2
CHEMICAL ARITHMATICS

W e know that atoms of different elements combine in simple whole-number ratios to
form molecules. For example, hydrogen and oxygen atoms combine in the mass ratio of
1:8andformwater, H,O. However, itisimpossibleto deal with individual atoms because
they are so tiny that we can neither see nor weigh them. Therefore, we must increase the
size of these quantitiesto the point where we can see them and weigh them. With the help
of mole concept it is possible to take a desired number of atoms/molecules by weighing
(pleaserefer tolesson-1). Now, in order to study chemical compounds and reactionsin the
laboratory, it is necessary to have adequate knowledge of the quantitative relationship
among the amounts of the reacting substances that take part and products formed in the
chemical reaction. This relationship is know as stoichiometry. Stoichiometry (derived
from the Greek Soicheion = element and metron = measure) is the term we use to refer
toal the quntatitative aspects of chemical compoundsand reactions. In the present lesson,
you will see how chemical formulag* are determined and how chemical equations prove
useful in predicting the proper amounts of the reactants that must be mixed to carry out a
complete reaction. In other words we can take reactants for areaction in such away that
none of the reacting substancesisin excess. Thisaspect isvery vital in chemistry and has
wideapplicationinindustries.

After reading thislesson, you will beableto:
e defineempirical and molecular formulae;
e differentiate between empirical and molecular formulae;

e calculate precentage by massof an element in acompound and al so work out empirical
formulafrom the percentage composition;

e establish relationship between mole, mass and volume;

e calculatethe amount of substances consumed or formed in achemical reaction using
abalanced equation and mole concept, and

* Formulaeisplural of formula
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e Explain that the amount of limiting reagent present initially limits the amount of the
products formed.

2.1 Molcular and Empirical Formulae

In your previous classes, you have studied how to write chemical formula of a sustance.
For example, water isrepresented by H,O, carbon dioxideisrepresented by CO,, methane
isrepresented by CH,, dinitrogen penta oxide is represented by N, O,, and so on. You are
aware, formulafor amolecule uses asymbol and subscript number toindicate the number
of each kind of atoms present in the molcule (subscript 1 is aways omitted). Such a
formulaiscaled molecular formulaasit representsamolecul e of asubstance. A molecule
of water consists of two hydrogen atoms and one oxygen atom. So its molecular formula
is written as H,O. Thus a molecular formula shows the actual number of atoms of

different elements in a molecule of a compound.

Thereisanother kind of formula, the empirical formul of acompound, which gives only
relative number of atoms of different elements. These numbers are expressed as the
simplest ratio. For example, empirica formulaof glucose, which consistsof carbon, hydrogen
and oxygen in the ratio of 1:2:1 is CH,O (empirical formulae are also called simplest
formulae). Molecular formulaof asubstanceisawaysanintegral multiple of itsempirical
formula(i.e. molecular formula= X where Xisempirical formulaand nisaninteger). For
example molecular formula of glucose is CH,,O, which is 6 x its empirical formula.
Thus, while empirica formulagives only aratio of atoms, themolecular formulagivesthe
actual number of atoms of each element in anindividua molecule. In some casestheratio
of atoms shown in a molecular formula cannot be reduced to smaller integers. In such
cases molecular and empirical formulae are the same, for example, sucrose C ,H,,0,,
which is popularly known as cane-sugar. In case of certain elements, amolecul e consists
of severa atomsfor example P,, S,, etc. In such cases, empirical formulawill be symbol
of the element only.

Asyou know, common salt, which is chemically called sodium chlorideisrepresented as
NaCl. Thissatisionicin nature and does not exist in molecular form. Therefore, NaCl is
itsempirical formulawhich showsthat sodium and chlorine atomsare present in NaCl inthe
ratio of 1:1. Similar isthe case with all ionic substanes. KCI, NaNO,, MgO are exampl es of
empirica formulae astheseareall ionic compounds. Table 2.1 providesafew moreexamples.

