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Unit - 1 ~ Stoichiometry

Introduction : _
Thousands of different reactions are going on in laboratoriec
kitchens, car engines, the atmosphere, the earth beneath YOu and ta&'
body. These chemical reactions have a great effect on your fives There ar .
examples of such reactions like conversion of food to energy in the human s,
formation of ammonia (fertilizer) by combining nitrogen and
preparation of starch by plants from carbon dioxide and water using energy
sunlight etc. The main purpose of chemistry is to understand chemical cha.
Chemist calculates the amount of product from the balanced chemical e e
A wrong calculation of amount would result many problems. Therefore, &
required for a chemist to calculate the exact amount of reactants and products
As you have learned in previous grades, chemistry involves in
measurements to find out what happens between atoms and molecules dus
the chemical reaction. In this unit, you will learn how to interpret
balanced chemical equation in terms of interacting with moles, rep eseti
particles, masses and volumes of gases and their stoichiometric calculations
Stoichiometry, (Greek words ‘Stoicheion

Tidbit ;
means elctemensts : h'and metron trpe:ﬂs Analytical chemistyy &
measgremen ).. toichiometry is quan. ita l\{e thexbrandl"fd"mm
chemistry. It is the study of the relationship ’ '

between relative amounts of substances involved
in a chemical reaction. The formula of a

which deals with the

1dy of analysisof

compound provides information about the relative characte iting e

amount of each element present. composmon S
Stoichiometry s essential when | and stru cture of W

guantitative information about a chemical reaction bothqualltatl\'e‘y

is required. |

It also tells how
required to form a speci
amount of the ma
formed under the

11

much of the matter is

given conditions.,

Mole and Avogadro's number (N,)
The idea of atomic
taken as 12 units, h

omic mass is defi

o "
fic amount of another form of the matti:)u‘d pos®
tter is present, how much of the product

rbon &~ 4
mass, relative to the mass of the 'Caus g 4
as already been discussed in your previe

ned as the mass of one atam of an
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- Stoichiomelry

r/’/"Table 1.1 Names of the First 20 Elements  ——|
Atomic | Element Symbol | Atomic | Mm :

Element Symbol | Atomic

Number | Mass | Number | e
Hydrogen H 1 1.008 Helium He | 2
Lithium Li 3 6.94 Beryllium Be 4 900
Boron B 5 10.81 | Carbon (S )
Nitrogen N 7 14.00 Oxygen O | 8 | 159
Fluorine F 9 1899 | Neon | Ne | 10 | 20
Sodium Na 11 2299 | Magnesium | Mg 12| U
Aluminium Al 13 26.98 Silicon Si | <14 | 2808
Phosphorus P 15 30.97 Sulphur Bl 1§ 3206
Chlorine | Cl 17 [ 3545| Argon | Ar | 18 [ LS
Potassium | K 19 | 3909 | Calcum | Ca | 20 4001 |

nd Saciely

Technology a

n Science,
Several methods are used to find the sample. These ma

qualitative analysis and quantitative analysis. Qualitative analysi
ell us 'how much'is in the sa

sample, while quantitative analysis t ;
of analysis are often used togetherand are considered in analytica
mistry- Chemists uss)

re area fev

y be bmad,ymﬁed& |
s tells us 'what' s inthé
mple. These tHOSF*
| chemistry:

Quantitative analysis is very important in che
determine the amount of substance present in the compound. He

results of quantitative analysis:

e The NaCl solution concentration is 0.1 M.
» The chemical reaction produces 5.50 moles.

|

» Ore contains 64.88% silver by mass. .
-~ edical science . in

. Beside this, quantitative analysis is very important in Jucose 5 od
scien i | : .
nces use the result of chemical analysis for example, 9" js deté

blood and urine of diabetics. The cholesterol level in blood

quantitative analysis.
1.2'Mole Calculation
Molar Mass ° of? ﬂpﬂ:z
Molar mass | : - e M ol el
$5 Is defined as the mass in grams 7 0,; any subswnce £ 4

The term molar

mass s also used to the mass of a mole ©

- - + {
Chemisiry
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molecules., formula units or ions): it is the atomic mass of an atom or the sum of

the atomic masses of all the atoms in a molecule, an ion or a formula unit (in

grams).
You can find the molar mass (mass of one mole) of any substance using
the following steps.

.+ Write down the formula of the substance; for ‘example, formula of sulphuric
acid is H;S0;

e Work out its molecular mass; sulphuric acid contains two hydrogen atoms
(atomic mass 1 amu), one sulphur atom fatomic mass 32 amu) and four
oxygen atoms (atomic mass 16 amu). So, formula mass for sulphuric acid '

(H2504) =2H + S+ 40
=(2x1)+(1x32) + (4x16)
=2+ 32+64=98amu

e Express this in grams per mole; the molar mass of sulphuric acid is 98 g/mol.

_ In experimental work, chemists work with varying masses. They cannot

always use one mole of a substance. The equation that links the mass of a

substance to the number of moles present is,

massv.(m grams) (11)
molar mass(in grams per mol)
Using the above equation, you can convert any mass of a particular

substance into moles or vice versa. 2
As one mole of any substance contains 6.023x10™ (Avogadro’s number) of

“atoms, molecules or formula units, one can also develop ':an‘ equation between
d the number of particles present. This will lead to the

Number of moles () =

the number of moles an

- following relationship. = :
Number of particles(atoms, molecules, formula units) (12)

Numberof moles(n)= Particles per mole or Avogadro’s number (mol™)

Or ‘ o 18
. Number of particles(atoms, molecules, formula units) (13)
Numpecofmplestiy g 6.023x107 (mol”)

es will illustrate the above equations.

