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PREFACE.

Tue following numerical problems on the chief properties
and reactions of the more important elements and inorganic
compounds are intended to be used in conjunction with a
deseriptive text-book of chemistry.

The beginner is supposed to be acguainted with elementary
arithmetic,  Those more wdvanced are strongly advised to learn
the wse of logarithms, when Tables VI. and VII. will
materially lighten the arithmetical labour,

Those portions of the introduetion, which may be omitted
on a first perusal, and a few of the more difticult problems, are
marked off by lines.

FFor the sake of simplicity, and to avoid frequent changes, in
many cases the numbers used are only approximate. More
aceurate data will be found in my * Numerical Tables and
Constants in Elementary Science,”

The mass of a litre of oxygen, 142961 gm., is known
more aceurately than that of any other elementary gas (cf.
Nature, Ap 13, 1803), and it is convenient to assume O =16 as
the basts of the system of atomic weights, Hence *two

volumes ” are equal to 32/1°42961 =22-3837 1., and the “crith”
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or mass of one litre of the standard hypothetical gas is 008935
gm. IFor purposes of elementary instruction it is sufficiently
corrcet to adhere to the time-honoured * absolute volume,”
11:2 1, of Williamson, and the *“ecrith,” 00896 gm., ol

Hofmann,
8. L.

Loxpon, July, 1808,
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CHEMICAL ARITHMETIC.

(1.) Mass VorLume axn DexsiTy.

Tur mass (M) of or quantity of matter in a body remains con-
stant so long as nothing 15 adiled to or taken from the body.
The volume (J7) or bulkiness of a hody varies with the conditions,
stich as pressure and temperature, to which it is subjected.
The density (a) of a body is measured by the number of units
of mass contained in the unit of volume of it,
M Ar

Hence M = ]7A. "= =. A = "_,
A 14

In the metrie system the density of a solid or liquid is expressed
by the number of grams in a cubic centimetre of it, or by the
number of kilograms in a litre of it.  Sinee a cubic centimetre of
water veighs very nearly a gram, the density of a solid or ligquidl
may also be expressed by the number of times it is heavier than an
equal volume of water.

Thus the expression that the density of copper is 8'9 means that
a cublie centimetre of copper weighs 89 grams, or is 89 times as
heavy as an equal volume of water. From this it follows that
1000 cem. of copper contain 1000 x 80 = 8000 em., and that

1000 _ 11236 com.

i

1000 gm. of copper occupy

From these relations many questions connected with changes in
volume and density, when substances mix or combine, can e
s solved.

If metals having volumes V, V', Iy and densities A A, Ay are
rmelted together to form an alloy of volume F, and density a,
ssinee the melting produces no change in the mass :—

Viay + 14, + Vo, = T,

E It



2 MASS VOLUME AND DENSITY. [§ 1.

Again if masses of metals My, My, My, form an alloy of mass M,
without permanent change of volume :—

‘E! - iliﬂ + -l:!l..l.—'.'i - ﬂ.—‘r'nl'
4, A, 4y Ay

Thus to find the density of the native alloy (Hg,Au,) of 600
parts of mereury (a4 13°59) and 393-2 parts of gold (A 19-3) sup-
posing that no contraction takes place :—The mass of the alloy is
600 + 3932 grams. L

600 3932 _ 9932
1359 ¥ 108 ~ g,

The density is found by experiment to be 15°47, hence a small
contraction takes place during the combination.

e ————————————

In the English system the density of asolid or liquid is measured
by the number of pounds in one cubic foot of it ; and the number
of times a solid or liquid is heavier than water is spoken of as its
specific gravity.

Since a cubic foot of water weighs 62-4 1h., the density of a solid
or liquid according to the English system is 624 times its specifie
gravity.

Thus mercury is 13°59 times as heavy as water (specifie gravity), |
and a cubic foot of it weighs 13'59 x 624 = 848016 1.
(density).

Wricur.

The mass of a body is in practice nsually measured by its weight,
that is by the attraction of the earth upon it. This attraction is
equal to the mass of the body multiplied by (g) the velocity which
it would acquire by falling freely in vacuo for a second under the
influence of the attraction of the earth.

IV = My (where g = 981 em. in London).

The acceleration due to the attraction of the earth () increases |
as a body passes from the Equator to the Pole, becaunse it comes
nearer to the centre of the earth, and is also less aflected by the |
rotation of the earth. Hence the weight of a body varies with its
geographical position and distance from the sea-level.

If the masses of two bodies at different places were compared
by estimating their weights with spring-balances, a correction for
the difference of gravity at the two places would have to be intro- |
duced. But in practice the masses of bodies are determined by
comparing them in a balance with pieces of metal of known mass 1.



§2. FLUID PRESSURLE. 3

(* weights ') on which the earth exercises an equal attraction,

Henee ina balance masses and not weights ave in reality estimated,

The word weight is often used when mass is really meant, e.o. a
gram or a pound i aounit of mass and not a4 unit of weight,

(2.) Frrein Pressvie.

Most lignids such as water and meveury are found to deerease in
rvolume very slightly under inereased pressure, hence they are
sspoken of as ““incompressible” Huids,  Gases amd a few liguuds of
rvery  low boiling peint decrease in volume considerably  under
Hinerveased pressure and are spoken of as * compressible " flunids,

Fluids are fommd to transmit pressurve equally in all divections,
camd it is often convenient to measure pressures by the lengths of
ceolumns of incompressible Huids which produce pressures equal to
tthose which are to be measured,

(i.) The pressure Pon the layer of merenry at the hottom of a tule
(76 cm, long and 1 sem. in arvea is equal to the weight of the merenry
(A 13-506) above it. *

e .:hry' =0 % 1T % 13586 = q = 103533°3 = 4 om,
or P = the weight of 10333 gm.

(ii.) The pressure then of a column of liguid 1 sem, in area is
cexpressed by the height of the colimn in em. x the density of the
Higuid (g is neglected as constant for the same place),

Henee two columns of two ligquids of heights X, H, and densities
tAy and A, produce equal pressurves it H A, = .4,

Thus to find the height of a column of mereury (A 13°59) which
..‘}‘-]']1 1,1-”.]“[1- the same Jrressure as a I'l.lllllllll of water Ir_.ﬁ ” 217 mm.
T high,

B % 1800 = 217 % 1, H, = 1596 em. = 1596 mm.

(iii,) Suppoese a solid of mass M, such as an hydrometer, float in
a liquid of density A with a volume J” immersed,  The weight of
‘the 1L_:_I,'thl'll}llu_-tulf' presses downwards, and a pressure equal to that of
|1 the liquid displaced acts upwards :—

[ Mg = Vay
iw
=

i

) I:.:il' the mass of the hydvometer divided by the volume of it which
18 immersed gives the density of the liguid in which it floats,

(iv.) When substances are weighed, they are usually in air and
Il hence appear to weigh less than they really do by a weight equal to
B 2




L |
)
|

3
4 THE BAROMETER. §3.

that of the air displaced. The weights are also aflected by the
same cause, Hence if 17, be the volume of the substance, and |
I the volume of the weights in cubic centimetres ; and a the i
mass of 1 cem. of air at £ C. and with the bavometer standing ats
H . N

The real mass of the snbstance is equal to the mass of the v.---ightsf

|
. : 0:001298 x I |

+ @a(V, — V); wherea = o —_—
i w) 3 where @ T + ‘00367 x 760 6.) 9
i
(3.) TuHr BAROMETER. i

The barometer in its most simple form consists of a tube about]
1 em. across and 80 em. long, closed at one end, filled with mer-
cury, and inverted in a vessel of mercury. Since fluids tmnmnit_‘i
pressure equally in all directions, the pressure of the atmusphe:'ai
on 1 sem. of surface of the mercury in the vessel is equal to that
on 1 ser1. of mercury at the same level in the tube. Hence the

weight of the mercury in the tube measures the pressure of the air

ontside, 1

The standard pressure of the air, ealled an atmosphere, is taken
as equal to that of a column of mercury 760 mm. or 76 cm. high.
The pressure of an atmosphere then (2,1.) is equal to that o
1'0383 kilog. on the scm. or 14°7 Ib. on the square inch, ]

Since increase of temperature causes the mercury to expand and
become less dense, and the scale to become longer, a correction|
must be applied for any temperature £ C. (@). If the reading on
a brass seale be & mm. the true height J7 is—

(1 -+ -000019¢) _
— il e = N o
H=1 (1 + -000181) k(1 00016¢).

The higher a barometer is carried above sea-level the less is the
action of gravity upon the mercury and the shorter is the column
of air above the instrument. Hence for each 10'5 m. through
which the instrument is raised the mercury falls about 1 mm, This
only applies to small elevations.  Or for each metre that the place
of observation is above sea-level about 095 mm. must be added to
the apparent height of the mercury.

The difference in height in metres D between two places at 7™ G,
and #° C. where the barometer stands at /7 and & m, is given by
the formula :—

AT+, H-h,

F
D_lﬁw“[1+ 1000 ]H H+ h
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(4,) Tne CHANGE IN VOLUME oF A MAss oF GAs PRODUCED
BY CHANGE oF I'LESSURE.

Bovie's Law.—The volume of a mass of gas varies inversely as
he pressure upon it,

Hence the volume (v) of a mass of gas multiplied by the
wessure upon it (p) is equal to the new volume (#) of the same
nass of gas multiplied by the new pressure (7).

VP=etp o ¥V ="L.

Thus to find the new volume if 250 cem. of eas under the
=

ressure 742 mm, have the pressure increased to 760 mmnu.

250 x 749
— — = 24408 oo b
V 760 14°08 cem

(5.) THEEMOMETELS.

The temperature or hotness of bodies is usually measured by
lermometers, which generally cousist of encloseil volumes of
i or merenry from the expansion of whicl the temperature is
etermined.

In every case two ““ fixed points ™ ave taken, the melting-point of
e, and the boiling-point of water under a pressure of 760 mm, of
iereury. The difference in temperature between these two fixed
sints is divided into a number of equal degrees, and the graduation

carried above and below the fixed points,

Three dilferent scales are in use :—
Melting of ITce. Interval. Boiling-point,

he Centigrade seale 0" C. 100° C. 1007 (',
ahrenheit’s seale a2 F. 180° I, 212° F.
caumur’s seale 0 R. 80° R. 30° 1.

Sinee the difference in temperature hetween the two fixed it 5
the same in cach case,
1007 (. 1807 ), 30° 1t
oy g R = g r.= 1"k
euee any }:’.i\'h'II nurnher of 1J|';_f|4'|-.-i & On one :-_cvu]'r- can b l-,‘-.;l-l-'.~.--r'1|
vanother scale by the follow g lormnlme ;—

(i’F. — 395 o (" I, 32) 4
= (. » = .2 R
n 0
U, =0 ’ a” (), % 4
- i ;J.-g = .]'. —5 I:




fi EXPANSIDN BY HEAT, [§ 6.

k) + 82 = a°F. e e =
4 4
Thus, to find what temperature Centigrade is equal to 113° I,

(118° F. — 82) x &

5 = 4b" O,
And to convert — 32° R. into Fahrenheit's scale,
-32°R x 9

+ 32 = -40° F.

4

It is fl‘urlumltl}' convenient to express tcm{mmtm'cs on the ** abso-
lIute scale ™ in which the degrees are equal to those on the Centi-
grade scale, but the zero point is 273° below the melting-point
of ice.

Hence any temperature on the Centigrade scale is converted into
the absolute scale by adding 2737 to it.

Thus —13° C. 18 —138° + 273° = 260° on the absolute scale.

(6.) ExraxsioNn ny HEAT.

Gay Lussac’s LAw.—273 volumnes of gas at 0° C. increase by
one volume for every 1° C. through which they are heated,

Thus : 273 volumes of gas at 0° C. become at 1° C. 278 + 1 volumes,

ET:}' b | L] LR ] 51 2: {_.- 2?3 'l' E 13
ETB 5% 13 31 LR 3 {.l- 2?3‘ 'I' 3 .y
BTS LR LR ] LR L] 'E:{' Un 2;3 'E I'-' 54

2?3 L E) LR LR ¥ Tu D' EFS + ‘I";" L
where ¢ and 7' express any number of degrees on the Centigrade
scale.

Hence 273 4 ¢ volumes of gas at £° C. become at 7 C. 273 4 T volumes.
273+ 1'

or 1 1 LR £ U' L ] TI[" 2?3+£ Lh |
" i o BT
and o g o W g EEERER Sore

which, if 77 stand for the new volume of the gas after the temper-
ature has changed from £ C. to 77 C., is written
g ¥ (278 + 1)
273 + ¢

Thus to find the new volume if 1000 cem. of gas are heated [rom
17" C. to 27° C.

pFa 4 & M W
V = ]-{Eﬂg-'m I_,_'“} = 1[}1‘.}[‘!_ Kn{ﬂg = 10348 ccin.
273 + 1i 290




$7.] FORMULA, MOLECULAR WEIGHT, ETC, 7

And to find the new volume if 1000 cem. of gas are cooled from
21 C. to = 13° C,
[ 1000 (273 — 13) _ 1000 x 260
- 24 300

If the pressure on the gas as well as its temperature be changed

the formula must be combined with the one given in (4). Hence
oo v {_‘23’3 + I . P

273 + ¢ P
Thus to find the new volume if 500 cem. of gas are cooled from

89" C. to 13° .. while the pressure is decreased from 800 mm. to
300 mm.
500 f_:!?_;i + 13) S00 500 x 286 = 800

— L % e = = 1222-2 ccm.

273 + 39 500 312 x 300

= 8666 cen.

I =

The above law may also be expressed more briefly :—The volume
of a mass of gas varies directly as its absolute temperature. If a
mnass of gas have the volumes 7 and v at 7° C and ¢° C,

Faivi: (278 + T : (273 +' )"
It is more exact and frequently, especially when logarithns are
asidd, more convenient to nse the decimal fraction 00367 instead of

for the co-efficient of expansion (a) of a gas.  Then

¥ (1 + 00367 T') (Table V1.)
1 + ‘00367 ¢

solids and liguids also expand when heated, but so slightly that in
ordinary ehemical experiments the expansion may be neglected,
The formule are similar to those given for rases, but each solid or

iquid has its own *“ coeflicient of expansion.”
Thus 5550 volumes of mercury at 07 O, increase by one volume
or cach degree throngh which they are heated, or become 5550

4+ 100 volumes at 1007

e |
=T

3

(7.) Formura, Motecvrar WeElGHT, AKD PERCENTAGE
CoOMIOSITION,

: The atomic weirht of an element is the number of times which

the smallest portion of that element, which can take part in a

Ehemical change, is heavier than the smallest portion ol hydrogen

vhich can take part in a chemieal ehanee, B
An atom of hydrogen is supposed to weied 8+5 < 10 -2 g,



8 FORMULA, MOLECULAR WEIGHT, ETC.  [§7.

The atomic weights are expressed by symbols, which are usually
Lllm first letter or two letters of the English or Latin name of the
element.

Thus H represents the hydrogen-atom weighing 1.

0 is oxygen-atom O |
e 2 iron-atom » 96 (Table 1.)

The molecular weight of an element or compound is the number
of times which the smallest portion of that element or compound,
which can exist by itself or the free state, is heavier than the atom
of hydrogen.

Comparatively few of the molecular weights of the elements have
as yet been determined, they are usually twice the atomie weights.

Thus Hy, = 1 x 2 = 2 is the molecular weight of hydrogen.
s = 16 x 2 = 32 s 5 oxXygen.
N, =14 x 2 = 28 3 % nitrogen.

But the molecular weights of mercury and cadmium are equal to
their atomic weights, while those of phosphorus and arsenic are
four times their atomic weights,

The molecular weight of a compound is the sum of the atomic
weights of all the atoms which compose it. Thus the molecular
weight of hydrogen chloride HC1 is 1 + 456 = 36-5; of water
H,0is (1 x 2) + 16 = 18: of hydrogen sulphate H,S0, is (1 x 2)
+ 32 + (16 x 4) = 98,

Sinee the formula expresses the proportion of each element
present in the molecular weight of a body, it is casy to caleulate
from it the percentage composition, or number of grams of cach
element present in 100 gm. of a compound.

Thus H,O means that in 18 gm. of water there are 2 gm. of hydrogen
and 16 gm. of oxygen.

9
.".in1 gm.of water there e = gm. ol hydrogen and 15 8m: of oxygen.

200 1600
s ™ ¥ 1B o
or the pereentage composition of water is hydrogen 1117/

Ty
oxygen 88-87%.

Henee to find the percentage composition of any substance from
its formula, multiply the proportion of cach element present by
100, and divide by the molecular weight of the compound. I water
be present it is usual to treat it as though it were an clement
(Aq = 18) and not to break it up into oxygen and hydrogen.

Thus to find the percentage composition of crystallised ferrous
sulphate FeS0.7H,0.

orin 100 gm.
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{4 -]
e
—

11000 600

PR Y T . = =My} =
Fe = 56 x gog = 5 = 207z
3200 B
S= 82 x , = = 11'f1 Y.
' 278 :
- 6400 _ 090
; vd x R, R
278
- 126 12600 =
Il-].-ll:::' —_— ::H 1, oy == _1._7"-5_ - |il’ 'IJ-‘..-‘,-C_..
an-0n

(8.) Tine DENSITY OF LASES.

Sinee gases expand when heated and contract when the pressure
dis increased so considerably, in considering the mass of a volume of
s some standard temperature and pressure must be taken.

A gas is said to be normal when it is at 0° € and under the pres-

h 't = - & *
ssure of 760 mm. of mercury,  And as the formulie given in this

and the next two sections only apply to normal tases, 4 gas under
any other conditions must be redueed by the equation

H

rox 92738 ) ) ,
L L’TE‘E_-i-i ; ;,; F{Jl_] belore they can he appliad.

Awd conversely the volwmes found by these formulie are normal
sl must be reduced to the required temperature ar | pressure by
(273 + 1) 760

i . * :
273 i

When no temperature or pressure is mentioned the s is supposed
o be normal.

The density of a substance is the mass of unit volume of it (1),
bt 1n the ease of gases the cubie centimetre is too small a volume
andd the crun too large a mass for conveniener,

Henee the litre s taken as the unit of volume and 1he mass of a
Hitre of novmal hydrvogen called aerith = 0896 @n. is taken as the
unit of mass,

The density of a gas then is the number of eriths contained in
one hlitre of it at 07 C. and 760 mon, 2 or the monber of times it is
Hheavier than an epual volume ol hydrogen,

[t is found that with few exceptions the density of a was is
expressed by the same number as hall its molecular weight :—
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Hydrogen (H, = 2). Density 13 or 11 weighs 1 erith.
Oxygen (0, = 32). Density 16; or11. ,, 186 criths.
Nitrogen (N, = 28). Density 14;0r11l. ,, 14
Ammonia (NH,; = 17). Density 8'5; or11. ,,; 85
Marsh gas (CHy = 16). Density 8;o0r1l. ,, 8 .,

Carbon dioxide (CO; = 44). Density 22; or1l. ,, 22

Hence from the molecular weight of a gas the mass of a litre of
it in criths or gro ns can be found.

%

)

Thus a litre ol carbon monoxide (CO) weighs H—f = 14 criths or
14 x 0896 = 1:2544 grams,

Again the double density of a gas is expressed by the same
number as its molecular weight, hence the molecular weight can be
calculated from the mass of a litre of a gas,

Thus if a litre of oxygen weighs 14293 gin, what is its molecular
weight ?

. pht .4 4 1-429
The density is the mass of a litre in criths = 5 Eﬁf’ and the double
1-4293
msity or molecular weight 1s - x 2 = 319.
density or mole ght is —-coe

The density of gases used to be referred to air.  In such a case
to find the density referred to hydrogen multiply by 14°436 (the
density of air referred to hydrogen).

Thus sulphur dioxide is 2-22 times as heavy as air, what 1s its
density referred to hydrogen ?

2:22 x 14436 = 32-04 the density referred to hydrogen.

To find the mass of a litre of gas the density of which referred
to air is given, multiply by 1-293 the mass in grams of a litre
of air.

Thus carbon dioxide is 1:520 times as heavy as air, what does a
litre of it weigh ?

1°529 x 1°203 = 1°077 gm.

Conversely to find the density veferved to airv from that referved
to hydrogen, multiply by 06026 the density of hydrogen referred
to air.

Thus how many times is nitric oxide (NO = 30) heavier than

. hE T .
aiv 1 The density referred to hydrogen 1s i 15.

The density referved to airis 15 X 06926 = 1-038%9.
Owing to the moleenles breaking up by heat at temperatures Tt
little above their boiling-points, about fifteen substances form
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vvapours having densities either half or two-thirds of the half-
rmolecular “llﬂ‘}lt In a few other cases the density of the vapour
1is expressed ln:, the same number as the molecular weight.

Axomarovs Varovn Desstries.  (Hydrvogen = 1.)

Mercury 100, Nitric oxide 15.
Cadmium 56, Nitrogen tetroxide 23,
I'hosphiorus 62, Arsenie trioxide 198,
Arsenic 150 Mercurous chloride 118,

Hydrogen sulphate 24-5.
Ammonium chlovide 1354,
Phosphorus pentachloride 5
C'hlorine trioxide 29-7.
Chlorine tetroxide 53-8,

(9,) Tur Dirrvsiox or GASES.

Granav’s Law,—The volumes of two gases which diffuse in
cequal times under tlw sane cireimstances are inversely proportional
tto the sauare roots of their densities,

Or, when two gases diffuse for equal times under the same conddi-
Hions, the volume of the one ras which diffuses mul’rlplll | by the
ssquare root of its density is cqual to the volume of the other gas
swhich diffuses multiplied by the square root of its density,

I— lr_l"j == 1'\n!'1.

If 4 1. of hydrogen and 1 L of oxygen diffuse through the
ssaine apparatus in 10 minutes, what 1s the density of oxygen ?

1 \"rf.-"' == ‘l LY 1
=18
100 cem. of oxygen (d = 16) diffuse through a certain :q lnumtna
in a certain time.  What volume of hydrogen jodide (D = 64) will

Cdiffise under similar conditions ?
A6 = 100 /16

] 'I
8 16 100 =« T = ol cem.

Vo= 100
ZJ64

The Taw of effusion, ov the passage of gases through a minute
hole in a thin plate, is Itlt atical with that u! tIlﬂll*-lml
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(10.) Tur VoLuMmE AND MAss oF (GASES.

It is found by experiment that 224 litres (more exactly
2
0896
mluu.l to the number expressing the molecular weight of the gas,
Thus :—

= 22+32 1.) of any normal gas weigh a number of grams

224 |. of hydrogen (H, = 2) weigh 2 g,
224 1. of oxygen (0, = 32 o B
22°4 1. of ammonia (NH; = 17) ,, 17
22-4 1. of marsh gas (CH, = 16) ,, 16

This volume 22°4 1. is commonly spoken of as “‘ two volumes,”
and expressed by the symbol [O.

Since ““ two volumes " of any gas weigh the molecular weight in
rams, one litre of any gas weighs the molecular weight in grams
divided by 22'4 1., and one gram occupies 22+4 1, divided Ly the
molecular weight in grams., i

L
LR

. . i o2
Thus a litre of oxygen weighs 5] = 143 g,
: . 224 .
and a gram ol oxygen occupies 85 = 07 1.

Hence to find the mass in grams of any number of litres of a
ras, multiply by the molecular weight in grams and divide by
22+4 1.

Thus to find the mass of 250 1. of chlorine (Cl, = 71)

or b L
_-..-llﬂ . ﬂ ha Eii'ﬁﬂﬂ - hﬂﬂ'-i g[]l,
294 224

And to find the volume in litres of any number of grams of a
eas, multiply by 22+4 L and divide by the molecular weight in
grams. _

Thus to find the volume of 225
(H,S = 34)

gm. of hydrogen sulphide

34 — 34

When necessary the corrections for pressure and temperature
must he nsed.
What is the mass of 80 L. of oxygen (0, = 32) at 52° (. aml
740 mm, ?
80 x 273 :_-HJ . 32 _ h_bﬂ Y
273 + 02 /B0 224 95
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What volume at 13° C., and 750 mm. is ocenpied by 14°2 o, of
cehlorine (Cl, = 71) ¢

142 x 93 4 273 + 13 760 1510-08 -
b = 5 ey e - — h'jl l.
'3 273 7 o0 225

Tir Mass orF A Morst Gas,

When a eas satur lt{ll with the vapour of water is measured, the
| pressure fonnd is due partly to the true pressure of the gas and
partly to the pressure of the aqueouns vapour.  Hence to obtain the
1tu|:_. pressure of the gas that due to the *‘ tension ol aqueous

vapour” must be r«ul:tl'u ted from the apparent pressure of the
-smtumt{ﬁd gas.,  The tension of aqueous vapour (&) varies very
rrapidly with the temperature, and 1s given in Table TV,

If » litres of a gas, the ihlmu of which is o, saturated with
raqueous vapour be measured off at 12 ¢, and FF mm, pressure, the

7 - I I’
i true volume of the was is ———m—— ——— _ aml therefor
true volun e o 1+ 003677 < 60" 1 weretore
} H-F
its mass i§ ————— x _ x ‘0808 » o grams, where
1 + 00367/ 760 oM P

 Fis the tension of aqueons vaponr at the temperature £ C. :and
' the mass of the aqueous vapour present in the gas is

20 r
- — % =— ¥ ('§SD6 em.
1-00367¢ 760 &

Thus to find the mass of nitrogen and of AquUeons \*qmm in
200 cem. of moist nitrogen at 15° C, amd 730 mm. (#F = 12°7)

2  ,7130-127
1 + 00387 x 15 760

% 0°0896 x 14 = 02246 gm. nitrogen.

2 12°7
T L nnaRT ~ IE & ea x 0806 = 000255 gm. aqueons
1 4 00367 = 15 160 vapour,

Since the density of aqueous vapour is nearly § of the density of

cair the mass of a litre of air saturated with mpueous vapour at
27 O, and H man. is

1293 H-3r
1 x —
1 4+ 00367 760

o,
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(11,) EQUATIONS,

A chemieal equation expresses that eertain substances react upon
one another in definite proportions to form certain other substances
also in definite proportions,

Thus Mg + O = MgO expresses that 24°'4 parts of magnesinm
unite with 16 parts of oxygen to form 244 4+ 16 or 40'4 parts of
magnesinm oxide,

And if it be required to find how many grams of magnesinm
oxide are formed on burning 4 gm. of magnesium, from the equa-
tion 1 —

2474 gm. of magnesinm form 404 gm, of magnesium oxide,

404
1 gm, - forms 344 SM- ki i
4 x 404
and 4 gm. 5 form —,.— = 6°62 gm. of magne-

sium oxide.

How much magnesium must be burnt to form 16 gm. of magne-
sinm oxide ?
40 gm. of magnesium oxide are formed by 24°4 gm. of magnesium.

: 244
1 g, tE ] 3y 15 3 'Eﬁ 4 gm. 9
244 =« 16
16 £ 1 E] are 11 4{};_ = 966 gm, of

magnesiun,
When the volume of one gas is given and that of another asked,
since each molecular weight in grams expresses also “‘ two volumes ”
of the normal gas the answer may be obtained directly.
Thus what volume of hydrogen chloride is formed when 10 1. of
chlorine combine with hydrogen ?

¢, + H, = 2HOL
m ws) 2

Two volumes of chlorine form twice two volumes of hydrogen |
chloride, hence 10 litres of ehlorine form twice 10 litres or 20 1. of
hydrogen chloride. |

The requisite reductions must of course be made for change of
temperature and pressure, |

Thus, what '.'n]]muu of steam at 300° (. is formed on burning |
10 1. of hydrogen at 15° (. ¢

R

ey
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9H, + O, = 2H,0.
Nss m 2

Twice two volumes of hydrogen form twice two valnmes ol steam,
270 + 300

henee 10 litres of hydrvogen at 157 €. form 10 % = 1% l. of
Li :: o 4 |
nran )
steamn at 300° U, or ; : = 19°595 1. of stemn.,
88

When however the mass of a solid or Tiguid is given or asked and
the volume of a gasis asked or given, the equation can only e solved
by finding the mass of the gas.

Thus, how much lead sulphide ean be precipitated by 17 1L of
thydvogen sulphide ¥ H.S + Ph2NOy = 2ZHNO, + 'bS,

31 239
; .o 1T X 34
17 1. of hydrogen sulphide weigh JE_E‘-I_ i,

From the equation
34 gm. of hydrogen sulphide precipitate 239 gm of lead sulphide.

: 239
Zin. . »s ’s a4 o "
hE® 08 . I7 % 8¢ 280
92.¢ = 7 7 - A - TR TH
17

-+, 17 L. of hydrogen sulphide precipitate == 1813 gm, of

lead sulphide,

The vequired reductions must of course be made for pressure and
lZemperature,

Thus, what volume of carbon dioxide at 39° C. and 380 mm. is
fformed on burning 10 gm. of carbon? € + 0, = (0.,

12 44,
112 gm. of carbon form 44 gm. of ecarbon dioxide,
' 441
| 1 gm. sy lorms — e, i e
o
ﬂ o ‘1"1'
1o em. o l"m'ml--' 5 E™ = »
; 10 % 44 284, -
110 gm. o g 54 % l. of earbon dioxide at 0° C,
H}L 4 amid 760 mm.
k x 44 22+ 273 4 39 760 .
110 gm. i y — — o — = 42
Ll T8 * B * g N - el
ol earbon dioxide at 397 (', and 380 mm.
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Equations may be move shortly solved by proportion :—

I'ie proportion of the given substance in the equation : the pro-
portion of the required substance in the equation :: the amount of
the substance given : the amount of the substance asked.

This method is of special use in certain determinations of mole-
cular weights, sinee by a well-known formula if

w:bh:e:d axh:b::exd:d

Thus if 166°4241 gm. of ferric oxide when heated in liydrogen
leave 116°6 gm. of iron, what is the atomie weight of the metal !

Fe,04 + 6H = 3H,0 + 2Fe
2r 4+ 48 2
2 4 48 : 22 :: 166°4241 : 1165

48 : 22 :: 49°9241 : 11065
48 x 1186 _
9 x 49-9241

(12.) Varornr DENSITY.

The methods of determining the density of vapours are very
numerous, but for purposes of caleulation they may all be divided
into two classes : ;

(i.) In the methods of Gay Lussac, Hofmann, Meyer, and others,
a known mass of the substance is converted into vapour, the volume |
of which is measured. '

(ii.) In the methods of Dumas, Deville and Troost, and others, |
the vapour of the substance is caused to fill a vessel of known size
and mass, and the mass of the vessel and substance, the vapour of
which filled it, is afterwards determined.

() HoFMANN's METHOD.—AnN amount of the substance weigh-
ing M grams is passed ngs into a long graduated tube containing
mercury, and surrounded by a jacket of vapour, which raises it to
7° (. " The volume of the vapour in the tube 7~ cem., the height
of the barometer H mm. reduced, and the height of the mercury’
in the tube 2 mm. at 7"° C. are measured.

The volume of the tube becomes at 7° C. ¥ (1 + 00003 T), they

: i .
height of the mercury at 0° C. is 1_4-'—[1!;'1:'!'1_8? and the tension of|

the vapour of mercury at 7 C. is f mm. '
Water h.p. 100° C. f.=03 mm. |
Amyl aleohol b.p. 132° C. 7 = 1°2 mm. l'
Aniline b.p, 183:7° C.  f = 9 mm. 1
At 200° C. f.= 18 mm.
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Hence the mass of a volume of hydrogen equal to that of the
vaponr is

i . i Fpt : P~ ] _ ..II' H e
FQ 4 00003 T) . M - .-*'_--.--3’-'--’1' e 00008916 e,
1 -+ uosey ¥ j i)

Wnd the density of the vapour, which is its wass divided by the
mass of an equal volume of hydrogen, is
M1 + 00367 1) = 760 -

171+ 00003 ) [H ~ f = k(1 =-00018 7] = 0000806

The vapour of ethyl-propinyl (C,H,0 84) gave the fol-
cowing numbers :—3 = 0°0518 gm. J7 = 525 ccm. T = 1007 ¢,
I = 7526 mm. b = 484 mnn,

0518 (1°567) = 7640

" — ke e i ..2.
% B D25 (1°003) [7H2+5 — 476] = 00008494 ”

A =

(8) V. axp ', Mever's Mernop.—A guantity of the sub-
stance weighing M g, is dvoppell into a heated vessel and the
Hisplaced air or nitrogen is found to wmeasure 17 eom. over waler at
70, amd i wmom. Whatever the temperature of the vessel the
volume of air colleeted is equal to what the vapour wonld measure
at T L and 77w,

Henee i 2 be the tension of agueons vapour at 7 €. the mass off
wovelume of hivdrogen equal to the volume of the vapour i«

) . - ]

1 4 00867 T 60
M1 + 00367 T) 760
(= F)y o 0000896

DODOSG ol

1)

A sample of Tntidine (C.IT,N = 107) gave the following numbers:—
WL = 00804 gin, 17 = 20 cem, I = 7615 mm. T = 12° (",
DS94 (1 + 00367 % 12) 760 s
— = aIZ7{.

20 x {Tril_*_:'; - 10°5) = ‘0000895

T

() Dvmas’ Mernon,— A elass globe, weighing 0 gm., and con-
mining a few grams of the substance is heated in a bath until ne
101 x'u]]mur Issues ; it ds then sealed at 77 ¢, and 2, wm,

It is cleaned, cooled, and found to weiel, I g, at £,° . and J7,
. The globe is opencd under merenry, and its volume 1~ eem.
£ 07 L found by measurement and enleulation. 11 the merenry
oes not entively fill the globe the volume v cem. of the residual
e is determined at 4,7 Coand o, Negleeting the volume of
aradisplaced by the glass, the wass of the sulstance is 7 — w +
:
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the mass of a volume of air at ¢,° €. and #f, mm. equal to the
volume of the globe :—

V (1 +-00003¢,) x J1, x ‘001293
(1 + *00367 4;) x 760
And the mass of a volume of hydrogen equal to and under the

same conditions as the vapour when the globe is sealed is
I"(1 + -00003 7T) x H, x 0000896 =
(1 + *00367 1) x 760 L
V(1 400003 ¢) x Hy x 001293
(1 + 00367 t,) x 760
(1 + 00003 T) x H, = ‘0000896
1 + 00367 1) x 760
The presence of residual air must be avoided as far as possible, since
it is apt to rvender the experiment untrustworthy, The mass of
the residual air renders the mass of vapour found above too great,

and hence it must be subtracted from the numerator of the fraction,
it is :—

W - w 4 o,

I — w +

% =

v % Hy » 001293 -

(1 + 00367 L) x 760 °
The volume oceupied by the vapour, and thervefore the velume of
the hiydrogen has been taken too large by the volume of the residual
air at the moment of sealing the globe.  Henee the mass of this
volume of hydrogen must be subtracted from the denominator of
the fraction, it is :—

V- x Hy x ‘0000896

- e e — 11,
(1 + 00367 ¢,) x 760 °

And the complete formula hecomes :—

i 001293 ( I7(1 + 00003 ¢,) H, v x H, |

o i _iﬁ'ﬁ*{ 1 4+ 000367 4, 1+ 0003676 J
N 0000896 | V7 (1 + "000037)H, o x Hy |\
760 { 1+ 00367 T 1+ ‘003674 J

It great aceuracy is not required this formula may be much sim-
plified by neglecting the expansion of glass, making ¢, = t,, and
I, = H, = Hy. The formula then Decomes :—

V-w )
F o ag . 02 et "
- 11 w 4+ 000001702 }jr_(l_ +__'ﬂ”3ﬁ? J‘_,

| v v\
000000118 11 ({6567 3 ~ T3 0a7 )
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Thus the following results were obtained for aleohol (CLH,0 = 46),
Mass of globe w = 769174 @i, Mass of globe and vapour sealodl
at 100° . W = 77047 i, Volume nI' the Hlulli? J©- = 44932
eem,  Volume of residual aiv » = 3277 cem. Temp. ol rvoom
t = 14° ', Bavoweter X = 739 mm.

44932 - 3277
77047 = 76-9174 4 -lrnm}ﬂl?l'l*.?.r-:fﬂﬂ( - b
1 4+ 00567 = 14 o r
e = — ., . =200k
(s 000000118 = T3 14932 3277
' o ( 1-367 1 + -00367 x 14

(13.) Ilkar.

Heat is one of the forms in which energy shows itself, and pro-
sably consists in the relative motion of ilu partic II"-: of matter.
When heat is ¢ [}IlIIIIllIIIi':llL'tl to a body it may raise the temper-
ature, increase, or in rare instances decrease the volume, change the
:'.tnh- from :-;uhql to liguid, or from liquid to gas, or cause it to
andergo chemieal change,
The wanit of heat or calovie is the amount of heat required to vaise
i kilogram of water from 07 O, to 17 O
The Speeifie Heet of a substanee is the number of units of heat
ceqquired to raise a kilogram of it trom 07 € to 17 (',
The Specitic Heats are in almost all cases less than 1,
Duroxa axp Perrr’s Law,—The specilic heat of an element in
he solild condition multipliecd by its atomic weight is ealld the
itomic heat of the elewent, and is approximately cqual to 6+4,
Henee if 604 be divided by the specilic heat of an clement, a
ammber nearly equal to its atomic weight is obtained,
Thus the specific heat of solid mercury (Hg = 200) is 03192,
64
£ & =
l'lll l_l-:‘ﬁﬁ‘-_,j = 200-5.
Elements, except oxyveen, carbon, hydrogen, horon, and silicon,
tvhen they have entered into combination appear to vap the same
‘tomic heat, which they possessed in the free condition.

Thus for ]mtn,.*-:.:-;lmn chloride K('1 64 4+ 64 = 12°8
Specifie heat 17205« 745 molecular weight = 132

When a solid liguefies it absorbs a large amount of Jatent heat,
mounting in the case of ive to 70°25 units per kilo, ; amd when a
l[lliil | HLsses into the comdition of a vipour, a still ]I]”ll amonnt
f latent heat amounting in the ease of steam to 536 units [er
ilo. is absorbed,

When chemical action takes place heat is either evolved (exo-

0 2
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thermic reactions) or absorbed (endothermic reactions) according as
the substances resulting from the action are more or less stable than
those which have entered into it.

The amount of heat evolved is usually expressed in calorvies,
when the number of grams of each substance 1s equal to the pro-
portion of that substance which enters into the reaction.

Thus (H,,0) = 69 means that 2 gm. of hydrogen in uniting with
16 gm. of oxygen evolve 69 units of heat.

If heat is absorbed the amount is preceded by thesigm —. Thus
(Co,Hy) = — 10°8 means that 24 gm. of carbon in uniting with 4 gm.

of hydrogen absorb 108 units of heat,

If the reaction takes place in presence of an indeterminate
quantity of water, Aq is added to the symbols,

Thus (NHg, Aq) = 8 means that 17 gm. of ammonia, while
dissolving in water give off 8 units of lieat.

In many practical experiments the ealorific power of a substance,
or number of units of heat evolved when 1 kilo, of it is burnt in
oxygen, is made use of.

(14,) Tuer DerTERMINATION 0F EQUIVALENTS.

The equivalent of an clement or compound is the proportion of
it, which can do the same amount ol chemical work in combining
with or replacing other elements or compounds as one part of
Liydrogen,

Equivalents are conveniently expressed by the same symbols as
the atomic weights, but in small letters, e.g., oxygen o,

The equivalent of an element is determined either by analysing
a compound of it with an element or radical the equivalent of
which is known, or by causing a known mass of it to combine with
or replace another element or radical the equivalent of which
is known.

The masses of the two substances which unite with or replace
one another, are in the same proportion as the equivalents. Hence
if the two masses and one equivalent are known, the other equiva-
lent can be determined (11).

Thus to determine the equivalent of lead Berzelius found that
21:9425 gm. of lead oxide contain 20°3695 gm. of lead, and there-
fore 21°9425 — 20°3695 = 1'573 gm. of oxygen (¢ = 8).

Since 1573 gm. of oxygen unite with 20-3695 gm. of lead.
8 x 20°3695 &
8 §5 =% s 54 e 103396 EIn.
1*hiw
of lead.

Hence pb = 103696 is the equivalent of lead.
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(15.) Tueg DerepmixarioNy or Aromic WEIGHTS,

The atomie weight of an element is the number of times which
the mass of the least portion of it that can take part in a chemical
hange is greater than the mass of the least portivn of hydrogen
which can take part in a chemical change. If the atomic theory
oe admitted, the atomic weight of an element 15 the number of
cimes its atom is heavier than an atom of hydrogen.

Atomic weights are multiples of the equivalents by small (1 - 6)
whole numbers,  Which multiple is to be chosen is to be deter-
ained by considering in each reaction into which the element is
snown to enter, what is the smallest multiple of the equivalent
which expresses the action.  Special attention is paid to cases in
which the element combines with monovalent elements or radieals,

Thus we know two bodies in which 103-506 parts of lead are
combined with 355 parts of chlorine and 19 parts of fluorine re-
spectively, and which may be expressed by pbel, and ph /. But a
Chivd body is known in which 207-192 parts ol lead arve combined
wwith: 35°5 parts of chlorine and 19 parts of luorine, which must
we expressedl by pb el pb f, or more simply by P’ C1 F. where
Ph = pbpb = 2 x 103°596 = 207°192,

Further assistance is vendered by the isometric Taw of Mitseherlich,
* Bodies, which are composed of the same number ol shmilar
wtoms arranged in a similar manner, crystallize in similar forms,”

And also by the Law of Dulong and Petit (13).

Thus in the case of lead the choice has to be made between the

puitiples of 103°596 Ly 1, 2, 3, 4, &e., or 103:596, 207192,
3107908, 414'384, &e.  Dut the specific heat of lead is found to Le
0315 and 1:—’;_} = 203°1.  Therefore Ph — 207°192 is the most
arobable atomic weight of Tead,
There are somewhat muomerons exceptions to hoth these Taws,
ind new veactions are frequently fod to modify the received
tbemic weight of an element. Henee in some cases the received
tomie weights must be looked upon as only provisional,

(16.) Tur Derepmixarion or Moregcvesr WEIGHTs.

