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PRETFACIK.

Ix the division of chemical teaching into departments,
which sooner or later becomes necessary in a growing
College, the instruction of students in Chemical Calcula-
tions has for several years fallen to the lot of the author
of this little treatise. Mr. WHiTELEY has also, at the
same time, been engaged in laboratory teaching, and in
Jecturing upon certain special branches of Chemistry. The
text-book which he now issues accordingly bears manifest
evidence, not only of his experience as a teacher, but also
of his being well in touch with the calculations which are
required by chemical students for various purposes, and
with the chemical knowledge which elementary students
may be assumed to possess. As a matter of fact, however,
the author has wisely decided to give a short summary of
chemical facts or processes before proceeding to explain
the methods of calculation which are applied to them.
Laboratory students will find a most useful and con-
venient explanation of the methods of calculating the
results of specific gravity determinations, of analyses
whether gravimetrie, volumetric or gasometric, and of
atomic and molecular weight determinations ; they will
find these also brought up to date as regards the methods
to which they refer.






AUTHOR'S PREFACE.

—— e —

Tais little book has been written Lo supply the need of a
work on Chemical Calculations that not only gives a fair
selection of problems, but also a concise and yet explicit
account of the methods of solving them.

The problems given are taken (i.) from those set by
various examining bodies, including the Science and Art
Department (S. & A. D.), and if their sources are not
otherwise indicated they are denoted by an asterisk ;
(1i.) from original memoirs and private sources.

In preparing this book special use has been made,
amongst other chemical works, of Muir’s ¢ Principles of
Chemistry,” Ostwald’s ¢ Outlines of General Chemistry,
Bunsen’s ¢ Gasometry,” and the ‘Journal of the Chemical

?

Society.’

My heartiest thanks are here tendered to Mr. J.
BerNarp CorLeEMaN for many valuable suggestions, and
also, along with him, to Mr. A, E. BriscoE and Mr. S, 5.
WHITELEY for assistance in reading the proofs and check-
ing the answers to the problems given.

R. L. W.
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ATOMIC WEIGHTS.

TaE atomic weights given in the first column are, with a
few exceptions which are indicated by references, those
given by Ostwald in his ¢ Outlines of General Chemistry.’
The second column gives approximate numbers which for
the purpose of simplicity have been used for the questions
in this book, except where different numbers are given in
the text.

| Approximate

Name Symbol | Atomic Weight| Atomic |

Welghe |

|

Aluminiom . . Al 27-08 27 |
Antimony . . . Sh 120-3 120
Arsenic X . . As 75 75
Barium - - - Ba 137 137
Beryllium . - . : Be 9-051? 9
Bismuth . - - . Bi 208-92 2 209
Boron . . . = B 11-01 11
Bromine . . . . Br 7996 =0
Cadmium . - . - Cd 111:83 112
Cesium = . . Cs 1329 133
Calcinm ., - - - Ca 40 40
Carbon . a y 3 C 12 12
Cerium . - . . Ce 1402 140

Chlorine . ! ~ = Cl 3545 355

Chromium . - . Cr 522 52
Cobalt - . Co 59 17 59
Copper . ! Cu h3-3 63
Didymium . . - Di 142°5 142
Erbium i : Er 166 166
Fluorine : . F 19 19
Gallium - - Ga 699 70
Germanium - . Ge 72:3 72
Gold . - - Aua 197-2 197
Hydrogen . 5 . H 1003 1
Indium . g 2 In 113-7 114
Iodine : : " I 126-86 127
Iridium - . Ir 193-2 193
Iron § S Fe 56 56

Lanthanum . . La 138-22 4 138 :

Lead . : - - . Pb 206-91 207 i

T3 ke D e o e Ld 703 T |

! Kriiss and Moraht. * Olazzen.

3 Partridee. * Clove,



X11 ATOMIC WEIGHTS

I

| Approximate

Name Symbol | Atomic Weight| Atomie
Weight

Magnéesium e W s Mg 24338 24
Manganese S . Mn 5505 ¢ 55
Mercury . . g Hg 2004 200
Molybdenum . . . Mo 95-9 96
Nickel . - . . Ni 59 17 « B9

i Niobium . . . . Nb 94:2 94
Nitrogen . sl n i N 1404 14
Osmium : - - Os 1907717 191

i1 Oxygen . . . O 16 16
Palladium . : - 5 Pd 106:61 8 107
Phosphorus . . . P 3103 31
Platinum b . - Pt 19559 195
Potassium . . ; . K 39-14 39
Rhodium . . - . Rh 103 103
Rubidium . . . - Rb 854 85
Ruthenium . . . Eu 1017 102
Samarinm . . . . Sm 150 1560
Scandium . . - . se 441 44
Selenion . . . & Se 791 79
Silicon . . . - 8i 2804 28
Silver. - - 5 : Ag 107-938 108
Sﬂdium " - . - N& 23'DE 23
Strontium . & . - Sr 876 87
Sulphur . . . . 5 3206 32
Tantalum . . . g Ta 183 183
Tellurion . 5 5 : Te 125 125
Terbium . - . : Tr 159-48 10 1569
Thallium . - - . Tl 204-1 204
Thorinm ., k. g . Th 2324 232
Tin - : . i Sn 1191 18 119
Titaninm , . . 5 Ti 458-1 48
Tungsten . . el W 184 184
Uraninm - . - U 2394 240
Vanadium . : . - vV 512 ol
Ytterbium . = . v Yb 1732 173
Yttrium . % : 3 Y 89-02 12 89
Zinc . . s : £ Zn 655 65
Zirconium . i . a Zr 90-7 91

* Marignae, and Burton and Vorce (mean oumber).
* Marignac, and Dewar and Scott (mean number).

T Beubert.
* Keiser,
* Dittmar and Macarthar,

i* Boishaudran,
Y Pongartz and Classen.

“ Qleve




MISCELLANEOUS DATA.

1 millimetre
] metre

1 i
1 L1

1 kilom.
1 inch
1 foot
1 yard
1 mile

o e e e et e e
-
-

(']

/L | I

sq. centimetre

metre

kilom.
inch
foot
yard
mile

1 cub. centimetre

1 ,, decimetre 1
or 1 lnwre (1.) |

1 EE ] ”

1 LE] L]

1 3 "

1 ,, metre

1., inch

1 ,, foot

1 " Y

1 ,, yard

1 pint

1 gallon

1 "

1 .,

L T

-il

LI T T |

003937 inch
39-3708 inches
32809 feet
1-0936 yards
0-6214 mile

2-5399 cm.
30479 dem.
09144 m.
1:6093 kilom.

0:1551 sq. ft.
107643 sq. ft.
1-196 sq. yds.
0-3861 sq. mile
64514 sq. cm.

9290 sq. cm.

0-5361 sq. m.
259 sq. kilom.

0-061027 cub. in.
61'027 cub. in

0:03532 cub. ft.
1:7608 pints
0-2201 gal.
1-308 cub. yds.
16-3862 c.c.
28:315 ls.

6:314 gals. (G}).
0-7645 cb. m.

567-93 c.c.

4:54346 ls.

277274 cub. in.

0-16046 cub. ft.



Xiv MISCELLANEOUS DATA

oram - 154323 erains

1 kilo. = 22046 lbs.
1000 ,, (1 tonne) = 09842 ton

1 grain = 0-0648 gm,

1 ounce (avoir.) = 2835 gms,

1. 5 (tzow) = 211035 zms.

1 pound = 453593 gms

1 hundredweight (cwt.) =  50-8024 kilos.

1 ton = 1016048 kilos.

1 cub. ft. of water at 39° F. weighs 62-425 1bs. = 9988 ozs. (1,000)
1 gallon i w 62°F. ,, 10 lbs.=70,000 grains.

d = diameter. r=radius,

Circumference of a circle (d=1)=7r=3-1416 = =

Area of .a circle=mr*= }dz =0-7854d>.
Area of a sphe'e = 4mr® = md®.
Capacity of a sphere= ;m" = 4188877 = :Td“=ﬂ'52.":ﬂd’.

Capacity of a evlinder = area of base x height.
To convert Twaddell hydrometer readings (R) into specifie
gravity (S)—
R

—t1
2+IEI~CI

8=""106 "
To convert sp. gr. into Twaddell readings—
R=200(3-1).

Normal temperature and pie¢ssure=0° C, and 760 mm.
1000 c.c. normal hydrogen weighs 0:0896 gm. (Crith.)

1000 c.c. o Al = 1293 gms.

1 c.c. mercury e 13-696 gms,

1 gm. normal hydrogen occupies 11°16 ls.

1 om. A 2 773 c.G.
Bpecific gravity of air (H=1) = 1444
Specific gravity of hydrogen

(air=1) = 0:06926

Percentage composition of dry air (CO, free).

By Volume |
—_ By Weight
Approximate Real |
Nitrogen . . : 77 i) 7904 I.
Oxygeun . . ‘ 23 21 2096
100 i 100 100-00




CHEMICAL CALCULATIONS.

CHAPTER LI

METRIC SYSTEM.

Berore the various calculations required in Chemistry can
be profitably studied, a knowledge of the metric or decimal
system of weights and measures, as given below, must be
acquired.

STANDARDS OF LENGTH, VoLUME, AND Mass.

The metre is the standard of length in this system, and
is the length, at 0° C., of a platinum bar which is deposited
in Paris: the longer and shorter measures are multiples
and sub-multiples of it by 10. The larger measures are

denoted by Greek and the smaller by Latin prefixes,
thus :—

1,000 metres = 1 kilometre
[0Q: v = 1 hectometre
1 R — 1 decametre
1 metre
L R 10 decimetres
| EERL = 100 centimetres
1 ,, = 1,000 millimetres,

The measures of area and volume are derived from
these by squaring and cubing them respectively ; and it

B



% METRIC SYSTEM.

should be noticed and carefully remembered that, while tha
measures of length increase or decrease by powers of ten,
those of area and volume vary by powers of a hundred and
a thousand respectively. The
4 reason of this will be readily
understood by reference to
" the accompanying figure.
Suppose each edge of the
cube to be 1 metre =10 deci-
metres = 100 centimetres in
length.
e Then the area ABCD
=ABxBC, or = 10x10
=100 square decimetres, or
Fie. 1. 100 x 100 = 10,000 square
centimetres.
The volume of the cube = AB xBC x BE, or = 10
x10 %10 =1,000 cubic decimetres, or 100 x100 x100
=1,000,000 cubic centimetres.

B

i S =

Thus :—
1 metre = 10 decimetres = 100 centimetres= 1,000 millimetrea
Lsg. . = 100ag. %, = 10,000 sq. & = 1,000,000 sq.
1cub. ,, =1000cub. =1,000,000 cub. =1,000,000,000 cub.

The standard of volume is the cubic decimetre or
litre.

The standard of mass is the kilogram, which is the
mass of a block of platinum deposited in Paris. This was
originally designed to be the samme mass as a cubic deci-
metre of water at 4° C., but is slightly less; 1 cubic
decimetre of water at 4° C. actually = 1000013 kilos.

For most scientific purposes it is usual to use the cubie
centimetre as the unit of volume, and the gram as the unit
of mass ; and, except for very exact calculations, the mass
of 1 cubic centimetre of water at 4° C. can be taken as
1 gram.



MEASURES OF LENGTH., 3

MEASURES 0oF LENGTH,

1 metre (m.) = 10 decimetres (dem.)
1 it = 100 centimetres (cm.)
1 - = 1,000 millimetres (mm.)
10 metres = 1 decametre
100 5 = 1 hectometre
1,000 . — 1 kilometre (km.)

MEASURES OF AREA.

100 square decimetres (sq. dem.)

il

1 square metre (sq. m.),
or centiare }
10,000 ,, centimetres (sq. cm.)
1,000,000 ,, millimetres (sq. mm.)
1 are
1 hectare,

" " "

100) square metn‘as
10,000 ,, ”

11 T

MEAsURES oF VOLUME.

1 cubic metre (cbh. m.), or stere = 1,000 cubie decimetres (cb. dem.)
1 E - = L00u,000 . centimetres (c.c.)
1 = 1,000,000,000 ,, millimetres (cb. mm.)

1 ¢b. dem, = 1,000 e.c. = 1 litre (L)

MEeAsuREsS oF MAss.

1 gram (gm.) = 10 decigrams (dgm.)

1 3 = 100 centigrams (cgm.)

1 5 = 1,000 milligrams (mgm.)
1,000 grams = 1 kilogram (kilo.)
1,000 kilograms = 1 tonne.

Ezxample 1.—How many kilometres, decimetres, and milli-
metres are there in 1,150 metres ?

Referring to the table above, we find 1,000 metres
—=1 kilometre .°, 1,150 metres=1:150 kilometres.
Again there are 10 decimetres in 1 metre .". 1,150 x 10
=11,500 decimetres.
Also there are 1,000 millimetres in 1 metre ,*, 1,170
x 1,000=1,150,000 millin.etres.
B 2



4 METRIC SYSTEM.

Ezample 2—A cylinder 4 centimetres in diameter and
10 centimetres high is filled with distilled water. What is (i.)
the capacity of the cylinder; (ii.) the weight in grams of the
water contained in it ??

(i.) The capacity of a cylinder=area of base x height.

Area of base = #m12=3'14 x 2 x2 = 12'56 square centi-
metres. :

1256 x height=12-56 x 10=125-6 cubic centimetres,

(ii.) The weight of 1 cubic centimetre of water is ap-
proximately 1 gram, and therefore the weight of the water
contained=1256 x 1=1256 grams.

Example 3.—What is the weight in grains of 100 grams ?

This weight may be found either (i.) by multiplying
100 by 15-4323, or (ii.) by dividing 100 by 0-0648, and
equals 154323 grains.

QUESTIONS.

1. How many millimetres are there in 1'575 metres? How
many in 0'5 metre ? How many in 0°005 metre ?

2. How many metres are there in 100,056 decimetres? How
many metres in 1'5 decimetres ? How many in 50 decimetres ?

3. What is the area in square centimetres of a board
1:5 metres long by 025 metre wide ?

4. A box is 05 metre high, 25 decimetres long, and
12 metres broad. What is its volume in cubic centimetres ?

5. How many square ceutimetres are there in 105 square
metres and 95 square decimetres respectively ?

6. How many square metres in 105 square decimetres, in
196,578 square centimetres, and 2,753,002 square millimetres
respectively ?

7. How many square millimetres are there in 0'75 square
metre, 0°06 square decimetre, and 1,005 square centimetres ?

8. Express 6 inches, 1'25 feet, and 2'6 yards, both in metres
and in milliinetres.

' For data not given in this chapter sce the list at the com-
mencement of the book.



QUESTIONS, A

9. The top of a bench is 5 feet lonz and 175 feet wide. How
many square decimetres is it in area ?

10. How many grams are there respectively in 2,000 deci-
grams and in 1,800 centigrams ?

11. How many centigrams are there in 21 grams, 1,900
milligrams, and 1,565 decigrams respectively ?

12, How many cubic centimetres are there in 100 litres,
05 litre, 15 cubic decimetres, and 05 cubic metre respec-
tively ?

13. What are the respective areas of filter papers whose
diameters are 5, 75, and 21 centimetres ?

14, How many grams of water will a eylinder 9 decimetres
high and 5 centimetres in diameter hold ?

15. How many pints are there in 2:5 litres ?

16. How many litres are there in 2 gallons ?

17. Express 10 grams per litre in ounces per gallon.

18. What is the strength, in grams per litre, of a solution of
tannic acid 2 ounces per gallon ?

19. How many grams are there in 150 grains ?

20. In 10 pounds avoirdupois how many grams-and kilo-
grams are there respectively ?

21. How many ounces are there in 3-5 kilograms ?

22. How many gallons of water will be contained by a
rectangular tank 5 feet long, 4 feet wide, and 2 feet deep ?

23. A rectangular tank with a semi-cylindrical bottom is
8 feet long, 4 feet wide, and 4 feet deep at the deepest point.
What is the volume of the tank (i.) in gallons and (ii.) in litres ?

24, What is the weight in kilograms of 1'8 cubie feet of
water ?

25. What is the volume in gallons of a eubic metre ?

26. If a eylinder holds 141'3 grams of water, and its height
is 20 centimetres, what is its diameter ?




CITAPTER IL
CONVERSION OF THERMOMETRIC SCALES.

THERE are three thermometers in more or less common
use, viz, :—

The Celsius or Centigrade (C.), the Réaumur (R.), and

the Fahrenheit (F.): of these

fl rﬂ 'T the first is universally used for

! scientific purposes.
_r_qg‘ [|&@ p P

e

l1z12"

B s

They possess two fixed
Il points, viz. (i) that which re-
presents the temperature of
melting ice, and (ii.) that which
indicates the temperature of
I ROl | || B L ¢ boiling water at 760 mm. pres-
Lo* " sure. On the Centigrade and
Réaumur thermometers the
zero is identical with the tem-
3 perature of melting ice, but on
FAHR. renT. REAU.  the Fahrenheit scale it is 32° F.

b below that temperature. The
boiling-point of water is denoted on the Centigrade ther-
mometer by 100° C., on the Réaumur by 80° R., and on the
Fahrenheit by 212° F. Consequently

b ey e L Lo
100° C.=80° R.=180° F. j also | ==/ """,

From these facts are deduced the following rules for
the conversion of the degrees of one scale into those of
either of the others.

To convert—
Centigrade into Réaumur R.°=1 C.°
Centigrade into Fahrenheit I'°=§ C.° + 32.
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Réaumur into Centigrade C.°=% R.°
Réaumur into Fahrenheit F.°=% R.°+32.
Fahrenheit into Centigrade C.°=§ (F.°—32).
Fahrenheit into Réaumur R.°=3} (F.°—32).

Ezample 1.—Express 25° C. in degrees Réaumur,
By the rule given, ; of 25 = 20° R.
Example 2.—Express —12° R. in degrees Fahrenheit.
By the rule given, ?1. x —12432= :iU$+32
= —274+32=5°F.

Example 3.—Express 55° F. in degrees Centigrade.

9

Iizample 4—Express 9° F. in degrees Centigrade.

By the rule given, g (55— 32) = ; 23— _iaiy= O

By the rule given, 1 (9 —32)= % —23= e Lo
9 9 9
= — 12-77° C,
QUESTIONS,
1. Express thefollowing temperatnres in degrees Réaumur :—
270° C. -5° C. 19-5° C. 200° F.
1 0°F. -19°F.

2. Express the following temperatures in degrees Fahren-
heit :—
15° C. -10° C. —45° C,
220° R. —20° R. —56° R,

3. Express the following temperatures in degrees Centi-

grade (—
-4°F., 31° F. 0° F. 291° I,

—20° R. 7'6° R, 192° R



CHAPTER IIL
DENSITY AND SPECIFIC GRAVITY.

It is necessary to discriminate carefully between the terms
‘mass’ and ‘ weight,” The mass of a body is the amount
of matter in it, and is an invariable quantity; but the
force with which it is attracted by the earth—i.e. its
weight—is variable, and differs according to the place
where it is estimated.

Bearing in mind the above-mentioned facts, the absolute
density of a substance may be defined as the number of
units of mass contained in unit volume.

The mass of a body is directly proportional to both
its density and volume, or M = DV, where M = mass, D
= density, and V = the volume.

In the metric system the unit volume for solids and
liquids is the cubic centimetre, and the unit of mass is the
gram. -

Relative density, or specific gravity (sp. gr.), is the
ratio between the masses of equal volumes of two sub-
stances, one of which is the standard. Since we compare
masses by weighing them, it practically comes to the same
thing if we describe 1t as the ratio between the weights of
the two substances.

For solids and liquids pure distilled water at the tempera-
ture of 4° C. is taken as standard ; but this temperature is
not always adhered to, because it is often convenient to
use one more easily obtainable, namely, 15-5° C.

In consequence of the units used in the metric system,
the same number represents both the density and the specific
gravity of a substance ; if, however, the English units for
volume and mass, the cubic foot and pound, are used, the
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numbers representing the density and specific gravity are
ditferent. Thus the density of water is, approximately,
62-5, if the English units are used, because 1 cubic foot of
water contains that number of pounds. The specific gravity
of water is, however, 1, as in the metric system.

There are several methods of determining the specific
gravity of a substance, the processes varying according to
the physical and chemical properties of the material in
question. For exact details of the methods employed,
works on physics must be consulted ; but the principles of
them will now be indicated.

SpECcIFIC GRAVITY OF SOLIDS.

