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1.1 INTRODUCTION

Chemistry is the branch of science which deals with the properties,
composition and the structure of matter. It also deals with the changes in matter

and the principles which govern these changes.

Chemistry has the task of investigating the materials of which the universe

is made. It is not concermned with the forms into which they may be fashioned. For
example the composition and structure of rubber is of really significance as
compared to the shapes into which this has been fashioned like pipes, tyres and
sheets etc. The materials are constantly undergoing change in nature. For
example, iron rusts, spirit evaporates quickly, coal burns, animals digest their
food, plants synthesize their own food material (photosynthesis) and so on.
Chemistry investigates such changes - the conditions under which they occur, the
new substances that are formed as their result, and the energy that is absorbed or
liberated by them. Chemistry also studies the way in which similar changes can
be brought about in the laboratory and on a large scale in industries. As a result of
investigation along these lines, chemistry has found how metals can be extracted
from their ores, how infertile fields can be made fertile, and how the materialsthat
are found in nature can be converted into thousands of new substances tohelp feed
the race, to cure the sick and to provide such comfort to the common man.
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1.2. SIGNIFICANT FIGURES

The students in carrying out additions, subtractions, n.m.ltiplicatic.mf and

divisions are confronted with the problen;ser of t;l: :zt:::;:g d;ﬁlzs s:;::t;x: sx:al n:;

' i in a number W :
:Te:m:nu: sz h‘?:tasuring instruments sucp as metre sticks, clo<.:ks
and balances have scales which are sub divided into \fanous units and subunits.
Suppose, for example 2 glass rod ‘A’ whose length is to be mcasun? b.y two |
different scales which can be seen in the given ﬁgfxrf: (1.1) Scale (1) is divided
only in centimetres while scale (2) is divided in millimetres also.

Scale (1)

H]{TII]IIII]IIITI1I1IT11]T]TIII|

1 2 3 4

fig1.l

In scale (1) the length of the glass rod 'A' is about 3.6 cm. The length of A
on scale (2) however is 3.62 cm. Thus the value 3.6 cm contains two siv‘iﬁ““l
digits while the value 3.62 cm contains three significant digits. This show ﬂ““’"c
factor which is very important in determining the number of significant digits ¥

the accuracy of the measuring instrument and the second factor which alsocounts
is the size of the object 10 be measured, | -

Porcxam;)le,anlronballhasmass&.:isgandasmnlleronehal‘””

‘
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7.55 g. The first represents four significant digits while the second has only three
significant digits. Zerohasitsownimportance in expressing a number, somcnmcs
itis significant and sometimes it is not significant.

RULES FOR DETERMINING SIGNIFICANT FIGURES

Below are given the rules that will help students to determine the number.
of significant figures:

(1) Non zero digits are all significant; for example 363 has three significant
figures and 0.68 has only two significnt figures.

(i) Zeros between non zero digits are significant, for example, 5004 has four
significant figures and likewise 20.4 has three significant figures.

(i1i) Zeroslocatingthedecimal pointin numbersless thanone are notsignificant;
for example, 0.062 has two siginificant figures and 0.001 has only one
significant figure.

(iv) Final zeros to the right of the decimal point are significant; for example,
2.000 has four significant figures and 506.40 has five significant figures.

(v) Zeros that locate the decimal point in numbers larger than onc are not
necessarily significant; for example, 40 has one significant and 2360 has

three significant figures.

Thus significant figures by definition are the reliable digits in a number that
are known with certainty. The last digit of a number is generally considered
uncertain by % 1 in the absence of qualifying information. For example the mass
of an object can be expressed as 0.0112g or as 11.2 mg without changing the
uncertainty of the mass or the number of significant figures, The mass is still
uncertain by % 1 in the last digit, this can be expressed as 0.0112 £0.0001g or as

11.2£0.1 mg.
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snificant figures are those digits
DATA : We know lh‘flt sign :
ﬁ?g?agxlx:]di&ﬁr that include all certain digits plusa final one having some

uncertainty.

To round off means to reduce a number t0 the des;lredlzxgg:lt;z;n: :ﬁ:&s
Itis the procedure of dropping nonsigniﬁcaf\t dlgfts lpra? lctl_ll - ojl- o é
the last digit reported. In order to get desired sxg,m ican gn ml,es
digits from extreme right can be dropped according t0 certal :

DING OFF DATA: . o
RU%.E% f‘h?:i{igl':?qub?droppéd is greater than 5, tl'fen add 1 to the lz'lst digit to
be retained and drop all digits farther to the right. Thus 5.768 is rounded
off to 5.77 to three significant digits (the last digit “8” dropped is greau?l:
than 5) and to 5.8 to two significant figures (the last digit *6" dropped s
greater than 5).

2. If the digit to be dropped is less than 5, then simply drop it and also all
digits farther to the right. Thus 5.734 is rounded off to 5.73 to three
significant digits (the last digit “4” dropped is less than 5) and 5.7 to two
significant digits (the last digit “3"” dropped is also less than 5).

3. If the digit to be dropped is exactly 5, then two possible situations arise
due to even and odd nature of the last digit to be retained:

(i) If the digit to be retained is even, then just drop the *5”. Thus 7.865 1

rounded off t0 7.86 to three significant digits (the digit to be retained “6
is even).

