111 %

Moich; o i
hicl:]wmmy (pronounced as stoy-key-om-eh-tree) is the branch of Chemistry in
i “i study the relationship between the amounts of reactants and products in a
tedchemical equation.

(7
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Stoichiometry (Greek stoicheion, “element”
and metron, “measure™) means quantitative measure
fol‘reaclams and products). Such knowledge plays an
important role when calculating the amount of
products such as masses. moles, volumes and
percentage yield etc. with the help of balanced
chemical equation.

Balanced chemical equations have definite
ratios of reactants and products just as compounds
have definite ratios of elements. Those ratios are used
10 calculate the mass (or moles) of other substances in
a reaction from the mass (or moles) of any one of the
substances. It tells you that how to calculate the

Keep in Mind

A balanced chemical equation
has the same number of Moms
of each type on both sides o
the equation. While writi;
chemical equations, use thy

quantities of substances involved in a reaction. It covers the calculation of the
percentage yield of a product from the actual yield and the theoretical yield. based

on the amounts of reactants.

1.1 Moleand Avegadre's Number:

You buy quantity of items in several ways like eggs in dozen (12 numbers), Shoesit
pairs (2 numbers). cans in case (24 cans), playing cards in pack (52 numberst

papers in ream

(500 sheets), and pencils in gross (144 numbers). Bulk foods. like

rice. wheat, sugar. and peanuts are usually purchased by mass. because it is Ve
difficult to count them. All these methods are used by chemists to determine t¥

quantity of matter (counting and weighing).

)
molar
R -

con

{.1.1 The Mole:
Moleis @

jons or formu

of one mole
(8)

Avogadro’s .
number -

The most convenient unit of matter for counting and weighing 18 MO
nects the macroscale world (so large that can be weighed or count) 1©
nanoscale world (so small that is inconvenient to weigh or count them).

[atin word; itmeans a huge mass', Its symbol is mol and is represent®
p. Onemole is the amount of substance that has as many particles (atom, mel®
' la units) as the number of atoms in exactly 12 g of carbon- :
of a substance(element or compound) depends on what that subs¥

12.The!
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is, and is cqu._nl to the formula mase ol that substance in gram #f.': :, ther
that the atomic mass, molecular mass, jonic mass or formula mass of a sul
when expressed in grams is equal to one mole. Examples are: A
Onemole of carbon atoms = | 2¢

One mole of CO, molecules =444

One mole of NaCl formula units = 58 5¢

Onemoleof SO, ions=96p

1.1.2 The Avogadro's Number:

J The nm_rlber of paficles (atom, molecules, ions or
formula units) present in one mole of a substance is
called Avogadro's mlmberllt is represent by N,. The
number of particles in one mole of a substance is s

6.0221421 > 107, which we will usually round to
If we were able to count atoms

6.02x10". Scientists call this value Avogadro's number |4 the rate of 5 million per
in the honour of the ltalian scientist Amedeo Avogadro second, it would take about 4
billion years to count the

(1776-1856). The unit of Avogadro's number is read as [atoms in one mole.

interesting

either“per mole™ or “inverse of mole™. Examples are:

Onemole of carbon-12 contains 6.02 % 10” atoms of carbon-12.
Onemole of H.O contains 6.02 * 10" molecules of H.O.

One mole of Ca0) contains 6.02 * 10" formula units of CaO.
One mole of CO; contains 6.02 = 10 ions of COZ .

Table 1.1 The Formula Masses, Molar Masses and Number of Particles of Some Substances

»

! .
| * g B

1 6.02 x 10" atoms

! 6.02 x 10™ molecules

| 6.02 x 107" molecules

| s A :
| 6.02 x 10*! formula units

“1 =
6.02 x 107 ions
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p .
Molar Mass and Volume i

The volume of one mole of an ideal gas at STP (stundard temperature and pressurg)il

1= called molar volume, :
. 3 g y

Its value is equal to 22.414dm . Itis denoted by Vi, .

Table 1.2: The Molar Yoluimes, Molar Masses and Number of Molecules of Some Crases af
STPLOC and latm)

1 mole

22414 32,414 22414

| - e ]
| 602107 | go2x10P | 602x107 109
|  molecules | molecules | molecules | molecules T

The equal volume of all gases at STP has equal number of molecules but they

have different masses.
The mass of one moie of a substance in grams is called molar mass.

The unit of molar mass is g/mol.
To determine molar mass, we change the units from atomic mass units to grams
ofa substance. The substance may be an element or a compound.
For an element, the molar mass in grams per mole is numerically equal to the
atomic mass of that element in atomic mass units. For example:

i) Hydrogen atom has an atomic mass of 1.008 amu. so the molar mass of
hydrogen atom s 1.008 g/mol and contains 6.02x1 0" atoms of hydrogen.
ii) Oxygen atom has an atomic mass of 16 amu, so the molar mass of oxygen is lﬁk
g/mol and contains 6.02x 10” atoms of oxygen. A
If we know the atomic mass of an element, we also know its molar mass.
For a compound, the molar mass in grams per mole is numerically equal (0%
formula mass of that compound in atomic mass units. For example: )
i) Ammonia (NH,) has a formula mass of 17 amu, so the molar mass of am¥&= |
is 1 7g/mol and contains 6.02x1 0” molecules of ammonia.

ii) Potassium nitrate (KNO,) has a formula mass of 101 amu, so the molar . |
potassium nitrate 15 101g/mol and contains 6.02x10> formula units of Pe

nitrate.

