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. ALLEN Mole Concept & Eudiometry
MOLE CONCEPT

1. MATTER : Matter is anything that has mass and occupies space.
Two ways of classifying matter :
I. Physical classification II. Chemical classification

1.1  Physical classification :

fixire]

[Sou ] [iioum | [es]

(i) Particles held very closely Particles are less closely Particles are farthest apart
packed in ordered manner. packed.
(ii) No freedom of movement Particles can move around ~ Movement of particles is very
of particles to some extent easy and fast
(iii) Definite shape and volume Definite volume, indefinite  indefinite shape and volume
shape
(iv) Exists atlow T and high P Exists at intermediate Exists at high T and low P
P&T

Note : For same substance :
* Solid and Liquid co-exist at MELTING POINT.
* Liquid and gas co-exist at BOILING POINT.
* Solid and gas co-exist at SUBLIMATION POINT.
» Solid, liquid and gas co-exist at TRIPLE POINT.

1.2 Chemical classification :
| MATTER I
|[Pure substances || ] es |

* Have fixed composition * Variable composition
* Cannot be separated by ¢ Can be separated by physical
physical methods methods to pure substances

y
[Compoumds] ! }

Homogeneous | Heterogeneous||
* Made of only one * Made of two or more luti
| (solutions) . .
type of atoms types of atoms/ions * Are not'u.mform mn
* Have uniform composition ~ composition and/or
and density through out density
[Tonic | [Covalent] Ex:Mixture of gases Ex.Graphite+Diamond

or NaCl + HZO or Fe + FeO
or Glucose + H,0O or Sand + H,0
or Alloys

m
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Note

2.1

2.2

23

24

2.5

2.6

* PHASE : It is the state of matter uniform in density and composition.
* Homogeneous mixtures have single phase while heterogeneous mixtures are multi-phase.

Ex : NaCl + H,O mixture has one phase
Ex : Graphite + Diamond mixture has 2 phases.

SOME SPECIFIC PROPERTIES OF SUBSTANCES

Deliquescence :
The property of certain compounds of taking up the moisture present in atmosphere and becoming
wet when exposed, is known as deliquescence. These compounds are known as deliquescent.
Sodium hydroxide, potassium hydroxide, anhydrous calcium chloride, anhydrous magnesium
chloride, anhydrous feric chloride, etc., are the examples of deliquescent compounds.

Hygroscopicity :
Certain compounds combine with the moisture of atmosphere and are converted into hydroxides
or hydrates. Such substances are called hygroscopic. Anhydrous copper sulphate, quick lime
(Ca0), anhydrous sodium carbonate, etc., are of hygroscopic nature.

Efflorescence :
The property of some crystalline substances of losing their water of crystallisation on exposure
and becoming powdery on the surface is called efflorescence and such salts are know as
efflorescent. The examples are : Ferrous sulphate (FeSO,.7H,0), sodium carbonate
(Na,CO,.10H,0), sodium sulphate (Na,SO,.10H,0), potash alum [K,SO,.AL(SO,),.24H,0],
etc.

Malleability :
This property is shown by metals. When metallic solid is being beaten, it does not break but
is converted into thin sheet. It is said to possess the property of malleability. Copper, gold, silver,
aluminium, lead, etc., can be easily hammered into sheets. Gold is the most malleable
metal.

Ductility :
The property of metal to be drawn into wires is termed ductility. Copper, silver, gold, aluminium,
iron, etc., are ductile in nature. Platinum is the most ductile metal.

Brittleness :
The solid materials which break into small pieces on hammering are called brittle. The solids
of non-metals and ionic solid are generally brittle in nature.

Ex: Ice, Diamond etc.
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3.

3.1

Ex.

THE LAW OF CHEMICAL COMBINATION

Atoine Lavoisier, John Dalton and other scientists formulated certain laws concerning the
composition of matter and chemical reactions. These laws are known as the law of chemical
combination.

Law of indestructibility of matter or conservation of Mass :
. This law was proposed by Lavoisier in 1789.

. According to this law, in all physical or chemical changes

the total mass of the system remains constant or in a physical or

chemical change, mass is neither created nor destroyed. Thus, Antoine Lavosier
(1743-1794)

Antoine-Laurent de Lavosier,
the"father of modern chemistry,"
Total mass of reactant reacted = Total mass of products formed wasa French mnobleman
prominent in the histories of
chemistry and biology. He
named both oxygen and
H,0(s) —> H,0(¢)

hydrogen and predicted silicon.

in a physical or chemical change.

Above reaction shows the physical change and the wt. of H,O (s) = wt. of (H,0)(¢)
In case the reacting materials are not completely consumed, the relationship will be.
Total masses of reactants = Total masses of product + masses of unreacted reactants

. In nuclear reactions (Mass + energy) is conserved, not the mass seperately.

Ex.1 When 4.2 g NaHCO, is added to a solution of CH,COOH weighing 10.0 g, it is observed that

Sol.

2.2 g CO, is released into atmosphere. The residue is found to weigh 12.0 g. Show that these

observations are in agreement with the law of conservation of mass.
NaHCO, + CH,COOH —— CH,COONa + H,O + CO,

Initial mass =4.2 + 10 =14.2

Final mass =12 +2.2=14.2

Thus, during the course of reaction law of conservation of mass is obeyed.

DO YOUR SELF-01

1. 100 gm CaCOs(s) on heating decompose completely and gives 44 gm CO,(g). The residue is found
to weight 56 gms. show that these observations proof the law of conservation of mass.

2. 12 gm C(s) react with 32 gm O,(g) to form CO,(g). Find amount of CO,(g) obtained if no reactant
left at end of reaction .

Answers :

1.  Initial mass = final mass 2. 44gm

Mole Concept & Eudiometry
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3.2. Law of constant or definite proportion :
. This law was given by Joseph Louis Proust. in 1799.
. Chemical compostion of a compound remains constant
whether it is obtained by any method or any source.
. Example :

In water (H,0), Hydrogen and Oxygen combine in 1 : 8 mass
ratio, the ratio remains constant whether it is tap water, river water

or sea water or produced by any chemical reaction.

Ex.2 1.80 g of a certain metal burnt in oxygen gave 3.0 g of its oxide. 1.50 g of the same metal heated

in steam gave 2.50 g of its oxide. Show that these results illustrate the law of constant proportion.

Sol. In the first sample of the oxide,
wt. of metal = 1.80 g, wt. of oxygen=(3.0-180)g=12g¢

t.of metal 1.80
wt.of metal g=1.5

wt.of oxygen - 1.2¢g

In the second sample of the oxide,
wt. of metal = 1.50 g, wt. of oxygen = (2.50-1.50)g=1g¢g

wt.of metal :1.50g _
wt.of oxygen 1g

1.5

Thus, in both samples of the oxide the proportions of the weights of the metal and oxygen are fixed.

Hence, the results follows the law of constant proportion.

Note: This law is not applicable in case of isotopes.

DO YOUR SELF-02

Joseph Proust
(1754 - 1826)

Proust was born the son of
anapothecary at Angers in
north-west France. He
studied in Paris.He lived in
poverty for some years
before being awarded a
pension by Louis X VIII.

1. 12 gm C(s) burnt in oxygen gave 28 gm CO(g). 36 gm C(s) reduce Al,O;(s) to gave 84 gm CO(g).

Show that these results illustrate the law of constant proportion.

2. Is proportion of hydrogen and oxygen in H,O different if source of H,O changed?

Answers :
1.  In both sample of CO the proportions of C and O are fixed 2. No
3.3. The law of multiple proportion :
. This law was given by Dalton in 1803.
. If two elements combine to form more than one compound, then the different masses of one

element which combine with a fixed mass of the other element, bear a simple ratio to one

another.
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Ex. Nitrogen and oxygen combine to form five stable oxides —

N,O Nitrogen 28 parts Oxygen 16 parts
N,O, Nitrogen 28 parts Oxygen 32 parts
N,O, Nitrogen 28 parts Oxygen 48 parts
N,O, Nitrogen 28 parts Oxygen 64 parts
N,O, Nitrogen 28 parts Oxygen 80 parts

The masses of oxygen which combine with same mass of nitrogen in the five compounds bear a ratio
16:32:48:64:800r1:2:3:4:5.

Note: This law is not applicable in case of isotopes.

Ex.3 Carbon forms two oxides. One contains 27.27 % carbon & another contains 42.86% carbon. Show

that the data illustrate the law of multiple proportion.
Sol. The mass ratio of C : O in first oxide =27.27:72.73=3:8
The mass ratio of C : O in second oxide =42.86:57.14=3:4
Hence for each 3 gm of carbon the masses of oxygen combined is in 2 : 1 ratio.

Hence the data is according the law of multiple proportion.

3.4 Law of Gaseous volumes :

. This law was given by Gay-Lussac. in 1808.

. According to this law, gases react with each other in the ——
Joseph Louis
simple ratio of their volumes and if products are also gases Gay Lussac
o ' ' (1778 - 1850)
then they are also in simple ratio of volume provided that Joseph Louis Gay-Lussac also ;
6 December 1778 — 9
all volumes are measure at same temp. & pressure. May1850)was a French
chemist and physicist.
He is known mostly for two
€g. Nz(g) + 3H2(g) ? 2NH3(g) laws related to gases, and for his
work on alcohol-water
1vol. 3vol. 2vol. mixtures , which led to the

degrees Gay-Lussac used to
measure alcoholic beverages in
many countries.

Ex.4 For the gaseous reaction, H, + Cl, —> 2HCL If 40 ml of hydrogen completely reacts with
chlorine then find out the required volume of chlorine and volume of produced HCI ?

Sol. According to Gay Lussac's Law :
H, + Cl, — 2HCl
1 ml of H, will react will 1 ml of Cl, and 2 ml of HCI will produce.

40 ml of H, will react with 40 ml of Cl, and 80 ml of HCI will produce.

required vol. of Cl, = 40 ml, produced vol. of HCl = 80 ml

m
L 4
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DO YOUR SELF-03

1.  2ml SO,4(g) react with 1 ml of O,(g) completely to form SO,(g)
250,(g) + O4(g) = 2S05(g)
Is it true that 3ml of SO;(g) obtained at end of reaction.
Answer
1. No.
3.5. Avogadro's law (1811) : Equal volumes of all gases under similar conditions of temperature and
pressure contain equal number of molecules.
4. DALTON'S ATOMIC THEORY
Ancient Indian and Greek philosophers have always won-
dered about the unknown and unseen form of matter. The idea
of divisibility of matter was considered long back in India, around
500 BC. An Indian philosopher Maharishi Kanad, postulated
that if we go on dividing matter ( padarth ), we shall get smaller
and smaller particles. Ultimately, a time will come when we shall
come across the smallest particle beyond which further division  john Daiton (1766 - 1844) , an
will not be possible. He named these particles Parmanu. gﬁi}fiﬁi‘go}’ fvgha; }tlza\,cv};isnlgz.alt{iz
Another Indian philosopher, Pakudha Katyayama, elaborated ifﬁtsgrigzﬁi?]?evrv;g: Siiier?:;fei?;]?g; d(ﬁg
this doctrine and said that these particles normally exist in a ]f(gft 4cgreyf:;rgfl]zv}zg}a]’thlzrdretf)or:s
combined form which gives us various forms of matter. Around lgges:lt]i%;htz %?;;gg;ﬂg’agtg“m‘?
the same era, the Greek philosopher Democritus expressed the —Dalton is best known for his atomic
theory, in which he postulated that
belief that all matter consists of wvery small, thefundamental differences among
indivisible particles, which he named atomos (meaning ?aﬁ?foaﬁrégggzaf:§lsé I;)lli :Z?ZSBE
uncuttable or indivisible). atomicweight.

Although Democritus' ideal was not accepted by many of his contemporaries (notably Plato
and Aristotle), some how it endured. Experimental evidence from early scientific investigations
provided support for the notion of "atomism" and gradually gave rise to the modern definitions of
elements and compounds. It was in 1808, John Dalton, formulated a precise definition of the
indivisible building blocks of matter that we call atoms. Dalton's work marked the beginning of the
modern era of chemistry. The hypotheses about the nature of matter on which Dalton's atomic theory
is based can be summarized as follows :

(1) Matter consists of indivisible atoms.
(i1) All atoms of a given element are identical, having the same size, mass and chemical properties.

The atoms of one element are different from the atoms of all other

elements.

L 4
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5.1

(i)  Compounds are formed when atoms of different elements combine in a fixed ratio.
(iv) A chemical reaction involves only the separation, combination or rearrangement of
atoms. It does not result in their creation or destruction.

ATOMIC AND MOELCULAR MASSES :

The mass of an atom depends on the number of electrons, protons, and neutrons it contains. Knowledge
of an atom's mass is important in laboratory work. But atoms are extremely small particles - even the
smallest speck of dust that our unaided eyes can detect contains as many as 1 x 10'°atoms ! Clearly
we cannot weigh a single atom, but it is possible to determine the mass of one atom relative to another
experimentally. The first step is to assign a value to the mass of one atom of a given element so that it

can be used as a standard.

RELATIVE ATOMIC MASS :

Hydrogen, being lightest atom was arbitrarily assigned a mass of 1 (without any units) and other
elements were assigned masses relative to it. However, the present system of atomic masses is
based on carbon - 12 as the standard and has been agreed upon in 1961. Here, Carbon - 12 is one
of the isotopes of carbon and can be represented as '*C. In this system, '*C is assigned a mass of
exactly 12 atomic mass unit (amu) and masses of all other atoms are given relative to this standard.
Relative Atomic Mass is defined as the number which indicates how many times the mass of

one atom of an element is heavier in comparison to 1/12th part of the mass of one atom of C-12.

. . __mass ofone atom of an element
Relative atomic mass of an element =

E[rnass ofoneC-12atom]

— Mass of oneatom of anelement
lamu

5.1.1 ATOMIC MASS UNIT (a.m.u. or u) : The quantity 1/12" mass of an atom of C'? is known as

atomic mass unit.
Since mass of 1 atom of C - 12 =1.992648 x 103 g
_1.992648 x 10%g

1/12™ part of the mass of 1 atom 17 =1.67x10*g =

1
6.022x10% &

It may be noted that the atomic masses as obtained above are the relative atomic masses and not the actual
masses of the atoms. These masses on the atomic mass scale are expressed in terms of atomic mass units
(abbreviated as amu). Today, 'amu' has been replaced by 'u' which is known as unified mass.

5.1.2 GRAM ATOMIC MASS OR MASS OF 1 G ATOM :

When numerical value of atomic mass of an element is expressed in grams then the value becomes
gram atomic mass or GAM.
gram atomic mass (GAM) = mass of 1 g atom = mass of 1 mole atoms

= mass of N, atoms = mass of 6.022 x 10* atoms.

Mole Concept & Eudiometry _
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Ex.

Ex.

GAM of oxygen= mass of 1 g atom of oxygen = mass of 1 mol atoms of oxygen.

16
=mass of N, atoms of oxygen = {N—ij Na=16g
A

Mass of one atom of Oxygen = 16 amu or 16 x 1.66 x 10 g
Mass of N, atoms of Oxygen =16 x 1.66 x 10> x 6.022 x 10> g=16 g

Now see the table given below and understand the definition given before.

Element R.A.M. Atomic mass Gram Atomic
(Relative Atomic Mass) | (mass of one atom) mass or weight

N 14 14 amu 14 gm

He 4 4 amu 4 gm

C 12 12 amu 12 gm

5.1.3 AVERAGE ATOMIC MASS :

If an element exists in different isotopic forms having relative abundance X,%, X,% ..... X %, with
relative atomic masses M, M, ..... M respectively then ,

X, X X
M,)+..... (M )= M;)
100 Me) et 7M=& 700

. X
Avg. Atomic mass of element = 1 01 (M,) +

Ex.5 The atomic mass of an element is 50

Sol.

(i) Calculate the mass of one atom, in amu

(ii) Calculate the mass of 6.022 x 107 atoms, in gm

(iii) Calculate the number of atoms in its 10 gm

(iv) What mass of the element contains 3.011 x 10?° atoms
(1) 50 amu

(i1) 50 gm

(iii) . 50 gm of element contains 6.022 x 10?* atoms

. . 6.022 x 10*
. 10 gm of element will contain Txlo = 1.2044 x 10?2 atoms

(iv) - 6.022 x 10? atoms weighs 50 gm

. 3.011 x 10 atoms weighs x3.011x10* =0.025 gm

50
6.022x10%

Ex.6 An element exist in nature in two isotopic forms : X3° (90%) and X??(10%). What is the average

atomic mass of element ?
Z(%abundance x atomicmass)  90x30+10x 32

. . i = =30.2
Sol. Av. atomic mass 100 100
DO YOUR SELF-04
1. Calculate mass of 1 atom of °O in gram.
2. Calculate mass of 6.022 x 1020 atoms of }*N in gm.
Find no. of ;He atoms present in 52 amu He sample ?
Element B exist in nature in two isotopic form B-10 (20%) and B -11 (80%). What is average atomic
mass of B ?
Answers :
1. 2.66 x 1023 gm 2. 14x102gm. 3. 13 4. 108
L 4
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5.2

Ex.

RELATIVE MOLECULAR MASS :
The number which indicates how many times the mass of one molecule of a substance is heavier in
comparison to 1/12th part of the mass of an atom of C—12.

OR
The molecular mass of a substance is the sum of atomic masses of all the atoms present in a
molecule. It is obtained by multiplying the atomic mass of each element by the number of its atoms

and adding them together.

molecular mass of oxygen (O,) = 32

molecular mass of (O,) = 48

molecular mass of HCI = 1+35.5=36.5
molecular mass of H,SO, = 2+32+64=98

5.2.1 GRAM MOLECULAR MASS (MASS OF 1 G MOLECULE) :

Ex.

Ex.

When numerical value of molecular mass of the substance is expressed in grams then the value

becomes gram molecular mass or GMM.

gram molecular mass (GMM) mass of 1 g molecule = mass of 1 mole molecules
= mass of N, molecules = mass of 6.022 x 10*
molecules
GMM of H,SO, = mass of 1 g molecule of H SO,
= mass of 1 mole molecules of H SO,

= mass of N N molecules of H,SO,

98
= [N_Q)XNA =98¢
A
Molecular Mass of N, = 28 amu =28 x 1.66 x 10 g
Mass of N, molecules of N, =28 x 1.66 x 102 x 6.022 x 10® g =28 g

5.2.2 AVERAGE MOLECULAR MASS OF NON-REACTING GAS MIXTURE :

M = Total massof mixture _ 2(%vol xmolecular mass) _ 100
ave. Totalmole 100 % mass
molecular mass

Ex.7 The molecular mass of a compound is 75

Sol.

(i) Calculate the mass of 100 molecules, in amu.

(it) Calculate the mass of 5000 molecules, in gm.

(iii) What is the mass of 6.022 x 10?° molecules, in gm
(iv) How many molecules are in its 2.5 mg

(1) mass of 1 molecules =75 amu

.. mass of 100 molecules = 7500 amu

Mole Concept & Eudiometry
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(i1) Mass of 5000 molecules = 5000 x 75 amu
=5000 x 75 x 1.66 x 10724=6.225 x 10719 gm
(iii) .. 6.022 x 10?* molecules weighs 75 gm

x6.022x10% =0.075 gm

"+ 6.022 x 102 molecules weighs Lzs
6.022x10

(iv) .. 75 gm compound contains 6.022 x 10?* molecules

6.022x10%

2.5 %107 gm will contain x2.5x107% =2.007 x 10! molecules.

Ex.8 A gaseous mixture contains 40% H, and 60% He, by volume. What is the average molecular mass
of mixture ?

_ Z(%byvol.xmolecularmass) _ 40x2+60x4
av 100 100

DO YOUR SELF-05

1.  What is the molar mass of CO,, SO,, SO;, urea (NH,CONH,) , glucose (C¢H;,0), sucrose (cane
sugar) (C,,H,,0,,), PCls, PCl;, Cl,, KClO;, Na,CO;, NaHCO;, CaCO; and CaCl,.

What is the mass of one CO, molecule in gm?

Sol. M =3.20

Calculate mass of 50 molecules of CO, in gm.

Calculate mass of 5 molecule of CO, in amu.

s w D

A gaseous mixture contains 2 moles of He and 6 moles H, gas. What is the average molecular mass

of mixtrue ?

6. A gases mixture contains 40% H, and 60% He, by moles. What is the average molecular mass of

mixture?

Answers :

1. 44 gm, 64 gm, 80 gm, 60 gm, 180 gm, 342 gm, 208.5 gm, 137.5 gm, 71 gm, 122.5 gm, 106 gm,
84 gm, 100 gm and 111 gm.

2. 73 x102 gm 3. 3.67 x 102! gm 4. 220 amu
2.50 6. 3.20

INTRODUCTION TO MOLE

Atoms and molecules are extremely small in size and their numbers in even a small amount of any
substance is really very large. To handle such large numbers, a unit of similar magnitude is required.
The 14t Geneva conference on weight and measures adopted mole as a seventh basic SI unit of the
amount of a substance. Mole concept is essential tool for the fundamental study of chemical
calculations. This concept is simple but its application requires a thorough practice. There are many
ways of measuring the amount of substance, weight and volume being the most common, but basic

unit of chemistry is the atom or a molecule and measuring the number of molecule is more important.
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6.1 DEFINITION OF MOLE AND MOLAR MASS :

* A mole is the amount of a substance that contains as many entities (Atoms, Molecules, [ons or any

other particles) as there are atoms in exactly 12 g of C-12 isotope.

* A mole of a substance contains Avogadro's number (6.022 x 10%3) of particles.
The term mole, like a dozen or a gross, thus refers to a particular number of things. A dozen eggs
equals 12 eggs, a gross of pencils equals 144 pencils, and a mole of ethanol equal 6.022 x 10?3
ethanol molecules.

* The molar mass of a substance is the mass of one mole of the substance. Carbon-12 has a molar
mass of exactly 12 g/mol, by definition.

* 1 g-atom =1 mole atoms =N, atoms

* 1 g-molecule =1 molemolecules =N, molecules

* 1lg-ion =1 mole ions =N, ions

6.2 Methods to calculate moles :

(1) If number of particles (molecules or atoms) is given then,
_ Givennumber of molecule / atom
mole =
N,
.. .. _ Givenmass of substance (in gm)
(i) If mass is given then, number of mole = GAM / GMM
(ii1) If volume of gas is given then, mole

_ VolumeofgasatSTP Volumeof gasat 0°C and 1 atm
B 22.7L B 224L

(Standard molar volume is the volume occupied by 1 mole of an ideal gas gas at STP (Standard temperature
and pressure which is 273.15 K & 1 bar respectively) , which is equal to 22.7 L).
1 mole of an ideal gas occupy 22.4 L at 0°C and 1 atm.
(iv) Under any condition of temperature and pressure, moles of gases may be calculated using
IDEAL GAS EQUATION : PV =nRT,
where, R = Universal Gas Constant
=0.082 L-atm/K-mol
=8.314 J/K-mol
~2 cal/K-mol
Units of pressure and their relation:
I atm =76 cm Hg
=760 mm Hg
=760 torr (1 torr=1 mm Hg)
=1.01325 % 10° dyne/cm?

=1.01325 x 103 N/m? or Pa
=1.01325bar (1 bar=10° Pa)
1 bar =75 cm Hg
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Units of Volume and their relation:

Iml=1cm3=1c.c.
1 Litre = 1000 ml = 1 dm3
1 m3=1000L

Units of Temperature and their relation:

v)

T=273.15+t

where, T = Absolute temperature (in Kelvin) and t = temperature in °C

(Normally , we take 273K in calculation)

Sometimes gas is collected over water. In this case, the measured pressure is sum of pressure of gas
and the vapour pressure of water (also called Aqueous Tension). In order to calculate moles of gas,

the vapour pressure of water should be deducted from the measured pressure.

Ex.9 Calculate the number of g-molecules ( mole of molecules) in the following :

Sol.

(i)3.2gm CH,

(it) 70 gm nitrogen

(iii) 4.5 x 10?* molecules of ozone

(iv) 2.4 x 10*! atoms of hydrogen

(v) 11.2 L ideal gas at 0°C and 1 atm

(vi) 4.54 ml SO, gas at STP

(vii) 8.21 L C,H  gas at 400K and 2atm

(viii) 164.2 ml He gas at 27°C and 570 torr [N, = 6 x 10%]
(1) 3.2 gram CH,

w 3.2
number of moles (CH,) = Mo16 0.2 moles
(1) 70 gram N,
w 70
- =25
Number of moles M 28

(iii) 4.5 x 10** molecules of O,

no.of molecules  4.5x10*

= = =7.5
Number of moles N, 6x107
(iv) 2.4 x 10?! atoms of hydrogen
no.of molecules 2.4x10%
Number of gram molecules of H, = N, = 2x6x10% 0.002

(v) 11.2 litre ideal gas at 0°C and 1 atm

Volumeat0°C&latm 11.2

Number of moles = 99 4 litre =934 " 0.5

(vi) 4.54 ml SO, gas at STP
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Mole Concept & Eudiometry

Vgrp(ml) _ 4_54
22700ml 22700

(vi1) 8.21 litre C,H, at 400 K and 2 litre

Number of moles = =2 x 10

PV 2x821
~ RT 0.0821x400

(viii) 164.2 ml He gas at 27°C and 570 torr

n 0.5

=0.005

PV (570 j164.2x10311tre
n = tm [x

=—=|——a
RT 760 0.0821x 300

Ex.10  Find no. of protons in 180 ml H,O. Density of water = 1 gm/ml.

Sol.

Ex.11
Sol.

Ex.12

Sol.

Mass of water = density x volume =180 g

180

Moles of water T 10

1 mol water has 10 mol protons

. 10 mol water has 100 mol protons = 100 x 6.022 x 10?3 protons
= 6.022 x 10% protons.

Molar mass of Na,SO,.7H,0 =275 gm.
1 mole Na,SO,.7H,0O has 11 mol O-atoms.
= 11 N, O —atoms are in 275 g Na,SO, . 7TH,0

275

= 6.022 x 10?2 O — atoms are in =

112
24
Moles of atoms =5 x 3 =15
No. of molecules =5 N,
No. of atoms = 15N,,.

Moles of molecules =

11x6.022x10%

What mass of Na,SO ,.7H,0 contains exactly 6.022 x 10°? atoms of oxygen ?

x6.022x10% g =25 ¢

What is number of atoms and molecules in 112 L of O,(g) at 0°C and latm ?
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DO YOUR SELF-06

1. A box contains 12 x 1022 number of oxygen atoms. Find moles of O-atoms? (N A= 6% 10%3)
2. If aclosed container contain 5 moles of CO, gas, then find total number of CO, molecules in
the container (N, = 6 X 10%3)
3. A flask of 8.2 L contains CH, gas at a pressure of 2 atm. Find moles of CH, gas at 400K?
4.  Find moles of O-atom in 5.6 litres of SO5 at 0°C, 1 atm?
5. How many atoms are there in 5 moles of silver (N, = 6 X 10%3)
6. How many moles of O-atom are there in 1 mole CaCO,
7.  How many moles of O-atom are in 2.7 x 102> molecules of CO, (N, =6 X 1023)
8.  Find number of O-atoms in 1 mole O,
9. Find moles of Cu atom and number of Cu atoms in it’s 0.635 gm (Cu = 63.5)
10. Find number of molecules in 11.35 litre SO, gas at STP.
11. 2 moles of H,SO, is kept in a beaker. Find
(1) Moles of H-atom (i1) Moles of S-atom
(ii1) Moles of O-atom (iv) Number of O-atoms
12. A flask contains 16 gm helium (;‘He) gas (Gram atomic mass of He = 4). Find
(1) Moles of He (i1) Moles of proton
(ii1) Total number of neutrons
13. 6.4 gm of SO, will contain how many
(1) Moles of SO, molecule
(i1) Number of SO, molecules
Answers :
1. 02 2. 3x10% 3. 0.5 mole
4. 0.75 moles 5. 3 x10% 6. 3 mole
7. 90 8. 2N, 9. 0.01 mole, (0.01 x N,)
10. (0.5 x N,) 11. ()4 (i) 2 (i) 8 (iv) 8N,
12. (i) 4 (i) 8 (iii) 8N,
13. (i) 0.1 mole (ii) (0.1 x N,)
L 4

ncept & Eudiometry\01-Theory. p65

n0de06\BOBA-BB\Other Center\JEE({Advanced)\Nurture\Chem\Module#02-(PC)\Eng\ 1. Mole cor



ncept & Eudiometry\01-Theory. p65

n0de06\BOBA-BB\Other Center\JEE({Advanced)\Nurture\Chem\Module#02-(PC)\Eng\ 1. Mole cor

. ALLEN Mole Concept & Eudiometry
7 DENSITY :
It is of two types.

71

7.2

I. Absolute density
IL. Relative density

For liquids and solids :

mass

Absolute density = Tolume

density of the substance

Relative density or specific gravity = density of water at 4°C (1gmml)
For gases :
Absolute density = mass _ PM

volume ~ RT
where P is pressure of gas, M = molar mass of gas, R is the gas constant, T is absolute temperature.

Vapour Density :

Vapour density is defined as the density of the gas with respect to hydrogen gas at the same temperature
and pressure.

o d My
Vapour density = 1. PM.
H, H,

RT

M
V.D.=y - =MT = [M,,, =2xV.D.|

Ex.13 A gaseous mixture of H,and NH, gas contains 68 mass % of NH, The vapour density

of the mixture is —

68
Sol. No. of moles of NH, in 100g mixture = ﬁ =4

32
No. of moles of H, in 100g mixture = ?:16

_ Totalmass 100 _5
average . Totalmoles 4+16

VD—§—25
=7 =2

DO YOUR SELF-07

Find V.D. of SO,

2. A glass contains 36 ml of liquid water (density = 1 gm/ml). Find
(i) Moles of H,O
(if) Number of H,O molecules
(ii1) Number of H-atoms

Answers :

1. 40 2. (i)2mole (i) 2 x N, (iii) 4 x N,
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8.1

STOICHIOMETRY

Stoichiometry is the calculation of amounts of reactants and products involved in a reaction.
Stoichiometric calculations require a balanced chemical equation of the reaction.

A balanced chemical equation is one which contains an equal number of atoms of each element on
both sides of equation.

SIGNIFICANCE OF STOICHIOMETRIC COEFFICIENTS :

Stoichiometric coefficients of chemical equation tells us about the ratio in which moles of reactants
react and moles of products form.

Ex. 2H,(g) + O,(g) —> 2H,0(g)
ISt interpretation 2 moles 1 mole 2 moles
27 interpretation 2N, molecules N, molecules 2N, molecules
3" interpretation 2 molecules 1 molecules 2 molecules

Ex.14 What mass of CaO is formed by heating 50 g CaCO, in air ?

Sol.

CaCO,(s) ——>CaO (s) + CO,(g)
50 gm
50

=—"—mol

zémol %mol = lx56 = 28 gm

Ex.15 If 1 mole of ethanol (C,H, OH ) completely burns to form carbon dioxide and water, mass of

Sol.

carbon dioxide formed is about
C,H,OH + 30, 2CO, + 3H,0
1 mole 2 mole
. mass of CO, formed =2 x 44 = 88 gm

Ex.16.What volume of CO, at 0°C and 1 atm is formed by heating 200 g CaCO, ?

Sol. CaCO, (s) —> CaO(s) + CO, (g)
200 gm
= @mol = 2mol 2 mol
100
Volume of gas at 0°C and 1 atm= No. of moles X 22.4 L =2 x22.4=448 L.
DO YOUR SELF-08
1. 2NH; —> N, + 3H,
Find moles of H, produced from 4 moles of NH,
2. NH,COONH, ——2NH; + CO,
If 6 moles of NH; is produced then find moles of NH,COONH, intially taken.
3. KCIO; —» KCI + O, (unbalanced) ,
If in above reaction 5 moles of KCIO; was heated, then find moles of O, produced on
completion of reaction
4. 2NH; - N, + 3H,
If at the end of reaction , 18 mole of H, is produced then find moles of NH, initially taken
Answers :
1. 6 2. 3 3. (1.5 4. (12)
L 4
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O LIMITING REAGENT (L.R)):
(1)  Thereactant which is completely consumed when a reaction goes to completion is called Limiting
Reactant or Limiting reagent.
(i) The reactant whose stoichiometric amount is least, is limiting reactant.

Given moles of reactant

where ; stoichiometric amount = Stoichiometric coefficient of reactant inbalance Reaction

(ii) When amounts of two or more than two reactants are given :

aA + bB — cC + dD
Initial reacting n, mol ng; mol
mixture
C . n, ng
Stoichiometric amount : F
n, ng C e
If o <T = A is limiting reagent.

Nna a . . .
If PR then reaction occurs to completion & no reactant is left at the end.
B

If n?A >%B = B is limiting reagent.

For calculation of moles of product, LR should be used.
Ex.17.28 gm Lithium is mixed with 48 gm O, to reacts according to the following reaction.
4Li + O, —> 2Li, O (Li=7)
The mass of Li,O formed is

Sol. 414 + o, —> 2Li,0
s ke 2 i
moles taken - 29
=4 =1.5

molestaken 4 1.5

T — =1 — =15
stoich. coeff. 4 1

(L.R)

2
Moles of Li,O formed = ZX 4=2
Mass of Li,O formed = 2 x 30 = 60 gm
Ex.18 Calculate the mass of sucrose C,,H,,0,, (s) produced by mixing 78 g of C(s), 11 g of

H,(g) & 67.2 litre of O, (g) at 0°C and 1 atm according to given reaction (unbalanced) ?
C(s) + Hy(g) + O,(g) - C,,H,,0,,(s)

ncept & Eudiometry\01-Theory. p65

11
¢ Sol. 12C(s) + 11 Hy(g) + ?OZ—> C,,H,,0,; (8)
;
g Moles tak 78 n 672
i oles TaRen 19 2 22.4
=6.5 =5.5 =3
3 moles taken 6.5 5.5 3
3 stoich. coeff. 12 1 5.5
z =0.54 =0.5 =0.545
3 (L.R.)
! 5.5
2 .. Moles of C,H,,0,, formed = 11 0.5
3
1

Mass of sucrose obtained = 0.5 x 342 =171 grams.

m
L 4
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DO YOUR SELF-9

1. 3 moles N,(g) is allowed to react with 6 moles of H,(g) to form NH;(g) in a close container. Find
limiting reagent.

2. CaCO; + 2HClI — CaCl, + H,0 + CO,
0.2 mole CaCOj is reacted with 0.5 moles HCI. Find mass of CO, produced?

3. Maximum mass of sucrose C,,H,,0,, produced by mixing 84 gm of carbon, 12 gm of hydrogen and
56 1it. O, at 1 atm & 273 K is
C(s) + Hy(g) + 0O, (8) — C,H,,0,,(5)
(A) 138.5 (B) 155.5 (C) 186.5 (D) 199.5

Answers:

. (Hy 2. 8.80gm 3. (B

8.3 PROBLEMS BASED ON MIXTURE :

The composition of any mixture may be determined by reacting the mixture with some substance, by

which either one or more component of mixture may react.

Ex.19 1.5 gm mixture of SiO, and Fe,O,on very strong heating leave a residue weighing

1.46 gm. The reaction responsible for loss of weight is
Fe, 0, (s) - Fe;0,(s) + O4(g)

What is the percentage by mass of Fe,O,in original sample.

1

Sol. 3Fe,0, (s) » 2Fe 0, + 502

3 x 160 l>< 32

2
=480 gm =16 gm
loss of 16 gm — 480 gm Fe,O,
480
loss of 0.04 gm — 0.04 X 16 = 1.2 gm Fe, O,
1.2
% by mass = GX 100 = 80%
DO YOUR SELF-10

1. 19 gm mixture of Na,CO;(s) and NaHCO;(s) on heating gives 2.2 gm CO, gas.

Find % NaHCO; (by mass) in mixture.
2. Write decomposition reaction of CaCOs(s) and Na,CO; (s) on heating.
Answers :
1. 4421 %
2. CaCOs4(s) —2— CaO(s) + COx(g)

NaCO;(s) —2 5 (No decomposition)

L 4

ncept & Eudiometry\01-Theory. p65

n0de06\BOBA-BB\Other Center\JEE({Advanced)\Nurture\Chem\Module#02-(PC)\Eng\ 1. Mole cor



. ALLEN Mole Concept & Eudiometry

ncept & Eudiometry\01-Theory. p65

n0de06\BOBA-BB\Other Center\JEE({Advanced)\Nurture\Chem\Module#02-(PC)\Eng\ 1. Mole cor

8.4 PERCENTAGE YIELD :

In general, when a reaction is carried out in the laboratory we do not obtain the theoretical amount of
the product, in reality. The amount of the product that is actually obtained is called the actual yield.
Knowing the actual yield and theorectical yield the percentage yield can be calculate as :

Actual yield

% vield =
ovie Theoretical yield

x100

The percentage yield of any product is always equal to the percentage extent of that reaction.

Ex.20 Aluminium reacts with sulphur to form aluminium sulphide. If 5.4 gm of
Aluminium reacts with 12.8gm sulphure gives 12gm of aluminium sulphides, then
the percent yield of the reaction is. (Al =27, S = 32)

Sol 2A1 + 35 —> ALS,
Mol . ﬁ m 12.8
ole taken 27 g _32 gm

=0.2 =04

molestaken 0.2 04

stoich.coeff. 9 ?
=0.1 =0.133
(L.R.)

1
moles ofA1283 formed = 3 x0.2 =0.1

mass of ALS, formed=0.1x150=15gm
But, from equation, only 12 gm ALS, is formed.

actual yield

% yield = x100 :%x100=80%

theoritical yield

DO YOUR SELF-11
1. 5 moles of CaCO; on heating yielded 2 moles of CO,. Find % yield of reaction
2. 245 gm of KCIO; on heating yielded 64 gm O,. Find % yield of reaction.
(K =39, Cl=355)
Answers :
1.  40% 2. 66.67

8.5 DEGREE OF DISSOCIATION, a :

It represents the mole of substance dissociated per mole of the substance taken.

M, -M

o

A — n particles; &= n- 1M

where, n = number of product particles per particle of reactant
M, = Molar mass of 'A'
M = Molar mass of final mixture
Dissociation decreases the average molar mass of system while association increases it.

Same formula is applicable for association, taking the correct value of 'n'.
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Ex.21 For the reaction 2NH(g) — N,(g) +3H(g)

Calculate degree of dissociation () if observed molar mass of mixture is 13.6

Sol. M, = MNH3 =17,M=13.6 (given) ,n= % =2
_M,-M  17-136 _
mh-1)M ~ (2-1)x13.6
DO YOUR SELF-12

1.  Find value of a if % dissociation is 25%
2. 'A' dissociate into 'B' and 'C' according reaction.

A—>2B+C

If 5 moles of 'A' is 40% dissociated, then find moles of 'A' left.
Answers :
1. 025 2. 3 mol
8.6 PERCENTAGE PURITY :

Ex.22 A chalk sample exactly requires 17.52 gram HCI for complete reaction with all
CaCO, present in it. If the chalk sample is 72% pure, the mass of sample taken is

The percentage of a specified compound or element in an impure sample may be given as

Actual mass of pure substance
Total mass of sample

% purity = x100

If impurity is unknown, it is always considered as inert (unreactive) material.

Sol. CaCO, + 2HCI - CaCl, + H,0 + CO,

17.52
Moles of HCI = %
Mol f CaCoO, = lxw
oles O a 3 = 2 365
Weight of CaCO red = Lx2222 100
eight of CaCO, required = ox——

Mass of sample taken :

_1,1752 1006100 _ . .
"2 365 79 o000 sm
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. ALLEN

DO YOUR SELF-13
1. A 2000 gm sample of CaCOj; is 80% pure. Find weight (in gm) of pure CaCO,

2. An impure sample (having 60% purity) of KClO; contains 30 gm of pure KClOj;.

Find weight of impure sample.

3. A 200 gm sample of CaCO5 having 40% purity is heated. Find moles of CO, obtained.

Answers :
1. 1600 gm 2. 50 gm 3. 0.8 moles
8.7 PROBLEMS RELATED WITH SEQUENTIAL REACTION :

When one of products formed in previous reaction is consumed in the next one.

Ex.23 How many grams H,SO ,can be obtained from 1320 gm PbS as per reaction sequence ?
2PbS + 30, — 2PbO + 250,
350, + 2HNO, +2H,0 —— 3H,50,+2NO
[At. mass : Pb =208, S =32]

1320 _
240

Moles of SO, = 5.5 mol = moles of H,SO,
Mass of H,SO, = 5.5 x 98 = 539 gm

Sol. Moles of PbS = 5.5 mol

[When amount of only one reactant is given generally other is assumed in excess. ]

Ex.24 Calcium phosphide Ca,P, formed by reacting magnesium with excess calcium
orthophosphate Ca,(PO,), was hydrolysed by excess water. The evolved phosphine
PH, was burnt in air to yield phosphrous pentoxide (P,0,). How many gram of
magnesium metaphosphate would be obtain if 192 gram Mg were used (Atomic
weight of Mg = 24, P = 31)

Ca,PO,), + Mg—— Ca,P, + MgO
Ca,P, + H,O —— Ca(OH), + PH,
PH, + O, —> P,0, + H,0

MgO + P,0, ——>Mg(PO,),

magnesium metaphosphate.

Sol. Balanced chemical reaction :

Ca,(PO,), + 8Mg — Ca,P, + 8MgO

192 1
excess o1 8mole gmole 8mole

Mole Concept & Eudiometry
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Ca,P, + 6H,0 — 3Ca(OH), + 2PH,

1 mole imole

2PH, + 40, ——> P,0, + 3H,0

lmole lmole
8
MgO + PO, —_— Mg(PO,),
8mole 1/8mole (LR) 1/8 mole obtained

Witewoy), = 1/8 x 182 = 22.75 Mg
DO YOUR SELF-14

1. A —2B+C

3B —— 2D
Find moles of D produced if initially 3 moles of A are taken -
2. 2A+3B — 4C+D

(excess)
3C —— 2E
If in the above reaction 6 moles of E are produced, find moles of 'A' initially taken.
Answers :
1. (@) 2. (4.5 mole)

8.8 PROBLEM RELATED WITH PARALLEL REACTION :
When same two reactants form two or more products by independent reactions.

Ex.25 Carbon reacts with oxygen forming carbon monoxide and/or carbon dioxide depending an
availablity of oxygen. Find moles of each product obtained when 160 gm oxygen reacts with
(a) 12 g carbon (b) 120 g carbon (c) 72 g carbon.

Sol. (a) C + % 0, —— CO [initially use a reaction using lesser amount of oxygen] :;;
t=0 1Imol 35mol 2

t=0 0 5-0.5 = 1mol 3

(LR) 4.5mol

Since CO & O, are left, CO, will also formed.

1
CO + —0, ——CO,

2

t=0 Imol 4.5mol 0 3
t=oo 0 4 mol 1 mol i
Atend, 1 mole CO, & no CO present %

1 H

(b) C + 50, —>CO
t=0 10mol 5mol 0 :
t=o0 0 0 10mol

¢
m
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Mole Concept & Eudiometry
At end only 10 mol CO present.
1
© C + 50,—>CO
t=0 6mol 5mol 0
t=0 0 2mol 6mol
[LR]

1
CO + 50, — CO,

t=0 6mol 2mol 0
t=0 2mol 0 [LR] 4mol
At end [2mol CO + 4mol CO,] left.

Ex.26 25.4 gm of iodine and 14.2 gm of chlorine are made to react completely to yield mixture of ICI and

Sol.

ICL,. Ratio of moles of ICl & ICL, formed is (Atomic mass : I = 127, Cl = 35.5)

I, + Cl, — ICl + ICL

2
0.1mol 0.2mol xmol ymol

Applying conservations of I and Cl -atom

0.2 =x+ty = x=0.1
0.4 = x+3y = y=01
nICl:nICH:x:yZI 01

DO YOUR SELF-15

1. 2 moles carbon and 1.5 moles of oxygen gas are reacted in a container to produce CO or CO,
or both. Find moles of CO, CO, produced.

Answer :

1. CO = 1 mole, CO, = 1 mole

8.9 PRINCIPLE OF ATOM CONSERVATION (POAC)

POAC is nothing but the conservation of atoms of reactants and products involved in a chemical
reaction. And if atoms are conserved, moles of atoms shall also be conserved. The principle is fruitful
for the students when they don't get the idea of balanced chemical equation. In the problem using
POAC we do not need to balance a reaction and we can even add two or more reactions. This
principle can be understood by the following example.

Consider the decomposition of KCIO, (s) - KCI (s) + O, (g) (unbalanced chemical reaction)
Apply the principle of atom conservation (POAC) for K atoms.

or moles of K atoms in KCIO, = moles of K atoms in KCI

Now, since 1 molecule of KCIO, contains 1 atom of K

Thus, moles of K atoms in KCIO,= 1 x moles of KCIO,

and moles of K atoms in KC1 =1 X moles of KCI

wt.of KCIO3ing _ wt.of KCling

moles of KCIO3 =moles of KClI or mol.wt.of KCIO3 — mol. wt.of KCI
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. The above equation gives the mass-mass relationship between KCIO, and KCl which is important in
stoichiometric calculations.Again, applying the principle of atom conservation for O atoms,
moles of O in KCIO, = 3 x moles of KCIO,
moles of O in O, =2 x moles of O,
3 x moles of KCIO, = 2 x moles of O,

" wt.of KCIO3 2 % vol.of Oy at latmand 0°C
or mol.wt.of KCIO5 Molar vol.(22.41t)
. The above equations thus gives the mass-volume relationship of reactants and products.

Ex.27 27.6 g K,CO,was treated by a series of reagents so as to convert all of its carbon to K., Zn ,[Fe(CN) ..
Calculate the weight of the product. [mol. wt. of K,CO,= 138 and mol. wt. of K,Zn [Fe(CN) ],= 698]
Sol. Here we have no knowledge about series of chemical reactions but we know about initial reactant

and final product, accordingly.

Several
K,CO, —5o. — K,Zn, [Fe(CN)],
Since C atoms are conserved, applying POAC for C atoms,
moles of C in K,CO, = moles of C in K Zn, [Fe(CN),],

1 x moles of K,CO, = 12 x moles of K, Zn, [Fe(CN) ],

wt.ofKoCO3 y wt. of the product
mol.wt.of Ko,CO3 mol. wt. of product
27.6 698
wt. of K,Zn, [Fe(CN) ], = 138 X 12 = 11.6 g

DO YOUR SELF-16
1. 3 moles of Sg was treated by a series of reagents so as to convert all of its S to H,SO,. Calculate

weight of product.
Answsers :
1. 2352 gm.

9. PERCENTAGE COMPOSITION OF ANY ELEMENT IN ANY COMPOUND :
Percentage of perticular element present in a compound given as ,
Mass % of an element

massof that element in thecompound <100

molar massof the compound

no.of atomsof that element x Atomic mass
- x100

molar massof the compound

Let us understand it by taking the example of water (H,O). Since water contains hydrogen and oxygen,
the percentage composition of both these elements can be calculated as follows :

mass of that element in the compound*100

Mass % of an element =
molar mass of the compound

Molar massof water =18 g
2x1
Mass % ofhydrogen = KXIOO =11.11

16
Mass % of oxygen = EXIOO = 88.89
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9.1 PERCENTAGE DETERMINATION OF ELEMENTS IN ORGANIC COMPOUNDS :
All these methods are applications of POAC

Do not remember the formulae, derive them using the concept, its easy.
(a) Liebig's method : (for Carbon and hydrogen)

Organic Compound (W)C—AO>(W1)CO2 +H,0(w,)

12
% of C = %X—XIOO
w

% of H = &xleoo
18 w

(b) Duma's method : (for nitrogen)

A
Organic Compound (w) E()—) N, = (P, V, T given)

use PV = nRT to calculate moles of N,, n.

nx28

S % of N = x100

(¢) Kjeldahl's method : (for nitrogen)

0.C.(w) —2% »(NH,),S0, —2" > NH,(w,)

conc. A

% of N = %x%xwo

(d) Sulphur :
0.C. (w) + HNO,— H,SO, + BaCl, — (w,;) BaSO,
w, 1x32
X
233w

= % of S = x100 .

(e) Phosphorus :
0.C. (w) + HNO, — H,PO, + [NH, + magnesia mixture ammonium molybdate] —
MgNH PO, _4 , Mg,P,0,(w))

w, 2x3l1

0 = —x x100
% of P 27

w

63) Carius method : (Halogens)
0.C. (w) + HNO, + AgNO, — AgX (w))
If X is Cl then colour = curdy white
If X is Br then colour = dull yellow
If X is I then colour = bright yellow
Flourine can't be estimated by this

w, 5 Ix(At.wt.of X)
(M. weight of AgX) w

% of X = x100
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Ex.28 In which of the following has same % composition of C,
HCHO, CH;COOH, C¢H,,04, CH;COCH;
Sol. HCHO, CH;COOH, C(H,,04

1 Xéz x100 = 40%

% C(HCHO) =

2x12

% C(CH;COOH) = ——=x100 = 40%
6x12

% C(CgH,04) = ;meo = 40%

3x12
% C(CH,COCH,) = ;—8x100 = 62.07%

Ex.29 A sample of 0.5 gm of an organic compound was treated according to Kjeldahl's
method. The ammonia evolved was absorbed by 2.45 gm of H,SO, The residual
acid required solution containing 1.2 gm. NaOH for neutralisation. Find the
percentage composition of nitrogen in the compound ?

Sol. 2 NH, + H,SO, » (NH,), SO,

H,SO, + 2NaOH — Na,SO, + 2H,0

2.45
Moles of H,SO, taken = o8 = 0.025

1.2
Moles of NaOH = E=O.03

0.03
.. Moles of H,SO, reacted with NaOH = T=0.015

Remaining mol of H,SO, = 0.025 — 0.05 = 0.01
mol of NH, evolved = 0.01 x 2 = 0.02
0.02x14

% N in sample = TXIOO = 56%

DO YOUR SELF-17

1.  Find % oxygen in C,H;OH
Calculate the molar mass of a compound in the Dumas method at 100°C for
which volume of experimental container was 452 ml and the pressure was 745.1
torr. The difference in mass between the empty container and the final

measurement was 1.129 gm.

Answers :
1. 34.78% 2 78.0 gm/mol .
L
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10.

10.1

10.2

EMPIRICAL AND MOLECULAR FORMULA

We have just seen that knowing the molecular formula of the compound we can calculate percentage
composition of the elements. Conversely if we know the percentage composition of the elements
initially, we can calculate the relative number of atoms of each element in the molecules of the
compound. This gives us the empirical formula of the compound. Further if the molecular mass is
known then the molecular formula can be easily determined.

Thus, the empirical formula of a compound is a chemical formula showing the relative number of
atoms in the simplest ratio, the molecular formula gives the actual number of atoms of each element
in a molecule.

i.e. Empirical formula : Formula depicting constituent atoms in their simplest ratio.

Molecular formula : Formula depicting actual number of atoms in one molecule of the compound.
The molecular formula is generally an integral multiple of the empirical formula.

i.e. molecular formula = empirical formula x n
where n = molecular formulamass

empirical formula mass
Example :
Molecular Formula H,0, CeHyg C,Hg C,H,0,

2:2 6:6 2:6 2:4:2

Simplest ratio 1:1 1:1 1:3 1:2:1
Empirical Formula HO CH CH; CH,0

DETERMINATION OF EMPIRICAL FORMULA :

Following steps are involved in determining the empirical formula of the compounds —

(i) First of all find the % by wt. of each element present in the compound.

(i) The % by wt of each element is divided by its atomic weight. It gives atomic ratio of elements
present in the compounds.

(iil) Atomic ratio of each element is divided by the minimum value of atomic ratio so as to get
simplest ratio of atoms.

(iv) Ifthe value of simplest atomic ratio is fractional then raise the value to the nearest whole number
or multiply with suitable coefficient to convert it into nearest whole number

(v) Write the Empirical formula as we get the simplest ratio of atoms.

DETERMINATION OF MOLECULAR FORMULA :

(i) Find out the empirical formula mass by adding the atomic masses of all the atoms present in the
empirical formula of compound.

(i) Divide the molecular mass (determined experimentally by some suitable method) by the empirical
formula mass and find out the value of n.

(iii) Multiply the empirical formula of the compound with 'n' so as to find out the molecular formula

of the compound.

Mole Concept & Eudiometry
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Ex.30. An organic compound contains 49.3% carbon, 6.84% hydrogen and its vapour

Sol.

density is 73. Molecular formula of compound is :-
VD . =73=>M=2 X173 =146

_ 49.3 71.978
C =146 % 100—71.978g— T ~ 6 mole
_ 6.84 71.978
H =146 x 100 -~ 9.9864 g = T 10 mole
_ 100-(49.3+6.84) 64.86
O =146 x 100 = 1o =64.86 g ~ 4 mol
M.F. = CH,0,

Ex.31 The empirical formula of an organic compound containing carbon & hydrogen is CH,. The

mass of 1 litre of organic gas is exactly equal to mass of 1 litre N, therefore molecular formula of
organic gas is.

Sol. Empirical Mass of CH, =12+2 =14
Mass of 1 litre of organic gas = Mass of 1 litre of N,
Since V, P, T, n are same.
m
Therefore from PV :MRT implies that molar mass should also be same.
Molecular mass of organic compound will be 28 g
_ Molecular mass 28
1 Empirical mass 14
So molecular formula =2 x CH, = C,H,
DO YOUR SELF-18
1.  In which of following has same emperical formula -
C,H,, C,H,, C,H, C4Hg
2.  Determine the empirical formula of an oxide of iron, which has 70% Fe and 30% 'O' by mass.
(Fe = 56)
Answers :
1. C,H,, CiHy, 2.  Fe,O4
L 4
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11.

@

(i)

(iii)

(iv)

)

(vi)

(vii)

EUDIOMETRY :
Eudiometry or gas analysis involves the calculations based on gaseous reactions or the reactions in
which at least two components are gaseous, in which the amounts of gases are represented by their
volumes, measured at the same pressure and temperature. Some basic assumptions related with
calculations are:
Gay-Lussac's law of volume combination holds good. According to this law, the volumes of gaseous
reactants reacted and the volumes of gaseous products formed, all measured at the same temperature
and pressure, bear a simple ratio.

Nz (g) + 3H2 (g) — 2NH3 (g)

1 vol. 3 vol 2 vol.
Problem may be solved directly is terms of volume, in place of mole. The stoichiometric coefficients
of'abalanced chemical reactions gives the ratio of volumes in which gaseous substances are reacting
and products are formed, at same temperature and pressure.

The volumes of solids or liquids is considered to be negligible in comparison to the volume of gas.
It is due to the fact that the volume occupied by any substance in gaseous state is even more than
thousand times the volume occupied by the same substance in solid or liquid states.

2H2 (g) + Oz (g) E— 2H20 (1)

2mole 1mole 2 mole

2vol. 1vol 0 vol.
Air is considered as a mixture of oxygen and nitrogen gases only. It is due to the fact that about 99%
volume of air is composed of oxygen and nitrogen gases only.

Nitrogen gas is considered as a non- reactive gas. It is due to the fact that nitrogen gas reacts only at
very high temperature due to its very high thermal stability. Eudiometry is performed in an eudiometer
tube and the tube can not withstand very high temperature. This is why, nitrogen gas can not participate
in the reactions occurring in the eudiometer tube.

The total volume of non-reacting gaseous mixture is equal to sum of partial volumes of the component
gases (Amagat's law).

Partial volume of gas in a non-reacting gasesous mixture is its volume when the entire pressure of
the mixture is supposed to be exerted only by that gas.
The volume of gases produced is often given by certain solvent which absorb contain gases.

Solvent Gases absorb

KOH CO,, SO,, Cl,

Ammonical Cu,Cl, (610

Turpentine oil 0,

Alkaline pyrogallol O,

water NH,, HCI
CuSO,/CaCl, H,O

EUDIOMETER

An eudiometer is a laboratory device that measures the change in volume of a gas mixture following
a physical or chemical change.

Mole Concept & Eudiometry
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Ex.32 10 ml of CO is mixed with 25 ml air (20% O, by volume). Find final volume (in ml) after
complete combustion.

Sml
10ml

Sol. CO + %02 — > CO,

10ml

V.= Vg, + Volume of remaining air = 10 + 20 = 30 ml

Ex.33 A 3 L gas mixture of propane (C,H,) and butane (C,H, ) on complete combustion at 25°C

47710
produced 10 L CO,. Assuming constant P and T conditions what was volume of butane present

in initial mixture ?
Sol. C,Hy(g) + 50, — 3CO,(g) + 4H20(l)
x L 3x L

13
CH, (2 + ?Oz(g) —— 4CO0,(g) + SH,0()

(3-x)L 43—-x)L
from question 3x +4 (3 x)=10=>x=2
. Volume of butane , CH,;=(3-x)=1L
CH,
Ex.34 100 ml gaseous meta Xylene undergoes combustion with excess of oxygen at
CH,

room temperature and pressure. Volume contraction / expansion (in ml) during reaction is

21
Sol.. CH, (g) + 302(g) —— 8CO,(g) + 5H,0(1)

100 ml %xlOO 800ml 0

=1050ml

.. Conctraction in volume = (100 + 1050) — 800 = 350 ml
Ex.35 Analkene upon combustion produces CO,(g) and H,0(g). In this combustion process if there

is no volume change occurs then the no. of C atoms per molecule of alkene will be :
Ans.(2)

3
CH, (@) + 5 O,(g) > nCO,(g) + nH,0(g)

n" 2n

if there no volume changes i.e. Ang =0

3
(n+n)—(l+7nj=0 = n=2
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Ex.36A gaseous hydrocarbon (CXHy) requires 6 times of its own volume of O, for complete oxidation
and produces 4 times of its volume of CO,. Find out the volume of x +y.
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Ans.

012)

y
C,H, + (x+ %) 0, —>xCO0, + %Hzo(z)

a a(X+Zj ax
4

Given that : a(x + y/4) = 6a

and ax =4 (a)
x=4 andy =38

“Xty=4+8=12

(2)

Ex.37 On heating 60 ml mixture containing equal volume of chlorine gas and it's gaseous oxide,
volume becomes 75 ml due complete decomposition of oxide. On treatment with KOH volume
becomes 15 ml. What is the formula of oxide of chlorine ?

Ans.

Sol.

CLO

Let oxide of Cl is Cley

So in 60 mL = 30 mL Cley and 30 mL CL,
Now,

Cl0,—> iCl2 + ZO2
Xy 2

2
30mL
30x mL 307y mL
Given :
30x 30y

75 =30 +——+—=
2 2

KOH absorbs Cl, and volume becomes 15 mL so,

So the oxide : Cle

x=2andy=1

Ex.38 SL of A (g) & 3L of B(g) measured at same T & P are mixed together which react as follows

Ans.

Sol.

2A(g) +B(g) —» C(g)

What will be the total volume (in litre) after the completion of the reaction at same T & P.

3
2A(g) + B(g) —>C(g)

5L 3L
LR.is A

1
So, volume of C produced = 5 5=25L

1
and, volume of B reacted = EX 5=25L

So, volume fo B remained=3 -2.5=0.5L
Hence, V= VC TV,=25+05=3L
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DO YOUR SELF-19

1. KOH solvent can absorb in which of following gas.
(A) Cl, (B) SO, (C) CO, (D) H,
2. O, gas can be absorb by
(A) Turpentine oil (B) Alkaline pyragallol solution
(C) KOH solvent (D) Ammonical Cu, Cl, solution
3.  How much volume in ml of CO, gas obtain at root temperature after complete combustion of 16 ml
CH, gas.
4. Write and balance the combustion reactions of following hydrocarbons.
(i) CH, (i) C,H, (ii)) C;Hq (iv) C,Hy
(iv) C,H, (iv) C,H; OH
5. Complete the following table related to combustion of hydrocarbon in Eudiometer tube. (All volume
measurements are done at room temperature and pressure.)
Volume of Volumeof | Initial volume(V,) | Final volume(V,) | Volume
hydrocarbon | oxygen(O,) of gases of gases contraction
10mlICH, 20mlO,
30mlC,H, 90mlO,
30mIC,H, 100ml O,
50ml C,H, 300mlO,
20mlC,H.OH | 80mlO,
Answers :
1. (ABC)
2. (B
3. (16ml)
4 (i) CH, +20, —» CO, +2H,0
(i) C,H, +30, —» 2CO, +2H,0
(iii) C;Hg +50, — 3CO, +4H,0
(iv) C,H; +60, — 4CO, +4H,0
(iv) C,H, + 202 — 2CO, +H,0
(iv) C,H; OH + 30, —» 2CO, +3H,0
5. Ans.
Volume of Volumeof | Initial volume(V,) | Final volume(V,) | Volume
hydrocarbon | oxygen(O,) of gases of gases contraction
10mlICH, 20mlO, 30ml 10ml 20ml
30mlC,H, 90mlO, 120ml 60ml 60ml
30mlC,H, 100mlO, 130ml 70ml 60ml
50ml C,H, 300mlO, 350ml 200ml 150ml
20mlC,HOH | 80mlO, 100ml 60ml 40ml
&
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SOLVED EXAMPLES

Ex.1 When the same amount of zinc is treated separately with excess of sulphuric acid and excess of
sodium hydroxide, the ratio of volume of hydrogen evolved is. [JEE-1979]
(A)1:1 B)1:2 ©)2:1 (D)9:4

Ans. (A)
Zn+ H,SO, — ZnSO, + H,T
Zn+ NaOH —Na,ZnO, + H,T

Ex.2 If 0.50 mole of BaCl, is mixed with 0.20 mol of Na;PO,, the maximum number of moles of
Ba;(PO,), that can be formed is - [JEE-1981]
(A) 0.70 (B) 0.50 (C)0.20 (D) 0.10

Ans.(D)

Ex.3 What weight of AgCl will be precipitated when a solution containing 4.77 g of NaCl is added to a
solution of 5.77 g of AgNO;. (Ag=108)

Ans. (4.879 gm)
AgNO; + NaCl — NaNO; + AgNCl
5.77 gm 4.77 gm
0.034 mole (LR) 0.082 mole

wt. of AgCl =0.034 x 143.5=4.879 gm

Ex.4 n-butane is product by the monobromination of ethane followed by the Wurtz reaction. Calculate
the volume of ethane at NTP required to produce 55g n-butane, if the bromination takes place with
90% yield and the Wurtz reaction with 85% yield. JEE-1984]

Ans. (55.50 litre)
(1) Monobromination of ethane
C,H,—% 5C,H.Br
Ethane
(i1) Wurtz reaction :
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2C,HBr + 2Na + —2% C,H,, + 2NaBr

ether

Molecular weight of
CH(=(12x4)+(10+1)= 58

55
.. Amount of n-butane to be produced = 58 mol = 0.948 mol

. Amount of C,HsBr required to obtain 0.948 mol

But the conversion is only 85%

6
? x 100 =2.23 mol

To obtain C,H4Br from C,H, the same amount of C,H, would be required. But the percent

Hence, the amount of C,H4Br required =

2.23
conversion of C,H, to required = 90 > 100 = 2.478mol.