1. If a solid is insoluble in water two data are neces-
gary : (i.) the weight of the solid in air; (ii.) the loss of
weight occasioned by weighing it in water, which is equal
to the weight of the water displaced. Then, if W is the
weight of the solid in air, and W’ the weight in water,

o s AR =N
the specific gravity S = v

2. If soluble in water the solid may be weighed in
some liquid of known specific gravity, s, in which it is in-
soluble ; and if W is the weight of the solid in air, W’

the weight in the liquid used, then S—*“—g—w—,; X 8.
3. If the solid will not sink in the liquid employed it is
customary to attach to it a sinker—i.e. a piece of some
heavy material which is sufficient to sink it beneath the
surface of the liquid. Let W = the weight of the solid
in air, w = the weight of the sinker in the liquid, w' = the
weight of the sinker + the solid in the liquid ; then, if
water is the liquid employed,
S — W
W4w—w
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if any other liquid is used, of specific gravity, s,

w

S = p
W4+w —w"xs

SpeciFic GraviTy oF LiQuibs.

4. The specific gravity of a liquid is usually obtained
either by means of a specific-gravity bottle, or, what comes
to the same thing, by using a Sprengel-tube. In either
case there are three weights required : (i.) the weight of
the vessel used = w ; (ii.) the weight of the vessel full of
water at 15°5° C. = W' ; and (iii.) the weight of the vessel
full of the liquid in question = W also at 15-5° C. Then

W —w

—_—
— e

W —w
5. The specific gravity of a liquid may also be taken by
weighing a suitable plummet both in the liquid and in
water ; and if the weight of the plummet in air = w, in
water = w), and in the liquid = w,, then

B—="—"
w — W,

6. The specific gravity of a mixture of two liquids
whose volumes and specific gravities are known, may be
calculated, provided no alteration of volume occurs, from
the following formula :—

S =-r,d, + rody
T

where r, and r, are the volumes of the two liquids, and
d, and d, are their specific gravities.
From the formula just given may also be deduced the

following one :—
r, = r, -

s —d,J
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By means of this formula the amount, r,, of a diluent
of specific gravity d,, necessary to dilute a known quantity,
r,, of another liquid of specific gravity d,, so as to produce
a liquid of specitic gravity s, can be calculated.

Example 1.—A block of graphite, density 2:2, is 5 em. high,
8 em. long, and 2 em. broad. Find its mass.

By definition mass is proportional to both density and
volume, M=DYV.

S M=2-2x(5x8 x2) c.c.=2'2 x80=176, or the mass
of the graphite 1s 176 grains.

Example 2.—A specific-gravity bottle contained, when full,
30:6372 grams of dilute sulphurie aeid, and when full of dis-
tilled water 22:9774 grams. Calculate the specific gravity of the
acid.

Since specific gravity is the ratio between the weights
of the sulphuric acid (W) and the water (W') we have,
according to definition—

30-6372
S=‘W __30-637

W aZeTTa o

DExNsITY AND SPECIFIC GRAVITY OF (GASES.

The terms density and specific gravity are so often in-
correctly used as synonymous that it is difficult, when
speaking about the absolute density and specific gravity
of gases, to give accurate definitions and yet avoid being
misunderstood. It must therefore be remembered that
the definitions of density and specific gravity already given
(page 8) are general in their application, and thus apply to
gases as well as solids and liquids : but, while the gram
is retained as unit of mass, for purposes of caleulation
11-16 Is. is used as unit of volume for gases. The following
facts account for this change of wunit: (i.) The cubic
centimetre is much too small to serve as unit volume for
gases. (ii.) By the use of either the cubic centimetre, or
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the litre, which is sufficiently large for use, the density
would be expressed in fractional parts of a gram.

Such fractions would be inconvenient, and Hofmann
therefore proposed to make the weight of 1 litre of hydro-
gen, measured at 0° C, and 760 mm. pressure, the unit of
mass under the name of the erith (0-0896 gm.), and so ex-
press the density of gases in criths ; but the fact that the
term belongs to no recognised system of measures was suffi-
cient to prevent itsadoption. On the other hand, although
the volume adopted, 1116 ls., is fractional, it is constant ;
and the densities obtained by its use are practically whole
numbers. The absolute density of a gas may therefore be
defined as the mass of 11-16 litres of it at 0° C. and 760 mm.
pressure. For the sake of clearness of expression, the term
specific gravity of a gas will be used in this work when the
specific gravity is referred to air; and the term vapour
density will denote its specific gravity referred to
hydrogen.

In 1811 Avogadro enunciated the hypothesis that
‘equal volumes of difterent gases under the same conditions
of temperature and pressure contain the same number of
molecules.’

This hypothesis has since received ample support from
dynamical reasoning, and Clerk Maxwell says :—*If
equal volumes of two gases are at equal temperatures and
pressures, the number of molecules in each is the same,
and therefore the masses of the two kinds of molecules are
in the same ratio as the densities of the gases to which
they belong.’

Now, 22:32 litres of hydrogen, measured at 0° C. and
760 mm. pressure, weigh 2 grams; but 2 grams is the
molecular weight of hydrogen expressed in terms of the
gram ; so this number is termed the gram-molecule of
hydrogen. Bearing in mind Avogadro’s law, it is therefore
evident that, if we ascertain the weight of 22:32 litres of
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any other gas, under the same conditions of temperature
and pressure, we actually obtain the gram-molecule of the

gas.
Thus :(—
22:32 litres of hydrogen . weigh 2 grams
22533, 4 Oxyzen Pl e
22-32 ,, ,, nitrogen sl HBN
22-3% ,, ,, marsh gas N R 1,
22:32 .. . carbon dioxide,, 44

when these gases are measured at normal temperature and
pressure.
Taking hydrogen as unity—
The vapour density of oxygen . becomes 22=10.
» » 2

1 1{;-—-—-
,y arsh gas . 16= 8,

" 10%x1 44 __9)F
3 1) 1 1 carbon dioxide b = =29,

The vapour density of a substance is therefore half its
molecular weight, and consequently if the vapour density
is known the molecular weight is also known.

Of course, it is not necessary actually to use 22-32
litres for the determination of the vapour density of a
gas, since, because that is the ratio between the weights of
equal volumes, any volume can be used in the experiment.
The gas may also be weighed at any temperature and
pressure, because corrections for temperature and pressure
can easily be applied (see Chapter VI.),

The molecular weight of a gas can also be obtained
2
006926
= d x 2888 ; where M = the molecular weight, d = the
specific gravity referred to air, and 0:06926 = the specific
gravity of hydrogen referred to air. The actual methods
for determining vapour density and specific gravity are

given in the chapter on the Determination of Moleculur
Weights.

from its specific gravity by the equation M =
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QUESTIONS.

1. What is the mass in grams of a copper cylinder 2 centi-
metres in diameter and 10 centimetres in height if the density of
copper =89 ?

2. Find the mass of 50 cubic centimetres of benzene if its
density = 0-85.

3. A cube of silver 5 centimetres along each edge weighs
1312-5 grams. What is its specific gravity ?

4. What is the specific gravity of a liqnid of which a eylinder
of 1413 cubic centimetres capacity holds 21195 grams ?

5. Find the specific gravity of alcohol from the following
data :—

Weight of specific-gravity bottle empty . . 203920 grams.
< - » flled with water . 70-3412 ,,
= E i » aleohol 616515 ,,

6. Calculate the specific gravity of petroleum ether, given :—

Weight of empty specific-gravity bottle . . 26-8950 grams.
i water and e ,» together . 647984 ,,
»w  petroleum ether and specific-gravity
bottle together : ' : . 51:8154

7. A Sprengel-tube filled with distilled water at 15'5°C.
weighed 16659 grams; the same tube filled with petrolenm
ether at 15°5°C. weighed 14471 grams ; the weight of the empty
tube was 10-500 grame. Determine the specific gravity of the
ether.

8. Determine the specific gravity of loaf sugar from the
following data :—

Weight of sugar inair. . . . 58780 grams
o = petroleum ether . 3:3595 ,,
Speclﬁu gravity of the petroleum ether =0-645.
9. Calculate the specific gravity of alcohol from the following
numbers (—

Sprengel-tube empty weighed . . 89345 grams.
B filled with water weighed 13-4527 ,,
0 5 alcohol ,, 12:6660  ,,

10. A Sprengel-tnbe held 3598 grams of glycerin and
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3:041 grams of water., What is the specifie gravity of the
glycerin ?

11. Find the specific gravity of the Kissingen mineral water
at Harrogate from the following data :(—

Weight of specifie-gravity bottle . - . 193567 grams.
" » ¥ n + distilled water
at 15:5° C. 84'1839
” » " » +mineral water

12. A piece of Iceland spar, which weighed 2974 grams
in air, weighed 1'8755 grams in water. Deterwine its specitic
gravity.

13. A piece of an alloy, which weighed 70'7834 grams in air,
weighed 82974 grams less in water. What was the specific
gravity of the alloy ?

14. A piece of lead weighed 399 grams in air and 36-368
grams in water. Determine the specifie gravity of the lead.

15. A sinker, which weighed 7-58 grams in air, weighed 5°05
grams in aleohol and 4538 grams in water. Calculate the
specific gravity of the alcohol.

16. A piece of paraflin wax weighed 1-0065 grams in air ; it
was attached to a sinker which weighed 1'8755 grams in water,
and the wax and sinker together weighed 1.749 grams in water.
Calculate the specific gravity of the wax.

17. Calculate the specific gravity of sand from the following
data :(—

Weight of bottle . . ' . . . 26-8950 grams.
5 5 gand . 5 2 : : . o o2 o
- s bottle with sand, and filled with water 66:7210 ,,
= w s HBlled with water only . . 647985 ,

*18. A piece of lead weighs 50 grams in air, and when sns-
pended in a liquid whose specifie gravity is 1'2 it weighs 446
grams. Determine the specific gravity of the lead.
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CHAPTER 1IV.

CALCULATION OF THE PFRCENTAGE COMPOSITION
OF A4 COMNPOUND,.

To ascertain the percentage composition of a compound
first calculate its molecular weight. Since the molecular
weight of a compound is the sum of the weights of the
atoms which compose it, it is obtained by multiplying
the atomic weight of each element in the compound by the
number of atoms of that element present, and adding these

quantities together. The following proportion will then
serve to calculate the percentage composition :—

weight of a element present amount of

The molecular the weight of an the percentage
: 100
compound in the molecule that element

Example.—Find the percentage composition of sodium
sulphate (Na,S0,,10H,0).

In the molecule of this compound there are 2 atoms
of sodium, 1 atom of sulphur, 14 atoms of oxygen, and
20 atoms of hydrogen ; and, therefore—

Sodium (Na) = 23 x 2 = 46

(1

Sulphur (S) 22 x oL =28
Oxygen (0) = 16 x 14 = 224
Hydrogen (H)= 1 x 20 = 20

322

he percentage composit'on is then obtained according
to the rule given, as the result of the following calcula-
tions : —

322 : 100 :: 46 ; percentage amount of sodium = 14'286
922 . 100 12 I3 3 " " » sulphbur = 9438
322 :+ 100 :: 224 : -L a w OXYygen = 69565
322 : 100 :: 20: » o » bydrogen = 6211

100000
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Tt will be noticed that, in these calculations, one of the

percentage amounts can be found by difference ; but it is
well to remind the student, that a number so obtained is

dependent for its accuracy upon the correctness of the
preceding caleulations, and if one of them is wrong, that

number will also be wrong.

QUESTIONS.

I'ind the percentage composition of—
KHSO,.

Na,C0,.10H,0.

Ca,(PO,),,Ca,(PO)F. (Apatite.)
N.O..

4CaSi0,H,0. (Xonaltite.)
4H,Ca8i,0,,KF,4H,0. (Apophyllite.)
Cu,(PO,),,3H,0.

Cr,0(0OH),. (Guignet's green.)

. ALK, (80,),,24H,0.

1{] Cr0,,Pb,0,. (Basic Lead Chromate.)
I EeH, NH,,

12. C;H,(NO,),0H.

13. 3Cay(PO,),,CaCO,.

‘:’FET“F’"F-“PF”W!“

CHAPTER V.

CALCULATION OF EMPIRICAL FORMULZE FROM
PERCENTAGE COMPOSITION.

By an empirical formula is meant the simplest formula
deducible from the percentage composition of a compound.
Whether the empirical is also the molecular formula must
be determined by considerations which are discussed in
Chapter XIII.

"~ In order to obtain the empirical formula of a compound,
the, percentage amount of each element in it is divided
by the atomic weight of that element, and the results so

C
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obtained are arranged in the order of their numerical
greatness,

The smallest .of these numbers is taken as unity and
the remaining numbers are divided by it ; the quotients
then represent the ratios of the number of atoms of each
element present to each other,

Thus the percentage composition of anhydrous sodium
carbonate (Na,CO,) is—

Na=43'40, C=11:32, 0=45-28, =100.

These numbers when divided by their atomic weights
yicld the following result :—

Na=43-40=-23=1-886
C=11-32-12=0943
0=45"28+16=2-830.

The numbers 1-886 and 2-830 are then divided by
0°943, and the relation of the number of atoms C=1 : Na
=2 : 0=3 is obtained, i.e. the simplest or empirical for-
mula of sodium carbonate is Na,CO,.

If, as in the case of calcium phosphate (Ca;P,0q), in
which the simplest ratios are P=1 : Ca=1'5: 0 =4
fractional numbers are obtained, since fractional parts of
atoms are not conceivable, they must be multiplied by
some factor so as to bring them to whole numbers. Thus
in vhe case mentioned, if the series is multiplied by 2 the
ratios P=2 : Ca=3 : O=8 are obtained, or an empirical
formula Cla,P,04.

Tle reason for the method of caleulation given above
may be shown thus. By the terms of the atomic theory
each atom possesses a definite weight and always combines
with other atoms in some multiple of that weight. In the
molecular weight of a compound the amounts of each
element are in the same proportion to each other as
they are in the percentage composition ; so that, taking
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the atomic weights of sodium, carbon, and oxygen as 23,
12, and 16 respectively, in the molecular composition of
anhydrous sndium carbonate (Na,CO,) there are 2 atoms
of sodinm=46 parts, 1 atom of carbon=12 parts, and
o atoms of oxygen=48 parts; a total of 106 parts by
weight ; while in the percentage composition of the same
body there are 43:40 parts of sodium, 11:32 parts of car-
bon, and 4528 parts of oxyuen ; a total of 100 parts.

Now just as on dividing the quantity of each element in
the molecular composition, by its atomic weight, a relation
of the number of atoms composing the molecule 1s obtained of
Na:C:0::2:1:3; so, since in the percentage composi-
tion of the same substance the quantities are similarly pro-
portional to each other, on dividing the percentage amounts
by the atomic weights, numbers are obtained which, though
not the same numbars, yet bear exactly the same ratio to
each other. From these numbers there can easily be cal-
culated, by the method given, the smallest number of atoms
of each element which can form the compound, and this will
be the empirical formula.

It should be noted here that in the example which has
been considered the percentage amounts have been accu-
rately calculated, but an ordinary analysis yields numbers
which usually deviate slightly from the calculated quantities;
nevertheless the same rule is followed, as the numbers
obtained on dividing these quantities by the atomic weights
will still bear a simple relation to each other.

ExpriricAL ForvunE oF MINERALS.

The methods employed in the caleulation of the for-
mule of minerals are very similar to the one given in the
former part of the chapter. The principal difference ariscs
from the fact that in the percentage compositions started
from, the quantities composing the compound are not
denoted in atomic, but in molecular propurtions, and con-

c 2
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sequently the amount of each constituent must be divided
by its molecular weight.

Exzample.—The analysis of a specimen of sapphirine gave
the following percentage composition :—

Silica i . . . 12:83
Alumina . . . . 06529
Ferrie Oxide . - - . 093
Ferrous Oxide - - . 065
Magnesia . . . . 1978
Loss on Ignition . . . 031

99-79
Find its empirical formula.

Proceeding in a similar way to that indicated in the earlier
portion of the chapter, but dividing by molecular weights,
the following result is obtained :—

Silica (Si0,) =1_'3{']3_3 —0-2138
Alumina (A1,05) =51{;§9={}'6400
Ferric Oxide (Fe,0,)— 06%3=0-0053

Ferrous Oxide (FeO)= _g_n 0090

.-l‘

Magnesia (Mg0) = 1%_%0-4945.

These numbers show no clear relation to each other
except that
the alumina : silica::3 : 1 ;
and the magnesia : silica very nearly as 2} : 1.

Now ferric oxide and alumina are isomorphous oxides,
ie. they can replace each other in their compounds.
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Magnesia and ferrous oxide are also isomorphous, and,
consequently, sapphirine may be looked upon as a sili-
cate of alumina and magnesia (since these are present
in the greatest quantity) in which these bases have been
partly replaced by ferric and ferrous oxides respectively.
The amounts of the ferric and ferrous oxides, which are
now in molecularly equivalent quantities, must therefore be
added to those of the alumina and magnesia, and the ratios
will thus become Si0, = 02138 : (AlF%"),0, = 0-6400
+ 0:0058 = 0-6458: and (MgZe")O — 0-4945 + 0:0090
=05035. These figures will then give a formula closely
approximating to

6(ALFz""),045(MgFe'")0,28i0,, or Al,,Mg,Si,0,,.

The above problem might be solved in a different
manner. Calculate first the amounts of alumina and
magnesia respectively equivalent to the ferric and ferrous
oxides, in the percentage composition ; add these amounts
to those of the alumina and magnesia actually present,
and divide the new totals by the molecular weight.

The method of performing this is as follows :—

: mol. wgt. Al,O; .
wgt. Fe,O, found x Hel vt T equi. wgt. Al,0,

mol. wgt. MaO : &
wgt., FeO found x B o equi. wgt. MgO,

Thus :—
_ 102
0:93 per cent. Fe, O, x Tt =0-59 per cent. Al,O,
L 40
065 i Eell 5 ’¢ =036 o MO

go the calculated total of Al,0,=65-29+0-59=65-88, and
the calculated total of MgO=19-784+0-36=20-14.
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These new amounts divided by the molecular weights
give the following ratios :—

SiDﬂ — %E?—a =[}'2138
LG, — 5{”’;3 —0-6458
Mg0 = 272 —0:5035 ;

but these are the same as those obtained by the first
method, and therefore lead to the same formula,
Ali zMg ‘-.Ei?.oﬂ‘!'

Either of the above methods if applied to the percentage
composition of natural or artificial minerals will lead to an
approximate formula, and perhaps that given first, as being
simpler, is the better one to use.

QUESTIONS,

Calculate the Empirical Formule of the substances which
possess the following percentage composition :—

1. Oxygen 3810 4. Nitrogen 909
1lydrogen 0-80 Oxygen 20°77
Phosphorus 2460 Silver 7013
Sodium 5650

99-99
10000 —

2. Carbon 40:0[] B e 455
Hydrogen ﬁ‘ﬁ? Fizd:ogen 909
Oxyeen i Oxygen 36:36

bttt 10000
—

3. Carbon 15-80
Hydrogen 526
Nitrogen 8684 6. Carbon 91-30
Sulphur 42-10 Hydrogen 8G9

100-00 99-99
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7. Carbon 49:05 10. Sodium 11-85
Hydrogen 514 Mercury 5155
Oxvgen 17-20 Chlorine 36-60
Nitrogen 2861 T
el 11. Tead 66:56
Boron 7-07
Oxyzen 20-58
8. Lithium 493 Water 579
Potassium 2751 S
100-00

Sulphur 22:52 S
Oxygen 04 12. Calcium 3871
: Phosphorus 2000
_IEH 2 Oxygen 41-29
100-00
J-4Cappes £0:69 13. Sodium 14-41
H;,rdrr:?gen L Antimony 2505
ekt 40-11 Sulphur 2672
flzysen = Water 3382
10000 100-00

Calculate the formule of the following minerals from

their percentage composition,

EKobell found in a mineral. Paragonite from the Zillerthal.
14. SiO, 55°62 15. SiO, 62:24
Ca0 2659 MgO 8022
Al,O, 053 FeO 2:66
Wﬂ.tﬁl‘ 1700 Hl.o 497
0974
100:09
D.Se.Lond.
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CHAPTER VL

INFLUENCE OF TEMPERATURE AND PRESSURE
UPON THE VOLUME OF GASES.

TEMPERATURE. LAw oF CHARLES.

IT is well known that gases expand on being heated, and
contract on being cooled. The law which governs this
alteration in volume is attributed to both Charles and
Gay Lussae, and may be stated as follows :—

For every increase or decrease in temperature of 1° C.
the volume of the same mass of a gas expands or contracts

1o its volume at 0° C., provided the pressure remains

273

constant. The fraction 5%_3’ which is also expressed deci-

mally as 0-003665, is known as the coefficient of the
expansion of gases.