Table2.1 Molecular and Empirical Formulae

Substance Molecular formula Empirica formula
Ammonia NH, NH,
Carbon dioxide CO, CO,
Ethane CH, CH,
Fructose C.H,0, CHO
Sulphur S, S
Benzene CH, CH
Sodium chloride — NaCl
Calciumoxide — CaO
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2.2 Chemical Composition and Formulae

How much carbon is present in one kilogram of methane whose molecular formulais
CH,? How much nitrogen is present in one kilogram of ammonia, NH,? If we have
prepared a substance that is made of 58.8% carbon, 28.4% oxygen, 8.28% nitrogen and
6.56% hydrogen, what is its empirical formula? You have studied atomic masses,
formulae, and the mole concept. Can we solve the problem using these basi ¢ concepts?
The answer is ‘yes’. Atomic masses, formulae and the mole concept are the basic tools
needed to solve such problems. What is percentage composition? Let us take up this
aspect in alittle detail and try to understand.

2.2.1 Percentage Composition

If we know the formula of a compound, we can find out how much of each of the
elementsis present in agiven quantity of the compound. Aluminiumis obtained fromits
oxide. Al,O, (whichisfound asthe ore, bauxite). From theformulawe can cal culate how
much aluminium can be obtained, at least in prinicple, from agiven amount of aluminium
oxide. Calculation is done by making use of the idea of per centage composition

Percentage mass of an element in a compound

mass of element in one molecular formula or in one empirica formula 100
= . X
molecular mass or empirical formula massof compound

_ Massof elementinimol of compound 100
- Molar mass of compound *

L et us cal cul ate percentage composition of auminium oxide, Al,O,

Pecentaneof Auminium = Massof aluminiuminlmol Al,O, 100
eNtagect aluminitm = Molar massof Al,O, *

Molar mass of Al,O,= (2 x 27.0) g+ (3 x 16.0) g=102.0g
Since 1 mol of Al,O,contains 2 mol of Al atoms, the massof Al is2 x 27.0g=54.0 gAl

5409
Percentage of Aluminium = —102 0g x 100 =52.9%

We can calculate percentage of oxygen in the same way. One mole of Al O, contains 3
mole of O atoms, that is, 3 x 16.0 g oxygen therefore

3x16.09g
Percentage of oxygen = M x 100 = 47.1%

E(ample 2.1: Butanoic acid, has the formula C,H,O,. What isthe elementa analysis
of butanoic acid?

Solution : Molecular formulaof the butanoic acid is C,H,0O,.
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In one mole of butanoic acid there are 4 mol of carbon atoms, 8 mol of hydrogen atoms
and 2 mol of oxygen atoms. Thus, 1 molar mass of butanoic acid will be equal to thesum
of 4 x molar mass of carbon atoms, 8 x molar mass of hydrogen atoms, and 2 x molar
mass of oxygen atoms.

Molar mass of butanoicacid=4 x 12.0g+8x1.0g+2x16.0g=88.09g

48.09g
Percentage of C by mass = % x 100 =54.5%

8.0¢
Percentage of H by mass= m x 100 =9.1%

3209
Percentage of O by mass = m x 100 = 36.4%

The percentage of O in butanoic acid can also be calculated asfollows :
Percentage of O by mass = 100 — (Percentage of C by mass + Percentage of H by mass)

=100 - (54.5 +9.1) = 36.4% _]

2.3 Determination of Empirical Formulae —

Formula Soichiometry

We have just seen that if we know the formula of a compound we can calculate the
percentage composition. Now the question arises, can we determine the formula of the
compound if we know the percentage composition of acompound. The answer will be
‘yes’, but this formula will not be molecular formula; instead it would be empirical formula
asit would give simplest ratio of different atoms present in a compound. Normally we
determine the percentage composition of different elements present in an unknown
compound and determine its formula. Let us take a simple example of water. Water
consistsof 11.11% hydrogen and 88.89% oxygen by mass. From thedata, we can determine
empirical formulaof water. Now if we assume that we have a 100.00 g sample of water,
then the percentage composition tellsusthat 100.0 g of water contains11.11 g of hydrogen
atoms and 88.89 g of oxygen atoms.