Thus , required volume of ethane of NTP = 22400 x 2.478 = 55507.2 ml = 55.50 L.
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Ex.5 A solid mixture (5.0 g) consisting of lead nitrate and sodium nitrate was heated below 600°C unitll
the weight of the residue was constant. If the loss in weight is 20% find the amount of lead nitrate
and sodium nitrate in the mixture. [JEE-1990]

Ans. Pb(NO;), =3.32 gm, NaNO; = 1.68 gm

1
Sol.  Pb(NO,), ——PbO +2NO, T+ 0,1

agm

NaNO, ——>NaNO, + %o2 1

b gm
satb=5 L (1)
. . . 28
The loss in weight for 5 g mixture = 5 x 100" 1.4g

.. Residue left=5-14=3.6¢
The residue contain PbO + NaN O2

" 331 g Pb(NO,), gives = 223g PbO

223xa

. ag Pb(NO,), gives = 339

gPbO

Similarly,

. 85 g NaNO, gives = 69 NaNO,

. 69xb
. bg NaNO, gives = 8—>5(gNaNO3

Solving equation, (1) and (2)
a=332gandb=1.68¢g

Ex.6 The weight of 2.01 x 1023 molecules of CO is- [AIEEE 2002]
(1)93¢g 2)72¢g 3)12¢g 43¢
Ans. (1)
2.01x10%
Sol. Mass = WX 28=9.3 gm
Ex.7 In an organic compound of molar mass 108 g mol~ ! C, H and N atoms are present in
9:1:3.5 by weight. Molecular formula can be : [AIEEE 2002]
Ans. (1)
Sol. C H N
9 : 1 : 3.5
e .1 as
e 2 1 14
0.75 : 1 0.25

C, H)N = emp. formula
mol. formula = C HN,
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Ex.8 How many moles of magnesium phosphate, Mg;(PO,), will contain 0.25 mole of oxygen atoms?
[AIEEE 2006]

(1) 3.125 x 1072 (2) 1.25 x 1072 (3) 2.5 x 1072 (4) 0.02
Ans. (1)
Sol. x x8=0.25=x=3.125x 102
Ex.9 In the reaction [AIEEE-2007]

2A1 + 6HC1(aq) - 2Al3+(aq) + 6C1_(aq) + 3H,(g).
Select the correct information(s)

(1) 6L HCl(aq)
(2)33.6L Hz(g) is produced regardless of temperature and pressure for every mole of Al that reacts
(3)67.2 L Hz(g) at STP is produced for every mole of Al that reacts

(4)11.2L H2(g) at STP is produced for every mole of of HCI(aq

Ans.(4)
Ex.10 30 ml gaseous mixture of methane and ethylene in volume ratio X : Y requires 350 ml air

is consumed for every 3L H,(g) produced

) consumed

containing 20% of O, by volume for complete combustion. If ratio of methane and ethylene
changed to Y : X. What will be volume of air (in ml) required for complete reaction under
similar condition of temperature and pressure.

CH,(g) + 20,80 — CO,(g) +2H,0 ()
V ml 2V ml V ml 0
CH,(g) + 30,(g) — 2CO/(g) +2H,0 ()
V,ml 3V,ml 2V,ml 0
For given data : V, + V, = 30

20
and 2V, + 3V, = 350 x < ==170

LV, =20,V,=10
For required data : V, = 10 and V, = 20

. Volume of O, required = 2V, + 3V, =80 ml and volume of air required = 80 = % =400ml

Ex.11 5 ml of gas containing only carbon and hydrogen was mixed with an excess of oxygen (30 ml) and
the mixture exploded by means of an electric spark. After the explosion , the volume of the mixed
gases remaining was 25 ml. On adding a concentrated solution of potassium hydroxide, the volume
further diminished to 15 ml the residual gas being pure oxygen. All volumes have been reduced to
NTP. Calculate the molecular formula of the hydrocarbon. [JEE-1979]

Ans. (CH)
Sol. Volume of oxygen taken = 30 ml
Volume of unused oxygen = 15 ml

Volume of 0, used = Volume of 0, added - volume of O, left=30-15=15ml.
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Ex.12

Ans.

Sol.

ALLEN .

and volume of CO, produced =25 — 15 =10 ml

General equation of the combustion of a hydrocarbon is as following lows.

CH, + (“%} 0, - xCO, + gj H,0

5 ml 5[X+Z)ml 5x
2
L5x=10=>x=2

and 5(x+zj =15
2

.. Molecular formula of hydrocarbon = C H,

A 20.0 ml mixture of CO , CH, and He gases is exploded by an electric discharge at room temperature
wth excess of oxygen. The volume contraction is found to be 13.0 cm?®. A further contraction of
14.0 cm?® occurs when the residual gas is treated with KOH solution. Find out the composition of

the gaseous mixture in terms of volume percentage.

(% CH, =20, % CO =50, % He =30 )
1
CO(g) + 5 0,(8) — COL(g)

CH,(g) +20,(g) —— CO(g) +2 H,O(1)

'x' is the volume of CO and y is the volume of CH,

Thus, %X+2y=13 (1)
x+y=14 2
x=10andy=4

Thus, % CH, = 20, % CO = 50, % He = 30

[JEE-1995]
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EXERCISE S-1

PROBLEMS REILATED WITH DIFFERENT TYPES OF ATOMIC MASSES & BASIC
CONCEPT OF MOLE

1. Find:
(1) No. of moles of Cu atom in 10?3 atoms of Cu.
MC0001
(i1) Mass of 200 '$O atoms in amu
MC0001
(iii) Mass of 100 atoms of *Nisy x 1022 in gm ,then value of y is (1 amu = 1.67 x 10-2* gm)
MC0001
(iv) No. of molecules & atoms in 54 gm H,O isy x 10%* and z x 10% respectively then value of y &
zis (N, =6.022 x 10%)
MC0002
(v) No. of molecules in 88 gm CO, is y x 10*, then value of y is (N, = 6.022 x 10%)
MC0002
2. Ifmass of one ?C atom is y x 102* gm, then value of y is ?
MC0003
3. Calculate mass (in gm) of O atoms in 6 gm CH,;COOH ?
MC0004
4. Calculate mass of water (in gm) present in 499 gm CuSO,.5H,0 ?
(Atomic mass : Cu=63.5,S=32,0=16,H=1)
MC0005
5. What mass (in gm) of Na,SO,.7H,O contains exactly 6.022 x 10?2 atoms of oxygen ?
(N, =6.022 x 10%)
MC0006
6.  The weight (in gram ) of pure potash Alum (K,SO,.AlL,(SO,),.24H,0) which contains 6.4 gm oxygen
is. (Atomic weight of K =39, S =32, Al =27)
MC0007
7. The Kohinoor diamond was the largest diamond ever found. How many moles of carbon atom were
peresent in it, if it is weigh 3300 carat. [Given: 1 carat = 200 mg]
MC0008
8. Calculate volume (in litre) of H, gas kept at STP if it contains as many H atoms as in 98 gm H,PO,.
[Atomic mass of P = 31]
MC0009
9.  80gm of SO_ gas occupies 14 litre at 2atm & 273K. The value of x is :
MC0010

Mole Concept & Eudiometry
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10.

11.

12.

13.

14.

15.

16

17.

18.

40 mg of gaseous substance (X,) occupies 4.8 mL of volume at 1 atm and 27°C. Atomic mass of
element X is : (R : 0.082 atm L/mole-K)

MC0011
STOICHIOMETRY
How many gm of HCl is needed for complete reaction with 21.75 gm MnO, ?
(Mn =55, Cl=35.5)
HCl + MnO, — MnCl, + H,0 + Cl,
MCo0012

Nitric acid is manufactured by the Ostwald process, in which nitrogen dioxide reacts with water.
3NO, (g) + H,0 (I) > 2 HNO;, (aq) + NO (g)
How many grams of nitrogen dioxide are required in this reaction to produce 25.2 gm HNO, ?
MC0013
Flourine reacts with uranium to produce uranium hexafluoride, UF , as represented by this equation
Us) + 3F,(g) - UF(g)
If no. of fluorine molecules are required to produce 7.04 mg of uranium hexafluoride, UF, from an
excess of uranium is 'y x 10! then value of y is ? The molar mass of UF is 352 gm/mol.
(N, =6.022 x 10%)
MC0014
What total volume, in litre at 627°C and 82.1 atm, could be formed by the decomposition of 16 gm of
NH,NO, ? Reaction : 2 NH,NO; — 2N, + O, + 4H20(g)‘ (R :0.0821 atm L/mole-K)
MC0015
Calculate mass of phosphoric acid (in gm) required to obtain 53.4g pyrophosphoric acid.
2H,PO, — H,P,0, + H,0

MC0016

LIMITING REACTANT

Carbon reacts with chlorine to form CCl,. 36 gm of carbon was mixed with 142 g of Cl,. If ratio of
mass of CCl, produced and the remaining mass of excess reactant is y : 1, then value of'y is
MC0017
Potassium superoxide, KO,, is used in rebreathing gas masks to generate oxygen :
KO,(s) + H,0(1) - KOH (s) + O, (g)
If a reaction vessel contains 0.158 mol KO, and 0.10 mol H,O, how many moles of O, can be

produced ?

MCo0018
A chemist wants to prepare diborane (B,H) by the reaction
6 LiH + 8BF, — 6Li BF, + B,H
If he starts with 2.0 moles each of LiH & BF;. How many moles of B,H, can be prepared.
MC0019
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19.  Sulphuric acid is produced when sulphur dioxide reacts with oxygen and water in the presence of a

rure\Chem\Module#02-(PC)\Eng\1. Mole concept & Eudiometry\02-Ex p65

node06\BOBA-BB\Other Center\JEE(Advanced)\Nu

20.

21.

22.

23.

24.

25

26.

27

catalyst : 2S0,(g) + O, (g) + 2 H,O(1) - 2 H,SO, . If 5.6 mol of SO, reacts with 4.8 mol of O, and

a large excess of water, what is the maximum number of moles of H,SO, that can be obtained ?
MC0020
PROBLEMS REIATED WITH MIXTURE

One gram of an alloy of aluminium and magnesium when heated with excess of dil. HCI] forms
magnesium chloride, aluminium chloride and hydrogen. The evolved hydrogen collected at 0°C has
a volume of 1.12 litres at 1 atm pressure. Calculate the composition of (% by mass) of the alloy.
(Al=27,Mg =24)

MC0021
A sample containing only CaCO, and MgCO; is ignited to CaO and MgO. The mixture of oxides
produced weight exactly half as much as the original sample. Calculate the percentages of CaCO,
and MgCO, (by mass) in the sample.

MC0022
Determine the percentage composition (by mass) of a mixture of anhydrous sodium carbonate and
sodium bicarbonate from the following data:
wt. of the mixture taken = 2g
Loss in weight on heating = 0.124 gm.

MC0023
A sample of mixture of CaCl, and NaCl weighing 2.22 gm was treated to precipitate all the Ca as
CaCO, which was then heated and quantitatively converted to 0.84 gm of CaO. Calculate mass
fraction of CaCl, in the mixture.

MC0024
When 4 gm of a mixture of NaHCO, and NaCl is heated, 0.66 gm CO, gas is evolved. If ratio of the
percentage composition (by mass) of the NaHCO, and NaCl is y : 1 then value of'y is.

MC0025
A power company burns approximately 500 tons of coal per day to produce electricity. If the sulphur
content of the coal is 1.20 % by weight, how many tons SO, are dumped into the atmosphere
per hour ?

MC0026
Calculate the percent loss in weight after complete decomposition of a pure sample of potassium
chlorate. (K =39, C1=35.5)

KClO,(s) —> KClI(s) + O,(g)

MC0027
A sample of calcium carbonate is 80% pure, 25 gm of this sample is treated with excess of HC.How
much volume (in litre) of CO, will be obtained at 1 atm & 273 K?

MC0028
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28

29

30.

31.

32.

33.

34.

35.

36.

37.

Cyclohexanol is dehydrated to cyclohexene on heating with conc. H,SO,,. If the yield of this reaction
is 75%, how much cyclohexene (in gm) will be obtained from 100 g of cyclohexanol ?

con. H2504
_—
C¢H,,0 CH,,

MC0029
If the yield of chloroform obtainable from acetone and bleaching powder is 58%. What is the weight
of acetone (in gm) required for producing 239 mg of chloroform ?

2CH,COCH; + 6CaOCl, — Ca(CH,CO0), + 2CHCIl, + 3CaCl, + 2Ca(OH),

MC0030
Calculate % yield of the reaction if 200g KHCO, produces 22¢g of CO, upon strong heating.
(K=39)

MC0031
The vapour density of a sample of N, O, gas is 35. What percent of N,O, molecules are dissociated
into NO, ?.

MC0032
If a sample of pure SO, gas is heated to 600°C, it dissociates into SO, and O, gases upto 50%. If the

. M
average molar mass of the final sample is M, find value of ( 1036 J .

MC0033
When silent electric discharge is passed through O, gas, it converts into O,. If the density of final
sample is 20 times the density of hydrogen gas under similar conditions, calculate the mass percent of
O, in the final sample.

MC0034
When acetylene (C,H,) gas is passed through red hot iron tube, it trimerises into benzene (C H,)
vapours. If the average molar mass of vapours coming out through the tube is 50, calculate the degree

of trimerisation of acetylene.
MC0035

SEQUENTIAL & PARALLEL REACTIONS

Br, (/) reacts with Cl(g) to form BrCl and BrCl,, simultaneously. How many moles of Cl (g) reacts
completely with 0.03 moles of Br,(/) to form BrCl and BrCl, in 5 : 1 molar ratio
MC0036
When 80 gm CH, is burnt, CO and CO, gases are formed in 1 : 4 mole ratio. If the mass of O, gas
used in combustion is w gm then find value of (w/100).
MC0037
Sulphur trioxide may be prepared by the following two reactions :
S¢ + 80,(g) — 8S0,(g)
250,(2) + O,() —> 2504(g)
If amount of SO, will be produced from 1 mol of S is w gm, then value of w/100 is.
MC0038
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38. Potassium superoxide, KO,, is utilised in closed system breathing apparatus. Exhaled air contains
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39.

40.

41.

42.

43.

44.

45.

CO, and H,0, both of which are removed and the removal of water generates oxygen for breathing

by the reaction

4KO,(s) + 2H,0(1) — 30,(g) + 4KOH(s)

The potassium hydroxide removes CO, from the apparatus by the reaction :

KOH (s) + CO, (g) = KHCO,(s)

(a) What mass of KO, (in gm) generates 0.24 gm of oxygen ?

(b) What mass of CO, (in gm) can be removed from the apparatus by 100 gm of KO, ? (K = 39)
MC0039

PRINCIPLE OF ATOM CONSERVATION
In a determination of P, an aqueous solution of NaH,PO, is treated with a mixture of ammonium and
magnesium ions to precipitate magnesium ammonium phosphate Mg(NH,)PO,. 6H,O. This is heated
and decomposed to magnesium pyrophosphate, Mg,P,0, which is weighed. A solution of NaH,PO,
yielded 1.11 g of Mg,P,0,. What weight of NaH,PO, (in gm) was present originally ? (P = 31)
MC0040

6 gm nitrogen on successive reaction with different compounds gets finally converted into 30 gm
[Cr(NH,) Br,] Value of x is [Atomic mass : Cr = 52, Br = 80]

MC0041
A '5.00 gm sample of a natural gas, consisting of methane (CH,), and ethylene, (C,H,) was burned

44
in excess oxygen, yielding S em of CO, and some H,O as products. What mole percent of the

sample was ethylene?

MC0042
All carbon atom present in KH,(C,0,),.2H,0 weighing 7.62 gm is converted to CO,. How many
gm of CO, were obtained. (K = 39)

MC0043

PERCENTAGE COMPOSITION, EMPERICAL AND MOLECULAR FORMULA
Haemoglobin contains 0.25% iron by mass. The molecular mass of of Haemoglobin is 89600. The
number of iron atoms per molecule of Haemoglobin (Atomic mass of Fe = 56) -

MC0044

1.6 g of an organic compound containing sulphur, when treated with series of reagents, produces
H,SO, which on reaction with BaCl, produces 0.233 g of BaSO,. Calculate % by mass of S in the
organic compound. (Given : Atomic weight of Ba = 137)

MC0045
When 2.0 gm of an organic compound is burnt completely, 150 ml N, gas at 27°C and
0.821 atm is obtained. The mass fraction of nitrogen in the compound is.

(R = 0.0821 atm L/mole - K)
MC0046
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46.

47.

48.

49.

50.

S1.

52,

53.

54.

5S.

56.

A polystyrene of formula Br,C H,(C¢Hy), was prepared by heating styrene with tribromobenzyl
peroxide in the absence of air. It was found to contain 10.48% bromine by weight. Find the value of
n. (Br = 80).

MC0047
A moth repellent has the composition 49% C, 2.7% H and 48.3% CI. Its molecular weight is 147 gm.

Determine its molecular formula
MC0048
0.5 g of NaOH is required by 0.4 gm of a polybasic acid H A (Molecular weight = 96gm) for

complete neutralization. Value of ‘n’ would be : (Assume all H atom are replaced)—

MC0049

The empirical formula of a compounds is CH,O. 0.25 mole of this compound contains 1 gm hydrogen.
The molecular formula of compound is -

MC0050
A compound has 62 % carbon, 10.4 % hydrogen and 27.6 % oxygen. If molar mass of compound

is 58, if ratio of no. of C atom to H-atom is y : 1 then value of y is.

MC0051
EUDIOMETRY
What volume (in ml) of O,(g) is needed for complete combustion of 40 ml ethane gas (C,H,) ?
MC0052

10 ml of CO is mixed with 25 ml air having 20% O, by volume. What would be the final volume
(in ml) if none of CO and O, is left after the reaction?

MC0053
Calculate the volume (in ml) of CO, evolved by the combustion of 50 ml of a mixture containing

40% C,H, and 60% CH, (by volume)
MC0054

10 moles of a mixture of CO (g) and CH,(g) was mixed with 22 moles of O, gas and subjected to
sparking. Find the moles of gas absorbed when the residual gases are passed through alc. KOH.
MC0055
60 ml of a mixture of nitrous oxide and nitric oxide was exploded with excess of hydrogen. If 38 ml
of N, was formed, calculate % volume of NO gas in the mixture.
MC0056
When 100 ml of a O, — O, mixture was passed through turpentine, there was reduction of volume by

20 ml. If 100 ml of such a mixture is heated, what will be the increase in volume (in ml)?

MC0057

rure\Chem\Module#02-(PC)\Eng\1. Mole concept & Eudiometry\02-Ex p65

node06\BOBA-BB\Other Center\JEE(Advanced)\Nu



. ALLEN Mole Concept & Eudiometry
57. 10 ml of an oxide of nitrogen produce 20 ml NO, and 5 ml O, on complete decomposition. The oxide
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58.

59.

60.

of nitrogen is-

MC0058

A gaseous alkane is exploded with O,. The volume of O, required for complete combustion and
the volume of CO, formed after combustion are in 7 : 4 ratio. What is the molecular formula of
alkane ?

MC0059
When a certain quantity of oxygen was ozonised in a suitable apparatus, the volume decreased by 4
ml. On addition of turpentine the volume further decreased by 8 ml. All volumes were measured at

the same temperature and pressure. From these data, if formula of ozone is O, then find x.

MC0060

A 20 ml mixture of C,H, and C,H, undergoes sparking in gas eudiometer with just sufficient amount

of O, and shows contraction of 37.5 ml. The volume (in ml) of C,H, in the mixture is.

MC0061
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EXERCISE S-11

MOLE
Two substance P, & O, are allowed to react completely to form mixture of P,O, & P,O,, leaving
none of the reactants. Using this information calculate the moles of P,O, and P,O,, in the final
mixture when the following amounts of P, & O, are taken.
P, +30,— P,O(
P, +50,—> P,0,,

(i) If 1 mole P, & 4 mole of O,
(i) If 3 mole P, & 11 mole of O,
(iii) If 3 mole P, & 13 mole of O,

MC0062
By the reaction of carbon and oxygen, a mixture of CO and CO, is obtained. What is the mass
percent of CO in of the mixture obtained when 20 grams of O, reacts with 12 grams of carbon ?

MC0063
Nitrogen (N), phosporus (P), and potassium (K) are the main nutrients in plant fertilizers. According
to an industry convention, the numbers on the label refer to the mass % of N, P,O,, and K, O, in that
order. If the N : P : K ratio of a 28: 11.75 : 11.75 fertilizer in terms of moles of each elements, and
express itas x : y : 1. Find value of y (P =31, K=39)

MC0064
A 10 g sample of a mixture of calcium chloride and sodium chloride is treated with Na,CO, to
precipitate calcium as calcium carbonate. This CaCO, is heated to convert all the calcium to CaO and
the final mass of CaO is 1.12gm. Calculate % by mass of NaCl in the original mixture.

MC0065
A mixture of Ferric oxide (Fe,05) and Al is used as a solid rocket fuel which reacts to give Al,O; and
Fe. No other reactants and products are involved. On complete reaction of 1 mole of Fe,O;, 200 units
of energy is released.
(a) Write a balance reaction representing the above change.
(b) If the ratio of masses of Fe,O, and Al taken so that maximum energy per unit mass of fuel is
released is y : 1 then value of y is
(c) What would be energy released if 16 kg of Fe,O, reacts with 2.7 kg of Al.

MC0066
5.33 mg of salt [Cr(H,0),CI].Cl.. H,O is treated with excess of AgNO,(aq.), then mass (in mg) of
AgCl precipitate obtained will be :
Given : [Cr= 52, Cl=35.5, Ag=108]

MC0067
If mass % of oxygen in monovalent metal carbonate is 48%, If the number of atoms of metal present
in 5Smg of this metal carbonate sample is y x 10" then value of y is (N, = 6.022 x 10%).

MC0068
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8. The formula of compound composed of A & B which is given by A B, it is strongly heated in

rure\Chem\Module#02-(PC)\Eng\1. Mole concept & Eudiometry\02-Ex p65

node06\BOBA-BB\Other Center\JEE(Advanced)\Nu

10.

11.

12

13

oxygen as per reaction-
AB, +0,—>AO + Oxide of B
If2.5gm of A B, on oxidation gives 3gm oxide of A, If ratio of x : y is z : 1 then value of z is.
[Atomic mass of A=24 & B =14]
MC0069

Calculate the maximum mass of CaCl, produced when 2.4 x 10%* atoms of calcium is taken with

96 litre of CI, gas at 380 mm pressure and at 27°C.
[R = 0.08 atm L/mole-K & N, = 6 x 10%*]
MC0070
P,S, +80, — P,0,, + 35S0,
Calculate mass in gm of P,S; is required to produce at least 9.6 gm of each product. (P =31, S =32)
MC0071
Consider the given reaction

H,P,0. + 2NaOH — Na,H,P,0. + 2H,0

27720277
If 534 gm of H,P, O, is reacted with 3.0 x 10** formula units of NaOH, then the total number of moles

of H,O produced is (N, = 6 x 10%) (P = 31)
MC0072

Comprehension based on “Law of Conservation of Mass” (12 & 13)
It states that matter can neither be created nor destroyed.

This law was put forth by Antoine Lavoisier in 1789. He performed careful experimental studies for
combustion reactions for reaching to the above conclusion. This law formed the basis for several later
developments in chemistry. Infact, this was the result of exact measurement of masses of reactants

and products, and carefully planned experiments performed by Lavoisier.

What weight (in gm) of silver nitrate will react with 0.585 gm NaCl to produce 1.435 gm AgCl and
0.85 gm NaNO,
MC0073

6.3 gm sodium bicarbonate is added to 15 gm acetic acid solution. CO, formed is allowed to escape.
The weight of the solution left is 18 gm. What is the mass (in gm) of CO, formed.

MC0073
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Comprehension based on “Law of Definite Proportions” (14 & 15)

This law was given by, a French chemist, Joseph Proust. He stated that a given compound always
contains exactly the same proportion of elements by weight.

Proust worked with two samples of cupric carbonate —one of which was of natural origin and the
other was synthetic one. He found that the composition of elements present in it was same for both
the samples as shown below :

%of %of % of
copper oxygen carbon

Natural Sample 51.35  9.74 3891
Synthetic Sample 5135  9.74 3891

Thus, irrespective of the source, a given compound always contains same elements in the same
proportion. The validity of this law has been confirmed by various experiments. It is sometimes also
referred to as Law of constant composition.

Limitation :

14

15.

The law is not applicable if the compound is formed from different isotopes of an element. The two
isotopes of carbon C-12 and C-14 form carbondioxide C'*O, and C'*O, . The ratio of C: Ois 12 : 32
and 14 : 32 respectively. It is not a constant ratio.

0.5 gmssilver is dissolved in excess of nitric acid. This solution is treated with excess of NaCl solution
when 0.66 gm AgCl is formed. One gram metallic silver wire is heated in dry CI,, 1.32 gm AgCl
is formed. Show that these data confirm the law of constant proportion.

MC0074

6.488 gm lead reacts with 1.002 gm oxygen to form an oxide. This oxide is also obtained by heating
Pb(NO,),, Itis found that % of lead in this oxide is 86.62. Show that these date illustrate the law of
definite proportions.

MC0075
Comprehension based on “Law of Multiple Proportions” (16 to 17)
This law was proposed by Dalton in 1803. According to this law, if two elements combine to form
more than one compound, the masses of one element that combine with a fixed mass of the other
element, are in the ratio of small whole numbers.
For example, hydrogen combines with oxygen to form two compounds, namely, water and hydrogen

peroxide.

Hydrogen + Oxygen — Water

2g 16g 18¢g
Hydrogen + Oxygen — Hydrogen Peroxide
2g 32¢g 34¢g

Here, the masses of oxygen (i.e. 16 gm and 32 gm) which combine with a fixed mass of hydrogen

(2 gm) bear a simple ratio, i.e. 16:32 or 1: 2.
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16. Anelement forms two oxides. In one oxide, one gram of the oxide contains 0.5 gm of the element. In
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17.

18.

19.

20.

another oxide, 4 gm of the oxide contains 0.8 gm of the element. Show that these data confirm the law

of multiple proportion.
MC0076

0.11gm of an oxide of nitrogen gives 56 mL N, at 273 K and latm. 0.15 gm of another oxide of
nitrogen gives 56 mL N, at 1atm, 273K. Show that these data confirm the law of multiple proportion.

MC0077
10 ml of a mixture of CH,, C,H, and CO, were exploded with excess of air. After explosion and
further cooling, there was contraction of 17 ml and after treatment with KOH, there was further
reduction of 14 ml. What is the composition of the mixture (in ml)?

MC0078

40 ml of a mixture of C,H, and CO is mixed with 100 ml of O, gas and the mixture is exploded.
The residual gases occupied 104 ml and when these are passed through KOH solution, the volume
becomes 48 ml. All the volume are at same temperature and pressure. If ratio of volume of C,H, &
CO sy : 1, then value of y is

MC0079
10 mL of gaseous organic compound containing C, H and O only, was mixed with 100 mL of O, and
exploded under identical conditions and then cooled. The volume left after cooling was 90 mL. On
treatment with KOH a contraction of 20 mL was observed. If vapour density of compound is 23, if

molecular formula of the compound is CXHyOZ, then find (x +y + z).
MC0080
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EXERCISE O-1

Single Correct :

1

One atomic mass unit in kilogram is
(A) I/N, B)12/N, (C) 171000 N, (D) 1000 /N,
MC0081

A gaseous mixture contains CO, (g) and N,O (g) ina 2 : 5 ratio by mass. The ratio of the number of
molecules of CO, (g) and N, O (g) is

(A)S5:2 B)2:5 O©)1:2 (D)5:4
MC0082
Which of the following contain largest number of carbon atoms?
(A) 15 gm ethane, C,H, (B) 40.2 gm sodium oxalate, Na,C,0,
(C) 72 gm glucose, C,H,0, (D) 35 gm pentene, C;H,,
MC0083
The number of hydrogen atoms in 0.9 gm glucose, C(H,,0O, is same as
(A) 0.048 gm hydrazine, N,H, (B) 0.17 gm ammonia, NH,
(C) 0.30 gm ethane, C,H (D) 0.03 gm hydrogen, H,
MC0084

Ethanol, C,H,OH, is the substance commonly called alcohol. The density of liquid alcohol is 0.7893
g/mlat293 K. If 1.2 mole of ethanol are needed for a particular experiment, what volume of ethanol

should be measured out?
(A) 55ml (B) 58 ml (C) 70 ml (D) 79 ml
MCO0085

An 10dized salt contains 0.5 % of Nal. A person consumes 3 gm of salt everyday. The number of
iodide ions going into his body everyday is (I=127)

(A) 107* (B) 6.02 x10~* (C) 6.02 x 10" (D) 6.02 x 10?3

MC0086
The percentage by mole of NO, in a mixture of NO,(g) and NO(g) having average molecular
mass 34 is :
(A)25% (B) 20% (C)40% (D) 75%

MC0087

The number of carbon atoms present in a signature, if a signature written by carbon pencil, weighing
1.2 x 1073 gis

(A) 12.04 x 1020 (B) 6.02 x 10'° (C) 3.01 x 1019 (D) 6.02 x 102
MC0088
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9 The average atomic mass of a mixture containing 79 mole % of Mg and remaining 21 mole % of
Mg and 2®Mg , is 24.31. % mole of Mg is
(A)S (B) 20 (©) 10 (D) 15
MC0089
10. How many litres of oxygen at latm & 273K will be required to burn completely 2.2 g of propane
(C,Hy)
(A)11.2 L (B)224L (C)5.6 L (D) 448 L
MC0090
11.  If 1/2 moles of oxygen combine with aluminium to form Al,O, then weight of Aluminium metal
used in the reaction is (Al=27)
(A)27 g (B) 18 g (C)54 ¢ (D)40.5 ¢
MC0091
12. Volume of CO, obtained at STP by the complete decomposition of 9.85 g BaCO, is (Ba = 137)
(A)2.24 1it (B) 1.121it (C) 1.1351it (D)2.271it
MC0092
13. The drain cleaner, Drainex contains small bits of aluminium (Al = 27) which reacts with caustic soda
to produce dihydrogen. What is the volume (in ml) of dihydrogen at 27°C and 1.013 bar that is
produced when 0.27 gm of aluminium reacts :
2A1 + 2NaOH + 2H,0 — 2NaAlO, + 3H,
(A) 0.369 (B) 369.0 (C) 246.0 (D) 540.0
MC0093
14, Volume of O, obtained at 2 atm & 546K, by the complete decomposition of 8.5 g NaNO, is
2NaNO, — 2NaNO, + O,
(A)2.24 1it (B) 1.121it (C)0.84 1it (D) 0.56 1t
MC0094
15 The minimum mass of mixture of A, and B, required to produce at least 1 kg of each product is :
(Given At. mass of 'A' =10 ; At. mass of 'B' = 120)
5A,+2B, — 2AB, +4A,B
(A) 2120 gm (B) 1060 gm (C) 560 gm (D) 1660 gm
MC0095
16  The mass of CO, produced from 620 gm mixture of C,H,0O, & O,, prepared to produce maximum
energy is (Combustion reaction is exothermic)
(A)413.33 gm (B) 593.04 gm (C) 440 gm (D) 320 gm
MC0096
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17.

18.

19.

20.

21.

22.

23.

24.

The mass of P,0,, produced if 440 gm of P,S, is mixed with 384 gm of O, is
P,S,+0,—> P,0,, + SO,

(A) 568 gm (B) 426 gm (C) 284 gm (D) 396 gm
MC0097

The mass of Mg,N, produced if 48 gm of Mg metal is reacted with 34 gm NH, gas is

Mg + NH; — Mg.N, + H,
200 100 400 150
(A) 5~ gm (B) ——gm (€) % gm (D) % —gm
3 3 3 3

MC0098

An ideal gaseous mixture of ethane (C,H,) and ethene (C,H,) occupies 28 litre at 1atm, 0°C. The
mixture reacts completely with 128 gm O, to produce CO, and H,O. Mole fraction of C,H, in the
mixture is—
(A) 0.6 (B)0.4 (C) 0.5 (D) 0.8

MC0099
280 g of a mixture containing CH, and C,H, in 5 : 2 molar ratio is burnt in presence of excess of
oxygen. Calculate total moles of CO, produced.
(A)9 (B) 18 <7 (D) 12

MC0100
Mixture of MgCO, & NaHCO, on strong heating gives CO, & H,O in 3 : 1 mole ratio. The weight
% of NaHCO, present in the mixture is:
(A) 30% (B) 80% (C) 40% (D) 50%

MC0101
A metal carbonate decomposes according to following reaction

M,CO,(s) ——> M,0(s) + CO,(g)

Percentage loss in mass on complete decomposition of M,CO,(s)
(Atomic mass of M = 102)

100
3

50 25
(A) — % (B) 5 % ©) 5% (D) 15%

MC0102
90 gm mixture of H, and O, is taken in stoichiometric ratio and gives H O with 50% yield. The
produced mass of HO (in gm) is :
(A) 45 gm (B) 36 gm (C) 20 gm (D) 90 gm

MC0103
An impure sample of CaCO, contains 38% of Ca. The percentage of impurity present in the sample
is :
(A) 5% (B) 95% (C) 10% (D) 2.5%

MC0104
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25.  The vapour density of sample of partially decomposed cyclobutane (C,H,) gas is 20. The degree
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of dissociation of C,H, into C,H, gas is -
(A) 0.25 (B) 0.50 (C) 0.60 (D) 0.40
MCO0105

26. A sample of NH, gas is 20% dissociated into N, and H, gases. The mass ratio of N, and NH,
gases in the final sample is -
7 7 14 21
(A) 31 (B) 17 © 7 D) 17
MC0106
27.  The density of a sample of SO, gas is 2.5 g/L at 0°C and 1 atm. It's degree of dissociation into
SO, and O, gases is -
6 1 3 5
(A) 7 (B) = © 7 D) 7
MC0107
28.  Polyethene can be prepared by CaC, by the following sequence of reactions.
CaC, + HO — CaO + CH,
CH,+H, > CH,
nCH, - (CH)),
(Polyethene)
The mass in kg of polyethene that can be prepared by 20 kg CaC.,.
(A) 4.1 kg (B) 8.75 kg (C) 3.78 kg (D) 10 kg
MC0108
29. 254 gmofiodine and 14.2 gm of chlorine are made to react completely to yield a mixture of ICl and
ICl,. Ratio of moles of ICI & ICI, formed is (Atomic mass : I =127, Cl = 35.5)
(A)1:1 B)1:2 (C)1:3 (D)2:3
MC0109
30.  One commercial system removes SO, emission from smoke at 95°C by the following set of reactions-
SO,(g) + CL(g) — SO,Cl(g)
SO,ClL, + 2H,0 — H,SO, + 2HCI
H,SO, + Ca(OH), — CaSO, + 2H,0
Assuming the process to be overall 95% efficient. How many moles of CaSO, may be produced from
128 gm SO,. [Ca =40, S- 32, O-16]
(A) 1.9 moles (B) 2mol (C) 3.8 mol (D) 0.95 mol
MC0110
31. Equal masses of KCIO, undergoes different reaction in two different container :
(1) 2KClO, — 2KCI + 30,
(i) 4KClO, — KCI + 3KCIO,
Mass ratio of the KCI produced in respective reaction is x : 1. Value of 'x' will be.
(A) 4 (B) 2 (C) 0.25 (D)3
MC0111
L4
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32.

33.

34.

35.

36.

37.

38.

39.

40.

A compound contains 102 % of phosphorous. If atomic mass of phosphorus is 31, the molecular
mass of the compound having one phosphorus atom per molecule is :—
(A) 31 (B) 3.1 x 103 (©) 3.1 x10° (D) 3.1 x 104

MCO0112
13.4 gm of a sample of unstable hydrated salt : Na,SO,.xH,O was strongly heated. Weight loss on
heating is found to be equal to 6.3 gm. Calculate the value of x.

(A) 6 (B) 5 ©)7 (D)8

MC0113
An organic compound contains 4% sulphur by mass. Its minimum molecular weight is :
(A) 200 - (B) 400 (C) 800 (D) 1600

MC0114

Monosodium glutamate (MSQG) is salt of one of the most abundant naturally occuring non-essential
amino acid which is commonly used in food products like in ""MAGGI" having structural formula as

0O
II L I © @
HO—C—CH,~CH;—C—C—O0ONa
N,
Mass % of Na in MSG is-
(A) 14.8 (B) 15.1 (C)13.6 (D) 16.5
MCO0115
Which of the following series of compounds have same mass percentage of carbon ?
(A) CO,, CO (B) CH,, C,H,,C H,
(C) CH,, CH,,C, H, (D)HCHO, CH,COOH,C H O,
MCo0116

A compound contains 69.5% oxygen and 30.5% nitrogen and its molecular weight is 92. The formula
of that compound is :-
(A) N,0 (B) NO, (©) N,O, (D) N,0,

MCO0117
1 1t. of a hydrocarbon weighs as much as one litre of CO,,. The molecular formula of the hydrocarbon
is -
(A) CH, (B) CH, (C) CH, (D) C,H,

MCO0118
Which of the following compounds has same empirical formula as that of glucose:-
(A) CH,CHO (B) CH,COOH (C) CH,0H (D) C,H

MCO0119
Two oxides of a metal contains 50% and 40% of a metal respectively. The formula of the first oxide
is MO.Then the formula of the second oxide is -
(A) MO, (B) M0, (C©)M,0 (D) MO,

MC0120
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41. A compound of X and Y has equal mass of them. If their atomic weights are 30 and 20 respectively.
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The molecular formula of compound is -

(A) X)Y, (B) X.Y, (©) X,Y, (D) X\Y,
MCO0121
42. 10 ml CH, gas is burnt completely in air ( O, = 20%, by volume). The minimum volume of air
needed is -
(A) 20 ml (B) 50 ml (C) 80 ml (D) 100 ml
MC0122
43. CH/OH (g) + O, (g — CO, (g) + H,0O (1)
Magnitude of volume change if 30 ml of C.H,OH (g) is burnt with excess amount of oxygen, is
(A)30ml (B) 60 ml (C)20 ml (D) 10 ml
MC0123
44. A mixture of C,H, and C;H occupied a certain volume at 80 mm Hg. The mixture was completely
burnt to CO, and H,O(l). The pressure of CO, was found to be 230 mm Hg at the same temperature
and volume. The fraction of C,H, in mixture is
(A)0.125 (B) 0.5 (C)0.85 (D) 0.25
MC0124
45. 20 mL of a mixture of CO and H, were mixed with excess of O, and exploded & cooled. There was
a volume contraction of 23 mL. All volume measurements corresponds to room temperature (27°C)
and one atmospheric pressure. Determine the volume ratio V, : V, of CO and H, in the original
mixture
(A)6.5:13.5 (B)5:15 (©)9:11 (D)7:13
MCO0125
46. Each volume of a gaseous organic compound containing C, H and S only produce 1 volume CO,,
2 volume H,O vapours and 1 volume SO, gases on complete combustion. The molecular formula
of compound is -
(A) CH,S (B) CH,S (©) CH,S (D) CHS
MC0126
47. For a chemical reaction occuring at constant pressure and temperature.
2A(g) + 5B(g) — C(g) + 2D(g)
(A) contraction in volume is double the volume of A taken if B is taken in excess.
(B) contraction in volume is more than the volume of B taken if A is in excess.
(C) volume contracts by 20 mL if 10 mL A is reacted with 20 mL B.
(D) no change in volume due to reaction
MCO0127
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48.  When one litre of CO, is passed over hot coke, the volume becomes 1.4 litres. The composition of

final products will not be.

(A) Vo, :Veo=3:4 (B) Vo =1.6ltr. (C) nco, :ncp=3:4 (D) % V of CO =47ﬂ
MC0128
49. 10 ml of a compound containing 'N' and 'O' is mixed with 30 ml of H, to produce H,O (1) and 10 ml
of N, (g). Molecular formula of compound if both reactants reacts completely, is
(A)N,O (B) NO, (C) N,O, (D) N,Oq
MC0129
50. When a definite volume of a gaseous alkyne (C H, ) is burnt completely in excess of air, a contraction
in volume equal to twice the volume of alkyne burnt occured. The value of 'n' is -
(A) 4 (B) 6 ©)3 (D) 20
MC0130
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EXERCISE O-11
1. A sample of iron ore, weighing 0.700g, is dissolved in nitric acid. The solution is then diluted with
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water, following with sufficient concentrated aqueous ammonia, to quantitative precipitation the iron
as Fe(OH),. The precipitate is filtered, ignited and weighed as Fe O,. If the mass of the ignited
and dried preciipitate is 0.541g, what is the mass percent of iron in the original iron ore sample
(Fe = 56)
(A) 27.0 % (B) 48.1 % (C) 541 % (D) 81.1 %

MC0131
A sample of pure Cu (4.00g) heated in a stream of oxygen for some time, gains in weight with
the formation of black oxide of copper (CuO). The final mass is 4.90 g. What percent of copper
remains unoxidized (Cu = 64)
(A) 90 % (B) 10 % (C) 20 % (D) 80 %

MC0132
1120 ml of ozonised oxygen (O, + O,) at I atm & 273K weighs 1.76 gm. The reduction in volume
on passing this through alkaline pyrogallol solution is -

(A) 896 ml (B) 224 ml (C) 448 ml (D) 672 ml
MC0133

ASSERTION REASON:

4.

Statement-1 : When a gaseous hydrocarbon is burnt in excess of oxygen and the products of
combustion are cooled to the orignal temperatrue and pressure, a contraction in volume occurs.
Statement-2 : The contraction in volume is solely due to the liquifaction of water vapour.
(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.
(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation
for statement-1.
(C) Statement-1 is true, statement-2 is false.
(D) Statement-1 is false, statement-2 is true.

MC0134

Statement -1 : 2A +3B —— C

4/3 moles of 'C' are always produced when 3 moles of 'A' & 4 moles of 'B' are added.
Statement -2 : 'B'is the limiting reactant for the given data.

(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.

(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
statement-1.

(C) Statement-1 is false, statement-2 is true.

(D) Statement-1 is true, statement-2 is false.
MC0135
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6.

Assertion : During a chemical reaction, total moles remains constant.

Reason : During a chemical reaction, total mass remains constant.

(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.

(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for statement-1.
(C) Statement-1 is true, statement-2 is false.

(D) Statement-1 is false, statement-2 is true.

MC0136

MULTIPLE CORRECT :

7.

10.

11.

40 gm of a carbonate of an alkali metal or alkaline earth metal containing some inert impurities was
made to react with excess HCI solution. The liberated CO, occupied 12.315 lit. at 1 atm &
300 K. The correct option is

(A) Mass of impurity is 1 gm and metal is Be ~ (B) Mass of impurity is 3 gm and metal is Li

(C) Mass of impurity is 5 gm and metal is Be (D) Mass of impurity is 2 gm and metal is Mg

MC0137
1 mole of H,SO, will exactly neutralise :
(A) 2 mole of ammonia (B) 1 mole of Ba(OH),
(©) 0.5 mole of Ca(OH), (D) 2 mole of KOH

MC0138

12 gof Mg was burnt in a closed vessel containing 32 g oxygen. Which of the following is /are correct.
(A) 2 gm of Mg will be left unburnt.
(B) 0.75 gm-molecule of O, will be left unreacted.
(C) 20 gm of MgO will be formed.
(D) The mixture at the end will weight 44 g.
MC0139
50 gm of CaCO, is allowed to react with 68.6 gm of H,PO, then select the correct option(s)-
3CaCO, + 2H,PO, — Ca,(PO,), + 3H,0 + 3CO,
(A) 51.67 gm salt is formed (B) Amount of unreacted reagent = 35.93 gm

(C) n¢o, formed = 0.5 moles (D) ny,o formed = 0.7 mole
MC0140
Select the correct statement(s) for (NH,),PO,.
(A) Ratio of number of oxygen atoms to number of hydrogen atoms is 1 : 3
(B) Ratio of number of cations to number of anions is 3 : 1
(C) Ratio of number of gm-atoms of nitrogen to gm-atoms of oxygen is 3 : 2
(D) Total number of atoms in one mole of (NH,),PO, is 20.

MC0141
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Two gases A and B which react according to the equation
A + BBy —> cCy + Dy,

to give two gases C and D are taken (amount not known) in an Eudiometer tube (operating at a
constant Pressure and temperature) to cause the above.

If on causing the reaction there is no volume change observed then which of the following statement
is/are correct.

(A)(@a+b)=(c+d)
(B) average molecular mass may increase or decrease if either of A or B is present in limited amount.
(C) Vapour Density of the mixture will remain same throughout the course of reaction.

(D) Total moles of all the component of mixture will change.
MC0142

13. 100 ml mixture of CO and CO, mixed with 30 mL of O, and sparked in eudiometer tube. The residual
gas after treatment with aq. KOH has a volume of 10 mL which remains unchanged when treated
with alkaline pyrogallol. If all the volumes are under the same conditions, point out correct options(s):
(A) The volume of CO that reacts, is 60 mL
(B) The volume of CO that remains unreacted, is 10 mL
(C) The volume of O, that remains unreacted, is 10 mL
(D) The volume of CO, that gets absorbed by aq.KOH, is 90 mL.

MC0143
Paragraph for Q.14 to Q.15
For the given series of reaction
4NH, (g) + 50,(g) —>4NO (g) + 6H,0 (I)
2NO (g) + O, (g —2NO, (g)

14. If20 ml of NH, is mixed with 100 ml of O,. Volume contraction at the completion of above reactions
is
(A) 20 ml (B) 85 ml (C) 35 ml (D) 100 ml

MC0144

15. Total volume of O, used if 20 ml NH, is mixed with 100 ml O,

(A) 40 (B) 60 (C) 35 (D) None of these

MC0144

Paragraph for Q.16 to Q.18

NaBr, used to produce AgBr for use in photography can be self prepared as follows :

Fe + Br, —— FeBr, (1)

FeBr, + Br, — Fe,Br, ...(i1) (not balanced)

Fe,Brg + Na,CO; —— NaBr + CO, + Fe, 0, ....(iii) (not balanced)

(At. mass : Fe = 56, Br = 80)

Mole Concept & Eudiometry
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16.

17

18

19

20

21

Mass of iron required to produce 2.06 x 10° kg NaBr
(A) 420 gm (B) 420 kg (C)4.2x10°kg (D) 4.2 x 108 gm
MC0145

If the yield of (ii) is 60% & (iii) reaction is 70% then mass of iron required to produce 2.06 x 10° kg
NaBr

(A) 10° kg (B) 10° gm (C) 103 kg (D) None

MCo0146
If yield of (iii) reaction is 90% then mole of CO, formed when 2.06 x 103 gm NaBr is formed
(A) 20 (B) 10 ©)9 (D) 440

MC0147

Comprehension Q.19 and Q.20 (2 questions)
Estimation of halogens ( Carius method ) : A known mass of compound is heated with conc. HNO,
in the presence of AgNO, contained in a hard glass tube known as carius tube in a furnce. C and
H are oxidised to CO, and H,O. The halogen forms the corresponding AgX. It is filtered, dried, and
weighed.
Estimation of sulphur : A known mass of compound is heated with fuming HNO, or sodium peroxide
(Na,0,) in the presence of BaCl, solution in Carius tube. Sulphur is oxidised to H,SO, and precipi-
tated as BaSO,. It is filerted, dried and weighed.
0.15gm of an organic compound gave 0.12 gm of silver bromide by the Carius method. Find the
percentage of bromine in the compound. (Ag = 108, Br = 80)
(A) 34.0 (B) 46.0 (C) 80.0 (D) 50.0
MC0148
0.32 gm of an organic substance when treated by Carius method gave 0.466 gm of BaSO,. Calculate
the percentage of sulphur in the compound. (Ba = 137)
(A) 10.0 (B) 34.0 (C) 20.0 (D) 30.0
MC0148
Comprehension Q.21 and Q.22 (2 questions)

Estimation of phosphorous : A known mass of compound is heated with fuming HNO, or sodium
peroxide ( Na,O,) in Carius tube which converts phosphorous to H,PO,. Magnesia mixture (MgCl,
+NH,C]) is then added, which gives the precipitate of magnesium ammonium phosphate (MgNH,.PO,)
which on heating gives magnesium pyrophosphate (Mg,P,0.), which is weighed.

0.124 gm of an organic compound containing phosphorus gave 0.222 gm of Mg PO, by the usual
analysis. Calculate the percentage of phosphorous in the compound.(Mg = 24, P = 31)

(A) 25 (B) 75 (C) 62 (D) 50
MC0149
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22 An organic compound has 6.2 % of phosphorus. On sequence of reaction, the phosphorous present

in the 10 gm of organic compound is converted to Mg,P O.. Find the weight of Mg P,O, formed.
(A) 2.22 gm (B) 10.0 gm (C) 444 gm (D) 1.11 gm
MC0149
TABLE TYPE :

Column-I Column-IT Column-I1I
(P) 60 gram sample of (1) %C=40 (i) No. of atoms of C and O
hydro carbon that contain =8N,
20% H and rest C
20 .
(Q) 240 gram urea 2) %H = 3 (ii) No. of C atoms = 4N,
(R) 120 gram acetic acid 3) %O :% (i11) No. of total atoms
=16N,
(S) 120 gram glucose (4) % N=46.7 (iv) No. of total atoms
is 2 times of no. of
H atom
23. Out of below correct matching is -
(A)P—1-1 B)P-1-ii (C©)Q-2-iii (D)S-2-1iv
MC0150
24. In which of following is incorrect -
(A)Q-2-1v (B)R-3-iv (C)P—4—iii (D)R-1-ii
MC0150
25. Out of below correct matching is -
(A)S—4-iv (B)R-1-ii (C)P—-4-iii (D)P-2-ii
MC0150
Table type question :
Column-I Column-IT Column-IIT
(Gas taken) (O, needed for complete (Contraction in
combustion) volume)
(1) 20ml CH, (1) 60ml O 50ml
(2) 25mlCH, (i) 100 ml () 40ml
(3) 30 ml C,H, (i) 70 ml (1) 75 ml
(4) 35 mlCH, (iv) 105 ml (IV) 70 ml
All volumes are measured at 25°C and 1 atm.
26. Which of the following is correct match -
(A)1-i-1I B) 1 -iii—1V O©)2—-iv-1I (D)2 —ii—1II
MCO0151
L 4
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27. Which of the following is correct match -
(A)3—iii—1III (B)3 —iv-1II (C)4 —iii —1III D)4-iv-1V
MC0151
28. Which of the following is incorrect (One or more than one correct)
(A)2—ii—1 B)4—-iii—1V C©)3—-iv-1V (D) 1—iii—1I
MC0151
Match the column :
29. One type of artifical diamond (commonly called YAG for yttrium aluminium garnet) can be represented
by the formula Y;ALO,.[Y = 89, Al =27]
Column I Column II
Element Weight percentage
(A) Y P) 22.73%
(B) Al Q) 32.32%
© O (R)  44.95%
MC0152
30. Therecommended daily dose is 17.6 milligrams of vitamin C (ascorbic acid) having formula C.HO,.
Match the following. Given : N, = 6 x 10%
Column I Column II
(A) O-atoms present in daily dose (P) 10 mole
(B)  Moles of vitamin C in 1 gm of vitamin C (Q) 5.68x1073
(C)  Moles of vitamin C that should be consumed daily(R) 3.6 x 10%°
MC0153
31. Gaseous alkane (C H, ) exploded with oxygen. Ratio of the mol of O, for complete combustion
to the mole of CO, formed is given in column-I & in column II formula is given.
Column-I Column-II
(A) 7:4 P) C.H,
B) 2:1 Q) CH,
©) 5:3 (R)  CH,
(D) 13:8 (S) CH,
MC0154
L 4

rure\Chem\Module#02-(PC)\Eng\1. Mole concept & Eudiometry\02-Ex p65

node06\BOBA-BB\Other Center\JEE(Advanced)\Nu



. ALLEN Mole Concept & Eudiometry

Matching list type :
32. Column-I Column-IT
(mass of product)

(P) 2H, + O, —» 2H,0 (1) 1.028¢g
lg g

(Q)3H, + N, - 2NH, ) 1333g
lg g

(R) H, + Cl, — 2HCI (3) 1.125¢g
lg Ig

(S) 2H, + C — CH, 4) 12l4¢g
lg 1g

Code :
P
(A) 3
B) 2
<€) 4
(D) 2

UJUJLL'O
»—m»—t»—t»—iw
AN W N W

MCO0155
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EXERCISE JEE -MAINS

NaClO; is used, even in spacecrafts, to produce O,. The daily consumption of pure O, by a person
is 492L at 1 atm, 300K. How much amount of NaClO;, in grams, is required to produce O, for the
daily consumption of a person at 1 atm, 300 K ? [JEE(Main)-2020 (Jan)]

NaClO;(s) + Fe(s) - O,(g) + NaCl(s) + FeO(s) R = 0.082 L atm mol-! K-!

MC0156
5 g of zinc is treated separately with an excess of [JEE(Main)-2020 (Jan)]
(a) dilute hydrochloric acid and
(b) aqueous sodium hydroxide.
The ratio of the volumes of H, evolved in these two reactions is :
(H1:4 2)1:2 3)2:1 @1:1

MC0157

The ammonia (NH;) released on quantitative reaction of 0.6 g urea (NH,CONH,) with sodium

hydroxide (NaOH) can be neutralized by : [JEE(Main)-2020 (Jan)]
(1) 100 ml of 0.1 N HCl (2) 200 ml of 0.4 N HCl
(3) 100 ml of 0.2 N HCl (4) 200 ml of 0.2 N HCI

MC0158

Amongst the following statements, that which was not proposed by Dalton was :

(1) all the atoms of a given element have identical properties including identical mass. Atoms of different
elements differ in mass.

(2) chemical reactions involve reorganisation of atoms. These are neither created nor destroyed in a
chemical reaction.

(3) when gases combine or reproduced in a chemical reaction they do so in a simple ratio by volume
provided all gases are at the same T & P. [JEE(Main)-2020 (Jan)]

(4) matter consists of indivisible atoms.

MC0159

A 10 mg effervescent tablet containing sodium bicarbonate and oxalic acid releases 0.25 ml of CO,
at T=298.15 K and p = 1 bar. If molar volume of CO, is 25.0 L under such condition, what is the

percentage of sodium bicarbonate in each tablet ? [Molar mass of NaHCO; = 84 g mol-']

(1)16.8 (2) 8.4 [JEE(Main)-2019 (Jan.)]
(3)0.84 (4)33.6

MC0160
For the following reaction, the mass of water produced from 445 g of Cs;H, (O is :
2C5;H,1004(s) + 1630,(g) — 114C0O,(g) + 110 H,O(7) [JEE(Main)-2019 (Jan.)]
(1)495 g (2)490 g (3)890 ¢ (4)445 ¢

MCo0161

rure\Chem\Module#02-(PC)\Eng\1. Mole concept & Eudiometry\02-Ex p65

node06\BOBA-BB\Other Center\JEE(Advanced)\Nu



. ALLEN Mole Concept & Eudiometry
7.  The percentage composition of carbon by mole in methane is : [JEE(Main)-2019 (-april)]
(1) 80% (2) 25% (3) 75% (4) 20%
MC0162
8. For areaction, [JEE(Main)-2019 (-april)]
Ny(g) + 3Hy(g) — 2NH;(g) ;
identify dihydrogen (H,) as a limiting reagent in the following reaction mixtures.
(1) 14g of N, + 4g of H, (2) 28g of N, + 6g of H,
(3) 56g of N, + 10g of H, (4) 35g of N, + 8g of H,
MC0163
9. 5 moles of AB, weigh 125 x 10-3 kg and 10 moles of A,B, weigh 300 x 103 kg. The molar mass
of A(M,) and molar mass of B(My) in kg mol-! are : [JEE(Main)-2019 (April)]
(1) M, =50 x 103 and My =25 x 1073
(2) M, =25 x 103 and Mg = 50 x 103
B)M, =5 x 103 and Mz = 10 x 103
(4 M, =10 x 103 and Mg =5 x 103
MC0164
10. The minimum amount of O,(g) consumed per gram of reactant is for the reaction :
(Given atomic mass : Fe =56, 0 =16, Mg=24,P=31,C=12,H=1)
(1) C3Hg(g) + 5 O,(g) = 3 CO4(g) + 4 H,O() [JEE(Main)-2019 (April)]
(2) P4(s) + 5 05(8) = P4O,(5)
(3) 4 Fe(s) + 3 O,(g) — 2 FeO4(s)
(4) 2 Mg(s) + Oy(g) = 2 MgO(s)
MC0165
11. At300 K and 1 atmospheric pressure, 10 mL of a hydrocarbon required 55 mL of O, for complete
combustion and 40 mL of CO, is formed. The formula of the hydrocarbon is :
g [JEE(Main)-2019 (Jan)]
(1) C,Hy (2) C4H,Cl (3) C4Hy, (4) CHg
MC0166
5
¢ 12. 25gofanunknown hydrocarbon upon burning produces 88 g of CO,and 9 g of H,O. This unknown
% hydrocarbon contains. [JEE(Main)-2019 (Jan)]
:
§i (1) 20g of carbon and 5 g of hydrogen (2) 24g of carbon and 1 g of hydrogen
(3) 18g of carbon and 7 g of hydrogen (4) 22g of carbon and 3 g of hydrogen
MC0167
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13.

14.

15.

16.

17.

18.

19.

The ratio of mass percent of C and H of an organic compound (CxHyO,) is 6 : 1. If one molecule
of the above compound (CxHyO,) contains half as much oxygen as required to burn one molecule

of compound CxHy completely to CO, and H,O. The empirical formula of compound CxHO; is
[JEE(Main)-2018 (offline)]

(1) C,H,0 (2) C3H,0, (3) C,H,0, (4) C3H(O,
MCo0168

For per gram of reactant, the maximum quantity of N, gas is produced in which of the following thermal
decomposition reactions ? [JEE(Main)-2018 (online)]

(Given : Atomic wt. — Cr = 52u, Ba = 137u)
(1) 2NH,NO4(s) = 2Ny(g) + 4H,0(g) + O5()  (2) Ba(N3)y(s) - Ba(s) + 3N(@)
(3) (NH,),Cr,O4(s) — Ny(g) + 4H,0(g) (4) 2NH;(g) = Ny(g) + 3H,(g)
MC0169

An unknown chlorohydrocarbon has 3.55% of chlorine. If each molecule of the hydrocarbon has one

chlorine atom only; chlorine atoms present in 1 g of chlorohydrocarbon are :
(Atomic wt. of Cl = 35.5 u; Avogadro constant = 6.023 x 1023 mol-!)[JEE(Main)-2018 (online)]
(1) 6.023 x 102 (2) 6.023 x 1023 (3) 6.023 x 1020 (4) 6.023 x 10°

MC0170
The most abundant elements by mass in the body of a healthy human adult are :

Oxygen (61.4%) ; Carbon (22.9%), Hydrogen (10.0%) ; and Nitrogen (2.6%). The weight which
a 75 kg person would gain if all 'H atoms are replaced by 2H atoms is [JEE(Main)-2017]

(1) 15 kg (2)37.5 kg (3)7.5kg (4) 10 kg

MC0171
1 gram of a carbonate (M,CO;) on treatment with excess HCI produces 0.01186 mole of CO,. the
molar mass of M,CO; in g mol-! is :- [JEE(Main)-2017]
(1) 1186 (2)84.3 (3)118.6 (4) 11.86

MC0172

In Carius method of estimation of halogens, 250 mg of an organic compound gave 141 mg of AgBr.

