 2(OH)CCOH.
C4HaO s

C(XH)(NH 2)NHCH 2

COOH
CiHiNjSO

CHOCHO
CHO COOH -4- H»0

C3H4X2

HON:CHCH:
NOH

HOCeHiOCHsCo).

NH:C(NH2)j.

CsHuON*

CuHijOb. .

,

C«H3iN4Fe4

Ci 6Hi40 6+3HsO.
CuHi.NjO

CiaHisNjO

CijHi«Oj
Cl 3H,607(}Hs0?) . .

.

L62
..: 05

104. oe
g ,

; o
124.96
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Name Synonyms Formula

Hemimelitic acid.

Hemimellithene . .

Hemipinic acid
(3, 4) (1, 2)

Heptamethylene .

Heptane (n.)

Heptoic acid (n.)

.

Heptoic anhydride
•

. ! acetate (n.)

alcohol ....

aldehyde
amine

benzenetricarboxy
lie acid (1, 2

See trimethylbemene
(1, 2, 3)

oenanthylic acid

.

oenanthal

.

ether
formate

Heptylene

Hesperidine

Hesperitinic acid

.

Hexabrom ethane
Hexachlor benzene
ethane

Hexadecane

Hexaethyl benzene

Hexahydro-anthra-
cene

benzene
benzoic acid. . . .

heptene

.

cumene
cymene (p.)

.

mellitic acid,
mesitylene. .

naphthalene

.

phenol
pyridene.
salicylic acid.
toluene
aylene (m.) .

.

" (P.) • •

See piperidine

Hexahydroxy ....
benzene

Hexaiodobenzene

.

Hexamethyl ben-
zene

Hexamethylene-
tetramine

Hexane (n.)

Hexenyl alcohol .

.

urotropine

.

CiHi(COOH)i

C»Hu

C.H:(OCHj)t
(COOH)j

C-Hn
CHsCCFshCHi....
CH3(CH:)i COOH
(CsHisCOiO
CHoCOOCtHu....
Cir3 (CH2) i CHIOH
CH3-(CH2) 5 -CHO..
CH3 (CH!) S

-

CH2XHj
(OHi^sO
HCOOCtHj
CIL, (CHiVCH:
CH 2

ChHj60u:
(CsoHsoOss)

CioHioO<
CBnCBrj
Cede
CCUCCb

C16H34

Ce(CiH;) 6

C14H16

CsHu
CeHuCOOH

CtHuCaHT
CHj-C 6H 10 CiH7...
CeH.(COOH)e
CeH.(CHj)a (1, 3, 5)
C10H14
CeHsOHHe

HO CeH10 COOH
CeHn CH3
C 6HI0(CHi)i
CeHio(CH3)j

C.(OH) s

Cele

Ce(CH») 6

CtHuN*

CH,(CH.)4CHj
CtHnOH
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Xame Synonyms Formula MoL
wt.

Hexoic aldehyde .

.

Heisyl acetate (n.)

alcohol
formate

Hexylene (a.) ....
glycol (2,3)

iodide
Hippuric acid. . .

.

Homophthalie acid
Homopyrocatjechin

Homotropine ....

hydrobroraide .

.

Hydantoin

Hydantoic acid

.

Hydracetarnide. .

.

Hydracrylic acid

.

Hydrastis
hydrochloride . .

.

Hydratropic acid.
Hydrazo-benaene

.

benzoic acid (o.)
" (m.)
" (p.)

naphthalone(l, 1')

<2,2')

toluene <o.)
" (m.)....

(p.)

Hydrindene (I, 2)

Hydrindone (a) . .

" (&)

Hydro-acxidine . .

.

anthracene. See
anthranol

atropic acid. . .

.

benzamide

benzoin

benzoyl glycine

.

glycoiylurea.

diphenylfcydrazine
(sym.)

dihydro-anthracene

phenyl propionic
acid (a)

tribenzaldiamine .

CH 3fCH>)4CHO....
CH 3 COOCcHi3
CHj-CCILOvCHsOH
HCOOCeHia
CH 3 (CH2) 3CH : CHt
CsIItCHOHCHOH
CH,

C 6Hi2I,

CJisCONHCHj-
COOH

C6H 3(CH.)(COOH) 2

CH3 C«Hj«)H)i
(1, 3, 4)

CieHaO.N

CuHaOaNHBr....

COXHCHaCOXH
XHjCONHCHj
COOH

(CHaCIl
CHjOHCHiCOOH
C2iHnO«N
C21H21O6NHCI...
CeHsCHCCH, < I!

Cells-NH XHCHi
(HOOC-CeH4-XHh
(HOOC-CiH.XHi.
(HOOCC sHvXH.)i

C10H7-NHNH-
C10H7
C10H7NHNH.
C10H7

(CH3 -C6H 4-NH)j
(CHj-CcBU-NHh ..

(CH 3 C 6HiNH)b ..

C 6H4:C2H4:CH2...
CsHsO

CH^CHsCOCHj
CJ^-CH-CeHaXH

I

C«H4 • CHjC <JT«CHOHl
t

1

CH.CH(C«H S)-

COOH
(C^Hs -CH)jN2

CC«H«-CH(OH)-i

100.10
144.13
102.11
130.11
84.10

11B. 11

336 . 96
179.08

[so e i

121 06

275.18

356.10

100.05

118.06

112.11
90.05
383.18
419.64
150.08
184.11

272.11
272.11
272.11

284.14

284.14

212.14
212.14
212.14

116.OS
132.06

132.06

181.10

196.10

150.08

298.16

214.11
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PHYSICAL CONSTANTS OF

Name

Hydro-
carbostyril

.

cinnamic acid . .

.

" aldehyde

coerulignone ....

coumaric acid (o.)

" (P)

cyanic acid
naphthoquinone
(1,2)

naphthoquinone
(1,4)

phenazine

phthalic acid . . .

terephthalic acid
quinone (p.).
quinone dimethyl
ether

quinone ethyl
ether

quinonaphthalein

Hydroxy-acetic aci
acrylic acid 03)

.

anthraquinone (2)

azo benzene (o.)

" (P.)

benzaldehyde (o.)

(m.)

(p.)

benzamide (o.) .

.

(m.).

(P.) •

benzoic acid (o.)
" (m.)

" (P.)

benzyl alcohol (o.)
' (m.)
" (P-)

Synonyms

phenyl propionic
acid (/3)

phenol propionic
acid 08)

prussic acid

See quinol

d. See glycollic acid.

salicylaldehyde . .

.

salicylic acid (o.)

.

saligenin

Formula

C8H,ON

.

CHsCHiCHi-
COOH

C6Hs-CHj-CH2-
CHO

Ci2(OH)«(CH3)4.

HOC6H4(CH2)2-

COOH
HO-C sH4(CHj)j
COOH
HNC
CioH 6(OH) 2

CioH 6(OH) 2

C.H^NHCtHiCH
I J

C 6H 6(COOH) 2 ...

C«H 6(COOH)2. ..

C«H4(OCH3)2

HO-CsH«-OC*H s .

C20H12OJ

CHOH:CHCOOH
C 6H<: (CO)»:CeHj-
OH
HOCeH4
CtHs
HOCH4
CeHs
HOCeH4
HOCeH4

HOC 6H4

HOC.H(

HOCiH(

HOC (H(
HOCjH)
HOCtH.

HOCjHj

HOC sH4
HOCiH,
HOCH4

N:N-

N:N-

CHO....
CHO....

CHO....

CONH2..
CONH2..

CONHj..
COOH .

.

COOH .

.

COOH .

.

CHiOH..
CHtOH .

.

CH2OH..

302



HANDBOOK OF CHEMISTRY AND PHYSICS

ORGANIC COMPOUNDS (Continued)

No



HANDBOOK OF CHEMISTRY AND PHYSICS

PHYSICAL CONSTANTS OP

No. Name Synonyms Formula

Hydroory
ivric acid (a)

" 03)

" (?)

caproic acid (a)

.

caprylic acid (a)

cinnamic acid.
citric acid
diphenyl (p.) . .

.

diphenylamine
(m.)

(p.)
cthylamine
glutaric acid (a)

'' " 03)
isobutync acid(a)

isocaprylic acid
(a)

isophthalic acid
(2) (L, 3)

isophthalic acid
(4) (1, 3)

isophthalic acid
(5) (1, 3)

methylbenzoic
l

acid (o.)

methyleneacetone

naphthoic acid !

OH.CCKMI 1, 2
naphthoic acid
(a) (a, a)

naphthoic acid
1. S

naphthoic acid
03) (a, /3)

naphthoic acid

(V) (^ 0)
naphthoic acid
(o, 0)

naphthoic acid
2, 1

naphthoic acid

(P)
naphthoquinone

03)

oxycaproic acid

See coumaric acid

acetonic acid.

juglon.

CH 3 -CH2CH(OH)-
COOH
CHsCHOHCHj.
COOH

CH2OH -(0112)2 •

COOH
CH3 (CH2)3CHOH-
COOH

CH 3 (CH2) 6 -CHOH-
COOH

C 3H3(OH) 2 -(COOH)!
C«H 5 C 6H«OH

CeHs-NHCe^OH

Cells- NHC0H4OH
C2H4(OH)NH»
(COOH) 2CHOH
(CH2) 2

HOCH(CH 2COOH)2

(CH3 ) 2 -C(OH)-
COOH

[(CH 3 ) 2CH]2C(OH)
COOH

HO-C6H3-(COOH)j
+ H20

HOC6H3 (COOH) 2

HOC 6H3 -(COOH) 2

+ 2H2

C 6H4(CH2OH) •

COOH
CH(OH) : CH-CO-
CHs

CioH 6(OH)COOH..

CioH 6(OH)COOH. .

CioH 6(OH)COOH..

CioH.(OH)COOH..

CioH 6(OH)COOH. .

CioH 6(OH)COOH..

CioHe(OH)COOH.

.

CioH 6(OH)COOH.

.

CioHsOs-OH

CioHsOj-OH
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PHYSICAL CONSTANTS OF

Name Synonyms Formula

Hydro-oxy
nicotinic acid,
phenylacetic acid

(o.)
" (m.)

" (P.)

phenylethylamine
(p.)

phthalic acid (3)

(1,2)
phthalic acid (2)
phthalic acid (4)

(1. 2)

propionic acid (a)
pyridine (2) ....

(3) . . .

.

(4) . . .

.

pyrotartaric acid
quinol (1, 2, 4) .

quinaldine (o.) .

.

(p.).-
(m?).
(7)--

quinoline (2) . . .

" (bz. 1) (8)

" (bz. 2) (7)
" (bz. 3) (6)

" (bz.4)(5)
(4) . .

.

stearic acid
succinic acid,
terephthalic acid

(2) (1. 4)
terephthalic acid

(1, 4, 3)
toluic acid (1,2, 3)

(1,2,4)

(1, 2, 5)

(1, 2, 6)

(1.3,2)

(1.3,4)

See lactic acid
a pyridone

/8 pyridone
7 pyridone

carbostyril (pr. 2)

kyanuran

See malic acid

306

C 5H=\(OH)COOH .

HOCtH.CHj-....
COOH

HO-CeHvCHz-
COOH
HOCiHiCH:'
COOH

HO-CeHVCIh-
CH2XH2
HOC6H3(COOH) 2

HOC 6H3(COOH).

.

HOC 6H3 (COOH)j

HO-CsH«N

HOC5H4X
HOCsrhN + H20.

CHOH(CH2COOH) 2

C6H3(OH) 3

C10H9XO

CtoH.NO
CioH„NO
C10H9NO
HOCsHsN

HO-CHtN

HOC»H 6N
HOCsHeN

HOCsHsN
HOCsH.N +3HtO
CisH36 3

HOC 6H3(COOH)s

HOC«H3(COOH)2

CH3 C«H3 (COOH)
(OH)
CH 3 -C«Hs-(COOH)
(OH)

CH3CeH3 (COOH)
(OH) + iHjO
CH3 C 6H3 (COOH)
(OH)
CH3C 6H3 (COOH)
(OH)
CH3 C 6H3 (COOH)
(OH)
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ORGANIC COMPOUNDS (Continued)

Crystal-
line form
and color

need,
need. f.

eth.
need.f. bz.

and lgr.

pr. need.
f. w.

need.

colorl. pr.

powd.
colorl.

rosettes

colorl.

need. f.

bz.
need,
colorl.

monocl.
need,
colorl.

tricl. pr.

f. al.

pr. f. w.
colorl. pr.

f. al.

pr. f. dil.

al.

pr. f. al.

sm. pr. f.

al.

sm. leaf.

colorl.

wh. cryst

powd.

powd.

need. f. w

need. f. w

sm. need.
f. w.

glit. need
f. w.

long need
f. w.

long, need
f. w.

Sp. gr.

HiO = 1

(A)Air = 1

Melting-
point
°C

303 d.
137

129

148

160

d.

i8i'd.'

106-7

129
148.5
anh.
108
140.5
74

213'

232-1
230-1
199-200

75-6

235-8
193

224
201

subl.

subl.

168

172 (183)

177 anh.

145-6
(183)

163-4

151

Boiling-
point
°C

subl.

ISO"

subl.

280-1

266-7
subl.

subl.

266.
6752 it

subl.

>360

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

si. s. h.

s.

v. s.

v. b. h.

si. 8.

20!'°

si. 8.
310°

100

si.

8. h.

V. Si. 8. C.

V. 8. h.

V. si. 8.

sl. 8.

V. 8l. 8.

s. alk.
0.47"°

sl. 8.

sl. s. h.

O.14250

sl. s.

sl. s.

s.

v. s. h.

v. sl. s.

Sl. 8.

V. s.

v. s.

l:10h

s.

v. s.

V. 8.

V. 8.

V. s.

s.

s. h.
8.

V. 8.

V. S.

V. S.

Sl. 8.

V. S.

V. S.

v. s.

v. s.

s. chl.

v. s.
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Name

Indoxyl

Indoxylic acid

Inulin

Inosite (i.)

Iodeosine.
Iodinecyanide.
Iodo-acetic acid . .

aniline (o.)

(m.)....
" (P)

benzene
ethylene
propionic acid (a)

" 03)
toluene (o.)

(m.)....
" (P-)

Iodoform

Iodosobenzene . . .

Iodoxybenzene . .

.

Ionone (a)

" 03)

" semicarbazone

" " (ft

Irone
Isatine

chloride
Isatinic acid

Isatoio acid anhy-
dride

Isatoxime
Isatropic acid. . . .

Isoamyl-acetate . .

acetic acid

alcohol

" (sec.) . .

.

aldehyde
amine

aniline

Synonyms

See erythrosine
See cyanogen iodide

isobutyl carbinol.

methyl isopropyl
carbinol

310

Formula

C«H4C(OH):CHXH
I I

C»H 7N03

(CeHioCh)* + HaO

CeHuOs + 2HjO..

CM- COOH.
IC«H«-NH»..
IC 6H«NHj..
IC«H«-NHj..

CeHsI
CH2 - :CHI
CHsCHICOOH.
CHjICHjCOOH.
IC.H«-CH»
IC«H4CHa
IC«H«CHj
CHIa

CeHsIO.

CoHsIO*.

C13H20O.

CnHjoO.

CuHsorN-NHCO-
NHj

CuHjoiN-NHCO-
NH2

CuHjoO
C8H 5 2N

CsH4ONCl
NH2C 6H4-CO-
COOH
CH4COOCONH

1

I

CsHsOjNj
C9H8 2

CHs-COOCsHu.. ..

(CH3)2-CH(CHj)3-
COOH

(CH,) 2 CH(CH2)2
OH

(CH3)iCH-CH(OH)
CH3

(CH3)jCH-CHiCH0
(CH3) 2CH-CHi-
CHsNHj
CjHuNHCHs. ..
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Isoamyl-
benzene
benzoate
bromide

butyrate
chlorcarbonate
chloride

cyanide

ether
formate
iodide
isobutyrate

isocyanide

isovaleriate
mustard oil. . .

.

nitrate

nitrite

phenol (p.)

phenyl ketone .

propionate

salicylate

sulfide

urea
urethane

Isoamylene
Isoanthraflavic
acid

Isobutane
Isobutyl-acetate

.

alcohol
aldehyde
amine

benzene
benzoate

bromide
butyrate
chlorcarbonate.
chloride
cyanide

ether
formate
formic acid

Synonyms

capronitrile

.

trimethyl methane

isopropyl carbinol

i80valeronitrile

.

Formula

C6H5'C5Hll
CsHs -COOCsHn. ..

(CH 3) 2-CH-(CH2) 2

Br
CsHtCOOCsHh. . .

C1COOC 5Hii
(CH3) 2 -CH-(CH2) S

CI
(CH 3) 2 -CH-(CH2) 2

-

CN
CoHu-O-CsHu
HCOOCiHn
(CH3) 2 -CH-(CHi) 2I

(CHj)rCH-COOC 5

Hu
(CH3)2

: CH(CH2>2-
NC

C4H0COOC5H11. . .

cainxcs
(CH 3)2-CH-(CH2)2-
NO.,

(CH3)j-CH-(CH*)»-
NO.

CiHuC(H.-OH....

C.-.TIu • CO-CeHs. . .

.

CH 3 CH2 COOCs
Hi,
HDCeHiCOOCj
Hu

(CsHn)2S
NHs COMH(CoIIu)
CO(NH2)OC 5Hn. . .

(CH3) 3CHCH:CH2

CuH«0« + H2O

(CH3)»-CH-C*H». ..

CH 3 COOC4H 9

0CHj),CHGHbOH
t,CH3) } CH-CHO...
(CH3) 2-CHCH2

-

NH2

C6Ho-C4H9
C«Hs-COOC4Hi....

(CH3) 2 CH-CH*Br.
CjHt-COOCiHb....
ClCOOC<H 9

(CH3) 2 CH-CHiCl .

(CH 3) 2 CHCH2
-

CN
C4H9OC4H9
HCOOC.Hs
(CH3) 2CH-CH2-
COOH
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ORGANIC COMPOUNDS (Continued)

Crystal-
line form
and color

Sp. gr.

HaO = 1

(A) Air = 1

Melting-
point
°C

Boiling-
point
°C

Solubility in gms. per
100 c.c. of

Water Alcohol Ethei

colorl. liq.

colorl. Iiq.

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

liq.

colorl. liq.

colorl. liq.

lio.

colorl. liq.

liq.

colorl. liq.

liq.

liq.

liq.

need. f. h.

w.
colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

colorl.

long. yel.

need,
gas
colorl. liq

colorl. liq

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq

liq.

colorl. liq.

liq.

colorl. liq

liq.

colorl. liq

colorl. liq

J8

9 3

1.219

0.8820°
1 12

0.807

0.7S1
0.894°°

I

0.876°°

0.858"°
0.9-12

1.000 7->°

0.880

0.888°°

1 . 045H°

0.843*°°

*0.603°°
0.871*>°

0.800
0.794*0°'

0.735

0.873
1.002

1.260
0.866
1.040§g°
0.880
0.8072 »°

0.88520°
0.8854«°

92-3

89-91
60

330

193 (201)
2G1
120-0.6

178.6
151-6
100-1

155.5

173
123.3
148.2
168.8

137

194
1S3-4
147

94-5

255

241.5-2.5
160.2

270

213-16

220
25

subl.

-11
116.3
106.5
63-1
68

v. si.

dec.

v. si. s.

v. si. s.

v. si. s.

v. si. s.

V. si. 8.

v. si. s. h

0.09"°

si. 3.

s. h.

s. alk.

0.63JS°

9.5>8°

11

171-1.5
237
(241.5)
90-1
156.9
127-30
69
129-9.51 si. s.

v. si.

dec.

122-2.5
98.5
97.9

si. s.

1

1:99

v. s.

v. s.

a

V. s.

V. s.

' Specific gravity of the liquid.
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Name

Isobutyl-
iodide
isoamy1

isocyanide

isovaleirate
ketone
mustard oil

nitrate

nitrite

phenyl ketone . .

Isobutylene
Isobutyric acid . .

.

amide

anhydride
Isocarbostyril ....

Isocholesterol ....
" bcnzoate

Isocinchomeronic
acid

Isocinnamic acid

.

Iaocitric acid
Isocrotonic acid . .

Isocoumarin

Isocymene (m.) . .

Isodulcite

Isodurene

Isoeugenol(l, 3, 4)

Isoferulic acid ....

Isoglucosamine . .

.

Isoheptoic acid . .

.

Isohydrobenzoin .

Isomalic acid . . . .

Isomannid

Isomethylcyanu-
rate

Isonaphthazarine

.

Isonicotinic acid .

.

Isonitrosoacetone

.

Isopentane

Synonyms

1 hydroxy-isoqjin-
oline

1, 4-pyridine dicar-
boxylic acid

2, 3-o-dihydroxy-
naphthoquinone

Formula

(CH3 ) 2CHCHiI....
(CH3)2CH(CH2) S

-

CH(CH,)i
(CHahCHCHj-
NC

aH.COOCiH,...
Crfl.-CO-CiH.
C4H8 -NCS
(CHj)2-CHCHi-
N03

(CH3)2CHCH2
-

N02

C4H 9 COC«H s

(CH,)2C:CH2
(CH3 ) 2 CHCOOH.
(CH3)2-CHCOXU2

C(CH3)2-CHCO]20.
C9II7ON

C2 STI«OH
C2«H«OC 7TT60. ...
C 5H3N(COOH) 2

+ H2O
C 8H 5 CH:CH-
COOH

CeHUO: +H20
CH3 CH:CH-
COOH

CeH< CH:CHOCO
I

1

CHjC 6H4CH(CH3)2
CH3(CHOH)4CHO
+ HjO

C 6H2(CH3)4

(1, 2, 3, 5)
C3H 5 C6H3(OCH 3)

OH
C7H7O2C2H2COOH

C6HnOs(NH2)
CsHmCOOH
Ci4H lJ(OH)2

CH3 -C(OH)(COOH)2
C6H10O4

C3 3N3(CH3) 3

Cl0H4O2(OH) 2

C 5H4NCOOH (4)..

CH3COCH : NOH
(CH3)2CHCH2CH3 ..

Mol.
wt.

184.00
128.16

83. OS

158.14
142.14
115.14
119.07

103.08

162.11
56.06
8S.06
S7.0S

158.11
145.06

372.35
476.38
185.05

148.06

210.08
86.05

146.05

134.11
182.11

134.11

164.10

194.08

179.11
130.11
214.11

134.05
146.08

171.10

190.05

123.05

87.05
72.10
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Name

Isophthalic acid
(m.)

aldehyde (m.) .

.

nitrile

Isoprene

Isopropyl-aeetate

.

acetylene
alcohol
amine
benzene,
benzoic acid (o.)

bromide
chloride
cyanide
ether

ethylene
iodide
isoeyanide
ketone

mercaptan
methyl benzene

(p.).
phenyl ketone. .

pyridine (1) . .

pyridine (3) . . .

.

sulfide

Isopurpurin.
Ieoquinoline
Isosaccharic acid

.

Iso-safrol

Isosuccinic acid . .

Isovaleric acid . . .

aldehyde
IsovanlUin (1, 3, 4)

Itaconic acid

Itamalic acid ....

Kairoline

Ketazine

Ketene
Ketine .

Ketobutyric acid

Synonyms

See cumene

See eymene (p.)

See antkrapurpurin

methyl
acid

malonic

methyltetrahydro-
quinoline

Formula

C<sH4(COOH) 2 .

C«H4(CHO)...
C 6H 4(CN)2....

CH::CH-C(CH3)

CHj
CHrCOO-CIl

HC:CH..
CH3-CH(OH)CH 3 .

(CHahCHNHt

(CHi) 2 -CH-C«H«-
COOH

iCH-Br
CHC1
CH-CN
( HO

CH(CH»)«
•OH-CH:CHi

(CH 3 ) 2CH I

(CHj).CH-N"C
(CII3 ) 2CHCO-
CH<CHj>s
(CH3) 2CHSH

(CH3).CHCOC fH 5

(CHjliCHf !

(CHaJjCH-CsHiX. .

(CH3 ) 2CH S •

CH(CH3) 2

CJTtX
[CH(OH)CH
(COOH)]jO

CH,OoC 6H 3CH
CH-CHi
CH3 -CH(COOH)j

(CH3) 2CHCH2
-

COOH
(CH3)tCH-CH2 CHO
C 6H3(CHO)(OCHj)
OH
CH 2 -C(COOH)CH2

-

COOH
CH2(OH)CH(COOH)
CH2 COOH
CHioXCH,

(CH^cC : X:

:

I
C(CH3)i

CH2 : CO
(CH 3)C:|CHX : C(CH3)CH : X

CHj.CHi.CO.COOH
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ORGANIC COMPOUNDS (Continued)

Crystal-
line form
and color

colorl.

need,
colorl.

need,
colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

colorl. pr.

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq

colorl. liq

liq.

liq.

liq.

color),

rhomb.

colorl.

colorl.

liq.

colorl. liq

pr.

rhomb.

long, need

«as

oil

Sp. gr.

HjO = 1

(A) Air = 1

0.691°°

7

72'i

. :

-

>i

l.OM' 113

1 . 4.35

0.956*°

1.57

0.S36

1.200170

Melting-
point
eC

abt. 300

24.6

135 A.

iio

161

64

Boiling-
point
°C

35.8

90-3
28-9
82.8
32.2

59-60
'

107-8
69

21.2
89.5

123.7

57-60

217
158-9
177-s
120.5

240.
dec.

249

176

92.

d.

d.

245

131

-56
153

78»"

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

0.013°"
22

si. s.

si. s.

si. s.

s. h.

v. sL 8.

si. s.

si. s.

si. s.

v. si. s.

-

44. 3°°

4.2!°°

si. s.

s. h.

1 : 15

deliq.

1 -

si. s.
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Name Synonyms Formula

Ketoheptamethy-
lene

Ketopentamethy-
lene

Ketopyrrolidine .

.

Kynurenic acid . .

Lactamide

Lactic acid (i.) . . .

anhydride
Lactide

Lactoic acid

Lactose

Lactyl urea
Laevulin
Laevulinic acid . .

.

aldehyde

Laevulose.
Laurie acid

aldehyde

Lead tetraethyl .

.

tetramethyl
triethyl ....

Lecithin

Lepidine

Lepamine
Leucaurine
Leucinic acid ....

Leucine (1)

Leuco-aniline ....

" (P-)

Leuco-malachite-
green

Lichenin
Lignoceric acid . . .

Limonene (d. or 1.)

Limonin

Linalool (d. or 1.)

.

a, 7-butyrolactam

"y-hydroxyquino-
line-Py-carboxylic
acid

milk sugar.

See fructose

protagon

.

moss starch

.

(CHj)eCO

(CH 2)4CO

NH(CH 2)aC O
I I

C9H 6(OH)(COOH)N

CH3 -CH(OH)CO-
NH 2

CH3 CH(OH)-
COOH

CcHioOs
C sHsO*

CHjOH(CHOH)«
COOH

CiiHaOn + H2O . . .

C4H6O1N, +H»0...
CeHioOsat 100°
CH3 -CO(CH2)j-

COOH
CHaCO(CHi)s-
CHO

CnHaCOOH

CnHjjCHO

Pb(CjH*)4
Pb(CH3)4

Pb2(C2H 6) 6

C4JH84P09N

CHsC.HeN (py. 4)

CjoHmNj
CH(C«H40H) 3

C 5Hio(OH)COOH. .

CH3 (CH2) 3 CH
(NHo)COOH

(NH2 -C6H4) 2 -CH-
C 6H3 CH 3(NH 2)

CH(C 6H4-NH2) 3 . . .

C«HtCH[CeH4-
N(CH 3) 2]2

(C«HioOo)x
C 24H4802

CioHie
CMH36O7

CioHisO
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ORGANIC COMPOUNDS (Continued)

Crystal-
line form
and color

oil

cryst.

need.

colorl.

colorl.

syrup,
amor.
colorl.

monocl.
cryst.

colorl. rh.

rhombs,
amor,
colorl.

leaf,

colorl. liq

colorl.

need,
colorl.

leaf,

liq.

liq.

liq.

amor.
waxy,

colorl. liq,

need,
pr. or need.

colorl.

leaf.

colorl.

colorl.

leaf.

colorl.

amor,
need. f. al

colorl. liq

micr.
cryst.

colorl. liq

Sp. gr.

HjO = 1

(A)Air = 1

0.96850°

0.9416^-°

1.13880°

1.249

0. 86213°'

1.525=0°

i.'l37"°'

1.016

0.864«°°

1.62
2.031°°
1.471

1.08620°

1 293!8°

0.85310°

0.873

Melting-
point
°C

95

257

250-60

d

128

100; lac-

tone
abt.
200 d.

anh. 14;

174
33

43.6 (48)

44.5

78

283-5

d

abt. 100

148

93-1

86:5;:

275

Boiling-
point
°C

178.5-95

130-0.5

250

11912"

255

245-0

1.86-8d.

dec.

184-
5100m

198-202
110
d.

266
(261-3)
275

subl.
100 +

176.5

195-9

Solubility in gms. per
100 c.c. of

Water

si. s.

hydrol.

v. si. s.

v. si. s.

v. si. s. c.

17 c;
40 h.

v. s.

deliq. °°

v. si. s.

2.4220

v. si. 8. h.

s. h.

s.bz.,CS2,

acet. a
i.

v. si. s.

v. si. s.

Alcohol

s. h.

v. s.
-

1022°,$4<~
(

0.07i'°;

0.12 h
v. s.
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Name

Linalyl acetate . . .

Linoleic acid
Lithofellic acid . . .

Lophine
Lutidine (a)

(2,4)...
(2, 6) . . .

(3,4)...
Lutidinic acid ....

Maclurin

Malamide
Maleic acid

anhydride

Malic acid (d. or 1.)

" " (i.) ...

Malonic acid

amide

Malononitrile. . . .

Maltose
Mandelic acid (i.)

.

Manitol (d.)

Mannite hexani-
trate

Mannoheptoee (d.)

Mannose (d.) ....
Margaric acid. . . .

Maconic acid ....

Meconine

Melam .

Melamine
Melene ....

Melilotic acid ....

Melissic acid

Mellitic acid

Mellophanic acid.
Menthene

Menthol (I.)

Menthone (I.) ....

Mercuric cyanide

.

fulminate

Synonyms

dimethyl pyridine

malt sugar

mannite

cyanurie amide . .

.

320

Formula

CH 3 COOCioHu. . .

C18H32O2
CjoHmOj
CilHitNi
(CHsh-CJbX . ...

(CHj^CHsX
(CH,)2 C5H 3X

CsHjN
I M • (COOH) 2

+ H2O
COC sH 2(OH) 3CcIIj
(OH)2

CiH3(OH)(CONH*)j
COOH-CH:CH-
COOH
GHjOs

COOHCH2 CH
(OH) COOH
OOOHCHrCH
(OH)COOH
CH2 (COOH)2

CHi(CONH,) 2 . . .

CH2-(CX) 2

Cl2H220u + HtO . . .

(CcHsCH(OH)-
COOH

C«H 8(OH) 6

C«H8(0NO2) 6 .....

C 6H 7(OH) 6CHO . . .

C6H11O6
CisHb-COOH

C7H4O7 +3H2O....

CioHioO*

CcHsNu
(CXNH,),
CioHeo
C6H4(OH)CH 2 -CHi-
COOH

CmHss-COOH.. .

Ce(COOH)«

CioHeOs
C10H18

C10H19OH

CioHisO
Hr(CX).
Hg(OXC) 2+ *H2 .
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ORGANIC COMPOUNDS (Continued)

Crystal-
line form
and color

colorl. liq.

yel. oil.

micr.
seed,
colorl. liq.

colorl. liq.

colorl. liq.

colorl. liq.

leaf.

yel.

pr.

colorl. pT.

.colorl.

trim.
colorl.

need,
colorl.

colorl.

tricl.

colorl.

need,
colorl.

fine need,
colorl.

rhomb,
colorl.

need,
need.

colorl. pr.

colorl.

rhomb.
ab.

colorl.

need,
or. powd.
monocl.
colorl.

need.

colorl. 3C

colorl.

need,
eryst. f. w

colorl.

trim,
colorl. liq.

tetr.

rhombs.

Sp. gr.

H.O = 1

(A) Air = 1

0.91

••-

1.590

0.9341'3

i

1.601 2 °°

1.540^°
1.361< a

1.521

I 8

-

0.8073200

0.890

0.896200

4.011

Melting-
point
°C

<-18
201
275

abt. 220d

' '

d.
"

i54^6.5
157-9
142-3

163.5-1.5
2

130-0.5

52.6

100

128. 5-9

132

170

29-30

iis'
'

166

112-3

134-5
132.3
59.9

102-2.5

62
82-3

90

286-8

238 anh.
164.5-
5.5
42

d.

esp. 180

Boiling-
point
°C

202

dec.

dec.

dec.

218-9

dec.

exp. 120

370-80
d.

210

207

Solubility in gms. per
100 c.c. of

Water Alcohol Ethpr

v. si. s.

25
20
00 c.

s. h.

7£ i

16.322»-t°

144*6°

4H790
>100

8.3«°

13.3
v. s.

16^°

15.6' s°

V. 8.

250

25ioo°

0.14 c;
4.5 h.

Sl. B.

Si. 6.

sl. S.

0'. 0712°

0.8S*»°

69.9» T

v. sl. s. CCh

0.32=0°

sl. s.

v. s.

i. abs.

40
v. sl. s. c

v. sl.

abs.
2 . 9lI°

Sl. 9.

v. sl. s.

sl. s.

sl. s.

s.KOH
sl. s.

s. h.

sl. s. c;
s. h.

sl. s.

sl. s. h.

sl. s.

v. s.

20

490

1

sl. s.

v. sl. s.
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Name Synonyms Formula

Mercury ethyl

.

mercaptide. .

methyl
naphthyl
phenyl

Mesaconic acid.

Mesidine
Mesitol (1, 3, 5, 2)

Mesityl oxide ....

Mesitylene (1, 3, 5)
Mesitylinic acid . .

Mesorcin
Mesotartaric acid

Mesoxalic acid . . .

Metacetone ....

Metacrolein
Metaorylic acid

Metaldehyde

Metanilic acid (m.)
Matastyrene
Methacetine

Methane
Methenyldiphenyl-
amine

Methoxybenzoic
acid (o.)

Methoxybenzoic
acid (m.)

Methoxypyridine
(P.)

Methoxyquinoline
(p.)

Methyl acetanilide

acetate
aceto-acetate

.

aceto-acetic ethic

acetylurea

acridine (2)

.

acrylate
acrylic acid

.

alcohol .

.

alizarine

.

p-methoxy-acet-
aminophenol

marsh gas

quinanisol.

wood alcohol.

Hg(CiH6)2
(CjHiShHg
Hg(CH,) 2

Hg(CloH7)2
Hg(C6H {) 2

CH3(COOH)C

:

CHCOOH
(CH3)iC«Hj-NH2...
(CH3I3C6H2 OH....
(CH,) 2C:CHCO-
CH3

(CH3)3C«H8

(CH3)2C 6H3 COOH.
C H(CH3) 3(OH)2. ..

(HO) 2C2H2(COOH)2
+ H2O

(HO) 2C(COOH)2. ..

C 6HioO
C 3Hi2

CH2 : C : (CHa)
COOH

(C2H40)4

C 6H4NH2S03H
(C8H8)x
CHaO-CHrNH.
COCH3
CH4

CH(C,H6N)C«H 6NH

CH30C8H4-COOH

CHsOCHiCOOH
C 2H2-C(OCH3)CH2:N

C»H 8N(OCH3)

CHaCONCCHs)-
CsH6

CHiCOO-CHj
CH3COCH 2 COO-
CH3

CH3CO-CH(CH3).
COOC2H6
CH3NHCONH
COCH3
OH 3 Ci 3H8N
CH30»CH3

CH2:C(CH3)COOH

CH.OH
CeHUCCOh-CeH-
CH3(OH) 2
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PHYSICAL CONSTANTS OF

Synonyms Formula

Methyl ailene
allyl amine
" carbinol . .

.

" ether.,
amine

amine hydro-
chloride

amino-*oetate .

.

" -benzoate (o.)

(p.:

" -propionic
acid (a)

amy! ketone ....

aniline ...

anthracene (a) .

.

(ft..

anthranilate . . . .

anthraquin''

arsenic acid ....
arsenious oxide .

arsenic dichloride

arsine
auramine

benzoate.
benzoyl-acetate

.

benzyl-ketone . .

bromide
butyl amine ....

carbinol. .

" ether
" ketone. . .

.

butyrate
butyrone
caprate
caproate
caprylate
carbamate
carbanilide

carbostyrfl (7) .

.

chloracetate ....
chlorcarbonate .

.

chloride
chloroform

dichlormethyl-
arsine

lepidone

.

chloromethane

.

CH»:C:CHCH»...
CH, NB
CHs:CH-CHs-CH

CH,
• C3H5

CBUNHi

CH3XH2HCI

XHrCH-COOCE,

KH»-C«H4-C00-

NH-CsH* COO-
CH 3

CrjVCH(XrlCHj)-
COOH
CHaCOCsHn

CuH.CH;

CmHi-CHs

H:XCgH,COO-
CH3

'. CH3

AsOCH>(OH :

AsOCH 3

AaCbCHj

-Hs

Bj)il
^H3 . . -

O-CHi COO-
CH3

CH3 CO-CHtCeHs
CII3Br
CH, XHCHs

H''OH)-C«H»
CH3O CiHa
CHjCO&Hj

' OO-CHi....
C'HieO
CsHi.-COO-CHs. ..

c n„ coochi. ..

f'OOCHa...
OO-CH... ..

CH»C«HsN CO-
NE: •(

C»H6(CH3)ON

CHsCl COOCHj. .

CICOOCHj

CCUCH,
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PHYSICAL CONSTANTS OF

Name Synonyms Formula

Methyl
einnamate

cotonate (a) . . .

coumarin

cyan-acetate . .

.

cyanide
diazoamino-
benzene (4)

diethyl amine . .

diethyl amino-
benzene (o.)

diethyl amino-
benzone (p.)

diethyl carbinol
diphenylamine

.

ether
ethyl acetic acid

" acetone. .

.

aniline. . .

" benzene (o.)

(m.)
"

u (p)
carbonate.

" ether
' ketone. . . .

" ketoxinif .

" oxalate. . .

" protorate-
chuic aldehyde

ethyl succinate.
" sulfide. . .

formate
furfurane
furfurol
glycerate

glycolate
glyoxaline
heptenone

heptyl ether . . .

hexyl carbinol .

.

hexyl ketone. . .

hydantoin (/3) .

.

hydrazine
hydrazo-benzene

(o.)

hydrazo-benzene
(m.)

acetonitrile

.

C.H.-CH : CH-
COOCHi

CjHjCOOCHa
HVC(CHi) : CH-COO

CH 2(CN)-COOCH3

CHrCN
CHj-CeHrNrNH-
OH.

CH3N"(C2II S)2

CHa-C6H4-N(C2H6)i

CHrC*H«-N(C»Hi)i

(C2Hs)rC(OH)-CHa
(CcHshNCKb
Crh-OCHs
CH 3-CH(C2H4)-

COOH
CH 3-CO-CH(CjH5)-

CH3

C8Hi-X(CH3)C2H 5 ..

CH3-C6H4C2H5
CHrCriVCsHj
CHrOHrCtHi
CH3-C03-C 2 Il5

CH3-OC2Hs
CHj-CO-C 2H ;

CHVC(NOH)-C2Hs
CHVOOOCOO
C-H5

C.H3(CHO)(OCH 3)

(OC2H6 )

CtHi204
CHrS-CjHi
H-COO-CHj
C.HsCKCH,)

H 2OCHO...
CH-.()ir-CHOH-
COO-CHi

CH 2r()H).cOO-CH.
JtCHj

(CHj),C :CH(CH2)r
COCHs

CH 3 0-C-Hi5

CH3(CH 2 ) sCHOH-
CH3

CH 3-CO-CcHi3
CUH.NtOj

IH-CH,
CH 3-C«H4-NH-NH-
CeHt

CH.CEU-NH-NH-
C.Hi
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Name

Methyl-
hydrazo-benrene

(P.)
hydrogen sulfate
hydroxvlamine

(J8)

iodide

isatin (p.)

isoamyl ketone .

" ketosime
isobutyl amine. .

ketone.
isobutyrate

isotyanide

isopropyl benzene
(m.)

(P.)
" ketone
" ketoxime

isosuccinate ....

isovaleriate
lactate

malate
malonate
mercaptan
mustard oil

naphthalene (a)

08)

naphthylamine

OS)

naphthylether(a)
" 03)

nitrate

nitrite

nitrobenzoate (o.)

(m.)

(P.)

nitroKc acid ....
nonyl ketone. . .

Synonyms

methyl sulfuric acid

iodomethane . . .

methyl carbyl-
amine

See cymene

methyl isothio-
cyanate

nerolin

328

Formula

CH3 C.H4 NHNH-
C«H«
CH3HSO4
CH3XHOH

CH3I

CBcNsW
CHj.COCjHu
CHj-ccxori;
CII3 XII CNH,
on, co-cju
(CH3 ) 2 CH-COO-
CH,
CII3XC

CH3C6H4CII

CH3 COCH(CH,) 2

CH3 C(XOH)CIi
(CH»),

CH3 CH(COO-
CH,) 2

CUH9COOCH*....
CH 3 -CH(OH)COO-

1

CfcH4O-(CO0CH»)f
CH2 (COOCH,) 2 . .

CHs-SH
CII3XCS

Q0H7CII3
GoHt-CHi

C10H7NHCHJ

C10H7NHCH3

C10H7OCH3
CioTl7-0-CH3

CH3XO3

CH1-NO1
NO2 C.H4-COOCH:

X02 CsH4COO-
CH3

NOi C 6H4-COO-
CHa
HC(NOH)N02

CHaCOC.H,,
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PHYSICAL CONSTANTS OF

Name

Methyl-
orange

oxalate

palmitate
phenazine

phenyl acetate .

" carbinol.
" ether,

phosphine ......
phosphoric acid,
phthalate.
piperidine (a) .

.

(/?)...

(?) •
propargyl ether

.

propionate
propyl acetic acid

" amine. . . .

" benzene (o.)
" (in.)

ether
" ketone. . .

.

" ketoxime .

pseudoisatin ....

pyridine.
pyrogallol
pyrrol (1)

" (2)

pyruviate
quinoUne (2) . . .

salicylate

stearate
succinate
succinic acid

sulfate
sulfide
sulfite

sulfocyanate ....

sulfonic acid ....
" chloride

tartrate. See
tetramethylene .

thiocarbamide . .

trichlor-acetate
trimethyl acetate
trimethylene ....

Synonyms

Na salt of helian-
thine

See anisol

dimethyl phthalate
pipecolin

See picoline

quinaldine
artificial oil of win-
tergreen

methyl thiocyanate

dimethyl tartrate

methylthiourea . .

.

Formula

(CH 3 ) 2NC6lI,NV
CeH4 S03Na

(CH3O2O1

CisHjiCOOCH,....
C6H4 : N2 : CeH3
(CH»)

CeHs-CHs-COO-
CH3

CH3CH(OH)C«H 4

CHs-PHa
CH3PO(OH)i

CH3 CsHaNH
CHjCsHjNH
CH3 C 6H 9NH
CH3 • O • C3H3
Calls- COO CH3...
CH3-CH(C3H7)-
COOH
CHjNHCjH?
C eH«(CH 3)C3Il7 . .

C 6H4(CH3)C 3H7 . ..

CHjOCsH;
CHjCOCjH-
CRVCfNOH) C3H7
C 6H4N(CH3)COCO
I I

C«H2(CH3)(OH) 3 . ..

C4H4NCH3

CUH4NCH1

C3H3 3 CH3
CH3 C9H 6N
HOC.H.COOCH)

CitHssCOOCHj. .

CtH4(COOCH3)i...
CH3 CH(COOH)-
CH2COOH

(CH3) 2 -S04
(CH3)»-S
(CHj)vSO!
CH3 SCN
CH3 HS03

CH3SO1CI

C5H10
CS(NHi)(NHCHj) .

CCUCOOCHs...
(CH3)3CCOOCHj.
CiHs
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Crystal-
line form
and color

Sp. gr.

HiO = 1

(A)Air = 1

Melting-
point
°C

Boiling-
point
°C

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

yel. powd.

nionocl.
tab.

colorl.

need.

colorl. liq

colorl. liq

gas

Uq.
liq.

ho.
colorl. liq.

colorl. liq

colorl .liq.

colorl. liq

il

q
:

colorl. liq

colorl. liq

colorl. liq

red. need.

cryst.

colorl. liq

colorl. liq

colorl. liq

colorl. liq

colorl.

cryst.
sm. need.

colorl. liq

colorl. liq

colorl. liq

colorl. liq

colorl. liq

colorl. liq

pr.

colorl.

colorl. liq

gas

1 . 1479"°

1.044

0.86°°
0.86840°
0.8674»°
0.83
0.915*o°

0.9410°

0.7201'°

6!863 l
"«°'

0.746°°
0.812
0.907«o°

0.915
0. 9446V

1.1540°

i.'i86
'

1
.
1208^°

1.410

1.352 ,c

0.846210

1.046
1 .
069"°

i'.bi'"

1.673"°
1.0440°

54

28
117

105

<-75

134

129

-8.3

38
18.5

112

-10
-83

118
34

63.3

350 d.

220

202-4

-14

118-9
124-6
126-9
61-2
79.9
193

62-i
181-2
176-7
38.9
102
168

114-5
147-
g7S0«i«

134-7
246-7
224

195.3
d.

188.3-.6
38
121.5
133
d. 130
160

39-40

191-2
101
4-5

V. 8.

sl. S.

i.

sl. s. h.

sl. s.

Sl. 8.

6.5200
0.57"°

V. sl. 8.

V. sl. 8.

Sl. 8.

1: 15

V. sl. 8.

i.

dec.
i.

v. a.

i.

i.

8.

dec.

sl. s.

sl. s.

sl. 8.

s. meth.
al.

sl. s.

dec.
00

V. s.

sl. s.
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Name

Methyl-
uracyl

urea

uric acid (.1) . . . .

" " (3)....

" " (7)....

valeriate
Mcthylal
Methylene acetate
bromide
chloride
disulfonic acid .

.

iodide
Michkr's ketone.
Milk sugar.
Monacetin (a) . .

.

Morin

Morphine

hydrochloride . .

.

sulphate

Mucic acid

Muconic acid ....
Murexide

Mustard oil acetic
acid

Myricyl alcohol .

.

Myristic acid ....

Myristine

Naphthalene

dicarboxylio acid
(a)

.
,08)

disiJfonic acid
(2. 6)

disulfonic acid
(2, 7)

sulfonic acid (a)

Synonyms

dibrom-methaiie.

.

dichlor-methane .

.

diiodo methane. . .

See letrajnethyldiam
See lactose

glyceryl monace
tnte

tetrsvhydroxy-
flavanol

NHi salt of pur-
puric acid

trimyristine.

Formula

CH 3
-

C: CHCONHCOKH
I

NHjCO-NHCHi..

CoH 6 2 N'4

C 6H 6 3NT
4 + iHtO

CoHeOsN* + HiO...

C4H.-COO-CH*....
CEbCOCHsh
(CH3 COO) 2CH2 . ..

CHtBn
CHzCb
CH.mS0 3H)i
cS*ii
inobenzophenone (4,4')

CH2(OH)CH(OH)-
CHs-OOC-CH.-.

C11H10O7 + 2HjO...

CirHi90»N +H20..

CirHi 9OtNHCl
+ 3H2O

(Ci-Hi90sN)2HiSO«
4-5H 2

COOH(CHOH)4-
COOH

C sH s04
C8H40 6N5 -NH4
+ H2

CSNCHjCOOH..

CsoHaOH

CuH27 -COOH

(CnH^O^sCaH*. . .

.

CioHs

CioH 6(COOH) 2

CioH 6(COOH) 2

CioH c(SOjH)j

CioH 6 (S03H) 2

C l0H7SO3H 4-HjO
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PHYSICAL CONSTANTS OF

Name Synonyms Formula

Naphthalene
sulfonic acid (fi)

sulfonic chloride

" 08)
Naphthalic acid

(1, 8)

Naphthamide (a)

03)
Naphthazarin

(7, 8-1, 4)
Naphthionic acid.

Naphthoic acid (a)

" 08)

aldehyde (a) . . .

" 03)....

Naphthol (a)

(/?) ...

.

"
acetate

(a)

03)
Naphtholethyl

ether (a)
Naphtholethyl

ether 03)
Naphtholmethyl

ether (a)
Naphtholmethyl

ether (/3)

Naphtholnaphthyl
ether (/3)

Naphthol sulfonic
acid (1, 4)

Naphthol sulfonic
acid (1, 5)

Naphthol sulfonic
acid (1, 8)

Naphthol sulfonic

acid (1, 2), (a)
Naphthol sulfonic

acid (2, 3)
Naphthol sulfonic

acid (2, 6), 03)
Naphthonitrile (a)

08)

dihydroxy-a-
naphtho-quinone

a 1
, a^naphthyla-

mine-sulfonic acid

neroline

.

narhthyl cyanide

CioHtSOjH
G0H7SO1CI....

CioHt-SOi-CI....
CioH 9 (COOH)j..

CioHt-CONHj..

CioriVCONHj..
CioH«(OH) 2 2 ....

CioHtNHjSOaH. .

CioHtCOOH....

CioIItCOOH.. ..

C10H7CHO
CioH-CHO

CioHtOH

C10H7OH

C10H7OC1H3O....

C10H7OC2H3O....

CioHtOCiHs

CioHtOCjHs

C10H7OCH3

C10H7OCH3

(CioH7)K)

CioH 6(OH)S03H..

CioH 6(OH)S03H..

CioH 6(OH)S03H
+ H 2

CioH 6(OH)S03H..

CioH«(OH)SOiH..

CioH 6(OH)S03H..

C10H7CN

C10H7CN
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Name

Nitranilic acid. . .

Nitraniline (o.) . .

.

(m.) . .

(P-)...

Xitro-alizarine (a)

" 03)

'* aminobenzoic
acid (1, 2, 5)

(COOH, NH», NO*)
Nitro-aminobenzoic

acid (1, 2, 3)

(COOH, NH*, XO2)
Xitro-aminobenzoie

acid (1, 3, 6)

(COOH, NH*, XO2)
Nitro-aminobenzoic

acid (1, 3, 2)

(COOH, Nil:
Nitro-aminobenzoic

acid (1, 3, 5)

(COOH, \Hj, NO.:
Nitro-aminobenzoic

acid (1, 3, 4)

(COOH, NH., NO*)
Nitro-aminobenzoic

acid (1, 4, 3)

(COOH, NH2 , NO*)
Nitro-aminophenol

(6, 1, 2)
" (3, 1, 2)
" (4, 1, 2)

anisol (o.)
" (P)

anthracene (9) .

.

anthraquinone (a)

(o.)

benzaldehyde (o.)

(m.)

(p.)

benzamide (o.)-.

(m.)

(p.)..

benzanilide (m.)

benzene

Synonyms

dinitrodihydroxy-
quinone

alizarine orange

.

nitrosoanthron

.

Formula

C 6(X02) 2(OH) 2Oj...

NOjC«H«NH*....
NOjCJIcNH,....

N02-C6H«-NH2

(HO) 2 CuHs02 N02

(HO)*-CuHs02 N02

CsHsCOOHNHr
NO2

C H; COOHNH2
-

NOj

C«Hi COOHNH2
-

NO2

CsHaCOOHNH*-
XO2

Cells COOH- NH2
-

N02

CoH3 COOHXH2
-

N02

C 6H3 COOHNH2
-

N02

CeHjOH.NOi-NHi

C 6H3 OHNO: XH2

CHiOHNOjNHj
N02 -C 6H4 0CHj...
N02 C«H< OCHs...

CuHoNO*

C«H4 : (CO) 2:CeH3
-

NO*
ChH 7NOjO*
NXVCeHvCHO.. .

NO^CeH^CHO.. .

N02 -C«H4-CHO...

N02 C6H4-CONH2

N02 CeH« CO-NHi

N02 -CeH4-C0-NH2

NOiCsH.CONH'
CeHs

C«Hs-N02
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Crystal-
line form
and color

lng. yel.

pi.

need. f. al.

yel. need,
f. al.

yel. need,
f. al.

yel. need,
f. al.

or. need.
f. bz.

yel. need.

yel. need,
f. w.

yel. need,
or pr.

yel. need,
f. w.

yel. pr.

f. w.

red leaf,

f. al.

red yel.

need. f.

al.

red need.
f. al.

yel. need
or. pr.

yel. oil

colorl.

plates
yel. need

f. al.

yel. need

pr. need,
yel. need

f. w.
need,
colorl.

prisms
need,
yel. need.

f. w.
need.

leaf. fr. w

yel. liq.

Sp. gr.

HsO = 1

(A)Air = 1

1.443
1 .
398"°

1.437

1 . 268* °°

1 . 233*00

1.2033^°

Melting-
point
°C

100

71.4
114
(111.8)
146.

289 d.

244 d

263

204

156-7

208

298

284

110-1

76
80-90

9
54

146

228-30

220
44.5

58
106

174-6
140-2

197-8
(201.4)
153-4

5.4

Boiling-
point
°C

170 d.

28o"

2C5
258-60

subl.

subl.
153""

164«»

317
310-5

subl.

210

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

v. si. s.

si. s.

3.08"°;
2 2100°

si. s.

si. s.

s. h.

si. s. h.

v. s. h.

si. s.

si. s. h.

si. 8.

i.

v. si. 8.

c.

v. s. bz.

V. si. 8.

V. si. 8.

si. s. h.

s. h.

8. h.

v. si. s.

V. si. 8. C

V. si. 8.

8. h.

si. 8. h.

V. 8.

CSj
si. s.

si. 8.

v. s.

s. alk.

s. eld.

s. acet.

v. s. bz.
chl.

si. s.

Si. 8.

V. 8.
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Name Synonyms Formula

Nitro-
benzoic acid (o.)

" (m.)
" (P.)

benzonitrile (o.)

(m.)

(P-)

benzophenone (o.)

(m.)

(p.)

benzoquinone. .

.

benzoylformic
acid (o.)

benzyl alcohol (o.)
" <m.)
" (P-)

chloride

" (m.)

" (p.)

cyanide
(o.)

(p.)
benzylidene
chloride (m.)

benzylklenc-
chloride (p.)

bromoform
camphor (a).. . .

chlorbenzene (o.t
"

(P.)

chloroform,
chlorophenol
OH, CI, NO2
(1. 2, 5)

chlorophenol
OH, CI, NO2
(1, 3, 6)

chlorophenol
OH, CI, NOs
(1, 4, 2)

chlorophenol
OH, CI, NO2
(1.2,4)

See cMor-picrm

N02-C 6H,-COOH
NOjCgH, ( I

N02-C 6H,-COOlI
NOiC«H«C]
NO2C0H4CN...

NO2C6H4CN.

NO-Cel^COCcH*
N02 C6H4COC 6H s

N02 C 6H«COCcH 5

NO2C6H3O2

C«H«(N02)C0-
COOH

N02-C6H4-CH20II
N02-C 6H4 ClhOII
N02-C6H4-CH 2OII

C6H4(N02)CHtCl

C6H4(N0 2)CH,C1

C 6H4(NT 2)CHtCl

C6H4(N02)CHtf'^

C6H4(N02)CH»CX
C6H4(N02)CIICl2

CcH4(X02)CITCl,

CBnNOt
CioHi5-N0 2 -0.

C6H4CINO2.
Cr,H4ClN02.
C 6H,C1N02.

CeHsClNOjOH

C6H3CINO2OH

C6H3CINO2OH

CoHj-Cl NO2OH
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PHYSICAL CONSTANTS OF

Name

Xitro-
cinnamic acid (o)

*' (m.)

" (P.)

cumene (o. and p.)
diethyl aniline

(m.)
" (p.)

dimethyl amine
" aniline (m.)

" (P-)

diphenyl (o.) . . .

" (P-) • • -

ethane
erythrite
glycerine

glycerol, Di-/8. .

.

" Mono-a

" Mono-/3

guanidine

isatine

isoquinoline ....
mannite
mesitvlene
(CH 3 , CH., CH3 ,

XO2) (1, 3, 5, 6)

methane
naphthalene (a)

08)

naphthoic acid
(8, 1)

naphthol (2, 1)..
" (4,1)...

" (1,2)...
" (5,2)...
" (8.2)...

naphthylamine
(2, 1)

(1, 2)

(5, 2)

" (8, 2)

Synonyms

glyceryl trinitrate

Formula

NOrC 6H«-CH:CH-
COOH
NOj-CsH^CHrCH
COOH
NOt-CeHi-CHiCH-
COOH

N02-C6HiCH(CH 3h
NOi-C(H«-N(CtHt)j

N02 C6H«N(CjH s)j

(CHahN-NOj
N02 C 6H«N(CH3)j

NO*-C6H4-N(CH3)2

C6H 5 C6H4N02 . . .

CsHfCsIIi-NO*. . .

C2HSNO2
C4H 6(ON02)«
G,Hs(XOa)a

C3H 6(OH)(ON02)s
CaHs(OH)s(ONO»)

C3H 5(OH) 2(ONOi)

NH 2 CNHNHNOi

C 6H3(X02)XHCOCO
I I

C 6H 3(X02) : CjHsN
C 6H 8(0N02) S

C 6H 2X02(CH3) 3 ..

CH3 NO2..
CioH 7 X02 .

C10H7XO2.

CioH 6(X02)COOH
XO-CioHa-
XOo-CioHt-

X02 CioH 6
-

X0 2 CioH 6
-

X0 2 -CioHe-

X0 2 -CioH«

NO1C10H.

X02 CioH,

X02 -CioH«

OH...
OH...

OH...
OH...
OH...

NHi..

XH 2 . .

XH». .

NH2..
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PHYSICAL CONSTANTS OF

Name Synonyms Formula Mol.
wt.

Nitro-phenol (o.)
" (m.)-

" (P.)-

phenylpropiolic
acid (o.)

phenylpropiolic
acid (p.)

phthalic acid (3)

" (4)

(1, 3. 5)

phthalide (5) . .

.

propane
pseudocumene

(1. 3, 4, 6)
pseudocumene

(1, 3, 4, 5)
quinoline (5).. . .

(6)....

(7)....

(8)....
salicylic acid (3)

(5)

(1. 2. 6)
styrene (o.).

" (m.)....
" (P-)

tartaric acid ....
terephthalic acid
thiophene (2) . .

.

toluene (o.)
" (m.) ....
" (P.) • • • •

o-toluidine (3) .

.

(4)..

(5)..

(6)..

(2)..

(4)..

N01 C«H4-OH
NOiC«H«OH

N02-C«H4-OH

c«h,no2c:c-
COOH

CsHiNOjC^C-
COOH

N-Os C«H3 (COOH),

NOj-C 6H3 (COOH) 2

+ H2O
N02 C«H3 (COOH) 2

+ 11H*0
NOjCsHsO
CHj-CHrCHjXOj
C6HiNOj(CH3) 3 ....

Cer^NOiCCH,),....

NOi^HeN
N02 -C.H«N

NO»C»H«N
NOiC.HeN
N02 C6H3(OH)-
COOH +H2O
(3, 2, 1)

NOjCsHjCOH)-
COOH (5, 2, 1)
N02 C 6H3(OH)
COOH

N02-C«H4-CH:CHj

NOiC«H«CH:CH,
NOjCeH^CHiCH.
(N03) 2C2H2(COOH) 2

C.H3N02(COOH) 2

NOj^HjS
N02 C«H4CHj
XOjCJI.CH,....
NOs CtH4-CHj

NOrCeHsCHj
(NH2) (3, 1, 2)
N02 CeHvCHa
(NH2) (4, 1, 2)
NOjC 6H3 CHj
(NH2) (5, 1. 2)
N02CH3 -CH«
(NH2) (6, 1, 2)
X02 -C6H3 CHj
(NH2) (2, 1, 3)
N02 C 6H3 -CH3

(NH2) (4, 1, 3)
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PHYSICAL CONSTANTS OF

Name Synonyms Formula

Nitro-
m-toluidine (3)

(6)

P- " (2)

(3)

urethane

xylene
CHaCHaNOa
1, 2, 3

xylene
CH3CH3NO2
1, 2, 4

xylene
CH3CH3N02
1, 3, 2

xylene
CH3CH3NO2
1, 3, 5

xylene
CH3CH3NO2
1, 4, 2

Nitroform
Nitroso-
aniline (p.)
benzene

benzoic acid (o.)

diethylamine . . .

diethylaniline (p.)
diisopropylamine
dimethylamine . .

dimethylaniline
(p.)

diphenylamine .

.

dipropylamine .

.

indoxyl

naphthol (2, 1) .

" (4, 1) .

" (1. 2) .

naphthylamine
(1.2)

trinitro-methane

.

XO: CsH.CH,
(NHi) (5, 1, 3)

XO,> CsHjCHj
(XH 2) (6, 1, 3)

XO2 C6H3CH3
(MI2) (2, 1, 4)

NOi-CfHt-CH*
(NHs) (3, 1, 4)
NO2 NHCOOCiHt
NH2CONHXO2..

C 6H3(N02)(CHj)l..

C 6H3(NO)2(CH»)2. .

.

CcH3(N02)(CH3)2...

CeH^NOaXCHih...

C 6H3(N02)(CH,)2...

CH(N02)a
NOC 8H,NH2 .

C 6H 6XO.

XOCeHiCOOH

(C2HOtN.NO
NOC«H 4 N(C2H 5)i

C(CH3)2-CH] 2KXO
(CH 3 ) 2X • XO
NOC»H4-N(CH,),.

(CeHsVN-NO

(CH3CHjCHt)iN-
1 NO

C.H4X(NO)CH: C(OH)

NO-Cifi,OH.

NOCuHeOH.
NOCioH.OH.

NOCioH.NHi.
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Name

N?tro-
phcnol (p )

toluene (o.) . .

.

Nonanc (dj.. .

(a).
" 08)

Nondecylic acid . .

Nonyl alcohol. . .

Nonylene
Nonylic acid. . . .

Octane (n.)

Octyl alcohol (n.).

aldehyde
amine

" (sec.) . . .

chloride (n.). . .
.«

(sec.) ..

formate
Octylene (n.) ....

Oenanthol
Oenanthylic acid

.

Oleic acid
Olein
Opianic acid

Orcein
Orcin-phthalein . .

Orsellinic acid
COOH, OH, CH 3 ,

OH 1, 2, 4, 6
Oxalic acid

Oxaluramide.
Oxaluric acid

.

Oxalyl chloride.
Oxamaethane . .

Oxamic acid . .

.

Oxamide
Oxanilic acid . .

.

Oxanilide

Oxanthranol . . .

Oximide

Oxindol .......
Palmitic acid. .

Palmitin

Synonyms

quinone monoxime

pelargonic acid .
. .

heptylic aldehyde
heptylic acid

triolein

oxalan

anthrahydroqui-
none

tripalmitin

Formula

NOCeHiOH
NOCeH^CHs ....
C»H 2o

C.Hiu
C»H 2 <,

CwHmCOOH
C»H„OH
CjHu
CsHi, COOH
C«Hi« .

CsHnOH
CH 3-(CHj)«CHO.
CH 3-(CH 2) 7 NH 2 .

CH 3(CH 2 ) sCH(NH 2)

CH3

CH3(CH2)«CHsCl

CH3 (CH,) 5CHC1-
CH3

H-COOCsHi?
CH3(CH2) 6CH.CHi

CeHuCHO
CeHuCOOH
Gi7H33-COOH
(C.sHbO^CiH.
(CH30) 2C 6Hi(CHO) •

COOH
CzsHmN^Ot
CkHuOs
C6H 2(0H)sCH3

COOH

(COOH) 2 + 2HjO .

.

C 3H 5N 3 3

NH2CO NHCO-
COOH

COC1COC1
NHiCOCOO'CjHs

COOHCONHj. ...
COXH 2 CONTH2 . . .

COOHCOXHCHs
CeHsNHCOCO-
NHCeHs

CeH^COCHOHCeH,

NH-COCO
I I

CsHtON
CH3 (CH2)hCOOH

(CuH3 i COO)jC3H6
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Name Synonyms Formula

Palmitone
Palmitolic acid.

Palmito-nitrile

.

Papaverine ....

Parabanic acid

.

Paraconic acid

.

Paraconiin
Paracyanoiien ....

Paraformaldehyde

Paralactic acid (d.)

Paraldehyde
Paraldol
Paraleukaniline .

.

Param
Pararosaniline ....

Parvoline ( a) . . . .

08)
•

• • •

Pelargonic acid . .

.

Penta-aminoben-
zene

acetylglucose . . .

bromobenzene . .

chloraniline
chlorbenzene . . .

chlorethane
decane (n.)

erythrite
ethylbenzene . . .

glycerol
methyl aminoben-

zene
" benzene

.

" benzoic
acid

" ethanol . .

" phenol. .

" rosaniline

methylene
bromide

" diamine
aminobenzene .

.

Pentane (n.)
- (.ec.) ....

(tert.) . .

.

oxalyl urea

itamalic anhydride

triaminotriphenyl-
methane

dicyandiamide . . .

triamino triphenyl-
carbinol

methylaniline
violet

cyclo pentane

.

cadaverine . . .

.

(ClsII 31 ) 2CO
CnH;;COOH

CksHa-CN

CsoHhOiN

C3H2 3N2

CH2COOCH2:CH-
I I

COOH
CsHuN
lCN)z
(CH 20)x

CHsCHOHCOOH
(C 2H 40) 3

(C4H»Os)»
CIl(CdUSHzh

C2N2(NH 2 ) 2

C(OH)(C 6H <NH2) 3 .

CHmN
CoH(CH») 4N
CH3 (CH2) 7COOH .

C6H(XH2 ) 5

C 6H70(OC2H30)5...
CeHBrs
C1 5C«NH2

CeHCh
CCbCHClj
CH3 (CH2)„CH3 ..

C(CH2OH),
CeH-(C2H5)i
CH3 C(CH2OH) 3 ...
C 6(CH3) 5NH2

C 6H-(CH3) 5

(CH3) 5 C s COOH..

(CH,)3CC(OH)
(CHj)2

(CH3) 5 C6-OH
CmHmNsO

CsHio
CH 2Br(CH2) 3CH2Br
NH2 -(CH 2 ) 6-XH 2 ...
C 6H(NHj) 4

CsHu
(CHjIjCH-CHsCHj
C(CH3)4
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Name Synonyms Formula

Perchlorethane.
Perchlorether ....
Perchlormethyl-
mercaptan

Perseite (d. or I.)

.

Phellandrene
Penacetin.
Phenacylbromide

.

Phenanthrene ....

Phenanthrenehy-
droquinone

Phenanthrenequi-
none

Phenanthranol . .

.

Phenazine
Phenetidine (o.) .

.

(m.) .

(p.) • •

Phenetol
Phenocoll

Phenol

phthalein
sulfonic acid (o.)

" (m.)

"
(P.)

tricarboxylic acid

Phenthiazine

Phenyl-acetanilide

acetaldehyde . . .

acetate
acetic acid

acetylene
acridine (9)

amino-propionic
acid (p, a)

amino-propionic
acid (p. (i)

amyl ether
angelic acid ....

anthracene

See hexachlorethane

See acetphenetidide
bromacetophenone

aminophenylethyl-
ether

phenylethyl ether
aminoacetyl-
phenetidine

carbolic acid

phenyl alanine . .

.

352

CjCIsOCiCIs
CCUSCl

C7H16O7

CioHie

C«HsCOCH2Br...

C14H10

CuH8(OH) 2

C14HS 2

ChHj-OH

CnHsNj
C!H s-0-C«H4-NH2 .

CsHcO-CsHi-NHj.
CiHsOCeH.NHj.
CsHs-OCiHs
dHsOC^NH-
COCH2NH+H2

CtHsOH

C20HUO4
C.Hi-OH-SO»H....
C6H4OHSO3H
+ 2H2

C«H4-OHS03H....
CeH2(OH)(COOH) 3 .

C(H,NHC.H.S
l

1

CHi-NH'OCCHr
CtHs

C«H 5 CH2 -CHO. ..

CH1COOC.H5. . .

C 6H 6 -CH2 -COOH..

CtHsCiCH'
CdHsCnHgN

CtHiCHrCH
(NH2)COOH

C 6H 6 CH(NH2)-

CHjCOOH
CsHsOCsHn
C«H 5 CH:C(C2H 5)

COOH
ChH9(C«H s)
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Name Synonyms Formula

Phenyl-
benzoate

benzoic acid (o.)

" (m.)

" (P.)

benzylamine ....

carbamate

carbonate
carbylamine
chloride

cinnamic acid . .

.

crotonic acid . . .

cyanamide

cyanide.
dihydroquinazo-
line

disulfide
ditolylmethane .

ether

ethyl alcohol . . .

(sec.)
" amine 0)

"
y, a"

(tt)

hydrazine
(unsym.)
" (sym.)

" ketone. . . .

" sulfone. . .

ethylene.
formanilide

glucosazone (d.)

glycine
glycine carboxylic
acid

glyoxylic acid . .

.

hydrazine

hydroxyerotoni c

acid (a)
hydroxylamine

08)
isocrotomc acid

.

isocyanphenyl
chloride

phenylmetacrylic
acid

Cells COOCHs...

CsHsCeH^COOH.

C 6H s C 6H<COOH.

CeHs-CeHj-COOH.

XHCHi-
B

CeHsCOOXHa. ...

(C 8H 5) 2C03 ..

CeHj-NCCb.

CeHsCH: C(C.H 6)

COOH
CeHsCH: C(CH 3 )

COOH
NCNHCeHs

See bemonitrile
orexin CsH^CHjNCCeH^CH: N

L_

benzyl carbinol . .

.

See styrene

anilino acetic acid

benzoyl formic acid

C«H 6 -CH-(C«H4-
CH3 ) 2

C6H 6-OC«H 5 . . .

CsHs-CHs-CHjOTI
C 6H 5 -CH(OH)CH3
C.HjCHrCH.XHj

CeH5 CH(NH2)CHj
C 6H 6 N(C2H5) XHj

CeHs-NH-NH-CiHs
CeHsCOCaHs. ...

CjHjSOj-C.Hs...

(C 6H 5) 2NCOH
C, rHkO,X<
C.FI-.XHCHjCOOH
(COOH)C6H4XH-
CH 2 COOH
CeHsCOCOOH...
C 6H S NHNH2

C6H6 CH:CH-
CHOHCOOH

CtHt-NH-OH...

C6H 5 CH:CHCH2
-

COOH
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Name

Phenyl-
isocyanide

.

isopropylketone

.

mercaptan.
methylketone.
methylpyrazolone
mustard oil

naphthalene (a)

08)

naphthylamine
(&
08)

naphthyl ketone
( S)

" 03)
nitramine
oxydisulfide ....
phosphine ......
propiolic acid . . .

propyl alcohol (7)

" (sec.)

propylglycolic
acid

propylketone

.

pyridine (a) .

.

03)-.

(7) • •

quinoline (a)

.

quinoline (o.)

.

(p.).
salicylate

.

salicylic acid ....

semicarbazide (1)

sulfide

thiourea
toluene (o.)

" (m.)....
" (P.) ....

totyl ketone (o.)

(m.)
" (P.)

urea

urethane

.

Phenylene diamine
Phloretic acid ....

Synonyms

phenylcarbylamine

See thiophenol
See acetophenone

phenyl isothio-
cyanate

salol

.

ethylphenyl car-
bamate

See diamino-bemene
p-hydroxyhydra-
tropic acid

Formula

CsHsNC

Crfls CO -CHCCHa)*

CioH10N2

CeHsNCS

CioHT-CeHs
CnHVCeHg

CioHyNHCsHt. ..

CioHyNHCsHt...
C10H7COC6H6...

CioHT-CO-CeHe. . .

C 6H6-NH(N02)....
(C 6H 6) 2S2 2

CeHs-PHz
CsHsCiCCOOH
C6H6(CH2)jCH2OH

C6HsCH(OH)C2H 6

C6H4.C3H7.CHOH-
COOH
CeHsCOCsH?
CeHsCsH^N
C 6H 5 CsH«N

CeHsCsHiN
CeHsCsHsN
C.HsN-CeHs

CqH.N-CsHs
HO-CeHvCOO-

C cH4(OC6H E)-COOH
CeHsNHNHCO-
NH2

(CeHs) 2S

CS(NH2)NHC 6H 6 .

CeHsCeH^CHs. ..

CfiHs* CsH4 'CH3 . . .

CeHs-CeH^CTfe. . .

CtHs-COCH^CH)
C 6H 5 COC 6H 4 CH3
CsHsCOCeHcCHs
CtHs-NHCO-NHs

CbHsNHCOO-
C2H 6

C 6H4(OH)CH(CHj)
COOH
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Name Synonyms Formula

Phloretin

Phloridzin

Phloroglucinol . . .

triethyl ether. . .

tximethyl ether,
trioxime

Phlorol
Phloron
Pho3gene. See
Phosphenylchloride
Phosphobensene .

.

Phthalamide (o.)

.

Phthalanil
Phthalic acid ....

aldehyde
anhydride

Phthalide
Phthalimide

Phthalonic acid . .

Phthalophenone .

.

Phthalylchloride
(o.)

(m.)

(p.)
Picene

Picoline (a)
" 08)
" (7)

Picolinic acid (2)

.

Picramic acid
(4, 6, 2)

Picramide

Picric acid

Pieryl chloride . . .

Pilocarpine

hydrochloride . .

.

nitrate
Pimaric acid
Pinacoline

trihydroxybenzene
(3, 1, 5)

xyloquinone
carbonyl chloride

triphenylcarbinol-
o-carboxylic
anhyd.

methyl pyridine (2)

(3)
" (4)

pyridine carbonic
acid (2)

dinitroaminophenol
(4, 6, 2, 1)

trinitroaniline .

.

trinitrophenol
(1, 2, 4, 6)

CuHhOs

CS1H24O10 + 2HiO . .

C«H3(OH) 3 +2H2

C 6H3 (OC2H 5)3

C 6H3 (OCH,) 3

C«H 6(NOH)3

CsHioO
C(CH3)jC: CH]t: CO

CeHsPCb
CsHsPzPCeHs...

C 6H4(CONH2)2

CsHiOs: NCeHs . . .

.

C 6H4-(COOH)2(o.).

CeHWCHOMo.)..
C6H4(CO) 2 (o.). .

C8H 6 2

CeHi: (CO)»: NH..

C 6H4(COOH)CO-
COOH

(CeH6).:C-C eH«-COO
I

I

C 6H4(C0C1) 2

C6H4(C0C1)2
C 6H 4(C0C1)2
CmHm

CHjCsH^N
CH 3 -C 5H4N
CH1C6H4N
CsI£ 4XCOOH

(N0 2) 2(NH2)-C6Hj-
OH
NH 2 C 6H2 (N02)3

(1, 2, 4, 6)
HOC,H 2 (NOi)s

(1, 2, 4, 0)

C1C 6H2 -(N0»)*....
CuHi 602N2

CnHi 6 2N2 HCl....

CnHi60 2N2 HN03..
C2oH3o0 2

CHs-CO-CCCBOi..
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Name Synonyms Formula

Pinacolyl alcohol

.

Pinacone

Pinene (a)
hydrochloride . .

.

Pinol
Piperazine See
Piperic acid
Piperidine
Pipeline

Piperonal
Piperonyl alcohol.

Piperonylic acid .

.

Piperylene

Pivalic acid. See
Populin

Prehnitic acid
(1, 2, 3, 4)

Propane
Propargyl acetate
alcohol

Propiolic acid ....
Propionaldoxime .

Propionamide ....

Propionanilide . . .

Propionic acid . . .

aldehyde
anhydride

Proponal

Propyl acetate . .

.

acetylene
alcohol
amine (n.)

aniline
benzene
benzoate
benzoic acid (o.)

" (P.)

bromide
butyrate
carbamate
chloride
chloride (sec.) .

.

cyanide
ether
formate
hexyl ketone

dielhylenediamine

hexahydropyridine

heliotropin

trimelhylaeelic acid
benzoyl salicin . .

.

dipropyl barbituric
acid

butyro-nitrile . .

(CH3) 3CCH(OH)
CH3

(CH3hC(OH)-
C(OH) (CH,) 2

CioHu
CioHu HC1
C10H16O

C12H10O4
CsHuN
CiHwNCO-CH.-
C 6H3 : Oj: CH*

CHj-OjCHjCHO
CHj(02)C 6Hi-
CHjOH

C>H 60«

CH2 CH-CHsCH
CH2

C20H22O8 + 2H*0...

C«H2(COOH)<

CH3CH2CH3
CH3COOC3H3....
CHiCCHiOH....
CH i CCOOH
C2H 5 CH: NOH. ..

CjHsCONHj

CeHsNHCOCzHs

CHsCHaCOOH...
CH3CH2 CHO....
CCH3-CH2 CO]20..
C10H16O3N2

CH3 COOC3H7....
C3H 7-CiCH
CH3CH2CH2OH..
CH3CH2CH2NH2.
CeHs-NH^H:). ..

Cells • CH2 CH2 CH3
CcHsCOOCsHt...
C3H7C6H4COOH..
C3H 7 C sH4COOH.

CHiCHj-CHjBr...
CjHtCOOCsHt...
NH2COOCJH7
CH3CH2CH2C1...
CH3CHC1CH3....
CH3CH2 CHjCN.
C3H70C3H7
HCOOC3H7
C3H7-CO-C«Hu. . .

.
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Name

Propyl-
hydroxylamine

Synonyms

iodide .....
isovaleriate

.

03)

mercaptan. . .

naphthylamine(a)
nitraniine. . . .

nitrate
nitrite
phenol (m.) . .

phenyl ketone

.

propionate . . .

pyridine ( a)

.

(a), (iso)

(7), (iso)

sulfide
tartrate
urea

Propylene
bromide
chloride
glycol (a)

oxide
Protocatechuic. . .

acid (3, 4, 1)

aldehyde (3, 4, 1)

Pseudo-cumene . .

Pseudo-cumidine

.

Pseudo-morphine

.

Pseudo-tropine . . .

Pulegone
Purine

Purpurine (1, 2, 4)

Purpurxanthine
(1,3)

Pyrantin

Pyrazine
Pyrazole
Pyrazolone
Pyrazolone

Pyrene

Pyridazine
Pyridine
pentacarboxylic
acid

butyro-phenone

.

dibrompropane

.

dichlorpropane

.

trimethyl benzene
(uns.)

t rihydroxyanthra-
quinone

Formula

C3H7NHOH.

CH3CH2CH2I...
(CH 3)i-CHCHs-
COOC3H7
CHiCH.CHaSH. .

I M XHC3H7...
'(

. -XH(NOi)....
GH;NOa
G.H7NO2
C3II7 C 6H 4 OH....

." CO-CHs....
CjHsCOOCsH?...
OHtCsHiN

H C,II,X
C3II7CH4N
(CaH7)jS
C4lUOf(C 3H-h.. ..

1 iH NTHCO-NHj
GHiCH:CHi

lIHr.CH-.Hr .

1: IHCICHjCI .

CHaCH(OH)'CHj
OH

CH3 (CH-CH,)0 .

(HO)i-C.Hj-COOH
+ H2O

(HOhCJk-CHO..
OeH»-(CHt)«(l,2,4)

(CHjJs-CeHj-NH,
(1. 2, 4, 5)

Ci;HI9N04
XO

CfcH«N4

C6H 4 (CO) 2 -C6H
(OH),

C6H 4(CO)»C 4Hs
(OH),

Ci2Hi;OiN

C4H4N2
CtffcNj
CtjHeNi
CO CH,CH:NNH
L 1

Ci 6H10

C4K4N2
s

C*N(COOH)6
+ 2H,0 or 3HjO
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Name Synonyms Formula

Pyridine
sulfonic acid (3)

tricarboxylic acid
(1, 2, 3, 4)

tricarboxylic acid

(1, 2, 4, 5)

tricarboxylic acid

(1. 3, 4, 5)

tricarboxylic acid

(1, 2, 4, 6)
Pyridone. See
Pyrimidine ....

Pyrocatechin.
Pyrocoll

Pyrogallol (1, 2, 3)

carboxylic acid
(1, 2, 3, 4)

dimethylether .

.

trimethylether . .

Pyromellitic acid

.

Pyromucic acid .

.

Pyrone
Pyrotartaric acid

.

Pyrotritaric acid.
Pyroxylin

Pyrrol
carboxylic acid (a)

Pyrrolidine
Pyrroline
Pyruvic acid

Quercite (d.)

Quercetin. .

.

Quercitrine

.

Quinaldine.
Quinazoline.

See

Quinhydrone

Quinic acid

Quinine

hydrochloride..

carbocinchomeronic

See berberonic acid

/3-carbocincho-
meronic

trimesitinic acid .

.

hydroxypridine
m-diazine

See catechol

pyrogallic acid . .

benzene tefracar-
bonic acid
(1, 2, 4, 5)

See uvic acid

pentazane

pyroracenic acid

.

methylquinoline (2)

C5H4NSO3H. .

C 5H2N(COOH)j
+ UH2O

CsH2N(COOH)j
+ 3H2

C;,H2N(COOH)3
+ 2JH20

CH:CHCH:NCH:N
I

C<H3 N(CO)2-
NC4H3

CsH3(OH)3. . .

C 6H2(OH)sCOOH
+ H2O

C 6H3-OH(OCHj)».
C 6H3-(OCH3)3. ...

C»H2 -(COOH)4
+ 2H2

CJIsO-COOH.

CsH«02

CH3 -CH(COOH)-
CH2 COOH

Ci2Hn(ON02) 6Oi. .

C4H«:XH
C4H3NH(COOH)..
C4H8: XII
C4H«:XH
CH3COCOOH. .

C6H 7 (OH) 5

C15H10O7 + 2H2

C2iH220i2 + 2H2

C (H,CH:NCH:N
I I

CeHiOz CJI 4
-

(OH) 2

(HO)4-C 6H7COOH
CwH^OtNj

C2oH2402N2 HCl
+ 2HjO
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Name Synonyms Formula

Quinine sulfate . .

.

Quinizarin

Quinol

Quinoline
Quinolinic acid . . .

Quinone

chlorimide

dichlordiimide . .

dioxime
Quinoxaline

Racemic acid ....

Raffinose

Resorcinol

dimethyl ether .

.

methyl ether. .

Resorcvlic acid (a)
COOH, (OH)j
1, 3, 5

Resorcylic acid (/?)

COOH, (OH) 2

(1. 2, 4)
Retene
Rhamnite

Rhamnose

Ricinoleic acid . . .

Rosaniline

Rosinduline

Rosolic acid
Rufigallic acid . . .

Rufiopin

Rufol

Sabinene
Saccharic acid (d.)

Saccharine

Safrol
Salicin

p-dihydroxyantbra-
quinone

hydroquinone ....

pyridine dicarbonic
acid (2, 3)

benzoquinone ....

dihydroxybenzene
(m.)

iaodulcite

.

/3-dihydroxy-
anthracene

benzoylsulfimide .

(C2oH!,0 5N2)2H2SO,
+ 7HjO

C«H4(CO)jC6Hi
(0H) 2

CHi-COHh (p.) ...

CoHtN
CiH 3.\-(COOH)*...

C«H«Oi

C 6H4N(CDO
i 1

\C1)2
C6H4(XOH)!
C tH«N:CHCH: N.
•I I

[CH(OH)COOHl2
+ H2O

CisHkOi6 +5HsO..

C.H«-(OH)i (m.)...

C«H4(OCHj)2

' »H)iCOOH
+ 1 l.HjO

C 6H3(OH)iCOOH
+ 3HtO

ClsHl8
CH,-(CHOH)4
CH2OH

CeHiiOs +H2O

Ci,H3<C>3

TIN": CioH6 : NCeH«N
1

1

Ci4HjOt(OH) (

Ci4HsO«

C14H10O2

CioHie
C4H4(OH)4(COOH),
C tH,CONHSOj

1
1

C10H10O2.
. .

Ci3Hu02(OH) i.'.
".'.'.
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Crystal-
line form
and color

Sp. gr.

H.O = 1

(A) Air = 1

Melting-
point
°C

Boiling-
point
°C

Solubility in gms. per
100 c.c. of

Water Alcohol

silky need,

red. need.

w.
colorl. liq.

monocl.
pr.

yel. pr. f.

w.
yel. cryst

need. f. w.

wh. cryst.

colorl.

tricl.

colorl. tab

colorl. liq

liq.

pr. or.

need.

need. f.

eth.

loaf,

tricl. pr.

colorl. f.

w.
colorl.

red. need.
or tab.

br. leaf.

red. leaf.

or red.

yel. red.

yel. need.

colorl. liq

colorl.

monocl.
colorl.

colorl.

leaf.

1.090

1.31

1. 165

1.272

1 .
080»°

1.13

1.471

0.915

0.84 0=«°

1.108
1.43

205
(2H20)
194

169

-22
. G

231 d.

115.7

84.7-5.0

124 d.

27"

205-0

118-9
anh.
116

232 3

204-6

98.5
121

92-3

16-7

198-9

270

subl.

d.

220 d.

11
201

subl.

285

236.2

subL

d.

240 d.
229.5

276.5

214-5
243-4

390

162-6

233

0.14"°

5.9» 5°

si. s.

0.55«- 5°

si. s. c;
s. h.

si. s. h.

8.

20.620°

1420°

V. 3.

V. sl. 8.

Si. 8.

V. 3. h.

S. h.

V. 3.

50 c.

i.

sl. s.

V. sl. 8.

i.

sl. s. h.

V. 8.

0.43"°

3.6"

1.16*5°

8.

V. 8.

co

Sl. 8.

V. 8.

V. 8. h.

8. h.

S.

2.1 c.

V. s.

V. 3.

00

v. s. h.

V. 8.

V. Sl. 8.

V. 8. h.

s. cone.
IIjSO<

V. 8.

3.1

367



HANDBOOK OF CHEMISTRY AND PHYSICS

PHYSICAL CONSTANTS OF

Name Synonyms Formula

Salicylamide (o.)

.

Salicylic acid (o.)

.

acetate

aldehyde
anhydride
anilide

phenyl ether
Saligenin

Salipyrine

Salol.

Santalic acid

Santonin

Sarcolactic acid . .

Sarcosine
Sebacic acid

Selenium ethyl . .

.

methyl
Semicarbazide ....

hydrochloride . .

.

Serine

Silicoacetic acid . .

Silicobenzoic acid

.

Silicon ethyl
methyl
phenyl chloride

.

Silver fulminate.

.

Skatole
Sobrerol (d. or 1.)

.

Sodium acetanilide
ethyl
glycerate". ......
mercaptide

Solanidine
Solanine
Sorbic acid

Sorbinose

Sorbite (d.)