(1)

.
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‘____Examp e R B
i Ot s
Calculate the molar mass of Benzene (C H, ).

Solution:
pach mole of C H, contains six moles of carbon atoms and six moles of hydtoggn

atoms in the formula.
The molar mass of benzene can be calculated as:

dmoles of carbon % 12g /mol =T72g
6molesofhydrogenx lg/mol  =6g ,
\The.molar mass of Benzene(C H, )= 78¢ J

1.2 Mole Calculatlons
1.2.1 Calculation of Number of Meles of a Substance
i) Ifwe know the mass of a substance, we can calculate the number of moles by

dividing the mass of a substance by molar mass.
Given mass of a substance

No. of moles of a substance = Molar mass of a substance

 Example 1.2

HOW many moles are present in 20 of NaOH?
Solution;
Mass of NaOH ~ =20g
Moles of NaOH =2
Mass of NaOH
Molar mass of NaOH

Moles of NaOH =

Molesof NaOol — 202 = 0:5mol
e sof NaOH : e

(1)
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1) Ifwe know the number of moles of a substance, we can calculate the
by multiplying number of moles with molar mass.

Mass of a substance = Number of moles of 4 substance x Molar Mass
Calculate mass of 0.25 moles of H.S0,.
Moles of H,SO, = 0.25mol
Mass of H,SO, =?

Mass of H,80, = Moles of H,80, x Molar mass of H,SO,
| = 0.25mol x 98gmol '

mas

.

e =

iii) If we know about the number of particles of a substance, we can calcula

the number of moles by dividing the number of particles by Avogadrt
number.

No. of moles of a substance = -\0- ©Of particles of a substance
Avogadro's Number
e — :
Example 1.4

Sucrose, table sugar, contains 3.76 x 10" molecules of C,,H,,0,,. What is th¢
number of moles of sucrose?

Solution:

Number of moles of sucrose = \0- Of particles of sucrose
Avogadro's Number

A A Do
Number of moles of sucrose = — ~-10 X107 molecules

9 N

6.02x 1023m01ecules mol '
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1,2,::2 Calculation of Number of Particles .
) I we knm\'. thg moles of a substance, we can calculate the number of
particles by multiplying number of moles with Avogadro's number.

No. of particles of substance = No, of moles of substance x Avogadro's Number (Na)
Example 1.5
How many atoms are there in a sodium metal that contains 2.5 moles?

Solution:

Number of moles of sodium = 2.5 mol
Number of atoms of sodium = ?

Number of atoms of sodium = Number of moles of sodium x Na
= 2.5 mol x 6.02 x 10" atoms mol ' |
= 15.05% lon atoms

1.505 x 10" atoms J

Given mass of substance (m) _ Avogadro's Number(N, )

~ Example 1.6
How many atoms are presen tms@gofgold ring?
Solution: e
Mk oF S5 =S
Molarmassofgold = 197g/mol
Numberofatomsofgold =7 |

| - ‘Mass of gold

Number of atomsof gold = Molar mass of gold

xAvogadro's Number

= S0g —x0,02x 10** atoms mol '
197gmol
(13)
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=0 = (0,254 x6.02%1 0™ atoms
- ,‘1,529 X 10% atoms

P N« >l : . mﬁw 2
calmﬂateﬁumber of water molecules in one cup of water having mass equal
200g,

1.2.3 Caleulation of Volume of a Gas
i) Ifwe know the number of moles of a gas, we can calculate the volume of ag
at STPby multiplying number of moles ofa gas by molar volume,

Volume ofa gas = Moles ofa gas xMolarvolume

Whatis the volumemdm’ oﬁl ?Smol of ethane gas”

Solution:
Numbcmfmoleé ofethane = 4.75mol

-_’Volumeofat}mncmdm ==

Vcﬂumeof cthane indm’ = Moles of ethane x Molar volume
= 4.75mol % 22.414dm’ mol’
s = 106.47dm"
Practice Exercise 7:

Calculate the volume in decimetereube of 2.25 moles of laughing gas (N0

i) If we know the mass of a gas, we can calculate the volume of a gas at ST
dividing the mass of a gas by molar mass and the answer is multiplied
molar volume?

Mass of a gas
Molar mass of a gas

Volume of a gas =

x Molar volume

Example 1.8

Argonisplaced inalight bulb to mxmmlze the rate of evaporanon ofthety ',
filament. What is the volume inem” of 3, Y9 of argon?

(14)
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solution:

Mass 0 t‘arg'nnl
Volume incm ofargon

= 3.99¢
)

4 . Mass of argon

~ Molar mass of argon

399

39.9gmol ™"
= 0.1x22.414dm’
=2.214dm’

Volume ofargoninem’ = 2.214dm’ x 1000em’dnr’’

% Molar volume

Valume of argon

% 22 414dm’mol™

£} = 2214em’ =

Practice Exercise 8: |

Calculate the volume in decimeter cube of 50 g of propane (C;Hg) gas.
1.2.4 Stoichiometric Calculations
A chemist needs to know how much product is obtained from certain amounts of
reactants or a chemist needs to know how much reactants are used to get certain
amounts of products, Chemists use stoichiometric calculations to answer these
questions.