The percentage of bromine in the compound is :

(Atomic mass Ag = 108; Br = 80) [JEE(Main)-2015]
(1) 48 (2) 60 (3) 24 (4) 36

MC0173
The ratio of masses of oxygen and nitrogen in a particular gaseous mixture is 1 : 4. The ratio of number
of their molecule is : [JEE(Main)-2014]
(1)1:8 (2)3:16 3)1:4 (4)7:32

MC0174
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20. A gaseous hydrocarbon gives upon combustion 0.72 g of water and 3.08 g of CO,. The empirical formula
of the hydrocarbon is [JEE(Main)-2013]

(1) C,H, (2) C3H, (3) CeHs (4) C;Hy
MC0175
21. A transition metal M forms a volatile chloride which has a vapour density of 94.8. If it contains 74.75%
of chlorine the formula of the metal chloride will be [AIEEE 2012 (Online)]

(1) MCl, (2) MCl, (3) MCl; (4) MCl,
MC0176
22. The ratio of number of oxygen atoms (O) in 16.0 g ozone (O;), 28.0 g carbon monoxide (CO) and
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16.0 g oxygen (O,) is :-
(Atomic mass : C = 12, O = 16 and Avogadro's constant N, = 6.0 x 1023 mol-)
[AIEEE 2012 (Online)]
(1)3:1:1 2)1:1:2 (3)3:1:2 @1:1:1
MCO0177
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EXERCISE JEE-ADVANCED

The ammonia prepared by treating ammonium sulphate with calcium hydroxide is completely used
by NiCl,.6H,O to form a stable coordination compound. Assume that both the reactions are 100%
complete. If 1584 g of ammonium sulphate and 952¢g of NiClL,.6H,O are used in the preparation,
the combined weight (in kg) of gypsum and the nickel-ammonia coordination compound thus produced
is . [JEE 2018]

(NH,), SO,+Ca(OH), — CaSO,.2H,0+2NH,

NiCl, -6H,0 +6NH, — [ Ni(NH, ), |Cl, +6H,0

(Atomic weights in g mol:H=1,N=14,0 =16, S =32, Cl = 35.5, Ca = 40, Ni = 59)
MCO0178

Galena (an ore) is partially oxidized by passing air through it at high temperature. After some time,
the passage of air is stopped, but the heating is continued in a closed furnance such that the contents
undergo self-reduction. The weight (in kg) of Pb produced per kg of O, consumed is .
PbS + O, — Pb + SO, [JEE 2018]
(Atomic weights in g mol”' : O = 16, S = 32, Pb = 207)

MCo0179

If the value of Avogadro number is 6.023 x 10” mol ' and the value of Boltzmann constant is
1.380 x 10> JK', then the number of significant digits in the calculated value of the universal
gas constant is [JEE 2014]

MC0180
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ANSWER KEY

© o v A

14.

(1) 0.16 or 0.17
(iii) 23.38

(v) 12.04

1.99

2.43 or 2.44

Ans. (34.05)

36.50
0.63

0.11 or 0.12

%Al = 60; %Mg = 40

9.

12.
15.
18.

EXERCISE S-1
(ii) 3200.00

(iv) (18.06 or 18.07), (54.19 or 54.20)

3.20
Ans. (9.48)

Ans.(2.00)

27.60
58.80
0.25

%CaCO, = 28.40 or 28.41, %MgCO, = 71.59
%NaHCO, = 16.80 ; %Na,CO, = 83.20

0.75

39.18

0.20

Ans. (0.64)
Ans.(0.04)
(a) 0.71 (b)61.97
Ans. (33.33)
Ans.(2.00)
C¢H,Cl,
Ans. (0.50)
70.00

10.00

(3.00)

(1)0.5,0.5; (i) 2, 1 (iii) 1,2
%NaCl = 77.80

24.

27

30.
33.
36.
39.

42

45.

48

51.
54.
57.
60.

2.

1.70
4.48

Ans. (50.00)
Ans. (40.00)
Ans.(3.04)
1.20

5.28

Ans.(0.07)
Ans (3.00)

Ans. 140.00

Ans.(10.00)

Ans.(N,O,)

Ans. (5.00)
EXERCISE S-11

(65.62)

25
28

31.
34.
37.
40.
43.

46.
49.
52.
55.
58.

(i) Fe,0,+ 2 Al—> ALO, + 2Fe; (i) 2.96 ; (iii) 10,000 units

Ans. 5.74
Ans. (222.00)
Ans.(1.70)

0.5

% Ag = x100 = 75.75
0.66

% Ag = x100 =175.75

1.32

In both AgCl, % Ag is same.

7.

10.

13

Ans. 6.02

(11.00)
Ans.(3.30)

180.00
Ans(55.00)
Ans.(102.50)
3.61

6.41 or 6.42
5.60

0.50
61.50

Ans. (31.42 or 31.43)

Ans. (0.72)
6.40

Ans. (4.00)
Ans. (4.00)

(19.00)

Ans. (C,H,0,)
30.00

73.33

Ans. (C,H))

0.66

(1.50)
Ans. (5.00)
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15. %Pb= (6.4865;?_81?002) x 100 = 86.62%
16. Oxide=1gm = oxygen =0.5 gm + element = 0.8 gm
Ratio=1 : 1
Oxide =4 gm = oxygen =3.2 gm + element = 0.8 gm
Ratio=4 : 1
17. 0.11 gm oxide gives = 0.07 gm N, Hence ; 0.07 gm N +0.04 gm O
0.15 gm oxide gives = 0.07 gm N, Hence ; 0.07 gm N + 0.08 gm O

18. CH,=4.50, CO,=1.50,C,H, =4.00
19.  (0.66 or 0.67)
20. 9.00

EXERCISE O-1
1 Ans.(C) 2 Ans.(B) 3 Ans.(D) 4  Ans.(C)
5 Ans.(C) 6 Ans.(C) 7  Ans.(A) 8  Ans.(B)
9 Ans.(C) 10.  Ans. (C) 11. Ans.(B) 12. Ans.(C)
13. Ans.(B) 14. Ans (B) 15 Ans.(A) 16 Ans.(C)
17  Ans.(B) 18 Ans.(A) 19. Ans(B) 20. Ans.(B)
21. Ans.(D) 22. Ans. (B) 23. Ans. (A) 24. Ans.(A)
25. Ans.(D) 26  Ans.(A) 27. Ans.(A) 28. Ans.(B)
29. Ans.(A) 30. Ans.(A) 31. Ans(A) 32. Ans(C)
33. Ans.(C) 34. Ans.(O) 35. Ans.(C) 36. Ans.(D)
37. Ans(C) 38. Ans.(A) 39. Ans(B) 40. Ans.(B)
41. Ans(C) 42. Ans.(D) 43. Ans.(B) 44. Ans.(A)
45. Ans.(D) 46. Ans.(B) 47. Ans.(A) 48. Ans.(B)
49. Ans.(C) 50. Ans.(C)

EXERCISE O-I1
I. Ans.(C) 2.  Ans.(B) 3. Ans. (A) 4. Ans.(O)
5. Ans.(C) 6. Ans.(D) 7. Ans.(B) 8. Ans.(A,B,D)
9. Ans (B,C,D) 10. Ans.(A,B,C) 11. Ans. (A, B) 12. (A, O)
13. (A, B, D) 14. Ans.(C) 15. Ans.(C) 16. Ans.(B)
17.  Ans.(C) 18. Ans.(B) 19  Ans.(A) 20  Ans.(C)
21  Ans.(D) 22. Ans.(A) 23. Ans.(D) 24. Ans.(C)
25. Ans.(B) 26. Ans.(A) 27. Ans.(B) 28. Ans.(C,D)
29. Ans.(A)R,(B)P,(C)Q 30 Ans.(A)R,(B)Q,(C)P
3. Anss A-R;B-S;C-P;D-Q 32. Ans.(A)
L 4
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EXERCISE JEE -MAINS
1. Ans. (2120 to 2140) 2. Ans. (4) 3. Ans.(3) 4. Ans. (3)
5.  Ans.(2) 6. Ans.(1) 7. Ans.(4) Ans.(3)
9. Ans.(3) 10. Ans.(3) 11. Ans.(4) 12 Ans.(2)
13. Ans.(3) 14. Ans.(4) 15. Ans.(3) 16. Ans.(3)
17. Ans.(2) 18. Ans.(3) 19. Ans.(4) 20. Ans.(4)
21. Ans.(2) 22. Ans.(4)
J-ADVANCE
1. Ans. (2.99) 2. Ans. (647) 3. Ans. (4)

oncept & Eudiometry\02-Ex p65
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CONCENTRATION TERMS

2.1

SOLUTIONS

A solution is a homogenous mixture of two or more pure substances whose composition may be
altered within certain limits. Though the solution is homogenous in nature, yet it retains the properties
of'its constituents.

Generally solution is composed of two components, solute and solvent. Such type of solution is
known as binary solution.

Solvent is that component in solution whose physical state is the same as that of the resulting
solution while other component is called as solute. If the physical state of both component is
same, then the component in excess is known as solvent and other one is called as solute. Each

component in a binary solution can be in any physical state such as liquid, solid and gaseous

state.
Types of Solutions
Type of Solutions Solute Solvent Common Example
Gaseous Solutions Gas Gas Mixture of oxygen and nitrogen gases
Liquid Gas Chloroform mixed with nitrogen gas
Solid Gas Camphor in nitrogen gas
Liquid Solutions Gas Liquid Oxygen dissolved in water
Liquid Liquid Ethanol dissolved in water
Solid Liquid Glucose dissolved in water
Solid Solutions Gas Solid Solution of hydrogen in palladium
Liquid Solid Amalgam of mercury with sodium
Solid Solid Copper dissolved in gold

CONCENTRATION OR STRENGTH OF SOLUTION :

The concentration of a solution is the amount of solute dissolved in a known amount of the solvent
or solution. Solution can be described as dilute or concentrated solution as per their concentration.
A dilute solution has a very small quantity of solute while concentrated solution has a large quantity
of solute in solution. Various concentration terms are as follows.

Mass percentage :

It may be defined as the number of parts of mass of solute per hundred parts by mass of solution.

(ﬂj __wt. of solute
% by mass W )* ™ Wt of solution 100

[X % by mass means 100 gm solution contains X gm solute and hence =and hence (100 — X) gm

solvent]

Concentration Terms
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2.2 Mass-volume percentage (W/V %) :

It may be defined as the mass of solute (in gm) present in 100 cm? of solution. For example, If
100 cm? of solution contains 5 g of sodium hydroxide, then the mass-volume percentage will be

5% solution.

w
% (_J _  wt of solute. « 100
\Y% volume of solution

[X % (%) means 100 ml solution contains X gm solute]

2.3 Volume Percent :

It can be represented as % v/v or % volume and normally used for the solutions in which both
components are in liquids state. It is the number of parts of by volume solute per hundred parts by

volume of solution. Therefore,

v
% (_] _ volume of solu.te « 100
V)" volume of solution
2.4 Mole % = Moles of solute <100
Total moles
. For gases, % by volume is same as mole %

2.5 Mole Fraction (X) :

Mole fraction may be defined as the ratio of number of moles of one component to the total
number of moles of all the components (solute and solvent) present in solution. It is denoted by

letter X and the sum of all mole fractions in a solution is always equals to one.

Moles of solute

Mole fraction (X) =

Total moles

Mole fraction does not depend upon temperature and can be extended to solutions having more

than two components.
2.6 Molarity (M) :

Molarity is most common unit for concentration of solution. It is defined as the number of moles of
solute present in one litre or one dm? of the solution or millimol of solute present in one mL of

solution.

Mole of solute

Molarity (M) =

volume of solutioninlitre

ncentration Term\O1_Theory.p65
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2.7

2.8

Molality (m) : The number of mole of the solute present in 1000 g of the solvent is known as molality

of solution. It represented by letter ‘m’.

Moles of solute

Molality (m) = Mass of solvent (in kg)

The unit of molality is mol/kg and it does not affect by temperature.

Parts per million (ppm) : The very low concentration of solute in solution can be expressed in

ppm. It is the number of parts by mass of solute per million parts by mass of the solution.

Mass of solute 6 Mass of solute 6
—_— X ~—— "7 x

Parts per million (ppm) = Mass of solvent ~ Mass of solution

Get yourselves very much comfortable in their inter conversion. It is very handy.

Concentration Mathematical Concept
Type Formula
Mass(ingm)of
Percentage by mass % (zj _ Mass of solute X 100 solute present
w Mass of solution in 100 gm of solution.
o, [ v)_ Volume of solute x 100 5
Volume percentage %o| — |= Volume of solution Volume (cm?’) of solute
present in 100 cm?
of solution.
Mass(ingm)of

w ) Mass of solute x 100
Mass-volume %l — |= ; solute present
Volume of solution

percentage v in 100 cm® of solution.

Mass of solute x 10°

Mass of solution

Parts by mass of solute
per million parts by

Parts per million ppm =

mass of the solution

Mole of A

X =
A Mole of A +Mole of B+ Mole of C+....
Mole of B

X =
B Mole of A +Mole of B+ Mole of C+....

Mole fraction Ratio of number of

moles of one component

to the total number of
moles.

Mole of solute

Molarity = — Moles of solute
Volume of solution(in L)
M £ solute x 1000 in one litre of solution.
X
Molality ass o7 so® Moles of solute in one

- Molar mass of solutex Mass of solvent(g) kg of solvent

4
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Ex.1 Calculate the mole fractions of the components of the solution composed by 92 g glycerol and
90 g water ? (M (water) =18 ; M (glycerol) = 92)

Moles of water =90 g/ 18 g = 5 mol water
Moles of glycerol =92 g/ 92 g =1 mol glycerol
Total moles in solution =5 + 1 = 6 mol

Mole fraction of water =5 mol / 6 mol = 0.833

Mole fraction of glycerol = 1 mol / 6 mol =0.167

Ex.2 What will be the molarity of solution when water is added to 16.4g Ca(NO,), to make 100 mL of

solution?

Mol of Ca(NO,), =16.4/ 164 = 0.1

Molarity = Mole of solute / Volume of solution (L) =0.10 mol /0.10 L
Therefore, Molarity of given solution=1.0 M

Ex.3 Calculate the molality of a solution containing 20 g of sodium hydroxide (NaOH) in 250 g of

water?

Moles of sodium hydroxide =20 /40 = 0.5 mol NaOH

250 gm = 0.25 kg of water

Hence molality of solution = Mole of solute / Mass of solvent (kg)=0.5 mol / 0.25 kg
or Molality(m)=2.0m

Ex.4 Calculate the gram of copper sulphate (CuSO ) needed to prepare 250.0 mL of 1.00 M CuSO,?

250
1000
Molar mass of copper sulphate = 159.6 g/mol

Moles of CuSO,=M x V =1 x

Hence Mass of copper sulphate (gm) = Moles of CuSO, x Molar mass of copper sulphate.

=1 % 159.6 g/mol = 39.9 gm of Copper sulphate

w ==
1000

Ex.5 How many gram of H,SO ,are present in 500 ml of 0.2M H,SO , solution ?

moles 500
= = moles of H,SO, =M x V =0.2 x WL =0.1

VOl.
Mass of H,SO, =0.1 x98=9.8¢
Ex.6 Calculate the ppm of mercury in water in a sample containing 30 mg of Hg in 500 ml of solution.

Mass of solute x 10°

Mass of solution

Parts per million =
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Mass of Hg=30 mg
Mass of water = 500/1 = 500g = 50 x 10* mg
(density =mass / volume ; density of water 1 g/ml) w= %

30 x 10°

Therefore, ppm of mercury = So0x10"
X

=60 ppm of mercury

Ex.7 A 100g NaOH solution has 20g NaOH. Find molality.

Ex.8

_20/40 _ 500 _
m= 1555 x 1000 = 30 6.25mol / kg

Find molality of aqueous solution of CH,;COOH whose molarity is 2M and density d = 1.2 g/mL.

Hing . — 1000xM
* 1000 x d - MMs

where d = density in gL' , M = Molarity, m = molality, M = molar mass of solute.

2

= m x1000=1.85m

m

Ex.9 A solution has 80% % NaOH with density 2gL_1. Find (a) Molarity (b) Molality of solution.

Let V be vol. of solution, in L

(%) 30
= W = _— =
Mass of solute = (d x V) x 100" 2 xVx 100 1.6V

1.6V /40 1.6V /40

(a) M= v =0.04m (b)m= V16V 1000 = 100molkg™

Ex.10 4.450 g sulphuric acid was added to 82.20 g water and the density of the solution was found to be

1.029 g/cc at 25°C and 1 atm pressure. Calculate
(a) the weight percent,
(b) the mole fraction ,
(c) the mole percent,
(d) the molality ,
(e) the molarity of sulphuric acid in the solution under these conditions.
Sulphuric acid = 4.450 g , Water = 82.20 g = Wt. of solution = 86.65 g
. Density of solution = 1.029 g/cc.
wt. of solute 100 = 4.450

: - x100 x100=5.14
Weight percent wt. of solution 65
Mole fraction :
. of sol 4.4
Mole of solute = wt. of solute > =0.0454

mol wt. of solute 98

Concentration Terms
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82.20
Mole of solvent = BT =4.566

Total moles in solution =0.0454 +4.566 =4.6114
0.0454

4.6114
(c) Mole percent =mole fraction of solute x 100 =0.0098 x 100 =0.98

=0.0098

Mole fraction of solute =

moles of solute

(d  Molality = - x1000
mass of solvent (in gm)
_ 0.0454x1000 0552
2.2
© Molarity = r?oles of sol'ute
litre of solution
Vol Fsoluti Mass 86.65 ml 86.65 e
olume of solution = = =
Density 1.029 1.029x1000
0.0454 0.0454%x1000x1.029
ity=——————= =0.539
Molarity 8654 26.05
1.029x1000

Ex.11 Find number of Na* & PO 4_3 ions in 250 ml of 0.2M Na,PO solution.
Na,PO,+aq.—> 3Na'(aq)+ PO 4_3 (aq) [Ionic compound when added to water ionize completely].
50 millimoles (m.m.) 150mm 50 mm
No. of Na" ions = 150 x 10~ x N, ; No. of PO, fons =50 x 10> x N,

Ex.12 80g NaOH was added to 2L water. Find molality of solution if density of water = 1g/mL

moles of NaOH 80,/40
< 1000= 5 1000

Ex.13 The average concentration of Na™ ion in human body is 3.0 to 3.9 gm per litre. The molarity of Na*

Ans. m= x 1000 = 1molal

mass of H,0

ion is about.

0.15M
3+3.9
Sol. M._.= Dowe 2 095y
Na© yolume of solution in Lt 23 46

DO YOUR SELF-01

Q.1 8 g NaOH is dissolved in one litre of solution. Its molarity is :
(A) 0.8 M (B) 0.4 M ©) 02M (D) 0.1 M

Q.2 If 18 g of glucose is present in 1000 g of solvent, the solution is said to be :
(A) 1 molar (B) 0.1 molar (C) 0.5 molar (D) 0.1 molal
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Q.3 Themole fraction of oxygen in a mixture of 7g of nitrogen and 8g of oxygen is :

(A) % (B)0.5 (C) 0.25 (D) 1.0

Q.4 For preparing 0.1 M solution of H,SO, in one litre, we need H,SO, :
(A) 098 g (B)49¢g (C)49.0 g (D)9.8 g
Q.5 Whatis the concentration of chloride ion, in molarity, in a solution containing 10.56 gm BaCl,.8H,0O

per litre of solution ? (Ba=137)

Answers :
Q.1 (© Q.2 (D) Q.3 (B) Q4 (D) Q.5 0.06 M
3. MIXING OF AND DILUTION SOLUTIONS :
It is based on law of conservation of moles of solute v M
(i) Two solutions having same solute v, * v, |~
. .. Totalmoles ~M,V, +M,V, NaCl NaCl Vi+V,
Final molarity = Totalvolume _—Vl v, NaCl
(ii) Dilution Effect : When a solution is diluted, the moles of solute do not change but molarity

changes while on taking out a small volume of solution from a larger volume, the molarity of
solution do not change but moles change proportionately.

Mlvl
Final molarity = M _
y Vl + V2 V: + v2 =
NaCl H,O V,+V,

n-fold or n-times dilution
=  Final volume=V,+V,=n(V))

Ex.14 50 ml 0.2 M H,SO ,is mixed with 50 ml 0.3M H,SO . Find molarity of final solution.

_ Totalmolesof H,SO, ~ 50x0.2x10° +50x107°x 0.3
£ Total volume N (50+50)x1073

=025M.

Ex.15 Find final molarity in each case :
@i 500ml 0.1M HCI+ 500 ml 0.2M HCI
(ii) 50 ml, 0.1IM HC1+ 150 ml, 0.3MHCI + 300 ml H,O
(i) 4.9¢g H,SO, +250ml H,0 +250 ml 0.1 M H,SO,

;g Answer :

g

: )  500x0.1+500%0.2

M M="—r 2 0.15 M.

:

: .. _ 50x0.1+150x0.3 _ 50 _

] @ M= =550 750+300 500  OIM
49 250 .

_ 08 "1000%%1 _ 50425 _

: i) My (250+250) 500 _O-1OM
E 1000

m
L 4
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Ex.16 How much water should be added to 2M HCI solution to form 1 litre of 0.5 M HCI ?
Let V be initial volume
Then mol of HCI = constant
2xV=1x05 = V=025L
Volume of water added=1-0.25=0.75L

Ex.17 1.11g CaCl,is added to water forming 500 ml of solution. 20 ml of this solution is taken and diluted
10 folds. Find moles of CI ions in 2 ml of diluted solution.

10 fold 2ml dilute
1.11 CaCl, | + 20ml | —2% solution
——=10.01 mol CaCl
111 2
500ml 200ml

. . 001 0.01
Moles of CaCl, in 20ml solution = 200 x 20 T
In 200 ml solution, moles of CaCl, = % [Note : Dilution does not change moles of solute]

) ) ~0.01/25 _ 001 _ 6

In 2 ml of dilute solution moles of CaCl, = 200 X2 2500 4 x10

. moles of Cl =2x4x10° =8x 107
Ex.18 What volumes of IM & 2M H,SO ,solution are required to produce 2L of 1.75M H,SO ,solution?
Let XL be vol. of 1M solution.
. (2—=X)L is vol. of 2M solution.
Moles of H,SO, : 2 x 1.75=1(X) + (2-X)2 = X=0.5L
i.e. 0.5L of IM & 1.5 L of 2M solution are required.
Ex.19 A solution is made by mixing 300 ml 1.5M Al,(SO ), + 300 ml 2M CaSO ,+ 400 ml 3.5M CaCl,

Find final molarity of (1) SO 4_2, 2) Ca2+, (3) CT . [Assume complete dissociation of these compounds].

Totalmoles 300x1.5x102%x3+300x2x1073

72 _ _
(W[50, 7 = Tomlvolume ~  (300+ 3001 400)x10° =1.95M
o 300x2+400x35
(2) [Ca™],= o — oM
400x35x2 _

(3) [Cli]f: W 2.8M
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Ex.20 A solution of KCI has a density of 1.69 g mL™" and is 67% by weight. Find the density of the
solution if it is diluted so that the percentage by weight of KCl in the diluted solution is 30%.
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Concentration Terms

Let the volume of the KCI solution be 100 mL,

Weight of KCl solution =100 x 1.69 =169 g

100 g of solution contains = 67 g of KCl

67
169 g of solution = ﬁx169 =113.23¢g

Lex x mL of H,O be added.
New volume of solution = (100 + x) mL

New weight of solution = (169 +x) g

(Since x mL of H,0 =x g of H,0, deO

New percentage of the solution = 30%

weight of solutex100

%b ight =
7 by weig weight of solution
0o 11323 o

(169 +x)

x=20843 mL =208.43 ¢

New weight of solution (169 +x)

New density =

. d=1224 gm/ml

New volume of solution (100 +x)

Ex.21 Calculate the amount of the water "in m/"which must be added to a given solution of concentration

Sol.

of 40 mg silver nitrate per ml, to yield a solution of concentration of 16 mg silver nitrate per ml ?

1.5ml
Before dilution After dilution
(nsolute) = (nsolute)
M V. = M.V,

40 16
170 .y = 1004w

1 1

V=15mL
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Ex.22. 100 m/, 3%(w/v) NaOH solution is mixed with 100 m/, 9%(w/v) NaOH solution. The molarity of

final solution is-
Ans. (1.5)

Total NaOH in 100 ml (1st solution) = 3 gm

Total NaOH in 100 ml (2nd solution) = 9 gm

.. Molarity = _12740 =

200/1000

Ex.23. 1120 gm of 2 'm' urea solution is mixed with 2480 gm of 4 'm' urea solution. Calculate the molality

of'the resulting solution?
Ans. 333 m
Sol.  Let2m, 1120 g solution have mass of solute = w gm

solvent = (1120 — w) gm
& Let 4 m, 2480 g solution have mass of solute = w' gm
solvent = (2480 — w) gm
1 1 _ solute
molality = 1t "of solvent in kg
2= W80 1000
1120-w
w =120 gm
& 4= "0 000
2480 -w'
w'=480 gm
120+ 480
resulting molalitym = 60 x1000 =3.33 m
1120 -120 + 2480 — 480
DO YOUR SELF-02

1. Find the resultant molarity obtained by mixing the

2 litre, 0.5M HCI + 3 litre, 0.2 M HCI.
2 Find the resultant molarity obtained by mixing the

500 ml, IM NaCl + 200 ml, 2M NaCl
Answers:

9
1. 032 M 2. 7 M
L 4
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4. SOME TYPICAL CONCENTRATION TERMS

4.1 PERCENTAGE LABELLING OF OLEUM :
Labelled as '% oleum', it means maximum amount of H,SO, that can be obtained from 100 gm of
such oleum (mixture of H,SO, and SO,) by adding sufficient water. For ex. 109 % oleum sample
means, with the addition of sufficient water to 100 gm oleum sample 109 gm H,SO,, is obtained.
% labelling of oleum sample = (100 + x)%
x = mass of H,O required for the complete conversion of SO, in H,SO,

Ex.24 Find the mass of free SO, present in 100 gm , 109 % oleum sample.

Sol. 109 % means, 9 gm of H,O is required for 100 gm oleum

SO, + H,0 — H,SO,
9gm

1/2mole 1/2mole

40gm

- Mass of free SO, =40 gm , Mass of H,SO, = 60 gm

Ex.25 Find the % labelling of 100 gm oleum sample if it contains 20 gm SO,.
Sol. % labelling of oleum sample = (100 + x)%
SO, + H,0 — H,SO,
20gm
1/4mole 1/4mole
4.5gm
% labelling of oleum sample = (100 + 4.5) % = 104.5%
Ex.26 An oleum sample is labelled as 118 %, Calculate composition of mixture (mass of components) if
40 gm water is added to 30 gm given oleum sample.
H,SO,=35.4 gm, H,O = 34.6gm

Sol.  In 100 gm sample requires water = 18 gm
. . _ 18
30 gm sample will require water _F x30 =5.4gm

Mass of H,O =40 — 5.4 = 34.6 gm and mass of H,.SO, =70 —34.6 =35.4 gm.
42  VOLUME STRENGTH OF H,0, SOLUTION :

Labelled as 'volume H, O, , it means volume of O, (in litre) at STP that can be obtained from 1 litre

of H,0, solution, when H,O, when it decomposes according to

1
I‘IZO2 e HZO + 502

Volume Strength of H,O, Solution = 11.35 x molarity
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Ex.27 Find the % w/v of "'10 V'' H,0, solution-

Sol.  Molaritv (M) of solution = volume strength 10
ol. olarity (M) of solution = 1135 1135

0, (E _ Mxmol. wt. of solute _ 10 34 3%

\ 10 11.35 10

Ex.28 2H,0,(aq) — 2H,0(]) + O,(g)

Under conditions where 1 mole of gas occupies 24 dm’, X L of iM solution of H,0, produces

3 dm’ of 0, Thus X is :-
Ans. (6)

moles of H O, = 1 x X

24
moles of O, -3 .1
24 8
1 X
moles of HzOz:Z =52
X=6
DO YOUR SELF-03
1. 34 gofhydrogen peroxide is present in 1135 mL of solution. Volume strength of solution is:
(A)10V (B)20V O30V (D)32vVv

2. Label an oleum sample which has mass fraction of SO, equal t0 0.6

(A) 115 % (B) 109 %

(C) 104.5 % (D) 113.5 %

Comprehension Q.3 and Q.4 (2 questions)

30 gm H,SO, is mixed with 20 gram SO, to form mixture.

3. Find mole fraction of SO3 .

(A)0.2 (B)0.45 (C)0.6 (D)0.8
4.  Determine % labelling of oleum solution.

(A)104.5 (B) 106 (C) 109 (D) 110
Answers :
1. A 2. (D) 3. B 4 (©
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PREVIOUS YEARS SOLVED EXAMPLES
Q.1 One gm of charcoal absorbs 100 ml 0.5 M CH,COOH to form a monolayer, and thereby the molarity
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Ans.

Sol.

Q.2

Ans.

Sol.

Q.3

Ans.

of CH,COOH reduces to 0.49. Calculate the surface area of the charcoal adsorbed by each molecule of
acetic acid. Surface area of charcoal =3.01 x 10> m%*/gm. [JEE'2003]
5x 1071 m?

Final molarity=0.5-0.49=0.01 M

100
= = —_ —3
mole=M x v=0.01 x 1000—10

no of molecule =moles x N, =107 xN, =6.02 x 10*°
1 gm contain charcoal =3.01 x 10> m?
6.02 x 10** molecule of acetic acid absorbed charcoal =3.01 x 10?

1 molecule of acetic acid adsorbed charcoal =3.01 x 10?> m?

6.02 x 10** molecule of acetic acid absorbed charcoal =3.01 x 10?

3.01x10°

: : _ 2y 19 122
1 molecule of acetic acid adsorbed charcoal 602107 5x10"m
Calculate the molarity of pure water using its density to be 1000 kg m=. [JEE'2003]
55.5mol L!
_ 1000 1000
MW 18 T

6.02 x 102! molecules of urea are present in 100 ml of its solution. The concentration of urea solution

is - [AIEEE-2004]
(A) 0.001 M (B) 0.01 M (C) 0.02 M (D) 0.1 M
D)

6.02x10" 1

Moles of urea = m = m

1000

—=0.1M
100 %100 0

Molarity =
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EXERCISE # S-1

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

CONCENTRATION TERMS

Calculate the molarity of the following solutions :
(a) 4g of caustic (NaOH) soda is dissolved in 200 mL of the solution.

CT0001
(b) 5.3 g of anhydrous sodium (Na,CO,) carbonate is dissolved in 100 mL of solution.

CT0001
(¢ 0.365 g of pure HCI gas is dissolved in 50 mL of solution.

CT0001

Density of a solution containing 13% by mass of sulphuric acid is 0.98 g/mL. Then molarity of

solution will be
CT0002
15 g of methyl alcohol is present in 100 mL of solution. If density of solution is 0.90 g mL™!,

calculate the mass percentage of methyl alcohol in solution

CT0003
Units of parts per million (ppm) or per billion (ppb) are often used to describe the concentrations of
solutes in very dilute solutions. The units are defined as the number of grams of solute per million or
per billion grams of solvent. Bay of Bengal has 2.1 ppm of lithium ions. If the molality of Li* is
x X 10™* m, then find x. (Li=7)

CT0004
A 7.0 M solution of KOH in water contains 28% by mass of KOH. What is density of solution in
gm/ml ? (K =39)

CTO0005
The concentration of a solution is 8% (w/w) and 10% (w/v). Calculate density (in gm/m/) of solution?

CT0006
The mole fraction of solute in aqueous urea solution is 0.2. Calculate the mass percent of solute ?

CT0007

The concentration of Ca(HCO,), in a sample of hard water is 405 ppm. The density of water
sample is 1.0 gm/ml. If the molarity of solution is x X 1073 M then find x ?

CTO0008
How much BaCl, (in gm) would be needed to make 250 ml of a solution having the same
concentration of CI™ as one containing 1.825 gm HCl per 100 ml ? (Ba = 137)

CT0009
Calculate molality (m) of each ion present in the aqueous solution of 2M NH,,Cl assuming 100%

dissociation according to reaction.
NH,CI (aq) —> NH,, (aq) + CI" (aq)

Given : Density of solution =3.107 gm / ml.
CT0010
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PROBLEMS REILATED WITH MIXING & DILUTION
Q.11 Find out the volume (L) of 98% w/w H,SO, (density = 1.8 gm/ ml), must be diluted to prepare

Q.12

Q.13

Q.14

Q.15

Q.16

12.6 litres of 2.0 M sulphuric acid solution.

CTO0011
500 ml of 2 M NaCl solution was mixed with 200 ml of 1/4 M NaCl solution. Calculate the molarity
of NaCl in final solution.

CT0012
A mixture containing equimolar amounts of Ca(OH), and Al(OH), requires 0.5 L of 4.0 M HCl to
react with it completely. Total moles of the mixture is :

CT0013
500 gm of urea solution of mole fraction 0.2 is diluted to 1500 gm. Calculate the mole fraction of
solute in the diluted solution ?

CT0014
When Vml of2.2 M H,SO, solution is mixed with 10 V ml of water, the volume contraction of 2%
take place. Calculate the molarity of diluted solution ?

CTO0015
What volume (in m/) of 0.8 M AICI, solution should be mixed with 50 ml of 0.2M CaCl, solution

to get solution of chloride ion concentration equal to 0.6 M ?
CToO0016

Q.17 A solution containing 200 m1 0.5 M KCl is mixed with 50 ml 19% w/v MgCl, and resulting solution

Q.18

Q.19

Q.20
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is diluted 8 times. Molarity of chloride ion is final solution is :

CT0017
SOME TYPICAL CONCENTRATION TERMS
An oleum sample is labelled as 118 %, Calculate
(i) Mass of H,SO, (gm) in 100 gm oleum sample. CTO0018

(i) Maximum mass of H,SO, (gm) that can be obtained if 30 gm sample is taken. CT0018
A mixture is prepared by mixing 10 gm H,SO, and 40 gm SO,. Calculate

(a) mole fraction of H,SO, CT0019
(b) % labelling of oleum CTO0019

500 ml of a H,O, solution on complete decomposition produces 2 moles of H,O. Calculate the

volume strength of H,O, solution?

CT0020

Q.21 The volume strength of 100 ml H,O, solution which produce 5.6 litre of oxygen gas at 1 bar & 0°C.

CT0021

4
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EXERCISE # S-11

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

What volume of 0.2 M NaOH (in L) solution should be mixed to 500 ml of 0.5 M NaOH solution
so that 300 ml of final solution is completely neutralised by 20 ml of 2 M H,PO, solution.

CT0022

5
How much minimum volume (in L) of (aj M aluminium sulphate solution should be added to

excess calcium nitrate to obtain atleast 1 gm of each salt in the reaction.
AL(S0,), + 3Ca(NO,), — 2AI(NO,), + 3CaSO,
CT0023

One litre of milk weighs 1.035 kg. The butter fat is 4% (v/v) of milk and has density of 875 kg/m?.
If the density of fat free skimed milk is 'x' gm/L, the value of (x) is ?

CT0024
100 ml of 0.1 M solution of AB (d = 1.5 gm/ml) is mixed with 100 ml of 0.2 M solution of CB,

(d = 2.5 gm/ml). Calculate the molarity of B in final solution if the density of final solution is

4 gm/ml. Assuming AB and CB, are non reacting & dissociates completely into A", B~, C*2.
CT0025

60 ml of a ""x"" % w/w alcohol by weight (d = 0.6 g/cm?) must be used to prepare 200 cm? of 12%
alcohol by weight (d = 0.90 g/cm?). Calculate the mass of alcohol (in gm) in original sample.

CTO0026

If 0.5 M methanol undergo self dissociation like CH;OH = CH,O™ + H" & if concentration of H"

is 2.5 x 10 M then calculate % dissociation of methanol.

CT0027
Determine the volume (in L) of diluted nitric acid (d = 1.11 g mL™!, 20% w/v HNO,) that can be
prepared by diluting 50 mL of conc. HNO, with water (d =1.42 gmL™!, 70% w /v).

CT0028

50 ml of '20V' H,0, is mixed with 200 ml, '10V' H,O,. The volume strength of resulting solution
is

CT0029

500 ml of 0.90M CH,COOH solution is mixed with 600 ml 12% w/v CH,COOH solution then
calculate the final molarity of solution.

CT0030

Q.10 45.4 V H O, solution (500 ml) when exposed to atmosphere looses 11.2 litre of O, at 1 atm, &

273 K. New molarity of H O, solution (Assume no change in volume)
CT0031

ALLEN .
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EXERCISE # O-1
Q.1 125 ml of 8% w/w NaOH solution (sp. gravity 1) is added to 125 ml of 10% w/v HCl solution. The
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nature of resultant solution would be .
(A)Acidic (B) Basic (C) Neutral (D) Can not be predicted

CT0032
Q.2 The molarity of pure water is :
(A) 100 M (B)55.6 M ()50 M (D) 18M
CT0033
Q.3 Mole fraction of C,H ,(OH), (glycerine) in a solution of 36 g of water and 46 g of glycerine is :
(A) 0.46 (B)0.36 (C) 0.20 (D) 0.40
CT0034
Q.4 A molal solution is one that contains one mole of a solute in
(A) 1000 g of the solvent (B) one litre of the solution
(C) one litre of the solvent (D) 22 .4 litres of the solution
CT0035
Q.5  Themolarity of a solution of sodium chloride in water containg 5.85 gm of sodium chloride in 500 ml
of solution is :-
(A)0.25M (B)2.0M ©)1.0M (D)0.2M
CT0036
Q.6 The molarity of 98% by wt. H,SO, (d = 1.8 g/ml) is
(A6 M (B) 18 M (B)y 10 M D)4 M
CT0037
Q.7  Which one of the following modes of expressing concentration of solution is independent of
temperature -
(A) Molarity (B) Molality (C) % wiv (D) Grams per litre
CT0038
Q.8  Equal weight of NaCl and KCl are dissolved separately in equal volumes of solutions. Molarity of the
solutions will be —
(A) Equal (B) Greater for NaCl (C) Greater for KC1 (D) Uncomparable.
CT0039
Q.9  How much water should be added to 200 cc of semimolar solution of NaOH to make it exactly decimolar?
(A) 1000 cc (B) 400 cc (C) 800 cc (D) 600 cc
CT0040
Q.10 100 ml of 0.3 M HCl solution is mixed with 200 ml of 0.3 M H,SO, solution. What is the molarity of
H*in resultant solution ?
(A)0O9 M (B)0.6 M (©)04M (D)0.5M
CT0041
Q.11  Molality of 20% (w/w) aq.glucose solution is :
@ 22m ® m © Zm © = m
CT0042
Q.12 Molarity of liquid HC], if density is 1.17 g/cc. :
(A)36.5M (B) 1825 M (C)32.05M (D) 42.10 M
CT0043
L4
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Q.13. The molarity of a solution made by mixing 50 ml of conc. H,SO, (18 M) with 50 ml of water, is:

(A)36 M (B) 18 M ©)o9M (D) oM
CT0044
Q.14 Equal volumes of 10% (w/v) of HCI is mixed with 10% (w/v) NaOH solution. The resultant solution be.
(A) basic (B) neutral (C) acidic (D) can’t be predicted.
CT0045

Q.15 What volume of 0.2M NaOH solution is needed for complete neutralisation of 0.49 gm
orthophosphoric acid -
(A) 75 ml (B) 300 ml (C) 0.075 ml (D) 50 ml
CT0046
Q.16 If50 gm oleum sample rated as 118% is mixed with 18 gm water, then the correct option is
(A) The resulting solution contains 18 gm of water and 118 gm H,SO,
(B) The resulting solution contains 9 gm water and 59 gm H,SO,
(C) The resulting solution contains only 118 gm pure H,SO,
(D) The resulting solution contains 68 gm of pure H,SO,
CT0047
Q.17  12.5gm of fuming H,SO, (labelled as 112%) is mixed with 100 lit water. Molar concentration of H" in
resultant solution is :
[Note : Assume that H,SO, dissociate completely and there is no change in volume on mixing]

2 3 3
(A) %M (B) EM (©) EM (D) %M
CT0048
Q.18 20 ml of '20 vol' H,O, solution is diluted to 80 ml. The final volume strength of solution is -
(A) '80 vol' (B) '25 vol' (C) '5 vol' (D) '8 vol'
CT0049

Q.19 Assuming complete precipitation of AgCl, calculate the sum of the molar concentration of all the ions if 2 lit
of2M Ag,S0O, is mixed with 4 lit of I M NaCl solution is :

(A)4M (B)2M ©)3M (D)2.5M
CT0050
Q.20 Molarity and Molality of a solute (M. wt =50 ) in aqueous solution is 9 and 18 respectively. What is
the density of solution.
(A) 1 g/ce (B) 0.95 g/cc (C) 1.05 g/cc (D)2 g/ce
CT0051
Q.21  Therelationship between mole fraction (X, ) of the solute & molality 'm' of its solution in ammonia would
be
55.56(X 58.82(X 58.82(1-X 55.56(1-X
(A) %AA):m (B) %;):m (©) %qm (D) %qm
CT0052
Q.22 3.0 molal NaOH solution has a density of 1.12 g/mL. The molarity of the solution is-
(A)2.97M (B)3M (C)3.05M (D)3.5M
CTO0053
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EXERCISE # O-11

Q.1

Q.2

Q.3

Statement -1 : Molality of pure ethanol is lesser than pure water.
Statement -2 : As density of ethanol is lesser than density of water.

[Given : d = 0.789 gm/ml; d =1 gm/ml]

ethanol — water

(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.

(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for

statement-1.
(C) Statement-1 is false, statement-2 is true.
(D) Statement-1 is true, statement-2 is false.
CT0054
Statement-1 : Molarity and molality have almost same value for a very dilute aqueous solution.

Statement-2 : In all very dilute solution, the mass of solvent ( in gm ) is equal to the volume of

solution ( in ml).
(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.

(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
statement-1.

(C) Statement-1 is true, statement-2 is false.
(D) Statement-1 is false, statement-2 is true.

CTO0055
Statement-1 : The mass fraction of solute in a solution is always greater than its mole fraction.

Statement-2 : Mole fraction of solvent in an aqueous solution of ethanol must be greater than that of

solute.
(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.

(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
statement-1.

(C) Statement-1 is true, statement-2 is false.

(D) Statement-1 is false, statement-2 is true.

CT0056
Q.4  The molar concentration of HCI (aq.) is 10~ M. Which of the following statements are correct.
(d_, ., = 1 2m/cc)
(A) The mole fraction of HCl = 1.8 x 107
(B) The concentration of HCI in ppm is 3.65 ppm
(C) The molality of HCI solution is approximately 10~ m
(D) The (W/v)% of solution is 3.65 x 10~ %
CT0057

4

Concentration Terms
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Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Solution(s) containing 40 gm NaOH is/are
(A) 50 gm of 80% (w/w) NaOH
(B) 50 gm of 80% (w/v) NaOH [d
(C) 50 gm of 20 M NaOH [d
(D) 50 gm of 5m NaOH

=1.2 gm/ml]
=1 gm/ml]

soln.

soln.

CT0058
The incorrect statement(s) regarding 2M MgCl, aqueous solution is/are (d ., = 1.09 gm/ml)
(A) Molality of Cl is4.44 m (B) Mole fraction of MgCl, is exactly 0.035
(C) The conc. of MgCl, is 19% w/v (D) The conc. of MgCl, is 19 x 10* ppm

CT0059

A sample of H,O, solution labelled as 56.75 volume has density of 530 gm/L. Mark the correct
option(s) representing concentration of same solution in other units. (Solution contains only H,O
and H,0,)

= 0o/ — —
(A) My 6 =6 (B)% =17

1000
(C) Mole fraction of H,0, = 0.25 (D) My o, = 7

CT0060

100 mL of 0.06 M Ca(NO,), is added to 50 mL of 0.06 M Na,C O,. After the reaction is complete
(CaC,0, is precipitated)
(A) 0.003 moles of calcium oxalate will get precipitated
(B) 0.003 M Ca*" will remain in excess
(C) Na,C 0, is the limiting reagent
(D) Oxalate ion (Cszf) concentration in final solution is 0.003 M
CT0061

Comprehension Q.9 and Q.10 (2 questions)
2 litre of 9.8 % w/w H,SO, (d = 1.5 gm/ml) solution is mixed with 3 litre of 1 M KOH solution.
The number of moles H,SO, added are

(A1 (B)2 )3 (D) 0.5
CT0062
The concentration of H if solution is acidic or concentration of OH if solution is basic in the final
solution is
(A)0 (B) 2 ©) 2 (D) 2
10 5 5

CT0063
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(a).

(b)

(©
(d).

Q.11

Comprehension Q.11 and Q.14 (4 questions)
Estimation of nitrogen : There are two methods for the estimation of nitrogen (i) Dumas method
and (ii) Kjedahl's method.
Dumas method : A known mass of compound is heated with copper oxide (CuO) in an atomsphere of
CO,, which gives free nitrogen along with CO, and H,O.
CHN, + (2x +y/2) CuO — xCO, +y/2 (H,0) +z/2 (N,) + (2x +y/2) Cu.
The gaseous mixture is passed over a heated copper gauze which converts traces of nitrogen oxides formed
to N,. The gaseous mixture is collected over an aqueous solution of KOH which absorbs CO,, and nitrogen
is collected in the upper part of the graduated tube.
Kjeldahl's method : A known mass of organic compound (0.5 gm) is mixed with K. SO, (10 gm) and
CuS0,. (1.0 gm) or a drop of mercury (Hg) and conc. H,SO, (25 ml) , and heated in Kjeldahl's flask.
CuSO, or Hg acts as a catalyst, while K_SO, raises the boiling point of H,SO,. The nitrogen in the organic
compound is quantitatively converted to ammonium sulphate. The resulting mixture is then distilled with
excess of NaOH solution and the NH, evolved is passed into a known but excess volume of standard
HClor H,SO, . The acid left unused is estimated by titration with some standard alkali. The amount of
acid used against NH, can thus be known and from this the percentage of nitrogen is calculated.

conc.

C+H~+S W>COZ+H20+SO2

conc.

N H,SO4 (NH4)ZSO4

(NH,),SO, + 2NaOH — Na,SO, + 2NH, + 2H,0
2NH, + H,SO, — (NH,),SO,
iii. This method is not applicable to compounds containing N in nitro and azo groups, and N present in
the ring (e.g. , pyridine) as N of these compounds does not change to (NH,),SO, (ammonium sulphate)
under these reaction condtions.
0.30 gm of an organic compound gave 82.1 ml of nitrogen collected at 300K and 775 mm pressure
in Dumas method. Calculate the percentage of nitrogen in the compound. (Vapour pressure of water
or aqueous tension of water at 300K is 15 mm.
(A) 31.11 (B) 15.56 (C) 28.0 (D) 31.72

CT0064

Q.12 0.50 gm of an organic compound was treated according to Kjeldahl’s method. The ammonia evolved

was absorbed in 50 ml of 0.5M H,SO,. The residual acid required 60 ml of M/2 NaOH solution.
Find the percentage of nitrogen in the compound.
(A) 50 (B) 56 (C) 66 (D) 40

CT0065

Q.13 0.4 gm of an organic compound was treated according to Kjeldahl’s method. The ammonia evolved

was absorbed in 50 ml of 0.5M H,PO,. The residual acid required 30 ml of 0.5M Ca(OH),. Find
the percentage of N, in the compound.
(A) 20 (B) 50 (C) 70 (D) 45

CT0066

Q.14 0.002 gm of an organic compound was treated according to Kjeldahl’s method. 0.2 x 10~ mol of

H,SO, was required to neutralise NH,. Calculate the percentage of N..
(A) 50 (B) 28 (C) 70 (D) 18

CT0067
L 4
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TABLE TYPE QUESTION

Column-I Column-II Column-III

(A) 2M - aqueous (P) 2 mole solute/litre I 6 % (w/v) solution
NaOH solution solution
(density = 1.25 gm/ml)

(B) 1.5 m - aqueous (Q) 1.5 mole solute/litre II) 8 % (w/v) solution
NaOH solution solution
(density = 1.06 gm/ml)

(C) 0.5 M aqueous (R) 0.5 mole solute/litre (IID) 9 % (w/v) solution
Glucose solution solution
(density = 1.09 gm/ml)

(D) 1.5 M aqueous (S) 1.5 mole solute/kg (IV) 9 gm solute per
Urea solution solvent 100 gm solvent

(density = 1.15 gm/ml)
Q.15 Which of the following is correct match ?

A)A-1-1I B)B-ii-1 C) C—-ii—-1V (D) D —iv —1iii
CT0068
Q.16 Which of the following is correct match ?
A)A-i1-1I B)B-iv-1 (C)C—-iii-1 MD)D-ii-1
CT0068
Q.17 Which of the following is correct match ?
(A) A —1i—1III (B) B—ii—1III (C)C—-ii—1III D)D —ii - 1IIT
CT0068
MATCH THE COLUMN :
Q.18 Match the column-
Column-I Column-IT
(Concentration of aqueous solution) (Density of given solutions is 1.2 g/ml)
(A) 2M NaOH solution (P) 16gm solute in 240gm solution
w
B) 8% (Vj KOH solution (Q) 60gm solute in 240 gm solution
C) 25%|— | caco, soluti R) 8 lute in 100 ml soluti
©) w ) €aCo0; so ution (R) 8gm solute in ml solution
1
D) Xcpon = 1 (S) 30 gmsolute in 100 ml solution
(T) 1 mole solute in 400 gm solution
CT0069

node08\BOBA-BB\Other Center \JEE(Advanced)\Nurture\Chem\Module#02-(PC)\Eng\2. Concentration Term\02_Ex.p65



. ALLEN Concentration Terms
Q.19 Match the column:
Column I Column II
(A) 20V H,0, (P) 25M
B)  24.5%w/vH,SO, Q 176 M
(C)  Purewater (R) 1.5M
D) 5% w/wNaOH(d_, ...~ 1.2 gm/ml) (S) 555M
CT0070
Q.20. Column-I Column-IT
(A) 120 g CH,COOH in I L solution P) M=2
d,=12g/mL)
(B) 120 gglucose dissolvedin 1 L solution (Q) 10% w/w solution
d,=12g/mL)
© XNH2CONH2 =1/31 (aqueous solution) (R)  12% w/v solution
D) 19.6% (w/v) H,SO, solution —
(A 1i0n = 1.2 g/mL) (S) m=1.85
() m=0.617
CT0071
]
L 4
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EXERCISE # J-MAINS
1. Themolarity of HNO, in a sample which has density 1.4 g/mL and mass percentage of 63% is (Molecular
Weight of HNO, = 63) [JEE-Main(Jan)-2020]
CT0072
2. 10.30mgof O, is dissolved into a liter of sea water of density 1.03 g/mL. The concentration of O, in
ppm is [JEE-Main(Jan)-2020]
CT0073
3.  The ammonia (NH;) released on quantitative reaction of 0.6 g urea (NH,CONH,) with sodium
hydroxide (NaOH) can be neutralized by : [JEE-Main(Jan)-2020]
(A) 100 ml of 0.1 M HCl (B) 200 ml of 0.4 M HCI
(C) 100 ml of 0.2 M HCI (D) 200 ml of 0.2 M HCI
CT0074
4.  Ferrous sulphate heptahydrate is used to fortify foods with iron. The amount (in grams) of the salt
required to achieve 10 ppm of iron in 100 kg of wheat is . [JEE-Main(Jan)-2020]
Atomic weight : Fe = 55.85 ; S=32.0; O =16.00
CT0075
S.  The amount of sugar (C,,H,,0,,) required to prepare 2 L of its 0.1 M aqueous solution is :
(A) 684 ¢ B)17.1¢g [JEE-Main(Jan.)-2019]
(C)342¢ (D)136.8 g
CT0076
6. A solution of sodium sulfate contains 92 g of Na* ions per kilogram of water. The molality of Na*
ions in that solution in mol kg! is: [JEE-Main(Jan.)-2019]
(A) 16 (B) 8 (©) 4 (D) 12
CTO0077
7.  8g of NaOH is dissolved in 18g of H,0. Mole fraction of NaOH in solution and molality (in mol
kg!) of the solutions respectively are : [JEE-Main(Jan.)-2019]
(A) 0.167, 11.11 (B) 0.2, 22.20 (C) 0.2, 11.11 (D) 0.167,22.20
CT0078
8.  The volume strength of 1M H,0, is: (Molar mass of H,0, = 34 g mol!)
(A) 16.8 (B) 11.35 [JEE-Main(Jan.)-2019]
(C)224 (D) 5.6
CT0079
9.  The strength of 11.2 volume solution of H,0, is : [Given that molar mass of H=1 g mol!
and O = 16 g mol!] [JEE-Main(april)-2019]
(A) 13.6% (B) 3.4% (C) 34% (D) 1.7%
CT0080
10. What would be the molality of 20% (mass/mass) aqueous solution of KI?
(molar mass of KI = 166 g mol1) [JEE-Main(april)-2019]
(A) 1.08 (B) 1.48 © 151 (D) 1.35
CT0081
L 4
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11. The mole fraction of a solvent in aqueous solution of a solute is 0.8. The molality
(in mol kg!) of the aqueous solution is [JEE-Main(april)-2019]
(A) 13.88 x 101 (B) 13.88 x 102 (C) 13.88 (D) 13.88 x 103
CT0082
12.  The amount of BaS0, formed upon mixing 100 mL of 20.8% BaCl, solution with 50 mL of 9.8%
H,SO, solution will be : [JEE(Main-online)-2014]
(Ba=137,Cl=35.5,S=32, H=1and O = 16)
(A)332¢g (B)11.65 ¢ (C)233 ¢ (D) 30.6 g
CT0083
13. For the estimation of nitrogen, 1.4 g of an organic compound was digested by Kjeldahl method and
the evolved ammonia was absorbed in 60 mL of % sulphuric acid. The unreacted acid required 20
mL of % sodium hydroxide for complete neutralizaton. The percentage of nitrogen in the compound
is : [JEE(Main-online)-2014]
(A) 3% (B) 5% (C) 6% (D) 10%
CT0084
14. 10 mL of 2(M) NaOH solution is added to 200 mL of 0.5 (M) of NaOH solution. What is the final
concentration ? [JEE(Main-online)-2013]
(A)0.57M (B)5.7M (©) 114 M (D) 1.14 M
CTO0085
15. The density of 3M solution of sodium chloride is 1.252 g mL™". The molality of the solution will be
(molar mass, NaCl=58.5¢g molfl) [JEE(Main-online)-2013]
(A) 2.18 m (B) 3.00 m (C) 2.60 m (D) 2.79 m
CT0086
16. The concentrated sulphuric acid that is peddled commercially is 95% H,SO, by weight. If the density
of this commerical acid is 1.834 g cm3, the molarity of this solution is :- [JEE-(Main)-2012]
(A)17.8 M (B) 15.7 M (C) 10.5 M (D) 12.0M
CT0087
% 17. The density of a solution prepared by dissolving 120 g of urea (mol. mass = 60 u) in 1000 g of water
? is 1.15 g/mL. The molarity of this solution is [JEE-(Main)-2012]
% (A)2.05M (B) 0.50 M (©) 1.78 M (D) 1.02M
CT0088
E 18. A 5.2 molal aqueous solution of methyl alcohol, CH;OH, is supplied. What is the mole fraction of
E methyl alcohol in the solution ? [AIEEE-2011]
3 (A) 0.086 (B) 0.050 (C) 0.100 (D) 0.190
CT0089
%
L4
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EXERCISE # JEE-ADVANCED

Q.1

Q.2

Q.3

The mole fraction of urea in an aqueous urea solution containing 900 g of water is 0.05. If the density

of the solution is 1.2 g cm ™, the molarity of urea solution is [JEE 2019]
(Given data : Molar masses of urea and water are 60 g mol ' and 18 g mol ', respectively)

CT0090

A compound H,X with molar weight of 80 g is dissolved in a solvent having density of

0.4 g /ml, Assuming no change in volume upon dissolution, the molality of a 3.2 molar solution

is. [JEE 2014]
CT0091

Dissolving 120 g of urea (mol. wt. 60) in 1000 g of water gave a solution of density 1.15 g/mL.

The molarity of the solution is

(A) 1.78 M (B) 2.00 M (C)2.05M (D) 222 M [JEE 2011]
CT0092
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ANSWER-KEY
EXERCISE # S-1

Q.1 (a)0.50 M, (b) 0.50 M, (c) 0.20 M Q2 1.30M
Q.3 16.66 or 16.67 Q4 3.00
Q.5 1.40 Q.6 1.25
Q.7 45.45 Q8 250
Q.9 13.00 gm Q.10 0.66 or 0.67
Q.11 1.40 Q.12 1.50 M
Q.13 Ans.(0.80) Q.14 0.05
Q.15 0.20 M Q.16 5.55 or 5.56
Q.17 Ans. (0.15 M) Q.18 (i) 20.00; (ii) 35.40
Q.19 (a) 0.16 or 0.17; (b) 118.00 Q.20 4540V

Q.21 Ans. (56.00 V)
EXERCISE # S-11

Q.1 0.25 Q.2 0.02

Q.3 1.04 Q4 050M

Q.5 21.60 Q.6 0.05

Q.7 0.17 or 0.18 Q.8 Ans.(12.00 V)
Q.9 Ans.(1.50 M) Q.10 Ans. (2.00 M)

EXERCISE O-1

Q.1 Ans.(A) Q.2 Ans(B) Q3 Ans.(O)
Q.4 Ans(A) Qs Ans(D) Q.6 Ans(B)
Q.7 Ans.(B) Q.38 Ans.(B) Q9 Ans.(O)
Q.10 Ans.(D) Q.11 Ans. (A) Q.12 Ans.(C)

5 Q.13.Ans(C) Q.14 Ans.(O) Q.15 Ans.(A)

; Q.16 Ans.(B) Q.17 Ans.(A) Q.18 Ans.(C)
Q.19 Ans.(B) Q.20 Ans.(B) Q.21 Ans.(B)
Q.22 Ans.(B)

EXERCISE # O-11

Q.1 Ans.(B) Q.2 Ans.(C) Q3 Ans.(D)
Q4 Ans.(A,C,D) Q.5 Ans.(A, C) Q.6 Ans.(B,D)
Q.7 (B,D) Q8. Ans.(A, C) Q9 Ans.(C)
Q.10 Ans.(C) Q.11 Ans.(A) Q.12 Ans.(B)
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Q.13 Ans. (C) Q.14
Q.16 Ans. (B) Q.17

Ans.(B)
Ans.(D)

Q.18 Ans. (A)-P,R; (B)-P,R;(C)-Q,S, T;(D)-S,Q

Q.19 Ans. (A) > Q; B) > P,; (C) > S; D) > R

Q.20.Ans. (A) ->(P,Q,R,S) ; B) =»(Q,R,T) ; (C) =>(Q,S) ; (D) =>(P)
EXERCISE # J-MAINS

Q.15 Ans.(A)

ALLEN .

1. Ans.(14.00) 2. Ans.(10) 3. Ans(C)
Ans. (4.95 to 4.97) 5. Ans.(A) Ans.(C)
Ans.(A) 8. Ans.(A) 9. Ans.(B)

10. Ans.(C) 11. Ans.(C) 12. Ans.(B)

13. Ans.(D) 14. Ans.(A) 15. Ans.(D)

16. Ans.(A) 17. Ans.(A) 18. Ans.(A)

EXERCISE # J-ADVANCE
Q.1 Ans.(2.98 or 2.99) Q.2 Ans.(8.00) Q.3 Ans.(O)

m\02_Ex p65
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. ALLENR Redox & Equivalent Concept (Stochiometry-II)
REDOX & EQUIVALENT CONCEPTS (STOCHIOMETRY-II)

1. OXIDATION & REDUCTION

Let us do a comparative study of oxidation and Reduction ;

Oxidation Reduction
(1)  Addition of oxygen (i Removal of oxygen
eg. 2Mg+ O, » 2MgO eg. CuO+C - Cu+CO
(2) Removal of Hydrogen (i) Addition of Hydrogen
eg. HS+Cl - 2HCI+ S eg. S+H - HS
(3) Increase in positive charge (i) Decrease in positive charge
eg. Fe'" 5> Fe'+e eg. Fe'' +e— Fe™

(4) Increase in oxidation number  (iv) Decrease in oxidation number

+2)  (+4) ) (+2)

SnCl, —» SnCl, MnO, — Mn**
(5) Removal of electron (v) Addition of electron
eg. Sn’ > Sn* +2e eg. Fe''+e > Fe™'

2. Oxidation Number :

. It is an imaginary or apparent charge gained by an element when it goes from its elemental

free state to combined state in molecules.
. It is calculated on basis of a arbitrary set of rules.
. It is a relative charge in a particular bonded state.
2.1 Rules governing oxidation number :

The following rules are helpful in calculating oxidation number of the elements in their different

compounds. It is remember that the basis of these rule is the electronegativity of the element.
. Fluorine atom :

Fluorine is most electronegativity atom (known). It always has oxidation no. equal to—1 in all
its compounds.
. Oxygen atom :
In general and as well as in its oxides, oxygen atom has oxidation number equal to —2.
In case of : (i)  peroxide (e.g. H/O,, Na,0,) is -1
(i)  super oxide (e.g. KO,) is — V2
(iii) ozonide (KO,)is —};
(iv) oxygen fluoride OF, is +2 & in OF, is +1

m
L 4
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. Hydrogen atom :

In general, H atom has oxidation number equal to +1. But in metallic hydrides (e.g. NaH, KH)
itis—1.
. Halogen atom :
In general, all halogen atom (Cl, Br, I) has oxidation number equal to —1.
But if halogen atom is attached with an more electronegative atom than halogen atom then it

will show positive oxidation numbers.

eg KO, HIO; HCO, KBrO,
. Metals :
(a) Alkali metal (Li, Na, K, Rb, .......... ) always have oxidation number +1.
(b) Alkaline earth metal (Be, Mg, Ca......... ) always have oxidation number +2.
Note : Metal may have positive or zero oxidation number.