The molecular weight of o body is the number of times whivh
e s of Lhe sina] st |u||'1 i of i‘l! whieh ean exist by itsell or
1 the [ree stale, is heavier than the atom of v e, p

When a compound is analysed the vesults are nsually calenlatd
| ito percentages or parts ol cach element present in 100 praurts of
he compound.  (Water it present is reckoned as an element
4 = 18). If the proportion of cach clement present be divided
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by the atomic weight of that element, the quotients express the
relative number of atoms of each element present in the compound.
To accord with the atomic theory these relative numbers must be
expressible by whole numbers, usually small.  If simple inspection
atlords no clue, there are three methods of effecting this reduction :—

(i.) Divide each q}untiunt by the smallest quotient, all then fre-
quently become whole numbers or may be mmfu so by multiplication
by the same number, '

Thus ferric oxide contains iron 70 per cent., oxygen 30 per cent.
Find its formula.

Fe -‘,-E =12 1 x2=2

ik

3:] ]"L":DH.
0 ;z =185 15x2=3

(ii.) Write instead of one quotient an easily divisible number, |
such as 6, 12, 28, 60, and alter the other quotients in the sane pro-
portion. Division by the highest common factor gives the small |
whole numbers required, |

Thus to find the formula of erystallized fervous Hlll{r]l:ill!, which :
contains iron 20°15, sulphur 1161, oxygen 2302, and water 44731
per cent. |

2015 12 |
Jn - - = *38 a2 1
ki 56 36 x 144 il 1
101
8 .1 e A 8 9 1
32 FesO71L0.
23-02
= 184 12 4
8] 16 )
1,0 4_‘*’;;! =2 . 205 7 |

(iii.) It occasionally happens that the ratio between the quotients
is too complicated to be conveniently reduced by either of the fore- |
going methods, The continued fraction expressing the ratio between
two of the quotients must be found, and that convergent selected |

which expresses the ratio in the lowest terms within the limits of
experimental error, ) 1
Thus common sugar is found to contamn :—
4211 <
Carbon 42711 ; _— 301 atoms of carbon.
Hydrogen 643 ; 645 atoms of hydrogen
5146 _ !
Oxyuren 5146 ; T T 3215 atoms of oxygen, 1'
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Sinee the number of atoms of hydrogen is double of the nmumber
of atoms of oxygen, the only ratio which has to be determined 1s

IR - i | 702
that of carbon to oxygen, which is S35 = 548
643)702(1
G133
50)643(10
500
5d)bin1
b3
6)53(8
48

5)6(1

Henee the quotients are 1, 10, 1, 8, 1,
I 11 12 107

Y Wwirw
Hence the ratio bhetween the carbon and oxygen atoms is probably

3

axpressed by 1—;, and the formula of cane-sugar is C,H.,0,,.

and the convergents

There are five general methods of determining which multiple of
Lhe symbol obtained as above is to be taken as representing the
rrue molecular weight of the body, but in many cases neither is
wpplicable,

(i.) By the Vapour Density :—1f the hody can be volatilized with-
muat  decomposition, the vapour-density is found by one of the
methods given in (12) and with some exceptions such as those men-
tdoned in (8) it is assumed that the molecular weight is expressed
my the same number as the double-density referred to hydrogen,
Thus cuprous chloride contains 63°3 pts. of copper united with
35°5 pts. of chlorine, and its molecular weight is therefore expressed
ay Cul’l = 98-8 or by some multiple of this number.

But the vapour of enprous chloride is found to he 693 times as
meavy as air or its donble-density is 200°08 and hence its symhol
nrobably is Cu,Cl, = 197 6.

(ii.) The Chemieal Method :—Various compounds or substitution
nroduets of the body are analysed—if it be an acid, its silver salt ;
Eit be a base, the nitrate, chloride, or hromide ; il it he an oreanic
oody its chloro- or bromoe-substitution compound, and that formula
s adopted which most readily expresses the mode of formation and
constitution of these compounds,
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Thus hydrogen acetate is found to contain ;:—

40
Carbon 40 Tk 33 1
Hydrogen 66 = G'd 2
.. . 534
Oxygen 534 T 33 1

and its composition is expressed by CH,0 or by some multiple of
this symbel,

When sodinm acetate is mixed with silver nitrate, silver acetate
is formed, which is lound to contain :(—

Carbon 1437 1-4_:[-231 = 183 2
Hydrogen  1°79 = 1"8¢ 4
64°65

Silver G468 - = 0] 1

ilver j 108

891
Oxygen 19-16 l_hw_i_i = 1% 2

Hence the most simple formula for silver acetate is AgC oH30,.

Again by the action of chlorine on hydrogen acetate, three chloro-
substitution acids are formed, of which hydrogen trichloracctate is
found to contain :—

14658

(arbon 14°68 = = 192 2
12

Hydrogen 61 = 61 1
' 64:14

(*hlorine 6514 = ]

ilorine ) 355 183 3
1967

Oxyel 1957 - = 1°22 2
L i 16

Henee the most simple formula for hydrogen trichloracetate is
C,HCL0, 3 and by similar methods the formulwe C,HgClO,,
(,H,01,0, are found for the other two acids,

“Since the hydrogen in the original hydrogen acetate can thus be
replaced by Inullln there must be at least four atoms of hydrogen
in the symbol ‘I.'I.]ll:]l probably is C',H,0,.

The reactions mentioned above are then expresseld by :—

NaC,H,0, + AgNOy = NaNO; + AgC,H,0,.
C,H.0, + 3 L.—hdliil-l Cq [lLID
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The last three methods depend upon the change produced in
the physical properties of a liquid when a small proportion of a
oolid or more stable liqguid is dissolved in it. The [reezing point
ff the solution is lower than that of the solvent, at the same tem-
werature the vapour pressure of the solution is lower than that of
ihe solvent ; at the same pressure the boiling-point of the solution
53 higher than that of the solvent,

These methods are not applicable to electrolytes, such as salts
Hissolved in water, sinee the results are lower than those aceepted
sm chemical grounds, possibly owing to the dissociation of the
molecules into ions,

(iii.) From the freezing-point :—If the solution of w gm. of a
mbstance in 100 gm. of a liquid is found to lower the freezing-
woint F°, m = Kuw/F, where s is the molecular weight and X a
sonstant for each liguid,

The solution of a gram of nitrobenzene (C;H NO, =123) in
(00 gm. of benzene (K = 50) was found to lower the freezing-point
yy 04" (.

i = 50/0-4 = 125.

(iv.) From the vapour-pressure :—The difference between the
rapour pressure ol a solvent (p,) and that of a dilute solution (p,)
s to the vapour pressure of the solvent at the same temperature
g8 the relative number of molecules of the substance present (n) is
1o the relative nunmber of moleeules of the solution (N + «). If
w (= mn) be the number of grams of the substance dissolved in a
gram molecule of the solvent ¥ =1 and

: S mmeise— gm = = A= - .
i N+mn wmo+ w P — Pa

Owing o the dilliculty of determining the vapour pressure, the
‘ollowing indirect method is used in practice. 11 a current of dry
air be led through a Imlb containing the solution, and then throngh
v bulb containing the solvent at the same temperature, the loss of
weight of the fivst hull (117,) is proportional to the vapour pressure
of the solution, and the loss of weight of the second bulb (117,) is
woportional to the difference hetween the vapour pressures of the
iolvent and ol the solution, so that m = w17,/ 117,

A solution of 774 gm. of aniline (C;H.N = 93) in 100 gm, of
tther (C,H,,0 = 74) during the passage ol a eurrent of dry air lost
[*4785 gm. while the ether lost 0°0969 gm.  The weight of aniline
n the gram-molecule of ether being 774 x 74/100 = 5-7278,

m = 57276 % 1:4785/0°0969 = 87 4.
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(v.) From the boiling-point :—1f the solution of w gm, of a sub-
stance in 100 gm. of a liquid is found to raise the boiling-point 2°,
m = kw/b, where & is a constant for each solvent.

1042 gm. of pyrogallol (CyHgOy = 126) dissolved in 100 gm. of
ether (& = 21°1) raised the boiling-point 0°315°. Hence

e = 21°1 x 1'042/0°315 = 130.

In approximate work it is more convenient to measure than to
weigh the solution, making use of the volume constant k instead of
the weight constant . Then m = ww/b.

0-835 gm. of mercuric chloride (HgCl, = 271) dissolved in
aleohol raised the beiling-point 0°32° C.  Since the volume of the
solution was 15°6 cem. the weight of salt in 100 ccm. was
0:835 x 100/156 = 535 gm., Hence

m = 156 x 5'35/0-32 = 261.

K, &, ovr & may be found for any solvent by an experiment
with a substance of known molecular weight. & may be found by
dividing twice the square of the absolute temperature of the
freezing-point by one hundred times the latent heat of liquefaction ;
k may be found by dividing twice the square of the absolute tem-
perature of the boiling-point by one hundred times the latent heat
of vaporization ; x may be found by dividing £ by the density at
the boiling-point,

B — —
K | A | i
Wakitr . . « & o o 185 | o2 } 54
| i
| Hydrogen acetate . . .| 39 25'3 il
| Popmoue = ¢ = s o o0 | 2677 32 8
Carbon disulphide . . | | v B
? Chlorolonn . « + « « | . Sbh 2
Klaghol o - « & w3 os | 11D 156
Ether . . | 911 303
| 16'7 222 |

Acetone

| e
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The determination of the molecular weights of the clements is a
matter of very great difficulty, and it seems probable that in some
zases, c.f. oxygen, sulphur, chlorine, an element may have more
bhan one molecular weight under diflerent conditions.

The vapour densities of the ten elements, hydrogen, oxygen,
mitrogen, chlorine (below 800" C.), bromine, 1-:}nl|m-, .fsullahur [dhu'.u
L000" C, J, seleninm, tellurimm, and potassimn are found to be
‘l::-.[uu.'-ul by the smme numbers as their atomie weights. Hence their
donble-densities, and probably their molecular “Ll'—l']lt,"- are equal to
wwice their atomic weighits,

The density of the vapours of mercury and cadmium is found to
oe only half of their atomic weights, Hence their molecular and
ttomic weights are probably ﬂquui Argon, helinm, and crypton
«eem to show the same peculiarity.

The density of the vapours of phosphorus and arsenie is found to
oe twice their atomic weights. Hence their molecules probably
ponsist of four atoms.

(17.) Tue Foryunae or MINERALS,

In determining the formule of minerals numerous difliculties are
net with which do not oceur in ordinary determinations of molecular
weights. No help can be obtained from vapour-density determina-
ions, and only in rare cases can any compound of the mineral be
wormed. The body analysed is frequently far from pure, and similar
Hements, such as caleium and ferrous ivon, may replace one another
m any prupmtmn s this is expressed in '."-j. mbols by [CaFe]l. The
somposition, especially when silica, alwinina, and water are present
nogether, is often extremely Lﬂlll]h]lt!ltl..{l sinee part of the alwmina
uiﬂ.} ]nurfunu basic and part acid functions,

Silicates used to be classifiedd by mineralogists according to their
‘oxygen-ratio,”’ that is, by the ratio between the number of atoms
bf oxygen supposed to be in combination with the metals, and the
mumber of atoms of oxygen supposed to be in combination with
uilicon.  Thus caleium metasilicate is found native as Wollastonite,
Lhe formula of which may be written as Ca0.8i0,, the oxygen ratio
oeing 1: 2. In Diopside more or less of the caleium is replaced by
imagnesium, and the formula is written [CaMg]0.Si0,,

1t is however now usual to bring mineralogical formule more into
accordance with chemical tlu-m} hy « llmmlm" the term oxygen

atio and replacing it by ““ quantivalent vatio,”” which is intended
co represent the ratio of the quantivalences of the basic clements
present to the quantivalence ol the silicon.  Thus Wollastonite is
mow regarded as dyad caleinm united by two atoms of oxygen to
I.Ltr'td tlllLuli two atowmicities of which are also satisficd by oxygen

r.'ﬂ O.BI ﬂ, and the :llmul.lhlluut ratio is 2 : 4,
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The great majority of, if not all, the silicates may be regarded
from a chemieal point of view as salts derived from different silicic
acids by the replacement of some or all of the hydrogen by metals.
These silicie acids are all formed from one or more molecules of
hydrogen orthosilicate combined together with the loss of a
certain number of molecules of water. The general formula is
(HS10 ), — (HyO) = Haggu - St O -y Where s and » may be
any small whole numbers, m being always greater than or eqgual
to .

Thus if w = 3, n = 0, and in H.8i,0,, six atoms of hydrogen
are replaced by 3 atoms of caleium, and the other six by two atomns
of ferric ivon, the formula of garnet Ca,Fe,8i,0,, is obtained, which
is expressed on the ‘“ oxygen ratio " system as {Um::)s(l":‘a:ﬁa}{ﬁiﬂqh,

v v X
1:1:2, and on the “quantivalentratio” systemasCag Fe, [|04,]ISi,.

Again if m = 6 and » = 6, the formula H,,8i;0,4 is obtained,
from which BegALSiz0,, beryl is derived.

It is customary to caleulate the results of the analysis of a
mineral not into percentages of clements but into percentages of
oxides, and in all subsequent caleulations to treat the oxides just as
if they were elements (Si0, = 604, CaO = 56, ALU, = 102),
The formule are then obtained by the process given in the last
seetion,

Thus to find the formula of chrysocolla which contains :—

482
Cupric oxide 4482 ’;T_‘,‘-l_*;j_ — 1
A d4-83 =
Silica 3483 Eﬁ:-'i_' = "§78 1
20-35
Water 2035 —I-B--‘ =112 9

and the formula is Cu0S8i0,2H,0. L .

If an oxide be present in small proportion it has probably re-
placed a certain quantity of a similar oxide, and must therefore be
reduced and added to the proportion of that oxide present before the
caleulation can be proceeded with, ,

In the case of many silicates containing alumina theory seems to
show that part of the alumina is basic and part acild (AlOs +
H.,0 = 2HAIOQ,) in its function. :

Mhus a sample of Andalusite was found o contain :—

3707
11 3757 2 = 622 622 1
Silica 317 b 604
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_ : 5088 .
Alumina H9-88 02 = "h&i E
- 5045 1
133 S
‘errvic oxide 133 — )08
Ferrie oxidi 1 a0
; , .1 R
Lime 061 E-t-;- = 011 )
i 015
Magnesia N17 i0- ; = 004 S

Hence neglecting the small proportions of lime and magnesia
which by their presence as silicates probably raise the percentage of
silica the formula of the mineral is AlO4.8i0,.

The true composition of Aundalusite probably is a double silieate
mnd aluwminate of alumininm —

i | (8i0y),

2A1,08i0, — Al, i
(A ~.'1-'~.'i

(18.) TuE Sorvsiriry oF SoLIps IN WATER,

When solids dissolve in water heat is absorbed by the solid in
jpassing to the liquid condition. DBut if the substance combines
mvith water before it dissolves, the heat evolved in the formation of
ithe hydrate may supply, or more than supply, the quantity of heat
reequired for the solution of the solid.

The volume of the solution is generally less than the volumes of
ithe solid and of the water together, and its hoiling-point is usually
ibove 1007 (',

The solubility of a solid at any temperature #° (. is most con-
rveniently expressed by the number of grams (&) of the solid, which
100 gm. of water will dissolve, It i1s easy to convert any other
axpression into this form — ;

Thus it we gm. of a solid are contained in M gm. of the saturated
solution,
A - e 2 100 22

100uz
Tuw
fAnd if p g, of water are required to dissolve 1 gni. of the solid,
g ) T A
100

B = .
W
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Andiif @ gm. of the salt are contained in 100 gm. of the solution,
100 — n:n 100 : 2
100n
100 —

The solubility of the great majority of solids at auy temperature
£” U, is expressed by an equation of the form

»=a 4+ b + ¢f? 4 3,

in which @ b ¢ and d are constants depending upon the special sub-
stance under consideration. Thus Gay Lussac found that the solu-
bility of potassium nitrate is expressed by

x = 13'82 + 0°574¢ + 0017262 + 0-0000036£3.

From this equation it is easy to find how many grams of water at
1007 (", are required to dissolve 10 gm. of potassium nitrate,
x = 13'82 4- 674 4 172 4 36 = 246°82 gm.
and 24782 : 100 :: 10 : y
¥ = 470516 gm. of water,

In many cases the solubility of a salt increases directly as the
temperature, ¢ and & are then either really 0 or so small that they
have not yet been determined. Thus in the ease of erystallized
magnesinm sulphate, » = 25°8 + 0°493%

The solubility of a few substances such as sodium sulphate
inereases up to a certain temperature and then decreases. This is
wobably due to the formation of hydrates at low temperatures
(Na,SO,10H.,O between 18° and 33° C. and Na,SO, above 34° (),
cach of which obeys its own law of solubility.

A few substances such as ealeinm hydrate become less soluble as
the temperature rises,

No numerical rules concerning the solubility of liquids have yet
heen obtained,

(19.) Tur SorveiLiry oF GAsES IN WATER,

Gases are absorbed by water, when they do not aet chemieally
upon it, in quantities depending upon three eonditions (—

(i.) The nature of the gas. The volume of normal gas absorbed
by one volume of water at 0° (. is spoken of as the co-efficient of
absorption of the gas,

(il. ) The temperature. The volume of the gas absorbed usually
dleereases as the temperature increases and can be expressed for any
temperature ¢° O, by the empirieal formula

V=a- W 4 cf
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Thus one volume of water between 07 €. and 20° (. absorbs of

Hydrogen ¥ = 0-0193.

Nitrogen Vo= 0°020346 — 0:00053887¢ -+ 0:0000111564%
Dxygen J = 004114 - 0°00109¢ + 000002267,
“arbon dioxide V= 1797 - 007761 + 0001642442,

Dxyeen  and )
nitrogen from s I = 0402471 - 00006525 - 0-00001345¢2,
air

(iii.) The pressure on the gas.  The mass of gas absorbed varies
Hdirectly as the pressure upon it ; or equal volumes of the same gas
are absorbed under all pressures.  If two or more gases are mixed
together the absorption of each constituent is proportioned to the
pressure to which it is separately subjected,

Thus, what is the percentage composition of the gases absorbed
when a large volume of air is shaken up with water at 0° . ¢

100 volumes of aiv contain nearly 21 volumes of oxygen and 79

" = 21
wolumes of nitrogen.  Hence the pressure on the oxygen is 100 and
g 79 '
on the nitrogen 100 of the total pressure,

21 086394

One volume of water then absorbs 04114 x == — val,
3 100 100
7 1:60732 e
nf oxygen and 020346 x 100 = ljui[]_' vol. of nitrogen,
Henee the percentage composition of the air dissolved by water
HS - — =
Oxygen 086394 34°9 per cent. by vol,
Nitrogen 160733 651 per cent. by vol.

— —

247127 100+0)




EXAMPLES.
CHATTER I.
ExGLISH AND MErric MEASURES.
(See Tables 11, I11.)

1. A cireular filter-paper is 10 em. across, what is the area of it !

2. A cistern is 2 m. long, 15 m. wide, and 1 m. deep. How
many litres of water will it contain ?

3, The eylinder of a steam-engine is 3 ft. in diameter and 5 ft.
long. How many eubic feet of steam will it contain !

4. How many pounds Troy are there in a kilogram ?

h. Sound travels 1130 ft. 1 a second, How many metres does
it pass through per second ?

6. It is 92,000,000 miles to the sun ; how many kilometres is it |

7. Light travels 186,000 miles per second. How many kilometres
per second is that ?

8. How many cubic feet of gas are contained in a cylindrieal
gasometer 180 [t. across and 46 ft. high?

9. How many litres will a eylindrical gasometer 1 m. across and
15 m. high hold ?

10. A nautieal fathom is 6-087 ft. What is its value in metres |

11. The velocity of light is 3:004 x 10¥ m. per second, and it
takes 8 minutes 13 seconds to pass from the sun to the carth. How
many miles is the sun distant from the earth ?

12, The Pyramid of Geeza stood 481 ft. high upon a base 774 [t.
siquare,  Find the volume of it in cubic feet,

VYorume, Mass, aAxn DExsITY.

13. A piece of iron was found to weigh 2928 gm. in air and
2553 gm. when immersed in water. What is the density of it ?

14. What is the density of a cube of oak 9 mm. along each edge,
which weighs 062 gm. !

15. A eylinder of mahogany 10°1 em. high and 94 em. across
weighed 405°7 gm.  Find the density of it.

16. A block of steel (A 7°8) is 10 em. square and 1°8315 cm.
thick. Find the mass of it in grams.

17. What is the mass of a cubic metre of hematite (& 5°25)!

18. Find the volume of 1000 gm. of sea-water (A 1:026).
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19. A round dolomite (A 2°9) pillar 1 m. across and 10 m. high
veighs how many kilograms ?

20. Two lirlui:{e: having the densities 1'3 and 0°7 respectively are
mixed. The mixture has the density 0°9 and measures 3 litves.
What volume of the heavier liquid was taken ? _

21. A specific gravity flask weighing 21 grams when filled with
wvater weighed 74 gm. and when filled with hydrogen chloride
34'6 gm.  What is the density of the acid ?

22. Find the mass of a eubic metre of anthracite (A 1°4).

23. Find the mass of a glass (A 2:45) eylinder 2 decimetres high
and 1 dm. across.

24. How many tons does a block of granite (a 2°7) 10 by 3 by 2
metres weigh ?

25. The great pyramid (A 2°5) is 145 m. high and the side of its
square base is 658°3 m. Find the mass of it in tonnes,

26, A Nicholson’s hydrometer required 20 gm. or a erystal of
zalena and 52 gm. to sink it. When the galena was in the lower
van 72 gm. were required. Find the density of the galena.

27, If a glass ball weighing 7-7158 gm. 2 em. in diameter just
doats in a liguid ; find the density of the liquid.

28. A quantity of silver when placed in one pan of an untrue
malance appeared to weigh 5 gm. but when placed in the other pan
i gm.  What is the true mass of the silver?

29. A Nicholson's hydrometer required 13-19 gm. or a piece
of rock-crystal on the upper pan and 977 gm., or the same piece
of rock-crystal on the lower-pan and 1107 gm. to sink it. Find
the density of the erystal.

30, A glass ball counterpoised in air appeared to lose 56 gm,
when plunged into water and 5°09 gm. when plunged into turpen-
rine, A erystal of copper sulphate, which weighed 1169 gm. in
iir, when plunged into turpentine appeared to lose 463 gm. Find
the density of the turpentine and of the copper sulphate.

31. A L’Ulllltﬂl‘llﬂiﬁl_‘{i specific gravity bottle holds 1000 grains of
water, and, after the introduction of 150 grains of sand, weighs
096 grains. What is the specilic gravity of sand ?

32. When 1°719 gm. of powdered ruc-l:r:’ erystal had been intro-
lluced into a specific gravity bottle filled to the line with water,
lhe bottle gained 0°66 gm. What is the density of rock-crystal ?

- 33. What is the density of potassium dichromate, if 62138 gm.
'f it displace 2:0532 gm. of benzene (A 0°8885)?
34. A specific gravity flask held 25°03 gm. of water or 22°24 gm.
'f benzene.  4-8560 gm. of ammonium dichromate displaced 1995
rm. of benzene.  Find the density of the dichromate,

35. A Sprengel tube weighed when empty 126 gm., when filled
rvith water 38-4 gm. and when filled with dilute hydrogen sulphate
-2°6 gmi.  'What was the density of the acid ?

I
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]

!

‘a’

CHAPTER 11. ;
|

MoLECULAR WEIGHTS. |

(See Sect. 10.)

1. Find the molecular weight of (i.) carbon monoxide CO ; (ii.)
Iiague&ia MgO ; (iii.) lime CaO ; (iv.) silica 8iO,; (v.) alumina

AU, '

9. “What is the percentage of oxygen in cach of the above-
mentioned bodies ?

3. Find the molecular weights of (i.) nitric oxide NO ; (ii.)
sodium hydrate HNaO ; (iii.) ferric oxide Fey,0y; (iv.) chromium
trioxide CrOy ; (v.) cadmium oxide CdO.

4. Find the molecular weights of (i.) antimony pentoxide Sh,Og 3
(ii.) silver arsenate AgyAsOy, ; (iii.) barinm sulphate BaSOy ; (iv.]
lead nitrate Ph2NOQ,; (v.) potassium phosphate KyPO,.

5. Find the molecular weights of (1.) zine sulphate Zn80,7TH,0 |
(ii.) cupric sulphate CuS0,5H,0 ;  (iii.) sodium sulphate
N1,80,10H,0 ; (iv.) nickel sulphate NiS0,7H.O ; (v.) manganow
sulphate MnSO,4H,0.

8. Find the molecular weights of (i.) aleohol C,HgO ; (ii.) ethel
(,H,,0 ; (iii.) hydrogen acetate (,H,0, ; (iv.) hydrogen oxalats
,H,0,2H,0 ; (v.) hydrogen tartrate CyHg04.

7. Find the molecular weights of (i.) glycerin CyHgOy 5 (il
turpentine CyoH,q 3 (iil.) aniline CgH,N ; (iv.) hydrogen stearati
C,aH3q0q ; (v.) cane-sugar CyeH 011

8. Tind the molecular weights of (i.) potassium chiorate K10,
(ii.) borax Na,B0,10H.0 ; (iii.) strontium bromide SrBr,6 H,0
(iv.) barium carbonate BaCO, ; (v.) potassium dichromate K,Cr,0-

9 Find the molecular weights of (i.) potassium ﬁzrmc}'uui({
K, FeCgNg3H,0; (ii.) ealeium fluosilicate, CaSiFy ; (iii. ) sodinn thio
sulphate Na,S,046H,0 5 (iv.) microcosmic salt NaNHHTP'O4H,0
(v.) sodium nitroprusside NayFe Oy N1 NO)4 HoO.

10. Find the pereentage composition of (i.) mercuric oxide HgO
(ii.) potassium chlorate KC10y ; (iii.) manganese dioxide MnO.,.

11. What is the percentage composition of cupric sulphat

Cn804HHL0 ? _ : _
12. Calculate the percentage composition of theine CgH 1y N 4O
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CHAPTER 111.
TEMPERATURES,
(See Sect. B,)

1. Convert into the Centigrade scale :—(i.) 36° R., (ii.) 28° R,
(iii.) 76° R., (iv.) 60° R., (v.) 52° R.

2, Convert into the Réaumur scale :—(i.) 90° C., (ii.) 15° C.,
(iii.) 20° C., (iv.) B5° C., (v.) 30° C,

3. Convert into the Fahrenheit seale :—(i.) 56° K., (11.) 60°44° K.,
(iii.) 41°78° R., (iv.) - 667" R., (v.) —256°3° R.

4. Convert into the Réaumur scale :—(i.) 48° F., (ii.) 129" F.,
(iii.) 168° F., (iv.) 210° F., (v.) - 30" .

5. Convert into the Fahrenheit scale :—(i.) 60°5° (., (ii.) 40° (.,
(iii.) 70° C., (iv.) = 56° C., (v.) —36-6° C.

6. Convert into the Centigrade secale ;
((iii.) 114° F., (iv.) 0° F., (v.) —30° F.
7. Convert into the Fahrenheit seale :—(i.) 643° (., (ii.) 720" C.,
| (iii.) 860° C., (iv.) 973° C., (v.) 1000° C.

8. Convert into the Centigrade seale :—(i.) 674° F., (ii.) 100° F.,
\ (iii.) 463° F., (iv.) 8478° ., (v.) 2941° F.

9. Convert into the absolute scale :—(i.) 6° C,, (ii.) 80° C., (iii.’
- 40° C,, (iv.) =14°C,, (v.) -100° C,

10. Convert into the absolute seale :—(i.) 70° F., (ii.) -4 F
(@ii.) 104° F., (iv.} 2000° F., (v.) -37* I,

11. Convert (i.) 300° (ii.} 400° (iii.) 500°, on the absolute scale
“into the Centigrade, Réaumur, and Fahrenheit scales,

12. Convert each of the following temperatures into the other
two scales: 42° F., -32° F,, 327° R., -2° R., 78° C., and
-172° C.

13. What temperature Fahrenheit corresponds to zero on the
absolute seale ?

14, What temperature is expressed by the same munber of degrees
on the Centigrade and on the Fahrenheit scales ? =

(i.) 207° F., (ii.) 180° F.,

PREESSURES,
{.af;-‘!.'l"} Seet, 2.}

15. A pressure of 1000 1bs, per square inch is how many kilos,
per square millimetre ? '

16. When the mercury (A 13:596) barometer stands at 76 em.
how high will one of glycerin (A 1-27) stand ?

D



36 THE VOLUME OF A MASS OF GAS. [cHAP. IV.

17. When the mercury (A 18'596) barometer stands at 760 mm,
how high would one of hydrogen sulphate (A 1°842) stand ?

18. When the barometer stands at 31 inches, what is it in
millimetres ?

19. When the barometer stands at 755 mm. what is it in inches ?

20, When the pressure of the air is 750 mm. of mmmny (A 13°56)
what is it in (a) feet of water, (8) pounds per square inch ?

CHAPTER 1V.
THe VoLuME oF A MAss oF (GAs.
(See Seet. 8.)

1. 1000 cem. of gas arve heated from 0° C. to 39° C. Find the
new volume.

2. 1000 cem. of gas are heated from -39° C. to 52° C. TFind
the new volume.

3. 743 ccm. of gas are heated from 47° C. to 83° C. Find the
new volume.

4. The pressure on 10 cem, of gas is 7 metres, If the pressure
be red unes} to 847 mm. what is the new volume ?

5. 486 ccm. of gas under the pressure of 760 mm. occupy what
valumc under the pressure of 3 feet of mercury !

The pressure on 10 cubic feet of airis 3°5 feet of mercury.
]Im\ many litres will the air measure under a pressure of 760 mm.?
7. 1000 cem. of air at 13° C. occupy what volume at 65° C. ?

8. 1f 300 cem. of gas are measured off at 28" C., what will the
volume become at —14° C, ?

0, 155 1. of air at 150° C. are cooled to 0° C. Tind the new
volume.

10. A litre of gas is heated from 147 C. to 42° C. Find the new
volume.

11. A litre of air at 39° C. is cooled to —26° C. Find the new
volume,

12. 134 1. of air are heated from -30° C. to 60° C. Find the
new volume.

13. 50 cem. of gas at 10° C. ocenpy what volume at 24° C.

14. 100 cem. of air at 12° C. are heated until they oceupy
145 cem.  Find the new temperature,

15. 1000 ccm. of air at —31'2° R. are heated to 172°4° F.
What i1s the new volume ?
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16. 320 cem. of gas are measured off at 91° C. and 950 mm.
What is the normal volume ? _

17. 150 cem. of gas are measured off at 10° C, and 500 mm.
What does the volume become at 16-4° €. and 520 mi, !

18. 852 eem. of air at 11° €, and 760 mm. are heated to 27° C.,
the pressure being inereased to 900 mm.  Find the new volume,

19. 542 cem. of air at 269° (. and 900 mun. are cooled to - 51°C,,
the pressure being decreased to 666 mm. Find the new volume,

20, 672 cem, of air at —49° C. and 1111 mm, measure what at
237" (', and 1890 mm, ?

21. 700 cem. of air at 77° C. and 1000 mm. measure what at
163° C. and 872 mm. !

22. 546 cem, of gas at 17° C. and 760° mm. are cooled to 07 (,,
' the pressure heing decreased to 600 mm.  Find the new volume.

23, 1234 cem. of gas at - 39° C. and 500 mm. are heated to
139° C., the pressure being inereased to 617 mm.  Find the new
rvolume,

24. A quantity of oxygen, which measures 230 1. at 14° C. and
740 ., will measure what at 0° (' and 760 mm, ?

25. What will 1000 cem. of normal gas become at 16+5° (. and
735 mm, ?

26. 146 cem. of air at 72° . and 480 1m. oceupy what volume
at 39° . and 600 mm, ?

27. 487 com. of air are measured off at 17° C. and 750 mun.
[How many eem. will the air occupy at 267° €, and 1948 mmm., ?

28, 4362 cem. of gas at 73° (. and 2499 mm. are cooled to
147° C. and the pressure is decreased to 1024 mm. Find the new
wvelume,

29. A fask which will not lLear a pressure of 1500 mm. is filled
with normal oxygen and heated, At what temperature will it
explode

30. A volume of gas at 10° (. i< under the pressure of the
atmosphere and 60 mm. of mercury.  What pressure in addition to
the atmosphere is required to keep the volume constant at 300° (', 7

3L At what temperature has air the same density as hydrogen at
0" C.?

32, 1234 cem. of normal £as are cooled to - 52° (1,
being decreased to 617 mm.  Find the new volime,

43, 632 com. of air at 43° (', and 1000 mm. are heated to - el
the pressure heing decreased to 740 mm.  Find the new volume.

34. 146 1. of gas at 17° C. and 974 mm. are heated to 51° B
the pressure being deereased to 760 mumn. Find the new volume,

39, 1000 cem. of gasat 20° €, and 730 mm. cccupy what volume
it 0° C. and 760 mm,?

36. 123 com. of gas at 247° €, and 800 mm. are cooled to — 2¢° .5
“he pressure being decreased to 780 mm.  Find the new volume

, the pressur:
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37. ]“F'U cem. of air are heated from 0° C. to 72° C, amd the
pressure is decreased from 600 mm. to 400 mm. What is the new
volume *?

38. 20 cem. of hydrogen at 27° (. and 762 mm. occupy what
volume at - 23° C. and 1270 mmn. ? :

39. A few drops of water at 15° C. are passed up intoa barometer
standing at 30 inches. How high does the merceury stand ?

40. A litre of saturated air at 20° C, and 755 mm. is dried. What
does the air measure at the same temperatnie and pressure !

41, 200 cem. of oxygen are measured ofl’ over water at 14° C.
and 756 mm. What does the dry normal gas measare¥

42, If a cubie foot of agueous vapour at 0° C. and 760 mm.
weighs 351°5 grains, how many grains does a cubie foot of saturated
air at 59° F. and under a pressure of 30 inches weigh ¢

CHAPTER V.
OxvcEN. 0O = 16.

N.D. In the easier swms ** two volumes” (Sect. 10) are taken as
99-4 litres and the coeflicient of expansion of a gas as 41s. In the more
difficult swms below the line, two volumes are taken as 2232 litres
and the coefficient of expansion as 0°00367,

1. How much mercury and how much oxygen is obtained on
heating 10 grams of mercuric oxide ?

HgO = Hg + O.

9. How much oxygen is obtained on heating 522 grams of man-
ganese dioxide ? |

3. 50 gm. of potassium chlorate are heated, how much oxygen is
evolved *

KClO, = KC1 + 30.

4. How much (a) mercuric oxide, (8) potassium uhlnlratv. ()
nanganese dioxide is ]'l_ﬂll.]]'l‘l:'lil to make 100 Z1M. of ﬂ.\'j‘gi_‘n:"'

HgO = Hg + O.
KCIOy = KCI + O,
3Mn0, = MngO; + O,

5. What volume is occupied by 20 grams of oxygen (0y)*
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6. What volume of oxygen can be obtained from 20 g of man-

manese dioxide by heating it (a) alone ?
3Mn0, = MngOy + O,
£8) with strong hydrogen sulphate ?
MnQO, + H,80, = MnSO, + H.,0 + O.

7. What volume of oxygen can be made from 100 gm. of potas-

i chlorate ?
KClOg = KCl + O,

8. What volume of oxygen can be made from 100 gm. of mercuric

yxide ?
HgO = Hg + 0.

9. How many grams do 20 1. of oxygen (O,) weigh ?

10. What is the mass of 189 cem. of oxygen (0,)?

11. How muech potassinm chlorate is required to make 112 1. of
sXygen !

KCl0; = KCl + O,

12. How much manganese dioxide is required to make 10 1. of
»Xygen !

# 3Mn0O, = Mny0; + O..

13. How much potassium chlorate is required to make 70 1. of

axygen !
KCl0; = KCl + 30.

14. 174 gm. of manganese dioxide are heated. What volume
bf oxygen is given off !

3Mn0, = Mn,0; 4 O,

15. On heating some potassium chlorate 298 gm. of potassium
thloride were left,  What mass of ehlorate was heated and what
nass of oxygen was formed !

KClO; = KC1 + 0,

16. What volume of oxygen at 15° C. is obtained on passing
sarbon dioxide over a kilogram of ealcium plumbate heated to
sedness and then through slaked lime ?

Ca,PbO; + 2C0, = 2CaC0O,; + PO + O.

17. The air at 13° C. from a eylindrical gas-holder 2 metres high
i 1 metre across is passed over a red-hot mixture of lead oxide
tnd chalk.,  How much caleivm plumbate is formed ?

PO + O + 2CaCO, = 2C0, + Cu,l’bO,.

18. How much litharge is required to charge a wedge-shaped
qas bag a metre high and wide and half a metre thick with oxygen
b 1n” €. 1

PO + O + 2CaCO,; = 2C0, + Ca,PbO,.
Ca;PbO, + 2C0,; = 203C0; + PLHO + 0.

19. 60 gm. of mercuric oxide are heated. What volume of

»xygen at 91° C. and 380 mm. is given off ?
HgO = Hg + 0.
20. 270 gm. of mercuric oxide are heated. What volume of
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oxygen at 0° C. and 760 mm, is given off ¢ And what will the gas
measure at 177 C. and 700 mm. ¢

HgO = Hg + O.

21. What mass of oxygen would occupy 18 1. at 12° C. ¥ And
how much manganese dioxide must be heated to obtain it ?

3MnO, = MnyO; + 0,
22, 400 gm. of potassium chlorate are heated. What volume of
oxygen at 27° C. is evolved ?
23. What volume of oxygen at 21° C. and 380 mm. can be ob-
tained on heating 1000 gm. of potassium chlorate ¢
KCl0, = KC1 + 30.
24, How much potassium chlorate must e heated to give 23 1,
of oxygen at 14” C, and 740 mmn, ?
KCl0; = KCI + 80.

25. How much magnesium can be burnt in a globe containing
10 L. of oxygen at 13° C. and 836 mm, ?

Mg + O = MgO.

26. If 481 gm. barium dioxide are heated, what volume of
oxygen at 17° C, and 800 mm., is evolved ?

BaO, = BaO + 0.

27. A gram of bleaching powder is boiled with water and cuprie
oxide. What volmme of oxygen at 14° C, is evolved ?

CaOCls = CaCl, + 0.

28. A quantity of barium dioxide is suspended in water and
decomposed by carbon dioxide. If 19°7 gm. of barium carbonate
are formed, what volume of oxygen at 14" C. will be set free on
boiling the solution of hydrogen dioxide ?

BaO, + CO, + H,0 = BaCO, + H,0,.
l[:}OE e Huﬂ + 0.

20, What volume of oxygen, supposing that it remained gaseous

at —140° C. and 245-2 metres ol mercury, could be made from
613 gm. of potassiumn chlorate !

KCI0; = KCl + 30.

30. What would be the volume of the liquefied gas if the density
of it be 0°89 ¢
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31. In one of Dumas and Boussingault’s experiments the cupric
sxidle lost 59°789 sm., and 67-282 gm. of water were formedl.
taleulate the atomic weight of oxygen.

Cu0 + Hy = Cu + H,0.

32, What volume of liquid oxygen (A-89) could be obtained from
.00 1. of the gas measured at 20° C. ?

33. What is the mass of 556 cem. ol oxyeen (0,) measured over
waler at 20° C. and 750 mm. ?

34. 10 g, of potassium dichromate are boiled with hydrogen
mlphate.  What volune of oxygen at 20° C. is given ofl'!

K.Cr,0. + 4H,80; = K80, + Cr,380,; + 4H,0 + 30,

80, What volume of oxygen measuved over wwefer at 137 U, and
751 mn, is obtained on heating 100 gm. of (a) manganese dioxide,
8) potassiun dichromate with hydrogen sulphate !

MuO, + H,80, = MuSO, + H,0 + O.
K,Cr,0- + 4i1,80, = K.,80, + Cr,380, + 4H,0 + 30.

CHAYTER VI

HypwrogeEx.,. H = 1.

1. What volume is occupied by a gram of liquid hydrogen
tA 0°07)t It the boiling point is -238'5° C., what is it
Ffahrenheit ?

o2 100 gm. of zine are dissolved in dilute hydrogen sulphate.
What volume of hydrogen is given off ?

Zn + H.80, = Zn80, + H
3. How many kilos, of (a) zine and (8) hydrogen sulphate are
vequired to make 750 litres of hydrogen !
zll =4 ]]-!.'EDJ = Klt-qlD_l + l-['.l"

4. How many litres of hydrogen are oltainel on dissolvinge

6 gm. of magnesiun in dilute acid

5. How many grams of water are formed on burning 5 1. of
aydrogen * '

H, + O = H,0.
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Gi. A balloon holds 64 cub, metres of normal hydrogen (H.). How
many kilos. does the gas weigh ?

7. What is the mass of 506 1. of hydrogen (H,) measured at
- 20° C. and 770 mm, ?

8. 100 gm, steam are Fnssmll over red-hot iron. What volume
of hydrogen at 10° C. and 742 mm, is formed ?

4H,0 + 3Fe¢ = Fey0, + 4H..

9. 50 cem, of hydrogen at 17° C. and 800 mm. are required.
How much sodinm must be thrown into water ?

Na 4+ H,0 = HNaO + H.

10. 4 1. of hydrogen are passed over heated cupric oxide. What
loss of mass does the oxide undergo ?

H; + CuO = Cu.+ H,0.

11. 100 gm. of levigated iron are dissolved in dilute hydrogen
sulphate,  What volume of hydrogen at 15° C. is evolved *

Fe + H,80, = FeSO, + H,.
12. 400 cem. of hydrogen are measured off at 72° €. and 800 mm.
What is the normal volume ?

13. 10 gm. of steam are passed over red-hot iron,  What velume
of hydrogen at 13° C. and 711 mm. is obtained ?

QI—IED + 3]'1'3 - ]:1‘[’.30" +' 4HE"

14. How many litres of hydrogen at 10° C. and 770 mm. are
obtained on passing 2 gm. of steam over red-hot iron ?

"i‘HED + 31:13 = I;:‘-.":!D_‘ - 41'[2+

15. A Dballoon of 150 cub. metres capacity is to be filled with
hydrogen at 11° C, and 768 mm. How many kilograms of zine and
of hydrogen sulphate must be used !