(ii) If the digit to be retained is odd, then add 1 to it. Thus 6.75 is rounded off
0 6.8 to two significant digits (the digit 10 be retained “7” is 0dd)-
NOTE: If you use a calculator, you can simply enter numbers in the calculatof

one after the other, performing each arithmetic operation and rounding
Just each final answer to the desired significant figures,

USE OF SIGNIFICANT DIGITS IN ADDITION AND SUBTRACTION
The proper use of significant figures in addition and subtrac;lion involves®

CO;nparison of only the absolute uncentainties of the numbers. This means
Only asmany digits are 10 be retained to the right of the decimal pointin the answ!

it
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as the number with the fewest digits to the right of the decimal. It will be necessary
to round the last retained digit up if the next discarded digit is 5 or greater. For
example.

Ll 2:) - == 3 4 e i3
8741 — 531 = 3431 = 3.43

If numbers with positive or negative exponents are involved, adjust
exponents so that they are all the same before adding or subtracting. -

Example 1.1
Consider the addition of following numbers 5.00 x 10 -, 0.775 x 10 ~* and

0.0001 x 10-*

~ Solution: 5.00x10°?
20775x102
0.0001x 10"
Total ~ 5.7751 x 107

(Round up) 6.0x10°°

Example 1.2
Add 15.5m, 651.8 cm. and 4291 mm.

Solution :

For the addition of significant figures, all measurements should be in the
same unit, so values are to be changed in metres and then are added.

15.5m = 15.5m
651.8cm = 6.518 m
4291 m.m = 4291 m
Total = 26.309m

(Round up) = 263 m
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N AND DIVISI
USE OF SIGNIFICANT DIGITS IN MULTIPLICATIO ON

islicati ivision invol
The proper use of significant figures ?n flmlf;}:,t?;zg::‘::mincd 0 :c:li
a comparison of only the relative uncertaintics. bers cbtaiied by
of multiplication or division of two or more num verased in the mulbleaNE
must have no more significant figures than tl}at r.1um fieuics, o il
or division which has the least number of significant tigures, A

(1.32) x (4421) = 5.84
1588 + 7.95 = 1997 = 2.00
S123 %455
= 1§
9.41395

The numbers which determine the number of significant figures in the

answers are 1.32 (Three significant figures), 7.95 (Three significant figures) and
4.5 (Two significant fxgprcs) respectively,

THE GENERAL APPLICATION OF SIGNIFICANT FIGURES :

The rules of addition, subtraction, multiplication and division of significant
figures will save time and give results of a

: : ccuracy when calculations are made,
specially when a series of multiplications and divisions are involved.
Example: - 36 x 725 x 273

Simplify . 760 x 298

Solution :

(i) S6x725= 40600 = 41000 (2si

(i1) 41000 x 273 = 11193000 Bnificant figures retained)

= (2 significarit figures fetained)
(i) 760 x 298 = 4 S asg .
e X 298 = 226480 = 230000 (2 significant figures retained)
(iv) 11000000 = - s
m 47.8 = 48 (2significant figures retained)

(Note : Zeros after g number ;
15 % : , only
one significant figure), € ot significant digits which means 300 has

W
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1.3 USE OF EXPONENTS (LOGARITHMS)

We know that in scientific work, there are many occasions when we are
confronted with the measurements of very small numbers or very large numbers,
for example the mass of an electron is found to be
0.000000000000000000000000000 911 g and the number of atoms in | mole
of an element is found to be 602,300,000, 000,000,000,000,000 such numbers
-are much more conveniently expressed as multiples of 10. For example the first
number may be written as 9.11 x 10~ g and the second number as 6.023 x 10%*

. By the same approach 0.0005 becomes 5 x 10— and 5000 becomes 5 x 102
Thus all numbers may be expressed as a power of 10 and 10%, 10°, 10°, 10", 10%
etc. are generally called as exponential terms in which the base is 10. The powers

to the base 10 are known as exponents. Any other number may also be used as a
base but it is always convenient to have 10 as the base. f

The exponéntial notation is of immense help in simplifying many types of
arithmetical computaters andaids in minimization of errors. For example suppose
you wish to divide 0.00016 by 80,000. This may be written as :

0.00016 16x10*

= = 2x109x 10*=2x 10?
80,000 8x 10 '

The following, more involved calculation shows more clearly, the usefulness
of exponential notation.

(0.00042) (560) (4.2x1074)(5.6 x 10%) 4.2x5.6 10~*x 10?

= X

(84,0000.007) ~ (8.4x10%) (7x107) 84x7 10°x 10~

10~?
=04x10°=40x10"*

=04 x
10!

Setting up calculations in this manner is very convenient and easy.
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In the expression a* = y, x is called the logarithm ?f y 10 the base a, where a
must be positive number other than one. A logarithm is, therefore, an exponent
and as such, follows the rules applying to exponents.

In logarithm the base is usually 10.