(c) Aluminium always have +3 oxidation number

. Oxidation number of an element in free state or in allotropic forms is always zero.
0 0 0 0
e'g' 02,88,P4,03
. Sum of the charges of elements in a molecule is zero.
. Sum of the charges of all elements in an ions is equal to the charge on the ion.
. If the group no. of an element in periodic table is n then its oxidation number may vary from

n to n— 8 (but it is mainly applicable in p-block elements)
e.g.  N-atom belongs to v group in the periodic table therefore as per rule its oxidation number may
vary from

-3 +2 43 +4 +5
-3 to +5 (NH3,NO,N,03,NO,,N,O5)

Ex.1 Calculate oxidation number of underlined element Na,S,0, :
Sol. Let oxidation number of S-atom is x. Now work accordingly with the rules given before.
(1) x2+x)x2+(-2)x3=0
x=+2
Ex.2 Na,S O, :
Sol. Let oxidation number of S-atom is x
D) x2+X)x2+(2)x 6=0
x=+25
. It's important to note here that Na S O, have two S-atom and there are four S-atom in Na,S,0O,
but sulphur atom in both the compound have +2 or +2.5 oxidation number, it is the average
charge (O. No.) Which reside on each sulphur atom therefore we should work to calculate the

individual oxidation number of each sulphur atom in these compound.

olent Concepf\O1_Theory.p65
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Ex.3 Calculate the O.S. of all the atoms in the following species :

@) ClO7, (@) NO;, (iNO; (iv)CCl, (v) K,CrO, and (vi)KMnO,

Sol. (i) In ClO, the net charge on the species is —1 and therefore the sum of the oxidation states
of CI and O must be equal to —1. Oxygen will have an O.S. of -2 and if the O.S. of Cl
is assumed to be 'x' then x — 2 should be equal to —1.
xis + 1
(i) NO,: (2 x-2)+x=-1 (where 'x' is O.S. of N)
X =13
@) NO,:x+ (3 x-2)=-1 (where 'x' is O.S. of N)
X =45
(iv)  In CCl,, Cl has an O.S. of —1
XxX+4x-1=0
X =44 (where 'x' is O.S. of C)
v) K,CrO, : K has O.S. of +1 and O has O.S. of -2 and let Cr has O.S. 'x' then,
2x+l+x+4x-2=0
X =16
(vij  KMnO,:+1+x+ @4 x-2)=0
X =47 (where x 1s O.S. of Mn).
2.2 MISCELLANEOUS EXAMPLES

In order to determine the exact or individual oxidation number we need to take help from the struc-
tures of the molecules. Some special cases are discussed as follows :

O, O

\/
A
O

. The structure of CrO s is
o040

From the structure it is evident that in CrO, there are two peroxide linkages and one double
bond.

The contribution of each peroxide linkage is —2. Let the O.N. of Cr is x.
Xx+(-2)2+(-2)=00rx=6
O.N. of Cr = +6Ans.

0—o |”
K,CrO, |O>\c{<(|)
OO/_\OO
From the structure it is evident that in CrO?;3 there are four peroxide linkages.
The contribution of each peroxide linkage is —2. Let the O.N. of Cr is x.
x+(2)4 =-3orx=+5

O.N. of Cr = +5Ans.

0

. V.
. The strcuture of H,SO;, is H—O—O—S\(
0

H=-0

Redox & Equivalent Concept (Stochiometry-II)



JEE-Chemistry ALLEN

From the structure, it is evident that in H, SO there are one peroxide linkage, two sulphur - oxygen double
bond and one OH group. Let the O.N. of S=x.

2.3

or

or

or

+1 -2+ x+(2)2+(=2)+1=0

x+2-8=0
x—6=0
X=6

O.N.of Sin stO5 is +6 Ans

PARADOX OF FRACTIONAL OXIDATION NUMBER

Fractional oxidation state is the average oxidation state of the element under examination and the

structural parameters reveal that the element for whom fractional oxidation state is realised is actually

present in different oxidation states. Structure of the species C,0,, Br,O, and S 4062* reveal the

372

following bonding situations.

*

The element marked with asterisk in each species is exhibiting the different oxidation state
(oxidation number) from rest of the atoms of the same element in each of the species. This reveals
thatin C,0,, two carbon atoms are present in +2 oxidation state each whereas the third one is

present in zero oxidation state and the average is 4/3. However the realistic picture is +2 for two

terminal carbons and zero for the middle carbon.

+2 0 +2
O0=C=C"=C=0

Structure of C,0,
(Carbon suboxide)

Likewise in Br,O,, each of the two terminal bromine atoms are present in +6 oxidation state
and the middle bromine is present in +4 oxidation state. Once again the average, that is differ-

ent from reality is 16/3.

0
Opt6 +all, 16,0

O =//Br=lll3r—]3 =0

Structure of Br,O, (tribromooctaoxide)

In the same fashion, in the species S,0 62’, is 2.5, whereas the reality being +5,0,0 and +5 oxida-

tion number respectively for each sulphur.

Qoo 0§
o—§:*ész‘—szLﬁ+—50'
0 0

Structure of S,0 62* (tetrathionate ion)

olent Concepf\O1_Theory.p65
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Redox & Equivalent Concept (Stochiometry-II)

3.1 OXIDISING AND REDUCING AGENT

3.1

e.g.

3.1

e.g.

Note :

e.g.

Oxidising agent or Oxidant :

Oxidising agents are those compound which can oxidise others and reduced itself during the chemical
reaction. Those reagents whose O.N. decrease or which gain electrons in a redox reaction are

termed as oxidants
KMnO,, K,Cr,0., HNO,, conc. H,SO, etc, are powerful oxidising agents.
Reducing agent or Reductant :

Redusing agents are those compound which can reduce others and oxidise itself during the
chemical reaction. Those reagents whose O.N. increase or which loses electrons in a redox reac-

tion are termed as reductants.
KI, Na,S,0, are powerful reducing agents.
There are some compounds also which can work both oxidising agent and reducing agent.

H,0,, NO,

272

3.3 HOW TO IDENTIFY WHETHER A PARTICULAR SUBSTANCE IS AN OXIDISING
OR REDUCING AGENT

| Find the O.State of the central atom |

If O.S. is=Max. O.S. or (valence electron) | | If O.S. =Minimum O.S. | | If O.S. is intermediate b/w max & minimum
A\ 4 A\ 4 A 4
Its Oxidizing It's a reducing It can act both as reducing
agent agent agent & oxidising agent
v

It can disproportionate
as well
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Ex.4. Identify the species undergoing oxidation and reduction

0)
1
(i) N,+H,—> NH,
(R)
1 (R) 1
(ii) ;n + HCl —> ZInCI2 + H,
O)
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R)
1
(ii) Mg +0,—> l\I/IgO
0)
I 1
(iv) Zn+ NaOIli — Na,ZnO, + II{2
(R)
(R)
I |
(v) H,SO,+Mg——> MgSO, + SO, + H,0
0)
(vi) H,S0,+ NaOH —— Na,SO, + H,0
Neither O & R
I (R) 1
(vii) Cl, + NaOH —> NaCl + NaClO, + H,0
0)
(R)
I 1
(viii) FeCl, + SnCl, ——> FeCl, + SnCl,
L 1
0)

(ix) AgNO, + NaCl —— AgCl + NaNO,

No oxidation and no reduction.

REDOX REACTION

A reaction in which oxidation and reduction simultaneously take place.

In all redox reactions the total increase in oxidation number must equal the total decrease in oxidation
number.

+2 +7 +3 +2
€.g. 10FeSO, + 2KMnO, + 8H,SO, — 5Fe2(SO4); + 2MnSO, + K,SO, + 8H,0

TYPE OF REACTION

Combination Reactions :

When two or more element combine to form compound then such reaction are redox reaction.

For example

A+B—C

0 0 +2 -3

(@) 3Mg(s)+N,(g)——>Mg; N, (s)
®)  C9)+0,l9—CO,(g)

-4 +1 0 +4 -2 +1 -2
(© CH, (g) + 20,(g)—2—CO,(g) + 2H,0(¢)
()  Lis)+ N, (g)—2Li, N(s)

In reaction (c), there is no change in the oxidation number of hydrogen.

olent Concepf\O1_Theory.p65

node06\BOBA-BB\Other Center\JEE(Advanced)\Nurture\Chem\Module#02-(PC)\Eng\3. Redox & Equive



. ALLEN

node06\BOBA-88\Other Center\JEE{Advanced)\Nurture\Chem\Module#02-(PC)\Eng\3. Redox & Equivalent Concep\O1_Theory pé5

5.2

5.3

54

Decomposition Reactions :

Decomposition reactions are opposite of combination. Decomposition reactions are those in which when
amolecule breaks down to form two or more components, at least one of them must be in the elemental

state. For example :

+1 +5 -2 +1 -1 0 +2 -1 0 0
() 2K ClO,(s)—2—2MCl(s) + 302(g) (b) CaH,—2—>Ca(s)+H,(g)

+1 -1 0 0 +1 -2 0 0
(© 2NaH(s) —2—2Na(s) + H, (g) (d) H,0(r) —2—2H,(g)+O,(q)
Exception :

+2 +4-2 +4 -2

+2 -2
CaCO,(s)—2—CaO(s) + CO,(g)
Displacement Reactions :

A reaction in which an atom or iron in a compund is replaced by an atom or ion of another element is called

a displacement reaction. It may be denoted as :
X+YZ — XZ+Y
Disproportionations reactions :
A redox reaction in which a same element present in a particular compound in a definite oxidation state is
oxidized as well as reduced simultaneously is a disproportionation reactions.

Disproportionation reactions are a special type of redox reactions. One of the reactants in a disproportionation
reaction always contains an element that can exist in at least three oxidation states. The element in
the form of reacting substance is in the intermediate oxidation state and both higher and lower oxidation

states of that element are formed in the reaction.
+1 -1
2H,0, (aq) —> H,0 (1) + O,(g)
0 2 +2
Ss(s)+ 120H (aq) —> 4S? (aq) +25S20% (aq) + 6H,0 ()

Cly(g) + 20H (aq)—> (0™ (aq) + T (ag) + HLO ()

Consider following reactions :

(a) 2KCl10,=2KCl + 30,
KCIO, plays arole of oxidant and reductant both. Because same element is not oxidised and
reduced. Here, Cl present in KCIO; is reduced and O present in KCIO, is oxidized. So its not
a disproportion reaction although it looks like one.

(b) NHNO,— N, +2H,0
Nitrogen in this compound has —3 and +3 oxidation number so it is not a definite value, so its not
a disproportion reaction. Its a example of comproportionation reaction which is a class of

redox reaction in which a element from two different oxidation state gets converted into a single

oxidation state.

Redox & Equivalent Concept (Stochiometry-II)
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(©

4KCl0,—> 3KCIO, + KCl

Its a case of disproportionation reaction in which Cl is the atom disproportionating.

. List of some important disproportionation reaction :

1.
2.
3.

H,O,— H,0+0,
X, +OH (dil.) — X"+ XO"
X,+OH (conc.)— X"+ XO,

F, does not (can not) undergo disproportionation as it is the most electronegative element.

F,+NaOH (dil) —> F~+ OF,
F,+NaOH concentration (dil) — F~+ O,
Reverse of disproportionation is called Comproportionation. In some of the disproportionation
reactions by changing the medium (from acidic to basic or reverse) the reaction goes in backward
direction and can be taken as an example of Comproportionation.

I"+10, + H — 1, + H,0 (acidic)

6. BALANCING OF REDOX REACTION

All balanced equations must satisfy two criteria

1.

(@)
(b)
(a)

)

(ii)

(iif)

(iv)
v)

Atom balance (mass balance) :

That is there should be the same number of atoms of each kind in reactant and products side.
Charge balance :

That is the sum of actual charges on both side of the equation must be equal

There are two methods for balancing the redox equations

Oxidation - number change method

Ion electron method or half cell method

Oxidation number change method :

This method was given by Jonson. In a balanced redox reaction, total increase in oxidation number
must be equal to total decreases in oxidation number. This equivalence provides the basis for
balancing redox reactions.

The general procedure involves the following steps :

Select the atom in oxidising agent whose oxidation number decreases and indicate the gain of
electrons.

Select the atom in reducing agent whose oxidation number increases and write the loss of elec-
trons.

Now cross multiply i.e. multiply oxidising agent by the number of loss of electrons and reducing
agent by number of gain of electrons.

Balance the number of atoms on both sides whose oxidation numbers change in the reaction.

In order to balance oxygen atoms, add H,O molecules to the side deficient in oxygen. Then

balance the number of H atoms by adding H" ions in the hydrogen.
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Redox & Equivalent Concept (Stochiometry-II)

Ex.5 Write the skeleton equation for each of the following processes and balance them by ion electron
method :

Sol.

(i)

(it)
(D)

(ii)

Permagnet ion oxidizes oxalate ions in acidic medium to carbon dioxide and gets

reduced itself to Mn’" ions.

Chlorine reacts with base to form chlorate ion, chloride ion and water in acidic medium.
The skeleton equation for the process :

MnO, + C,0; + H — Mn’" + CO, + H,0

Step (1) : Indicating oxidation number :

7 -2 43 -2 41 -2

MnO; + C,02 — Mn’" + CO,+H,0

Step (2) : Writing oxidation and reduction half reaction :

+. +4
oz —> 2C0, (Oxidation half)
I{/ianl — Mn™ (Reduction half)

Step (3) : Adding electrons to make the difference in O.N.

+ +4
C0r—> 2C0, + 2¢

l{/ianl +5¢ —> Mn™'

Step (4) : Balancing 'O" atom by adding H,0O molecules
C,07 —> 2CO, + 2¢

MnO,+ 5¢- — Mn”" + 4H,0

Step (5) : Balancing H atom by adding H" ions

C,07 — 2CO, + 2¢

MnO;,+ 5S¢ + 8H — Mn’" + 4H,0

Step (6) : Multiply the oxidation half reaction by 2 and reduction half reaction by 5 to equalize
the electrons lost and gained and add the two half reactions.
[C,0; —> 2CO, + 2¢] x 5

[MnO, + 5¢ + 8H — Mn”" + 4H,0] x 2

2MnO,” + 5C,0% + 16H — 10CO, + 2Mn”" + 8H,0
The skeleton equation for the given process :

Cl, + OH — CI + CIO, + H,O

Step (1) : Indicate the oxidation number of each atom

0 -2 _ +5 +1 -2
Cl,+oH — Cl +Clo; + H,0




YN )ity

or,

or,

Thus, chlorine is the only element which undergoes the change in oxidation number. It
decreases its oxidation number from 0 to 1 and also increases its oxidation number from
0 to 5.

Step (2) : Write the oxidation and reduction half reactions

Cl,— 2 A0, (Oxidation half)

Col2 —2C1° (Reduction half)

Step (3) : Add electrons to make up for the difference in O.N.

Cl,— 20; + 106

Cl, + 26— 2CT

Step (4) : Balance O atoms by adding H,0O molecules

CL, + 6H,0 — 2(CIO,) + 10e

CL+ 2 — CI

Step (5) : Since medium is basic, balance H atoms by adding H,O molecules to the side
falling short of H atoms and equal number of OH ions to the other side.

CL,+ 6H,0 + 120H — 2CIO, + 10e + 12H,0

CL+ 2¢e — 2CI'

Step (6) : Multiply the reduction half reaction by 5 and add two half reactions.
ClL,+ SH,0 + 20H" — 2CIO, + 10e + 12H,0

[CL,+2¢e — 2CI'] x 5

Cl,+ 5CI, + 120H — 2CIO, + 10CI + 6H,0
6CL,+ 120H — 2CIO, + 10CI + 6H,0
3CL+ 60H —> CIO, + 5CI + 3H,0

Ex.6 Balance the following chemical reaction by oxidation number method and write their skeleton

Sol.

equation :

(i)

()

The nitrate ions in acidic medium oxidize magnesium to Mg’ ions but itself gets reduced
to nitrous oxide.
The skeleton equation for the given process is
Mg+ NO, —> Mg + N,0 + H,0

0 52 o 1 -2 41 -2
Step (1) : Mg +(NO;) — Mg~ + N,O0 + H,0
Multiply NO, by 2 to equalize N atoms

Step (2) : O.N. increases by 2 per Mg atom

0 +1
Mg + 2NO, — Mg” + N,0 + H,0
| 4x2=8 |
O.N. decreases by 4 per N atom

ALLEN .
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. Step (3) : Equalize increase/decrease in O.N. by multiplying Mg by 4 and 2NO, by 1.
4Mg + 2NO, —> Mg” + N,O+ H,0
* Step (4) : Balance atoms other than O and H
4Mg + 2NO, — 4Mg”" + N,0 + H,0
. Step (5) : Balance O atoms
4Mg + 2NO;, — 4Mg”" + NO + H,0 + 4H,0
. Step (6) : Balance H atoms as is done in acidic medium.
4Mg + 2NO, + 10H" — 4Mg” + N,O + SH,0

(b) Ion electron method or half cell method :
By this method redox equation are balanced in two different medium
(a) Acidicmedium (b) Basic medium

. Balancing in acidic medium

Students are advised to follow the following steps to balance the redox reactions by ion electron

method in acidic medium.

Ex.7 Balance the following redox reaction.

Sol :

FeSO,+ KMnO, + H,SO,—> Fe (SO ), + MnSO, + H,0

Step-I assign the oxidation No. to each elements present in the reaction.

+2 +6 -2 +1+7 -2 +1+6-2 +3 +6-2 +2 +6 -2 +1-2
FeSO4 T KMnOa4 T HySOs4 — Fey(SO4); + MnSO4 + Hy,O

Step-II Now convert the reaction in ionic form by eliminating the elements or species which are not going

either oxidation or reduction
+7
Fe*" + MnO; —> Fe’" + Mn®"

Step-III Now identify the oxidation / reduction occurring into the reaction.
undergoes reduction
Fe”'+ MnO,— Fe*+ Mn™

Step-1IV Split the ionic reaction in two half one for oxidation and other for reduction

F eZ+ oxidation F e3+

MnO, —Redwtion , Np?*
Step-V Balance the atom other than oxygen and hydrogen atom in both half reactions

Fe*'> Fe'*

MnO, — Mn?**
Fe & Mn atom are balanced in both side.

Step-VI Now balance O & H atom by H,O & Hrespectively by the following way for one excess

oxygen atom add one H,O on the other side and two H™ on the same side.
Fe’"—>Fe’* (nooxygenatom) ... (i)

8H +MnO,—Mn*+4HO L. (ii)

Redox & Equivalent Concept (Stochiometry-II)
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Step VII Now see equation (i) & (ii) is balanced atomwise. Now balance both equations chargewise to

balance the charge add electrons to the electrically positive side.

Fe?' _oxdaton  ped* e (1)
5¢ +8H +MnO, —Beduwon ,©Mp*"+4HO .. 2)

Step VIII The number of electrons gained and lost in each half-reaction are equalised by multiply suitable
factor in both the half reaction and finally the halfreactions are added to give the over all balanced reaction.
Here we multiply equation (i) by 5 and (ii) by one

Fe"'—»Fe'+e L (x5

S5¢ +8H +MnO, »M* +4H,0 ... (2)x 1

5Fe¢”" + 8H + MnO, - 5F¢’" + Mn*" + 4H,0
(Here at this stage you will get balanced redox reaction in ionic form)
Step IX Now convert the ionic reaction in to molecular form by adding the elements or species which are
removed instep (II).

Now by some manipulation you will get

5 FeSO, + KMnO, + 4H,80, - g Fe,(SO,), + MnSO, + 4H,0 or

10 FeSO, + 2KMnO, + 8H,50, > 5Fe,(SO,), + 2MnSO, + 8H,0 + K,S0,

Ex:

Sol :

Equivalent weight (E) :
Molecular weight ~ Mol. wt.
valency factor (v.f)  n—factor

Eq. wt(E)=

mass of a sample

no of Equivalents = eq.wt.of that species

. Equivalent mass is a pure number when expressed in gram, it is called gram equivalent mass.
. The equivalent mass of substance may have different values under different conditions.

Valency factor calculation :
. For Acids :

valence factor = number of replaceable H" ions

Solved Examples : 0
H-0—-P—H
HCI, H,SO, H,PO, H,PO, - 0
{see there are only two replaceable H' ions}
valence— 1 2 3 2
factor (assume 100%
dissociation)

Fawis M M M M

qQWt—> 5 3 7
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. ALLENR Redox & Equivalent Concept (Stochiometry-II)

Self practice problems :

1.  Find the valence factor for following acids
@) CH,COOH (i) NaH,PO, (i) H,BO,
Answers :

1. (@)1 (i) 2 (i) 1

8.2 For Base:

v.f. =number of replicable OH ions

Solved Examples :

Ex: NaOH KOH
Sol: v.f— 1 1
M M
Self practice problems :

1.  Findthe valence factor for following bases
() Ca(OH), (i) CsOH (iii) Al(OH),
Answers :

1. ()2 (i) 1 (iii) 3
8.3 Acid - base reaction :

In case of acid base reaction, the valence factor is the actual number of H  or OH replaced in the
reaction. The acid or base may contain more number of replaceable H" or OH ™ than actually

replaced in reaction.
v.f. for base is the number of H' ion form the acid replaced by per molecule of the base.
Ex.9 2NaOH + H,SO,— Na,SO, + 2H,0
Base Acid

Sol : valency factor of base = 1
valency factor of acid =2

Here two molecule of NaOH replaced 2H " ion from the H,SO, therefore per molecule of NaOH replaced

only one H" ion of acid so v.f. = 1

. v.f. for acid is number of OH replaced for the base by per molecule of acid
Ex.10 NaOH + H PO, — NaH PO + H,0
Base Acid

Sol : valence factor ofacid=1

here one of molecule of H,PO, replaced one OH™ from NaOH therefore v.f. for H,PO,is =1

_ mol.wt.of HsPO,

E 1

m
L 4
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Ex.11 2NaOH + H PO, — Na,HPO,,+ 2H,0

Sol :

Base Acid
valence factor of acid =2

here one of molecule of H,PO, replaced two OH™ from NaOH therefore v.f. for H,PO,is =2

mol.wt.of HsPO,
2

E:

Ex.12 A(OH), + HCl - Al(OH),Cl + H,O0

Sol :

Base Acid
valence factor of base = 1

here one of molecule of AI(OH), replaced one H' from HCl therefore v.f. for AI(OH), is = 1

mol. wt.of A(OH)
1

E:

84 For Salts :

v.f. = Total number of positive charge or negative charge present into the compound.

Solved Examples :

Ex.13 Na,CO, Fe (SO ) (2Fe™ + 350,) FeSO,7H,0
Sol: Vf. 2 2x3=6 2
M M M
k. 2 B 2

Ex.14 In acidic medium

Note : [6 in denominator indicates that 6 electrons were gained by Cr,O_*" as it is clear from the given

8.5 Eq. wt. of oxidising / reducing agents in redox reaction :
The equivalent weight of an oxidising agent is that weight which accepts one mole electron in a
chemical reaction.

(a) Equivalent wt. of an oxidant (get reduced)

B Mol.wt.
~ No. of electrons gained by one mole

olent Concepf\O1_Theory.p65

6+ Cr,0 - + 14H* —2Cr% + 7TH,0
Mol. wt Of KZCI‘207 _ Mol. wit.

Eq. wt. of KCr,0,= 6 c

balanced equation]

(b) Similarly equivalent wt. of a reductant (gets oxidised)

3 Mol. wt.
~ No. of electrons lost by one mole
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. ALLENR Redox & Equivalent Concept (Stochiometry-II)

Ex.15 In acidic medium,
C,0F —— 200, + 2¢

Here, Total electrons lost =2

Mol. wit.
2

So, eq. wt. =

(c) In different condition a compound may have different equivalent weights. Because, it

depends upon the number of electrons gained or lost by that compound in that reaction.

Ex.15 (i) MnO,” —— Mn*" (acidic medium)

(+7) (+2)

Here 5 electrons are taken so eq. wt. = MOI'Wt'o; KMnO, _ 128 =31.6
(i) MnO,” —— Mn™ (neutral medium)

(+7) (+4)

Here, only 3 electrons are gained, so eq. wt. = MO]'Wt'o; KMnO, _ 138 =52.7
(iii) MnO,” —— MnO, * (alkaline medium)

(+7) (+6)

Mol.wt.of KMnO,

1 = 158

Here, only one electron is gained, so eq. wt. =

Note : Itis important to note that KMnO, acts as an oxidant in every medium although with different

strength which follows the order.

acidic medium > neutral medium > alkaline medium

Ex.16 280, —> S0,/ + 2¢e
(Reducing agent)
. . __ M
equivalent weight of S,0,; " = -5 = M
. Questions based on Equivalent weight :
1. Molecular weight of KMnO, in acidic medium and neutral medium will be respectively :

(A)7x equivalent wt. and 2 X equivalentwt.  (B)5 % equivalent wt. and 3 x equivalent wt.
(C)4 x equivalent wt. and 5 X equivalentwt. (D)2 x equivalent wt. and 4 x equivalent wt.

2. Inacidic medium, equivalent weight of K,Cr,O, (Mol. wt. =M) is —

(A)M/3 (B)yM/4 (C)M/6 (D)M/2
Answers :
1B 2)A 3)C

m
L 4
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9.

10.

ALLEN .

NORMALITY

Normality of solution is defined as the number of equivalent of solute present in one litre (1000 mL)

solutions. Let a solution is prepared by dissolving W g of solute of eq. wt. E in V. mL water.

. No. of equivalent of solute = %
. W .
. V mL of solution have f equivalent of solute
. W %1000

. 1000 mL solution have ExVUmL

. W x1000
. Normality (N) = Ex VL
. Normality (N) = Molarity x Valence factor

Normality (N)=molarity x Valence factor (n)
or N XV (inmL)=MxV (inmL) Xn
or milli equivalents =millimoles x n

LAW OF EQUIVALENCE

The law states that one equivalent of an element combine with one equivalent of the other, and in a chemical

reaction equivalent and mill equivalent of reactants react in equal amount to give same no. of equivalent or

milli equivalents of products separately.
According :

(i)aA +bB - mM +nN
m.eq of A=m.eq of B=m.eq of M =m.eq of N
(i1) In a compound MN,

m.eq of M N, =m.eq of M =m.eq of N

Ex.17 The number of moles of oxalate ions oxidized by one mole of MnO, ion in acidic medium.

Sol :

5 2 3
(4) 5 (B) ¢ © %
Equivalents of C,O 42* = equivalents of MnO,
X (mole) x2=1x 5
5

2

D) 2

Ex.18 What volume of 6 M HCI and 2 M HCI should be mixed to get two litre of 3 M HCI ?

Sol.

Let, the volume of 6 M HCIl required to obtain 2 L of 3M HCl =x L
. Volume of 2 M HCI required = (2 — x) L

MV, + MV, = M.V,

6M HCI 2M HCI 3M HCI
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6x(x)+2x2-x)=3x2
>6x+4-6x=6=4x=2
~ x=05L
Hence, volume of 6 M HCl required = 0.5 L
Volume of 2M HCl required = 1.5 L

Ex.19 In a reaction vessel, 1.184 g of NaOH is required to be added for completing the reaction. How
many millilitre of 0.15 M NaOH should be added for this requirement ?

Sol. Amount of NaOH present in 1000 mL of 0.15 M NaOH = 0.15 x40 =6 g

x107 g

1 mL of this solution contain NaOH = 1000

1.184 g of NaOH will be present in = x 1.184 = 197.33 mL

1
6x107°
Ex.20 What weight of Na,CO, of 85% purity would be required to prepare 45.6 mL of 0.235N H,SO,
Sol. Meq. of Na,CO, = Meq. of H,SO, = 45.6 x 0.235

W,
—22 % 1000 = 45.6 x 0.235

Na,CO3

- Whao, 1000 = 45.6 x 0.235
106/2 : :

Wy,,co, = 0.5679 g
For 85 g of pure Na,CO,, weighed sample = 100 g

For 0.5679 g of pure Na,CO,, weighed sample = 1;)50 x0.5679
= 0.6681 g
10.1 Drawbacks of Equivalent concept :
Q)] Since equivalent weight of a substance for example oxidising or reducing agent may be variable

hence it is better to use mole concept.

eg. 5S¢ +8H +MnO, »Mn” +2H0

_ MnOg4(mol.wt.)

Eq. wtof MnO," z

e.g. 3¢ +2H,0 + MnO, —» MnO, +40H"

Eq. wt. of MnO, = MnO,

Thus the no. of equivalents of MnO, will be different in the above two cases but no. of

moles will be same.

ALLENR Redox & Equivalent Concept (Stochiometry-II)
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(i)

(1)

Normality of any solution depends on reaction while molarity does not.

For example.

Consider 0.1 mol KMnO, dissolved in water to make 1L solution. Molarity of this solution is
0.1 M. However, its normality is not fixed. It will depend upon the reaction in which KMnO,
participates, e.g. If KMnO, forms Mn*', normality = 0.1 x 5= 0.5 N. This same sample of
KMnO,, if employed in a reaction giving MnO, as product (Mn in +4 state) will have normality

0.1 x 3=0.3N.

The concept of equivalents is handy, but it should be used with care. One must never
equate equivalents in a sequence which involves same element in more than two oxidation
states. Consider an example KIO, reacts with KI to liberate iodine and liberated iodine is
titrated with standard hypo solution, The reaction are

0, +T — 1,

L,+8,0 —80> +I

meq of hypo =meq of I, =meq of IO, + meq of I

- 10, react with I' = meq of IO, = meq of I'

meq of hypo =2 x meq of 10,

This is wrong. Note that I, formed by (i) have v.f. = 5/3 & reacted in equation (ii) have v.f. = 2.
-+ v.f. of I in both the equation are different therefore we cannot equate m.eq is sequence. In this

type of case students are advised to use mole concept.

Ex.21 How many milliliters of 0.02000 M KMnO solution would be required to exactly titrate 25.00 mL
0f 0.2000 M Fe(NO,),solution.

Sol : Method - 1 : Mole concept method

Starting with 25.00 mL of 0.2000MFe”*, we can write.
Millimoles of Fe*"=25.00 x 0.2000

and in volume V (in milliliters of the MnO,)
Millimoles of MnO, =V (0.02000)

The balanced reaction is :

MnO, +5F¢*" + 8H — Mn*"+ 5 Fe''+ 4H,0

This requires that at the equivalent point,

v<o.012000) _ (25-00>é0-2000> V =50.00 mL

Method - 2 : Equivalent Method :

Equivalents of MnO, =5 x moles of MnO,
Normality MnO, =5 x molarity of MnO,~

2 .
For Fe”’, moles and equivalents are equal,
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At the equivalence point,
Equivalents of MnO, = Equivalents of Fe’'
or y _* Normality of MnO,"

M

nOy4
= V_,, X Normality of Fe*!

For 0.02000 M MnO | solution
Normality of MnO, =(5) (0.02000) = 0.1 N and for 0.2000 M Fe™ solution

0.2000

. 2+ — -
Normality of Fe” =0.2000 N VMno; (25.00 mL) (0.1000

Jz 50.00mL

10.2 FOR ACID-BASE (NEUTRALIZATION REACTION) OR REDOX REACTION

N, V, =N,V is always true.

ButM V =M,V (may or may not be true )

ButM, x n, xV =M, xn, xV, (always true where n terms represent n-factor).
10.3 SOME OXIDIZING AGENTS/REDUCING AGENTS WITH EQ. WT.
Species Changed to Reaction Electrons Eq. wt.
exchanged
or change in
O.N.
MnO;(O.A) | Mn? | MnO; +8H +5¢—>Mn> +4H,0 5 =2
inacidic medium 5
MnO;(0O.A) | MO, |MnO; +3¢ +2H,0—>MnO, +40H 3 E =%
inneutral medium
MnO;(O.A) | MnOZ | MnO; +e —» MnO 1 E =¥
inbasic medium
Cr0>(0.A) | o CrO> + 14H' + 66 —» 2Cr* + THO 6 E=3
inacidic medium
MnO,(0.A) | Mn” MnO, + 4H'+ 2¢ —» Mn® + 2H,0 2 E =%
“ inacidic medium
CLoA) cr CL +2e — 2CI" 2 E=>
PloGsoom | cr ewtre o ! E=T
3 1
2 _ _ _ _ _ 2M
S,0; (RA) | S,0; 28,07 —> S,07 +2e 2 E==-=M
E (for two molecules)
HO0A) | HO  |HO,+2H +2 —2H0 2 E=>
% H,O,(R.A.) O, H,0,— O, +2H" +2¢ (O.N. of 2 E :%
é oxygen in H,0, is —1 per atom)
2
Fe*(R.A.) F*  |F — Fe +e I g=M4
E 1
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Ex.22 To find the n-factor in the following chemical changes.

Sol.

@
(i)
(v)
(vii)
)

(ii)

(iii)

(iv)
V)

(vi)

(vi)

KMnO, —— Mn™ @) KMnO, —°, Mn™
KMnO, —"— Mn" (v) K.Cr,0, —— Cr*
c,0; - CO, (vi) FeSO, — Fe,0,

Fe,0, — FeSO,

In this reaction, KMnO, which is an oxidizing agent, itself gets reduced to Mn”" under acidic
conditions.

n=|1xH7)-1xH2)|=5

In this reaction, KMnO, gets reduced to Mn*" under neutral or slightly (weakly) basic
conditions.

n=|[1xH7)-1xH4)|=3

In this reaction, KMnO, gets reduced to Mn®" under basic conditions.
n=|[1xH7)-1x#6) =1

In this reaction, K,Cr,O, which acts as an oxidizing agent reduced to Cr’" under acidic
conditions. (It does not react under basic conditions.)

n=1[2x(#*6)-2x (+3)|=6

In this reaction, C,0 427 (oxalate ion) gets oxidized to CO, when it is reacted with an
oxidizing agent.

n=12x(+3)-2x(+4) =2

In this reaction, ferrous ions get oxidized to ferric ions.

n=|[1xH2)-1xH3) =1

In this reaction, ferric ions are getting reduced to ferrous ions.
n=2xH#3)-2x(+2)=2

Ex.23 Calculate the molar ratio in which the following two substances would react ?

Sol.

Ba (PO ), and AlCI,

n-factor of Ba,(PO,), =3 x (+2) = 6 = n,
While n-factor of AICI, = 1 x (+3) = 3 =n,

n _6 n, X

=§ If -1 _ 2

N,

Molar ratio =§ (inverse of equivalent ratio)

- Molar ratio in which Ba,(PO,), and AICl, will react =3 : 6 =1 : 2

10.4 APPLICATIONS OF THE LAW OF EQUIVALENCE
10.4.1 Simple Titration

In this, we can find the concentration of unknown solution by reacting it with solution of known concentration

(standard solution).

For example, let there be a solution of substance A of unknown concentration. We are given solution of

another substance B whose concentration is known (N, ). We take a certain known volume of A in a flask
(V,) and then we add B to A slowly till all the A is consumed by B (this can be known with the help of
indicators). Let us, assume that the volume of B consumed is V. According to the law of equivalence, the

number of g equivalents of B at the end point.

ALLEN .
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~ NV, =NV where N, is the conc. of A.

272
From this we can calculate the value of N..

Ex.24 1.20 g sample of Na,CO, and K,CO, was dissolved in water to form 100 mL of a

Sol.

Solution. 20 mL of this solution required 40 mL of 0.1 N HCI for complete neutralization.
Calculate the weight of Na,CO, in the mixture. If another 20 mL of this solution is treated with
excess of BaCl, what will be the weight of the precipitate ?

Let, weight of Na,CO, =x g

Weight of K.CO, =y g

Sx+y=120g (1)
For neutralization reaction of 100 mL

Meq. of Na,CO, + Meq. of K,CO, = Meq. of HCI

::ﬁ%xlemm+ﬁ%x2x1mo=£5%§ﬂy
L 609x+53y=73.14 (i)
From Egs. (i) and (ii), we get

x =0.5962 g

y=0.604 g

Solution of Na,CO, and K,CO, gives ppt. of BaCO, with BaCl,
(Meq. of Na,CO, + Megq. of K,CO,) in 20 mL = Meq. of BaCO,
= Meq. of HCI for 20 mL mixture = Meq. of BaCO,

= Meq. of BaCO, =40 x 0.1 = 4

Eﬁ&m1%0=%x01=4
BaCO;

Ws.co, B
WX 2 x 1000 =4

. WBaCO3 = 0.394 g

10.4.2 BACK TITRATION

Back titration is used to calculate % purity of a sample. Let us assume that we are given an impure solid
substance C weighing w gs and we are asked to calculate the percentage of pure C in the sample. We will
assume that the impurities are inert. We are provided with two solutions A and B, where the concentration
of Bis known (N,) and that of A is not known. This type of titration will work only if the following condition
is satisfied, i.e. the nature of compounds A, B and C should be such that A and B can react with each other.
A and C can react with each other but the product of A and C should not react with B.

Now, we take a certain volume of A in a flask ( the g equivalents of A taken should be > g equivalents of
C in the sample and this can be done by taking A in excess). Now, we perform a simple titration using B.
Let us assume that the volume of B used is V. In another beaker, we again take the solution of A in the
same volume as taken earlier. Now, C is added to this and after the reaction is completed, the solution
is being titrated with B. Let us assume that the volume of B used up is V,. Gram equivalents of B used
in the first titration=N V.

4

Redox & Equivalent Concept (Stochiometry-II)



IR )5 E-Chemistry

- gm. equivalents of Ainitially =N V|
gm. equivalents of B used in the second titration=N,V,
- gm. equivalents of A left in excess after reacting with C=N V,

gm. equivalents of A that reacted with C=N V —N V,

If the n-factor of C is x, then the moles of pure C = w
.. The weightof C= M x Molecular weight of C
- Percentage of C = NV, -N,V, . Molecular wt. of C <100

X w

SOME REDOX TITRATIONS (EXCLUDING IODOMETRIC / IODIMETRIC)

Estimation of By titrating Reactions Relation between O.A. and
with R.A.
Fe** MnO, Fe* —> Fe’'+ ¢ 5Fe’ = MnO,
MnO, +8H'+5¢ —> Mn”"+4H,0 Eq. wt. Fe* =M/1

Eq. wt. MnO, = M/5

Fe** Cr,0” Fe’t —> Fe*'+ ¢ 6F¢’" = Cr,0)
Cr,0; +14H"+6e —>2Cr’ +7H,0 Eq. wt. Cr,0.” =M/6

C,0} MnO, C,0; —2CO,+2¢ 5C,07 = 2MnO;
MnO, +8H'+5¢—> Mn"+4H,0 Eq.wt.C,0,” =M/2

Eq. wt. MnO, = M/5

H,0, MnO, H,0,— 2H +0,+2¢ 5H,0,= 2MnO;
MnO, +8H'+5¢ —> Mn*"+4H,0 Eq. wt. H,O,=M/2
Eq. wt. MnO = M/5
As,O, MnO, As,0,+5H,0—>2As0,” +10H +4e° Eq. wt. As,0,= M/4
AsO;” BrO, AsO} +H,0—> AsO. +2H +2¢" Eq. wt. AsO; = M/2

BrO, +6H +6¢ —> Br +3H,0 Eq. wt. BrO; = M/6

ALLEN .
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10.4.3 Iodometric and Iodimetric Titration :

@

(i)

The reduction of free iodine to iodide ions and oxidation of iodide ions to free iodine occurs in these

titrations.

I, +2e"— 2I (reduction)
2I'— I, +2e (oxidation)
These are divided into two types :
Iodometic Titration :

Iniodometric titrations, an oxidizing agent is allowed to react in neutral medium or in acidic medium with

excess of potassium iodide to liberate free iodine.
KI+oxidizing agent—s 1,

Free iodine is titrated against a standard reducing agent usually with sodium thiosulphate. Halogen,

dichromates, cupric ion, peroxides etc., can be estimated by this method.

I, +2NaS,0, — 2Nal + Na,S O,

2CuSO, +4KI — Cu,I,+ 2K, SO, + 1

K,Cr,0,+ 6KI + 7H,SO, — Cr,(SO,), + 4K, SO, + 7H,0 + 31,
Iodimetric Titration

These are the titrations in which free iodine is used as it is difficult to prepare the solution of iodine (volatile

and less soluble in water), it is dissolved in KI solution :
KI+1,— KI, (Potassium triiodide)

This solution is first standardized before using with the standard solution of substance such as sulphite,

thiosulphate, arsenite etc, are estimated.

In iodimetric and iodometric titration, starch solution is used as an indicator. Starch solution gives blue or
violet colour with free iodine. At the end point, the blue or violet colour disappears when iodine is completely

changed to iodide.

Redox & Equivalent Concept (Stochiometry-II)
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0 SOME IODOMETRIC TITRATIONS (TITRATING SOLUTIONS IS Na,S,0,.5H,0)
Estimation of Reaction Relation between O.A. and R.A.
L I, +2Na,S O, — 2Nal + Na,S O, I,=21=2NaS,0,

or Eq. wt. 0of Na,S,0,= M/1
I,+28,07 — 21 +S,0>
CuSO, 2CuSO, + 4KI— 2Cu,I, + 2K, SO, + 1, 2CuSO,=1,=21=2Na,S O,
Cu’ +4 — Cul, + 1, Eq. wt. of CuSO,=M/1
(White ppt.)
CaOCl, + H,0— Ca(OH), + Cl,
CaOCl, CL, + 2KI— 2KCI + I
CaOCl=Cl=1,=21=2Na,S O,
ClL+2I"—2Cl +1, Eq. wt. of CaOCl,=M/2
MnO,+4HCl(conc) —*— MnCL+CL+2H,0
CL, + 2KI— 2KCI + 1,
MnO, or MnO,=Cl,=1,=21=2Na,S 0,
MnO, +4H+2CI — Mn** +2H,0+Cl, |Eq. wt. of MnO, = M/2
CL+2I'— L +2Cl1°
10, 10, +51" +6H — 31, + 3H,0 10, = 31,= 61 = 6Na,S O,
Eq. wt. of IO, =M/6
H,0O, H,0,+2I +2H —1,+2H,0 H,0,= I, =21 =2Na,S,0,
Eq. wt. of H,O,=M/2
Cl, CL+2I —2CI +1, Cl= I,=2I =2Na,S 0,
Eq. wt. of Cl,= M/2
0, O, +6I" + 6H— 31, + 3H,0 0,=31, =6l =6Na,S O,
Eq. wt. of O,= M/6
Cr,0,” Cr,07 +14H" + 61 —31, + 2Cr’ +7H,0 Cr,0. = 3L = 6l
Eq. wt. of Cr2072*
MnO, 2MnO, +10I +16H — 2MnO, + 5L + 8H,0 2MnO, = 51, = 101
Eq. wt. of MnO, = M/5
BrO; BrO,+6I +6H — Br + 31+ 3H,0 BrO, =3L=1,
Eq. wt. of BrO, = M/6
As(V) H,AsO,+2I' +2H — H,AsO,+ HO + H.AsO,=1,=2I
Eq. wt. of H,AsO,= M/2
L 4
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SOME IODIMETRIC TITRATION (TITRATING SOLUTIONS IS I, IN KI)
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Q

Estimation of Reaction Relation between O.A. and R.A.
H,S HS+1L,—S+2[ +2H" HS=1=2I

(in acidic medium) Eq. wt. of H,.S=M/2
Noka SO + 1+ HO— SO +2I +2H'| SO} =1,=2I

(in acidic medium) Eq. wt. of SO =M/2
Sn*’ Sn®" +1,— Sn*" + 21 Sn*" =1,=21

(in acidic medium) Eq. wt. of Sn** =M/2

As(III) (at pH = 8)

H,AsO; +1,+H,0 —>

HZASO; = Iz =21

HAsO,” +2I +2H" Eq. wt. of H/AsO; = M/2

N.H NH, + 21— N, +4H" + 41 N,H, =2I,=4I

Eq. wt. of N,H,= M/4

node06\BOBA-88\Other Center\JEE{Advanced)\Nurture\Chem\Module#02-(PC)\Eng\3. Redox & Equivalent Concep\O1_Theory pé5

11.

Hardness of water :
Hard water does not give lather with soap. Water free from soluble salts of calcium and magnesium is
called Soft water. It gives lather with soap easily.
Hard water forms scum/precipitate with soap. Soap containing sodium stearate (C,,H,,COONa) reacts
with hard water to precipitate out Ca/Mg stearate.

2C,.H,,COONa(aq) + M**(aq) — (C,,H,,CO0),M { +2Na'(aq); M is Ca/Mg
Hardness of water is of two types

(a) Temporary Hardness
(b) Permanent Hardness
Temporary Hardness :-

This is due to presence of bicarbonate of calcium and magnesium. Rain water dissolves a small quantities

of CO, from the atmospher forming a very dilute solution of carbonic acid.

This water attacks Ca and Mg carbonate in any rock

CaCO, + H,0 + CO, —— Ca(HCO,),

Temporary hardness in water is easily removed by boiling, as the bicarbonates decomposes readily and
the insoluble carbonates are precipitated.

Ca(HCO,), —*1»  CaCO, + H,0 + CO,

(Insoluble)
Mg(HCO,), —*» MgCO,+H,0 + CO,
(Insoluble)
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)

(i)

(iii)

(iv)

Temporarily hardness can also be removed by clark's process which involves the addition of slaked lime
Ca(OH)
Ca(HCO,), + Ca(OH), —*— 2CaCO, + 2H,0

(Insoluble)

Permanent Hardness :- Permanent hardness is due to presence of sulphates and chlorides of both
calcium and magnesium. This type of hardness cannot be removed by boiling or by Ca(OH),;.
Substance used to remove the hardness of water are known as water softener. This various water
softeners are -

Washing soda :- It removes both the temporary and permanent hardness by converting soluble Ca
and Mg compounds into insoluble Carbonates.

CaCl2 + N212CO3 — CaCO3 + 2NaCl
C aSO4 + N212CO3 — CaCO3 + NaZSO4
Ca(HCO,), + Na,CO, —— CaCO, + NaHCO,

(Insoluble) (Insoluble)

Permutit: Permutit is technical name given to certain hydrated silicates of aluminium and sodium.or
sodium alumunium orthosilicate or sodium zeolite.

Example : Na, Al, Si, O, xH,O.

Na, Al, Si, O, xH 0 + Ca® —— CaAl, Si, O, xH,O + 2Na®

Na, Al, Si, O, xH,0 + Mg”? —— MgAl, Si, O, xH,O + 2Na®

These ions can be re-exchanged by treating it with brine (NaCl) solution.

CaAl, Si, O, xH,0 +2NaCl —— Na, Al, Si, O, xH,O + CaCl,

This method is useful for the removal of both temporary and permanent hardness of water.

CALGON: Tlie complex salt of metaphosphoric acid, sodium hexametaphosphate (Na,(PO,), is called
Calgon. It is represented as Na,[Na,(PO,),].

2CaSO, + Na [Na (PO,),] —— Na,[Ca,(PO,),] + Na,SO,

2MgSO, + Na [Na,(PO,),] —— Na, [Mg,(PO,)] + Na,SO,

Ion exchange Resins:- [on exchange resins are the most popular water softener thease days. This resins
are synthetic substance. The cation exchanger consists of granular insoluble organic acid resins having giant
molecules with -SO,H or -COOH groups while the anion exchanges contains giant organic molecules with
basic groups derived from amine. lon exchange resins removes all soluble mineral from water.

Hard water —— F — F —> Pure water

Cation exchanger Cation exchanger
Remove cation like Remove anion like
Na*, Mg* or Ca** SO,*, CI' or NO,*
and furnish H* and furnish OH"
H"+ OH- e H,O

Ca*" +RH, —> R Ca+2H"
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12.

The water coming from cation exchanger is acidic due to H®. This water is then passed through another
bed containing anion exchanger. This exchanger removes anion like CI", SO >, NO, by exchanging with
OH-ions.

Reaction at Cation exchanger :

Ca™+ RH, — RCa+ 2H®

Mg"”+RH, —— R Mg+2H®
Reaction at Anion exchanger :

R.(OH), + CI- —— RCl, + OH-

R.(OH),+ SO,> —— RSO, + OH

NOTE : Degree of Hardness of water is measured in terms of ppm of CaCO, which is defined as number
of parts of CaCO, by mass present in one million parts by mass of water whose equivalent is equal to the
gram equivalent of various calcium & magnesium salts.

For example consider the sample of hard water which is found to contain 36 mg of MgSO, per kg of
water.
gm equivalent of CaCO, = gm eq. of MgSO,
\Ncaco3 36x107°
X2 = X
100 120
Weaco, =3 % 10%gm

2

-2
3X100 x10° =30

degree of hardness = ppm of CaCO, =

GLOSSARY
Aliquot. A portion of the whole, usually a simple fraction. A portion of a sample withdraw from a
volumetric flask with a pipet is called an aliquot.

Analytical concentration. The total number of moles per litre of a solute regardless of any reactions
that might occur when the solute dissolves. Used synonymously with formality.

Equivalent. The amount of a substance which furnishes or reacts with 1 mol of H" (acid-base),
1 mol of electrons (redox), or 1 mol of a univalent cation (precipitation and complex formation).

Equivalent weight. The weight in grams of one equivalent of a substance.

Equivalence point. The point in a titration where the number of equivalents of titrant is the same as the
number of equivalents of analyte.

End point. The point in a titration where an indicator changes color.
Formula weight. The number of formula weights of all the atoms in the chemical formula of a substance.

Formality. The number of formula weights of solute per litre of solution; synonymous with analytical
concentration.

Indicator. A chemical substance which exhibits different colors in the presence of excess analyte or
titrant.

4
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Normality. The number of equivalents of solute per litre of solution.

Primary standard. A substance available in a pure form or state of known purity which is used in

standardizing a solution.

Standardization. The process by which the concentration of a solution is accurately ascertained.

Standard solution. A solution whose concentration has been accurately determined.

Titrant. The reagent (a standard solution) which is added from a buret to react with the analyte.

SOME MORE SOLVED EXAMPLES

Ex.25 A 3.00 g sample containing Fe,O,, Fe,O, and an inert impure substance, is treated with excess of KI

Sol.

378

solution in presence of dilute H,SO,. The entire iron is converted into Fe’" along with the liberation of iodine.
The resulting solution is diluted to 100 mL. A 20 mL of the diluted solution require 11 mLof 0.5 M Na S O,
solution to reduce the iodine present. A 50 mL of diluted solution after complete extraction of the iodine
requires 12.80 mL 0f 0.25 KMnO, solution in dilute H,SO, medium for the oxidation of Fe’". Calculate

the percentages of Fe,O, and Fe, O, in the original sample.

Let number of moles of Fe O, is 'a' and no. of moles of Fe,O, is 'b' in 3 gram sample.

Now, 'a' moles Fe,O, means (a moles Fe, O, + a mole of FeO)
So, in sample (a + b) moles Fe,O, and 'a' mole FeO present.
Fe,0, + KI + —#%— FeSO, + 1, + K,SO, + H,O

No. of gram equivalent of Fe,O, = no. of gram equivalent of I,

n =1n

Fe,04 % Dre,0p) — M, X )

(a+b) x 2=n12><2

n, = (a+ b) moles.

Now, solution is diluted to 100 ml
n  (a+b)

V, 100/1000

litre

~10(a +b)

So, [L] =

V. ~100/1000

litre

(Fe¥] = (n(Fe +)J _ Bar2b) o

Now 20 ml of this solution titrated with 11 ml, 0.5 M Na,S O,
I, + Na,S O, — Nal + Na,S O,

No. of gram equivalent of I, = no. of gram equivalent of Na,S O
(N V), =(Nx V)

(M xnx V)IZZ (M xn xV)

3

Na,$,04

Na,S,03
10(a+b)x2x20=0.5x1x11
11 .
+ -
a+ b %00 (1)
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50 ml of solution after extraction of I, allowed to oxidation

of Fe*" by 12.80 ml, 0.25 M KMnO,.

Fe*” + KMnO, + H,SO, - Fe’" + MnSO, + K,SO, + H,0

no. of gram equivalent of Fe*" = no. of gram equivalent of KMnO "
(M >0 X V)pae = (M X0 X V),

10(3a + 2b) x 1 x 50 =0.25 x 5 x 12.80

16 ..
3a+2b= 500 (i1)

By (i) & (ii)
a=0.0045 moles
b =0.00925 moles

Wt(Fe,0,) b x160 0.00925 %160

o = = = —-— 100 = [V
so % Fe,O, Total wi. x 100 x100 3 X 49.33%,.
Wt(Fe,0.) ax232 0.0045%x 232
0 = TR mes) = 100 = ———————x100=34.809
7 Fe,0, Total wt. x 100 3 * 3 ) 7

Ex.26 Hydrogen peroxide solution (20 mL) reacts quantitatively with a solution of KMnO, (20 mL)

Sol.

acidified with dilute H,SO,. The same volume of KMnO, solution is just decolorized by 10 mL of MnSO,
in neutral medium simultaneously forming a dark brown precipitate of hydrated MnO,. The brown pre-
cipitate is dissolved in 10 mL of 0.2 M sodium oxalate under boiling condition in the presence of dilute
H,SO,. Write the equations involved in the reactions and calculate the molarity of H,O,.

Let molarity of H,O, solution is M,

20 ml, M, molar H,O, react with 20 ml KMnO, in H SO, solution
H,O0, + KMnO, + H,SO, - MnSO, + K.SO, + HO + O,

no. of gram equivalent of H O, = no. of gram equivalent of KMnO,

(M x n, X V)H202 = (M xn_x V)KM“04

M, x2x20= Mggo x5x20 .. ()

20 ml KMnO, decolourise by 10 ml MnSO, in neutral medium.
KMnO, + MnSO,+ H,O0 — MnO, + H,SO, + KHSO,

no. of gram equivalent of KMnO, = no. of gram equivalent of MnO,

Mo, X 3% 20ml = no. of gram equivalent of MnO,

Mo, X3x20x107° = nyo x6/5 (ii)
(OX0)

27274
+ H,S0, — MnSO, + CO, + Na SO, + H,0

no. of gram equivalent of MnO, = no. of gram equivalent of Na,C,0,

and obtained MnO, dissolved in 10 ml, 0.2 M Na
MnO, + Na,C,0

27274

N0, X 2 =0.2x2x10x107*

Redox & Equivalent Concept (Stochiometry-II)
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Ny, =2x107moles (iii)

From equaiton (ii)

MKMnO4 X 3 X 20 X 1073:2 X 1073 X

| o

2
MKMn04 = 5

From equation (1)

2
M, x 2 x 20 = Ex5x20
M, =0.IM

Ex.27 One litre of a mixture of O, and O, (O;—— O, + O%")at 1 atm and 273 K was allowed to react with
an excess of acidified solution of KI. The iodine liberated required 40 ml of M/10 sodium thiosulphate

Sol.

solution for titration. What is the percent of ozone in the mixture ? Ultraviolet radiation of wave length 300

nm can decompose ozone. Assuming that one photon can decompose one ozone molecule, how many

photons would have been required for the complete decomposition of ozone in the original mixture ?

Letin 1 litre mixture x litre is O, and y litre is O, at NTP
excess Kl reduce O, into O, and 0~
KI+O,+H,0 - I, + O, + KOH

no. of gram equivalent of O, =no. of gram equivalent of I,

(nxn), =(@xn),

Now, released I, required 40 ml , LM Na, S O
10 27273

I+ Na28203 — Nal + NaZS 4O6

No. of gram equivalent of I, = no. of gram equivalent of Na,S,O,

1
n[2><2=E><1><40><10’3

n, = 2 x 10~ moles

Now from equation (1)

Y _9x10°
29.4
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y = (44.8 x 107°) litre = 0.0448 litre
x=1-y =1-0.0448 = 0.9552 litre

wt(0;)

0 = ) 100

%o (by Wiy = - otal)

_ n(0,)x48 <100
n(0,)x48 +n(0,) x32

y x 48

= 22.4 x100
Y 48+ -2 %32
22.4 22.4

_ 3 100
3y + 2x

_ 3x0.0448 100
3x0.048 + 2x0.9552

= 01844 160 —6.57 %
2.0448

One photon required for breaking of one O, bond in to O, & O
0, v, 0,+0
So. no. of photon required = no. of O, bonds break

=no0. of O3 molecules

0.0448
22.4

= 1.2 x 10*' photons.

— _ 23
_nO3XNA_ X6X10

Ex.28 A mixture of FeO and Fe, O, is reacted with acidified KMnO, solution having a concentration of

Sol.

2/5M, 100 mL of which was used. The solution was then titrated with Zn dust which converted Fe3*
of the solution to Fe?*. The Fe?* required 1000 mL of 2/15 M K, Cr,0O, solution. Find the % by mol
of FeO and Fe,0O,.

Letno. of moles of FeO is x millimoles & Fe, O, is y millimoles in mixture.

FeO + KMnO, + H,SO, — MnSO, + Fe,(SO,), + K,SO, + H,O

no. of milligram equivalent of FeO = no. of milli gram equivalent of KMnO,.
X X 1 :% x5x100

x =200 m moles.
Zn - dust convert all Fe** to Fe*
So no. of millimoles of Fe*" in solution is = (x +2y).
2+ 3+
Fe” + K,Cr,0, + H,SO, — Cr,(S0,), + Fe© + K,SO, + H,0O

Redox & Equivalent Concept (Stochiometry-II)
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ALLEN .

no. of milli gram equivalent of Fe*" = no. of milligram equivalent of K,Cr,0O,

x+2y)x1= %XGXIOOO

2
= —x1000
(200 + 2y) T
y =300 millimoles.

% FeO (by moles) = %XIOOZ %xlOO =40%
XTy

% Fe O, (by moles) = 60%

Ex.29 A substance of crude copper is boiled in H,SO, till all the copper has reacted. The impurities are inert to
the acid. The SO, liberated in the action is passed into 100 mL of 0.4 M acidified
KMnO (SO, — SO,?) The solution of KMnO,, after passage of SO, is allowed to react with oxalic acid
and requires 25 mL of 1 M oxalic acid. If the purity of copper is 95.25%, what was the weight of the

Sol.

sample.

let given sample is w gram and no. of moles of Cu in given sample is x millimoles.
Cu + 2H,SO, — CuSO, + SO, + 2H,0

x millimoles xmillimoles

SO, + KMnO, + H,SO, — MnSO, + H,0 + SO, + K,SO,
no. of milligram eq. of SO, = no. of milli gram eq. of KMnO,

X % 2 =no. of gram eq. of KMnO,

left KMnO, reduced by H,C,0,

KMnO, + H,SO,+H,C,0,—» MnSO, + CO, + H,O + K,SO,
no. of milligram eq. of KMnO ,(left)

=no. of mill gram equ. of H,C,0O,

=1x2x25

So, total milligram eq. of KMnO, = milligram eq. of SO, + milligram eq. of H,C,O,
04 x5x100=xx2+1x2x25

x = 75 millimoles

wt(Cu) = 95.25% of W

95.25
73 = -———
75 x 107 x 63.5 100 x W

= W =5 gram.

olent Concepf\O1_Theory.p65
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. ALLENR Redox & Equivalent Concept (Stochiometry-II)
Ex.30 H,0, is reduced rapidly by Sn**, the products being Sn** and water. H, O, decomposes slowly at room

temperature to yield O, and water. Calculate the volume of O, produced at 273 K and
1.00 atm when 200 g of 10.0 % by mass H,O, in water is treated with 88.2 mL of I M Sn** and then the
mixture is allowed to stand until no further reaction occurs.
Sol. Let x millimoles of H,O, react with 1M, 88.2 ml Sn**
H,0, + Sn*" — Sn*" + H,0
no. of milligram equivalent of H,O,
=no. of milligram eq. of Sn**
X i X 2= 1% 2 % 88.2

x = 88.2 millimoles

Total given moles of H O, is
_ W(H,0,) 10%of200gram
1’ltotal - 34 - 34

20
= —moles
34

=0.5882 moles

= 588.2 millimoles.

so. no. of moles of H,O, that decomposed to O,
= 588.2 — 88.2

=500 millimoles

1
H,0,- H,0 + 70,

1
n(0,) released = 3 x 500 =250 millimoles

VO2 (at latm, 273 K) =250 x 10~ x 22.4 = 5.6 litre.

Ex.31 0.84 g iron ore containing x percent of iron was taken in a solution containing all the iron in ferrous
condition. The solution required x ml of a dichromatic solution for oxidizing the iron content to ferric
state. Calculate the normality of dichromatic solution.

Sol. Let Normality of K,Cr,O, solution is N
Fe’ + K,Cr,0, + H" - Fe’" + Cr'" + H,0
no. of gram eq. of Fe’* = no. of gram eq. of K,Cr,0,
n..x1=Nxxx10°

W_ ..
Fe” «1=Nxxx1073
56

X 40.84
LxlszxxlU3
56

N=0.15

m
L 4
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Ex.32 5 g of pyrolusite (impure MnO,) were heated with conc. HCl and Cl, evolved was pssed through excess
of KI solution. The iodine liberated required 40 mL of N/10 hypo solution. Find the % of MnO, in the

Sol.

ALLEN .

pyrolusite.

Let moles of MnO, in 5 gram sample is x.

MnO, + HCl — MnCl, + CL, + H,O

no. of gram eq. of MnO, = no. of gram equivalent of CI,

X X 2= 2

By =
X=n,

som; =ng =X
evolved Cl, passes through KI that released I,

ClL, + 2KI - 1 + 2KCl1

2 2
x moles X moles

N
Evaled I, required 40 ml , 0 Na,S.0,

I + 2Na, SO, — 2Nal + NaS,0

2 27273 27476
no. of gram equivalent of I, = no. of gram equivalent of hypo

1 3
= —x40x10
X X 2 10

x =2 x 10~ moles

wt.(MnO,)
% Mn02 - total wt.2 <100
-3
_ XX587 «100 = 2X107 =87 119
=348 %

Ex.33 A 458 g sample containing Mn,0O, was dissolved and all manganese was converted to Mn?". In the
presence of fluoride ion, Mn** is titrated with 3 lit of KMnO, solution (which was 1.25 N against
oxalate in acidic medium), both reactants being converted to a complex of Mn(III) , What was the % of

Sol.

Mn,0O,, in the sample ?