Zn + H,80, = ZnSO, + H,.

16. A kilo. of zine is placed in a strong copper vessel holding 4 L
which is then half filled with dilute hydrogen chloride. How much
zine is dissolved before the pressure reaches 120 atmospheres and the
action ceases ?

Zn 4+ 2HCl = ZnCl, + H..

17. Find the true mass in 1bs. of a cubie foot of normal hyidrogen
and of a cubie foot of normal air.

18. A spherical balloon 50 ft. in radins will contain how many
Ib. of hydrogen and how many 1b. of air!? '

19. The hydrogen used at Woolwich has a lifting power of 71 lbs.
per 1000 cubic ft. If the gas were pure, what would the lifting
power be ?
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20, A kilo. of potassinmm lormate, when heated 'withd illl.lll.‘:]..'-ir-iilihl
widrate, would give what volume of hyilrogen, supposing it were
lill gaseous at — 1407 C. amd under a pressure of 494 metres ol
gercury ¥ i } 1=

(‘'HKO, + HKO = K,CO; + H..

+21. How much zine is required to obtain 100 1. of hydrogen at
1% C, and 800 mmn, *

Zn 4+ H.80, = Zn50, 4+ ..

93 How much zine must be dissolved in acid to make 5 eub,
cetres of hydrogen at 157 C, and 740 mm. !

fn + 1180y = ZnS0, + H..

' 23. How many cem, of (a) magnesium (& 1°74), (B) zine (A 7°2),
¥) iron (A 7°8), must be dissolved in acid to give 50 1. of hydrogen
s18™C. 1

[MgZnFe] + H,80, = [MgZnFe]S0, +H,.

24. What is the mass of a litre of hydrogen measured over
sater at 50° C. and 790 mm. ?
25. 100 gm. of potassimmn formate are heated with potassinm
rydrate.  What volume of hydrogen at 15° C. and 790 mn. is
wven off ?
("HKO, + HKO = K.CO, + H..

CHAPTER VII.
Warrnr, H,O = 18.

1. 840°16 gin. oxygen are requirved Lo form 945-439 am, of water.,
walenlate the percentage composition of water,

2. 10 gm. of water ave decomposed by electricity. What volumes
'F hydrogen and of oxyegen are evolved ?

H.0 = H, + 0.

d. What volume is ocenpied by 100 gm. of steam (H,0) measured
tt 800° ', 1 .

4. What is the volume of 1000 gm. of (a) sca-water A 1026
13) ice A 0°92 1 '

5. 1000 gm. of sea-water (A 1+029) contain 55°9 . of solid matter
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in solution. How many kilos. of solid matter are there in solution
in a cubie kilometre of sea-water ?

6. How many cubic feet are occupied by a ton of sea-water
(A 1°029) 1

7. A Dblock of ice (A 0°92) weighs 280 kilos. Find its volume.

8. If the density of ice be 0°92, what volume will 1000 ccm. of
water at 4° (. occupy when frozen ?

9. An iceberg (A 0'92) Hloats in sea-water (A 1°027) with 30,000
cub, m. above the sea. What is the total volume of the berg ?

10. Sea-water (A 1°026) contains 3 per cent. of sodium chloride
(NaCl). How much sodium is there in a cubic metre of sea-
witer ¥

11. 1000 gm. of sea-water (A 1°027) contain 37 gm. of salt
(a 2:16). What contraction do 1000 cem. of water undergo during
the solution of the salt ?

12. 100 gm. of gypsum are heated. What volume of steam at
300° C. is given off ¢

Ca80,2H,0 = CaSO, + 2H,0.

13. 100 gm. of each variety of sodinm earbonate (i.) Na,C0,10H,0,
(ii.) Na,CO48H,0, (iii.) Na,CO45H,0, (iv.) Na,CO4H,0 contain how
many grams of water ?

14. A tube containing cuprie oxide, which weighed 1056 gm.,
after being heated to redness in a current of hydrogen weighed
1016 gm. The drying apparatus weighed 80-3 gm. before and
84'8 gm. after the experiment. How much oxygen unites with ong
part of hydrogen ?

h + o0 = ho

15. If 88-88 parts of oxygen unite with 11°11 parts of hydrogen,
and the equivalent of oxygen be 100, what is the equivalent o
hydrogen ?

h + 0 = ho.

16. In one of Dumas’s experiments to ascertain the compositior
of water by passing hydrogen over heated cupric oxide the following
results were obtained :(—

Mass of cupfic oxide and tube before the experiment, 334598 gm

- 53 alter 3 314236 .,
Mass of drying tubes before the experiment 4126-358 ,,
55 after I 449263 ,,

(‘alculate the percentage composition of water by mass.
17. 100 gm. of steam are passed over red-hot iron.  What volumy
of hydrogen at 14° C. and 730 mm. is formed ?

4[[&0 'E' 31-'1“ = Irl't."s 4 '+' 4]]21
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18. 10 cem. of sodium (A 0°97) ave thrown into water. What
lume of hydrogen at 18° C, and 570 mm. is evolved ?

Na + H,0 = HNaO + H.

119, What volume of oxygen at 12° €\, and 762 mm, is evolved
. decomposing 1 gm. of water hy electricity ?

]Iﬂ('-] B I!-'J 'I" Dr

20. 500 cem, of hydrogen at 39° C. are exploded with 500 cem,
coxygen under a pressure of 332°5 mm.  What velune of which
i3 18 left ?

H, + O = H,0.

21. How much water must be electrolysed to give a litre of gas
115° C. and 740 mm. ?
H.0.= H, + 0.

22, 400 troy ounces of water at 16° R. are mixed with 400
irdupois ounces at 95° F.  Find the mass of the mixture in grams
il the temperature of it Centigrade.

123. How many grams of steam must be passed into 100 gm. of
tter at 0° (', in which 10 gm. of ice are floating to raise the tem-
rature of the whole to 50° (', ?

224. 1 cem. of water at 4° C, forms how many times its volume of
sam at 300° C. !

125. Find the density of steam at 300° C. referred to air at 0° C,
226. A pound of dry stean at 374" F. ocenpies how many cubie
it ?

227. 2 grams of silver oxide are thrown into hydrogen dioxide.
that volume of oxygen at 13° (', is given off ? '

Ag.0 + HO0, = Ag. + HO + 0,

128. P'ure hydrogen dioxide (A 1°455) gives how many times its
Hlume of oxygen when boiled ?

T[i_lﬁ:': — ]i:{} T D

£29. A solution of hydrogen dioxide (A 1-455) gives twenty times
volume of oxygen when boiled. Find its percentage composition
| mass.
H,0, = HO + 0.

e —

aastured at 212° F, and 30 inches of mercury, weigl ?

2] T o 2 " - =

31. What volume of oxygen at 10° (. can be obtained on boiline
cgrams of hydrogen dioxide ? &

II'.ED! e Ilj{j I &

130, II”‘I.‘.' "'l.:i.“_v _Lrl'u'l.i"!"- III'II.'."'G L {:'I.'Ihil,': rr‘,l-f}t; ol ﬂ||upn"_¢‘- "f-‘l]lﬂ:lil',
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32. 100 gm. of solution of hydrogen dioxide in water when
boiled gave 5 litres of oxygen at 12° C. and 750 mm. Find the
percentage of hydrogen dioxide in the solution. '

I{ED*J == ]..:Iﬂ{:l + 0

33. According to Chaney a cubic foot of water at 62° F. weighy
62278601 1b, against brass (A 8:143) weights in air. If a volumg
of water at 39° ﬁ’: becomes 100112 volumes at 62° F., how many
pounds does a cubic foot of water at 39° F. weigh in vacuo ? |

CHAPTER VIIIL
NITROGEN, N = 14.

1. What do 100 L. of nitrogen (N,) weigh !

2. 146 ccm. of nitrogen at 17° C. and 974 mm. are heated
51° the pressure being decreased to 760 mm. Find the ney
volume. -

3. What volume of nitrogen can be obtained from 10 gm. ¢
ammonium nitrite ?

|
4. 128 gm. of ammonium nitrite are heated. What volume ¢
nitrogen at 39° C. and 950 mm. is given off ? |

5. 100 gm. of lead nitrate when heated were found by Svanbe)
to leave 67°4016 gm. of lead oxide. If O = 100 and I'b = 129
what is the atomic weight of nitrogen ?

Pb2NOyg = PhO + O + 2NO,.

6. 30 cem. of nitrogen were measured off at 18° C. in a tu
The barometer stood at 750 mm. and the mercury in the tube
120 mm. Find the normal volume of the gas and its mass in grai

7. What is the mass of 270 cem. of nitrogen measured over wa
at 8° C. and 768 mm. ? o

8. 3 gm. of urea are warmed with potassinn nitrite and hydrog
sulphate. What volume of nitrogen and of carbon dioxide
given off ?

{Ol\:zl[l‘ T N'ID:i L= E:\-g - E[[:D -+ [‘0:.-

HyproGeEx NitraTE, HNOy = 63.
9. How many pounds of hydrogen nitrate are obtained on
tilling 400 1bs. of sodinm nitrate with hydrogen sulphate ?
9NaNO, + H.80, = Na,S0, + 2HNO,,
10. What volume is oceupied Dy 10,000 gm. of hydrogen nit
(A 1:5)1
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11. How much oxygen is there in a litre of hydrogen nitrate
[HNO,), the density of which is 1°5?

12. What volume of hydrogen sulphate (A 1°84) must be distilled
vith 1 kilo. of sodium nitrate, and what volume of hydrogen nitrate
tA 1+5) will be formed ?

NaNO, + H.SO, = HNaSO, + HNO,.

13. How many grams of hydrogen nitrate can be obtained from a
xilo. ol sodium nitrate ?

NaNO; + H.,80, = HNaS0, + HNO,.
14. What is the least quantity of hydrogen sulphate which can
oe used to decompose 500 gm. of potassinum nitrate ?

2KNO, + H,80, = K80, + 2HNO,.

15. How much potassium nitrate and what volume ot hiydrogen
LEII]H'II'I-'['IL‘ (A 1'842) must be distilled together to form a litre of
wdrogen nitrate (A 1°52) ¢

KNO; + H.80; = HKSO; + HNO,.

16. Hydrogen nitrate (A 1-353) at 15° C. contains 56 per cent. of
real acitl.  Find a formula for it.

17. When hydrogen nitrate is distilled under ordinary pressures,
ut about 120° (', an acid (A 1'44) containing 70 per cent. of real
ceid passes over.  Find a formula for it.

18. Ordinary hydrogen nitrate (A 1°4) contains 65°07 per cent.
wy mass of real acid.  What volume of such an acid must be made
mp to one litre, that 1 cem. may contain 0°63 gm. of real acid !

19. How much hydrogen nitrate is required to neutralize a solu-
ion of 800 gm. of potassium hydrate !

HKO + HNO, = H,0 + KNO,

20. How much quick-lime is left on heating 1000 gm. of calcium
lLitrate 7
' Ca2NOy = CaO + O + 2NO..
21. How many kilos. of tin must be heated with ]1}|I|nw 1 nitrate
bo form 10 Ibs. of stannic oxide.

Sn + 4HNO,; = 4NO, + 2H,0 + SnO..

22. How many ounces of silver nitrate are formed h:, the action
'f hydrogen nitrate (A 1°4) upon 1,000 gm. of '~|Iu]
6BHNO; + 4Ag = 4AgNO, + 3H.O +
23, How much ammoninm nitrate is formed by ||1:-=.-{‘.~|‘L"Fr|g 4 o,
'f zine in hydrogen nitrate (A 1°4) ?
10HNO, + 4Zn = 4Zn2NO,; 4 31,0 + H,NNO,.
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24. What volume of nitrogen at 17° C. is evolved on heating
100 gm. of copper with hydrogen nitrate (a 1'4)*
12HNO; + 5Cu = 5Cu2NO, + 6H.,0 + N,
25. A eylindrical iron bottle a foot high and six inches across

inside is to be filled with nitrous oxide at 15° C. and under 40
:Ltmm;trher-s:s pressure. How many grams of zinc must be dissolved

in hiydrogen nitrate (A 1°1)
10HNO, + 4Zn = 4Zn2NO, + 5H,0 + N,0.
2. What volume of hydrogen nitrate (A 1°52) and mass of
phosphorus pentoxide must be distilled together to form 100 gm. of
nitrogen pentoxide ?
9HNO; + P.,O; = 2HPO; + N,O;.

Tur OXIDES 0F NITROGEN.

27. Calculate the percentage composition of ammonium nitrate,

NH,NO,.
o0& What volume of nitrous oxide can be obtained from 24

grams of ammonium nitrate ?
NH,NO; = 2H,0 + N.:0.
90. How much ammonium nitrate is required to make 40 1. o
nitrous oxide ?
NH,NO; = 2H,0 + N,O.
30, What is the mass of 100 1. of (a) nitrous oxide N,O, {.Bl

nitrie oxide NO ?
1. What volume of nitrous oxide at 15° C., and 740 mm. is give

by 30 gm. of ammonium nitrate ?
NH,NO; = 2H,0 + NO,,
39. What volumne of hydrogen is required to
oxygen contained in 10 gm. of nitrous oxide ?
N.,0 + H, = HO + N.. I
can be burnt in 4 1. of nitrous oxide

combine with th;a

33, How much phosphorus
measured at 14° C. 1
of nitric oxide NO !

24, What volume is occupied by 13 gm.
10 1. of nitric oxide !

25 How much copper is required to form
30y 4+ SHNO, = 3Cu2NO,; + 41,0 + 2NO.
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36. What volume of nitric oxide at 13° €. is obtained on dis-
blving 25 gm. of copper in hydrogen nitrate ?

3Cu + SHNO, = 3Cu2NO0, + 4H,0 + 2NO.

37. 127 gm. of :-nwwl' are dissolved in hydrogen nitrate. What
olume of nitrie oxide at 14° €. and 1000 mm. 18 evolved ?

3Cu + SHNO, = 3Cu2NO, + 4H,0 + 2NO.

38. What volume of nitric oxide is obtained on boiling 50 gm.
't hydrogen nitrate with acidified ferrous sulphate ?

oHNO, + 3H,S0, + 6FeS0, = 3Fe,380, + 4H,0 + 2NO.

39. b cem, of mercury (A 13°55) are warmed with hydrogen
iditrate.  What volume of nitrie oxide at 217 (', is evolved !

sHg + SHNOy; = 3Hg2NO,; + 4H.,O0 + 2NO.

gal
40. 100 g, of cuprous oxide are warmed with dilute hydrogen
ritrate.  What volume of nitrie oxide is evolved !
3Cu,0 + 14HNOy; = 6Cu2NO; + 7TH.O + 2NO.

41. 4 1. of nitrie oxide at 177 C. and 750 mm. are passed over
ad-hot copper.  What volume of nitrogen at 7° (', and 600 mm. is
wvolved ?

280 + 2Cn = 2Cu0 + N..

42. What volume of oxygen is required to convert 10 gm. of

ritrie oxide in presence of” water into hydrogen nitrate ?
ZNO + H,O + 30 = 2HNO,.

43. 300 gm. of dry lead nitrate are heated. What volume of

uitrogen tetroxide at 100° €, is evolved ?
Pb2NOy = I'bO + O + 2NO..

44, Excess of earbon is thrown into 100 gm. of fused potassiim
mitrate.  What volume of nitrogen and of carbon dioxide is evolved ?
4KNO; + 6C = 2K,CO, + 2N, + 3CO0..

45. At 27" (. nitrogen tetroxide is 2°65 times as heavy as air, and
tt 1807 C. it 15 1°57 times as heavy. Find the corresponding
moleenlar weichts,

46, Find the perveentage composition of (a) nitroxyl chloride
WOCT and (B8) nitryl chloride NOL(1, H

47. What volume of ehlorine at 15° (', wmust he passed over 20 «in
§ = e = ® a D =
0 silver nitrate to obtain nitrogen pentoxide ?

Cly + 2AgNO, = 244C1 + O + N0,
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48. 25°82 cem. of nitric oxide diffuse through a certain apparatus 1
in 50 seconds. What volume of hydrogen will diffuse uuHer the
same conditions ? |

AMMmoxNiA, NH, = 17. '

49. How many grams of ammonia can be obtained from 2140 gm.
of ammonium chloride ?

EK]'I‘(_L]. o 1 L'I.IU' — [rill:.-.rlz 1 ]i-‘:D t= E.\l‘f{:‘r

50. What volume of ammonia is obtained from 3147 gm. of
ammonium chloride ?

2NH,Cl + Ca0 = CaCl, + H,0 + 2NH,.
51. What volume is occupied by 100 gin. of ammonia ?

52. How much ammonium chloride must be heated with lime to
make 80 1. of ammmonia ?

2NH,Cl + CaO = CaCl; + H,O + 2NH,.
53. What volume is uumlbiud by 20 gm. of ammonia at 12° C.
and 730 mm. ?

54. What volume of ammonia at 15° (. and 740 mimn. could be
obtained from 214 gin, of ammonium chloride ?

oNH,Cl + C20 = CaCl, + H,0 + 2NH,.

55. How many grams of ammonia are obtained on passing 3 gm.
of nitric oxide mixed with excess of hydrogen over hot spongy
platinum ?

2NO + 10H = 2NH; + 2H,0.

56. How much do 2 1. of solution of ammonia (a “88) weigh !
57. What volume of mmmonia is required to neutralize 10 gm. of
hydrogen chloride ?
HCl + NHy = NH,CL
58, 29 cem. of ammonia are decompose:d by a series of electric
sparks and the mixed gases are exploded with 30 cem. of oxygen.
What volumes of what gases remain ?

2NH, = 8H, + N,
3H, + 30 = 3H,0.
50. What volume of ammonia will difluse under the same con-
ditions as 84 cem. of sulphur dioxide (80,) ?
60. 2 gm. of potassimin are heated in ammonia. How much
potassamide and what volume of hydrogen at 157 C. is formed ?

K + NH, = KH.N + H.
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61. 10 gin, of solution of ammonia when mixed with sodium
hypobromite gave 1 1. of nitrogen at 7° C.  Find the percentage of
)anunonia in the solution.

dNaBrO + 2NH, = 3NaBr + 3H.O + N..

62. A substance contains silver 78°25 per cent., nitrogen 10°15
per cent., and oxygen 11°59 per cent. Find its formula.

63. Find the percentage composition of dimercurammonium
iodide (NHg,I).

4. Excess of phosphorus is burnt in 10 L. of nitrous oxide at
5% €. What volume of nitrogen at 15° C. is left?

P, + 6N;0 = P,0; + 5N..

65. 2 L. of nitryl chloride at 15° ', are passed over warm silver
mitrate. How much nitrogen pentoxide is formed ?

NO.Cl + AgNO, = AgCl + N,0,.

66. 1 cem. of liquid ammonia (A “63) under the pressure of 5
itmospheres is heated from 0° C. to 20° C.  What volume will the
1mas oceupy !

67, Find the percentage composition of (a) hydrazine (N,H,)
und (B8) azoimide (N4 H).

68. A body contains 6462 per cent. of nitrogen and 35°38 per
went. of soldlium. Find a formula for it.

CHAPTER IX.
Tue ATMOSPHELRFE.

A ltre of normal air weighs 1°293 grams ; or a cubic fool weighs
1340807 b, Air contains 21 per cent. by volwme and 233 per cent.
iy mass of oxygen.

L. In one of Dumas’ experiments to determine the composition
bf air by passing it over Leated copper :—

Mass of tube and copper before the experiment 120  gm,

i " alter i 12110 -,
Mass of the globe exhansted 852
’4 N and nitrogen 80080 ,,

| s =4
“aleulate the percentage composition of air by mass and by volume.

2. 100 L of air are passed over red-hot copper  How much does
the copper increase in mass ?

Cu + O = CuO.
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3. 20 cem. ol air are mixed with 30 cem. of hydrogen and ex-
ploded. What volumes of what gases are left ?

1".[2 = D - HEO.

4, 16°7 cem. of air when mixed with hydrogen in a Ure's
endiometer measured 29 cem,  After the explosion the residual gas
measured 185 cem.  What is the percentage by volume of oxygen
in the air?

H, + 0 = H,O.

5. How much phosphorus is required to remove the oxygen from
a litre of air ?

P2 = Ds = P:!O.E'

6. How much phosphorus must be bwrnt in what volume of air
at 0° C. to make 15°8 1. of nitrogen at 13° C.}

P, + 0, = P,0,.

7. How much phosphorus is required to remove the oxygen from
100 1. of air at 15° C. and 740 mm. ?

P + Uy = PO

8. According to Vernon Harcourt a mixture ol air and ammonia
passed over red-hot copper gives pure nitrogen. How much nitrogen
can be obtained from 100 1. of air, and how many cem. of solution
of ammonia containing 700 times their volume of the gas are used ?

2NH, + 30 = 3H,0 + N..

9. At what temperature does a litre of air weigh a gram ¢

10. What volume of air (cont. 04 per cent. by vol. ol carbon
dioxide) must be drawn through lime-water to precipitate 1 gram
of calcium carbonate ?

CaH,0, + CO, = H,0 + CaCO,

11. What is the difference in mass between 10 L. of air at 15° C.
and 10 1. of nitrogen under 77562 mm, ?

12. On October 14th, 1881, the pressure of the wind at Greenwich
was 53 lbs, per sq. ft. How many grams per scm. was it !

13. A maninhales 18 cub. ft. of air per hour. How many pounds
ol oxygen does he require in 24 hours ?

14, Westminster Hall is 290 ft. long, 68 [1. wide, and 110 ft.
high. How many tons of air does it contain ?

15. What is the mass of 500 enb. metres of air at 21° C, ?

16. Find the mass of 640 cem. of air measured at 5467 €, and
712 mm.
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17. How many pounds of air at 15° (. are there in a room 30 ft.
long, 22 1t. wide, and 15 ft. high ! And what mass of oxygen is
there in the air?

18. How many kilograms of air are there in a room 17 ft. 6 in.
long, 14 ft. wide, and lﬂ ft. ]u"h

19. It is ealculated that the mass of the atmosphere is equal to
that of 581,000 cubic kilometres of copper (4 §°9).  Find the radins
ol an iron (A 7°8) sphere u]:ml in mass to the atmosphere,

20, An inch of rainfall is how many tons of water per acre !

21. The area of the basin of the Thames is 6000 square miles,
A rainfall of 3-937 inches upon it is how many cubic metres of
water ¢

22, 176'1 cem. of air were measured ofl at 107 C, after saturation
with aqueous vapour.  The barometer stood at 7472 mm. and the
mereury in the tube at 70 mm.  Find the normal volume of the air,

23, After absorption by pyrogallate the nitrogen measured
1428 eem. at 8” (', The barometer stood at 754°8 mu. and the
mereury in the tube at 96°8 mm.  Find the percentage by volume
of oxygen in the air of the last question.

24. How much moist iron can be oxidized by 1000 L of air
at 18" C, 1

2Fe + 30 = Fe,0,.

25. How much sulphur can be burnt in 20 1. of air at 26° C. ?
H 'i" D'.! - S{J-__:!-

26. What volume of air at 21° C. must be passed over 100 g,
cof copper to convert it into euprie oxide *

Cu + O = Cul.
27. How much magnesinm can be buwent in a globe containing
6 1. of airat 21° C. amd 740 mm. ?

Mg + O = MgO.

28, 146 cem. of air at 10° C, and 730 mmn. ave measurel ofl' over
vwater.  What would the dry normal air measure ¢

29. A cubie mile of air at 760 nun, and 30° C. is saturated with
Aueons \'u|u':ur. How many tons of yain will fall if the temperature
«sink to 0° (, ¢

30. A mass of air a mile square amd 100 ft. thick is saturated
with aqueous vapour at 10° ., If the temperature fall to 57 C, how
tmany tons of rain will fall ¢
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81. 500 g, of carbon arve burnt in 60 cub. metres of air at
147 C, free from carbon dioxide.  Find the percentage of oxygeu,
nitrogen, and earbon dioxide in the air after the experiment.

0 %05 =100

52, A vessel of water at 99° C. weighing, when reduced to water,
50 kilo, was placed in a room, the walls of which are 10 m. each
way and impervious to heat, containing normal air (sp. ht. 0°168).
Iind the temperature of the air and the increase in pressure on each
scmi. of the walls,

33. 1000 cub. metres of gas at 18° C. and 765 mm. are put into
a balloon of 1250 cub. metres capacity. After ascending a certain
height the temperature is found to be 8° C, and the balloon is fully
distended. Find the height of the barometer in the balloon and
the distance of the balloon from the earth.

34. If the earth be a sphere of 6,371,300 metres radius and the
ressure of the air (containing *04 per cent. of carbon dicxide CO,
L}' mass) be 1'0333 kilo. per scm., find the mass of the carbon in
the atmosphere.

35. In one of Lord Rayleigh's experiments 7925 cem. of air left
65 cem. of argon. What is the percentage by volume of argon in
the atmosphere ?

36. If the density of argon be 190, what do 100 cem. of it
weigh 1

CHAPTER X.
CarBox C = 12,

1. The Kohinoor (4 8°5) weighs 329'6 grains, and the Kajuh of
Borneo 1174°4 grains. Find the volume of each diamond in cem.

9. How many pencil-leads 2 mm. square and a decimetre long
can be cut from a kilo. of gmishitu (A 2+25) ¢ e

3. The specific heat of graphite is 0°198. What is its probable
atomic weight ? o 43

4, The density of anthracite is about 16, How many Ibs. does
a cubic foot weigh ? _

5. The density of ordinary coal is about 1'3. Find the mass of a

cubie yard in tons. _ +
6. In 1881, 4427 million cubic feet of coal were raised in Great

Britain. If it were piled into a cube, find the length of each edge

1n metres.
CaArBoN Moxoxipg CO = 28,

7. How many litres of carbon dioxide must be passed over red-hot
charcoal to produce 84 gm. of carbon monoxide ¥
CO, + C = 2CO0.

|
1
|
|
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8 10 L of earbon monoxide at 147 C. and 760 mm. are required,
What volume of normal carbon dioxide must be passed over red-hot
carbon and what mass of earbon is absorbed !

€0, + C = 2C0.

9, 38 1. of carbon monoxide at 18° C. and 672 mm. are required
How muech dry hydrogen oxalate must be used !

¢H.0, = H0 + CO, + CO.

10. 100 1. of earbon monoxide at 68° F. arve required. How mucl
cerystallized hydrogen oxalate must be used ?

C,H,0,2H,0 = 3H,0 + (O, + CO.

11. 4 gm. of potassium ferrocyanide are heated with hydrogen
sulphate. What volume of carbon monoxide at 13° C. and 770 mm.
is evolved ?

K Fe,(,,N,.6H.O + 6H. 0 + 12H,80, = 4K.80; + 2FeSO, +
6(NH,).80, + 1900.

12. What volume is occupied by 100 gin. of (a) carbon monoxide
LCO (B) carbon dioxide CO, ?

13. Find the mass of 10 1. of carbon monoxide measured at 39° (.
ind 800 mm.

14. 30 cem. of ecarbon monoxide are exploded with excess of
ppxygen anid 35 cem. of gas remain. What volume of oxygen was
padded ¢

"_JL!'::} -+ Dﬂ = EUO:-

15. 50 cem. of a mixture of earbon monoxide and hydrogen are
msxploded with excess of oxygen. 30 eem. of gas vemain, of which
P20 cem. are absorbed by potassium hydrate, What was the volume
bf the carbon monoxide and of the oxygen !

2C0 + 0, = 200,.
2H, + 'D., = 2H.,0.

16. Find the ['m‘muln, of a substance containing carbon 20 per
eent., oxygen 26°6 per cent., and sulphur 533 per cent,

CarBoN Dioxinr CO, = 44,

17. A diamond weighing 7 gm. is burnt in oxveen, What
rolume of carbon Lllu'culi: 15 funnml !

€ + 0z =00,
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18. 10 gm. of aleoheol are burnt. What volume of carbon
dioxide is tormed * ’]

19. 10 gm. of hexane are burnt. What volume of carbo
dioxide is formed ?

CeH,y + 190 = TH,0 + 6CO,.

20. 10 Ibs. of paraftin candles are burnt.  What mass of carbo

dioxide and of water is formed ¢
{'1de2 =+ 610 = QGUO? + 211[20.

21. What volume of carbon dioxide at 12° C. and 750 mmn. i8
produced on dissolving 10 gm. of marble in hydrogen chloride ¢

CﬂrCOH + 21'1(11 — {;lﬂ(.-i-]ﬂ AT HEG o GD‘E.

22. How much chalk must be dissolved in acid to give 5 L. o
carbon dioxide at 12° C. and 750 mm,

CaC0; + 2HC1 = CaCl, + H,0 +CO..

23. §°96 1. of carbon dioxide at 31° C. and 912 mmn. are required,
How much marble must be used ?

CaCO, + 2HCI = CaCl, + H,0 + CO,

24, How much marble must be dissolved in acid to give 20 L. o
carbon dioxide at 18° (', and 740 mm. ?

25, How many ounces of sodium and hydrogen earbonate and o
hydrogen tartrate must be used to charge a gasogen holding 4 1
with gas under a pressure of 4 atmo. at 10° C. ¢ (1 vol. water a
107 C. absorbs 1°1847 vol. of normal carbon dioxide.)

HNaCO4 + C,H;0;, = C;H,NaO; + H.,O0 + CO..
26. What volume of air is required to lurn a kilo. of carbon ¢
C + 0, = CO,

27. How much carbon is there in a litre of carbon dioxide ?

28. 200 gm. of platinum (sp. ht. 0°032) are cooled in soli
carbon dioxide and dropped into 100 gm. of water at 16° C. If the
temperature of the water fall to 10° C. what is the temperature
the carbon dioxide !

29, Calcium hydrate is soluble in 730 times its mass of waten
What volume of carbon dioxide at 13° (. is required to precipita
the ealeium from 3000 gm. of lime water !

CaH,0, + CO, = H,O + CaCO,,

30. What is the percentage composition of potassium cyani

(KCN) ¢
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Mansu Gas CH, = 16. Eruexe C,H, = 28,
AceryLeExe CH, = 26.
31. Find the mass of 76 1. of marsh-gas measured at 317 (.,
32, Find the mass of a litre of (a) ethine C,H, (B) ethene C,H,
33. 15°2 1. of methane at 17° C. and 870 mm. are required.
How much dry sodium acetate must be used ¢

2NaC,H ;0. + BaH.0., = BaCO; + Na,CO, + 2CH.,.

34. What is the mass of 3-73 1. of ethene measured at 100° C. ?

35. What volume of ethene at 16° ', and 750 mm. is required to
waturate 100 cem. of bromine (A 3) ¢

C.Hy + Br, = C,H,Br,.

36. 25 cem. of ethene are exploded with 100 cem. of oxygen,

What volume of carbon dioxide is formed, and of oxygen is lelt !
C.H, + 30, = 2H,0 + 2C0..

37. 374°166 cem. of hydrogen diffuse through a certain apparatus
in 10 seconds., What volume of ethene will diffuse under the same
rconditions ?

38. What volume of cyanogen at 15° C. is given oflf on heating
13 gm. of mercuric eyanide ?

HgC.N, = Hg + C,N,.

———a

39. 100 gm. of erystallized hydrogen oxalate are heated with
bhydrogen sulphate. What volume of carbon wmonoxide at 30° C.
sand 747 mm. is evolved ¢

C,H,0,.2H,0 = 3H,0 + €O, + CO.

40. 100 1. of carbon monoxide at 14° C. and 1000 mm. are
rrequired.  How much sodium forinate must be heated with hydro-
sgen sulphate ?

NaCHO, + H,80, = NaHSO, + H,0 + CO.

41. 153 gm. of copper are dissolved in hydrogen nitrate. What
rvolume of nitric oxide at 15° C. and 765 mm. is evolved, and how
muany cem. of carbon disulphide (A 1°25) can be burnt in it ?

3Cu + 8HNO; = 3Cu2NO,; + 4H,0 + 2NO.
CS, + 6NO = 6N + CO, + 280..

42. A bubble of marsh gas (CH,) ascends from the Lottom of a
jpool 3 m. deep, and is found to measure 20 cem. over water which
sstood at 170 mm. in the tube. If the temperature was 14° C. and
tthe barometer stood at 750 mm. find the radius of the bubble when
«at the bottom of the pool and the mass of the marsh-gas,
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Varovnr DENSITIES.

43. Fiu ! the mass of 295 cem. of camphor (C,,H,;0) vapour at
510° C. 1 (CyoH,40) vap

44. A globe the volume of which was 810 cem. when full of air
at 14° C. weighed 119 gm. and when full of alcohol vapour at
100° C. weighed 119-2 gimn.  Find the density of the vapour.

45, A globe the eapacity of which was 178 cem. when filled with
air at 157 C. weighed 2345 gm. and when filled with the vapour of
a hydrocarbon at 110° C. weighed 2372 gm. Find the density of
the vapour, ‘

46. 0°1 gm. of carbon disulphide gave 90 ccm. of vapour at
100 . by Hofmann’s method. The barometer (reduced) stood at
767 mm. and the mercury in the tube at 170 mm. Find the density
of the vapour.,

47. 0°12 gm, of dibromamylene gave in Meyer's third method
13°1 eem, of air at 17° C. and 758 mm. Find the density of the
vapour.

48. 0°1105 gm. of phenyl-naphthalene gave 132 cem. of nitrogen
at 17°5° C. and 754°1 mm. in Meyer's third method. Find the
density of the vapour.

PeErcENTAGE CoMrositTioN AND ForMULA.

Find the formula of a substance containing :—

49. Carbon 45, hydrogen 7°5, and oxygen 60 parts.

50. Carbon 26'66, oxygen 5333, and water 20 7.

51. Carbon 39-56, hydrogen 769, and oxygen 52°75 7.

52. Carbon 7407, hydrogen 864, and nitrogen 1729 %,

53.?‘{3:11'1.:{::11 1904, hydrogen 4°76, sulphur 25°4, and oxygen
508 7.

54." Carbon 53°16, hydrogen 63, and oxygen 40°54 7.

5. Earhun 5037, hydrogen 633, nitrogen 1795, and oxygen
2536 .

6. té:lrhnu 49-485, hydrogen 5°155, nitrogen 28-866, oxygen
16495 ¥..

57. Carbon 35°71, hydrogen 2°'38, nitrogen 33°33, and oxygen
2858 .

08, iaubstﬂ.nce contains carbon 6867 7, hydrogen 495 7/, and
oxygen 2638 7. If the vapour is 4:226 times heavier than air,
find the formula of the substance,

59. 0°256 gm. of an organic substance gave 0°8103 gm. of carbon
dioxide and 0°2655 gm. water. 1f the vapour is 376 times heavier
than air, find the formula of it.
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60. 0°243 gm. of a substance containing only carbon, hydrogen
md oxygen gave 0693 gm. of carbon dioxide, and 0°162 gin, of
sater,  Find the simplest formula for it.

61. 0-3807 gm. of an organic acid gave 09575 gu. of carbon
idoxide and 0°1698 gm. of water. 04287 gm. of the silver salt left
202 gm. of silver. Find the formula of the acid.

62. Mauveine is found to contain carbon 7355, hydrogen 5-67,
nd nitrogen 12°73 9. 0°55 gm. of the platinochloride contains
088 gm. of platinum. Find the formula of the hase.

63. 4°85 gm. of an organic substance gave 6°95 gm. of carbon
doxide and 0°95 gm. of water. 5°46 gm. of it gave 681 cem. of
dtrogen at 13° C. and 775 mm.  Caleulate its percentage composi-
con and formula.

64. 04102 gm. of a liquid gave when burnt with lead chromate
#5119 gm. of carbon dioxide and 0°2286 gm. of water. 0'3878 gm.
T it gave 0°3975 gm. of silver iodide and 0:0148 gm. of silver
salculate its percentage composition and formula,

Find the molecular weight of the dissolved substance in each ol
me following cases :—

65. 0°164 gm. of aleohol (CyH O) dissolved in 100 gm. of Lenzene
wwered the freezing-point 0:175" C.

66. 1273 gm. of naphthalene (C,gHg) dissolved in 100 gm. of
:enzene lowered the freezing-point 4°9° C,

67. 12616 gm. of dextrose (C;H,,0,) dissolved in 92-25 gm. of
sater lowered the freezing-point 145" C.

68. 7°49 gm. of gum arabic dissolved in 100 gm. of water lowered
e freezing-point 0°03° C,

69. 7°034 gm. of camphor (C,,H,40) dissolved in 100 gm. of
ther (Cy,H,,0) lowered the pressure by 29 mm. from 8538 mm.

70. A bulb containing a solution of 4°1 gm. of nitro-benzene in
16 gm. of alcohol (C,H,0) lost 2:034 gm. during the passage of a
arrent of dry air, while a bulb containing aleohol lost 00684 gm.

71. 1:0656 gm. of iodine dissolved in 3014 gm. of ether raised
ne boiling-point 0°296° C.

72. 14475 gm. of phosphorus dissolved in 54'65 gm. of carbon
rsulphide (C8,) raised the boiling-point 0°486° C.

73. 0552 gm. of naphthalene (U,jHg) dissolved in 95 cem. of
shloroform raised the boiling-peint 1-2° C.

74. 0°558 gm. of hydrogen benzoate (C,Hgz0,) raised the boiling-
soint of 20°8 cem. of ether 0667 C.

75. 1°169 gm. of urea (CON,H,) raised the boiling-point of
sater 1-24° C. ; the volume of the solution was 81 ecm.

76. 1-33 gm. of potassium bromide (KBr) raised the boiling-
soint of water 0°88° ., the volume of the solution was 13°5 cem.
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CHAPTER XI. |
CHLORINE, Cl = 35%. '

1. What volume is occupied by 1775 gm. of chlorine (Cl,)?
2. How much manganese dioxide is required to make 100 gm,
of chlorine from hydrogen chloride ? i
MnO, + 4HCI = MnCl, + 2H,0 + Cl,. |
13.?“"11.1[: volume of chlorine can be made from 2078 gm. of
salt ?
2NaCl + MnO, + 2H,80, = 2H,0 + Na,80, + MnSO0, + Cl,.
4. How much salt is required to make 28 1. of chlorine !
2NaCl + MnO, + 2H,80, = 2H,0 + Na,S80, + MnSO, + Cl,,
5. How many grams of manganese dioxide are required to mulgv:j
40 L. of chlorine at 37° C. !
MnO, + 4HCl = MnCl, + 2H,0 + Cl,.
6. What volume of aqueons hydrogen chloride (A 1°2) containing
40°8 9, by mass of real acid is required to make 3 1. of chlorine ?
MnO, + 4HCl = MuCl, + 2H,0 + Cl,.
7. What volume of hydrogen is required to unite with -:-111

gm. of chlorine ?
H + 1 = HOL
8. 10 cem. of chlorine at 47° C. are mixed with 10 cem. of hydro-
gen under 800 mm. and placed in sunlight over water, "-.'-.'lm;
volume at 100° C, of which gas remains uncombined ?
H + Cl = HCl.

HypnocEN CrroripeE HCl = 36°5.

9. What volume of hydrogen chloride can be obtained from
468 gm. of salt?
2NaCl + H,SO, = Na,S80, + 2HCL
10. How much salt is required to make 1000 gm. of Ilytlrugﬂq
chloride ?
2NaCl + H,50, = Na,504 + 2HCL
11. How much salt must be used to make 150 cem. of hydrogen
chloride ?

2NaCl + H,80; = Na,80, + 2HCL !
12. How many pounds of common salt are required to make
1560 1bs. of solution of hydrogen chloride containing 31°5 per centy
of real acid ?
29NaCl + H,80, = Na,80; + 2HClL. ‘
13. How many kilo. of salt are required to yield 100 kilo. of soluf
tion of hiydrogen chloride containing 20°22 per cent. of the gas'!
9NaCl + H,80, = Na,80, + 2HCL _
14. What volume is oceupied by 78 gm. of hydrogen chloride ¥
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115. 20 gm. of dilute hydrogen chloride gave 4'33 gm. of silver
Moride. What is the percentage of real acid in the solution ?

HCl + AgNO;, = HNO, + AgCL
116. How many kilograms of pyrolusite conta‘ning 80 per cent.
1 manganese dioxide are required to decompose 400 kilo of hydro-
m chloride containing & of its mass of real acid ?

MnO, + 4HC1 = MnCl, + 2H,0 + Cl,.
117. 5 gm. of silver chloride are heated in hydrogen. What
llume of hydrogen chloride is formed !
AgCl + H = HC] + Ag.

118. 575 gm. of silver nitrate are mixed with an equal mass of
lution of hydrogen chloride containing 10°22 per cent. of real
id. How much silver (a) precipitates (8) remains in solution ?

AgNOy + HCL = HNO; + AgCl.

Te OxveeEx CosMrounps oF CHLORINE,

119. What volume of chlorine at 13° C. is required to decompose
 gm. of mercuric oxide and what volume of chlorine monoxide at
(C. is formed *

2(C1, + HgO = HgCl, + Cl,0.
220. What volume of chlorine at 39° C. is required to make
00 gm. of bleaching powder?

Cl, + CaH,0, = H,0 + (CaCl0.
21. How many litres of chlorine at 13° C. and 720 mm. are
jpuired to make 3810 gm. of bleaching powder ?

Cly + CaH,0, = H,0 + (aCl,0,
22. Find the percentage composition of bleaching powder if its
rmula be (a) Ca0,Cl, (B) CaOCl, (y) CazO.C1,H,.
123. The density of chlorine trioxide is found to be 897, and that
1y1t|u; tetroxide 33°8. What might these numbers be expected
'be !
24. What volume of oxygen and mass of potassium perchlorate
iformed on gently heating 245 gm. of potassium chlorate ?

2KCIO; = KCl + KCIO, + 0,
225. How much potassinm chlorate is required to make 3648 1. of
fygen at 15° C, and 750 mm. ?

2KC10,; = 2KCl + 30..

