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DALTON’S ATOMIC THEORY

An atom i1s the smallest particle of an element
which is neutral in nature, retains all the proper-
ties of the element and takes part in a chemical
reaction. The word atom was introduced by Dalton
(alamos means undivided).

The Dalton’s atomic theory was proposed by
Dalton on the basis of laws of chemical combi-
nation.

Main Assumptions

m Matter (of any type) 1s composed of atoms.

m An atom is the smallest, fundamental, undivided
particle.

m An atom can neither be created nor destroyed.

m Atoms of an element have similar size, energy
and properties while atoms of different element
differ in these aspects.

m Atoms combine in whole number ratios to form
a molecule, therefore, a molecule is the smallest
identity that exists individually.

Modern view about the atom

According to the modem view:

m An atom is divisible into other smaller par-
ticles which are known as subatomic particles.
It can also combine in non-whole number ratio
as in the case of non-stoichiometric compounds
(Berthollide compounds) like Fe 0.

m Atoms of same element also differ in mass and
mass related properties as in the case of isotopes.
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Molecule The term molecule was introduced by
Avogadro. It is the smallest particle (identity) of mat-
ter that can exist independently and retains all the
properties of the substance. Normally, the diameter
of the molecules is in the range of 4-20 A and the
molecular mass is between 2—1000. In case of macro-
molecules, the diameter is in the range of 50-250 A
and the molecular weight may be in lakhs.

Berzelius Hypothesis According to the Berze-
lius hypothesis, “Equal volumes of all the gases contain
same number of atoms under the similar conditions of
temperature and pressure.” This hypothesis on applica-
tion to law of combining volume confirms that atoms
are divisible which is in contrary to Dalton’s theory.

AVOGADRO’S LAW

m Avogadro’s law explains law of combining
volumes.

m According to this law, “Under similar conditions of
temperature and pressure, equal volume of gases
contain equal number of molecules.”

It means 10 ml of H,, O,, N or a mixture of gases
have same number of molecules.

It is used in:
(1) Deriving molecular formula of a gas
(i1) Determining atomicity of a gas
(ii1) Deriving a relation
molecular mass = 2 x vapour density

(1v) Deriving the gram molecular volume

m Avogadro number (N° or NA) = 6.023 x 10%,

m Avogadro number of gas molecules occupy 22.4
litre or 22400 ml or cm? volume at STP.

m The number of molecules in 1 cm? of a gas at STP
is equal to Loschmidt number, that is, 2.68 x 10%

m Reciprocal of Avogadro number is known as
Avogram.

MOLE

m Mole is a unit which represents 6.023 x 1023 par-
ticles, atoms, molecules or ions etc., irrespective
of their nature.

m Mole isrelated to the mass of substance, the volume
of gaseous substance and the number of particles

W
Mole = M

Wt. of substance in gm.
Molar mass of substance (G.m.m)

Here G.m.m. = Gram molecular mass

Mole = Volume of substance in litre
22 .4 litre

Volume of one mole of any gas is equal to 22.4 litres of
dm? at STP. It is known as molar volume.

Mole = Number of identities
Avogadro’s number
_PV
Mole = RT

Here P = Pressure in atmosphere
V = Volume in litre
T = Temperature in Kelvin

R = Universal gas constant

Relationship of Mole:
A mole of any substance (like N,) stands for:
m 6.023 x 10% molecules of N,
m 2 x6.023 x 10% atoms of nitrogen
m 28 gm of nitrogen

m 224 litre of N, at STP.

To Find Total Number of Identities

m Total number of Molecule = mole(n) x N

m Total number of Atoms =mole (n) x N, x No. of
atoms present in one molecule

m Total number of Electrons =mole (n) x N, x No.
of electron present in one electron

m Total charge on any ion = mole (n) x N, x charge
on one ion x 1.6 x 1071°C

Illustrations

1. If a piece of copper weights 0.635 g, how many
atoms does it contain?
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Solution Number of moles of Cuin 0.635 g

0.635¢

~635 g mol™! =107 mol

As | mole Cu contains 6.023 x 10% atoms
of Cu
So 10”2 mole Cu contains 6.023 x 10% x 102
=6.023 x 10%! atoms of Cu
2. Oxygen is present in a one litre flask at a pres-

sure of 7.6x107® mm of Hg. Calculate the
number oxy gen molecules in the flask at 0°C.

Solution PV =nRT

7.6 x 10710
760

=nx0.0821 L atm K-'mol! x 273 K

atm x 1L

_ 7.6 x 10" L atm
760 x 0.0821 L atm K~ mol™ x 273 K-

n

=107 mol
22.41

Number of molecules
= (6.02 x 102 mol™) (10%/22.41 mol)
=2.68 x 101

3. Calculate the total number of electrons present
in 1.6 gram of methane.

Solution Molecular mass of methane = 16 g mol™!

As 16 g CH, contains 6.02 x 10® molecules of CH,
So 1.6 g CH, contains 6.02 x 10*> molecules of CH,

As one molecule of CH, contains (6 + 4) = 10
electrons, so 6.02 x 10°* molecules of CH, contain
10 x 6.02 x 10*%

=6.02 x 10% electrons.

4. How many years would it take to spend Avo-
gadro number of rupees at the rate of 10 lac
rupees per second?

Solution As Avogadro number = 6.023 x 102

So total rupees = 6.023 x 10% Rs
Rate of spending = 10 lac rupees/s = 10° Rs/s

Number of years to spend all the rupees

_ 6.023 x 10%Rs
108 x 60 x 60 x 24 x 365 Rs/year

=1.90988 x 10'° years

5. Calculate the number of atoms of oxygen pres-
ent in 88 g of CO,. What would be the mass of
CO having the same number of oxygen atoms?

. 88

Solution Number of moles of CO, = —g_l .
2 44 gmol

=2 moles

As one mole of CO, contains two moles of oxy-
gen atoms, so two moles of CO, contain 4 moles of
oxygen atoms.

Number of oxygen atoms =4 x 6.023 x 10%
=2.5092 x 10

As 1 mole oxygen atom is present in 1 mole of
CO so 4 moles oxygen atoms are present in 4 moles
of CO. Itsmassis4 (12+16)=112 g

6. How many atoms of carbon has a young man
given to his bride-to-be if the engagement
ring contains 0.5 carat diamond? (1 carat =
200 mg)

Solution Mass of diamond (C) = 0.5 x 200 mg

=100mg=100x103g=0.1g¢g

0lg

Number of mole of C = m .

=1/120 mole
Number of C atoms = % x 6.023 x 10%

=502 x 10%

7. If the Faraday were to be 60230 coulombs
instead of 96500 coulombs, what will be the
charge on an electron?

Solution One mole electron carries 1 Faraday charge.
As 6.023 x 103 electrons carry = 60230 C

. _ 60230
So 1 electron carries = 5003 x 107 C

=1x10"C.
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MASS

Mass can be expressed in terms of atoms or mol-
ecules as follows:

Atomic Mass

It s the relative mass of an atom which shows how many
times an atom is heavier than 1/12 mass of C-12.

m The atomic mass of any element expressed in
grams is called G.A. M. (gram atomic mass).

Atomic mass=E x V
Here E = Equivalent weight

V = Valency

6.4
Specific Heat in cal.’

m Atomic mass =

It is known as Dulong Petit’s law.

REMEMBER )

Gram atomic weight is atomic weight expressed
in grams but it has a special significance with
reference to a mole.

Molecular Mass

Molecular mass represents the total mass of a mol-
ecule, that is, number of times a molecule is heavier
than that of 1/12 weight of C-12.

m It is non-variable.

m It is now called relative molecular mass.

Determination of Molar Mass
It is possible by these methods

Vapour Density Method

Vapour density of a gas is defined as the ratio of
the weight of a certain volume of the gas to the
weight of the same volume of hydrogen at the same
temperature and pressure.

Vapour density of a gas

_ Weight of “V”litres of the gas
~ Weight of “V’litres of H, at the same
temperature and pressure

[}

Suppose ‘V’ litres of the gas contains ‘n
molecules.

Vapour density of gas

_ Weight of ‘n” molecules of the gas
"~ Weight of ‘n’ molecules of H,

_ Weight of 1 molecule of the gas
"~ Weight of 1 molecule of H,

_ 1 Weight of 1 molecule of the gas
2 Weight of 1 atom of H,

_ W x 22400
VD, = lume at STP (in ml)’

Here W = Weight of substance in gm.

Molecular mass = 2 x Vapour density

Graham Diffusion Method
rl/r2 = \/(MZ/MI)

Here r, 1, are rates of diffusion for two species
while M, M, are their molecular masses respec-
tively.

(1) By Colligative Properties Methods:

V=Y RT

Here = Osmotic pressure in atm.
V = Volume in litre
W = Weight in grams
R = Universal gas constant
T = Given temperature

m = Molar mass

Illustrations

8. The weight of one litre sample of ozonized oxy-
gen at NTP was found to be 1.5 g. When 100 ml
of this mixture at NTP were treated with terpen-
tine oil, the volume was reduced to 90 ml. Hence
calculate the molecular weight of ozone.

Solution Volume absorbed by terpentine oil = 10 ml

As volume of ozone = 10 ml (as terpentine oil
absorbed O,)
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So Volume of O, =100-10=90
Mol. wt. of ozonized oxygen

_ WRT _ 1.5x0.0821 x 273

PV 1 x1
=33.62

As volume or mole ratio of O, and O, is 900 : 100

So mol. wt. of 0zoniz ed oxygen

_900x32+100xX
1000

900 x 32 +100 x X

33.62= 1000

X =482

Hence mol. wt. of ozone = 48.2

Equivalent Weight

m Equivalent weight is the weight of an element or
a compound which combines with or displaces
1.008 part by weight of H, or 8 part by weight of
O, or 35.5 part by weight of C1,.

m Equivalent weight is a number and when it is
denoted in grams, it is called gram equivalent.

m It depends upon the nature of chemical reaction
in which substance takes part.

Methods to Find Equivalent Weight
(1) ForAcids

B Molecular weight
" Protocity or Basicity of Acid °

For example, for H,PO,, E = M/3
For H,SO,,E=M/2

(i) For Bases

B Molecular weight
"~ Acidity or number of OH- ions

For example, for Ca(OH),, E = M/2
For AI(OH),, E = M/3

(iii) Forlons

_ Molecular weight
Charge on ion

@)

™

(vi)

For example, for SO, E = M/2
For PO ,E=M/3

For Compounds

B Molecular weight
"~ Valency of cation or anion

For example, for CaCO,, E = M/2
AICL,E =M/3
For Redox Reactions

B Molecular weight
" Change in oxidation number

For example, for KMnO,
(a) In acidic medium: E = M/5

+7
KMnO, + 3H,S0, —
K_SO, +2MnSO0, +3H,0 + 5 [O]

5 unit change in oxidation number.

(b) In basic medium: E = M/1
+7
2KMnO, + 2KOH —
+6
2K ,MnO, + H,0 + [O]

one unit change in oxidation number

(¢) In neutral medium: E =M/3
+7
2KMnO, +H,0 —

+4
2KOH + 2MnO, + 3[0]

3 unit change in oxidation number

For Acidic Salt

Molecular weight

E= Number of replaceable H-atoms -

For example, for H,PO,
Ca(OH), + H,PO, — CaHPO, + 2H,0
E=M/2
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(vii)) Some other methods

(a) Hydrogen displacement method

E= w x 11200
Volume of H, at NTP -

(b) Oxide formation method

Wit. of metal y

E= Wt. of oxygen

Weight of oxygen = weight of metal oxide
— weight of metal
(c) Chloride formation method.

E= Wt of metal

=Wt of chloride < 3°-

Weight of chloride = weight of metal
chloride — weight of metal

(d) Double decomposition methods

Eq. wt. of salt taken Wt of salt taken
Eq. wt. of salt ppt. =~ Wt. of salt ppt.

(e) Metal displacement methods

El _ Wl
W,
Illustrations

9. Find the equivalent mass of H,PO, in the reaction:
Ca(OH), + H,PO, — CaHPO, + 2H,0
Solution As in this reaction only two hydrogen

atoms are replaced so its equivalent mass will be
given by the following expression:

Equivalent mass of H,PO,

Molecular mass of H,PO,
- 2

=%=

249

10. On heating 0.199 g of a metallic oxide in a current
of hydrogen 0.045 g of water is formed. Find the
equivalent weight of the metal.

Solution Weight of Metallic oxide =0.199 g
As 16 g oxygen is present in = 18 g H,O

So O, present in 0.045g H,0 = %

=004 g

Weight of metal =0.199 — 0.04

=0.159
Equivalent weight of metal = %
=318

11. 4.215 g of a metallic carbonate was heated in a
hard glass tube and the CO, evolved was found to
measure 1336 ml at 27°C and 700 mm pressure.
What is the equivalent weight of the metal?

Solution Metallic carbonate — metallic oxide + CO,

_ 44 x1120
Wt. of CO, = "5 156

=22¢g
Wt. of metallic oxide =4.125-2.2=2015¢

E +CO3”
E + O”

_4125
2015

Hence, E (eq. wt. of metal) = 12.58

By law of equivalent :

Chemical Formula

A chemical formula represents the combination of
atoms of all the elements which makes up a compound.
It represents the relative ratio of atoms of its constitu-
ent elements. In case of a compound, it represents one
molecule, one mole, one gram molecular weight of
the compound Example, S, represents one molecule
of phosphorous and one mole of phosphorous.

Example, CuSO,.5H,0O represents one molecule, one
mole and one gram molecular weight of hydrated
copper sulphate.

Empirical and Molecular Formulas

Empirical Formula

It gives the simplest ratio of the number of atoms of
different elements present in one molecule of a com-
pound. It does not represent the actual number of
atoms of different elements present in one molecule
of the compound.

Calculation of the Empirical Formula: 1t
involves the following steps, one by one:
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(1) First determine the percentage composition
by weight of each element present in the
compound.

C 12 wt. of CO,
0=

44 " Wt of organic comp. <100

2 wt of H,0O

H% = 18 * 18 wt. of org. comp. 8

100

Duma’s method

28 Volume of N, at S.T.P

N%= 22400 ©~ wt. of Org. comp 100
OR
Vol of N, at S.T.P.
N%= 8 x Wt ofbrg comp.
Kjeldahl's Method
N % = 14xNxV

Wt. of org. compound

Here N = normality of acid the used to neutralize
ammonia

V = volume of acid the used to neutralize ammonia

(i) Now the percentage of each element is divided
by its atomic weight to get the relative number
of atoms of each element.

These relative numbers obtained are divided
by smallest number to get the simplest ratio
numbers.

(iif)

(1v) If the simplest ratio number is not a whole
number it should be multiplied by a suitable

integer to get a whole number.

(v) Theratio of these simple whole numbers gives
the empirical formula of the compound.

Molecular Formula

It shows the actual number of atoms of different ele-
ments present in one molecule of the compound.

Molecular weight
Empirical formula weight -

B n=

m Molecular formula = empirical formula x n.

m Molecular weight of a substance can be deter-
mined by methods like Vapour density method,
Elevation in boiling point method, Depression in
freezing point methods etc.

m The molecular weight of volatile compounds 1s
determined by Victor Mayer’s method.

m Molecular Weight =2 x Vapour density

m Molecular weight = empirical formula wt. x ‘n’.

m For some compounds the molecular formula and
empirical formula may be same also.

lllustrations
12. A certain organic compound was found to contain

33.6 % C, 5.6 % H and 49.6 % chlorine. Find the
empirical formula of the organic compound.

Solution

Element %  Atomic ratio  Simplest
Ratio

C 33.8 33.8/12=2.8 28/0.7=4

H 56 56/1=56 5.6/0.7=8

Cl 49.6 49.6/35.5=1.4 1.4/0.7=2

(0] 11.0 11/16=0.7 0.7/0.7=1

Thus C,H,CL,0 is the empirical formula
of the compound.

13. A well-known antibiotic penicillin, contains C
57.49 %, H 539 %, N 8.39 5, S 9.58 %; the
remainder being oxygen. Given that penicillin
contains one atom of sulphur per molecule, cal-
culate the molecular formula of the antibiotic.

Solution % C=57.49

% H=15.39
% N=28.39
% S=9.58

% 0= 100 — (57.49 + 5.39 +8.39 + 9.58)
=19.15

Empirical formula
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Element % Relative no. Simplest
of atoms Ratio

C 57.49 57.49/12=4.79 16

H 539 539/1=539 18

N 839 8.39/14=0.599 2

S 9.58 9.58/32=0.299 1

(0] 19.15 19.15/16=1.196 4

Empirical formula is C, H N.SO,

As the given antibiotic contains only one atom of sul-
phur per molecule. The calculated empirical formula
C,H,N,SO,, contains only one atom of sulphur. Hence
the same is the molecular formula of the antibiotic.

14. A compound has molar mass of 147 g. It contains
49 % C and 2.72 % H. On Carius estimation,
2.561 mg of the compound gave 5 mg of AgCl.
Find the empirical and molecular formula.

Solution

Element %  Atomic ratio Simplest
Ratio

C 49  49/12=4.1 3

H 272 2.72/1=2.72 2

(35.5/143.5) x 5 x 100

Cl 7,581

=479 479/355=1341
C,H,Cl is the empirical formula.
n=147/73.5=2

The molecular formula is C.H,CL,

15. Methyl orange, an acid-base indicator, is the
sodium salt of an acid that contains C, H, N, S
and O. Quantitative analysis gave 51.4% C, 4.3
%H,12.8% N, 9.8 % S and 7.0 % Na. What is
the empirical formula of methyl orange?

Solution % C =514

%H=43
% N=128

% S=938
% Na=7.0
% O0=14.7

Element % Relative no. Simplest
of atoms Ratio

C 51.4 51.4/12=4.28 14

H 4.3 43/1=43 14

N 12.8 12.8/14=0.914 3

S 9.8 9.8/32=10.306 1

Na 7.0 7/23 =0.304 1

(0] 14.7 14.7/16 =0.918 3

So empirical formula is C H ,N,SO,Na

147714773

Expression of Concentration
of Solution

The solution whose concentration is exactly known
1s referred as standard solution and such solutions
are prepared in volumetric or standard flask.

Concentration

It is the amount of solute present in one litre of solu-
tion. It is denoted by C or S.

Weight of solute in gram
CorS= —
Volume in litre
C=NxE
Here N = normality
E=Eq. wt.

Molarity

It 1s the number of moles or gram moles of sol-
ute dissolved per litre of the solution. Molarity is
denoted by ‘M.

_ Weight of solute in gram
~ Molar mass x volume in litre

m When molarity of a solution is one, it is called
a molar solution. and when it is 0.1, solution is
called decimolar solution.
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m Molarity depends upon temperature and its unit
1s mol/litre.

I\/Il\/l = MZVZ
m On dilution water added =V, - V|
m When the solution of two different substances
react together then
MlVl M2V2
n, ~ 1

1

8]

Here M, V, n are molarity, volume and number
of molecules taking part in a reaction respectively.

m When a mixture of different solutions having dif-
ferent concentrations are taken the molarity of
the mixture is calculated as follows:

m When density and % by weight of a substance in
a solution are given molarity is find as follows:

_ % by weight xd x 10
" Molecular weight

Here d = density

Molality

It 1s the number of moles or gram moles of solute
dissolved per kilogram of the solvent. It is denoted
by ‘m’.

_ Weight of solute in gram

" Molar mass x wt. of solvent in Kg

m

m If molality is one solution, it is called molal solution.
m One molal solution is less than one molar solution.

m Molality is preferred over molarity during exper-
iments as molality is temperature independent
while molarity is temperature dependent.

Normality

It is the number of gram equivalents of solute present
in one litre of the solution and it is denoted by ‘N’.

B Weight of solute in gram
" Equivalent mass x volume in litre

m When normality of a solution is one, the solution
is called normal solution and when it is 0.1, the
solution is called deci-normal solution.

Normality Equation

N,V =N,V,

m Volume of water added =V, -V,
Here V, = volume after dilution

V, = volume before dilution

m When density and % by weight of a substance in
a solution are given normality is find as follows:

_ % by weight xd x 10
" Equivalent weight

Here d = density of solution

m When a mixture of different solutions having
different concentrations are taken the normal-
ity of the mixture is calculated as follows:

m In case of acid base neutralization the normality

of the resulting solution
N,V -N,V,
VvV, +V,

m To find weight of substance

NEV

W= 1000

Relation between Normality and
Molarity
N x Eq wt. = molarity x molar mass
N = molarity x valency

N = molarity x number of H" or OH- ion.

Mole fraction

It 1s the ratio of moles of one component to the
total number of moles present in the solution. It is
expressed by X for example, for a binary solution
two component A and B.

X, =——h
A nA+nB‘
X =——8
B nA+nB
X, +X,=1
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2

n +n,

Mole fraction of solute (X,) =

or

X

2

Here n , n, represent moles of solvent and solute
respectively.

Mole fraction does not depend upon temperature
as both solute and solvent are expressed by weight.

Illustrations

16. Calculate the volume of water to be added to
a 100 ml of 5N solution to make it 0.01 N.

Solution According to normality equation,

Nl Vl = NZ VZ

0.01 xV, =5x100

v1 =210 _ 50000 m1

So volume of water to be added
= 50000 - 100
= 49900 ml
=4991

17. 10 ml of 0.02 M KMnO, is required to oxi-
dize 20 ml of oxalic acid of certain strength.
25 ml of the same oxalic acid is required
to neutralize 20 ml of NaOH of unknown
strength. Find the amount of NaOH in a litre
of the solution.

(Molecular weight of NaOH = 40)

Solution In acidic medium
I MKMnO, =5NKMnO,
0.02 M KMnO, = 0.1 NKMnO,

According to normality equation,

N, V, KMnO,) =N,V, (Oxalic acid)

0.1 x 10 =N, x 20
_10x0.1 _
N, = 20 =0.05N

Again
N, V, (Oxalic acid) = N, V, (NaOH)
0.05x25=N,x20

_005x%25 _
N, =>57 0.0625 N

As S=NxE

So S=0.0625x40=25gL"

18. The formula weight of an acid is 82.0 100
cm? of a solution of this acid containing 39.0
g of the acid per litre were completely neu-
tralized by 95.0 cm® of aqueous NaOH con-
taining 40.0 g of NaOH per litre. What is the
basicity of the acid?

. . 39
Solution Normality of acid = Ol

40 1000 _,
40 1000

Now, Mew. of acid = Meq. of NaOH

Normality of NaOH =

389—2nx 100

=1x95
Son=2; Hence here acid is dibasic.
19. What volume at NTP of ammonia gas will be

required to be passed into 30 ml of H,SO, solu-
tion bring down the acid normality to 0.2 N?

Solution Meq. of original H,SO, =30 x 1 =30
Meq. of H,SO, after passing NH, = 30 x 0.20= 6
Megq. of H,SO, lost =30 -6 = 24

Megq. of NH, passed = Meq. of H,SO, lost

f"—7 x 1000 = 24
Wy, = 0.408 g

Volume of NH, at STP = w

=0.5376 litre
=537.6ml

20. What volume of a solution of hydrochloric acid
containing 73 g of acid litre would suffice for
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the exact neutralization of sodium hydroxide
obtained by allowing 0.46 g of metallic sodium
to act upon water?

Solution Na+H,0 — NaOH+ % H,

NaOH + HCl — NaCl + H,0

Thus, meq. of Na = Meq. of NaOH formed = Meq.
of HC] used

0.46 73
73 < 1000=3g7xV

(Meq. of HC1=N x V)
=10ml

Limiting Reagent

When two reagents or reactants react to give various
product then the number of moles of product form
according to the reagent or reactant which is com-
pletely consumed during the reaction. The reagent or
reactant which is completely consumed during the
reaction is called limiting reagent that is, the reagent
which gives the least number of moles of the product
1s called limiting reagent.

Illustrations

21. 2 g H, reacts with 10 g O, to form water. How
much water is formed?

Solution Hydrogen reacts with oxygen as follows:
2H, +0, — 2H,0

Number of moles of H, = % = 1 moles

Number of moles of O, = % =0.3125 moles

As 2 moles of H, reacts with 1 mole of O, to
form 2 moles of H,O so, for 1 mole of H, only
0.3125 moles of O, is present. Thus O, is the limit-
ing reagent here.

As 1 mole of O, gives 2 moles of H,0.

S0 0.3125 mole of O, gives % x 0.3125
=0.625 moles of H,O

Weight of H,O formed = Moles x Mol. weight
=0.625x 18

=1125gH0

Chemical Equations and Numerical
Calculations

m A balanced chemical reaction represents a stoi-
chiometric equation.

m In a stoichiometric equation, the coefficient of
reactants and products represents their stoichio-
metric amounts.

m The reactant which is completely used dur-
ing an irreversible reaction is called limiting
reagent while the reactant left is called excess
reagent.

For example, if 20 g of calcium is bumnt in
32 g of O, then Ca is limiting reagent while O, is
excess reagent.

m Stoichiometric calculations help in finding
whether the production of a particular substance
1s economically cheap or not.

m These stoichiometric calculations are of follow-
ing four types:

(a) Calculations based on weight: weight rela-
tionship

(b) Calculations based on weight: volume rela-
tionships.

(c) Calculations based on volume: volume
relationships

(d) Calculations based on weight: volume —
energy relationships

m If the amount of the reactant in a particular reac-
tion is known, then the amount of the other sub-
stance needed in the reaction or the amount of the
product formed in the reaction can be found out.

m For stoichiometric calculations, the following
steps must be considered:

(a) A balanced chemical equation using chemi-
cal formulas of reactants and products must
be written.

(b) Here the coefficients of balanced chemical
equation provide the mole ratio of the reac-
tants and products.

(c) This mole ratio is convertible into weight —
weight ratio (W/W), weight —volume (w/V) ratio
or volume —volume (v/V) ratio. These are called
percentage by weight, percentage by volume
and percentage by strength respectively.
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Gravimetric Analysis

It is an analytical technique based on the measure-
ments of mass of solid substances or the volume of the
gaseous species. It is also divided into three categories:

(1) Mass-Mass (weight-weight) relation
(i) Mass-Volume relation

(111) Volume-Volume relation

(i) Problems Involving Mass—Mass or
Weight—-Weight Relationship

This relationship relates the mass of a reactant or prod-
uct with the mass of another reactant or product.

For solving such problems, one should proceed
according to the following instructions given below:

m First, write down the balanced equation to repre-
sent the chemical change.

m Now write the number of moles below the formula
of the reactants and product. We must also write
the relative weights of the reactants and products
(which are calculated from the respective molecu-
lar formula) below the respective formula.

m Finally, apply the unitary method to calculate the
unknown factor(n or s).

Illustrations

22. Find weight of iron which will be converted into
its oxide by the action of 18 g of steam on it.

Solution 3Fe +4H,0 — Fe,O, + 4H,

3x56 4x18

Asby 72 g steam the weight of Fe oxidized = 168 g
Soby 18 g =« « <« <« =

_ 168 x 18 _
== =72¢g
23. 0.9031 g of NaCl and KCl on reaction with
H,SO, gave 1.0784 g of a mixture of Na,SO,
and K, SO, Find the percentage composition of
the compound.
142X

Solution For X g NaCl = a7

For (0.9031 - X) g KCl = % (0.9031 — X)

. 142 174 -
that 1s, 17 X +119 (09031-X)=1.0784 ¢

On solving, we get X =0.518

Percentage of NaCl = 57.36 %

Percentage of KC1 =42.64 %

24. The mineral haematite is Fe,O,. Haematite ore
contain unwanted material called gangue in

addition of Fe,O,. If 5.0 kg of ore contains 2.78
kg of Fe, what per cent of ore is Fe,0,?

Fe O

273

Solution 2Fe =
2x5585¢g 1597 g
As2 x55.85 gFeis present in 159.7 g Fe,0,
So 2.78 kg Fe is present in

1597 g x 278 kg
T 2x5585g

=3.97 kg Fe,O,
As 5 kg ore contains = 3.97 kg Fe,O,

So 100 kg ore contains = M

=79.4kgFeO,
Thus % of Fe,0, in ore = 79.4 %
25. 0.256 g sample of iron alloy (a mixture of iron

with other elements) was dissolved in hydrochlo-

ric acid to give a solution of Fe* ion. This solu-

tion titrated to the end point with 35.6 ml of 0.1 N
KMnO,, which oxidized Fe** to Fe**. What is the
mass percentage of iron in the mixture?

Solution Reaction of MnO,” and Fe* in acidic
medium is as follows:

MnO, + 8H" + 5Fe* — Mn* + 4H,0 + SFe**
So MnO,” = SFe*

or 5000 mL N KMnO, =5 x 558 gof Fe
35.6mL of 0.1 NKMnO,

_5x558%x356x0.1
5000

=0.2gFe
As 0.256 g alloy contains = 0.2 g Fe
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‘ = 02x100
So 100 g iron alloy contains = 0256

=78.125%

(ii) Problems Involving Mass—Volume
or Weight-Volume Relationship

This relationship relates the mass of a reactant or
product with the volume of another gaseous reac-
tant or product involved in a chemical reaction.

For example,

Weight of a solid substance can be compared with
the volume of gases with the help of the fact that 1
mole or 1 gram molecule of a gas occupies 22 .4 litres
or 22400 c.c. at N.T.P. So in brief, the weight-volume
relationship can be represented as follows:

Ca + 2HCl — CaCl, + H,

By mole 1 2 1 1

By amu 40 73 113 2

Bygmwt 40g 73g 113 g 2g

By wt. 40g T3¢ 113g 224

or vol. lit at
NTP.

For solving such problems one should proceed
according to the following instructions given below:

m First, write down the relevant balanced chemical
equation (s).

m Now write the weights of various solid reactants
and products.

m Gases are normally expressed in terms of vol-
umes. In case the volume of the gas is measured
at the room temperature and pressure (that is, any
condition other than NTP), convert it into N.T.P.
by applying gas laws.

m The volume of a gas at any temperature and pres-
sure can be converted into its weight an vice versa
by using this relation,

PV = (g/M) x RT

Here g is weight of gas, M is molecular weight
of gas and R is gas constant.

m Finally, calculate the unknown factor (n or s) by
unitary method.

REMEMBER }

One should not forget that if other conditions
are not mentioned, the chemical reaction that is
assumed to occur at N.T.P. that is, at 0°C (273 K)
temperature and 760 mm (1 atmospheric) pressure.

Illustrations

26. A mixture of aluminium and zinc weighing 1.67
grams was completely dissolved in acid and the
evolved 1.69 litres of hydrogen gas measured at
273 K and one atmosphere pressure. What was
the mass of aluminium in the original mixture?

Solution Letthe mass of aluminium in the sample
be ‘A’ g. The mass of Zn=(1.67-A) g
The volume of H, at N.T.P. given by Al

_3x224xA
2x27

The volume of H, at NTP given by Zn

L

_(1.67-A)224
=TT 654

3x224x%xA + (1.67-A)22.4
54 65.4

1422 x A=176.26
A=1248¢g

=1.69

27. In a titration experiment, 23.05 ml of 0.100 N
NaOH was required to neutralize 10.00 ml of a
solution of H,SO, of unknown strength. What
was the normality of the acid solution?

Solution In a titration using NaOH and H,SO,
Meq of NaOH = Meq of H,SO,
The meq. of NaOH used in the titration

meq of NaOH
ml NaOH

=2.31 meq. NaOH

23.05 ml NaOH x 0.100

The normality of the H,SO, solution

2.32meqH,SO, meq. H,SO,
10.00ml 1,50, - *23! TmIH;S0,

=0231 NH,S0,
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28. A 0.311 g sample of crude NaOH when dis-
solved in water required 46.1 ml of 0.122 N
H,SO, to neutralize the NaOH in the sample.
Calculate the per cent of NaOH in the sample.

Solution In a titration using NaOH and H,SO,

Meq of NaOH = meq. of H,SO,

The meq of H,SO,
meq H,SO, )
0.122 ———=—— x 46.1 ml solution
ml solution
=15.62 meq H,SO,
The 5.62 meq. of NaOH
562 meq NaOH x 0,040 —E12OH
‘02 meq Nabil x 0. meq. NaOH -
=0.225 g NaOH

The per cent of NaOH in the sample is as follows:

0.225 g NaOH

0317 g sample * 100=72.3 % NaOH,

29. A volume of 22.5 ml of 2.50 N NaOH was

required to neutralize 10.5 ml of a solution of
H,SO, of unknown strength. The density of the
H SO solution was 1.16 g per ml. Calculate the
per cent by weight of H,SO, in the solution.

Solution In a titration using NaOH and H,SO,

Meq. of NaOH = meq. of H,SO,
The meq. of NaOH:

meq NaOH

2.50 ml solution

x 22.5 ml solution

=56.3 meq NaOH
The 56.3 meq. of H,SO,:

g H,S0,
563meq HSO XOO49lm

=276 gH,SO,
The weight of the 10.5 ml of H,SO,:

8
10.5 ml x l‘l6ﬁ=12‘2 g

The per cent H,SO, is

2.76 g H,50,

12.2 g solution < 100

=22.6 % H,SO, by weight

30. If required 33.6 ml of a 0.100 N K Cr,O, solu-
tion to oxidize the Fe* to Fe** in 21 6 ml of a
solution of FeSO, of unknown strength.

Solution The equation is as follows:
Cr,0*+14H" +6Fe* —

1.00 mole 6.00 moles
6.00 g-eq wt 6.00 g-eq wt
2Cr** + 6Fe’ + TH,0

2+

According to this equation, 1.00 g-eq wt of Fe
ion will originate from 1.00 g-eq wt of FeSO,, we
get meq. of Cr,0.> = meq. of Fe** = meq. of FeSO,

meq. of Cr,0.*" is:

2—

meq Cr,0.”

0.100 x 33.6 ml solution

ml solutlon
=3.36 meq. Cr,0,>
The normality of the FeSO, solution is:

3.36 meq. FeSO,

216 mlsolution 0130 NFeSO,

AsFeSO, solution is 0.156 N with respect to Fe** ion,
and the number of mg Fe?* per ml is as follows:

2+ 2+

meq Fe
ml solution

mgFe

0.156 meq Fe&

% 55.85

2+

mg Fe

=871 ml solution -

31. What should be the weight of NaNO, to make
50 ml of an aqueous solution so that it contains
70 mg Na* ml1?

Solution Molecular mass of NaNO, =23+ 14+3 x 16
=85 g mol!
As 23 mg Na is present in 85 mg of NaNO,

So 70 mg Na is present in 852><3 70

=258.7 mg NaNO,
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As 1 ml solution contains 258.7 mg NaNO, solution the volume of the gas decreases by
1/6th. Calculate the molar ratio of two acids
So 50 ml solution contains in the original mixture.
_ 258.7 mg x 50 ml Solution
B 1 ml
Reactions
=13935mg
—13.935 g HCOOH 5% 5 H 0 +CO 1
amole amole
H,C,0,— 2% s HO+CO + CO,
(iii) Problems Based on Volume-Volume b mole bmole b mole
Relationship

Total number of moles of CO and CO,

This relationship relates the volume of gaseous reactant —a+b+b=a+2b
or product with the volume of another gaseous reactant
or product involved in a chemical reaction. For solving
such problems, one should proceed according to the So Mole fraction of CO, absorbed in KOH
following instructions given below: )

Total number of moles of CO,=b

b
m First write down the relevant balanced chemical Ta+2b
equation. b 1
m Now write down the volume of reactants and prod- a+2b 6 -
ucts below the formula to each reactant and prod- a=4b
uct using the fact that one gram molecule of every
gaseous substance occupies 22.4 litres at N.T.P. Thus ratio of HCOOH and H,C,0, is 4 : 1.

m If volume of the gas is measured under particular
or room temperature, convert it to N.T.P. with the
help of ideal gas equation.

33. A gas mixture of 3 litre of produce (C,H,) and
butane (C,H, ) on complete combustlon at25°C

) o produced 10 litre CO,. Find out the composi-
m Now use Avogadro’s hypothesis “gases under simi- tion of gas mixture -

lar conditions of temperature and pressure contain
the same number of molecules”. Thus under similar
conditions of temperature and pressure, the volume
of reacting gases are proportional to the number of | ¢ 4132 0 — 4CO. 4+ 5H.O 0
moles of the gases in the balanced equation. e : : :

Solution CH,+50,—3C0,+4H,0 (1)

Supposexlitre of C,H, and y litre of C,H, are pres-

Example, D i
N, (9 + 3H.(2) — 2NI.(g) ent in the mixture.
2 2 3 _
I mole 3 moles 2 moles So x+y=3 e 0
224 I 3 x2241it 2x2241it As volume of CO, formed = 10 = CO, formed by
1 volume 3 volumes 2 volumes CH,+CO, formed by CH,,
Ix volume 3 x volume 2 x volumes 10=3x4+4b @

From the above equation, it is clear that 22.4

litres of N, will react with 3x22.4 litres of H, to Solving Eqs. 1. and 2.

form 2x22.4 litres of NH,. y = llitre
x = 2litre
Illustrations n-Factor or Valence Factor

32. Amixture of HCOOH and (COOH), isheated | 1t is very important for both redox reactions and

with concentrated H,SO,. The gas produced | non-redox reactions by which we can obtain follow-
is collected and on its treatment with KOH ing informations:
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(1) It calculates the molar ratio of the species
taking part in reactions that is, reactants. The
reciprocal of n-factor’s ratio of the reactants
represents the molar ratio of the reactants.

Example, If A (having n-factor = a) reacts with
B (having n-factor =b) then its n-factor’s ratio
isa:b, somolarratioof AtoBisb: a.

It can be represented as follows:
bA + aB — Product
(n-factor =a) (n-factor =Db)

Molecular weight
n-factor

@i1) Equivalent weight =

or

Atomic weight
n-factor

Calculation of n—Factor

Before calculating the n-factor of any of the reactant
in a given chemical reaction we must have a clear
idea about the type of reaction. The reaction may be
any of these types:

(1) Acid base or neutralization reaction
(i1) Redox reaction

(ui) Precipitation or double decomposition
reaction

(i) Acid—Base or Neutralization Reactions:
As we know that according to the Arrhenius
concept, “An acid provides H* ion(s) while
a base provides OH- ion(s) in neutraliza-
tion these H* and OH- ion/ions combines
together”.

The number of H ion(s) and OH- ion(s) represent n-
factor for acid and base respectively, that is, basicity
and acidity respectively.

Example,

HX — H" + CI

(n = 1) that is, monobasic acid

H,SO, — 2H" + SO*

(n=2)thatis, dibasic acid

HPO, — 3H* + PO>

(n=3)thatis, tribasic acid
KOH — K* + OH-
(n=1) that is, monoacidic base
Mg(OH), — Mg* + 20H"

(n=2) that is, diacidic base

+ 30H-

triacidic base

Al(OH), — AI*
(n = 3) that is,

(i) Redox Reactions: These reactions involve
oxidation and reduction simultaneously. Here
exchange of electrons occurs. To find n-factor
for oxidizing or reducing agent we must find out
the change in oxidation state of these species.

Example (1) When only one atom undergoes oxida-
tion or reduction

+3x2

C,0> — 2C0,

+4x2

n=2

n-factor=| (+4) x 2 - (+3) x 2| =2
+6x2
Cr,0> — 2Cr*
n=6

+3x2

n-factor=| (#3) x2-(+6) x 2| =6

Example (2) For the salt which react in such a way
that one atom undergoes change in oxidation state but
appear in two product having same oxidation state.

+6 x 2 +3 +3

Cr, 0> — Cr + Cr*
n-factor=| (+6) x 2 - (+3) x 2| =6
Example (3) For the salts which react in such a way

that one atom undergoes change in oxidation state but
appear in two product having different oxidation state.

+7 +2 +6

3MnO,” — 2Mn* + Mn*

S2x )= 2xFD |+ I x#F) -1 FD) =]
4-141+]6-7]=11

Hence n-factor = 11/3.

Example (4) For the salts which react in such a way
that one atom undergoes change in oxidation state in
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two products one with changed oxidation state from
that of reactant and another having same oxidation
state as that of reactant.

K ,Cr,0, + 14HCI — 2KC1 + 2C1Cl, + 3C1, + 7TH,0

Here, out of 14 moles of Cl- (in HCI) only
6 moles of Cl- are changing the oxidation state from
~1 to 0 in the product Cl, while the oxidation state
of remaining 8 Cl- ions remains the same in HC1 and
CrCl,. Hence the total number of moles of electrons
lost by 14 moles of HCl is 6 here. So each mole of
HCl takes up 6/14 that is, 3/7 moles of electrons and
hence n-factor of HCI 1s 3/7.

Example (5) For the salt which react in such a way
that two or more atoms undergoes change in oxida-
tion states.

FeC,0, — Fe* +2CO0,

Here, the oxidation state of Fe in this form +2 to +3
while that of C change from +3 to +4. Here n-factor
can be find out by calculating the total change in
oxidation state per mole of the salt. Here 1 mole of
FeC,0, have one of Fe** and one mole of C,0,* so
the total change in oxidation state is given as

=1 x(#2)=1x (#3)| +2 x (+3) =2 x (+4)|

=1+2=3

Hence n-factor of FeC,0, is 3.
Example (6) Salts or compounds which undergo
intramolecular redox reaction that is, in which an
atom undergoes oxidation while another atom
undergoes reduction. Here n-factor can be find out

by knowing the balanced chemical reaction and
considering only one process.

52 ()] ©

2KCIO, — 2KCI + 30,

In this reaction, oxidation atom is getting oxi-
dized while chlorine atom is getting reduced so

n-factor of KCIO, considering oxidation
=13x(2)-3x(0)[=6
n-factor of KCIO, considering reduction
=|1x5-1x(-1) |=6

Example (7) Salts or compounds which undergo dis-
proportion reaction that is, in which a single species

undergoes oxidation as well as reduction. Here, n-fac-
tor can be found out by knowing the balanced chemi-
cal reaction and considering only one process.

2H,0, — 2H,0+0,

Here out of these two H,0, molecules shown by
the reaction one mole of H,0, is oxidized and one
mole is reduced.

For oxidation reaction

D2 2%0
H,0, — O,
n-factor=|2x0-(-1)x2|=2
For reduction reaction

D2
HO, - 2HO

n-factor=|(2) x2—-(-1)x2|=2

Hence n-factor of H,O, in both oxidation and
reduction reaction is same that is, 2.

(2)x2

In the disproportion reactions in which moles of
compounds undergoing oxidation and reduction are
not same like.

6X,+ 120H- — 10X~ +2XO0, +6H,0

Here out of 6 moles of X, , 5 moles of X, undergo
reduction and accept 10 moles of electrons (oxidiz-
ing agent) while 1 mole of X, undergoes oxidation
by loosing 10 moles of electrons (reducing agents)

X, = 2X"+10e

5X,+10e—> 10X

X, + 5X, — 10X

=1

+ 2X5+

(n=10) (n=2)
Reducing Oxidizing

0=5)

agent agent

Hence n-factor of X, acting as oxidizing agent is 2
and that X, acting as reducing agent has n-factor 10.

(iii) Precipitation or Double decomposition
Reaction: 1t is the reaction in which there
1s no change in oxidation state for any atom.
Here n-factor of the salt used in the reaction
can be found out by multiplying the oxidation
state of the cation or anion by the total number
of atoms per molecule of the salt.
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BaCl, +K,S0, — BaSO, +2KCl
m=2) (n=2)
For BaCl,

n-factor = Oxidation state of Ba atom in
BaCl,xnumber of Ba atoms in one molecule of
BaCl,

=(+2)x1=2
For K,SO,

n-factor = Oxidation state of Kxnumber of K-
atoms in one molecule of K, SO,

=(+1)x2=2

Laws of Equivalence

According to law of equivalence, for each and every
reactant and product,

Equivalents of each reactant reacted = Equiva-
lents of each product formed.

Example,
Suppose the reaction is taking place as follows:
P+Q—-R+S

According to law of equivalence,

Equivalents of P reacted
= Equivalents of Q reacted
= Equivalents of R produced
= Equivalents of S produced

Equivalents of any substance

Weight of substance (in g)
" Equivalent weight

= Normality (N) x Volume (V) (In litre)
Normality (N) = n-Factor x Molarity (M)

Normality and molarity are temperature dependent.
As on changing the temperature, the volume of solu-
tion changes, so normality and molarity change.

POAC (Principle of Atom Conservation)
Method

For any chemical reaction, mole atom of any element
remain conserved during the chemical reaction.

Illustrations

34. 2.68 x 1073 moles of a solution containing an ion
A™ required 1.61 x 10 moles of MnO,~ for the
oxidation of A*" to AO,” in an acidic medium.
What is the value of n?

Solution As1.61 x 10° M KMnO,
=2.68 x 10 M solution of A™

268 x10°M M

So M/5 KMnO, = T6lx10° 35
=0.33 M solution of A™
033M =z
S-n=gag =3
n=2

35. One g of impure Na,CO, is dissolved in water
and the solution is made upto 250 ml. To 50
ml of this made up solution, 50 ml of 0.1 N
HCl s added and the mixture after shaking well
required 10 ml of 0.16 N sodium hydroxide
solution for complete neutralization. Calculate
the per cent purity of the sample of Na,CO,.

Solution Strength of the Na,CO, solution=4 g L~

Suppose the normality of Na,CO, solution = Nx

As after mixing Na,CO, and HCI solution,
NaOH solution is added so according to normality
equation

50 x Nx +0.16 x 10=50 % 0.1

Nx =0.068 N

Strength (g L™!) = Normality x Equivalent mass
=0.068 x 53=36¢gL"!

So purity of Na,CO, w

=90 %.

36. 0.257 g of a nitrogeneous compound was
digested with sulphuric acid and then distilled
with excess of strong alkali. The gas evolved
was absorbed in 50 mI N/10 H,SO,. At the end
of the experiment, the acid requlred 20.2 ml of
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N/10 NaOH for neutralization. Determine the
percentage of nitrogen in the substance.

Solution 23.2 ml of N/10 NaOH = 23.2 ml of N/10
H,SO,
Volume of N/10 H,SO, neutralized by NH,
=50-23.2=268ml
26.8 ml of N/10 H,SO, = 26.8 ml of N/10 NH,
= 26.8 ml of N/10 nitrogen

26.8 ml of N/10 nitrogen will contain
14 26.8 .
1000 * Tooo &mitrogen
The mass of nitrogen was originally present in 0.257
g of the organic substance.
So % of nitrogen

14 = 26.8 100

=10 * 1000 ~ 0.257

=14.6%

Volumetric Analysis (Titration)

Volumetric analysis is an analytical method used
to find the concentration of a substance in a solu-
tion by adding exactly same number equivalents
of some another substance present in a solution of
known concentration (standard solution).

Volumetric analysis is also called titrimetric
analysis. Here the substance whose solution is used
to find the concentration of unknown solution is
known as titrant and the substance whose concen-
tration is to be calculated is known as titrate.

Types of Titration

Titration or volumetric analysis is of following types:
1. Simple titration
2. Double titration
3. Back titration
4. Todimetric and iodometric titration

Simple Titration

The purpose of this titration is to find the concentra-
tion of an unknown solution by using the known con-
centration of another solution. Here a known volume

the solution of unknown concentration is taken in a
flask and the essential reagents are ended in it. Now
the solution of known concentration is added from the
burette in this solution till complete reaction occurs
between them and the end point or equivalence point
of the two reacting species are equal.

For example,
If we take two solution X and Y then at the end point
N, V, =N, V,
Here N, = Normality of solution X
VX = Volume of solution X
N, = Normality of solution Y

V= Volume of solution Y

Double Titration

This titration is used for specific compounds using
various indicators. When the solution having NaOH
and Na,CO, is titrated using phenolphthalein indica-
tor, at phenolphthalein end point following reactions
take place:

NaOH + HCl — NaCl + H,0
Na,CO, + HC1 — NaHCO, + NaCl

Here Equivalents of NaOH + '; equivalents of
Na,CO, = Equivalents of HCI U ()

When methyl orange is used, Na,CO, is con-
verted into NaCl + CO, + H,0

Equivalents of NaOH + Equivalents of Na,CO,
=Equivalents of HC1 ~ ......... )

These titrations are carried out by using phenol-
phthalein and methyl orange in continuation as well
as separately also.

We apply law of equivalents to find the percent-
age composition of the mixture with the help of
equation (i) and (i1) if the HCI] consumption in two
different steps is given.

m Phenolphthalein indicates end point when Na,CO,
is converted into NaHCO,.

Back Titration

Suppose we have an impure solid substance ‘O’
weighing ‘w’ gm and we have to find the percent-
age purity of ‘O’ in the given sample. We have also
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been given two solutions ‘M’, ‘N’ here the con-
centration of ‘N’ is known ‘N,” and that of ‘M’ is
unknown. For a back titration to be carried out; the
following conditions must be satisfied.

(1) Compounds ‘M’, ‘N’ and ‘O’ must be such
that ‘M’ and ‘N’ can react with each other.
‘M’ and pure ‘O’ can also react with each

other however the impurities present in ‘O’
must not react with ‘M’.

(i)

The product of ‘M’ and O’ should not react
with ‘N’.

Now we will take a certain volume of ‘M’ in
a flask but remember the equivalents of ‘M’ taken
must be greater or equal to equivalents of pure ‘O’
in the sample and perform a simple titration using
‘N’. Here we assume that the volume of ‘N’ use is
vV litre.

(iif)

Equivalents of ‘N’ reacted with ‘M’ =NV,
Hence initial equivalents of ‘M’ =N, V|
Now we will take same volume of ‘M’ in another
flask however now ‘O’ is added in the flask. Here
pure part of ‘O’ reacts with ‘M’ and excess of ‘M’
1s back titrated with “N”. Suppose the volume of ‘N’
consumed is V, litre here.
Equivalents of ‘N’ reacted with excess of ‘M’
= Nl V2
Hence equivalent of ‘M’ in excess =N, V,
that 1s, equivalent of ‘M’ reacted pure ‘O’
= (Nl V1 - N1 Vz)
Equivalents of pure ‘O’=(N, V =N V)

Suppose the n-factor of ‘O’ in its reaction with ‘M’
1s ‘a’ then the moles of pure ‘O’

_ (Nl Vl - N1 Vz)
=—t1 11
Hence mass of pure ‘O’

V,-N,V,
=M x Molar mass of ‘O’

Percentage purity of ‘O’

V,-NV ‘0
=(N1 L D) y Molarmevssofo 100

lodimetric and lodometric Titrations

When in redox titrations iodine is used as an oxidiz-
ing agent these titration are called iodine titration.
These are of two types:

lodimeric Titration

In such titrations iodine solution is used as an oxi-
dant and 1odine 1s directly titrated against a reduc-
ing agent. This type of titrations are used for the
determination of strength of reducing agents like
sulphides, arsenides, thiosulphates etc., by titrating
them against a standard solution of iodine.

This type of titration involves free iodine.
Here iodine solution is treated with known sodium
thiosulphate solution having a normality, N and
volume V litre.

I, + 2Na,S,0,— 2Nal +Na,S,0,
(n=2) (n=1)
Equivalents of I, = Equivalents of Na,S,O, used
=NxV

Moles of I, = ¥

Mass of free I, in the solution = ( N ; vV, 254) g

lodometric Titration

It is an indirect method of estimation of 10dine. In
this titration an oxidizing agent is used to liber-
ate from iodine solution and the librated iodine
is treated with a standard solution of a reducing
agent added from a burette. Here a neutral or an
acidic solution of an oxidizing agent is used and
the amount of liberated I, is equal to the quantity
of this oxidizing agent.

These titrations are used to determine the con-
centration of K,Cr,0,, KMnO,, CuSO,, Ferric ions,
H,0, etc.

Oxidizing agent (X) + KI — I, + reduced state

of oxidant
2Na,S O,

2Nal +Na,S,0,
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Equivalents of (X) = Equivalents of [, = Equivalents
of Na,S,0,used =N x V

2~ 3

Equivalents of I, liberated from KI =N x V
Equivalents of (X) =N x V

Let the n-factor of (X) in its reaction with KI be
X, then

Mass of (X) consumed = N ;2 v

x MX

(Here M, is the molar mass of (X)).

REMEMBER j

I, +KI —KI,

(complex soluble in water and
provide K*and [.7)

lllustrations
37. How many mL of a 0.05 M KMnO, solution

are required to oxide 2.0 g of FeSO, in a dilute
solution (acidic)?
Solution 10FeSO, +2KMnO, + 8H,S0, —

10 x151.8 2 x 158
K,SO, + 2MnSO + 5Fe,(SO,), + 8H,0

10 x 151.8 g of FeSO, require KMnO, =2 x 158 g

2 g of FeSO, will require KMnO, = %

Suppose V ml of KMnO, solution (0.05 M ) is
required .

Amount of KMnO, in this solution

158 x 0.05
=~Tooo  *V
Th 158 x0.05xV _ 2x158x2
us, 1000 10 x 151.8
V=527ml

38. 0.1 M KMnO, is used for the following titra-
tion. What volume of the solution in mL will be
required to react with 0.158 g of Na,S,0,?

S,0,>+MnO,+H,0 —
MnO, (s) + SO,>*+ OH~  (not balanced)

Solution 0> — 280"

Change in oxidation number of sulphur per mol-
ecule of S,0,*

=2x(6-2)=8
Change in oxidation number of Mn per molecule of
MnO,”

=7-4=3

No. of moles in 0.158 g of Na,S,0O,
_ 0.158 _ _
= g - 1x10°

No. of equivalents = 8 x 103

Normality of 0.1 M KMnO, solution
=0.1x3 =03

Suppose V ml of KMnO, is required then
055 % 03 =8 % 10°

So V=% x 10 x 10?

=26.7 ml

39. (a) Give a half-equation for the oxidation of
the ethanedioate ion, C,0,* (aq), to carbon
dioxide CO, (g).

(b) Give a half equation for the reduction of
the manganate (VII) ion, MnO,” (aq), to
manganese (II) ions, Mn*" (aq), in acidic
conditions.

(¢) Calculate the volume of an acidified solu-
tion of 0.02 M potassium manganate (VII),
KMnO,, which would be needed to oxidize
100 cm? of a saturated solution of magne-
sium ethanedioate, MgC,0,.

Solubility of magnesium ethanedioate at 20°C is 9.3
% 107 mol dm~3.

Solution (a) C,0,> (aq) — 2CO, (g) + 2¢

(b) MnO," (aq) + 8H" (aq) + 5e™ —
Mn?** (aq) +4H,0 (1)
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(¢) 5C,0, (aq) + 2MnO," (aq) + 16H" (aq)
— 10CO, (g) + 8H, () +2Mn** (aq)

100 cm’ of saturated MgC,O, solution at 20°C con-
tains 9.3 x 10~ mol.

According to the equation,
As 5 mol of C,0,* react with 2 mol MnO,~.

S0 9.3 x 10 mol of C,0,* react with

2x93x10*
— mol

As 1000 cm?® of 0.02 M MnO,~ contains 0.02 mol
MnO "

1000 x 2 x93 x 104
0.02 x5 cm

0f 0.02 M MnO,-

. 2x93x 10"
contains Y S mol

So

=18.6 cm?

40. A solution of arsenic (III) oxide containing
0.248 grequired 50 cm? of acidified potassium
manganate (VII) solution (0.02 mol dm®) for
complete oxidation. What is the oxidation
state of arsenic in the product? [A (O) = 16,
A (As)=175]

Solution As* (aq) > As™ (aq) + (n —3)e”

MnO,” (aq) + 8H" (aq) + 5™ —
Mn?** (aq) + 4H,0 (1)

5As’*(aq) + (n - 3) MnO,” (aq) + 8(n — 3)H*(aq)
— (n—3) Mn* (aq) +4(n — 3)H,0 () + 5As™ (aq)

0.248
150 +48 -

=0.00125 moles

Number of moles As** = 0.0025 moles

Number of moles As,O, =

50 cm? of potassium permanganate (VII) (0.02 mol
dm™?) contains

50 x 0.02
1000

= 0.001 moles potassium permanganate (VII)

moles

As 0.0025 moles As** reacts with 0.001 mole
MnO,"

So 2.5 mole As** reacts with 1 mole MnO,-

In this equation,

0o 22 -3
Ratio 5= = 7.

Oxidation state of arsenic in the product = +5.

Volume Strength of H,0, Solution

The concentration of H,O, is usually represented in
terms of volume, If a sample of H,O, is labelled as
‘X’ volume, it means that 1 volume of H,O, solution
gives ‘X’ volumes of O, gas at STP on complete
decomposition.

Consider the decomposition of H,0, as

2H0,—2 »2HO + O,

2x34¢g 22.4L at STP

As 22400 ml of O, gas is liberated by 68 g of H,0,
solution

So X'ml of O, gas will be liberated by

_ 68X _ 17X
22400 5600

gof H,0,

It means that 17X/5600 g of H,0O, will be present in
1 ml of solution.

1000 ml of solution contains H,0,

V). 17X
5600 56

Strength (g L) = Normality x Equivalent wt.
17X 34 (n-factor of H,0, = 2)

x 1000 =

R
X=56xN

that is, Volume strength of H,0, = 5.6 x Nor-
mality

Illustrations

41. The label on a H,O, bottle reads as 10 Vol. Find
the concentration of the H,0,%.

Solution 2H 0, —2H,0+0,

10 vol. means 1 vol H/O, =10 ml O,

22400
68

1 litre of 10 vol. means = 10000 ml of O,

1gH,0,= =329ml
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Weight of H,0, to give 10000 ml

= 55 < 10000=30.4 g

Conc. =30.4 g/lit

Cone. % =30.4 x 00

1000 =3.04 %

Percentage Labelling of Oleum

Oleum or fuming sulphuric acid contains SO, gas
dissolved in sulphuric acid. When water 1s added to
oleum, SO, reacts with H,0 to form H,SO, as a result
mass of the solution increases.

SO, +H,0 — H,S0,

The total mass of H,SO, obtained by diluting
100 g of sample of oleum with desired amount
of water, 1s equal to the percentage labelling of
oleum.

% labelling of oleum = Total mass of H,SO,
present in oleum after dilution.

= mass of H,SO, initially present + mass of
H,SO, produced on dilution.

Suppose the mass of oleum sample be 100 g,
which on dilution becomes 109 g. This implies that
9 g of H,0O was added.

SO, +H,0 — H,S0,

Moles of H,0 added = 9/18 = Moles of SO, pres-
ent in oleum sample.

Mass of SO, in oleum = % x80=40g

Thus, oleum sample contained 40 % SO, and 60 %
H, SO

2 4

Illustrations

42. Find the percentage of free SO, in an Oleum
sample which is labelled 112 % H,SO,.

Solution Oleum =H SO, + SO, =H,S.0,
If initial weight of labelled H,S,0, =100 gm
Weight of H,SO,, after dilution = 112

Wt. of H,O = 12 gm

Moles of H,0 = moles of SO, =

e

=0.66

Wt. of SO, =0.66 x 80 =52.8

Wt. of SO, x 100

% of SO, = 00

=52.8%

Hardness of Water

The hardness of water is due to the presence of
bicarbonates, chlorides and sulphates of calcium
and magnesium. Bicarbonates causes temporary
hardness while chlorides and sulphates causes
permanent hardness. The extent of hardness is
called degree of hardness. It is defined as the
number of parts by weight of calcium carbonate
present in one million parts by weight of water
that is, in ppm (milligram per litre) of CaCO,,.

gm of calcium carbonate
10° gm of water

Hardness of water =

Illustrations

43. 50 litres of water containing Ca(HCO,), when
converted into soft water required 22.2 g
Ca(OH),. Calculate the amount of Ca(HCO,),
per litre of hard water.

Solution Reaction

Ca(HCO,), + Ca(OH), — 2CaCO, +2H,0
162g 7T4¢g
As 74 g Ca(OH), reacts with 162 g Ca(HCO,),

So 22.2 g Ca(OH), will react with

_162x222
74

=48.6 g Ca(HCO,),
As 50 L water contains = 48.6 g Ca(HCO,),

So 1 L water contains = %Q

=0.972 gL

44. One litre of a sample of hard water contains
0.9 mg of CaCl, and 0.9 mg of MgCl,. Find the
total hardness in terms of parts of CaCO, per
10¢ parts of water by mass.
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Solution Mol. mass of CaCl, = 111
Mol. mass of MgCl, =

111 g of CaCl, = 100 g of CaCO,

09 mg of CaCl, = 1% x 0.9 mg of CaCO,

=0.81 mg of CaCO,

95 g of MgCl, = 100 g of CaCO,
09 g of MgCl, = 12 x 0.9 of CaCO,
=0.94 mg of CaCO,

Thus, one litre of hard water contains (0.81 + 0.94)
=1.75 mg of CaCO,

One litre of water 10° g = 10°mg
Degree of hardness = 1.75 ppm

Enhance Your Knowledge

m | mole of H,0 # 22400 ml or cc. of H,0
(since it is liquid)

1 mol of HO = 18 cc. of H,O
(as density of H ,0 = Igm/cc)

m Mass of one mole of €~ = mass of one ™ x N
=9.1x103 x6.02 x 10
= 0.55 mg.

m Some substances like CuSO,.5H,0,
Na,CO,.10H,0 have a tendency to lose water in
air. These are called efflorescent and this ten-
dency is called efflorescence.

m Some solid substances like NaOH, KOH, which
have a tendency to absorb moisture greatly from
air and to get wet are called ‘Deliquescent’ and
this tendency is called Deliquescence.

m Hygroscopic substances like quicklime (CaO)
anhydrous P,O; etc., absorb moisture from air.

m To find equivalent weight of an acid:

It is possible by Silver Salt Formation Method.

Eq. wt. of R-COOAg
108

Wt. of R-COOAg
wt. of Ag

m Eq. wt. of R-COOH
=Eq. wt. of R-COOAg — 107

In Redox Titration
V (oxidizing agent) x M (oxidizing agent) =
V (reducing agent) x M (reducing agent)

No. of moles of oxidizing agent
" No. of moles of reducing agent

In Acid Base Titration

V (acid) x M (acid) =

No. of moles of acid
V (base) x (M base) x No. of moles of base

ZM V =ZMV,

Here 7, = acidity or basicity of substance — 1

and Z, = acidity or basicity of substance — 2

For a mixture of solution of non reacting substances.
N, V+N, V,+N,V.=N__V

If all the three acids are monobasic or bases are
monoacidic,

Ml Vl + MZ V2 + M3 V3 = Mmix. Vmix

If we mix HCl and H,SO, then, ‘M’of H,SO, will
be multiplied by 2 because H SO, is d1bas1c a01d

Law of equivalence is used only in following con-
ditions

If either a substance or solution reacts completely
with a known volume of a standard solution, then

Number of equivalents of substance = Number
of equivalents of standard solution.

Wsw  _ NV
Eq wt. ., 1000 -
NlVI = N2V2

Number of eq. of metal = Number of eq. of solution

WoNY
Eq wt. _ 1000 Sorution.
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Solved Problems from the lITs

1. A mixture of H,C,0, and NaHC,O, weighing
2.02 g was dissolved in water and the solu-
tion made up to one litre. 10 ml of this solu-
tion required 3.0 ml of 0.1 N NaOH solution for
complete neutralization. In another experiment
10 ml of same solution in hot dilute H,SO,
medium required 4 ml of 0.1 N KMnO, for
complete neutralization. Calculate the amount
of H,C,0, and NaHC,O, in the mixture.

[IIT 1990]

Solution Suppose mass of H,C,0, present in the
mixture is ‘X’ g in 1 litre and mass of NaHC,O,
present in the mixture is ‘Y’ g in 1 litre.

For acid—-base reaction
H,C,0, + 2NaOH — Na,C,0, + 2H,0

Equivalent mass of H,C,0, = M

=%=
2

NaHC,0, + NaOH — Na,C,0, + H,0

45

Equivalent mass of NaHC,0, = M

=112

Equivalent of H,C,O, in 10 ml solution + Equiv-
alents of NaHC,0, in 10 ml solution

_3x0.1
1000
Xx10 Y x 10 _ 3x0.1
45 x 1000 112 x 1000 1000
12X +45y=3201d5 X112 5y
“““ )

For redox reaction

Equivalent mass of H,C,O, = % =45,

Equivalent mass of NaHC 0, = 15—2 =56

(Change in oxidation number of carbon per mol-
ecule = 2; C** — 2C*)

Now,

Equivalents of H,C,0, in 10 ml solution + Equiva-
lents of NaHC,O, in 10 ml solution

_ 4x0.1
1000 -
Xx10 . _Yx10 _ 4x01
45 x 1000 56 x 1000 1000
56 X+45Y=1008 ... (in)

On solving equations (i) and (i1), we get
X=09¢g
Y=112¢g
2. A solid mixture (5.0 g) consisting of lead
nitrate and sodium nitrate was heated below
600°C until the mass of the residue was con-
stant. If the loss in mass is 28.0 %. Find the

amount of lead nitrate and sodium nitrate in
the mixture.

[IIT 1990]

Solution Let the amount of NaNO, in the
mixture be ‘X’ g.

The amount of Pb(NO,), in the mixture

=50-X¢g

2NaNO, 22 5 sNaNO, + O,

(2 x 85)g 32¢g

2Pb(NO,), —2¢8L ;. 2PbO + 4NO, + O,

@x33D)g (@ x46)32 ¢
=662¢g =2l6g

170 g of NaNO, evolve oxygen =32 g

X g of NaNO, evolve oxygen = 13720 xXg
662 g of Pb(NO,), evolve gas =216 g

(50 - X) g of Pb(NO,), evolve gas

_ 216
662

x(50-X) g
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- 32 216
Total loss = 170 X + 660 * 5.0-X)

Loss given in the problem = % x5=14g¢g
32

170

On solving, we get

216 _
X + 25 (50-X)=14

X=1676¢
So mass of NaNO, = 1.676 g
Mass of Pb(NO,), = (5.0 - 1.676) g

=3324¢g

3. Calculate the molality of one litre solution of
93% H,SO, (weight/volume). The density of
the solution is 1.84 g/ml.

[IIT 1990]
Solution Given,

93 % H,SO, solution (weight/volume)

It means 93 g of H,SO, present in 100 ml of
solution, therefore

Weight of H,SO, =93 g

Volume of solution = 100 ml

So weight of solution =100 x 1.84 =184 g
Weight of water = 184 -93=91 g

moles of H,SO,
Weight of water in (g)

Molality = x 1000

93

Moles of H,SO, = 98 = 0.948

0.948
91

So Molality = x 1000 = 10.42

4. A 1.0 g sample of Fe,0, solid of 552 %
purity is dissolved in acid and reduced by
heating the solution with zinc dust. The
resultant solution is cooled and made upto
100.0 ml. An aliquot of 25.0 ml of this
solution requires for titration. Calculate the
number of electrons taken up by the oxidant
in the reaction of the above titration.

[IIT 1991]

Solution The redox changes are:

For reduction of Fe,O, by zinc dust
Fe* +2e” — 2Fe™
Fe? > Fe¥ + e
Oxidant + n e~ — Reductant
Meq. of Fe,O, in 25 ml
=Meq. of Fe*" in Fe, O,
= Meq. of Fe* formed
= Meq. of oxidant used to oxidize Fe*

So Megq. of Fe, O, in 25 ml = Meq. of oxidant

=17x0.0167 xn

Here ‘n’ is the number of electrons gained by 1
molecule of oxidant

So Meq. of Fe, O, in 100 ml

100
25

= 17 x0.0167 xn x

1 x 55.2 x 1000

100 x v~ 1700167 xn x4

As molecular weight of Fe,0, = 160

_ 1 x 552 x 2 x 1000 =6
O™ 700 x 160 x 17 x 0.0167 x 4

Thus, number of electrons gained by one
molecule of oxidant = 6.

S

5. A solution of 0.2 g of a compound containing
Cu** and C,0,* ions on titration with 0.02 M
KMnO, in presence of H,SO, consumes 22.6
ml oxidant. The resulting solution is neutral-
ized by Na,CO,, acidified with dilute acetic
acid and titrated with excess of KI. The liber-
ated iodine required 11.3 ml of 0.05 M Na,S, 0,
for complete reduction. Find out the mole ratio
of Cu** and C,0,” in the compound.

[IIT 1991]
Solution
Ist Case
Only C,0,*ions are oxidized by KMnO, solution.
Normality of KMnO, solution = 0.02 x 5=0.1N

22.6 ml of 0.1 NKMnO, =
22.6ml of 0.1 N C,0,* solution
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Mass of C,0,* ions in the solution

_NxExV_ NxMxV
1000 1000 % 2

Number of moles of C,0,*

ions in the solution

_ NxMxV
1000 x 2 x M

_NxV _ 01x226
2000 2000

=113 x 10

lind Case

Only Cu? ions are reduced by KI and iodine liber-
ated is neutralized by Na,S O, solution.

11.3 ml of 0.05 M Na,S O,
=11.3 ml of 0.05 N Na,S,0,
=11.3mlof 0.05NI,

=11.3 ml of 0.05 N Cu?*

Mass of Cu?* ions in the solution

_NxExV _ NxMxV
100 1000

2+ 5

Number of moles of Cu*" ions in the solution

NxMxV

~ 1000 x M

1000

5.65 % 10~
. Cu* _ 565x10* _ 1
Molar ratio of COo~ = 1i3x10° " 2 -

0.05x11.3
1000

6. A 2.0 g sample of a mixture containing sodium
carbonate, sodium bicarbonate and sodium
sulphate is gently heated till the evolution of
CO, ceases. The volume of CO, at 750 mm Hg
pressure and at 298 K 1s measured to be 123.9
ml. A 1.5 g of the same sample requires 150
ml of (M/10) HCl for complete neutralization.
Calculate the per cent composition of the com-
ponents of the mixture.

[IIT 1992]

Solution According to ideal gas equation,

PIVl _ szz
T ~— T

1 1

Volume of CO, at NTP

V)=

_750x1239 273
298 760

_ 25368525
226480

As weight of 22400 ml of CO, at NTP = 44 g
So weight of 112 ml of CO, at NTP

44
= 22400 <1128

=112 ml

=022g

On heating a mixture of NaHCO,, Na,CO, and
Na,SO,, only NaHCO, is decomposed according to
following equation.

INaHCO, —2 > Na,CO, +H,0 + CO,

2(23+1+12+48 )

=168
As 44 g CO, is required = 168 g of NaHCO,

S0 0.22 g CO, is required

_ 168
44

=0.84 g of NaHCO,
As the weight of NaHCO, in the mixture = 0.84
So the percentage of NaHCO, in the mixture

- 980 100=420%
When 1.5 g of mixture is treated with HCL
Therefore Na,SO, is not reacted while Na,CO, is

reacted with HCl as follows:

x 0.22 g of NaHCO3

Na,CO, + 2HCl] ———
2x23+12+48 2(1+355)
=106 =73

2NaCl+H,0 + CO,

Let the amount of Na,CO, in 1.5 g of mixture
be ‘Y’ g.
So the amount of HCI used with Na,CO,

73
=706 ¥ Y&
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NaHCO, reacts with HCI as follows:

NaHCO, + HCI
23+1+12+48 (1+35.5)
=84g =36.5
NaCl +H,0 + CO,
Amount of HCI used with NaHCO,
305 < 063-02737¢

Number of millimoles of HCI used with mixture

= Molarity x Volume in ml

=%x150=15

Weight of HC1 used with mixture
= millimole x mol. wt. x 1073
=15x103x365=0.5475¢
Total HCI = Used HCI with Na,CO,
+ Used HCI with NaHCO,

7S y+02737

106
On solving, we get

Y =0.3975
So % of Na,CO, in the mixture

_ 03975
I5

% of Na,SO, in the mixture

0.5475 =

x 100=26.5%

=100 - % of NaHCO, — % of Na,CO,
=100-42-265
=315%

7. One gram of commercial AgNO, isdissolved in
50 ml of water. It is treated with 50 ml of a KI
solution. The silver iodide thus precipitated is
filtered off. Excess of KI in the filtrate is titrated
with (M/10) KIO, solution in presence of 6
M HCI till all I~ 1ons are converted into ICL. It
requires 50 ml of (M/10) KIO, solution. 20 ml of
the same stock solution of KI requires 30 ml of
(M/10) KIO, under similar conditions. Calculate
the percentage of AgNO, in the sample.

Reaction:
KIO, +2KI + 6HCI — 3IC1 + 3KCl1 + 3H,0
[IIT 1992]

Solution Number of millimoles of KIO, in 30
ml of solution

= Molarity x Volume in ml

=%x 30=3

Equation:
KIO, + 2KI + 6HCI — 3IC1 + 3KCl + 3H,0
According to the equation

1 mole of KIO, is equivalent to 2 moles of KI

As Number of millimoles of KI in 20 ml of stok
solution

=2x3=6
So, number of millimoles of KI in 50 m] of the
. 50 _
same solution = 6 x 20 15

Number of millimoles of KIO, in 50 ml of solution

=% x50=5

So number of millimoles of KI used with 50 ml of
KIO, solution=2 x 5= 10

Number of millimoles of KI used with AgNO, = 15
-10=5

AgNO, +KI — Agl + KNO,

1 mole of AgNO, reacts with 1 mole of KI. So num-
ber of millimoles of AgNO, is equal to 5.

Weight of AgNO, =5 x 107 x 170 g

=085¢

% of AgNO, = 0‘851><0100

=85.0 %.

8. Upon mixing 45.0 ml of 0.25 M lead nitrate
solution with 25 ml of 0.1 M chromic sul-
phate solution, precipitation of lead sulphate
takes place. How many moles of lead sul-
phate are formed? Also calculate the molar
concentrations of the species left behind in
the final solution. Assume that lead sulphate
1s completely insoluble.

[IIT 1993]

Solution The reaction is

3Pb(NO,), + Cr,(SO,), —3PbSO, + 2Cr(NO,),

3 mole 1 mole 3 mole 2 mole
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Number of moles of Pb(NO,),
=45x103x0.25
=11.25 x 102 mole

Number of moles of Cr,(SO,)
=25x103x0.1
=2.5x 107 mole

3

So Cr,(SO,), has limiting concentration. It will be
consumed fully and the number of moles of lead sul-
phate produced will be

=3x25%x10°%=7.5x 102 mole

Number of moles of lead nitrate left

11.25x 103 -7.5x 1073

3.75 x 107 mole

Total volume = 45.0 +25.0 =70 ml
=70 x 1073 litre

3.75 x 10
70 x 107?

Molarity = =0.0536 M

Number of moles of Cr(NO,), formed

=2x25%x10° = 5x 103 mole
.. 5x103
Molarity = T0x10° 0.0714 M

Pb(NO,), and Cr(NO,), will be present in solution
in ionic form,

So,
[Pb**]=0.0536 M
[Cr3*]1=0.0714 M
[NO,T=(2x0.0536) + (3 x 0.0714)
=0.3214 M.

9. 8.0575x102kgof Glauber’ssaltisdissolved
in water to obtain 1 dm? of a solution of
density 1077.2 kg m=. Calculate the molar-
ity, molality and mole-fraction of Na,SO,
in the solution.

[TIT 1994]

Solution In 1 dm? solution, weight of Glauber’s salt

(Na,SO, 10H,0) = 8.0575 x 102 kg

Mass of solution = Volume x density
=1dm? x 1077.2 x 10 kg dm™
=1.0772kg

So in solution weight of solvent
= Weight of solution — Wt. of Glauber’s salt
=1.0772 - 0.080575
=0.996625 kg

Molarity of solution

Weight of Na,SO,.10H,0 in g
dm*mol. wt. of Na,SO,. 10H,0

_ 80.575 g/dm®

3 =0.250 M
Molality of solution

Molarity of solution
Weight of solvent in kg/dm?® -

_ 0250 _
=70777 = 0232m
Moles of solvent (water) = % =5534
_80.575 _
Moles of Na,SO,.10H,0 = 320 0.250

Mole fraction of Na,SO,.10H,0

Moles of Na,SO,.10H,0
Total moles

5534
55341025 099

10. ‘A’ is a binary compound of a univalent metal.
1.422 g of (A) reacts 1.743 g of a white crystal-
line solid (B), that forms a hydrated double salt
(C) with AL(SO,),. Identify (A), (B) and (C).

[IIT 1994]

Solution Compound (B) form hydrated crystals
with AL(SO,),. As (B) is formed with univalent
metal on heating with sulphur. So compound (B)
should be M,SO,, so compound (A) must be oxide
of M which reacts with sulphur to give M,SO,.

So (A) +S —M,SO,

As 1.422 g of (A) reacts with 0.321 g of sulphur
completely and gives 1.743 g of M,SO,.
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1.743 x 32.1
0.321

=1743¢g
As molecular wt. of M,SO, = 173.4
So2x(A)+32.1+64=17234
So (A) (atomic weight of M) = 39

S0 32.1 g of S will give =

Monovalent metal is K (as at. wt. of K is 39)

K,SO, + Al(SO,), +24H,0 —
Compound (B)
K,SO,.AL(S0,),.24H,0

Compound (C)
As0.321 g of sulphur react with 1.422 g of (A)
So 32.1 g of sulphur react with

1.422 x 32.1
0.321

2MO, + S Heaty, M SO,

gof (A)=1422¢

142.2 g wt. is related to two moles of MO, or KO,
2[39+16X]=142.2
78 +32X =1422
X=2

So compound (A) is KO, (Potassium superoxide)
which is a binary compound.

Compound (A) =KO,
Compound (B) =K,SO,
Compound (C) = K,SO, Al(SO,),.24H,0

11. The composition of a sample of wustite is Fe_,

0,,,- What percentage of the iron is present in

the form of Fe(III)?
[IIT 1994]

Solution Let the percentage of Fe(IIl) be X and
Fe(II) would be (100 — X).
Number of oxygen molecules in Fe,O, = (3/2)X
Total iron atoms = 100 — X + X = 100
Total oxygen atoms = (3/2)X + 100 - X

=100 + (X/2)

093 _ 100
1.00 ~ 100+ (X72)

93 x 0.465 X =100
X=15.05
X=1505%

Ratio =

12. A mixture of ethane and ethene occupies 40 litre
at 1.00 atm and at 400 K. The mixture reacts
completely with 130 g of O, to produce CO,
and H,O. Assuming ideal gas behaviour, find the
mole fractions of C,H, and C,H, in the mixture.

[IIT 1995]

Solution Volume of the mixture at NTP

= 49x1 2B 573 litre

Suppose the volume of ethane is X litre.

Volume of ethene = (273 — X)) litre

Equations:

C,H, + 7/20,—2CO, + 3H,0

1 vol. 7/2 vol.

C,H, + 30,—2CO, + 2H,0

1 vol. 3 vol.

Total volume of oxygen required for complete
combustion of the mixture is:
[ X+@273-%X)x3]litre

[7X+(273-X)x6] .
or > litre

[7X+ 273 -X) x 6]
Mass of oxygen = 5

32
* 224

130 = (X + 163.8) x o7
X=182

18.2
273

=66.66
Mole fraction of ethene = 33.34

So, mole fraction of ethane = x 100
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13. A 20.0 cm® mixture of CO, CH, and He gases
1s exploded by an electric discharge at room
temperature with excess of oxygen. The vol-
ume contraction is found to be 13.0 cm3. A fur-
ther 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.

[IIT 1995]

Solution CO(g)+%: 0, (g) — CO, (g)
CH, (&) +20,(g) = CO,(® +2H,0 ()

Suppose ‘X’ is the volume of CO “Y” is the vol-
ume of CH,

BLX+Y=13 ... 1.

X+Y=14

=10ccand Y=4cc

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

14. A 3.0 g sample containing Fe,O,, Fe,O, and an
inert impure substance is treated w1th excess of
KI solution in presence of dilute H,SO,. The
entire iron is converted to Fe? along w1th the
liberation of iodine. The resulting solution is
diluted to 100 ml. A 20 ml of the dilute solu-
tion requires 11.0 ml of 0.5 M Na,S,O, solu-
tion to reduce the iodine present. A 50 ml of
the diluted solution after complete extraction
of iodine requires 12.8 ml of 0.25 M KMnO,
solution in dilute H,SO, medium for ox1dat10n
of Fe*. Calculate the percentage of Fe,0, and

Fe,O, in the original sample.

[IIT 1996]

Solution Fe 0,isanequimolar mixture of Fe O,
and FeO. Thus the sample contains Fe O FeO

23>
and impurities. The amount of iodine liberated
depends on the amount of Fe, O, and the entire
iron is converted into Fe?".
Fe O, + 2KI + H,SO, —
3FeO + H,0 +K,SO, +1,
Fe,0, +KI+H,SO, —
2FeO +H,0 +K, SO, +1,

5x11.0 ml of 0.5M Na,S 0,
=55.0ml of 0.5 N Na,S,0, solution
=55.0ml of 0.5 N I, solution
=55.0ml of 0.5 N Fe O, solution
=27.5 x 102eq. Fe,0, solution

=13.75 x 10 moles Fe O,

2 x 12.8 ml of 0.25 M KMnO, solution
=25.6ml of 1.25 N KMnO, solution
=25.6 ml of 1.25 N FeO solution
=32.0 x 107 equivalent FeO
=32.0 x 10 moles FeO

Moles of FeO in Fe,O, = 0.032 - 0.0275
=0.0045
Mass of Fe,O, = 0.0045 x 232 =1.044 g
Moles of Fe,O, existing separately
=0.01375 -0.0045 = 0.00925

Mass of Fe,0, = 0.00925 x 160 =1.48 g
% Fe,0, =124+ 100=348

_ 148 _
%Fe,0,= 128  100=4933

15. To a 25 ml H,O, solution, excess of acidified
solution of potassium iodide was added. The
1odine liberated required 20 ml of 0.3 N sodium
thiosulphate solution. Calculate the volume
strength of H,O, solution.