Sparteine

antipyrene salicyl-
ate

See phenyl salicylate

paralactic acid

.

methyl glycine

.

silicononane

.

methylindole (3)
pinol hydrate . . .

HOC«H«CONHj

H0CH«C00H ..

C2H3O2 C«H« COOH

HOCeH.CHO....
(CeH,)K)s(CO),. ...
HOC»H,CO-
NHCeHs
CHiOCeH.COOH
HO-C<sH« CH2OH

(o.)

Cl8HlnO«N2

CisHmOs

CuHwOj

CH3 CH(OH)-
COOH
rilAHCHj-COOH
(CHj) 8 (COOH) 2 . ..

(CsH s) 2Se
(CH3 ) 2Se
NHjCONHNHj.
NH2CONHNH2
HC1

C2H3(OH)(NH2)
COOH
CHsSiOOH
CHsSiOOH
(C2H 5) 4Si
(CH3 ) 4Si
C«H 5 SiCU
Ag2C2N202

C9H,N
C10H18O2
CtH 5N(Na)-C2H30.
NaC2H 5

NaC3H 7 3

C2H 5SNa
C4oH 6i02N
CmHsiOuNC?)
CH3 CH:CH CH:
CHCOOH

C«HuO«

CdHuOe + iH20. .

.

Cl SH26N2
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Name

Sparteine
bisulfate

Starch
Stearic acid
Stearine
Stearolic acid ....

Stearone
Stearoxylic acid .

.

Stilbene
Strychnine

hydrochloride . .

.

nitrate

sulphate

Suberic acid

Suberone
Succinamide

Succinic acid

aldehyde
anhydride

Succinimide
Succinonitrile.
Succinyl chloride

.

Sucrose

Sulphaldehyde . . .

Sulfamine benzoic
acid (o.)

Sulfanilic acid ....

Sulfoacetic acid .

.

Sulfobenzid
Sulfobenzoic acid

(o.)

Sulfobenzoic acid
(m.)

Sulfobenzoic acid
(P.)

Sulfocyanic add .

.

Sulfonal

Sylvestrene (d.) .

.

Tannic acid

Synonyms

tri^-tcrainc.

diphenyl ethylene

cycloheptanone . .

.

See ethylene c

cane sugar

aminobenzene sul
fonic acid (p.)

thiocyanic acid .

.

acetone diethyl
sulfone

tannin

Formula

WH2SO4
HiO

COOH
,0*)iCiHb....

CisH3:02

o

'•II:CH-C«H;
C21H22O2N2

CfaH«OiN»HCl
+ UH20

OiHaOsNt-HNOa..

(C2lHK02\2)2HjSO«
+ 511

(CH2) 6 (COOH)i...

C7TI12O
lO CHt-CHi-

HOOC-CHs-CH*-

HO) a

(CH2CO) 2

CJIS02N + H*0 . .

.

C10C-CH»-CH*-
1

C12H22O11

(CHa-CHS)s
NH»-SO»-CiHV
COOH

NH2C6H4-S03H (p.)
+ H2O

SOnHCHsCOOH
+ H»0

(CsH.)2-S02
SOjH CcH, COOH
+ 3H 2

SOjHCeH^COOH
+ 2H2O

SO3HC 6H4CO0H
+ 3H2

CNSH
(CH 3)2C(S02C»H 6)2.

CioHk
C14H10O9
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Hi

19
20
21

BS

-

24

25

26

27
28

29

30

31
32

33
34

line form
and color

rh'b'dr.

wh. amor,
colorl.

colorl.

colorl. pr.

f. al.

leaf,

leaf.

colorl. tab.

tetr. f. al.

colorl.

trim.
colorl.

colorl. pr.

colorl.

need.
or tab.

oil

colorl.

colorl.

raonocl.
liq.

colorl.

f. al.

octab'dr.

colorl.

colorl.

monocl.

rh'b'dr.

rhomb, pi

tab. f. w.

tab.
trim.

need.

liq.

prisms

amor,
powd.

Sp. gr.

HiO = 1

(A)Air = 1

1.5

.
862»">°

0.7979

i; 10420°

1.412

1 . 5S81*

0.85101S°

Melting-
point
°C

136

no m. p

71-1.5
48

87.8

12}

anh. 200

140

ii9.'o

121

abt. 160-
70 d.

45-6
LB5-7

el. 280

12:5-4

anh.250*

anh. 141

259-50

5
126

abt. 200

Boiling-
point
°c

291100mii

260
"

300-7

abt. 300

180

234

201-3

190-2

subl.

300 d.

176-7

Solubility in gms. per
100 ex. of

Water Alcohol Ether

91"°

1.

0.016"°

2.9 c.

2.425°

3.2"°

0.1416°

0.4515°;

l]ioo°

G.8200 ;

121100°

200 c.

v. s.

0.89"°

50...

2i 5°

:

g 71000

20

42"°

2.5 c.

v. si. s.

Si. 8. C.

sl. 8. h.

si. s.

0.9

1.7

0.83"°

1.5»°

sl. s.

sl. 8.

s.

V. 8.

V. sl. 8.

V. S.

Sl. 8.

V, S.

V. s.

50 h. aba

167

* The anhydride melte at 118° C-
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Name

Tartaric acid (i.) .

(d. or 1.)

Tartronic acid . . .

Taurine

Taurocholic acid .

Tellurium ethyl .

.

methyl
Teraconic acid . . .

Terebene
Terebic acid.
Terephthalic aci 1

aldehyde
nitrile

Terpenol
Terpinene
Terpineol
Terpine hydrat?.

Terpinolene
Tetrabromo-

benzene (sym.)
(1. 2, 4, 5)

Tetrabromo-
benzene (uns.)

(1, 3, 4, 5)
Tetrabromo-

benzene
Tetrabromo-

benzene
Tetrabrom-ethane

(sym.)
fluorescein.

Tetrachlor-acetone
(sym.)

aniline

benzene

ethane. See ace!
" (uns.) . . .

ethylene
hydroquinone . .

.

Tetradecane (n.)

Tetradecylene ....

Tetraethyl-ammo-
nium hydroxide

Synonyms

mesotartaric acid.

See eosine

jlene tetrachloride

Formula

HOOC(CHOH)r
cooh+b i

; nil),.

( OHII
CIIi.(IH)-(COOH)j

NHiCHj-CHr
30»B

XOtS + H2O

iTe
Te
c:C(COOII)

CH2COOH
C10TT16
C7H10O4

'M()H) 2 (p.)

CJIWOHOh (p.)..
(p.)....

CioH„0
CnTlio
CI0H„O
C10H20O2 +H2O....

CioHk
C 6H2Br«

C«H*Br«

CoHjBn

CeHjBn

CHRrj-CHBrs

CHCI2COCHCI2
+ 2Hj()

NHj-CeHCh
(1. 2, 3, 4, 5)
NBYCeHCU

(2, 3, 5, 6)
C 8H2Ch (1, 2, 3, 4)
CeHjCh (1, 2, 3, 5)
CeHjCh (1, 2, 4, 5)

CHjClCCb
CClj:CCh
CeCMOHh

CnH30
CuHm
(C2H5) 4NOH

372



HANDBOOK OF CHEMISTRY AND PHYSICS

ORGANIC COMPOUNDS (Continued)

No

20

21

i

tab.

colorl.

colorl. pr.

I

tetr. need,

need.
li„.

h<l.

tricl.

liq.

monocl.

need. f. \v

colorl.

pr.

colorl. liq.

colorl.

colorl.

rhomb,
colorl. liq.

pr.

need.

f. al.

need,
need,
monocl.

colorl. liq

monocl.
f. bz.

colorl. liq

liq.

need.

Sp. gr.

(A)Air = 1

876°°
0.81531°

0.936*°°

3.027"°

2.972

1.858"°

1.61160°
1 . 60S"

0.765*0
0.785°°

Melting-
point
°C

140-3
anh.
168-70

!

164 d.

174
subl.

116
215(222)

2."»

116-7

174-5

98.5

160

136-8

<-20

48

118

90

45-6
50-1
140-1

-19
232

5.5

d.'
190'

Boiling-
point

<100
82

to. anh.

156
d.

245-8

179-82
218

183-5

329

254
240
243-6

135
119
subl.

252.5
12715mm

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

125 c

1392 0°

V. s.

6.5 12°

v. s.

si. s.

v. v. si. s

1.5l0(>°

0.5*°

v. s. bz.

(

V. s.

v. si. s.

V. s.

si. s.

v. s.

10

v. b1. s.

si. 8.

v. si. s.

si. s. h.

oo
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PHYSICAL CONSTANTS OP

Name

Tetraethyl-
benzcne (sym.)

Tetrahydro-
benzene

A'-Tetrahydro-
benzoic acid

Tetrahydro-
naphthalonc

Tetrahydro-
naphthol (a)

Tetrahydro-
naphthylamme

Tetrahydro-
naphthylamine

</J'-Tetrahydro-
phthalic acid

Tetrahydro-
quinoline

Tetrahydro<i uinone
Tetrahydroxy-

benzene (syi

Tetrahydroxy-
benzoic acid

Tetrahydroxy-
quinonc

Tetraiodoethylene

Tetraiodopyrrol . .

Tetramethyl-
ammonium
hydroxide

benzene (1,2, 3, 4)
(1,2,3,5)
(1,2,4,5)

diaminobenz-
hydrol

diaminobenzo-
phenone

diaminodiphenyl-
amine

diaminotri-
phenylmethane

leuco-aniline ....

succinic acid . . .

urea

Tetramethylene-
diaraine

Synonyms

iodol

See isodurene
durene

Michler's ketone

putrescine

374

Formula

C 6H 2 (C2H S)«

(1, 2, 4, r,)

.XC0-N
R.)»

C«Hio

CH2(CH2) 3 CH:C
I I

COOH
C10H12

HO-
C 6H3CH2(CH2) 2CH2

I
, I

CioHn-NH2(o, ar.)

CioH,iNH203, ac.)

aiiioOi

C.IIuN

rii:'),H 4

'11)4(1,2,4,5)

(HOJiCeHCOOH..

(HO)4C 602

CI2 :CI2

Cd«NH

(CH3) 4 NX)H
+ r

)IIsO

C«H2-(CH3)4

C 6H2(CH3)4

HO-
/
r'TI[0 6H,N(CH3) 2]2

(CH,)2NC,H4-CO-
CiIIrN(CHi)2

NH[C6H,N(CH 3).]2

deH«CH
[C«H,N(CHi),]2

[(CH 3) 2 .N-C 6H4]2-
CHCa-NH:

[»)4(COOH)i.

,

\-co-
N(CH,),
NH,(CH2)4-NH2...
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ORGANIC COMPOUNDS (Continued)

1 i- :

line form
and color

colorl. liq.

liq.

colorl. liq.

colorl. liq.

monocl.
wh. pi.

oil

liq.

leaf.

colorl. -br.

wh. pr.

cryst.

monocl.
pr.

yel. need

colorl.

monocl.
leaf,

pr.

glit. leaf.

tetr. pi.

f. CSs
tricl. need

(leaf.)

glit. cryst

iiq!

leaf.

Sp. gr.

(A) Air = 1

0.8.SS

1.109»°

0.981"°

1.03448°

1.06314°

0.882»°

O.S3S810

0.972

Melting-
point
°C

13

29

69

abt. 20

78
215-20

148

192

62-3

-4

79

96

171.5
(174)

119

93 (102)

151-2

95

27-8

Boiling-
point
°C

250

210-5

82-4

243

205

265705mm

277

251-2

251

subl.

d. 140-50

dec.

204

abt. 190

d. 360

subl.

177

159

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

si. 8.

si. s. h.

s. dil. a.

v. si. s.

s. h.

v. s. CS2

0.02

OO «3°

v. s. bz.

1:45

V. 8.

V. S.

5.815°

90%
V. S.

V. si.

V. s.

50; s. bz.

375
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PHYSICAL CONSTANTS OF

Name

Tetranitro-diphenol
diphenyl
diphenyl methane

methane
naphthalene (a)

" (1, 3, 6, 8)

" (1, 3, 5, 8)

phenol

Tetraphenyl-ethane
(sym.)

ethylene

urea

Tetrazole

Tetrolic acid
Tetronal
Thallin

Thebaine

hydrochloride . .

.

Thelne.
Theobromine

Theophylline

Thialdine
Thianthrene
Thiazole
Thio-acetamide. .

acetanilide
acetic acid
aniline
benzaldehyde (a)

"
.,

(ft
benzoic acid ....

carbonyl chloride.

cresol (o.)
" (m.)
" (P.)

cyanic acid. See
cyanuric acid . .

.

diphenylamine .

.

hydroquinone . .

.

naphthene

Synonyms

p-methoxytetra-
hydroquinoline

paramorphine . . .

See caffeine
dimethylxanthine

See thiophosgene

sulfocyanic acid

benzothiophene.

.

376

Formula

[C«H*(NOi)jOH>...
CuHeCNOj),
CnH8 (NO*)«

CCNOi),
CioH4-(NOi)4

CioH«(NTC>2)<

CioHvCNOt).

HO-C.H-(NOi),
(1, 2, 3, 4, 6)
(CeHshCHCH
(CeHs)i

(C 6H 5)jC : C(C«Hs)2

(C«Hi){N-CO-
NCCeH^j
CH:\NHN:X

I
I

CH3 CiCCOOH..
C9H50O4S2
CsHioONCHs

CisHaOsN

C19H21O3NHCI
+ H2O

CrHsOjN,

CyHgOiN* + H2O...

C 8Hi3NSi
(CsEWjSj
C3H3NS
CH3CSNH2

0«Hs NH-CS'CHa
CHsCOSH
(C SH4 NH!) 2S
C.HsCHS
C«HsCHS
CcHsCOSH

CH4CH3SH
CcH^CHaSH
CH4CH3SH
CsHaNiSi
S-(C«H,)rNH
C 8H 4(SH)i
CsHeS
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ORGANIC COMPOUNDS (Continued)

No.
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PHYSICAL CONSTANTS OP

Xame

Thiophenol
phosgene

resorcinol (1, 3)

semioarbazide. . .

tolene
urea
urethane.

Thionin
Thiophene

alcohol
aldehyde
carboxvlic acid
(a) (1. 2)

carboxvlio acid

0) (1, 3)
Thujone
Thymene
Thymohydro-

quinone
Thymol

Thymoquinone . .

.

Thymotic acid. . .

Tiglic acid

Tin diethyl
tetraethyl
tetramethyl ....
triethyl

Tolane
Tolidine (o.)

(m.)....
(P-)

Toluamide (o.) . .

.

(m.) . .

(p.) • • •

Toluene
sulfonic acid (o.)

" (m.)

" (P.)

" amide (o.)

Toluio acid (o.) . .

.

" (m.)..

Synonyms

phenyl mercaptan
thiocarbonyl
chloride

I.auth's violet.

methyl-isopropvl
phenol (3, 6)

diphenyl acetylene
4, 4'-diamino-3, 3'-

dimethyl-diphenyl

Formula

3B

CeH,(SII) 2

NH2 • CS • NT XH 2

C(H3 CH.vS
NH»CSNHi
NHsCOSCsHs. .

C12H9X3S

CPT3S CH2OH.

CH3SCOOH..

CJI3SCOOH..

QoHieO
CioHi,
CkoHuOs

CH3 C6Hs(OH)-
C.H7

(Ciis)orn.
C 8Hi(CHa)Oi
C 6H2(CTI3)(C3Ht)
COOH
CH 3 -CH:C(CH3)-

COOH
Sn(C2H s) 2

Sn(C2H5) 4

Sn(CH 3),

Sn 2 (C 2H:,) f.

CeHsClCCeHs...
(NH ?)CTT 3 :C«sH 3

-

C 6H 3 :OH3 fXTIc)
(CH 3 C 6H 3 XHj) 2 ..

(CH3 -C 8H3 XH 2 ) 2 .

CH3 C6H 4 CO XH2

CH3 C6H 4 COXH2

CHsCeHiCO XII 2

C.HsCHs
CH3 C 6H4-S03H
+ 2H2

CH 3 CrH^SOsH
+ H2

CH 3 C 8H4-S03H. ..

+ 4H2

CH3 .C 6H4S02XIIc
CHjC.H.COOH..

CH3 C«H«COOH..

378
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ORGANIC COMPOUNDS (Continued)

i ,-

line form
and color

liq.

red. liq.

cryst.

need. f. w

leaf. pi.

br. leaf.

Uq.

oil

need. f. w

need. f. w

colorl. liq

liq.

colorl. pi.

yel. pr.

tab.
cry .st.

colorl. pr

oil

colorl. liq

colorl. liq

liq.

colorl. leaf

colorl. sc.

f. h. w.
arjst.

leaf.

colorl.

need

.

colorl.

need.
f. w.

colorl. liq

need.

leaf, orpr

eetahd'r.
colorl.

need,
colorl. pr

f. w.

Sp. gr.

HjO = 1

(A) Air = 1

1.078
1.508

1.0194

1.071

1.215*°

0.91320°

0.979*$°

0.964'«°

1.187=3°
1.3140°
1.41150°

0.86620°

Melting-
point
°C

27

181-3
18

180
102

126 5

136

i39.'o'

49.6

45.5

120

64.5

60
129-30

1 0S-9
103
abt. 139

94 C97)
168-9
(166)

168
73

243:
116. 4.U"

113'
'

subl.

'84"

207
198
260

1 55
102(104;)

110.5

Boiling-
point
°C

203
166
subl.

228-32

200

subl.

198.5

dec.

181

270 d.

275-300

111

259

263

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

9
s. h.

v. b1. s.

v. s. h.

s. h

0.0831*°
O.iiiooo

v. si. s.

si. s. h.

si. s. o.J

v. s. h.

si. s.

s.'h.

"'

si. s. C.J

V. B. ll

sl. s.

si. b. c.:

v. s. h

i.

v. 8.

v. s.

v. s.

0.1°°

s. h.

1. 67i°o°

v. sl. s.

a.

sl. s.

v. s.

v. s.

s.

V. s

V. s

V. B

3.6 5°

V. s.

v. sl.

H-SO«

V. s.

V. 3.

V. s.

V. s.

V. s.

V. s.

sl. s.

s. chl.

v. s.

379
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PHYSICAL CONSTANTS OP

Name

Toluic acid (p.)...

" anhydride (o.)

Toluidine (o.) . . .

(m.) . .

(P.)...
Tolunitrile (o.) .

.

(m.)

.

(p.).--
Toluquinone
CHs, O, O (1, 2, 5)

Toluylene diamine
(2.4)

Toluylene diamine
(3,4)

Tolyl
acetic acid (o.). •

" " (P.)--

carbinol (o.) . . . .

(m.)...
" (p.)....

chloride (o.) ....
(m.) . . .

" (P-)....
diphenylmethane

(p.)

(m.)

hydrazine (o.)..

.

(m.)..

,
" (P.)--

liydroxylamine.

.

mustard oil (o.)

u" , ,
" (P)

phenyl ketone.
Tolylene-alcohol

(o.)
" (m.)
" (p.)

chloride (o.) ....
(m.)...

" (P.).-..
cyanide (o.) . . . .

" (m.)....

"
(P.)

.

Triacetamide

.

Synonyms

amino-toulene (o.)

(m.)
" (P.)

diamino-toluene

.

See phenyl tolyl ketone

Formula

CHa-CsH.-COOH..

(CHs-CJh-CO)*)

CH»C«H«NH»....
NHi . . .

\H 2 ...
CHi Colli CX
CHsCeH.CX

CH»CH«CN
CH>C«HiOi

CH3 C6Hj(NH2)2..

CHaCeHafNHOt..

CHjCsHiCHj-
COOH

CH3 CeHiCHs-
COOH

CH3C6H4-CH20H

CHj-CsHi-CHsOH
CHjCjHiCHjOH

CHj-C«H«-CHjC1. .

CH»-C«H4-CH2C1. .

CH3C 6H4CH2C1. .

(C 6H 5) 2CH-

(C.H s)iCH-
C«H4(CH3)

CHj-CgHi-XH-XII,.

CH»CaH4-NHNHi
CHj-CoHi-XH-XH 2

CH3-C6H4-XH(OH)

CHa-C.H«-NCS....
CH3C6H4XCS....

CeH4(CH2OH) 2

C6H4(CH2OH) 5

C6H4(CH20H) 2

HtCDj
C«H4(CHtCl)j
C 6H4(CH2C1) 2

C6H4(CH2CX) 2

CeH4(CH 2CX) 2

C6H4(CH2CN)j

(CH3CO)3X

380
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PHYSICAL CONSTANTS OP

N'ame Synonyms Formula

Triacetin . .

Triacetonamine .

.

Triamino-
azobenzene

Triaminobenzene
(1, 2, 3i

" (1,2,4)

Triaminobenzoic
acid
COOH, (NHs^3

(1, 3, 4, 5)

(1,2,3,5)

Triaminophenol
(2, 4, 6)

Triamylamine ....

Triazole (sym.) . .

Tribenzoylmethanc
Tribenzylamine . .

Tribrom-acetic arid

aniline (2, 1,(

benzene (sym.)
(1, 3, .".J

" (v.)

(1.2,3)
(uns.1

(1, 3, 4)

hydrine

phenol (sym.)
(2, 4, 6)

resorcinol

Tributyl amine . .

.

Tributyrine.
Tricarballylic acid

Trichlor-acetal . . .

acetamide
acetic acid

acetyl chloride .

.

aniline (v.)

(1.2,3,4)
" (uns.)

(1,2.4,5)
(sym.)
(1,2,4,6)

benzene (v.)

(1.2,3)
(uns.)

(1,2,4)

glyceryl triacetate

Bismarck brown

.

pyrrodiazole

.

glyceryl tribrom-
hydrine

See bu'

rCH 3COO)3C i

C9H17NO + h 2o. ..

NH: CcH, X.-CeHs
(NHs)i (3, 2', 4')

C 6Hr(XHs ) 3

(XH 2 ).,C 6H 2COOH
+ JH 2

(XH 2) 3CeHiCOOH

C 6H2OH(XH2)3

SCsHu)»N
CH:X XH CH:X
I I

CH(COC'6H 5)i

CBr3 COOH
Br3C 6H;XH2

CtH 3 «r3

CcH3 Br3

CsHs • Brs

CH2Br-CHBr-
CH2Br

HOCeHjBrs

(HOh-CsH-Bn
(2, 4, 6)

(C«H 9) 3X

(CH2 -COOH) 2 CH-
COOH
CCbCH(OC2H5)!..
CCb-CO XH2

CCbCOOH
CCI3 COC1
C 6H2Cl3-NH2

C 6H 2Cl3-NH2

C6H.CI3XH2

C 6H»Cb

CeHsCk
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ORGANIC COMPOUNDS (Continued)

Crystal-
line form
and color

oolorl. liq.

tetrag.
need.

or. red.

cryst.

leaf. f. chl.

warts, f.

w.
need.

lift.

need.

need.
monocl.

f. al.

color 1. tab
sm. need,
need.

monocl.
pr.

n owl.

pr-

monocl.
pr.

need.

colorl.

rhomb.

tab. f. w.
colorl.

rhomb,
colorl. liq

need. f.

Igr.

need. f.

lng. need.
f. Igr.

pi. f. al.

colorl.

HiO - 1

(A) Air = 1

1. 161M°

2.658"°

2.436»°

1.288

i
'. 630«°°

1.466l0°

Melting-
point
°C

143.

5

103

44

121

224-5
i)1.3

135
119

1J9.6

87.4

44

16

92;
(96)

111

166

141
57.3

67.5

95-6

77.5

53.4

16-7

Boiling-
point
°C

258-9

330

abt. 340

2.37

257
200

subl.

245 d.

278"

275-6

220

subl.

216.5

dec.

197
239
195

118
292

abt. 270

262

218-9

213

Solubility in gms. per
100 c.c. of

Water

si. 8.

V. 8.

V. 3.

8. h.

v. a. h.

si. s.

si. s.

0.5
v. al. s.

v. a.

s. Igr.

s. Igr.

Alcohol

V. s.

V. s.

V. S.

i.

v. si. s. h

v. si. s.

8. h.

si. S. 1).

V. s.

V. s.

V. 8.

V. 8.

03

V. 8.

sl. S.

Ether

v. s.

V. 8.

v. sl s.:

s. chl.

v. sl. s

V. s.

sl. s.

v. s. Igr.

383
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PHYSICAL CONSTANTS OF

Xame

benzene (sym.)
(1.3,5)

benzoic acid(uns.)
(1. 2, 4, 5)

"IT.) (1,2, 3, 4)
•' COOH, CI

(1, 3, 4, 5)

ethane (a)
" 03)

ethyl alcohol . . .

ethylene
hydrine

hydroquinone . .

.

methane,
methyl-chloro-
formate

phenol

" OH, CI
(1. 2, 3. 5)

propane (1, 2, 3).

quinone

Tricyanogen
chloride

Tridecane Cn.) . . .

Tridecylene
Triethyl
amine
arsine
benzene (sym.) ,

carbinol
phosphine
phosphine oxide
phosphine sulfide
phosphite
silicol

silicol ethylether
silicon hydride .

.

silicon oxide ....
Triethylenediam in p

Trihydroxy-benzoi c

acid
benzophenone .

.

glutaric acid. . .

.

(d. or 1.)

glutaric acid (i.)

methylene (a) .

.

pyridine (sym.)

.

Triiodo-acetic acid
benzene (una.)

(1. 2. 4)

Synonyms

glyceryl trichlor-

hydnne

See chloroform
disphosgene. . .

See Irichlorhydrine

cyanuric chloride

pyrogallol car-
bosylic acid

Formula

CeHaCli

CeHiCbCOOH....

CtBtCU COOH ....
UHiCUCOOH ....

CCb-CH,
CHiClCHCli
CClj-CHiOH

CHClrCCh
CHiClCHCl CHiCl

(HO)j-CeH-CU
(2, 3. 5)

CI COO CCU

HOCeHj-Cli
(2, 4, 6)

HOCsHtCli

Oi-CcH-Cla
(2, 3, 5)

CjXjCIj

CrH„
CwHu

(CiH4)3N
(CsHOaAa
CeHi-(C*Hs)i

(1. 3, 5)
(CiHs) 3 COH
(dHi),P
(CjH 5),PO
(CjH s),PS
(CiH 5) 3POj
(CjHiJjSiOH
(CiH s)jSiOCjHs
(CsHj) 3SiH
[(CjH 5 ) 3Si],0
(CjH,)aX*
(HO),C«H*COOH
(2, 3, 4)

Ci?Hio04
(CHOH),(COOH) s .

(CHOHMCOOH)j .

CaHeOs
XC»Hi(OH)s (2,4,6)CLCOOH
CeH3 l3

3S4
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No.
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PHYSICAL CONSTANTS OP

Xo. Name

butyl amine
Trimcllitic acid. . .

Trimcsic acid
.rn.)

Trimothyl-acetic

amine
amine hydro-
chloride

benzoic acid. . . .

carbinol
citrate

ethylene
phosphate
phosphine
pyridine.
quinoline

(o. 0, 7)
" (o, p, a, n)

(a, o, m)
(a, o. p.)

*' (a, 7, p.)
urea

Trimethylene . . . .

bromide ...

diamine.

.

dicarboxylic acid
(a)

glycol

Trimyristine.
Trinitraniline ....

Trinit ro-acetoni-
trile

benzene (1, 2, 4)
(sym.)

(1. 3. 5)
chlorobenzene
(sym.)

cresol

naphthalene ....

Synonyms

/S-isodurylie acid.

See colliding (7)

cyclo-propane

.

See myristin
"T. N. A. ".

trinitrocyan-
methane

picryl chloride.

Formula

I OOH),
(1, 2, 4)

OOH)3
(1, 3, 5)

(CH3) 3CCOOH.

XIIC1.

(1, 2, 4, 5)

(CH3)3-C6H2-COOH
(1, 3,

(CHshCOH
C6H 50;(CH»)s

C : CH(CH3)

PO<
P

CwHhN.

CwHuN.

CwHuN
\ir co-

c^He
CH2Br-CH2-CH2n'r
NTH2 .(CHa) 3 \
CHj-CHj-CfCOOH^,

I
1

CH3(OH)CHj-
CH2(OH)

C 6H«(NOs)jNH*..

C(X02)»CNT

C«Hv(NOj)3.
C SH3-(N02)3.

C6H2-Cl(N02)s

2,4, 6-(N02) 3 -C 8H-
CH3(OH) (l, 3)

CioH5-(N02)3(l,2,5)

CioHs-(N02)3(l,3, 5)
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PHYSICAL CONSTANTS OP

Name

Trinitro-
naphthalene

.

orcinol

phenol (sym.)
" (2, 3, 6) (7)
" (3, 4, G) OS)

resorcinol (2, 4, 6)
tertiary-butyl-
toluene (2, 4, 6)

toluene (sym.) .

.

triphenyl carbinol

" methane

xylene

Trional
Trioxymethylene

Tripalmitin
Triphenyl-acetic

acid
amine

benzene

carbinol
guanidine (a). . .

03)...

methane

methane car-
boxy lie acid(o.)

phosphine

Triquinoyl
Tripropylamine . .

Tristearine.
Trithiocarbonic
acid

Tropacocaine ....

hydrochloride . .

.

Synonyms

See picric acid

stypynic acid

.

artificial musk.

"T. N. T."...

metaformaldehyde
(isomer of above)

.

See palmitin

See s'earine

Formula

C.oH6-(NOs)i(l,3, 8)

C6(X02)»CH3(OH)j

(NOz)»CeHsOH...
(XOibCeHcOH....
C6H(NOj)«(OH)i, . .

CHj
[C(CH,)s]

CH3-C«.Hj-(NOj)j
(1, 2, 4, 6)

CHj-C«Hi-(N02)»
(1. 2, 3, 4)

CH3-C sH»-(NOs)j
(1, 2, i

4, 4', 4"-(NOi-
CsHOs-COH

4, 4', 4*-(NOj-
C«H«)»-CH

(CHs)*-C«H-(XOj)3
(1, 4) (2, 4, 6)

(CHi),-CtH-(XOs)3

(1,3) (2,4,6)
CsHi,0«Si
CsHcOj
CsHcOj

(CeHsJjC-COOH...

N

C«Hi(CaH0i(l,3,5)

(C 6H 5)3COH
CeH 5X:
C(XHC6H 5) 2

HX:C(XHC6Hs)N
(CeHiOs

(C eH 5) 3CH

(CeHs^CJKCsHO •

COOH
(CeH 5)3P

CeHuOu
(CsHt)3X

CS(SH);

CsHhON-CO-CHs

CsHnOXCOCeHa-
HC1
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ORGANIC COMPOUNDS (Continued)

monocl.
f. chi.

b

•

need,
ycl. pr.

colorl.

monorl.
f. a).

leaf. f. al

cryst. f.

bc. f. bz.

need.

need.

colorl. tab.
wh.
long need.

monocl.

monoc!.
pr. f eth
rhomb.
tab. f.

eth.
hex. pr.

need, or
pr. f. al.

tab.

colorl.

loaf,

need. f. al

monocl.

mier.nerd
colorl. liq

br. oil.

glit. cryst

f. eth.

need.

Sp. gr.

HjO = 1

(A) Air = 1

1.654

1.62

1.206

1.057?5°

Melting-
point
°C

218

147

117
90
174-5
96-7

S2 (80.8)

112

104

171-2

206-7
(203)

139

182

76
171
60-1

264 d.

127

169-70

162
143

131

92

161-2

75 (79)

95

7 76

49

271
(283 d.)

Boiling-
point
°C

dec.

subl.

347-8

abt. 360
d.

258-9

abt. 360

i57'"

57 d.

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

v. el. s.

chl.

si. s.

si s.

0.02"

s. bz.

V. si. 8.

glac.

acet. a
v. si. s.

0.3
i.

s

si. s.

s. acet.

s. bz.

v. s. bz
v. si. s.

v si. s.

v. s. chl

s. h.

v. si. s.

i. d.

si. s.

0.046"°
(88

V. s.
-

V. S. 1).

si. s. c.

si. s. c.

si. s. h.

v. si. s.

bz

v. si. s.

c;
V. s.

si. s.

si. s.

V. s.

s. h.

sl.s. c;
v. s. h.

NncCOa
v. s.;

v. s. bz
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PHYSICAL CONSTANTS OP

Name

Tropaic acid

Tropine
Tryptophane

Tyrosine

Umbellic acid. . . .

Umbellifcrone ....

Undecane (n.) . . .

.

Undecylene
Undecylenic acid

.

Undecylic acid . .

.

Uramil

Urea
Urethane

Uric acid
Usnic acid (d.) . . .

" " &.)»...

Uvic acid

Uviticacid(l, 3, 5)

Uvitonic acid . . .

Valeramide
Valeric acid
aldehyde
anhydride

Valero nit.rile.

1 rylene
Valylene
Vanillic acid

alcohol

Vanilline

Veratrine
Veratrol (o.)

Veronal

Vinyl acetic acid.

amine
bromide
chloride

Synonyms

-phenylhydracryiic
acid

/3-indole alanine . .

p-hydroxyphenyl
alanine

murexan

carbamide
ethyl carbamate .

pyrotritaric acid

.

o-picoline-o, p-
dicarboxylic acid

See butyl cyanide

cevadinc

390

Formula

CelliCHCCOOH)
CII2OH

C&HisON
CsH^NHCH: O
I .1

CH2CH(NH2)COOH
HOCJI, CHr
CH(XH 2)C00II

- B • >i

C9H C03
C11II24

OiHa
C&CiHiCrHir
COOH

CioH 2 . COOH

CONHCONHCOCH-
I

I

XII..

NHsCONHi
NHa-COOCzH; ...

CsH^sX^
CialTicO-
CisHuO?

(CH3) 2C4HOCOOH

CH3 -C 6H3(COOH) 2 .

CH3 C 5H2X(COOH):

C4H9COXH.
ch3 (cii.v. -coon

1

(C.H90)2

CHjCiC-Cft-Ctt
CH2 : C(CH,x
Cll (().C6H 3(OH)
COOH (3, 4, 1)

CH30-C 6H3(OH)
CHjOH (3, 4. 1)

CHsO-CtHjfOH)
CHO (3, 4, 1)

CssH^NOg
C6H4-(OCII 3 ) 2

C8Hi2 3X 2

CH2 :CHCH2
-

COOH
CtHsNHa
CH2 :CHBr
CH2 :CHC1
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PHYSICAL CONSTANTS OF

Name

Vinyl ether

ethylether
sulfide

Violuric acid

Xanthene
Xanthine

Xanthogenamide

.

Xanthogenic acid

.

Xanthone

Xanthopurpurin .

.

Xylene (o.)
" (m.)
" (P.)

sulfonic acid
(1. 2, 4)

Xylenol (1, 2, 3) .

" (1, 2, 4) .

" (1, 3, 2) .

" (1. 3, 4) .

" (1, 3, 5) .

" (1. 4, 3) .

Xylic acid. See di
Xylidine (1, 2, 3).

(1.2,4).

(1,3,2).

(1,3,4).

(1,3,5).

(1,4,3).

Xylose
Xyloquinone (o.)

.

(m.)

Xylorcin (m.)
(1, 3, 4, 6)

Xylyl hydrazine
(1, 3, 4)

Yohimbine

Zinc ethyl
methyl

Synonyms

diphenylene ketone
oxide

Formula

CH : CHi O CH :

CH 2

C2H30C2H*
CH2 :CHS CH :

CH*
CONHCONHCOC:

NOH
C13H10O . .

CJ^OjN,.

ylol (o.:

::

fc

xylol (o.)

.

;
m ).

methyl benzoic acid (

dimethyl-amino
benzene (1, 2, 3)

dimethyl-amino
benzene (1, 2, 4)

dimethyl-amino
benzene (1, 3, 2)

dimethyl- amino
benzene (1, 3, 4)

dimethyl-amino
benzene (1, 3, 5)

dimethyl-amino
benzene (1, 4, 3)

See phlorone

zinc methide

.

CS(OCsH4)NH2 . ...

CS(OC2H 5)SH
CO : (C«H,)2 : O . .

.

C6H4(CO)»C 6Hs

(OH)*
C 6H 4 •(CHj)j
CeHWCHa)*
C«H4 (CHa)2

CcH3(CH3)2SOaH
+ 2H2O

(CH3)j-C6H3 -OH...

(CH»)tC«H»OH,.,
(CHah-CeHa-OH...

(CH3)2-C 6HvOH..,

(CH3)2-C eH3-OH...
(CH3) 3 C.H3-OH...

2 - 4L(CH3)2-C6H3-NH2 ..

(CH3)2C6H3 NH2 ..

(CH3)2C6H3 -NH2..

(CHsJj-CeHaNH-..

(CH^CeHj-NHa..

(CHOj-CeH, NH2..

CsHioOo
(CH3)2C 6fl202
(CH3)2C 6H202

(CH,) 2C6H2(OH)2..

(CH3) :CeH3 -NH-
NH2

C22H2SO3N2

Zn(C*H.)».
Zn(CHc) 2 ..
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ORGANIC COMPOUNDS (Continued)

Crystal-
line form
and color

Sp. gr.

HjO = 1

(A)Air = 1

Melting-
point
°C

Boiling-
point
°C

Solubility in gms. per
100 c.c. of

Water Alcohol Ether

colorl. liq

oil

leaf, f . al.

yel wh.
powd.

monocl.
liq.

!ng. need.
f. al.

colorl. liq

colorl. liq

colorl.

monocl.
tab.

long, need
f. w.

need. f. w
colorl.

leaf,

colorl.

need,
need. f. w
colorl.

monocl.

liq.

monocl.
tab.

liq.

liq.

liq.

need,
yel.need.

micr.cryst

need. f.

eth.
colorl.

need,
colorl. liq.

0.7625"- 50

0.913

>H2

0.881*°°
0.866200

1.169

0.991

1.076"°

0.980

0.993°°

1.18
1.39

99
>360

38

i73-i'

252-3

-28
-54
15

65
49

26

64 or 68
74.5

<-15

49

15.5

150-3
55
72-3

124-5

85

234-4.5

-28
-40

39

35.5
1.01

312-15

24 d.
250

sub I.

142
139.2
138

218

225
211.2

211.5

219.5
211.5

224-6

225

216 (212)

216.5
(212)

220-1

217-8

subl.

276-9

118
46

si. s.

si. 8.

8. h.

V. si. 8

0.06710 °°

si. s. h.

s.

s. h.

V. si. 8.

sl. 8.

s.

v. sl. s.

Sl. 8

V. Sl. 8.

V. sl. S.

1172°°

Sl. 3.

V. Sl. 8.

dec.
dec.

0.033i'°

s. h.

V. 8.

lgr.

0.980

v. sl. s. c,

dec
dec.

v. s. alk.

sl. s. lgr.

v. ss. 1.

chl.
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CONSTANTS OF ANIMAL

No Name

Almond
Beech-nut
Black mustard
Candlenut
Castor
Cocoanut
Cod liver

Corn (maize)
Cotton seed
Croton
Grape seed
Haxel nut
Hemp seed
Lard oil

Linseed
Menhaden

.

Olive
Palm
Palm kernel
Peach kernel
Peanut (Arachis)
Poppy seed
Porpoise (body oil

Pumpkin seed
Rape
SafBower (saffron i

Seal
Sesame
Soja bean (Soya, Soy) . .

Sperm
Sunflower
Tung (Chinese wood oil)

.

Walnut
Whale
White mustand

Specific grav-
ity at 15.5* C.

0.9178-0.9183

0.916-0.920
. 925

0.960-0.9679

0.923-0.930
0.9213-0.9250
0.922-0.925

0.9375-0.9428
0.926-0.9350

0.9146-0.9170
0.9255-0.9280
0.915-0.9175
0.932-0.937
0.929-0.933

0.9133-0 9175
0.9150-0.9180
0.9210-0.9240

0.9119'°°
0.9180-0.9215

7 -0 . 9209

0.925S
0.0107

0.9133-0.9168
0.9246-

9244-0.9336
0.9203-0.9237
0.924-0.9279
0.875-0.8808
0.924-

0.9410-0.9440

0.9170-

Solidifying
point C.

- 10 to - 20

'"-
i7

Below - 18
- 10 to - 18

22-14
to - 10

- 10 to - 15
- 1 to

- it;

- 10 to 13
- 10 to - 20

- 4 to 10
- 17 i

-4
to 1.5

- 6 to 2

"'26:5-24
Below - 20

- 3 to
-

- 16
- 16

- 2 to - 10
- 13 to - 18
- 2 to -3
- 4 to - 6
- 8 to - 15

- 16 to - 18.5
2 to 3

-

-15 to - ie*3
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CONSTANTS OF

Beef marrow
Beef tallow
Beeswax
Bone fat
Butter fat

Carnauba wax .

.

Chinese vegetable tallow

Cocoa butter ....
Cotton seed stearin

Goose (domestic)
Goose (wild)

Hare fat

Horse fat
Human fat

Insect (Chinese) wax. . .

Japan wax (tallow)

Lard (hog fat)

Laurel (bayberry) oil . . .

Mutton tallow
Myrtle wax
Nutmeg (mace) butter. .

Rabbit fat (tame)
Rabbit fat (wild)

Spermaceti
Sperm oil

Wool wax

Specific Gravity
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FATS AND WAXES

No.
Saponifi-
cation
value

196-1
193 2-200

88-'.'

190-195
220-237

j ;

.

199-206
192-202

195
193

201-205
19-5-197

193 ;

1-91.65
217..'--
195.2-196.6

197-210
192-195.

2

7-217
. 5-161
202 .

6

199.3
122.7-134.8

120-147.4
102.4

Iodine
value

39-55.4
35 . 4-47 . 5

46.3-55.8
26-38
13 .5

23-38
34 3-37

59-71.5
99.6

102.2-107
71.4-86.3

64
1.4

4.2-15.1
49.9-70.4

32.7^6.2
1.95

59.3-65
67.6
99.8

3.5-9.3
70.4-96.4
17.1-28.9

Hehner's
number

95 .

8

86.5-89.8

95.4

90.6
93-96

95.5

91

Unsaponi-
fiable

matter

52-55
0.5-1.5

0.3-0.45
-

1.1-1.63
0.23

51.

5

39-42
43.1-51.8

Acid
value

1.6
3 5-50
18-21
1-50

3.45-35.4
2-7

2.2-7.5
1.1-1.88

i

•

2.73
0.0-2.44

1.5
7.33

D. 54-1. 28
26.3

1.7-14
3-4.4

17^4.8
2

7.2
0.5-1.35

13.2
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COMPOSITION AND PHYSICAL PROPERTIES
OF ALLOYS

Composition Name

Aluminum
97A1, 3Cu
90A1, lOMg
70A1, 30Mg
01A1, 9Zn
70A1, 30Zn

Bismuth
5Bi, 32Pb, 15.5Sn ...

5(lBi, 27Pb, 133n, J0C.1

OBi, 25Pb,12..5Sn,12.5Cd
iBi, 27 '

-
-

tOBi, 40Pb, 208n
Copper

u, 10A1
77Cu, 15Pb, 8Sn
95Cu, 5Mn

u, l.JMn, 3X
i. 20Xi
i, tOXi

3n
r» i

- >n
•

"<
!. 33Sn

i, lZn
.. 2Zn

79.7Cu, lOSn, 9.5<b, 0.8P
90Cu, lOZn
67Cu, 33Zn
60Cu, 40Zn
55Cu, 45Zn
61.2Cu, 37.3Zn, 0.9Sn, 0.4

Pb, 0.2Fe
52Cu, 26Zn, 22Xi
60Cu, 25Zn, 15Xi

Iridium
95Ir, 5Pt

Iron
80Fe, 20A1
97Fe, 3C
94Fe, 3.5C, 2.5Si
99Fe, 1C
50Fe, 50Cr
50Fe, 50Mn
86Fe, 13Mn, 1C
96.5Fe, 3.5Xi
74.2Fe, 25Xi, O.SC
67.8Fe, 32 Xi, 0.2C
63.8Fe, 36Xi, 0.2C
53.85Fe, 46Xi, 0.15C... .

95.1Fe, 3Xi, l.oCr. 0.4C.
97.6Fe, 2Si, 0.4C
94.5Fe, 5W, 0.5C
75Fe, 18W, 6Cr f

0.3Va,

0.7C
Gold
90Au, lOCu
84Au, 16Cu
75Au, 24Cu

Magnalium.
Magnalium.

Lipowitz' alloy. .

.

Wood's metal
Rose metal
Bismuth solder . .

.

Aluminum bronze
"B" Alloy, P.l:

Manganese bronze
Manganin
Nickeline
Constantan
Bronze, gun metal
Bell metal
Bronze, speculum metal
Bronze coins
Bronze bearings
Phosphor bronze
Red brass

:clinary yellow.
Muntz metal
For brazing

Tobin bronze

.

German silver

German silver

Ferro-aluminum
Cast iron, white
Cast iron, gray
Steel
Ferro-chromium
Ferro-manganese
Manganese steel

Xickel steel

Ferro-nickel
Ferro-nickel, valve steel

Invar
Platinite
Xickel-chrome steel ....

Silicon steel

Tungsten steel

High speed steel

Coinage.
Jewelry

.

Jewelry

.

Sp.gr

2.50
2.00
2.

9.70

7.6

"8l8
8.5
8.5
8.4
8.8
•

"

8.6
8.96

'818

8.60
8.40

22.38

6.30
7.60
7.0
7.83
6.9

'7!81

h'.i

8.0
8.0
8.2

17.17

Thermal
expan-

sion coef-
ficient

24X10"
24

16.5

18

is.'e'

18.5

18.4

11.2
12.0

18
4
0.8
7.5

Melt-
ing-
point
°C.

640
608

600

96
65

65.5

iii

1050

iooo

ii9o
1290
1010
890
750

940

880

1480
1150
1230
1430
1458
1325
1510

i566
1480
1497
1470

940
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COMPOSITION AND PHYSICAL PROPERTIES
OF ALLOYS (Continued)

Composition.
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COMMON NAMES OF CHEMICALS, THEIR CORRECT
CHEMICAL NAMES AND FORMULAS

Common Name

Aldehyde. .

Alum
Alum flour.

Alum meal.
Alumina. . .

Amidol ....

Antichlor
Antifebrin
Antimony bloom. .

.

Antimony black
Antimony glance . . .

Antimony red
Antimony Termilion

.

Aqua fortis

Aqua regia .

.

Chemical Name

Arsenic glass

.

Aspirin

Baking soda
Baryta
Barytes
Benzol
Bitter salt

Black ash
Blanc-fixe
Bleaching powder.
Blue copper:
Blue stone
Blue vitriol

Blue salts

Bone ash
Boracic acid
Borax
Brimstone
Burnt alum

Burnt lime
"Butter of"
Cadmium yellow
Calomel
Cane sugar
Carbolic acid
Carbonic anhydride
Carborundum
"Caustic" refers to the hy
Chalk
Chili niter }

Chili saltpeter J

Chrome alum

Chrome green

.

Chrome yellow
Chromic, acid .

.

Cobalt black . .

Common salt .

.

Copperas

Acetaldehyde

dry refers to potas-
alumrnum sulfate

mm oxide. . . .

l>iaminophenol
ride

. thiosuliate. .

ade
Antimony trioxide. .

.

Antimony trisulfide.

.

Antimonous oxysulfide . .

.

Nitric acid
Nitric acid + hydrochloric

acid
us oxide

Acetyl-sahcylic acid

Sodium bicarbonati
Barium oxide
Barium sulfate
Benzene
Magnesium sulfate

Impure sodium carbonate
Barium sulfate

Calcium hypochlorite

Copper sulfate

.

Nickel sulfate

Impure ealcium phosphate
Boric acid
Sodium tetraborate
Sulfur
Anhydrous potassium
aluminum sulphate

Calcium oxide
Refers to the chloride.

Cadmium sulfide

Mercurous chloride

Sucrose . . . t

Phenol
Carbon dioxide
Silicon carbide
droxide of a metal.
Calcium carbonate

Sodium nitrate

Potassium chromium sul-

fate
Chromium oxide
Lead chromate
Chromium trioxide

Cobalt oxide
Sodium chloride

Ferrous sulfate

405

Formula

CHjCHO

KiAh(SO«)-24H-0

AhOj
N'H^iOH-

2

MlCOCHi
Sb 2Oj

- -

SbiS. + SbjOi

1 1NO j

HNO, + 3HC1

AsjOi

NaHCOi
BaO
BaSOi
CtHc
-MgSO-7HjO

BaSOi
CaOCU

CuSOioHiO

XiSOWHiO

H3BO3
SatBtOr IOHiO

KaAhfSOdi

CaO

CdS
HgCl
Ci*H«Ou
CtHsOH
CO,
SiC

CaCOs
NaNOj
KitCr2(S.O«)4-2-iHjO

Cr2Oi
PbCrOt
CrOj
CoO
NaCl
FeSO*-7HiO
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COMMON NAMES OF CHEMICALS, THEIR CORRECT
CHEMICAL NAMES AND FORMULA (Continued)

Common Name

Corrosive sublimate
Corundum

of tartar. . .

acid
Derinatol
Dextrose
Epsom salts

"Flowers of" a metal is

Fluorspar
Formalin

Fruit sugar
Glauber's salt . ,

Grain alcohol. .

Grape sugar. .

.

Green vitriol . .

Gypsum
Hypo
King's yellow . .

Laughing gas .

.

Lemon chrome

.

Levulose
Lime
Litharge
Lithopone. . .

.

Lunar caustic

.

Magnesia
Marble
Metol

Microcosmic salt.

Milk of barium ....
Milk of magnesium

.

Milk sugar
Minium
Mohr's salt

"Muriate of" a metal is syn
Muriatic acid
Niter
Nordhausen acid
Oil of almond, artificial

Oil of mirbane
Oil of mustard, artificial ....
Oil of vitriol

Oil of wintergreen, artificial.

Pearl ash
Permanent white
Phosgene
Plaster of Paris
Plumbago
Precipitated chalk
Prussian blue
Prussic acid

il Xame Formula

Glucose
Mercuric chloride
Aluminum oxide
Potassium acid tartrate. . . .

Mixture of the three cresols
Basic bismuth gallate
Glucose
Magnesium sulfate
synonym for the oxide.
Calcium fluoride
Forty per cent solution of
formaldehyde in water

Fructose
Sodium sulfate
Ethyl alcohol
Glucose
Ferrous sulfate
Calcium sulfate
Sodium thiosulfate
Arsenious sulfide
Nitrous oxide
Barium chromate
Fructose
Calcium oxide
Lead monoxide
Zinc sulfide -+- barium sul-

fate
Silver nitrate
Magnesium oxide
Calcium carbonate
Monomethylpara-amido-

metacresol sulfate or
chloride

Sodium ammonium
Hydrogen phosphate

Barium hydroxide
Magnesium hydroxide
Lactose
Lead tetroxide
Ferrous ammonium sulfate

.

onymous with the chloride.
Hydrochloric acid
Potassium nitrate
Fuming sulfuric acid
Benzaldehyde
Nitrobenzene
Allyl isothiocyanate
Sulfuric acid
Methyl salicylate
Potassium carbonate
Barium sulfate
Carbonyl chloride
Calcium sulfate
Graphite
Calcium carbonate
Ferric ferrocyanide
Hydrocyanic acid

CJIuOrHiO
UgCl,
AljOj
-vllCJ^Oi
C 6H4(CH 3)OH
Bi(OH)*C 7HsOf
C.HnOeHiO
MgSO«-7HiO

CaFi

CcHuO.
Xa,SO4-10HiO
C*H»OH
CeHijOt H»0
FeSO«-7HiO
CaSO«-2HiO
XaaSiOa 5HiO
AsiSa
X»0
BaCrOi
CsHiiOt
CaO
PbO
ZnS+BaSO«

AgNOa.
MgO
CaCOj
(C«H 3(OH)CHa
NHCHa),-H*SO«

Na(NH <)HP04
4HaO

Ba(OH)i-8HjO
Mg(OH).
CuHsjOirHjO
PbaO<
Fe(NH4)i(SO«)»

6H1O

HC1
KXOi
H2SO4+SO1
CcIIiCHO
C.HiNOj

<CN
H*S04
CsHsOi
K 2COa
BaSO«
OCh

2CaS04+lH»O

CaCOa
Fe4(Fe(CX) <),
HCX
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COMMON NAMES OF CHEMICALS, THEIR CORRECT
CHEMICAL NAMES AND FORMULAE (Continued)

Common Name

Pyrolusite
Quick lime
Quinol
Realgar
Red lead
Red prussiate of potash

.

Rochelle salt

Sal ammoniac
Sal soda
Salol

Salt
Salt cake
Salt of lemon
Salt of sorrel

Salt of tartar
Salt of wormwood . .

Salt peter
Scheele's green ....
Silica

Slaked lime
Soda
Sodium hyposulfita.

Soluble glass
Soluble tartar
Sulfuric ether
Sugar of lead
Sugar of milk
Table salt

Tartar emetic

T. N. T...

TurnbuU's blue ....

Ultramarine yellow

.

Unslaked lime
Venetian red
Verdigris

Vermilion
"Vitriolate of" a metal is

Washing soda

.

Water glass . .

White lend
White vitriol

Whiting
Wood alcohol
Yellow prussiate of potash

.

Zinc white
Zinc vitriol

Chemical Name

Manganese dioxide
Calcium oxide
Hydroquinone
Arsenic disulfide

Lead tetroxide
;:im ferricyanid? . . . .

Poti mm sodium tartrate
Ammonium chloride
Sodium carbonate
Phenyl salicylate

Sodium chloride
Impure sodium sulfate . .

Potassium acid oxalate.

.

Potassium carbonate

Potassium nitrate ........
Copper hydrogen arscrute

.

Silicon dioxide
Calcium hydroxide
Sodium carbonate
Sodium thiosulfate

Sodium silicate

Potassium tartrate

Diethyl ether
Lead acetate ,

Lactose
Sodium chloride
Potassium antimonyl tar-

trate
Trinitro toluene

Ferrous ferricyanide

.

Barium chromate
Calcium oxide
Ferric oxide
Basic copper acetate

.

Red mercuric sulfide

synonymous with the
sulfate.

Sodium carbonate
Sodium silicates dissolved

in water
Basic lead carbonate
Zinc sulfate

Calcium carbonate
Methyl alcohol

Potassium ferrocyanide. .

.

Zinc oxide
Zinc sulfate

Formula

MnOi
CaO
CeH4(OH) s(1.4)
AsiSt
Pb30«
K3Fe(CN)«
KNaC«HiO«-4HiO
NH«C1
NaiCOa IOH2O
prr /OH(l)
Ostl4\C00C«Hs(2)
NaCl

KHCsO. HtO

KsCOi
KNOi
CuHAsOa
SiQ 2

Ca(OH)j
NaiCOjlOHiO
NaaSiOjoHjO
Na 2SiOj+HiO
2K5C4H106-T-1HIO
(CcH 5).0
Pb(CH 3COt)i-3HiO
CitHttOu-lHtO
NaCl
2K(SbO)C«H«0«-
IH1O

CeHiCCHaKNOOt
(1, 2, 4. 6)

Fe3(Fe(CN)«)t
BaCrC-4
CaO
Fe.0.
2Cu(CiH 3 3) 24-

CuO(?)
HgS

NatC0 3 - lOHsO

2PbC0 3+Pb(OH)s
ZnSOi-7HiO
CaCOs
CH 3OrI
K«Fe(CN)«-3H.O
ZnO
ZnSO«-7HsO
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TRADE NAMES OF DYESTUFF INTERMEDIATES

Trade Name 1 Ihemical Name

A acid
Alizarin
Amino-G acid. . . .

Amino-R acid. . . .

Andresen's acid. . .

Anisidine
Anthrachrysone. .

.

Anthraflavie acid

.

Antliranilic at

Anthrarufin
j'a acid

.

Bai icid . . . .

Bayer's acid
B
I mer'e acid. . .

.

/S acid
Cliromotrope acid.
>

.

'

. -azin
la

-

1 leve's acid
1

' e'a acid
Cleve'f
Cresotic acids . . . .

Croccine acid
Dahl's acid .

Dahl'sacid II

Dahl's acid III.. .

Disulpho acid S. . .

DTS
5 acid

Ebert and Merz's acid.
Ebert and Merz's acid.
Ewer and Pick's acid. .

€ acid

F acid
Freund's acid
G acid
Gallic acid
•y-acid

H acid
Histazarin
Isoant hrafla vie acid

.

J acid
K acid
Kalle's acid
Ketone base
Koch's acid
L acid
Laurent's acid
Lepidine
Leucotrope
M acid
Mesidine
Metanilic acid
Michler's ketone. . . .

Naphthazarin
Naphthionic acid. . .

o-Naphthioni
Naphthol A. S

1, 7-Dihydroxy-3, 6-disulfonic acid
1, 2-djhydroxyanthraquinone
2-\uphthyUunine-6, 8-disulfonic acid
2-Naphthylamine-3, 6-disulfonic acid
l-Xaphthol-3, 8-disulfonic acid
o-Aininoplicnol methyl ether

7-Tetrahydroxyanthraquinone
2, (>-Dihydroxyaut hraquiuone
o-Aruinobenzoir aci<l

1, o-Dihydroxyanthraqui
Naphthalene- 1. 5-disulfonii

J-Naphth acid
2-Naphthol- acid
p. p' -Diamiuo-diphcnyl
2-SraphthyL: rid

Anthraquinone-2-sulfonic acid
1, &-Dihydrorjniaphthalene-3, 6-disulfonic acid
1. K-Dihydroxyaut hraquiuone
I ihthylamine-6- and -7-sulfonic acids
1-Naphthyta acid
l-Naphthylaiiiinc-fi-suifonic ai

l-Xaphthylamine-3-sulfonie acid
l-Xaphthylaniine-7-sulfouie acid
Creso K-ids
2-.\aphthol-.S-sulf<)ii;.

2-Xaphthylamin'- acid
l-Naphthylamina-*, 6-disulfonic acid
}-;V l l>lii! ;

i I, 7-disulfonic acid
l-Naph,thylamine-4, 8-disulfonic acid
Dehydro

|

f l-.Nuj.lithol-i. 8-diBulfonic
ll-Naphtbylamine-4, 8-disulfonil! acid
Naphthaleae-2, 7-disulfom.
NaphtheJeoe-2, r>-disulfonic
NaphthaJene-1, 6-disulfonic acid
fl-Xaphthol-3. 8-*Bulfoni
[l-Naphlhyiamine-3. S-di.ulfonic acid
2-.\apnthol-/-8ulfom'c acid
l-Xaphthylannnc-S, H-disulfonic acid
2-.\Taphthol- t ;. 8-dieulfonic acid
6, 1. 5-Tnhydroxybenzoic acid
-'-Ammo-S-naphthol-6-sulfonic acid

."Vrv,""
N,""' l! 'htho| -

:^ '"-disulfonic acid
-' til 1

.

1 -vt
|
roxyanthraquinone

-. '-^ihydroxyanthraquinone
x.-Aininr>-.)-naphthol-7-s.ilfonic acid
I-Atnino-S-naphtlioI-t.

fi add
l
:
Naphthylan,ine-2. 7-disulfonic acid

irthyldiaminobenzoohenone
l-Naphthylamine-3. 6, 8-trieulfonw acid
l-Napnthoi-5-eulfonic acid
l-Xaphthylamine-.r)-sulfonic acid
4-Methylquinoline
Phenyldimetliyllx-nzylamtnonium chloride
l-Amino-5-naphthol-7-eulfonic acid
2. J. O-Trimethylaniline
Aniline-m-sulfonic acid
T^ajpethyldiaminobenzophenone
a.b-Uihydmxy-l, 4-naphthoquinone
l-Naphthylamine-4-Bulfonic acid
l-Naphthylamine-2-Bulfonic acid
Anihde of -hydroxynaphthoic acid
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TRADE NAME OF DYESTUFF INTERMEDIATES
(Continued)

Trade Name Chemical Name

Naphthoresorcin
Nevile and Winther's acid
Nigrotic acid
Nitroso base
NW acid
Peri acid
p-Phenetidine
Phenyl-gamma acid
Phenyl Peri acid
Phosgene
Phthalic acid
Picramic acid
Picric acid
Primuline base
Purpurin
Pyrogallol
Quinalchne
Quinasarin
R acid
2 M acid

.'id

id

:

- "1(1

Salicylic acid
Schaffer'a acid

Sehollkopf's acid

Sulfanilic acid . . .

Thiocarbanilii

'

Tobias acid
Tolidine
Toluidine
Xylidine
Yellow acid

1, 3-Dihydroxynaphthalene
l-Naphthol-4-suIfonic acid
1, 7, 3, G-Dihydroxysulfonaphthoie acid
p-Nitrosodimcthylaniline
Nevile and Winther's acid
l-Naphthylamine-8-sulfonic acid
p-Aminophenol ethyl ether
2-l

>henylamino-8-naphthol-6-suIfonic acid
Phenyl-1 -naphthylamine-8-sulfonic acid
Carbonyl chloride
o-Henzenediearboxylic acid
2-Amino-4, 6-dinitrophenol
2, 4, 6-Trinitrophenol
p-Toluidine heated with sulfur.

I, 2, 4-Trihydroxyanthraquinone
1. 2, 3-Trihydroxybenzene
2-Methylciuinoline

hhydroxyanthraquinone
2-NaphthoI-3, G-disulfonic acid
2-Amino-S-naphthol-3, (i-disulfonic acid
1, .Vl)ihydroxynaphthalene-3. 7-disulfonic acid
l-Xaphthol-3, G-disulfonic acid
1 . 3-Dihydroxybenzene

tphthol-4-sulfonie acid
l-Amino-S-naphthol-2, 4-disulfonic acid
o-IIydroxybenzoie acid
2-Naphthol-6-suIfonie acid
l-Naphthol-4, 8-disulfonic acid
l-Naphthylamine-4, 8-disulfonic acid
l-Naphthylamine-8-sulfonic acid
Anilino-p-sulfonic acid
Diphenylthiourea
2-Xaphthylamine-l-sulfonie acid
Di-])-aniinoditolyl

Amino toluene
Amino xylene
1, 3-Dihydroxynaphthalene-5, 7-disulfonic acid

40q



HANDBOOK OF CHEMISTRY AND PHYSICS

PERIODIC ARRANGEMENT OF THE ELEMENTS



HANDBOOK OF CHEMISTRY AND PHYSICS

MENDELEJEFF'S (REVISED TO 1925)

GROl!
RHi R2Ob



HANDBOOK OF CHEMISTRY AND PHYSICS

><



HANDBOOK OF CHEMISTRY AND PHYSICS



HANDBOOK OF CHEMISTRY AND PHYSICS



HANDBOOK OF CHEMISTRY AND PHYSICS

«a 9

o
<
OS

Z 3

I II



HANDBOOK OF CHEMISTRY AND PHVSIC8



HANDBOOK OF CHEMISTRY AND PHYSICS

c



HASDBOOK OF CHEMISTRY AND PHYSICS

•O

,;



HANDBOOK OF CHEMISTRY AND PHYSICS

o.S,
-

i

- B

SZ

w
S
w
a

w
CO

is «
-

*

z

•CO
-

"2 ~-i-

«^ CO

z~
_ :

.. a
u -

So
•aw

?*<:

Z'=
-

419



HANDBOOK OF CHEMISTRY A.KD PHYSICS



HANDBOOK OF CHEMISTRY AND PHYSICS



HANDBOOK OF CHEMISTRY AND PHYSICS

o Q



HANDBOOK OF CHEMISTRY AND PHYSICS

FLAME AND BEAD TESTS
Flame Colorations

Violet.
Potassium compounds. Purple red through blue glass.

Easily obscured by sodium flame. Bluish green through green
glass. Rubidium and Caesium compounds impart same flame
as potassium compounds.
Blues.

Azure.— Copper chloride. Copper bromide gives azure blue
followed by green. Other copper compounds give same colora-
tion when moistened with hydrochloric acid.

Light Blue. — Lead, Arsenic, Selenium.

Greens.
Emerald.— Copper compounds except the halides, and when

not moistened with hydrochloric acid.

I' Green.— Compounds of thallium and tellurium.

Yellowish. — Barium compounds. Some molybdenum com-
pounds. Borates, especially when treated with sulphuric acid

or when burned with alcohol.

Bluish. — Phosphates with sulphuric acid.

Feeble. — Antimony compounds. Ammonium compounds.
Whitish. — Zinc.

Reds.
Carmine.— Lithium compounds. Violet through blue glass.

Invisible through green glass. Masked by barium flame.

Scarlet. — Strontium compounds. Violet through blue glass.

Yellowish through green glass. Masked by barium flame.

Yellowish. — Calcium compounds. Greenish through blue
glass. Green through green glass. Masked by barium flame.

Yellows.
Yellow. All sodium compounds. Invisible with blue glass.

Oxides which Impart Decided Colors to the Beads

Borax Beads

Oxides of
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FLAME AND BEAD TESTS (Continued)

Soli of Phosphorus Beads

Oxides of
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PREPARATION AND PROPER CONCENTRATION OP
LABORATORY REAGENTS FOR GENERAL "USE

Dilute Acids. Sulphuric acid. One volume strong acid to
6 volumes water.

Nitric Acid. One volume strong acid to 2 volumes water.
Hydrochloric acid. Five volumes strong acid to 8 volumes

water.
Acetic acid. One volume strong acid to 2| volumes water.
Dilute Bases. Potassium hydroxide. 280 grams per liter

of solution with water.

Sodium hydroxide. 200 grams per liter of solution with
water.
Ammonium hydroxide. One volume strong ammonia (sp. gr.

90) to 2 volumes water.

Other Reagents. Ammonium sulphide. 600 cc. ammonium
hydroxide is saturated with hydrogen sulphide. Dilute to one
liter with ammonium hydroxide.

Sodium sulphide. Dissolve 200 grams sodium hydroxide in

800 cc. water. Saturate 400 cc. of this solution with hydrogen
sulphide. Add the remaining 400 cc. of sodium hydroxide and
dilute the whole to one liter.

Ammonium chloride. 267.5 grams per liter of solution with
water.
Ammonium carbonate. 200 grams solid salt dissolved in 350

cc. ammonium hydroxide and dilute with water to 1 liter.

Ammonium acetate. Dilute 300 cc. strong acetic acid with

300 cc. water and neutralize with strong ammonia. Dilute to 1

liter.

Sodium acetate, 136.14 grams per liter with water.

Sodium phosphate, 119.45 grams per liter with water.

Calcium chloride, 109.51 grams per liter with water.

Magnesium sulphate, 123.28 grams per liter with water.

Barium chloride. 122.17 grams per liter with water.

Ferric chloride, 54.11 grams per liter with water and add suffi-

cient HC1 to keep in solution.

Potassium ferrocyanide, 105.72 grams per liter with water.

Lead acetate, 189.51 grams per liter with water.

Stannous chloride, 112.72 grams of the solid salt plus 200 cc.

5N HC1 diluted to 1 liter with water. Add metallic tin to the

solution in the bottle to keep it from oxidizing.

Mercurous nitrate, 262.34 grams per liter with water. Add
sufficient nitric acid to keep solution clear and put metallic mer-

cury in the bottle to prevent oxidation.

Cobalt nitrate, 145 grams per liter with water.

Ammonium oxalate, 35.5 grams per liter with water.

Mercuric chloride, 67.8 grams per liter with water.

Zinc sulphate, 71.9 grams per liter with water.
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Manganese sulphate, 55.78 grams per liter with water.

Nickel sulphate, 70.22 grams per liter with water.
Cadmium sulphate, 64.05 grams per liter with water.
Copper sulphate, 62.4 grams per liter with water.
Miscellaneous Reagents. Aqua regia, mix 1 part HNOj with

three parts of concentrated HC1.
Silver nitrate N/10, 17 grams per liter with water.

Magnesia mixture, dissolve 68 grams crystallized MgCl» and
165 grams NH4C1 in 300 cc. water. Add 300 cc. dilute ammo-
nium hydroxide and dilute to 1 liter.

Molybdate solution, dissolve 60 grams molybdic oxide (M0O3)
in 440 cc. of water and 60 cc. strong ammonia (sp. gr. 90). Pour
into 500 cc. of cold nitric acid which has been diluted 250 cc. con-
centrated acid to 250 cc. water. Let stand in a warm place
several days. Decant or filter before using.

Phenolsulphonic acid, dissolve 150 grams of phenol in 600
grams of concentrated sulphuric acid.

Yeilow ammonium sulphide, 50 to 75 grams of sulphur to a
liter of colorless ammonium sulphide.

Ferrous sulphate, dissolve 200 grams FeS04 .7H20 in a liter of

water. Place scraps of iron in the solution and add a few drops
of H2SO* from time to time.

SPECIAL SOLUTIONS AND REAGENTS

Acid Cuprous Chloride. Cover the bottom of a two-liter

flask with copper oxide, extend from the top to the bottom of

the bottle several pieces of copper wire, and fill the bottle with
1.10 sp. gr. hydrochloric acid. Shake occasionally, and when
solution becomes nearly colorless pour into reagent bottles

containing copper wire. The stock bottle should be kept rilled

with 1.10 hydrochloric acid.

Ammoniacal Cuprous Chloride. The acid solution, described
above, is treated with ammonia until a slight odor of this reagent
is noticeable. Copper wire should be kept in the solution.

Ammonium Molybdate. Mix well 100 gm. of molybdic acid
with 400 cc. of distilled water and add 80 cc. of ammonia (sp.

gr. 0.90). When complete solution has taken place pour slowly
and with stirring into a mixture of 400 cc. of nitric acid (sp.

gr. 1.42) and 600 cc. of distilled water. Add 50 milligrams of

microcosmic salt, allow to stand 24 hrs. and filter.

Cochineal. Extract 1 gm. of cochineal for four days with
20 cc. of alcohol and 60 cc. of distilled water. Filter.

Congo Red. Dissolve 0.5 gm. of congo red in 90 cc. of dis-

tilled water and 10 cc. of alcohol.

Eschka's Compound. Two parts of calcined magnesia are

thoroughly mixed with one part of anhydrous sodium car-

bonate.
Fehling Solution. A. The Copper Sulphate Solution. Dis-

solve 34.66 gm. of copper sulphate (CuS04 -5H 20) in water and
dilute to 500 cc. B. The Alkaline Tartrate Solution. Dissolve
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173 pn. of potassium sodium tartrate (Rochelle salt, KNaC^Og*
4H 20) and 50 gm. of sodium hydroxide in water and dilute

when cold to 500 cc. For use, mix equal volumes of the two
solutions at the time of using.

Formaldehyde-Sulfuric Acid (Marquis Reagent). Add 10 cc.

formaldehyde solution to 50 cc. sulfuric acid.

Fuchsin-Sulfurous Acid. To a solution of 0.5 gm. of

fuchsia and 9 gm. of sodium bisulphite in 500 cc. of water add
10 cc. of hydrochloric acid. Keep in well-stoppered bottles

and away from light.

Iodo-potassium Iodide (Wagner's Reagent). Dissolve 2 gm.

of iodine and 6 gm. of potassium iodide in 100 cc. of water.

Litmus. Extract powder three times with boiling alcohol,

each treatment consuming an hour. Treat residue with an

equal weight of cold water and filter; then exhaust with five

times its weight of boiling water, cool and filter.

Magnesia Mixture. Dissolve 110 gm. of magnesium chloride

in a small amount of water. To this solution add 280 gm. of

ammonium chloride and 700 cc. of ammonia (sp. gr. 0.90), and

dilute to 2000 cc. After standing several hours the solution

is filtered. From time to time filter off any silica that may
accumulate from the reagent bottle.

Mayer's Reagent. Dissolve 1.35 gm. of mercuric chloride

in 60 cc. of water and add to a solution of 5 gm. potassium

iodide in 10 cc. of water; add sufficient water to make 100 cc.

Methyl Orange Solution. Dissolve 1 gm. of methyl orange

in 1000 cc. of water. .

Methyl Red. Dissolve 0.20 gm. of methyl red m 100 cc. of

alcohol. . -

Millon's Reagent. Dissolve 1 part of mercury m 1 part of

cold fuming nitric acid. Dilute with twice the volume of water

and decant the clear solution after several hours.
a

Nessler's Solution. Dissolve 50 gm. of potassium iodide in

the smallest possible quantity of cold water. Add a saturated

solution of mercuric chloride until an excess is indicated by the

formation of a precipitate. Add 400 cc. of a 50 % solution of

potassium hydroxide. Make up to 1 liter, allow to settle, and

draw off the clear solution. . .

Phenolphthalein. Dissolve 1 gm. of phenolphthalein in 50 cc.

of alcohol and add 50 cc. water.
#

Phosphomolybdic Acid (Sonnenschem's Reagent). Prepare

ammonium phosphomolvbdate and after washing with water,

boil with nitric acid and expel NH3 ; evaporate to dryness and

•dissolve in 10% nitric acid.

Phosphotungstic Acid (Scheduler's Reagent). Dissolve 20 gm.

sodium tungstate and 15 gm. sodium phosphate in 100 cc.

water containing a little nitric acid.
. .

Picric Acid (Hager's Reagent). Dissolve 1 gm. picric acid

in 100 cc. water.
Potassium-cadmium Iodide (Marine's Reagent). Add 2 gm.

cadmium iodide to a boiling solution of 4 gm. potassium iodide
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in 12 cc. water and then mix with an equal volume of saturated
potassium iodide solution.

Rosolic Acid. Dissolve 1 gm. rosolic acid in 10 cc. alcohol
and add 100 cc. water.
Soap Solution. Dissolve 100 gm. of dry castile soap in 1

liter of SO % alcohol. Allow to stand several days and dilute
with 70% to 80 (

c alcohol until 6.4 cc. produces a permanent
lather with 20 cc. of standard calcium solution. The latter
solution is made by dissolving 0.2 gm. of calcium carbonate

-mall amount of dilute hydrochloric acid, evaporating to
dryness, and making up to 1 liter.

Sodium Cobaltic Nitrite. Dissolve 4 gm. of cobalt nitrate
and 10 gm. of sodium nitrite in 50 cc. of water, add 2 cc. of 36 %
acetic acid and make up to 100 cc.

Sodium Nitroprusside. Use a freshly prepared solution of

1 gm. sodium nitroprusside in 10 cc. of water.
Sulfanilic Acid. Dissolve 0.5 gm. sulfanilic acid in a mixture

of 15 cc. glacial acetic acid and 135 cc. of recently boiled water.
Sulfomolybdic Acid (Froehd i .rent). Dissolve 10 gm.

molybdic acid or sodium molybdate in 100 cc. concentrated
sulfuric acid.

Sodium Cobaltic Nitrite. Dissolve 4 gm. of cobalt chloride
and 10 gm. of sodium nitrite in 50 cc. of distilled water, add
2 cc. of acetic acid and make up to 100 cc.

Starch. Dissolve 5 gm. of goluble starch in cold water, pour
the solution into 2 liters of hot water and boil for a few minutes.
Keep in a glass-stoppered bottle.

Starch Solution from other than soluble starch. One part of

starch is made into an emuLsion with water and this is poured
into 200 parts of boiling water, the boiling continued a few
minutes, then the solution allowed to stand. Use only the

clear solution.

Tannic Acid. Dissolve 1 gm. of tannic acid in 1 cc. of al-

cohol, and make up to 10 cc. with water.
Tincture of Iodine. To 50 cc. of water add 70 gm. of iodine

and 50 gm. of potassium iodide. Make up to 1 liter with alcohol.

Trinitrophenol Solution. Dissolve 1 gm. of trinitrophenol in

100 cc. of water. Cool and filter.

Tumeric Tincture. Digest the ground tumeric root with
several small quantities of water which are discarded. Dry
the residue and digest it several days with six times its weight
of alcohol and filter.

Tumeric Paper. Impregnate white, unsized paper with the

tincture, and dry.
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STANDARD SOLUTIONS FOR VOLUMETRIC
ANALYSIS

Acids

Decinormal Succinic Acid. HjCJIjO* (5.9024 g. per titer)

Dry 5-6 g. of pure succinic acid in an open weighing bottle at
105° for alxnit 10 hours; cool in a desiccator. Weigh out ac-
curately 2.9512 g., brush into a 400 cc. beaker and dissolve in

150-200 cc. of water; pour the solution into a 500 cc. graduated
flask, rinsing out the beaker several times to insure complete
transference of the acid. Dilute to exactly 500 cc. and mix
thoroughly. This prepares an exact decinormal solution.

Standard Hydrochloric Acid Solutions bv the Method of G. A.
Hulett and W. D. Bonner. Jour. Am. Chcm. Soc. 31, 390 (1909).
Standard HC1 is easily prepared by starting with HC1 of about
d 1.10, made up with an ordinary hydrometer, distilling off and
discarding the first three-fourths of the liquid taken; the distillate

'which is then collected does not differ by more than one part in

10,000 from the values in the table below. This constant boiling

acid is not hygroscopic or noticeably volatile and is easily weighed
in a small flask. By the use of a capillary pipette, to adjust the
last amount of acid, it is a very simple matter to weigh out
180.155 g. to less than 10 mg. and this furnishes sufficient acid to

make a liter of normal solution with an accuracy that is seldom
attained even with very elaborate precautions.

Mure rum Hg
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or HOI solutions) ; when used with lime or similar compounds it

gives precipitates and for such cases HC1 is preferable.

Normal Nitric Acid. (63.016 g. per lit. a colorless acid,

d 1.3 ±, free from chlorine and nitrous acid; a yellow color due to

lower oxides of nitrogen is removed by adding about 2 volumes
of water, boding, cooling and then diluting to volume. 65 cc. or

93 g. of acid, d 1.42 diluted to 1 iter gives an acid slightly greater

than normal. Standardize by titration with standard alkali.

Normal Oxalic Acid. H 2C2 4 (63.024 g. H2C2 4.2H2 or

45.008 g. H2C2O4 per liter) Because of the uncertainty in the
amount of water of crystallization, standards can not be pre-

! 1 directly by dissolving a weighed quantity of acid; it is

- lardize the solution against alkali of kn
concentration using phenolphthalein as an indicator. Deci-
normal or less concentrated solutions are unstable and should
be prepared fresh when needed; more concentrated solutions

may deposit some of the acid when cooled to low temperatures
but they are fairly stable at room temperature when protected
from light.

Alkalis

Normal Sodium Hydroxide. * (40.005 g. per liter) Dissolve
about 42 g. XaOII in cold water which has been previously boiled

to expel COj and dilute to 1 liter with COj free water; a small
amount of BaClj or Ba(OH) 2 solution may be added and after

allowing the BaC03 to settle, the clear supernatant solution is

decanted. In preparing the solution exposure to air should be
avoided as much as possible. Standardize with normal ILS04

using methyl orange indicator. Solutions thus prepared are
slightly greater than normal but after preliminary titration with
acid are easily adjusted by the addition of the proper amount of

water. The solution must be kept in a bottle with the stopper
lubricated with a small amount of vaseline.

Normal Potassium Hydroxide.* (56.104 g. per liter) Proceed
as with normal sodium hydroxide using 58 g. KOH.

Decinormal Potassium Hydroxide.* (5.6101 g. per liter) Dis-
solve 7 g. KOH in about 400 cc. of water, add a little BaCl2

solution to precipitate the carbonate and allow to stand about
15 minutes until the BaCOs settles, filter into a 1 liter flask and
without washing the precipitate, dilute to 1 liter with C0 2 free

water. Standardize with 0.1 X sulfuric, hydrochloric or succinic

acids, using phenolphthalein or methyl orange indicator. Solu-
tions thus prepared are slightly greater than 0.1 N but after

preliminary titration with acid are easily adjusted by the addition
of the proper amount of water.

Decinormal Sodium Hydroxide.* (4.0005 g. per liter) Dis-
solve 6 g. NaOH in water and proceed as with 0.1 N KOH.

* The correction factors of NaOH or KOH solutions may chang? rapidly
because of absorption of OOi and for this reason should be protected as much as
possible from exposure to the air. It is best to standardize these alkaline
solutions just before use and when phenolphthalein is used as the indicator to
use water which has been boiled recently to expel CO2 and then cooled. The
presence of CO: is without effect when methyl orange is the indicator.
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Half Normal Ammonium Hydroxide. (17.524 g. per liter) Di-
lute 28 cc. of ammonium hydroxide, d 0.880 to 1 liter and
standardize with sulfuric or hydrochloric acid using cochineal or
methyl orange as indicator. Normal solutions of ammonium
hydroxide are likely to lose NH3 at room temperatures.

Oxidizing and Reducing Solutions

Decinormal Potassium Permanganate. Mnvii —»Mn" (3.1G05 g.

per liter) Dissolve 3.3 g. dry KMn0 4 in 1 liter distilled water and
allow to stand at least 24 hours in a clean glass stoppered bottle.

The reasons for not using the freshly prepared solution are:

1st the reducing agents in the water (dust, etc.) are thus all

oxidized, and 2nd any MnOi formed by this reduction is permitted
i tie. The solution is then carefully siphoned through a clean

gl iss tube into clean beakers, discarding the first 25 cc. of solution

and the la.st inch of the solution in the bottle which contains

the precipitated MnO: ; the KMnC)4 solution should never be
permitted to come in contact with rubber, filter paper or other

organic matter. The solution in the beakers is now poured back
ii a clean bottle and standardized against sodium oxalate.

Weigh out several samples of 0.25-0.3 g. of a very pure grade

and previously dried sodium oxalate and transfer each to 250 cc.

Erlenmeyer flasks, add 150 cc. water and 4 cc. concentrated

IluM),, heat nearly to boiling and when dissolved run in KMn04

not faster than 10-15 cc. per minute, swirling the flask rapidly to

mix the solutions; the last 1 cc. is added dropwise allowingthe

solution to decolorize completely before the next addition. The
temperature of the solution must be kept above 60°C. and may
be heated again if necessary. The addition of KMn04 is con-

tinued until a faint, permanent pink is obtained. The first

titration may not be exact but will give a fair approximation of

the amount" necessary for the remaining samples of oxalate.

1 cc. of 0.1 N KMn04 is equivalent to 0.0067 g. sodium oxalate.

Decinormal Potassium Dichromate. Crvl —Cr'" (4.9035 g.

per liter) Dry about 6 g. of K 2Cr20- crystals in an oven for an

hour and cool in a desiccator. Weigh out exactly 4.9035 g.,

place in a liter flask and dilute to exactly 1 liter. This solution

is exactly decinormal and can be used for titrating m the stand-

ardization of thiosulfate solution. For use in Fe titration it

should be checked against pure iron wire by weighing out

accuratelv two samples of wire of 150-200 mg. each. These

samples are dissolved separately in beakers with 20 cc. H2 and

6 cc. HC1. A few particles of carbon may remain undissolved.

The solutions are heated nearly to boiling and 2-3 drops of

SnCb solution are added to reduce any ferric salt formed by

oxidation during solution. After cooling and diluting to about 50

cc, an excess of HgCl, is added (10 cc. of a saturated solution of

HgCl2 ) to reduce the excess SnCl2 . The K2Cr2 7 solution is added

from a burette until within 2 cc. of the quantity calculated from

the amount of iron dissolved. The last amount of K2Cr2 7 is

added slowly and the end point determined using K3Fe(Cn)i

431



HANDBOOK OF CHEMISTRY AND PHYSICS

as an external indicator (one small crystal of K2Fe(CN) 6 in 30 cc

H»0). A blue color is obtained as long as ferrous iron is present.

When no blue color is obtained after 30 seconds the end point is

attained. Since the Fe wire is not absolutely pure, the weight of

iron sample is multiplied by the percentage of iron in the wire.

0.005584 g. Fe is equivalent to 1 cc. 0.1 N solution.

Decinormal Sodium Thiosulfate. 2Na2S20a-»Na2S406 (24.8202

g. Na2S2 3.5H20 per liter) Do not dry the sodium thiosulfate

in an oven as it can be obtained almost pure; weigh out 28.50 g.

and dilute to exactly 1 liter. After mixing thoroughly the solution

is allowed to stand two weeks. If free sulfur has separated, the
clear liquid is siphoned off. The solution is standardized in-

directly by titration with potassium dichromate (see above).

Dissolve 5 g. KI and 4 g. NaHC03 in 300 cc. H2 in a 500 cc.

Erlenmeyer flask at room temperature and then add HC1 slowly,

swirling the flask, until there is no more evolution of C02 and
then add about 10 cc. more acid; add 35 cc. 0.1 N KiCr^,
mixing the solutions, rinse the sides of the flask with a few cc.

of water, allowing it to form a layer over the solution without
mixing; stopper the flask and allow to stand about 10 minutes.
Then with thorough mixing run in thiosulfate until the solution
is a light yellow, add a few drops of starch solution and continue
with a slow addition of thiosulfate until the bright blue color has
disappeared and only the pale green color of CrCla remains.

Decinormal Iodine. Ia -* 2HI (12.6932 g. per liter) Dissolve
about 13.5 g. pure sublimed iodine in a sulution of 24 g. Kl in

200 cc. H2 and dilute to 1 liter. The solution is standardized
by adding the iodine to a known volume of standard thiosulfate

with a few drops of starch solution for the indicator.

Decinormal Alkaline Arsenite As1" —> Asv (4.948 g. AS2O3 per
liter; equivalent to 0.0126932 g. I or 0.0035457 g. CI per cc.)

Dissolve 4.948 g. pure sublimed As2Os in a concentrated solution
of 4 g. NaOH, add 100 cc. of a saturated NaHC03 solution and
dilute to 1 liter. Do not warm the solution above 60° C. when
dissolving the As.03 . Standardize against standard iodine solu-

tion with a starch indicator.
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DECI-NORMAL SOLUTIONS OF SALTS AND OTHER
REAGENTS

The weight in grams of the compound in 1 c.c. of the following deci-normal
solutions is found by dividing the H equivalent in the last column by 1000.

Name

Acetic acid
Ammonia
\ .'

:

i >tiium

\ iiiurn chloride
Ammonium sulphate
Ammonium sulphoc
Barium
Barium carbonate .

Barium chloridi

Barium hydro]
Barium oxide
Bromine
Calcium
Calcium carboi
Calcium chloride
Calcium chloride
Calcium hydroxide
Calcium oxide
Chlorine
Citric acid
Cobalt
Copper
Copper Oxide
Copper bu

Cyanogen
Hydrochli
Hydrocyanic acid
Iodine
Lactic acid
Malic acid
Magnesium

-mm carbonate
i smm chloride

'
! i sium chloride

Magnesium oxide
Manganese
Manganese sulphate
Mercuric chloride
Nickel
Nitric acid
Nitrogen
Nitrogen pentoxide
Oxalic acid
Oxalic acid
Oxalic anhydride
Phosphoric acid
Potassium

urn bicarbona
Potassium carbonate
Potassium chloride
Potassium cyanide
Potassium hydroxide
Potassium oxide
Potassium permanganate for

Co estimation

Formula

HC2H3O2. ..

NHa
XJli
XlhC'l

' H -

NIJ,( \
Ba
HaCO

2HiO..
Ha(OH)-. . .

