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SECTION—I
GENERAL INFORMATION AND
IMP'ORTANCE OT STUDYING CHEMISTRY

1.1. Introduction

Chemistry is defined as that branch of science
which deals with the study of composition, structure
and properties of matter and the changes which the
matter undergoes under different conditions and
the laws which govern these changes,

What does the term ‘matter’ mean in the
above definition ? Though it will be discussed in
detail later in this unit, at the moment it is sufficient
to mention that all substances (solid, liquid or
gascous} which are present in our body or present
around us which may be visible or some of which
may not be visible (e.g. air) are made of matter.
Further, two basic units of which all substances are
made up are atoms and molecules. They combine
with each other according to certain laws, called
Laws of chemical combination. The changes which
they undergo under different conditions may be
physical or chemical changes (called chemical
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reactions). All measurements involving mass,
volume, length, density etc. require precision or
accuracy. Further, as chemistry deals with all sub-
stances present in our body and all those present
around us, it has a great importance and broad
applications.

The aim of this unit is to study all these basic

concepts, some of them briefly whereas some
others in detail.

Chemistry plays a very important role in our
daily life. It has helped us to meet all our require-
ments for a better life such as food, good health,
comforts etc. Without the knowledge of chemistry,
our life would have been very dull and dreary.

Some of the important applications of
chemistry are given below :

(1) Supply of food. With increase in popula-
tion, the need for the overall amount of food has
increased manifold. Moreover with increase in the
standards of life, there has been increase in the
quality and variety of food. Chemistry has helped
to achieve these goals as follows :
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(i) It has provided chemical fertilizers such as
urea, calcium superphosphate, sodium nitrate, am-
monium sulphate etc. which have increased the
yield of crops and fruits.

(it} It has helped to protect the crops from
insects and harmful bacteria by the use of certain
effective insecticides, fungicides and pesticides.

(iif) The use of preservatives has helped to
preserve food products like jam, butter, squashes
cte. for longer periods.

(iv) 1t has given methods to test the presence of
adulterants thereby ensuring the supply of pure
food-stuff.

(2) Contribution to better health and sanita-
tion. Chemistry has contributed towards better
health and sanitation in a number of ways as fol-
lows :

(i} It has provided mankind with a large num-
ber of life saving dugs. Today dysentery and
pneumonia are curable due to discovery of sulpha
drugs and penicillin. Likewise epidemics such as
cholera, plague and small-pox are now things of the
past.

Similarly, life saving drugs like cis platin and
taxol have been found to be very effective for cancer
therapy and AZT (Aziodothymidine) is used for
AIDS victims. These compounds are obtained from
animals and plants or by synthetic methods.

(ii) Analgesics have reduced pain of different
types. Antibiotics (like chloromycetin, strep-
tomycin etc.) have helped to curb infection and
cure from diseases like typhoid and tuberculosis.
Tranquilizers have helped to reduce tension and
bring about calm and peace to patients sulfering
from mental diseases. Antiseptics such is dettol are
used to stop infection of the wounds. Disinfectants
such as phenol are used to kill the micro-organisms
present in drains, toilets, floors etc. A low con-
centration of chlorine ie. 0-2 to 0-4 parts per
million parts (ppm) is used for sterilization of water
to make it fit for drinking purposcs.

(i) Discovery of anaesthetics has made surgi-
cal operations more and more successful.

(iv) The use of insecticides such as DDT and
Gammexane has reduced the hégards of diseases
caused by rats, mosquitoes and flies.

(¥) New and more effective medicines are
being discovered from time to time which are
replacing the older less effective medicines. For
example, quinine has been replaced by more effec-
tive antimalarials such as chloroquin, camoquin
and primaquin.

(vi) Synthetic vitamins and fonics have con-
tributed significantly towards better health.

In fact, the use of more effective medicines,
vitamins etc. and better sanitary conditions have
helped to increase the average life span.

(3) Saving the environment. Refrigerants like
chlorofluorocarbons (CFCs) which destroy the
ozone layer have been replaced by environment-
friendly chemicals. However, Green house gases
like CH,, CO, etc. are still posing a challenge to the

chemists.

(4) Increase in comforts, pleasures and
luxuries. Chemistry has placed a large number of
utility goods at our disposal which have added to
our comforts, pleasures and luxuries. A few of these
are given below :

(i) Synthetic fibres (cloth). In addition to the
natural fibres like cotton, wool, silk etc., chemistry
has helped in the production of synthetic fibres
such as terylene, nylon, rayon ctc. which are more
comfortable, durable and attractive. They are easy
to wash, dry quickly and do not need ironing. Fur-
ther, chemistry has provided a large number of
synthetic dyes which impart bright and fast colour
to the clothes. It has also provided chemicals to
make these clothes fire-proof and water-proof, if
necessary.

(#) Building matenials. By supplying steel and
cement, chemistry has helped in the construction of
safer homes and multi-storeyed buildings and dams
and bridges which can last for centuries.

(iii) Supply of metals. Metals like gold, silver,
copper, iron, aluminium, zinc and a large number
of their alloys are used for making ornaments, uten-
sils, coins and many industrial and agricultural im-
plements.

(iv) Articles of domestic use. Chemistry has
made our homes more comfortable by supplying a
large number of articles of domestic use such as
detergents, oils and fats, sugar, paper, glass, un-
breakable plastic wares, paints, varnishes, cos-
metics, perfumes, cooking gas ete, Electroplating
has given us mickel, chromium, silver and gold-
plated articles which are more attractive, durable
and are not prone to rusting. By use of refrigerants
like ammonia, liquid sulphur dioxide and freon, we
can make our homes cooler in summer.

(v) Entertainment. Cinema, one of the com-
mon sources of entertainment and also video-
cameras as well as simple cameras make use of films
which are made of celluloid {(a chemical com-
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pound) and coated with suitable chemicals.
Similarly, firc-works which amuse us on festivals
and marriages are chemical products. Phonograph
records used for listening music are made of
polyvinyl chloride, a chemical compound.

(5) Transport and communication. Almost
all means of transport including automobiles
(scooter, cars, trucks, buses etc.) aeroplanes,
helicopters, railways use either petrol or diesel
(petroleum products) or coal which are all chemi-
cal products. Chemistry has also given high quality
fuels which have made possible the landing of Ap-
polo on the moon and Viking on the Mars.
Knowledge of chemistry has also helped in the
development of telephone and telegraph as impor-
tant means of communication.

(6) Nuclear or Atomic energy. In view of the
decreasing coal and petroleum resources, the
world will soon be facing an energy crisis.
Chemistry has come to the rescue by providing an
alternate source of energy which is nuclear energy.
A chemical process for the production of the com-
pound, uranium hexafluoride, made possible the |
enrichment of U-235 which was used first for
making atomic bomb and later in the nuclear reac-
tor for production of electricity. Nuclear energy can
also be employed for digging tunnels, blasting
mountains and in mining as well.

(7) Applications in industry. Chemistry has
played an important and useful role towards the
development and growth of a number of industries
e.g glass, cement, paper, textiles, leather, dye,
paints, pigments, petroleum, sugar, plastics, phar-
maceuticals etc. It has also helped in the greater
production of sulphuric acid, nitric acid, ammonia,
hydrogenated oils etc. by providing suitable
catalysts.

Similarly, it has helped in the synthesis of new
materials having specific magnetic, electrical and
optical properties which are used in the production
of  superconducting ceramics, conducting
polymers, optical fibres etc.

(8) Applications in war. Chemistry has also
increased the striking power of man in war times. It
is responsible for the discovery of highly explosive
substances such as TNT, nitroglycerine and
dynamite, poisonous gases like mustard gas,
lewisite and phosgene and many other deadly
weapons such as atom bomb and hydrogen bomb.

The progress in chemistry can also cause
many problems. For example, nuclear energy is

useful but disposal of nuclear waste poses a serious
problem to humanity. Similarly, phonograph
records have added to our pleasure for listening
music but they are made of polyvinyl chloride,
produced from vinyl chloride which can cause liver
cancer in industrial workers. Antibiotics have
eliminated infectious diseases but their overuse is
very harmful. Likewise, insecticides have increased
the food supply but they do a lot of harm to birds,
fishes and useful insects. Use of polythene bags is
posing a serious threat to sewerage system. Further,
chemistry has given drugs like LSD, cocain, brown
sugar etc. which are proving a curse to the society.

Thus though chemistry can be regarded as
greatest benefactor of humanity, yet it can prove to
be a blessing or a curse for humanity depends upon
the uses to which it is put and how a relative balance
is maintained between berefits and problems
caused by progress in chemistry.

SECTION-—I

MEASUREMENTS IN CHEMISTRY
1.3. Physical Quantities

In everyday life, we come across a number of
measurements e.g. we buy vegetables in kilograms,
milk in litres, cloth in metres etc. However during
scientific studies, in addition to the measurements
of mass, volumes and lengths, we come across the
measurement of a number of other quantities such
as temperature, pressure, concentration, force,
work, density etc.

All such quantities which we come across during
our scientific studies are called physical quan-
tities.
Evidently, the measurement of any physical
quantity consists of two parts :
(¥) the number, and
(#) the unit.
For example, if an object weighs 4-5 kg, it
involves two parts : (i) 45 i.e. the number and
(i) kg i.e. the unit.
Thus the main aims of this section are :
(f) To see how accurately or precisely the
number has been expressed i.e. concept of sig-

nificant figures.

(#) To study the units of measurement i.e. the
S.1. units.



1/4

Pradeep’

(iii) To derive the units of any physical quan-
tity and to check the accuracy of amy scientific
equation by seeing that the dimensions of both sides
of the equation are same i.e. concept of dimensional
analysis.

i.4. SI Umts

Aunit is defined as the standard of referer
to measure any physical qwzm:ty =

Since early times, different types of umts of
measurements have been very popular in different
parts of the world e.g. sers, pounds etc. for mass ;
miles, furlongs, yards etc. for distances. However
these units are quite cumbersome because of no
uniformity in the conversion factors involved e.g.
1 mile = 1760 yards, 1 yard = 3 feet, 1 foot =
12 inches.

In view of the difficulties mentioned above,
French Academy of Science, in 1791, introduced a
new system of measurements called ‘metric system’
in which the different units of a physical quantity
are related to each other as multiples of powers of
10, e.g. 1 km = 10° m, 1 cm = 1072 m etc. This
system was found to be so convenient that scientists
all over the world 1mmed1ately ddopted this system

for reporting scientific data and gradually most of
the countries have also switched over to this system
for measurements of everyday use. India started
following metric system since 1957.

The metric system, as put forward earlier, was
further imporved by the General Conference of
Weights and Measures (Conference Generale des
Poids et Mesures, CGPM) which met in October
1960 in France. The improved system of units has
been accepted internationally and is called Interna-
tional System of Units or in short SI Units (for
Systeme Internationale in French).

With greater accuracy in measurement, the
‘unit’ definitions and hence the system of units is
improved from time to time. To maintain uniformity
all over the world, each nation has National Metrol-
ogy Institute (NMI). In India, this responsibility has
been assigned to National Physical Laboratory
(NPL), New Delhi.

Seven Basic Units. The seven basic physical
quantities on which the International System of
Units is based, their symbols, the names of their
units (called the base units) and the symbols of
these units are given in Table 1.1.

I‘ABLE 1.1. Seven baslc physmal quantmes and thelr SI umts

PHYSICAL QUANT]TY SYMBOL “STLUNIT SYMBOL
Iength / metre m

Mass m kilogram kg

Time t second S
Electric current I ampere A
Thermodynamic temperature T kelvin K
Amount of the substance n mole mol
Luminous intensity L, candela cd

The SI unit of mass viz. kilogram has been defined as the mass of platinum-iridium (Pt-Ir) cylinder
that is stored in an air-tight jar at Intemational Bureau of Weights and Measures in France.

The SI unit of length viz metre was originally defined as the length between two marks on a Pt-Ir bar
kept at a temperature of 0°C (273 K). However, now it has been redefined by CGPM as the length of the
path travelled by light in vacuum during a time interval of 1/299,792,458 of a second.

Though the S 1. unit of temperature, ‘kelvin’, yet it is very commion to express temperatures in degree

celsius (°C) The two are reldted to each other as

However, it may be remembered that size of I°K = size of 156

273-15.
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Similarly, though the S.1. unit of length is metre, yet it is very common to express length in Angstrom
(A) or nanometres (nm) or picometres (pm). These are related to S.1. unit as follows :

1A=10"m, 1nm=10"m, Lpm=10""m

Further, it is important to understand that the term ‘weight’ should not be used in place of ‘mass’.
They have different meaning. Mass is the quantity of matter contained in the sample and for the given
sample, it is constant and does not depend upon the place. Weight is the force with which the body is
attracted towards the earth (W = mg). Thus, it depends upon the acceleration due to gravity ‘g’ which
varies from place to place.

Derived units. The units of all other physical quantities are derived out of those of the basic physical
quantities. The units thus obtained are called the derived units. Some commonly used physical quantities
and their derived units are given in Table 1.2.

TABLE 1.2. Some commonly used physical quantities and

g'g\;'ﬁ% DEFINITION UNIT SYMBOL
Arca Length square Square metre m?
Volume Length cube Cubic metre m3
Density Mass/unit vol. Kilogram per kgm™3
cubic metre
Velocity Distance/unit time Metre per second ms~!
Acceleration Speed change/unit time Metre per second ms~?2
per second
Force Mass x a:.celeration Newton N =kgms 2*
Pressure Force/unit area Pascal Pa=Nm™?
(Newton per sq. metre) =ikgm ' s 72
Work, energy Force x Distance joule J=Nm=kgm? s~ 2*+
Frequency Cycles/sec. Hertz Hz =s~1
Electric charge Current x time Coulomb C=As
Potential ditference - Volt V=kgm?s3A~!
=SIA ™ s = Je!
Electric resistance Pot-diff./current ohm Q=v ATl
Electric conductance | Reciprocal of resistance ohm™! e l=AvV™!

Subsidiary Units. Quite often we require units that may be multiples or fractions of the base
units. The SI system recommends the multiples such as 103, 10°, 10° etc. and fractions such as 1073,
1078, 107 etc. i.e. the powers are the multiples of 3. These are indicated by special prefixes. These
alongwith some other fractions or multiples in common use, alongwith their prefixes are given in Table
1.3 below :

*Newton is defined as the force that gives a mass of 1 kg an acceleration of 1 m s Zsothat f = ma = (1kg) (1 m s_z)
= lkgms_2 =1N.

**Joule is the work done when a displacement of 1 metre takes place by a [orce of 1 newton so that W= fxd = (1 N) (1 m)
= (lkgms™?) (Im) = Il kgm?s 2 =1J. Thus1J =1 Nm =1 kgm®s~2,
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TABLE 1

b, Some commonly used prefixes with the base units

PREFIX SYMBOL MULTIPLYING EXAMPLE
FACTOR

deci d 307" 1 decimetre (dm) = 107 '"m=0-1m

centl C Won centimetre (cm) = 1072m =0-01m

milli m 1 1 millimetre (mm) = 1073 m

ncre # L0 1 micrometre (wm) = 10"%m

nano n 11 1 nanometre (nm) = 10~ m

pico p fgm12 1 picometre (pm) = 10~ 1% m

femto f i 1 femtometre (fm) = 10”7 m

atto a 1018 1 atto metre (am) = 10~ '8m

zepto z 121 1 zepto metre (zm) = 10~ 2'm

yucto y 107%# 1 yocto metre (ym) = 10~ %m

deka da 10! 1 dekametre (dam) = 10' m = 10m

kilo k 10 1 kilometer (km) = 10° m = 1000 m

mega M 108 I megametre (Mm) = 106 m

giga G 10° 1 gigametre (Gm) = 10° m

tera T 1012 1 terametre (Tm) = 102 m

peta P 1ok 1 petametre (Pm) = 10" m

exa E i 1 exametre (Em) = 108 m

zetla Z 102! 1 zetta metre (Zm) = 102'm

yotta Y T 1 yotta metre (Ym) = 10¥'m

As volume is very often expressed in litres, it
is imporlant to note that the equivalence in SI units
15 \

)

Il
s
o
g

: 1 litre (1L)
and /1 millilitre (1ml) = 1 cm®* )

Some Important Points to
Remember About 5.1. Units
i. The unit named after a scientist is started
with a smali letter and not with a capital letter e.g.
unit of force is written as newton and not as New-
ton.
Likewise unit of heat or work is written as
joule and not as Joule.

2. Symbols of the units do not have a piural
ending like ‘s’. For example we have 10 cm and not
10 cms.

3. Words and symbols should not be mixed e.g.
we should write either joules per mole or J mol ™!
and not joules moi™!.

4. Prefixes are used with the basic units e.g.
kilometer means 1000 m (because meter is the basic
unit}. ;

Exception. Though kilogram is the basic unit
of mass, yet prefixes are used with gram because in
kilogram, kilo is already a prefix. ;

5. A unit written with a prefix and a power is
a power for the complete unit eg em® means (cen-
timeter)? and not centi (meter)”.

*From 1901 to 1964,.3 litre'was defined as the volume of 1 kg of water at 4°C. During this period, a miltilitre was very slightly
larger than a cubic centimetre. In 1964, the litre was redefined as exactly equal in volume to 1000 cubic centimetres, thereby removing

the confusion.
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1.5. Precision and Signiticant Figures

1.5.1. Difference between Precision and Ac-
curacy. The measurement involving counting of
whole numbers of identifiable objects eg. egas,
bananas, tubles, chairs ete. can be known accurately
Le. they consist of exact nurmbers. Similarly, defined
yuantities are also exact. For example, there are
exactly 60 seconds in exactly 1 minute. But many
scientific measurements involving some measuring
devices cannot be known accurately. The accuracy
of any such measurement depends upon

(#) the accuracy of the measuring device used,
and (if) the skill of its operator

For example, suppose we measure the length
ol a room using a tape or by pacing it off. If we pace
it off, we are likely Lo get different count each time
or to have a fraction of a pace left over. Thus the
result of measurement is not exactly correct. Ac-
curacy is clearly related to the way the measure-
ment is done. Using a tape, measure is more

Measurement () 1 2

Person A 10-3 10-4
Person B 10-0 10-1
Person C 10-1 10-3
Person D 10-0 10-7

Mcasurement by person A is both accurate
and precise.

Measurement by person B has poor accuracy
but good precision.

Measurement by person C has poor precision
but good accuracy (just by chance/luck)

Measurement by person D has poor accuracy
and poor precision.

These results may be represented diagram-
matically as shown in Fig. 1.1.

A measurement can have a good accuracy but
poor precision because different measurements may
give a correct average (though generally poor
precision corresponds to poor accuracy). The con-
verse 1s not true. Good precision does not necessarily
mean good accuracy. To give one example, suppose
we mistake 2 kg weights for 1 kg weights. Our
precision may be excellent but our accuracy will be
very poor. Such errorsin measurement when the same
mistake is made repeatedly are called systematic
errors. They do not affect the precision but they often
alfect the accuracy of a measurement,

accurate than pacing off a length. One method to
judge the quality of measurement is Lo repeat it.
Since each measurement is likely to give slightly
different result, take the average value. If the
average vailue of different measurements is close to
the correct value, the measurement is said to be
accurate (the individual measurements may not be
close to each other).

If the values of different measurements are close
{a each other and hence close to their average value,
the measurement is said to be precise. (The average
value of different measurements may not be close
to the correct value). The precision depends upon
the measuring device as well as the skill of the
operator.

For cxample, suppose the actual length of the
room is 10+ 5 m. Four different persons report the
result of their five measurements as follows*

3 4 5 Average (m)
10-5 10-6 10-7 10-5
10-2 10-3 10-4 10-2
1¢-5 10-7 10-9 10-5
10-9 11-1 11-3 10-8

D
o Average O
value [©
Correct Comect | Comect |0 ====40
value 3 valua value
—_— —e
Average Average Correct
value value I value
iv'e?afgtg O
value -
a) b c d
B(oth P‘ogr G(ogd P(oc))r
accurate accuracy accuracy accuracy
and butgood  butpoor and poar
precise precision  precision precision
(just by luck}

FIGURE 1.1, Understanding accuracy and precision.

1.5.2. Significant Figures. In the light of what
has been discussed above, it is necessary to indicate
in the reported result how accurately it has been
measured. For example, suppose the mass of an
object has been determined to be 14-5678 g. If the
accuracy of the analytical balance used is 00001 g,

*In the Table given above, five measurcments of any person have been shown as different. In actuai practice some of th;se

may be same also. Further, the values have been arranged in ascending order. In fact, the results of different measurements may

not have any order.
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this means that the actual mass of the object is
14-5678 £0-0001 gi.e. it lies between 14-5677 and
14-5679. Thus in the expressed mass, the first five
digits are certain but the last involves an uncertainty
ol = 1. All measured guantities are reported in
such a way that only the last digit is uncertain
(usually by = 1).

The total number of digits in a number including
the last digit whose value is uncertain is called the
number of significent figures.

For example, in the above value 1.e. 14-5678g,
there are six significant figures. Similarly, the num-
ber 2- 5 has two significant figures while the number
2-014 has four significant figures.

1.5.3. Rules for determining the number of
significant figures. The following rules are applied
in determining the number of significant figures in
any reported quantity :

Rule 1. All non-zero digits as well av the zeros
between the non-zero digits are sigrificant,

eg 576 cm has three significant figures
0)-48 g has two significant figures
5004 has four significant figures
2-05 has three significant figures
Rule 2. Zeros to the left of the first non-zero digit
in a number are not significant. (They simply indi-
cate the position of the decimal point).

e.g. 0-05 m has only one significant figure

(+-0045 kg has two significant figures.
Rule 3. If a number ends in zeros but these zeros
are to the right of the decimal point, then these zeros
are sipnificent.
5-0 m has two significant figures

2-50 cm has three significant figures

2500 g has four significant figures
0-0200 kg has three significant figures.
Rule 4. If a number ends in zeros but these zeros

are not to the right of a decimal point, these zerox
may or may not be significant.

eg

For example, 10500 g may have three, four or
five significant figures. This ambiguity is removed
by expressing the value in an exponential form. For
example, the above mass may be written in three
different exponential forms as follows :

105 x 10* g, which has three significant figures
or 1-050x10* g, which has four significant figures
or 1-0500x 10? g, which has five significant figures

In these cases, the significant figures of only
the first factor are counted (remembering that all
zeros to the right of a decimal point are significant).
Thus in such cases, the general notation is

N x 1

where N = a number with a single non-zero digit
to the left of the decimal poing

and n = aninteger.
The above method of expressing a number is

called Scientific or Exponential Notation.

1.5.4. Rules for determining the number of
significant figures in answers involving calcula-
tions. To get the final result of any experiment,
usually calculations are required which involve ad-
dition, subtraction, multiplication and division of
different numbers. These numbers may have dJif-
ferent accuracies i.e. may contain different number
of significant figures or decimal places. The final
result involving these numbers, therefore, cannot
be more accurate or precise than the least precise
number involved in a particular calculation. The
following rules are applied in determining the num-
ber of significant figures in the answer of any par-
ticular calculation :

Rule 1. The result of an addition or subtraction
should be reported to the same number of decimal
places as thot of the term with least number of
decimal places. The number of significant figures
of differeni numbers have no role to play.

Example 1. 4-523
243
6-24

Actual sum =LA 063

Reported sum =  13-1*

*Rounding ofl. The actual sum of 13-063 has been reported as 13 "1, This 1& because the resull 1s 1o be reporied only upto
one decimal place. The digit at the second decimal place is 6 which is greater than 5. Hence the digit at the first decimal place has
been increased by 1. This method is called rounding off. The general procedure for rounding off is as follows :

() Tf the digit just next to the fast digit to be retained is less than 5, the last digit is taken as such and all other digits on its

right are dropped.

(i) IT the digit js greater than 5, the last digit to be retained is increased by 1 and all other digits or its right are dropped.
(i) If the digit is equal to 5, the tast significant figure is left unchanged if it is even and is increased by 1if it is odd.
EXAMPLES : 1234 =7-23,1:236 =124, 1-235=1-24,1-225=1-22
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First number has three decimal places, second
has one und third has two. Hence answer should be
reported onlyupto one decimal place. Note that the
significant figures in the three numbers are 4, 2 and
3 respectively.

Example 2. 7-621
6-243
1-020
Actual sum = 14-884

Reported sum = 14-884

Each number has three decimal places. So the
answer is also reported upto three decimal places.
Further note that the significant figures in each of
the three numbersis 4 but result has five significant
figures.

Example 3. 154-2
6-1
oo L
Actual sum = 183-3
Reported sum = 183

The last number is an exact number (involving
no decimal place). Hence answer is also reported
as an exact number,

Example 4. 18-4215
—6-01

Actual Diff. 12-4115

Reported Diff. = 12-41

As the second number has two decimal places
only while the first has four, the answer is reported
upto Lthe two decimal places only.

Example 5. 29-25
—12-0234

Actual Diff, = 17-2266

Reported Diff. =  17-23

As the lirst number has two decimal places
only while the second has four, the answer is
reported only upto two decimal places.

Rule 2. The result of a muldtiplication or division
~howld be reported to the same number of sig-
nificant figures as is possessed by the least precise
term used in the calculution.

Example 1.
4327
X 28
Actual Product = 12-1156
Reported Product =12

The first number has four significant figures
while the second has two. The actual product has
been rounded off to give a reported produnct of 12
i.¢. containing two stgnificant (igures only. This s
because the least precise term in the calculation
(viz. 2-8) has only two significant figures.

Example 2. (-46 = 15-734 gives

Actual guotient = (-029236

Reported quotient should be 0-029 contain-
ing only two significant figurcs because the least
precise term in caleulations (viz. 0-46) has two
significant figures only.

It may be noted that both the above rules, in
fact, may be interpreted as follows :

. //:f'he reported answer should not be more precise

than the least precise term used in the calcula-
fon.”

This generalization helps to check the
reported answer in cases where doubt arises. For
example, in_cxample 1, the preciston of the least
precise term is 0 1 part in 2-8 i.e. I part in 28 or
nearly 35 parts_per thousand (i.e. 35 p.p.t). The
precision of the reported answer is 1 part in 12 or
nearly 83 p.p.t. Thus the reported result is not more
precise than the least precise term. If we take the
reported answer as 12- 1, the precision will be 0- T
in 12-1 or 1 part in 121 {.e. ncarly 8 p.p.t. which is-
more precise than the least precise term. Hence the
reported result should be 12 and not 12-1.

Rule 3. If a calculation involves a number of steps,
the result should contain the same number of sig-
nificant figures as that of the least precise number
involved, other than the exact numbers.

Example.
42-967 x (0-02435
0-34 % 4

= 1)- 7692988

(Actual result)

Leaving the exact number 4, the least precise

term has two signiftcant figures. Hence after round-

ing off, the reported result will be 0+ 77i.¢. contain-

ing two significant figures. Alternatively, the above
rule is applied as follows :

First the number of significant figures that the answer
should contain is decided (i.c. it should beequal to that
af the least precise termn, other than the exact number).
Before carrying out the mathematical operaiions,
every number is rounded off to contain one significant
figure more than the answer would have. The answer
obtained is then rounded off tv contain the required
number of significant fipures.
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Thus in the above example, the answer should
have two significant figures. Hence every number is
first rounded off to contain three significant figures.
Thus

43-0 x 0-0243

0330 x4 - 0- 7683088

After rounding off to two significant figures,
reported answer should be 0-77.

EXAMPLE 1. What
tween 5-0gand 5-00g ?
Solution. Though they look to be equivalent
but scientifically they are different. 5-0 g has two
significant figures and hence its precision is 0-1
part in 5 i.e. 20 p.p.t. 5-00 has three significant
figures and hence its precision is 0- 01 parts in 5 i.e.
2 p.p.t. Hence 5-00 g is more precise measurement
than 5-0 g.
EXAMPLE 2. How many significant figures are
there in each of the following numbers ?
(i) 6-005
(ii) 6-022 x 103
(iii) 8000
(iv) 0-0025
(v)
(vi) the sum 18-5 + 0-4235
(vii} the product 14 X 6-345.
Solution, (/) Four because the zeros between
the non- zero digits are significant figures.

is the dszerencé be-

(if) Four because only the first term gives the
significant figures and exponential term is not con-
sidered.

(iif) Four. However, if expressed in scientific
notation as 8 X 10?, it will have only one significant
figure, as 8-0 X 10°, 8-00 x 10° or 8-000 x 103, it
will have 2, 3 or 4 significant figures.

(iv) Two because the zeros on the left of the
tirst non-zero digit are not significant.

) Ast = % = 3-1428571....., hence it has

infinitc number of significant figures.

REMEMBER

The rules that have been stated above apply only to
non-integral measured quantities because only in
these cases the uncertainty in measurement has
significance. These do not apply to exact numbers
where uncertainty has no significance e.g. there are
exact 12 eggs in a dozen of eggs, there are exact
1000 gin 1 kg, there are exact 3 feet in 1 yard and
so on.

.\iil( ANT FIGURES

(vi) Three because the reported sum will be
only upto one decimal place i.e. 18.9.

(vii) Two because the number with least num-
ber of significant figures involved in the calculation
(i.e. 14) has two significant figures.

EXAMPLE 3. Express the following to four
significant figures :
(1) 6-45372 (ii) 48-38250  (iti) 70000

(iv) 2:65986 x 10° (v) 0-004687.
Solution. (i) 6-454 (i) 48-38
(##1) 7-000 x 10* (iv) 2:660 x 10?
(v) 0-004687.
EXAMPLE 4. A sample of nickel weighs
6-5425g and has a density of 8- 8 glcm?. What is the
volume? Report the answer to correct decimal place.

_ _Mass 6-5425¢
Solution. Volume = Density 8-8g/cm
= (-74 cm?

The result should have two significant figures
because the least precise term (8-8) has two sig-
nificant ﬁgures

EXAMPLL 5. Express the result of the follow—

ing calculation to the appropriate number of sig-
3:24 X 0-08666

e e 5006  (N.CERT)
3:24% 008666
Solution. 5.006 = (- 0560883
(Actual result)

As3-24hasleast number of significant figures
viz 3, the result should contain 3 significant figures
only. Hence the result will be reported as 0- 0561,
(after rounding off).
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PROBLEMS FOR ¥

1. How many significant figures are there in each of (if) Planck’s constant (6-62 x 1034 Js)?
thc_ lel()wing numbcr?? [Ans. G)2 @) 3]
() 2520 DA 3. Express the number 45000 in exponential notation
(i) 7-5 x 10* to show
(iv) 0-00050 (#) two significant figures
(v)67-32 -6-3 (%) four significant figures.
(vi)4-2+7-589 [Ans. (§) 4-5 x 10* (ié) 4-500 x 104]
(vii) (5-56)% (8-24)/(3-6) 4. Criticize the following statements :
(viti) 18-567/(8-1 x 2) (¥) A fossil was studied 25 years ago and was found
[Ans. () 4 @) 2 @) 2 Giv) 2 (v) 3 to be 25000 years old. Now it must be 25025 years
vi) 3 (vii) 2 (viii) 2} old.
2. What is the number of significant figures in - (i) The population of a city is 605,000. A family of
3 y 2 five persons shifts to some other city. The popula-
(1) Avogadro’s number (6 -0x10~) and tion of the city must now be 604,995.
HINTS rForpiFricuLT PrROB
1. (i) Zeros to the right of the decimal point are ing off, reported result = 11-8 (having three sig-
significant. nificant figures).
(if) Zeros to the left of the first non-zero digit are (vif) As least precise term (viz 3-6) has two sig-
not significant. nificant figures, the reported result should have two

(it) When expressed as 7-5 x 10%, ony significant b ;
figures of 7-5 are to be considered. (wiit) Leaving exact number 2, the least precise
(iv) Apply rules given in Hints (i) and (i) above. term (8- 1) has two significant figures.

(v) 67-32—63 = 61-02. The result is to be 2. See Hint to Q. 1. (iii).

reported to same number of decimal places as that 3. See Hint to Q. 1. (iif).

of the term with least number of decimal places (viz 4. (f) 25000 = 2-5 x 10*. It has only two significant
6-3 with only one decimal place). Hence after figures. Expressing the new value in terms of same
rounding off, reported result = 65 -0, (which has number of significant figures, the age of the fossil
there significant figures). after 25 years can be taken as same.

(vi)4-2 + 7-589 = 11-789. As it is to be reported

Quite often the uncertainty in measurement is expressed in terms of percentage by putting + sign before it
€.8. 250 + 1% etc. If the same instrument is used for measuring different quantities, then smaller the quantity
lo be measured, greater is the percentage uncertainty. For example, ifa balance has uncertainty in measure-
ment equal to + 1 mg, thenif we weigh 100g on it, the result can be reported as 100 + 0-001%. If same balance
is used to weigh 10 g, the result reported will be 10 + 0-01%, and if 1 g is weighed, the result reported will be
10 + 0-1%. Hence smaller the quantity to be measured, more precise should be the instrument.

While reporting the result to correct significant figures in any calculation, the exact number (e.g. 4 in example

on page 1/10} is left out as it does not affect the number of significant figures. This is because an exact number
is considered (o have an infinite number of significant figures S

\]
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1.6. Dimensional Analysis

Any calculation involving the use of the
dimensions of the different physical quantities in-
volved is called dimensional analysis.

It is used for any one of the following pur-
poses:

(1) To convert a physical quantity given in one
type of units into some other units. It consists of
the following steps :

(i) First determine the ‘unit conversion fac-
torffactors’.

e.g. for conversion of pounds (1b) into
kilograms (kg) or vice versa, 1 kg = 2-205 1b.

_2:2051b 1 = il
T 1kg ~2:2051b

Similarly, for conversion of inches into cm or
vice versa,
linch = 2-54 cm
2-54 cm 1 inch
1= e SOTe ]
1mch 254 cm

The quantities such as 2-205 1b per kg or 1 kg
per 2:205 1b, 2- 54 cm per inch or one inch per 2- 54
cm ctc. are called ‘unit conversion factors’.

(if) Mudtiply the given physical quantity with the
unit conversion factors, retaining the units of the
physical quantity as well as that of theunit conversion
factors in such a way that all units cancel out leaving
behind only the required units. If the unit conversion
[actor has not been used correctly, the answer will
come out o be in wrong units.

(iii) If the conversion involves a number of
steps, each conversion factor is used in such a way
that the units of the preceding factor cancel out.

As an illustration, a few examples are given
below :

EXAMPLE . 4 man weighs 175 1b. Express
his weight in kg. Given that 1 kg = 2-205 1b.

Solution. 1kg = 2-205 1b

{-2:2051b __ 1kg
-+ vel il sy 2220516

1k
: =275 aas XBa
Hence 1751b = 175 Wy X 220516
= 79-4kg.
The units ‘1b’ cancel out from the numerator
and denominator and the answer is in the required
units i.e. kg.

Note. If the conversion factor were not cor-
rectly used, the answer would have absurd unitse.g.
if we write

2-2051b
1kg
1

the answer will have the units 1b% kg~ 1.

1751b =175 1b x

EXAMPLIS 2. How many inches are there in
3-00km ? Giventhat 1km = 1000m, 1m = 1-094
yd, 1yd = 36in.

Solution. The unit conversion factors will be

1=1000m _ 1km
" 1km  1000m
O L e
T Im T 1-09yd
1_36ir1=12d
~ 1yd  36in

Here the conversion involves a number of
steps. Hence the unit conversion factors are ap-
plied in such a way that the units of the preceding
factor cancel out. Thus

3-00 km = 3-00 ke X %r
 L-094yd 36in
1m 1 yd

=1-18 x 105 in.

Note that the answer has been reported to
contain three significant figures (because 1000 m
and 36 in. are exact numbers).