[IIT 1997]
Solution 2KI+H,80,+H0, K80, +2H0+1,
2Na,8,0, +1, — Na,8,0, + 2 Nal

Meq. of Na,$,0,=20x0.3=6

(Normality x volume)
Meq. of Na,S,0, = Meq. of [, =6
Meq. of I, = Meq. of H,0, = 67
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Weight of H,O, = Meq. x E x 1073
=6x17x102=0.102 g

(Aseq. wt. of HO,=34/2=17)
Strength of H,0, = 0.102 x 1990
=0.408 g/L.
Molarity of H,0, = —IV(I) ‘108 gL
ol. wt. (34)
=0.012M

2H,0, — 2HO + O,
2 moles
0.012 moles

1 mole
0.06 moles

So volume of O, at STP =0.06 x 22.4 L
=1344L

So the volume strength of H,O, = 1.344 L

16. An aqueous solution containing 0.10 g KIO,
(formula weight = 214.0) was treated with an
excess of KI solution. The solution was acidi-
fied with HC1. The liberated iodine consumed
45.0 ml of thiosulphate solution to decolorize
the blue starch-iodine complex. Calculate the
molarity of the sodium thiosulphate solution.

[IIT 1998]

Solution 2KIO, + 10 KI + 12HCI — 12 KCl +
61, + 6H,0
[2Na 8,0, + I, — 2Nal + Na,8,0,] x 6

2KIO, + 10KI + 12 Na,S O, + 12HCl —

27273

2 moles 12 moles
12KCI + 12Nal + 6Na,S,0, + 6H,0
Number of moles of KIO, = gll 2

0.10/214 moles of
KIO

3

Number of moles of

Na,S,0, required for

_12 010 _

2

Molarity of Na,S,0, 06 , 1000 .
214 45
=0.0623 M

17. How many milliliteres of 0.5 M H,SO, are needed
to dissolve 0.5 g of copper (I) carbonate?

[IIT 1999]
Solution N, V =N, V,
N, = Normality of H,SO,=0.5x2=1N
V, = Volume of H,SO,
N, = Normality of copper (II) carbonate

_05x2
1235

N

V, = Volume of copper (II) carbonate

= 1000 ml

So 1.0xVv,=9%2x2

x 1000

V, =809 ml

18. A plant virus is found to consist of uniform
cylindrical particles of 150 A in diameter
and 5000 A long. The specific volume of
the virus is 0.75 cm? /g. If the virus is con-
sidered to be a single particle, calculate its
molecular mass.

[IIT 1999]

Solution Volume of cylindrical virus = w121

150

=3.14 x (=5 x 1092 x 5000 x 108

=0.884 x 10716 cm?

Volume

Mass of virus = m .

_ 0884 x 10716

5= 1178 x 107 g

Molar mass of virus

= Mass of single virus x 6.023 x 103
=1.178 x 10716 x 6.023 x 10%
=7.095 x 107.
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19. Hydrogen peroxide solution (20 ml) reacts
quantitatively with a solution of KMnO,
(20 ml) acidified with dilute H,SO,. The same
volume of the KMnO, solutlon 1s ]ust decol-
orized by 10 ml of MnSO in neutral medium
simultaneously forming a dark brown precipi-
tate of hydrated MnO,. The brown precipitate
1s dissolved in 10 ml of 0.2 M sodium oxalate
under boiling condition in the presence of dilute
H,SO,. Write the balanced equations involved in
the reactions and calculate the molarity of H,O,.

[IIT 2001]

Solution
Q)
MnO, | +Na,C,0, + 2H,S0, —

22y
1 mole 1 mole

MnSO, + Na,S0O,+2C0, +2H,0
mM of MnO, =mM of Na,C,0,

=10x02=2
@i1)
2KMnO, + 3MnSO, + 2H,0 — 2 mole
5MnO, | +K,SO, + 2H,0
5 mole
mM of KMnO, = mM of MnO, x 2 .
- 2_4
=2x3=3-
(iii)
2KMnO, + 3H,SO, + 5H,0, -
mole 5 mole
K,SO, + 2MnSO, + 8H,0 + 50,
mM of H,0, =mM of KMnO, x 3
-4 .5
=5%3=2
Mx20=2
M (H,0,) = 2:=0.1M

20. How many grams of CaO are required to neu-
tralize 852 g of P,O 7

[IIT 2005]

Solution The reaction is as follows:

6Ca0 +P,0, — 2Ca,(PO,),
852gP,0,,=3molP,0,,

4710

As 1 mole of PO, neutralizes 6 moles of CaO.

So 3 moles of P,O,, will neutralize 18 moles of CaO.

Mass of CaO = 18 x 56 = 1008 g.

21. 20 % surface sites have adsorbed N,. On heating N,
gas evolved from sites and were collected at 0.001
atm and 298 K in a container of volume is 2.46
cm?. Density of surface sites is 6.023 x 10%/cm?
and surface area is 1000 cm? find out the number
of surface sites occupied per molecule of N,.

[IIT 2005]
Solution Density of surface site = 6.023 x 10* ¢cm™

Total surface area = 1000 cm?
Total number of surface sites

= Density x Total surface area

=6.023 x 10" x 1000

=6.023 x 10V

Sites occupied by nitrogen molecule (20%)
= 20 6,023 x 107 = 1.2046 x 10"

Number of nitrogen molecule = % x NA

T=298K,PP=0.001 atm
V=246cm®*=246x1073L
R =0.0821 L-atm/K/mol
Number of nitrogen molecule

-3
_ 0‘0(())102221‘452;810 x 6.023 x 10%

6.02 x 101

Thus number of sites occupied by each nitrogen
molecule

Sites occupied by N, molecules
Number of N, molecules

_ 1.2046 x 107 _

6.02 x 10
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MULTIPLE-CHOICE QUESTIONS

Straight Objective Type Questions
(Single Choice only)

1.

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

a. 0.10
c. 030

b. 0.20
d. 0.40

One mole of N H, loses ten moles of electrons to
form a new compound Y. Assuming that all the
nitrogen appears in the new compound, what is
the oxidation state of nitrogen in Y? (There is no
change in the oxidation state of hydrogen).

a. +2 b. 2
c. +3 d. +4

The equivalent weight of MnSO, is half its molecu-
lar weight when it is converted to

a. MnO
¢. MnO,

b. MnO >
d. MO,

In which mode of expression, the concentration of
a solution remains independent of temperature?

a. Formality
c. Molarity

b. Molality
d. Normality

One litre hard water contains 12.00 mg Mg?*. Milli-
equivalents of washing soda required to remove its
hardness is

a. 1 b. 12.16

c. 1x107 d. 12.16 x 107

At STP the density of CCl, vapour in g/l will be
nearest to
a. 8.67
c. 567

b. 6.87
d. 426

1 c.c. N,O at NTP contains

a. % x 1022 atoms

b. % x 10% molecules

c. % x 10% electrons

d. all of above

10.

11.

12.

13.

14.

15.

16.

17.

The volume strength of 1.5 N H,0, solution is:
a. 3.0 b. 4.8
c. 8.0 d. 84

The number of gram-molecule of oxygen which con-
tain 6.02 x 10% CO molecules is

a. 10 g molecule b. 5 g molecule

c. 1 g molecule d. 0.5 g molecule

The mass of 1 x 10> molecules of CuSO,.5H O is

a. 4159¢g b. 4159 ¢
c. 4159¢ d. none of these

The weight of one molecule of a compound C_H, ,, is
a. 1.2 x10% gm

b. 1.4 x 10 gm

c. 5.025 x 10% gm

d. 6.023 x 10® gm

The percentage weight of Zn in white vitriol
[ZnSO,.7H O] is approximately equal to (Zn = 65,
S$=32,0=16and H=1)

a. 33.65% b. 32.56 %

c. 23.65% d. 22.65%

The volume of carbon dioxide gas evolved at STP by
heating 7.3 gm of Mg(HCO,), will be

a. 1100 ml b. 1120 ml

c. 2230 ml d. 3240 ml

The amount of Zinc (atomic weight = 65) neces-
sary to produce 224 ml of H, by the reaction with
an acid will be

a. 0.65 gm b. 7.6 gm

c. 6.5gm d. 8.5gm

Number of atoms in 4.25 gm of NH, is approximately

a. 6x10% b. 15 x 10%
c. 1.5x10% d. 2.5 x10%

The number of molecules in 4.25 g of ammonia is

a. 1.5x10% b. 2.5 x10%
c. 3.5 x10% d. 15 x10%

The weight of a single atom of oxygen is

a. 5.057x10% g b. 1.556 x 10® g
c 2.656x10%3g d 4538 x10%g
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18.

19.

20.

21.

22.

23.

24.

25.

In the reaction

4NH, (g) + 50, (g) — 4NO (g) + 6H,O(l),

when 1 mole of ammonia and 1 mole of O, are
made to react to completion

a. 1.0 mole of H,O is produced

b. 1.0 mole of NO will be produced

c. all the oxygen will be consumed

d. all the ammonia will be consumed

The equivalent weight of phosphoric acid (H,PO,)
in the reaction:

NaOH + H,PO, » NaH PO, + HO is

a. 89
c. 59

b. 98
d. 29

Assuming fully decomposed, the volume of CO,
released at STP on heating 9.85 g of BaCO, (atomic
mass, Ba = 137) will be
a. 2241
c. 1121

b. 4961
d. 0.841

What is the volume (in litres) of CO, liberated at STP,
when 2.12 gram of sodium carbonate (mol. wt. = 106)
is treated with excess dilute HCI?
a. 11.2 b. 2.12
c. 0448 d. 426

Percentage of Se in peroxidase anhydrase enzyme
is 0.5 % by weight (at. wt. = 78.4) then minimum
molecular weight of peroxidase anhydrase enzyme
is

a. 1.568 x 10°
c. 2.136 x 10*

b. 15.68
d. 1.568 x 104

What is the volume (in litres) of oxygen at STP
required for complete combustion of 32 g of CH,
(mol. wt. of CH, = 16)
a. 89.6
c. 98.4

b. 189.6
d. 169.5

How many water molecules are there in one drop of
water (volume 0.0018 ml) at room temperature?

a. 4.86 x 10V b. 6.023 x 10*

c. 2.584 x 10" d. 6.023 x 10¥

The weight of one molecule of a compound
C H is

6077122

a. 13x10%*g
c. 372x10%g

b. 501 x 102 g
d 14x107g

26.

27.

28.

29.

30.

31

32.

33.

3 g of an oxide of a metal is converted to chloride
completely and it yielded 5 g of chloride. The equiv-
alent weight of the metal is

a. 3.325 b. 13.25
c 2352 d. 33.25

In Haber process, 30 litres of dihydrogen and 30
litres of dinitrogen were taken for reaction which
yielded only 50% of the expected product. What
will be the composition of gaseous mixture under
the aforesaid condition in the end?

a. 20 litres ammonia, 25 litres nitrogen, 15 litres
hydrogen

b. 20 litres ammonia, 20 litres nitrogen, 20 litres
hydrogen

c. 10 litres ammonia, 25 litres nitrogen, 15 litres
hydrogen

d. 20 litres ammonia, 10 litres nitrogen, 30 litres
hydrogen

25 ml of a solution of barium hydroxide on titration
with 0.1 molar solution of hydrochloric acid gave a
titre value of 35 ml. The molarity of barium hydrox-
ide solution was
a. 0.07
c. 0.28

b. 0.14
d. 035

What volume of hydrogen gas, at 273 K and 1 atm
pressure will be consumed in obtaining 21.6 g of
elemental boron (atomic mass = 10.8) from the
reduction of boron trichloride by hydrogen?

a. 89.6L b. 672L

c. 448L d. 224L

A compound has haemoglobin like structure. It has
one Fe. It contain 4.6 % of Fe. The approximate
molecular mass is
a. 1400 g mol-!
c. 1100 g mol-!

b. 1000 g mol-!
d. 1200 g mol-!

The maximum number of molecules is present in

a. 15 L of H, gas at STP
b. 5L of N, gas at STP
c. 0.5gofH, gas

d. 10 gof O, gas

To neutralize completely 20 ml of 0.1 M aqueous
solution of phosphorus acid, the volume of 0.1 M
aqueous KOH solution required is

a. 10 ml b. 40 ml

c. 60 ml d. 80 ml

6.02 x 10* molecules of urea are present in 100 mlof
its solution. The concentration of urea solution is
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34.

3s.

36.

37.

38.

39.

40.

41.

a. 0.02M
c. 0.01M

b. 0.001 M
d 0.1M

g of CaCO, is completely decomposed to X and
CaO. X is passed into an aqueous solution con-
taining one mole of sodium carbonate. What is the
number of moles of sodium bicarbonate formed?

(mol. wt. of CaCO, = 100, Na,CO, = 106, NaHCO,
= 84)

a. 0.010
c. 04

b. 0.2
d. 10

An organic compound containing C and H has
92.3% of carbon. Its empirical formula is

a. CH, b. CH,

c. CH, d. CH

4 g of copper was dissolved in concentrated nitric
acid. The copper nitrate on strong heating gave 5 g
of its oxide. The equivalent weight of copper is

a. 12
c. 32

b. 16
d. 34
A gas mixture contains 50 % helium and 50 %

methane by volume. What is the per cent by
weight of methane in the mixture?

a. 83% b. 73.0%
c. 18.01 % d. 80.0%
e. 90.1 %

Number of water molecules in the drop of water, if
1 ml of water has 20 drops and ‘A’ is Avogadro’s
number, is

a. 05A

c. 0.05A/18

b. 0.5A/18
d. 0.05A

The mass of carbon anode consumed (giving only
carbon dioxide) in the production of 270 kg of alu-
minium metal from bauxite by the Hall process is (at.
mass of Al =27)

a. 270 kg
c. 90kg

b. 540 kg
d. 180 kg

100 g CaCO, is treated with 1 litre of N HCl. What
would be the weight of CO, liberated after the com-
pletion of the reaction?

a llg b. 22¢
c. 33¢g d 44¢
e. 55¢g

An alkaloid contains 17.28 % of nitrogen and its
molecular mass is 162. The number of nitrogen
atoms present in one molecule of the alkaloid is

42.

43.

44.

45.

46.

47.

48.

49.

a. One b. Two
c. Three d. Four
e. Five

If 30 ml of H, and 20 ml of O, react to form water,
what is left at the end of the reaction?

a. 5mlof O, b. S5mlofH,

c. 10mlofO, d. 10ml of H,

Density of a 2.05 M solution of acetic acid in water
is 1.02 g/ml. The molality of the solution is

a. 1.14 mol kg b. 3.28 mol kg™!

c. 2.28 mol kg! d. 0.44 mol kg

The decomposition of a certain mass of CaCO,
gave 11.2 dm’ of CO, gas at STP. The mass of
KOH required to completely neutralize the gas is

a 56¢g b. 28¢g

c. 42¢g d 20g

One mole of acidified K,Cr,O, on reaction with
excess KI will liberate ... ... moles (s) of I,

a. 2 b. 3

c. 6 d 7

KMnO, (mol. wt. = 158) oxidizes oxalic acid in
acidic medium to CO, and water as follows.

5C,0, +2MnO, + 16H" —10CO, + 2Mn* + 8H,0

What is the equivalent weight of KMnO,?

a. 158 b. 31.6
c. 395 d. 79

500 ml of NH, contains 6.0 x 10* molecules at
STP. How many molecules are present in 100 ml of
CO, at STP?
a. 6x10%

c. 1.2x10%

b. 1.5x10%
d. none of these

In the reaction, 4NH, + 50, — 4NO + 6H O, when
one mole of ammonia and one mole of oxygen are
made to react to completion, then

1.0 mole of H,O is produced
all the oxygen is consumed
1.5 mole of NO is formed

d. all the ammonia is consumed

S

4 moles each of SO, and O, gases are allowed to
react to form SO, in a closed vessel. At equilibrium,
25 % of O, is used up. The total number of moles of
all the gases at equilibrium is

b. 6.0
d. 8.0

a. 2.0
c. 7.0
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50.

51.

52.

53.

54.

5S.

56.

1.520 g of hydroxide of a metal on ignition gave 0.995
g of oxide. The equivalent weight of the metal is

a. 0.995
c. 1.90

b. 190
d 9

The molarity of the solution obtained by dissolving 2.5
g of NaCl in 100 ml of water is

a. 0.427 moles
¢. 0.0472 moles

b. 427 moles
d. 0.00427 moles

0.532 gram of chloroplatinate of an organic base
(mol. wt. 244) gave 0.195 gram of platinum on
ignition. The number of nitrogen atoms per mol-
ecule of base is

a. 4
c. 2

b. 3
d 1

One litre solution containing 490 g of sulphuric
acid is diluted to 10 litres with water. What is the
normality of the resulting solution?

a. 10N b. 100N
c. 05N d 50N

An element, X has the following isotopic composi-
tion,

200X : 90 %

199X : 8.0 %

02X :2.0%

The weighted average atomic mass of the naturally
occurring element X is closest to

b. 201 amu

d. 199 amu

a. 200 amu
c. 202 amu

The crystalline salt Na,SO,.xHO on heating
loses 55.9 % of its weight. The formula of the
crystalline salt is

a. Na,SO,10HO
b. Na,SO, 6H,0
¢. Na,SO,7TH,0
d. Na,SO,5H,0
e. Na,SO,2H,0

10 litres of O, gas is reacted with 30 litres of CO at
STP. The volume of each gas present at the end of
the reaction are

O, =10 litres, CO = 30 litres

. O, =10 litres, CO, = 20 litres

CO = 10 litres, CO, = 20 litres
. CO =20 litres, CO, = 10 litres
O, =10 litres, CO = 10 litres

-V T

57.

58.

59.

60.

61.

62.

63.

64.

65.

0.3 g of an acid is neutralized by 40 cm’ of 0.125 N
NaOH. Equivalent mass of the acid is

a. 20 b. 60
c. 30 d. 46

5 g of CaCO, completely reacts with
a. 3.65 g of HCI

b. 7.35 g of HCI

c. 36.5 g of HCI

d. 0.365 g of HCI

Sodium nitrates on reduction with Zn in presence
of NaOH solution produces NH,. Mass of sodium
nitrate absorbing 1 mole of electron will be

a. 5.550 b. 10.625

c. 9.000 d. 9.876

In transforming 0.01 mole of PbS to PbSO, the
volume of ‘10 volume® H O, required will be

a. 103 b. 22.7
c. 230 d. 448

An unknown element forms an oxide. What will be
the equivalent weight of the element if the oxygen
content is 20% by weight?

a 14 b. 32
c 2 d. 54

2 N HCI solution will have same molar conc.
as a

a. 40NHSO,
¢ 0.5NHSO,

b. 1NHSO,
d. 2NHSO,

Number of moles of MnO,~ required to oxidize
one mole of ferrous oxalate completely in acidic
medium will be

b. 0.2 moles

d. 0.4 moles

a. 7.5 moles
¢. 0.6 moles

How many grams of carbon dioxide can form when
a mixture of 4.95 g ethylene (C,H,) and 3.25 g of
oxygen is ignited, assuming complete combustion
to form carbon dioxide and water?

a 59%g¢g b. 149¢g

c. 198¢g d 298¢

Hardness of water sample is 300 ppm CaCO,.
Hence its molarity is
a. 030 M
c. 0.030M

b. 0.003 M
d. 0.0013M
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Brainteasers Objective Type Questions
(Single choice only)

66. Specific volume of cylindrical virus particle is 6.02
x 102 cc/gm. Whose radius and length 7 A and 10 A
respectively. If N, = 6.02 x 107, find the molecular
weight of virus.

a. 3.08 x 10° kg/mol

. 3.08 x 10* kg/mol

1.54 x 10* kg/mol

. 15.4 kg/mol

e o o

67. A 6.977 g sample of a mixture was analysed for bar-
ium ion by adding a small excess of sulphuric acid
to an aqueous solution of the sample. The resultant
reaction produced a precipitate of barium sulphate,
which was collected by filtration, washed, dried
and weighed. If 0.4123 g of barium sulphate was
obtained, what was the mass percentage of barium
in the sample?

a. 6.952% b. 3.476 %

c. 4376 % d. 1.738%

68. Volume occupied by one molecule of water (den-
sity =1 gecm™) is
a. 3.0 x 102 cm®
b. 5.5 x 102 cm®
c. 9.0 x 10® em®

d. 6.023 x 10-? cm’

69. In the reaction,
Al (s) + 6HCI (aq) —
2AP (aq) + 6Cl- (aq) + 3H, (g)

a. 33.6 L H, (g) is produced regardless of tem-
perature and pressure for every mole Al that
reacts

b. 67.2 L H, (g) at STP is produced for every
mole Al that reacts

c. 11.2 L H, (g) at STP is produced for every
mole HCI (aq) consumed.

d. 6 L HCI (aq) is consumed for every 3L H, (g)
produced.

70. How many grams of calcium hydroxide, Ca(OH),,
must be dissolved in water to give 250.0 millilitres of

0.0200 M Ca(OH), solution?
a. 037 gm b. 3.76 gm
c. 0.185gm d. 0.74 gm

71.

72.

73.

74.

785.

76.

77.

For the formation of 3.65 g of hydrogen chloride gas,
what volumes of hydrogen gas and chlorine gas are
required at NTP conditions?

a. 1lit, 1 lit

b. 1.121it,2.24 lit

c. 3.651it, 1.83 lit

d. 1.121it, 1.12 it

A metal oxide has the formula Z O, . It can be reduced
by hydrogen to give free metal and water 0.1596 g of
the metal oxide requires 6 mg of hydrogen for com-
plete reduction. The atomic weight of the metal is

a. 279 b. 159.6
c. 798 d. 558

61.5 gm of a saturated solution (at 25°C) of a dilvalent
metal sulphate is made upto 250 ml. 25 ml of this made
up solution produces 1.375 gm of dry BaSO, with excess
BaCl,. The solubility of the metal sulphate at 25°C in gm
per 100 g of water is (Ba = 137, S =32, 0 =16 ; MSO,
=148)

a. 146 b. 17.6
c. 16.6 d. 19.6

Liquid benzene (C H,) burns in oxygen according
to

2C H, () + 150, (g) »12CO, (g) + 6H,0(g)

How many litres of O, at STP are needed
to complete the combustion of 39 g of lig-

uid benzene? (Mol. wt. of O, = 32,
CH, =178)

a. 74L b. 112L

c. 224L d. 84L

3.92 g of ferrous ammonium sulphate are dissolved
in 100 ml of water. 20 ml of this solution requires
18 ml of potassium permanganate during titration
for complete oxidation. The weight of KMnO,
present in one litre of the solution is

a 1347¢ b. 3476 ¢
¢ 1476 ¢ d. 3478 g

The number of oxalic acid molecules in 100 ml of
0.02 N oxalic acid solution is

a. 6.023 x 10?2 b. 103
c. 6.022 x 10* d. none

The advantage of using KO, as gas masks in space-
ships is that it absorbs CO,, at the same time releas-
ing oxygen. If 0.001 mole of KO, is present in an
atmosphere containing 22.4 cm’® of CO, at STP
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78.

79.

80.

81.

82.

83.

free from moisture, what will be the volume of O,
released at STP?

a. 16.8 cm?
c. 18.8cm’

b. 18.6 cm?
d. 17.8 cm?

Rearrange the following (I to IV) in the order of
increasing masses and choose the correct answer
from (a), (b), (¢) and (d) (At. mass : N=14,0 =
16, Cu = 63)

I. 1 molecule of O

II. 1 atom of nitrogen

III. 1 x 10" g molecular mass of oxygen

IV. 1 x 10”7 g atomic mass of copper

a [I<I<III<IV
b. IV<III<II<I
c. I<II<I<IV
d II<IV<I<II

How many moles of lead (II) chloride will be
formed from a reaction between 6.5 g of PbO and
3.2 gof HCI?
a. 0.011
c. 0.044

b. 0.029
d. 0.333

In the photographic developing process, silver bro-
mine is dissolved by adding sodium thiosulphate:

AgBr (s) +2Na,S 0O, (aq) —
Na,Ag (8,0,), (aq) + NaBr (aq)
If you want to dissolve 0.250 g of AgBr, what vol-

ume of 0.0138 M NaS,0,, in milliliters, should be
used?

a. 143 ml
c. 96.5ml

b. 139 ml
d. 193 ml

A mixture of 0.002 mole of KBrO, and 0.01 mole
of KBr was treated with excess of KI and acidified.
The volume of 0.1 M Na,S O, solution required to
consume the liberated iodine will be

a. 150 ml b. 90 ml
c. 120 ml d. 100 ml

A sample was analysed and reported to contain 20
% NaOH. Later it was found that the basic material
is KOH rather than NaOH. The percentage KOH in
the sample is
a. 429

c. 21

b. 194
d. 294

The percentage of an element M is 53 in its oxide of
molecular formula MO, . Its atomic mass is about

84.

85.

86.

87.

88.

a. 54
c. 27

b. 32
d. 41

0.2g of a sample of an oxalate salt is dissolved in
100 cc of water. It required 90 cc of N/20 KMnO,
solution for complete oxidation. The percentage of
oxalate (C,0,>) in the given sample is

a. 33 b. 66

c 26 d. 96

For the reaction Fe O, +3CO— 2Fe +3CO,, the vol-
ume of carbon monoxide required to reduce one mole
of ferric oxide is
a. 672 dm™

c. 21.5 dm?

b. 44.8 dm’
d. 89.7dm!

The mass percentage of chloride ion in a 25.00
ml sample of sea water was determined by titrat-
ing the sample with silver nitrate, causing pre-
cipitation of silver chloride. If required 42.58 ml
of 0.2997 M silver nitrate solution to reach the
equivalence point in the titration. What is the
mass percentage of chloride ion in the sea water if
its density is 1.025 g/ml?

a. 2.676 % b. 0.883 %
c. 1.766 % d. 3.766 %

Like many metals, aluminium also reacts with a
halogen to give a metal halide
2Al (s) + 3Br, (1) — ALBr, (s)

What quantity of Br, (in grams) is required for
complete reaction with 2.56 g of A1?

What mass of white, solid Al Br, is expected
respectively?

a. Br,=112¢gm, Al Br, =253 gm
b. Br,=22.7 gm,ALBr, =153 gm
c. Br,=227gm,AlLBr, =253 gm
d. Br,=112 gm,AlBr,=50.6 gm

Study the following table:

Compound Wt. of compound
(mol. wt.) (in gm) taken

L CO,(44) 44

II. NO, (46) 23

. H,0, (34) 6.8

IV. SO, (64) 1.6
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89.

90.

91.

92.

93.

Which two compounds have least weight of
oxygen

a. Iand II
c. TandIV

b. I and III
d. Il and IV

MnO, ions are reduced in acidic condition to Mn**
ions whereas they are reduced in neutral condition to
MnO,. The oxidation of 25 ml of a solution X con-
taining Fe?* ions required in acidic condition 20 ml
of a solution Y containing MnO - ions. What volume
of solution Y would be required to oxidize 25 ml of
solution X containing Fe?* ions in neutral condition?

a. 104 ml b. 12.89 ml
c. 333 ml d. 23.9ml

Cobalt (III) ion forms many compounds with
ammonia. To find the formula of one of these com-
pounds, you t itrate the NH, in the compound with
standardized acid.

Co(NH,),Cl, (aq) + HCI (aq) —

NH,* (aq) + Co** (aq) + (x + 3) Cl-(aq)
Assume that 23.63 m | of 1.500 M HCl is used to
titrate 1.580 g of Co(NH,), Cl,. What is the value
of X?

a. [Co(NH,)Cl,
c. [Co(NH),Cl,

b. [Co(NH,),Cl]el,
d. [CoNH,),CL]CI

A mixture of 0.5 g of ethanol and acetaldehyde
when heated with Fehling’s solution gave 1.2 g of
red precipitate of Cu,0.

What is the percentage of acetaldehyde in the mix-
ture?

a. 54%
c. 4%

b. 47 %
d. 36 %

If 70.0 g of Fe,O, and 12.0 g of O, are present in
a reaction mixture, determine how many grams of
each reactant will be left unreacted upon comple-
tion of the following reaction.

4F<3304 +0,— 6FeZO3

a. ZerogFe 0,and 6.9g O,
b. Zero gFe,0,and9.6 g O,
c. 69gFe0,and9.6g0,

d. 9.6 g Fe,O, and zero g O,

CaCO, is decomposed by HCI (density 1.825 g/cc)

CaCO, + 2HCl — CaCl, + HO + CO,

94.

95.

96.

97.

98.

99.

Volume of HCI required to decompose 10 g of 50%
pure CaCo, is:
a. 1.22ml

c. 0.242ml

b. 2.0 ml
d. 3.2ml

The reaction between 113.4 g of O, and 132.2 g
of BrF, was found to produce 97.0 g of IF,. The
equation for the reaction is

61,0, +20BrF, — 121F, + 150, + 10 Br,
What is the per cent yield of IF,?

a. 37.7%
c. 150.8%

b. 75.4 %
d. 57.4%

What volume of 0.955 M HCI, in milliliters, is
needed to titrate 2.152 g of Na,CO, to the equiva-
lence point?

Na,CO, (aq) + 2HCI (aq) —
2NaCl (aq) + CO, (g) +HO ()

a. 425 ml
c. 84.0ml

b. 21.5ml
d. 42.5ml

Ammonia gas can be prepared by the following
reaction:

CaO (s) + 2NH,Cl (s) —
2NH, (g) + H,0 (g) + CaCl, (s)

If 103 g of ammonia is obtained, but the theoretical
yield is 136 g, what is the per cent yield of this gas?

a. 75.7%
c. 575%

b. 25.1%
d. 157 %

The allowable concentration level of vinyl chlo-
ride, C,H,Cl, in the atmosphere in a chemical plant
is 2.0 x 10 g/L.. How many molecules are present
per litre?

a. 147 x 10*m/L

b. 1.97 x 10 m/L

c. 2.97 x 10" m/L

d. 1.07 x 10** m/L

0.7 g of a sample of Na,CO, xH,O were dissolved
in water and the volume was made to 100 ml. 20 ml
of this solution required 19.8 ml of N/10 HCI for
complete neutralization. The value of ‘X’ is:

a 3 b. 2
c 4 d 6

A mixture (15 ml) of CO and CO, is mixed with
V ml (excess) of oxygen and electrically sparked.
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100.

The volume after explosion was (V + 12)ml, what
would be the residual volume if 25ml of the origi-
nal mixture is exposed to alkali

a. 10ml b. 9ml
c. 8ml d. 12ml

An elementA is converted to its bromide and the
bromine precipitated as AgBr. Atomic weight of
A =91.2. 0.722 g of the bromide gives 1.32 g
of AgBr. Valency of the element A is (Ag = 108;
Br = 80)

a. 2 b. 3
c. 4 d 5

Multiple Correct Answer Type Questions

101.

102.

103.

104.

1 mole of Mg(OH), can exactly neutralize

a. 1 mole HNO,

b. 2 mole of H,PO,
¢. 1 mole of H SO,
. 1 mole of H,PO,

(=9

A solution of Na,S O, is iodometrically titrated
against 0.25050 g of KBrO,. This process requires
90 ml of Na S O, solution the strength of the
Na,S.0, is
a. 02M
c. 0.05M

b. 0.1 M
d 01N

The iodide content of a solution was determined by
titration with cerium (IV) sulphate in the presence
of HCI, in which I~ is converted to ICl. A 250 ml
sample of the solution required 20 ml of 0.05 N
Ce* solution. What is the iodide concentration in
the original solution?

a. 2 x 10~ moles

b. 0.254 g/litre

c. 2.54 x 102 moles
d. 0.508 g/lit

3.16 g of KMnO, is dissolved in water and the
solution is made upto 1 litre. An unknown salt con-
taining 6.88 g Fe?* ion was dissolved in water and
solution was made upto 100 ml. It was found that
20 ml of salt solution decolourised 27.25 ml of the
above permanganate solution. Which of the follow-
ing statements are correct?

a. normality of ferrous ion =0.15 N
b. actual strength of ferrous ion 68.8 g lit!

105.

106.

107.

108.

109.

110.

c. percentage of ferrous ion is 10.58
d. normality of ferrous ionis 0.13 N

H,BO,, Boric acid is
a. Aprotic acid

b. dibasic acid

¢. tribasic acid

d. monobasic acid

An aqueous solution containing 288 g of a non-
electrolyte compound having the stoichiometric
composition C H, O in 90g water boils at 101.24°C
and 1 atm pressure. K, =0.512 K mol~' kg. Which
of the following statements are correct?

(i) molecular mass of CH, O =13212¢g

44H88044

(iii) molecular mass of C H, O =104.2 g
(iv) empirical formula of C H, O, is CH,O

(i) molecular formula of C H, O =C

a. (1) & (iv)
. () & (i)

b. (ii) & (iv)
d. (iv) & (ii)

1.66 g KI reacts with excess of KIO, to produce
L, which converts Na S O, into SO > If the hypo
solution was decimolar, then the volume required
to reach equivalent point will be

a. 0.015 litre b. 15ml
c. 0.02 litre d. 20 ml

Which of the following is/are incorrect for 17 g /1
of H,0, solution?

a. The normality of solution is 3 M
b. Volume strengths is 5.6 at 273 K and 1 atm

¢. 1 mL of this solution gives 1.4 mL O,at 273 K
and 2 atm

d. Molarity of solutionis 0.1 M

Mole fraction of ethanol (C,H,OH) in ethanol-
water system is 0.25. Thus it has:

a. 46 % ethanol by weight of solution

b. 54 % water by weight of solution

¢. 25 % ethanol by weight of solution

d. 75 % water by weight of solution

In diammonium hydrogen phosphate, NH,),HPO,,
percentage as:

a. Pis maximum

b. N is maximum
c. PO, is53.78 %
d. NH, is 25.76 %



1.42 ® Mole Concept and Stoichiometry

111. A certain compound has the molecular formula

X,0, having 57.2 % X. Thus:

a. X can be a non-metal
b. X is an electropositive metal
¢. Atomic mass of X is 32.

d. X may contain five valence electrons.

112. Which one of the following statements is/are correct?

a. One mole of CH, and 17 g NH, at NTP occu-
pies same volume

b. One gram mole of silver equals 108/6.023 x 10% g

¢. One gram mole of CO, is 6.023 x 10” times
heavier than one molecule of CO,

d. One mole Ag weighs more than that of two
moles of Ca

113. 1 g atom of oxygen can have

a. 224 litre of O, at N.T.P.
b. 6.02 x 10 O, molecules
c. 16gofO,

d. 11.2 litre of O,at N.TP.

114. For the reaction

H,PO, + Mg(OH), — CaHPO, + 2H,0

1 mole 1 mole

Then which of the following statement are correct?

a. 1 mole of H,PO, is completely neutralized by 1
mole of Mg(OH),

b. 1 mole of H,PO, is completely neutralized by
1.5 mole of Mg(OH),

c. the equivalent weight of H,PO, is 49.

d. the resulting solution is neutralized by 1 mole
of NaOH

115. Which of the following have same number of

atoms?

a. 224Lof O, atSTP
b. 5.0 g of He

c. 1.7 gm of NH,

d. 6.4gofO,

116. Consider the given reaction and select the correct

statements.

N,+3H, — 2NH,

a. the mass of ammonia formed when 2 kg. N,
react with 1 kg H, is 2.428 gm.

b. the mass of ammonia formed when 2 kg. N,
react with 1 kg H, is 4.856 gm.

¢. H,remain unreacted also and the mass left
unreacted is 0.571 kg.

d. H,remain unreacted also and the mass left
unreacted is 0.4286 kg.

Linked-Comprehension Type Questions

Comprehension 1

Chemical reactions involve interaction of atoms and mol-
ecules. A large number of atoms/ molecules (approximately
6.023 x 10%) are present in a few grams of any chemical
compound varying with their atomic/molecular masses. To
handle such large numbers conveniently, the mole concept
was introduced. This concept has implications indiverse areas
such as analytical chemistry, biochemistry, electrochemistry
and radiochemistry. The following example illustrates a typi-
cal case, involving chemical/electrochemical reaction, which
requires a clear understanding of the mole concept.

A 4.0 molar aqueous solution of NaCl is prepared and
500 mL of this solution is electrolyzed. This leads to the evo-
lution of chlorine gas at one of the electrodes (atomic masses:
Na = 23, Hg = 200, 1 Faraday = 96500 coulombs).

117. The total number of moles of chlorine gas evolved is
a. 0.5 b. 1.0
c. 2.0 d. 3.0
[IIT 2007]
118. If the cathode is a Hg electrode, the maximum
weight (g) of amalgam formed from this solution
is
a. 200 b. 225
c. 400 d. 446
[IIT 2007]
119. The total charge (coulombs) required for complete
electrolysis is
a. 24125 b. 48250
c. 96500 d. 193000

[IIT 2007]

Comprehension 2

Oleum is considered as a solution of SO, in H,SO,, which
can be obtained by passing SO, in solution of H,SO,.
When 100 g sample of oleum is diluted with desired
weight of H,O then the total mass of H,SO, obtained after
dilution is called as % labeling in oleum.
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For example, an oleum bottle labeled as 118 %
H,SO,” means the 118 g total mass of pure H,SO, will
be formed when 100g of oleum is diluted by 18 g of H,O
which combines with all the free SO, present in oleum to
form H SO, as SO, + HO — H SO,

120. What is the % of free SO3 is an oleum that is
labelled as “109 % H_SO,?
a. 10 b. 40
c. 20 d 9

121. 4.5 g water is added into oleum sample labeled as
“106% H,SO,” then the amount of free SO, remain-
ing in the solution is :

a. 1.493 L at STP
b. 1.792 L at STP
c. 3.73L at STP
d. 1.12L at STP

122. If excess water is added into a bottle sample
labeled as “112 % H, SO and is reacted with1.06 g
Na,CO,, then find the volume of CO, evolved at 1
atm pressure and 300 K temperature after comple-
tion of the reaction :

a. 24615L
c. 0.24615L

b. 246L
d 123L

123. 1 gof volume sample is diluted with water. The solu-
tion required 27 mL of 0.8 N NaOH for complete
neutralization. The %v of free SO, in the sample is :
a. 74 b. 26
c. 20 d. 80

Comprehension 3

The strength of H,O, is expressed in many ways like
molarity, normality, % (w /V), volume strength, etc. The
strength of “15 V” means 1 volume of H,0, on decom-
position gives 15 volumes of oxygen at STP or 1 litre of
H,0, gives 15 litre of O, at STP. The decomposition of
H,0, can be shown as follows:

H,0,(aq) = H,0 () + % O(g)

H,0, can act as oxidizing as well as a reducing agent,
as an oxidizing agent H O, converts into H,O and as a
reducing agent H O, converts into O,, in both these cases
it’s n- factor is 2.

Hence normality of H,O, solution = 2 x Molarity of
H,0, solution
124. What is the molarity of “16.8 V< of H,0, ?

a. 15M b. 1M
c. 5.6 M d 05M

125. 25 ml of HO, solution were added to excess of
acidified solution of KI. The iodine so liberated
required 20 ml of 0.1 N Na,S O, for titration. Cal-
culate the strength of H O, in terms of normality.

a. 0.04 b. 0.08
c. 0.06 d. 0.12

126. 10 ml. of H,0, solution is reacted with 40 ml of
KMnO, in acidic medium then what is the volume

strength of H.O,?
a. 28 b. 5.6
c 112 d. 84

127. What is the percentage strength (% w/ V) of “16.8

V<H,0,?
a 17 b. 5.1
c. 34 d. 168

Comprehension 4

A redox reaction involves oxidation and reduction simul-
taneously by exchange of electrons. The species under-
going oxidation and reduction are reductant and oxidant
respectively. In order to get n -factor or any oxidant or
reductant change of oxidation number is first find out.

128.  Theion X*is oxidized to XO,~ by MnO,- giving Mn**
in acid solution. Given that 2.68 x 10~ mole of X*"
requires 1.61 x 10~ mole of MnO,-, what is the value
of n? What is the wt. of one g. equivalent of XCl_for
the above reaction if the atomic mass of X is 97.0?

a. 80 b. 84
c. 168 d. 72

129. How many gram HCI can be oxidized into free
chlorine by 40 g. of K,Cr,0, in an acidic solution,
the latter being reduced to Cr*?ions?

(Cr=52,K=39,0=16)

a. 29.579
c. 29.795 gm.

b. 29.785
d. 29.859

130. Which of the following is not correct here
a. For the reaction
Cu,S — CuO + 80,
E,=M/8
b. a Cu,0 +bNO,- + 14H* — Cu**+ NO + TH,0
Herea:bis3:2
c. FeS, — Fe O, + 80,

M
Here E = 1

d. The value of n- factor of Fe(SCN), when it oxidizes
into Fe*>, SO, ~and (CN), is 12
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Assertion-Reason Type Questions

In the following question two statements (Assertion)
A and Reason (R) are given Mark.

131.

132.

133.

134.

135.

136.

137.

138.

a. if A and R both are correct and R is the correct
explanation of A;

b. if A and R both are correct but R is not the cor-
rect explanation of A;

c. Ais true but R is false;

d. A is false but R is true,

e. A and R both are false.

(A): One mole of NaCl contains 6.023 x 10% mol-

ecules of sodium chloride.

58.5 g of NaCl also contains 6.023 x 10%
molecules of NaCl.

[R):

(A): 224 L of N, at NTP and 5.6 L O, at NTP

contain equal number of molecules.

(R): Under similar conditions of temperature and
pressure all gases contain equal number of

molecules.

(A): Number of gm-molecules of SO,CI, in 13.5 g of
sulphuryl chloride is 0.2.

(R): Gram molecules is equal to those molecules
which are expressed in gram.

(A): In CO molecule 12 parts by mass of carbon
combine with 16 parts by mass of oxygen and
in CO,, 12 parts by mass of carbon combine
with 32 parts by mass of oxygen.

(R): When two elements combine separately with
a fixed mass or a third element, then the ratio
of their masses in which they do so is either
the same or whole number multiple of the
ratio in which they combine with each other.

(A): The molality of the solution does not change
with change in temperature.

(R): The molality is expressed in units of moles per
1000 gm of solvent.

(A): Molarity of a solution and molality of a solution
both change with density

(R): Density of the solution changes when percentage
by mass of solution changes.

(A): The percentage of nitrogen in urea is 46.6 %.

(R): Urea is ionic compound.

(A): 0.28 g of N, has equal volume as 0.44 g of
another gas at same conditions of temperature
and pressure.

(R): molecular mass of another gas is 44 g mol-.

139.

140.

141.

142.

143.

144.

145.

146.

(A): InMnO, + 5Fe** + 8H* — Mn’* + 5Fe’* +
4H,0, MnO - acts as oxidizing agent and

Fe?* acts as reducing agent.

(R): The reactions nvolving simultaneous loss or
gain of electron among the reacting species

are called oxidation reduction reactions.

(A): Equivalent mass of a base which contains
one mole of replaceable OH- ion in a
molecule.

(R): Itisthe mass of a base which completely reacts

with one gram equivalent mass of an acid.

(A):

Decomposition of H,O, is a disproportion-
ation reaction.

R):

H,0, molecule simultaneously undergoes
both oxidation and reduction.

(A): Molarity of a solution and molality of a
solution both change with density.

R):

Density of the solution changes when
percentage by mass of solution changes.
(A): The molality of the solution does not change
with change in temperature.

[R):

The molality is expressed in units of moles
per 1000g of solvent.

(A): In the balanced redox reaction x Cu,0O +
y NO,~ + 14 H* — 6Cu** + NO + TH,0,
the n-factor of CuO and NO," is 2 and 3
respectively.

[R):

Since reciprocal of n-factor’s ratio is molar
ratioand so,x 1y =3:2

For the reaction

A):

Na,CO, + HCl — NaCl + NaHCO, The
equivalent weight of Na,CO, is 106.
(R): Because the n-factor Na,CO, is 1 and equiva-
lent weight =

molecular weight
n-factor
(A): A bottle is labeled as “10 V” of H,O,. So its
percentage strength is 5%.

(R): % strength of H O, is nothing but it is the
number of grams of H,O, in 100 mL solu-
tion of HO, and it is related with vol-
ume strength as under 1 “vol” of H,O, =
0.303 %.
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Matrix-Match Type Questions

147. Match the following:
Column I Column IT
A. 1LI2L CO, (p) 0.5N, molecules
B. 08 gm CH, (q) 0.05N, molecules
C. 112LSO, (1) 0.I5N, atoms
D. 16 gmO, (s) N, no. of oxygen atoms
148. Match the following:
List I (Reaction) List II (Maximum
yield of the product)
A 2H (1g)+ 0, (g
. 22H20 2 () L125¢
B. 3H (Ig) + N (1g)
- 22NH3 (q) 1.028 g
C. H (lg + ClL (g
2 2HC 2 () 1214 ¢
D. 2H, (1g) + C (1g)
—>2CH4 (s) 1333 g
149. Match the following:
List I List IT
A. NH, = NO~ (p) M/5
B. Fe S, = 2FeSO, + S0, (@ M
C. KMnO, H*MnSO, (r) M/20
D. CuS — CuSO, (s) M/8
150. Match the stoichiometric coefficients in List I with
the species in List II and involved in the balanced
equation of the following reaction:
FeC,0, + MnO, — CO, + Mn*
List I List IT
A FeCO, @) 3
B. MnO_~ @ 5
C. H () 10
D. CO, (s) 24

151.

List I

A

List I
A.

- KCr,0, in acidic

Column I
A.

B.

Match the following:
List IT

A 0.5 g sample of dichromate ore
required 20 ml of 0.22 M ferrous
ammonium sulphate for complete
reduction. What 1s the percentage
of chromium in the sample?

(p) 294

. A sample was analysed and reported

to contain 21 % NaOH. Later it was
found that the basic material is KOH
rather than NaOH. What 1s the per-
centage of KOH in the sample.

(@) 20.6

.25 ml of H,O, solution when

added to excess acidified KI
solution, evolves iodine, which
require 20 ml of 0.3125 N sodium
thiosulphate solution. What is the
volume strength of H,0,?

@ 14

. 0.5 g of fuming H,SO, (oleum)

1s diluted with water. This solu-
tion i1s completed neutralized by
26.7 ml of 0.4 N NaOH. What is
the percentage of free SO, in the
sample?

(s) 15.25

152. Match the following:

List IT

Change of NO to
NO,~

(p) Oxidation number
changes from +7 to+2

(@) Oxidation number
changes +6 to +3

Change of P, to
H,PO,-

KMnO, in acidic
medium

(r) Oxidation number
changes from O to +1

(s) Oxidation number

medium changes from +2 to+5.

153. Match of the following:

Column IT
5.55 mole (p) 448 L of SO, atN.T.P

0.1 mole () 100 mL H,0
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C. 0.2 mole (r) 22 gm CO, a1 b. 2/5
D. 0.5 mole (s) 224 LNH, c 3/5 d. 4/5
(t) 0.1 gm atom of Fe [IIT 1997]
154. Match the following: 157. ;l;he normality of 0.3 M phosphorous acid (H,PO,)
List I (1D = 10"%esu cm, 1D  List IT (Electronic a. 0.1 b. 0.3
=3.33 x 10°° cm) charge=4.8 x 10~ c. 06 d. 09
1% esu) [IIT 1999]
A. A diatomic molecule has
a dipole moment equal 158. An aqueous solution of 6.3 g of oxalic acid dihydrate
to 1.2 D. If bond length . is made upto 250 mL. The volume of 0.1 N NaOH
is 1.0 A What fraction () 40% required to completely neutralizes 10 mL of this solu-
(%) of electronic charge tion1s
exists on each atom. a. 40 mL b. 20 mL
B. The dipole moment of ¢ 10mL d. 4mL
LiH is 1.94 x 10 cm and (1T 2001
mtemolecﬂm dl‘stanc‘e . 159. In the standardization of Na,S,0, using K Cr,O, by
between Ij'l and H in this (q) 60 % iodometry, the equivalent weight of K,Cr,0, is
molecule is 1.596 A. What ]
. L . a. same as molecular weight
1s percent ionic character in
molecule. b. molecular weight/2
. . . molecul ight/4
C. One litre of mixture of CO (ci me lecular Wel‘g W6
and CO, is passed through - molecuiar welg
: IIT 2001)
red hot charcoal in tube. [
0,
The F‘ew Yolume becomes () 76 % 160. How many moles of electrons weigh one kilo-
1.4 litre. Find out % com- 0
- gram?
position of CO at same P
and T. (mass of electron = 9.108 x 10-*' kg, Avogadro
D. Given sample of oleum number = 6.023 x 10%)
is labeled as 109 %. Cal- 0
23
culate the % of free SO, (s) 25% a. 6.023 10
nit.
b. 1/9.108 x 103!
155. Match the following:
6.023 s
¢ 908 ~ 10
List I List IT ’
1
A. 10 “vol’' H,0, (p) 0.032 gof O, 4 5108 6023 1
[IIT 2002]
B. 11.2 ‘vol’H,0O, (@ 0.5M
161. Which has maximum number of atoms?
3 > 0,
C. 5.6 ‘vo' H,0, () 3.03% a. 24 g of C (12)
D. 20 ‘voI’H,0, (s) 2N b. 56 g of Fe (56)
c. 27 gof Al (27)
The IIT-JEE Corner d. 108gofAg (108)
[IIT 2003]
156. The number of moles of KMnO, that will be needed 162. Mixture X = 0.02 mol of [Co(NH,) SO ]Br and
to react completely with one mole of ferrous oxa- [Co(NH,), Br]SO, was prepared in 2 litre of
late in acidic solution is solution.
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1 litre of mixture X + excess AgNO, — Y.
I litre of mixture X + excess BaCl, — Z.

Number of moles of Y and Z are

a. 0.02,0.01
c. 0.01,0.02

b. 0.01, 0.01

d. 0.02,0.02
[IIT 2003]

163. Consider a titration of potassium dichromate solu-
tion with acidified Mohr’s salt solution using
diphenyl amine as indicator. The number of moles

of Mohr’s salt required per mole of dichromate is

ANSWERS

Straight Objective Type Questions

1. a 2. ¢ 3.c 4. b 5. a 6. b
13. b 14. a2 15 . ¢ 16. a 17. ¢ 18. ¢
25. d 26.d 27.¢ 28.a 29.b 30. d
37.d 38.¢c 39.¢ 40. b 41. b 42. a
49. ¢ 50.d 51 a 52.a S3.a 54. a
61. b 62.a 63. ¢ 64.d 65. b

Brainteasers Objective Type Questions

66. d 67. b 68.a 69.c 70.a 71. d
78. a 79. b 80.d 8l c 82d 83. ¢
90. a 91. ¢ 92.b 93.b 94. b 95. d

Multiple Correct Answer Type Questions
101. b,c,d 102. b,d 103. a,b 104. b,cd
109. a, b 110. ¢,d 111. a,cd 112. acd

Linked-Comprehension Type Questions

Comprehension 1

117. b 118. d 119. d
Comprehension 2

120. b 121. ¢ 122. ¢ 123. b
Comprehension 3

124. a 125. b 126. b 127. b

a 3 b. 4

¢S d 6
[IIT 2007]

164. Given that the abundances ofisotopes **Fe, *Fe and
’Fe are 5%, 90% and 5% respectively, the atomic

mass of Fe is

a. 55.85 b. 5595
¢ 5575 d. 56.05
[IIT 2009]
7.d 8. d 9. b 10. ¢ 1. b 12. d
19.b 20.c¢ 2l.c¢ 22. d 23.a 24.d
3l.a 32.b 33. ¢ 34. b 35.d 36.c
43.¢c 44 b 450 46. b 47.¢c 48. b
55.a 56.¢ 57.0b 58. a 59.b 60.d
72. d 73. ¢ 74. d 75. b 76.c 77. a
84. b 85. a 86. ¢ 87. ¢ 88. ¢ 89. ¢
96. a 97. b 98. b 99. a 100. ¢
105. a,d 106. a ¢ 107. a, b 108. ac.d
113. ¢, d 114. bed 115. ¢, d 116. a,c
Comprehension 4
128. b 129. ¢ 130. d

Assertion Reason Type Questions

131. b 132. e 133. e 134. b
135. a 136. a 137. ¢ 138. b
139. a 140. a 141. a 142. a
143. a 144. a 145. a 146. d
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Matrix-Match Type Questions
147. A-(q,1,B-(q),C-(p,s),D-(p,s)
149. A-(s), B-(r), C-(p), D-(s)

151. A-(s), B-(p), C-(r), D-(q)

153. A-(q),B-(s,1),C-(p),D- (1)
155. A-(1), B-(s), C-(q), D-(p)

The lIT-JEE Corner

156. ¢ 157. ¢ 158. a 159. d 160. d

Hints and Explanations

Straight Objective Type Questions

1. 3BaCl,+2Na PO, — Ba (PO,), + 6NaCl
05 02

Limiting reagent is Na PO, (0.2 mol), which gives
0.1 mol of Ba,(PO),.

2. NH—->Y+10e
Oxidation state of N in N H, :
2X+4=0
X=-2

The two, nitrogen atoms will balance the charge of
10 e

So oxidation state of N will increase by +5, that is,
from -2 to +3.

molecular weight
Change in oxidation no. of Mn

3. Eq mass=

_ mol. wt. _ mol. wt.

4-2 2
(oxidation number of Mn in MnSO, = +2 and Mn
in MnO, = +4)

4. Molality of a solution remains independent of tem-
perature.

S. Mg +Na,CO, —» MgCO, +2Na*

l1geq.1geq.

1 g eq. of Mg?* = 12 g of Mg?* = 12000 mg = 1000
milli eq. of Na,CO,

Hence 12 mg Mg?* = 1 milli eq. Na CO,

148. A-(p), B-(r), C-(q), D-(s)
150. A-(q), B-(p), C-(s), D~(r)
152. A-(s), B-(r), C-(p), D-(q)
154. A-(s), B-(r), C-(p), D-(q)

161. a 162. b 163. d 164. b

As 1 mol CCI, vapour =12 + 4 x 355

=154 g=224L at STP

So density = % 14

=6875gL"

22400 cc = 6.02 x 10® molecules

leceNO= 6% molecules

_3x6.02 % 107
- 22400  atoms

52%‘ x 10?? atoms

number of electrons in a molecule of NJO=7+7 +
8=22

hence number of electrons

= 6% x 22 electrons

As normality of 10 volume of HO,=1.78 N
So volume strength of 1.78 N solution = 10
Volume strength of 1.5 N H,O,

Number of oxygen atoms = number of CO mol-
ecules = 6.022 x 10%

Number of oxygen molecule

=Y x number of oxygen atoms
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10.

11.

12.

13.

14.

=Y x 6.022 x 10%=3.011 x 10*
number of g molecule of O, molecules

_ 3.011 x 10*

6022 x 102 _ > g molecule

Mol. Mass of CuSO,.5H,0
=63+32+16x4+5x18=249

6.02 x 10* molecules of CuSO,.5H,O has amass
=249 ¢g

1 x 102 molecules of CuSO,.5H,O has a

_(249g) x 1 10”

mass 6.02 x 10%

=4159¢

Molecular wt of C. H

6077122

= (12 x 60) + 122 = 842

therefore weight of one molecule

molecular weightof C. H ,,
Avogadro’s number

_ 842
6.023 x 10%

=14x107g

Mol. wt. of ZnSO,.7H,0
=65+32+@4 x16)+72 x 1+16)=287

percentage mass of Zn

_ 65

=587 " 100 =22.65 %

Wt. of Mg(HCO,), =7.3 gm.
Mg(HCO,), = MgCO, + H,0 + CO,
Mol. wt. of Mg(HCO,),

=24+ (1+12+48) x2=146 gm

As 146 gm of Mg(HCO,), evolves 22.4 L of CO,
at STP.

So 7.3 gm of Mg(HCO,), evolves
73 x224 _ _
T 1.127=1120 ml

Atomic weight of Zn = 95 and volume of H, =224 ml
Zn+H,SO,— ZnSO, + H,

Volume of H,
22400

B Weight of Zn
~ Atomic weight of Zn.-

_ 224 %65

Wt. of Zn 53400

=0.65 gm

15.

16.

17.

18.

4 moles
0.8 moles

19.

20.

21.

Number of moles of NH, = mass 1 gm
3 Mol. mass
= % =0.25 mole

Number of atoms = 0.25 x 6 x 10%

=1.50 x 10% atoms

Mol. wt. of ammonia =14 + (3 x 1) = 17.
As wt. of ammonia = 4.25 gm
So 17 gm of ammonia contains 6.02 x 10% atoms

4.25 gm of ammonia contain

_6.02x10% x 425 _

17 1.5 x 10%.

Atomic wt. of oxygen = 16 gm

Wt. of 6.02 x 10% atoms of oxygen is 16 gm

16

So weight of 1 atom = 602 <105

=2.656 x 10 gm

According to stoichiometry they should react as
follows:

4NH, (g) + 50, (g) — 4NO (g) + 6H O(1)
6 moles
1.2 moles

4 moles
0.8 mole

5 moles
1 mole

Thus for 1 mole O, only 0.8 mole of NH, is con-
sumed. So O, is consumed completely.

Mol. wt. of HL,PO, is 98 and change in its valence = 1.

mol. wt.

Eq. wt. of HPO, = Change in valency”

=98/1 =98.

BaCO, — BaO + CO,
197 gm
197 gm of BaCO, released CO, =224 litre

_224

1 gm of BaCO, released CO, 197 litre

9.85 gm of BaCO, released CO,

~222 985 - 112 litre

Na,CO, + 2HCl — 2NaCl + H O + CO,
106 gm gives 22.4 lit



1.50 ® Mole Concept and Stoichiometry

22.

23.

24.

25.

26.

27.

s 212x224 224
2.12 gm gives =906 50

= (0.448 litre.

Suppose the mol. wt. of enzyme = x

So in 100 g of enzyme wt. of Se =0.5 gm

_05
In x g of enzyme wt. of Se = 100 - X
_05.x

hence 78.4 = 100

x = 15680 = 1.568 x 10*

CH,+20,— CO,+2H0

16 g 2x224
32g 2 %224 %32 =4x224

16

= 89.6 litre of O,

Volume of one drop of water = 0.0018 ml.

As the density of water is 18 g/cc,

So 18 ml of water = 1 mole of water = 6.02 x 10
molecules of water.

Thus 0.0018 ml of water = 18 x 10~ gm of water
molecules of water

=(6.023 x 10%) x 10+
=6.023 x 10“ molecules.

As molecular weight of C_ H ,,
=(12 x 60) + 122 = 842.
So weight of one molecule

mol. wt. of C_H

607712
Avogadro’s number

— 842
6.023 x 10%"

=14x102'g

Mass of metal oxide
Mass of metal chloride

_ Eq. mass of metal + Eq. mass of oxide
" Eq. mass of metal + Eq. mass of chloride

3_ E+8
5 E+355
n

On solving, we get

E=3325

N, + 3H, — 2NH,

1vol 3vol 2vol

28.

29.

30.

31

32.

101it 301it 20 lit
now 10 litre of NH3 is formed

N, used = 5 liters, left =30 — 5 =25 lit
H, used = 15 liters, left =30 — 15 =15 it

Let molarity of Ba(OH), = M,
Normality = 2M|
Molarity of HC1 =0.1 M =0.1N

2M, % 25=0.1 x 35
M, =0.07M

2BCl, + 3H, — 2B + 6HCI

2 mol 2 mol

21.6 g =2 mol

3 mol

216 gB=2molB=3mol H,

As PV =nRT

1 g atom of Fe (56 g Fe) is present in 1 mole of the
compound

As 4.6 g Fe are present in 100 g of the compound

So 56 g Fe will be present in

= 1217 g of the compound.

So approximate molecular mass = 1200.

Number of molecules in different cases

15
24

5
© 224

a. x 6.023 x 10%

N

b

x 6.023 x 10%

c. % < 6.023 x 107

d. 396023 < 10

Thus 15 L of H, gas at STP will have maximum
number of molecules.

H,PO, is a dibasic acid (containing two ionizable

protons attached to O directly)
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33.

34.

3s.

36.

37.

H,PO, <> 2H' + HPO

0.1 MH,PO, = 0.2 N H,PO,
0.1 MKOH =0.1 N KOH
N,V,=N,V,

(KOH) (H,PO,)

1.1V, =0.2%20

V, =40 mL
N, = 6.02 x 10® = 1 mol

6.02 x 10% molecules = 0.001 mol in 100 ml (0.1
L) solution

vol

so molar concentration = ——————.
volume in L

_0.001 _

=01 ~001M

10 g that is, 0.1 mole CaCO, is decomposed to 0.1
mole CO, and 0.1 mole CaO.

Na,CO, + H,0 + CO, — 2NaHCO,

1 mole 0.1 mole 02

Because here limiting reagent is CO,. NaHCO, is
always twice the number of moles of CO,.

Element Carbon Hydrogen

% Composition 92.3 7.7

Atomic ratio 92.3/12 7.71
=7.69 =77

Simple ratio 7.69/7.69 7.7/7.69
=1 =1

So empirical formula is ‘CH’

Given:

AsCu=4g,CuO=5¢g

Sooxygen=1g¢g

As 1 g of oxygen combines with Cu=4 g

So 8 g of oxygen combine withCu=4 x 8 =32 g
Thus, equivalent weight of Cu = 32.

As equal volumes contains equal number of moles

So molar ratioof He : CH,=1: 1

Ratio by weight=4:16=1:4

38.

39.

40.

41.

42.

Thus, CH, present by weight
=4/5 x 100 = 80 %

-1 -1
1 drop of water = 30 ml 50 8

(asdH,0=1gml™")
18 g of water = ‘A’ molecules

1 Water=A XL
208 18 “20

=0.05 A/18 molecules

Eq. wt. of A1 =27/3=9
Eq. of wt. of C=12/4=3

0 +4
(C—CO)

_ 270 x 10?

no. of gm eq. of Al = 9 =30x10°

hence no. of gm eq. of C =30 x 103
again,

_ mass ingram
number of gm eq. of C = gram equivalent wi

_ mass
30 < 10° =3 gm

mass = 90 x 10° g =90 kg

CaCO, +2HCI — CaCl, + HO + CO,

100 g 2(36.5)
=73¢g

44

1 L of 1 N HCI contains 1 g eq. of HCI, as HCl is
the limiting agent.

As 73 g HCl liberate CO, =44 g
So 36.5 g HCI will liberate CO, =22 g.

>

Assume one molecule of the alkaloid contains ‘X
N-atoms.

14X
162

X=2

Then % of N =

x 100 =17.28
Thus,
2H,+0,—2H0
2ml 1ml

As 2 ml of H, react with 1 ml of O,

So 30 ml of H, will react with 15 ml of O,

Thus, O, left =20 — 15 =5 ml.
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43.

45.

46.

47.

48.

49.

_ moles ofCH3COOH_ 205 x 1000
wt. of solvent in kg 897

=2.285

m

wt. of solvent = wt. of solution — wt. of solute

=[1000 x 1.02-20.5 x 60] =897 g

Weight of 11.2 dm’ of CO, gas at STPis 442=22 ¢

KOH + CO, — KHCO,
56¢g 44¢

KOH required for complete neutralization of 22 g

56
CO,=7; *22=28¢

Cr,0+ 14H* + 6e~ — 2Cr** + TH,O
61- — 3L + 6e-
Cr,0,> + 14H* + 6 — 2Cr’* + 31, + TH,O

One mole of acidified K,Cr,0, on reaction with
excess KI will liberate 3 moles of I,

MnO, + 8H* + 5¢-— Mn’* + 4H,0

Equivalent weight of KMnO, in acidic medium

_ molecular weight
-

158 316

5

PV PV

1

_ 2
n RT n,RT
V/n =V/n,

500 _ 100

1 n

2
n,=1/5

As 1 mole of CO, contains 6.0 x 107
molecules.

So 1/5 mole of CO, contains 1.2 x 10% molecules.

4NH, + 50, — 4NO + 6H,0
INH, + 1.250,— 1 NO+ 1.5 H,0

Hence 1 mole of NH, reacts with 1.25 moles of O
to produce 1 mole of NO and 1.5 moles of H,O.

2

When one mole of ammonia and one mole of oxy-
gen are made to react to completion, then all the
oxygen is consumed.

250, +0, — 250,

50.

51.

52.

Initial moles 4 4 0
25
Ateq. 4-2 4 — 100 4 2
=2 =3 =2 moles
Total number of moles at all gases

at equilibrium

=2+3+2=7.

Weight of metal hydroxide
Weight of metal oxide

_ Equivalent weight of metal hydroxide
"~ Equivalent weight of metal oxide

1.520 _E.+17
0995 E_+8

(here E_= Equivalent weight of metal)

E +17

1‘528=W

0.528E_=4.78

On solving, we getE_=9.

o Mole of solute
Molarity = Volume of solution in litre”

B Weight of solute
" Mol. wt. of solute x V in litre’

_ Weight of solute x 1000
" Mol. wt. of solute x V in ml’

_ 2.5 x1000

=585 %100 0427

2E + 410 _ Mass of platinum salt
195 =~ Mass of platinum

_ 0532
0.195

E=61

Number of nitrogen atoms per molecule of base
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54.

5S.

56.

57.

58.

59.

A=XfA

(Here f = Fractional abundance, A, = Atomic
mass)

=0.90 x 200 +0.08 x 199 + 0.02 x 202
=180+ 1592 +4.04
=~ 200 amu

44.1 g of anhydrous Na,SO, are associated with
HO=559¢

Molar mass of anhydrous Na,SO,
=2x23+32+4x16=142¢g

So 142 g of anhydrous Na,SO, will be associated

with H,O
- 333 1425-180¢
=10 moles of H,O

CO+%0,— CO,

As 1 L of CO reacts with /2 L of O, to produce 1L
of CO,. So 10 L O, will react with 20 L of CO
to produce 20 L of CO,

Thus, CO left = 10 L and CO, produced =20 L, O,
left=0L
As 40 cm’ of 0.125 N NaOH neutralize acid =0.3 g

So 1000 cm?® of 1 N NaOH will neutralize acid
0.3 _ 1000

40 " 0.125

g=60g

1000 cm® of 1 N NaOH contain one gram equiva-
lent of NaOH. It will neutralize one gram equiva-
lent of the acid.

Thus, equivalent weight of acid = 60

CaCO, + 2HCl — CaCl, + HO + CO,

100 g 2(36.5)
=73¢g

So 5 g CaCO, will completely react with HCI

- B x5-365¢

Ammonia is formed by reduction of nitrates and
nitrites with Zn and NaOH. Zn and caustic soda
produce nascent hydrogen which reacts with
nitrates to form ammonia.

60.

61.

62.

Z/NaOH
NaNO, + 8H" + 8¢

NaOH +NH, +2H,0
From the equation —
Mass of 8 moles of electron absorbs 85 g NaNO,

As Mass of 1 mole of electron absorbs

85
g 10.65 g of NaNO, .

When blackened statues are treated with H,O,,
the PbS is oxidized to PbSO,. which is colourless
(White)

PbS + 4H,0, — PbSO, + 4H,0

White
4H,0, - 4H,0 +20,
42+32) 2 x 22.4 litre
=136g atN.TP.

From the above equation, we can derive that —

In transferring 1 mole of PbS to PbSO, the volume
of < 10 volume’ of H,O, required is 44.8 time at
NTP.

Let the oxide of unknown element be AO.
Given that oxygen content is 20% by weight.
Then

Eq. weight of unknown element (M) = 30 fiog g

Equivalent weight of unknown element (M) =32 g.

From the reaction

Normality _ Molecular mass _
Molarity ~ Equivalent mass

For 2 N HCI

Normality x Equivalent weight
Molecular weight

Molarity =

2365
%65 2

Molarity =

For 4 NH,SO,

Normality x Equivalent weight
Molecular weight

Molarity =

Molarity = % =2
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63.

65.

Hence 4 N H,SO, and 2 N HCI solution will have
same alcohol and nitrogen is evolved.

[Se + MnO,” + 8H'— Mn?* +4H0 .(i)] 2
[C,0 — 2¢+2CO, ... (ii)] * 5
2MnO, + 16H* + 5C,0,> — 2Mn* + 10CO,

As 2 moles of MnO - required to oxidize 5 moles of
oxalate

So number of moles of MnO,~ required to oxidize 1
mole of oxalate =2/5=04

. 300/100 _ 3
Molarity (M) = 10910 10° 0.003M

Brainteasers Objective Type Questions

66.

67.

68.

Specific volume (vol of 1 gm) cylindrical virus par-
ticle = 6.02 x 102 cc/gm

Radius of virus ()=7A =7 x 10 cm
Length of virus = 10 x 10~ cm
Volume of virus 7’| =% x (7% 107%)2 x 10 x 10

=154 x 10-% cc

volume

wt. of one virus particle =——=——~>——
specific volume

mol. wt. of virus = wt. of N, particle

_ 154 x10%

600~ 102x 6.02 x 10%

= 15400 g/ mol = 15.4 kg/mole

Ba’* (aq) + SO~ (aq) — BaSO, (s)
137.3 gBa
233.4 g BaSO,’

4

04123 g BaSO, x

=0.2425 g Ba

g Ba

Mass % = ————=— %
g sample

100

0.2425 g Ba

T 6977 g sample * 100

=3.476 % Ba

Weight of 6.023 x 102 molecule of water = 18 g

As volume occupied by 6.023 x 10% molecule of
water (density = 1g cm™) will be

69.

70.

71.

72.

_ 18¢g
lgem™

=18 cm® or ml

So volume occupied by one molecule of water

_ 18
6.023 x 10%

=3.0x 10 cm?

=2.988 x 10-»

2Al (s) + 6HCI (aq) —
2A1+ (aq) + 6Cl- (aq) + 3H, (g)
As 6 moles of HCI evolved H, at STP

=3x224L
So 1 mole of HCI will evolve H, at STP

98]

_3x224_
=2 112L

Suppose X g of Ca(OH), will be dissolved X g
Ca(OH),

=250.0 ml sol. x (1 L s0l./1000 ml sol.) x (0.0200 mol
Ca(OH),/1 L sol.) < [74.10 g Ca(OH),/1 L sol ]

On solving we get, = 0.370 g Ca(OH),

H, (g) + Cl, () — 2HCl (g)
1 mole 1 mole 2 mole
2241 224L 2x365g

For the formation of 3.65 g HCI, H, or CI
required

2

- 5224 365L-112L

Valency of metal in Z O, =3
7,0,+3H,— 27 +3H0
0.1596 g of Z,0, react with H, =6 mg = 0.006 g

1 g of H, react with
=006 ~266g0fZ,0,

Eq. Wt. of Z,0, =26.6

Eq. wt.of Z+ Eq. wtof O=E +8=26.6
Eq. wt. of Z=26.6 -8=18.6

Atomic wt. of Z = 18.6 x 3=558
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73.

74.

78.

76.

_ 148 _
Wt. of MSO, = 1.375 x 233" 08734 g

Wt. of MSO, in the original solution (61.5 g)
=0.8734x10=8.734 ¢

Wt. of solvent = 61.5 —8.734 = 52.766 g
Wt. of MSO, per 100 g of solvent

100
52766 16558

Solubility of MSO, is 16.55 g per 100 g of
solvent.

=8.734 x

2C H, (1) + 150, (g) — 12CO, (g) + 6HO(g)
2(78) 15(32)

156 gm of benzene required oxygen = 15 x 224 litre

1 gm of benzene required oxygen

_15x224 .
156
39 gm of benzene required oxygen

_15x224x39

156 =84.0 litre

Eq. mass of ferrous ammonium sulphate = 392

Normality of the salt solution

392 1
392 “ 100

x 1000 =0.1 N

20 ml of 0.1 N salt solution = 18 ml of KMNO,
solution

Normality of KMnO, solution

Eq. mass of KMnO, =31.6

So strength of KMnO, solution = 1/ 9 x 31.6 =
3.511 g L-" approx

1000 ml of 0.02 N oxalic acid has = 0.02 g eq.

So 100 ml of 0.02 N oxalic acid has = 0.002 g eq =
0.001 mole

(M =N x basicity)

Thus number of molecules
=107 x 6.022 x 10%
=6.022 x 10®

77.

78.

79.

81.

In the absence of H,0O,

2KO,+ €O, —»K,CO, +3/20,

103 10~ mole

The limiting reagent is KO, in the sense that it limits
the amount of CO, consumed.

CO, consumed = 10-%/2 mole

-3
O, produced = 102 x %mole

=224 cm? x % at STP = 16.8 cm? at STP

16

(I) mass of one O atom = 602 %105 &
=2.66x 10> g

- 14
(II) mass of one N atom 602 x 102 &

=233x10%g

D) 1 g molecule of oxygen =32 g 1 x 10 g
molecule of oxygen

=32x10"=32x10"g

V) 1 g atom of copper = 63 g 1 x 10”7 g atom of
copper

=63x107=63x10%g

so the correct order is

I<I<II<IV

PbO + 2HCI — PbCl, + H,0

X mol 2X mol X mol
65 0 32

224 MO 365 MO

=0.029 =0.087 mol

Thus, 0.029 moles of lead (II) chloride will be
formed from a reaction between 6.5 g of PbO and
3.2 g of HCL

BrO,- + 5Br + 6H* — 3Br, + 3H,0
0.002  0.01 0.006

[, +2NaS 0, — NaS O, + 2Nal
Br,=1,=2Na, S0,

Amount of Na S O, reacting = 0.006 x 2

=0.012 mole
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82.

84.

8s.

91.

=0.1 xv x 107 mole,
Here ‘v’ is the volume ofNa28203 inml.

y=0.012ml _0.012ml_
01x10° 10~

120 ml

Suppose the weight of the sample = 100 g
So the number of equivalent of NaOH = 21/40

Ifthe sample, contains KOH instead of NaOH same
number of equivalent of KOH should be present in
the sample.

So weight of KOH = 21 « 56 =29.4

100 gm of metal oxide contains 53 g of metal

As Equivalent mass of element

_ Mass of element 8=ﬁ «8=9
Mass of oxygen 47

So, Atomic mass = Equivalent mass of an element
x valency

=9 %x3=27gm

Equivalents of oxalate present = Equivalents of
KMnO, used

=90 x 55 % 10°

Mass of oxalate present

90 x 1

=mx88=0‘198g

% of oxalate in the given sample

2198 . 100 - 66

Fe,0, +3CO — 2Fe + 3CO,

1 vol. 3 vol. 2vol. 3vol
1mol. 3 mol. 2mol. 3mol.

(As vol% = mol%).
One gram mol of any occupies 22.4 litre at NTP.

1 mol of Fe O, requires 3 mol of CO for its reduc-
tion thatis, 1 mol of Fe O, requires 3 x 22.4 litre or
67.2 dm? CO to get itself reduced.

Ethanol does not react with Fehling’s reagent, only
acetaldehyde reacts as follows:

2CuO + CH,CHO — Cu 0 | + CH,COOH
Red ppt.

93.

98.

100.

_12
Moles of Cu,0 = 143

_12
Moles of CH,CHO = 143"

44 x1.2

143 0.5 * 100

So % of acetaldehyde =
=74 %
Weight of CaCO, =5 gm

-5 _
Mole = 100 0.05

Mole of HC1 =0.05 x 2=0.1

Weight = 0.1 x 36.5 =3.65

_ 365 _
Volume of HCI = 1825 2ml

0.7 11

2> 706 + 18x > * 198 15 * 1000 -

On solving, we get
x=2
Weight of bromine in the bromide

80
188

Weight of A=0.722-0.562=0.16 g

. 80
Eq. weight of A =0.16 x 0562 22.8

=132 x

=0.562 g

atomic weight

Valency of A = Equivalent weight’
912,
2.8

Multiple Correct Answer Type Questions

109.

Suppose the mole of C,H,OH is n, and mole of H,O

W, 0 xM 1 46_46

3°18 54

% by weight of C,H.OH

_ 46 %100 _
=46+ 54 046
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111.

116.

% by weight of HO
54

— g2 100 = 0.54
4%A,

aA 96 0572
A,

A +21 0572

A 0572524
x~(1-0572)

A =32

As 1 mol or 28 gm N, reacts with 3 mol or 6 gm H,

S0 2000 g of N, will react with E, = = « 2000g

=4286¢

Here N, is the limiting reagent while H, is the
excess reagent

As 1 mol of N, produces NH, =2 mol =34 g
S0 2000 g of N, will produce NH, = % x 2000g

=2.428 kg
Mass left unreacted (for H,) = 1000 —428.6
=0.571kgH,

Hence statements a., c. are correct.

Linked-Comprehension Type Questions

117.

118.

119.

120.

NaCl — Na* + CI-

At anode:

2Cl-— Cl,

Moles of Cl-= 2 in 500 ml.

Therefore 1 mole of CI, evolves.

Na — Hg (amalgam) formed = 2 moles at cathode

Moles of electrons (2 Faraday) are required.
1F = 96500

2F = 193000

H,0+80,—-H;SO,

As 18 g water combines with 80g SO,

121.

122.

123.

124.

S0 9 g of H,O combines with 40 g of SO,.
100g of oleum contains 40 g of SO,
or 40 % free SO,

Intial moles of free SO, present in oleum

6 _1
—8—§moles

—

=moles of water that can combines with SO, moles
of free SO, combined with water

45 _1
I——Zmole

1
12 mole

moles of free SO, remains =

W|»—l
-lkl'—'
—_

1.4

volume of free SO,at STP = 12

=1.792L
Na,CO, + H,8O, — Na SO, + HO + CO,

Moles of CO3 formed = Moles of NaZCO3

1.06 _
reacted = 106 ~ 0.01

volume of CO, formed at 1 atm pressure and 300 K
can be given as

_0.01 x300x224
273

=0.01 x 24.615=0.24615L

eqof H SO, +eq of SO, = eq. of NaOH

%Xhia_;%xz =27 % 0.8 x 107
On solving x =0.74
% of free O, = 1274« 100 - 26 %

Here 1 L H,0, gives 16.8 L O,at STP

16.8
Moles of O, = 74

=0.75
Moles of HO, =0.75 x2

=15

Hence M = %

=15M
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125.

126.

127.

128.

The redox change are
2e+0,-— 20"
2> 1,+2e

28— 87 + 2

I,+2e—2I-

Meq. of H,0, =Meq. of I, = Meq. of Na,S O,
N x25=0.1 x20

N, ,, = 0.08

m —q. of H O, = m —eq. of KMnO,
10 x N =0.05 x 5 x 40

SoN~=1

N = volume strength of H,O,

5.6

volume strength of H/O,=5.6 x 1
=56

% ( w/V) means how many gm of H O, is present
in 100 mL

As here molarity is 1.5 which means 51 gm H,O, is
present in 1 L so 100 mL contents 5.1 gm H,0,

) (+7) (+5)

X + MnO, — XO~+Mn"”

Changing in ox. no. of MnO,~ = 5 (reduction)
Eq. wt. of MnO,~ = ionic wt./5

Change in ox. no. of X in X*" = (5-n) (oxida-
tion)

Eq. wt. of X*» = (ionic wt/5— n)

No. of equivalents of MnO, in 1.61 x 10
moles

=161 x10% x5

No. o equivalents X" in 2.86 x 10~ moles
=2.68 x 107 x (5-n)

1.61 x 107 x 5=2.68 x 10 x (5 —n)

or5—-n= 8.05
2.68

=3

hence n =5 -3 =2 and formula of XCl_in XCl, Eq.
wt. of XCl, = mole. wt./2

_97+71

® o

168
2
=84

129. The redox equation can be given as
Cr,02+ 14H* + 6Cl-— Cr* + TH,O + 3CL, 1

1 mol. of Cr,0,7 ion or K Cr,O, oxidises 6Cl-ion
or 6 equivalents of HCI to 3 Cl, molecules.

So0 40 g K,Cr,0, will oxides HCI

_219.0 x 40
294

=29.795 gm.

130. Since for this process n — factor is 15 and not 12

Assertion-Reason Type Questions
131. Both A and R are true but R is not the correct expla-
nation of A.

According to mole concept, 1 mole of molecules =
Gram molecular mass = 6.023 x 10 molecules

So 58.5 g of NaCl also contains 6.023 x 102 Mol-
ecules of NaCl.

132. Both A and R are false. Molar volume (at NTP)
=224L

224 L of N, = volume occupied by 1 mole of N, =
28 g = 6.023 x 10% molecules

similarly

0O,=2x16=32 g, 32g = 6.023 x 10* molecules =
224L

2241L=6.023 x 10%

_6.023 x10% x 5.6

5.6L 24

x 1 x6.023 x 102

According to Avogadro’s hypothesis, equal volume
of all gases contain equal number of molecules under
similar conditions of temperature and pressure.

133. Both A and R are false.

Number of g molecules or mole molecules
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= wt. of Sub./GMM
SO,Cl, =135 g (GMM)

—

So number of gm molecules = 13—5 =0.1

w

The IIT-JEE Corner

156.

157.

158.

159.

FeC,0, — Fe** + C,0*

MnO,- oxidizes Fe’* and C,0,> both
F*+C,0.-— Fe’* +2CO, + 3¢~
MnO,~ + 5S¢ — Mn*
5FeC,0,=3MnO~

1FeC,0,=3/5MnO,-

As H,PO, is a dibasic acid
So its molecular weight = 2xequivalent wt.
1M=2N

03M=2x03=06N

Eq. mass of COOH . 2H,0

COOH

_ Mol mass _ 126 _ 63
basicity 2

so normality of oxalic acid solution

_6.3x1000 _
“T63x250 04N
NlVl = NZVZ
NaOH oxalic acid

1.1xV1=04 x 10 mL
on solving

V, =40 mL

In iodometry, K,Cr,O, liberates I, from iodides (Nal
or KI) which is titrated with Na,S O, solution.

KCrO +I-+H — Cr* +1,

Here, one mole of K ,Cr,O, accepts 6 mole of
electrons.

160.

161.

162.

163.

164.

. . Molecular weight
Equivalent weight = R S—

As Mass of one electron = 9.108 x 10! kgSo 1 kg
of electrons = 1/9.108 x 10-*!

_ 103!
9.108 x 6.022 x 105 ™°

1

_ 1031—23 [
~ 79108 x 6.022 mole

_ 10 1
9.108 x 6.022 MO

Here

24 g of C-12 contain =2 x 6.022 x 10% atoms

56 of Fe—56 contain = 6.022 x 10 atoms

27 g of A1-27 contain = 6.022 x 10% atoms

108 g of Ag—108 contain = 6.022 x 10 atoms here

24 g of C-12 contains maximum number of atoms
as it has maximum moles (2).