BaO

.

Br.. .

.

Ca

Hi-....
CaO
CI....

•t.HjO.

Co...
Cu
CuO.
CuSO«.51I-jO

HC1
BCN
I

At. or
mol.
wt.

C3II6O3
'.

I

1 6HtO..
MgO
Mn
M11SO4
HgCh
Ni
HNO3
X

H,( '.( I

;.2H 2

H3P04
K
KHCOs

KC1
KCN
KOH

KM11O.

60
;

18

53
132

137
i

24 J

171

153

79

M
100
111)

74

56
3.")

210

58

03

24!)

30
27
120

90
134

21

84

203
40

54
150
271

58

63
14

108.

90
120.

72.

98.

39.

100.

138.

74

0.5.

50.

94

.

158.

Hydrogen
equivalent

HCjHsO-.
NH*..
XH4
XII.Cl

NH4CNS
ilia. .

.

I

2HjO..
HJafOH
'.BaO
Hr
i('a

0)

OHaO..
JCa(OH
JCaO
CI

>:.HaO.
\Co
iCu
ICuO.
JCuS04.5H»0.
CN...
HC1
IICN
I

tC<H«0<
JMg
JMgCOa
IMgCls
lMgCh.6H»0.
JMgO
IMn
\MnSO4
IHgCli
',.\i

HNOj

IHaCiOi
lHsCtO«.2HiO.

fHsPO<

KHCOj
IKaCOa
KC1
KCN
KOH
IKjO
i"KMn04
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DECI-NORMAL SOLUTIONS OF SALTS AND OTHER
REAGENTS (Continued.)

Name

Potassium permanp;i
Mn estimation

I -?ium tartruti

Silver
Silver nitrate
Sodium
Sodium bicarbonut.
Sodium carbonate
Sodium chloride
Sodium hydroxide
Sodium oxide
Sodium sulphide
Succinic acid
Sulphuric acid
Sulphur trioxide
Tartaric acid
Zinc
Zinc sulphate

Formula

KMnO..

K;H<C<0«. .

.

Ag
AgNOj
Na
N'aHCOj. . .

NajCOj
NaCl
NaOH
NajO
Na*S
HiC^Oi. .

.

H-SOt

1 H<0«
Zn
ZnSO«.7H20.

At. or
mol.

158.03

226.22
107.88
169.89
23.00
84.01
105.99
58.45
40.01
61.99
78.06

118.05
98.08
80.06
150.05
65.38
287.56

Hydrogen
equivalent

JKMnOi....

JKjHlCiOB. .

Ag
AgNOs
Na
NaHCOs....

Oa
NaCl
NaOH
JNa2

JNaiS
iHiC^rhO* . .

JHlSO*
iSOa
JCiHeOc
JZn
iZnS0..7H2

OneH
equiv.
in gins.

5.268

11.311
10.788
16.989
2.300
8.401
5.300
5.845
4.001
3.100
3.903
5.902
4.904
4.003
7.502
3.269
14.378
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DECI-NORMAL SOLUTIONS OF OXIDATION AND
REDUCTION REAGENTS

Name

Antimony
Arsenic

trisulphide
ArsenouB oxide
.Barium peroxide. .

Barium peroxide, hj
Calcium
1 im carbonate
Calcium hypochlont.
Calcium oxide
Chlorine
Chromium trioxide
Ferrous ammonium sulphate

Hydroferrocyanic acid . . .

Hydrogen peroxide-

.

Hydrogen sulphide
Iodine
Iron
Iron oxide, ferrous
Iron oxide, ferric . .

Lead peroxide
Manganese peroxide
Nitric acid
Nitrogen trioxide
Nitrogen pent oxide
Oxalic acid
Oxalic acid
Oxygen
Potassium bichromate. .

.

Potassium chlorate
Potassium chromate. ....

Potassium ferrocyanide . .

Potassium ferrocyanide . .

-

BaOi.8HsO...

CaCOi
Ca(C10)j....
CaO
CI
CrOa.
FeSO<( N

- nlhO
H 4Fe(CN)6 . .

HjOj
HiS
I

Potassium iodide
Potassium nitrate

Potassium perchlorate. . .

Potassium permanganate.
Sodium chiorate
Sodium nitrate
Sodium thiosulphate
Stannous chloride
Stannous oxide
Sulphur dioxide
Tin

Formula

Fe
FeO
FejOa
PbOj
MnOj
HNOi
NjOa
NiOs
C2H 204
C2H2O4.2HJO
()

KjCriO;....
KCIO3
K 2Cr04

K tFe(CS)t. .

K4Fe((
•

3H2

KI
KNOj
KCIO4
KMnO<
NaClO.
NaNOi

-
I )j.5H:0

S11CI2
SnO
S0 2

Sn

At. or
mol.

Hydrogen
equivalent

121.77
74.96

246.11

169.37
313.50
40.07
100.07

_ •

56.07
35.46
100.01
391.14

215 92
34.02
34.08
126.93
55.84
71.84
159.68
239.20
86.93
63.02
76.02
108.02
90.02
126.05
16.00

294.21
122.55
194.20
368.27
422.32

166.03
101.10
138.55
158.03
106.45
85.01

248.20
189.61
134.70
64.06
118.70

JSb

-

BaO
,Ba02.8H /

iCa.

JCaCOj
JCa(C10 ,

iCaO
CI

ri

I - VIIOjSO..
6H 2

H4Fe(CN)«
WiCh
|h*s
1

Fe
FeO
JFejOa
iPbOt
JMnOi
JHNOj
JNjOi
JNjOi
iC2H204. •

4C2Ht04.2HiO....
JO
JKiCrjOr
JKCIO3
JK 2CrO«
K4Fe(CN)6
K4Fe(CN),.3H2

KI
IKNO3
iKClC-4
JKMnO*
JNaClOs
SNaNOj
Na 2S2 3.5HiO.
*SnCl2

jSnO
iS02

iSn
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SOLUBILITY CHART
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SOLUBILITY OF INORGANIC SALTS IN WATER
The table shows the number of grams of the substance indicated by the formula

at the side which can be dissolved in 100 grams of water at the temperature ia

degrees Centigrade given at the top.

Substance.
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SOLUBILITY OF INORGANIC SALTS IN WATER (Cont.)

Substance.
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INDICATORS
R. T. Thomson's table, showing the hydrogen atoms replaced by NaOH

or KOH when a compound neutral to the indicator is formed. The blank
spaces indicate that the end-reaction is obscure.

(From Cohn's Indicators
lishers, by permission.)
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TABLE OF INDICATORS (Continued)

Indicator

Mauveine
a-Xaphtholbenzein.

Methyl Red (para)

.

Methyl Violet

Iodeosin

.

Benzoyl Auramine. . .

Quinaldine Red
Diphenylamino-azo-
benzene

Tropeolin 00

Met anil Yellow.

Thymol Blue . .

Benzylaniline-azo-
benzene sulfonic
acid

Ethyl Orange

Benzopurpurin 4B
Benzylaniline-azo-
benzene

Red Cabbage Extract

m-Cbloro-diethyl ani-
line-azo-p- benzene
sulfonic acid

p-Dimethyl&rnino-azo-
benzene

Congo Red

2, 5-Dinitrohydro-
quinone

Bromophenol Blue.

Methyl Orange > . .

.

a-Naptithylaraino-
azo-p-benzene
sulfonic acid

a-Naphthylamino-
azo-benzene

p-Sulfo-o-methoxy-
benzene-azo-dime-
thyl-a-napthyla-
mine

Iodeosin

Dinitrohydroquinooe
Acetate

Sodium Alizarin-
sulfonate

Synonym

Tetraiodofluori

Orange IV; dipbenylamino
azo-p-benzene sulfonic acid. .

Diphenylamino-azo- m -ben
zone sulfonic acid

Thymolsulfonpbthalcin

pH Range

Diethylaniline orange; sodium
(or ammonium) diethylani-
line-azo-benzene sulfonate

Wild cabbage; sea cabbage
Brassica oleracea

Butter yellow: benzene-azo-
dimethylaniline

Sodium tetrazodiphenyl-
naphthionate

Tctrabromophenolsulfon-
phthalein

Tropeolin D; orange III;
Helianthine; Lunge's Indi-
cator

See iodeosin above.

0.1-2.9 *

8-9/ E
0-2 E

0.1-3.1
0.3-01 E
4-5/

E

0.1-1 E
1-2 E

1.2-2.1 *

1.4-2.6 *

1-3 E
1.2-2.3 *E

1.2-2.8 *

8.0-9.6
1.9-3.3 *

2-4 E

2-4 E
2.3-3.3 *

Observer

2.4-4.5

2.6-4.0

2.9-4.0 *

3-1 E
3-5 E

3-9

3.0-1.6 #E

2.9-4.0 E
3.1-4.4

3.5-5.7 *

3.7-5.0
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TABLE OF INDICATORS (Continued)

Indicator Synonym pH Range Observer

Dichlorofluoreecein

.

Lacmosol
Methyl Red

Lacmoid
Tctrabromo-m-cresol-

sulfonphthalein
Azolit iuin (Litmus) .

.

Cochineal

Propyl Red.

Dried female insect, Coccus
cacti Lin.; carminic acid

Hematoxylin. .

p-Nitrophenol

.

From logwood, Uaematoxylon
camper!

Sodium Alizarinsul-
fonate

Broniocresol Purple. . .

Alizarin

Dinitrobenzoyleneurea

Bromothymol Blue.

Anieolesulfonphthalein
Curcumin

Dibromo-o-cresolsulfonphtha-
lein

Roots of madder;
Rubia tinctorum, Lin.
Dihydroxyanthraquinone;

il'a Indicator.

Dibromothymolsulfonphtha-
lein

Brilliant Yellow.
Neutral Red. . . .

Phenol Red
Rosolie acid . . . .

Turmeric Yellow; curcum-
min; roots of Curcuma
longa L.

Cyanin

/3-Xaphtholphthalein

Cresol Red . . .

Tropeohn 000.

Toluylcn
Phenolsulfonphthalein
Aurin; nurin red; corallin

p-roso!ic acid
Quinoline Blue; diamyl-

aine iodide

Thymol Blue

a-Naphtholbenzein

.

Cresolphthalein

o-Cresolsulfonphthalein
Orange I; Orange B; sodium-

naphthol-azo-benzene sul-

fonate; von Muller's indi-

cator
See thymol blue above

Phenolphthalein :

Dinitrohydroquinone
Acetate

Alizarin Yellow R . . .

o-Cresolphthalein

Dihydroxyphthalophenone;
Lurk 's indicator

Sodium p-nitrobenzene-azo-
sa 1 irylate

4-6 E
4.4-5.5
4.4-6.0
4.2-6.3 £
4.4-6.2
4.5-5.5 E

4.5-8.3
4.8-6.2

4.8-6.4 E

5-6 E

5.0-7.0 *

5-6 E
4-5
5-6 E

5.2-6.8 #E

5.5-6.81
.1-12.1/

7-8 K
6-8

6.0-7.6 #E

6-8 E
6-8 E

Hottinger

Srensen

Srensen
Srensen

Lubs and
Clark

10 Srensen

Rogart
and
Scatcburd

6.8
6.8-

6.9

6-8 E
-8.0 *E
-8.4 #E
-8.0 *E

7-8

.2-8.6

7-9 E
7.2-8.8 #E
7.6-8.9 *

8.0-9.61 jfTj,

1.2-2.8/
ftL

8.9 E
8.2-9.8 f

8-10 E
8.3-10 *E

9-10 E

9-10 E

Prideaux

Srensen
and
Palitz8cb

* Phenolphthalein may be used in the presence of weak acids.
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS
1 from the atomic weights of 1925 by Irwin C. Clare and Eric A. Arnold,

10I of Applied Science,
ite the use of the table the group of substances weighed given under each

- thesubstaiK under each substance weighed are arranged
:he alphabetical order of their formulae.

'eighed
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS
(Continued)

Sought

Ag
Agl
I

NH 3

(NHOiPtCle
N*06

Pt
MgNH«PO«-
6H2O

NH4CI
N
NH 3

(Nrh^PtCLs
N2Os

Pt
N
NH 3

NH«
NH 4C1
(NH4) 2PtCU
Pt

NHa
NKU
NH4CI
NH4NO3 . . .

(NHOiO . . .

NH^OH....
(NHO^SOi .

BaSO<
HsSO.
N
NHi
(NH^iPtCl.
Pt
SOs
NH3
NH4XO3. ..

(NH«) sO . . .

NH 3

NH4
NHiCl
NH«NO«.. .

(XII, •() .. .

NHUOH.. . .

(NHO2SO4..
NHi
(NH«)jSO«..

Sb....
SbaOs

.

Factor

0.74413
1.6197
0.87554
0.21274
2.7736
0.67470
1.2195

9.4272
2.0544
0.53802
0.65418
8.5262
2.0741
3.7487
0.39971
0.48599
0.51475
1.5264
6.3349
2.7852

0.076712
0.081253
0.24095
0.36053
0.11729
0.15786
0.29759

1.7665
0.74222
0.21201
0.25778
3.3603
1.4774
0.60589
0.31531
1.4821
0.48214
0.17448
0.18481
0.54804
0.82003
0.26676
0.35904
0.67687
0.42545
1 . 6505

0.36468
0.43656

Loga-
rithm

-10
9.87165
10.20943
9.94228
9.32785
10.44305
9.82911
10.08617

10.97438
10.31269
9.73080
9.81570
10.93076
10.31683
10.57388
9.60175
9.68G63
9.71160
10.18367
10.80174
10.44486

8.8848C
8.90084
9.38193
9.55695
9.06924
9.19826
9.47362

10.24711
9.87053
9.32636
9.41124
10.52638
10.16950
9.78239
9.49874
10.17089
9.68317
9.24174
9.26672
9.73881
9.91383
9.42612
9.55514
9.83050
9.62885
10.21761

9.56191
9.64004

Weighed

Antimony
KSbOC«

H<0«-
iHjO..

Sb

SbjOs....

SbjOi....

SbjOs. . .

.

SbiSs ....

SbiSs. . . .

Arsenic

:

As =
74.96

As

Asi03

Sought

Sb*0«
Sb»S3
KSbOC«H«
OHH2O.

SbtOj
SbtO«
SbjOs
SbjS3
Sb2Ss
KSbOC<H4
OHH2O.

Sb
Sb:04
Sb20i
SbsSj
8 ''

. 9

KSbOC4H«
OHH2O.

Sb
Sb203
Sb205

SbiS,
SbiSs
Sb
SbiO.
Sb20«
Sb2Ss
KSbOC4H4
OHH2O.

Sb
Sb-Oi
Sb-04
Sb20s

Sb
Sb203

Sbj04
SbjOs

AS2O3
AS2O5 . . .

.

As:S3

A82S5
BaS04 . .

.

Mg*A«Ch
M

JHsO. .

AbiSj ....
AS2S5
BaSOi....
Mg2AS20-.

Factor

0.46052
0.50872

2.7421
1.1971
1.2628
1.3285
1.3950
1.6583

2.2906
0.83536
1.0549
1.1098
1.1653
1.3853

2.1715
0.79188
0.94796
1.0520
1.1047
1.3132
0.75273
0.90110
0.95056
1.2483

1.9657
0.71685
0.85814
0.90526
0.95234
0.60303
0.72188
0.76152
0.80112

1.3202
1.5336
1.6416
2.0694
4.6711
2.0715

1.9227
0.75748
1.1616
1 . 2435
1.5675
3.5383
1.5691
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS
(Continued)

Sought

BuSs
Bi
Bi2 3 ....

BisOi ....
BiOCl. . .

Bi
BiAsOi...
BiOCl . . .

Bi '
5H i

BiONOa..
B -

B
Bii S

WfcO. .

BiiOj ....
•Ni

BiOCl . . .

Bi
Bi^Oj

B2O3
KBF4....
B
BO,
BO3
Ej

H»B0 3 . . .

KBF4...

Bi03

BjOi
B1O3
KBF«...
B
B2O3
H3BO3 . . .

NajB.07-
IOH2O .

B*Oj
KBF4. . . .

Br
BrOa
HBr
Br
Br0 3

HBr
Br

Factor

2301
60064
66962

48032
53693
89700
4934
1178

0820
2318
1034
80243

8625
89458
1019
81184
00750
81294
90630

2181
637
31074
2298
6893
1149
7761

0162

7386
81317
59198
89696
56303
0360
085932
27653
49116

0.75732

36515
3204

74080
1857
75013
42555
68113
43091
55754

Loga-
rithm

-10
10.08994
9.77862
9.82583

9.68153
9.72991
9.95279
10.17418
10.04838

10.31847
10.09053
10.04273
9.90441

10.27009
9.95162
10.04215
9.90947
9.95785
9.91006
9.95727

10.50760
1 1 . OfioS.')

9 . 49240
10.08983
10.22771
10.04724
10.24947
10.55825

43753
91018
77231

75053
308
93415
44175
69122

9.87928

9.56247
10.12071

9.86970
10.07398
9.87514
9.62895
9.83323
9.63439
9.74628

Weighed

Bromine:
Br

B1O3...

HBr

O
Cadmium
Cd =
112.41
Cd

CdCli. ..

Cd(N03)*

CdO . . .

CdS.

CdSOi

Caeaium:
Cs =
132.81

AgCl...
CI

Cs.

CsCl . .

.

Sought

Ag...
AgBr

.

&*.:
Ag...
AgBr.
Ag...
AgBr.
Br. . .

.

CdCla....
Cd(N03) 2

CdO
CdS .

CdSO< . . .

Cd
CdO
CdS
CdSO« . .

.

Cd
CdO

Ifi

CdSOi . . .

Cd
CdCI=....

: NO
CdS
CdSO* . . .

Cd
CdCl-2....
Cd(N03) 2

CdO
CdS04. ..

Cd
CdCh....
Cd(N03h
CdO
CdS

CsCl....
Cs
CsCl....
CI
CeCl. . .

.

Cs2COi..
CssO....
CesPtCU
Cs»SO«..
AgCl...
CI
Cs
CstO
CsjPtCU

Factor

3499
3499
7936
10010
84338
4681
3331
320«
9896

6308
1032
1423
2852
8546
61319
70045
78808
1372
47546
54313
61107
88178
87540
4276
8412
1251

6235
77807
2689
6365
88882
4430
53920
87934
1341
61594
69301

1739
. 7457
7457
26698
2670
2259
0602
5359
3617
85184
21072
78928
83682
0016
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS
(Continued)

Sought

CsiS04
Cs
CasPtCli . .

.

CS2SO.
Cs
CsCl
C82SO4
CszPtCle . . .

SOs
Cs
CsCl
Cs2COi
Cs*0
Cs
CsCl
CsjCOi
CsiO
CsiO

CaS
CaSO*
CaSCV2H 2

CaCh
CaCOi
CaFj
CaO
CaSO<
CI

MgiAssCh . .

Ca
CaCOi
CaO
CaSO«
CI
Ca
CaCh
Ca(HC03) 2 .

CaO
CaSO*
CaSOv
2HjO . . . .

C0 2

HC1
Ca
CaSO«

CaCOa
CaO
N2O,
Ca
CaCh
CaCOa
CaF2

Ca(HCOa)2.

Factor

1.0747
0.81574
2.0686
1.1108
0.94319
1.1950
1.2843
2.3918
0.28430
0.39433
0.49961
0.48341
0.41809
0.73440
0.93046
0.90029
0.77864
3.5174

0.30901
0.58319
0.73755
2.7698
2.4974
1 . 9483
1.3993
3.3974
1.7698

0.77995
0.36104
0.90166
0.50521
1.2266
0.63896
0.40043
1.1091
1.6197
0.56031
1.3604

1.7205
0.43969
0.72880
0.51325
1.7438

0.61739
0.34593
0.65830
0.71465
1.9794
1 . 7847
1.3924
2.8907

Loga-
rithm

-10
10.03129
9.91155
10.31568
10.04564
9.97460
10.07737
10.10867
10.37872
9.45378
9.59586
9.69863
9.68432
9.62127
9.86593
9.96870
9.95438
9.89134
10.54622

9.48998
9.76581
9.86779
10.44244
10.39748
10.28966
10.14591
10.53115
10.24791

9.89207
9.55756
9.95504
9.70347
10.08871
9.80547
9.60252
10.04496
10.20944
9.74843
10.13367

10.23565
9.64315
9.86261
9.71033
10.24149

9.79056
9.53899
9.81842
9.85409
10.29653
10.25157
10.14376
10.46101

Weighed

Calcium:
CaO. . .

Ca3(P
Oi) 2 .

CaS. .

.

CaS04.

CaSOr
2H2O

CaW04
CI

C02 ...

HC1...
Mg2A8207
MgO....
Mg2P2 7 .

(NH4)j
PO<-
12Mo
Oa. . . .

N2Ot ....
P2Os....
S03

W03
Carbon:
C =
12.000

Ag

AgCN...

Sought

Caa(P04) 2 .

CaS04
CaSOi-
2H2 . . .

CI
C02

MgO
so3

CaO
CaS04 . . . .

Mg2P20? .

.

(NH4) 3P04
12MoOa.

P2O6
BaS04 . . . .

BaS04
Ca
CaCh
CaCOj
CaFj
CaO
Ca3(P04) 2

SOj

BaS04
CaCOj. . .

.

CaO
SO3
WO3
Ca
CaCh
CaO
CaO
CaCOa. . .

.

CaC03

Ca3(As04) 2

CaO
Caa(P04)2

Ca3(P04)2. .

.

Ca(N03) 2 ...

Ca3 (P04)2...
CaO
CaS04
CaS04-2H 2

CaW04 ....

CN..
HCN
KCN
CN..
HCN

Factor

1.8445
2.4279

3.0706
1 . 2647
0.78473
0.71910
1.4279

0.54215
1.3163
0.71777

12.100
0.45784
3.2361
1.7148
0.29434
0.81525
0.73507
0.57347
0.41187
0.75970
0.58813

1.3558
0.58123
0.32567
0.46504
0.80536
0.56505
1.5651
0.79068
1.2743
2.2743
1.3721
1.2821
1.3906
1.3932

0.082642
1.5191
2.1842
0.70031
1.7003
2.1504
1.2418

0.24108
0.25043
0.60349
0.19425
0.20178
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(Continued)

,
-

c
CO:
C03
CO.
CO2, bicar-

bonate. . .

BaCOs
CO:
CO..

Sought

CO?
AgCN
Ag..
AgCNS
CuCN-
BaSOj
CO2
CO2, bicar-

bonate. . .

BaC< tj

Ba(HCOj)s

C
CaCOi
Ca(HCOj)s
CaO
CO3

Oa
CsHC03....

FeCOi
Fe(HC03 ) 2 ..

KiC( >i

KHCOt

LbCOa
LiHCOa. . .

.

Li2

MgCOa
H C0 3) 2

;

1

Mn( I I

MmHCOa)*
MnO
Na*C<
NaHCOj...

2CO3..
NH4HCO1..
PbCOj
Rb 2C< k

RbHCOa. ..

Rb>0
SrCOa

Factor

0.48627
0.34993
0.060800
0.22293
0.30400
0.28689

0.57378
0.24877
16.447
3.6667
0.43969

0.54293
5.1480
4.1480
2.8577
2.0947
4.0197
0.78473

1.5695
4.4857

3.4857
0.27273
2.2743
1.8419
1.2713
1.3636
7.4009
4.4050
2.6328
2.0211
3.1407
2.2751
2.1407
1.6791
1.5.443

0.67910
1.9164
1.6629
0.91636
2.6121
2.0108
1.6120
2.4090
1.9091
1.4090
2.1837
1.7965
6.0729
5.2473
3.3284
4.2473
3.3553

Loga-
rithm

-10
9.68687

i

8.78390
9.34817
9.48287
9.45771

9.75874
9.39580
11.21610
10.50427
9.64315

9.73474
10.71164
10.61784
10.45602
10.32112
10.60419
9.89472

10.19575
10.65183
10.46947
10.54229
9.43573
10.35685
10.26526
10.10528
10.13470
10.86928
10.64395
10.42041
10.30559
10.49703
10.35700
10.33056
10.22508
10.18873
9.83193
10.28248
10.22087
9.96207
10.41698
10.30336
10.20738
10.38184
10.28083
10.14890
10.33918
10.25444
10.78339
10.71994
10.52224
10.62811
10.52573

Weighed

Carbon:
CO2...

CO3.

CS2CO3 . .

CsHCOs.
CuCNS

FeUIC
3)j. .

.

KCN....

K2CO3...
KHCOa. .

LiHCOs.
LbO
MgCOs.

.

Mg(HC

MnCOa..
Mn(HC

MnO....

NaHOOa.
NaiO. . . .

(NH,) 2

CO3...
XI 1

4

HCO3

.

PbCOj. .

.

Rb:C0 3 .

.

RbHCOs.

SrCOs...
Sr(IIC

03)2. . .

SrO
Cerium:
Co =
140.25

Ce

Sought

Sr(HCO»>
;

SrO
BaCOa. . .

CO2

I

Ag

Ag

CO2

CO2
CO2

C02

CO2
CO2
CO,

•

COi

COj
CO..

(NH«
NOj)»-
H2O.. .

Ces(S04)j.

Factor

2.3824
2.3553
3.2895
0.73333
0.13513
0.22702
0.47740
0.37983

0.49478
3.9932

55!

1 . 6570
2.0505
0.31840
0.43P54
0.46713
0.5C550
0.64754
1.4726.
0.52182

0.60136
1.0913
0.38284

0.49733
0.62033
0.41511
0.52380
0.70974

0.45795

0.55663
0.16467
0.19058
0.30045
0.23545
0.29804

0.41975
0.42458

2.1339
2.7685

4.0385
1.2282
1.1711
2.0274
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Weighed

Cerium:
Cej

i

3HjO..

Ce(NOj)4

Ce(N

W
Oj)r
HiO.

CeOj....

CcjOi. . .

.

Cei(SOi)

Chlorine:
CI =
35.457
Ag

AgCl..

BaCrOi
Ca
ci

Sought

I

I

Ce*0
CeOi. . .

C
I

fNH«N
:

CesOj
Ce

(NH«N

•

CftiOa
CfeCCiOOs-
3HzO . .

a
HC1
CI
ClOa
C104
HC1
CI
CI
Ag
AgCl....
BaCrOi . .

Ca
HC1
K
KC1
Li
Mg
MgCh. ...

MnOi
Na
NaCl
NH4
PbCr04...

Factor

0.95012
0.46863
0.36121
0.42302
0.44362

0.24762
0.28999
0.30412
0.81422
2.2542

3.2882

0.85388
2.3640

3.4484
1.0487
1.7312
0.49324

1.0525

0.32867
0.33802
0.24737
0.58224
0.69387
().2.Vr4(J

0.27987
1 . 7698
3.0426
4.0426
3.5732
0.56505
1.0284
1.1027
2.1027
0.1<<573

0.34295
1.3429
1.2259
0.64859
1.6486
0.50879
4.5578

Loga-
rithm

-10

9.67083
9.55776
9.62636
9.64701

9.39379
9.46238
9.48305

10.35299

10.51696
1 :

9.93140
10.37365

10.53762
10.02065
10.23835
9.69306
9.76166

10.02222

9.51676
9.52894
9.39334
9.76510
9.84128
9.40552
9.44695
10.24791
10.48324
10.60666
10.55305
9.75209
10.01218
10.04244
10.32277
9.29166
9.53523
10.12808
10.08844
9.81197
10.21711

10.65875

Weighed

Chlorine:
CIOi. .

.

CIO* . .

HC1...

K
KC1...

Li
Mg...

!

NaCl .

.

NH«
NH4CI...
(NH,)i
SO* . . .

PbCrO*..
Chromium
Ct =
52.01
BaCrO*.

.

Or....

CrjCh.

.

Sought

AgCl
KC1
NaCl
AgCl
KC1
NaCl
Ag
AgCl
NH4CI . . . .

(NH4)*SQ4.
I

a
cio,
C1O4
ci
a
a
a
ci
a
ciOj
C104
a
hci

CrOj.

OO4. . . .

Crj(S
O4M8
HjO...

KjCr04..

HCI.
CI..

CnO,
CrOj
CrO<
CrKSO^r

I8H2O...
BaCr04 . . .

CriOj
PbCr04 . . .

BaCrtX . . .

Cr
CrOj
OO4
PbCr04.. .

BaCrOi . . .

CrjOj
R%Cr04....
KjCrjO?...
Pb004 . .

.

Ba004 . . .

PbCr04...

Factor

1.7175
0.89331
0.70041
1.4412
0.74960
0.58773
2.9.584

3.9308
1.4671
1.8119
0.90690
0.47559
1.1194
1.3340
5.1090
2.9159
0.74463
0.81576
1.5418
0.60659
1.4277
1.7015
1.9655
0.68163

0.55190
0.21941

BaCr04

.

PbCrO,.
Oft...
PbCr04.

20526
29998
39469
45784

4139
8718
4614
2143
3335
68426
3157
5263
2522
5336
76003
9418
4709
2318
1842
7860

0.70728
0.90218
0.51498
1.6643

452



HANDBOOK OF CHEMISTRY AND PHYSICS

GRAVIMETRIC FACTORS AND THEIR LOGARITHMS
(Continued)

Weighed

Chromium
K2O2O7 .

PbCrO*

Cobalt:
Co =
58.94
Co. . .

.

Co(N
0,)r
6H1O..

Co(N
Oi)r(K
'-

CoO ....

C03O4 . .

C0SO4 .

.

CoS04-
7HtO.

(CoSO«)j
(KiS
0<)j..

Colum-
bium:
(nio-
bium)
Cb =
93.1
CbaOj . .

Cb

Sought

Cr0 3 . . .

.

PbCr04

.

Cr
CrjC-3. ..

CrOj....
OO4....
Crs(S04)3'

I8H2O.
K2CTO4 . .

I&CrjO?.

Co(N03)j-

6H1O....
Co(N0 5)r

(KNOs)i
CoO
C03O4
C0SO4. . . .

I -

7HiO...
, 31

CK»SO«)j

Co

Co
CoO
Co

(KNOj)a
C03O4

-

(KiSOt)t.

CoO
Co
CoO

Co
CoO

Co
CoO

Cb...
CbiOs

Factor

0.675*4
2.1971
0.16092
0.23517
0.30943
0.35894

1.1084
0.60086
0.45514

4.9381

7.6736
1.2714
1.3620
2.6298

4.7696

7.0647

0.20250

0.13032
0.16609
0.78650

6.0353
1.0712
2.0684

5.5564
0.73423
0.93354
0.38025
0.48347

0.20966
0.26658

0. 14155
0.17998

0.69947
1.4296

Loga-
rithm

-10
9.83241
10.34185
9.20661
9.37139
9.49056
9.55502

10.04471
9.77877
9.65815

10.69356

10.88500
10.10430
10.13417
10.41993

10.67848

10.84909

9.30644

9.11500
9.21930
9.89570

10.78070
10.02987
10.31503

10.74479
9.86583
9.97013
9.58007
9.68437

9.32152
9.42582

9.15091
9.25521

9.84477
10.15521

Weighed

Copper
Cu =
63.57

Cu

Cu 2CjHj
Oi(As
O2),. . .

CuCNS..

CuO. ...

Cu.O.

CuS04-
.3H-,().

C112S.

MR2A82
Or. . .

Erbium:
Er =
167.7
EnO* . .

Er
Fluorine:
F =
19.00

BaF;. . .

BaSiFe..

CaF». . .

CaS04.

F

Sought

CuiC2H)Oj
(AsOi)i. . .

CuCNS ...

CuO
CuiO
CujS
CuS04-
5H2O

Cu.. .

MgtAi-
Cu
CuO
Cu
CuCNS. ...

CuiS
CuSOv
5H,0

Cu
CujS

Cu
CuO
CU2S
Cu
CuO
CujO
CuS04-5H 2

CU2C1H3O2
(AaO.)). .

.

Er....
Er2Oj.

BaSiFe.
BaF2 ...

HF....
H 2SiF6 .

S1F4 . . .

SiF« . . .

F
HF....
HjSiFe.
SiFe...
F
HF. ...

BaSiF6 .

CaFi. . .

CaS04

.

Factor

3.9880..
1.9135
1.2517
1.1258
1.2522

3.9282..

0.25075
0.91874
0.52260
0.65414
0.79891
1.5287
1.0004

3.1383
0.88824
1.1122

0.25457
0.31865
0.31877
0.79860
0.99960
0.89910
3.1370

1.0885

0.87480
1.1431

1.5934
0.627G0
0.40796
0.42902
0.51560
0.37239
0.50838
0.48675
0.51258
0.61516
0.60655
0.29395
0.27913
2.4512
2.05447
3.5825
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS
(Continued)

Weighed

Iodine:
Pdh.

Til.

Iron:
Fe =
55.84
Ag....

CN.
COi.

Fe.

FeAsO*.
FeCl.. .

.

Fer
(CN)i 8

Prus-
sian
blue.

.

FeCOs.

.

Fe(HC
3)i.

.

FeO.

Fe30<.

.

Sought

I...,
IOa.
IO( .

[fOs.
I2O7.

HI.
I...

IOi.
IO«..
I201.

I207.

Fe7(CN)i 8 ,

Prussian
blue

Fe7(CN), 8...

FeO
FeCOi
Fe(HCO,)i..
Fe(HCOl) ! .

.

FeO
FejOi
FePO«
FeS
FeSO*
FeSOWHiO
FeSOr
(NHOr
SO«-6H8

MgiAsjO?. .

.

FejOi

Ag....
CN...
COi...
FeO..
Feid.

CO2
Fe
FeO
Fe*03

CO2
Fe
FeCOj
Fe(HC03) 2

Fe^Os
FePO«
FeS
S03

FejOs

Factor

0.70407
0.97030
1.0590
0.92594
1.0147
0.38615
0.38311
0.52799
0.57628
0.50384
0.55213

0.44237
1.8341
1.6327
2.6328
2.0211
3.1851
1.2865
1.4298
2.7017
1.5742
2.7203
4.9788

7.0227
0.79714
0.49220

2.2605
0.54498
0.37983
0.62017
0.68922

0.49478
0.31396
0.40393
0.44890
0.61246
0.77728
1.6125
2.4757
1.1114
2.1000
1.2236
1.1145
1.0346

Loga-
rithm

-10
9.84761
9.98691
10.02492
9.96658
10.00633
9.58676
9.58332
9.72262
9.76063
9.70229
9.74204

9.64579
10.26362
10.21292
10.42041
10.30559
10.50312
10.10943
10.15527
10.43164
10.19706
10.43462
10.69712

10.84650
9.90162
9.69214

10.35421
9.73638
9.57959
9.79251
9.83836

9.69441
9.49688
9.60630
9.65215
9.78708
9.89058
10.20749
10.39370
10.04585
10.32222
10.08764
10.04707
10.01477

Weighed

Iodine:
FetOs. . .

.

FePO<.

FeS.

FeSO«..

FeSOr
7HiO.

FeSOr
(NH«)r
SO«-
6HjO.

.

Fe*(SO«) 3

Mg2As20;
S03

Lantha-
num:
La =
138.90
La
La203 . .

.

Lead:
Pb =
207.20
BaSOi..
Pb

Sought

Fe
FeCb
FeCOs
Fe(HC03)2..

Fe(HC03) 3 ..

FeO
Fe304
FePO*
FeS
FeS04
FcS04-7H2

FeSOi-
(NH.)r
S04-6H»0

Fe2(S04) 3 . . .

Fe
FeO
FeiOj
Fe
FeO
Fe203

Fe
FeiOs
SOi

Factor

Fe....
Fe20s.

Fe
Fes03 ..

FejOj..
FeAs04.
FeO...
FeS04...

La203

La...

PbS04
PbCh
PbCOs
(PbC03)r
Pb(OH) 2 .

Pb004 . .

.

Pb(OH) 2 . .

PbO
Pb02

PbS
PbS04

0.69940
2.0317
1.4509
2.2277
2.9918
0.89980
0.96657
1.8896
1.1010
1 . 9026
3.4822

4.9117
2.5042
0.37013
0.47619
0.52921
0.63524
0.81726
0.90826
0.36760
0.52559
0.52708

0.20085
0.28718

0.14240
0.20360
0.39933
1.2542
0.8972S
1.8973

1.1728
0.85267

1 . 2992
1.3422
1.2896

1.2478
1.5599
1.1641
1.0772
1.1544
1 . 1548
1.4636
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(Continued)

Sought

MgBn
MgBrr6HzO
Mg
MgCl,
M L-GH2O
MgCOj
MgO
Mg
Mgli
Br
CI
I

M, i

M P,0
MgSO.....
Br

Br
CI
MeiP-j

CI
MgiP2Or.

Mg.P-.O7. .

.

CO:
u
Ms(HC(h):
MgO

1

. I

MgCOj. .

.

MgO
MgiP.O;.

.

I.

Factor

CO.
Mg
MgCOi
Mg(H<

I

><

30
Mg
MgCl..
MgClr
MgClrKCl-.
6H2O

MgCO
Mg(HC0s)«
MgO
Mg804

MgSO«-
7H.O

BaSO.

1.1521
1.8284
0.34295
1.3429
2.8673
1.9164
0.91636
0.095798
1 . 0958
6.5722
2.9158
1.0439
3.4671
1.6579
4.5784
4.9500
0.86796

0.54691
0.74463
1.1692

0.34876
0.54763

0.40070
0.52182
0.28843
1.7355
0.47818
1.3205

0.57621
0.27553
0.76090
0.91258
1.0913
0.60317
2.0913
3 . 6293
2.7616
2.9857
1.9857
0.21842
0.85528
1.8261

2.4956
0.75727
1.3142
0.36211
1.0812

2.2138
1.9390

Loga-
rithm

-10
10.06150
10.26208
9.53523
10.12806
10.45747
10.28248
9.96207
8.98136
10.03973
10.81771
10.46477
10.01864
10.53997
10.21956
10.66072

9.93850

9.73792
9.87194
10.06789

9.73848

9.60282
9.71752
9.46004
10.23942
9.6795!)

10.12075

9.76058
9.4401
9.88133
9.9602
10.03793
9.78044
10.32041
10.55983
10.44116
10.47505
10.29791
9.33928
9.93211
10.26152

10.39718
9.87925
10.11867
9.55884
10.03389

10.34513
10.28759

Weighed

Magne-
sium:
MgSO«

MgSOr
7H20.

SO».

Manga-

Mn =
54.93

BaS04 .

.

CO.. .

.

Mn.

MnCOj.

Mn(HC
Oa)«..

MnO.

M112O3.

M113O4.

Mg
MgO. . .

MgiPzOr.
SO3

Sought

BaSO<
Mg.P.O?. . . .

SO3
MgO
MgSO,
MgSO,-
7H2O

MnS04

MnCOj
MnO
MnCOj
MnO
M112O3
MmO.
M112P2O7 . . .

CO.
Mn
MnS
MnSO.
Mn(HCOs)..
MnO
MnsO*
Mn2P2(); . . .

MnS

MnCOs ....
MnO
Mn3 4

CO2
Mn
MnCOa
Mn(H(
MnA
Mn204

MniP.O? . . .

MnS
MnS04

SOs
Mn
MnO
MnsO<
Mn
MnCOs
Mn(HC03)2

MnO
Mn.03

MnO*

Factor

0.20202
0.33493
0. 92494
0.66507

0.94700
0.45172
0.32481
0.50359
1.5036

3.0787

0.64684
2.6121
1.6120
2.0923
1.2913
1.4369
1.3884
2.5843
0.38284
0.47794
1.5837
2.7488
1.5396
0.61716
0.66357
1.2352
0.75693

0.64951
0.40085
0.43100
0.62033
0.77442
1.6203
2.4946
1.1128
1.0752
2.0014
1.2265
2.1288
1.1288
0.69593
0.89865
0.96623
0.72026
1.5070
2.3202
0.93006
1.0349
1.1398
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Sought

MnSOi..
M111P1O7.
MmOi . .

Mn
MnCOn.
MnO . . .

Mn02 :..

MnS04..
Mn
M11CO3 . .

MnO. . .

MnSO...
BaS04 . .

MnO . . .

MnaOi . .

Mn-PiOr

.

MnS....
Mn
SOj
MnO. . .

MnSO...

HgCl...
HgCh...
HgO
HgS
Hg
HgCb. .

.

HgNO,..
HgjO...
HgO
HgS
Hg
HgCl
HgS ....
HgS
HgCl
HgS

HgS

HgS
HgCl....
HgS
Hg
HgCl....
HgS
HgCl....
HgCh. . .

.

Hg(CN)..
HgNOs..
Hg(N0 3 ) 2

Factor

9799
6330
87730
38695
80960
49966
61236
0637
63143
3211
81534
7357
5460
46975
50508
94016
57614
36379
53025
88592
8859

1768
3535
0798
1598
84978
1502
1125
88368
91758
98563
73882
86942
85692
92102

88600

0.71675

0.67907
1.1316
1.1154
0.92613
1.0898
1.0742
1.0146
1.1670
1.0858
1.1287
1 . 3952

Loga-
rithm

-10
10.29664
10.21299
9.94315
9.58765
9.90827

9.78701
10.02680
9.80032
10.12094
10.91134
10.23947
10.18920
9.67187
9.70336
9.97320
9.76053
9.56086
9.72448
9.94739
10.27552

10.07069
10.13146
10.03333
10.06440
9.92931
10.06077
10.04628
9.94629
9.96264
9.99371
9.86854
9.93923
9.93294
9.96427
9.95372
9.94743

9.85537

9.83191
10.05371
10.04742
9.96667
10.03736
10.03107
10.00629
10.06706
10.03573
10.05257
10.14463

Weighed

Mercury:
HgS...

HgSo4..
Molybde-
num:
Mo =
96.0
Mo

M0O3

.

MoSa...

(NH«)2
M0O4.

(NH,)s
POi-12
M0O3.

PbMo04

Neodym-
ium:
Nd =
144.27
Nd
Nd2 3 . .

Nickel:
Ni =
58.69
Ni

Sought

Hg(NOj) 2

H2O...
Hg2

HgO
Hg
HgS04...
HgS

MoOa
MoSj
PbMo04. .

.

Mo
M0S3
(NH ():Mo

O4
(NH4) 3P04-
I2M0O3

.

PbMo04. .

.

Mo
M0O3
(NH.)iMo
O4

M0O3
M0S3
(NH,),P04-
I2M0O3

.

PbMo04...

M0O3
(NH4) 8Mo

O4
Mo
MoO»
(NHOiMo

O4

Nd2 3 .

Nd...

Factor

Ni-glyoxime
Ni(N0 3V
6HaO

NiO
N1SO4
NiSOr
7HsO

1.4726
0.89656
0.93096
0.86220
1.2751
0.78428

1.5000
2.0020
3.8239
0.66667
1.3347

1.3617

1.0863
2.5500
0.49950
0.74925

1.0203

0.73437
0.98015

0.79778
1.8727

0.92054

1.2535
0.26144
0.39216

0.53399

1.1664
0.85737

4.9214

4.9549
1.2726
2.6368

4.7857

4.58



HANDBOOK OF CHEMISTRY AND PHYSICS

GRAVIMETRIC FACTORS AND THEIR LOGARITHMS
(Continued)

Sought

Ni
NiO

Ni
NiO
NiSO*
Ni
Ni-gly-

oxime. . .

Ni(NO.)»-
6H1O . . .

NiSOi

7HjO . .

.

Ni
Ni(NOj)a-
6HaO . . .

NiO
NiSO.-
7HaO. ..

Ni
NiO
NiSO«

HNOj
N2O3
AgNOa....
N
NHj
NH«C1 ....

(NH«)jPt
Cl«

NO
Pt
SO3
NaOs
HNOj
NaNOj....
NH 3

NH4CI ....

(NH 4)aPt
Cle

(NH 4 ) 2S04.
NOa
NaOj
NOj
NaOj
Pt
SOj
N
NaOs
HNOj

Factor

0.20320
0.25859

20182
25684
53218
78578

3.8671

8934
0720

7605
37925

8791
48263

1.8149

2.0896
0.26593
0.55099

30554
24699
2729
22231
27023
84894

5233
47620
5191
63527
53419
4982
0683
2155
8190

850
7167
2841
7131
4261
8551
9685
8578
16479
63534
1000

Loga-
rithm

-10

9.30791
9.41261

9.30497
9.40967
9.72605
9.89530

10.58739

10.59033
10.31638

10.57524
9.57892

10.27395
9.68362

10.25886

9.32006
9.42476
9.74114

9.48507
9.39269
10.51493
9.34696
9.43173
9.92888

10.54695
9.67779
10.19007
9.80296
9.72769
10.65304
10.78307
10.08477
10.58195

11.20002
10.67364
10.51641
10.43346
10.64602
10.58603
10.84314
10.45603
9.21693
9.80301
10.32222

Nitrogen:
NO

NaOj.

NiOiT,

NO*..

NOj..

NHj..

NH4C1...

(NH4)a
PtCle.

(NH4^a
SO4 . . .

Pt.

SOj.

Osmium:
Os =
190.8

Os
Os04

Palladium:
Pd =
106.7
Pd

Sought

NOa
NaOa
NOj
N2O0
AgNOa...
N
NO
KNOj....
N
NaNOj...
NHj
NH4CI...
(NH4)aPt
CU. ...

(NH4)aSO
NO
Pt
SOj
N
NO
N
NHj
NH4C1...
NO
Pt
HNOj....
N
NaO.
NOj
HNOj....
NOj
NaOs
N

HNOj....
N
NaOs
NOj

N
NaOs
HNOj. . .

.

N
NOj
NaOs

HNOj....
N
NaOs

Os04
Os

KaPdCle...

Factor

1.5332
1 . 2666
2.0661
1.7998
4.0487
0.36858
0.78953
1.8720

25940
1.5740
0.31531
0.99054

4.1109
1.2234
0.55562
1.8074
0.74122
0.30450
0.65226
0.22593
0.27467
0.86274
0.48393
1.5742
3.7006
0.82268
3.1710
3.6107
1.1779
1.1591
1.0096
0.26185

0.28383
0.063093
0.24326
0.27928

0.21201
0.81712
0.64555
0.14350
0.63524
0.55328
1.5741
0.34992
1.3491

1.3354
0.74882

3.7267
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Weighed

Palladium:
Pd

PdClr
2H;0

I

Phosphor-

P =
31.027
AgiPOi..

Ag^PiOr.

AliO.....
AIPO4 . .

.

Ca»(PO<)
I P

MgsPiO;

NmHPO

Na«HP
O,-
12H2

NaNTH«
HPO.-
4H2 .

fNBU)j
. POr
12>

Sought

KiPdCU...
Pd
Pd...
Pd

PdClr2H-.0

- I

PtO,
p

:

.

•

PO,
PtOi
P*Oi
PO,
PiO.
XaiHPO...
Na-HPOv

13

XaXIuHP
04-4H 20.

P
PO.

MeiPtOr. . .

PzOs

Mg.PjOr..
P.O.

MgjPiOr.
p,o»....

' -

p
PO,
P2Os

AgjPO,. . .

.

.\g4PiO7...
Mg-PtOr...
(NH,hPO,-
12MoOj.

PjOs
P-Oi-

24.M0O3.

:

2.0023
2.1623

1.8612
I -

16247

.

0.26834
) -

0.074108
0.22698
0.16965
0.10247
0.31384

-

1.3935
0.77893

0.62989
0.47079

S7S

3.2172

1.8782
0.27865
0.85344

0.78397
0.50008

0.31083
0.19827

0.53241
0.33962

0.016529
0.050623
0.03783
13.494
9.7588
3.5888

60.500
2.2892

57.983

Loga-
rithm

-10

10.52881
10.30153
10.33492

10.26079
9.69847
9.66508
9.47119
9.42869
9.73021

8.86987
il

-

9.01060
9.49671
9.37028
10.14411
9.89150
9.76507
9.66073
9.79926
9.67283
10.10570

10.50748

10.27375
9.44506
9.93117
9.80474
9.89430
9.69904

9.49252
9.29726

9.72625
9.53099

8.21824
8.70435
8.57792
11.13013
10.98940
10.55494

11.78176
10.35968

11.76330

Phosphor-
us:

P
PO.

Weighed

P1O1

P,0»-
24Moo3

UtPjOii.

Platinum:
Pt =
195.23
HjPtCU-
6H2O.

KiPtCU.

(NH,).
PtCU.

Pt.

Sought

UiPlOll
Ag»P<'

AIPO4
FeP04

1

-

-

12MoOj..
PjOs-

24MoOi..
in....

\giPO*.....
A&P£h...
AIjOs
AIPO4
Caj(P«
FePO.
MgiP:' '

Xtt:H 1

'.

121-1

Xa.VFLH
I v4HjO

- > 3POr
12MoOi..

P
p.o4

-

loO,..
U1P.O11

P
PO*
PiO*
p
PO;
P*Os

KiPtCl.. .

.

Pt
H-PtCl.-
6HjO. . .

Pt
PtCU
PtCl4-5H2

Pt
PtCU
PtCU
HiPtCU-
6HiO . . .

KjPtCU. . .

(NH4)-
PtCl.. ..

Factor

11.512
4.4058
3.1863
1.2838
1.5876
1.1717

19.754

18.932
3.7589
5.8946
4.2630
0.71762m
2.1841
2.1241
1.5677
1.9997

6.0436

2.9445

26.429
0.43683

25.329
5.0291

0.01725
0.05282
0.03948
0.086862
0.26604
0.19884

0.93838
0.37683

1.0657
0.40158
0.69332
0.87860

0.43966
0.75903
0.91876

2.6537
2.4902

2.2745
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Sought

PtCh
PtCU-.iH
IvPtCl*

PtCLs
Pt

PtCI*

KsPtCle
Pt

KBr
KC1
KCIO3 . . .

.

KCIO, . ...

ED $
KI
KBr

I

KC1
KCIO3. ...

KCIO,
ED N
KI
KIOj
K2OO4. .

.

KjCtjO . . .

KHSO4...

EfcSO«
K
KBr
KF-2H.-0.
KF-2H 2 (>.

KC1
KCIO3 . . .

KCIO4 . . .

KsO
K2O
K.CO3
KI
KIO3
Br
CI
KBr
KC1
KCIO., . . .

KCIO4
KI
K:0
B2

Factor

1.7265
2.1879
1.4423

1.3174
0.57921

1.0884

1 . 1382
0.45707

1.1032
0.69108
1 . 1360
1.2843
0.60349
1.5390
0.63373
0.88932
0.52013
0. 85500
0.06000
0.48627
0. 70707
0.91148
0.76642
0.58056
0.58334
0.47232
0.71650
0.48921
1.4892
2.4114
1.3829
1.1027
2.1027
3.4505
3.9076
1.3283
2.1407
3.1407
1.3080
1 . 0862
2.0441
0.90690
3.0441
1.9069
3.1347
3.5439
4.2466
1.2046
2.5860
6.2174
2 2285

Loga-
rithm

-10
10.23716
10.34002
10.15907

10.11972
9.76284

10.03680

10.05621
9.65998

10.04265
9.83953
10.05539
10.10867
9.78067
10.18724
9.80190
9.94906
9.71611
9.93197
9.98525
9.68687
9.84946
9.95975
9.88447
9.76385
9.76592
9.67424
9.87303
9.68950

10.38227
10.14078
10.04244
10.32277
10.53863
10.59191
10.12328
10.33056

10.11661
10.22690
10.31050
9.95750
10.48345
10.28033
10.49620
10.54948
10.62804
10.08084
10.41263
10.79361
10.34802

Weighed

Potassium
s
KjAsC-4.

.

KBr

KBrOj. .

.

KC1

KCIOj. .

.

KCIO4. . .

KCN.

.

KsCOs

KjCrO,.
KsCriOr.

KF-2H-0.

KtHAa04
KHCOi.

.

KHSO4.

KI

Sought Factor

PI

MgsAssOr.
Ag
AgBr....
Br
K
KsO
AgBr...
Ag
AgCl
CI
K
KCI03. ..

KCIO, . . .

S
KaCnO
KHCOj..

•

KsO
KjPtCl*..
KlS04....
Pt
Ag
AgCI
CI
KC1
Ag
AgCI
CI
K
KC1
KsO

'.

Ag

KC1
KOH...
KsO
KsPtCls..

-

1 1

BaCrO* . .

KC1
KsO

!

KC1
KsO
KsPtClc. .

. g

KsS04....
Ag
Agl
I

K

4968
60597
90646
5780
67150
32851
39572
1244
4470
9226
47559
52441
6438
8584
92678
9731
3427
3561
63170
2605
1684
3093
88026
1696
28931
60833
77865
0345
25591

28218
53810
33992

6570
31840
0790
81197
68160
5180
2610
3048
7225
50680
32015
41470
72313
71177
74477
47047
4283
87038
7143
63986
64977
4143
76452
23548

Loga-
rithm
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS
(Continued)

l

K]

KiMnCfc.

KMnO

I
'

KNO». . .

Sought

KjO
Agl
I

[1

MnS
\

; ^0

-

K
B

KiPtClt. .

.

30
S

1

1

1

K
KRr

I

KOH

: P

-

KsC03

KC1
g tCO

Ksl

S -
1

K -

(S0<) 3
-

24H .O . .

K2SOvCr2

(SO.)r
24HiO. .

BaSO«
K0SO4
Si02

BaS04
KC1
K2CO3
KHCO3. ..

KHSO4. . .

Factor

0.28366
1.0971
0.59306
0.40041
0.44132

19947
'

50

1 . 0238
I

IS

581

0.86177
0.1385;)

0.16846
0.29681
0.53419

. n
16 13

0.83016
2.5270
1.5830
2.6022
2.9419
1.4071
3.1236
2.1255
3.5253
1.1913
2.1468
5.1614
1 . 8500
1.1468
1.2316
0.83941
0.16081
0.28425
0.30671
0.41181
0.41593
0.19375
0.35843

1.9515

2.0546
2.1172
1.5305
0.38937
1.3396
0.85568
0.79303
1.1489
1.5629

Loga-
rithm

-10
9.45280
10.04025

I

i

9.04475
9.69851
9 . 7-1076

10.01021
54

9.58737
9.86770

10.38098
9.93539
•)

. 1 1 1 fi 1

-

9.47247
i

"

9.87672
6944

9.91916
10.4026
10.19949
10.41531
10.46863
10.16647
10.49465
10.3274
10.5(720
10.07601
10.33179
10.71277
10.26718
10.05948
10.09046
9.92399
9.20639
9.45370
9.48672
9.61470
9.61902
9.28723
9.55441

10.29038

10.31272
10.32576
10.19879
9.59036
10.12097
9.93231
9.89929
10.06029
10.19392

Weighed

Pol

KjSOri"

2HI2O
;

-

-

Or. ...

Mn»Oi. .

.

MnS.. ..

N
NHi
NO

Pt

Si02

SO3
1 ':

dymium
Pr =
140.92
Pr
PrsOo....
Rhodium:
Rh =
102.91
Rh

Sought

KNOs
K
K2

KiPtCle. ..

RhCb. . .

Na 3Rh
CIr.. . . .

Rubidium:
Rb =
85.44
AgCl....

CI

Rb.

K2PtCl6 ..

K:PtCl6.

K:<AsO,....
K2HAS04..
KtMnOi...
KMnO.. ..

KiMnOi...
K'MnOi. . .

KNO
N

:.

KC1

K2SO«

Pr2Oi
Pr...

NajRhCU.
RhCh. . .

.

Rh

Rh.

Factor

Rb. .

RbCl . .

Rb
RbCl . .

AgCl...
CI
RbCl . . .

Rb2C03 .

RbtO I 1.0936

0.97676
1 . 1604
0.44871
0.54053
2.7899
0.03271
0.45946

0.51241

0.48672

1.6503
1.4049
2.4975
2.0021
2.2659
1.8165
7.2175
5.9363
3.3692
2.2391
0.87200
1 . 8720
0.40052
0.76375
2.5683
2.1765

1.1703
0.85447

3.7377
2.0336
0.49173

0.26755

0.59608
0.84345
2.4097
3.4097
1.6776
0.41499
1.4150
1.3511
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GRAVIMETRIC FACTORS AND THEIR LOGARITHMS
(Continued)

RbiPtCls

.

RbjS04....
AgCl
CI
Rb
RbjCOj. .

RbsO
RbjPtCls

.

RbiSOi...
Rb
RbCl
RbHCOa.
RbiPtCLs.
RbjSO^...
RbjCC-3 . .

RbjPtCls

.

RbiSO*...
Rb
RbCl
RbiPtCU.
RbiSO«. .

Sought

Rb
RbCl ....
RbiCOj . .

RbHCC-3

.

RbjO
Rb
RbCl
RbiCOj . .

RbHCOj

.

RbiO

HjSeOa
H2SeC-4

SeOi.

.

SeOs .

.

Se. . .

.

Se....
Se....
Se. . .

.

SiF« . . .

SiOj. ..

SiC-2. ..

SiF«. . .

SiOj...
Si02 . . .

BaSiFs.
K2SiFs

.

Si02 . . .

BaSiFs.
H2Si03 .

Factor

3875
5622
1856
29328
70672
95486
77289
3940
1040
74012
0473
2686
5072
1502
78827
9763
91140
91438
2938
0975
4284

0.29520
0.41771
0.39886
0.50600
0.32285
0.64013
0.90579
0.86490
1.0972
0.70007

1.6315
1.8335
1.4040
1.6061
0.61293
0.54539
0.71223
0.62264

0.37239
0.21494
0.76925
0.47246
0.27269
2.1404
2.6854
2.1166
0.57718
4.6526
1.3000

Loga-
rithm

-10
10.52988
10.19374
10.07394
9.46728
9.84925
9.97994
9.88812
10.37912
10.04297

10.02007
10.10332
10.39919
10.06303

10.29585
9.95971
9.96113
10.11187
10.49101
10.15485

9.47012
9.62087
9.60082
9.70415
9.50900
9.80627
9.95703
9.93697
10.04029
9.84514

10.21259
10.26328
10.14737
10.20577
9.78741
9.73672
9.85263
9.79423

9.57100
9.33231
9.8860
9.67436
9.43567
10.33050
10.42900
10.32564
9.76131
10.66769
10.11393

Silicon:

SiOi..

Si03

SiC-4

Si2

Si(OH)i.
Silver:

Ag =
107.880
Ag

Weighed

K2SiF6 .

.

Si

SiF«
Si03

SiC-4

ShO
Si(OH)4.
Si02

SiOj
SiOj
Si02

AgBr.

.

AgCl.

.

AgCN..
AgNOs.

Agl....

Ag20...

Ag3P04.
Ag4P207
Br

CI

I

Sodium:
Na =
22.997
Ag

AgBr
AgCl
AgCN
Agl
AgNC-3. . .

.

AgsO
Ag3P04....
Ag4Pj07...
Br
CI
I

AgBr.

.

AgCl..

Sought

Ag....
Br
Ag....
AgNOs.
AgiO. .

Br
CI
Ag....
Ag
AgCl..
Ag
I

Ag
AgCl...
Ag
Ag
Ag
AgBr. .

AgCl...
Ag
AgCl...
Ag
Agl....

NaBr. .

.

NaCl...
Nal
NaBr. .,

NaCl . .

.

NaClO-3.

Factor

3.6672
0.46720
1.7326
1.2664
1.5328
0.60040
1.5999
0.78964
0.65241
1.6656
0.62503

7408
3287
2411
1766
5748
0742
2936
4034
74080
32867
1766
57445
42555
75263
1852
80844
55754
24737
80575
63501
84371
45943
54056
93095
2369
77302
71257
3499
3499
7936
.0426
.0426
84900
.8499

0.95396
0.54184
1.3898
0.54800
0.40780
0.74268
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HEATS OF FORMATION AND SOLUTION
The following table gives the heat of formation and heat of

solution in small calories. To convert to British Thermal Units
multiply the values by 0.003968.
The values are given for a temperature of about 15° C. unless

otherwise stated. The heat of solution is given in most cases for

a definite number of water molecules to one of the substance.
Where this is not stated the dilution may be understood to be
such that additional dilution produces a negligible thermal effect.

In the second column the formulae indicate the substances
entering the reaction or the nature of the compound where only
the heat of solution is given.

(Compiled from various sources.)

Name. Formula.
Physical
state.

Heat of
forma-
tion.

Calories.

Water
mols.

Heat of
solution.
Calories.

Acetic Acid. .

.

Aluminum
bromide
carbide. .

chloride
chloride
fluoride
hydroxide .

,

hydroxide . .

.

iodide
oxide [phate
potassium sul-

silicate

silicate

sulpliate
sulphide

Ammonia
ammonia

Ammonium
acetate
bromide
bromide
carbonate
carbonate, acid.
chloride
chloride
chloride
chloroplatinite.,

cyanate
cyanide
cyanide
ferrocyanide
fluoride
fluoride
Iluosilicate

hydroxide
hydroxide
iodide—
iodide
iodide

d, H«, Os.

Al.Bn
AU.Ca
Al, CU
A1CU
Al, F,
Al.Oi. Hi
Als, Oi, 3HiO
Al, Ii

Als, Oj
K2Alj(SO<)4.24H20.
Als, Si., O,. .

.

Al», Sis, Os, H 4

AU, Si, 0,s
Ah, Si
N, H»
N.H.

nitrate

nitrate,
nitrite.

N, HT , C*. Oi
N, H4 , Br
NHj, HBr
Nj, H8 , C, Os, Aq
Ns, H„ C, O*
N, H4 , CI
NHa, HC1
NH«, CI
(NHihPtCU
Ns, H«, C, O, Aq
Nt. H«, C
NHi, HON
(NH.)4Fe(CN),.3HiO
N, H,, F
NHj, HF
Ni, H„Si, F,
N.Hs.O
N, H 5 , O, Aq
N.H4. I

NH,, HI
NH4.I

Ns, H4, O,

NHi. HNO,
N2.H4.O2

liquid

solid
solid

solid

dil. sol.

solid

solid
solid

solid

solid

solid
dil. sol.

solid

sas
liquid

solid
solid
solid
dil. sol.

solid
solid
solid

dil. sol.

solid

solid

solid
solid
solid

dil. sol.

solid
solid
solid

solid

117,200

121,950
232,000
161,800

'275.220

301,300
288,920
70,300

392,600

'iiijsn
927,420
879.700
126,400

12,000
21,000

150,250
65,350
45,500

221,600
208,600
76,800
41,900
75,790

'

68,900
2,300

20,600

200

2970

2500
1250

2250

2400

+375.

101,250

37,300
458,900
88,800
90,000
49,300
43,460
49,310

88,060 I

34,800
68,950

200
200

220-440
200

+85 >
300»°

+153,690
+76,845

+89,00O»°

20,240

'

+2502*°
-4,380

-6,300°
-3.088«c

660

820

8,480

-4,400
'

-6,8O0i»°

-1.500

2400 -8,400'°

200

220-440
200

400

-3,550

-6,20015°

-6,320

-4.760"* *»
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HEATS OF FORMATION AND SOLUTION (Continued)

Name. Formula. Physical
state.

Heat of

forma-
tion.

Calories.

Water
mols.

Heat of

solution.
Calories.

Ammonium
oxalate
oxalate
phosphate

" (di-basic).
" (m.-baa.).

sulphate
sulphate, acid.

.

sulphate, per-..

.

sulphide
sulphide, acid.

.

sulphide, acid.

.

sulphite
sulphite
sulphocyanate..
sulphydrate
sulphydrate. . .

.

Antimony
acid (stibnic) . .

.

acid (stibnous)

.

bromide
chloride, tri-...

.

chloride, penta-
fluoride
hydride (stib-

ine)
hydride

N*. H„ G>, 0*
(NH«)»CsO.:.H20...,
X 3 , H u , P, Oi, Aq...

. P, O,, Aq...
P, O,, Aq...,

,, S,Oi
x, u, s, o«

, .Sj, og

N., H„S
N», Hs, S
NHj, H.8

. S, o 3

i»SOj.HiO
X2 , H4, c, s
NH», H;8 ,

X, Hi, S

3H20, Sb2 , Os.
3H 20, Sb2 . Os.
Sb, Br3

Sb, CU
Sb. CU
Sb, Fa
Sb, EU

iodide
oxide, tri-

oxide, pent a-. .

.

oxychloride
sulphide

Arsenic
acid
bromide
chloride
chloride
iodide
hydride (arsine)

oxide, tri-

oxide
oxide
oxide, tri-

oxide, penta-
oxide, penta-....

Aurichlorhydric
Acid

Aurobromhydric
Acid

Barium
acetate
acetate
arsenate
bromide
bromide
carbonate
carbonate
carbonate
chlorate
chlorate

Sb, Hj.

Sb, Ij

Sbj, Oa
Sbi.O;
Sbj, 0„ Cl2 .

Sbj, Sj

Ba, CU, O.....
Ba(ClOi).HK).

3lid

dil. sol.

dil. sol.

dil. sol.

solid
solid

solid

solid
solid

solid

olid

Hj, As, O4
As, Brj
As, Clj
As, CU
As, la

As (cryst.), Ha
Asj, Oa
AS2, O3, Aq
Asj(cryst.), Oa
Asi (cryst.), Os, Aq.
Ass, Os
Asj, Os, Aq
Au.CU, H,4HjO...

Au, Bn, H, Aq

Ba(CjHaOj)j.3HjO....
Ba,C«, H,, 0«...

(

.....

Baa, As2, Ogp'p't'd....

Ba, Br2

Ba.Brj.2H2O
Ba.C.Oj
Ba, C. O.
BaO, CO2

solid
solid

solid

solid
olid
solid

solid

liquid
slid

gas const
vol.

const.
press,

solid

solid
solid

solid

solid

solid
solid
iquid
solid

solid
gas
solid
dil. sol.

solid

dil. sol.

solid
dil. sol.

•olid

dil. sol.

solid
solid
solid

lid

amorph.
cryst.
solid

solid

270,100

'

403.000

241,000

66,200
40,000
22,400

215,500

20,700
22,400

40,000

228,780
167.420
61,400
91,390

104,870
141,000
-34,270

-33,960

28,800
166,900
131,200
179,600
34,400

215,630
45,500
71,390

—71,500
13,500

44,200
154,670
147,120

156,400
148,900
219,380
225,380
76,950

41,165

349,300
629,200
172,100
181,210
282,500
283,000
63,440
171,200

34.5-690

395-790

400
200
1100

890

440

890

1100

-8,000

-11,500

-2.370
-20
-9,700»-«o

-i,5408°'
-5,360'^

-3,250"'

+8.910
+35,200

-400

400

100C
(5HjO)

800
600

400
400

500-1000
600

-7,550

-7,500

'

-5,830

-11,400

-1.150
+5.200"-*

+4,980
-4,130

-6.700**
-11,240
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HEATS OF FORMATION AND SOLUTION (Continued)

Name. Formula.
Physical
state.

Heat of
forma-
tion.

Calories.

Water
mols.

Heat of
solution.
Calories.

Cadmium
fluoride
hydroxide
iodide
nitrate
nitrate
oxide
selenide
6elenide

sulphate
sulphate
sulphate
sulphate
sulphide
telluride

Caesium
bromide
carbonate
carbonate ....

carbonate, acid.

carbonate, acid.

chloride
fluoride
hydroxide
hydroxide
iodide
oxide, raon-. . .

.

oxide, di- .—
oxide, tri-

oxide, tetr- ... .

sulpnate
sulphate, acid .

.

Calcium
acetate
acetate
alumina te,

" roono-
di-....

". tri-. v
aluminum sili-

cate
arsenate
bromide
bromide
carbide
carbonate. .

.

carbonate. .

.

carbonate. .

.

carbonate. . .

chloride
chloride
cyanide
ferrocyanide.
fluoride

fluoride
hydride
hydroxide. ..

Cd, Fj, Aq.
Cd, O. H2

Cd. Ij

Cd. Nj, O,, H2O..
Cd, Nj, 0„, 4H 20.
Cd.O
Cd, Se
Cd, Se

Cd, SO2, Oi.

.

Cd, S.O*
Cd.SO4.H2O..
CdSO«.§H20.
Cd. S, xH;0..
Cd. Te

Cs, Br
0*0, co2 ...

Csj, C, Oa....
Cs, H, C, Os.
CsOH, COi.

.

Cs. CI
Cs. F
Cs.O. H
CsOH.H20..
Cs. I

CS2. O
C33O. O
C32O2. O
CsaOa. O
CS2, S, Oi...
Cs, h. s, a.

Ca,C4,H fi,04
Ca(C2H3O.)2.H 20.

Ca. Ah, Oi
Cas. Ab. Ot

Caj, Al* O,
Ca3. Al2. Si2, O, .

Cas, Ast, Og. .

.

Ca. Br2

Ca, Brj, 6H20.
Ca, Cj
Ca, C, Oj

Ca, C, O3.

CaO, CO2.

CaO, CO2
Ca, CI2
Ca, CI2, 6HjO
Ca, C2, Nj. Aq
Ca2Fe(CN)8 .12H20.
Ca. Fj

dil. sol.

solid
solid

solid

solid

solid

solid, cry
solid
precip.

solid

solid

solid

solid, cry

solid

solid
solid

solid

solid

solid
solid

solid

solid
solid

solid

solid
solid

solid

solid

solid

solid

solid

solid
solid

olid
solid

solid
solid

solid
precip.

solid
rhomb,

solid
precip.

(calcite')

solid

iofid

dil. sol.

Ca, Fj,

Ca. Hj
Ca, O. HjO.

solid
precip.

solid

solid

solid

123,500
65,680
48,830
113,300
121,160
66,300
14,300
23,700

150,470
219,900

34,350
16,600

47,700
97,530

274,540
232,920
11,250

109,860

106,600

101,300

'

83,600
82,700
28,260
18,000

12,500
349,830
282.900

335.000

524,550
658,900
789,050

1,195,600

732,800
154,920
180,520
13,150

269,100

270,800

43,300

42,000
190,400
205,640
38,300

'

218,400

239,200
46,200
160,540

400
400
400

400

400
400

330

440
600

400
400

300
400

2500

-960
+4,180
-5,040

+10,740

+6,050
+2,660

-3,250

-4,750"°
+8,350
+15,880
+4,317
-1,450
+83,200

-4,970
-3,730

+7,000"°
+5,400"°

+24.510
-1,090

+17,410
-4,055i« a

-4,600«>o

-2.700

+2,790"
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HEATS OF FORMATION AND SOLUTION (Continued)

Name.

Calcium
hydroxide
iodide
nitrate
nitrate
nitride
nitrite

oxalate
oxide
oxide, per-

oxide, per-
phosphate
silicate

silicate

eelenide
sulphate
sulphate

sulphate
sulphate
sulphide
sulphydratc. .

.

Carbon
chloride, di-. .

.

chloride, di-. .

.

chloride, di-. .

.

chloride, tri-...

chloride, tetra-

chloride, tetra-

chloride, tetra-

chloride, tetra-

oxide, mon-. .

.

oxide, mon-. .

.

oxide, di-

oxide, di-

Oxychloride...

.

oxysulphide. .

.

sulphide, di-. .

.

sulphide, di-. .

.

Cerium
oxide

Chloric acid
Chlorine

oxide, mon-. .

.

Chlorosulphonic
acid

acid
Chromium
bromide (ic)...

bromide (ic)...

chloride (ic). .

chloride (ic) . .

.

chloride (ic)..

.

chloride (ic)..

.

chloride (ous).
chloride (ous).
oxide (ic)

oxide (ic)

oxide, tri-

Formula,

Ca, 2 , Hs
Ca, Ii

Ca, Ns, 0«
Ca(N03 )2.4HjO...
Ca3 , N2

H2N 2 2 , Ca(OH>,
2H 2

Ca, C2 , 0<
Ca, O
CaO, O
Ca, 2

Caa, P2 , Os

Ca, Si, O,
CaO, Si02

Ca, Se
Ca, SO2, 2 .

Ca, S02 , 2 , 21I 20..

CaSO^FUO...
CaSOi.4H 20...
Ca, S
Ca, Sj, H2 , Aq

.

Ct,CU
C2 , CU
C2 (dhmond), CU. .

.

C2 (diamond), CU. .

.

ecu
C.CU
C (diamond), CU....
C (diamond), CU....
CO
C (diamond), O
C, o2

C (diamond), 2 . . .

.

C, O, C!2

C, O, S
C, &
C, S2

Ce, 2

CI, Os, H, Aq.

CU. O
S, O3, II, CI.

S.0,,11, CI...

CrBrj.6H20..
CrBr3.6H20..,
CrCU, Aq, CI.

CrCU
2CrCl 3.13H 20.
2CrCU.13H20.
CrCU
CrCl2.4H 20...
Cr2l Os
Cr2 , Oa
Cr, O3

Physical
state.

solid

solid

solid

Heat of
forma-
tion.

Calories.

solid
dil. sol.

precip.

solid

solid
solid

solid

solid
solid
lolid

solid

solid

(gypsum)

solid

dil. sol.

ras
liquid
liquid
solid

eas
liquid
las
liquid

;as

;as

:as

solid

Has
liquid

solid

dil. sol.

gas
gas

liquid

reen
blue
dil. sol.

violet

reen
gray

cryst.
amorph.
solid

236,000
127,400
216,770

'112,200

21,600

312,900
151,900
5,400

156,010
919,200
344,400
33,100
58,000

261,360

266,100

112,200
125,300

-1,150
+6,000
45,500
107,400
21,030
28,200
68,500
75,700
29,000
26,100
97,000
94,310
44,000
37,030

-25,400
-19,000

+224,600
22,000

-17,930
+127,400

140,200

Water
mols.

56,700

267,800
243,800
140,000

400
400
400

2500

Heat of
solution.
Calories.

400

220

+27,690
+3,950
-7,250

+18,330

+2,920»°

-690">°
+3.56010*
-7,970
+6,310

+700
+14,350

+35,900
-100
+24,040
+18,600
+2,000

+1,900»»'
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HEATS OF FORMATION AND SOLUTION (Continued)

Name. Formula. Physical
state.

Heat of

forma-
tion.

Calories.

Water
mob.

Heat of
solution.
Calories.

Chromium
sulphate (ic)

sulphate (ic)

Cobalt
bromide (ous) .

.

chloride (ous) .

.

chloride (ous) .

.

fluoride (ous)...

hydroxide (ic) .

.

hydroxide (ic) .

.

hydroxide (ous)
iodide (ous)
nitrate (ous)....

nitrate (ous)....
oxide (ous)
oxide (ous)
oxide (ous, ic)..

selenide (ous)...

selenide (ous)...

sulphate (ous)..
sulphate (ous) .

.

sulphide (ous) .

.

telluride (ous)..
Copper
acetate (ic)

acetate (ic)

bromide (ic)

bromide (ic)...

.

bromide (ous).

.

carbonate (ic) .

.

chlorate (ic).. .

.

choride (ic)

chloride (ic)

chloride (ous) .

.

cyanide (ous). .

.

fluoride (ic)

iodide (ous)
nitrate (ic)

oxide (ic)

oxide (ic)

oxide (ous)
selenide (ic)

selenide (ous)...

sulphate (ic)

sulphate (ic)

sulphate (ic)...

.

sulphate (ic)

sulphide (ic)

sulphide (ous)..
telluride

Cyanic acid

Cyanogen
cyanogen.
cyanogen
chloride
chloride
iodide

Dysprosium
sulphate

Erbium acetate . .

.

Cr2(SO«)j.8HsO..
Cr2(SO<)j.l6HiO.

Co, Brj, Aq
Co, CI.
C0CI1.6H1O
Co, Fi, Aq,
Coi, Oj, 3H2O
2Co(OH) 2 , O, HiO.
Co, O. H2O
Co, Ii, Aq
CoO, NjOs, Aq
Co, N1.O6.6H2O...
Co.O
Co.O
C03,0«
Co, Se
Co, Se
Co, O, SO», Aq
Co. O2, SOs, 7H20..
Co.S.xHjO
Co, Te

green
violet

dil.sol.

solid

Cu, Ci. Hs, 0«
Cu(C2H6 2 )2.HJ0....
Cu, Br2

CuBr2.4H20
Cu, Br
Cu.C.O.
Cu, Cl2, On, Aq
Cu,Cl2

Cu, Cli, 2H2

Cu, CI
Cu,C, N
Cu, F2 , Aq
Cu, I

Cu. Nj. Os, 6H2O
Cu,0
Cu-O.O
Cuj, O
Cu, Se
Cu:, Se
Cu, 0-, SO;
Cu.Oi.SO2, H 2

Cu, 0.-, SO2, 5H 20....

Cu. S, O*.
Cu. 3
Cu2,S
Cm. Te
C (diam.). N. O, H
Aq

cCnj
Ct (diamond), N2

Ci (diamond), X 2

C (diamond), N, CI..

C (diamond), N, CI.

.

C (diamond), N, I....

Dy2(SO<)j.8H20...
Er(C2Hj02)3.4H20.

dil. sol.

solid
solid

solid
dil. sol.

dil. sol.

solid
cryst.
amorph.
solid

cryst.
precip.

dil. sol.

solid
solid

solid

solid

solid

solid
precip.

dil. sol.

solid
solid
solid

solid
dil. sol.

30lid
solid
solid

solid

solid
precip.

cryst.

solid
solid

solid
solid
solid
olid

solid
dil. sol.

gas

iquid
S.03

liquid
solid

72,940
76,700

' '122,200

149,380
22,580
63,400
40,700
84,540
120,680
57,500
57,500

193,400
9,900
13,900
88,070
164,970
19,730

13,000

213,000

32,600

"24.980
142,800
28,600
51,400

58,500
35,400

-22,050
+89,600

16,260
92,940
37,700
36,200
43,800
4,800
8,000

111,490
117,950
130,040
181,700
10,100
20,300
8,200

74,000

-65,700
-73,900
+68,500
35,200

-26,800
-39,200

400
400

400

800

320
440
400

600
400

400

400
400
400

1200
1500

+13,600
+6,200

+18,340
-2,850

-4,960

-3,570 5

+2.400W*
+800><>9

+8,250 -

-1,500»°.

+11,800
+4,210

-10,710

+ 15.800
+9,340

2,750

-2,800

+6,300
+700

473



HANDBOOK OF CIIEMISTRY AND PHYSICS

HEATS OF FORMATION AND SOLUTION (Continued)

Name. Formula. Physical
state.

Heat of

forma-
tion.

Calories.

Water
mols.

Heat of

solution.

Calories.

Ferric and Ferrous
salts, see under
Iron

Fluosilicic acid. .

.

Glucinum (Beryl-
lium)

chloride
sulphate

Gold
bromide (ic).. .

.

bromide (ous) .

.

ciilori.le ic). . .

.

ic).. . .

chloride (ous) . .

hydroxide (ic).

.

io liile (ous)
Hydrazine
Hydrazoic acid.

.

Hydrobromic acid
Hydrochloric acid
Hydrocyanic acid

Hydroferricyanic
acid

acid
Hydroferrocyanic

acid
acid

Hydrofluoric acid

Hydr(o)iodic acid
Hydrogen
oxide (water). .

.

oxide
oxide.
peroxide
peroxide
peroxide
selenide
sulphide
telluride

Hydrosulphurous
acid

Hydroxylamine

Si, F«, H2 , Aq.

GI, Clj
GISOUHsO.

dil. sol.

solid

Au, Brs
Au, Br
Au, Cl 3

AuCU.2H2

\u, CI
Am, Os, 3H 2

Vu, I

X,, Hu Aq
Xs, H, Aq
H, Br
H, CI
C (diamond), X, H..
C (diamond), X, H..
C (diamond), X, H..
Hi, Fe, CjXe, Aq...

H3 , Fe, Cs, Xf, Aq .

.

H4, Fe, Ce, N«

H4, Fe, Co, X6 .

FI, F
H, F
H, F
H, I

solid

solid

solid

Iodic acid
Iodine
bromide
chloride, mono-
chloride, mono-
chloride, tri-.. .

.

oxide, pent-
Iron
acetate (ic)

ammonium sul-

phate (ic)

ammonium sul
phate (ous)

bromide (ic)..

.

H2, O
H2, O
H2, O
H2 , O2, Aq
H2O, O, Aq...
H2, Os
H2 , Se
Hi, S
H2, Te
Si, O*. H2, Aq.

X, Ha, O, Aq..
X, H3 , O
I, Oj, H

I, Br.
I, CI..
I, CI..
I. Cb.
b,Os .

Fe, C«, Hs.Oe.Aq...
(NHOFetSOih.
12H;0

(XHt)2Fe(S04)2.
6H2O

Fe, Brs, Aq

solid

solid

solid
dil. sol.

dil. sol.

gas
gas

liquid
dil. sol.

dil. sol.

dil. sol.

solid

solid

i

liquid
dil. sol.

gas

liquid
solid
gas
dil. sol.

dil. sol.

liquid
gas
gas
gas
dil. sol.

dil. sol.

solid
solid

solid

solid
liquid
solid
solid

dil. sol.

dil. sol.

374,400

155.000

8,850
-80

+22,820

5,810
-13,190
-5,520
+ 1,700

58,200
8,600
22,000

-30,500
-24,800
-24,400
-127,500

-147,500
-102,000

-122,000
+38,500
45,700
50,300
-6,400

+69,000»°
70,400°'

58,300°
°

45,300
-23,060
+46,840
-19,400
+2,730
-34,900
+156,100

24,290
27,600
57,960

2,500
6,800

5,820
21,490
45,030

359.350

95,450

400

2000

900
600

500

+44,500
+ 1,100

- 3,760

+ 4.450
- 1,690

+20,000
+17.400

+500

+19,600

+ 9,300

+ 4,560

- 2,800
- 2,160

- 1,790

-ie.'eoo'

- 9,800

474



HANDBOOK OF CHEMISTRY AND PHYSICS

HEATS OF FORMATION AND SOLUTION (Continued)

Name. Formula.
Physical
state.

Heat of
forma-
tion.

Calories.

Water
mola.

Heat of

solution.
Calories.

Iron
bromide (ous) .

.

carbonate (ous).

carbonate. . . .

carbonate
chloride <ic)

chloride (ic). . .

.

chloride (ic)

chloride (ic)

chloride (ous) .

.

chloride (ous) .

.

chloride ous ...
ferroeyanide(ic)
fluoride (ic) ....

fluoride (ous)...
hydroxide (ic) .

.

hydroxide (ic).

.

hydroxide (ous)
iodide (ic)

iodide (ous)
nitrate (ic)

nitrate (ous)—
oxide (ic)

oxide (ous). . . .

.

oxide (ous, ic) .

.

pot. sul. (ic). . .

.

pot. sul. (ous) .

.

selenide (ous)...

selenide (ous)...

silicate

sulphate (ic)

—

sulphate (ic)...

.

sulphate (ous) .

.

sulphate (ous) .

.

sulphate (ous) .

.

sulphide (ous).

.

telluride (ous)..

Lanthanum
chloride
oxide

Lead
acetate
acetate
acetate
bromide
carbonate
chloride
dithionate
fluoride
iodide
nitrate
oxalate
oxide, mon-
oxide, per-

oxide, per-

oxybromide. .

.

oxybromide. .

.

oxybromide. . .

.

oxychloride.
oxychloride. . .

.

oxychloride. . .

.

Fe, Br2 , Aq
Fe, C.Oj
Fe. C, O3
FeO. C02

Fe, Cb
FeCU, CI
2FeCU.5H20

.

FeCU.6H2

Fe, Cl2

FeCb^H^O
FeCMHsO
Fe,.C,8 , N„
Fe, F3. Aq
Fe, Fj, Aq
Fe2.Oj.3H2O
2Fe(OH) 2 , O, HiO..
Fe, O, H2O
Fe, I«,Aq
Fe, Ii, Aq
Fe, Nj, 3 , Aq
Fe. N 2 , Oe.Aq
Fet.Oj
Fe.O
Fej. 0<
KFe(SO02-12H2O..
K2Fe(S04)2.6H20...

Fe, Se
Fe, Se
Fe, Si, O3
Fe2, S3, On, Aq
Fe2.O1.3SO3.Aq...
Fe.SObO2.Aq....
Fe.SOj.O2.7H2O..
Fe, S, Oj, Aq
Fe. S. xH2

Fe, Te

La.Cb.
La2, Oa.

dil. sol.

precip.

solid
solid

solid

olid

Pb, C4, H«, 04
Pb(C2H302 ) 2.3H20..
Pb(C2Ha 2)2.3H20..
Pb, Br2
Pb, C, Oa
Pb.Cb
PbScOt.HIzO
Pb. F2

Pb, I2

Pb, N2, Oo
Pb.C2.O4
Pb, O
PbO, O
Pb.Oj
PbBr2 , PbO
PbBr2 , 2PbO
PbBrj, 3PbO
PbCli, PbO
PbClj. 2PbO
PbCls, 3PbO

precip.

dil. sol.

dil. sol.

solid
solid

solid
dil. sol.

dil. sol.

dil. sol.

dil. sol.

solid

solid

solid

cryst.

precip.

solid
dil. sol.

dil. sol.

dil. sol.

solid

dil. sol.

solid

cryst.

solid

solid

solid

solid

solid

solid

precip.

solid

solid

precip.

solid

solid
solid

solid
solid

solid

solid

solid

solid

78,070
184,500
178,800
24,500
96,040
13,990

82,200

-317,000
+162,900

127,000

2X95,570
2X27,290

68,280
23,850
47,650
314,300
119,000
197,700
65.700

270,800

16,000

15,200
254,600
650,500
224,900
93,200
169,040
234,900
24,000
12,000

175,300
447,300

231.100

64,

166,

83,

107.

39
;

105.

20.5

50
12

02

3

4

6

5

1000 +32,680

2400
1200
350
1000
400

+2X21,000
+ 5,650
+17,850
+ 9,700»°

+ 2,750

500 -16,000

-10,700

400

440
800
240

25,000

- 4,510

1S00
400

400

+ 1,40016°

- 6,140
- 5,500"°
-10,040

-
'6,800

"

- 8,540

- 7,610

475



HASDBOOK OF CHEMISTRY AND PHYSICS

HEATS OF FORMATION AND SOLUTION (Continued)

Name.

Lead
oxyiodide
phosphite
eeleuide
selenide
sulphate
sulphate
sulphide
sulphocyanate.

.

telluride.
thiosulphate

Lithium
bromide
carbide.
carbonate
chloride .

cyanide
fluoride
fluosilicate

hydride
hydroxide
hydroxide
iodide
nitrate
nitride
oxide
oxide
oxide
selenide
selenide

-a'e

sulphide
sulphydrate.

.

Magnesium
ammonium

phosphate.

,

sulphate

sulphite

.

arsenate
bromide
carbonate ....

chloride
chloride
cyanide
dithionate
fluoride
hydroxide
iodide
nitrate
oxide
ohosphate. . .

.

pot. chloride.,
pot. chloride.,
pot. sulphate,
pot. sulphate

.

sodium sulphate

Formula.