Suppose N = 10, now if N = 1,000, then x=3i.e. 1000 = 10°. The power (or

expenent) xis called logarithm of the number N. This may be written in algebraic
form

logN = x
This is read : "the logarithm of N is x"

The logarithm is divided into two parts, the integer part called the
characteristic and the decimal fraction called the mantissa. It must be remembered
that the mantissa of alogarithmis always positive, the characteristic may be either
positve or negative. Characteristic may be determined by just looking at the
numbers, Mantissa may be found out with the help of logarithm tables.

For example, the numbers 0.0025, 0.25, 2.5, 25,000 etc. have the same
mantissa but different characteristics.

To illustrate how 10 find the charactcrislic of a number it is simpler to just
consider only numbers of the power of 10.

N Characteristic
1000 (10%) 3
100 (109 2
10 (10Y \
1 (107 0
0.1 (10%) 1
0.001 (10 3

Note that characteristic is simply the exponent of the number written 852
power of 10. Each of the above numbers has the mantissa 0.000 ... as giveni? M
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logarithm table, Thus.

log 1000 = 3.000
log 100 = 2.000
log 10 = 1.000
log1 = 0.000
log 0.1 = ~1.000
log 0.001 = -3.000

Now considera number 273. The value of 273 will lie between 100and 1000
i.c. between 102 to 10° which means 273 = 10* where xis between 2 and 3.
According to Logarithm table the value of x is equal to 2. 4362. It means that
10¥9% =273 50 log 273 = 2.4362 _

(Characteristic 273 = 2

Mantissa 273 =0.4362)

THE USE OF LOGARITHMS IN COMPUTATIONS

There are three fundamental rules in logarithms which help us in many
calculations in multiplication, division and obtaining roots and powers.

logab = loga+logh
logahb = loga-logb
log @y = nloga

Where aand b are any two posmvc numbers and n is any positive or
negative number. :

Examples :

(i) log (450 x 566) = log/450 + 1og 566
= 2.6532 +2.7528
= 5.4060
Antilog of 5.4060 = 25470

since the characteristics is S
Antilog 0.4060 = 254200
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(i) log (878 +122)

log 878 - log 122
- 2.9435 - 2.0864
0.8571

Antilog 0.8571 = 7194 + 2 = 7196 = 7.196

(ill) log (68)!0= -%103 68=—;— (1.8325)

= 0.2290

Antilog 0.2290 = 1.694

1.4 ERROR AND DEVIATION

We know that in experimental observations we come across with errors and
deviations in repeated measurements due to the factors like "defect in the
instrument”, or "Lack in handling the apparatus”, or "improper functioning of the

instrument” etc. Errors in analysis may be classified a systematic (determinate)
and as random (indeterminate).

Systematic errors are caused by the defect in the analytical method or by the
improper functioning of instrument. For example, in titrations if the indicator is
not properly prepared, then the colour change will occur before the equivalence .
point, this systematic error or if burette is not properly cleaned or rinsed, then it
will cause a systematic error. To avoid this type of error, the cause of error should
be rectified. There is no strict definition of systematic errors, since what is 2
systematic error for one experiment may not be for another.

Nevertheless, when all the systematic errors have either been eliminated Of

corrected for, we still do not obtain "exact" o "true” measurements because ther®
1S some uncertainty in every physical measurement. The errors that the remaininé
vanauons indicate are called random errors. Random errors are unavoidable ©f
example in a 50cm’ burette, we can read the burette reading accurately only 1

the nearest 0.1 cm, A random error may be positive or negative. That is why
we Lake the average

average of the several replicate measurements which is more reliablé
than any individual measurement.
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ATOMIC MASS

: Atomic mass is defined as the mass of one atom of the element com pared
with the mass of one atom of C'? (the stable light isotope of carbon). Thus one
atom of hydrogen which weighs approximately 1—12— the mass of one atom of

carbon (12) has an atomic mass of 1(7',2-x12=1). It may be noted that atomic mass

is a ratio and hence has no unit. Thus an atomic mass may be given in any unit
of measure i.e.-grams, pounds, ounces and so on. Generally atomic masses are
expressed in atomic mass units (a.m.u). One atomic mass unit, thercfore equals

exactly one twelfth the mass of a carbon-12 atom.

MOLECULAR MASS AND FORMULA MASS
Every molecule must have a mass since it is composed of atoms. For

instance the molecule of water is composed of the elements hydrogen and
oxygen. The atoms of these elements form molecules, each consisting of two

hydrogen atoms bonded to onc oxygen atom and the molecule of water is
represented by the molccular formula, H,O. The mass of a molecule is referred

as its molecular mass and is definced as the sum of the atomic masses of the atoms
of all the elements present in 2 molecule shown by its molecular formula. For

example, the molecular mass of water (H;0) is (1+1+16)=18 a.m.u.
In many substances atoms do not aggregate into molecules. For instance

in sodium chloride (NaCl), the atoms are not organised into discrete molecules,
but are bonded to one another in a network structure. The same 1s true for silicon
carbide (SiC). Such compounds are represented by their simplest (empirical)
formulas. We can not assign molecular mass to such compounds because there
are no discrete molecules; we, therefore, assign a quantity called formula mass
for such compounds. Hence formula mass is the sum of the atomic masses as
given in the simplest (empirical) formula of the substance. SOfiiU.m chlondg is
represented by the simplest formula NaCl which means that in its crystalline
form, the sodium ions (Na™ ) and chioride ions (Cl ) occur in the ratio 1:1.