EXAMPLI 5. Express the following in S 1. base
units using power of 10 notation (example 2- 54 mm
=2-54x1073m)

(a) 1-35mm (b) 1day (c) 6-45mL (d) 48
g (e) 0-0426in (N.C.E.R.T)

Solution. (@) S.I. unit of length is ‘m’
1m = 100 cm, 1 cm = 10 mm

.. Unit conversion factors are

lm _ 100cm _ lcm _ 10mm _
100cm  1m  10mm lcm
1cm 1m
7.l =15 2 .
1-:35mm = 1:35 mm 10mﬁ1x10091ﬂ
=1-35x10"3m
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(h) S.1. unit of time is ‘sec’ (s)

1 day =
[ 24 houts 60 nun 60 s
ey s Bt <R
= §-6400 x 10* 4
{¢) S.1. unit of volume is ‘n?’
1cm®
6-45ml = 645 mE x T 0
S, 1m 3 1m Im
10 ¢ 100cm 100 et
=645 x 107 %m3
{(d} S.I. unit of mass is ‘kg’
=y 10_6,g’x 1kg
Bug = WpgX = g 10008
=4-8§x 10 kg
{¢) S.L unit of length is ‘1’
0-0426 in = 00426 jarx 2500 - 1m
1 100 cm

=1-082 % 103 m

(2) In solving problems. For this purpose,
units are written alongwith all the numbers. The
units are then cancelled in the same manner as the
numbers. If the problem has been correctly solved,
the answer will have correct units.

VNANPLLEL 1. What is the mass (in grams) of
an aluminium block whose dimensions are 20 in.

X 3:0)in. X 4-0 in. and whose density iv 2-7
gleny? ? Given that 1in. = 2-54cm.

Solution. Here unit conversion factors are

i 2-54cm _ 1lin
lin.  2-54cm
2:7g,  1cm?
and M= = ———
lem® 2:7g

Hence required mass (in g)
=2-0in'x 3-0jnx 4-0 irx &5l

Lin
Y 2-5%;‘111 9 2-51%9111 ¢ 2-9g
1im 1im 1cm¥
=1:1x10Pg.

LEXANPLIE 2. The mass of precious stones is
expressed in terms of ‘carat’. Given that 1 carat =
3- 168 grains and 1 gram = 15-4grains, calculate the

lotal mass of a ning in grams and kilograms which
contains 0500 carat diamond and 7 - 00 gram gold.
(N.C.E.R.T)

Solution. The unit conversion factors to be
used will be

_ _lcarat _ 3-168 grains
" 3.168 grains 1 carat
s lgram _ 15-4 grains
" 15-4grains  1gram
. _ 3168 grains
0-500 carat = - 500 carat x :
E 1 carat
x gmam_
15-4 grains
= 010 gram
.. Total mass of the ring

=7-00+0-10g="7-10p
_ . B = 0. Ay
7-10g x 10500 0-0071 kg.

(3} To check the accuracy of any equation.
This is done by finding the dimensions of both sides
of the equation which must be same.

S ANLL Using the method of dimensional
analysis, verify the validity of the following equations:

i) ST R ém?

Solution. (i) Dimensions of L.H.S.
~1

(e =va

Le. ¢ =ms
Dimension of RH.S. ie

vai=s"1x m=ms1

Hence from dimensions point of view, the
equation is correct.

(#) Dimensions of LH.S.ie. § = metres ()

Dimensions of RH.S. i.e. ut + % at®

= 1 o
=ms 1><s+§ms 2y 52

=m + m = metres (m)

Hence from dimensions point of view, the
equation is correct.
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PROBLEMS FOR PRACTICE

1. Convert 16- 1 kin to miles using the following units

cquivalents :
1 km = 1000 m, 1 ft = 12 inches
Im=100cm. 1mile=1760yd

lTinch =2-34c¢m, 1yd =3t [Ans.10-0 miles]
2. What 1s Lthe weight in pounds of a gold bar 12:0
inches long, 6-00 inches wide and 3-00 inches

thick? The density of gold is 19-3 g cm™ 3. Given

linch = 2-54 ¢cm, 1 1b = 453-6 g, [Ans.151 1b)
3. Express the following in ST units :

{£) 56", the average height of an Indian man.

(i) 80 miiles per hour, the average speed of a road-
ways bus.

() 100 pounds, the average weight of an Indian
girl. (Take 11b = 454 )

{iv) — 10°C, the lowest temperature in Simla.

(v) 2 litres of milk, the average consumption of a
family of 4 persons.

{(v) 14 pounds per square inch {atmospheric pres-
sure)
[ i () 1-68m (i) 35-8ms™ ! (iii) 45-4 kg
(iv) 263 15K (v) 2dm® (vi) 9841-3kgm 7]
4. Convert the following into kilograms :
(£) 500 Mz (mass of loaded jumbo jet)

() 1 fg (mass of human DNA molecule)
(NC.ERT)
1405 ) 5 x 10" ke (i) 10718 kg]
§. Convert the following into metre
() 40 Em (thickness of Mitky way galaxy)
(&) 1-4 Gm (diameter of Sun)
(sit) 41 Pm (distance of nearest star)
(NC.ERT)
[Ans. (@) 4 x 10° m (i) 1-4 x 10° m (Gii) 41 x 105 m]
6. Using the unit conversion factors, express
(i) 1-54 mm s~ Linto pm ps !
(i1} 2-66 g cm ™3 to ug g (NC.ERT)
[ Ans. () 1-54x10° pm,ms_l (1) 2661078 ug um ™3
7. Vanadium metal is added to steel to impart
strength. The density of vanadium is 5-96 glem?®,
Express this in S.1. units (kg/m?>). (NC.ERT)
| \ns. 5960 kg/m®)
8. “The star of India” sapphire weighs 563 carats. If
one carat is equal to 200 mg, what is the weight of
the gemstone in grams ? (NC.ERT)

[Ans.112-6g]

H | NT5 FOR DIFFICULT PROBLEMS

1. 161 km = 161 x TP x”'f—‘"‘f iy BOmiles _ 80miles 1760y
o ¢ 1 ) Thour * 36005 * 1 mile
1 imcly 1 1 ﬂ 1 mile
X 3 54 ot 12 inchEs . 340 1760 ya' x %x llzjgx 2-.’;4}:?1 x 1010T,m
= 10-0 miles. PRy ool S
Note that the least precise term (2-54) has three 3
signiticant figures. (i) 100 b = 1004 x 225 « T‘%‘%{ 45-4 kg

2. Weight in pounds = 12-0.im x 6-00 jax 3-00 in
2:54om  2-54em  2-54cm  19-35 11
Tin Lin Tt 1om?®  #53°6F

= 15060491 /b = 151 b (after rounding off be-
cause least precise term has 3 significant figures)

_ L 254ger 1
3. ()567 = 66" = 66iarx 2 x e

=1-6764m =1-68m

(after rounding off to have 3 significant figures as
that of the least precise termy)

() —10°C = —-10+ 273- 15K = 263-15 K
2L
W000en®  ldm ldm _ ldm

=2 X3 * T0cm = T00m = 10car
=2dvn3
1448 1kg Linch 1.ipch
O T X 73080 X T5Aem * 254 m
 100.em” 100 ent
1m lm

= 9841 -3 kg per square metre.
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4. (i) 1 Mg i.e. megagram = 106g =1-54 x 103 pmys—l
500 Mg =500 x 10%g = 5 x 10° kg. . 2:66g- lug  100cAr  100cm_ 100 cor
. 15 —-18 @) Tem®  10-5 T T im < im
(6) 1 fg ie. femto gram = 10" g =10 18 kg 107 g~ <
-6 -6 -6
5. ()1 Emie cxametrels= 1018 m x uiymw I?erlw 1(1)/”:?
40Em =40x 10 °m Lol x10_6;4g;4m_3.
=4 x10"m.
e T 596g 1kg _ 100cor
(1)) 1 Gmi.e. gigametre = 10" m 7. . x 1000/g/x .
1:44Gm=14%x1m PRSI (1
‘ (l.)l~54m-n‘rx lenr  lm-  1pm T R = 5960 kg/m’
. s 10 pmm ~ 100 coa 10712 450 200.mg Jogi .. - .
8.563,caratfs><1 ,xm—llz 68

10 6
1us

(a) From given unit to another unit

1 mile = 1760 yards 1 metric ton
1yard = 3 feet 1kg
1foot = 12 inches 1g
linch = 2-54cm 1lb
tlitre = 1000 ml= 1000 cm®

1 quart = 0-9463 litre

or 1litre = 1-056 quarts

1000 kg
= 1000 g

1000 mg
=453-6¢

() From given unit to S.1. unit

1A=10""m 1 atm

1 bar
lamu. = 1-66053 x 10~ kg 1 mm or 1 torr

rFC=t+273-15K

=t+273K 1 calorie
1litre = 10"3m? = 1dm® lerg
ldyne =107°N 1 electron volt (eV)

760 mm or torr

101, 325 Pa or Nm 2
1-013 x 10° dynes/cm>
10° Nm™2 = 10° Pa
133322 Pa or Nm ™2

I

4-184J
1077)
16022 x 1071 J.
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W

The ST unit of temperature, viz. Kelvin was given in honour of the great British scientist ‘Lord Kelvin'.

2. Tempcratures in Kelvin are expressed as 25 K, 35 K etc. and not as 25°K, 35°K etc.

A |

SECTION—IIL
CLASSIFICATION OF MATTER
1.7. What is Matter ? sy

Everything that is around us and the
presence of which can be felt with the help of any
of our five sensesi.e. sight, touch, smell, hearing and
Laste is called matter. In fact, this whole universe is
made up of only two things viz. matter and energy.
Experience has shown that all types of matter pos-
sess mass and occupy space. Hence

Matter is defined us any thmg that occupws space,

by any one or more of our five senses.

The cxamples ol matter are innumerable. A
few of these include clothes, iron, gold, plastics,
wood, water, milk, petrol, kerosene oil, air etc.

1.8. Classification of Matter

There are two ways of classifying matter :

(A) Physical Classification

(B) Chemical Classification.

(A) Physical Classification. Based onphysical
state under ordinary conditions of temperature and
pressure, matter is classified into the following
three types :

(1) Solids (3) Gases.

A substance is said to be solid if it possesses a
definite volume and a def nite shape e g. sugar, iron,
gold, wood clc.

(2) Liquids

A substance is said to be liquid, if it possesses a
definite volume but no definite shape. They take up
the shape of the vessel in which they are put. e.g.
water, milk, oil, mercury, (ilcohol elc-

A substance is said to be gusevus lf u neuher possesses
a definite volume nor a definite shape. This is because
they [ill up the whole vessel in which they are put. e.g.
hydrogen, oxygen, carbon dioxide, air etc.

l'ermi is a unit of len;:th used in Nuclear Physics. 1 Fermi = 10

—il'3 =5

cm =10

(B) Chemlcal Classification. Broadly qpedk-
ing, all kinds of matter may be classified into the
following two types :

(@) Homogeneoﬁs (2) Heterogeneous

The word ‘material’ is commonly used for all
kinds of matter whether homogeneous or
heterogeneous.

A material is said te be homogeneous if it has
uniform composition and identical properties
throughout.

Since any distinct portion of matter that is
uniform throughout in composition and properties
1s called a “phase”, hence

A material is said to be homogencous, if'it consists
of only one phase. On the other hand, a maferial is
said to be heteropeneous if it consists of a nimber
of phases.

The composition of each phase is uniform
throughout within itself but is quite different from
those of the other phases. The different phases are
separated from each other by distinct boundaries.
For example, water, iron, salt, a solution of salt in
water, air (which contains a number of gases),
motor oil (which contains a number of hydrocar-
bons) etc. are homogeneous whereas a mixture of
ice and water, salt and sand, iron and sulphur etc.
are heterogeneous.

However, a more scientific way of classifica-
tion, called the ‘chemical classification of matter’ is
briefly described below : —

All types of materials are believed to be made
up of “substances”. A material containing only one
substance is called a “pure substance”. On the
other hand, materials containing more than one
substance are not pure and are called “mixtures”.
Pure substances are further classified into two
types, called “Elements” and “Compounds”. Mix-
tures are also of two types, namely “Homogeneous
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mixturcs” and “Heterogencous mixtures”. Pure
substances (i.e. elements and compounds) are al-
ways homogenreous. Homogeneous mixtures are
also called “solutions”. The single phase in which a
solution occurs may be gaseous, liquid or solid. Air,

salt dissolved in water and brass (an alloy of copper
and zinc) are examples of gascous, liquid and solid
solutions respectively. Thus the classification of
matter may be sketched as shown below.

MATTER

|

Physical Che.mica'l
Classitication Classnfl'lcatmn
| | | I wad
Solids Liquids Gases Subl:. ‘t';ﬁces Mixtures
I [ [ |
Elements Compounds Homogeneous Heterogeneous
~— — / (Solutions)

(All Homogeneous)

l

A

Inorganic
Compounds

Organic
Compounds

Now we shall take up a detailed discussion of
the three main classes of matter i.e. elements, com-
pounds and mixtures.

1.6, Eiamenis

An element is usually defined as the simplest form
of @ pure substance with definite Physical and
chemical properties and which can neither be
broken into nor built from simpler substances by
any chemical or physical method.

This definition is, however, not correct since
chemists and physicists together have recently
shown that elements can be broken down into and
synthesized [rom simpler substances. With the dis-
covery of atom as a fundamental unit of matter, the
definition has now been modified as follows : —

An element is defined as a pure substance that
containy only one kind of atoms.

Carbon, sulphur, iron, lead, gold, mercury,
oxygen and nitrogen are some examples of familiar

elements. The number of elements known to-date
is 110, Of these, 92 occur in nature in the earth’s
crust and the remaining have been prepared artifi-
cially in the laboratory through nuclear reactions.
The naturally occurring elements are distributed in
the crust of the earth in varying proportions.

Types of Elements. Depending upon the
physical and chemical properties, the elements are
further subdivided into three classes, namely,
(1) Metals (2) Nen-metals and (3) Metalloids.

Metals are those elements which reflect light
and hence possess lustre. They are good conduc-
tors of heat and electricity, malleable (i.e. ham-
merred to form sheets) and ductile (i.e. can be
drawn into wires), exist as solids at room tempera-
ture (except mercury) and possess high density.
Some examples of common metals are copper, sil-
ver, gold, aluminium, iron, lead, tin, nickel,
chromium, mercury etc. Majority of the elements
(i.e. about 65%) are metals.
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Non-metals are those elements which do not
reflect light and hence do not possess lustre (the
only exeeption being iodine). Further they are brit-
tle, poor conductors of heat and electricity (except
graphite) and exist in all the three states, e.g. sul-
phur, phosphorus, iodine et are solids, bromine is
a liquid while oxygen, nitrogen, hydrogen, chlorine,
etc. arc gases.

Metallpids are those elements which possess
the characteristics of both ie. metals as well as
non-metals. Some important cxamples of metal-
loids are arsenic, antimony, bismuth etc.

1.10. Compounds {asismnninaanas

than one kind of elements or atoms. _
Further, it is found that the elements present in a
compound are always in a fixed proportion by weight.
Hence a compound may be defined as follows :

A compound is a pure sy_bg_tfng_zce confaining two or
more thun two elements combined together in a
Jfixed proportion by weight and which can be decom-
“posed into its constituent elements by suitable
chemical methods. Further the properties of a com-
pound are completely different from thase of ils
constituent elements. '

Water, for example, is a compound containing
hydrogen and oxygen combined together in a fixed
proportion of 1: 8 by weight. It canbe decomposed
into its constiuent elements ie. hydrogen and
oxygen by passing electricity through water (after
acidifying it to make it a good conductor of
electricity). Further the propertics of water are
completely different from ils constituents,
hydrogen and oxygen. For example, hydrogen is a
combustible gas, oxygen gas is a supporter of com-
bustion whereas water is neither combustible nor a
supporter of combustion but extinguishes fire.

A few other common examples of compounds
are carbon dioxide, sulphur dioxide, sulphuricacid,
nitric acid, hydrechloric acid, caustic soda, washing
soda, baking soda, common salt, copper sulphate,
nitre efc.

Types of Compounds. All the compounds may
be divided into the following two categories :

(1) Organic compounds

(2) Inorganic compounds.

Organic compounds are the compounds con-
taining carbon and a few other clements. like
hydrogen, oxygen, nitrogen, sulphur, halogens ctc.
These were originally obtained only from animals
and plants.

Inorganic compounds arc the compounds
containing any two or more elements out of more
than 110 elements known so far. These are usually
obtained from minerals and rocks,

1.11. Mixtures =

A material containing two or more substances (ele-
ments or compounds) in any proportion is called a
mixture. The properties of « mixture are the properties
o s constituents. Ferther, a mixtare can be cud
into its constituents by simple physical methods.

Types of Mixtures. There are two types of
mixtures ; (1) Homogeneous mixtures

(2) Heterogeneous mixtures

A mixtureis said to be homogeneous ifits composi-
tion is uniform throughout. ! :

The components of a mixture are not visible
with naked eye or even under a microscope. A
homogeneous mixture consists only of one phase.
The single phase in which a homogencotis mixturc
occurs may be gaseous, liquid or solid. For example,
air is a homogeneous mixture of a number of gases
like oxygen, nitrogen, carbon dioxide, ozone efc.
whereas petrol, kerosene oil, diesel oil etc. are
homogeneous mixtures of a number of liquid
hydrocarbons. Similarly alloys such as brass,
bronze etc. are homogeneous mixtures of metals
whereas salt or sugar dissolved in water gives a
homogenecous mixture having only the liquid phase.

All homogeneous mixtures are called sofu-
tions. Whereas gases can be mixed in any propor-
tiohs, there is a limit in case of liquid and solid
solutions depending upon their mutual solubility.

A mixture Is said to be heterogeneous if its com-
position is not uniform throughout. :

A heterogencous mixture consists of two or
more distinct phases. The components of a
heterogeneous mixture are visible with naked eye
or at least under a microscope. For example, the
components of a mixture of iron, sulphur and com-
mon salt can be seen with naked eye, lying side by
side but the components of milk (which is also a
heterogeneous mixture though it looks to be
homogeneous), the fats suspended in clear liquid
can be seen under a microscope. A few other ex-
amples of the heterogeneous mixtures include
smoke §a mixture of carbon particles + air), gun
powder (a mixture of carbon, sulphur and nitre), oil
in water, copper sulphate and sand etc. Strictly
speaking, air is also a heterogeneous mixture if dust
particles are taken into consideration.
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The various characteristics mentioned in the
definition of ‘mixture’ can be explained taking the
example of a mixture of iron filings, sulphur and
common salt. Firstly, they can be mixed in any
proportion. Secondly, the mixture can be tested to
see that it gives the tests of iron, sulphur and com-
mon salt. Thirdly, the mixture can be separated into
its components by simple physical methods e.g. iron
can be separated by simply moving the magnet into
the mixture whereas sulphur and common salt can

be separated by making use of their solubility in
different solvents i.e., sulphur can dissolve in carb-
on disulphide whereas common salt is soluble in
water. So any one of the two car be dissolved and
then filtered.

1.12. Difference between A Compound
and A Mixture R

The ymportant points of difference between a
mixture and compound are summarized below :

3. 'The properties of a mixiure are midway between
those of its constituents.

4. The constituents of a mixiure can be easily
separaled by simple mechanicat means.

5. Mixtures are formed as a result of a physical
change.

6. When a mixture is formed, no heat, light or electrr-
cal energy is absorbed or evolved.

7. The melung and boiling points of mixtures are
usually not sharp.

MIXTURE l COMPOUND
I. The constituents of a mixture may be present inany | 1. The constituents of a compound are always present
ratio. in a fixed ratio by mass.
2. Mixture may or may not be homogeneous in na- 2. Compounds are always homogeneous in nature.
lure.

4. "Ihe properties of a compound are entirely different
from those of its constituents.

4. The constituents of a compound cannot be casily
separated by simple mechanical means. Encrgy in
the form of heat or light is often required.

5. Compounds are formed as a resull of & chemical
change.

6. Formation of a compound is always accompanied by
absorption or evolution of heat, light or electrical
CNErgy.

7. Chemical compounds possess sharp melting and
boiling points.

ADD TO YOUR K

L =
|, 20 carat goid is a mixture of 20 parts by weight of gold and 4 parts by weight of copper. Pure gold is 24 carat,

2 lodized sall used as a 1abie salt is a mixture of NaCl and a small amount of Nal.

Cement is a mixture of a number of silicates.

4. 'The cxistence of an element in two or more chemically similar but physically different forms is called allotropy
and the different forms arc called allotropes eg

allotropes of carbon.

S

diamond, graphite, wood charcoal, lamp black etc. are

‘The existence of a compound in different crystalline forms is called polymorphism and the different forms are

called polymorphs e.g ZnS has two polymorphs called zinc blende and wurtzite.
The existence of different compounds with similar chemical composition in the same crystalline form is called

isomorphism eg Zn$0, 71,0 and
[M,SO,M," (SO,);, 24 H, 0], are isomorphs.

Subslances which absorb moisture f{rom the

CuS0Oy, P,0y, quicklime (Ca0) etc.

Fe$SO,.7 H,0

are  isomorphs. Similarly,  alums,

air are called hygroscopic substances e.g. anhydrous

Solid substances which absorb a large amount of moisture from the air so that they become wet or pass into
solution ar¢ called deliquescent and the phenomencen is called deliquescence e.g. NaOH, KOI,

MgCly, CaCl, ete.
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5. Some crystalline solids e.g. CuSQy. 5 H;0, Na,CO;. 10 H,0, Na,50,.7 H,O etc. when exposed to air lose
their waler partly or wholly. Such substances are called eMorescent and this property is called efflores-

cence.

. 14, The separation of a mixture of gases based on their difference in the rates of diffusion is called atmolysis e.g.
U35 and U238 are scparated by converting them into their hexafluorides which are gaseous and have diffcrent

rates of diffusion.

One of the most important aspects of the
subject of chemistry is the study of chemical reac-
tions. These chemical reactions take place accord-
ing to the certain laws, called the ‘laws of chemical
combination’. These arc :

1. Law of Conservation of Mass
2. Law of Constant Composition
3. Law of Mulitiple Proportions
4. Law of Reciprocal Proportions

8. Law of Combining Volumes (Gay Lussac’s
Law of Gaseous Volumes).

The first four laws deal with the mass relation-
ships whereas the filth law deals with the volumes
of the reacting gascs. Let us now discuss each of
these laws one by one.

P16, Lew of Sonsanation of mass

reactants and the products of a chemical reaction
(or a physical change) was studied by the great
French chemist Antoine Lavoisier in 1774, This law
may be stated as follows : —

In all physical and chemical changes, the total
mass of the reactants is equal to that of the
products.

Thus according to this law, there is noincrease
or decrease in the total mass of matter during a
chemical or a physical change. In other words,

Matter can neither be created nor destroyed.

Hence this law is also called the Law of in-
desirucibility of matter. The lollowing experiments
illustrate the truth of this law.

al
change. A piece of ice (solid water) is taken in a
small conical flask. It is well corked and weighed.
The flask is now heated gently to melt the ice (solid)
into water (liquid).

Heat

Ice Water

The flask is again weighed. It is found that
there is no change in the weight though a physical
change has taken place.

(b)) When matter undergoes a chemical
change. The following chemical changes illustrate
the law :

(¥) Precipitation Reaction. Landolt took solu-
tions of sodium chloride and silver nitrate separate-
ly in the two limbs of the Landolt’s tube (Fig. 1.2).
The limbs were then corked and the tube was
weighed. Thereafter, the tube was tilted to allow the
two solutions to mix. As a result of the following
chemical reaction, a curdy white precipitate of sil-
ver chloride is formed : —

NaCl (aq) + AgNOs(aq)
AgCl(s) + NaNO,(aq)

X721
1 L 1
gz
NI
SODIUM
CHLORINE SOLUTION
SOLUTION
- |

T TTITITITITITITEY

TIIRTT R TTTTTH

FIGURE 1.2. Landolt’s tube.
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After the reaction, the tube was again
weighed. It was found that weight practically
remained unchanged.

(if) Decomposition of Mercuric oxide. 100 g of
mercuric oxide when heated in a closed tube,
decomposed to produce 926 g of mercury and
7-4 g of oxygen gas ;

1
HgO(s) ——— Hg(l) +30,(¢)
100g 9268 74g

Thus, during the above decomposition reac-
tion, matter is neither gained nor lost.

Law of conservation of mass and energy. In a
number of reactions, especially the nuclear reac-
tions, the mass of the products is found to be
slightly less than the mass of the reactants. The
question arises—where is this mass lost ? Accord-
ing to Einstein, this mass is converted into energy
according to the equation

E = m¢?
where m is the mass lost and c is the velocity of
hight. Hence the law of conservation of mass has
been modified. Now it is known as law of conser-
vation of mass and energy. It states as follows :
The mass und energy are interconvertible but the
total sum of the mass and energy during any Physi-
cal or chemical change remains constant.

PROBLEMS ON LAW OF CONSERVATION OF MASS

4.90 g of KCIO; when heated

produced 1-92 g of oxygen and the residue (KC) left
behind weighs 2-96 g. Show that these results il-
lustrate the law of conservation of mass.

Solution. Mass of KCIO, taken = 4-90g
Total mass of the products (KCI + 0,)
=296 + 192 = 488¢

Difference betw=cn the mass of the rcactant
and the total mass of the products
= 4.90—4-88=0-02¢,
This small difference may be due to ex-
perimental error.

Thus [aw of conservation of mass holds good
within experimental errors.

PROBLEMS FOR PRACTICE «

1. What mass of silver nitrate will react with 5.85 gof
sodium chloride to produce 1435 g of sitver
chloride and 8.5 g of sodium nitrate, if the law of
conservation of mass Is true ? [Ans. 17.0 g)

2. When 4.2 g of NaHCOj is added 1o a solution of
acetic acid (CH,COOH) weighing 10.0 g, it is ob-
served that 2.2 g of CO, is released into the atmos-
phere. The residue left behind is found to weigh

HINTS FOrDIEFICULT PROBLEMS

12.0 g. Show that these obscrvations are in agree-
ment with the law of conservation of mass.

(NCERT)

63 gol NaHCO; are added to 150 g of
CH,COOH solution, the residue is found to weigh
18.0 g. What is th2 mass of CO, released in the
(NC.ERT)
[4ns 3.3g]

reaction ?

1. AgNO; + NaCl — AgCt + NaNO,

x§ 58g 1435g 85g

x+585=14-35+875
or x=17-0g

2. NallCO, + CH,COOH —
42g 100g
LCH3CO?'_N3 + qu +CO, t
Residue = 120 g 2-2g
Total mass of reactants = 4-2 + 10-0 g=14-2¢
‘Total mass of products = 12.0 + 2-2g=14-2g
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1.15. Law of Constant Composition
or Definite Proportions

This law was discovered by a French
chemist J.L. Proust in 1799 and deals with the com-
position of elements present in a given compound.
It states that —

A chemical compound is always found to be made
up of the same elements combined logethe: in the
same fived propartion by mass.

For example, purc water obtained from
whatever source (well, river, lake or sea) or any
country (Iudia, Russia, America etc.) will always be
made up of only hydrogen and oxygen elements
combined together in the same fixed ratio of 1: 8
by mass.

Further, a sample of CO, may be prepared in
the laboratory by (a) heating lime stone (CaCO,),
(b) by burning coal in air, (c) by the action of dilute
hydrochloric acid on marble, () by heating sodium
bicarbonate. In each case, it is found that CO, is
made up of the same eclements ie., carbon and

KAMPLE 1. 6-488gof lead combine directly
with 1+ 002 g of oxygen to form lead peroxide (Pb0,).
Lead peroxide is also produced by heafing lead
nitrate and it was found that the percentage of oxygen
present in lead peroxide is 13-38 percent. Use these
data to illustrate the law of constant compasition.

Solution. Step 1. To calculate the percentage
of axygen in first experiment.

Mass of peroxide formed

=6-488 + 1-002=7-490¢.

7-490 g of lead peroxide contain 1-002 g of

oxygen
. 100 g of lead peroxide will contain oxygen
= ;:% X 100 = 13-38 ¢
ie. oxygenpresent = 13-38%
Step 2. To compare the percentage of oxygen in
both the experiments.
Percentage of oxygen in PbO, in the first ex-

periment = 13-38
Percentage of oxygen in PbO, in the second
experiment = 13-38

5L EMG OM LAW OF CONSTANT COMPOSITION

oxygen, combined together in the same fixed ralio
of 12 :32 or 3 : 8 by mass.
Heat
(@), Cag@s ——Ca0 +£C€0, 1
() C+ Oy Co, t
Heat
(d) 2NaHCO, — Na,CO; + CO, 1 + H,0

Limitations of Law of Constant Composition

(1) The law is not applicable if an element exists
in different isotopes which may be involved in the
formation of the compound. For example, in the
formation of the compound CO,, if C-12 isotope
combines, the ratio of C: O is 12 : 32. But if C-14
isotope combines, the ratio of C: O is 14 : 32.

(2) The elements may combine in the same
ratio but the compounds formed may be different.
For example, in the compounds, C,H;OH and
CH,0OCH, (both having same molecular formula
viz. C,;H O) the ratio of C: H: O = 24:6: 16 =
12 : 3: 8 by mass.

Since the percentage composition of oxygen
in both the samples of PbO, is identical, the above
data illustrate the law of constant composition.

KXAMPLE 2. Copper oxide was prepared by
the following methods :

{a) In one case, 1-75 g of the metal were dis-
solved in nitric acid and igniting the residual copper
nitrate yielded 2 19 g of copper oxide.

(b) In the second case, 1+ 14 g of metal dissolved
in nitric acid were precipitated as copper hydroxide
by adding caustic alkali solution. The precipitated
copper hydroxide after washing, drying and heating
vielded 1-43 g of copper oxide.

fc) In the third case, 1-45 g of copper when
strongly heated in a current of air yielded 1-83 g of
copper oxide.

Show that the given data illustrate the law of
constant composition.

Solution. Step 1. In the first experiment.

2-19 g of copper oxide contained 1-75¢ of Cu.

100 g of copper oxide contained

1-75
= S5 % 100 = 79-91¢
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Step 2. In the second experiment.
1-43 g of copper oxide contained 1-14 g of

copper
" 100 g of copper oxide contained
1-14
= —— =T79-72g.
a3 X 100 = 79-72¢

Step 3. In the third experiment.
1-83 g of copper oxide contained 1-46 g of copper

PROBLEMS FOR PRACTICE v

1. 216 g of copper metal when treated with nitric acid
followed by ignition of the nitrate gave 2-70 g of
copper oxide. In another experiment 115 g of
copper oxide upon reduction with hydrogen gave
0-92 g of copper. Show that the above data il-
lustrate the Law of Definite Proportions.

2. Silver chloride is prepared by
(¢) dissolving 0-5 g of silver wire in nitric acid and
adding excess of hydrochloric acid o silver nitrate

L e e T Sy ————

. 100 g of copper oxide contained

1-46
= {7g3 X 100 = 79.78¢.

Thus the percentage of copper in copper
oxide derived from all the three experiments is
nearly the same. Hence, the above data illustrate
the law of constant composition.

i

formed. The silver chloride precipilaled is
separated, washed and dricd. The weight of silver
chloride is 0.66 g.

(1) heating 1 g of silver metal in a currcnt of dry
chlorine gas till the metal is completely converted
intoits chloride. I is found to weigh 1.32 ¢,

Hlvstrate the law of constant composition by the
above dala.

FOR DIFFICULT PROBLEMS

At S e

1. % of Cu in copper oxide in Ist case

k16 — BN
= -]--_-_Irh— »: 100 = 80%

% of oxygen = 20%
% of Cu in copper oxide in 2nd case

0-92 .
= ———e - - Y
1715 * 100 = 80%

2. % of Agin AgClin 1st case

- [—:1 :ﬁ % 100 = 75-76%
S af Cl = 24-24%
T of Agin AgCl in 2nd case

=100 = 75.76%

=2 37

i.76. Law of Multipie Proportions

This law which was first studied by Dalton
in 1804 may be defined as follows : —

When two elements combine to form two or more
chemical compounds, then the masses of one of the
elements which combine with a fived mass of the
mﬁwﬂmkm to one another.

The law of multiple proportions is illustrated
by the folowing cxamples

(1) Compounds of Carbon and Oxygen. The
element carbon combines with oxygen to form two
compounds, namely, carbon dioxide and carbon
monaxide. In carbon dioxide, 12 parts by mass of
carbon combine with 32 parts by mass of oxygen
while in carbon monoxide, 12 parts by mass of

carbon combine with 16 parts by mass of oxygen.
Therefore, the masses of oxygen which combine
with a fixed mass of carbon (12 paris) in carbon
monoxide and carbon dioxide are 16 and 32 respec-
tively. These masses of oxygen bear a simple ratio
ol 16: 32 or 1: 2 to each other.

(2) Compounds of Sulphur and QOxygen. Like
carbon, the element sulphur also forms two oxides
viz. sulphur dioxide and sulphur trioxide. In sulphur
dioxide, 32 parts by mass of sulphur combine with
32 parts by mass of oxygen but in case of sulphur
trioxide 32 parts by mass of sulphur combine with
48 parts by mass of oxygen. Therefore, the masses
of oxygen which combine with a fixed mass of sul-
phur (32 parts) in the two oxides are 32 and 48
respectively. These bear a simple ratio of 32 : 48 or
2:3to each other.
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(3) Compounds of Nitrogen and Oxygen. The
clements nitrogen and oxygen combine to produce
as many as 5 oxides of nitrogen, viz., Nitrous oxide,

Nitric oxide, Nitrogen trioxide, Nitrogen tetroxide or
peroxide and Nitrogen pentoxide.

The masses of nitrogen and oxygen which
combine with one another arc : —

Compound Nitrous Nitric
oxide oxide
(N,0) (NO)

Nitrogen 28 14

Oxyzen 16 16

Nitrogen Nitrogen Nitrogen

trioxide tetraoxide pentoxide

(N,0y) (N,09 (N;09)
28 28 28 (parts by mass)
48 64 80 (parts by mass)

Fixing the mass of nitrogen as 14 parts, the masses of oxygen in these five oxides are 8, 16, 24, 32 and
48:parts respectively. These masses bear a simple ratioof 1:2:3: 4: 5 to onc another.

PROBLEMS OMN LAW OF MULTIPLE PROPORTIONS

© o EXAMPLL 1. Carbon is found to form two

" oxides, which contain 42-9% and 27 - 3% of carbon
respectively. Show that these figures illustrate the law
of multiple proportions. (N.C.E.R.T.)

Solution.

Step 1. To calculate the percentage composttion
of carbon and oxygen in each of the two oxides

First oxide Second oxide

Carbon 42-9 % 27-3% (Given)
Oxygen 57-1% 727 %
{by difference)

Step 2. To calculate the masses of carbon which
combine with a fixed mass i.e,, one part by mass of
oxvoen in each of the two oxides.

In the first oxide, 57-1 parts by mass of oxygen
combine with carbon = 42.9 parts.

. 1 part by mass of oxygen will combine with
42-9
=== = 0-751.
L s

In the second oxide. 72.7 parts by mass of
oxygen combine with carbon = 27.3 parts.

». 1 part by mass of oxygen will combine with

208
727 = 0.376

Step 3. To compare the masses of carbon which
combine with the same mass of oxygen in both the
oxides.

The ratio of the masses of carbon that com-
bine with the same mass of oxygen (1 part) is

0.751:03760r 2:1

carbon =

carbon =

Since this is a simple whole number ratio, so the
above data illustrate the law of multiple proportions.

PR AMPLY 2 Two oxides of a certain metal
were separately heated in a current of hydrogen until
constant weights were obtained. The water produced
in each case was carefully collected and weighed. 2
grams of each oxide gave respectively 0- 2517 grams
and 0-4526 grams of water. Show that these resuits
establish the Law of Multiple Proportions.

Solution.

Step 1. To calculate the mass of oxygen in each
oxide.