From the atomic masstable, wefind that 1 mol of hydrogn atoms has amass of 1.0g, and
1 mol of oxygen atoms has a mass of 16.0 g. Now we can write unit conversion
factor s so that the mass of hydrogen can be converted to moles of H atoms and the mass
of oxygen can be converted to moles of O atoms. Since 1 mol of H atoms has a mass of
1.0 g we get the conversion factor as

1mol H atoms
10gH
Therefore
1mol H atoms
1111 gH=(11.11gH) W =11.11 mol H atoms
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Similarly conversion factor for oxygenwill be

1mol O atoms
16.0g0

1mol O atoms
Therefore, 88.89 g O= (88.89 g O) W =5.55mol O atoms

Thusinwater, theratio of molesof hydrogen atomsto molesof oxygen atomsis11.11: 5.55.

Since a mole of one element contains the same number of atoms as a mole of
another element, theratio of moles of atomsin a compound is also theratio of the
number of atoms. Therefore, theratio of hydrogen atomsto oxygen atomsis11.11:5.55.
Now by dividing each by the smaller of the two numberswe can convert both numbersto
integers

555
555 <555 "

Thus ratio hydrogen and oxygen atoms in water is 2 : 1 and empirical formula of water
is H,0.

2. State percent composition for each of thefollowing:

(@ CinSrCO, (b) SO, inH,SO,

3. What are the empirical formulae of substances having the following molecular
formulae?

H,0,, CH,,, Li,CO,, CH,O,, S, H,0, BH, O, SO, N,O,

4. A compound is composed of atoms of only two elements, carbon and oxygen. If the
compound contain 53.1% carbon, what isitsempirical formula.

2.4 Chemical Equation and Reaction Soichiometry

You have studied that areaction can be represented in the form of achemical equation. A
bal anced chemical equation carriesaweal th of information qualitativeaswell asquantitative.
Let usconsider thefollowing equation and learn what al information it carries.

4Fe(s) + 30,0) — 2Fe0,(s) ..(2.1)
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(1) Qualitative Information
Qualitatively theequation (2.1) tellsthat iron reacts with oxygen to formiron oxide.
(2) Quantitative Information

Quantitatively abalanced chemical eguation specifies numerical relationship among the
guantities of itsreactants and products. These relationships can be expressed in terms of

(i) Microscopic quantities, namely, atoms, molecules and formula units.

(i) Macroscopic quantities, namely, moles, masses and volumes (in case of gaseous
substances) of reactants and products.

Now let usagain take the reaction (2.1) given earlier and get the quantitative information
out of it.

2.4.1 Microscopic Quantitative Information
Thereaction (2.1)
4Fe(s) + 30,09 — 2Fe,0,(s) ..(2.1)

tells that 4 atoms of iron react with 3 molecules of oxygen to form 2 formula units of
iron oxide. Often thisinformation is written below each reactant and product for ready
reference as shown below:

4Fe(s) + 30,09) — 2Fe,0,(s) ..(2.19)
4 atoms of Fe 3moleculesof O, 2 formula units of Fe,0O,

2.4.2. Macroscopic Quantitative Information

The microscopic quantitativeinformation discussed in the previous section can be converted
into macroscopic information with the help of mole concept which you have learnt in
unit 1.