Pblj. PbO....
Pb, H, i

Pb. Se
Pb, Be

3, O,

Pb, Te
Pb.S2.O3

Li, Br
Li: , d
LiO, (CO-)...
Li, CI

X, Aq.

Li, H
II

LiOH.HsO...
Li, I

Li. X, Oj
:

5HiO..
3HiO .

•

Li.Se.9H2O...

solid

solid
precip.

solid

solid

precip.

solid

solid

solid

solid

-olid

dil. sol.

solid

solid
solid
solid

Li,, Si, Oj
-

t

Li-, S, O4, HjO.
• \q

Li, S, H, Aq...

Mg, X, H«, P, Oi
I :

6H.O
-O3.6H.O),

: i :so.
Mgj, Asj, 0«
Mg, Br,
Mg, C, Oj
Mg, CI2
Mg, Clj, 6H.O
Mg, Ci, X;, Aq
Mg, S2.Oc.6H2O
Mg, F5

Mg.O2.H2
Mg,I2

Mg, X2.O6.6H2O
Mg.O
Mgj. P2 , 0„
MgCl2 , KC1
MgClj. 6H2O, KCL...
MgSO(, K.SO ; .

MgSO*, K2S04. 6H2O
MgS04, Xa 2S04

Physical
state.

solid

solid

solid

solid

solid

solid
solid

solid
dil. sol.

dil. sol.

cryst.

solid

cryst.
solid

precip.

solid
solid
dil. sol.

solid

precip.

solid
solid

solid
solid

colloid
solid
solid

solid
solid

solid

Heat of

forma-
tion.

Calories.

3,600
227.700
14,300
17,000

216,210
145,130
20,300

6,100

145,600

?

11,300

32,600
120,000

112,300

' '61,210

111,610
93,500
143,300

63,000

347,100
334,170
336,810
115,400
64,110

898,800

-2,100

+712
121

266
151

183,

34,

390,

208,

217,

84,

210,

143

910
3,

2,

3
23,

3

Water
mols.

230

's66

'466

100

'222

888

1146-
6426

200
400

800

400

400

400

600
600
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HEATS OF FORMATION AND SOLUTION (Continued)

Name. Formula.
state.

Heat of

forma-
tion.

Calories.

Water
mola.

Heat of

solution.
Calories.

Magnesium
sulphate
sulphate
sulphate
sulphide
sulphite
sulphydrate. .

Manganese
bromide
carbide
carbonate . .

.

carbonate. . .

.

carbonate. . .

.

chloride
chloride
dithionate. . .

.

fluoride
fluoride
hydroxide
iodide
nitrate
oxide (ous) . .

.

oxide (di-)

oxide (ous, ic)

phosphate. . .

.

pot. sulphate.
pot. sulphate.
selenide
selenide
silicate

sodium sulphate
sulphate
sulphate
sulphate
sulphide

Mercury
acetate (ic)

acetate (ous) . .

.

bromide (ic).. .

.

bromide (ous)..

chloride (ic) ....

chloride (ous) .

.

cyanide (io)

fulminate
iodide (ic)

iodide (ous) ....

nitrate (ic)

nitrate (ic)

nitrate (ous)
nitrate (ous)
nitride, tri- (ous)
oxide (ic)

oxide (ous)
oxybromido (ic)

oxychloride (ic)

oxychloride
oxychloride
oxychloride
potassium bro-
mide (ic)

potassium bro-
mide (ic)

Mg, S, 04
!1jO....
7H 20...

Mg. S
Mg, S, 0.i

Mg, &, H=, Aq

.

solid

Mn, Br?, Aq
Mns, C
Mn, C, O3
Mn, C, O
MnO, CO2
Mn. CI2
Mn, Cli, 4HiO
Mn, 2SC-2, 2 , 6H2O
Mn, F2 , Aq
Mn, F2
Mn, O, H2

Mn, h, Aq
Mn Nj, O fi , 6H0..
Mn, O
Mn. O2
Mai <h
Mn, P ,O s

MnS04, K-SO
MnS04 , K.SO,, 4H2O.
Mn, Se
Mn, Se
MnO, Si02

MnSOt, Na2SO«...
Mn, SO2, O2
Mn, SO2, O2, H2O.
Mn, SO2, 0>, 5H20....

Mn, S,xH2

Hg, C«, Hs, O.
Hg, C2, H,02

Hg, Br2

Hg, Br
Hg.Ch
Hg.Cl
Hg, (CN)i
Hg, Nj.C2.Ot
Hg. Ij

Hg. I

Hg. N2.Os.Aq
Hg, N», Oe. i HjO...
Hg. N, O3, H2O
Hg. N. Oj, Aq
Hg.Nj
Hg.O
Hg„0
HgBrj, HgO
HgCl2 , HgO
HgClt, 2HgO
HgCh. 3HgO
HgCb, 4HgO
HgBrJt KBr

HgBr2 , 2KBr.

solid

solid

dil. sol.

dil. sol.

solid
omorp.
crystal
solid

solid

solid

solid
dil. sol.

solid

solid

dil. sol.

solid
solid

solid

solid
colloid
solid

solid
precip.

cryst.
solid
solid

solid

solid
solid

solid

solid
solid

solid
solid

solid
solid
solid

solid
solid
solid

dil. sol.

solid
solid
dil. sol.

solid
solid
solid
solid
solid
solid
solid
solid
solid

301,500

79,400
282,000
110,860

107.000
9,900

207,000
208,600
27,600
111.990
126,460
188,600
156,800
209,500
94,770
76,200
153,050
90,800
126,000
324,900
737,500

990
13,840
22,400
21,600
5,400
1,200

249,400
184,760
192,540
45,600

196,900
101,050
40,600
24,500
53,300
31,300
11,400

-62,900
+25,200

14,300
57,400
57,400
34.700
28,900

-144,600
+21.500

2,200
3,300
3,300
6,300
8,000
10,000
-1.000

400
400
400

350
400
400

400

600
600

400
400
400

222

300

'ioio

600

+20,280
-)-13,300

- 3,800

+ 16,010

+ 1,540

+ 1,930

- 6,130

+ 6,380
- 6,440

- 9,700
+13,790
+ 7,820
+40

- 3,800 ]

-'3,400'ia

-'3,306'

-'3,000i"sc

-9.780

477
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HEATS OF FORMATION AND SOLUTION (Continued)

Name.

Mercury
potassium chlo-

ride '!•

pot. chlo.

pot. chlo.

pot. iodide
teleaide (ic) . . .

.

sulphate i

sulphate (ous) .

.

sulphide.

.

sulphocyanate.

.

Molybdenum
oxide, di-

oxide tri-

Neodymium
chloride
chloride
iodide
udde

sulpi.ide

Nickel
bromide
chloride
chloride
cyanide
dithioncte
fluoride
hydroxide
hydroxide
hydroxide (ous)
iodide
nitrate
nitrate
oxide
seleuide
selenide
sulphate
sulphate
sulphide
telluride

Nitric acid
acid

Nitrogen
carbide
oxide (ic)

oxide (ous)
oxide (ous)
oxide, pent-
oxide, pent-
oxide, pent-
oxide, tetr-

oxide, tri-

selenide
sulphide

Oxalic acid
oxalic acid

Palladium
am. chloride
am. chloride. .

.

am. iodide

Formula.

HgCl., KC1.

HgCU, 2KC1
Hg, Ch, 2KC1, HiO.
Hglj. 2KI

Hg, S
HK.Gt.Xt, Si

state.

-olid

solid
solid
solid

precip.

solid

precip.

solid

Mo, O2 solid
Mo, Oc solid

solid

solid

solid
solid

solid

solid

Nd, C! 3

Nd, Ch. 6HjO.
Nd, U
Ndt, 3

, 6O2...
Ndt, S3

Ni, Br2, Aq
Ni, Ch
NiCl;, GH.O

HtO....
Ni, F2, Aq . . .

H)t, O, H2O....
Ni, O, H2O
Ni, I 3 , Aq
Ni, O, NtOi, Aq

')., GHiO
Ni, O
Ni, Se
Ni, Se
Ni, O, SOj, Aq
Ni, O2, SO2, 7HtO....
Ni, S, xH-0
Ni, Te
N.O,,H
N, Oj, H

NtCt
N, O
Nt.O
N,,0
N», O;
N,,0;
Nt.O*
Nt.Oi
Nt,0 3

N, Se
N,S
Ht, Ct, O4...
HiCiO«.2H 20.

PdClt, 2NHj
PdClt, 2NHj, 2NH,.
Pdli, 2NH,. ..*

gaa
±as
gas
liquid
Z-J.3

liquid
solid

gas
gas
solid
solid

solid

solid
solid

solid

Heat of
forma-
tion.

Calories.

2,400

3,800
60,620
28,680
6,300

165,100
175,000
10,600

-50,200

+142,800
167,000

249,500
268,900
157,700
435,100
928,200
2S5.9O0

dil. sol.
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HEATS OF FORMATION AND SOLUTION (Continued)

Name. Formula.
Physical
state.

Heat of
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HEATS OF FORMATION AND SOLUTION (Continued)

Name.

Potassium
bromopla t i naie
bromoplati in te

.

carbocate
carbonate
carbonate
carbonate
carbonate, acid

(bicarbonate)
chlorate
chloride
chloropalladate
chloroplatinate
chloro.ilatinite.

chlorostannate.
chromate
cvanide
cyanide
cyanate
dichroman-
dithionatc

thionate, di-

ferricyanide. .

.

ferricyanide . .

.

ferrocyanide. .

.

ferrocyanide. . .

ferrocyanide. . .

fluoride
fluoride
fluoride, acid.

.

fluosih'

hydro's i

hydroxide ....

hypochlorite..

.

iodate
iodato, acid. . .

.

iodide
iodide, tri-. ...

nitrate
nitrite

oxalate
oxalate
oxalate, acid. . .

.

oxalate, tetra-...

oxide
perchtorate
periodate
permanganate,
phos.. ortho-...

.

phos. hydrogen
phos. dihydro-.
phos. dihydro-
selenide

selenide

selenide

selenide
sulphate
sulphate

Formula.

Pt, Bn, 2KBr.
Pt, Br?. 2KBr.
K», C. Oj
K.O. COi
K2CO».}H20..
KjCOj.IJHjO.
K, H. C, Oj...

K. CI,
K, CI
K2PdCI«
Pt, CU, 2KCI.
Pt, Cls, 2KC1.
SnCU, 2KC1..
K2CrCh
K.C, N
K. CNT
K.C. N. O...
Kj.CjOs. Ou.

Physical
state.

Ks, Fe, C«. N,
e. 6CN

Ki, Fe, Cc, N
K4, Fe, 6CN

GN),.3H20...

KF.2HtO
KF, HF
2KF, SiF<

. IliO
II

O. Aq
Oi
IIIO3

KM
icr, r2

K, X. Oi
K, X, Oi, Aq

. O,
> .H 2

Cs, O,
KHCiO«.H*CiO«...

O,
K, l.O,, Aq
K, Mn.O,
K3, P, Oi. Aq
K2 . H. P, O4, Aq...
K, H 2 , P, Oit Aq...
KH 2PO
Kj.Se

K2Se.9H20..

K2Se.UH20.

K8Se.l9HiO.
Kj. S, O4...
Ki, SOj. 0» .

solid
solid
solid

solid

solid

solid
solid

solid
solid

solid

solid
solid
solid

solid

solid
solid
solid
solid

solid

solid
solid
solid
solid
dil. sol.

solid

solid
solid

solid

solid
dil. sol.

solid

solid

solid
solid
dil. sol.

solid

dil. sol.

dil. sol.

dil. sol.

solid

solid
solid

Heat of

forma-
tion.

Calories.

59,260
32,310
281,100
94,260

233,300

95,860
105,610

"

89,500
45,170
24,160

'

30,100
67,100
102,500
226,440

41,600
263,300
137,200
358,900

118.100

'

21,100
52,800
137,980
104,600
88,010
124,490
3,300

80,130
13,600

119,000

324,700

'266,900

'

86,800
113,500
107,700
200,050
483,600
429,200
374,400

'

79,600

344,300
273,560

Water
mols.

2000
800
400

"466
400

400
200

600
800
543
180
175

660
400

400

'820

'940

400

250

'566

20G

'266

465-930
800

200-400

"760

- 4,850

+ 8,500« o

-19,200"°

-20,400"°

1762-

1965
921-
4844

2145-

5914
-29,300"*

400 - 6,380

183
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HEATS OF FORMATION AND SOLUTION (Continued)

Name. Formula. Physical
state,

Heat of

forma-
tion.

Calories.

Water
mols.

Heat of
solution.
Calories.

Potassium
sulphate, acid .

.

sulphate, per-. .

.

sulphate, pyro-.
sulphide mono-.
sulphide mono-,
sulphide mono-,
sulphide tetra-.

sulphide tetra-.

sulphite
sulphite
sulphide, acid . .

sulphocyanate .

.

sulphocyanate.
sulphydrate ....

sulphydrate ....

thionate, di-. . .

.

thionate, tri- . .

.

thionate, tetra-

thionate, penta-
thionate, penta-
thiosulphate. . .

.

thiosulphate. . .

.

Praseodymium
oxide, tri-

Rubidium
bromide
carbonate
carbonate, acid.
chloride
fluoride
hydroxide
hydroxide
hydroxide
iodide
oxide
sulphate
sulphate, acid.

.

Selenium
chloride
chloride, tetra-.

hydride
hydride
hydroxide (ic).

.

hydroxide (ous)
nitride
oxide, di-

Selenic acid
Selenious acid.

.

Silicon
carbide.
bromide, tetra-

.

chloride, tetra-.

chloride, tetra-.

fluoride, tetra-.

hydride
iodide, tetra-. .

.

oxide, di-

sulphide
Silver acetate

—

K, H, S.O.
K2 , &, O,
Kj, Sj, O,
Kj, S
K2S.2H2

K2S.5H2O
Ki, S4
K2S4.*H2

Ke, S, O3
K2S03.H2

K, H, S, 3 , Aq.
K, C, N, S
K.CN.S
K, S, H

solid
solid
solid

solid

solid

solid

KSH.jHjO....
Ks, &, O.
Kj, S3, O.
Ks , Si, Os

Kj, So, 0«
K2S5 6.liH 20.
Kj, Sj, O3
K2S2 3.H20...

Pr2 , Oj.

Rb.Br
Rb20, C02 ...

Rb, H, C, O.
Rb, CI
Rb, F
Rb, O, H. ..

RbOH.H,0 .

RbOH.2H20.
Rb, I

Rb 2 , O
Rb2 , S, O4. . .

.

Rb, H, S, 4 .

•CU
CI,
* H 2

(cryst.), Hj.
O3, H3

Os, H2

X
"Oi
O., H:
O3, Hj, Aq.

Si, C
Si, Bn
Si, CU
Si, CU
Si, Ft
Si, H4
Si, 1,

Si, o2

Si, &>.

.

Ag, Ct, Hi, 0>

dil. sol.

solid
solid

solid

solid

solid

solid
solid

3olid

solid

solid

solid
solid

solid

solid

solid

solid
solid

solid
solid

liquid
solid

gas
gas
dil. sol.

solid
solid

solid
liquid
dil. sol.

solid
liquid
gas
liquid

gas
solid
solid

solid
solid

276,100
454,500
474,200
103,500

118,600

273,200

211,300
49,800
86,700
64.500

415,720
405,850
397,210
390,100

272,300

412,400

95,700
97,420

231,920
105,000
107,950
101,990

80,650
83,500

344,680
277,370

22,150
46,163

-19,400
-25,103
+79,300

52,400
-42,300
+57,080
128,220
124,500

2,000
71,000

121,800
128,100
239,800
-6,700
+6,700
191,000
10,400

95,600

200
3300

732

600

"350
245

"266

154.-'

'

1568

"566
500
500

2030
950

120

- 3,800
-14,550

+10,000" •

+ 3,800"'
- 5,200"'

+ 1,400"'
- 1.212"'

+ 1,440"'

+ 1,10012'

- 6,100"'

+770»v
'

+600"°
-13,010
-12,460
-13,150

-i3,100"'
- 5.000"*
- 6,200"*

- 2,450
+ 9,077

+ 4,731
- 4,460"

'

+ 5,800

+ 14,264"*
+3,700"'
-650"°
+300
+80,000
-6 600
- 3,730

+ 9,300

+ 9,300

-740
+16.S00

- 4,300»°
a

* Amorphous selenuim.
481
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HEATS OF FORMATION AND SOLUTION (Continued)

Name.

Silver
bromide
carbide
carbonate
chloride
chloride

mate
cyanide
fluoride
fluoride
iodide
nitrate
nitrite

oxide
pot. bromide. .

.

pot. cyanide. . .

.

pot. iodide
pot. iodide
selenide
sulphate
sulphate
sulphide
sulphocyanate.

.

thionate, di-. . .

.

Sodium
acetate
acetate
aluminate
amide
ammon. phos. .

.

arsenate
arsenate
arsenate, acid...

arsenate, acid...

borate, tetra-..

.

borate, tetra-

(borax)

bromide

bromide

bromoplatinate
bromoplatinate
carbide
carbonate
carbonate ......

carbonate, acid
(bicarb.)

chlorate

chloride

chloroplatinate
chloroplatinate
chromate
chromate
cyanate
cyanide
cyanide
cyanide
dithionate see
under thionate.

Formula.

Ag.Br
Ag.C
Ag2, O, C02 . .

.

Ag, CI
2Ag, CI
Ag, C.N, O...
Ag, C. N
Ag, F
A?F.2H 2

Ag.I
Ag, N, O,
Ag, N, Oj
Ag2 , O
AgBr, KBr. . .

AgCN, KCN.
Agl, KI
Agl, 3KI
Agi, Se
Agj, SO... 2 ..

Agt, S, Oi

Ag, C. N
Ag2SiO„.2HiO.

Na, C2 , H 3 , 2

NTaC2H30*
NajO, A12 3

Na, N, H 2 .;

Na(NH 4)HP04.4H2

Naj, As, Ot
NasAsOi.l2H 2

Naj, H, As, 04, Aq...
Na, H2 , As, O4, Aq...
Na2 , B4, 7

N'a2B4O 7.10H2O

Na, Br

Na, Br, 211^

2NaBr, Bu, Pt
2NaBr,Br4, Pt,6H2

Na, C
Naj, C, 0»
Na-0, CO.
Na, H, C, 3

Na, CI, Oi.

Na, CI...

2NaCl, Pt, CU
2NaCl, Pt, Ch, 6H2

Na-O, C1O.1
NajCrC-4.10HjO
Na, C, N,0
Na, C.'N
NaCN.iH2

NaCN.2H20

Physical
state.

solid

solid
solid

solid
solid

.solid

solid

solid

solid

solid

solid

solid

solid

olid
solid

solid

precip.

solid

solid
solid

solid

solid

solid

solid

solid

dil. sol.

ciil. sol.

solid

solid

solid

solid
solid
solid
solid
solid
solid

solid

solid

solid
solid
solid

solid

solid

Heat of
forma-
tion.

Calories.

23,400
43,575

12 ,500

29,000
29,500

+23,100
-31,410
23,200

'14,200

23,700
11,300

7,000
-400

+11,900
;

...

-900
+2,000
96,200

167,100
3,000

-21,900

+170.300

'30,000

33,500

'

360,800

'

329,700
273,700
748,100

86,100

90,290

46,790
65,330
-4,400

+ 272,640
76,880

227,700

84,800

97,900

73,720
92,890
77,000

101,700

23,100

Water
mols.

200

440

1400

400

200
400

800

"670

1600

330
200
450
300
600
800

180-360
I 325

i 100
800
900

360-720
760

100
100

482
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HEATS OF FORMATION AND SOLUTION (Continued)

Name. Formula. Physical
state.

Heat of
forma-
tion.

Calories.

Water
uiols.

Heat of
solution.
Calories.

Sodium
fluoride
fluosilicate

formpte
hydroxide
hydroxide
hypochlorite. . .

hypophosphite.
iodide
iodide . .

manga nate
manga nate
molybdate
molybdate
nitrate
oxalate
oxalate, acid. . .

.

oxide
oxide, per-

perchlorate
phos. (tnsod.) . .

phos. 'tnsod. 'i . .

phos. (disod.)..

phos. (disod.)..

phos. (disod.)..

phos. (disod.)..

phos. (mono-
sodium)

phos. pyro-
phos. pyro-
phosphite
phosphite, acid
phosphite, acid
selenate.

.

selenate, acid.

.

selenide

selenide, acid,

selenide

selenide

selenide

.

stannate.

sulphate.

.

sulphate.
sulphate

sulphate, acid,

sulphide

sulphide

sulphide

sulphide

sulphide, bi-. .

.

sulphids, tri-.

.

Na, F
2NaF. SiF«
NaCHO.
Na, 0. H
Na., O. H:0
Na, CI. 0, Aq
Nat. H,P, O2. Aq...
Na, I

Na. I. 2H>0
Mn. Oi. Na.>0
MnO:, 0, Na2

M0O1, NajOj
MoOj, Na;0
Na, N. O,
Naj, d. O,
Na, H. Cj. Oi
Nai, O
Nat.Oj
Na. CI. O4
Nai, P. O,
NaiPOt.^HjO
Nat, H, P, O4
Na3HPOi.2H2

NasHP04.7H2

Na!HPO«.12H :0....
Na, Hi, P, Ot. Aq...

Nai.PiO,
Na^iCvlOHzO....
Naj, H. P, O
Na, Hi. P.Oj
NaHjPO^HiO.

.

Na:, Se, 0*. Aq . .

.

Na, H, Se, 4 , Aq.
Naj, Se

solid
solid

solid

solid
dil. sol.

dil. sol.

solid

solid

solid

solid
solid

sohd
solid

solid

solid

solid
solid

solid
solid

solid

dil. sol.

solid

solid

Na, H, Se, Aq.
NaiSe.4JHtO..

NaiSe.9HjO...

dil. sol.

lil. sol.

solid

dil. sol.

NajSe.l6HjO

NaiO, Sn, Oj

0«

NajSOi.HjO
Nai, SOi, Oi, IOH1O.

Na. H. S, Oi

Nas, S

soiid

solid

solid

solid

solid

NasS.«HHjO.

NasS^H O.

.

NaaS.9HiO.

.

Naj, Si. Aq.
Nai. Si, Aq.

dil. sol.

dil. sol.

109,300

35,400

102,700

135,380
84.700
198.400
09,080
74,310

169,000
49,400
101,200
181,500
110,700
315,000
258,200
100,700
119,800
100,300

400

150
200

200
300

200

200-400

414.900
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HEATS OF FORMATION AND SOLUTION (Continued)

Name.

Sodium
sulphide, tetra-.

sulphocya
sulp'

sulpln
thion:.

thioti i

thion
thi(>

thiol

tbios
thiosulph:
thiosulphate.. .

.

tunsstate
Stannic acid
Stannic ami

under Tin
Strontium acetate
acetate
arsenate
bromide
bromide
carbonate. . : .

.

carbonate
carbonate
chloride
chloride
cyanide
cyanide
dlthionate
fluoride
hydrate
hydroxide
hydroxide
hydroxide
hydroxide
iodide
iodide
nitrate
nitrate

oxide
oxide, per-

phosphate
selenide
sulphate
sulphydrate ....

Sulphur
bromide
chloride
iodide
oxide, di-

oxide, di-

oxide, tri-

oxide, tri-

oxide, di •

oxide, hept-
oxychloride (ic)

oxychloride (ic)

oxychl. (ous). .

oxychl. (ous). .

Formula.

Naj, S....
Na, C, N.S.Aq.,

-
I

SB 2H 2
-

Sn, O2, ihO

U2O..

Sr, Br.
Sr, Br2 , 6II2O
Sr, C, On

SrO, CO!
li

Sr, Cl 2 , 6H2O
\q

Sr(CN
Sr, 2SC-2, O2, 4H20.
Sr, F2
Sr, H2
Sr.O1.H2
Sr, O, H2O
Sr(OH)2.8HiO
Sr(OH) 2.9H 2

Sr.I,
SrljJHjO
Sr, N»,Ol
Sr(NOa)2.4H2

Sr.O
Sr, 2

Sn, P2, 8

Sr, Se
8r, S, 04
Sr, S2, H2, Aq

Ss. Brj
8», Cli. . .

.

S2 . 1,

S, O2
S, O2
S, Os
S. 3

S. Oj
2S2O1, o...
Si, O2, Ch.
S02, CI2...
S, O, CI2.

.

S, O, CI2..

Physical
state.

solid

dil. sol.

solid

solid

solid

dil. sol.

dil. sol.

solid
.solid

solid

solid

precip.

solid

solid

amorp.

solid
solid
solid

dil. sol.

solid
solid

solid

solid
solid

solid

solid

solid
solid
precip.

solid

solid
dil. sol.

liquid
liquid
solid

gas
liquid
gas
liquid
solid
solid

liquid
liquid
gas
liquid

Heat of

forma-
tion.

Calories.

90,000
39,200
56,300

398,810
09

387,500

Water
mols.

375,800

256,300
20.3,070

94,700
133,500

345,600

761,000

181,010
278,100
270,200
57,300
184,700
203,190
47,000

'263,610

234,400
45,600

217,300
146,140

122,900

'

219,900

' '131,200

151,710
94,700
67,600

330,090
119,750

2,000
14,260
13,600
69,260
74,700
91,900
103,240
103,700
-9,710
+89,780

18,700
40.900
47,400

600

I

400

675

'620

440
400

400
400

400
400

100
400

400
400

300

'ieoo

300 4- 5,600"
440 + 5,300'*

484
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HEATS OF FORMATION AND SOLUTION (Continued)

Name.

Sulphur
pentoxy dichlc-

ride
Sulphuric acid

sulp. acid, per-.

sulp. acid, thio-.

Tantalum
oxide

Telluric acid
Tellurium

chloride
oxide : . . .

.

Tellurous acid . .

.

Thallium
bromide
bromide, tri-. .

.

chloride
chloride, tri-...

.

fluoride
hyd
hydroxide ;ous)
iodide
iodide, tri-

nitrate (ous)....

oxide
seleriide

sulphate (ous)..

sulphate (ous)..

sulphide
Thionic acid

thionic, di-

thionie, tri-

thionic, te

thionic, penta-..
Thorium

chloride
oxide

Tin
bromide (ic)

bromide (ous)..

chloride (ic)

chloride (ous).

.

chloride (ous).

.

hydroxide (ous)

oxide (ic)

oxide (ous)
pot. chloride

—

Titanium
oxide
oxide

Tungsten
oxide, di-

oxide, tri-

Vanadium
oxide

Water see hydro-

gen oxide.

Zinc
acetate
Acetate

Formula.

St. Oi, Cl2 .

-

•is, Oj, II

Ta*,Os.
Te, Oi, Hi, Aq...

Te, CU....
Te, Oi
Te, O3, Hi.

Br

CI

F, Aq ...

O3, 3HiO.
O, H
I

Ii, Aq....
N. Ch
O
Se

:

S

Si, Oe, Hi, Aq..
Ss, Oc, H-, Aq..
S4,0«, Hj, Aq..
Ss.0.. Hj.Aq..

Th, CU.
Th, O;.

Sn, Bn
Sn, Bn
Sn, CU
Sn, CI2
SnCl 2.2H 20.
Sn, O, H«0..
Sn, 62
Sn, O
SnCU, 2KC1.

Ti, O2.
Ti, O2.

W, O2.
\Y, O3.

V2 . Os.

Physical
state

liquid

liquid
liquid
dil. sol.

dil. sol.

solid

dil. sol.

solid
solid
solid

solid

dil. sol.

solid
dil. sol.

dil. sol.

solid

solid
solid

dil. sol.

solid

solid
precip.

solid
solid

solid

dil. sol.

dil. sol.

dil. sol.

dil. sol.

solid
solid

solid
solid
solid

solid

solid
cryst.

solid

solid

amorp.
cryst.

solid
solid

solid

Zn, d. He, Oi solid

Zn(C2H302)2.H20... ..;

4V

Heat of

forma-
tion.

Calories.

159,400

192,200
21,300

316,400
141,700

301,500
166,740

77,380
78,300

145,600

41,290
56,150

89,250
52,000

2X43,170
56,910
30,180
10,820

58,150
42,240
13,400

220,989
149,900

19,659

279,440
272,900
260,790
261,200

300,200
326,000

98,000
61,500

129,800
80,790

"68,090

137,200
70,700
24,160

215,600
218,400

131,400
196,300

310,500

267,400

Water
mols.

1600

Heat of
solution.
Calories.

+17,850

4500

235

300
570

1000

970

'366

300
200

800

720
800

-10,100

- 3,150

9,970
3,080

- 8,280

+ 16,600
- 1,600
+29,920
+350
- 5,370

- 3,380

+ 9.8O0S"

+ 7,000»*
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HEATS OF FORMATION AND SOLUTION (Continued)

Name.

Zinc
ite

bromide
carbonate. .

.

chloride
cyanide
dathionate..

.

fluoride
hydroxide. .

.

hydroxide. .

.

iodide
nitrate
oxide
pot. sulphate
pot. sulphate
selenide
selenide
sulphate
sulphate
sulphate
sulphate
sulphide
telluride

Zirconium
oxide

Formula.

Zn(CjH,Oj) 2.2HjO..
Zn. Brj
Zn, C, Oa
Zn, Ch
Zn, C-. N». .

Zn, «SOi, Oj, OHrO..
Zn, F2, An
Zn, O, H 2

Zn, Oj, H 2

Zn, h
Zn, Oi, NjO*, 6HjO..
Zn, O
ZnS04. KjSO,
ZnS04, K2SO4, 6H-.0.
Zn, Se
Zn, Se
Zn, S.O.
Zn, Ot, 9
Zn, O,, SOj, HsO
Zn, Oi, SO,, 7HsO...
Zn, 8, xHjO
Zn, Te

Zr, Oj

Physical
state.

solid

precip.

solid

solid

solid

dil. sol.

solid

solid

solid

solid
solid

solid

solid
precip.

cryst.
solid

solid

solid
solid
solid
solid

solid

Heat of

forma-
tion.

Calories.

76,000
194,200
97,400
27,900
173,850
140,000
82,680
83,500
49,231
140,820
84,800
4,145
23,950
30,300
29,600

229,600
158,990
167,470
181,680
43,000
31,000

177,500

Water
mols.

500
400

300

400
400

600
600

400

400
400

Heat of
solution.
Calories.

4- 4,200" <r

+ 15,030

+ 15,630

+ 11,310
- 5.840

+ 7.910
-11,900

+ 18,430

+ 9,950
4,260
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HEATS OF FORMATION AND COMBUSTION
For Organic Compounds

The heat of formation is given in gram calories per gram molecular weight
for the formation of the compound from the elements in the state in which
they exist at ordinary temperatures. Carbon is assumed to be in its crystalline
form, the diamond.
The heat of combustion is also given in gram calories per gram molecular

weight. The compound is assumed to be originally at ordinary temperature
and the products of combustion returned to ordinary temperature.

Name

Acetamid?
Acetic acid

anhydride

Acetone

Acetonitrile
{methyl cyanide)

lene
Acetylurea
Alcohol, see Ethyl

alcohol

Amy! alcohol

Aniline

Anthracene
Benzene

Benzoic acid

Bromomethane
{Bromoform)

Butyric acid

Camphor
Carbon hexachloride
Carbon tetrachloride

Catechol
Chloroform

Dichlormethane . .

(Methylene chloride)

Dimethylamine

.

Ethane
Ether

CII3CHO.

CHjO i

CH3.COOH.

(CHjCO)sO..

CHi-CO-CHi.

CHiCH . . .

HCiCH
NHrCONH-COCHj.

CiHisO. . .

CcrL-NH..

Ethyl acetate.

alcohol ....

Ethylene. . . .

Formula

C6H4:(CH) 2:C«H«.
CsHs

CeHs.COOH

CHBrj

CH»-(CHt)rCOOH.

CioHnO.
CsCl.. ..

tCCh . .

.

CeH^OHK
CHCb

CH:Ch.

(CHs) 5NH..
CH3CH3...
CsHyO-CjHs

CHrCOO-CjHs.

CiHs-OH

CHj:CH 2

Physical
state

liquid
gas
solid

solid

liquid

liquid
gas
liquid
gas
liquid

gas
solid

liquid
gas
liquid
gas
solid
solid

liquid
gas
solid
liquid

gas

solid

liquid
solid
iolid

liquid

solid

liquid
gas
liquid

E&3
gas
gas
liquid
gas
liquid
gas
liquid
gas
gas

Heat of
forma-
tion.

Calories

57,100
51,000
78,400
119,700
117,200
112,100
152,300
145,600
66,300
58,800

450

-58,100
129,000

91,600
80,900

-11,200
-19,800
-42,400
-1,800
-4,100
-11,300
94,200
91,900
13,700

130,300
128,800
80,300
85,600
75,700
68,500
87,600
53,900
46,600
37,800

31,400
4,100

23,300
70,500
62,800

116,100
105,200
69,900
59,800

-14,600

Heat of
com-
bustion.
Calories

269,500

'

282,700

'

209,46o

'

43l',96o

'

423,600

' '291,600

315,700
360,900

793,900

'

818,500

i,707,600

'

776,900

'

772,900

524,400
1,414,700

685,200
107,000

426,000
372,300
651,700

537,100

'325,760

'34l',i6o
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HEATS OF FORMATION AND COMBUSTION
(Continued)

For Organic Compounds

Name

Formic acid.

Fructose .

.

Glucose . .

Glycerine

.

Hydroquinone .

.

Lactose
Maltose
Methane
Methyl alcohol

.

amine . .

chloride

.

formate. . .

oxalate ....

Naphthalene

.

Nitrobenzene

.

Nitroglycerine

.

Nitromethane

.

Oleic acid . . . .

Oxalic acid . .

Palmitic acid.

Phenol
(Carbolic acil)

Propane
Propylene
Resorcinol
Sucre*'

(Cane
Stearic acid
Succinic acM
Tartaric aciJ
Tetrachlor-ethylene
Toluene

Toluidine
Trimethylamine

.

Urea
Xylenes

.

Formula

H-COOH

.

CeHnOa
CeHnOs
HOCHzCHOH-CHjOH

C«RY(OH)»
C12H21O11. . .

CuHsOn • • •

CH4
CH,OH

Physical
state

CHaNHj.
CHsCl...

HCOOCHa.

dHeO*

CtoH8

CeH 5-NOi...

CaH s(NOa)a.
CHa-NO*...

Ci:H3 3- COOH
COOHCOOH
CHa(CHj)14COOH.

CeHVOH

CHYCH2CH3.
CH 3 CH:CH 2 .

CsHvCOH^. .

C13H22O11

CHa-(CH!)i6-COOn. . .

HOOCCHrCHrCOOH
HOOC(CHOH) s C

CCh:CCl2
CeHa-CHa

CHa-CsHvNHa.
(CHa)aNT

NHrCO-XHi.
C«H«-(CHa)» .

solid
liquid
gas
solid
solid
solid

liquid
solid
solid

solid
gas
Liquid

gas
gas
liquid
gas
liquid
gas
solid
liquid
olid
liquid
solid
liquid
gas
liquid
liquid
gas
liquid
solid
solid
liquid
solid

liquid
gas
qas
solid

solid

solid
solid

solid
liquid
liquid

liquid
liquid
gas
solid
liquid

Heat of
forma-
tion.

Calories

104,000
101,500
96,700

303,900
302,600
165,600
161,700
87,300

537,400
538,100
18,900
61,700
53,300
9,900

33,900
29,000
94,800
87,900
186,000
181,700
-22,800
-27,400

7,800
5,100

-2,000
14,700
28,800
21,800
188,000
197,600
214,400
207,200
36,800
34,500
30,500
-9,400
89,400

535,600

-
'

229, SOU
302,300

-5,400
5,000
5,600
1,400

80.800
15,200

4S8
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HEATS OF COMBUSTION
Heat of combustion in gram calories per gram,

gaseous unless stated.
Products of combustion

Substance
Calories
per gram

of substance
Observer

Acetylene
Alcohol, see Ethyl alcohol

Amyl alcohol

Asphalt
Benzene
Butter
Carbon, crystal to CO2

.

Carbon disulphide
Casein
Charcoal to 661

Coal, anthracite
bituminous. .

lignite

Coke
Copper to Cu(

)

Dynamite, 75
Egg while

yolk
Ethyl alcohol
Ethylene

3, animal, mean
coal

Glycerine, C02 and liq

H 2

Graphite
Gunpowder
Hemoglobin
Hydrogen, to liquid

to gas
Iron to Fe2 3

Magnesium to MgO
Methane

Methyl alcohol

Naphthalene

Oil, cotton seed

lard
olive

11,923

" 8,958"
9,532
9,977
9,200
7,859
3,404
5,860
8,080
8,137

7,000-8,400
6,100
4,500-7,900

8,000
590

1,290
700

8,100
7,080

12.143
-.00

5,400-6,000 *

4,316
7,901

720-750
(i00

33>00
34,500
29,150
1,582
6,077
13,063
13,275
5,307
9,354
9,631
9,500

9,200-9,400
9,328-9,442

Thomsen

Favre & Silbermann
Slossen & Colburn
Stohmann

Berthelot

Favre & Silbermann
Berthelot

Thomsen
Roux and Sarran

Berthelot & Matignon

Stohmann
Berthelot

Mean
Berthelot

Favre & Silbermann
Berthelot
Favre & Silbermann
Berthelot
Leroux, 1910

Stohmann

Calories per cubic meter.
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HEATS OF COMBUSTION (Continued)

Substance
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SULPHURIC ACID

Specific Gravity of Aqueous Solutions.
Lunge, Isler and Naef

Sp. gr.

at
15° C.
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SULPHURIC ACID (Continued)

Sp.gr.
at

15° C
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SULPHURIC ACID (Continued)

bp. gr.

I

15°C.

1.830
1.831
1.832
1.833
1.834
1.835
1.836
1.837
1.838
1.839

Deg.
Be.

Deg.
Twad
dell.

166

167

Per
cent.
H 2SO*
by wt.

92.10 1.685
92.43 1.692
92.70 1.698

Total
H2SO«
kg. in
1 liter.

92.97
93.25
93.56
93.80
94.25
94.60
95.00

1.704
1.710
1.717
1.722
1 . 730
1 . 739
1.748

Sp. gr.

at
15°C.

1.840
1.8405
1.8410
1.8415
1.8410
1.8405
1.8400
1.8395
1.8390

Deg.
B6.

65.9

Deg.
Twad-
dell.

168

Per.
cent.
H2SO,
by wt

95.60
95.95
96.38
97.3
98.20
9S.52
98.72
98.77
CD. 12

99.31

Total
HjSOi
kg. in
1 liter.

1.759
1.765
1.774
1.792
1.808
1.814
1.816
1.817
1.823
1.826

ACETIC ACID
Specific Gravity of Aqueous Solutions, at 15° C.

OUDEMANS

Specific
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NITRIC ACID

Specific Gravity of Aqueous Solutions

Sp. gr.

at 15° C.
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NITRIC ACID (Continued)

Sp. gr.

at 15° C.

1.220
1.225
.230
.235
.240
.245
.250

i 255
1.260
1.265
1.270
1.275
1.280
1.285
1.290
1.295
1.300
1.305
1.310
1.315
1.320
1.325
1.330
1.3325
1.335
1.340
1.345
1.350
1.355
1.360
1.365
1.370
1.375
1.380
1.3833
1.385
1.390
1.395
1.400
1.405
1.410
1.415
1.420
1.425
1.430
1.435
1.440

Degrees
Baume.

26.0
26.4
26.9
27.4
27.9
28.4
28.8
29.3
29.7
30.2
30.6
31.1
31.5
32.0
32.4
32.8
33.3
33.7
34.2
34.6
35.0
35.4
35.8
36.0
36.2
36.6
37.0
37.4
37.8
38.2
38.6
39.0
39.4
39.8
40.0
40.1
40.5
40.8
41.2
41.6
42.0
42.3
42.7
43.1
43.4
43.8
44.1

Degrees
Twaddell.

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
6G
66.

67
68
69
70
71
72
73
74
75
76

Per cent HNOs
by weight.

79
80
81
82
83
84
85
86
87

35.28
36.03
36.78
37.53
38.29
39.05
39.82
40.58
41.34
42.10
42.87
43.64
44.41
45.18
45.95
46.72
47.49
48.26
49.07
49.89
50.71
51.53
52.37
52.80
53.22
54.07
54.93
55.79
56.66
57.57
58.48
59.39
60.30
61.27
61.92
62.24
63.23
64.25
65.30
66.40
67.50
68.63
6980
70.98
72.17
73.39
74.68

Total HNOs
kg. in 1 liter.

0.430
0.441
0.452
0.463
0.475
0.486
0.498
0.509
0.521
0.533
0.544
0.556
0.568
0.581
0.593
0.605
0.617
0.630
0.643
0.656
0.669
0.683
0.697
0.704
0.710
0.725
0.739
0.753
0.768
0.783
0.798
0.814
0.829
0.846
0.857
0.862
0.879
0.896
0.914
0.933
0.952
0.971
0.991
1.011
1.032
1.053
1.075
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NITRIC ACID (Continued)

Sp. gr.
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AMMONIUM HYDROXIDE
Specific Gravity of Aqueous Solutions at 15° C.

Specific
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POTASSIUM HYDROXIDE
Specific Gravity of Aqueous Solutions at 15° C.

Specific
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SODIUM HYDROXIDE
Specific Gravity op Aqueous Solutions at 15° C.

Specific
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POTASSIUM CARBONATE
Specific Gravity of Aqueous Solutions at 15° C.

Specific
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SODIUM CHLORIDE

Specific Gravity of Aqueous Solutions at 15" C. (Gerlach).

Specific
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ETHYL ALCOHOL

Specific Gravity of Mixtures of Ethtl Alcohol and
Water by Volume and by Weight

Giring the specific gravity at 15.56° C. referred to water at the same tempera-
ture. To reduce to specific gravity referred to water at 4° C. multiply by 0.99908.

B. Department of Agriculture.)
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ETHYL ALCOHOL (Continued)

Specific Gravity of Mixtures of Ethyl Alcohol and
Water by Volume and by Weight
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ETHYL ALCOHOL (Continued)

Specific Gravity of Mixtures of Ethyl Alcohol and
Water by Volume and by Weight
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ETHYL ALCOHOL (Continued)

Specific Gravity of Mixtures of Ethyl Alcohol and
Water by Volume and by Weight
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ETHYL ALCOHOL (Continued)

Specific Gravity of Mixtures of Ethyl Alcohol and
Water by Volume and by Weight

Specific
gravity.

0.96172
0.96159
0.96146
0.96133
0.96120
0.96108
0.96095
0.96 2

0.96069
0.96056
0.96043
0.96030
0.96016
0.96003
0.95990
0.95977
0.95963
0.95950
0.95937
0.95923
0.95910
0.968 16

0.95883
0.95869
0.95855
9.95842
0.95828
0.95814
0.95800
0.95787
0.95773
0.95759
0.95745
0.95731
0.95717
0.95703
0.95688
0.95674
0.95660
0.95646
0.95632
0.95618

Per cent
alcohol
by

volume.

33.00
33.10
33.20
33.30
33.40
33.50
33.60
33.70
33.80
33.90
34.00
34.10
34.20
34.30
34.40
34.50
34.60
34.70
34.80
34.90
35.00
35.10
35.20
35.30
35.40
35.50
35.60
35.70
35.80
35.90
36.00
36.10
36.20
36.30
36.40
36.50
36.60
36.70
36.80
36.90
37.00
37.10

Percent
alcohol

weight

27.32
27.40
27.41)

27 :

27.66
27.75
27.83
27.92
28.00
28.09
28.18
28.26
28.35
28.43
28.52
28.61
28.70
28.78
28.87
28.96
29.05
29.13
29.22
29.30
29.38
29.48
29.57
29.65
29.74
29.83
29.92
30.00
30.09
30.17
30.26
30.35
30 44
30 52
30.61
30.70
30.79

Grams
alcohol

per
100 c.c.

26.19
26.27
26.35
26.43
26.51
26.59
26.67
26.75
26.82
26.90
26.98
27.06
27.14
27.22
27.30
27.38
27.46
27.54
27.62
27.70
27.78
27.86
27.94
28.02
28.09
28.17
28.25
28.33
28.41
28.49
28.57
28.65
28.73
28.81
28.88
28.96
29 04
29.12
29.20
29.29
29.36
29.44

Specific
gravity.

0.95603
55? I

< 95574
'"

0.95516
0.95502
0.9? 17

0.95472
G I 157

0\ 95442
0.95427
0.95413
0.95398

0.95368
0.95353
0.95338
0.95323
0.95307
0.95292
0.95277
0.95262
0.95246
0.95231
0.95216
0.95200
0.95185
0.95169
0.95154
0.95138
0.95122
0.95107
0.95091
0.95075

95059
0.95044
0.95028
0.95012
0.94996
0.94980

Per cent
alcohol
by

volume.

37.20
37.30
37.40

:

37.60
17 :

37.80
37.90
38.00
38.10
38.20
38.30
38.40
38.50
38.60
38.70
38.80
38.90
39.00
39.10
39.20
39.30
39.40
39.50
39.60
39.70
39.80
39.90
40.00
40.10
40.20
40.30
40.40
40.50
40.60
40.70
40.80
40.90
41.00
41.10
41.20
41.30

Per cent
alcohol

by
•weight

!0.88

30.96
31.05
31.14
31.23
31.32
31.40
31.49
31.58
31.67
31.76
31.85
31.94
32.03
32.12
32.20
32.29
32.37
32.46
32.55
32.64
32.72
32.81
32.90
32.99
33.08
33.17
33.27
33.35
33.44
33.53
33.61
33.70
33.79
33.88
33.97
34.06
34.15
34.24
34.33
34.42
34.50

Grams
alcohol

per
100 c.c.

29.52
29.60
29.68
29.76
29.84
29.92
30.00
30.08
30.16
30.24
30.32
30.40
30.48
30.56
30.64
30.72
30.79
30.87
30.95
31.03
31.11
31.18
31.26
31.34
31.42
31.50
31.58
31.66
31.74
31.82
31.90
31.98
32.06
32.14
32.22
32.30
32.38
32.46
32.54
32.62
32.70
32.78
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ETHYL ALCOHOL (Continued)

Specific Gravity of Mixtures of Ethyl Alcohol and
Water by Volume and by Weight

Per cent
alcohol
by

volume.

41.40
41.50
41.60
41.70
41.80
41.90
42.00
42.10
42.20
42.30
42.40
42.50
42. GO
42.70
42.80
42.90
43.00
43.10
43.20
43.30
43.40
43.50
43.60
43.70
43.80
43.90
44.00
44.10
44.20
44.30
44.40
44.50
44.60
44.70
44.80
44.90
45.00
45.10
45.20
45.30
45.40
4550

Per cent
alcohol
by

weight.

34.59
34.68
34.77
34.86
34.95
35.04
35.13
35.22
3531
35.40
35.49
35. 5S
35.67
35.76
35.85
35.94
36.03
36.12
36.21
36.30
36.39
36.48
36.57
36.66
36.75
36.84
36.93
37.02
37.11
37.21
37.30
37.39
37.48
37.57
37.66
37.76
37.84
37.93
38.02
38.12
38.21
38.30

Grams
alcohol

per
100 c.c.

32.86
32.93
33.01
33.09
33.17
33.25
33.33
33.41
33.49
33.57
33.65
33.73
33.81
33.89
33.97
34.04
34.12
34.20
34.28
34.36
34.44
34.52
34.60
34. 6S
34.76
34.84
34.91
34.99
35.07
35. 15

35.23
35.31
35.39
35.47
35 . on
35.63
35.71
35.79
35.87
3595
36.03
36.11

Specific
gravity.

0.94258
0.94241
0.94223
0.94206
0.94188
0.94170
0.94152
0.94134
0.94116
0.94098
0.94080
0.94062
0.94044
0.94026
0.94008
093990
093971
0.93953
0.93934
0.93916
0.93898
0.93879
0.93861
0.93842
0.93824
0.93805
0.93786
0.93768
0.93749
0.93730
0.93711
0.93692
0.93679
0.93655
0.93636

93617
93598
93578
93559
93540
93521

0.93502

Per cent
alcohol
by

volume.

45.60
45.70
45.80
45.90
46.00
46.10
46.20
46.30
46.40
46.50
46.60
46.70
46.80
46.90
47.00
47.10
47.20
47.30
47.40
47.50
47.60
47.70
47.80
47.90
48.00
48.10
48.20
48.30
48.40
48.50
48.60
48.70
48.80
48.90
49.00
49 10
49.20
49.30
49.40
49.50
49.60
49.70

Percent
alcohol
by

weight.

38.39
38.48
38.57
38.66
38.75
38.84
38.93
39.03
39.12
39.21
39.30
39.39
39.49
39.58
39.67
39.76
39.85
39.95
40.04
40.13
40.22
40.32
40.41
40.51
40.60
40.69
40.78
40.88
40.97
41.06
41.15
41.24
41.34
41.43
41.52
41.61
41.71
41.80
41.90
41.99
42.08
42.18

Grams
alcohol

per
100 c.c.

36.19
36.26
36.34
36.42
36.50
36.58
36.66
36.74
36.82
36.90
36.98
37.06
37.13
37.21
37.29
37.37
37.45
37.53
37.61
37.69
37.77
37.85
37.93
38.01
38.09
38.17
38.25
38.33
38.41
38 49
38.57
38.65
38.72
38.80
38.88
38.96
39.04
39 12
39.20
39.28
39.36
39.44
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ETHYL ALCOHOL (Continued)

Specific Gravity of Mixtures of Ethyl Alcohol and
Water by Volume and by Weight
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ETHYL ALCOHOL
Specific Gravity of Mixtures of Ethyl Alcohol axd

Water by Weight
The table sives the specific gravity at the temperature indicated referred to

water at I

(U. S. Bureau of Standards.)

Per cent
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METHYL ALCOHOL
(Wood Alcohol; Methanol)

Specific Gravity of Mixtures of Methyl Alcohol and Water in Grams per
100 Grams of Solution.

Doroshewski and Rostdcstwenski.

- vine
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TABLES OF THE MANUFACTURING CHEMISTS'
ASSOCIATION

SULPHURIC ACID

Authorities— W. C. Ferguson; H. P. Talbot

This table has been approved and adopted as a standard by
the Manufacturing Chemists' Association of the United States.

Specific Gravity determinations were made at 60° F., com-
pared with water at 60° F.

From the Specific Gravities the corresponding degrees Baume
were calculated by the following formula:

Baume = 145 - ~— ~;

—

Sp. Gr.

Baum6 Hydrometers for use with this table must be graduated

by the above formula, which formula should always be printed

on the scale.
66° Baume = Sp. Gr. 1.8354.

1 cu. ft. water at 60° F. weighs 62.37 lbs. av.

Atomic weights from F. W. Clarke's table of 1901. O = 16.

H2SO< = 100 per cent.

H2SO4 O. V. 60°

O. V. 93.19 100.00 119.98
60° 77.67 83.35 100.00
50° 62.18 66.72 80.06

Acids stronger than 66° B6. should have their percentage

compositions determined by chemical analysis.

Be.°
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SULPHURIC ACID (Continued)

Be."
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SULPHURIC ACID (Continued)

Be."
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SULPHURIC ACID (Continued)

FIXED POINTS
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NITRIC ACID

Authority— W. C. Ferguson

This table has been approved and adopted as a Standard
by the Manufacturing Chemists' Association of the United
States.

Specific Gravity determinations were made at 60° F., com-
pared with water at 60° F.

From the Specific Gravities, the corresponding degrees Baume
-

were calculated by the following formula:

Baum6 =145
145

Sp. Gr.

Baume
1

Hydrometers for use with this table must be graduated

by the above formula, which formula should always be printed

on the scale.

Atomic weights from F. W. Clarke's table of 1901. O = 16.

Allowance for Temperature

At 10° -20° Be.— 1/30° Be. or .00029 Sp. Gr. = 1° F.

20°-30° Be.— 1/23° Be. or .00044 " " = 1° F.

30° -40° Be.— 1/20° Be. or .00060 " " = 1° F.

40° -48.5° Be.— 1/ 17° Be. or .000S4 " " = 1° F.

B6.'

10.00
10.25
10.50
10.75
11.00
11.25
11.50
11.75
12.00
12.25
12.50
12.75
13.00
13.25
13.50
13.75
14.00
14.25
14.50
14.75
15.00

Sp.gr.

1.0741
1.0761
1.0781
1.0801
1.0821
1.0841
1.0861
1.0881
1 . 0902
1.0922
1.0943
1.0964
1.0985
1.1006
1.1027
1.1048
1.1069
1.1090
1.1111
1.1132
1.1154

Tw.'

14.82
15.22
15.62
16.02
16.42
16.82
17.22
17.62
18.04
18.44
18.86
19.28
19.70
20.12
20.54
20.96
21.38
21.80
22.22
22.64
23.08

Per cent
HN0 3 .

12.86
13.18
13.49
13.81
14.13
14.44
14.76
15.07
15.41
15.72
16.05
16.39
16.72
17.05
17.38
17.71
18.04
18.37
18.70
19.02
19.36

B6.°

15.25
15.50
15.75
16.00
16.25
16.50
16.75
17.00
17.25
17.50
17.75
18.00
18.25
18.50
18.75
19.00
19.25
19.50
19.75
20.00
20.25

Sp. gr.

1.1176
1197
1219
1240
1262
1284
1306

1.1328
1.1350

1373
1395
1417
1440
1462

1.1485
1.1508
1.1531
1.1554
1.1577
1.1600
1.1624

TV.

23.52
23.94
24.38
24.80
25.24
25.68
26.12
26.56
27.00
27,46
27.90
28.34
28.80
29.24
29.70
30. 16
30.62
31.08
31.54
32.00
32.48

Per cent
HNOa.

19.70
20.02
20.36
20.69
21.03
21.36
21.70
22.04
22.38
22.74
23.08
23.42
23.77
24.11
24.47
24.82
25.18
25.53
25.88
26.24
26.61
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NITRIC ACID (Continued)
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HYDROCHLORIC ACID

Authority— W. C. Ferguson

This table has been approved and adopted as a standard by
the Manufacturing Chemists' Association of the United States.

Specific Gravity determinations were made at 60° F., com-
pared with water at 60° F.

From the Specific Gravities, the corresponding degrees Baume"
were calculated by the following formula:

Baume = 145 - 145

Sp. Gr.

Baume" Hydrometers for use with this table must be graduated
by the above formula which formula should always be printed
on the scale.

Atomic weights from F. W. Clarke's table of 1901. O = 16.

Allowance for Temperature

10° - 15° Be.— 1/40° Be. or .0002 Sp. Gr. for 1° F.
15° - 22° B6.— 1/30° Be. or .0003 " " "1° F.
22° - 25° Be.— 1/28° Be. or .00035 " " " 1° F.

B§.°
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HYDROCHLORIC ACID (Continued)
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AQUA AMMONIA
Authority— W. C. Ferguson

This table has been approved and adopted as a standard by

the Manufacturing Chemists' Association of the United States.

Specific Gravity determinations were made at 60° F., com-

pared with water at 60° F.

From the Specific Gravities, the corresponding degrees Baume
were calculated by the following formula:

Baum6 =
140

Sp. Gr
-130.

Baume Hydrometers for use with this table must be graduated

by the above formula, which formula should always be printed

on the scale.

Atomic weights from F. W. Clarke's table of 1901. O = 16.

Allowance for Temperature

The coefficient of expansion for Ammonia Solutions varying

with the temperature, correction must be applied according to

the following tabic:

Corrections to be added for each
degree below 60° F.
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AQUA AMMONIA (Continued)
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SPECIFIC GRAVITY OF GASES AND VAPORS

Name

I vlene

Ammonia
Argon

Butane. . . .

Carbon dio\.
monoxid'
oxyclilori':

oxysulphi I

Chlorine.
monoxide

Cyanogen

Ethyl chlon
Ethylene
Fluorine. .

Helium . . .

Hydrochlori
Hydrofluoric
Hydriodic acid.. .

Hydrogen
i

sulphide
telluride

.

Krypton.
:

'

!iyl Chloride.
'-

Nitric oxi'li

Nitrogen
Nitrous oxide. . . .

Nitrosyl chloride.
Oxygen
Phosphine

on fluoride. . .

Sulphur dioxide.

.

Xenon

For-
mula

Odh

I

Br.
C,H,o

CjH*
F2

He
HC1
MF
HI

B i

B
Kr

I

NO

N3

NOC1

PH 3

SiF.

X

Mol.
wt.

26.02

17

39

56

•

60.
70.

86

30.
04.

38.
4

36
20.
127

2

81.
34

1 29

10
50
20
30.

44.

32

.

34.
104.
04.

130.

91

91
91
02
05
50
03

00
47
01

016

52
90
03

!()

01

02
02
47

05
00
00
2

Mas
1 liter

760mm
0°C.

1708

1

2501

7201
2204

3507
i

2044

lTt.lt

6894

724 5

0131

6431
7107
3044
ST 13
3401

9781

4289
5293
054

1

9268
7168

Density, air = 1

Ob-
served

370

01
-

9670

104
4i)l

007

266

713

Ms

074

5301

1053

00
2039
422

Com-
puted

0000

!

9670

9753

1773

0366

5303

1053
1830

2638
506

v. O = 1

Ob-
served

0.8193

5394

82

171
904

72
034

01
•

145

1473

01

062

5016
til 27
010
9397
87152

09
000
0702
26
0482
001

Thao-
ret.

0.S133

0.5321
1.247

i

71

7 -

0914
H

I 2

710

S702

125
1398

- 1

0.5011

-

.9391

1 . 3754
2.046
1 . 0000
1.063
3 . 259
2 . 0034
4.00
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DEHYDRATION OF METALLIC SULPHATES

Metallic
sulphates.
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DECOMPOSITION OF ANHYDROUS METALLIC
SULPHATES

Metallic
sulphate.
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DEGREE OF IONIZATION

In Normal Solution at 18° Unless Indicated

Nitric acid 0.82 t Permanganic acid 0.933
Hydrochloric acid 0.784 f Hydriodic acid 0.901
Sulfuric acid 0.3TD t Hydrobromic acid 0.&99

I ..lrofluoric acid 0.070 t Perchloric acid 0.S80
* Oxalic acid . 500 t Chloric acid . 878
* Tartaric acid ^2 j Hydrochloric acid 0.876

104 f Phosphoric acid 0.170
•Carbonic acid 0.0017
* HvdroKi-n sulfide 0.0007
' Boric acid 0.0001
" Hydrocyanic acid 0.0001

* In o.l M. solution; primary ionization,

t In N/2 solution, at 25°.

Potassium hydroxide 0.77 t Strontium hydroxide . 93

Sodium hydroxide 0.73 t Barium hydroxide 0.92

Barium hydroxide 0.69 t Calcium hydroxide 0.90

Lithium hydroxide 0.63
Ammonium hydroxide 0.004
Tctramethvl ammonium

hydroxide 0.96

t In N/64 solution, at 25°.

Salts

Approximate degree of ionization for active salts in N/10 solution:

Type R+R-(e.g. KC1) 0.86

TypeR+ (R") 2 (e.g. BaCh) 0.72

iy£e (R+),R- - (e.g. K,SO<) 0.72

Type R++ R- - (e.g. BaSO<) 0.45
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SOLUBILITY PRODUCT
The solubility product (or ion product constant) is the product

of the concentrations of the ions in the saturated solution of a

difficultly soluble salt. The concentrations are expressed as

moles per liter of solution. The number of cations (or anions)

resulting from the dissociation of one molecule of the salt, ap-

s in the formula for calculations of the solubility product as

the exponent of the concentration of the cation (or anion).

If two solutions, each containing one of the ions of a difficultly

soluble salt, are mixed, no precipitation takes place unless the

product of the ion concentrations in the mixture is greater than

the solubility product.

In a solution containing two salts which yield a common ion

the ratio of solubilities of the two salts is the ratio of the solu-

bility products.

Substance

Aluminum hy-
droxide

Aluminum hy-
droxide

Aluminum hy-
droxide

Barium carbonate
Barium carbonate
Barium chromate
Barium chromate
Barium fluoride

Barium fluoride. .

Barium fluoride. .

Barium iodjtte,

Ba(I03).2H:0
Barium ioda i

Ba(I03).2H 2

Bariui"
BaCs0..3JH20

Barium oxali

BaCt04.2HiO
Barium oxala

BaCiOi.ilhO
Barium sulfate. .

.

Barium sulfate. .

.

Barium sulfate. .

.

Calcium carbon-
ate (calcite)

Calcium carbon-
ate (calcite)

Calcium fluoride

Calcium fluoride

Calcium iodate,
Ca(IO«)t.6HiO

Calcium iodate,
Ca(IO»)i.6H»0

Calcium oxalate,

CaCs04.HjO
Calcium oxalate,
CaC204.H20

Solubility
product at

temperature
noted

4X10-13 (15°)

1.1X10"" (18°)

3.7 X10-'6 (25°)

7X10-*(16°)
8.1X10-* (25°)

1.6X10-'° (18°)

2.4X10-'° (28°)

1.6X10-« (9.5°)

1.7X10-0 (18°)

1.73X10-6 (25.8°)

8.4X10"'' (10°)

6.5X10-'° (2.")°)

1.62 X 10"7 (18°)

1.2X10"7 (18°)

2.18 X10-' (18°)

0.87X10"'° (18°)

1.08X10-"' -

1.98X10-»° (50°)

0.99X10-" (15°)

0.87X10"' (25°)

3.4X10-" (1

3.95 X10-" f26°)

22.2 X 10-" (10°)

64.4X10-9 (18°)

1.78X10-»(18°)

2.57 X10"» (25°)

Substance

Calcium sulfate.
i in tartrate

CaC«H4Qi.2£bO
Cadmium o\.

CdCtOi.3B
Cadmium sulfide.

Cobalt sulfide. . . .

Cupric iodate. . . .

Cupric oxalate. . .

Cupric sulfide. . .

Cuprous bromide
Cuprous chloride
Cuprous iodide.. .

Cuprous sulfide. .

Cuprous thiocy-
aute

Ferric hydroxide.
Ferrous hydrox-

ide
Ferrous oxalate . .

Ferrous sulfide. . .

Lead carbonate. .

Lead chromate. . .

Lead fluoride ....
Lead fluoride ....
Lead fluoride ....
Lead iodate
Lead iod
Lead iodate
Lead iodide
Lead iodide
Lead oxalate
Lead sulfate
Lead sulfide
Lithium carbon-

ate
Magnesium am-
monium phos-
phate

Solubility
product at
temperature

noted

6.1 X10 -5 (10°)

0.77X10-' (18°)

1.53X10-8(18°)

3.6X10-" (18°)

3X10"» (18°)

1.4X10"' (25°)

2.87X10-8 (25°)

8.5X10"« (18°)

4.15X10-" (18-20°)

1.02X10-* (IS-J
5.06 X10"' 2 (18-20°)

2X10-*' (16 18°)

1.6 X 10-" (18°;

1.1X10-* (18°)

1.64X10-" (18°)

2.1 X10"' (25°)

3.7X10-" (18°)

3.3X10-" (18°)

1.77X10-" (18°)

2.7X10-8(9°)
3.2X10-8 (1*°)

3.7X10-»(26.6o
)

5.3X10-'* (9 2°)

1.2X10-1' (18°)
2.6 X 10-" (25.8°)

7.47X10-9 (15°)

1.39X10-8 (25°)

2.74X10-11 (18°)

1.06X10"8 (18°)

3.4 X10-*1 (]S°)

1.7 X10"3 (25°)

2.5X10-w(25°)
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SOLUBILITY PRODUCT (Continued)

Substance

i

i car-

bon.
nesium fluor-

Magnesium fluor-

oesium hy-
•\idc

a oxa-
late

hy-
droxide

sul-

Mercuric sulfide

Mercurous bro-
mide

Mereurous chlo-

ride
Mercurous iodide

Nickel sulfide

Potassi
tartrate [K+]
[ncawv]

Silver bromate. . .

Silver bromate. . .

Silver bromide. .

.

Silver bromide. . .

Solubility
product at
temperature

noted

2.6X10-5(12°)

7.1X10"9 (18°)

6.4X10-« (27°)

1.2X10-" (18°)

S.57X10-5 (18°)

4X10-' 4 (18°)

1.4X10-15(18°)

4X10-" to

2X2ir<» (18°)

1.3X10"

2XH)-' S (25°)

1.2Xl0-2( (25
o
)

1.4 X10-'--
1 (18°)

3.8X10-M18 )

3.97X10-5(20°)
.-..77X11'

4.1X10-
7.7 X10-'3 (25°)

Substance

Silver carbonate.

.

Silver chloride. . .

Silver chloride. . .

Silver chloride . . .

Silver chloride . . .

Silver chloride . . .

Silver elii

Silver chi<

[Ag+YAj
ichromate

Silver hydroxide..
date

liide

Silver sulfide

Silver tin'

Silver thi<

Strontium car-

bonate
Strontium fluor-

ide
Strontium oxalate
Strontium sulfate

Strontium sulfate

Zinc hydroxide. . .

Zinc oxalate,
Zii(M)..2IIjO

Zinc sulfide

Solubility
product at
tern crature

noted

0.15 X10" 12 (25°)

0.21 X10->o (4.7°)

0.37X10-'°(9.7°)
l.56X10-">(25
]3.2X10-' (50°)

21.5X10-'° (100°)

1.2X10-12 (14.8°)
9X10-i2 (25o )

2.2X10-12 (20°)

2X10-' (25°)
1.52X10-s(20°)
0.92XH
(!.32X10-i« (13°)
1.5X10-i«(25 o

)

1.GX10-" (18
0.49X10-12 (18°)

1.16X10-12(25°)
1.6X10^ (25°)

2.8X10-9(1S°)

5.61X10-8(18°)
2.77 X10"7 (2.9°)

2.81 X10"7 (17.4°)

1.8X10"" (18-20°)
1.35X10-»(1S°)

1.2X10-23 (18°)
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DISSOCIATION CONSTANTS OF ACIDS

Acid

Acetic
a-Alanine

:iious

nunc
>ic

Bromacetic
a-Hrompropionic
g-IJrompropionic
utyric

Carbonic
Chloracetic
o-Chlorpropionic
j3-Ch!orpropionic
Citric

Dichloragetic. . .

Formic
Fumaric
Hippuric
Hydrocyani
Hydroquinone. .

Hydroeulfui
Hydrazoic
Hyporhlorous. .

.

Iodic
Isobutyric

aleric

Muleic
Malic
Malonic
Mandelic
a-Xaphthoic. . . .

/3-X;iphthoic
Nicotinic

oua
Oxalic
Periodic

lOl

Phosphoric

Phosphorous . . . .

Phthafcc
Picohnic
Picric
Propionic
Pyromucic
Pyrophosphoric .

.

Pyrotartaric
Salicylic

Selenious
Succinic
Sulfanilic
Sulfuric
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DISSOCIATION CONSTANTS OF ACIDS (Continued)
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DISSOCIATION CONSTANTS OF BASES

Name
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ELECTROMOTIVE FORCE SERIES OF METALS
Alkali... Cs.Rb.K.Na.Li. . Lead Pb 0.148
Alkaline-earth. Ba.8r.Ca. . Hydrogen (H) 0.000
Magnesium Mg Copper Cu 0.336
Aluminum Al 1 . 276 Arsenic As
Manganese . Mn 1 . 075 Bismuth . . . Bi
Zinc Zn 0.770 Antimony Sb
Chromium Cr Mercury Hg 0.748
Cadmium Cd 0.420 Silver Ag 0.771
Iron . 340 Palladium Pd
Cobalt Co 0.232 Platinum Pt 0.863

Nil). 228 Gold Au 1 . 079
Sn 0.192

\ny metal will replace any other metal, below it in the series, thus:

Fe +CuSO« = FeS04 +Cu
Zn+1 =ZnS04+Fe
Fe+iM =FeCl2 +H2

Zn+H2SO« =ZnS04+H2

Cu+HCl = No action. Cu insoluble.

Ag+HCl = No action. Ag insoluble.

Cu -(-(dilute) H2S04 = No action.

Ag+CuSOi = No action. Ag below Cu.

Note—

j

t j8 true tnat dilute and cone. HNO3 and hot conr. H2SO< will

dissolve most of the metals. When they thus dissolve metals below hydrogen

in the series, the action is an oxidizing one, and the acids are reduced to

NO and SOj respectively. The metal is first oxidized to the oxide, tho

acid bping thus at the same time reduced, and the oxide thus formed then

reacts with the acid molecule present, and goes into solution as a salt.

(o) Cu + (dilute) H2 SO4 = No action

(2) Cu +2 (hot cone.) H2SO. = CuSOi +SOj +2H20.

In (b), the Cu is first converted to CuO, thus

Cu +H2S04 =CuO +H2 +S02l

then the CuO reacts with another molecule of H 2S04, thua

CuO +H2SO4 =CuS04 +H-O.
3Cu +2HNO3 =3CuO +2NO +H=0

3CuO+6HN03=3Cu(N03) 2 +3H2

Added 3Cu+8HNOi -3Cu(NOi) s +2NO+4HsO.

9 Tn Reeard to Ease of Reduction of Oxides— The metallic oxides down

to and including Mn can not be completely reduced to the metal state,

even in a current of hydrogen. The oxides of Cd and succeeding metals

are easily reduced, and far down the list, the oxides of silver, platinum,

mlrcury, and gold are reduced (decomposed into metal and oxygen) even

^TnC'd to Ease of Rusting. (Oxidation in the Air.V-The alkali and

alkaline-earth metals rust very rapidly and with considerable evolution

of heat A.U the metals down to copper rust with comparative ease.
01 neat. au

.

ww
,

t t Assuming the electrolytic theory

Jf^eTrocess o^uS tobeTrue, these facts are just about what might

hTlbn Regard'tTthe Occurence of the Metals in the Free State in Nature.
4 in Kegaru 10 iu

.

dil te s0 utions of carbonic, nitric, humic,
—Natural wate rs "y^™* £ n displaceable hydrogen. Metals above
etc ,

acids. As such they ™°l

,£ if ever, occur in the free state
hydrogen « tneE.M^ 8e„es s^a j^

^ found in ^ combined
,11 nature, but are Pra«'cal^ ™ Met^s below hydrogen are frequently
state as sulphides, ^^onates «c^

{ound
.

q the form of ni

S
U
SJt

,

3liS
e

gSd 'Howeve^metals belo'w hydrogen are also found in the

combined smeag cinnabar, HgS^etc^ ^ w _The ^ d

alkaune-earthsme'tal displace hydrogen from water, even in the cold.
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and with evolution of much heat. Mg and succeeding metals will dis-

hydrogen from steam. Metals at the bottom of the list will not
D from stoam.

6. In Regard to the Solubility and Stability of Hydroxides.—The alkali

I oxides have great avidity for water, forming hydroxides. The
alkaline-earth metal oxides react with loss readiness, forming hydroxides.

ba slowly and incompletely with water, forming the hydroxide.

All the other metallic oxides and hydroxides are insoluble in water and
have no perceptible reaction therewith. When a solution of NaOH acts on
solutions of salts of the metal?, the alkali metal salts are not precipitated.

The alkaline-earth metal salts are not precipitated unless in very con-
centrated solution. All the other metal solutions are acted upon, with
precipitation of hydroxides, except in the case of copper which first gives

copper hydroxide (blue), and which, on warming, changes to coppei oxide

(black). Also in the case of arsenic, no precipitate falls, sodium arsenite

being formed. In the case of the last metals in the series, the ox
precipitated, instead of the hydroxide, thus NaOH acting on salts of Sb,

Hg, Ag, Pd, Pt, and Au, causes a precipitation of the oxides of these metals.

Bismuth, as an exception, gives a normal hydroxide.
7. In Regard to Carbonates.—The alkali metals form normal stable,

soluble carbonates, not easily decomposed on he&ting. The alkaline-earth

metals form normal carbonates, which are insoluble in water, and which
decompose upon heating, leaving the oxide, carbon dioxide being evolved.
When sodium carbonate solution acts on solutions of all the other metals,

as a rule, a basic carbonate is precipitated, being insoluble in water, and
decomposed by heat into oxide and carbon dioxide. If the solution is cold,

Ag, Hg, Cd, Fe, and Mn give normal carbonates. It the solution is warm,
Sb, Hg, Ag, Pd, Pt, and Au give a precipitate of the oxide, instead of the
carbonate, thus showing the instability of the carbonates of the lowest
metals in the series.

S. In Regard to Voltaic Cells.—In choosing metals to acts as electrodes
in voltaic cells, the farther apart the metals chosen, the greater the electro-

motive force of the voltaic cell. Thus the Al-Au comple gives a greater
E.M.F. than the Zn-Cu couple.

For complete information, see Alex. Smith's Gen. Inorganic Chem.,
pages 361-363: 664-680. J. W. Mellor's Modern Inorg. Chem., pages
362-376.

TABLES SHOWING THE FUNCTIONS, USES AND
COMPOSITIONS OF FOODS

Functions and Uses of Food in the Body.

Protein.— Builds and repairs tissue:

Albumen (white of eggs)

Casein (curd of milk)

Lean meat
Gluten of grains

Fats.— Are stored as fat:

Fat of meats, butter, olive oil, oils

of corn, wheat and other grains.

Carbohydrates. — Are transformed
into fat:

Sugar, starch, etc.

Mineral Matter of Ash.— Shares in forming bones and assist

in processes of digestion.

Phosphates of lime potash, soda, etc.

Food is that which, taken into the body, builds tissue and
yields energy.

532

All serve as fuel to
yield energy in the
forms of heat and
muscular power.



HANDBOOK OF CHEMISTRY AND PHYSICS

TABLES SHOWING THE FUNCTIONS, USES AND
COMPOSITIONS OF FOOD (Continued)

Dietaky Standards

For a man in full vigor at moderate muscular work, per day
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TABLES SHOWING THE FUNCTIONS, USES AND
COMPOSITIONS OF FOODS—Continued

NAME OF THE FOOD MATERIAL

Candy stick
Celery
Chestnut
Cocoanut, dried
Dried beef
Egg, whole
Egg, white
Egg, yolk
Fig, dried
Fruit, canned
Grapes
Grape juice, unfermented
Herring, smoked
Honey
Jelly, fruit

Lard
Lamb chop
Mackerel
Macaroni
Milk, whole
Milk, skimmed
Molasses
Oat
Olive oil

Oyster
Onion
Pork chop
Parsnip
Potato
Peanut
Peanut butter
Rye
Rice
Rolled oats, cooked
Raisins
Smoked ham
Sugar granulated
Sugar, maple
Strawberry
Toasted bread
Wheat
White bread
Whole wheat bread
Walnut

1.1
10.7
6.3

30.0
14.8
13.0
16.1
4.3
1.1

1.3
0.2

36.4
0.4

17.6
18.3
3.0
3.3
3.4
2.4
11.8

6.2
1.6

16.9
1.6
2.2
25.8
29.3
12.2
8.0
2.8
2.6
16.1

1.0
11.5
12.2
9.2
9.7
16.6

7.0
57.4
6.6
10.5
0.2
33.3
0.3
0.1
1.6

15.8

100.0
28.3
7.1
1.5
4.0
0.3

5.0
100.0

1.2
0.3
30.1
0.5

38.8

0.6
1.6
1.7
1.3
0.9
63.4

5a

96.5
3.4

74.2
31.5

74.2
21.1
19.2
7.4

81.2
78.3

15.8
5.0
5.1
69.3
69.2

3.7
9.9

13.5
18.4
22.4
17.1
73.9
77.0
11.5
76.1

100.0
82.8
7.4

61.2
73.7
53.1
49.7
16.1

0.5
1.0
2.2
1.3
9.1
1.0
0.6
1.1
2.4
0.5
0.5
0.2
13.2
0.2
0.7

1.0
1.2
1.3
0.7
0.7
3.2
3.0

2.0
0.6
1.0
1.4
1.0
2.0
5.0
1.9
1.0
0.7
3.4
4.8

0.9
0.6
1.7
1.8
1.1
1.3
1.4

*

3.0
94.5
5.9
3.5

54.3
73.7
86.2
49.5
18.8
77.2
77.4
92.2
34.6
18.2
21.0

53.1
73.4
78.4
87.0
90.5
25.1
11.0

86.9
87.6
52.0
83.0
78.3
9.2
2.1
10.5
12.0
84.5
14.6
40.3

16.3
90.4
24.0
10.6
35.3
38.4
2.5
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PROPERTIES OF MATTER
DENSITY OF ELEMENTS

The density is given in grams per cubic centimeter at the temperature

stated. Where no temperature is given ordinary atmospheric temperature is

understood.

Element.

Aluminum, hard drawn ....

wrought
Antimony, vacuo-distilled . .

.

compressed
amorphous

Argon, liquid

Arsenic, crystallized

amorphous, brown— black

yellow
Barium
Bismuth, electrolytic

vacuo-distilled

liquid
solid

Boron, crystal
amorphous

Bromine, liquid

Cadmium, cast

wrought . • • -

vacuo-distilled

solid
liquid

Caesium
Calcium
Carbon, crystal

graphite
Cerium, electrolytic

pure
Chlorine, liquid

Chromium
pure

Cobalt
Columbium
Copper, cast

annealed
wrought
hard-drawn
vacuo-distilled

compressed
liquid

Erbium
Fluorine, liquid

Gallium
Germanium
Glucinum

Temp.
°C.

20

"26'

20

-i83'
-189

14

20
271
271

20
318
318
20

—33.6

"26"
21
15

"26"

"26"
20
20

-200
23
20

Density
gm./c.c.

2.70
2.65-2.80
6.618
6.691
6.22
3845
4233
T3

70
88
78
747

9.781
10.00
9.67
2.535
2.45
3.12
8.54-57
8.67
8.648
8.37
7.99
1.873
1.54
3.52
2.25
6.79
7.02
1.507
6.52-73
6.92
8.71
8.4
8.30-95
8.89
8.85-95
8.89
S.9326
8.9376
8.217
4.77
1.14
5.93
5.46
1 . 85

Observer.

Wolf, Dellinger, 1910

Kahlbaum, 1902
Kahlbaum, 1902
Herard
Baly-Donnan
Baly-Donnan

Guenther
Linck
Guntz
Classen, 1890
Kahlbaum, 1902
Vincentini-Omodei
Vincentini-Omodei
Wigand
Moissan
Richards-Stull

Kahlbaum, 1902
Vincentini-Omodei
Vincentini-Omodei
Richards-Brink
Brink
Wigand
Wigand
Muthmann-Weiss
Muthmann-Weiss
Drugman-Ramsay

Moissan
Tilden
Muthmann-Weiss

Dellinger, 1911

Dellinger, 1911
Kahlbaum, 1902
Kahlbaum, 1902
Roberts-Wrightson
St. Meyer
Moissan-Dewar
de Boisbaudran
Winkler
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DENSITY OF ELEMENTS (Continued)

Element.

Gold, cast
wrought
vacuo-distilled

compressed
Helium, liquid

Hydrogen, liquid

Indium
Iridium
Iodine
Iron, pure

gray cast
white cast
wrought
liquid
Bteel

Krypton, liquid

Lanthanum
Lead, vacuo-distilled.

compressed
solid
liquid

Lithium
Magnesium ....
Manganese
Mercury, liquid.

solid.

Molybdenum
Neodymium
Nickel
Nitrogen, liquid.

Osmium
Oxygen, liquid . . . .

Palladium
Phosphorus, white.

red
metallic

Platinum
Potassium

solid

liquid ....
Praesodymium
Rhodium
Rubidium
Ruthenium
Samarium
Selenium
Silicon, crystal
amorphous

Silver, cast
wrought
vacuo-distilled . .

.

liquid.

Temp.
•c.

20
30

-269
-252

"ii'
20

-146

'

20
20

325
325
400
850
20

20
—38.8
—38.8
-188

-195
-205

—184

15
20
20
02.1
62.1

20

20
15

20
20

Density
gm./c.c.

19.3
19.33
18.88
19.27
0.15
0.070
7.28

22.42
4.940
7.85-88
7.03-13
7.58-73
7.80-90
6.88
7.60-80
2.16
6.15
11.342
1 1 . 347
11.005
10.645
10.597
10.078
0.534
1.741
7.42

13.596
13.546
13.690
14.193
14.383
9.01
6.96
8.60-90
0.810
0.854

22.5
1.14

12.16
1.83
2.20
2.34

21.37
0.870
0.851
0.830
6.475
12.44
1.532

12.06
7.7-8
4.3-8
2.42
2.35
10.42-53
10.6
10.492
10.503
9.51

Observer.

Kahlbaum, 1902
Kahlbaum, 1902
Onnes, 1908
Dewar, 1904
Richards
Deville-Debray
Richards-Stull

Roberts-Austen

Ramsay-Travere
Muthmann-W isg

Kahlbaum, 1902
Kahlbaum, 1902
Vicentini-Omodei
Vicentini-Omodei

-osman, 1914
-(jsiaaxi, 1914

Richards-Brink, 1907
Voigt
Prehnger
Regnault, Volkmann

Vincentini-Omodei
Vincentini-Omodei
Dewar, 1902
Moissan
Muthmann-'Weiss

Baly-Donnan, 1902
Baly-Donnan, 1902
Deville-Debray

Richards-Stull

Hittorf
Richards-Stull
Richards-Brink, 1967
Vincentini-Omodei
Vincentini-Omodei
Muthmann-'Weiss
Holborn-Henning
Richards-Brink, 1987
Toby
Muthmann-Weiss

Richards-Stull-Brink
Vigoroux

Kahlbaum, 1902
Kahlbaum, 1902
Wrightson
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DENSITY OP ELEMENTS (Continued)

Element
Temp.
°C.

Density
gm./c.c.

Observer

Sodium
Bolid
liquid
solid

Strontium
Sulphur

liquid
Tantalum
Tellurium, crystal,

amorphous
Thallium
Thorium
Tin, white cast. .

wrought
• ; utilized. .

.

solid

liquid
gray

Titanium
Tungsten.
Uranium
Vanadium
Xenon, liquid ....
Yttrium
Zinc, cast

wrought
vacuo-distilled . .

com pressed. .

liquid
Zirconium

20
97.6
97.6

-188

20

226
226

"is'

"is'

-i09

20
20

0.9712
0.9519
0.9287
1 . 0066
2.50-58
2.0-1
1.811

16.6
6.25
6.02
11.86
11:3-11.7
7.29
7.30
6.97-7.18
7.184
6.99
5.8
4.5
18.6-19.1
18.7
5.69
3.52
3.80
7.04-16
7.19
6.92
7.13
6.48
6.44

Richards-Brink, 190F
Vincentini-Omodei
Vincentini-Omodei
Dewar
Matthiessen

Vincentini-Omodei

Beljankin
Richards-Stull [1925
Rentschler, Marden,
Matthiessen

Vincentini-Omodei
Vincentini-Omodei

i

Mixter

Zimmermann
Ruff-Martin
Ramsay-Travers
St. Meyer

Kahlbaum, 1902
Kahlbaum, 1902
Roberts-Wrightaon

DENSITY OF ALLOYS

The density is given in grams per cubic centimeter at ordinary atmospheri?

temperatures.

Alloy.

Aluminum and copper

Aluminum and zinc . .

Bell metal
Bismuth, lead and tin

Brass, yellow

red
white

Bronze

Composition.

10 Al, 90 Cu
.-) Al, 95 Cu
3 Al, 97 Cu

91 Al, 9 Zn
78 Cu, 22 Zn
53 Bi, 40 Pb, 7 Sn
70 Cu, 30 Zn cast

rolled

drawn
90 Cu, 10 Zn
50 Cu, 50 Zn
90 Cu, 10 Sn (gun metal)

85 Cu, 15 Sn
80 Cu, 20 Sn
75 Cu, 25 Sn
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Density

7.69
8.37
8.69
2. 80
8.70
10.56
8.44
8.56
8.70
8.60
8.20
8.78
8.89
8.74
8.83
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DENSITY OF ALLOYS (Continued)

AUoy.
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DENSITY OF VARIOUS SOLIDS

The approximate density of various solids at ordinary atmospheric
temperature.

(Selected principally from the Smithsonian Tables.)

Substance.

Agate
Alabaster, carbon-

ate
sulphate

Albite
Amber
Amphoboles.. .

.

Anorthite
Asbestos
Asphalt
Basalt.

.

Beeswax
Beryl
Biotite
Bone
Brick
Butter
Calamine
Calcspar
Caoutchouc. . .

.

Celluloid
Cement, set. . .

.

Chalk
Charcoal, oak. .

pine
Cinnabar
Clay
Coal, anthracite
bituminous. .

Cocoa butter. .

.

Coke
Copal
Cork
Corundum
Diamond
Dolomite
Ebonite
Emery
Epidote
Feldspar
Flint
Fluorite
Galena
Gamboge
Garnet
Gas carbon
Gelatine

Grams
per

cu. cm.

Pounds
per

cu. ft.

2.5-2.7 156-168

2.69-2.78
2.26-2.32
2.62-2.65
1.06-1.11
2.9-3.2
2.74-2.76
2.0-2.8
1.1-1.5
2.4-3.1
0.96-0.97
2.69-2.7
2.7-3.1
1.7-2.0
1.4-2.2
0.86-0.87
4.1-4.5
2.6-2.8
0. 92-0. 99
1.4
2.7-3.0
1.9-2.8
0.57
0.28-0.44
8.12
1.8-2.6
1.4-1.8
1.2-1.5
0.89-0.91
1 0-1.7
1.04-1.14
0.22-0.26
3.9-4.0
3.01-3.52
2.84
1.15
4.0
3.25-3.50
2.55-2.75
2.63
3.18
7.3-7.6
1.2
3.15-4.3
1.88
1.27

168-173
141-245
163-165
66-69

1S0-200
171-172
12.5-175

69-94
150-190
60-61

168
170-190
106-125
87-137
53-54

255-280
162-175
57-62
87
170-190
118-175
35
18-28

507
122-162
87-112
75-94
56-57
62-105
65-71
14-16

245-250
188-220
177

72
250
203-218
159-172
164

198
460-470
75
197-268
117

80

Substance.

Glass, common
flint

Glue
Granite
Graphite
Gum arabic
Gypsum
Hematite
Hornblende. . .

.

fee

India rubber. .

.

Ivory
Leather, dry . . .

Lime, slaked. .

.

Limestone
Magnetite
Malachite
Marble
Meerschaum . .

.

Mica
Muscovite
Ochre
Opal
Paper
Paraffin
Peat
Pitch
Porcelain
Porphyry
Pyrite
Quartz
Resin
Rock salt

Sandstone
Serpentine
Silica, fused trans-

parent
translucent.

.

Slag
Slate
Soapstone
Starch
Sugar
Talc
Tallow
Tar
Topaz

Grams Pounds
per per

cu. cm. cu. ft.