Here, we arc given —

Mass of each oxide = 2.0 g

Mass of water produced incase I = 0-2517 g

Mass of water produced in case I = 0-4526 g

18 g of H,0O = 16 g of oxygen

i.c. 18 g of water contain oxygen = 16 g

0-2517 g of water contains oxygen
- L0517 = 02237
and 0-4526 g of water contains oxygen
= % x 0:4526g =0-4023g
Step 2. To calculate the mass of oxygen which
would combine with 1 g of metal in each oxide.
Incase ], Mass of metal oxide = 2 ¢
Mass of oxygen = 0-2237 g
. Mass of metal = 2 —0-2237=1-7763 ¢
I Mass of oxygen which combines with
1-7763 g of metal = 0-2237 ¢
Mass of oxygen which combines with 1 g
0-2237
177638 = 0712998
In case II.  Mass of metal oxide = 2 ¢
Mass of oxygen = 0-4023 g

of metal =

)/
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Mass of metal = 2 = 0-4023 = 1-5977 g
Mass of oxygen which combines with 1.5977
gof metal = 04023 g
Mass of oxygen which combines with 1 g
0.4023
of metal = 159778 = 02515
Step 3. To compare the masses of oxvgen which
combine with the same mass of metal in the two
oxides.
The masscs of oxygen which combine with 1 g
of metal in the two oxides are respectively 0.1259 g
and 0.2515 g. These masses are in the ratio

0.1259:0.25150r1:2
Since this is a simple ratio, so the above results
establish the Law of Multiple Proportions.
- . Two ovides of a metal contain
27.6% and 30.0% of oxygen respectively. If the for-
mula of the first oxide is M;0,, find that of the
second.
b Sotation. In the first oxide, oxygen = 27.6,
metal = 100—27.6 = 72.4 parts by mass.
As the formula of the oxide is M, 0y, this means

e e ERT TN

72.4 parts by mass of metal = 3 atoms of

metal and 4 atoms of oxygecn = 27.6 parts by mass.

In the sccond oxide, oxygen = 30-0 parts

by mass and metal = 100 — 30 = 70 parts by
mass.

But

of metal

- 70 parts by mass of metal

724 parts by mass of metal = 3 atoms

3
=5 X 70 atoms of metal

290 atoms of metal

Also, 27- 6 parts by mass of oxygen = 4 atoms
of oxygen

30 parts by mass of oxygen

4

=27.6 % 30 atoms of oxygen

= 4:35 atoms of oxygen
Hence, ratio of M : O in the second oxide

= 2- )" da35E =21 50 ="0 ¥3

<. Formula of the metal oxide is M,0,.

PROBLEMS FORPRACTICE © ol

1. Two oxides of lead were separately reduced to
metallic lead by heating in a current of hydrogen
and the following data obtained :

(7) Mass of yellow oxide taken = 3.45 g

Loss in mass during reduction = 0.24 g

(1£) Mass of brown oxide taken = 1.227 g

Loss in mass during reduction = 0.16 g

Show that thc above data illustrate the Law of
Multiple Proportions.

2. Copper gives two oxides. On heating 1.0 g of each
in hydrogen gas, 0.888 g and 0.799 g of the metal
are produced. Show that the results agree with the
Law of Multiple Proporticns.

3. Two oxides of nitrogen contain the following per-
centage compositions ;

{#) Oxide A contains 63.64 % nitrogen and 36.36 %
oxygen.

(if) Oxide B contains 46.67 % nitrogen and 53.33
% oxygen.

Establish the Law of Multiple Proportions.

4. A metal forms two oxides. One contains 46.67% of
the metal and another, 63.94% of the metal. Show

that these results arc in accordance with the law of
multiple proportions.

5. Nitrogen forms five compounds with oxygen in which
1.0 g of nitrogen combines with 0.572, 1.14, 1.73,2.28
and 285 g of oxygen respectively. Show that these
figurcs agree with law of muitiple proportions.

6. Elements X and Y form two different compounds.
In the first, 0.324 g of X is combined with 0.471 g
of Y. In the second, 0.117 g of X is combined with
0.509 gof Y. Show that these data illustrate the Law
of Multiple Proportions.

7. If a certain oxide of nitrogen weighing 011 g gives
56 ml of nitrogen and another oxide of nitrogen
weighing 015 g gives the same volume of nitrogen
(both at STP), show that these results suppart the
law of multiple proportions.

8. (i} 10 g of lead on heating gave 10-78 g of litharge,
PbO.

(4) 9-775 g of red lead (Pb,0O,) yiclded on strong
heating 9-545 g of litharge.

(itf) 487 g of lead peroxide (PbO,) gave on heating
4-545 g of litharge.

Show that these results iflustrate the law of multiple
proportions.
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1. Calculate the mass of lead combined with 1 g of
oxygen in each case which are 13.375 g and 6.669 g
ie inthe ratioof2: 1.

2. Calculate the masses of copper combined with 1.0 g
of axygen in each case which are 7.93 gand 3.97 g
ie intheratio2: 1.

3. Caiculale the mass of oxygen combined with
1.0 g of nitrogen in each case which are 0.571 g and
1.143 g, ie. intheratio 1 : 2.

4, Masses of metal that combine with 1.0 g of oxygen
are 0.875 g and 1.773 g, the ratio is 1:2.

5. Mzsses of oxygen which combine with 1 g of N are
in the ratioof 1:2:3:4: 5.

6. Calculate the masses of Y which combine with 1 g
of X in each case which are 1.454 gand 435 g ie.
in the ratio 1: 3.

7. 22400 cc of N, at STP weigh = 28 3. Calculate

the mass of nitrogen. Then subtract from the
mass of oxide of nitrogen to calculate the mass of
oxygen.

8. Using (¢), calculate the mass of lead present in
litharge in (i) and (ii). Then calculate the masses
of axygen in all the three cases which combine with
1 g ol lead. The ratio comes out tobe 3: 4: 6.

1.17. Law of Reciprocal propontions s

This law was put forward by Richter in
1792, It states as follows : —

The ratio of the masses of two elements A and
B which combine separately with a fixed mass of the
third element C is either the same or some simple
multiple of the ratio of the masses in which A and B
combine directly with each other.

This law may be illustrated with the help of the
following examples :

(1) The elements C and O combine separately
with the third element H to form CH, and H,0 and

they combine directly with each other to form CO,,
as shown in Fig. 1.3.

4 H_2
CH/ yﬂ'
12 16
C12 co 320

FIGURE 1.3.

In CH,, 12 parts by mass of carbon combinc
wilh 4 parts by mass of hydrogen. In H,0, 2 parts

by mass of hydrogen combine with 16 parts by
masses of oxygen. Thus the weight of C and O which
combine with fixed mass of hydrogen (say 4 parts
by mass) are 12 and 32 i.e. they are in the ratio
12:320r3:8.

Now in CO,, 12 parts by mass of carbon
combine directly with 32 parts by mass of oxygen

i.e. they combine directly in the ratio 12: 32 0r3: 8
which is the same as the [irst ratio.

(2) The elements H and O combine separately
with the third element S to form H,S and 50, and

they combine directly with each other to form H,O as
shown in Fig. 1.4.

325 32
Fy \32
2
H_GBZ
2 HO 16

FIGURE 1.4.

As shown in the Fig., the masses of H and O
which combine with the fixed mass of 8 viz 32 parts
are 2 and 32 i.e. they arc in the ratio 2: 32 or 1: 16.

When H and O combine directly to form
H,0, the ratio of their combining masses is 2 : 16

orl:8.

The two ratios are related to each other as
1851
16" 8 o
i.e. they are simple multiple of each other.
IEXAMPLE. Ammonia contains 82-35% of
nitrogen and 17-65% of hydrogen. Water contains
88-90% of oxygen and 11-10 % of hydrogen.
Nitragen trioxide contains 6315 % of oxygen and
36-85% of nitrogen. Show that these data illustrate
the law of reciprocal proportions.
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Solution. in NHj;, 17-65 g of H combine with

N=82-35¢
o 5235
1 g of H combine with N =: 3 6Sg
=4-67g

S

R
FIGURE 1.5.

In H,0, 11-10 g of H combine with O
=88-%0g
88-90
11-108
=801g
Ratio of the masses of N and O which
combine with fixed mass (=1 g) of H
=4-67:8-01=1:1-72
In Ny, ratio of masses of N and O which
combine with each other =36-85: 63-15
=l LaTo
Thus the two ratios are the same. Hence it
illustrates the law of reciprocal proportions.

1 g ol H combine with O =

PROBLEMS FOR PRA

1. Carbon dioxide contains 27-27 % of carbon, carb-
on disulphide contains 15-79 % of carbon and
sulphur dioxide contains 50% of sulphur. Are these
figures in agreement with the law of reciprocal
proportions ? [4ns. Yes]

2. Phosphorus trichloride contains 2257 % of phos-
phorus, phosphine (PH;) contains 9118 % of

phosphotus while hydrogen chloride gas contains

97-23 % of chlorine. Prove by calculations, which
law js illustrated by these data.

3. 618 g of A combine with 80 gof 3. 309 gof A
combine with 106-5 g of C. B and C combine to
form compound CB,. Atomic weights of C and B

are respectively 35 -5 and 6 6. Show that the law of
reciprocal proportions is obeyed.

H IN Tc’i FOR DIFFICULT F’ROBLEMs

o

L (15 79%) C (27-27%)
CS, Cco,

(84-21%)S ——— 0 72.73%)
{(50%) S50, (50%)
' ; ; 84-21
1 g Cwill combine with § = B9 =53¢
. ! 7 2578
1 g C will combine with O = 7
=2-67g

. Ratio of masses of S and O which combine with
fixed mass of carbon (viz 1 g)
=533:2-67
=2:1
Ratio of masses of § and O which combine directly
witheach other = 50: 50 = 1: 1. Thusthe tworatios
are S|mple muitiple of each other.

e e T s b S e

i :ng] A [}ﬂ-*‘lg‘_n

(80g) B — C (1065 g)
(2 x6:68) CB, (35-5g)

Mass of B combining with 1 gof A = —08 =1-29g

Mass of C combining with 1 g of A = % =3-45¢

Ratio of masses of B and C combining with fixed
massof A=129:345=1:2.67=13:8

Ratio of masses of B and C combining directly with
each other

=13.2:35.5 =1:2.67=3:8
Thus the two ratios are same.
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1.18. Gay Lussac's Law of Gaseous Volumes i

Gay Lussac investigated a large number of
chemical reactions occurring in gases. As a rcsult
of his experiments, Gay Lussac found that there
cxists a definite relationship among the volumes of
thc gascous rcaclants and the products. In 1808, he
put forward a generalization known as the Gay
Lussac’s Law of Combining Volumes. This may bc
stated as follows : —

When gases react together, they always do so in
volurmes which bear a simple ratio to one another
and to the volumes of the producis, if these are also
gases, provided all measurements of volumes are
done under similar conditions of temperature and
pressure,
Consider, for illustration, the lollowing ex-
amples
(a) Combination between hydrogen and
chlorine. One volume of hydrogen and one volume
of chlorine always combine to form two volumes of
hydrochloric acid gas.
H, \ +. Gl —— 2HEl

2vol.

1 vol. 1 vol.

ADD TO YOUR KNOWLEDGE 9,

Law of chemical combination
(@) Law of conservation of mass
(&) Law of definite proportions
(c) Law of multiple proportions
() Law of reciprocal proportions
SECTION—
ATOMS AND MOLECULES—

DALTON’S ATOMIC THEORY
AND AVOGADRO’S HYPOTHESIS

1.19. Introduction

In Section 1II, we discussed the classifica-
tion of matter into Elements, Compounds and Mix-
tures. However, a number of questions arise, ..
(i) Why is one clement different from
another ?
(i) Why do elements combine to form com-
pounds ?

The ratio between the volumes of the rcac-
tants and the product in this reaction is simple, i.e.,
1:1: 2. Hence it illustrates the Law of Combining
Volunies.

{b) Combination between hydrogen and
oxygen. Two volumes of hydrogen always combinc
with one volume of oxygen to produce two volumes
of sicam.

2H, + O ——— 2H,0 (steam)
2vol

Here also, the ratio between the volumes of
the reactants and the productsis simpleie.,2:1: 2.

(¢) Combination between nitrogen and
hydrogen. One volume of nitrogen always combines
with three volumes of hydrogen to form two
volumes of ammonia.

N, +3H, —— 2NH,

2vol.

1 vol. 2vol.

1vol. 3vol.

This reaction also indicates a simple ratio of

1:3:2 betwecn the volumes of the reactants and
the products.

It may be emphasized here that the volume
used in the above reactions are expressed in similar

units i.e., ml or litres.

=
Who proposed it and when ? .
Lavoisier, 1774
Proust, 1799
Dalton, 1804
Richter, 1792

(ii) Why is a compound different from a mix-
ture ?

To answer the above questions, it is essential
to look into the ‘structure of matter’ i.e. what are the
ultimate building blocks of matter. The concept
that matter was made up of small indivisible par-
ticles was put forward by Greek philosphers
(notably Democritus) and these ultimate particles
were called atomos which means indivisible. How-
ever, a real good mental picture of matter which
could answer the above questions as well as could
explain the laws of chemical combination was put
forward by John Dallon, an English School teacher
ir. 1808. This is known as ‘Dalton’s atomic theory.’
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1.20. Daiton’s Atomic Theory

To describe the structure of matter which
could explain the experimental facts known at that
time about elements, compounds and mixtures and
also the laws of chemical combination, John Dalton
in 1808 put forward a theory known as Dalton’s
atomic theory. The main points of this theory are as
follows : --

1. Matter is made up of extremely small in-
divisible particles called atoms.

2, Atoms of the same element! are identical in
all respects L.e. size, shape and mass.

3. Atoms of different elements have different
masses, sizes and also possess different chemical
properties.

4. Atoms of the same or different elements com-
bine together to form compound atoms (now called
as molecules).

5. When atoms combine with one another to
form compound atoms (molecules), they do so in
simple whole number ratios, surhas 1:1,2:1 2: 13
and so on.

6. Atoms of two elements may combine in dif-
ferent ratios to form more than one compound. For
example, suiphur combines with oxygen to form sul-
phur dioxide and sulphur Irioxide, the combining
ratios being 1: 2 and I : 3 respectively.

7. An atom is the smallest particle that takes
part in a chemical reaction. In other words, whole
atoms, rather than fractions of atoms take part in a
chemical reaction.

8.4n atom can neitherbe created nor destroyed.

Explanation of the Laws of Chemical Com-
bination by Dalton’s Atomic Theory.

1. Law of Conservation of Mass. Matter is
made up of atoms (postulate 1) which can neither
be created nor destroyed (postulate 8). Hence mat-
ter can neither be created nor destroyed.

2. Law of Constant Composition. It lollows
directly from postulate 5.

3. Law of Muiltiple Proportions. 1t follows
directly from postulate 6.

4, Law of Reciprocal Proportions. As atoms
combine with each other in simple ratio (postulate
3), therefore all the ratios involved are simple which
may be same or some simple multiple of each other.

1.21. Limitations of Dalton’s Atomic Theory

Dalton’s atomic theory was the first mile-
stone towards the inner structure of matter. It gave

a powerful initative to the scientists about the study
of matter during the 19th century. It held the
ground for about a century. But the brilliant re-
searches conducted in the beginning of 20th cen-
tury by Sir J.J. Thomson, Lord Rutherford, Neils
Bohr and others have revolutionised our
knowledge about the structure of atom. The main
drawbacks of Dalton’s Atomic Theory are :

(i) 't could explain the laws of chemical com-
bination by mass but failed to explain the law of
gaseoris volumes.

(i) It could not explain why atoms of different
elements have different masses, sizes, valencies elc.

(tif) Why do atoms of the same or different
elements combine at all to form molecules ?

(iv) What is the nature of binding force between
atoms and molecules which accounts for the cvisi-
ence of matter in three states i.e., solids, liquids and
gases ?

(v) It makes no distinction between the -
timate particles of an element or a compound.

1.22. Modified Dalton’s Atemic Theory
(Modern Atomic Theory) 75w

As a result of the researches made by
various chemists and physicist, Dalton’s atomic
theory has undergone radical changes. Neverthe-
less salient points of this theory have been retained
since they satisfactorily explain the laws of chemical
combination. The main points of the modern theory
are

(i) Atom is no longer considered to be in-
divisible. It has been found that an atom has a
complex structure. It is made up of a number of
small particles of which the important ones are
electrons, protons and neutrons.

(i) Atoms of the same element may have
different atomic masses. For example, atoms of
hydrogen may have atomic masses of 1 amu, 2 amu
or 3 amu. Similarly, atoms of chlorine may have
atomic masses of 35 amu and 37 amu. Suck atoms
of the same element which possess different atomic
masses are called Isotopes. Thus, atoms of the same
clement may not be identical in all respects.

(iif) Atoms of different elements may have
same atomic masses. For example atoms of cal-
cium and argon have the same atomic mass i.e., 40
amu. Such atoms of the different elements which
have the same atomic masses are called isobars.
Thus atoms of the different elements may be iden-
tical in one or more respects.
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(iv) The ratio in which the different atoms
combine with one another may be fixed and in-
tegral but may not always be simple. For example,
the ratio in which the elements C, H and O combine
to form a molecule of cane sugar (C;;H,,044) is

12:22 : 11 which by no means is simple. However, this
ratio is fixed and is also integral.

(v) Atom is the smallest particle that takes
part in a chemical reaction. Though an atom is
made up of smallcr particles such as electrons,
protons and neutrons yet atom is the smallest par-
ticle that takes part in a chemical reaction.

(vi) Atom is no longer indestructible. By car-
rying out nuclear reaclions, atoms of an element
may be changed into another. For example, atoms
of nitrogen can be changed into oxygen by bon-
bardment with a-rays. Similarly, uranium (5, U>?)

can be converted into plutonium ( 4,Pu®®) through

interaction with neutrons. The procress of intercon-
version of elements through changes in atomic nuclei
is called transmutation.

Further during these nuclear reactions, a
small amount of mass is always converted into ener-
gy in accordance with Einstein equation, E = mc?.
Thus, atoms can be interconveried and mass can be
changed into energy. In other words, atoms are no
longer indestructible. However, in  ordinary
laboratory reactions, atoms remain unaffected, i.e.

they can neither be created nor destroyed.

1.23. Avogadro’s Hypothesis/ Law/Principle s

According to Gay-Lussac’s Law of gaseous
volumes, gases always combine with one another in
a sitnple ratio by volume. But according to Dalton’s
Atomic Theory, elements combine with one another
in a simple whole number atomic ratio to form com-
pounds. Berzelius, a Swedish Chemist, tried to cor-
relate Dalton’s Atomic Theory and Gay-Lussac’s
Law of gaseous volumes. He argued that while
elements combine in a simple ratio by atoms, gases
combine in a simple ratio by volume, therc must be
some relationship between the volume of a gas and
the number of atoms it contains. This led Berzelius
to put forward his hypothesis called Berzelius
Hypothesis. It may be stated as—

Equalvohumes of all gases under similar conditions
of temperature and pressure coniain equal number
of atoms.
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Let us apply this hypothesis to the gaseous
reaction between hydrogen and chlorine to
produce hydrogen chloride gas. Experimentally, it
has been found that one volume of hydrogen com-
bines with one volume of chlorine to produce two
volumes of hydrogen chloride gas.

Hydrogen + Chlorine —— Hydrogen

1vol. 1vol. chtoride gas
2vol.
7t aloms n aloms 2n compound atoms
(Applying Berzelius Hypothesis)
]Edmm % atom 1 compound atom

This implies that one compound atom of
hydrogen chioride gas is made up ol % atom of

hydrogen and % atom of chlorne. This is in direct

conflict with Dalton’s atomic theory which states
that atoms arc the ultimate particles of elements
and are indivisible. This hypothesis was, therefore,
rejected

Avogadro, an ltalian scientist, solved this
problem which cropped up as a result of Berzelius
hypothesis by clearly distinguishing between the
two nllimate particles of matter, i.e., an atom and 2
molecule, According to him,

An atom is the smallest particle of an element which
cun lake part in a chemical reaction. It may or may
not be capable of independent existence.

A molecule is the smallest particls of an element or
« compound which is capable of independent exist-
ence.

Since the smallest particle of a gas which can
exist independently is the molecule and not the
alom so the volume of a gas must be related to the
number of molecules (rather than atoms) present
init. He thus put forwar d his hypothesis known as
Avogadro’s hypothesis. This states that

Equal volumes of all gases under similar conditions
of temperature and pressure contain equal number
aof molecules.

This hypothesis has heen found to explain
clegantly all the gascous reactions and is now wide-
ly recognized as a law or a principle known as
Avogadro’s Law or Avogadro’s principle.

The above reaction between hydrogen and
chlotine can be cxplained on the basis of
Avogadro’s Law as [ollows
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Hydrogen + Chlorine —— Hydrogen
chloride gas

1 vol. 1vol 2 vol.
(By experiment)
n molecules n molecules 2n molecules
(By Avogadro’s Law)
% molecule % molecule 1 molecule

(By dividing throughout by 2x)
It implies that one molecule of hydrogen
chloride gas is made up of% molecule of hydrogen

1 : . 1
and 3 molecule of chlorine. Since a molecule is

1 ;
made up of two or more atoms so 5 molecule is

possible and may conlain onc or two atoms. Thus,
this result does not contradict Dalton’s atomic
theory.

Applications of Avogadro’s Law.

(1) Inthe calculation of Atomicity of Elemen-
tary Gases,

Atomicity of an elementary substance is defined as
the number of atoms of the element present in one
molecule of the substance, e.g. atomicity of oxygen
(0,) is two while that of ozone (O,) is three.

Taking the example of oxygen, its atomicity
can be calculated as follows : —

2 volumes of hydrogen combine with 1 volume
of oxygen to form two volumes of water vapours
Hydrogen + Oxygen —— Walter vapours
2 volumes 1 volume 2 volumes
Applying Avogadro’s hypothesis
Hyd}ogen + Oxygen ——— Wiater vapours

2 n molecules r molecules 2n molecules

1
or 1 molecule ‘2- molecitle 1 molecule

Thus 1 molecule of water contains 1/2
molecule of oxygen. But 1 molecule of water con-
tains 1 atom of oxygen. Hence
% molecule of oxygen = 1 atom of oxygen

or 1 molecule of oxygen = 2 atoms of oxygen
i.c. atomicity of oxygen = 2,

(2) To find the relationship between
molecular mass and vapour density of a gas.

Density of the gas
Density of hydrogen
_ Mass of certain volume of the gas at S.T.P.
~ Mass of same volume of H, at S.T.P

Vapour density of a gas =

_ Mass of n molecules of the gas
Mass of n molecules of H,

_ __ Mass of 1 molecule of the gas
~ Mass of 1 molecule of Hy(i.c. 2 atoms of H)

Molecular mass
5

-

or | Molecular mass =2 x \.}apour density 1

Vapour dens.ity is also called ‘relative densiry.’
of the gas.
(3) Tofind the relationship between mass and
volume of a gas.
Molecular mass = 2 X Vapour density
Mass of certain volume of the gas at 5. TP
Mass of same volume of H, at S.TP

Mass of 1L of the gas at S.T.P
Mass of 1L of H, at S.T.P

Mass of 1 L of the gas at S.T.P
0-089 g

=0

=2 X

=

2
0-089
= 22-4xMass of 1L of the gas at S TP,
= Mass of 22-4 L of the gas 2t S. TP
Thus
22-4 litres of any gas at 5.TP. weigh equal o the

molecular rmass of the gus expressed in grams. * This
is called Gram-Molecular Volume (G.M.V) Law

X Mass of 1L of the gas at S. TP

SECTION—VI

ATOMIC AND MOLECULAR
MASSES AND MOLE CONCEPT

1.24. Rélative Atomic Masses

Having known that matter is made up of
atoms, the next immediate interest of the scientists
was to determine the masses of the atoms. However
as an atom is so small a particle that it cannot be
seen or isolated, therefore, it is impossible to deter-
mine the actual mass of a single atom by weighing

*Earlier the STP conditions (i.e. Standard temperature and pressurc) were taken as | atm and 0°C. However, now these are
laken as 1 bar and 0°C. Under these conditions, instead of 22-4 L, we have 22-7 L. (1 atm = 1-01 bar). However unless specified

as 1bar and 0°C, STP will be taken as 1 atm and 0°C in this book.
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it. Alternatively, the mass of an atom could have
been calculated by weighing a large sample of the
element and then dividing by the number of atoms
contained in it but unfortunately there was no
mcthod known 1o count the number of atoms. The
problem was finally solved by Avogadro’s
hypothesis which states that “Equal volumes of
different gases under similar conditions of

temperature and pressure contain equal number of -

molecules.” Thus if equal volumes of two different
gascs are laken under similar conditions of
temperature and pressure and then weighed, the
ralio of their masses will be equal to the ratio of the
masses of their single molecules (because they con-
tained equal number of molecules). For example,
taking equal volumes of hydrogen and oxygen, their
masses arc always found in the ratio of 1: 16. This
means that a molecule of oxygen is 16 times heavier
than a molecule of hydrogen. Further as one
molecule of hydrogen contains two atoms of
hydrogen ahd one molecule of oxygen contains two
atoms ol oxygen, it may be interpreted that an atom
of oxygen is 16 times heavier than an atom of
hydrogen. Thus though the actual masses of the
atoms could not be determined but their relative
masses could be determined. It follows that if the
atomic mass of hydrogen is taken as one, the rela-
tive alomic mass of oxygen is 16 {or more accurately
it comes out to be 15.88).

In the beginning, the atomic masses of all the
elements were obtained by comparing with the
mass of hydrogen taken as 1 (because it was the
lightest element). But by doing so the atomic mas-
ses of most of the elements came out to be fraction-
al. Hence the reference was changed to oxygen
taken as 16. However, a still better reference which
is now widely accepted, has been found to be carb-
on taken as 12. On this basis the relative mass of
hydrogen comes out to 1.008 and that of oxygen as
15.9994 (or 16). Hence atomic mass of an element
may be defined as follows : —

The atomic mass of an element is the number of
times an atom of that element is heavier than an
atom of carbon taker as 12.

It may be noted thal the atomic masses as
obtained above are the relative atomic masses and
not the actual masses of the atoms. These masses
on the atomic mass scale are expressed in terms of
atomic mass units (abbreviated as amu).

One gtomic mass unit (amu) is equal to 11—2 thof
the mass of an atom of carbon-12 isotope.

Thus the atomic mass of hydrogen is 1.008
amu while that of oxygen is 15.9994 amu (or taken
as 16 amu).

Prior to 1961, two different standards were

. used for expressing atomic masses when oxygen

was used as the reference. Chemists on their scale
(called chemical scale) assigned an exact value of
16 to the average mass of oxygen atoms as they occur
in nature. On the physical scale, the isotope }°0

was assigned an exact value of 16. As naturally
occurring oxygen consists of three isotopes (with
mass numbers 16, 17 and 18), the average value for
oxygen on physical scale comes out to be 16-0044.
To remove this duality, all atomic masses are now
expressed on the 1C scale, taking mass of this

isotope as exactly 12. This scale is called unified
scale. On this scale, the symbol ‘u' is used instead
of amu, though the symbol ‘amu’ is still used quite
often in place of ‘w’. Thus now we better write are
the atomic mass of hydrogen as 1-008 u and that of
oXygen as 16 u.

The atomic masses of the elements have been
determined accurately during the recent ycars
using an instrument called “mass spectrometer”. It
is found that in a number of cases, atoms of the
same element possess different masses (called
isotopes). Thus in such cases, the atomic mass of
the element is taken as the average value. For ex-
ample, ordinary chlorine is a mixture of two
isotopes with atomic masses 35 u and 37 u and they
are present in the ratio of 3 : 1. Hence the average
atomic mass of chlorine would be

353k 37 % 1

B 1!
Evidently, the word ‘average’ must be in-
cluded in the definition. Hence atomic mass of an
element may more accurately be defined as under:

=5 1)

The atomic mass af an element is the average rela-
tive mass of its atoms as compured with an atom of
carbon taken as 12.

Alternatively, the average relative atomic mass
of an element can be calculated from the ‘fractional
abundances’ of the isotopes of that element.

Fractional abundance of an isotope is the frac-
tion of the total number of atoms that is comprised
of that particular isotope.
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For example, naturally occurring neon coa- Lastly, it may be pointed out that naturally
sists of three isotopes, thc mass numbers of which  occurring carbon contains three isotopes of carbon
and their fractional abundances are as follows : with atomic masses 12, 13 and 14 u. It is the carb-

Isotope Fractional Abundance on-12 isotope that is taken as a reference on the

Wy - 0-9051 atomic mass scale.

#INe 0-0027 The atomic masses of a few common elements

ZNe 0-0922 taking carbon-12 isotope as the reference are given

Average atomic mass of neon in Table 1.4.

=20 x 0-9051+21 x 0-0027+22 x ()-0922

= 20-179u

EL.EMENT SYMDBOL ATOMIC MASS ELEMENT SYMBOL ATOMIC MASS

Aluminium Al 27-0 Lead Pb 207-2

Argon Ar 39.9 Lithium Li 6-94

Beryllium Be 9.01 Magnesium Mg 243

Boron B 10-8 Neon Ne 20-2

Calcium Ca 40-1 Nitrogen N 4.0

Carbon C 12.0 Oxygen O 16:0

Chlorine Cl 35:5 Phosphorus P 31-0

Copper Cu 63-5 Potassium K 39-1

Flourine F 19-0 Silicon Si 281

Helium He 4-0 Silver Ag 107-9

Hydrogen H 1-008 Sodium Na 23-0

Iodine I 126-9 Sulphur S 21

Iron Fe 558 Uranium U 238-0

Zinc Zn 65-4

Use the data given in the following ~ 1-25. Gram Atomic Mass
table to calculate the molar mass of naturally occur-
nng argon.
Isotope Isotopic molar mass  Abudance
%ar  35-9675Sgmol”'  0-337%

The atomic mass of an clement expressed in grams
is called Gram atomic mass.

This amount of the element is also called one
gram atom.

Bar 3796272 gmoi™! 0:063% e.g.  Atomic mass of oxygen = 16 amu
Yar  39-9624 g mol™! 99- 600% Gram atomic mass of oxygen

(NCERT) (or one gram atom of oxygen) = 16 g
Soluytion. Molar mass of Ar 128 Mctepuiny Mg h—
= 35-96755 x 0-00337 + 37-96272 Molecular mass of a substance refers to the

x 0-00063 + 39-96924 x 0-99600  relative mass of its molecule and is defined in a
i1 manner similar 1o the atomi¢ imass as follows :
=39-948 g mol™ .

The molecular mass of a shbiiance (element or
Note. Also sce Problems 18 page 1/77 and 29 compound) is the iumber of times the molecule of

page 1/78 of C.BS.E. PM.T, (Special) Problems  ghe substance is heavier than 1/12 th the mass of an
given at the cnd of this unit for calculation of  4tom of carbon-12 isotope.

average atomic mass.
or
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The moleculur mass of a substance is the average
relative mass of its molecules as compared with an
atom of carbon-12 isotope taken as 12,

The molecular mass of a substance can be
calculated by adding the atomic masses of all the
atoms present in one molecule of the substance.

e.g. Molecular mass of H,SO,
= 2 X At, mass of H + At. mass of §

+ 4 x At. mass of O.
=2%x10+320+4x160 =980u.

1.27. Gram Molecular Mass @i

The molecular muss of a substance expressed in
grams is called it Gram molecular mass.

This amount of the substance is also called one
gram molecule.
e.g. Molecular mass of H,SO, = 98.0u
(Gram molecular mass of H,50,
(or one gram molecule of H,SO,) = 98.0 ¢

1.28. Mole Concept s ki

In section 1.24, we discussed how the relative
atomic masses of the elements could be deter-
mined. However, the problem of finding the ab-
solute masses of the atoms remained unsolved until
it became possible to count the number of atoms or
molecules in a definite amount of the substance. It
is found that one gram atom of any element con-
lains the same number of atoms and one gram
molecule of any substance contains the same num-
ber of molecules. This number hasbeen experimen-
tally determined and found to be equal to
6-022137 x 102 correct upto seven significant
figures. However, the value generally used is
6-022 x 107, It is called as ‘dvogadro’s number’ or
‘Avogadro’s constant’ in honour of Amedeo
Avogadro, a great pioneer in this ficld. It is usually
represented by N. Hence

Avogadro’s Number (N) = 6-022 x 107

Avogadro’s number may be defined as the number
of atoms present in one gram atom of the element or
the number of molecules presemt in one gram
maolecule of the substance.

The amount of the substance containing
Avogadro’s number of atoms or molecules is called
a mole (or simply written as maol). Thus a mole is a
chemist’s unit of counting particles such as atoms,
molecules, ions, electrons, protons etc. which rep-
resents a value of 6:022 x 10% just as a dozen for

12, score for 144 etc. are used to count different
objects. Since the term mole is applicable to all
sorts of particles, while using this term, it is very
important to indicate the nature of the particles
under consideration i.e. whether they are atoms,
molecules or something else. For example, it is
wrong to speak ‘one mole of hydrogen’. We must
specify whether we are referring to hydrogen atoms
or hydrogen molecules. Thus :

A mole of hydrogen atoms means 6-022 x 107
atems of hydrogen whereas a mole of hydrogen
molecules means 6-022 X 107} molecules of
hydrogen, or 2 % 6-022 x 107 atoms of hydrogen
(hecause each hydrogen molecule contains 2 atoms
of hydrogen).

Similarly, a mole of oxygen molecules means
6-022 x 10% molecules of oxygen or
2 X 6-022 x 102 atoms of oxygen.

A mole of sand particles means 6-022 x 102
sand particles.

A mole of electrons means 6-022 x 102
electrons and so on.

Generally, when we speak of 1 mole of
hydrogen, it implics 1 mole of hydrogen molecules
i.e. the natural form in which it exists. However to
avoid confusion, in such cases, the molecular forms
are called dihydrogen (H,) dioxygen (0O,),

dinitrogen (N,) etc.

It is interesting to note that the magnitude of
Avogadro’s number is very large. Its value may be
imagined from the fact that this number is about
10" times the populition of the entire world or
Avogadro’s number of marbles are sufficient to
cover the surface of the entire earth with 5 km thick
layer. Thus, mole is not a useful measure for things
which are much larger than atoms and molecules in
size or mass. Further, as 1 mole represents a very
large number of particles, therefore, being SI unit,
it can be used with prefixes. For example,

1mmol = 107 mol, 1x mol = 107% mol

1 nmol = 10™° mol etc.

It is usually convenient to express large num-
ber of atoms or molecules in terms of moles. For
example, suppose the sample of a substance (e.g.
vitamin C) contains 2* 1 X 10** atoms of hydrogen.
Then number of moles of H-atoms present in the
sample= (2-1 % 10?%)/(6-022 x 104*) = 3-5mol.

Further, according to Avogadro’s hypothesis
‘Equal volumes of different gases under similar
conditions of temperature and pressure contain
equal number of molecules’. This means that
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6:022 x 102 molecules of any gas at STP (i.c.
standard temperature and pressure viz 0°C and
atmospheric pressure) must have the same volume.
This volume has been experimentally found to be
22-4 litres at STP (0°C, 1 atm or 1-01 bar
pressure) and is called molar volume* (because
6-022 % 102 molecules represent one mole of the
gas, as already dizcusscd).