(@ Mole Relationships

We know that Avogadro number of elementary entities like atoms, molecules, ions or
formula units of a substance constitute one mole of it. Let us multiply the number of
atoms, molecules and formula masses obtained in the previous section (Eq.2.1a) by
Avogadro’s constant, N,

4 Fe(s) + 30,(0) N 2Fe,0,(9) (2.2
4 atoms of Fe 3 molecules of O, 2 formula units of Fe,O,

4 x N, atomsof Fe 3 x N, moleculesof O, 2x N, formulaunits of Fe,O,
4 mol of Fe 3 mal of O, 2 mol of Fe,O,
We may rewrite the above equation as

4Fe(s) + 30,(9) — 2Fe,0,(s) ..(2.1b)
4 mol of Fe 3 mal of O, 2 mol of Fe,0,
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The above equation (2.1b) gives usthe mol e rel ationship between reactants and products.
Here 4 mol of Fe react with 3 mol of O, and produce 2 mol of Fe,O,

(b) Mass Relationships

The mole relationships which you have learnt in the previous section, can be converted
into mass rel ationship by using the fact that mass of one mol e of any substanceis equal to
its molar mass which can be calculated from its formulawith the help of relative atomic
masses of its constituent elements.

In the reaction that we are discussing, the relative atomic masses of iron and oxygen are
55.8 and 16.0 respectively. Therefore

(i) molar mass of Fe =55.8g mol™

(i) molar massof O, =2 x16.0=32gmol™*

(iii) molar massof Fe, O,  =(2x 55.8+ 3 x 16.0) gmol-*
=159.6 g mol™

Using these molar masses we can convert the mole relationship given by equation 2.1b
into massrelationship as given below :

4Fe(s) + 30,(9) — 2Fe0,(9)

4 mol Fe 3 moal O, 2 mol FeO,
(4x55.8)gFe (83x32) g (2x159.6) gFe,0O,
223.2gFe 9%g0, 319.2gFe0,

Thus 223.2 giron would react with 96 g oxygen and produce 319.2 g iron oxide, We may
rewrite the above equation as

4Fe(s) + 30,(9) - 2Fe,0,(s) (2.1¢)
223.2gFe 9% g0, 319.29g FeO,

(c) Volume Relationships

We know that one mole of any gas occupies a volume of 22.7 L* at STP (standard
temperature and pressure, 0 °C and 1 bar pressure). We can use thisinformation to arrive
at volume relationships between gaseous substances. The reaction that we are consider-
ing involves only one gaseous substance, O,. We may rewrite the equation (2.1b) as

4Fe(s) + 30,9 — 2Fe,0,(s) (2.1b)
4 mol 3 mol 2 mol.
(3x227)LaSTP
68.1L at STP

Thus 4 mol of iron would react with 68.1 L of oxygen at STP to produce 2 mol of iron
oxide. (The volume rel ationship becomes more useful for reactionsinvolving 2 or more
gaseous substances).

*Earlier, the standard pressure was taken as 1 atmosphere and the volume of one mole of gas at STP was
takenas224 L.
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We can express mi croscopi c aswell macroscopic quantitative relationshipsinvolved inthe
above reaction as shown below:

4Fe(s) + 30,(9) - 2Fe,0,(9)

4 atoms 3 molecules 2 formula units
4mol 3mol 2 mol

22329 969 319.2¢g

- 68.1L at STP -

We may use even mixed relations. For example, we may say 4 mol of iron would react
with 68.1 L (at STP) of oxygen to produce 319.2 g of iron oxide.

L et us understand these rel ationships with two more examples.

(a) Letuswork out the mole, mass and volume relationships for the reaction involvedin
manufacture of ammonia by Haber’s process.

Microscopic relationship N,(9) +3H,(0) ——> 2NH,(9) ..(2.2)
Microscopicrelationships 1Molecule 3Molecules 2Molecules
(i) Moles 1moal 3mol 2mol
(i) Mass 289 (3x20)=6.0g9 (2x17.0)=34g¢
(iii) Volume 1x227L (3x22.7) (2% 22.7)

=227L =68.1L =454L
or 1lvol 3val 2vol

(b) Let us take one more reaction, the combustion reaction of butane and work out the
different types of relationships. Thereactionis:

2C,H,(9) + 130,(9) - 8CO,(9) + 10H,0(9)

2 molecules 13 molecules 8 molecules 10 molecules
2mol 13mol 8mol 10mol
2x(4x12+10x 1) g (13x32) g 8x(12+2x16) g 10x (2x1+16) g
1169 4169 3529 180¢g
2x227=454L 13x22.7=295.1L 8x227=1816L 10x22.7=227L
2vol 13vol 8vol 10voal

Now let us use the mole, mass and volume rel ationships to make some cal cul ations.