:26. 0°9915 gm. of potassium perchlorate lost 0457 gm. on heat-
iz, and the residue required 0°7683 gm. of silver to precipitate it.
3165 gm. of the salt gave 0°201 gm. of potassium sulphate. Find
2 formula of the salt,

27. What volume of ehlorine at 12° C. and 750 mm. cian bo
damed from 1170 gm. of salt !

NaCl + MnO, + 2H,80; = 2H,0 + Na,SO, + MuSO, + Cl,
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28. 10 gm. of potassium dichromate are heated with hydrogen
chloride. What volume of chlorine at 30° ., and 740 mm. is
given off !

K.Cr,0; + 14HCI = 7H,0 + 2KCl + Cr,Cl, + 3Cl,.

29. What volume of chlorine will diffuse under the same condi-
tions at 10 cem. of nitrogen ?
30. What volume of chlorine at 20° (', is required to converi
10 gm, of copper leaf into cupric chloride ?

Cu + Cl; = Cu(Cl..

31. 85 cem, of a saturated solution of hydrogen chloride (con-
taining 500 times its volume of the normal gas) is warmed with
twice its volume of hydrogen sulphate. What volume of hydroge
chloride at 20° C. and 780 mm. is evolved ?

32. A gram of silver oxide is thrown into hydrogen hypochlorite.
What volume of oxygen at 21° C and 770 mm. is evolved ?

Ag,0 + 2HCIO = 2AgC] + H,0 + O..

33. A solution of 10 gm. of bleaching powder is run into warm
hydrogen chloride. What volume of chlorine at 13° C. is given
off ?

Ca0Cl, + 2HC] = CaCl, + H.0 + Cl,

34. A gram of bleaching powder when boiled with cupric oxid
gave 80 cem. of oxygen at 7° C. and 800 mm. Find the percenta
of real bleaching powder in the sample.

Ca0Cl, = CaCl, + O.

35. 1205 gm. of bleaching Euwder boiled with cupric oxide gav
585 cem. of oxygen measured over water at 13°5° C.  The bar
meter stood at 766 mm. and the water in the tube at 340 mm. Fin
the percentage of bleaching powder in the sample.

CaQCl, = CaCl, + O.

36. A solution of '8 gm. of ammonio-ferrous sulphate required
20 cem. of a solution (containing ‘01 gm. of bleaching powder 1
1 cem.) to oxidize it. Find the percentage of real bleachin
powder in the sample.

9(NH,),Fe280,6H,0 + CaOCl, + Hy80, = CaCl, + 13H,0 +
2(NH,),S0, + Fe,350,.

37. What is the mass of a litre of chloroform (CHCly) vapo
measured at 200° C. ? _ ;

38. Find the mass of 1'6 1. of carbonyl chloride (COCly) mea
sured at 26° . and 730 mm.
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39. 50 cem. of chloroform (A 1°5) are run into a hot mixture of
potassium dichromate and hydrogen sulphate. What volume ol
:arbonyl chloride at 10° (. and 730 mm. is evolved ?

2CHCl, + 30 = H,0 + Cl, + 2C0CL,

40. 10 1. of chlorine at 15° (. are passed into a warn mixture of
:arbon disulphide and antimonic chloride. How much carbon
cetrachloride is formed ?

4Cly + C8, = 28Cl, + CCl,.

CHAPTER XII.
BrRoMIixE Br = 80,

1. Sea-water contains 0°007 per cent, ol magnesium bromide
MgBry). What weight of it is required to obtain a litre of
romine (A 3)?

2. How much potassium bromide is required to prepare 10 gm,
F bromine ?

2KBr + MnO, + 2H,80, = 2H,0 + K,S0, + MnSO; + B,

3. How many cem. does a pound of bromine (A 3) oceupy !

4. Find the percentage composition of bromine hydrate
3r,10H,0). ‘

5. 100 gm. of water dissolve 3 gm. of bromine,

» dropped into a red-hot retort, what volume of o
set free !

If the solution
Xygen at 157 (.

By + H,0 = 2HBr + 0.

6. 9 gm. of potassitm bromide are distilled with hydrogen

wsphate.  What volume of gaseous hydrogen bromide at 26° ("
evolved ?

KBr + HPO, = KPO, + HBr.

- - . " g .
i. 0 gm. of bromine are tissolved in water, What volume of

rdrogen sulphide at 15° C. is required to convert them into
rdrogen bromide ?

Br, + H,S = S + 2HBr.

8. How much phosphorus and what volume of bromine (a 3) 1a
quired to make 10 1. of hydrogen bromide ¢

I' + 3Br + 3H,0 = H,PO, + 3HBr.
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9. 10 gm. of phosphorus tribromide are decomposed by water,
and silver nitrate is added. How much silver bromide precipitates ?

PB]‘:I + 3113{} + gilgNDE — I{SPDE " SHND‘! -+ 3113]3]‘1.

10. How many grams of bromine are there in a litre of gaseous
hydrogen bromide (HBr).

11. Find the mass of 127 cem. of gaseous hydrogen bromide.

12. Hydrogen bromide is 2'8 times heavier than air. What is

its molecular weight *
13. The strongest solution of hydrogen bromide (HBr A 1°515)
contains half its mass of real acid. How much bromine is there in

a litre of the solution ?
14. De Marignae found that 3-946 gm. of silver dissolved in

hydrogen nitrate were precipitated by 4-353 gm. of potassium
bromide. What is the atomic weight of bromine

ﬁgNOE + I{BT - KNDE + i"l..gHrl'-

15. Caleulate the percentage eomposition of silver bromide Aglhr,
16. How much potassium (a) bromide (B) bromate is formerd on
adding 520 gm. of bromine to a solution of potassium hydrate !

6Br + 6HKO = 3H,0 + 5KBr + KBrO,,
17. 10 gm. of potassium bromate are heated. What volume of
oxygen at 13° C. is given off !
KBrO; = KBr + Os.

18. A spherical glass bulb is to contain 10 gm, of bromine (A 3).
What must the internal radius be ?

CHAPTER XII1I.
lobixg, I = 121.
1. How much ferrie chloride is 1'&1111i1'cd to obtain the 1odine rom

100 tommes of kelp, each tonne of which contains 4:07 kilo. o

iodine ? _
9Nal + Fe,Clg = 2NaCl + 2FeCl, + Lo,

9 How much “manganese ” containing 60 per cent. of Te
dioxide is required to liberate the iodine from 100 gm. of potassium
jodide ?

9K1 + MnO, + 2H,80, = 2H,0 + K80, + MnSO, + 1,
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3. How much potassium iodide is required to prepare 63-5 gm.
of iodine ?

2KI + MnO, + 2H,80, = 2H,0 + K,S0, + MnSO, + I,.

4. How much iodine is liberated from potassium iodide by the
thlorine evolved on boiling 6 gm. of manganese dioxide with
1ydrogen chloride ¢

MnO, + 4HCI = 2H,0 + MnCl, + Cl,.
2KI + Cl, = 2KC1 + I,.

5. 0°1 gm. of potassium dichromate is distilled with hydrogen
thloride. How much iodine will the evolved chlorine set free from
otassium iodide ?

KyCr,0; + 14HCI = 7H,0 + 2KCI + Cr,Cl, + 30,

6KI + 3Cl, = 6KCI + 31,

6. Iodine vapour is 8-716 times as heavy as air. Find its
nolecular weight.

7. How many times is solid iodine (A 1:94) heavier than an equal
olume of its vapour measured at 350° (', ?

8. 3'81 gm. of iodine vapour mixed with hydrogen are passed
hrough a red-hot tube. “What volume of hydrogen iodide is

wrmed ?
H+1=HI.

9. What volume of hydrogen sulphide must be passed into how
mch iodine suspended in 80 cem. of water to make a 20 per cent,
lution of hydrogen iodide ?

HsS + I, =8 + 2HI.

10. 20 gm. iodine are suspended in water, What volume of
ydrogen sulphide at 15° C. is required to convert them into
ydrogen iodide ?

H,S + I, =8 + 2HI.

11. How much iodine, phosphorus, and potassium iodide must
» used to make 10 1. of gaseous hydrogen iodide at 15° C, ?

101, + 4P + 8KI + 16H,0 = 4K,HPO, + 28HI.

12. Find the percentage composition of iodine (a) pentoxide 1,0,,
!% .SEPtﬂx“lE 1,07, and of hydrogen (y) iodate HIO,, (3) periodate

13. What mass of hydrogen is there in a litre of hydrogen (a)

w)

'omide HBr, (8) iodide HJ ?

3 Hnw much iodine is there in a litre of a solution (A 1°7)
ntaining 52 per cent. of hydrogen iodide (HI)?
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15. 119 gm. of iodine are suspended in water. What volume of |
chlorine is required to convert them into hydrogen iodate ?

16. How much iodine and potassium chlorate are required to make
a kilo. of hydrogen iodate ?

10K 10, + 121 + 6H,0 = 10KC1 + 12HIO,,

17. 14 gm. of potassium iodate are heated. What volume of
oxygen at 13° C. is evolved !

K10, = KI + O,

18. 8§ gm. of silver iodate are heated. What volume of oxygen
at 18° (.. and 720 mm, is evolved ?

Agl0; = Agl + O,

e —————

19. How much phosphorus and jodine must be used to mak
100 1. of hydrogen iodide at 30° C. and 740 mm ¥

20. How much iodine must be thrown into a balloon containing
5 1. of chlorine at 20° C. and 780 mm. to obtain the monochloride

1+ Cl=16L

21. Find the percentage composition of iodoform (CHIg).

92 A mixture of silver chloride, bromide, and iodide weigh
1557 gm. After heating with bromine water the silver chlori
weighed 14°69 gmm. And after heating with chlorine water the silv
chloride weighed 122 gm. How much chlorine, bromine, an
jodine were present in the mixture?

CHAPTER XIV.
FrvoriNg, F = 19.

1. What is the percentage composition of (a) fluorspar CaF

(B) eryolite NagAlF,? :
2. 100 gm. of fluorspar are heated with hydrogen sulphate, H

much calcium sulphate and hydrogen fluoride is formed ?
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3. How much platinum tetrafluoride must be heated to give 100
rem. of fluorine at 10° C. ?

4. What volume of hydrogen fluoride at 39° C. can be obtainel
rom 50 gm. of sodium fluoride ?

2NaF + H,80, = Na,50, + 2HF.

5. What volume of hydrogen fluoride at 20° C, ean be obtained
rom 20 g, of cryolite ?

NagAl,Fyy + 6H,S0, = 3Na,80, + A1,380, + 12HF.

6. What volume of anhydrous hydrogen fluoride (4 0°9879) van
e obtained from a kilo. of potassinm and hydrogen fluoride ?

HKF, = KF + HF.

7. 150 cem. of hydrogen fluoride are passed over heated sodinm.
[ow much sodium fluoride is formed ?

HF + Na = NaF + H.

8. 3'2617 gm. of calcium fluoride wave 3°6867 gm. of caleium
ilphate. What is the atomie weight of fluorine ?

9. How much silica and hydrogen fluosilicate are produced by
assing the gas evolved on heating 468 g, of fluorspar with sand
1d hydrogen sulphate into water ?

2CaF, + Si0, + 2H,S0, = 20480, + 2H,0 + SiF,,
38iF, + 2H,0 = Si0, + 2H,Sil,,

10. What volume of silicon fluoride at 15° O

is evolved on
:ating 1 gm. of fluorspar with sand and | ydrogen sulphate ?

2CaF, + Si0, + 2H,80, = 2CaS0; + 2H,0 + SiF,,

11. Find the mass of 10 1. of hydroge
id 740 mm.

12. 11 100 gm. of commercial hydrogen fluoride containin
nt. of real acid be heated with excess of h
lume of gas (H,F.) at 20° C. and 750 mm. is evolved !

13. A balloon holding 43947 cem., when filled with
drogen fluoride at 30° C, and 745 mm.,

when vacuous weighed 421'436 gm.
drogen fluoride,

4. Find the percentage composition of carbon tetrafluoride CF,.
F 2

' fluoride (H,F,) at 30° C,

g 35 per
ydrogen sulphate, what

raseous
weighed 428°255 gm. ;
Find the density of
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CHAPTER XYV.
SULPHUR, S = 32,

1. Find the percentage composition of (a) galena PbS, (8) zing
blende ZnS.

2. Find the formule of substances containing (a) copper 345 pet
cent,, iron 307D s:uzr cent., and sulphur 85 per cent., (8) calcium
20+4 l’,gf cent., sulphur 236 per cent., and oxygen 47 per cent.

3 “What volume is occupied by 1000 gm. of () common sulphus
(A 2°05) and (8) plastic suP hur (A 1'957) ¢

4. How much does a stick of brimstone (A 2) 1 m. long and 4 en
in diameter weigh ? ,

5. What volume is occupied by 100 gm. of sulphur vapour (Sg)
at 400° C. ?

6. By heating 10,000 grains of silver in sulphur vapour, Dumas
obtained 114815 grains of silver sulphide. Find the atomic weight
of sulphur.

= What volume of air is required to burn 1000 gm. of sulph
S + 0, = 80,

8. How many %’I'H.m.‘l of sulphur can be burnt in a globe
decimetres across filled with oxygen at 17° C. ?

S + 0, = 80,.

Svrrarr Dioxipe, SO, = 64.

9. 20 gm. of sulphur are burnt in oxygen. What volume ¢
sulphur dioxide is formed

S + Dﬂ — SOT

10. How much sulphur must be burnt to make 10 1. of sulpht
dioxide ?
S + 0, = S0,

11. How much copper and hydrogen sulphate are requimdl
make 1000 gm. of sulphur dioxide ?

Cu + 2H,80, = CuSOy + 2H,0 + SO,.
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12. What volume of sulphur dioxide is obtained o
0 gm. of mercury with hydrogen sulphate ?

Hg + 2H,80, = HgSO, + 2H,0 + S0,

13. 50 cem. of sulphur (a 2) are burnt,
toxide at 14° C, and 780 mm. is formed ?

S + 0, = 80,.

4. What volume of sulphur dioxide at 20° C. and 740 mm. is
stained by the action of 20 gm. of hydrogen sulphate upon copper 1t

Cu + 2H,80, = CuS0, + 2H,0 + S0,

15. How much copper must be dissolved
ake 10 L. of sulphur dioxide at 18 !

Cu + 2H,80, = CuSO, + 2H,0 + SO,

16.  What volume is oceupied by 192 gm.
17. What volume of sulphur dioxide is
0 gm. of potassium hydrate ?

2HKO + 80, = H,0 + K,S0,.

18, How much sulphur is there in
asured at 39° (. and 720 mm, ?
19. A litre of sulphur dioxide
hat is its molecular weight ?

20. 16 cem, of hydrogen diffuse in 100 seconds,
sulphur dioxide will diffuse under the
21. Find the percentage
155,045 H,0).

! ow much iodine is require
osulphate, and how muel sodinm

2N2,8,055H,0 + 1, = 2Nal + 10H,0 4+ Na.8,0,.

u heating

What volume of sulphur

in hydrogen sulphate to

of sulphur dioxide 1
required to neutralize

a litre of sulphur dioxide
is found to weigh 2-8672 gm.

What volume
same conditions 1

composition of sodium thiosulphate

l to oxidize a gram of sodinm
tetrathionate is formed ?

Hyprocux SULPHATE, H.50, = 9s,

3. How much hydrogen s

iphate can be made from 1024
mlphur 2

o,
S + 30 + H,0 = H,80,,

1. How much hydrogen sulphate can he
s disulphide (iron pyrites) ?

EFES-: -+ 41-]':-0 ‘t‘ 150 - FEQDE - 4“2504-

obtained from g ton of
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25. How many ewt. of sulphur are required to make a ton of
brown oil of vitriol containing 70 per cent. of real acid ?

26. What volume of hydrogen sulphate (A 1°84) can be obtained
from 1000 kilo. of iron pyrites ?

oFeS, + 4H,0 + 150 = Fe,0; + 4H,SO,.

97. How much oil of vitriol containing 70 per cent. of real acid
can be made from 250 kilo. of pyrites containing 42 per cent. of

,sulphur ?
S + 30 + H,0 = HS0,.

28. How many tons of pyrites containing 42 per cent. of sulphur
are required to make 200 tons of oil of vitriol containing 70 per cent.
of real acid ?

S + 30 + H,0 = H,80,.

99. How many grains does a cubic inch of hydrogen sulphate
(A 1-84) weigh ¢

30. How much sulphur is there in a litre of hydrogen sulphate
(A1°84)7

31. How many kilo. of hydrogen sulphate (& 1'84) will a tank
1 m. by 2m. by 3 m. hold ?

32, A tank of hydrogen sulphate (A 1°84)is 10 ft. long and 5 ft.
wide and deep. How many tonnes of aciil will it hold ?

33. Find the percentage composition of chamber crystals
SO,NO,HO.

34. A body contains hydrogen 1°12 per cent., sulphur 35°9 pe
cent., and oxygen 6298 per cent. Find the formula and name of 1

35. The vapour of hydrogen sulphate is 1697 times as heavy
gir. What is its apparent molecular weight ?

36. The vapour of 10 gm. of hydrogen sulphate occupies wha
volume at 400° C. ?

37. Sulphur trioxide is passed over 187 gm. of barium oxid
heated in a tube. How much barium sulphate is formed ?

S0; + Ba0 = BaS0,,

38. 5 cem. of dilute hydrogen sulphate are neutralized b
188 eem. of a solution of sodium carbonate containing 106 gm.
the dry salt per litre.  What volume of hydrogen sulphate (a18
is there in a litre of the dilute acid ?

XII.EGO:; - IIESD_‘ = Fuﬂ-gﬂ_‘ o 1 ]'120 -+ {'102

39. How much coleothar and Nordhausen acid can be made fro

348 tons of green vitriol ?

6FeSO,7TH,O0 + 30 = 39H,0 + 3Fe,0; + 3H,8,0:.

R u.._ﬂxlﬂn_“dd&ﬂﬁh_rl o
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40. 4 1. of sulphur dioxide at 13° C. mixed with oxygen are
passed over a heated mixture of cupric and chromic oxides. How
much sulphur trioxide is formed ?

S0, + 0 = S0O,.

41. If 100 gm. of lead form 14645 gm. of lead sulphate, what is
the molecular weight of hydrogen sulphate ?

Ph2NO, + H,80, = 2HNO, + PbSO,.

42. 10 gm. of hydrogen sulphate are heated with phosphorus
pentachloride.  What volume will the sulphuryl dichloride occupy.
at 350° C, ?

H.SO, + 2PCl; = 2POCly+ 2HCI + 80,CL,.

HyproGeN SvipHIDE, H,S = 34,
43. 20 gm. of sulphur are heated in hydrogen. What volume of
1ydrogen sulphide at 30° (. is formed ?
H, + 8 = H.8.

44. What volume of hydrogen sulphide is evolved on dissolving
L0 gm. of ferrous sulphide in hydrogen chloride ?

FeS + 2HC1 = FeCl, + H,S.

45. How much ferrous sulphide must be dissolved in acid to make
.00 1. of hydrogen sulphide?

FeS + 2HCI = FeCl, + H,8.

46. What volume of hydrogen sulphide at 15° C. and 770 mm. is

volved on dissolving 44 gm. of ferrous sulphide in acid ?
FeS 4+ H.80, = FeSO, + H.S.

47. 100 gm. of sulphur are heated with tallow. What volume

f hydrogen sulphide at 17° . and 800 mm. is evolved 1?
5 + H, = H.8.

48. 300 gm. of antimony sulphide are dissolved in hot hydrogen

hloride. 'What volume of hydrogen sulphide at 30° (. is given off ?
Sh!S:{ + E‘E[th -— EShC]E == ﬂH,S;

49. What volume of hydrogen sulphide at 15° C. is evolved on
issolving 134 gm. of antimony sulphide in hot hydrogen chloride

Sb,S, + 6HC1 = 28bCl, + 3H,8.
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50. What is the density of hydrogen sulphide referred to air?

51. How many grams of sulphur are there in 600 ccm. of hydrogen
sulphide ?

52. What volume of air is required to burn 11 of hydrogen

sulphide ?
H,S + 30 = H,0 + SO..

53. What volume of hydrogen sulphide will diffuse under the
same conditions as 10 ecm. of oxygen ?

54. 2 1. of hydrogen sulphide and 1 1. of sulphur dioxide, both
at 0° C. are passed through a red-hot tube. What volumes of
sulphur and steam at 1000° C. are formed ?

2H,S + SO, = 2H,0 + 38.

55. A gram of calcium sulphate is strongly heated with charcoal,
and the resulting sulphide is dissolved in acid. What volume of
hydrogen sulphide at 13° C. is evolved ?

CaS0, + 4C = 4CO + Ca8,
Ca8S + 2HC] = CaCl, + H,S.

56. How much (a)lead sulphide, (8) mercury sulphide can be
thrown down by 500 cem. of hydrogen sulphide at 14° C. ¢

[HgPb]2NO, + H.S = 2HNO, + [HgPb]S.

CarBoN DisvrrHIDE, CS, = 76.

57. What volume of carbon disulphide (A 1°27) can be made by
the action of a kilo. of sulphur upon hot charcoal ?

C + 8, = C8,. l

58. What volume of nitric oxide is required to burn 2 cem. of
carbon disulphide (A 1°27)?

£9. 1 cem. of carbon disulphide (A 1:27) is heated. What does
the vapour measure at 350° C. and 600 mm. ? |
60. 10 cem. of carbon disulphide (A 1-27) are burnt in oxygen.
What volumes of carbon dinﬁge and of sulphur dioxide at 17° C.
and 800 mm. are formed ? |

CS, + 60 = CO, + 250,.

1. The vapour of carbon disulphide is passed over 20 . of
chromic oxide heated with charcoal. How much chromic sulphide

158 formed ¢

2Cr,0, + 3CS, + 3C = 6C0 + 2Cr,S,.
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62. What volume of chlorine at 15° C. and 720 mm. must be
passed into excess of melted sulphur to make 245 gm. of sulphur
ehloride

63. What is the mass of 4 1. of carbon oxysulphide. (COS) at
30° C. 1

64. 100 gm. of mercury are heated with hydrogen sulphate.
What volume of sulphur dioxide at 30° C. and 800 mm. is evolved ?

Hg + 2H,S0, = HgS80, + 2H,0 + SO0..

65. To make 1000 kilo. of hydrogen sulphate, how much pyrites,
what volume of air at 15° C., and of steam at 300° (. is required ?
2FeS, + 4H.0 + 150 = Fe,0, + 4H,S0,.

66. A cubic decimetre of ferrous sulphide (A 4°4) is dissolved in

dilute acid. What volume of hydrogen sulphide at 17° C. and
770 mm. is evolved ?

FeS + 2HCI = FeCl, + H,S.

67. What volume of carbon tlisu]!]hjdu (A 1°27) must be burnt
to give 10 1, of sulphur dioxide at 15° C. and 750 mm., ?

CS, + 30, = CO, + 280,

68. A room 5m. by 4 m. by 5m., the air of which contains
20 per cent. by volume of available oxygen, is to be disinfected.
What volume of carbon disulphide (A 1-27) can be burnt in it ?

CS; + 30, = CO, + 280..

CHAPTER XVI.
Borox, B = 11.

1. Find the percentage composition of borax (Na,B,0,10H,0).

2. Find the percentage composition of boron and nitryl chloride
(BNOC,).

3. Find the formul® of substances containing (a) horon 31-19
and oxygen 68'81 per cent., (B) silicon 47 and oxygen 53 per
cent.
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4. Boron trichloride is 4°07 times as heavy as air.  What is its
molecular weight ?

5. How many grams do 200 cem. of boron trichloride (BCL,) at
97° C. and 720 mm. weigh ?

6. What volume of boron trichloride at 210° (. can be made from
390 gm. of boron trioxide ?

B,0, + 6C1 + 3C = 3C0 + 2B,

7. What volume of nitrogen at 15° (', is absorbed in converting
4°4 gm. of boron into the nitride ?

B + N = BN.

8. 7 gm. of boron nitride are heated in a eurrent of steam. What
volume of ammonia at 13° (. is given off ?

9. 10 gm. of boron sulphide are heated in steam. What volume
of hydrogen sulphide at 21° . is formed ?

10. Crystallized hydrogen borate when heated to 100° C. loses
21°8 per cent. of water, and when heated to 160° C. it loses 145 per
cent. more. Find the formulie of the bodies formed.

(BoOg)u(HoO)gn = (BaOg)u(Ho0)gu-z + (Hy0)s.

11. 90 gm. of fluorspar are heated with horon trioxide and
hydrogen sulphate.  What volume of boron trifluoride at 15° (. is
formed ?

3CaF, + B,O; + 3H,SO, = 3CaS0, + 3H.O + 2BF,.

12. How much does a litre of boron trifluoride (BF;) measured at
50° C. and 1000 mm. weigh ?

13. What volume of gaseous ammonia at 10° (. is required to
convert 10 gm. of boron into the nitride ?

2B + 2NH, = 3H, + 2BN.

14. Find the formula of a substance containing nitrogen 1468,
hydrogen 3°15, boron 7°69, and chlorine 7447 per cent,
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CHAPTER XVII
SILICON, 81 = 284,

1. How much silicon can be obtained from 119 gm. of potassium
silicofluoride ?
K SiF; + 4K = 6KF + Si.

2. Find the percentage composition of barium silicofluoride
(BaSiF,).

3. What is the percentage composition of Willemite (Zn,Si0 ) ?

4. Two litres of the vapour of silicon chloride at 1177 C. are
passed over heated sodium. How much silicon is set free ?

SiCl, + 4Na = 4NaCl + Si.

5. According to Schiel 06738 gm. of silicon tetrachloride, after
decomposition by ammonia, gave 2-277 gm. of silver chloride, Find
the atomic weight of silicon.

2H,0 + 4NH, + SiCl, + 4AgNO; = 4NH,NO, + Si0, + 4AgCl.

6. What is the percentage composition of steatite (Mg,8i,0,,H,0)?

7. Find the formula of a substance containing silicon 26-27,
calcium 1843, magnesium 11-06, and oxygen 4424 per cent,

8. The rock-crystal (A 2°605) standard pound is a cube. How
many inches does it measure along each edge !

9. Find the formula of Wollastonite, which contains silica 5131,
alumina 137, lime 4566, and magnesia 0°73 per cent.

10. What is the formula of allophane, which consists of silica
2353, alumina 37°73, lime 192, and water 36°86 per cent. ?

11. Find the formula of a substance containing magnesinm 22402,
silicon 2569, oxygen 44:04, and water 8§25 per cent.

12. 20 gm. of silica are heated in the vapour of carbon disulphide.
How much silicon sulphide and what volume of carbon dioxide at
13° C. is formed ? '

810, + U8, = 8i8, + C0,.

13. How much do 500 cem. of hydrogen silicide (SiH,) at 13° C.
and 720 mm. weigh ? '

14. How much silica is formed on burning 21. of hydrogen
silicide at 30° C, ¢ =
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15. Ten grams of silica are heated with fluorspar and hydrogen
sulphate. What volume of silicon fluoride at 137 C. is formed ?

8i0, + 2CaF, + 2H,S0, = 2CaS0, + 2H,0 + SiF,.

16. What volume is occupied by 20°8 gm. of silicon fluoride at
60 C.*  And how much hydrogen silicofluoride is formed if the rus
be passed into water ?

38iF, + 2H,0 = Si0, + 2H,SiF,,

17. What volume of chlorine at 26° C, and mass of carbon is
required to make 100 gm. of silicon tetrachloride ¢

810, + 2C + (1, = 200 + SiCl,.

18. The vapour of silicon chloride is 5:939 times as heavy as air,
and that of silicon fluoride 36 times as heavy as air,  Find the
double densities referred to hydrogen.

19. How much does a litre of silicon tetrachloride (SiCl,) at
200° C. weigh ?

20. What is the mass of 450 cem. of the vapour of silicon
bromide (SiBry) at 350° C. and 400 mm, ?

Find the formule of the following minerals containing :—

21. Sahlite, silica 54-02, lime 24°88, ferrous oxide 807, and
magnesia 13°52 per cent,

22. Skolezite, silica 46°2, alumina 2628, lime 9:22, sodium
oxide 5°16, and water (low) 1325 per cent,

23. Topaz, alumina 5828, silica 34 01, and fluorine 7+6 per cent,

24, Thomsonite, sodium oxide 453, lime 13°54, alumina 807,
silica 383, and water 13 per cent.

25. Iolite, magnesia 1045, ferrous oxide 5, alumina 32°88, silica
49°95, water and loss 1'75 per cent.

26. Orthoclase, silica 65°37, alumina 1874, ferric oxide 0-13,
lime 0-27, potassium oxide 1298, and sodium oxide 2'48 per cent.

27. What is the percentage composition of triethyl silicoformate
HBi04(C,H,), ?

28. W?hat volume of hydrogen silicide at 15° C. and 740 mm. cai
be obtained from 20 gm. of triethyl silicoformate ?

29. What does a litre of silicon chloroform (SiHCl;) at 180° C.
weigh ?

30. Find the mass in grams of a sphere of rock-crystal (A 2:61)
1 decimetre in diameter,
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CHAPTER XVII1I
Puosruorus, P = 31.

1. How much phosphorus is there in 700 gm. of bone-ash
(Cag2PO,) ?

2. How much phosphorus is there in 120 kilo. of bone-ash con-
taining 85 per cent. of calcium phosphate (Cag2P0) ?

3. The skeleton of a man weighs 24 1b. and contains 58 per cent.
of caleium phosphate (Ca,2P0;). Find the amount of phosphorus
present.

4. Phosphorus appears to exist in bone-ash as CaCO43("a;2P0,
Find the percentage composition of this substance.

5. How much bone-ash containing 87 per cent. of calcium phos-
phate is required to make 200 kilo. of superphosphate of lime ?

6. How many kilograms of bone-ash containing 85 per cent. of
calcium phosphate are required to make 2 tons of superphosphate
of lime ?

Cay2P0, + 2H,S0, = 2Ca80, + CaH 2P0,

7. How much calcium metaphosphate is obtained on heating
100 1b. of superphosphate of lime ?

CaH 2P0, = 2H,0 + Ca2PO0,,

8. How much carbon and silica must be distilled with 396 1b. of
calcium metaphosphate, and how much phosphorus should be
obtained !

Ca2P0, + 5C + 8i0, = CaSi0; + 5CO + 2P,

9. How much phosphorus is obtained on heating 100 kilo. of
calcium metaphosphate with earbon ?

9a2P0, + 5C = 5C0 + Ca,P,0, + 2P.

10. Find the mass of a round stick of phosphorus (A 1'83) 1
decimetre long and 2 cm. across.

11. 100 1. of yellow (A 1°83) are converted into red (A 2-14) phos-
phorus. What is the volume of the latter variety ?

12. What is the mass of 1:234 1. of phosphorus vapour (P;) at
500° C. 1

13. Phosphorus vapour is 4-42 times as heavy as air. What is its
molecular weight ?

14. What volume of air is required to burn 248 gm. of phosphorus 1

Pg - 0.1 - P'IDH-'
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_15. What is the mass of a ball of phosphorus (A 1°83) 1 em. in
diameter

16. A gram of phnsEhurus when burnt gives 229 gm. of phos.
phorus pentoxide. What is the atomic weight of phosphorus ?

PE + 05 - P505.

Prnosrnorus Trioxiog, P,0, = 110.
HyproceN Prospurre, HyPO, = 82.

17. How much phosphorus must be burnt to form 46 gm. of
phosphorus trioxide ?
I}E + 03 — Pﬂﬂu.

18. What volume of chlorine at 15° C'. must be passed into 100 gm.
of phosphorus melted under water to convert them into hydrogen
phosphite ?

3Cl + P + 3H,0 = 3HCI + H,PO,.

19, What volume of hydrogen phosphide is evolved on boilin
10 gm. of (a) hydrogen phosphite, (8) hydrogen hypophosphite ?

9H,PO, = H,P + H,PO,.

20. How much sodium hypophosphite ean be obtained by boiling
20 gm. of phosphorus with sedium hydrate, and what volume of
phosphine is given off ?

P, + 3HN2O + 3H,0 = 3NaPH,0, + PH,.

Prosrnorus PENTOXIDE, PO, = 142,
HyprocEN PHOSPHATE, H,PO, = 98.

21. How much phosphorus must be burnt to form 46:86 gm. of
phosphorus pentoxide ?
PE + Dﬁ == PED:'-

22. How much water must be added to 187 gm. of phosphorus
pentoxide to convert it into hydrogen (a) orthophosphate, (8) pyro-
phosphate, () metaphosphate ?

Pq05 -+ SHnD — EHEPD*F

P,0; + 2H,0 = H,P,0,.
PO, + H,0 =gHPO,

e e . il
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23, 9 gm. of phosphorus ]lmntnxide absorh 2°76 gm. of moisture
from the air  Find a formula for the body formed. )

24. How much hydrogen orthophosphate is obtained on heating
1796 gm. ol phosphorus with hydrogen nitrate !

9P + 50 + 3H,0 = 2H,PO,.

95. Find the formula of a substanee containing caleium 3872,
phosphorus 20, and oxygen 41°28 per cent.

26. Calenlate the percentage composition of the three silver phos-
phates (a) Ag;PO,, (8) Ag,l,0;, (y) AglPO;,

27. Find the percentage composition of (a) common sodium phos-
phate Na,HHPO,.12H,0, (8) microcosimic salt Na(NH,)HPO,.4H,0.

28. What volume of hydrogen su]}]rhidc at 15° C. is required to
decompose 100 gm. of lead pyrophosphate ?

Pb,P,0, + 2H,S = 2PbS + H,P.0;.

29. 20 gm. of hydrogen metaphosphate are boiled with water.
How much orthophosphate is formed ?

30. 100 gm. of phosphorus are melted under water. What
volume of chlorine at 17° (. is required to convert them into
hydrogen orthophosphate ¢

2P + 5C1, + SH,0 = 10HCI + 2H,PO,.

ProsrHINE, PH, = 34.

31. 79 gm. of hydrogen phosphite are heated. What volume of
phosphine is evolved !

4HzPO, = H,P + 3H,PO,.

32. 10 gm. of phosphorus are boiled with potassium hydrate.
What volume of phosphine at 37° (. is evolved ! *

4P + 3HKO + 3H,0 = 3KPH,0, + PH;,.

#3. b gm. of phosphorus are boiled with baryta water. What
volume of phosphine at 15° (', is given off ?

2P, + 3BaH,0, + 6H,0 = 3Ba(PH,0,), + 2PH,.

94. 10 cem. of phosphorus (A 1'77) are dissolved in barium
hydrate? What volume of phosphine at 21° C. and 531 mm. is
given off'?

3HH.HE'D.-_. + E‘HED +- EF_I =S5 3Hﬂ:__P1'I._r{j__,f'__, T '_'Jl'il

q-
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35. 729 gm. of phosphonium iodide when heated with potassium

hydrate give how many litres of phosphine at 30° . ?
PH,I + KHO = KI + H,0 + PH,.

23% I?-I-:::w much phosphorus is there in a litre of phosphine at
12° C.

37. Find the formula of a substance containing phosphorus 9841
and hytlm%en 159 per cent,

38. Hydrogen phosphide is 1-184 times as heavy as air. What
is its molecular weight ?

39. What volume of air is required to burn 179 cem. of phos-
phine, and how much phosphorus pentoxide is formed ?

EPHH + ED = 3]‘1&0 ‘I' ]1205-

_40. What volume of phosphine will diffuse under the same con.
ditions as 100 cem. of hydrogen ?

Tae Havocex CoMmrouxns oF PHoOSPHORUS.

41. 100 gm. of calcium phosphate are mixed with charcoal and
heated in chlorine and carbon monoxide. What volume of chlorine
at 15° C. 18 required, and what volume of liquid phosphorus oxy-
chloride (A 1°7) is formed ?

Cay2P0, + 6C0 + 12C1 = 3CaCl, + 6CO, + 2POCI,.

42, How much crystallized hydrogen oxalate must be heated with
a kilogram of phosphorus pentachloride to convert it into the
oxychloride ?

3PCl; + C,H,0,.2H,0 = 6HCI + CO + CO, + 3POCI,,

43. Find the formula of a substance containing phosphorus
24°61, oxygen 1905, and chlorine 5637 per cent.

44. The vapour of phosphorus oxychloride is 5°3 times as heavy
as air. What is its molecular weight ?

45. How much does a litre of the vapour of phosphorus oxychlo-
ride (POCl;) measured at 300° C. weigh ?

46. A litre of phosphorus oxychloride (A 1-7) is distilled through
red-hot charcoal. What volume of phosphorus trichloride (A 1°6)
is formed ?

POC, + C = CO + PCl,.

47. What volume of chlorine at 20° C. must be passed into a
kilogram of melted phosphorus to convert it into the trichloride ?

P ——— el

B WY S S
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48. What volume of chlorine at 21° C. must be passed into
100 gm. of phosphorus trichloride to convert them into the penta-
chloride ?

PCl, + Cly = PCl,.

49. The vapour of phosphorus trichloride is 4°742 times as heavy
as air ; what is its molecular weight ?

50. What volume of chlorine at 30° (. must be passed into a
solution of 476 gm. of phosphorus in carbon disulphide to convert
it into pentachloride ?

P’ 4+ 5C1 = PCl,.

51. Find the percentage composition of sodium a-phosphate
(NagP,0,5).

52. Find a formula for lazulite which contains phosphorus pent-
oxide 4376, alumina 31°7, magrnesia 1004, ferrous oxide 8°17, and
water 5°59 per cent.

53. How much phospherus is contained in 43 1. of phosphine
PHy) measured at 22° C. and 730 mm. ?

od. What volume of hydrogen bromide at 210° C. is evolved on
soiling 20 gm. of phosphorus pentabromide with water ?

PBr; + 4H,0 = H,PO, + 5HBr.

55. What volume of hydrogen sulphide at 30° C. will react with
L00 gm. of phesphorus pentachloride ?

PCl; + H,S = 2HCI + PSCl,

56. What volume of vapour at 300° (", and 740 mm. is formed
)y 13 gm. of phosphorus trichloride (P(1,) ?

57. The vapour of phosphorus pentachloride is 3'65 timoes as
weavy as air. What is its apparent molecular weight ¢

58. A globe holding 500 cem. is filled with the vapour of phos-
‘horus pentachloride (PCl;) at 850° C. and 755 mm. What is the
nass of the vapour?

CHAPTER X1X.
ARBENIC, As = 75,

1. How much charcoal is required to reduce a kilo. of arsenic
rioxide ! How much arsenic and what volume of carbon monoxide
i formed ?

5520; -+ 3{:: = 3':0 4 ";ET
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2. How much arsenie trioxide is formed by burning 3-567 gm. of
arsenic in oxygen ?
As, + 30 = As,0,

|
:

8. The vapour of arsenic trioxide is 13'85 times as heavy as air, 4

Find its double density referred to hydrogen.

4. How many grams do 2 litres of arsenic vapour (Asy) weigh ?

5. Find the percentage composition of Proustite (Ag,AsS,).

6, 100 gm, of arsenic trioxide are heated with sulphur. What
volume of sulphur dioxide at 39° C. and 1nass of orpiment are
formed ?

3As,05 + 95 = 2As,5; + 380,

7. 878 cem. of arsine at 166° C. and 813 mm. occupy what
volume at — 41° (. and 696 mm. ?

;
1
1_

8. In a case of poisoning 11°73 grains of arsenic trisulphide were |

found. To how much arsenic trioxide does this correspond ?
A.Sf_!g:i 'i' QD - 115203 + 3502-

9. Find the percentage composition of Scheele’s Green CuHAsO,,

10. Calculate the percentage composition of potassium sulph-
arsenite KjAsS,.

11. Find the percentage composition of (a) realgar As,S, (8)
orpiment As,S,, () arsenic pentasulphide As,S,.

12. A room 15 feet long and 10 feet high and wide is covered |
with paper containing 0-78 grain of Scheele’s green ( CnHAsOg) per.

square foot. How much arsenic is there in the room *
13. 4 1. of hydrogen sulphide at 13° C. are passed into a solution
of arsenic trioxide. How much arsenic trisulphide precipitates ¥

SH,S + As,04 = 3H,0 + As,S;.

14, What volume of hydrogen sulphide at 21° C. is required to
precipitate the arsenic from a solution of 100 gm. of arsenic

trioxide ?
EH;JS - .-’1.5203 = 3H20 -4 AE“ESH'

15. 10 kilo. of arsenic trioxide are heated with hydrogen nitrate
(A 1-35 cont. 56 % real acid). What volume of aecid is required,
how much hydrogen arsenate, and what volume of nitrogen tri-
oxide at 13° C. is formed ?

As, 05 + 2HNO, + 2H,0 = 2H;As0, + N,Oy

16. How much fluorspar and what volume of hydrogen sulphate
(A 1'84) must be heated with 300 gm. of arsenic trioxide, and how
much arsenic trifluoride is formed ?

3CaF, + 3H,S0, + As,0; = 3(aS0, + 3H,0 + 2AsF,.
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17. How much arsenic must be acted on by what volume of
chlorine at 13° €. and 720 mm, to make 100 cem. of liquid arsenic
trichloride (A 2-2) ¢

As + Cly = AsCl,,.

18. What is the mass of 56 cem. of the vapour of arsenic tri-
chloride (AsCly) measured at 2715° C, ?

19. What volume of hydrogen arsenide at 15° (. ean be obtained
from 1 gm. of arsenic trioxide ?

As,04 + 6H,S0; + 6Z4n = 6ZnS0, + 3H;0 + 2H As.

20. What does a litre of hydrogen arsenide (HyAs) weigh ?

21, Tind the percentage composition of Schweinfurt green
(Cu2C,H30,.3CnAs,0,).

22. The specific heat of arsenic is 0°0814. And 96°15 pts. of
arsenic combine with 385 pts. of hydrogen. Find the atomic
weight of the element,

23. How much zine is dissolved in forming 1-37 1. of hydrogen
arsenide at 40° C. and 600 mm, ?

6Zn + As)04 + 6H,S0, = 6ZnSO, + 8H,0 + 2H,As.