Thus the formula mass of NaCl is 23+35.5=58.5 a.m.u.

1.5 EMPIRICAL FORMULA

'The empirical formula is that fermuia which is found by experiment. It
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represents the simplest ratio of the combining atomsina gomwl&lﬂd f::‘l’ c:camplc.
the empirical formula of benzene (C, Hy) 1 CH; it indicates ;‘1 et r}l:nc
molecule is composed of the elements carbon and hydrogen mlt e ra:: 0 f :F;
Generally, empirical formula does not represent thg actual number o at-
oms in a molecule. There are some compounds (specially 1onic compounds)

which have same empirical and molecular formulas. For example, MgO,
NaCl, CaCO,etc. (Ionic) and CH,, H,0 etc. (Covalent).

To work out empirical formula: As mentioned above, the empirical formulais

determined from the results of different experiments. The determination of
empirical formula involves the following steps:

(i) To detect the elements present in the compound (element detection by
experiments) :

(ii) To determine experimentally the masses of the elements.
(ili) To calculate the percentage of elements from their masses (Estimation)

(iv) To calculate the mole ratio of the elements; (Divide the percentages
of elements by their Atomic masses). '

(v) To obtain the simplest ratio of atmos(Empirical formula):{Divideth¢
quotients obtained from (iv) by the smallest quotient].

Itis interesting to note that the first three steps concern to the determination
of composition of a compound.

Mustrated Example

irical

Suppose that you are given an unknown compound whose Emp
formulais to be determined. The theoretical set of experimental results are gU

ted
below which will be used t show you how to work out the empirical formv!
()

By performing tests, it is found that the compound contains magnesivm and
oxygen elements.

(i) Themasses of the elements are experimentally determined tobe magnesit™
=24g and oxygen = 1.6g.
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(iii) The next step is to estimate the percentage of each element as shown below:
Mass of the sample of magnesium oxide =2.4gMg+1.6¢g 0=40 g

Now, 4.0 g of the compound contain 2.4 g Mg
100 g of the compound contain 2.4 gx100g _ ¢,
408
X Mg = 60.0%
Mass of Oxygen = 100g - 60 g= 40g per 100 g compound.
0=40.0%

upto this stage, the composition of the compound is fully established.

(iv) Mole ratio of the elements is obtained by dividing percentage of ach
clement with its atomic mass.

60 40
e = 2.5 S (0) = — = 2.5
M= ‘ 16

(v) To obtain the simplest ratio of atoms, the quotients obtained from (iv) are
divided by the smallest quotient (Here both quotients are same).

225 257
2.5 2.5

Thus the empirical formula of the compound =MgO

Remember, if the percentage composition of the compound is given in the
numerical, then only steps (iv) and (v) are followed in calculating the empirical
formula.

organic compound containing C, H, and 0,

Worked Example I : 1.367 g of an !
1d 3.002 g CO, and 1.640 g H,0. Whatis

was combusted in a stream of air to yic
its empirical formula?

Solution:  The masses of CO, and H,0 are used to find out the masses of

carbon and hydrogen:

Scanned with CamScanner

AFaATr . ——

s!‘
C |
¥



14

12gC
1 mole C
Mass of C = x 3,002 g CO, = x 3.002 ¢ CO,
1 mole CO, 44 g CO,
2 moles H atoms 2gH
Mass of H = x1.640 g H,0 = x 1.640
1 mole H,O 18gH0
= 0.18gH
(i) Now, the percentage of C and H is calculated:
1.367 g compound contain 0819gC
100 g compound contain 0.819g x100g _ 599¢
1.367 g
C=59.9%
1.367 g compound contain 0.18gH
100 g compound contain 0.18gx100 g
: s =13.16gH
1.367 g
s~ H=13.16%

Percentage of oxygen is calculated by subtracting the % of C and H from 100

%®0=100-59.9-13.16=2694 %

0=2694%
(iii) ToobminmolemioofC.H.me,their
atomic masses:
599
C E — 5
12 p
e 13.16

‘—l—- = 13.6

percentages are divided by thes
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26.94
16

=t e8

(iv) The quotients are divided by the smallest’quoticnt (1.68) to obtain the
simplest ratio of atoms: |

5

S E e
13.6

S e
1.68

Ol mie Sl
1.68

Thus the empirical formula of the compound = C; H; O

1.6 MOLECULAR FORMULA

A formula that expresses not only the relative number of atoms of each
clement but also the actual number of atoms of each element in one molecule of
the compound is called a molecular formula. Forexample, the molecular formula
of benzene is C, H,. This indicates that the benzene molecule is composed of 6
atoms of carbon and 6 atoms of hydrogen. The molecular formula is an integral

multiole (1, 2, 3 etc.) of the empirical formula.
Molecular formula = (Empirical formula), Where n = 1,2, 3, etc.