Keeping ih view the different aspects dis-
cussed above, a mole may be defined in any one of
the following three ways :

ist Definition (in terms of mass). A mole is defined
as that amount of the subsinnce which has mass equal
to gram afomic mass if the subsiance is alomic or
gram molecular mass if the substance is molecular.
¢.g. 1. Mole ol carbon atoms = 12 g
(- At.massof C = 12 u)
1 Mole of sodium atoms = 23 g
(. At. mass of Na = 23 u)

1 Mole of oxygen atoms = log
(" At. massof O = 16 u)
1 Mole of oxygen molecules = 32 g
(- Mol mass of O, = 32 u)
1 Mole of H,O molecules = 18 g
{* Mol mass of H,O = 18 u)
1 Mole of CO, molecules = 44 ¢
(. Mol mass of CO, = 44 u)

2nd Definition (in terms of number). 4 mole is
defined as that amount of the substance which
contains Avogadro’s number (6-022 x 10%%) of
atoms if the substance is atomic or Avegadro’s
number (6-022 x 107) of molecules if the sub-
stance is molecular.
1 Mole of carbon atoms
= 6-022 x 10 atoms of carbon
1 Molc of sodium atoms
= 6-022 x 107 atoms of sodium
1 Mole of oxygen atoms
= 6-022 X 10* atoms of oxygen
1 Molc of oxygen molecules
= 6-022 x 10 molecules of oxygen
1 Mole of H,0) molecules

= 6022 x 102 molecules of H,0
1 Mole of CQ, molccules
= 6-022 % 10% molecules of CQ,

3rd Definition (in terms' of volume), In case of
gases, a mole is defined as that amount of the pas
which has a volume of 22 - 4 litres at STR.

eg I Mole ol oxygen gas = 22-4 Litres of
oxygen at STP

1 Mole of CO, gas = 22-4 litres of CO, al STP
REMEMBER

In C.G.S. system,

1 g mole = Molecular mass expressed in grams
= 6022 X 10* molecules

In MLK.S. system,

1 kg mole = Molecular mass expressed in kg
= 6-022 x 10?® molecules

Mole Concept for lonic Compounds. The for-
mula of an ionic compound does not represent a
molecule of that compound but expresses only the
relative ratio of their constituent ions. However, the
term mole is applicable to these compounds also
with the modification that the term ‘formula mass’
is used in place of ‘molecular mass’ and the term
‘formula unit’ is used in place of ‘molecule’. Thus

A mole of an ionic compound is defined as that
amount of the substance which has mass equal to
gram formule mass (i.e. formula mass expressed in
grams) or which contains Avogadro’s number
(6-022 x 107) of formula units.
e.g. 1 Mole of NaCl = 58-5 g of NaCl
(. Formula mass of NaCl = 23+35-5
= 58-5 amu)
Also, 1 Mole of NaCl = 6-022 x 102
formula units of NaCl
= 6022 x 102 Na* ions
and 6-022 x 10 Cl” ions
Similarly, 1 Mole ol Na, CO, = 106 g of Na,CO5
(*. Formula mass of Na,CQ,

=2x23+ 12+ 3 %16 = 106 amu)
Also, 1 Mole of Na,CO, = 6-022 x 107 for-
mula units of Na, CO,
=2 % 6022 x 10 Na" ions
and 6-022 x 102 CO2~ ions

023

(which are further equivalent to 6022 x 10’ carb-

on atoms and 3 x 6-022 x 10* oXygen atoms).

*In general, molar volume of a substance is the volume of one mole of that substance.
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S1 Definition of Mole. The SI definition of
mole is as follows : —

A mole is that amount of the substance which
contains as many clementary entities as there are
atoms in exactly +-012 kg (i.e. 12g) of carbon — 12
isotope. The elementary entities must be specified i.e.
whether they are atoms, molecules, ions, electrons or
any other entity.

Atomic Mass and Molecular Mass in terms
of Avogadro’s Number and Mole Concept. As one
mole of any atomic substance is equal to its gram
atomic mass and it contains Avogadro’s number
(6:022 x 102) of atoms. Hence

Gram atomic mass of an element may be
defined as the mass of Avogadro’s number of atoms.
Similarly, Gram molecular mass of @ substance may
be defined as the mass of Avogadro’s number
(6-022x 107) of molecules.

The mass of 1 mole of any substance is usually
called its molar mass®. Evidently the molar mass is
equal to the atomic mass or the molecular mass
expressed in grams depending upon whether the
substance is atomic or molecular. As molar mass
is the mass of Avogadro’s number of atoms if the

»

Recapitulation of Formulas
(i) In case of atomic substances,

1 Mole = Gram atomic mass or 1 Gram atom of
the element

| 1 MOLE OF ATOMS

GRAM 23
ATOMIC B.02X1Q
[
MASS TS

= 6-022 x 10* atoms of the clement.
(i) In case of molecular substances,

1 Mole = Gram molecular mass or 1 Gram
molecule

= §-022 x 102 molecules of the substance
= 224 litres at STP il the substance is a gas.

*Obviously the units of molar mass are g mol ™! orkg mol L.

substance is atomic, therefore, dividing the molar
mass by Avogadro’s number, the absolute mass of
a single atom can be obtained. Similarly, the ab-
solute mass of a single molecule can be calculated.

Importance of Avogadro’s Number and Mole
Concept. Avogadro’s number and mole concept
helpin the chemical calculation in a number of ways
as follows : —

1. In the calculation of the actual mass of a
single atom of an clement or a single molecule of a
substance.

2. In the calculation of the number of atoms or
molecules in a given mass of the element or the
compound.

3, In the calculation of the number of
molecules present in a given volume of the gas
under given conditions.

4, In the calculation of the sizes of the in-
dividual atoms or molecules assuming them to be
spherical.

These calculations can be understood by
going through the solved examples given below :

GRAM
OLECULA B.02 X 1520 AT
MASS MCLECULES 8T.F

(ifi) In case of ionic compounds,
1 Mole = Gram formula mass of the compound
6-022 x 102 formula units of the compound

= 6022 x 102 times the number of atoms
present in one formula umit of the compound.
(i) Mass of substance
Molar mass
or Mass of substance** = Moles x Molar mass

Nurmaber of enfities _ MBI
Avogadro’s No.  —
or Number of entitics = Moles X Avogadro's No.

= Moles

**Molar volume of a liquid or a solid can be obtained by dividing the molar mass by density of the substance at the given

temperature and pressure.
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TYPE 1. On the calculation of the uctual
ass of a single atom or a single molecule

W ANIELL 1. Calculate the mass of (i) an
atorm of silver (ii) a molecule of carbon dioxide.
Solution. (i) 1 mole of Ag atoms = 108 g
(. Atomic mass of silver = 108 u)
= 6-022 x 10?* atoms
6-022 x 10% atoms of silver have mass=108 g
.. Mass of one atom of silver
i 108
 6-022x10%
() 1 mole of CO, = 44 g
('~ Molecular mass of CO,
=1x12+2x 16 =441)
= 6-022 x 10% molecules
Thus, 6-022 X 10%* molecules of CO, have

=1-793 x 1072

mass = 44g
1 molecule of CO, has mass
b3 44 & padary
6-022 x 102 6-022
= 7307 x 10 Bg

AN o How many atoms and molecules
of sulphur are present in 64 -0 g of sulphur (Sg) 7

Solution, Molecular formula of sulphur =85,
. Molecular mass of sulphur (§g) = 32 X 8
= 256-0u
1 mole of sulphur mol-cules = 256 g
= 6-022 X 10% molecules of sulphur

Now, 256 g of sulphur contain 6-022 x 107
molecules

. 64 g of sulphur will contain
6-022 x 102 x 64
256

= 1-506 x 10* molecules.

1 molecule of sulphur (S;) contains 8 atoms of
sulphur

- 1-506 x 10% molecules of sulphur will con-
tain sulphur atoms = 8 x 1-506 x 102

= 1-2048 X 10** atoms.

EXAMPLE 3
maolecules present
(i) in 34:20 grams of cane sugar
(Cr2 Hy,0)
_7in one litre of water assuming that the
density of water is I gicm?.
(ifi) in one drop of water having mass 0-05g.
Solution. (i) 1 mole of C;H,;,0; = 342 ¢
[ Molecular mass of cane sugar (C;;H,,04,)

12x12+22% 1+ 11 X 16 = 342 amu]
6-022 x 102 molecules

Now 342 g of cane
6022 x 102 molecules

. 34-2 g of cane sugar will contain

6022 x 108
342
= 6-022 X 10*? molecules
(i) 1 mole of water = 18 g = 6:022 x 107
moleculcs
Mass of 1 litre of water = Volume x density
= 1000x 1= 1000g
Now 18 g of water contains = 6-022 x 102
molecules

Calculate the number of

sugar contain

X 34:2

- 1000 g of water will contain
_ 6-022 x 10% x 1000
5 18
= 3-346 x 10 molecules
(iti) 1 mole of H,0 = 18g = 6-022 x 10%
molecules
Mass of 1 drop of water = 0-05¢g
Now 18 g of H,0 contain = 6022 x 10%
molecules
- 0+ 05 g of H,O will contain

6-022 x 102 ”
18
1:673 x 10*! molecules

JXAMPLE Calculate the number of atoms
of the constituent elements in 53 g of Na,CO 5

0-05

Solution. By mole concept,
1 mole of Na,CQ;,

= Grarn formula mass of Na,CO,
2X234+12+16x3 = 106g
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Now, 106 g of Na,C(; = 1 mole
1x 53
106
= 0-5 mole of Na,CO,

But I mole of Na,CO, contains 2 moles of
Na*ion or 2 x 6-022 x 10*> Na* ions.

. 0+ 5 mole of Na,CQO, will contain

2 % 6-022 x 102 x 0-5Nat ions

= 6-022 x 10 Na* jons

Again, 1 mole of Na,CO; contains 1 mole of
carbon atoms = 6-022 x 102 carbon atoms

0-5 mole of Na,CO, will contain

= 6-022 % 102 x 0-5 carbon atoms

= 3.011 x 10* carbon atoms

Further, 1 mole of Na,CO, contains 3 moles
3 x 6-022 x 107 oxygen

- 53 gofNa,CO, =

of oxygen atoms or
atoms

. (-5 mole of Na,CO, will contain
3 x 6022 x 108 x 0-5 oxygen atoms
= 9-033 x 10 oxygen atoms

TYPE IH. On the calculation of nuniler
of melecules present in o given
volume of a gas under given conditions

EXAMPLE 5 Calculate the number of
molecules present in 350 cm” of NH, gas at 273 K
and 2 atmosphere pressure.

‘Solution. First of all, we have to determine
the volume of the gas at STE.

Given conditions At STP
V, = 350 cm® V, =17
T, = 273K T, =2713K
P, = 2 atmospheres P, = latm
! : PV, PV,
Applying gas equation : R T
e HoIWBSIREI0L L XV,
k 27 T3
S o At T 3
or Vz = ——2,7'-3—“—‘ x T = 700 cm

By molc concept, .
1 mole of NH; = 6022 x 107 molecules

= 22400 coi® at STP

Thus, 22400 cm® of NH, at STP contain
6022 x 102 molecules
. 700 cm?® of NH, at STP will contain
_6:02x10%
22400
=1-882x10?? molecules

TYPE IV Oa the catculation ol
sizes of individual atoms or molecubes

700

ENAMPLIE 6. (i) Assuming the density of
water to be Igicm?, calculate the volume occupied by
one molecule of water.

(ii) Assuming the water molecule to be sphen-
cal, calculate the diameter of the water molecule.

EEFATsuming that oxygen atom occupies half
of the volume occupied by the water molecule, calcu-

late approximately the diameter of the oxygen atorn.
Solution. (i) 1 mole of H,0 =18g = 18 cm®
(. density of H,O = 1g/cm®)
= 6-022 x 10 molecules of H,0
Thus 6-022 x 107 molecules of H,0 have
volume = 18 cm®
. 1 molecule of H,O will have volume

A i T
6-022 x 1023
2-989 x 10" ¥ cm?

(i) As water molecule s assumed to be
spherical, if R is its radius, then its volume will be
2 AR = 2:989 X 1072 cm?
or B3, = 73310524
or R = (7:133)!3 x 1078
1-925 x 1078 cm
Take n = (7-133)'/3

s log n= -31-; log 7-133= T:X{'!-BSBS

= (-2844
n = Antilog0-2844 = 1-925
.. Diameter of water molecule
2x1-925 x 1078 cm
3-85x 107 % cm

{(iif) As oxygen atom occupies half of the
volume occupied by water molecule, hence ifr is the
radius of oxygen atom, then

it
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% xr = %x 2-989 x 1072 cm?
or rP=3566x 10"

whichgives r= 1-528 x 10"%cm

.. Diameter of oxygen atom
=2x1-528 x 10~8cm
=3-056 x 10 *cm.

[YPE V. On the ¢conversion of moles into mass,
veldume or sumber of atoms/molecules and vice versa

EXANMPLE 7. Calculate the number of moles
in each of the following : —
(i} 392 grams of sulphuric acid (ii) 44-8 litres
of carbon dioxide at STP (iii) 6-022 x 107
molecules of oxygen (iv) 2 0 grams of aluminium (v)
1 metric ton of iron (1 metric ton = 10° kg) (vi) 7-9
mg of Ca (vii) 65 pg of carbon.
Solution. (i) 1 mole of H,S0, = 98 g.
( ' Molecular mass of H,SO,
=2X1+ 32+4x16= 98u)
Thus 98 g of H,SO, = 1 mole of H,80,
392 g of H,SO, = 9_13 X 392
= 4 moles of H,50,.

(if) 1 mole of CO, = 22-4 litres at STP
i.e., 22 4 litres of CO, at STP = 1 mole

. i -—-—1 -
. 44 -8 litres of CO, at STP= .4 X 44 8

= 2 moles CO,

(##f) 1 mole of O, molecules = 6-022 x 102
molecules

6-022 x 10 molecules = 1 mole of oxygen
molecules.
(#v) 1 mole of Al = 27 g of Al
(. Atomic mass of aluminium = 27 u)
i.e. 27 g of aluminium = 1 mole of Al
2—17 x 9
0-33 mole of Al
(v) 1 metric ton of Fe = 103 kg = 10° g

1 mole of Fe = 56 g of Fe
. 108 g of Fe = 10 moles
56

= 1-786 x 10* moles.

9 g of aluminium

il

"~ oxvgen molecules (v) 1

(vi)7-9mgofCa=7-9x 10 2gof Ca

7:9x 1073

e Y-

(vif) 65-5ug of C =655 x 107 % g of C

_65:5x 1078
12

EXAMPLE 8. Calculate the mass of (i) 0-1
mole of KNO, (ii) 1 x 107 molecules of methane

and (iii} 112 cm?® of hydrogen at STP.
Solution. (i) 1 mole of KNO, = 101 g
(- Formula mass of KNO,
=1X39+1x14+3x16= 101u)
-~ 0-1mole of KNO; = 101 x 0-1
= 10-1 g of KNO,
(i) 1moleof CH, = 16¢g
= 6022 x 102 molccules

ie. 6:022 % 10?® molecules of methane have
mass = 16 g
~. 1 x 102 molecules of methane will have
16
Mass = s X 102 = 2-657 8.

(éii) 1 mole of H, = 2 g = 22400 cm® at STP
i.e. 22400 cm® of H, at STP have mass=2p

112 cm’ of H, at STP will have mass

mol (At. mass of Ca = 40u)

mol = 5-458 x 10~% mol

(it D2
22400
ENANIPLIE Y. Arrange the following in order
of their increasing masses in grams ?
{1} One atom of silver, (i) One gram-atom of
nitrogen, (iit) One mole of calcium, (iv) One molg of”
atoms of carbon and (vi)

X 112 = 0-01g.

Orne gram of iron.
Solution. (i) 1 mole of Ag atoms = 108 g

= 6022 x 10® atoms

i.e. mass of 6-022 x 102 atoms of Ag=108 g
. Mass of 1 atom of Ag = —L
6-022 x 102

=1-793 x 1072 ¢
(#i) Mass of one gram atom of N = At. mass
ingrams = 14-0g .
(1) Mass of one mole of Ca = At. mass in
grams = 40-0g
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(iv) Mass of one mole of oxygen molecules
= Mol. mass in grams = 32-0 g
(v) 1 mole of C atoms = 12 g
= 6022 x 10* atoms

i.e., Mass of 6-022 x 102 atomsof C=12-0g

Mass of 10* atoms of C

12

o ‘5-022><1013><1013 = TR
(vi) Mass of iron = 1-0 g {Given)
Thus the order of increasing masses is :

One atom of silver < one gram of iron <
10® atoms of carbon < one gram-atom of nitrogen
< one mole of oxygen < one mole of calcium.

Calculate the volume at STP
occupied by (il_]ja_g_gj;nimagm_(ii) 1-5 moles of
carbon dioxide and (iii) 10°! molecules of axygen.

Solutlon. (/) Molecular mass of nitrogen = 28 u

1 mole of nitrogen = 28 g = 224 litres at STP 4

i.e. 28 g of nitrogen occupy 22.4 litres at STP

)
.. 14 g of nitrogen will occupy = % x 14

= 11.2 litres at STP
(if) 1 mole of carbon dioxide = 22.4 litres at
STP

- 1.5 moles of carbon dioxide will occupy

% % 1.5 = 33.6 litres at STP

(¢ 1 mole of O, molecules

= 6.022 x 102 molecules = 22.4 litres at STP

i.e 6.022 X 102 molecules of oxygen occupy
22.4 litres at STP
10?! molecules of oxygen will occupy

aringZds v x 10?! litres at STP
6.022 x 1023

3.72 x 10" 2 litres at STP

372 x 1072 x 10° cm?® at STP

372 cm?® at STP

1. (a) What is the mass of
() 1 mole of water (it} 0.5 mole of CO,
(iif) 2.5 moles of Cl, 7
[ wns. (£) 18.0 g (i) 22.0 g (i) 177.5 g]
(b} How many moles of atoms are contained in :
(£} 9.0 g of Aluminium ()08 poflron?
[ s 6) 5 mole (i 7 mole]

2. Calculate the number of mioles in each of the fol-
lowing amounts of materials

(#) 10.0 p of CaCO,
(i) 1 x 102 molecules of CO,
f rns. (i) 0.1 mole (f) 0.166 mole|
3. What is the mass in grams of :
(i) 6.022 x 10% atoms of oxygen ?
() 1.0 x 10?3 molecules of H,S ?
(tif) 6.022 x 1023 molecules of oxygen ?
{(7v) 1.5 mates of H,50, ?
| wns () 16.0g (5) 5.645 g (iii) 32.0 g (iv) 147.0 g}
4, Caleulate the number of atoms ih each of the fol-
lowing '
(1) 52 moles of He (if) 52u of He

(#i5) 52 gof He (NCERT
[ Ans. G) 3.1314 x 10%* (i) 13 (iii) 7.8286 x 1074
5. Which of the following weighs most ?
({) 50 g of iron
(i) 5 g atoms of nitrogen
(#i7) 0.1 g atom of silver
{iv) 1 x 102 atoms of carbon
[ Aus. () 50.0 g (if) 70.0 g (iéi) 10.8 g (iv) 1.992 ¢.
Hence 5g atoms of nitrogen weigh most)
6. Calculate the number of molecules presentin 22 g
?
of CO, ? { ns. 3,011 x 10% molecules]
7. Calculate the mass of CO, which contains the same

number of molecules as are contained in 40 g of
oxygen. [ 55¢]
8. Calculate the mass of Na,CO, which will have the
same number of molecules as contained in 12.3 ¢
of Mg80,.7H,0. [ woe 8.3g]

9. Calculate the volume occupied by 10?2 molecules
of a gas at 300 K and 760 mm pressure.

[ 1o 408.9 cm?]
10. Find the number of atoms of each type present in
3.42 grams of cane sugar (C;,H,,Qy ).

l C = 7.226 x 10?2 atoms,
H = 1.325 x 10® atoms]

LAY
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11. Calculate the mass of 1 molecuie of —
() oxygen (if) ammonia
[0 () 5.314 x 107 B3 g (if) 2.823 x 1072 g)
12. (a) Calculate the volume occupied at STP by
(i) 16.0 g of oxygen (i) 1.5 moles of oxygen and
(i) 6.022 x 10% molecules of carbon dioxide
[ (i) 11.20 litres (if) 33.60 litres (iif) 22.4 litres]
. (1) How many grams of H,,S are contained in 0.40
mole of H,S ? [ 13.6g]
(ify How many gram atoms of H and § are con-
tained in 0.40 mole of H,S ?
[..n: 0.8 g atoms of H and 0.4 g atoms of S)
{#i) How many molecules of H,S are contained in

9
OAGRIRIC GRS o 2 R 10D annlecules)]

(iv) How many atoms of H and S are contained in
7
040mole of HyS 2 4 8176x10% atoms of H

and 2.4088 x 10® atoms of 81
‘You are supplied with a gas containing 0.32 g of
oxygen. Calculate the number of moles and num-
ber of molecules present in it.

[ 1115, 0.01 mole, 6,022 x 102! molecules]
The mass of a litre of oxygen at standard conditions
of temperature and pressure is 1.43 g and that of a
litre of 80, i5 2.857 g.

(1) How many molecules of each gas are there in
this volume ? [Ane 2.688 x 1022 molecules]
(i) What is the mass in grams of a single molecule
of each gas ? [. 0, = 5320 x 10”3 gand
50, = 10.629 x 10~ P g]

(@) What are the molecular masscs of SO, and
O, respectively ? [ s O =32.032 uand
50, = 63.997 u)

14.

15.

HINTS

o

e e e

16. The mass of 350 cm? of a diatomic gas at 273 K at
2 atmospheres pressure is one gram. Calcnlate the
mass of one atom of the gas.

[ 45 2.657 x 10~ 23]

17. How many atoms and molecules of phosphorus are
prescnt in 124 g of phosphorus (P,) ?

[ \n< 24.088x10%? atoms and 6.022x10%3 molecules]
18. What is the mass of a water molecule in gram ?
How many molecules are present in one drop of
pure water which weighs 0.05 g. If the same drop of
water evaporates in one hour, calculate the number
of molecules leaving the liquid surface per second.
[ 4042989 x 10~ 23 g, 1.673 x 102! molecules
and 4.647 x 1017 molecules/sec.]
19. What is the mass of carbon present in 0.5 mole of
K, [Fe (CN),] ? [Ans 36 gl
The cost of table salt (NaCl) and table sugar
{Cy3H3,04y) is Rs. 2 per kg and Rs. 6 per kg
respectively. Calculate their costs per mole.
[ Ans. Salt = 12 p, Sugar = Rs. 2.05 p]
21. Chlorophyll, the green colouring matter of plants
responsible for photosynthesis, contains 2.68% of
magnesium by weight. Calculate the number of
magnesium atoms in 2.0 g of chlorophyll.
(N.CER.T) [Ans 1.345 x 101]
How much time would it take to distribute one
Avogadro’s number of wheat grains if 10'© grains
are distributed each second ?
[ 4125.190,893 years approx.]
Calculate the total number of electrons present in
1-4 g of nitrogen gas.

[ Ans 4214 x 107 electrons)

20.

22.

23

F-'OR DIFFICULT PROBLEMS

B it b et

4. (if)4 u of He = 1 atom of He
7. 40 g O; = 40/32 moles = 125 moles

1-25molesof CO, =125 x44g =355 ¢

(Equal moles contain equal number of molecules)
12-3

8. 12:3g MgSO,. 7 Hy0 = o ariagy mo

12-3

= ———mol =

G 0-05 mol

005m0]Na2C03=0 05x106g—5 3g

9. Volume occupied by 1022 molecules at STP

22400 gt 3
=t x 102 em? =372 1¢em
6:02 X 10 ; .
PiVi BV, 760xVy 750 x 372
T ilT SE=Teig "

or V= 4089cm?
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15. 1L 02 or SOZ = 7217[”10]

il e 3
=533 X 60210 moiecules

= 2-688 x 1022 molecules
1-43

Mass of 1 molecule of O = ————=%
2 2 688 x 1027

=51320x10 2g
Mass of 1 molecule of SO, = _.E_EF’—TI
2:'688 x 10

=10629 x 10" B¢
Gram Molecular mass of O, '
= Massof 22-4 L at STP
=1-43 %224 =32:032g
Molecular mass of O, = 32-032u
Similarly, molecular mass of SO, can be calculated.
16. () Find the volume of the gas at STP which is

700 cm?

(#) Find the mass of 1 mole Le. 22.4 litres of gas at
e 22 A D

STRie “pm = 32g

(é) Calculate the mass of one molecule ie.
—32-—g and divide it by 2 to get the mass of
6.022 x 102

one atom of the gas.
18. 1 mol of H,0 = 18 g = 6022 x 10 molecules
Mass of one molecule of H,O

18 -23
- =2-989 x 10
6022 x 103°% &
0-05

0:05 gOfH-20=*"1-'B—mDI

_0-05

==z % 6-022 x 108 molecules

=1-673 x 102! motecules

1-673 x 102!
60 x 60

= 4647 x 1077
19. 1 mot of K, [Fe(CN)g] contains C = 6 g atom

0-5 mol of K [Fe(CN),] will contain C

No. of molecules leaving per sec =

=6x0-5galom=3galom=3x12g=36g
20. 1 mole of NaCl = 585 g

3 2
Cost of NaCl per mole = Jgoe X 585 Rs.

=0-117Re =11-7Tp=12p.
t mole of sugar (C,H5,0y) =342 ¢

Cost of sugar per mole = L6 342Rs.

1000
=Rs. 2-05p.
21. 100 g chlorophyll contains Mg = 2-68 g
2 g chlorophyll wili contain Mg = %%5 x2
=0.0536 ¢
1 mole of Mg = 24 g = 6-022 x 102 atoms
L 23
0-0536 g Mg = 222X 10 x 0.0536 atoms
=1-345 x 10! atoms
_ 23
22, Time Required = 2 02“;‘ 107~ 602 x 1015
_ 6-02x10"?
= 0% 60 x 24 x 363 Y°Ar8
= 190,893 years approx.

23. 1-4gN, = L3 mol = 0-05 mol

=0-05 % 6-02 x 102 molecules

022 molecules

=3-01 x1
=13-01 x 102 x 14 electrons

= 4214 x 102 electrons

8IS INVOIVIT 0 wWoje Loncapl

A solution is defined as a homogeneous mixture of
two or more chemically non-redacting subsiances,
the refative amounts of which can be varied upte a
cerfain limit.

Il a solution consists of only two com-
ponents, it is called a binary solution. The com-
ponent present in smaller amount is called the

solute while the other present in larger amount is
called the solvent.

The concentration of a solution can be ex-
pressed in a number of ways as follows : —

(1) Strength. The strength of a solution is defined
as the amount of the solute in grams present per
fitre of the solution (i.e. g/L or g L Yoritis
defined as the amount of solute in grams present
in 100 g of the solution (called percent strength
by mass).
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(2) Molarity. The molarity of a solution is-defined
as the number of moles of the solute present per
litre of the solution. It is represented by the sym-
bol, M.

(3) Molality. The molality of a solution is defined
as the number of moles of the solute dissolved in
1000 g of the solvent. It is represented by the symbol,
m.

(4) Normality.The normality of a solution is
defined as the number of gram equivalents of the
solute presentilitre of the solution. It is represented
by the symbol, N.

(5) Mole fraction. The mole fraction of any com-
ponent in the solution is equal to the number of
moles of thut component divided by the total num-
her of moles of all the components. For a solution
containing n, moles of the solute dissolved in n,

moles of the solvent,
Mole fraction of selute in the solution
R,
n; +n,

Mole fraction of solvent in the solution
¥

(x;) =

(xp) =
Yo om+n,

x; +x, =1

The equivalent masses of acids, bases and
salts are calculated as follows : —

Mol. mass of the acid
Basicity

Eq. mass of an acid

Mol. mass of the base
Acidity

Eq. mass of a base

Eq. mass of a salt
Ls Mol. mass of the salt
~ Total positive valency of metal atoms
Basicity is the number of displaceable H ions from
one molecule of the acid (e.g. 1 for HCI, 2 for
H,50,, 3 for HyPO etc.).
Acidity is the number of displaceable OH™ ions
from one molecule of the base (e.g. 1 for NaOH, 2
for Ca(OH), etc. ).
Molarity equation. If a solution having
molarity M, and volume V; is diluted to volume

V, so that the new molarity is M,, then as the total

number of moles in the solution remains the same,
we have

M1XVI=MIXV2I

This equation is called molarity equation.

For a balanced chemical equation involving
n; moles of reactant 1 and n, moles of reactant 2,

M, o Mz-m

n, n,

For exact neutralisation of V, ml of an acid
having molarity M, and basicity n, by V, ml of a
base having molarity M, and acidity n,,

"n M, V,=n,M,V, |

Normality equation. If a solution having
normality N, and volume V, is diluted to volume

V, so that the new normality is N, or if V, cc of
solution of substance A and normality N, react
exactly with V, cc of solution of substance B and
normality N, , then in the first case as the number

of gram equivalents remains the same and in the
second case, substances react in equivalent
amounts,

N, XV, =N, XV,

This cquation is called normality equation.

REMEMBER
Normality of a selution = No. of g eq. L™!

= No. of milli eq. mL !
Molarity of a solution = No. of moles L ™!
= No. of milli moles mL ™!

EXAMPLE 1, A solution of oxalic acid,
(COOH),. 2H,0 is prepared by dissolving 0-63 g
of the acid in 250 cn® of the solution. Calculate
(@) molarity (b) normality of the solution.

Solution. (@) Calculation of molarity.

Molar mass of oxalic acid,

COOH
[ 2H,0 = 126 g mol ™!
COOH
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. 0.63 g of oxalic acid = —Zg mole of oxalic

acid = 0.005 molc of oxalic acid

it Mass 1n g
[ Molar mass ]

Thus 250 cm? of the solution contain oxalic
acid = 0.005 mole

1000 cm? of the solution contain oxalic

acid = MS- 1000 = 0.02 mole

250
ie.  Molarity of the solution = 0.02 M

(#) Calculation of normality
Mol. mass of oxalic acid

Eq. mass of oxalic acid=

Basicity
=126 _
WM 63
0.63
. 0.63 g of oxalic acid= o3 84 = 0.01 g eq.
[ Gram equivalents = —wg]
Eq. mass

Thus 250 cm? of the solution contain oxalic
={00lgeq

1000 em? of the solution contain oxalic

0.01
acid = 250 x 1000 = 0.04 g eq

i.e.  Normality of the solution = ¢.04 N
v ET Biie 2. Commercially available con-
centrated hydrochloric acid contains 38% HCI by
Mass.
(a) What is the molarity of this solution 7 The
density is 1L.19gem ™3
{b) What volume of concentrated hydrochloric
acid is required to make 1.00 L of 0.10 M HC1 ?
{N.C.E.R.T.)

Solution. (a) (.alculatmn of molarity. 38%

acid

100 gof the solutlon

Mass

Volume of 100 g of the solution = ———
Density

= ﬂq — 84.03 cm?

Molar mass of HCl = 36.5 g mol ™!

- 38 g HCl = o ie2) moles = 1.04 moles

36.5
Thus 84.03 cm? of the solution contain HCI
= 1.04 moles
1000 cm? of (he solution contain HCI
TR
= 12.38 moles
ie. Molarity of the solution = 1238 M

(b) Calculation of volume of conc. HCI for
1.00 L of 0.1 M HCI.

Applying molarity equation, we have

M, xV, = M, X V,
(conc. HCI) (1-0L of 0-10 M HCI)
12:38xV, = 010x10
1) (R 1) 2]
or V= 12-38L" an S 1000 cm
= 8-1cm’

EXAMPLE 3. (a} A sample of NaOH weighing
0.40 g is dissolved in water and the solution is made
to 50.0 cm? in volumetric flask. What is the molarity
of the resulting solution ?

{b) How many grams of NuOH should be dis-
solvéd to make 100 cm?® of 0+ 15 M NaOH solution ?

Solution. (g) 0.40gof NaOH = 0—4:59 moles

= (.01 mole

Thus 50.0 ¢cm? of the solution contain NaOH
= 0.01 mole

1000 cm? of the solution contain NaOH

_ 001
50

.. Molarity of the solution = 0.2 M
{b) 1000 em?® of 0.15 M NaOH contain NaOH

x 1000 = 0.2 mole

= 0.15 mole
100 em? of 0.15 M NaOH contain NaOH
0.1, 15
= 1000 x 100= 0.015 mole

=0015x 40g=06g
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PROBLEMS FOR PRA

1. A solution is prepared by dissolving 18.25 g of

NaOH in distilled water to give 200 em® of the
solution. Calculate the molarity of the solution.

[Ans. 2.28 M]
2. How many moles and how many grams of sodium

chloride (NaCl) are present in 250 cm® of a 0.500
M Na(l solution ?

[Ans. 0.125 mole, 7.312 g}
3. Concentrated aqueous sulphuric acid is 98%
H,S0, by mass and has a density of 1.84 g cm™3.
What volume of the concentrated acid is required

to make 5.0 litre of 0.500 M H,S0, solution ?

[Ans. 136 cm®]

4. How many grams of barium chloride (BaCl,) are

necded to prepare 100 cm® of 0.250 M BaCl, solu-
tion ? [ 5.20 g]

5. How many moles and how many grams of sodium
chloride (NaCl) are present in 250 ml.ofa 050 M
NaCl solution ? [ 0-125mol, 7-32 g]

6. A sample of NaNQ, weighing 0-38 g is placed in a
500 mL measuring flask. The [lask 15 then filled

with water upto the mark on the neck. What is the
molarity of the solution ? (NCERT)
[Ans. U-090 M]

7. In a reaction vessel, 0- 184 g of NaOH is required
10 be added for completing the reaction. How many
milli litres of 0150 M NaOH solution should be
added for this requirement ? (NCERT)

[ 30-7ml.]

H I N TS FOR DIFFICULT F’EOELEME‘:

3. 98% HISO4 by mass mcans 98 g stO are

present in 100 g of the solution = 100/] -84 ¢cm?
= 54.35 cm?

Molar mass of H,SO, = 98 g mol ™!

Hence 98 g H,80, = I mole

Molarity of the given solution

Tl
=335 X 1000 = 184 M

Applying My Vy = MV, 18:4 x V| =5 x 0500
or V,=0136L =136 cm?

4. Molecular mass of BaCl, = 137 + 71 = 208 u.
For 1000 ecm’ of 1 M BaCl, sot., mass of BaCl,
necded = 208 g

For 100 cm3 of 0-25 M BaC]Z, mass needed
208

= 1oog X 100 x0-25¢
=5-20g
6. Formula mass of NaNO, = 23 + 14 + 48 =85
0-38 g NaNO, = Oégs mol ={0-0045 mol
Molarity of the solution =iggi 1000 =0-090 M.

7. 1000 mL of 0- 150 M NaOH contain NaQOH
=0-150mol = 0-150 x 40 = 6 ¢
Le. 6 gin0-150 M M NaOH solution = 1000 ml.
-0-184 gin 0-150 M NaOH solution

1000

3 X 0-184 =30-7 mL.

V4

ADD . TO YOUR KNOWLEDGE | ¥

W lamu(m1u)=%thofmassoranalomofc—

12= —r}—g. Thatis why 1amu or 1 uisalso called 1 Avogram,
0

2. The number of molecules present in 1 cm? of an ideal gas at STP is called Loschmidt number.

602 x 103

Its value = 7

2-69 % 1019,
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AD TO g
2. As jonic compounds are not molecutar, the term ‘Formality’ is used in place of molarity to express the
concentration of their solution. Formality is the number of formula weights present in one litre of the solution.

Weight of the compound in g
Formula wt of the compound

No. of formula weights =

% 4. Molarity of a solution does not change with temperaturc because it invoives masses of the solute and solvent
which do not change with lemperature. Normality and molarity change with temperature because they invoive

volumes which change with temperature.

th

SECTION—VII

PERCENTAGE COMPOSITION
AND MO! ECULAR FORMULAE

1.30. Calculation ot Percentage
Composition from Formula s

The percentage of any element or constituent in
a compound is the number of parts by mass of that
element or constituent present in 100 parts by mass
of the compound. It can be calculated by the follow-
ing two steps :

Standard solution. A solution whose normality or molarity is known is called a standard solution.

Step 1. Calculate the molecular mass of the
compound from its formula by adding the atomic
masses of the elements present.

Step 2. Calculate the percentage of the ele-
ment or the constituent by applying the following
relation

Percentage of the element or constituent

No. of parts by mass of the
element or constituent

= Mol. mass of thc compound e

R

:
0

EXAMPLE 1. Calculate the percentage com-
position of the various clements in MgSO,

Solution. Mol. mass of MgSO,
=24+ 32+ 4x16=120

No. of parts by mass of Mg % 100
Mol. mass of MgSO,

% of Mg =

24
=50 x 100 = 20%

No. of parts by mass of S

Mo. mass of MgSO, e

% ofS =

32
S 100 = 26-67%
No. of parts by mass of O % 100

Mol. mass of MgSO,

64
= —=x!100 = 5333%.
120 33
X ANPLI 2. Calculate the percentage of water
of crystallisation in the sample of blue vitriol

(CuSOy. 5 Hy0).

%ofO =

i A

Solution. Mol. mass of CuSQ, . 5 H,O
=63-5+32+4x16+ 5 x 18 = 2495
No. of parts by mass of H,O = 5 X 18 = 90

90
249-5

= 36-07%.

12X AMPL IS 3. Calculate the percentage of cat-
ion in ammonium dichromate.