24. What volume is occupied by 4 gm. of cacodyl Asy(CH,)y
vapour at 210° C. and 780 mm, ?

CHAPTER XX.
ANTIMONY, Sh == 120, Bismurn, i = 208,

('7-‘,|LC;“”W much antimony is there in 1020 kilo. of the trisulphide
D Da,) ¥

2. Find the mass of a sheet of antimony (A 6°7) 20 em. long,
10 em. wide, and 1 mm., thick,

3. What volume is occupied by 100 gm. of () arsenic A 5°8,
(B) antimony A 6°8, () hismuth A 99 ?

4. Type metal is an alloy of 80 pts. of lead (4 11°3) and 20 pts,
of antimony (A 6°7). If no permanent change of volume takes
placs during the fusion, what is the density of the alloy ?
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5. According to Cooke, 100 gm. ol antimony tribrowmide (SbBr,)
contain 333335 of antimony and 66°6665 gm. of bromine. What
is the atomic weight of antimony ?

6. 100 gm. of antimony gave 124'8 gm. of antimony tetroxide.
If O = 100 what is the atomic weight of antimony ?

2Sb + 40 = Sh,0,.

7. What velume of chlorine at 13° C. is required to convert
100 gm. of antimony into the trichloride !

2Sb + 6C1 = 28hCl,,

8. A piece of antimony was converted into the tribromide by
ahsorbing 187 cem. of bromine vapour. What was the mass of the
antimony ?

Sb + 3Br = SbDry,

9. What volume of chlorine at 17° C. is required to convert
100 gm. of antimony into the pentachloride ?

28h + 5C1, = 2ShCl,.

10. What volume of hydrogen sulphide under a pressure of
567 mm. is evolved on dissolving 336 gm, of antimeny trisulphide
in hydrogen chloride ?

Sb,S, + 6HCI = 25bCly + 3H.S.

11. 10 1. of hydrogen sulphide at 15° C. are passed into a solution
of antimony trichloride. How much antimony trisulphide pre-
eipitates ?

12. What wonld a litre of pure hydrogen antimonide (HySb) at
13° C. weigh ? o N

13. 4 1. of mixture of hydrogen and hydrogen antimonide at
26° (", and 800 mm. are passed thrnu;i-;h a red-hot tube which 1s
found to increase in mass by 15 gm. Find the percentage composition
of the mixture by volume.

98bH, = 2Sb + 3H,.

14. Bismuth melts at 264° C. What temperature is this on the
Fahrenheit and on the Réanmur scale ? ‘ .

15. Find the percentage composition of the four oxides of bismuth
{ﬂ-j Higﬂg, {,B} Blnc}s, {T) BiED-h {EJ Bl:Dﬁu s - 4

16. What is the percentage composition of bismuth nitrate
(Bi3NO4z5H,0) ?
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17. Schneider found that 54°969 gm. of bismuth formed 61311 g,
vof the trioxide. What is the atomic weight of bismuth ?

2Bi + 30 = Bi,0,.

18. What volume of oxygen at 30° (. is given off on heating
1100 gm. of bismuth pentoxide ?

Hnizﬂa = Bizoi + 0.

19. What volume of chlorine at 12° (. is required to convert
19728 gm. of bismuth trioxide into the pentoxide ?

Bi,04 + 2H,0 + 4Cl = 4HCI + Bi,0,,

20. What volume of chlorine at 9° (', is required to convert
770 gm. of bismuth into the trichloride ?

i + Cly = BiCl,,

21. Arcet’s alloy consists of 5 pts. of lead (A 11°435), 3 pts. of tin
(A 7-3), and 8 pts. of bismuth (a 9:9). If no permanent change
wof volume take place, find the density of the alloy.

22. Wood’s alloy consists of 2 pts. of lead (4 11-45), 4 pts. of tin
A4 7+3), 2 pts. of cadmium (A 8°7), and 8 pts. of bismuth (A 9-9).
[If no permanent change of volume takes place, find the density of

ithe alloy,

23. Find the percentage composition of 20C,H 4K(Sh0)0,. H,0,
tartar emetic, .

24, A cubic decimetre of antimony sulphide (A 4'62) is dissolved
in hydrogen chloride. What volume of hydrogen sulphide at 30°C,
and 800 mm. is given off?

SbyS, + 6HC1 = 28hCl, 4 3H,S.

25. What volume is occupied by 10 gm. of trimethylstibine
Sb(CH,), at 300° C. ¢

26. What is the mass of a spherical pellet of bismuth (a 9+G
2 mm, in diameter !
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CHAPTER XXI.
Tur PuysicAL PROPERTIES oF METALS. 1.

Mass, VoLUME, AND DENsITY.

1. Find the volume of 100 gm. of (&) platinum A 215, (8) gold
A 19°3, () lead A 114, (8) lithium A 0°59.

2. A kilo. of copper (A 8°9), a kilo. of silver (A 10°5), and a kilo.
of mercury (A 13°5) are placed in a vessel full of water. What
volume runs over ¢

3. Find the mass of a potassium (A *86) wire 2 mm. in diameter
and 1 decimetre long.

4, How many grams does a stick of sodium (A *97) 1 cin. square
and 1 dm. long weigh *

5. How many spherical pellets of potassiumm (A *86) half an inch
in diameter ean be made from an ounce of the metal ?

6. What is the radius of a strontium (A 2°54) wire 10 cm. long
which weighs 2°6 gin.

7. What is the mass of a sheet of aluminium (A 2-67) 1 mm.
thick, 1 din. across, and 1 m. long ?

8. How many yards of wire /5 inch in diameter can be made
from an ounce of magnesium (A 1-74) !

9. A pellet of manganese weighed in ether (A *7024) 14°6212 gm.
and in chloroformn (A 1°5252) 12:9756 gin, Find the density of the
metal.

10. An iron (A 7°8) armour-plate is 12 ft. long, 4 ft. wide, and
6 inches thick ; find its mass in tons.

11. What is the mass in kilograms of an iron (A 7°7) beam 12 ft.
long, 6 inches broad, and 9 inches deep ?

12. How many kilo. does an iron (A 7°8) telegraph wire 16 kilom.
long and 2 mm. in diameter weigh !

13. What is the mass of a cylindrical cast iron (A 7°25) cannon
bolt 10 em. in diameter and 15 cem. long?

14. Find the mass in tons of a forged steel (a 7°8) eylinder 13 m,
long and a metre in diameter, |

15. An empty spherical Mallet shell (A 7-25) is a yard in diameter
and two inches thick. Find its mass in kilograms.

16. How many grams does a cubic foot of pure iron (A 7-88)
weigh more than a cubic foot of steel (A 7°756)°

s, o’
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17. A decimetre cube of cast iron (A 7°25) floats upon mercury
(A 13°596¢) with one face horizontal, How far is the cube immersed
in the mercury ?

18. A meteorite (A 7°5) contains 3 times its volume of hydrogen.
How many times is the meteorite heavier than the hydrogen ?

19. What is the diameter in inches of a cast iron (& 7°25) 32 1b.
cannon-hall ?

20. A sheet of tin-foil (A 7-3) is a yard long, & foot wide, and
*01 inch thick., Find its mass in grams.

21. A sheet of iron (A7°8) 1m, square and 1 mm, thick is dipped
into melted tin. If its original mass be increased by %, what is
the thickness of the layer of tin (A 7°3) ¢

22. A circular sheet of cardboard 1 . across is covered on one
side with tin-foil (A 7-3) 0°02 mm. thick. By how many grams
does the cardboard increase in mass ?

23. A voll of sheet-lead (A 11°4) is 20 ft. long, 6 ft. wide. and
§ inch thick. How many pounds does it weigh !

24. Find the number of pounds of lead, 1sq. ft. of which
'.'.-'pi];_-;hs o 1b., on a roof 36 ft. 9 inches long, and 16 ft. 8 inches
wide,

25. How many shot 1 mm. in diameter can be made from 1000
gm. of lead (A 11°46)?

26. 1000 cem. of mercury at 0°C. (A 13°596) are cooled to
~ 407 (. What is the volume of the solid mercury (a 14:39) ¢

27. What is the capacity of an iron bottle, whicﬁ contains 70 1h,
of mercury (A 13-56) ?

28. What is the radius of a cylindrical tube 10 em. long, which
is found to hold 426 gm. of mercury (A 13'56)? =

29. A glass tube 20 em. long contains 121 gm. of mereury
(A 13-561). Find its radius.

30, A spherical glass bulb is found to hold 50052 gm. of mercury
(A 13°561). What is the internal radius of it ?

31. How many pounds does a sheet of silver (A 10°5) a yard long
a foot wide, and an inch thick weigh ? @

J2. Silver (A 10°54) has been deposited on rlass so thin that a
square metre weighed 22 grams.  How thick was the coatine ?

33. A nugget of gold (A 19°3) weighed 1743 ounces tr[:u.}rﬂ;l what
was its mass in kilograms and its volume in cubje centimetres !

J4. A sovereign ought to contain 113-001 grains of gold (A 19-3).
If the gold in the £124,000,000 in circulation were made into «
cube, how many feet long would the edge be ¢

35, Find the radius of a gold (A 19:3) ball equal in mass to a
silver {f 10°5) ball the radius of which is 15 em.

36. The Dball at the top of St. Paul’s is 6 ft. in diameter, and
covered with gold (A 19-3) 3455 inch thick. Find the mass of the
gold in kilogramns,
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37. A platinum § gm. weight (A 21°5) is 1 em. square. How
thick is it

38. The English standard platinum kilogram (a 21:1379) is a
eylinder 4 em. high. What is its radius ?

39. How much does a 100 gm. platinum weight (A 21°2) lose in
air at 15° C.?
~ 40. How many grains of normal air are displaced by (a) the
standard Platinum Pound (A 21°1572), (8) the Quartz standard
Pound (A 2-605) ¢

MALLEABILITY AND DUCTILITY.

41. What length of wire 2 mm. in diameter can be drawn from a
cubic decimetre of metal ?

42, How many grams does a sheet of iron (A 7°8) 1 m. square
and z¢55 mm. thick weigh ?

43. A cram of silver (A 10°5) can be drawn into a wire 2600 m.
long. What is the diameter of the wire ?

44. A grain of silver (A 10°5) can be drawn into a wire 400 feet
long. Vhat is the radius of the wire in mm. ?

45. Gold leaf can be made y5g'55y inch thick. What would be
the length of the side of a square of such leaf containing one grain
of gold (A 19°3)?

46. A sheet of gold leaf (A 19-3) 0°0001 mm, thick weighs one
gram. What is its area in sem, ?

47. A wire of gold (A 19-3) 3 kilom. in length weighs a gram,
Find the radius in mm.

48, Faraday calculated that the gold (A 19'3) in four sovereigns
(452'004 grains) could be made into a wire long enough to go round
the world (» =637 x 10m.). Find the radius of such a wire
in em.

49, If a sheet of platinum foil (A 21°5) is 211 mm. long and

56 mm. wide and weighs 10°2 gm., what is the thickness ?

50. A platinum wire (A 21°5) is 102 mm. long and weighs 0-18
em. What is the radius ?

51. Platinum wire (A 21°5) can be made y4%%5 mm. in diameter.
How many grams would such a wire 21,600 geographical miles long
weigh ?

52. How many metres of wire } mm. in diameter can be made
from one ounce troy of platinum (a 21°5)?

:

L
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TENACITY.

53. If a lead wire {7 inch in diameter will just carry 20 lb., how
many kilo. will a wire 1 mm. in radius carry ?

54. A lead wire 1 mm. square will carry 2 kilo. What is the
length of an iron weight 20 cm. square (A 7-25) which a leaden rod
1 em. square will just earry ?

55. The tenacity of zinec is 7000 1b. per square inch. How many
kilo. will a zine wire 2 mm. in radius carry ?

56. The best Low Moor iron will carry 64,200 Ib. per square inch.
How many kilo. will a wire 2 mm. in diameter carry ?

57. A steel wire 1 mun. square will resist a pull of 70 kilo. How
many tons will a rod 1 inch square carry ¥

68. An iron wire 2 mm. in diameter will carry 250 kilo., a simi-
lar nickel wire 375 kilo., and a similar cobalt wire 479 kilo. Find
E‘le diameter of a wire of each metal which will just carry 1000

ilo,

59. A rod of best charcoal iron will carry 114,000 1b. per square
inch. Find the radius in em. of an iron (A 7'8) sphere “"Liﬂh a rod
of such iron 1 em. square will carry.

60. Copper wire will carry 40 kilo. per smm. A pull of how
many Ibs. 1s required to break a bell-wire 0-08 inch in diameter ?

61. Mr. Cowles’ silico-aluminium bronze will carry 200,000 1b.
per square inch, How many kilo, can be carried by a wire 2 mm,
in diameter ?

CHAPTER XXII.
Toe Prvsican ProrerTies oF Merars. 11

ALLOYS.

Unless otherwise stated it is assumed that the volume of an alloy is
equal to the volume of its constituents,

1. How many kilo. of copper (A 9) and of tin (A 7°32) are con-
tained in 112 kilo. of an alloy (A 8:784)?

2. Find the density of gun-metal which contains 10 pts. tin
(4 7-3) and 90 pts. copper (A 8°9).

3. What is the density of Britannia metal which contains 9 pts.
of tin (A 7°3) and 1 pt. of antimony (A 6°8)?
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4. An alloy of equal masses of platinum (A 21'5) and copper
(A 9) is found to have the same colour and density (A 19-5) as gold.
In alloying 100 volumes of the two metals what contraction takes
place ?

5. When weighing with brass (A 8+4) weights in normal air, how
much is :Hnlmrentl:,f lost by the weights per gram ?

6. Find the density of aluminium bronze, which contains 107, of

aluminium (A 2+6) and 907, of copper (A 8'9),

7. Find the density of an alloy of equal parts of magnesium
(A 1°7), zine (A T), and cadmium (A 8°5).

8. Find the density of an alloy of equal parts of tin (A 7-3) and
lead (A 11°45).

9. What is the density of an alloy of 100 gm. ol lead (A 11-45)
with 300 gm. of tin (A 7°3)1

10. One volume of tin (A 7°3) combines without change of volume

3

with two volumes of mercury (A 13:56). What is the density of |

the amalgam ?

11. A shilling (A 10+2) weighs 8727 grains. What isits volume
in cem, ?

12. An alloy of equal parts of silver (A 10°5) and bismuth
(A 9°8) is found to have the density 10°709. If no change of
volume took place what would the density of the alloy be !

13. Mint-silver (A 10°2) consists of 7°5 % of copper (A 8°9) and
025 % of silver (A 10°5). What would be the density of the alloy
if no change of volume took place, and what do 100 volumes of the
two metals occupy after the fusion ?

14. 900 gm. of gold (A 19-3) are fused with 100 gm. of silver
(A 10°5). What is the density of the alloy ?

FusiBiLITY.

15. Zinc melts at 773° F., and boils at 1904° F. What are these
temperatures on the Centigrade scale ? _

16. Cadmium becomes brittle at 180° F., melts at 242° F., anC
boils at 1580° . What are these temperatures on the Centigrade
scale ?

17. 100 gm. of copper (sp. ht. *095) were heated to the melting
peint and thrown into a kilo. of water at 0° C. The tumyu_m-
ture of the mixture was found to be 10°35°C. What is the melting
point of copper ? _

18, 100 gm. of platinum {rT. ht., 0°03243) were heated in a fur-
nace and plunged into a vessel of water, weighing when redttueil to
water 976 gm. The temperature of the water rose from 10° C. to
15° C. What was the temperature of the furnace !
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EXPANSIBILITY.

The co-efficient of cubical expansion of mercury for 17 . is 54
or *000181.

19. Edinburgh is 400 miles from London. By how many yards
'do the lines (co-efl. exp. *00001166) expand when heated from 0° C,
to 30" C. ?

20. The barometer, read on a brass (co-eff. exF. 0:00002) scale at
'10° (., was 786°4 mm. What is the reading reduced to 0° C. ¢

21. The barometer, read on a glass scale (co-eff. exp. *000009) at
:20° (., was 770 mm. What is the reading reduced to 0° C. ?

22, A Dbrass (co-efl. lin, exp. *000019) cylinder measures 24*4 em.
iin height and breadth at 17-5° C. What is the volume of it? And
*what would the volume become at 07 C. ?

23. 493 cem. of mercury are measured off at 15° C. What
*volume do they occupy at 25° C. ?

24. 100 vol. of mercury at 0° C. (A 13'596) Lecome 102 vol. at
110" C.  Find the density at the latter temperature.

25. The density of mercury at 0° C, is 13-596. What is the
¢density at 15° C., ?

26. What column of mercury at 15° €, produces a pressure equal
ito that of a column of water of 273 mm. ?

27. What is the volume at 0° C. of a glass bulb (co-efl. cub. exp.

“00003) which at 25° C. contains 53 gm. of mercury !

28. A glass bulb weighing 430 grains, when filled with mercury
cat 0° C., weighs 1510 grains, It is placed in hot oil, and after
ccooling weighs 1490 grains.  If the co-efficient of apparent expan-
csion of mercury in glass be g%, at what temperature Centigrade
*was the oil ?

29. By how many cubic centimetres would 69 units of heat cause
‘a litre of mercury (sp. ht. *0333) at 0° C. to expand ?

30. A thermometer contains 11 gm. of mercury (sp. ht. "0333).
 What quantity of heat is required to raise the mercury from 0° C.
tto 100° (., and what increase in volume will show 1° C, ?

81. A picce of thermometer tube 2 dm. long was found to hold
1 0°2 gm. of mercury. What must the internal volume of the bulb
I'be that 0° C. to 100° C. on the stem may measure 2 dm, ?

32. A glass bulb was found to hold 600 gm. of mercury at 0° C.,
rand 591 gm. after heating to 100" . What is the co-efficient of
t cubical expansion of the glass ¢
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CHAPTER XXIII
Potassium, K = 39.

1. How much potassium carbonate and charcoal must be heated
together to form a kilogram of potassium !

K,CO; + 2C = 3CO + K,.

2. What volume of carbon monoxide at 455° C. is given off
during the separation of 100 gm. of potassium ?

K.CO4 + 2C = 800 + K,.

3. How much (a) potassium carbonate, (B) calcium hydrate is
required to make a kilogram of potassium lLiydrate ?

4. What volume of oxygen at 15° C. is required to convert 10 gm,
of potassium into the tetroxide ?

1{2 + EDE -_— 1{30.]'

5. b gm. of potassium tetroxide are boiled with water. What
volume of oxygen at 100° C, is evolved ?

K,0, + H,0 = 2HKO + 30.

6. How many grams does a stick of potassium hydrate (A 2°2)
1 em. across and 10 cm. long weigh ¢
7. A pellet of potassium (A 0°86) 1 cm. in diameter is thrown in
small fragmentis into water. What volume of hydrogen at 15° C.
is given ofl' ?
K + H,0 = HKO + H.

8. Potassium (A 0°86) absorbs 126 times its volume of hydrogen.
Find a formula for the body formed.

9. What is the percentage composition of potassium silicofluoride
K,SiF, ¢

10. Calculate the percentage composition of feldspar K,Al1,8i,0,4.

11. How much potassium chloride must be mixe:{ with a kilo. of
Chili nitre, and how much potassium nitrate is formed ?

NaNO, + KCl = NaCl + KNO,.
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12. 100 gm. of potassiuin nitrate are heated to redness. What
volume of oxygen at 39° C. is evolved ?

KNO, = KNO, + O.

13. 20 gm. of potassium nitrate are heated with potassium di-
chromate, What volumes of oxygen and of nitrogen tetroxide at
20° C. are evolved ?

9KNO; + K,Cr,0, = 2K,(r0, + 2NO, + O.

14. If a gram of powder form 280 cem. of gas at 0 (., what
volume would be oceupied at 2200° (. ?

15. What volume of gas is formed by 100 gm, of powder («) at
0% C., (B) at 10007 (., if the decomposition be

2KNO; + 8 + 3C = K8 + N, + 300,.

16. R. L. G. powder produces a pressure of 4690 atmospheres.
What is this pressure in tons per square inch ?

17. 10 gm. of potassium and hydrogen carbonate are heated.
What volume of carbon dioxide at 30° C. is given off ?

2HKCO, = K,C0; + H,0 + CO,.

18. 4 gm. of potassium and hydrogen carbonate are dissolved in
hydrogen chloride. What volume of carbon dioxide at 52° C. is
given oft'?

HECO; + HCl = KCl + H.O + CO,.

19, A gasogen holding 4 litres is charged with 4 ounces of potas-
sium and hydrogen carbonate and hydrogen tartrate, hut only a very
small quantity of water is added. What is the pressure of the gas
at 10° C, }

2HKCO; + H,T = K,T + 2H,0 + 2CO,.
20. A substance contains potassium 28°25, chlorine 2564, and
oxygen 46°11 per cent. Find its formula.

21. What volume of oxygen at 94°5° C. and 960 mm. is evolved
on heating 260 gm. of potassium chlorate ?

KC10,4 = KC1 + 0,

22. What volume of hydrogen fluoride at 90° (', is evolved on
heating 100 gm. of potassium and hydrogen fluoride ?

HKF, = KF + HF.

23. What volume of hydrogen sulphide at 15° C. and 780 mm. is
required to reduce 100 gm. of potassinm bromate ?

KBr0, + 3H,S = KBr + 3H,0 + 38.



94 SODIUM. [cHAP. xXTV,

24. According to Stas 100 gm. of potassium chloride form
135°6423 gm. of potassium nitrate. What is the atomic weight of

potasmum t
KCl + HNO; = HCI + KNO,.

CHAPTER XXIYV.
SopiuM, Na = 23,

1. How much sodium ecan be obtained from 20 kilo. of sodium
carbonate, and what volume of carbon monoxide is formed in the
process !

Na,COy + 2C = 3CO + Na,.

2, What volume of oxygen at 200° C. is required to convert
100 gm. of sodium into the dioxide ?

HHE o N DE = K'EI'EDE

3. The specific heat of sodium is 0-2934, and 39°32 gm. of sodium
unite with 135°765 gm. of bromine. What is the atomic weight of

sedium ?
Na + Br = NabBr. ;

4. A gram of sodium amalgam, when thrown into water, evelved
200 cem. of hydrogen at 13° C. What was the percentage of
sodium in the amalgam ?

Na, + 2H,0 = 2NaHO + H,.

5. What volume of hydrogen at 26° C. and 740 mm, is evolved
by the action of 02 gm. of sodium upon water, and what will the
gas measure over water ?

Na, + 2H,0 = 2HNaO + H,.

6. How much sodium carbonate and slaked lime must be used to

make a kilogram of sodium hydrate ?
Na,COy + H.Ca0, = CaCO; + 2HNaO.
Find the percentage composition of (e} dry Nay,CO4 (B)

m}*qtalhmd Na,('O410H. D sodium carbonate.

2, What is the ]I{‘I{Llltﬂf"f‘ of sodium sulphate and of water in
Glauber's salts Na,80,10H,0 ¢

9. How many pnunda of common salt are required to make
500 lbs. of salt-cake?

9NaCl + H,80, = 2HCI + Na,SO,.
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10. How much sodium carbonate can be made from 500 kilo. of
common salt ?

2NaCl + H,80, = 2H(1 + Na,S0,.
N.‘L_.SG.I + 'l.‘q'.l[-I!D“ 'i!' ‘1(-. —_— ‘ILID + L1i'l:3. + ha-aUan

11. If 100 tonnes of common salt are decomposed by hydrogen
sulphate, how much salt-cake and what volume of aqueous hydrogen
chloride (A 1°2 cont. 417 real acid) are formed ?

2NaCl + H,80, = Na,S0, + 2HCL

12. 1T 100 gm. of sodium sulphate are heated with charcoal, how
much sodinmn sulphide, and what velume of earbon monoxide at
15° C. is formed ?

Na,S0, + 4C = Na.S + 4CO.

13. 1000 kilo. of common salt will form how much salt-cake and
what volume of hydrogen chloride gas ?

2NaCl + H,80, = Na,80, + 2HCI,

14. How many kilo. of soda crystals containing 3 per cent, of
impurity, and how many kilo. of hydrochloric acid (a 1-21) con-
taining 480 times its volume of the gas, can be formed from the
materials in the last question ?

10H,0 + NaSO + 4C + CaCOy = ('aS + 4CO + Na,(C04,10H,0.

15. What volume of carbon dioxide at 77° €. is absorbed in con-
verting 10 kilo, of erystallized sodium carbonate into bicarbonate ?

Nﬂﬂ[,'oalﬂ“-_.ﬂ i b {rﬂﬂ = 91[2{} -+ 21[ :\.".[.1011-

16. What volume of earbon dioxide ean be obtained from 372 gm,
of *“bicarbonate of soda” (a) by heating, (8) by the action of
an acid ?

2HNa('Oy = H,0 + Na,C0, + (O,
HNaCO3 + HCI = NaCl + H,0 + CO,.

17. A sample of soda-ash is found to contain 56 per cent. of
sodium oxide (Na,0). How much sodium carbonate (Na,COy) per
1 eent. is there in the ash ? *

18. In trade analyses the atomie weight of sodium is often taken
+as 24 instead of 23. Find the error per cent. introduced il the
“result be caleulated (a) as sodium, (8) as soditum carbonate.

19. Find the formula of albite, which contains silica 68-44,
ralumina 19°45, sodium oxide 1167, and potassium  oxide 0°43

per cent.

20. Sea-water (A 1°027) contains 264 per eent. of sodinm ehloride
| (NaCl). How many pounds of sodium are there in a cubic yard of
: gea-water ?
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21. 10 gm. of sodium and hydrogen sulphite are heated, What
volume of sulphur dioxide is given off' ?

2NaHS0, = Na,S0; + H,0 + S0,.

22. If 10 gm. of sodinm sulphite are dissolved in acid, what
volume of sulphur dioxide at 12" C, is given off ?

Na,50; + 2HCl = H,0 + 2NaCl + S0,

23. A cubical erystal of rock-salt (A 2°16) weighs 43+2 gm. Find
the length of its edge. '

24. Sodium hydride (A 0+959) contains 46 pts. of sodimm (A 0°97)
and 1 pt. of hydrogen. Find the density of the solid * hydro-

enium.”’

25. A mixture of potassium and sodium chlorides weighed 42 gm,
When converted into sulphates the mixed salts weighed 5 gm. How
much (a) potassium, (B8) sodium was piesent ?

2[KNa]Cl + H,80, = 2HCI + [K,Na,]S0,.

26. 1221 gm. of a mixture of fmta.saium anid sodium carbonates
gave 1°231 gm. of the mixed chlorides, from which 2-87 gm. of
silver chloride were formed. Find tbe percentage composition of
the mixture.

[Na,K,]CO, + 2HCl = H,0 + 00, + 2[NaK]CL.
[NaK]Cl + AgNO, = [KNa]NOg + AgCl.

CHAPTER XXV.
Ammontom, NH, = 18.

1. Find the formula of a substance containing nitrogen 26°17,
hydrogen 7°48, and chlorine 6635 per cent,

2. 20 gm. of ammonium sulphate are heated with lime. What
volume of ammonia is given off ?

2. A kilo. of ammonium chloride is heated with lime. What
volume of ammonia at 12° C. is evolved ?

9NH,Cl + (a0 = CaCl, + H,0 + 2NH,



COHAY. XXV.] HYDROXYLAMINE, o7

4. 100 gm. of ammonium nitrite are heated. What volume of
mitrogen at 13° C. is evolved ?

NH,NO, = 2H,0 + N,

2. A kilo. of ammonium nitrate is heated.  What volume of
paitrous oxide at 15° C. is evolved ?

NH,NO, = 2H,0 + N.0.

6. Water at 0° C. absorbs 1000 times its volume of ammonia.
tHow many grams of solution of ammonia can be made from a litre
ibf water ?

7. How many pints of solution of ammonia (A *88) weigh 4 1bs, ?

8. How much ammonium chloride is there in a litre of a solution,
20 em. of which, after precipitation with platinum tetrachloride and
egnition, gave 0°976 gm. of platinum ?

2NHCI + PtCl, = (NH,),PtCl,.
(NH),PtCly = 2NHg + 2HC1 + 21, + Pt.

9. Find the percentace composition of (a) ammonium and
aydrogen carbonate (N Hy)H,8C04 (B) ammonium carbamate
MH,).CO,.

10. 40 gm. of microcosmic salt are heated. How much sodium

inetaphosphate, what volumes of ammonia at 15° C., and of steam
it 300° C. are formed ?

Na(NH,)HPO,.4H,0 = NaPO, + NH, + 5H,0,

HyDroxvramive, NH,0 = 33.

11. What volume of nitric oxide at 10° €. must be caused to
'ombine with what volume of hydrogen at 20° C, to form 100 gm.
'f hydroxylamine ?

NO + 8H = NOH,,
12. 2 gm. of hydroxylamine are heated with potassium hydrate,

‘Vhat volumes of nitrogen and of ammonia at 21" C. are formed ?
3NOH; =N, + NH, 4 3H,0,

13. What volume is occupied by the vapour of one gram of
mmonium chloride (N,( 1) at 350° C. and 700 mm., ?
14. Water at 15° (. absorbs 740 times its volume of
:15° C. How much water is there in
A 0°855), and how much ammoninm ¢

ammonia
a litre of sucl a solution
hloride is required to make it ?

ZNH,C + (a0 = CaCl, + H,0 + 2NH,
I
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15, 10 gm. of silver chloride are saturated with ammonia a

heated. (a) What volume of ammonia at 50° C. is evolved
(8) How much sodammonium can be formed from the liquefi

ammonia ?

AgCl2NH, =
:.12 = N:!l'{ﬁﬁﬂqi.

EN]-]-:]. + H

|

CHAPTER XXVL
Cavcium, Ca = 40,

1. How much ecaleium is contained in 100 gm. of (a) marbl
(aCO,, (8) gypsum CaSO,.2H,0, (y) fluor-spar CaF,, (3) super
phosphate of lime CaH 2P0, ?

9. How many tons of chalk must be

of quick-lime ?
CaC0, = CO, + Ca0.

“ hurnt” to form 100 ton

3 How much calcium hydrate can be obtained by heating 2'72
kilo. of calc-spar to redness and throwing water on the residue ?

CaC0, = Ca0 + CO,.
Ca0 + H,0 = H,Ca0,.

4. Caleinm hydrate is soluble in 720 times its mass of cold, an
in 1300 times its mass of boiling water. How much of the hydral
precipitates on boiling a litre of the solution ?

5 A substance contains calcium 39-9, carbon 12°1, and oxyge

48 per cent. Find the formula of it.
6. A salt contains caleium 27°4, carbon 16-44, oxygen 4384, an

water 12:33 per cent. Find the formula.
» A cubic metre of marble (CaCO;, & 9+7) contains how mat

times its volume of gaseous carbon dioxide eondensed in it ?
8. 10 gm. of marble are dissolved in hydrogen chloride. Wh

volume of carbon dioxide at 30° C. is given off ¢
CaCO, + 2HCl = CaCly + HLO + CO..

0. 1000 kilo. of limestone are ¢ hurnt.”  What volume of carh

dioxide at 300° C. is given ofl ?
CaCOy = Ca0 + CO..
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10. A litre of water saturated with carbon dioxide dissolves
0°88 gm. of calcinm carbonate, How many gallons of water are
required to dissolve a ton of chalk ? _ ‘

11. How many grams of caleium chloride (CaCl,) must be dis-
solved in a litre of water to be equivalent to a hard water containing
z grains of calcium carbonate per gallon ¢

12. What volume of a solution of ecaleium sulphate (vontaining
233 gm. of the salt per litre) must be made up to 200 cem. to give
a hardness of 16° Clark per gallon ?

13. 1000 gm. of sea-water contain 1°33 gm. of calcium sulphate
and 0°047 gm. of calcium carbonate. How much sea-water would
give 3:24 gm. of calcium oxalate ?

CaS0, + (NHy),C,0, = (NH,).S0, + CaC,0,.
CaCO; + (NH,),C,0, = (NH,),CO; + CaC,0,.

14. How much calcium sulphate can be formed from 11°1 gm. of
caleium chloride ?

CaCly + H,S0, = 2HCI + CaSO,.

15. How many cem. of water are required to make 100 gm. of
plaster of Paris set ?

CaS0, + 2H,0 = CaS0,2H,0.
16. How many grams does a pound of selenite lose when heated
to 2007 (. 2
CaS0,2H,0 = CaS0, + 2H,0.

17. A cistern 10 ft. square and 6 ft. deep contains water saturated
with caleium sulphate, which is soluble in 400 times its weight of
water. How many kilograms of the salt are there in the cistern ?

18. 700 cem. of water containing 1 em. of caleium hydrate in

i 8olution are mixed with 700 cem. containing 126 1. of carbon
rdioxide in solution. What mass of which substance remains in
solution ?

CaH,0, + CO, = H.O + CaCO,,

19. A litre of air at 12° (., when shaken up with lime-water,
| gave 00017 gm. of calcium carbonate. What is the percentage by
“volume of carbon dioxide in air ? '

ll_l'“,]'Iﬂﬂg 4+ {l{:}ﬂ — tl:l{-rD:;_ '!' IIEDq

20. 100 parts of water at 180° (. dissolve 325 parts of dry
vealeium chloride, How miany cem. of water must be added that a
‘saturated solution of a kilogram of the dry salt may cryastallize
(CaCl,6H,0) 1

H 2
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21. 100 pts. of calcium chloride combine with 119 pts. of ammonia.
Find a formula for the compound.
92. 100 gm. of bleaching powder are heated with water and

cobalt oxide. What volume of oxygen at 21° C, is evolved ? Q‘j

20a0Cl, = 2CaCl, + O,.

CHAPTER XXVII.
STRONTIUM, Sr = 87'6. Bariuvm, Ba = 137,

1. Find the percentage composition of (a) strontianite SrCOj,
(B) celestine SrSOy, () witherite BaCO,, (3) heavy spar BaSO,

2, 2 gm. of strontium are obtained by passing a current of
electricity through the fused chloride. What volume of chlorine
at 15° C. is set free ?

SrCl, = 8r + Cl,.

3. How much strontia is obtained on heating 1000 gm. of strontium
nitrate ?
Sr2NO; = 2NO, + O + Sr0.

4. Crystallized strontium hydrate is soluble in 50 times its mass
of water. How much hydrogen sulphate will 100 gm. of the
solution precipitate ?

H,S10,8H,0 + H,80, = 10H,0 + SrS0,.

5. According to Marignac 10 gm. of erystallized strontium
chloride give 6'8855 gm. of strontium sulphate. What is the
atomic weight of strontium ? '

SrCl,6H,0 + H,80, = 6H,0 + 2HCI + SrS0,.

6. What is the probable specific heat of barium ? ‘ !
7. How much baryta can be made from 10 kilo. of barium nitrate ?

Ba2NOQ, = Ba0 + 2NO, + O.

8. Crystallized barium hydrate (H,Ba0,8H,0) is soluble in 2
times its mass of cold water, How much barium hydrate 18 th
in 100 gm. of the saturated solution?
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9. Alitre of carbon dioxide at 15° C. is drawn through barvta
water.  How much barium carbonate precipitates ? .

H,Ba0, + CO, = H,0 + BaCOQ,,

10. 1000 L. of air (containing 0037 per cent. by volume of carbon
dioxide) are drawn through baryta-water. How muech barium
«carbonate precipitates !

CO, + H,Ba0, = H,0 + BaCO,.

11. 59 L of air ave drawn over heated baryta. How much barium
Hioxide is formed ?

BaO + O = BaO,,.

12. What volume of oxygen at 21° C. is absorbed by 100 gm, of
meated baryta ?

BﬂD -+ D = ]jﬂ.D_}

13. What volume of carbon dioxide at 13° (. is required to pre-
vipitate the barium from 100 gm. of hydrated barium dioxide ?

Ba0,6H,0 + CO, = BaCO, + H,0, + 5H,0.

14, What volume of oxygen at 15° C. and 700 mm. is given off
in heating 14 gm. of barium dioxide ?

13!1013 - ”ILD + 0-

15. What volume of sulphur dioxide at 39° C. must bLe passed
ver 100 gm. of heated barium dioxide to convert them into sulphate ?

80, + Ba0, = BaSO,.

16. One gram of calcium sulphate will form how much barium
wlphate ?

Ca50, + DBaCl, = CaCl, + BaSO,.

17. 20 gm. of witherite are dissolved in hydrogen chloride. How

auch erystallized barium chloride and what volume of carbon dioxide
re formed ¢

BaCOy + 2HCI + H,0 = €O, + BaCl,2H,0.

18. 0°591 gm. of witherite gave 0°699 gm. of barium sulphate.
dnd the percentage of barium in the witherite,
BaCO; + H,80, = H.O + CO, + BaSO,,

19. How much hydrogen sulphate will 1 cem. of a solution of
arium  chloride, containing 100 gm. of the crystallized salt per
tre, precipitate ?

BaCl,2H,0 + H,80, = 2H,0 + 2HCI + BaSO,.
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20. A mixture of barium and ealeinm chlorides gave 10 g, of
the mixed carbonates. And the precipitate when redissolved gave
12 gm. of the mixed sulphates. How much barium and how much
caleinm was present ?

[BaCa]Cl, + 2NH,COy = 2NH,C] + [BaCa]CO,.
[BaCa]Cl, + (NH,),80, = 2NH,C1 + [BaCa]SO,.

CHAPTER XXVIII.
ALnuMiNiTM, Al =27.

1. How much alumininm is there in 100 gm. of (a) clay
A1,0,.28i0,, (8) eryolite Al,NagF,, () Al,P.0 HgALO2H0 tur-
(quois !

9. How much sodium is required to reduce 1000 gm. of sodium
and aluminium chloride, and how much aluminium is formed *

Al,C1;2NaCl + 6Na = 8NaCl + Al,

3. How much aluminium is set free on passing 7-339 1. of the
vapour of aluminium chloride at 546° C, over heated sodium ¥

Al,Cl; + 6Na = 6NaCl + Al,

4. What volume of oxygen at 15° C. is required to burn 5 gm.
of aluminium ?

Al, + 30 = ALO,

5. How much sulphide is formed on heating 5 gm. of aluminium

in sulphur vapour?
Al, + 38 = AlS,.

6. What volume of aluminium (A 2°6) must be dissolved in
potassium hydrate to make a litre of hydrogen at 12° C. ¢
Al, + 2HKO + 2H,0 = 2KAlO, + 3H,.

7. On warming 0°5 gm. of aluminium with yotassium hydrate
660 cem. of hydrogen measured over water at 137 U, were evolved.
What is the atomic weight of aluminium ?

Al, + 2HKO + 2H,0 = 2KAIO, + 8H,.

P
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8. How much potash alum can be made from 1000 s, ol (a)
celay, (8) alumina ?

Lo o & = K,AL480, 94H,0.

9. 100 gm, of ammonia-alum are heated (a) alone, how much
salumina is left ? (8) with lime, what volume of ammonia is given off'?

| (NH,),AL,480,.24H,0 = (NH,),80, + ALO, + 3H,80, + 21H,0.
((NH,),A1,480,24H,0 + Ca0 = CaSO, + 2NHj; + AL3SO, + 25H,0.

10. Find the formula of a mineral containing alumina 68-31,
fferric oxide 3-37, ferrous oxide 2:06, and magnesia 26°26 per cent.

11. What volume of chlorine at 157 C. and 750 mm, is required
tto convert 100 gm. of alumina into aluminium chloride ?

Al O; + 3C + 6C1 = 3CO + ALCIL,.

12. The vapour of aluminium chloride is 934 times as lieavy as
mir.  What is its molecular weight ?

13. What does a litre of the vapour of aluminium chloride
{AlLClg) at 300° C. weigh ¢

14. Steam is passed over 20 gm. of warm aluminium chloride.
"What volume of hydrogen chloride at 150° C. is formed ?

AlLCl; + 8H,0 = ALO, + 6HCL

15. A gram of aluminium while dissolving in hydrogen chloride
gave 1271 cem. of hydrogen at 10° C.  What is the atomie weight
of aluminium ¢

I

-fJ'l.lﬂ + ﬁ;["-_‘l = I‘!I.I-:E:Iﬁ = SHar
16. What volume of hydrogen sulphide at 15° €. and 800 mm. is
zvolved by the action of water upon 10 g, of aluminium sulphide ?

—

17. 20 gm. of cryolite are heated with hydrogen sulphate, What

volume of hydrogen fluoride at 20° (. is given off'?
NagALF,, + 61,80, = 3Na,S0, + Al,380, + 12HF,

18. Find the formula of chiolite which contains aluminium 17°66,
codium 24-97, and fluorine 5737 per cent,

19. Find a formula for ultramarine which contains aluminium
14°25, silicon 17°49, sodium 162, sulphur 1407, and oxygen 33
per cent.,

20. Find a formula for Stourbridge five-elay, which contains
silica 64°1, alumina 23°15, ferrous oxide 1'85, magnesia 0°95, and
water 10 per cent,
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CHAPTER XXIX.
MacxEsIUM, Mg=244.

1. How much magnesinum is there in 1000 gm. of (a) magnesite
MgCO,, (8) dolomite, MgCa2C0y,, (y) Epsom mﬁ MgS0O,.7H,0

2. What 1s the percentage composition of (a) meerschaum
Mg, Sig0.41H,0, (8) serpeutine MggSi,0,2H,0 ?

3. How much magnesium is formed on heating 100 gm. of potas-
sium with magnesium chloride ?

K, + MgCl, = 2KCl + Mg,

4., What volume of chlorine at 12° C. and 750 mm, is evolved in

making 10 gm. of magnesium by electrolysis *
MgCl, = Mg + Cl.

5. How much sodium is required to decompose a kilogram of |

magnesium chloride, and how much magnesium is formed ?
MgCl; + 2Na = 2NaCl + Mg.

6. What volume of chlorine at 15° C. and 745 mm. is evolved
during the separation of 2 gm. of magnesium from the fused chloride ?

MgCl, = Mg + Cl,.

7. What volume of oxygen at 13° C. is required to burn 7 gm. of
magnesium ¢
Mg + O = MgO.

8. 40 gm. of magnesium are dissolved in dilute hydrogen chloride.
What volume of hydrogen at 21° C, and 380 mm. is evolved ?

Mg + 2HCI = MgCl, + H,.

9. 0°2 gm. of magnesium gave 1955 cem. of hydrogen at 18° C.
What is the atomie weight of magnesium *

Mg + 2HCl = MgCl, + H,.

10. What volume of hydrogen measured over water at 14° C. and
760 mm. is set free on dissolving 02 gm. of magnesium in acid ?