2.4-2.8
2.9-5.9
1.27
2.64-2.76
2.30-2.72
1.3-1.4
2.31-2.33
4.9-5.3
3.0
0.917
0.91-0.93
1.83-1.92
0.86
1.3-1.4
2.68-2.76
4.9-5.2
3.7-4.1
2.6-2.8
0.99-1.28
2.6-3.2
2.76-3.00
3.5
2.2
0.7-1.15
0.87-0.91
0.84
1.07
2.3-2.5
2.6-2.9
4.95-5.1
2.65
1.07
2.18
2.14-2.36
2.50-2.65

2.21
2.07
2.0-3.9
2.6-3.3
2.6-2.8
1.53
1.61
2.7-2.8
0.93-0.97
1.02
3.5-3.6

150-175
180-370
80
165-172
144-170
80-85
144-145
306-330
187
57.2
57-58
114-120
54
81-87
167-171
306-324
231-256
160-177
62-80
165-200
172-225
218
137
44-72
54-57
52
67
143-156
162-181
309-318
165
67
136
134-147
156-165

142
133
125-240
162-205
162-175
95
100
168-174
57-60
66
219-225
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DENSITY OF VARIOUS SOLIDS (Continued)

Substance.

Tourmaline
Wax, sealing
Wood (seasoned)
alder
apple
ash
bamboo
~basswood
beech
blue gum
birch
box
butternut
cedar
cherry
dogwood
ebony
elm
hickory
holly
juniper
larch

Grams



HANDBOOK OF CHEMISTRY AND PHYSIC3

DENSITY OF VARIOUS LIQUIDS
(Selected from Smithsonian Tables.)

Liquid.
Grams per

cu.cm.
Pounds
per cu.ft.

Temp.
•C.

Acetone
Alcohol, ethyl

methyl
Benzene
Carbolic acid

Chloroform
Ether
Gasoline
Glycerine
Milk
Naphtha, wood
Naphtha, petroleum ether

Oils:

castor
cocoanut
cotton seed
creosote
linseed, boiled

olive

turpentine
Sea water

0.

0.

0. 950-0
1

0.

0.66-0.
1.

1.028-1.
0.848-0.

0.

0.

1.040-1.
0.

0.

0.

1

792
791
810
899
965
480
736
69
260
035
810
665

969
925
926
100
942
918
873
025

50.

41.

64.

49.4
49.4
50.5
56.1

2-60.2
92.3
45.9

0-43.0
78.6

2-64.6
9-50.5

41.5

60.5
57.7
60.2

64.9-68.6
58.8
57.3
54.2
64.0

0°

15
18

15

15
15
16
15
15
15
16
15

HYDROMETER CONVERSION TABLES
Showing the Relation between Density (C. G. S.) and

Degrees Baume fob Densities less than Unity.
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HYDROMETER CONVERSION TABLES
(Continued)

Showing the Relation between Density (C. G. S.) and the
Baume and Twaddell Scales for Densities above Unity.

Density.
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ABSOLUTE DENSITY OF WATER
Density in Grams per Cubic Centimeter, Computed from

the Relative Values by Thiesen, Scheel and Dissel-
horst (1900), and the absolute value at 3°.98 c. by
the International Bureau op Weights and Measures
(1910).

Degrees
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RELATIVE DENSITY AND VOLUME OF WATER
The mass of one cubic centimeter of water at 4° C ia taken as unity.
The absolute density in C. G. S. units is obtained by multiplying the rel-

ative density by 0.999973.
(Smithsonian Tables, compiled from Various Authors.)

Temp.
•C.
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DENSITY AND VOLUME OF MERCURY
Based on the Density ov Mercury at 0° C. bt Thieben and Scheel

(1898)

(Selected from Smithsonian Tables.)

Temp.
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DENSITY OF AQUEOUS SOLUTIONS

(Selected from Smithsonian Tables.)

Substance.

Density in grams per cubic centimeter.

Parts of solute in 100 parts of solution by weight.

10 15 20 25 30 40 50 60

Ammonium chloride . .

Barium chloride
Cadmium chloride. . . .

Calcium chloride
Cane sugar
Copper sulphate
Mercuric chloride
Potassium bichromate

hydroxide
chloride
bromide
iodide
nitrate

Sodium hydroxide. . . .

chloride
Silver nitrate
Zinc chloride

sulphate

1.015
1.045
1.043

1 041 1

1 019 1

1.031 1

1.041 1

1 . 035
1.040
1.031
1.035

1.036
1.031

1 058 1

1.035 1

1 044 1

1 043 1

1.027 1

044 1.05S 1

147 1.206 1

138 1.193 1

132 1.181

060, 1.082

098 1.134

1

1.

1

1

1

1

1

1

1

1

057 1

1.176
1.135

072
269
254 1

232! !

129|1

173 1

1.229

114 1.157 1

118 1.164
099 1 135
109 1.224
110 1.160
140 1 195

135 1.184
089 1.122

.205

.216

^279

.191

255
23G
.156

1.286

1.331

1.469
1.402
1.289

1.410

L364
1.394

1*436

K479
1.417
1.269

1.653

1.538

1.SS7

1.666

L732

L642

l'9i8
1.737
1 443

15.

15.

19.5

15.

17.5

18.

20.

19.5
15.

15.

19.5
19.5
15.

15.

15.

15.

19.5
20 5

DENSITY OF ALCOHOL

Density of Ethyl Alcohol in Grams per Cubic Centimeter,
Computed from Mendelejeff's Formula

(Selected from Smithsonian Tables.)

Temp. ° C.
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DENSITY OF DRY AD*

At the Temperature t, and under the Pressure H cm. or Mercury,
the Density of Air

0.001293 H
1 +0-00367 t 76'

(From Miller's Laboratory Physics, Ginn & Co, puH'=v p-« ,: =:sion.)

Pressure // in Centimeters.

72.0 73.0

0.001182 0. 001 19S
178 193

190

181

0.001161
157
153
149
145

0.001177
173
160
165
161

200.001141
21 137

134
130
126

0.001157
15?
1*1
145
142

74.0

0.001215
210
206
202
198

0.001193
189
185
181
177

0.001173
169
165
161
157

0.001122
118
115
111
107

0.001138
134
130
126
123

75.0 76.0

0.001231
227
222
218
214

0.001210
205
201
197
193

0.001247
243
239
234
230

0.001226
221
217
213
209

77.0

0.001189

181
177
173

0.001153 0.001169
149 165
146
142
138

161
157
153

0.001264
259
255
251
246

0.001242
238
233
229
225

0.001205
201
197
193
189

0.001185
181
177
173
169

Proportional
Parts.

17
cm.
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

3
5
7
8
10
12
14
15

16

0.001221
216
212
208
204

0.001200
196
192
188
184

001150 0001165 0.001180

cm.
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

2
3
5
6
8
10
11
13
14

15
cm.
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

3
4
6
7
9
10
12
13

solo 001 104!Q. 001119 0001134

TENSITY OF SATURATED VAPORS AT THE TEMPERA-
DENSITY O* 1̂^normal EBULLITION

Density.

Acetic acid

Benzene
Chloroform
Ether
Ethyl alcohol

.

Methyl alcohol

Water

0.00315
0.00275
0.00443
0.00311
0.00164
0.00121
0.000596

547
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DENSITY OF GASES IN LIQUID AND SOLID FORM
Temperatures marked *.are the temperatures of normal ebullition.

Gaa.

Acetylene

Air (20. 9% oxygen}.
Ammonia

Argon. . .

Carbon dioxide

Carbon monoxide. . .

Chlorine
Chlorine
Ethylene

Ethylene
Helium

Hydrogen
Hydrogen sulphide .

Nitrogen
Nitrous oxide
Nitrous oxide
Oxygen

Sulphur dioxide. .

Liquid.

Temp.
°C.

- 23.5
30-8

-147.
- 10.7
+ 16.3
-187.*

- 60.
+ 20.
-190*
- 68.
- 33.6*
+ 20.
- 21.

+ 10.
-!269.*

-253.*
- 61.
-196.*
- 20.
+ 17.
- 23.

-182.7*

-205.
- 10.*
-I- 20.

D
g/om'

0.52
0.40
0.92
0.65
0.61
1.41

1.19
0.77
.79
.86

1.66
1.41
0.41

0.21
0.122

0.07
0.86
0.804
1.0
.80

0.89

1.14

1.25
1.4C
1.38

Solid.

Temp.
•C.

- 79

-260.

-253.

-253

D
g/om'.

53

.076

1.03

-1.41

Observer.

Mathias, 1909

Andreeff, 1859
Andreeff, 1859
Baly <fc Donnan,

1902
Behn, 1910
Amagat

Raly & Donnan
Knietsch, 1890
Knietsch, 1890
Cailletet & Mathias,

1886

Kamerling-Onnes &
Perrier, 1910

Dewar, 1904

Dewar, 1904
Cailletet & Mathias
Villard, 1897
Cailletet & Hante-

feuille, 1881
Kamerling-Onnes &

Perrier, 1910
Baly & Donnan
Pierre
Cailletet & Mathias

ELASTIC CONSTANTS FOR SOLIDS
Young's Modulus and Modulus of Rigidity

The values can be considered only as approximations. They are for
ordinary atmospheric temperatures.
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ELASTIC CONSTANTS FOR SOLIDS (Continued)
Young's Modulus and Modulus of Rigidity (Continued)
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COMPRESSIBILITY OF LIQUIDS
Contraction in unit volume per atmosphere.

Liquid.
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COMPRESSIBILITY OF LIQUIDS (Continued)

Contraction in unit volume per atmosphere.

Liquid.

Ethyl alcohol:

Ethyl bromide

.

Ethyl chloride

.

Ethyl iodide . .

.

Fluor-benzene

.

Glycerine

.

Mercury

.

Temp.
°C.

Methyl acetate

Methyl alcohol

Nitric acid

Palmitic acid .

.

Paraffine

Oil, almond. . .

olive .......
turpentine .

.

Toluene

Xylene

0.

20.

40.

0.

0.

0.

0.

10.1

10.1

13.7

35.

0.

0.

11.

62.

99.

10.6

13.9

35.3

99.7
14.9

0.

15.

14.3

99.

0.

0.

14.7

100.

20.3

65.

100.

64.

100.

17.

20.5

19.7

10.

100.

10.

100.

Pressures in

atmospheres.

1-50
1-50
1-50

100-200
30CHW0
500-600
900-1000

1-500
500-1000
0.4-18.5
2-19
1-500

500-1000
8.5-34.2

12.7-32.8

12.8-34.5
1-500

500-1000
0.4-18
0.4-18 .

4.3-18.5
1-10

100-200
8.1-37.5
8.3-37
1-500

500-1000
8.5-371
8.7-37.3
1-32

20-100
20-100
20-100
20-100

Coefficient.

1-5.25
1-5.25
1-5.25
1-5.25

551

96.X10^
112.

125.

85.

73.

64.

52.

89.6
63.4

113.

138.

103.

69.2

138.

255.

495.

73.8
56.2

88.

103.

190.

22.

3.92

3.76

97.

250.

79.4
58.3

104.

221.

338.

88.

99.

84.

107.

55.

63.

79.

79.

150.

74.

132.

Observer.

Amagat, 1893

Amagat
<t

Suchodski, 1910
it

Amagat, 1893
<<

it

it

it

Amagat
it

Suchodski, 1910

De Metz, 1890
Amagat
Richards, 1907
Amagat

Barus, 1890
u
It

11

Quincke

tt

DeHeen, 1885
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COMPRESSIBILITY OF LIQUIDS (Continued)

Contraction in unit volume per atmosphere.

Liquid.
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ELASTIC CONSTANTS FOR GASES
"For ihort ranges of pressure, at a constant temperature, the volume of

a gas is inversely proportional to the pressure or pressure Xvolume =a
constant. (Boyle's Law.)

For high pressures, the table below shows the relative volumes at various
temperatures. The volume at 0° C. and 76 cm. pressure (1 atmosphere)
being taken as 1,000,000.

(From Smithsonian Tables.)
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COEFFICIENT OF FRICTION
(From Rankine's Compilation, 1858; Smithsonian Tables.)

Materials.

Wood on wood, dry
Wood on wood, soapy
Metals on oak, dry
Metals on oak, wet
Metals on oak, soapy
Metals on elm, dry
Hemp on oak, dry
Hemp on oak, wet
Leather on oak
Leather on metals, dry
Leather on metals, wet
Leather on metals, greasy
Leather on metals, oily

Metals on metals, dry
Metals on metals, wet
Smooth surfaces occasionally greased.

.

Smooth surfaces continually greased . .

Smooth surfaces, best results

Steel on agate, dry
Steel on agate, oiled

Iron on stone
Wood on stone
Masonry and brick work, dry
Masonry and brick work, damp mortar
Masonry on dry clay
Masonry on moist clay
Earth on earth
Earth on earth, dry sand, clay and
mixed earth

Earth on earth, damp clay
Earth on earth, wet clay
Earth on earth, shingle and gravel. . . .

Coefficient of
friction.

.25-. 50

.20

.50-. 60

.24-. 26

.20

.20-. 25

.53

.33

.27-. 38

.56

.36

.23

.15

.15-. 20

.3

.07-. 08

.05

.03-. 036

.20

.107

.30-. 70
about .40
.60-. 70
.74
.51

33
^25-1. 00

.38-. 75
1.00
.31
.81-1.11

Angle of repose
in degrees.

14.0-26.5
11.5
26.5-31.0
13.5-14.5
11.5
11.5-14.0
28.0
18.5
15.0-19.5
29.5
20.0
13.0
8.5
8.5-11.5
16.5
4.0-4.5
3.0
1.75-2.0

11.5
6.1
16.7-35.0
22.0
33.0-35.0
36.5
27.0
18.25
14.0-45.0

21.0-37.0
45.0
17.0
39.0-48.0

RESISTANCE TO CRUSHING FOR VARIOUS MATERIALS
Approximate values in pounds per square inch.
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TENSILE STRENGTH OF METALS
(Selected from Smithsonian Tables.)

Given in pounds per square inch. The values can be considered only
approximations.

Metal.
Tensile Strength
in lbs. per sq. in.

Aluminum wire
Braes wire
Brouze wire, phosphor, hard drawn

.

Bronze wire, silicon, hard drawn
Bronze
Cobalt, cast
Copper wire, hard drawn
German silver

Gold wire
Iron, cast
Iron wire, hard drawn
Iron wire, annealed
Lead, cast or drawn
Magnesium, hard drawn
Monel metal, cold drawn
Nickel, hard drawn
Palladium
Platinum wire
Silver wire
Steel
Steel wire, maximum •

Steel, specially treated nickel steel .

Steel, piano wire, 0.033 in. diam...

Steel, piano wire, 0.051 in. diam...

Tantalum
Tin, cast or drawn
Tungsten, hard drawn
Zinc, cast
Zinc, drawn

30000^*0000
50000-150000
110000-140000
95000-1 15000
60000-75000

33000
60000-70000
40000-50000

20000
13000-33000
80000-120000
50000-60000
2600-3300

33000
80000-100000

155000
39000
50000
42000

80000-330000
460000
250000

357000-390000
325000-337000

130000
4000-5000
590000

7000-13000
22000-30000

MODULUS OF RUPTURE. TRANSVERSE TESTS FOR
VARIOUS WOODS
(Smithsonian Tables.)

Material.

Ash, white. . .

Basswood . . .

Beech
Cedar, red.. .

Cedar, white.

Cypress, bald

Elm, white . .

Fir, red
Hemlock ....

Hickory, pignut

Modulus,
lbs. per sq.in.

10,800
8,340
16,200
11,800
6,300
7,900
10,300
13,270
9,480
18,700

Material.
Modulus,

lbs. per sq.in.

Maple, sugar
Maple, white.

Oak, red

Oak, white. . .

Pine, white. . .

Pine, red ....

Poplar
Spruce, pine.

.

Walnut, black

16,500
14,640
11,400
13,100
7,900
9,100
9,400
10,000
11,900

555
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1 Talc
2 Rocksalt
3 Calcite

HARDNESS

Scale of Hardness

4 Fluorite

5 Apatite
6 Feldspar
7 Quartz

8 Topaz
9 Corundum
10 Diamond

Hardness of Materials

The numbers give only the order of arrangement as to hardness.

(Fiona Smithsonian Tables.)

Agate
Alabaster.

.

Alum
Aluminum.
Amber. . .

.

Andalusite.
Anthracite.
Antimony

.

Apatite. . .

Aragonite

.

Arsenic. . . .

Asbestos. .

Asphalt . . .

Augite. . . .

Barite
Beryl
Bell-metal

.

Bismuth. . .

Boric acid

.

Brass
Calamine.

.

Calcite. . . .

Copper. . . .

Corundum.
Diamond..
Dolomite.

.

Feldspar. .

Flint

Fluorite . . .

Galena.. . .

Garnet. . . .

Glass
Gold
Graphite. .

Gypsum. . .

7.
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SURFACE TENSION OF VARIOUS LIQUIDS IN
CONTACT WITH AIR

(Compiled from Various Sources.)

Liquid.
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SURFACE TENSION OF FUSED SOLIDS

(With One Exception from Quincke, 1868.)

Sub9tance.
Gas with

which liquid
is in contact.

Temp. ° C.
Surface
tension,

dynes per cm.

Antimony
Borax
Copper
Gold*
Iron
Lead
Phosphorus
Platinum
Potassium
Potassium chloride.

Silver

Selenium
Sodium
Sodium chloride. . .

Sugar
Sulphur
Tin
Zinc

C02

air

air

air

air

C02

C02

air

air

air

air

air

C02

432.
fusion
fusion

1070
fusion
330

fusion

2000
58

fusion

1000
fusion

90
fusion

160
111

fusion

360

245.
212.
581.
612.
950.
448.
41.2

1658.
371.
93.

782.
70.

258.
115.

66.9
42.

352.
877.

* Heydweiller.

SURFACE TENSION OF WATER AND ALCOHOL
Surface Tension for Water and Alcohol (Ethyl) in

Contact with Air in Dynes per Centimeter
(From Smithsonian Tables.)
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VISCOSITY

The coefficient of viscosity of a substance is denned as the

tangential force per unit area of either of two horizontal planes

at unit distance apart, one of which is fixed, while the other

moves with unit velocity, the space being filled with the

In the case of a liquid flowing slowly through a long tube

of small diameter, the volume V of liquid which escapes in a

time t is given by the equation,

Sir)

where p is the difference in pressure between the two ends of

the tube; r, its radius; /, its length and 77, the coefficient of

viscosity. (Law of Poiseuille.)

A more complete equation is now generally used:

trdgrH
77
=
SQ(l + *)

where r) is the coefficient of viscosity; d, the density in gm./cni 3
;

r, the radius and I the length of the tube in cm.; Q, the volume

in cm 3 discharged in t sec; X a correction to the length of the

tube; h, the average head in cm.; m, the coefficient of the

kinetic energy correction, miP/g; g, the acceleration due to

gravitv in cm./sec.'; v, the mean velocity in "m/sec See

Technologic Papers of the Bureau of Standards 100 and 112,

1917 and 1918 for a full discussion.

The coefficient of viscosity is expressed in dyne-seconds per

Cn
Specific

0lS

v7scositv is the ratio of the coefficient of viscosity

of any substance to that of water at 0° C. or other specified

temperature.

VISCOSITY OF WATER

q(*-t)

Temper-
ature
C

Coefficient of Viscosity C. G. S.

5
10
15
20
25
30
35
40

Thorpe-Rodger
1894

0.01778
.01510
. 01303
.01134
. 01002
. 00891
.00798
. 00720
.00654

Hosking 1909

0.01793
. 01522
.01310
.01142
. 01006
.00893
.00800
.00724
.00657

Bingham and
Jackson, 1917

0.01792
.01519
. 01308
.01140
.01005
.00894
. 00801
.00723
.00656

Specific
Viscosity
Hosking
1909

1.000
.849
.730
.637
.561
.498
.446
.404
.367

559
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VISCOSITY OP WATER (Continued)

Temper-



HANDBOOK OF CHEMISTRY AND PHYSICS

VISCOSITY OF LIQUIDS (Gemtkraed)

Liquid.
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VISCOSITY OF LIQUIDS (Continued)

Liquid.
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VISCOSITY OF LIQUIDS (Continued)

Liquid.
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VISCOSITY OF LIQUIDS (Continued)

Liquid.
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VISCOSITY OF LIQUIDS (Continued)

Liquid.

Propyl ald< I

bromide

.

chloride

.

Salicylic acid

Sodium bromide

chloride

nitrate

Sugar

Sulphur

Temp.
•C.

Sulphur d oxide, liquid

Sulphuric a

Toluene

Turpentine

Turpentine, Venice

Xylene (.xylolr

ortho

meta

para

Zinc

Coefficient Observer.

10
20
40

20
40

20
40
10
20
40
762

34S

418
124.0
109

100
110
170
180
187
200
300
340
380
420

—33.5
— 10.5

0.1
20
11.2

20
40
60

10
2
30
17.3

20
40

20
40
20
40
3S0

389

.0047

.0041

.0033

. 00645

.00517

.00291

. 00436

.00352

.00201

.0320

.0271

.0181

. 0142

.0128

.0130

.0101

.0097

.02919

. 02439

.01977

.01828
1900
8000

.22

.16

.12
320
550
560
500
24
6.2
2.5
1.13
.80
. 005508
. 004285
. 003936
.22
.31953
. 00768
.00586
.00466
. 00381
.0225
.0178
.0149
.0127

1300

.01102

.00807

. 00623

. 00802

.00615

. 00491

.00643

.00508

.016S

.0142

.0131

Thorpe-Rodger, 1894
Thorpe-Rodger, 1894
Thorpe-Rodger, 1894
Thorpe-Rodger, 1894
Thorpe-Rodger, 1894
Thorpe-Rodger, 18

Thorpe-Rod- - ;

Thorpe-Rodger, 1894
Thorpe-Rodger, 1894
Rellstab, 181

Rellstab, 181

Rellstab, 1868
Lorenz, 1912
Lorenz, 1912
Lorenz, 1912
Lorenz, 1912
Lorenz, 1912
Lorenz, 1912
Lorenz, 1912
Lorenz, 1912
Lorenz, 1912
Tammann, 1899
Tammann, 1899
Rotinjanz, 1908
Rotinjanz, 1908
Rotinjanz, 1908
Rotinjanz, 1908
Rotinjanz, 1908
Rotinjanz, 1908
Rotinjanz, 1908
Rotinjanz, 1908
Rotinjanz, 1908
Rotinjanz, 1908
Rotinjanz, 1908
Rotinjanz, 1908
Fitzgerald, 1912
Fitzgerald, 1912
Fitzgerald, 1912
Graham. 1849
Poiseuille
Thorpe-Rodger, 3894
Thorpe-Rodger, 1894
Thorpe-Rodger, 1894
Thorpe-Rodger, 1894
Glaser
Glaser
Glaser
Glaser
Landenburg, 1906

Thorpe-Rodger,
Thorpe-Rodger,
Thorpe-Rodger,
Thorpe-Rodger,
Thorpe-R"dger,
Thorpe- Rodger.
Thorpe-Rodger,
Thorpe Rodger,
Pluss, 1915
Pliiss, 1915
Pluss, 1915

1894
1894
1894
1894
1894
1894
1894
1894

565
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VISCOSITY OF GASES

Coefficient of viscosity of gases and vapors. C. G. S. units.

Gas or vapor.
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VISCOSITY OF GASES (Continued)

Gas or vapor.

Carbon dioxide.

pressure, 1 atm.

pressure, 20 atm.
pressure, 40 atm.
pressure, 50 atm.
pressure, 56 atm.

disulphide, vapor. .

monoxide

tetrachloride, vapor
Chlorine

Chloroform, vapor.

Cyanogen

Ether (diethyl-), vapor

Ethyl acetate, vapor,

alcohol, vapor

bromide, vapor. . .

butyrate, vapor
chloride, vapor

formate, vapor
iodide, vapor .

.

Ethylene

Temp.
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VISCOSITY OF GASES (Continued)

Gas or vapor.
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VISCOSITY OF GASES (Continued)

Gas or vapor.

Nitious

Oxygen

Propyl alcohol, vapor
bromide, vapor. . . .

iodide, vapor
Sulphur dioxide

Water, vapor

Xenon

Temp.

—21.5

100.3
20
15.4
53.5
20
97.4
70.8
102

20

16.7
100
u

Coefficient
of viscosity.

124.9
100. 6
182.9
212.0
195.7
215.9
206.0
142.0
184.5
210.0
122.5
138.0
90.4
96.7
132.0
97.5
222.0

Observer.

Obermayer, 1875
Obermayer, 1875
Obermayer, 1875
Graham, 1846
Obermayer, 1876
Obermayer, 1876
Meyer-Springmuhl, 1873
Steudel, 1882
Steudel, 1882
Steudel, 1882
Graham, 1846
Graham, '846
Puluj, 1874
Puluj, 1874
.Meyer-Schumann, 1881
Kundt-Warburg, 1875

I Rankine, 1910

VISCOSITY OF SOLIDS

C. G. S. Units.

Subs'
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DIFFUSION
Gases into Aib

Gas or vapor.

Alcohol, vapor . . . .

Carbon dioxide. . . .

Carbon disulpbide.
Ether, vapor
Hydrogen
Oxygen
Water, vapor

Temp.
C.

40.4
0.0
19.9
19.9
0.0
0.0
8.0

Coefficient of
diffusion,
sq.cm./sec.

0.137
0.139
0.102
0.089
0.634
0.178
0.239

Observer.

Winkelmann
Mean of various
Winkelmann
Winkelmann
Obermayer
Obermai
Guglielmo

Aqueous Solutions into Pure Water
Concentration in gram-molecules per liter.

Substance.

Acetic acid.

Ammonia
Barium chloride. . . .

Bromine
Cadmium sulphate. .

Calcium chloride. . .

Chlorine
Copper sulphate. . . .

Formic acid
Glycerine

Hydrochloric acid. .

Iodine
Magnesium sulphate
Nitric acid
Potassium bromide.

carbonate
chloride
chloride
hydrate

Silver nitrate
Sodium acetate

chloride

hydrate
iodide

Sugar
Sulphuric acid

Urea

Zinc acetate

sulphate

Concen-
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OSMOTIC PRESSURE OF AQUEOUS SOLUTIONS

For a Membrane of Ferrocyanide op Copper

Dissolved Substance.



HEAT
CONVERSION OF THERMOMETER SCALES

(F —32)4
Degrees C X1.8+32=Degrees F. Degrees • ^Degrees R.

1

Degrees

Degrees

F.-32
1.8

RX9
= Degrees C. Degrees

-32= Degrees F.

9
R.X5
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COEFFICIENT OF THERMAL EXPANSION (Continued)

Linear

The coefficient given is the increase in length per unit length (measured

at 0° C.) per degree Centigrade.

Substance

Calcite, parallel to axis

perpendicular to axis

Caoutchouc

Carbon
diamond
gas carbon
graphite. .

Cement and concrete . .

Cobalt
Constantan

60Cu, 40Ni

Copper

.

Diamond, tee Carbon
Ebonit*
Emerald, parallel to axis

.

perpendicular to axis . .

Fluor spar, CaFj
Galena
German silver

60Cu. loN'i, 25Zn
Glass

tube
soft
hard
plate
crown
flint

Jena thermometer
If}111 normal
591"
59"i

Gold

Temp. °C.

0-85
0-85

17-25

40
40
40

40
4-29

20

0.2514 X 10~«

-0.0558
0.657-0.686
0.770

0.0118
0.0540
0.0786
0.10-0.14
0.1236
0.1523
0.170

•191 to +16
0-38
0-500

-191 to +16
10-90
0-625

25-35
0-85
0-S5
0-100

0-100

0-100

Gold-copper . .

.

2Au, lCu
Gold-platinum
2Au, lPt

Granite
Gun metal . . . .

Gutta percha. .

Ice

Indium
Invar, see Nickel steel

Iodine
Iridium
Iron

soft

caat
oast

Coefficient

0.1202
0.1448
0.1481

0.1409
0.1596
0.1607

0.842
0.0135

+0.0100
0.195
0.199
0.1836

0-100
0-100
50-60

0-100
0-100

-191 to +16
-183 to +10

16-100
0-100

0.0833
0.085
0.097

. 0891

. 0897
0.0788

0.081
0.058
0.0424
0.132

143
0.1552

0-100

-20to-l
-lOtoO

-188 to 16
-183 to +19
-190 to +17

40
40

-190 to +16

40

0.1523

0.083
0.183
1.983
0.510
0.507

417

837
0571

J.0907
1210
1061

0.0850

Benoit, 1888

Various
Kohlrausch

Fizeau, 1869

Observer

National Physical
Laboratory

Henning, 1907
Guillaume, 1896
Holborn & Day,

1900
Henning, 1907
Fizeau, 1869
Dittenberger, 1902

Kohlrausch
Benoit

Pfaff

Pfaff

Fizeau
Schott

Lavoisier & Laplace

Pulfrich

Schott

Henning, 1907
Griineisen, 1910

Matthiessen

Nat. Phys. Lab.
Russner, 1882

Vincent,'
i962'"

Fizeau, 1869

Dewar, 1902
Griineisen, 1910
Henning, 1907
Fizeau, 1889

Henning, 1907
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COEFFICIENT OF THERMAL EXPANSION (Continued)

Substance

Iron, wrought . . .

steel

teel, annealed,
steel, 1.2% C.

Lead.

Lt ad-tin . .

.

2Pb, ISn
Magnesium.

•

wrought . .

.

Mngnalium. .

.

< \\, 4Mg
S6A1, 14Mg.

Marble
Masonry
Mercury

Monel metal.

Nickel

.

Xickel steel

10% Ni
20
30
36 (Invar)
40
50
80

Osmium
Palladium

Paraffine

Phosphorous
Phosphor bronze, see Bronze
Platinum
Platinum iridium

lOPt, llr
Platinum silver

33Pt, 67Ag
Porcelain

Berlin

Bayeux

Temp. °C. Coefficient

-18 to +100
40
40

0-100
100-200
200-300
300^100
400-500
500-600
600-700

above 900
-183 to +14

18-100
0-100

•183 to +15
18-100
20-100
20-100

0-13

12-39
15-100

-1S3 to-39
-78 to -38

25-100
25-300
25-600

-191 to + 16
40

16-250

375-1000

20
20
20
20
20
20
20
40
40

0-100
0-16
16-38
38-49
0-44

40
40

0-100

20-790
0-100

1000-1400

0.1140 X 10"«

0.1322
0.1095
0.105
0.115
0.13
0.15
0.14
0.16
0.16
0.29
0.2708
0.2940
0.2508

0.2140
. 2608
. 2696

0.2673
0.22

0.238
0.117
0.04-0.07
0.30
0.41
0.14
0.15
0.16
0.1012
0.1279
0.1397

0.1346

130
195
120
009
060
097
125
0657
1176
1104
066
303
771
24

0.0899
0.0884

0.1523

0.0413
0.031

0.025
0.0553

Observer

Andrews
Fizeau, 1869
Fizeau, 1869
Le Chatelier, 1899

Grttneisen, 1910

Smeaton

Gruneisen, 1910

C. D. H., 1917

Guillaume, 1902

Stadhagen, 1901
Frohlicn

Dewar, i902
Grunmach, 1901

Henning, 1907
Fizeau
Holborn & Day,

1901
Holborn & Day,

1901

Nat. Phys. Lab.

Fizeau

Matthiessen
Rodwell

Laduc, 1891

Fizeau
Fizeau

Matthiessen

Braun
Holborn & Grun-

eisen
Tutton, 1902
Deville & Troost
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COEFFICIENT OF THERMAL EXPANSION (Continued)

Linear

The coefficient given is the increase in length per unit length (measured
at 0° C.) per degree Centigrade.

Substance

Quartz (crystal)

parallel to axis.

perpendicular to axis

.

fused

Rhodium
Rock salt

Rubidium
Ruthenium
Sandstone
Selenium

Silicon
Silver

Slate
Solder, see Lead-tin
Speculum metal

68Cu, 32Sn
Sodium
Sulphur, crystal
Tellurium
Thallium
Thorium
Tin

Topaz, axis a
" b
" c

Tourmaline
parallel to axis

perpendicular to axis

Tungsten
Type metal
Vulcanite
Wood

parallel to fiber

ash
beech
chestnut
elm
mahogany
maple
oak
pine
walnut

across fiber

beech
chestnut
elm
mahogany
maple
oak
pine
walnut

Zinc

Temp. °C.

-190 to +16
0-80
0-80

-191 to +16
0-30
0-100
0-800
0-1200

40
40

2-17
40
20

-180 to
40
40

-191 to +16
20
20

20

-188 to +17
40
40
40

0-100
-183 to +16

18-100
0-100
0-100
0-100

0-100
0-100
20-100
17-254
0-18

0-100
2-34
2-34
2-34
2-34
2-34
2-34
2-34
2-34

2-34
2-31
2-34
2-34
2-34
2-34
2-34
2-34

10-100

Coefficient

0521 X 10"1

0797
1337
00256
0042
0050
00546
00585
0850
4040
862
0963
07-0.12
372
3680
0763
1704
188
06-0.10

0.193

0.622
0.6413
0.1675
0.3021
0.123
0.2257
0.2692
0.0832
0.0836
0.0472

0.0937
0.0773
0.0336
0.1952
0.6360

0.0951
0.0257

. 0649
0.0565
0.0301
0.0638
0.0 102
0.0541
0.0658

0.614
. 325

0.443
0.404
0.484

. 544
0.341
0.4S4
0.264
0.2628

Observer

Scheel
Benoit, 1888

Henning, 1907
Chappius, 1903
Scheel, 1907
Randall, 1910

Fizeau

Elsa Deuss, 1911
Fizeau

Dorsey] 1908
Fizeau

Henning, 1907
Voigt, 1893

Smeaton

Dewar, 1902
Fizeau, 1869

D925
Rentschler, Marden
Gruneisen, 1910

Pfaff

Colin, 1910
Daniell
Mayer

Glatzel
Yillari

Dorsey, 1908
Thiesen. 1895
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THERMAL EXPANSION OF GLASSES

The following table gives the mean coefficient of linear expan-
sion for various types of glass as determined bj' Peters and
« igoe of the Bureau of Standards. 1920.

Glass sample
Temp,
interval

1 Barium flint

4 Plate, American
6 German
7 French
8 Light crown
10 Borosilicate crown
11 Barium crown.
12 Medium flint. . .

13 Light flint

16 Commercial g
20 McBeth-Evans flask. . .

.

21 Pyrex. .

22 Schott-Genossen flask..

.

23 Soda tubing
24 Lead tubing
26 Fluorite tubing
29 Fusing in glass, German
30 Fusing in glass, Corning

Coeffi-
cient

Temp,
interval

22-494
20-50S
21-496
21-513
24-422
22-498
23-199
23-402
22-451
23-445
32-149
21-471
19-414
21-372
21-338
22-304
.. ; ;83

22-376

0.088
.10S

.099

.094

.104

.090

.090

.097

.OSS

.107

.069

.036

.056

.120

.091

.098

.090

.083

519-550
540-560
564-589
597-613
494-507
539-562
589-610
432-478
494-512
510-534
567-586
552-571
540-562
50(5-525

464-483
510-551
456-481
460-485

Coeffi-

0.331
.401

.477

.424

548
.393

.649

.396

.347

.309

.454

.151

.404

.234

.236

.284

.283

.258

More complete data, including the composition of the samples
named above, will be found in Scientific Paper No. 393, Bureau
of Standards.
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EQUATION FOR THE LINEAR EXPANSION OF SOLIDS

If Jo is the length at 0° C. the length at t° C. is f, =*„ (1 +at +0P).

The table givee the values of these coefficients.
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COEFFICIENTS OF EXPANSION OF GASES AT
CONSTANT PRESSURE

Change in volume per unit volume per degree Centigrade.

(From Smithsonian Tables.)

Gas.

Acetylene
Acetylene
Air
Air
Ammonia
Ammonia
Carbon dioxide. . . .

Carbon dioxide. . . .

Carbon dioxide. . . .

Carbon dioxide. . .

.

Carbon dioxide. . . .

Carbon dioxide. . . .

Carbon dioxide. . . .

Carbon dioxide. . . .

Carbon dioxide. . . .

Carbon dioxide. . . .

Carbon dioxide. . . .

Carbon monoxide..
Chlorine
Chlorine
Cyanogen
Cyanogen
Hydrochloric acid.

.

Hydrochloric acid.

.

Hydrogen
Hydrogen
Hydrogen
Hydrogen
Hydrogen
Nitrogen
Nitrogen
Nitrous oxide
Oxygen
Oxygen
Oxygen
Oxygen
Oxygen
Oxygen
Sulphur dioxide. . .

Sulphur dioxide. . .

Water vapor
Water vapor
Water vapor
Water vapor
Water vapor

Temp.
°C.

0-100
0-100
0-100

0-100

0-100
0-20
0-40
0-100
0-20
0-100
0-20
0-100

I

64-100
0-100

0-100

0-100

0-100
0-100
0-100
0-100
0-100
0-100

0-100
0-100
0-100
0-100
0-100
0-100
0-100
0-100
0-100

o^iio*
0-141
0-162
0-200
0-247

Pressure
in cm. of

mercury.

76.
;
70.
100.1
76.
76.
76.
70.
51.8
51.8
51.8
99.8
99.8
137.7
137.7

2621.
2621.

76.

I

1

:

76.
70.
100.0
200. atro
400. atm
600. atm
800. atm
76.
76.
76.
100. atm
200. atm
400.fatm
600. atm
800.
1000.

76.
98.
76.
76.
76.
76.
70.

atm
atm

Coeffi-
cient.

003772
3739
3670
36728
3860
3800
3751
3723
37128
37100
37073
37602
37410
37972
37703
1097
6574
3669
3900
3830
396
387
3770
3734
30000
332
295
261
242
3073
3671
3719
486
534
459
357
288
241
3903
3980
4187
4189
4071
3938
3799

Observer.

Leduc, 1912
Leduc, 1912
Regnault. 1842
Chappuis, 1903
Leduc, 1912
Leduc, 1912
Leduc, 1912
Leduc, 1912
Chappuis, 1903
Chappuis, 1903
Chappuis, 1903
Chappuis, I'.h

Chappuis, 1903
Chappuis, 1003
Chappuis, 190
Baly-Ramsay. 1894
Baly-Ramsay. 1894
Regnault, 1842
Leduc. 1912
Leduc, 1912
Leduc, 1912
Leduc, 1912
Leduc, 1912
Leduc, 1912
Chappuis, 1903
Amagat, 1890
Amagat, 1890
Amagat, 1890
Amagat, 1890
Leduc, 1912
Leduc, 1912
Regnault, 1842
Amagat
Amagat
Amagat
Amagat
Amagat
Amagat
Regnault, 1842
Regnault, 1842
Hirn, 1862
Him, 1862
Hirn, 1862
Hirn, 1862
Hirn, 1862
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COEFFICIENT OF EXPANSION OF GASES AT
CONSTANT VOLUME

Change in pressure per unit pressure per degree Centigrade.

(From Smithsonian Tables.)

Gas.
Temp. Prewire

A • ylene.
Acetj i

\ I

\.'

Air
Air
Air
Air
Air

Air. .

Air

.

Amu.-
Ammonia.
Argon. . . .

Carbon dioxide.. . .

Carbon dioxide. . . .

Carbon dioxide. . . .

Carbon dioxide. . . .

Carbon dioxide. .
.

Carbon dioxide. . . .

Carbon dio\
Carbon diox
Carbon monoxide..
Cyanogen
Cyanogen

.

Ethane
Ethane
Helium

0-100

0-100

0-100

0-20
0-40
0-100

O-100
0-100

0-100

6
"

0-100

0-100

.6
1.3

10.0
26.4
76.2
100.1
76.0
200.0

2000.
10000.

76.
76.
51.7

51.8
51.8
51.8
99.8
99.8
100.0
76.
76.
76.
76.
76.
76.
76.
56.7

Coeffi-
cient.

Hydrochloric acid.

Hydrochloric acid. . .

Hydrogen
Hydrogen
Hydrogen
Hydrogen
Hydrogen
Hydrogen
Methane
Methane
Nitrogen

Nitrogen

Nitrogen
Nitrogen
Oxygen
Oxygen
Oxygen
Oxygen
Oxygen
Oxygen
Oxygen
Nitrous

003741
3726
37666
37127
36630
36580
36660
36744
36650
36903
38866
4100
3800
3770
3668

36985
30972
36981
37335
37262
37248
3724
3714
36667
3870
3830
3780
3750
3665

Observer.

Leduc, 1912
Leduo, 1912
Meleander, 1890-92
Meleander, 1890-92

dor, 1890-92
Meleander, 1890-02
Meleander, 1890-95
Chappuis, 1903
Regnault. 1842
Regnault. 1842
Regnault, 1842

I Regnault, 1842
Leduc. 1912
Leduc, 1912

i- Randall,
1S96

Chappuis, 1903
'Chappuis, 1903
ICbappuis, 1903
Chappuis, 1903
Chappuis, 1903
Chappuis, 1892
Leduc, 1912
Leduo. 1912
Regnault. 1842
Leduc. 1912
Leduc, 1912
Leduc, 1912
Leduc, 1912
Keunen-Randall,

1896
Leduc. 1912
Leduc, 1912
Leduc, 1912
Leduc, 1912
Baly-Ramsay, 1894
Balv-Ramsay,
Baly -Ramsay, 1891
Chappuis, 1903
Leduc, 1912
Leduc, 1912
Leduc, 1912
Ledue, 1912
Baly-Ramsay. 1894
Baly-Ramsay, 1894
Chappuis, 1903
Chappuis, 1903
Leduc, 1912
Leduc, 1912
Baly-Ramsay, 1894
Baly-Ramsay, 1894
Baly-Ramsay, 1894
Meleander, 1891
Meleander, 1891
Regnault, 1842
Regnault. 1842
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REDUCTION OF GAS VOLUME
Values or (1+ at) fob Temperatures from to 120° C.

00
10
20
30
40
50
60
70
80
90
100
110
120

1.0000
1.0367
1.0734
1.1101
1.1468
1.1835
1.2202
1.2569
1.2936
1.3303
1.3670
1.4037
1.4404

1.0037
1.0404
1.0771
1.1138
1.1505
1.1872
1.2239
1.2606
1.2973
1.3340
1.3707
1.4074

1.0073
1.0440
1.0807
1.1174
1.1541
1.1908
1.2275
1.2642
1.3009
1.3376
1.3743
1.4110

1.0110
1.0477
1.0844
1.1211
1 . 1578
1.1945
1.2312
1.2679
1.3046
1.3413
1.3780
1.4147

1.0147
1.0514
1.0881
1.1248
1.1615
1.1982
1.2349
1.2716
1.3083
1.3450
1.3817
1.4184

1.0183
1.0550
1.0917
1 1284
1.1651

1.2018
1.2385
1.2752
1.3119
1.3486
1 3853
1.4220

6

1.0220
1.0587
1.0954
1.1321
1.1688
1.2055
1.2422
1.2789
1.3156
1.3523
1.3890
1.4257

1.0257
1.0624
1.0991
1.1358
1.1725
1.2092
1.2459
1.2826
1.3193
1.3560
1.3927
1.4294

8

1.0294
1.0661
1.1028
1.1395
1.1762
1.2129
1.2496
1.2863
1.3230
1.3597
1.3964
1.4331

1.0330
1.0697
1.1064
1.1431
1.1798
1.2165
1.2532
1.2899
1.3266
1.3633
1.4000
1.4367

Values of H/760 for Pressures from 700 to 780 mm. of Mercury.

H
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SPECIFIC HEAT OF WATER
Temperatures on the normal (hydrogen) scale: specific heat in normal

calories (15°)

Ice

1
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SPECIFIC HEAT OF WATER (Continued)

Water Above 100" C.

Temp.
°C.
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SPECIFIC HEAT OF ELEMENTS

Element.

Aluminum.

Antimony

.

Arsenic, gray,

crystal

black amor. . .

.

Barium . .

Beryllium

.

Bismuth. .

liquid

Boron, amor.

Bromine, solid.

liquid .

.

Cadmium

.

Caesium.

Calcium

.

Temp. °C.

-240.

6

-233.
-190.

-190 to -82
-76 to -1

17-100
15-^35

500
-186 to -79
-188 to +20

20
100
200
300

0-100
0-100

-188 to +20

-185 to +20

0-100

-188 to +20

-79 to +17
17-100

280-360
-191 to -78

-78-0
0-100
0-234

-191 to -81
-78 to -20

1—32

-186 to -79
-79 to +18

20
100
200
300
0-26

-185 to +20

0-20

Specific heat,
Cal./gm.

0.0092
0.0165
0.0889
0. 1466
0. 1962
0.217
0.236
0.274
0.0462
0.0468

0.0503
0.0513
0.0520
0.0537

0.0822
0.0861
0.0704

0.068

0.425

0.0284

0.0285
0.0303
0.0363
0.071
0.165
0.307
0.357
0.070
0.084
0.107
0.0498
0.0537
0.0549
0.0566
0.0594
0.0617
0.048

0.157

0.145

Observer.

Nernst, 1911
<<

Koref, 1911

Schimpff, 1910
Tilden, 1902
Bontschew
Behn, 1900
Richards & Jackson,

1910
Gaede, 1902

n

Naccari, 1887
tt

Wigand, 1903
ft

Richards & Jackson,

1910
Nordmeye r-B e r -

nouli, 1907
Nilson & Pettersson,

1880
Richards & Jackson,

1910
Schimpff, 1910

a

Person
Koref, 1911

Moissan & Gautier
it a

Koref, 1911
Regnault, 1849
Andrews, 1848
Behn, 1910

Gaede, 1902
a

Naccari, 1887

Eckardt & Graefe,

1900
Nordmeyer & Ber-

nouli, 1906
Bernini, 1907
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SPECIFIC HEAT OF ELEMENTS (Continued)

Element.
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SPECIFIC HEAT OF ELEMENTS (Continued)

Element.

Copper

:

Didymium. . .

Gallium, liquid

solid

Germanium . .

.

Glucinium ....

Gold

Hydrogen, liq

.

Indium

Iodine

.

liquid ....

Iridium. . . .

Iron.

cast
wrought . .

.

hard drawn
Lanthanum .

.

Temp. °C.

100
200
900

0-100
13-110
12-23
0-100

0^6

0-300

-188 to -20

-79 to +17
0-100
17-100
0-900
-253

-186 to -79
-79 to +18

18-100
-243
—193

-189 to -76
-76-0
9-98

107-180

-186 to -79
-79 to +18

18-100
0-900

-186 to -79
-79 to +18

18-100
300

0-650
650
850

20-100
15-100
20-100
0-100

Specific heat,

Cal./gm.

0.0942
0.0963
0. 1259
0.046
0.080
0.079
0.074

0.397

0.505

0.0297

0.0297
0.0316
0.031
0.0345
6.0
0.0263
0.0303
0.0323
0.031
0.043
0.0467
0.0516
0.054
0.108

0.0263
0.0302
0.0323
0.0371
0.0721
0.1000
0.113
0.138
0. 138
0.195
0.23
0. 1189
0.1152
0.1146
0.0448

Observer.

Gaede, 1900
Naccari, 1887
Richards, 1893
Hillebrand, 1876
Berthelot, 1878

«<

Pettersson -H e d e 1 -

lius, 1881
Nilson & Pettersson,

1880
Nilson & Pettersson,

1880
Richards & Jackson,

1910
Schimpff, 1910
Voille, 1877
Schimpff
Voille, 1879
Dewar, 1901
Behn, 1900

Nernst, 1911
11

1910

Regnault
Favre & Silbermann,

1863
Behn, 1900

Violle, 1879
Behn, 1900

Naccari, 1887
Weiss & Beck, 1908

Schmitz, 1903
Nichol, 1881
Hill, 1901
Hillebrand, 1876
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SPECIFIC HEAT OF ELEMENTS (Continued)

Element.

Lead.

Temp. *C.

liquid

.

Lithium.

Magnesium.

Manganese

.

Mercury:
solid

it

it

n

liquid
a

n
n
n
n

Molybdenum

-253
-233
-173

-192 to +20
-186 to -79
-79 to +18

20-100
100
300
860

-191 to -80
-100

50
100
190

0-100
-185 to +20

-186 to -79
- 79 to +18

17-100
325
625

-188 to +20

-100

100
325

-213
—183

-185 to +20

-78 to -40

20
40
60
100
200
250

-185 to +20

Specific heat,
Cal./gm.

0.0120
0.0220
0.0275
0.0293
0.0291
0.0300
0.0305
0.0313
0.0338
0.0410
0.52
0.5997
0. 7951
0.9063
1.0407
1.3745
1.09
0.222

0.189
0.233
0.248
0.3235
0.4352
0.093

0.0979
0. 1072
0.1143

0.0266
0.0285
0.032

0.0315
0.03346
0.03326
0.03309
0.03295
0.0328
0.0323
0.0321
0.062

Observer.

Nernst, 1911

Schmitz, 1903
Behn, 1910

Schmitz, 1903
Gaede, 1902
Naccari, 1887
Spring, 1886
Koref, 1911
Laemmel, 1905

Bernini, 1907
Xordmeye r-B e r-

nouli, 1907
Behn, 1900

u

Schimpff, 1910
Stucker, 1905

a

Richards & Jackson,
1910

Laemmel, 1905

Stiicker, 1905

Pollitzer, 1911
a

Xordmeye r-B e r-

nouli, 1907
Regnault, 1849
Barnes&Cooke, 1903

Naccari, 1888

Xordmeyer-Ber-
nouli, 1907
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SPECIFIC HEAT OF ELEMENTS (Continued)

Element.
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SPECIFIC HEAT OF ELEMENTS (Continued)

Element.

Rhodium. . .

.

Ruthenium. .

Selenium. . . .

crystal ....

Silicon

amorphous

crystal

.

Silver

fluid.

Sodium.

Sulphur . .

rhombic
monocl.

.

liquid .

.

Tantalum

.

Tellurium

.

crystal

.

Thalhum.

Thorium. .

Tin

Temp. °C.
Specific heat,
Cal./gm

10-97
0-100

-188 to +18
22-63

-185 to +20

-190 to -80
-79 to +17

3-50
-40
21
129

-186 to -70
-79 to +18

-233
-193

15-100

500
800

907-1100
-185 to +20

-80
-40

100
-188 to +18

0-54
0-52

119-147
-185 to +20

58
1400

-188 to +18
15-100
15-300

-185 to +20

20-100
0-100

-186 to -79
-79 to +18

20

0580
061
068
084
123

091
147
179
136
170
196
0496
0544
0175
040
05625

0581
076
0748
253

266
279
293
323
137
1728
1809
235
033

036
043
047
0483
0490
038

0326
0276
0486
0518
0541

Observer.

Regnault, 1861
Bunsen, 1870

Bettendorf&Wullnei
Nordmeye r-B e r-

nouli, 1907
Russell, 1912
Schimpff, 1910
Russell, 1912
Weber, 1875

Behn, 1900
it

Nernst, 1911
it

Bartoli & Stracciati,

1895
Tilden, 1900
Pionchon, 1886

it

Nordmeye r-B e r-

nouli, 1907
Thum, 1906

Wiegand, 1906
it

Naccari, 1887
Nordmeye r-B e r-

nouli, 1907
v. Bolton, 1905

Kopp, 1865
Tilden, 1904
N o r dm e ye r-B e r-

nouli, 1907
Schmitz, 1903
Nilson, 1883
Behn, 1900

n

Gaede, 1902
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SPECIFIC HEAT OF ELEMENTS (Continued)

Element.

Tin

liquid

.

gray . .

Titanium

Tungsten

Uranium

.

Vanadium
Zinc

Temp. °C.

Zirconium

.

100
2.30-350

1100
0-18

-185 to +20

20
-185 to +20

15-93

20-100
0-98
11-98
0-100

-192 to +20
-186 to -79
-79 to +18

-233
-193

20
100
300

0-100
0-100

Specific heat,
Cal./gm.

0.0565
0.0608
0.0758
0. 0589
0.082

0.142
0.036

0.034

0.034
0.028
0.062
0.1153
0.0836
0.080
0. 0895
0.0268
0.063
0. 0924
0.0951
0. 1040
0.0660
0.068

Observer.

Gaede, 1902
Pionchon, 1887

<<

Wigand, 1907
Nordmeye r-B e r-

nouli, 1907
Weiss, 1910
Nordmeye r-B e r-

nouli, 1907
Guichard & Defacqz,

1901
Gin, 1908
Blumcke, 1885
Regnault, 1840
Mache, 1897
Schmitz, 1903
Behn, 1900

Nernst, 1911
M

Gaede, 1900
u

Naccari, 1887
Mixter-Dana, 1873
Wedekind & Lewis,

1910

COLOR SCALE OF TEMPERATURE
This table is the result of an effort to interpret in terms of thermometric

readings, the common expressions used in describing temperatures. It is obvi-
ous that the values are only approximations.

Color.
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SPECIFIC HEAT OP ALLOYS AND VARIOUS SOLIDS

Values given in calorie* per gram.

Substance. Temp. ° C. Sp. heat. Observer.

\lloys
aluminum bronze. S8.7 Cu.

11.3 Al
antimony bismuth tin, 21. 10

3«.7Bi, 41.7-
antimony le

bell ii » . 20fe

tin. 63.81 .-

46.UB1, 53.18b
B.9B I3.1S

brass. 60Cu. 40Zn

72Cu. 2SZu
bronz . ;

Q 94P
constantan

.

German sil\

invar, 64Fe. 3<iN"i

lead bismuth. 39.9Pb. 60.1Bi.

.

lismuth tin,

>Pb, I'.i.OBi, 18.5Sn
-

.

lead tin. 63.7Pb. .:

4G.7Pb, S3
Lipowitz alloy. 2'

10.13Cd, oO.ttdBi. 14 244
manganin

platinum iridium, 90Pt, lOIr. .

alloy, 27.5Pb, 4v9Bi
23. B

-

solder, see lead tin

steel, ordinary (.004Ci

Wood's alloy, 25 85Pb, 6.99Cd
J2.43B 1.738

Amalgams
30.8Pb, 49.2Hg
7- .I'd, 37.18a, 62.9Hg
54.1Sn, 45.9Hg

Asbestos
Basalt
Calespar
Carborundum
Cellulose, dry
Cement, powder
Chalk
Charcoal
Clay, dry. . .

Ebonite. ...
Glass, normal thermometer
crown
flint

20-100

22-439

10-98
I

-

20-99
- I

17-99
-186- -79

:

•

- 100

18

2 loo

100

100
-1*2-4-15
15-100
15-i -i

16-99

14-80
•

12-99

6-50

100
20-100
2 -

20
100
5-50

23-99
23-00
25-99
20-98
20-100
0-100
3-14

266-io"
30-08

10
20-100
20-100
19-100
10-50
10-50

0.104

.046

.0388

.(WOO

.0450
9450
.0743

.0917

.094

.086

.0874

.098

. 102

. 004

.065

-

.12(1

.0317

.0600n

.0448

.0107

.0451

.0345

.097

.095

.0323

. 0552

0.107
.117
.0352

.0383
v.

.0659

.195

.20

.2005

.162

.37

.20

.214

.16

.22

.40

. 1988

.161

.117

Louguinine

Regnault

Person
Behn

Voigt
Regnault

Voigt
Jaeger. Diesselljorst

Tomlinson

Person

Person
Regnault

Mazotto

Jaeger, Diessclhorst

Pionchon
Schiiz

Regnault

Mazotto

Regnault

Schiiz
Ulrich
Mean
Lindner

Mean

Regnault
Weber, 1875
Mean
Louguinine. 1SS2
Wachsmuth
KH. M
H. Meyer
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6

SPECIFIC HEAT OF ALLOYS AND VARIOUS SOLIDS
(Continued)

Values given in calories per gram

3
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SPECIFIC HEAT OF VARIOUS LIQUIDS

Liquid.

Acetic acid

Acetone
Alcohol, ethyl

ethyl
methyl
methyl

Amyl acetate. . . .

Benzol, C 4He . . •

Benzol
Carbon bisulphide
Chloroform
Ethyl other

Glycerine.

Oils, olive

turpentine
Pet'roleum

Temp. ° C.



HANDBOOK OF CHEMISTRY AND PHYSICS

SPECIFIC HEAT OF AQUEOUS SOLUTIONS
(Continued)

Giving the specific heat referred to that of water at the same temperatures.
i titration of the solutions is stated as the number of molecules of water to

each molecule of the solutes (anhydrm

Values from Marignac, Thomsen and others.

Substance.
Temp.

Concentration.

2.5 50

Hydrochloric acid. .

.

Lactic acid

Lead aeetate
nitrate

Lithium chloride. . .

.

hydroxide
Magnesium chloride.

nitrate

Sulphate . .

.

Manganese chloride

.

nitrate

sulphate
Nickel chloride

nitrate

sulphate
Nitric acid
Oxalic acid

Potassium bromide

.

carbonate
chloride

chromate
hydroxide
iodide

nitrate

oxalate
sulphate

Silver nitrate

Sodium acetate

bromide
carbonate
chloride

chromate
hydroxide
iodide
nitrate

sulphate .........
Strontium chloride.

nitrate. .

Sulphuric acid

Zinc chloride

nitrate

sulphate

18
16.5

18-51
18-£1
11

13
22^2
19-51
18
0-98
19-51
19-51
24-55
24-55
25-5G
18

20-52
20-51
21-52
18

20-51
18

20-51
18-23
21-52
19-52
2.5-52

18
20-52
21-52
18

21-52
18

20-51
18

21-52
21-26
19-51
21

I

19-51
20-52

I

20-52

o«6

0.947
0.682

0.772

0.787

0.735
0.717

0.769
0.760
0.828

0.715
0.832

0.750

6." 809
0.865
0.880
0.781
0.908
0.749
0.863
0.819

0.854
0.796
0.718

0.932
0.970
0.794
0.750
0.941
0.958
0.866
0.832
0.857
0.861
0.832
0.844
0.831
0.823
0.837
0.930
0.942
0.864
0.851
0.904
0.810
0.916
0.830
0.900
0.839

6.' 849
0.938
0.886
0.907
0.931
0.856
0.942
0.850
0.918
0.878
0.814
0.817
0.915
0.884
0.823
0.842
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SPECIFIC HEAT OF GASES
Giving the specific heat of gases at constant pressure in calories per

gram and the ratip of the specific heat at constant pressuie to that at con-
stant volume.

Values- are for atmospheric pressure.

(Selected from Smithsonian Tables.)

Gas or vapor.
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BOILING-POINT OF WATER'
(Hydrogen Scale)

Pressure
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BOILING-POINT OF WATER (Continued)

(Hydrogen Scale)

Pressure
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MELTING POINTS OF MIXTURES OF METALS
(Smithsonian Physical Tables)

Melting-points, °C.



HANDBOOK OF CHEMISTRY AND PHYSICS

MELTING AND BOILING TEMPERATURES
Temperature of Fusion for Various Substances for Atmospheric

Pressure
For the melting- and boiling-points of the chemical elements and of

uiic compounds see under Physical Constants of the Elements, and
ata of Inorganic Compounds.

Substance.
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BOILING POINTS OF WATER-ALCOHOL MIXTURES
(P. X. Evans, Journal of Industrial and Engineering Chemistry.)
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MOLECULAR ELEVATION OF THE BOILING POINT
Showing the elevation of the boiling point due to the addition of our

molecular weight of the dissolved i

Solvent

Acetic acid
\ I one
Aniline
Benzene
Chloroform
Ether
Ethyl acetai

Ethyl alcohol. .

Methyl ac<

Methyl alcohol.

Nitrobenzene . .

Phenol . .

.

Water



HANDBOOK OF CHEMISTRY AND PHYSICS

CRITICAL AND VAN DER WAALS' CONSTANTS
FOR GASES

Name.

Critical. Van der Waals'.

Temp.,
•c.

Pressure,
atm.

Density,
gms per

cm.3

Aeetylane

Air

Ammonia. .

.

Aniline

Argon
Benzei

Bromine. . .

.

Carbon bisulphide

Carbon dioxide.

.

Carbon monoxide

Chlorine

Chloroform

.

Ether

Etkyl alcohol

Ethylene.

.

Helium
1

i ochloric acid

Hydrogen sulphide ....

Krypton

Methane
Neon
Nitric oxide, NO
Nitrogen

Nitrogen tetroxide, NO*

Nitrous oxide, NjO

I

Sulphur dioxide

Water

Xenon

36.5

-140

130

425 6

-117.4

288.5

392

31.1

-141 .1

260

34

243

10

52.3

100

- 62 5

- 93.5

-146

171.2

38.8

-118

155.4

365

14.7

61.6

39

115.0

52.3

52.9

47.9

131

72.9

73

35.9

93.5

54.9

50.2

35.8

2.3

86

20

88.7

54.3

50

29

71.2

33

147

77.5

50

78.9

194.6

57.2

0.2315

0.3045

0.4408

0.464

0.328

0.547

0.2622

0.2755

0.210

0.03346

0.524

0.3269

0.454

0.4292

0.520

0.329

0.00880

0.00257

0.00798

0.05282

0.00259

0.03726

0.01434

0.02316

0.00717

0.00275

0.01063

0.0293

0.01060

0.03496

0.02407

0.00877

0.0000615

0.00697

0.00042

0.00888

0.00462

0.00357

0.00257

0.00259

0.00756

0.00710

0.00273

0.01316

0.0118

0.00818

0.00230

0.00156

0.00161

0. 09611

0.00136

00537

0.00202

0.00343

0.00191

0.00168

0.00205

0.00446

MJ8
0.00602

0.00377

0.00251

0.0000995

0.0CI73

0.00088.

0.00193

0.00178

0.00162

0.00116

0.00165

0.00138

0.00184

0. 00142

0.00249

0.00150

0.00230

607
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FREEZING MIXTURES

A is the proportion of the substance named in the first column to be
added to the proportion of the substance given in column B. The table
gives the temperature of the separate ingredients and the temperature
attained by the mixture.

(From Smithsonian Tables.)

Substance.
Initial

Temp. ° C.

NaC2H 3 2 (cryst.).

NH4CI
NaN03

Nas&Oa (cryst.) . . .

KI
CaCl2 (cryst.)

NH4NO3
CaCU
NH4CI
NH4NO3
NaN0 3

NaCl

H2S04+H20....
(66.1%H2S04)

CaCl2+6H20.

Alcohol at 4 C

Chloroform

.

Ether
Liquid S02 . .

NH4NO,

85
30
75

110
140
250
60
30
25
45
50
33

1

1

1

i 1

I
1

1

100
100
100
100
100
100
100

H.O
H2

H2

H2

H2

H2

H2

* Snow 100
Snow 100
Snow 100
Snow 100
Snow 100
Snow 1.097
Snow 2 . 52
Snow 4 . 32
Snow 7.92
Snow 13.08
Snow . 49
Snow .61

Snow . 70
Snow .81

Snow 1.23
Snow 2.46
Snow 4.92
Snow 73

.

C02 solid

C02 solid

C02 solid

C02 solid

H2 .94
Snow . 94
H2 1.20
Snow 1 . 20
H2 1.31
Snow 1.31

10.7
13.3
13.2
10.7
10.8
10.8
13.6

20

10

10

* Or finely pulverized ice.
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HEAT EQUIVALENT OF FUSION

The table gives the heat equivalent in calories per gram at the temperature
of fusion.

(From Smithsonian Tables.)

Substance. Temp. Heat
cal/g.

Observer.

Aluminum
Ammonia
Benzole
Bromine
Bismuth
Cadmium
Calcium chloride . .

Copper
Iron, gray cast

white cast

slag

Iodine
Ice
Ice
Ice from sea water.

Lead
Mercury
Naphthalene
Nickel
Palladium
Phosphorus
Platinum
Potassium
Potassium nitrate.

Phenol
Paraffin

Silver

Sodium
Sodium nitrate. . . .

phosphate
Spermaceti
Sulphur
Tin
Wax (Bees')

Zinc.

658.
-75.

5.4
-7.3
268.
320.7
28.5

1083

-8.7
327
-39
79.87

1435
1545
44.2

1755
62

333.5
25.37
52.40

961
97
3058
36.1
439
115
232
61.8

419

76.8
108.

30.6
16.2
12.64
13.66
40.7
42.

23.

33.
50.

11.71
79.24
80.02
54.0
5.86
2.82
35.62
4.64

36.3
4.97
27.2
15.7
48.9
24.93
35.10
21.07
31.7
64.87
66.8
36.98
9.37
14.0
42.3
28.13

Glaser
Massol
Mean
Regnault
Person
Person
Person
Mean
Grumer
Grumer
Grumer
Favre & Silbermann
Regnault
Bunsen
Petterson
Rudberg
Person
Pickering
Pionchon
Violle

Petterson
Violle

Joannis
Person
Petterson
Batelli

Person
Joannis
Joannis
Joannis
BateUi
Person
Mean
Mean
Mean
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HEAT EQUIVALENT OF VAPORIZATION
The table gives the heat equivalent (or latent heat) of vaporization in

calories per gram, at the temperature of ebullition, and at the pressure
of the vapor for th&t temperature.

(Principally from the Smithsonian Tables.)

Substance. Temp. °C. Observer.

Acetic acid
Air
Alcohol: amyl

ethyl
ethyl
methyl
methyl

Ammonia
Ammonia ...

Ammonia. ...

Ammonia
Benzene
Bromine
Carbon dioxide, liq

.

Carbon dioxide, liq

.

Carbon dioxide, liq

.

Carbon dioxide, liq

.

Carbon dioxide, liq

.

Carbon dioxide, liq

.

Carbon disulphide . .

Carbon disulphide. .

Chloroform
Ether
Ether
Ether
Iodine
Mercury
Nitrogen
Oxygen
Sulphur dioxide
Sulphur dioxide

Sulphur dioxide
Turpentine
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water

118<

131*
78.1*

64.5*

7.8
11
16
17
80.1*
61*

- 25

12.35
22. 01
29 . 85
30. 82
46.1*

60.9*
34.5*
34.9

184*
357*

-195.6*
-182.9*

30
65
159.3
100

20
40
60
80
100*
120
140
160
180

67

B
3

84.9
50.97
120
205
236

2
2S9
294
291
297.4
2

92.9
45.6
72.23
57.48
44.97
31.8
14.4
3.72

83.8
90
58.5
88.4
90.5
94
23.95
65
47.65
50.97
91.2
80.5
68.4
74.04

535.9
596.8
585.3
574.0
562.9
551 .

1

538.7
525.3
510.9
496.6
482.2

Ogier
Fenner-Richtmyer
Schall
Wirtz
Regnault
Wirtz
Ramsay & Young
Regnault
Rejznault
Regnault
Regnault
Wirtz
Andrews
Cailletet & Mathias
Cailletet & Mathias
Mathias
Mathias
Mathias
Mathias
Wirtz
Regnault
Wirtz
Wirtz
Andrews
Regnault
Favre & Silbermann
Mean
Alt
Alt
Cailletet & Mathias
Cailletet & Mathias
Cailletet & Mathias
Brix
Andrews
Dieterici, 1889
Smith, 1908
Henning, 1909
Henning, 1909
Henning, 1909
Henning, 1909
Henning, 1909
Henning, 1909
Henning, 1909
Henning, 1909

Temperature values
cm. pressure.

marked * are those of normal ebullition, at 76
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CHANGE TR VOLUME DUE TO FUSION
The table gives the variation in volume expressed in c.cm. for one gram

of the substance.

Substance.
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VAPOR TENSION OF WATER

Tension of Aqueous Vapor, —30 to 0° C, Over Water

The tension is given in millimeters of mercury at 0° C.

(From International Bureau of Weights and Measures.)

Temp.
°C.
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VAPOR TENSION OF WATER
Tension of Aqueous Vapor. 40 to 0° C, Over Ice

The tension ip given in millimeters of mercury,
(Juhlin and Marvin.)

Temp.
°C.
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VAPOR TENSION OF WATER
Tension of Aqueous Vapor, to 100° C.

The tension is given in millimeters of mercury at 0° C.

(International Bureau of Weights and Measures.)

Temp.
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VAPOR TENSION OF WATER (Cotrthraed)

Tension of Aqtteotjs Vapor, to 100° C.

In miHrraeters of mercury.

Temp.
°C.
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VAPOR TENSION OF WATER (Continued)

Tension of Aqueous Vapor, to 100° C.

In millimeters of mercury.

Temp.
• C.
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VAPOR TENSION OF WATER
Tension of Aqueous Vapor, 100-230° C.

Giving the vapor tension in millimeters of mercury, in pounds per square
inch and the corresponding temperature Fahrenheit.

(From Regnault—Smithsonian Tables.)
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VAPOR TENSION OF WATER (Continued)

Tension of Aqueous Vapor, 100-230° C.

Giving the vapor tension in millimeters of mercury, in pounds per
square inch and the corresponding temperature Fahrenheit.)

(From Regnault—Smithsonian Tables.)
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LOWERING OF VAPOR PRESSURE BY SALTS IN
AQUEOUS SOLUTIONS

The table gives the reduction of the vapor pressure in millimeters due to
the presence of the number of grammolecules of salt per liter of water given
at the head of the columns, at the temperature 100° C, at which tempera-
ture the vapor pressure of t>ure water is 76.0 centimeters.

(I1Tom Smithsonian Tables.)

Substance
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VAPOR PRESSURES OF

In centimeters

(Principally from
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VARIOUS SUBSTANCES

of mercury.

Regnault.)

O
•Of
ST
.6-g

X

.58

.88
1.29
1.83

2.53
3.42
4.52
5.89
7.56

9.59
12.02
14.93
18.36
22.41

0.006

o.'oio

oiois

0^026

0.000

27.14 0.130
32.64
39.01 0.255
46.34
54.74 0.460

64.32
75.19
87.46
101.27
116.75

134.01
153.18
174.44
197.82
223.54

251.71
282.43
315.85
352.07
391.21

433.37
478. 05
527.14
568.30

0.915

.41

.63

.93
1.35
1.92

2.68
3.69
5.01
6.71
8.87

11.60
15.00
19.20
24.35
30.61

38.17
47.22
57.99
70.73
85.71

103.21
123.85
147.09
174.17
205.17

240.51
280.63
325.96
376.98
434.18

498.05
569.13
647.93
733.71
830.89

936.13

1569.49
1758.66
1968.43
2200 . 80
2457.92

0.002'2742.10
J055.86

0.0053401.91
0.005 3783.17
0.008 4202.79

58.52

67.64
74.48
89.68
101.84
121.60

139.08
167.20
193.80
226.48

28.75

37.38
47.95
•60.79
76.25
94.69

116.51
142.11
171.95
206.49

0.013

6.032

0.081

6.'i83

61395

0.74

1.26

1.85

2.73

4.02

6.19

258.40 246.20

4664 . 14
5170.85
6335.98

297.92
338.20
383.80
434.72
478.80

291.60
343.18
401.48
467.02
540.35

374 . 93
443.85
519.65
608.46
706.60

820.63
949.08
1089 . 63
1244.79
1415.15

1601 . 24
1803 . 53
2002.43
2258.25
2495.43

521.36 622.00 2781.48
712.50 3069.07
J12.38 3374.02
922.14 3696.15

4035.32

621
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HEAT CONDUCTIVITY

Giving the quantity of heat in calories which is transmitted per second
through a plate one centimeter thick across an area of one square centimeter
when the temperature difference is one degree Centigrade.

Metals

Substance

Aluminum

.

Antimony

.

Bismuth. .

Brass (70Cu+30Zn)
(70Cu+30Zn)...
yellow
red

Bronze, aluminum
(90Cu, 10A1)

Cadmium

Constantan. . .

.

(60Cu, 40Ni)

Copper, pure . .

Temp.
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HEAT CONDUCTIVITY (Continued)

Metals

Substance
Temp.
°C.

Conduc-
tivity

Observer

Copper, pure.

German silver.

(52Cu, 26Zn, 22Xi)

Gold

Iridium
Iron, pure

wrought

cast

Steel

Lead

Magnesium
Manganin

(84Cu, 4Xi, 12Mn)

Mercury

Molybdenum
N"ickel

100

100-197
100-268
100-370
100-541
100-837

100

1

18

100

17

18
100

100-727
100-124.')

-160
is

100
IS

100

102
-160

18|0

IS

100
-100

18
100(0

0-100(0
18

100|0
-160

50(0
17
17

-160

0.908

1.043
0.969
0.931
0.902
0.858
0.070
0.089
0.10
0. 705
0.700

0.703

141
161
151
202
191
152
144
143
109
108
114
111
113
115
108
107
092
083
082
376
15186
06310
035
0148
0189
0197
346
129

Jaeger & Diesselhorst,
1900

Hering, 1910

Lorenz, 1881

Glage, 1905
Barratt, 1914
Jaeger & Diesselhorst,

1900
Jaeger & Diesselhorst,

1900
Barratt, 1914
Jaeger & Diesselhorst

<<

Hering, 1910
a

Lees, 1908
Jaeger & Diesselhorst

Callendar
it

Lees, 1908
it a

Jaeger & Diesselhorst
it tt

Lees, 1908
Jaeger & Diesselhorst

Lorenz, 1881
Jaeger & Diesselhorst

tt a

Lees, 1908
H. F. Weber, 1880

tt a

R. Weber, 1902
Barratt, 1914
Lees, 1908

623
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HEAT CONDUCTIVITY (Continued)

Metals

Substance
Temp.
°C.

Conduc-
tivity

Observer

Nickel

Palladium

.

Platinum.

.

Platinum-indium . .

10 % Ir

Platinum-rhodium

.

10 % Rh
Platinoid
Rhodium
Silver, pure

Tin.

Tantalum

.

Tungsten

.

Wood's alloy

Zinc

18

100

300
600
800
1200

18

100
18

100

17

17

18
17

-160

18
18

100

-160

18

100

100
17
17
18

-160

18
100

0.142

0.138

0.126
0.088
0.068
0.058
0. 1683

0.182
0.1664

0. 1733

0.074

0.072

0.060
0.210
0.998
0.974
1.006

0.992

0.192
0. 1528
0.155

0.145

0.1423
0.130
0.476
0.35
0.0319
0.278
0. 2653
0.2619

Jaeger & Diesselhorst,
1900

Jaeger & Diesselhorst,
1900

Angell, 1911

Jaeger & Diesselhorst,
1900

Jaeger & Diesselhorst,
1900

Jaeger & Diesselhorst,
1900

Barratt, 1914

Barratt, 1914

Lees, 1908
Barratt, 1914
Lees, 1908

<<

Jaeger & Diesselhorst,
1900

Jaeger & Diesselhorst,
1900

Lees, 1908
Lorenz, 1881
Jaeger & Diesselhorst,

1900
Jaeger & Diesselhorst,

1900
Lorenz, 1881
Barratt, 1914

it

Coolidge
H. F. Weber
Lees, 1908
Jaeger & Diesselhorst

624
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HEAT CONDUCTIVITY (Continued)

Various Solids

Approximate values at ordinary temperatures.

Substance Conductivity Observer

Asbestos fiber, 500° C .

.

paper

Basalt
Brick, common red

Blotting paper
Carbon
Carborundum

brick, 150
o-1200°. . .

Cardboard
Cement, Portland
Chalk

Concrete, cinder

stone
Cork

Cotton wool
felted

Diatomic earth

Earth's crust, ave
Ebonite

Eiderdown
Felt
Fiber, red

Fire brick

Flannel
Gas carbon, 20°

100°

Glass
crown (window)

flint

Jena
soda, 20°

100°

Granite, 100°
500°

Graphite
Graphite brick, 300° to

700°

0.00019
0.0006
0.0004
0.0052
0.0015

0.00015
0.01
0.0005

0.0032-0.002;
0.0005
0.00071
0.0020

0.00081
0.0022
0.00072
0.00013
0.000043
0.000033
0.00013
0.004
0.00042
0.00014
0.000011
0.000087
0.0011
0.00028
0.0011
0.00023
0.0085
0.0095

0.0025
0.002

0.001-0.002
0.0017
0.0018

0.0045-0.0050
0.0040
0.012

0.24

625

Randolph, 1912

Lees-Chorlton, 1896
Hecht, 1903
Herschel-L ebour &
Dunn, 1879

Lees-Charlton, 1896

Lorenz
Wologdine

Lees-Chorlton, 1896
Herschel-L ebour &
Dunn, 1879

Norton
G. Forbes, 1875
Lees, 1892-8
G. Forbes

Hutton-Blard

Barratt, 1914
Peclet, 1878

Barratt, 19 ii
Hutton-Blard
Barratt, 1914

Barratt, 1914

Lees, 1892-8
a
ti

Barratt, 1914

Poole, 1912

Wologdine, 1909
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HEAT CONDUCTIVITY (Continued)

Various Solids (Continued)

Approximate values at ordinary temperatures.

Substance Conductivity Observer

Gutta percha.
Gypsum
Haircloth, felt

Ice

Infusorial earth, 100°.

.

300°..

pressed bricks, 100
J

.

Lamp black, 100
Leather, co\vhid<

chamois
Lime
Linen
Magnesia, MgO

brick, 50°-l 130°

Magnesium carbonate,
100°
300°

Marble
Mica, perpendicular to

cleavage plane. . .

.

Paper
Paraffine

0°

Plaster of Paris
Porcelain

165°-1055°

Quartz, parallel to axis .

perpendicular to axis.

Rubber, para
Sand, dry

Sandstone

Sawdust
Silica, fused, 20°

100°
Silica brick, 100° to

1000° C
Silk

Slate

0. 000-48

0.0031
0.000042
0.005
0. 0039
0.0022
0.00034
0.00040
0.00030
0.00007
0.00042
0.00015
0.00029
0.00021

00016-0.00045
0.0027-0.0072

0. 00023
0. 00025
0.0071

0.0018
0.0003
0.0006
0.00023
0.00070
0.0025

0.0039-0.0047
0.030
0. 1G
0.00045
0.00093

0.0055

0.00012
0.00237
0.00255

0.002-0.003
0.000095
0.004700

826

Peclet, 1878
R. Weber, 1878
G. Forbes

Forbes, 1875
Skiimer

Randolph, 1912
Lees-Chorlton, 1896

Hutton-Blard
Lees-Chorlton, 1896
Hutton-Blard
Wologdine, 1909

Skinner

Lees, 1892-8

Lees

R. Weber, 1878
Lees-Chorlton, 1896
Lees, 1892-8
Wologdine, 1909
Lees, 1892-8

Herschel-L e b o u r &
Dunn, 1879

Herschel-L e b o u r &
Dunn, 1879

G. Forbes, 1875
Barratt, 1914

Wologdine, 1909
Lees-Chorlton, 1896
Lees, 1892-8
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HEAT CONDUCTIVITY (Continued)

Various Solids (Continued)

Approximate values at ordinary tempers

Substance
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PROPERTIES OP
Metric and

The heat units used are the large calorie, 15" to 16° C. and the B.T.U., 62" to
63° F. The heat of the liquid, q, is the heat required to raise unit mass of water
from 0° C. (32° F.) to the temperature indicated. The heat of vaporization, r,

is the heat required to vaporize unit mass of water at the indicated temperature
and pressure. Total heat involved, H = r + q.

The heat of vaporization overcomes external pressure and changes the state
from liquid to vapor at constant temperature and pressure. If u is the change
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SATURATED STEAM
English Units
in volume the external work is pu and the corresponding amount of heat \a Apu
where A is the reciprocal of the mechanical equivalent of heat. The part of the
heat of vaporization not used in external work is considered used in changing

ite from liquid to vapor. The heat required for this work may be repre-
sented by p = r — Apu.
(From Peabody, Steam and Entropy Tables, John Wiley and Sons, Inc.,

publishers, by permission.)
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PROPERTIES OF
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SATURATED STEAM (Continued)
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PROPERTIES OP
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SATURATED STEAM
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PROPERTIES OF
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SATURATED STEAM (Continued)

Heat equiva-
lent of external

work.

-

z o

6
Apu

-

*i 3

«

Apu

El

I!
-

Specific vol-

ume.

-§5:2
o

Density.

.2 3 c— o s

1

8

Ah

1

41.4
41.5
41.6

41.7
41.

S

41. 1»

42.0

42 2

42.4

43
43.1

43.

8

43 3

43.4

43 6

43.6

43 7

43.8
43.9

43.9
44.0
44.0

44.2
44.2
44.3

44 4

44.4
44.5

160
I

44.6

74.6
U \

75.0

75.1

75.3
75.4

75.6
75.8
75.9

76
76.

2

70.4

76.5

76.8

77.0
77 1

77.3

77.4

78 1

78.

S

78.4

78.

9

79.1

79.3

79.5
79.6

79.9
80.0
80.1

80.2

0.3418
0.3445
0.3471

0.3498
0.3524
0.3550

0.3576
0.3602
0.3628

0.3654
0.3680
0.3705

0.3731
0.3756
0.3782

0.3807
0.3833
0.3858

0.3884
0.3909
0.3934

0.3959
0.3985
0.4010

0.4035
0.4060
0.4085

0.4110
0.413.-)

0.4160

0.4185

0.4234

0.4250

0.4307

0.4332
0.4356
0.43S0

0.4405

3842
3

3736

3683
3631
3579

3527
3475
3423

:-

3321

.3218

.3167

.3117

.3067

.3017

.2967

.2917

.2818

.2769

.2672

.2623

.2574

.2526

.2479

.2431

.2335

.2241

.2194

.2147

.2100

.2054

.2008

1.1916

1.172

1.136
1.101

1.068
1.036
1.005

0.9746
0.9460
0.9183

8914
0.8653
0.8401

0.8158
0.7924
0.7

0.7479
0.7267
0.7063

0.686
0.6677
0.6493

0.6315
0.6142
0.5974

0.5812
0.5656
0.5506

0.5361
0.5219
0.5081

0.4948
0.4819
0.4694

0.4574
0.4457
0.4343

0.4232
0.4125
0.4022

0.3921

18.77
18.20
17.64

17.10
16.59
16.09

15.61
15.16
14.72

14.28
13.86
13.46

13.07
12.69
12.33

11.96
11.64
11.32

11.00
10.70
10.40

10.12

9.569

9.309
9.060
8.820

8.360
8.140

7.926

7.326

6. 780

6.443

6.282

0.853
0.880
0.908

0.936
0.965
0.995

1.026
1.057
1.089

1.122
1.156
1.190

1.226
1 262
1.299

1.337
1.376
1.416

1.456
1.498
1.540

1.583
1.62S
1.674

1.721
1.768
1.816

1.865
1.916
1.968

2.021
2.075
2.130

2.186
2.244
2.303

2.363
2 424
2.486

2.550

0.0533
0.0550
0.0567

0.0585
0603

0.0622

0.0641
0.0659
0.0679

0.0700
0.0721
0.0743

0.0765 263.4
0.0788 256.2
0.0811 267

0.0835
0.0859
0.0883

0.0909
0.0935
0.0961

0.0988
0.1016
0.1045

0.1074
0.1104
0.1134

0.1165
0.1106
0.1229

0.1262
0.1296
0.1330

0.1365
0.1401
0.1437

0.1475
0.1513
0.1552

0.1592

63.5



HANDBOOK OF CHEMISTRY AND PHYSICS

PROPERTIES OP
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SATU
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PROPERTIES OP
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HIGH AND LOW TEMPERATURES OBTAINED BY
VARIOUS MEANS
Absolute zero, -273° C.

Freezing-point of helium —272° (

Freezing-point of hydrogen — 259
Boiling-point of hydrogen — 252
Boiling-point of liquid air at atmospheric pressure.

.

—192
Freezing-point of carbon dioxide — 57

Industrial furnaces +1700 to 1800°

Bunsen burner 1870
Oxy-coal gas flame 2000
Oxy-hydrogen flame 2800
Oxy-acetylene flame 3500
Electric arc (furnace) 3500

(Sun's Temperature, 5000° C.)

HEAT VALUES OF FUEL
(From Smithsonian Tables.)

Fuel.

Coal:
Lignite

low grade
high grade

Sub-bituminous
low grade
high grade

Bituminous
low grade
high grade

Semi-bituminous
Low grade
high grade

Semi-anthracite
Anthracite

low grade
high grade

Peats (air dried)

:

From Franklin Co.. N. Y
From Sawyer Co., Wis

Liquid fuel:

Petroleum ether

Gasoline
Kerosene
Fuel oils, heavy petroelum or refinery residue

Alcohol, fuel or denatured with 7-9 per cent

water and denaturing material

Calories
per gm.

3247
6764

5115
5865

6088
7852

7845
8166
7612

6987
7417

5726
4867

12215
11250
11100
10350

6455

B.T.U.
per lb.

5845
12175

9207
10557

10958
14134

14121
14699
13702

12577
13351

10307
8761

21987
20250
19980
18630

11619



HYGROMETRIC AND BAROMETRIC
TABLES

CONVERSION TABLE FOR BAROMETRIC READINGS
U. S. inches to cm.

Inches.
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TEMPERATURE CORRECTION, BRASS SCALE
Metric

To reduce readings of a mercurial
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TEMPERATURE CORRECTION, GLASS SCALE
Metric

To reduce readings of a mercurial barometer with a glass scale to 0°

subtract the appropriate quantity as found in table.

Temp.
°C.

Observed height in centimeters.

70
cm.

71
cm.

72
cm.

73
cm.

74
cm.

75
cm.

76
cm.

77
cm.

78
cm.

1

2
3
*

6
6
7
8
P

10
li
12
13
14

15
16
17
18
19

20
21
22
23
24

25
26
-

28
29

30

0.000
.012
.025
.036
.048

0.060
.073
.085
.096
.109

0.121
.133
.144
.157
.169

0.181
.194
.205
.217
.230

0.242
.254
.266

.290

0.303

.339

.351

0.000
.012
.025
.036
.049

0.061
.074
.086
.098
.110

0.122
135
146
159
171

0.184
.196
.208
.220
.233

0.245
.258
.269
.282
.294

0.307
.319
.331
.343
.356

0.000
.013
.025
.037
.049

0.062
074
087
099
111

0.124
137
148
161
174

0.186
.199
.210
.223
.236

0.248
.261
.273

.298

0.311
.323
. 335
.348
.360

0.000 0.000

0.363 '0.368 0.373

.013

.026

.037

.050

0.063
.076
.088
.100
.113

0.126
.138
.150
.163
.176

0.189
.201
.213
.226
.239

0.252
.264
.276
.289
.302

0.315
.327
.339
.352
.365

0.378

.013

.026

.038

.051

0.064
.077
.089
.101
.114

0.127
.140
.152
.165
.178

0.191
.204
.216
.229
.242

0.255
268
280
293
306

0.319
.332
.344
.357
.370

0.383

0.C00
.013
.026
.038
.051

0.000
.013
.026
.039
.052

0.064 0.065
077 .078
.091
.103
.116

0.129
.142
.154
.167
.180

0.193
.207
.219
.232
.245

0.258
.271
.283
.296
.310

0.323
.336
.348
.361
.374

0.387

.092

.104

.117

0.130
.144
.156
.169
.183

0.196
.209
.221
.235
.248

0.261
.275
.287
.300
.313

0.000
.013
.027
.039
.053

0.066
079
093
105
119

0.132
.146
.168
.171
.185

0.198
.212
.224
.238
.251

0.264
.278
.290
.304
.317

0.327
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REDUCTION OF BAROMETER READINGS TO STANDARD
TEMPERATURE

Brass Scale, British Units.
The table gives the corrections for the barometer reading in inches

nnd th( ; _ - Fahrenheit for a brass scale graduated
The correction is to be subtracted.