This law 1s not absolutely accurate, but is quite suf-
ficiently so for all ordinary requiements. It will be
readily understood from the above law that

273 volumes of gas at 0° C. will become

27341 i e e
27342 5 v P B
273 +¢ " s SN

On the other hand, the volume decreases in the same
manner for every decrease of 1°C., thus :—

273 . volumes at 0° C. become
273—1 o o — 12K
273 -2 - a =22
273 —t¢ i g —°C,
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This may be illustrated in another way. If V is the
volume of gas at 0°C., and X is the volume at 10°C,,

then X=V + 2110317 And if this volume X 1is heated
from 10°C. to 20° C., the new volume Y is not

X e Vs ey A0 2‘)3 of

273 273
the original volume at 0° C.

V; ie. an increase of

These statements are explained by the following fact :

The volume of a given mass of any gas varies in
direct proportion to the so-called absolute temperature,
the zero of which is —273° C. In consequence of this
fact, when correction is made for alteration in wvolume,
due to increase or decrease of temperature, all tem-
peratures must be changed into degrees on the absolute
scale by the addition of 273°C. Thus on the absolute
scale

10° C. becomes 2734 10=283°, and
—10°C. »w  273—10=263°

Then if V and V' are the old and new volumes, and
T and T' the old and new absolute temperatures respec-
tively, we have the following proportion :—

] I WSO "

Erample 1.—Twenty cubic centimetres of hydrogen mea-
sured at 15°C. are heated to 35°C. What is the new volume ?

Here T=273 +15=288. T'=273+35=308. V=20,
Proceeding therefore according to the rule given—
288 : 308::20: V'3

o SOB DL
A= SRET = 38 c.e.

Ezample 2.—Five hundred cubic centimetres of nitrogen at
27° C. are cooled to —5°C. WWhat is the new volume ?



PRESSURE. LAW OF BOYLE. 27

Here T=273 + 27=300. T'=273—-5=268. V=500.
300 : 268::500 : V', and

o268 5500 ’
V= _300___-146 6 e.c.

It should also be remembered that the density of a
gas 1s inversely as the absolute temperature ; so that if T
and T’ are the original and new absolute temperatures, and
D and D' the corresponding densities, ther

8 [ i B 0o g L

Frample 3.—The density of oxygen is 16, that of nitrogen is
14, at 0°C. and 760 mm. At what temperature will oxygen
have the same density as nitrogen at 0°C., providing that the
pressure remains constant ?

Here D=16. D'=14. T=273. T'=273+¢, where
t=the degrees on the Centigrade scale, through which the
gas must be heated.

Proceeding according to the proportion just given—

16 : 14::2734¢: 273 ;
oo 14 (273 4+6)=16 x273 ;
__2899

I.it
14

Pressure. Law ofF BoYLE.

This law states that—

The volume of the same mass of any gas varies in-
versely with the pressure to which it is subjected, pro-
vided that the temperature remains constant. Therefore
if P, P’ and V, V' represent the original and new pressures
and volumes respectively, then

PlusiBes N Rl
The law is also sometimes stated, ‘ The product of the

pressure and volume is a constant quantity,’or P V=P V",
While the volume of a gas varies inversely as the pres-
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sure, it should be noted that the density varies directly

as the pressure; so that if D and D’ are the densities
then

PP = e i

Exzample 4.—TFive hundred litres of oxygen are measured at
760 mm. and 0°C. What volume will they oceupy at 1,000 mm.
and 0° C. ?

According to the proportion given above—
R i A A
1000 : 760::500 : V' ;

760 x 500
- =1 =9 _
1000 2h() i

Example 5.—The density of hydrogen at 0° and 760 mm. is
1. At what pressure will it become 2 ?

Here, since P : P’:: D : D/
(L0 el

. paTEx®

=1520 mm.

When a gas is subjected to change of temperature and
pressure simultaneously, Boyle’s and Charles’ laws have
both to be taken into account, and the new volume may
then be looked upon as the resultant product of two
forces. In this case the equation P'f‘i= I-.)T_E holds good.

Ezample 6.—Five hundred cubic centimetres of chlorine
are measured at 27°C. and 750° mm. pressure. The tempera-
ture is inereased to 77° C., and the pressure to 1,000 mm. Find
the new volume.

The following proportion indicates the change of
volume due to change of pressure :—

1000 : 750::500 : V7’ ;

vf="%§°= 375 c.c.
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But while the pressure tends to diminish the volume,
increase of temperature acts in the other direction accord-
ing to the following proportion :—

273+27 ;: 273477 ::375 : V' ;

300 x 375 .
V"_.—..,_ - = . 2l
300 4375 e.c

This result may also be obtained by means of the
double proportion :—
1000 : 750:: 500 : V/;
300 : 350::
750 x 350 x 500 -
. V= — =430
1000 x 300 Fh

Or, using the last equation, given on page 28.
500 x 750 _1000 x V'
273+27 273+77°

= V' = (as above) 5_'32 ;ﬂ%’i’_ggﬁﬂ= 1375 c.c.

(QuEsTIONS.

1. A certain mass of gas occupying 120 cubic centimetres at
15° C. is measured at 30° C., 0° C., and — 10° C. respectively.
‘What will be the volume of the gas at those temperatures ?

2 800 volumes of hydrogen measured at —10° C. become
heated to 10° C. What is the new volume ?

3. 117 grams of cummon salt yield 22-32 litres of chlorine at
0° C. and 760 mm. pressure. When the temperature rises to
17° C., and the pressure decreases to 730 mm., what is the new
volume ?

4. 250 litres of hydrogen measured at 745 mm. and —15° C.
become heated to 2G° C., while the pressure changes also wo
765 mm. What is the new volume ?

5. 25 volumes of ammonia measured at —10° C. are heated
until they oceupy 30 volumes. To what temperature must
they have been raised to accomplish this change ?

6. 216 grams of mercuric oxide yield 11:1G litres of oxygen
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at 0° C. and 760 mm. What will be the volume occupied if the
barometer stands at 745 mm. ?

7. 273 litres of hydrogen are measured at 755 mm. pressure.
What will be the new volume if the pressure is altered to
900 mm., the temperature remaining constant ?

8. A freely expansible balloon filled with 1,000 litres of hydro-
gen at 750 mm. pressure, is subjected alternately to pressures of
800 mm. and 700 mm. By what fraction will its original volume
be decreased and increased respectively ?

9. 220 volumes of nitrogen have a density of 14. The
pressure is altered so that the density becomes 12. What is the
new volume ?

10. At 760 mm. pressure the density of air is 14-44. At
what pressure will it be the same as that of normal hydrogen ?

11. At what temperature will air have the same density as
oxygen at 0° C. if the density of air 1s 1444 ?

- 12. Oxygen at 0° C. and 760 mm. has a density of 16.
When the pressure is 700 mm., and the density 20, what is the
temperature ?

13. 250 cubic centimetres of hydrogen at 0° C. and 760 mm.
pressnure are heated to 177° C. Supposing that the gas is in a
closed vessel without room for further expansion, what will be
thie new pressure ?

14. A hermeticelly sealed flask can only stand an internal
pressure of three atmospheres. Supposing the gas with which
it is filled to have been measured at 15° C.and 760 mm., at what
temperature will the pressure of the gas break the flask ?

15. A certain mass of gas measures 200 e.c. at 15° C. and 1
760 mm. pressure. At what temperature will it measure 650 c.c. J
if the pressure is 750 mm. ? :




61

CHAPTER VIIL

CALCULATIONS DEPENDING ON CHEMICAL
EQUATIONS.

THREE facts must be borne in mind :—

(i.) That the atomic weight of an element is a constant
quantity,

(ii.) That the same chemical substance 1s always made
up of the same elements in the same proportions.

(iii.) That a chemical equation represents the results
of chemical action. In such an equation there must
always be the same number of atoms, of each element
entering into the reaction, on both sides of the equation ;
and consequently there will also be represented the same
weight of matter on each side of it.

The sign = in these equations denotes * yields.’

If these statements are remembered, it will be easily
understood that the proportions represented by an equation
hold good for any weight whatever. Also, if the equation
representing a reaction is known, and the weight of one of
the substances used in the reaction is known too, then
the amounts of any other substance required to complete
the reaction, or of any of the substances produced in it, can
be immediately calculated. In such a case any excess over
the required quantities remains absolutely unused.

Such facts are of the greatest possible importance, not
only for purely scientific, but also for techmical purposes,
since a knowledge of them enables chemical manufacturing
processes to be controlled.

The equation which represents the action of hydrochlorie
acid on black oxide ot man_sanese will serve, in conjunction
with the following examples, to illustrate the above state-
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ments. Below the equation are given some of the facts it
represents : —

Manganesa »
'[ chloide E+Wﬂt2r + Chlorine

Mn(Cl, + 2HO + Ql,
1 molecule +2 molecules+1 molecule
126 parts + 36 parts + 71 parts

dinxide 1ie acid
MnO, 41TCI
1 molecule + 4 molecules
BY parts (by weight)+ 140 parts

{ang&nes&l 2 {H:,'rirnchln- }
+

Tl pms,
or 22-32 1s.
126 gma. 4+ 30 gms. + {n' 0°C. E.m‘.l}
760 mm,

or 87 gma., + 146 gma,

If this equation is examined it will be seen that it fully
complies with the requirements enunciated above.

It must be carefully remembered that the first thing
to do when calculating the results of a chemical reaction
is to write down the equation representing it.

Exzample 1.—50 grams of manganese dioxide are heated with
excess of hydrochloric acid. What weight of chlorine is pro-
duced ?

According to the preceding equation, 87 parts of
manganese dioxide yield 71 parts of chlorine ; therefore
50 parts will yield less in the following proportion :—

87 r860::71 2 s
5 B0 T
e 87

Example 2.—I1 need 50 grams of chlorine. How much
hydrochloric acid containing 20 per cent. of real acid is neces-
sury to produce it ?

=408 gms. of chlorine.

By the equation given, 71 grams of chlorine require
146 grams of real acid ; consequently 50 grams will require
proportionately less; and the amount so obtained must
be corrected for the dilution of the acid in the proportion
of 20 : 100. The following proportion will consequently
give the desired amount :—

TL: 902146 :%;
20 100+
; :r:ﬁ(}xl(}(}x]slﬁ

T %30 =514 gms. hydrochloric acid.
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Oue other fact must be noted, viz. that where any of
the substances concerned in an equation are gases, if the
molecular weights are taken in grams the volume in litres
of the gas, or gases, is known. This follows because the
gram-molecule (page 12) of a gas at 0° C. and 760 mm.
measures 22:32 litres, The volumes of gas produced by the
use of different amounts of material can thus be directly
calculated ; or conversely the quantities required to give
different volumes may be ascertained.

Ezample 3.—73 grams of hydrochloric acid are heated with
excess of manganese dioxide. Calculate the volume of chlorine
produced.

By the equation 22-32 litres of chlorine are produced
from 146 grams of hydrochloric acid ; therefore 73 grams
of acid will produce proportionately less :—

146 : 73::22:32 ; = ;

T3 % 22:32 , :
=" "= """ —=11'16 ls.
16 6 1s, chlorine.

QuEsTIONS.

1. 10 grams of pure marble are dissolved in hydrochloric
acid. Calculate what bulk of gas at 0° C. and 760 mm. would
be given off. S.&A.D.

2. What volume of gas measured at 0° C. and 760 mm.
would you obtain by heating 10 grams of oxalic acid with
sulphuric acid ? S. & A. D.

3. A solution of nitric acid of specific gravity 146 contains
B0 per cent. of HNO,. What weight of this solution is theo-
retieally required to dissolve 10 grams of copper oxide ?

S. & A. D.
4. How many cubic centimetres of oxygen and of hydrogen
are obtainable from 10 grans of water ? 8. & A. D.
5. What weight of sulphur is contained in 100 grams of
sulphuretted hydrogen ? S. & A. D.
6. What weight of hydrogen is contained in 250 graine of
water P b, & A. D,

B
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7. If 10 grams of pure alecohol were completely burned,
what would be the weight of each product formed ?

S. & A. D.

8. How many litres of oxygen are required to burn com-
pletely (1) 120 grams of sulphur and (ii.) 155 grams of phos-
phorus ? 8. & A. D.

9. What volume of aqueous hydrochloric acid, econtaining
365 grams ICl per litre, will be required to neutralise 2245
crams of Na,CO, + 10H,0 ? S & A D

10. How would you obtain ethane (ethyl hydride) from
ethyl iodide ? What bulk of this gas measured at 0° C. and
760 mm. could be obtained from 10 grams of ethyl iodide ?

8. & A. D.

11. How many litres of oxygen gas measured at 10° C. and
755 mm. can be obtained from 1 kilo. of potassium chlorate ?

1 litre of oxygen at 0° C. and 760 mm. = 143 grams.
S. & A. D.

12. How many milligrams of hydrogen will be formed (i.)
when 230 milligrams of sodium are thrown on water, (ii.) when
649 milligrams of zine are dissolved in sulphurie acid ?

Zn = 649, 5. & A. D.

13. How many tons of sulphurie acid can theoretically he
manufactured from 500 tons of pyrites containing 48 per cent.
of sulphur ? S. & A.D.

14. Describe how ethyl alechol ean be obtained from eane
sugar. Caleulate the weight of alcohol obtainable from 1.000
grams of ecane sugar. S.&A.D. -

15. How many tons of oil of vitriol containing 70 per cent.
H 80, are needed to convert 100 tons of salt into salt cake ?

S. & A. D.

16. If 22-4 litres of hydrogen at 0° C. and 760 mm. pressura
weigh 2 grams, what will be the weight of an equal bulk of
ammonia at 100° C. and 380 mm. pressure ? S. & A. D.

17. How many grams of oxygen will be needed to burn
completely 500 c.c. of ethane, measured at 10° C. and 750 min.
pressure, and what diminution of velume will oceur when the
residue 1s treated with potash ? S. & A. D.

18. What weight of pure nitric acid would contain 100
grams of oxygen; and what weight of pure hydrochlorie acid
would eontain 100 litres of chlorine at the standard temperature
and pressure ? 5. & A. D,
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10. If 12 grams of pure carbon be completely burnt in the
oxycen which is obtained by decomposing 1225 grams of
potassie chlorate, what is the weight of the product of the com-
bustion formed, and what is the weight, if any, of oxygen
remaining ? 5. & A. D.

20. What weight in lLilos. of zine and sulphuric acid will
yield hydrozen enough to fill a balloon of 350 c.c. capacity at
15° C. and T35 mm. pressure; and what fraction of the gas
will eseape when the balloon has reached an elevation where
the barvmeter stands at 8355 mm., supposing the temperature
constant ? S. & A. D.

* 21. A quantity of carbon monoxide is passed through a red-
hot tube containing ferric oxide. The resulting gas is absorbed
by caustic potash. The gain in weight of the caustic potash
was 086 gram. What was the voluine of the carbon monoxide
at standard temperature and pressure ?

* 22. What weight of air is required for the complete com-
bustion of 1 litre of marsh gas measured at 10° C. and 752 mm.
pressure 2 What are the volumes of the products, measured at
800° C. and the same pressure ?

* 23. What weight of airisneeded for the complete combus-
tion of 4 grams of olefiant gas? What volume would the
resulting mixture occupy at 200° C. and 760 mun. pressure ?

24. If air contains 21 per cent. by volume of oxygen, how
many litres of it at standard temperature and pressure are re-
quired to burn completely 18 gramns of earbon, and what would
be the volume of the product formed?

Weight of 11°2 litres of O =16 grams. S. & A. D.

25. All the gas obtained by treating 3 grams of cale-spar
with acid is heated to 210° C. and then cooled to 15° C. State
what volume in cubic centimetres it will occupy in each case,
the barometer remaining at 760 mm,. 8. & A, D.

26. What increase in weight will oceur on burnine 10 srams
of phosphorus in a tube through which oxygen ispassed, suppos-
ing that none of the product is lost? How wonld you regain
the phosphorms from the substance thus formed ?

S. & A. D.

* 27. By boiling 20 grams of a 10 ver-cent. solution of
hydrogen dioxide, what volume of oxygen at 12°C. and 750 min.
pressure can be collected ?

28. What volume of atmosphesie air, measured at 15° (.

D 2
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and 750 mm., is required for the complete combustion of 1 gram
of sulphur ? Matric. Lond.

* 29, 30 grams of oxygen are passed over red-hot earbon.
What weight of carbon monoxide is produced, and what 1s its
volume at 750 mm. and 18° C ?

* 30. What volume of chlorine would be obtained at 15° C.
and 740 mm. by heating 10 grams of pure manganese dioxide
with excess of hydrochloric acid ? :

31. If 100 parts by weight of air contain 23 of oxygen and
77 of nitrogen, how many tons of air would be needed to burn
one ton of coal, consisting of carbon 9055, hydrogen 4-14,
nitrogen 1-26, oxygen 2'385, ash 1'7T0 parts per cent.? Assume
that, on burning, the carbon is converted into carbon dioxide
and the hydrogen into water; that the nitrogen is evolved as
such ; and that the ash is already fully oxidised.

Matrie. Lond.

32. The formation of nitrous oxide is represented by the
equation NH NO,=2H.0+N,0. How many grams of
ammonie nitrate are required to form 2,000 c.c. of N.O?

Int. Se. Lond.

33. How many grams of ammonium sulphate are necessarv
for the preparation of 15 litres of ammonia measured at
19° C. and 800 mm. ?

34. What weight of oxygen gas could be obtained from
100 grams of pure potassium chlorate? If the chlorate used
- contained 10 per cent. of its weight of potassium chloride, what

would be the difference 1n the amount of oxygen obtained ?
1% S. & A. D.

CHAPTER VIIL
COMBINATION OF GASES BY VOLUME,

TrERE is little difficulty attending the solution of problems
on the combination of gases by volume, provided that the
reiations existing vetween the molecular weights of gases
and their volumes are carefully remembered.

Irrespective of weight, it is customary to speak of the
molecule of a gas as occupying, under normal conditions,
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the same volume as 2 atoms of hydrogen. Thus the mole-
cules of hydrogen, oxygen, marsh gas, and carbon dioxide
are said to occupy 2 volumes.

But although it is conceivable that the molecules of
elementary gases, such as hydrogen and oxygen, can be
divided into half-molecules, which then occupy 1l volume,
it is not conceivable that the molecules of compound gases,
such as marsh gas or carbon dioxide, can be s> divided,
because that would require the carbon atom itself to be
divisible.

When the question of weight, as well as volume, is
considered, then the gram-molecule (page 12), which occu-
pies 22:32 litres, is used.

In working out problems in this subject, therefore, it
is only necessary to remember that, at 0° C. and 760 mm.
pressure, the molecule of a gas occupies 2 volumes, and
that the gram-molecule occupies 22:32 litres.

Take, for example, the equation representing the com-
bination of marsh gas with oxygen,

Marsh gas + oxygen = carbon dioxide + water

CH, + 20, =CO0, + 2H,0

1 molecule + 2 moleenles =1 molecule + 2 moleeules

2 volumes + 2 x 2volumes =2 volumes + 2 x 2 volumes!
or 22:32 ls. + 2 x22:32 ls. =22:32 1s. + 2 x 22:32 Is.!

Thus it is evident that marsh gas requires twice its own
volume of oxygen to burn it, and yields its own volume of
carbon dioxide and twice 1ts volume of steam (if the tem-
perature is above 100° C.). At temperatures below 100° C,
the steam will of course be condensed.

E;ﬂampi&.*lé litres of marsh gas are mixed with 40 litres
of oxygen and exploded. What volume of carbon dioxide is
produced, and what volume of oxygen reinains ?

By the equation given, 22-32 litres of inarsh gas produce

! Al temperatures over 100° C,
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22-32 litres of carbon dioxide ; therefore, keeping the same
proportion, 15 litres of marsh gas will produce 15 litres of
carbon dinxide.

Also, by the equation given, 22:32 litres of marsh gas
require 44-G4 litres of oxygen, and therefore 15 litres will
require 30 litres of oxygen,

But 40 litres of oxygen were added ;

.. there are 40 — 50 = 10 litres of oxygen remaining,

QUESTIONS.

In all these caleulations consider the carbon as
burning to carbon dioxide, hydrogen to water, and
nitrogen as remaining unchanged,

1. What volume of carbon dioxide must be passed over red-
hot charcoal to vield 159 litres of carbon monoxide ?

S. & A. D.

2. 100 volumes of air, containing 21 volumes of oxygen, are
mixed with 70 voluines of hydrogen and an electrie spark passed
through the mixture. What will be the volume of gas remain-
ing, and of what will it consist ? 5. &A. D.

3. How many ec.c. of oxygen at normal temperature and
pressure are required to burn completely (1.) 500 e.c. of marsh
gas; (ii.) 500 c.c. of the vapour of ethyl aleohol? 8. & A. D.

4. In order to burn completely 2 litres of the following gases,
what volume of oxygen will be needed, and what volume of
CO, will be formed—methane, olefiant gas, ethyl hydride ?