Mg + 2HC] = MgCl; + H,,
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11. 0°1 gm. of magnesium gave 100 cem. of hydrogen at 12° C.
The barometer stood at 7588 mm., and the column of water in the
tube at 250 mm, Find the equivalent of magnesium.

myg + hel = mgel + h.
12, How much erystallized magnesium sulphate can be obtained

by dissolving 1000 gm. of magnesite in dilute hydrogen sulphate ;
and what volume of carbon dioxide is evolved ?

MgCO, + H,80, + 6H,0 = MgS0,7H,0 + CO,.

13. A dolomite contains 12 per cent. of magnesium carbonate,
How many kilograms of Epsom salts could be made from 120 kilo.
of it ?

MgCO; + H,80, + 6H,0 = CO, + MgSO,7H,0.

14. 4 gm. of dolomite when strongly heated gave 9374 cem. of
carbon dioxide. Find the percentage of caleium and magnesium
carbonates in the dolomite,

[CaMg]CO, = [CaMg]O + CO,.

15. What volume of nitrogen at 20° C. and 780 mm. will combine
with 50 gm. of magnesium ?

3Mg + 2N = Mg,N,.

16. Water saturated with carbon dioxide dissolves 25°'8 gm. of
magnesimn carbonate and 0°88 gm. of calvium carbonate per litre.
What is the percentage of impurity in the magnesium carbonate
thrown down on boiling such a solution of dolomite ?

17. A magnesium (A 1-74) wire 1 mm. in diameter is burnt in a
cylinder of oxygen at 0° C.  After cooling, the water rises through
a distance equal to the length of wire burnt. Find the radius of
the cylinder,

Mg + O = MgO.

CHAPTER XX X.
Zixe, Zn = 634,

1. Find the percentage composition of (¢) zine blende ZnS, (8)
calamine Zn('0,,

2. Find the formula of a substance containing zine 54°17, silicon
1167, oxygen 26°67, and water 75 per cent.
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3. A kilogram of (a) calamine (8) blende is roasted to oxide,
which is reduced. How much carbon is required, and carbon mon-
oxide by volume evolved ¥

ZnCOy = Zn0 + CO,, ZnS + 30 = ZnO + SO,
Zn0 + C = Zn + CO.

4, How much zinc white can be made from 1000 gm. of zinc, and
what volume of air is required ?

Zn + 0 = Zn0.

5. What volume of air is required to oxidize 1000 kilo. of zinc
blende ?
2ZnS + 30, = 2Zn0 + 280,.

6. How many pounds of zinc can be dissolved by 600 lb. of
hydrogen sulphate diluted with water ?
Zn + H,80, = ZnSO, + H,.

7. What volume of hydrogen measured over water at 15° C. and
760 mm. is set free on dissolving 0°5 gm. of zinc in acid ?
Zn + 2HCI = ZnCl, + H,.
8. 0°5 gm. of zinc when dissolved in acid gave 183 ccm. of
hydrogen measured over water at 9° (. and 748 mm. Find the

equivalent of zine.
zn + hel = znel + I

9. 4 1. of chlorine at 30°C. and 770 mm. are passed over heated
zine., How much zinc chloride is formed ?

Zn + Cl, = ZnCL,.
10. 40 gm. of zine are boiled with potassium hydrate. What
velume of hydrogen at 17° C. is evolved ?
Zn + 2HKO = K.Zn0, + H,.

CapmivM, Cd = 112.

11. What is the percentage composition of cadmium sulphide CdS ?
12. How much crystallized cadmium bromide can be made from

100 gm. of eadmium, and what volume of hydrogen is evolved !

Cd + 2HBr + 4H,0 = CdBr,dH,0 + H,.

s i bl s
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13. Find the formula of a substance containing zine 5856, carbon
4°05, oxygen 2523, and water 12°16 per cent.

14. A metallic chloride, the vapour of which is 6 times as heavy
as air, is found to contain 38'66 per cent. of chlorine. Find the
atomic weight of the metal and the formula of the chloride,

15. How much zine must be dissolved in acid to fill a wedge-
shaped gas-bag 1 m. long, 60 cem, broad, and 34 cem. deep at the
thickest end with hydrogen at 15° C. and 780 mm. *

Zn + 2HC] = ZnCl, + H..

16. Brass consists of 2 parts of copper alloyed with 1 part of
zine. Find an approximate formula for it.

17. A substance contains zine 53, carbon 38°9, and hydrogen
8°1 per cent. Find the formula of it.

18. Potassium mitrate is boiled with zine, irom, and potassiumn
Lhydrate, How much zine is dissolved during the evolution of 1 L
of ammonia at 10° C, and 730 mm, ?

14HKO + 8Zn + 2KkNO, = 8K,Zn0, + 411.0 + 2NH,.

CHAPTER XXXI.
MANGANESE, Mn = 55,

1. How much manganese is there in 100 gm. of (a) pyrolusite
MnO,, (8) braunite Mn,0,, (y) manganese blende MnS, (&) man-
ganese sulphate MnS0 5H.L0, (€) manganese alum KaMn,480,24H,0 ¢

2. 100 gm. of manganous oxide are heated to whiteness with
charcoal. How much manganese and what volume of carbon
monoxide is formed

MnO + C = Mn + CO.

3. The specific heat of manganese is 0°1217, and from 100 pts. of
manganous oxide (MnO) Marignae obtained 21273 pts. of man-
ganous sulphate (MnS0,). What is the atomic weight of manganese !

4. According to v. Hauer manganous sulphate (MnS0,) contains
42-302 per cent. of oxygen. What is the atomic weight of
manganese !

o. 431 gm, of mangancse dioxide are heated., What volume of
oxygen at 157 C. is given ofl' ?

3Mn0, = Mn,0, + O,
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6. W']l:}t volume of oxygen at 15° C. is obtained on heating
40 gm. of manganese dioxide with hydrogen sulphate *

MnO, + H.80, = MnSO, + H,0 + 0.

7. What volume of air is required to oxidize the manganese in
1000 1. of **red liquor ” containing 100 gum. ol manganous chloride
per litre !

MnCl, + Hy,CaO, + O = CaCl, + H,0 + MnO.,.

8. How much manganese dioxide ean be made from 1000 1, of
“red liquor” containing 0°3 gm. of manganous ehloride in 1 cem. ?

MnCl, + HyCa0,4 + O = CaCl, + H,0 + MnO,.

9. How much available oxygen is there in 100 gm. of (a) man-
ganese dioxide, (8) sodium manganate, (y) potassium perman-

ganate ?
MnO, + H,S0, = MnSO; + H,0 + O,
Na,MnO, + 2H,S0; = MnSO, + 2H,0 + Na,80, + 0,.
K,Mn,0q4 + 3H,S0, = 2MnSO, + 3H.0 + K,S0, + 50.

10. What volume of chlorine can be obtained by heating 20 gm.
of ]{Fl’ﬁ]ll:‘iitﬁ, containing 17 per cent. of available oxygen, with
hydrogen chloride ?

MnO, + 4HCl = MnCL, + 2H,0 + CL,.

11. How much ‘‘manganese” containing 85 per cent. of the
dioxide is required to make 300 1b. of chlorine ?

MnO, + 4HCI = MnCl, + 2H,0 + Cl,.

12. 0*4 gm. of ““manganese " distilled with hydrogen chloride
evolved sufficient chlorine to set free 1 gin. of iodine from potas-
sinm iodide. What is the percentage of real dioxide in the
sample ?

MnO, + 4HC] = MnCl, + 2H,0 + CL.
Cl, + 2KI = 2KCl + I,

13. What volume of carbon dioxide is evolved on mixing 7 gm.
of manganese, dioxide with water, hydrogen oxalate, and hydrogen
sulphate ?

MnO, + H,S04 + C.H,0; = MnSO, + 2H,0 + 2CO0..
14. 10 gm. of ‘““manganese’” mixed with hydrogen sulphate
oxidized 10°953 gm. of hydrogen oxalate. What is the percentage
of dioxide in the ore ?

MuO, + C,H,0,.2H,0 + H,S0, = MnSO, + 4H,0 + 2CO,.

e e it
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15. 4:9435 gm. of ‘* manganese ” warmed with hydrogen oxalate
and sulphate gave 218 gm. of carbon dioxide. Find the percentage
of real dioxide in the sample ?

MnO, + C,H,0,2H,0 + H,80, = MnSO, + 4H,0 + 2C0,.

16. 100 gm. of sodium manganate are heated in steam. What
volume of oxygen at 153° (. is set free !

Na,MnO, + H,0 = 2HNaO + MnO, + O.

17. 3 gm. of potassium permanganate are dissolved in a litre of
water. How much available oxygen does 1 cem. of the solution
contain !

K,Mn,0, + 3H,80, = K,80, + MnSO, + 3H,0 + 50.

18. 0°2061 gm. of ecrystallized hydrogen oxalate required 47 cem,
of a solution of potassium permanganate to oxidize it. How much
permanganate was there in 11, of the solution ?

K,Mn,0, + 5C,H,0,2H,0 + 31,50, = K,SO, + MnSO, +

L —

19. How much manganese dioxide is required to give 2'7 1. of
oxygen at 14° . and 754 mm. ?

3?‘[“02 = I'IIHED,]_ + Oﬂu

20. A gram of partially dried hydrogen oxalate gave 492 cem. of
carbon dioxide measured over water at 20° C. and 7574 mm. Find
the percentage of water still left in the oxalate.

C,H,04 + MnO, + H,804 = MnSO, + 2H.0 + 2C0,.

CHAPTER XXXII.
Irox, Fe = 56.

1. How much iron is there in 100 gm. of (a) magnetic iron ore
Fe,0,, (8) hematite Fe,04 (y) brown hematite 2Fe,0,.3H,0, (8)
spathic iron ore FeCOj, (¢) iron pyrites FeS,, () magnetic pyrites
l".{.':’_H,‘ ?

2. How many tons of coke containing 97 per cent. of carbon are
required to reduce 388 tons of hematite ¢

Fe,03 + 3C = 3CO + Fe,.
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24. Find the formula of a substance containing iron 19-94, sul-
phur 17-09, oxygen 34°17, and water 28°8 per cent.

25. Ammonia is added to a solution of 137 gm. of crystallized
ferric nitrate and the precipitate is dried. How many grams does |
1t weigh !

Fe,6NO;.18H,0 + 6NHy = 16H,0 + 6NH,NO; + Fe,0,,

26. Iron nitride, obtained by heating ferrous chloride in am-
monia, contains 93 per cent. of nitrogen. Find the formula of it.

27. Find the formula of a salt containing iron 28, sulphur 24,
and oxygen 48 per cent.

28. [‘u,r-.t’llll.fui ferric and ammonium sulphate and ferrous and
ammonium sulphate each contains  of its mass of iron. Find the
two formul:e.

29. 1463 gm. of crystallized ferrous sulphate are required. How
much iron must be dissolved in dilute hydrogen sulphate, and what
volume of hydrogen at 13° C. is evolved ?

Fe + H,80, + TH,0 = FeSO,7H,0 + H.,.

30. What volume of hydrogen sulphide at 11° C. is evolved on
dissolving 347 gm. of ferrous sulphide in hydrogen chloride ?

FeS + 2HCI = FeCl, + H.S.

31. 480 gm. of ferrous sulphide are dissolved in hydrogen sul-
phate. What volume of hydrogen sulphide at 17° C. is evolved ?

FeS + H,S0; = FeS0, + H,S.
32. What volume of sulphur dioxide at 39° . can be obtained
by passing air over 100 gm. of red-hot ferrous disulphide ?
2FeS, + 110 = Fe,05 + 450,
33. How many tons of hydrogen sulphate can be made from 10
tons of pyrites?
2FeS, + 160 + 4H,0 = Fe,04 + 4HS0,.

34. How much iron is converted from a ferrous to a ferric salt
by one gram of potassium (a) permanganate, (8) dichromate ?

10FeSO, + K,Mn,04 + 8H,S0, = 5Fe, 380, + K,SO, 4+ MnSO, + 8H,0.
bFESD + K, Cr0, + :IIqSD4—3Fc¢3“-U + K,ED + I‘r;ﬁ‘iﬁ.l* 7H,0.

35. 3 gm. of potassium (a) permanganate, (B) dichromate are
dissolved in a litre of water. To how much iron is 1 cem. of each

solution equivalent ?
10FeSO, + K,Mn,0p + &e.
EFEI‘JD‘ -+ thl D + &ec.
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36. 0°2 gm. of levigated iron dissolved in hydrogen sulphate
required 30 cem. of a solution of permanganate containing 8 g, of
the salt per litre. What is the percentage of iron ?

10FeSO, + K,Mn, 04 + &e.

37. A solution of 0°985 gmn. of black-band ironstone required
"5 cem. of a solution of permanganate containing 3 gm. of the
t

i
salt per litre.  What is the percentage of iron in the ore ?

10FeS0,; + K,Mn,04 + &e.

38. 3 cem. of a solution of ferrous sulphate required 22-5 cem. of
a solution of dichromate containing 4°9 gm. of the salt per litre.
How much iron is there in 1 cem. of the solution ?

6FeSO, + K,Cr,0, + &e.

39. Some steel-grey erystals in a Carinthian blast-furnace were
found to contain iron 7623, and oxygen 23'76 per cent. Find the
formula of the oxide,

40. Find the formula of a salt containing iron 4375, sulphur
18°73, and oxygen 375 per cent,

41. 1°25 gm. of ferric oxide, when reduced by hydrogen and dis-
solved in dilute acid, gave 3826 cem. of hydrogen measured over
water at 17° C. and 750 mm, Find the atomic weight of iron.

Fe,0; + 6H = 3H,0 + Fe,.
2Fe + 4HCI = 2FeCl, + 2H,,

42, 10 gm. of ferrous oxalate heated in hydrogen gave a mixture
of iron and ferrous oxide. The product dissolved in acid gave
300 ccm. of hydrogen measured over water at 10° C. Find the
percentage of iron and of ferrous oxide in the residue.

Fe(,0,2H,0 = 2H,0 + CO, + CO + FeO.
FeC,H,2H,0 = 2H,0 + 200, + Fe.
Fe + 2HCI = FeCl, + H,,

43. 10°758 gm. of a sample of Swedish steel gave (a) 0°2872 gm,
of carbon dioxide, (8) 0004 gm. of barium sulphate, () 0:011 am,
of graphite, (8) 07006 gm. of silica, and (e) 0018 gm. of manganoso-
manganic oxide.  Caleulate the percentage com position.
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CHAPTER XXXIII
Nickern, Ni = 58,

1. What volume of carbon monoxide at 1200° C. is set free m
reducing 764 gm. of nickelous oxide ?

Ni0O + C = Ni + CO.

2. What volume of hydrogen at 17° C. is required to reduce
10 gm. of nickelous oxide ?

NiO + H, = H,0 + Ni

8. How much mercuric oxide is required to precipitate 20 gm. of
nickel as nickelous oxide ?

NiCl, + HgO = HgCl, + NiO.

4. What volume of nickel tetracarbonyl at 43° C, can be formed
from 11'6 gm. of nickel ?

Ni + 4C0 = Ni(CO),.

5. 200 cem. of nickel tetracarbonyl at 52° C. are heated, how
much nickel and what volume of carbon monoxide at 180° C. are
set free ?

Ni(COQ), = Ni + 4CO.

6. A thin hot sheet of iron a decimetre square is dipped into
petrolenm containing 12 cem. of liquid nickel tetracarbonyl (A 1-3)
in solution. How thick is the deposited nickel (& 8°6) %

Ni(C0O), = Ni + 4CO.

7. Find the percentage composition of potassinm and nickel
nitrite NiKy(NO,);.

8. What is the formula of a substance containing nickel 3115,

hydrogen 3°18, nitrogen 14°84, sulphur 16795, and oxygen 33'88
per cent, !

ConarTt, Co = 59.

0. Find the formula of a substance containing cobalt 35°54,
arsenic 4518, and sulphur 1928 per cent.

10. What volume of hydrogen at 15° C. is required to reduce
100 gm. of cobaltic oxide ?

Co,04 + 6H = 3H,0 + 2Co.
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11. 400 gm. of cobaltous oxalate are heated. What volumes of
carbon dioxide and of steam at 1500° C. and how much cobalt is
formed ?

CoC,0,2H,0 = Co + 2H,0 + 2C0,.

12. What volume of chlorine at 14° . is required to precipitate
1000 gm. of cobalt in presence of barium carbonate as cobaltic
oxide ?

2CoCl, + 3BaCO; + Cl, = 3BaCly + 3CO, + (0,0,

13. Calculate the percentage composition of potassium cobalti-
eyanide (KzCo,(',.N,.).

14. Find the percentage composition of roseo-cobaltic chloride
(Co,Clg. 10N H,. H,0).

15. What volume of bromine (A 3) is required to precipitate
10 gm. of cobalt in presence of barium ecarbonate as cobaltic
oxide ?

2CoC1, + 3BaCOy + Br, = 2BaCl, + BaBry + 3C0, + ('0,0,.

16. What volume of chlorine at 26° €. and 740 mm. is given off
on boiling 10 gm. of cobaltic oxide with hydrogen chloride ?

Co,0y ++ 6HC1 = 83H,0 + 2CoCl, + Cl,,

— - ———

17. Find the formula of Schreibersite which contains iron 6016
nickel 25°96, and phosphorus 1388 per cent,

18. What is the formula of a substance containing cobalt 26-69,
Brsenic 25, oxygen 21°81, and water 24 per cent. ?

19. 0°7 gm. of cobalt gave 2923 cem. of hydrogen measured
over water at 20° (. and 756 mm. What is the atomic weight of
the metal ? N

Co + 2HCI = CoCl, + H,.
20. 1°4 gm. of impure cobalt, dissolved in acid and mixed with
rotassinm acetate and nitrite, gave a precipitate weighing 9-2 am.
Vhat percentage of cobalt was there in the impure metal ?

2CoCly +2HC,Hy0,+12KNO,+ 0 = 4 KC1 + H.0 + 2KC,H,0, +
(r\'}g i{ﬂ{NOﬂ)lﬂ! : 4 )
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CHAPTER XXXIIL
NickEL, Ni = 58.

1. What volume of carbon monoxide at 1200° C. is set free m
reducing 764 gm. of nickelous oxide ?
Ni0 + C = Ni + CO.
2. What volume of hydrogen at 17° C. is required to reduce
10 gm. of nickelous oxide ?
Ni0 + H, = H,0 + Ni.
8. How much mercuric oxide is required to precipitate 20 gm. of
nickel as nickelous oxide ?
NiCl, + HgO = HgCl, + NiO.
4. What volume of nickel tetracarbonyl at 43° C, can be formed
from 116 gm. of nickel !
Ni + 4C0 = Ni(CO),.

5. 200 cem. of nickel tetracarbonyl at 52° C. are heated, how
much nickel and what volume of carbon monoxide at 180° C. are
set free?

Ni(C0), = Ni + 4CO.

6. A thin hot sheet of iron a decimetre square is dipped into
petroleum containing 12 cem. of liquid nickel tetracarbonyl(a 1°3)
in solution. How thick is the deposited nickel (A 8°6) ¢

Ni(CO), = Ni + 4CO.

7. Find the percentage composition of potassinm and nickel
nitrite NiKy(NO,);.

8. What is the formula of a substance containing nickel 31°15,

hydrogen 3°18, nitrogen 14°84, sulphur 16°95, and oxygen 33°88
per cent. ?

Copart, Co = 59.

9. Find the formula of a substanee containing cobalt 35°54,
arsenic 45°18, and sulphur 19°28 per cent.

10. What volume of hydrogen at 15° C. is required to reduce
100 gm. of cobaltic oxide !

Co,04 + 6H = 3H,0 + 2Co.
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11. 400 gm. of cobaltous oxalate are heated. What volumes of
carbon dioxide and of steam at 1500° C. and how much cobalt is
formed ?

Co(40,2H,0 = Co + 2H,0 + 2C0,.

12, What volume of chlorine at 14° €. is required to precipitate
1000 gm. of cobalt in presence of barium carbonate as cobaltic
oxide ?

2CoCly + 3BaCOy + Cl, = 3BaCl, + 3C0, + Co,0,.

13. Calculate the percentage composition of potassium copalti-
eyanide (K;Co,C,,N,,).

14. Find the percentage composition of roseo-cobaltic chloride
(CoaClg. 10N H,. 1 1_.0}.

15. What volume of bromine (A 8) is required to precipitate
10 gm. of cobalt in presence of barium carbonate as cobaltic
oxide ?

2CoCly + 3BaCO4 + Br, = 2BaCly + BaBr, + 3C0, + Co,0,,

16. What volume of chlorine at 26° (. and 740 mm. is given off
on boiling 10 gm. of cobaltic oxide with hydrogen chloride ?

Co,04 + 6HC1 = 3H,0 + 2CoCl, 4 (1,

e i

17. Find the formula of Schreibersite which contains iron 6016
nickel 2596, and phosphorus 1388 per cent.

18. What is the formula of a substance containing cobalt 2669,
Brsenic 25, oxygen 21-31, and water 24 per cent, ?

19. 07 gm. n! F.IuhaII: gave 2923 eem. of hydrogen measured
over water at 20° C, and 756 mm. What is the atomic weight of
the metal ? =

Co + 2HC1 = Co(l, + H,.
20. 1*4 @m. of impure cobalt, dissolved in acid and mixed with

'\J{]t:l.‘*‘-ﬁilllﬂ acetate and nitrite, gave a Precipitate weighing 9-2 gm,
Vhat percentage of cobalt was there in the impure metal ?

2CoCly +2HC,H,0, + 12KNO, + 0 =4K (1 +1 1,0 +2KC,H,0,+
Co,Ky(NO,),,. it
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CHATPTER XXXIYV.
Curomivm, Cr = b5H2.

1. Find the percentage composition of (a) chrome ironstone
(Cry04Fe0), (B) chromic oxide (Cr,0,),

2. 163 gm. of chromic oxide are heated with sugar-charcoal.
How much chromium is formed, and what volume of carbon mon-
oxide at 26° C. is evolved ?

Cr,04 + 3C = 3C0 + Cr..

3. How many grams of sodium in vapour must be passed over
147 gm. of chromic chloride and how much chromium is formed ?

CryClg + 6Na = 6NaCl + Cr,.

4. How much zine is required to reduce 400 gm. of chromic
chloride mixed with potassium and sodivmn chlorides, and how much
chromium is set free ?

Cr,Cly + 3 Zn = 3ZnCl, + Cr..

5. 100 gm. of mercurous chromate are heated. How muck
chromic oxide is formed and what volume of oxygen is given off ?

ﬂHgﬂ("‘rDi = ";.Hg 'l" {:-lrg{::‘i:i 'I' 50-

6. 1000 gm. of potassium dichromate are dissolved and reducec
by sulphur dioxide. On adding ammonia and heating the precipi
tate how much chromic oxide is formed ?

KECTED? + 3302 -+ ]IESD_‘ — ]{2504 + I-['.!O -+ [11'::3HD4.
1,380, + 6(NH, HO = 3H,0 + 3(NH,),S0, + (1,0,

7. A substance contains chromic oxide 5467, and water 453
per cent.  Find its formula,

8. Find the formula of a substance containing potassium 2707
chromium 12, earbon 16-62, and oxygen 4431 per cent.

9. How much chromie sulphide can be obtained from 100 gm. o
chromic oxide, and what volume of carbon dioxide at 210" ¢. 1
evolved ?

201,05 + 3C8, = 2Cr,S; + 3CO0,.

10. 10 gm. of lead chromate are heated with fluorspar and hy
drogen st lphate. What volume of chromium hexafluoride a
21° C. is obtained ?

PbCrO, + 3CaF, + 4H,80, = 4H,0 + PbSO, + 3CaS0O, + CrFy.
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11. How many times is the vapour of chromium hexafluoride
(Url;) heavier than air ?

12. What velume of chlorine at 17° C. and 800 mm. is required
to convert 407 gm. of chromic oxide into chromic chloride ?

Cry04 + 6Cl + 3C = 3C0 + Cr,Cl,,

13. 21 L of chlorine at 12° C, are passed over a heated mixture
of chromic oxide and charcoal. How much chromic chloride is

formed ¢
6C1 + I':'I'EDH + 3C = 3C0 + Cr,Cl.

14. What volume of hydrogen at 15° (. is required to reduce
100 gm. of chromic to chromous chloride ?

CryCls + Hy = 2HC] + 2CrCl,

15. According to Péligot 100 gm. of chromous chloride (CrCl,)
contain 57-5 gm. of chlorine. What is the atomie weight of
chromium !

16. According to Siewert 36°865 parts of chromic chloride give
100 pts. of silver chloride. Find the atomic welght of chrominm ?

CryCly + 6AgNO, = Cry6NOy + 6ACI.
17. How much chrome-alum is formed by mixing a solution of
1500 gm. of potassium dichromate with hydrogen sulphate and
alcohol and crystallizing ?

K,Cr,480,24H,0.

18. Caleulate the {mr!.:-_-ntngu composition of chromium (a) mon-
oxide Cr0O, (8) dioxide CrO,

CuroMivm TrioXipe, CrO, = 100,

19. How many tons of potassium dichromate can be made from
10 tons of chrome iron-stone ?

\2FeCr,0, +8K,C0, + (‘a0 470 = 3 KoCrO, + CaCrOy 4+ Fe,0, + 3¢ 10y,
1_'[!‘.{-:1'04 + KESDJ = EHSD.; -+ K-JCI'D.;.
1K,Cr0, + 2H,80, = 2K,804 + 2H,0 + 2K,Cr,0..

20. What I‘GI'L.HIIE of hydrogen sulphate (A 1'84) must be n:ixed
'With 100 ecm. of solution of potassium dichromate (cont. 100 i,
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water and 10 gm. salt) that the acid formed may have the composi:
tion (a) H.SOH,0, (B) 65 % of real acid, in which chromium tri.
oxide is nearly insoluble ?

]{ECFE{}T + ]ln._pSD,l — I{QED_I + ].IED -+ 2[.1'1'03-

91. How much ammonium dichromate can be made from 100(
gm. of potassium dichromate ?

K,Cr,0, + H,80, = K,S0, + H,0 + 2Cr0,,
2Cr0, + 2NHg + H,0 = (NH,),Cr,0;.

22, What volume of oxygen at 30° C. is given off on heating
70 e, of chromium trioxide ?

2Cr03 = Cr,04 + 30.

93. How much potassium dichromate must be heated witl
liydrogen sulphate to make 15 1. of oxygen at 15° C. ?

K,Cr,0, + 4H,80, = K,S0, + Cr,380, + 4H,0 + 30.

24. 10 gm. of chromium trioxide are heated with hydrogen ehle
ride. What volume of chlorine at 26° . and 800 mm. is evolved

2Cr0, + 12HCI = 6H,0 + CryClg + 3CL,.

25. Find the percentage composition of potassium chlorochromat
(KC1CrO,).

26, Find the formula of a substance containing potassium 19°8:
chromium 39°57, and oxygen 40°58 per cent.

97. 10 gm. of chromium trioxide when heated left 7°6 gm.
chromic oxide. What is the atomic weight of chromium ?

2010, = Cr,0, + 30.

98, According to Berlin 100 gm. of lead nitrate gave 97°570 gn
of lead chromate. Find the atomic weight of chromium.

PL2NO,; + K.CrO, = 2KNO; + PbCrO,.

99, How much available oxygen is there in 1 gm. of (a) chromiun
trioxide, (8) potassium dichromate ?

oCr0, + 3H,804 = Cr,380, + 3H,0 + 30.
K,Cr,0; + 4H,80, = Cr,380, + K,S0; + 4H,0 + 80.

30. 10 gm. of potassium dichromate are dissolved in a litre
water. 1 cem. of the solution (a) contains how much availal
oxygen, (B) oxidizes how much iron, () precipitates how mu
lead ?

K,Cr,0, + 4H,S0, = Cr,380, + K.SO, + 4H,0 + 30.
E.Cr.0; + !51“:*504+?IlﬁDd:fﬁ‘r._,SSDJ,+]{?EO4+3FE,.1!H0;.+?H._,{
H;{:l;o: + HI’I}ENGH 4+ EIEOZE.]{KDH_ + EII}:DS 4 EPIJL’I"_}_;.
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31. What volume of sulphur dioxide at 15° C. and 780 mm. is
required to reduce 47 gm. of potassium dichromate ?

K,Cr,0; + 380, + H,S0, = C,380, + K,SO, + H,O0.

32. 20 gm. of potassium dichromate are heated with hydrogen
oxalate and sulphate. What volume of carbon dioxide at 30° C. is
given ofl ?

K,Cr,0; +5H,S80, + 3C,H,0,=2HKS0, + (1,350, + TH,0 + 6CO

ﬂl

33. What volume of nitrogen at 13° C. and 780 mm. is evolved

on heating 126 gm. of ammonium dichromate, and how much
chromic oxide is left ?

(NH,),Cr,0, = Cr,04 + 4H,0 + N,.

34. What volume of nitrogen measured over water at 30° C. and
- 740 mm. is evolved on heating 70 gm. of ammonium dichromate ?

(NH,),Cr,0; = Cr,0, + 4H,0 + 2X.

35. What volume of nitrogen at 13° C. and 740 mm. is evolved
on boiling 100 gm. of potassium dichromate with equal quantities
- of ammonium and sodium nitrates !

KyCry0; +4NH NOy +4NaNO, =5H,0 + 2KNO,; +4NaNO, +
I’I ,il'.._.'l"goﬂ "I" *.l N.

36. What volume of chromyl dichloride (A 1°7) can be obtained

- by distilling 23 gm. of sodium chloride with potassium dichromate
aud hydrogen sulphate ?

4NaCl+ K,Cr,0; + 3H,80,= 2Na,80, + K,S0, + 3H,0 + 2Cr0,(Cl..
37. The vapour of 20 cem. of chromyl dichloride (A 1-7) is
passed through a red-hot tube. How much chromie oxide, and
what volumes of oxygen and of chlorine at 6° C. are formed ?
2Cr0,CL, = Cr,0, + 4C1 + O.

88, How many times is the vapour of chromyl dicnioride (Cr0,Cl,)
* heavier than air ? -
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CHAPTER XXXYV.
TiN, 850 =118

1. Tind the percentage composition of tinstone (Sn0,).

2, Tind the formula of tin pyrites, which contains copper 2953,
iron 13-07, tin 27+53, and sulphur 29-86 per cent.

3. How much charcoal is required to reduce 1000 kilo, of tin-
stone, and what volume of carbon monoxide at 157 C, is set free ?

$n0, + 2C = 8n + 2CO.

4, 100 gm. of tin were heated with hydrogen nitrate. The
stannic oxide after 1gnition weighed 127°1 gm. What is the
atomic weight of tin? |

Sn + 0, = 8n0,.

5. 10 gm. of tin were boiled with hydrogen chloride ; when 1121
of hydrogen had been given off the tin was found to weigh 4°1 gm.
What is the atomic weight of tin ?

Sn 4+ 2HCl = 8nCl, 4+ H..

6. What volume of air at 13% C. is required to convert 590 gm,
of tin into the dioxide ?

Sn + 0, = 8n0,.

7. 17 gm. of tin were dissolved in sodium hydrate. What
volume of hydrogen at 15° C. was evolved !

Sn + 2HNaO + H.O = Na,Sn0y + 2H,.

8. 200 gm. of tin are dissolved in hydrogen chloride. How much
sodium carbonate must be added, and how much stannous oxide can
be obtained ?

SnCl, + Na,C0; = 2NaCl + CO, + Sn0.

9. Find the percentage composition of stannous metastannate
(SnHSn0,5) ¢

10. Find the formula of a substance containing sodium 16°2, tin
41'56, oxygen 16°9, and water 25°34 per cent.

11. Find the formula of a substance containing hydrogen 0°84,
tin 7406, aud oxygen 25°1 per cent.
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12. How much “‘tin-salts,” and what volume of hiydrogen
measured over water at 13°C. and 780 mm. are formed on dissolving
236 gm. of tin in hydrogen chloride ?

Sn + 2HCI + 2H,0 = SnCL2H,0 + ;

= 13. 40 gm. of bromine are converted into hydrogen bromide,
which is passed over heated tin. What volume of hydrogen at
- 15° C. is set free ?

2HBr + Sn = SnBr, + H,.

14. What volume of gaseous hydrogen chloride at 60° C. is
required to convert 50 gm. of tin into stannous chloride ?

Sn + 2HCI = SnCl, + H,.

- 15. Find the formula of a substance containing nitrogen 7-63
. hydrogen 2°17, tin 82-16, and chlorine 5803 per cent,

- 16. What volume of chlorine at 26° C, is absorbed in con verting
1000 ¥m. of tin into the tetrachloride ?

Sn + 4C1 = SnCl,.

17. The vapour of stannic chloride is 9-199 times as heavy as air,
- and that of stannous chloride 1308 times as heavy. Find the
- double-densities of these vapours referred to hydrogen.

~  18. Find the formula of a substance containing tin 64:84 and
- sulphur 3516 per cent.

- 19. What volume of hydrogen sulphide at 26° C. is required to
-~ throw down the tin from a solution of 110 gm. of *“tin-galts ” ?

SnCL,2H,0 + H,S = Sus + 2HCI + 21,0,

!

, 20. 9 gm. of tin are dissolved in aqua regia. What volume of
- hydrogen sulphide at 15° C. and 770 mm, is required to precipitate
‘them ?

21, 4 gm. of tin are heated in 200 cem. of hydrogen sulphide at
$10° C. and 740 mm. How much does the tin increase in mass ?

Sn + H.8 = H, + SuS.

b 22, 10 cem. of a solution of stannous chloride mixed with excess
of ferric chloride required 47 cem. of a solution of potassium per-

nanganate containing 3 gm. of the salt per litre? How mucl tin
- Was there in 1 cem. of the solution ?

SnCl, + Fe,Cl; = SnCl; 4 2FeCl,.
K,Mn, Oy + 10FeCl, + &e,
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CHAPTER XXXVI.
LeADp, Pb = 207.

1. Find the percentage of lead in (a) galena PLS, (B8) cerussite
PbCO,, () anglesite PbSO,,

2. 1200 kilo. of galena when roasted are converted half into
oxide and half into sulphate. How much unaltered galena is re-
quired * How much lead and what volume of sulphur dioxide at
15° C. are formed ?

4PbS 4 140 = 2PbS0O, + 2PbO + 280..
2PbS0, + 2PbS = 4Pb + 480,.
ﬂPbD + PbS = 3Pb + S0.

3. 846 kilo. of cerussite are roasted to litharge. How much carbon
isrequired to reduceit? How much lead and what volume of carbon
monoxide at 13° €, is formed ?

PbCOg4 = PbO + CO,. PbO 4+ C=Tb + CO.

4. How much litharge can be obtained from 40°5 kilo. of lead, and
what volume of oxygen is absorbed in the process ?

Pb 4+ O = PbO.

5. What volume of air is required to convert 37°1 kilo. of lead
into litharge ?
Pb + O = PbO.

6. Berzelius found that 100 gm. of litharge (PbO) contain 7-1724
gm. of oxygen. Fi nd the atomic weight u[ lead.

7. What volume of hydrogen at 39° C. is required to reduce
74 gm. of litharge?

PbO + H, = H,0 + Pb.
8. How much silica must be fused with 1000 gm. of litharge to

form lead silicate ?
PbO + S8i0, = PbSiO,,

9. What volume of oxygen at 13° C. is absorbed in forming
1000 gm. of red-lead?

10. How much red-lead must be heated to give 472 cem. of
oxygen at 21° C, and 780 mm. ?

IJJI:.ID_‘ == EE‘IID ) Dt
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11. According o Dumas 100 gm. of red-lead when heated give
2+4 gm. of oxygen. Find the formula of red-lead.

{Phﬂju( PhD.ﬁ}m B {PIJGJ mn + Dm-

12. How much lead dioxide ean be obtained from 20 gm. of lead

nitrate ? ¢
Pb2NO; + CaOCl, + gl = 2HCl + Ca2NO, + PbO,.

13. Find the formulaof Cassel yellow, which contains lead 90-05,
chlorine 3-86, and oxygen 6:09 per cent.

14. Lead iodide is soluble in 190 times its mass of hot water.
How much potassium iodide and lead nitrate must be dissolved in
250 cem. of water that the precipitate may redissolve on boiling ?

Pb2NO, 4 2KI = 2KNO, + Pbl,.

15. 5 gm. of lead chloride gave 516 gm. of silver chloride. What
is the atomic weight of lead ?

PLCl, + 2AgNO; = Pb2NO, + 2A4gCL

16. 100 gm. of lead nitrate are heated. "What volume of nitrogen
tetroxide at 150 C. and 730 mm. is evolved !

PL2NO, = PbO + O + 2NO,.

17. According to Stas, 100 gm. of lead form 1599703 gm. of lead
nitrate. What is the atomic weight of lead ?

Pb + 2HNO, = H, + Ph2NO,.

18. Find the formula of a substance containing carbon 7°96,
hydrogen 0°99, oxygen 10°61, lead 68°66, and chlorine 11°79
per cent.

19. Find the percentage composition of lead chromate, PhCrO,.

20. A substance contains lead monoxide 76:69, and chromium
trioxide 2331 per cent.  Find its formula.

21. Water from a leaden cistern 3 m. by 2 m, by 1 m, gave on
evaporation with hydrogen sulphate 113 gm. of lead sulphate
PbsSO,.  Find the percentage of lead in the water,

22, 487 gm. of lead sulphate are boiled with sodium carbonate.
How much lead carbonate is formed ?

Ij]HHO_I + N:LJ'OH — xﬂ.gsoi = l}lli_“j:jc

23. 47 gm. of litharge are dissolved in sodium hydrate. What
volume of hydrogen sulphide at 17° C., and 790 nun, is required to
preciputate them ¢

'O + H8 = H,O + PLS.
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24. What volume of carbon dioxide at 83° C. and 713 mm. is

evolved on heating 69 gm. of lead carbonate ?
PbCO, = PLO + CO.,.

25. Find the percentage of lead in erystallized lead acetate
P1(C,H,0,),3H,0. i |

26. How much litharge and what volume of pyroligneous acid
(A 1°052), containing 40 per cent. of real acid, is required to form a
kilogram of lead acetate 1

PLO + 2HC,H,0, + 2H,0 = Ph(C,H,0,),3H.0.

27. 1000 gm. of lead earbonate are dissolved in acetic acid. How
much 1!3:1{! acetate and what volume of carbon dioxide at 14° C. and
740 mm. is formed ?

PbCO;, + 2HC,H,0, + 2H,0 = Pb(C,H,0,),3H,0 + CO,.

28. What volume of carbon dioxide at 26° C. is evolved on dis-
solving 487 gm. of ** white-lead " in hydrogen nitrate ?

PhH,0,2PbC0, + 6HNO; = 4H,0 + 3Pb2NO, + 2C0,.

29. Carbon monoxide is led over 100 gm. of hot lead chloride.
What volume of carbonyl chloride at 15° C, is formed ¢

PLCl, + CO = Pb + COCl,.

30. 100 gm. of ** white-lead” boiled with dilute hydrogen nitrate
gave 6 L. of carbon dioxide at 15° C.  TFind the percentage of lead
carbonate, lead hydrate, and impurity in the sample,

PbH,0,2PbCO, + 6HNO, = 3PL2NO, + 4H,0 + 2C0,.

31. Find the formula of a substance containing lead 77°53, carbon
1798, and hydrogen 4°49 per cent.

32. What volume is oceupied by the vapour of 4 gm, of plumbie
ethide Pb(C,H;); measured at 300° C, and 740 mm. ¢

CHAPTER XXX V11
CoPPrER, Cu = 63'3.

1. What is the percentage composition of (a) mysorin CuCO,
(8) malachite CuCO4 H,CnQ,, () azurite H,Cu0,2CuCO,.

2. Find the formula of a substance containing copper 36°11,
silicon 15°97, oxygen 2738, and water 20°54 per cent.
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3. 100 gm. of cupric sulphate are warmed with potassium
hydrate and grape-sugar. How much cuprous oxide precipitates ?

2(uS0,5H,0 + 4HKO = 2K,80, + 12H,0 + O + Cu,0.

4. 70 gm. of cuprous chlovide in hydrogen chloride are poured
into sodium hydrate.  How much cuprous hydrate precipitates ?

4CuyCly + 8HNaO = 8Na(l + 8H,0 + 4Cu,0.H 40,

5. How much cupric oxide is formed on heating 1467 gm. of
copper in air, and what volume of air is required ?

Cu + 0 = CuO.

6. 13305 gm. of copper when heated in oxygen gave 16675 gm.
of eupric oxide. What is the atomic weight of copper ?

Cu + 0 = Cu0.

7. 10 L of hydrogen at 30 . are passed over hot cupric oxide,
How much copper is set free, and what volume of steam at 300° C.
is formed ?

CuO + H, = Cu + H,0,

8. A spiral of ﬂﬂ|lilll."t' wire is heated by electricity in a litre of air
at 15" C. How much copper oxide is formed ?

Cu 4+ 0 = Cu0.

9. 100 gm. of copper turnings are warmed with potassium chlorate
and hydrogen chloride.  When three-fourths of the copper is
dissolved the solution is poured into water. How much cuprous
chloride precipitates ?

Cuy + Cl, = Cu,(Cl,.
10. 40 gm. of cupric chloride are dissolved in ammonia and

digested on metallie copper. How much copper dissolves and how
much cuprous chloride is formed ?

CuCly.2H,0 + Cu = Cu,Cl, + 2H,0.

11. The vapour of cuprous chloride is 6-93 times as heavy as air.
Find its double density referred to hydrogen.

12. What volume of chlorine at 13° C. and 740 mm. is absorbed
in converting 100 gm. of copper into cupric chloride ?
Cu + Cl, = CuCl,.

13. Find the formula of a body coutaining cupric oxide 53°6,
cupric chloride 30°2, and water 162 per cent,
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14. Find the formula of a substance contaiming copper 5612,
mllplllll':f‘[lﬁ, oxygen 24-82, and water 11-97 per cent,
15. What volume of hydrogen sulphide at 30° (!, and 800 mm.

is required to throw down the copper from a solution of 100 gm, of
blue vitriol ?