Ag* + Br- — AgBr

Excess 0.01 mole 0.01 mole
Ba?* + SO~ — BaSO,
Excess 0.01 mole 0.01 mole

Cr,0, + Fe’* —» Fe** + Cr*
n factor of Cr,0.* =6
n factor of Fe?* =1

So to reduce one mole of dichromate 6 moles of
Fe?* are required.

A =54 x0.05+56 x 090+ 57 x 0.5 (where A is
atomic mass of Fe)

A =5595
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Numericals for Practice

In photosynthesis CO, (g) and H,O (1) are converted
into glucose, C H,,O, (a sugar), and O,. If 0.256 mol
of CH,,O, is formed by the reaction of CO, with

6 12

water, how many grams of CO, would be needed?
a. 0.256¢g b. 676¢g
c. 338¢g d 766¢g

What is the percentage yield of C,H, when 50.0 g
of CaC, (s) (molar mass = 64.01 g) reacts with an
excess of water to yield 13.5 g of C H, (molar mass
= 26.04 g) according to the following reaction:

CaC,(s) + 2H,0 (1) — Ca(OH), (s) + C,H, (g)

a. 333%
c. 66.5%

b. 86.5%
d. 56.6 %

How many moles of KCIO, are required to produce
2.51 g of O,? (Mass of one mole: K = 39.1 g, Cl
=3552,0=160¢)

2KCIO, — 2KCl + 30,

5.23 x 10”2 mol
. 2.53 x 107 mol
1.53 x 1072 mol
. 1.84 x 107 mol

a0 g

What is the per cent yield if 25.0 g of L, is formed
when 130.0 g of HNO, reacts with 285.0 g of HI as
follows:

2HNO, + 6HI — 2NO + 31, + 4H,0

a. 16.68 %
c. 442%

b. 442 %
d. 8.84%

A 3.000 g sample of a soluble chloride is titrated
with 52.60 mL of 0.2000 M AgNO,. What is the
percentage of chloride in the sample?

a. 24.86 % b. 1243 %
c. 3243 % d. 623%

The allowable concentration level of vinyl chlo-
ride, C,H,Cl, in the atmosphere in a chemical plant
is 2.0 x 107 g/L. How many molecules are present
per litre?

a. 147 x 10" m/L
b. 1.97 x 10 m/L
c. 297 x 10 m/L
d. 1.07 x 10" m/L

10.

11.

12.

13.

An oxybromate compound, KBrO,, where x is
unknown, is analysed and found to contain 52.92 %
Br. What is the value of x?

a 1 b. 2

c 3 d. 35

Consider a sample of calcium carbonate in the form
of a cube measuring 1.25 in. on each edge. If the
sample has a density of 2.71 g/cm?, how many oxy-
gen atoms does it contain?

b. 3.14 x 10*
d. 0.785 x 10

a. 1.07 x 10*
c. 1.57 x 10%
How many kilograms of CO, are obtained when a
sample of 0.15 m* of CH . (1), whose density is
0.69 g/mL, is combusted in air?

a. 32 x 10%kg b. 1.6 x 10*kg

c. 6.4 x10*kg d. 22 x 102kg

A solution is made by mixing 50.0 mL of 6.00 M
HCI, 100.0 mL of 1.00 M HCI, and enough water
to make 250.0 mL of solution. What is the molarity
of HCl in the final solution?

a. 0.8 M b. 32M
c 25M d 16M

Aluminium reacts with oxygen to give aluminium
oxide

4 Al (s) + 30, (g) = 2A1,0, (s)

If you have 6.0 mol of Al, how many moles of O,
are needed for complete reaction?

a. 204 mole b. 305 mole
¢. 504 mole d. 405 mole

100 ml of NaHC.O, required 50 ml of 0.1 M
KMnO, solution in acidic medium. Volume of 0.1
M NaOH required by 100 ml of NaHC,O, is.

a. 25ml b. 75 ml

c. 125ml d. 135ml

Menthol, from oil of mint, has a characteristic cool
taste. The compound contains only C, H and O. If
95.6 mg of menthol burns completely in O,, and
gives 269 mg of CO, and 110 mg of H,O, what is
the empirical formula of menthol?

a. b.
c. CH O d.

100720
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14.

15.

16.

17.

18.

19.

20.

In an experiment, 1.056 g of a metal carbonate
containing an unknown metal M, is heated to
give the metal oxide and 0.376 g CO,.

MCO, (s) + heat — MO (s) + CO, (2)

What is the identity of the metal M?

b. Ni
d. Cu

a. Zn
c. Ba
Titanium (IV) oxide (TiO,) is heated in hydrogen
gas to give water and a new titanium oxide, Ti, O
If 1.598 g of TiO, produces 1.438 g of Ti O, what
is the formula of the new oxide?

a. TiO, b. Ti,O,

c. TiO, d. Ti,0,

What volume of 0.125 M HNO, in milliliters,

is required to react completely with 1.30 g of
Ba(OH),?

2HNO, (aq) + Ba(OH), (s) —

Ba(NO,), (aq) + 2H,0 ()
a. 121 ml b. 221 ml
c. 242 ml d. 60.5ml

What volume of 0.750 MPb(NO,),, in milliliters, is
required to react completely with 1.00 L of 2.25 M
NacCl solution? The balanced equation is

Pb(NO,), (aq) + 2NaCl (aq) —

PbCl, (s) + 2NaNO, (aq)
a. 1.0 x 10° ml b. 3.0 x 103 ml
c. 1.5x10°ml d. 1.5 %103 ml

What volume of 0.812 M HCI, in milliliters, is
required to titrate 1.33 g of NaOH to the equiva-
lence point?

NaOH (aq) + HCI (aq) — NaCl (aq) + H,0 (1)

a. 20.4 ml
c. 80.9ml

b. 40.9 ml
d. 409 ml

When one gram mole of KMnO, reacts with HCI,
the volume of chlorine liberated at NTP will be:

a. 16.51it b. 22.41it

c. 52.01it d. 56lit

What is the molarity of KNO, in a solution pre-
pared by dissolving 3.765 grams of KNO, in
enough water to make 375 millilitres of solution?
a. 0.2482 b. 0.1241

c. 0.062 d 112

21.

22.

24.

25.

26.

27.

What is the molarity of a 20.00 % solution of
sodium nitrate (NaNO,)? The solution density is
1.143 g/mL.
a. 2.40
c. 0.468

b. 4.68
d. 2.68

How many grams of AgNO,, are required to react
with 75.00 millilitres of 0.420 M K,CrO,?

2AgNO, + K CrO, — Ag CrO, + 2KNO,

a 5355¢
c. 1071¢g

b. 1.071 g
d 2142¢

What is the molarity of a barium hydroxide solu-

tion if 15.48 millilitres of it are required to react
with 25.00 millilitres of 0.3026 M HCl solution?

2HCI + Ba(OH), — BaCl, +2H,0

a. 02443 M
c. 2443 M

b. 0.1225M
d. 036 M

The poisonous gas hydrogen cyanide can be pro-
duced by treating cyanide compounds with acid.
How many grams of HCN could be produced from
the reaction of 28.0 grams of Ca(CN), and 28.0
grams of HCI?

Ca(CN), + 2HCI — CaCl, + 2HCN

a 82¢g
c. 164¢

b. 326 ¢
d. 648¢

If 2.82 grams of CCl, are produced from the reac-
tion of 2.25 grams of CS, with 14.60 grams of Cl,,
what per cent yield of CCl, is obtained?

a. 31% b. 62 %

c. 46 % d. 88%

Which has highest molarity of the solute in the
solution that results when the following mixtures
are prepared?

a. 200.0 ml of water is added to 30.0 ml of 6.00 M
NaOH

b. 600.0 ml of water is added to 20.0 ml of 0.480
M NaOH solution

¢. 300.0 ml of 12.0 M HNO, is added to 100.0 ml
of 3.00 M HNO,

d. 30.0 ml of 0.800 M KBr is added to 80.0 ml of
0.350 M KBr

What volume of 0.407 M KOH solution is just
sufficient to react completely with 3.16 grams of
CuSO,.5H,0 according to the equation below?
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28.

29.

30.

31

32.

The CuSO,.5H,0 dissolves as the KOH is added to
form aqueous CuSO,.

CuSO, + 2KOH — Cu(OH), + K,SO,

a. 31.1 ml
c. 93.6ml

b. 62.2 ml
d. 6.22ml

What is the per cent by mass of HNO, in an aque-
ous 7.911 M HNO, solution if the solution has a

CH, +20, — CO, + 2H,0
2CH, + 70, — 4CO, + 6H,0

How many grams of O, are needed to react com-
pletely with 75.0 g of mixture?

a 2%g¢g
c. 588¢g

b. 147 g
d 197¢g

specific gravity of 1.249? 33. Hydrogen sulphide burns in oxygen to form sul-
a 40 % b. 56 % phur dioxide and water
c. 32% d. 88% 2H,S + 30, — 280, +2H,0
How many grams of NaCl are needed to make HOW dma:ly grztims of ltlytdrlog; ?Osz)ui)ph;de n(liusttr:act
675 grams of 2.55 % by mass NaCl solution? tnorder to procuce a total o -+ ob products:
a 86 b 172g a. 1453¢ b. 20.76 g
¢ 172 d 34g c. 83.06¢g d. 4153 ¢
34. The following process has been used for obtaining
Calgulate the volume of CO, produc;d by the com- iodine from oilfield brines
bustion of 40 ml of acetone vapours in presence of
excess of oxygen. Nal + AgNO, — Agl + NaNO,
a. 120 ml b. 1.20 ml 2Agl +Fe — Fel, + 2Ag
¢ 12ml d. 20 ml 2Fel, +3Cl, — 2FeCl, + 21,
If 74.30 g of HCI were produced from 2.130 g of H, HowmuchAgNO,,ingramsisrequired inthe first
and an excess of Cl, according to the reaction step for every 5.00 g of I, produced in the third
H, + CI, — 2HCI step?
a 6.69¢g b. 334¢
What was the per cent yield of HCI? c. 1328¢ d 1669 g
a 4822% b- 19288 35. 20 ml of ‘X” M HCI neutralizes 5 ml of 0.2 M
0 o . ml o neutralizes 5 ml of 0.
¢ 96.44% d. 66.44% Na,CO, solution to phenolphthalein end point. The
A mixture of composition 70.0 % methane and 30.0 value of X is.
% ethane (C,H,) by mass is burned in oxygen to pro- a. 0.05M b. 0.126 M
duce CO, and H,O. The reactions that occur are c. 0.184 M d. 0.150 M
Q. Ans. Q. Ans, Q. Ans. Q Ans. Q Ans
1 b 2 c 3. a 4 d 5 b
(72}
E 6 b % b 8. ¢ 9 a 10, 4
5 11. d 12. c 13. c 14. d 15. b
; 16. a 17. c 18. b 19. d 20. b
%’ 21. d 22; c 23. a 24. c 25. b
<<
26. c 27 b 28. a 29 @ 30 a
31. c 32. a 33. d 34 a 35 a
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Hints and Explanations

1.

Chemical reaction is as follows:
6CO, + 6H,0 — C H,,0, + 60,
Grams CO, = (0.256 mol C H,,0,)

. (6 mol CO,) . (44.01¢gCO)
(1 mol CH,,0) (1 mol CO,)

=676 g CO,.
The reaction is as follows:

CI~ (aq) + AgNO, (aq) — AgCl (s) + NO,  (aq)

Grams CI- = (52.60 mL AgNO,) (1L/1000 ml) x
(0.2000 mol AgNO, 1 L AgNO,) x (1 mol CI7/1
mol AgNO,) x (35.45 g CI7/1 mol CI)

=0.3729gCl-

% CI" in sample

_ Mass of Cl” in sample 100
h Sample mass

=12.43 %

12.

19.

30.

3s.

NaHC,0, + KMnO, — Mn*" + CO,
Eq. of NaHC,O, = Eq. of KMnO,
0.1xMx2=0.05x0.1x5

025

M= T =0.125

Mole of NaHC,0, = Mole of NaOH

925 . 01-01xV

V= 0.125 litre = 125 ml.
5x1=2xn(CL)

n(ClL) =52

vel, = 5 <2241t =56 lit

CH,COCH, + 40, — 3CO, + 3H,0
VCO, = 3 x40 =120 ml

Na,CO, + HCl — NaHCO, + NaCl
Xx20x10*°=02x5x107
On solving, we get

X=0.05



CHAPTER 2

Chapter Contents

Absolute scale of temperature, ideal gas equation; Deviation from
ideality, van der Waal's equation; Kinetic theory of gases, average,
root mean square and most probable velocities and their relation with
temperature; Law of partial pressures; Vapour pressure; Diffusion of
gases and Various levels of multiple-choice questions.

Matter is a substance having mass and volume.
Matter has three states, solid, liquid and gas.
Plasma is considered to be its fourth state.

Solid = Liquid = Gas

Molecular interaction energy, thermal energy increases

CHARACTERISTICS OF GAS

Some of the important characteristics of a gas are
as follows:

(1) Composition of gases is always from non-
metals. Example, O,, N,, He, CI, etc.

(i) Gases always form a homogenous mixture
regardless of the identities and proportions.

(i) Gases have high diffusibility, thermal expan-
sion and high compressibility as there are

@v)

™

large empty spaces between molecules so on
applying pressure molecules get closer.

Volume: Volume of the gas is equal to volume
of the container in which gas is taken as a gas
tries to occupy the entire available space. It is
expressed in litres or m* or ml or cm? etc.

Pressure: A gas can exert pressure on all
the interior boundaries of the vessel due to
molecular motion of its molecules which
leads to collisions between these molecules
and walls of the vessel. Gaseous pressure is
measured by manometer while atmospheric
pressure is measured by Barometer.

Gaseous pressure is measured in Newton
per m? or nm Hg or atmosphere or torr.

1 atm = 760 mm Hg or torr
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=1.013 x 10° N/m? or Pascal (Pa)
=1.013 x 10° Dyne/cm?
=1.013 bar

(vi) Mass: Mass of a gas can be determined by
usual weight determination methods using
weighing difference methods. It is related to
number of moles of the gas.

n (mole) = %

Here W = Weight in gm.
M = Molar mass of the gas

(vii) Temperature: Temperature of a gas tells the
energetic level of the gaseous molecules.

Kinetic energy o Temperature.

The energy and velocity of gas molecules
increase with the increase of temperature and
their motion becomes random. At standard con-
dition temperature is 298 K and pressure of gas
1s | atm and this is called Standard temperature
and pressure state (STP or NTP).

(vit)) The molecules of gases have maximum energy
and minimum force of attraction so they do not
have a definite volume or shape.

(ix) Gases have low densities and the density of
gases with respect to hydrogen is called rela-
tive density.

Vapour: It is gaseous form of a solid or liquid at
room temperature. Vapour state can be liquefied by
increasing pressure while gaseous state can be lique-
fied by increasing pressure and decreasing tempera-
ture. A gas below its critical temperature is a vapour.

Triple Point: Solid, liquid and gas, all phases can
exist together at a particular temperature and pres-
sure, it is known as triple point. Example, at 4.58
mm pressure and 0.0098°C, water has all the three
phases (Ice, vapour, water).

GAS LAWS

As gases show their dependency on pressure ,
volume and temperature so the relationship of
these factors can be explained through gas laws
as follows:

Boyle’s Law: According to it, “At constant tempera-
ture, the volume of a given mass of a gas is inversely
proportional to its pressure. ” that s,

Vo I/P
Or V=K/P
Here K = constant
PV = constant (K) at constant temp.

Or log, P +log, V= Constant (K)

PV, = P,V, (at constant temp.)
Initial final
Conditions conditions

The differential form of Boyle’s law can be written as
P§, +V5,=0
So,
(dP/dV), = -P/V =-K/V?

Relation between Density and
Pressure

According to Boyle’s law at constant temperature
and constant mass

V o 1/P (As T and mass are constant)
Vald (Here d 1s the density)
As V = Mass/density
So 1/d &« 1/P
thatis, dx P or d=K/P

or log P=log 1/V+log K

d /P, =d/P,

r—[ REMEMBER ] .

m Air at the sea level is dense as it is com-
pressed by the mass of air present above it
but the density and pressure decreases with
the increase in altitude.

m The size of weather balloons becomes
larger and larger as it rises or goes to higher
altitude as the external pressures becomes
lower and lower.

Various Plots between Pressure
vs Volume

These plots are called Isotherms.
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log P

logV
log P

log 1/V
P

!

—> VorlAd

—> U

—>1/P
Tl
PV T,
k 2
| —
— P

Tl
P T
T %‘TS
—>1/V

Here T1 > T2 > T3

lllustrations

1. A 1.103 L flash containing nitrogen at a pres-
sure of 710.6 torr is connected to an evacuated
flash of unknown volume. The nitrogen which
acts ideally is allowed to expand into the
combined system of both flasks isothermally.

If the final pressure of nitrogen is 583.1 torr,
determine the volume of the evacuated flask.

Solution As the flasks are isothermally combined
so temperature is constant. According to Boyle’s law,

Pl Vl = P2 VZ
(710.6 torr) (1.103 L) = (583.1 torr) x V,

_7106x1.103 | _
V,= ek L =131 L

AsV, isfinal volume so the volume of evacuated
flask is 1.344 —1.103=0.241 L.

2. Oxygen gas is commonly sold in 49.0 litre steel
containers at a pressure of 150 atm. What vol-
ume (in litre) would the gas occupy at a pres-
sure of 1.02 atm if its temperature remained
unchanged? If its temperature was raised from
20.0°C to 35.0°C at constant P = 150 atm?

Solution Asn and T are constant,
Therefore nRT =P, V=P .V,

v =L Vi _ 150 x 49.0

£ P 1.02
=7210 litre
Asn and P are constant
V. V
Therefore % =T:= T_:
V. T
_ Vi‘r _49.0x308 _ .
Ve=r =793 - olSlitre

1

Charle’s Law

In order to explain it, let us consider the following
plot between volume and temperature.

—>T°C

It shows that the volume of a definite amount
of a gas varies linearly with temperature on
Celsius scale.

It can be given as V = a +Dbt

Here a and b are constant
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a=V at0°C

b = slope (CV/eT),

So according to Charle’s law, “At constant
pressure, the volume of a given mass of a gas
increases or decreases by 1/273 of its volume of

0°C for every one degree centigrade rise or fall
in temperature” that is,

Vv
V=V, + ﬁ x t°C (at const. temp.)

=V, (1+1°C/273) =V, (273 + t°C/ 273)

_v I
=Vo 773

Therefore

V., aTor VT at constant pressure i.e.,

Or [V/T = constant |

Hence “At constant pressure, the volume of a
given mass of a gas is directly proportional to its
temperature in Kelvin.”

v, V,

= =+ | Atconstant pressure
T, T, p

Relation between Density and
Temperature

AsV o 1/d (d = density), So
VT

So d T = constant

that is,

REMEMBER |
Charle’s Law is not applicable to liquids. ]

Volume Coefficient (a,)

It represents the ratio of increase in volume of a
gas at constant pressure per degree rise of tem-
perature to its volume at 0°C. Its value is 1/273
for all gases.

Vt-V0

Q. =

vV, xtc

Absolute Scale of Temperature or
Absolute Zero

As according to Charle’s law V (1 +t°C/273)

If the temperature of a gas is lowered upto
—273°C the volume of the gas becomes zero. This
temperature is known as absolute zero and this zero
point on the scale is called as Kelvin scale.

The absolute value of this temperature is
—273.15°C. At this temperature, pressure, kinetic
energy and heat content of the gas is also zero.
Absolute zero does not indicate thus volume of the
gas 1s zero. There is no significance of gas laws at
this temperature as gas phase is not observed here as
a gas liquefied or solidified before this temperature.

When a graph is plotted between the volume of
the gas against this temperature at constant pressure,
it is called isobar and it is always a straight line.

v

!

0K |—>Temp S

Plots between Vvs T

These are called Isobars.

_>T
Here P1 <P2<P3
AsPoaT

Illustrations

3. Aflask is of a capacity of one litre. What vol-
ume of air will escape from the flask if it 1s
heated from 27°C and 37°C? Assume pressure
to be constant.

Solution T=27°C=300K
T,=37°C=310K
V=1 litre,
vV, =?
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\ 1

— == (At constant pressure
T =T, pressure)
1 Yy

300 ~ 310

_ 310 _ .
\A =300 = 1.0333 litre

As capacity of flask is 1 litre.
So volume of air escaped out = 1.033 — 1
=333 ml

4. To what temperature must an ideal gas be heated
under isobaric conditions to increase the volume
from 100 cm? at 25°C to 1.00 dm3?

Solution According to the Charle’s law,

Vl _ Vz
T, T,
100 cm® _ 1.00 x 10° cm?®
300K T,
_ 1000 x 298 _
T,=—TJoo  =2980K

Temperature = 2980 — 273 = 2707°C

Pressure-Temperature Law (Gay-Lussac’s Law) In
order to explain it, let us consider

p

Poii

_)T

It shows that the pressure of a definite amount
of a gas at constant volume varies linearly with
temperature on Celsius scale.

It can be given as P, = a + bt

Here a and b are constant

a=P at0°C

b =slope (¢P/CT),
According to pressure- temperature law “At con-
stant volume, the pressure of a given mass of a gas

increases or decreases by 1/273 of its pressure at 0°C
for every 1°C rise or fall in temperature,” that is,

Po .
Pt=P0+ﬁ x t°C

_@nB+re) 7
=P =73 =P373

P « T that is, % = constant

At constant volume

A%
P P IVZ
T L
—> T —> T
Here V,>V, >V,

AsVaT@e T <T,<T)

Here curves are called Isochors and the slope
will be greater for lower volumes.

Pressure Coefficient (a,)

It represents the ratio of increase in pressure of the gas
at constant volume per degree rise of temperature to its
pressure at 0°C. Its value is 1/273 for all gases.

_ Pt _ P0
PP xtC

[0

Avogadro’s Law

According to Avogadro’s law, “At constant tempera-
ture and pressure, equal volume of gases will have
same number of molecules or moles.”

VaNorn

V/n = constant

vV, v,
NN
vV, v,
NN

Here n = Number of moles of gas used

N = Number of molecules of gas used

Molar Volume or Gram Molecular Volume

1 mole of a gaseous substance has 22.4 litre volume
at NTP which is known as it’s molar volume.
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Avogadro Number

1 mole of a substance contains 6.02 x 10 number
of molecules.

m | gram atom of any element contains 6.02 x 103
atoms.

Hence N, =6.02 x 10%

REMEMBER )

Avogadro law is applicable under the conditions
of high temperature and low pressure that is, for
an ideal gas.

Combined Gas Laws and Ideal
Gas Equation

On combining Boyle’s, Charle’s and other gas laws
we get

As VO(% [Boyle’s law]

VT [Charle’s law]
Van [Avogadro law]
so v all

Or PVanT

Or PV =nRT=nST

PV =1 RT

P= v RT

P=CRT [As C =317 ]
P=RT [Asd= w/V]

m Ror S : Molar gas constant or universal gas constant
Values of R = 0.0821 lit, atm, K-, mol~!
=8.314 joule K~! mol™*
=8314 x 107 erg K mol!
=2 cal K mol™!

m For a single molecule, gas constant is known as
Boltzmann constant (k).

k= R/N,
=1.38 x 1072 J/deg-abs/molecule
=1.38 x 107 erg/deg-abs/molecule

As % = constant

So Ideal gas equation can be written as

PV, PU,
T, = T,
Illustrations

5. How large a balloon could you fill with 4.0 g of
He gas at 22°C and 720 mm of Hg?

Solution P = 720/760 atm
T=295K
w=4dg
m = 4 (He)
PV = 3 RT

wRT _ 4x0.0821 x 295 x 760
m x P 4 x 720

V =
=25.565 litre

6. Calculate the density of CO, at 100°C and 800
mm Hg pressure.

Solution P =800/760 atm
T=373K
PV= & RT

P = % RT (As w/v = density)

800 _ d
760 44

d=1.5124 glitre™.

x 0.0821 x 300

7. When 2 g of a gusions substance P is introduced
into an initially evacuated flask kept at 25°C the
pressure is found to be 202.65 kPa. The flask
1s evacuated and 3 g of Q. is introduced as a
result the pressure become 101.325 kPa at 298 k.
How much time Q is heavier than P here?

Solution AsPV= % RT

For Gas ‘P’ — 202.65x V = x RxT

2x1073 1
M -

P
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3
For Gas Q — 101325 x V=312« gt
Q

—2

From Eq 1 and 2

<

2
253N

P

Q Mp

i
1

8. In Victor Mayer’s experiment 0.23 g of a vola-
tile solute displaced air which measures 112
ml at NTP. Find the vapour density and mol.
wt. of substance.

Solution Volume occupied by solution at NTP
= volume of air displaced at NTP = 112 ml
PV = & RT

AtNTP,P=1 atm, T=273K

112 0.23
1 Xm = m x 0.0821 x 273

Molecular weight = 46.02
Vapour density =2 — 46,022 = 23.01.

9. A certain amount of an ideal gas occupies a vol-
ume of 10 m? at a given temperature and pres-
sure. What would be its volume after reducing
its pressure to half the initial value and raising
the temperature twice the initial value?

Solution P,=05P,
T,=2T,
PV, PV

2 V2

PV, 05PV,
T, 2T,

V,= 4V,

V =1m?3

V,=40m’

10. A 5.00 litre vessel contains 25.0 g of PCl, and
3.00 g of O, at 15°C. The vessel is heated to
200°C and the contents react to give POCIL,.
What is the final pressure in the vessel, assum-
ing that the reaction goes to completion and that
all reactants and products are in the gas phase?

Solution Mol. weight of PCI, = 137.3
Mol. weight of O, = 32.00
Mol. weight of POCI, = 153.3
2PCIL, (g) + O, (g) — 2POCI, (g)

1 mol PCI,

mol PC15 =250 x m

=0.182 mol PCI,

1 mol O

mol O2 =3.00 x Wgéz =0.0937 mol O2

For limiting reactant

0.182 mol PCL, x 1 mol O,
2 mol PCI,

=0.0910 mol O, required

Mol O, required =

There is a slight excess of O,

So PCl, is the limiting reactant here.

0.182 mol PCI, x 2 mol POCI,
2 mol PCl,

Mol POCI, =
=0.182 mol POCI,

Mol O, left over =0.0937 - 0.0910
=0.0027 mol O,

T =200°C =200.0+273.15=473.1K

As PV =nRT

_ nRT
P="5

(0182 +0.0027) x (0.08206) x (473.1)
- 5.00 litre

=1.43 atm.

11. When 2 g of a gas A is introduced into an
evacuated flask kept at 25°C, the pressure is
found to be one atmosphere. If 3 g of another
gas B is then added to the same flask, the total
pressure becomes 1.5 atm. Assuming ideal
gas behaviour, calculate the ratio of molecular
masses M, : M.

Solution PV =nRT

PV = (m/M) RT
_ mRT
M= v
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The molecules masses of gases A and B are M
and M, respectively.

2RT

MA:(latm)V‘

__ 3RT

My =035 atm) V-

My __2RT  05amxV _1
M, TlatmxV 3RT 3
M,:M,=1:3

Dalton’s Law of Partial Pressure

According to Dalton’s law, “Total pressure of
a mixture of non-reacting gases is equal to the
sum of partial pressure of these gases at constant
temperature and constant volume.”

P_ =P +P +P ...

1

Here P_, = pressure of the gaseous mixture
P, P,, P, = partial pressure of gases

i % of that gas
Partial pressure of any gas= 00 % P

mix.
% of a gas in a mixture

B Partial pressure of the gas
" Total pressure of gaseous mixture

% 100

m Partial pressure of any component A is given as

p = moles of A p

A" Total moles Total

m Total pressure of a mixture having different com-
ponents is given as

Here w , w, , w, = weight of components or non-
reacting gases and m,, m,, m, are their molar
masses.

T = Temperature in Kelvin.

V = Volume in litre.
m When a gas is collected over water it mixes with

water vapours so the correct pressure of moist
gas 1s given as

P(moist gas) =P(dry gas) + P (V.P. of water)
P(dry gas) = P(moist gas) — P (V. P. of water)
Aqueous tension = Partial pressure of water
vapour in moist gas.

m Vapour pressure of water varies with tempera-
ture. Example, At 0°C it is 4.6 torr while at 25°C
it is 23.8 torr.

REMEMBER ]

Dalton’s law is not applicable for a mixture of
reacting gases like N, and O,, SO, and O,.

Illustrations

12. Calculate the total pressure in a 10 litre cylinder
which contains 0.4 g of helium, 1.6 g of oxygen
and 1.4 g of mitrogen at 27°C. Also calculate the
partial pressure of helium gas in the cylinder.
Assume ideal behaviour of gases. Given R =
0.082 litre atm K-! mol™.

Solution Given V=10 litre
Mole of He = 0.4/4 =0.1
Mole of O, =1.6/32 =0.05
Mole of N, = 1.4/28 = 0.05
Total mole =0.1 +0.05+0.05=0.2

As PV=nRT
p =DRT_02x0.082 x 300
total AV 10
=0.492 atm
P,. = Mole fraction of He x Total pressure
=81 < 0492=0246 atm

13. A special gas mixture used in bacterial growth
chambers contains 1.00 % by weight CO, and
99.0 % O, What is the partial pressure (in
atmospheres) of each gas at a total pressure of
0.977 atm?

Solution Let the sample be 100 g.
CO,=100g
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0,=99.0¢
_ 1 mol CO,
mol CO, =1.00 g CO, x 40T g CO;
=0.0227 mol CO,
_ 1 mol O,
mol 0,=99.0 g O, x 350080,
=3.094 mol O,
n, = 3.094+0.0227 =3.117 mol
_ 3.094mol _
XKoo= 3117 mol ~ 0993
_0.0227 mol _
Xeor= 3117 mol ~ 000728
P,=X,.P

total

=0.993 x 0.977 = 0.970 atm
PC02 = XCOZ : P

total

=0.00728 x 0.977 =0.00711 atm

14. 20% of N,O, molecules are dissociated in a
sample of gas at 27°C and 760 torr. Calculate the
density of the equilibrium mixture.

Solution
N,0, - 2NO,
1 mol 0 Att=0

(1-02)mol 0.4
Total moles=0.8+0.4=1.2
PV =nRT

1 xV=12x0.0821 x 300

At equilibrium

V =29.556 litre

m_ 08x92
dN,0,= ¥ = V72955

dNO,=m =0.4 x 46 =0.6225 V 29.556

=2.490

d__=2.490+0.6225 =3.113 gllitre.

Graham’s Law of Diffusion

According to it “At constant pressure and tempera-
ture, the rate of diffusion of a gas is inversely pro-
portional to the square root of its density or molecu-
lar weight” It is applicable only at low pressure.

I‘O(LOI‘

W™ Vd

Here r = rate of diffusion or effusion of a gas or
liquid.

M and d are molecular weight and density
respectively.

m For any two gases the ratio of rate of diffusion at
constant pressure and temperature can be shown as
r/r,= \/MZ/Ml or \/dz/dl
If pressure are different and we take two gases then
r/r,=P /P, ‘(\/Mz/Ml or \/dz/dl)

Hence diffusion or effusion of a gas or gaseous
mixture is directly proportional to the pressure
difference of the two sides and is inversely pro-
portional to the square root of the gas or mixture
effusing or diffusing out.

Some other relations based on
Graham’s law

Asr=V/i
= volume/time
So
V. i

12 _
V.0 =M,M,
nreg =gy
So
nT
nt =VM,M,

t

T2 = yM/M
w, t, 27
d t

12 _
it =VM,M,

Here n represents number of moles, w represents
weight in gram and d represents distance trav-
eled by a particular gas or liquid.

Differentiation between Diffusion and
Effusion

Diffusion

It 1s the movement of gaseous or liquid molecules
without any porous bars that is, spreading of mol-
ecules in all directions.
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Effusion

It ismovement of gases molecules or liquid molecules
through porous bar that is, a small hole or orifice.

Uses of Graham’s law

(1) Detecting the presence of Marsh gas in
mines.

(i1) Separation of isotopes by different diffusion
rates. Example, U-235 and U-238

(ii1) Detection of molecular weight and vapour
density of gases using this relation.

d 12
g

1

lllustrations

15. What is the molecular mass of a gas that diffuses
through a porous membrane 1.86 times faster
than Xe? What might the gas be?

Solution r /r, =VM,M

Xe)

1/1.86 = V(M,/131.29)

_~131.29
WM, =gz
_131.29 _
M, = (1867~ 37.9 g/mol

Molecular mass = 37.9 amu

So the gas may be I,

16. 20 dm’ of SO, diffuse through a porous partition
in 60 sec. What volume of O, will diffuse under
similar conditions in 30 seconds?

Vior
Solution r,, == =%

SO2

=0.333 dm?®/sec

T dm3/sec

=JM,,M

rSO’_’/rO’l SOZ)

0.333/V/30 =(32/64)
V=14.14 dm®

17. The rate of effusion of an unknown gas (X)
through a pin hole is found to be 0.279 times the
rate of effusion of hydrogen (H,) gas through the

same pin hole. If both gases are at STP. What is
the molecular mass of the unknown gas?

Solution r/r,= V(m/m,)

Assume 1 and 2 stands for hydrogen gas and
unknown gas respectively.

1/0.279 = N(m,/2)

2

m, = 57379 x 0279 = 257 g mol™

18. A straight glass tube has two inlets X and Y at
the two ends. The length of the tube is 200 cm.
HCI gas through inlet X and NH, gas through
inlet Y are allowed to enter the tube at the same
time. White fumes first appear at a point P
inside the tube. Find the distance of P from X.

Solution Molecular mass of HCl = 36.5
Molecular mass of NH, = 17.0

r/r,= \/(MZ/MI)

X 1L D00D) Y

Hel NH
200 cm.

3

Assume the distance between P and X be D cm.

(200';—13) = (17/36.5) = 0.6824

D = 0.6824 x (200 — D)
D +0.6824 D = 0.6824 x 200

_ 0.6824 x 200

D=""%%14

=81.12cm

19. If an unknown homonuclear diatomic gas-
eous molecule effuses at a rate of 0.355 times
to that of oxygen under similar conditions of
temperature and pressure. Find the identity
of this gas.

Solution r/r,, =VM_/M,)
0.355 =(32/M,)

Y
My = 03557

=254

The molecular weight suggest that this homonu-
clear diatomic gaseous molecules L.
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20. Ammonia and the hydrogen chloride gases are
introduced simultaneously at the ends of a 90
cm tube. At what distance ammonium chloride is
formed from the end at which HCl is introduced?

Solution According to Graham’s law of diffusion

r/r,= Vdy/d)=VM,/M)

r

HCl/r NH3

= \/(MNHS/MHCI)

=(17/36.5) = 4.123/6.040

rHC

(=4.123 if 1, =6.040

If the total length of the tube is 10.163 cm, HCI
will travel 4.123 cm. If the total length of the
tube 1s 90 cm, HC1 will travel

_ 4123
10.163

x 90 =36.51 cm.

So NH,CI is formed at a distance of 36.51 ¢cm
from the end where HCl is introduced.

Kinetic Theory of Gases

Kinetic theory of gases was put forward by Ber-
noulli and was developed by Clausius and Kelvin.

m It was explained by Maxwell and Boltzmann.

m It is also known by other names, such as dynamic
particle model and microscopic model.

Main Assumptions

@

(i)

(iif)

@iv)

)

(vi)

Each gas is composed of a large number of
tiny particles called molecules and these mol-
ecules are identical in mass, size and shape.

The volume of gaseous molecules is negli-
gible to the volume of the gas.

Molecules show random motion in straight
lines in all possible directions but at a con-
stant speed.

Molecules undergo collisions which are per-
fectly elastic that is, no change in energy.

The force of attraction between molecules is
negligible thus gas molecules can move freely
and independent of each other.

The effect of gravity on molecular motion is
negligible.

(vii)

(viii)

Pressure of the gas is due to collisions of
molecules with the walls of the container.

At any particular instance molecules have
different speeds so have different kinetic
energies, however, the average kinetic energy
of these molecules is directly proportional to
absolute temperature

Kinetic energy o« absolute temperature

Kinetic Gas Equation

On the basis of above assumptions it can be given as

PV =(1/3) mnu’

Here P = pressure of gas

V = volume of gas

n

u

rm.:

= number of molecules of gas

. = root mean square velocity (R.M.S)

Kinetic Energy Calculation

As for one mole PV =RT

PV =1/3 Mnu* |

K

1

S0 § Muznms = RT
, _ 3RT
u rm.s M
u, . =VGBPV/M) = VGBRI/M) = V(3P/d)
uznmAs a T
ur,m,s a \/T

As from kinetic gas equation

1

3

Mu® R
N N

As R/IN=k

Here k = Boltzman constant

mu? =kT

I.
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Here k is known as Boltzmann constant and its
value is 1.38 x 1016 erg.

lllustrations

21. Find out the kinetic energy of 10 mol of gas at
200°C.

Solution K.E. = % RT

R =8314 x 107 erg/K/mol
T=200+273=473K

n = 10 moles of gas

KE = % x 10 x 8314 x 107 x 473
=58987.83 x 107 erg.

22. Calculate the average kinetic energy in joules
of the molecules in 8.0 g of methane at 27°C.

Solution As kinetic energy of the molecule

=3
KE =3 RT

So average K.E. = n (3/2RT)
Here n = Number of moles of the gas
Molecular mass of CH, =12 +4 =16

Number of moles of CH,in 8.0 g

80¢g

= m =0.5 mole

K.E. = (0.5 mol) (3/2) (8.314 JK- mol™) (300K)
=1870.65 1.

23. Find the pressure exerted by 10 gas molecules,
each of mass 107 kg, in a container of volume
0.001 m? and having root mean square velocity
of 1000 ms™. Also calculate total kinetic energy
and temperature of gas.

. _1 mNu?
Solution As P—3 v
1 x 107 x 10% x (10%)

3x107
=3.33 x 10 Nm™
KE = (¥%mu)xN

= 1% 107 x (1092 x 10 =1 x 10"

=0.5x10*7J
KE=3nRT
_10%
Here n (mole) = N,
_ 1023
6.023 x 10%*
P 3, lo»
0.5x10 2 X 6023 x l023X8314XT
4
T= 0.5 x10*x2x6.023 _ 2415K

3x8314

Molecular Speed Graph or Maxwell
Distribution of Velocities

1
2
8
° T,
p= :
bs T<T,<T,
g
E
3 g T,
Ump Uav Unns
(V) Speed —

According to it

m Molecules have different speeds due to frequent
molecular collisions with the walls and among
themselves.

m Rare molecules have either very high or very
low speed

m Maximum number of molecules of the gas have
maximum velocity which is called most probable
velocity and after Vmp velocity decreases

m Zero velocity is not possible.

m All these velocities increase with the increase
in temperature but fraction of molecules having
these velocities decreases.

Different Velocity Terms

The Maxwell relation gives the fraction of molecules
in one mole (d,/N,) having a velocity in the Z-direc-
tion between U, and U, +d U, as
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d /N ,

N A=Ae—mUz nkT

U,

Here A = constant

N, = Avogadro number

The above relation in three dimensions can be
written as

d/N, 2

i -4 T U M2k TP?emU2KT
U

The velocity of gases can be expressed as fol-

lows:

(i) Average Speed (u): It is the average of differ-
ent velocities possessed by the molecules.

U +U,+U,
Uav.=———F5H—

nlU’l + nZUZ + n3U3
n + n, + n,

Uav. =

Here n, n, ,n, are the number of molecules hav-

1?72

ing U, U,, U, velocities respectively.

m Relation between Ua.v., temperature and molar
mass is given as

Uav. = V(8RT/aM)
=\(8PV/aM)

It is also denoted by u.

(ii) Root Mean Square Velocity (u _ ): It is
square root of the mean of the square of the
velocities of different molecules.

NU2+U2
Urms=—( - T )

B \/(nl U?+n,U+n, U2
n, +n,+n,

[Urms = V(3RT/M)

Urms = V(3PV/M)
=\J(3P/d)

(iii) Most Probable Velocity (a): It is velocity
possessed by maximum number of molecules.

Um.p. = VQRT/M)
=VJQ2PV/M)

m These velocities increase with increase in tem-
perature but the fraction of molecules having
these velocities decreases.

Relation between a, u and u
o :l:u =
VQRT/M) : V(8RT/ aM) : V(3RT/M)
=2 :N(@®/m) V3
=1414:1595:1.732
=1:1.128:1224
=0.8164:09213:1

thatis,u > 0 >a.
m.s

Ua.v. =Umms x 0.9213
a (Um.p.) = 0.8164 x Urms

Illustrations

24. Find out the RMS velocity of O, molecules at
NTP (density of O, = 0.001429 g/cc at NTP,
density of Hg=13.6 g /cc, g = 981 cm/sec?).

Solution h=76 cm
u,,,, = VEP/d) =3 xhx d x g/d)

V(3 x 76 x 13.6 x 981)
V0.001429

=46137.6 cm sec™!

25. Two flasks A and B have equal volumes. Flask A
contains H, at 27°C while B contains equal mass
of C,H, at627°C. In which flask and by how many
times are molecules moving faster? Assume ideal
gas nature for both.

Solution For H,, Average velocity
=(8RT/aM) = V(8R x 300/x x 2)
For C,H, Average velocity

=(8RT/aM) = V(8R x 900/ x 30)

Average velocity H, V(300 x 30)
Average velocity CH, /(900 x 2)

=2236:1
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26. Calculate the temperature at which the root
mean square velocity of SO, molecules is the
same as that of O, at 27°C.

Solution u= V3 RT,,/M,,,)=VBRT /M)
V(3 RT,,/64) = V(3R x 300/ 32)
T,,, = 600K

27. Find the V__of a missed particle having a
mass of 10712 g at 27°C if value of Boltzmann
constant k is 1.31 x 10716 ergs per degree per
molecule.

Solution V__=J3kT/M)

V(3 x 1.31 x 107 x 300)
V10712

=0.342 cm sec™!

28. Calculate the root mean square velocity of
ozone kept in a closed vessel at 20°C and 82
CIN Mercury pressure.

Solution As given volumes are
V, = 22400 cm?, V, = 2
P =76 cm,P,=82 cm
T,=273K,T,=273 +20=293K

As
P,V, PV,
T, - T,
So

PV, T,
Vo= 7T P,

_ 76 x 22400 x 293
273 x 82

Molecular mass of O, =3 x 16 = 48 g mol™!

=22282 cm?

P=82cm x 13.6 gcm™ x 981 cm sec™

_ N@PY)
RNV
_ V(3 x 82 x13.6 x 981 x 22282)
V(48)

=3.90 x 10* cm sec™!

Ideal Gas

These gases obey gas laws under all the conditions
of temperature and pressure.

m No gas is ideal in reality (hypothetical).

m No force of attraction is present between mol-
ecules in them.

m Volume of molecules is negligible to the total
volume of the gas (container).

Real Gas

These gases obey gas laws only at high temperature

and low pressure.

m All the gases are real.

m Here force of attraction between molecules cannot
be neglected at high pressure and low temperature

m Here volume occupied by gas molecule is not
negligible specially at high pressure and low tem-
perature.

Deviation of Real Gases from Ideal++
Gas Behaviour

7. =>| ] +ve
2 PV>RT| Deviations

......... Z=| AsPV=RT
Ideal gas

latm.

7 =] ]
PV >RT ] —Ve Deviations

—
>

P—

m The extent of deviation of a real gas from ideal
gas behaviour is expressed in terms of compress-
ibility factor Z. It 1s an empirical correction for the
non-ideal behaviour of real gases which allows the
simple form of the combined gas law to be retained.
It is given as

_PV

Z=IRT

When Z =1 (ideal gas behaviour)
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When Z < 1 (negative deviations)
When Z > 1 (positive deviations)
When Z < 1 gas is more compressible
When Z > 1 gas is less compressible
m ForHeand H, Z>1as PV>RT [as a/V?= 0]
that 1s, positive deviations.

m At Very Low Pressure : PV =RT (as a/V*and b
are neglected) that is, Z = 1 so nearly ideal gas
behaviour.

PV <RT
that 1s, Z < 1 so negative deviation
m At Moderate Pressure : PV =RT
1.e, Z = 1 so ideal gas behaviour.
m At High Pressure : PV >RT

(as b can not be neglected). that is, Z > 1 so posi-
tive deviation.

m At Low Pressure :

m An increase in temperature shows a decrease in
deviation from ideal gas behaviour.

A

T

4

T, T,>T,>T,>T

4

P T _____________________ Ideal gas

\/

P—

It shows that curve for a real gas has a lendency to
Coincide with that of an ideal gas at high temperatures.
It means, at high temperatures, gases show ideal gas
behaviour.

Van der Waal’s Equation

Van der waal’s equation is a modification of the ideal
gas equation that takes into account the non-ideal
behaviour of real gases.

Van der Waal’s equation modified kinetic theory
of gases by considering these two points of kinetic
theory of gases not to be fully correct or are not
followed by real gases.

m The force of attraction between gaseous mol-
ecules is negligible.

m The volume of gaseous molecules is negligible to
the total volume of the gas.

He made following two corrections:

A. Volume Correction: According to him, at high
pressure the volume of the gas becomes lower so
volume of molecules can not be ignored. Hence
the actual space available inside the vessel for
the movement of gas molecules is not the real
volume of the gas, actually it is given as
\Y =V-b

real gas

Here V is the volume of the container while b
1s volume occupied by gas molecules and it is
called co-volume or excluded volume.

The excluded volume for ‘n” molecules of a gas
=4nV_or (4 x4/3nr’)

Here V, = Volume of one molecule (4/3 n1’)
Now ideal gas equation can be written as -
P(V-b)=RT

P(V-nb)=nRT .......... (1)

B. Pressure Correction: According to him, at
high pressure the gaseous molecules are closer
so attraction forces cannot be ignored hence,
pressure of the real gas is given as:

Pressure of the Real gas = pressure developed
due to collisions (P) + pressure loss due to
attraction (p’)

Py =P+’

real gas

Here p’ is pressure loss due to force of attraction
between molecules or inward pull.

As :p’ o n* [n?is number of molecules
attracting or attracted]

pan«d o %
So

a _an’

p’= ZARTZ]

Here ‘a’ is van der waal’s force of attraction
constant, d is density and V is volume.

Hence

P = P+a/V?

real gas

P+an¥V? ... .(2)
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Now ideal gas equation can be written after cor-
rection of pressure and volume as

For one mole
a _
(P+¢)‘ (V-b)=RT

For n number of moles

(P+ nva) (V —nb) = nRT

Units of aand b

a= lit? mol? atm
or cm*, mol? dyne

or m* mol~? Newton

b = lit/mol
or cm? /mol
or m®/mol

m The values of ‘a’ and ‘b’ are 0.1 to 0.01 and 0.01
to 0.001 respectively.

Significance of aand b

a. It gives the magnitude of attraction forces pres-
ent between gas molecules.

Liquefication of gases & a

Hence more the value of ‘a’ or force of attrac-
tion between the molecules of a gas more will
be its liquefaction: Example,

Values of ‘a’
He<H, <0, <N, <CO,<HCI <NH, <S80,
a—(0.034) (0.244) (1.36) (1.39) (3.59) (3.8) (4.17) (6.71)

Increasing order of liquefication of some gases

b. Its constancy in value shows that gas molecules
are incompressible.

b= 4N (4/3 nr3)

m At low pressure ‘a’ dominates but at high pres-
sure ‘b’ dominates.

Limitations of Van der Waal’s Equation

As the value of Van der Waal’s constants ‘a’ and
‘b” do not remain constant over the entire ranges
of temperature and pressure so this equation is also
valid over some specific ranges of temperature and
pressure only.

Van der waal’s equation in terms
of Compressibility Factor

[P+ 221 [V_nb]=nRT

V2
p=_DRT _an’
(V-nb) V2
—_ m — Vm
As 2= V_(ideal gas) nRT/P
PV,
Z=1RT-
= nRT _anz] y Va
V, -nb V:? nRT
\"
Z =

—m_A
V —ub RTV,

Explanations for Real Gas Behaviour

(1) At very low pressure for one mole of a gas, the
value of ‘p” and ‘b’ can be ignored so Van der
Waal’s equation becomes equal to ideal gas.

PV =RT

(1) At moderate pressure the value of ‘nb’ or ‘b’
can be ignored so Van der Waal’s equation

becomes

[P+a/V?] [V]=RT
i =

PV + v Rz'il“

PV=RT - V-

Hence PV <RT

_ PV
So 7= RT -
Z<1

(1) At high pressure, the value of ‘p’ can be ignored
so Van der Waal’s equation can be written as

P(V-b)=RT
PV —Pb=RT
PV =RT +Pb

PV>RT
_Pv
Z=RT-
SoZ>1
m Incase of H,, He, p’is always ignored so for them
Van der Waal’s equation becomes

P(V-b)=RT
PV=RT +Pb
ie, Z>1
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lllustrations

29. 2 moles of ammonia occupied a volume of 5
litres at 27°C. Calculate the pressure if the gas
obeyed Van der Waal’s equation. (a =4.17 atm
lit> mol-2, b = 0.0371 lit mol-!)

Solution n=2, V=5 litres,

T=273+27=300K
R =0.082 lit atm deg™ mole™

[P

[P+ (4.17 x 2%/5%)] [5 -2 x 0.037]
=2 x0.082 x 300
P=9.33 atm

) (V = nb) = nRT

30. Using Van der Waal’s equation find the pressure
(in atm) of 45 g of ammonia in a one liter vessel
at 0°C, if for ammonia ‘a’ = 4.17 litre? atm mol™>
and ‘b>=10.0371 litre mol™.

Solution Moles of ammonia = ﬁ 2.64

Using Van der Waal’s equation

[P+

P+ (2‘64)- x 4.17
12

=2.64 x0.082 x 273

On solving,

P=36.5atm

) (V —nb) =nRT

x (1 —2.64 x 0.0371)

31. If for nitric oxide (NO) the value of Van der
Waal’s constant b 1s 0.02788 litre mol . Find the
diameter of NO.

Solution b=4N @4/3nr*)

Here b= 0.02788 litre/mol =

27.88 =4 x 6.023 x 10 x % X 3.14 x 3

2788 x3x10%
4x6023 x4x314"

=28 x10%cm

27.88 cc/mole

32. Calculate the pressure exerted by 2 dm3 mol! of
ethane at 27°C if it follows van der Waal’s equa-
tion a = 5.489 dm® atm mol?, b = 0.0638 dm?
mol-!. Compare the value if the gas is ideal.

Solution As
( ) (V —nb) = nRT
_ RT a
P=vs-ve
_ 0.0821 x300 5.489

T 2.0-00638) " (27
=12.72 - 2.7445 =9.976 atm

From ideal gas equation

PV=RT

p—RT _0.0821 x 300
\Y 2

=12.315 atm

33. The Van der Waal’s constant ‘b’ for helium gas is
0.0237 litre mole™. Calculate the approximately
diameter of the helium molecule assuming the
molecule to be spherical.

Solution As b=4N % T 1
Here b=0.0237 litre mole™! = 23.7 ml mol™*
N=6.02x 10%
237=4x602x 10%x $x 2 xp
b= 23.7 x 21 ‘
16 x 6.02 x 10% x 22
On solving
r=133x 10%cm.
So the diameter of helium molecule 1is

2.66 x 10¥ cm.

Gas Analysis or Eudiometry

It is the process of gas analysis used to determine
molecular formula percentage composition of gas-
eous mixture.

Gas eudiometry is based on Avogadro’s law
which states that “equal volume of all gases under
similar conditions of temperature contain equal
number of molecules or equal number of moles”.
It means volume ratio among gases 1s same as mole
ratio at constant temperature and constant pressure.

During gas analysis, the eudiometer tube filled
with mercury is inverted over a trough having
mercury. A calculated volume of the gas or gaseous
mixture is introduced, which displaces an equivalent
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amount of mercury. Now a known excess of oxygen
1s introduced and is electrically sparked, where by
the combustible material gets oxidized. the volume
of CO,, H,0 or other gaseous products of combus-
tion are next determined by absorbing them in a
suitable reagent. After each electric spark the reac-
tion mixture is brought to the room conditions.

Example,
O, : Alkaline pyrogallol
N, : Heated Mg

Acidic gases CO,, SO,, NO,, X, : NaOH or KOH
solution

Water vapour produced during the reaction can
be determined by noting contraction in volume
caused due to cooling.

From this data we got some useful conclusions
regarding gaseous reactions as follows:

(1) Composition of the gaseous mixture
(i1) Molecular formula of gases

(1i1) Volume-volume relationship between gases

lllustrations

34. When 100 ml sample of methane and eth-
ane along with excess of O, is subjected to
electric spark, the contraction in volume was
observed to be 212 ml. When the resulting
gases were passed through KOH solution,
further contraction in volume was?

Solution CH,(g) +20, (g) — CO, (g) +2H,0 ()
X 2X X
CH,(g+720,(g)— 20, +3H,0 1)
(100-X)  7/2(100-X) 2(100-X)
Total contraction in volume
2X +2.5(100 - X)=212
2X -2.5X=212-250
On solving, we get
X=76

So contraction in volume when passed through
KOH solution
= volume of CO, evolved

=X +2(100 - X) = 124 ml

LIQUID STATE

Liquids are characterized by the following properties.

1. They have no definite shape but have definite
volume.

2. They have more density than gases but lower
than solids.

3. They have more compressibility than solids
but less than gases as small voids are present
between liquid molecules.

4. They have slower diffusion rate than gases but
more than solids due to small voids and slow
molecular motion by liquids.

5. The distance of separation between the molecules
of a liquid is in the range 107 to 10 meter.

6. The attraction and repulsion present between
molecules of liquids can be explained by Len-
nard-Jones 6-12 potential model.

7. H. Eyring and T. Ree introduced Hole theory or
Vacancy theory of liquids.

8. Liquids diffuse slowly as the molecules of lig-
uids undergo large number of collisions with
the neighbouring molecules.

9. Aliquid resembles a gas near critical temperature
of the gas and with a solid near the m.p. of solid.

Guldberg’s Rule
According to it, normal boiling point (T,) of a lig-
uid is nearly two third of its critical temperature (T )
when both the quantities are expressed on the abso-
lute scale as follows:

T,=3T,

Here T, = Boiling point

T, = Critical temperature

Trouton’s Law

According to it, in case of liquids having non-associ-
ated nature and not having very high boiling points,
the ratio of the heat of vapourization to the normal
boiling point of the liquid on the absolute scale is
nearly equal to 21 cal K™ mol™ or 88 J K mol™.

AH
Tvap =21 cal K'mol™. (When AH, is in cal)
b
or
AH,
T = 88 JK'mol™. (When AH is in J)

b
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Here AH, = Heat of vapourisation

T, = Boiling point of a liquid

Vapour Pressure

At a particular temperature, it is the pressure exerted
by vapours over liquid surface when vapours are in
equilibrium with liquid.

m Vapour pressure increases with increase of tem-
perature.

VPT g

m The vanation of vapour pressure of liquid with
temperature is given as

-_A
logP=- T+ 1
Here A = Constant

P = Vapour pressure of liquid

T = Temperature

m The plot of log P vs 1/T will be in a straight line.
m The vapour pressure of H,0 at 373 K is 76 cm.
m At critical temperature the meniscus between
liquid and vapour disappears.
m Vapour pressure & Extent of H-bonding
or
Strength

7 I\
example, H-F>H-0-H>H H H

m Heat of vaporization & H-bonding
example, HF > H,O0 > NH,
m The amount of heat needed to convert one gram

of a liquid into its vapours at its B.P. is known as
heat or enthalpy or latent heat of vaporization.

m Clausius — Clapeyron Equation: It explains the
effect of temperature on vapour pressure of a
liquid and also the effect of pressure on the boil-
ing point of a liquid.

Pz _ AH vap . (Tz _Tl)
log p =73303 (T, T,

/—[ REMEMBER ] |

m Formation of bubbles in a liquid in due to
vapour pressure.

m Rate of evaporation does not change with
time at a particular temperature however rate
of condensation increases with time.

m At equilibrium rate of condensation and rate
of evaporation are equal

Difference Between Evaporation and Boiling
Processes

m During evaporation cooling occurs as the average
kinetic energy of the liquid decreases since mole-
cules with higher kinetic energy leave the surface.

m Boiling occurs only at a specific temperature while
evaporation can take place at any temperature.

m Boiling occurs below the surface while evapora-
tion occurs only at surface.

Surface Tension

It 1s the force at right angles to the surface of a liquid
along one cm or one metre length of the surface.

m Units: Newton metre™ or [Nm™], dyne cm™.

m Due to surface tension the surface area of the lig-
uid decreases upto minimum. example., Falling
drops are spherical that is, minimum surface area
for a given volume.

m Due to surface tension a liquid rises in capillary
tube, water move upward in soil and walking of
insects over water surface.

m Surface tension & 1/Temperature.

m Atcritical temperature surface tension is zero.

m The effect of temperature is given by Eotvos
equation.
y=K(T.-T)(@/M)*”
Here K = Constant
d = Density
M = Molar mass

Measurement of Surface Tension: To measure sur-
face tension, Stalgmometer is used. It is based upon
the fact that surface tension is directly proportional
to the amount or weight of the spherical drop falling
from the vertically kep capillary tube.
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yaxMsoy/ly,=M/M,.

Surface Energy: It is work in ergs needed to
increase the surface area by 1 square centimetre. Its
units are erg/cm? or Joule/metre?.

f—[ REMEMBER ) .

m Soap, detergent, alcohol, cholesterol are some
surface active substances or surfactants which
decrease surface tension.

m Due to force of adhesion water drops stick to
a glass surface.

Viscosity: It is the internal resistance of a liquid
to flow which exists due to the relative motion
between two layers. It decreases with increase of
temperature. It 1s calculated as the force per unit
area needed to maintain a velocity difference of
unity between two parallel layers of liquid unit
distance apart.

Viscosity Coefficient (): It is the force of friction
needed to maintain a velocity difference of 1 cm
sec™! between any two parallel layers of 1 cm? area
and which are 1 cm apart.

_f.x _ dynesxcm
A.v cm?xcm sec!

= dyne cm™ sec

=1 poise

Here f = Force

a=Area

v = Velocity difference

x = Distance between two layers

1 Poise =1 gm cm™! sec™

Since dyne = gm x cm x sec™

1 Poise = 1/10 Newton metre® sec™

or Pasor Kgms7!

Effect of Temperature on Viscosity: On increas-
ing temperature, viscosity decreases as average ther-
mal energy of molecules increases hence the effect
of intermolecular attraction forces decreases.

It can be shown by Arrhenius equation as follows:
N = AcERT
Here T = Temperature

R = Universal gas constant

Ea = Activation energy

Measurement of Viscosity:

m To measure viscosity Ostwald viscometer is used
which is based on Poiseville’s equation.

_nPrit
v

Here ‘V’ volume of liquid needs time ‘t’ to flow
through a capillary tube of radius (r) and length */°
under a pressure (P).

m When the same volume of two liquids say X and
Y are flowing from the same height and through
the same capillary then

=nPXr4tX
x=78VI

=1tPYr“tY
=78V
On dividing them
Ny _ Pyt
Ny Pt
As P=ndg
So
nx_dxtx
n,odt

yy

or n,= (d t/d t)n,
Here d_= Density of liquid x
dy = Density of liquid y
t_= Time for flow of liquid x

t,= Time for flow of liquid y.

Fluidity: It is the reciprocal of viscosity coeffi-
cient of a liquid denoted by ¢.

=1
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m [n case of super fluid liquids, the resistance
to flow becomes almost zero. It is called
super fluidity.

m He at 2.18 K becomes super fluid liquid.
m Viscosity & H-bonding

o Molecular weight

Example,Glycerol > Glycol > Ethanol >
CH,0H

Enhance Your Knowledge

Critical Phenomenon and Liquefication
of Gases

Critical Temperature (Tc):

It is the temperature above which the gas can not
be liquified with the help of high pressure also. It is
denoted by T

_ 8a
Te=>7Rp

m Each gas has a definite critical temperature.
E.g2T for CO,, O, and H, are 31.1°C, 118.8°C
and —240°C respectively.

Critical Volume (V): It is the volume occupied
by one mole of the gas at critical temperature and
critical pressure. It is denoted by V .

V. =3b
Critical Pressure: It is the minimum pressure
required to liquefy any gas at critical temperature.
It is denoted by P

_ a
P=e

Relation Between Tc, Vc and Pc
PcVe=3/8 RTc

Liquefication of Gases: A gas can be liquefied
by decrease in temperature or increase in pressure.
When a gas is compressed at any temperature the
intermolecular distance decreases as a result inter-
molecular forces become effective and decreases
kinetic energy this cause liquefaction.

liquefication o ‘a’ (Intermolecular force)

Methods of Liquefication of Gases
(1) Linde’s process, By adiabatic expansion of com-
pressed gas that is, Joule — Thomson effect.

(2) Claude’s process, By adiabatic expansion of
compressed gas involving mechanical work.

(3) Through adiabatic demagnetization.

(4) Cooling by freezing mixtures. Example, NaCl and
ice (251 K), CaCl, and ice (218 K)

Boyle’s Temperature: 1t is the temperature at
which real gases obey gas laws or The temperature
above which the gases behave like an ideal gas. It

is denoted by T,.
_a
T,=x

Easily liquefiable gases have high value of T,.
example., T, of O, is 40 K.

Inversion Temperature (Ti): 1t is the temperature
at which a gas shows neither cooling nor heating effect
in Joule-Thomson adiabatic expansion. (., = 0)

m Below inversion temperature cooling effect
oceurs. (U, = —ve)

m Above inversion temperature heating effect
occurs (W, = +ve)

_2a
Rb

m Relative Humidity (R,): It represents the ratio of
the mass of water vapours (m) actually present in
a definite volume of air at room temperature to the
maximum mass of water vapours (M) needed to
saturated the same volume at the same temperature.

R, =m/M

Ti

__ Vapour pressure of water or gas
Saturated vapour pressure

(As vapour pressure X mass)

f—[ REMEMBER j .

As at dew point a gas becomes saturated so
vapour pressure of H,O at room temperature 18
equal to saturated vapour pressure of water at
dew point.

R =

H
Saturated vapour pressure at dew point

Saturated vapour pressure at room temperature

. J
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The order of kinetic energy is solid < liquid < gas.

Kinetic energy at absolute zero temperature
1S Zero.
Boyle’s Law according to kinetic theory:
PV=%MV?rms

Charle’s.Law according to kinetic theory:
V=(M/3P)V?rms

Gay Lussac Law

P=MM/3V) V:rm.s

Loschmidt Number: It is the number of
molecules present in 1 cm?® of a gas or vapour
at S.TP (value = 2.7678 x 10" per c.c)

At constant P, V/T = constant, hence plot of V
versus T 1s linear passing through the origin
Gas constant is work done per degree per moles.
Saturated vapours do not obey gas laws except

Dalton’s law as their pressure is independent
of volume.

~

Saturated vapours do not obey gas laws except
Dalton’s law as their pressure is independent
of volume. Aqueous tension depends only on
temperature.

With increase in temperature most probable
velocity increases but the fraction possessing
it decreases.

Hydrogen and helium show heating effect on
adiabatic expansion (Joule—Thomson effect)
because their inversion temperatures are low.

Cp — Cv =R for | mole of an ideal gas.

A thermometer used only for the measure-
ment of small differences in temperature like
depression in freezing point etc. is Beckmann
thermometer.

Escape Velocity (V): It is the minimum
velocity needed by an object to escape from
the gravitational field of the body.

W= \2gr

& J 4
Solved Problems from the IITs
1. At27°C, hydrogen is leaked through a tiny hole L

into a vessel for 20 minutes. Another unknown
gas at the same temperature and pressure as
that of H, is leaked through the same hole for
20 minutes. After the effusion of the gases, the
mixture exerts a pressure of 6 atmosphere. The
hydrogen content of the mixture is 0.7 mole. If
the volume of the container is 3 litres, what is
the molecular weight of the unknown gas?
[IIT/JEE 1992]

Solution Let P, and p be the partial pressures of
hydrogen and unknown gas respectively and w be
the number of moles of unknown gas.

_07

P =21 x0081x300 .. @)

Hy 3

p (unknown) = % % 0.0821 x 300 .... (i1)

By adding equation (1) and (i1), we get

0.0308/20
M=1033

PH2+p=6=—>< 0.0821 x 300 (0.7 +w)

3

On solving, we get

w = 0.0308 mole

According to law of diffusion,

0.7/20  _ VM/2)

2. A gas bulb of 1 litre capacity contains

2.0 x 10! molecules of nitrogen exerting a
pressure of 7.57 x 10* N m™. Calculate the root
mean square (r.m.s) speed and the temperature
of the gas molecules. If the ratio of the most
probable speed to the root mean square speed
1s 0.82, calculate the most probable speed for
these molecules at this temperature.

[IIT 1993]
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. __20x1021
Solution Amount of gas =023 x 1073 mole
As Pv=nRT
_Pv
T="R

103 x 7.57 x 103
2.0x 10" x 8314

6.023 x 102
RMS speed = V(3RT/M)

T= =2742K

_ V(3 x 8.314 x 274.2)
V(28 x 10?)

=494.22 ms*

Most probable speed = 0.8 x RMS
=0.8 x 494.22 ms™
=395.376 ms-1

3. A 4 : 1 molar mixture of He and CH* is con-
tained in a vessel at 20 bar pressure. Due
to a hole in the vessel the gas mixture leaks
out. What 1s the composition of the mixture
effusing out initially?

[IIT 1994]

Rate of effusion =K . L‘

WM
Here P is partial pressure of the gas
M = Molar mass, M of He = 4,

M of CH*= 16

Rate of effusion of He _ _ KPHe,\MHe
Rate of effusion of CH, KPCH,,VMCH,

_ PHe

= BCH, xV(MCH,/MHe )

- 164y =8

4. The composition of the equilibrium mixture
(C1I? & 2Cl), which is attained at 1200°C, is
determined by measuring the rate of effu-
sion through a pinhole. It is observed that at
1.80 mm Hg pressure, the mixture effuses
1.16 times as fast as Krypton effuses under
the same conditions. Calculate the fraction
of chlorine molecules dissociated into atoms.
(Atomic wt. of Kr = 84)

[IIT 1995]

Solution According to Graham’s law of diffusion

mi_ ]
T =+ (M, r/Mix)

that is, 1.16 = V(84/M) (As P1 =P2)

On solving

M =62.425

Cl,— 2Cl

1 0 Initially

(1-0) 2a at equilibrium

Normal molecular weight L+
Exp. Molecular weight  ~ @ *

71
G2da5 - 1o

So a=0.1374 =137%

5. One way of writing the equation of state for
real gases is

PV=RT[1+B/V+ . ]

where B 1s a constant. Derive an approximate
expression for B is terms of van der Waal’s
constants a and b.

[IIT 1997]
Solution [P+ \jiz 1[V-b]=RT
_ _RT a
P=m-m~ Vv

If we multiply it by V then
RTV a

PV=""v ~Vv

\Y a
RT[5=% - VrT |

RT [ (521 -]

As
H-Sp=1+8+ (Zyp+
PV=RT[1+%+ “““ el
PV=RT[1+(b-g ) v + ..
B=b-g3r.

6. Using van der Waal’s equation, calculate the

constant ‘a’ when two mole of a gas confined
in a four litre flask exerts a pressure of 11.0 atm



2.24 ® Gaseous and Liquid States

spheres at a temperature of 300 K. The value of
‘b’15 0.05 lit.mol-1.
[IIT 1998]

Solution For n moles of a gas

(P +n? Vi) (V—nb) =nRT
[1+ (22/4%)] [4 — 2 x 0.05]=2 x 0.082 x 300
a = 6.46 atm litre®> mol

7. An evacuated glass vessel weighs 50.0 g when
empty, 148.0 g when filled with a liquid of den-
sity 0.98 g mL"! and 50.5 g when filled with an
ideal gas at 760 mm Hg at 300K. Determine the
molecular weight of the gas.

[IIT 1998]

Solution Van der Waal’s equation for n mole of gas
1S given as:

[P +% [V —nb] =nRT
Here V=4litre, P=11.0 atm, T=300K,
b=0.05litre mol-1,n=2

[11 +% [4-2 % 0.05]=2x0.082 x 300

a = 6.46 atm litre®> mol

8. One mole of nitrogen gas at 0.8 atm takes 38 s
to diffuse through a pinhole, whereas one mole
of an unknown compound of xenon with fluo-
rine at 1.6 atm takes 57 s to diffuse through the
same hole. Calculate the molecular formula of

the compound.
[IIT 1999]

rl _ P1
E—\/(Mz/Ml) )

nl 2 _ P1
ﬁxﬁ—\/(Mz/Ml) X by

1 57 0.8
3g X T = V(Mg/28) x Te

Mg = (57/38 x 1.6/0.8)2 x 28
On solving
Mg =252

Thus, compound is XeF6 because it can have

only one xenon atom.

9. One mole of nitrogen gas at 0.8 atm takes 38 s

to diffuse through a pinhole, whereas one mole
of an unknown compound of xenon with fluo-
rine at 1.6 atm takes 57 s to diffuse through the
same hole. Calculate the molecular formula of

the compound.
[IIT 1999]

Solution Apply Grahams law of diffusion

r P
1‘_l = \/(MZ/MI) x P_i

&

As r=n/t

Mg=[3g* o) * 28
Mg = 252

So compound may be XeF, because it can have
only one xenon atom (since for two xenon atoms,
2 x atomic weight of Xe = 2 x 131 =262) i.e,,
greater than 252

XeF,=131+6x 19
=131+ 114
=245

10. The pressure exerted by 12 g of an ideal gas at

temperature t°C in a vessel of volume V litre is
one atm. When the temperature is increased by 10
degrees at the same volume, the pressure increases
by 10 %. Calculate the temperature t and volume
V (mol. weight of the gas = 120).

[IIT 1999]
At constant volume, pressure law is used
PI_Tl
P2 T2
1 _t+273
1.1 t+283
=-173°C =100K

Now according to gas equation
PV =nRT

=1
V=pRT
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_ 12 x0.082 x 100 12. The compression factor (compressibility factor)

120 x 1 for 1 mole of a van der Waal’s gas at 0°C and 100
= (.82 litre atmospheric pressure is found to be 0.5. Assum-
ing that the volume of gas molecule is negligible

11. (a) Calculate the pressure exerted by 5 mole of

CO, in one litre vessel at 47°C using van der
Waal’s equation. Also report the pressure of
gas if it behaves ideally in nature. Given that a
=3.592 atm litre? mol2, b = 0.0427 litre mol..

(b) If volume occupied by CO, molecules is
negligible, then calculate the pressure exerted
by one mole of CO, gas at 273 K.

[IIT 2000]

Solution According to van der Waal’s equation
for n mole

[P+ n\',f ][V —nb] = nRT

25 x3.592
L

111 -5 %x0.0427]
=5 x0.0821 x 320

On solving

P=77218 atm

Also it gas behaves ideally, then PV = nRT
Px1=5x0.0821 x 320
=131.36 atm

For 1 mole

[P+% 1[V-=b]=RT

If b is negligible we can use

_RT _a
P= vV "V
that is, PV2 —RTV+a=0

+RT + V[(-RT)? — 4Pa]
or = 7P

At given P and T, V has only one value and thus
discriminant = 0

So (RT)*-4Pa=0

_ R2T?
or P= Ta

_(0.082)? x (273)?
ST 4x35%

=34.88 atm

calculate the van der Waal’s constant “a’.

[IIT 2001]
; _Pv _
Solution As Z= RT = 0.5
100xV
So Gosax273- 03
On solving

V=0.112 litre

Now applying van der Waal’s equation
i =

[P+ V2 1[V]=bT

As b is negligible)

RT
[P+ s1=%

a__ 0.082x273
©.112)? 0.112

=199.88

[100 +

a2 _
01127 2088

a = 1.253 litre? mol? atm.

13. The density of the vapours of a substance at 1 atm

pressure and 500 K is 0.36 kg m*. The vapour
effuses through a small hole at a rate of 1.33 times
faster than oxygen under the same conditions?

(a) Determine (1) molecular weight, (i1) molar
volume (ii1) compression factor (Z) of the
vapours and (iv) which forces among gas
molecules are dominating, the attractive or
the repulsive?

(b) If the vapours behave ideally at 1000 K,
determine the average translational kinetic

energy of a molecule.
[IIT 2002]

Solution According to Graham’s law of diffusion

(a)
@ r/r, =VM,/M,)
1.33 = V(32/Mv)

On solving
Mv =181
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(1) Molar volume at 500 K

_ Molecular weight
" Density of one mole

_18.1 x 10°
036

=50.25x 103 m?

(1) Compression factor (Z) = %

_ 101325 x 50.25 x 1073

8.314 x 500

=1.225
(1v) Repulsive forces operates among molecules

as Z>1.

3 RT _3

(b) Average K.E. = >N~ 3 KT

= 3 X138 % 10% x 1000

=2.07 x 10%]

14. The average velocity of gas molecules 1s 400
m/sec. Calculate its rms velocity at the same

temperature.
[IIT 2003]
Solution Average velocity are given as
V,, = VERI/TM) ... ... @
V.= VJGRTM) ... (i)

Now divide equation (i1) by (1)
v, /V,, =V3n/8)
As V,, =400 m/sec.

V.= V3 x3L48)xV,,

= V(3 x 3.14/8) x 400
=434 m/sec

18. C, value of He is always 3R/2 but C, value
of H, is 3R/2 at low temperature and SR/2 at
moderate temperature and more than 5R/2 at

higher temperature. Explain.
[IIT 2003]

Solution As we know that heat absorbed is used
in increasing Kinetic energy, rotational energy and
vibrational energy of molecules.

(1) As helium is monoatomic so heat given
1s used to increase its kinetic energy
(= 3RT/2) only and hence

_3R

Cv = T

11) AsH, isdiatomic and at low temperature heat
) p

given is used in increasing its Kinetic energy

thatis, C, = % .

(1i1) At moderate temperature, heat given is
used to increase both kinetic and rota-
tional energies

3RT

(=&L4rTyand ¢, =R

5

@iv) At high temperature, heat given is used to
increase all the kinetic, rotational and vibra-
tional energies and hence

L SR

Cy> 3

16. For a real gas obeying van der Waal’s equa-
tion, a graph is plotted between PV _ (y-axis)
and P(x-axis) where V_is molar volume. Find
y-intercept of the graph.

[IIT Mains 2004]

Solution At very low pressure the Van der Waal’s
equation reduces to ideal gas equation.

thatis, PV =nRT
PV_=RT (for 1 mole of the gas)

Hence y-intercept of the graph = RT.
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MULTIPLE-CHOICE QUESTIONS

Straight Objective Type Questions

(Single Choice only)
1.  The correct equation for Boyle’s law is
&P _ dv p &P &V
P dT © P dT
dP_ dv dP_ dv
C. PV d. P + v

2.  Under which of the following conditions, Van der
Waal’s gas approaches ideal behaviour?

a. Extremely low pressure
b. High pressure

c. Low product of PV

d. Low temperature

3. Slope of the plot between PV and P at constant tem-
perature is

a. Y b. 1

¢c. Zero d. 112

4. Molar volume of CO,is maximum at

a. 0°C and 2.0 atm
b. N.TP.

¢. 273°C and 2 atm
d. 127°C and 1 atm

5. Consider the graph given below and select the cor-
rect choice:

py — 1,
7'1‘2
T3
_>V
a. T >T>T, b. T, <T,<T,
c¢. T,=T,=T, d T,=T,>T,

6. Vs T curves at constant pressure P, and P, for an
ideal gas are shown below.

lle

Which of these is correct?

a. P>P,
c. P =P,

b. P, <P,
d. All of above

10.

11.

In an open end manometer, one end of a U-tube
filled with mercury is attached to a gas-filled con-
tainer and the other end is open to the atmosphere.
If the gas pressure in the container is less than
atmospheric pressure

a. The Hg level will be higher in the arm open to
the atmosphere

b. Hg will be forced out of the open end of the
U-tube.

c. The difference between the Hg levels in the
two arms will be greater than 76 cm.

d. The Hg level will be higher in the arm con-
nected to the container.

A gas behaves like an ideal gas under conditions
of

a. high pressure and low temperature
b. high temperature and high pressure
c. low pressure and high temperature
d. low pressure and low temperature.

Suppose one needs to closely monitor small changes
in pressure inside a container using an open end
manometer. For the best accuracy, the substance in
the manometer should

a. be mercury

b. have a low density

c. have a high density

d. beasolid

When the temperature is raised, the viscosity of the

liquid decreases. This is because

a. Attraction between the molecules increases

b. Covalent and hydrogen bond forces decrease

c. Volume of the solution decreases

d. Increase in temperature increases the average
kinetic energy of the molecules which over-
comes the attractive force between them

At constant volume and temperature conditions
the rates of diffusion D, and D, of gases A and
B having densities p, and p, are related by the
expression

a. D, =[D,p,/p,]"
b. D, =[D, p,/p,1"*
c¢. D, =D, [p,/p,]""

d. D, =D, [p,/p,]'
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12.

13.

14.

15.

16.

17.

Which of the following gases has the lowest aver-
age speed at 25°C?
a. NH,
¢. CH,

b. O,
d HS

If the four tubes of a car are filled to the same pressure
with N,, O,, H, and Ne separately, then which one
will be filled first?
a. O,
c. Ne

b. H,
d N,

At constant volume for a fixed number of a moles of
a gas, the pressure of the gas increases with the rise in
temperature due to

a. increase in average molecular speed
b. increase in rate of collisions

c. increase in molecular attraction

d. increase in mean free path.

Which curve does not represent Boyle’s law?

e
%

b. log V—>

i& PTV—

P—>

c. d.

An ideal gas expands according to PV = constant.
On expansion, the temperature of gas

a. will rise

b. will drop

c. will remain constant

d. cannot be determined because the external
pressure is not known

For which of the following parameters, the struc-
tural isomers C,H.OH and CH,OCH, would be
expected to have the same vaules? (assume ideal
behaviour)

a. Gaseous densities at the same temperature and
pressure

b. Heat of vapourization
c. Boiling points

d. Vapour pressure at the same temperature

18.

19.

20.

21.

22.

24.

25.

Which of the following has maximum root mean
square velocity at the same temperature?

a. H, b. O,
c. SO, d. CO,
The density of neon will be highest at

a. STP
c. 273°C, 1 atm

b. 0°C, 2 atm
d. 273°C, 2atm

When the temperature of an ideal gas in increased
from 27°C to 927°C, the kinetic energy will be

a. same b. eight times

¢. four times d. twice

The values of van der Waal’s constant ‘o’ for the
gases O,, N, NH, and CH, are1.360, 1.390, 4.170
and 2.253 L atm. mol 2 respectively. The gas which
can most easily be liquefied is

a. O, b. N,

¢. NH, d. CH,

Some assumptions from the kinetic molecular the-
ory are listed below. Which one is most frequently
cited to explain Charles’s law?

a. Collisions of gas particles are elastic and total
kinetic energy of the gas is constant

b. A gas consists of tiny particles moving in
random straight line motion.

¢. The volume of the particles is negligible com-
pared to the volume of the gas.

d. The average kinetic energy of gas articles is
proportional to the Kelvin temperature.

Universal gas constant (R) is divided by Avoga-
dro’s number (N,) then the value is equivalent to

a. van der Waal’s constant
b. Rydberg’s constant

¢. Planck’s constant

d. Boltzmann’s constant

The term that accounts for intermolecular force in
van der Waal’s equation for non ideal gas is

a. RT
c. (P+a/V?

b. V-b
d. RT)?
According to the kinetic theory of gases, in an ideal

gas, between two successive collisions a gas mol-
ecules travels

a. in a circular path
b. in a wavy path
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26.

27.

28.

29.

30.

31.

32.

c. in a straight line path
d. with an accelerated velocity

Helium atom is two times heavier than a hydrogen
molecule. At 298 K, the average kinetic energy of a
helium atom is

a. same as that of a hydrogen molecule

b. half that of a hydrogen molecule

c. two times that of a hydrogen molecule

d. four times that of a hydrogen molecule

a/V? given in van der Waal’s equation is for

a. internal pressure

b. intermolecular attraction
¢. Both (a) and (b)

d. temperature correction

Kinetic theory of gases presumes that collision
between the molecules to be perfectly elastic
because

a. the molecules are rigid

b. the molecules are tiny

c. the temperature remains constant irrespective
of collision

d. collision will not split the molecules

The temperature at which real gases obey the ideal
gas laws over a wide range of pressure is called

a. Critical temperature

b. Boyle temperature

c. Inversion temperature

d. reduced temperature

The correct representation of Charle’s law is
given in

A— 4l
a. O-TK) = b. O-TK) >

< 1NN

c. O-TK) —~> d OTK) >

vol.

0.1 mole of gas absorbs 41.75 J of heat, the rise in
temperature occurs 20°C, the gas must be

b. diatomic
d. Bothb. and c.

a. triatomic

¢. monoatomic

Which pair of the gases diffuses with the same rate
at same temperature and pressure?

33.

34.

3s.

36.

37.

a. COand NO b. NO, and CO,
¢. NH, and PH, d. NOand C,H,

A real gas at a very high pressure occupies
a. Less volume than that of an ideal gas under
identical conditions

b. More volume than that of an ideal gas under
identical conditions

¢. Same volume than that of an ideal gas under
identical conditions

d. Cannot be predicted

Which one of the following, is van der Waal’s equa-
tion, describing the behaviour of one mole of a real
gas over wide ranges of temperature and pressure

a. (P+a/V®)(V+b)=RT
b. (P+a/V?)(V-b)=RT
c. (P-a/V)(V-b)=RT
d P+a/VH(V-b)=R/T

You are given two flasks of equal volume. One
contains H, at 0°C and 1 atm while the other con-
tains CO, at 0°C and 2 atm. which of the following
quantities will be the same for both flasks?

a. Density

b. Number of molecules present

¢. Average molecular speed

d. Average molecular kinetic energy

Temperature according to kinetic theory, is a mea-
sure of

a. Average translational kinetic energy of gas
molecules

b. Intermolecular attraction

¢. Intermolecular distances

d. Volume of gas

Which of the following diagrams correctly describes

the behaviour of a fixed mass of an ideal gas? (T is
measured in K).