S, & A D,

5. 50 volumes of a gas, mixed with 70 volmmnes of oxygen,
give after explosion 50 volumes of carbon dioxide, and afier its
absorption by potash 45 volumes of oxygen. What was the
gas ? S.&A. D.

. 112 litres of eyanogen at 0° C. and 760 mm. are burnt,
What will be the produets of the combustion, and what bulk
will they oecupy, measured at 0° C.and 760 mm. ?

, 8. & A. D

7. 50 e.c. of oxygen are mixed with 500 c.c. of hydrogen. both
measured at the nornial teinperature and pressure.  An electrie
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spark is passed throtigh the mixture. What volume, if any, of
gas will remain, and how would you ascertain which it is?
5. & A. D.
8. Hew many volumes of oxygen are required for the comn-
plete combustion of 500 volumes of each of the following gases,
ind how many volumes of CO, will in each case be formed—

olefiant gas, acetylene, cyanogen, marsh gas? 5. & A. D,
9. What volume of air eontaining 21 per cent. of oxygen is
required to burn a litre of marsh gas ? S. & A, D.

10. What volume of chlorine at normal temperature and
pressure would be required to combine with (i.) 10 litres of
olefiant gas (C,H,) ; (ii.) to decompose 10 litres H,S; (iil.) to de-
compose 10 grams KI ? Matrie. Lond.

* 11. 250 cubic centimetres of chlorine gas, measured at
10° C. and 750 mm. pressure, are shaken with ammonia. What
volume of nitrogen 1s liberated, measured at the same tempera-
ture and pressure ?

12. What volume of air would be required for the complete
combustion of 100 litres of gas, containing hydrogen 46, marsh
gas 40, olefiant gas 14 per cent. by volune?  Int. Se. Lond.

CHAPTER IX.

CALCULATION OF THE RESULTS OF QUANTITATIVE
ANALYSIS.

METHODS OF QUANTITATIVE CHEMICAL ANALYSIS

QUANTITATIVE chemical analysis may be divided into two
branches—viz. gravimetric and volumetrie. It is not pos-
sible here to do more than briefly indicate the typical
methods of these two sections.

In gravimetric analysis the amount of an element, or
group of elements, present in a compound may be estimated
in four different ways :—

(i.) It may be estimated divectly, as when the moisture
is driven off' by heat from a weighed quantity of substance,
which is then reweighed. The loss in weight is due to
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the moisture which was present in the portion taken, and
from its amount the percentage can be calculated.

(11.) A weighed portion of the substance may be changed
by suitable treatment into a new compound and reweighed :
then from the difference in weight, and the known composi-
tion of the new compound, either the percentage amount
of pure substance in the original material, or that of one of
the elements in it may be estimated. Thus sodium chloride
may be changed into sodium sulphate, and, from the per-
centage of sodium known to be present in the sulphate, the
amount of sodium which was present in the chloride may
be calculated, and its purity consequently ascertained.

(iii.) A weighed portion of the material to be analysed
1s dissolved in a convenient solvent, and the element, or
group of elements, is precipitated from its solution, by the
use of a suitable reagent, in an insoluble form, as hydrate,
sulphate, &e. These insoluble precipitates are washed, dried,
and weighed, and from their known composition the per-
centage amount of the elements in question in the original
substance may be calculated. For example, the copper in
copper sulphate can be precipitated as copper oxide, and,
from the known composition of that body, when anhydrous,
the amount of copper present in the sample of copper sul-
phate can be found ; or, the acid radicle (SO,) in it can
be precipitated, by means of barium chloride, in the form
of barium sulphate, and from the weight of this precipitate
the amount of the acid radicle (SO,) ascertained.

(iv.) The preceding method may be made use of in in-
direct determinations; as, for example, the amount of
potassinm present in potassium chloride can be estimated
by precipitating the chlorine in the compound as silver
chloride, and from the weight of that precipitate the
amount of potassium may be calculated.

Volumetric analysis is of most use when either the
amount of acidity or alkalinity of a substance Las to be
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ascertained ; where the reducing or oxidising value of
waterials has to be determined ; or, occasionally, it is made
use of in precipitating compounds from solutions.

For the various purposes mentioned standard solutions

are required, which may be normal (N), semi-normal ( I.E-),

deci-normal (N) or centi-normal (E-)
10)° 100

A normal solution is one which contains the equivalent
in grams of an element, acid, alkali, or salt, per litre of
solution.

By equivalent is meant in this case the amount of a
body which is equal in effect to 1 atom of sodium, or
1 molecule of sodium hydrate, or 1 molecule of a mono-
basic acid, such as HCIL

Thus the molecular weight, 365 grams, of real hydro-
chloric acid in 1 litre gives a normal solution of hydro-
chlorie acid.

The molecular weight, 63 grams, of pure nitric acid

Half molecular weight, 49 ,, ,, sulphurie acid

The molecular weight, 40 ,, ,, sodium hydrate

Half molecular weight, 53 |, s,y 35 carbonate
all give normal solutions of the respective compounds, and
each of these solutions is exactly equivalent to the other,
volume for volume. Thus:—

1 c.c. of normal HCl will exactly neutralize 1 c.c. of normal NaOH

2 g " HCL " ¥ ) 1 " Na,COy
1 . u H50, 4 3 P 1 » » Nu GOy
1 "”» 1 H:l'-"l'ni i1 " 13 1 " i NaOH
1, » HNO, » " 1 » 5 K (OH.

Of course, 1 c.c. of a normal solution is equivalent to
2 c.c. of a semi-normal, 10 c.c. of a deci-normal, or 100 c.c.
of a centi-normal solution,

Oceasionally, in practice, solutions are not made up
accurately to normal strength. 1n such cases it is custom-
ary to standardise them by compurison with some solu-
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tion of known strength and to express the divergence
from normal value by means of a factor.

Thus if a solution of sulphuric acid is found to con-
tain 52 grams per litre, instead of 49, it may be labelled
sulphuric acid N x 10612, or 1 cc. = 0052 gram
H.S0,.

If a solution is too weak, it must be labelled in a
corresponding manner with a number less than unity.

Examples in Gravimetric Analysis.—FEwrample 1.—4°'018 grams
of pearl ash lost, by drying at 100° C., 0-488 gram. Iind the
percentage amount of moisture present.

Here,

The amount of ]_ . 100 _,{ the loss of ]_ e { x, the percentage
{ pearl ash taken | * hE weight * | amount of moisture

4-018 : 100:: 0488 : z;
_ 100 x 0488

il 4018

= 12-14 per cent. moisture.

Example 2.—1-1285 grams of pure sodium chloride were
treated with sulphuric acid, and afterwards the excess of acid
was driven off by heat. The resulting sodium sulphate was
then weighed, and = 1'3624 grams. Determine the percentage
amount of sodium in the sodium chloride.

The equation representing the action of sulphurie acid

on salt is
2NaCl+ H,S0,=Na,S0,+ 2HCIL

Here 2NaCl produce Na,SO,, i.e. there is the same
amount of sodium in 2NaCl as in Na ,SO,.

The molecular weight of Na,SO, is 142, and it con-
tains 46 parts Na. Consequently
[ ?.:Té?gl:‘:gﬁlﬂ?; } ; {Bﬂdium sulphate ) ., _IE-!I:E ;ﬂ:iié:;::];: } ¢ {A‘, the sn-rlium}

: - : in the su'-
ge linm sul- found J weight of the o
phate l sulphate Phits fauaud

3, 7 1 R [ LT R,

liﬂﬁf;ﬁ-x S 0'4413 gm. sodium,

I‘- m =
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Rut this is the amount of sodium which was present in
the original NaCl ; therefore to obtain the percentage pre-
sent in that, the further proportion must be stated :—

Salt taken : 100 :: sodium found : «{"'" the percenta:e ”f}

godinm in NaCl
. 1:1285 : 100 :: 04413 : =;
. . _ 100x04414

B oo — = 39:10 per cent. sodium ;

or combining the two sums—
142 ; 1:3624 :: 46 :

1280 - 100
3 1_-5%6:?-1 x 46 x 100

S = R

BRI 39-10 per cent. sodium.

Erample 3. — 10353 grams of potash alum yielded
10217 grams of barium sulphate. Determine the percentage
amount of sulphurie acid (80,) present in the sample.

The equation which represents the reaction is—
AIK(SO0,),, 12H,0 - 2BaCl, = 2BaS0, + AICL, + KC1 + 12H,0.

The molecular weight of BaSO, is 233, and contains 96 parts
of SO,, and the weight of BaSO, found will contain a pro-
portionate amount. This calculated quantity will be the
same as that present in the weight of alumm taken, so that
this problem may be solved similarly to the last one.

233 : 1'0217:: 96 : «, the percentage amount of SO, ;
1:0353 : 100

_ 10217 x 96 x 100 _ 4066 per cent. SO,.

T T 933% 10353
As an example illustrating method iv. (p. 40), but
still more indirect in calculation, may be given the
tollowing : —
Ezrample 4.—1'449 grams of the mixed chlorides of potas-

sium and sodium 2ontained 0:7739 gram of ehlorine. Caleulate
the percentage amount of each of the chlorides present.
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If the whole of the chlorine found had been present
us KCl there would be 1:6241 grams of chlorides ; for

{The atomic weight} . { the Cl ]_ .. | the molecular) . | =z, the KCl equiva- 1_
of (A * | fvund | ** | weight of lﬂ]l} ' {lEut. to the Cl fuund

355 :07739::746 : 2 ;

R e ke :
o= REE =16241 grams KCL

The actual amount of the chlorides is, however, 1-449
grams, a deficiency of 1:6241 —1:449=0-1751 gram.
Now,

molecular in weight weight of in the mixed
weizhts of KOl found NWaCl chlorides

The difference
between the } {the deﬁnienny} ‘11:]13 mmemﬂar} 1::, the NaCl prvsent}
and Nal(ll

The molecular weight of KCl=74'5, of NaCl=58-5,
and KCl —NaCl=745—585=16 ;

16 : 0:1751::58'5 :  ; and

:E=U:1T5163 58.5:0'64[}2 gram NaCl in the mixed chlorides,

Since there were 1449 grams chlorides,
1-449 —0-5402=0-8088 gram KCL
To find the percentage amount is then easy ; for
1:449 : 100:: 0-6402 : z, percentage NaCl ;

100 x 0-6402
. B= =44 g NaC
x T:149 44-18 per cent, NaCl,

and 1'449 : 100::0'8088 : x, percentage KCl ;

o IN0 s 0B0RE T e 1
o B =55-81 per cent. KCI.

Examples in Volumetric Analysis.—FExample 5.—The potas-
sinm chloride produced by the reduction of 0'32 gram potassium

! See Appendix,
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chlorate is titrated ' with deci-normal silver nitrate, of which
26 e.c. are required. Caleulate the percentage of chlorine in the
specimen The equations representing the reactions are—

KClO, + 3H, = KCl + 3H,0;
KCl + AgNO, = A¢Cl + KNO,,

Since the mol. wgt. of AgNO, = 170, a normal solution
will contain 170 grams in 1 litre of solution; .. 1 c.c.
will contain 0-170 gram AgNO,,

If the solution is deci-normal, since only -11—0 of 170

grams is dissolved, 1 c.c. will equal 0-0170 gram AgNO,.

Now 170 grams AgNO, will precipitate 35:5 grams of
chlorine as AgCl; ... 1 c.c. of N AgNO, (=017 gram) wiil
precipitate (or is equivalent to) 0:0355 gram of chlorine ;
and e lic.e. of ]IE AgNO, (= 0017 gram) will precipitate
(or is equivalent to) 0-00355 gram of chlorine.

In the example given, 26 c.c. of % AgNO,; were

used; .. 26 x 000355 = the weight of Cl, to which
they are equivalent; and, since that is obtained from
0-32 gram KClO,, the percentage amount is found by the
following proportion :—

0-32 : 100::26 x 0-00355 : = ;
__100x26 x000355 __

= —— = 28-84 per cent. chlorine.,

Example 6.—100 c.c. of a solution of sulphurous acid re-
quired 515 ec.c. of —ﬁj iodine solution (1 c.e.=0'0127 gm.) to

completely oxidise it. Find the weight of SO, per litre of
golution.

S0, +1,+2H,0 = H,S0, +2HL.

I To titrate a solution means to ascertain the titre, or streng'h,
of it by volumetric methods
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Since one molecule of iodine oxidises one molecule of
sulphur dioxide ; therefore—

254 parts of iodine oxidise 64 parts of sulphur dioxide;
now 100 c.c. of solution required 515 x 0-0127 gm. iodine ;
100 ee. o ,», Trequire bl-b x00127 i
and .", 2564 : 51'6 x 0-0127 :: 64 : x, the SO, in solution.

515 x 0-0127 x 64
Sl 954

= 01648 gm. SO, in 1 litre.

QUESTIONS.

1. 12277 gramns of erystallised copper sulphate lost, on drying
at 200° C., 04456 gram. Calculate the percentage of water of
erystallisation present.

2. 0-3207 gram of common salt yielded 0°7842 gram of silver
chloride. Determine the percentage of chlorine present in the
salt.

3. 1:5228 arams of potash alum gave after precipitation with
ammonia, and subsequent ignition of the precipitate, 0:1649 gram
of alumina. What is the percentage of aluminium in the speei
1men of alam ?

4, 1481 grams of potash alum were dried, first in a water-
bath, and then carefully over a bunsen flame. From the loss of
weight, 006735 gram, calculate the percentage amount of water
present.

5. 13878 grams of dolomite yielded, on treatment with dilute
hydrochlorie acid, 05749 gram CO,. Iind the percentage of
CO, in the sample.

6. 1-3878 grams of dolomite gave 000129 gram Fe,0,. What
was the percentage of Fe,O, present ?

7. 2:5978 grams of pearl ash were dissolved in water, and
diluted to 250 c.e. 50 e.c. of this solution were withdrawn,
acidified with HCI, and the potassium precipitated as 2KCLPtCl,,
yielding 1'5596 grams. Calenlate the percentage of potassinum
present in the pearl ash.

8. 05533 gram of lead sulphate was obtained from
1549 grams of flint glass. What percentage of lead oxide
(PbO) was present in the glass ?

9. 14566 grams of flint glass yielded 0-3799 gram of the
chlorides of potassium and sodium. The mixed chlorides gave
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06459 gram of 2KCLPtCl,., Find the percentage of soda
(Na,O) present in the glass.

*10. A mixture of BaO and CaO weighing 2:5 grams is trans-
formed into the mixed sulpbates, and then weighs 5 grams.
I'ind the quantity of BaO and CaO respectively present in the
mixture.

11. 0-2705 gram substance gave when burnt 0°9305 gram CO,
and 01487 gram of H,0. Calculate the pereentage compo-
sitlomn. 5. & A, D.

12. Calculate the percentage composition of a hydrocarbon
from the following data:—Weight of substance, 0-2500 gram ;
carbon dioxide, 0-8085 gram ; water, 0'2655 gram.

S. & A. D,

13. 0333 gram of a non-nitrogenous body gave when burnt
04885 gram of carbon dioxide, and 02099 gram of water.
Calculate 1ts empirical formula. S. & A. D.

14. How is phosphoryl chloride prepared ? Calculate the
percentage amount of chlorine contained in it from the follow-
g analytical results :—

Weight of phosphoryl chloride taken . 13156 grams.
Weight of silver chloride found A . SB907
Ag = 10763 ; Cl = 85-37.

Int. Se. Lond.

15. 1'33 grams of a mixture of the chlorides of potassium
and sodinum gave 287 grams of silver chloride. Calculate the
percentage composition of the mixture.

16. 06195 gram of coal, afier ionition with sodium earbonate,
yielded by suitable treatment 0°1682 gram of barium sulphate.
Calculate the amount of sulphur present in the coal.

17. 0:4182 gram of a mixture of silver chloride and bromide
was heated in a stream of chlorine gas. Onreweighing its weight
was 0°342 gram. Find the percentage of silver bromide present.

18. 6:2729 grams of brass wyielded 04779 gram of lead
sulphate. Calculate the percentage amount of lead in the
brass.

19. 1'4789 prams of a red brick yielded 04069 grain of
a mixture of Fe,0, and AlLO, 03779 gram of the finely
powdered mixed oxides was ignited in a ¢wrrent of dry hydro-
gen, and lost 000188 gram. Determine the percentage amounts
of AlL,O; and Fe,O; in the brick.
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*20. A litre, measured at 0° C. and 760 mm., of a mixture
of air and carbonic anhydride was shaken with baryta water.
The resulting precipitate weighed 032 gram. What is the
percentage by volume of the carbon dioxide in the mixture ?

21. Calculate the percentage of NO, in potassium nitrate
from the following data :—

Weight of platinum crucible + 8i0, =19-0697 grams.
11 T SIOE + E.NDE = 198787 "
" w +510, + K,810,=194458 ,,

22. 37'6'c.c. of deci-normal silver nitrate solution were re-
quired for the titration of 50 e.c. of ammonium ehloride solution.
What is the amount per litre of the latter salt ?

23. 200 c.c. of a solution of sulphurous acid require 1030 e.c.
of deci-normal iodine solution. Find the weight of S0, in grams
per litre. SO, + I, + 2H,0=2HI + H,50,.

24. 20 c.c. of a solution of caustic soda require 204 c.c. of
normal sulphurie acid for complete neutralisation. What is
the strength of the soda in grams per litre ?

25. 10862 grams of bleaching powder were made into a
cream with distilled water, and diluted to 1 litre. The available
chlorine in the mixture was estimated by titration with arsenious
acid. 50 c.c. of the mixture required 48'9 c.c. arsenious acid, of
which 1 e.c.=0003593 gram Cl. What was the percentage of
available chlorine in the sample ?

26. 16-0823 grams of soda ash were dissolved in 500 c.c. of
water. 50 c.c. of this solution required 174 c.c. of sulphuric
acid (N x 009794) for neutralisation. Determine the percentage ot
soda (Na,O) in the sample.

27. 2:9614 grams of tartar emetic were dissolved in 250 e.c.
of water. 25 c.c. of this solution, after addition of sodium
bicarbonate, were titrated with iodine solution and required
1725 e.e. Taking 2I,=8b,, and the strength of the iodine
solution to be 1 e.e. = 001255 gram iodine, find the percentage
of antimony in the tartar emetie.

28, 003485 gram of potassium dichromate was boiled with
hydrochlorie acid, and the chlorine evolved was passed into a
solution of potassium ilodide. The iodine thus liberated re-
guired 70'80 c.c. of sodium thiosulphate for ifs titration.

1 c.c. of Na,S O, solution = 0-0127 gram iodine;
K, Cr,0, + 141ICl = Cr C], + 2KCl + 14H,0 + 8CL;,
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Caleulate the percentage of potassinum dichromate in the sample.
29. 10005 grams of borax (Na,B,0., 10H,0) were trans-

formed into sodium chloride. This when titrated with 113 silver

nitrate required 526 c.c. Find the percentage of boric an-
hydride (B,0,) in the borax.

80. 02151 gram of urie acid was heated with soda lime, and
the evolved ammonia absorbed by hyvdrochloric acid. The
ammonium chloride solution was evaporated to dryness and
redissolved in water, and the chlorine precipitated as silver
chloride, of which 0739 gram was obtained. What percentage
of nitrogen did the uric acid contain ? 5. & A. D.

CHAPTER X,

ATOMIC WEIGHT DETERMINATIONS.

AN atom may be defined as the smallest portion of an
element which can enter into combination with other
elements.

The atom of every element possesses its own definite
weight. Hydrogen is the lightest body known, and the
atoinic weights are usually numbers which are multiples of
the atomic weight of hydrogen taken as unit, although
with some it is now customary to refer them to oxygen
16 (H = 1-003).

Though every atom possesses a definite weight, what
that weight really is, is not known : all atomic weights
are therefore relative, not absolute, numbers,

Very careful and accurate researches are requisite in
order to ascertain the true atomic weight of any element.
To obtain this weight the amount of the element which is
equivalent to, or will combine with, one atom of hydrogen
must be ascertained. The equivalent weight of an element,
however, is not necessarily its atomic weight ; because, if
the element is di-, tri-, or poly-valent, the combining weiglit

E
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will require multiplying by a suitable whole number in
order to convert it into an atomic weight.

The determination of these whole numbers is often a
werk of considerable difficulty, and they can only be fixed
by reference to Newlands’ and Mendeléef’s law of the
periodicity of the elements; the specific heat of the ele-
mernt (Dulong and Petit’s law) ; the vapour density, or
1scmorphism, of the elewent or its compounds,

A short explanation of the use of these different factors
in establishing the atomic weight of an element is given

below,
Prriopic Law.

This Jaw was first formally stated by Newlands, in
1864, as the Law of Octaves, but its value was not gene-
rally recognised till Mendeléef, and Lothar Meyer, in 1861,
independently enunciated it in a new form, and they show
that the properties of the elements are periodic funetions
of their atomic weights. This statement will be best
realised by examining the modified table of Mendeléef's
arrangement given on page 51.