Observed height in inches.
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REDUCTION OF BAROMETER TO SEA LEVEL
Metric Units

Correction to be subtracted given in millimeters

(From Smithsonian Physical Tables)
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REDUCTION OF BAROMETER TO LATITUDE 45°

Metric Scale
for latitudes greaterFor latitudes below 45'

than 45° it is to be added.

(From Smithsonian Meteorological Tables.)

subtract the correction;
Corrections in cm.

Lati
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RELATIVE HUMIDITY—DEW-POINT
The table gives the relative humidity of the air for temperature ( and dew*

point d.

(From Smithsonian Meteorological Tables.)
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RELATIVE HUMIDITY—DEW-POINT (Continued)
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REDUCTION OF PSYCHROMETRIC OBSERVATION

For the reduction of observations with the wet and dry bulb thermometer.
Assuming the relative velocity of the air to the thermometer bulbs is at least

three meters per second; if t is the temperature of the air as indicated by the

dry bulb, tw , the temperature of the wet bulb, B, the barometric pressure, and
Eu , the vapor tension of water corresponding to t^, then the actual vapor ten-

sion is

E =£
tc
-0.00066B« -tw)[l +0.00115(*-<w) J.

The value of the term

0.00066B« -/„,)[! +0.00115« -<„)]

is given in the following tabic.

(From Miller's Laboratory Physics. Ginn & Co., publishers, by permission.)

'—
<u>



• SOUND
VELOCITY OF SOUND

Solids

Approximate values.

(From Smithsonian Tables.)

Substance.
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VELOCITY OF SOUND (Continued)

Liquids and Gases

(From Smithsonian Tables.)

Subitance.
Temp.
°C.

Veloc,
meters
per sec.

Veloc.,
feet

per sec.

Observer.

Liquids:
Alcohol, 95%
Alcohol

nionia, cone
Benzine
Carbon bisulphide
Chloroform
Ether

;, sol

, sol

I !. 20% sol

Turpentine oil

er, air-free

t, air-free

Water, air-free

Water, Lake Geneva. . .

Water, Soine River. . . .

Water, .Seine River. . . .

Gases:
Air, dry, C02-free
Air, dry,
Air, dry, CO»-free
Air 1 atmospher
Air 25 atmospheres. . . .

50 atmosphi
Air 100 atmospheres. .

.

Air

Air
Ammonia
Carbon monoxide
Carbon dioxide
Carbon disulphide
Chlorine
Ethylene
Hydrogen
Illuminating gas
Methane
Nitric oxide
Nitrous oxide
Oxygen

Vapors:
Alcohol
Ether
Water
Water
Water

20.5
16.
17.
15.
15.
15.
15.
15.

15.

13.
19.
31.
9.
15.
30.
60.

0.
0.
0.
0.
0.
0.
0.

20.
100.
500.

1000.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.

0.
0.
0.

100.
130.

1241.
1213.
1663.
1166.
1101.
983.
1032.
1470.
1530.
1650.
1326.
1441.
1461.
1505.
1435.

i

1528.
1724.

331.78
331.36
331.92
331.7
332.0
334.7
350 .

6

344.
386.
553.
700.
415.
337.1
258.0
189.
205.3
314.
1269 .

5

490.4
432.
325.
261.8
317.2

230.6
179.2
401.
404.8
424.4

4072.
3890.
54.56

.

3i>20.
3809.
3225

.

."5386.

4823.
5020.
.5-114.

4351 .

-

4794.
4938.
4708.
4714.
5013.
5657.

1088.5
1087.1
losc.o

1089.
1098.
1150.
1129.
1266.
1814.
2297.
1361

.

1106.
846.
606.
674.

1030.
4165.
1609.
1417.
1066.
859.
1041.

756.
588.

1315.
1328.
1392.

Dorsing, 1908
Dorsing, 1908
Dorsing, 1908
Dorsing. 1908
Dorsing, 1908
Dorsing, 1908
Dorsing, 1908
Dorsing, 1908
Dorsing, 1908
Dorsing, 1908
Dorsing, 1908
Dorsing, 1908
Dorsing, 1908
Dorsing, 1908
Colladon-Sturm
Wertheim
Wertheim
Wertheim

Rowland
Violle, 1900
Thiesen, 1908
Mean
Mean (Witkowski)
Mean (Witkowski)
Mean (Witkowski)

Stevens
Stevens
Stevens
Masson
Wullner
Buckendahl, 1906
Masson
Strecker
Dulong
Dulong
Zoch
Masson
Masson
Dulong
Dulong

Masson
Masson
Masson
Treitz, 1903
Treitz, 1903

651
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MUSICAL SCALES
{From Miller's Laboratory Physics, Ginn & Co., publishers, by permission

Vibration Frequency of Tones in the Musical Scale for
Higher ok Lower Octaves are Obtained by Multiplying
by Some Power of 2

itic diatonic scale.



ELECTRICITY AND MAGNETISM

SPARKING POTENTIAL OR DIELECTRIC STRENGTH

Am
Potential in volts necessary to produce a spark in air at atmospheric

-ure and ordinary temperatures, the potential required depends on the
shape and size of the electrodes and increases with the pressure of the air.

(From Smithsonian Tables.)



HANDBOOK OF CHEMISTRY AND PHYSICS

SPECIFIC INDUCTIVE CAPACITY

Solids

Atmospheric temperatures except where noted.

(From Smithsonian Tables.)

Substance. Wave
length.

Specific
inductive
capacity.

Obserrer.

Asphalt
Caoutchouc
Calcspar:

_|_to axis

|| to axis

Diamond
Ebonite
Glass flint, extra

heavy
hard crown
lead (Powell)
Jena, barium

Gutta percha
Ice-5°C

-18°
-190°

Iodine, cryst

Marble, Carrara
Mica
Mica, Canadian am-

ber
Paraffin

Phosphorus, yellow. .

Porcelain, hard
(Royal Berlin) . .

Quartz

:

Xto axis

|| to axis

Selenium
Shellac
Sulphur, amorphous.

.

Sulphur, cast, fresh. .

Wood, dry:
red beech
red beech
oak
oak

1200
5000

75
75
7.5

c

7.5

x
oo

X
X
og

X

X
X
X

[2.68

2.22

8.49
7.56
16.5
2.72

9.90
6.96

5.4-8.0
7.8-8.5
3.3-4.9

2.85
3.16

1.76-1
4.00
8 3

5. 66-5 .97

3.0
2.10
3.60

5.73

4.69
5.06
6.13
3.10
3.98
4.22

4.83-2.51
7.73-3.63
4.22-2.46
6.84-3.64

v. Pirani, 1903
Gordon, 1879

Fallinger, 1902
Fallinger, 1902
v. Pirani, 1903
Winklemann, 1889

Hopkinson, 1891
Hopkinson, 1891
Gray-Dobbie, 1898
Lowe, 1898
(submarine-data)
Thwing, 1894
Abegg, 1897
Behn-Kiebitz, 1904
Schmidt, 1903
Schmidt, 1903
Elsas, 1891

E. Wilson
Zietkowski, 1900
Schmidt, 1903

Starke, 1897

Fallinger, 1902
Fallinger, 1902
Vonwiller-Mason, 1907
Winkelmann, 1889
v. Pirani, 1903
v. Pirani, 1903

6j4
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SPECIFIC INDUCTIVE CAPACITY (Continued)

Gases
The specific inductive capacity of a vacuum is taken as unify,

lengths of the measuring current greater than 10,000 cm.

(Dielectric constant.)

Wave-

Gas.

Air.
Air
Air
Air
Air
Air. . .

Ammonia
Carbon bisulphide

.

on bisulphide .

.

I .on dioxide

Carbon dioxide.

Carbon dioxide

Carbon dioxide

Carbon monoxide.

Ethylene
Hydrochloric acid.

Hydrogen
Methane
Nitrous oxide (NjO).

Nitrous oxide (NjO).

Nitrous oxide I

Nitrous oxide
I

Sulphur dioxide

Sulphur dioxide. . .

Water vapor

Temp.
°C.

Pressure
in atmos-
pheres.

19

20

100

15

100

IS

145

1

20
40
60
80
100

1

1

1

1

10
20
40
1

1

1

1

1

1

10
20
40
1

1

4

Specific
inductive
capacity.

000590
0108
0218
0330
0439
0548
00718
00290
00239
000985
008
020
060
000690
.00131
00258
000264
.000944
.00116
.010
.025
.070
.00993
.00905
. 00705

Observer.

Boltzmann, 1875
Tangl, 1907
Tangl, 1907
Tangl, 1907
Tangl, 1907
Tangl, 1907
Badeker, 1901
Klemencic
Badeker
Klemencrc"
Linde, 1895
Linde, 1895
Linde, 1895
Boltzmann
Boltzmann
Badeker
Boltzmann
Boltzmann
Boltzmann
Linde, 1895
Linde, 1895
Linde, 1895
Badeker
Klemencic
Badeker

Liquids

Where the wave-length is not specified it is greater than 10,000 cm.

liquid.

Acetic acid

Acetone. .

.

Air
Alcohol:

amyl. .
-

amyl. . .

ethvl.

ethyl.

Temp.
°C.

IS

-191

+20
frozen
-120

Wave
length.

00

X
X

00

00

X.

X

Specific
induc-
tive ca-
pacity.

9.7
26.0
1.43

17.4
16.0
2.7

54.6

Observer.

Francke, 1893
Abegg, 1897
v. Pirani, 1903

Abegg-Seitz, 1899
Abegg-Seitz, 1899
Abegg-Seitz, 1899
Abegg-Seitz, 1899
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SPECIFIC INDUCTIVE CAPACITY (Continued)

Liquids (Continued)

Liquid.
Temp.
°C.

Wave
length.

Speci6c
induc-
tive ca-
pacity.

Observer.

Alcohol:
ethyl. . .

ethyl.. .

ethyl. .

.

ethyl. .

.

ethyl. . .

ethyl. . .

ethyl. . .

ethyl. .

.

ethyl. . .

methyl.
methyl.
propyl

.

propyl

.

Ammonia.

Amyl acetate
Anilin
Benzol (Benzene)..
Bromine
Carbon bisulphide

.

Carbon dioxide. . .

.

Chlorine
Chloroform
Ethyl ether
Ethyl ether
Glycerine
Hydrogen peroxide

46% in H 20. . .

Hydrogen sulphide.

.

Nitrous oxide, NjO
Oils:

castor

cottonseed,
linseed

olive

petroleum

.

sperm
turpentine.

Oxygen

Phenol
Sulphur dioxide

.

Water

-80
-40

+20
17
17
17
17
17

+20

+20
-34

19
18
18
23
20
-5
-60

18

20
15

18
10

-88

11

14
13
20

20
20

•182

48
20
18

00

00

00

00

200
75
53
4

0.4
00

00

00

00

75

00

00

00

84
00

00

00

00

00

00

1200

75
00

00

oo

00

CO

00

2000
00

00

00

73
00

00

~656
_

44.3 Abegg-Seitz, 1899
35.3 Abegg-Seitz, 1899
28.4 Abegg-Seitz, 1899
25.8 Abegg-Seitz, 1899
24.4 Drude, 1896
23.0 Drude, 1896
20.6 Marx, 1898
8.8 Marx, 1898
5.0 Lampa, 1896
35.0 Abegg-Seitz, 1899
31.2 Abegg-Seitz, 1899
24.8 Abegg-Seitz, 1899
22.2 Abegg-Seitz, 1899
21-23 Goodwin-Thomp-

son, 1899
4.81 Lowe, 1898
7.316 Turner, 1900
2.288 Turner, 1900
3.18 Schlundt
2.626 Tangl,. 1903
1.60 Linde, 1895
2.15 Linde, 1895
5.2 Turner, 1900
4.68 Abegg, 1897
4.30 Tangl, 1903

56.2 Thwing, 1894

84.7 Calvert, 1900
5.93 Eversheim, 1904
1.93 Hasenhorl, 1900

4.67 Arons-Rubens,
1892

3.10 Salvioni, 1888
3.35 Salvioni, 1888
3.11 Heinke, 1896
2.13 Marx
3.17 Hopkinson, 1881
2.23 Hopkinson, 1881
1 . 49 Fleming-Dewar,

1896
9.68 Drude, 1896
14.0 Eversheim, 1904
81 . 07 ITurner, 1900
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SPARKING POTENTIAL OR DIELECTRIC STRENGTH

Various Insulators.

Potential to puncture in kilovolts per centimeter. 1 kilovolt =1000 volts.

SubstaDce.

Air, liquid

Ebonite
Fiber
Glass
Guttapercha
Kerosene
Linen, varnished
Mica
Mica
Oils:

castor

castor

cottonseed
lard

lard

linseed, raw
raw
boiled

boiled

lubricating

olive

olive

paraffin

pr.raffin

sperm, mineral

mineral
natural
natural

turpentine
turpentine

Papers:
beeswaxed
blotting
Manilla
paraffined

varnished
Paraffin:

melted
Bolid, melt, point 43

c

solid, melt, point 70
c

Rubber
Vaseline

Xylol
Xylol

Thickness
used mm.

1.0

0.1
1.0

0.2
1.0

0.2
1.0
0.2
1.0
0.2
1.0

0.2
1.0
0.2
1.0
0.2
1.0
0.2
1.0
0.2
1.0

0.2
1.0

Kilovolta
per cm.

40-90
300-1100
20

300-1500
SO-200

164
100-200

1500-2200
300-700

190
130
70
140
40
185
90
190
80
50
170
75

215
160
180
85
195
90
160
110

770
150
25

500
100-250

75
350
450
160-500
90-130
140
SO
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CONTACT DIFFERENCE OF POTENTIAL
Metals

The values in the table give the potential in volts of the metal at the top
of the column with respect to the metal named at the left.

(Tabulated from results by Pellat, 1881.)
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PROPERTIES OF METALS AS CONDUCTORS

Metal.

Advance. See con-

Aluminum
Antimony

Bismuth

Cadmium
Calido. 8ee nichrome
Climax
Cobalt

ntan
Copper: annealed. . .

hard-drawn
Eureka. See con-

utan
Excello
Gas Carbon

Gold
Ideal. See constantan

Iron, 99.98% pure..
I

1 -ium
Manganin
Mercury
Molybdenum, drawn
Monel metal
Nichrome
Nickel
Palladium
Phosphor bronze. . .

.

Platinum
Silver

l-:. b. b
B.B.......-V
Semens-Martin

Steel, manganese
Tantalum
Therlo
Tin
Tungsten, drawn. .

.

.

Zinc

. -.

microhm
centimeters

20" C.

2.S24
41.7
33.3
120

7
7.6

87
9.8

49
1.7241
1.771

92
5000

33
2.44

10
22
4.6

44

5.7
42
100
7.8

11
7.8

10
1.59

10.4
11.9
18
70
15.5
47
11.5
5.0
5.8

Temp.
coefficient
20° C.

0.0039
.0036
.0042
.004
.002
.0038

.0007

.0033

.00001

.00393

.00382

. 00016

.0005

.0004

.0034

.005

.0039

.004

.00001

.00089

.004

.0020

.0004

.006

.0033

.0018

.003

.0038

.005

.004

.003

.001

.0031

.00001

.0042

.0045

.0037

Specific
gravity.

2.70
6.6
5.73
9.8
8.6
8.6

8.1
8.71
8.9
8.89

8.9

'8.'4"

19.3

7.8
11.4
1.74
8.4
13.546
9.0
8.9
8.2
8.9
12.2
8.9

21.4
10.5
7.7
7.7
7.7
7.5
16.6
8.2
7.3

19
7.1

Tensile
strength,
Ibs./in.

30,000

70,000

150,000

120,666
30,000
60,000

95,000

150, 000
20,000

3,000
33,000

150,000

160,666
150,000
120,000
39,000
25,000
50,000
42,000
53,000
58,000

100,000
230,000

4,000
500,000
10,000

Melting
point
•c.

659
630

"271
900
321

1250
1480
1190
1083

1500
3500
1100
1063

1530
327
651
910
—38.
2500
1300
1500
1452
1550
750
1755
960
1510
1510
1510
1260
2850

"232'

3400
419

«61
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RESISTIVITY
Giving the resistivity p for metals, including alloys and carbon. Tempera-

ture coefficients of resistance are given in a succeeding table.

Material
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RESISTIVITY (Continued)

Material
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RESISTIVITY (Continued)

Material
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RESISTIVITY (Continued)

Material

Lithium liquid

Magnesium
Zn free

pure
Manganese

-i-opper

Mn 30, Cu 70
Manganin, (

Mn 12, Ni 4

Mercury
solid

liquid

Molybdenum, drawn
Monel metal
Nichrome
Nickel

pure

Xiokel-eopper-zine
Ni 12.84. Cu 30.59

Zn 6.57 by vol.

Xirkelin
Ni lS.46.Cu 61.63

Zn 19.67, Fe 0.24

Co 0.19, Mn0.18
Osmium
Palladium

Patent nickel

Ni 25.1, Cu r4.41

Fe 0.42, Zn 0.23

Mn 0.13, Co trace

Phosphor bronze

Temp.
°C.

230
20

-1S3
-78

98.5
400

20
22.5

-200
-100
-50

100
400
20

-1S3.5
- 102.9
-50.3
-39.2
-36.1

50
100
200
3.50

100
200
300
20
20
20
20

-78.2

94.9
400

20
20

- 1 83
-78

98.5

Resistivity
ohm-cm

45.2 X 10" •

4.6
1.00
2.97
4.35
5.99
11.9
5.0

100
44
45
37.8
38.5
38.7
38.8
38.P
38.3
95.783
6.97
15.04
12.3

25.5

80.6
94.07
98.50
103.25
114.27
135.5
103.1
114.0
127.0

5.7

42
100

7.8
1.44
4.31
6.93
11.1
60.2
20.3

33

60.2
11
2.78
7.17
10.21
13.79
34

Authority

Bernini, 1905
bureau of Standards
Dewar, Fleming

Xiccolai, 1907
Shukow

Feussner, Lindeck
Bureau of Standards
Kimura, Sakamaki
Xiccolai

Bureau of Standards
Dewar, Fleming

Grimaldi
Vincentini, Omodei

5-10

Xorthrup

Bureau of Standard*
Bureau of Standards
Bureau of Standards
Bureau of Standards
Fleming, 1900

Xiccolai, 1907
Matthiessen

Feussner, Lindeck

Xiccolai
Bureau of Standards
Dewar, Fleming

Feussner, Lindeck

Various

665
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RESISTIVITY (Continued)

Material
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RESISTIVITY (Continued)

Material
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RESISTIVITY (Concluded)

Material
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TEMPERATURE COEFFICIENT OF RESISTIVITY
' iperature coefficient of resistivity for degrees centigrade

for various metals including alloys.

Material T °C. Authority

Advance (See constantan)
Aluminum

annealed, highest purity
Aluiniiiuiu-ijronze

1 10
. Al 94

i : ony

Bismuth

Brass
66, Zn 34

Cu 80, Zn 40

Cu 88. Sn 12
Cadmium
drawn
annealed, pure

Carbon
Climax
Cobalt

Constantan

Copper, annealed
hard drawn

electrolytic

pure, annealed
Copper-manganese

>6.5, Mn 3.5

Cu 95, Mn 8
Ma 30 .

Copper-manganese-iron
Cull. Mn7.1.Fel.9

70.6. Mn 23.2. Fe 6.2

Copper-manganese-nickel
Cu 73, Mn 24, Nj 3

Eureka
Exeello
German-silver
Nil8%
Cu 60. Zn 25, Ni 15

Gold

25
100
500

0-100

20

20
0-100

20
15
15

20
20

0-100

20

0-100
12
25
100
200
500
20
20
100
400
1000

0-100

20

20

20
100
500
1000

0-100

0.0039
.0034
.0040
.0050
.0044.5

.00102

.00320

.00380

.0036

.0042

.004

.00446

.002

.0020

.0010

.0005

.0038

.00424

.0042
-.0005
+.0007
.0033
.00658
.000008
.000002
.000033
.000020
.000027
.00393
.00382
.0038
.0042
.0062
.0041
.00433

.00022

.000026

.00004

.000120

.000022

-.00003
+.00005
.00016

.0004

.00036

.0034

.0025

.0035

.0049

.00400

Jiiger, Diesselhorst, 1900
Somerville, 1910

Holborn, 1921

Bureau of Standards
Holborn, 1921
Bureau of Standards

Bureau of Standards

Holborn, 1921

Bureau of Standards

Holborn, 1921
Somerville, 1911

Bureau of Standards

Somerville, 1911

Holborn, 1921

Feussner, Lindeck

Blood

Feussner, Lindeck
Drysdale, 1907
Bureau of Standards

Bureau of Standards
Feussner, Lindeck
Bureau of Standards
Somerville, 1910

Holborn, 1921
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TEMPERATURE COEFFICIENT OF RESISTIVITY
(Continued)

Material
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TEMPERATURE COEFFICIENT OF RESISTIVITY
(Concluded)

Material
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RESISTANCE OF ELECTROLYTES
Resistance of aqueous solutions of various salts and acids in ohms per

centimeter cube for a temperature of 18° C.

(From observations by Kohlrausch.)

- It

Acetic acid .

Ammonium chloride.
Copper nitrate

sulphate
Hydrochloric acid . . .

1 -mm iodide. . . .

Silver nitrate
Sodium carbonate. . .

chloride
hydroxide

Sulphuric acid
Zinc chloride

sulphate

(Concentration)

.

Nitric acid

(Concentration)
Potassium hydroxide.

Number of grams of salt in 100 grams solution.

: I

- A
29.5
39

14 94

- :

20 70

b 2

3.2

-

10 15 20 25 30 40 50

654.

5.63
15 .7

31 2
'

!

14 .7

21

14 2

8.33
3.20

I 1

31 2

12 4

1 84

!

616.
•

11.7
_ I

1.34

14.64
12.0
6.10
2 89

Si

24 1

1.4c

.

622.5
2.97
9.S2

1.31
-

11.40

5.11
3.06
1.53

10.96
21 4

1.30

21.

1 96

658.

2.48
9.17

1.38

Y45

4 69

1.39

20'

8

31.

1 2a

714.

1.51

4.34
8 07

4.95

22 5

37 2

1.32

I

1.81

925.

1.94

3.16
6.39

S.61
I 47

11. S3

43.4
1.43

33 6

1.91

1351.

2 55
5 39

I M
15.87

SAFE CARRYING CAPACITY OF COPPER WIRE
(Fiom Collins' Design and Construction of Induction Coils, by permission.)

Brown &
Sharpe
gauge.
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CONDUCTIVITY OF STANDARD SOLUTIONS
Giving the conductivity in reciprocal ohms (mho) per cm. fox NaCl, KCl

HsSO< and MgisOi for various temperatures. Solutions are as follows:—
HtS04, — maximum conductivity (18° C.) ; dissolve 378 g. of 97% acid

in pure water and dilute to 1 liter. Density at 18" C, 1.223.
MgSO-4,— maximum conductivity (18° C); dissolve in 1 liter of distilled

water 552 g. of MgSO<7H 20. Density at 18° C, 1.190.

NaCl, — solution saturated at all temperatures given. An excess of NaCl in
distilled water, about 450 g. per liter. D = 1.2014 (18° C).

KCl,— normal solution, 74.59 grams per liter of solution at 18° C. Dissolve
74.555 grams (weighed in air) of KCl and dilute to 1 liter. Density, 1.04492.

Solution.
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EQUIVALENT CONDUCTIVITY OF AQUEOUS SOLUTIONS
The conductivity ie given in reciprocal ohms per centimeter cube. Concen-

tration is given in milli-cquivalents of solute per liter of solution. Corrected
for conductance of water except in case of the strong acids.

Substance.

Acetic acid

.

*Ammonium acetate.

.

•Ammonium chloride.

.

Ammonium hydroxide

Barium ferrocyanide .

.

Barium hydroxide

Barium nitrate.

Calcium ferrocyanide

.

Calcium nitrate . . . .

Concentra-
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EQUIVALENT CONDUCTIVITY OF AQUEOUS
SOLUTIONS (Continued)

1
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EQUIVALENT CONDUCTIVITY OF AQUBOUS
SOLUTIONS (Continued)



HANDBOOK OF CHEMISTRY AND PHYSICS

THE EQUIVALENT CONDUCTANCE OF THE
SEPARATE IONS

(From Smithsonian Physical Tables.)

Ion.
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RESISTIVITY OF DIELECTRICS
Giving the volume resistivity p, the variation of the volume resistivity

with temperature, given as the ratio of the value at 20° C. to that at 30° C.,
and the surface resistivity for various dielectrics. The surface resistivity b
the resistance between the opposite edges of a centimeter square. A large
part of the data are from Curtis, Bulletin of the Bureau of Standards 1915.
Temperatures, unless otherwise stated, are 22 s

C. The numbers in parentheses
refer to the source of information.

Material

Amberite
Amber
Bakelitet

No. 1

140
150.
190

L 558
G5074
5199RGRB
5200

Bakelite micarta . .

.

Beeswax
yellow, unrefined

.

white

Celluloid

Ceresin
Condensite

black
yellow

Dielectrite
Duranoid
Electrose, No. 8. . .

.

black
yellow

Fibre, hard
red

Galalith,
black
white .....'

Glass, German ....

Kavalier

opal
plate, commercial
ordinary
Bohemian.

Glyptol
Gummon
Halowaz 1001. ..

5055 B.

Volume resistivity

Temp.
"C

22

20

22

16

20

20
20

ohm-cm

5X10"
5X10"

2X10"
2X10'
4X10"
1X10"
2X10"
4X10'o
5X10"
4X10"
5X10«>

20X10"
8X10"(1)
6X10"
5X10"(D
2X10io
4X10io(2)

>5X10i»

4X10"
4X10i»
5X10"
3X10"
2X10"
1X10"
5X10"
2X10io
5X10»
1X10»(3)

2X10io
1 X lOio

5X10"
5X10ii(4)
8X10"
IX 10" (5)

1X10"
2X10"
9 X 10"
6X10"
1X10"
3X10"
2X10"
2X10"

Px

2.4
3.6
3.6
2.6

5.3
2.4

16.0

1.8

2.9
2.9
3.0

2.0
2.3
3.2
2.6

2.5

4.5

2.8
3.2

3.0
1.4
2.5

Surface resistivity, ohm-cm

Humidity 50% Humidity 90%

2X10"
6X10"

3X10"
3X10»
3X10"
1 X 10"
8X10"
3X10"
6X10"
1 X 10"
2X10io

**6X10"

5X10io

>**1X10"

CXlOio
3X10"
5X10"
6X10"
1X10"
1 X10"
3X10"
5X10»
2X101"

8XIO10
4X10io
4X10"

4X10"

5X10io

2X10"
*6X10"

3X10"
1 X10"

2X10*
2X10*
4X10»
5X10«
8X10"
5X10*
1X10"»
5X10»
1X10»

**5X10"

2X10*

>**1X10"

8X10»
6X10*
4X10'
3X10*
2X10"
6X10»
5X10«
3X10'
2X1C

3X10»
6X10»
6X10«

1X10»

2X10*

3X10»
•5X10"

* Temperature is .22°C. except where otherwise stated,
t For composition of bakelite samples see table following.
** Leakage resistivity.
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RESISTIVITY OF DIELECTRICS (Continued)

Material

Volume resistivity Surface resistivity, ohm-cm

Te™P- ohm-cm

Hard Rubber

Hemit
Insulate
Ivory
Khotinsky Cement

.

Lavite
Marble

Italian

Pink Tennessee . .

Blue Vermont. . .

.

Mica
black African ....

brown African . . .

colorless

India ruby
stained

Indian ruby
slightly stained

Moulded mica
Paraffin (special) .

parowax

Porcelain, unglazed
glazed

Quartz crystal

II
to-dxis

J. to axis

fused
cleaned with chro-

mic acid
Redmonite
Rosin

Sealing wax

Shellac

Slate

Stabalite
Sulfur

Tegit • • • •
•

Tetrachlornaphtha-
lene • •

•

Wood, paraffined

mahogany
maple
poplar

20

17

17
29
17

20

17

1X10"
2X10" (6)

3X10"(?)
1X10'°
8X10"
2X10«
2X10"
2X10i°

1X10"
1X10»»(?)
5X10»
1X10»
9X10" (6)

4X10"
2X10"
2X10» 7

5X10"
2X10" (7)

5X10"
4X10" (7)

1X10"
>5X10"
1X10"
3X1018 (8)

5X10" (5)

3X10"

2X10" (5)

IX 10" (6)

2X10" (5)

3X10" (6)

>5XK)i«

2X10"
5X10"
7X10" (5)

8X10"
1X10"(1)
1X10"
9X10"(?)
1X10*
2X108(?)
3X10"
1X10"
8X10" (5)

2X10"

5X10"

4X10"
3X1010

5X10"

1.2
1.0
1.5

11.0

1.2
2.0
2.7

1.0

1.2

2.0

1.6

2.0
3.6

0.9

1.5

1.6
4.9

1.4

2.9

3.6
3.6

Humidity 50%

3X10"

lXlOio
3X10"
5X10*
*7X10"
1X10"

3X10*

5X10"
8X10»

3X10"
3X10"
2X10"
1X101°

5X10"
*9X10"

6X10"
2X10"

3X10"

3X10"
5X10"
5X10"

2X10"

5X10"

9X10«

2X10"
7X10"

1X10"

3X10"
8X10"
1X10"

Humidity 90%

2X10»

3X10»
3X10"
1X10»
*5X10"
1X10»

2X10'

3X10*
1X10'

3X10*
1X10*
8X10»
9X10'

3X10»
6X10"

5X10°
5X10«

2Xi0»

2X10»»
3X10"
2X10"

9X10"

6X10»

1X10*

4X10'
1X10"

*1X10»

5X10*
2X10«
1X10°

* Leakage resistivity.
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RESISTIVITY OF DIELECTRICS (Continued)
Description of Materials

Amberite is made by compressing Bcrap amber

sampfet^reVaK SBSr^ Pr°duCt> wWl Vari0US *"« The variou«

Number
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THERMOELECTRIC POWER

The table gives the electromotive force in microvolts per degree difference
in temperature between the two junctions, for various metals with lead.
The temperature given is the mean temperature of the two junctions.
A is the thermo-electric power at c C. and B the coefficient in the equa-
tion for the thermoelectric power at any temperature,

Q=A+Bl,

where t is the mean temperature of the two junctions. The thermo-
electric power of any two metals in the table may be found by subtracting
the value for the hr.<t from that of the second, a positive difference indicating
that the current will flow from the cold to the hot junction in the second
metal.
The sign of the values given is so chosen that if A is positive the cur-

rent flows in the metal listed from the cold to the hot junction. When B
js positive Q increases with the temperature.

(Principally from the Smithsonian Physical Tables.)

Metal.
A

micro-
volts.

Aluminum 1

Antimony comm'l. -press-
ed wire 3

pore 5

Argentan 1

Arsenic 1

Bismuth comm'l. -press-
ed wire*.

pure pressed wire'. . . .

commercial*
Brass6

Cadmium 1

Cobalt'
Coostantin
Copper 1

commercial-
German silver'

Gold'
Iron 1

pianoforte wire 2

Magnesium 1

Manganin'
Mercury 2

Nickel'
Paladium 1

Platinum, pure'. ••••••
Platinum-iridium alloys:

85%Pt+15%Ir 1

90%Pt+10%Ir l

Selenium 1

S.lver 1

pure hard'
Steel 1

Tellurium-
Tin, commercial'
Tin 1

Zinc 1

0.70

11.94

2.63

i!34

2.80
17.15

- 2.22

6.18

7.90
5.90

2.12

'

i i
'. 27

. 43
2.32

B
micro-
volts

per e C.

-0.0039

-0.018
0.0500

-0.002G
-0.0424

-0.0094

+6!6i9
-0.0101
0.0482

. 009

1

0.003

0.0355
LQ.011

-0.0062
0.0133

-0.0147

'0. 0325

-0.0055
-0.0238

Temp. ° C.

20

20
-100- -f 100
20
20

20
20
50
0.260
20
20
50
20
20
-100-+100
20
20
20
20

-100- + 100
20
50
20
0-200

20
20
20
20
20
20
20
50
20
20

Thermo-
electrie
power,
micro-
volts.

0.68

-6.0
-1.49*
12.95
13.56

97.0
sy.o
39.9
-0.65
-3.48
22.

+ 19.3
-1.52
-0.10
+ 10.7
-3
-16.2
-17.5
-2.03
1.12
0.413
15.50
6.9

+ 3.04

-8.03
-5.63

-807.
-2.41
-3.00

- 10.62
-502.
-0.33
0.33

-2.79

Neu-
tral

point.

195

236

62

143

277
356

236

- 174

-1274
444

144

347

78
98

Observers: » Tait.

Becquerel. * Steinmann. « Noll, lh
» Matthiesen. * Dewar & Fleming. 1895. * Ed.
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THERMOELECTRIC POWER

Metal

Calcium ....
Gallium
Germanium

.

Molybdenum
Thallium
Tungsten. . .

A
micro
volts

B
micro
volts

per °C.

Temp.
°C.

50
20

-192
+ 12.5

550
675
20
20
20

Thermo,
electric

power

+8.9
-0.2

+ 160.
425.

-175.
-125.
+5.9
+0.8
-2.0

Neutral
point

300

HYSTERESIS
The dissipation of energy due to hysteresis in metals is expressed by

Steinrnetz by the following equation:

E = tjB'-«

Values of ij as found by Steinrnetz appear below. C. G. S. units.

Material
Iron

Norway iron 00227
Wrought bar 00326
Commercial ferrotype plate 00548
Annealed " " 00458
Thin tin plate 00286
Medium thickness tin plate 00425

Steel
Soft galvanized wire 00349
Annealed cast steel 00848
Soft annealed cast steel 00457
Very soft annealed cast steel 00318
Same above tempered in cold water 02792
Tool steel glass hard tempered in water 07476

tempered in oil 02670
" annealed 01899

Cast iron
Gray cast iron 01300

' 1% aluminium 01365
i% " 01459

Nickel
Soft wire 0122
Annealed wire 0156
Hardened 0385

Cobalt
2% of iron 0210

Iron Filings
180 cycles per second ' 0457
114 0396
79-91 " " " 0373
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MAGNETIC CONSTANTS OF IRON
Permeability of Transformer Iron

Giving M, the total magneto motive force applied. M II, the magneto
motive force per unit length of iron circuit. B the total induction, B/a the
induction per unit cross-section of iron, M IB, the magnetic reluctance of
the iron circuit and Bll Ma, the permeability; showing the typical relations
of the magnetic constants for varying field.

(From Smithsonian Tables.)
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MAGNETIC SUSCEPTIBILITY OF VARIOUS SUBSTANCES

Metam

Magnetic susceptibility or the ratio of the magnetic moment per unit
volume to the magnetizing field is given for various substances. The value
is negative for duim.-igu.' . positive for paramagnetic bodies.

(C. G. S. Electromagnetic units.)

Substance.
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VARIATION OF RESISTANCE DUE TO A
MAGNETIC FIELD

Bismuth

The table shows the proportional values of the resistance for values of
the magnetic field from to 35,000 and for different temperatures. The
resistance at 0° C. and H =0 is taken as 1.

Proportional values of resistance.

(From Smithsonian Tables.)

H.
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HALL EFFECT

If a strip of metal of thickness (, in which a current i is flowing (longi-
tudinally) is subjected to a transverse magnetic field H, a difference of poten-
tial E is produced at opposite points at the side of the strip. E =RXHi/t
where R is a constant specific with different metals and E, 11, i and / in C. G. S.
units. The table gives values obtained at ordinary room temperatures,
18-21° C. If the value of R is independent of the field, or nearly bo, the
field intensity is not given. The positive sign indicates that if a strip of
metal were considered to be in the plane of this page with its long axis
horizontal, the primary current flowing from left to right and the magnetio
field directed away from the observer, normal to the plane of the strip,
the upper edge of the strip would be at a higher potential than the lower.

Substance.
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MAGNETIC INCLINATION OR DIP AND HORIZONTAL
INTENSITY

The mean or limiting values are given for the territory covered by the

State named. The horizontal intensity is given m gausses. The table is

compiled from the results of the U. S. Coast and Geodetic Survey for 1911

and 1912.

State.

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut. . . .

Delaware
Florida
Georgia
Hawaii
Idaho
Indiana
Iowa
Kansas
Kentucky

.

Maine
Maryland
Massachusetts. .

Michigan.
Mississippi
Missouri
Montana
Nebraska
New Hampshire.
New Jersey
New Mexico. . .

.

New York
North Carolina..
North Dakota. .

Ohio
Oklahoma
Oregon
Pennsylvania. . .

Philippines
Porto Rico
South Carolina.

.

South Dakota. . .

Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia. . .

Wisconsin
Wyoming

Dip, degrees.

62. to
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MAGNETIC DECLINATION

An annual decrease in declination is indicated by the negative sign
an increase by the positive.

(From U. S. Coast and Geodetic Survey)

State.
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MAGNETIC DECLINATION (Continued)

An annual decrease in declination is indicated by the negative sign

and an increase by the positive.

(From U. S. Coast and Geodetic Survey.)

X. Mex. . .

> \

Station.

Elko
Hawthorne.
Hano.
Trenton. . .

Santa Rosa.

Laguna. . .

Albany.

.

Elmira . . .

Newbern.
Salisbury.

Jamestown.

.

Dickinson.

.

Columbus.

.

Okmulgee..
Enid

Sumpt'
Detroit
Philadelphia.
Altoona— .

.

San Juan. . .

Newport
Columbia. . . .

Huron. ......
Rapid City. . .

Chattanooga.

Huntington.
Houston. . . •

I utonio.

Peeos.
Floydada. .

.

Wash Seattle

a. . . . Charleston. .

Wis
i

Madison.. . •

Wyo Douglas. . .

Green RiTer.

Magnetic declination in degrees
and tenths.

1870 1880 1890 1900 1910

17.7 E

11.1 W
6.0 W

12.7 E

13.6 E
9.1 W
5. 1 W
1.0W
1.5E

14.0 E
17.4 E
1.2E
9.8 E

10.9 E

20.0 E
20.1 E
5.5W
3.1 W

Salt Lake City .

Rutland
Richmond
Lvnchburg
Wilson Creek. . .

10.3 W
2.1 E

12.6 E
16.3 E
3.3 E

6.1 E
8.9 E
9.6 E
11.0 E
11.2E

16.7 E
10.6 W
1.8 W
0.5 W

21.9 E

22.1 E
0.2 W

16.0 E
17.0 E

17.7 E
17.0 E
11.6 W
6.7 W

12.5 E

13.4 E
!).8W
6.3 W
0.8 E

13.5 E
17.0 E
0.6 E
9.4 E

10.5 E

20.2 E
20.4 E
6.3 W
3.8 W

10.8 W
1.4 E

12.1 E
15.8 E
2.6 E

5.5 E
8.5 E
9.3 E
10.8 E
10.9 E

16.5 E
11.2W
2.5 W
1.2 W

21.9 E

22.3 E
0.9 W
6.4 E

15.8 E
16.9 E

17.8 E
17.3 E

12.0 W 12.5 W
7.-' W

12.1 E 12.0 E

13.0 E
10.2 W
7.0 W
2.2 W
0.2 E

12.7 E
16.4E
0.0 E
8.8 E
9.9 E

20.2 E
20.5 E
6.8 W
4.5 W

11.3 W
0.8 E
11.4E
15.3 E
2.0 E

4.9 E
7.9 E
8.9 E

10.4 E
10.4 E

16.3 E
11.6 W
3.1 W
1.8 W

22.1 E

22.6 E
1.5 W
5.6 E

15.4 E
16.6 E

13.0 E
10.8 W
7.6 W
2.8 W
0.4 W

12.4 E
16.2 E
0.7 W
8.5 E
9.7 E

20.4 E
20.8 E
7.4 W
5.1 W
LOW

11.9 W
0.2 E
11.1 E
15.1 E
1.5E

4.4 E
7.7 E
8.7 E
10.3 E
10.3 E

16.5 E
12.1 W
3.7 W
2.4 W

22.4 E

23.0 E
2.1 W
5.0 E

15.3 E
16.6 E

-
I

17.8E
13.0 W
8.4 W

12.4 E

13.5 E
11.4 W
S.I W
3.3 W

Ann.
Chge.
(1910)

+ .077
+ .083
+ .100
+ .082
+ .060

+.062
+ .093
+ .075
+ .057

i)7 w;+!047

12.8 E
16.6 E
1.1 W
8.9E

10.1 E

21.0 E
21.5 E
8.0 W
5.6 W
2.0 W

12.4 W
0.1 W
11.4 E
15.4 E
1.3 E

4.3 E
8.1 E
9.1 E

10.7 E
10.7 E

17.0 E
12.7 W
4.2 W
2.8 W

22.9 E

23.5 E
2.6 W
4.9 E

15.7 E
17.0 E

+ .030
+ .040
+ .047
+ .033
+ .043

+ .077
+ .080
+ .083
+ .067

+ .100
+ .043
+ .030
+ .042
-.033

-.008
+ .042
+ .050
+ .060
+ .052

+ .070
+ .100
+ .067
+ .057
+ .075

+ .083
+ .057
-.017
+ .053
+ .060
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LIGHT

PHOTOMETRIC STANDARDS

Value of Various Standards in International Candles

Standard Pentane Lamp, burning pentane 10.0 candles
Standard Hefner Lamp, burning amyl acetate. ... 0.9 "
Standard Carcel Lamp, burning colza oil 9.6 "
Standard English Sperm Candle, about 1.0 "
The Cared unit is the horizontal intensity of the carcel lamp,

burning 42 grams of colza oil per hour. For a consumption
between 38 and 46 grams per hour the intensity may be con-
sidered proportional to the consumption.
The Hefner unit is the horizontal intensity of the Hefner

lamp burning amyl acetate, with a flame 4 cm. high. If the
flame is I mm. high, the intensity I = 1 +0.027(J —40).

STANDARD CANDLES

The horizontal intensity may be considered proportional to the rate of
consumption of material if the variation is small.
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MEAN HORIZONTAL CANDLE POWER OF VARIOUS
LIGHT SOURCES

Given in International Candles.

(Lux, 1907.)

Source.

Acetylene flame
Electric arcs:

Carbon, open air, continuous
current

alternating current
Flaming arc, yellow
Mercury arc, uviol tube

quartz tube
Incandescent electric, carbon fil-

ament
tantalum filament
tungsten filament

tungsten filament, gas filled . .

.

Incandescent gas mantle, vertical

inverted
Xernst lamp

Total power
consumed
in watts.

96

435
181

350
199
691

98
44
38

1000
717
571
181

Mean
horizontal
candle
power.

6.9

171

98
816
393

3060

28.3
31.1
32.7

1670
96.3

96.3

108

Efficiency
in watts
per candle
(spherical)

17.7

0.92
2.27
0.34
0.64
0.25

4.54
1.83
1.59
0.66
8.9

7.7

2.12

PRIMARY COLOR SENSATIONS PRODUCED BY VARIOUS
LIGHT SOURCES

The relative values of the excitation of the three primary sensations

are given.
(Ives, 1911.)

Source.

Black body at 5000° absolute

Blue sky
Clouded 6ky
Sun
Hefner lamp
Acetylene flame
Incandescent carbon filament

Tungsten filament

Nernst filament

Electric arc, carbon

Mercury arc

Flaming arc • • • • • v
Incandescent gas mantle, thorium

with 0.25 part in 100 of cenum^"
691

Red.

33
29
35
38
54
49
51
48
49
41
29
52

42

Green.

33
30
34
37
40
40
41
41
40
36
30
37.5

41

Blue.

33
41
31
25

fi

11

8
11
11
23
41
10.

17
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INTRINSIC BRILLIANCY OF SURFACE INTENSITY OF
LIGHT SOURCES

Given- in International Candles per Square Centimeter.

Sources.
Surface

intensity.
Observer.

Electric a re-

current of 10 amperes.
current of 25 amperes
current of 250 amperes

Flaming arc

Flames, candle
petroleum lamp, round wick
petroleum lamp, flat wick.. .

gas, argand burner
acetylene, flat flame

Incandescent electxic

:

filament of carbon (3.3 watts
per candle)

filament of tungsten (1.2

watts per candle)

Nernst
Gas mantle
Mercury arc
Moon. . .

Star (Algol)

Sun at zenith

1G000
19500
30000
4000

0.4-0.
3.3
.67

1.14
5.6

75.

150.
350-470
4.8-6.7
2.5
0.4
840000
160000

Blonde!, 1897
Blondel, 1897
Rey & Blondel, 1902

Stockhausen, 1910
Stockhausen, 1910
Stockhausen, 1910
Stockhausen, 1910

Blondel, 1911

Blondel, 1911
Ives & Luckiesch, '11

Ives & Luckiesch
Ives & Luckiesch
Pickering, 1908
Nordmann, 1910
Palaz, 1893

WAVE LENGTHS OF VARIOUS RADIATIONS
Microns

Rontgen (X) rays 0.0001
Shortest ultra-violet radiation . . .

;
0.051

Shortest ultra-violet radiation in the solar spectrum
(limited by atmospheric absorption) 0.292

Limit of the visible spectrum . 390
Violet, wave length best representing the color 0.410
Wave lengths included 0.390-0.422

Blue, representative 0.470
Includes 0.422-0.492

Green, representative . 520
Includes 0.492-0.535

Maximum visual intensity, about 0.535
Yellow, representative 0. 580

Includes 0.535-0.586
Orange, representative 0.600

Includes 0.586-0.647
Red, representative . 650

Includes 0.647-0.810
Limit of the visible spectrum 0.810
Limit of the solar spectrum 5 . 300
Infra-red (heat waves)

Includes 0.810-314.00
Shortest measured Hertzian ware 4000.
Used for wireless telegraphy 100-5000 meter e
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BRIGHTNESS OF TUNGSTEN
(Farsythe t9tf)
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VARIATION IN THE SENSITIVENESS OF THE EYE
WITH THE WAVE LENGTH

Fob Low Intensities

(KSnig.)

Wave length. . .

Mean sensitive-
ness
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WAVE LENGTH OF PRINCIPAL LINES OF VARIOUS
ELEMENTS

Solids

Wave lengths of the most prominent lines in microns. The letters

a, s and f after a wave length indicate its occurrence as a strong line in

the arc, spark or flame spectrum respectively.

Aluminum.

Antimony.

Arsenic.

Barium.

Barium chloride in

the Bunsen flame

gives other lines

not due to bar-

ium

Bismuth.

Cadmium.

.3082

.3092

.3587

.3944

.3961

.5697

.5723

.3268

.6005

.6079
6130

2745
2861
3923
4037

3891
4131
4554
4934
5535
5853
6141
6497

5136
5242
5313

3596
4723
4994

3611
4678
4800
5086
5338
5378
6439

a, s

a, s

s

a, s

a, s

8

8

S

S

S

S

S

s

S

s

s

s

a, s

a, s

a, s, f

a, s

a, s

a, s

s

a, s

s

a, s

a, s

a, s

a, s

s

s

a, s

Caesium.

Calcium.

Calcium chloride

in the Bunsen
flame also gives

lines not due to

calcium

Cerium.

Chromium*.

Cobaltf •

.4555

.4593

.6723
6974

3934
3969
4227

5517
5543
6181
6202
6265

4012
4134
4150
4165
4187
4297
4527
4628
5274
5353

4255
4275
4290

4559
4588
5205
5206
5209
5410

3846
3873
3894
4531

a, fM
a
a

a, s

a, s

a, s, f

s

s

s

s

8

8

8

S

S

8

a, s

a, s

a, s

s

8

a, s

a, s

a, s

a

a, s

a, s

a, s

a

— T t •
i . „rnm;m.nt lines ocfur in the spark spectrum

More than twenty fairly prominent nnes o

Of chromium having wave lengths from .-^ d k apectrum of cobalt
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WAVE LENGTH OF PRINCIPAL LINES OP VARIOUS
ELEMENTS (Continued)

Solids (Continued)

Cobalt (Cont.) , .
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WAVE LENGTH OF PRINCIPAL LINES OF VARIOUS
ELEMENTS (Continued)

Solids (Continued)

Iron (Cont.)
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WAVE LENGTH OP PRINCIPAL LINES OF VARIOUS
ELEMENTS (Continued)

Solids (Continued)

Molybdenum

.

Nickel

.

Osmium.

Platinum.

Potassium.

Radium.

.3635

.3688

.3798

.3864

.3903

.3961

.5506

.5533

.5570

.6030

.4714

.4855

.4866

.4873

.5035

.5081

.5477

.5893

3753
.4067
4136
4212
4261
.4294

4421

3687
3923
4552
5228
5301
5369

3447
4044
6911
6939
7665
7699

3650
3815
4341
.4436
.4533
.4683

s

s

a, s

a, s

a, s

s

a, s

a, s

a, s

s

a, s

a, s

a, s

s

a, s

a
a
8

S

8

S

8

8

8

S

8

8

S

a, s

s

8

a, s, f

a, s, f

a
a
a, s, f

a, s, f

8

8
s

S

8

8

Radium (Cont.)..

band .6130-

band .6530-

Rubidium

Selenium

.

Silicon

.

Silver.

Sodium.

Strontium

.

.4826

.5661

.5814

.6330

.6349

.6700

.4202

.4215

.6207

.6298

.7806

.7811

.7950

4606
4840
4842
4972
4993
5094
5142
5176
5225
5270
5305

2516
2881

3281
3383
4055
4212
5209
5466

3302
3303
5683
5688
5890
58%
6154
6161

4078
4216
4607

698
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WAVE LENGTH
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WAVE LENGTH OF PRINCIPAL LINES OF VARIOUS
ELEMENTS (Continued)

Gases

Air (spark) line due to

Argon, Plucker tube
(blue spectrum) . .

.

(red spectrum)

N
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STANDARD WAVE LENGTHS
Primary Standard

Wave length of the red cadmium line in air, 760 mm. pressure.

15°C, measures of Benoit, Fabry and Perot 1907,

6438.4696 Angstrom units

SECONDARY STANDARDS. Lines of the Iron Arc

Means erf measures by Fabry-Buisson, Pfund, Evershein and Burns adopted

1910 and 1913. Wave lengths in Angstrom units.

Wave-length
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STANDARD WAVE LENGTHS (Continued)

Neon
Burns, Meggers, Merrill, Bulletin 14, Bureau of Standards, 1918

Meissner, Annalen der Physik, 1919

Bureau of

Standards

3369.904
3417.906
3447.705
3454 . 197
3460.526

3464.340
3466.581
3472.578
3498.067
3501.218

3515.192
3520.474
3593.526
3593 634
3600.170

3633.664
5330.779
5341.096
5400.562
5764.419

5820.155
5852.488
5881.895
5944.834
5974.534

6029.997
6074.338
6096.163
6143.062
6163.594

6217.280
6266.495
6304.789
6334.428
6382.991

Bureau of
Standards

6402.245
6506.528
6532. 8S3
6598.953
6678.276

6717.043
6929.468
7024.049
7032.413

7051 . 292
7059.109
7173.938
7245 . 166
7438.899

7488.872
7535.784
7544.050

7943^182

8136.408

8300.369
8377.606

8495.358

Meissner

.2460

.527

.881

.953

.275

.042

.455

AlO

7051.314
7059.119
7173.938
7245.165
7438.885

7535.786
7544.061
7937.010
7943.193

8082.460
8118.554
8136.423
8259.392
8266.092

8300.338
8377.630
8418.447
8495.359
8591.266

8634.668
8654.380
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STANDARD WAVE LENGTHS (Continued)

Argon

Meggers, Journal Optical Society of America
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INDEX OF REFRACTION OF OPTICALLY ISOTROPIC
SOLIDS

The following table gives the index of refraction with reference to air for
optically isotropic solids including minerals. Data for glass and certain
other substances of special optical importance will be found in succeeding
tables.

Substance.

Spectrum
line or
wave

length.

Index of
refraction. Observer.

Agate

Alabandite. MnS
Albite glass
Almandite, 3FeO AljO»-3SiOi

Alum, aluminum ammonium

.

aluminum caesium

.

aluminum potassium
aluminum rubidium.

.

aluminum sodium ....

aluminum thallium . .

chromium ammonium
chromium caesium
chromium potassium
chromium rubidium .

.

chromium thallium
iron ammonium
iron caesium . . .

iron potassium
iron rubidium
iron thallium

Amber
Ammonium chloride. .

iodide
Ammonium and iron chloride.
Amphigen, KrAhSiiOu
Analcite,

NTaiO • AhOs • 4SiO* • 2HjO ....
Andradite, 3CaOFejC>3-3SiOi.
Anorthite glass
Arsenic disulfide, realgar, AssSi
Arsenolite, arsenic trioxide,

AsjOj
Asphalt

Barium calcium propionate,
BaCajCCsHsOs)*

Barium nitrate
Bauxite, Al*0j-nH20
Berseliite,

3(Ca, Mg, Mn)0-As20s. .

Borax, amorphous fused ....

Boric acid, amorphous.

Boric oxide, BjOj .

Bromyrite, AgBr.
Bunsenite, XiO. .

.

Camphor

Canada balsam

.

red

Li
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D

D
D
D

D
.670
D

D
D
D

D
C
D
F
C
D
F
D
D
Li
D
D
D

1.537
1.540
2.700
1.4890

SI

1.45939
1.45856
I 5645

15660
;

1.49748
1.48418
1.48100
1.48137
1.48151
1.52280
1.48482

1.48169
i

1 . 52365

1.0422
1.7031
1.6439
1.5086

1.487
1.857
1 . 5755
2.454

1.755
1.621
1.635

1.4442
1.5711
1.570

1.727
1.4624
1.4630
1.4702
1.4623
1.4637
1.4694
1.4637
2.253
2.18
1 . 532
1.5462
1.530

De Senarmont
Kohlrausch

Larsen, 1909
Lacroix, 1893

Soret
Soret
Soret
Soret
Soret
Soret
Soret
Soret
Soret
Soret
Soret
Soret
Soret
Soret
Soret
Soret
Mulheim
Grailioh, 1858
Topsoe, Christiansen
Grailieh
Zymanyi

Larsen, 1909
Jamin

Des Cloizeaux
Nichols
Nichola

Fritz, Sassoni
Topsoe, Christiansen

Bedson,
Bedson,
Bedson,
Bedson,
Bedson,
Bedson,
Bedson,

Williams
Williams
Williams
Williams
Williams
Williams
Williams

Kohlrausch
Mulheim
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INDEX OF REFRACTION OF OPTICALLY ISOTROPIC
SOLIDS (Continued)

Substance.

Spectrum
line or
wave
length.

Index of
refraction.

Observer.

Cerargyrite, AgCl
Chromite, FeO, Cr*Oi
Cristobalite, SiOi
Cryolithionite,
3NaF-3LiF-2AlF3 ...

Cupric oxide, CuO
Cuprite, CuiO
Cuprous oxide, CuiO
Cyanine
Diamond
Dysanlite, CaO. FeO, TiOt, etc
Ebonite

Egglestonite, HgO-2HgCl. . .

Embolite, Ag(Br. CI)
Eulytite, 2Bi2O3-3Si0i
Fluorite, CaF2

Franklinite, (Zn, Fe, Mn)0
(Fe, Mn)j03

Fuchsin

Gahnite, ZnOAhOj. .. . .

Garnet
Gelatine, Nelson's Xo. 1.

Grossuluritc.
3CaO-AhO«-3SiOj

Gum Arabic

Halite, XaCl
Hauerite, MnS
Hauynite. 1 Na»0 • 3AliO»

-

2SOsCaO
Helvite, 3(Mn, Fe)0-3BeO-

3Si02 -MnS
Hercvnite, FeO AlaOa
Hessonite, 3CaO.(Al, Fe)aOj

3SiOi
Hoffman's violet

Lazurite,
4Xa20-3Ah03-6Si01 -NTa 2S.

Lead nitrate, PMNOah
Lead oxide, PbO
Leucite, K:0 • AI2O3 4Si02. . .

.

Lewisite, 5CaO • 2TiOj • SSbjO*
Lime, CaO
Magdala red

Magnesium bromate,
Mg(Br03)i M + 6HiO

Malachite green

D
D
D

D
white
D
D
D
D
D
red
white
Li
D
D
D

Li
C
D
G
H
D
D
D

D
red
red
D
Li

D
D

D
.671

.431

D
D

D
D
D
.671
.5S9
.535

D
.071

2.061
2.070
1.486

1.339
2.84
2.849
2.705
1.71
2.4173
2.330
1.06
1.611
2.490
2.150
2.050
1.434

2.360
2.33
2.70
1.97
1.32
1.800
1.74
1.530

736
480
514
544
090

1.496

739
800

1.763
2 . 53

1.27
0.86
1.32

1.500
1.5716
2.070
1.509
2.200
1.830
2.06
1.90
1.56

1 . 5139
2.50
1.33
1.16

Kundt

Wernicke
Wood
Sella

Ayrton, Perry
Jellet

Mean
Coblentz
Mean
Mean

Mean
Jones, 1911

Jamin
Wollaston

Pfluger
Pfluger
Pfluger
Pfluger
Pfluger

Fock
Jamin

Pfluger
Pfluger
Pfluger

Ortloff
Pfluger
Pfluger
Pfluger
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INDEX OF REFRACTION OF OPTICALLY ISOTROPIC
SOLIDS (Continued)

Substance.

Manganioste, MnO
Marshite, Cul
Microlite,
tiCaO-aTasOs-CbOFa

Miersite, CuI-4AgI
Mosesite, Hg, N'Hi, CI etc.. .

.

Nantokite, CuCl
Nickel oxide, NiO
Noselite,
5NajO • 3A1jOj • 6Si02 • 2S02 .

Obsidian

Opal, Si02 nH2

Periclasite, MgO
Percylite, PbO • CuClj H2 . .

.

Perovskite, CaOTiOi
Pharmacosiderite,
3Fe2 3 • 2Asj05 • 3KaO • 5H2

Phosphorous
Picotite, (Mg, Fe)0- (AlCr) 2 3

Pitch
Pleonaste, (Mg, Fe)OAl2 3 ..

Pollucite,
2Cs2 • 2AI2O3 • 9Si02 •H2 . .

Potassium bromide
chloride
chlorstannate
iodide
zinc cyanide,
2KCN-Zn(CN)2

Pyrochlor, CaO, Ce2Os, TiOj etc
Quartz, fused

Resin, aloes
colophony
copal
mastic

Rubidium bromide
chloride
iodide

Schorlomite,
2CaO • (Fe, Ti) 2Oa • 3(Si, Ti)02

Selenium

Senarmontite, Sb2Oa
Silver bromide

chloride
iodide

Spectrum
line or
wave
length.

D
D

D
D
D
D
white

D
D
D
D
D
D
D
D
D
D

D
D
D
red
D

D
D
D
D
D

yellow
D
.656
.589
.509
.361
.275
.214
.185
red
red
red
red
D
D
D

D
.760
.656
.589
.500
.408
D
D
D
D

Index
refraction.

2.160
2.346

1.925
2.200
2.065
1.930
2.23

1.495
1.4953
1.4964
1.4841
1.44807
1.4536
1.45883
1.736
2.050
2.380

676
1442
950
531
770

1.525
1 . 5593
1.49038
1.6574
1.6666

1.4115
1.960-2.000

1 . 45640
1.45843
1.46190
1.47503
1.49634
1 . 53386
1 . 57464
1.619
1.548
1.528
1.535
1.5533
1.4928
'1.6262

1.980
2.612
2.729
2.93
3.13
2.95
2.087
2.2536
2.0622
2.1816

Observer.

Kundt

Kohlrausch
Mulheims
Corning
Bailie
Zymanyi
Brun

Gladstone, Dale

Wollaston

Topsoe, Christiansen
Martens
Topsoe, Christiansen
Topsoe, Christiansen

Grailich

Giffard,
Giffard,
Giffard,
Giffard,
Giffard,
Giffard,
Giffard,
Jamin
Jamin
Jamin
Jamin ,

Craw
Craw
Leblanc,

Shenstone
Shenstone
Shenstone
Shenstone
Shenstone
Shenstone
Shenstone

Erdmann

Wood

Wood
Wood
Wood

Wernicke
Wernicke
Wernicke
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INDEX OF REFRACTION OF OPTICALLY ISOTROPIC
SOLIDS (Continued)

Substance.
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INDEX OF REFRACTION FOR LIQUIDS

The following table gives the index of refraction with respect

to air for various liquids. The index is for sodium light (= .589)
ept where noted. Values for oils, fats and waxes will be found
general table of constants for such substances. See index.

Substance.

Acctal
Acetaldehyde
Acetic acid

anhydride
Acetone
Acetyl-acetone
Acetyl chloride
Acetylene dibromide

f

tetrabromide
Acrolein
Alcohol. See under ethyl, methyl, etc.

Allyl alcohol
amine
bromide
chloride
mustard oil

sulfide
Aluminum ethyl
methyl

Ammonia, liquid (d = .615)
Amyl acetate
Amyl alcohol, primary, normal

alcohol, iso-, primary
chloride
iodide

Aniline
Anethol
Anisol
Antimony pentachloride
Benzene
Benzonitrile
Benzoyl chloride
Benzyl alcohol
amine
chloride

Boron tribromide
trichloride

Bromine
Brom-aniline, meta
benzene
ethylene, di-

ethylene, tri- (bromoform)
naphthalene

Butyl aldehyde, normal
aldehyde, iso-

alcohol, normal
alcohol, iso-

nitrate
Carbon dioxide, liquid

disulfide
tetrachloride

Chloral
Chlorine, liquid

Temp.
°C.

20
20
20
20
20
15.5
20
20

20

20
21.8
20
20
20
26.8
6.5
12
16.5
20
17.8
20
18.2
14
20
11.5
21.8
17.5
20
25.5
20
20
19.5
15.4
6.3
5.7

20
20.4
20

20
20
20
20
20
19.6
23.2
15
18
20
20
14

Index.

1.382
1.3316
1.372
1.390
1.359
1.449
1.38976
1.5428
1.04 788
1.39975

1.41345
1.41943
1.46545
1.41538
1.52660
1.48770
1.480
1.432
1.325

(C) 1.402
1.408
1.407
1.4097
1.4960
1.586
1.5624
1.515
1.587
1.501
1.526
1 . 55369
1.539
1 . 54406
1.5415
1.536
1.419
1.654
1 . 02604
1.560
1.556
1.589
1.658
1 . 38433
1.37302
1 . 39909
1.396
1.40130
1.195
1.629
1.4007
1.456
1.367
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INDEX OF REFRACTION FOR LIQUIDS (Continued)

Substance.

Chlorobenzene
Chloroform
Cyanogen, liquid
Decane
Diethylamine
Dimethylamine
Dimethylaniline
Ether, ethyl
Ethyl benzene

acetate
alcohol
benzoate
benzol
bromide
carbonate
carbylamine
formate
iodide
mercaptan
nitrate
oxalate
sulfate
sulfite

thiocyanate
Ethylene, liquid

bromide
chloride
formate
glycol

Etnylidene bromide
chloride

Eugenol, normal
iso-

Formamide
Formic acid
Furfurol
Glycerine
Glycol
Hexane
Hexylene
Hydrazine
Hydrobromic acid
Hydrochloric acid
Hydrogen
Hydrogen sulfide

Hydroiodic acid
Hydroxylamine
Iodobenzene
Iodomethane, di-

Isoprene
Lactic acid
Menthol
Methyl acetate

alcohol
amine
benzoate
chloride

iodide, see iodomethane
Naphthalene
Naphthol, (a)
Nicotine

Temp.
°C.
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INDEX OF REFRACTION FOR LIQUIDS (Continued)
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INDEX OF REFRACTION OF WATER
Alcohol and Carbon Bisulfide

For sodium light, X = .5893

Water, pure
relative to air

1.36290
1.33341
1.33333
1.33317
1.33299
1.33281
1.33262
1.33241
1.33219
1.33192
1.33164
1.33136
1.33107
1.33079
1.33051
1 33023
1.32992
1.32959
1.32927
1.32894
1.32860
1.32827
1.32792
1 . 32755
1.32718
1.32678
1.32636
1 32596
1.32555
1.32511
1 . 32466
.32421
. 32376
32332
.32287
.32241

1.32195
1.32148
1.32100
1.32050
1.32000
1 31949
1.31897
1.31842
1.31783

Ethyl Alcohol 99.8
relative to air

36210
36129
36048
35967
35885
35803
35721
35639
35557
35474
35390
35306
35222
35138
35054
34969
34885
34800
34715
34629
34543
34456
34368
34279
34189
34096
34004
33912
33820
33728
33626

Carbon Bisulfide
relative to air

1.62935
1.62858
1.62704
1.62546
1.62387
1.62226
1.62064
1.61902
1.61740
1.61577
1.61413
1.61247
1.61080
1.60914
1.60748
1.60582
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ABSOLUTE INDEX FOR PURE WATER FOR
SODIUM LIGHT

Temperature
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OPTICAL CONSTANTS OF METALS
The following table gives the_ refractive index n, the absorption index k,

the angle of principle incidence <p, the angle of principle azimuth ^ and the
percent of light reflected R.
The reduction of amplitude of the wave of the wave length X after traveling

2irdk —
any distance d in the medium is given by the ratio 1 : e —«-— # is the angle of

incidence for which the phase change between the two rectangular components
vibrating in and normal to the plane of incidence is 90°. \p is the azimuth
at which circularly polarized light results. These quantities are connected by
the following relations

_ , ,
sin $ tan 5 ,. , , , _

k = tan 2^(1 - cot
2
0), n = * -^ (1 + J cot2 <b)

(1+**)*

Metal
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OPTICAL CONSTANTS OF METALS
(Continued)

Metal
<t>

Computed
>tk R

Authority

Lead
Magnesium. .

.

Manganese . . .

Mercury (liq.).

Nickel.

Platinum

.

Electrolytic

Potassium . .

.

Rhodium. . .

.

Selenium ....

Silicon, 95%.

99.75% pure.
Silver

Sodium

.

M
.589
5.89
5.79

.326

.441

.589

0.420
0.589
0.750
1.00
2.25
.275
.441
.589

1.00
2.00
3.00
5.00
.257
.441
.589
.668
.665
.589
.472
.546
.579

.400

.490

..589

.760
pure
.579

.589
1.25
2 . 25

. 589
0.226
.293
.316
.332
. 395
.500
.589
.750
.00

1.50
2.25
3.00
4.50
.665
.589
.546

72 20
76 1

78 45
80 33
84 21

31 42
31 41
32 6
32 2
33 30

75 30
74 30
73 50
72 00

65 27
62 58
57 9

75 38

68

37 00
39 50
41 00
42 10

43 56
43 42
43

2.01
0.37
2.49

.68

.01

.62

.72
41
.79
.19
.63
.95
.09
.16
.30
.14
.70
.52
.34
.17
.84
.63
.91
.066
.068
.070
.09
.54

3.48
4.42
3.89

2.26
3.42
4.41
4.70
1.79
1.86
1.99
2.00

2.94
3.12
2.93
2.60

3.87

6.52
9.01
1.65
3.16
3.54
3.66

26.8
22.1
14.3
1.16
4.67

2.31
1.49
0.45
0.06

0.116

0.09
0.08
0.08
0.118

0.62
0.38
1.61

12.32
17.1
20.6
30.7
29.0
23.7
19.9
12.2
7.42

55 .

55 .

42.6

2.53
3.33
4.36
5.26
9.20

3.7
3.5
3.4
3.1

62.
93.
64.

66.
74.
75.
77.

54.
62.
70.
74.
85.
24.
25.
43.

37.
58.
59.
59.
93.8
92.
86.9
24.
78.

44.
35.
25.
20.

35.7

38.
33.
31.
37.8
18.
17.

4.
32.
87.
93.
95.
97.
98.
98.
99.

97.7
97.1
96.5

Drude

Wartenburg,
1910

Meier, 1903

Tool
Drude
Ingersoll

Meier, 1903

Forst-Freed

Meier, 1903

Duncan, 1913

Morgan, 1922
Wartenburg,

1910
Wood

Wartenburg,
1910

Ingersoll

Littleton, 1912
Minor

Ingersoll

F6rst-Fr£ed

Duncan, 1913
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OPTICAL CONSTANTS OF METALS
(Continued)

Metal

Sodium

(Hq.)
(solid) . .

Sodium-Potassiuni
17.3%K
45. %K
66. %K
74.2% K
84.3%K...

Steel

0.44%C...
1.28%C...
3.5 %C...

Tantalum
Tellurium

axis horizontal

axis vertical..

.

Tin
Tungsten

Vanadium
Zinc

M
.472
.435
.589
.546

.546

.546

.546

.546

.546

.589

.589

.589
)226
.2.57

.325

.500

.650

.50
.'

. 25

.579

.590

.590

.589
. 579
.589
.579
.257
.441
.589
.668

4>

66 29
66

76
78 31

Computed

44 9
44 6

.057

.058

.004

.047

.081

.08

.137

.12*

.088

2.50
2.66
2.77
1.30
1.38
1.37
2.09
2.70
3.71
4.14
2.05

3.07

2.68

1.48
2 . 7(i

3 46
3 . 03
0.55
0.93
1.93
2.62

33.3
31.7
2.61
47.3

27.2
16.8
12.5
12.8
17.6

1.30
1.28
1.23
1.26
1.35
1.53
1.50
1.33
1.5.5

1.79
2.31

.563

.632

5.25
0.98
0.94
3.51
0.61
3.19
4.66
5.08

nA

1.64
1.86
2.09
3.14
3.59
5.75
7.41

95.2
94.8
99.
96.9

94.6
90.4
87.0
86.9
90.2

57.4
57.5
57.0
35.
40.
45.
57.
59.
73.
80.
44.

34.

30.

82.
48.6
.54.5

3

20.
73.
74.
73.

Authority

Duncan, 1913

Drude
Morgan, 1922

Littleton, 1912

Minor

Ingersoll

Wartenburg

Van Dyke,
1922

Van Dyke,
1922

Drude
Wartenburg
Littleton, 1912

Meier, 1903

DISPERSION
The dispersion for various types of optical glass is shown in the following

table. f»£> =index of refraction for the D line (of the solar spectrum) and
nF and nc the index for the F and C lines respectively (np—n ) shows the

dispersion for these two wave lengths.

Glass. (nF -nc)

Light phosphate crown
Barium-silicate crown.

.

High-dispersion crown

.

Borate flint

Extra light flint

Heavy flint ,

Heaviest flint

1.5159
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INDEX OF REFRACTION, GASES
Values are relative to a vacuum and for a temp, of 0° C. and 700 mm.

pressure.
(From Smithsonian Tables.)

Substance.

Acetone
Air
Ammonia
Ammonia
Argon
Benzene
Bromine
Carbon dioxide. . .

dioxide
disulphide
disulphide
monoxide-
monoxide

Chlorine
Chlorine
Chloroform
Cyanogen
Cyanogen
Ethyl alcohol

ether
Helium
Hydrochloric acid
Hydrochloric acid
Hydrogen
Hydrogen

sulphide
sulphide

Methane
Methane
Methyl alcohol. . .

Methyl ether. . . .

Nitric oxide
Nitric oxide.
Nitrogen
Nitrogen
Nitrous oxide
Nitroua oxide. . . .

Oxygen
Oxygen
Pentane
Sulphur dioxide. .

Sulphur dioxide. .

Water
Water

Kind of

light.

D
D

>7hite

D
D
D
D

white
D

white
D

white
white
white
D
D

white
D
D
D
D

white
D

white
D
D
D

white
D
D
D

white
D

white
D

white
D

white
D
D

white
D

white
D

Indices of refraction

1.001079-1
1.0002926
1.000381-1
000373-1
000281
001700-1
001132
000449-1
000448-1

1.001500
1.001478-1
1.000340
1 . 000335
1.000772
1 . 000773
1.001436-1
1.000834
1.000784-1
1.000871-1
1.001521-1
1.000036
1 . 000449
1.000447
1.000138-1
1.000132
1.000644
1.000623
1.000443
1.000444
1.000549-1
1 . 000891
1.000303
1 . 000297
1.0002Q5-1
1.000296-1
1.000503-1
1.000516
1 . 000272-1
1.000271-1
1.001711
1 . 000665
1 . 000686
1.000261
1 . 000249-1

001100

000385
000379

001823

000450
000454

001485

001464

000825
000885
001544

000143

000623

000300
000298
000507

000280
000272

000259

Observer.

Perreau

Rayleigh

Mascart

Dulong

Dulong
Mascart
Dulong
Mascart

Dulong

Ramsay
Mascart
Mascart

Burton
Dulong
Mascart
Dulong
Mascart

Mascart
Dulong
Mascart

Mascart

Mascart
Dulong
Ketteler
Jamin

COEFFICIENT OF TRANSPARENCY OF UVIOL GLASS
FOR THE ULTRA-VIOLET

For a thickness of 1 mm.

Wave length, mi-

crons

Uviol crown

.

0.2S0i0. 309 0.325 0.346 0.361 0.383

0.56 0.95 ,0.990 0.990 0.999 1.000

0.397

1.000
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REFLECTION OF LIGHT BY GLASS IN AIR

The table gives the per cent of the incident light which is reflected from
the surface of glass in air assuming an index of refraction of 1.55; t repre-

sents the angle of incidence and R the per cent of light reflected.

(Computed according to Fresnel's formula.)

i
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REFLECTION OF LIGHT BY METALS
The table gives the per cent of normally incident light which is reflected

by the polished surface of various metals.

Wave
length.
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REFLECTION OF LIGHT BY METALS
The table gives the percent of normally incident light which is reflected by

the polished surface of various metals.

Coblenti, 1906, 1911.

Wave
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REFLECTION OF LIGHT BY METALS (Continued)

Coblentz, Bulletin 379, Bureau of Standards 1920

Wave-length in /x — 0.001mm.
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DIFFUSE REFLECTING POWER
The diffuse reflecting power, or ratio of total luminous flux reflected to

that received, measured for the various regions of the spectrum. The wave
lengths given are those of maximum energy. — Coblentz, Bulletin, 196, Bureau
of Standards 1912.

Material
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DIFFUSE REFLECTING POWER (Continued)

The diffuse reflecting power, or ratio of total luminous flux reflected to
that received, measured for the various regions of the spectrum. The wave
lengths given are those of maximum energy. — Coblentz, Bulletin, 196, Bureau
of Standards 1912.
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TRANSMISSIBILITY FOR RADIATIONS
Ratio of the transmitted light to the incident light for a definite thickness

ef the substance, usually 1 cm.

Glass.

Glass in general is opaque to the ultra-violet and infra-red. Dviol glass
is transparent to the longer radiations of the ultra-violet.

Coefficient of transparency of glass for visible and ultra-violet radiations.
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TRANSMISSIBILITY FOR RADIATIONS (Continued)

Rock Salt and Sylvine and Fltjorite

Transparency for the Infra-red.

Thickness 1 cm.

Wave length,
microns.
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FLUORESCENCE OP ORGANIC SUBSTANCES IN
SOLUTION

Excitation by White Light.

Substance.
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SPECIFIC ROTATION
The tables give the specific rotation in degrees for one decimeter;

•aifies right-handed rotation, — left. Rotation is for sodium light.
+ ««•

Liquids

Liquid.
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MAGNETO OPTIC ROTATION

Verdet's Constant: p = •

ttl cos e

The specific power of magnetic rotation p, is expressed in the above
formula, where a is the total angle of rotation in minutes, t the thickness
of the substance in centimeters, H the magnetic field intensity in gausses
and the angle between the direction of the magnetic field and the path
of light.

Solids
For sodium light.

(Values from the Smithsonian Table.O

Substance.
Temp.
°C.

Verdet's
Constant,
Minutes.

Observer.

Amber
Blende
Diamond
Fluorspar
Glass, crown

flint

flint, dense
Quartz (_|_ to axis)

Rock salt

Selenium
Svlvine

1S-20
15
15
15
15

18-20
15

18-20
15
15
15

0.0095
0.2234
0.0127
0.0087
0.0203
0.0420
0.0647
0.0172
0.0355
0.4625
0.0283

Quincke
Becquerel
Becquerel
Becquerel
Becquerel
Quincke
Becquerel
Quincke
Becquerel
Becquerel
Becquerel

Liquids
For sodium light.

Substance.

Acetone
Acids:(see also solutions

in water) acetic

hydrochloric
hydrobromic
nitric

sulphuric
sulphurous

Alcohols: amyl
ethyl
methyl

Benzine
Carbon disulphide.

.

Chloroform
Phosphorus (melted)
Sulphur (melted) . . .

Toluene
Water
Xylene
Zinc bichloride

Density
g/cm.»

0.7947

1.0561
1.2072
1.7859
1.5190

0.7929
0.7915
0.8796
1.2644
1.4

Temp.
°C.

20

21
15
15
13
15
15
15

18-20
18-20
20

18-20
20
33
114
28.4
18-20
15
15

Verdet's
Constant,
minutes.

0.0113

0.0105
0.0224
0.0343
0.0070
0.0121
0.0153
0.0131
0.0107
0.0094
0.0297
0.0441
0.0164
0.1316
0.0803
0.0269
0.0130
0.0221
0.0437

Observer.

Jahn

Perkin
Perkin
Perkin
Perkin
Becquerel
Becquerel
Becquerel
Quincke
Quincke
Jahn
Quincke
Jahn
Becquerel
Becquerel
Becquerel
Schonrock
Becquerel
Becquerel

756
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MAGNETO OPTIC ROTATION (Continued)

Aqueous Solutions
For sodium light.

Salt.

Acids: hydrochloric. . .

hydrochloric
hydrochloric
nitric

Ammonia
Bromides: barium.. . .

potassium
sodium

Carbonate of potas-
sium

Carbonate of sodium.
Chlorides: barium. .

.

cadmium
calcium
iron (ferrous)

iron (ferric)

lithium
mercury
potassium
sodium
zinc

Bichromate of potas-

sium
Iodides: potassium.
Sulphates: barium..

potassium
sodium

Density,
g/cm*.

1 . 185G
1 . 1279
1.0323
1.3560
0.8918
1.5399
1 . 1424
1.1351

1.1960
1.1006
1.2897
1.3179
1.1504
1.4331
1.6933
1.0619
1.0381
1.6000
1.2051
1.2851

1.0786
1.6743
1.1 7S8
1.0475
1.0661

Temp.
°C.

15
15
20
20
15
20
20
20

20
20
20
20
20
15
15
20
16
15
15
15

15
15
20
20
20

Yerdet's
constant,
minutes.

0.0219
0.0193
0.0150
0.0105
0.0153
0.0215
0.0163
0.0165

0.0140
0.0140
0.0168
0.0185
0.0165
0.0025
-0.2026
0.0145
0.0137
0.0163
0.0180
0.0196

0.0126
0.0338
0.0134
0.0133
0.0135

Observer.

Perkin
Perkin
Jahn
Perkin
Perkin
Jahn
Jahn
Jahn

Jahn
Jahn
Jahn
Jahn
Jahn
Becquerel
Becquerel
Jahn
Schonrock
Becquerel
Becquerel
Yerdet

Verdet
Becquerel
Jahn
Jahn
Jal n

For sodium light.

Substance.

Atmospheric air. . .

Carbon dioxide. . . .

Carbon disulphide

.

Ethylene
Nitrogen
Nitrous oxide
Oxygen
Sulphur dioxide . . .

Sulphur dioxide. . .

Pressure.
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a RAYS
The a rays are thought to be positively charged particles,

moving with a high velocity. They are only slightly (leviable

by a strong magnetic or electric field and have small penetrating
power. The initial velocity has been found to be about 2 X 10 9

cms./s. The mass of each particle is 6.2 X 10- 2* g. (Rutherford
and Geiger, 1910.) The charge carried by each, as measured by
the same authors, is 9.3X10- 10 electro static units.

RAYS
The /3 rays are similar to the cathode rays produced by an

electric discharge in a vacuum tube. They are judged to be
negatively charged particles moving with high velocity. They
are much more penetrating than the a rays, and are strongly
deviated by a magnetic or electric field. The velocity of the
moving particle is in the neighborhood of that of light, about
2X10 10 cm./s. The charge on each particle is approximately
4.7X10- 19 electro static units.

y RAYS
The 7 rays are similar to the X rays and are not deviable

by magnetic or electric fields. They are more penetrating than
either the a or /3 rays, and are considered to be of the nature
of wave pulses in the ether.

RONTGEN RAYS

Scale of Hardness

The "radiochrometer" of Benoist consists of a disk of silver

0.11 mm. thick, which is surrounded by 12 sectors of aluminum
ranging in thickness from 1 to 12 millimeters. The sector

which shows the same absorption as the central disk gives the
degree of hardness according to Benoist. The relation of this

to other scales is shown below.

Benoist 2 3 4 5 6 7 8
Wehnelt 1.8-2 5 6.5 7.5 8 9 10-11
Walter 2.0-3 4-5 5-6 6 6-7 7 7-8

The absorption of rays is very nearly proportional to the
mass of substance penetrated.
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IONIZATION DUE TO RONTGEN RAYS IN VARIOUS
GASES

From Smithsonian Physical Tables

Gas

Hydrogen
Air
Oxygen
Carbon dioxide
Cyanogen
Sulphur dioxide
Chloroform
Methyl iodide
Carbon tetrachloride

Hydrogen sulphide . .

Relative ionization

Soft rays,
Strutt

0.11
1.00
1.39
1.60
1.05
7.97

31.9
72.0
45.3

Hard rays,
Eve

0.42
1.00

2.3
4.6
13.5
4.9
0.9

Density

0.069
1.00
1.11
1.53
1.86
2.19
4.32
5.05
5.31
1.18

GRATING SPACE IN CRYSTALS

Calcite 3. 02904 x lO^cm. Millikan

Potassium ferrocyanide . . 8.408 Siegbahn
Rock salt, plane parallel

to face 2.81 Bragg
Calcium fluoride 5.455 (Cu radiation) Gerlach

5.478 (Ni radiation)
"

Mica 9. 845 (1st order) Davis, Terrill

9.95S (7th order)

Silicon 5. 415 (Cu radiation) Gerlach
5.410 (Ni radiation) "

Zinc blende 5. 90 (Cu radiation) "
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X-RAY SPECTRA
From data by Siegbahn and his associates except as noted, compiled by

Duane, Bulletin of the National Research Council, 1920.

Emission Wave-Lengths in the K Series

X x 10-8 cm.

For Rock salt d = 2.814 X 10"» cm., for calcite d = 3.028 X 10"8 em.

niical
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X-RAY SPECTRA (.Continued)

Emission Wave-Length in the M Series

X x 108 cm.

For rock salt d = 2.814 X 10 "• cm.

Chemical Element
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INTERNATIONAL TABLE OF ISOTOPES (1923)

Jour. Soc. Chem. Ind., 42, 8 (1
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DECLINATION OF THE SUN AND EQUATION OF TIKE
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APPROXIMATE CORRECTION FOR REFRACTION
Fob Astronomical Observations

Corresponding to temperature of 50° F., and to a barometric pfeesur*
of 29.6 inches.

(From Young's General Astronomy, by permission.)

Altitude.
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METEOROLOGICAL DATA

The Atmosphere

Total mass, estimated by Elkholm:

5.2X10* 1 grams.

11.4X10" pounds.

Composition:

The total volume =1.

Substance.

Argon
Carbon dioxide
Helium
Hydrogen
Neon
Nitrogen
Oxygen

Elevation.

Sea level. 10000 meters. 50000 meters

0.009
0.0003
0.0000015
0.0001
0.000015
0.780
0.210

0.006
0.00015
0.0000
0.00035
0.00002
0.812
0.182

0.0003
0.0000
0.00126
0.136
0.0000
0.792
0.070

Atmospheric Potential

The potential of the atmosphere increases with the elevation
130 to 200 volts per meter.

Velocity of Seismic Waves in the Earth's Crust

Longitudinal 4 to 14 kilometers per sec.

Transverse 3 to 10 kilometers per sec.

Angular Radius op Halos and Rainbows

Corona? due to small water drops 1° to 10°
Small halo, due to 60° angles of ice crystals 22°
Large halo, due to 90° angies of ice crystals 46°
Rainbow, primary 41 ° 20'

Rainbow, secondary 52° 15'

Solar Constant

The energy falling on one sq.cm. area at normal incidence
equals 1.92 small calories per minute.
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ACCELERATION DUE TO GRAVITY AND LENGTH OP
THE SECONDS PENDULUM

Fob Sea Level at Diffebent Latitttdes

Latitude.



HANDBOOK OF CHEMISTRY AND PHYSICS

ATOMIC AND MOLECULAR CONSTANTS

(From Smithsonian Physical Tables)

Elementary electrical charge,
charge on electron, ( e - 4.774 x 10~10 e.s.u.

i charge on a particle, < = 1.591 x 10-20 e.m.u.

( = 1.591 x 10-19 coulombs
Mass of an electron, m = about 9.01 x 10-28 grams
Ratio e/m, small velocities, e/m = 1 . 766 x 107 e.m.u.gm-1

Radius of an electron, 1 = about 2 x 10 " cm.
Number of molecules per gram

molecule, N = 6.06 x 10" gr_1

Number of gas molecules per cc,
760"" 0° C, n = 2.70 x 10 19

Kinetic energy of a molecule at

°C, E = 5.62 x 10-" ergs
Constant of molecular energy,

Eo/T, e = 2.06 x 10"1* ergs/degreea
Constant of entropy equation )

(Boltzmann), = R/N = } k = 1.37 x 10"18 " "
PoVo/TN = (2/3) e, )

Elementary " Wirkungsquan-
tum," h = 6.547 x 10"27 erg. sec.

Mass of hydrogen atom, = 1.662 x 10_24 gram
Radius of an atom, = about 10-8 cm.
Rydberg's fundamental fre-

quency Vo = 3.28880 x 10lB

Vn
Rydberg's constant = -^ = 109675.