™

a. Constant V.. 0 T

b. ConstantT 0 \%
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38.

39.

40.

41.

42.

43.

44.

A\

c. ConstantP O T
PV

d. Constant T 0 \

Which of the following gases has the highest aver-
age speed at 400 K?

a. SF,
c. CO,

b. UF,
d. N0,

Distribution of fraction of molecules with velocity
is represented in the figure

Fraction of
molecules

Velocity

Velocity corresponding to poing X is

a. \2RT/M b. V3RT/M

c. V8RT/mM d. none

Which of the following represents total kinetic
energy of one mole of gas?

a. 2/3RT b. 3/2RT

c. 12RT d. (C,-C)RT

An unknown gas effuses 2.3 times faster than N,O,

at the same temperature. What is the identity of the
unknown gas?

a. O, b. N,0
c. NH, d. CN,

If V is the volume of one molecule of gas under given
conditions, the van der Waal’s constant ‘b’ is

a. 4V b. 4 VN,
N, 4v
C. W d. W

0

A gas deviates from ideal behaviour at a high pres-
sure because its molecules

a. Show the Tyndall effect

b. Have kinetic energy

¢. Attract one another

d. Are bound by covalent bonds

In van der Waal’s equation of state of the gas law,
the constant ‘b’ is a measure of

45.

46.

47.

48.

49.

50.

a. intermolecular attraction

b. intermolecular repulsions

c. intermolecular collision per unit volume
d. volume occupied by the molecules

Pressure vs density curve for an ideal gas at two
different temperatures T, and T, is shown below.
Which is correct relation here?

Tl
1
P L
D—
Which of these is correct?
a T >T, b. T <T,
c T =T, d. can not be said

Which statement about real gases is true?

a. Forces of attraction and repulsion exist
between gas particles at close range.

b. The behaviour of real gases can be exactly
predicted using the ideal gas law.

c. The volume of the gas particles is zero.
d. The mass of the gas particles is zero.

If a is the volume coefficient of expansion and P, the
compressibility coefficient of an ideal gas, o/ is

a. T/P b. VR
c. RT d. P/T

The ratio a/b (a and b being the van der Waal’s con-

stant of real gases) has the dimensions of
a. L mol?! b. atm mol™!

¢. atm L mol? d. atm L mol™?

A perfect gas of a given mass is heated first in a
small vessel and then in a large vessel, such that their
volume remains unchanged. The P — T curves are:

a. Linear with same slope
b. Linear with different slope
c. Parabolic with same curvature

d. Parabolic with different curvature

It is easier to liquefy oxygen than hydrogen because
a. Oxygen has a higher critical temperature and a
higher inversion temperature than hydrogen

b. The critical temperature and inversion tem-
perature of oxygen is very low

c. Oxygen has a higher critical temperature and
lower inversion temperature than hydrogen

d. Oxygen has a lower critical temperature and
higher inversion temperature than hydrogen
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Brainteaser Objective Type Questions
(Single choice only)

51.

52.

53.

54.

Consider the figure given below and find the value
of slope.

p

a. Slope = (2T/P),
b. Slope = (¢P/2T),,
¢. Slope = (2V/eT),
d. Slope = (¢P/eT),

X ml of H, has effuse through a hole in a container
in 5 seconds. The time taken for the effusion of
the same volume of the gas specified below under
identical conditions is

a. 10 seconds : He
b. 20 seconds : O,
€. 25 seconds : CO
d. 55 seconds: CO,

0.5 mole of each of H,, SO, and CH, are kept in a
container. A hole was made in the container. After 3
hours, the order of partial pressures in the container
will be

a. p(CH,) > p(SO,) > p(H,)
b. p(H,) > p(CH,) > p(SO,)
c. p(SO,) > p(CH,) > p(H,)
d. p(H,) > p(SO,) > p(CH,)

Van der Waal’s equation for a real gas is

@+ %) (V-nb) =nRT

ab
atb

Plot of quantity X =

with temperature is

g

55.

56.

57.

X
T—>

c. T

X
T——>

d. T

T
X—>

Which of the following statement (s) is (are) correct
1. A plot of log Kp versus 1/T is linear

2. A plot of log (X) versus time is linear for a first
order reaction X > P

3. A plot of log P versus 1/T is linear at constant
volume

4. A plot of P versus 1/V is linear at constant
temperature.

a. 1,2
c 2,3

b. 2,4
d. 1,4

The ratio between the root mean square velocity of
H, a 50 K and that of O, at 800 K is.

a. 4 b. 2

c 1 d. %

Consider the following statement(s) for viscosity (1))
variation with T and P for an ideal gas and select the
incorrect statement

1. n of a gas increases with increase in both T and P

2. nofa gas in independent of temperature and
pressure

3. nof a gas decreases with increase in T and
increase with increase in P

4. m of a gas increases with increase in temperature
(T), but it is independent of pressure.

b. 2 and 3
d. 2,3and 4

a. land 3
C. 1,2and 3
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58.

59.

60.

61.

62.

63.

64.

65.

Equal weights of ethane and hydrogen are mixed
in an empty container at 25°C. The fraction to total
pressure exerted by hydrogen is

a. 1:2 b. 1:1

c. 116 d. 15:16

A closed vessel contains equal number of molecules
of O, and H,. Consider the following statements:

1. The average speed of hydrogen molecules will
be greater.

2. Weight of hydrogen is 1/8" of the weight of
oxygen.

3. Hydrogen molecules strike the walls more
often.

4. The two gases have different average energies.
The statements are wrong in

b. 2 and 3
d. 1and 3

a. 2and 4
C. land 4
The rate of diffusion of methane at a given temper-

ature is twice that of a gas X. The molecular weight
of X is

a. 64.0
c. 4.0

b. 32.0
d. 8.0.

At STP which of the following real gases is likely
to have the smallest molar volume (in m?)?

a. oxygen b. nitrogen

¢. hydrogen d. ammonia

The average velocity of an ideal gas molecules at
27°C is 0.3 m/sec. The average velocity at 927°C
will be

b. 0.3 m/sec

d. 3.0 m/sec

a. 0.6 m/sec
¢. 0.9 m/sec

The ratio between the root mean square velocity of
H, at 50 K and that of O, at 800 K is

b. 1
d. 4

A bottle of dry ammonia and a bottle of dry hydro-
gen chloride connected through a long tube are
opened simultaneously at both ends, the white
ammonium chloride ring first formed will be

a. 1/4
Cc 2

a. at the centre of the tube
b. near the hydrogen chloride bottle
¢. near the ammonia bottle
d. throughout the length of the tube.

Three identical flasks contain three different gases
at standard temperature and pressure. Flask (P)

66.

67.

68.

69.

70.

71.

contains CH,, flask (Q) contains CO,, flask (R)
contains N,. Which flask contains the largest num-
ber of molecules?

a. Flask (Q)

b. Flask (R)

c. Flask (P)

d. All three flasks have the same number of mol-
ecules

Equal masses of methane and hydrogen are mixed
in an empty container at 25°C. The fraction of the
total pressure exerted by hydrogen is

a. 12 b. 8/9
c 1/9 d. 16/17

A flask filled with CCl, vapour was weighed at a
temperature and pressure. The flask was then filled
with oxygen at the same temperature and pressure.
The mass of CCl, vapours would be about

a. Five times as heavy as oxygen

b. Twice as heavy as oxygen

¢. The same as that of the oxygen

d. One-fifth as heavy as oxygen

The ratio of root mean square velocity to average veloc-
ity of a gas molecule at a particular temperature is

a. 1:1.086 b. 2:1.086
c. 1.086:1 d. 1.086:2

Equal weights of methane and oxygen are mixed in
an empty container at 25°C. the fraction of the total
pressure exerted by oxygen is

a. 12 b. 2/3
¢. 1/3 x273/298 d. 13

A solution has a 1 : 4 mole ratio of pentane to hex-
ane. The vapour pressures of the pure hydrocar-
bons at 20°C are 400 mm Hg for pentane and 120
mm Hg for hexane. The mole fraction of pentane in
the vapour phase would be

a. 0.200 b. 0.549
c. 0.786 d. 0478

A general form of equation of state for gases is PV
=RT[A +B/V +C/V?+ ....], where V is the molar
volume of the gasand A, B, C .... are constants for
the gas. The values of A and B, if the gas obeys van
der Waal’s equation, are respectively

L L
a1, 52 b 1,b-
a 2a
¢ jt-b d. g0
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72.

73.

74.

75.

76.

71.

78.

79.

Equation for Boyle’s law is

a 4P dv p, 4P _*d?V
* P dT P dT

dP _ dv dP _ +dV
C. P TV d. P N

If v, is 30 R' at 27°C, then the molar mass of the
gas in kilogram is

a. 0.001
c. 1.0

b. 0.1

d. 2

The density of a gas is 1.964 g dm= at 273 K and
76 cm Hg. The gas is
a. CH,

¢. CO,

b. CH,
d. Xe

The rate of effusion of two gases ‘a’and ‘b’ under
identical conditions of temperature and pressure
are in the ratio of 2 : 1. What is the ratio of rms
velocity of their molecules if T, and T, are in the
ratioof 2 : 1?

a V21
c. 1:\2

b. 2:1
d. 2V2:1

Two gas bulbs A and B are connected by a tube
having a stopcock. Bulb A has a volume of 100
ml and contains hydrogen. After opening the gas
from A to the evacuated bulb B the pressure falls
down by 40 %. The volume (ml) of B must be

a. 75 b. 150
c. 125 d. 200

A gas has double the average velocity of SO, gas at
any temperature. The gas may be

a. CO, b. CH,
¢. CH, d. O,
If increases in temperature and volume of an

ideal gas is two times, then the initial pressure P
changes to

a. 4P
c. P

b. 2P
d. 3P
Which of the following statement(s) regarding

critical constants of van der Waal’s gases is/are
incorrect?

L. Critical temperature of a gas is

IL The larger the T /P value of a gas, the larger
would be the excluded volume.

III. At the critical point, (dp/dv) =0
a. Iand II
¢. Tand I

b. II and III
d. Ionly

80.

81.

82.

83.

8s.

86.

6.4 g SO, at 0°C and 0.99 atm pressure occupies a

volume of 2.241 L. Predict which of the following

is correct?

a. the gas is ideal

b. the gas is real with intermolecular attraction

¢. the gas is real without intermolecular repulsion

d. the gas is real with intermolecular repulsion
greater than intermolecular attraction.

An ideal gas is allowed to expand both reversibly
and irreversibly in an isolated system. If T, is the
initial temperature and T, is the final temperature,
which of the following statements is correct?

a. (Tirrev > (T)rev

b. T > T, for reversible process but T, = T, for
irreversible process

¢ (Tirrev = (T rev

d. T,=T, for both reversible and irreversible
processes

A gaseous mixture of NH, gas and H,S gas contains
20 mol% of NH,. The vapour density of the mix-
ture of

a. 11.32
c. 153

b. 252
d. 186

Dominance of strong repulsive forces among the
molecules of the gas (Z = compressibility factor)

a. depends on Z and indicated by Z = 1

b. depends on Z and indicated by Z > 1

¢. depends on Z and indicated by Z > 1

d. is independent of Z.

X ml of H, effuse out through a hole in a container in
5 seconds. The time taken for the effusion of the same

volume for the gas specified below under identical
conditions is

a. 25 sec, CO
¢. 10sec; H,

b. 55 sec; CO,

d. 20 sec; O,

A monoatomic gas ‘X’ and a diatomic gas “Y’, both
initially at the same temperature and pressure are

compressed adiabatically from a volume V to V/2.
The gas which has higher temperature is

a. Y

b. X

¢. Both have same temperature

d. Can not be said

Equal masses of methane and oxygen are mixed

in an empty container at 25°C. The fraction of the
total pressure exerted by oxygen is
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87.

88.

89.

90.

91.

92.

93.

b. 13
d. 273

a. 1/3x273/298
c 12

A 4 : 1 mixture of helium and methane is contained
in a vessel at 10 bar pressure. Due to a hole in the
vessel, the gas mixture leaks out. The composition
of mixture effusing out initially is

a. 1:1 b. 2:1
c.4:1 d. 8:1

A large cylinder of helium filled at 2000 mm of Hg
had a small orifice through which helium escaped
into evacuated space at the rate of 6.4 moles/hour.
How long would it take for 10 mole of CO to leak
through a similar orifice if the CO were confined at
the same pressure?

a. 6.5 hour
¢. 4.2 hour

b. 8.4 hour
d. 12.4 hour

If the ratio of masses of SO, and O, gases confined
in a vessel is 1 : 1, then the ratio of their partial
pressures would be

a 1:1
c 2:1

b. 1:2
d. 2:5
What volume of oxygen gas (O,) measured at 0°C and

1 atm, is needed to burn completely one litre of propane
gas (C,H,) measured under the same conditions?

a. 5L b. 10L

c. 7L d. 6L

If the critical temperature of the gas be
__28a

Te=27Rp

and T, is the Boyle’s temperature, then which of
the following is the correct relation between T

and T, ?
_4 _ 27
a. Tc_f TB b. Tc_?TB
_8 _27
c'Tc_ﬁTB d. Tc_?TB

If a gas expands at constant temperature, it indi-
cates that:

a. Kinetic energy of molecules remains the same
b. Number of the molecules of gas increases

¢. Kinetic energy of molecules decreases

d. Pressure of the gas increases

In order to increase the volume of a gas by 10% ,
the pressure of the gas should be

a. Decreased by 10%
b. Decreased by 1%

9.

95.

96.

¢. Increased by 10%
d. Increased by 11%

Critical temperature and critical pressure value of
four gases are given

Gas Critical temp Critical press.

X (atm)
A 5.1 22
B 33 13
C 126 34
D 135 40

Which of the following gas/gases cannot be lique-
fied at a temperature 100 K and pressure 50 atm?

a. Aand B b. Cand D
¢. AandD d. A,Band D

Which of the following is the correct increasing order
of compressibility of the gases CO,, CO, O,, NH,?

a. O,<NH, <CO<CO,

b. NH, <0,<CO<CO,

¢. CO,<CO<NH, <O,

d. NH, <0,<CO0,<CO

Let the most probable velocity of hydrogen
molecules at a temperature t°C is V. Suppose
all the molecules dissociate into atoms when
temperature is raised to (2t + 273)°C then the
new r.m.s. velocity is

a. 2\3V,
¢ V@23) Vv,

b. V6V,
d. V32 +273/9]V,

Multiple Correct Answer Type Questions

97.

98.

The factor which measure the deviation from ideal
behaviour of a gas are

a. collision frequency
b. collision diameter
¢. compressibility factor

d. Van der Waal’s constant ‘a’

The correct statement(s) amongst the following
is/are

a. A gas above its critical temperature can be
liquefied by applying the minimum pressure

b. Deviation of real gases from ideal behav-
iour becomes more pronounced as pressure is
increased and temperature is decreased.
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99.

100.

101.

102.

¢. At 0°C, H, and He show positive deviation
throughout with increasing pressure indicating
thereby that the Boyle’s temperatures for these
two gas are below 0°C

d. N, (g) shows ideal behaviour for some range
of pressure (0 — 100atm) at 51.1°C indicat-
ing that 51.1°C is the Boyle’s temperature
for N, (g).

Which is/are not correct according to the kinetic
theory of gases?

a. the pressure exerted by a gas is proportional to
mean square velocity of the molecules

b. the pressure exerted by the gas is proportional
to the root mean square velocity of the
molecules

¢. the root mean square velocity is inversely propor-
tional to the temperature

d. the mean translational K.E. of the molecule
is directly proportional to the absolute tem-
perature.

Which of the following statement(s) is/are true
about the effect of an increase in temperature on
the distribution molecular speeds in a gas?

a. the most probable speed increases

b. the fraction of the molecules with the most
probable speed increases

c. the distribution becomes broader

d. the area under the distribution curve remains
the same as the under the lower temperature

If a gas expands at constant temperature

a. the pressure decreases

b. the kinetic energy of the molecules remains
the same

¢. the kinetic energy of the molecules decreases
d. the number of molecules of the gas increase.

Which of the following graphs represents Boyle’s
law?

log P

logV —

103.

104.

105.

b.

w or—>
c.[
P
Vi ——
d. I
PV
P|—>

Which of the following gases fairly deviates from
ideal behaviour?

a. H

2

¢. He

b. NH,
d. so,

Which of the following statement is/are correct
on the basis of Charle’s law here?

a. The pressure of an ideal gas can be zero.
b. The volume of an ideal gas can never be zero.

¢. Itis not possible to achieve absolute zero tem-
perature.

d. At zero pressure, all molecular motion ceases
in a gas, and it does not exert any pressure on
the walls of the container.

Which of the following is/are the characteristics of
a real gas?

a. It obeys the gas law at low temperature and
high pressure

b. The gas molecules attract each other
¢. It shows deviation from the ideal gas law

d. The mass of gas molecule is negligible
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106.

107.

108.

109.

110.

111.

Which of the following statement is/are correct
here?

a. Gases cannot be directly condensed into solids
without passing through liquid state

b. Gases and liquids have viscosity as common
property

¢. Gases and liquids have pressure as common
property

d. Particles in all the three states have random
translational motion.

At constant volume, for a fixed number of mole of
a gas, the pressure of the gas increases with rise of
temperature due to

a. Increased rate of collisions amongst molecules
b. Decrease in mean free path
¢. Increase in average molecular speed

d. Increase in molecular attraction

Which of the following masses of gas would
occupy about 3 dm? at 25°C and one atmosphere?

a. 2.25 g of Neon
b. 8.0 gofSO,

¢ 55g0fCO, 10
d. 40gofO,

Which of the following equation(s) is/are incorrect
on the basis of ideal gas equation?

a. Pv= S RT b. PV = dRT
_N _
¢.Pv- N RT d. PV=Nk, T

0

(Here N = number of molecules, N, = Avogadro’s
number, k, = Boltzmann constant)

A two litre flask containing 4 g of oxygen is heated
from 27°C to 327°C. Which of the following state-
ments are correct?

a. The number of mole of the gas increases
b. The energy of the gaseous molecules increases

¢. The pressure of the gas increases

d. The rate of collision increases

Which of the following is correct for critical tem-
perature?

a. At this temperature, the surface tension of the
system is very high.

b. At this temperature, the gas and the liquid
phases have different critical densities.

112.

113.

114.

115.

116.

¢. It is the highest temperature at which liquid
and vapour can exist together.

d. Beyond this temperature, there is no distinc-
tion between the two phases and a gas cannot
be liquefied by compression.

Which of the following statements is/are correct
regarding marsh gas indicator

a. It can be used at marshy places only

b. It measures the rate of radioactive disintegra-
tion of C in methane

¢. Itis used to detect the presence of excess of
methane in coal mines

d. Its working is based upon Graham’s law of
diffusion

Four gas balloons P,R, Q and S of equal volumes con-
taining, H,, N,O, CO, CO, respectively were pricked
with needle and immersed in a tank concentration
CO,. Which of them will shrink after some time?

a. P b. Q
c¢. R d. S

At low pressures, the van der Waal’s gas equation
for 1 mole of a gas may be written as

R
a. PV—RT—V

b. PV=RT

¢. PV=RT +Pb

A gas can be easily liquefied:

a. Under reversible adiabatic expansion
b. At low pressure and above critical temperature

¢. When its inversion temperature equals the
Boyle’s temperature

d. Under pressure when it is cooled below the
critical temperature

Which statement is/are correct regarding van der
Waal’s constant ‘a’ and ‘b’?

a. ‘b’ is excluded or co-volume of the gas

b. ‘a’is the measure of force of attraction in
between the particles

¢. Lower is the value of ‘b’, easier is the liquefac-
tion of the gas

d. Higher is the value of ‘a’, easier is the lique-
faction of the gas
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117.

118.

119.

120.

121.

If the volume of two gases X and Y are the same
under identical conditions of temperature and pres-
sure. Then they would differ in

a. Rate of diffusion
b. Kinetic energy
¢. Boiling point

d. Number of molecules

The correct relation is

a. V,=3b b. R -3
_ 8a __a
¢ Te=37Rp d. P =575

According to Maxwell-Boltzman distribution of
speeds among gas molecules, what is true?

a. The value of r.m.s. increases with rise in tem-
perature

b. Area under the curve gives the total number of
molecules.

¢. The maxima in plot of AN/N vs speeds pertains
to average speed

d. The plot of AN/N vs speeds is straight line
with slope > 0

Which of the following statement about molecules
of gaseous hydrogen and oxygen is/are correct
here?

a. At the same temperature, the hydrogen molecules
will have the greater speed

b. At the same temperature, the mean kinetic
energies will be equal

¢. The mean molecular velocity increases with
temperature in each case.

d. The mean speed is directly proportional to the
temperature in each case

Which of the following statement is/are correct?

a. Helium escapes at a rate 2 times as fast as O,
does.

b. Helium escapes at a rate 4 times as fast as SO,
does.

¢. Helium escapes at a rate 2.65 times as fast as
CO does.

d. Helium diffuses at a rate 8.65 times as much
as CO does.

122.

123.

124.

125.

126.

Van der Waal’s constants for three different gases
are given:

Gas a b

A 30 0.025
B 10.0 0.030
C 6.0 0.035

Which of these is correct?

a. Most easily liquefiable gas is A

b. Maximum critical temperature — B
¢. Maximum molecular volume — C

d. Most ideal behaviour — A

The incorrect statement/s is/are
a. Gases tend to become ideal at inversion tem-
perature

b. Gases tend to become ideal at Boyle’s tem-
perature over a wide range of pressure

¢. Gases deviate maximum from ideal behaviour
when the temperature is very high and pressure
is very low.

d. Gases deviate minimum from the ideal behav-
iour when the temperature is very low and
pressure is very high.

Consider the following equation:

PV =RT (I +V£m+VLZm+ “““ )

Here which statement is/are correct about V_?
a. It is independent of temperature

b. It is equal to RT/P at Boyle’s temperature
¢. It has the dimension of molar volume

d. It is equal to P/RT at critical temperature

Which of the following matching is/are incorrect?
a. a/Rb... T,

b. (8 kT/am)* ...u__

¢. 8aRT/27 ... Boyle’s temperature

d. GPV/IM)2 ... ... o

Indicate the correct statement for equal volumes of
N, (g) and CO, (g) at 25°C and 1 atm.

a. The rms speed remains constant for both N,
and CO,

b. The average translational KE per, molecule is
the same for N, and CO,
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127.

128.

129.

130.

¢. The total translational KE of both N, and CO,
is the same

d. The density of N, is more that that of CO,

Which of the following statement is/are correct?

a. At a temperature below T, the molecules are
close enough for the attractive forces to act,
the condensation occurs.

b. The kinetic energy of the gas molecules is
higher above T, and the attraction between
temperature decreases.

¢. No condensation takes place above T_..
d. Itis not possible to compress a gas at a tem-
perature below T .

When an ideal gas is allowed to expand into another
evacuated vessel through a tiny hole, then

a. The temperature of the gas remains constant
b. The temperature of the gas is decreased

¢. There is no intermolecular force of attraction
between an ideal gas

d. Energy is absorbed from the surroundings

Which of these quantities are same for all ideal
gases at any particular temperature?

a. The number of molecules in 1 gm
b. The kinetic energy of 1 mole
¢. The kinetic energy of 1 gm

d. The number of molecules in 1 mole

Which of the following graphs does not represent
Boyle’s law

T

PV
—
p
-
P
A%
]
PV
— >
P

131.

132.

133.

134.

13s.

]

—

\%

If two vessels of equal volumes have H, and He
at 1 and 2 atm pressure respectively at the same
temperature. Then which relation is/are correct?

a.u H =u_ He
b. rHZ = rHe/\/2
c.u H = V2 u_He

d. rHZ =8x I,

The correct statement about van der Waal’s con-
stant ‘b’ is/are

a. It depends on intermolecular force

b. Its value depends on molecular size

¢. Itis exclude volume

d. Its unit is mole per litre.

Which of the following statement is/are correct
here?

a. Larger is the excluded volume of gas, less will
be its critical volume

b. Larger is the value of T /P, for a gas larger
would be its excluded volume

¢. The excluded volume for He is more than H,.
d. The slope for an isochore obtained for a gas
showing P(V —b) =RT is [R/(V - b)]

4.4 g CO, gas and 2.24 / of H, gas are taken in a one
litre container at 300 K. The total pressure of the gas
in container will be

a. 14.856 atm

b. 4378.15 mm of Hg
C. 4.926 atm

d. 3743.76 mm of Hg

Which is/are correct for molecular speed of gases?
au >u

b. u,_ = V(8RT/zM)

c. u_ = V(3PV/M)

d.u >u
‘mp av
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136. Which of the following graph correctly represents
Charle’s law?

a.I

logV

logT —>

\Y%
—
toC
. ]
lovgV
—
logT —
.
\Y%
—
T—

137. Regarding H, gas, the correct statement(s) is/are

a. The critical temperature of H, gas is very high

b. The value of van der Waal’s constant ‘a’ is
very low for H,

¢. ForH, gas,Z>1at0C

d. When H, gas expands at above inversion tem-
perature, then it shows heating effect

138. Which of the following statements are correct?
a. He escapes at a rate of 2.65 times as fast as CO
does

b. He diffuses at a rate of 4.65 times as much as
CO does

¢. He escapes at a rate of 4 times as fast as SO,
does

d. He escapes at a rate of 8 times as CO, does

139. A 50 ml sample of a hydrogen-oxygen mixture was
placed in a gas burette at 18°C and confined at 1 atm.
A spark was passed through the sample so that the for-
mation of water could go to completion. The result-
ing pure gas had a volume of 10 ml at atmospheric
pressure. The initial mole fraction of hydrogen in the
mixture would be

a. 0.534
c. 0.634

b. 0.734
d. 1534

140. What conclusion would you draw from the follow-
ing graphs?

P
A

0K |—>Temp (°C)

A%
A

0K |—>Temp (°C)
a. As the temperature is lowered, the volume as
well as the pressure increases

b. As the temperature is lowered, the volume as
well as the pressure decreases

¢. A point is reached where, theoretically, the
volume as well as the pressure become zero.

d. As the temperature is lowered, the volume
becomes zero and the pressure becomes infinity.

Linked-Comprehension Type Questions
Comprehension 1

Graham’s Law of Diffusion: The phenomenon of spon-
taneous intermixing of gases against the law of gravitation
is known as diffusion. If diffusion occurs through small
orifice of the container then it is known as effusion.

The rate of diffusion is expressed as

Rate of diffusion = Volume of gas diffused
Time
_ Moles of gas diffused

Time
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_ Distance travelled by gas
h Time M

1

Here M = molar mass of gas.

141. 100 ml of O, gas diffuses in 10 seconds. 100 ml of
gas ‘X’ diffuses in ‘t’ seconds. Gas ‘X’ and time ‘t’
can be respectively
a. He, 4 seconds
b. H,, 2.5 seconds
¢. SO,, 14 seconds
d. CO, 12 seconds

142. 1 mole of gas H, and 4 moles of gas O, is taken
inside the vessel, which effuse through the small
orifice of the vessel having same area of cross sec-
tion and at the same temperature, then which of the
correct percentage of effused volume of gas H, and
O, initially respectively? (Assume that the gas H,
does not react with O, gas)

a. 25% and 75%
b. 20% and 80%
c. 50% and 50%
d. 65% and 34%

143. He and Ar are monoatomic gases and their atomic
weights are 4 and 40 respectively. Under similar
conditions He will diffuse through semi permeable
membrane

a. 13 times as fast as Ar
b. 3.16 times as fast as Ar
c. 16 times as fast as Ar
d. 5.62 times as fast as Ar

Comprehension 2

The van der Waal’s equation of state for one of a mole real
gas is written as

[P+%](V—b)=RT

The virial equation for one mole of a real gas is given
as follows:
_ X, Y Z
PV—RT[1+V+V2+V3+
.... to higher power of ‘n’]

Here X, Y and Z are constants which are known as
second, third and fourth virial coefficient respectively.

The temperature at which real gas obeys ideal gas equa-
tion i.e., (PV = nRT) is known as Boyle’s temperature.

144. The third virial coefficient of a He gas is 4 x 102
(litre/mole)? then what will be volume of 2 mole He
gas at NTP?

a. 452 lit
c. 2261t

b. 11.3 it
d. 4.521it

145. If the critical temperature of the gas be

__8a
T.=77Rp

and T is the Boyle’s temperature, then the correct
relation between T and T}, is

_4 _27
a T,=57T, b. T,=%T,

_8 _27
¢ To=25T, d T,=%T,

146. Which of the following is the incorrect statement
about the Boyle’s temperature (T)?

a. The value of T, is equal to a/Rb

b. Temperature at which second virial coefficient
becomes zero

c. Temperature at which first virial coefficient
becomes zero

d. Botha. and b.

Comprehension 3

The density of the vapour of a substance at one atmo-
spheric pressure and 500 K temperature is 0.36 kg m-3.
The vapour effuses through a small hole at a rate of 1.33
times faster than oxygen under same conditions of tem-
perature and Pressure.

147. The molecular weight of the vapour is?

a. 36 b. 18
c 27 d 9
148. The value of compressibility factor (Z) for this
vapour is?
a. 1.11 b. 2.44
c 1.22 d. 222

149. If the vapour shows ideal gas behaviour at 1000 K
than its average transitional kinetic energy will be?

a. 1.035x107°7J
b. 2.07x102°7J
c. 441x10™7J
d. 207x1027J

Comprehension 4

As in reality no gas shows behaviour of ideal gas and such
gases are known as real gases. In order to modify ideal gas
equation for such gases van der Waal introduced an equation
as follows:
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(P+a{1/—22)(V—nb)=nRT

Here constant ‘a’ is an indirect measurement of
magnitude of attractive force present between the
molecules of the gas. Its higher value shows ease of
liquefication.

The constant b’ is known as covolume or excluded
volume. It is four times of the actual volume occupied by
a molecule.

150. Gases X, Y, Z and P have the Van der Waal’s con-
stants ‘a’ and ‘b’ (in CGS) as follows:

X Y y/ P
a 6 620 0.05
b 0.025 0.15 0.1 0.02

The gas with the highest critical temperature 1is:

a. P b. X
cY d Z

151. At high pressure, Van der Waal’s equation becomes:
a. PV=RT+a/V

b. PV=RT
c. PV=RT +Pb
d. PV=RT -a/V.

152. Which of the following statement is incorrect here?
a. More the value of excluded volume of a gas
more will be its critical volume

b. The excluded volume of hydrogen is less than
that of helium

c. Higher the value of T /P for a gas more is the
value of its excluded volume

d. Ammonia is more easily liquefied than hydrogen

153. Find Boyle’s temperature range in case of CO, if
for it the values of ‘a’ and ‘b’ are 3.592 atm lit¥mol?
and 0.0427 lit/mole respectively
a. 752°C b. 650°C
c. 562°C d. 572°V

154. The gas equation for a real gas is:
P(V-b)=RT

Here, the parameter ‘b’ is Van der Waal’s constant.
The graph of pressure against temperature (iso-
chore) will give straight line of slope:

b. Zero

d. R/P

a. Negative
c. R(V-b)

Comprehension §

The van der Waals equation is one of the equation many
equation of state suggested in order to account for the
behaviour of real gases. There are two other simple equa-
tions of state which involve just two arbitrary constants.
The first of these, equation given as follow

® + aT"—:,z) (V = nb) = nRT
Here a and b are known as Berthelot’s constants and
are characteristics of the gas.
The second equation, Dieterici, is given as
{pexp (na/VRT} (V-nb ) =nRT

All these three equation of state can be expressed
approximately in one common from, known as the virial
equation of state it can be given as

Z=pv—m=1+BL+C Lip L
RT Vm  “V'm TVm

here B,C, ... .are temperature dependent constants

known as second, third, etc., virial coefficients.

155. The van der Waals and the Dieterici equation can
give the same value of P at
a. High Density b. Low Density
c. At no temperature d. At Entity

156. When a graph is plotted between Vm {pVm/RT
— 1} versus 1/Vm is extra plotted to 1/Vm = 0 we
get the value of

a A b. B
c. C d. Any of these
157. The numerical value of virial coefficients ... ... .very
sharply with higher powers of volume
a. Decrease
b. Increase

¢. Increase or Decrease
d. First increase than decrease

Assertion-Reason Type Questions

In the following question, two statements (Assertion) A
and Reason (R) are given. Mark

a. if A and R both are correct and R is the correct
explanation of A;

b. if A and R both are correct but R is not the cor-
rect explanation of A;

¢. A is true but R is false;

d. A is false but R is true,
e. A and R both are false.
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158.

159.

160.

161.

162.

163.

164.

165.

(A):

R)

(A):

R):

(A):

R):

(A):

R):

(A):

R):

A):

R):

(A):

R):

(A):

R):

The viscosity of an ideal gas is independent
of pressure at constant temperature.

: As the pressure is increased, the effect of the
increase in number density of molecules in
compensated by a proportionate decrease in
the mean free path.

Considering van der Waal’s equation of state
for a real gas (P + n%a/V?)

(V —nb)=nRT ; The constant ‘a’ for O, is less
than that for H,O (g).

The molar mass of O, is almost twice that of
H,0

In the Joule-Thomson expansion of hydro-
gen and helium, the temperature of the gases
increases.

These gases have very high inversion tem-
perature.

The heat capacities of all the diatomic molecules
attain a limiting value at higher temperatures.

At room temperature, the translational and
rotational degrees of freedom contribute to
the heat capacities of gases, while the vibra-
tional degree of freedom becomes active only
at higher temperatures.

All molecules of an ideal gas move with the
same speed.

There is no attraction between the molecules
in an ideal gas.

Considering the van der Waal’s equation of state
P+a/V)+(V-b)=RT

for ammonia (NH,) and nitrogen (N,), the
value of a for NH, is larger than that of N,

Ammonia has a lower molecular weight than
nitrogen.

The hydrogen gas warms up during the Joule-
Thomson expansion.

The temperature at which the Joule Thomson
coefficient becomes negative is called Joule-
Thomson inversion temperature

The gases He and CO, are very different in
their behaviour at any temperature and pres-
sure, but their compressilibility factors are
nearly the same.

The ‘Law of corresponding states’ states that
the compressibility factor of any gas can be
written as a universal function of the reduced
variables.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

(A):

[R):

(A):

[R):

(A):

[R):
(A):

R):

(A):
R):

(A):

[R):

(A):
[R):

(A):

[R):

(A):
R):

(A):

R):

(A):

R):

In Van der Waal’s equation (P + a/V?) (V - b)
= RT pressure correction (a/V?), is due to
force of attraction between molecules.

Due to force of attraction, volume of mol-
ecules cannot be neglected.

A lighter gas diffuses more rapidly than a
heavier gas.

At a given temperature , the rate of diffusion
of'a gas is inversely proportional to the square
root of its density.

When temperature of an ideal gas increases
from 27°C to 127°C at constant P, volume
increases by 100 L.

V o T at constant P.

Van der Waal’s constant ‘a’ is a measure of
force of attraction between molecules.

This constant is the volume correction.

Cp — Cv =R for an ideal gas

R is the work done when temperature of one
mol of an ideal gas is increased by 1°.

Van der Waal’s ‘b’ is expressed in the unit of
atm L, mol™.

‘b’ is pressure correction due to force of
attraction.

Cp — Cv =R for an ideal gas
(CE/2V), =0 for an ideal gas

The Joule-Thomson coefficient for an ideal
gas is zero.

There are no intermolecular attractive forces
in an ideal gas.

H, and He show some ideal gas behaviour.

All real gases deviate from ideal gas behav-
iour at low temperature and high pressure

An ideal gas cannot be liquefied even by
attaining 0.003 K with the help of adiabatic
demagnetization.

The Van der Waal’s constant ‘a’ is negli-
gible for an ideal gas and molecules are
assumed as point mass.

8 grams of methane occupies 11.207 litres of
volume at 273 K and 1 atm pressure.

one mole of any gas at STP occupies 22.414
litres of volume.



Gaseous and Liquid States B 2.43

177.

178.

179.

180.

181.

182.

(A):

R):

(A):

R):

(A):

R):
(A):

R):
(A):

R):

(A):

R)

The heat capacities of all the diatomic mol-
ecules attain a limiting value at higher tem-
perature.

At room temperature, the translational and
rotational degrees of freedom become active
only at higher temperature.

The triple point of a pure substance having
three phases in equilibrium has zero degree
of freedom.

None of the variables like temperature and
pressure can be changed without change in
the number of phases.

Whatever be the temperature , liquid CO, does
not exist at normal atmospheric pressure.

The triple point of CO, lies above 1.0 atm.

A value of Van der Waal’s constant ‘a’ is
larger for NH, than PH,.

Hydrogen bonding is present in NH,
Absolute zero is the lowest possible tempera-
ture.

A lower temperature would correspond to
negative value of volume of gas which is
physically meaningless.

H, when allowed to expand at room tempera-
ture, it causes heating effect.

: H, has inversion temperature much below
room temperature.

Matrix-Match Type Questions

p q r ]
A) o (¢} (¢} (¢}
®B) o o (¢} (0]
© o o (¢} (0]
D) o o (¢} (0]
183. Match the following:
Column I Column II
A. Rate of effusion/dif-  (p) Absolute temperature
fusion

B. Kinetic energy

C. Partial pressure of a
gas

D. Liquification of a gas

(qQ) Mole fraction
(r) Density

(s) Critical temperature
(t) Value of ‘a’

184. Match the following

Column I

A. Critical temperature

B. Co-volume (b)

C. Molar volume of a gas at

NTP (22.4)

D. Van der Waal’s constant

(a)
185. Match the following:

Column I

A. Boyle’s law

B. Graham diffusion law
C. Avogadro law

D. Kinetic equation

186. Match the following:

Column I (Gases)

A. He
B. CH,
C. SO,
D. CO,

187. Match the following

Column I

A. Po 1/V at constant T
B. P T at constant V
C. Va T at constant P

D. Vd natconstant T
and P

Column II

(p) Litre mol™!
(q) 8a/27 Rb

(r) Lit? atm mol>

(s) M* newton mol?

Column I1

® Gt W
4t WM,

(q) P1 Vl =P2 VZ

(1) V/n, =V/n,

(s) (BPAV), =
K/V?

) PV=13mnu’

S

Column II (Van der
Waal’s constant ‘a’)

(p) 2.25
(q) 3.59
1 671

(s) 0.034

Column II

(p) Graham’s law
(q) Gay Lussac’s law
(r) Charle’s law

(s) Boyle’s law
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188. Match the following:

Column I

A. Critical temperature
B. Boyle temperature

C. Inversion temperature

D. Reduced temperature

189. Match the following:

Column I

A. RMS speed
B. Average speed
C. Mole fraction

D. Kinetic energy of more

atoms of gas

190. Match the following:
Column I

A. Dalton’s law

B. Dulong and Petit’s
Law

C. Graham’s Law

D. Henry’s law

191.

Column I

A. Gas constant (R)

B. Ionic product of water
Kw)

C. Van der Waal’s con-
stant (A)

D. Equilibrium constant
of HA (k)

192. Match the following:

Column I
A. QRT/M)»

B. work done degree!
mol™!

C.—22.4 litre at S.T.P

D. unit of low pressure

Match the following:

Column II
(p) a/R,

(@) 2aR,
(r) T/Te

(s) 8a27R,

Column II

(p) 3/2RT

(@) V(8 KT/nm)
() V(3KT/m)
(s) n/Xn

Column I1

() v,/v,=VM,M,) (at
constant temp. & pres-
sure)

(q) At. wt x Specific heat
~6.4

(r) Pgas=xgasxK,

(s) P,=mole fraction x
Total pressure

Column II
(p) mol dm
(q) mol>dm™

(r) dm? atm K! mol™!

(s) dm®atm mol?

Column II

(p) torr
(q) gram molar volume

(r) universal gas constant

(s) most probable veloc-

ity

193. Match the following:
Column I Column II
A. density of ideal gas (p) effusion
B. escape of gas from punc- (q) V (8RT/nM)
tured tube
C. average speed (1) V3RT/M
D. R.M.S velocity (s) MLT'e
(t) PM/RT
194. Match the following:

Column I (Gases under

Column II (Properties)

specified condition)

A.

. Hydrogen gas (P~ 0,

(p) Compressibility fac-
tor# 1

Hydrogen gas (P=
200 atm, T =273 K)

(q) Attractive forces are

T=273K) dominant
. CO,(P=1atm, T= (r) PV=nRT
273 K)
. Real gas with very (s) P(V—nb) =nRT

large molar volume

[IIT 2007]

The IIT-JEE Corner

195.

196.

197.

The compressibility factor for an ideal gas is

a 1.5 b. 1.0
c. 2.0 d. ©
[IIT 1997]

The critical temperature of water is higher than that
of O, because the H,O molecule has

a. fewer electrons than O,
b. two covalent bonds
¢. V-shape
d. dipole moment
[IIT 1997]

The following statement (s) is (are) correct

(1) A plot of log Kp versus 1/T is linear

(2) A plot of log (X) versus time is linear for a
first order reaction X > P

(3) A plot of log P versus 1/T is linear at constant
volume

(4) A plot of P versus 1/V is linear at constant
temperature.
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198.

199.

200.

201.

202.

a. 1,2
c. 2,3

b. 2,4
d 1,4
[IIT 1999]

At 100°C and 1 atm. if the density of liquid water
is 1.0 g cm™ and that of water vapour is 0.0006 g
cm3, then the volume occupied by water molecules
in 1 litre of steam at that temperature

b. 60 cm?
d. 0.06 cm?

a. 6cm’
c. 0.6cm?
[IIT 2000]
The compressibility factor of a gas is less than
unity at STP. Therefore
a. Vm > 224 litres
b. Vm <224 litres
c. Vm =224 litres
d. Vm =448 litres
[IIT 2000]
The r.m.s. velocity of hydrogen is V7 times the
r.m.s. velocity of nitrogen. If T is the temperature
of the gas
a. T(H)=TN,)
b. T(H,) > T(N,)
c. T(H)<TN,)
d. T(H,) =7 T(N,)
[IIT 2000]

The root mean square velocity of a ideal gas at
constant pressure varies with density d as
a. d? b. d
c. \d d. 1~Nd

[IIT 2001]
Which of the following volume (V)-temperature

(T) plots represents the behaviour of one mole of
an ideal gas at one atmospheric pressure?

a.
286 L
v 273K
224 L
273K
T
b. 36.8 L
v 273K
224 L
273K
T

203.

204.

20s.

206.

207.

c
Vv
224 L
273K \14.2 L
273 K
T
d. 30.6 L
v 273K
224 L
273K
T

Positive deviation from ideal behaviour takes place
because of

a. molecular interaction between atoms and % >1

b. molecular interaction between atoms and % <1
. PV
¢. finite size of atoms and RT > 1
. PV
d. finite size of atoms and RT < 1
[IIT 2003]

The root mean square velocity of one mole of a
monoatomic gas having molar mass M is Urms.
The relation between the average kinetic energy
(E) of the gas and Urms is

a. Urms = V(3E/2M)
b. Urms = V(2E/3M)
¢. Urms = VQ2E/M)
d. Urms = V(E/3M)
[IIT 2004]

The ratio of rate of diffusion of helium with respect
to methane under similar conditions of constant
temperature and pressure

a 2
c. 16

b. 0.5
d 4
[IIT 2005]

A monoatomic ideal gas undergoes a process in which
the ratio of P to V at any instant is constant and equals
to 1. What is the molar heat capacity of the gas?

a. 4R/2
c. 5R/2

b. 3R/2
d. 0
[IIT 2006]

A gas described by van der Waal’s equation

a. Behaves similar to an ideal gas in the limit of
large molar volumes
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b. Behaves similar to an ideal gas in the limit of 208. The terms that corrects for the attractive forces present
large pressures in a real gas in the van der Waals equations

c. Is characterized by van der Waal’s coefficients an?
that are dependent on the identity of the gas but a. nb b. V2
are independent of the temperature

d. Has the pressure that is lower than the pressure c. % d. nb
exerted by the same gas behaving ideally [IIT 2009]
[IIT 2008]

ANSWERS
Straight Objective Type Questions
l.c 2. a 3. c 4. d 5. a 6. b 7. d 8 ¢ 9. b 10. d
11. d 12. d 13. b 14. a 15. ¢ 16. ¢ 17. d 18. a 19. b 20. ¢
21. ¢ 22. d 23. d 24. ¢ 25. ¢ 26. a 27. b 28. ¢ 29. b 30. ¢
31.d 32.d 33. b 34. b 35.d 36. a 37. ¢ 38. ¢ 39. a 40. b
41. ¢ 42. b 43. ¢ 4. d 45. a 46. a 47. d 48. d 49. b 50. a
Brainteasers Objective Type Questions
51. b 52. b 53. ¢ 54. b 55. b 56. ¢ 57. ¢ 58. d 59. a 60. a
61. d 62. a 63. b 64. B 65. d 66. b 67. a 68. ¢ 69. d 70. ¢
71. b 72. ¢ 73. a 74. ¢ 75. d 76. b 77. ¢ 78. ¢ 79. d 80. a
81. a 82. ¢ 83. b 84. d 85. b 86. b 87. d 88. ¢ 89. d 90. a
91. ¢ 92. a 93. a 9. b 95. ¢ 96. b
Multiple Correct Answer Type Questions
97. ¢, d 98. b,c,d 99. a,b,c 100. a,c,d 101. a, b 102. a,b,d
103. b,d 104. b,c,d 105. b,c 106. b,c 107. a,c 108. b,c,d
109. a, b 110. b,c,d 111. ¢, d 112. ¢, d 113. a, ¢ 114. a,d
115. a,d 116. a,b,d 117. a, ¢ 118. a,b,c,d 119. a,b 120. a,b, ¢
121. a,b,c 122. b,c,d 123. a,c,d 124. b,c 125. a, ¢ 126. b, c
127. a,b,c 128. a,c 126. b, d 130. b,c 131. a,b, ¢ 132. b,c,d
133. b,d 134. c,d 135. a, ¢ 136. a,b,d 137. b,c,d 138. a,c

139. a, b 140. b, c
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Linked-Comprehension Type Questions

Comprehension 1

141. b 142. ¢ 143. b

Comprehension 2

144. a 145. ¢ 146. ¢

Comprehension 3

147. b 148. ¢ 149. d

Comprehension 4

150. b 151. ¢ 152. b 153. a 154. ¢

Matrix-Match Type Questions
183. A-(r), B-(p), C-(p, q), D-(s, t)

185. A-(q, s), B-(p), C-(r), D-(t)

187. A-(s), B-(q), C-(1), D-(p)

189. A-~(r), B-(q), C-(s), D-(p)

191. A~(1), B-(q), C-(s), D-(p)

193. A-(t), B-(p), C-(q), D-(r)

The IIT-JEE Corner

195. b
203. b

196. d
204. ¢

197. b
205. a

198. ¢
206. a

Hints and Explanations

Straight Objective Type Questions

1. According to Boyle’s law
PV = Cosntant.
By differentiating this equation, we have
PdV=VdP=0
VdP =-PDV

dP__dv
P v

Comprehension §

155. b 156. b 157. a

Assertion Reason Type Questions

158. a 159. b 160. ¢ 161. a 162. d
163. b 164. ¢ 165. ¢ 166. ¢ 167. a
168. d 169. ¢ 170. a 171. e 172. a
173. a 174. b 175. a 176. a 177. d
178. a 179. a 180. a 181. a 182. a

184. A-(q), B-(p, 1), C-(p), D-(r, s)
186. A~(s), B-(p), C-(), D-(q)
188. A-(s), B-(p), C-(q), D~(r)
190. A-(s), B-(q), C-(p), D~(r)
192. A(s), B-(r), C-(q), D-(p)

194. A'(P> S), B'(r)> C'(p> q)> D‘(P> S)

199. b
207. b,c,d

200. ¢
208. b

201. d 202. d

2. Atvery low pressure, the real gas approaches ideal
behaviour.

3. Plotis a horizontal line. Hence slope = 0.

4. PV=RTor V=RT/P.

Greater the value of T/P, greater is the volume.

12.  Asits molecular weight is maximum so it will have
minimum average speed.

13. Lower the density of the gas, faster it will be filled
As H, has lowest density, it will be filled first.
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17.

18.

19.

20.

21.

26.

28.

29.

31.

36.

37.

38.

39.

40.

mass
Volume

Density =

Due to ideal behaviour at a given temperature and
pressure volume and molar mass are same so they
have same vapour density.

u=VGERI/M).
At constant temperature, u & \/(I/M)‘

As H, has least molecular mass, u will be maxi-
mum for H,.

As d o pressure
o 1/temperature
As kinetic energy is & temperature

So it will become four times as temperature is
increased from 300 K to 1200 K.

As liquification of gas o ‘a’
ie,NH,>CH,>N,>0,

Average kinetic energy depends only on temperature
and does not depend upon the nature of the gas.

The collision between the molecules to be perfectly
elastic because the temperature remains constant
irrespective of collision.

The temperature at which a real gas behaves like
an ideal gas is called Boyle’s temperature or
Boyle’s point.

As the condition of constant pressure or constant
volume is not mentioned so the gas may be monoa-
tomic or diatomic.

Average translational kinetic energy of gas mol-
ecules = 3/2 kT.

According to Charles’ law,
At constant pressure, V/T = constant
ie, V=kT.

So plot of V vs T is a straight line passing through
the origin.

As CO, has lowest molecular mass here so it will
have highest average speed.

It represents most probable velocity given by
V2RT/M.

3

KE. = 5 nRT
_3

KE. = 5 RT

Whenn=1

42.

44.

48.

Van der Waal’s constant ‘b’ is four times the actual
volume of 1 mole molecules i.e., 4VN|

Van der Waal’s equation for one mol of a gas is
given as

[P+a/V?] (V—-b)=RT

where b is volume correction. It arises due to finite
size of gaseous molecules.

a= P{X- (atm L2 mol?)
b =L mol!
2 -2
So % = (4”“11 I[‘noT_?l ) = atm L mol~!

Brainteasers Objective Type Questions

52.Using Graham’s law, TO, is 20 seconds.

53.

5S.

56.

58.

59.

60.

61.

Initially, partial pressures were equal.

As r & V(1/d) or V(1/M), therefore amounts dif-
fused out in the same time will be H, > CH, > SO,.
So amounts left will be H, < CH, < SO, or SO, >
CH,>H,

Thus, p(SO,) > p(CH,) > p(H).

At constant temperature

V=K/P (Boyle’s law)

SoP=K/V

As such, a graph plotted between P and 1/V is lin-
ear at a constant temperature.

p/m, = (T M/M,T)
=(50 x 32/800 x 2)
=1

Applying Dalton’s law

PH x Ptotal

_ W/2
2 W/2+W/30
On solving

PH, =15/16 Ptotal

At the same temperature, oxygen and hydrogen
molecules will have the same average energy,
weight of H, molecules is 1/16 of O, molecules.

Top,/TX = V(Mx/MCH,)

2 =+ (Mx/16)

Mx =64

Molar volume (M?) at STP are
NH, : 0.022094
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62.

63.

64.

66.

67.

68.

69.

70.

0, :0.022392
N, : 0.022403
H, : 0.022432

NH, has a dipole moment. Dipole-dipole interac-
tion, most likely plays its role in reducing the
volume.

V/V,=V(T/T,)
0.3/V, =(300/1200)
V,=0.6 m/sec

U __=VGRI/M)

Ur ms (HZ)SO K
Ur ms (02)800 K

=[(TH,/TO,) x (MO,/MH,)]
=V[(50/800) x (32/2)]
=1

As ammonia will have more diffusion rate than
NH, due to less molecular weight.

Applying Dalton’s law

WP
PH, = W72 + Wii6

On solving

x Ptotal

PH, = 8/9 Ptotal

At constant pressure, temperature, and volume, the
number of moles of CCl, and O, will be same. But the
molar mass of CCl, is approximately 5 times than that
of O,

Urms : Uav
VGBRT/M) : V(8RT/mM)
V3 V(8/m) = 1.086 : 1

Pressure exerted by oxygen will proportional to
mole fraction of O,

Mole fraction of O, = W32 =1/3

- W/16+W/32
Given P (pentane) = 440 m

P (hexane) = 120 mm

From Dalton’s law of partial pressure
P (total) = P (pentane) + P (hexane)

= (440 + 120) mm = 560 mm

mole fraction,

X (pentane) = 440/560 = 0.786

72.

73.

74.

7s.

76.

7.

According to Boyle’s law

PV = Cosntant.

By differentiating this equation, we have
PdV=VdP=0

VdP = -PDV

dP__dv
P v

v =VGBRI/M)

_3RT

(30 Ry = M
_ 3R x 300

900R = M

On solving, we get

M=1gmol!=0.001 kg mol*

_w RT_ . RT
M=y 5 =dp
o o 1964 % 107 82,1 < 273
" .

=44 ie.,the gasis CO,
r/r, =2/1=JM/M,)
V_ o V(T/M)
(AsV_ =(3RT/M)

N =N[(T/T,) x M,/M)]

ms (a) s (b)

According to Boyle’s law
P, xV,=04P, xV,
100xP,=04P, xV,
V,=250¢c

Before opening the stopcock, volume of gas in bulb
B must be (250 — 100) = 150 ml.

As Vav. o V(1/M)

V (S0,

So Vaas) VM (gas)/M (SO,)]

On solving

M (gas)=161i.e.,CH,
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78.

80.

81.

82.

83.

84.

86.

& _ P’V’
T T -

Here V=2V, T’=2T

PV _ P’ x2V
T 2T

orP=P
i.e., pressure remains same.

6.4 g of SO, at N.T.P. (i.., at 0°C temperature and
1 atm pressure) occupies a volume of 2.24 lit.

64 g of SO, i.e., 1 mole SO, at N.T.P. occupies a
volume of 22.41 lit.

now 1 mole of an ideal gas occupies 22.4 litre at
N.T.P. condition.

Therefore SO, acts as an ideal gas.

Work done is reversible process is maximum. Thus
T, <<T, in reversible process or T, <<T,irr

2rev
Mmix - Ml Xl + MZ XZ

20 | 34, 80 35

=17900 100

Vapour density of mixture = 3%—6 =15.6

When the value of Z < 1, it is due to attractive
forces between molecules, At high pressure, when
Z > 1, it is due to repulsive forces between electron
clouds of the molecules of gases

(c) is not possible as gas is same (H,).

(d) is possible
t WM,

t, \/M2
5_2

t, 32

t, =20 sec.

Let the mass of methane and oxygen is w

/32

i W
Mole fraction of oxygen = W32 + w6 -

Let the total pressure be P.

The pressure exerted by oxygen (partial pressure) =
X, xP_=Px1/3

(0] s total

87.

88.

89.

90.

92.

93.

Pressure of helium = 8 bar

Pressure of methane = 2 bar

r(He) P, VMCH, MCH,
= 5 b

r(CH) P, \MHe = MH,
V16

=gn Y2
V4

M
:ﬁ = —0—(28/4)=2.65
co \/Mﬂe

feo =565~ m = 2.4 mole/hour

t= % =~ 4.2 hours

SO,=0,=wg
n (SO,) = w/80
n (0,) =w/32

The partial pressures will be in the ratio of their
moles.

So, p(SO,) : p(O,) = % : %

lL.1_11_,.
30°33-5:2°-2:5

CH, + 50, 3C0O,+4H,0
15 3 4 volume

So 1 volume or 1 litre of propane requires to 5 vol-
ume or 5 litre of O, to burn completely.

The average translational K.E. of one molecule of

an ideal gas is as follows:

g KB _32RT_3 -

When R/N, = Boltzmann constant
ie,Ea T

Thus, at constant temperature K.E. of molecules
remains same.

According to Boyle’s law, Pressure is inversely
proportional to volume.

: gL
e, P=o v

or PV = constant
As,PV =PV,

\Y
1.1V

P,=Px

P,=0.9 x P(i.e., 10% decrease in pressure).
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Multiple Correct Answer Type Questions

100.

101.

115.

129.

139.

As most probable velocity increases and fraction of
molecule possessing most probable velocity decreases.

As temperature is constant pressure decreases dur-
ing expansion while kinetic energy remains same.

Reversible adiabatic expansion lowers the tem-
perature hence facilitates the liquefication of gas. A
gas can be liquefied below the critical temperature
by increasing the pressure.

As one mole of a gas has always N, number of mole-
cules and kinetic energy depends only on temperature.

H,(g) + %0,(g>H0(0
(50-X) X 0

Case 1

Suppose H, is the limiting reagent
So after the reaction volume of O, remains
(50-X) _3X-50

2 2

3X-50 _
2

X=70/3=2333

=X_

10

50 —23.33
So mole fraction of H, = %

=0.534

Case 2

Suppose O, is the limiting reagent

After the reaction volume of H, remains
=(50 -X -2X) = (50 - 3X)

So (50 - 3X) =10

X = 40/3=13.33

Mole fraction of H, in the original mixture

_(50-13.33)

30 =0.733

Linked-Comprehension Type Questions

Comprehension 3

147.

I
ﬁ = \/(MOZ/Mvapour)

2

1.33 = V(32/Mvapour)
Mvapour = 18

148.

149.

As volume of vapour (Vreal) = 1 m®

= 1000 litre.
Mass of the vapour = 0.36 kg = 360 gm.

So moles of the vapour (n)

_ 360 _
18 20

As PVideal = nRT

_nRT
Videal = 7

_20x0.082 x 500

1 = 820 litre

Hence compressibility factor (Z)

_ Ve _ 1000 _

1 x 8.314 x 1000

_3
2" 6.02x10%

=2.07x10™7J.

Comprehension 4

150.

151.

152.

As critical temperature, T, = % :

So greater is the value of (a/b), more is the critical
temperature of gas
For gas X, T, will be maximum,

8a
27Rb -

T.=

a/b for X = 6/0.025 = 240; for all other gases (a/b)
is lesser.

(P+a{1/—22) (V —nb) =nRT
For one mole gas
P+ (V-b)=RT

At high pressure,

P+ =P

So P(V-b)=RT
PV =RT + Pb

As value of ‘b’ for hydrogen is 0.021 dm? mol™!
while ‘b’ for He is 0.019 dm* mol™.
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153.

3.592
0.0821 x 0.0427 -

T =2
b Rb
=1024.7K =752°C

So CO, behaves ideal in nature in the temperature
range 752 + t°C.

Assertion-Reason Type Questions

160.

162.

164.

These gases have very low inversion temperature.

All molecules of the ideal gas does not move with
same speed their average speed is same.

The temperature of which the Joule-Thomson coef-
ficient becomes zero is called Joule-Thomson inver-
sion temperature.

Matrix-Match Type Questins

194.

PV
A) 2= R—.f" at high pressure and low temp.

Equation (P + an® /V?) (V — nb) = nRT reduces to
P(V —nb) = nRT.

(B) For hydrogen gas value of Z=1at P=0and it
increase continuously on increasing pressure.

(C) €O, molecules have larger attractive forces,
under normal conditions.

D Z=%T-

at very large molar volume Z # 1.

The lIT-JEE Corner

196.

197.

198.

More the dipole moment more is the critical tem-
perature.

At constant temperature

V =K/P (Boyle’s law)

SoP=K/V

As such, a graph plotted between P and 1/V is lin-
ear at a constant temperature.

1L = 1000 mL = 1000 cm?

mass = density x volume

199.

200.

201.

202.

203.

204.

=(0.0006 g cm™) x (1000 cm?)

=06g

as 18 g of water = 18 cm?

50 0.6 g of water = 0.6 cm®

hence actual volume occupied by molecules

=0.6 cm?

7 =PV/nRT
Given Z <1
PV/nRT <1 or PV <nRT

(1 atm) x V<1 mol x(0.0821 L atm K™ mol™) x
Q73 K)

Vm <0.0821 x 273 L
Vm<224L

WHL/UN, = VI(T, /M, ) * (M /T,)]
V7= \/(THZ 28T, x2)=T, * 14N,
N,=2T,

so TN, > THz

Asu=Y3PV/m x N)) =V (3P/N)). (1/d)
So uax1/d
Volume of 1 mole of an ideal gas at 273 K and 1

atm is 22.4 L. Volume at 373 K and 1 atm pressure
will be

_RT _0.082 x 373
V=5 ]

=30.58L=30.6L.

For positive deviation

PV/RT > 1

PV =nRT + nPb
PV/nRT =1 + Pb/RT
PV/nRT > 1.

RMS of one mole of monoatomic gas is
Urms = V(3RT/M)

Average K.E.is E=3 RT or 2E = 3RT
Urms = V2E/M)
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205. According to Graham’s diffusion law,
r(He) _ VM (CH,)
r(CH) M He)
M(CH)=12+4=16
M (He) =4

Numericals For Practice

1.  Find volume of O, that can be prepared at 333 K
and 1 atm pressure due to decomposition of 20 gm

of H,0,.
a. 4.01 lit b. 8.04 lit
c. 2.01 lit d. 6.03 it

2. 50 gm H,O on electrolysis give H,, O, which are
enclosed in a vessel of 60 litre at 290 K. Find par-
tial pressure of each gases.

a. 1.102 and 0.551 atm
b. 0.551 and 1.102 atm
c. 1.421 and 1.612 atm
d. 0.331 and 0.872 atm

3. One litre flask having vapours of CHOH at a
pressure of 1 atm and 298 K was evacuated till the
pressure was 0.0001 mm. Now how many moles of
CH,OH will be left in flask?

a. 6.02 x 10* b. 3.24 x 10
c. 3.24 x 10® d. 6.02 x 10"

4. In the study of pressure volume relationship, the
following data were collected at room temperature

@ I @ av)
\'A(B) 10.5 525 35 33
P (atm) 1 2 3.0 35
In which observation the volume was not recorded
correctly?
a. Tonly b. II and IIT
c. IV only d. IIT and IV

5. An iron cylinder contains He at a pressure of
250 kPa at 300 K. This cylinder can withstand a
pressure of 1 x 10° Pa. The room in which cylin-
der is placed catches fire. Predict which is correct
statements about cylinder (melting point of cylin-
der 1800 K)?

a. Will melt and burst
b. Neither melt nor burst

207.

208.

10.

See Text part.

See Text part.

c. Will melt but not burst
d. Can not be predicted

A gas cylinder containing cooling gas can withstand
pressure of 14.9 atmosphere. The pressure gauge of
the cylinder indicate 12 atm at 27°C due to a sudden
fire in the building, its temperature starts rising. At
what temperature will the cylinder explode?

a. 3625K b. 390K
c. 3725K d. 426K

When 18 g of H O is heated at 400 K and 2 atm
pressure H, gas is evolved. Find the volume it will
occupy. If the ratio of H: O by weightin HOis 1 :
8. One g of H, occupy 11.2 litre at N.T.P?

a. 224 lit b. 11.21it
c. 1541it d. 1641t

A vessel of volume 0.02 m® contain a mixture of H,
and He at 320 K and 41.5 x 10* N m~2. The mass of
the mixture is 10 kg. Find the mass of H, and He
in mixture respectively.

a. 2.48 g, 7.52 g respectively

b. 7.52 g, 2.48 g respectively

c. 3.26 g, 6.74 g respectively

d. 4.48 g, 5.52 g respectively

If at a distance of 100 miles above earth the tem-
perature is —160°C and pressure of atmosphere is
2 x 10 mm. What will be the number of moles at
this altitude for 2 ml of a gas?

a. 4.36 x 101

b. 11.72 x 10°°

¢. 5.66 x 107 moles
d. 8.42x 10° moles

If at a certain temperature, a student wants to
decrease the volume of a gas by 5 %. How much
pressure should he must increase for it?

a. 15% b. 8.34%

c. 5.26% d. 56%
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11.

12.

13.

14.

15.

16.

17.

The volume of average adult lung was found to be 6
litre nearly at 98.4°F during expansion. If the pres-
sure of O, in inhaled air is found to be 168 mm of
Hg. What will be the mass of O, needed to occupy
the lung at this temperature?

a. 167¢g b. 207¢g
c. 834¢g d. 0923¢g

AnLPG cylinder at 300 K has 15 kg of butane at 10
atmosphere pressure. After a leakage it was found
that its pressure fell down to 8 atmosphere in one
day. The gas leaked in 3 days will be

a. Skg
c. 3kg

b. 6 kg
d. 9kg

A student has a flask containing air. He heated it
from 300 K to 500 K. What % of air escaped to the
atmosphere will be?
a. 40%
c. 30%

b. 50%
d. 100%

A manometer is connected to a gas containing
bulb. If the open arm read 43.6 cm, while the arm
joined to bulb reads 15.5 cm. If the barometer
reads a pressure of 742 mm of Hg. What will be
pressure of gas in bar?

a. 1.06 bar
c. 1.36 bar

b. 4.32 bar
d. 9.82 bar

Pressure of 1 g of an ideal gas ‘X’ at 300 K is 2 bar.
When 2 g of another ideal gas ‘Y’ is added in same
flask at same temperature, the pressure is found to
be 3 bar. What will be the relationship between M,

and M, (masses of X and Y)?
a. M, =4M, b. M, ="M,
¢ M, =3M, d M, =4M,

At 273 K, it is found that density of N, at 5 bar is
equal to a gaseous oxide at 2 bar. What will be the
molecular weight of gaseous oxide?

a. 60
c. 82

b. 685
d. 70

A student found at the top of mountain and bottom
of'it, the values of temperature and pressure respec-
tively are

Bottom Top
Temp. 30°C 0°C
Pr. 760 mm 710 mm

The ratio of density at top and bottom is

18.

19.

20.

21.

22.

24.

25.

a. 1:1.04
c. 2:1

b. 1.04:1
d 1:3

Find volume occupied by 5 g C,H, at 50°C and 740
mm pressure?

a. 5.23 it
¢ 6.261it

b. 3.231it
d. 8.231it
0.55 lit of a gas is collected over water at 298 K and
755 mm pressure. Now gas is saturated with water

vapours. Find volume of gas at NTP in dry condi-
tion. Vapour pressure of H,O at 298 K is 23.8 mm.

a. 0.625 lit
c. 0.3731it

b. 0.485 lit
d. 0.175 lit

100 cc of methane at 600 mm if Hg pressure and
2000 cc of oxygen at 400 mm of Hg pressure were
enclosed in a three litre flask. Calculate the total
pressure when the temperature is constant.

a. 268.4 mm b. 286.7 mm

¢. 362.1mm d. 270.5 mm

A mixture of gas in a cylinder has 20% CO,, 15%
O, and 65% N, at 760 mm and 300 K. The partial
pressure of each gas will be respectively?

a. 152, 114 and 494 mm

b. 494,114 and 152 mm

c. 114,494 and 152 mm

d. 210, 214 and 336 mm

Ammonia and the hydrogen chloride gases are
introduced simultaneously at the ends of a 90
cm tube. At what distance ammonium chloride is
formed from the end at which HCL is introduced?
a. 5553 b. 182.5cm

c. 36.51 cm d. 1825cm

Find the relative rates of diffusion of ***UF, and
28UF respectively?
a. 1:1.526

c. 1:1.0023

b. 1.526:1
d 1.0043:1

Three similar balloons were filled respectively
with O,, CO, and Cl, under similar conditions. In
ten hours one-half the CO, had escaped. How much
of each of the other gases escaped during the same
period of time?

a. 0,=06,Cl.=04
b. 0,=0.4,CL,= 6

¢. 0,=08;Cl,=02
d. 0,=002,CL,=0.6

A porous container was filled with equal amounts
of oxygen and a gas of unknown molecular weight.
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26.

27.

28.

29.

The oxygen escaped 1.77 times faster than the 30. The average velocity of an ideal gas molecule at 27°C
unknown gas. Calculate the molecular weight of is 0.3 m/s. The average velocity at 927°C will be
the unknown gas. a. 0.6m/s b. 03 m/s
a. 44 b. 99 c. 0.9m/s d. 3.0m/s
c. 66 d. 189 . .
31. Theratioof V and V_ at a particular tempera-
If the temperature of 1 mole of a gas is increased ture is
by 50 °C, calculate the change in kinetic energy of a 1.086:2 b. 1.086: 1
the system. ¢ 1:1.086 d. 2:1.086
a. 62327 b. 62357 32 Us : ¢ tion find th ¢
. sing van der waal’s equation find the pressure o
¢ 623571 d. 6235.07 15 mol of Neon at 303 K in 1200 ml vessel. (Given:
— 2 2 =
Find the temperature at which H, at one atm pres- a=0.2107 L* atm/mol*,, b =0.0171 L/mol)
sure has the same root mean square velocity similar a 1323 atm b. 314 atm
to O, at N.T.P.
c. 21.34 atm d. 7.12 atm
a. 255K b. 325K
c. 17.06 K d. -17.06 K 33. If“X’is the volume of one molecule of a gas under
given conditions then van der waal’s constant ‘b’ is
If the temperature of 1 mole of a gas is increased
by 50°C, calculate the ratio of average velocity of a. 4X b. 4X/N,
SO, to CH,;: c. 4XN, d. None of these
. 1:2 b. 3:4
2 9.3 d1:6 34. Find the temperature at which the average speed of
C < C Hydrogen = that of oxygen at 320 K.
The van der Waals constant b for helium gas is
0.02337 litre mole™. Calculate the approximate diam- a. 200k b. 300K
eter of the helium molecule assuming the molecule to ¢ 100K d. 20K
be spherical. 35.  Find the pressure exerted by 22 gm of CO, in 0.5
a. 622 x 108 cm. dm? at 298 .15 K using van dar Waal’s equation if
b. 5.66 x 10 cm. a=2363.76 kPa dm®mol-? and b =42.67cm? mol!
c. 26.6 x 10 cm. a. 2.2255 kPa b. 222.55 kPa
d. 2.66 x 10 cm. ¢. 22255 kPa d. 0.22255 kPa
Q. Ans. Q. Ans. Q. Ans. Q. Ans. Q. Ans.
1 b a 4 c 5 b
(2]
> 6 c 7t d 8. 9 € 10. e
¢
o 11. a 12. d 13. 14 c 15 a
Ll
= 16. d 17: b 18. 19. b 20. b
(72]
<Zl 21. a 22, c 23. 24 a 25. b
26. c 27 ¢ 28. 29 d 30. a
31. b 32. b 33. 34. d 35; b
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Hints and Explanations

1.

2H,0,— 2H,0+ 0,

n RT
P

On solving n = 8.04 litre

As V=

2H,0 5 2H, + O,

50 gm
First find moles

=R}

_104 . 1x1
760 ~ 0.082 x 298 -

Number of molecules = n x N,
On solving we get

=3.24 x 10" molecules

Only in case of IV as correct volume must be
10.5/3.5 = 3 litre.

As PaxT
Pl Pz
SOT—l —T—.

2

On solving, we get
T,=1200K

As T, is less than melting point of the cylinder so it
will neither melt nor burst..

On solving, we get

T,=3725K

(i) First find weight of H,

Asratioof H: OinH,Ois 1: 8 so weight of H, in
2 g water

2418 _
=T 28

10.

(i1) Volume of 2 gm H, at NTP

=2x112=2241it

(iii) Now apply
PV _ PV,
T T

1 2

2x760 xV, 760 x 22.4
400 273

On solving, we get
vV, =16.41it

Weight of mixture =10 g

Suppose weight of H, =X g

So weight of He = (10 -X) g
n (H) = (X/2)

n (He) = (10 — X)/4

PV=nRT
_PV
n RT
(X) +(10—X )=41‘5 x 10* x 0.02
2 4 8.314 x 320

After solving, X =2.48 g [mass of H,]

So weight of He=10-248=7.52 ¢

_PV
Asn—RT‘

P=2x10"%760 atm
T=-160 +273 =113 K
R=0.082
V=2/1000Lor2 x 103 L.
On solving, we get

n=>5.66 x 10™* moles

If initial volume is V
Then final volume is 0.95 V.
Pl Vl = P2 VZ

Y
=1.0526 P,

— 1
P,=005v
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11.

13.

14.

15.

i.e. 0.0526 is the increase in pressure
50 % = 0.0526 x 100

= 5.26 % of initial pressure
First apply
_3
C=5(F-32)
=36.88°C or 309.88 K

_PVM
Now w “RT

_ 168x6x32
760 x 0.081 = 309.88

=1.67¢.

(12)As  PV=nRT

Since V, T are constant so P & n
Pl wl

P, W,

On solving, we get

w,=12kg

So 3 kg gas leaked in one day.
After 3 days total gas leaked will be

=3x3=9kg

Here P, V, R are same

Son T =n,T,

ie. n x300=n,x 500

n,=3/5n,

Number of moles escaped

- 3.2
n -zn =%zn

=04n,=40%

1

Height developed due to pressure of gas
=43.7-15.6=28.1cm

Now P=nxdxg

_28.1 % 13.6 x 980 _
76 = 13.6 ~ 980 _ 0-37atm

P (gas) = P (atm) + 0.37

_743
760 +0.37

=1.347 atm
=1.347/0.987 bar

=1.36 bar
A
As PV = M RT

W.
So P V= E" RT [V, T, R are same]

16.

17.

18.

19.

21.

X
oxide Moxide

~303x710 _ 1.04
273 %760 1

=1.04:1

-w
As PV—MRT

5 _0.082 <323
A X T~ X

740 760

@ -f)V,T
Apply V,=— 51— Pz)Tll :

_ (755-23.8) x 0.55 x 273
h 760 x 298

V, = 0.485 litre.

% of AxP
Apply P, = 100

On solving
Py, =152 mm
P02 =114 mm
PN2 =494 mm

Mol. wt. of **UF =235+ 19 x 6
=349
Mol. wt. of #*UF =238 + 19 x 6
=352
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So

r,/r,= VM. wt. of »*UF /M. wt. of »UF ]
=(352/349)

=1.0043/1

sor 1, =1.0043: 1

26. E=35RT (Kinetic energy of 1 mole gas)

2
_3 3
A=3R(T +50) ~ 5 RT

RXSO=%—X8‘314XSO

27. v, =S

So VB3RT/2) = V[(3R x 273)/32]
On solving, we get

T=17.06 K

_ V8RT
\/nm

m

CH,
v =
502
Vg,

28.

av

2
o)

1
6

2
Iy

N—

29. b=4N%me
b = 0.0237 litre mole™ = 23.7 ml mole™;
N=602x10%

30 7=4x6.02x10% x(4/3) x (22/7) x 1*

31.

32.

33.

34.

$=23.7x21
16 x 6.02 x 10 x 22

_ (237 %21 x 10-)!
T™73/(16 x 6.02 x22)

(16 x 6.02 x 22)13
=133 x 10%cm
=266 x 10%cm

A _—
AR

On solving,

V,=0.6 m/s.

__1
Vr.m.s - Va‘v. .

0.9213

=1.086:1

__nRT  na
Apply P=g 00—\

_ 15 x0.082 x 303 (15)* x 0.2107
(12-15x0.0171) ~ 12

=31.4 atom.

As volume of one molecule = X
Volume of N molecule = X N,

So b=4N X

As ‘b’ is equal to 4 times of volume of N mol-
ecules present in one mole of a gas.



CHAPTER 3

Chapter Contents

Bohr model, spectrum of hydrogen atom, quantum numbers,
Wave-particle duality, de Broglie hypothesis; Uncertainty principle;
Qualitative quantum mechanical picture of hydrogen atom, shapes
of s, p and d orbitals; Electronic configurations of elements (up to
atomic number 36); Aufbau principle; Pauli’s exclusion principle
and Hund’s rule and Various levels of multiple-choice questions.

ATOMIC THEORY

The word atom and atomic theory was introduced by
John Dalton in 1808 in terms of an atomic model.

Main Postulates of Atomic Theory

m Atom is the smallest, undivided fundamental par-
ticle. which can neither be created nor destroyed.
However, it is interconvertible.

m Atoms undergo chemical combination to form mol-
ecules but in whole number ratio, that is, molecule
1s the smallest identity that exists individually.

m Atoms of same element have same mass, size,
property etc., but atoms of different element dif-
fer in these properties.

Modern View of Atomic Theory

According to J. J. Thomson, an atom is divisible
into subatomic particles. Atoms can also combine in
non-whole number ratio in non-stoichiometric com-
pounds example. Fe  O.

Atoms of same element also differ in proper-
ties related to mass even in case of isotopes also.

Sub-Atomic Particles or Constituents
of Atoms

Electrons (_e° or e-)

Electron was discovered by J. J. Thomson during
the study of cathode rays (stream of electrons) and
named by J. L. Stoney

Location of electron: It is present in extra

nuclear region in atom outside the nucleus.

Mass: Mass of electron = ﬁ of H-atom
=0.00055 am.u
=9.1x 103 kg

Charge: 1t is confirmed by Milikan’s oil drop
experiment and its values are 1.6 x 107 Q or — 4.8
x 10" esu
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Thomson gave e/m ratio or specific charge ratio
for electron and the value is 1.76 x 10% ¢/gm.

Cathode rays are beam or stream of electrons and
e/m ratio for cathode rays is constant and indepen-
dent of nature of gas in discharge tube and nature of
cathode or electrodes of tube that is, electron is an
universal fundamental particle.

m Mass of one mole of electron is 0.55 mg.
Test

V1 = (V/IC)Y

Here V = Velocity of electron
C = Velocity of light

m Mass of moving e~ =

m Electron can leave its orbit for maximum 1078 sec.

m Particle nature of electron is confimed by scintil-
lation effect on ZnS screen.

m Photoelectric effect, emission of B-particle, ther-
mal emission or heating of metal filament con-
firm fundamental particle nature of electron.

m Density of electron is 2.17 x 10'7 gm/c.c.

f—[ REMEMBER ) .

e/m ratio or specific charge ratio or Thomson
ratio order:
o il 4 1
—le = lp = Za = On _
Zero as 1t 1s

charge less particle

Proton (}H or p)

Proton was discovered by Goldstein during the
study of anode rays or canal rays or +ve rays
which originate in the region between cathode
and anode in discharge tube. Proton was named
by Rutherford.

For anode rays, e/m ratio depends upon nature
of gas taken in a discharge tube. It is maximum for
hydrogen gas.

Charge on proton is + 1.6 x 107" or + 4.8 x
10 esu

Mass of proton is that of H-atom that is,
1.673 x 10" kg or 1.0072 am.u.

e/m ratio is 9.5 x 10* ¢/gm

1 am.u. = 1/12 mass of C-atom

lamu=1.66x 102 kg=931.5 MeV

Neutron (5n)
Neutron was discovered by Chedwick as follows
Be®+ He'— C?+ n!
Neutron was discovered late because it is
chargeless.
m [t is heavier than electron and proton.

m [solated neutron is unstable and disintegrates as
follows:

1 0 1
o e +lp +v

m [t is stable inside the nucleus but unstable out side
the nucleus.

m [t is the best projectile as it is chargeless.

m H-atom has no neutron.

Mass of neutron is 1.674 x 107 kg or 1.0086
amu

Density of neutron is 1.5 x 10 g/c.c.
Atomic Number (Z) Moseley postulated the fre-
quency of the X-rays was related to the charge pres-

ent on the nucleus of the atom of the element used as
anticathode and found that

Vo =a(Z -b)

Here v is the frequency, Z is the nuclear charge
and a and b are constants.

a = probability constant

b = a constant having same values for all lines of
X-ray spectrum.

The number of unit positive charges carried by
the nucleus of an atom is called the atomic number
of the element that is,

Z = p = e (from atoms)

Z = p (for ions)

Facts about Atomic number

m [t is always a whole number, and a permanent
value for each element.

m [t is serial number of elements in periodic table
that 1s, determines their exact position.

m Periodic properties are related to the atomic num-
ber of elements.



Atomic Structure B 3.3

Mass number (A): Mass number is nearly
equals to atomic weight and mathmetically, it is the
sum of proton + neutron.

A=p+n=Z+n

RUTHERFORD’S ATOMIC
MODEL

MOVABLE
SCREEN

LEAD PLATE

RADIOACTIVE " Deflected

SUBSTANCE N a-particles
Largely deflected  g); 11y deflected
a-particles a-particles

\

o
‘—%
— 1)

(®)

s g
_ l(;) @ > Undeflected

. <®> (@) a-particles
@ @
OPNGC)
©
Slightly deflected
Largely deflected a-particles
a-particles

During a-particle or helium nuclei bombardment
experiment on 10~ mm thick gold foil, Rutherford
observed that:

(1) Most part of the atom is empty as most of the
a-particles passed straight through the foil
without any deflection.

(i1) Electrons occupy position in this empty space
(extra nuclear region).

(111) Centrally located solid compact small part
having all positive charge and nearly the
whole mass is called nucleus. (as few one out
of 20,000 a-particles get defected >up to 90°
and maximum [80°

@av) The size or radius of nucleus can be calcu-
lated by this relation and Radius of atom is
10 m. or 108 cm.

r=13x101BxAYcem
Here A=Mass number

r = radius of nucleus

The density of nucleus (Assumed as spherical) can
be find out as

M_A 1
=7y N, “ 430

=18 x10*g/cm

Radius of nucleus = 10" m. or 103 cm.
Atomic radius > nucleus radius by 10° times.

Density of nucleus is 10'7 kg/m®or 10" gm/cm® and
volume of nucleus is 107 cm?.

REMEMBER ]

. : 1
m Scattering of a-particles & Sin® (672)

(v) Centrifugal force develops between electrons
and nucleus so electron revolve around the
nucleus as stars move around the sun. (that
1s, planetary or solar model).

Merits

(1) Explains discovery of nucleus.

(1)) Explains Circulatory rotation of electron
around the nucleus.

Demerits
(1) Tt cannot explain stability of atom.

(1) It cannot explain the number and velocity of
electrons.

(111) According to him, atomic spectrum is con-
tinuous and non-linear but infact it may be
linear and discontinuous.