CuS0.5H,0 + H,S = 5H,0 + H,S0, + Cus.

16. 1000 gm. of copper are dissolved in hydrogen sulphate. How
much blue vitriol and what volume of sulphur dioxide at 18° C. is
formed ?

Cu + 2H,S0, + 3H,0 = CuS0,5H,0 + SO,

17. What volume of hydrogen sulphate (A 1:84) and mass of
copper are required to give 30 1. of sulphur dioxide ?

Cu + 2H,80, = CuSO, + 2H,0 + SO..

18. A cwrrent of clectricity is passed through acidulated water
and copper sulphate. While 246 cem. of hydrogen measured over
water at 15° C. and 750 mm. are evolved, how much copper
precipitates ?

-0

H,0 = H, + 0.
= Cu + H.80; + 0,

(S0, + H,0
19. 0°5965 gm. of copper sulphate gave 0°2983 gm. of Cuprous
sulphocyanide.  What is the percentage of copper in the sulphate ?

2CuS0,5H,0 + 2KONS = 2HKSO, + 9H,0 + 0 + CuyC,N.S,.

20, Find the percentage of water in each of the cupric sulphates :
—(a) CuS04 H,0, (8) CuS0,.2H,0, () CuSO. 51,0, (8) CuS0,6H.,0,
(e) CuSO,7H,0.

21. What volume of nitric oxide at 149° C, and 980 mm. is
obtained on dissolving 49 gm. of copper in hydrogen nitrate ?

22. How much cupric oxide is formed on heating 1748 gm. of
cuprie nitrate ?

Cu2N0,6H,0 = 6H,0 + 2NO, + O + CuO.

23. Find the formula of a substance containing copper 57°5,
carbon 54, hydrogen 0°9, and oxygen 36°2 per cent. . ]

24. What volume of carbon dioxide at 17° C. and 720 mm. is
given off on dissolving 137 gm. of azurite in hydrogen nitrate ?

CuH,0,2CuCO4 + 6HNO; = 3Cu2NO; + 4H,0 + 2C0,,
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- 25. What volume of hydrogen at 100° (', and 746 mm. is given
‘off on dissolving 3 gm. of cuprous hydride in hydrogen chloride ?

Cu.H, + 2HCI = Cu,Cl, + 2H,.

26. 2 gm. of cuprous hydride, when dissolved in hydrogen
chloride, gave 723 cem. of hydrogen at 12°C.  What is the atomic
weight of copper ?

Cu,H, + 2HCI = Cu,Cl, + 2H,,

CHAPTER XXXVIIL
Mercvry, Hg = 200,

1. 8000 gm. of cinnabar are roasted. How much mercury and
‘what volume of sulphur dioxide at 13° C. is formed ?

HgS + 0, = Hg + S0..

2. Mercury vapouris 6076 times as heavy as air.  Find its double
density referred to hydrogen.

. 3. On heating 27 gm. of mercuric oxide, 195 cem. of oxygen at
87° C. and 620 mm, were collected.  What is the atomic weight of
‘mereury ?

4. A kilo. of mercury at 100° !, was mixed with a kilo. of water
at 10° C.  The temperature of the mixture was found to be 13° (.,
What is the specific heat of mercury ?

5. 2 gm. of sodium amalgam, when placed in water, gave
623°6 cem. of hydrogen at 3° C. and 480 mm.  What percentage of
sodium was there in the amalgam ?

Na + H,0 = HNaO + H.
6. Find the formulaof cadmium amalgam which contains mer-

cury 7826 and cadminm 21°74 per cent.

7. 10 cem. of mereury (A 13°56) are thrown into a vaecuous iromn
bottle, of 21 capacity, kept at 427° C. What is the internal
pressure in atmospheres !

8. Find the formula of a substance containing mercury 7752,
carbon 1876, and hydrogen 388 per cent.

9. 70 gm. of mercuric oxide are heated. What volume of oxygen
at 217 C, and 740 mm. is given off ?

HgO = Hg + O,
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10. Excess of mercury is heated in 101, of air at 14°C. How
much mercuric oxide is formed ?

Hg + O = Hgo.

11. What volume of mercury (A 13'5) and mass of merenric
chloride must be sublimed together to form 3 kilo. of mercurons
chloride ?

12. The vapour of mercurous chloride is 821 times as heavy as
air.  What is its apparent molecular weight ?

13. 500 gm. of mercury are heated with execess of hydrogen
sulphate.  How much sodium chloride must be mixed with the
mercuric sulphate, and how much mereuric chloride is formed ?

HgSO, + 2NaCl = Na,SO, + HgCL,.

14, Find the formula of a substance containing mercury 50°5,
chlorine 35°86, nitrogen 7°07, hydrogen 2:02, and water 455
per cent.

15. How many grams do 500 cem. of the vapour of mercurie
chloride (HgCl,) at 350° C. weigh ?

16. What volume of hydrogen sulphide at 12° C. and 780 mm,
is required to throw down the mercury from 126 gm. of mercurie
eyanide ?

HgC,N, + H,S = HgS + 2HCN,

17. 100 cem. of mercury (A 13-56) are warmed with hydrogen
nitrate. 'What volume of nitric oxide at 26° C, is evolved ?

3Hg + S8HNO; = 3Hg2NO, + 4H,0 + 2N0.
18, Find the percentage composition of mercuric hydronitrate
(HgHNO,).
19. What is the percentage composition of turpeth mineral
(HgS0,2Hg0) ?
20. 40 gm. of mercury are evaporated with 50 gm, of hydrogen

sulphate. How much mercurie sulphate and what volume of sulphur
dioxide at 39° C. are formed ?

Hg + 2H,80, = HgSO, + 2H,0 + 80..
21. According to Erdmann and Marchand 177-1664 am. of

mercuric sulphide when heated with copper give 152:745 gm. of
mercury. What is the atomic weight of mercury ?

HgS + Cu = CuS + Hg.

22. How much potassium iodide must be poured into a solution
of 379 gm. of mercuric chloride, and how much mercurie iodide is
formed ¢

HgCl, + 2KI = 2KCl + Hgl,.
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CHAPTER XXxXI1X
SILVER, Ag = 108.

1. Calenlate the percentage composition of (a) horn-silver Ag(l,
(B) silver glance Ag.S.

2. Find the symbol of Proustite which contains silver 65°45,
sulphur 19°39, and arsenic 1516 per cent,

3. How much (a) iron, (8) mercury is required to reduce 48 1b.
of silver chloride ?

2ApCl + Fe = FeCl, + 2Ag.
2AgCl + 2Hg = Hg,Cl; + 2Ag,

4. How many litres of air (containing 20 per cent. by volume of
available oxygen) are required to cupel a ton of lead containing
320 oz. troy of silver ?

Pb + O = PhO,

5. Melted silver dissolves 22 times its volume of oxygen at 0° C.
What volume of oxygen at 13° C. would be given off by a kilogram
of silver (A 10°5) on cooling ?

6. A kilogram of silver (A 10°512) was found when cold to
occlude 174 cem. of oxygen. Find the percentage of oxygen by
mass and by volume,

7. 105°3 cem. of hydrogen precipitate 1-01 gm, of silver from a
solution of silver acetate.  What is the atomic weight of silver ?

Ag(:ﬂHﬂﬂﬂ + H = II(_wﬁ]{EDE ‘+ Ag.

8. A shilling weighs 87-27 grains, of which 80'727 are silver,
How many shillings can be made from a ton of silver, and how
many tons do they weigh?

9. According to Levol an alloy of 719 silver, and 28°1 copper
per cent. does not separate on cooling. Find the formula of it,

10. When mercury was placed in a solution of silver a erystalline
amalgam containing 26-45 per cent. of silver separated. Find a
formula for the amalgam,

11. What volume of oxygen at 30° (. can be obtained on heating
10 gm. of silver oxide ?

J‘qul{) = ﬂgﬂ + 0-

12. 10 gm. of silver oxide are exposed to sunshine. What volume
of oxygen measured over water at 15° C, and 740 mm. is evolved if

K
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(a) silver, (B) silver suboxide is formed ! The water stands at
217 mm. in the tube.

2Ag,0 = 2Ag, + O,.

Q2Ag,0 = Ag,0 + O,

13. What volume of oxygen at 39° (. is evolved on throwing
4 gm. of silver oxide into hydrogen dioxide ?

""’!"gﬁ{} + HEDE = !ng + Hgﬂ + 0-‘;1

14. What volume of oxygen at 21° C. and 740 mm. is evolved
when one gram of silver dioxide is (a) heated, (8) thrown into
hydrogen dioxide ?

.r.LEEDE - J’.'I.gg + Gﬂ-
Ag,0, + 2H,0, = Ag, + 2H,0 + 20,.

15. Find the percentage composition of silver oxyfluoride
(Ag,HFO).

16. According to Stas 53-1958 gm. of silver form 92:6042 gm.
of silver bromide (AgBr). What is the atomic weight of silver?

17. A gram of silver chloride (AgCl) when reduced by hydrogen
left 0°7526 gm. of silver. Find the atomic weight of silver.

18. How much sodium carbonate is required to reduce 500 gm.
of silver chloride ?

2AgCl + Na,CO4 = 2NaCl + COq + O + Ag,.

19. How much sodium chloride must be dissolved in a litre of
water that 1 cem. of the solution may precipitate 0-01 gm. of silver ?

AgNO,; + NaCl = AgCl + NaNO,,

90. 100 gm. of silver chloride absorb 17 gm. of ammonia. Find
a formula lfzur the compound, and caleulate from the formula how
much chloride is united with 17 gm. of ammonia.

21. How much silver sulphide is formed on heating 672 gm. of
silver in the vapour of sulphur?

Ag, + 8 = Ag,S.

99, What volume of hydrogen sulphide at 27° C. and 570 mm.
is reqluired to precipitate the silver from 100 gm. of silver meta-

phosphate !
2AgPO; + H,S = Ag,S + 2HPO,,

23. 487 gm. of silver are heated with hydrogen sulphate. How
much silver sulphate and what velume of sulphur dioxide at
26° C. and 780 mm. are formed ?

2Ag + 2H,80, = Ag,S0, + 2H,0 + S0,
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24. 480 gm. of silver are dissolved in hydrogen nitrate. How
much silver nitrate and what volume of nitrie oxide at 17° C. are

formed ?
6Ag + 8HNOy = 6AgNOy + 4H,0 + 2NO.

CHAFPTER XI.
GorLp, Au = 1966,

1. A sovereign weighs 123274 grains, of which 113001 are gold,
How many sovereigns can be made from a ton of gold, and how
many tons do they weigh ?

2. Find a formula for mint-gold, which consists of 11 pts. of gold
to 1 part of copper. And find the percentage of gold in a body
having that formula.

3. How much ferrous sulphate is required to precipitate 100 gm.
of gold ?

6FeSO,TH,0 + 2AuCl, = 4Fe,380, + 42H,0 + Fe,Cl, + Au,

4. According to Levol 1000 pts. of gold when converted into the
chloride and exposed to the action of sulphur dioxide form hydrogen
sulphate sufficient to give 1782 pts, of barium sulphate. Find the
atomic weight of gold.

2AuCly + 380, + 6H,0 = 2Au + GHCI + 3H,S0,.
SH,804 + 3BaCl, = 6HCI + 3BaS0,.

5. How much magnesia is required to throw down 10 gm. of
auric oxide ?
6. What volume of oxygen is given off on heating 4412 gm, o

auric oxide ?
Au,0, = 2Au + 30,

7. What volume of oxygen at 12° (. is evolved on throwing
0°2 gm. of auric oxide into Txydmgen dioxide ?

Au,03 + 3H,0, = Au, + 3H,O + 30,.

8. Prat has deseribed an oxide of gold containing 7°7 per cent. of
oxygen. Find its formula.
9. Find the formula of a substance containing gold 77°22, oxygen
942, nitrogen 11, and hydrogen 235 per cent..
K 2
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10. Purple of Cassius, prepared by Pelletier's method, is found
to contain stannic oxide 32:746, stannous oxide 14'G18, aurous
oxide 44-772, and water 7°864 per cent. Find a formula for it.

11. How much aurous bromide can be made from 2 gm. of aurous
oxide ?

Au,0 + 2HBr = H,0 + 2Aubr,

12, How much auric chloride can be made from 20 gm. of gold ?
Au + 3Cl = AuCl,.

13. Find the percentage composition of ammonium chloraurate
(NHAuClH,0).

14, How much iron can be converted from a ferrous to a ferric
salt by 10 gm, of auric chloride ?

EFEC]E =+ 2..&.]1[113 = SFEECIE + EJL*L“-

15. 50 gm. of auric chloride are heated to 170° C. How much
aurous chloride and what volume of chlorine at 21° C. are formed ?

AuCly = AuCl + Cl,

16. A solution of 10 gmn. of aurie chloride is mixed with hydrogen
oxalate. How much gold precipitates, and what volume of carbon
dioxide at 13° C. is given off !

9AuCl, + 3C,H,0, = 2Au + 6HCI + 6CO,

PraTinumM, Pt = 195.

17. How much spongy platinum is left on heating 100 gm. of
ammonium chloroplatinate (NH,),PtCl; ? ey

18. How much platinum black is obtained on boiling 40 gm. of
piatinic chloride with grape-sugar and sodium carbonate?

PtCl, + 2Na,CO, = 4NaCl + 2C0, + O, + Pt.

19. 100 gm. of platinum black unite directly with 735 gm. of
arsenie. Find a formula for the alloy, and calculate how much
arsenie is required by the formula. . : _

20. How much platinum tetrachloride is obtained on dissolving
500 gm. of platinum in aqua regia ?

Pt + 4C1 = PtCl,

91. What volume of chlorine at 26° C. is evolved on heating
5615 gm, of platinic chloride ?

PtCl, = Pt + Cl,
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22. 48 gm. of platinum tetrachloride are heated to 200° C. How
much platinum dichloride and what volume of chlorine at 14° C.

are formed ?
PtCl, = PtCl; + Cl.

23. How much platinous hydrate is formed on digesting 200 g,
of platinous chloride with potassium hydrate ?

PtCly + 2HKO = 2KCl + PtH,0,.

24. How much platinous chloride must be heated to give a litre

of chlorine at 35° (' ?
PtCly = Pt + CL,.

25. Find the percentage composition of potassium chloroplatinate
(K PtClg).

26. According to Berzelius 10 gm. of platinum form 24-735 gm,
of potassium chloroplatinate, Find the atomic weight of platinum,

PtCl; + 2KCl = K,PtCl,.

27. Seubert, by heating platinum tetrachloride in hydrogen and
precipitating the hydrogen chloride with silver nitrate, found
5:9242 gm. of platinum were left when 174139 gm, of silver
chloride were formed, What is the atomie weight of platinum ?

PtCly + 4H = Pt + 4HCI.
4HCI + 4AgNOy = 4HNO, + 4AgCL
28. Find the percentage composition of the green salt of Magnus
(N,HyPtClL,).
29. Find the formula of a substance containing nitrogen 13°83,
hydrogen 2-96, platinum 48-13, and chlorine 3507 per cent,
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ANSWERS.

CHAPTER 1.
An approximate answer is signified by ¢

ExcrLisn AND METRIc MEASURES.

1. 78°54 sem. 2. 30001,

3. 35343 cubie feet. 4. 2°68 lbs. troy ?

5. 344°42 m. 6. 148,055,600 kilom. ¥
7. 299,330 kilom. ? 8. 1,170,560 cub. ft.

9. 117811 10. 1-855 m.

11. 92,000,000 miles ? 12. 96,051,852 cub. feet.

YoLuME Mass AND DENSITY.

13. A 7T8. 14, A 0°8504.

15. & 0°579. 16. 1428°57 gm.

17. 5250 kilo. 18. 9746569 em. ?

19, 227766 kilo. 20. 11

21. & 12, 22. 1400 kilo.

93. 3848 gm. 24. 159'44 tons.

25, 52,364,199 tonnes. 26. A 74,

27. A 1'843, 28. 547723 gm.

29. A 2'63. 30. Turpentine A 0-909,
Copper sulphate A 2295,

31. 2'764. 32, 2-604.

33. 2'689. 34. 2°163.

35. 1-163.
CHATPTER II

Morecvranr WEIGHTS.

I (i) 28 2. (i) 5714 %. 3. (i) 40.
(ii.) 40°4. (ii.) 396 %. (ii.)  40.
(iii.) 56. (iii.) 2857 %. (iii.) 160.
(iv.) 60°4. (iv.) 53 %. (iv.) 100.

(v.) 102 (v.) 47°06 Z. (v.) 128.
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4. (i.) 320.
(ii.) 463.
(iid.) 233.
(iv.) 331.
(v.) 212.
7. (i.) 92
(ii.) 136.
(iii.) 93.
(iv.) 284.
{v ) 342,
10. (i.) Mercury 92 59
Oxygen 741

(iil,) Manganese 632

Oxygen
. Copper 25°39 %.

Sulphur 12-84 j’/
Oxygen 25 ﬁ?’
Water 36°1 9

L (i.)  45°C.
(i.) B85°C.
(1.} 95°C
(iv.) 75°C.
(v.) 656" C.

4. (i.) TR
(ii.) 43'1°R.
(iii.) 604" R.
(iv.) 79°1° R.
(v.) =-27-56° R,

7. (i.) 1189-4° F.
(ii.) 1828° F.
(iii.) 1580° F,

(iv.) 17834° F,
{v.) 1889° P,

ANSWERS.

(i.) 2874
(ii.) 249°3.
(iii.) 822,
(iv.) 280.
(v.) 228.
8. (i.) 122°5.
(ii.) 382.
(iii.) 855°6.
(iv.) 197.
(v.) 204,

= |
®

8. (i.) 46.
(ii.) 74.
(iii.) 60,
(iv.) 126.
(v.) 150.

0, (i.) 422,
(ii.) 182°+4
(iii. ) 248.
(iv.) 209.
(v.) 596.

r (ii.) Potassium 3183 {
¥ Chlorine 2898 .
Oxygen 39°18 ,f’ .
:,:;;.
p
12. Carbon  49°5 %.
Hydrogen 5°16 7.
Nitrogen 2886 %.
Oxygen 1649 %.
CHAPTER I1I1.

TEMPERATURES.

2. (1.) 72° R. 3. (1) 158° F.
(ii. ) 12° R. (ii.) 168° F.
(iii.)  16°R. (ili.)  126° F.
(iv.)  44°R. (iv.) 17°F,
(v.) 24°R. (v.) - 25°F.

5. (1) 140°9° F. 6. (i.) 87+2° C,
(ii.)  104° F, (ii.) 222" C,
(iii.) 158° . (iii.) 46-58° C.
(iv.)  23°F. (iv.) - 17-8°C.
(v.) — 33-97°F. (v.) - 34-4°C.

8. (i.) 856:7° C. 9. (i.) 279°,
(ii.) 37-78° C, (ii.)  8563°
(iii.) 239+4°C, (ili.) 233°
(iv.) 1914-4°C.  (iv.) 259°
(v.) 1818°1°C. (v.) 173°
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10. (i.)

13.

14.

15.
17.
19.

T g ke

11L.

15,
17
19,
21.

23.
25.
27.
29,
31.
34,
35.
3.
39.
41.

204-1°,
(ii.) 253°
(iii.) 313°.
(1v.) 1366-3°
(v.) 284-67".

- 459°4° T,

- 40°C. or F.

0-703 kilo.
H+6096 m.
29724 inches,

ANSWERS. [cnar. 1v.
11. {i.) 27°C. 216°R. B06°F.
(ii.) 127°C. 101'6°R. 260°6°F.
(L) 227°0, 181°6° R. 440°6° F.

12. 4°F. = 56°C.= 4R
~ 82°F. = -3855°C, = -928'i°R,
327° R.=408'76°C. = 767-75° I,

- 2‘: B.==-26"(C. = 2r50PL
78°C.= 62'4°R. = 172'4°F.

- 172° C.=-1376"R.= -277'6" F.

Pressunes.

16. 8136 cm.

18. 7874 mm.

20. («) 8337 ft.
(B) 14°46 1bs,

CHAPTER 1IV.

The VoLuME or A Mass oF GAs.

114285 cem.
82659 cem.
4{]3‘94‘11&-.1:1. ¢
118181 cem,
10003 1.
7016 cem.
5247 cem.
1500 ecm.
147°49 cem.
300 ecm.
1000 ecin.
1333°3 ccm.
1096-509 cem.
34914 cem.
265°8° (.
3668° C.

1000 ccm.
80496 cem.
1895604 ecm.
295 inches.
18626 ccm.

13888 cem.
82644 cem.
39752 1.
258°14 cem.
109756 ccm.

. 18363 1.
. 140°25° C.
. 300 ccm.
. 760 cen.
. 1111 ccm.,

651°058 cem, 1

. 21302 1.

. 105627 cem.
. 95419 cem.
. 90028 mm.
. 1230°47 ccm.

34. 20905 1. ?

. 5992 cem.,
« 10 cem.

. 976°95 cem.
. 534 grains !



OHAPS. V., VI ] ANSWERS. 137

CHAPTER V.
OxvaEx.
Answers followed by | are obtained by using 2232 litres as tivo

volumes, and *00367 as the cocfficient of eapansion of a gas.
Y afler an answer means nearly,

1. Mercury 9-259 gm. 2, 64 gm.
Oxygen 0°74 gm,
3. 19°59 gm. 4. (a) 1350 gm.
(B) 2552 gm,
(y) 8156 gm.
5. 14 1, 6. (a) 1'7]6{-:
(B) 2574 1.
7. 2743 1. 8. 65185 1.
9. 286 gm. ? 10. 027 gm,
11. 4083 gm. 12. 116°518 gm
13. 255-2 gm, 14, 1493 1.
15. 490 gm. chlorate, 16. 33°66 1.
192 gm. oxygen.
17. 9-876 kilo. 18. 4718 kilo.
19. 829 1. 20, 14 1. normal.
21. 17°78 gm. oxygen. 16°146 1.
145018 gm. dioxide. 22. 120565 1.
23. 59077 1. 24, 7764 gm.
2b. 22-87 gm, 26. 32'169 1. ?
27. 92'7 cem. - G b
29. 253'9 cem., 30, 26988 cem.
31, O = 159591 32. 1501 cem.
- 33, 0°716 gm. ! 34. 1222 1. !
35, (a) 138 1. |
(B) 12+25 1.

CHAPTER VI.

HyYbpRrRoGEN.
1. 1428 cem. — 397°3° F. 2, 3425 1.
3. (a) 22 kilo. zine.
(B) 3-281 kilo. acid. 4, 1469 1.1
b, 4017 gm. B. 5714 kilo.
7. 4939 gm. 8. 1321 1.
9. 0-10174 gm, 10. 2°8567 gm.
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11. 42196 1. 12. 333°18 ccm.

13. 13941, ¢ 14. 2-546 1.

156. 4228 kilo. zine. 16. 7007 gm.
6333 kilo. sulphate.

17. 005593 1b. hydrogen. 18. 2028 lbs. hydrogen.
‘080728 1b. air. 42,269 1bs. air.

19. 7514 1bs. ! 20. 199°8 ccm.

21. 2301 gm. | 22. 13'52 kilo. !

23. (a) 29'8 ccm. | 24. 006955 gm. !
(B) 191'3 cem. !
() 1526 ccm. | 25. 26-95 1. 1

CHAPTER VII.

WATER.
1. 88'8646 9, oxygen. 2. 12'4 1. hydrogen.
11-1345 % hydrogen. 6'2 1* oxygen.
3. 2612 . 4, (a) 97466 ccm. ¢
(B) 1087 cem. ¢
5. 3:964 x 101° kilo. 6. 34'9 cub. ft.?
7. 3043 1. 8. 1087 cem, ?
9. 287,944 cub, m. 10. 12-1 kile.
11. 66 ccm. 12. 54°67 1. ¢
13. (i.) 62-937 gm. 14. 8.
(11.) 576 gm. 16. 12°5.
(1ii.) 45792 gm. 16. 88-897 ¥ oxygen.
(iv.) 1452 gm, 11 'IDE% hydrogen.
17. 136°2 1. 18. 67132 1.
19. 648 cem. ? 20, nil.
21. 0°494 gm. 22. 237812 gm at 27°15° C,
23. 10'73 gm. 24, 2612 times.
25. 0296, 26. 3381 cub. feet.
27. 202*3 cem. ? 28. 4793 times?
29. 4-17 ¥ dioxide. 30. 25845 grains |
95-83 . water.
31, 344021, ! 32. 144 7!

33. 62-4156 1b.
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CHAPTER VIIIL.

NITROGEN,
1. 125 gm. 2. 209°048 cem,
s 251 4, 40496 1.
h. W = 8%1. 6. 2333 cem.
002916 gm.
7. 0°3279 gm.? 8. 112 1. dioxide.
2+24 1. nitrogen.
HYDROGEN NITRATE.
9. 296-4 1bs. 10. 66 L.
11. 11429 gm. 12. 626°6 ccm. sulphate,
494°1 cem. nitrate.
13. 741-17 gm. 14. 242°57. gm.
15. 24368 gm. nitrate. 16. 4HNO411H,0.
. 12836 cem. sulphate.
17. 2HNO,;.3H,0. 18. 69156 cem.
19. 900 gn. 20, 34146 gm.
21. 3-57 kilo. ? 22. b5°52 oz
23. 1'223 gm. 24, 7°518 1,
25. 2462 gm. ? 26. 76°7 cem. nitrate,
13148 gm. pentoxide,
Tue OXIDEs oF NITROGEN.
27. 5 7 hydrogen. 28. 8721
35 % nitrogen.
. 60 ‘ﬁ OXYgen. .
20. 14285 gm. 30. (a) 196743 gm.
(B) 13393 gm.
| 81. 911 32. 5091
| 83. 2106 gm. 34. 9-706 1.
85. 42°38 gm, 36. 6°18 1. ¢
187, 23-938 . 28 177 L
139, 5-4481. 1 40. 10-4721.
41, 2+41 1. 42, 56 1.
43, 5547 1L 44, 11089 1. nitrogen.

16:633 1. dioxide.
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y o (a) (8)
46. 76-51 at 27° C. 46, Nitrogen 21-37 17-17
453 at 180° C. Oxygen  24-43 39-28
Chlorine 542  43'5b
47. 1-39 1. 48, 100°01 cem.
AMMONIA,
49. 680 gm. 50, 13-176 1.
51. 131-77 L. 02. 19107 gm.
53. 2864 1. hd. 97°08 1.
B56. 1°7 gm. 566. 1+76 kilo.
57. 6:137 1. 58, 14°5 cem. nitrogen,
825 cem. oxygen,
H9. 163 cem. ? 60. 2-82 gm.
GO6 com,
61. 14-84 %! 62. AgNO.?
63. Nitrogen 259 7. 64. 1035 1. !
Mercury 7394 7.
Iodine 2347 7.
65. 9-1756 gm. ! 66. 177°5 cem. !
(a) (B)
67. Nitrogen 875 97674, 68, NayN. sodium imide,
Hydrogen 12°5 2°326.
CHAPTER IX.
Tur ATMOSPHERE.
1. 2072 % oxygen by vol. 2, 30 gm.
23 9% oxygen by mass,
3. 15'8 ccm. nitrogen. 4. 2095 %, oxygen.
21'6 cem hydrogen.
5. 0-2325 gm. 6. 19-09 1. air.
4'44 gm. !
7. 21'46 gm. ? i 8. 93 L. nitrogen,
40 cem, ammonia.
9. 80°C. 1 10. 560 1.
11. 0'54 gm. more nitrogen, 12, 2588 gm.
13. 81 1b. 14. 7815 tons?
15. 60032 kilo. 16. 0-25684 gm.
17. 757°29 lbs. air. 18. 89-7 kilo.
176446 1bs. oxygen.
19. 54 kilom. radius. 20. 101°12 tons.
21. 1554 x 109 steres. 22. 1493 cem.
23. 20-566 7, oxygen. 24, 668°1 gm.



JHAP. X.] ANSWERS.
. 5478 g 26. 90°74 lit,
7. 2068 gm, 28. 1337 cem. !
19. 103,100 tons? 30. 197 tons?
1. Oxygen 19-37 7. 32. 186° C. 70°4 gm.
Nitrogen 79 9. 33. 591 mm. ?
. Carbon dioxide 1629 7. 2160 m. high ?
4. 5°75x 10" tonnes carbon. 35. 0-82 7.
16. 0°1783 gm.
CHAPTER X.
CARBoON.
1. 61 cem, ? 2 1L
P 21°7 cem,
8. Gr = 323. 4, 99-84 Ibs,
'5. 0°978 ton ? 6. 500°5 w.
CansoNy MoXoXIDE.
B. 336 1. 8. 4°756 1. dioxide,
2-547 gm. earbon.
19. 12665 gmn. 10. 5241 gm.
i, 1-317 1. 12. («) 80 1.
: (8) 509 1.
18. 11-513 gm. 14. 20 cem. oxygen.
15. 20 cem. monoxide, 16, COS,
30 cem. oxygen.
CarBoN Dioxipe.
17. 13-061.? 18. 9-739 1.
19. 15631 ? 20. 31°2 1bs. dioxide.
. 15°4 1bs. water.
g, 23717 22. 21'1 gm.
23. 43°105 gm. 24. 81558 gm.
25. 2'506 oz. carbonate. 26. 8888°§ 1.
L 4477 oz. tartrate,
27. 0°535 gm. 28. —83'7° C.
_hg- 1301 L 30. Potassium 60 %,

Carbon  18°46 %.
Nitrogen 21-54 %.
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31.

33.
3.

37.
39.
41,

44.
45.
47.

49.
ol.
53,
bb.
57.
o9,
61.
63.

65.
67,
69.
i P
13.
75.

~ o o

ANSWERS. [cHAP, X1

MarsH Gas., Ernese, ACUETYLENE.

48°75 gm. 32, (a) 116 gm,
(8) 125 gm,
5996 gm, 34. 3°4125 gm,
45°05 ? 86. 50 cem. dioxide,
25 cem. oxygen,
100 cem. 38. 281°3 com. ?
20 1.! 40. 379°95 gm,
3768 1. ! 42, 1°536 cm.
1°633 ccm. 0°01302 g, !
Varour DEeNsITIES,
1134 gm. ! 44. 2251
42-9 ! 46. 21°58!
1109 ! 48. 10241
'PERCENTAGE COMPOSITION AND FoRMULA.
CH,0. 90. C,04H,0 hyd. oxalate.
CgH,,04 mannite, 92. C;H,N.
CoH ¢SOy ethyl hyd. sulph, o4, C.H,,0, methyl citraconate,
Ci3HooN,O, gelatin, 56, CgH, N0, theine,
C;HN;O; hyd. urate. 58. C.H;0, hyd. benzoate.
CsH;a 60. C,H,0.
C,Hy0, hyd. henzoate, 62. CyyH, N,
Carbon  39-08 %. 64, Carbon 3403 %,
Hydrogen 2-18 %, Hydrogen 6-19 .
Nitrogen 15+23 %, lodine 5987 %.
Oxygen 4351 %, lodohexane CgH,sl
47 1 66. 13017
1741? 68. 4620 ?
153 1 40, 122%
252 1 72. 129?
126 1 74. 1231
63 ? 76. 604?
CHAPTER XI.
CHLORINE.
56 1. 2. 122'53 gm.
39783 L 4. 146°25 gm.
136°81 gm. 6. 39:938 ccm.
. 315°5 ccm. ¢ 8. 2726 cem. hydrogen,
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HyproGeEN CHLORIDE.

9, 17921 10. 1603 gm. !
111. 0°391 gm. 12. 756°72 1b.
113. 324 kilo. salt. 14, 47°87 1. ?
F15. 5°761 7 real acid. 16. 99-31 kilo.
117. 780°5 cem, ? 18. (a) 174 gm. pp.

(8) 1013 gm. left.
Tar OxveeEN CoMPOUNDS OF CHLORINE.
119. 8°69 1. chlorine, 20, 201°57 L
4148 1. monoxide. (a) (3} ()

j21. 74311, 22, Calcium 2797 31°5 32-97

Oxygen 22-38 12'6 2637
Chlorine 49+65 55-9 39-01

Hydrogen
i23. 59°5 for Cl,0,. 24. 22-4 1. oxygen.
675 for Cl, D 1385 gm. perchlorate,
125. 1244 gm. ¥ 26. KCIlO,.
E27. 236 1. ! 28. 2596 1. |
+29. 628 cem. chlorine ! 30. 3784 1.
fol. 4:444 1.} 32. 102°3 cem, !
183. 1'841 1. 34. 934 % |
135. 5056 %! 36. 648 % ?
37. 3'088 gm. ! 38. 622 gm. !
189. 1512 L ! 40, 1635 gm, !
CHAPTER XII.
BroMINE.
1. 4939 tonnes ? 2. 14°875 om
3. 1512 cem. 4. 4706 /° bromine.
\ H2:04 / water.
0. 220 cem. 6. 1-8b5
7. 10-338 1. 8. 4 513 gm phosphorus,
11°9048 cem. bromine,
9. 2081 gm 10. 3°57 gm.
1. 0°4592 wm., 12, 8084 !
113. 7481 gm. 14, Br. = 80"136. §
116, 57°44 % silver., 16. (@) 644°6 gm. bromide.
42°55 7 bromine, (B) 1809 gm. hromate,
'l'i" 2°107 1,

18, 9°266 mm.
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e

11.

13.
15.

1 & £
19.

21.

©mme

11.
13.

ANSWERS,

CHAPTER XIII.

520°76 kilo.
83 gm.
02592 gm.

. 994 times.

19 84 gm. iodine,
175 L. sulphide.
384 gm. iodine ?
19 gm. phosphorus ?
20 gm. 1odide ?

a
Hydrogen
Todine 7605
Oxygen 2395

(a) and (8) 004464 gm.
52-47 1.

2:303 1. ?
4062 gm. phosphorus !
499°1 gm. 1odine !

Carbon  3°046 7.
Hydrogen 0°254 ..
Todine 96°7 7.

IopINE.
2. 43°67 gm.
4, 17°62 gm. }
6. 251°6.
8. 6/2 cem.
10, 1°86 1.
B ¥ 3
057 0°52
694 72'2 66-14
30°6 2723 3334
14. 877:09 gm.
16. 721°5 gm. iodine,
580 ,f__,m chlorate.
18. 1-069 1.
20. Hd- 4 gm. !
929, Todine 2°378 gm.

Bromine 2:978 gm.
Chlorine 1032 gm,

CHAPTER XIV.

a
Calcium 5128 9.
Fluorine 48°72 7.

0-5835 gm.

1373 L.

0-281 gm.

604 em. silica,

288°8 gm. fluosilicate.
1563 gm. !

19°6 !

FLUORINE.

B
Aluminium 12-85 %.

Sodium
Fluorine

L

& o

10,

14.

17436 gm, sulphate.

3285 %.
H43 %.

:s-ﬁawea;«e

[cHAPS, xI1II.,

51-28 gm. fluoride.

3047 L

259°65 cem., ?

19-002.

15148 ecm. ?

9124 1. !
(Carbon
Fluorine

136
86°36

4 .
i

X1V,
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1. Lead 866 %. Zin 6716 % 2. (a) CuleB,
Sulphur 134 7. Sulphur 3285 . (8) CaS0,,
3. (@) 4878 cem. 4. 2513 gm.
(8) 511 cem.
5. 2876 1. 6. S=232-0004.
7. 3833311 8. 88019 gm.
Svrrnur Dioxine.
9. 14 1 10. 14°285 gm
11. 3062°5 gm. sulphate. 12, 2-24 1.
98906 gm. copper.

18. 17 % 14. 25194 1.

15. 26°51 gm. 16. 672 1.

1T 801 18. 1-184 gm,

19. 64. 20. 2°828 cem,

21. Sodinm 18°54 %. 22. 05121 gmn. iodine ?
Sulphur 25°81 9. 05443 gm. tetrathionate,
Oxygen 19°36 %,

Water 3629 %.
HYDROGEN SurrmaTe.

23, 3136 gm. 24. 1'63 ton.

26, 457 owt, 26. 887768 1.

27. 459-375 kilo. 28. 108-84 tons,

20. 46528 grains. 30. 600°8 gm.

31. 11,040 kilo. 32. 13'02 tonnes.

33. Hydrogen 0°79 %. 34. H,5,0, Nordhausen acid.
Sulphur 2520 %. 30. 49.

Nitrogen 1102 %. 36. 1127 1. ¢
Oxygen 6299 %. 37. 284°7 gm.
38. 20026 ccm,

39. 100-14 tons coleothar. 40. 13°63 gm,
111°41 tons acid.

41. 98°15, 42. H'216 1.

CHAPTER XYV.

SULPHUR.



146

43,
45.
47.
49.
ol.
b3.

[ 4

Ly 8
50,

61.
63,
65.

3.

6

8.

9.
11
13.

1554 1. ¢
392°85 gm,
70°64 1.
28-27 1.
0-857 gm.
9°701 cem,

. 172°5 ccm.

935 cem.
1-082 1. ?

263 gm.

9-686 gm. !

612:2 kilo pyrites
2145 cub. m, air!

47856 cub, m. steam !

i

Sodium 12°04
Boron 11°52
Oxygen 2932
Water 47°12
(a) H?DE.
(B) 810,

e

=]

=

. 4416 L.

6°57 1.
613 1.
18-177 L
2103 1!

ANSWERS.

[cHAY., XVI.

HY¥DROGEN SULPHIDE.

44,
46.
48,
0.
62,
b4.

[

o6,

264 1.

11662 1.

86-57 1.

1177

7:143 1.

6:994 1. sulphur vap.

9-326 1. steam. .

5074 gm. lead sulphide.
4926 gm. mercury sulphide.

CARBON DISULPHIDE.

58.
60.

62.
64,
| 66,
67.
68. 1787 1!

4+491 1.

3+777 1. carbon dioxide.
7°555 1. sulphur dioxide.
4527 1. ¢

1177 L.

1170 1. !

12-H4 cem. !

CHAPTER XVI

Boron.

2.

12.
14.

Boron  6°01 %.
Chlorine 77°60 .
Nitrogen 7-65 /.
Oxygen 874 7.

4, 117b.

5. 07333 gm.

s

10. HgB,0g at 100° C.

4726 1.

3388 gm. |
SN Hy 2BClg
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CHAPS, XVIL, XVIIL ]

1. 1533 gm. ?

3. Zinc

586 7.
Silicon 12°7 %.
Oxygen 28-7 7.
8i=2785.
CaMgSi,04.

. 2°'198 inches.

CaSi0,.
Mg,Si04. H,0.

0654 gm
388 I.

28°79 1.
14°08 gm. carbon

. 4°39 gm.
. FeMg,Ca,Siz0,,
2. [C aD}n{Na.zﬂ}{A] 0,)4(810,),( Ho0 ).
e (AlgOy)4(S810,)4F
. {Ne D}{Laﬂ} {AI Dd}ﬁiﬂ 'Ir, (Ha0)100
5. If[l'err]O}_,{Al.,O..:h(‘aqu}m 1,0.

). [KaNagCalO[AlFe,]046810,.

. Silicon

i
Oxygen 29°2 7,
Carbon  43'8 7.
Hydrogen 9-7 .

. 140 rm,

2°784 1b,

. 3045 kilo.
. 3167 kilo.%

ANSWERS.

CHAPTER XVIIL.
SILICON.

2. Barium 49°03 %.
Silicon 10°17
Fluorine 408 9.

4. 177 gm,

6. Magnesium 19:22 %,

Silicon 29-83 7.

Oxygen 4622 7.

Water 4'73 7.

Al,Si0; 5H,O.

30" "6 gm, sulphulu

777 1. dioxide.

4-858 gm,

5443 1.

19°2 gm.

1715 for SiCl,.

104 for SiF,

1'613 gm.

X

10,
12,

14.
16.

18.

20.

28, 735 com. !
29. 3667 gm, !
30. 13666 gm, ?

CHAPTER XVIII.

Prosrnonrus,
2. 204 kilo.
4. Calcium  38-84 ¥%,
Carbon 116 Y.
Phosphorus 1806 %,
Oxygen 4194 %,

147
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10.
11.
13.
1b.

Lifs
19.

21.
23,

25.
26.

31.
33.
35.
37.
39,

ANSWERS.

. 84°61 b,
9.

1565 kilo.
5749 gm,
855 1.

127 6.
09582 gm. ?

Prospaorus TRIOXIDE.

2592 gm.
(a) 6829 cem.
(B) 17L?%

PHosrHORUS PENTOXIDE.

20°46 gm.
I'I.‘IJQU}-, or
H o ’40y5, or

1706 1. air.}
0°567 gm. pentoxide.

8. Carbon 12 1b.
Silica 1208 1h.
Phosphorus 12-4 1b.

12, 2-41 gm.
14, 10666 1.
16. 31°01?

HypDrOGEN PHOSPHITE.

18. 1143 1.

20, 42'58 gm. hypophosphite.

361 1. phosphine,

HyproGEN PHOSPHATE.

22. (a) 71°11 gm.
(B) 474 gm.
[T} 23'7 HII'-

H g, P00 24, 567767 gm.
Ca,P,0,.
(a) (B) (%)
Silver 77733 71-29 BY 76 L.
Phosphorus 74 1023 1658 .
Oxygen 1527 1848 2566 7
()  (B)
. Sodium 1285 1100 %. 28. 803 L.
Nitrogen — 67 % 20, 24'6 gm.
Hydrogen 028 239 %.  30. 1919 L.?
Phosphorus 866 14-83 7.
Oxygen 17°87 3062 7.
Water. 6033 3445 7.
PHOSPHINE.
5:385 1. 82. 2°051 L.
9528 ccm. 34, 4929 1.1
1'1191. 1 36, 13256 gm.
P H. 38. 34-2.

40. 24°25 ccm.

[cHAY. XVIIL
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ToE HAavrocEN CoMPoOUNDS oF PHOSPHORUS.

41. 45'73 L. chlorine t 42. 20144 gmn.
58°25 cem. oxychloride,

43. P,0,0L.. 44. 153,

45, 3°265 gm. 46. 951°75 cem,

47. 11632 L. 48. 1764 1.

49, 1371 50, 954°36 1.