Mol (e) of gas, 76cm pressure,
0° C, = 22.4 liters

PVm = RT, Vm = vol. of molec.
wt. in grams,
when P in grams per cm 2

, Vm
in cm 3

,
R = 84.780 gram. cm.

when P in atmospheres, Vm in

liter, R = 0.08204 I. atm.
when P in dynes, Ym in cm 3

, R = 8.31 x 105 ergs

H2 He N2 2 Xe C02 H2

Sq. rt. of mean sq. molec.
veloc, cm./sec. at 0°C.

x 10"* 18.4 13.1 4.93 4.61 2.28 3.92 7.08
Mean free path cm. x

10s 18. 28. 9.4 9.9 5.6 6.4 7.2

Molecular diameter cm.
X 10* 2.2 2.2 3.3 3.0 3.4 4.2 3.8
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MISCELLANEOUS CONSTANTS
Mean radius of the earth, 6.371 X108 cm. =6371 kilometers.
1 degree of latitude at 40° =69 miles.

1 knot or nautical mile = l' of arc on the earth's surface at
the equator.

Mean density of the earth, 5.52 grams per cu.cm.
Constant of gravitation, K = 6.667 X10 -8 = the attraction in

dynes between two gram masses one centimeter apart.

Acceleration due to gravity at sea level, lat. 45° = 980.60 cm.
per sec. per sec. =32.172 feet per sec. per sec.

Length of seconds pendulum at sea level, lat. 45° =99.356
cm. =39.116 in.

Densitv of mercury at 0° C. = 13.5955 g. per c.c.

Density of water, maximum at 3.98° C. =0.999973 g. per c.c.

Density of dry air at 0° C. and 760 mm. = .001293 g. per c.c.

Velocity of sound in dry air at 0° C, 33,136 cm. per sec. = 1089

feet per sec.

Velocity of light in a vacuum = 2.9989 X1010 cm. per sec. =
984X 10« feet per sec.

Heat equivalent of fusion of water 79.24 cal. per gram.

Heat equivalent of vaporization of water, 535.9 cal. per gram.

Coefficient of expansion of gases, .003665.

Specific heat of air, at constant pressure, 0.238.

Electrochemical equivalent of silver, 0.001118 g. per sec. per

ampere.
Mean wave length of sodium light, .00005893 cm. or 5893.

angstrom units. .

Absolute wave length of red cadmium line in air, 760 mm.
pressure, 15° C, angstrom units: 6438.4722 (Michelson);

6438.4696 (Fabry and Perot).

GREEK ALPHABET

Nv



DEFINITIONS AND FORMULA
FUNDAMENTAL CHEMICAL LAWS

Scientific laws are statements of facts winch have been estab-
lished by direct experiment.

Boyle's Law for Gases. — At a constant temperature the vol-

ume of a given quantity of any gas varies inversely as the pressure

to which the gas is subjected. This idea is expressed in the fol-

lowing formula?

:

PV = a constant, or P = 1/V, or V = 1/P, or PV = P,F,

The Law of Combining Weights. — If the weights of element*
which combine with each other be called their " combining
weights," then elements always combine either in the ratio of

their combining weights or of simple multiples of these weights.

Law of Definite Proportions. — In every sample of each com-
pound substance the proportions by weight of the constituent
elements are always the same.

Dalton's Law of Partial Pressures. — The pressure exerted by
a mixture of gases is equal to the sum of the separate pressures
which each gas would exert if it alone occupied the whole volume.
This fact is expressed in the following formula:

P V= Y(Pi + p 2 + pi, etc.)

Faraday's Law. — The amounts of decomposition effected by
the passage of equal quantities of electricity through them are,

for the same electrolyte, equal, and for different electrolytes are
proportional to the combining weights of the elements or radicles

which are deposited.

Gay-Lussac's Law for Gases (or Charles' Law). — At a con-
stant pressure, the volume of a given quantity of any gas increases

about 1/273 of its volume at 0° C. for each rise of 1° C. and at

constant volume the pressure of a given quantity of any gas
increases about 1/273 of the pressure at 0° C. for each rise of
1° C. in temperature.

Gay-Lussac's Law of Combining Volumes. — If gases interact

and form a gaseous product, the volumes of the reacting gases
and the volumes of the gaseous products are to each other in

very simple proportions, which can be expressed by small whole
numbers.

Gibbs' Phase Rule. — F = C + 2 - P F, the number
of degrees of freedom of a system, is the number of variable

factors (temperature, pressure and concentration) of the com-
ponents, which must be arbitrarily fixed in order that the condi-

tion of the system may be perfectly defined. C, the number of

the components of the system, is chosen equal to the smallest
number of independently variable constituents by means of which
the composition of each phase participating in the state of

equilibrium can be expressed in the form of a chemical equation;
the components must be chosen from among the constituents

which are present when the system is in a state of true equilibrium
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and which take part in that equilibrium; as components are

chosen the smallest number of such constituents necessary to

express ;rion of each phase participating in the equili-

briuii; I negative quantities of components being permis-

sible; in ai m the number of components is definite, but

m alter wiih changes in conditions of experiment; a qualitative

but not quantitative freedom of selection of components is al-

influenced by suitability and simplicity

ition. P, the number of phases of the system, are the

homog mechanically separable and physically distinct

-rem; the number of phases capable

greatly in different systems: there can never

be m< >ne gas or vapor phase since all gases are miscible

a heterogeneous mixture of solid substances

see as there are substances present.

Hess' Law of Constant Heat Summation. — The amount of

bemical reaction is the same whether

in one step or in several steps, or all chemical

rt with the same original substances, and end

e final substances, lil>erate the same amounts of

irrespective of the process by which the final state is

Henry's Law. — The amount of gas which a hquid will dissolve

lirectly proportional to the pressure of the gas. This holds

hich do not unite chemically with the solvent.

The Law of Mass Action. — At a constant temperature the

product of the active masses on one side of a chemical equation

i divided by the product of the active masses on the other

of the chemical eouation is a constant, regardless of the

ce present at the beginning of the action.

Law of Multiple Proportions. — Two elements may combine

in more than one proportion by weight, but if so the weights of

one element which combine with a fixed weight of the other

ient, are always in a simple ratio to each other

The Periodic Law. — The physical and chemical properties of

the elements are functions of their atomic weights, and most

of these properties are periodic functions of the atomic weights.

FUNDAMENTAL CHEMICAL THEORIES

A scientific hvpothesis is an endeavor to form a rational

mentaT picture of the causes which lead to a group of observed

facts even though these causes may not be subject to direct

^'scientific theorv is an hypothesis whose consequences have

be^lo thoroughly tested by experiment that it has become

generalv accepted as the correct explanation for a group of facts.

Tht Atomic Theory. — All elementary forms of matter are

composed of^erysS unit quantities called atoms. The atoms

ofTS-en element all have the same size and weight. The

atoms of different elements have different sue and weight.£ Si the ime oTdifferent elements unite with each other
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to form very small unit quantities of compound substances
called molecules.

Avogadro's Theory. — Equal volumes of all gases under the
same conditions of temperature and pressure contain equal
numbers of ruoleeul* -

The Electrolytic Dissociation or Ionization Theory. — 'When an
acid, base - ill ifi dissolved in water or any other dissociating
solvent, a part or all of the molecules of the dissolved substam
are broken up into parts called ions, some of which are charged
with positive electricity and are called cations, and an equivalent
number of which are charged with negative electricity and are
called anii ii

Electrolytic Solution Tension Theory (or the Helmholtz Double
Layer Theory). — When a metal, or any other substance capable
of existing in solution as ion is placed in water or any other dis-

sociating solvent, a part of the metal or other substances passes
into solution in the form of ions, thus leaving the remainder of

the metal or substances charged with an equivalent amount of

electricity of opposite sign from that carried by the ions. This
eel Mishes a difference in potential between the metal and the
solvent in which it is immersed.
The Electron Theory. — An atom of any element consists of a

definite number of unit negative charges of electricity moving
in orbits inside the atom with velocities which approach the
velocity of light.

DEFINITION OF CHEMICAL TERMS
An Acid is any substance which yields hydrogen ions.

The Active Mass of a substance is the number of gram-molec-
ular-weights per liter in solution, or in gaseous form.

Adsorption. The ability of a solid to condense gases, liquids,

or dissolved substances on their surfaces is called adsorption. It

is a manifestation of the force of adhesion.
An Atom is the smallest unit quantity of an element that is

capable of entering into chemical combination.
A Base is any substance which yields hydroxyl ions.

A Balanced or Reversible Action is one which can be caused
to proceed in either direction by suitable variation in the con-
ditions of temperature, volume, pressure or of the quantities of

reacting substances.

A Catalytic Agent is a substance which by its mere presence
alters the velocity of a reaction, and may be recovered unaltered
in nature or amount at the end of the reaction.

A Colligative Property is a property numerically the same for

a group of substances, independent of their chemical nature.

A Constitutive Property is a property which depends on the
constitution or structure of the molecule.

A Cryohydrate is the solid which separates when a saturated
solution freezes. It contains the solvent and the solute in the
same proportions as they were in the saturated solution.

The Combining Weight of an element or radicle is its atomic
weight divided by its valence.

788



HANDBOOK OF CHEMISTRY AND PHYSICS

Eutectic, a term applied to the mixture of two or more sub-
stances which has the lowest melting point.

The Hydrogen Equivalent of a substance is the number of re-

placeable hydrogen atoms in 1 molecule or the number of atoms
of hv with which 1 molecule could rea

Hydrogen Ion Concentration or pH value is the logarithm of

the reciprocal of the gram ionic hydrogen equivalents per liter;

i.e., pH = log .. per liter. Water has a concentration of H+

ion of 10~7 and of OH" ion of 10~7 moles per liter or a pH value

of 7. Due to hydrolysis the composition of a weak acid solution

titrad I again* -.rong base is basic and of a weak base against

a strong acid is acid. A truly neutral titrated solution of a

strong acid or base has the same concentration of H+ and OH~
ions as water.

The Heat of Combustion of a substance is the amount of heat

evolved by the combustion of 1 gram molecular weight of the

An Ion is a charged atom or group of atoms in solution. Solu-

tions always contain equivalent numbers of positive and negative

ions. . ...
A Molecule is the smallest unit quantity of matter which can

exist by itself and retain all the properties of the original sub-

st fincp

A Molar Solution contains 1 gram molecular weight of dissolved

substance per liter of solution. ..,.,,.
A Normal Solution contains 1 gram molecular weight of dis-

solved substance devided by the hydrogen equivalent of the

substance per liter of solution.

Oxidation is any process which increases the proportion of

oxygen or acid-forming element or radicle m a compound.

Reduction is any process which increases the proportion of

hydrogen or base-forming elements or radicle m a compound.

A Salt is any substance which yields ions, other than hydrogen

or hydroxvl ions. ... , . ., , .

The Solubility Product or precipitation value is the product

of the concentrations of the ions of a substance m a saturated

solution of the substance.

A METHOD OF BALANCING EQUATIONS FOR
OXIDATION-REDUCTION REACTIONS

On the left-hand side of the equation write the formula? for

all the compounds entering into the reaction. On the right-

hand sidHmte the formula? for all the compounds formed in

th
De

e

terrnine the L. C. M. (least common multiple) of the

numbers representing the changes m valence per molecule of

the oxidizing and reducing agents.
nimiber

The Quotient obtained in dividing the L. U. J\l. by tne number

represerTng the valence change per motej^ui the number of

molecules of that compound required, or formed.
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The reaction between FeSOj, KMnO«, and H2SO< serves to

illustrate. Following the rule as given above we write, I\.Mn0 4

FeSO H,SO >K 2S0 4 + MnSO i 3< ><), + H20.
The mangai ese is five, that of iron is

I n

I I S< >;';. The L. C. M. of these two numbers

The quotient obtained by dividing the L. C. M. by the valenci

tanganese i two. Therefore two molecules of KMnO

<

are required. The quotient obtained by dividing the L. C. M.
igi of iron per molecule of Fe-j(S() 4 ) 3 is five.

molecules of IV S< i ire formed. Ten molecules of IVSO.,

are needed. From the two molecules of KMn() 4 used one mole-
cule of K..8O4 is formed, as well as two molecules of MnSO.,.

Eighteen sulfate radicals are used in forming the salts; ten of

e radicals are supplied by the FeSO< used, the other eight

must be supplied by the free acid. The sixteen hydrogens form
eight molecules of water.
The complete equation is, therefore,

2KMnOi + lOTeSO, + 8H 2S04 -> K 2SO« + 2MnS0 4 +
5Fe 2(S0 4)j + 8H 20.
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ONE HUNDRED COMPLETED CHEMICAL EQUATIONS
1. H2 PtCl, 4- 2KC1 = 2HC1 + K,PtCl a

2. KiPtCU + heat = 2KC1 + Pt + 2C1 2

3. KHC 4H 4 6 + NaOH = KNaC 4H 4 6 + H 2

4. Na2 2 + 2H2 - 2NaOH + H 2 2

5. 2KMn04 + 3H2S04 + 5H2 2 = KSO, + 2MnSO« + 8H2

+ 502.
6. 2KI + H2 2 = 2K0H + I2

7. 2AuClj + 3H,0, + 6NaOH = 6NaCl + 6H 2 + 30 2 + 2Au
8. MnCU + 2K0H + H2 4 = 2KC1 + H2 + MnO . (OH),

(brown)
9. 2NiCI, + 4K0H + H2 2 = 4KC1 + 2Ni (0H) 3 (black)

10. 2CoCl 2 + 4K0H + H 2 2 = 4KC1 +2Co (0H) 3 (black)

11. MgCl 2 + Na,HP0 4 + XH 3 = 2XaCl + MgNH 4P0 4

12. 2BaClo + K 2Cr2 7 + H 2 = 2BaCrO« + 2HC1 + 2KC1
13. AICI3 + 3K0H = 3KC1 + Al(OH),
14. Al (OH), + 3K0H = 3H2 + Al(OK),

15. 2A1C1, + 3Na2S2 3 + 3H2 = 6XaCl + 3S + 3S02 + 2AI

(0
16.

}

2CrCl, + 3(NH4) 2S + 6H2 = 6NH 4C1 -f 3H2S + 2Cr(OH) 3

17. CrCU + 8NaC2H,0 2 + 4H 2 + 3C1 = 6NaCl + SHC^O,

18.

a
2CrCl, + 3Mn0 2 + 2H2 = 3MuCl 2 + 2H2CrO«

19. K,Cr2 7 + 2K0H = H2 + 2K 2Cr0 4

20. K!cr2 7 + 6FeS04 + 7H2S0 4 = 7H2 + K2S0« + 3Fe2

(S
2°L ktc^O

(

7

S
+ 6HI + 4H2S0 4 = K,S0 4 + Cr2(S0 4) 3+ 7H 20+ 61

22! K 2Cr!o 7 + 14HC1 = 2KC1 + 2CrCl, + 7H 2 + 3C1 2

23. FeCl," + 2KCN = 2KC1 + Fe(CN),

24. FeCN2 + 4KCN = K«lFe(CN),]

FeS0 4 +

2 + 2H2

>«

5Fe,

24. FeCN2 + 4KCN = K«[Fe(CN),l
°5 FeCl, 4- 3NaC 2H 3 2 = 3NaCl + Fe(C2H 3 2 ) s

t Fe(C

H

30^ 3 + 2H 26 - 2HCA0, + Fe<OH>,(C*,00

27. K 4[Fe(CN) 6] + 6H2S04 + 6H 2 = 2K2S0 4 + FeS(

3(
25
H
2Mn0 2 + 8HC1 = 4H.0 + 2MnCI 2 + 2C1 2

Mi »lSs0 4 + 5PM), + 6HN0, = 2PbS0 4 + 3Pb(N0,), +
+ 2HMn0 4 „„ ,.,.„, . KrM
30 2HMn0 4 4- 14HC1 = 8H2 f 2MnCl 2 + 5Cl2

Si! S™Sr+2Na,C0, + O2 - 2C0, + Na2S0 4 + Na2Mn0 4

32. 2KMn0 4 + 10FeSO 4 + 8H2SO4 = K2S0 4 + 2MnS0« + 5

(S
S°2KMn6?+ 3MnS0 4 + 2H2 = K 2S0 4 + 5MnO, + 2H 2S0 4

34. N1CI2 + 6NH, = Ni(NH,)«Cl2

35. NiCl + 2KCN =2KC1 + Ni(CN),

36. Ni(CN). + 2KCN = K^(CN).

41. Zn + 2K0H = K 2Zn0 2 + H 2

42. Zn(OH), + 2NH4CI + 4NH« = Zn(NH,).Cl, + 2H,0

43. ZnCl, + 2KCN = 2KC1 + Zn(CN),
791
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44. Zn(CN), + 2KCN = K2Zn(CN)«
45. 3Hg + 8HN0, = 3Hg(N03 ) 2 + 4H-0 + 2N0
46. HgCl 2 + 2NH, = NH^Cl + HgNH 2Cl
47. 3HgCl 2 + 2H2S = 4HC1 + Hg3Cl 2S 2 (white)
43. Hg,Cl 2S2 + H2S = 2HC1 + 3HgS
49. 3Hg(NOa) 2 + 6FeS0 4 = 2Fe(N0 3) 3 + 2Fes(S04)« + 3H«
50. 2HgCl + 2NH, = NH 4C1 + HgNH 2Cl + Hg
51. Hg-(NO,), + H 2S = 2HN0 3 + HgS + Hg
52. Hg2(N0 3)» + 2KCN = 2KNO, + Hg(CN) 2 + Hg
53. Pb(NO,) 2 + 2KOH = Pb(OH) 2 + 2KNO»
54. Pb(OH) 2 + 2KOH - K2Pb0 2 + 2H,0
55. 2PbCl2 + H 2S = 2HC1 + PbCU.PbS (orange)
56. PbCl 2 .PbS + H2S = 2PbS + 2HC1
57. 3PbS + 8HNOj = 3Pb(N0 3 ) 2 + 4H2 + 2NO + 3S
58. BiCU + H 2 = 2HCI + BiOCl
59. SnCI 2 + 2KOH = 2KCI + Sn(QH) 2 (white ppt.)
60. Sn(OH) 2 + 2KOH = K2Sn02 + 2H 2 (soluble)

61. 2BiCl 3 + 6KOH = 2Bi(OH) 3 + 6KCI
i:Bi(OH) 3 + 3K2Sn02 = 3H,0 + 3K2Sn03 + Bi2 (black)
3Cu + 8HNO3 = 4H2 + 3Cu(N03) 2 + 2NO
Cu + H2S04 = H2 + S02 + CuO

5. CuO + H2SO, = CuS04 + H2

66. 2CuS04 + 2NH 4OH - (NH^iSCX + CU2SO4 • (OH) 3

67. Cu2S(MOH) 2 + (NHOsSO* + 6NH. = 2[Cu(NH,)J
(S04 ) . H2 (soluble, blue)

68. 2Cu(NH3 ) 4S04 . H2 + 9KCN = Cu2(CN)8NH4 . K* +
2K.S04 + 6NH, + NH4CNO

69. Cd(N03 ) 2 + 2KCN = 2KNO, + Cd(CN) 2

70. Cd(CN) 2 + 2KCX = K2Cd(C>
71. K2Cd(CN)4 + H2S = 2KCN + 2HCN + CdS
72. H3ASO4 + H2S = H2 + S + H3As08

73. 2H,Asa + 3H2S = 6H2 + A^Ss
74. As 2S 3 + 3(NH4) 2S = 2(NH 4 ) sAsSa
75. 2(NH4) 3AsS 3 + 6HC1 = 6NH 4C1 + As2S 3 + SK£
76. As 2S 5 + 3(NH 4 ) 2S = 2(NH4 ) 3AsS 4 .

77. 2(NH4),AsS4 + 6HC1 = As2Ss + 3H2S + 4NH4CI. Anti<
mony reactions same as arsenic

78. 3Sn + 4HN0 3 + H 2 - 3H 2Sn03 + 4X0
79. SnCl 2 + H 2S = SnS + 2HC1
80. SnS + (NH4) 2S 2 = (NH 4 ) 2SnS 3

81. (NH 4 ) 2SnS 3 + 2HC1 = 2NH 4C1 + H 2S + SnS,
82. SnCl 4 + 2H 2S = SnS 2 + 4HC1
83. SnS2 + (NH 4 ) 2S = (NH4 ) 2SnS 3

84. Sn0 2 + 2KCN = 2KCNO + Sn (fusion)

85. 2Au + 2HN0 3 + 6HC1 = 4H2 + 2NO + 2AuCl 8

86. 2AgN0 3 + 2KOH = 2KN0 3 + H2 + Ag2

87. Ag2 + 2NH4OH = 2(AgNH 3)OH + H2

88. AgCI + 2NH4OH = Ag(NH3) 2Cl + 2H2

89. AgCI + 2KCN = KAg(CN) 2 + KC1
90. 6NH4OH + 2NH3 + 3C12 = 6H2 + 6NH.C1 + N 2

91. 6NaOH + 3C12 = 5NaCl + NaC103 + 3H2

92. H2S04 + 2HI = H2 + H2S03 + I2
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93. HiSO4+SHI=4H20+HiS+4Ia
94. 2Na*SjOrf-I*=2XaI+Xa2S408 n r n
95. H,PO< + 12(NH4)2MoO, + 21HN0, = (NHO3PO4.I2M0O3

f21
9^
H
(N^SJ»0?I2M0O4+24XH4OH = (NK,)3P04+ 12(NH.)«

VI
°97

4

.

+
6F§O«+3H2SO<4-2HNO3=3Fes(SO0,+4H2O+2NO

OS Fe(NO^»+NO=Fe(N03)iNO

100. N^6T+2NHH+2Btf) -2Naa+2NaOH+a8K)I

PHYSICAL TERMS, QUANTITIES AND UNITS

The following pages give general statements, definitions, C. G. S units and

definitions of unite for the more important physical terms and quantities.

Mechanics

Unit of Time. — The second, 1/86400 of a mean solar day.

One of the three fundamental units of the C. G. S. system.

Unit of Length. — The centimeter, 1/100 the length of the

International Prototype Meter, at Paris at zero degrees centi-

grade One of the three fundamental units of the O. Ct. fc>. sys-

^ , The standard in the British system is the yard the proto-

1 1 of which is kept by the British government The Lnited

Si tea standard yard is denned as 3600, 393/ meter.

Unft of Area. - The square centimeter The area of a square

who£ side! are one centimeter in length. Other umts of area

"Unh of Volun^T- The cubic centimeter, the volume of a cube

wh^e edgls a^one centimeter in length. Other umts of volume

are derived in a similar manner.

SSS-oT^^The^is 1/1000 the quantity of matter

in the International Protog-p| ££^he™ tohsW^rd

fov«nmet>tTl"c United States standard mass .s the avou-

^r1££S£2%» to a ehange of its

Umts of Angle. — The radian, lue h
circumference.

equal to the radius; the decree, L360^art o ^
Sohd Angle- Measured b> he ratio

forming the
portion of a sphere enclosed b\ tne

s

conu,

Lgle, to the square
,
of^^^ ffsolid angle which

enrslfa fmfacfon
1

the s^reW-alent to the square of the

radius.
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Speed. — Time rate of motion measured by the distance

moved over in unit time. Unit — one centimeter per second.

Velocity.— Time rate of motion in a fixed direction. Unit —
centimeter per second.

Angular Velocity. — Time rate of angular motion about a
center. Unit — one radian per second.

Acceleration. — The time rate of change of velocity either in

ed or direction measured by the change in unit time. Unit—
centimeter per second per second.

Angular Acceleration. — The time rate of change of angular
velocity. Unit — one radian per second per second.

Momentum. — Quantity of motion measured by the product
of mass and velocity. Unit — one gram-centimeter per second.

Angular Momentum or Moment of Momentum. — Quantity
: uvular motion measured by the product of the angular
city and the moment of inertia. Unit— unnamed, its

nature is expressed by g.cm2/sec.

Force. — That which changes the state of rest or motion in

matter, measured by the rate of change of momentum. Unit —
the dyne, the force which will produce the change of velocity of

one centimeter per second in a gram mass in one second.

Moment of Force or Torque. — The effectiveness of a force

to produce rotation about a center, measured by the product
of the force and the perpendicular distance from the line of

action of the force to the center. Unit — the dyne-centimeter.
Gravitation. — The universal attraction existing between all

material bodies.

Acceleration Due to Gravity. — The acceleration of a body
freely falling in a vacuum. Unit— one centimeter per second
per second.
Weight. — The force with which a body is attracted toward

the center of the earth. The weight of any fixed mass varies
according to its geographical position.

Unit of Weight. — The dyne.
Moment of Inertia. — A measure of the effectiveness of mass

in rotation. In the rotation of a rigid body not only the body's
mass, but the distribution of the mass about the axis of rotation
determines the change in the angular velocity resulting from
the action of a given torque for a given time. Moment of in-

ertia in rotation is analogous to mass (inertia) in simple trans-
lation. The unit is g.cm. 2

Radius of Gyration may be defined as the distance from the
axis of rotation at winch the total mass of a body might be
concentrated without changing its moment of inertia. The
product of total mass and the square of the radius of gyration
will give moment of inertia.

Period in uniform circular motion is the time of one com-
plete revolution.

Frequency in uniform circular motion or in any periodic
motion is the number of revolutions or cycles completed in

unit time.
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Centripetal Force. — The force required to keep a moving
mass in a circular path. Centrifugal force is the name given to
the outward force of a mass in rotation.

Simple Harmonic Motion. — If a point move uniformly in a
circle, the motion of its projection on the diameter (or any
straight line in the same plane) is simple harmonic motion.

Displacement at any instant. The distance of a vibrating

or oscillating particle from its position of equilibrium or the
center of the circle of reference.

Amplitude. — The maximum value of the displacement.

Phase. — The fraction of a whole period which has elapsed

since the moving particle last passed through its middle position

in a positive direction.

Work. — When a force acts against resistance to produce
motion in a body the force is said to do work. Work is meas-
ured by the product of the force acting and the distance moved
through against the resistance.

Units of Work. — The erg, a force of one dyne acting through

one centimeter. The joule is 107 ergs.

Power. — The time rate at which work is done.

Units of Power. — The watt, one joule (ten million ergs) per

6 . md; the kilowatt is equal to 1000 watts; the horse-power,

3,000 foot-pounds per minute, is equal to 74G watts.

Energy. — The capability of doing work. Units of enoi

the of work.
Potential Energy. — Energy due to position of one body with

: ct to another or to the relative parts of the same body.

Kinetic Energy. — Energy due to motion.

Coefficient of Friction. — The coefficient of friction between

two surfaces is the ratio of the force required to move one over

the I he total force pressing the two together.

Simple Machine. — A contrivance for the transfer of energy

and for increased convenience in the performance o. work.

echanical advantage of a machine is the ratio of the distance

through which force is applied to the distance through which

r isistance is overcome, also called the velocity ratio

Efficiency is the ratio of the work done by a machine to the

work done upon it.
. . . . , , ,

Elasticity. — The property by virtue of which a body recovers

from deformation produced by force.

Stress — The force producing or tending to produce deforma-

tion in the body measured by the force applied per unit area.

Unit — one dvne per square centimeter.

Strain — The deformation resulting from a stress measured

by the ratio of the change to the total value of the dimension in

vhieh the change occurred. , ,

Moduus of Elasticity. -The stress required to produce

unit strain which may be a change of length doung^s mod-

urns) a twist or shear (modulus of rigidity), or a change

of volume (bulk modulus), expressed in dynes per square cen-

timeter.
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Limit of Elasticity. — The smallest value of the stress pro-
ducing permanent alteration.

Coefficient of Restitution of two bodies on impart, the ratio

of the uce in velocity before impact to the difference

Qfl]

Viscosity. — All liquids possess a definite resistance to change
of form and -olids show a gradual yielding to forces tend-

_ their form. This peo] - catted viscosity; it

jsed in dyne-seconds per cm : or pek
Pressure. — Force applied to, or distribut> 1 a surface;

per unit area. Unit — li
, one dyne

, -
i i

! equal to 10s dynes
square centimeter. Pressure is .1 by the height

column of mercury or water which it supports.

Surface Tension. — The tension exhibited by the free surface
of Liquids measured in dynes per centimeter.

Heat

Temperature may be defined as the condition of a bod}' which
- the transfer of heat to or from other bodies. The

omary unit of temperature is the Centigrade degree, 1/100
the difference between the temperature of melting ice and that
of water boiling under standard atmospheric pressure. The

e Fahrenheit is 1 ISO, and the degree Reaumur 1/80 the
difference of temperature.

The fundamental temperature scale is the absolute, ther-

modynamic or Kelvin scale in which the temperature measure
ised on the average kinetic energy per molecule of a perfect
The zero of the Kelvi -273.13 'C. The temperature
adopted by the International Bureau of Weights and
ares is that volume hydrogen gas ther-

mometer. The magnitude of the degree in both these scales is

defined afl 1 100 the difference between the temperature of

melting ice and that of boiling water at 760 mm pressure.

Heat Quantity is measured by the change of temperature
produced. The unit of hi e calorie, the quantity of heat

to change the temperature of one gram of water from
3.5° C. to 4.5° C. (called a small calorie). If the temperature
changed involved is from 14.5 to 15.5° C, the unit is the normal
calorie. The mean calorie is 1/100 the quantity of heat neces-

sary to raise one gram of water from 0° C to 100° C. The large

calorie is equal to 1000 small calories. The British thermal unit

is the heat required to raise the temperature of one pound of

water at its maximum density, 1° F. It is equal to 252 calories.

Coefficient of Thermal Expansion. — The coefficient of linear

expansion is the ratio of the change in length per degree to the
length at 0° C. The coefficient of surface expansion is two

a the linear coefficient. The coefficient of volume expan-
sion (for solids) is three times the linear coefficient. The co-

efficient of volume expansion for liquids is the ratio of the change
in volume per degree to the volume at 0° C. The value of the

796



HAXDBOOK OF CHEMISTRY AND PHYSICS

coefficient varies with temperature. The coefficient of volume

expansion for a nas under constant pressure is nearly the same
for all - mperatures and is equal to 0.00367 for 1° C.

Absolute Zero. — The temperature at which a gas would show
no pressure it the general law for gases should hold for all tem-

peratures. It is equal to -273.13° C. or -459.4

Thermal Capacity of a Substance is the quantity of heat

to produce unit change of temperature in unit mass.

. - manly express alories per gram per degree Centi-

Specific Heat of a substance is the ratio of its thermal capacity

to that ol C.

Thermal Capacity or Water Equivalent. — The total quantity

of heat necessary to raise any body or system unit temperature,

, - -lories per degree centigrade in the (' G 3 -tern.

Heat Equivalent, or Latent Heat, of Fusion. — The quantity

of heat necessary to change one gram of solid to a liquid with

no temperature change.

Latent Heat of Vaporization. — The quantity of heat necessary

to change one gram of liquid to vapor without change of tem-

perature. Both the above quantities are measured as calories

^Thermal Conductivity. — Time rate of transfer of heat by

conduction, through unit thickness, across unit area for unit

difference of temperature. It is measured as calories per second

per square centimeter for a thickness of one centimeter and a

difference of temperature of 1° C.

Emissive Power or emissivity is measured by the energy radi-

ated from unit area of a surface in unit time for unit difference

of temperature between the surface m question and surrounding

bodies For the C. G. S. system the emissive power is given m
er*s per second per square centimeter with the radiating surface

solute and the surroundings at absolute zero.

Monochromatic Emissive Power is the ratio of the energy of

certain defined wave lengths radiated at <k Ĵ^P^"*
to the energy of the same wave lengths radiated by a black

body at the same temperature and under the same conditions

Absorptive Power for any body is measured by the fraction of

the radiant energy falling upon the body which is absorbed oi

transformed into heat. This ratio varies with the character of

the SurfTJce and the wave length of the incident energy

Black Body. - If, for all values of the wave length of the in-

cident en^gy, all of the energy is absorbed the body is called a

bl

Mechardcal Equivalent of Heat is the quantity of energy

whlln Ten transformed into heat, is equivalent to unit qua*

^LteTade^^P-Sv™ *
tT

and vdurne variations without change of temperature the

chanees^ cahed isothermal. A line on a pressure-volume

SSm ^reseating these changes is called an isothermal hue
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Adiabatic. — A body is e to und rgo an adiabatio change
when tered without gain or los- The
line on thi '>lume diagram representing the above

line.

Critical Temperature is that temperature above which a

liquefied by pressure alone. The pressure under which
as a gas in equilibrium with the liquid

3 the critical pressure.
Entropy. — A quantity dep on the quantity of heat

temperature, which, when multiplied
any 1 mre (minimum available), gives the una-
able energy, or unavoidable waste when mechanical work is

rd from the heat energy of the body.
Absolute Humidity. — Mass of water vapor present in the

atmosphen as gj er cubic met
Relative Humidity. — The ratio of the quantity of water

vapor present in the atmosphere; to the quantity which would
saturate at the existing temperature.

Wave Motion and Sound

Wave Motion. — A progressive disturbance propagated in a
medium by the periodic vibration of the particles of the medium.
Transverse wave motion is that in which the -vibration of the
particles is perpendicular to the direction of propagation. Longi-
tudinal wave motion is that in which the vibration of the parti-
cles is parallel to the direction of propagation.

Pitch of sound is determined by the frequency or number
of vibrations per second.

Intensity or loudness of a sound depends upon the energy of
the wave motion. The term intensity as used in physics is

measured by the energy transmitted per second through one
square centimeter of surface.

Quality or timbre of a sound depends on the coexistence
with the fundamental of other vibrations of various frequencies
and amplitudes.

Lissajou's Figures. — The path described by a particle which
is sumultaneously displaced by two simple harmonic motions
at right angles, when the periods of the two motions are in the
ratio of two small whole numbers, shows a variety of character-
istic curves called Lissajou's figures.

Beats. — Two tones of slightly different frequencies sounded
together interfere to give a sound of regularly varying intensity.
The number of beats per second is the difference in frequency
of the two tones.

Static Electricity

Unit Quantity of electricity or charge is the quantity which,
when concentrated at a point and placed at unit distance from
an equal and similarly concentrated quantity, is repelled with
unit force. If the distance is one centimeter and the force of
repulsion one dyne and the surrounding medium a vacuum,
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we have the electrostatic unit of quantity. The coulomb =

3 X 109 electrostatic units.

Line of Force. — A line such that its direction at every point

is the same as the direction of the force which would act on a

email positive charge placed at that point. A line of force is

defim rl ing from a positive charge and ending on a nega-

t ivc rl

i

Conductors. — A class of bodies which are incapable of sup-

porting electric strain. A charge given to a conductor spreads

to all parts of the body.

Dielectrics or Insulators or Non-Conductors. — A class of

bodies supporting an electric strain. A charge on one part

of a non-conductor is not communicated to any other part.

Electric Surface Density. — Quantity of electricity per unit

Intensity of Electric Field is measured by the force exerted

on unit charge. Unit field intensity is the field which exerts

the force of one dyne on unit positive charge.

Electric Potential at any point is measured by the work nec-

essarv to bring unit positive charge from an infinite distance.

Difference of potential between two points is measured by the

work necessary to carry unit positive charge from one to the

other. If the work involved is one erg we have the electrostatic

unit of potential.

Capacity is measured bv the charge which must be communi-

cated to a body to raise its potential one unit, Electrostatic

unit capacity is that which requires one electrostatic unit

of charge to I

potential one electrostatic unit, The

£arad = 9 x 10" electrostatic units.

Specific Inductive Capacity. — The ratio of the capacity ot a

condenser with a given substance as dielectric to the capacity

of the same condenser with air or a vacuum as dielectric is called

the specific inductive capacity.

Magnetism

Unit Magnetic Pole or Quantity of Magnetism. — Two unit

quantities of magnetism concentrated at points umt distance

aWt in a vacuum repel each other with unit force. If the dis-

tance involved is one centimeter and the force one dyne, the

quantity of magnetism at each point is one C. G. b. unit ot

"'surface
1

Density of Magnetism. - Quantity of magnetism

Pt
Maraeti

r

c° Moment of a magnet is measured by the torque

expeSed when it is at right angles to a uniform field of unit

hitensitv The value of the magnetic moment is given by the

prochict of the magnetic pole strength by the distance between

fh? poles Unit magnetic moment is that possessed by a magnet

formed by two poles of opposite sign and of umt strength, one

"iSensiry'iTMagnetization is given by the quotient of the
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magnetic moment of a magnet by its volume. Unit intensity of

magneti it ion is the intensity of a magnet which has unit
magnetic moment per cubic centimeter.

Magnetic Line of Force is a line which at every point has the
direction of the magnetic force at that point.

Magnetic Field Intensity or Magnetizing Force is measured by
the force acting on unit pole. Unit field intensity, the gau it

that field which exerts a force of one dyne on unit magnetic pole.

The field intensity is also specified by the number of lines of
i cting unit area normal to the field, equal numerically

to th ;

:

'

:
' - use Maj >i tizing force is no sured

by thi s] t variation of magnetic potential and as such
unit may be the gilbert per centimeter.

Magnetic Potential or Magnetomotive Force at a point is

sured by the work required to bring unit positive pole from
an infinite distance (zero potential) to the point. The unit is

the gilbert, that magnetic potential against which an erg of
work is done when unit magnetic pole is transferred.

Magnetic Flux through any area perpendicular to a magnetic
field is] ed as the product of the area by the field strength.

The unit of magnetic flux, the maxwell, is the flux through a
square centimeter normal to a field of one gai

Magnetic Induction resulting when any su I-

to a magnetic field is measured as the magnetic flux per unit air i

taken perpendicular to the direction of the flux. The unit is the

maxwell per square centimeter or its equivalent, the gauss.
Magnetic Permeability is a property of materials modifying

the action of magnetic poles placed therein and modifying the
magnetic induction resulting when the material is subjected to a
magnetic field or magnetizing force. The permeability of a
substance may be defined as the ratio of the magnetic induction
in the substance to the magnetizing field to which it is subjected.
The permeability of a vacuum is unity.
Magnetic Susceptibility is measured by the ratio of the in-

tensity of magnetization produced in a substance to the mag-
netizing force or intensity of field to which it is subjected. The
susceptibility of a substance will be unity when unit magnetic
intensity is produced by a field of one gauss.
Magnetic Reluctance for any magnetic circuit is measured by

the ratio of the magnetomotive force or magnetic potential to
the flux produced in the circuit. The unit of reluctance, the
oersted, is the reluctance of a cylinder of one square centimeter
cross section and one centimeter length taken in a vacuum.
Permeance, the reciprocal of reluctance. Unit permeance is

the permeance; of a cylinder one square centimeter cross section
and one centimeter length taken in a vacuum.

Reluctivity or specific reluctance is the reciprocal of permeabil-
ity. The reluctivity of empty space is taken as unity.

Paramagnetic bodies are those which tend to set the longest
dimension parallel to the magnetic field. The permeability of
a paramagnetic substance is greater than unity. Iron is para-
magnetic.
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Diamagnetic bodies tend to set the longest dimension across

the magnetic field. The permeability of a diamagnetic substance

H less than unit}'.

Hysteresis. — The magnetization of a sample of iron or steel

due to a magnetic field which is made to vary through a cycle

of values, lags behind the field. This phenomenon is called

hystep sis

Declination. — The angle between the vertical plane contain-

ing the direction of the earth's field at any point and a plane

containing the geographic north and south meridian.

Dip. — The angle measured in a vertical plane between the

direction of the earth's magnetic field and the horizontal.

Current Electricity

Electric Current. — The rate of transfer of electricity. The
transfer at the rate of one electrostatic unit of electricity in one

second is the electrostatic unit of current. The electromagnetic

unit of current is a current of such strength that one centimeter

of the wire in which it flows is pushed sideways with a force

of one dyne when the wire is at right angles to a magnetic field

of unit intensity. The practical unit of current is the ampere,

a transfer of one coulomb per second, which is one tenth the

electromagnetic unit. The international ampere is the unvary-

ing electric current which when passed through a solution of

-: in accordance with certain specifications, deposits

;

r at the rate of 0.00111800 gram per second. The inter-

national ampere is equivalent to 0.99991 absolute ampere.

Ouantiry. — The electromagnetic unit of quantity may be

defined as that transferred by unit current in unit time. The

quantity transferred by one ampere m one second is the cou-

IO

Ele'ctrom^tive Forcels defined as that which causes a flow of

current The electromotive force of a cell is measured by the

Sum difference of potential between its plates. The elec-

tron agnetic unit of potential difference is that against which

one eTnf work is done in the transfer of electromagnetic unit

quantity The volt is that potential difference against which

o^e joule of work is done in the transfer of one coulomb One

volt i equivalent to 10* electromagnetic units of potential.

The mtefflonal volt is the electrical pressure which when

BteadSr awhed to a conductor whose resistance is one mter-
steacm\ app uc

'
L

current of one international ampere
national ohm a ill cause a curre ^^^ ^
ekctrJmo iv o * <5 a Weston standard cell is 1.0183 at 20° C.

p«Kn«^ is nronertv of conductors depending on their
Resistance « P™P" T

? tPTTmPriture which determines the
d.mensions material and tjJJP«g^; rf tiaL The
current P^^Jg* _fJgJ ohm , is that resistance through
practical unit ^^f^/'-fof one volt will produce a current
which a differenceof g^^SJJ

1^ is the resistance offered

tZ lTrying
T
cu™ny a column of mercury at 0° C,
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14.4521 grams in mass, of constant cross sectional area and
106.300 centimeters in length.

Conductance, the reciprocal of resistance, is measured by
the ratio of the current flowing through a conductor to the
difference of potential between its ends. The practical unit of

conductance mho, is the conductance of a body through
which one ampere of current flows when the potential differ* ooe

ae volt. The conductance of ;i body in mho is the reciprocal

of the value of its resistance in ohn
Conductivity is measured by the quantity of electricity trans-

- unit area, per unit potential gradient per unit time.

Resistivity or Specific Resistance, the reciprocal of conduc-
tivity, tired by the resistance of a body of the substance of

unit < 5 lion and of unit length at 0° C.
Temperature Resistance Coefficient. — The ratio of the

stance in a wire due to a change of temperature
i

' ts i 3tance at 0° C.
Induction. — Any change in the intensity or direction of a
Ernetic field c electromotive force in any conductor

in the field. The induced electromotive force generates an
induced current if the conductor forms a closed circuit.

Self-Inductance. — The change in magnetic field due to the
variation of a current in a conducting circuit causes an induced

tromotive force in the circuit itself. This phenomenon is

n as self-induction. It is measured as electromotive force
produced in a conductor by unit rate of variation of the current
through it. Units of self-inductance arc the centimeter (electro

static) and the henry, which is equal to 109 cent irnetcrs of in-

duct.'!

Mutual Inductance. — A change of current, in a conductor is

Mipanied by a change of magnetic field which induces an
electromotive force in a neighboring circuit. The mutual in-

duction is measured by the electromotive force induced in one
circuit by unit rate of variation of current in the other. Units,

of self-inductance.

Thermoelectric Power is measured by the electromotive
force produced by a thermocouple for unit difference of tem-
perature between the two junctions. It varies with the average
temperature and is usually expressed in microvolts per degree
C. It is customary to list the thermoelectric power of the
various metals with respect to lead.

Light

Luminous Flux. — The total visible energy emitted by a
source per unit time is called the total luminous flux from the
source. The unit of flux, the lumen, is the flux emitted in unit

solid angle (steradian) by a point source of one candle luminous
intensity. A uniform point source of one candle intensity thus
emits 4 t lumens.

Visibility is measured by the ratio of the luminous flux in

lumens to the total radiant energy in ergs per second or in watts.
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Luminous Intensity or candle-power is the property of a

source of emitting luminous flux and may be measured by the

luminous flux emitted per unit solid angle. The accepted unit

of luminous intensity is the international candle. The hefner

unit, which is equivalent to 0.9 international candles, is the in-

i Fa lamp of specified design burning amyl acetate, called

thi i : aer lamp.
The mean horizontal candle-power is the average intensity

meas in a horizontal plane passing through the source.

The mean spherical candle-power is the average candle-power

i isured in all directions and is equal to the total luminous

flux in lumens divided by Air. *

Illumination on any surface is measured by the luminous

flux incident on unit area. The units in use are: the lux, one

lumen per square meter; the phot, one lumen per square centi-

ter and the lumen per square foot. Since at unit distance

from a point source of unit intensity the illumination is unity,

unit illumination may be defined as that produced by unit source

at un j t dis nee the meter-candle or candle-meter which

lux and the foot-candle equivalent to one lumen

Brightness is measured by the flux emitted per unit emiss

as projected on a plane normal to the line of sight. The unit

f briehti it of a perfectly diffusing surface giving out

one |
iare centimeter of projected si

called the lambert. The mulilambert (0.001 lambert) is a more

CO
Reflection Coefficient is the ratio of the light reflected from a

surface to the total incident light. The coefficient may refer to

diffus specular reflection. In general it varies with the

angle of incidence and with the wave length of the light.

r .PT nf Refraction for any substance is the ratio of the
Index * R*J^n°\'™*\ its velocity in the substance.

S&% n',lf;^«-e
C

vanes with the wave length of the

refracted light.
deviation or change of direction

of hXtTa" fiTSSSh a^mis a minimum when the angle

$l^f^&'2%&SE£ is the point of
I^Cipd

/o?tht comin" fromT'ource at an infinite distance.
convergence of ^htcommgl

condltions light divergent
Conjugate Foci. vmur v f

spherical mirror is

from a point on or near the axis oi a^ie ? and the
focused at another point, Ihe point pi B

ES^^^^a-SL. of sphenea,
S»b™*^rTu*i^^ diverged from 5 point

mirrors or
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source is not exactly focused at a point. The phenomenon is

known as spherical aberration. For axial pencils the error is

known as axial spherical aberration; for oblique pencils, coma.
Chromatic Aberration. — Due to the difference in the index

of refraction for different wave lengths, light of various wave
lengths from the same source cannot be focused in a point by

pie lens. This is called chromatic alienation. .

Achromatic. — A term applied to lenses sii.nif\-ing their more
•

i complete correction for chromatic aberration.

Astigmatism is an error of spherical lenses peculiar to the
formation of images by oblique pencils. The image of a point
when astigmatism is present will consist of two focal lines at
right angles to each other and separated by a measurable dis-

e along the axis of the pencil. The error is not eliminated
by reduction of aperture as is spherical aberration.

Magnifying Power of an optical instrument is the ratio of
angle subtended by the image of the object seen through

the instrument to the angle subtended by the object when seta
by the unaided eye. In the case of the microscope or simple
: _nifier the object as viewed by the unaided eye is supposed
I at a distance of 25 cms. (10 ins.)

Resolving Power of a telescope or microscope is indicated
by the minimum separation of two objects for which they appear
distinct and separate when viewed through the instrument.
Angular Aperture of an objective is the largest angular extent

of wave surface which it can transmit.

Numerical Aperture is the sine of half the angular aperture,
used as a measure of the optical power of the objective.

Dispersion. — The difference between the index of refraction

of any substance for any two wave lengths is a measure of the
dispersion for these wave lengths, called the coefficient of dis-

persion.

Diffraction. — If the light source were a point, the shadow of

any object would have its maximum sharpness; a certain amount
of illumination, however, would be found within the geometrical
shadow due to the diffraction of the fight at the edge of the
object.

Polarized Light. — Light which exhibits different properties
in different directions at right angles to the line of propagation
is said to be polarized. Specific rotation is the power of liquids

to rotate the plane of polarization. It is stated in terms of spe-

cific rotation or the rotation in degrees per decimeter per unit

density.
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PHYSICAL LAWS AND FORMULAE

On the following pages will be found a collection of the more

important laws and equat.ons of physics. Definitions and units

will be found in the preceding table.
.

Unless otherwise specified, the symbol g in the following

formula refers to the acceleration due to gravity.

T r nula- for capacity, inductance and high frequency re-

sistance as used in radio work are given in a separate collection

immediately following.

Mechanics

Composition of Vectors. - If the angle between two vectors

is 1 and their magnitudes a and b, their resultant,

c = Vaa + b 2 + 2ab cos A

.

Trianele or Polygon of Forces. — If three or more forces

action the same point are in equilibrium, the vectors repre-

^ontino- them form, when added, a closed figure.

Velocity? -If « is space passed over in tune t, the velocity,

s9m
l

Uniformly Accelerated Motion. - If ft is the initial velocity,

* the velocity after time t, the acceleration,

a =
t

The velocity after time t,

v t
= r + at.

Space passed over in time (,

s = t'o* + \aP-

Velocity after passing over space s,

r, = vV + 2as.

Space passed over in the nth second,

s = va + la(2n - !)

In the above and UMjU/^ffSSSSOtZ'^
SS^Wspfe'nr^'^Sy'V,.. be in . per sec. »nd

acceleration in cm per sec.
nTimif rmlv accelerated motion

FaUingBodies. -****•&SEffin due to gravity.

ST^faA'bLti-* ««^ neglected
-

,,.0, S = k<2
,

ft«V2fl«.
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Bodies Projected Vertically Upward. — If v is the velocity of
projection, the time to reach greatest height, neglecting the
resistance of the air,

9

Greatest height,
-

* £
Projectiles. — For bodies projected with velocity v at an angle

a with the horizontal, the time to highest point of flight,

Total time of flight,

Maximum height,

Horizontal range,

sin a

T =
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Newton's Laws of Motion.

I Every body continues in its state of rest or of uniforui

motion in a straight line except in so far as it may be compelled

to change- that state by the action of some outside force

II Change of motion is proportional to force applied and

takes pi ice in the direction of the line of action of the force.

III. To every action there is always an equal and opposite

r°
Momentum. — A mass m moving with velocity v has a mo-

mentum, ,

,

Angular momentum of a mass whose moment of inertia is I,

rotating with angular velocity w, is

Iu.

Change in Momentum. - If a mass m has its velocity changed

from r, to r2 by the action of a force F for a time t,

mih - mvi = Ft.

c UA^anhtm If two bodies of masses wii

SMSTta!£ZT2>«£ I and „ and after in***

velocities ui and Us,

WiUi + mjMj = mivi + m tv2 .

Force. - For a mass m and an acceleration a,

F = ma.

If m is substituted in grams and a in cm per sec', F will be

gi

Pr
n
essure.

U
-"The pressure due to a force F distributed over

an area A, p
p = x

iv»-..«« — If a force F acts to produce
Moment of Force or Torque.

Une [q which
rotation about a center at a distance

the force acts, the force has a torque,

L = rd.

Tf ™ m, ms etc. represent the masses
Moment of Inertia. - K m, ">:"« v

n etc. their re-

of infinitely small particles of a £oaj
, .^ ^oment of inertia

spective distances from an axis 01 roe

about this axis will be,

/ = (/mr,
2 + w 2r2

2 + WW* + •

;

J = S(n»r*)

Tl,» force of attraction between two masses,

WTSsSf*?«*-" ' * bEing con

m .

gravitation, mw '

F = fc——
r-
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(If m and in' are given in grams, and r in centimeters, F
will be in dynes if k = 6.658 x lO"8 .)
Weight of mass m, where g is the acceleration due to gravity,

W = nig.

The weight will be given in dynes when m is in grams and g in

cm per set

Acceleration Due to Gravity at any Latitude and Elevation.
If <£ is the latitude and H the elevation in centimeters the

a leration in C.G.S. units is,

g = 980.616 - 2.5928 cos 2<f> + 0.0069 cos2 20 - 3.086 x 10~*H.

(Hclmert's equation.)
Uniform Circular Motion. — If r is the radius of a circle, s

the linear speed in the arc, co the angular velocity and T the
period or time of one revolution,

S 27T

The acceleration toward the center is

s 2

a = —
r T*

The centrifugal force for a mass m,

„ ms2
. Airhnr

F =— = 7«C0V = —J5J-.

In the above equations o> will be in radians per second and a
in cm per sec. 2 if r is in cm, s in cm per sec. and T in sec. F will

will be in dynes if mass is in grams and other units as above.
Application to the Solar System. — If .1/ is the mass of the sun,

G the constant of gravitation, P the period of the planet, and
r the distance of the planet from the sun, then the mass of

the sun

M =-^ (G = 6.657 for C.G.S. units.)

If P is the period and r the distance of a satellite revolving
around the planet, the above expression for M gives the mass
of the planet. The formula is written on the assumption that
the orbit of the planet or satellite is circular, which is only
approximately true.

Kepler's Laws.
I. The planets move about the sun in ellipses, at one focus of

which the sun is situated.
II. The radius vector joining each planet with the sun de-

scribes equal areas in equal times.

III. The cubes of the mean distances of the planets from the
sun are proportional to the squares of their times of revolution
about the sun.

Simple Harmonic Motion. — If r is the radius of the refer-
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enee circle, co the angular velocity of the point in the circle, 6
the angular displacement at the time t after the particle passes
the mid-point of its path, the linear displacement,

x = r sin 6 = r sin a)t.

The velocity at the same instant,

v = ro) cos 6 = o)Vr2 - x2
.

The acceleration,

a = - <j1
2t.

The force for a mass m,

4wzmx
F = - moyx = -

The period

J*2

r-2ii -
'Va

In the above equations the C. G. S. system calls for x and r in

., a in cm per sec. 2
, T in sec, m in grams, 6

in -.(1 oj in radians per see.

The Pendulum. — For a simple pendulum of length I, for a

small amplitude, the period,

T = 2tt\ ''-, or? = 4tt2^-

T will be given in seconds if I is in cm and g in cm per sec2 .

For a sphere suspended by a wire of negligible mass where

d is the distance from the knife edge to the center of the sphere

whose radius is r, the length of the equivalent simple pendulum,

If the period is P for an arc 6, the time of vibration in an

infinitely small are is approximately,

1 + I sin-

1

For a compound pendulum, if a body of mass m be suspended

from a poinfabouf which its moment of inertia « ^Jhrta
center of gravity a distance h below the point of suspension,

the period, r—

-

Foucault's Pendulum. - The rate of rotation in degrees per

houroftlineonThe surface of the earth relative to the plane

of a Foucault's pendulum at latitude <p is,

co = 15 sin <f).
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Work. — If a force F act through a space s, the work done is

W = Fs.

Work will be given in ergs if F is in dynes and s in cm.
Work done in rotation. If a torque L dyne-cm acts through

an angle 6 radians, the work done in ergs is,

11= L6.

Power. — If an amount of work 11" is done in time t the power
or rate of doing work is,

t t

Power will be obtained in watts if TV is expressed in joules

(107 ergs) and t in sec.

Energy. — The potential energy of a mass m, raised through
a distance h, where g is the acceleration due to gravity, is

E = mgh.

The kinetic energy of mass m, moving with a velocity v, is

E = $mv 2
.

Energy will be given in ergs if m is in grams, g in cm per sec. 2
,

h in cm and v in cm per sec.

Kinetic Energy of Rotation. — If a mass whose moment of

inertia about an axis is /, rotates with angular velocity a?

about this axis, the kinetic energy of rotation wall be,

E = ilco 2
.

Energy will be given in ergs if / is in g.cm 2 and w in radians
per sec.

Conservation of Energy. — In every modification of a material
system not affected by forces foreign to the system the sum of

its potential and kinetic energies remains constant.

Friction. — If F is the force required to move one surface over
another and TV, the force pressing the surfaces together, the

coefficient of friction,

k- w
Simple Machines. — If a force / applied to a machine through

a distance S results in a force F exerted by the machine through
a distance s, neglecting friction,

fS = Fs.

The theoretical mechanical advantage or velocity ratio in

the above case is

S
s
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Actually the force obtained from the machine will have a
smaller value than will satisfy the equation above. If F' be
the actual force obtained, the practical mechanical advantage
will be

F
/'

The efficiency of the machine,

F Fs '

Mass by Weighing on a Balance with Unequal Arms. — If

ll'i is the value for one side, W2 the value for the other, the

true i!

w = ViriHY

Sensitiveness of a Balance. — If w is the weight of the beam,

h the distance of the center of gravity below the knife edge,

a the length of the balance arms and x a small mass added to

one pan, "the deflection produced is given by

* a ax
tan v = —r-

wn

Hooke's Law. — Within the elastic limit of any body the

ratio of the stress to the strain produced is constant.

Elastic Coefficients

Young's modulus by stretching. — If an elongation sis pro-

duced by the weight of the mass m, in a wire of length I, and

radius r, the modulus,

7rr2s

Younq's modulus by bending, bar supported at both ends.

If a flexure s is produced by the weight of mass m added midway

between the supports separated by a distance I, for a rectangular

bar with vertical dimensions of cross-section a and horizontal

dimension b, the modulus is,

4sa 3b

For a cylindrical bar of radius r,

,
, mgP

bar as described above,

12rr l s

For a bar supported at one end. In the case of a rectangular

Amgl3

sa 3b

For a round bar supported at one end,

Amgl 3

U = 3vr*s
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Modulus of Rigidity . — If a couple C (= mgx) produces a
twist of 6 radians in a bar of length / and radius r, the modulus is

m -
*

'

7rr4

The substitution in the above formula; for the elastic eoeffi-

08, g in cm per sec, /, a, b, and r in cm, s in
will give moduli in dynes per cm 1

.

Two bodies moving in the same
ignt line, with velocities ri and pectivefy, collide and

move with velocities v3 and vt . The coefficient
. titution is

C _ u ~ *'
3

9, - Vi

Viscosity. — Flow of liquids through a tube; where I is the
length of the tube, r its radius, the difference of pressure at
the ends, 77 the coefficient of viscosit}r

, the volume escaping
per second.

v = -rjz— (Poiseuille.)

The volume will be given in cm 3 per second if I and r are in

em, p in dynes per cm2 and t] in poises or dyne-seconds per cm2
.

Stokes' Law gives the rate of fall of a small sphere in a vis-

cous fluid. When a small sphere falls under the action of gravity
through a viscous medium it ultimately acquires a constant
velocity,

„ 2ga*idi - <k)

9i} ,

where a is the radius of the sphere, ch and d> the densities of

the sphere and the medium respectively, and 77 the coefficient of

viscosity. V will be in cm 3 per sec. if g is in cm per sec.*, a in cm,
di and d2 in g per cm* and 77 in dyne-sec. per cm* or poises.

Diffusion. — If the concentration (mass of solid per unit
volume of solution) at one surface of a layer of liquid is di,

and at the other surface di, the thickness of the layer h and the
area under consideration A, then the mass of the substance
which diffuses through the cross-section A in time t is,

~ A (dj - di)tm = KA—t

where K is the coefficient of diffusion. See table Diffusion.

Surface Tension. — The total force along a line of length I

on the surface of a liquid whose surface tension is T,

F -IT.

Capillary Tubes. — If a liquid of density d rises a height

h in a tube of internal radius r the surface tension is,

rhdg

2
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The tension will be in dynes per cm if r and h are in cm,

d in o per cm 3 and g in cm per sec2
.

.

Pressure in dynes per cm 2 due to surface tension on a drop of

radius r cm for a liquid whose surface tension is T dynes per

cm,

P = —

•

r

For a bubble of mean radius r cm, f =— •

Values of T will be found in tables in another part of this

V
°Hydrostatic pressure at a distance h from the surface of a

fluid of density d,

P = hag.

The total force on an area A due to hydrostatic pressure,

F . PA - Ahdg.

Force in dyne* and pressure in dynes per cm* will be given if

I in cm d in o per cm 1 and g in cm per sec 2
.

Paul's Law -Pressure exerted at any point upon the mass

ofS I Transmitted undiminished in all directions.

Achhnedes Principle. -A b >dv wholy or partly immersed

in n fhnd is buoved up bv a force equal to the weight of the

fluid is 1- ce V bodv of volume V cm 3 immersed in a fluid

oi"density af grams per cm« is buoyed up by a force in dynes,

F = <k>Y.

allS&tJtttSMSi of the Kquid, the veloe.ty of

c'""" v-x^f.
„, • ,u +v. orpticil discharge velocity disregarding
The above is the J^S^^r water issuing through a

friction and the shape ofJJ^^JL .4, the volume dis-

SS^TecoSV^i^^^by,
Q =0.&2AV2g~h.

„, \t »n« noint in a tube through which
Bernoulli's Theorem

^an> g^^ energy> potent t

a liquid is flmving the sum « ^JJ- Jf p is pressure; A,

l^'aboye^referSee^l^; 4, density of the liquid, and ,,

velocity of flow,

^ + Mg + yp = a constant.

t the Side of a Moving Stream. —
Diminution of Pressure at

velocity p the diminution
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Boyle's Law, — For a periV gas changing from pressure
to pressure p' and volume v without change of

perature,
pv = p'v'.

Altitudes with the Barometer. — If 61 and b2 denote the eor-

1 .1 barometer readings at two stations, t the mean of the

,
and t 2 of the air at the two stations, t\ and < : .

asion of water vapor at the two stations, h the mean
: Level, <p the latitude, then the difference in

it ion in centimeters is

H = 1,843,000 (log 6 X - log 62) (1 + 0.003670(1 + 0.0026 cos 20
+ 0.00002/i + \k),

where fc = |(g + g).

An approximate formula, sufficient for differences not over
1000 meters is

H = 1,600,000 r^^rd + 0.0040.
bi + 62

Heat

Thermal Expansion. — If Zo is the length at 0° C, a the
coefficient of linear expansion, the length at to C. is,

U = lo(l + at).

for Thermal Expansion. — The rate of

thermal expansion varies with the temperature. The general
equation giving the magnitude m t (length or volume) at a
temperature t, where mo is the magnitude at 0° C

m t = 7no(l + at + @t 2 + yt 3
. . .)

where a, /3, 7, etc., are empirically determined coefficients.

Volume expansion. If V represents volume and /3 the coeffi-

cient of expansion,
F,= F„(1 + /S0.

For solids, = 3a (approximately).

Expansion of Gases, Charles' Law or Gay-Lussac's Law.
The volume of a gas at constant pressure increases proportionally
to the absolute temperature. If l\ and F2 are volumes of the
same mass of gas at absolute temperatures 7\ and T2 ,

V2 7V
For an original volume F at 0° C. the volume at t° C. (at

constant pressure) is

Vt = F (l + 0.003670-

General Law for Gases.

PtVt = Po»o( 1 + 273).
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where p , v
, pt, v t represent the pressure and volume at 0°

and t° C.
The law may also be expressed,

pv = RT
where T is the absolute temperature and R a constant depend-
ing i inly on the units of pressure, volume and temperature.
For volume in cm 3

,
pressure in dynes per cm 2 and temperature

in Centigrade degrees on the absolute scale R = 8.3156 x 107
.

Reduction of a Gas Volume to 0° C, 760 mm. Pressure.—
If V is the original volume of a gas at temperature t and pressure

H the volume at 0° C. and 760 mm. pressure will be*,

Vo
(l + at) 760

If d is the original density the density at 0° C. and 760 mm.
pressure will be,

,,. ,,.760
do = d(l +at)-g>

a = 0.00367 approximately.

Avogadro's Law. — Equal volumes of different gases at the

- if pressure and temperature contain the same number of

molecules. . , .

Dalton's Law. The pressure of a mixture of several gases

in a given space is equal to the sum of the pressures wluch each

gas would exert if confined by itself in that space.

Van der Waal's Variation of Boyle's Law.

(p + £) (v -b) = RT

where p and v are the pressure and volume at any constant tem-

perature and a and b are constants R is the gas constant and

T the absolute temperature. For values of R, a and b see tables.

Kinetic Theory, Expression for Pressure.

p = \ Nmv2

where N is the number of molecules in unit volume, m the

mass of each molecule and r>
2 the mean square of the velocity

of the molecules. , „ , ..

Gas Thermometer. -Where P„, P., and Px represent the

total pressures with the bulb at 0° C at the boiling-point of

water and at the unknown temperature respectively, tt the

temperature of steam and U the unknown temperature,

faDDroximatelv). The total pressure on the gas in the bulb

isX sum of barometric pressure at the time and that measured

by the manometer.
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Dulong and Petit's Law of Thermal Capacity. — For simple
substances the atoms all have approximately the same thermal
i opacity. The product of the specific heat by the atomic weight

i] i ant, — about 6.38.

Specific Heat. — If a quantity of heat H calories is necessary
bo rail* the 'cmperature of m grams of a substance from h
to tj° C, the specific heat,

H
~ m(tt - ti)

Specific Heat by the Method of Mixtures. — Where a mass
mi of the substance is heated to a temperature t\, then placed
in a mass of water >n-2 at a temperature t2 contained in a cal-

orimeter with stirrer (of same material) of mass m 3 , specific

heat of the calorimeter c, v the volume of the immersed portion
of the thermometer, t3 the final temperature, the specific heat.

Black's Ice Calorimeter. — If a body of mass m and tem-
perature t melts a mass m' of ice, its temperature being reduced
to 0° C, the specific heat of the substance is,

80.1m'
s = —

i

ml >

Bunsen's Ice Calorimeter.—A body of mass m at temperature
t causes a motion of the mercury column of I centimeters in

a tube whose volume per unit length is v. The specific heat is

884Z«
s = r-mt

Conduction of Heat.—If the two opposite faces of a cube
of a substance are maintained at temperatures h and fe, the
heat conducted across the cube of section a and thickness d
in a time T will be,

d

K is a constant depending on the nature of the substance,

designated as the specific heat conductivity. K is usually

given for Q in calories, ti and t2 in °C, a in cm2
, T in sec, and

d in cm. See table Heat Conductivity.

First Law of Thermodynamics. — When mechanical work is

transformed into heat or heat into work the amount of work
is always equivalent to the quantity of heat.

Second Law of Thermodynamics.— It is impossible by any
continuous self-sustaining process for heat to be transferred

from a colder to a hotter body.

Stefan-Boltzman Law of Radiation. — The energy radiated in

unit time by a black body is given by, E = K(T* - To*), where
T is the absolute temperature of the body, To the absolute

temperature of the surroundings, and K a constant. See table

Atomic and Molecular Constants.
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Wien Displacement Law.—When the temperature of a radiat-

ing black body increases, the wave length of every monochromatic
radiation decreases in such a way that the product of the tem-
perature and wave length is constant.

\T = X>T

where X and Xo are wave lengths and Tand T the corresponding

absolute temperatures.
I < lie wave length of maximum energy,

\mazT = a constant.

Wave Motion and Sound

Velocity of a Wave.—The velocity of propagation in terms

of wave length X and period T or frequency n is,

V - £« «x.

Velocity t>f Water Waves.—If the depth h is small compared

with the wave length, the velocity,

V = Vgh.

In deep water for a wave length X,

If the wave length is very small, less than about 1.6 cm, the

velocity increases as the wave length decreases and is expressed

3y the following,

V

2-rrT g\

Xd 2tt

where T is the surface tension and d the density of the liquid.

V will be given in cm per sec. if h and X are in cm, g m cm
per sec. 2

, T in dynes per cm and d in g per cm 3
.

Newton's Formula.—The velocity of a compressions! wave

in an elastic medium, in terms of elasticity E (bulk modulus)

and density d, ._

-y/f
For the velocity of sound in air, where p is the pressure and

d the density,
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Velocity of Sound, Variation with Temperature.—The velocity

in meters per sec. at any temperature T in °C. is given by,

or Vr = 331.7 + 6.077\

Doppler's Principle.—The apparent frequency of a sound as
affected by motion of the hearer, the source and the medium

given by the following expression,

V + to — V
n = n

V + u

where m„ is the original frequency of the source, V the velocity

iund, «• that of the medium, »o that of the observer and r,

that of the source. Only the components of motion parallel

to the line connecting the source and observer are to be con-
sidered. All velocities are taken in the direction from source
to observer; if the motion is in the opposite direction the sign

of the velocity substituted in the formula should be changed.
Velocity of a Transverse Wave in a stretched cord. If T is

the tension of the cord and m the mass per unit length,

Frequency of Vibrating Strings.—For a string of circular

section of length I, tension T, density d, and radius r, the fre-

quency of the fundamental is,

1 . / T
n =

2H\lrT
The frequency in vibrations per second will be given if T

is in dynes, r and I in cm and d in g per cm 3
.

Organ Pipes.—The frequency of vibration of a closed pipe of

length I, where V is the velocity of sound in air, for the funda-
mental and first three overtones respectively is,

V BV
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Static Electricity

Force between Two Charges.—If two charges q and q' are

Mice r in a vacuum, the force between them is,

F = &-
rJ

The force will be given in dynes if q and q' are in electrostatic

units and r in cm.
Field Intensity, or force exerted on unit charge at a point

distant r from a charge q in a vacuum.

H = %-
r-

If the dielectric in the above cases is not a vacuum the

dielectric constant K must be introduced. The formulae

become.

F 3SL 77--*-.F =
K?' ~ Kr*

The value of K is frequently considered unity for air. If

the dielectric constant of a vacuum is considered unity the

value for air at 0° C. and 760 mm. pressure is 1.000o76.

Potential at a point due to a charge q at a distance r,

V Kr

Energy of the Electric Field.—If H is the electric field

intensity in electrostatic units and K the specific inductive

capacity, the energy of the field m ergs per cm 3 is,

F
KHt

Capacity in terms of charge and potential. A conductor

charged with a quantity q to a potential V has a capacity,

L
In-

capacity of a spherical conductor of radius r,

C = Kr.

Capacity of two concentric spheres of radii r and r',

_ rr'

C ^in-
capacity of a parallel plate condenser, the area of whose

a es is A and the distance between them d,
plates is
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Capacities will be given in electrostatic units if the dimensions
of condensers are substituted in cm. S© values of K.
Energy of a charged conductor in ergs where Q is the charge

and 1" the potential in electrostatic units,

E-WV.
Condensers in Parallel and Series. — If Ci, o>, c3 , etc., represent

of a series of conductors and C their combined
parity, —

when in parallel, C = Ci + c» + c3 + . . .
,1111

when in series. -^ =—h — + -... .

C Ci Cz c3

Magnetism

Force between Two Magnetic Poles. — If two poles of strength
ind m' are separated by a distance r in a medium whose

permeability is M (unity for a vacuum), the force between them is

_ mm'
F = •

fir
2

Force will be given in dynes if r is in cm and m and m' are

in C. G. S. units of pole strength.

The strength of a magnetic field at a point distant r from
an isolated pole o& strength m is,

m

The field will be given in gauss if m and r are in C. G. S. units.

Values of the permeabdity M will be found in tables elsewhere
in the volume.
Magnetic Moment.—If the poles are separated by a distance

which is great compared with the dimensions of the magnet,
the magnetic moment of a magnet of length I whose poles have
values of +m and -m is,

M = ml.

Couple acting on a magnet of magnetic moment ml in a
field of strength H. If the magnet is perpendicular to the
direction of the field,

C = Hml = HM.

If the angle bertweem the magnet and the field is 6,

C = Hml sin 0.

The couple will be in dyne-cm for C. G. S. units of H, m
and I.

Action of One Magnet on Another.—-The turning moment
experienced by a magnet of pole strength m* and length 2V
placed at a distance r from another magnet of length 21 and
pole strength m, where the center of the first magnet is on the
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axis (extended) of the second and the axis of the first is per-

pendicular to the axis of the second,

mm'lV _ 2MM'

If the first magnet is deflected through an angle 9, the expres-

sion becoi

n 2MM'
flC = :— COS 6.

r

Magnetic Field due to a magnet.

At a point on the magnetic axis prolonged, at a distance r

cm from the center of the magnet of length 21 whose poles are

and -in and magnetic moment M, the field strength in

gauss
Amir

11 =
(r* - l¥

If r is large compared with I,

r3

At a point on a line bisecting the magnet at right angle*,

with corresponding symbols,

_ 2w£
U ~ (7 + 1¥

For large values of r,

r

Period of vibration of a magnet of magnetic moment M
and moment of inertia / vibrating in a field of strength H,

r = 2Vw
Magnetic Induction.—If a substance of permeability fi is

placed in a magnetic field H the magnetic mduction in the

substance,

If 7 is the magnetic moment for unit volume, or intensity of

magnetization, „ , T

B = H + 4x7.

The susceptibility,

K =
jj,

ft - 1 + AirK.

Hysteresis.-Stcinmetz' equation for hysteresis gives the loss

of energy in ergs per cycle per cm',

W = vBut
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where B is the maximum induction in maxwells per cm 2 and
tj the coefficient of hysteresis. S(

Tractive Force of a Magnet.—If a magnet with induction
B has a pole face of area A the force is,

BK\

If B and A are in C. G. S. units, A will be in dynes.

Current Electricity

Ohm's Law. — Current in terms of electromotive force E
and resistance R,

. E
l =

R
The current is given in amperes when E is in volts and R in

ohms.
Current in a Simple Circuit. The current in a circuit includ-

ing an external resistance R and a cell of electromotive force E,
and internal resistance r,

E
l ~ R + r

If E is in volts and r and R in ohms the current will be in

amperes.
For two cells in parallel,

E
% =

For two cells in series,

• _ 2E
1 ~ R + It

Resistance of a conductor at 0° C, of length I, cross-section

s and specific resistance p,

The resistivity may be expressed as ohm-cm when R is in

ohms, I in cm and s in cm 2
. See table Resistivity.

Resistance of a conductor at a temperature t whose resistance

at 0° C. is .Ro and whose temperature resistance coefficient is a,

R, = Ro(l + cd).

Resistance of Conductors in Series and Parallel. — The total

resistance of any number of resistances joined in series is the

sum of the separate resistances. The total resistance of con-

ductors in parallel whose separate resistances are n, r*, r3,

. . . r„ is given by the formula1111 1

B - — + - + — ...+—R n r2 r» r„

R is the total resistance.
822



HANDBOOK OF CHEMISTRY AND PHYSICS

For two terms this becomes,

R-"*
n +r2

Kirchoff's Laws.
I. The algebraic sum of the currents which meet at any

point is zero. , ,

II In any closed circuit the algebraic sum of the products

of trie current and the resistance in each conductor in the circuit

mal to the electromotive force in the circuit.

Wheatstone's Bridge. — If the resistances rh r2 ,
r3,

and u
form the arms of a Wheatstone's bridge in order as the circuit

(omitting cell and galvanometer connections) is traced, when

the bridge is balanced,

- = - or - = -•

r2 n Ti r3

Electrical Energy. - The power in watts developed by an

electric current flowing in a conductor, where E is the difference

of potential at its terminals in volts, r its resistance in ohms,

and i the current in ampei

P = Ei = ri 2
.

The work done in joules in a time t sec. is,

W = Kit : riH.

Heat Effect. — The heat in calorics developed in a circuit by

an electruT current of i amperes flowing through a resistance of

rohms with a difference of potential E volts for a time t seconds,

riH _ Eit_
H "4.18 "4.18'

FlPCtromaenetic Field. - The intensity of the magnetic field

in e!ufs?t the center of a circular conductor of radius r in

'vhfch a current i in electromagnetic units is flowing,

ir-2£
r

If the circular coil has n turns the magnetic intensity at the

center is, ^
If i is given in amperes the above formulae become, -

H =W H=
lOr

- 17- ^A ;« a Solenoid. — The magnetic field in a

,„Si" S^ 2SS » «—« i I. e,ectrom,?net,c

units
>

tf = 4irnt.
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Tangent Galvanometer. — A tangent galvanometer with n
turns, of radius r, in the earth's field H, has a deflection 0.

The current flowing is,

i = =— tan 0-
lirn

2x71
If = G (the galvanometer constant),

t = 77 tan 6.

Electrolysis. — If a current i flows for a time I and deposits
a metal whose electrochemical equivalent is e, the mass deposited

m =

The value of c is usually given for mass in grams, i in amperes
and / in Be

Lenz' Law. — When an electromotive force is induced in a
conductor by any change in the relation between the conductor
and the magnetic field, the direction of the electromotive force

to produce a current whose magnetic field will oppose
the ch:i og

Alternating current in circuits including resistance and in-

ductance,

E
VR2 + {ItrnL) 2

where n is the frequency in cycles per second, L the inductance
in henry. / will be given in virtual amperes if R is in ohms
and E in virtual volts. The denominator is known as the im-
pedance of the circuit.

For circuits also involving a capacity C in farads, the im-
pedance becomes,

\A,+
(
2irnL -

2TT7lCj

Average Power in watts for alternating current in a circuit,

P = EI cos </>

where E and I are the effective values of the electromotive

force and current in volts and amperes respectively and <f> the

phase angle between the current and the impressed electro-

motive force.

The ratio,

¥7
= cos0

is called the power factor.
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Light

Intensity of illumination in candle meters of a screen illumi-

nated by a source of illuminating power P candles at a distance

r meters, for normal incidence,

7-4
r2

If two sources of illuminating power Pi and P2 produce

equal illumination on a screen when at distances r t and r2

respectively,

?} _ El El - U*
ri

2 ~ r2
2

OT P2 r2
2

'

Spherical Mirrors. — If R is the radius of curvature, F
principal focus, and /i and ft any two conjugate focal distances,

I l = ± = -
u^u'f r

If the linear dimensions of the object and image be and /

respectively and u and v their distances from the mirror,

= u

1 v

Index of Refraction, Snell's Law. - If i is the angle of inci-

dence r the angle of refraction, v the velocity of light in the

first medium, v' the velocity in the second medium, the index

of refraction n, . .

sin i v
~

sin r v'

For a prism of angle A where light passes at the angle of

minimum deviation D, the index of refraction,

sin \{A + D)
n ~ sm\A

Total Reflection. — When light passes from any medium to

onefnwh'h the velocity is greater refraction ceases and total

reflection begins at a certain critical angle of incidence 6 such

that i
sin ° = n

for the first medium. For any other second med.um,

n = —
7i 2

j „,.,, f^p orflinarv indices of refraction for the
where ru and n-i are the orainary iu

first and second medium respectively.
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Refraction at a Spherical Surface. — If u be the distance of

a point source, v the distance of the point image or the inter-

section of the refracted ray with the axis, n t and /<; the indii

of refraction of the fir.st and second medium, and r the radius

of curvature of the separating surfao

«2 1U _ 712 - Til

v u r

If the first medium is air the equation becomes,

n 1 _ n - 1

v u r

Lenses. — For a single thin lens Avhose surfaces have radii

of curvature n and r2 , whose principal focus is F, the index
of the fraction r», and conjugate focal distances /i and/2,

111. 1N /1 1\

For a thick lens, of thickness t,

r, nr x r-i

(n- 1) [«(r, + r2 ) - t(n - 1)]

Combinations of Lenses. — If /i and f2 are the focal lengths
of two thin lenses separated by a distance d the focal length of

the system,

F =
fi+h-d

Radius of Curvature from Spherometer Readings. — If I is the
mean length of the sides of the triangle formed by the points
of the three legs, d the spherometer reading, the radius of cur-

vature of the surface is

r> *» d

Dispersive Power. — If n x and n2 are the indices of refraction

for wave lengths Xi and Xj and n the mean index or that for

sodium light, the dispersive power for the specified wave lengths
is,

n - 1

Lambert's Law. — When lieht is normally incident on a per-
fectly diffusing surface the intensity of the reflected light is

proportional to the cosine of the angle made with the normal.
Reflection of Light by a Transparent Medium in Air. (Fresnel's

Formula?) .
— If i is the angle of incidence, r the angle of re-

fraction, Wi the index of refraction for air (nearly equal to unity),
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ri2 index of refraction for a medium, then the ratio of the reflected

light to the incident light is,

_ _ lf sin 2
(i - r) tan 2

(i - r) ~|

2Lsin 2
(t + r)

+
tan 2

(i + r)J

If i = (normal incidence), and «i = 1 (approximate for air),

\n2 + 1/

Diffraction Grating. — If s is the distance between the rulings,

d the angle of diffraction, then the wave length where the angle

of incidence is 90° is (for the nth order spectrum),

, s sin d

If i is the angle of incidence, d the angle of diffraction, s the

distance between the rulings, n the order of the spectrum,

the wave length is,

X = -(sin i + sin d).

Brewster's Law. — The tangent of the polarizing angle for a

substance is equal to the index of refraction. The polarizing

ngle of incidence for which the reflected polarized

ray is at right angles to the refracted ray.

Specific Rotation. — If there are n grains of active substance

in r cubic centimeters of solution and the light passes through

I centimeters, r being the observed rotation in degrees, the

specific rotation (for 1 centimeter),

rp
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RADIO FORMULAE
A collection of formulae useful in the computation of in-

ductance, capacity, and other constants of oscillating circuits.

From Radio Instruments and Measurements, Bureau of

Standards.

Capacity

Units.— In the following formulae all lengths are expressed in

centimeters, areas in square centimeters; the dielectric- constant
A, is taken as unity for air. Capacities will be given in micromi-
crofarads = 10-12 farads. The electrostatic unit of capacity,
sometimes called the centimeter = 1.1124 micromicrofarads.

Parallel plate condenser. — If s be the area of one plate:

/, the thickness of the dielectric; A', the dielectric constant;
and N, the number of plates, — the capacity

C~0.0S85A
(Ar

^
1)s

-

•ariable condenser, semicircular plates. — Where N is the
total number of parallel plates; n the outer, and r2 the inner
radius of the plates; t, the thickness of the dielectric, and A
the dielectric constant, — the maximum capacity is given by

C = 0.1390A ( 'V - 1)(
;-

a -^.

Isolated thin circular disk. — If d is the diameter of the disk

C = 0.354ri.

Isolated sphere. — If d is the diameter of the sphere

C = 0. 5566/.

Two concentric spheres. — If r, is the radius of the outer
sphere; r2 ,

that of the inner sphere; A, the dielectric constant
ot the material between the spheres,

C = 1.112A
n - r2

Two coaxial cylinders. — If n is the radius of the outer
cylinder; r2 ,

that of the inner; I, the length of the cylinders;
A, the dielectric constant,

C = jf
°- 2416 *

logio-
r2

•
Su

?
gl

,
e lonS wire Parallel to the ground.— For a wire of

length I; diameter, d; suspended at a height h above the ground,
where the diameter is small compared with the length,
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v 4/i w r 0.2416 Z

For -r = or<Z C =

logl0 -^- - ki

I 0.2416 Z

For 77 = or<Z C =
4h ^~

, 2/

In which,

h - log,.
^V 1 ^')

j fe . ,ogl0 [j- + y/i + (I)
3

]

the values of which may be found in a table at the end of this

» won.

Vertical wire. — For a wire of length /, relatively high above
the ground; of diameter d, the approximate capacity is as

follow .

0.2416Z

i
2l

'

Two horizontal parallel wires at the same height. — If d is

the diameter of each wire; I, the length of each; h, the height

above the ground; D, the distance between wires, — where d

and D are small compared to I,

0.1208/
C "

, 2D D-'

Two parallel horizontal wires, one above the other.— Use

the preceding formula for parallel wires at the same height,

substituting the mean height for h. _ u u*.

Two parallel wires joined together, both at the same height.—
Let I be the length of each wire; D, the distance between cen-

ers h the hright above the ground; d2 the diameter of cross

section of the wire. K rf
2 and D* are smaU compared with

and 4h 2 respectively

4* ., „ ____a4S311
4/; . 2« „,

logio -j + lo&o p - **i
For — = or <l C - ^ ; §T

?
0.4831?

4/1
logio J + logio £ ~ 2fe

h and fa have the same significance as above and may be

foind[from the tables at the end of the section.
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Several wires in parallel. — If n parallel wires are joined
I), the spacing between the wires; (/, the diameter

. the height above the ground; I, the length of
the group, — the approximate capacity is,

c
LU -<

Pn + (« - D/>i2 - k

Pa and pu may be computed from the following

For T = or<Z

For jr =OT<l

pu = 4l)0.".rioglo -j - A,

I

p 12 = 4.GO:riog 10 2j
- A-il

Pn = 4.605 logioj - k2 \

P12 = 4.605 logio
jj

- k2 \

Values of k, hi, k2 may be found in the following table.

TABLE 1

4h
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For ail except iron wire /jl = 1 and the last term becomes 0.25.

For wires whose length is less than about 1000 times the

diameter the term + ~j should be added inside the brackets.

For any frequency:

L = 0.002 /|~2.303 log10 j - 1 + fid
J

where 5 is a quantity given in Table 2 below as a function of x.

x is to be computed from the relation

x = 0.1405<i\/^vl
where d and n are as above; /, the frequency and p the re-

sistivity of the material of the wire expressed m microhm-

centimeters. (See Properties of Metallic Conductors.)

For copper at 20° C.

x = 0.1071 dVf-

For wires other than iron, whose length is 100,000 times the

diameter the inductance at infinite frequency is about 2 % less

than at zero frequency.

TABLE 2

Values of 5 for computing inductance at any frequency.

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
6.0
7.0
8.0
9.0
10.0

0.250
.250
.249
. 247
.240

.211

.191

. 1715

. 154
. 139
.us;
.100
.08S
. 078
.070

12
14
16
18
20
25
30
40
50
60
70
80
90
100

0.059
. 050
.044
.039
. 035
.028
.024
.0175
.014
.012
.010
.009
.008
.007
.000
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Two parallel round wires, return circuit. — If / is the length
of each wire; d, the diameter; D, the distance between centers
of wires; u the permeability, — the inductance for any fre-

quency 9

T 2D D 1
L = 0.004/1 2.303 log10^ - j + fx8

J

whore 5 is a quantity to be obtained from the table above as
a function of x which is to be computed as explained for the

formula,
ir copper and at low frequency the term 5 becomes 0.25.

Square of round wire. — If a is the length of the side of
'. the diameter of the wire;

fj.
the permeability,

inductance for any frequency is,

L = 0.008 o|"2.303 log,„ ^ + 4 " °774 + ^ 5
]

where o is obtained as above. For low frequency and for wires
other than iron 8 becomes 0.25; for infinite frequency the
value is zero.

Grounded horizontal wire, the Earth acting as return circuit.

If / is the length of wire; h, the height above the ground; d,

the diameter of the wire; fx the permeability and 8 the fre-

quency constant (see table 2), the inductance, — where d is

small compared with I, — is given as follows:

For

For

2A

I

2h

= or<Z

= or<Z

L = 0.002 z|~2.3026 log10 ^ - P + i*8~]

L = 0.002 £2.3026 log10 J-Q + MS]

P and Q may be found in the following table.

TABLE 3



HANDBOOK OF CHEMISTRY AND PHYSICS

For j- = ot<1 Af = 0.002 ^2.3026 log10 ^ - P + jl

For ^ = or <l M = 0.002 A.3026 log10 |* - Q + j\

The values of P and Q are found in the table above.
Grounded wires in parallel. — Compute by the above

formulae the inductance L { per unit length of a single wire

and the mutual inductance Mi per unit length of two adjacent

2h
vires, using the actual length in determining the ratios -y,

11— etc. Then the inductance of n parallel wires will be,
a

L = l[
Li + (n - 1)Ml

- 0.001k]

where k is a function of n found in Table 1 under capacity

formulae. .

Circular ring of round wire. — If a is the mean radius of

the ring; d, the diameter of the wire, the inductance at any

frequency is

L = 0.01257ff|~2.303 logio -y - 2 + y.h
J

where 5 is determined from the table above.