Quantum Theory

It was introduced by Max Planck and then extended
by Einstein.
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Quantum Theory states that hot vibrating body
does not emit or absorb energy continuously but emits
or absorbs discontinuously in the form of small energy
packets or bundles known as quanta and photon in case
of light energy.

The energy of radiation (E) is directly propor-
tional to frequency of radiation (v).

E av

E=hv=hj =he¥

Here h is Planck’s constant and its values is
6.6253 x 103* Jsor Kg m? s,

L = Wavelength , vV = wave number

Absorption or emission in the form of multiples of
quantum is known as quantization of energy that is,

E=nhv

A hollow sphere coated inside with platinum
black and having a small hole in its wall acts as a
black body. It is a perfect absorber and perfect emit-
ter of radiant energy.

At a given temperature the intensity of radiation
increases with wavelength, approaching towards
maximum and then starts decreasing.

As Planck’s quantum theory can explain only the
black body radiations so Einstein extended quantum
theory to all types of electromagnetic radiations.

lllustrations

1. Calculate the frequency of the light ray emitted
when an electron drops from a higher to a lower
energy level of an atom, the difference between
the energies of which is 35.64 x 1075 erg.

(Plancks’s constant; h = 6.624 x 107 erg s)

Solution E=hv

o —E_3564x10%
h ™~ 6624 %107
=538 x 105!

2. 3 x 108 photons of a certain light radiation pro-
duce 1.5 J of energy. Find out the wave length
of this radiation (h = 6.626 x 10-34JS).

Solution E =h v (for one photon)

E =Nh v (for N photons)

N he

E=7»

j=Nhe_ 3x10%x6.62x10%x3 x 10°
E 1.5

=39.75x10%m =3975 A.

3. How many mole of photons would contain suf-
ficient energy to raise the temperature of 220 g
of water from 25°C to 100°C? Specific heat of
water is 4.184J g7! K and frequency of light
radiation used is 2.40 x 10° Hz.

Solution The energy need to change the
temperature from 25°C to 100°C is given as
follows:

E=ms0®

Here m = Mass

s = Specific heat

® = Temperature change

E =220 x4.184 x 75 Joule

E = 69036 Joule
For a radiation of 2.4 x 10° Hz
The energy is given as follows:

E=nhv

=2x6.626 x 1034 x 2.4 x 10°

So,
n x 15.9024 x 10 = 69036
69036,
n=T59024 < 10%

n=434123 x 10%

Hence moles of photons = NL .

0
28
- % =7.211 x 10* moles

Electronic Structure of Atoms
Wave Theory

It is described in brief as follows:
m All radiant energy propagates in terms of waves.

m Radiant energy is in the form of electromagnetic
waves

m The radiations are associated with electric and
magnetic field perpendicular to one another.

m In the propagation of an electromagnetic radia-
tion there is only propagation of wave but not that
of the medium.
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Z
Electric field
component
vy x Direction of
’ propagation
Magnetic field
component

The electric and magnetic field components of an
electromagnetic wave. These components have the
same wavelength. frequency. speed and amplitude.
but they vibrate in two mutuaily perpendicular
planes.

Wavelength

It is the distance between any two successive crests
or two successive troughs of waves. It is denoted by
% and it is measured in A (Angstroms) or nm (nano-
meters) etc.

Electromagnetic Spectrum

Crest
f\ amplitude
o
T I
g

Frequency

It is the number of waves per second passing at a
given point. It is denoted by v or f. The units of fre-
quency are Hertz or cycles sec™.

Velocity of Light
It is the distance traveled by one wave in one second.
Velocity of light = frequency x wave length

C =vh

Aol
Light or all electromagnetic radiations travels in
vacuum or air with same velocity.
Wave Number

It is the number of waves spread in one cm and it 1s
denoted by v.”

It is the reciprocal of wavelength.

v=las 3=€
h% A

So 1_)=C1)

Its units are cm™ or m™.

1|024 lloll 1|020 1|018 1|Ol6 1|Ol4 1|012 1|010 1|08 1|06 1|O4 1|02 190
yrays X rays uv IR Microwave | FM | AM Long radio
Radio waves waves
T — T T ' T T T T T T
1071610141012 102 10°° 102 10 10 107

1010 1 : : 104
JL

r Visible spectrum

400 500 600
Wavelength A nanometres

700

The spectrwn of electromagnetic radiation. The visible region is only a small part of the entire

spectrwm (a) Overall spectrwm (b) Visible region.
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Corpuscular Theory of Light

It was first introduced by Newton. According to this
theory, light is propagated in the form of small invis-
ible particles.

Photoelectric Effect

It was introduced by P. Lenard and explained by
Einstein. It is the emission of electrons from a
metal surface on exposing it to radiation of suit-
able frequency or wavelength. It is readily shown
by alkali metals like K and Cs having very low ion-
1zation energy.

When a photon strikes the metal, its energy is
absorbed by the electrons and emission of electrons
takes place.

A part of the energy of photon is used to escape
the electron from the attractive forces and the
remaining energy is used in increasing the kinetic
energy of electron.

KE (4¥mv*)=E-0
Here E = energy of radiation.

® = work function (minimum energy needed for
electron emission).

K.E=hv-hv,

v, = threshold frequency (minimum frequency of
light radiation needed for electron emission).

If v>v,
K.E. is +ve electron is emitted
Ifv=v,

K.E = 0 electron is not emitted (remains on
surface)

Ifv<v,
K.E is —ve no emission of electrons.
Photoelectric effect o Frequency of light radiation

Kinetic energy of electrons does not depend upon
intensity of light, however, number of ejected elec-
trons depend upon intensity of light.

Stopping Potential

The minimum potential applied by which velocity
of ejected photoelectron becomes zero. This poten-
tial is called stopping potential.

Here
V, = Stopping potential
m = Mass of electron

v = Velocity of ejected electron
e = charge of electron

Einstein’s Photoelectric Equation

E=W+KE.
hv = hv0+%mv2
hv=hv +eV,

Here v = Frequency of incident radiation.

Work Function

The minimum energy required for the photoelectric
effect is called work function.

W =hv,

_he

W= A,
Here

¢ = Velocity of light
L, = Threshold wavelength

e (ev)
Energy

Intersity (I)
Fig. 3B

v Frequency (V)
Fig. 3A

Illustrations

4. Determine the wave length of a photon of elec-
tromagnetic radiation having energy 2.99 x
102 erg mol™! (h = 6.625 x 1073%).

Solution A= Né“’

_ 6.023 x 108 x 6.625 x 10 x 3 x 108
2,99 x 10

=4000 A.

5. When a certain metal was irradiated with a light
of frequency 1.5 x 10' Hz, the photoelectrons
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emitted had twice the kinetic energy as did pho-
toelectrons emitted when the same metal was
irradiated with light of frequency 1.0 x 10 Hz.
Find v (threshold frequency) for the metal.

Solution E =h(v,-v) ...
E,=h(v,-v)=E, ... )

On diving equation (ii) by (1), we get

VoV 1
VimVe 2

1.0 x 1016—V0 1

15x10%-v, 2

20x10-2v,=1.5x10°~v,

BOHR’S ATOMIC MODEL

On solving, we get
v,=5x 10" Hz

6. Calculate the kinetic energy of the electron
emitted by an atom by 400 nm light when its
threshold wavelength is 600 nm (n = 6.63 x
1034 Js and ¢ =3 x 108 ms™).

Solution As KE.=h(v-v)=hc(I/A-1/%)

- B (1 1)
KE.=6.626 x 103 x 3 x 108 x 400 ~ €00 X
10°

-17 -19
KE = 6.626 x 3 x 1077 _ 6.626 x 10 ]

1200 4

KE. =1.656x101%]

Bohr introduced Circular orbit concept based on (Linear hybrid combination of classical and early quantum
physics) and Planck’s quantum theory and it’s main postulates are as follows:

e exited by
absorbing energy

e dexcited by
relesing energy

Nuclers S /4/—# /
‘- ~ /f —/
K L M N O P
n= 1 2 3 4 5 6

Orbits

m Around the nucleus there are circular regions
or spherical surfaces which are called orbits or
shells. Each orbit has a fix amount of energy so it
1s called energy level.

K L' M N O...
n=1 2 3 4 5.

Energy and distance from nucleus increase

m Angular momentum (mvr) of an electron moving
in any orbit is quantized and given as

Mvr=n2£‘ =nh
T

here h is plank’s constant.

Here n 1s an integer with whole number values
1.2,3,...... and known as Principal Quantum number

n — 1 2 3 4 5
h 3h 2h  5h
T

h
mvr — 3 o T R

m An electron revolves round the nucleus in a par-
ticular orbit having definite energy without any
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change of energy or any radiation of energy that
1s why these orbits are called stationary states ar
stable or non-radiating orbits. The force of attrac-
tion between the nucleus and the electron is equal
to centrifugal force of the revoul electron. When
electron changes its orbit energy change occurs in
quanta which is given as follows

AE=E2—El=huor=%quanta

Quanta 1s a small bundle of any type of energy,
while Photon 1s a small mass less bundle of light
energy and not a material body.

m In excited state: electron jumps from lower to
higher orbit or energy level by absorbing energy
in quanta. While in de-excited, electron jumps
from higher to lower energy level by releasing
energy in quanta.

Advantages

m It can explain linear nature of spectrum of hydro-
genic species (that is, with one ¢°)
Example, H, He*, Li*? etc.

Bohr’s Theory for Hydrogen Atomd

Let the electron of mass be ‘m’ is moving around the
nucleus with velocity ‘v’ and radius of circular path
‘r’. When electron moves around the nucleus, it expe-
riences coulomb force and centrifugal force. Both
these force balance to each other.

Coulomb force (F,) = Centrifugal force (F,)

K(Ze)e mv?
2 T

%‘32 =my? e o))

,_ KZ¢&?
V' ="m

Here

_ 1

K_4 €0
v Centrifugal
force
Coulombic

force

m In the calculation of radius of nth orbit (rn):

Asmvr=121—2 VR )
_ _nh
So v = > orm

On putting the value of v in equation number 1
we get the value of radius (1) as follows

= n’h?

n  K4n’Ze m

On putting the values of h, e, m, n and Z for H-
atom in Ist orbit radius is given as

r,=0.53A°

(The value of is found to be 0.53 A)

_h*
K4n’e¢’m

so for nth orbit radiun (r,)

r=053x<ZA

Ast o I/n o Z so radius ratio in two different
orbits for two different species is given as

m In the calculation of velocity of electron in nth
orbit (Vn):
Similarly from eq (1) and (2) we get
_2mKZ¢&
nh
As for an electron in first orbit of Hydrogen atom
velocity is given as
V, =2.18 x 105 m/s (The value of 27?% is
found to be 2.18 x 10 m/s)

Vn

so Vn=2.18x 10%x %m/sec

As

VaZa%

So the ratio of velocity in two different orbit for
two different species can be given as

Vn

1 n’l
Vn

o,

Z‘l
=Z—><

2

REMEMBER ]

V for H-Atom =V, of He*=V_for Li*=2.18 x
10°m/s(Bohr’s velocity)
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m In the calculation of energy of electron in nth
orbit (E ):
The total Energy (Et) for an electron in any orbit
1s given as:
as ET= EK.E‘ + EP.E.

-1
2
_1 Kz¢e

ET—E T+

-1 KZe¢?
RS

It means
E E

KE T

2EKE +PE =Zero

MV?+E,_ [asMV?=52€

(-KZe?
T

]

_ KZ¢?
[asP_. = —F—

E

]

E.=

On putting the value of r, here we got

—2K? n?Z’me*
n’h?

If the value of

En=
2K ni*Me*
h2
=2.18 x 1078 j/atom
=13.6 e.v /atom
En=-2.18 x 1018 x &

1364
=

] /atom

e.v/atom

72

=-313.6 x Pl K.cal./mole

1
n’l
En, Z? n}

1 2
So =5 X —
En, Z; n?

As En X Z? «

f—( REMEMBER } .

Bohr energy = —13.6 eV/atom ( Itis also E, for
H-Atom, E, for He" and E, for Li"

m Number of revolutions per sec. =

ZZ
n3

2nr

n

x 6.666 x 1015,
m Time Period of revolution in nth orbit (Tn)

_21trn_n3 e
= —ﬁXI.SXIO sec

Illustrations

7. Calculate the velocity (cm s™) of an electron
placed in the third orbit of the hydrogen atom.
Also calculate the number of revolutions per
second that this electrons makes around the
nucleus.

Solution Velocity of an electron in the nth orbit

2

_2me
e nh

_2x3.14 x (4.8 x 107 esu)?
T 3x6.626x107ergs

=727 x10"cm s

Revolution per second

_ Vi —2ne 1 4mZmé’
2nr, nh " 2n n’h?

_4mn*Zmet
T R

4 x(3.147% x 1x9.10 x 1072 x (4.8 x 10719*
B (3)* x (6.626 x 10727)}

=242 x 10"

8. An electron is in one of the excited state in H-
atom, whose radius is 2.115 A. Find the wave-
length of a photon which will remove this elec-
tron H-atom. R, = 1.097 x 10’ m™.

Solution r =0529x %A

Z

2‘116=O‘529an2 A

On solving n=2

To find A, use this relation

1 g (L _L
- RyZ (nl2 nl)‘

2

L - 109678 (%—O% )

On solving
A =3.646 x 10~ cm
=3.646 x 107 m
=3646 A
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lonization Energy and Excitation Energy
Excitation potential forn, — n,

_ En, -En,

" Electronic charge

Ionization potential for n, — o
En

— 1
"~ Electronic charge

The energy required to remove an electron from the
ground state to form cation, that is. to take the electron
to infinity, is known as ionisation energy (LE. or I).

IE = Eoo - EGround
LE.=0-E, (H)=13.6eV atom™
=2.17 x 10718 J atom™!

IE =% «13.6eV
.

Il _ le nzz
w7

(LE.), x 22
(E),=—r—

If an electron is already present in the excited
state, the energy required to remove that electron is
called separation energy.

Sepaxaﬁon= Ew - EExcited
=13.6 x Z—; e.v
n2
lllustrations

9. The ionization energy of hydrogen atom is
13.6 eV. What will be the ionization energy
of He* and Li* ions.

Solution Ionization
H—H*+e )is13.6eV.

energy of hydrogen

As the ionization energy of hydrogen like ion
may be given as Z? (LE.), so ionization energy
of He"is 22 x 13.6 = 54.4 ¢V and

Li*is32x 13.6=1224¢V.

10. The energy of the electron in the second and third
Bohr orbits of the hydrogen atom is —5.42 x 101
erg and —2.41 x 1072 erg respectively. Calculate
the wavelength of the emitted radiation when the
electron drops from third to second orbit.

Solution E,-E =hv

E,-E,

"""h

(=241 x 10712) — (=5.42 x 1012

B 6.626 x 107

=0.4543 x 108 57!

vz - _3x10%
Vo 0.4543 x 10%

m= 6603.6 A

=6.6036 x 1077

11. The ionization energy of He* is 19.6 x 10718 J
atom™!. Calculate the energy of the first station-

2+

ary state of Li**.

Solution Energy of the first orbit of Li*
E,ND, = -2, (constant)

(E*), =-Z*,, (constant)
EDN, = % Eg),

He
=3 x19.6 x 107 T atom™

=44.1 x 108 J atom™!

Drawbacks of Bohr’s Theory

m [t is not applicable for species having more than
one electron like L1, He etc.

m [t cannot explain fine spectrum of H, Li** also.
m [t gives no explanation of Zeeman and Stark effects.

Zeeman Effect

It is the splitting of main spectrum line in to several
lines in a strong magnetic field.

Stark Effect

It is the splitting of main spectrum line in to several

lines in a strong electric field

m [t can not explain chemical bonding or why atoms
combined together to form molecules.

m [t can explain only particle nature that is, no expla-
nation of wave nature. (that is, against de Broglie,
Heisenberg’s, Plank’s theory etc.)

SPECTRUM OF HYDROGEN ATOM

The atoms of hydrogen in gas discharge tube emit
radiations whose spectrum shows line characteris-
tics (line spectra) and lies in the infra red, visible and
ultraviolet region of the electromagnetic spectrum.
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The most striking feature in hydrogen spectrum
is that only some sharply defined discrete wave-
length are observed in the emitted radiations.

Example, when a light of wavelength 6563 A
is observed and then light of wavelength 4861 A is
observed. Hydrogen atom do not emit any radiation
between 6563 and 4861 A.

-0.21ev n=38
-0.28 ev n="7
-0.38 ev YY_  a=¢
Humphrey series
-0.54ev Ty n=5
Pfund series
085 ev \AAA n=4
Brackett series
—34ev ‘ n=3
Paschen series
Y —
136 n=2
v Balmer series
YVYVYYY n=1
Lyman series
(ENERGY LEVEL DIAGRAM OF HYDROGEN SPECTRUM)
Hydrogen spectrum has following type of lines:-
n n, spectrum region
Lyman | 2.3,.00 u.v 912-1216
Balmer 2 3,4, Visible 36466561
Paschen 3 4.5, 00 Near Infra Red 8201-18746 A°
Bracket 4 5,6,.00 FARIR 14580-40501 A°
Pfund 5 6,7,.00 FARIR 22782-74588 A°
Humphries 6 7.8,.0 FARIR 32822-123751 A°
Electronic transition Name of line Wave number Wavelength  Colour
n,=3 = mn=2 H_(First line) - A=6563A  Red
™M) @) o v = 5R/36
n, =4 —n=2 H. (Second line) - L=4861A Blue
™) @) B = 3R/16
n=5—>n=2 P .
2 1 — -
©) @ H_ (Third line) = 21R/100 L=4340 A Indigo
n,=6—mn=2 H_ (Fourth line) - A=4102A  Violet
® (5 8 = 8R/36
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From Bolir model:

", Balmer Series

nZ
l“ﬂmﬂﬂf’ (Ultraviolet) | - " (Visible)
n U ., 4102 nm
1 .
\ = violet
I '
AE=hv=136( 5——5|ev e
nl_ Il2 "v__'n—z '..
. J SR 434.1nm ;| violet i
= © % : : : e
v . L ] e n=4 %, D55
Zn=3 .. \ i ;
563nmred
."-.,Paschen Series.'"'-.._ ......................
(Infrared)
486.1 nm
bluegreen

Balmer Series in the Hydrogen Spectrum

Red Blue-green Indigo  Violet
6563 4861 4340 4102

Balmer series contains four important lines whose
wavelengths are 6563A, 4862 A, 4341 A and 4102
A These are called H,, HB , HY and H; lines.

To find Spectrum lines
Maximum number of lines obtained when an electron
jumps from nth level to ground level is given as
nn-1)

2
Example. When n is 5, number. of lines =

Number of spectrum lines =
51
2

=10 lines

Maximum number of lines obtained when an elec-
tron returns from n, to n_ is given as

(n,n) (n,—n +1)
2

No. of lines =
E.g.,whenn,=5n =2

_(5-2) (5-2+1)

lines >

3@

5 =0

Derivation of Rydberg Equation

_hc_2mMe*Z*(1 1
AE_ )\' N hz (nlz_n22)‘
;=L=2112M<:“Z2 1 1

A h3C n? n? )

_27m*Me* 72
IfR, ==c -
—_1_ , (1 1
1R (35707

vV = wave number, A = wavelength
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n, = lower orbit, n, = higher orbit

R, = Rydberg constant and its values are 109678
cm?or 1.1 x 107 m.

/—( REMEMBER ) .

m For longest wavelength or shortest energy or
first line of a series, n, must be nearest (next
value) to n . While for shortest wavelength or
highest energy, n, must be infinite.

m The intensities of spectral line in a series
decrease with the increase in the value of .

|

lllustrations

12. Find out the wavelength of radiations emitted
produced in a line in Lyman series, when an
electron falls from fourth stationary state in
hydrogen atom. R,=11x10"m™)

: 1_ | |

Solution » =R, (— - —,) ‘

2 2
nl n2

For Lyman seriesn = 1,n,= 4
1_ 7 (L _ 1
L=11x10 (F 42)‘
=0.9696 x 107 m.

13. Find out the wavelength of H_line of hydro-
gen spectxrum in the Balmer series. (R,

=109676 cm™)
1 _ 1
n? n? |’

Solution 1
For Balmer series n =2 and for H,

% Ru

n, = 3 (first line of Balmer series)
1_ 1l 1
+=109676 (35 - %)
=109676 (1/4 - 1/9)

= 109676 x % om!

__ 36
5 x 109676 ™

=65.65% 10%cm
=6564 A.

14. Calculate the wavelength and energy of the
radiation emitted for the electronic transition
from infinity (o) to stationary state first of the
hydrogen atom. (R, = 1.09678 x 10’ m™, h =
6.6256 x 1074 J-s)

Solution n =1,n=

1_ 1 1

A TH (n2 nz)‘

1= 109678 % 10 (5 - =5 )
A=9.11x10%m

E = hv = hxc/h

(C=3x 108 m sec™)

_6.6256 x 1074 x 3 x 108
9.11 x 108

=218 x 102 kJ.

15. Calculate (in kJ mol™?) the energy necessary
to remove an electron from the first shell of a
hydrogen atom. Given: R = 1.097 x 102 nm™.

Solution n =1,n,=0 R=1.097 x 10 nm™

I_r (L _L
- R (n2 - nz)‘

1 2

(r

12 Y
=R (/1)
=1.097 x 10’ m

1 _ 7
097 7T = 0912 < 107 m

=R

SO A=
=912 A

_he
E_TXNO

_ 6.626 x 1034 x 108 x 6.023 x 10»
912 x 1071

=131 x 10°J mol'= 1310 kJ

16. Calculate the energy emitted when electrons of
1.0 g atom of hydrogen undergo transition giving
the spectral lines of lowest energy in the visible
region of its atomic spectra. Given: R, = 1.1 x 10
m,c=3x108msec!, h=6.62 x 103 sec.

Solution Visible line spectrum nearly Balmer
series that is,

n, = 2 and for minimum energy transition n, = 3.

A H n?’ n’
[asZ =1]

1 _ 1 1
So =R, (32~ 3)
=IIXIO7Q— %
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17.

=1.1x 107 x %= 6.55 x 107 metre

_hc _ 6626 x 1073 x 3 x 108
A 6.55x 10
=3.034 x 1017

Suppose N electrons show this transition in 1 g
atom of H then

E

Energy released =E x N
=3.034 x 107"* x 6.023 x 103
=1829 x 10*7]

=182.9kl.

Calculate the ionization energy in kJ per mole
for the removal of the valence electron from a
hydrogen atom. Compare your answer with the
experimentally accepted value of 1312 kJ mol ™.

Solution

Here n =1,n,=o

R, =218 x 1021 kJ.

AE= R, (HL-L)

1 2

AE = 2.18 x 10 (l - L,)‘

12~ o2
AE =2.18 x 10721 kJ per electron

As in one mole number of electrons = 6.02 x 10%
So for 1 mole AE =2.18 x 10! x 6.023 x 102
=131x10°kJ

=1310kJ

This value is nearly equal to accepted value
1312 kJ.

De Broglie Equation and Dual Nature
Theory

De Broglie introduced dual nature theory for
matter that is, for sub atomic particle (e, p, n).
According to it, matter has both particle as well
as wave nature. Wave nature of electron was con-
firmed by Devisson and Germer on diffraction
pattern experiment on nickel surface like X-rays.

de Broglie used Einstein theory and Plank theory
to give the following equation:

E =mc? for particle

E=hv for wave
_he
E=%
he _ .,
o = me
1_m¢?
A he
_h
A=mc -
Ifc=v.
h
_h _
=7 (Asp =mv)

P % at constant temperature

m If a particle has more mass or momentum, it has

less wavenature. Heavy objects have less wave
length due to more mass.

E.g,e>p>>n>>> . Cricket ball

Derivation of Bohr’s postulate

According to de Broglie’s equation

h _

As an electron in a circular path must have its

path length (circumference = 2ar) equal to an inte-
gral multiple of wavelength so

2rr=n.A

2mr=n. % .

mvr=n ..
S

So angular momentum of an electron 1s simple

multiple of h/27.

Relation between Wave Length and
Kinetic Energy

h
r=—
V2mKE

As K E =% mv?=e.V potential difference
Ymv?=eV

1_neV
V=2,

v=12e.V/m

h

Soh=—"—
© V2m eV
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For electron:
12.27
a=1227 5
Vv
For proton:
\= 0.286 A
Vv
For & - particles:
0.101
r=——7A
Vv
lllustrations

18. Find the wavelength of a 150 g rubber ball
moving with a velocity 50 m sec™. (h = 6.62
x 10734 Js).

h _6.62x103

mv —0‘150 < 50 =882x10%¥m

Solution A=

=882 x 10 cm

19. Calculate the momentum of a moving particle
which has a de Broglie wave length of 2 A.

Solution According to de Broglie equation

_h
L=p
_h
P=3
-3
= 6—‘32Xx1(1)9m4 =331 x 102 Kg ms™

Heisenberg Uncertainty Principle

It 1s applicable only for sub atomic microscopic
particles.

According to it, it is impossible to measure
simultaneously and correctly both change in posi-
tion and change in momentum that is, if one thing
1s certain another is uncertain. It is also called prin-
ciple of indeterminancy.

h
AX . Ap = in

h
AX . m.AvV = in

Here Ax = uncertainty in position

Av = uncertainty in velocity

_h
4mm

h
4n

here AE = change in energy

AX . AV =

AE . At >

At = change in time

m If change in position is zero change in momen-
tum will be infinite and vice versa.

m [t applies when both Ax and AP are along with the
same axis.

m In case of larger objects, the value of uncertainty
principle is negligible if the position is known
quite accurately (Ax is very small) there will be
great uncertainty in the velocity (AV is very large)

An e cannot exist within the nucleus as using this
principle AV is 5.8 x 10'® m/sec that is 200 time of
velocity of light which is not possible.

hv

®

Illustrations

20. Calculate the uncertainty in position of an
electron whose velocity is 3.0 x 10* cm s7!
accurate upto 0.001 %. Mass of an electron =
9.1 x 108 g.

Solution Av= 0.001 3.0x 10*cm s!
100
=0.3cms?!
_ h
As Ax=go (mAv) -

B 6.626 x 1077 ergs
T 4x314%x91x10%g x03cms!

=1.92cm (Aserg=gcm?s?

21. A cricket ball weighing 100 g is to be located with
0.1 A. What is the uncertainty in its velocity?
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h
4n

Ax = Location of ball=0.1A =0.1 x 10°m

Solution Ax.mAv =

m = Mass of ball =100 g=0.1 kg
Av = Uncertainty in velocity

h=6.626 x 107 Js

—34
0.1 x 107°x 0.1 XAv=6‘6422—§1191

Av=0.527 x 102 ms™!

Concept of Probability

As the position and momentum of an electron can
not be found accurately at a particular time so the
idea of definite orbits (sharply defined path) as sug-
gested by Bohr has no meaning now for a moving
electron in an atom. Hence the concept of probability
was developed.

According to it, it is possible to predict or state
the probability on locating an electron of a particular
energy in a given region of space around the nucleus
at a given time. This leads the concept of orbital.

Schrodinger Wave Equation

Schrodinger set up a mathematical model for hydro-
gen atom. This theory was based upon these two
evidences:

(1) The probability or statistical character

(i1) The wave nature of an electron

The schrodinger’s wave equation plains three
dimensional wave nature of electron as follows

2

8y S 3% 8n'm _
s tev ot e E-VIv =0
-, 8 ©’m _
vy + h2 [E-V]y =0

Here X, Y, Z are three co-ordinate axis, E is total
energy, V is potential energy (V =-Ze%r),m is mass of
electron wave and vy is laplation operature.

This equation possesses a number of solutions
each corresponding to a discrete energy state and

specified by the values of three quantum numbers
n, 1, m. The solutions have significance for certain
definite values of total energy ‘E’. These values are
known as Eigon values and for an atom these values
correspond to discrete sets of energy values postu-
lated by the Bohr’s theory.

Significance of gy and y?

y: It has no physical significance. It represent
amplitude of electron wave or boundary surface of
an orbital.

y? It is probable electron density or It is probabil-
ity of finding electron in any region (3 dimensional
around the nucleus). If y? is positive electron are
present and if y? is zero electrons are absent.

m An orbital is represented by v y* or y*for show-
ing electron density.

m The probability of finding electron at a distance r
from the nucleus in the region dr is given by 4 ©
r2dry”.

Z =7 Cosb

Nuclers

m Schrodinger gave another equation when energy
of an atom or molecule does not change which is
written as

A

Hy=Evy

A _ A
_—h*v?

H—[8n2m+v]
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N N N 2p
As H=T+V

AN AN

So (T+V)W=E\|1

/
Here H = Hamiltonion factor / X

—»N

V = Potential energy
T = Kinetic energy y
E = Total energy
Boundry surface diagrams of the three 2p orbitals.
Orbital

It is the three dimensional region of high electron w
density that is high probable electron density region z
having different shapes around the nucleus.

m The probability of finding an electron in any
orbital 1s more than 90 per cent.

d‘.
z
m An orbital is a mathematical function of the three
co-ordinate 1, 6 and ¢. which can be factorized \ \
into 3-separate parts each of which is a function
of only one co-ordinate as follows y y

V@0 . 9=ROO® ¢ ® ®)

Here:

R (r): Radial function which depends upon n, 1 - -2
value and it shows dependence of an orbital upon z z
distance r of electron from nucleus.

@ (0) and ¢ (@): It is angular function depending \ \ /
upon 1, m values. It shows angular dependence of

orbital on 6 and ¢ respectively. |

that 1s. Y
\lln,l,m (LY >(b)=rn,l'elm (bm ¢ / \
radial  angular

part part

© @
Shape of Orbitals >
zZ

2px 2py ‘

A7 A

©

\
N
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Some Facts about Orbitals

m Orbital represents both particle and wave nature
of electron.

m It is directional in nature (except s-orbital).

m Any orbital can have maximum two electrons
and these electrons are with opposite or antipar-
allel spin.

m dz? orbital has only two lobes lying along with z
axis and a drought on x and y axis. It’s shape is
baby schooter type.

m In dx%? all the four lobes are lying along with
molecular axis that is, x and y.

Degenerate Orbital

Orbitals with same value of n and of same sub shell
are degenerate orbitals.

Example.,— 2px, 2py, 2pz
3dxy, 3dyz, 3dxz.

Radial Probability Distribution
Function

m It is the probability of finding electrons in the
region between r and dr 8r. Itis given by 4 w12 y?
dr. It is directional independent.

Here r = radius or distance from nucleus
8r = thickness

Node

It is zero electron density region.
y?=0

Radial Node

It is region between two successive ‘s’ orbitals.

Nodal Point

It 1s a point where two lobes are joint and electron
density 1s zero here.

Nodal Planes

It 1s plane by which two lobes are separated and
electron density is zero here.

m Any s-orbital has no nodal plane or point.
® PX, pY, Pz, dz 2 orbitals have one nodal plane or point.

m Rest of d-orbitals (dxy, dyz, dxz, dx*—y?) have
two nodal plane or points.

Calculation of Nodes
Node=n-1
Radial nodes or spherical nodes= n—1/-1
Angular or non-spherical =/
Example, 1s: Node=1-1=0
Example, 2s: Node =2 -1 =1
Angular node =0
Radialnode=2-0-1=1
Example, 3s: Node=3-1=2
Angular node =0
Radialnode=3-0-1=2
Example, 4d: Node=4-1=3
Angular node =0
Radialnode=4-0-1=3

Various Probability Curves

1s 2s 2p
F [ &/Node ~ (\

r T r

(@)
2 2

Is S p

o « Node -
~
r r r
®)
Is 2s 2p

4nriR?
47r’R?
4nr’R>?

r
©

The plots of (a) the radial wave function R; (b) the radial
probability density R? and (c) the radial density func-
tion 4nr’R? as a function of distance r of the electron
from the nucleus for s, 2s and 2p orbitals. The plots are

not drawn to scale.
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QUANTUM NUMBERS

These are set of four numbers use to address elec-
tron as follows:

(1) To determine size, distance from nucleus
and energy of electron in orbit.

(i1) To decide shape, energy of electron in sub
orbit.

@u1) To find number of orbitals and their direc-
tional position or orientation in space.

(1v) To find number of electrons and their spin.

Principle Quantum Number

It was introduced by Bohr and It is denoted by ‘n’
It determines:

m Size of orbit (shell)

m Distance of orbit from nucleus

m Energy of electron in an orbit.

m Maximum number of electron in any orbit

m Angular momentum of electron in an orbit

_nh _
mvr = nh

mvr = angular momentum in orbit.
h = plank’s constant
Valuesofn=1,2.3,4........ e

n # 0, —ve, fractional

Azimuthal or Secondary or Angular
Momentum Quantum Number
It was introduced by Sommerfield and denoted by ‘I”.

It determines shape of sub orbit, energy in sub
shell and angular momentum of an electron in any
orbital

Angular momentum of an electron in any orbital
1s given as:

mvr = V11 + 1) % orh

Example, For any s orbital e (mvr) =0 (as 1= 0)

For any p orbital e (mvr) =V1(1 + 1) h

=+2h

For any d orbital e (mvr)=v2 (2+ 1) h

=+6h

For any f orbital e~ (mvr) =V3 3+ 1)h

=+12h

It explains the existence so many closely packed
spectrum lines in hydrogen spectrum.

m Valuesof1=0ton -1

Example,

n: 1 2 3 4

l: 0 0,1 0,1,2 0,123
l-value: 0 1 2 3 4
suborbit s P d f g

Magnetic Quantum Number

It was introduced by Land and Zeeman and is
denoted by m.

It determines:

1. Number of orbitals = total m values = n? (when
n is given)
=21+1 when ‘1’ is given.
Example,— when n = 2
m (total) =22=4
whenl=2
m (total)=2x2+1=5

2. Directional position of orbitals or orientation in
shape and Zeemann effect.

3. Angular magnetic momentum

mvr =m % =mh
Values of m = -1 to +1 including zero.
Example, 1=0, m=0
1=1, m=-1, 0, +1
1=2, m=-2,-1,0,+1, +2

Spin Quantum Number

It was introduced by Uhlen back and Goud Smith.
It 1s the intrinsic angular momentum measurement
which 1s used to differentiate between two electrons
in an orbital that is, it explains the fine structure of
the spectral lines within atomic levels.

Spin angular momentum is given as:

mvr = \/s(s+l)%orh

The electron in an atom rotates not only around the
nucleus but also rotates around its on axis and this
rotation is called spin of the electron.
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m For each value of m, s has two different values +
Y and — %.

+% -%
B — spin
m + ' and — % are just to mechanical spin states

with no classical importance now as other spin
states are also possible. (Bosons and fermions)

o — spin

Values of s

Total values of ‘s’ or total number of electrons =2m
=2n2=2(/+1)

m Schrodinger cannot explain spin of electron and
spin quantum number.

~ REMEMBER ) .
Orbital Orbital function
ls La —3/2 e—P
i %
2s La 312 (2_})) )
NG
9 1 a =2 Pe ™2 cosg
b, 4T %o
2p, ﬁaj’z Pe 2 sin6 cose
2p, yo a7 e®?sino sin0
Q y,
lllustration

22. Write the suitable combinations of quantum
numbers for each of the following electrons:

(a) A 4s electron
(b) A 3p electron
(c) A 5felectron
(d) A 5d electron

Solution (a) 45,n=4;1=0;m=0;m =+%
(®) 3p.n=3;1=1;m=-1,0,+l;m =+
(© f,n=51=3,m =-3,-2,-1,0,+1, +2,

+3,m =+
(d) 5d,n=51=2,m=-2,-1,0,+1,+2;m_=
+Y

Electronic Configuration

It represents the distribution of electrons in various
orbits, sub-orbits and orbitals in order to understand
electronic behaviour. For the filling of electrons in
various orbitals following three rules are considered.

Pauli Exclusion Principle

It has following two statements:

1. Any orbital can have maximum two electrons
and these electrons must have opposite or anti-
parallel spin.

(1] or [31]

2. No two electrons of an atom can have a same
set of all the four quantum numbers. If n, 1, m
are same ‘s’ is definitely different.

Eg,
., Mg — 1s?, 2%, 2pS, 3s

n 1l m s
for ll*e-—>3 0 0 +%
for 2%e >3 0 0 -%

Uses of Pauli’s Law

To find maximum number of electrons in any orbit,
sub orbit and orbital as follows

(1) Orbit: Maximum number of electrons = 2 n?
n=1forKe =2x12= 2e
n=2forLe =2x22=8e"
n=3forMe =2x32=18¢"

@11) In Sub orbit :

s P d f g
2 6 10 14 18

(ii1) Orbital : Maximum two electrons are pos-
sible in any orbital.

2

Eg.p,p,P,d,

Violation of Paulis Law

When electronic spin is same in any degenerate
orbital the law is violated.

] [ ]an] 1]
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Example,

It 1s also violated when electrons are filled even
after a maximum limit example. 1s’ configuration
for nitrogen cannot be written because in 1% orbit
only Max 2e- can exit and any s-subshell can have
two electrons.

Aufbau’s Principle: Itisa German word which
means to build so it is also called building up rule.
It states that as protons are added one by one to the
nucleus to build by elements, electrons are similarly
added to (n+ /) rule.

(n +|) Rule

According to it electrons are filled in different orbit-
als from lower (n +/) value orbital to higher (n + /)
value orbital as follows:
Is<2s<2p<3s<3p<4s<3d<4p<5s<4d <5p
< 6s ,< 4f< 5d< 6p<Ts<5f<6d

Increasing order of n + 1 value or energy.

In case (n + |) value is same Electron is
filled first in orbital with lower value of n.

Example, 3p, 4s
n=3 n=4
In case of Hydrogenic species energy depends only
upon ‘n’-value

So Is<2s=2p<3s=3p=3d<

To Write Electronic Configuration

m First fill electrons in orbital according to (n + 1)
rule (initial configuration).

m If atomic number is > 20 arrange the orbitals/sub-
orbits in the increasing order of n-value (for final
configuration).

Example, , Fe
1s?%, 282 2p® 3s? 3pS, 4s?, 3d°
1s%, 282 2pS, 3s? 3p® 3d¢, 4s”

(final configuration)

S.No. Elements Symbol Atomic number Electronic configuration
1 Hydrogen H 1 1s!

2 Helium He 2 1s?

3 Lithium Li 3 1s?, 2s!

4 Beryllium Be 4 1s%, 2s?

5 Boron B 5 1s%, 252 2p!

6 Carbon C 6 1s%, 2s? 2p?

7 Nitrogen N 7 1s%, 252 2p*

8 Oxygen (¢} 8 1s2, 2s% 2p*

9 Fluorine F 9 1s%, 252 2p°

10 Neon Ne 10 1s%, 2s? 2p¢

11 Sodium Na 11 152, 2s 2pS, 3s!

12 Magnesium Mg 12 152, 2s2 2p$, 3s?

13 Aluminium Al 13 152, 2s? 2p*, 3s23p!
14. Silicon Si 14 152, 252 2p*, 3s%3p?
15. Phosphorous P 15 1s%, 2s 2p%, 3s%3p?
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S.No. Elements Symbol Atomic number Electronic configuration

16 Sulphur S 16 1s%, 252 2p*, 3s*3p*

17 Chlorine Cl 17 1s%, 2s? 2p%, 3s?3p°

18 Argon Ar 18 152, 2s2 2pS, 3s*3p°

19 Potassium K 19 152, 2s2 2pS, 3s23p¢, 4s!

20 Calcium Ca 20 1s%, 252 2p%, 3s3p¢, 45’

21 Scandium Sc 21 152, 25 2p%, 3s23p°3d!, 4s?

22 Titanium Ti 22 152, 25 2p%, 3s23p°3d?, 45’

23 Vanadium \% 23 152, 252 2pS, 3s23p®3d3, 4s?

24 Chromium Cr 24 152, 252 2pS, 3s23p°3d’, 4s!

25 Manganese Mn 25 152, 252 2p%, 3s23p°3d’, 4s?

26 Iron Fe 26 152, 25 2p%, 3s23p°3dS, 4s?

27 Cobalt Co 27 152, 25 2p%, 3s23p°3d’, 4s?

28 Nickel Ni 28 152, 25 2p%, 3s23p°3d8, 4s?

29 Copper Cu 29 152, 2s2 2pS, 3s23p°3d°, 4s!

30 Zinc Zn 30 152, 252 2p%, 3s23p°3d’, 4s?

31 Gallium Ga 31 152, 2s2 2p%, 3s23p°3d™, 4s? 4p!

32 Germanium Ge 32 152, 252 2pS, 3s23p®3d°, 4s? 4p?

33 Arsenic As 33 152, 25 2p%, 3s23p°3d', 4s? 4p?

34 Selenium Se 34 152, 2s2 2pS%, 3s23p°3d°, 4s? 4p*

35 Bromine Br 35 152, 25 2p%, 3s23p°3d', 4s? 4p°

36 Krypton Kr 36 152, 252 2p%, 3s23p°3d°, 4s? 4p°
Some Exceptional Configurations the system and provides the stability to the system.

Let each exchange associates with energy A so total
decrease in energy of the system = AE =N x A. Here
N = Total number of exchanges.

In case of fully filled and half filled orbitals, stabil-
ity is more due to more exchanges, exchange energy
and symmetry. (d° > d* and d'°> d°)

! !
N=5r 5t 567 -

Exchange Energy

. ' Here
It is defined as the amount of energy needed to

exchange the positions of electrons having same | = Number of electrons having clockwise direction
spin. Hence every exchange decreases the energy of | s= Number of electrons anticlockwise direction
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The number of exchanges that can take place in &/ configuration are as follows:

1 2 m 3 v/\
it 0 il b il
3 EXCHANGES BY 2 EXCHANGES BY 1 EXCHANGES BY
ELECTRON 1 ELECTRON 2 ELECTRON 1

Total number of exchanges=3+2+1=6
The number of exchanges that can take plece in d° configuration are as follows:

0N

1 2
I 6 o o O T 6 M o

4 EXCHANGES BY 3 EXCHANGES BY 2 EXCHANGES BY
ELECTRON 1 ELECTRON 2 ELECTRON 3

4%\
RN

1 EXCHANGES BY
ELECTRON 4

Total number of exchanges=4+3+2+1=10

. Some Other Exceptional onfigurations
caset: | 1]1[1] | W] [1[1]1]1]1] [1] P 9
4Nb: 1s? 25 2p® 35> 3p® 3d'° 4s? 4p© 4d* 5s'
,Mo: 1s? 257 2p6 3s? 3p® 3d'° 4s* 4p° 4d° 55!

(n-1Dd* ns® : (n-1)d5 ns!

incomplete both orbitals are half
d-orbital so filled so more stable. wRu: 1s? 25% 2p° 357 3p° 3d10 4s?
Less stable 4pS 4d7 5s!

Example— or

,Cr i [(Ar] 3d*4s>  [X]

[Kr] 4d7 55!
[ Ar] 3d%4s'  [V]

R [Kr] 4d® 5

Case II: 46Pd: [Kr] 4d1° 55°
@m-1)d&ns® m-1d"* ns! Ag: K] 4d10 55!
incomplete full  half i [Kr] ®
d-orbital so filled ~filled sla: [Xe] 417 5d" 652
less stable more stable e [Xe] 4f 2 5d° 652

Example- Pm: [Xe] 4f° 5d° 65°
HCu: [Ar] 3d%, 457 [X] Pt [Xe] 4f 1 5d° 65!

LCut [ Ar] 3d9, 45 [V] Au: [Xe] 4f 14 5d% 65!
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These exceptions are mainly because of interaction
between nucleus and valence electron.

Violation of Aufbau Rule
L1] [e[1]1]

As in p-subshell electrons can be filled after complet-
ing the maximum limit of electrons in s-subshell.

Hund’s Rule of Maximum Multiplicity

According to it, “In degenerate orbitals, electron are
filled in such a way so that maximum stability and
multiplicity can be obtained for it first each degen-
erate orbital is singly occupied than pairing of elec-
tron takes place”, or, The most stable arrangement
of electrons in sub-orbits is the one with the greatest
number of parallel spins.

Hund'’s Violation
] efa] |

pairing empty degenerateorbital

Uses:

m To write the correct and stable electronic con-
figuration

Example,
,.Cr 1 [Ar] 3d* 48* [X]
[Ar] 3d° 4s!
m To find number of unpaired electrons (n)
Example,
,.Cr 1 [Ar] 3d° 4s'
A1) (4]
3d° 4s!

n=06
m To find multiplicity (m) :
m=@n+1)=Q2s+1), (s=7%)

Example—
,.Cr o [ (Ar] 3d° 4s!
m=6+1=7

m Number of spins=n/2=6/2=3.

m To find magnetic nature and magnetic moment:
n = 0 diamagnetic
n =1, 2,3 paramagnetic

n=4,5, 6 ferromagnetic or highly paramagnetic
magnetic moment (1) = Vn(n+2) B. M
B.M. = Bohr magneton

To Find Colour

m If n=0ion is colourless
Example.,— Cu*, Zn*?, Cd*?
m Ifn=1, 2,3 ionis coloured

Example, Cu*?, Fe*?, Fe*?

Config- n p in spin examples

uration B.M

dlord® 1 3 172 Cu*, Sc®

d*ord® 2 8 1 Ti, Ti*?, Ni, Ni**

dord 3 VIS5 3/2 V, V¥ Co, Co® Cr?

ds 4 24 2 fe, fe® Cr*

d’ 5 35 5/2 mn,fe**mn?
lllustration

23. A compound of Nickel has a magnetic moment
of 2.79 BM. Write the electronic configuration
of the chromium ion in this compound.

Solution As p=+n(n+2)
2.79 =n(n + 2)
On solving,
n=2

As there are two unpaired electrons so Ni is in Ni**
state. Hence its configuration is written as

N7 [Ar] 3d®

Enhance Your Knowledge

m The radius, r of the nucleus of an atom is related
to its mass number(A) according to the equation

r=R AP

where R is a constant having value
=14x10"m.
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m The shapes of the seven f-orbtials are compli-

cated but their designations are as follows.
fx3,fy3, 23, fx(z22 - y?), fy(22 - ¥?),

fz(y? - x?), fxyz.

m These are not possiblen#1, n « I, m ¥ 1. If any
of these is not obeyed arrangement of quantum
numbers set is not permissible.

m Since | can not be equal to n so orbitals

1p, 24, 3f, 4g do not exist.

Solved Problems from the lITs

1. Calculate the wavelength in Angstroms of the
photon that is emitted when an electron in
Bohr orbit n = 2 returns to the orbitn =1 in the
hydrogen atom. The ionization potential of the
ground state of hydrogen atom is 2.17 x 10!
erg per atom.

[ZIT 1982]

Solution Ionization potential of the ground state

of hydrogen atom is 2.17 x 107 erg.

E =217 x 10" erg

—2.17 x 10" erg

E,=-0.5425 x 10" erg
E,-E, =1.6275x 10" erg

E,-E, =hv= hc/A
he

_6.626 x 107 x 3 x 108
1.6275 x 1071

= 1221 x 10 m= 1221 A

2. According to Bohr’s theory, the electronic
energy of the hydrogen atom in the nth Bohr’s
orbit is given by

p o= 2L76x10% 7
n n-

Calculate the longest wavelength of light that
will be needed to remove an electron from the
third orbit of the He" ion.

[IIT 1990]

Solution The electronic energy of He* ion in the
nth Bohr orbit

_ 2176 x100x72]
nl

Here Z=2
So energy of He" in the third Bohr orbit
_ 2176 x10"x4]

9
AE=E_-E,
[-21.76 x 107" x 4]
_21.76 x 10 x 4
9
= he
As )‘_AE

_6.625x 103 x3x108x9
21.76 x 10 x 4

=2.055%x10"m

3. Estimate the difference in energy between the
first and second Bohr orbit for hydrogen atom.
At what minimum atomic number would a tran-
sition from n = 2 to n = 1 energy level result in
the emission of X-rays with A =3.0 x 10® m?
Which hydrogen like species does this atomic
number correspond to?
[ZIT 1993]

Solution AE=hv= %
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AE=h . c‘% R Solution For He*,
_ 1_ 2 | |
_ 6:625 1023 x 100 LO9GTS x 1073 FeR,Z (35 - 35
=1.635x 10187 For I,
For hydrogen like species | | |
1 1 o R, (_2 - 52 )
AE=Z7Rhc (—2 - —2) n’ o,
n1 n2
Since A 1s same
1_, 1 1
)\,_Z R ( 2 2)
oo, Z2[1/2° =14 ]=[l/n}?-1mn7]
_ 1 _, L1 -
30 % 10 7% x 1.09678 x 107 x - 7=2
7o 4 4 (/1= 1/2°]=[1/m?-1/n2]
T 3x10%x1.09678 x 107 x 3 _ _
n=landn=2.
7=2

6. Find the number of waves made by a Bohr elec-
tron in one complete revolution in the 3™ orbit.
4. The dipole moment of KClis 3.336 x 10 cou- [IIT 1994]
lomb meter which indicates that it is a highly
polar molecule. The interatomic distance | ggjution Velocity of the electron in 34 orbit =
between K* and Cl- in this molecule is 2.6 x
1071° m. Calculate the dipole moment of KC1 Here m = mass of electron
molecule if there were opposite charges of one
fundamental unit located at each nucleus. Cal-

Hence the species is He".

3h
2mmr

r = radius of 3" orbit

culate the percentage ionic character of KC1. According to de Broglie equation
[ZIT 1993]
. . \= h _h 2mmr_2mr
Solution Dipole moment Tmv m* 3y, 3
p =e x d coulombs meter Number of waves = 2 ;\’t r
ForKCl d=26x10"m
For complete separation of unit charge (elec- = % 2; x3=3

tronic charge),

e = 1602 x 109 C 7. A bulb emits light of A 4500 A. The bulb is

rated as 150 watt and 8 per cent of the energy

Hence is emitted as light. How many photons are
w=1.602 x 1079 x 2.6 x 1019 emitted by the bulb per second?

=4.1652 x 10 cm T 19931
p (KCD) = 3.336 x 10 cm Solution Energy of one photon = %
Percent ionic character of KC1 _6.625x 10 x 3 x 108]
= 3.336x102 00 4500 x 10710

4.1652 x 107%

=442 x10"7J

=80.09 %

. 8
.. . E tted by the bulb = 150 x === 7T
5. What transition in the hydrogen spectrum fiergy etnifted by the bu * 100

would have the same wavelength as the Balmer nx 4.42 x 1019 = 150 x 8
transition n = 4 to n = 2 of He" spectrum? 100
[ZIT 1993] n=27.2x 10
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8. lodine molecule dissociates into atoms after
absorbing light of 4500 A. If one quantum of
radiation is absorbed by each molecule, calcu-
late the kinetic energy of iodine atoms. (bond
energy of I, = 240 kJ mol™).

[LIT 1995]

Solution Energy used for breaking up I, molecule

= bond energy of I, = 240 kJ mol™
=240 x 10* J mol™!

= 240 x 10° ] molecule!
6.023 x 102 °

=3.984 x 107*° I molecule™!

Energy absorbed by I, molecule = h—f

_ 6.626 x 10734 Js x 3 x 108 ms™
4500 x10° m

=4417 x 10]

Energy used in imparting kinetic energy to one
I, molecule

1. =4417 x 107 - 3.984 x 10"° J = 4.33 x
10207]

Energy used in imparting kinetic energy to each
1odine atom

—-20
= 4332107 5 165 x 1007
9. Consider the hydrogen atom to be a proton embed-
ded in a cavity of radius a, (Bohr’s radius), whose
charge is neutralized by the addition of an elec-
tron to the cavity in vacuum, infinitely slowly.

(a) Estimate the average of total energy of an
electron in its ground state in a hydrogen
atom as the work done in the above neu-
tralization process. Also if the magnitude
of the average kinetic energy is half the
magnitude of the average potential energy,
find the average potential energy.

(b) Also derive the wavelength of the electron
when it is a, from the proton. How does
this compare with the wavelength of an
electron in the ground state Bohr’s orbit?

[ZIT 1996]

Solution (a) Work done in bringing the electron
from a to ais given by

~

e?

W=—oor—se
411:808.0

It is equal to total energy. As in the problem the
kinetic energy at this condition is assumed to
be zero so it will be equal to potential energy.

that 1s, Total energy = PE. + K.E.

el
4 meE A,

=PE. =-

Now as the electron is to be captured by the
proton to form ground state H-atom. There
must be kinetic energy also which is half of the
potential energy assume in this problem

thatis, (e’/8me a,)
Hence total energy =PE. +K. E

,

e’ ¢’

“4nea Snea
0 00

= e_
8ne a

b _h_ h :

(b) Wavelength (1) = p=mv ..
As KE. = > mv? ....(1)
v= % . (i)

From these equation (1), (i1) and (ii1)
A= i

V@2m KE)
As K .E. =0 at this situation, so A = o

When electron is at a distance a  in Bohr’s orbit
of H atom wave length is as follows:

_ h
*=3 (2m.KE)

_ h
J(2me¥/8 n g,a,)

_ h
Ve m/dn g, 2,

10. Calculate the wavelength for the shortest wave
length transition in the Balmer series of atomic
hydrogen.

[ZIT 1996]

- 1
Solution V=7=R, (— - —7)
= 109677 (114 - 0) = 192877

=27419.25 cm™



3.28 B Atomic Structure

11.

A compound of vanadium has a magnetic
moment of 1.73 B.M. Work out the electronic
configuration of the vanadium ion in the com-
pound.

[ZIT 1997]

Solution Magnetic moment = 1.73 BM = VN(N+2)

12.

Solution

13.

Here N = number of unpaired electrons
N =1
It means that in the compound vanadium ion
must have one unpaired electrons.
V= 1%, 287 2p6, 35 3p® 4s* 3d°

= 1s?, 252 2pS, 3s? 3p° 3d!
An electron beam can undergo diffraction by
crystals. Through what potential should a beam
of electrons be accelerated so that its wave-

length becomes equal to 1.54 A.
[ZIT 1997]

Ybmu’=eV

1 (6.62 x 10y
T 279108 x 107 (1.54 100 x 1.602 x 10

=63.3 volt

State the number of protons, neutrons and elec-
trons in C'? and C™.

[LIT 1997]

Solution The atomic number of C?is 6. So in it
number of electrons = 6.

Number of protons = 6

Number of neutrons =12 -6=6
In C"

Number of electrons = 6
Number of protons = 6

Number of neutrons = 14 -6

14.

Solution As

15.

Calculate the energy required to excite one litre
of hydrogen gas at 1 atm and 298 K to the first
excited state of atomic hydrogen. The energy
for the dissociation of H — H bond is 436 kJ
mol-l. Also calculate the minimum frequency
of photon to break this bond.

[ZIT 2000]

PV

NERT
So mole of H, present in one litre (n) = PV/RT

1 x1

= 0.0821 x 208 _ 0-0409

Hence energy needed to break H — H bonds in
0.0409 mole of H,

=0.0409x 436 =17.83 kJ

Now energy needed to excite one H atom from
first to second energy level

= 136(1-1ev
=102eV
=102x16x10"J

So energy needed to excite 0.0409 x 2 x 6.02 x
10% atoms of H

=102 x 1.6 x 107 x 0.0409 x 2 x 6.02 x 10*J
=80.36 kJ

that 1s, total energy needed = 17.83 + 80.36
=98.19kJ

Now energy required to break (H — H) bond

_ 436 x 10°
6.023 x 107

E=hv

Joule

Using

436 x 103
6.023 x 10%

On solving

v =10.93 x 10" sec™! or Hz

that is, =6.626 x 10734 x v.

Wavelength of high energy transition of H-
atoms is 91.2 nm. Calculate the corresponding
wavelength of He*.

[ZIT 2003]
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Solution For H-atom

16.

1

1_g (L_L

A Ry (nlz - nzz) “““ )
For He* ion :

L: 2 L _ L

A, RyZ (nlz nzz) (@
By (1) and (2),

)"2_ |

A

Or)\'He+=)\'HX%=91‘2 ><%=22‘8nm

The wave function of 2s electron is given by
1
N(Q2m)
It has a node at r = r, find relation between r

and a .

\l,zs — a /ao)s/z (2- aLO )e—r/a 0

[IT 2004]

Solution The probability of finding of 2s electron
at a point is given as follows:

17.

2 1 2 a—2t/a
V= gr (2 (2-g P e

As node is the point at which probability of

finding an electron is zero
. .
thatis, y? =zero

It is possible whenr =r,
that is L (1/a)* (2 &)26-%:0
> 32n 0 a,

. r()
On solving 2 - 3, 0

r0=2a0

Find the wavelength for 100 g particle moving
with velocity 100 ms™.

[IIT 2004]
Solution According to de Broglie equation:
__h
A=y

18.

_ 6.626 x 103 J.s
(100 x 102 kg) x 100 ms™

=6.626 x 10 m

Find the velocity (ms™) of electron in first Bohr’s
orbit of radius a, Also find the de Broglie’s

wavelength (in m). Calculate the orbital angu-
lar momentum of 2p orbital of hydrogen atom in
units of h /27,

[IIT 2005]

Solution For hydrogen atom, Z=1,n=1

19.

v=2.18 x 10°x £ ms? = 2.18 x 105 ms
de Broglie wavelength

X=L= 6.26 x 103
mv 91 x103x2.18x 10°

=334x10"m=33A

For2p,1=1

Orbital angular momentum (mvr)
- h_ph
= 1A+ D5-=V25-

What is the angular momentum of an elec-
tron in Bohr’s hydrogen atom whose energy
1s-3.4 eV?

Solution As E= - 1356
34=_136
2
n=2

20.

The angular momentum quantization gives

- _nh
L =mvr=5-

On substituting n = 2, we have

—2h_h
L=on~=
Consider a hydrogen like atom whose energy in
nth excited state is given by

E=_ 13‘67 72

n n-
When this excited atom makes a transition from
excited state to ground state, most energetic pho-
tons have energy E__ = 52.554 eV and least ener-
getic photons have energy E_ . =1.224 ¢V, Find the
atomic number of atom and the state of excitation.

Solution Maximum energy is liberated for transition

— - E, =52224eV

E — 1 and minimum energy for E — E
n n n-1
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|

=1.224eV . .(i)

=]

On solving the equations, we get

E,=-544eV
n=>5
B,=-13825— s44ev
Z=2

Therefore the gas is helium, originally excited
to n =5 energy state.

21. An a-particle and a proton are fired through the
same magnetic fields which is perpendicular to
their velocity vectors. The a-particle and the
proton move such that radius of curvature of
their path is same. Calculate the ratio of their
de Broglie wavelengths.

Solution Magnetic force experienced by a
charged particle in magnetic field is given by,

FB=q; x B = qvB sin 6

As0=0
So F,=qvB
qu=mrv-

or mv = gBr

The de Broglie wavelength
h _ b
mv ~ gBr -
A (o—particle) q,T,
A (proton) 9.1,

)\.=

T, q _
As r—P—lanqu 2
A

22. Calculate the ratio of de Broglie wavelength
of a proton and an a-particle which have been
accelerated through same potential difference.

Solution Kinetic energy gained by a charge
‘q’ after being accelerated through a potential
difference V volt.

=1l
qV—sz

v="(2qV/m)
mv = V(2mqV)

According to de Broglie wavelength

- h__ h
My \J(2mqV)

Ay _ \/(ma q,V,)

7‘,1 - \/mP 9 VP

Py

On Putting V_ =V, we get

23. Calculate the wavelength forann=2ton =1
transition in molybdenum (Z = 42). What is the
energy of such a photon?

Solution According to Bohr formula Z? is
replaced by (Z — 1)>’= (41)2>. Forn=2 ton=1
transition in hydrogen (Z = 1)

1

RS
_(22x1on oo
——(41)2 =0. nm

It 1s close to the measured value of 0.071 nm.
Each of these photons would have energy (in
eV) of:

—phr=he
E=hf ==

_6.63 x 10 x3.00 x 10®

= T3x107x1.60x10% ~ [7KeV
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MULTIPLE-CHOICE QUESTIONS

Straight Objective Type Questions
(Single Choice only)

The quantum number ‘m’ of a free gaseous atom is

associated with

a. the effective volume of the orbital

b. the shape of the orbital

c. the spatial orientation of the orbital

d. the energy of the orbital in the absence of a
magnetic field

The angular momentum (L) of an electron in a
Bohr orbit is given as

a. L=nh/2xn
c¢. L=mg/2n

b. V[Id + 1) h/2 1]
d L=han

When the azimuthal quantum number has the value
of 2, the number of orbitals possible are

a. 0 b. 4

c 1 d 5

For a d-electron, the orbital angular momentum is
a. V6 b. V25

c b d. 2

The ratio of kinetic energy and potential energy of
an electron in a Bohr orbit of a hydrogen like spe-
cies is

a. -1 b. +1

c. Y d. +%

In which of the following sets do all species have
the same number of electrons?

a. O, 0%, O* b. Mg¥, Sr*, Ba*

¢. Br, Kr, Sr* d. C,N* O*

Of the following, which has the shortest de Broglie
wavelength?

a. A nitrogen molecule moving at a velocity of
4000 mph.

b. A nitrogen molecule moving at a velocity of
1100 mph

¢. A helium nucleus moving at a velocity of 1200 mph
d. An airplane moving at a velocity of 200 mph
Gaseous metal ion M? has 5 unpaired electrons.
What is its atomic number?

a. 25 b. 26
c. 27 d. 28

10.

11.

12.

13.

14.

15.

The electronic configuration 1s?, 2s2, 2p%, 3s!, 3p! is
correctly described by

a. the excited state of Mg*

b. the excited state of Na*

c. the excited state of Mg

d. the excited state of Al.

The orbital angular momentum of an electron in 2s
orbital is

a. +% % b. zero
h h
¢ 5 d \25-

Which of the following radial distribution graphs
correspond to | = 2 for Hydrogen atom:

a b.
N} N}
a, a,
c. d. Both (a) and (b)
S
a

In which of the following pairs are both the ions
coloured in aqueous solution?

a. Sc¥, Co* b. Ni*, Cu*
c. Ni**, Ti** d. Sc*, Ti*

(At. no. Sc =21, Ti =22, Ni = 28,Cu =29, Co =27)

Rutherford’s a-particles scattering experiment led
to the conclusion that:

a. Atoms are electrically neutral

b. Mass and energy are related

¢. Mass and positive charge of an atom are con-
centrated in the nucleus

d. Neutrons are present in the nucleus

Each p-orbital and each d-orbital has lobes respec-
tively as

a. 2,4 b. 1,2

c 2,2 d 1,1

The mass of an electron is m. Its charge is e and it is

accelerated from rest through a potential difference
V. The velocity acquired by the electron will be
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16.

17.

18.

19.

20.

21.

22.

b. VeV/m
d. none

a. VV/m
¢. V2eV/m

For an orbital, a node is

a. A surface inside which there is a 90% chance
of finding the electron.

b. The mid point of the orbital

c. A surface where there is no change of finding
the electron

d. A surface where there is a maximum probabil-
ity of finding the electron.

In the photoelectric effect, in order for an electron
to be released from the surface of a clean metal,
which one of the following conditions must exist?

a. The kinetic energy of photons striking the
metal’s surface must be less than that of the
emitted electrons

b. The kinetic energy of photons striking the
metal’s surface must be greater than or equal
to that of the emitted electrons plus the bind-
ing energy holding the electron in the metal

¢. The metal must have a low temperature

d. The kinetic energy of photons striking the
metal’s surface must equal that of the emitted
electron

Which of the following transitions will have mini-

mum wavelength?

a. n,—n, b. n,—n,

¢ n,—n d. n,—n

Which of the following relates to photons both as

wave motion and as a stream of particles?

b. E = mc?

d. E=hv

A metal surface is exposed to solar radiations

a. interference
¢. diffraction

a. The emitted electrons have zero energy

b. The emitted electrons have energy equal to energy
of photons of incident light

c. The emitted electrons have energy less than
the maximum value of energy depending upon
intensity of incident radiations.

d. The emitted electrons have energy less than a
maximum value of energy depending upon the
frequency of the incident radiation.

The ionization energy of hydrogen atom is 13.6 eV.
What will be the ionization energy of He*?

a. 13.6eV b. 544 ¢V

c. 1224¢eV d. zero

The H-spectrum shows

a. Polarization

b. Presence of quantized energy levels
c. Heisenberg’s uncertainty principle
d. Diffraction

24.

25.

26.

27.

28.

29.

30.

Which of the following represents the correct set
up of the four quantum number of 4s electron

a 4,1,0,+% b. 4,1,-1,-%
c 4,2,1,+% d. 4,0,0,%

The orbital diagram in which the Aufbau principle
is violated is

2s 2p 2s 2p
o NN ]y [N ]

2s 2p 2s 2p
o N[ [ ] g [N [N 1]

From the a-particle scattering experiment, Ruther-

ford concluded that:

a. The radius of the nucleus is less than 102m

b. a-particles can approach within a distance of
the order of 10"* m of the nucleus

c. The positively charged parts of the atom move
with extremely high velocities

d. Scattering does not follow Coulomb’s law.

Electromagnetic radiation with maximum wave-

length is

a. radiowave b. X-ray

¢. infrared d. ultraviolet

Which order of energies of orbitals is correct in a
many electron atom?
a. 3d<2s
c. 4s>5s

b. 2s=2p

d. 3s<3p

The subshell designations follows the alphabet
after ‘f >. What is the first shell in which an ‘h’
orbital would be allowed?

b. Fifth

d. Seventh

a. Fourth
¢. Sixth

The graph representing two nodes is
a. b.
A v
a() a()
v @

d
aO
When potassium metal is exposed to violet light

a. there is no effect

b. ejection of electron takes place
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31.

32.

33.

34.

3s.

36.

37.

38.

c. the absorption of electrons takes place

d. ejection of some potassium atoms occurs

Which of the following orbitals can have more than
one nodal plane?

a. lIs b. 2s

c. 2p d. 3d

The radius of an atomic nucleus is of the order of
a. 10%cm b. 1023 cm

c. 10 cm d. 10% ¢cm

Find the magnetic moment of a divalent ion in
aqueous solution if its atomic number is 25.

a. 6.9 BM b. 59 BM

c¢. 49BM d. 3.0 BM

Bohr model can explain

a. the solar spectrum
. the spectrum of hydrogen molecule

b
c. the spectrum of hydrogen atom only
d

. spectrum of an atom or ion containing one
electron only

An electron is moving in Bohr’s fourth orbit. Its
deBroglie wavelength is A. What is the circumfer-
ence of the fourth orbit?

a. 2} b. 2/A

c. 3/A d. 4%

Which one of the following grouping represents a
collection of isoelectronic species? (At numbers
Cs-55, Br -35)

a. Na*, Ca?, Mg

b. N* F-, Na*

c. Be, AI¥, Cl

d. Ca*, Cs*, Br

Which of the following represent electron configu-
ration that violate the Pauli exclusion principle?
(D) [Ne]3s!3p°

(II) [Kr] 4d™ 552 5p®

(1) [Ar] 3d'° 4s? 4p?

a. Only (II)

b. Only (D)

¢. Both (I) and (III)

d. Both (II) and (III)

Which best describes the emission spectra of
atomic hydrogen?

a. A discrete series of lines of equal intensity and
equally spaced with respect to wavelength

b. A series of only four lines

39.

40.

41.

42.

43.

4.

45.

¢. A continuous emission of radiation of all fre-
quencies

d. Several discrete series of lines with both inten-
sity and spacing between lines decreasing as the
wave number increases within each series

Which electronic level would allow the hydrogen
atom to absorb a photon but not to emit a photon?

b. 2s
d. 3s

a. 1s
c. 2p
In the electronic configuration given below which
rule is violated?
NN [N [ ][]

1s 2s 2p
a. Aufbau rule

b. Pauli’s exclusion principle
¢. Hund’s rule
d. No violation of any of these rules

The number of d-electrons in Ni (atomic number =
28) is equal to that of the

a. d-electrons in Ni?

b. Total electrons in N (atomic number = 7)

c. s and p-electrons in F~

d. p-electrons in Ar (atomic number = 18)

In a multi-electron atom, which of the following
orbitals described by the three quantum numbers
will have the same energy in the absence of mag-
netic field and electric fields?

a. n=1,1=0,m=0

b. n=2,1=00m=0

¢ n=3,1=1,m=1

d n=31=2,m=1

e n=3,1=2m=0

a. bandc b. dande
c. candd d. aandb
Ans b.

Correct set of four quantum numbers for the valence
(outermost) electron of rubidium (Z = 37) is

a. 5,0,0,+% b. 6,0,0,+%

c 511,+% d 51,0,+%
Ifn=3,1=0, m =0, then atomic number is

a. 12,14 b. 11,13

c 11,12 d. 13,14

How many lines in the spectrum will be observed
when electrons return from 7th shell to 2nd shell?

a. 10 b. 15
c 21 d. 30
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46.

47.

48.

49.

50.

51.

52.

53.

The increasing order (lowest first) for the values
of e/m (charge/mass) for electron (e), proton (p),
neutron (n) and alpha particle (a) is:

a. n,p,a,e b. n,p,e,a

c. n,a,p,e d e,p,n,a

For a hydrogen atom, which electronic transition
would result in the emission of a photon with the
highest energy?
a. 5f—3d
c. 3p—6d

b. 4p — 2s
d 2s—3p

The specific charge for positive rays is much less than
the specific charge for cathode rays. This is because
a. Charge on positive rays is less

b. Positive rays are positive charged

c. Experimental method for determination is
wrong

d. Positive rays comprise ionized atoms whose
mass is much higher

In iron, which of the following electrons, charac-
terized by the four quantum numbers, has the low-
est energy?

an=3/=2m=1m=-"%
b.n=3,/=2,m =0, m =+%

c. n=3,/=1,m =0, m =+%

d n=4,/]=0,m =0, m =+"%

Rutherford’s scattering experiment is related to the
size of the

a. atom b. nucleus

¢. neutron d. electron

Wave function of an orbital is given below in the
variation or w.r.t. distance from nucleus.

r—
It may be the graphical representation of
b. 2s
d. 3s

a. s
c. 2p
If the electron of a hydrogen atom is present in the
first orbit, the total energy of the electroniis ... ....

b. —€2/r
d. —¥2r*

a. —¥2r
c. —e¥r?

The principal quantum number of an atom is related
to the

a. orientation of the orbital in space

b. spin angular momentum

54.

5S.

56.

57.

58.

c. orbital angular momentum

d. size of the orbital

Name the ions indicated by the following electronic
configurations:

3d
g, o L [ [ o] ]1]
4d
2 T IIIIIIIII
a. Ni*, Br- b. Zn*,Rb*
c. Cu*, Se* d. Co*,Rb*

Which of the following sets of quantum numbers
represents the electron of the lowest energy?

an=21=0,m=0,s=-%
b.n=21=1,m=0,s= +%
c.n=41=2m=0,s=+%

d n=41=-0,m=0,s= -%

The orbital angular momentum for an electron
revolving in an orbit is given by VI(1+1) h/2x. This
momentum for an s-electron will be given by:
a +%h2xn
c. h2n

b. zero

d \2h2n

Any p-orbital can accommodate upto
a. six electrons

b. four electrons

¢. two electrons with opposite spins
d. two electrons with parallel spins

The energy of an electron moving in nth Bohr’s
orbit of an element is given by

_ 136

E, 2

7% eV /atom

Here 7 = atomic number

The graph of E vs Z?* will be:

a. b.
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59.

60.

61.

62.

63.

64.

65.

C.

72 —> d.T
TN b
Zl

The fourth electron of Be atom will have quantum
numbers as

a. 1,0,0,%
c. 2,1,0,+%

b. 2,0,0,-%

d 1,1,1,+%

Which of the following electronic configuration
does not follow the Pauli’s exclusion principle?

a. 1s?2s22p*
c. 1s?2s?

b. 152252 2p°3s?
d. 1s?2s?2p°3s?

In which of the following, pair both the ions have
magnetic moment 2.83 B.M. respectively?

a. Fe*, Mn*
¢. Mn*, Cr¥*

b. Fe**, Mn*
d. Mn*, V¥
Uncertainty in position of a particle of 25 g in space

is 10° m. Hence uncertainty in velocity (ms™) is
(Planck’s constant h = 6.6 x 1034 Js)

a. 2.1 x 10
c. 0.5x 103

b. 2.1 x 10
d. 5.0 x 102

Which of the following options represent the cor-
rect graph for photoelectrons?

KE.

Light intensity
¢. Both of the above
d. None of the above

Which of the following ions has the maximum
magnetic moment?
a. Mn*
c. Ti

b. Fe*
d. Cr*
The de Broglie wavelength of a tennins ball of

mass 60 g moving with a velocity of 10 meters
per second is approximately:

(Planck’s constant h = 6.63 x 10! Js)

66.

67.

68.

69.

70.

71.

72.

73.

a. 103 m
c. 10 m

b. 107! meter
d. 10¥m

The number of d-electrons retained in Fe?
(At. number of Fe = 26) ions is
a 3 b. 4

c. 5 d 6

Which one of the following sets of ions represents
the collection of isoelectronic species?

a. K*, Ca¥, S¢**, CI

b. Na*, Ca*, S¢**, F-

c¢. K*, CI', Mg*, Sc**

d. Na*, Mg*,Al*, ClI

Transition of an electron from n = 3 level to n = 1
level results in:

a. Band spectrum

b. IR spectrum

c. Emission spectrum

d. X-ray spectrum

For a particular orbital, as one goes away from
the nucleus along the Z-axis, the probability den-
sity decreases to zero, then increases, and finally
decreases without increasing a second time. This is
consistent with a

a. 2s or a 2pz orbital
b. 2s orbital

c. 3s-orbital

d. 2pz orbital

Of the following sets which one does not contain
isoelectronic species?

a. PO,*, SO,%, ClO;
b. CN,N,, C*

¢ SO,*,CO,*NO;
d. BO*,CO>, NO;

The orbital diagram in which the Pauli’s exclusion
principle is violated is

a N INA [ (] [N [ 1)

o N[ ] g IN] [V ]V V]

According to Bohr’s theory, the angular momen-
tum of an electron in 5th orbit is

a 25h/n b. 10/ =
c. 10h/n d 25h/n

If the electronic structure of oxygen atom is

—2p—

written as 1s?, 2s? . it would violate:
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74.

75.

. Hund’s rule
. Pauli’s exclusion principle

a
b
c. Both Hund’s and Pauli’s principles
d. None of these

Passing an electrical charge through argon gas con-

tained in a partially evacuated vessel yields which
of the following?

a. A line spectrum
b. A continuous spectrum

c. No visible change
d. White light

Here radial probability distribution curve is shown
for s-orbital. This curve is for

Radial prob —

T—
a. 3s b. 1s
c. 2s d. All of these

Brainteasers Objective Type Questions
(Single choice only)

76.

77.

78.

The number of waves made by a Bohr electron in an
orbit of maximum magnetic quantum number -3 is

a. 4 b. 3
c. 2 d 1

The correct order of number of unpaired electrons
in the ion Cu?*, Ni**, Fe** and Cr** is

a. Cu* > Ni?* > Cr¥* > Fe?*
b. Ni?* > Cu* > Fe* > Cr¥*
c. Fe**> Cr¥* > Ni** > Cu*

d. Fe¥* > Cr¥* > Cu? > Ni*

In which of the following case would the probabil-
ity of finding an electron residing in a dxy orbital
be zero?

. xz and yz-planes

. Xy and yz-planes

z-direction, yz and xz-planes

e o T

. xy and xz-planes

79.

80.

81.

82.

83.

84.

8s.

86.

87.

A monoenergetic electron beam with a de Broglie
wavelength of ‘P’ A is accelerated till its wavelength is
halved. By what factor will it kinetic energy change?
a. 2 b. %

c 4 d. Remains same

The first emission line in the atomic spectrum of
hydrogen in the Balmer series appears at:

a. % cm! b. % cm!
c. % cm’! d. % cm’!
The isoelectronic pair is:

a. ClO,, CIF, b. IF,", 1~

¢. CLO,,ICL~ d. IC1,, CIO,

If Aufbau rule is not followed then percent change in
total (n + /) value for unpaired electrons in , Mn is:

a. 60 b. 50
c. 40 d. 30

A photon of wavelength 300 nm is absorbed by a
gas and then re-emitted as two photon. One photon
is red with wavelength of 760 nm. The wave num-
ber of the second photon will be

a. 2.20 x 10" m?!
b. 2.02 x 10°m
c. 4.04 x 10" m*!
d. 1.01 x 10°m™

The de Broglie wavelength associated with a ball
of mass 1 kg having a kinetic energy 0.5 J is

a. 6.626 x 10**m

b. 13.2 x 10*m

1038 x 10 m

. 6.626 A

e o

If uncertainty in position and momentum are equal,
then uncertainty in velocity is:

a. 1/m V(h/m) b. V(h/m)

¢. 1/2m (b/m) d. V(h2m)

What is the wavelength of the radiation emitted
producing in a line in the Lyman series when an
electron falls from fourth stationary state in hydro-
genatom? (R, =1.1 x 10’ m™)

a. 96.97 nm b. 969.7 nm
¢. 9.697 nm d. none

If the shortest wavelength of hydrogen atom in
Lyman series is X, then longest wavelength in
Paschen series of He" is
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88.

89.

90.

91.

92.

36 x 36 x
a. 3 b. =
7= 6x
¢ 35 d. 3

In the consideration of the Bohr theory for the
hydrogenic species, which electron orbit of the
Be** ion can have the same radius as the ground
state electron orbit of the hydrogen atom?

b. 2

d 4

a. 1
c. 3

Wave function vs distance from nucleus graph of
an orbital is given below

The number of nodal (sphere) of this orbital is
b. 1
d. Can’t be said

a. Zero
c. 2

The electronic configuration of four elements P,
Q, R and S given below. Choose the element that
would most readily form a diatomic molecule.

P=1s22s22p', Q = 152252 2p°
R = 15?252 2p€3s!, S = 152 252 2p?

b. S
d R

a. Q
c. P

Consider the following sets of quantum numbers:

n 1 m s
D) 3 0 0 - %
2 2 2 2 - %
3 4 3 -2 - %
4 1 0 -1 - %
) 3 2 3 + Y

Which of the following sets of quantum number is
not possible?

a. 2,3and 4
c. 2,4and 5

b. 1,2,3and 4
d. 1and 3

An atom A has the electronic configuration of 1s?
2s? 2p!. Atom B has the electronic configuration of
152252 2p3. The empirical formula of the compound
obtained from the reaction of A and B is

93.

94.

9s.

96.

97.

98.

a. AB
c. AB,

b. AB,
d. AB,
The atomic numbers of elements X, Y, Z are 19, 21

and 25 respectively. The number of electrons present
in the ‘M’ shells of these elements follow the order

a Z>Y>X b. X>Y>Z
c. Z>X>Y d Y>Z>X

Hydrogen atoms are excited on n = 4 state. In the
spectrum of emitted radiation, number of lines in
the ultraviolet and visible regions are respectively

a. 3:2 b. 3:1
c. 1:3 d 2:3

Photoelectric emission is observed from a surface
for frequencies v, and v, of the incident radiation
(v, > v,). If the maximum kinetic energies of the
photoelectrons in the two cases are in the ratio 1 : k
then the threshold frequency v, is given by

kv,—v, v,—V,
a o1 b. K
. v,—V, kv, —v,
k-1 k-1

A light source of wavelength () illuminates a metal
and ejects photoelectrons with (K.E) =1eV

Another light source of wavelength M/3, ejects pho-
toelectrons from same metal with (K.E.) =4 eV

Find the value of work function?

b. 0.5eV
d 25eV

a. leV
c. 1.5¢eV

The ionization energy of He* is 19.6 x 10'® J atom™.
Calculate the energy of the first stationary state of Li**

a. 19.6 x 10® J atom™!
b. 441 x 108 J atom™!
c. 19.6 x 10" J atom™!
d. 4.41 x 107 J atom™!
Which of the following curves may represent the

speed of the electron in a hydrogen atom as a func-
tion of the principal quantum number n?

1 -8
b
\"
n—
a d b. ¢
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99.

100.

101.

102.

103.

104.

Energy of H-atom in the ground state is -13.6 eV,
hence energy in the second excited state is

a. 6.8¢V b. -34¢V
c. -1.51eV d. 4.53eV

Among the following series of transition metal
ions, the one where all metal ion have 3d? elec-
tronic configuration is

a. Ti**, V¥, Cr**, Mn*
b. Ti*, V¥, Cr®, Mn™
c. Ti*, V¥, Cr*, Mn*
d. Ti*, V¥, Cr*, Mn**
(At. wt. Ti=22; V=23;Cr=24, Mn=25)

The orbital diagram in which both the pauli’s
exclusion principle and Hund’s rule are violated is

STREE

b [T [T T T

SRR

T

a 1) T

In Bohr series of lines of hydrogen spectrum, the
third line from the red end corresponds to which
one of the following inter-orbit jumps of the elec-
tron for Bohr orbits in an atom of hydrogen?

a. 3—-2 b. 552

c. 4—1 d2—-5

The first orbital of H is represented by:

— 1 —r1/a
= %(l/ao)s’2 e

Here, a_ is Bohr’s radius. The probability of find-
ing the electron at a distance r, from the nucleus in
the region dV is:

b. Jydv
d. Jy?4m?dV

a. y*4ne2dr
c. yidr

Which orbital has only positive value of wave func-
tion at all distances from the nucleus?

a. 3d b. 2p
c. 2s d. 1s

105.

106.

107.

108.

109.

110.

111.