Principles of Stoichiometric Calculations

Stoichiometric calculations are based on the following principles:

i) Reactants are completely converted into products.

it) Noside reaction occurs, S i 2
ifi) While doing calculations, the law of conservation of mass and the law of

definite proportions are obeyed.

Law of Conservation of Mass . |
‘According to law of conservation of mass, matier (mass) can neither be ereated nor

destroyed. :
Law of conservation of mass states that; the total mass of reactants is equal to

the total mass of products ina balanced chemical equation.

Law of Definite Proportions |
According to law of definite proportions, a pure compound always containg the
Same element combined in the same ratio by mass.

I'RE ol ]




T > k

Waler has 88.89%, oxygen and 11.11% hydrogen by mass, no matter what isd
e i
|

: ometric Relationship |
__'JIIDng types of relationship can be studied with the help of balanced
| *@lequations.

- Mass-Mass Relationship

ass of one substance can be calculated from L
ance and vice versa.

i)  Mole-Mole Relationship

‘The moles of one substance can be caleulated from
“substance and vice versa.

iii)  Volume-Volume Relationship
The volume of one substance can be calcu
substance and vice versa.

iv)  Mole-Mass Relationship
The mass of one substance can he calculated from the given moles of another

substance and vice versi.

v)  Mass-Volume Relationship
The volume of one substance can be calculated from the given mass of anothet

he given mass of another
the given moles of another

lated from the given volume of anbther

substance and vice versa.

How to Solve a Stoichiometry Problem

Step 1: Writcall the given data with relevantunits. |
Step2: Write a balanced chemical equation for the reaction ﬂﬂdﬁ
consideration. |
Step 3: Convert the given mass of all the reactants to number ofmoles.
Step4: Usc the chemical equation to determine the mole ratio of 4
unknown quantity to the known quantity. The mole ratio ca o
determined by dividing the coefficient of the unknown by the coefficient of

known.

Moles of unknown

: Moles of known .

This mole ratio can be used to convert the number of moles of kﬂ°
quantity to a number of moles of unknown. The mole ratio i multiplied win ¥
moles of known calculated in the third step.

(16)
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Mulu uI unlmnv f

Mo]u ol knm\n
step 5: Convert moles back to mass by multiplying with molar mass of
unknown substance to getanswer in grams, if necessary. *

Mulc.\' Of knnu'n = Moles of unknowT

@ample 1.9 (Mass-Mass Conversion)
Calculate the mass of quicklime (calcium oxide) that is produced by the thermal
decomposition of 200g of limestone (calcium carbonate). The equation for this

reaction is:
- A
CaCOy,) —25 CaOy,; +COyy,

Solution:

Step1: Writeall the given data with relevant units.
Mass of CaO =7
Mass of CaCO, = 200g
Molarmassof CaO® = 56gmol’

Molarmass of CaCO, = 100gmol’
Step2: Write a balanced chemical equation for the reaction.

CaCO;, —2— CaO, + COy,
Imol(100g) lmol(Sbg)

Use the chemical equation to determine the mass ratio of the

Step 3:
unknown quantity to the known quantity.
100g of CaCO; produces CaO = 56g
56
g of CaCO; produces CaO = l OOgg
56
200g of CaCO; produces CaO = IOOgg x 200g
= 112g
So, the mass of quicklime produced is 112g.

==

How much HCI can be produced when 5g of hydrogen reacts with an excegs
amount of chlorine? The equation for this reaction is: W
Hygt Clyyy —— 2HCI,

(I7)
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P

,w“h l:lydrogen to form ammonia, , how many |
med in lhe process? The equation for this reacuon

\:'gﬁﬁ"ﬂﬁmnbemfmﬁlesom =72 5mol 2 ‘H
|  NumberofmolesofH, =?

3 Slepl ‘Write a balanced chemical equation for the reaction.
No+ 3Hy) ——> 2NHy,,

5@3 Use the chemical equation to determine the mole rano of the
unknown quantxtytotheknown quantity. _ -

1 mole of N, needs H, to produce NH; = T = 3mol 1

2.5 moles of Nz needs H, to produce NH,=3 < 2. S 7.5mol

A

' ."t“‘“’“v‘mw >y ——

\ So lhemo]esofhydrogmnsedmtheprocessﬂe7 Smoles. f “ 4

—

What mass of hydrogen can be | = Ry
water? The balanced chemical e pl'oduced by tﬁe S

2H,0 —— 2Hz®+ 0,

Step I: Write all the given data with relevantr:s .