KMnO, + H,C,0, + H,SO,— CO, + MnSO, +K,SO, + H,0

3 litre, M molar

Normality (KMnO,) = Molarity X n,

1.25=M x5

M=0.25

Let x moles of Mn,O, present in 458 gram sample
Mn,0, —> 3Mn”

xmole 3xmoles

olent Concepf\O1_Theory.p65
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. ALLENR Redox & Equivalent Concept (Stochiometry-II)
Mn’" + KMnO, — Mn**

no. of gram eq. of Mn”" = no. of gram eq. KMnO,
3xx 1=(Mxn x V)
3xx1=025%x4x%x3

KMnO,

x =1 moles
Mn.O
% Mn,0, (by wt) = wMn.0.)
total
_ 1x229 1 00=50%
458

Ex.34 80 gm of a sample of Anhydrous CuSO, was dissolved in water and made to 250 mL. 25 mL of this
solution after taking usual precaution was treated with a little excess of KI solution. A white ppt. of Cu, [,
and iodine was evolved. The iodine so evolved required 40 mL of 1 M hypo solution. What is the
approximate purity of CuSO, solution.

[Mol. wt. of CuSO, = 160]

Sol. Let 80 gram sample contains x moles of CuSO, that desolve in 250 ml solution
So 25 ml solution contain (x/10) moles CuSO,

CuSO, + KI — Cul, + [
no. of gram eq. of CuSO, = no. of gram eq. of I,

X
EX]_ = n(IZ) ><2
n..=—

Iz) 20

Evalved I, required 40 ml, IM hypo solution
I, + Na,S,0, —» Nal + Na,S O,
no. of gram eq. of I, = no. of gram eq. of hypo

n(l) x2=1x1x40x 10"

X x2-40x10"
20

x =40 x 10~ moles

wt(CuSO
% CuSO, (by mass) = W x100
40x107* x160 <100 = 80%
- = (1)

80

m
L 4
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EXERCISE # S-1
OXIDATION NUMBER

Calculate oxidation number of underlines elements in the following compounds
(@) H,8,0, (b HPO, © 8,07 (d CH,
(e) CCl, (f)  CaQ, (® ZnOo,” () CroCl,
() Ca(Clo,),

RR0001
Classify each of the following unbalanced half—reactions as either an oxidation or a reduction :
(@ O,(g) —> OH (aq) (b) H,0,(aq) —> O,(g)
(c) MnO, (ag) —> MnO 42*(aq) (d) CH,OH(aq) — CH,O(aq)

RR0002
Identify the oxidant and reductant in the following reactions :
(@) Zn(s) + %Oz(g) —> 7Zn0O(s)
(b)  Zn(s) +2H"(aq) ——> Zn’"(aq) + H,(g)
(c) 10H"(aq) + 4Zn(s) + NO;(aq) —> 4Zn*"(aq) + NH(aq) + 3H,0(¥)

RR0003

BALANCING OF REDOX

Balance the following redox reactions by oxidation number method :
(i) Cu+ HNO, — Cu(NO,), + NO, + H,O (Acidic medium) RR0004
(i) Br, + HO,—— BrO,; + H,O (Acidic medium) RR0005
(i) MnO, + Fe”——> Mn" + Fe” (Acidic medium) RR0006
(iv) MnO, +ClI' —> Mn" + Cl, + H,O (Acidic medium) RR0007
(v) ClO + CrO, ——CI + CrO,” + H,0 (Basic medium) RR0008
Balance the following redox reactions by half-reaction method (Ion electron method):
(i) MnO;, (aq) + I (aq) ——>MnO,(s) + L,(s) (in basic medium) RR0009
(il) MnO; (aq) +SO,(g)—> Mn**(aq) + HSO;, (aq) (in acidic solution) ~ RR0010
(iii) H,0,(aq) + Fe** (aq)——> Fe’*(aq) + H,O(1) (in acidic solution)  RR0011
(iv) Cr,0% (aq.)+S0,(g)——>Cr**(aq) +SO; (aq) (in acidic solution) ~ RR0012

n0de06\BOBA-BB\Other Center\JEE(Advanced] \Nurture\Chem\Module#02-(PC)\Eng\3. Redox & Equivalent Concepf\02_Ex p65
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6.

10.

11.

12.

13.

Find the valence factor for the following acid/bases -
(1) CH,COOH (2) NaH, PO, (3) H,BO,
(4) NaOH (5) Ca(OH), (6) CsOH
RR0013
Find the n-factor of underlined species in the following non redox reaction.
(1) NaOH + HPO, —— NaHPO,+H)0O
(2) NaOH + H SO, —— NaHSO, + H,0
(3) Ca(OH), + HCl ——  Ca(OH)CI + H,0
(4) Na CO, + HC ——  NaHCO, + NaCl
(5) Na,CO, + HCl ——  NaCl + H,0 + CO,
RR0014
What will be the equivalent wt. of H,PO, in each of the reaction.
H,PO, + OH  —— H,PO, + H,O
H,PO, + 20H —— HPO,” + 2H,0
H,PO, + 30H —— PO, +3H,0
RR0015
What is the equivalent weight of HNO, in following reaction ?
HNO,+ H,S — H,O + NO + S
RRO0016

Find out the equivalent weight of the underlined species in the following reaction :

(i) ClO, + F¢*" + H' —— CI' + Fe" + H,0
(i) CuO + NH, —> Cu + N, + H,0
RR0017

Find out the n, of (NH,),Cr,O, in the following decomposition reaction.

factor
(NH)),Cr,0, — Cr,0, + N,(g) + H,0
RR0018

Find out the n, , of IO, in the following disproportination reaction.

to!

[, —— 10, + T
RR0019

ACID BASE TITRATION

How many millilitre of 0.5 M H,SO, are needed to dissolve 0.5 g of copper II carbonate ?[JEE 1999]
RR0020
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14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

An aqueous solution of 6.3 g of oxalic acid dihydrate is made upto 250 mL. The volume of 0.1 N

NaOH required to completely neutralise 10 mL of this solution is : [JEE 2001]

RR0021
Calculate volume of IN H,PO, required to react with 20 ml 2N Ca(OH), solution

RR0022
Calculate volume of IN H,SO, required to react with 20 ml 1 M AI(OH), solution

RR0023
Calculate volume of 0.4 M NaOH required to react with following mixture
HCI(1 mol) + H,SO, (2 mol)

RR0024
Calculate volume of 0.2 M H,SO, required to react with following mixture
NaOH(1 mol) + Ca(OH), (2 mol)

RR0025

How many litre of 0.IN HCl are required to react completely with 19 gm mixture of Na,CO; and
NaHCO, containing equimolar amount of two ?

RR0026
H;PO, is a tri basic acid and one of its salt is NaH,PO,. What volume in ml of 1 M NaOH solution
should be added to 12 g of NaH,PO, to convert it into Na,PO, ?

RR0027

REDOX TITRATION

Calculate the normality of a solution containing 50 mL of 5 M solution of K,Cr, O, in acidic medium.

RR0028
A 5.0 cm’ solution of H, 0O, liberates 0.508 g of iodine from an acidified KI solution. Calculate the
strength of H,O, solution in terms of volume strength at STP. [JEE' 1995]

RR0029
Calculate the normality of a solution containing 15.8 g of KMnO, in 50 mL acidic solution.

RR0030

20 mL of H,0, after acidification with dil H,SO, required 30 mL of % KMnO, for complete oxidation.
The strength of H,O, solution is [Molar mass of H,O, = 34]

RR0031
It required 40 ml of 1 M Ce*" to titrate 20 ml of 1 M Sn* to Sn*". What is the oxidation state of cerium

in the product.
RR0032

A volume of 10.0 ml of 1 M SeO, reacted with exactly 20 ml of 2 M CrSO,. In the reaction, Cr** was
oxidized to Cr**. To what oxidation state was selenium converted by the reaction.
RR0033

n0de06\BOBA-BB\Other Center\JEE(Advanced] \Nurture\Chem\Module#02-(PC)\Eng\3. Redox & Equivalent Concepf\02_Ex p65
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27. Potassium acid oxalate K,C,0,. 3H,C,0,.4H,0 can be oxidized by MnO,"in acid medium. Calculate

ncepf\02_Ex pé5
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28.

29.

30.

31.

32.

33.

34.

35.

36.

the volume of 0.1 M KMnO, reacting in acid solution with 5.08 gm of the acid oxalate.

RR0034
A 1 g sample of H,0, solution containing x% H,O, by mass requires x cm?® of a KMnO, solution for
complete oxidation under acidic condition. Calculate the normality of KMnO, solution.

RR0035
Metallic tin in the presence of HCl is oxidized by K,Cr,0, to stannic shloride, SnCl,. What volume
of deci-normal dichromate solution would be reduced by 11.9 gm of tin [Sn=119]

RR0036
Calculate the number of millimoles of K,Cr,0O, which will completely react with 40 ml 0.1 MKI
Solution.

RR0037

Find the number of moles of KMnO A needed to oxidise one mole Cu,S in acidic medium. The reaction
is : Cu,S + KMnO, — Cu’" + Mn’" + SO,

RR0038
0.4 M KMnO, solution completely reacts with 0.05 M FeSO, solution under acidic conditions. The
volume of FeSO, used is 50 mL. What volume of KMnO, was used ?

RR0039

BACK TITRATION

50 gm of a sample of Ca(OH), is dissolved in 50 ml of 0.5 N HCl solution. The excess of HCI was
titrated with 0.3N — NaOH. The volume of NaOH used was 20cc. Calculate % purity of Ca(OH),

RR0040
10 g CaCO, were dissolved in 250 ml of 1 M HCI. What volume of 2 M KOH would be required to
neutralise excess HCI.

RR0041
20 g of a sample of Ba(OH), is dissolved in 10 mL of 0.5 N HCI solution : The excess of HCI
was titrated with 0.1 N NaOH. The volume of NaOH used was 20 cc. Calculate the percentage
of Ba(OH), in the sample. (Ba = 137)

RR0042
To 50 L of 0.2 N NaOH, 2.5 L of 2N HCl and 15 L of 0.1 N FeCl, solutions are added. What
weight of Fe,O, can be obtained from the precipitate? Also report the normality of NaOH left in
resultant solution :

RR0043
Hardness of water
37. Softening of hard water by using sodium aluminium silicate (zeolite) is due to -
Adsorption of ......... and ......... ions of hard water, replacing ............ ions
RR0044
38.  One litre of a sample of hard water contains 10 mg of CaCl, & 9.5 mg of MgCl,. What is degree of
hardness in terms of ppm of CaCO,
RR0045
4
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EXERCISE # S-11
1.  Find out the oxidation number of the underlined elements in the following compounds:
(@ NaS,0, b) C0, © KI, @ FeO,
RR0046
€ CHCHOH () CHCOOH (g BrO, (h) CaOCl,
RR0047
(i) FeS 0  OF, (k) HOF O o,
7 7 RR0048
(m) O, (n) CH,CHO (0) CHNO, (p) CHNH,
RR0049
(@ (CN), ) CN (s) CNO
RR0050
2.  Calculate oxidation number of underlines elements in the following compounds
(@ K[Co(C,0,),(NH,),] (b) KAISO,),12H,0
(c) [&(CN)JF (d) E0.930
RR0051
(e HS,0, (H Cro,
(&) H,SO, (h) K,CrO,
RR0052
()  Na[Fe(CN)NO'] () Cr(CN).*
RR0053
3.  Balance the following redox reactions by half-reaction method
(i) KMnO,(aq.) + FeC,0,(aq.) + H,SO, (aq.) —>
MnSQ, (aq.) + Fe,(SO,), (aq.) + CO,(g) + H,0(/) (Acidic medium)
RR0054
(i) P,s)+ OH (ag.)—> PH,(aq) + HPO, (aq.) (Basic medium) )
RR0055
(ii)) I(s) + NaOH(aq.) — Nal (aq.) + NalO,(aq.) + H,0(/) (Basic medium) /f
RR0056 |
(iv) HNO,(aq.) > NO, + NO(g) (acidic medium) §
RR0057 ©
) 10, +T +H — I +H,0 (acidic medium) :
RRO058 ¢
(vi) Cu,S+MnO, + H — Cu’ + Mn*" + SO, (Acidic medium) 2
RR0059 ©
(vii) HCHO () +2[Ag(NH,),] (aq.) + 30H (aq.) — 2Ag(s) + HCOO (aq.) + 4NH,(aq.) + 2H,0()) %
(basic medium) :
RR0060
¢ E
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4.  Asolution containing 4.2g of KOH and Ca(OH), is neutralized by an acid. It consumes 0.1 equivalent
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10.

11.

12.

13.

of'acid, calculate the percentage composition of the sample.

RR0061
Calculate volume of 0.4 M KMnO,, required to react with following in acidic medium
KHC,0,(1 mol) + H,C,0,(2 mol)
RR0062
Calculate volume of 0.4 M NaOH required to react with following mixture.
KHC,0,(1 mole) + H,C,0,(2 mol)
RR0063

Calculate volume of 0.2 M KMnO, required to react with following mixture in acidic medium.
KHC,0, (128 gm) + H,C,0, (180 gm)
RR0064
520 gm mixture of Fe,0, and FeO reacts completely with 158 gm KMnO, in acidic medium Calculate
the mole % of Fe,O, in mixture.
RR0065

Calculate the millimoles of Br, produced when 10 ml of 0.1 M BrO; reacts with excess of Br™.
RR0066

One gm of impure sodium carbonate is dissolved in water and the solution is made up to 250 ml. To
50 ml of this made up solution, 50 ml of 0.1N — HCl is added and the mix after shaking well required
10 ml of 0.16 N — NaOH solution for complete titration. Calculate the % purity of the sample.

RR0067

100 ml sample of hard water containing only Ca?* hardness is passed through a column of cation
exchange resin (H* —resin). The water coming out the column require 20 ml of 0.02M NaOH for its

titration. What is hardness of water as ppm of Ca?*
RR0068

3.55 g sample of bleaching powder suspended in H,O was treated with enough acetic acid and
KI solution. Iodine thus liberated required 80 mL of 0.2 M hypo for titration. Calculate the % of available

chlorine.
RR0069
3.2 g of pyrolusite (MnO,) was treated with 50 mL of 0.5 M oxalic acid and some sulphuric acid. The

oxalic acid left undecomposed was raised to 250 mL in a flask. 25 mL of this solution when treated
with 0.02 M KMnO, required 32 mL of the solution : Find the % of MnO, in the sample.
RR0070
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14..

15.

16.

Mg can reduce NO, to NH, in basic medium.

NO, + Mg (s) + H,O - Mg (OH), (s) + OH" (aq.) + NH,(g)

A 25.0 mL sample of NO, solution was treated with Mg. The NH, (g) was passed into 100 mL of
0.15 N HCI. The excess of HCl required 32.10 mL of 0.10 N NaOH for neutralization. What was the

molarity of NO, ions in the original sample ?
RR0071

A mixture of H,SO, and H,C,O, (oxalic acid) and some inert impurity weighing 3.185 g was dissolved
in water and the solution made up to 1 litre, 10 mL of this solution required 3 mL of 0.1 N NaOH for
complete neutralization. In another experiment 100 mL of the same solution in hot condition required
4 mL of 0.02M KMnO, solution for complete reaction. The wt. % of H,SO, in the mixture was :-
RR0072

An aqueous solution containing 0.10 g KIO, (formula wt. 214.0) was treated with an excess of KI
solution. The solution was acidified with HCI. The liberated I, consumed 45.0 mL of thiosulphate
solution to decolourise the blue starch — iodine complex. Calculate the molarity of the sodium
thiosulphate solution. [JEE 1998]
RR0073
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EXERCISE # O-1
1. The oxidation number of phosphorus in Ba(H,PO,), is :
(A)+3 (B) +2 (€) +1 (D) -1
RR0074
2.  The oxidation states of the most electronegative element in the products of the reaction of BaO, with
dilute H SO,.
(A) 0and -1 (B) -1 and -2 (C)—2and 0 (D) -2 and +2
RRO0075
3. Inthe coordination compound, K,[Ni (CN)], the oxidation state of nickel is [AIEEE-03]
(A)+1 (B) +2 (©)-1 (D)o
RR0076
4.  The oxidation state of Cr in [Cr(NH;),C1,]" is - [AIEEE-05]
(A) +2 (B)+3 )0 (D) +1
RR0077
5. Oxidation number of Cl in CaOCl, (bleaching powder is ) [AIEEE-02]
(A) Zero, since it contains Cl, (B)—1, since it contains CI
(C) +1, since it contains C10~ (D) +1 and —1 since it contains C10~ and CI
RR0078
6.  The oxidation number of sulphur in S, S.,F, and H_S respectively are :
(A)0,+1 and -2 (B) +2, +1 and -2
(C)0,+1 and +2 (D) -2, +1 and -2
RR0079
7.  The incorrect order of decreasing oxidation number of S in compounds is :-
(A) H,S,0,>NaS,0,>Na,S0,>S, (B) H,SO, > H,SO, > SCl, > H,S
(€)SO,>S0,>S,>H.S (D) H,SO, > SO, > H,S > H,S,0,
RR0080
Z% 8.  Which of the following is a redox [AIEEE-02]
? (A) 2NaAg(CN), + Zn——>Na,Zn (CN), + 2 Ag
(B) BaO, + H,S0, ——> BaSO, + H,0,
(C) N,0, + H,0 — 2HNO,
: (D) AgNO, + KI ——> Agl + KNO,
1 RR0081
2 9.  Which reaction does not represent autoredox or disproportionation :-
(A)CL + OH — CI + ClO, + H,0
? (B)2H,0,—> H O +O,
; (C) 2Cu" —— Cu>+ Cu
. (D)(NH),Cr0,—— N, +Cr0, + 4H0
: RR0082
L4
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10. Which of the following is not a redox reaction?

11.

12.

ALLEN .

(A) BaO, + H,SO, — BaSO, + H,0,
(C) 2KCIO, — 2KCl + 30,

H,O, acts as a reducing agent in:

(A) FeCl, + HCl + H,0, —> FeCl, + H,0

(B) CL,+ H,0,—> HCI+ O,
(C) HI + H,0,— 1,+ H,0
(D) H,SO, + H,0, —> H,SO, + H,0

(B) 2Ba0 + 0, — 2Ba0,
(D) SO, + 2H,S — 2H,0 + 3S

RR0083

RR0084

Match List-I (Compounds) with List-II (Oxidation states of nitrogen) and select answer using the

codes given below the lists :-

(a)

(B)
©)
(D)

Code :

13.

14.

(A)
(B)
©
(D)

MnO, is good oxidising agent in different medium changing to -
MnO,— » Mn*
- » MnO 42_

List-I
NaN ;

(B) ©

W B~ W B

—» MnO,

——» Mn,0,

Changes in oxidation number respectively are -

(A)1,3,4,5

In the reaction,

xHI + yHNO, —> NO + I+ H.0
(A)x=3,y=2

— = NN

(B)5,4,3,2

B)x=2,y=3

N N = =

b=

List-1I
+5

+2
-1/3
-1

(©)5,1,3,4

(C)x=6,y=2

RRO0085

[AIEEE-02]

(D)2,6,4,3

D)x=6,y=1

RR0086

RR0087
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16.

17.

18.

19.

20.

21.

The number of electrons to balance the following equation :-
NO, +4H +¢ — 2H,0 + NO is

(A)S (B) 4 ©)3 (D)2
RR0088
Number of moles of electrons taken up when 1 mole of NO,~ ions is reduced to 1 mole of NH,OH is
(A) 2 (B)4 <5 (D)6
RR0089
For the redox reaction,
MnO, + C,0,” + H — Mn"" + CO, + H,0
the correct coefficients of the reactants for the balanced reaction are :
MnO, C,0. H
(A) 2 5 16
(B) 16 5
©) 5 16
(D) 2 16
RR0090

In a redox reaction, the equivalent weight of HNO, is found to be 23.5. The reaction products might

contain
(A) NO, (B) NO (C) NH, (D) HNO,

RR0091
When N, is converted into NH,, the equivalent weight of nitrogen will be :
(A) 1.67 (B)2.67 (C) 3.67 (D) 4.67

RR0092
The equivalent mass of MnSO . 1s half its molecular mass when it is converted to : [JEE 1998]
(A) Mn,O, (B) MnO, (C) MnO,~ (D) MnO,”>

RR0093

When KBrO, ion reacts with Br ~ ion in acid solution Br, is liberated. The equivalent weight of

KBrO, in this reaction is

(A) M/8 (ByM/3 (C)M/5 (D) M/6
RR0094
22. In the reaction CrO, + H SO, — Cr(SO,), + H O + O, one mole of CrO, will liberate how many
moles of O, :-
(A)S5/2 (B)5/4 (C)9/2 (D)7/4
RR0095
23. A solution of KMnO, is reduced to MnO,. The normality of solution is 0.6. The molarity is :
(A) 1.8M (B) 0.6M (C)0.1M (D) 0.2M
RR0096
L4

Redox & Equivalent Concept (Stochiometry-II)
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

The normality of 0.3 M phosphorus acid (H,PO,) is :

(A) 0.1 (B) 0.9 (C)0.3 (D) 0.6
RR0097
0.52 g of a dibasic acid required 100 mL of 0.2 N NaOH for complete neutralization. The equivalent
weight of acid is
(A) 26 (B) 52 (C) 104 (D) 156
RR0098
What is the equivalent weight of H,SO, in the reaction ?
H,SO, + Nal — Na,SO, + I, + H,S + H,0O
(A) 12.25 (B) 49 (C)61.25 (D) None of these
RR0099

125 mL of 63% (w/v) H,C,0,. 2H O is made to react with 125 mL of a 40% (w/v) NaOH solution.
The resulting solution is :-

(A) neutral (B) acidic (C) strongly acidic (D) alkaline

RR0100
The mass of oxalic acid crystals (H,C,0,. 2H O) required to prepare 50 mL of a 0.2 N solution is :-
(A)45¢g (B)63¢g (C)0.63 g (D)0.45¢

RR0101

If25 mL of a H,SO, solution reacts completely with 1.06 g of pure Na,CO,, what is the normality of
this acid solution :
(A)IN (B)0.5N (C)1.8N (D) 0.8 N
RR0102
The number of moles of KMnO, that will be required to react with 2 mol of ferrous oxalate is
6 2 4
(A) 2 (B) © ¢ (D) 1
RR0103

The oxidation state of chromium in the final product formed by the reaction between Kl and acidified

potassium dichromate solution is - [AIEEE-05]
(A) +6 (B) +4 (©)+3 (D) +2

RR0104
The number of mole of KMnO, that will need to react completely with one mole ferrous oxalate in
acidic solution is : [JEE 1997]
(A) 2/5 (B) 3/5 (C)4/5 (D) 1

RR0105
The number of mole of KMnO, that will be needed to react with one mole of sulphite ion in acidic
solution is : [JEE 1997]
(A)2/5 (B)3/5 (C)4/5 (D)1

RR0106
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35.

36.

37.

38.

39.

40.

41.

What volume of 0.1 M KMnO, is needed to oxidize 100 mg of FeC,0, in acid solution ?

(A)4.1 mL (B) 8.2 mL (C)10.2 mL (D) 4.6 mL
RR0107

What volume of 6 M HNO, is needed to oxidize 8 g of Fe*" to Fe'", HNO; gets converted to NO?

(A) 8 mL (B) 7.936 mL (©)32mL (D) 64 mL

RR0108
The minimum quantity of H,S needed to precipitate 63.5 g of Cu”" will be nearly.
(A)63.5¢ (B)31.75 ¢ (C)34¢ (D)2.0g

RR0109

The volume of 1.5 MH_PO, solution required to neutralize exactly 90 mL of a 0.5 M Ba (OH), solution

is :-
(A) 10 mL (B) 30 mL (C)20 mL (D) 60 mL

RR0110
Hydrogen peroxide in aqueous solution decomposes on warming to give oxygen according to the
equation

2H0, (aqQ)—> 2H O (/) + O, (g)

Under conditions where 1 mole of gas occupies 24 dm’. 100 cm’ of XM solution of H,O, produces
3 dm’ of O,. Thus X is :-
(A)2.5 B)1 (©)0.5 (D) 0.25

RRO111
A mixture of NaHC,0, and KHC,0O, . H,C,0, required equal volumes of 0.2 N KMnO, and
0.12 N NaOH separately. What is the molar ratio of NaHC,0,and KHC,0, . H,C,0, in the mixture ?
(A)6:1 (B) O©)1:3 (D) none

RRO0112
Volume V. mL of 0.1 MK Cr O, is needed for complete oxidation of 0.678 g N_H, in acidic medium.
The volume of 0.3 M KMnO, needed for same oxidation in acidic medium will be :-
(A) %vl (B) gvl () 113V, (D) can't say

RRO0113

As, 0, is oxidised to H,AsO, by KMnO, in acidic medium. Volume of 0.02M KMnO, required
for this purpose by 1mmol of As O, will be
(A) 10 mL (B) 20 mL (C) 40 mL (D) 80 mL

RR0114

Redox & Equivalent Concept (Stochiometry-II)
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42.

43.

44.

45.

46.

When ozone is passed through dry KOH, KO, is obtained and O, is liberated. In this reaction

is oxidised and is reduced.
(A) hydrogen, oxygen (B) potassium, oxygen
(C) oxygen, oxygen (D) oxygen, hydrogen

RRO0115

100 ml of 0.1M NaAl(OH),CO, is neutralised by 0.25 N HCI to form NaCl, AICI, and CO,.
Volume of HCl required is
(A) 10 mL (B) 40 mL (C) 100mL (D) 160 mL

RRO116
x mmol of XeF, quantitatively oxidized KI to I, and liberated Xe, alongwith formation of KF. This
iodine required 20 ml of decinormal hypo solution for exact titration. Thevalue of x is
(A) 0.5 (B) 1.0 (©)2.0 (D)5.0

RRO0117
Temporary hardness is due to HCO of Mg’ and Ca*". It is removed by addition of CaO.

Ca(HCO,), + CaO — 2CaCO, + HO

Mass of CaO required to precipitate 2 g CaCO, is :-
(A)2.00 (B)0.56 g (C)0.28 ¢ (D)1.12¢g

RRO0118

0.3 g of an oxalate salt was dissolved in 100 mL solution. The solution required 90 mL of N/20
KMnO, for complete oxidation. The % of oxalate ion in salt is :-

(A) 33% (B) 66% (C) 70% (D) 40%
RRO119
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EXERCISE # O-11

If 10 g of V. O, is dissolved in acid and is reduced to V** by zinc metal, how many mole L, could be
reduced by the resulting solution if it is further oxidised to VO*" ions ?

[Assume no change in state of Zn* ions] (V=51,0=16,1=127):
(A)0.11 mole of [ (B) 0.22 mole of I (©) 0.055mole of I, (D) 0.44 mole of I,
RR0120

The number of moles of Cr,0.* needed to oxidize 0.136 equivalents of N H_* by the reaction
NH +Cr 0> - N, + Cr’* +HOis
(A) 0.136 (B) 0.068 (C) 0.0227 (D) 0.272

RRO0121

Dichloroacetic acid (CHCL,COOH) is oxidized to CO,, H,0 and CI, by 600 meq of an oxidizing
agent. Same amount of acid can neutralize how many moles of ammonia to form ammonium
dichloroacetate?

(A) 0.0167 (B) 0.1 (C)0.3 (D) 0.6

RR0122
HNO, oxidises NH," ions to nitrogen and itself gets reduced to NO,. The moles of HNO, required by
1 mol of (NH,),SO, is :-
(A)4 (B)5 (€6 (D)2

RRO0123

During the disproportionation of iodine to iodide and iodate ions, the ratio of iodate and iodide ions
formed in alkaline medium is :-
(A)1:5 B)5:1 ©)3:1 D)1:3

RR0124

When arsenic sulphide is boiled with NaOH, sodium arsenite and sodium thioarsenite are formed

x As,S; +y NaOH — Na,AsO, + x Na,AsS, + % H,0. What are the values of x and y ?
(A) 1,6 (B)2,8 ©)2,6 D) 1,4

RRO0125
35 mL sample of hydrogen peroxide gives of 500 mL of O, at 27°C and 1 atm pressure. Volume
strength of H,O, sample will be :-
(A) 10 volume (B) 13 volumes (C) 11 volume (D) 12 volume

RR0126

An element A in a compound ABD has oxidation number A™. It is oxidised by Cr2072’ in acid
medium. In the experiment 1.68 x 10> moles of K Cr,0, were used for 3.26 x 10~ moles of ABD.
The new oxidation number of A after oxidation is :-
(A)3 (B)3—n (C)n-3 (D) +n3

RR0127

Redox & Equivalent Concept (Stochiometry-II)
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9.  50gofpure CaCO, is heated to liberate CO,. Liberated CO, required 0.4 mol of moist ammonia
to yield only (NH,),CO,. Find the volume of CO, liberated at STP adding excess dil. HCI to this

heated residue.
(A) zero (B) 442 L (C) 6.81L (D)6.72 L
RR0128
10. For the reaction
I +CIO; + H,SO, —» CI' + HSO, + 1,
The correct statement(s) in the balanced equation is / are :
(A) Stoichiometric coefficient of HSO, is 6
(B) Iodide is oxidized
(C) Sulphur is reduced
(D) H,O is one of the products
RR0129

11. A sample of KMnO, solution required 50 ml when titrated against 3 mmol of oxalic acid. The
normality of same solution in reaction with alkaline H,O, is
(A)0.120 N (B) 0.060 N (C)0.072 N (D) 0.036 N
RR0130

Assertion Reason Type
12. Statement-1 :- Moles of KMnO, required for oxidation of Fe*"in acidic and basic medium will be
different.
Statement-2 :- Final oxidation state to which Mn’" will be reduced will be different in case of acidic
and basic medium.
(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.
(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
statement-1.
(C) Statement-1 is true, statement-2 is false.
(D) Statement-1 is false, statement-2 is true.
RRO0131

13. Statement—1 :- Mass of a particular substance that combine with 8§ gm of oxygen is said to be equivalent

weight of substance.
X
Statement-2 :-x gm of metal gave y gm of its oxide, so equivalent weight of metal is (;ng
(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.
(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
statement-1.
(C) Statement-1 is true, statement-2 is false.
(D) Statement-1 is false, statement-2 is true.
RR0132
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14.

Statement-1 :- Degree of hardness of water is measured in terms of ppm of CaCO,,.

Statement-2 :- If water contains 120 ppm of MgSO,, and 2ppm NaCl, its hardness in terms of

CaCO, > 100 ppm.

(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.

(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
statement-1.

(C) Statement-1 is true, statement-2 is false.

(D) Statement-1 is false, statement-2 is true.

RR0133
MATCH THE COLUMN
15. Column-I Column-II
3M
(A) P,H,— PH, + P H, (p) E =1
_ _ 3M
(B) I_z—)I + IO3 (q) E :?
. . s _15M
(C) MnO, + Mn~ + HO — Mn,0, + H (r) E—%
(D) H,PO, _, PH. + H.PO g="M
e it R 33 (s) 6
RR0134

Paragraph for Q.16 to Q.19

Molecular weight / Atomic weight

Equivalent weight = n — factor

n-factor is very important in redox as well as non-redox reactions. With the help of n-factor we
can predicts the molar ratio of the reactant species taking part in reactions. The reaciprocal of
n-factor's ratio of the reactants is the molar ratio of the reactants.

In general n-factor of acid/base is number of moles of H" /OH™ furnished per mole of acid/base.

n-factor of a reactant is no. of moles of electrons lost or gained per mole of reactant.
Example 1 :

1. In acidic medium : KMnO, (n = 5) —> Mn’"

2. In neutral medium : KMnO, (n = 3) — Mn’’

3. In basic medium : KMnO, (n = 1) —> Mn®’

Example 2 : FeC,0, —> Fe’" + 2CO,

Total no. of moles of e lost by 1 mole of FeC,O0,=1+1x2 =3

.. n-factor of FeCzO =3
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16.

17.

18.

19.

n-factor of Ba(MnO,), in acidic medium is :

(A)2 (B) 6 (©) 10 (D) none of these
RRO0135

For the reaction,

H,PO, + NaOH — NaH PO, + H,O

What is the equivalent weight of H,PO, ? (mol. wt. is M)

(A) M (B) M/2 (C) M/3 (D) none of these
RR0136

For the reaction, Fe ,,O (molar mass : M) — Fe O,. What is the eq. wt. of Fe ,,O ?

M M M

(A) 0.85 (B) 0.95 ©) 03075 (D) none of these
RR0137
In the reaction, xVO + yFe,O, — FeO + V,0,. What is the value of x and y respectively ?
A) 1,1 B)2,3 ©) 3,2 (D) none of these
RR0138
Table type question :
Column-I Column-II Column-III
(1 mole of each oxidizing) (oxidation number (Reducing agents)

20.

21.

22.

agent is taken)

(A) KMnO, (acidic) (P) ONofMn=4 (1) 3 mole of FeSO,
(B) KMnO, (neutral) (Q) OONof Mn=17 (2) 0.5 mole of I, changes
to HIO,

(C) MnO, (acidic) (R) OONof Cr=6 (3) 1 mole of K,C,0,

(D) K,CrO, (acidic) (S) ONofCr=7 (4) 1.5 mole K,SO,

Which of the following is correct

(A)A;P;2 B)A;Q;4 ©B;Q;1 D B;Q;3
RR0139

Which of the following is correct

A)A;Q;3 B)C;P;3 (C)C;P;4 MC;Q;1
RR0139

Which of the following is correct

AD;R;1 B)D;R;2 C)D;S;1 MD)yD;R;4
RR0139
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EXERCISE # J-MAINS

Given: [JEE(Main-online)-2013]
X Na, HAsO3 +Y NaBrO3 +ZHC] — NaBr + H3AsO T NaCl

The values of X, Y and Z in the above redox reaction are respectively :

(12,1,3 (2)3,1,6 (3)2,1,2 43,1, 4

RR0140
Consider the following reaction : [JEE(Main)-2013]
XMnO; +yC,0% +zH" — xMn*>" + 2yCO, + g H,0O
The values of X, y and z in the reaction are respectively :-
(1) 5,2 and 16 (2) 2,5 and 8 (3)2,5and 16 (4) 5,2 and 8

RR0141

How many electrons are involved in the following redox reaction ? [JEE(Main-online)-2014]
Cr,0,% + Fe?* + C,0,2 — Cr3* + Fe3* + CO, (Unbalanced)
(13 (2) 4 (3)5 (4)6

RR0142
Consider the reaction [JEE(Main-online)-2014]

4+ 2+ - +
H,S0;,) +Sn (s, + H,0() = Snfy +HSOj ) +3H{,,

Which of the following statements is correct?

(1) H,SO; 1s the reducing agent because it undergoes oxidation
(2) H,S0; s the reducing agent because it undergoes reduction
(3) Sn** is the reducing agent because it undergoes oxidation
(4) Sn** is the oxidizing agent because it undergoes oxidation

RR0143
In which of the following reaction H,O, acts as a reducing agent ? [JEE(Main)-2014]
(a) H,0, + 2H* + 2¢- —» 2H,0 (b) H,0, — 2¢- -» O, + 2H"
(c) H,0, + 2e- - 20H- (d) H,0, + 20H~ — 2¢- -» O, + 2H,0
(D (a), (¢) (2) (b), (d) (3) (a), (b) 4 (0, (d)

RR0144
The molecular formula of a commercial resin used for exchanging ions in water softening is

CgH,SO;Na (Mol. w.t 206). What would be the maximum uptake of Ca?* ions by the resin when
expressed in mole per gram resin ? [JEE(Main)-2015]

1) s @ 75 () s @) 50

RRO0145

4
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7.

10.

11.

12.

13.

The volume of 0.1N dibasic acid sufficient to neutralize 1 g of a base that furnishes 0.04 mole of

OH- in aqueous solution is : [JEE(Main)-OnLine-2016]
(1) 400 mL (2) 200 mL (3) 600 mL (4) 800 mL

RRO0146
Which of the following reactions is an example of a redox reaction ? [JEE(Main)-2017]
(1) XeF, + O,F, - XeF, + O, (2) XeF, + PF, — [XeF]+PF6‘
(3) XeF, + H,0 — XeOF, + 2HF (4) XeF, + 2H,0 — XeO,F, + 4HF

RR0147

In which of the following reaction, hydrogen peroxide acts as an oxidizing agent ?

(1) L, + H,0, + 20H- - 2I- + 2H,0 + O, [JEE(Main)-OnLine-2017]
(2) HOCI + H,0, » H;0* + CI- + O,

(3) PbS + 4H,0, —» PbSO, + 4H,0

4) 2MnO,~ + 3H,0, — 2MnO, + 30, + 2H,0 + 20H~

RR0148
In KO,, the nature of oxygen species and the oxidation state of oxygen atom are, respectively
(1) Superoxide and —1/2 (2) Oxide and -—2 [JEE(Main)-OnLine-2018]
(3) Peroxide and —1/2 (4) Superoxide and —1

RR0150
In the reaction of oxalate with permaganate in acidic medium, the number of electrons involved in
producing one molecule of CO, is : [JEE(Main)-(Jan.)-2019]
(1) 10 2)2 3)1 45

RRO0151
The chemical nature of hydrogen preoxide is :- [JEE(Main)-(Jan.)-2019]

(1) Oxidising and reducing agent in acidic medium, but not in basic medium.
(2) Oxidising and reducing agent in both acidic and basic medium
(3) Reducing agent in basic medium, but not in acidic medium

(4) Oxidising agent in acidic medium, but not in basic medium.

RR0152
The hardness of a water sample (in terms of equivalents of CaCO;) containing 103 M CaSO, is :
(molar mass of CaSO, = 136 g mol!) [JEE(Main)-(Jan.)-2019]
(1) 100 ppm (2) 50 ppm (3) 10 ppm (4) 90 ppm

RRO0153
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14. 50mL of 0.5 M oxalic acid is needed to neutralize 25 mL of sodium hydroxide solution. The amount of
NaOH in 50 mL of the given sodium hydroxide solution is : [JEE(Main)-(Jan.)-2019]
H4g 2)2¢g (3)8¢g Dlg
RR0154
15. Inorder to oxidise a mixture one mole of each of FeC,0,, Fe,(C,0,);, FeSO, and Fe,(SO,) in acidic
medium , the number of moles of KMnO, required is - [JEE(Main)-(April)-2019]
(1 3 (2)2 3)1 4) 1.5
RRO0155
16. The correct order of the oxidation states of nitrogen in NO, N,O, NO, and N,O; is :
(1) NO, <N,0; <NO < N,O
(2) NO, < NO < N,05 <N,O
(3) N,O < N,0; < NO < NO,
(4) N,O < NO < N,05 <NO, [JEE(Main)-(April)-2019]
RR0156
17. An example of a disproportionation reaction is : [JEE(Main)-(April)-2019]
(1) 2KMnO,—K,MnO,+Mn0O,+0, (2) 2MnO, +10I-+16H* —2Mn?*+51,+8H,0
(3) 2CuBr—CuBr,+Cu (4) 2NaBr+ Cl,—2NaCl+Br,
RRO158
18. 100 mL of a water sample contains 0.81 g of calcium bicarbonate and 0.73 of magnesium bicarbonate.
The hardness of this water sample expressed in terms of equivalents of CaCOj is:
(molar mass of calcium bicarbonate is 162 g mol-! and magnesium bicarbonate is 146 gmol)
(1) 1,000 ppm (2) 10,000 ppm [JEE(Main)-(April)-2019]
(3) 100 ppm (4) 5,000 ppm
. RRO0159
% 19. 25 ml of the given HCI solution requires 30 mL of 0.1 M sodium carbonate solution. What is the

node06\BOBA-BB\Other Center\JEE(Advanced)\Nurture\Chem\Module#02-(PC)\Eng\3. Redox & Equivalent Cor

volume of this HCI solution required to titrate 30 mL of 0.2 M aqueous NaOH solution?

[JEE(Main)-(Jan)-2019]

(1) 25 mL (2) 50 mL (3) 12.5 mL (4) 75 mL
RR0160
20. Oxidation number of potassium in K, O, K,0, and KO, , respectively, is : [JEE(Main)-(Jan)-2020]
(1) +1, +4 and +2 (2) +1, +2 and +4
1
(3) +1, +1 and +1 (4) +2 , +1 and +5
RR0167
L 4
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21.

22,

The compound that cannot act both as oxidising and reducing agent is :[JEE(Main)-(Jan)-2020]
(1) H,0, (2) H,80, (3) HNO, (4) H;PO,
RR0168

The hardness of a water sample containing 10 =3 M MgSO, expressed as CaCO; equivalents (in ppm)
is [JEE(Main)-(Jan)-2020]

(molar mass of MgSO, is 120.37 g/mol)

RR0169
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Redox & Equivalent Concept (Stochiometry-II)
EXERCISE # J-ADVANCED
Reduction of the metal centre in aqueous permanganate ion involves - [JEE-2011]
(A) 3 electrons in neutral medium (B) 5 electrons in neutral medium
(C) 3 electrons in alkaline medium (D) 5 electrons in acidic medium
RRO0161

Reaction of Br, with Na CO, in aqueous solution gives sodium bromide and sodium bromate with

evolution of CO, gas. The number of sodium bromide molecules involved in the balanced chemical

equation is. [JEE- 2011]
RR0162

Which ordering of compounds is according to the decreasing order of the oxidation state of nitrogen-

(A) HNO,, NO, NH,CI, N, (B) HNO,, NO, N,, NH,CI

(C) HNO,, NH,CI, NO, N, (D) NO, HNO,, NH,CI, N, [JEE- 2012]

RRO0163

25 mL of household bleach solution was mixed with 30 mL of 0.50 M KI and 10 mL of 4 N acetic
acid. In the titration of the liberated iodine, 48 mL of 0.25 N Na,S O, was used to reach the end
point. The molarity of the household bleach solution is [JEE- 2012]
(A) 048 M (B) 0.96 M (C) 0.24 M (D) 0.024 M

RR0164

In neutral or faintly alkaline solution, 8 moles permanganate anion quantitatively oxidize thiosulphate
anions to produce X moles of a sulphur containing product. the magnitude of X is[JEE- 2016]
RR0165

To measure the quantity of MnCl, dissolved in an aqueous solution, it was completely converted
to KMnO, using the reaction, [JEE- 2018]

MnCl, + K,S,0, + H,O — KMnO, + H,SO, + HCI (equation not balanced).
Few drops of concentrated HCI were added to this solution and gently warmed. Further, oxalic
acid (225 g) was added in portions till the colour of the permanganate ion disappeard. The quantity
of MnCl, (in mg) present in the initial solution is _____
(Atomic weights in g mol™ : Mn = 55, Cl = 35.5)

RR0166
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11.
14.
18.
22,
26.
30.

34.
37.

38.

ANSWER-KEY
EXERCISE # S-1
(a +6 (b) +5 () +2 d -4
(e) +4 ® -1 e +2 (h) +6
i +3
(a) Reduction (b) Okxidation
(¢) Reduction (d) Oxidation
(a) Oxidant : O, ; Reductant : Zn
(b) Oxidant : H" ; Reductant : Zn
(¢) Oxidant : NO,” ; Reductant : Zn
@ Cu + 4HNO, — Cu(NO,), + 2NO, + 2H,0
(i) Br,+ 5H,0,— 2BrO, +4H,0 + 2H"
(i) MnO, + 5Fe*’+ 8H'—> Mn** + 5Fe* + 4H,0
(ivv MnO, + 2CI'+ 4H'— Mn"* + CL, + 2H,0
(v)  3CI0™ + 2CrO, + 20H — 3CI" + 2CrO 42' + H,0
@i  2MnO, + 61" +4H,0——>2MnO, + 31, +80H"
i) H'+2MnO, +5S0, +2H,0——>2Mn*" + 5HSO,
(i) 2Fe* +H,0,+2H"——>2F¢’* +2H,0
(iv) Cr,0} +3S0, +2H"——2Cr* +3S0; +H,0
Ans. (1)1 22,1 31
D1 52 6)1
1 21 31 41
98, 49, 32.67 9. Ans2l 10. Ans. (i) 22 ; (i)
Ans. 6 12. Ans.5 13. Ans.(8.097 mL)
Ans.(40) 15. Ans.40 ml 16. Ans.60 ml 17.
Ans.12.5 L 19. Ans.V=3lit. 20. Ans.200mL 21.
Ans.(4.48) 23. Ans. 10N 24. Ans.2.12 g/LL 25.
Ans.Zero 27. Ans.V=160ml 28. Ans.0.588 N 29.
2

Ans.g 31. Ans.8/5 32. Ans.125mL  33.
Ans.V =25 mL 35. Ans.1.28% 36. Ans.40 g, 0.0518N
Ans.(Ca*" , Mg*, Na*)
Ans.(19.09)

S)2
17

Ans.12.5 L

Ans. 30N
Ans.+ 3
Ans.4 lit.

Ans.1.406 %
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. ALLEN Redox & Equivalent Concept (Stochiometry-11)
EXERCISE # S-11

1. (@ +2.5 (b) +4/3 ¢ -1/3 d +8/3
e =3,-1 ® -2, +2 (g +16/3 (th) 0
i +2,-1 1)) +2 &k 0 O +12
(m) -172 m +1 (o) +3 P -3
(q@ +3 ry +2 s +4

2. (a +3 (b) +3,+6 © +2 (d) +%
(e) +6 ) +6 (g +6 (h) +5
r +2 s +3

3. (i) 6KMnO (aq.) + 10FeC,0 (aq.) + 24H,SO, aq.) —>
6MnSO, (aq.) + 5Fe(SO,), (aq.) + 20CO,(g) + 3K SO, + 24H,0()
(i) 5P, (s) + 120H (aq.) + 12H,0 — 8PH,(aq) + 12HPO, (aq.)
(iii) 3I,(s) + 6NaOH(aq.) —> SNal (aq.) + NalO,(aq.) + 3H,0()
(iv) 3HNO,(aq.) > NO, + H"+ 2NO(g) + H,0
v) 10, +5I' + 6H" — 3L, + 3H,0
(vi) 5Cu,S + 8MnO, + 44H" - 10Cu™ + 50, + 8Mn™ + 22 H,0
(vii) HCHO (0) + [Ag(NH3)2]+ (aq.) + 20H (aq.) — Ag(s) + 2NH,(aq.) + HCOO(aq.) + H,0())

4. KOH=35%,Ca(OH),=65%
5. Ans.31 6. Ans.12.51
7. Ans.61 8. Ans. 16.66%
9. Ans.3 10. Ans. 90.1%
11. Ans. (80) 12. Ans. 16%
13. Ans. 24.46% 14. Ans. 0.47
15. Ans. (40) 16. Ans. (0.0626 M)
EXERCISE # O-1
1. Ans. (O 2. Ans. (B) 3. Ans. (B) 4. Ans. (B)
Ans. (D) 6. Ans. (A) 7. Ans. (D) 8. Ans. (A)

. Ans. (D) 10. Ans. (A) 11. Ans.(B) 12. Ans. (A)
13. Ans. (O) 14. Ans. (O) 15. Ans. (O) 16. Ans. (D)
17. Ans. (A) 18. Ans. (D) 19. Ans. (D) 20. Ans. (B)
21. Ans. (O 22. Ans. (D) 23. Ans. (D) 24. Ans. (D)
25. Ans. (A) 26. Ans. (O) 27. Ans. (D) 28. Ans. (O)
29. Ans. (D) 30. Ans. (A) 31. Ans. (O) 32. Ans. (B)
33. Ans. (A) 34. Ans. (A) 35. Ans. (B) 36. Ans. (O)
37. Ans. (O 38. Ans. (A) 39. Ans. (D) 40. Ans. (A)
41. Ans. (O 42. Ans. (O) 43. Ans. (D) 44. Ans. (A)
45. Ans. (B) 46. Ans. (B)

m
L 4
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EXERCISE # O-11

1. Ans. (A) 2. Ans. (O) 3. Ans. (B) 4. Ans. (C)

5. Ans.(A) 6. Ans. (A) 7. Ans. (B) 8. Ans. (B)

9 Ans. (C) 10. Ans. (A,B,D) 11. Ans. (O) 12. Ans. (A)

13. Ans. (B) 14. Ans. (O) 15. A ->s;B)>q;C)>r;M->p
16. Ans. (O) 17. Ans. (A) 18. Ans. (A) 19. Ans.(B)

20. Ans. (C) 21. Ans. (B) 22. Ans. (A,D)

EXERCISE # J-MAINS

1. Ans. (2) Ans. 3) 3. Ans. (4) 4. Ans. (1)

5. Ans.(2) . Ans. (2) 7. Ans. (1) 8. Ans. (1)

9. Ans. (3 10. Ans. (1) 11. Ans. (3) 12. Ans. (2)

13. Ans. (1) 14. Ans. (1) 15. Ans. (2) 16. Ans. (4)

17. Ans. 3) 18. Ans. (2) 19. Ans. (1) 20. Ans. (3)

21. Ans. 4) 22. Ans. (100)

EXERCISE # J-ADVANCED

1. Ans. (A,C,D) 2. Ans. (5) 3. Ans. (B) 4. Ans. (C)

5. Ans. (0) 6. Ans. (126)
2
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. ALLEN

LIQUID SOLUTION

31

SOLUTION

It is the homogeneous mixture of two or more components.

The substance which dissolve other substance is solvent & the substance which is dissolved is
solute, independent of their quantity. If both are soluble in each other then the substance present
in larger amount by mole is solvent.

* A solution may exist in any physical state.

Types of Solution :

Solvent Solute Examples
1| Gas Gas Mixture of gases, eg. air.
2. | Gas Liquid CHCI (¢) + N,(9)
3. | Gas Solid Camphor (s) + N,(g).
4. | Liquid Gas CO, gas dissolve in water (agrated drink), soda water.
5. | Liquid Liquid Mixture of miscible liquids e.g. alcohol in water.
6. [ Liquid Solid Salt in water, sugar in water.
7. | Solid Gas hydrogen over palladium.
8. | Solid Liquid Mercury in zinc, mercury in gold, i.e. all amalgams.
9. | Solid Solid Alloys e.g. copper in gold, zinc in copper.
SOLUBILITY

Maximum amount of solute which can be dissolved in a specified amount of solvent at constant
temperatureisitssolubility. Solubility isaffected by

1. natureof soluteand solvent

2. temperatureand

3.  pressure

SOLUBILITY OF SOLID IN A LIQUID

Polar solutes are solublein polar solvent and non polar solutes are solublein non polar solvent dueto
smilar intermolecular forces

When solid solutesare dissolved in solvent, then following equilibrium exist.

Solute + Solvent =——==—2— Splution. ; AH may be positive or negative

Crystallization

Such a solution in which no more solute can be dissolved at the same temperature and pressure is
called asaturated solution. An unsaturated solution isoneinwhich more solute can be dissol ved at
the same temperature. The solution which isin dynamic equilibrium with undissolved solute isthe
saturated sol ution and contains the maximum amount of solute dissolved inagiven anount of solvent.
Effect of temperature:

The solubility of a solid in a liquid is significantly affected by temperature changes, obeying
Le Chateliers Principle. In generd, if in a nearly saturated solution, the dissolution process is
endothermic (A_H > 0), the solubility shouldincrease with riseintemperature and if it isexothermic
(Ag,H < 0) the solubility should decrease. Thesetrends are al so observed experimentally.

¢+
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Solubility curves of some compounds

Q
20 o K,SO,

10 20 30 40 50 60 70 80 90 100
Temperature in degree celsius

3.2 Effect of pressure:
Pressure does not have any significant effect on solubility of solidsinliquids. It issobecause solidsand
liquidsarehighly incompressble and practicaly remain unaffected by changesin pressure.

4. SOLUBILITY OF GASESIN LIQUID

Certaingasesarehighly solubleinwater likeNH,, HC, etc, and certain gasesarelesssolubleinwater like
0,, N, He, etc. Solubility of gasesisgreatly effected by pressure and temperature. Increasing pressure
increases solubility andincreasein temperature decreases solubility since dissolution of any gasin any

liquidisexothermicinnature.

41 Henry' Law:

W,
YIIIIIIIIIIIIIIIIIIIIIA | W1 | W2
[

e ° o * ¢ * . YIIIIIIIIIIIIIIIIIIIIIA
. e e . ° . [ R e o Py 0

L] (] ° ° [ [ )
® e ° ° ° ° ¢ ® o ] e ° ° ¢
L L e~ 7

S e e — —e—

Zel oo e . Sl e Tl l

(@) Low pressure (b) High pressure

Effect of pressure on the solubility of a gas. The concentration of dissolved
gas is proportional to the pressure on the gas above the solution.
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Thepartia pressure of the gasin vapour phase (p) is proportional to themolefraction of thegas(x) inthe
solution, at constant temperature

P=K_,X

K, =Henry'sLaw Congtant

* Henry'sLaw Constant dependson nature of gasand liquid aswell astemperature.

* K, increaseswith increasesin temperature.

* Greater K, meanslow solubility.

Partial pressure of HCI/torr

1000

500

0 0.010 0.020

Mole fraction of HCI in its
solution in cyclohexane

Experimental results for the solubility
of HCI gas in cyclohexane at 293 K.
The slope of the line is the Henry’s Law

constant K,

Valuesof Henry'sLaw Constant for Some Selected Gasesin Water

Gas TemperatureK K, /kbar
He 293 144.97
H, 293 69.16

N, 293 76.48

N, 303 88.84

O, 293 34.86

O, 303 46.82
Argon 298 40.3
CO, 298 1.67
Formaldehyde 298 1.83x 107
Methane 298 0.413
Vinyl chloride 298 0.611

4.2 Limitationsof Henry' Law :

(1) Itisvaidonly foridea behaviour of gas. Asnoneof the gasisidedl, thislaw may be applied at
low pressure and high temperature.

(2) It givesbetter result when the solubility of gasintheliquidislow.

(3) Thegasshould neither dissociate nor associatein theliquid.
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4.3

4.4

Ex.1.

Sol:

Henry' Law application :

(1) Toincreasethesolubility of CO, in soft drinks and sodawater, the bottle is sealed under high
pressure.

(2) Scubadiversmust copewith high concentrationsof dissolved gaseswhile breathingair at high
pressure underwater. Increased pressure increases the solubility of atmospheric gasesin blood.
When the divers come towards surface, the pressure gradually decreases. This releases the
dissolved gases and leads to the formation of bubbles of nitrogen in the blood. This blocks
capillaries and createsamedica condition known as bends, which are painful and dangerousto
life. To avoid bends, aswell as, thetoxic effects of high concentrationsof nitrogenin the blood,
the tanks used by scuba divers are filled with air diluted with helium (11.7% helium, 56.2%
nitrogen and 32.1% oxygen).

(3) Athighdtitudesthepartial pressure of oxygenislessthan that at the ground leve. Thisleadsto
low concentrations of oxygen in the blood and tissues of people living at high altitudes or
climbers. Low blood oxygen causes climbers to become weak and unable to think clearly,
symptomsof acondition known as anoxia.

Effect of Temperature:

Solubility of any gasin any liquid decreases with risein temperature as dissol ution isan exothermic

process.

C, AH,(1 1
At constant pressure, /N—==—"" ———
C, R (T, T,

where C = molar concentration of gasin solution

If N, gasisbubbled through water at 293 K, how many millimoles of N, gaswould dissolvein
1litreof water? Assumethat N, exertsa partial pressure of 0.987 bar. Given that Henry'slaw
constant for N, at 293 K is 76.48 kbar.

) = p(nitrogen)  0.98 bar _1.29x10°5

X (Nitrogen =
( 9 Ky 76,480 bar

As 1 litre of water contains 55.5 mol of it, therefore if n represents number of moles of N, in
solution,

nmol n

= =1.29x10°
nmol+55.5mol 55.5

X (Nitrogen) =

(nin denominator isneglected asitis< < 55.5)
Thusn=1.29 x 10° x 55.5mol = 7.16 x 10* mol = 0.716 mmol
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Ex.2

Sol:

Theair isamixtureof anumber of gases. Themajor components are oxygen and nitrogen with
approximate proportion of 20% isto 79% by volume at 298 K. Thewater isin equilibrium with
air at apressureof 10 atm. At 298 K, if the Henry'slaw constantsfor oxygen and nitrogen are
3.30 x 10" mm and 6.51 x 10" mm respectively, calculate the composition of these gases in
water.

Percentage of oxygen (O,) inair = 20%

Percentage of nitrogen (N,) inair = 79%

Also, it is given that water is in equilibrium with air at a total pressure of 10 atm, that is,
(10 x 760) mmHg = 7600 mm Hg

Partial pressure of oxygen, p,, = % x 7600mmHg = 1520 mmHg

Partial pressureof nitrogen, py, = % x 7600mmHg = 6004 mm of Hg

Now, according to Henry'slaw::
p=KX
For oxygen :

po2 = KH'XOZ

_Po, o _1520mmOfHg ek = 330 x 107 mmof Hg= 4.61 x 10
2 K, 3.30 x10"mmof Hg H

= X

For nitrogen,
Py, = KyXy,

Py, _ 6004 mm Hg

= = X 5
K,  6.51x10" mm Hg 9.22> 10°

:,>XN2=

Hence, the mole fractions of oxygen and nitrogen in water are 4.61 x 10° and
9.22 x 107° respectively.
Vapour pressure:
TheEvaporation of aLiquid in a Closed Container
When aliquid istaken in a closed vessel at constant temperature, then there are two process which
takes place.

(i) Evaporaion

(i)  Condensation

In the constant evaporation from the surface particles continue to break away from the surface of the
liquid.
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5.1

Asthe gaseous particles bounce around, some of them will hit the surface of theliquid again, and will be
trapped there. Thisis called condensation. The rate of condensation increaseswith time, but rate of
evaporation remain constant. Therewill rgpidaly bean equilibrium set up in which the number of particles
leaving thesurfaceisexactly balanced by thenumber rgoiningit.

/o o o/gfavapour 7‘Rate of condensation
o]

Rate

Rate of evaporation

Time —

Thispressureat equilibriumiscaled thevapour pressur e (dso known assatur ation vapour pressure)
of theliquid at that temperature.
Effect of Temperatureon vapour pressure
When the space abovetheliquidissaturated with vapour particles, you have thisequilibrium occuring
onthe surface of theliquid:

liquid =——=vapour, AH >0
The forward change (liquid to vapour) is endothermic. It needs heat to convert the liquid into the
vapour. According to Le Chatelier, increasng thetemperature of asystem in adynamic equilibrium
favoursthe endothermic change. That meansincreasing thetemperature increasethe amount of vapour
present, and so increases the vapour pressure.

100
Vp
(kPa)

O 1 T U : T T T T : U T i
10 20 30 40 50 60 70 80 90 100
Temperature (°C)
. 1
Effect of nature: V.pr

(04 A
Inter molecular attraction force(l.M.A.F.)
n_C6H14> n- C7H16 > CBHlB

Thedependenceof vapour pressure of aliquid on temperatureisgiven by clausus-clapeyronequation: In

Q_AHvap(l 1}

R R IT T,

ALLEN .
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5.2 Natureof liquid : Weaker theintermolecular attraction , higher will bethevapour pressure.

6.
6.1

6.2

VAPOUR PRESSURE OF LIQUID SOLUTION

Raoult'slaw :

The partial pressure of any volatile constituentsof asolution at aconstant temperatureisequal to the

vapour pressureof pure congtituents multiplied by the molefraction of that constituent inthe solution,

at equilibrium.

Vapour presaureof liquid —liquid solution :

. . . . O O
Let P, and P, bethepartial vapour pressures of two constituents A and B insolutionand P~ and P,

the vapour pressuresin pure state respectivity.

Thus, according Raoult's law

P, = P® = X, P?
A nA+nB A Al A
and P, =— "8 p2 - x_P?
n,+nNg

If total pressure be P, then

(D)

(2

— - 0 0
Ps _PA+PB_XAPA + XBPB

— 0 0
P.=X,P,%+(1-X,)P,

— 0 0 0
P.=X,P’ - X, P.° +P,

- 0 0
Ps=Xa [Py _PBO] + Py

N mol==-

+ X;=1-"=

[ X, +X,=1]

6.2.1 Relation between Dalton'sLaw and Raoult'sLaw :

The compositionof the vapour in equilibrium with the solution can be cal culated applying Dalton'slaw of
partid pressures. Let themolefraction of A and B invapoursbeY , andY ; respectively.

p.=Y,P.=X,P° ... D

P =Y Ps=XPy 2)
Now, X, = Y’;/EPS and X, = Y*TDSPS
As, X, +X;=1, Yoo YoPs oy
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1YY
PA PB

PS

Hence, the total vapour pressure of solution may be calculated from liquid composition at
equilibriumas

P,=X, Py +Xg-PJ
and from vapour composition at equilibrium at

1 Y, Y,

=-—A,_ B
Ps Pa Ps

6.2.2 Comparision between liquid and vapour composition :

Yo Pu/Pg P_A_XA-PA0
Y, Pg/P, Py X -PS

If A ismorevolatilethan B (P > PY), then V.7 X,

It meansthat themole-fraction of A isvapour formisrdatively greater thanthat inliquid form, rdativeto B.
Hence, inany ided solution, vapour isdwaysmorericher inthemorevolaile component, rd aivetoliquid.

6.2.3 Raoult'slaw asa special caseof Henry'slaw :
From Raoult'slaw, the vapour pressureof volatile component inthesolutionisP=P°.X.
Inthesolution of gasinliquid, onecomponent issovolatilethat it exist asgasand itspressureisgiven by
Henry'slawasP=K,.X
In both laws, the partia pressure of volatile component isdirectly proportional toitsmole-fractionis

solution. Only the proportionality constant K , differsfrom P°. Hence, Raoult'slaw becomesaspecial
caseof Henry'slaw inwhich K, becomes P.

6.3 Vapour pressureof solution of solidsin liquid :
Letusassume A = nonvoldtilesolid& B = volatileliquid
According to Raoult's law —

I:)s:xAF)AO + >(BF)BO
foo  A,P°=0
P.=X,P,’ ()
Let P,°= P’ =Vapour pressure of pure state of solvent.

here XB ismolefraction of solvent
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or

or

nB
N, +Ng

Pg o

P =X P p
s = XgPg= P

_po 0
P,=P,-X, P,

..(6)

i.e. vapour pressureof solution o« molefraction of solvent

— 0
=(1-X,)P,

-(7);

(8

(9
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6.4

olutions.