In this table the elements are arranged in groups of
seven, in the order of their atomic weights, and a distinct
periodicity in their properties, e.g. atomic volume, density,
&c., may be observed. This phenomenon is often much
more marked if alternate, instead of consecutive, groups of
seven are compared, and is brought out more clearly if
gaps are left in the groups for elements as yet undiscovered ;
thus the positions now occupied by the elements Ga, Ge,
and Sm, were originally vacant.

Each of these groups of elements roughly corresponds
to a natural family, and together they form series. Let
any element Y be taken, which stands between X and Z,
the elements next before and after it in a series, and
between A and B, those before and after in the groups as
given on p. 51 ; then it may be said that the atomic weight,
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atomic volume, and density of Y will be the means of those of
the same constants of X and Z, and A and B, respectively :
e.g. the properties of Sr are midway between those of Rb
and Y 1n series 6, and those of Ca and Ba in group II.
The elements of each group show a gradation of properties
from the lowest to the highest atomic weight. This state-
ment may be verified by the consideration of the proper-
ties of the elements forming group ['V. It will also be seen
that the members of the even and odd series of this group
respectively, are more alike when taken separately, than
when all the series are taken together.

It may also be noted that, while the members of the
groups show marked similarities, those of the series formed
by these groups differ in properties.

The manner in which the atomic properties of an
element, when considered in the light of the above arrange-
ment, help to determine the true position of the element
in the atomic series, and to control its atomic weight,
will now readily be perceived.

DvuLoxg AxDp PeETiTs Law. Aromic Heart.

This law was stated by its discoverers thus: ¢ The
atoms of all elements have the same capacity for heat.’
This may also be stated in another manner :—

The product of the specific heat! of an element and its
atomic weight is a constant quantity. This number,
which is called the atomic heat of the element, is approxi-
mately 6-4.

The law is not absolutely correct, but, according to
Kopp, while the atomic heat of. all elements whose atomic
weights are over 30 is normal, if below 30, it is abnormal

! The unit of heat is the amount of heat required to raise 1 gram
of water from 0° C. to 1° C, and is called the calorie. Different
bodies have different specific heats. The specific heat of a sub-
stance may be defined as the amount of heat required to raise
1 gram of it through 1° C.
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at ordinary temperatures ; though there is evidence to show
that, if the specific heat be taken at a higher temperature,
the atomic heat then approaches 6-4,

The determination of the specific heat of an element is
thus of great importance, as it often enables us to decide
which of differeut proposed numbers, all multiples of the
equivalent or combining weight of the element, shall be
taken as the atomic weight. )

As an example, magnesium might be instanced. If the
combining weight, 12, were taken as the atomic weight of
this element, it would yield an oxide, Mgz,0 ; a sulphate,
Mg,8S0, ; a nitrate, MgNO, ; and a chloride, MgCl. The
specific heat, however, is 025, and 025 x 12 = 30 ;
an atomic heat which is only half the normal number ; so
that the combining weight is doubled, and the atomic
weight taken as 24, while the formul® of its compounds

become MgO, MgSO,, Mg(NO,),, and MgCl, respectively.

Varour DenNsiTy.

It has been already shown that the vapour density of a
body is half its molecular weight.

If, then, the vapour density of the element or some of
its compounds, as well as its equivalent weight, is known,
it is often possible to decide which number shall be taken
as atomic weight.

Phosphorus will serve to illustrate this, TIts specific
heat is of doubtful value, but points to the number 31
as atomic weight ; the vapour density of phosphorus itself,
however, would lead to 62 being accepted ; but since the
hydride, PH,, has a vapour density of 17, the number
31, which corresponds to such a density, is received . as

correct,
TsOMORPHISM.

Mitscherlich, in 1819, showed that similar chemical
substances, either elemeuts or compounds, often crystallise
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in identical erystalline forms. This phenomenon has received
the name of isomorphism.

A good example of isomorphism is found in the erystal-
line forms of calec spar, dolomite, magnesite, spathic iron
ore, calamine, and diallogite, which are the carbonates of
calcium, calcium and magnesium, iron, zine, and man-
ganese. All these crystallise in similar rhombohedra.
This similarity of crystalline structure has been useful
in fixing the atomic weights of strontium and barium,
which are isomorphous with caleinm and lead, while that
of scandium was established by its isomorphism with
aluminium.

CavrcuratioNn oF Artomic WEIGHTS.

Although it is thus evident that to ascertain the atomic
weight of an element more than one class of quantitative
determination is necessary, in this chapter we are con-
cerned mainly with one of them, which is required in all
cases—viz. the results obtained by the accurate analysis of
pure compounds of the element. From these can be de-
termined the amount of it which combines with other
elements, and its equivalent weight thus ascertained. For
this purpose it is customary to choose, as far as possible,
compounds in which the atomic weights of the elements
not under consideration have been most accurately deter-
mined—e.g. such elements as silver, chlorine, bromine,
sulphur, or oxygen.

In some cases the element is estimated directly, either
as metal, oxide, sulphide, sulphate, or some other com-
pound ; in others it is found indirectly, by ascertaining
the amount of the element, or group of elements combined
with it—e.g. the chlorine or bromine—and calculating from
such data the required atomic weight.

It should therefore be thoroughly understood that, in
calculating the atomic weight of an element, what has first
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to be determined is the ratio of the weight with waich
the element in question combines with the atomic weights
of monad elements.

This ratio is known when the weight, with which the
element combines with an ascertained weight of either one
element, or a group of elements of fixed atomic weight, is
determined. The ratios so obtained are either referred to
H=1, 0=1596 ; or Meyer and Seubert’s ratios, viz. 0_1
H=0-06265, Aﬂ' 67456, Cl=2:21586, are used.

Two examples will, perhaps, make these statements clear.

It is required to find the atomic weight of titanium :
this may be found, amongst other methods, by the analysis
of the chloride, TiCl,.

From a known weight of this chloride the atomic weight
may be calculated (i.) directly by obtaining the correspond-
ing weight of the oxide TiO,, i.e. the ratio of TiCl, : Ti0,,
and (ii.) indirectly by estimating the amount of silver
chloride produced by precipitating the chlorine with silver
nitrate, 1.e. the ratio TiCl, : 4AgCl.

Of course, in these calculations the tetravalency of
titanium is assumed.

In case (i.) the TiO, is proportional to the TiCl,, and
therefore to the Ti contained in it ; in case (ii.) 4AgCl
is also proportional to the TiCl,, and therefore to the Ti.

Erxample 1,—6°569 grams of TiCl, yielded 2770 grams of
TiO,. Taking O=16, Cl=385'5, find the atomic weight o1
titanium.

According to case (i) we have the following pro-
portion :—

TiCl, taken : TiO, produced : : mol. wgt. TiCl, : mol. wgt. TiO,
6:669 = 2770 it Ti+ 142 : Ti + 32
(Ti +32) 6569 = (Ti + 142) 2770
Ti (6:569 —2-770) = 393:34 — 210208
3799 Ti= 183132
S 183-132

4. ®
799 O
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i.e 482 is the ratio in which 1 atom Ti combines with
4 atoms Cl, or 2 atoms O, and is thus the amount of Ti
which is equivalent to 4 atoms of hydrogen. Since titanium
is tetravalent, that number is therefore its atomic weight.

In order to avoid the use of an algebraic equation, the
problem may be worked more simply thus :(—

Liozs of wet. in vlmngiug} =

the difference x, the mol
TiCl, taken into Ti0, 2 ‘l

seten mol wate. | 1001, aken £ { et o
6-569—2-770 : (Ti+142)— (Ti+32)::6-569 : x
1106068 T oo
= 3Gy 190-2.
Mol. wet, of TiCl,—Cl,=190-2—142—48-2—the Ao
weight of titanium.

FEzample 2,—3'312 grams of TiCl, yielded 10:002 grams of
AgCl. Find the atomic weight of titanium. Ag=108, Cl=385"5.

Since titanium is tetravalent, TiCl, will yield 4AgCl,
and the following proportion is obtained :—

TiCl, taken : AgCl found :: mol. wgt. TiCl, : 4AgCl
312 = 100R20 == Ti+142 + D74
(Ti+142) 10-002=574 x 3-312
10:002 Ti=1901-088—1420-284
2o AB0FB0M 0o
5 TI_T{}T{J{)_E_ 48-07.
This may also be worked more quickly and simply thus :—
AgCl found : 4AgCl :: TiCl, taken : x, mol. wgt. TiCl,

10002 S T a2 . x
_ T4 x3:312_.on.
o= 10-002 =190-07.

Mol. wgt. TiCl,—Cl,=190-07 — 142=48-07, which is the

atomic weight of titanium.
(QUESTIONS.

1. Calculate the atomic heat of phosphorus (eryst.) from
Regnault’'s determinations of its specific heat: (i.) 0174,
(ii.) 0-189; also of red phosphorus (iii.) 0-170,
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2. Dewar found the specific heat of the diamond at tempera-
tures between 20°—1040° C. to be 0:366. Weber found the
apecific heat to be 0:4589 at 985° C. Calculate the atomic heats
at these temperatures from these data, What atomic weight
for carbon would the former result, if correct, lead to ?

3. The specific heat (i.) of iron is 001140; (ii.) of lead,
0-0315 ; (iii.) of potassium, 0-1660. Kxplain the meaning of
these numbers and calculate the atomic heats of these metals.

S. & A. D.

4, The specific heat (i.) of zine is 0:0955; (ii.) of arsenie,
0:083 ; (iii.) of tin, 0°0562; (iv.) of iodine, 0:0541; (v.) of plati-
num, 000325 ; (vi.) of beryllium, 0'408. Calculate the atomie

weights of these elements from these data.

- 5. The atomie heat (1.) of lithium is 646 ; (ii.) of calcium, 68 ;
(iii.) of cobalt, 6:3; (iv.) of gallium, 5:45; and (v.) of bromine,
6:7. Tind the specific heats of these elements from these
numbers,

6. S. G. Rawson found that 1-14319 grams of ammonium
dichromate gave 0'68987 gram of chromic oxide. Find the
atomie weight of echromium. 0=1596; N =14-02.

7. 100 parts of pure silver, dissolved in nitric acid, require
for exact precipitation 69'1 parts of potassium chloride. As-
suming the atomie weights K =391, Cl1=285'5, and the specific
heat of silver, 0057, calculate the atomie weight of silver.

*8. 1'6517 grams of caleite, containing as impurity 0003
gram of silica, after ignition, weighed 09274 gram. Caleulate
the atomie weight of calcium. 0=1596; C=1197; H=1.

*9. A metal yields a chloride containing 66-14 per cent. of
chlorine, and having the specific gravity 7-44. What is its
atomic weight ?

*10. The chloride of an element contains 60'4 per cent. of
chlorine; the specific heat of the element is 0°09. What is the
atomic weight of the element ?

11. Liebig and Redtenbacher found that 28-803 grams of
silver acetate yielded 18'612 grams of metallic silver. Assuming
the formula C,H,0, for acetie acid, calculate from the above
numbers the atomic weight of earbon. S. & A. D.

12, Caleulate the atomie weight of titanium correctly to two
places of decimals from each of the following statements :—
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(i) 243275 grams of TiCl, required 5'52797 grams Ag,
(ii.) 8:31222 grams TiCl; yielded 10-00235 grams AgCl,
(iii.) 6:23398 grams TiCl, gave 2-62825 grams Ti0,.

Ag=06-7456; Cl=2-21586; O=1; H = 0-06265.
S. & A. D.

13. Mallet determined the atomie weight of aluminium
(i.) by estimating the hydrogen evolved by the action of caustic
soda on the metal, when 52632 grams of aluminium gave
52562 grams of water; (ii.) by analysis of the bromide, when
86492 grams of the bromide required 104897 grams of metallic
silver for precipitation. Required the atomic weight of alu.
minium from (i) and (ii.). Ag=107'66; Br=7975; 0=1596.

S, & A. D.

14. 2:0876 grams of hydrogen, when passed over heated
oxide of copper, ylelded 18:7406 grams of water. Caleculate the
atomic weight of oxygen. S. & A. D.

15. Thorpe and Young obtained 16707 grams of silica
from 963007 grams of silicon tetrabromide. Calculate the
atumic weight of silicon from the ratios Br=4'99721; 0=1;
H = 006265,

16. From the following data given by Brauner determine
the atomie weight of cerinm. 53-77424 grams of cerium sul-
phate, Ce,(S0,),, yielded 82:57367 grams of ceric oxide (CeQ,).
0=16; S =232-006.

17. In one of Cleve's experiments 07447 gram of samarium
oxide (Sm,0,) yielded 12583 grams of samarium sulphate,
Sm,(S0,);. Find the atomic weight of samarium if SO, =80.

*18. Winkler found that 1 part of oxygen combines with
4737 parts of indium ; the compound thus obtained was re-
garded as a monoxide until L. Meyer pointed out that in this
case the metal would not fit in the natural system, but would
do so if we assumed it formed a sesquioxide. Bunsen found its
specific heat=0'057. What 1is its atomic weight, and what
position does it occupy in the system ?

19. Marignac found that 5 grams of strontium chloride,
containing 6 molecules of water of erystallisation, yielded 8-442
grams of strontium sulphate. Calculate the atomie weight of
gtrontinm. B. & A, D.

20. An unknown quantity of potassium bromo-aurate
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(AuBr,KBr) on being heated left 9'92441 grams of a mixture of
metallic gold and potassinmn bromide. The mass on being
treated with water left 6:19001 grams of gold. The solution of
KBr required 3-38451 grams of silver for total precipitation by
Stas’ method, and afforded 589199 grams of silver bromide.
These data atford 3 independent values for the atomic weight of
gold which you are required to caleulate. H=1; O0=1596;
K=3903; Br=7976; Ag=107-66. S. & A. D.

21. By dissolving 04442 gram of metallie eobalt in an acid,
177'4 ec.c. of hydrogen at 10° C. and 750 mm. pressure are
obtained. The specific heat of the metal is 0-107. Calculate
the atomie weight of cobalt. S. & A. D.

22. The analysis of silver chromate, by Meineke, yielded
Az O = 69856 per cent., Cr,0, = 22-930 per cent., and O
=T7'223 per cent. Calculate the atomic weight of chromium,
Ag=10766; O=1596.

23. Dumas found that 2-399 grams of aluminium chloride
required 5802 grams of silver for the complete precipitation of
the chlorine. Calculate the atomie weight of aluminium,

24, Dewar and Scott found that, after reducing 574647
grams of AgMnO, with 80,, the silver present required 3-00677
grams of KBr for its complete precipitation Calculate the
atomic weight of manganese. 0=16; Ag=107-93.

25. Marignac found (i.) that 100 parts of erystallised barium
chloride (BaCl,,2H,0) required 85-4067 parts of silver for com-
plete precipitation. He also found (ii.) that 100 parts of the
same salt gave 9553 parts of barium sulphate. Calculate the
atomie weight of barium from these numbers, on the assumption
that the most probable ratios of Ag, Cl, O, H, and S, are as
follows (Lothar Meyer and Seubert) :—Ag = 67456 ; Cl =221586 ;
0=1; H=006265; S=2'005. D. Se. Lond.

26. As the result of 9 estimations, Classen found that
246°3384 grams of bismuth yielded 274'637 grams of bismuth
oxide. Find the atomic weight of bismuth,

27. One litre of mercury vapour at the standard temperature
and pressure weighs 8923 grams. On heating 1153938 grams
of mercurie oxide, Erdmann and Marchand obtained 109-6308
grams of mercury, On the assumption that mercurie oxide is
formed by the union of 1 atom of mercury with 1 atom of
oxygen, what licht do these facts throw on the atomie and
molecular weights of mercury ? S. & A. D.
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CHAPTER XI.
STMPLE CALCULATIONS IN GAS ANALTYSIS.

DEraiLs of the more elaborate calculations required in gas
analysis are not given in this chapter ; a larger manual,
such as Sutton’s ¢ Volumetric Analysis,” must be consulted,
if those are needed. There are, however, simple ecalcu-
lations, such as those involved in the estimation of the
amount of oxygen in the air, or of carbon dioxide in coal
gas, or other simple determinations, of which it is advisable
to give examples.

The vessels used in gas analysis are very varied in
design, but may be roughly divided into two classes—
(i.) absorption vessels and (ii.) measuring tubes.

Gases cannot always be measured in absorption vessels,
since these may not be convenient in shape, in which case
they are always used in connection with a suitable
measuring tube,

Measuring vessels may be graduated in two ways: (i.)
They may have their length accurately divided into milli-
metres, and the volume corresponding to each division then
determined independently, and a record kept. This method
of calibration is necessary when the measurement takes
place over mercury. (ii.) They may be marked out in
lengths which correspond to definite volumes, such as the
cubic centimetre ; as, for example, in Lunge’s nitrometer,
or the gas burette used with Hempel’s absorption pipettes.

In the illustrations given, fig. 3 represents a graduated
absorption-tube, for use over mercury. Fig. 5 is a
graduated gas burette, such as is used with the un-
graduated absorption vessel, fig. 6.

A eudiometer-tube (fig. 4) is similar in shape to fig. 3,
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but is made longer, narrower, and stronger, because it has

to withstand the stress of an explosion.

It is provided

with platinum wires that are fused into the top; these
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allow the passage of an electric spark with which to
explode gaseous mixtures contained therein. Both the
absorption-tube (fig. 3) and the eudiometer-tube (fig. 4) are

graduated from the top downwards.

Every determination of the volume of gases over mer-
cury requires four primary observations (Bunsen) :—

(1i.) The level of the mercury in the eudiometer.

(ii.) The level of the mercury in the trough, measured

on the etched divisions on the eudiometer.
(iii.) The atmospheric temperature,
{iv.) The barometric pressure.
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Gasesmay be estimated either directly or indirectly. Thus
oxygen, carbon monoxide, carbon dioxide, sulphur dioxide,
hydrogen sulphide, nitric oxide, olefiant gas, and others,
way be estimated directly by absorption—i.e. some suitable
reagent, which will combine with the gas in question, is
introduced into the tube. The difference between the
volumes, before and after the experiment, gives, after
suitable correction for temperature and pressure, the
volume of the absorbed gas; from this its percentage
amount can easily be calculated.

On the other hand, gases such as hydrogen, nitrogen,
marsh gas, and others, can be estimated indirectly. For
example, oxygen mixed with nitrogen may be determined
by adding to the mixed gases, after measurement, a
khown volume of hydrogen ; an electric spark is then
passed through the mixture, and the diminution in volume
which takes place is noted.

The different measurements of gas are then reduced
to normal temperature and pressure ; and since 2 volumes
of hydrogen combine with 1 volume of oxygen to form

water, é of the corrected diminution of volume is due to

the oxygen that was present in the mixture. The nitrogen
is of course ascertained by difference.

Similarly a mixture of marsh gas and hydrogen may
be analysed by exploding the measured gases with a known
excess of oxygen. The carbon dioxide in the residual
cases is absorbed and its volume ascertained. This amount,
after reduction of all the measurements to normal tempera-
ture and pressure, gives the volume of marsh gas present,
since marsh gas produces its own volume of carbon dioxide
cn combustion. The amount of hydrogen is found by
difference.

In Hempel’s apparatus the analysis of mixtures of
gases, similar to those the analysis of which has just been



SIMPLE CALCULATIONS IN GAS ANALYSIS. 63

described, is performed by combustion over heated copper
oxide or palladium, and the eudiometer is entirely dis-
carded.

Since many of these operations are carried out with
moist gas over mercury, and correction has to be made
for the influence of varying pressure upon the gas, one
frequent correction is due to the vapour pressure of water,
or what is known as the tension of aqueous vapour.

The manner in which the tension of aqueous vapour
affects the measurement of a gas may be shown by the
following example :(—

Ezrample 1.—50 cubic centimetres of moist nitrogen are con-
tained in an absorption tube over mercury. The mercury in
the tube is 150 mm. above the level of that in the trough, the
barometer stands at 760 mm., the temperature of the gas is
10° C., and the tension of aqueous vapour is 9165 mm. at 10° C.
Ifind the volume of the gas when dry at 760 mm. pressure.

It is evident that the gas, under the circumstances
named, 1s not under atmospheric pressure, because there
is a column of mercury 150 mm. in length, which is exert-
ing pressure in an opposite direction to the atmosphere ; so
that the pressure, apart from the question of the tension
of aqueous vapour, is 760—150=610 mm.

The manner in which the aqueous vapour further
affects the result may be explained by the following illus-
tration :—

If a drop of water is allowed to rise into the Torri-
cellian vacuum of a barometer tube, at the temperature
10° C., the mercury in the tube will be depressed 9-165 mm.
If also a drop of water is brought into a tube that comn-
tains a measured quantity of gas standing over mercury,
1t will be found, if the temperature is 10° C,, that in this
case also the mercury will be depressed 9-165 mn.