51. Sodium 29°36 . 52, ([MgFe]O),(P.0,),(ALO,)(H0),.
Phosphorus 26-38 R 53. 5309 gm. !

Oxygen 44°26 7 54. 917 L

55. 1188 . ! 66. 4-553 1. |

67. 10541 58. 1016 gm, !

CHAPTER XIX.
ARSENTC.

1. 181'8 gm. carbon. 2. 4-7084
7676 gm. arsenic? 3. 399-88 !

3394 . monoxide ? 4. 26°79 gm, 1

6. Silver 65°45 %. 6. 12424 gm. orpiment.
Arsenic 15'15 9. 1941, ¢
Sulphur19-4 %,

7. 542 cem. 8. 9-4412 grains,

9. Uu;Hmr 338 . 10. Potassium 4062 %.
Hydrogen 0°53 %. Arsenic 2604 .
Arsenic 4004 7. Sulphur 3333 %,
Oxygen 25 63 . N

B 12. 1561 grains.

11. Arsenic .rﬂ 1 61 48?4 i 13. 13-97 EII;I."H
Sulphur 29-9 39 616 . 14. 86°55 1.

15. 842 L. nitrate, 16. 3545 gm. fluorspar,
14'34 kilo. arsenate. 242 cem. sulphate ?
1°185 cub. m. trioxide. 400 gm. trifluoride.

17. 90909 gm. arsenic, 18. 0-2275 gm.

4503 1. chlorine.
19. 238°7 ccm. ? 20. 3482 gm,
21. Copper 2499 ,—;f, 22. As=74+91.

Arsenic 44°42

Carbon ¢- ?4
Hydrogen 0°59
Oxyzen 2526

23. 829 gm. !
24, 7335 cem, !

E:w*’ﬁ“:*ﬁ‘:w
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ANSWERS.

[cHAPS, XxX., XXI.

CHAPTER XX.

ANTIMONY, DBismurn.
1. 728-6 kilo. ? 2. 134 gm,
3. (a) 17°24 cem. 4. A 9+935.
(8) 14°71 ccm. 5. Sb = 120-009,
() 10°1 cem. 6. Sb = 806-4516.
7. 29-3 1. 8. 0-6678 gm.
9. 4957 1. 10. 9-007 1.
11. 94°79 gm. 12. 5°241 gm.
13. 72°83 Y/ stibine 14. 607-2° F. 211-2°R.
(a) (B) () (8) 16. Bismuth 42-98 %,
15. Bismuth 9286 8965 86°66 8387 Nitrogen 8°68 Y.
Oxygen 7'14 1034 13°33 1613 Oxygen 29756 7.
Water  18-59 7.
17. Bi= 20802¢? 18. 2506 1.
19. 93539 cem, ? 20. 11681
21, A 9-664. 22. A 9°09.
23, Carbon 1446 %. 24. 9706 1.}
Hydrogen 1-2 %. 26, 2:842 1.1
Potassivin 11°756 %. 26. 004147 gm
Antimony 36°14 %,
Oxygen 33'73 ¥.
Water 271 7,
CHAPTER XXI.
1THE PHYSIOAL PROPERTIES OoF THE METALS.—I.
Mass VorLuMe AND DENSITY.
1. (a) 4°'6b ccm. 2. 28167 cem.
(B) 518 ccm., 3. 02702 gm.
(y) 877 cem. 4, 9°7 gm,
(8) 169°49 cem, 5. 3073.
6. 1°805 mm.
7. 267 gm. 8. 5 yards ?
9. A §+013. 10, 5215 tons.
11. 981 kilo, ? 12. 39207 kilo. ¥
13. 8541°22 gm. 14, 7838 tons.
15. 864 kilo. 16. 3681 gm.
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17. 5-3324 em. 18. 27901-7 times.
19. 6°156 inches. 20. 516°7 gm.
21. 001335 mm. 22. 114-668 gin.
23. 889-2 1h. 24. 30625 Ib.
2hH, 166 654417 26. 94482 cem.
27. 284111 28. 1 mm.
20. 3776 mm. 30. 208 cm.
31. 163'8 1h. 32. 0-00002087 cm.
33. 54'2134 kilo. 34, 11-845 ft.
2809 cem. ?
36. 1224 em. 36. 2-675 kilo.
37. 0+02325 em. 38. 19402 cm.
39. 0005782 gm. 40. (a) 0°4278 grain.

(B) 3-47447 grains.

MALLEARILITY AND DueTiLITY.

41. 31831 m. 42, 312 gm,

43. 0°0006828 cm. diam. 44, 0004014 mm.

45. 6401 1mches. 46, 5181 sem.

47. 00023447 mm. 48. 0:00001098 em.

49. 0:04016 mm. 50. 0:1616 mm.

51, 97425 gm. 52. 46:048 m.
TENACITY.

63. 8°1 kilo. H4. 68°96 cm.

55. 61°85. H6. 1418 kilo.

57. 44'45 tons. 58, 4 mm. iron.

659. 62°6 cm. 3266 mm. nickel.

2:89 mm. cobalt.
60. 286 1. ? 61. 441°75 kilo.

CHAPTER XXII.

THE PuYSICAL ProPERTIES oF METALS. —I1,

ALLOYS.
1. 100 kilo. copper. 2. 8L
12 kilo. tin.
8. 7°24. 4, 35 volumes ?
5. 0°000154 gm. 6. 716,
7. 3°534, 8. 8'915.
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9. B027. 10. 11+47.

11. 0-5544 cem., 12. 10°138.
13. A 1036 if no change. 14. 17°8.

10146 vol.

FusipILiTyY.
15. 411-6° C. 1040° C. 16. 822° C. 116-6° C. 860° C.
17. 1099-8° C. 18. 1520° C. %
EXPANSIBILITY.
19. 246-26 yards. 20. 785133 mm.
21. 76735 mm. 22. 114093 cem. at 17°56° C.
11398°17 cem. at 0° C.
23. 493-886 ccm.? 24. 13:329.
25. 13°56. 26. 201 mm, ?
27. 3'81 cem. 28. 122 (.
29. 27'b cem. ¥ 30, 0-03663 calorie.
0°00012486 cem.
31. 09532 cem. 32. 0:000031.
CHAPTER XXIII.
Porassium.
1. 1769°2 gm. carbonate. 2. 22974 1.
30769 gm. carbon. 4, 6061 ¢
3. 1232°1 gm. ecarbonate. 5. 1616 1.

660°7 gm. hydrate. 6. 17°28 gm. ¥

7. 1364 cem. 8. K.H.

9, Potassium 35-39 %. 10. Potassium 13-97 %.
Silicon 1289 %. Aluminium 9°67 7.
Fluorine 51-72 7. Silicon 3052 7.

Oxygen 4584 7.

11. 876'5 gm. chloride. 12. 1267 L.
1188°2 gm. nitrate.

13. 119 1. oxygen. 14. 25364 cem.
4:76 1. tetroxide,

16. 33-185 1. at 0° C. 16. 307 tons.
154°741 1. at 1000° C.

17. 1-243 L. 18. 1067 L

19. 6'58 at. 20. KCIO,

21. 78 L 22. 3818 L.

23. 41°86 1. 24. K = 3885,
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CHAPTER XXIV.

SODIUM.

1. 8°68 kilo. sodium, 2. 8437 1.
12°68 cub. m. dioxide. 4. 39-204 7.

8. Na=23'176. 6. 1325 k. carbonate,

5. 1095 cem. 1133 cem. 0925 k. lime.

(a) (B)

7. Sodium 43'4  16°08 %. 8. 44-1 7 sulphate,
Carbon 1132 4-19 Y%, 559 % water,
Oxygen 4528 16°78 %. 9. 411°9 1b.

Water 62-93 7. 10. 453 kilo, ?
11. 121'3 tonnes sulphate. 12, 54'93 gm. sulphide.
126°8. cub. m. Cllll{}ﬂllll. 66°56 1. monoxide,
13. 12136 kilo. salteake. 14, 2520 kilo. crystals.
382°9 cub. m. chloride. 965°24 kilo. chloride.
15. 1004-1 1. 16. (a) 496 cem,
Qo (8) 992 cem.
17. 9574 7. 18. E,’;:}; ?;é?é }in ———
19. Na,0A1,0,68i0,. 20. 1795 Ib. "
21. 1076 1. 22. 1'851.
23. 2°714 em, 24, 0-629°7
25, (a) 1'1115 gm. 26. 12-17 % potassium.
(B) 0°8165 gm. 1 3051 7 sodium.

6732 ¥ carbonate.

CHAPTER XXYV.

AMMoNIUM,

1. NH,CL. 2. 6788 1.7

3. 487-1 1.1 4. 366 1.

b. 2954 1. ¢ 6. 17589 gm,

7. 363 pints. 8. 26°77 gm.

: (a) (B)

9. Nitrogen 2204 350 %. 10. 1952 gm metaphosphate.
Hydrogen 7-09 77 %. 4+522 |. ammonia.
Carbon 1417 15-4 v 44-99 1. steam,

Oxygen 5669 41 %
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HYDROXYLAMINE,
11. 70-36 1. nitric oxide. 12. 4873 cem of each gas.
109-277 1. hydrogen,
13. 2-0685 1. ! 14. 6572 gm. water !
15, 3-682 L. ! 937 gm., chloride !
4-878 gm.
CHAPTER XXVI.
CALCIUM.
1. (a) 40. (B) 23°26. 2. 17857 tons.
(y) 51°28. (8) 1709,
3. 2017 kilo. 4. 062 gm. ?
6. CaCO,. 6. CaCy0.HLO.
7. 604°8 cub. m. 8. 2°486 1.
9, 470154 1. 10, 254000 gal.
11. = x 0°01586 gm. ? 12. 2668 ccm.
13. 2470 gm. 1 14. 136 gm.
15. 2647 cem, 16. 94°94 gm.
17. 42°366 kilo. 18. 188 gm. carbon dioxide.
19. 0-0397 % by vol. 20. 665'2 cem. ?
21. CaCl,8NH,. 22. 9497 1.

CHAPTER XXVIL
STRONTIUM AND BAnRiom.

(a) (B)

1. Strontinm 59:34 Strontium 47°71 7. 2. 539°5 com.
Carbon 813 Sulphur 17+43 7. 3. 489'6 gm
Oxygen 8253 Oxygen 3486 7. 4. 0-723 gm.

() (8) h. Sr = 8751
Barium 69°564 Barium 588 7. 6. 0-0467.
Carbon 6:09 Sulphur 1373 /. 7. 5°862 kilo.
Oxygen 2436 Oxygen 27°47 7. 8. 2'585 gm.
9. 8:336 gm. 10. 3-2b64 gm.
11. 186°956 gm. 12. 7883 1.
13. H'*i? i 14. 1-062 1.
15. 15-147 1. 16. 17132
1. 24 77 gm. chloride. 18. 6954
2:274 1. dioxide.
19. 004016 gm. 20. 627 gm. barium.

0°3894 gm. calcium-
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CHAPTER XXVIII.

ALUMINIUM,
1. (a) 24°23 gm. 2. 350-37 gm. sodium,
(8) 12'85 gm. 140°62 gm. aluminium.
() 24°77 gm.
3. 5°897 gm. 4, 3-2821.
5. 138 gm. 6. 0°29605 cem.
i Al=2705. 8. (a) 4255 gm. !
(B) 9294 gm.
9. (a) 1126 gm, 10. [FeMg]O[Al,Fe,]0,.
(B) 4944 1.
11. 70°42 1. 12. 269°7?
13. 5679 gm. 14, 166 1. ¢
15. Al=27"4. 16. 4-489 1.
17. 1369 1. ! 18. Al;Na,F,,.
19. AlgNagSi.S.0... 20, ([FeMg]O)(Al,04)4(Si0,)s12H,0 ¢
CHAPTER XXIX.
MAGNESIUM,
(@) (B
1. (a) 289°1 gm. 2. Magnesium 14-61 26-33 %.
(8) 132'3 gm, Silicon 25-51 20°43 7.
() 99 gm. Oxygen 38-32 4029 ¥,
Water 21-66 1295 %.
3. 31:28 gm. 4, 971 L
9. 482'3 gm. sodium. 6. 1975 L.
2558 gm. magnesium. 8. 79+00.L
7. 3366 l. 10. 196 cem.
9. Mg=24006. 12, 2-92 kilo, ?
11. mg=1221? 265°4 1.
13. 42-04 kilo. 14. 76 7, cale. carb.
15. 1594 1. ! 25 7 magn. carb.

16. 3-298 %. 17. 1'41 cm. |



156

© = o

11,

13.
15.
s

ol

ANSWERS.

[cHHAPS. XXX., XXXI.

CHAPTER XXX.

ZiNc.
. (a) Zine 6715 7. 2.
Sulphur 32 ‘85 .
(8) Zinc B 1YL 8.
Carbon 9:57 7.
Oxygen 38 ‘26 2. 4.
16427 cub. m.
1837 ccm. 6.
22234 gm. 8.
10.
CADMIUM,.
Cadmium 77°78 %. 12.
Sulphur 2222 7.
ZngC,0,,6H,0. 14.
29088 gm. ! 16.
ZIIIGEHH}E' 18 .

71,8104 H,0,
@ (8

(Carbon 956 1232 gm.
Monoxide 1786 330 1 ?
12446 gm,

81566 1. ?
400-4 1b.
en=32'4 1%
14-66 L

30714 gm,
20 1.
Cd=112-6.
Cug, Zn,p.
10856 gm.

CdCl,.

CHAPTER XXXIL

MANGANESE.

. (@) 63'2gm. 7 (3)22°8 gm.
e gl (e) 10°95 gm.

(B) 696 gm.
() 632 gm.
Mn = 54-967.
43-54 1.

42, 328 1.

(a) 1839 gm.
(B)19°39 gm.
() 25°316 gm.
38 L

436 7.1

. 00007595 gm. ?

2931 gm. !

2. 77'46 gm. manganese.

10.

11.

12,
14.
16.
18.

20,

3165 1. monoxide ?

Mn = 54°972.
5432 1.

2071 kilo.
4-76 1.

432°47 1b.
8663 %.
7562 %
7°111

3'16 gm

10 L
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CHAPTER XXXII.
Inox.

1. (a) 724gm. (8) 48-3gm.? 2. 90 tons.
(8) 70 gm. (e) 46°67 g, 3. 6578 cub. m.
(v) 5989 gm. (¢) 5675 gm. 4, 2701 ). ¢
b, 45347 L 6. 1496°6 1.
7. 266'7 cem. 8. 2°265 cem.
9. 5871l 10. fe = 28.
4975 gm.
11. 1330-409 kilo. 12. Fe = 56061
13. 58°8 gm. 14. (a) 6-79.
(a) (8) (B) 10°67.

15. Irom 9492 9739 %. 16. Fel,5H,0,
Carbon 508 261 7.

17. Fe(CO)s. 18, 325.
19. 1-645 L. 20, 681'5 ccm.
21. 906 1. 22. 2-286 gm.
23. 0°01738 gm. 24. Fc,BS-:LBHﬁ coquimbite.
25. 27°128 gm. 26. Fe N
27. Fe 380, 28. {\ ]I }T‘u 480,.1 11] 0.
29. 2947 gm. iron. 30. 9 B ]
123495 1.
31. 18222 ]. 32. 4267 1.
33. 1633 tons. 34. 1772 permanganate.
114286 dichromate.
85. (a) 0:005316. 36. 7974 % iron.
(B) 0-003428. 38. 0-042 gm. iron in 1 cem.
37. 2995 % iron. 43. Carbon combin. 0-627 ¥%.
39. Fe; 04, »»  graphite 0102 7.
40. Fe,S,0,.. Silicon 0026 .
41, Fo =561 Sulphur 0°005 %.
42, Iron 189 ¥ 1 Manganese 012 7.
Ferrous oxide 81°1 %! Iron and loss 99-12 7.

CHAPTER XXXIIL

NICKEL
1. 12478 1. 2. 8215 1.
3. 74'48 gm. 4. 51851
5. 0:435 gm., 7. Nickel 1184 %,
11156 L. Potassium 31-84 %,
6. 0°0309 mm. Nitrogen 1714 %,
8. (NH,),NiSOy, Oxygen 39°18 ¥%.
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CoBALT.

9. CoAsS cobalt-glance. 10, 42-706 1.

11. 128°96 gm. cobalt. 12. 19956 1.

13.

63506 I, steam and dioxide.
Potassium 3524 %,
Cobalt  17°77 /.
Carbon  21+69 %.
Nitrogen 253 7.

)

14, Cobalt 922-7
Chlorine 41-04
Nitrogen 26-97
Hydrogen 5°78
Water 347

P
O
.

2L

156. 4+52 cem. 18. 1'617 1.
17. Fe.NiyP;. 18. CoyAs,0,8H.,0.
19. Co = 5903 ! 20. 85'79 7 cobalt.
CHAPTER XXXIV.
CHROMITM.
(@) (B)
1. Chromium 46-42 68-42 9. 2. 1115 gm. chrominm.

5. 14'72 gm. oxide. 6. 517 gm. oxide.
5°426 |. oxygen.
7. Cr,0,7H,0. 8. K,CrC;0,..
9. 131°58 gm. sulphide. 10. 746'8 ccmn.
39-11 L. dioxide. ?
11. B'7h. 12. 181-58 1.
13. 94-89 gm. 14, 745 L.
15. Cr. = b2-47. 16. - Cr = 522,
(a) (B)
17. 50918 gm. 18. Chromium 764 619 %.
Oxygen R
CnnroMIUM TRIOXIDE.
19. 13-13 tons ? 20. (a) 295°9 cem. acid.
21, 857°1 gm. (B0 5,
22. 1805 1. 25. Potassium 22-35 %.
23. 124°4 gm. Chlorine 2035 /.
24, 3-496 1. Chromium 298 .
Oxygen 275 7.

Iron 25
Oxygen  28-568 31568 ¥..

. 63°99 gm. sodinm.

48°22 gm. chromium,

7892 1, monoxide.

4. 24756 gm. zinc.
1312 gm. cleromium,
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..E KiOnOio a27. (k=052
. Cr= 51 9?7 29, (a) 0°24 gm. in trioxide.
(B) 0°16326 gm. in dichrom.
30. (a) "0016326 avail. ox. 31, 1104 1.
(8) "01143 gm. iron. 32. 10°14 L.
() "01408 gm. lead. 34. 7+407 1.
33. 11+432 1. nitrogen, 35. 16394 1,
76 gm. oxide, 37. 16°67 gm. oxide.
36. 1792 cem. 5°02 1. chlorine,
38. 5-3. 1-255 L. oxygen.
CHAPTER XXXYV.
Tix.
, O 78°67 ?f' 2. Cu,Fe SnS,.
Oxygen 2133 %. 4. Sn = 118-08.
3. 160 kilo. charcoal. 5. Sn = 118,
315°07 eub. m, dioxide, 6. 55873 1.
7. 6°8091 1 8. 11 86 gn. carbonate,
2271 gin. oxide,
9. IIydmgl:zu D ‘84 Y. 10. Na.hnﬂ 4H,0,
Tin [}5/. 11. } nﬂ{}
\nyg:‘n 25 13. 5 'H}? L
12, 450 gm, tin salts. 14. 2315 1.
4639 1. hydrogen.
15. SnCl,2NH,C1, 16. 415°821. ?
17. 2656 for Sn( 18. SnS..
3776 for Sn‘,[‘? )
19. 11994 1. 20. 3°558 1, ?
21. 02684 gm, ? 22, 0°02632 gm,
CHAPTER XXXVL
LEAD,
1. (a) 86'6 %. 2. 900 kilo. galena,
(B) 7752 %. 18187 kilo. lead,
(y) 68°31 %. 2076 cub. m. dioxide,
4. 38°02 kilo. carbon, 4. 43°63 kilo. litharge ?
655°88 kilo. lead, 21'11 '3 1. oxygen,
743 cub. m. monoxile, H. 9°5568 cub. m,
fi, [’h = 207°08.
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7. 8495 1.

9. 68°51 L

11. P]JE'D.;.

13. PhgCl,0,.

16. Pb-= 207-1.

17. Ph=20847 1

19. Lead 6409 %.
Chromimmn 16°1 7.
Oxygen 19'81 7.

23, 4-824 1.

20. 54°6 L.

27. 1419°4 gm, acetate,
90-581 1. dioxide.

29, 856 1.

31. PI](UHaJJ.

32. 5966 ccm. !

8.

12,

14.

16.
18.
20.
21.
22.
24,
26,

28.
30.

10.

27085 gm.

27°511 gm.

14°44 gm.

0°9447 gm. nitrate,
09476 gm. iodide.
21833 1.

PbCIC,H 0,
3P1H0.2Cr04 ! melanochroite
00012866 % lead.
429°1 gn.

8046 1.

5884 gm. litharge !
752°4 ccm. acetate.
30-83 L.

Carbonate 68:05 % !
Hydrate 30°71 %!
Impurity 1-24 7!

CHAPTER XXXVIL

COrren.

(a)
B Copper 45°43
C'arbon 863
Oxygen 4504

Water
2. CuSi042H,0. chrysocolla.

:-._"'i

1837-8 gm.
1236 1.
7. 25°46 gm. copper.
1891 L. steam.
10. 1486 gm. copper.
464 gm. chloride.
13. CuCl,3Cu0.4H,0.
Atacamite.
16. 39383 gm. sulphate.
37072 1. dioxide.
18, 0-6393 gm. ?

21. 18857 1.
22, 469°4 gm.
23, CuCO4H,Cu0,.
25. 14547 1.

(B) ()
5739 Bh21 %,
5°44 6-08 X
29-01 325§ %.
816 ba8 L.

o o

19.
20.

24.
26.

i i =t
el

28°6 gm.
b2'1. gm.
Cu = 63-171

1-4094 gm.
117°06 gm.
200°1.

38+07 1.

('S0, 3CuH,0,.

. 9473 L.
i 3 8

1427 eem. sulphate ?
8477 gm. copper.
261 9, copper.

(a) 1015 %, (8) 404 %
(B)18°43 .  (e) 44°16 %

(v)36-1 Z.
20-012 ], ?
Cu = 63°68.
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CHAPTER XXXVIII.

MERrRCURY,
2. 2014,

1. 68965 ;:trm nmercury.
80921, {Imwle
Hg = 199-8,

40 % sodinm,

19+47 atmos,

4+014 1.

fii 36 cem. mercury.

172 kilo. chloride.

salt,
6775 gm. chloride,
26507 gm,

11089 ],

Mercury 8242 %,

Sulphur 4-39 %,

Oxygen 13°19 e A8

— o =y en 03
- = L) " -

20, 509 om, aul]ilule

5°12 ], diexide.

5.

4. sp. ht. 003448,

fi. }5“ Cd.

s. Hrr B2, Py PR

10, .h 524 L,m

12, 237,

14. HgCl,.2H,NCl. H,0.
ﬂl ﬂlLIllhmth

16. l] 392 1.

18. Mercury 71°68 %.

21.

shed

e

Hydrogen 0-36 7.
Nitrogen 502 %,
Oxygen 22-94 %,
Hg = 200-14.

464°3 gm. pot. iodide.

634°9 gm. mere, jodide,

CHAPTER XXXIX.
SILVER,

. (a) Silver 75-26 %,
Chlorine 24'74 %.

(B) Silver 871 Y.
Sulphur 12:9 %,

5, 2°195 1.

7. Ag = 10704

9. AgCu,.

10, .:'i”.-,l["

i 8 !h"'iulll

13. 441 37 T,

5. Bilver  85'71 %,
Hyidrogen 04 9,
fh.'.r'm 6 E'n?,_.
Fluorine 4T By

20, z\:rfl’i‘\ll 95

7AgCL10NT, 100
16AC.23N H, 99-89

12

23, H.H 4 g, sulphate,

3895 1. dioxide,

2
H+

:if_.q..k?q
(@) 366 Ih. irom.
(B) 669 1h, mereury.

: .-!.*‘2,181'}]

182-9 % by vol.
0 [}248*: % by mass,

8. 104235 ahlllmgﬁ'I 0815 ton.

14.

16,
i 8
18.

19.

T gm, tll]mhlL
045

18

24,

(@) 544°1 cem.
542 cem, |
(B) 272 cem.
(@) 999 cem. ?
(B) 199°8 cem. ¥
Ag = 107-98,
Ag = 10799,
IEI 6 om,
94167 gm,
i}]

£l
22, B:TH

i,
1.

i [ |

m*‘*i

i am. nitrate,
3525 1. oxide,

M
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CHAPTER XL.

GOLD.
1. 138759°84 sovs, 2. Au,Cu, 9157 7 gold.
1-0909 ton. 4. Au = 196'1.
3. 424°2 gm 6. 336 cem,
5. 2°747 gm 8. AuO.
7. 31'8 cem. 10. (3n0,).Sn0Au,04H.0.
9. Au,044NH,. 11. 2703 gm.
Fulminating gold. 12. 3088 gm.

13. Nitrogen 373 ot 14. 5°5427 g,
Hydrogen 1°07 7. 15. 38:287 gm. chloride.
Grold 5248 /. 3 0793 1. chlorine.
Chlorine 37°91 7. 16, 6°4863 g, gold.
Water  4-81 7. ‘? 3227 1. dioxide.

PLATINUM.

17. 4392 gm. ! 18. 23:14 gm.

19, l"’t”"‘um-| 20. 864°1 gm,
73°43 gm. arsenic. 92, 37°88 gm. chloride.

21, 817°53 cem. 3-354 1. chlorine.

23. 172718 gm. 24, 11‘,1';':'2 .

95, Potassium 1605 7. 98. Pt =187"4.
Platinum 40°12 7. 98. Nitrogen 9'3 %
Chlorine 43°583 x Hydrogen 2 7.

a7, Pt = 19527. Platinum 65 y

20. N H,,PtCl,. Chlorine 236 %.



TABLES. 163

TABLES.

TABLE I.—Artomic WEIGHTS,

Alnminium ......... |AL | 27 RO e, Y b
Antimony ......... Sb. (120 | Lead.................. | Pb. | 207
L T —— As. | 76 | Magnesium ......... Mg, 2444
Barium ............ | Ba.|137 || Manganese ......... Mn. 55
Bismuth ............ | Bi. | 208 Mercury ............ | Hg.' 200
Boron ............... | B. T1 | Baekal ..o o | ML | 68
Bromine ............ Br. | 80 || Nitrogen ............ | N 14
Cadmivin............ (Cd. | 112 | Oxygen 5 (0. 16
Caleiom oo [ Ca | 40 | Phosphorus ..... ... | F. 31
CREDON: oo vni i 0. 12 || Platibum....., ..... | Pt, | 195
Chlorine .........» [CL | 855 || Potassiom .. ... (K. | 89
Chromium ... ... Cr. | 52 [ Bilieon............... |8i. | 284
Cobalt .............. Co. | 58 BLYer iiiieiininsens Ag. | 108
Copper...... ........ Cu. ¥53*3| Sodium ... ... ... Na.! 23
Floowtng .. cvosos | B | 10l Steonitui cessnns | B0 | 876
Flo1 ) - Au.| 1966 | Sulphur ... | 8. 32
Hydrogen ........ | H. T e 50, | 118
JoIne .iiiiiviinnss | L.} 18F ‘ SR s | Zn. | 654

TABLE IL. — )M EASURES.

(i.) OF Length (Laglish).

The varp is the distance at 62° F. between two marks on o
bronze bar deposited with the Board of Trade,
1 inch.
12 inches = 1 foot,
36 inches = 3 feet = 1 YARD,
63,360 inches = 5280 feet = 1760 yYards = 1 statute mile,
A knot or geographical mile is the mean IEllgth on the Equator

subtended by one minute of longitude, and is equal to about 6087
feet or 1°152 statute miles,
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(ii.) Of Length (Metric).

The METRE is the length at 0° C. of a;-latinum bar kept at Paris
and known as the ““ Métre des Archives.”
1 millimetre (mm.).
10 mm. 1 centimetre (em.).
100 mm. 10 em. = 1 decimetre (dm.).
1000 mm. = 100 ¢m, = 10 dm. = 1 METRE (m. ).

1 |

10 m. 1 decametre.
100 m, 10 decametres = 1 hectometre, [kilom.
1000 m. 100 decametres = 10 hectometres = 1 kilometre

The metre was intended to be 0:0000001 of the quadrant of the
clobe passing through Paris. The standard metre is about 0°00015
shorter than it was intended to be.

(iii.) OF Length (Conversion),

1 inch = 0°0254 m. | 1 mm.
1 toot = 0°3048 m. 1 metre

0+03937 inch.
30-371 inches.

(L (|

1 yard = 0°9144 m. 1 metre 3:2809 feet.
1 mile = 16093 kilom. 1 metre 1:0936 yard.
1 knot = 1-855 kilom. 1 kilom. 0:6214 mile.

(iv.) Of Area or Surface (English).

1 square inch.
144 sq. inches = 1 square foot,
1296 sq. inches = 9 sq. feet = 1sq. yanl.
43,560 sq. feet = 4840 sq. yards = 1 acre.
640 acres = 1 square mi{{:.

(v.) Of Avea (Metric).

1 square millimetre (smm.)

100 smm. 1 square centimetre (sem. ),

10,000 smm. = 100 sem. = 1 square decimetre (sdm. ).
1,000,000 smm. = 10,000 scm. = 100 sdm. = 1 square metre (sm. ).
10,000 (sm.) = 100 ares = 1 heetare,

(vi.) Of Area (Conversion).

1sq. inch = 6451 sem. 1 sem. = 0155 sq. inch.
1 sq. foot = 929°0 sem. | 1 sm. — 10764 sq. feet,

1sq. yard =  0°8361 sm. | 1 sm, = 1-106 sq. yards.
1 acre = 4046°7 sm. | 1 hectare = 2471 acres.

1 sq. mile 2-59 sq. kilom. |1 sq. kilom. 03861 sq. mile.



TABLES. 165

(vii.) OF IMolwmne or Capacity ( English),
A cALLoN is the volume occupied by 10 1b. of water at 62° I°.
1 cubie inch.
34659 cub. inches = 1 pint. .
277274 cub. inches = 8 pt, = 1 GALLON = 0°'16046 cub. ioot.
1728 cub. inches = 49-857 pt. = 62321 gal. = 1 cub. foot.
27 cub, feet = 1 cubic yard.

(viii.) OF olwine ( Metrie).

A LITRE is the volume occupied by a kilogram of water at 4° (!,
It is very nearly a cubie decimetre.
1 cubic centimetre (cem. ).
1,000 cem. = 1 LITRE (cubic decimetre) (1. ).
1,000,000 ecem. = 1000 1. = 1 stere (cubic metre),

(ix.) O Folwme (Conversion).
1 cub. inch = 16386 cem. 1 cem. = 006103 cub. inch.
1 pint = 05678 L 1l = 61027 cub. inch.
1 gallon = 454346 1. il = 02201 gal.
1 cub. ft. = 28:3151. | 4 = 003632 cub. ft.
1 cub. yard = 0°7645 cub. m, 1 stere = 1-308 cub. yard.

(x.) OF Mass ( English).

A roUND is the mass of a certain piece of platinum deposited
with the Board of Trade.
1 grain (gn.)
437°5 gn. = 1 ounce (oz. ).
7000 gn. = 16 oz, =1 pouxp (1b.),
2240 1b. = 20 hundredweight (ewt.) =1 ton.
1 pound troy = 12 ounces troy = 5760 gn. = 0823 b,
A cubie foot of water at 4° (. weighs about 62-4 1b., or 1 Ib. of
water occupies about 0°01602 of a cubie foot.

(xL.) OF Mass (Metriv).

The k1LOGRAM is the mass of a piece of platinum at Paris known
as the ** Kilogramme des Archives,'
1 milligram (mgm.).
10 mgm. = 1 eentigram (cgm.),
100 mgm. = 10 egm. 1 decigram (dgm).
1000 mgm. = 100 egm, 10 dgm. = 1 gram (gm. ).
1000 gm. 1 KiLocray (kilog, ),
1,000,000 gm, = 1000 kilor. = 1 tonne.

[T (|
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The gram was intended to be and very nearly is the mass of

1 cem. of water at 4° C.  Hence a litre of water weighs about
1 kilog.

(xii.) OF Mass (Conversion).

1 grain = 00648 gm. 1gram = 15432 grains
1 oz. = 2836 gm. 1 kilog, = 22046 1b,

1 oz. troy = 31°1 gm. 1 tonne = 0-9842 ton.

1 1h. = 453'693 gm,

1 ewt, = 508 kilog.

1 ton = 101605 kilog.

TAaBLE 1ll..—MENSURATION.

* = 314186, il = (0°3183.

w
A right-angle = 90 degrees (°) = 5400 minutes (') = 324,000
seconds (7).

180°
A radian = — = 57'3° ? = 206,264-8",
m™
Length,
1. Cirele, radius » ....... s s R s i

—
-

SQTATE, B A i A =a,

= (I

2, Triangle, base ¢, 1:-:,rpl:*mh{n]'11 " VO A = ded.,

. Hechnglc sideset, booooevoooiiiiiiiiiiies . A = ab.

4, Circle, radins 7 ...oovvviviivanoinriossanes A =0

b. Ellipse, semniaxes @, b....c..couisivensinis . A =mab.
Nurfiers,

Lo Cnbe, ol@8 8 vinseimiimnsas TN ST . &% . .-

R Sphere; TOEITEE Fu.oou sl pivisia i S = 4=re,

3. C ylim!:.r, mlive e DEEhE B S = 2wr(r + k),

4. Spherical segment, radins », height A......... N = 2=rh,

5. R un-.-, slant height ¢, 1adins 7 o.ovroveriornns S = wr(r + 1.
Folwmes,

1. Tkt Bl G orocmmmsssinempsineasmmne Fe

2. Rectangular parallelopiped, edges a, b, ¢.... V' = abe,

3. Sphere, radius r ..o RN V= $mr,

4. Spheroid, radii @, &, & ....... B e, 7= dmab®,

b, Urlinder o Prism. .. sveievisss; }" = area of base x height,

=
.

Cone or pyramid ...... ........... }” = § area of base x height.
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TABLE 1V.—TENsSION OF AQUEOUS VAPOUR IN MM, OF MEercunRy.

lt” c.| . §eC.| mm. Je°C | mm. J°C L. ‘
: -—:———1'
| 0| 46 J10} 9120 174430 315
| 1| 49 J11 | 98 f21 | 185 )40 | 549
2| 53 12 | 104 § 22| 198 | 50 | 920 | "
| 3 l o 13 | i1-1 23| 209 ] 60 11489 |
| 4| 61 f14 | 11'9 § 24 | 22:2 ] 70 {2333
| 5| 65 J15| 127 ] 25| 235 ] 80 3049
g! 70 116 | 135§ 26 | 250 ] 90 |525°5 |
71 75 V17| 14:4 | 27 | 265 100 |760°0
g| 80 Ji1s | 154 |28 | 281 -
9| 85 119 | 16:3 29| 297

TABLE V.—MISCELLANEOUS DATA.

N.B.—The gases are ** normal " and the wmerewry o O° C,

Pressure of the air in grams on the sem, ............ 10333,
" " ]nnlllnll-. on the square inch. ... 14-7.
‘i MmO MBEBAYY wivvavrienss s 760
[nmm in a litre of MEreury ........ccciiceriviniiinann 4506
” i Bpdeopn iiindniisieacn & 00506,
o [T A O R B SS e A 203,
I‘uumlw in a cubie foot of hydrogen...... .............. 0005592,
i i R SN e L e 85 v il 0-0807 28,
hi"lhli} of aqueous vapour (Air =1, ]nr - 3 [ — 06234 4,
Litres occupied by a number of grams of any gas | 224 1
equal to the molecular 1\n-|=r!|t ..................... / 2232 |
Grama of alr i 28 BE L ciiiiisiinannsinion A 28872,
Pereentage of oxygen in air by volume ............... 21
B INASE ..ooninessrassanns 233,
” of carbon a.hmnln in air by volume ...... 0-04.
Liatent hont of WOEEE oo iisivmsveimiisinsiiiminrsre . 79
=4 BE BUERIY - i i s s e i e 536
Coellicient of Px|mnhlﬂ11 of a was '.'.lull heated v
iy T S el R S S 000367 )
Coefficient of expansion of *nwuun* 10 3 g LT

o
" = " mn f_fI 1 I oS TT
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TABLE

i

Tae Locanrrasms oF 14 00367 t.

—

toC. Log.
=30 | 19493
-20 | 1-9669
-10 | 1-9838
0 0000
5 0070
10 0157
1D 0233
20 ‘0308
25 0381
30 ‘0454
39 0525
40 ‘0595
45 0664
50 0732
1] 0799
GO ‘0864
5] ‘0929
70 0993
75 ‘1056
80 1118
85 ‘1179
a0 1240
95 1299
100 1358
105 ‘1416
110 1473
1156 *1529

—rm

D. |
|

18
17 |
16 |

| 16 |
15 ||

[a—
hl'ﬁ

12 ||
11

11 J

t9 C. Log. 1. | 1o |
120 | <1585 | 1 || 255
125 | 1640 1 260
130 | -1604 | 265
135 | 1748 | ,, || 270
140 | 1801 | ;0 || 275
145 | -1853 280
150 | -1905 285 |
155 | +1956 200
160 | -2006 205
165 | -2056 300 |
170 | 2106 305 |
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Ahsolute temperatures, 6

Acre, 164

Air, composition and mass of, 167
Aluminium, ex. 102

Alumininm, ans. 155

Ammonia, «x. 50

Ammonin, s 140

Ammonium, er. 46

Ammoninm, iz 153

Antimony, cr, 83

Antimony, ans. 150

Aqueous vapour tension, 167
Area, 164

Areas, mensuration of, 160
Arsenie, rr. 51

Arsenic, was. 149

Atmosphere, cr. 51

Atmosphere, ans. 140
Atomie weights, determination of, 21
Atomic weights, table of, 163

Barium, ¢r. 100
Barinom, nars. 154
Barometer, 4
Rismuth, ¢x. =54
Bismuth, aas. 150
Boron, ¢x. 73
Boron, ans 1440
Boyle's law, 5
Bromine, «r, 43
Bromine, ans 143

Cadmium, ex. 106
Cadmium, ans 150
Caleium, er, 93
Caleinm, wirs, 154
Carhon, cx. 54
Carbon, ansz 141
Chlorine, cr. 50
Chlorine, ansz 142
Chlorine, oxides, density of, 11
Chromium, er. 116
Chromium, ans. 158
Cobalt, ex. 114

Cobaly, zas 158

Conversion of English and metrie
measurements, 164, 5, 6

Copper, er. 124

Copper, ans. 160

Density of solids and liguids, 1
Density of gases, O

Density, anomalous, 11
Diffusion of gases, 11

Dulong and Petit's law, 19

Equations, solution of, 14
Equivalents, determination of, 20
Expansion, 6

Fluid pressure, 38
Fluorine, e 6
Fluorine, iz, 144
Foot, 163

Gallon, 165

GGav Lussac's law, 6
Gold, er, 131

Gold, ans, 162
Graham's law, 11
Gram, 165

Heat of chemieal action, 19
Heat, specific and atomie, 19
Hydrogen, density of, 10, 167
Hydrogen, mass of (erith), 9
Hydrogen, cr. 41

Hydrogen, ans. 137
Hydroxylamine, ee, 97
Hydroxylamine, ais. 1564

lodine, «r. 64
lodine, ans 144
Iron, ex. 109
Iron, ans. 157

Kilogram, 165
Knot, 163
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Lead, ex. 122

Lead, ans. 159

Litre, 165

Logarithms of (1 + «at.), 103
Logarithms, table of, 160

Magnesium, er. 104

Magmesium, ans. 155

Manganese, cr. 107

Manganese, ans. 156

Mass, voluine, and density, 1

Mass, volume, and density, cr, 32

Mass, volume, and density, auns, 134

Meusures, ez 82

Measures, ans, 134

Measures, tables of, 163

Mensuration, 166

Mercury, er. 127

Mercury, ans. 161

Mercury density, 167

Metals, physical properties, er. 86, 80

Metals, physical properties, ans. 130,
15

Metre, 104

Minerals, formulae of, 27

}Iulle-.:ul,ur weights, determination of,
i

Moleeular weights, er. 34
Molecular weights, ans, 134

Nickel, ex, 114

Nickel, nns. 157

Nitrogen, ex. 46

Nitrogen, ans. 139

Normal pressure and temperature,

Oxygen, er. 88
Oxygen, ans. 137

w, 160

1‘erf{:cut1 composition, determination
of, 8

Per cent. composition, er. 58

Per cent. composition, ans, 142

Phosphorus, ex, 77

Phosphorus, ans. 147

Platinum, ex. 132

Platinum, ans, 162

Potassium, ex, 02

Potassium, ans, 152

Pound, 165

Pressure and volume, 5

Pressure and volume, e, 85

Pressure and volume, ans. 130

Pressure of air, 4
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Radiun, 166

Silicon, ex. 75

Silicon, ans, 147
Silver, ex. 129

Silver, ans, 161
Sodium, er. 04
Sodivm, ans, 158
Solubility of solids, 20
Solubility of gases, 30
Specific gravity, 2
Specific heat, 19
stere, 165

Strontium, cr. 100
Strontium, ans. 154
Sulphur, cr 68
Sulphur, aes. 145
Surfaces, mensuration of, 166

Temperatures, conversion of, 5
Tension of aqueous vapour, 167
Thermometers, 5

Tin, ex. 120

Tin, ans, 159

Ton, 165

Tonne, 165

Vapour densities, anomalous, 11

Vapour densities, determination of,
10

Vapour densities, «x. 58

Vapour densitics, ans. 142

Volume, mass, &c. of solids, 1

Volume, mass, &e. of solids, er, 32

Volume, mass, &e. of solids, ans, 134

Yolume and mass of gases, 12

Volume and mass of gases, ¢x. 86

Volume and mass of gases, ans. 136

Volume, varintion with pressure, 3

Volume, variation with temperature,
i

Volume, mensuration of, 166

Water, ex, 43

Water, ans, 138

Water, mass of cubic feet, 165
Water, tension of vapour, 167
Weight, 2

Weight, measures of (mass), 165

Yard, 163

Zine, er. 105
Zinc. ans. 156
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