’B(ample 2.2 In the manufacture of ammonia by Haber process, nitrogen reacts with
hydrogen at high temprature and high pressure in the presence of a catalyst and gives
ammonia.

How much hydrogen would be needed to produce one metric ton of ammonia?

Solution : We should first find out the mass relationships for the reaction.

1 mol 3 mol 2 mol

1x289g=28g 3x29=60g 2x17g=34g¢g
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1 metricton = 1000 kg = 10°kg = 10° g
From the mass relationship 34 g NH, requires 6.0 g H, for its manufacture.

6 tj, y

g=1.76 x 10°g of H,,.

. 10°g NH, would require

Notes

Thus 1 metric ton of ammoniawill be obtained by using 1.176 x 10°g of Hydrogen. _j

E(ample 2.3 Inarocket motor fuelled by butane, C,H,,, how many kg of O, should be

4" 107
provided with each kg of butaneto provide for complete combustion?

Solution : The combustion reaction of butaneis

2CH,(9) + 130,(g) ——= 8CO,(g9) + 10H,0(g)
2 mol 13 mal
27 58=116g 13" 32=416¢g

Thus, to completely burn 116 g butane, oxygen required is416g.
Therefore, to completely burn 1 kg (1000 g) butane, oxygen required will be
_ 416x1000
116
=358690,
=3586kg0,~359kg0, |

’E(ample 2.4 When lead sulphide; PbS and lead oxide, PbO, are heated together the
products arelead metal and sulphur dioxide, SO, ,

gO

2

POS(S) + 2PDO(9 S5 3Pb (1) + SOL(0)

If 14.0 g of |ead oxide reacts according to the above equation, how many (a) molesof lead
(b) grams of lead, (c) atoms of lead and (d) grams of sulphur dioxide are formed?

(Atomic mass: Pb =207.0, S=32.1; 0=16.0)
Solution : For each part of the question we will use the balanced equation

POS(S) + 2PbOS) — " 3Pb (1) + SOL0)

1mol 2moal 3 mal 1mol
Now formula mass of PbO = (207.0 + 16.0) = 223.0 amu _j

Thus, one mole of lead oxide formula units have amass of 223.0g. Therefore, 14.0 g of

~ 140gPbO 2
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3 mol Pb
) _ )
6.28 x 102mol PbO x 2mol PbO ~ 9.42 x 102 mol Pb

(b) The atomic mass of Pb is 207.0 ; this tells us that one mol of lead has a mass
207.0g. Thus, 9.42 x 102 mol of Pb has a mass of

207.0g Pb

9.42 x 102 mol Pb x
1mol Pb

=195gPb

(© 9.42 x 102 mol of Pbis
9.42 x 102 mol of Pb x 6.022 x 10 atoms mol-! = 5.67 x 10? Pb atoms
(d) The balanced equation shows that 2 mol of PbO form 1 mol of SO,

Therefore, 6.28 x 102 mol of PbO formula unit forms

1mol SO,
2 _—
6.28 x 102 mol PbO x 2mol PbO

=3.14 x 10?2 mol SO,
Now the relative molecular mass of SO,=32.1 + 2(16.0) = 64.1
Molar mass of SO, = 64.1 g mol

Therefore, 3.14 x 10 mol of SO, moleculeshave amassof 3.14 x 10 mol x 64.1 g mol
=201g

' Intext Questions 2.2

(1) How many grams of NH, can be made according to the reaction

from (a) 0.207 mol of N, (b) 22.6 g of H,

(2) Inreaction

How many (a) moles of O, are consumed and (b) moles of H,0O are formed when
4.16 X 10? mol of C H, react?
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2.5 Limiting Reagents

We generally find that substances which react with each other are not present in exactly
the same proportionin areaction mixture as stated by a balanced chemical equation. For
example, if 2 mol each of hydrogen and oxygen are mixed and a spark is passed through
the mixture, water isformed, according to the equation

2H, + O, —> 2HO
2 mol 1mol 2 mol

Here, 2 mol of hydrogen react with only 1 mol of oxygen, and 1 mol of oxygen therefore
remains unreacted. In this example hydrogen is said to be the limiting reagent or
reactant because its amount becomes zero and the reaction therefore stops before the
other reactant; that is, the oxygen is used up. The amount of hydrogen present initially
limits the amount of product that isformed.