Glucose, for instance has the empirical formula (CH,0),. Thus molecular
formula of Glucose = (CH,0), = CH,,0,. As pointed out earlier, the ionic
compounds are mostly represented by their empirical formulas as they consist of
ions in their crystals. However in certain cascs, ionic compounds are not
expressed by empirical formulas ¢€.g. Na, §,0, is not represented as Na S20s
because it has been proved experimentally that there are four sulphur atomsand
six oxygen atoms which are held together by covalent bonds in tetrathionate ion
§.0,*. The covalent compounds on the other hand exist as discrete molecules
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which are represented by their molecular formulas. Forexample, sodium Cthﬂq:
and magnesium chloride are ionic compounds, hence they are represented by their
empirical formulas NaCl and MgCL; water, methane on the other hand are
represented by their molecular formulas H,0 and Gl

To work out Molecular formula: As mentioned above, the molecular
formula of a compound is an integral multiple of its empirical formula, hcn.c? the
first step in the determination of molecular formula is to calculate empirical

formula by usual procedure as explained earlier. After that, the next step is 10
calculate the value of integer 'n'.

Molecular mass
n =

Empirical formula mass

e.g. in case of glucose where molecular mass is 180 and the mass of empirical
formula (CH,0) is 30,

180
30

n =

Now the molecular formula of glucose is (CH,0), or C, Hu O,

Worked Example 1: 1.0 g of the sample of butane, a hydrocarbon fuel was

burned in an excess of oxygen to yield 3.03 g CO, and 1.55 g H,0. If molecul
mass of the compound is 58, find out its molecular formula.

Solution : To determine empirical formula

(i) Tocalculate masses of carbon and hydrogen for the masses of CO, and 1":0:‘

1 mole C
1 mole CO

2

Mass of carbon =

C
x3.03 g CO, =_:%§x3.03 -0.838

2 mole H H
Mass of Hydrogen = _28 =0.178
ydrog Tmole 1o * 135 gH,0 -——lggl.ss g

el
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(i) Tocalculate percentage of carbon and hydrogen:

1.0 g of the compound contain 0.83 gC

100 g of the compound contain 100 g
0.83 g = 83% C

1.0g

Since butane contains only carbon and hydrogen, hence :
Percentage of Hydrogen = 100 — 83 =17% H

(iii) Tocalculate mole ratio of the elements by dividing the percentages by their

atomic mass.

17
— .§l — - = e— =

(iv) To obtain the simplest ratio, the quotients are divided by the least ratio:

691 17
L xs 691 ani A IR g
c 6.91 l "~ 691

In order to obtain nearest whole number ratios, both the members are multiplied

by 2: A
C=1x2=2 ; H=25x2=5
" Thus the empirical formula of the compound = CH,.

The empirical formula mass of C,;H = (12)2+(1)3
=24+5=29
(v) The value of the integer 'n' is calculated as follows :

Molecularmass ~ _ 38 _
Empirical formula mass 29

Molecular formula - (Empirical formula),
- (Csz)z

2 CH,

n
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Hence molecular formula of Butane = CH,

17 MOLE AND AVOGADRO'S NUMBER

In routine chemical problems, it is necessary to consider quantities of

substances in terms of the number of atoms or ions Of molecules present. The unit
devised by chemists to express number of atoms Or 100 OT molecules is called the
mole (mol),

A mole is defined as gram atomic mass or gram molecular mass
or gram formula mass of any substance (atoms, molecules, ions) which
contains 6.02 x 10*particles.

The purpose of relating unit number of particles t the

standard atomic masses is to provide a ready method of calculating the massof
a mole of any substance (molar mass).

Consider a mole of carbon-12, atoms and a mole of magnesium atoms
By definition, a mole of C-12 is 12 g of this substarice. The atomic mass of
magnesium is 24 which means each atom of magnesium is twice as heavy &

carbon atom, it follows that mole of magnesium is 24g, Similarly a mole of oxyg®"
atoms is 16 g and a mole of oxygen molecules is 32g.

number is called the Avogadro's Number. Ris o et of A
Avogadro (1776-1856). It is denor Eiven I the boncls

ed by N A
In the light of Avogadro's number
as the malss in grams of atoms o molecy
gram molecular mass or gram ; :
e (6.02x10n).f0rmula mass) which contains Av08

mole is comprehensively dd“";
les or ions (gram atomic més

0"
Example:
A mole of hydrogen atom

A mole of hydro
A mole of NaCl

12=6.02 x 102 atoms

= 2g=6.02x 10° molecules .

58.5¢ = 1 mole Na* + 1 moke & g
=6.02 x 10® Na* + 6.02%

molecules

108 = 1204 X 1024 mleculcs

g€n molecuyle

A mole of H,0

=18 =6
2 moles of H,0 8=6.02x 102

=368=2x6'02x
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1.8 CALCULATIONS BASED ON CHEMICAL EQUATIONS

: We already know that a balanced chemical equation tells us the exact mass
ratio of the reactants and products in the chemical reaction. For example, from the

equation,
Zn + 2HCl — Zn(Cl, + H, (g)

We can say that 1 mole of Zn reacts with two moles of HCI to give one mole
of ZnCl, and one mole of H, gas or 65.4 parts by mass of Zn react with 73 parts
by mass of HCI to give 136.4 parts by mass of ZnCl, and 2 parts by mass of H,,.
From this relationship, we can calculate the mass of any given species from the
mass of any one of the species. Thus from the chemical equation for certain
reaction, the ratio of the moles of the reactants and the products can be
determined. Hence the study of the relationships between the amounts of the
reactants and the products in chemical reactions as givcn by chemical equations
is called stoichiometry.