Moles of water - 4:3;%1
Step2: Wrilea balanced chcmlcal equahon fOI the' o150
2H,0) —> 2H2‘“’+02m ‘

(18)
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[ tep3: Use the chemical equation to determine the mole ratio of the
unknown quantity to the known quantity.
2moles of H,O producesH, = 2mol

1 molofH,O producesH, = —% = irol

4.3 moles of H,O produces H, = 1% 4.3 =4.3mol
step4: Convertmoles back to mass of the unknown.
MassofH, = Molesof H, x Molar mass of H,
= 4.3mol x2gmol’
= 8.6g

_So, the mass of hydroge11 produced by the decomposition of water is 8.6g. sy

; _ - T'_--_;- \
ume Conve

Nitrogen peroxide (NO,) isa reddish brown gas and fs use_:d in the manufacture of
nitric acid. Itcan be prepared by the oxidation of nitric oxide (NO):

i aNOG* O — Mg
Determine the volume (in litre) of NO; produced by 12 g of NO.

Solution: : :
Step1: Writeall the givendata with relevant units.
VolumeofNO, =7
Mass of NO = 12g
MolarmassofNO = 30gmol”
tion for the reaction.

Write abalanced chemical equa
Convert the given mass of the reactant to moles.

o - Massof NO!  12g -
“Moles of NO= Molar mass of NO 30¢ Al = (.4 mol

(19)

Step 2:

Step 3:
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Step4:  Use the chemical equation to determine the mole ratio of the
unknown quantity to the known quantity.
2mole of NO produces NO, = %11101
| mole of NO produces NO, == lmol

’
-

0.4 mole of NO produces NO, = 1> 0.4 = 0.4mol

Step5:  Convert moles to volume of the unknown.
Volumeof NO, = Moleof NO, xMolar volume of NO,

= 0.4mol x22.414Lmol "’
= 8.97L
S0, the volume of NO, produced by the oxidation of NO is 8.97 L. 8

Practice Exercise 12:

Methane gas is used as & domestic fuel in the form of natural gas and in the
manufacture of urea fertilizer on commercial scale. On combustion, methane:
gas produces CO, and H,0. Wite balanced chemical equation for the reaction.

What volume of CO, gas is produced when 0.5Kg of methane is burnt in excess.
oxygen? A e R,

1.3 Percentage Composition

The percentage composition is the number of parts by mass of an element in to 100
parts by mass of a compound. Each symbolin the formula ofa compound represents
the mass of one mole of atoms of the elements. The formula shows mass of one mol¢
of the compound. The chemical formula provides information about the
composition of a compound in terms of moles. For example, 1 mole of sodiun

carbonate, Na,CO; contains 2 moles of sodium, 1 mole of carbon and 3 moles of
oxygen atoms. The percentage composition of sodium carbonate tells us the relativé
massesof Na, C,and Oatoms thatare present in the compound,

A two-siep process is required to calculate the percentage composition of the

compound:
Calculate the molar mass ofa compound.

1) : :
i Divide the total mass of each element in one mole of the compound by thé
fthe compound and the answer is multiplied by 100

molar mass 0
Ma[hemati(:ﬂ”}”
weentage composition of an element = * {Molar mass of an element) , 100 |
perc G MO'RF mass of a compound
)
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Where, x is the number of moles of the element present in one mole of the
compound.
FExample 1. 13 | x; S
Whal 1S thc percentagc composntlon of each element I sodmm carbonate?
Solution:
The chemical formula of sodium carbonate is Na,CO,. It contains 2 moles of
sodium. 1 mole of carbon, and 3 moles of oxygen.
Molarmass 0f Na,CO,=23x2+1x12+16x 3= 106gmol '
2(23gmol ')Na

%ageofNa = % 100 = 43.40% |
: 106gmoll"
%ageofC = —(128mol)C o0 11300
106gmol"
%ageof0 — 3(168MOII0 (50 45700, |
106gmol ' | 3
| Remenber g
The sum of percentages of all the elements present in the formula should be
__ cqualto 100%=+0.02%. =
Practice Exercise 13:

Calculate the percentage of nitrogen in ammoma(NH ;)anduitric acid (HN 03)

1.4 Excess and Limiting Reagents

In many chemical processes, the quantities of the reactants used are usually not
present in the proportions indicated by the balanced chemical equation. Because the
main objective of the reaction 1s:

i) To produce maximum amount of product, frequently a large amount of
inexpensive reactant is supplied to ensure that whole of the mass of expensive
reactant is completely converted to the desired product.

il) Toincrease the rate of reaction.
At the end of the reaction only one of the reactants may be consumed

completely while the other reactants will remain unreacted. l I'he reactant that is
completely consumed at the completion of reaction is called limiting reagen
limiting reactant). The maximum amount of product formed depends upon thc

(21)
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amount of limiting reactant in the reaction mixture. When this reactant s consumeg
completely, the reaction stops and no further products are formedi The reactants
which are in larger amounts and remain unrcacted at the end of the reaction are’
called “excess reagents™ (or excess reactants){ The concept of the limiting reagentis
analogous to the relationship between the numbers of frames and wheels to make.
bicycles. Suppose you want to make some bicycles. Each s made from one bicycle
frame and two bicycle wheels. You have 70 bicycle frames and 100 bicycle wheels,
How many bicycles can you make? The answer is 50. When you run out of bicycle
wheels you must stop making bicycles. Cycle wheels are the “limiting reagent” in
the language of chemistry, because they limit the number of bicycles. The
component (wheels) which produces the fewer number of bicycles is the limiting
component while the component (frames) left behind is the excess component.
Now consider a chemical reaction between hydrogen and oxygen. If we react
6g of H, with 32g of O, then we will get 36g ol water as:
2H, + 0, —— 2H,0
6g 1 36g
When the reaction between hydrogen and oxygen proceeds to completion,
32¢g of oxygen consumes completely and the reaction stops and no more productt
are formed. In this reaction, formation of water is limited by oxygen (0,) tod
hydrogen (H,) is in excess. Out of 6g of hydrogen, 2g remains unreacted. Hete Hy
an excess reactant and Q,1s limiting reactant.