Which of the following sets of quantum numbers is
correct for an electron in 4f orbital?

a n=4,1=3 m=+4,s=+%
b. n=4,1=4, m=-4,s=-%
c¢. n=4,1=3, m=+1,s=+%
d n=31=2,m=-2,s=+%

Consider the ground state of Cr atom (Z = 24). The
numbers of electrons with the azimuthal quantum
numbers, | =1 and 2 are, respectively:

a. 12and 4 b. 12and 5

c. 16and 4 d. 16and 5

In the Bohr’s orbit, what is the ratio of total kinetic
energy and the total energy of the electron?

a. +1 b. +2

c 2 d -1

The angular momenta of 2s and 2p electrons, in
units of h/2m, are respectively

a 1,2 b. 2,2

¢ 0,\2 d. 0,1

The wavelength of the radiation emitted, when in
a hydrogen atom electron falls from infinity to sta-
tionary state 1, would be (Rydberg constant = 1.097
x 107 mY):

b. 192 nm

d. 9.1 x 10¥nm

a. 91 nm
¢. 406 nm

Energy levels A, B, C of a certain atom corresponds
to increasing values of energy, ie.,E, <E, <E_.
If X, X, and X, are the wavelengths of radiations
corresponding to the transitions C to B, B to A and
C to A respectively, which of the following state-
ment is correct?

X[ c

X | X,

y

- A

a X, +X,+X,=0
b. X,=X, +X,
€ X2=X?2+X,

_ XX
d X = m

The Balmer-Rydberg equation can be extended to
ions with only one electron, such as He*. In that
case it has the form:
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112.

113.

114.

115.

116.

117.

1/h=Z7%R (1/m? - 1/n?), here Z is the atomic
number. What is the energy of the photon required
to promote an electron in He* from a 1s-orbital to
a 2p-orbital?
a. 12 hcR
¢. 3hcR

b. 6 heR
d. (3/4) heR

A beam of protons is accelerated through a
potential drop of 200 volts. The same experi-
ment is done with a beam of deuterons. After
acceleration each beam is bent by the same
magnetic field in a directions perpendicular to
that of the beam. Which beam will exhibit the
greater curvature?

a. The same curvature for both
b. The beam with the larger velocity will exhibits
the smaller curvature

¢. The proton beam
d. The deuteron beam

The numerical value y, , , denotes

a. 4dx%y? b. 4dz?
c. 4p, d 4af

In the Bohr’s model of the hydrogen atom, which
of the following statements is correct?

a. The transition n = 1 —n = 3 represents absorp-
tion of energy

b. The transition n = 2 — n = 4 represents emis-
sion of energy

¢. When n = oo, the electron is in its ground state

d. When n = 1, the electron is in an excited state

The number of photons of light having wave number
‘a’in 3 J of energy source is

a. he/3a
c. 3a/hc

b. 3hca
d. 3/hca

The wavelength of the de Broglie wave of the elec-
tron revolving in the sixth orbit of the hydrogen
atom is

a. mr, b. 12xnr,
c bnr, d 24nr,

(r, is the Bohr’s radius = 0.529 A)

For an electron in a hydrogen atom, the wave func-
tion, y is proportional to exp-(1/a ), where a is the
Bohr’s radius. What is the ratio of probability of
finding electron at the nucleus to the probability of
finding it at 90?

a. Zero b. ¢
c e d. 1/e*

118.

119.

The masses of photons corresponding to the first
lines of the Lyman and the Balmer series of the
atomic spectrum of hydrogen are in the ratio of

a. 4:9
c. 9:4

b. 27:5
d1:1

Select the correct graph for velocity of €™ in an orbit
vs Z, 1/n and n:

O
\"
n—
I
\"
Z —
(€11
\"
1/n—
aw
\"
n—
a. Iand II b. I[land IV
c. [ITandIV d. II, IIT and IV

120. A mono electronic species in energy level with

energy ‘X’ was provided with excess of energy so
that it jumps to higher energy level with energy
‘Y’. If it can emit 6 wavelengths originated from
all possible transition between these group levels,
then which of the following relation is correct?

a X'Y=(n-1)?

b. X/'Y=1+3/n

c. V(X/Y)=1+3/Mm

d. X/'Y=n/6

(Here n is the principal quantum number of
energy level X)
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Multiple Correct Answer Type Questions

121.

122.

123.

124.

125.

126.

Bohr’s model of atom cannot explain

a. Zeeman effect

b. Stark effect

c. Linear spectrum of hydrogenic species

d. Fine spectrum of hydrogenic species

Select the correct statement(s) about Uncertainty

principle.

a. The product of uncertainty in momentum in
position is always constant

b. This principle can explain why electron cannot
exist in nucleus

c. This principle is applicable to microscopic as
well as macroscopic particle

d. Heisenberg uncertainty principle is ruled out
the concept of definite trajectories around the
nucleus.

Which of the following is/are true in Rutherford’s
nuclear model of atom?

a. The number of protons and neutrons are always
equal

b. The number of electrons and protons are always
equal

c. Protons and neutrons are present inside the
nucleus

d. Volume of nucleus is very small as compared to
the volume of atom
Which of the following statement is/are correct?

a. In silver atom, 23 electrons have a spin of one
type and 24 of the opposite (atomic number of
Ag=47)

b. The number of unpaired electrons in both Fe?
and Mn?* are five

c. The electronic configuration of Cr is [Ar]
3d* 4s! (atomic number of Cr = 24)

d. The azimuthal quantum number may have a
negative value.

Which of the following statement(s) is/are correct?

An atomic orbital
a. Describes trajectory of electron in an atom

b. Is a single electron wave function
c. Can be represented by boundary surface diagrams

d. Defines distribution of electron density in space

The kinetic energy of photoelectron emitted on irra-
diating a metal surface with frequency v is related

127.

128.

129.

130.

by KE = hv — IE. The plots of KE vs. incidented
frequency v shows:

a. A straight line with slope equal to Planck’s
constant.

b. A straight line with intercept on x-axis equal to
the product of threshold frequency and Planck’s
constant.

c. A straight line with extrapolated intercept on y-
axis equal to ionization energy

d. A straight line with intercept on x-axis equal to
threshold frequency

Which of the following statements is/are correct?

a. Energy of the electron in hydrogen like atom/ion
at infinite distance is zero and yet it is maximum

b. The position and momentum of a rolling ball
can be measured accurately

c. Some spectral lines of an element may have the
same wave number

d. Probabilities are found by solving Schrodinger
wave equation

Which of these represent possible arrangement(s)?

n 1 m s
a 2 1 -1 Vs
b. 3 0 0 -a
c. 3 2 -3 Vs
d. 5 3 -2 -

Which of the following statement(s) is/are correct for
orbital angular momentum of 2p and 3p-electron?

a. Orbital angular momentum of 3p-electron is
more than that of 2p-electron

b. Orbital angular momentum of 2p-electron is
more than that of 3p-electron

c. Orbital angular momentum of 2p electron is
equal to 2s electron and 3p electron is equal to
3s electron

d. Orbital angular momentum of 2p-electron is
same as that of 3p-electron

Which set of quantum number is consistant with
theory?

a n=2,1=1,m=0,s=-%
b. n=4,1=3, m=2,s=-%
c¢. n=3,1=2,m=3,s=+%

d n=41=3,m=3,s=+%
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131.

132.

133.

134.

Which among the following are impossible arrange-
ments of quantum numbers?

n 1 m s
a 3 1 -2 +%
b 3 3 -1 -
c. 4 0 0 +%
d. 3 2 -3 -

Which of the following statements may be regarded
as indicating a defect of the Bohr theory of the
hydrogen spectrum?

a. The theory could not be extended to polyelec-
tronic atoms.

b. The theory bypassed classical electromagne-
tism which states that orbiting electrons should
spiral around the nucleus and fall in.

c. The theory had nothing to say about the intensi-
ties of spectral lines.

d. The theory ignored the wave nature of the
electrons.

The ratio of the de-Broglie wavelengths of an a-
particle and a proton can be 2 : 1 when

a. Their velocities are in 4 : 1 ratio

b. Their velocities are in 8 : 1 ratio

c. Their kinetic energies are in 128 : 1 ratio

d. Their kinetic energies are in 256 : 1 ratio.

Select the correct curve(s):

If v = Velocity of electron in Bohr’s orbitr = Radius
of electron in Bohr’s orbiPE.

= Potential energy of electron in Bohr’s orbit

K.E. = Kinetic energy of electron in Bohr’s orbit

a. t
&l
=¥
1/n —

b.
i
23]
M

n—

13s.

136.

137.

138.

139.

c.
i
e
n—
d.
i
\"
1/n—

Which of the following is/are correct?

a. the energy of an electron depends only on the
principal quantum numbers not on the other
quantum numbers

b. the energy of an electron depends only on the
principal quantum number in case of hydrogen
and hydrogen like atoms.

c. the difference in potential energies of any two
energy level is always more than the difference
in kinetic energies of these two levels.

d. an electron in an excited state can always emit a
photon or two but can not absorb a photon

The angular momentum of any electron can have
the value(s)

a. 3 (h/m)
c. 0.5(/m)

b. 2.5 (2r)

d. (Wm)

Which of the following statements in relation to the
hydrogen atom is incorrect?

a. 3s and 3p orbitals are of lower energy than 3d orbital
b. 3p orbital is lower in energy than 3d orbital

c. 3s orbital is lower in energy than 3p orbital

d. 3s, 3p and 3d orbitals all have the same energy

Which of the following statements are false?

a. the uncertainty in position and momentum in
Heisenberg’s principle due to electron wave

b. the energy level order 4s < 3d <4p < 5s may
not hold good for all elements

¢. the quantum number of light radiation is mani-
fested in photoemission of electrons

d. according to Bohr’s theory the energy
decreases as an increases.

Five valence electrons of | P are labelled as

X y z

3s 3p
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140.

141.

142.

If the spin quantum number of q and z is + %

The group of electrons with three of the quantum
number same are

a. Pq

b. (xyz), (Pq)

c. (Pg), (xyz), (P2)

d. (Pq), (xy2), (qy)

Which of the following statement(s) about spectral

series is/are correct?

a. Paschen series appears in the infrared region

b. The lines in the Balmer series corresponds to
electron transitions from energy levels higher than
n =2 energy level.

c. Transitions from higher energy levels to 5%
energy level produce Pfund series which falls in
the infrared region

d. The lines of Lyman series appear in the visible
region

Which of the following are the limitations of Bohr’s

model?

a. It can not be applied to hydrogenic species

b. It can not explain the intensities or the fine spectrum

c. It can not explain the principle of quantization
of angular momentum.

d. Tt can not explain circular orbit concept

Which do not represent correct graph(s) here?

a.
i
23]
M
\7 —
b.
T
H
M
vV —
C.
&
M
L —
d.
K
M

intensity of
light —

143.

144.

145.

146.

147.

148.

Which of the following statement is/are correct
regarding angular nodes?

a. They are independent from the radial wave
function (R)

b. They are directional in nature
c. They are dependent on the radial wave function
d. They are dependent on angle © and ¢.

The correct matching is shown by

a. Wave mechanical model: The electron finding
probability for 2s orbital in H-atom is zero at
r=a, where a = 0.53 A.

b. Bohr’s model: The angular momentum of elec-
tron in first excited state of H-atom is Sh/11

c. Rutherford’s model : Very few o-particles get
deflected by large angles because nucleus has
much smaller volume than that of atom

d. Thomson’s model: The electrons on disturbing
by collision vibrate around their mean position
and emit electromagnetic radiation.

Which of the following statement(s) is/are correct?

a. Planck’s study of black-body radiation led to
the hypothesis that radiation is emitted in quan-
tas of energy

b. Photons of lower frequency radiation have
lower energies.

c. Bohr’s model of the hydrogen atom showed
emission of energy by atoms occurs when an
electron moves to a higher orbit.

d. The lowest energy state of an electron in an
atom is known as the ground state

Which of the following match is/are correct?
. 4f orbital

a (maximum 2 electrons)
b. 4s orbital

(2 radial nodes)
(2 nodal planes)
(2 radial nodes)

o

3dxy orbital

(=9

. 5px orbital

Which of the following is/are not correctly matched?

a. e/m ratio of anode rays : Independent of gas in
the discharge tube

b. Radius of nucleus : (Mass number)'?

¢. Momentum of H-atom when electrons returns
fromn=2ton=1:3Rh/4

d. Momentum of photon : Independent of wave
length of light

Select the correct statement(s):

a. Gravitation has a rest mass zero but spin 2 and
it is exchanged during gravitational interaction
between bodies
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b. Rest mass of photon is zero and increases with
its velocity

c. Photons are carrier of energy, momentum and
angular momentum between interacting par-
ticles

d. Mass of a p-meson is about 276 times of an
electron and it keeps nucleons together

149. Which statement is/are true for many electron atoms?

a. The 2Px and 2Py orbitals have the same energy
in the absence of an applied magnetic field

b. The 2s and 2p orbitals are of differing energies,
whereas in a hydrogen atom they are same.

c. Outer electrons penetrate the electron clouds of
inner electrons

d. Outer electrons experience the full nuclear
charge

150. Regarding the atomic orbital y, of the hydrogen
atom, which of the following statements is/are true?

a. v, has no nodal plane.
b. v, has a non-zero value at the nucleus

¢. [y, ]*is a measure of the probability per unit
volume of locating the electron.

d. The magnitude of y, _is experimentally mea-
surable.

Linked-Comprehension Type Questions

Comprehension 1

Elements are composed of tiny particles known as atoms.
Atoms are made of fundamental particles (e, p, n). Accord-
ing to Rutherford’s Atomic Model p, n are located in
Nucleus. Bohr’s model explained the existence of circular
orbits (energy levels) around the nucleus. Bohr’s model
can explain the spectrum of hydrogenic species and helps
in find e, v, r (energy, velocity and radius) in nth orbit.

151. The ratio of r, and r, for hydrogen atom and that of

Li*?ion
a 1:3 b. 3:1
c. 1:9 d 1:1
152. The value of electro static potential energy =
2
a. mv? b. %
o L 9% g L ze
‘4m€ T ‘4m€ T

153. Suppose Rutherford had used electron in place of
alpha - particles. Than what conclusion is achieved

a. Wave nature of electron

b. Specific charge on electron

¢. Position on electron

d. Charge on electron.

154. In an orbit the velocity of an electron in excited
state of H-atom is 1.093 x 10% cm /s . What is the
circumference in this orbit.

a. 6.65A b. 133A
¢ 333A d. 2665A

Comprehension 2

An electromagnetic radiation is emitted when an electric
discharge is passed through H, gas. When passed through
a prism of diffraction grating, this radiation is found to
have a series of components in U.V, visible, and Infrared
ragions. Rydberg used the relation 4 =

R, ( [}1; :122) to find wavelength.

Here R, = Rydberg’s constant (1.1 x 10" m™)

155. Same wavelength is observed with respect to Li**
from a transitionof n, =6 ton, =3

a. 4 — 2 of Be*?
c. 4 —>2of He"

b. 3 — 1 of H-atom
d. 4 — 2 of He-atom

156. The wave motion of an electron in a Bohrs Orbic of
Hydrogen atom can be shown by the figure given
below find potentisn energy

a. +1.7¢eb b. -1.7¢b
c. -34¢b d. -13.1eb.

157. The Balmer-Rydberg equation can be extended to
ions with only one electron, such as He*. In that
case it has the form:

1/A = Z2R (1/m? — 1/n?), here Z is the atomic
number. What is the energy of the photon required
to promote an electron in He* from a 1s-orbital to
a 2p-orbital?
a. 12 hcR

¢. 3hcR

b. 6heR
d. (3/4) heR

158. For hydrogen, what is the wavelength of the photon
emitted when an electron drops from a 4d-orbital
to a 2p-orbital in a hydrogen atom? The Rydberg
constant is 1.097 x 10 nm™.
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2.86 .4 nm
. 584.6 nm
486.2 nm
. 648.2 nm

a0 T2

Comprehension 3
The ground state electronic Configuration of a multielec-
tron atom is possible by using these rules.

i. The lowest energy orbital is filled first (Aufbau).

ii. Any orbital can have max. 2e” having opposite spin
(Pauli).

iii. In case of degenerate orbitals each is half filled before
any of these is completely filled (Hund’s Rule).

159. Which of the following represent electron configu-
ration that violate the Pauli exclusion principle?
I. [Ne] 3s!3p°
II. [Kr]4d!? 5s* 5p*
IIL. [Ar] 3d!°4s24p?

a. Only (II)

b. Only ()

¢. Both (I) and (III)
d. Both (IT) and (III)

160. List all the elements that have a ground state con-
figuration with five unpaired electrons in the 3d-

subshell.
a. Mn b. Cr
¢. Crand Mn d. Mn, Fe, Co,

161. Which have the largest number of unpaired elec-
trons in p-orbitals in their ground state electronic

configurations?
a. Te, I, Xe b. F, Cl, Br
¢. Ne, Ar,Kr d. N,PAs

162. Which of the following represent electronic con-
figurations that are allowed but do not represent
ground-state configurations?

I. [Ne] 3s! 3p°
IL [Kr] 4d 55 5p*
IIL [Ar] 3d™ 4s? 4p

a. Tand II
c. onlyII

b. II and ITI
d. onlyI

Comprehension 4

Schrodinger proposed Quantum Mechanical model in
1926. He described an atom by an equation similar to
that used to explain wave motion. The behaviour of each
electron in an atom is characterized by a wave function

(V). P2 defines the brobability of finding the electron in
a given volume of space. Each wave function has a set of
three variable known as Quantum Numbers (n, 1, m).

163. Sclect the correct statements.

i. Ata node the wavefunction P has zero amplitude.
ii. the number of peaks (maxima) in radial distribution.
iii. P is (n-1) represents probability of finding electrons

and it is direction independent.
iv. P 4,2, 0 stands for 4dz*
a. 1, ii, i b. i,ii,iv
c. i, iif, iv d. i, ii, iii, iv

164. For a particular orbital, as one goes awayfrom
the nucleus along the Z-axis, the probability den-
sity decreases to zero, then increases, and finally
decreases without increasing a second time. This is
consistent with a

a. 2p, orbital
b. 2s orbital
c. 3s-orbital
d. 2s or 2Pz orbital

165. Which orbitals have two nodal planes passing
through the nucleus?

a d b. p
C. s d. All inthe third shell

Assertion-Reason Type Questions

In the following questions, two statements (Assertion) A
and Reason (R) are given. Mark

a. If A and R both are correct and R is the correct
explanation of A

b. If A and R both are correct but R is not the cor-
rect explanation of A

¢. Aistrue but R is false

d. Ais false but R is true

e. A and R both are false

166. (A): The shortest wavelength of transition of Lyman
series is observed when electron jumps from
orbit number,n=c0ton=1.

(R): Since the wavelength of transition is given
by he/h = AE

167. (A): The kinetic energy of the photo-electron
ejected increases with increase in intensity of
incident light.

(R): Increase inintensity of incident light increases
the rate of emission.
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168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

A

R):

(A):
[R):

(A):

R):

(A):

R):

(A):

®):

(A):
(R):

(A):

[R):

(A):

[R):

(A):

R):

(A):

R):

(A):

R):

: Limiting line in the Balmer series of H-spec-
trum has a wavelength of 364.4 nm.

Limiting line is obtained for a jump of elec-
tron fromn=owton=2.

3dZ? orbital is spherically symmetrical.

3dZ? orbital is the only d-orbital which is
spherical in shape.

Shapes of the orbitals are represented by
boundary surface diagrams of contrast prob-
ability density.

Boundary surface diagram helps in interpret-
ing and visualizing an atomic orbital.

Half-filled and fully-filled degenerate orbit-
als are more stable.

Extra stability is due to the symmetry of
degenerate orbitals.

A spectral line will be observed for a 2px
— 2py transition.

The energy is released in the form of wave of light
when electron drops from 2px to 2py orbital.

The angular momentum of d-orbital is V6 h/2n

d-orbitals have double dumb-bell shaped
except dz2.

Electron can have wavelength equal to that of
proton of Ve = 1836 Vp.

Electron has mass 1/1836 of the mass of
proton.

The kinetic energy of photoelectrons increases
with increase in frequency of incident light.

The number of photoelectron ejected increases
with increase in intensity of light.

Fluorescence is the emission of light which
has been absorbed by the molecule

It may continue for appreciable time after
the exciting light is switched off.

Fe? has 24 electrons hence, its electronic
configuration, is similar to that of Cr(24) [Ar]
3d°4s'.

All the five unpaired electrons in 3d gives sta-
bility to the ion.

On heating a solid for a longer time, radia-
tions become white and then blue as the
temperature becomes very high.

Radiations emitted go from a lower fre-
quency to higher frequency as the tempera-
ture increases.

179.

180.

181.

182.

183.

184.

18s.

(A):
R):
(A):
[R):

(A):
[R):

(A):

[R):

(A):
[R):

(A):

R):

(A):

[R):

Cu* is a coloured ion.

Every ion with unpaired electron is coloured.
The paramagnetism of Cu* ion is zero.
Paramagnetism is given by the relation p = v
S (S+1) magnetons where S is the total spin.
Electrons are negatively charged.

The application of electric and magnetic

field deflected the rays in the discharge tube
towards the cathode.

Electronic configuration of K (19) is 1s? 2s?
2p® 3s? 3p¢4st.

Energy of 4s <3d hence, 4s is filled before
3d as decided by Aufbau rule.

Atoms can neither be created not destroyed.

Under similar conditions of temperature and
pressure, equal volumes of gases do not con-
tain equal number of atoms.

Forn=3,Imaybe0,1and 2and m may be
0,0%1;0, =1 and =2

For each value of n, there are 0 to (n — 1) pos-
sible values of I; and for each value of 1, there
are 0 to %1 values of m.

The electronic configuration of nitrogen atom
is represented as:

1s? 2s? 2p?
N
and not as

1s 2s 2p

Nt

The electronic configuration of the group state
of an atom is the one which has the greatest
multiplicity.

Matrix-Match Type Questions

S A w® »

p q r s
o) o) o) o)
o) o) o) o)
o) o) o) o)
o) o) o) o)
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186. Match list I with list IT and select the correct answer

187.

188.

189.

using the codes given below the lists.

Column |
(Metal ions)

A. Cr*
B. Fe**
C. Ni*

D. Mn*

Match the following:

Column |
(Principle)

A. Exclusion principle

B. Multiplicity rule

C. Uncertainty principle

D. Quantum theory

Match the following:
Column |
A. Number of values

of ‘I’ for an energy
level ........(n—-1)

B. Actual values of ‘I’
for a particular type
of orbital

C. Number of ‘m’
values

D Actual values of ‘n’
for a particular type
of orbital

Match the following:

Column |

A Energy per molecule

B. Wave number

C. Frequency

D. Energy of one quantum

Columnlll
(Magnetic moment)

(p) V35

(@) V8
(1) \24

(s) V15

Column I
(Discoverer)

(p) Hund

(q) Heisenberg
(1) Einstein
(s) Planck

(t) Pauli

Column Il

( 0,1,2

(@ oo +2,+1,

Column Il
(p) E=hv
(@ C/&
OB}

(s) N ho

190.

191.

192.

193.

194.

Match the following:
Column |

A. Energy of ¢ in nth
orbit

B. Wavelength of e in nth

orbit

C. Velocity of e in nth
orbit

D. Radius of e in nth orbit

Match the following:

Column |

A. Principal quantum
number

B. Magnetic quantum
number

C. Azimuthal quantum
number

D. Spin quantum number

Match the following:

Column |
A. 2s

B. 2p
C. 3s

D. 3p

Match the following:

Column |
A. Na

B. Cl
C. Li

D. Mg

Match the following:
Column |

A. He*

B. Li"?

C. H-atom

D. Be*

Column I

(p) o n®
(@ o _1/n?
(r)® n

()X 1/n

Column |l

(p) Shape of
orbital

(q) Orientation of
orbital

(r) Spinning of
electron

(s) Size of orbital

Column Il

(p) Sum of (nt+1)
is3

(q) total number
nodes are two

(r) only one node

(s) no radial node

Column I

(p) Last valence ¢ in
3 orbit

(q) Last valence ¢ in
2" orbit

(r) m-value is zero
for last e

(s) one un-paired e

Column |1

(p) 1sl configuration
(@ pis 1.732B.M
(r) 0.529 A value of

radius in 1% or 2™
orbit

(s) -13.6 e.v/atom
energy in 1* orbit
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195. Match the following:

Column | Column I

A. Cr (p) 4s! state Config-
uration state.

B. Cu (@) Unpaired e in
4s- orbit .

C. K (r) Un-paired elec-
tron in 3d-orbital

D. Fe (s) Ferro magnetic

The IIT-JEE Corner

196.

197.

198.

199.

200.

Among KO,, AlO,", BaO, and NO,", unpaired elec-
tron is present in
a. NO," and BaO,
b. KO, and AlO,"
¢. KO, only
d. BaO, only

[IIT 1997]
The first use of quantum theory of explain the
structure of atom was made by

b. Bohr
d. Einstein

a. Heisenberg
¢. Planck
[IIT 1997]
Which of the following statement(s) are correct?
1. the electronic configuration of Cr is [Ar] 3d°
4s! (atomic number of Cr = 24)

2. the magnetic quantum number may have a
negative value

3. insilver atom, 23 electrons have a spin of one
type and 24 of the opposite type (atomic number
of Ag =47)

4. the oxiation state of nitrogen in HN, is 3.

a. 1,2,3 b. 2,3,4

c. 3,4 d 1,2,4

[IIT 1998]

One mole of calcium phosphide on reaction with

excess of water gives

a. one mole of phosphine

b. two moles of phosphoric acid

c. two moles of phosphine

d. one mole of phosphorus pentoxide

[IIT 1999]

The electrons, identified by quantum numbers n
and1(1))n=4,1=1(Gi)n=4,1=0 (iii) n=3,1=2

201.

202.

203.

204.

(iv)n=3,1=1 can be placed in order of increasing
energy from the lowest to highest as

a. (iv) < (i) < (iii) < (D)
b. (ii) < (iv) <(i) < (iii)
c. () <(iii) < (i) < (iv)
d. (i) < (1) <(iv) < (i1)
[IIT 1999]

Ground state electronic configuration of nitrogen
atom can be represented by

I ENINENED

M

Lo L) b [ [ ]
(@)

Lo Lo Lo g fe
3

Lo Lo Lo g g
(C))

a. 1only b. 1,2

c 1,4 d 2,3

[IIT 1999]

The quantum number + % and — %; for the electron
spin represent

a. rotation of the electron in clockwise and anti-
clockwise direction respectively.

b. rotation of the electron in anti-clockwise and
clockwise direction respectively.

c. magnetic moment of the electron pointing up
and down respectively.

d. two quantum mechanical spin states which
have no classical analogues.

[IIT 2000]
The electronic configuration of an element is 1s?
252 2p® 3s? 3p% 3d°® 4s!. This represents
a. excited state b. ground state

¢. cationic form d. anionic form

[IIT 2000]
The number of nodal planes is a px orbital is
a 1 b. 2
c 3 d 0

[IIT 2000]
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205.

206.

207.

208.

209.

The wavelength associated with a golf ball weighing
200 g and moving at a speed of 5 m/h is of the order

a. 10°m b. 10 m
c. 103°m d. 10*m
[IIT 2001]

How many moles of electrons weigh one kilogram?
(mass of electron = 9.108 x 10! kg, Avogadro
number = 6.023 x 10%)

a. 6.023 x 10

b. 1/9.108 x 10*

6.023

9.108 * 10%

C.

1
d 57086023 * 10°
[IIT 2002]

If the nitrogen atom has electronic configuration
157, it would have energy lower than that of the nor-
mal ground state configuration 1s? 2s? 2p* , because
the electrons would be closer to the nucleus. Yet 1s”
is not observed because it violates.

a. Heisenberg uncertainty principle
b. Hund’s rule
c. Pauli’s exclusion principle

d. Bohr postulates of stationary orbits.

[IIT 2002

Rutherford’s experiment, which established the
nuclear model of the atom, used a beam of

a. P-particles, which impinged on a metal foil and
got absorbed

b. y-rays, which impinged on a metal foil and
ejected electrons

c. Helium atoms, which impinged on a metal foil
and got scattered

d. Helium nuclei, which impinged on a metal foil
and got scatterd.

[IIT 2002

An aqueous solution of 6.3 g of oxalic acid dihy-
drate is made upto 250 ml. The volume of 0.1 N

NaOH required to completely neutralize 10 ml of
this sol is

a. 40 ml b. 20 ml
c. 10 ml d. 4ml
[IIT 2002]
210. Which has maximum number of atoms?
a. 24 gof C (12)
b. 56 g of Fe (56)
c. 27 gof Al (27)
d. 108 g of Ag (108)
[IIT 2003]
211. The radius of which of the following orbits is same
as that of the first Bohr’s orbit of hydrogen atom?
a. He" (n=2) b. Li*(n=2)
c. Li¥*(n=3) d. Be** (n=2)
[IIT 2004]
212. Radial nodes present in 3s and 2p-orbitals are
respectively
a. 0,2 b. 2,0
c 2,1 d 1,2
[IIT 2005]
213. Match the entries in Column I with the correctly
related quantum number (s) in Column IL
Column | Column Il
(a) Orbital angular mo- (p) Principal quantum

(b)

©

(¢!

~

mentum of the elec- number
tron in a hydrogen-like

atomic orbital

A hydrogen -like one-
electron wave function
obeying Pauli principle

(q) Azimuthal quantum
number

Shape, size and orien- (r) Magnetic  quantum
tation of hydrogen-like number

atomic orbitals

Probability density of (s) Electron spin quan-

electron at the nucleus tum number

in hydrogen like atom

[IIT 2005]
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ANSWERS

Straight Objective Type Questions

1. ¢ 2. a 3.d 4. a S. ¢
10. b 11. b 12. ¢ 13. ¢ 14. a
19. d 20. d 21. b 22. b 23. D
28. ¢ 29. ¢ 30. b 31. d 32. b
37. a 38. d 39. a 40. d 41. a
46. ¢ 47. b 48. d 49. ¢ 50. b
55. a 56. b 57. ¢ 58. ¢ 59. b
64. a 65. a 66. d 67. a 68. ¢
73. a 74. a 75. b

Brainteasers Objective Type Questions

76. a 77. ¢ 78. a 79. ¢
84. a 85. ¢ 86. a 87. b
92. a 93. a 9. a 95. d
100. d 101. a 102. b 103. a
108. ¢ 109. a 110. d 111. ¢
116. b 117. a 118. b 119. d

Multiple Correct Answer Type Questions

121. ab.d 122. abd 123. b,cd
127. ab.d 128. abd 129. ab,c
133. b.d 134. acd 135. bd
139. ab 140. abc 141. b,c
145. ab.d 146. abc 147. a,bd

Linked-Comprehension Type Questions

Comprehension 1

151. b 152. ¢ 153. a 154. b
Comprehension 2
155. ¢ 156. b 157. ¢ 158. ¢
Comprehension 3
159. a 160. ¢ 161. d 162. d

6. c 7. d 8. a 9. ¢
15. ¢ 16. ¢ 17. b 18. b
24. b 25. b 26. a 27. d
33. b 34. d 35. d 36. b
42. b 43. a 44. ¢ 45. b
51. d 52. a 53. d 54. a
60. d 61. b 62. a 63. ¢
69. b 70. ¢ 71. b 72. d
80. 81. a 82. ¢ 83. b
88. b 89. b 90. a 91. ¢
96. b 97. d 98. b 99. ¢
104. d 105. ¢ 106. b 107. d
112. ¢ 113. b 114. a 115. d
120. ¢
124. acd 125. b,cd 126. ac.d
130. abd 131. ad 132. acd
136. acd 137. ab,c 138. b.d
142. b,c 143. a,b.d 144. b,cd
148. abc.d 149. ab,c 150. a,b,c
Comprehension 4
163. b 164. b 165. a
Assertion Reason Type Questions
166. a 167. d 168. a 169. ¢
170. a 171. b 172. ¢ 173. b
174. a 175. b 176. ¢ 177. d
178. a 179. ¢ 180. ¢ 181. a
182. a 183. ¢ 184. a 185. a
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Matrix-Match Type Questions

186. A-(s), B-(r), C-(t), D-(p)

188. A-(s), B-(p), C-(r), D-(q)

190. A-(q), B-(r), C-(s), D-(p)

192. A'(r> S), B'(p: r, S), C'(p: q, S), D'(q)

194. A'(P> q )> B'(p> q, r): C'(p> q)> D‘(P> q.r S)

The IIT-JEE Corner

196. ¢ 197. b 198. a 199. ¢
204. a 205. ¢ 206. d 207. ¢
212. b 213. A—q,B-s,C—p, q,1,D—p

Hints and Explanations

Straight Objective Type Questions

3.

12.

18.

21.

32.

Total values of m = ( 2/ + 1) = no. of orbitals in
subshell.

As =2 represents ‘d’ subshell and d subshell has
five orbitals . (d_,d_d _d? 2 d?.
Xy’ yz, zZX, X -y, 'z
M?" has 5 unpaired electrons.
Atomic number is 25.
M — 1s? 252 2p® 352 3p€ 4s? 3d°
M?* — 152 252 2p© 352 3pS 4s° 3d°

As Ni*, Ti** has 2, 1 unpaired electrons respec-
tively so both are coloured.

e _p €
AE=hv =h L.
_he
A=AE
ie. A& 1/AE

AE =E, — E, will be maximum and hence A will be
minimum.

IE. of He*=13.6eVx Z?
=13.6eVx4=544¢eV

The radius of nucleus is of the order of 1.5 x 1013
to 6.5 x 10 ¢cm or 1.5 to 6.5 Fermi (1 Fermi =
1013 cm)

187.

189.

191.

193.

195.

A-(t), B-(p), C-(q), D-(s)
A-~(s), B-(), C-(q), D-(p)
A-~(s), B-(q), C-(p), D-(r)
A-(p, 1, 8), B-(p, 1, 5), C-(q, 1, 5), D-(p, 1)

A'(p: q. 1 S), B'(p: CI)> C'(p: q)> D'(r> S)

200. a 201. ¢ 202. d 203. b
208. d 209. a 210. a 211. d
33. It is Mn?" having five unpaired electrons so its

34.

3s.

36.
39.

41.

42.

43.

44.

magnetic moment is
p=15(5+2)
=59BM.

Bohr model can explain spectrum of atoms/ions
containing one electron only.

As circumference = n\
=4\
AsN3*-F-and Na* have 10 electrons.

It is the 1s level, the ground state, where the H-
atom can only absorb a photon and go to higher
excited states.

LaN1 = 15?252 2p6 3s? 3p° 3d® 4s?
Ni?* = 152 2s? 2p° 352 3p® 3d*®
Hence d-electrons in Ni and Ni** are same.

Orbitals having same (n + 1) value in the absence of
electric and magnetic field will have same energy.

Rb has the configuration, 1s?2s? 2p? 352 3p® 3d!° 452
4p¢5st;son=5,1=0,m=0and s =%

n =3, /=0 indicates last shell is 3s.
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45.

50.

53.

56.
57.

61.

62.

64.

65.

67.

70.

72.

So electronic configuration will be 1s? 2s2 2p® 3s!2

Atomic number is 11 or 12.

(n,-n)(n,—n +1)

No. of lines =

7-2)(7-2+1
_(1-2)( ) s
2
The central part consisting whole of the positive charge
and most of the mass, called nucleus, is extremely
small in size compared to the size of the atom.

The principal quantum number (n) is related to the
size of the orbital (n=1,2,3....)

As for s-orbital 1 = 0

One p-orbital can accommodate up to two electrons
with opposite spin while p-subshell can accommo-
date upto six electrons.

Rutherford’s scattering experiment led to the dis-
covery of nucleus.

Apply

Ax h

AV > I’

Here Mn* has 5 unpaired electrons so it has maxi-
mum magnetic moment.

A=h/mv
-34

As these have 18 electrons.

Number of electron in SO,>=

16 +8 x3+2=42

No.of e inCO>=6+8 x3+2=32
No.ofe'inNO, =7 +8 x3+1=32

These are not isoelectronic species as number of
electrons are not same.

As mvr = nh/2rn

=5h2n=2.5h=n

Brainteasers Objective Type Questions

77.

79.

As they have 5, 3, 2, 1 number of unpaired elec-
trons respectively.

__h
\2mE’

AE2 = constant.

So i VE, = A\E,

A

80.

81.

83.

84.

8s.

86.

A/, =V(E/E)=2
Therefore E,/E, =4

1 1 1
n - RVl

On solving, we get

1 _5R
% 36 em

Number of electrons in ClO,
=17+2x8+1=34
Number of electrons in CIF,*

=17+2x9-1=34

E=he/A  .....(1)
E,=he/h, ....(2)
E,=he/h, ... )

E=E,+E,=hc (/A + /%)

1 _ 1
(300 x 10%) (760 x 10%)

1
+ )\’2‘
1A = (L _L)x 10°

2 300 760
=(0.00333 - 0.00131) x 10°
=2.02 x 10°m™*

A=hWV2m E

_ 6626 x10*
V2 x1x0.5

=6.626 x 10* m

According to Heisenberg Uncertainty Principle

Ap . Ax > %
h
mAv . Ax > in

h
(m.Av)? > n
Av ELm N(h/m)

n,=1,n=4

nowuse 1/A =R, [I/n?-1/n}]

,=

=1.1x10"[1/12-1/4*]
after solving

A =969 nm.
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87.

88.

90.
92.

93.

9s.

96.

97.

For the shortest wave length transition, here n, = 1,
n,=o
2

%=Rﬂ[%_%z] “““ M

and for longest wavelength transition in Paschen
seriesn, =3,n,=4

Loro2p L4 . 2)

On considering eq. (1) and (2), we get

A =36X/7

As we know that r, & n*/Z.

For hydrogenr=1,z=1.

For Be** , Z =4, n =2 for the same radius.
As Qis fluorine and it exists as F,.
Both A and B have the valencies 3

So the formula is AB.

As Z has 13 electrons, Y has 9 electrons and X has
8 electrons in M shell.

hv, =hv +%mu?® .. .. (¢))
hv,=hv +%%mu? .. .. 2)
% mu’= -lk- (Yamu)?

From equation (1)

hv, =hv, + 5 mu? ...(3)
Tmuz=khy, —khv, ..(4)

Bu equation (2) and (4), we get
hv,=hv —khv +khv,

v, (1-k)=v,-kv,

_kvl—vz
Sovo—ﬂ
be o140
3x B 440 L

From equation (1) and (2), we get
d=05eV

LE. of He* = E x 2% (as Z for He = 2)

LE. of Li* =E x 32 (as Z for Li = 3)

99.

102.

103.

105.

106.

107.

Hence
LE. (He") _4
LE (Li*) 9

i, LE. (Li*) = & x LE. (He)

- 3— x19.6 x 101

=4.41x 10" J atom™!

En= @ eV
n
For second excited state n = 3,
_ 136 _
E3 =_ T— -1.51eV

The lines at the red end suggest Balmer series.
These are obtained for the jumps n =2 from n = 3
and second line from n = 4 and third line from n =
5ie,5—2.

According to Schrodinger wave equation Probabil-
ity =y*dV

Ist orbital is spherically symmetrical

-4
v 3 °r
av _ 2
ar 4mr

So probability = y? 4rr? dr

Any sub-orbit is represented as nl such that n is the
principle quantum number (in the form of values)
and / is the azimuthal quantum number (its name).

Value of I <n, I 0 1 2 3 4
s p d f g

value of m: -/,-1+1 ....0, +/
value of s: + Yo or — %

thus for 4f : n =4, /=3, m = any value between —3
to +3.

E.Cof Cr (Z =24)is 1s?2s?2p°3s?3p® 3d° 4s!
so electrons with /=1 (p), are 12

with/=2d. ,are 5

KE. =% mv?
PE. =-Ze*r

But electrostatic force,

Ze* _ mv?

2 T



108.

109.

115.

116.

118.

120.

(centrifugal force)

PE. =-mv?

Total energy = % mv? — mv* = — %2 mv?
So K.E./Total energy = —1.

Angular momentum = V¢ (¢ + 1) . %

For 2s electron : £ =0,

Angular momentum =VOx 1 . % =0

For 2p electron : £ =1;

- h _p h
Angular momentum = V1 x 2 o \2. o

o)
1 2
=1.097 x 107 (% _é‘)
K=m m=9.11x10%m
=91.1 x10°m
=91.1nm (1 nm=10°m)
E=nhv=%=nhw
(as =1/
As E=3J
3 = nhev

3 3

" hed  hea-

Radius of the 6 orbit = 6°r, = 36 r Circumference
=2n(36r)=T2mr,

Asnh=2mr .

6L =172 mr,

Soh=12mr,.

AE = mc2.

For Lymann series, m,c? & (1/12 - 1/2%)

For Balmer series, m,c? & (1/22—1/3?%)

m,/m, =3 x36/4 x5

m :m,=27:5

Let ‘n’ is the principal quantum number of energy
level corresponding to energy (X), the principal

quantum number of energy level (Y)is (n+ 3) as it
emit 6 wavelengths.
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So
—%ZZ?X D)
—(1n3f3z)22 -y )

On diving equation (1) by (2), we get
X _ (n+3)y

Y n?

On solving, we get

N(X/Y)=1 + 3/n

Multiple Correct Answer Type Questions

125.

137.

As an atomic orbital does not describe the trajec-
tory of the electron but represents the probability
of the electron in space around the nucleus.

They don’t have same energy as they have differ-
ent n + | values and for hydrogen the energy order
of orbital is 1s <2s =2p <3s =3p =3d <4s=4p
=4d = 4f.

Linked-Comprehension Type Questions

Comprehension 1

154.

156.

AsV =2.186 x 108 x & c.m/s

=1l

1.093 x 108=2.186 x 10® x
n=2

. l’12
Circumferance = 2mr, [asr, =0.529 x -
~2x 220529 < 1010« 2
=133 x10"m

=133A

Here the number of waves are four son=4
Z

Hence Ep=-27 x n—: ev

=272=-17ev

The IIT-JEE Corner

202.

20s.

These represent two quantum mechanical spin
states which have no classical analogues.

_ _6.626 % 10%
h=hmv= o555 10% < 5
= 6.626 x 102
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206.

207.

209.

As Mass of one electron =9.108 x 10! kgSo 1 kg of
electrons = 1/9.108 x 10!

B 103
= 9108  6.022 ~ 10® el

103 -2 mole 108

= 91086022 ~ 9.108 x 6,022 Mol

As maximum number of electrons in any orbit, sub
orbit or orbital is decided by Pauli’s law.

Normality of oxalic acid solution (N)

W x 1000/E . V

Numericals For Practice

The ratio of the speeds of an electron in the first orbit of
hydrogen atom to that in the 4" orbit of He" will be

a 1:3 b. 2:1

c. 1:2 d 1:4

The ionization potential for the electron in the
ground state of the hydrogen atom is 13.6 eV atom"
1. What would be the ionization potential for the
electron in the first excited state of Li**?

a. 34¢eV b. 30.6eV

c. 10.26 eV d. 16.80eV

The ratio of first orbits of H, He* and Li* is:

a. 1:2:3 b. 6:3:2

c. 1:1:1 d 1:4:9

The ratio of the difference between 2nd and 3rd
Bohr’s orbit energy to that between 3rd and 4th
orbit energy is
a. 20/7

c. 27/9

b. 7/20

d. 6/28

The distance between 3rd and 2nd orbits in the
hydrogen atom is nearly

a. 2.126 x 10° cm

b. 2.64 x 10¥cm

c. 10.529 x 10*cm

d. 11.058 x 10®° cm

The ratio of velocity of an electron in second orbit of
He" with the velocity of light is

a. 1.9 b. 1:237

c. 1:137 d. 2:237

What transition in the hydrogen spectrum would

have the same wavelength as the Balmer transition,
n =4 to n = 2 in the He* spectrum?

210.

10.

11.

12.

=6.3/63 x 1000/250 =04 N
(Acid) (Base)

as N,V =NV,

so 04x10=0.1xV,

04 x10
0.1

As 24 g of C has maximum moles i.e., two rest
have only one mole so it has maximum number of
molecules.

v, = =40 ml

b. n=3ton=2
d. n=2ton=1

a n=4ton=1
c. n=3ton=1
Assuming Rydberg constant (R,) to be 109670
cm’!, the longest wavelength line in the Lyman
series of the hydrogen spectrum is

a. 1215A b. 1125A

c. 970 A d. 940 A

In which transition of He* the wave number will
be similar to that first line in the Balmer series of
hydrogen atom
a 352
c 54

b. 64
d 7-6

The wave number of the first line in the Balmer series
of hydrogen atom is 15200 cm™ then wave number
of first line in Balmer series of Be*" is nearly

a. 243 x 10° cm’!

b. 10.86 x 10* cm™!

c. 243 x 10°cm™

d. 11.87 x 10° m'!

Using the Bohr model, calculate the wavelength
of radiant energy associated with the transition
of an electron in the hydrogen atom from the n =
4 orbit to the n = 2?
a. 5860A
c. 4860 A

b. 2430A
d. 9720 A

A 1.0 g projectile is shot from a gun with a velocity
of 100 ms, de Broglie wavelength is

a. 3.63 x 10 m

b. 6.63 x 10 m

c 6.63x10%¥m

d. 3.63 x 1032 m
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13.

14.

15.

16.

17.

18.

19.

For silver metal, the threshold frequency v is
1.12 x 10" Hx. What is the maximum Kinetic
energy of photoelectrons produced by shining

a. 3.33 x 108
c 538 x 10%

b. 1900
d. 30.96 x 10

U.V. light of 15.0 A wavelength on the metal? 20. The uncertainty in the momentum of an electron is
. - 1.0 x 10° kg ms™. The uncertainty in its position
a. 3.00 x 1077 b. 58 x 10177J will be (h = 6.62 x 10* kg m? s)
. 3.9 %10 . 15
€ 39107 d. 271007 a. 11.05%10%m
An electron has wavelength 1 A. The potential by b. 61.06 x 10 m
which the electron is accelerated will be c. 527 x10%m
a. 00726 V b. 0.0505 V d. 5.526 < 10 m
c. 0.0826 V d. 5025V. 21. Energy equivalent to rest mass of electron is
‘ ‘ o nearly
Suppose 107 of light energy is needed by the interior y
of human eye to see an object. The photons of green a. 819 <1017
light (A = 550 nm) needed to see the object are b. 3.6 x 10°J
a. 26 b. 280 c 6.11 %1037
c. 28 d. 300 d. 61.96 x 1027
The work function for a metal is 4 eV. To emit a 22. The uncertainty in the position of an electron (mass
photo electron of zero velocity from the surface = 9‘11X 107® g) moving Wlt? avelocity of 3.0 < 101
of the metal, the wavelength of incident light em s™ accurate upto 0.011 % will be
should be a. 1.92 cm b. 7.68 cm
a. 2500 A b. 3100 A c. 0.175 cm d. 3.84 cm
c. 5600 A d. 1600 A 23.  Magnetic moment of any ion m* of 3d series is V35
If the total energy of an electron in a hydrogen like BM. The atomic number of this metal ion is
atom in an excited state is —3.4 eV, then the de Bro- a. 25 b. 26
glie wavelength of the electron will be c. 27 d. 24
-10 -19
a. 6.6~ 1:) b 3.5-10 " 24.  The radius of hydrogen atom is 0.529 A and that of
¢ 5107 d. 933 x 100 proton is 1.5 x 10" m. If we assume that both of
An electron is moving with a kinetic energy of these pieces are spherical. What fraction of space in
4.55 x 10 J. What will be the de Broglie wave- atom of hydrogen will be occupied by the nucleus?
length for this electron? a 26 x105m
a. 7.26 x 10¥m b. 32x10%m
b. 3x10°m c. 23x10"m
¢ 3x10%m d. 92x10%m
d. 728 x 10" m o )
25. The energy of an &- particle is 6.8 x 10 ¥ j. What
Calculate the number of quanta of radiations of will be the wavelength associated with it?
frequency 4.66 x 102 s! that must be absorbed in - -
order to melt 5 g of ice (the energy required to melt a. 4.4x10 b. 1.1x10"M
1 g of ice is 333 J) ¢ 2.2x10°*M d. 22x10"M
o Q. Ans. Q. Ans. Q. Ans. Q. Ans. Q. Ans.
=
E 1 b 2. b 3. b 4 a 5. b
[~ 6 c 7. d 8. a 9 b 10. a
L; 11. c 12, c 13. b 14. c 15. b
2116 b 1 a 18 d 19 ¢ 200 ¢
= 21. a 22 c 23 b 24 c 25 d
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Hints and Explanations

1. Speed of electron in nth orbit,
V=219 x 10°z /n ms!
Vi _ ZH He

Hence VHe . ~ ZHe"H
_1x4_2

2x1 1
ie, VH: VHe*=2:1

2. As
AE =13672( L

2
l’11 2

For the ionization of Li** (Z = 3) from first excited

state,n, =2 and n, =
Hence,

IE = AE = 13.6 x 3%( % _ 1

0

=30.6 eV.

2
3. =2 %0524

H He Li
11
153
6:3: 2]
4. AsE =-1312/n*kJ/mole
_ 1312 (=1312)
AE, , =9 ~ 4
_ 1 1
=-1312 (g - 7))
_-1312x-5
36
Similarly

_ 11
AE, = -1312 (¢ — 5 )

1312 %7
16 < 9
AE 20

AE T

5. Asr,—0529A x T
Sor,=0.529 x 3>=4.761 A
r,=0.529 x 22=2116 A
Hence r1,—r1,=4.761-2.116 A
=26A

- # )eV atom’

~3)

13.

14.

For H-like particles

g=r7:( L 1

v=RZ*( “12 n72)

As for He* spectrum, for Balmer transaction
n=4ton=2

So

g -Ll_pzpcl_1 _3R
VoA TRE( g )7y
Similarly for H-spectrum

g -1l_gpc L 1 ,_3R
Vo R(nzz_n22)4
; 1 1 _3 -
ie., n? - n} ) [asn =1]

On solving, we get

n =2

2

Here longest wavelength means smallest wave
number. In Lyman series, it is for jump from n, = 2
ton, =1.

v= 109670(% _ %)

~ 109670 % 3 =82252.5 cm’
ol _ 1

v 82252.5¢cm™
=1215 x 108 ecm=1215 A

-E

AsE = —2

L] n

_ _Eu-[ ElH _ 5 Eu-[

SoE,-E,forH= 9 T2~ 3%
Similarly

-E, x2* E, x2?

E,-E, for He" = e T &
-E  xZ* +S5E
+_ _H _ 1H
Hence En He o 36
As v= S = 3 x 10® ms?!
A 15 x 10" m

=2 x 10" s (or Hz)
KE=hv-hv,=h(v-v)
=6.626 x 1034 x (2 x 1017 - 1.12 x 10'7)

=58x10"]
Ash = —D
V(2MeV)
L 10— 6.626 x 10

V2 9.1 % 10 x 1.6 x 10 x V)
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17.

18.

19.

20.

21.

On solving, we get

V=0.0826V
2
As total energy = % =-34eV=
136 _,

2 =
So n*=—7~ =4
Heren=2

The velocity in second orbit

Vi _218x10®

cm sec™!

_ 6.6 x 1077 x 2
9.108 x 107® x 2.18 x 10°

=6.6 x 101°

h

Ash = oM KEy

_ 6.626 x 10"
V@2 x 9.1 x 107! x 4.55 x 10°%5)

=728 x 10" m

As energy required to melt 5g of ice
=5x333=16657

As energy of one quantum = hv
=6.626 x 10 x 4.66 x 10"

=30.19 x 1012

- _h
As Ax . Ap= -
h
4 Ap -

6.63 x 10
4 %3143 x 10%~

=0.527 x 10*®
=527 x10%*m

So Ax =

As rest mass of electron (m,)

=9.11 x 10% kg

22.

24.

25.

As energy (E) = mc?
=9.11 x 10! x (3 x 10%)*J
=81.99 x 1017J

=819 x 107

As Ax . Av=(4n) .

Here Av = % x 3 x 10* ms™

=33cms?!
_ h
So A<= rmAv
6.6 x 10%7

T 4x3143x91x10%x33

On solving, we get
Ax=0.175 cm.

-4
As v 3 °r
So nucleus = 4? n(r)
Similarly,

-4 3

v (hydrogen) = 3 7 (ry)
0.529n=0.0529 x 10° m

= 3
v (nucleus) = r’,

So v (hydrogen) r*,

= (15x10"%) =23x10™"
(0.0529 x 107}

h
)\’ = 1
\2mE
6.626 x 10

V6.8 x 1018 x 4 x 1.66 x 1077

=22x10"m



CHAPTER 4

Chapter Contents

First law of thermodynamics; Internal energy, work and heat,
pressure—volume work; enthalpy, Hess’s law; Heat of reaction,
fusion and vapourization; Second law of thermodynamics;
Entropy; Free energy; Criterion of spontaneity and Various
levels of multiple-choice questions.

THERMODYNAMICS

Thermodynamics 1s the branch of science which
deals with the quantitative relationships between dif-
ferent forms of energy. Or, It deals with the energy
changes accompanying physical and chemical trans-
formations.

Main objectives of Thermodynamics

Its main objectives are as follows:
m To decide the feasibility of a given transformation.

m To derive various energy changes and their inter
relations.

m To derive laws like—Phase rule, Law of mass
action etc.

m Presentation of experimental data in a correct
manner.

Limitations
Its limitations are as follows:

m [t is not applicable when substance is present in
less amount.

m [t gives no explanation of rate of reaction.

m [t gives no explanation of system far from
equation.

m It does not deal with interal structure of atoms
and molecules.

Terms Related to Thermodynamics
System

It 1s the region or space to be investigated or the
origin at which study of pressure, temperature etc.,
are to be made and which is isolated from rest of the
universe with a bounding surface.
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Surroundings
It is region apart from the system which might be

in a position to exchange energy and mass with the
system.

Homogeneous and Heterogeneous
Systems

Homogeneous Systems

It 1s all over uniform that is made of one phase only.

Example, pure liquid or pure solid or pure gas
present alone.

Heterogeneous Systems

It is non uniform as it consist of two or more phases.
Example, ice and water, solid in contact with a liquid.

Type of Systems
Systems are divided into three parts:

(1) Open System: In such a system, both matter
and energy can be exchanged with the sur-
rounding.

Example, Boiling of water in a beaker,
Lime kiln or ice in an open beaker

Zinc granules reacting with dilute HCI to
give hydrogen gas is also an example of
open system as hydrogen gas escapes and
the heat of reaction is transferred to the
surroundings.

(i1) Closed System: In such a system, exchange
of energy takes place only with the sur-
roundings.

Example, Heating of liquid in a sealed tube
or ice in a closed beaker.

(i) Isolated System: In such a system, there is
no exchange of matter or energy with the sur-
roundings. Example, Liquid in a sealed ther-
mous flask or ice in thermous flask.

Macroscopic system and Macroscopic
Properties

A system is said to be macroscopic system when it
has a large number of molecules, atoms or ions and
the properties associated with it are called macro-
scopic properties.

Example, pressure, volume, temperature, posi-
tion, density, colour, refractive index, viscosity and
surface tension etc.

State Variables or Functions

The state of a system is fixed by its macroscopic
properties if any of the macroscopic property is
changed the state of a system also changes so these
properties are called state variables.

These determine the state of a system. These are
fundamental properties or thermodynamic parame-
ters which depend only upon initial and final states.

Example, Pressure, temperature, volume, mass
and composition are the most important state
variables. Some other examples are enthalpy, free
energy, internal energy, entropy, pressure, volume
and number of moles.

REMEMBER ] \

In case of a single gas composition is not one of
the variables as it always remains 100%.

In a closed system having one or more compo-
nents, mass 1s not a state variable.

Properties of System

All macroscopic properties of a system irrespective
of the fact whether they are state variable or not are
divided into two types:

1. Intensive Properties

Such properties remains same on any division
in system that is, do not depend upon amount of
substance present in the system.

Example, Temperature, pressure, concentra-
tion, density, viscosity, surface tension, specific
heat, refractive index, pH, EMF of dry cell,
vapour pressure dipole moment etc.

2. Extensive Properties

Such properties depend upon amount of
substance that is, their values are different in
the divided system than in the entire system

Example, Mass, volume, energy, work, internal
energy, entropy, enthalpy, heat capacity, length.
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m An extensive property can be made intensive by
specifying it in unit amount of matter.

Mass )

Example, Density = (Volume

Thermodynamic Process

It is the path along which a change of state occurs.

or
It is a path of change of a system from one equilib-
rium state or another which is usually accompanied
by a change in energy or mass.

Types of Process

Processes are of the following types

T 1sobaric
- .

= 1sothermal
n

o adiabatic
8,

1sochoric
volume —p

-

. Isothermal Process

Here temperature is kept constant during each
step of the process. Example,

AT=0,AE=0
m It is achieved by using a thermostatic control.

m Heat can be absorbed or evolved here that is, can
be exchange with the surroundings.

Example, Freezing, melting, evaporation, con-
densation.

N

. Isobaric Process

Here pressure is kept constant (AP = 0) during
each step of the process.

Example, Expansion of gas in an open system.

m Vaporization and heating of water up to its boiling
point occurs at the same atmospheric pressure.

3. Isochoric Process

Here volume is kept constant. [ AV = 0] during
each step of the process.

Example, Heating of substance in a closed ves-
sel (system) or non-expanding chamber.

4. Adiabatic Process

Here no exchange of heat takes place between
the system and the surroundings that is, AQ =0

m It is achieved by insulating the system or
in closed insulated containers (thermos)

5. Cyclic Process

m Here the System undergoes a series of changes
but finally comes back to initial state.

m AE=0,AH=0

Reversible or Quasi-Static Process

It is carried out in such a way that the system remains
in a state of equilibrium. All changes occurring at
any part of the process will be exactly reversed when
change in carried out in the opposite direction.

m It involves slow changes during operation.
m This process may occur in any direction.
m It gives rise to maximum work.

m Here driving force and opposing force differ with
each other by a small value.

Irreversible Process

Here direction of change can not be reversed by
small changes in variables. All processes occurring
naturally are reversible.

m It involves fast changes during operation.
m It is uni-directional process.
m It gives rise to net work thatis W rev. > W irr.

m Here, driving and opposing forces differs by a
large amount.

Polytropic Process

PV™ = constant is known as general or polytropic
process.

If m = 0, the process is at constant pressure.
If m = 1, the process is at isothermal.
If m = oo, the process is constant volume.

If m =y, the process is at adiabatic.
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The value of molar specific heat is given as
(y —m)

C =C T—m

m \%

Thermodynamic Equilibrium

A system in which the macroscopic properties do
not undergo any change with time is called thermo-
dynamic equilibrium.

If a system is heterogeneous and it is in equi-
librium the macroscopic properties in the various
phases remain unchanged with time.

Types: It is of three types.

(i) Mechanical Equilibrium

Here no mechanical work is done by one of the sys-
tem on another part of the system and it is possible
if the pressure remains the same through out the sys-
tem that is, there is no flow of matter from one part
to another.

(ii) Thermal Equilibrium

There is no flow of heat from one part to another that
1s, temperature is constant.

(iii) Chemical Equilibrium

There is no change in composition of any part of the
system with time.

HEAT AND WORK
Heat

Heat 1s the energy transfer due to difference in tem-
perature. Heat is a form of energy which the system
can exchange with the surroundings if they are at
different temperatures. The heat flows from higher
temperature to lower temperature.

Heat 1s expressed as ‘q’.
Heat absorbed by the system = +q
Heat evolved by the system = —q
Heat is expressed in calorie and the amount of heat

required to raise the temperature of one gram of
water by 1°C is equal to one calorie.

Now it is also expressed in joule as joule proved
that there is a relation between mechanical work
done (W) and heat produced (H) as

W o H
W=JH
Here J = mechanical equivalent of heat
J=14.185 Joule

Work

It is the energy transfer due to difference in pressure
that 1s, mode of energy transfer.

W = Intensity factor x Capacity factor

Here intensity factor is a measure of force
responsible for work while capacity factor is a mea-
sure of extent for which work is done.

Types of work

(1) Mechanical Work (Pressure volume work)
= Force x Displacement

(ii)) Electrical Work = Potential difference x

charge flow
V x Q =EnF

(1)) Expansion Work =P x AV
=-Pext.[V,-V|]

P = external pressure

AV = increase or decrease in volume.

(iv) Gravitational Work = mgh
Here m = mass of body,
g = acceleration due to gravity

h = height moved.
Units: dyne cm or erg (C.G.S.)
Newton meter (joule)

(1) If the gasexpands, [V,> V”and work is done
by the system and W is negative.

(i) If the gas contracts,[ V, < V] and work is
done on the system and W is positive.

Different Types of Works and the
Formulas

(1) Work done in reversible isothermal process

\
W=-2303 nRT log, 7~
1

o

W=-2303nRT log,

5
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(i) Work done in irreversible isothermal process
W=—Pext. (V,-V)
thatis, W= —-PAV

lllustrations

1. Calculate the work performed when 2 moles of
hydrogen expand isothermally and reversibly
at 25°C from 20 to 60 litres.

\£
Solution W= -2.303 nRT log, -
1

= 2303 x 2 x 2 x 298 x log,, S0

—1309.7 Calories

2. Calculate the minimum work necessary to
compress 64 g of O, from 10 to 5 litres at 300
K. How much heat is evolved in this process?

V’?
Solution W=-2.303nRTlog,, v
1

64 5
W =-2303 X 35 % 2 x 300 log 10

= -831.8 calories

Q =W = 831.8 calories

3. Calculate the work done by 10 g of an ideal gas
of molecular weight 44 in expanding reversibly
and isothermally from a volume of 5 to 10 litre
at 300 K.

V‘?
Solution W=-2303nRTlog, v~
1

10g
44 g mole™!

Number of moles of i1deal gasn =
= % mole

R =1.987 cal deg! mole™
T=300K

V/V, =10/5= 2

On substituting the values, we get

W =-2.303 x 19.x 1.987 x 300 x log,, 2

On solving

W =-93.93 cal

Internal Energy or Intrinsic Energy

The energy stored within a substance is called its
internal energy. The absolute value of internal
energy cannot be determined.

Or

It is the total energy of a substance depending upon
its chemical nature, temperature, pressure, and vol-
ume, amount of substrate. It does not depend upon
path in which the final state is achieved.

E=E +E +E +E +E +E,  +E_
E, = Transitional energy

E = Rotational energy

E, = Vibrational energy

E_ = Electrical energy

E_= Nuclear energy

E_; = Potential energy

E, = Bond energy

The exact measurement of it is not possible so it
1s determined as AE as follows:

AE=YE -YE,
AE=E -E,
Here E, = final internal energy
Ei = Initial internal energy

Ep = Internal energy of products

Er = Internal energy of reactants

Facts about Internal Energy
m [t is an extensive property.
m Internal energy is a state property.

m The change in the internal energy does not
depend on the path by which the final state is
reached.

m Internal energy for an ideal gas a function of
temperature only so when temperature is kept
constant AE is zero for an ideal gas.

m For a cyclic process AE is zero (E = state function)
EaoT

m For anideal gas it is totally kinetic energy as there
1s no molecular interaction.
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m Internal energy for an ideal gas is a function of
temperature only hence, when temperature is
kept constant it is zero.

m At constant volume (Isochoric) Q, = AE

m In adiabatic expansion, gas cooled as AE
decreases.

m For exothermic process, AE is negative asE, > E,
but For endothermic process AE is positive as
E.<E,.

m It is determined by using a Bomb calorimeter.

AE:ZXAV"‘Exm

7 = Heat capacity of Bomb calorimeter
AT = Rise in temperature
w = Weight of substrate (amount)

m = Molar mass of substrate

lllustrations

4. Calculate the standard internal energy change
for the following reaction at 25°C:

2H,0, () = 2H,0 ) + O (g).
AH°; at 25°C for H,0, (I) =-188 kJ mol™

H,O (1) = -286 k] mole™

Solution AH° =Y AH° (Products) — AS° (Reactants)
=2 (-286)+0—2 (—188)
=-572+376 =-196kJ
An(g)=1-0=1
AH® = AE° + An (g) RT
=—-196-1x8314x 1073 x298
=198.4775k]

5. Calculate standard internal energy change (E°)
for the reaction

C (graphite) + H,0 (g) — CO (g) + H, (®)
AH°, of H,0O (g) = -241.8 kJ mol™
AH°, of CO (g) =-110.5 kJ mol™!

Solution C (s)+H,0(g) » CO(g) +H, ()

AH°reaction = Y AH°, (Products) — Y AH°
(Reactants)

f

= AH°, (CO) + AHe, (H,) — [AH°, (H,0) +
AR (C)]

=1x (=110.5)+ (0) = [1 x (=241.8) + 0]
=_110.5+2418
=+131.3kJ

An = Moles of gaseous products—Moles of gas-
eous reactants

=1+D-1

=1 mol

AnRT =1 x 8.314 x 298 =2477.6 J =2.48 k]
AH = AE + AnRT

AE = AH - AnRT
=+131.3-2.48=+12882KkJ

First Law or Law of Conservation
of Energy

It was introduced by Helmholtz and according to
it “Energy can neither be created nor destroyed but
can be converted from one form to another or the
total energy of universe is constant”.

It can also be written as:
m Energy of an isolated system must remain con-

stant, although it may be transformed from one
form to another.

m Energy in one form, if it disappears will make
its appearance in an exactly equivalent in
another form.

m When work is transformed into heat or heat
into work, the quantity of work is mechanically
equivalent to the quantity of heat.

m [t is never possible to construct a perpetual
motion machine that could produce work without
consuming any energy.

Thus if heat is supplied to a system it is never
lost but it is partly converted into internal energy
and partly in doing work in the system that is,

Heat supplied = Work done by the system
+

Increase in internal energy
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So increase in internal energy

= Heat supplied — work done by the system

Mathematical Formulation of the
First Law

£ &l I
Volume —»

If a system absorbs ‘q” amount of heat and its state
changes from X to Y and this heat is used up.

(1) On increasing the internal energy of the
system

AE=E -E
(11) Inorderto do some external work (W) on the

surrounding by the system.
From first law we get the relation

AE =Q—W (that is, work done by the system)
S8E =8Q - W
(Work done by the system or in expansion)
or
AE= Q +W (that 1s, work done on the system)
OE =6Q + 8W or 8E = 3Q + P8V
(Work done on the system or in compression).

f—[ REMEMBER ) .

+q = Heat absorbed by system
—q = Heat evolved by system
+W = Work done on the system

—W = Work done by the system
|

Some Useful Relations Based Upon
First Law of Thermodynamics
For a Reversible Cycle: AE or 6E =0,
So 8W = 8q
vV, P,
Q =-Wmax = PAV = 2.303nRT log vV Oy
1 2

For Isochoric Process: AE=Q (AV=0)
For Adiabatic Process: AE =W (as q=0)

PRESSURE-VOLUME WORK

Pext
|

|l3dv

P P
gas

gas

Pext_ dp

Pressure Volume and Work

Let us consider a cylinder fitted with a frictionless
and weightless piston having an area of cross section
as ‘A’. If the external pressure (P) is applied on this
piston and the value of P is slightly less than that of
the internal pressure of the gas.

When the gas undergoes a little expansion and
the piston is pushed out by a small distance dx the
work done by the gas on the piston is given by as

dw = force x distance = pressure x area x
distance

dw=PA.dx
AsA.dx=dV

dw=PdV

When the volume of the gas changes from
V -V, the total work done (W) can be given as

W=P [.dv

If we consider the external pressure (P) to be
constant than

W=P[dV=P(V,-V)=PAV

Isothermal irreversible expansion
of an ideal gas

When a gas expands against a constant external
pressure (P_, = constant). There is considerable
difference between the gas pressure (inside the
cylinder) and the external pressure. The temperature
does not change during the process.
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VZ
=P [dV

ext

1

=P _(V-V)

ext

W=-P_ AV

Work done in Isothermal reversible
expansion of an ideal gas

As a small amount of work done W on revers-
ible expansion of a gas through a small volume dV
against an external pressure ‘P’ can be given as

dW =-PdV
So the total work done when the gas expands from
initial volume V| to final volume V, is given as

v,

faw =] PdV

Vi

As according to ideal gas equation PV = nRT

_ nRT
P="5
So W_ = JnRT dV (as temp. is constant)
Vl
v, v,)
So W_ =-nRTIn Vl= -2.303 nRT log m
®)

W _ =-2.303nRT log,, )

Here negative sign indicates work of expansion
and it 1s maximum and greater than work in the
irreversible process.

As in such a case, temperature is kept constant
and internal energy depends only on temperature so
it internal energy is constant.

So AE=0
AE=q+W
=-W

Hence, during isothermal expansion, work is done
by the system at the expanse of heat absorbed.

Here AH can be found out as follows:

AH = AE +An_RT
As, for isothermal process, AE =0, AT =0
So AH=0

Adiabatic Reversible Expansion
of An ldeal Gas

As in an adiabatic change there is no transfer of heat
thatis,q=0ordq=0

So AE=-W
dE = -dW
Suppose only mechanical work of expansion or
contraction is made here so dW =PdV
As dE=C,dT = nCdt
So C,dT= -PdV
In a system of 1 mole of an ideal gas, for an

adiabatic and reversible expansion from temperature
T, to T, and volume V, to V,, we get

c,dr="5L qv

or OV _ v dr

VTR T

jﬂ___CVIQ

oV TRCT
-, T, C, T

v,
or In V;= In (T /T)%"

or (V,T)® =(V,T)**=K

C,-C,=R
VZ CV T1
In 71 C,-C, n T,
or GGy In vy =In L
CV Vl 2

or (y—1)In %= In % (asy=CJ/C)
1 2
In(V/V)~!'=InT/T,
or (V/V)r!=(T/T)
or Vy'T, =V !'T =K
On substituting T by% we get
PV

T Vr-1 = Constant

PVY =R x Constant = Constant
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Similarly
TV7-! =T (RT/P)'~! = Constant
T7P'-* = Constant

Irreversible Adiabatic Expansion

As In a free expansion the value of external pressure
1s zero so work done is zero.

thatis, AE=W=0
AT=0,AH=0
During intermediate expansion the volume changes
from V| to V, against external pressure (P_ )

RT,— RTI)
W = _Pe)d (VZ - Vl) = _Pext 15 P
241
<T2P1 _ Tle)
~Pu—pp, R
(TZPI _ Tle)
W: CV (TZ_TI):_RPext Pl P’7

Adiabatic Compression Work
W=-CT=-C (T,-T)=C,(T,-T,)

As T, T, are mitial and final temperatures
respectively

For 1 mole of gas T = %

Hence adiabatic work is given as

= (Plvl _szz) _ C

%
W = @V, -PV)

Vi R R
_ (Plvl B szz)
v—-1

{ REMEMBER )

IA

Isothermal
Adiabatic
vV —™

Illustrations

6. Calculate Q, W, AE and AH for the isothermal
reversible expansion of 1 mole of an ideal gas
from an initial pressure of 1.0 bar to a final
pressure of 0.1 bar at a constant temperature of
273 K.

Solution Asinisothermalprocessastemperature
remains constant so both AE and AH are zero.

AE=0
AH=0
According to first law of thermodynamics,
AE=W +Q
0=W+Q
Pl
Q=-W=-2303nRTlog,, 5

=-2303 x 1 <8314 x 273 log,, ol

=5227.1691
=5227k]

7. 10 g of argon gas is compressed isothermally
and reversibly at a temperature of 27°C from
10 litre to 5 litre. Calculate q, w, AE and AH for
this process.

(R=2cal K'mol™, log 2 =0.30, atomic weight
of Ar = 40)
. v,
Solution W =-2.303 nRT log,, 37~
1

= 2303 x 43 x2x 300 log,, 7.

103.635 cal

AE=0

q=AE-W

q=-W =-103.635 cal

8. A gas expands from a volume of 3.0 dm? to
5.0 dm? against a constant pressure of 3.0 atm.
The work done during expansion is used to
heat 10.0 mole of water of temperature 290.0
K. Calculate the final temperature of water
(Specific heat of water = 4.184 JK g1).



4.10 B Energetics

Solution

Work done =P x dV

=3.0x(5.0-3.0)
=6.0 litre-atm = 6.0 x 101.3J
=607.817

Let AT be the change in temperature
Heat absorbed =m x s x AT
=10.0 x 18 x 4.184 x AT
PxdC=m xsx AT

PxdVv
m X s

_ 607.8
10.0 x 18.0 x 4.184

=0.807
Final temperature = 290 + 0.807 = 290.807 K

or AT =

. Two moles of an ideal gas initially at 300 K and
one atm are compressed reversibly to half the
initial volume. Find q, W, AE and AH when the
process is carried on isothermally.

Solution

W =2.303 nRT logm%

T=300K

n=1

R =1.98 cal deg! mole™

As V=V,

W =2 x2303 x 1.98 x 300 log,,
=-1914.0 cal

As the process is being carried on isothermally
that 1s, no change of temperature.

AH=0and AE=0

According to first law of thermodynamics,
q=AE +PAV
q=AE+W
q=0+W
q=-1914 cal
W=-1914 cal
q=-1914 cal.

AE=0,AH=0

10.

Find the value of Q, W and AE for the reversible
adiabatic expansion of 1 mole of an ideal gas (C,,
=3/2 R) from 5.00 to 25.00 litres at 27°C.

Solution

For adiabatic process Q = 0.

11.

AE=W=C, (T,-T)
T, (V)R =T, (V)R
T,=T, (V/V e
=300.0 (5/25)%R

(for adiabatic)

=300.0 (5/25)*

T,=102.6K

AE= W= 32R(T,-T)

=1.500 x 1.98 (102.6 — 300)

AE =-588.4 cal/mol.

One mole of an ideal gas which C, = 3/2 R is

heated at a constant pressure of 1 atm from 298
K to 373 K. Find AH and AU.

Solution
_3
C,= 3R
C,= C,+R =3 R+R=2R
P \ 2 2

Heat given at constant pressure =m. C, AT
Horg,= 1 x5 Rx (373 -298)
AH=1x3 x 1987 x 75 = 372.56 cal
Now work done in the process = -PAV
W=-P(V,-V)

__(oRT, @

P P
(AsPV =nRT)

~nR (T,-T,)

—1x 1987 x (373 —298)
—1x1.987 x 75

—149.025 cal

According to first law of thermodynamics
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AU=q+W
=372.56 -149.05
=223.51 cal.

12. Calculate q, W, AU and AH for the isothermal
reversible expansion of one mole of an ideal
gas from an initial pressure of 1.0 bar to a final
pressure of 0.1 bar at a constant temperature of
273 K.

Solution

For isothermal reversible expansion:

P
W =-2303nRT log,, 7 -

=-2303 % 1 x 8.314 x 2.73 log,,

At constant temperature , for expansion AT =0,
therefore AU =0

AU=1xC, xAT=0
AU=q+w
So q=-W=522721]

(for 1 mole)

At constant temperature, PV, =PV, or PV is
constant.

So AH =AU + APPV)
AH=0

Limitations of the First Law of
Thermodynamics

m It fails to explain why heat cannot be completely
converted into work.

thatis, W=JH
m If fails to tell the spontaneity of the process.

m It can establish the relation between +q and -W
but it puts no restriction regarding the direction of
flow of heat.

m This law fails to tell us under what conditions
and to what extent it is possible to bring about
conversion of one form of energy into the other.

m The first law fails to contradict the non-existence
of a 100 per cent efficient heat engine or a
refrigerator.

m It fails to explain the expansion of gases in vac-
cum when AE =0, AH=0, W=0.

m It fails to explain the expansion of gases invacum
when AE=0, Ah=0w=0.

Heat Content or Enthalpy Change
or Heat content (H)

If we deal a process in open vessel (at constant pres-
sure), it becomes essential to use a new thermody-
namic function heat enthalpy in place of internal
energy. It is defined as “The amount of heat absorbed
or evolved by a system at constant pressure”. Math-
ematically, it is the sum of internal energy pressure
volume energy.

m It isnot a state function.
m [t is denoted by H at constant pressure.
m [t is denoted by E at constant volume.

m Enthalpy of the elements in gaseous, liquid or
solid or combined state is taken as zero.

Example, C, O, , H, etc.

Relation Between AH and AE: Mathematically,
enthalpy change is equal to the sum of internal
energy(E)

And pressure volume energy which is given as,
H=E+PV
The change in enthalpy of a given system is given as:
AH=H,-H,
or AH=(E,+P,V)-(E +PV)
AH=(E,-E)+®,V,-P V)
or AH=AE+A (PV)
If P’ is constant
AH = AE + PAV
or AH=Q

Hence the change in enthalpy of the system AH
may be defined as the amount of heat absorbed at
constant pressure.

As PAV= Ang RT
So AH=AE + AngRT

Here AH = change in enthalpy in constant
pressure

AE = change in enthalpy in constant volume.

An_ = difference in the moles of gaseous reactants
and product
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lllustrations

13. Theheatliberated on complete combustion of 7.8
gbenzene is 327 kJ. This heat has been measured
of constant volume and at 27°C. Calculate heat
of combustion of benzene at constant pressure
at 27°C. (R = 8.314 J/mol/K).

Solution CH_(1)+7%0,(g) — 6CO, (g)+3H,00)
An=6-T7% =-3/2
AH = AE — AnRT
(AE per mole for benzene = (327 x 78)/7.8
=-327k])
=-3270 x 10* + (-3/2) x 8.314 x 300
=-32737413 =-3273.74 kI

14. Calculate the standard internal energy change
for the following reaction at 25°C.

2H,0, () — 2H,0 ) + O, (g).
AH°, at 25°C

H,0, (1) = -188.0 kJ mole™
H,O (1) = -286.0 kJ mole™
(R=8.314JK' mol™)

Solution 2H,0, (1) = 2H,0 () + O, (g)
AH° = AH°, (products) — AH®, (reactants)
=(2x286+0.0)— (2 x-188)
=-196kJ
An=3-2=1
AE° = AH° — AnRT
=-196 x 10*—1 x 8.314 x 298
=-193.58kJ

Heat Capacity

The heat capacity of a system is defined as “The
quantity of heat required for increasing the temper-
ature of one mole of a system through 1°C”. It is
given as follows:

_ %

C=gr - M

(i) Heat capacity at constant volume

According to first law of thermodynamics,
8q =dE+PdV ... 2)
On substituting the value of 3q in equation (2)

dE + PdV
C= T “““ (3)
If volume is constant then
C, = (dEMAD), ... @

Hence the heat capacity at constant volume of a
given system may be defined as the rate of change
of internal energy with temperature.

(ii) Heat capacity at constant pressure

If pressure 1s constant, equation (3) becomes
as follows:

_dE +PdV
C="ar
or C,=(8q/dT),

Hence the heat capacity at constant pressure of
a system may be defined as the rate of change of
enthalpy with temperature.

m For one mole of a gas C, and C, are known as
molar heat capacities and the difference between
them is equal to the work done by one mole of
gas in expansion on heating it through 1°C.

At constant pressure work done by the gas
=PAV
For one mole of gas PV =RT

On increasing temperature by 1°C, the volume
becomes V + AV

Hence P(V+AV)=R(T+ 1)
or PAV=R

thatis, |C,—C,=PAV=R

Thermochemistry

It deals with the heat changes during chemical
reactions. It is called chemical energetics and
based on first law of thermodynamics. It is called
as chemical energetics and based on first law of
thermodynamics.
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Exothermic Reaction

m Heat is evolved here.
m AHis-veasH >H,
m AH=H_,-H_, =-ve (atconstant pressure)
At constant volume,
AE =(E,-E})=-ve
thatis. E, > E,

Endothermic Reaction

m Here heat is absorbed.

m AH or AE = +ve for endothermic

m AH=H_,-H, =+ve (atconstant pressure as )
m AsH>H, orE,>E,

m At constant volume

AE =(E,-E)) =+tve

Heat or Enthalpy of Reaction

It is the change in enthalpy (amount of heat evolved
or absorbed) when the number of gm-moles of the
substance indicated by a chemical reaction have
undergone complete reaction.

m It is determined by water and Bomb calorimeters.
Mathematically, it is given as

= ZHP - ZHR
m It can be express by [AH], or [AE], at constant
pressure and volume respectively.
Example,
C,H, (®) +30,(g) —
2CO, (g) +2H,0 () + 335.8 keal

Here 335.8 kcal heat is evolved or 335.8 kcal of
internal energy of the system is decreased.

Factors Effecting Heat of Reaction

1. Nature or Physical State of
Reactant and Products

Heat of reaction changes with the change of
physical state of the reactants or the products.

Example,

H, + %20, & HO AH=-57.8K.cal
® @ ®

H, + %0, & HO AH=-6832K.cal
® (@ ®

that is, when steam condenses heat is evolved.

2. Allotropic Forms of the Element

Coiamena T 0, (8) — €O, (8)
AH =-94.3 Kcal
C +0,(g) — CO,(g) AH=-97.6 Kcal
(amorphous)
thatis, C — C AH = 3.3 Kcal
@  (amp)

This Heat is called Heat of Transition.

3. Enthalpies of Solution
Heat of reaction changes when in one case dry
substance react and in another case the solution
state of the substance react.

Example,

HS +I, —»2HI+S; AH=-17.3 Kcal
® @

H,S +I, —2HI+S; AH=-2193Kcal
(sol) (sol)

4. Temperature

The effect of temperature on heat of reaction
is given by Kirchoff equation as follows:

T, T,
AH, - AH,=[ AC,dT =AC,[dT = AC,AT
Tl T1

AH, - AH,

T.oT 4G
T, T,

AE,-AE, =[AC,dT = AC,[dT = ACVAT
Tl Tl

AE,-AE,

T -ACG

For a Reaction at Constant Pressure or Constant
Volume:

AH = AE + AnRT
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AH = AE + PAV
AH = AE + APV)

* An = number of gaseous product — number of
reactant molecules.

lllustrations

15. A sample of 0.16 g CH, was subjected to
combustion at 27°C in a bomb calorimeter.
The temperature of the calorimeter system
(including water) was found to rise by 0.5°C.
Calculate the heat of combustion of methane at
(1) constant volume (i1) constant pressure. The
thermal capacity of calorimeter system is 17.7
kJK'and R =8314 JK! mol™.

Solution Heat of combustion at constant volume,

AE = Heat capacity of calorimeter system x rise in
Mol. mass of compound
Mass of compound

16
0.16

temperature x

=177x0.5x

= 885

thatis, AE =-885 kJmol!