IMPORTANT ASSUMPTIONS FOR STOICHIOMETRIC

CALCULATIONS
There are two important assumptions, while considering calculations

based on the stoichiometry of chemical reactions:
(i) Reactants are completely converted to products

(ii) No side—reactions occur.
Suppose we want to calculate the mass of carbon dioxide formed when

a given mass of carbon bums in air, we know the equation for the reaction i.e.
C + 02 ——'—') 002
In actual practice, it is possible that we get less carbon dioxide than the
calculated mass. This is because that the given mass of carbon can a.lso form
carbon monoxide in addition to carbon dioxide.

2C+ 0y — 2CO
This means that we have to avoid the formation of carbon monoxide

which is a side-reaction.
C+ 02 Side reaction CcO

RGO

There are three relationships involved for the stoichiometric calculations

from the balanced chemical equations which are :
(a) Mass — ~ Mass Relationships

(b) Mass —  Volume Relationships and
(c) Volume -—  Volume Relationships
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(a) Mass - Mass Relationships
In such relationships, we can dclcrminc. the unknf)\\lln ma:§ of a'r;@fhmt o
product from a given mass of the substance in a chemical reac l'o:l \.vx : help
of balanced chemical equation. Actually from a balanced chcmlc(:1 cgdwm "
get the exact relationships between the masses of thc. reactants and pr “““1.“‘
calculation of mass from chemical equation 1s illustrated in the following

examples:

Example-1 : 4 .
Calculate the weight (mass) of carbon dioxide (CO,) thatcan be obtained by

heating 25 g of limestone (CaCO,). And also calculate the weight (mass) of
calcium Oxide (Ca0).

Solution:
Equation of the reaction is as follows :
Heat
CaCOy5y, —— 20 + . CO,y
I mole ol 1 mole
100 g 56 He
Method - |
No. of moles in 25 g of CaCO, = % = 0.25 mole
1 mole of CaCQ, yields 1 mole of CO,
0.25 mole of CaCO, yields 0.25 mole of CO,
: = 0.25 mole of CO,
. Mass of CO, in 0.25 mole = 0.25 x 44
1 mole of CaCO, yields 1 mole of CaO
0.25 mole of CaCO, yields 0.25 mole of Ca0_
= 0.25 mole of Ca0
mass of CaO in 0.25 mole = 0.25 x 56
Method - I - bl

100 g of CaCO, yield 44 g of CO
1 gof CaCoO, yiclds 44 g of CO:
100
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25g of CaCOincld 44gx25g=11gof CO,

100 g of CaCO, yield 56 g of CaO

1 g of CaCQ, yields 56 gof CaO

_ 100
25 g of CaCO, yield  56g x 2Sg = 14g of Ca0
100g

Example - 2

Chlorine is produced on large scale by the electrolysis of NaCl aqueous
solution. Calculate the weight (mass) of NaCl required to produce 142 g of

chlorine.
Solution :

The equation of the reaction is:

Electrolysis

' 2NaCl(s) + ZH’OO) —_— Clw tHo 2NaOH(s)

2(58.5)=117g ' g
Method- I -

71 g of Cl, are produced by 117 g of NaCl

117
1 gofClzisproducedby-,—,-l-gofNaCl

e
) . -
o
.,

117
. 142 g of Cl, are produced by -,ﬁgéx 142g
= 234 gof NaCl

Method -I1
' 142 g of Cl,

: lesof Clin142g= ———
No. of g moles of Cl, '8 MgCL

= 2 gmoles of Cl,.
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According to above equation
One mole of Cl, requires 2 moles of NafCr: 5
2 g moles of Cl, require 2 x 2 =4 moles 0 ‘

A s 4m]c5=4X58-5
Weight (mass) of NaCl in _ 234 g of NaCl.

ass - Volume Relationships .

5 rhc molar quantities of gases can be expressed in terms of volumes m
as weights (Mass). According to Avogadro, onc gram mole of any gasats \
témpcraturc (0°C) and standard pressure (1 Atm. or 760 mm Hg) occupies 2
volume 22.4dm?. It is a mathematical coincidence that onc ounce mo}c of any ges
at standard temperature and pressure occupies a volume 22.4 cubic feet. This
relationship allows us to interchange mass and volume units of a gas mmgh
mass- volume relationship in a chemical equation. The following examples will
illustrate by mass — volume relationship.