E(ampl 2.5 3mol of sulphur dioxide SO, ismixed with 2 mol of oxygen O,, and after
reactionisover sulphur trioxide, SO, is obtained.

(i) Whichisthelimiting reagent?
(if) What is the maximum amount of SO, that can be formed?
Solution : @) We must first write the balanced equation
280, + O, —» 2SO,
According to the above equation
(& 2 mol of SO3 can be formal from 2 mol of SOZ.

.. Amount of SO that can be formed from 3 mol of SO .
3 2

2mol SO,

= (3 mol SO
(3 mol S0,) x 2mol SO,

=3 mol SO,

(b) 2mol of SO, can be formed from 1 mol of O,. Therefore, the amount of SO, that can
be formed from 2 mol of O,.

Comolo) X 2SO o
=(2mol O,)) leoIOZ =4 mol SO,

According to the definition, the limiting reactant isthat reactant which gives the smallest
amount. Inthis case SO, isthe limiting reactant.

(i) The maximum amount of product that can be obtained is the amount formed by
the limiting reagent. Thus athe maximum amount of SO, that can be obtained is

3mol. _j

E(ample 2.6 2.3gof sodium meta isintroduced into a2L flask filled with chlorine
gasat STP (273 K, 1bar). After thereactionis over, find :

()] What isthelimiting reagent in thisreaction?
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(i) How many moles of sodium chloride are formed?

(iii) Which substanceisleft unconsumed at the end of the reaction? Find out its mass
ingrams.

(iv) What percentage of the substance present in excess is converted into sodium
chloride?

(Given: Na=23,Cl =35.5)

Solution :
2Na(9) + Cl(9) ——> 2NaCl (9
2mol 1 mol 2mol

or 22.7LaSTP

[ Molesof sodiumintroduced = _230 =0.1mol

@) olesof sodiumintroduced = 23gmol - % mo

From the above equation, it is clear that 2 mol NaCl isformed from 2 mol Na

2x0.1
Therefore 0.1 mol Nacan produce = 5 = 0.1 mol NaCl
Molar volumeat STP=22.7L
. 2L
Therefore moles of chlorinein 2L volumeat STP= ———— =0.088 mal
22.7L mol

From equation : 1 mol Cl, can produce 2 mol NaCl
Therefore 0.088 mol Cl, can produce 2 x 0.088 = 0.176 mol NaCl.
Since sodium produces|ess amount of NaCl, it isthe limiting reagent.

(i) Sodium being thelimiting reagent, ascalculated in (i), themoles of NaCl produced
=0.1moal

(iii) From above equation, 2 mol NaCl is produced from 1 mol Cl,

1x0.1
Therefore 0.1 mol NaCl is produced from XT =0.05mol Cl,

Initial moles of Cl,=0.088 mol

Molesof Cl, left unconsumed = (0.088 - 0.05) mol = 0.038 mol

Therefore, mass of Cl, left unconsumed = 0.038g x 71.09 mol™ =2.698 g
(because molar mass of Cl, =2 x 35.5=71.0 g mol ™)

(iv) Moles of Cl, consumed = 0.05 mol out of 0.088 mol

0.088

. Percent of Cl, consumed and converted into NaCl = x 100=56.8 %_j
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mixture. (Mg =24, Ca=40,C=12, 0= 16) .4

Solution : Mixture of MgCOQ, and CaCO, taken = 2.0 g
L et the mass of MgCO, be =x g