Identification of Limiting Reagent
You can determine the limiting reagent with the help of the following steps:
i) Write the balanced chemical equation.
ii) Convertthe given mass of all the reactants to moles.
i11) Calculate the amount of product (in moles or grams, as required) frofh g
reactant with the help of balanced chemical equation.
jv) The reactantthat gives the least amount of product is the limiting reagent:
v) Calculate the amount of product formed by limiting reactant.
vi) Thereactant thatis left overafter the completion of reaction is gxcess
vii) If you want to find the amount of excess reagent, then subtract the am®
from the starting quantity of the reactant.

(22)
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Natural gas consists primarily of methane (CH,). The complete combus.tion_ bt‘ :
methane (CH,) gives carbon dioxide (CO,) and water.

CH“(g) ¥ 202(8) __151‘_‘5_‘92_) CO‘_)(g) T 2H30(g)

How many grams of CO, can be produced when 30g of CH,and50g o f

0, are allowed to combine? : SE =

b) How many grams of excess reagent are left unreacted after the
completion of reaction?

Solution (a):

Mass of methane (CH,) = 30g

Massofoxygen(®,) = 50g

Massof C@,ingrams = 7
Mass of excess reactant left behind ingrams = ?

Step 1: Writebalanced chemical equation:
CHyp+ 2059 — 2> COyg+ 2H00)
Step2: Convertthe given mass of both the reactants in to their moles:
_ givenmass of CHy _ 30g __;g75 'l
Moles of CH.= molar mass of CH, 16gmol”’ R
given mass of Oy _ P R S S

a)

Moles of O, = molar mass of O, 32gmol’
Step 3: Calculate the number of moles of produqt from each reactant:
»  Comparethenumberof moles of CH, with those of CO,
From the balanced chemical equation we know:

| mole of methane pro

1.875 mole of methane produces CO, = 1X 1.875 mol

= 1.875mol of CO,

>  Compare the numberof moles of O, with those of CO,
4lanced chemical equation we know:

Fromthe b
5 moles of oxygen produces CO, = I mol
| Imol

| moles of oxXygen produces CO,= S

1.563 moles of oxygen produces CO,= 0.5 x 1.563mol
= (.7815 moles of CO,

(23)
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Step 4:Now multiply the moles of CO, with its molar mass to get amount | |

= 34.39g
Step 5:The quantity of limiting reactant can also be used to calculate the
quantity of excess reactant used: ¢
2 moles of O, reacts with moles of CH, = 1 mol
1 mole of O, reacts with moles of CH, =-% mol
1.563 moles of O, reacts with moles of CH, = % x1.563mol
= 0.7815 mol

Step 6:The mass of methane (excess reagent) i1s equal to the starting

Number of moles of CH, = Starting quantity — Quantity use

Mass of CH, (excess reagent) = Moles of CH, x Molar mass

From the above calculation, it is clear that the limiting reactam
O, because it produces fewer amounts (moles) of product (CO,)
thanCH,, :

Notice that the limiting reactant is not necessarily the reactant
which is present in small amount.

of carbon dioxide produced at the end of the reaction.

Mass of CO, in grams = Moles of CO, x Molar mass of CO,
= (.7815 moles x44gmol”

quantity minus the amount used during the reaction.

|.875mol-0.7815mol
= 1.0935 mol

= 1.0935 molx 1 6g mol '
= 17.5¢g e |

"

-actice Exercise 14 ;
'v’vrbaich of the following reaction mixtures could produce the greatest amount of |
product when they combine according to the reaction given below?

a) 1 m
b) 2m

ole of N;and3 moles of H,
ole of Nz and 3 moles of H,

St bt A —gap

MY - | ¥

(24)
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. | qieTl bomeigo gl inuiogds
¢) I moleofN,and 5 mojes ofH,

2 slamsse 9 nﬂ‘“ ik
d) 3moleof N, and 3 moles of H, s i IS VOSIO M R
¢) Eachproduce the same athount of product SETANESE botossrnszalase:
T T SIS IR R VIR F1on s 8
; relence: - oo notpsilgley,
. - N E ez e : N7 it 24508 10
Chemistry is a Quantitative Science

» Stoichiometry is Very important in medic

dnsrosd
* Determine the glucose level

-

al sciences and is used to:

S5y Suninomvg
In the blood of diabctics,‘ . s
. Detcmnne the steroid and other stimulants in the urine of athletes. Athletes use
steroids and other stimulants to enh

ance performance and increase strength.
* Determine the cholesterol level

in the blood of patients. Cholesterol is a form of |
that's not all bad. But cholesterol can have harmful effects,
= lt_is helpful in determining the amount of drugs to give a patient. The medicine haan:éﬂ%ég‘i ,_
when given in small amounts and can cause toxic state or death when given in large
amounts. For example, paracetamol