Solution. Motecular formula of ammonium
dichromate 1s (NH,),Cr,Oy

x 100

% of H,0 =

Mol. mass of (NH,),Cr, 0,
=2x (M4+4)+2xX52+7x16=1252

No. of parts by mass of cation viz NHy

=2 % (14 +4) =36

- % of NH] =22 100 =
- 14-29%.
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PROBLEMS FOR PRACTI

1. Find the pcreentage composition of potassium
chlorate (KC10 ).

{ \ne K =231-84%, Cl = 28:98%, O = 39-18%]
2. Calcuiate the percentage of (i) SO~ (i) H,O in

pure crystals of Mohr salt viz.
FeSO, . (NH,),50, . 6 1,0.

[ Ane SOF™ = 48-98%, H,0 = 27.55%]

3. Calcutate the percentage of water of crystallisation
in the sampie of washing soda, N 4,C0, . 10 H,0.

[ oe 62-94%]

HINTS rorbDIE

st

FICULT

.......... Ly

4. A sample of clay is found to have the formula
Al,O, . K;0. 6 §i0,. Calculate the percentage of

alumina (Al,0,), potassium oxide (K, O) and silica
(8i0,) in the sample. [ A),0,=18-35%,
K,0=16-90%, 5i10,=64-75%]

5. Fe,(50,), is used in water and sewage treatment

to aid the removal of suspended impurities. Calcu-
late the mass percentage of iron, sulphur and
oxygen in this compound. WNWGESROT)

[ Fe=28%,8 = 24%, O = 48%]

PROBLEMS

i

1. Mol. mass of KCIO; =39 + 35-5 + 48 = 122.5.

39 e SOLD
%OfK—TZ—Z‘-_-S-XIOO,%OfCI— 1225 % 100,

48
%Oro—mXIOO

2. Mol. mass of FeSO, . (NH,),S0, . 6 H,0
=56+32+64 + 36+ 32 + 64 + 108 = 392

% of H,0 = 152 x 100 = 27.55%
% of$0F~ = L2269 5 150 = 48.98%

4. Mol. mass of Al,O, . K,0 . 6 Si0,

=(2 X 27 +3 X 16) =(2X39+16) +6 (28+2 x1¢)
=102 + 94 + 360 = 556

% Of ALLOy = 10 x 100 = 18-35%

by =l
%ofK,O—ss6 % 100 = 16-90%

% of Si0; = 352 x 100 = 64.75%

5. Mol. mass of Fe,(SQ0,),
=2X56+(32+64)%x3 =400

2 %56
% of Fe = J00 < 100 = 28%
_32x3 4
% of 8 = T x 100 = 24%
4 X16 X3
o ke —————— =
% 0of O = 300 X 100 = 48%.,

1.31. Empirical and Molecular Farmulae &

We know that the formula of water is
H,O while that of sulphuric acid is H,50,.
Similarly, formula of carbon dioxide is CO,, while
that of ammonia is NH, and so on, Thus a formula
is a symbolic representation of one molecule of the
substance which tells the number and kinds of
atoms of various elements present in its molecule.
The question is — How are these formulas deter-
mined ? The determination of the formula of a
substance involves first the determination of its
‘Empirical Formula’ and then the ‘Molecular
Formula’. Let us now explain what we mean by
these different types of formulas and the method
of their calculation.

Empirical Formula. The empirical formuln of o
compound expresses the simplest whole number
ratio of the atoms.of the various elements present in
one molecule of the compound.

For example, the empirical formula of ben-
zene is CH, that of hydrogen peroxide is HO and
that of glucose is CH,0. This suggests that in the
molecule of benzene, one carbon atom is present
for every one hydrogen atom ; in the molecule of
hydrogen peroxide, one atom of hydrogen is
present for every one oxygen atom, and in the
molecule of glucose, one atom of carbon is present
for every one atom of oxygen and two atoms of
hydrogen. Thus, the empincal formula of a com-
pound represents only the atomic ratio of the various
elements present in its molecule.
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Molecular Formula. The molecular formula of a
compound  represents the true formula of is
molecule. It expresses the actual number of atoms
of various elements present in one molecule of the
compound,

For example, the molecular formula of ben-
zene is CgH, that of hydrogen peroxide is H;O,

and that of glucose is CgH ;O

This suggests that one molecule of benzene
contains six atoms of carbon and six atoms of
hydrogen, one molecule of hydrogen peroxide con-
taias two atoms of hydrogen and two atoms of
oxygen and one molecule of glucose contains six
atoms of carbon, twelve atoms of hydrogen and six
atoms ol oxygen.

1.32. Relation Between Empirical and
Molecular Formulae e

The molecular formula of a compound is a
. simple whole number multiple of its empirical for-
mula. Expressing mathematically,

: Molecular formula = n X Em_pi:ical 1'4:-:rn'm|iadI

where n is any integer such as 1, 2,3 ... etc..

When # = 1, Molecular Formula = Empiri-
cal Formula

Whenn = 2, Molecular Formula = 2 X Em-
pirical Formula and so on.

The value of v’ can be obtained from the

Molecnlar mass

Empirical formula mass

The molecular mass of a volatile compound
can be determined by Victor Meyer’s method or by
employing the relation

following relation, n =

| Molecular mass = 2 X Vapour d::ns';l_yl

Empirical formula mass can, however, be ob-
tained from its empirical formula simply by adding
the atomic masses of the various atoms present in

it. Thus, for glucose (E.F. = CH,0), the empirical
formula mass can be calculated as follows :

Empirical formula mass = At. mass of carbon
+ 2 % At. mass of hydrogen + Al mass of oxygen
=120u+2x 10u+16-0u =30-0u.

The empirical formula of a chemical com-
pound can be deduced from a knowledge of the

(@) percentage composition of different ele-
ments, and  (b) atomic masses of the elements.

The following steps are involved in the cal-
culation of the emipirical formula.

Step 1. To calculate the relative number of
atoms or atomic ratio. Divide the percentage of
cach element by its atomic mass. This gives the
relative number of atoms or the atomic ratio of the
various elements present in one molecule of the
compound.

Percentage of an element
At. mass of the same element

Step 2. To calculate the simplest atomic ratio.
Divide the atomic ratio obtained in step 1 by the
smallest quotient or the least value from amongst
the values obtained for each element. This gives the
simplest atomic ratio.

Step 3. To calculate the simplest whole number
ratio. The simplest atomic ratios as calculated in
step 2 are generally whole numbers. If not, then —

(a) raise the values to the nearest whole num-
ber, or (b) multiply all the simplest atomic ratios by
a suitable integer.

Atomic ratio =

Step 4. To write the empirical formula. Write
the symbols of the various clements side by side.
Now insert the numerical value of the simplest
whole number ratio of cach element as obtained
in step 3 at the lower right hand corner of each
symbol. This gives the empirical formula of the
compound.

PROBLEMS ON THE CALCULATION OF EMPIRICAL FORMULAS

i o bl R

(1 =30-38
Calculate the empirical formula of the salt.

EXAMPLE 1._dn inorganic salt gave the following percentage composition— Na=29- 11, 5 =40-51 and
e H W
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Solution. Calculation of empirical formula

Element | Symbol Percentape AL mass Relative no. Simplest Simplest whole
of elements of elements | of atoms, =T—-T-mg atomic ratio | nn.at_uﬁh: ratio
Sodium | Na 29-11 2 Zt-1a | 126, 2
40-51 1-266
Sulphur § 40-51 32 T= 1-266 ﬁ= | 2
3038 _ 15805 T,
Oxygen o 30-38 16 e~ 17897 T =19 3

Thus the Empirical Formula is Na,$,0,.
IKXANITLE 2. 2-38 g of uranium was heated strongly in a current of air. The resulting oxide weighed
2806 g. Determine the empirical formula of the oxide. (At. mass U = 238; 0 = 16).
Solution. Step 1. 7o calculate the percentage of uranium and oxygen in the oxide.
2-806 g of the oxide contain uranium=2-38 g.

y 2-38
f = X = B84-82
Percentage of uranium 2.806 100 = 8
Hence, the percentage of oxygen in the oxide= 10000 — 84-82 = 15-18.
Step 2. To calculate the empirical formula
Element Symbol Percentage | At mass Relative no. Simplest Simplest whole
of elements | of elements |of atoms. = i atomic ratic  |no.atomic ratio
At mass
Uraniom | U 84.82 238 B -oxe (93562, 3
Oxygen | © 15-18 16 B8 —oomrs |58y 666 8
Hence the empirical formula of the oxide is U, 0.
7
¢ % EAAMPLE 3. A crystalline salt on being rendered anhydrous loses 45 - 6% of its weight. The percentage
' compasition of the anhydrous salt is
Aluminium = 10-50% ; Potassium = 15-1% Sulphur = 24-96% ; Oxygen = 49-92%.
Find the simplest formula of the anhydrous and crystaliine sait.
Solution. Step 1. To calculate the empirical formula of the anhydrous salt
Eiement Symbol | Percentage At, mass Relative no. Simplest Simplest whole
ol elements of elements [of atoms. = MT;EL;P atomic ratio | no.atomic ratio
. 1510 0-39
Potassium X 15511 35 == iEED 730 1 1
ke ) 10-50 0-39
Aluminium Al 10-50 27 ——2-7-— =0-39 W =1 1
_ 2496 _ 078 _
_ 49-92 3-12
Oxygen o 49-92 16 - Y 530 =8 8
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Thus the empirical formula of the anhydrous
sali is K Al S, Oy

Step 2. To calculate the empirical formula mass
of the anhydrous salt.

Empirical formula mass of the anhydrous salt
(KAIS,0y)

= 1x 39:-0+1 X 27.0+2 X 32.0+8 x 160

= 2580 u.

Step 3. To caiculate the empirical formula mass
of the hydrated salt.

Let the empirical formula mass of the
hydrated salt = 100-0 u.

Loss of weight due to dehydration =45-6%

. Empirical formula mass of the anhydrous
salt = 100-45-6 =54-4u.

Now, if the empirical formula mass of the
anhydrous salt is 54 4 that of hydrated is = 100

.. If the empirical formula mass of the an-
hydrous salt 1s 258, that of hydrated is

_ 100

T 544

Step 4. To calculate the number of molecules of
water in the hydrated salt.

Total loss in mass due to dehydration

= 474-3—-258-0= 216-3u

Loss in mass due to one molecule of water
= 18-9u

.. No. of molecules of water in the hydrated

x 258 = 474-3 u.

Step 5. To calculate the empirical formula of
the hydrated salt.

Empirical formula of the anhydrous salt
= KAIS, 04
No. of molecules of water of crystallization =12

Empirical formula of the hydrated salt
=KAIS,04 .12H,0

INANDPLE 4. The percentage composition of ferrous ammonium sulphate is 14-32% Fe?™ ; 9-20%
NHTp; 49-0% SO~ and 27-57% H,0. What is the empirical formula of the compound ?

Solution. Calculation of empirical formula.

Formula of Percentage Mol. mass/At. mass Relative no. Simplest ratio
the constituent of constituents of constituents =_l;9irc—mta&_e of constituents
ol. mass
o 24 ¢ 14-32 . D:2550%
it OE200 ] 0-5111
NH; 9.20 18 = 05111 W—Z
27— , 49-0 _ 0-5104 .,
SOy 49-0 %6 9 = 0-5104 W—Z
27-57 1-532
H,O 2757 18 T 1:532 03537 = 6

Hence the empirical formula of the compound is
Fe (NH,), (80O,), . 6H,0.

(Fe*™) (NH[), (SO} ™), (H,0)g or

1. An inorganic salt on analysis gave the following
percentage composition :
Pb=626,N=8.4,0=29
What is empirical formula of the compound ? Also
name the compound. (At. mass Pb = 207, N = 14,
0=16). [« PbN,O.Pb(NO,),, Lead nitrate]

2. An oxide of nitrogen gave the following percentage
composition :

N=2594

and 0=74-06
Calculate the empirical formula of the compound.
[1ns N3Ogl
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3. A sample of salt has Lhe following percentage com-
position :

Fe=3676;5=2111and O=42:14
Calculate the empirical formula of the compound.
(At. mass Fe = 56,5 = 32and O = 16)

[Aus. FeSO,)
4. A salt containing water of crystallization gave the
following percentage composition :
Mg=976; $=13-01;
0 =126-01 and H,0 =51-22

Calculate the simplest formuia. (At. mass of
Mg=24) [Ans. MgSO, . 7TH,0]

5. Calculate the empirical formula of gold chloride
which contains 35 - 1% of chlorine. At. mass of Au
= 197. [A0s. AuCl,)

6. Calculate the empirical formula of a mineral having
the following composition :

Ca0 = 48-0% ; P,05= 41-3% ; CaCl, = 10-7%
[Ans. 9Ca0. 3P,0; . CaCl,)

--------- g

HINTS ForpiFFicuLT PROBLEMS

4.
| Con- | %age | Atomic | Relative no. of Simplest Empirical Formula = MgS0, . 7 H,0.
stituent | massfMol. |  constituents Ratio 6.
mass I o - i " 2
~ Mol.mass | Con- | %eage | Mol. | Relative no. of const. | Simplest
Mg_._ 9-76 | 24 -9'76f24 =0-407 | 1 stituent | mass ' Yo Ratio
s [13.01] 32 13-01/32 1 — s o oo i,
. Z0.407 CaO |48-0 | 56 | 48:056=0857 | 9
o *ibéioheemg 26-01/16 4 | | POs|413] 142 | 413142=0291 | 3
A | CaCly | 10-7 | 111 | 10-7/111=009 | 1
32 |51 joxs " |' 5=1 22%‘268 f Empirical Formuta = 9 CaQ . 3 P05 . CaCl,.
1.34. Calculation of Molecular Formula (¢) Determination of the molecular mass of the

The molecular formula of a compound can be
deduced from its

(1) Empirical formula and

(2) Molecular mass. The determination of
molecular formula involves the following steps :

(@) Calculation of the empirical formula from
the percentage composition.

(b) Calculation of empirical formula mass by
adding the atomic masses of all the atoms present in
the empirical formula.

compound from the given data.
(d) Determination of the vaiue of ‘n’ by using
the relation,

- Molecular Mass
Empirical Formula Mass

(e) Determination of the molecular formula by
using the relation

Molecular Formula=n x Empirical For-
mula.

EXAMPLE 1.

A compound containing
sodium, sulphus hydrogen and oxygen gave the fol-
lowing results on analysis 1 —

Na = 14:28%, § = 9-92%, H = 6-20%

Calculate the molecular formula of the an-
hydrous compound. If ail the atoms of hydrogen in
the compound are present in combination with
oxygen as water of crystallization, what is the structure

of the crystalline salt ? The molecular mass of the
crystalline sait is 322,

Solution. Step 1. To calculate the percent-
age of oxygen. The given compound contains
oxygen but its percentage is not given. This can,
however, be calculated by subtracting the sum of
percentages of Na, S and H from 100 as shown
below :
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Sum of percentage composition of Na, S and H = 14:28 + 9-92 + 6-20 = 30-40
Percentage of oxygen = 100-00 — 30-40 = 6960
Step 2. To calculate the empirical formula.
Element Symbol | Percentage At. mass Relative na. Simplest Simplest whole
of element of element |of atoms. = %&g atomic ratio |no. atomic ratio
Sodium | Na 14-28 2 BB _o6 fer-2 2
Sulphur | S 9.92 32 %% =031 % =1 1
Hydrogen| H 6-20 1 82 _ 620 B - 20
Oxygen | O 69-60 16 BH_ 435 4B - 14

Hence the empirical formula of the com-
pound is Na,SH,,0,,

Step 3. To calculate the empirical formula
mass. Empirical formula mass of the compound
(N2,SH,01)
=2x23-0+1x%x32:0+20x1-0+ 14 x 16:0
=322

Step 4. To calculate the value of ‘n’

< Molecular mass 322 _ 1
Empirical formula mass = 322
Step 5. To calculate the molecular formula of

the compound.
Molecular formula = n x Empirical formula

= 1 X Na,SHy0,, = Na;SHy Oy,

Step 6. To calculate the number of molecules of
water of crystallization. Since all the H-atoms are
present in the form of H,0, 20 atoms of hydrogen

would combing with 10 oxygen atoms to produce 10
molecules of H,O. Thus, the number of molecules
of water of crystallization present in the salt
Na,SH,, Oy, is 10.

Step 7. To determine the structure of the crystal-
fine sait. Out of the 14 oxygen atoms, 10 are present
in form of H,0. The remaining 4 must be a part of
the salt consisting of Na and S. A plausible formula
for this salt is Na,SO, and that of crystalline salt will

be Na,S0O, .10H,O

INARPLE 2. An organic substance containing carbon, hydrogen and oxygen gave the following

percentage composition.

C =40 687%, H=5-085% and O =54-228%

The vapour density of the compound is 59. Calculate the molecular formula of the compound.
Solution. Step 1. To calculate the empirical formula of the compound.

Element Symbol| Percentage At. mass Relative no. Simplest Simplest whole
of element of element |of atoms. = Ei_:'ce_nta‘g_e_ atomic ratio na.atomic ratio
mass
40-687 3-350
Carbon c 40-687 12 3 = 3-390 37380 =1 2
5-085% 5-085
Hydrogen| H 5-085 1 = 5-085 3380 = 1.5 3
Oxygen | © 54228 16 BB _ 3389 | 33g=1 2

. Empirical Formula is C,H;(,
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Step 2. To calculate the empirical formula
mass.

The empirical formula of the compound is
C,H,0,.

.. Empirical formula mass

=X+ BxD+(2x16)=159.

Step 3. 7o calculate the molecular mass of the
salt.

The vapour density of the compound = 59.
(Given)
Using the relation between vapour density
and molecular mass —

Molgcular mass = 2 x vapour density

=2x59= 118
Step 4. To calculate the value of ‘n’
Molecularmass  _ 118 _ 2

" = Empirical formula mass 59

Step 5. To calculate the molecular formula of
the salt.

Molecular formula =n x (Empirical formula)
=2x GH, 0, =CHO,
Thus the molecular formula is CHQ,.

PROBLEMS FOR PRACTICE ¥

1. A crystalline salt when heated becomes anhydrous
and loses 51-2% of its weight. The anhydrous salt
on analysis gave the following percentage composi-
tion :

Mg =20-0% ;S = 26-66% and O = 53-33%

Calculate the molecular formula of the anhydrous
salt and the crystalline salt. Molecular mass of the
anhydrous salt is 120. [ MgS0, . TH,0]

2. A compound contaiging carbon, hydrogen and
oxygen gave the following analytical data :
C=400%and H=6-67%

Calculate the molecular formula of the compound
if its molecular mass is 180. [ CeH,,04]

3. On analysis, a substance was found to have the
following percentage composition :
K=31-84,C1=28-98and O = 39-18
Calculate its molecular formula if its molecular
mass is 122-5. [ KCl0,3

4. An organic liquid having carbon, hydrogen,
nitrogen and oxygen was found to contain
C=41-37%; H =5-75% ; N = 16-09% and the
rest oxygen. Calculate the molecular formulz ofthe
liquid if its V.D. is 43.3. { C3HNO, ]

Hi NTEj FOR DIFFICULT PROBLEMS

5. A chemical compound is found to have the follow-
ing composition :
C=1957%;Fe=152% ,;N=2283%;
K =42-39%
Calculate the empirical formuia of the compound.
What will be its motecular formula if the molecular
mass of the compound is 368 ? Name the com-
pound and describe the action of hydrogen
percxide on it. [ ins K Fe (CN),]

e 6. Butyric acid contains only C, H and O. A 4.24 mg
sample of butyric acid is completely burned. It gives
845 mg of CO, and 3.46 mg of H,0. The

molecular mass of butyric acid was determined by
experiment to be 88 amu. What is molecular for-
mula ? (NCERT) [ C H,y0,]
o 7+ A welding fuel gas contains carbon and hydrogen
only. Burning a small sample of it in oxygen gives
3-38 ¢ carbon dioxide, 0-690 ¢ of water and no
other products. A volume of 10-0 L {measured at
5.TP.) of this welding gas is found to weigh 116 ¢.
Calculate (i) empirical formula (%) molar mass of
the gas, and (i) molecular formula. (NCERT)

[vns. () CH (i) 26 (iii) CyH,]

1. Calculate the empirical formula of the anhydrous
salt. It comes out to be MgSO,. E.F. mass = 120.

Mol. mass = 120. Hence molecular formula =
MgSO,.

As crystalline salt on becoming anhydrous loses
51-2% by mass, this means

488 g of anhydrous salt contains H,0 = 51-2 g

120 g of anhydrous salt contains H,O

= i;—:; x120g=126g = %molccnles
= 7 molecules.

Hence mol. formula of crystalline salt

= MgS0, . 7H,0.
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5. The molecular formula K,FeCgNe suggests that it
is Potassium ferrocyanide. It is axidised by H,0, to
potassium ferricyanide.

H,0, — H,0+0
2K, [Fe (CN)¢] + O + H,O0 —
2K, [Fe (CN)4] + 2KOH

6. 1 mole CO, contains 1 g atom of C

ie. 4 pgCO,containsC=12g

8-45 mg CO, will contain C = —— % 8 45 mg

This is present in 4-24 mg of Lhe cornpound

8-45

i 24>-<10()

% of C in the compound = - x

=54:4%

or use the formula directly

Mass of CO,
Mass of compound
Similarly, % of H

2 Mass of H,O
== x x 100

18 © Mass of compound

_%x346

%ofcﬁ— = 100

X100 =9-1%

=

R A

%ol 0= 100—(54-4+9-1) =36-5%
Calculate E.I' If comes out to be C,H,Q
E.F. mass =44u, Molmass =88u.
Hence n = Mol. mass/E.F mass = 2

Mol. formula = 2 x E.E = C,HgO,

7. Amount of carbon in 3 38 g CO,

s il
o 1 x3-38g =
Amount of hydrogen in 0-690 g H,O

0-92i8g

128 X0-690g =0-0767 g

As compound contains only C and H, therefore,
total mass of the compound

=0.9218 + 0.0767g=0-9985¢
% of C in the compound

0-9218
= 599gs X 100 =92°32

. 00767
% of H in the compound = g—oer X 100 = 7-68
Now calculate empirical formula. It comes out to
be CH.

116 -1

Molar mass = IR 22-4 =26 g mol
E.E mass = 13 . n = 2. Hence M.E = C,H,

ADD TO YOUR KNOWLEDGE

Usually no direct method is used for finding the percentage of oxygen in a compound. Itis ca_léﬁlatcd by finding
the percentages of all elements except oxygen. Then %age of axygen = 100 — (Sum of %ages of all other
elements present in the compound).

SECTION—VIII
STOICHIOMETRY OF
CHEMICAL REACTIONS

1.35. General Information

One of the most important aspects of a chemi-
cal equation is that when it is written in the balanced
form, it gives quantitative relationships between the
various reactants and products in terms of moles,
masses, molecules and volumes. This is called
stoichiometry (Greck word, meaning ‘to measure an
element’). For example, a balanced chemical equa-
tion alongwith the quantitative information con-
veyed by it is given below :

HCl

CaCO, +

—
1 Mole 2 Moles
O+12+3x16  2(1+355)
=100g =MNg
EaCl < FED - GEs
1 Mole 1 Mole 1 Mole
40+ 2 % 355 2x1+16 12+2x16
=1lg =18¢g =44g

or 22.4 litres at STP

Thus, (i) 1 mole of calcium carbonate reacts
with 2 moles of hydrochloric acid to give 1 mole of
calcium chloride, 1 mole of water and 1 mole of
carbon dioxide.

(i) 100 g of calcium carbonate react with 73 g
hydrochloric acid to give 111 g of calcium chloride,
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18 g of water and 44 g (or 22-4 litres at STP) of
carbon dioxide.

The quantitative information conveyed by a
chemical equation helps in a number of calcula-
tions. The problems involving these calculations
may be classified into the following different types :

(1) Mass-Mass Relationships i.e. mass of one
of the reactants or products is given and the mass
of some other reactant or product is to be calcu-
lated,

(2) Mass-Volume Relationship ie. mass/
volume of one of the reactants or products is given
and the volume/mass of the other is to be calcu-
lated.

(3) Volume-Volume Relationship i.e. volume of
one of the reactants or the products is given and the
volume of the other is to be calculated.

The general method of calculations for all the
problems of the above types consists of the follow-
ing steps :

(1) Write down the balanced chemical equa-
tion.

{&f) Write the relative number of moles or the
relative masses (gram atomic or molecular masses)
of the reactants and the products below their for-
mulae.

(iif) In case of a gaseous substance, write clown
22-4 litres at STP below the formula in place of 1
mole.

(iv) Apply unitary method to make the re-
quired calculations.

Now we shall take vp a few solved examples
to illustrate the different types of problems.

LEXANPLE 1. Calculate the mass of iron which
will be converted into its oxide (Fe ;0,) by the action

of 18 g of steam on it.

Solution. The chemical equation repre-
senting the reaction is

Jke © 4+ 4By ——= Fe,0,+ 4H,
3 X 56 4 % 18
= 168g :72g

Now 72 g of steam react with 168 g of iron
.. 18 p of steam will react with

168 " ;
7 X 18 = 42 goliron

Thus the mass of iron required = 42 g,

LEXANIPLE 2. What mass of slaked lime would
be required to decompose completely 4 grams of
ammonium chloride and what would be the mass of
each product 7

Solution. The equation representing the
decomposition of NH,Cl by slaked lime, i.e.,

Ca(OH), is,
Ca (OH), + 2NH,CI

40+2(1+16) 2(14+4+35-5)
=74g =107g

+ 2NH,; +

2(1443%x1) 2(2x1+16)

(1) To calculate the mass of Ca (OH), required
to decompose 4g of NH,CL.

—  CaCl,
40+2x35-5
=111g

2H,0

From the above equation,
107 g of NH,Cl are decomposed by 74 g of
Ca (OH),
.. 4 g of NH,Cl will be decomposed by
74

ﬁ x 4= 2'766g0f Ca(OH)z

Thus the mass of slaked lime required
=2-766 .

(#) To calculate the mass of CaCl, formed.

107 g of NH,Cl when reacted with Ca(OH),
produce 111 g of CaCl,.

- 4 g of NH,Cl when reacted with Ca(OH),
will produce

111
o7 X 4= 415gof CaCl,
Hence the mass of CaCl, produced

=4-15¢g
(iii) To calculate the mass of NH, produced.
107 g of NH,Cl when reacted with Ca(OH),
give 34 g of NH,.
-+ 4 g of NH,Cl when reacted with Ca(OH),
will produce

34
157 X 4= 1:271gof NH,
Hence, the mass of NH, produced

=1-271g.
(iv) To calculate the mass of H,0 formed
107 g of NH,Cl when reacted with Ca(OH),
yield 36 g of H,O
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. 4gof NH‘Cl when reacted with Ca(OH),

wﬂlylcld=ﬁ X 4 = 13458 g of H,0

2 So the mass of H,O formed = 1-3458 g,
¢ EXAMPLE 3. 1-5 g of an impure sample of

" sodium sulphate dissolved in water was treated with

excess of barium chloride solution when 1-74 g of
BaSO ,were obtained as dry precipitate. Calculate the

Solutien.
1 : Treated with
Giventhat1:5g —— 1-74gof
of impure BaCly gave  BaSO,
Na,S0O,

The chemical equation representing the reac-
tion is

Na,SO, + BaCl, —>  BaSO,
2X23+32+4x16 137+32+4X16
= 142g =233g

Step 1. To calculate the mass of Na,SO, from
1-74 g of BaSO,. From the chemical equation —

233 g of BaSQ, are produced from 142 g of
Na,50,
1-74 g of it would be obtained from

L L T

233

The mass of pure Na,SO, presentin1:5 g of
impure sample = 1-06 g.

Step 2. To calculate the percentage purity of
impure sample.

1-5 g of impure sample contains 1:06 g of
pure Na,50,

.. 100 g of the impure sample will contain

= 0; x 100 = 70-67 g of pure Na,SO,

Percentage purity of impure sample =70 67

[EXAMPLE 4. Current market prices of Al, Zn
and Fe scraps per kg are Rs. 20, Rs. 16 and Rs. 3
respectively. If H, is to be prepared by the reaction of
one of these metals with H,SO , which would be the
cheapest metal to use ? Which would be most ex-
pensive 7

Solution. The various chemical reactions in-

i 2Al  + 3H,80, — Al, (SO
M), 2AL +3H,50, ; (503
+ 3H,
IX2=6 g

(@) Zn + HSO —> ZnaSO, + 1,

() Fe + H,50, —— FeS50,+ H
700y S 2
&

Let us supposc that the amount of hydrogen
to be prepared = 100 g.

Step 1. To calculate the cost of preparation of
100 g of H, from Al

6 g of H, is prepared from Al = 54 ¢
. 100 g of H, will be obtained from Al

54

o 100 =900¢g
Cost of 1000 g of Al = Rs. 20
; 20
. Cost of 900 g of Al= 1000 X 900
=Rs. 18

Step 2. To calculate the cost of preparation of
100 g of H, from Zn,

2g ol H, is produced from Zn = 65 g
- 100 g of H, will be obtained from Zn

—6—25x100- 3250 ¢

Cost of 1000 g of Zn = Rs. 16

o Costof 3250 g of Zn = 16 x3250= Rs. 52.

1000
Step 3. To calculate the cost of preparation of
100 g of H, from Fe.
2 g of H, is produced from Fe = 56 g
. 100 g of H, will be obtained from Fe

—5—26x 100 = 2800 g

Costof 1000 gof Fe = Rs. 3

{ )
. Cost of 2800 g of Fe 2000 ® 2800

= Rs. 8.40.

Thus Fe is the cheapest and Zn is the most
expensive metal to use for the preparation of H,.
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¢ ENAMPLE S 1n order to find the strength of a
sample of sulphuric acid, 10gwere diluted with water
and a piece of marble weighing 7 g placed in it. When
all action had ceased, the marble was remioved,
washed, dried and was found to weigh 2.2 g. What
was the percentage strength of sulphuric acid ?

Solution. Mass of marble taken = 7-0 g,
Mass of marble left unused = 2:2 g
Mass of marble reacted = 7-0 - 2-2
=4-8g.
The chemical equation involved in the above
problem is

CaC@y + GH;SOpr «——s
0+12+16 %3 2+32+4x16
=100g =98g

CaS0, + H,0 + CO,

Step 1. To calculate the mass of pure H,S0,
required (o react with 4-8 g of marble.
100 g of marble react with H,S0, = 98 g

<. 4-8 g of marble will rcact with H,50,

98
= 100)(4 8= 4-704¢g
Step 2. To calculate the strength of sulphuric

acid.
10 g of dil. H,8O, contain pure H,SO,

=4-704g,
- 100 g of dil. H,80, will contain pure
H,50, = L' 100 = 4704

Thus the percentage strength of sulphuric

acid = 47-04.
o DEXAMPLI 6. -84 g of @ mixture of CaCoO,
and MgCQy is strongly heated till no further loss of

mass takes place. The residue weighs 0-96 g. Calcu-
late the percentage composition of the mixture.

Solution. Let the mass of CaCO; in the
mixture bex g.

- The mass of MgCO; in the mixture will be
(1-84 —x) g

Step 1. To calculate the mass of CaO residue
Jrom x g calcium carbonate.

CaCO; —— CaO + CO,
100 g S6g
- 100 g of CaCO, upon decomposition give a
residue of 56 g of CaQ

"« x g of CaCO, will give

56 X x
S 0-56 x x g of CaO

Thus the mass of CaO formed = 0-56x g

Step 2. To calculate the mass of MgQ residue
from (1-84 — x) g of magnesium carbonate.

Using the equation
MgCO, —— MgO + CO,

B4 g 40g
84 g of MgCO, upon decomposition vield a
residue of 40 g of MgOQ

-~ (1-84 = x) g of MgCO, will yield

. 40 x !1'84—x!gofMgO

84
Thus the mass of MgO formed
40
= i (1-84 —x) g.

Step 3. To calculate the masses of CaC Oy and
MgCOy in the mixture.
Total mass of the residue = (-96 g.

Equating the total masses of CaO and MgO
from Step 1 and Step 2, we have —

0-56x + 3%(1-84 —x)=0-9

0-56x x B4+40x 1-84 ~40x = 0-96 x 84

or 47-04x —40x = 80-64 — 73-60

or 7-04x= 7-04 or x=1

Thus the mass of CaCO, in the mixture
=100 g and the mass of MgCO, in the mixture
=1-84—-1-00= 0-84¢.

% of Ca0, in the mixture = T%Z x 100
= 54-35
% of MgCO, in the mixture = 100—54-35
= 45-65

EXAMPLE 7. 4 solid mixture weighing 5-00 g
containing lead nitrate and sodium nitrate was
heated below 600°C until the mass of the residue was
consiant. If the loss of mass is 28%, find the mass of
lead nitrate and sodium nitrate in the mixture.

(Atwis. of Pb = 207, Na = 23, N = 14, O = 16)

2PbO
2% 223 =446

+4NO, t +0, 1

A
Solution. 2Pb(NO,), —»
2x331=662¢g
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2 NaNQ,
2x85=170g

2NaNOQ, + O, 1
2X69=138¢g

Suppose Pb(NO,) in the mixture = x g
Then NaNQ, in the mixture = (5 —x) g
662 g Pb(NO,), give residue = 446 g

x g Pb(NQ,), will give residue = % Xxg

=0-674xg
170 g NaNQO, give residue = 138 g
(5 — x) g NaNO, will give residue

138

=170 ¥ G5-xg=0812(5-x)g

Actual residue obtained

28 — -
=5- 100 = 5=13-6g

0-674x + 0-812(5—x) = 36
or(:138x = 0-46
or x=333g
i.e. Pb(NO,), in the mixture = 3-33 g
NaNO, in the mixture = 5—3-33
=1-67g

TYPE AL Invelving Muass-Volame Relationship

F UXANPLE 8. What volume of carbon dioxide
measured at 27°C and 7467 mm pressure would be
obtained by treating 10- 0 g of pure marble with dilute
hydrochloric acid ? (Aq. tension at 27°Cis 26 - 7mm).

Solution.  The chemical equation repre-
senting the reaction is —

CaCO, +2HCl — CaClL,+H,0 + CO,

100g 22400 cm®
at STP

Step 1. To calculate the volume of CO, evolved
from 10 gof CaCO, at STP.

From the chemical equation,

100 g of marble react to produce 22400 cm? of
CO, at STP

10g of it would produce

22400
100

This is the volume of CO, evolved at STP.

x 10 = 2240 cm?®

Step 2. To calculate the volume of CO, at 27°C
and 7467 mm pressure

Initial conditions Final conditions

Volume V| = 2240 em®  V, = ? cm?®

Pressure P = 760 mm P, = 746-7 — 26-7
= 720 mm

2T+273=300K

By the gas equation, we have —

Temperature Ty =273 K T,

Va X720 2240 x 760

300 273
_ 2240 X 760 _ 300 _ :
V, = o Xmp = 2598.3 cm
Thus the volume of carbon dioxide
=2598.3 cm?’.

FEXAMPLE Y. I-0g of a mixture of carbonates
of calcium and magnesium gave 240 cm’ of CO, at

STP Calculate the percentage composition of the
mixture. {West Bengal J.E.E, 2003)

Selution, Mass of mixture of carbonates of
Ca and Mg taken = 1-0g

Let the mass of CaCO, = x g

- Mass of MgCO, = (1-x)g

The chemical equations involved are :

CaCOy ——Ca0 + CO, (i)
40+12+3x16 22400 ch
=100g at STP
MgCO; —— MgO+ CO, wa (i)
24+12+3%16 29400 em”
=84g at STP
Step 1. To calculate the volume of CO, evoived
at STP from x g of CaCO,,

100 g of CaCQ; evolve CO, at STP = 22400 cm?
x g of CaCQ, will evolve CQO, at STP
2400
100
Step 2. 7o calculate the volume of CO, evoived
at STP from (1—x)g of MgCO,.
84 g of MgCO; evolve CO, at STP =22400 cm?
2 (1 — x) g of MgCO, will evolve CO, at STP

_ 22400 i 3_ 800
iy (1-x)cm =g

Xxcm® = 224x cm’®

(1 — x) em®
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Step 3. 7o calculate the value of x
.. Total volume of CO, evolved at STP

= 224x + §g_0(1 ~ x} em?