CH, (®) +20, (g) = CO, (g) +2H,0 ()
An=1-3=-2

T=27+273=300K

R =8.314 x 10 kJK~! mol™*

AH = AE + AnRT

=885+ (-2) x 8314 x 1073 x 300
=-885-4.988

=-889.988 kJ mol™*

16. The molar heat of formation of NH,NO, (s) is
-367.54 kJ and those of N,O (g), H,O (1) are
81.46 and —285.8 kJ respectively at 298 K and 1
atm pressure. Find AH and AU of the reaction.

NH,NO, (s) = N,0 (g) +2H,0 ()
Solution
NH,NO, (s) — N,O (g) + 2H,0(); AH="?

AH AH

Reaction HProducts - Reactants

= AHN,0 +AHH,0 x 2 — AHNH,NO,

AHN,O =+81.46kJ

AHH,O =-2858Kk]J

AHNH,NO, = -367.54 kJ
AHReaction = +81.46 + 2(-285.8) — (-367.54)
AH =-122.6 kI

AH = AU + AnRT

Here An=1-0=1

R=8314]

T=298K

—122.6 x 10*=AU + 1 x 8.314 x 298
AU =-125077 Joule

=-125.077kJ

17. Calculate the enthalpy of the following reaction:
ch = CHg (g) + Hz (g) - CH3 - CH3 (g)

The bond energies of C-H,C-C,C=Cand H
—H are 99, 83, 147 and 104 kcal respectively.

Solution

H H

H H
C=C(+H-H(®—>H-C-C-H(g
H H H H
AH=?

AH = Sum of bond energies of reactants

— Sum of the bond energies of products
=[AH._.+4xAH__, +AH, ]

- [AH
= (147 +4 x99 + 104) — (83 + 6 x 99)

+6x AH,_]

Cc-C

= -30 kcal.

Heat of Formation

The amount of heat evolved or absorbed or change
in enthalpy when 1 mole of a substance is obtained
from its constituents or free elements.
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Example,
N, +3H, < 2NH,; AH=-22Kcal
N,+0,<2NO; AH=+42Kcal
H,+Cl, ©2HCI; AH=-44 Kcal

m Heat of formation of NH, is —11 Kcal
Heat of formation of NO is +21 Kcal.
Heat of formation of HC11s —22 Kcal.

Heat of formation at 25°C and 1 atm pressure is
called standard heat of formation (AH®).

State Standard State

Solid Stable crystalline form at a given
temperature and 1at pressure.

Liquid Pure liquid at a given temperature
and lat pressure

Gas Idea gas at a given temperature and

lat pressure

AHe=% Hp-> Her
Once the value of H° at 25° C for any species has
been assigned the value of H° at other temperature

Can be find out by using kirchoff’s equation as
follows.

T T o
[ dHe= | CpdT
298 298

T
[ CpedT
298
T
[ cpedr
298

Hte-H° =
298

He = H°  +
298

Standard heat of formation of free element is
taken as zero.

Example, In carbon—graphite form is taken as
standard state and in sulphur, monoclinic form
1s standard state.

Heat of formation may be +ve or —ve.
If AH is —ve compound is exothermic.
If AH is +ve compound is endothermic.

Stability of exothermic compound is more than that
of endothermic compound hence,greater the liber-
ated energy greater is the stability of compound.

Example, HF > HC1 > HBr > HI

Illustrations

18.

The molar heat of formation of NH,NO, (s) is
—367.5 kI and those of N,O (g) and H,0 (1) are
+81.46 kJ and —285.78 kI respectively at 25°C
and | atmospheric pressure. Calculate AH and
AE for the reaction.

NH,NO, (s) — N,0 (g) + 2H,0 (1)

Solution  AH° = AH°, (products) — AH®, (reactants)

19.

Solution AH

= [AH°, (N,0) + 2 x AH°, (H,0)] - [AH®,
(NH,NO,)]

=81.46 + 2 x (-285.78) — (-367.5)
=81.46-571.56 +367.5

=-122.56 KJ

AH = AE + AnRT

AE = AH — AnRT

An =1

R=8.314 x 102 kJ mol' K-

T=298K

AE =-122.56 — (1) x (8.314 x 10%) x 298
= —122.56 -2.477

=-125.037kJ

The standard heats of formation at 298 K for
CCl, (g), H,0 (g), CO, (g) and HCI (g) are —
25.5,-57.8,-94.1 and —22.1 kcal mol™ respec-

tively, Calculate AH®,, . for the reaction

CCl, () +2H,0 (g) — CO, () + 4HCl (g)

= 3 Heat of formation of

(reaction)

products

20.

— > Heat of formation of reactants

= [AH, (CO,) + 4 AH, (HCDH]-[AH,
(CCl)+2AHH,0)]

=[-94.1 +4 x (-22.1)] - [-25.5+2 x (-57.8)]
=—41.4 kcal.

The bond dissociation energies of gaseous H,,
Cl, and HCI are 104, 58 and 103 kcal mol™
respectively. Calculate the enthalpy of forma-
tion of HC1 (g).
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Solution Reaction

% H, (g)+7 Cl, (g) — HCl (g)
AH=[%AH, ,+%AH, ]-
= Y% x 104 + Y% x 58 — 103

= —22 kcal mol™!

AH=?
[AH

H—Cl:|

Heat of Combustion

m It is change in enthalpy when one mole of a sub-
stance is completely oxidized or combusted or
bumt.

m AH is —ve here as heat in always evolved here
that 1s, exothermic process.

m Heat of combustion is useful in calculating calo-
rific value of food and fuels.

m It is also useful in confirming structure of organic
molecules having C,H,O,N etc.

m Enthalpy change by combustion of 1 gm solid or
1 gm liquid or 1 cc gas is called calorific value.

CV= Heat of combustion
: Molecular wt.

C+0,— CO, AH=-94Kcal
94

12
CH,,0,, + 120, — 12CO, + 11H,0

AH =-1349 Kcal

C.V=-:5=-7.83Kcal

_ 1349 _
CV=- 340 =394

AH(heat of reaction) = — Y AH°, — Y H°,

lllustrations

21. The standard molar heats of formation of eth-
ane, carbon dioxide and liquid water are —21.1,
—94.1 and —68.3 kcal respectively. Calculate the
standard molar heat of combustion of ethane.

Solution Reaction for combustion of ethane is
as follows.

2C.H, (g) + 70, () — 4CO, (g) + 6H,O (1)
AH=?

This reaction involves 2 moles of C,H;

Heat of combustion of ethane = ATHO

AH° = AH°, (products) — AH°, (reactants)
= [4 AH°, (CO,) + 6 AH°, (H,0)] — [2 AH°,
(C,H) +7 AH°,(0,)]
=[4 x (-94.1) + 6 x (=68.3)] — [2 x (=21.1)
+7 x 0]
=-376.4-409.8+42.2
=-744.0 kcal

AH®/2 = Heat of combustion of ethane
_ 71440

2
= -372.0 kcal

22. An intimate mixture of ferric oxide and
aluminium is used as solid fuel in rockets. Find
the fuel value per cm? of the mixture. Heat of
formation and densities are as follows:

H, (AL,0,) = -399 kcal mol™
H, (Fe,0,) = -199 kcal mol™
Density of Al =2.7 g/cm?

Density of Fe,0, = 5.2 g/cm’®

Solution Reaction
2A1 +Fe,0, > AlLO, +2Fe, AH=?
AH = AH, (products) — AH, (reactants)
= [AH, (AL,0,) + 2 AH, (Fe)] - [2 AH, (AD) +
AH, (Fe,0,)]
=[-399+2x0]-[2 x 0+ (-199)]
=-399 + 199 = =200 kcal
Atomic mass of Al =27

Molecular mass of Fe,O, = 160

160
52

27

+t2x57

Volume of reactants =

=50.77 cm3

Fuel value per cm® = 200 _ 3.92 kcal
p 50.77

23. Given the heats of formation of benzene (liquid),
water and carbon dioxide gas at 298 K as 11.718,
—68.32 and —94.052 Kcal. Calculate the heat of
combustion of liquid benzene at 298 K.
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Solution The reaction is as follows:

CH DO+7%20,(g —6CO,(g+3H0®D
The given data:

6C(s)+3H,(s) > CH, (1), AH=11.718Kcal
“““ )
H,(s)+%0,(g - H,01), AH=-6832Kcal
“““ (ii)
C(s)+0,(g) = CO, (), AH=-94.052 Kcal
“““ (i)

Multiply reaction (i) by 3 and reaction (iii) by 6,
and then add reaction (i1) and (iii)

3H, (s) +3/2 0, (g) — 3H,0 (), AH = -204.96 kcal
6C (s) + 60, (g) — 6CO, (g), AH = -564.312 kcal
3H,(g) +6C(s)+7 2 O, (g) — 6CO, (g) + 3H,0()

AH =-769.272 kcal ... (iv)

Subtract reaction (i) from reaction (iv)
7% 0,(g) — CH, (1) +6CO, (g) +3H,0 (1)
AH =-780.99 kcal
or CH (D+7%0,(g) —6CO,(g)+3H,0D
AH =-780.990 kcal

Therefore heat of combustion of benzene is—
780.99 kcal.

Heat of Neutralization

It is enthalpy change during neutralization of
1 gm mole of an acid and base. It is also heat of
formation of water.

Example,
H* ClI"+ Na® OH™ — NaCl + H,0 +
13.7 Kcal/mole or 57.3 kJ/mole
H*+OH — H,0 + 13.7 Kcal
or 57.3 kJ/mole
AH =-13.7 Kcal or -57.3 kJ/mole
m It is always exothermic AH =-ve

m Heat of neutralization of strong acid and strong
base is always 13.7 Kcal/mole or 57.3 kJ/mole

m It is independent of nature of strong acid or strong
base.

m If one electrolyte is weak than AH will be less
than —13.7 Kcal as some amount of heat will be
absorbed in ionization of weak electrolyte.

Example,
CH,COOH +NaOH — CH,COONa+H,0

+ 55.2 kJ/mole or 13.4 Kcal/mole

Example,
HCl +NH,OH < NH,Cl1 + H,0
AH=-12.3K.cal

i.e., heat of ionization of CH,COOH is 0.3 Kcal or
1.9 kJ/mole

m If both electrolytes are weak then

CH,COOH +NH, — CH,COONH, +H,0

+ 50.4 kJ/mole

CH,COOH +NH,OH — CH,COONH, +H,0
AH=-11.9 K.cal

m In case of HF, AH is more due to more hydration
of F-ions.

Measurement

In laboratory it is measured by using polythene on
polystyrene bottles as follows.

Here 10 ml of each of acid and alkali having
same normality are taken in separate bottles and
temperature is noted at regular intervals. When
constant temperature is achieved, the alkali solution
1s added to the acid solution. The mixture is stirred
and the highest temperature is noted.

Suppose T, and T, are initial and final tempera-
tures here then

Rise in temperature = (T, - T) K

Here specific heat capacity of the solution is
assumed to be the same as that of water while heat
capacity can be ignored as it is quite less than that
of solution.

Q=ms(T,-T)

AH = 41000 x &

Hence, =100 N
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Assuming the complete ionization of
CH,COOH, we get

0.25 mole of CH,COOH + 0.25 mole NaOH
gives 0.25 x 57.1kJ

| Polythene Heat expected = 16.27
bottle But the actual heat obtained

Thermometer I Stirrer

= 16.27 — heat used in the ionization
=16.27-0.25
=16.02kJ

Solution

25. Calculate the heat of neutralization from the
following data, 200 ml of 1 M HCI is mixed
with 400 ml of 0.5 M NaOH. The temperature

Neu. rise in calorimeter was found to be 4.4°C. Water

equivalent of calorimeter is 12 g and specific

heat is cal/ml/degree for solution.

Here, Q =Heat change during the process

S = Specific heat of solution .
‘ Solution The heat produced (AH)) during
M = Mass of solution neutralization of 200 Meq. of NaOH and HCI each
N = Normality of acid/base. (Meq‘ =‘N‘ x V) is taken up by calorimeter and
solution in it.

lllustrations AH, = Heat taken up calorimeter and solution in it.
= + =
24. The heat of neutralization is due to the follow- AH =m, 8, AT+m, §, AT =12

ing reaction: Total solution = (200 + 400) ml = 2692.8 cal
H' (aq) + OH" (ag) = H,0 () +57.1kJ As neutralization of 200 Meq. gives heat
Calculate the amount of heat evolved when =_2692.8 cal
(@) 025 mole of H,SO, is neutralized by 0.5 | g, peytralization of 1000 Meq. gives heat
mole of NaOH and
. L . =-2692 x 5=-13464 cal
(i) 0.25 mole of CH,COOH is mixed with 0.25 * ca
mole of NaOH, assuming 0.25 J of heat is =—13.464 kcal

utilized in the ionization of CH,COOH.

Solution Heat of Hydration

The enthalpy change during hydration of one gm
mole substance is called heat of hydration.

CuSO, +5H,0 — CuSO,.5H,0
+78.21 kJ/mole

or 18.7 Kcal/mole

AH =-18.7 K.cal/mole

(1) As 1 mole of H,SO, =2 mole H*
S0 0.25 mole of H,SO, = 0.25 x 2 mole H*
=0.50 mole H*
As 1 mole of H* + 1 mole OH-=57.1kJ
S0 0.50 mole H* + 0.50 mole OH-
=57.1x0.5kI=2855kJ

(i) 1mole CH,COOH = 1 mole H* m It is exothermic mostly
0.25 mole CH,COOH = 0.25 mole H* H,, = AH,.: Lattice energy
(If it 1s completely ionized) m If AH, > L.E.: solute dissolve in H,O
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m AH, <L .E.: solute does not dissolve in H,O

m AH = L.E.: solute is in equilibrium with solvent
in H,O

Bond Energy

It may be defined as, “The quantity of heat evolved
when a bond is formed between two free atoms in a
gaseous state to form a molecular product in a gas-
eous state”. It is also known as enthalpy of forma-
tion of the bond.

Or
It may also be define as, “The average quantity of

heat required to break (dissociate) bonds of that type
present in one mole of the compound”.

Example,

C(g)+4H(g) > CH, (g) AH=-398 Kcal

The average bond energy per mole of C — H
bond =
—398

-2 = -99.5 Kcal

H-OH -H+0-H
AH = 497 8 Kj/m

4978 +4285
BE),, =S558

=463.15Kj/m

When a reaction is carried out in the gas phase at
constant pressure, then enthalpy of the reaction can
be given as

AH=}BE -YBE,
AH = (Energy needed to break the bonds in the mol-

ecules of the reactants) — (Energy released when
bonds in the molecules of the products are formed).

Example, In the case of formation of HCI (g) from
H, (g) and C1, (g), AH = -185 kJ/mol

E, , =437k
E, =244k
E, =433k

So AH=E, , +E. ,-QE; )

=437 + 244 — (2 x 433)
=_185kJ

Illustrations

26. Calculate the enthalpy of combustion (enthalpy
change) of the given reaction:

CH, () +20=0 (g) —
0=C=0(g)+2H-0-H(g)

From the following B.E. data.
BE of C —H =414 kJ/mol
BE of C =0 =741 kJ/mol
BE of O = O =395 kJ/mol
BE of O — H = 464 kJ/mol

Solution Y (B.E.) reactants
=4xBE. of C-H+2xBE.of0O=0
=4 x414+2 x 395
= 1656 +790 = 2446 kJ
(B.E.) products
=2 xBE.of C=0+2x (2 x BE. of O — H)
=2x741 +4 x 1856
=3338kJ
AH= (Y BR), - (X BE),
= 2446 — 3338
=-892kJ

27. Calculate the resonance energy of N,O from
the following data:

AH°; of N,O = 82 kJ mol™!

Bond energy of N=N, N=N, O =0 and N
= O bonds is 946, 418, 498 and 607 kJ mol!
respectively.

Solution N=N(g)+%(0=0)—N=N=0(g)
AH, (N,0) = [AH (N = N) + % AH(O = 0)]
— [AH(N = 0) + AH(N = N)]
= (946 + Y5 x 498) — (607 + 418)
=946 +249 - 607 — 418
=1195-1025
=170 kJ mol™!
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Resonance energy = Observed heat of formation
~ Calculated heat of formation
=82~170
=88 kJ mol!

Heat of Dilution

It is change in enthalpy when solution containing
one mol of solute is diluted from one concentration
to another concentration. Its value depends upon the
concentration of solution and on the amount of the
solvent added.

KCl — KcCl

(xH,0) (YH,0)

HCI + 10 H,0 — HCL10 H,0
AH=-69KJ /M.

Heat of Solution

It is change in enthalpy when one mole of a solute is
dissolved in excess of solvent.

m AH = +ve for (hydrated salts)
m AH = —ve for (anhydrous salts)
Example,

KCl+H,0 — KCl (aq)

AH = -18.6 KJ/Mole
H,SO, +H,0 — H,SO,
AH =-20.2 K.Cal.

Heat of Fusion

It is change in enthalpy in converting one mole of
solid into the liquid state at its melting point. It is
equal to latent heat of fusion per gram multiplied
by the molar mass. It is always positive as heat
1s needed to overcome the intermolecular forces
between constituents particles of solid.

Example, Heat of fusion of H,O
H,0 —H,0; AH= +0.6 kJ/mole
(s) 0 = 1.44K.Cal

Heat of Vaporization

It is the change in enthalpy in converting 1 mole of
liquid into the gaseous state at its boiling point

Example,
H,0 — H,0; AH = 42 kJ/mole
) (® = 10.5K.cal.

Heat of Sublimation

It is the change in enthalpy in converting one mole
of a solid directly into vapour at a temperature below
its melting point.

I, - 1,;AH=624kl/mole
(s) ® =14.9 K.cal /mole
[ ] AHs“b = AHvap + AHﬁls

Heat of Atomization

It is the enthalpy change (heat required) when bonds
of one mole of a substance are broken down com-
pletely to obtain atoms in the gaseous phase (iso-
lated) or it is the enthalpy change when one mole
of atoms in the gas phase is formed from the cor-
responding element in its standard state.

In case of diatomic molecules it is also called
bond dissociation enthalpy.

It is denoted by AH,_ or AH".
Example,

H, (g) — 2H(g)-435kJ

AH = +435 kJ/mol

CH, (g) — C (g) +4H (g) + 1665 kJ

AH = +1665 kJ/mol

Enthalpy of Dissociation or lonization

It is defined as, “The quantity of heat absorbed when
one mole of a substance is completely dissociated
into its ions”. Example,

H,0 () —» H*+OH-  AH =13.7 Kcal

Phase Transition and Transition Energy

m The change of matter from one state (solid, liquid
or gas) to another state is called Phase Transition.

m Such changes occur at definite temperatures such
as melting point (solid to liquid), boiling point
(liquid to vapours) etc., and are accompanied by
absorption or evolution of heat. The enthalpy
change during such phase transitions is called
heat of transition or transition energy.
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Example,
C (diamond) — C (amorphous)
AH = 3.3Kcal

lllustrations

28. Calculate the amount of heat needed to convert
20 g of ice at 0°C to steam at 100°C. If specific
heat of water is 1 cal/g, heat of fusion is 80 cal /g
and heat of vapourisation is 540 cal/g.

Solution

AHtta]=AHﬁ1 -l'AHh t-l‘AH

[0 S €2 vap

= (20 x 80) + (20 x 1 x 100) + (20 x 540)
= 1600 + 2000 + 10800

= 14400 cal. =14.4 kcal

Law’s of Thermochemistry

Lavosier and Laplace Law

The heat which is required to break a compound into
its element is equal to the heat evolved during its
formation.

AH, = - AH,
Example,

C (s)+ 0, (g) — CO, (g); AH =-94.3 kcal
CO,(g) = C (&) + O, (g); AH =+94.3 kcal

Hess’s Law

This rule is a consequence of first Law of Thermo-
dynamics and according to it,

“The enthalpy change for a process is inde-
pendent of path or way of a process. The enthalpy
change (AH or AE ). for any physical or chemical
process remains same whether process is carried out
in one step or in many steps.”

A Q zZ

Example,
C+0,—CO,; AH=-943 K.cal
C+%0,—>CO; AH=-683 K.cal
CO+%0,—CO,; AH=-26 K.cal
Q=Q,+Q,=-1943

Hence it proves that

that is,

m AH or AE is not proportional to path or way of
reaction

m AH or AE is a state function which depends only
on initial and final state (first law of thermody-
namics)

Applications Hess Law
It has the following applications:

1. It helps in finding enthalpy changes for those
reactions also which are experimentally not
possible.

Example, C,H,, C,H,

2776

2. Ttalso helps in finding AH AH ete.

formation” combustion
3. For the determination of resonance energy and
lattice energy.

4. For the determination of enthalpies of reactions
occurring very slowly.

Second Law of Thermodynamics

It 1s not possible to convert heat into work without
compensation.

m Work can always be converted into heat but the
conversion of heat into work does not take place
under all conditions.

m [t is impossible to construct a machine that is able
to convey heat by a cyclic process from a colder to
a hotter body unless work is done on the machine
by some outside agency (Clausius statement).

m The heat of the coldest body among those partici-
pating in a cyclic process cannot serve as a source
of work (Thomson statement).

m [t is impossible by means of inanimate material
agency to derive mechanical work or effort from
any portion of matter by cooling it below the
temperature of the coldest of the surrounding
objects (Kelvin-Planck statement).

m Nature tends to pass from a less probable to more
probable state (Ludwig Boltzmann statement).
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m Whenever a spontaneous process takes place it is
accompanied by an increase in the total entropy
of the universe.

Spontaneous Process

It 1s defined as one that proceeds on it’s own with-
out any outside influence. It’s reverse is always non
spontaneous which occurs in presence of some con-
tinues external influence. Or

The chemical or physical process which occurs in a
particular set of conditions either of its own or after
proper initiation is known as spontaneous process.

Example,
(1) All natural processes
@) 2H,+0, — 2H,0
g g I

Formation of water is spontaneous however it’s
decomposition is not spontaneous as it’s possible by
applying electrical energy for electrolysis.

m Spontaneous Process always occur with the
decrease in energy and, increase in disorder
(Entropy) and decrease of free energy.

Spontaneous changes
which take place by
themselves

Spontaneous changes
which take place in
intiation

Dissolution of KNO,
in water

Evaporation of water

Flow of heat energy
from higher temperature
to lower temperature.

Flow of water from
higher level to lower
level.

Lighting of a candle

Decomposition of cal-
cium corbonate .

Combination of H, and
0, to form water.

Combustion of meth-
ane gas.

ENTROPY

It 1s a thermodynamic state quantity which is used
to measure disorder or randomness of the molecules
in a system The disorder or randomness in a system
1s measured in terms of entropy (S). The absolute
value of ‘S’ is not determined so mostly change in
entropy AS is measured.

Randomness a Entropy

It 1s a state function which depends only on the initial
and final state of the system that is, it is independent of
the path used in going from the imitial to final state.

AS =8 S

Final Initial

For a general chemical reaction at 298K and 1 atm:
mP+mQ—n R+nS
AS°=[(nS% +n,8°%)—(m,S°% +m, 5°)]
AS* =73 8° -3 S,

m [t is an extensive property and a state function

which depends on state variables like T, P, V and
n which govern the state of a system.

Entrophy and Temprature

Entropy increases with the increase of temperature
as it is associated with the molecular motion which
increases with the increase of temperature due to
increase in the average kinetic energy of the mol-
ecules.

The entropy of a perfectly ordered Crystalline
substance is taken as zero at Zero Kelvin (0K) . It is
third law of Thermodynamics. However in case of
N,O, NO, LO, Solid Cl, etc. the value of entropy is
not found to be zero at O Kelvin also.

' Gas
Solid © Liquid :

. Boiling
s !
i Melting
s !
<) | |
g o
% Solid phase change
2 L
< : :

O Temperature —>

Mathematical Definition
of Entropy

For a reversible isothermal process, Clausius defined
it as the integral of all the terms involving heat
exchange (q) divided by the absolute temperature T.

ds=]
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OR

_ qrev
AS=TT
Unit: J K- mol™!

Here mol™! is also used as entropy being an exten-

sive property depends upon the mass of substance.

Entropy Changes in Processes

1. During isothermal reversible expansion of an
ideal gas

As for a reversible path AE =0

Soq

TeV

Vv,
=—Wrev. =-2.303 % log,, V;

V"

Hence, AS=2303nRlog v
1

_ ®,)
AS =2.303nR lOg10 m

. During adiabatic reversible expansion
Asq=0,50AS=0

. Isobaric process:

AS=2303nC,log, ((.'1;—2)) or((\\,/—z))
1 1
. Isochoric process:
(T,) (P,)

AS=2303nC, lOglO(T—l) or W

. Entropy change in irreversible processes:

Suppose in a system at higher temperature T,
and its surroundings at lower temperature T,.
‘q” amount of heat goes irreversibly from the
system to the surroundings.

=_4
system Tl :
=+
surroundings =+ T2 :
process= ASsystem surroundings
__a,a_ M-
o Tl T2 - q Tl T2
But T,>T,

So Tl—T2=+ve

AS >0

process

So entropy increases in an irreversible process
like conduction radiation etc.

6. Entropy changes during phase transition:

G _ AH

AS =S,-8 === 5%

For fusion

Solid = Liquid

AH = Heat of fusion [Heat required to convert
one mole of a solid at constant temperature

(melting point) and constant pressure into
liquid keeping solid and liquid]

Asﬁjsion - Sliqu.id - Ssolid
AS — AI_Ifusion
fusion T .
fusion or M.P

AH, . = Latent heat of fusion

For Vapourization

Liquid = Vapour

AS_ =S -S. .
vap. vapour liquid
AHvap
AS, =
vap.
vap or B.P.

AH, = Latent heat of vapourization

For Sublimation

Solid = Vapour

ASsub = Svapour - Ssolid
AI_Isub
ASsub = T

AH_, = Heat of sublimation

. Entropy change when liquid is heated:

When a definite amount of liquid of mass ‘m’
and specific heat ‘s’ 1s heated

cq=msT
_msdT
65——T

2

or AS=mslogeT
1

. Entropy Change in Mixing of Ideal Gases:

Suppose n, mole of gas ‘P’ and n, mole of gas
‘Q’ are mixed; then total entropy change can be
calculate as:

AS=-2303R [n, log,, X, +n,log, X]
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Here X, and X, are mole fractions of gases P
and Q respectively.

- ,
X,= 595,
- 1,
X,= 5w
[n, lOgIO X, n loglo X,J
AS/mol =-2303R ——1- ey

AS/mol =-2303R [X log X +X, log  X,]

Some Facts About Entropy

m In nature all process are irreversible followed by
an increase in entropy. Entropy of universe tends
towards a maximum.

>0

Universe

mAS_+AS =0 for reversible process
S, tAS,,>0 for irreversible process

m AS for a cyclic process and at the equilibrium
state is zero.

m For a reversible process

S orAS =0

Total Universe

So AS = AS

system surrounding

m For adiabatic reversible process entropy change
1S Zero.

Asm = 0 so

Hence AS =AS

system -
m Entropy change associated which change in
temperature from T, to T, at constant pressure P

1s given as

surrounding

T,
AS =2303 x C, log
1

m C, = Molar heat capacity at constant pressure.

Some Examples of Entropy Change

m When a rubber band is stretched, entropy
decreases because the macromolecules get
uncoiled and hence arranged in a more ordered
manner that is randomness decreases.

m When an egg is boiled, the entropy increases
because denaturation occurs resulting into a
change of proteins from helical form into random
coiled form.

m Molecule kept in large volume container will
have high entropy.

m Cases of increase in entropy—(1) dissolution of
solute in water (2) decomposition of compound
(3) vaporization and fusion (4) expansion of ideal
gas from one container to an evacuated chamber.

m Decrease of entropy cases are crystallization,
combination.

m Entropy is directly proportional to atomic weight
for example—I, > Br,> Cl,

m Entropy is directly proportional to number of
bonds example—FEthane > ethylene > ethylene
Physical Significance of Entropy
1. Randomness in a system & Entropy.

2. As according to the 2nd law of thermodynamics,
the lost energy is directly proportional to absolute
temperature during the process. Hence Entropy
1s unavailable energy of a system that is,

Unavailable energy o Temperature

Unavailable energy = Entropy x temperature

Unavailable energy
T in Kelvin

Entropy =

3. Entropy and Probability: It may be defined as
a function of probability of a thermodynamic
state as both entropy and thermodynamic prob-
ability increase simultaneously in a process so
the state of equilibrium is the state of maximum
probability.

Boltzman told that the entropy of a particular
state 1s related to the number of ways that the
state can be achieved as follows

S=KhW
Here W is the natural logarithm of the number
of ways that the state can be achieved.

K is the Boltzman constant

-R_ 2
K=5=138x10%JK.

A

Illustrations

29. Calculate the entropy change involved in the
conversion of one mole of water at 373 K to
vapour at the same temperature. (Latent heat of
vapourization of water = 2.257 kJ g).
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Solution AS, = —

30.

AH

v

b

AH, = 2257 x 18 x 10’ ] mol!
T,=373K

_2.257x18 x 10°

AS, = 3 =108.9 JK-! mol"!

Calculate the standard entropy change associ-
ated with the following reaction at 298K.

P, (5) +S0, () > P,0,,(5)
At 298K S°for P, =41.1 JK' mol™
0, =205.0 JK-' mol™ and

P,0,,=231.0 JK"' mol!

Solution AS° =Y AS°, -y AS°,

31.

AS°=[AS°P,0, —(AS°P,+5A8°0,) ]
=231-(41.1+5 x205.0)

=231-1066.1 =-835.1 JK! mol".

5 moles of an ideal gas expand reversibly from

a volume of 8 dm? to 80 dm? at a temperature
of 27°C. Calculate the change in entropy.

v,
Solution AS=2303nRlog,, v
1

32.

AS=12.303 x 5 x 8314 x 10&0%
=95.736 x 1
=95.736 JK!

Calculate ASsys, AS__.and AS_ at 25°C for the
reaction

N, (2) +20, (2) > N,0, (9)

Is this reaction spontaneous under standard
state conditions at 25°C?

Here AH°, (N,0,) = 9.16 kJ,
S°(N,) = 191.5 JK™' mol™,
S°(0,)=205.0 JK™ mol™,
S°(N,0,) =304.2 JK™" mol™!

Solution N, (g) +20, (g) = N,0, (2)

33.

AH® = AH®,(N,0,) = 9.16 kJ
AS,, = AS° = S(N,0,) — [S*(N,) + 28°(0,)]
AS,, = (1) (304.2) — [(1) (191.5) ~ (2) (205.0)]

=973 1K

_ —AH°_  9.16kJ _
AS,.= o= - 5get =-0.0307 kIK
=-30.7 J/K

AS, = AS_ +AS
otal sys sur
= 2973 JK + (=30.7 J/K)

=-328.0JK

Because AS, | <0, the reaction is non-spon-
taneous.

Consider a two fold expansion of an ideal gas at
25°C in the i1solated system.

(a) What are the values of AH, AS and AG for
the process?

(b) How does this process illustrate the second
law of thermodynamics?

Solution (a) AH=0

Vﬁnal
AS =R In v

initial
=8.314JK)In2=5.76 J/K
AG = AH - TAS
As AH=0,AG =-TAS
= (298 K) (5.76 J/K)
=_17171=-1.72kJ

(b) For a process in an isolated system,
AS__ = 0. Therefore, AS_ = ASsys > (0, and the
process is spontaneous.

Gibbs’s Free Energy

It was introduced in order to relate H, S and to
explain spontaneity. According to J. Willard Gibb’s
Free energy of a system is defined as the maximum
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amount of energy available to a system during a pro-
cess that can be converted into useful work.

or

It is the thermodynamic quantity specially charac-
terizing the system, the decrease in whose value
during a process is equal to the useful work done
by the system.

It is denoted by G and it is given mathematically
as follows:

As enthalpy (H) is a function of S and P which is
given as follows:

H=f(S,P)

an=() ¥ +(G)F

As dH = TdS + VAP --nevn- (ii)

On comparing these two equation

(&)=t

On integrating equation (i) wet get,

| dH = [ TdS + Intiegration Constant

=[TdS+G

H=TS+G

G=H-TS

H = Enthalpy

T = Absolute temperature
S = Entropy

As H=E+PV

So G=E+PV-TS

Free energy change at constant temperature and
pressure is given as:

AG = AE + PAV —-TAS
As AH = AE + PAV
So AG = AH - TAS
At standard conditions that is, 298 K and 1 atm pressure
AG° = AH°® — TAS®

It 1s called Gibbs Helmholtz’s equation and it is used
to explain criterion of spontaneity, driving force etc.

m It is a state function and an extensive property. So
it is determined as AG or AG*>

For a general reaction, it can be given as follows:

pA+gqbB —»rC+sD
AG =} AG°,-} AG°,

=[(r Y AG°+s Y AG°,) - (p. X AG°, +q )
AG®)]

AG and Criteria of Spontaneity

Suppose we consider a system which is not isolated
from its surroundings then for such a system AS is
given as:

AStotal = ASsystem + ASsmroundings “““ (1)

If we consider that q, amount of heat is given by the
system to the surroundings at constant temperature
and constant pressure then

(qp)sunoundings = _(qp)system = _AHsystem

_ (qp)sum)undings _ _AHsystem

AS dings T = T (1)

So from equation (1) and (i1)

system

AStotal = ASsystem - T
or T AStotal = TASsystem - AHsystem
“TAS =AH,  —TAS_ = ... (iif)

As according to Gibb-Helmholtz equation,
AG =AH -TAS
So AG__. =AH TAS

system system - system

AG =-TAS

system total

As for spontaneous process

AS, >0

total

Hence AG=-ve

Thus for a spontaneous process TAS  must be
positive or AG must be negative.

Case I Suppose both energy and entropy factors
oppose a process that is,

AH = +ve and TAS = -Ae
AG = AH -TAS
= (+ve) — (—ve) = +ve

Thus, AG is positive for a non-spontaneous
process.
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Case Il Suppose both tendencies be equal in
magnitude but opposite, that is,

AH = +ve and TAS = +ve

AH =TAS
AG = AH -TAS
=0

Thus, the process is said to be at equilibrium.

Case lll: Suppose entropy and energy, both factors
are favourable for a process, that is,

AH = —ve and TAS = +ve

AG=AH-TAS

= (—ve) — (+ve) =—-ve

Thus, AG is negative for a spontaneous process.

AH AS AG=AH-TAS Remark

- +  Always—ve Spontaneous

+ - Always +ve Non-spon.

+ + +ve at low temp Non spon.
—ve at high temp Spontaneous.

- - —veat low temp Spontaneous
+ve at high temp Non-spon.

m AG = —ve (spontaneous process)

m AG = +ve (non spontaneous process)
m AG = 0 (process in equilibrium)

m In exoergonic reaction AG = —ve

m In endoergonic reaction AG = +ve

m Temperature also plays an important role to decide
the spontaneity of a process. A process which is
not spontaneous at low temperature can become
spontaneous at high temperature and vice-versa.

Relationship between AG or AG® with E or
E°:—

Free energy change (AG) in an electrochemical cell
can be related to electrical work done (E) in cell as
follows

AG = -nFE
when we use standard conditions than
AG°= —nFE°

Here E° = standard EM.F of the cell

n = No. of moles of e~ transferred

F = Faraday’s constant

Relationship between AG° and Equlibrium
constant (Keq.)

for a reversible reaction
P+Q=R+S

AG , AG® and Reaction Quotient (Q) are related as
follows

AG=AG*+RT log, Q

as at equilibrium AG=0
Q=Keq
0=AG°+RT log, Keq
AG°=-RT log Keq
AG°=-2.303 RT log, Keq

lllustrations

34. CH,+Cl,—CHCL
AH = -270.6 kJ mol~! K-!
AS=-1397

(1) Is the reaction favoured by entropy, enthalpy
both or none?

(i) Find AGitT=300K

Solution

(1) As AH = negative, exothermic process and 1s
favoured, so it will be spontaneous.

(i) AG=AH-TAS
=-270.6 x 1000 — 300 x (-139)
=-22890017
=-2289kJ
35. Urea (NH,CONH,), an important nitrogen

fertilizers 1s produced industrially by the
reaction

2NH; (g) + CO, (g) —
NH,CONH, (aq) + H,0 ()

Given that AG°® = —13.6 kJ, Calculate AG at
25°C for the following set of conditions
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(a) 10 atm NH,,
NH,CONH,

10 atm CO, 10 M

(b) 0.10 atm NH,, 0.10 atm CO,, 1.0 M
NH,CONH,

Is the reaction spontaneous for the conditions
in part (a) or part (b)?

[NH,CONH,]

Solution  AG = AG*+RTIn G wpcoy

(a) AG=-13.6+[8314 x 10°](298K) In
[1.0/(10)* (10)]
=-30.7 kJ/mol

As AG 1s negative, the reaction is spontaneous.

(b) AG = —13.6 + [8.314 x 107 ] (298 K) In
[1.0/(0.10)* (0.10)]

=+3.5 kJ/mol

As AG is positive, the reaction is non-sponta-
neous.

36. Calculate K, at 25°C for this reaction
CO (g) +2H, (g) = CH,OH (g)

What is AG for this reaction at 25°C when each
reactant and product is present at a partial pres-
sure of 20 atm?

Here AG°, (CH,OH) = -161.9 kJ/mol
AG®,(CO) =-137.2 kJ/mol

Solution CO (g) +2H, (g) = CH,0H (g)
AG® = AG°(CH,0H) - AG°,(CO)

AGo =1 x (=161.9) = (1) (=137.2) =—-24.7kJ

AG = -RTInK,
_ =AG° _ —(=24.7) _
InK,= RT = @314~ 103 208) Y’

K,= e =2.1x 10*
AG=AG*+ RTIn Q
= (224.7) + (8.314 x 10™) + (298 K)

[20]

In -0y 202

=-39.5kJ/mol

37. For areaction M,0O (s) — 2M (s) + 2 O, (g);
AH = 30 kJ mol™! and AS = 0.07 kJ K-! mol!
at atm. Calculate upto which temperature, the
reaction would not be spontaneous.

Solution
AH =30 x10®> Jmol!
AS =70 JK! mol!

For a spontaneous reaction
AG =+ve

As AG=AH-TAS

So AH — TAS should be positive
AH > TAS

AH
T<4s

30 x 10°
70

T<42857K

T<

Enhance Your Knowledge

Calorimeter
It 1s used to find enthalpy of reaction

_ZxATxM

AH W

m It fails when (1) reaction is slow (ii) AH is low
(111) reaction does not complete

m AH does not change with temperature appreciably

Resonance Energy

Resonance energy = Expected heat of hydrogena-
tion — calculate heat of hydrogenation

Example,

Resonance energy of CO, is 32 calorie per mole.

m For adults, 2500-3000 Kcal energy per day is
needed.

Trauton’s Law
AH

vap

T

b

= 88 Joule/K mol
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Solved Problems from the lITs

1. A gasmixture of 3.67 litre of ethylene and meth-

ane on complete combustion at 25°C produces
6.11 litre of CO,. Calculate the heat evolved on
burning 1 litre of the gas mixture. The heats of
combustion of ethylene and methane are —1423
and —891 kJ mol™ at 25°C.

[IIT 1991]

Solution CH, +30,—2C0O,+2H,0

a litre 2a litre

CH, + 30,— 2C0, + 2HO
(3.67—a)lit (3.67 —a) lit
2a+3.67-a=6.11

a =2.44 litre

Volume of ethylene in mixture = 2.44 litre

Volume of methane in mixture = 1.23 litre

Volume of ethylene in 1 lit mixture = % .

=0.6649 lit

Volume of methane 1 lit mixture = % .

=0.3351 it

24 .45 litre of a gas at 25°C correspond to
1 mole.

So heat evolved by burning 0.6649 litre of
ethylene

1423
24.5

Heat evolved by burning 0.3351 litre of methane

_ 891
T 2445

So total heat evolved by buming 1 litre of
mixture

=-38.69-1221
=-50.90kJ

x 0.6649 =—-38.69kJ

x0.3351 =-12.21 kJ

. The polymerization of ethylene to linear
polyethylene is represented by the reaction

nCH, = CH, — [—CH,-CH,—In

Where n has a large integral value. Given that
the average enthalpies of bond dissociation for

C=Cand C-C at 298 K are +590 and +331
kJ mol™! respectively, calculate the enthalpy of
polymerization per mole of ethylene at 298 K.

[IIT 1995]

Solution During the polymerization of ethylene,
one mole of ethylene breaks that is, one double bond
breaks and the two CH,- groups are linked with
single bonds so forming three single bonds. But in
the whole unit of polymer, number of single bonds
formed/mole of ethylene is 2.

Energy released = Energy due to formation of 2
single bonds

=2 x 331 =662 kJ mol™ of ethylene

Energy absorbed = Energy due to dissociation
of 1 double bond

=590 kJ mol™ of ethylene

Enthalpy of polymerization/mol of ethylene or
AH (Polymerization) = 590 — 662 kJ mol~!

=72 kJ mol™

3. The standard molar enthalpies of formation of
cyclohexane (1) and benzene (1) at 25°C are —
156 and +49 kJ mol! respectively. The standard
enthalpy of hydrogenation of cyclohexene (1)
at 25°C is =119 kJ mol™. Use these data of
estimate to magnitude of the resonance energy
of benzene.

[IIT 1996]
Solution  Cyclohexene (1) + H, (g) — Cyclohexane (1)

AH=-119kJ

Enthalpy of formation of cyclohexane (1)
=-156 kJ mol™!

So enthalpy of formation of cyclohexane
=-156 - (-119) kJ

=-37 k] mol™!

As AH 1s =156 kJ mol™, for every

Cyclohexane
double bz)nd the energy decreases by an amount
+119 kJ mol! and therefore for the introduction
of three double bonds (present in benzene ring)

the energy required.
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=3 x 119 kI mol-! = 357 kJ mol~!
So, theoretical AH, for benzene

= (357 - 156) kI mol™!

=201 kJ mol™!

Resonance energy
= Theoretical AH,— Observed AH,

= (201 —49) kJ mol!
=152 kJ mol*!

4. Compute the heat of formation of liquid
methyl alcohol in kJ per mole using the fol-
lowing data. Heat of vapourization of liquid
methyl alcohol = 38 kJ/mol. Heat of formation
of gaseous atoms from the elements in their
standard states are H =218 kJ mol™!, C =715
kJ mol™ and O = 249 kJ mol™".

Average bond energies are:
C-H=415kJ mol™!
C-0=1356kJ mol!
O —H =463 kJ mol™!
[IIT 1997]

Solution The thermochemical reaction is as follows:
H
C(@+4H(9)+0(@ >H-C-0-H
H
AH, =7
AH, = [AH +2AH,  +% AH, =0]
—-[3AH,_, +AH. , +AH, .+ AHvap. CH3 OH (1)]

=[715 + 2 x 436 + 249] —[3 x 415 + 356 +
463 + 38]

= 1836 -2102 kJ mol!
= -266 kJ mol!

CES—~C)

5. The enthalpy change involved in the oxidation
of glucose is —2880 kJ mol. 25% of this energy
is available for muscular work. If 100 kJ of
muscular work is needed to walk one kilometer,

what 1s the maximum distance that a person will
be able to walk after 120 g of glucose?

[IIT 1997]

Solution As energy available for muscular work
by 1 mole of glucose

_ 2880 x 25

100 - 720 kJ mol!

So 180 g glucose (mol. wt. of glucose) supplies
720 kJ.

120 g of glucose will supply = % x 120

=480 kJ
100 kJ is needed to walk 1 km.

480 kJ is needed to walk ﬁ x 480 = 4.8 km.

6. From the following data, calculate the enthalpy
change for the combustion of cyclopropane at
298 K. The enthalpy of formation of CO, (g),
H,0 () and propene (g) are —393.5, -285.8
and 20.42 kJ mol™! respectively. The enthalpy
of isomeriyation of cyclopropane to propene is
—33.0 kJ mol™.

[IIT 1998]

Solution C (s5)+0, (g) — CO, (2), AH=-3935k]
“““ @
H, (g) + % 0, () — H,0 (1); AH = -285.8 kJ
e (i)
3C (s) + 3H, (g) — C,H, (g); AH = 20.42

Cyclopropane — Propene(C,H,), AH=-33.0kJ
“““ @av)

The required thermochemical reaction is

CH

/\ +9/2 0, —3CO, + 3H,0
H,———CH,

AH=? ... (V)
This equation (v) can be obtained by multiply-
ing equation (1) and (i1) by 3, reversing equation
(111), keeping equation (iv) as such and adding,
so formed new equation as follows:

AH =[(1) x 3]+[(i1) x 3]+[Reverse of (iii) + (iv)]
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=[-393.5 x 3] +[-285.8 x 3] +[-20.42] +[-33.0]
=-1180.5-857.4-20.42 -33.0

=-2091.32 kJ.

. Estimate the average S — F bond energy in SF .
The standard heat of formation values of SF,

(), S (g) and F (g) are —1100, 275 and 80 kJ
mol™! respectively.

[IIT 1999]

Solution Given

S (s) = S (g); AH=275kI mol™! ... (1)
[2 F,(g) —F (g); AH =80 kI mol"'] x 6

S (s) +3F, (g) — SF, (g); AH=-1100 kJ mol*
“““ (i)

The required reaction
S (8) + 6F (@) — SF, (@); AH =?

1s obtained by adding the reverse of equations
(1) and (i1) with the direct reaction (iii)

S (g) +3F, (g) +S(s) +6F (g) —
SF,(g) +S (s) +3F, (&)
AH=-1100-275-80 x 6

S (g) +6F (g) — SF, (g);

AH =-1855 kJ mol™!

Total bond energy in SF, = 1855 kJ
Average S — F bond energy is SF,

_ 1855
6

. A sample of argon gas at 1 atm pressure and
27°C expands reversibly and adiabatically from
1.25 dm? to 2.50 dm?. Calculate the enthalpy
change in this process. C _ for argonis 12.48J
K mol™.

=309.16 kJ mol!

[IIT 2000]

Solution Number of moles of argon present in
the sample

1.25 x 1

- PV _
0.0821 x 300

=R®T = = 0.05075

For adiabatic expansion,

Tl/Tz = (VZ/VI)Y—I

300/T, = (2.50/1.25)"66~1
T,=188.55K

C,=C,+R

=12.48+8314

=20.794 J K- mol™*

AH=nx C, x AT

=0.05075 x 20794 x (300 - 188.55)
=117.61

Show that the reaction,
CO(®+"%0,(—COo,(®

at 300 K is spontaneous and exothermic, when
the standard entropy change is —0.094 kJ mol™*
K-!. The standard Gibbs free energies of forma-
tion for CO, and CO are —394.4 and —~137.2 kJ
mol! respectively.

[IIT 2000]

Solution CO(g)+%0,(g) = CO ()

10.

AG°=G°(CO,)-G°(CO)-%G°(0,)
=-394.4-(-1372) -0

=-257.2 kI mol™!

AG° = AH° - TAS

—257.2 = AH°— 298 x (0.094)

AH° = -288.2 kJ

As AG°® is negative so the process is spontane-
ous and AH° is also negative so the process is
also exothermic.

Diborane is a potential rocket fuel which under-
goes combustion according to the reaction,

B,H, (2) + 30, (&) = B,0,(5) + 3H,0 (¢)

From the following data, calculate the enthalpy
change for the combustion of diborane:

2B (s) +3/2 0, (g) — B,0,(s);
AH =-1273 kJ
H,(g) + "2 0,(g) — H,0(1); AH =-286 kJ
H,0 (1) » H,0 (g); AH=44kJ]
2B(s) + 3H,(g) — B,H,(g); AH=36kJ
[IIT 2000]
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Solution BH_(2)+30, (g — B,0,(s)+3H0 (2)

11.

This reaction can be obtained as follows:
Eq, 1) + 3 x Eq (i) + 3 x Eq. (1i1)) — Eq. (v)
=-1273 -858 + 132 - 36

=-2035kJ mol™*

When 1-pentyne (A) is treated with 4N alco-
holic KOH at 175°C, it is slowly converted
into an equilibrium mixture of 1.3 % of 1-pen-
tyne (A), 95.2% 2-pentyne (B) and 3.5% of 1,
2-pentadiene (C). The equilibrium was main-
tained at 175°C. Calculate AG® for the follow-
ing equilibria:

B=A AG=?

B=C AG,=?

From the calculated value of AG° and AG°,
indicate the order of stability of (A), (B) and (C).
Write a reasonable reaction mechanism showing
all intermediates leading to (A), (B) and (C).

[IIT 2001]

Solution Pentyne-1 = Pentyne-2 + 1,2-pentadiene

A) B) ©
t, 13 952 3.5
_[BIIC] _952x35 _
K, = Al - 13 - 25631
B=A
Al €l 35
K, = Bl - K_eq = 53¢37 = 0013

AG® = -2.303 RT log, K,

=-2.303 x 8314 x 448 log,, 0.013

= 16178 ]
=16.178kJ
B=C
_ 10 _KG AT 25631x13 _ oo
> [B] (B (%95.2y°

AG®,=-2.303 RT log, K,

12.

=-2.303 x 8.314 x 448 log,, 0.037
=122827=12282kJ

The stability order is as follows:

B>C>A.

An insulated container contains 1 mole of a
liquid, molar volume 100 ml at 1 bar. When liquid

1s steeply passed to 100 bar, volume decreases to
99 ml. Find the AH and AU for the process.

[IIT 2004]

Solution According to first law of thermodynamics

13.

AU=q+W

AU = q+PAU

=0+ [-100 (99 — 100)]
=100 bar ml
AH=AU+®,V,-P V)
=100 + (100 x 99 — 1 x 100)
= 9900 bar ml

For the reaction, 2CO + 0, — 2CO,, AH =560
kJ. Two moles of CO and one mole of O, are
taken in a container of volume 1 L. They com-
pletely form two moles of CO,, the gases deviate
appreciably from ideal behaviour. If the pressure
in the vessel changes from 70 to 40 atm, find the
magnitude (absolute value) of AU at 500 K.

(1L atm=0.1kJ)

[IIT 2006]
AH = AU + A(PV)

AH = AU + VAP

AU = AH - VAP = -560 + 1 x 30 x 0.1

=557

Absolute value = 557 kJ

Calorimetry

Heat exchange
= Heat capacity x temp change

(heat exchange — when no chemical change or
state change occurs)
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MULTIPLE-CHOICE QUESTIONS

Straight Objective Type Questions
(Single Choice only)

Under the same conditions how many ml of 1 M
KOH and 0.5 MH,SO, solutions, respectively,
when mixed to form total volume of 100 ml, pro-
duces the highest rise in temperature?

a. 67,33 b. 33,67
c. 40,60 d. 50,50
Identify the state function among the following:
a. q b. q—w
c. qgw d q+w

For an endothermic reaction where AH represents
the enthalpy of the reaction in kJ/mol, the mini-
mum value for the energy of activation will be

. less than AH

. Zero

more than AH

. equal to AH.

e o -

Which of the following equations represent stan-
dard heat of formation of C,H,?

a. 2C (diamond) + 2H, (g) — C,H, (g)

b. 2C (graphite) + 2H, (g) — C,H, (g)

¢. 2C (diamond) + 4H (g) — C,H, (g)

d. 2C (graphite) + 4H (g) — C,H, (g)

A glucose solution in 100 gm of water boils at

100.26°C. If this solution is heated to 101°C. What
will be the mass of water left at equilibrium?

b. 120 gm
d. 26 gm

a. 76 gm

c. 100 gm
The enthalpy of hydrogenation of cyclohexene is
—-119.5 kJ mol™. If resonance energy of benzene
is —150.4 kJ mol™, its enthalpy of hydrogenation
would be

a. —269.9 kJ mol™

b. —358.5 kJ mol™*

c. —508.9 kJ mol™*

d. —208.1 kJ mol*!

A reaction is non-spontaneous at the freezing point

of water but is spontaneous at the boiling point of
water then

10.

11.

12.

13.

A A
a. tve +ve
b. —ve -ve
c. —ve +ve
d. +ve -ve

The enthalpy change (AH) for the reaction,

N, (g) + 3H, (g) — 2NH, (g)

is —92.38 kJ at 298 K. The internal energy change
AU at 298 K is

a. -92.38kJ
c. 9734KkJ

b. —87.42kJ
d. -89.9kJ
For a phase change

H,0 () < %G Lbar | H,0 (s)

a. AG=0
c. AH=0

b. AS=0
d AU=0

The enthalpy and change for

the reaction
Br, () + Cl, (g) — 2BrCl (g)

entropy

are 30 kJ mol™ and 105 J K™! mol™ respectively.
The temperature at which the reaction will be in
equilibrium is

a. 450K b. 300K

c. 2857K d. 273K

For a spontaneous process, the correct statement is

a. entropy of the system always increases
b. free energy of the system always increases
c. total entropy change is always negative
d. total entropy change is always positive

A heat engine absorbs heat q, from a source
at temperature T, and heat q, from a source at
temperature T,. Work done is found to be J (q, + q,).
This is in accordance with:

a. first law of thermodynamics

b. second law of thermodynamics
c. joules equivalent law

d. none of these

Identify the correct statement for change of Gibb’s
energy for a system (AG ) at constant tempera-
ture and pressure:

a. if AG =0, the system is still moving in a
system

particular direction

system:
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14.

15.

16.

17.

18.

19.

b. if AG____ = -ve, the process is not spontaneous
system
c. if AG = +ve, the process is spontaneous
system
d. if AG =0, the system has attained equilib-
N system
rium

For the reaction of one mole of Zn —dust with one
mole of H,SO, in a bomb calorimeter, AU an W
corresponds to:

a. AU<QO,W=0
b. AU<0,W<0
c. AU>0,W=0
d. AU>0,W=>0

AH°, (298) of methanol is given by chemical
equation

a. CH, (g) + 2 O, (g) » CH,OH (g)

b. CO (g) +2H, (g) — CH,OH ()

c. C (graphite) + 5 O, (g) + 2H, (g) - CH,OH (1)
d. C(diamond) + %2 O, (g) + 2H, (g) — CH,OH (1)
Assume each reaction is carried out in an open con-
tainer. For which reaction will AH = AU?

a. PCI, (g) — PCl, (g) + Cl, (g)

b. 2CO (g) + O, (g) — 2CO, (g)

¢. H,(g) + Br,(g) — 2HBr (g)

d. C(s)+2H,0(g) — 2H, (g) + CO, (g)

The absolute enthalpy of neutralization of the
reaction

MgO (s) + 2HCI (aq) — MgCl, (aq) + H,O(1)
will be

a. —57.33 kJ/mole

b. > —57.33 kJ/ mole

¢. <—57.33 kJ/mole

d. 57.33 kJ /mole.

A reaction occurs spontaneously if

a. TAS < AH and both AH, AS are +ve
b. TAS > AH and AH = +ve, AS = —ve
¢. TAS > AH and both AH, AS are +ve
d. TAS = AH and both AH, AS are +ve

If at 298 K the bond energies of C-H, C-C, C=C
and H-H bonds are respectively 414, 347, 615 and
435 kJ mol™, the value of enthalpy change for the
reaction

H,C =CH, (g) + H, (8) » H,C - CH, (9)

at 298 K will be

20.

21.

22.

24.

25.

a. +250 kJ
c. +125kJ

b. 250 kJ
d. -125kJ
A gas expands into a vacuum (external pressure

= 0) while in thermal isolation from the surround-
ings. For this expansion

a. AE does not change

b. AE increases

c. AE=T'S

d. AE decreases

For a process at constant volume,

a. w=0and AE = AH

b. w=0and AH=q

c¢. q=0,w=0and AE=0

d. w=0and AE =q

In an irreversible process taking place at constant
T and P and in which only pressure —~volume work

is being done, the change in Gibbs free energy (dG)
and change in entropy (dS), satisfy the criteria:

a. (dS),;<0,(dG),,<0
b. (dS),;>0,(dG);,<0
¢ (d8)y;=0,(dG),,=0
d. (d8),;=0,(dG), ,>0

Which of the following pairs of a chemical reaction
is certain to result in a spontaneous reaction?

a. exothermic and increasing disorder

b. exothermic and decreasing disorder

c. endothermic and increasing disorder

d. endothermic and decreasing disorder

The internal energy change when a system goes
from state A to B is 40 kJ/mol. if the system goes
from A to B by a reversible path and returns to state
A by an irreversible path what would be the net
change in internal energy?

a. 40kJ b. >40kJ

c. <40kJ d. zero

Standard state Gibbs free energy change for isom-
erization reaction,

Cis-2-pentene <> trans-2-pentene
is —3.67 kJ/mol at 400 K. if more trans-2-pentene is
added to the reaction vessel, then:

. more cis-2-pentene is formed
. additional trans-2-pentene is formed
. equilibrium remains unaffected

e 0 T

. equilibrium is shifted in the forward direction
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26.

27.

28.

29.

30.

31.

32.

33.

An ideal gas expands in volume from 1 x 102 m3to
1 x 102 m?® at 300 K against a constant pressure of
1 x 10° Nm™. The work done is

a. —900 kJ b. —9007J

c. 270 kJ d. 940 kJ

For a reaction to occur spontaneously
a. (AH - TAS) must be negative

b. (AH + TAS) must be negative

c. AH must be negative

d. AS must be negative

Which one of the following has AS° greater than
zero?

a. CaO (s) + CO, (g) « CaCO, (g)
b. NaCl (aq) <> NaCl (s)

¢. NaNO, (s) « Na" (aq) + NO,” (aq)
d. N, (g) +3H, (g) < 2NH, (g)

For an explosion in an open vessel, one would
expect

a. AH to be negative and AE to be greater than AH
b. AH to be negative and AE to be less than AH
c. AH to be positive and AE to be less than AH

d. AH to be positive and AE to be greater than AH

Which of the following is correct equation?
a. AU=AQ-W

b. AW =AU + AQ

c. AU=AW + AQ

d. none of these

Consider the reaction N, + 3H, <> 2NH, carried out
at constant temperature and pressure. If AH and AU
are the enthalpy and internal energy changes for the
reaction. Which of the following expressions is true?
a. AH=0 b. AH=AU
c. AH<AU d. AH>AU

1 mol of an ideal gas at 300 K is expanded isother-
mally and reversible from an initial volume of 1
litre to 10 litre. The work in this process is (R =2
cal mol™ K1)
a. 163.7 cal
c. —1381.8 cal

b. zero
d. 9 litre atm
Identify the correct statement regarding entropy.

a. At absolute zero temperature, entropy of a per-
fectly crystalline substance is taken to be zero

b. At absolute zero of temperature the entropy of
a perfectly crystalline substance is +ve

c. At absolute zero of temperature the entropy of
all crystalline substance is to be zero

34.

3s.

36.

37.

38.

d. At 0°C, the entropy of a perfectly crystalline
substance is taken to be zero

A gas expands against a non-zero external pressure
while in thermal isolation from the surroundings.
For this expansion

a. AE=q

b. AE increases

¢. AE does not change
d. AE decreases

The standard enthalpy of formation (AH®) at 298
K for methane, CH,(g) is —74.8 kJ mol™. the addi-
tional information required to determine the aver-
age energy for C — H bond formation would be

a. the dissociation energy of H, and enthalpy of
sublimation of carbon

b. latent heat of vapourization of methane

c. the first four ionization energies of carbon and
electron gain enthalpy of hydrogen

d. the dissociation energy of hydrogen molecule, H,

The factor of AG values is important in metallurgy.
The AG values for the following reactions at 800°C
are given as

S, (s) +20, (g) — 280, (g) ; AG =-544 k]
2Zn(s) +S,(s) = 2ZnS (s) ; AG =-293 kJ
27Zn(s)+0,(g) = 2ZnO(s) ; AG=-480KkJ

the AG for the reaction,
2ZnS (s) + 30, (g) = 2 ZnO (s) + 280, (g)
will be

a. 357kJ
c. 773 kJ

b. -731kJ
d. -229kJ

An ideal gas is allowed to expand both reversibly
and irreversibly in an isolated system. If Ti is the
initial temperature and T, is the final temperature,
which of the following statements is correct?

= (TF)rev

b. T.> T, for reversible process but T =T, for
irreversible process

a. (T,

irrev

c. (Tpirrev = (T rev

d. T,=T, for both reversible and irreversible
processes

The entropy change in the fusion of 1 mol of a solid
melting at 27°C (Latent heat of fusion, 2930 J mol?) is

a. 9.77 JK mol™
b. 10.73 JK! mol!
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39.

40.

41.

42,

43.

44.

¢. 2930 JK! mol™!
d. 108.5 JK! mol!

As a given temperature and pressure, which of the
following would be expected to have the greatest
molar entropy?

a. Br, (g)
b. Br, (s)
c. Br,()

d. All of these would be expected to have the
same molar entropy.

The standard enthalpy of formation (AH°) at 298
K for methane, CH (g) is —74.8 kJ mol™. the addi-
tional information required to determine the aver-
age energy for C — H bond formation would be

a. the dissociation energy of H, and enthalpy of
sublimation of carbon

b. latent heat of vapourization of methane

c. the first four ionization energies of carbon and
electron gain enthalpy of hydrogen

d. the dissociation energy of hydrogen molecule, H,
When 1 mol gas is heated at constant volume tem-
perature is raised from 298 to 308 K. Heat sup-

plied to the gas is 500 J. Then which statement is
correct?

a. q=W=500J,AU=0

b. q=AU=500J,W=0

c. q=W=500J,AU=0

d. AU=0,q=

For the reaction:

S, (s) + 80, (g) — 8SO, (g)
a. AH<AE

b. AH = AE

c. AH>AE

d. AH is independent of the physical state of
reactants.

2 mol of an ideal gas at 27°C temperature is expanded
reversibly from 2 L to 20 L. Find entropy change in
cal. (R = 2 cal/mol K)
a. 92.1

c 4

b. 0
d 92

(AH — AU) for the formation of carbon monoxide
(CO) from its elements at 298 K is

a. —1238.78 J mol™
b. 1238.78 J mol™*

45.

46.

47.

48.

49.

50.

51.

c. —2477.57 I mol™
d. 2477.57 J mol™!

For the reaction,
CH, (g) + 50, (g) — 3CO, (g) +4H,0 ()
at constant temperature, AH — AE is

b. -RT
d. 3RT

a. +3RT
c¢. tRT

What is the entropy change (in JK™' mol™) when
1 mol of ice is converted into water at 0°C? (The
enthalpy change for the conversion of ice to liquid
water is 6.0 kJ mol™! at 0°C)

a. 2.198 b. 21.98
c. 20.13 d. 2.013

An ideal gas expand against a constant external
pressure of 5.0 atmosphere from 40 to 60 litre
and absorb 40 kJ of energy from surrounding. The
change in internal energy of the system will be

a. 20.52kJ b. 52.75kJ
c. 3275k] d. 3595kJ

The molar heat capacity of water at constant pres-
sure, C, is 75 JK! mol™. When 1.0 kJ of heat is
supplied to 100 g of water which is free to expand,
the increase in temperature of water is

a. 48K b. 6.6 K
c. 12K d 24K

The incorrect statement amongst the following is

a. atequilibrium A Hg ;=0

b. the condition of equilibrium at constant Pand T
is that G must be minimum

c. at equilibrium AG, . =0

d. AGe calculated using the equation; AG® = —-RT
In Kp, is the free energy change of the reaction
when each of the species (reactants and prod-
ucts) is in the standard state of unit activity
that is, roughly unit concentration.

The heat liberated on complete combustion of 7.8
gm of benzene is 327 kJ. This heat was measured
at constant volume and at 27°C. Calculate the heat
of combustion of benzene at constant pressure
(R = 8.3 JJmole/K)

a. —1637 kJ/mole
¢. —3270 kJ/mole

b. —3274 kJ/mole
d. none of these

AB, A, and B, are diatomic molecule if the bond
enthalpies of A, AB and B, are in the ratio 1:1: 0.5
and the enthalpy of formation of AB from A and B,
is 100 kJ/mole. What is the bond enthalpy of A,?
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52.

53.

54.

5S.

56.

57.

58.

59.

a. 400 kJ/mole
¢. 200 kJ/mole

b. 300 kJ/mole
d. 100 kJ/mole

Considering entropy (S) as a thermodynamic
parameter, the criterion for the spontaneity of any

process is

a. AS +AS >0
system surroundings

b. AS

AS >0
c. AS

surroundings
system

d. AS

surroundings

system

>0 only
>0 only

The gas in a refrigerator causes cooling on expan-
sion because

a. work done by the gas is converted into heat

b. heat of the gas is lost as work is done by the gas
c. the heat is spread over a larger space

d. None

The standard heats of formation of NO, (g) and
N,O, (g) are 8.0 and 2.0 kcal mol™ respectively.
The heat of dimerization of NO, in keal is

a. 10.0 b. 6.0

c. -12.0 d. -14.0

Calculate the work done during isothermal expan-
sion of one mole of an ideal gas from 10 atm to 1
atm at 300K.
a. —1382 cal
c. —13.82 cal

b. —1382 joule
d. -1.382cal

The heats of neutralization of four acids a, b, ¢
and d when neutralized against a common base
and 13.7,9.4, 11.2 and 124 kcal respectively. the
weakest among these acids is

a. a b. b
[ d. d

Which of the following salts shall cause maximum
cooling when one mole of the salt is dissolved in
the same amount of water? (integral heat of solu-
tion at 298 K is given for each solute)

a. KNO,, AH = 35.4 kJ mol-

b. NaCl, AH = -5.35 kJ mol-

c¢. KOH, AH = -55.6 kJ mol-

d. KBr, AH = - 83.3 kJ mol”

The melting point of a solid is 27°C and it’s latent
heat of fusion is 600 calories per mole. The entropy
change for the fusion of one mole of the solid (in
cal K is

a. 180 b. 222

c 2 d. 0.5

Devitrification of glass is a process for which
change in entropy (AS)

60.

61.

62.

63.

64.

65.

66.

a. —ve
b. +ve

c. 0

d. AS value depend on the nature of glass

In a flask, colourless N,O, is in equilibrium with
brown coloured NO,. At equilibrium, the brown

colour deepens on heating the flask to 100°C and on

cooling it become less coloured. AH for the system is
a. positive b. negative

C. Zero d. undefined

Which of the following modes of energy constitute
both kinetic and potential energy?

a. nuclear energy

b. transitional energy
c. rotational energy
d. vibrational energy

Which of the following is not expected to be
correct?

a. AH° (CO,) = negative
b. AH

comb
c. AH_, (BaCl)) = negative

d. AH_, =negative

(NO) = positive

The standard heat of formation of diamond is

a. same as that of graphite

b. greater than that of graphite

c. less than that of graphite

d. taken as zero

How many calories are required to heat 40 gram

of argon from 40 to 100°C at constant volume?
(R = 2 cal/mol K)

a. 120
c. 1800

b. 180

d. 2400

Which of the following does not express criterion
of spontaneity?

a. (dS),; >0
¢ (dG),, <0

b. (dA),, >0
d. All of these

Which one of the following set of units represents
the smallest and the largest amount of energy
respectively?

a. eV and lit atm
b. Cal and eV
c. Jand erg

d. erg and cal
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67.

68.

69.

70.

71.

72.

If K < 1.0, what will be the value of AG® of the
following?

a. Zero b. Negative

c. Positive d 1.0

Which of the following are not state
functions?

O q+w an q

n w av) H-TS

a. (D), (Il) and (III)

b. (II) and (III)

¢. (I) and (IV)

d. (I), (1) and (IV)

Oxidizing power of chlorine in aqueous solution

can be determined by the parameters indicated
below:

“A, H A _H
diss €g
i3 Clz (g —li£— 3 (] (g) —2——>

AH
Cl- (g) ——> CI" (aq)
The energy involved in the conversion of %2 Cl, (g)
to Cl- (g)

(Using the data, A, HCI, =240 kJ mol™, A, HCl
=349 kJ mol, A, HCl=-381KkJ mol)

will be

a. +152 kJ mol! b. —610 kJ mol!

¢. —850 kJ mol! d. +120 kJ mol™*

For the gas phase reaction,
PCI, (g) = PCI, (g) + Cl, (g)
Which of the following conditions are correct?

a. AH<0and AS <0
b. AH>0and AS <0
¢. AH=0and AS <0
d. AH>0and AS>0

Using the following thermochemical equations
(i) Sy, T320,,— SO, ; AH=-2xkJ mol™
(i) 8O, +20,, — SO, ; AH=—y kj mol

Find out the heat of formation ofSOz(g) inkJmol™.

a (x+y) b. 2x+y)
c. (2xly) d. (y—-2x)
e. 2x-vY)

When compared to AG® for the formation of AL,O,,
the AG® for the formation of Cr,0, is

b. Unpredicted
d. Same

a. Lower
c. Higher

73.

74.

7s.

For one mole of ammonia and one mole of hydro-
gen chloride are mixed in a closed container to
form ammonium chloride gas, then

a. AH= AU

b. AH < AU

c. There is no relationship
d. AH> AUAns=(A)

At a given pressure and volume, in the P — V plot,
of an ideal gas,

Slope of an adiabatic curve

: is
Slope of an isothermal curve

a. C/R b. C /C,
¢ C,C, d. R
Enthalpy is equal to

a. -T2 [&(G/T)ET],
b. T2 [&(G/T)eT],
¢ —T*[G/T)eT],

d. T2 [&(G/T)eT],

Brainteasers Objective Type Questions
(Single choice only)

76.

77.

The standard molar enthalpies of formation of
cyclohexane (1) and benzene (1) at 25°C are—
156 and +49 kJ mol! respectively. The standard
enthalpy of hydrogenation of Cyclohexene (1) at
25°C is =119 kJ/mol. Find resonance energy of
benzene.

a. —152 kJ mol™
¢. + 152 kJ mol™!

b. —159 kJ mol™
d. +159 kJ mol!

0.50mol of ammonium nitrate is added to 50.0 mL
or water in a thermally insulated reaction vessel.
Both are initially at 20.0°C. After stirring the
temperature of the solution is found to be less
than 10°C. Which statement best explains the
temperature change?

a. Heat is evolved from the system to the sur-
roundings.

b. Heat is absorbed from the surroundings by the
system.

c. Heat is absorbed by ammonium nitrate when it
dissolves and becomes hydrated.
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78.

79.

80.

81.

82.

83.

d. Heat is evolved by ammonium nitrate when it
dissolves and becomes hydrated.

e. The heat energy of the hydrated ions is less than
the ions in solid ammonium nitrate.

Determine the sign of AS® for each of the following
processes:

O CH ()~ CH (D

(In) 280, (g) + O, (g) — 280, (g)

a. AS°should be positive for I and positive for II.
b. ASe should be positive for I and negative for IT

c. AS° should be negative for I and negative for II.

d. AS°should be negative for I and positive for II.

The difference between heats of reaction at con-
stant pressure and constant volume for the reaction

2CHL) +150, () > 12 CO, (g)+ 6H,0()

at25°C inkJ is
a. —7.43 b. +3.72
c. 3.72 d. +743

100 ml of 0.3 M HCI solution is mixed with 100
ml of 0.33 M KOH solution. The amount of heat
liberated is
a. 1.713kJ
c. 1.31kJ

b. 17.42kJ
d. 17.13kJ

An athlete is given 100 g of glucose of energy
equivalent to 1560 kJ. He utilizes 50 % of this
gained energy in the event. In order to avoid stor-
age of energy in the body, calculate the mass of
water he would need to perspire. Enthalpy of H,O
for evaporation is 44 kJ mol.

a. 346 g b. 316 ¢
c. 323 g d 319¢g

The enthalpies of formation of CO, (g) and CO (g)
at 298 K are in the ratio 2.56: 1. For the reaction,

CO,(g)+C(s)—
CO (g), AH = 177.5 kI, AH, of CO (g) is

a. —113.78 kJ mol™*
b. 113.78 kJ mol™
c. —141.6 kJ mol™
d. —180.6 kJ mol™*

If for a given substance, T is the m.p. and T, is the
freezing point, then correct variation of entropy

84.

8s.

86.

87.

88.

by graph between entropy change (AS) and tem-
perature is

The standard enthalpy of combustion at 25°C of
H,,CH, and cyclohexane (C H,,) are -241, 3800
and —3920 kJ mol™ respectively. Calculate heat of
hydrogenation of cyclohexane (C H,,)

b. —131 kJ mol™!
d. None

a. —161 kJ mol™
¢. —121 kI mol™*

Classify each of the following processes as sponta-
neous or non spontaneous.

L HO 1) — H0 (g) T =25°C vessel open to atmo-
sphere with 50 % relative humidity.

=]

I HO(s)—HO () T=25C,P=1atm

a. Iand II are both non spontaneous

b. I and II are both spontaneous

c. Tis non spontaneous and II is spontaneous
d. Iis spontaneous and I is non spontaneous.

The standard heats of formation of CH, (g), CO,
(g) and H,O (g) are -76.2, —394.8 and —241.6 kJ
mol™ respectively. Calculate the amount of heat
evolved by burning 1m?® methane measured under
normal conditions.

a. 1628973 kJ
c. 35182KkJ

b. 64078.2kJ
d. none

For an explosion in an open vessel, one would
expect

a. AH to be negative and AE to be greater than AH
b. AH to be negative and AE to be less than AH

¢. AH to be positive and AE to be less than AH

d. AH to be positive and AE to be greater than AH
Calculate the resonance energy of N,O from the
following data: AH, of N,O = 82 kJ mol™. Bond

energies of N =N, N =N, O =0 and N = O bonds
are 946, 418, 498 and 607 kJ mol™ respectively.
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89.

90.

91.

92.

b. —170 kJ mol™*
d. 258 kJ mol™

a. —88 kJ mol™!
c. —82 kJ mol™?

The enthalpy changes for the following processes
are listed below

ClL, (g) =2Cl (2) ;2423 kJ mol™
L(®=2I(g) ; 151.0 kJ mol™!
ICl(g)=1(g) +Cl(g) ; 211.3 kJ mol™

L =19 ; 62.76 kJ mol™!

Given that the standard states for iodine and chlo-
rine are I, (s) and Cl, (g), the standard enthalpy of
formation for ICI (g) is

a. —14.6 kJ mol™* b. —16.8 kJ mol™

c. +16.8 kJ mol™ d. +244.8 kJ mol™!

The following curve represents the variation
of Gibbs function ‘G’ with pressure at constant
temperature.

- —
//”IH

— pressure (P)

Correct match of given plots with the physical state
of a substance is

a. I -solid, IIT- gas, IT — liquid

b. I—gas, I - liquid, III — solid

c. I-liquid, IT - solid, IIT — gas

d. II — gas, IT — solid, I - liquid

Which of the following is in accord with the three
laws of thermodynamics?

(D The entropy of the universe never decreases.

(II) A non-spontaneous process can occur if it is
coupled to a process that is sufficiently sponta-
neous.

a. Lis true and 1T is false.
b. 1is false and I is true.
c. BothI and II are true.

d. BothIand II are false.

Which of CH, (g), C,H, (g) and CH,OH (1) provides
the most energy per gram upon combustion and
which provides the least?

CH, (g) + 20, (g) = CO, (g) + 2H,0 (/)
AH° =-890 kJ

93.

94.

9s.

96.

2C H, (g) + 50, (g) — 4CO, (g) + 2H,0 (/)

AHP = 2599 kJ
2CH,OH (1) + 30, ()—2CO, (g) + 4H,0())

AHe = 1453 kJ

a. CH, provides the most energy per gram and
CH,OH the least.

b. CH, provides the most energy per gram and CH,
the least.

¢. CH, provides the most energy per gram and C,H,
the least.

d. CH, provides the most energy per gram and
CH,OH the least.

Calculate AH°, for chloride ion from the following
data:

Y4 H, (g) + ¥ Cl, (g) — HCI (g)
AH?, = -92.4 k]

HCI (g) +nH,O (1) — H* (aq) + CI" (aq)

AH,,, = -74.8 k]
AH® [H']=0.0KJ
a. —189kJ b. ~167kJ
c. +167kJ d. -191kJ

The signs of AG, AH and AS at 25°C are shown
below for three reactions.

Reaction AG AH AS
L - + +
II. - - +
III. - - -

Which reaction could go in the reverse direction at
high temperature?

b. III only

d. II and IIT

a. Il only
c. Tand I

The heat liberated on complete combustion of 7.8
g benzene is 327 kJ. This heat was measured at
constant volume and at 27°C. Calculate the heat
of combustion of benzene at constant pressure (R
=8.3 Jmol*K?)

a. —3274 kJ mol™
¢. —3270 kJ mol!

b. 1637 kJ mol™
d. —3637 kJ mol™

A given masss of gas expands from the state x to
the staste Y by three paths 1, 2 and 3 as shown I in
the figure. If w1 and w, and w, respectively be the
work done by the gas along three paths then:
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97.

98.

99.

100.

a w>w,>w,
b. w,<w, <w,
W, =W,=Ww,
d w <w,<w,
Calculate AG® for the reaction below and tell whether

it is spontaneous or non-spontaneous under standard
conditions at 25°C.

28 (s) + 30, (g) + 2H,0 () — 2H,S0, (/)
AH® = 1056 kJ/mol
AS°® = -505 J/mol

a. AG°= -906 kJ and the process is spontaneous

b. AG°=-1206 and the process is
spontaneous

c. AG°=-906 kI and the process is non-sponta-
neous

d. AG°=-1206 kJ and the process is non-sponta-
neous

Generally, alkali metals form their oxides by an
average increment of 6 kJ mol™ K! in their entro-
pies. If at 25°C, AG°, of AL,O, (s) = -1582 kJ mol™* ;
AH°,of L1,0 (s) = 1244 kJ and AH°, of Na,O (s) =
1411 kJ. The aluminium oxide can be reduced to Al
metal by

b. Sodium
d. None of these

a. Lithium
¢. Both (a) and (b)

For the reaction,
A(g)+2B(g) > 2C(g)+3D(g)

The value of AH at 27°C is 19.0 kcal. The value of
AE for the reaction would be

(given R =2.0 cal K mol™)

a. 20.8 kcal
c. 18.8 kcal

b. 19.8 kcal
d. 17.8 kcal

Determine AH and AE for reversible isothermal
evaporation of 90 g of water at 100°C. Assume
that water vapour behaves as an ideal gas and
heat of evaporation of water is 540 cal g™ (R =
2.0 cal mol' K™)

101.

102.

103.

104.

105.

a. 48600 cal, 44870 cal
b. 43670 cal, 47700 cal
c. 47700 cal, 43670 cal
d. 44870 cal, 48670 cal

If work done by a gas is 144.5 J when heat given to
the gas in isobaric process is 506 J. then the gas is
a. SO, b. NH,

c. He d. O,

A process is carried out at constant pressure. Given
that AH is negative and AE is less than AH,

a. The system loses heat and contracts during the
process

b. The system loses heat and expands during the
process

c. The system absorbs heat and expands during
the process

d. The system absorbs heat and contracts during
the process

AG® for the reaction, x +y <> z is —4.606 kcal. The
value of equilibrium constant of the reaction at
227°C is.
a. 0.01
c 2

b. 100
d. 10

Assume a heteronuclear diatomic molecule, AB,
forms a one dimensional crystal by lining up
along the X-axis. Also assume that each molecule
can only have one of six possible orientations,
corresponding to atom A facing in either the posi-
tive or negative direction along the X-, Y-, or Z-
axis. If the molecules are arranged randomly in
the six directions, the molar entropy at absolute
zero should be

b. RIn 60
d. RIn6°

a. zero
c. RIn6

P-V plot for two gases (assuming ideal) during
adiabatic process are given in the fig. Plot X and
plot Y should correspond respectively to:

P
T X
Y
_» V
a. Heand H, b. H, and He
c. Cl,and H, d. H,and CI,



4.42 B Energetics

106.

107.

108.

109.

The solubility of manganese (II) fluoride in water
is 6.6 g/ml at 40°C and 4.8 g/litre at 100°C. Based
on this data, what is the sign of AH® and AS® for the
following process?

MnF, (s) = Mn* (aq) + 2F (aq)

a. AH°is negative and AS° is positive

b. AH°is negative and AS® is negative
c. AH’is positive and AS° is positive

d. AH°is positive and AS® is negative
For the system represented by the equation

CaCO, (s) +42.5 Kcal — CaO (s) + CO, ()

a. the reaction is exoenergic
b. the size of A E is negative

c. the net energy flow is from the system to the
environment

d. the internal chemical energy of one mole CaCO,
() is less than that of [one mole CaO (s) + one
mole CO, (g)]

X

YA

Z
v

D Q—=Y=()ve
) AU, —Z=(+)ve
D) AU, —» x=(-) ve
vy w,_ . =@ ve
a. ILII, III b. LII,IV
c. LI IV d ILII IV

Consider these two statements.

(1) The reversible work done by 2 moles of an ideal
gas, isothermally at 300 k, as it expands from 10
atm to 1 atm. pressure is roughly 2.764 k. cal.

(i) 2 moles of a gas expand against a constant
pressure of 1 atm, the change in the volume
being 82.12 ml. The work done by the gas is
roughly 3 cal.

a. (i) and (ii) are correct

b. (i) and (ii) are incorrect

110.

111.

112.

113.

114.

¢. (i) is incorrect, (ii) is correct
d. (i) is correct, (ii) is incorrect
The reversible adiabatic expansion of an ideal

monatomic gas, the final volume is 10 times to the
initial volume. The ratio

Final temperature
.. s
Initial temperature !

b’ 101.666
d. (1/10)16

a. (1/10)%cc¢
C. 100.666
4.8 g of C (diamond) on complete combustion evolves
1584 kJ of heat. The standard heat of formation of
gaseous carbon is 725 kJ/mol. The energy required
for the process

(1) C (graphite) — C (gas)

(ii) C (diamond) — C (gas) are

a. 725,723
c. 727,725

b. 725,727
d. None of these

Bond dissociation enthalpy of H,, Cl, and HCI are
434,242 and 431 kJ mol™ respectively. Enthalpy of
formation of HCl is

a. -93 kJ mol™!
b. 245 kJ mol™
¢. 93 kJ mol™?
d. 245 kJ mol™!