In other words, water evaporates either into a vacuum
or into space filled with other gases, the pressure it exerts
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being the same in both cases and constant at the same
temperature,

This is an illustration of Dalton’s law of partial pres-
sures, which may be stated as follows : In a mixture of
gases at a given pressure, the pressure of each individual
gas is not that of the mixture, but is directly proportional
to its own volume at the total pressure ; so that if U is the
total volume of a mixture, U’ the volume of a constituent
at the same pressure, P the total pressure, and P’ the
partial pressure of a constituent, then

| OB TR el
In fact, the pressure of a mixture of gases is the sum of
the partial pressures of its constituents.

Apply this law to the above case. There are 50 ec.c. of
gas at 610 mm, total pressure, and the partial pressare
of one of the two constituents is known to be 9:165 mm. ;
therefore the partial pressure of the other must be 610
—9-165=600-835 mm. ; and consequently the volume of
the dry gas at 760 mm. will be, according to Chapter VI,

600-835
60

The volume of the water vapour at 760 mm. can also
be found by the proportion 50 x%ﬁ?:ﬁ'ﬁ c.c.

Two other corrections must be applied in accurate
analyses : (1.) A correction for the error introduced by the
meniscus. Owing to capillarity, the top of the mercury
column is always convex ; consequently if the volume of
gas in the tube is only measured to the top of the curve,
a small portion will escape measurement. This loss is
counterbalanced by the addition of a small amount either
to the volume, or to the mercury reading, the abscrption-
tube being graduated from the top downwards, (ii.) A
correction for the expansion by heat of the mercury

50 x =39'52 ec.c.
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columns, in the absorption-tube and in the barometer.
This expansion renders the readings higher than they
otherwise would be. The length of the columns must
therefore be reduced to 0° C., and the following formula
will serve for this :—

Let L, be the length of the column of mercury in milli-
metres at the temperature ¢, and L, its length at 0° C.
The coefficient of the expansion of mercury is 0-00018.
Then

L,=L, (1+0:00018 ¢), and L"unéﬁm%

Since the principal difficulty in solving problems in
simple gas analysis by absorption is due to the corrections
necessary for the volume of the absorption vessel, the
meniscus, and tension of aqueous vapour, the following
worked-out example, due to Bunsen, will aid the student:—

Example 2.—Find the volume of dry air from the following
analytical measurements of air saturated with moisture :(—

Observation at the lower level of the mercury  =565'9 mm.
L »» upper level in the eudio-

meter . g - - ; - . =317'3 mm.

Height of column to be subtracted from the

barometer - . p=248'6 mm,
Volume in the table of canaclty coTT ESPDlld]I'Iﬂ‘

to division 3173 . . : : . =292
Correction for the meniscus . - . .m= 04
Temperature of the air . . T s b L = DG
Height of the barometer . - . . P=T46"9 mm.
Tension of aqueous vapour : - « T= 176" mm.
V = corrected volume at 0° C. and 1 metre pressure.

i {U+'mHP —p—T)273 (39a?+ﬂ4}[ 46-9 — 2486 —17-6)273
1000 (273 + ) 1000 (273 + 20-2)
.V _ 2031 x 4807 x 273
1000 = 2932

=1312 ec.c.

Ezample 3.—450°96 c.c. of CO, free air are mixed with
hydrozen, which increases the volume to 657-06 ec.c. After

F
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exploding the mixture there remain 37473 c.c. of gas. As-
suming the temperature and pressure to be normal at each
measurement, calculate the percentage amount of oxygen in
the air.

The diminution in volume after the explosion=657:06
—374'73=28233 c.c. One-third of thisamount, 94'11 c.c.,

is due to the oxygen present in the air.

100 x 94-11

15096 =20-88.

."» The percentage present=

QuEsTIONS,

1. A mixture of equal volumes of nitrogen and oxygen,
measured at 10° C. and 750 mm. pressure is saturated with
moisture. Find—

(i.) The weight of water in 1 cubic metre of the moist gases.

(ii.) The partial pressures of the oxygen and nitrogen.

Tension of aqueous vapour at 10° C. = 9-165 mm.

2. The capacity of a room is 2,016 cubie feet. Find the
weight of water vapour contained in it, if the barometrie pressure
is 780 mm., the temperature 20° C., and the air is saturated
with moisture.

Tension of aqueous vapour at 20° C. = 17-391 mm.

3. From the following data you are required to give the
volume of the dry gas at 0° C. and 760 mm. pressure :(—

Observed volume of moist gas . . . 686 cub. ins,

Height of barometer . : . . . 7385 mm.
Temperature ; . i e | ke . o ABDREL
Height of mercury in eudiometer above level
of mercury in trough . ; . . 1475 mm.,
Tension of aqueous vapour at 15° C. ., « 12 me
S. & A. D.

4. Find the volume of air at 0° C. and 1 m. pressure from the
following observations (Bunsen) :(—

Observation at the lower level of mercury . 565°9 mm,
Obsexrvation at the upper level in eudiometer . 8107 mm.
The division 8107 corresponds to a volume in

the table of capacity . - . - . 2860
Correction for the meniscus . " . . 0-4
Temperature of the air . . . . 202°C.

Height of the barometer . . : " . 07474 m.
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5. Caleulate the percentage composition of air from the
following analyses (Bunsen) :—

W

(i) (ii.) (iii.)
—1 = — L= —A

— = - — —

¥ 1 I res | Trgas
| vol. Press. (Temp.|| ¢, [Press. Temp.|| o, [Press. ‘Temp.

i, [ f || , | mm. R, | * | min. I [
. | 2 1
Alr employed 8096 | 500-1| 17 () 8390 H236| 3I4 8562 | 51 i 5| G4
After adidition of | ' |
hydrogen . .. | 991°0| 675-1| 18 | 991-3| 670-7| 36 |[1010°5 | 6045

G4
After the ex- | ! |
plosion ..... | 8234| 8041 2:1 || EI]]'E; 4854 36 g11-2 | 502‘-!3; 62

6. Find the percentage composition of a mixture of mitrogen,
oxygen, and carbon dioxide from the following results
(Bunsen) :(— :

= Vol Press. mm. Temp. C.
Original gas 171-2 6240 135
After absorption of carbon |
dioxide . 1673 6196 135
After absorption of m.} gen 1470 GUs8 139

7. In the eudiometrical analysis of a hydroearbon gas the
following numbers were obtained. Fill up the last column of
corrected numbers, and give the moleeular formula and name
of the gas.

i Iql:lrrl.'ctw] [
ifference Height of olume
Observed of of dry gas
S Volume , remp- C. Mercury |B3T0meter ™ . o J
! level, mm. TR and 1 m
' pressure |
Gas nzed (moist) . : I8 | 12:B° |' 623:1 Ta2:7
After asdlmission of oxy- |
gen {moist) . - - 5351 12:9° 160-6 a7
After combustion
{(moist ) : 4088 12-8° 194°0 Tal°1
After absorption nf BD
(dl'j?_} - - - 454:3 13-0° 2372 7416 |

Tension of aqueous vapour at 12:8° C.=11'0 mm.
“ A o 38— 1 LS
S. & A D,
8. A sample of air free from carbon dioxide, which measured
6514 volumes at a pressure of 5374 mm., and at a temperature
of 4° C. was mixed with hydrogen and exploded. After the

F 2
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addition of the hydrogen the bulk of the gasat 0° C. and
760 mm. was 65706 volumes, and after explosion it measured
37473 volumes. Calculate the percentage of nitrogen and
oxygen present. S. & A D.

9. The analysis of a gaseous mixture gave the follcwing
results :—

Height of Gﬁ-mtedF
Internal ol at
— D%.'EELT Temp. C. Hﬁﬂgﬂer Column of | 0° Q. and
y Mercury | i metre
mm. pressure
Volume of gas employed
{moist) §1-8 18-g° T40°2 4762
Volume atter admission
of oxygen (moist) .| 4102 19-0° 7403 1537
After commbustion (moist) | 3662 19-0° 7404 147°1
After absorption of car-
bonic anhjdride (dry) 3414 15-0° Ti40 222°1

Supply the numbers in the eclumn headed * Corrected Vol.
at 0° C. and 1 metre pressure.’

Tension of aqueous vapour at 18-9° C. =162 mm,
” E1] 1" IH.DQ G- = lﬁ‘la [T
8. & A. D.

10. Find the percentage amounts of the absorbable gases
present in two samples of coal gas from the follewing results
by Hempel’s method :—

— (i) (ii)
Orizinal volnume of gas - : s« = = |64 caol G800,
Volume after absorption of CO, I:lj' K{}IH : - » ub3 ,, | 65T
# " " G H- e, h" Br . a0 - 028 4

" " » G' H, by HNO, » 619 ., | 621

» o S I:n alkaline pj'mgallute . ab'l ,, | 490,

" ” " co h}' Cu,Cl, . 240 ,, | 455 ,,

Hydrogen, nitrogen, and methane are unestimated.

11. Find the percentage amounts of hydrogen, nitrogen,
earbon monoxide, and carbon dioxide in heating gas, from the
following analysis by Hempel’s method (Winkler) :—

Original volume of gas . . = « 977c.0.
Volume after absorption of CO, . . . BB 4
Residual volume after absorption of CO . 686 ,
Of the residual volume were taken . . 998 ,
Volume after addition of air to the 59'3 c.e. . 988 ,,
Volume after combustion of the hydregen , 805 |,
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CHAPTER XII.
- ABSORPTION OF GASES BY LIQUIDS.

Dalton and Henry’s Law.—Gases dissolve in liquids,
which have no chemical action upon them, in quantities,
by weight, which are dependent upon the temperature and
pressure at the time of experiment. For a constant tem-
perature the volume of a gas dissolved by a liquid is con-
stant, but the weight of the gas dissolved will vary in direct
proportion to the pressure. The solubility of a gas decreases
as the temperature rises.

The volume of a gas at ¢° C. and 760 mm. pressure,
which is dissolved by 1 volume of a solvent, constitutes the
coefficient of absorption of the gas for that solvent under
the given conditions. For example, the following numbers
are the absorption coefficients of the gases named for water
at 0° C. and 760 mm. :—

Hydrogen : - - . ‘ . 00193

Nitrogen . . . ‘ . : . 002035
Oxygen . : A : . . . 004114
Nitrous oxide . : : ‘ : . 13052
Carbon dioxide : : - : . AT9BT
Hydrogen sulphide . = - . . 43706
Sulphur dioxide ; ’ : - - 179789

Example.—Calculate the wolume of nitrogen absorbed by
100 litres of water when exposed to air, at 0° C. and 760 mm.
pressure, containing 79 per cent. nitrogen. Coeff. of sol. of
nitrogen = 0-02.

According to definition, 1 volume of water will dissolve
0-02 volume of nitrogen at 0° C. 760 mm., but the partial

Bt
100 of 760; therefore

the amount dissolved by 1 litre of water, under these con-

pressure of the nitrogen in the air is

Htionsis .1% % |0:02.= 00158 1s. nitrogen, or 100 litres

will dissolve 00158 x 100 = 1-58 ls. nitrogen.
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UESTIONS.

1. The coefficient of solubility of oxyeen in water is 0°04,
and of nitrogen (0002. Caleulate the composition of the gas
dissolved by water freely exposed to an atmosphere containing
25 per cent. oxygen and 75 per cent. nitrogen.

. Int. Se. Hon.
*2. What is Dalton and Henry’s law of solubility of gases?
100 c.c. of water at 10°C. will dissolve 118 e.c. of CO,; how
much CO, is dissolved by a litre of water at 10° C. when shaken
up with air containing 005 per cent. of CO,?

3. Twenty litres of water are exposed to a caseous mixture
which contaius hydrogen 20, oxygen 50, and nitrogen 30 per
cent. What weight of each gas will be absorbed, supposing
that the total pressure is 720 mm. ?

4, A quantity of water is freely exposed to a mixture of equal
volumes of oxygen and nitrous oxide. Calculate the percentage
composition of the dissolved gases.

CHAPTER XIII

DETERMINATION OF THE MOLECULAR WEIGHTS
OF COMPOUNDS. VAPOUR DENSITY DETERMINA-
TIONS, RAOULT'S LAW, Je.

JusT as the equivalent or combining weight of an element
is seldom its atomic weight, so also the empirical formula
of a compound is very frequently not its molecular for-
mula, and, consequently, does not represent its molecular
weight.

It has been already stated in Chapter III. page 13,
that the vapour density of a compound is half its molecular
weight ; if, then, the vapour density of a compound is
determined, it furnishes one means of establishing the
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weicht of the molecule. There are, however, many non-
volatile substances to which that method is inapplicable.
These bodies may be inorganic or organie, basic, neutral, or
acid in their properties.

In the case of bases such as strychnine, quinine, and
others of like properties, use has been made of the fact
that cheir chlorides form a double compound with platinum
chloride, which is similar in constitution to that formed by
ammonium chloride. The amount of platinum in such a
compound, taken along with other considerations, such as
its basicity, can be used to measure the molecular weight
of a substance.

In the case of acids their silver, barium, or lead salts
may be employed in a corresponding manner.

There are many bodies to which none of these methods
are applicable, and until 1882 their molecular weights
could only be ascertained very approximately. In that year
F. M. Raoult showed that, if in the same quantity of any
solvent equivalent molecular proportions of different com-
pounds are dissolved, a like depression of the freezing-point
of the solvent is obtained.

Recently E. Beckmann and, independently, H. W.
Wiley have shown that when an alteration takes place in
the boiling-point of a liquid, in which another substance is
dissolved, the increase in temperature is also a function of
the molecular weight of the dissolved body. Both these
methods, but especially Raoult’s, are now used for the
determination of molecular weights.

DETERMINATION OF VAPoUR DENSITIES,

There are three methods at present in use, though not
to an equal extent, viz.—those due to Hofmann, Dumas, and
Victor and Carl Meyer respectively.

The three methods differ in principle,
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In the Hofmann process the volume of vapour, pro-
duced by the volatilisation of a known weight of substance,
1s measured.

Dumias finds first the weight of an unknown quantity
of vapour and afterwards ascertains its volume.

V. and C. Meyer measure the volume of air displaced
in the volatilisation of a known weight of material.

Hofmann's Method.—The apparatus (fig. 7) consists of
a graduated and calibrated vapour-tube a, of about 200 c.c.
capacity, which is surrounded in part
by the glass jacket B ; this is fixed
tightly over it by means of a per-
forated cork e¢. The jacketis connected
with the boiler ¢ by a tube @, through
which steam, or other vapour from
a liquid of known boiling-point can he
blown, and the lower tube & is con-
nected with a condenser. By this
means that part of A which is jacketed
by B can be kept at a constant tem-
perature. A stoppered tube of known
weight, sufficiently small for insertion
up the tube 4, is also required.

When commencing the operation,
the vapour-tube A is carefully filled
with mercury, free from bubbles of
air, and then inverted over mercury
in the trough . It is next covered with the jacket s,
and the stoppered tube after being carefully filled and
weighed, is inserted in the mouth of the vapour-tube A.
It at once rises to the surface of the mercury, and the
diminished pressure is probably sufficient to loosen the
stopper, partially vaporise its contents, and depress the
mercury : and the vaporisation is completed by the steam
or other vapour blown in through a. As soon as the tem-
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perature is constant, and the mercury no longer descends,
the following observations are made :—

The volume of the vapour : . e =V
The temperature of the vapour . . =t
The height of the mercury column in the
tube A . : ; ; : . . = p mm.
The barometric pressure . . . e

Besides these data the following are also necessary :—

The weight of substance taken : > =W
The weight of a volume of hydrogen,
measured under the experimental con-
ditions, equal to that of the vapour . =W

The vapour density (V.D.) then = ?:FI

Erample 1.—0'338 gram of carbon tetrachloride yielded
1098 e.c. of vapour at 99:5°C. The barometer stood at 7469,
and the height of the mercury above that in the tray was
2834 mm. Find the vapour density of the compound.

Here
W, =0338 gram.
e : P-p 273
W=V x 0:0000896 x == x 57—
T46°9 — 285-4 3 273
760 273 + 995

= 1098 x 0:0000896 =

= 0004397 gm.

The vapour density of the compound—

i SR e R
NBi— W —070043‘;?_?6 86.
There are several corrections which require to be applied

if the highest accuracy is desired. These can be ascertained
by reference to a larger text-book. There is, however, one
which may be mentioned here, viz. that for the expansion
of the mercury column by heat, of the mercury columns
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of the barometer—this correction also applies to Dumas’ and
Meyers’ methods—and of the vapour tube. The formula
given in the chapter on gas analysis (p. 65), for the re-
duction of the barometer to 0° C., also serves in this case.

Thus, in the example given, if the mean temperature
of the column of mercury is 50° C., the following cor-
rection gives the length at 0° C. :—

9834
Lo= 1000018 x50 — 209143

and this number must be substituted for the number
2834 in the preceding calculation.

Dumas’ Method.—The principal piece of apparatus re-
quired in this method is a thin glass bulb (fig. 8), of about
200-300 cubic centimetres capacity, which has its neck

drawn out, at the end, into a
capillary tube. This bulb is
carefully dried and weighed, and
10-20 c.c. of the substance to
be tested, are introduced into it
in the liquid condition. This
may be done by gently warming
the bulb so as to expel part of
the air and then dipping its neck
into some of the liquid, and as
the bulb cools this is drawn up
into it.

The bulb is then eclamped
down, by some such arrangement
as shown in the figure, in a

- bath of liquid of considerably
higher boiling-point than that
of the substance the vapour den-

sity of which is required. A thermometer is also fixed
in the bath. The bath is next heated to a temperature
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20-30° higher than the boiling-point of the substance,
which then wvolatilises and drives all, or most, of the air
out of the vessel, which is thus filled with the vapour,
the density of which is required.

When the rush of vapour from the bulb ceases, its
mouth is carefully sealed by a blowpipe flame. The globe
is then carefully dried, cooled, and weighed. The end of
the neck is afterwards broken off under mercury or water,
which at once, either almost or entirely, fills the bulb. The
mercury or water is afterwards measured and the capacity
of the globe thus obtained. The following observations
are necessary in order to calculate the vapour density of
the substance :—

The weight of the bulb . . . . =W,
The temperature of the bath . - . =T
Barometric pressure at time of sealing « =F mmnm.
The apparent weight of the bulb and vapour =w,
Barometric pressure at second weighing . =p mm.,
Temperature at second weighing . . . =t

Capacity of the globe in c.c. . : « =0

Then if the real weight of the vapour = W, and the
weight of same volume of hydrogen at the temperature and

pressure of sealing the globe=W,

N
V.D.—W :

Now W,, the true weight of the vapour, is equal to
w,—w; (which gives the apparent weight) plus the weight
of the volume of air displaced by the bulb during weighing,
This weight of air is found b}r the expression

273
TB{J 2"3+t

where 0:001293 is the weight in grams of 1 c.c. of normal
air ; so that

e PU C % 0-00129 p 273 )
| =Wy W_l'!'( X 3 X |E.{}xﬂ;3_|_g

C x 0001293 x -
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In many works this weight of air is subtracted from
the weight of the bulb (w,), on the assumption that it is
vacuous, the temperature and pressure at the time having,
of course, been noted. The method given, however, is
more correct, although the ultimate result is the same.

The value of W is given by the expression

e R
C x 0-0000896 AB
2 X760 X373 LT

Ezample 2.—Calculate the vapour density of hexane from the
following data :—

Weight of globe, 23449 grams
Weight of globe and vapour at 15°5° C., 23°720 grams
Temperature of sealing, 110° C.

Capacity of globe, 178 c.c.
According to the formula given.

W, = 28720 — 25449 + (178 x 0:001203 x 210

273 + 155
, = 048878 gram;
= . 27 L ; :
W =178 x 00000896 x . 215 ~0011368 gram;
W, 048878
P PD.=21=" """ _49.00
b e e

In case, as sometimes happens, the whole of the air is
not expelled by the vapour, the residual volume is mea-
sured ; and this must be subtracted from the volume C in
the expressions for both W and W,,

Meyers’ Method.—The apparatus used in this process
consists of a vapour-tube A (fig. 9), which is slightly enlarged
at the upper end to receive a cork ; the lower end is blown
into an elongated bulb of about 150 c.c. capacity, at the
bottom of which are placed a few fragments of asbestos.
A capillary tube @, is attached to it near the top , and
the whole is fitted, by means of a cork, into a wide gluss
tube B, which serves both as boiler and steam jacket.
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When making a determination the tube 4, is first
thoroughly dried, then fitted into its outer envelope,
corked, and the mouth of the capillary tube immersed in
the water of the vessel
c. The water, or other
liquid, in the envelope B,
is then boiled ; and this
heats the air in the
vapour-tube, which ex-
pands, and part of it
escapes in bubbles from
the mouth of @. When
these cease to come off,
thus indicating that the
air in A has reached a
constant temperature,
the graduated tube, D,
is filled with water and
brought over the mouth
of the capillary tube.