Example-1

Caiculate the volume of CO, gas produced at standard tempcmureﬂ'd
pressure by the combustion of 20grams of CH,

Solution
The equation for the reaction is
CH,, +20,5— COM + 2]'120“)

Method - 1

No. of moles of CH‘ in 20grams = Given mass of CH,
Molar mass of CH,

= 1.25 moleg

One mole of CH, gives one
mol
1.25 mole of C i G CO,

H, gives 1.25 mole of Co,
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No. ofmolcofCOzgasSTP =1.25

‘One mole of CO, gas at S.T.P. occupies a volume 22.4 dm®
1.25 mole of CO gas at 5.T.P. occupies a volume 22.4 x 1.25 = 28 dm’

Method-II

Molecular weight (mass) of CH, = 6
Molecular weight (mass) of CO

16 grams of CH, give 44 gnmofCO

1 gram of CH, gives 44/16 gram of CO

20 gram of CH, give _l?% x 20 g = 55 grams of CO,
44 grams of CO, at S.T.P. occupy a volume 22.4 dm®
1 gram of CO, at S.T.P. occupies a volume 242"‘4 dm’

55 grams of CO, at S.T.P. oécupy a volume 22;: :m’ x55g
= 28dm’

Examplé -2 ,

Calculate the volume of O, at S.T.P. for the complete combustion of two
moles of carbon disulphide (CS,). Calculate the volume of CO, and SO, produced
also. :

Solution:
CSeit 3ozw—-> Cozw + ZSOM

This equation shows that 1 mole of CS, reacts with 3 moles of 0O, to give 1
mole of CO, and 2 moles of SO,.

Thus
1 mole of CS, reacts with 3 moles of O,
2 moles of CS, react with 3 x 2 = 6 moles of 0,
Volume of 6 moles of O, at S.T.P. = 6x224
= 1344dm’

e —— e L —
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Co,

ives 1 mole of
1 mole of CS, g1 le of CO,

2 moles of CS, give 2 mo

: = 2x224dm’
. Volume of 2 moles of CO, Frge

1 mole of CS, gives 2 moles of SO,

2 moles of CS, give2x2=4 moles of SO,

volume of 4molesof SO, = 4x224 dm’
- : = 89.6dm’

(C) Volume - Volume Relationships

Gases react in volumes and the relationship between volumes of gases in2
chemical equation is govemed by Gay-Lussac's Law of combining volumes
which states that gases react in the ratio of small whole numbers by volume unc
similar condition of temperature and pressure. For example in the reaction:

CH
¥ 20,57 €O, + 2H,0

One volume of CH‘

volume of CQ gas and tw
2 0 volume : i
formulae give the volume relaioneprs — .V 2POUTS. The co-efficients

apours '111"8 dm’ of 0O, gas to give 22.4 don’ Of CL
s relationship permits us to Calc“mw-l:

The followin 1
rclationship from E zxahc:u!)cl: W‘
eq

Example . |

What voyy,
me of
6257 What volyp of%z(;lt STR. s

1l muStrazc the a Vol'J““'

2 1cati volume -
uation pplication of vo

"
. €Quired 0 3 hen¢ (G
Solutign: 2 Will be fOTmcd? _ burn 500 dm® of Et
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1 dm’® of Ethene (C,H,) requires 3 dm? of 0O,
500 dm® of Ethene require 3 x 500
= 1500 dm’ of O,

1. dm?® of Ethene (C,H,) produces 2 dm® of Co,
500 dm® of Ethene Produce 2 x 500 = 1000 dm’ of CO
2

Example -2
Hydrogen sulphide burns in oxygen according to the equatio;i.

2H,S () +30,5— 2H,0 +250,

Calculate the volume of O, at S.T.P. required to burn 900 dm® of H,S and
also find the volume of SO, gas produced.

According to equation

Solution:
2 dm’ of H,S gas require 3 dm’® of O, for combustion
1 dm’ of H,S gas requires %, dm’ of O, for combustion
. 900 dm’ of H,S gas require */, x 900 = 1350 dm’ of 0,
2 dnv’ of H,S gas give 2 dm’ of SO, '
. 900 dm’of H,S gas give 900 dm’ of SO, = 900 dm’ of SO,

1.9 LIMITING REACTANT:
In the stoichiometry of chemical reactions, some complexities arise

which inake the system comparatively difficult and it 1s not so simple to get
direct relationships in chemical equations. In such cases, one aspect is the
determination of the “Limiting reactant “ which helps in calculating the amount
of any one of the products. In irreversible reactions, the reactions go to
completion in the direction of the arrow, untill one of the reactant which will be
limiting reactant, is consumed entirely and the reaction stops. Calculations are
made on the basis of the amount of limiting reactants. This can be illustrated

by the following example. s
Example: Sodium thiosulphate (Na-,SZO-_,) can be prepared by the reaction given

below:
2Na,S,,, + Na,CO, , +450,, = 3Na,5,0;  +CO,
How many grams of sodium thiosulphate will be produced when 200g

each of the three reagents Na,S,Na,C0O,andS0, are reacted together?
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: ' xact mole ratios of the
: nemical equation, the &
Solution: According to balanced €

reactants (Na,S,Na,CO,andSOI) are 2:1:4. .
Amount of each of the reactants is 200 ¢ .

00
Number of moles of Na,§ in 200 g18 —-7-§--2.56 moles.

200
Number of moles of Na,C0O, in 200 g is S 1.886 moles.

Number of moles of SO, in 200 g is -2%):-@- =3.12 moles.