But total volume of CO, evolved at STP
=240 cm®  (Given)

24x + %@(1 —x) = 240,

or 672x + 800 — 800 x = 720
or 128 x = 80

00 |ta

X =

Step 4. 7o calculate the percentage composition
of the mixture.

- Percentage of CaCO, = 3 )5( 7 % 100
= 62-§
. Percentage of MgCO, = 100 — 62-5
= 375
T'YPE I Involving Volume-Volume Relationship
ENAMPLE 10, What volume of oxygen at STP

is required o effect complete combustion of 200
cm’ of acetylene and what would be the volume of
carbon dioxide formed ?

Solution. The chemical equation repre-
senting the combustion of acetylene is

PROBLEMS FOR PRA

Al Involving Mass-Muass Relationsh [

1. In the com mercial manufacture of nitric acid, how
many moles of NO, produee 7-33 mol of | INO, in
the reaction ;
3NO, () +H,0 (H— 2HNO, (ag) + NO (5) ?

_r’\_’{"FR T) [ye. 10-995 moles]

2. How much of Fe can be theoretically obtained by

the reduction of 1 kg of F:I(]J ? [\,?I\ 700 EI

3. Calculate the mass of 60% H,50, required to
decompose 50 g of chalk {caicium carbonate).

i lins. 81.67 g]

4. Which is cheaper : 40% hydrochloric acid at the

rate of 50 paise per kilogram or 80% H,50, at the

2GH, +50, — 4CO, + 2H,0
2Vol. 5 Vol 4 Val
Step 1. To calculate the volume of Q, at STP

required to effect complete combustion of 200 crm® of
acetylene.

Applying Gay Lussac’s Law of EAscous
volumes,

2 Vol. of C,H, require O, for complete com-
bustion = 5 Vol.

< 200 em® of C,H, will require O, for com-
plete combustion = % X 200 = 500 cm? at STP.

Thus the volume of O, required

=500 cm? at STP.
Step 2. To calculate the volume of CO,
produced at STP.

Applying Gay Lussac’s Law of gascous
volumes,

2 Vol. of G,H, produce CO, = 4 Vol.
- 200 em? of CH, at STP will produce CO,

=-§><200= 400 cm? at STP

Thus the volume of CO, produced
= 400 cm® at STP

CE «

P Rttt

rate of 25 paise per kilogram to completely neutral-
ize 7 kg of caustic potash ?

[aus. Costof HCI = Rs, 5.70, Cost of H,SO,
= Rs. 1.91]

5. Excess of AgNO, solution was added to 2.2 g of

commercial sample of common sall dissolved in
water. The mass of dried precipitate of sitver
chloride was 2.11 g Calculate the percent purity of
common salt. [ 39.10]

6. A sample of dolomite contained 45% of CaCOS,
40% of MgCO; and 15% clay. Caiculate the mass

of sulphuric acid of 30% strength required to react
completely with 10 g of the sample.

(A5, 30.27g]
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10.

11.

12.

13.

. KOH + HCI

. Calculate the mass of graphite that must be burnt

to produce 13.2 g of CO,. [ 36g]

. One gram of a mixture of potassium and sodium

chlorides on treatment with excess of silver nitrate
gave 2 g of AgCl. What was the composition of the
two salts in the original mixture ?

[ NaCl = 14%, KCI = 86%]

i Involving Mass-Volume Relationship

, What volume of oxygen al 18°C and 750 mm

pressure can be obtained from 10 g of potassium
chlorate ? I Ans. 2963 litres]

What mass of iodine is liberated from a solution of
potassium iodide when 1 litre of chlorine gas at 10°
C and 750 mm pressure is passed through it ?

[Ans. 1078 ¢]
1.4 g of a sample of chalk (CaCO3) containing clay

as impurity were treatcd with excess of dilute
hydrochloric acid. Volume of CO, evotved when

measured at 15°C and 768 mm pressure was 282
cm?. Calculate the percentage purity of the sample.
[ Ans. 86.1%])

How much marble of 96.5% purity would be re-
quired to prepare 10 litres of carbon dioxide at STP
when the marble is acted upon by dilute
hydrochloric acid ? fane 46.26 g]
Calculate the volume of SO, at STP obtained by
burning 500 g of S containing 4% sand by weight.
[ Ans. 336 litres]

HINTS (s

D, R

e S

14,

15.

# 16.

17.

18.

19.

20.

2.50 g sample of sodium bicarbonate when strongly
heatcd gave 300 cm® of CO, measured at 27° and

760 mm pressure. Calculate the percentage purity
of the sample. [ns. 81-9%]
10 m! of liquid carbon disulphide (sp. gravity 2-63)
is burnt in oxygen. Find the volume of the resulting
gases measured at 5.TF. [Ans, 23-25L)
The drain cleaner, Drainex contains small bits of
aluminium which react with caustic soda to
produce hydrogen. What volume of hydrogen at
20°C and one bar will be released when 0-15 g of
aluminium reacts ? (NC.E._R. T) [Ans. 203-0 mi]

{0y Involving Volume-Yolun clutionshiy

5% litres of methane (CH,) gas are ignited in
oxygen gas. Calculate the number of moles of
CO: formed. [Ans. 0.25 mole]

Calculate the volume of air containing 21% oxygen
by volume at STP, required in order to convert 294
em? of sulphur dioxide to sulphur trioxide under
the same conditions. LAns. 700 cm®]

What volume of a solution of HCI containing 73
gllitre would suffice for the exact neutratization of
NaOH obtained by allowing 0.46 g of metallic
sodium to react with water. [ Aus. 10.0 cm?]

Find out the votume of Cl, at STP produced by the
action of 100 cm® of 0.2 N HC! on excess of
M0O; (s, 112 cm¥)

FICULT PROBLEMS

i e i bt

. 2 moles of HNO, are produced from 3 moles of

NO, . 7:33 moles of HNO, will be produced from
3« 7-33 = 10-995 moles.

NO, =3
F9203 = 2 Fe.
2% 56+3%16 2 % 56
=112g

=160g

. CaC0, + H,50, — CaSO, + H,0 + CO,

100 g 98 g
50 g chalk will require pure H;80, = 49 g
1 100
60% H,S0, required = ~zo= x 49 = 81 67 g

— s KOl 10
56kg 36 5kg
36-5

Pure HCl and required for 7 kg KOH = =g =7
= 45625 kg

9.

10.

40% HCI acid required = %0- X 45625

= 11:40625 kg
Cost = 11-40625 x 50p = Rs. 5-70 p.
2KOH + H,80, — K,;50, +2H,0

Proceed as above to calculate the cost of 80%
H,50,.

2KCIO,

2(39 + 355 +48)
=245g

2KI +

—2KCl + 30,

3 x 22-4L atSTP

ca, —2KC+
22-4 Lat STP 254 g

First convert the given volume to volume at S.TP.
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11. CaCO, + 2HCl — CaCl, + H,0 PV, P,V,
100g -—T—1 = ._T__.z
% 20 COESTP (STP conditions) {Required conditions)
C.C.a 8
' . 0-987 atm x V.
First convert the given volume to volume at S.T.F. [ atmza-;;?(ti il e e -
Calculate th; mass t;n,flC.'abC(_)3 (t;n?;]l whlclh lthls (1 bar = 0-987 aim)
volume ot‘.C 5 at 8. TP is oblained. Then calculate X V, = 203-0mi
“rECpURD! 18. 250, + O, — SO,.
12. CaCO, + 2HCI— CaCl + H,0 + (O,
100g 22'4 L atSTP 0, rcquircd=-;—x294 =147 cc.
10 L of CO, at STP will be obtained from pure
caco, = 222 1o =44-64¢ Adr required =-]-;)T0x147=700 ce.
37224 =
100 19. 2Na +2H,0 — 2NaCH + H,
Impure marble required = ;— x 44 -64 2x23g 2 x40
P q %65 4
= 4626 7 4e =5
= £ NaOH produced from 0-46 g Na = 0-80 g
15. 10mlof CS, =10 x 2:63g =263 g NaOH + HCl -— NaCl + H,0
40g 36-5g
o o W TGRS HCI required for exact neutralisation of 0-80 g
T6g 3 moles NaOH = 3265 x0-80g=0-73p
=3x22-4L at STP
73 g HCl are present in 1000 cm3
16. ? i?‘lfg + 2 NeOH2JH 0 0-73 g HCl will be present in 10 cm®
20, MnQ, + 4 HCl— MnCl, + 2H,0 + C
2NaAlO, +  3H, 4 ; b+ RS0
3 X 22400 ml 4x36-5g 22400 cm® at STP
at Stp
HCl present in 100 cm? of 0-2 N HC
H, produced at STP from 0-15 g Al RS 012 X .
= Tooo X100 g€q. =0:02 p eq.
3 X 22400 g~ 1000
=—~Tx0-15ml-186-7ml =0'02x36'5g=0'73g
1.36. Stoichiometry of Reactions in Solution:ussss A few examples solved below will help to

The general method of calculations is same
as discussed in section 1.35. However, the only
additional calculation involved is as follows -

If volume of a solution of known molarity or
normality is given, calculate the amount in grams or
moles present in it keeping in mind that 1000 cc of
1 M solution contain 1 mol of the solute or 1000 ce
of 1 N solution contain 1 gram equivalent of the
solute. Conversely, from the balanced equation, the
amount of the required substance in moles that will
react can be calculated and knowing the volume of
the solution of that substance (as given in the prob-
lem), molarity of the solution of that substance can
be calculated or if molarity of the solution of that
substance is given instead of volume, the volume of
the solution can be calculated.

understand the calculations more clearly.

EXAMPLE 1. Calcium carbonate reacts with
aqueous HCl according to the reaction

CaCOjy (s) + 2HCI (ag) —
CaCl, (aq) + CO, (g) + H,0 ().
What mass of CaCOj is required to react com.-
pletely with 25mL of 0-7S M HCl 7 (N.C.E.R.T)

Solution, Step 1. To calculate mass of HCl in
25mL of 0-75 M HCI

1000 mL of 0-75 M HCI contain HCl
= 075 mol
=0:75x 36-5g = 24-375¢

<. 25 mL of 0-75 HCl will contain HCI
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5 24-375 % 75
1000
Step 2. To calculate mass of CaCOj reacting
completely with 0-9125 g of HCI
CaCO, (s) + 2HCl (aq) —
CaCl, (ag) + CO, (g) + HO ()
2 mol of HCli.e. 2 x 36-5g = 73 g HCl react
completely with CaCO, = 1mol = 100 g
. 0-6844 g HCI will react completely with

CaCo, = 1—%9 x 0-6844 g = 0-938 g.

ENAMPLE 2. Calculate the volume of
hydrogen liberated at STP when 500 cm’ of 0-5N
sulphuric acid reacts with excess of zinc. (H = 10
= 16, §=32).

Solution, The chemical equation repre-
senting the reaction is :

Zn + H,80, — ZnS0, + H,

=98-0g =22400 em®
at STP

Step 1. To calculate the amount of H,50, in
500 cm? of 0- 5 N H,50, solution.

Strength/litre of H,SO, solution

g=10-6844g.

= Normality X Eq. mass

=05 x 49 = 24-5 glitre

Now, 1000 cm® of the acid solution contain
24-5 g of pure H,80,

. 500 cm® of the acid solution will contain

500

24-5x 00 - 12-25 g of pure H,80,

Step 2. To calculate the volume of H, liberated
at STP

98 g of H,SO, react to liberate 22400 cm® of

H, at STP
. 12-25 g of H,SO, would liberate H, at STP
22400
- o8
Thus the volume of hydrogen liberated at
STP = 2800 cm®

x 12-25 cm® = 2800 cm®

IXANPLY Y Calculate the volume of 0-05 M
KMnQ, solution required to oxidise completely

2:70 g of oxalic acid (H,C,0,) in acidic medium.

Solution, The equation representing the
chemical change is —

2KMnO, + 3H,80, —
K,SO, + 2MnSO, + 3H,0 + 5 (O)
H,C,0, + (0) — 2C0, + H,0]x 5

2KMnO, + 3H,80, + 5H,C,0, —

2 moles 5 moles

K,SQ, + 2MnSO, + 10CO, + 8H,0

Step 1. To calculate the number of moles of

KMnO, required to completely oxidise 2-70 g of

H,C,0, in acidic medium.

Molar mass of H,C,0,

= 2x1+2x12+4%16 =90-0gmol™"

2. No. of moles of H,C, 0, contained in2-70 g

Mass ingrams _ 270 _

e Mol. mass = g

0-03

From the above equation,
S moles of H,C,0, are oxidised by 2 moles
of KMnrO,

~. 0-03 mole of H,C,0, will be oxidised by

2% 0-03
5

Step 2. To calculate the volume of 0-05 M
KMnO, solution.

Now, 0-05 mole of KMnO, are contained in
1000 cm?® of the solution.

-, 0-012 mole of KMnO, wil be contained in
1000 . 4.612 = 3 -
0.05 % 0-012 = 240 cm’ of solution.

Thus the required volume of
KMnO, solution = 240 cm”.

= 0-012 mole of KMnO,

0-05 M

PROBLEMS FOR PRACT

1,50 g of marble was added to 75 g dilute
hydrochloric acid. After the reaction was over, Il
was found that 0.5 g of marble was left unused.
Calculate the percentage strength of hydrochloric

acid. Whatvolume of CO, measured at STP will be
evolved in the above reaction ?
[\us. 43.8% and 1008 cm®]
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2. Calculate the volume of 1-00 mol L™! aqueous 2Br~ (agq) + C MG +B
sodium hydroxide that is neutralized by 200 mL of @q) + Ch tag) 50 > )
-1 SR Suppase we have 50-0 ml. of 0-060 M solution of
2-00mol L™ aqueous hydrochlorie acid and mass NaBr. What vol £0-050 M soluti FOL i
ol sodium chloride produced. { (NC.ER. i) £ AL EalEEa v = ) i
[ Anus 400 mL, 23 4 g] needed to react completely with the Br— ?
3. Bromine is prepared commercially by the reaction [ Ans.30 mL Cl, solution])

HINTS rorpirricuLT PROBLEMS |

e e

1= CaCO3 + ZHCI — CaClz+H20 + COZ ) o(0) =
—TOO'XZOO =0-4 mol

100g 2x365g 22400 em®
SN at STP 1 mol of HCI produces NaCl = 1 mol
MRl 0 S g 4 Sig -~ 0-4 mol of HCI will produce NaCl = 0-4 mol
HCl reacted with 45 g marble = %:)— x4:5g =0-4x58-5g=234g.
3. 50 mL of 0-060 M NaBr contain NaBr
=3-285¢g
0-060 Yy
%slrength:gé;z_:;sme:dﬁ-S% = g 7920 el =S el
2 mol of Br™ react with Cl, = 1 mol
CO, evolved at S TP = 2?380 x4:5cm3 2
= 0-03 mol of Br™~ will react with Cl,
= 1008 cm?
1
: = x%x0-03 =0-0015
2 MV, = MyVyie 1.0 xV, =20 x 200 ; 2 Ul
(NaOH)  (HCI) 005 mol of Cl, solution are present in 1000 mL of
or V, =400 mL Cl, solution
NaOH + HCl— NaCl + H,0 < 0-015 mol of Cl, will be present in Cl, solution
200 ml. of 2-0 M HCI contain HCI 2 (1]982 X 0-0015 = 30 mL.

1.37. Limiting Reactant &

Quite often, ane of the reactants is present in larger amount than the other as required according to the
balanced equation. The amount of the product formed then depends upon the reactant which has reacted
completely. This reactantis called the limiting reactant or limiting reagent. The reactant which is not consumed
completely in the reaction is called excess reactant as the excess of this teactant is left unreacted.

SOLVED EXAMPLES
s VNANPLE 1.Zinc and hydrochioric acid react Thus, 1 mol of zinc reacts with 2 moles of HCI.
according {o the reaction 7. 0-30 mol of zinc will react with HC!
Zn (s) + 2HCI (ag) —— =2 x0-30 = 0-60 mol
ZnCl, (aq) + H, (g) But we have only0- 52 mol of HCI. Hence zinc
cannot react completely and hence is not a limiting

If 0-30 mol Zn are added to hydrochloric acid

containing 0-52 mol of HCI, how many moles of reactant.

Again, 2 moles of HCI react with zinc = 1 mol

H,a duced ?
o =5 (NCER.T) < 052 mol of HCl will react with zinc
Selution. The reaction is il
Zn (s) + 2HCl (ag) —— =5 % 0-52=0-26 mol

ZnCl, (ag) + H, (g)
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As we have 0-30 mol of zinc, therefore, HCI
will react completelyi.e. HCI is the limiting reactant.
2 moles of HCl produce H, = 1 mol

0-52 mol of HClI will produce H,

x 0-52 mol = 0-26 mol

R

X AMPLL 2. 3.0 g of H, react with 29.0 g of
0, to form H,0.

(i) Which is the limiting reactant ?

(it) Calculate the maxiraum amount of H,O
that can be formed.

(iii} Calculate the amount of the reactant left
unreacted.

Molecular mass of H, = 2.016.

Solution.2H, + O, —* 2H,0
T 2ax2:016 28 2 % (2:016 + 16)
=4-032¢g = 36032
3 g of H, require O pore 17 x3=238¢g
? 2. 4a082

Thus O, (29 g) is present in excess. Hence
H, is the limiting reactant.

36-032
4-032

O, left unreacted = 29-23-8 = 5-2 ¢

H,O formed = x3g=26"8g

X AMPLE 3. One litre of axygen at STP ismade
to react with three litres of carbon monaxide at STF
Calculate the mass of each substance found after the
reaction. Which one is the limiting reactant ?

Solution. The chemical equation repre-
senting The Teaction is

200 + 0, — 2C0,

2 vol.

1 vol. 2 vol.

Step 1. To calculate the volume and mass of CO
(at STP) left unused after the reaction.

PROBLEMS FOR

1. 500 ¢m® of 0.250 M Na,SO, solution added to an
aqueous solution of 15.00 g of BaCl, resulted in the
formation of a white precipitate of BaSO,. How

Applying Gay Lussac’s Law of Gaseous
YVolumes,

1 Vol. of O, reacts with CO = 2 Vol.

1 litre of O, will react with CO = 2 litres
at STP
But the volume of CO taken = 3 litre at STP
. Volume of CO (at STP) left unused
=3 —2=1litre.
Now by mole concept,
Mass of 22- 4 litres of CO at STP
= Molecular mass in grams

=12+ 16=28¢
.. Mass of 1 litre of CO at STP= 0 52801
22-4
= 1-25g

Thus the mass of CO left unused =1-25g

Step 2. To calculate the volume and mass of
CO, formed from 1 litre of O, at STF.

Applying Gay Lussac’s Law of Gaseous
Volumes,

1 Vol. of O, produces CO, = 2 Vol.
1 litre of O, will produce CO, = 2 litres
at STP

By mole concept,
Mass of 22- 4 litres of CO, at STP

= Molecular mass in grams
= 1242x16 = 44 g
Mass of 2 litres of CO, at STP

44
= 22_4):2— 3-928¢

Thus the mass of CO, produced = 3-928 g.

Step 3. As oxygen has been completely used
up, hence axygen is the limiting reactant.

many moles and how many grams of BaSO, are

formed ? A5, 0.072 mole, 16.776 g]
2. 1f20- 0 gof CaCO, is treated with 20-0g of HCl, how

many grams of CO, will be produced 7, . 8-80g)
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0-25

1. 500 cm® of 0-25 M N2,S0, = 7722 x 500 2. CaCOy . + 2HCI —
2 0+12+3x16 2(1+355)
¥ = 0125 mole = 100g =73g
15 g BaCl, = 552 mole = 0-072 mole CaCl, + H;O + CO,.
Na,S0, + BaCl, — BaS0O, + 2 NaCl 12+2 x 16

44
Evidently, BaCl, will be the limiting reactant. 4

BaS0, formed = 0-072 mole = 0-072 x 233 g

R e

Here CaCO, will be the limiting reactant.

- ADD .......

TO YOUR KNOWLEDGE | ¥

i 1. Percentyield. The actual yield of a product in any reaction is usually less than the theoretical yield (calculated
from the balanced chemical equation) because of certan side reactions taking place or less ideal conditions
Actual yield
Theoretical yield

than required. Hence we have Percent yield = x 100

# 2. Eudiometry. This isa method for finding the molecular formula of a gaseous hydrocarbon. The apparatus is
shown in the Fig 1.6. The method involves the following steps :

() A known volume of the gaseous hydrocarbon is mixed with an excess (known or unknown volume) of oxygen
or air in the eudiometer over mercury.

(i) The mixture is exploded by electric spark and then cooled so that water vapour condense to liquid whose
volume is negligible

C,H, @+ (x+7) 0, @ —xCO, @) + 1 H,0 ()
lec (x.,.li'cc xcc

JavE py
ELECTRODES

(1) KOH is introduced which absorbs CO, and only
unused O, is left. Thus decrease in volume on adding
KOH = Volume of CO, produced

Values of x and y are then calculated from the follow-
ing data :
{i) Volume of O, used per cc of hydrocarbon

= (x+'}) cc

it} Volume of CO,, produced = x cc
2 P

—HYDROCARBON
+ OXYGEN

MERCURY

{tif) Contraction on expiosion and cooling

o e 1) ()

e R e R R e N P R e e e S

FIGURE 1.6. Eudiometry,
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€1

Ans.

(22,

Ans.

0.2,

Ans.

Q.4
Ans.,
Q. s,
Ans.

Q6.
Ans.

Ans.

0.8,

Ans.

[ i

Ans.

O 10

Ans.

Conce ptual Questions

o, SR eRA R ] R SEERE

What physical quantities are represented by the following units and what are their most common names i
() kg ms 2 (i) kg mis™? (i) dm®

(i) Force (newton) (i) Work (joule)  (z) Volume

Rewrite the following after required corrections :

(i) The length of a rod is 10 cms. ({) The work done by a system is 10 Joules.

{¢) The length of a rod is 10 cm (s is not used).

(i) The work done by a system is 10 joules (small ietter is used in place of capital letter).

Classify the following substances into elements, compounds and mixtures :

(£) Milk (i} 22-carat gold (&) lodized table salt (iv) Diamond (¢) Smoke (v) Steel (vii) Brass (vii) Dry ice
(ix) Mercury (x) Air (x7) Aerated drinks (i) Glucose (xii) Petrol/Diesel/Kerosene oil (xiv) Steam (xv) Cloud.
Elements — (iv), (ix)

Compounds — (viii), (xi), (xv), (xv)

Mixtures— (2, (if), (&7), (v), (vi), (vit), (x}, (a), ().

Why air is sometimes considered as a heterogeneous mixture ?

This is due to the presence of dust particles which form a separate phase.

Why Law of conservation of mass should better be called as Law of conservation of mass and energy ?

In nuclear reactions, it is observed that the mass of the products is less than the mass of the reactants. The
difference of mass, called the mass defect, is converted into energy according to Einstein equation, E =

Am 2. Hence we belter call it as a law of conservation of mass and energy.

Is the law of constant composition true fer all types of compounds ? Explain why or why not.

No, law of constant composition is not true for all types of compounds. It is true only for the compounds
obtained from one isotope. For example, carbon exists in lwo common isotopes, '2Cand '4C. When it forms
CO, from 2C, the ratio of masses is 12 : 32 = 3: 8 but from 14 the ratio will be 14:32 = 7: 16 which is
not same as in the first case.

1L of a gas at S.T.P. weighs 1-97 g. What is the vapour density of the gas ?

22-4 Lof the gas at S.T.P. willweigh = 1-97 x 224 = 441 gi.e. molecular mass =44- 1. Hence vapour density
=44-1/2 = 2205,

Why atomic masses are the average values ?

Maost of the elements exist in different isotopes i.e. atoms with different masses e.g. Cl has two isotopes with
mass numbers 35 and 37 existing in the ratio 3 : 1. Hence average value is taken.

Two balbs B, and B, of equal capacity contain 10g oxygen {0,) and ozone {0,) respectively. Which bulb will
have greater number of 0-atoms and which will have greater number of molecules ?

10g0, = %—gmole = ;—g- x 6-02 x 102} molecules

= 1-88 x 102 molecules =2 x 188 x 1023 atoms = 3-76 x 102 atoms

10g0,= %mo]e = % x 6-02 x 1023 molecules

— 1-254 x 1022 molecules = 3 x 1-254 x 10%* atoms = 3-76 x 102 atoms
Thus both contain the same number of atoms but bulb B, contains more number of molecules.

Determine the equivalent weight of each of the following compounds assuming the formula weights of these
compounds are x, y and z respectively.

(i) Na,S0, (if) Na,PO, . 12 H,0 (iif) Ca,(PO,), (M.L.N.R. Allahabad 1991)
Eq wt = Mol. wt/Total positive valency of metal atoms

Hx/2 @)y /3 (i) z/ 6.
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(2. i 1. Why are the atomic masses of most of the elements fractional ?
Ans. This is because atomic masses are the relative masses of atoms as compared with an atom of C—12 isotope
taken as 12
2. 12, Write the formulae and names of three compounds containing same percentage composition of C, H and 0.
Ans. Compounds with the same percentage composition of C, H and O will have the same empirical formula. The
compounds with the empirical formula CH,O can be
HCHO CH,COOH CeH {204
Formaldehyde Acetic acid Glucose

Very Short Answer Questions CARRYING 1 MARK

e

Q- 1. What is the number of significant figures in 1-050 x 10% ?

Ans. four

Q. 2. What is the S.I. unit of density ?

Ans. kgm ™3

Q. 3. What is AZT ? To which use is it being put ?

Ans. Azidothymidine used for AIDS victims.

Q. 4. What is the law called which deals with the ratios of the volumes of the gaseous reactants and products?
Ans. Gay Lussac’s law of gaseous volumes

Q. 5. What is one a.m.u. or one ‘u’ ?

Ans lamu.orlu= %th of the mass of an atom of carbon—12.

Q. 6. Which isotope of carben is used for getting relative atomic masses ?
Ans, C—12

Q. 7. Write down the empirical formula of acetic acid,

Ans. CH,0.

Q. 8. What is the S.I. unit of molarity ?
Ans. mol dm ™3,

5&1 ort A} 1Swer -;; LeSTI0nS CARRYING 2 or 3 MARKS

1. Chemistry can prove to be a blessing or a curse depends upon the uses to which it is put. Comment.

2. Briefly explain the difference between precision and accuracy.

3. What do you mean by ‘significant figures’ ?
4. Under what conditions the zeros in 2 number are significant ?
8. After rounding off, what will be the value of
() 1-235 (i)1-2257
6. 'What does symbol SI signify ? Name the seven basic SI units ?

7. What do you understand by unit conversion factor? How does it help to convert height in feet to
height in metres ?
8. Define Element, Compound and Mixture,

9. Give examples of homogeneous mixtures in different physical states (two each).
10. Give three main points of difference between a compound and a mixture.

11. Classify the following substances into elements, compounds and mixtures. Further separate the
mixtures into homogeneous or heterogeneous :
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(i) air (i) milk (i) graphite (iv) diamond (v) gasoline (vi) tap water (vii) distilled water
(viii) oxygen (ix) one rupee coin  (x) 22 carat gold () steel  (xi) iron (xiii) sodium chloride
{xiv) iodized table salt.
"31;0; : . ]l : 12. tGivc one experiment involving a chemical reaction to prove that the law of conscrvation of mass is
o .18, rue.
13. Copper oxide obtained by heating copper carbonate or copper nitratc contains copper and oxygen in
the same ratio by mass. Which law is illustrated by this observation ? State the law.
14. Nitrogen forms a number of cxides. Write their formulae and give their names. Giving appropriate
calculations, explain the law that follows from it.
15. N and O combine with H to form NH, and H,O and they combine with each other to form NO,.
Which taw is illustrated ? Explain bricfly.
16. Define Gay Lussac’s law of gaseous volumes. Explain with one suitable example.
See.1.26. 17, What are the postulates of Dalton’s Atomic Theory ? How do the laws of chemical combination follow
to 1.12 from it ?
18. What are the postulates of Modern Atomic Theory?
?"'l;(t : : f; 19. Which isotope is used as a reference on the atomic scale 7 What is one amu or one ‘v’ ?
20. Why atomic mass is an average value ? Explain with a suitable example.
Sec. 12521, How is mole related Lo
(a) number of atoms/molecules
(b) mass of the substance
(c) volume of the gaseous substance ?
22. What is the SI definition of mole ?
23. Comment on the following :—
‘1 mole of hydrogen’
See. 1290 24, What is the difference between
(i) Normality and Molarity ? {if) Molarity and Molality ?
Sec, 130, 25, Define Empirical formula and Molecular formula. What is the relationship between them ?
to 1,34
26. 'Writc the empirical formulae of the following :
(i) N, O, () CeHg (iit) CgHy30q (V) Hy Oy (v) H,0 (vi) Na,CO,  (vii) CH;COOH
Sec.1.37. 27. What is a limiting reactant ? Explain with a suitable example.
Long Answer Questions = CARRYING §or more MARKS
N Il : 1. Briefly explain the importance of studying chemistry.
[ I .
2. What do you understand by ‘significant figures’ ? What are the rules for determining the number of
significant figures? Illustrate with suitable examples.
3. (a) What do you understand by ‘Rounding off’ ?
(b) What are the rules for determining the number of significant figures in answers involving
(1) addition or subtraction
(i) multiplication or division
(itf) calculation involving a number of steps
Explain each case with a suitable example.
see. LA 4. What is the latest and the most scientific system of units ? What are the seven basic units in this
o 1.6 system ? What afe derived units ? Give the derived units of the following physicat quantities :
Area, Volume, Density, Speed, Acceleration, Force, Pressure and Energy (or Work).
5. What do you understand by Dimensional Analysis ? Explain with a suitable example.
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See’l.7.

to 1.8.
Sec. 1.9
to 1.12.

Sec, 1.14.
Sec. 1.15.
Sec. 1.16.
Sec. 1.17.
See. 1,18,
Sec. 1.20.

to 1.22.
See. .23,

to 1.27.

Sec, 1.28.
Sec. 1,29,

Sec. 1.30.
to 1.34.

6.

7.

10.
11.
12.
13
14.

15.

16.

17.
18.

19.

Define ‘matter’. Briefly describe the physical as well as chemical classification of matter.

Define Element, Compound and Mixture. What are homogeneous and heterogencous mixtures ?
Give one example of each of the homogeneous mixture in the gaseous phase, liquid phase and solid
phase.

List the main points of difference between a compound and a mixture.

State and explain the ‘Law of Conservation of Mass',

Define "Law of Constant Composition or Definite Proportions’. Explain with a suitable example.
State the Law of Muitiple Proportions. Explain with two suitable examples.

State and explain Law of Reciprocal Proportions.

What is Gay Lussac’s Law of Gaseous Volumes ? Explain with two suitable examples.

What are the main postulates of Dalton's Atomic Theory ? What were its limitations? How has the
theory been modi- fied ?

Define the following :

(i) Atom (i) Molecule (zi) Atomic mass (tv) Gram atomic mass

(v} Molecular mass  (vi) Gram molecular mass.

Give suitable examples in each case.

Define Avogadro’s law. Thking a suitable example prove that it is not in contradiction with Dalton’s
Atomic Theory.

Define ‘Avogadro’s Number’ and ‘Mole’. What is their importance ?

(a) Define the terms Solution, Solute and Solvent.

(b) Define the different methods used for expressing the concentration of a solution.

‘What are Empirical and Molecular Formulae? How are they related to each other?
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1. Average Deviation. The simplest way to express precision is in terms of average deviation. For this purpase,
first the average of the different measurements is calculated. Then the deviation of each measurement from the
average is calculated, taking all deviations as positive. The average of these deviations is called average deviation.

2. Relative average deviation (r.a.d.). Precision is more frequently expressed in terms of relative average
deviation which is equal to average deviation divided by average value of different measurements.

Example.
Electronic charge (esu) of individual measurements |Individual deviation from the average
4-80 x 10710 001 x 10710
4-79 x 10719 0-00 x 10710
4.81 x 10710 0-02x 10710
4.76 x 10710 0.03 x 10710
Total = 19-16 x 10~ 1¢ Total = 0-06 x 10~ '
A -10
Average = &;——10— =479 x 10”9 esu,
, -10
Average dev. = MI}-O— =0-02 10" Wesu
Result will be reported as 479 %1071+ 0-02 x 10" O esu

. e 0-02 x 100 esu =
Relative average deviation (ra.d) = ———— 5 = 0-0042 0r 0-42% or 4200 parts per million (ppm)
479 x 107 Vesu

3. Relative error. Accuracy is expressed in terms of the absolute error or the relative error.
Absolute error = Experimentally determined value—Accepted value

) b
Relative error = -22solute error,
. Accepted value

Example. Experimentally determined value of electronic charge = 4-79 x 10~ e.s.ue
Accepted value of electronic charge = 4-80 x 107 Qesu
Eror (or Absolute error) =4-79 x 10~ 0 - 2:80 x 10710 = —0-01 x 107 esu.
LR ~10
Relative error = —MQ_«W x 100 = -0-2%
4-80 x 10

1/70
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ADDITIONAL USEFUL INFORMATION conta.

4, Equivalent mass. The equivalent mass of a substance is defined as the pumber of parts by mass of that
substance which combine with or displace directly or indirectly 1-008 parts by mass of hydrogen or 8 parts by mass
of oxygen or 35 -5 parts by mass of chlorine.

5. Calculation of equivalent mass
Atomic mass of the element
Valency of the clement
636
25

(i) Eq.massof an eclement =

eg [Eq.massof Cuin CuO = =318 (Valency of Cu=2)

Eq. mass of Cu in Cu,0 = 6—31-£ =636 (Valency of Cu=1)
Formula mass of the ion

Charge on the 10n

12+3 x16 60

e.g. Eq.massof CO3™ ion = =5 =30

(#) Eq. mass ofanion =

Molecular mass
No. of electrons lost or gained by one molecule

{Discussed in unit 9)

(#) Eq. mass of an oxidizing/reducing agent =

: .+ _ Molecular mass of the acid .
(iv) Eq.massofanacid = F0) CoE {Already discussed)
(v) Eq. mass of a base = Molecular mass of the base (Already discussed)

Acidity of the base
6. Determination of equivalent mass

(i)} Hydrogen displacement method. Calculate the mass of the metal which displaces 1-008 parts by mass of
hydrogen.

(i) Oxide formation or reduction of the oxide method. Calculate the mass of the metal which combines with
or displaces 8 parts by mass of oxygen.

(iif) Chloride formation method. Calculate the mass of the element which combines with or displaces 35-5
parts by mass of chlorine.

(iv) Metal displacement method. When a more electropositive metal is added to displace a less electroposi-
tive metal from its salt (e.g. 7Zn + CuSQO, — ZnSQ, + Cu),
Mass of metal added Eq. mass of metal added
Mass of metal dispiaced ~ Eq. mass of metal displaced
(v) Double decomposition method. For a reaction of the type
AB+CB — AD | + BC
(e.g AgNO, + NaCl—— AgCl | + NaNQO,)
Mass of AB taken  Eq. massof AB  Eq. mass of A+Eq. massof B
Mass of AD formed ~ [q. mass of AD _ Fq. mass of A+FEq mass of D
{(vi) Electrolytic method. (Faraday's second law). When the same quantity of electricity flows through
] . Mass of X deposited  Eq. mass of X
solutions of different electrolytes, Mass of Y deposited = Eq. mass of Y
(vit) Neutralization method. 'To calculate the equivalent mass of an acid, calculate the mass of the acid
neutralized by 1000 cc of 1N base solution (which contains 1g eq). Likewise equivalent mass of a base can be
calculated.
(viif) Silver salt method (for organic acids only). A known mass of silver salt of the organic acid is ignited to

Eq. mass of RCOOAg Mass of sitver salt
Eq. mass of Ag(108) ~  Mass of silver

Eq. mass of acid (RCOOH} = Eg. mass of RCOOAg—107.

give a residue of Ag, then
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(ix) Conversion method. When one compound of a metal is converted into another compound of the same
metal (e.g. metal carbonate —smetal oxide), then
Mass of compound I  Eq. mass of metal + Eq. mass of anion of compound I

Mass of compound II _ [q. mass of metal + Eq. mass of anton of componnd 11
7. Methods of determining atomic mass
(1) By application of the relation At. mass = Eq. mass x Valency

Knowing approx. atomic mass and exact equivalent mass, first valency is calculated and then the exact atomic
Imass.