Circular coil of circular cross section. — I- or a coil of n fane

wires wound with mean radius of the turns a, the cross section

of whose winding is a circle of diameter d, the inductance at

low frequency, for wire other than iron, neglecting insulation

space is,

L = 0.01257a/t-r2.303 logio -y- -
175

J

Torus with a single layer transverse winding, — a circular

soleS oT circular hoss section. If r is the distance from the

center of he torus to the center of the transverse section; a,

the radius of the turns of the winding; n, the number of turns.,

the inductance at low frequency is

L = 0.012o7« 2[r - V'r2 - « 2

]

Solenoid sinde laver. If « is the number of turns; a the

radius of the coif; t the length, the approximate inductance

at any frequency is,

L =
g

a

where K is a function of | given in the table below.2a

b

833
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TABLE 4

6
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where L\ is the inductance calculated from the formula for a
single layer solenoid, n being the number of turns of the wind-
ing; a, the radius of the coil measured from the axis to the
center of the cross section of the winding; b, the length of the
coil; c, the radial depth of the winding; B, a correction given
in table below as a function of b c.

TABLE 5
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the larger; D, the distance between the centers of the coils
measured along the common axis,

M = OLOOaSToS^—f/TJfc, + Kjb, + Kih"]

Ki =
t{^~7') kl21

where

Zi = D - a; n = \ .<Y- + A 2

x2 = Z) + x r2 = v'..-v
2 + A 2

The iceurate for short coils with relatively

great distance between.
Coaxial, concentric solenoids, outer coil the longer. If a be

the radius of the smaller coil; A, that of the larger; 27, the
length of the inner coil; 2x, the length of the outer; n t and n 2

the number of turns on the inner and outer coil respectively,

«-°-«^[. +
f-*(3-^)]

where g = Vx! -

Coaxial, concentric solenoids, outer coil the shorter. As-
suming the symbols as before except

g = VI2 + a2

*-0.0,974^[. +^(3-4g)]

High Frequency Resistance

Cylindrical straight wires. — The ratio R/R of the high

frequency resistance to the resistance at low frequency may be

found from the table below, by calculating first the value of

x from the relation,

I = rfV7
where d is the diameter of the wire in centimeters; n, the mag-
netic permeability; /, the frequency, p, the resistivity in

microhm-centimeters.
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For copper wire x = lOda where o has a value given by
a = 0.1071V/. The value of a for various frequencies may be

q tables below. The above method
gives the high-fre<

v

pie circuits of any
pe where the length is g :ompared with the diameter
ie wire and the different portions of the circuit are not close

to each other.

TABLE 6

Ratio of Higb-Frequeney Resistance to the Direct-Canent Resistance.

0.5

a

.9
1.0
1.1

- _

1.4

1.7

-

2

4.0

4.4

i

1.0000
1.0003
1.0007
1.0012

1.0034
1.005

1.011
1.015
1.020
1.026
1.033
1.042
1.052
1.064

1.111

1.201

-

1.603

-

2.043

'

5.

6.

6.

6.

6.6

-

8.0
-

8.6

9.0

9.4
9.6

10.0
10.5
11.0
11.5

13.0

2.114
_

- -

2.394
2

2.603

3.094

3.306

4. 151

4.504

5.033
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TABLE 7

Values of a ( = 0.1071 /) for various frequencies.

/



LABORATORY ARTS AND RECIPES

ACID PROOF WOOD STAIN
Solution No. 1 Solution No. 2

125 grams of copper sulphate 150 grams of good fresh anihn oil
_

125 grams of potassium chlorate 180 grams of concentrated hydrochloric aciU

1000 grams of water 1000 grams of water

Wood must be free from paint, varnish, grease or chemicals.

Apply two coats of solution No. 1 boiling hot with a paint brush,

allowing each coat to dry thoroughly before the next coat is

applied Then apply two coats of solution No. 2 in the same

way When the wood is completely dried wash off excess chemi-

cals with hot soapsuds. Finish with raw linseed oil. Polish

comes from rubbing the oil down well with a cloth or sponge.

Whenever the tables get dingy again go over them with a coat

of linseed oil and rub smooth.

BLUE PRINT PAPER, Formula for Sensitizing

Solution A: Water .•••:.••; \f !±L. H £
Iron and ammonium citrate 10. grams, 1.7 oz.

Solution B: Water . .......... 5
£ ££ \\ oz'

Potassium ferncyanide °- grams, 1.4 oz.

Filter separately. The solutions, which may be preserved

tnc buriace vuu,
alternative method is to lower

S^^crin^afSe eJge, on to the surface of the sola-

ion in x SavSSow it to float for a few seconds. Care must be

Xn^uTair bubbles After sensing.by^£<$*>
the paper should be hung by one edge in a dark room to clij

.

CEMENTS
Glues of all kinds are useful for wood, leather, paper and

gla^eeliointsa.
^ Wa

v,

te
ilL S,J7e used Flakes of solid shellac may be

metals, shellac may
J* *g^j as a solution in alcohol. .

used with boat or it ™y be usea *
d d other resinous

Kotinsky cement ?hatterton s ompou ^^ ^
cements are used for

f/

ml1^ P^, h comDounds of this nature
solid shellac. Glass cells m^Xl bv pSKg over the joints

in acetone is recommended. , lasg tubing with
Brass fittings are usually cemen^d on g ^^ ^

sealing wax. The glass tube AouMbe wou ^ ^ ^.^
twine to secure a close nt. in y melting-point of wax.

bsfe" Etu
P
grSd

dttt insure Ob, the space
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completely. Join the parts while the wax is very soft and clamp
in position until it is thoroughly cold.

For optical purposes, cementing glass, etc., Canada balsam
is universally employed, and makes a permanent and nearly
invisible joint.

CLEANING MERCURY
Mercury may be cleaned sufficiently for many laboratory

purposes without distilling. Allow the mercury to fall in a fine

spray into a quantity of dilute nitric acid, 25 parts of acid to
75 parts distil let! water. After being passed through the acid
one or more times it should be passed through distilled water
and dried. Most of the water may be removed with a clean
filter, and the mercury heated in a porcelain dish to about
110° C. To produce the spray the stem of a glass funnel may
be drawn down so as to leave only a small opening for the escape
of mercury or a glass tube with a capillary point attached to a
funnel with a tightly fitting rubber tube.

A three- to four-foot length of one-inch glass tube closed at

one end and supported in a vertical position may be. used to
contain the acid solution. If a small glass tube be fused into
the lower closed end ol the large tube, and bent so as to stand
up for a distance a little greater than 1/13 .6. the column of acid
solution in the large tube, a U-tube is formed in which a short
column of mercury supports the long column of acid solution.

The end of the small tube should be bent over at the top
so as to facilitate the delivery of the mercury and a short piece

of clean rubber tubing with a pinch-cock put on at the start;

as soon as mercury enough has collected in the bottom of the
tube the pinch-cock may be opene;! The mercury will rise

nearly or quite to the top of the small tube, and as the quantity
increases will be delivered from the small tube as fast as it tails

in the spray.
reversed end of the small tube should be short to avoid

forming a siphon, which would completely empty the apparatus
An efficient procedure, especially if the mercury is greasy.

sists in spraying the mercury by means of the above appa-
s, first, through a dilute solution (10%) of potassium hy

droxide, then through dilute nitric acid (10-15%) and finally

through distilled water.

CLEANING OPTICAL SURFACES FOR SILVERING
(From Miller's Laboratory Physics, Ginn & Co., publishers by permission.)

Probably the most important part of the silvering process is

the proper cleaning of the surface to be silvered.

The surface is thoroughly cleaned of grease or other organic
matter by the usual methods, using alcohol or chromic acid.

Then it should be carefully cleansed with strong nitric acid,

the whole surface being firmly rubbed with clean cotton tied to

a rod of wood or glass. Care should be taken not to injure the
surface. Rinse with water, and then wash the surface thor-

oughly with a strong solution of caustic potash, rubbing with e
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cotton brush as before. Finally, rinse with distilled water,
and keep the surface wet until it is placed in the silvering solu-

tion. If the distilled water wets the whole surface uniformly
the cleaning may be sufficient; if it does not wet uniformly, the
operations must be repeated. The fingers should not touch
the edges of the glass during the latter cleaning operations,

as a layer of organic matter is apt to spread over the surface

and render the silvering uneven.
Dr. Brashear recommends that the surface, after the washings

described above, be rubbed with prepared chalk on a cotton

wad until it is thoroughly dry and clean. It may then be put

into the silvering solution at one's convenience.

COLORED LIQUIDS

For rendering columns of water easily visible, add a few

drops of one per cent alcoholic solution of fluorescein to a liter

of water. The dilute solution of fluorescein is bright green by
nn of its fluorescence, although colorless by transmitted

A small quantitv of an aqueous (1%) solution of uramne

(the sodium salt of fluorescein) may be used in place of the

alcoholic solution mentioned above.

If solutions showing color by transmission are desired, dilute

aqm-' be made with any of the following dyes:

Dye Color

Erythrosine Pink
:

;<me Pink (green fluorescence)

Rhodamine B Pink (red fluorescence)

Ponceau 2R Scarlet

iphthol green Green

Methvlene sreen Bluish green

Methylene blue Blue

Methyl violet Purple

CROSS HAIRS

The spider lines which serve as an index in reading telescopes

may be quickly replaced in an emergency by single silk fibers

(from ordinary sewing silk) attached by soft wax Single fibers

may easily be removed from an untwisted strand.

Spider web should be used in permanent work The fibers

of the egg nest of certain species are employed and ma} be ob-

tained of most dealers in scientific apparatus. I*
' Jjjungg

them the following suggestions may be useful. The cross ha^

diaphragm of the telescope should be removed and clamped in

a horizontal position. A bow of brass wire about ^o 28

should be employed to stretch the fiber. A background oi black

velvet makes the fibers more easily visible. With ritm
or other convenient adhesive ready on both tips^ *J^
a fiber of the required length is to ^ disentangled with tweezers

and wrapped several times about the ends rf ftebow under

tension sufficient to straighten the fiber. The fiber, now con
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veniently handled by the wire bow, should be cautiously lowered
onto the diaphragm in the proper position, the wire left hanging.
A small drop of shellac varnish applied at each side will hold

the fiber in position as soon as it is thoroughly dry, after which
the ends of the fiber should be cut away.

FLUORESCENT SCREENS
For observations of the ultra-violet spectrum, moisten a small

quantity of anthracene with water and brush a thin layer over
a ground-glass surface. On drying most of the anthracene will

adhere to the glass. The prepared surface should be placed
so as to receive the radiation directly, glass being comparatively
opaque to the shorter wave lengths.

GLASS-GRINDING FLUID

Turpentine 45 c.cm.
Ether (ethyl oxide) 22.5 c.cm.
Camphor gum 31 grams

To be used with powdered emery for grinding glass.

For smoothing edges a sheet of emery cloth moistened with
the above solution may be used.

Plane surfaces should be ground on thick plate glass.

For grinding ghiss stoppers use coarse emery, turn in one
direction, finish with fine emery.

LABELS FOR BOTTLES
Ordinary gummed labels written upon, preferably, with India

ink, may be protected after being gummed to the bottle by a coat
of lacquer or varnish. A more complete protection is obtained
by painting the label, after it is in place, with melted paraffin.

MIRRORS FOR SPECTROMETER ADJUSTMENT
A small square of thick plate glass with edges ground smooth

and silvered on one surface affords a means of accurate adjust-
ment.
To avoid tjhe necessity of frequently resilvering, which arises

where the mirrors are in constant use, the following course is

suggested

:

From selected German plate mirror 2 to 3 mm. thick, cut
two pieces of the same 6ize, say 4X5 cm. Remove the pro-
tective layer of varnish or paint from both pieces by soaking
in alcohol and rubbing with cotton, being careful not to injure

the silver surface. From one piece remove every trace of varnish
by repeated rinsing, dry and polish the silver surface thus exposed
by stroking lightly with a chamois rouge pad. From the other
piece remove the silver by nitric acid, wash thoroughly in dis-

tilled water and dry. Cement the clear piece on the silver face

of the other with Canada balsam. This is accomplished by
placing two or three drops of Canada balsam in xylol (ob-

tained in collapsible tubes) on the center of the silver face, and
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evenly lowering upon it the clear glass. The balsam should

spread rapidly to the edges of the plates. Minute bubbles of

air in the balsam film are harmless; if large bubbles are present

the plates should be slipped apart, cleaned with alcohol and the

process repeated.

The baisam will be sufficiently hard m a few days to allow

the excess to be scraped from the edges and tbe plates bound

together with lantern slide binding strip. Gentle heat may be

used to harden the balsam more rapidly.

POLARITY TEST PAPER

Dissolve one gram of phenolphthalein in a small quantity

of alcohol. Add the solution of phenolphthalein to 100 c.cm.

of a 10 per cent solution of potassium chloride m distilled water.

Filter paper should be soaked in the solution and dried. A
strip of paper moistened with water and placed in contact with

the two terminals will show a bright red stain at the negative

terminal.

SILVERING GLASS
Brashear's Process

(From Miller's Laboratory Physics, Ginn & Co.. publishers, by permission.)

Two solutions are required, one, the reducing solution, should

be prepared at least a week before it is used, and it may be

made in large quantity and kept in stock with advantage; the

other solution is to be prepared when used.

Reducing Solution

Distilled water y---y\' 7
22

* Cm '

Pure sugar (loaf, granulated or rock candy) . 80 g.

When dissolved add

Alcohol vv . 17q^"
Strong nitric acid (sp. gr. 1.42) d c.cm.

Add water to make 100° c -cm -

For silvering, the mirror may rest face up on the bottom of

a suitable dish it may stand on edge, or be supported in any

mSner face downward, dipping into the upper part of the

Son. In the latter case, the mirror may be fastened with

wax to a stick laid across the dish, or it may be supported on

glass feet or on paraffined wood wedges. Dr. Brashear recom-

mends that the mirror, if round, form the bottom of the Bdvjrag

dish which is completed by wrapping a strip of paraffined paper

around the edge of the mirror this being held in place by rubber

bands or fastened with several ^PPj^JVp mirror mea8Ure
Havine selected a d sh and support for the mirror, measure

witKferthe quantity of solution that wdl be required to

make a layer a centimeter or two *hlc^^
erJu

h
t̂

r

\
aC

J J}
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of the solid. Ordinary graduates or flasks are the most coa«
venient form of vessel in which to mix the solutions. Into the
silver nitrate solution pour a few drops of dilute aqua ammonia.

90I non will turn to a dark brown color; add ammonia
little by little till the precipitate is nearly but not quite re-

dissolved. Now add the potash solution, when a precipitate

will again be formed. This is to be nearly, but not entirely, re-

ved by the addition of more ammonia, a few drops being
lent this time. After the ammonia has been added shake

or stir the solution well and wait a minute or two to be certain

that it does not entirely clear. If by chance too much ammonia
has been used, a little silver nitrate is to be dissolved and added,
a few drops at a time, till a permanent precipitate is formed.
This excess of silver must be present, the solution showing a
decided brown tint. The solution may be filtered, though
usually this is not necessary.

A quantity of reducing solution equal to about a twenty-fifth

part of the solution just prepared is measured out. The mirror,
having been properly cleaned and rinsed with distilled water, is

placed in position. The reducing solution is poured into the
silver and potash solution, and mixed by a quick shaking of

the graduate or stirring with a glass rod; the whole is then
poured into the dish. If the mirror is immersed face down,
care is necessary to remove air bubbles; the mirror may well be
immersed after the solution is in, being dipped in at one side

first. If the mirror is at the bottom of the dish, after cleaning

it is covered with a thin layer of water, and the prepared solu-

tions are poured into the dish withort further trouble. In
the latter case the dish must be rocked during the time of de-
position.

The solution soon turns to a black color, which in a few minutes
will turn to a brown; and when it becomes a light gray and the
precipitate is flocculent, which may be in ten or fifteen minutes,
the operation is at an end. If the mirror is allowed to remain
in the solution too long, the surface will have a bleached appear-
ance, which polishing will hardly remove. Remove the mirror,

rinse with water, and carefully wipe off the sediment with a
tuft of absorbent cotton. It is then set on edge to dry; a rins-

ing with alcohol will facilitate the drying, or all water may be
safely taken up by pressing clean blotting paper over the surface.

When dry, the surface may be polished, if necessary, with a
small pad of ehamois leather stuffed with cotton, on which is

spread a little rouge. Small, circular strokes of the pad, with
light pressure, will soon bring out the deep luster of the silver.

A uniform temperature of the bath and the glass, of about
20° is essential to success.

Since fulminating silver is liable to be produced by the action

of ammonia on silver oxide, especially in a warm room, all solu-

tions should be thrown away as soon as the silvering operation

is completed. The used solutions may be poured into a large

jar, in which is thrown some common salt; tnis causes the silver

to be precipitated as the chloride, and about 90 per cent oi *.he

original silver may be recovered.
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Rochelle Salts Process

(From Miller's Laboratory Physics, Ginn & Co., publishers, by permission.)

For depositing the uniform thin film of silver required on the

half-silvered glass of the interferometer, the following method

is more suitable than the one described above, as the silver is

deposited more slowly. If a thick film is desired, two or more

successive deposits may be made, each of which may require an

hour's time.
. nnn , .. .... ,

Di^olve 5 g. of silver nitrate in 300 c.cm. of distilled water,

and add dilute aqua ammonia until the precipitate formed is

nearly but not entirely, redissolved in the manner explained ra

the preceding method. Filter the solution and add water to

make 500 c.cm.
.

. . , „ .„.

Dissolve one g. of silver nitrate in a small quantity of water

and pour into about half a liter of boiling water; dissolve S3 g.

of Rochelle salts in a small quantity of water and add to the

boiling solution. Continue the boiling for half an hour till the

grav precipitate collects as a powder in the bottom of the flask.

Filter hot, and add water to make 500 c.cm.

These solutions mav be kept in the dark for a month or two.

For silvering, equal volumes of the two solutions are mixed,

and the glass is supported in the mixture in whatever fashion

^convenient. Various methods are mentioned in the precedingS The thickest possible deposit ™VT^MJ!2!,r4
time \ second deposit may be made upon the first if necessary

to secure the desired thickness. The drying and pohshing may

b6
A
C
hSflilTered fi^be^SSuced in about a minute; only

experience caT determine when the.proper .

t^«has b^n

^p« nred The class appears as though it were very ugnuy

Smoked \ film that eflects a little more than half the.hght

? \w J 4
V>

i .desirable for interferometer use. A simple

the proper and most uniform thickness.

SOAP SOLUTION FOR SOAP FILM EXPERIMENTS

Pure castile or palm-oil soap 1 oz.

Distilled water
4 QZ

Pure glycerine

,-„ thin <?h -wines and dissolve in the water.
Cut the soap m

.

tbi* Xl^dd the glycerine and mix very
When the solution"g^^^'SS- clear at the bob-

^^cS porSn^y convenienUy be removed by a

siphon and preserved indefinitely.



HANDBOOK OF CHEMISTRY AND PHYSICS

SODIUM LIGHT
Paper is to be soaked in a saturated solution of common salt,

borax or other salt of sodium, and dried. When wrapped around
a Bunsen burner, secured by a twist of wire and pushed up into
the edge of the flame, a sodium flame of considerable intensity

is obtained. As the ash of the paper breaks away it must be
occasionally raised. Lithium chloride may be used in place of

or with sodium salt to give the lithium line for spectrometric
measurement. Sheet asbestos (thin) may replace the paper if

convenient.

SOLDERS

Composition by weight.
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PHOTOGRAPHIC FORMULA

Developers for Plates and Films

T^ote. — Pure water, preferably distilled, should be used in

all" solutions. Chemicals should be dissolved in the order given.

The abbreviation " anhy." is used in connection with sodium

sulphite and carbonate to indicate the anhydrous or dried salt.

If crystals are used about twice the quantity is necessary.

Amidol (Diamidophenol)

1

Amidol 2~3gr. 4.5-7 gm.

Sodium sulphite, anhy 12 gr. 29 gm.

Water

.

1 oz. 1000 cc.

Solution mixed as above will keep about one week.

2

Stock solution of sodium sulphite:

Sodium sulphite, anhy. 2 oz. 100 gm.

Potassium metabisulpmte OS oz. to gm.

W ater

Boil after dissolving in warm water. Developer is made

when needed by adding dry amidol to the stock solution of

sulphite which keeps for a long period:

Stock solution of sodium sulphite ^ oz. ^00 cc.

Amidoi • • • • • • • •
20~30 S1"- 4

•

5_7 gn1-

Elon. See under Metol-Hydroquinone

Gltcin
4 oz. 1000 cc.

Boiling water
1 25 oz. 312 gm.

Sodium sulphite, anhy

When dissolved add:
i ^ 25Q^

Glycin

Slowly add:
qz 1250 gm.

Potassium carbonate (drj )

..- i „m . for use shake and dilute with water.

No^l'ofstoc

e
SuUon

U
S'l5 o, water; for less contrast

U6
Ke^

e

inaefini;ely

O
ta s?ock solution,- slow acting, free from

stain. g47
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PHOTOGRAPHIC FORMULAE (Continued)

Hydroquinone
1

Normal developer:—
Water 20 oz. 1000 cc.

Hydroquinone 100 gr. 11.5 gm.
Sodium sulphite, anhy 0.75 oz. 3S gm.
Sodium carbonate, anhy 1.5 oz. 75 gm.

Becomes inert below 16° C. (60° F.). Is a rather slow de-
veloper.

2
Solution A: —

Water 20 oz. 1000 cc.

Hydroquinone 160 gr. 18 gm.
Sodium sulphite, anhy 1 oz. 50 gm.
Citric acid 60 gr. 7 gm.
Potassium bromide 40 gr. 4.5 gm.

Solution B :
—

Sodium hydroxide (stick) 160 gr. 18 gm.
Water. .

.' 20 oz. 1000 cc.

For use take A, 1 oz.; B, 1 oz.; water, 2 oz.

A more rapid developer than No. 1 but tends to great density
in high lights.

3
Developer for process work:—
Solution A :

—
Water 40 oz. 1000 cc.

Hydroquinone 1 oz. 25 gm.
Potassium metabisulphite 1 oz. 25 gm.
Potassium bromide 1 oz. 25 gm.

Solution B:—
Water 40 oz. 1000 cc.

Potassium hydroxide (caustic potash) . 2 oz. 50 gm.

To develop use equal parts A and B. Will develop in 3
minutes at 65° F. (18° C). Inert below 55° F. Use developer
once only; if yellow stain occurs reduce bromide to half quantity.

Metol
Water, warm 20 oz. 1000 cc.

Metol 150 gr. 17 gm.
Sodium sulphite, anhy 1.25 oz. 63 gm.
Sodium carbonate, anhy 1.75 oz. 88 gm-
Potassium bromide 16 gr. 1.8 gm.

Always dissolve metol first.

For use dilute with equal part water for portraiture; for land-

scape use two parts of water to one of stock solution. Gives
detail without density except by prolonged development.
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PHOTOGRAPHIC FORMULA (Continued)

]\ Jetol-Hydroquinone

Note: — Elon may be used with hydroquinone in place of

metol, in equal quantity.

Solution A:—
I

> -solve in the order given:

Water 64 oz. 1820 cc.

Metol 120 gr. 7.8 gm.
Hydroquinone 120 gr. 7.8 gm.
Sodium sulphite, anhy 2 oz. 57 gm.

Solution B:—
Water 16 oz. 455 cc.

Sodium carbonate, anhy 2 oz. 57 gm.

For use take A, 4 oz.; B, 1 oz.; water, 4 oz.

Factor 15

MONOMET
Water 20 oz. lOOOcc

Monomet 20 gr. 2 2 gm.

Sodium sulphite, anhy 120 gr. 14 gm.

Sodium carbonate, anhy 120 gr. 14 gm.

Potassium bromide, 10';, sol 20-40 drops 2-4 cc.

[J8 | stock solution with 1 part water; gives soft nega-

MONOMET-HYDROQUINONE

„ T 4 20 oz. 1000 cc.

Sater -;
- 16 gr. 2gm.

Monomet 3? gr 4 gm.
Hydroquinone

l-->0 er' 14 em!
Sodium sulphite, anhy

l'?0 |r 14 gm.

^Z^Z^e^Usoi- :::.:: Soft*. «~
For use take one part stock solution with one part water.

Ortol

Solution A:— 140 gr. 16 gm.
Ortol • •

• 70 gr 8 gm.
Potassium mctabisulphite

2Q QZ 100o cc .

Cold water

Solution B :
— 1 25 oz 63 gm.

Sodium carbonate, anhy 175 oz 88 gm.
Sodium sulphite, anhy

l(̂ 2Q 1.1-2.3 gm.
Potassium bromide 20 oz. 1000 cc.

Water ''","
"I'l.1" a i narf B. 1 part. For slower,

For rapid developer take A ^pan,^P ^
softer development take A, 1 part, r>, p*u ,
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PHOTOGRAPHIC FORMULjE (Continued)

Paramidophenol

Wa ter, boiling 20 oz. 1000 cc.

Potassium metabisulphite 6 oz. 300 gm.
Paramidophenol 2 oz. 100 gm.

Add sodium or potassium hydroxide in small quantities to
dissolve the precipitate first formed.
For use take 1 part stock solution with 20 parts water.

Pyro
1

Solution A :
—

Water 1G oz. 455 cc.

Oxalic acid 12 gr. 0.8 gm.
Pyrogalhc acid 1 oz. 28 gm.

Solution B :
—

Water 16 oz. 455 cc.

Sodium sulphite, anhy 2 oz. 57 gm.

Solution C:—
Water 16 oz. 455 cc.

Sodium carbonate, anhy 1 oz. 28 gm.

For immediate use mix 1 part each of A, B and C with 10
parts water.

Factor 12

2

Hurter and Driffield standard developer for plate testing:—
Pyro 8 parts
Sodium sulphite, crystal 40 "

Sodium carbonate, crystal 40 "

Water to make 1000 "

Factors

If the image first appears after immersion in the developer for

a certain time, then this period of time multiplied by the " factor
"

for the particular developer used will give the total time required
for full, normal development. The factor for the degree of
development desired may well be -determined by experiment;
the following are suggested.

Amidol, 2 gr. per oz 18
Glycin 8-12
Hydroquinone 4§—

5

Metol 30
Metol-hydroquinone 14
Ortol 10
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PHOTOGRAPHIC FORMULA(Continued)

Pyro, without bromide :
—

1 gr. per oz 18
2 " " " . 12
3 " " " 10
4 " " " 8
5 " " " 6

With 1 part bromide to 4 parts pyro :
—

1 gr. pyro per oz 9
Q !) )> >> J> C

o it )) )) >> Al

4 » » " "
. 4

FORMULA FOR TANK DEVELOPMENT
1

Water 48 oz. 1360 cc.

Sodium sulphite, anhy • 115 gr. 7.5 gm.

Sodium carbonate, anhv 90 gr. 5.8 gm.

Pyro 45 gr. 2.9 gm.

Dissolve immediately before use. Use full strength.

Develop 15 minutes at 65° F. (18° C).

2
Solution A:—

Water 16 oz. 4oo cc.

Oxalic acid
.'.'.' .".'.'.' 10 gr. 0.65 gm.

Pyro 1 oz. 28 gm.

Solution B:—
Water 16 oz. 455 cc.

Sodium sulphite, anhy 3 oz. 85 gm.

Solution C:

—

,„ .__

Water 16 oz. 455 cc.

Sodium carbonate, anhy loz - 28 gm.

For use take A, 1 part; B, 1 part; C, 1 part; water, 61 parts.

Develop 30 minutes at 65° F. (18° C.) for best results.

For temperature 60° F. develop 35 min.
ii

c
» 65° F. " 30

» " 70° F. " 25 "

Stock solution

:

1 7nft
Hot water (200° F.) 60 oz 1700 cc.

Sodium carbonate, anhy
Q
2 oz. 57 gm.

Sodmm suiphite, 'anhy.7.'.'
'.'.'.'. 0.5 oz. 14 gm.

Dissolve in order. For use take stock solution, 6 parts;

water, 58 parts.

For temperature 60° F. develop 30 minutes.

ii
^ » 65° F. " 25

» ii 70° F. " 20 "
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PHOTOGRAPHIC FORMULA (Continued)

DEVELOPER FOR LANTERN SLIDES

1

Water 20 oz. 568 cc.
Hydroquinone 60 gr. 3.9 gm.
Sodium sulphite, anhy 120 gr. 7.8 gm.
Potassium bromide 6 gr. 0.4 gm
Citric acid 6 gr. 0.4 gm.
Sodium carbonate, army 1 oz. 28 gm.
Use full strength.

2
Solution A:—

Water 24 oz. 682 cc.
Sodium sulphite, anhy.

.

3 oz. 85 gra.
Hydroquinone 150 gr. 9.7 gm.

Solution B:—
Water. 16 oz. 455 cc.
Potassium carbonate, anhy 2 oz. 57 gm.
Potassium bromide 15 gr. 1 gm.
For use take A, 3 parts; B, 2 parts.

FDIING BATHS FOR PLATES OR FILMS
A. Water (1 gallon) 128 oz. 3600 cc.

Hypo (sodium thiosulphate) 32 oz. 850 gm.

B. Water 32 oz. 852 cc.

Sodium sulphite, anhy 3 oz. 85 gm.
Sulphuric acid, C. P 0.5 oz. 14 cc.

Chrome alum, powd 2 oz. 56 gm.

Note : — Be sure to mix Solution B exactly in given propor-
tions and rotation.

Always pour B into A while stirring well. If this is not done
precipitation will take place.

During the cold season one half the quantity of Solution B is

sufficient for full quantity of Solution A.
This bath remains clear after frequent use, does not discolor

the negatives and hardens the film to such a degree that the nega-
tives can be washed in warm water and dried by artificial heat
if necessary. They should be left in the bath ten to twenty min-
utes after the bromide of silver appears to have been dissolved,

to insure permanency, freedom from stain and perfect hardening.
If the bath becomes exhausted by continued use, replace it

by a new one.

It is not advisable to use this bath, which contains sulphuric
acid, in metal developing tanks.
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PHOTOGRAPHIC FORMULA (Continued)

PLAIN FIXING BATH
Water 32 oz. 852 cc.

Hypo (sodium thiosulphate) 8 oz. 227 gm.
Do not use the bath when it is discolored; it must be made

fresh each day.

INTENSIFICATION

Prepare the following solution, which will keep and work well

until exhausted.

No. 1. Water 16 oz. 455 cc.

Mercuric chloride, HgCl2 120 gr. 7.8 gm.
Potassium bromide 120 gr. 7.8 gm.

No. 2. Number 2 should be mixed fresh.

Water 8 oz. 227 cc.

Sodium sulphite, anhy 1 oz. 28 gm.

• After the negative is well fixed and washed, immerse in No. 1

until it has become thoroughly whitened, and after rinsing care-

fully place it in No. 2, leaving it there until entirely cleared. In

case sufficient intensification has not been gained, wash for ten

minutes, repeat the operation and finally wash well. If after

intensification the negative is too dense it may be reduced by
placing it for a few seconds in water 16 oz., hypo 1 oz.

If the negative has not been thoroughly fixed and washed be-

fore intensification, stains will ensue.

REDUCTION
A. Water 16 oz. 455 cc.

Hypo (sodium thiosulphate) 1 oz. 28 gm.

B. Water 16 oz -
" cc -

Potassium ferricyankle 1 oz. 58 gm.

As this solution is affected by light, the bottle containing it

should be of amber color or wrapped m opaque paper and kept

in the dark when not in use.

Mix for immediate use: —
\ 8 parts

g 1 part

Use in subdued daylight.
'

The negative can be placed in this solution directly after nx-

ing. If a dry negative is to be reduced, it must be soaked in water

for at least half an hour before applying the solution. To avoid

Streaks, always rinse the negative before holding it up for exami-

nation. As soon as sufficiently reduced wash thoroughly,
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MEASURES AND UNITS
FUNDAMENTAL STANDARDS

The primary standard of length is defined as the distance
reen two lines at 0° C on a platinum-iridium bar known as

the International Prototype Meter deposited at the International
Bureau of Weights and Measures. The International Prototype

U14.13 times the wave length of the red cadmium
line in air, 7G0 mm. pressure, 15° C.
The primary standard of mass is defined as the mass of the

International Prototype Kilogram of platinum-iridium kept at
the International Bureau of Weights and Measures at hJevres.

It is equal to the mass of 0.001000027 cubic meter of pure water
at 4° C and 760 mm. pressure.

The primary standard of time is the mean solar second, one
eighty six thousand four hundredth (1/86400) part of a mean
solar day.
The standard scale of temperature adopted by the Inter-

national Committee of Weights and Measures 1887 is based on
the variations in pressure of hydrogen at constant volume.
The hydrogen is taken at an initial pressure, at the temperature

lelting ice, of one meter of mercury (0° C, sea level, latitude

The scale is defined by taking the temperature of melting
3 0° and that of condensing steam under 760 mm. pressure

as 100°. This is known as the Centigrade (C) scale.

The absolute or thermodynamic temperature scale proposed by
Lord Kelvin is based on the average kinetic energy per molecule
of a perfect gas. The temperature of melting ice is 273.13° and
that of the boiling point of water 373.13°. This is frequently
referred to as the Kelvin (K) scale.
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CONVERSION OR REDUCTION FACTORS
Various Derived Units

Density

1 pound per cubic foot = 0. 01602 gram per cubic centimeter
1 gram per cubic centimeter = 62.4 pounds per cubic foot

Velocity

1 foot per second = 0.6818 mile per hour = 1.0973 kilometers
per hour

1 mile per hour = 44.70 centimeters per second = 1.4667 feet

per second = 1 . 6093 kilometers per hour
1 kilometer per hour = 0.9113 foot per second = 0.6214 mile

per hour
1 meter per second = 2.2369 miles per hour
1 centimeter per second = 0.02237 mile per hour

Acceleration

1 foot per second per second = 30.4796 centimeters per second
per second

Force

1 pound weight = 32.2 poundals (g = 32.2)

1 poundal = 13,825 dynes
1 dyne = 7.2330 x 10~5 poundals = 2.247 x 10"6 pounds weight

(g = 981) = 0.001019 gram weight = 0.01573 grain weight

1 gram weight = 981 dynes
1 grain weight = 63 . 57 dynes
Note: The relation between gravitational and absolute

units of force is dependent on the value of g, the acceleration

due to gravity. Thus the gravitational unit is g times the

absolute unit, — g being substituted in cm. per sec. 2 for the

metric and in ft. per sec. 2 for the English units.

Pressure

(See also table Conversion of Pressure Units)

1 ton (2000 lb.) per sq. inch = 1 . 3789 x 10s dynes per square

centimeter = 1 . 4062 kilograms per square millimeters

(o = 980.6)
1 ton (2240 lb.) per sq. inch = 1.545 x 10s dynes per square

centimeter = 152.4 atmospheres = 1 . 575 kilograms per

square millimeter (g = 981) ,«,..«. t

1 inch of mercury = 0.0333 atmosphere = 13.6 inches of

water = 0.490 pound per sq. inch

1 inch of water = 0.03613 pound per sq. mch
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1 pound per square foot = 0. 016 foot of water = 4. 882 kilograms
per square meter

1 pound per square inch = 2.312 feet of water = 2.040 inches
of mercury = 0.0703 kilogram per sq. centimeter

1 atmosphere = 34.0 feet of water = 760 millimeters of mercury
= 14.7 pounds per sq. inch

1 kilogram per square centimeter = 14.22 pounds per square
inch 76 cm. of mercury at 0° C. {g = 980) = 1,012,630
dynes per cm. 2 or 14.697 pounds per square inch

Work or Energy
(See also table Factors for Conversion of Energy Units)

1 foot poundal = 421,403 ergs
1 joule = 107 ergs = 6
1 erg = 2.3730 x 10 foot-poundals
1 foot-pound = 1356.3 x 10* ergs = 0. 138255 kilogram meters

(g = 981)
1 megalerg = 10* ergs
1 lumen = 0.001496 watt
1 watt of max. visibility radiation = 668 lumens
1 calorie (20°) = 0.003965 B.T.U. = 1. 162 x 10~« = kilowatt

hours = 4. 183 joules = 4. 183 x 107 ergs
1 large calorie or kilogram calorie = 1000 small calories = 3.965

B.T.U.
1 British thermal unit (B.T.U.) =0.0002931 kilowatt-hour =

0.293 watt hours = 252.2 calories (20°) =0.252 large
calory

1 kilowatt hour = 3,600,000 joules = 2,655,000 foot pound? =

367,100 kilogram-meters = 860,300 calories (20°) = 3411
B.T.U.

Power
1 horse power = 33,000 foot pounds per minute = 550 foot

pounds per second = 746 watts (g = 981) = 745.2 watts
(g. = 980) = 0.7452 kilowatts (g = 980) = 1.101387 force

de cheval
1 watt = 1 joule per second = 107 ergs per second = 44. 2385 foot

pounds per minute (g = 981) = .00134 horse power
1 force de cheval = 75 kilogram meters per second = 735.75

watts = 0.98632 horse power
1 kilowatt = 1000 watts = 738 foot pounds per second = 1.341

horse power = 0.949 B.T.U. per second = 0.239 large

calory per second
1 British thermal unit (B.T.U.) per minute = 0.233 horse power
1 British thermal unit per second = 1052.6 watts

Thermal Capacity
1 large calorie per cubic meter = 0. 1124 B.T.U. per cubic foot

1 large calorie per kilogram per degree centigrade = 1.800
B.T.U. per pound, per degree Fahrenheit

1 small calorie per gram per degree centigrade = 1.800 B.T.U
per pound per degree Fahrenheit
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1 B.T.U. per pound per degree Fahrenheit = 0. 5556 calory

per gram per degree centigrade

1 B.T.U. per cubic foot = 8.90 large calories per cubic meter

Photometric Units

1 hefner unit = 0.9 international candle

1 lumen is emitted by .07958 spherical candle power

1 lumen emitted per ft.
2 = 1 . 076 millilamberts (perfect diffusion)

1 spherical candle power emits 12.57 lumens

1 lux = 1 lumen incident per m. 2 = . 0001 phot = . 1 milliphot

1 phot = 1 lumen incident per cm. 2 10,000 lux = 1000 milhphots

1 milliphot = .001 phot = .929 foot-eaudle

1 foot-candle = 1 lumen incident per ft.
2 = 1.076 lmlhphots -

10.76 lux , _ ,.„ .

1 lambert = 1 rumen emitted per cm 2 of a perfectly diffusing

1 millilambert = . 929 lumen emitted per ft.
2 (perfect diffusion)

1 lamb-rt = .3183 candle per era. 2 = 2.054 candles per in. 2

1 candle per cm. 2 = 3.1416 lamberts

1 candle per in. 2 = .4968 lambert = 486.8 milhlamberts

RELATIONS OF ELECTRICAL UNITS

1 ohm = 109 electromagnetic =

1 volt = 108 electromagnetic =

1 ampere = 10_1 electromagnetic =

1 coulomb = 10_1 electromagnetic =

1 farad = 10
-9 electromagnetic =

1 farad = 1,000,000 microfarads

1 henry = 109 electromagnetic = 1/9 x

1 9x
1 3 x
3x
3x
9x

10_u electrostatic

10
-2 elect rostutic

electrostatic

electrostatic

electrostatic

109

109

10 11

10"u electrostatic

VALUE OF THE GAS CONSTANT R FOR VARIOUS UNITS

Units of pn

Atmospheres
Atmospheres
Atmospheres
Atmospheres
Dynes per sq.cm. (barye) .

Kilograms per aq.m. (g. =

980.6)

Pounds per sq.in

Pounds per sq.in

Atmospheres
Atmospheres

Units of Volume.

Volume at 0° C.

c. cm.
liters

cubic meters
c.cm.

c.cm.

cu.in.

cu.ft.

cu.in.

cu.ft.

R per gram molecule.

0.003662
82.07
0. 08207

8.3156X107

8.48 x10s

R per lb. molecule.

18510.
10.71

1260.
0.729
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WIRE TABLES
COMPARISON OF WIRE GAUGES

Diameter op Wibe in Inches
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COMPARISON OF WIRE GAUGES (Continued)

Diameter of Wire in Inches

6
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DIMENSIONS OF WIRE

Stub's Gauge

Giving the diameter and cross-section in English and metrio system
'or the Birmingham or Stub's gauge.

Gauge No.
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DIMENSIONS OF WIRE (Continued)
British Standard Gauge

Giving the diameter and cross-section in English and metric system
for the British Standard Gau _•

Gauge No.
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FLATINUM WIRE TABLE, BROWN & SHARPE GAUGE
Giving Diameter and Approximate Mass

Gauge No.
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DIMENSIONS OF WIRE, B. & S. GAUGE,

U. S.

Diameter and cross-section of wires, Brown & Sharpe Gauge, mass
of pure bard-drawn copper wire at 32° F. (density 8.90,).

Gauge
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MASS AND RESISTANCE FOR COPPER

Measure

Electrical resistance of pure hard-drawn copper wire at 32° F (density
8.90.)

Gauge
number.
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DIMENSIONS OF WIRE B. & S. GAUGE,

Metric

Diameter, cross-section~of wires. Brown & Sharpe gauge, mass of pure
hard-drawn copper wire at 0° C. (density 8.90).

Gauge
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MASS AND RESISTANCE FOR COPPER (Continued)

Electrical resistance of pure hard-drawn copper wire at 0° C. (density
8 I

Gauge
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CROSS-SECTION AND MASS OF WIRES

U. S. Measure

Diameters are given in mils (1 mil =.001 in.), and area in square mils
(1 sq. mil =.000001 sq.in.). For sections and masses for one-tenth the
diameters given, divide by 100 and for sections and masses for ten times
the diameter multiply by 100.
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CROSS-SECTION AND MASS OF WIRES (Continued)

U. S. Measure (Continued)
Diameters are given in mils (1 mil =.001 in.), and area in square mils

(1 sq. mil =.000001 sq. in.). For sections and masses for one-tenth the
diameters given, divide by 100 and for sections and masses for ten times
the diameter multiply by 100.
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CROSS-SECTION AND MASS OF WIRES (Continued)

Metric Measure

Diameters are given in thousandths of a centimeter and area of section
in square thousandths of a centimeter. I (cm./1000) a = .000001 sq. cm.
For sections and masses for diameters 1/10 or 10 times those of the table,
divide or multiply by 100.
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CROSS-SECTION AND MASS OF WIRES (Continued)

Metric Measure (Continued)

Diameters are given in thousandths of a centimeter and area of section
in square thousandths of a centimeter. 1 (cm. /1000) 2 = .000001 sq. cm.
For sections and masses for diameters 1/10 or 10 times those of the table,
divide or multiply by 100.
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APPROXIMATE RESISTANCE OF WIRES
Giving the resistance in ohms of one centimeter length at

20°C. Owing to varying composition and physical condition,

these values can be considered only as approximations.

Gauge
No.

B.&S.



PROBLEMS

THE METHOD OF SOLVING CHEMICAL PROBLEMS

(From Talbot's Quantitative Analysis, by permission.)

Detailed solutions of a few typical problems are given below

The student should study these carefully, and assure himself that

WSS£l£St«|««. the ratio between a specific

quantity of a chemical compound and the equivalent quantity of

some other body. For example, if it is wished to determine the

wdSit of sulphur which corresponds to a specific weight of barium

sulphate! th^Hatter is multiplied by the factor, or ratio, repre-

sented by the fraction ^, or §^ = 0.1373. It may also

233.5 32.07

be expressed by the proportion BaSO. : S = wt. BaSO, : x, from

which it is plain that x = ^q. wt. BaSO*.

Again, if the weight of FeO in Fe2O s is desired, the factor

2FeO _ 144.04 gnoo Similarly, the factor for the
becomes ^—n TfifToi

• ^TltoKOU-^. - ^> " <W» The U**
conversion of KC1 to iViU is gKCl 149.12

£?2ftrK=SESsrs:

in mind the molecular re*
mple , to estimate the weight of

KSS?chSetSryK&te the sulphur from 0.1 gram

of pure pyrite (FeS,), the proportion should stand 2BaCl,. 2 H,0 :

Fes! = x : 0.1, where x represents the weight of the chlorid.

''Talbot's "Quantitative Analysis."
gg

_
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required. Each of the two atoms of sulphur will form a mole-
cule of sulphuric acid upon oxidation, which, in turn, will require
a molecule of the barium chloride for precipitation. To deter-
mine the quantity of the barium chloride required, it is necessary
to include in its molecular weight the water of crystallization,
since this is inseparable from the chloride when it is weighed.
This applies equally to other similar instances.

If the strength of an acid is expressed in percentage by weight,
due regard must be paid to its specific gravity. For example,
hydrochloric acid (sp. gr. 1.12) contains 23.8 per cent HC1 by
weight; i.e., 0.2666 gram.

3. No, rules for universal application to "indirect gravimetric
analyses" can be laid down. A single example will be explained.
Given a mixture of KC1 + NaCl weighing 0.15 gram, which

contains 53 per cent chlorine, to calculate the weight of KC1
and NaCl in the mixture.
The weight of chlorine in the mixture is (0.15 X 0.53) or 0.0795

gram. Assuming that this chlorine was all in combination with
potassium, the corresponding weight of KC1 would be 0.1672
gram (CI : KC1 = 0.0795 : 0.1672). This is an excess of 0.0172
gram over the actual weight of the mixture, and it is plain that
this difference is occasioned by the replacement of certain of the
molecules of potassium chloride, weighing 74.56 units, by mole-
cules of sodium chloride weighing 58.50 units. To express this,

let it be supposed that the mixture is made up of n molecules
74.58

KC1 and n' molecules NaCl; then it may be said that n KC1 +
58.50 74.56 • 74.56

n' NaCl = 0.15 gram, and n KC1 -f n' KC1 = 0.1672 gram, then
by subtracting the first equation from the second it is shown

74.56 58.50

that n' (KC1 — NaCl) =0.0172 gram. That is, the difference in

weight is equal to n' times the difference in the molecular weights
of the two chlorides. The actual weight of NaCl present (x) is equal

* ko cru,/ •
/

0-0172 „ __ / 0.0172 \
to 58.50n , or, since »' =

74 56 _ 58 50
,* - 58.50

(74 56 _ 58 50]

This may be expressed in the form (74.56 — 58.50) : 58.50 =
0.0172 : x, from which x = 0.0626. The weight of NaCl subtracted
from that of the mixture gives the weight of KC1.
The weights of the chlorides may also be calculated algebra-

ically by solving the equations x + y =* 0.15 and ~r-rhX + ejects V

= 0.0795, where x is the weight of KC1 and y is the weight of

NaCl in the mixture.
4. It is sometimes desirable to weigh out such a quantity of

substance for analysis, that the number of cubic centimeters of
standard solution entering into the reaction shall represent di-

rectly the percentage of the desired constituent. This may be
readily done, by considering the relation of the solution to a
normal solution and the atomic or molecular weight of the desired
component. For example, suppose it is desired to calculate such
a weight for KjCOi in pearl ash, when a half-normal acid solution

988
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is used. Since half-normal acid and alkali solutions are equiva.

lent, and since by definition the half-normal K2COs solution

contains 34.65 grams per liter, each cubic centimeter of the acid

solution must be equivalent to 0.03455 gram K 2CO s . Hence,
100 cc. would neutralize 3.455 grams pure K2CO3 and this becomes
the desired weight of the pearl ash. Similarly the required weight

of limonite where the iron (Fe) is to be determined by means of

a deci-normal K zCr207 solution is 0.5602 gram.

5. One of the most frequently recurring cases in volumetric

analysis is that in which it is wished to express the value of a

specific solution in terms of some substance other than that

against which it has been standardized as for instance, the value

of a permanganate solution which has been standardized against

oxalic acid, in terms of iron. Although such problems appar-

ently vary widely, there are common principles which can be

applied to them all. These are stated below, and the student

should assure himself that they are fully understood.

Suppose, for example, it is desired to find the iron value (Fe) of

a permanganate solution, of which 1 cc. is equivalent to 0.006302

gram C 2HaO« . 2H20. . . xl_ A , rt . ,

From a comparison of the reactions it is seen that 10 molecules

of ferrous sulphate and 5 molecules of oxalic acid each react

with the same amount (2 molecules) of the permanganate.

These two quantities being, then, equivalent to the same third

quantity, must be equivalent to each other; in other words, 10

molecules of ferrous sulphate and 5 molecules of oxalic acid

have the same reducing power. But, as stated above, the value

is desired in terms of metallic iron (Fe), not FeS0 4 ,
but as it is

plain that lOFeSO* are equivalent to lOFe, it is proper to make

the proportion

560.2 630.25

10 Fe : 5C 2H204 . 2H 2 = x : 0.006302

in which x - 0.005602 gram. Here, again, as in example 2, it is

necessary to include the water of crystallization in the molecular

weight of the oxalic acid, as it is weighed with It.

The same conclusion is arrived at, if we consider the relation ot

the solution to the normal. As given, it is deci-normal and must,

therefore, be equivalent to a deci-normal solution of iron. From

the equations cited, it is seen that 10FeSO 4 ,
unite with 50, there-

fore each molecule is equivalent to 1 hydrogen atom in reducing

pOWer The normal solution must, then, contain 1 gram-mole-

cule of ferrous sulphate, or 56.02 grams Fe, and each cubic centi-

meter of the deci-normal solution would contain 0.005602 gram,

the value obtained above. .

Aeain suppose the value of the same permanganate solution

were desired in terms of molybdenum (Mo), the reactions with

permanganate being

5Mo„Oi» + 17Mn2 7 - 6OM0O, + 34MnO, and

6C3W>" 2H 2 + Mn 2 7 - 2MnO + WCO, + 15H.O.

rMnjOr is the anhvdnde of HMn<J 4.)
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It is plain that in these equations as they stand, the molecular
quantities of oxidizing agent are not equal. They can be made
bo by simply multiplying the second equation by 17. and they then
become,

5MoitOn + 17Mn,0 7 = 34MnO + 6OM0O,, and
S5C2H,0 4 . 2H,0 + 17Mn 2 7 = 34MnO + 170 C02 +

255 H,0.

It is now possible to reason in the same way as before, and to
conclude that 85 molecules of the oxalic acid have the same reduc-
ing power as 5 molecules of the oxide Mo, 2Oi 9 , or 60 atoms of
molybdenum. Accordingly,

5758.8 10714.25

6OM0 : 85C2H 2 4.2H2 : : x : 0.006302

in which x 0.003387 gram.
Since 5MonOi9 unite with 850, a normal solution of the former

as a reducing agent, would contain 1/170 of the 5 gram-molecules
or 33.87 grams Mo, and the deci-normal solution 3.387 grams per
liter. This agrees with the values already obtained.

6. It is sometimes necessary to calculate the value of solutions
according to the principles just explained, when several succes-
sive reactions are involved. Such problems may be solved by a
series of proportions, but it is usually possible, after stating these
to eliminate the common factors and solve but a single one.
For example, suppose it is desired to express the value of a

permanganate solution, of which 1 cc. = 0.008 gram iron (Fe), in
terms of calcium oxide (CaO). The reactions involved in the
volumetric determination of calcium are the following: CaCl? +
(NH 4 ) 2C2 4 = CaC2 4 + 2NH 4C1; CaC 2 4 + H2S04 + 2H2 =
CaS

,°4;t
C'H*°« • 2H*0; 5C2H2 4 . 2H 2 + 2KMn0 4 + 3H2S0 4= K2S04 + MnS0 4 + lOCOj + 18H20.

From the considerations stated under 5, the following propor-
tions may be made.

lOFe : 5C2H2 4 . 2H2 - 0.008 : x
5C2H2 4 . 2H2 : 5CaC 2 4 «= x : y
5CaC2 4 : 5CaO - y : x

Canceling.the common factors, there remains simply
560.2 280.4

10Fe : 5 CaO « 0.008 : 2

Similarly, from the reactions, the equivalent of the iodine liber-
ated may be calculated in terms of MnOj as follows : Supposing
the weight of iodine to be 0.5 gram then

21 : 2KI = 0.5 : x
2KI : 2C1 = x : y
2C1 : 2HC1 - y : z

2HC1 : Mn0 2 = z : w
Canceling the common factors, there remains

21 : MnO? = 0.5 : w
990
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To solve such problems as 5 and 6, it is necessary to know the
reactions involved, and the way in which the various components
break up; then to compare the reactions and to search for those
molecular quantities of the compounds in question, which are
equivalent in their action upon a common agent. Having found
these, as shown above, express the molecular ratio between them

253.7 86.99

in the form of a proportion; as, for example, 2 I : MnC>2= 0.5 : w.

Expressed in the form w= _ ' . 0.5, it is plain that this ratio is
-OO. I

in no way different in principle from the chemical factor men-
tioned in paragraph 1 ; indeed, it is the factor for the conversion

of iodine to manganese dioxide.

PROBLEMS IN ELEMENTARY PHYSICS

1. A map is drawn to the scale 1 mile to the inch. What area

on the map in square centimeters represents 10 square miles?

Ans. 64.5 sq.cm.
2. Express a velocity of 2500 cm. per second in feet per minute.

Ans. 4921.2 feet per minute.

3. A rectangular tank 15 cm. X 163 mm.X6 meters, inside

measurements, is filled with water. Express the mass of the

water in kilograms. One com. of water weighs 1 gram (approxi-

mately). Ans. 146.7 kg.
.

4. The radius of a circle is 12 cm., what is the angle in degrees

subtended by an arc of 16 cm.? Ans. 76.39°.

5. The pitch of the screw in a micrometer. caliper is 0.5 mm.;

the rotating head of the instrument carries 50 divisions; the

vernier of the shank over which the head turns has 10 divisions

which occupy the space of 9 smallest divisions on the head.

What is the smallest distance which can be measured without

estimation? Ans. 0.001 mm.
.

6 How far from the point of observation must a scale be

placed in order that 1 cm. on the scale will subtend an angle of

1 minute? Ans. 3438 cm.
7 A river is 1 kilometer in width, and the current has a velocity

of 4 km. per hour. What direction must be taken by a launch

moving at 8 km. per hour in order to land directly opposite the

starting point? What will be the total time for the trip? Ans.

The launch must steer 30° upstream; 8.7 minutes.

8. A pendulum having a period of 1 second and a pendulum

of nearly the same period are arranged so that it is possible to

observe when the two reach the mid point of their respective

oscillations at the same instant going in the same direction^

The time elapsing between coincidences is 106 seconds. U the

unknown is shorter than the known pendulum, what is its

period? Ans. 0.9906 sec. , . ,

9. A body starts from rest and moves for 10 seconds with a

uniform acceleration of 5 cm./sec.', (orthe next 2 seconds >

moves uniformly at the velocity acquired and is finally brought

to rest with a uniform acceleration of -5. cm./sec. 2
,
what is

991



HANDBOOK OF CHEMISTRY AND PHYSICS

the total space covered and the time occupied? Ans. 1500 cm.,
40 sec.

10. Find the value of a constant force which, acting on a
mass of 500 prams for 2 seconds, produces an increase in velocity

of 10 cm. /sec. Ans. 2500 dynes.
11. What is the weight in dynes of a sphere whose mass is

100 grams? If a spherical mass of 1000 kg. is placed vertically

beneath the body so that their centers are separated by a dis-

tance of 50 cm., what is the apparent increase in weight?
980. cm. /sec. 2

, the gravitational constant = 6.G6X 10- 8
, C. G. 3.)

Ans. 98,000 dynes; .0020 dyne.
12. A uniform bar, 100 cm. long, is supported on a knife

edge 30 cm. from one end. A mass of 500 g. is suspended at a
distance of 5 cm. and a mass of 200 g. at a distance of 60 cm
from the same end. If the system is in equilibrium, what is

the mass of the bar? Ans. 325 g.

13. The beam of a balance is 25 cm. long and weighs 50 g.

If the center of gravity is 0.05 cm. below the central knife edge
through what anple will the beam bs deflected by the addition

of 0.001 gram to one of the pans? Ans. 0° 17.2'.
_

14. The mean radius of the earth is about 6,370,000 meters.
What is the acceleration toward the center of a point on the
equator due to the rotation of the earth? Ans. 2910.3 meters
per sec. per sec.

15. If the period of simple harmonic motion is 10 seconds
and the amplitude 20 cm., what is the displacement, velocity

and acceleration 2 seconds after the particle has passed its

mid point in a positive direction? Ans. Displacement 19.02 cm.,
velocity 3.88 cm./sec, acceleration — 7.51 cm. /sec. 2

.

16. A body of 60 g. mass falls freely from rest for 6 seconds,

what is its momentum and kinetic energy at the end of the
period? (g. =980 cm./sec. 2

.) How far does the body fall?

How much work would be done in raising it to its original posi-

tion? Ans. Momentum, 352,800 g. cm./sec; kinetic energy,

1.037 XlO 9 ergs; space passed over 17,640 cm.; potential energy
(mgh) 1.037 XlO9 ergs.

17. What power is delivered by a hoisting engine in pulling

a mass of 200 kg., (1) Upward against gravity, 5 meters per
second; (2) along a horizontal plane whose coefficient of friction

with the block is 0.20 at the rate of 2 meters per second; (3)

along a perfectly smooth (frictionless) horizontal plane at any
velocity; (4) up an incline of 45° with the horizontal with a
coefficient of friction of 0.1 at the rate of 1 meter (measured
along the incline) per second? (The hoisting apparatus is to

be considered frictionless.) Ans. (1) 980 watts. (2) 784 watts.

(3) No work is done. (4) 15,240 watts.
18. A bullet fired from a gun 1 cm. in internal diameter and

75 cm. long has a muzzle velocity of 500 meters per second.
What uniform pressure in the barrel would cause this velocity

if the bullet weighs 25 g.? Ans. 1.061 XlO 9 dynes per sq. cm.
19. The pitch of a jack screw is 1 cm; the power is applied

at the end of a lever 24 cm. long. When force of 30,000 dynes
is applied at the lever the lifting force is 1,200,000 dynes, what
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portion of the force applied is used to overcome friction? What
is the efficiency? Ans. 22,040 dynes; 34.1%.

20. It is required to find the density of a cylinder of alloy.

A ballast load is placed on one pan of the balance, which requires

292.560 g. to counterbalance. The sample is added to the pan
containing the weights and the amount to effect equilibrium is

reduced to 88.480 g. When the sample is suspended below the

pan in water (density 0.9977) the mass necessary in the pan is

148.627 g. The density of the brass weights was 8.45, the

density of air at the temperature and pressure of the experiment
0.00115. Find the true density, making correction for buoyancy
of the air. Ans. 3.383.

21. The cross-section of the stem of an hydrometer has an
area of 0.2 sq.cm. The total volume immersed when the in-

strument floats in water at 4° C. is 6. cu.cm. If in another

liquid the hydrometer sinks until 8 cm. additional length of

stem is immersed, what is the specific gravity the liquid? Ans.

0.7894.
22. The volume of the cylinder of an air pump cleared at each

6troke of the piston is 2000 cc. If the volume of the vessel to

be exhausted with connecting tubes is 4000 cc, what pressure

should be obtained by 10 strokes? Ans. 0.0173 the original

pressure.

23. Water at a temperature of 20.3° C. rises to a height of

6.128 cm. in a tube whose radius is 0.0247. Compute the sur-

face tension, taking g.=980. Ans. 74.15 dynes/cm.

24. A glass tube closed at one end is 100 cm. long. A column

of mercury 91 cm. long is poured into the tube and it is then

inverted with the lower (open) end in a dish of mercury. The

air now fills 40 cm. at the top of the tube and a column of mer-

cury 58 cm. long is supported below. What is the barometric

pressure? Ans. 74.81 cm.
.

25. A wire 100 cm. long and 0.3 mm. in radius is stretched

2 mm. by the addition of a weight of 10 kilos. Compute the

value of Young's Modulus. Ans. 17.3 X10 11 dynes/sq.cm.

26. The thermal coefficient of linear expansion of brass is

0.000018. A cylindrical bar is 100 cm. long at 20 C. and has

a density of 8.450, what is the length and density at 1/

Ans. Length 99.964 cm., density 8.451 g./cm. 3

27. A steel rod is measured with a brass scale at 15 O. Ihe

rod appears to be 200 cm. long. The scale is correct at C.

What is the true length of the rod at 0°? The coefficient of

expansion for steel is .000011. Ans. 200.021 cm.

28. If the volume of a portion of gas is 1000 ccm. under a

pressure of 30.5 cm. of mercury and at a temperature [<L

what will be the volume under a pressure of 29.5 cm. and a

temperature of 20° C? Ans. 1109 ccm.
29. The mass of a copper calorimeter is 110 grams. It con-

tains 400 grams of water at a temperature of 16 C A sc Iid

mass of 60 grams at a temperature of 98° C. is placed in the

water. The temperature reaches equilibrium at 21 C. Neg-

lecting radiation, find the specific heat of the solid. Ans.

0.443 cal./g.
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:zontal intensity of the earth's magnetism at a certain
locality is 20 gauss and the dip 13 70°; what is the value of the totalintensity? Ans. 0.585 gauss.

38. A standard candle and an electric incandescent of unknown inten-
sity are oOO crrk apart A photometer screen shows even illuminationwhen placed 100 cm. from the candle. The standard candle is found
to have consumed spermaceti at the rate of 124 grains per hour during
the test. If the intensity of the candle is 1 international candle whenburning 120 grains per hour, what is the horizontal candle power of theunknown? Ans. 15.47 international candles.
•

39
-

4=
n object 43.6 cm. from a concave spherical mirror gives a shamimage 66.5 cm. from the mirror; find the principal focus and radius ofcurvature of the mirror. Ans. Focus 26.33 cm., radius of curvature.

0^.0 cm. '

40. Light divergent from a point source 20.5 cm. from a double concave
lens has its divergence increased by the lens so that it appears to comefrom a point 113.9 cm. from the lens (on the same side as the source)The radius of curvature of both faces is 25.1 cm., what is the principal focusand index of refraction of the lens? Ans. Principal focus -25 cmindex of refraction 1.50. •

u
4^oThe=/angTle °l

minimum deviation of a prism is observed and found tobe CO 2.5 . If the ang e of the prism is 59° 54', what is the index ofrefraction of the material of the prism? Ans. 1.734.
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Hydrogen atom, mass of 619

equivalent definition 789
thermometer scale, reduction to 572

Hydrometer conversion tables 541
Hyperbola, equations of
i reaia 682

I

Ice. melting-point at various pressures 604
Illumination, definitions 803
Imperial or British standard wire guage 976
Index of refraction, definition 803

formula? 825
of aqueous solutions 738

crystals 708
gases 739

" glasses 733
-otropic solids 704

'• liquids, various 729
" metals ..." 735
rock salt, sylvine. etc 736
water 731

Indicators 439
Inductance formula? 830
Induction, definition 802
Inertia, definition 793
Inorganic compounds, boiling point of 109

crystalline form and color of 108
formula? for 108
melting point of 109
molecular weight of 108
physical constants of 108
solubility of 109

" specific gravity of 109
Inscribed circles, radius and area 9
Inscribed polygons, area and perimeter 9
Insulators, definition 799

resistance of 678
Integrals, elementary forms 19
Intensity of electric field, definition 799

" magnetic field, definition 800
" magnetization, definition 799
" sound, definition 798

Internal resistance of voltaic cells 759
Intrinsic brilliancy of light sources 692
Ion, definition 789
Ionization constants 528

theory 788
Iron group, analysis of 415
Isothermal, definition 797
Isotopes 775
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Joule, unit of work, definition '795
Joule's equivalent, definition 797

table 584

K
Kilowatt hour 874
Kinetic energy, definition 795

theory constants for gases 619

L
Labels for bottles 842
Lantern slide developer S52
Large caloric, definition 796
Latent heat of fusion, definition 797

table 609
[iorization, definition 797

table 610
Latitude and longitude, acceleration due to gravity and elevation for

various cities 779
Laws, chemical 786
Length, unit of

s, formula 826
Light sources, candle power and efficiency

coloi : -ations produced by 691
intrinsic brilliancy of 692

Limit of elasticity, definition '. 796
table 549

Line of force, magnetic, definition 799
of an electric field, definition 800

Linear expansion, coefficients, table 572

Liquids, compressibility of 550
cubical expansion of 578
density of 541

specific heat of o95

surface tension of 557

viscosity of ... °60

Lissajou's figures, definition 7jb

Logarithmic scries • •

£
Logarithms, explanation of the use of table f£

five-place table 2b

four-place table 24

natural or Naperian, table 44

of the trigonometric functions, table o4

Low and high temperatures by various means 640

Luminous flux, definition °J«
intensity, definition °V~

Lune, area of

M
Maclaurin's series '

fi
r o

Magnetic constants of iron, etc __

declination g^Q
flux, definition ,™
intensity, definition „_
inclination of the Earth s field g?'

induction, formula „„_
intensity of the Earth's field D°'

iron oxide, ferroso ferric oxide *™
moment, definition c„q

formula ygg
" pole, unit of oqq
" potential, definition

7
-
6

Magneto-optic rotation, table
^0^

Magnifying power, definition -
s
-

Mass action, law of
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Mass definition and unit 793
.if the hydrogen atom -., •

or in saturated air

Moan places of the stars 776
Measures and units 8."><>

Mechanical equivalent of heat, definition 797
>84

bnrye, unit of pressure, definition. . 796
Melting-point of the elements 86 800

" alloys.. .403, 603
ie at various pi 604

" inorganic compound- 10!)
" " organic compounds 217
" " various substances 604

Mentleljcff's periodic arrangement ol
' 410

Mensuration formulae S
Metals, index of refraction of 738

tensile strength of 655
optical constants .... 73.3

'

I .rological data 7 7-

Metric and English system conversion tables 877 " v"

Metric system of weights and measures <S,")7

Mercury, density and volume, — 10 + 360° C
specific heat
to clean S40

Mercury, vapor tension of 618
Methyl alcohol, specific gravity of aqueous solutions 510
Mho, unit of conductance, definition, 802
Minerals, physical constants 400
Minimum deviation, definition 803
Mirrors for spectrometer adjustment 842
Mirrors, spherical, formula 825
Miscellaneous constants 785
Moduli, elastic, formulae 811
Modulus, bulk, table 549

of elasticity, definition 795
" " rigidity, table 548
" " rupture for woods 555
" Young's, table 548

Molar solution, definition 789
Molecular constants 784
Molecular depression of the freezing point 606

" elevation of the boiling point 606
" weights and their logarithms 84
" " of inorganic compounds 108
" " of organic compounds. . 210

Molecule, definition 789
Molecules, number in a molecule gram 619
Moment of force, definition and unit 794

" formula 807
" " inertia, definition and unit 704
" " " for various bodies 781

Momentum, definition and unit 79 (

formula 807
Multiple angles, trigonometric functions of 16

proportions, law of 787
Music wire gauge 973
Musical scales 752
Mutual inductance, definition 802

N
Naperian (natural) logarithms, table 44
Natural logarithms, base of 61
Natural logarithms from common logarithms, formula 61

table 44
" trigonometric functions, table 49

Nickel, separation of 416
Nitric acid, specific gravity of aqueous solutions 494
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Normal solution, definition. .

Normal (deci-) solutions of re;,i- 433

Numbers, sums of, forum 4

Numerical aperture of an objective, definition.

.

804
constants. .62

rrence of the eleim .86
I . unit of resistance, definition. 801
1 ibm's law. formula 822

Oile mts of 394

I 'ill constants for m< 7do

ti pipes, formula* 818

. nie compounds, boiling point of ... 217
crystalline form and color 216

formula? of • • 216
melting point of • 217
molecular weight of . . . • 216
physical constants of 216
specific gravity of • 217
solubility of 217
synonyms of -_ J

' , of aqueous solutions. .... ^ .
571

hition and reduction equations, method of balancing.

.

Oxidation, definition.
- •

Paper, gaslight, developer for 85*

Parabola, area of
22

equations of „„„
Parallel, formula for resistances in |ff
Paramagnetic, definition o^
Pendulum, simple, formula- 2nq

Foucault's formula 2VX
seconds, length of '

jJ

Perimeter of geometric figures. ...__ • _„.

Period in uniform circular motion, definition

of vibration of a magnet, formula | *

Periodic arrangement of the elements g^
Permeability, definition ggg

table 800
:> nee, definition ' ' * '

4
utations, formula • - - • • '

7g5
I

, in simple harmonic motion, definition
Jyi

phorescence by cathode rays. y g^7
Photographic formula? ggg
Photometric standards "

^q2
Physical constants of common minerals. .

10g
•' inorganic compounds

21
„

" organic compounds gg
" " " the elements '

jq^
definitions S()«3

formulae 403
properties of alloys •

6!
Pi (7T), multiples, fractions, roots, and powers o.

g?3
Piano wire gauge ... 746
Pigments and dyes, absorption ot 7o8
Pitch of sound, definition 777
Planets, data in regard to 977
Platinum wire, table . . '

'

1

Poisons, antidotes of. .

. ... 843
Polarity test paper 804
Polarized light, definition 8
Pob'^nS'S!ed and circumscribed; area and' perimeter. . J
Polyhedra, surface and volume ^
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Potassium carbonate, specific gravity of aqueous solutions 500
1 -ium chloride, specific gravity of aqueous solutions 501

hydroxide, specific gravity of aqueous solutions 498
Potential difference of contact 560

" metals in electrolytes
electric, definition 798
energy, definition 795

Pound avoirdupois, U. S. standard 793
Pounds and tons, comparison of

Power, definition and unit
formula 810

Precipitation value or solubility product, definition
Preparation of laboratory reajn I2£

ire, critical for pases 607
definition and units 791

diminution at the side of a moving stream
formula
of saturated steam 628
units, conversion factors

tab 64'

Principal focus, definition

lenoe of the elements. . .

Prism, surface and volume 12
Problems, method of solving chemical 987

in elementary physics 991
Progression, arithmetical and geometrical 4
I t iles, formula-

of saturated steam 628
Proportion 3
Psychrometric tables 649
Pyramid, surface and volume 12

Q
Quadratic equations, solution of

Quadrilaterals, area of 8
Qualitative analysis scheme 412
Quality of sound 798
Quantity of electricity, unit of, definition 798

It

Radian, unit of angle, definition 793
Radians from degrees, conversion table 59
Radiations, wave length of 692
Radioactive substances 768, 773
Radius of curvature, reduction from spherometer readings 826
Radius of gyration, definition . . 794
Rainbows and halos, angular radius of 778
Rays, alpha, beta and gamma 758
Reagents, deci-normal solutions of . . 433

preparation and concentration of 425
Reaumur degree, definition 796
Reciprocals, table of 62
Reduction, definition 789

factors, miscellaneous 873
of barometer readings to sea level and lat. 45° 645

" "gas volume 582
" " psychrometric observations 641

Reflection, diffused 744
" of light by glass in air 685
" " " " metals 741
" " " " transparent media in air, formula 826

" " " " " " " table 740
Refraction, correction for astronomical observations 777

index of for aqueous solutions 738
" " crystals 708
" " liquids 728

" " " " metals 738
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Refraction, index of for rock salt, sylvine, quartz, etc 732
solids, various 704

" " formula; 825
Relative density and volume of water, — 10 to + 250° C 544

humidity from the dew point 647
definition 798

" stimulation of the three primary color sensations by different

wave lengths 700
Relative visibility 693
Reluctance, definition *

.

800
1

s •
- definition 801

formula; and tables for high frequency 836
Resistance in parallel and scries, formula; 822

of a conductor, formula 822
" aluminum wire, table 977
" copper wire, table 978
" electrolyte 672
" various insula;ors 680
" voltaic cells 685
" wire, approximate 986
specific, table 661, 662

" temperature coefficient, definition 662
table 662

to crushing 554
" variation due to a magnetic field 685

Resistivity 662

of dielectrics 678
" temperature coefficient of 669

Resolving power, definition 804

Reversible action, definition 788

Rhombus, area of °

Right-angled triangle, trigonometric functions for 14

Rigidity, modulus of 54?
Rochelle salts process for silvering glass °4o

Kontgen rays, scale of hardness '58

Roots, cubes and square, table 6*

Rotation, magneto-optic 756

specific, formula °^'

Rupture, modulus for woods oo5

S

Salt, definition
]!§Jj

Saturation constants j~J»

Scale, musical .......... ... oo^

Seconds pendulum, length of, for sea level, various latitudes 7SW

Sector of an annulus. area of j*
" a circle, area of j"

Segment of a circle, area of *"

Seismic waves, velocity of Lix
Self-induction, definition °"JJ
Sensitizing formula for blue print paper °f"
Sensitiveness of the eye, variation with wave length o»*

Separation of the aluminum and iron group V*
basic constituents into groups V-%

" " copper and tin group
*J«

" " zinc, nickel and cobalt * x°

Series, algebraic g2o
formula for resistance in °rr

" of metals, electromotive force °^*

Signs of the trigonometric functions
4

_

Silver group, analysis of
g^-j

Silvering glass ••;•.• ' 795
Simple harmonic motion, definition

finfi
formula °^|

" machine, definition „.„
" " formulae g^

Soap solution for soap films • • •
•

• -^
Sodium carbonate, specific gravity of aqueous solutions ow
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Sodium chloride, specific gravity of aqueous solutions

.

VJl
hydroxide, specific gravity of aqueous solutions 499
light, to produce .... 846

Solar constant 778
spectrum, wave length of Fraunhofer lines 694
lystem, data concerning 777

Solders 46
i tittle, definition and unit ............. 793

Is, cubical expansion of 7

fused, surface tension of R8
" linear expansion of . . .

."<72

" various, density of .">.'59

specific heat of

Solubility chart for inorganic compounds 436
of cane sugar 137
" inorganic salts at various temperature 137

inorganic compounds 109
" organic compounds 219

product, definition. . 789
table 526

Solution, heat of 468
.hi tension theory 788

Solutions, aqueous, see under aqueous solutions
deei-normal 433
density of aqueous 546

Sound, velocity of Q
Sparking potential for air (;.">3

" insulators. ... .657
Specific gravity, definition

of aqueous solutions
of acetic acid

Uoofaol 1

" ammonium chloride I

hydroxide 7
" " hydrochloric arid

" " " methyl alcohol. . .
.",10

" " nitric acid 194
otasaium carbonate .">00

chloride i

" hydroxide
" sodium carbonate

chloride
hydroxide 199
sulphuric acid 491

* s and vapors >22
" inorganic compounds 109
" organic compounds. . 217

" " " the elements 86, 535
Specific heat, definition. .

.

797
formulae. . . ... sifi

" of aqueous solutions . .

" gases 597
tercury .">82

" " the elements ,")S5
" " various liquids .">()5

" " " '' solids -,:)2

" " " water ,",S2

Specific heat, variation with temperature. 594
inductive capacity, definition 799

tables. . (i.->4

" resistance, definition 802
tables ti()2

rotation, formula S27
table 755

Spectra, wave lengths of the principal lines of elements 695
Spectroscope calibration, wave lengths for 694
Spectrum, solar, wave lengths of the Fraunhofer lines. 694
Speed, definition and unit 794
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Sphere surface and volume Lfi

Spherical aberration, definition 803
mirrors, formula S2"»

" polygon, area 13
" segment, surface and volume 13
" triangle, area of 13

Spheroid, surface and volume 13
Spherom er readings, reduction of 826
•Square roots, table of
Squares of numbers, sum of

62
Stain, acid proof, for wood 839
Standard candles 690

" tro-motive force and imposition 658
" wave lengths 701

Stars, mean places of 770
-

i perries of saturated 62i

8t( idian, unit of solid angle, definition 793

Stopc
for photographic lenses, comparison of systems

Straight .21
566

Btn liUon 795

3tul •hj

wire gauge .

973

Sugar, solubility of *°°

Sulphates, decomposition of anhydrous.

.

o^4

deliydration of jgB

Sulphuric acid, specific gravity of aqueous solutions 491

Sums of angles, trigonometric functio 15
"

77fi
Sun, declination of '••

Surface and volume of solids 1*

iity of electric charge, del •• *»
" " magnetism, definition 7g»

tension, definition and unit '•*&

formula ?i~
of alcohol

« "

' fused solids
" " various liquids *jj?'

• 684
Susceptibility, magnetic

g00
Susceptibility, definition

8
„

Symbols of the elements 9
'

Synonyms of organic compounds ~

Synthetic drugs, see Organic compounds

T
824

Tangent galvanometer, formula-...
g51

Tank developers, photographic
ft

Taylor's series. . • • •

591
Temperature, color scale oi • • • -

y,
correction for barometer readings

607
Temperature, critical for gases • 7g6

definition and units fl]
fixed points for calibration

"**

for maximum density of pure water *»"

resistance coeftieient, definition ••

640
Temperatures, high and low 555
Tensile strength of metals. •••;•••"•.•
Tension, surface, see under hurface tension.

vapor, see under Vapor tension.
gg7

Terrestrial magnetism, constants of ,.,.;

Tts's flame and bead 757
Theories chemical
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Thermal capacity, definition 797
conductivity, definition 797
expansion coetficients 572

formula' 814
of glasses 576

Thermoelectric power, table 681
Thermometer, gas formula 815

scales, conversion of 572, 845
Time, equation of 776

unit of 793
Tin group, analysis of 414
Tons and pounds — comparison of 883
Torque, definition and unit 794

formula 807
Tractive force of a magnet
Trade names of dyestuff intermediates 408
Transmissibility for radiations, various substances 7.32

Transparency, coefficient of, for glass 739
Transparent media, reflection of light by, formula 826
Triangle, area of 8

Triangles, formula? for solution of 14,16
Trigonometric formula? 14

Trigonometric functions, logarithms of 54
natural 49

" relations in triangles 16
series 7

Troy weight 870
Twaddell hydrometer, conversion tables 542
Twist drill gauge 974

U
Units, fundamental 793
Universal wax 846
U. S. standard weights and measures 862

V
Valence of the elements 83
Van der Waals' constants for gases 607
Vapor density of saturated vapors at the boiling-point 547
Vapor pressure, see under Vapor tension 612
Vapor tension lowering by salts in solution 619

" of mercury 618
" " various substances 622

" " water 612
Vaporization, heat equivalent of, definition 797
Variation in sensitiveness of the eye 694

" of resistance due to magnetic field 685
Vectors, composition of, formula 805
Velocity, definition and unit 794

formula 805
" of efflux, formula 813

Velocity of light 785
" sound, formula 817

table 650
" " waves, formula 817

Viscosity, definition 796
formula 812, 559

" of gases 566
" " water and other liquids 559

Voltaic cells, electromotive force and composition of 658
" " internal resistance of 685

Volt, definition 801
Volume and density of mercury, table 545

" " " " water, table 544
" " surface of solids 12
" change due to fusion 611
" unit of 793
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Washburn and Moen wire gauge 973
Water, absolute density, table 543

boiling-point of 598
" at high pressure, see Vapor tension of water 617

equivalent, definition 797
maximum density of 540
relative density and volume, table 544
specific heat, table 582
surface tension, table 558
vapor, mass in saturated air 643
vapor tension of, table 612
viscosity of, table 559

Wat t , unit of power, definition 795
Wax, soft or universal 846
Waxes and fats, constants of 398
V length for spectroscopic calibration 701, 694

of the Fraunhofer lines ti!)4

principal lines of the elements 695
" various radiations 692

Wave lengths, standard 701

motion, definition 709
velocity of, formula 817

Weight, definition and unit 794
conversion factors 882

(mass) of one liter of various gases 522

Weights and measures, tables 856

Wet and dry bulb thernlbmeter readings, table for reducing 649
\N heatstone's bridge, formula 823

Wire, approximate resistance for various metals 986
-ection and mass for copper, iron, brass and aluminum 982

dimensions of British Standard Gauge 976
" mass and resistance for copper 978
" Stub's Gauge 975

gauges, comparison of 973
~

" steel 974

tables .

Woods, modulus of rupture for 555

Wood stain, acid proof °£*
Work, definition and unit '»«>

« formula 810

X
X-rays, absorption 761

- 7,65

scale of hardness ' j|x

spectra
'°z

Y
Yard, U. S. standard, metric equivalent for 862

Young's modulus, formulae °\ '

table o4S

Z
416

Zinc, separation of
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THE CHEMICAL RUBBER COMPANY

COMPLETE EQUIPMENT

FOR

EDUCATIONAL AND INDUSTRIAL

CHEMICAL LABOWOWHES

We carry in stock and have available lor prompt

shipment the products of the recognized manufacturers

of

C. P. and TfcetouMi Chamois

Rubber Good. Porcelainware

Balance. ™tcr Papcr

Glawware Microscope.

Electrical Laboratory Equipment

Illustrations and descriptions will be found in cata-

1

log
" B ", a copy of which will be sent free upon request

to Teachers or Professors of Chemistry and Professional

Chemists.

The items illustrated on the succeeding pages are

taken from catalog "B ». Prices given are subject to

change without notice and are all F. O. B. Cleveland,

Ohio.

THE CHEMICAL RUBBER CO.

WEST 112th ST. AND LOCUST AVENUE

CLEVELAND, O.



THE CHEMICAL RUBBER COMPANY

Rubber Laboratory Aprons

These aprons are all cut 46* long and 36* wide, an ample

length to protect one's clothing. They are cut to fit the

body and in no way hamper the movements of the wearer.

No. 140 APRONS — Black Rubber, recommended espe-

cially for high school work, but giving splendid satisfaction

under harder usage. Grade 1290. Per Dozen 9.00



THE CHEMICAL RUBBER COMPANY

No. 142 APRONS— Black Rubber. Heavier than No. 140.

Our most popular number. Excellent for general use.

Grade 1230.

Per Dozen 10.50

No. 144 APRONS— White Rubber. Used wherever ex-

treme cleanliness and neatness are required. Grade 1260.

Per Dozen 12.00

No. 146 APRONS — Red Rubber. An unusually service-

able apron. Grade 1215.

Per Dozen. 12.00

No. 148 APRONS — Heavy Black Rubber. Will with-

stand the hardest usage. Grade 1000.

Per Dozen .30.00

Rubber Laboratory Sleeves

Sleeves, to match Nos. 140-146 Aprons, are long and

roomy. They are made with elastic ends which insure a

snug fit and yet allow them to be easily and quickly removed.

No. 140S SLEEVES — Grade 1290. Per Dozen. 3.00

No 142S SLEEVES— Grade 1230. Also recommended for

use with Aprons Grade 1000. Per Dozen 3.60

No. 144S SLEEVES — Grade 1260. Per Dozen 3.60

No. 146S SLEEVES — Grade 1215. Per Dozen. .
.
.4.20



THE CHEMICAL RUBBER COMPANY

No. 6050 Rubber Tubing

Tubing designed for ordinary purposes will not serve the
requirements of the laboratory. The following grades of

tubing, made according to our own specifications are noted
for their long wearing qualities, flexibility, and elasticity.

Grade 423 RUBBER TUBING — White Wrapped Light
Wall, carefully made of the best materials and finished

in a superior manner. For general laboratory use.

Inside diam. in \ ft £ ft §
Wall, in A *V ft ft A
Approx. ft. per lb 65 35 24 14 10

Inside diam. in \ § \ 1

Wall, in A i A A
Approx. ft. per lb 5 4 2\ 2

Grade 435 RUBBER TUBING — White Wrapped Pres-
sure Tubing, Heavy Wall, of the same composition as
Grade 423. Recommended especially for burner con-
nections.

Inside diam. in.. \ A \
Wall, in -i% A A
Approx. ft. per lb 32 16 11

Inside diam. in ft f \
Wall, in \ \ \
Approx. ft. per lb 8 7 5



THE CHEMICAL RUBBER COMPANY

Grade 508 RUBBER TUBING — Pure Gum Red Anti-

mony, of the finest selected crude rubber treated by the

most improved methods.

Inside diam. in I A *

Wall, in ra A A
Approx. ft. per lb 96 48 30

Inside diam. in A | |
Wall, in A A «?

Approx. ft. per lb 20 10 8

Grade 572 RUBBER TUBING — Black Pure Gum.
best for general laboratory use. ^

g i

Inside diam. in I A A 4

Wall in A A A tV

Approx. ft. per lb 130 80 64 40

, . , ,. 3 15 1
Inside diam. in s 2 | *

Wall, in « A 1 A
Approx. ft. per lb 1» H » '

The

A
A
25

1

No. 6036 Rubber Stoppers

cause the rubber to deteriorate.

Dimensions and

No.
00

1

2
3
4
5
6
7
8
9
10
11
12
13

Top
Diam.
14mm
16mm
18mm
20mm
23mm
25mm
27mm
32mm
36mm
40mm
45mm
50mm
56mm
65mm
70mm

Approximate
Bottom
Diam.
10mm
12mm
14mm
16mm
18mm
20mm
23mm
26mm
30mm
33mm
37mm
42mm
50mm
58mm
60mm

Number per Pound
Number per

Solid



THE CHEMICAL RUBBER COMPASY

H211
H211 BALANCE— Analytical, Students' Model, par-

ticularly well adapted for first year chemistry and in-

dustrial laboratories when an inexpensive but dependable
balance is required.

Capacity— 200 grams. Sensibility—\ milligram.
Beam — Of special aluminum alloy, 6 inches long, gradu-

ated from center to right end in 50 parts.

Rider Carrier — Of simple construction with patented
rider hook.

Knife Edges and Bearings— Agate.
Pans— 2\ inches in diameter.

Case— Mahogany, 16^ inches long by 17 inches high by
10| inches wide.

Base — Black slate, \ inches thick.

Price— Without weights 55.00
Price — With special set of weights 100 grams to 10 milli-

grams with rider 62.00
Additional Balances and Weights are described and illus-

trated in catalog "B."



THE CHEMICAL RUBBER COMPANY

GLASSWARE

PYREX

Because of its resistance to sudden

cooling, great mechanical strength,

and high melting point Pyrex is rec-

ognized as the best glassware for

routine work. Our complete line of

Pyrex ware includes Beakers, Flasks,

Volumetric Flasks, Condensers,

Chemical Funnels, Stopcocks, Sepa-

ratory Funnels, Retorts, and Test

H710 Tubes .

Special Pyrex glassware will be made from your blue print

or sketch.

LAMP BLOWN AND GRADUATED
GLASSWARE

Correctly designed and accu-

rately calibrated. Graduations are

fine and distinct and filled with a

special resistant compound which

will withstand the hardest labora-

tory usage.

Through our connections with

first class glass blowers we are in a

position to furnish special glassware

blown to blue print or sketch. We

guarantee such glassware to show

the same degree of accuracy and

careful workmanship as our stand-

ard laboratory glassware.

= 15

H3212 H2516



THE CHEMICAL RUBBER COMPANY

KJ W
H7220

H7220 TEST TUBES — Automatic Machine Made.
Through improved methods of manufacture these test

tubes have a minimum variation in outside diameter and

the walls are of an even thickness throughout, reducing

breakage to a minimum. The lips are of uniform width

and design.

Length, in 3 4 5 5 5 6
Diameter, in f \ \ f f f

Length, in *6 *6 7 8 10 12

Diameter, in \ 1 | 1 1 1

* Sizes recommended for "B" batteries for radio sets.

These tubes are particularly well adapted for radio use

because of their resistance to corrosion and extremely low

percentage of breakage.

All prices F.O.B. Cleveland. O.