1s used as a pain killer and to decrease fever. An
overdose may resultablood thinning_ organ damage and severe liver damage.
It is the stoichiometry that enables the pilots to dete

rmine the distance that a plane will
travel before needing to be refueled.

i

>
e

J 1
-5 Percentage Yield |

¢ amount of product either calculated from balanced chemical equation or |
ctually obtained from a reaction is called yield or chemical yield. =
The amount of product calculated from balanced chemical equation is called
heoretical yield or expected yield while the amount of product actually obtgmc_d
from a chemical reaction is called actual yield or practical yield. If the actual yield is |
ery low, the final cost can be very high. ‘ S |
In most chemical reactions, the amount of product obtained (actual yield) is
Iways less than theoretical yield due to following reasons: ;
) Insome reactions the products formed may react further among themselves or

ith the reactants (Side reactions take place) that give products (by-products) other
than the main produet.

1) Many reactions are reversible. They do not go to completion. In these reactions
the products formed react to produce the original reactants. ey o
i) Impurities in the reactants. SUPPOSEYOU WANCYO Prepare ¢ om:f . c:hloride)g
I NaCl that contains some impurities (the SubsincEs ether tl!?in - m;:vc If you
B0 you do not know exactly how much pure .SOdlum D y(til:l the'amgunt
valculate the amount o f product from equation, it should be greater than

(29)
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of product actually obtained from a reaction. It means that there is not 10g of
NaClin the sample.
1v) Moreover, many reactions simply are not complete; some amount of re
remains unreacted at the end of the reaction.
v) Loss of product during separation, filtration, washing, drying, distillagig
crystallization etc. ‘

For these and other reasons, it is useful to point out a difference between &
theoretical and the actual yields of a chemical reaction and to calculate §
percentage yield. Actual vield divided by theoretical yield and the answer;
multiplied by 100 is called percent yield.

Percentage Yield = Thﬁﬁ%ﬁﬁideld * 100

Significance of % age yield:
i) Percentage yield shows efficiency of reaction. |
ii) Greaterthe % age yield, higher will be the efficiency of reaction and vice veml

e T I e e R R Je R R e
Example 1.15 =i i i et aas kae s
. el & § "t W L Hlert i L SRR TR A T L e e
» Wy - - o R Ry e o 133 iy e
§ a——— v — —— N ._f ':'-'! — _.,f;.«_ﬂ(- S -3 - AN S >

Lithium on heating with nitrogen ces lithium nitride:

6Li + N, —> 2L;3N ,
When 30g of lithium reacts with an excess of nitrogen then how much li hiut
nitride is produced? If the actual yield of lithium nitride is 38g, what 1s i

percent yield of the reaction?

Solution:

Given mass of Lithium = 30g
Actual yield of Li;N = 38¢g
Mass of lithium nitride produced = ?
Percent yield of the reaction = 9

Before going to calculate percent yield we must know about theoretical yl'c_lf,‘

and actual yield.
i) Theoretical yield:

Equation: |
6L1 + Nji b= 2LN
6 moles  Excess 2 moles

or 42g 70g

According to the above balanced chemical equation:
42gof lithium produces lithiumnitride = 70g

(26)
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So, oTi sl ey
Theoretical yield of lithium nitride is 50g. el :uum f? {,

if) Actuslyield of lithium nitride i S
Actual yield of lithium nitride is 38g. A Sme

iii) Percent yield of lithium nitride ' e
Rt T ... Actual yield of lithium nitride
Zeyleldotlithiumnitride = Theoretical yield of lithium nitride s 00 =3
%yield of lithium nitride = %—%’ <100

Il
=]
=
AL
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| » The volume occupied by one mole of an ideal gas at STP is called m;
volume and this amount is equal to 22.4 14 dm’. f
' » The limiting reactant is the reactant that is consumed first in a chemiy|
reaction and produces the smallest yield. When this reactant is consume
. completely, the reaction stops and no further products are formed. The rea clag
. thatis left after the reaction has stopped is known as excess reagent.
» The amount of product which is calculated using the balanced equation i
called theoretical yiéld. The amount of product obtained when the reactiog
takes place is called actual yield. The ratio of actual yield to theoretical yield
called percent yield. Percent yields may range from a fraction of | percentty

e - 100 percent. REOSOSRNS L

Questions and Problems
ach question:Select the correctanswet.

describes the relationship betwes
emical equationi

Q.1: Fouranswers are given fore
i)  The branch of Chemistry which
the amounts of reactants and products in a balanced ch
called:

(a) Physical chemistry Yb) Biochemistry

(c) Stoichiometry (d) Organicchemistry

ii) Whatare the number of covalent bonc}s in 68g of HyS gas?
(a) 3.01x10" - (b) 6.02x10”

fc) 241x10°7 () 24.1x0""
iii) ThemassofO, required to burn 0.1 mole of C,H,OH is:

(a) 32g (b) 3.2¢ i
(c) 5.6g ~(d) 9.6g |
Equation: C,H,0H+30, —— 2CO,+3H,0 .
iv) The vol?me occupied by 1.4g ofN%at STPis: |
(a) 2.24dm3 (b) 22.4dm‘

' \[C) 1.12dm (d) 112dm’ |
y) Abeaker 2c30ntains 9 gofwater. The rgnmber of hydrogen atoms 1
(a) 6.02X% 1024 (b) 3.01x 107;1
(c) 6.02x10 (d) 3.01x 10° |
vi) One mole of diamond chain and one mole of gold ring bave”
number of:
(a) neutrons (b) proton‘s/
(c) electrons (d) atoms '

(28) |

>
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vil) The largest number of molecules are present in:

(a) 4.8gofC,H.OH \/(6) 3.6gofH§0! il 1
(C) 23{._2 of CO (d) 5'4g‘)‘.‘N2()1 Tz -!vo‘ld‘:"i‘.f
viii) Limiting reactant is that: R -
(a) Whichremains unreacted RIS

=ghd - 5

(b) Which gives maximum amount of product
(c) Which gives minimum amount of product
(d) Which has low-price .
ix) Theamount of product obtained practically is called:

(a) Expected yield (b) Theoretical yield

(c) Actualyield (d) fractional yield

x)  The reactant which is in larger amount and remains mmmﬁklﬁ
called: =
(a) Limiting reactant (b) Excess reactant

(¢c) Expensivereactant (d) Restricting reactant

Fill in the'blanks with suitable words given in the brackets:

i) A balanced chemical equation has the number of atoms

of each element on both sides of the equation. (same / different)
ii) There are molecules in two moles of CH,OH.

(6.02x107/12.04x10") y s
iii) Thenumber of atoms in one mole of neonis (6.02x107/
12.04 x 1023)
iv) The massof moles of N, is 56g. (one/two)
v) The s?ace oc.cupied by 0.50 moles of Cl, at STP is
' 3
(11.207dm /22.414dm’)
at STP has number of

vi) The equal volume of all gases
molecules but they have ‘ ..
vii) The percentage of nitrogen 1o N,
69.57%) ;
viii) 1 mole of Cu,O has atoms of copperand

' ) /12.04%10°)

atoms of oxygen. (6.02x10 . ‘

ix) Limiting reactant gives amount of product. (Minimum /

Maximum)

x) Actualyieldisalways___
(29)

masses. (equal / different)
0, 1s . (30.43% /

than theoretical yield. (less/more)
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Q.3

Q.4

Q.S:
Q.6:

7.

(Q.8:

!Jahcl the following statements as True or False. ‘
i)  Stoichiometry tells you that how to calculate the quantities
substances involved in arcaction. v
i1y The stoichiometric calculations can be performed only
Avogadro's law is obeyed.

iii) Oneatom of Mg is twice in mass as compared to one car bon atom.
iv) The reactants are on the right side of arrow in a chemical equation,
v)  Avogadro's numberis represented by Na.

vi) The number of hydrogen atoms in 1.5 moles of H,S is equal to 1
number of hydrogen atoms in 1.5 moles of H11.

vii) The molarmassof PO, ionis95gmol .
viii) Tonic compounds consistof molecules. ‘
ix) Theamountofproduct calculated from balanced chemical equationy

called actual yield.
x) Greater is the percentage yield; higher will be the efficiency o

reaction.
What is stoichiometry? Why is stoichiomelry important? Give som
examples. > :
Give the principles and relationships of stoichiometric calculations.
How can you solve a Stoichiometry Problem?

a) Defineand explain mole and Avogadro’s number with examples. J¥
b) Define and explain molar mass and molar volume with exampl®
How can we calculate the molar mass of a substance? |
¢) What does the mole have in common with the pair, the dozen !

the gross?

Explain the following: i

a) Whatisthemass, in grams. of one mole of B A

b) How many carbonatoms are present inamole of 7 6+4

¢) Whatis Avogadro's number, and how is it related to the mole?

d) Avogadro's number of atoms of different elements has di

masses. ¥ e il
‘ : ‘ age |

¢) Why chemists use molfs asa umt?"\\gn'- P?‘U‘ i t] ‘.‘

f)  Which would have a higher mA¥a mole o?ﬁa atoms or a moi€ =

atoms? ~

g) Whi would contain more atoms: a mole of Na atoms or mole®”

CromsPEND. Gt SHAE

p) Howmanyatomsarepresentin | molar mass of sulphuric acid”
(30)
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0.9.

Q.10

Q.11:
Q.12:

Q.13:

Q.14:

Q.13:

2.16:

) .17:

L18:

What 18 perccnulg_-'c composiiion? Fow can you calculate the percentage

composition ol a compound”
a) What are limiting and excess reagents? How will you determine

them?

b) Cantherebea limiting reagent if only one reactant is present?
¢) Weuseexpensive reactants in small amounts and inexpensive in large

amounts, why?

Givean everyday example that illustrates the imiting reagentconcept.
Define theoretical, actual yield and percentage yield. How do we ca lculate
the percentage yield of a chemical reaction?