(if) Dulong and Petit’s method. For solid elements (except Be, B, C and Si), according to Dulong and Petit’s law
At. mass x Specific heat = 6 -4 approx.
64
Sp. heat
Exact atomic mass = Eq. wt. x Valency

AppProx. atomic mass =

Approx. atomic mass

where Valency = E {Take nearest whole no.)
g. mass

(iffy From ratio of heat capacities. For gases, we have

Ratio, 1-66 1-40 I-30 1-26

y= CP AICS

Atomicity 1 & 3 4

Molecular mass can be found from vapour density (Mol. mass = 2 x V.D)
Atomic mass of the gaseous element = %ﬂ%:;

(iv) Volatile chloride method. (From vapour density measurements for elements forming volatile chlorides)
Molecular mass of the chloride = 2 x V.D.
Ifx is he valency of the element (M), then formula of its chloride will be MCL, . Hence

Mol. mass of the chloride MCl, = At. mass of M+x x35-5

=Eq. massof M x Valencyof M +x % 35-5
=ExXxx+xx355=x(E+355)
x(E +35-5) =2 xVD.

_2xVD
o iR 5w L

Knowing the equivalent mass E of the element, the value of x can be calculated. Then atomic mass = Eq.
mass x Valency.

(v) Isomorphism method. Compounds having similar molecular formulae and identical crystal sttucture are
called isomorphous. The method is based upon the fact that elements in isomorphous compounds have same
valencies, e.g.

(a) K;80,, K,CrO,, K,;SeO, are isomorphous. Hence valency of §, Cr and Se = 6.

(b) ZnS0,.7 H,0, FeSO,.7 H,0,MgS0,.7TH,0 are isomorphous. Hence valency of Zn, Fe, Mg=2.

Knowing valency, atomic mass = Eq. mass x Valency.

(vi) From percentage of an element in a given compound. For example, potassium chromate (K,CrOy) is
found to contain 26-78% of Cr. Its atomic mass can be calculated as follows :

Suppose atomic mass of Cr = a
. Mol. mass of K,;CrOy =2 x39 +a +4 x16 =142 +a

% of Cr in K,Cr0O, = ?7%0_2 = 2678
which on solving gives a=>52-0
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8. Determination of Avogadro’s rumber. The simplest method is by studying electrolysis of acidulated water.

The reaction taking place at the cathode is

2H* +2¢7”——H,

This means that charge carried by 2 moles of etectrons produces 1 mole i.e. 2-016 g of H, gas.

Thus experimentally the amount of electricity required to produce 2-016 g of H, is determined. It is found

1o be 193000 coulombs. As charge carried by one electron = 1-602 x 10~ '? coulombs, therefore if N is the number

of electrons present in 1 mole, then

2N x1-602 x 10”19 = 193000 or

R A

N=

EELLY =6-02 x 105,

2x 1602 %1071

A e e R

S

C.B.S. E.-P.M.T. (MA w5) spscm [

R M'-!‘-S.vs.?st.-;:mm.-ﬂﬁ R T

A. SUBJECTIVE QUESTIONS

Q. 1. What is the difference between the following ?
()25 x10%gand 2-50 x 10°¢
(ii) 160 cm and 1600 cm.

Ans. (j) 2-5 x 10* has two significant figures while
2-50 x 107 has three significant figures. Hence
2-50 x 10° represents greater accuracy than
2.5 x 10°.

(#t) 160 has three significant figures while 1600
has four significant figures. Hence 1600 repre-
SCNls greater accuracy.

Which of the following has largest number of
oxygen atoms ?

1-0gof O atoms, 1-0g of O,, 1-0 g of ozone (04)

QD

Justify your answer.
Ans. 1-0gof O atoms = Lg atoms of O

Sl

= 1 X 602 X 10 atoms

602 x 1083
-—-Taloms
1-0g0f0, = 3> mol of O = Tz" x 6-02 x 102
1 1 3
molecules = 2 x 35 X 6:02 x 10 atoms
; 23
b e 021210 atoms
Ay | 23
1-0gof0, = molofOJ =g X6-02x10
1 23
molecules = 3 x 77 X 6°02 X 10% atoms
602 x 1023
= —7¢ —aloms

Thus, all of them contain equal number of
atoms.

ikl

Ans.

Q. 5.

Ans.

T R TR W T L B e o o ok

‘What is the difference in the molar volume of a
gas if S.T.P conditions are

(i) 1 atm, 0°C (ii) 1 bar, 0°C ?

(1) If S'LP. conditions are 1 atm, 0°C, molar
volume = 22400 cm?

(#) If S.TP. conditions are 1 bar, 0°C, molar
volume = 22700 cm?

- Why molality is preferred over molarity in ex-

pressing the concentration of a solution ?

Molality is the number of moles of the solute present
in 1 kg of the solvent whereas molarity is the number
of moles of the solute present perlitre of the solution.
Thus, molality involves only masses which do not
change with temperature whereas molarity invotves
volumne which changes with temperature. Hence
rmolality is preferred over molarity.

Taking N, and 0, as main components of the air
(79% N,, 21% O, by volume) what is the mole-
cular mass of air ? How has it been arrived at ?

For a mixture of gases, the average molecular
mass is taken.

Average molecular mass =IxgM;
=xg My + Mg, where x,;, and x, are
Ny VINy ¥ 0, Mo, Na O,

mole fractions of N, and O, and M,, and M,
2 2 Ny 0,
are their molecular masses. As equal volumes

contain equal number of moles, therefore, their
molar ratio is same as ratio of their volumes.

o 0-79, s 0-21. Also MN: =28y,
Moz =32u
- Average molecular mass

=079 x28 +0:21 x32u
=22-12+672u=2884u
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(). 6. What is the difference between the mass of a
molecule and gram molecular mass ?

Ans. Mass of a molecule is the actual mass of a single
molecule cxpressed in grams whereas gram
molecular mass is the mass in gram of Avogadro’s
numbter of molecules.

). 7. In the combustion of methane, what is the limit-
ing reactant and why ?

Ans. Mcthane is the limiting reactant because the
other reactant is oxygen of the air which is always
present in excess. Thus, the amounts of CO, and

H,0 formed will depend upon the amount of
CH, burnt.
(3. % What is the equivalent weight of KH(1O,), as an

oxidant in presence of 4-0 (N) HCI when ICt
becomes the reduced form ?

(K=39-0,1=127-0). (West Bengal JE.E. 2001)
Ans. In KH(IO,),, 10, is present as 105", Oxidation
state of I will be

x-6=-1
or x= &5
+5 +1

KH(10,), — 2ICl

Decrease in oxidation state = +10—2 = 8
- Equivalent wit. of KH(I1O;),
AL Mogwt. et 28(127 +48) _ 48.75
(). . What is kg-mole ? Find out the total number of
electrons in a kg- mole of Q.
(West Bengal J.E.E. 2004)

Ans. One kg-mole {(or simply called one kilomole
(kmot) is the molecular mass of the substance
expressed in kilograms. In CGS system, one gram
mole of a substance contains Avogadro's number
of particies (6022 x 102, In MKS system, one
kg-mole of a substance contains Avogadro’s
number of particles but its value is 6022 x 1075,
Thus 1 kg-mole of O, will contain 6-022 x 10%

16 x 6-022 x 1026

molecules and hence
electrons.

B PROBILEMS

Probles: I, Calcnlate the percentage of the

naturally occurring isotopes 35¢1 and ¥7CI that ac-
counts for the atomic mass of chlorine taken as 35-45.

Solution. Suppose °Cl present = x%. Then el
present = (100 — x)%
. Average atomic mass

:.rx35+(100—x)x37:

35-4
700 35-45

{Given)

or 35x + 3700 - 37x = 3545
or 2x=155 or x=7715%
This 3Cl = 77-5% and 37C1 = 100 — 77-5 = 22-5%.

Probless 2. Caleulate the temperature at which the
value in degrees celsins and degrees Fahernheit is same.

Solution. The reactionship between 0°C and °F is

gt 1 8
C=5(F-32)

If  x°C=x°F,thenx =3 @ - 32)

or 9x=>5x- 160 or 4x=-160

or x=-—40°C

Thus - 40°C = — 40°F.

Problem 3. Convert 22 -4 L inte cubic metres.

1000cer _ 1m

Solution. 22-4L =224 L x T — X 100 cam
% 1m i im
100 crr ~ 100 cor

_ 22-4 x 1000 3. sl 3.3
=G0 0T R e R .

Froblem 4. Calculate the molar mass of water if it
contains 50% heavy water (D,0).

Solution. Aswater contains 50% D, 0, this means

that it contains % mole of H,O and %mole of D,0. Mass
1 1 1

of 5 mole of HO =5 x18 = 9¢. Mass of 5 mole of

D0 = % % (2 % 2 + 16) = 10 g. Hence molar mass of

the given sample of water = 9 + 10 =19 g mol ™,

Problem 3. The average molar mass of a mixture
of methane (CH,} and ethene (C,H,) present in the

ratio of a : b is found to be 20-0 g mol ™. If the ratio
were reversed, what would- be the molar mass of the
mixture ?

Solution. Molar mass of CH, = 16 g mol™"

Molar mass of C;H, = 28 g mol ™!

When they are present in the ratio a : b, their
avcrage molar mass
= a_.)-(_}_§+_b_)'(28_ =20g mol"'l (Given)

a+b

ie. 16a+28b=20(a+b)
or 4a+Tb=5(@+b) or a=2b

—

a .
or e =Sz

If the ratio is reversed, now the ratioa: b =1:2

1 %16 +2 %28

Al Vi =
Average molar mass T
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Sroblen: 0. 20-0 mL of 8 mixture of oxygen (0,)
and ozone (O,) was heated till ozone was completely

decomposed. The mixture on cooling was found to ex-
pand to 21 mL. Calculate the percentage of ozone by
volume in the mixture.
follows :
20, ——
2 volume
Suppose ozone in the mixiure = x mL. Then
Oy =20 -x)ymL

2 ml. of ozone on decomposition give Oy = 3mL
. x mL of ozone on decomposition will give

30,

3 volume

Oz=%x=1-5xmL

. Total volume of mixture after decomposition
=1-5x+ (20 —x)ymL
=20+05x

2040-5x=21
or 0-5x=1 or x=2mL
.- Percentage of ozone in the mixture

i) &
=30 X 100 = 10%.

Lroblem 7. Calcufate the atomicity of mercury
molecules from the following data :

{a)10-0g of mercury combine with 0-8 g of oxygen
to form an oxide,

(b) 500 mL of mercury vapour at S.T.P. weigh =
4-465¢

(c) Specific heat of mercury is 0-033.

Sclution. Calculation of equivalent mass

0-89 g of oxygen combine with Hg = 10-0g

. 8 g of oxygen will combine with Hg

= ﬁ!% x8§=100g

- Equivalent mass of mercury = 100

Calculation of molar mass

500 mL of mercury vapour at . TP weigh = 4-465 g

'+ 22400 mL of mercury vapour at S.TP. will weigh

(Given)

4-465
= W x 224008
=200g

- Molar mass of mercury = 200 g mol ™!

Calculation of valency. By Dulong and Peut’s law

64

Approx. atomic mass of mercury = —_Sp Heat

=50 33 = 193-9
19 Approx. atomic mass
- Valency of mercury Valency
< %30‘9_ =~ 2 (as valency is a whole no.)

. Actual atomic mass = Eq. mass x Valency
=100 X 2 = 200
Calculation of atomicity

- Mol mass 200
Atomicity = At mass 200 1

Thus, mercury molecules are monoatomic.

f'ribien: 8. Insulin contains 3-4% sulphur. Calcn-
late the minimum molecular mass of insulin.

Solution. Minimum molecular mass of insulin will
be the mass containing at least one atom of sulphur.

One atom of § = 32 a.m.u.

Now, 3-4 a.m.u. of sulphur is present in 100 a.m.u.
of insulin.

-~ 32 am.u. of sulphur will be present in insulin

100
-ﬁ)(32

=941-2 am.u.

Hence minimum molecular mass of insulin
=941 -2 a.m.x.

Problen Y. How many molecules approximately
do you expect to be presentin (i) a small sugar crystal
which weighs 10 mg (ii) one drop of water with 0-05
cc volume ?

Solution. (i) 10 mg sugar (C;,H,,0,))
=0-01g= % mole = 2-92 x 10~ mole

= (292 x 1075%) x (6-02 x 103)

=176 x 10" molecules.

(i) 0-05 cc water = 0-05 g = %9 mole
8718

=278 x 1072 mole

= (278 x 10~} (6-02 x 102) molecules

=1-67 x 10%! molecutes.

Probiem 19.9-7 % 1017 atoms of iron weigh as
much as 1 cc of H, at S.T.E What is the atomic mass of
iron ?

Solution. Mass of 1 ccof H,atSTP

T 2.016

22400

Mass of 6-02 x 1023 atoms of Fe

_9:0x107%x6-02 x 102 _ 5.9
9:7 x 1017
Atomic mass of Fe = 55-9n

=9-0x107%g
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Pegbfarme 77, 20 cc of 1 N HCL 30 cc of
0-SNH,S0, and 50 cc of 0-2NHNO, are mixed
together. What will be the normality of the final solu-
tion ?

Solution. 20 cc of 1 N HCI contains’

g i
= Tpog % 20 =0-020 geq.
30 cc of 0-5 N H,80, contains
0 5
= To00 % 30 = 0-015 geq
50ccof 0-2 N HNO, contains
0 2

= To0g X 50 =0:01g¢€q.

‘Torai no. of gram equivalents
=0-02 + 0-015 + 0-01
= 0-045
Total volume = 20 + 30 + 50 = 100 cc
Normality of the final solution
e
100
Peoblzen 2. Crystalline magnesium sulphate on

heating becomes anhydrous and loses 51-2% of its
mass. Calculate the number of water molecules present.

Solution. 100 parts by mass of the hydrated salt
contain 51-2 parts by mass of water. This means that
(100—51-2) = 48-8 parts by mass of the anhydrous salt
are associated with water = 512 parts by mass.

Molecular mass of anhydrous Mgs0,

=24+32+64 =120
. 120 parts of anhydrous MgSO, will be associated

x 1000 =0-45N

: SHED
with HyO = -2

% 120 = 1259 parts

= 12158 2 molecules = 7 molecules.

1:615 ¢ of anhydrous ZnSO, was
placed in moist air. After a few days its mass was found
to be 2875 g. What is the molecular formula of the
hydrated salt ? (At. masses : Zn = 65-5, § = 32,
0 = 16).

Solution. Molecular mass of anhydrous ZnSQO,

Feahiom 13

=655 +32+64 =161'5
1-615 g anhydrous ZnSQ, combine with HyO

=2:875 —1:615 =1:260¢
1615 g anhydrous ZnSO, will combine with

H,0 = 126 g = 12> = 7 moles

Hence the formula of the hydrated salt is
7ns0, . TH0O

Probicse 14. 4 g carbon were heated with B g of
sulphur. How much carbon disulphide (CS,) will be

formed when the reaction is complete. What will be its
percentage purity ?

Solution. Gidisk 112 Sumnl s s,
Rg 2232 12 +2x32
=6dg =76g
Ohbviously sulphur will be the limiting reactant.
76

8 g sulphur will produce CS, = 7z > 8=95g

Carbon reacted = a x8=15g
Carbonleft=4—15=2-5g

Total mass of products =95 + 2-5

=12g
% purity of CS, in the product = 21-23 x 100
=79-2%.

Frablen: 15, How many years would it take to
spend Avogadro’s number of rupees at the rate of 10
lakh rupees per second ?  (M.L.N.R. Allahabad 1990)

1 23
Solution. %s =602 x 10V s
6-02 x 107

= T 10
OO R e Yo

Prablem o, Gastric juice contains about 3-0 g of
HCl perlitre. If a person produces about 2 - Slitre of gastric
juice per day, how many antacid tablets each containing
400 mg of Al(OH), are needed to neutralize all the HCI

produced in one day. (I.S.M. Dhanbad 1991
Solution. HClisneutralized by AKOH), according

to the equation
AOH), + 3HCI

27+3x17 3IX36S5
=7Bg =109'5g

HCI produced from 2-5 litre of gastric juice
= §-0 X 2=5 =T Skg

109-5 g HCl is neutralized by A(QH),; = 78¢

-~ 7-5 g HCI will be neutralized by Al(OH),

—— Al +3H,0

et
=595 X758 =5-342g = 5342 mg
3342
.. Number of tablets required = 760_ =13:35le
14 tablets,
Probicm 17, What volume at NLE. ofammonia gas

will be required to be passed into 30 mL of N H,50,
solution to bring down the acid normality to 0-2 N ?

(M.L.N.R. 1991)

Solution. Normality is the number of millic-

quivalents {Meq) per mL
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- Meq of | N H,50, present originally in 30 mL
=30 x1 =30

Meqof 0-2NH,50,in30mL =30 x 02 =5

~- Meq of H,S80, required (o be neutralized by
NH; =30 ~ 6 =24

-~ Meq of NHj; required to be passed = 24

(" Acid and base react with each other in
equivalent amourits)

But 1 mole of NH, = 1 g eq fe 1000 Meq of
NH, = 22400 mL at N.TP.

: 24 Meq of NH, = 2280 » 24 = 537 6 m1.

Lroblem 15 Chlorine has two isotopes of atomic
mass units 34-97 and 36-97. The relative abundances
of these two isotopes are 0755 and 0-245 respectively.
Find the average atomic mass of chlorine.

(B.LT Ranchi 1991)

Solution. Average atomic mass

34-97 x 0-755 + 36-97 x 0-245
0-755+ 0243

Probiem 19, A gas mixture of 3-0 litres of propane
and butane on complete combustion at 25°C produced
10 litres of CO,. Find out the composition of the gas
mixture. (M.L.N.R. Alizhabad 1992)

Solution. C4Hg + 50, —— 3CO, + 4H,0

=35-46

CeHig + 630, — 4CO, + 5H,0

Suppose propane =x L.

Then butane = (3 —x) L

1 L G, Hg gives 3L of CO, and 1 L. C, H,, gives

4L of CO,.
Hence CO, produced = 3x + 4 (3 - x)
= 12-x

12-x=10

Hence x=2L

te propane = 2L and butane = 1L.

Frablin 200 The vapour density of a mixture of
NO, and N,0, is 38-3 at 26 -7°C. Calculate the number

of moles of NO, in 100 g of the mixture.
(M.LNR. 1993)
Solution. Suppose NO, present in 100 g of the
mxture = x g
Then N,O, present in the mixture = (100 — xg

(Given)

Molar mass of NO, = 14 + 32 = 46 g mol ™!

Molar mass of N,O, = 92 g mo| ™!

Molar mass of mixture = 2 x V.D.

=2x38-3=766gmol |

Expressing all quantities in terms of moles, we
should have

S, 100 -x 100

46 92 "~ 766

or92x + 4600 — 46x = 5524 -8

ord6x =924-8orx=20-1g

2 No. of moles of NO, in the mixture = % = 0-437

Prabless 21, Naturally eccurring Boron consists
of two isolopes whose atemic weights are 10:01 and
1101 The atomic weight of natural Boron is 10-81,
Calculate the percentage of each isotope in nuatural
Boron. (M.LN.R. Allahabad 1994)

Solution. Suppose the percentage of isolope with
atomic weight 10-01 = x

‘Then percentage of isotope with atomic weight
1101 = 100 —x

Average atomic weight

_10-01x + (100 — x) x 11-01

T 100

_10-01x + 1101 —11:01x o OIS

100 100

“?]Tj’% 1081 ~Or 1 s =010

or x = 1101 - 1081 = 20

- % age of isotope with atomic weight 10-01
=20%

% age of isotape with alomic weight 11-0]1 = 80 %

Proiies: 22 The mass of one litre sample of
ozonised oxygen at N.T.F. was found to be 1-5 g. When
100 mL of this mixture at NLLP were treated with
turpentine oil, the volume was reduced to 90 mL. Cal-
culate the molecular mass of ozone. (M.L.N.R. 1996)

Solution. As ozone is absorbed by turpentinc oil,

therefore volume of ozone in 100 mL of the mixture =
100-90 = 10 ml.

-- Og in the mixture = 100 — 10 = 90 mL

As 1 L of the mixture weigh = 1.5 g, thercfore,
average molar mass of the mixture {mass of 224 L at
S.TP) =15 X224 =336 g mol~

Ratio of ozone : oxygen in the mixture = 10: 99

If m is the molecular mass of ozone, Lhen

Average mal. mass of mixture

= H_XLIEOiO_X_SZ =33 6 (calculated above)

or m+288=3360rm =48
Froblem 23 One gram of a metal hydroxide on
heating gives 5.6 of metal oxide. Calculate the
equivalent weight of the metal. (Bihar C.E.C.E. 2000)
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Eq. wt. of metal hydroxide
Eg. wt. of metal oxide

_ Wi, of metal hydroxide
~ 7 Wi of metal cxide

Solution.

a1l Tl
FE+8 36

or (E+17y%x56=(B+8)x74
or 1-8E=36 or E = 20.

Prablem 24. Caleulate the molarity of water in
pure water. (Bihar C.E.C.E. 2000)

Solution. 1 L of pure water = 1000 em® = 1000g
(assuming density = 1 g cm ~2)

00

. No. of moles in 1 L of pure water = }':T = §5.55.

Problem 25 How many melecules are there in 10
litres of a gas at a pressure of 75 cm at 27 degree

celsius ? {(Bihar C.E.C.E. 2000)
Solution. PV = n RT
750
PY o e

n = RT = 5-oszi x 300 0 4 mole

No. of molecules present in 0-4 mole
= (6-023 x 103) x 04 = 2-409 % 102,
Problem 26, Potassium bromide, KBr contains
32-9% by mass of potassium. I[6- 40 g ol bromine reacts
with 3-60 g of potassium, calculate the number of moles
of potassium which combine with bromine to form KBr.

(N.C.ER.T)
Solution. In KBr, 329 g of K are combined with
67-1g of Br
. 3-6 g of K will combine with Br,

67-1
=339 X3-6=734g
: ! A 32-9
or 6-4 g or Br, will combine with K = z=-+x 6-4
=3'14g

Thus Br, is the limiting reactant

Kreacted =3-14¢

.. KBr formed = 00 3-14 =9-54¢

32-9
9-54 9-54 s

=39+ 80 mol = S35 mol = 0-0802 mol
Froplem 27, Two acids H,SQ, and H,PO, are

neutralized separately by the same amount of an alkali
when sulphate and dihydrogen orthophosphate are
formed respectively. Find the ratio of the masses of
H,50, and HyPO, [P = 31]. (West Bengal J.E.E. 2003)

Solution. 1 g eq. of alkali (NaOH) will neutralize 1
g €q. of H,S0, and 1 g eq. of H,PO,. For the given
neutralization reactions

(H,SO, + 2 NaOH — Na,50, + 2 H;0,
H,PO, + NaOH — Nall,PO, + H,0),
equivalent mass of H,50,

3 Mal. mass _ 98

3 R
and equivalent mass of H,PO, = %lmﬂ =98,
Hence the ratio of masses of H,S0, and H;PO,
=49:48=1:2.

Problen: 25. 10 mb of HC! solution gave 0-1435 ¢
of AgCl when treated with excess of AgNO,. Find the

normality of the acid solution [Ag = 108]
(West Bengul J.E.E. 2003)
Solution. Cl present in 0-1435 g AgCl

. SEe e
=g X 014355 =0-0355¢
HC! containing 0-0355 g Cl
36-5 00365

=355 x0-0355g=0-03653=———36.5 geq.

=0-00lgeq.
ie. 10 ml of HCl contain 0-001 g eg.

-, 1000 m! of HCI will contamn = 0-1g eq. ie
normality = 0-1 N
Problems 29, To account for atomic mass of
nitrogen as 14-0067, what should be the ratio of 5N
and "N atoms in natural nitrogen ? (atomic mass of
14N = 14-00307 u and 15N = 15-001 u)
(Bihar C.E.C.E. 2003)

Solution. Suppose %age of N =x.
5N = 100 - x

.. Accarding to the definition of average atomic mass,

14-0067 = x % 14-00307 + {100 — x) X 15-001
100

or 1400-67 = 1500-1 + x (14-00307 — 15-001)
=1500-1 — 0-99793x

99:43
or x=m-=99'636

ie. %ageof "N =99.636
15N = 100 — 99-636 = 0-364

Then %eage of

and %age of

- Ratio of atoms of >N and N

0:364 1

=55.¢3c ~23 3 L3
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Problen: 1. 1-0 g an alloy of aluminium and mag-
nesium when treated with excess of dilute HC| form
magnesium chloride and aluminium chloride and
hydrogen collected over mercury at 0°C has a volume of
1-20 L at 092 atmospheric pressure. Calculate the
composition of the alloy.

Solution. Suppose Alinthealloy =xg

Then Mgin the alloy = (1 ~ x) g

Al and Mg in the alloy will react with HCI acid as
follows :

2 Al

2x27="54¢g

Mg + 2HC —— MgCl, +
248

+ 6 HCl —— 2AJC|3+ 3H,
H,
22-4LatST.P.

H, produced from x g of Al = 3—’% xx

2 4"L atSTP

H, produccd from (1 —x)gof Mg

=23 x4 -nLatSTR

= Total H, produced at S.TP.

_224x  224Q
# JTR 24
Let us now convert the actual volume of H,

produced to volume at S.TP.

D aSTP

P, =0-92atm P, =1atm

Vi=120L B =8

T,=273K T,=273K

Vv, BV, 092x1:20 11XV,
bl s iy 273 273
or  V,=1104L

Zzl-gx 224(1 L g

or 4x22-4x+3x22-4(1-1)=1'104 ®x 72
or 89:6x+672—672x=79-488

or 22.4x=12-288 or x=0-5486¢

= % of Al = 54-86

and % of Mg = 100 — 54-86 = 49 14.

Problem 2. A solid mixture (5.0 g) consisting of
lead nitrate and sodium nitrate was heated below 600°C
until the weight of the residue was constant. If the loss
inweightis 28 -0 percent, find the amount of lead nitrate
and sedium nitrate in the mixture. (LT 1999)

| 1.).T. (MAINS) SPECIAL

3x22-4LarSTP.

R P e R S e

Solution. At 600°C lead nitrate and sodium nitrate
decompose as [ollows :

2Pb(NO;), — 2Pb0O + 4NO, + O,
2NaNO; —— 2NaNO, + O,
Suppose Pb (NQ,), in the mixture =x g
Then NaNQ, in the mixture = (5 -~ x) g
1 mole of Pb (NQy), gives 1 male of residue of PbO
Le. 207 + 62 x 2 =331 g Pb(NOy,), give residue of
PbO =207+16 =223 ¢

223
Ly

1 mole of NaNQ; gives 1 mole of residue of NaNO,

Le. 23 + 14 + 48 = 85 g NaNO, give residue of
NaNQ, =23 + 14 + 32 = 69

+ x g Pb(NOy), will give residue =

~ (5 —x) g NaNOQ, give residue= % x5 -x)g

Total residue = 23233 lx 58 (35_ D)
Loss in weight {given) = 28% of 5g
= % x5=14g

Residueleft= 5 ~14= 3.6
Hence 232;11: 69 (gs T aice

On solving, we getx = 3-32 ¢

PHNO,), =3-32g, NaNQO;=5-3-32=1-68¢.

Problen 3. A mixture of formic acid and oxalic acid
is heated with conc H,S0,. The gas produced is col-

lected and on its treatment with KOH solution, the
volume of the gas decreased by 1/6 th. Calculate the
molar ratio of the two acids in the original mixture,
(Roorkee 1994)
Solution. Suppose no. of moles of formic acid is x
and that of oxalic acid is y. Then

Conc
HCOOH —— H,0 () + €O (g)

X mole HZSO x mole
(|30()H
—— CO @) +CO,(g) + H,0 ()
COOH ¥y mole y mole
y mole

Total no. of moles of gaseous product = x + 2 y
As only COz is absorbed by KOH, therefore frac-

e
t+2y 6

tion of CO, = or 6y=x+2y
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or 4y=x or §=% Hence %‘%+0-01=0-02 or x=0-33¢

Hence molar ratioof HCOOH to (COOH), is 4:1.

FProblem 4. Calculate the number of oxalic acid
molecules in 100 ml of 002 N oxalic acid solution.

{Roorkee 1991}
Solution. 100 m! of 0-02 N oxalic acid solution

=0-002geq = 0-001 mole = 1073 mole

= 6-02 x 10°* molecules.

Problem 5. A 2-0 g sample of a mixture containing
sodjum carbonate, sodium bicarbonate and sodium sul-
phate is geatly heated till the evolution of CO, ceases.

The volume of CO, at 750 mm Hg pressure and at 298 K

is measured to be 123-9 ml. A 1 5g of the same sample
requires 150 ml of M/10 HCI for complete neutraliza-
tion. Calculate the percentage composition of the com-
ponents of the mixture, (LT 1992)

Solution, Suppose Na,CO; =xg, NaHCO; =y g.
Then Na,50, =2 — (x + y)g-
On heating only NaHCO, will decompose to give
CO, as follows :
2NaHCO; — Na,CO, + H,0 + CO,

2(84) g 22400 ml
at STP
— 22400
y g NaHCO, will give CO, = &z x ymlat STP

Actual CO, produced at STP may be caiculated as
follows :

PIVI 9 P2V2 760KV1 5 M

TR o U e o 298 °
V= 112-0m!

Hence 2%280y= 112 or y=0-B4¢

1-5 g of the mixture requires M/10 HCI = 150 ml
2. 2-0 g of the mixture will require M/10 HCI

150 -
= 'l_—SXZ'O— 200 ml
= 0-02 mole HCI

Na,CO, + 2HCI —— 2NaCl + H,0 + CO,

106 g 2 moles
NaHCO, + HCl —— NaCl + H;0 + CO,
Big 1 mole

x g Na, CO, require HCI = % x x moles

0-84 g NaHCO, require HCI= 3—14— x (-84 mole

= 0-01 mole

% of Nay 0Oy = 252 x 100 = 26-5%

% of NaHCO3 = 224 x 100 = 42.0%
% 0f Na,80O, = 100 — (26-5 + 42:0) = 3L -5%

iroblen: 6, Upon mixing 45-0 ml of 0-25 M lead
nitrate solution with 25:0 ml of 0-10 M chromic sul-
phate solution, percipitation of lead sulphate takes
place. How many moles of lead sulphate are formed ?
Also calculate the molar concentration of the species
left behind in the final solution. Assume that lead sul-
phate is completely insoluble (At. wt. of Pb = 207 -2).
(IL.LT 1993)
Solution. 3Pb (NQ,), + Cry (50,),
3 moles 1 mole
—— 3PbSO, + 2Cr (NOy),
3 moles
45-0ml of 0-25 M Pb (NQ;), solution
= 9.2 « 45 mole of Pb (NOy),
= 0-01125 mole
25-0ml of 010 MCry(S04); solution
= 1%'010 x 25 mole of Cr, (§0,);= 0.0025 mole

Evidently Cr, (50,), will be the limiting reactant.

00025 mole Cr; (SO,), will react with
Pb (NO,), = 3 x 0-0025 mole = 20075 mole
.. Pb (NO,), left in the solution

= 0-:01125 — 00075 mole = 000375 mole
"Total volume of the solution = 45 + 25 = 70 ml
» Molar conc of Pb (NO,), left in the sol.

e 0'070375 % 1000 M = 0-05357 M

PbSO, formed = 3 % 0-0025= 0-0075 mol

Problem 7. A mixture of ethane (C,H) and ethene
(C,H,) occupies 40 litres at 1-00 atm and at 400K. The
mixture reacts completely with 130 g of O, to produce
CO, and H,0. Assuming ideal gas behaviour, calculate
the mole fractions of C,H, and C,H; in the mixture.

(LLT [ 995)
Solution. Applying the ideal gas equation,
PV =n RT

latm x 40L = x 0-0821 Latm K™ ! mol™! x 400K

e 40 o
or " = 50831 % 300 = 1-218 mole
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(where n = total no. of moles of C;Hgand C,H,
in the mixture)
Suppose the no. of moles of C,Hy in the mixture
=x
‘Then the no. of moles of C,H, in the mixture
=1218-x
Also 13050, = %moles of O, = 4-0625 moles

The reactions for complete combustion of G Hg
and C,H, are
2GHg +70; —— 4CO, + 6H,0  ..(4)
and GHy+30, — 2C0, + 2H,0  ..(if)
Irom (i), no. of moles of O, required for complete
combustion of x moles of C,H, = % xx=35x

From (if), no. of moles of O, required for complete
combustion of (1-218 — x} moles of GH,
=3(1-218 - x)
Hence 3-5x+3(1-218 —x) = 4-0625
or 0-5x=4-0625—3-654 = 0-4085
or x = 0-8170 mole

Mole fraction of GHg = ?g—}g =067

and Mole fraction of GH, =1 - 0-67
=0-33
Hroblen: 5. A mixture of 20 mL of CO, CH, and
N, was burnt in excess of O, resulting in the reduction

of 13 mL of volume. The residual gas was then treated
with KOH solution to show a contraction of 14 mL in
volume. Calculate volume of CO, CH4 and N, in the

mixture. All measurements are made at constant pres-
sure and temperature. (L1T 199%)

Solution. Suppose volume of CO = g4 ml.,
CH, =bml. and N, = cml. Then

a+b+c=20mL (D)
The combustion reactions will be

CO + 50, — €O,

CHy +20,— CO, + 2H,0 ()

N; + O, — Naoreaction

Thus, a ml. of CO will produce CO; =aml

& mL of CH, will produce CO, = b mL

N, will remain as suchie. = ¢ mL

As CQ, is absorbed by KOH, decrease in volume
on treating with KOH will be

=d + b =14 mL (Given) (k)
‘The first given decrease is due 10 O, consumed.

amL of CO will consume O, = Z mL

b mL of CH, will consume O, = 2 b ml.,

+ Oy consumed = £ +2 b = 13 mL (Given)...(ii)
From eqns. (1) and (i}, ¢ = 20 — 14 = 6mL
From Eqns. (i) and (i),

%+ 2(14-a)=13 or%a =150ra =10mL

. Fromeqn. (i), 10+ b = l4orb = 4 mL
CO=10mL, CH, = 4mL,N2 =6mL
Proflen 9. One litre of a mixture of 0, and O, at

NTP was allowed to react with an excess of acidified
solution of KI. The iodine liberated required 40 ml of
M/10 sodium thiosulphate solution for titration. What
is the weight percent of ozone in the mixture ?
Ultraviolet radiations of wavelength 300 nm can decom-
pose ozone. Assuming that one photon can decompose
one ozone molecule, how many photons would have
been required for the complete decomposition of ozone
in the original mixture ? (I.1T 1997)

Solution. O; — 0, +0
2KI + Hy80, + (0) — K,SO, + H,0 + I,
2N2,50; + I, ~— Na,S,0, + 2 Nal
2 Nag8,05 + 2KI + O, + H,80, ——

O, + K804 + H,0 + Na,$,0, + 2 Nal
2 moles of Na,$,0, react with one mole of Oy

No. of moles of Na, 5,0, in 40 ml of M Nays,0,

I — - -3
=70 * Toog X 40 =4 x 10 * mole
0, reacted (present) = 2 x 102 mole
Volume of O3 =2x 1073 x 22-4 L. = 0.0448 L
< Volume of O, = 1 - 0-0448 = 0-9552 L

Weightof 03 =2 x 1073 x 48 = 0-096 g
0-9552

Weight of O, = 73.4- % 32=13646¢
- Weight of mixture = 0-096 + 13646
=1-4606 g
0-0%6

% of Oy by weight = 1 2605 X100 = 6-573¢%
No. of molecules in 2 x 1073 mole of O,

=2 %1077 % 5-022 x 10%= 12044 x 10%
No. of photons required = 12044 x 1921
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Problen 100 1:2 g mixture of NayCO, and

K,CO, was dissolved in water to form 100 cm® of a

solution. 20 cm® of this solution required 40 em® of
0-1 N HCI for neutralisation. Calculate the weight of
Na,C0O, and K,CO, in the mixture. (Roorkee 1997)

Solution. Suppose weight of Na,CO, in the mix-
ture =xg

. Weight of K,COj; in the mixture = (1-2 —x}g

Eq. wt. of Na,CO; = w =
Eq. wt. ofK2C03 = 78_."'122q+_48 = 69

No.ofgeq. of Na,CO; and K,CO, inthe mixture

R X
69

o i,
T 53

40 cc of 0-1 N HCl contain g eq. of HCI
B ol
1000

Thus 20 cc of the mixture sol neutralize HCI

x40 =4 x 1073

=4 x103geq
. 100 cc of the mixture sol. will neutralize HCI
4 x107?
T
=002 geq.
As substances react in equivalent amounts,
e Al EOk—bn
3t 69
or 69x+ 636~ 53x =0:02 x 33 X469
=73:14

x 100=2x10"%geq

=0-02

or 16x=9-54

or x=0-59%¢g

Thus Na,CO, = 0-59¢

K,COy =12 - 0:596 = 0-604¢

Frobien: 11, A sample of magnesium was burnt in
air to give a mixture of MgO and Mg;N,. The ash was

and

dissolved in 60 meq of HCI and the resulting solution
back titrated with NaOH. 12 meq of NaOH were re-
quired to reach the end point. An excess of NaOH was
then added and the solution distilled. The ammonia
released was then trapped in 10 meq of second acid
solution. Back titration of this solution required 6 meq
of the base. Calculate the percentage of magnesium
burnt to the nitride. (Roorkee 1998)

Solution. MgO + 2 HCl—— MgCl, + H,0_ ()
Mg;N, + 8 HCl— 3 MgCl, + 2NH,CI « (i)
12 meq of NaOH = 12 meq of HCl

re. HCl left unreacted = 12 meq
HCl used up by MgO and Mg;N,

= 60—12 = 48 meq = 48 millimoles
Suppose in the mixture, there are x millimoles of
MgO and y millimoles of Mg3N,
Then2x + 8y =48
or x+4y=24
Furlher,
NH,Cl + NaOH —— NaCl + H,O + NH;

Acid used up by NH, = 10— 6 = 4 meq.
NH, produced = 4 meq = 4 millimoles
or NH,Cl formed in reaction (i) = 4 millimoles
This will be formed from Mgy N, = 2 millimolesi.e.
y=2

Hence x+4x2=240rx=16

2Mg + Oy —— 2 MpO

3 Mg + Ny —— MggN,
16 millimoles of Mg(Q are obtained from Mg

= 16 millimoles

2 millimoles of Mgy N, are obtained from Mg

= 6 millimoles
Total millimoles of Mg = 16 + 6 = 22

Hence Mg converted 1o Mgy N, = % = 100

=27:27%.