Therefore the mass of CaCO, = (2.0 -x) g Notes
The decomposition reactionsare

MgCO,(s) — MgO(s) + CO,9) ()

(24+12+48) g (24+16) g

84g 40 g (Residue)

CaCO,(s) — CaO(s) + COL09) (i)
(40+12+48) g (40+16)g

100 g 56 g (Residue)

From the equation (i)
84 g MgCQO, leavesaresidue =40 g

. . 40x
X gMgCO, will leave residue = a g

Fromthe equation (ii)
100 g CaCO, leaves aresidue = 56 g

56% (2.0 X)

(2.0 - x) g CaCO, will leave residue = 100

40x  56x(2.0-X)

Total mass of the residue = Y + 100 =1.04 g (given)

40 x 100X + 84 x 56 x 2 — 84 x 56X =84 x 100 x 1.04
4000x + 9408 — 4704x =8736

9408 — 8736 = (4704 — 4000)x
672 = 704x

672
Therefore, mass of MgCO, in the mixture = x = 204~ 0.969

2.0

Therefore, percentage of MgCO, = x 100 =48 %

and percentage of CaCO, = 100 — 48 = 52 % _j
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woj What You Have L ear nt

A chemica formulaisused not only to represent the name of acompound but also to
indicate its composition in terms of (i) relative number of atoms and (ii) relative
number of moles of atoms.

A molecular formula of a substance shows(i) the number of atoms of different
elementsin one molecule.(ii) the number of moles of atoms of different elementsin
onemole of molecule.

An empirical formula shows only aratio of (i) number of atoms, and (ii) moles of
atomsin acompound.

Molecular formulaisawaysanintegral multiple of the empirical formula.
Theempirical formulaof acompound can be determined fromits chemical analysis.

In order to determine a compound’s molecular formula, molecular mass also must be
known.

Stoichiometry is the quantitative study of the composition of chemical compounds
(compound or formula stoichiometry) and of the substances consumed and formed
in chemical reactions (reaction or equation stoichiometry).

Chemical equations specify not only theidentitiesof substances consumed and formed
in a reaction, but also the relative quantities of these substances in terms of (a)
atoms, mol ecules, and formulaunits and (b) moles of these entities.

A balanced chemical egquation demonstrates that al the atoms present in the reac-
tants are accounted for in the product; atoms are neither created nor destroyed in a
reaction.

The stoichiometric ratios among the moles of reactants shown in a balanced equa-
tion are useful for determining which substance is entirely consumed and which
substance(s) is (are) left over.

L‘a Terminal Exercise

1

2.

Write empirical formulae of thefollowing compounds:
CO, NaSsO,, CH,, H,0,, KC1

4" 10’ 2-2

The empirical formulaof glucose is CH,O which has a formulamass of 30 amu. If
the molecular mass of glucose is 180 amu. Determine the molecular formula of
glucose

What isratio of masses of oxygen that are combined with 1.0 gram of nitrogeninthe
compound NO and N,O,?




(@)

(b)

10.
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A compound contai ning sul phur and oxygen on analysisreveal sthat it contains 50.1%
sulphur and 49.9% oxygen by mass. What isthe simpl est formula of the compound?

Hydrocarbons are organi c compound composed of hydrogen and carbon. A, 0.1647

g sample of apure hydrocarbon on burning in acombustion tube produced 0.5694 g
of CO, and 0.0845 g of H,0. Determine the percentage of these elements in the
hydrocarbon.

On combustion 2.4 g of acompound of carbon, hydrogen and oxygen gave 3.52 g of
CO, and 1.44 g of H,0. The molecular mass of the compound was found to be 60.0
amu.

What are the masses of carbon, hydrogen and oxygen in 2.4 g of the compound?

(1) What mass of oxygen is required to react completely with 24 g of CH, in the
followingreaction?