The following examp!

How many moles are there in 60g of sodium hydroxide (NaOH)?

. ;
The relative formula mass of sodium hydroxide (NaOH) = Na + O+H
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1.2.1 The Mole and Chemical Equations
When iron reacts with sulphur, it produces Iron sulphide (FeS), the
equation Is,
FE(S) + S(s) ___He:'at__’ Fes(s)
This indicates that equal number of atoms of iron and sulphur are needed
to react. We know that 1 mole of iron (56g) and 1 mole of sulphur (32g) contain
i the same number of atoms. Reaction of these amounts would give 1 mole of iron

; sulphide (88g).
fegil kS = B e ieEe S EIReS
1mol 1mol 1mol
56g 32g 889

The mass of the product is equal to the total mass of the reactants. This is
in accordance with the law of conservation of mass (matter), which states that
matter (mass) can neither be creqted nor destroyed during a chemical reaction

' In chemistry calculations, we frequently need to calculate the relationship

} between reactants or products in a chemical reaction. For example, if we know the

) mass of one reactant, we can find how much product will be formed if the reactantis
fully converted into products. At the same time,we can know how much of a second
reactant is required to fully react with the first reactant. A chemical equation must,

. therefore, be balanced because it indicates the number of moles of reactants and

| products involved in the reaction. There are various ways of doing these calculations
because quantities can be expressed eitherin moles or in mass units.

The stoichiometric calculation can be carried out by the following steps-

Write correct and balanced chemical equation.

2. Convert the mass of given substance into moles by dividing with molar
mass. .

3. Calculate the moles of required substance using their coefficient in the
balanced chemical equation.

4. Convert the moles of required substance into mass.
a. Mole — Mole Conversion

: If you are given the mole of one substance, you can calculate the moles o'
the other substances.

Oxygen can be prepared by the decomposition of potassium chlorate
(KCIO3). How many moles of Oy, can be formed by taking 10 moles of KClOsi y

Chemistry Grade XI
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Stoichiometry

according to the following equation?
ZKCIOs(s) ___'Heat ZKCl(S) * 302(9)

Solution:
We have the conversion factor from the balanced chemical equation as:

2 mol of KCIO; = 3 mol of O;
1molof KCIO; = % mol of O;

10 mol of KCIO; = ExlO =15 moles of oxygen

‘-u-? ?Oi.—w’- TR T
Practice problem 1.4 & i epraat ,_j'f_ k

How many moles of carbon dioxide will be produced byﬁme complete
combustion of 2.0mol of glucose (CeH1206) according to the following

equation? .y .0 +60, —>» 6CO; + 6H:0,
(s) ‘9 2

—T I Self-Assessmient

1. Define molar mass.
2. What is Avogadro’s number?
3. What is balanced chemical equation?
4. What are stoichiometric calculations?
'S5, How many ways can you read the given equation?
4Alg + 30 ——» 2A1;03)

b. Mole = Mass Conversion
If you are given the mole of one substance, you can calculate the mass of

the other substances.

Example 1'6*
How many grams of CO; can

8.8 moles of ZnCOs?

Solution |
ZnCO3y —>Zn0y + COz)

First. we do a mole — mole ratio calculation and then convert the
- calculated moles into grams at the end. Thus from balanced equation:
1 mol of ZnCO3 = 1 mol of CO;

be produced by thermally decomposing

So, 88 mol of ZnCO;3 = -}x 8.8 mol of CO,
= 8.8 mol of COz
Now convert number of CO5, into grams, using the formula
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Stoichiometry

Molar mass of Al = 27g/mol
mass(in grams)
Molar mass of Al(in grams per mol)
145¢g
27g/mol

Use conversion factor (equivalency) from the balance chemical equation:
4 mol of Al = 2 mol of Al,O3

Number of moles of Al=

Number of moles of Al= =0.54mol of Al

Therefore, 0.54 mol of Al s%x0.54 = 0.27 mol of Al,03

Finally, we calculate the mass of Al;O3 produced, by converting 0.27 moles
of Al;O; into grams. For this, we need molar mass of Al;03; which is,
Molar mass of Al,O; = 2Al + 30 = (2x 27)+(3x 16)= 54+48 =102g/mol
So, mass of Al,O; produced = mole x molar mass
= 0.27met x 102g/met = 27.54g

Practice problem 1.6 _
he oxidation of glucose (CsH1,0¢) to carbon dioxide (CO;) and

B
water (H,0O) occurs as:
CGHIZO"(J 602(9) > 6C02(g)+ 6H2o(g)

What is the mass of CO, produced, when 856g of CgHi.0s are
decomposed?

1.2.2 Calculations Involving Gases
Not all chemical reactions involve solids and liquids. For those reactions in

which gases are involved, it is more convenient to measure volumes than masses.
In gaseous reactions, weighing of gases as compared to solids and liquids is
relatively difficult. It is much easier to measp're the volume of a gas as gases
weigh very little. But we need to knqwhow -thte‘g,i.ven volume .Qf a gas is related
to the number of atoms or molecules present. For this, we take help from the
Avogadro’s law, which states that equal volumes of all gases, at the same
temperature and pressure, contain equal numbers of particles (atoms
or molecules). (You will study this law in more detail in _M
s S  Units of Volume

It has been found 'experim’enta_lly that one mole of | llltre= 1dm®
any gas at standard temperature (0°C or 273K) and | 4 litre = 1000mI
pressure (1 atmosphere) or STP (standard temperature | 1404 _1000cm?
“and pressure), occupies a volume of 224dm’. This is -———————
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