Probiem 12 How many millilitres of 0-5 M
H,S0, are needed to dissolve 05 g of copper (IT)
carbonate ?

(At mass :H=1,C=12,0=168=32,Cu=
63-5) (I.LT 1999)
Solutien. CuCO, + H,80,

— CuS0O, + CO, + H,O

1 mole CuCO; =635 + 12 + 48 = 1235 g
require H,50, = 1 mole

0-5 g CuCO, wilt require H,50,

1 1
—mxo 5 mole —m—mole

05 mote of 0-5 M H,SO, are present in 1000 mi
37 mole of 0-5 M H,80, will be present in
100_“% x 2Tl‘-fml =$§-1ml
ropiens fi. A plant virus is found to consist of
uniform cylindrical particles of 150 A in dinmeter and
5000 A long. The specific volume of the virus is 0-75
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cm®/g. If the virus is considered to be a simple particle,
find its molecular weight. (IL.1T 1999)

Solution. Volume of one virus particle = = 2 &

2
= 27,—2 x [1;—0 x 1078 cm) x (5000 x 10~8 crn)
=8-839 x 10~ 7 cmy?

Mass of one virus particle

= 1
=8-839 x 10~ 7 cm?® xﬁﬁﬁ’
=11-785 x 10" ¢

" Molar mass (i.e. mass of Avogadro's no. of par-
ticles)
= (11-785 x 107" g) x (6023 x 102)
=7-098 x 10" g mol 1.

Problem 14, The formula weight of an acid is 82 -0

in a titration. 100 ¢cm? of a solution of this acid contain-
ing 39-0 g of the acid per litre were completely

neutralised by 95-0 cm® of aqueous NaOH containing
40-0 g of NaOH per litre. What is the basicity of the
acid ? {Roorkee 2000)

Solution. Suppose the equivalent weight of the
acid =

- Normality of the acid solution = :;_1—9

Eq. wt, of NaOH = 40

- Normality of NaOH solution = % N=1N

Applying NV, = N,v,

(Acid) (NaOH)
2 %100 - 1x 95
or E=410
. g .1 _ Formulawe. 820 3
- Basicity of the acid = Eq wt. 410 =%

Probivan 135, Calculate the molarity of water if its
density is 1000 kg/m® (LT 2003)

Solution. Molarity of water means number of
moles of water in | litre of water

1L of water = 1000 em® = 1000 g
(" d=1kg/m?=1gsem?)

1000g H,O = %9 moles = 55-56 moles.

FProblem (6. A mixture of FeO and Fe,0, was

heated in air to a constant mass. It was found to gain
10% in its mass. Calculate the percentage composition
of the original mixture. (West Bengal J.E.E. 2004)

Sulutinﬂ. On heating in air, both FeO and Fe,0,
are oxidized to Ff:zOJ as follows :

2F0 4+ 20, —=  Fe0,
2(56 + 16) 2x56+3%16
= =160g

2Fﬁ304 + %02
2(3 %56+ 4 x16)
=464g

Suppose FeQ in the mixture = x%

— 3Fe,0,

3 x 160
=480g

Then Fe30, in the mixture = (100 — xX) %

160
Fe, 0, produced fromx g of FeQ = Tas X*&
Fe, 04 produced from (100 - x) g of Fe,0,

480
=m X (100 -—x)g

Total Fe,0, produced from 100 g of the mixture
=100+ 10 = 110¢

160x 480 (100 —x) _
144 *— 4g =110
or %‘E+—J———)—30 1gg-x =110
or  290x + 270100 - x) = 110 X 9 x 29
or 20x=1710
or x=85-5

- FeO present in the mixture = 85-5%
and  Fe,0, =100 ~ 85-5 = 14-5%.
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1. The number of significant figures in 0-050 is 10. 2-76 g of siiver carbonate (at mass of Ag = 108) on
(a) 1 ()2 being heated strongly yields a residue weighing
©3 (d) 4. (a)2-168 (b)248¢
2. Which out of the following is not a homogeneous AcT2-328 (d)2:64¢g
mixture ? 11. If 0-5 mol of BaCl, is mixed with (-2 mol of
(a) Air {b) Brass Na,PO,, the maximum number of moies of
(c) Solution of sugar in water Bay(PO,), that can be formed is
{d) Smoke. (a)0-7 (Y0-5
3. A compound has the empirical formula C,H,0,. (©)0-3 _AdT0-1, R aT
{’tsvapour density is 59. Its molecular formula will 12. 1 107" molecules are removed from 200 mg of
CO,, then the number of moles of CO, left are
(@) GH, 0, (b) C4Hl6O4 ol >
(©) CeHyO% (d) Cgtl, 305 7288 x 10 (b) 166 x 10
: =3 i -2
4. The number of molecules present in 8 g of oxygen (1) g A
gas are i L1
(a) 6-022 x 1023 (b)3-011 x 1023 13 The numgfr of gram molecules of oxygen in
B s (d)155 x 10 6-02 x 10** CO molecules is
() ¥ ) ¥ i) 10 g molecules A5 5 g molecuies
5. 112 cm® of hydrogen gas at STP contain c) 1 g molecule (d) 0.5 g molecule.
{a) 0-005 mole (6)0-01 mole -
(©0-02g (d) 3-011x10* molecules. 14, One mole of CO, contains
6. C i ith 0-1 M HCI acid will
10 g CaCO; on reaction wi cid wi (@)6-02 x 10% atoms of C
produce CO, -
: i (b) 6-02 x 10* atoms of O
@y C“: e C”;‘ (c} 18- 1 x 102 molecules of CO,
d) 224 cm®.
(c)112cn-1_ (g% (d) 3 gatoms of CO,. :
7. One fermiis . :
i & o ; 1£. Two clements X (atomic weight = 75) and Y
(a) 107~ cm (b) 10" = cm 7. (atomic weight = 16) combine to give a compound
(©) 10~ 1% em(d) 10~ 2 em. !1aving 75 -8 % of X. The formula of the compound
\’8, Which of the following has the largest number of - "
atoms ? @ XY (b)) X, Y
(@) 0-5 g atom of Cu (by0-635 gof Cu ()XY, (X, Y,
(c) 0-25 moles of Cu atom e
(d) 1 gof Cu. _ ] 16. The largest number of molecules is in
9. 27 g of Al {at mass = 27) will react wilh oxygen (a) 54 g of nitrogen peroxide
:q;;m o (b) 28 g of carbon dioxide
)24 g
d) 46 hol.
(©)40g (@) 10, {736 g of water (d) 46 g of ethyl alcohol
AN 'S WE RS
1.5 2. d A b 4. d Sa 6. b 7. a 8. a 9« 10. ¢
11. d 12. a 13. b 14. a 15. a 16. ¢
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17.

19.

20.

21.

22,

23.

17.
. b 28. a

The molecular weight of O, and SO, are 32 and 64
respectively. If one litre of O, at 15°C and 750 mm
contains N molecules, the number of molecules in
two litres of SO, under the same conditions of
temperature and pressure will be

(a) N2 (b)N

£c2N (d¥dN.

Five grams of each of the following gases at 87°C

and 750 mm pressure are taken. Which of thern will
have the least volume ?

(@) HF (b) HCl
(c) HBr JarHL
(MLNR 1991

Which one of the following is the standard for
atomic mass ?

@ H e
() §c (@) 0.

Rearrange the following (I to IV) in the order of
increasing masses and choose the correct answer
from (a) (b) (c) and (). Atomic masses: N = 14,
O = 16, Cu = 63)

L 1 molecule of oxygen

IT. 1 atom of nitrogen 7 -

1L 1 x 10" g molecular weight of oxygen

IV. 1 x 1078 g atomic weight of copper
@U<I<HI<IV G)IV<I<II<]
O <IM<I<IV (@II<IVe<l<IlL

i
b

The number of moles of H, in 0-224 litres of
hydrogen gasat STP (273 K, 1atm) (assuming ideal
gas behaviour) is
(a)1

ey 0701

Two containers P and Q of equal volume (1 litre
each) contain 6g of O, and SO, respectively at 300

K and 1 atmosphere. Then

{a) No. of molecules in P is less than that in Q

() No. of the molecules in Q is less than that in P
(¢) No. of molecules in P and Q are same

(d) Either (2) or (4)

The maximum amount of BaSO, precipitated on
mixing BaCl, (0-5 M) with H,SO, (1M} will cor-
respond to

X rgas

()01
‘d) 0-001

|
20. a

NS

c 18. 4 19. b Hise

29.4

24.

25,

26.

27.

28.

29,

22

" E

b

(@0-5M ®)1-0M
(©)1-5M @2-0M
Given the numbers : 161 cm, 0-161 cm, 0-0161 cm.

The number of significant figures for the three
numbers are

{a) 3, 4 and 5 respectively
() 3, 3 and 3 respectively
(¢) 3, 3 and 4 respectively
{d) 3, 4 and 4 respectively.
Haemoglobin contains 0-33% of iron by weight.

The molecular weight of haemoglobin is ap-
proximately 67200, The number of iron atoms (at.

wt. of Fe = 56) present in one molecule of
haemoglobin is

(a)6 b1

(c)4 {d)2.

In the reaction 4 NH, () +505,() —

4NO (g) + 6 H,0 (), when 1 mole of ammonia
and 1 mole of O, are made 10 react o completion
{a) 1-0mole of H,O is produced

(6) 10 mole of NO will be produced

(c) all the oxygen will be consumed
{d) all the ammonia will be consumed.

‘The number of molecules in 16 g of methane is

(@) 30 x 108 (b) 602 x 1023
16 73 16 23
(c)mx 10 (d);O—x 10

50 m! 10 N H,50,, 25 m! 12 N HCI and 40 ml
5 N HNQ, were mixed together and the volume of

the mixture was made 1000 ml by adding water.
The normality of the resultant solution will be :

(@1N & 2N
(€©)3N (d) 4N.

The number of atoms in 4:25 g of NH, is ap-
proximately

(a) 1 x 108 (6)2 x 108
(c)4 x 108 (d) 6 x 105,
RS
23 a 24, & 25. ¢ 26. ¢
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30 Almtoli_:l solution is one that contains 1 mole of a (a) 6-023 x 10! molecules of CO,
solute in
(@) 1000 g of the solvent (b) SRELT RS BB IR
(b) one litre of the solvent (b)0-44gof CO,
(c) one litre of the solution (d) None of these. (JLEM.E.R. 2000}
(d) 22-4 litres of the solution. (A7 C.E.E. 1999) 38. Number of g of oxygen in 322 g Na,S0,. 10 H,0
31. A 100 ml solution of 0-1 N HCl was titrated with is
Q-2 N NaOH sglution. The titration was discon- (a)20-8 (6)22-4
tinued after adding 30 mi of NaOH solution. The .24 20
remaining titration was completed by adding 0-25 e (d)2-08. .
N KOH solution. The volume of KOH required for CHaryanae CET 20610
completing the titration is 39, The percentage of Se in peroxidase anhydrous en-
(a) 70 ml (6)32ml zyme is 0-5% by weight (atomic weight = 78-4).
(¢)35ml (@) 16 ml. (D.C.E. 1999) Then minimum molecular weight of peroxidasc
: . , : anhydrous enzyme is
32. One mole of calcium phosphide on reaction with
excess of water gives (2)1-568 x 10* (b) 1-568 x 10°
(a) one mole of phosphine (c)15-68 (d)3-136 x 10*
{b) two moles of phosphoric acid (CB.SE PMT 2001}
(¢} two moles of phosphine 40. The percentage of nitrogen in urea is about
(d) one mole of phosphorus pentoxide. (a) 46 (b) 85
(LLT 1999 (c) 18 (d)28 (KC.ET 2000
33. Assuming fully decomposed, the volume of CO, 41. How much of NaOH is required to neutralise 1500
released at STP on heating 9-85 g of BaCO; cm? of 0-1 N HCI ? (Na = 23)
(Atomic mass, Ba = 137) will be (a)d0g b)4g
(@)0-84 L »)2-24L (c)6g (d)y60g (KCET 2001
(c)4-06L (d)1-12L. 42. 10dm? of N, gas and 10 dm? of gas X at the same
(C.B.S.E PM.T. 2000) temperature contain the same number of
34. The specific heat of a metal is 0- 16. Its approximate molecules. The gas X is
atomic weight would be (@) CO (b) CO,
(@2 (byle Bt (c) H, (ANO (g zonn
[Ea (d) 64. (ALLMS 20000 43 The volume of water to be added to 100 cm? of
a5k ’([:thwel_ghL of a molecule of the compound 0-5 N H,80, to get deci normal concentration is
601122 18
= Pl N (a) 100 cm? (b) 450 cm?
i X ; 10~
[ s i (e pe L (c) 500 cm® (d) 400 cm?
(c)5:025 x 10~ g (d) 16-023 x 107 g. (KCET 2601
(AJLELMS. 20000

44. The set of numerical coefficients that balances the
36. The number of water molecules present in a drop equation

of water (volume 0-0018 mi) at room temperature )
is K,Cr0, + HCl— K,Cr, 07 + KCl + H,Ois

(a) 6-023 x 10° (b) 1-084 x 10 @1,1,2,2,1 »2,2,1,1,1
(c)4-84 x 10"7 (d) 6-023 x 10%. ()2,1,1,2,1 d)2,2,1,2,1
(D.C.E. 2000) @2,2,21,1 (Kerala E.F.E. 2001

47. Which of the following contains maximum number ~ 45- 250 ml of a sodium carbonate solution contains
of atoms ? 2-65 grams of Na,CO,. If 10 ml of this solution is

AN'SWERS
30.a 3l.d 32. ¢ 33.d M c 35 a 6. a T b 38. b 39. a
40.a dl.c 42. a 43. d , 44. d

‘.l
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47.

49,

51.

diluted to one litre, what is the concentration of the
resultant solution ? (mol. wt. of Na,CO, = 106)

(@) 0-1M (6)0-001 M
©)0-01M () 1074 M

7-5 grams of a gas occupy 5-6 lires of volume at
STPF. The gas is
(@) NO

(¢) CO

(6) N,O
(@) CO,

An aqueous solution of 63 g of oxalic acid
dihydrate is made up to 250 ml. The volume of 0- 1
N NaOH required to completety neutralise 10 ml
of this solution is

(a) 40 m! {6)20m!

(c) 10 ml (d)4 ml.

How many moles of electron weigh one kitogram ?

(@) 6-023 x 108 (b) gorgg x 16"

O 5 TP (B i 107
9-108 9-108 % 6-023

The prefix 1018 s

(a) giga (b) exa
(c) kilo (d) nano
(¢) mega

Number of atoms in 558-6 g Fe (molar mass Fe =
55-86 gmol ™) is

() twice that in 60 g carbon

(b) 6023 x 1022 (c) half that of 8 g He
(d) 5586 x 6-023 x 108

3-92 g of ferrous ammonium sulphate are dissolved
in 100 ml of water. 20 mi of this solution requires
18 ml of potassium permanganate during titration
for complete oxidation. The weight of KMnO,
present in one litre of the solution is

{2)34-76g (b)12-38¢

(c)1-238g (d)3-476 g

53.

55.

57.

58.

59.

Among FeS0, . 7 H;0 (A), CuSO, . § H,0 (B),
ZnSQ, . 7 H,0 (C), MnSO, . 4 H,0 (D), isomor-
phous salts are

{a)Aand C
(c)Cand B

(b)Aand D
{(d)Aand B

tD.EAMLT 2403}
What will be the volume of the mixture after the
reaction ?
(8) NH; (1L} + (g) HCI (1-51.) — NH,Cl (s)
{@l1sL (5)0-5L
{c)1L (OL  (D.LYLT 2007
A compound has hacmoglobin like structure. [t has
one Fe. It contain 4-6% of Fe. The approximate
molecular mass is
(a) 100 g mol ™!
(c) 1400 g mol !

(b) 1200 g mol ™!
(d) 1600 g mol ™!
(D.-PM.T. 2003)

- In Haber process, 30 litres of dihydrogen and 30

litres of dinitrogen were taken for reaction which

yeilded only 50% of the expected product. What

will be the compositon of the gaseous mixture

under the aforesaid conditon in the end ?

(a) 20iitres NH,, 25 litres N,, 20 litres H,

(6) 10 litres NH, 25 litres N,, 15 litres H,

(c) 20 litres NH,, 10 litres N5, 30 litres H,

() 20 litres NH,, 25 litres N, 15 litres H,
(C.B.SE PMT 2003)

What volume of hydrogen gas at 273 K and 1 atm

pressure will be consumed in obtaining 21-6g

clemental boron (atomic mass = 10-8) from the
reduction of boron trichloride by hydrogen ?

(a)67-2L (0)44-8L
(c}22-4L (d)89-6L

(ALELE 2003)
Which has maximum number of atoms ?

(a) 24 g of C (12) (b) 56 g of Fe (56)
(c) 27 g of Al (27) (d) 108 g of Ag (108)
(LLT 2003

Mixture X = 0-02 mol of [Co (NH;)s SO,] Br and
0-02 mol of [Co (NH,)5 Br] SO, was prepared in 2
litre of solution

52. 3 g of an oxide of a metal is converted to chloride y :
completely and it yielded 5 g of chioride, The TRECO PR RCIe, FSE ==
equivalent weight of the metal is 1 litre of mixture X + excess BaCl, — Z
(a)33-25 (b}3-325 Number of moles of Y and Z, are
{c) 12 (4)20 (2) 0-01,0-01 ()0-02,0.01
AN'S W ER'S
45. b 46. a 47. a 48. d 49. 5 50. a Shod 52.a 53 a 54. b
55.b S6b 5.2  S8.a
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(c)0-01,0-02 (d)0-02,0-02 (b) 150 cc of N, at STP

BT 2008 {¢) 50 cc of SO, at STP
60. The maximum number of molecules is present m () 150 cc of O, at STP
2

_A@) 15 L of H, gas S.TP. (b) 5 L of N, gas at ST
(€200 cc of NT1, at STP
(¢)0-5gof H, gas {d) 10g of O, gas
GBS B RMUE 20040

61. 4 g of copper was dissolved in concentrated nitric
acid. The copper nitrate on strong heating gave S g

66. A sample of phosphorus trichloride (PCly) contains

1 -4 moles of the substance. How many atoms are
there is the sample ?

of its oxide. The equivalent wcight of copper is (@4 (B)i5~5
@23 (b)32 ©12 (@20 (c)8-431 x 107 (d)3-372 x 10%*
{ Keerretikes C. 170 20404) {e) 2-409 x 10
\)é./Dulong and Petit’s law is valid only for \MA gas mixture contains 50% helium and 50%
(a) metals (b) non-metals methane by volume. What is the percent by weight
(c) gaseous elements {4 solid elements of methane in the mixture ?
Karnstaka C.ET 2004 (a) 19-97% (6)20-05%
ﬁﬁ- Alumber of atoms of oxygen present in 1046 g (c) 50% (d)75%
N, CO4 will be 5 80-03% (Kerala M.E.E. 2004)
(a) 6-02 x 1022 (6) 12-04 x 10?2 8. 116 mg of a compound on vaporisation in a Victor
P 28 Meyer's apparatus displaces 44-8 ml of air
(c)1-806 x 1 (d)31-80 x 10 measured at STP. The molecular weight of the
e A BT TR0 compound is
64, One gram mole of a gas at NTP occupies 22-4 (a) 116 (&)232
litres. This fact was derived from (Y58 (d) 44-8
b e (€) 46-4 {Kerala M.E.E. 2004)
Ab) Avogadro’s hypothesis 69, Number of water molecules in the drop of water, if
{c)Berzchus hypothesis 1 ml of water has 20 drops and A is Avogadro’s
(d) Dalton’s atomic theory  (J & A C.E L 2004 number, is
65. Which of the following contains maximum number (2)0-5A /18 (b)0-05 A
of molecules ? (©)05A y)’ 0-05A/18
(a) 100 cc of CO, at STP UP P
HINT&D/E:XF’LANATIONS to Mu 'L rale_: Choice Questions
2. Carbon particles (sohd phase) are dispersed into air e Oy o
{gaseous phase). 44
9. 4Al + 30, — 2AL0O, =2:738 x 102! molecules
7
4x27g Ix3g After removing 102 molecules, molecules left
10 Ag,CO A0 4+ CO, 1t :
. E2'-Ys &2 2 =(2_738_1)1021
2X108+12+3x16 2 % 108 + 16
=2%g =232g = 1738 x 10%! molecules
11. 3 BaCl, + 2 Na,PO, — Ba,(PO,), + 6 NaCl 21
: ki (04 L8 X ol = 288 x 1073 mol.
3 moles of BaCl, react with 2 moles of Na;PO,. 6 023 x 10

Na,PO, will be the limiting reactant, b st st A

12 or 602 x 102 molecules of CO = + g molecule of
: 200mg0fC02—0200g=—mol o 2
2

AYNESTWTETRTS
59. a 60. a 61. b 62. d 63. c 64. b 65. ¢ 66. d 67. ¢ 68. ¢
69. d
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15,
1a.

17.

18,

22,

28,

26.

28.

29.

31.

3s.

J8.

39.

6-02 x 10** molecules of CO
_ 1602 x10%

;7x6-02x1 = 5 g molecules

X =75-8%, Y = 24.2%. Find empirical formula.

54 g N,Og = 54/108 mol = 0-50 mol
28 g CO, = 28/44 mol = 0-64 mol
36 g H,O = 36/18 mol = 2 mol

46 g C,H,OH = 46/46 mol = 1 mol

Equat volumes of different gases under same con-
ditions of temp. and pressure contain equal num-
ber of molecuies.

5 gHF = 5/20mol, 5 g HCI = 5/36-5 mol, 5 g HBr
= 5/81 mol, 5 g HI = 5/121 mol. Thus HI has least
no. of moles and hence least volume.

6 O, = 6/32mol, 6 g 50, = 6/44 mol. Thus vessel

Q has less no. of moles,

Te present in 67200 u = %301 x 67200
_ =222 _
=222u= e 4 atoms.

O, will be limiting reactant, Hence all oxygen will

be consumed.

NV + NoV, + NoVy = NV,

10 x50+ 12 x 25 + 5 x 40 = N, x 1000

or Ny=1N

4:25 g NH, = 4-25/17 mol

=025 % 6-022 x 102 molecules

=(1+3)%0-25 x 6-022 % 1023 atoms

NV, = NoV, + NV e
0-1x100=0:2x30+0:25V,

. CazP, + 6 HyO - 3 Ca(OH), + 2 PH,

Approx. atomic weight = 6-4/Specific heat

{(Putong and Petit’s law)

- Imolof CepHlipy =60 x (2 + 122 x 15 =842

= 6-023 x 102 molecules
0-0018 ml H,0 = 0-0018 g H,0
(d=1lgm~h

tmol HyO = 18 g = 6023 x 102 molecules

I mol Na,50,.10 H,Q = 14 g atoms of (D)
i.e. 322 g Na,50,.10 H,0 contain (0)=224 g.

0-5% by weight means 0-5 g Se is present in 100 g
of peroxidase anhydrous enzyme. As at least one
atom of Se must be present in the enzyme and

40.

41.

42,

43,

46.

47.

48.

atomic weight of Se = 78-4, therefore 1 g atom of
Seie. 78-4 g will be present in enzyme

éog x78:4 g =1:568 x 10 g
NH,CONH, = 2N
'mel 2 g atoms
60g 28g

age of N = 23 x 100 = 46%

1500 ecm? of 0-1 N HCl = = 1500

1000
=0:15pgeq.
It will neutralise NaOH = 015 geq.
=0:15=40p=6g
Ne. of moles of N, and X should be equal. This can
be 50 i X has same molecular weight as N,

NV, = NoVoie 0:5 ¢ 100=0:1 x Vs
or V2:5006m3

Water to be added to 100 cm? solution

= 500—100 = 400 cm?,
2 K,Cr0, + 2 HOl— K,Cry0, + 2KCl + H,0
2 2

1 2 1

- Molarity of given Na,COj, sot,

2R
106 250
MV, = M;V,, 10 x0-1= 1000 x M,

or M, =0-001 M

X 1000 = 0-1 M

Mass of 22-4 L of gas at STP = ;’—2 x 224

=30g

t.e. molecular mass of the gas = 30. Hence gas is
NO.

Normality of oxalic acid soi.

6:3 1n6aG
mosg s g DN
10x04=Vx01 or V=40ml

1 mal of electrons weigh
= (9108 x 10731 % (6-023 x 102 kg

or 9108 x 10731 x 6-023 x 10% kg of electrons
= 1 mol of electrons

1 kg of electrons

i 1 8
= 97108 xg033 < 10 mol
538-5 g Fe = 10 moles

=10 % 6-623 x 102 atoms

602 C =5moles =5 x 6023 x 162 atoms.
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51. Eq. mass of ferrous ammonium sutphate = 392 SOE_ ions. With excess of AgNO,, 0-01 mol of
' Normality of the salt solution AgBrie Y is formed. With excess of BaCl,, 0-0t
5 339922 xﬁx 1000 = 0-1 N mol of BaS0), ie. 7 is formed.
60. ALSTP22-41 =6 =
20 ml of 0-1 N salt 50l = 18 ml of KMnO, sol. ol Dfa“yga; e
6-02 %X 10 23
wadd Bl == == o 18 =4 R i AT,
- Normality of KMnO, sol. = 3% = %N : z4 "
6:02 x 10% 3
Eq.massofKMnO =316 SINZ—T x5 =1:344 % 10
- Strength of KMnO, sol. = = x 316 2gH, = 6:02 x 102 molecules
=35 g L™} approx. L 0Sgil, = %;10— % 0-5 molecules
55 _massof metal oxide
" 'mass of metal chioride = 1505 x 107 molecules
_ _Eqg. mass of mctal + Eq. mass of oxide 320, =602 % 102 molecules
Eqg. mass of metal + Eq. mass of chioride
3B 8 s 10g0 =6'02X1°13x10molecules
=§=m.1hlsgwesE=33-25. T
54. 1 L NH; (g) reacts with 1 1. HCI (g) to form = 1:88 x 102 molecules
NH, Cl(s) which has negligible volume. Hence  61. Cu =4g CuO =5¢ - Oxygen = 1 g Thus 1 ¢
final mixture will contain only 0-5 L. HCL. IR amoIe g O
55. 1gatom of Fe (56 g Fe) is present in 1 mole of the ig ?”x?ggfncw 1ll_—<:(;r;bme wmitu - xh S g
compound. As 4-6 g Fe are present in 100 g of the kit T
compound, 56 g of Fe will be present in 63. Molar mass of Na,CO, =2 x23 +124+3 x 16
100 =106 g mol ™}
T X 36g = 1217 g of the compound. Hence
<~ 106 g Na,CO; = Q- | mol
approxlmate molecular mass = 1200.
£6. N2 (g)+3H2 (g-) Akl 2NH3 (g) =01 X 6:02 x 1023 molecules
1 L of N, reacts with 3 I, of H, to form 2 L of =3 %01 X 6:02 x 10* atoms of O
Ni,. Thus N, is the limitinng reactant. = 1806 x 102,
10 L N, will react with 30 L H, to form 20 LNH,. 65 51[34::;; OIfeiny gaz aézsi‘l’lgg;nii:cs samlz:;zr;ﬂs;;
5 et : utes re. 6- 3 nce
;\s a.t:al Y ':;ld ISSO% - t]:je ex;pi:tclfll value,t}ll b volume at STP, greater is the number of molecules.
(;r:]iue L ekl Batedilel = g6 Lmoiaat PCl, contains 4 x 6-02 x 1073 atoms -
'1M‘ i e s 1 -4 motes wiil contain = 3-372 x 10** atoms.
e o 3 i ¥ 67. Equal volumes contain equal number of moles.
§7. 2BCl, + 3H; — 2B +6HC Hence molar ratio of He : CH, = 1: 1 -, Ratio by
3IX24L e weight =4:16=1:4
=216
=67ZL g 5
24 . CH, present by weight = — x 100 = 80%.
58. 24 3 C= 3 mol = 2mol =2 x Ny atoms 5

59,

56 g Fe = g—é—mol = 1 mol = N, atoms

27g Al = 2T mot = 1 moi = N, atoms
_ 108
108 g Ag = 355 Mol = 1 mol = N, atoms

Mixture X wilt contain 0-02 mol Br™ ions and
0:02 mol SO~ ions in 2 1. sofution. Hence 1 L of

mixture X will contain 0-01 mol Br— and 0-01 mol

G8.

69.

22400 ml of air at STP will be displaced by
. 9116
148

x 22400 g = 5B g.

il
20 %

(n,0 = Tgmt™h

Sk
1 drop of water = 56 mi=

18 g of water = A molecules

A 1 0054

1
Fp 8 waler = 1o X 5 56 s ——— molecules
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Assertion-Reason Type Questions

The following quﬁﬁns consist of two statements each printed as Assertion and Reason. While answering
these questions, you are required to choose any one of the following five responses,

(@) If both Assertion and Reason are true and the Reason is a correct explanation of the Assertion.
(b) If both Assertion and Reason and true but Reason is not a correct explanation of the Assertion.

(c) If Assertion is true but the Reason is false.
(d) If the Assertion is lalse but the Reason is true.
() If both Assertion and Reason are false.

Assertion

Cinnabar is a chemical compound whereas brass is
a mixture.

Asingle C'? atom has a mass exactly 12 amu and a
mole of these atoms has a mass of exactly 12 grams.

Pure water obtained from different sources such as
river, well, spring, sea etc. always contains hydrogen
and oxygen in the ratio of 1: 8 by mass.

In a gaseous reaction, the ratio of volumes of reac-
tants and gaseous products is in agreement with
their molar ratio.

The standard unit for expressing the mass of atoms
1s amu.

Both 106 g of sodium carbonate and 12 g of carbon
have same number of carbon atoms.

Average atomic mass of boron is 10-3.

Atomic mass of sodium is 23.

[
Reason

Cinnabar always conltains 625 times as much mercury as
sulphur by weight. Brass can be made with widely dif-
| ferent ratios of copper and zinc.

Amole of atoms of any element has a mass in grams equal
to its atomic weight.

Mass of reactants and products during chemical or phiysi-
cal change is always the same.

| Volume of gas is inversely proportional to its moles at
particular temperature and pressure.

amu is also called as avogram.

Both contain 1 g atom of carbon which contains
6-023 x 107 carbon atoms.

| Boron has two isotopes B'® and B'! whose percentage
abundances are 19-6% and 80-4% respectively.

An atom of sodium is 23 times beavier than ]—lzth Gf the

| mass of carbon atom (C12).

True/False Statements

Which of the following statements are not frue ?

The zeros on the right of a decimal point are not
significant,

Petrol is a homogeneous mixture of a number of
hydrocarbons.

Mass of reactants is always equal to the mass of the
products.

The volumes of oxygen which combine with a fixed
volume of nitrogen in N,O , NO and NO, bear a

simple ratio to one another.

5. Equalvolumes of different gases under similar con-
ditions of temperature and pressure contain equal

number of atoms.
Atom is not indestructible.

Empirical formula represents the actual number of
atoms present in a molecule of the substance.

A balanced equation contains equal number of
atoms of each element on both sides of the equa-
tion.
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Fill iIn The Blanks

1. The total number of digits in a number including 7. The atomic mass of an element is the average
the last whose value is uncertam is called........ relative mass of its atoms as compared with an

2. The S.L unit of pressure is......... atom of.........taken as.......

3. 1 PICOMELIe = ........ metre. 8. According to S.I. a mole is that amount of the

4. A pure substance that contains only one kind of substance which contains as many elemestary en-
AR Eed tilics as Lhere are aloms in exactly........ kg of......

5. Th bol o used f ing atomic and st

. e used for expressing atomic an g . ;
molecs:rlI:;r ma.:ses reprcsenf:p s%:a lEbssedien 9. The rcactant which reacts completely and decides

R e the amount of the product is called............
. 3 22
6. The law which states that a chemical compound 10 The weigh of 1x10% molecules of

always contains the same elements combined ina
fixed ratio by mass is called.........
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Matching Type Questions

Match enteries of column A with appropriate enteries of column B.

A
1. Petrol ]
2. Brass 2.
3. Sugar 2y
4. Gold 4.

B
Compound
Element
Mixture
Mixture

ANSWERS

ASSERTION-REASON TYPE QUESTIONS

l.a 2.a b d.c s b 6.a 7.d

TRUE/FALSE STATEMENTS

1,4,5,7
FILL IN THE BLANKS QUESTIOﬁ

8.a

1. significant figures 2. Nm~2orkgm ™' s~ 3. 10~ 12 4 _element 5. unified, C-12 6. law of constant
composition or faw of definite proportions 7. carbon, 12 8. 0-012, C—12 9. limiting reactant

249-5
" 6-02 x 102
MATCHING TYPE QUESTIONS
1—3,2—4,3—1,4-2.

10 x 1022 = 4-14g.

HINTS/EXPLANATIONS to Assertion-Reason Type Questions

3.

4.

5.

13oth Assertion and Reason are correct statements
but Reason is not the correct explanation. The
correct explanation is based on law of constant
compaosition.

Volume of a gas is directly proportional to its moles
al a particular temperature and pressure.

Bath Assertion and Reason dre correct statements
but Reason is not the correct explanaton.

6. 106 g Na,CO, = 1 mot
= | gatomof C
12gC=1gatomof C.
7. Reason is correct but average atomic mass of B

10 X196 +11 x B0
H 100

=08