CH,(g) + 20,(g) —» CO,(g) + 2H,0(1)
(i) How much mass of CH, would react with 96 g of oxygen.
In thereaction H, + C1, —» 2HC1

How many grams of chlorine, C1, are needed to react completely with 0.245 g of
hydrogen, H,, to give hydrogen chloride, HC1? How much HC1 is formed?

3.65gof H,and 26.7 g of O, are mixed and reacted. How many grams of H,O are
formed?

Caustic sodaNaOH can be commercially prepared by the reaction of Na,CO, with
slaked line, Ca(OH),. How many grams of NaOH can be obtained by treating 2.0
kg of Na,CO, with Ca(OH),?

A portable hydrogen generator utilizesthereaction
CaH, + H,O — Ca(OH), + 2H,
How many grams of H, can be produced by a 100 g cartridge of CaH,?
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MODULE - 1

Atoms, Moleculesand | 12. Thereaction 2Al+3MnO —Al,O,+3Mn proceedstill the limiting substanceis
Chemical Arithmatics consumed. A mixture of 220 gAl and 400 g MnO was heated to initiate the reaction.
Whichinitial substance remained in excess and by how much ? (Al =27, Mn =55).

13. KCIO, may be prepared by means of following series of reactions
Cl, + 2KOH — KCI + KCIO + H,O
3KCIO — 2KCl + KCIO,
4KCIO, — 3KCIO, + KClI

How much Cl, is needed to prepare 400 g KCIO, by the above sequence?
(K=39,Cl =3550=16,H=1)

14. 2.0 g of amixture of Na,CO, and NaHCO, was heated when its weight reduced to
1.876 g. Determine the percentage compoasition of the mixture.

15. Caculate the weight of 60 % sulphuric acid required to decompose 150 g of chalk
(calcium carbonate). Given Ca=40,C=12,0=16,S=32)

s Answersto Intext Questions

2.1

(1) Molar massof Fe,O, =3x56.0+4x16.0
=(168.0 + 64.0) = 232.0gmol*

232.0 %

(20 (&) Molar mass of SrCO, = 87.6 + 12.0 + 48.0 = 147.6 g mol ™

147.6

Percentage of carbon C in SrCO, = x 100 = 8.13%

(b) Molar mass of H,SO,= 2.0 + 32.1 + 64.0 = 98.1 g mol™
Molar mass of SO, = 32.1 + 48.0 = 80.1 g mol~*

. 80.1x100
Percentage of SO,in H,SO,= .

= ()
F gy = BL65%




3. Substance Empirical formula
H,0, HO
C, H, CH,
Li,CO, Li,CO,
C,H,0, CH,O
S, S
H,0 H,0
B,H, BH,
0, 0,
S,0, SO,
N,O, N,O,
4. Percentage of carbon =53.1%
Percentage of Oxygen =46.9%

53.1
Suppose we take 100 g of the substance then moles of carbon = 20 9° 4.43 mol

Chemical Arithmatics MODULE- 1

46.0
moleof oxygen = 160 - 2.93 mol

443 293

molar ratioof Cand O = -5 & 5n

=150:10or 3:2

Empirical formulaof the compoundisC,O,

2.2

Inequation
N,(9) + 3H,(9) — 2NH(9)
1 mol 3 mol 2 mol

0.207 mol of N, gives 0.414 mol of NH,
0.414 mol of NH, = 0.414 mol x 17.0 g mol~ = 7.038 g of NH,

22.6
22.6 g of hydrogen = 20 - 11.3 mol of hydrogen

2
11.3 mol of hydrogen will give 3% 11.3 mol of NH, =7.53 mol
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2.

Therefore, mass of NH, =7.53 mol x 17.0 g mol~ =128.01 ¢
C,H,(0) + 30,(9) —  2CO,9) + 2H,0(g)
1 mal 3 mol 2 mol 2 mol
(@) 4.16 x 10°mol of C,H, will consume 3 x 4.16 x 10?mol of oxygen
=12.48 x 10%=1.248 x 10" mol of O,
(b) molesof H,O formed =2 x 4.16 x 10°mol
=8.32 x 10% mol of H,O