Actual vield of a reaction is always smaller than that of theoretical yield,

why?
How much iron is required to produce 162.3g of FeCl; when chlorine is in
excess? :

2Fe+3Cl, —> 2FeCl; .
Caleium metal reacts with oxygen to form calcium oxide, CaO.

a) Writeabalanced equation for the reaction.

b) How many grams ofoxygen are required to react with 35g of Ca?
¢) How many grams of CaO will be produced?

Urea, a fertilizer, can be prepared in the laboratory by the combination of
ammonia and carbon dioxide according to the following balanced

equation: |

ZNHH‘)-J-CO,@ =y (NHz)_zco(.q)+I’[:O¢o

(a) Calculate the number. of moles of urea formed by the combination of

2.75 moles of ammonia.

(b) Calculate the number of moles of carbon dioxide needed to combine

with2.75 moles ofamm ]

Oxygen gas can be prepa

chlorate (KCIQ,) in the laboratory:

IKCIO,, — 2KCly T30y

How many grams of oxygen can be prepared from 5 moles of KCIO,?

Acetylene gas (C,Hs) 1s used for welding and for the artificial ripening of

fruits. Acetylene gas reacts with hydrogen gas to form ethane gas (C S
A : PR 2CN £ 1ane gas (C,H,).

The balanced chemical equation for the reaction is: '

CHpt2H,,, — CH,,,

(3N

red by the thermal decomposition of potassium
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Q:19;

0.20:

Q.21:

Q.22:

.23

Q.24:

Q.25:

Q.26:
Q.27

Q.28:

If 10 grams of hydrogen gas reacts with excess acetylene, how many |
of ethane gas can be produced?

Octane (CH,o) is a component of gasoline that burns according
equation:

2CH,+200, — 16CO,+8H.0

How many moles of O, are needed to burn 2.5molof CgH 7
Calculate how many moles of oxygen are required to make 27(
aluminum oxide. The balanced equation s:

4Al,+30,, — 2A10y,

What are the Molar Masses of the following Compounds?
i) NH; ii) H,0

iit) H,SO0, iv) C,H,OH

v) NH,Br

How many moles are in cach of the following samples?

i) 10gofCa ii) 100gofHg

ii1) 30gof NaOH iv) 94.5gofHNO,

v) 402gofHCIO, v i B
How many grams are inamole of each of the following substances?
i) N; i) I,

iii) Ca0 iv) Kbr

V) CoCly6H,0

How many moles are in 25gofeachof the fol lowing substances?
D=k i) - Ni :

iii) CS, iv) CF,Cl

v) FeSO,

How many particles are present in 2.5 moles of carbonate fon, ct

9%10° moles of aspirin (C;H0,)?

What is the volume of 1.25 moles of SO, and 0.50 moles of argon g&
Butane gas is a fucl and used in pocket lighters. Its molecular forf
C H,,. Calculateits percentage composition,

Calculate the percentage of oxygen in each of the following:

i) SO, ' i) Sio,
i) (NH,),CO iv) SO?,'
v) CeH,,04

(32)
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Q.29

Q:32;
Q.33:

Q.34:

Hydrogen and bromine react to produce hvdrobromic acid:

H, + Br- - 2HBr
How many grams of HBr are formed from reaction -of 4.50g of H, with

15.75g0f Bry7 W hich reactantis limiting?

- How much water can be made from 50g of hydrogen and 50g of oxygen by

the reaction?
7H-.'\"O —> 2H,0

- When 30g of silica reacts with 12g of carbon. silicon carbide is produced;

this is an important ceramic material.
Si0,+3C —a ™C - +2C0:

(Silicon carbide)
Calculate which reactant is limiting and how much silicon carbide is

produced.
When 227g of NH NO,decomposes, how mucb N,Oand H,Oare formed?

NH,NO. ——> N;042H.0
4.64¢ of ron reacts completcly with an excess of CuSO, and gives 3¢ of

COPPET.
Fe+ CuSO, > FeSO.+Cu
a)  Whatsthe theoretical vield of the reaction?

b)  What is the percentage y icld of the reaction?
Hydrazmc is used as fuel in rockets and can be prepared by the following

reaction: . y
CINH, + 2NH, — N,H; + NH.CI

Hydrazine '
145g of hydrazine is produced by the combination of 280g of CINH, with an
: his reaction.

te the percentage yield of €
excess of NH,. Calculate the pe g W ¢ @55 5265

(.\“5},' Bcl‘.’p-ﬁ_ Y&Wh w’r\i k\ ‘*t:';a mﬁm,qwm mole?

Allen prass o8 B - (S=N
A 9__. 128
Maas wass of Gy Q'Qhw\a .‘L$' U sSmares HBS -

Moaad  mass 0 Gea o (bOL™ O
MW _ 'c “& 'ﬁ‘{"fl T ol el uni 2 X Quien fnd

c -.'3"’3"“"\( mo\w&) \Cndawm

_aR ww\M ,,( - BUEn wag o o
: Wftvwf \
:ﬂ% QX e W
\ ‘{)\69 —\Uﬁ

-UW W\u\‘-'l =t

ass oX \Ag_i‘?\da o olts VWU, °( ‘P{?u)( "‘\5\“ W‘\{“ CT\‘ {4 (X
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