Ideal and Non ideal solutions:
The solutions which obey Raoult's law over the entire range of concentration are known as ideal

Table: Comparison between | deal and Non-ideal solutions

Ideal solutions

Non-ideal solutions

+ve deviation from Raoult's law

— deviation from Raoult's law

1. ObeysRaoult'slaw at every

concentrations.

2. AH_, =0; Neither heatis
evolved nor absorbed during

dissolution.

3. AV, =0;tota volumeof
solution is equal to sum of

volumes of the components.

4. P=pa+ps :p%XA +ngB

e, Py = pOAXA;pB = ngB

5 A—AA—B,B—B
interactions should be same,
i.e.,'A"and'B' areidentica

in shape, size and character.

6. Escaping tendency of ‘A" and
'B' should be samein pure

liquidsand in the solution.

Example:

dilute solutions;

benzene + toluene;

n-hexane + n-heptane;
chlorobenzene + bromobenzene;
ethyl bromide + ethyl iodide;
n-butyl chloride + n-butyl bromide

Do not obey Raoult'slaw.

AH_. > 0. Endothermic dissol ution;
heat is absorbed.

AV, > 0.Volumeisincreased after

dissolution.

Pp > pOAXA; Pg > ngB

5 (Pa+pg)> (pOAXA + ngB)

A — B, attraction force should be
weaker thanA — A andB —B
attractiveforces. 'A' and 'B' have

different shape, sze and character.

‘A" and 'B' escape easily showing
high vapour pressure than the

expected value.

Example:
acetone + ethanal ;
acetone+ CS, ;
water + methanol ;
water + ethanol ;
CCl, + CHCL,;
CCl, +toluene;

Do not obey Raoult'slaw.

AH_. <0; exothermic dissolution
heat is evolved.

AV .. <0;volumeisdecreased

during dissolution.

Pa < pOAXA; Pg < ngB

S (Pa+pg)< (p%XA + ngB)

A — B, attraction force should be
greater than A — A and B — B attractive
forces.'A' and 'B' have different shape,

sizeand charater.

Escaping tendency of both components
A and B islowered showing lower

vapour pressure than expected ideally.

Example:

acetone + aniline;
acetone + chloroform;
CH,OH +CH,COOH;
H,0+HNO,;

water + HCl ;

ccl, + scCl,; acetone + benzene aceticacid + pyridine;
C,H,Br,+CH,Cl, CCl, + CH,OH;
C,HpBr+CHL cyclohexane+ ethanol HNO, +CHCl,

4
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Vapour pressure Vapour pressure

T o o - TpOA — of solution Tpo’* [ of solution

o mA = Patp. R U A A RN

5 5l | I N NG I NSNS

g P 2 =P’ 2 T P

5 3 o L o ooy

— (o o

8 S QP = "> IO@ ,g ' e, ,0‘1

=3 P o -

(o 4 [oX - . o -~

> | T - o Qe

S & S |-

% of A 100 0 % of A 100 0 % of A 100 0
%ofB O 100 %ofB 0 100 % of B O 100

Ex.3. 1moleheptane(V.P. =92 mm of Hg) ismixed with 4 mole Octane(V.P. =31 mmof Hg), form
an ideal solution. Find out the vapour pressure of solution.

Sol. Total mole=1+4=5
Mole fraction of heptane= X, = 1/5
Mole fraction of octane = X, = 4/5

— 0 o_1 4 —
P.= XP~ +XP, = g><92+g><31— 43.2 mm of Hg.

Ex.4. At 88°C, benzene has a vapour pressure of 900 torr and toluene has a vapour pressure of
360 torr. What isthe molefraction of benzene in the mixture with toluene that will be boil at
88°C at 1 atm pressure, benzene —toluene form an ideal solution.

Sal. P, = 760torr, because solution boilsat 88°C
.. 760 = 900 x+ 360 (1 —X)

x = 0.74 where'x ismolefraction CH..

Ex.5. The vapour pressure of benzene at 90°C is 1020 torr. A solution of 5 g of a solute in

58.5 g benzene has vapour pressure 990 torr. What is the molecular weight of solute ?

P°-P;  wxM - 1020-990 5x78

Sol. = -
Ps m x W 990 m x58.5

=m= 220

Ex.6. Two liquids A and B form an ideal solution. At 300 K, the vapour pressure of a solution
containing 1 mole of A and 3 moleof B is550 mm of Hg. At the sametemperature, if onemore
mole of B isadded to this solution, the vapour pressure of the solution increases by 10 mm of
Hg. Determine the vapour pressure of A and B in their pure states.

Sal. Let the vapour pressure of pure Abe = p$ ; and the vapour pressure of pure Bbe= p;.

Total vapour pressure of solution (1 mole A + 3 mole B)
= X,.pa +Xg.pp [X, ismolefraction of A and X, is mole fraction of B]

1, 3 .
B50=7pi+7Pi  Of  2200=pl+3p] e (i)

Total vapour pressure of solution (1 moleA+ 4 moleB) = =p) + %p‘;

gl

1 4
560 = P} + < Pg
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Ex.7.

Sol.

Ex.8.

Sol.

Ex.9.

Sol.

2800=p% +p% (ii)

Solving egs. (i) and (ii)

p2 = 600 mm of Hg = vapour pressure of pure B

p% = 400 mm of Hg = vapour pressure of pure A

Liquids'A' and 'B' form an ideal solution. Calculate the vapour pressure of solution having

40 mole-percent of A in the vapour at equilibrium. (P,S =80cmHg, P =30cm Hg)

1 Y, Y, 04 06 1

=—"4
P P, P) 80 30 40

total

Ptota] = 40 cm Hg

Liquids'A' and'B' form an ideal solution. Calculatethemolar-fraction of 'A' in vapour form
above the liquid solution containing 25 mole-percent of 'A' at equilibrium

(P? =0.2atm, P! = 0.5atm)

P, X,PS 0.25x0.2 2
Pow  Xa-Pl+Xz-P0 0.25%x0.2+0.75x05 17

total

Y, =

Liquids 'A" and 'B' form an ideal solution. At 80°C, P, =0.4bar and P =0.8bar . All the

vapour above the liquid solution containing equal molesof both the liquidsat equilibriumis
collected in another empty vessel and condensed. Now, the condesate is heated to 80°C and
all the vapours above the Iliquid solution at equilibrium is again
collected in another empty vessel and condensed. What is the mole-fraction of 'B' is new
condensate ?

For the first condensate,

Mo _Xg_Yo_Xo Pa_ns P

N, Xa Ya Xo P n, P
For second condensate,

Mg _Xg Yo _Xe-Po _Ng (P Z_L{%jz_i
n, X, Y. X\PP n, \P) x\o4) 1

.~ Molefraction of B= % =0.8

Note : For multi-step condensation at constant temperature,

nf n| PO n
—fB=—.B(—Bj N : number of steps
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Ex.10. Liquid A & Bforman ideal solution. In acylinder piston arrangement, 2 moles of vapours of

Sol.

liquid A & 3 moles of vapoursof liquid B are taken at 0.3 atm. P} =0.4atm, PJ =0.6atm .

@) Predict whether vapourswill condense or not ?

(i) I the vapours are compressed slowly & isothermly, at what pressure | * drop of liquid
will form

(iii) If the initial volume of vapours was 10L, at what volume |I* drop of liquid will
form?

(iv) What isthe composition of I* drop of liquid formed ?

(v) Ifthevapoursarefurther compressed slowly & isothermally, at what P almost compl ete
condensation will occur ?

(vi)  What isthe composition of last traces of vapours remained ?

(vii) What isthe composition of system at 0.58 atm ?

(viii) What is the composition of system at 0.51 atm ? Also calculate molesof A & B in
liquid & vapour form.

(ix) Atwhat P, half of the total amount of vapourswill condense ?

1 Y, Y, 2/5 3/5

i —=—4+—2==—+— = P__=05atm> 0.3atm
0 P, P P! 04 06 tol
100% gas, no condensation
@i) 0.5atm.
@iy PV. =PV,
V.= 0.3x10 _ 6L
0.5

(iv) P_,= X,-Ps+Xg-PS

v)

or 05=X,x 0.4+ (1-X)x06 = X,=05

P,=04x 0.4+ 0.6x0.6=0.52atm
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Note: For apureliquid, thereisafixed P(V.P.) below & above which, the syssemwill be 100% gas
& 100% liquid, respectively but for a solution, a pressure range exist in which both physical
stateswill be present.

X, -PY 04x04 4

_X,P%  0.45x0.4

=0.35

0.51

Vi Y B
) A P 052 13
(vii) 100% liquid, A = 2moleand B = 3 mole
(viii) P = XAPs + XgPg
051=X,x(04)+(1-X,)x06 & Y, 5
total
X, =045
A =2mol
B = 3 mol
Liquid Vapour
A =xmol A=(2-X)
B =y mol B=B-y)
_ 9 _ X v _18 2—-X
AT90 x+y ATE1 2-x)+(B-Y)
x=109; y=133
: A =2mole
(ix) B =3 mole
1
T |
Liquid = 2.5 mole Vapour = 2.5 mole
A=zmole A= (2-2) mole
B =(2.5-2) mole B =(0.5-2) mole
P = x04+22=2,06
2.5 2.5
2-z zx04
2.5 25xP;

Onsolving, z= 1.12, P, = 0.5104 atm
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6.5 Graphsfor ideal Binary solution of liquid A & liquid B :

(Assume PS < PQ)
slope = (Pa—P%)

Vapour pressureV/sliquid compostion

Ps
P, = X,PJ = (1-Xg)P} R3S 7

P2 i
Py = P/g _XBPAO PT P2 C
P, = X,P¢ P, iPa
C stope = ¢ | [ Mstope = -

Pr = X,Pa = XgPg = (1= Xg)Pa +XgPg X,=1 mole fraction X;=1

X, =0 inliquid X,=0
P, =P+ X (PS-P2)

As P.=P +P, ad=ab+ac
[I. Vapour pressureV/svapour composition

1 Y. Y AP
I L L 2

T A Y 5

PR e

1 1 1 1 P T ~~~~~~~~
5 =50t Y| 50 50 s

PT PA PB PA D

Py P~

1 Y,.=1 mole fraction Y,=0
—=C+mXx _ i _
y Y,=0 invapours vy =1

So curve will be rectangular hyperbola.

[11.  Vapour pressureV/scomposition

lguid et
L=
ol —oroe ot

100%
vapours

0.0 ) 1.
mole fraction of B—>

()  TheV.P of ided solution awaysliein between theV.P. of purecomponents.

(i) Below vapourouscurve, the syssemwill by 100% vapour & aboveliquidousand curve, 100%
liquid. Both the physical statesexistsonly in between the curves.

(i)  Atany composition, the physical state of system may be changed by changing the pressure.

(iv) Atany pressurein between P? and PJ , the physical state of system may bechanged by changing
thecompogtion.
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6.6 Boilingpoint:

Boiling point of aliquid isthetemperature at whichthe vapour pressure of theliquid become equa tothe
amospheric pressure.

Ex.11 Liquid'A' and'B' form an ideal solution. At 27°C, the vapour pressure of pure liquids'A'’
and 'B' are 0.6 atm and 1.2 atm, respectively. What the coposition of liquid solution boiling
at 27°C?

Sol. P =X, -P’+X, P

or1=X,x06+(1-X,)x1.2 = X, :%

6.7 Boilingpoint curvesfor ideal binary solution :

100% vapour

T
100% liquids

0.0 ) 1.
mole fraction of B—>

()  Theboiling point of ided solutioinawaysliein between the boiling pointsof pureliquids.

@) Bdow liguiduscurve, the systemin 100% liquid and above vapourus curve, the sysmis 100%
vapour. Both the physical statesexistsonly in between the curves.

(i)  Atany composition, the physcal state of system may be changed by changing the temperature.

(iv) Atanytemperaturein between T, and T, thephysical stateof system may bechanged by changing
thecompogtion.

I I I node06\BOBO-BA\Kota\JEE(Advanced)\Enthuse\Chemistry\Sheet\Liquid Solution\Eng\01-Theory.p65



m node06\BOBO-BA\Kota\JEE(Advanced)\Enthuse\Chemistry\Sheet\Liquid Solution\Eng\01-Theory.p65

JEE-Chemistry

. ALLEN

6.8

6.9

Didtillation

Itisthemethod of seperation of liquids by converting theminto vapours (bailing).

Distillation
1

[ 1
Isothermal Isobaric
P v
PT PA \ TT T
L > L A
T
V
0.0 1.0 0.0 1.0
mole fraction of B— mole fraction of B—>

()  Theseperation of liquid by distillation occursbecauseat any T or P, the composition of distillateor

condensateisdifferent than the composition of origind liquid.

@i  Withthedemination of vgpour abovetheliquid, the boiling point of resdua liquid increases.

(@)  Theboiling point of didtillateislessthanthat of origind liquid.

Graphsfor Non-ideal solutionsand azeotr opic mixture

v

00 X,—> 1.0
()  Largepostivedeviation: (V.P.)yien > P§ & Somecomposition
(1) Small positivedeviation: P2 < (V.P.)suion < PS
(1) Small negativedeviation: P2 < (V.P.)quion < PS
(IV) Largenegativedeviaion: (V.P.)

. <P a somecompostion

solutio
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6.9.1 Konowaloff'srule:

ALLEN .

Inided or non-idal solution the vapour isawaysmorerich inthe component, addition of whichinliquid,
increase the vapour pressure of solution.

6.9.2 Large(+)vedeviation (Minimum boiling azeotrope)

o —>

P’

0 X 1 0 X 1
mole fraction of B— mole fraction of B—

Thesolution of large positive deviation can not be seperated by distillation becasue a composition

X', theliquid & vapour composition becomesidentical.

Such solutionwhich can not be saperated by didtillation arecalled azeotr opic mixtureor constant

boiling solution.

At any composition lessthan X, traces of pure A may be obtained but not pure B. Similarly at
composition greater than X, traces of pure B may be obtained but not pure A.

Minimum boiling point Azeotropic

Mixture % Composition of Boiling point
azeotrope (pressure = latm)
1. Water-Ethanol 96 Ethanol 78.15°C
2. Pyridine-Water 57.00 Pyridine 92.60°C
3. Ethanol-Benzene 32.4 Ethanol 67.80°C
4. Acetic acid-Toluene 28.0 Acetic acid 105.40°C

5.9.3 Large(-)vedeviation (Maximum boiling azeotr ope)

T &
5 L
L
P% v
&
00 X 1.0

mole fraction of B—

Te

00 X 1.0
mole fraction of B—
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7.1

Maximum boiling point Azeotropic

Mixture

% Composition of
azeotrope

Boiling point
(pressure = latm)

1. Nitric acid-Water

2. Acetic acid-Pyridine

3. Chloroform-Acetone

4. Hydrogen chloride-Water

68% Nitric acid
65% Pyridine
80% Chloroform
79.8 Water

125.5°C
139.0°C

65.0°C
108.6°C

Note: Azeotropeisnot formedinideal solution or solutionof smal deviations.

COLLIGATIVE PROPERTIES

Properties of a solution which dependson the number of solute particlesirrespective of their nature,
relativeto thetotal number of particlespresent in solution are called colligative properties.

Thefollowing propertiesare colligative propertiesof solution :

() Relativelowering of vapour pressure.

(i) Elevationinboiling point.
(i) Depresson infreezing point.
(iv) Osmotic pressure.

Lowering of vapour pressure:

When anon-volatile solute'A' isdissolved in apure solvent 'B', the vapour pressure of thesolvent is
lowered i.e. the vapour pressure of asolution isalways|lower than that of pure solvent, because the
escaping tendency of solvent molecul es decreases.

If at acertain temperature P° isthe vapour pressure of pure solvent, and P, isthe vapour pressure of

solution then

Lowering of vapour pressure = P° — P,

0 a—
Relative lowering of vapour pressure = ? POF’S
from equation (8)
P°-P; _AP _ n, -X,

P° P° n,+n,
For avery dilutesolutionn, <<<n,

]

© P—PS:nA:WAXmB
]

P ng m, wg
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Ex.12. Calculate the vapour pressure lowering caused by addition of 50 g of sucrose (molecular
mass = 342) to 500 g of water if the vapour pressure of purewater at 25°Cis23.8 mmHg.

Sal. According to Raoult'slaw,
Po —Ps — n or AD = n
Po n+N P= n+N Po
50 500

Given:n=——- =0.146; N==—=27.78 and p,=23.8 mmHg
342 18 0

Subgtituting the val uesin the above equation,

0.146

- 220 ,23.8=0.124 MMHg
0.146 +27.78

Ap

7.1.1 Measurement of Lowering in Vapour Pressureby Dynamic Method
(Ostwald and Walker Method)

TheagpparatususedisshowninFig. It consstsof two setsof bulbs. Thefirst set of three bulbsisfilled with
solution to half of their capcity and second set of another threebulbsisfilled with the pure solvent.

Solution Bulbs Solvent Bulbs Weighed CaCl,Gaurd Tubes

Fig. Ostwald and Walker method

Each sat isseparately weighed accuratdy. Both setsare connected to each other and thenwith the accurately
weighed set of guard tubesfilled with anhydrous ca cium chloride or some other dehydrating agentslike
P,O,, conc. H,SO, etc. The bulbs of solution and pure solvent arekept inathermostat maintained at a
constant temperature.
A current of puredry air isbubbled through the seriesof bulbsasshowninfig. Theair getssaturated with
thevapour in each set of bulbs. Theair takesup an amount of vapours proportional to thevapour pressure
of thesolution firgt and then it takes up moreamount of vapoursfrom the solvent whichisproportional to
thedifferenceinthe vapour pressure of the solvent and the vapour pressure of solution, i.e., p,—p.
Thetwo setsof bulbsareweighed again. Theguard tubesare d so weighed.

Lossin massin the solution bulbs oc p

Lossinmassinthe solvent bulbs oc (p,—p,)

Total lossin both setsof bulbsoc [p_+ (p,—pJ] < p,
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Tota lossinmassof both setsof bulbsisequal to gainin massof guard tubes.
Thus, Po— P, _ Loss in mass in solvent bulbs _ Loss in mass in solvent bulbs

Po Total loss in mass in both sets of bulbs ~ Gain in mass of guard tubes

Further, weknow from Raoult'slaw,

Po —Ps — Wa / My
Po W,/ my +wg /mg
Loss in mass of solvent bulbs w,/m,

Gain in mass of gaurd tubes W, /m, +w, /m,

Elevation in boiling point (Ebullioscopy) :

solvent (/) == solvent (g)

P° = 760 MM= 18tM |-cerecemeececeenecemeececs /
/@
9
T PS \Q) = Q @
) Q\) \§'\0
5 )
2 S
(O]
s
3
< >
§ AT,
T,
Temperature/K —>

The vapour pressure curve for solution lies below the curve for pure solvent .

AT, denotes the elevation of boiling point of a solution.
When anon-volatile soluteA isdissolvedinapure solvent B, itsvapour pressure decreasesand hencethe
boiling point increases. Thedifference AT, of boiling points of the solution and pure solvent is called
eevationinboailing point.
If T2 istheboiling point of puresolvent and T, istheboiling point of thesolutionthen, T, > IN
andthedevationinboilingpoint AT, = T,-T;

Experiments have shown that for dilute solutions, the elevation of boiling point (AT,) is directly
proportional to the molal concentration of the solutein asolution. Thus
AT ocm
or AT, =K_.m
where K = boiling point elevation constant or mola elevation constant or ebulioscopic congtant.

Molal elevation constant is characteristic of a particular solvent and can be calculated from the
thermodynamica relaionship.

_ RTEM
1000 AH,,,
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Where, Rismolar gasconstant =2 ca/mol-K, M =molar massof solvent
T, istheboiling point of the puresolvent (inK)

and AH__ isthelatent heat of vaporisation of pure solvent
ap

For water K,= % =0.515 K-kg/mol

Themoald devation congant for some common solventsare giveninthefollowing table
Solvent B.P.(°C) Molal elevation constant
Water 100.0 0.52
Acetone 56.0 1.70
Chloroform 61.2 3.63
Carbontetrachloride | 76.8 5.03
Benzene 80.0 2.53
Ethyl dcohol 784 1.20

Ex.13. 0.15 g of a substance dissolved in 15 g of solvent boiled at a temperature higher by 0.216°C
than that of the pure solvent. What is the molecular weight of the substance.
[K, for solvent = 2.16 K-kg/mol]

Sol. Given: K =216°C,w =0.159, AT, =0.216°C, W =159
AT, = molality x K

w

AT, = x1000x K,
mxW
0.216 = 0.15 x1000x2.16
mx15

0.15x1000x2.16
~0.216x15 =100

Ex.14 Therisein boiling point of a solution containing 1.8 g glucose in 100 g of a solvent is0.1°C.
Themolal elevation constant of theliquidis:—

Sol. AT = 0.1°C, m= 180, W= 100, w= 1.8

_ AT, xmxW 180x0.1x100 B
® " 1000xw 1000x1.8

1.0
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7.3 Depressonin freezing point (Cryoscopy) :

Thefreezing point of aliquid isthat temperature at which theliquid andits solid state exist in equilibrium
with each other. It may also be defined as the temperature at which the liquid and solid states of a
substance have the same vapour pressure.

1;’
>
A
o
o i
s |
o :
S !
> :
< >
AT,
T, T
Temperature/K—>

When anon-volatile non-electrolyteis dissolved in apure solvent, the vapour pressure of the solventis
lowered and it becomeequal tothat of solid solvent at lower temperature.

If T isthefreezing point of pure solvent and (T,) isthefreezing point of its solution then,

T <T’
The differencein the freezing point of pure solvent and solution is the depression of freezing point
(AT,) Thus,

T, -T, =AT,

Similar to eevation in boiling point, depression in freezing point for dilute solution is directly
proportional toitsmolality,

ATfocm
or ATf: Kf.m

where K is called freezing point depression constant or molal depression constant or cryoscopic
constant.

K, ischaracteristic of aparticular solvent and can be cal cul ated from the thermodynami cal relationship

_R-TY-M
1000- AH

f
fus

where, T? isthefreezing point of puresolventin (Kelvin) and AH, _isthelatent heet of fusion puresolvert.
For water,

~ 0.002x(273)?
80

Themola depresson congtant for somecommon solventsare giveninthefollowing table

K, =1.86 K-kg/mol
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Solvent F.P.(°C) Molal depression solvents
Water 0.0 1.86

Ethyl dcohal -114.6 1.99

Chloroform —-63.5 4.79
Carbontetrachloride | —22.8 31.8

Benzene 55 5.12

Camphor 179.0 39.70

ALLEN .

Ex.15. If freezing point of a solution prepared from 1.25 g of a non electrolyte and 20 g of water is

271.9 K, the molar mas of the solute will be — (K, of water = 1.86 K-kg/mol)

Solution: Given Tf =271.9K
w = 125¢

W= 20g K, = 186
AT= T? -T.= 273-2719= 11K
AT.= molality x K,

=  AT,=—" _x1000xK,

mx W

or
AT, xW

_ wx1000xK, _ 1.25x1000x1.86

1.1x20

= 105.68 mol/kg

Ex.16. Molal depression constant for water is 1.86. What isfreezing point of a 0.05 molal solution of
anon electrolytein water ?
(K, of water = 1.86 K-kg/mol)

Solution: AT, = molality x K

= 0.05x 186
T= T°-0093

f

= —-0.093°C

f

0.093°C

0-0.093

Ex.17. 2magueousurea solution iscooledto—7.44°C. Calculate the mass percent of water presentin
solution, which will separate asice, (K, of water = 1.86 K-kg/mol)

Sal. Let theinitial massof water inthe solution = 1kg
Molesof solute= 2

Now, ATf: Kf.m = Kf . Nooiute

Kg left inthe solution = 0.5

'solvent

Kg solvent

or 7.44 =1.86 x

2

g solvent

0.5
Mass percent of water separated asice = TxlOO =50%
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7.4 Osmosisand osmoticpressure:

7.4.1 Osmoss:
Osmosisisdefined asthe spontaneousflow of solvent molecul esthrough semipermeable membranefrom
apuresolvent to solution.

I

h T[:hpg

__ Solvent

L—Solution

Semipermeable

\ J membrane

Level of solution rises in the
funnel due to osmosis of solvent

7.4.2 Semi-permeable membrane (SPM) :

Thereare themembranes (substances) which allow sel ective movement of particlesacrossthem. For

a solution of solid solute in aliquid solvent, ideal SPM alow free movement of solvent particles
acrossit, but not solute particles. These membranes contain a network of submicroscopic holes or
poresthrough which small solvent moleculesmay pass but not the bigger solute particle.

7.4.3 Osmotic presssure(w ) : It isthe pressure which should be applied on the solution to just prevent
osmostisor The hydrostatic pressure built up on the solution which just stopsthe osmoss.

osmotic pressure = hydrostatic pressure
n = pgh

patm +n patm

Y, I,

Solution Solvent

The excess pressure equal to the osmotic pressure
must be applied on the solution side to prevent osmosis




JEE-Chemistry

7.4.4 Van't Hoff laws:

(i) Theosmotic pressure(nt) of asolutionisdirectly proportional to itsmolar concentration(C), when
thetemperatureiskept constant. (Van't Hoff-Boyle'slaw)

thus m oc C (whentemperatureisconstant)

(i)  Concentration remaining same, theosmotic pressure of adilute solutionisdirectly proportiond toits
absolutetemperature (T). (Van't Hoff-Charle'slaw)

moc T (when Ciscongtant)
Combining thetwo laws, i.e., when concentration and temperature both are changing, the osmotic
pressurewill begivenby :

noc CT o n=CRT

Where R = Universa gascongant.

7.4.5 | sotonic or iso-osmotic solution :

Solutionswhich havethe same osmotic pressures at agiventemperature are called isotonic or iso-osmoatic
solutions

When isotonic solutions are separated by semipermeable membrane, no osmosis occurs between them.
For example, the osmotic pressure associated with the fluid insgde the blood cdll is equivalent to that
of 0.9% (mass/volume) sodium chloride solution, called normal saline solution and it is safe to inject
intravenoudy. On the other hand, if we place the cells in a solution containing more than 0.9%
(mass/volume) sodium chloride, water will flow out of the cells and they would shrink. Such asolution
iscaled hypertonic. If the sdt concentration is less than 0.9% (mass/volume), the solution is said to
be hypotonic. In this case, water will flow into the cellsif placed in this solution and they would swdl.

Ex.18. A canesugar solution hasan osmotic pressure of 2.46 atm at 300 K. What isthe strength of the

Sol.

solution.

Z=CRT or c= — __ 246  _,
RT  300x0.0821

Ex.19 A solution containing 8.6 g urea in one litre was found to be isotonic with 0.5% (wt./vol.)

Sol.

solution of an organic, non-volatile solution. The molecular weight of latter is
Solutions areisotonic
SO 7T1 = 7[2

ﬂRT = %RT {R& T are congtant}

Vl 2
n n
0, _1__2
Vl VZ
m, xv, urea m, XV, organic
8.6 05

or =
60x1000 m,x100
m, = 34.89 gm/mol

ALLEN .

I I I node06\BOBO-BA\Kota\JEE(Advanced)\Enthuse\Chemistry\Sheet\Liquid Solution\Eng\01-Theory.p65



m node06\BOBO-BA\Kota\JEE(Advanced)\Enthuse\Chemistry\Sheet\Liquid Solution\Eng\01-Theory.p65

. ALLEN JEE-Chemistry

7.5 ReverseOsmosisand water purification :
If external pressure gregter than osmotic pressureisapplied, theflow of solvent moleculescanbemadeto
proceed from solutiontowards pure solvent, i.e., in reversedirection of the ordinary osmosis.
Reverse osmosisisused for the desalination of seawater for getting fresh drinking water.

L Piston
Pressure > I1

Fresh water Salt water

L"_\F_\F}-.'_\D«! |

<1—H,0
water )
outlet SPM

Reverse osmosis occurs when a pressure larger than
the osmotic pressure is applied to the solution.

8  Abnormal colligative properties:
It has been observed that difference in the observed and cal culated molecular masses of soluteisdueto
association or dissociation of solutemoleculesinsolution. It resultsinachangein thenumber of particles
insolution.
Van't Hoff in 1880, introduced afactor, called Van't Hoff factor (i). The factor 'i' isdefined as

_ observedcolligative property ~ Normal molecular mass
Calculated colligative property observed molecular mass.

_ total number of particlesafter dissociation / association
Number of particlesinitially taken

In case of association of solute particlesin solution, the observed molecular weight of solute being
more than the normal, the value of factor 'i' islessthan unity (i.e. i < 1), while for dissociation the
vaueof i isgreater than unity (i.e.i > 1), because the observed molecul ar weight haslesser valuethan
normal molecular weight.

Values of van't Hoff factor, i, at VVarious Concentrations for
NaCl, KCI, MgSO, and K,SO,

*Values of i Van't Hoff factor i for complete
dissociation of solute
0.1m 0.001 m
NaCl 1.87 1.94 1.97 2.00
KCI 1.85 1.94 1.98 2.00
MgSO, 1.21 1.53 1.82 2.00
K2SO, 2.32 2.70 2.84 3.00
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8.1 Calculation of 'i"' in caseof dissociation
y+ X—
AXBy —> XA+ yB
Initid mal 1 0 0
after dissocigion 1 —a Xo yo
Total no. of soluteparticles=1-a+Xa+ya =1—a+a (X +Y)
oo i=1l-a+no [wherex+y=n(totd ions)]
oo i=1+a((n-1)
For strong electrolytes: o = 1 or 100%, soi = n (total no. of ions)
NaCl > Na" +CI- (i=2)
+ 2= i
K, SO, —» 2K" + SO, (i=3)
For complex compound
K [Fe(CN) ] — 4K" + [Fe(CN)]* = n=5
S. Solutetype Example lonisation No. of van't Hoff Abnarmal
No. particlesin factor ('i') molecular
thesolution mass
from 1 mole
solute(n)
1. | Non-electrolyte Urea, sucrose, — 1 1 m
glucose, fructose
_ m
2. | Binary dectrolyte | NaCl, KCl, HC AB=A"+B 2 1+a %’2&"
AB type CH,COOH lmo o
NH,OH, NaOH
etc.
m
3. | Ternary electrolyte| CaCl,, BaCl, AB, = A?" 4+ 2B~ 1+ 20 %rzmoa:
AB,typeorAB | H,S0, K [PCl] 1ro o 20 3 1+2a
t A,B=2A" +B"~ Muormal
ype 2=~
1-a 2a o 1+2a "
]
_ m
4. | Quanternary AICI, K [Fe(CN)] | AB; =A™ +3B 4 1+ 30 1—;' .
1-a o 3a +o0 é—»
electrolyte AB, or . 2
A;B= 3AT +B° M ormal é
AsB type 1-a 3a o 4 1+3a 1+3a g
mnormal §
5. | General electrolyte| Onemole of AB, , =AY (n-1)B" n 1+(n-Da —[1 +(n- l)a] g
Lo ' 1-a o (n-1)o g
AB_ | solute giving 'n 8
ionsin the %
solution 3
¢ E
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8.2 Calculation of 'i' in case of assocation
nA — (A),
Initid mol 1 0
after dissociation 1-a a/n
1—0H—g

Ex.20.

Sol.

Ex.21

Sol.

- n , o =degreeof assocation
n

i=1+ a(l—l)
n

Determine the amount of CaCl, (i = 2.47) dissolved in 2.5 litre of water such that its osmotic
pressureis0.75 atm at 27°C.
We know that,

MV 0.75x111x2.5
iRT ~ 2.47x0.0821 x 300

Hence, the required amount of CaCl, is 3.42 g.

.n Y
=i—RT =i—RT w= =
n=iyRT = n=1moRT = 3.42¢

19.5 g of CH,FCOOH is dissolved in 500 g of water. The depression in the freezing point of
water observed is 1.0°C. Calculate the van't Hoff factor and dissociation constant of
fluoroacetic acid.

Itisgiven that :

w, =500¢

w,=19.5¢g

K. = 1.86 K kg mol™*

AT = 1K

We know that :

_ Ky xw, x1000 _ 1.86Kkgmol™ x19.5g x 1000gkg™

M =
2 AT, x W, 5009 x 1K

= 72.54 mol~

Therefore, observed molar mass of CH,FCOOH, (M,) , = 72.54 mol
The calculated molar mass of CH,FCOOH is:
M), =14+19+ 12+ 16+ 16+ 1= 78gmol™

Therefore, van't Hoff factor, = Mzl - _780mol” 9 o753
(M;) s 72.54gmol

Let a be the degree of dissociation of CH,FCOOH
CH,FCOOH —— CHJFCOO  + H*
Initial conc. Cmol L™ 0 0
At equilibrium Cl-o Ca Ca Total=C(1+ )
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.. C(l+a)
T
zi=l+ta=a=i-1

= 1.0753-1= 0.0753

Now, the value of K_isgivenas:

_[CH,FCOOTJH] _ CaCa _ Co?

*  [CH,FCOOH] C(l-oa) 1-a

Taking the volume of the solution as 500 mL. We have the concentration: 19.5M

78
C= 1000M =
=00 > 05M

2
Therefore, K, = 1C°‘

-

_ 05x(0.0753]" _ 0.5x0.00567 _ . _ .
= “1 00753~ ooza7 - 000307 (approximately) = 3.07 x 107
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MISCELLANEOUS PREVIOUS YEAR QUESTIONS

Ans.

Ans.

Ans.

Sol.

Ans.

Sol.
@)

(i)

To 500 cm? of water, 3x10-2 kg of acetic acid isadded. If 23% of acetic acid isdissociated, what will be
the depression in freezing point ? K, and density of water are 1.86 K kg™ mol~ and

0.997 g cm3 respectively. [JEE 2000]
0.23K
Match theboailing point withK _for X,y and z, if molecular weight of X, y and zare same. [JEE 2003]
b.pt. K,
X 100 0.68
y 27 0.53
z 253 0.98

K, (x) =0.68, K, (y) =0.53,K,(2) = 0.98

During depression of freezing point inasolution, thefollowing arein equilibrium [JEE 2003]
(A) liquid solvent-solid solvent (B) liquid sol vent-solid solute

(©) liquid solute-solid solute (D) liquid solute-solid solvent

(A)

Equilibrium existsbetween liquid solvent & solid solvent.

1.22 g of benzoic acidisdissolvedin (i) 100 g acetone (K for acetone= 1.7) and (ii)100 g benzene (K,
for benzene=2.6). Theelevationinboiling points T, is0.17°Cand 0.13°C respectively.

(&) What arethe molecular weightsof benzoic acid in both the sol utions?

(b) What do you deduce out of it intermsof structureof benzoic acid? [JEE 2004]
(2)122, (b) It meansthat benzoic acid remainsasit isin acetone whileit dimerisesin benzene

as R//O ......... H_O\C
: O_|_| ......... O// :
@
AT, =i K, .m
. 1.22/122
017 =1 x 1.7 x 01
i — l — (m \Nt)Th
(mol wt),

122
(mol wt),,, = =R gm/mol
AT, =i xK_ .m
1.22/122

01

(mol wt) 122
= ——" = (mol ut),, =05

013=1ix%x26x

= 244 gm/mol

JEE-Chemistry
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: . 7
(b) InAcetoneitsnormal ie. ©_C\O—H

but in benzene it isin dimenc form

O-c

5. A0.004 M solution of Na,SO, isisotonic witha0.010 M solution of glucose a sametemperature. The
apparent degreeof dissociation of Na,SO, is
(A) 25% (B) 50% (C) 75% (D) 85% [JEE 2004]
Ans. (C)
S0l Tygso, = Tgroce
i x 0.004 =0.010
i =25=1+2xc = «=0.75 or 75%

//O""H—O\
C—< >
No—H..07

6.  Thedevationin boiling point, when 13.44 g of freshly prepared CuCl,, areadded to onekil ogram of weter,
is[Someuseful data, K, (H,0) =0.52kg K mol=, mol. wt. of CuCl,, = 134.4 gm]

(A) 0.05 (B)0.1 (C)0.16 (D)0.21 [JEE 2005]
Ans.(C)
Sol. AT, =iK_ . m
_ 3 x 052 x 13.44/134.4
= 0.156 K
= 0.16 K
7. 72.5g0f phenol isdissolvedin 1 kgof asolvent (k, = 14) whichleadsto dimerizationof phenal andfreezing point
islowered by 7 kelvin. What percent of total phenol ispresentindimericform? [JEE 2006]

Ans. 35% (degree of asso = 70%)

Sol. 2PMOH —= (PhOH),

0.77 mol
0.77(1- o) 0.77 < /2
i=1-oc/2
AT, =i K,.m
7= (1 o) x 14 72.51/94
0.649 =1-oc/2
/2 =0.35
« =0.70
% of phenol in dimeric form

_ 0772

oc
= — = 0,
077 x 100 > x 100 = 35%
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8. When 20 g of naphtholic acid (C,,;H,0,) is dissolved in 50 g of benzene (K, = 1.72 K kg mol),
afreezing point depression of 2 K isobserved. Thevan't Hoff factor (i) is [JEE 2007]
(A)0.5 B)1 (©2 (D)3
Ans. (A)
Sol. AT, =iK,. —
W /1000
. 20/172
2= L2 X e 000
i=05
Paragraph for Question No. Q.9t0 Q.11
Properties such asboiling point, freezing point and vapour pressure of apure solvent change when solute
molecul esare added to get homogeneoussol ution. Theseare called colligative properties. A pplicationsof
colligaivepropertiesarevery useful inday-to-day life. Oneof itsexampl esisthe use of ethyleneglycol and
water mixture asanti-freezing liquid in theradiator of automobiles.
A solution M isprepared by mixing ethanol andwater. Themolefraction of ethanol inthemixtureis0.9.
Given: Freezing point depression constant of water (K¥”""‘e’) =1.86K kg mol
Freezing point depression constant of ethanol (Kf‘ha"c" ) =2.0K kgmol™
Boiling point elevation constant of water (K{,”a‘e‘) =0.52K kgmol=
Boiling point e evation congtant of ethanol (Keb‘ha"c" ) =1.2K kgmol=
Standard freezing point of water =273 K
Standard freezing point of ethanol =155.7 K
Standard boiling point of water =373 K
Standard boiling point of ethanol =351.5K
Vapour pressure of purewater =32.8 mmHg
Vapour pressureof pure ethanol =40 mm Hg
Molecular weight of water =18 gmol
Molecular weight of ethanol =46 gmol
In answering thefollowing questions, consider the sol utionsto beided dilute solutions and solutesto be
non-volatileand non-dissociative.
9.  Thefreezingpoint of thesolutionM is [JEE 2008]
(A) 268.7K (B) 268.5K (C)234.2K (D) 150.9K
Ans. (D)
(T e = (T = (Kt ) -M
0.1
=115.7-2x m
= 155.7 - 2 x 2.415
= 1509 K
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10.

Ans.

Sol.

11.

Ans.

Sol.

12.

Ans.

Sol.

Thevapour pressure of thesolutionM is [JEE 2008]
(A) 39.3mmHg (B) 36.0mmHg (C) 29.5mmHg (D) 28.8mmHg
(B)
P> = (P°)sovent - X sonent
=40x 09
= 36.0 mm Hg

Weater isadded to the solution M such that the mol e fraction of water in the solution becomes0.9. The
boiling point of thissolutionis [JEE 2008]

(A) 380.4K (B) 376.2K (C) 3755 K (D) 354.7K
(B)
(Tb‘)Aqu" = (Tb)sjventHZO + Kb . m

0.1
0.9x18/1000

=373+ 0.52 x 6.173
=376.2K

TheHenry'slaw congtant for the solubility of N, gasinwater at 298 K is1.0 x 10° atm. Themolefraction
of N, in air is 0.8. The number of moles of N, from air dissolved in 10 moles of water at

=373 + 0.52 x

298 K and 5 atm pressureis- [JEE 2009]
(A)4.0x10% (B)4.0x10° (C)5.0x10* (D) 4.0x10°
(A)

R, =K, Xy,

Yy, P =K, xN,

08x5=1x 10° x

n+10

n
— S5
4 =10 x 10

n=4x10%
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EXERCISE # S
(Raoult’slaw)
1 At 25°C, thevapour pressure of methyl acohol is96.0 torr. What isthe molefraction of CH,OHina

10.

solution in which the (partial) vapor pressure of CH,OH is24.0 torr at 25°C?

L S0001
The vapour pressure of ethanol and methanol are 44.0 mm and 88.0 mm Hg respectively. Anideal
solution is prepared at the same temperature by mixing 69 g of ethanol with 40 g of methanol.
Calculatetotal vapour pressure of the solution.

L S0002
Liquide'A' and 'B' form an ideal solution. The vapour pressure of solution containing equal moles
of both liquidsis80 cm Hg. At the same temperature, the vapour pressure of solution containing

25 mole percent of liquid 'A"is 70 cm Hg. Calculate P and P3.

L S0003
Liquids'A" and 'B' form an ideal solution. Calculate the mole-fraction of ‘A’ in the vapours above
the liquid solution containing the liquids ‘A" and 'B' in 2 : 3 mole ratio, at equilibrium.

[Given : P, =0.4 atm, py = 0.8 atm]

L S0004
Liquids 'P and 'Q' form an ideal solution. At equilibrium, the vapours contain 40% molecules
of 'P. Calculate the vapour presure of solution.

[Given : PY = 0.4 bar, P3 = 0.6 bar]

L S0005
Liquids'X' and 'Y' form an ideal solution. The vapour pressure of solution may be expressed as
: P[/cmH(g] = (80—25x), where'x' isthemole-fraction of liquid X" in theliquid solution at equilibrium.
Calculate the vapour pressures of pure liquids 'X' and 'Y".

L S0006
Liquid 'R and 'S" form an ideal solution. The mole-fraction of 'R’ in liquid and vapour phases
at equilibrium are 0.25 and 0.40, respectively. If the vapour pressure of solutionis0.50 bar, calculate

PS and P2

L S0007
Calligative properties

The vapour pressure of pureliquid solvent A is0.80 atm. When anonvolatile substance B isadded
to the solvent its vapour pressuredropsto 0.60 atm. What isthe mol efraction of component B inthe
solution?

L S0008
Calculatetherelative lowering in vapour pressureif 100 g of anonvolatile solute (mol.wt.100) are
dissolved in 432 g water.

L S0009
The vapour pressure of pure benzene at 30° C is 640 mm of Hg and the vapour pressure of a
solution of asolutein CH, at the sametemperatureis 624 mm of Hg. Calculatemoldity of solution.

L S0010

¢+
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
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The vapour pressure of pure benzene at a certain temperature is 640 mm of Hg. A nonvolatile
nonelectrolyte solid weighing 2.175 g is added to 39.0 of benzene. The vapour pressure of the
solution is600 mm of Hg. What ismolecular weight of solid substance?

L S0011
The vapour pressure of water is 17.54 mm Hg at 293 K. Calculate vapour pressure of 0.5 molal
solution of asoluteinit.

L S0012
When 10.5 g of a nonvolatile substance is dissolved in 742 g of ether, its boiling point is raised
0.25°C. What is the molecular weight of the substance? Molal boiling point constant for ether is
2.12°C-kg/mal.

L S0013
Calculatethe molal elevation constant, K, for water and the boiling point of 0.1 molal ureasolution.
Latent heat of vaporisation of water is9.72 kcal mol— at 373.15 K. [(373.15)?=258 x 540]

L S0014
Pure benzene freeze at 5.45°C. A solution containing 6.72 g of C,H,Cl, in 120 g of benzene was
observedtofreeze at 3.75°C. What is the molal freezing point constant of benzene?

L S0015
The freezing point of a solution containing 2.40 g of acompound in 60.0 g of benzeneis0.10°C
lower than that of pure benzene. What is the molecular weight of the compound? (K, is5.12°C/m
for benzene)

L S0016
Normal boiling point of diethyl ether is327° and at 190 mmHg boiling pointsin 27°C. What isthe

vaueof AH,_ inkJmole.

p
(Use: R=83JK-mole, In2=0.7)

L S0017
A 6.84% solution (w/v) of cane-sugar (Mol. weight = 342) isisotonic with 0.8%(w/v) solution of
non-volatile solute. Find molecular weight of solute.

L S0018
Calculate the osmotic pressure of 12% (w/v) ag. urea solution at 27°C.

L S0019
Calculate the osmotic pressure of a solution containing 18 gm glucose and 17.1 gm canesugar
(CH,,0,,) per litre, at 27°C.

L S0020
A storage battery containsasol ution of H,SO, 38% by weight. What will betheVan't Hoff factor if
the AT, o, primen 1S 22.8K. [Given K = 1.86 mol~ K¢]

L S0021
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22. A certainmassof asubstance, when dissolvedin 100 g C.H,, lowersthefreezing point by 1.28°C.

23.

24.

25.

206.

27.

The same mass of solute dissolved in 100g water lowers the freezing point by 1.40°C. If the
substance has normal molecular weight in benzene and is completely ionized in water, into how
many ions doesit dissociate in water? K for H,O and CH, are 1.86 and 5.12K kg mol*.

L S0022
2.0 g of benzoic acid dissolved in 25.0g of benzene showsadepressionin freezing point equa to 1.96K.
Molal depression constant (K,) of benzeneis4.9 K .kg.mol ™. Wheat isthe percentage association of the
acid?

L S0023
A decimolar solution of potassium ferrocyanide is 50% (w/v) dissociated at 300K. Calculate the
osmotic pressure of the solution. (R=8.314 JK* mol?)

L S0024
A 1.2% solution (w/v) of NaCl isisotonic with 7.2% solution (w/v) of glucose. Calculate degree of
ionization and Van't Hoff factor of NaCl.

L S0025
Henry'slaw
How many gm O, gas will disolve in 100 gm water at 9 bar and 27°C? (K, = 40 Kbar)
L S0026

The Henry law constant for dissolution of agasin aqueousmedium is3 x 10° atm. At what partial

5
pressure of the gas (in atm), the molality of gasin aqueous solution will be §m.
L S0027
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EXERCISE # S

10.

At 90°C, the vapour pressure of toluene is 400 torr and that of o-xyleneis 150 torr. What is the
composition of the liquid mixture that boils at 90°C, when the pressure is 0.50 atm? What is the
composition of vapour produced?

L S0028
The vapour pressure of an agueous solution of glucoseis 750 mm Hg at 373 K. Calculate molality
and molefraction of solute.

L S0029
Calculate the amount of ice that will separate out of cooling asolution containing 50g of ethylene
glycol in 200 g water t0—9.3°C. (K, for water = 1.86 K mol~ kg)

L S0030
A solution of crab hemocyanin, apigmented protein extracted from crabs, wasprepared by dissolving
0.750 g in 125 cm? of an agueous medium. At 4°C an osmotic pressure rise of 2.77 mm of the
solution was observed. The solution had adensity of 1.013 g/cm?3. Determine the molecular weight
of the protein. (g =10 m/s?), (R=10.08 |-atm/K-mol)

L S0031
The vapour pressure of an aqueous solution is found to be 750 torr at certain temperature 'T'. If
T' isthetemperature at which purewater boils under atmospheric pressure, calculate the atmaospheric
pressure. The boiling point of solution is 101.04°C. (K, =052 K kg mal2).

L S0032
How many gramsof sucrose (mol.wt. = 342) should be dissolved in 100 gmwater in order to produce
asolutionwith 105°C difference between the freezing point & boiling point temperature at 1 atm?
(Unit: K, =2 K.kg mol™; k, = 0.5 K.kg mol™)

L S0033
An agueous solution containing 288 gm of a non-volatile compound having the stoichiometric
composition C H, O, in 90 gm water boilsat 101.38°C at 1.00 atmospheric pressure. What isthe
molecular formula? K, (H,0) = 0.52 K mol kg

L S0034
A complex is represented as CoCl,-xNH,. It's 0.1 molal solution in a solution shows
AT, = 0.558°C. K, for H,0is 1.86 K mol™kg . Assuming 100% ionisation of complex and
coordination no. of Coissix, calculateformulaof complex.

L S0035

Phenol associates in benzene to a certain extent to form a dimer. A solution containing
18.8 x 102 kg phenol in 1 kg of benzene hasitsfreezing point depressed by 0.768 K. Calculate the
fraction of phenol that has dimerised. K, for benzene = 5.12 kg mol—K.

L S0036
The molar volume of liquid benzene (density = 0.877 g ml~2) increases by a factor of 2750 asiit
vaporizesat 20°C and that of liquid toluene (density = 0.867gml~1) increasesby afactor of 7720 at
20°C. A Solution of benzene & toluenehas avapour pressure of 46.0 torr. Find themole fraction of
benzenein the vapour above the solution.

L S0037
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11. The cryoscopic constant for acetic acid is 3.6 K kg/mol. A solution of 1 g of a hydrocarbon in
100 g of acetic acid freezes at 16.14°C instead of the usual 16.60°C. The hydrocarbon contains

92.3% carbon. What isthe mol ecular formula?

12. Cane sugar underoges the inversion as follow
C,H,,0, +H0O—C

12 22711

H.O.+CH.O

L S0038

If solution of 0.025 moles of sugar in 200 gm of water show depresion in freezing point 0.372°C,

then what % sucrose has inverted. (K (H,0) = 1.86 K kg mol™)

L S0039

13.  When 0.1 M Pb(NQ,), solution is titrated with 0.1 M KI solution then what will be the osmotic
pressure (in atm) of solution when equivalence point is reached at 300 K .

(Take : R = 0.08 atm L/mol-k)

L S0040

14. Using the following information determine the boiling point of amixture contains 1560 gm benzene
and 1125 gm chlorobenzene, when the external pressureis 1000 torr. Assumethe solutionisideal.

Temperature (0°C) Vapour pressure

of benzene(torr)

80 750

90 1000
100 1350
110 1800
120 2200

120
200
300
400
540

Vapour pressure of

chlorobenzene(torr)

L S0041
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EXERCISE # O-l

Single correct :

1.

The boiling point of CH,, CH,OH, CH.NH, and C.H,NO, are 80°C, 65°C, 184°C and 212°C

6 6’
respectively which will show highest vapour pressure at room temperature :
(A) CH, (B) CH,OH (C) CH.NH, (D) CHNO,
L S0042
Mole fraction of A vapours above the solution in mixture of A and B (X, = 0.4) will be
[Given: p, =100 mm Hg and p; = 200 mm Hg]
(A) 0.4 (B) 0.8 (C) 0.25 (D) none of these
L S0043

At agiven temperature, total vapour pressure in Torr of amixture of volatile componentsA and B
is given by

Py = 120 =75 X,
hence, vapour pressure of pure A and B respectively (in Torr) are
(A) 120, 75 (B) 120, 195 (C) 120, 45 (D) 75, 45

L S0044
TwoliquidsA & B form anideal solution. What isthe vapour pressure of solution containing 2 moles

of A and 3 moles of B at 300 K?[Given : At 300 K, Vapour pr. of pure liquid A (py ) = 100 torr,

Vapour pr. of pure liquid B (p3) = 300 torr ]

(A) 200 torr (B) 140 torr (C) 180 torr (D) None of these

L S0045
If Raoult'slaw isobeyed, the vapour pressure of the solvent in asolution isdirectly proportional to
(A) Molefraction of the solvent (B) Mole fraction of the solute

(C) Mole fraction of the solvent and solute (D) The volume of the solution

L S0046
1 mole of heptane (V. P. = 92 mm of Hg) was mixed with 4 moles of octane (V. P. = 31mm of Hg).
The vapour pressure of resulting ideal solutionis:
(A)46.2mmof Hg (B) 400 mmof Hg (C)43.2mmof Hg (D) 38.4 mm of Hg

L S0047
Mole fraction of A vapours above solution in mixture of A and B (X, = 0.4) will be :-
(P,° = 100mm, P;° = 200mm)
(A) 04 (B) 0.8 (C) 0.25 (D) None

L S0048

The vapour pressure of apure liquid ‘A" is 70 torr at 27°C. It forms an ideal solution with another
liquid B. The mole fraction of B is 0.2 and total vapour pressure of the solution is 84 torr at 27°C.
The vapour pressure of pure liquid B at 27°C is
(A) 14 (B) 56 (C) 140 (D) 70

L S0049

ALLEN .
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9. At 88 °C benzene has a vapour pressure of 900 torr and toluene has a vapour pressure of 360 torr.

10.

11.

12.

13.

14.

15.

16.

What isthemolefraction of benzenein the mixturewithtoluenethat will boil at 88 °C at 1 atm. pressure,
benzene - toluence form an ideal solution:

(A) 0.416 (B) 0.588 (C) 0.688 (D) 0.740

L S0050
The exact mathematica expression of Raoult’s law is (n = molesof solute ; N = moles of solvent)
pyPPn g Pk N C PP _n o) =P e
Ao =y B o=y © 5Ty (O o=

L S0051

The vapour pressure of a solvent decreased by 10 mm of Hg when a non-vol atile solute was added
to the sol vent. The molefraction of solutein solutionis0.2, what would be molefraction of the solvent
if decrease in vapour pressure is 20 mm of Hg
(A) 0.2 (B) 0.4 (C) 0.6 (D) 0.8

L S0052
The vapour pressure of a solution having solid as solute and liquid as solvent is:
(A) Directly proportional to mole fraction of the solvent
(B) Inversely proportional to mole fraction of the solvent
(C) Directly proportional to mole fraction of the solute
(D) Inversely propartional to mole fraction of the solute

L S0053
Onemole of non volatile soluteisdissolved in two moles of water. The vapour pressure of the solution
relative to that of water is

2 1 1 3

(A) 5 (B) 3 © 3 (D) 5

L S0054
The vapour pressure of pureA is 10 torr and at the same temperature when 1 g of B isdissolved in
20 gm of A, its vapour pressureis reduced to 9.0 torr. If the molecular mass of A is 200 amu, then
the molecular massof B is:
(A) 100 amu (B) 90 amu (C) 75 amu (D) 120 amu

L S0055

The vapour pressure of apure liquid solvent (X) isdecreased to 0.60 atm. from 0.80 atm on addition
of anon volatile substance (Y). The mole fraction of (Y) in the solution is:-

(A) 0.20 (B) 0.25 (C) 05 (D) 0.75
L S0056
Among the following, that does not form an ideal solutionis:
(A) CH; and CH.CH, (B) CH.Cl and CH.OH
(C) CHLCl and CH.Br (D) C,HBr and C,H.|
L S0057
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17.

18.

19.

20.

21.

22.

23.

24,

25.

206.

27.

Colligative properties of the solution depend upon

(A) Nature of the solution (B) Nature of the solvent
(C) Number of solute particles (D) Number of moles of solvent
L S0058
Elevation of boiling point of 1 molar agueous glucose solution (density = 1.2 g/ml) is
(A) K, (B) L20 K, (C) 102K, (D) 0.98 K,
L S0059

When common salt is dissolved in water

(A) Méelting point of the solution increases (B) Boailing point of the solution increases

(C) Bailing point of the solution decreases (D) Both Mélting point and Boiling point isdecreases
L S0060

What should be the freezing point of agueous solution containing 17 gm of C,H_OH in 1000 gm of

water (water K = 1.86 deg — kg mol )

(A) —0.69°C (B) —0.34°C (C) 0.0°C (D) 0.34°C
L S0061
If mole fraction of the solvent in solution decreases then :
(A) Vapour pressure of solution increases (B) B. P. decreases
(C) Osmotic pressure increases (D) All are correct
L S0062

5% (w/v) solution of sucroseisisotonic with 1% (w/v) solution of acompound ‘A’ then the molecular
weight of compound ‘A’ is -
(A) 324 (B) 68.4 (C) 121.6 (D) 34.2

L S0063
Osmotic pressure of asugar solution at 24°C is 2.5 atmosphere. The concentration of the solution
in mole per litreis:
(A) 10.25 (B) 1.025 (C) 1025 (D) 0.1025

L S0064
A solution containing 4 g of anon volatile organic solute per 100 ml wasfound to have an osmotic
pressure equal to 500 cm of mercury at 27°C. The molecular weight of soluteis:
(A) 14.97 (B) 149.7 (C) 1697 (D) 1.497

L S0065
If a6.84% (wt. / vol.) solution of cane-sugar (mol. wt. 342) isisotonic with 1.52% (wt./vol.) solution

of thiocarbamide, then the molecular wight of thiocarbamideis:

(A) 152 (B) 76 (C) 60 (D) 180

L S0066
Which of the following agueous solution will show maximum vapour pressure at 300 K?
(A) 1 M NaCl (B) 1 M CaCl, (C) 1M AICI, (D) 1M C,H,,0,,

L S0067

The correct relationship between the boiling points of very dilute solution of AICI, (T,K) and
CaCl,, (T,K) having the same molar concentration is
(A)T, =T, (B)T,>T, OT,>T, (D) T,<T,

L S0068
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28. 1.0 molal agueous solution of an electrolyte A B, is 60% ionised. The boiling point of the solution

29.

30.

31

32.

33.

35.

36.

at Lamis (K o) =052 Kkg mol ™)

(A) 274.76 K (B) 377 K (C) 376.4 K (D) 374.76 K
L S0069
The freezing point depression of a0.1 M a solution of weak acid (HX) is—0.20°C.
What isthe value of equilibrium constant for the reaction?
HX (ag) = H*(ag) + X (ag)
[Given : K, for water = 1.8 kg mol™ K. & Molality = Molarity]
(A) 1.46x10* (B) 1.35 x 1073 (C) 1.21 x 102 (D) 1.35 x 10*
L S0070
The Vant Hoff factor (i) for adilute solution of K [Fe(CN),] is (Asuming 100% ionsation) :
(A) 10 (B) 4 (©)5 (D) 0.25
L S0071

The substance A when dissolved in solvent B shows the molecular mass corresponding to A,. The
vant Hoff's factor will be -
(A)1 (B) 2 (©3 (D) 13

L S0072
Thevaue of observed and cal cutated mol ecul ar wieght of silver nitrate are 92.64 and 170 respectively.
The degree of dissociation of silver nitrateis:
(A) 60% (B) 83.5% (C) 46.7% (D) 60.23%

L S0073
The freezing point of 1 molal NaCl solution assuming NaCl to be 100% dissociated in water is :
(K, = 1.86 K Moldity™)
(A) -1.86 °C (B) =3.72 °C (C) +1.86 °C (D) +3.72°C

L S0074
What is the freezing point of a solution containing 8.1 gm. of HBr in 100gm. water assuming the
acid to be 90% ionised (K, for water=1.86 K molality™) :-
(A) 0.85°C (B) =3.53°C (C) 0°C (D) -0.35°C

L S0075

If aground water contains H,S at concentration of 2 mg/l, determine the pressure of H,S in head
space of aclosed tank containing the ground water at 20°C. Given that for H,S, Henry's congtant is
equal to 6.8 x 10° bar at 20°C.
(A) 720 Pa (B) 77 x 10? Pa (C) 553 Pa (D) 55 x 10% Pa

L S0076
A pressure cooker reduces cooking time for food because -
(A) The higher pressure inside the cooker crushes the food material
(B) Cooking involves chemical changes helped by arise in temperature
(C) Heat is more evenly distributed in the cooking space
(D) Boiling point of water involved in cooking is increased

L S0077
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EXERCISE # O-lI

Singlecorrect :

1.

An ideal solution was obtained by mixing (MeOH) methanol and (EtOH) ethanal. If the partial
vapour pressure of methanol and ethanol are 2.619 K Pa and 4.556 K Pa respectively, the
composition of vapour (in terms of mole fraction) will be -

(A) 0.635 MeOH, 0.365 EtOH (B) 0.365 MeOH, 0.635 EtOH

(C) 0.574 MeOH, 0.326 EtOH (D) 0.1273 MeOH, 0.827 EtOH

L S0078
Molar volume of liquid A(d = 0.8gm/ml) increase by factor of 2000 when it vapourisesat 200K .
Vapour pressureof liquid A at 200K is[R =0.08 L-atm/mol-K]

(Molar massof A =80g/mol)

(A)0.4am (B) 8atm (C) 0.8am (D) 0.08 atm

L S0079
Assuming each salt to be 90 % dissociated, which of the following will have highest boiling point?
(A) Decimolar Al(SO,),
(B) Decimolar BaCl,
(C) Decimolar Na,SO,
(D) A solution obtained by mixing equal volumes of (B) and (C)

L S0080
Thevapour pressure of asaturated solution of sparingly solublesat (XCl ;) was17.20 mm Hg at 27°C.
If the vapour pressure of pure H,0is17.25mm Hg at 300 K, what isthe solubility of sparingly soluble
sdt XCl inmole/Litre.
(A) 4.04 x 102 (B) 8.08 x10 (C) 2.02 x 10 (D) 4.04 x 1038

L S0081
A solution hasal : 4 moleratio of pentaneto hexane. Thevapour pressures of the pure hydrocarbons
at 20°C are 440 mmHg for pentane and 120 mmHg for hexane. The mole fraction of pentanein the
vapour phase would be :-

(A) 0.200 (B) 0.478 (C) 0.549 (D) 0.786
L S0082
For which of the following vant' Hoff's factor is not correctly matched -
Salt Degree of dissociation (o) i
(A) NasSO, 50 % 2
(B) K,[Fe(CN)J] 75% 3.25
(© [Ag(NH,),ICI 80 % 1.8
(D) [Cr(NH,).CI]SO, 90 % 2.8
L S0083
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7.

In the depression of freezing point experiment, it isfound that
(I The vapour pressure of the solution islessthan that of pure solvent.
(I The vapour pressure of the solution ismore than that of pure solvent.
(111) Only solute molecules solidify at the freezing point.
(1V) Only solvent molecules solidify at the freezing point.
AL (B) 11, 111 O 11V D) 1, 1,1
L S0084

Statement-1 :Additon of ethyleneglycol (non-volatile) to water lowersthe freezing point of water
hence used as antifreeze.