A small stoppered tube, such as is used in the Hofmann
method, is now filled with the substance to be tested,
weighed, and quickly dropped into the tube A, the cork of
which is rapidly withdrawn and replaced. The vaporisa-
tion of the compound commences at once, and the vapour
drives a portion of the air over into the graduated tube p.

When the expulsion of air ceases, the tube b i1s removed
and immersed in a deep vessel of water, so as to obtain the
air in it, at a definite temperature. The volume of air is
read off when the levels of the water in the tube and in
the vessel are coincident.

The following observations are then made :—

Volume of the expelled air . : 3 , =V
Temperature of measurement of the air . =
Barometric pressure . . : : S —L" i},

Tension of aqueous vapour at ¢° . : . =1 mm.
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Besides these are required the following data :—

The weight of substance taken . : . e NV
The weight of a volume of hydrogen equivalent
to that of the expelled air . . : =

Then since the volume of the expelled air is equivalent
to that occupied by the vapour in the tube, the vapour

density, V.D., = l:;'-.

W can be calculated by the expression,

: P_T = o573
V x 0:0000896 x ==t X 2t

Ezample 8.—01008 gram of chloroform on vaporisation in
Meyers’ apparatus expelled 22 c.c. of air. Temperature of the
air 16-5° C.; barometric pressure, 7075 mm.; tension of
aqueous vapour at 16:5° C. = 1364 mm., Find the vapour
density of the chloroform.

Here

W, =01008
% 707°5-18:54 273 ,
W =22 00000896 x = 255k P = 0001607

W;_ 01008 _ 59-38,

l-Di- E =
v W 0001697

The specific gravity of a vapour may be found by any
of the three methods given, if (i.) the weight of the hy-
drogen in the expressions which give W, is replaced by an
equivalent weight of air: or (ii.) the number which re-
presents the vapour density is divided by 14:44, which
is the sp. gr. of air referred to hydrogen.

When the vapour density of a substance has been
determined by any of the three preceding methods, and its
empirical formula is known, it is easy to fix its molecular
formula,

For example, while the three hydrocarbons acetylene
(C.H,), benzene (CzHg), and styrolene (CgHg) have the
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same empirical formula, CH, the vapour density differs
in each case, being 13, 39, or 52, according to which hydro
carbon is present ; the molecular weight must therefore
be settled in accordance with the vapour density.

Also, if in the experimental determination of the
vapour density of a compound, the number obtained should
differ slightly from that calculated from other data, yet
it would still control the molecular formula. Thus for
example if the number 504 were obtained for the vapour
density of styrolene, there could be no doubt whatever that
its true molecular formula would be that which most
nearly gave a molecular weight of 101 (505 x 2)—-viz. that

yielded by C,H, = 104.

MoLrcuLAR WEIGHT oF AmmoNium BASEs.

It has already been said that many nitrogen bases form
double compounds with platinum chloride, and that the
platinum present is a measure of the molecular weight.
The following example will illustrate the method of cal-
culation :—

Example 4.—Caleulate the molecular weight of quinine
from the following datum :—100 grams of the double platinum
compound (having the general formula 2RHCI + PtCl,, where
IR is a monad radicle) yield 26:85 grams of platinum.

Since in the general formula 2RHCLPtCIl, there is
one atom of platinum, it will be readily understood that
the following proportion will yield the molecular weight of
the compound :(—

{:r, the mr'IIFE:lllﬂr}

Weightof Pt| . | the atomic weight s i b e
found ¢ { of Pt i U “Eﬂ:*:u[ﬁut]],'ﬂ

26-85 : 195 ol 00 x

L

1855100 .,

[ ] O G o
Al R
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But by the terms of the question
2RHCI,PtCl, =726-2
- 2R=726-2 — (2HC1,PtCl,)

7262 —410
s R=! ——=1581;

which is the molecular weight of quinine, on the assump-
tion that it is monobasic.

MorLecuLArR WEIGHT oF AcIDS.

The determination of the molecular formula of an acid by
analysis of its silver, or other metallic salt, may be illus-
trated by the following question :—

Example 5,—An acid anhydride containing 471 per cent. of
carbon, 5'8 per cent. of hydrogen, and 47'1 per cent. of oxysen,
yields in contact with water a monobasic acid the silver salt of
which contains 6468 per cent. of metal. What is the molecular
formula of the acid ?

The empirical formula of the substance is obtained, in
the usual manner, yielding the following ratios :—

C = 47-1 = 12 = 3-93
H= 58—+ 1=5480
0=471-=-16=2-94

These ratios lead to the formula C,H,0,.

The silver salt of the acid contains 64'68 per cent. of
silver ; since it i3 monobasic the molecule will contain 108
parts of silver ; and consequently the following proportion
gives the molecular weight of the salt :—

4 Eﬁn?flff i‘;tig;} : {the ““::;‘f_g“’“igml- 100 @ {r.“fgzlfi?twg:r}
24
64°68 - 108 2 1 2 @
108 x 100

r = _'G__L_GS-_ - ].BE' 9-
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But this molecular weight, less the difference between the
atomic weights of silver and hydrogen, gives the molecular
weight of the acid itself, i.e.

1669 — (108 —1)=59-9.

Now the organic substance under consideration possesses
the formula

04}1503 3 and C4H503+H90=C.‘H304,

which corresponds to a molecular weight 120. But the
molecular weight found for the acid is 599, and there-
fore the formula C,H,O, must be halved, so as to bring
its molecular weight into conformity with that exper-
mentally determined.

MorLeEcuLAR REDUCTION OF FREEZING-POINTS.
Raourr’s Law.

Raoult has shown, by numerous experiments :—

(1.) That all substances, solid, liquid, or gaseous, when
dissolved in a liquid which can be solidified, lower the point
of solidification.

(ii.) In the case of the solvents examined, the mole-
cular lowering of the freezing-point, due to the solution of
different substances, approximates to one of two values, one
of which is double the other.

These numbers vary with the nature of the solvent.
The higher of these pairs of values is the more common,
and is designated the normal, and the lower is termed the
abnormal value. The mean values are for water 47-37 and
18:15, for acetic acid 39 and 18, for berzene 49 and 24,
for nitrobenzene 72 and 36, and for ethylene dibromide 117
and 58,

Let A represent the coefficient of lowering, ie. the
depression of freezing-point produced by the solution of
1 gram of substance in 100 grams of solvent, M the mole-

3
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cular weight of the substance dissolved ; and T the molecular
coefficient of lowering, i.e., the depression of freezing-
point produced by the solution of one gram-molecule of
the substance ; then T = MA.

The method consists in determining the freezing-point
of the solvent, first without, and then with the addition of
the substance, the molecular weight of which is required.
Then if P is the weight of the solvent, P’ that of the sub-
stance dissolved, and K the experimentally found lowering
of the freezing-point, the coeflicient of lowering, A, is found
by the proportion :

1R LI [

100 : pj* B &+ A
e P
Gt

The value of T is found for each solvent, by noting the
depression of freezing-point produced by substances of
known molecular weight. If then the value of T is
known, and that of A 1is experimentally found for a
substance of unknown molecular weight ; the molecular

: T
weight, M = i

Exzample 6.—12:616 grams of dextrose were dissolved in
9225 grams of water. The freezing-point of the water was de-
pressed 1'45° C. T=19. Find the molecular weight of dex-
trose.

By the formula given, hi:}; and
A 9280 VS
A=K oraton 0 X TaRIB 000 T o
el e oL
oe M-H(T-IUG—ITQ.

This number corresponds sufficiently closely to that
yielded by a body with the molecular formula C;H,,04.
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MoOLECULAR INCREASE OF BOILING-POINT.

The formula: which serve for the calculations required
in the determination of molecular weights by Raoult’s
method, will also serve for the calculation of those obtained
by Beckmann and Wiley’s process, if A is taken as the
coefficient of rise, and T as the molecular coefficient of

rise of temperature.
This method however is not so useful as Raoult’s,

because the value of T is a much smaller number, and
errors of experiment are consequently more serious in their

effects.
(QUESTIONS.

1. Calculate the vapour density of a substance by Hofmann's
method. Weight of substance used, 0-1366 gram. Volume of
vapour, 101:9 c.c. Temperature of vapour, 140° C. Height of
mercury column, 503:5 mm. Barometer, 730'9 mm. at tempera-
ture of 24-7° C.

The coefficient of expansion of mercury is 0°00018.

S. & A. D.

2. Find the vapour density of the following bodies, from the

data given by Thorpe :—

— {i.) (ii.) (iii.) (iv.)
Weight of liguid in grams 0r1322 00512 00769 02018
Volumein ec. . - - 842 80-78 6977 1067
Temperature in degrees C. 101 206 99°60 1285
Barometer in millimetres . fe22 T49°1 T49 442
Heizht of column of mer-
eury in millimetres. . 303 482 4934 240°3

3. Describe Hofmann’s process for determining vapour densi-
ties, indicating its advantaces or otherwise, over the other
methods in use. Caleulate a V.D. (air = 1) made according
to the above method from the following :(—

Weight of substance = 00518 gram. Barometer=752'5mm.
Volume of vapour =255 c.c. Height of column of mercury
=484 mm. Temperature of vapour=100° C. Temperature of
air =15° C. -
Coefficient of expansion of mercury for 1° C. = 0-00018,
S0k AL D,
G 2



84

DETERMINATION OF MOLECULAR WEIGHT.

4. Find the vapour density by Dumas’ method of the
following bodies, from the data given :—

— (i.) (ii.) (iii.) (iv.) I

WElEht of bulb in grams - - 19 8945 36-6709
Weight of bulb and vapour in

grams - - - 20 3015 371615
Difference hetweeu we;ght ui n.n'

and \i"ﬂ.[flfl'lll' ® = = & 02512 ﬂ'ﬂﬂﬂ? = -
Barometer at sealing, mm. . — —_— 7581 n:ﬁfﬂg c
Temperature of sealing, C. 2590 259° 205° 981°
Barometer at second umghmg, 7642

I = =4 {at1m0
Temperature “of aecund weigh .

ing, C. : go 129 152 20-g°
‘Ft}lume of glnbein cm 098 1153 112 175
Residual air in c.c. ] 1-3 2 —

5. Required the molecular weight, and the vapour density
(air = 1) of thallium chloride from the following data :—

Volume of bulb = 837 ecubic centimetres.
828° C. Bar. = 760 mm.,
thallium = 0°8899 gram.

Temperature =
Weicht of residual chloride of
Tl = 203-6. Cl = 35°37.
S. & A. D.
6. Calculate the vapour densities of the following bodies,
from data obtained by V. Meyer’s method :—

— (i.) (ii.) (iii.)
Weight of substance taken in grams 0108 00585 0-0715
Temperature of the water in degrees C, . 13-5° 162 20
Height of the barometer in mm. reduced | 7665 627 7735
Tension of aqueous vapour in mm, 1035 — 17391
Volume of air obtained in c.c. 38-85 98 23
S.&A.D. | 8. &A. D, -

7. Calenlate the molecular formula and vapour density of a
hydrocarbon from the following numbers :—

(i.) Combustion analysis. 01237 gram of substance taken
gave 0r4282 gram CO,, and 0°0626 gram H,0.

(ii.) Vapour density by Vietor Meyer's method. Barometer
7183 mm. Tension of vapour 11'91 mm. Temperature of air
in tube 14° C.

Weight of substance taken 0-16175 gram.
displaced 162 c.c.

Volume of air
3. & A. D.
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8. 02705 gram substance gave 09305 gram CO, and
0-1487 gram H,0. A vapour density determination by
V. Meyer’s method gave :— Weight of substance, 0:0846 gram.
Temperature of water 23° C. Barometer (reduced) 7495 mm.
Tension of aqueous vapour at 23° C. 209 mm. Volume of air
obtained 9'15 e.c. Required the molecular formula of the
body. S. & A. D.

9. Caleulate the molecular formula and vapour density of
a hydrocarbon from the followine numbers : —

(i.) Combustion analysis. Substance taken 0'1310 gram
CO, =04505. H,0 =0-0705.
: ii.) Vapour density, by Meyers’ method. BSubstance taken
 0-1105 gram.,

Temp. 17-5° C. Barometer 754'1 mm.

Volume of air 13'2 c.c. Tension of aqueous vapour 14-882 mm.

S. & A. D.

10. A hydrocarbon which has the vapour density 50 gave
the following numbers on analysis :—

03500 gram gave 1'07564 grams CO,, and 05050 gram H,O.
Calculate the formula of the body. 5. & A. D.

11. Caffeine is a base, and, like ammonia, its hydrochloride
forms with platinie chloride a double chloride. This contains
246 per cent. of metal. What is the molecular weight of
catfeine ? 5. & A, D.

“12. Caleulate the formula of the base whose platinum chlo-
ride gives the following analyses : —

(1.) 0-3435 gram salt gave 11'8 c.c. nitrogen at 16° C. and
757 mm. pressure.

(1) 0°410 gram gave 0458 gram CO,, and 0-1555 gram H,0.

(iii.) 0°383 gram gave 0°1045 gram Pt, and 04612 gram
AzCl.

13. Caleulate the molecular weight of strychnine when
0:4515 gram of its platino-chloride yields 00815 gram of
platinum.

14, The platino-chloride of einchonine contains 2761 per
cent. of platinum. Caleulate 1ts molecular weight on the
assumption that it 1s dibasie.

15. 0°571 gram of a monobasic acid gave on ecombustion
1'4362 grams of carbon dioxide and 0-2547 gram of water;
0:2143 gram of the silver salt of this acid gave 0101 gram of
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silver. Give the formula and the percentage composition of the
acid. S. & A. D.

16. The silver salt of a certain organic acid contains
631 per cent. of silver. Caleulate the molecular weight of the
acid, on the assumption that it is tribasie. B. Se. Lond.

17. Determine the molecular weight of a dibasic acid from
the following data :—

Crucible + lid + Ag salt ) . « 16:7985
Crucible +1lid + Ag . Bl . « 16:6775
Crucible + lid . 1 : . i . 162625

18. Determine the molecular weight of a dibasic acid given
that :— :

1233 grams of the barium salt, after heating in a crucible
with concentrated sulphurie acid, gave 1'131 grams of barium
sulphate.

19. Determine the coefficient of depression and the mole-
cular weights of the following substances from the data given :
(i. to vi.) by Brown and Morris, (vil.) by S. & A. D.

& g 2 E
K L~ i
SE N e s e S ~1 TEE:
— .._..'.' - B --u': :.. r-= P = — -
= = == = ol [0 2 E=
] = =

A o = < EL E=

Weight of sub-
stance taken, in
Eraimns ; .| 83704 | 13052 | T7-3382 ( 10499 4:1355 | B-2225

Weight of water ;
taken, in grams | 94'86 9108 05100 D3GB 07-45 451 |00

Corrected depres-
sipn of freezing-

, point, in degrees
Centigrarde - O 34° (-835% | 0-B36°{ 6657 | 0-54° 0-31° 0-058"

YValueof T . «| 13 149 19 19 19 19 37

20. Taking 56°7 grams of acetic acid freezing at 16:52°, and
taking methyl acetate in successive quantities as follows :(—
(i) 00725 gram, (ii.) 00970 gram, (iii.) 00821 gram, (iv.)
01192 gram, the freezing-points after each addition are observe
to be (i) 16:452°, (i) 16:863° (iii.) 16:282°, (iv.) 16:177°
respectively. What is the molecular weight of methyl acetate
found from each observation ? (T = 39.) S. & A. D.

21. Determine the coeflicient of rise, and the molecular
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weichts of the following bodies, from data given by H. W.
Wiley. (T =8 968.)

.t iv.} ;
. (i) (ii.) (iii.) - (_ : (v.) (i}
— Potazsinm | Potassinm Potassinm E %ﬁﬂ::}:m sodinm | Oxalic
Bromide | Ipdide Hitrate R Nitrate | Acid
Weight of sub-
stance taken, :
in grams ; i 9 [ 15 6 6
We:zlit of water : )
taken, ingrams 150 150 150 150 150 150
Tli-e of tempeia-
ture, indegrees |
Centigrude 0292 odas 0-33° U'Eﬁ“i ﬂ'iﬂ"i (r20®

22. The solution of 1065 grams iodine in 30°14 grams ether
produced a rise of the boiling-point of 0296° C. Find the
wolecular weight of iodine if T = 21-04.

CHAPTER XIV.

CALORIFIC POWER AND CALORIFIC INTENSITY.

Cavroriric PowER.

Tne calorific power of a substance is a term which ex-
presses its total heat-evolving power during combustion,
This power is measured by the number of grams of water
raised from 0° C. to 1° C. by the combustion, in oxygen, of
1 gram of the substance. This definition uses the gram as
unit of weight, and Centigrade degrees ; but the pound
or ounce and Fahrenheit degrees might be employed if
desired.

t 1s not within the scope of this work to describe the
apparatus and methods of ascertaining the calorific power
of a substance, these can be found by referring to works
on physics. It is convenient however to append the
calorific power of a few substances, i.e. the number of
units of heat evolved by the combustion of 1 gram of
them.
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Hydrogen to water . 84,462 | Turpentine i 10,852

Carbon ; y « 8,080 | Anthracite. = . 8,000
Sulphur . . . 2,220 | Alecohol . . . 15183
Phosphorus ; « 8,747 | Ether . ] . 9,027
Carbon monoxide . 2,403 | Carbon bisulphide . 8,401
Cyanogen . ; . 5,195 Fing . . . o« 1,801
Marshgas. <« ., 13,068 |Tron o & i s oelois
Olefiant gas . « TLASB | Tin ' a0 s e doidd
Benzene . . . 9915 | Antimony . « 961
Petroleum , g . 11,400 | Silicon . . . 1,830

Whether burnt in oxygen or air the calorific power of
a body is an invariable quantity ; but, where the body is a
compound, this quantity is not necessarily the sum of the
calorific powers of its elements. It is in general less than
the calculated amount, olefiant gas being an exception to
this rule. This is accounted for by the fact that a certain
amount of energy must be considered as being utilised in
undoing the work of combination.

It also is customary to assume that, in a compound
containing carbon, hydrogen, and oxygen, only the excess
of, or available hydrogen, produces heat ; i.e. the oxygen
in the compound is looked upon as being already combined
with the hydrogen : if there is more than enough hydrogen
to satisfy it, the excess is available for producing thermic
effect. If there is not enough hydrogen, then a certain
proportion of the carbon is also combined, and only the
residue will produce heating effect.

As an example illustrating this point, take the fol-
lowing :—

Ezample 1.—Calculate the calorific power of dry wood, from
the following percentage composition :—
Carbon . & = o« a Gl
Hydrogen . . « o 824

Oxygen . . . . 41-50
Nitrogen . . . . 100

9974
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By definition its calorific power is the amount of heat
produced by the combustion of 1 gram. Now 1 gram of
wood contains 0-415 gram of oxygen which combines with
00518 gram of hydrogen to form water.

The available hydrogen therefore = 00624 — 0-0518
= 0'0106 gram. Now 1 gram of hydrogen yields 34,462
heat units ; and 1 gram of carbon gives 8080 heat units ;
therefore 1 gram of wood has the following calorific
power :—

Heat evolved by available
hydrogen : : . = 00106 x 34462 = 365-29
Heat evolved by the carbon = 051 x 8080 = 412080

Total calorific power = 4486-09

CAvoriFic INTENSITY.

The calorific intensity of a body must be clearly dis-
tinguished from its calorific power. The latter is the
amount of heat given off during combustion ; while the
former is the theoretical temperature to which the pro-
ducts of combustion can be raised from 0° C.

The calorific intensity will vary according as the com-
bustion takes place in oxygen, or air. The rule for calcu-
lating the calorific intensity of a substance may be stated
thus :(—

Divide its calorific power by the sum of the weights of
the products of combustion and of the residual substances
multiplied by their respective specific heats.

Example 2.—Calculate the calorific intensity of hydrogen
when burnt in oxygen and air respectively. Assume the initial
temperature to be 0° C. and the pressure 760 mm.