Because the quantity of Na,CO, is the smallest amount of all the

reagents used in the reaction, this can be the limiting factor, so the
amount of the other reagents used will be as:

(i) 1 mole of Na,CO, reacts with 2 moles of Na,S

*- 1.886 moles of Na,CO, react with 2x1.886 =3.772 mols
(ti) 1 mole of Na,CO, reacts with 4 moles of SO,.

- 1. 886 moles of Na,CO, react with 4x1.886=7.544 moks

From the calculations, we e
- » We got that nei S0, &
available in the quantities tg ¢ ther Na,§ nor 30,

Oonsume 1 .88 CO;, 59
Na,CO, 1is present in excess. 86 moles of Na,

Let us see Na,S.

2 moles of Na, S react with 4 moles of SO
¢~ 256 moles of Na,§ reaey yyyypy 4%2.56 _ 5.12 moles.

2 whiv

4 moles of §0

2 Produce 3 g
1 mole of $0, prog 3 €s of

o‘. 3012 mol& of
) 3
Amount in gramg 2 Produce 2X3.12 =

=2.34x158 - 4
1V = 5 Q
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PROGRESS TEST 1 | o511
(a) Explain (i) Empirical formula (ii) Molecular formula (iii) Mole.
(b) Caleulate the number of moles in 2400 g of (i) CO, (ii) Oxygen molecule
(iif) CaCO, (iv) MgBr, 8
[ Ans: (i) 54. 54 moles (ii) 75 moles (iii) 24.0 moles (iv) 13.04 moles] :;
(a) Whatis Avogadra's number? Calculate the number of atoms in 9.2g of
Na (Atomic mass of Na = 23 a.m.u)

[ Ans: 2.408 X10 » atoms)

(b) Calculate the mass in grams of 3.01 x 10% molecules of glucose
(CH, ;0. {Ans: 0.09 grams]

A compound of C, H and N contains 66.70% carbon, 7.41% hydrogen and

25.90% Nitrogen. The Molecular mass of the compound was found
to be 108.

(i) Find the empirical formula of the compound.  [Ans: C3HaN]
(i) Find the Molecular formula of the compound.  [Ans: Cs Hg N
Dctermine the significant figures in the followings:
(a) 15.01 (b)7000 (c) 3.200 (d)0.004 .
[Ans: (a) Four (b) One (¢) Four (d) One]
Simplify the followings according to the rules of significant figures.

(a) 1.41 x 3.546 (b) 31.23 x 4.56
9.41395

Express the followings as the power of 10:
(a) 6782 (b) 565.2 (c) 0.00019 (d) 70,000 (e) 0.00000067

(Ans: (a) 6.78 2X10° (b) 5.652 X10% (¢) 1.9 X10° (d) 7X10° (c) 6.7X107))

With the help of logarithm table, find the values of:
(a) (25.4)' x (41620 (b)294x 0.0006

[Ans: (2) 5.00  (b) 15.1]

- 7
18 = 108 (d) 57 x 365 x (565)
2 78 x 221 x (356) ¥

0938.4 (b) €.1764 (c) 0.00167 (d) 0.5718]

_‘
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d (c) two significan
: our (b) three an
7 Round off the following numbers into (a) [
igits: iv) 188.55
X () 8.7483 (i) 5.36743 oy e en. 4.24g of sample of acetic
8. Acetic acid contains carbon,hydroggr; ilmdoofx)(’:goz' a.nd 2.54 of H,0. T
id omplete combustion gave 6.218 % TN
::::)h::lacr mais of acetic acid s 60. Find (1) Emplrlcal formula of acetic acidand
(ii) Molecular formula of acetic acid. - %
(Ans: (i) CH,0O (i1) CgH4O2] o
9. Ethylene glycol is used as an antifreeze. Combustion of 6.38 g of ethy ene
ol D f H,O. Ethylene glycol contans
glycol gives 9.06g of CO,and 5.58gof HaL.

carbon, hydrogen and oxygen and its molecular mass is 62. Find empirical
formula and molecular formula.

[Ans: (i) CH,0 (ii) C,HgO,]

10. When dinitrogen pentoxide (N,O5), a white solid is heated, it decomposes
to nitrogen dioxide and oxygen.

Find the volume of NO, and O, gases produced at S.T.P when a sampl
of 54 g of N,0Qq is heated,

[Ans: (i) Volume of NO

11. Hydrogen cyanide is

2 =22.4dm’ (i) Volume of O, = 5.6 dm?]
the following process:

prepared from ammonia, air and natural gas (CH4) by

2N
Hajg) + 30y, +2CH

HCN
h ' assurnin
the volumes of 0,a

[Ans: (i) Mass of HCN

=81 . quil'ed f()l' (,he re
(i) Volume of opy & (ii) Vo
4 —

12, Ammon|a gas can

be
and CG(OH)Z, If 2 o Produceq by heg

(!
tin NHA
heated, hoy, many gr ure contalmng i g together the solid =
NH gasatgpp oo NH g of each of these SO

yare r ¢ Cl.
2NH4CI(.) *+Ca(0n) Produced? Also find the volu™

2(') 5) 2NH

3(c) i CQCI2

+2H20
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