Statement-2 : Addition of any substanceto water lowersitsfreezings point of water.
(A) Statement-1istrue, statement-2 istrueand statement-2 is correct explanation for statement-1.
(B) Statement-1 istrue, datement-2 istrue and statement-2 iISNOT thecorrect explanation for satement-1.
(C) Statement-1istrue, statement-2isfase.
(D) Statement-1 isfalse, tatement-2 istrue.
L S0085

Morethan one may be correct

0.

For an ideal solution having two liquid A(P: and liquid B(PJ) boiling point versus composition
graphisgiven below, then sdect incorrect statement (s) :

4
_A[400K
Tg y@»
T 350K
[300K] |
[Liguid
1] [0.5]
Xy —>
Yo —

(A) Bislessvolatilethan A
(B) If mole percent of A inliquid phase is 40% then mole percent of A in vapour phaseis50%
(C) If mole percent of B inliquid phaseis 10% then mole percent of B in vapour phase is 40%
(D) If the mole percent of A in solution is50% thenits boiling point is 350K
L S0086
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10 A liquid mixture having composition corresponding to point z in the figure shown is subjected to
distillation at constant pressure.

4

Temp. %

xp=0  mole xp=1
ypa=0 fraction ya=l

Which of the following statement is correct about the process

(A) The composition of distillate differs from the mixture

(B) The bailing point goes on changing

(C) The mixture has lowest vapour pressure than for any other composition.
(D) Composition of an azeotrope alters on changing the external pressure.

L S0087
11. Which of the following is correct for a non-ideal solution of liquids A and B, showing negative
deviation?
(A) AH_ . =-ve (B) AV . =-ve
(C) AS_, = +ve (D) AG,,, = —ve
L S0088

12, Two solutions S, and S, containing 0.1M NaCl(ag.) and 0.08M BaCl (ag.) are separated by
semipermeable membrane. Which among the following statement(s) is/are correct -

(A) S, and S, areisotonic

(B) S, ishypertonicand S, ishypotonic S, S,

(C) S, ishypotonic and S, ishypertonic 0.1M NaCl § 0.08M BaCl,

(D) Osmosiswill take placeto from S to S, ey

L S0089

13. For anided binary liquid solution with P/:> P;,Which relation between X, (molefractionof A in

liquid phase) and Y ,(mole fraction of A in vapour phase) is correct?

YA xA YA xA
(A)Y, <Y, (B) X, > X, (C)Y_B>X_B (D)Y_B<X_B

L S0090
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14.  Which of the following plots represents an ideal binary mixture?
(A)Plotof P,
(B) Plotof P

total

1
(C) Plotof 5 VvisY . islinear

total

visl/X islinear (X; =molefractionof 'B'inliquid phase).

vIsY , islinear (Y ; = molefraction of ‘A’ in vapour phase)

1

(D) Plot of P v/sY g isnon linear

L S0091
Paragraph for Q.15t0 Q.17

Anided solutionisobtained by mixing anon-volatile solute B with avolatile solvent A (molar mass
=60). If the massratio of A : Binsolutionis 10 : 1 and vapour pressure of pureA is 400 mm and
vapour pressure decreases by 4% on forming the above solution at 300K .

15. The molefraction of soluteinthesolutionis-

(A) 0.96 (B) 0.04 (C)0.16 (D) 0.84
L S0092
16. Themoldity thesolutionis-
A) 1 B % C ol D %
() (B) oz (©) 35 (D) 5
L S0092
17. Themolar massof B inthesolutionis-
(A) 1440 (B) 14400 (C) 4 (D) 144
L S0092
Tabletypequestion :
Column-I Column-I1 Column-I111
(1) CH, + CH-CH, @ DH=0 (P DG=-ve
(2) CHCI, + CH,COCH, (b) DH=+ve (Q)  Form minimum boiling
azerotrope
(3) Ccl, + CH,COCH,(c) DH =-ve (R) Form maximum boiling
azerotrope
(4) CHOH + H,0O (d DS=+ve (S Noazeotrope
18. Select the correct match -
A)1,aR (B)2,b, P (©)3,bQ (D)4,d,R
L S0093
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19. Select the correct match -
(A)1,d,S (B)3,b, S (©2,b,S (D) 4,c, P
L S0093
20. Select theincorrect match -
(A)1,d,P (B)2,¢c,R (©3,dS (D) 3,b,P
L S0093
Match the column :
Column— Column-|

21.

(A)
(B)
(©

(D)

(Colligativeproperties)

AT, =03 x K,
AT, =028 x K,
n =019 x RT

P :(1oooj+ AT,
18 K

(P)
Q)
(R)
©)

(M

(Aqueous solution)
(Assumem = M)

0.1 m — Ca(NO,),

0.14 m — NaBr

0.1 m — MgCl(a. = 0.9)

0.28 m — Urea

0.1 m — HA (monobasic acid, K, = 0.81)

L S0094
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EXERCISE # (J-MAIN)

1. Thedegree of dissociation (o) of aweak electrolyte, A,B, isrelated to van't Hoff factor (i) by the

expresson :- [AIEEE-2011]
_x+y-1 Cx+y+1 -1 ="
(1) a=—== (2) a=—""— () *= iy (4) *=3 41
L S0095

2. K, forwateris1.86 K kg mol-2. If your automobile radiator holds 1.0 kg of water, how many grams
of ethylene glycol (C,HsO,) must you add to get the freezing point of the solution lowered to

-2.8°C? [AIEEE-2012]
(1) 279 (2) 729 (3)93¢g (4)39¢9

L S0096

3. A solution containing 0.85 g of ZnCl, in 125.0 g of water freezes at —0.23°C. Theapparent degree of

dissociation of thesdtis: [JEE (MAIN)-2012 ONLINE]
(k; for water =1.86 K kg mol-2, atomic mass; Zn = 65.3 and Cl = 35.5)
(2) 1.36% (2) 2.47% (3) 73.5% (4) 7.35%

L S0097

4. LiquidsA and B form anidea solution. At 30°C, the total vapour pressure of a solution containing
1 mol of A and 2 moles of B is 250 mm Hg. Thetotal vapour pressure becomes 300 mm Hg when
1 moremol of A isaddedto thefirgt solution. Thevapour pressuresof pureA and B at the sametemperature

are:- [JEE (MAIN)-2012 ONL INE]
(1) 450, 150 mm Hg  (2) 250, 300mmHg  (3) 125, 150 mmHg  (4) 150, 450 mm Hg
L S0098

5.  Thefreezing point of a1.00 m aqueous solution of HF is found to be —1.91°C. The freezing point
constant of water, K;, is1.86 K kg mol-L. The percentage dissociation of HF at this concentration is
[JEE (MAIN)-2012 ONLINE]
(1) 2.7% (2) 30% (3) 10% (4) 5.2%
L S0099
6. How many gramsof methyl alcohol should be added to 10 litre tank of water to prevent itsfreezing
at 268K ? [JEE (MAIN)-2013 ONLINE]
(K, for water is 1.86 K kg mol*, Normal freezing point of water = 273.15K)
(1) 899.04¢g (2) 886.02¢g (3) 868.06 g (4) 880.07¢g
L S0100
7. Vapour pressure of pure benzeneis 119 torr and that of tolueneis 37.0 torr at the same temperature.
Mole fraction of toluene in vapour phase which isin equilibrium with a solution of benzene and

toluene having amolefraction of toluene 0.50, will be: [JEE (MAIN)-2013 ONLINE]
(2)0.137 (2) 0.205 (3)0.237 (4) 0.435
L S0101
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8.

10.

11.

12.

13.

14.

A molecule M associates in a given solvent according to the equation M = (M) . For a certain
concentration of M, the van't Hoff factor wasfound to be 0.9 and the fraction of associated molecules

was0.2. Thevalueof nis: [JEE (MAIN)-2013 ONLINE]
(1)2 (24 (3)5 (43

L S0102
12g of anonvolatile solute dissol ved in 108g of water producestherelative lowering of vapour pressure
of 0.1. The molecular mass of the soluteis: [JEE (MAIN)-2013 ONLINE]
(1) 60 (2) 80 (3)40 (4) 20

L S0103
Themolarity of asolution obtained by mixing 750 mL of 0.5(M)HCI with 250 mL of 2(M)HCI will
be:- [JEE (MAIN)-2013]
(1) 0.875M (2) 1.00M (3)1.75M (4)0.975M

L S0104

The observed osmotic pressure for a0.10 M solution of Fe(NH,),(SO,), at 25°C is 10.8 atm. The
expected and experimental (observed) valuesof Van't Hoff factor (i) will be respectively :
(R=10.082 L atm k-mol-1) [JEE (MAIN)-2014 ONLINE]
(1)3and5.42 (2)5and 3.42 (3) 4 and 4.00 (4)5and 4.42

L S0105
For an ideal Solution of two componentsA and B, which of the following istrue ?
(1) AH ixing < 0 (zero) [JEE(MAIN)-2014 ONLINE]
(2) A—A,B-Band A —B interactionsareidentical
(3) A —B interaction is stronger than A — A and B — B interactions
(4) AHyixing > O (z€r0)

L S0106
Consider separate solution of 0.500 M C,H,OH(ag), 0.100 M Mg,(PO,),(aq), 0.250 M KBr(aqg) and
0.125 M Na,PO,(aq) at 25°C. Which statement istrue about these solutions, assuming al| saltsto be
strong electrolytes? [JEE (MAIN)-2014]
(1) 0.125 M Na,PO, (ag) hasthe highest osmotic pressure.
(2) 0.500 M C,H-OH (aq) hasthe highest osmotic pressure.
(3) They al have the same osmotic pressure.
(4) 0.100 M Mg,4(PO,), (aq) hasthehighest osmotic pressure.

L S0107
Determination of themolar mass of acetic acid in benzene using freezing point depression is affected
by : [JEE (MAIN)-2015 ONLINE]
(1) association (2) disxociation (3) complex formation (4) partid ionization

L S0108

ALLEN .
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15. A solutionat 20°Ciscomposed of 1.5 mol of benzeneand 3.5 mal of toluene. If the vapour pressure

16.

17.

18.

19.

20.

21.

of pure benzeneand puretoluene at thistemperature are 74.7 torr and 22.3 torr, respectively, then the
total vapour pressure of the solution and the benzene mole fraction in equilibrium with it will be,

respectively : [JEE (MAIN)-2015 ONLINE]
(1) 38.0 torr and 0.589 (2) 30.5 torr and 0.389
(3) 35.8 torr and 0.280 (4) 35.0 torr and 0.480

L S0109

The vapour pres sureof acetoneat 20°Cis185torr. When 1.2 g of non-volatile substance was dissol ved
in 100 g of acetoneat 20°C, itsvapour pressurewas 183 torr. The molar mass (g mol-1) of the substance

is: [JEE (MAIN)-2015]
(1128 (2) 488 (3) 32 (4) 64

L S0110
An aqueous solution of asat MX, at certain temperature has a van't Hoff factor of 2. The degree
of dissociation for this solution of the st is: [JEE (MAIN--2016-ONLINE]
(1)0.50 (2) 0.80 (3) 0.67 (4)0.33

LS0111
The solubility of N, in water at 300 K and 500 torr partial pressure is 0.01 g L-1. The solubility
(ingL-1) at 750 torr partial pressureis: [JEE (MAIN--2016-ONLINE]
(2) 0.02 (2) 0.005 (3) 0.015 (4) 0.0075

L S0112
18 g glucose (CgH,,04) is added to 178.2g at 100°C water. The vapour pressure of water (in torr)
for this agueous solutionis : [JEE (MAIN)-2016]
(1)759.0 (2 7.6 (3) 76.0 (4) 752.4

LS0113

Thefreezing point of benzene decreasesby 0.45°C when 0.2 g of acetic acidisadded to 20 g of benzene.
If acetic acid asociatesto form adimer in benzene, percentage association of acetic acidin benzenewill

be :- [JEE (MAIN)-2017]
(K¢ for benzene =5.12 K kg mol-1)
(2) 64.6% (2) 80.4% (3)74.6% (4) 94.6%

LS0114
5 g of Na,SO, was dissolved in x g of H,O. The change in freezing point was found to be 3.82°C.
If Na,SO, is 81.5% ionised, the value of x [JEE (MAIN--2017-ONLINE]

(K¢ for water = 1.86°C kg mol-1) isapproximately.
(Molar mass of S=32g mol-1 and that of Na = 23 g mol-1)
(1) 459 (20659 (31549 (4 259
L S0115
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22.

23.

24,

25.

26.

27.

A solution isprepared by mixing 8.5 g of CH,Cl,, and 11.95g of CHCl . If vapour pressureof CH,Cl,
and CHCl; at 298 K are 415 and 200 mmHg respectively, the mole fraction of CHCI; in vapour

formis: (Molar mass of Cl = 35.5 g mol-1) [JEE (MAIN-2017-ONLINE]
(2) 0.486 (2) 0.325 (3) 0.162 (4) 0.675

LS0116
For 1 molal agueous sol ution of the following compounds, which onewill show the highest freezing
point ? [JEE (MAIN)-2018]
(1) [Co(H,0).ClICl,.H,O (2) [Co(H,0),Cl,]Cl.2H,0
(3) [Co(H,0),Cl,].3H,0 (4) [Co(H,0)4ICl,

L S0117

Two 5 molal solutionsare prepared by dissolving anon-electrolyte non-volatile solute separately in
the solvents X andY. The molecular weights of the solventsare M, and M., respectively where M,

3
=2 M, . Therelativelowering of vapour pressure of thesolutionin Xis"m" timesthat of the solution

inY. Given that the number of molesof soluteisvery small in comparison to that of solvent, thevalue

of "m" is- [JEE (MAIN-2018-ONLINE]
3 4 1 1
@5 23 )5 S
LS0118
Themassof anon-volatile, non-electrolyte solute (molar mass =50 g mol-) needed to be dissolved
in 114 g octane to reduce its vapour pressure by 75%, is :- [JEE (MAIN-2018-ONLINE]
(1) 50g (2)375¢9 (3 759 (4) 150 g
LS0119

Freezing point of a4% aqueous solution of X isequal to freezing point of 12% agueous sol ution of
Y. If molecular weight of X isA, then molecular weight of Y is:- [JEE (M AIN-2019-(JAN.)ONL INE]
QDA (2) 3A (3) 4A (4) 2A

L S0120
Molecules of benzoic acid (C;H;COOH) dimerise in benzene. 'w' g of the acid dissolved in 30 g
of benzene showsadepression in freezing point equal to 2K. If the percentage association of the acid

to form dimer in the solution is 80, thenw is:: [JEE (MAIN-2019-(JAN.)ONLINE]
(Given that K; =5 K kg mol-1, Molar mass of benzoic acid = 122 g mol-1)
(1) 18¢g (2249 (3109 (4 15¢g

L S0121

ALLEN .
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28 . Thefreezing point of adiluted milk sampleisfound to be—0.2°C, whileit should have been -0.5°C

29.

30.

31

32.

for pure milk. How much water has been added to pure milk to make the diluted sample ?

(1) 2 cups of water to 3 cups of pure milk [JEE (MAIN-2019-(JAN.)ONLINE]
(2) 1 cup of water to 3 cups of pure milk
(3) 3 cupsof water to 2 cups of pure milk

(4) 1 cup of water to 2 cups of pure milk

L S0122
K,Hgl , is 40% ionised in agueous solution. The value of its van't Hoff factor (i) is :-
(1) 18 (2) 2.2 [JEE (MAIN-2019-(JAN.)ONL INE]
(3) 2.0 (4) 1.6

L S0123

LiquidsA and B form anideal solution in the entire composition range. At 350 K, the vapor pressures
of pure A and pure B are 7 x 103 Paand 12 x 103 Pa, respectively. The composition of the vapor
in equilibrium with a solution containing 40 mole percent of A at this temperatureis:

(1) yo =0.37; y5 = 0.63 (2) yo =0.28; yg = 0.72
(3) ya =0.76; yg = 0.24 (4 y,=04,y5=0.6
[JEE (MAIN-2019-(JAN.)ONL INE]

L S0124

A solution containing 62 g ethylene glycol in 250 g water is cooled to —10°C. If K; for water is
1.86 K kg mol-1, the amount of water (in g) separated asiceis: [JEE (MAIN-2019-(JAN.)ONLINE]

(1) 32 (2) 48 (3) 16 (4) 64
L S0125
Which one of the following statements regarding Henry's law is not correct ?

(1) Thevaueof K increaseswith increase of temperatrue and K, is function of the nature of the
gas [JEE (MAIN-2019-(JAN.)ONL INE]

(2) Higher the value of K, at a given pressure, higher is the solubility of the gas in the liquids.

(3) The partial pressure of the gasin vapour phase is proportional to the mole fraction of the gasin
the solution.

(4) Different gases have different K, (Henry'slaw constant) values at the same temperature.

L S0126
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35.

36.

AI.I.E'

Elevation in the boiling point for 1 molal solution of glucoseis2 K. The depression in the freezi ng
point of 2 molal solutionsof glucosein the same solvent is2 K. The relation between K, and K; is:

(1) K, = 05 K,
(3) K, = 15K,

(2) K, = 2 K; [JEE(MAIN-2019-(JAN.)ONL INE]
(4 Kp = Ky

L S0127
For the solution of the gasesw, X, y and z in water at 298K, the Henrys law constants (K ;) are 0.5,

2, 35 and 40 kbar, respectively. The correct plot for the given datais :-
[JEE (MAIN-2019-(APRIL)ONLINE]

y ‘:/ ‘
partial partial y
pressure X/ pressure /
X
) 2 1/
o w
©,0) __ mole fraction (0,00  mole fraction
of water of water
) z
partial partial
pressure | pressure y
z
X
k) Y (4)
—— W R W R
(0,0) mole fraction (0,0) mole fraction
of water of water

L S0128

Thevapour pressuresof pureliquidsA and B are400 and 600 mmHg, respectively at 298K. Onmixing
thetwoliquids, thesum of their initid volumesisequd to thevolumeof thefind mixture. Themolefraction
of liquid Bis0.5inthemixture. Thevapour pressure of thefind solution, themolefraction of components
A and B in vapour phase, respectively are [JEE (MAIN-2019-(APRIL)ONLINE]

(1) 500 mmHg, 0.5, 0.5 (2) 450 mmHg, 0.4, 0.6
(3) 450 mmHg, 0.5, 0.5 (4) 500 mmHg, 0.4, 0.6
L S0129

Molal depression congtant for asolvent is 4.0 kg mol—1. The depression in the freezing point of the

solvent for 0.03 mol kg solution of K,SO, is: [JEE (MAIN-2019-(APRIL)ONLINE]
(Assume complete dissociation of the electrolyte)
(1) 0.12K (2) 0.36 K (3) 0.18 K (4) 0.24 K

L S0130
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37. Theosmotic pressure of adilute solution of anionic compound XY inwater isfour timesthat of a

38.

39.

40.

41.

solution of 0.01 M BaCl, in water. Assuming complete dissociation of the given ionic compounds
in water, the concentration of XY (inmol L-1) in solution is: [JEE (MAIN-2019-(APRIL)ONLINE]
(1) 6 x 102 (2) 4 x 104 (3) 16 x 104 (4) 4 x 102

L S0131
Liquid'M"and liquid'N' form anideal solution. The vapour pressures of pureliquids'M' and 'N' are
450 and 700 mmHg, respectively, at the same temperature. Then correct statement is:
(Xy = Molefraction of 'M" in solution ; [JEE (MAIN-2019-(APRIL)ONLINE]
Xy = Mole fraction of 'N" in solution ;
yu = Molefraction of 'M" in vapour phase;

yn = Mole fraction of 'N' in vapour phase)

X y
(D) = Ym) < G — W) (2 X_M<y_M
N N
Xm _Ym Xm _ Ywm
M IV M _ZNM
©) XN Yn ) XN YN

L S0132

A solution is prepared by dissolving 0.6 g of urea (molar mass = 60 g mol-1) and 1.8 g of glucose
(molar mass = 180 g mol—1) in 100 mL of water at 27°C. The osmotic pressure of the solution is:

(R = 0.08206 L atm K-1 mol-) [JEE (MAIN-2019-(APRIL)ONLINE]
(1) 4.92 am (2) 1.64 am (3)2.46 am (4) 8.2 atm
L S0133

At room temperature, a dilute soluton of urea is prepared by dissolving 0.60 g of ureain
360 g of water. If the vapour pressure of pure water at this temperature is 35 mmHg,
lowering of vapour pressurewill be (molar mass of urea=60 g mol™):-

[[JEE (MAIN-2019-(APRIL)ONLINE]
(2) 0.027 mmHg (2) 0.028 mmHg (3) 0.017 mmHg (4) 0.031 mmHg

LS0134
1 g of non-volatile non-electrolyte solute is dissol ved in 100g of two different solventsA and B whose
ebullioscopic congantsareintheratioof 1 : 5. Theratio of theelevationintheir boiling points, %,
b
is: [JEE (MAIN-2019-(APRIL)ONLINE]
15:1 (210:1 (3 1:5 41:02
L S0135
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EXERCISE # (J-ADVANCED)

The freezing point (in °C) of a solution containing 0.1 g of K [Fe(CN),] (Mol. Wt. 329) in
100 g of water (K, =1.86 K kg mol ™) is- [JEE 2011]
(A)—2.3%x 107 (B)—5.7 x 107 (C)-5.7x107 (D)-1.2x 107

L S0136

For adilute solution containing 2.5 g of anon-volatile non-electrolyte solute in 100 g of water, the
elevationin boiling point at 1 atm pressureis 2°C. Assuming concentration of soluteis much lower
than the concentration of solvent, the vapour pressure (mm of Hg) of the solutionis

(take K,=0.76 K kg mol™) [JEE 2012]
(A) 724 (B) 740 (C) 736 (D) 718

L S0137
Benzene and naphthalene form an ideal solution at room temperature. For this process, the true
satement(s) is(are) [J-Adv. 2013]
(A) AG is positive (B) ASwgem is positive (C) Aswoundmgs =0 (D)AH =0

L S0138

If the freezing point of a 0.01 molal aqueous solution of a cobalt (111) chloride-ammonia complex
(which behavesas astrong eletrolyte) is—0.0558°C, the number of chloride (s) in the coordination

sphere of the complex is- [K, of water = 1.86 K kg mol ] \[JEE-Adv. 2015]
L S0139

Mixture(s) showing positivedeviation from Raoult'slaw at 35°Cis(are) [JEE-Adv. 2016]

(A) carbon tetrachloride + methanol (B) carbon disulphide + acetone

(C) benzene + toluene (D) phenol + aniline

L S0140

ALLEN .
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6. Forasolutionformed by mixing liquidsL and M, the vapour pressure of L plotted against the mole
fraction of M in solution isshown in the following figure, Here x_and x,, represent mole fractions

of L and M, respectively, in the solution. the correct statement(s) applicable to this system is(are)

ya

1 Xu 0
(A) Attractive intramolecular interactions between L—L in pure liquid L and M—M in pure liquid
M are stronger than those between L—-M when mixed in solution [JEE-Adv. 2017]
(B) The point Z represents vapour pressure of pure liquid M and Raoult's law is obeyed when
X —0
(C) The point Z represents vapour pressure of pure liquid L and Raoult's law is obeyed when
X —>1
(D) The point Z represents vapour pressure of pure liquid M and Raoult's law is obeyed from
X =0tox =1
L S0141
7.  Purewater freezesat 273 K and 1 bar. The addition of 34.5 g of ethanol to 500 g of water changes
the freezing point of the solution. Use the freezing point depression constant of water as
2 K kg mol ™. Thefigures shown bel ow represents plots of vapour pressure (V.P) versustemperature
(T). [Molecular weight of ethanol is46 g mol™]
Among the following, the option representing change in the freezing point is -[JEE-Adv. 2017]

Tl Tl" I~ Water
(A) o B)E| L
2 o '
D>_: N ; Water+EthanO,
2%1 2%3 2?1 273
TIK—— TK——>
M I
(©) s Y (D) El
< ! 2
; . ;Wﬂte”Ethanol ; T
270 273 270 273
TK—— TK——
L S0142
¢
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10.

LiquidsA and B formided solution over the entirerange of composition. At temperatureT, eqwmolar
binary solution of liquids A and B has vapour pressure 45 Torr. At the same temperature, a new
solution of A and B having mole fractions x, and x, respectively, has vapour pressure of 22.5
Torr. The value of x,/x; in the new solution is___. [JEE-Adv. 2018]

(Given that the vapour pressure of pure liquid A is 20 Torr at temperature T)
L S0143

The plot given below shows P-T curves (where P is the pressure and T is the temperature) for
two solvents X andY and isomolal solutions of NaCl in these solvents. NaCl compl etely dissociates
in both the solvents.

A

760
1.

—~ ¢ .I
= ! 1. solvent X
£ L
E R 2. solution of NaCl in solvent X
et i
2 ‘/ ! 3. solvent Y
o /)
o N

/5 / 4. solution of NaCl in solvent Y

R

v

On addition of equa number of molesanon-volatilesolute Sinequa amount (in kg) of these solvents,
the eevation of boiling point of solvent X isthreetimesthat of solventY. Solute Sisknown to undergo
dimerizationinthese solvents. If thedegreeof dimerizationis0.7 in solvent, the degree of dimerization
in solvent X is . [JEE-Adv. 2018]

L S0144

Ondissolving 0.5 g of anon-volatilenon-ionic soluteto 39 g of benzene, itsvapor pressure decreases
from 650 mm Hg to 640 mm Hg. The depression of freezing point of benzene (in K) upon addition
of the solute is

(Given data : Molar mass and the molal freezing point depression constant of benzene are
78 g mol™ and 5.12 K kg mol™, respectively) [JEE-Adv. 2019]

L S0145
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ANSWER-KEY
EXERCISE # S
1. Ans.0.25 2. Ans. 64.0 mm Hg
3. Ans. Py =100 cmHg, p3 = 60 cmHg. 4. Ans. 0.25
5. Ans. 0.5 bar 6. Ans. py =55 cmHg, Py = 80 cmHg
7. Ans. p3 = 0.8 bar, pJ = 0.4 bar 8. Ans.0.25
9. Ans.0.04 10. Ans.0.32m
11. Ans.65.25 12. Ans.17.38 mm Hg
13. Ans.120g/mal 14.  AnsK_=0.516kgmol K-, T, =373.20K
15. Ans5.1K-kg/mol 16. Ans.2048 g/mol
17.  Ans.(6.972) 18. Ans.40 g/mol
19. Ans. 49.26 atm 20. Ans.3.69 atm
21. Ansl1.96 22. Ans3ions
23.  Ans78% 24.  Ans. 7.482 x10° Nm—
25. Ans.0.95; 1.95 26. Ans. 0.04
27.  Ans(3)
EXERCISE # S
1 Ans.92 mol% toluene; 96.8 mol % toluene 2.  Ans.0.741m, 0.0136
3. Ans.38.71¢g 4. Ans4.8x 10°g/mol
5. Ans.(777) 6. Ansg(68.4)
7. AnsC,H, 0, 8. Ans[Co(NH,).Cl]Cl,
9. Ans.a=0.50 10. Ans0.73
11.  AnsCH, 12.  Ans(60%)
13.  Ans(3.2) 14. Ans. (100°C)
EXERCISE # O-I
1. Ans(B) 2. Ans(C) 3. Ans(C) 4.  Ans(D)
5 Ans(A) 6. Ans(C) 7. Ans(C) 8. Ans(C)
9. Ans(D) 10. Ans(C) 11. Ans.(C) 12. Ans.(A)
13. Ans(A) 14. Ans.(B) 15. Ans.(B) 16. Ans(B)
17. Ans(C) 18. Ans.(D) 19. Ans.(B) 20. Ans.(A)
21. Ans(C) 22. Ans(B) 23. Ans.(D) 24. Ans.(B)
25. Ans.(B) 26. Ans.(D) 27. AnsB 28. Ans.(D)
29. Ans.(B) 30. Ans(B) 31. Ans(D) 32. Ans(B)
33. Ans(B) 34. Ans(B) 35. Ans.(A) 36. Ans.(D)
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EXERCISE # O-l1

Ans.(B) 2. Ans(D) 3. Ans(A) 4.  Ans(A)

Ans.(B) 6. Ans(D) 7. Ans(C) 8. Ans(C)

Ans.(C) 10. Ans(C, D) 11. Ans(A,B,C,D) 12. Ans(C,D)
13  Ans(C) 14. Ans(C) 15. Ans.(B) 16. Ans. (C)
17. Ans(D) 18. Ans.(C) 19. Ans.(A) 20. Ans.(C)
21. Ans.(A)»>P;B)»>Q,R,S;(C)»T;(D)—>P,Q,R,ST

EXERCISE # J-MAIN

Ans.(3) 2.  Ans(3) 3. Ans(3) Ans.(1)

Ans.(1) 6. Ans(2) 7. Ans(3) Ans.(1)

Ans.(4) 10. Ans(1) 11. Ans.(4) 12. Ans(2)
13. Ans(3) 14. Ans(1) 15. Ans.(1) 16. Ans. (4)
17. Ans. (1) 18. Ans.(3) 19. Ans.(4) 20. Ans.(4)
21. Ans(1) 22. Ans.(2) 23. Ans.(3) 24. Ans(1)
25. Ans.(4) 26. Ans.(2) 27. Ans.(2) 28. Ans.(3)
29. Ans(1) 30. Ans.(2) 31. Ans.(4) 32. Ans(2)
33. Ans(2) 34. Ans(3) 35. Ans.(4) 36. Ans.(2)
37. Ans(1) 38. Ans.(3) 39. Ans.(1) 40. Ans.(3)
41. Ans.(3)

EXERCISE # J-ADVANCED

1. Ans(A) 2. Ans(A) 3. Ans(B,C,D) 4.  Ans(1)
5. Ans(A,B) 6. Ans(AC) 7. Ans(D) 8. Ans(19)
9. Ans(0.05) 10. Ans.(1.02 or 1.03)
4
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. ALLEN Oxidation
OXIDATION
@D OXIDATION OF ALKENES
0s0,
R-CH=CR, T’ R—CliH—Clle
OH OH
COlddll 3 R_CH_CR2
alkaline | |

KMnO, OH OH

*  Cold dil. alkaline KMnO, is called as Bayer’s reagent, use as a test of unsaturation.

*  Overall syn addition

*  Given by alkenes & alkynes

*  Benzene & Cyclopropane can not give this reaction.

If we use acidic KMnO, or warm KMnO, or concentrated KMnO, the oxidative cleavage of

Glycol occurs resulting in mixture of Carboxylic acids & Ketones.

H® ,KMnO,

R-CH = CR, ——F——> RCOOH + R,C =0
Hot acidic KMnO,, Hot acidic K,Cr,0, & hot acidic NalO, gives same result with alkene. The
effect is similar to that of oxidative ozonolysis on alkenes.
Preilschaive reaction :
Epoxidation of alkenes is reaction of alkenes with peroxyacids.

T i
CH,=CH, + CH; -C-0-0O-H— CH,-CH, + CH; -C-OH
AN

— Rate a nucleophicity of alkene.
—  With the increase in e~ withdrawing substituents in leaving group, rate increases.
— Hydrolysis of epoxides form anti diols.

R R

| | }l{ Il{

EE) e N EE:G—H — > HOCcH s HO-CH

I
2 2 CH,~OH CH,-OH
H,0
1

— R—CH=CH, + 70, —%> R—CH—CH,

2
\O/

RCO,H ()O
H /MeOH .
@ RCO,H OAOH el O
H0° \ Juon O/(O oo
MeONa/MeOH OA

OMe

OH

%O‘OH wntl OMe
"IOH
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1y
(1)
2)

3)
4)

o)

(6)

(7)

(8)

9)

OXO PROCESS :
Hydroformylation/rolyen synthesis :

CHz = CH2 Lewis(;cci);l?i;hT/P > CH3_CH2_CHO

Carbonylation / Koch’s reaction :

CH, = CH, —mamarr7— CH,~CH,-COOH

I
CH, = CH, o —— CH,~CH,-C-OR

LewisacidhighT/P

HC =CH CoH.0___ CH,=CH-COOH

LewisacidhighT/P

Acrylic acid
COOMe
CO+MeOH . I Polymerisation CH.—CH
HC =CH LewisacidhighT/P > CH;CH—C—OMG + 2 %}1
Methyl acrylate PMA
OXIDATION OF ALCOHOLS

Oxidising agents

H®/K,Cr,0,, A (Strong oxidising agent)
H®/KMnO,, A (Strong oxidising agent)

Jones reagent : CrO, / H,SO, treated with alcohol usually taken in acetone (strong oxidising agent)

Cu /300°C (or Red hot Cu tube)

S}
PCC (Pyridinium chloro chromate) O CrO;Cl or @ CrO; + HC1
N
® N

N

|
H

Collin’s reagent (@ (2 mol) + CrO; + CH,Cl,)
N

Sarett reagent (i.e. PCC in CH,Cl,) @ + CrO; + HC1 + CH,Cl,
N

_PDC | N | 2e
(Pyridinium dichromate) _ Cr207
N
® _12
TsCl + DMSO + NaHCO, RCH,0H -“ RCH,OTs -2%59_, RCHO

R,CHOH == R ,CH-OTs -250_, R CO

NaHCO;

RyCOH === R,C-OTs 20, x

ALLEN .
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(10)

(1)

(12)

(13)

Ex.

MnO,-Oxidises only allylic or benzylic— OH. 1° Allylic or benzylic OH _ M9y Aldehyde

2° Allylic or benzylic OH — M9 5 Ketone

No effect on 3° ROH and on Carbon-Carbon multiple bond.
0

NBS (N-Bromosuccinamide) | N—Br

O
Periodic cleavage

A similar oxidation is obtained in case of HIO, known as periodic cleavage.

0 0
Il I o
R-CH-OH + HO-I=0 — R- CH -« O ;] =O—> R-CH + HIO,
= vl 5
R,C-OH O R,CYO'H O R,C=0

Reaction is observed for Vic-diols.
Openaur oxidation

Al(OCM Il
(o &b, R_C-R

I
OH ¢y C-cH,

R—(IjH—R

R,CH-OH +AI(OCMe;);==Me,COH + AI(OCHR,); —> (R,CH-0),~ALO;

9) CR,
nvya”
3Me,C &

3R,C=0 + (Me,CH-0),Al

Oxidation of alcohol with aluminium tertiary butoxide is Openaur oxidation.
Different oxidising agents are used to oxidise alcohols in corresponding carbonyl compounds and
carboxylic acids.

eg. (I) R-CH,-OH —**> R-C-OH
1°alcohol g

) R-CH, -OH —22078200 5 R — ﬁ —H (Aldehyde)

1°alcohol

O
. i
(1) R—CH-R' 1234567889101 R — C—R'(Ketone)
2° Alcohol

Osidation IEYEN
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(I

Note :

CH, ﬁHz
Cu 300°C

|
(IV) CH,- C| -OH ——— /C\CH Dehydration takes place.

CH3 CH3 3

(V) Double bond or Tripple bond is not affected by 4,5,6,7,8,9,10
(VI) Noeffect on 3° alcohol by 1,2,3,5,6,7,8,9,10,12,13

OXIDATION OF CARBONYL COMPOUNDS

Tollen’s Test (Silver mirror test)

RCHO + [Ag(NH,),]OH (Tollen’s Reagent) —2 5 RCOOH + NH, + Ag J (Silver mirror)

Aldehyde acts as reducing agent, they can reduce mild oxidizing agents like Tollen’s Reagent.

Tollen’s test gentle Heating for 20 to 25 mins.

Fehling’s Solutions COONa
H——F—OH

Fehling’s A Fehling’s B H OH

aq. CuSO, Alkaline solution of Roschelye COOK

salt (sodium potassium tartrate)

It act’s a carrier for Cu?* as it make reversible complex with Cu

This test is also used is Blood and Urine test.

RCHO + Cu?* —2°— RCOOH +Cu®
RCOO™ éuzO(red ppt.)

Aromatic aldehyde shows negative test with fehling reagent.
Benedict’s solution
Sodium Citrate + NaOH + NaHCO, + CuSO,

RCHO + Cu?* —2°— RCQOH +Qu°
RCOO™ CLu ,O(redppt.)

It is similar to Fehling test

RCHO + HgCl, + H,0 — RCOOH + 2HCI + Hg,Cl, (white)
RCHO + Hg,Cl, + H,O — RCOOH + 2HCI + 2Hg | greyish black
Schiff’s Reagent

Schiff’s Reagent is aq. solution of following base decolourised by passing SO,.

Aldehyde restore pink colour of Schiff’s reagent.

2+
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NH, NH,
j\ C/[ LColourless w» RCOOH + Pink colour

solution A
(Schift’s Reagent)

oNH,CI°
p-Rosaniline Hydrochloride
Magenta colour (Fuschin)

Ketons are not easy to oxidize so they do not give these 5 tests. These five tests can be used to

distinguish aldehyde and ketones. Both gives 2,4 DNP test

Oxidation of ketones : Ketones undergo oxidation only in drastic conditions.

During the oxidation of ketones there is breaking of carbon-carbon bond between a-carbon and
carbonyl carbon. In this process both carbons convert into carboxylic groups. This leads to the
formation of two moles of monocarboxylic acids.

Case - I : Oxidation of Symmetrical ketones :

0O

Il
cH3—cHZ—CHZ—C%CHZ—CHZ—CH3 1%, CH,-CH,~CH,~COOH + CH,~CH,-COOH
Cc=7 C=4 CcC=3
Total number of C'S=4+3=77?

Thus number of carbons in any product is less than the number of carbons in ketone.

Case - II : Oxidation of unsymmetrical ketones : In case of unsymmetrical ketones, those —C—R

bond break in which alkyl group has more number of carbons. This rule is known as Poff’s rule.

Il
CH3—CH2—ﬁH2%ﬁ—CHZ—CH3ﬂ>CH3—CH2—COOH + CH,~CH,-COOH

COOH COOH

Case - I1I : Oxidation of cyclic ketones : Formation of dibasic acid takes place from cyclic ketones.

In this case number of carbons in ketone and dibasic carboxylic acid is always same.

0
N
—— HOOC - (CH,), - COOH

Osidation IEHNN
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Note : If both a.-carbons are not identical then ;

0
.o, CH,

1H

0O
[O] ”
2H —> HOOC - (CH,),-C

— CH,

Allylic oxidation
SeO, is a selective oxidizing agent with converts —CH,— group adjacent to carbonyl group into
carbonyl group.The reagent, in general, oxidises active methylene and methyl groups to ketonic

and aldehydic groups respectively.

(|)| 0O O O |C|)

1] |
~CH,-C-—25-C-C- ; -C-CHy; —*% _(C_CHO

Double bonds, triple bonds and aromatic rings may also activate the methylene group.The methylene
or methyl group a to the most highly substitued end of the double bond is hydroxylated according
to the order of preference of oxidation CH, > CH, > CH groups.

OH
CH,= CH-CH, —*2— CH, =CH-CH,

2°C-H>1°C-H>3°C-H

Rate of reactivity order

CH; -CH=CH -CH,-CH; >, CH,-CH=CH —(|:H2 —CH,
OH

CH, HO-CH,
N cn- C&ﬂP N ol CH,

a e/

CH,

HO
SeO,
—

Baeyer villiger oxidation

i i
R—C—R 2SR COR' +R—COOH
Migratory order for above reaction
-H>3°>2°>-Ph>1°>-Me

ALLEN .
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Oxidation of Aromatic Compounds.

®.
H KMnO, | No effect
HK,Cr,0
[ — 2227 5 No effect o
OH
V,0; air V,05
OO > QI0)# 0L
i o)
V,05 air . .
———
=00°C E}O Maleic anhydride
O
OH O NO, NO, O
V,05 V105
s00°C 0 C)] s00°C 0
O O
OH O O
OH O
Benzoquinone Naphthoquinone
(0] O
o O
txc0, L)) wO0) 22 O
_—
i © ©
Anthraquinone
Phenanthroquinone
CH; COOH

@ HOKMnO,
— e

(10) Ph+CH,), CH, , PhCHMe,, Ph—-CH,OH, Ph-CH,Br, PhCHCI,, PhCHO, Ph<] & all the

compounds having at least one oo H give PhCOOH.

(11) Ph-CMe, —8¥% _, Me C-COOH




COOH
H KM 0,
12) @ z @ terephthalic acid
COOH
COOH
@
13 @\ _ H'KMnO, | @ isophthalic acid
Me COOH
O
COOH
Me  pormno, ~H,0 0
14) — -
Me COOH A
Phthalic acid O
Phthalic anhydride

O
COOH
15 H®KMHO4 OH 16
(15) L KMnO, o ae R
(610]0) 5!
0]

cooH
a7 _H® @ COOH
@ KMnO, @

Etard oxidation
Elb's persulphate oxidation:

CH, CHO o -
CroCl, K,S,04
(18) AcOAC 19) -

OH

IR - Chemistry ALLEN .
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EXERCISE#0O-1
1.  The givenreaction
OH O
@ Aluminium tertiary butoxide @
Acetone
is knows as :
(A) Kolbe reaction (B) Tischenko reaction (C) MPV reaction (D) Oppeneur oxidation
0X0001
2.  Inthe givenreaction:
OH OH
CH, - (|:H — c| —CH, %  a)+(b)
cH,
(a) and (b) respectively be :
(A) CH,CHO and CH,CHO (B) CH,COCH, and CH,CHO
(C) CH;COCH, and CH,COCH, (D) CH,COOH and CH,COCH,
0X0002
O O
3. CH,- C|?| —H and CH; - |(|3 —CHj; 1s differentiated by
(A) Tollen's reagent (B) Lucas test (C) Iodoform test (D) NaHSO, test
0X0003
4.  Inthe given reaction
@ s,
X] will be:
O O O O
CHO 0 CH, CH, CH,
(A) ij/ (B) ﬁ/ (®) ¢/ (D) @
O
o)
0X0004
5. Which will give silver mirror test with Tollens reagent :
(A) C,H,CHO (B) CH,—-CHO (C) HCOOH (D) All of these
0X0005
4




IR ¢ Clcnistry

6.

10.

11.

12.

ALLEN
4
Which one of the following compounds will give dimethyl glyoxal with SeO,:
(A) Acetone (B) Acetophenone
(C) Ethyl methyl ketone (D) Propanaldehyde
0X0006
Which one of the following alcohols can be oxidised by K,CrO,?
(A) Ethanol (B) Tert butyl alcohol
(C) Isopropyl alcohol (D) Allyl alcohol
0X0007
Fehling solution gives red precipitate with:
(A) Aromatic aldehyde (B) Aliphatic aldehyde (C) Ketones (D) (IiH2 - ﬁ —CH,
OH
0X0008
Which of the following compound will give positive Tollens test
(A) CH,CHO (B) (\/L
0~ "OH
OCH,
© CH3CH2CH2CH2(|ZH —OCH, (D) CH;-CH
OH OCH;
0X0009
Schiff's reagent gives pink colour with :
(A) Acetaldehyde (B) Formic acid (C) Acetic acid (D) Methyl acetate
0X0010
Which one of the following alcohols are oxidised by MnO,?
O|H
(A) CH; — CH, — CH,-OH (B) CH, =CH-CH, -CH-CH,
?H
(C) CH; -CH =CH-CH-CH; (D) CH,-CH, - CH, -OH
0X0011

0O
é — MCPBA Major product is :

COOH 0O 0O

(A) Q () @ © ¢ ) (D) CI)O

0X0012
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ALLE
. N
13.  Which of the following can be oxidised by MnO,:
OH OH
OH
@) O/ B) © D) @:}OH
0X0013
i
C—Me ﬁ 18
14. O) Me—C—OOH | Major product i :
O 0] 0 o
Il I| 18 Il 18 |l
C—OMe C—OMe wO—C—Me —C—Me
) O’ ®) O’ o) (D) O’
0X0014
H'/KMnO
15. A "4 5B —A 5 Phthalic Anhydride ; Ais:
Me Me
Me
) (B) © @[ (D) @O
Me Me Me
Me
0X0015

Osidation IENENNN
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EXERCISE#O-II
1.  Which will give the Tollen test.
CH,OH
O._OH O.__ OMe (ﬁ (|)H Ho /1 H
(A) O<H (B) U (C) R-C~CH, ® Ly
H OH
OH
0X0016
2. Which of the following is an example of oxidation reaction :
(A) CH;-CH,-OH —*%_, (B)CH,-CH=CH, Y% 5 (C) CH,-CH= CH24>
0X0017
3. () CH,=CH, —"%
0X0018
(i) CH,~CH= CH, —1/50
0X0019
(111) m H@/KMno4
0X0020
(iv) _\ﬁ H®/KMnO,
/N
0X0020
™) @ H® /KMnO,
0X0021
(vi) H® __HP/KMnO,
0X0021
(vii) (I H® /KMnO,
0X0022
(viii) @ " /712\(/;204 g
0X0022 °
(ix) © H® /KMnO, %
0X0023 *
<
(X) (ji) H® /KMnO, g
0X0023 :
| 4
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@
- @@ —

0X0023
4.  AtoF alkenes with minimum possible carbon.
1 A % MeCOOH as the only product
0X0024
(i) B % D:O as the only product
0X0024
0
(i) D —* @
0
0X0025
(iv) F % Acetone + Ethanoic acid
0X0025
1% alkaline
KMnO, A
5. M m-CPBA /H,0" B
0X0026
. mCPBA
(i) -
0X0026
mCPBA
(i11) hydrolysis
Me
0X0027
Me Me
. N L mCPBA
(IV) /C - C\ hydrolysis
H H
0X0027
Me
© oo™ _mepBa
H/ “Me hydrolysis
0X0028
(Vl) Me\ H Ag,0 or 2Ag Jr%O2
- A
q’ \ph
0X0028
4




ETR ¢ Clcnistry

6.

ALLEN
L 4
(i) CH,- CH,- CH,- OH — M0/ 5 9
K,Cr,0,/H , A
or conc. HNO; , A -
or KMnO, / H ,A
0X0029
|OH
€]
(i) CH; ~ CH~-CH, ~CH; ——45—>?
orK»,Cr,O7,H
0X0029
(i) CH,=CH - (CH,); - CH, — OH — e
0X0030
(i) CgHy — CH = CH — CH, ~OH — 2aritie—
0X0030
|OH
(iiiy CH;—CH—-CH,-CH,-CH,-OH —1c— (A)
0X0030
OH
(iv) —aa
CH,OH
0X0031
(v) CH, = CH - CH,-OH —M%2_, 9
0X0031
(|)H
(vi) CHp@—CHCHZCHZOH —is
CH,0
0X0031
() Me-CH-CH,-OH —
|
OH
0X0032
OH
(i1) (j: _ Hlfzt N
OH
0X0032
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. ALLEN Oxidation
(iii) HO-CH, - CH, —(|IH— CH, —OH %
A
OH
0X0032
(iv) CH, —CH-CH-CH, 19 ,
| . A
OH OH OH
0X0032
(v) (|3H2 —(|3H—(|3H—(|ZH2 _ HIO4
A
OH OH OH OH
0X0033
(vi) Me—C—-CH-Me 1104
1. A
O OH
0X0033
(vii) Me—-C—-C—-Me 104
Ll A
O O
0X0033
9. (a) CH~CHO %»
0X0034
SeO
(b) Me,CO——»
0X0034
9 .
(c) CH,-CH=CH,——— Acrolein
0X0034
i
CH, C-H
1 Step
_—
(d) @ 2 Step @
_—
0X0035
Il +
(e) CH;—C—H Se0, >P, Conc. NaOH > CH,OH H /A > P,
COO Na'
0X0036
10. (a) How will you differentiate HCHO and PhCHO ?
(b) How will you differentiate HCHO and MeCHO ?
0X0037
4
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EXERCISE# (MAIN & ADVANCE)

In the reaction, P is [IIT 1995]
CH
350029, p 4 5e + H,0
CH,
(A) CH,COCHO (B) CH,COOCH, (C) CH,COCH,0OH (D) None
0X0038
The best reagent to convert pent—3—en—2-ol into pent —3—en —2—one is - [AIEEE-2005]
(A) Acidic dichromate (B) Acidic permanganate
(C) Pyridinium chloro-chromate (D) Chromic anhydride in glacial acetic acid
0X0039

Which of the following will change the colour of acidic dichromate solution.
[JEE-MAINS 2013]

A NN ® 7LOH (C) Q<OH (D)jL\
OH

0X0040
_ | —MEEBA S product [JEE-MAINS 2013]
H
OX<H CH,
O :
(A)H H (B) AOI ©) H3C/%O-=° —~H (D)
PN H,C o)
O 3
0X0041
CH,
4)1(1\4;04 Major product of reaction is? [JEE-MAINS 2013]

i OH
COOH C-H
(A) @ (B) @ (©) (D) @
CH,0H

0X0042
The most suitable reagent for the conversion of R-CH,—~OH — R—CHO is :-
[JEE-MAINS 2014]
(A) CrO, (B) PCC (Pyridinium chlorochromate)
(C) KMNO, (D) K,Cr,0,

0X0043
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Osidation IR

7. Positive Tollen's test is observed for [JEE-Advance 2016]
H O

wISNF~ @ @ (©) ph/\( ®) L AAN,

OH

H O
0X0044

8.  The major product formed in the following reaction is :-

0
0
(A) HO OH (B) HO OR
0
0
(C>O%§/[::f lH (D) O OH

[Jee Main - Onl_line Evening 2018]

OCOCH, e

(pyridinium
_chlorochromate)
CHCl3

HO, OH

0)

OCOCH,

H H

0X0045

9.  The major product of the following reaction is:

[JEE-MAIN-On-line-(Jan)-2019]

Br (1) KOH (aqueous)‘
2)Cro/H
Br (3) H,SO/A
0) 0]
(1) (2)
HO Br
0] 0)
(3) 4)
OH Br
0X0046
L 2




JEE-Chemistry ALLEN .

10.

11.

12.

The major product of the following reaction [JEE-MAIN-On-line-(April)-2019]
HO (1) CrO,
R
(2) SOCL/A
HO () A
0 0
(1) 2)
HO Cl
0 0
3) 4)
CI HO

0X0047

Total number of hydroxyl groups present in a molecule of the major product P is ____

[JEE-Advance 2019]

— i) Hy, Pd—BaSOy, quinolineg\ P
ii) dil. KMnOy (excess), 273K

0X0048
An unsaturated hydrocarbon X absorbs two hydrogen molecules on catalytic hydrogenattion, and also
gives following reaction : [JEE-MAIN-On-line-(Jan)-2020]
X Zn?l—3120 4 A LR
B(3- oxo - hexanedicarboxylic acid)
X will be :-

0

1) U @ b 3) @ @ @

0X0049
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13. Identify (A) in the following reaction sequence : [JEE-MAIN-On-line-(Jan)-2020]
(i) CH;MgBr 0,/ Zn, H,0
(&) —— (B) ————>
Gives (i) H,H0
positive  (iii) Conc. H,SO,/ A
iodoform 0]
test g\H
[:;élh
H, (=0
CH,
CH,
X AN
(1) (2)
~ ~CH
CH,
SN CH, X CH,4
3) 4)
~ ~CH
O/ CH, 0) 3
0X0050
4




JEE-Chemistry ALLEN .
ANSWER-KEY
EXERCISE#O-I
1. Ans. (D) 2. Ans. (B) 3. Ans. (A) 4. Ans. (B)
5. Ans. (D) 6. Ans. (O 7. Ans.(A,C,D) 8. Ans.(B,D)
9. Ans. (A,B,O) 10. Ans. (A,B) 11. Ans. (O) 12. Ans. (B)
13. Ans. (C) 14. Ans. (D) 15. Ans. (O)
EXERCISE#0O-11
1. Ans. (A,C,D) 2. Ans. (O
3. Ans.
(i) CO, (i) CH,;—COOH + CO,
(iii) >:O + CO, + HOOC-C-C-C-COOH
i O + CH,-COOH COOH
@iv) + 5~ %) COOH
. 0 .. B
(1) CgOH (vid Qi
0]
. - COOH CH,~COOH
(viii) 2CH,~COOH (ix) | + |
COOH CH,-COOH
0 O COOH
CH,COOH
(x) + | (xi)
9) CH,-COOH HOOC O
4. Ans.
(i) Me-CH=CH-CH, (ii) p= (iii) OO (iv) >:\
OH RIS
. i OH di .. &
5. Ans. (i) (A) mwon @ @ (ii) 0
2
OH g
OH Me Me
(C("(OH (Cﬁ H——OH HO——H
iii Q ’ iv 1 1
(i) e 2 (iv) go H H OH
OH OH Me Me :
Me %;
n——on Me A
V) g1 (vi) — :
Me g
2
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6. Ans.

Il
(i) CH,-CH,-COO-, CH,-CH,-COOH (i) CH,-C-CH,-CH,

7.
Ans. (i) CH,=CH-(CH,),-CHO (ii) Ph—CH=CH-CHO
| O
(iii) (A) H,C-C-CH,-CH,-CHO (iv)
CHO
W
(v) H,C=CH-CHO (vi) MeO@CCHQCHQOH
MeO
8. Ans.
_ . CHO
(i) Me-CHO + HCHO (i1) CHO
(iii) HO-CH,-CH,-CHO + HCHO (iv) HCHO + HCOOH + CH,-CHO
(v) 2HCHO + 2HCOOH (vi) Me-COOH + Me—-CHO
(vii) 2Me-COOH
9, Ans.
(a) ﬁH—CHO (b) Me—(lf—("?—H
O 0O

I
C—H
(c) CH,-CH= CHQ?—b Acrolein (d) _2step
(1) step etard
lSeO2 H
SeO

ICH CH= CHMPH C-CH=CH,

CH_ OH Mo,

OH o

0
Il [l
(€) CHy C—H—=% >CH CH
®)

10. (a) Ans. F and B test

(b) Ans. Iodoform test
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ALLEN .

EXERCISE# (MAIN & ADVANCE)

1.
3.

Sol.

Ans. (A) 2. Ans.(D)
Ans. (A)
OH
[O] I
R—CH,—OH —>R—C|—OH
H
i
R—C—H
l[O]
i
R—C—OH

3° alcohols do not oxidize
they undergo dehydration

Ans. (C)
H O Me Me
| Il ‘ d
< \_}OQO_C@ — 0 o
Cl
Ans. (A) 6. Ans. (B)

Ans. (A,B,C)

Tollens's test is given by compounds having aldehyde group. Also a-hydroxy carbonyl gives positive

tollen's test.

H

H \C =0  Tollen's H CO, '
(A) % reagent % +Ag mirror
H H H H
Acraldehyde
CH=0 CO,
Tollen's + Ao mi
>
(B) reagent & mifror
Benzaldehyde

Tollen'
© Ph—?H—l(li—Ph&» Ph-C-C-Ph + Agmirror

reagent
OH O
Benzoin
(D) PhCH=CH-C-Ph Tollen's No reaction (—ve test)
I reagent
Ans. (D) 9. Ans. (2) 10. Ans. 4)

(+ve test)

(+ve test)

(+ve test)

11. Ans. (6.00)
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ALLEN
12. Ans. (1)
Sol.

2 O O
1y g e
4 402

6 (0]
5
lAg(NHs)z
O O
HO<_s 2 3
4 2 ! OH
(0]

13. Ans. 4)
Sol.
@/j:CH3 i) CH,;MgBr @/ICH;
O/ CH, i) HOH/H 710 CH,
CH,
(A)

lConc. H,SO/A

CH=0 CH

0,/Z 3

O e, <% O Lan
: CH,

ol (B)
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. ALLEN Reduction
REDUCING AGENTS AND THEIR ROLE
Group Product LAHin NaBH, B,H, H,/
Ether inH,0 in THF Catalyst A
—CHO —~CH,OH + + + n
>C=0 >CH - OH + + + +
—-CO,H —~CH,OH + - + _
-CO,R —CH,OH + _ + n
—COCl —CH,OH + + - +
—CONH, —CH,NH, + — + +
(RCO),0 RCH,OH + - + +
—CN ~CH,NH, + - 4 +
>C=NOH| ~CH,NH, + . _ +
>C=C< >CH - CH< - - + +
—C=C- —CH = CH- - - + +
1°RX RH + — - +
Note :

1.  B,H,in THF not able to reduce cyclic ester.

2. NaBH, can also reduce imine group (>C =NH).

3. Reactivity order towards Ni/H,, A= -C=N> -

”—O—R
0)




ALLEN .

JEE-Chemistry
Name Reagent Function
Wolf Kishner Reduction | (i) N,H,/ (i) KOH, A

- — %

Clemenson Reduction

Zn—Hg / HCI

X

Mozingo Reduction

SH
Dry HCI, followed
by Raney Ni
SH

o — X

presence of HI

Red P + HI

) SnCl, / HCI followed
Stephen's Reduction by H O+ R-C=N—-—-> R-CH=0
3
_CH
MPYV Reduction All-O-CH - HO*CH\CH >:O —>>—OH
3/3 3
N~ N 7/
AN AN
Hydroboration Reduction | B,H; /AcOH, H,O H H
)=o)
H H
Bouvoult Blank Reduction| Na/EtOH R-COO-R —>RCH,0H +ROH
N~ N /
Transfer Hydrogenation | N,H,/H,0, /C C\ _— /$7C|\
H H
i i
Rosenmund Reduction H,, Pd-BaSO, R—C—Cl R—C—H
* = — 7(|;=(|;7
H H
i
Birch Reduction Na/Liq. NH; —C=C— —>5 _(C= Cli
H
—COOR
HAl(CHz?HCH3) —C=N
CH 2 —COCl —> —CHO
DIBAL-H 3 I(I) 9
(=78°C) followed by H3Oe —C-O0-C-
—_CHO }—) —CH,OH
R-CO,H —>RCH,
Red phosphorus in R-CH=O RCH,

RfﬁfR—> RCH,R

R-OH——>R-H

0.065
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Reduction NN

EXERCISE # O-1

SH
> 0 HS/\/ ‘ Hy/Ni

» 7

The end products of the reaction are :

(A) >—SH and \gH

(©) ><2:| and H,0

CH

C(  H,.Pd
CH

3

Products of the above reaction will be :

(A) Racemic mixture (B) Diastereomers

Fantlll| H
il D

H

(A) O (B)

(B) »—S-CH,~CH,-SH

D) > and H M

(C) Meso

il H

(C) il H

RD0001

(D) Structural isomer
RD0002

(D) Both (B) and (C)

RD0003
On catalytic reduction with H,/Pt how many alkenes will give n-butane ?
(A) 1 (B) 2 ©)3 (D) 4
RD0004
H
3C\C7C/D H2 /Ni
/7 N\
D CH
Product of above reaction will be :
(A) Racemic mixture (B) Diastereomers (C) Meso (D) Constitutional isomers
RD0005
H,C CH,
\C:C/ H, /Ni
D/ \D
Product of above reaction will be :
(A) Racemic mixture (B) Diastereomers (C) Meso (D) Constitutional isomers
RD0006
4
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O 0
C=C"\
7. s
Which reagent will be used for the above conversion ?
(A) Na/Liq. NH, (B) H,, Pd-CaCO,; (C) Li, Ph-NH, (D) H,, Pt
RD0007
COOH
8. #I;Hs) Major product :
COOH COOH COOH CH,OH
(A) © (B) @ ©) (D)
RD0008
OCH,
9. —RelieML 5 Major product :
OCH, OCH, OCH,
(A) (B) © (D) None of these
RD0009

10. Q Conc.ZIZSO4 N A Pt/H, N B

A and B respectively are :

(A) Both <:>—<:>

11.  If the following compound is treated with Pd in excess of H, gas, how many stereoisomers of the

product will be obtained ?