The calorific power of hydrogen is 34,462. This
number includes the amount of heat given out by the water
vapour (produced during the combustion of the hydrogen)
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during its reduction from steam at 100° C. to water at
100° C., and, since the latent heat of steam is 537, that
number of heat units per gram of water will be evolved.
Now since 1 gram of hydrogen yields 9 grams of water,
and as in calculating its calorific intensity the steam is
no longer considered as condensed to water, the number
34,462 must be reduced by 537 x 9 = 4833,

Again, there is more heat, per degree, required to
raise the water produced from 0°-100° C., than is re-
quired afterwards to raise it from 100°-z° C., because
the specific heat of water (page 52) is greater than that of
steam, in the proportion of 1 to 0-4805. The difference
between these values, from 0°-100° C., must therefore be
deducted from the 34,462 heat units. Since there are
9 grams of the product, water, this difference equals

(1—0°4805)100 x 9 = 46755,
The number of heat units remaining is therefore :
34462 — (48334 467°55) = 29161-45.

This number divided by 9 x 04805 gives the theo-
retical temperature of each gram of product ; i.e.

Caloritic intensity of hy-| _ 2916145 _ oo /050 v

drogen burnt in oxygen! 9 x 04805

If the hydrogen had been burnt in air, there would
have been not only the steam to raise to a high tempera-
ture, but also the residual nitrogen, of specific heat 0-244.
Since there are in the air nearly 3:35 grams by weight of
nitrogen for every gram of oxygen ; and 8 grams of oxygen
are required to burn 1 gram of hydrogen ; there will be
8 x 3:35 = 26-80 grams of nitrogen to be heated along with
the steam. Introducing these figures the calorific intensity
or theoretical temperature, T, of hydrogen burnt in dry air
becomes—

2916145 .
y: . = 26598}
(9 % 0-4805) + (268 x 0-244) A
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To calculate the calorific intensity of hydrogen the fol-
lowing nuinbers are consequently necessary :—

Total heat of combustion of unit

weight of hydrogen : .= 34462
Deduction for heat rendered

latent in transforming water

into steam, per unit of hydro-

gen e - o ’ . = 537 * 9
Specitic heat of steam : . = 04805

Deduction for difference between
specitic heat of water and steam

|

(1—0-4805)100 x9

- Specific heat of nitrogen . .= 0244
Weight of nitrogen per unit of
oxygen . : ; i p=33D

and the calorific intensity, T, for hydrogen when burnt in
air s :—

__ 34462—{[(1—0-4805)100]4+537}9 _ 5nrq.qo
e e

The calculation of the calorific intensity of hydrogen, is
a good example of the method employed in such deter-
minations. If the products of combustion are all gases the
calculation is much simpler, since the corrections rendered
necessary by the latent heat of the vapours, and varying
specific heats of the same substance in the liquid and
gaseous form, are eliminated.

The calculated calorific intensity is after all only a
theoretical quantity. It is based on the assumption that
the specific heats of the products of combustion and residual
substances are constant at all temperatures ; this is not
true, since the specific heats of gases generally increase as
the temperature rises. The dissociation of the compound
gases at a high temperature also limits it.

In practice too there is also a considerable amount of
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heat lost from such causes as radiation, excess of air, or
imperfect combustion ; and the temperature will also depend
in part on the physical condition, freedom from moisture,
inert substances present, and the products of combustion of
the substance under consideration.

On the other hand it will be noticed that in the above
calculations no account is taken of any heat possessed by
the fuel and air before combustion ; this of course would
increase the ultimate temperature.

It should be noted that all the calculations, both in
calorific power and calorific intensity, are made on the
assumption that the pressure remains constant at 760 mm.

(QUESTIONS.

1. Caleulate the amount of water which can be raised 50° C.
by the combustion of 8 grams of (i.) earbon, (ii.) carbon mon-
oxide, (iil.) phosphorus, and (iv.) silicon respectively.

2. Taking their calorific powers as the sum of those of their
constituents, calculate the calorific power of (i.) ethylene, (ii.)
marsh gas, and (iii.) acetylene.

3. Calculate the calorifie powers of the following substances
from their percentage composition :—

Hydro- Nitro-
— Carbon gen Oxygen gen Sulphur{ Ash
(i.) Beechwood . .| 5008 623 | 41'61 093 .- —
(ii.) Oak wood . . | 5064 603 | 4205 1-28 —

(iii.) Welsh coal . . 8061 G601 1:60 1-44 35 694"
(iv.) Newcastle Ha

coal . i - 8181 550 258 1-23 169 714
(v.) Wigan cannel . « | 7923 608 724 1118 1-43 484
(vi.) Derbyshire coal

AVerage , . A 7968 4-04 10-28 1-41 1-0 265

4. Calculate the calorific intensity of (i.) earbon monoxide
and (ii.) marsh gas when burnt in oxygen.'

5. Calculate the calorific intensity of (i.) marsh gas, (ii)
benzene, (iii.) aleohol, (iv.) ether, and (v.) turpentine when burnt
in air,

I Specific heat of water = 1, nitrogen = 0-2440, carbon dioxide
= (2164, steam = 0-4805.
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16.
17.

. 0152394 m.,
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CHAPTER 1. 18.

— 19,
1,575 mm,

L T
10,0056 ms,
0-15 ,,
5 17
3,700 sq. cm.
1,500,000 c.c.
1,050,000 sq. cm.
9,600 ,,
1':05 sq. ms.
19-6578 ,,
2-753002 o
750,000 sq. mm.
ﬂm ¥
100,500 o

0-380987 ,,
2-:37744 ms.

380:987 ,,
237744

. 812875 sq. dem.
10.

200 gms.
] E L1
2,100 cgms.
12 (1 S
15,660

. 100,000 ¢.c.

500 ,,
15,000 ,,
500,00G ,,
19635 sq. cm.
44-178 ,
346-36 -
1,767°15 gms.
44 pints
9-0869 ls,
1:6 oz. per gallon

152:394 mm.,

21.

22,
23.
24.
25

26.

1.

2.
3.

125 gms. per litre
972 gms.

4'536 kilos. 4536 gma.
123-458 ounces

250 gals.

72147 gals, 3,235:43 ls.
50-967 ls.

. 2201 gals.
The diameter = 3 cm.
CHAPTER II.
216° R. —=4°R. 156° R
T4'6° R. -57°R.
—14-2° R, —922-6° R.
G9°F. 14°F. —49°F.
627° F. —13° F. 194°F.
—=20°C. —-05°C,
—17-7°C. 143'8° C.

14.

[E——
Kol Et ) K0 G X N e 13 B et

—25°C. 95°C. 240°C.

CHAFPTER IIL

2796 gms,

1056
1'5
0-826
0657
0644
1-505
0-826
1183
10042
2:707
8530

11-296
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ANSWERS, 05
CHAPTER V. 5. 94:11 gms.
g 6. 27'7 gms.
1. Na, :
2. (“‘f—tj IE}PDS 7. 1913 gms. CO,
3. CH,N,S (NH,CNS). _ 1173 gms. H,0.
4, AgNQ,, 8. (i.) 8370 Is.
5. C,H,0. (ii.) 13950 1.
6. Uf}[:. 9. 1,569'9 c.c.
7 C;PI-,'-\TQD- 10. 1'4_5 l_s.
8. LiKs0.. 11. 285-93 ls.
9 CaTIAO. 12. (i.) 10 mgms.
10. }InEHgﬂﬁ. (11.) 20 mgmas,
11. PbB,0,, H,0. 187795 tons.
12, Gack.0L, 14, 53801 gms.
5i Na,,Sb% 9H 0. 15. 119657 tons.
14, Ca0, 28i0,, 2H,0. 16. ﬁ‘g%l gms,
15. d(‘y_[rrf H')U 45102. H. D. 175 & ?8 gms.
16. (CaMyg)CO,. L:J'_ dice
17. 5Ca0, 2(AlF2"),0,, 65i0, | 1% 131;%;3%5915- }IND;.;I
18. 5(NaK),0,6(Fe Mnadlg)0, 32706 gms. HCI.
E(Fenr) Dar 988i0).. 19. 44 %’éﬂﬂ. 'CD&I[OI'H'IE&';
9, 2(A1Fe""").¢ i ; gms. U remaining,
: ( IDS.?D}DS' (NAteED,S, 20. 00009344 !{ﬂﬂ. Zn.
20. Na,0, 2Be0, 68i0,, H,0. ?g”“ﬂ;l”a klg. ?1:{3%::; 0,.
21. Na, 0O, Al, =L g I b9 c.e (@ 735 mm., OF
#9500, 6510, 0'5170 of the volume.
CHAPTER VL 21. 43625 c.o. -
1. 126:25 c.c. 11375 c.o 221 LH erle. i,
10958 c.c i 2:024 Js. CO,.
9 39981 vols. 4-049 ls. H,O (steam).
S ks s 15:233 ls. N.
4F 27649 13' 23. 59°62 gms.
5. 496°C. 7892 ls.
6. 11:384 is 24, 160 ls. air.
7. 22901 ls. L
8. 000714, or 714 Is. more anrl = l’l_uﬂjgﬂcﬁ"}
0:0625, or 62°5 Is. lessresp. | oa 9. i
9. 2566 vols 26. 129 grus,
10. 52-63 mm' 27. 694-46 c.c.
12, —71-9° Q. 29, 52:5 gms. 45:204 1s,
2, : 2D
13. 1252:74 mm. g“- fl"'égﬁ"in
14. 879° C. 31, 36 tons.
15. 6506 32. 7-168 gms.
y : 33. 46958 gms,
m 34. 39°183 gms.
1 EDE?IIAP‘ER e 3-9183 gms. less,
. 2:232 1s.
2. 496 Is. CHAPTER VIII.
3. 19-936 gms. 1. 795 ls.
4. 6,200 c.c. oxygzen ; 2. 28 vols. H., 79 vols. N., and

12,400 c.c. hydrogen,

107 vols.of gas remaining,



96 ANSWERS,
3. (i.) 1,000 c.c. 13. CH,0.
(ii.) 1,500 c.e. 14. 69-387 per cent, CI.
4. (CH,) 4 1s. O required , 15. 42-985 per cent. NaClL
2 1s. CO, formed. 566015 per cent. KCL
(C,H,) 6 1s. O required ;
4 1s. CO, formed. 100 000
{CEHF) i"sls. E:} re¢|u]ired; S
4 ls. CO, formed. =
5. The gas was carbon mon- }g ?JE,?EPEIE'TGE:;'{;SA Br
e 18, 5204 por cenf B 98
i .:-.EE a° et 19. 3:7759 per cent. Fe,0,.
E: (C,H,) i,ﬁfll}vcls. O required ; 20 35_3;.;378 E?:GC;P;' A £
1,000 vols. GDgfﬂrmed.d Ol T
(C,H,) 1,250 vols. O required ; Tt
“L.000 vols. CO, formed. gé E]bégﬁ P;; EErE e
(C,N,) 1,000vols. Orequired; | 5y o 1eyEo
1,000 vols. (1302 furmed.d S ans
(CH,) 1,000 vols. O required ; il
9. 9:52 Is. 2?' 34-536 Per cent' 1--‘-1?~2 j
10. G.) 101s. - (1x.) 10 (. 98, 99-516 per cent. K,Cr,0
(iii.) 67188 ce. Lt L
11. 833 oc. 29. 36-801 per cent. B,0,.
19, 690-47 1s. 30. 33-518 per cent. N.
CHAPTER X.
AEL LGS 1. (i) 5394, (i) 5°859.
1. 36:295 per cent. H,0. (iii.) 527,
2. 60492 per cent. Cl, 2. The atomic heat=4-392 at
3. 5732 per cent. Al 20°—1040° C. and = 5-307
4, 45°476 per cent. H,0. at 985° C. The former
5. 41-425 per cent. CO,, number would lead tols
6. 0:929 per cent. Fe,O,. as the atomic weight of
7. 48176 per cent K. _ carbon.
8. 26-288 per cent. PbO., 3. (i) 6:384. (i) 6:520.
9. 6:616 per cent. Nay0. (i) 6:474.
10. CaO 1-3169 4. (i) 67°01. (ii.) 7710
BaO 1-1831 (iii.) 113-87. (iv.) 118-30.
(v.) 196:92. (vi.) 15-68.
2:5000 5. (i) 0:9428. (ii.) 0°170.
(iii.) 01067, (iv.) 0079,
11. 93:816 per cent. C. (v.) 00837,
6-109 per cent. H. 6. 52:059.
7. 107-959.
99925 8. 40°05.
e — . TE50E
12, 88-20 per cent. C. 10, 69-82,
11'50 per cent. H. 11. 12:06.
12. (i) 48:06. (ii.) 47-99.

e

(iii.) 47°93. ~ (Thorpe.)
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13. (i.) 26:975 (ii.) 27-06. 11. H 1443
14. 15694, N 6577
15. 28:347. (Thorpe.) co 1749
16. 140-221. CO, 1228
17. 149:995, A
18. 113-688. 99-97

19, 87:3067.
20. (i.) Aun : KEBr=196-90.

(ii.) Au: Ag=19692. CHAPTER XII.
9] (ILL}T;T] L LS 1. 0 40; N 60, per cent.
22. 51 lITE .2.. U‘:'jﬁ i 2 Caighl
93 9746 3. E 000655 gms. O 05587
94 5543 gms. N 0-1451 gms.
T 4. 0 3055 ; N 96-945, per cent.

25. (i.) 136921,
(ii.) 136-491.

26. 208-923. (Classen.) CHAPTER XIIL
27. Atomic weight = 200-17.

Molecular weight is the 1. 75°98.
same as the atomic 2. (i.) Ethidene chloride, 49-23;
weight. (ii.) Propionitrite, 27-48 ;
(iii.) Heptane, 49-94 ;
CHAPTER XI. (iv.) Picoline, 46-77.!
1. 9:38 gms, ; E_G{HThm'PEJ
Partial pressure of N and e s
h 270 4. (i.) Myristuol, 82-29,
o, i (ii.) Menthol, 82-20.
J}'!--ulg fes (iii.) Vanadium tetrachlo-
21.9f ride, 96-20.

131-26. (Bunsen.)

(i) N 79:073 ; O 20:927, per
cent. (ii.) N 79:081; O
20-919, per cent, (iii.) N
79-108; O 20892, per
cent. (Bunsen.)

6. N 83:24; 013:80; CO, 2:36,

per cent.

7. Butane, C,H,,. 10-399,296-35,

Al

(iv.) Chleroform, 59-97.

V.D. 824 (air=1). TICl=
238-97.

(i) 59-99. (ii.) 73°15.

(iil.) 37-42.

V.D.=126. C,H,.

V.D.=116'7. C,Hq

V.D.=102:2. CH,,.

bt =t
—o®woem & o,

260r 14, 21869, ?tilii%“'
£ G D B0 TEL, ret o) Mol wat,~164717. C,H,NO
{ E¥ ] as :- - w A A = 1-"];’.
][;‘ al'z5; ‘“H(EI)‘ ISﬂq'J"Ei;E;T 15. | 13. 33513, Coy HaN.0, = 334,
' : : ' 296-13. L, H,,N,0 =308,
per cent. per cent. | OO e IH% =9
GOE U.I'E ”.I'T ' ? < Ii: _I;;_"j
C,H, 496 501 [ g
CH, 145 14R , = 2040
0 572 555 =
Co 617 627 ' 200100

! There is evidently «itlier an error in the data given or in the answer, Cual-
culated from uatn giver the answer is 4ul2,
H
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16, 192-47, Mol., wgt. :—(i.) 1236.
17. 150-11. (i) 163-0. (ii.) 108-7.
18. 119-00. (iv.) 2832. (v.) 854.
19. Coef. of depression :— (vi.) 179-3. (Wiley.)

(i) 0-1065. (ii.) 0:0588. | 22. 251-1,
(iii.) 01052. (iv.) 0-0596.

(v.)  0:1272. (vi.) 0-0356. CHAPTER XIV.

(vii) 0-1596. 1. (i) 4848, (ii) 1441.
Mol. wgt.:—(i.) 178-3. (ii.) 344-8. (iv.) 469°8.
Gi) 3228, (iii) 180-3. | 2. (i) 11,848,  (il) 14,675.

(v) 3106. (v.) 149-3. Gii.) 10,109,

(vi) 533:8. (vii)231'8. | 3. (i) £.401. (ii.) 4,360.
20. (i) ~ 7333. (ii.) 74'26. (iii.) ®,597. (iv.) 8,432.
Gii)  72-71. (v.) 7435, (v.) 8216. (vi.)7,720.

21. Coef. of rise:—(i.) 0-0T25. 4. (i.) 7,066. (ii.) 7,002.
(ii.) 0055. (iii.) 0-0825. 5. (i.) 2.373. (ii.) 2,674
(iv.) 0°0316. (v.) 0-105. (iii.) 2,418. (iv.) 2,581.
(vi.) 0-05. (v.) 2,621.

APPENDIX,

A MoRE general method of calculating the results of the indirect
determinations, of which example 4, page 43, is a type, is by means
of simultaneous equations. Thus, taking the example mentioned :

Let @ =the amount of KCl (mol. wgt. 74'5) in the mixed chlorides,

and y = W »w NaCl (mol wgt. 58'5); then since there are
1'449 gms. of the chlorides—
(i.) @ + y = 1449,
These chlorides contain 0-7739 gm. Cl; therefore
i 355 355 L
(ii.) Te Y + == 0-7733.

Multiplying egunation (i.) by :}; and subtracting equation (ii.)

from the result, we obtain

SARE b (3'5_5 x 1-«149) - 0-7739;
745 585 45

~. ¥ = 06401 gm. NaCl,

The amount of KCl = 1449 — 06401 = 0'8089 gm. From these
pumbers the percentage composition can then be calculated.
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ABS L1T
ABSORPTION tubes, 61 DALTON and Henry's law, 69
Air, composition of, xiv Density, absolute, definition
Analysis, gravimetric, 39 of, 8
-— quantitative, methods of, 39 — — of a gas, 12
— volumetrie, 40 — of gases, 11
Aqueous vapour, tension of, 63 — — water, 9

Area, measures of, 3

Atom, definition of, 49

Atomic heat, definition of, 52

-— weight, calculation of, 54

—- — definition of, 49

— weights, Mendeléef’s arrange-
ment of, 51

Atomic weights, table of, xi

Avogadro’s law, 12

BoYLE, law of, 27

CALORIFIC
tion of, 89

— — definition of, 89

— power, calculation of, 88

— — definition of, 87

— powers, table of, 88

Cliarles, law of, 25

Chemical equations, explained,
32

— — properties of, 31

Coeflicient of absorption
gases, definition of, 69

— of expansion of gases, 25

— — — — mercury, 6o

— — lowering, 81

— — rise, 83

Coelficients of ahsorption, table
of, 69

Crith, definition of, 12

intensity, calcula-

of

— relative, definition of, 8

Determination of vapour densi-
ties, 71

Dulong and Petit’s law, 52

EMPIRICAL formula, definition
of, 17

— — method of calculation of,
17

— formul® of minerals, 19

Expansion of mercury, correction
for, 6D

Eudiometer tube, 61

G A8 burette, 61
Gram-molecule, definition of, 12

HEAT, unit of, 52
Hydrogen available, 88

IsoMoRPHISM, explained, 53
— relation of, to atomic weight,
b4

LAW of octaves, 50
Length, standard of, 1
— measures of, 3

¢ Litre, 3
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MAS

Mass and weight, difference
between, 8

— definition of, 8

— measures of, 3

— standard of, 2

— unit of, 2

Measuring  vessels for
analysis, 60

Menisecus, correction for, 64

Metre, definition of, 1

Miscellaneous data, xiii

Molecular coefficient of lowering,
82

— coefficient of rise, 83

— increase of boiling-point, 83

— reduction of freezing-point, 81

— weight of acids, 50

— — — ammonium bases, 79

— — —gas from its sp. gr,
formula for, 13

— — relation of, to vapour den-
sity, 13

gas

NoRMAL solution, definition of,
41
— temperature and pressure, xiv

PARTIAL pressures, law of, 64

Periodic law, 50

— — relation to at. wgt., 50

Pressure, influence of, on the
volume of gases, 27

— relation of, to density of
gases, 29

RaouLt's law, 1

INDEX,

WEI

SPECIFIC gravity, definition of, 8
— — of air (H=1), xiv

— — —gas, definition of, 12

— — — hydrogen (air= 1), xi¥
cm e e = liguids, 10

— — — mixture of liquids, 10
— — — solids, 9

j — — standard of, 8

— — standard temperature, 8

— heat, definition of, 52

Standards of length,
and mass, 1

volume,

TEMPERATURE, influence of, on
the voluwne of gases, 25

— relation of, to density of gases
27

VAPOUR density, definitionof, 12

— — determination of, by Hof-
mann's method, 72

— — — Dumas’, 74

— — — Meyers', 76

— — relation of,
weight, 53

— — relation of, to molecular
weight, 13

Yolume, measures of, 3

— standard of, 2

— unit of, 2

— — — for sp. gr. of gases, 11

— — — — sp. gr. of solids and
liguids, 8

to atomic

WEIGHT, difference from mass, 8
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