(A) 1 (B) 2

RD0010

©) 3 (D) 4
RD0011

Eng.p65
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Reduction RN

ALLEN
| 4
H,C CH
X Y e :
12. >C—C 7z — M 5 Product :
D \D 1 eq.
A) H,C 4CH2 ®) H3C\C e _D
H N D~ CH,
D D
H,C_ _CH,
© c=cC (D) All of these
D/ D
RD0012
13.  Which alkyne gives 3-ethylhexane on catalytic hydrogenation ?
A
(A) (B) Il ©) (D) All of these
RD0013
Q
O 0)
14. —<\ 4% — NP5 Product
O
The product is :
Q
(A) HO OH (B) CH,~CH,-OH
OH
OH o Q O
(C) HO OH (D) —<\
0 OH
OH RD0014
5. /\Br AgCN o\ _H.Nip
The final product (B) is :
i
NH
@S BN ONN 0 N
b RD0015
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EXERCISE # O-I1
1. Column-I Column-II
(Conversion) (Required Reagent)
HOCH,
(A) H,CC=C-CH, —> u /C:C\H (P) H,, Pd-BaSO,
H3C\ /H
(B) H,C-C=C-CH; —> . /C:C\CH3 (Q) Li, Liq.NH,
(©) H,C-CH=CH-CH,— H,C-CH,-CH,—CH, (R) N,H, / H,0, (1 eq.)
CH, CH,
(D) @ — © (S) B,H,, CH,COOH
RD0016
n .
2. R-CR —— R-CH,R
Identify numbers of reagent that can be used for above conversion.
0 _
(a) Zn-Hg / HCI (b) LiAIH, (c) N,H, / OH @ §H ol N
CH,SH
RD0017
3. Column-I Column-II
(Conversion) (Required Reagent)
i
(A) -C-OH —— -CH,OH (P) LiAlH,
i
B) ¢l —— —-CH,OH (Q) NaBH,
i
(C) -C-OR' —— —CH,OH (R) B,H, / THE
O o
| g
R-C .
@) . C>o—> R-CH,OH (S) H, / Catalyst, A :
(II)
RD0018 °
H
| 4
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4. How many alkene on catalytic reduction gives following product.
(i) (A) _H2/Pt o n-butane (i) (B) __H2/Pt . Jso-pentane
(iii) (C) _H2/Pt , Neo-pentane (iv) (D) __H2/Pt o Cyclopentane
Hy
v B —
RD0019
5. Give the expected major product for each reaction, including stereochemistry where applicable.
(a) CH,~CH,-CH=CH, — P,
RD0020
DZ
(b) Pt P,
RD0021
H3C\C . M b,
c B — P
© g, N3
RD0022
Me
d) Ni/H, P,
Me
RD0023
) reesPs
O H,/Pt
TP6
RD0024
6. () CH,=CH-CH,CH=0—2"5p
RD0025
. _ H,/Pt
(ll) CH2:CH_CH2_C=N 6X206SS P2
RD0026
7. (a) Identify the product ?
N
(i) « B Me CHO R, .
RD0027
W
(i) « B Me,CO 2
%‘
RD0028
4
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N

&,
%‘

(i) «2BH4  Me—COCI

RD0029

(iv) «NaBHs Me-COOEt A
L
\ﬁ

RD0030
(b) Identify the product ?
(V) NaBH4 Me—COOH LiAlHy

RD0031
(vi) B Me-COOMe LAl

RD0031
(Vll) NaBHy MC—CONH2 LiAlHy

RD0031
(viii) « N2BHs  Me-CONH-Me —LAMs

RD0032
(ix) «BH: Me-CONMe, _ LiAH;

RD0032
(X) NaBHy CH3—CH — CH2 LiAlHy

RD0032

8.  Give product in following reactions.

@ NaBH, <:>:O LiAlH,

RD0033

RD0034
(iii) NaBHy4 <j>:0 LiAlHy 3

N
H

RD0033
(iv) < I\% LiAlH,

RD0034

4
m
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ALLEN Reduction |||} NGB
W) NaBH,4 O __LiAlHy
O
RD0033
(vi) NaBH, 0 LiAlHy
O
O
RD0034
(vii) « N8B e cON >ﬂ>
RD0033
(Vlli) NaBH,4 LiAlH4
O
RD0034
9.  Give product in following reactions.
o 0 COCH,
(a) YJ\H RedP+HI , (b) Red P + HI (c) Red P + HI
OH (excess) HO CH,OH (excess)
CHO
RD0035
10. Give product in following reactions.
@ __LAH
o
RD0036
O
Q)
(ii) LA
RD0037
(iii) CHy CH — CH , =5
No”
LAH
AICI,
RD0038
0]
LAH,
. X
(iv) ﬁj\lzo
RD0039
4
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11. Give product in following reactions.

CHO
o) NaBH LAH
O
COOEt

RD0040
Q (i) LiAlH,
. (i) D,0
(i) | ) Lialn,
(i) I,O
RD0041
12. (@ 0=C—CH, —"5 (A) —=> (B) —=—(C) ———>(D)
HCI KOH R,0,
RD0042
0
13. (a) ij __ Zn(Hg)
HCLA
RD0043
i
(b) Ph—C—CH; —= 2
RD0043
0O
Zn(Hg)
(©) @:@ HCL,H,0
RD0043
0
d) )J\/\/ ()HoNNH,
(ii)KOH ,heat
RD0044
N,H,
/ \ KOH, heat
0] 0] (excess)
Zn(Hg)
© m “her
(excess)
RD0045

4
m
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Reduction

14. (a) QC O —DBAL-H

|
0)

— DiBAL-H
®) @_C =N—"%c >

(© CHg—ﬁ—O—CH2_0H3M>

-78°C
RD0046
O OH
?
—_—
. O=0
NO, NO,
above conversion can be achieved by
(A) LiAlH, (B)H,/Ni, A (C) NaBH, (D) All
RD0047
4
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EXERCISE # (MAIN & ADVANCE)

1.

Hydrogenation of benzoyl chloride in the presence of Pd and BaSO, gives : [IIT 1992]
(A) Benzyl alcohol (B) Benzaldehyde  (C) Benzoic acid (D) Phenol

RD0048
Draw the stereochemical structure of the product in the following reactions. [IIT 1994]
R_CEC_R Lindlalr{ zatalyst
RD0049
Under Wolff Kishner reduction conditions, the conversions which may be brought about is?
(A) Benzaldehyde into Benzyl alcohol (B) Cyclohexanol into Cyclohexane
(C) Cyclohexanone into Cyclohexanol (D) Benzophenone into Diphenylmethane [TI'T 1995]
RD0050
Which one of the following alkenes will react fastest with H, under catalytic hydrogenation condition
[IIT 2000]
R R R H R R R R
\ / N4 NS N
H H R H R H R R
RD0051
The appropriate reagent for the following transformation: [IIT-2000]
)
CH,CH,
o, Y
HO HO
(A) Zn(Hg), HCI (B) NH,NH,, OH~ (C) H,/Ni (D) NaBH,
RD0052
Me Me
4 Vi
Me 7 H
H

Hydrogenation of the above compound in the presence of poisoned paladium catalyst gives-

(A) An optically active compound (B) An optically inactive compound  [IIT-2001]
(C) Aracemic mixture (D) A diastereomeric mixture

RD0053
When CH, = CH-COOH is reduced with LiAlH,, the compound obtained will be -[AIEEE-2003]
(A) CH,—CH,—CH,OH (B) CH,-CH,-CHO
(C) CH,~CH,-COOH (D) CH,=CH-CH,OH

RD0054
2-hexyne can be converted into trans—2—hexene by the action of : [IIT-2004]
(A) H,-Pd-BaSO, (B)Liinlig. NH;  (C) H,-PtO, (D) NaBH,

RDO0055

node06\BOBO-BA \Kota\JEE(
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Paragraph for Question No. 09 to 11
In the following reaction sequence, products I, J and L are formed. K represents a reagent.

1. Mg / ether
Hex-3-ynal I NaBHy ¢ 2.CO, N | K MG/M(Cl LU
2. PBry 3. H,0" Pd/BaSOy
o) quinoline
9.  The structure of the product L'is [JEE-2008]
N N M
(A) g NNy B) T\ \
Br
A Me Br
(C) Me Br (D) \+/_
RD0056
10. The structures of compounds J and K, respectively, are [JEE-2008]
OH
(A) Me CoOH and SOCI,  ®)ME 7 Y and 50,1
=" ? 0 22
Me Me
©) \—/ \ and SOCl, (D) COOH and CH,SO,Cl
COOH ="
RD0056
11. The structure of product L is : [JEE-2008]
Me
CHO P NN
CHO
— SN
©) o /TN / (D) Me CHO
RD0056
12. Consider all possible isomeric ketones including stereoisomers of MW = 100, All these isomers are
independently reacted with NaBH, (NOTE : stereoisomers are also reacted separately).
The total number of ketones that give a racemic product(s) is/are. [JEE-2014]
RD0057
13. In the reaction, [JEE-2014]
CH,COOH —*2 , AP, g _ACKOH , ¢ Final product C is.
(A) Ethylene (B) Acetyl chloride (C) Acetaldehyde (D) Acetylene
RDO0058
14. The reagent needed for converting is : [JEE-2014]
Ph-C=C—Ph Ph\c oM
—( =( — ﬁ =
H” "Ph
(A) H, / Lindlar Cat. (B) Cat. hydrogenation
(C) LiAlIH, (D) Li / NH,4
RD0059
4

Reduction IRERENN
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15. The major product obtained in the following reaction is : [JEE MAIN-2017]
0]
(0]
DIBAL-H
COOH
OH OH
(A) CHO ) CHO
COOH CHO
3) cHO ) o
COOH CHO
RD0060
16. Glucose on prolonged heating with HI gives : [Jee Main - 2018]
(1) 1-Hexene (2) Hexanoic acid (3) 6-iodohexanal (4) n-Hexane
RD0061
17. The trans-alkenes are formed by the reduction of alkynes with : [Jee Main - 2018]
(1) NaBH, (2) Na/liq.NH,4 (3) Sn—HCl (4) H,—Pd/C, BaSO,
RD0062

18. The main reduction product of the following compound with NaBH, in methanol is :-

[Jee Main - Onl_line Morning 2018]
(0] (0]
o
(0] O\ OH O\ OH OH O\
M @/ NMe, @) ©/ NMe, 3) ©/\NM62 @ @/ NMe,

RD0063
19. The major product of following reaction is : [JEE-MAIN-On-line-(Jan)-2019]
R_C=N (l)zx(lzl;({iz—guz) s 9
(1) RCHO (2) RCOOH (3) RCH,NH, (4) RCONH, g
RD0064 |
20. Wilkinson catalyst s : [JEE-MAIN-On-line-(Jan)-2019]
(1) [(Ph;P);RhCI] (Et = C,Hy) (2) [Et3P),IrCl]
(3) [Et;P);RhCI] (4) [Ph;P),;IrCl] y
RD0065

node06\BOBO-BA \Kota\JEE(
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21.

22,

23.

24.

The major product X' formed in the following reaction is :
[JEE-MAIN-On-line-(Jan)-2019]

0)

Q0
CH-C-OCH
i:( X
OH 0 (I? OH OH (I?
CH,CH,OH CH-C-H CH,CH.,OH CH,~C-OCH
(1)@/ e @i:( : (3)© e (4)© : :

RD0066
The major product of the following recation is:
[JEE-MAIN-On-line-(Jan)-2019]

0
CHsN\/\/\)J\ NaBH,
OH OH
(1) CILNW\/\ 2) CHBN\/\/\/\
OH OH

(3) CHN A~ A~ () CHN A~

The major product of the following reaction is:

@iOEt N,
(i) DIBAL-H
NH OH
(3) “4)
NH,

RD0068

RD0067

[JEE-MAIN-On-line-(Jan)-2019]

The major product obtained in the following reaction is :-
Li AIH,
(excess)
(1) H, é:\/c

NO, OH NH, OH NH, OH NO, OH

[JEE-MAIN-On-line-(Jan)-2019]

Oy OH

RD0069

Reduction |RTRNN
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25. The major product of the following reaction is:

e

(D

CN
0
9)
CHO
%
CHO
3) <g\/oH 4)
CHO

(i) DIBAL-H
—_—
(ii) H,0

(2)

ALLEN .

[JEE-MAIN-On-line-(Jan)-2019]

RD0070

26. The increasing order of the reactivity of the following with LiAlH, is :

[JEE-MAIN-On-line-(Jan)-2019]

0 0

(A) Czﬂs)KNHz (B) Czﬂs)kOCHg
0] (0] (0]

(C) CZHS)KQ (D) CZHSAOACZHS

(D) (A) <(B) < (D) <(©)
(3) (B) <(A) < (D) < (C)

27. The major product of the following reaction is:

0)

NaBH,
ok

OH
0 Q @) @
OEt

0 OH

oy o8

(2) (A) <(B) <(C) < (D)
(4) (B) <(A) < (C) < (D)

RD0071

[JEE-MAIN-On-line-(Jan)-2019]

RD0072

duction\Eng.p65
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28. The major product of the following reaction is: [JEE-MAIN-On-line-(April)-2019]

0]
L

NaBH,

OH OH
OMe Br
(1) (2)
OMe
N

3) 4)

RD0073
29. The major product of the following reaction is : [JEE-MAIN-On-line-(April)-2019]

CH,CH = CHCO,CH, —“A%:

(1) CH,CH,CH,CHO (2) CH,CH = CHCH,OH

(3) CH,CH,CH,CO,CHj;4 (4) CH,CH,CH,CH,OH
RD0074

30. The major products A and B for the following reactions are, respectively:
o}
1 KON o HPd
DMSO - [JEE-MAIN-On-line-(April)-2019]
HO CN HO CH,NH, o o
I. I CN; CH,-NH,
(D (2)
HO CN HO CH,NH, o o
I H CN; CH,-NH,

3) 4)

RDO0075
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ALLEN .

31. What is the product of following reaction ?

(i) NaBH,

(i) PBr,

(i) Mg/ether
(iv) CO/H:0”

Hex-3-ynal ?

[JEE-MAIN-On-line-(Jan)-2020]

(1) A~~~ CO0H 2) A~~~ CO0H

4)

32. The most suitable reagent for the given conversion is :
conn, §Hs
C=0

HO,C
: CN

CONH,
COCH,

HOH,C T
(1) LiAlH, (2) NaBH, (3) Hy/Pd

Z COOH

RD0076
[JEE-MAIN-On-line-(Jan)-2020]

(4) B,Hq
RD0077

duction\Eng.p65
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ANSWER KEY
EXERCISE # O-1
1. Ans. (D) 2. Ans. (B) 3. Ans. (O 4. Ans. (O 5. Ans. (A)
6. Ans. (O) 7. Ans. (B) 8. Ans. (B) 9. Ans. (O 10. Ans. (B)
11. Ans. (OC) 12. Ans. (O) 13. Ans. (D) 14. Ans. (D) 15. Ans. (B)
EXERCISE # O-I1
1. Ans. (A)-P, R, S; (B)—>Q; (CO)>R, S; (D)->Q 2. Ans.(3)
3. Ans. (A)-P,R,S; B)->P,Q,S; (O-P,R,S; (D)->P, R, S
4. Ans.
(1) Cis & trans 2-butene & 1-butene ; (i1) C—CI —C=C Cf?=C—C Cf(lifC—C
C C C
(111) Zero (Neo-pentane can not be prepared by catalytic hydrogenation of alkene) ; (iv) One
74 /
(v) Including optical = 4 | | | | .Excluding optical = 3.
S. Ans.
D CH, CH,
H——D D——H
@ NS ®) C( ©p 1w n—to
D CH, CH,
CH,
4 i H ‘<:>_< ‘@*_<
(d) —— (e)
o 2G1.
6. Ans. (i) P, = CH;-CH,~-CH,—~CH,~OH (i) P,= CH,-CH,—-CH,—-CH,-NH,
8.

Ans.
1) QOH , QOH (i1) NHC>— OH , NHC>— OH
(iii) No reaction, { ) @iv) < >
NH NH
(v) No reaction, < CH,OH (vi) No reaction, < CH,OH
OH OH
. 1

0}

Ans. (a) Y (b) Q ()

CH,

(vil) No reaction, Me-CH-N ) (viii)
H




T )5t Chemistry

10.

11.

12.

13.

14.

15.

Ans.

; OH
N OHcp,0H
(i) O (ii) (iii) CH3—$H—CH3, CH,~-CH,~CH,OH
OH

OH

(iv)
CH,0H

CH,OH CH,OH

COOEt COOEt /CH CH,0H
CH,
OD OH
H
i @ @

0
Br—C CH CH=CH, Cl-CH-CH,

C-CH ,
_Zn(Hg) | alc. KOH HCl
QO Q) @ s ) 8- O
(a) O (b) Ph-CH,-CH;  (c) @O (d) AN

(@) QC Of __DIBALH O_ﬁ_
0
; C-H
(b) @—C N2, @ g (¢) CH, - CHO

ALLEN .

0.065
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13.

14.
15.

CH, OH

2-alcohols (S,S) & (S,R)
diastereomeric pair

(6) n-propyl _ﬁ_Et n-propyl -CH-Et

OH (+) racemic

NaBH, mixture

(7) Isopropyl —C-Et
I Isopropyl CH-Et
H (+) racemic
mixture

(1;2;3;6:;7)
Ans. (A)

0]
LiAlH,

[ (A) )
CH,-C-OH =—»

CH CH OH PCI, alc KOH ©

(B
CH,CH,-Cl————CH,=CH,
Reduction of CH;COOH will produce CH;—CH,—OH(A)

Now reaction of CH;—CH,—OH(A) with PCls will produce CH;—CH,—CI(B).

. ALLEN Reduction
EXERCISE # (MAIN & ADVANCE)
1. Ans. (B) 2. Ans. Dc=cZN 3 Ans.(D) 4. Ans.(A)
. ns. . ns. = . ns. . ns.
0 ~H
5. Ans. (B) 6. Ans.(B) 7. Ans.(D) 8. Ans. (B)
9. Ans. (D) 10. Ans.(A) 11. Ans. (O)
12. Ans. (5)
M. wt 100 of ketone
So m. formula = CH O
(1) n-Butyl —ﬁ—CH3 n-butyl CIH_CH3
O OH
(2) Isobutyl -C—CH, Isobutyl -CH-CH, all are
I NaBH,, | ; + racemic mixture
OH
(3) 3° butyl —ﬁ—CH3 Fbutyl-CH-CH,8
OH
CH,
(4) CH;~CH,~CH-C-CH,4 (Hs
I CH;~CH,-CH-CH-CH,
R(2°butyl) OH
CH, 2—algohols (R,R? & (R,S)
(5) CH,-CH- ClH— ﬁ_ CH, NaBH, diastereomeric pair
Sbutyly \——> CH,-CH,CH-CH-CH,§

Now alcoholic KOH with Et—Cl will produce CH,=CH,(C) Ethylene by E, elemination.

Thus Ans. is (1) Ethylene.
Ans. (D)
Ans. (1)
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16. Ans. 4)

Sol. CHO
H—1—OH
HO ——H HI/A P
H——OH Reduction 0
H——0OH n-Hexane
CH,OH
Glucose

17. Ans. (2)

Na/lig. NH,
Sol. — ” \a

Birch reduction is anti addition. So trans alkene will be produced.

18. Ans. 4) 19. Ans. (1) 20. Ans. (1) 21. Ans. @)
22. Ans.(3) 23. Ans. (2) 24. Ans. (2) 25. Ans. (3)
26. Ans. (1) 27. Ans. 4) 28. Ans. (4) 29. Ans. (2)

30. Ans. (2)

31. Ans.(3)
Sol.

0
H NaBH,

CH,—CH, ~C=C—CH, - \H—l

CH,-CH,~C=C—CH,- CH,~ OH

PBry

Mg/ether CH,-CH,-C=C-CH,-CH,-Br

7 e 7 7 (1) CO,
CH,-CH, -C=C-CH, - CH, - MgBr & HO
i
CH;-CH,-C=C-CH,-CH,-C-OH

32. Ans. @)

CONH,
C - CH,
Sol. (l)l —> g
HO,C
CN
CONH,
COCH,
HOH, g
CN

Most suitable reagent for given conversion is B,H, (electrophilic reducing agent)

node06\BOBO-BA \Kota\JEE(
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ELECTROCHEMISTRY

*,
*

*,
*

INTRODUCTION :
Electrochemistry deals with the study of electrical properties of solutions of electrolytes and the
inter-relation of chemical phenomenon and electrical energies.
Electric Conductors are of two types :
(i)  Metallic conductors (i) Electrolytic conductors or electrolytes.
(i) Maetallic conductors :
The conductors which conduct electric current by movement of free electrons without undergoing
any chemical change are known as metallic conductors.
eg. Metals : Cu,Ag,Fe,Al etc., non metals : graphite and various alloys.
@ii) Electrolytic conductors :
Those substances whose aqueous solution conducts the electric current and which are
decomposed by the passage of DC current are called electrolytes. In this case, conduction takes
place by movement of ions.
Electrolytes also conduct electricity in fused state and undergo decomposition by passage the
electric current.
Strong electrolyte :
Electrolytes which are completely ionized in aqueous solution or in their molten state, are called
strong electrolytes. Their aqueous solutions are strongly conducting.
Ex : All salts, strong acids and strong bases.
Weak electrolyte :
Electrolytes which are not completely ionized in aqueous solution are called Weak electrolytes. Their
aqueous solutions are weakly conducting.
Ex: Organic acids CH,COOH, HCN (Except : Alkyl sulphonic acids, RSO H)
Organic base : Amines, Aniline etc.
Note : Ostwald's dilution law is only applicable for weak electrolytes according to which degree of
dissociation(a) increases on dilution.
. For weak electrolyte : o << 1 = lesser ions = weakly conducting
. For strong electrolyte : o = 1 (always) = more ions = strongly conducting

Difference between metallic and electrolytic conduction :

Metallic conduction Electrolytic conduction

(i) Flow ofelectricity takes place due to Flow of electricity takes place by ions.
free electrons without the decomposition
of the substance.

(ii) No transfer of matter takes place. Transfer of matter takes place.

(iii) The resistance to the flow of current The resistance to the flow of current decreases
increases with the increase in with the increase in temperature and hence
temperature and hence the increase in increase in temperature increases the conduction.

temperature decreases the conduction.

Electrochemistry
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2. ELECTROCHEMICAL CELL :

It is device for inter-converting chemical energy in to electrical energy or vice versa.

Electrochemical cells are of two types

¢ | ¢

Galvanic cell or Voltaic cell Electrolytic cell.
» A spontaneous chemical reaction . An electric current drives a
generates an electric current | EMF non-spontaneous reaction.
* Chemical energy converted into . Electrical energy converted into
electrical energy. chemical energy.
3.  GALVANIC CELL | VOLTAIC CELL
. A cell in which the chemical energy is transformed into electrical energy.
. The chemical reaction occurring in a galvanic cell is a spontaneous redox reaction.
. During the chemical process, the reduction in Gibbs free energy is converted in the form of
electrical energy.
DG),, = W Usefulmax. = -nFE_,

Galvanic cell is made up of two half cells i.e., anodic and cathodic. The cell reaction is of redox kind.
Oxidation takes place at anode and reduction at cathode. It may be represented by Daniel cell which
is a type of Galvanic cell. Zinc rod immersed in ZnSO, behaves as anode and copper rod immersed in
CuSO, behaves as cathode.

) i
\/'/ I <4
le ye
- +
Anode o Salt Bridge c Cathode
u
(LHS) 1 (RHS)
\/ Inert electrolyte KCl,
| KNO,,NH,(l etc. CuZ
72 i with Gelatin or Agar- |
Agar K*
ZnSO n CuSO4
Zn —> 7Zn*? + 2e- Cu*? + 2e— - Cu
(Oxidation) (Reduction)

Anode —ve terminal

Oxidation takes place at anode :
Zn(s) —> Zn*" +2e
Reduction takes place at cathode :

Cu™ +2e¢ — Cu(s)

Cathode +ve terminal

(Loss of electron : Oxidation)

(Gain of electron ; Reduction)

trochemistry \Eng\O1_Theory.p65

node06\BOBO-BA \Kota\JEE(Advanced) \Enthuse \Chemistry \Sheet\Elect



node06\BOBO-BA\Kota\JEE{Advanced]\Enthuse\ Chemistry\Sheef\Electrochemistry \Eng\O1_Theory.p5

. ALLEN

Electrochemistry
3.1 Construction of Cell :
. It has two half—cells, each having a beaker containing a metal strip that dips in its aqueous
solution.
. The metal strips are called electrodes and are connected by a conducting wire.
. Two solutions are connected by a salt bridge.

3.2 Construction | Working principle of Daniel cell :

I.

II.

Anode of Daniel cell : Zn rod is placed in ZnSO, solution are found to have tendency to go into the
solution phase when these are placed in contact with their ions or their salt solutions.

Surf? fZi
OOO uél:zfr(())de "

Very soon a dynamic
equilibrium is establi-
shed to become a
cylindrical capacitor.

O @ Water
080 molecules

Fht bttt R

@rirniinnnnnnnren
+++++++++ A

How Zinc atoms become zinc
ions at the electrode surface.

The Zn atom or metal atoms will move in the solution to form Zn". After some time following
equilibrium will be established.

Zn(s) == Zn"" + 2e
There will be accumulation of sufficient negative charge on the rod which will not allow extra zinc
ions to move in the solution. i.e. solution will be saturated with Zn"* ions.
The positive charge will be more concentrated near the rod.
The extra positive charge of the solution will be more concentrated around the negatively charged
rod. An electrical double layer is developed in the system and hence a potential difference is created
between the rod and the solution which is known as electrode potential
This particular electrode is known as anode :

. At anode oxidation will take place. (Release of electron).

. To act as source of electrons.

. It is of negative polarity.

. The electrode oxidation potential is represented by E,_ | 2 & reduction potential by E, .., .

Cathode of Daniel cell :

Copper ion
‘26: sheds its sol-

vating water -@= Verysoona

and accepts zfz  dynamic

two electrons =1z equilibrium
become a 1= is established

neutral ZiZ to become

copper at the ggg a Cylindrical

electrode. capacitor.
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Note:

3.3

Cu, when placed in contact with their aqueous ions, the ions (Cu’") from the solution will get deposited on
the metal rod.
The following equilibrium will be established :

Cu'(aq) + 2¢ = Cu(s)
So rod will have deficiency of electron (positive charge). Extra negative charge will surround this
positively charged rod and form double layer. An electrical double layer is developed in the system
and hence a potential difference is created between the rod and the solution which is known as
electrode potential. This will be known as cathode.

. At cathode reduction will take place. (Gain of ¢ will take place)

. Cathode acts as sink of electron.

. Positive polarity will be developed.

. Their electrode reduction potential can be represented by : E 2 agicue -

Is where oxidation occurs Is where reduction occurs

o Anode : {

Has a negative sign Has a positive sign

. Cathode : {

Overall process :

Zn(s) + Cu*'(aq) —> Cu(s) + Zn*'(aq)
In Galvanic cell like Daniel cell ; electrons flow from anode (zinc rod) to the cathode (copper rod)
through external circuit ; zinc dissolves as Zn”"; Cu’" ion in the cathode cell picks up two electron and
is deposited at cathode.
The electrode potential will keep on decreasing with time as Zn’*ions increase & Cu”" ions decrease
in solution therefore tendency of cell reaction decreases and cell attains equilibrium.
Functions of Salt Bridge :
. A salt bridge is a U-shaped inverted tube that contains a gel permeated with an inert electrolyte.

. It connects the solution of two half cell to complete the circuit.

. It minimise the liquid junction potential, the potential difference between the junction of two
liquids)

. It maintains the electrical neutrality of the solution in order to give continuous flow or generation

of current " The simultaneous electrical neutrality of the anodic oxidation chamber and cathodic

reduction chamber is due to almost same mobility or velocity of K™ and NO," ions taken into

salt bridge.
. If the salt bridge is removed then voltage drops to zero & cell stops working.
. The ions of the inert electrolyte should not react with other ions in the solution and the ions are

not oxidised or reduced at the electrodes.
. Generally tube is filled with a paste of agar-agar powder with neutral electrolyte generally not
common to anodic|cathodic compartment with porous plugs at each mouth of tube.

. It prevents mechanical mixing of two electrolytic solutions.

ALLEN .
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3.5

3.6

3.7

Liquid Junction Potential :
The potential difference which arises between two solutions when in contact with each other. Salt

bridge removes effects of junction potential by providing appropriate migration of ions.

Characteristics of electrolyte used in salt bridge :

1.  Theelectrolyte should be inert.

2. The cations and anions of the electrolyte used should be of ionic mobility.
3. lons of electrolyte should not react with ions involved in cell reaction.
Representation of galvanic cell IUPAC)

The anode is written on the LHS & cathode on the RHS.

we denote salt bridge by two vertical parallel lines (||), if used, in between anode & cathode.

Ex. Pt(s)|H,(g)|H'(aq) |l H'(aq.) | H,(g) I Pt(s)

Ex. Daniel cell : Zn (s) | Zn*" (aq) || Cu* (aq.) | Cu (s)

Ex. For cell reaction : H (g) + Cu™(aq) —> 2H'(aq) + Cu(s)
Pt|H, (g) |H (aq) || Cu* (aq.) | Cu (s).

Electrode potential :

When a strip of metal is brought in contact with the solution containing its own ions then the strip of
metal gets positively charged or negatively charged and results into a potential being developed between

the metallic strip and its solution which is known as electrode potential.

. At anode : Mo>M™"+ne (Oxidation Potential)

. Atcathode: M™"+ne -»M (Reduction Potential)

The value of electrode potential depends upon :

(1) the nature of electrode

(i1) the concentration of solution

(iii) the temperature

Standard electrode potential (E°) :

If the concentration of ions is unity, temperature is 25°C (or any constant temperature) and pressure is
1 bar (standard conditions), the potential of the electrode is called standard electrode potential.

. The given value of electrode potential is regarded as reduction potential unless it is specifically
mentioned that it is an oxidation potential.

Electromotive force of cell or cell voltage :
The difference in the electrode potentials of the two electrodes of the cell is termed as electro motive
force [EMF] or cell voltage which causes current to flow.

E E ,(cathode) —E_, (anode)=E . (anode) — E_,(cathode) =E

cell ~ " red red oxi.

(anode) + E_ (cathode)

oxi.

4
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3.8 Electro chemical series: Standard aqueous electrode potentials at 298 K

Electrode Reduction Reaction Standard electrode Reduction
potential E°, Volts
Li'+e— Li -3.05
K'+e 5K -2.93
Ba™+2¢ —»Ba -2.90
Ca”+2e »Ca ~2.87
Na'+e —»Na -2.71
Mg?+2e¢ > Mg -2.37
Al” +3e > Al ~1.66
Mn™ +2e - Mn —1.18
HO+e¢ - 2H, +OH -0.83
Zn”+2e - 7Zn -0.76
Cr’+3e »Cr ~0.74
Fe™+2e — Fe —0.44
Cd”?+2e »Cd ~0.40
Ni"? + 2¢"— Ni -0.25
Sn? +2¢ - Sn -0.14
Pb” +2¢ - Pb -0.13
2D" +e - D, -0.01V
2H +2¢ > H, 0
AgBr(s)+e — Ag(s)+ Br +0.09 V
AgCl +e - Ag+Cl 022V
Cu”+2e¢ > Cu +0.34
/20,+%H0+e -»OH +0.401 V
L +2e »2I +0.54
Q+2H +1le > HQ +0.70
Hg,” +2e - 2Hg +0.79
Ag +e 5 Ag +0.80
Hg” +2e — Hg +0.85
Br, +2¢ — 2Br +1.08
% 0,+H +¢ - H0 +1.23V
Cl, +2e —»2CI' +1.36
Pt? +2e — Pt +1.20
Au” +3e > Au +1.50
Au'+e > Au +1.69
S,0,  +2e¢ -»280, +2.0V
F,+2¢ -»2F +2.87
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Application of electrochemical series :

(i  Activity of metal : From electrochemical series, the activity of any metal can easily be determined.
All the metals which are placed above hydrogen are stronger reducing agents & can easily
evolve H, gas whereas metals lying below hydrogen are weaker reducing agents cannot lose
electrons to H' ions & hence can't evolve H, gas. For e.g. Na, K, Zn etc. can easily evolve H,
whereas Cu, Hg, Ag etc. do not have tendency to evolve H, gas.

Na + H,SO, -»Na, SO, + HT

Na + H,0 - NaOH +% H,?

Cu+H,S0, —&> CuSO, + H,1

(ii) Displacement reaction : The active metal can easily displace less active metal from their aq.
salt solution for e.g. Zn can replace Cu** from an aq. solution of CuSO ,- But Cu cannot displace
Zn*" from solution similarly,
2AgNO, + Cu — Cu(NO,), + 2Ag,

CuSO, + Ag —&> Ag;SO, + Cu
(iii) Feasibility of redox reaction : The feasibility of particular redox reaction can be easily find
out from electrochemical series. The metal placed higher or have more reducing property can
easily lose electrons to the metal ion present below in series, hence redox reaction become
feasible i.e. cell will serve as source of electrical energy. For e.g. NiSO, solution cannot be
placed in Fe vessel because, the redox reaction between them is feasible.
Note:If emf of the cell for redox reaction comes out to be positive , it suggest the redox reaction is

spontaneous or feasible. Negative value indicate that redox reaction is not feasible.

—0.25V —1.36V

I | I
Ni”+ Fle — Ni(s) + 1Te+2 Cl + cligo;% CL + Cr”
i)

+0.44V 1.33V

(iv) Oxidising & reducing powers : The metals placed above hydrogen in the electrochemical
series are strong reducing agents whereas non-metals placed after hydrogen, are strong oxidising
agents.

(v) Displacement of one non-metal from its salt solution by another non-metal : A non metal
lower in the series will have more reduction potential and will displace another non-metal with
lower reduction potential. e.g. F, can displace all halide ion from solution.

F,+2KCIl— 2KF + Cl,
CL+2KI— 2KCI +
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EXERCISE #1

1. A standard reduction electrode potentials of four metal cations are -
AT=-0250V, B"=-0.140 V C'=-0.126V, D"=-0402V
The metal that displaces A" from its aqueous solution is :—
(A)B (B) C (©)D (D) None of the above

2. The standard reduction potentials for two half-cell reactions are given below,
Cd*(aq) + 2e— — Cd(s), E° = - 0.40V
Ag'(aq) + e > Ag(s), E° = 0.80V
The standard free energy change for the reaction
2Ag*(aq) + Cd(s) — 2Ag(s) + Cd** (aq) is given by :
(A) 115.8 KJ (B) -115.8 KJ (C) —231.6 KJ (D) 231.6KJ

3. The reduction potential values are given below:
AP | Al = -1.67 volt Mg* | Mg = —2.34 volt
Cu?*| Cu = + 0.34 volt, L | 2I" =+ 0.53 volt
Which one is the best reducing agent ?
(A) Al (B) Mg (C) Cu (D) L,

4. E°forF,+2¢ =2F is28V, E°for%F, +e=F is ?
(A)28V B) 14V (C) 28V (D)-14V

5. If A G° of the cell reaction,
AgCl(s) +2H (g) — Ag(s) + H" +CI" is -21.52KJ
then AG® of 2AgCl(s) +H,(g) — 2Ag(s) +2H" +2CI" is :
(A) -21.52 KJ (B) —10.76 KJ (C) 43.04 KJ (D) 43.04 KJ

6.  Given electrode potentials :
Fe3(*aq) +e — Fez?aq) ; E°=0.771 volts L, t2e — 20 E°=0.536 volts
E° , for the cell reaction,
2Fe3(*aq) +2r,, — 2Fez*(aq) + L, is -
(A) (2 x0.771 — 0.536) = 1.006 volts (B) (0.771 = 0.5 x 0.536) = 0.503 volts
(C) 0.771 — 0.536 = 0.235 volts (D) 0.536 — 0.771 =—0.235 volts

3.9 NERNST EQUATION :
For a reaction aA + bB =cC + dD %
DG = DG® + RTInQ
—nFE = - nFE° + RTInQ
With the help of Nernst equation, we can calculate the non-standard electrode potential of electrode £
or EMF of cell. Nernst equation predicts effects of concentration, pressure or temperature changes
on cell EMF. Nernst equation can be applied on half-cell as well as complete Galvanic cells f
reaction. y

cell — E’ - %IHQ =E°- 2‘31(,)11::,RT logQ %
L 4
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Where - E’= Standard electrode potential
R = Gas constant
T = Temperature (in K)
F = Faraday (96500 coulomb mol ")
n=No. of e gained or lost in balanced equation.
Q =Reaction quotent

2.303x8.314x298
96500

=0.059volt (At298 K )

Note: (i) For writing Nernst equation, first write balanced cell reaction.

(i1) Nernst equation can be applied on half-cell as well as complete Galvanic cells.

3.10 THERMODYNAMIC TREATMENT OF CELL :

@) Determination of equilibrium constant : We know, that

E = E° -

0.0591 .
o logQ (1)

At equilibrium, the cell potential is zero because cell reactions are balanced,i.e. E=0& Q=K_ .

. From E (i), we have

~0.0591
n

0=E’

] I,1130 nE°
logKeq or K,=antilog 0.0591 =101

(ii) Heat of Reaction inside the cell: Let n Faraday charge flows out of a cell of e.m.f. E, then

—AG = nFE ()
Gibbs Helmholtz equation (from thermodynamics ) may be given as,
O0AG
AG=AH+T | 57 (i)
p

From Egs. (1) and (i1), we have

- nFE:AH+T{8(LFE)} ok
oT

:AH—nFT[—}
p aT p

istry \Eng\O1_Theory.p65

AH=—nFE+mFT a—E
oT .
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(iii) Entropy change inside the cell : We know that G=H-TS or AG=AH —-TAS
where AG = Free energy change ; AH = Enthalpy change and AS = entropy change.

A\Enthuse\Chermistry

According to Gibbs Helmoholtz equation,

AG=AH+T 98G e
oT . ...(11)
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From Egs. (i) and (i1), we have

—TAS:TPA—G} or AS=—PA—G}
or |, )

oT
or AS:nF[a—E}
ot |,

OE
where [E} is called temperature coefficient of cell.
p

3.11 DIFFERENT TYPES OF ELECTRODES
I.  Metal - Metal ion electrode : Ex. - M™ | M

M™ +ne” — M(s)

0.059 1
By = E;[“*/M T 4 log [M™]

II. Gas-ion Electrode :
Andoe : Pt, H, (P atm) | H" (cM)
Cathode : H'(cM) | H, (P atm)| Pt

Cathodic raction : H' (aq) +¢ — %Hz (P atm)

1

2
PHf =-0.0591 pH [ E?{*/Hz

E =E°-0.0591 log
(H']

III. Oxidation - reduction Electrode (or redox electrode) :

It has same metal (or element) in two different oxidation states in same solution.

Pt|Fe’", Fe’"
As areduction electrode
Fe'" +e — Fe**

[Fe?*]
[Fe®']

E=E°-0.0591 log

Also, Ptl CrZO§2 (aq.), Cr3(aq.),H"
Pt | Mn*? (aq.),MnOj(aq.),H"

IV. Metal - metal insoluble salt-anion electrode :

=0&pH, = 1bar}

In this half cell, a metal coated with its insoluble salt is in contact with a solution containing the

anion of the insoluble salt. eg. Silver-Silver Chloride Half Cell:
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This half cell is represented as CI |AgCl|Ag. The equilibrium reaction that occurs at the electrode is
AgCl(s) +e= = Ag(s) + Cl(aq)

o o 0.0591
Cl /AgCl/Ag EAg*/Ag 1 logK,,
=0 0.0591 _
Eorragarag=P e agorag™ 109 ¢l

potential of such cells depends upon the concentration of anions. Such cells can be used as Reference
Electrode.

3.12 Reference Electrode :

Absolute values of electrode potentials can not be measured. Reference electrodes is an electrode
used to measure the electrode potential of other electrodes.

(a) Standard Hydrogen Electrode (SHE) :

It consist of a platinum electrode over which H, gas (1 bar pressure) is bubbled and the elec-
trode is immersed in a solution that is 1 M in H" at any specified temperature.

2H'(1 M) +2¢” —> H(g)(1 atm)

The potential of this electrode at all temperature is taken as Zero volt.

o

[TUPAC convention : E =E  .=0]

H*/H, H,/H*
Calculation of electrode potential :

v | 1

At Anode At Cathode
Hy(g) = 2H" +2¢ 2H" +2e = H,(g)
. Oxidation potential O.P.= E,; ) (.0, *  Reduction Potential (R.P.)
Ei /i, = RP
* ElMesien =SOP=0 « El e =SRP=0
. EHZ/H* =0 . EH*/HQ 20
H@ [

(at 1 atm) —= @)

ﬂ

-1 Pt black
electrode

H,O  [riele e alonts
(].M) \\.....O. o. gl

Hydrogen Electrode

Electrochemistry
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4.1

Ex.

So,

(b)

To calculate standard potential of any other electrode a cell is coupled with standard hydrogen
electrode (SHE) and it's potential is measured that gives the value of electrode potential of that
electrode.

Anode : Zinc electrode

Cathode : SHE

Cell : Zinc electrode || SHE

E

cell - EH+/H2(Q) - EoZn2+ | Zn
=0.76 V (at 298 K experimentally)
E° =—-0.76 V (SRP)

Zn2+|Zn
E® 1 zurrag = 0-76 V (SOP)
Calomel Electrode :
Cathode : CI'(¢ M) [Hg,CL(s) | Hg()| Pt(s)
Itis prepared by a Pt wire in contact with a paste of Hg and Hg, Cl, present in a KCl solution.

reaction Hg,Cl(s) +2e — 2Hg(/) +2CI"; E’=+0.27V

_ RO 0.059

Ecr /Ha,Cl, /Hg O /HgCl/Hg ~ 9

log[CI™J? )

CONCENTRATION CELL

The cells in which electrical current is produced due to transport of a substance from higher to lower

concentration. Concentration gradient may arise either in electrode material or in electrolyte. Thus

there are two types of concentration cells.

Electrode concentration cell :
Pt, H,(P,) | H*(C) | Hy(P,), Pt
Here, hydrogen gas is bubbled at two different partial pressures at electrode dipped in the solution

of same electrolyte.

Cell process : 1/2H2(p1)—>H+(c)+e_ (Anode process)

or

H (cy+e —1/2H,(p,)
1/2H, (pp)=21/ 2H, (py)

1/2
2.303RT, |P»
Py

E

2303RT]. [ p, 0.059, | Py
—— |log| —= o E =—“logl —
[ 2F } gL’l} ALC 2F g{p2

For spontanity of such cell reaction, p,>p,

ALLEN .
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. ALLEN Electrochemistry

4.2  Electrolyte concentration cells:

Zn(s)| ZnSO, (C,) || ZnSO, (C,) | Zn(s)

In such cells, concentration gradient arise in electrolyte solutions. Cell process may be given as,

Zn(s)>Zn**(C,)+2e (Anodic process)
Zn**(C,) +2e—> Zn(s) .
702t (C,) —7n2* ) (Cathodic process , Over all process)

. From Nernst equation, we have

C
gogo 230RT, TG L 230RT) TC,
2F C, 2F |

For spontanity of such cell reaction, C,> C,
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EXERCISE # 2

Representation of Cell diagrams, complete and half cell reactions :

1. The reduction potential of hydrogen electrode (PHz =1 atms; [H"] =0.1 M) at 25°C will be -

(A) 0.00 V (B) —0.059 V (C)0.118 V (D) 0.059 V

2. Which of the following represents the reduction potential of silver wire dipped into 0.1 M AgNO, solution
at 25° C ?
(A)ES (B) (E°, + 0.059) (C) (B2, - 0.059) (D) (ES, - 0.059)

3. Forareaction - A(s) + 2B{  — Az(*aq) +2B K hasbeen found to be 102, The E°cell is:

(A) 0354 V (B) 0.708 V (C) 0.0098 V (D)1.36 V
4.  For the cell reaction

Mg + an?aq) (IM)—>  Zn(s) + Mgz(:q)(lM)

The emf has been found to be 1.60 V, E° of the cell is :

(A) -1.60 V (B) .60 V (C) 0.0V (D)0.16 V
5. Theemf of'the cell in which the following reaction,

Zn(s) + Ni%; o @=01)— Zn2(+aq) (a = 1.0) + Ni(s)

occurs, is found to be 0.5105 V at 298 K. The standard e.m.f. of the cell is :-

(A) -0.5105 V (B) 0.5400 V (C) 0.4810 V (D) 0.5696 V
6.  Given electrode potentials :

Fo 4o Fe? 5 E°=0.77lvolts L, +2¢ —— 2L E° = 0.536 volts

(aq) ? (aq) °

E°_, for the cell reaction,

3+ - 2+ Qo
2Fe’, T 20, > 2Fe” ) T Ly 18

(A) (2 % 0.771 — 0.536) = 1.006 volts
(B) (0.771 — 0.5 x 0.536) = 0.503 volts
(C) 0.771 — 0.536 = 0.235 volts

(D) 0.536 — 0.771 =—0.235 volts

5. SOME COMMERCIAL BATTERIES
Any battery or cell that we use as a source of electrical energy is basically an electrochemical cell where
oxidising and reducing agents are made to react by using a suitable device. In principle, any redox reaction
can be used as the basis of an electrochemical cell, but there are limitations to the use of most reactions as
the basis of practical batteries. A battery should be reasonably right and compact and its voltage should not

vary appreciably during the use.

¢
m
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There are mainly two types of cells :

(1) primary cells and (ii) secondary cells. In primary cells, the reaction occurs only once and the battery then
becomes dead over a period of time and cannot be used again. (For example, dry cell, mercury cell.)
Contrary to this, secondary cells can be recharged by passing a current through them so that they can be

used again and again.(For example, lead storage battery, nickel- cadmium storage cell.)

5.1 Primary Batteries

5.1.1 Dry cell or Laclanche cell :

The most familiar type of battery is the dry cell which is a compact of Leclanche cell known after its
discoverer Leclanche (fig.) : In this cell, the anode consists of a zinc container and the cathode is a graphite
rod surrounded by powdered MnO, and carbon. The space between the electrodes is filled with a moist

paste of NH,Cl and ZnCl,. The electrode reactions are complex, but they can be written approximately as

follows.
+
pitch seal
graphite (carbon)
cathode (with metal
cap) MnO, +C
Paste of NH,CI,
ZnCl,
<—Zinc anode
(-)
Fig.: Adrycell
«  Anode Zn(s)—> Zn" +2e
. Cathode MnO, + NH," + e — MnO(OH) + NH,

In the cathode reaction, manganese is reduced from the +4 oxidation state to the +3 state. Ammonia is not

liberated as a gas but combines with Zn>" to form Zn(N H,) 42+ ion. The cell has a potential of nearly 1.5 V.

5.1.2 Mercury cell :

Mercury cell, suitable for low current devices like hearing aids, watches, etc.consists of zinc &
mercury amalgam as anode and a paste of HgO and carbon as the cathode. The electrolyte is a paste of
KOH and ZnO. The electrode reactions for the cell are given below:
Anode : Zn(Hg) + 20H- — ZnO(s) + H,O + 2e—
Cathode : HgO + 2H,0 + 2e- — Hg(I) + 20H"

The overall reaction is represented by

Zn(Hg) + HgO(s) — ZnO(s) + Hg(I)
The cell potential is approximately 1.35 V and remains constant during its life as the overall reaction

does not involve any ion in solution whose concentration can change during its life time.

Electrochemistry
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Anode cap

Separator Cathode Cell can

Commonly used mercury cell.
The reducing agent is zinc and
the oxidising agent is mercury
(IT) oxide.

5.2 Secondary Batteries

A secondary cell after use can be recharged by passing current through it in the opposite direction so that
it can be used again. A good secondary cell can undergo a large number of discharging and charging cycles.
5.2.1 Lead storage cell :

The most important secondary cell is the lead storage battery commonly used in automobiles and invertors.
It consists of a lead anode and a grid of lead packed with lead dioxide (PbO, ) as cathode. A 38% solution
of sulphuric acid is used as an electrolyte.
The cell reactions when the battery is in use are given below:

Anode: Pb(s) + SO, (aq) = PbSO,(s) + 2¢

Cathode: PbO,(s) + SO, (aq) + 4H"(aq) + 2e- — PbSO,(s) + 2H,0(7)
i.e., overall cell reaction consisting of cathode and anode reactions is:

Pb(s) + PbO,(s) + 2H,SO,(aq) — 2PbSO (s) + 2H,O(I)
On charging the battery the reaction is reversed and PbSO,(s) on anode and cathode is converted into Pb

and PbO,, respectively.

H\ Negative plates:
lead grids filled
with spongy lead

Positive plates:
lead grids filled
with PbO,

38% Sulphuric
acid solution

The Lead storage battery
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5.2.2 Nickel-cadmium cell :

Another important secondary cell is the nickel-cadmium cell which has longer life than the lead storage
cell but more expensive to manufacture. We shall not go into details of working of the cell and the electrode
reactions during charging and discharging. The overall reaction during discharge is:

Cd (s) + 2Ni(OH),(s) — CdO(s) + 2Ni(OH), (s) + H,O(1)

Positive plate

Separator

Negative plate

A rechargeable nickel-cadinium cell in a jelly roll arrangement
and separated by a layer soaked in moist sodium or potassium hydroxide

5.3 FUEL CELLS

Production of electricity by thermal plants is not a very efficient method and is a major source of pollution.
In such plants, the chemical energy (heat of combustion) of fossil fuels (coal, gas or oil) is first used for
converting water into high pressure steam. This is then used to run a turbine to produce electricity. We know
that a galvanic cell directly converts chemical energy into electricity and is highly efficient. It is now possible
to make such cells in which reactants are fed continuously to the electrodes and products are removed
continuously from the electrolyte compartment. Galvanic cells that are designed to convert the energy of
combustion of fuels like hydrogen, methane, methanol, etc. directly into electrical energy are called fuel cells.
One of the most successful fuel cells uses the reaction of hydrogen with oxygen to form water . The cell
was used for providing electrical power in the Apollo space programme. The water vapours produced during
the reaction were condensed and added to the drinking water supply for the astronauts. In the cell, hydrogen
and oxygen are bubbled through porous carbon electrodes into concentrated aqueous sodium hydroxide
solution. Catalysts like finely divided platinum or palladium metal are incorporated into the electrodes for

increasing the rate of electrode reactions. The electrode reactions are given below:
Cathode: O,(g) + 2H,0(I) + 4¢” — 40H (aq)
Anode:  2H(g) + 40H (aq) — 4H,0(I) + 4e

Overall reaction being :
2H (g) + O,(g) - 2H,0()

Electrochemistry



T - Ciomistry

The cell runs continuously as long as the reactions are supplied Fuel cells produce electricity with an
efficiency of about 70% compared to thermal plants whose efficiency is about 40%. There has been
tremendous progress in the development of new electrode materials, better catalysts and electrolytes for
increasing the efficiency of fuel cells. These have been used in automobiles on an experimental basis. Fuel

cells are pollution free and in view of their future importance, a variety of fuel cells have been fabricated

and tried. H,0
Anode — T + Cathode
| |
- Aqueous
electrolyte
H—T <0

2

Fuel cell using H, and O, produces electricity

CORROSION :

Corrosion slowly coats the surfaces of metallic objects with oxides or other salts of the metal. The rusting
of iron, tarnishing of silver, development of green coating on copper and bronze are some of the examples
of corrosion. It It causes enormous damage to buildings, bridges, ships and to all objects made of metals
especially that of iron. We lose crores of rupees every year on account of corrosion. In corrosion, a metal
is oxidised by loss of electrons to oxygen and formation of oxides. Corrosion of iron (commonly known
as rusting) occurs in presence of water and air. The chemistry of corrosion is quite complex but it may be
considered essentially as an electrochemical phenomenon. At a particular spot of an object made of iron,

oxidation takes place and that spot behaves as anode and we can write the reaction

-

(&

Oxidation: Fe(s) — Fe’'(aq) + 2e
Reduction: O,(g) + 4H (aq) + 4e — 2H,0(1)
Atmospheric

Corrosion of iron in atmosphere

Anode:  2Fe(s)——>2Fe™ +4e” EQ o gy =044V

ALLEN .
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Electrons released at anodic spot move through the metal and go to another spot on the metal and reduce
oxygen in presence of H+ (which is believed to be available from H,CO, formed due to dissolution of carbon
dioxide from air into water. Hydrogen ion in water may also be available due to dissolution of other acidic
oxides from the atmosphere). This spot behaves as cathode with the reaction

Cathode:  0O,(g)+4H"(aq) + 4e* ——>2H,0(I) E oo =123V

The overall reaction being:

2Fe(s) + O, (g) + 4H' (aq) —>2Fe>" (aq) + 2H,0(I) E%e =1.67V

The ferrous ions are further oxidised by atmospheric oxygen to ferric ions which come out as rust in
the form of hydrated ferric oxide (Fe,O,-xH,0) and with further production of hydrogen ions.
Prevention of corrosion is of prime importance. It not only saves money but also helps in preventing
accidents such as a bridge collapse or failure of a key component due to corrosion. One of the simplest
methods of preventing corrosion is to prevent the surface of the metallic object to come in contact with
atmoshphere. This can be done by covering the surface with paint or by some chemicals (e.g.
bisphenol). Another simple method is to cover the surface by other metals (Sn, Zn, etc.) that are inert
or react to save the object. An electrochemical method is to provide a sacrificial electrode of another

metal (like Mg, Zn, etc.). Which corrodes itself but saves the object.

SOLVED EXAMPLES
Ex.1  E°of some oxidants are given as :
I,+2¢ —2rI, E°=+054V
MnO; +8H"* + 5¢° ——— Mn’* + 4H,0, E°=+152V
Fe'* + & ——— Fe™, E°=+0.77V
Sn** +2¢ —— Sn™, E°=+0.1V
(a) Select the strongest reductant and oxidant in these.
(b) Select the weakest reductant and oxidant in these.
(c) Select the spontaneous reaction from the changes given below.
(i) Sn™ + 2Fe”™* — Sn’* + 2F e’
(ii)2Fe’* + 1, —— 2Fe’* + 2I
(iii) Sn™ + 2I ——— Sn™* + 1,
(iv) Sn** + I, ——— Sn™ + 2I'
Sol. (a) More the E° _,, more is the tendency for oxidation. Therefore, since maximum E° , stands for :

op?

Sn* —— Sn*"+2e E°,,=-0.1V
- Strongest reductant : Sn**
and weakest oxidant : Sn**

(b) More +ve is E°,,, more is the tendency for reduction. Therefore, since maximum E°, , stands for :
MnO; +8H* +5¢ ——— Mn”" +4H O E°,=+152V
. Strongest oxidant : MnO,
and weakest reductant : Mn**

Note :- Stronger is oxidant, weaker is its conjugate reducant and vice-versa.

Electrochemistry
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(c) For(i) Eca=Eop, . +Eg =-0.77+0.1

snd+ /Sn2+

Fe*' oxidizes and Sn*' reduces in change.

Ec = EOOPFQ%/Fes+ + E;Psn4+/sn2+ =-0.77+0.1 =-0.67V

E;,, 1snegative.
~ (1)  Isnon-spontaneous change.

For (i) E., =E +Epp  =-0.77+054 =-023V

o
OP
Fe2* /Fe3* Ip/T”

- (1) reaction is non-spontaneous change.

For (i) E., =E,, +E =-054+0.1=-044V

°
/1 RP,

sndt /Snz*

- (i) Reaction is non-spontaneous change.

For (iv) E, =E, 6  +E, =-01+054 =044V

RP,
(iv) Reaction is spontaneous change.

Ex.2  Giventhe standard electrode potentials ;
K'|K =-2.93V, Ag'|Ag = 0.80 V, Hg’*|Hg = 0.79 V, Mg**|Mg = - 2.37 V, Cr’*|Cr = -0.74V.
Arrange these metals in their incresing order of reducing power.

Sol. More is E°, ,, more is the tendency to get reduced or more is the oxidising power or lesser is reducing
power. Ag<Hg <Cr<Mg<K

Ex.3 A cell is prepared by dipping a copper rod in 1 M CuSO, solution and a nickel rod in IM
NiSO, The standard reduction potentials of copper and nickel electrodes are + 0.34 'V and
—0.25 V respectively.
(i)  Which electrode will work as anode and which as cathode ?
(i)  What will be the cell reaction ?
(iii) How is the cell represented ?
(iv) Calculate the EMF of the cell.

Sol. (i)  The nickel electrode with smaller E° value (-0.25 V) will work as anode while copper

electrode with more E° value (+0.34V) will work as cathode.

(i)  The cell reaction may be written as :

At anode : Ni (s)——— Ni*" (aq.) +2¢
At cathode : Cu™ (aq) +2¢ —— > Cu (s)
Cell reaction ; Ni (s) + Cu*" (ag) ——— Ni*" (aq) + Cu (s)

(i) The cell may be represented as :
Ni(s)INi*" (aq) | | Cu*" (aq)|Cu (s)

(ivy EMF ofcell=E:, , —E: . =(+0.34)-(-0.25) =0.59 V

anode
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Ex.4

Sol.

Ex.5

Sol.

Ex.6

Sol :

Ex.7

Sol.

Predict whether the following reaction can occur under standard conditions or not.
Sn** (aq) + Br, () ——— Sn™ (aq) + 2Br (aq)
Given: E°_ =+0.15; E°_,, =1.06V.

4+| Sn2+

Eocen =1.06-0.15=0091V.

= Ecathode -E

anode

Since, E°, comes out be positive, this means that the reaction can occur.

cell
Given that, Co™* + e —— > Co®* E° =+ 1.82V
2HO ——— 0, +4H" + 4e” ; E° =-1.23V.

Explain why Co™ is not stable in aqueous solutions.
The E;,, can be calculated as follows :

4%x[Co”"+ e ——> Co™];E°=+1.82V

1 x[2HO——— 0, +4H +4e];E°=-123V.

Add :4Co™ +2H,0 —— 4Co”" +4H" + O, ; E° = 1.82 — 1.23 = + 0.59V.
Since, E;, is positive, the cell reaction is spontaneous. This means that Co’" ions will take part in

the reaction. Therefore, Co’" is not stable.
The 0.1 M copper sulphate solution in which copper electrode is dipped at 25°C. Calculate the
electrode reduction potential of copper electrode.

[Given: E° =0.34V]

Cu?*ICu

Cu”+2e = Cu

o 0.059 0.0591 1
Ered = Ered _TIOQQ=E(&U2+\CU - 2 log [Cu2+]
. 1
SoE =0.34 — 00259 log10

=0.34-0.03=0.31 volts
Calculate the EMF of the cell : Cr|Cr” (0.IM) || Fe** (0.01M)|Fe
(Given : E° 130, == 0.75V, E° s, == 045 V)

Half cell reactions are :
e Atanode : [Cr—>Cr+3e]x2
« At cathode : [Fe™ +2¢ —Fe] x 3

Over all reaction : 2Cr(s) +3Fe(aq.) - 2Cr(aq.) + 3Fe(s.)

E° = EoCr‘Crﬁ + EOFe+3\Fe =0.75+(-0.45)=030V
o 0.0591 0.30- 20591, [ere] 0.30_ 0:0591, [0.1]
= _ Y972 _ 0.30- _0.30- g _
B =E-2aQ 6 ] 6 oo ~026V

Electrochemistry
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Ex.8  The measured e.m.f. at 25°C for the cell reaction,
Zn(s) + Cu2+(aq)( 1.0M) — Cu(s) + an"(aq)( 0.1 M) is 1.3 volt, Calculate E° for the cell reaction.

0.059 [Zn®*(aq)]

Sol.  Using Nernst equation (at 298 K), Eci =Ec. - lo

2 %Cu% (aq)]

Here, E_, = 1.3V, [Cu’" (aq)] = 1.0 M, [Zn*" (aq)] =0.1 M, E;,;=?

Substituting the values ,

E’, =127V

cell

Ex.9  The emf of a cell corresponding to the reaction
Zn + 2H'(aq) —> Zn**(0.1M) + H (g) 1 atm
is 0.28 volt at 25°C. Calculate the pH of the solution at the hydrogen electrode.

EO

Zn%*| Zn

Sol. E’, =0.76volt

cell

Applying Nernst equation

=—-0.76 volt and E°

H'|H,

[}

2 Ecell =E

0.0591, (0.1)x1

0.28=0.76 — lo

2 STHT

cell —

=0

0.0591, (Zn*']P,,

2 og [H+]2

, pH=8.62

Ex.10 The half cell oxidation potential of a half-cell A", A*™" | Pt were found to be as follows :

% of reduced form
Cell potential |V

Determine the value of n. [Take

=1.688, loglo 51.2=1.709]
Sol. The half-cell reaction is -

Ax+ N A(x+n)+ + n67

Its Nernst equation is -

RT
E=E°-2303—<lo

[A(x+n)+]
nF o AT

:Eo

2.303RT

F

24.4 48.8
0.101 0.115

=006, log,,24.4=1.387,log,, 75.6 = 1.878, log,, 48.8

~ ( 0.06V j o [ oxidized form J

n

Substituting the given values, we get

75.6

0.101 V=E°_(0'(:16V)1

3%44"

51.2

0.115V=E"° —(0'(;6\/)1

eq. (i)—({),n =2

%488 ~

EO_(O.O6V

E°—(

reduced form

istry \Eng\O1_Theory.p65
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Ex.11 What is the standard electrode potential for the electrode MnO | MnQ, in solution E

L51volt, EY . =1.23 volt

Sol.  MnO, +8H'+5¢ —> Mn" +4 H O; E°=1.51 volt

MH02 + 4H+ +2e —> Mn2+ +2 HZO ) E°=1.23 volt

MnO; +4H" +3e — MnO_+2H O;E°=?
 5x1.51-2x1.23 7.55-2.45 5.09
B 3 B 3 3
Ex.12 Calculate AG® for the reaction : Cu’* (aq) + Fe (s) = Fe’* (aq) + Cu (s) .
Given that E°

E° =1.70 volt

ctny=+ 034V, Epy == 044V
Sol. The cell reactions are :
Fe(s)— > Fe* (aq)+2¢ .. at (anode)
Cu”'(aq)+2e — > Cu(s) e, at (cathode)

We know that : AG°=-nF E°, ; n=2

cell ?

Eru=|Eicejoy ~ e jr | = (+0.34 V) = (-0.44 V) =+0.78 V and F = 96500 C

.~ AG°=—-nF E:

cell

=—(B) x (96500 C) x (+0.78 V) =—150540 CV =-150540J

° —
MnOzIMn?* =

Ex.13 At298K the standard free energy of formation of H,O(/) is—256.5 kJjmol & OH is 80 kJjmol. What

will be emf at 298 K of the cell H,(g, 1 bar) |H'(IM) || OH (1M) | O, (g, 1 bar)
1 + _
H,+HO + 502 —>2H + 20H

AG°® =-256.5+2x80=-96.5kJ
—AG® = nFE°
+96.5 x 1000 =2 x 96500 x E°
E°=0.5 Volt
Ex.14 Calculate the equilibrium constant for the reaction at 298 K.
Zn (s) + Cu’* (aq) = Zn**(aq) + Cu (s)

Given, E ... =-0.76V and E . =+0.34V

nE?

cell

Sol. We know that, log K_= 0.0501

EZell = [Ezathode - E;node:| = [(+034 V) - (_ 0'76 V)] = 1'10 \/’ n= 2’

2x(1.10 V) '
logKe =—————-=37.2 = — 37
o8 Ke =051 v) ~ 2722, K, = Antilog 37.29 = 1.95 x 10
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Ex.15 Calculate the cell e.m.f. and AG for the cell r