Consider the reaction:
N, (g) + 3F,(g) — 2NF, (g)
AH° = 249 kJ and AS°=-278 JK! at 25°C

Calculate AG® and state whether the equilibrium
composition should favour reactants or products at
standard conditions.

a. AG° = -166 kJ, the equilibrium composition
should favour reactants.

b. AG° = -166 kJ; the equilibrium composition
should favour products.

¢. AG°=-322 kJ; the equilibrium composition
should favour products.

d. AG°=-166 kI, the equilibrium composition
should favour reactants.

Which provides the greatest increase in entropy?
a. HO(,0°C) — H,0 (1, 25°C)
b. H,0 (s, 0°C) - H,0 (1, 0°C)

¢. H,0 (1, 100°C) — H,0 (g, 100°C)
d. HO (g, 0.1°C) > H0 (s, 0.1°C)
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115.

@

an

116.

117.

118.

119.

Consider these two statements.

The reversible work done by 2 moles of an ideal
gas, isothermally at 300 k, as it expands from 10
atm to 1 atm. pressure is roughly 2.764 k. cal.

2 moles of a gas expand against a constant pressure
of 1 atm, the change in the volume being 82.12 ml.
The work done by the gas is roughly 3 cal.

a. (i) and (ii) are correct

b. (i) and (ii) are incorrect

¢. (i) is incorrect, (ii) is correct

d. (i) is correct, (ii) is incorrect

(Standard free energies of formation (in kJ /mol) at
298 K are —237.2,-394 .4 and -8.2 for H,O (1), CO,

(g) are pentane (g) respectively. The value of E°
for the pentane-oxygen fuel cell is:

a. 1.0968 V b. 0.0698 V
c. 1968V d. 2.0968 V
Given that

3C (s) +2Fe,0, (s) — 4Fe (s) + 3CO, (g)
AH° = 93657 kcal at 25°C
C(»)+0,(®—CO,(@©

AH° = —94050 kcal at 25°C

The value of AH® (Fe,0,) is

a. —19.650 kcal
¢. 93.657 kcal

b. —196.5 kcal
d. —286.4 kcal

The enthalpy of solution of BaCl, (s) and
BaCl,.2H,O (s) are —20.6 and 8.8 kJ mol™ respec-
tively. The enthalpy change for the hydration of

BaCl, (s) is
a. 29.8kJ b. -11.8kJ
c. 20.6kJ d. -29.4KkJ.

The heat of formation of CO, is 409 kJ/mol. The
energy required for the process

3CO, (g) = 3C (g) +20,(g) is

a. Isequal to 1227 kJ
b. Less than 1227 kJ
¢. More than 1227 kJ
d. Cannot be predicted

Calculate Q and W for the isothermal reversible
expansion of one mole of an ideal gas from an ini-
tial pressure of 1.0 bar to a final pressure of 0.1 bar
at a constant temperature of 273 K.

120.

121.

122.

124.

a. 522 kJ,-5.22KkJ
b. 273kJ,273kJ
c. 273kJ,273KkJ
d. -522kJ,522KkJ

Calculate the heat of combustion of methane at constant
volume. The thermal capacity of the calorimeter
system is 177 kT K™ (R=8.314 JK* mol™)

a. —695 kJ mol™ b. —1703 kJ mol™
¢. =890 kJ mol™ d. —885 kJ mol™

If a copper block of mass m at temperature “T1’ is
kept in the open atmosphere at temperature ‘T2’ and
T2 > T1. The variation of entropy of the copper block
with time can be best illustrated by which of these
graph.

a.

S
t —>»
b.
S
t —»
c.
S
I t_>
d.T
S
t—>

The lattice energy of NaCl is 780 kJ mol™ The enthal-
pies of hydration of Na* (g) and Cl- (g) ions are —406
kJ mol™ and —364 kJ mol™. The enthalpy of solution of
NaCl (s) is

a. 10 kJ mol™
¢. 736 kJ mol™!

b. —10 kJ mol™
d. 100 kJ mol™

The enthalpy (heat) of formation of water is 286 kJ
mole™. From this it can be concluded that
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125.

a. the enthalpy change when 1 g of hydrogen is
burnt in oxygen is —286 kJ

b. there is a decrease in the enthalpy of the system
when water is formed

c. the mean bond dissociation energy of O-H is
143 kJ mol™.

d. the enthalpy change for the reaction
H' (aq) + OH(aq) > H,0 (/) is -286 kJ mol™

Which of these correctly represents the entropy (s) of
an isolated system during a process?

requilibrium

Time —»

b.
requilibrium
i Time —»
c. .
s s
: equilibrium
' Time —»

equilibrium

Time —»

Multiple Correct Answer Type Questions

126. Which of the following statement is/are correct?

127.

128.

129.

130.

131.

a. From the following reaction
CO(g) + 0O, (g) = CO, (), AH=q,
Heat of formation of CO, (g) is q,
b. From the following reaction
C (graphite) + '3 O,(g) — CO (g), AH=q,
Heat of combustion of carbon is q,.

¢. From the above reaction, heat of combustion of
CO (g) is q, and that of carbon is q, + q,.

d. From the above reaction, heat of formation of
CO,isq, +q,
Which of the following statements is/are true?

a. A highly spontaneous process need not occur
rapidly

b. A non spontaneous process cannot be caused
to occur.

c. The reverse of a spontaneous reaction is
always non spontaneous.

d. A spontaneous process always moves towards
equilibrium.

C,—C,=R. This R is not equal to:

a. Change in rotational energy
b. Change in KE
c. Change in PE

d. Work done which system can do on expanding the
gas per mol per degree increase in temperature.

For which of the following reaction is the standard
entropy of reaction AS° positive?
a. CHOH () +30,(g) — 2CO, (g) +3H,0 ()

b. 2H,0 (g) — 2H, (g) + O, (g)
c. CO(g) +2H, (g) —» CH,OH (g)
d. C,H,OH (g) + 30, (g) — 2CO, (g) + 3H,0 ()

The enthalpy change for a reaction depend upon the

a. physical state of reactants and products

b. use of different reactants for the same product

c. nature of intermediate reaction steps

d. difference in initial or final temperatures of
involved substances

Which of the following always increase with
increase in temperature?
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132.

133.

134.

135.

136.

137.

. pressure of the gas at constant volume

oo

. solubility of gas

g

entropy

(=9

. rate of reaction

Which of the following is/are spontaneous process?
a. 2NH, (g) — N, (g) + 3H, (g) if Prat, = 1 atm,
pH2=PN2=Oande=2 x 1076

b. N2 @+ 3H2 e — 2NH3 @if sz = PN2 =1
atm, pNH, =0 and Kp =4 x 10°

c. the expansion of gas into a vacuum

d. dissolving more solute in a saturated solution

Internal energy and entropy are state functions

a. internal energy (U) is a state function and AU
is independent of path.

b. In a cyclic process: AS =0 but AU #0

¢. Cv values of H, and He are equal at all temperatures

d. qand w are path dependent

For which of the following processes will the
entropy decrease?

a. Reaction of magnesium with oxygen to form
magnesium oxide.

b. Reaction of nitrogen and hydrogen to form
ammonia.

c. Sublimation of dry ice.

d. Condensation of steam.

Which of the following statements must be true for
the entropy of a pure solid to be zero?

a. Temperature must be 0 K.

b. The solid must be perfectly ordered

c. The solid must be an element.

d. The solid must be crystalline, not amorphous

For an ideal gas undergoing isothermal and revers-
ible process

a. AU and AH both are zero

b. AU=0but AH#0

c. AS is +ve during expansion and —ve during
compression

d. AS=0and AU=0

In certain chemical process both AH and AS have
values greater than zero. Under what conditions,
the reaction would not be spontaneous?

a. AH>TAS b. AH <TAS

c. AG>0 d. AG <0

138.

139.

140.

141.

142.

143.

Which statement is/are not true about the standard

states of F, () and C H ,O, (aq)?

a. The standard state for F_ (g) is the pure gas at
1 atm and for C H,,0, (aq) is the solution at a
concentration of 1 mol/L.

b. The standard state for F, (g) is the pure gas at
1 mol/L and for C H,,0, (aq) is the solution at
a concentration of 1 mol/L.

¢. The standard state for F, (g) is the pure gas at 1 atm
and for CH,,O, (aq) is the pure solid at 1 atm.

d. The standard state for F, (g) is the pure gasat 1
mol/L and for C H O, (aq) is the pure solid at
atm.

The heat evolved during the combustion of 46 gm
of ethanol in a bomb calorimeter wad determined
to be 670.5 kcal/mol at 25°C. The value of AU of
the reaction at the same temperature is

a. —-335.25Kcal b. -660.3 Kcal

¢. —670.5 Kcal d. -2802.6kJ

Which of the following process/es proceed towards
more disordered state?

a. sublimation of dry ice

b. crystallization of salt from solution
c. dissolution of sugar in water

d. stretching of the rubber

Identify the
entropy.

incorrect statement/s regarding

a. at absolute zero temperature , entropy of per-
fectly crystalline substance is taken to zero

b. at absolute zero temperature , the entropy of
perfectly crystalline substance is positive

c. at 0°C the entropy of perfectly crystalline sub-
stance is positive

d. at absolute zero temperature, the entropy of all
crystalline substances is taken to be zero

Xy, X, and y, are diatomic molecules if AH__, AH

x> T y-y

and AHxy are in the ratio of 2 : 1 : 2 and enthalpy
of formation of x —y form x, and y, is =100 kJ/mol.
The value of AHx —x is

a. 47.85 Kcal/mol

b. 23.92 Kcal/mol

¢. 100 kJ/mol

d. 200 Kcal/mol

Which of the following statement is/are true?

a. work is a state function
b. temperature is a state function

c. change in the state is completely defined when
the initial and final state are specified

d. all of them
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144.

145.

146.

147.

148.

149.

Which of the following is/are true?

a. A spontaneous process is one that can proceed
on its own.

b. The reverse of a non-spontaneous process is
always spontaneous.

c. A spontaneous process need not occur immedi-
ately.

d. A spontaneous process must be exothermic
and must have an increase in entropy.

Which of the following expression is correct for an
adiabatic process?

a. (T/T)=(V/V,)!
b. PP, = (T /T,y

¢ PV/=PV/

d. PVi-1=P, V!

For which change AH = AE

a. H +1 < 2HI

b. HCI + NaOH — NaCl + H,O

c. C(s)+0,(g) < CO,(g)

d. N, +3H, — 2NH,

Which statement is/ are not true about the formation
of CaCO; (s) from CaO (s) and CO, (g) at 1.00 atm?
CaO (s) + CO, (g) — CaCO, (s)

AH°= -178.7 kJ and AS° =-150.4 JK™!

a. The reaction is spontaneous at low temperature.
b. The reaction is spontaneous at all temperatures.
c. The reaction is not spontaneous at any temperature
d. The reaction is spontaneous at high temperatures.

The correct statement/s among the following is/are

a. mass plus energy of the universe remains
always constant while entropy of the universe
remains increasing continuously

b. an exothermic reaction with AS being positive,
will be spontaneous only at high temperature

c. ina reversible process, the system always in equi-
librium with surroundings

d. in any cyclic process AX = 0 where X is a state
fuction.

Which of the following reaction is exothermic?
a. C (diamond) — C (graphite)

b. CH —-CH,+H,

c¢. CH +720,—2C0O,+3H,0 ()

d. 2NaOH (aq) + H,SO, (aq) —

Na SO, (aq) + 2H,0 (1)

150.

151.

152.

153.

154.

155.

For which reaction change of entropy will be negative?

a H +IL =2H

b. MgO,, +H,, = Mg, +H,0

27()
¢. NHNO, = N,0, +2H,0,

d. HCl +NH, = NH/CI
The correct statement amongst the following is/are
a. at equilibrium AH, ,.=0

b. the condition of equilibrium at constant Pand T
is that G must be minimum

c. at equilibrium AG, . =0

d. AG° calculated using the equation; AG® = -RT
In Kp, is the free energy change of the reaction
when each of the species (reactants and prod-
ucts) is in the standard state of unit activity that
is, roughly unit concentration.

Correct statement among the following is/are

a. mass plus energy of the universe remains
always constant while entropy of the universe
remains increasing continuously

b. an exothermic reaction with AS being positive,
will be spontaneous only at high temperature

c¢. ina reversible process the system always in equi-
librium with surroundings

d. in any cyclic process AX = 0 where Xs a state
fuction.

The enthalpy change for a reaction depends upon:

a. The differences in initial or final temperatures
of involved substances

b. The nature of intermediate reaction steps

c. Use of different reactants for the same product

d. The physical states of reactants and products

Which of the following is/are correct?

a. Numerical value of AH is less than that of AE
for the reaction C (s) + 2 O, (g) = CO (g)

b. Inan exothermic reaction, the enthalpy of products
is less than that of the reactants

c. AH (fusion) = AH (sub) — AH (vap)

d. A reaction for which AH°< 0 and AS°> 0 is
possible at all temperatures.

Among the following, the state function(s) is/are
a. Internal energy

b. Irreversible expansion work

c. Reversible expansion work

d. Molar enthalpy

[IIT 2009]
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Linked-Comprehension Type Questions

Comprehension 1

A cyclic process XYZX is shown in figure. The process is
for 2 mole of monatomic gas. As the gas behaves ideally.
So one can apply PV = nRT for the gas. The work done by
the gas in a process is given as W = [PdV P

P AZ Y
X
/’>45° T

>

156. The process X—Y is isochoric. The volume of the gas
numerically in this process is

a. 3R b. 3R
c. 52R d. 2R

157. The same cyclic process in the PV — diagram is

a.pA
Z Y
X
v
b. p Y
X 7
Y,
« Pz Y
X

<V

d P A

»V

158. During the process X— Y, The internal energy of
the gas
a. Depends on volume
b. Decreases
c. Increases
d. Does not change

Comprehension 2

The values of AH and AS generally do not vary much with
temperature. As a consequence, the dependence of AG with
temperature is governed mainly by the value of T in then
expression AG = AH — TAS. The entropy term — TAS has
the greater effect on the spontaneity of the process.

Under non-standard conditions, AG is related to AG®
and the value of the reaction quotient, Q : A= AG°—RT In
Q. At equilibrium (AG =0,Q =K), AG°=-RT In

159. If the value of equilibrium constant for the reaction
given below is 4.4 x 10 at 298 K.

CH,NH,(aq) + H,O(/) = CH,NH,*(aq) + OH"(aq)
Find AG?® for this reaction.

a. —38.28kJ
c. 957kJ

b. -19.14 kJ
d. Zero

160. Find the value of AG when [H'] = 3.0 x 107
M, [CHNH,*] = 8.0 x 10® M, and [CH,NH,]

=0.070M.
a +11.8 b. -5.9
c. —-10.8 d -11.8

161. A particular reaction given below can be spontane-
ous if

2POCl (g) — 2PCL (g) + O,(g)
AH° = 572 kJ;, AS° = 179 J/K
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b. T>1600K
d. T>3200K

a. T>1200K
c. T>2400K

Comprehension 3

For a reversible reaction at constant temperature and at
constant pressure the equilibrium composition of reaction
mixture corresponds to the lowest point on Gibbs energy
Vs progress of reaction diagrams as shown. At equilib-
rium, Gibbs energy of reaction (AG) is equal to zero.

G
P
Reaction Product
Equilibrium  Progress
state of reation
_—
162. The value of log,, k_ (equilibrium constant) can be
given as
a 2C° b, TAS®— AHP
" RT * 2.303RT
¢ -AH°-TAS® d _2303RT
' 2303RT * TAS°— AH°

163. Which diagram represents the large value of equi-
librium constant for the reversible reaction?

a. 1

@

Reaction Product

Reaction Product

@

Reaction Product

Reaction Product

164. The temperature dependence of the equilibrium
constant can be given by the equation

A
b. an=—% (%)+ATS°
C. an=ATGO (%)Jr%so

_ AG° AS°
d nK=—"p"(D+5

Comprehension 4

X Y
T3OL ------------- :
o 18L | E :
g 7 5
= ; |
#
300K 500K

Temperature ———p
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Answer the following questions based on the given
diagram:

165. Process , X — Y represents
b. isochoric
d. adiabatic

a. Isobaric
¢. isothermal

166. The pressure at Z is
a. 3.518 atm
c. 0.0821 atm

b. 1.368 atm
d. 0.821 atm

167. The process which occurs in going from, Y — Z is
b. adiabatic
d. isobaric

a. isothermal
¢. isochoric

Comprehension §

Entropy is a measurement of randomness or disorder of
any system. When a liquid is converted to the vapour
state entropy of the system increases. Entropy in any of
the phase transformation can be calculated by using this
relation AS = AH/T.

Ina reversible adiabatic process AS is zero. The rise in
temperature in isobaric or isochoric process increases the
randomness of system and it can be given by

T7
AS =2.303nC long—'
1

Here C=C,or C,

168. The clement gallium, Ga, freezes at 2.8°C, and its
enthalpy of fusion is AH, .= 5.59 kJ /mol. Calculate the
value of AS for the freezing of 90.0 g of Ga(/) at 29.8°C.

b. 23.8 J/K

d. 3286J/ K

a. 47.6 J/K
c. 476 J/K

169. Write the correct sequence of entropy change when
a solid melt, a gas liquefies, liquid vapourizes and a
solid dissolves in water.

a. Increases, increases, increases, increases
respectively

b. Increases , decreases, increases, decreases
respectively

¢. Increases , decreases, increases, increases
respectively

d. Decreases, increases, decreases, increases
respectively

170. Find the entropy change when 0.5 M of an ideal gas
expands at a constant temperature from an initial
volume of 10 L to a final volume of 75 L.

a. 8376J/K b. 4.188 J/K
c. 16.7521/K d. 73671/ K

Assertion-Reason Type Questions

In the following question two statements (Assertion) A
and Reason (R) are given. Mark
a. if A and R both are correct and R is the correct
explanation of A;
b. if A and R both are correct but R is not the cor-
rect explanation of A;
¢. Ais true but R is false;
d. Ais false but R is true,
e. both A and R are false.

171.  (A): The enthalpy of formation of H,O (/) is greater
than that of H,O (g).
(R): Enthalpy change is —ve for the condensation
reaction,

H,0 (g) — H,0 (I)

172. (A): Cp - Cv =R for ideal gas
(R): (dU/dV), =0 for ideal gas

173. (A): All combustion reactions are exothermic.

(R): Products are more stable than reactants in
exothermic process.

174. (A): Chlorine when tried to be solidified does not
have zero entropy when at absolute zero.

(R): Chlorine contains a mixture of isotopes and is
difficult to solidify.

175. (A): Heat of neutralization of HF is more than that
of HCI by NaOH.

(R): HCl is stronger acid than HF.

176. (A): The thermodynamic function which deter-
mines the spontaneity of a process is the free
energy, for a process to be spontaneous, the
change in free energy must be negative.

(R): The change in free energy is related to the
change in enthalpy and change in entropy.
The change in entropy for a process must be
always positive if it is spontaneous.

177. (A): All exothermic reactions are spontaneous at
room temperature.
R): In (AG = AH - TAS), AG becomes negative
and negative sign of AG indicates spontane-
ous reaction.

178. (A): Endothermic reaction is spontaneous at all
temperatures.

(R): AG is negative when TAS > AH

179. (A): As temperature increases, heat of reaction also
increases for exothermic as well for endother-
mic reactions.
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(R): AH varies with temperatures as given by
AH, (at T,)=AH, (at T)) + AC, (T~ T))

180. (A): Efficiency of a reversible engine is maxi-
mum (100%) when temperature of the sink is
—273°C(T))

T,-T,
(R): 1 (efficiency) =

2

T

2

181. (A): As solid changes to liquid and then to vapour
state, entropy increases.

(R): As going from solid to liquid and then to
vapour state, disorder increases.

182. (A): In the case of an ideal gas, the changes in
Gibbs and Helmholtz free energies are equal
to each other (AG = AA) for isothermal
reversible processes.

(R): There is no change in internal energies and
enthalpies for ideal gases at constant tem-
perature.

183. (A): When H,O is added to CaO, heat is liberated.
(R): Reaction between CaO and H,O is exothermic.
184. (A): In the following reaction
C(s) + 0, (g) = CO(»),
AH = AE —RT
(R): AH is related to AE by equation
AH=AE + An RT
185. (A): In the following reaction
CO +% 0,— CO,, AH = — 68 kcal
and thus
AH,(CO,) = — 68 kcal mol™

(R): 1 mol of CO, is formed and enthalpy change
is the heat of formation of CO,,

186. (A): Heat of neutralization of HF (aq), a weak
acid, with NaOH (aq) is less than 13.7 kcal,
in an exothermic reaction.

(R): Some heat is lost in the ionization of a weak
acid.

187. (A): The standard enthalpy of formation of graphic
is taken as zero but of diamond is not zero but
it is equal to 1.816 kJ/mol.

(R): Among carbon allotropes, diamond is taken
as standard state.

188. (A): Incase of some glassy solids having mixture of
isotopes, crystals of CO, N,O, NO etc. entropy
is not zero even at absolute zero temperature

(R): These kind of solids do not have perfect order
even at absolute zero temperature.

189. (A): Enthalpy changes are positive when Na,SO,.
10H,0, CuSO,.5H,0 and salts like NaCl, KCI
etc. which do not form hydrates are dissolved
in water. But enthalpy changes are negative
when anhydrous salts capable of forming
hydrates are dissolved in water.

(R): The difference in the behaviour is due to
large differences in the molecular weights of
hydrated and anhydrous salts. The substances
with larger molecular weights usually show
positive enthalpy change on dissolution.

190. (A): AE is state function of the system.

(R): As it depends upon the final and initial state
of the system.

191. (A): In any reversible cycle process, the net
increase in entropy of the system is zero.

R): As AS . = AS + ASsurr as in case of
. ! . wStm‘ . .

reversible cyclic process ASsystem is positive,
but of surrounding is negative in same amount.

That is why AS =0

universe

192. (A): The enthalpy of neutralization of equivalent
of HF and 1 equivalent NaOH is 14 kcal/mol.
which is higher than HC1 and NaOH?

(R): It is because the enthalpy of hydration of F- is
higher that of is heat enthalpy of dissociation.

193. (A): The entropy change in the reaction.

°)
H—O+H—CH2—|CH2—>
Br
€]
H,0 +Br+CH,=CH,

is positive

(R): Entropy increase when no. of particles or (i.e.
molecules or ions) of the product or, in the
product directions increases.

(194) (A) The amount of work done in the isothermal
expansion is greater than work done in the
adiabatic system for same final volume.

(R) Inthe adiabatic expansion of a gas temperature
and pressure both decrease due to decrease in
internal energy of the system.

195. (A): There is a natural asymmetry between convert-
ing work to heat and converting heat to work.

(R): No process is possible in which the sole result
in the absorption of heat from a reservation
and its complete conversion into work
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. . 200. Match the following:
Matrix-Match Type Questions
List I List IT
196. Match the following: A Internal energy of O, gas at 0 K (i) exothermic
List I List II (-273°C) reaction
A. Cyclic process (p) AH is positive B. heat of combustion of N, (i1) < 13.7 Kcal
B. Spontaneous (@ AE=0,AH=0 C. heat of neutralization of HCI and
CH,COOH (i) 0
C. Endothermic (r) AG is negative 3
; Hib- D.2CO+0,— CO @iv) +ve
D. A process in equilib: (s) AG = 0 2 2
rium
197. Match the following: 201 Match the following:
List I List II List1 List I
R ‘ble adiabati A. Formation of (p) Endothermic
A. Reversible adiabatic compres- ) A <0 ammonia
sion Surrounding
B. Formation of nitric (q) Exothermic
B. Reversible vaporization of @A —0 oxide
llquld Surrounding
C. Heat of neutralization of (r) > 13.7 kcal
C.2N(g) > N,(g) () AS, >0 HF
A D. Heat of combustion (s) may be exothermic or
D. CaCO,(s) —> s) ASsystem <0 endothermic
CaO(s) + COL(g)
198. Match the following: 202. Match the following:
List I List II List I List II
A. Reversible [TpP, -TP,]
isothermal (P)w=-RPext — -~ A. AS gas for isothermal of an ideal 5
. P P, (p) nR In
expansion gas P,
B. Irreversible R B. Work doe i ible isoth |
isothermal QW= 1 [T,-T] . ‘dorl one in reversible isotherma (q) -nFE
expansion Y ideal gas expansion
C. Reversible S P
adiabatic (f) w = —Pext (V, - V) C. AG for revgrsnble 1sothermal expan- () nRT In )
. L. sion of an ideal gas P,
expansion
D. Irreversible v,
adiabatic (s) w=-2.303RT log,, V/V, D.(AG,,.)T. P (s)nR In (71
expansion
199.  Match the following. 203. Match the following:
List1 List 11 List1 List II (Heat of
A.Ice = H,O () at room tem- (p) AH = —ve, AS neutralization)
perature 25°C =+ve
A.H,SO, + NaOH (p) 13.7 Kcal
B. NH COONH,(s) — _
: ; (@) AG = +ve B. H SO, + NH,OH 13.7 keal
2NH,(g) + COL(g) -H,S0, . (q) > 13.7 keal
C.20,(g) — 30,(g) ® fv: *ve, AS C. CH,COOH + NH,0H (1) < 13.7 keal
D.30,(g) — 20 (g) (5) AG = —ve D. NaOH + HF (s) cannot be said
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204. Match the following:

List I
1. Exothermic substance

2. Endothermic substance

3. Heat of formation

4. Heat of combustion

List IT

(1) Less stable
(i1) More stable
(ii1) Exothermic

(iv) May be exothermic
or endothermic

(v) Endothermic

The lIT-JEE Corner

205.

206.

207.

208.

209.

Molar heat capacity of water in equilibrium with
ice at constant pressure is

a. zZero
b. infinity
c. 40.45 JK! mol™
d. 75.48 JK! mol!
[IIT 1997]

Standard molar enthalpy of formation of CO, is
equal to

a. zero

b. the standard molar enthalpy of combustion of
gaseous carbon.

c. the sum of standard molar enthalpies of forma-
tion of CO and CO,

d. the standard molar enthalpy of combustion of
carbon (graphite)

[IIT 1997

The enthalpy change involved in the oxidation of
glucose is —2880 kJ mol™. Twenty five percent of
this energy is available for muscular work. If 100
kJ of muscular work is needed to walk one kilo-
meter, what is the maximum distance that a person
will be able to walk eating 120 g of glucose?

a. 7.9 km b. 9.7 km
c. 4.8km d. 8.4 km
[IIT 1997]

Anhydrous AICI, is covalent. From the data given
below, predict whether it would remain covalent or
become ionic in aqueous solution (ionization energy
of Al = 5137 kJ mol™, AH, for Al**=— 4665 kJ

1y dration

mol™, AH_, .. for CI"=-381 kJ mol™)

a. ionic b. covalent

¢. both d. none

[IIT 1997]
Calculate the enthal py change for the combustion of

cyclopropane at 298 K, if the enthalpy of formation
CO, (g), H,0(/) and propene (g) are —393.5, -385.8

210.

211.

212.

213.

214.

and 20.42 kJ mol™ respectively. The enthalpy of
isomerization of cyclopropane to propene is —33.0
kJ mol™.

a. 1802 kJ mol™
¢. 2196 kJ mol™

b. 2091 kJ mol™!
d. none

[IIT 1998]
Which of the following is not an endothermic
reactions?
a. combustion of methane
b. decomposition of water
c. dehydrogenation of ethane or ethylene
d. conversion of graphite to diamond

[IIT 1999]

The AH°, for CO,(g), CO(g) and H,O(g) are —393.5,

—110.5 and —241.8 kJ mol™ respectively. The stan-
dard enthalpy change (in kJ) for the reaction

CO, (g) + H, (g) — CO(g) + H,O(g) is

a. 524.1
c. —262.5

b. 412
d 412
[IIT 2000]

Which of the following statement is false?
a. work is a state function
b. temperature is a state function

c. change of state is completely defined when initial
and final states are specified.

d. work appears at the boundary of the solution.
[IIT 2001]

In thermodynamics, a process is called reversible
when

a. surroundings and system change into each
other

b. there is no boundary between system and sur-
roundings

c. the surroundings are always in equilibrium
with the system

d. the system changes into the surroundings
spontaneously

[IIT 2001]

One mole of a non-ideal gas undergoes a change of
state (2.0 atm, 3.0 L, 95 K) — (4.0 atm, 5.0 L, 245K)
with a change in internal energy, AU =30.0 L atm. The
change in enthalpy (AH) of the process in L atm is

a. 40.0
b. 423
c. 44.0

d. not defined, because pressure is not constant

[IIT 2002]
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215.

216.

217.

218.

219.

Which of the following reaction defines AH®?
a. C(diamond) + O, (g) — CO, (g)
b. % H, (g) + % F, (z) - HF (g)
c. N,(g) +3H, (g) — 2NH, (g)
d. CO(g) +% 0, (2) > CO, ()
[IIT 2003]

Two mole of an ideal gas is expanded isothermally
and reversibly from 1 litre of 10 litre at 300 K. The
enthalpy change (in kJ) for the process is

a 114Kk b. —11.4kJ
c. 0kJ d. 48kl
[IIT 2004]

The enthalpy of vapourization of a liquid is 30 kJ
mol™ and entropy of vapourization is 5 J mol™ K.
The boiling point of the liquid at 1 atm is

a. 250K b. 400K
c. 450K d. 600K
[IIT 2004]

One mole of monatomic ideal gas at T (K) is
expanded from 1, to 2, adiabatically under a con-
stant external pressure of 1 atm the final tempera-
ture of the gas in Kelvin is

a. T
b. T/2%3-1

c. T- 2

3 % 0.0821
3

4 T+5 00821

[IIT 2005]

For the reaction, 2CO + O, — 2CO,, AH = -560 kJ.
Two moles of CO and one mole of O, are taken in a
container of volume 1 L. They completely form two
moles of CO,, the gases deviate appreciably from
ideal behaviour. If the pressure in the vessel changes
from 70 to 40 atm, find the magnitude (absolute
value) of AU at 500 K.

(1L atm=0.1kJ)

ANSWERS

Straight Objective Type Questions

1. d
10. ¢
19. d
28. ¢

2. d 3.d 4. b
11. d 12. ¢ 13. d
20. a 21. d 22. d
29. b 30. a 31. ¢

14.
23.
32.

220.

221.

222.

223.

a. 557KJ
c. 278KJ

b. 55.7KJ
d. 27.8KJ
[IIT 2006]

The direct conversion of A to B is difficult, hence it
is carried out by the following shown path:

C—-D
1 I
A B
Given
AS, = 50cu
AS . =30ecu.
ASg o, =20eu.
where e.u. is entropy unit then AS (A —B) is
a. +100 e.u. b. +60 e.u.
c. -100 e.u. d. —60e.u.

For the process
H,O (1) (1 bar, 373 K) — H,0 (g) (1 bar, 373 K),
the correct set of thermodynamic parameters is
a. AG =0, AS = +ve
b. AG=0, AS =-ve
c. AG=+ve,AS=0
d. AG =-ve, AS = +ve
[IIT 2007]
The value of log, K for areactionA = Bis (Given: A,

o =—54.07 kI mol™, A S°, . =10 JK™ mol™ and
R = 8314 JK~ mol; 2.303 x 8314 x 208 = 5705)

a. 10 b. 100

c. 5 d. 95

[IIT 2007]

In a constant volume calorimeter, 3.5 of a gas with
molecular weight 28 was bumt in excess oxygen
at 298.0 K The temperature of the calorimeter was
found to increase from 298.0 K to 298.45 K due to the
combustion process. Given that the heat capacity of
the calorimeter is 2.5 kJ K™, the numerical value for
the enthalpy of combustion of the gas in kJ mol™ is

a. 10 b. 100
c 5 d. 95
[IIT 2009]
6. d 7. a 8 b 9. a
15. ¢ 16. ¢ 17. ¢ 18. ¢
24. d 25. a 26. b 27. a
33. a 34. d 35. a 36. b
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37. a 38. a 39. a 40. a 41. b 42.
46. b 47. d 48. d 49. ¢ 50. b 51.
55. a 56. b 57. a 58. ¢ 59. a 60.
64. b 65. d 66. a 67. ¢ 68. b 69.
73. a 74. ¢ 75. ¢

Brainteasers Objective Type Questions

76. a 77. ¢ 78. b 79. a 80. a

84. ¢ 85. b 86. ¢ 87. b 88. a

92. d 93. b 94. b 95. a 96. d
100. a 101. d 102. b 103. b 104. ¢
108. b 109. d 110. a 111. a 112. a
116. a 117. b 118. d 119. ¢ 120. a
124. b 125. a

Multiple Correct Answer Type Questions

126. c,d 127. a,c,d 128. a,b,c 129. a, d
132. a,b,c 133. a,d 134. b,c,d 135. a,b,d
138. b,cd 139. ¢, d 140. ¢, d 141. b, c,d
144. a,b,c 145. a, ¢ 146. ab.d 147. b,cd
150. a,b,d 151. a,b,d 152. a,¢c,d 153. a,c,d

Linked-Comprehension Type Questions

Comprehension 1
156. d 157. a 158. ¢
171. a
Comprehension 2
159. b 160. d 161. d 175. b
Comprehension 3 179. d
162. b 163. 164. b
¢ 183. b
Comprehension 4
187. ¢
165. b 166. b 167. d
. 191. ¢
Comprehension §
168. b 169. ¢ 170. a 195. a

81.

89.

97.

105.

113.

121.

172. b

176. a

180. a

184. d

188. a

192. a

43.

52.

61.

70.

130.
136.
142.

148.

154.

44.
53.
62.

71.

82. a
90. b
98. a
106. b
114. ¢

122. a

a,b,d

a,d
a,cd

b,c,d

173. a

177. a

181. a

185. ¢

189. a

193. a

131.
137.
143.

149.

155.

Assertion-Reason Type Questions

45. d
54. d
63. b

72. ¢

83. a
91. ¢
99. d
107. d
115. d

123. a

a,c,d

a,c

a,cd

a,c,d

174. a

178. a

182. a

186. ¢

190. a

194. a
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Matrix-Match Type Questions
196. A-(q), B-(r), C-(p), D-(s)

198. A-(s), B-(r), C-(q), D-(p)

200. A—(1),B-(s),C-(q),D- (p)

202. A—(q),B-(),C-(1).D—(p,s)

204. A-(q),B-(p),C-(s),D-(n)

The IIT-JEE Corner

205. b 206. d 207. ¢ 208. a
213. ¢ 214. ¢ 215. b 216. ¢
221. a 222. a 223. ¢

Hints and Explanations

It gives the neutralization of 1 mole H* and 1 mole
of OH- ions.

q = AE — w (first law of thermodynamics)
qt+tw=AE

Now q + w is a state function as it is equal to AE
(state function).

Equal to AH.

Standard heat of formation of CH, is the heat
change when 1 mole of C,H, is formed from its
elements in the standard state [carbon as graphite
and hydrogen as H,]

AHobs = AH + Energy needed to disturb reso-
nance

=3 x-119.5+150.4 = -208.1 kJ mol~!

AH = AU + AnRT

(here An = number of molecules of products — no.
of molecules of reactants)

—92.38 x 1000 = AU -2 x 8.314 x 298

AU = -87424 J = - 87.424 kJ.

10.

11.

13.

14.

197. A—(q),B-(p,1),C—(s),D-(p,1)
199. A-(s),B-(q),C-(p,s),D—-(q,1)
201. A-(q),B—(p),C—-(1),D-(q

203. A—(p),B-(1),C-(1),D-(q

209. b 210. a 211. b 212. a
217. b 218. ¢ 219. a 220. b
AG°=-RT InK

[AG® = standard free energy change,
K = equilibrium constant

If a substance is in equilibrium between two phases
at constant temperature and pressure , its chemi-
cal potential must have the same value in both the
phases.

So AG°=0
At equilibrium AG = 0. So AH = TAS
So T = AH/AS =30 x 10%/105

=2857K
AS,  =AS +AS

total system surroundings

For a spontaneous process AS
thatis, AS,_ >0

total

ot MUSE be positive

At equilibrium AG =0

Bomb calorimeter is commonly used to find the
heat of combustion of organic substances which
consists of a sealed combustion chamber, called a
bomb. If a process is run in a sealed container then
no expansion or compression is allowed,
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15.

16.
17.

18.

19.

23.

24.
26.

sow=0and AU = q.
AU <0,w=0.

Methanol can be prepared synthetically by heating
carbon monoxide and hydrogen gases under pres-
sure in the presence of a catalyst.

C (graphite) + 2 O, — CO(g) ...(1)

CO (g) +2H, (g) » CH,OH () ...(ii)

C(graphite)+'2 O,(g) + 2H,(g) — CH,OH())
As An=0so AH =AU

MgO is the oxide of weak base and we know that heat
of neutralization of 1 eq. of strong acid with strong
base is —57.33 kJ/mol.

= With weak base some heat is absorbed in
dissociation of weak base.

= Heat of neutralization of weak base with strong
acid will be —57.33 kJ/mol.

AG = AH-TAS

AG = —ve for spontaneous reaction
when AS = +ve, AH = +ve

and TAS > AH = AG = -ve

When randomness favours and energy factor do
nor favour then spontaneity depends upon the
temperature dependent means at high temperature.

TAS > AH, AG =
feasible.

—ve and reaction is

CH,=CH,+H,— CH, -CH,

AH = (BE)reactants — (BE)products
=4 (BE)C_H+ (BE)C=C++ (BE)H_H
—[6(BE)_,+ (BE)._]

=-125kJ

For a spontaneous reaction AH = —ve,

AS = +ve spontaneity depends upon both critical min-
imum energy and maximum randomness/disorder.

AE = 0, in a cyclic process.

Work done due to change in volume against
constant pressure is

W=-P(V,-V)=-1 x 10°Nm™
(1%102-1x 10 m’

=-900 Nm =-900 J.

28.

31.

32.

37.

42.

45.

46.

48.

50.

From solid state to liquid state entropy increases.
N, +3H, — 2NH,

An=2-4=-2

AH = AU + AnRT = AU - 2RT

AH < AU.

V2
W =-2.303 nRT log y;’
1

=-2303 x 1 x2 x300 x logll—o
=-1381.8 cal.

Work done is reversible process is maximum. Thus
T, <<T, inreversible process or T, <<T,irr

2rev

AH = AE + Ang RT
asAng=np-nr=8-8=0,
thus AH = AE.

C(s)+7%20,(@) —CO@); (An=1-2)="

AH — AU = AnRT = + Y% x 8314 x 298
=+ 1238.78 J mol™*

For the reaction

C.H, (g) + 50, (g) = 3CO, (g) +4H,0 ())
An =n, —n,

=3-6=-3

AH = AE + AnRT

AH — AE = AnRT = - 3RT

AH; ¢

=— = —— = -1 -1
AS T 73 0.02198 kJ K™ mol

(=]

=0.02198 x 1000 JK™* mol™

=21.98 JK! mol™*

q

C=—r""—=.
m(T,-T)

55 _ 1000

= 5.55(AT) (m = 100/8 = 5.55)

_ 1000 _
AT=5s . 75~ 24K

In irreversible process

AS + AS >0

system surroundings

so in the spontaneous process AS is positive
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54.

5S.

56.

57.

58.

59.

60.

62.

63.

64.

66.

(i) %N, +0,— NO,; AH = 8.0 kcal

(i) N, +20,—N,0, ; AH=2.0 kcal

2742

2NO, > N,0,; AH=?

274>

multiply (i) by 2 subtract from (ii), we get

2NO, — N,O,; AH = -14 kcal

27

P
W =-2.303 nRT log P—‘
2

=-2303 x 1 x2 x 300 log%

=-1381.8 =-.1382 cal

Weakest acid has the lowest heat of neutralization
because more heat is absorbed in the ionization of
weak acid

A salt which absorbs more heat for dissolution in
water give maximum cooling.

T (m.p) =27 +273 =300K
AH_ =600 cal/mole

fu

On set of crystallization in a super cooled liquid is
called Devitrification. The process of crystallization
leads to decrease in entropy.

N,0, < 2NO,

On heating, since the colour depends that is more of
NO, is formed and the forward reaction is favoured.
Thus, the forward reaction is endothermic that is,
AH = +ve

Heat of combustion is always negative.

AH°; of graphite is taken as zero. For diamond, its
value is 1.9 kJ mol™ that is, greater than graphite.

The molar heat capacity is the heat required to raise
the temperature of one mole of the gas by 1°C.
3
C,= 5 R
40 gram of argon means 1 mole.
Here C, =3 cal

Thus the heat required to raise the temperature by
60°C is 60 x 3 =180 cal.

Smallest = eV and largest = lit atm
1eV=1.6x10"]7,
1cal =4.186 J,

67.

68.

69.

70.

71.

72.

73.

lerg=1077J
1litatm =101.37J

As AG°=-RTInK.
When K < 1.0, AG® = +ve

State functions or state variables depend only on
the state of the system. Here ‘w’ represents work
done and “q’ represents amount of heat so both of
these are not state functions.

For this process 2 Cl, (g) — Cl (aq)

AH =Y AH, of Cl, + A, Cl+ A, ,CI-

=+%—349—381

PCI; (g) = PCl, (&) + Cl, (g)
AH = AE + AnRT

Here, An = Change in number of moles of product
and reactant

As An +ve, so AH =+ve

AS = SProdutt - SReatlant

AS = t+ve

S(rh) + 3/202@)—> SO@, AH, =2xkJ mol™ (i)

SO, + % O,, — SO, AH,=—yJ mol™ (ii)
From equation (i) — (ii) we have

Sy Osg— SOy AH= AH, = AH, = 2x +y

20
Here of formation of SO, (AH)) =y —2x

Al acts as a good reducing agent and reduces oxides
of metals like Cr, Fe, Mn, etc.

Cr,0, + 2A1 — 2Cr + AlLO, + heat

Therefore AG® for the formation of AL O, is lower
in comparison to AG® for the formation of Cr,0,.

NH,, +HCl ,— NH,CI

An = no. of moles of product — no. of moles of reac-
tant

Now, AH = AE + AnRT
AH = AE — RT or AE = AH + RT

As, AE > AH (AE — AU ) = change in internal
energy.
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75.

It can be derived as
[¢ (AG/T)/eT], = -AH/T?
AH=-T*[&(G/T)/eT],

It is a form of Gibbs-Helmholtz equation.

Brainteasers Objective Type Questions

76.

77.

79.

80.

Given
(i) CH, +H,—CH,; AH=-119 kI mol

This reaction involves breaking up of one double
bond and addition of one H, molecule.

CH,+3H,— CH,,

6 712

AH =3 x -119 =-357kJ

(because, this reaction involves breaking up of one
double bond and addition of three H, molecules).

Also given

6C+6H,—»CH,; AH=-156 k]

6 7122

CH,+3H,— CH, ; AH=-357kJ

6 7122

6C +3H, —» CH,; AH=+201KkJ

6762

Thus, resonance energy = difference between AH,
(obs) — AH, (calc) =49 —201 =— 152 kJ

(c¢) For the temperature of the solution decrease
the solvent water must lose energy. The process
of ammonium and nitrate ions in solid ammonium
nitrate dissolving and becoming hydrated must
therefore absorb energy from water.

AH — AE = Ang RT

8.314

=(12-15) x 1000 298
= -7.433 kJ mol!

100 x 0.3
Amount of HCI added = —1 000
=0.03 mol

100 x0.33

Amount of NaOH added = —1 000
=0.033 mol

limiting reagent = 0.03 mol of HCI

So amount of heat evolved = 57.1 x 0.03
=1.713kJ

81.

82.

83.

84.

86.

Amount of energy left unused

_ 1560

5 =780 kJ

Amount of water perspired

Energy left unused

N Enthalpy of evaporation of water

780K _780
44K mol” 44
- 78044—f18 =319.14¢g

AH,, /AH,, =2.56
AH,,, =256 AH,,
177.5= AH_ - AH_,
= AH_, —2.56 AH_,

177.5 ~
AH , =- 156 —113.78 kJ mol ™

For dissolution of gases in water, AS = —ve (non-
favorable factor ). Since this process is spontane-
ous (AG =—ve) so AH has to be —ve (favorable fac-
tor) and the process is exothermic.

Given that
@ H,(®+%0,(@—->HOU);

AH=-241kJ
(i) CH,, + 1720, — 6CO, () + SH,0;

AH = —3800 kJ
(iii) CH,, +90,— 6CO, (g) + 6H,0 (I);
AH =-3920 kJ
Our aim is to get
CH +H,—»CH,;AH=?
So Add (i) and (ii) and then subtract (iii), to get
AH = — 121 kJ mol™
CH, +20, — CO, +2H,0
=[AH, (CO,) +2 AH, (H,0)] - [AH, (CH,)
+2 AH, (CO,)]

=[-394.8+2 x -241.6] - [-76.2+ 0]
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88.

89.

93.

=-878.0 + 76.2 = 802.2 kJ mol™

now 22.4 L (or 22.4 x 107 m*) of CH, on combus-
tion give heat = 802.2 kJ mol!

Lo 8022
224 % 107
= 35812 kJ mol™!

N=N+%0=0—-N=N=0
AH°, = Y'BE of reactants — > BE of products

= [BE (N=N) + % BE(0=0)] - [BEQN=N) +
BE(N=0)]

= (946 + % x 498) — (418 + 607) = 170 kJ
resonance energy

= AH°, (observed) — AH’, (calculated)

=82 - 170 = —88 kJ mol™*

L, (s) + Cl, (g) — 2ICl (g); AH

AH = [eCl, + £2(s) — (g) + el (g)] -2 x [eICl]
=[242.3 +62.76 + 151.0] — 2 x [211.3]
=3346

33.46
AH = T

=16.83 kJ mol™*

Our aim is %2 Cl, (g) + (aq) — Cl~ (aq) ;

AH=?

Given is

() % H,(g) + % Cl, (&) —~ HCI ()
AH=-924KkJ

(i) HCI (g) +(aq) — H" (aq) + Cl" (aq)

AH =-74.8 kJ
@iii) 2 H, (g) + (aq) — H" (aq);
AH=0.0 kJ
Operate (i) + (ii) — (iii), we obtain

AH?; of CI~ (aq) = -167.2 kJ

0.16 g of methane is subjected to combustion at
27°C in a bomb calorimeter system. The tempera-
ture of the calorimeter system (including water)
was found to rise by 0.5°C.

9s.

98.

99.

AE per mole = 327 x 78 = 3270 kJ

7.8
T=27+273=300K,
R =8.3/1000 kJ mol™? K™
CH, () +15/2 0, (g) — 6CO, (g) + 3H,0()
An =n -n =6-152=-32
AH=AE + An RT
AH =-3270 + [(-3/2) x (8.3/1000) x 300]
AH = -3274 kJ]
For Li,0,
2Li (s) + %2 O, (g) — Li,0 (s)
AG°, (L1,0) = AH°,— TAS®
= 1244 — (298 x 6) = —544 kJ mol™!
For Na,O,
2Na (s) + 2 0, (g) > Na,0 (s)
AG°; (Na,0) = AH°, — TAS®
=1411 - (298 x 6) = —377 kJ mol™*
For reaction,
AlLO, (s) + 6Na (s) — 3Na,0 (s) + 2Al (s)
AG° =3 x AG°, (Na,0) - AG°, (AL0,)
=3 x (-377) — (-1582) = +451 kJ mol™!
Similarly when Li is used, then
AG® =3 x AG® (Li,0) - AG°,(ALO,)
=3 x (-544) — (-1582)
=-1632 + 1582 = 50 kJ mol™

As AG® is negative when Li is used for the reduc-
tion, so the reaction is feasible.

An,=n -n=5-3=2
AH = AE + An RT

AE = AH - An RT

=19 -(2 x2 x 107 x 300)

=19-12=17.8keal
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100.

101.

103.

107.

AH=m x T,
=90 x 540 = 48600 cal
AH = AE + PAV

AH= AE +P(V,~ V)

since the volume of liquid is negligible as com-
pared to volume of its vapour, so

V>>>V
g 1
AH=AE+P‘Vg

AH = AE + nRT (PV = nRT)

AE = AH — nRT

= 48600 — (90/18 x 2 x 373)
= 44870 cal.
W=P(V,-V)

= nRT, - nRT,

Y
Tz_T1=E‘

Q=nC,(T,-T)

506=nC, %

C,W
506 =—-—

R
506 R

Co~ laas

=72R

So gas is diatomic O,

AG°=-2.303 RT log K

—4.606 =-2.303 x x 500 log K

2

100
—4.606 _

~2.303  2/100 x 500

logK = 2

K = antilog (2) = 100

CaCO, (s) +42.5 Kcal — CaO (s) + CO, (g)

Energy is supply to the system for complete the
reaction that is, energy of the reactant side is less
than the product side.

108.

109.

110.

111.

112.

115.

Here, option ¢ is not correct as

Z — x is isochoric process

V — constant

ie,PaT

P >P,

T, > T, or AUZ. x is positive and not negative.
®
w

o> isothermal = n x 2.303 RT logpzzl
=2 mol x 2.303 x 2 cal K™ mol™ x 300 Kx1
=2764 cal

(i) Work of expansion = P. AV

=1 atm x 0.08212 lit

=0.08212 lit-atm = 2 cal

For reversible adiabatic change,

T.V*~!= constant

T2 \/ly_1
T, V!

1

= (1/10)11 = (1/10)°0

Since vy for a monobasic gas = 5 /3 = 1.666.
As C (graphite) — C (gas)
AH = 725 kJ/mol

As graphite is thermodynamically more stable than
diamond therefore the heat required to convert
graphite to gaseous carbon should be more.

H, + Cl, — 2HCI

AHreaction = £(B E)reactant — X(B.E) product
=[(B.EYH-H+ (B.E)Cl -Cl] - [2(B.E)H - Cl]
=434 +242 -(431) x 2

=-186 kJ

As A, . =-186k]

So, enthalpy of formation of HCI1

_-186
2

®
W,

rev’

kJ = -93 kJ mol™

P
isothermal = n x 2.303 RT log P—l
2



Energetics B 4.61

116.

117.

=2mol x2.303 x 2 cal K mol™ x 300 Kx1
=2764 cal

(i1) Work of expansion =P. AV

=1atm = 0.08212 lit

=0.08212 lit-atm = 2 cal

CH, () +80,(2) — 5CO, (g) + 6H,0 ())

AG® = [(-394.4 x 5) + (-237.2 x 6)] - [(-82) + (8
x 0)]

=-3387.5kJ.

The standard free energy change of elementary
substances is taken as zero.

For the fuel cell, the complete cell reaction is:

CH,, () +80, () — 5CO, () + 6H,O ()

This reaction is the combination of the following
two half reactions:

C,H,(g) + 10H,0()—5CO (g)+ 32H +32¢

2

80, () + 32 H* + 32¢ — 16H,0 (/)

As the number of electrons exchanged is 32 here,
son=32

AG® = —nFE°

-3387.5 x 10* J =32 x 96500 J/Volt x E°
On solving, we get

E°=1.09698 V.

2Fe (s) +3/20,(g) — Fe,0, (s)

AH° =?

Given

3C (s) + 2Fe,0, (s) — 4Fe (s) +3CO, (g)
AH° = -93657 keal ...(1)
C(5)+0,(8—CO,(
AH° = 94050 keal ....(2)
On subtracting equation (1) from (2), we get

4Fe +30, — 2Fe 0, (),

118.

119.

120.

121.

AH° = -393 kcal
So
2Fe +3/20,— Fe,0, (s)

AH° =-196.5 kcal at 25°C
Given
(i) BaCl, (s) — BaCl, (aq) ; AH, = -20.6 kJ
(i) BaCl,.2H,0O (s) — BaCl, (aq);
AH,=8.8kJ
now subtract (ii) from (i), we obtain
BaCl, (s) — BaCl,.2H,O (s);
AH= AH, — AH,=-29.4kJ
3CO, (g) = 3C (2) +20, ()

AH = 3AHatomisation
- 3AH* [CO, (2)]

AH - 3Al-[atomisation [C(S) - C(g)] + ZAHOf [Os (g)]
-3 x 409

[C(s) = C(@)] + 2AaH, [O, ()]

As energy will be required for the processes
C(s)— C(g)and

30, (g) — 20, (2)

So AH will be more than 1227 kJ.
n=1,P =1bar,

P,=0.1bar, T=273K

W =-2.303 nRT log P,/P,

=-2.303 x 1 x 8314 x 273 log 1/0.1
=-2303 x 1 x8314 x273 x 1
=-52277]

=-5227kJ

now, q = AE —w

since temperature is constant, AE =0

q=-w=+5227kJ

Heat produced by the combustion of 0.16 g of CH,
=17.7x0.5=885kJ

Heat produced by the combustino of 1.0 mole of

CH, (16 g) = % =885 kJ
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123.

As combustion has been carried in bomb, calorim-
eter (closed vessel), the heat produced is qv that is,

qv =—-885kJ

NaCl (s) — Na* (g) + Cl- (g)AH = +780 kJ
Na* (g) + aq — Na* (aq) AH = 406 kJ
Cl (g) +aq— Cl (aq) AH =-364 kJ

The net reaction is dissolution of NaCl (s). AH_ .
=780 — (406 + 364) = 10 kJ mol*

Multiple Correct Answer Type Questions

150.

Entropy of gas is greater than that of liquid and
solid. In option (c) solid is converted in to gaseous
phase.

Entropy of gas > liquid > solid.

Linked-Comprehension Type Questions

161.

To be spontaneous, AG must be negative (AG < 0)
Thus, AH° — TAS® <0,

AH <TAS°;

T > AH° /AS°

572 kJ
0.179kJ /K

=3200K

T>

The IIT-JEE Corner

206.

C (graphite) + O, (g) > CO, (g)

The standard molar enthalpy of formation of CO, is
equal to the standard molar enthalpy of combustion
of carbon (graphite).

207. As energy available for muscular work

_ 2880 x 25
100

so energy available for muscular work for 120 g of

120
180

=720 kJ mol™*

glucose = 720 x =480 kJ

as 100 kJ is used for walking = 1 km
so 480 kJ is used for walking

480
X
100

=1 =4.8km

208.

210.

211.

212.

214.

216.

217.

218.

If AICI, is present in ionic state in aqueous solution
(Al™ and three Cl- ions), then standard heat of
hydration of AI** and three CI- ions.

AH? (hydration) = — 4665 + (3 x —381)
=—5808 kJ mol.

As hydration energy is greater than ionization
energy of Al, so AICI, would be ionic in solution.

Combustion is always exothermic.
AH = —ve
AH = Y AH°, (products) — ' AH", (reactants)
=[AH°,(CO) + AH°, (H,0)] - [AH°,(CO,)

+ AR, (H,)]
=[-110.5-241.8] - [ -393.5 + 0]
=-3523+393.5=+41.2KkJ

Statement A is false, as work is a path function213
The driving force and the opposing force differ by
infinitesimal small amount. So, the system and sur-
roundings always remain in equilibrium state with
one another

AH = AU + A(PV)
=AU+ @V, -P V)

=30+ (4 x5-2x3)

=30+ 14 =44 atm

As AH=nC, AT
As for isothermal process, AT =0,
hence AH =0
AQ rev
As AS = T
_AQ_ L, 1000
SoT= AS =30 x 75 =400 K

During adiabatic irreversible process, W surr. = AE
=-PAV, nCvAT = -PAV

R
y—1

1x——x(T,~T)=-P(V,-V,)

y-1)
T=T-"g

TGR-Dx1x2-1)
£ 0.0821

2
T =T-3" 00821

P(V,- V)
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219.

220.

221.

AH = AU + A(PV)

AH = AU + VAP

AU = AH - VAP =-560 +1 x 30 x 0.1

=-557

absolute value = 557 kJ

AS(A — B)=AS(A — C)+ AS(C — D) ASB — D)
=50+30-20=60e¢.u.

H,0 (1) =
(1 bar, 373 K)

H,0 (g)
(1 bar, 373K)

Numericals For Practice

Calculate the heat evolved when 0.500 g of CI (g)
reacts with an excess of HBr(g) to form HCI(g)
and Br, (/), given the following standard enthal-
pies of formation (kJ/ mol): HCI(g), — 92.30,
HBr (, —36.20)

a. 0.791
b. 79.1

b. 791
d. 791.0

For the reaction,

2N, () + O, (2) — 2N,0 (g), at 298 K, AH is 164
kJ mol™. The AE of the reaction is

269 kJ mol™!

. 166.5 kJ mol™!

144.05 kJ mol™

d. 151.8 kJ mol™!

I =

The temperature above which a reaction would
become spontaneous, if AH and AS of the reac-
tion, at this temperature, are respectively 90 kJ
and 90 J K is

a. 0°C b. 1000°C

c. 2000K d. 1000K

The enthalpies of combustion of carbon and carbon
monoxide are —393.5 and 283 kJ mol? respec-
tively. The enthalpy of formation of carbon mon-
oxide per mole is

a. —676.5kJ b. -110.5kJ

c. 110.5kJ d. 676.5kJ

Given that AH® = —311 kI for the hydrogenation of
acetylene, C.H,

222,

At 100°C, HO (/) has equilibrium with H.O (g)
therefore AG = 0.

As liquid molecules are converting into gases mol-
ecules therefore AS = positive.

AG® = AH® - TAS®
=-54.07 x 1000 — 298 x 10
=-57050 J mol™!

-57050 = -5705 log, | K
log [ K=10

H-C=C-H(g)+ 2H(g) — CH, - CH,(g)

and the following bond dissociation energies, esti-
mate a value for the C — to —C triple bond dissocia-
tion energy.

Bond D, kJ/mol
C-C 350
C-H 410
H-H 436

a. 1807 kJ/mol
b. 807 kJ/mol
c. 8017 k¥/mol
d. 708 kJ/mol
The enthalpy of combustion of methane is —880 kJ.

The volume of the methane at STP to be burnt to pro-
duce 2640 kJ of heat is

a. 672L
c. 224L

b. 89.8L
d 112L

Calculate the standard free energy change at 25°C
for the reaction

2NO (g) + 0O, (g) = 2NO, (g)

Species AH, kJ/mol S°, JK™! mol™!
NO (g) 90.25 210.8

O, (@ 0.00 205.1

NO, (g) 33.18 240.1

a. —140.46 kJ b. —40.86 kJ

c. —70.46 kJ d. —270.56 kJ
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8.

10.

11.

12.

The molar entropy of vapourization of acetic acid
is 14.5 cal K™! mol™ at its boiling point 117°C. The
latent heat of vapourization of acetic acid is

b. 94.25 cal g!

d. 47.25cal gt

a. 84 cal g
c. 64cal g!
A gas absorbs 120 J of heat and expands against the

external pressure of 1.5 atm from a volume of 0.5 L
to 1 L. The change in internal energy is

a. 54.027 b. 4427
c. 44027 d. 44027
Find AH for:

C,H, (g) + 6H,0 (g) — 3CO, (g) + 10H,
Given:

C.H, (g) +3H,0 (g) — 3CO (g) + 7TH, (g)
AH =499 kJ

CO(g) +H,0(g) = CO,(g) + H, (g)

AH=-41KkJ
a. 316kJ b. 476 kJ
c. 296 kJ d. 376 kJ

Given the following data:
ZSO2 () + Oz(g) — ZSO3 (2)
AH = -196.7 k/mol

SO,(g) + H,0 () —» H,S0, ()
AH = -130.1 kJ/mol

What is the enthalpy of reaction for

280, +0,+2H,0 — 2H2.0,

g g 1 1

a. —456.9 kJ b. 326.7kJ
c. 456.9KkJ d. -326.7kJ

Given the following:

C,H,OH + 30, — 2CO, + 3H,0
1 g g 1
AH = -1366.9kJ

CH,COH +20,— 2CO, +2H,0
AH = -869.9kJ
What is the enthalpy of reaction for

C,H,OH + 20, — CH,COH + HO
I g I I

13.

14.

15.

16.

17.

18.

19.

b. 2237kJ
d. —2237kJ

a. 497.0kJ
c. —497.0kJ

The A, H° for CO, (g), CO (g) and H,O (g) are—
393.5,-110.5 and —241.8 kJ mol™ respectively. The
standard enthalpy change (in kJ) for the reaction

CO, (g) + H, (g) »CO(g) + HO (g)is:

a. 414
c. 2414

b. —142
d +412

At 300 K, the standard enthalpies of formation
of C.H,COOH (s), CO, (g) and H,O (s) are —408,
—393 and 286 kJ mol™! respectively. Calculate
the heat of combustion of benzoic acid at con-
stant volume.

a. —3296 kJ mol!
¢. —3201 kJ mol™*!

b. —3200 kJ mol!
d. -3603 kJ mol™

Calculate the standard free energy for the reac-
tion given

2CH,OH(J) +30,(g) — 2CO,(g) + 4H,0()

Species AG°, kJ mol™
CH,OH (1) -166.3

0, (g) 0.00

o, (g) -394.4

H,O0 D) -237.1

a. —1404.6 kJ b. —404.6 kJ
c. —2404.6 kJ d. 1804.8 kJ

Heats of solution of BaCl, (s) and BaCl,.2H,O (s)
are —22.8 kJ mol and 10.8 kJ mol! respectively.
AH hydration of BaCl, to BaCl,2H,0 is

a. 33.6kJ b. -33.6 kJ

c. 12.0kJ d. -12.0kJ

The molal freezing point constant of naphthalene is
6.9 K mol. The enthalpy of fusion of solid naph-
thalene is 4.635 k cal mol. The melting point of
solid naphthalene is
a. 40.6°C

c. 80.45°C

The bond energies of C=C and C — C at 298 K are
592 and 333 kJ mol! respectively. The enthalpy of
polymerization per mole of ethylene is

a. —66kJ b. 76 kJ

c. —76kJ d. -75kJ

b. 75.7°C
d. 82.0°C

If the bond dissociation energies of XY, X, and Y,
are in the ratio of 1 : 1: 0.5 and AH, for the forma-
tion of XY is —200 kJ/mole. The bond dissociation
energy of X, will be ?
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20.

21.

22.

23.

24.

25.

26.

a. 100 kJ/mole
¢. 600 kJ/mole

b. 400 kJ/mole
d. 800 kJ/mole
The maximum work done in expanding 16 g oxy-

gen at 300 K and occupying a volume of 7 dm?
isothermally until the volume becomes 35 dm? is:

a. +2.02 x 10%7J b. -1.30 x 103 J
c. —2.01 x10*7J d. -12.11 x 10*7J

Use the given standard enthalpies of formation to
calculate AH® for the following reaction:

3Fe,0, (s) + CO(g) — 2F¢,0, (s) + CO, (g)

Species AH,, kJ/mol
Fe, O, (s) 8242

Fe,0, (s) -11184

CO(g) -110.5

CO, (2) -393.5

a. +t472KkJ b. —477.2kJ
c. 4172KkJ d. 472KkJ

Standard enthalpy and standard entropy changes for
the oxidation of ammonia at 298 K are —382.64 kJ mol-
Vand —145.6 JK! mol™, respectively. Standard Gibbs
energy change for the same reaction at 268 K is

a. —221.1 kJ mol™!
b. -339.3 kJ mol™
c. —439.3 kJ mol™!
d. -523.2 kJ mol™*
The enthalpies of formation of N,O and NO are 30

and 90 kJ mol™ respectively. The enthalpy of the
reaction,

2N,0 (g) + O, (g) — 4NO (g) is equal to

a. 300kJ
c. 360 kJ

b. -360 kJ
d. -300 kJ

Calculate the work done when 50 g of iron reacts
with HCl in an open beaker at 25°C.

a. 221327 b. 221227

c. 221227 d. none

Using bond energy data, calculate heat of forma-
tion of isoprene. Given B.E. of C — H = 98.8 kcal,
H-H =104 kcal, C — C = 83 kcal, C = C = 147 kcal
and C(s) — C(g) = 171 kcal.

a. 28.3 kcal b. 20.3 kcal

c. 283 kcal d. 206 kcal.

For the reaction N, (g) + 3H, (g) — 2NH, (g), AH =
—854 kJ and AS = -188.3 JK. The temperature at
which AG will be zero is

27.

28.

29.

30.

31.

32.

33.

a. 0K
c. 253K

b. 548K
d. 453.53K

Calculate AS° at 25°C for PCI, (g). Given AH°,=-374.9
kJ/mole and AG°,=-305 kJ/mol

a. —235 J/mole K
b. —23.5 J/mole K
c. 2.35 J/mole K
d. None

Given enthalpy of combustion of glucose is 2870
kJ/mol. What will be the amount of glucose a
man has to eat in order to climb a height of 100
m assuming 100% efficiency of the body system
(weight of man = 60 kg)

a 37¢g b. 37¢g

c. 370 g d 180 g

The enthalpy change accompanying the formation
of 1 mole NH, (g) from its elements at 298 K is
—56.1 kI. The internal energy is

a. 446KkJ b. -53.6 kJ

c. —34.6kJ d. 53.6kJ

AG for a reaction is 46.06 Kcal/mole. K, for the
reaction at 300 K is

a. 10—33. 33
C. 10—22A 22

b. 10
d. None of these

Heat of combustion of carbon monoxide at constant
volume and at 17°C is —67, 710 calories. The heat
of combustion at constant pressure is

a. +68,900 calories
b. 68,000 calories
¢. —67,800 calories
d. —67,060 calories

Standard heat of formation for CCl,, H,0, CO, and
HCI at 298 K are -25.5, -57.8, —94.1 and -22.1
kJ/mole respectively. For the reaction

CCl, + 2H,0 — CO, + 4HCI

What will be AH?

a. —41.4KJ b. 45.5kJ
c. —31.4KkJ d. 21.7kJ
The bond dissociation energies for Cl,, I, and ICI

are 242.3,151.0 and 211.3 kJ/mol respectively. The
enthalpy of sublimation of iodine is 62.8 kJ/mole.
What is the standard enthalpy of formation for ICI
(g) nearly equal to?
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34.

3s.

36.

37.

a. 11.6 kJ/mole
c. 19.8 kJ/mole

b. —15.8 kJ/mole
d. 16.8 kJ/mole

Consider the following reactions:

(1) H* (aq) + OH (aq) =H,0 ())
AH =-X, kJ mol™

(2 H,(®+%20,(@=HO0®
AH = -X, kJ mol™!

(3) CO,(g) +H, () =CO(g) + HO ()
AH = -X, kJ mol™!

(4) CH,(g)+5/20,(g) =2CO,e)+H,00)
AH =+X, kJ mol™

Enthalpy of formation of H,O(1) is

a. —X, kJ mol™!
¢. —X, kI mol™

b. +X, kJ mol™
d. +X, kJ mol™

Giventhat bond energies of H-Hand C1-Cl are 430
kJ mol™ and 240 kJ mol™ respectively and AH,
for HCl is —90 kJ mol™, bond enthalpy of HCI is
a. 290 kJ mol™! b. 380 kJ mol™*
c. 425 kJ mol™ d. 245 kJ mol™

If 150 kJ of energy is needed for muscular work to
walk a distance of one km. Then how much amount
of glucose one has to consume to walk a distance
of 5 km, provided only 30% of energy is available
for muscular work. The enthalpy of combustion of
glucose is 3000 kJ mol.

a. 35¢g b. 45¢
c. 150g d 175¢g

Standard entropy of X,, Y, and XY, are 60, 40 and
50 JK! mol!, respectively. For the reaction,

12X,+3/2Y,— XY,, AH=-30kJ, to be at equi-
librium, the temperature will be

38.

39.

40.

b. 500 K
d. 1000 K

a. 1250K
c. 750K

A reversible isothermal evaporation of 90 g of
water is carried out at 100°C. Heat of evaporation
of water is 9.73 kcal mol. Assuming water vapour
to behave like an ideal gas, what is the change in
internal energy of the system?

a. 22.41kcal b. 44.82 kcal

¢. 54.18 kcal d. —44.48 kcal

An intimate mixture of ferric oxide and aluminium
is used as solid fuel in rockets. Calculate the fuel
value per cm?® of the mixture. Heats of formation
and densities are as follow:

Hf =_399 kcal mol™;

(Al203)

Hf =_-199 kcal mol™!

(Fe203)

Density of Fe,0,=5.2 g/em’,

Density of Al =2.7 g/ cm?

b. 3.94 kcal
d. 0.394

a. 39.4 kcal
c. 2.42 kcal

Calculate the enthalpy change for the process:
CCl,(g) — C(g) +4Cl(g)

Calculate bond enthalpy by C — Clin CCl, (g)

C Given:

AH°vap CCI, = 305 kjmol™*

AH° CCl, =-135.5 kj mol

A H° (C) =715 kj mol™ (Enthalpy of atomization)

AH° (Cl) = 242 kj mol™ (Enthalpy of atomiza-
tion)

a. 326 kjmol™!
¢. —326 kj mol™*

b. 163 kjmol™!
d. ~163 kj mol™!
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Q. Ans. Q. Ans. Q. Ans. Q. Ans. Q. Ans.
1 a 2. b 3. b 4. b 5. b
%) 6 a 7 8. b 9 ¢ 10. d
>
'-'!J 11. a 12. c 13. d 14. b 15. a
x| . b 17. < 18. 19. d 20. c
% 21. d 22. b 23. b 24. a 25. b
2
< 26. b 27 d 28. a 29 b 30. b
31 a 32. b 33. a 34. d 35. a
36. c 37. c 38. 39. b 40. a

Hints and Explanations

1. AsAH=AE+ AnRT
An = -1
164 x 103 = AE — 1 x 8.314 x 298
=AE -2.478 x 10
AE =164 x 10* +2.478 = 10°

=166.5 kJ mol™*
2. Atequilibrium, AG,, =0 = AH-TAS
= (90000 — T x 90) J.

_ 90000

T 90

=1000 K

If T is > 1000 K, AG will be negative and the

reaction is spontaneous

4 @O C(9+0,(—CO,(®

AH = -393.5kJ

(i) CO(g)+%0,(g)—CO, (g)

AH = -283.0 kJ

eq. (1) and (ii) gives
(iii) C(s)+% 0, (g) — CO(g),

AH =-110.5kJ

This equation (iii) also represents formation of one
mole of CO and thus enthalpy change is the heat of
formation of CO (g).

_AH
AS = 1Ky
_AH
144="00.

AH =390 x 14.5 = 5655cal.mol™!

_ 5655

= -1
60 9425cal g

AH combustion for 1 mole of methane

=880 kJ

2640 kJ of heat will be evolved by 3 moles of
methane

3 moles can occupy at STP=3 x 22.4

=672L

W =-PAV=-1.5(1-0.5)
=-0.75L atm
=-0.75x1013J=-75987]

(as 1L atm=101.31))
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11.

12.

13.

14.

AE=q+W
=120+ (-75.98) =44.027

280,(g) + O,(g) = 280, (g)
AH =-196.7 k/ mol
SO,(g) + H,0 () = H,80, ()
AH = -130.1 kJ /mol
280, + 0, + 2H,0 — 2H S0,
AH = —456.9kJ

C,H,OH + 30, — 2CO, + 3H,0
AH = -1366.9 kJ

2C0, + 2H,0 — CH,CO,H + 20,
AH = 869.9kJ

C,H,OH + 0, — CH,CO,H + H,0
AH=—497.0kJ

C+0,— CO,, AH*=-3935kJ ...... 1)
C+%0,— CO, AH° =-110.5kJ ... (ii)
H,+'%0,— HO0, AH* =-2418kJ ... (iii)
By equations (ii) + (iii) — (i), we get
CO,+H,— CO+H,0, AH*=+412kJ
The reaction is
CH,COOH (s) + 152 0, (g) —
7CO, (g) +3H,0 ()

AH = Y AH’, (products) — Y AH", (reactants)
=[7 x AH,(CO,) + 3 x AH, (H,0)]

- [AH, (C H,COOH) + 15/2 AH,(CO,)]
=[7 x (-393) + 3 x (-286)] — [-408 + 0] kJ
=-3201kJ

Now AE = AH - An_RT

An =7-15/2=-1/2;

R = 8.314/1000 kJ mol™

Putting the values, we get

AE = -3199.9 k] =-3200 kJ

16.

17.

18.

19.

22.

BaCl, (s) +aq — BaCl, (aq)

AH, = -22.8KkJ
BaCl,.2H,0 (s) + aq — BaCl, (aq)

AH, = +10.8 kJ
AH, = AH, - AH,=-22.8-10.8=-33.6kJ

BaCl, (s) + 2H,0 — BaCl, 2H,0

_0.002 T* x 128

K, 1

_0.002 T? x 128

69 4635

_ 6.9 % 4635
0.002 x 128

TZ
T =353.45K =80.45°C
Polymerization reaction

n CH, = CH, — (-CH, - CH, -),

One mole of C = C bond is broken and two moles
of C — C bonds are formed per mole of ethylene.

AH =592 -2 x 333
=590 — 666=—76 kJ per mole of ethylene

Let the bond dissociation energy of XY, X and
Y, be as x kJ mol™, x kJ mol™ and 0.5 x kJ mol™
respectively.

Y% X, + % Y, — XY; AH,= 200 kJ mol~

AH reaction = [(sum of bond dissociation energy of
all reactants) — (sum of bond dissociation energy of
product)]

=[%AH, +%AH, ~AHX,]

_x, 0.5x _
=5 + 5 X -200
_ 200 _ 4
X 025 800 kJ mol
w=-2303 x % x 8.314 x 300 logw%

=_2.01 x 10° Joule.
Given that
AH = -382.64 kJ mol™!

AS =-145.6 JK mol'=-145.6 x 103 kJ K
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23.

24.

25.

26.

27.

AG = AH-TAS

50 AG = —382.64 — (298 x — 145.6 x 107%)
=-339.3 kI mol™?

N,+%0,— N0, AH=30kJ ....(1)
2N, +% 0,— NO, AH=90kJ ... (ii)
By equation [4 x eq. (i1)] — [2 * eq. (1)], we get

2N,0 + 0O, — 4NO, AH =300 kJ

W=-P AV
nRT
AV = Vﬁnal - vmitial - Vﬁnal - P
ext
W=-P_ ‘;ﬂ = —nRT.
ext

Fe(s) + 2HCI (aq) — FeCl, (aq) + H, (g)

1 mole 1 mole

No. of moles of Fe = No. of moles of H,

_50
56

W=—% x 8.314 x 296
=-2212.111.

5C (s) +4H, (@) > HC=C — C; AH=?

CH, H
AH = Y B.E.(reactants) — > B.E. (products)

=[5Cs > g +4BE ] - [2BE ,__+2BE__
8BE ___]

=[5*x171+4 x 104] —[2 x 83 +2 x 147 + 8 x 98.8]
=20.6 kcal.

AG=AH-TAS=0

AH=TAS
_AH _ -85.4 %1000 _
T=s~ g3 ~433K

AG° = AH® — TAS®
TAS° = AH® + AS°

AH® — AG®

ASe =

c+

28.

29.

30.

31.

~374.9 — (-305)
B 298

_-3749+305 _—69.9
298 298

=-0.2346 kJ/mole K
=-234.56 J/mole K

W =mgh

=60kg x 9.8 ms? x 100 m
=58800J = 58.8kJ

2870 kJ of heat or work is obtained = 180 g
glucose

58.8 kJ of heat or work is obtained from

_ 180 x 588

2870 3.7 g glucose

3/2H,(g) + 2N, (g) = NH, (g)
An =1 mole — 1.5 mole — 0.5 mole
=-1.00 mole

_ 8314 x298

RT 1000

=248kJ

AE = AH — nRT
=-56.1-(-1) x2.48
=-56.1+248=-53.6kJ.

AG°=-RTInK,

1 cal =4.182 joule

R =8.314 J/mol

46.06 x 1000 = 4.182
=-2.303 x 8.314 x 300 log K,
192622.92 = —5744.142 log K,
log K, =-33.53

i K= 1073
AE = 67710 cal.

2CO(g) +0,(g) — 2CO,(9)
An=2-3=-1

t=(273+17) =290 K
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32.

33.

34.

3s.

Heat of combustion at constant pressure,
AH = AE + AnRT

=-67710 + (1) x 2 x 290

=-67710 — 580

=—68290 cal.

C (s) +2Cl, (g) — CCl, (D

AH, = -25.5 kJ/mol
H,(g)+:0,(g) — HO()

AH, = -57.8 kJ/mol

C()+0,(e—CO,(®
AH, = -94.1 kJ/mol

Y% H, (g) + % Cl, (g) — HCl (g)
AH, = -22.1 kJ/mol

CCl, (1) + 2H,0 () — CO, (g) + 4HCI (g)
AH=(255+2 %578 -94.1 -4 x22.1)
= 414K

Cl-Cl (g) — 2Cl (g) AH, = 242.3 kJ/mol
I-1(g)— 2I(g) AH, =151.0 kJ/mol

[-Cl(g)—I(e)+Cl(g
AH, = 211.3 kJ/mol

L (s) — 1, (g) AH, = 62.8 kJ/mol
%1 (s)+%Cl (g) = ICl (g) AH=?

62.8 +151.0+2423 2113
2 T I

AH =
=228.05-211.3 =16.75 kJ/mol
H,(g)+'20,()=H0(0

AH = -X, kJ mol™

This reaction represents the enthalpy of formation
of H,O (/).

% H, () + % Cl, (g) > HCl g).
AH=-90 kJ mol!

AH =Y BE (H,) + % BE (Cl,) - BE (HCI)
—90 = Y% (430) + % (240) — BE (HCI)

BE (HCI) =215 + 120 + 90 = 425 kJ mol™?

36.

37.

38.

39.

Energy consumed for walking a distance of
5km=150 x 5=750kJ

1 mole of glucose, C.H,,O, (180 g) gives theoreti-
cally energy = 3000 kJ

Actual energy available = 30 x 3000

100
=900 kJ

As, For 900 kJ of energy, glucose required = 180 g
So, for 750 kJ of energy, glucose required

- 380 750g-150¢

12X,+32Y,— XY,
ceaction — 20 — (3/2 x 40 + V2 x 60)

=—40 J mol™*

AG = AH - TAS

As at equilibrium AG = 0.

So AH = TAS

30 x 10*=T x 40

On solving, we get

T=750K.

Change in enthalpy (AH)

= Heat of evaporation x Number of moles

=9.73 x 5 =48.65kcal

As AH = AE + AnRT

So AE =48.65 — (5 x 2 x 107 x 373)

=44 .82 kcal.

The required equation is:
2Al +Fe,0, > AL O, + 2Fe ,AH="?
AH = AHf(produt:ts) -

+ ZAHf(Fe)] _[ZAHf(Al) + Hm:ezo3)1

f (reactants)
- [AHfmlzos)
=[-399+2 x 0] =[ 2 x 0 + (~199)]
=399 +199= -200 keal

At. mass of aluminium =27,

Mol. mass of Fe,O, = 160

160 2 x27

Volume of reactants = 52 + 27

=50.77 cm
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40.

200

3 <YV
Fuel value per cm 5077

=3.94 kcal

(i) CCl, — CCl, (g) AH® = +30.5 kj mol™!

(i) C(s)+2Cl(g) — CCl, (g)
AH° = -135.5 kj mol™!

(iii) C(s) — C(g) AH° = +715 kj mol™*

(iv) Cl(g) — 2Cl(g) AH® = +242 kj mol™

Required equation
CCl (g) = C(g) + 4Cl(g) AH=?

Equation (iii) + 2 x Equation (iv) — Equation (ii)
—Equation (i) gives the required equation

AH =715 + 2(242) - 30.5 — (-135.5)
= 1304 kj mol™

Bond enthalpy of (C-Cl) bond = %

=326 kj mol™



CHAPTER 5 A

multiple-choice questions.

Chapter Contents

Law of mass action; Equilibrium constant, Le Chatelier’s principle
(effect of concentration, temperature and pressure); Significance
of AG and AGo in chemical equilibrium; and Various levels of

Type of Reactions
Chemical reactions are of two types:

Irreversible Reaction: Such reactions occur in
one direction only and get completed.

Example, (i) When unreactive products or solid
products are formed

NH,NO, —A > N, +2H,0
2KC10, —A > 2KC1 + 30,

(i1) All precipitate reactions are irreversible

Example,
BaCl, + H,S0, — BaSO, + 2HCI
aq. aq. ppt. aq.

Pb(NO,), + 2KI — PbI, + 2KNO,

(111) Neutralization reactions are also irreversible:

H,SO, + 2KOH — K SO, + 2H,0

(1v) Redox reactions are also irreversible:

2FeCl, + SnCl, — SnCl, + 2FeCl,

(v) Combustion reactions are also irreversible:
2Mg + 0, — 2MgO

Reversible Reactions: Such reactions occur in
both directions i.e., forward and backward direc-
tion however never complete as the products can
give back the reactants under same or different
conditions.

Example,
N,+0, < 2NO
3Fe +4H,0 < Fe,O, +4H,
m Vapourization of water in open flask is irrevers-
ible reaction while in closed flask it is reversible

m Decomposition of CaCO, in open flask is irre-
versible reaction while in closed flask it is
reversible.
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Differences between Reversible and Irreversible

Reactions:

Reversible Reaction

Irreversible Reaction

It takes place in forward
as well as in backward
directions.

It can never be com-

It takes place only in
forward direction.

It may be completed

pleted.

Equilibrium state can be state is

attained.

Equilibrium
never attained.
The change in free
energy (AG) is zero.

The change in free
energy is negative 1.e.,
AG <0.

EQUILIBRIUM

The word “equilibrium” in physical sense in
explained as the “No change of state of the body”.
When the two opposing process (reaction) occur
simultaneously with equal rates, the system is in
the state of equilibrium. Equilibrium is classified
as follows

Equilibrium

Chemical Equilibrium

Homogenous Heterogeneous
Chemical Equilibrium Chemical Equilibrium

Physical Equilibrium

When an equilibrium exists between same chemical
species, it 1s called physical equilibrium.

Example,
H,O (s) 0°C H,O0 (O
Ice 1 atm Water

When an equilibrium exists between different chem-
ical species, it is called chemical equilibrium.

N, (&) +3H,(g) = 2NH,(g)
CaCO,(s) = CaO(s)+CO, (g

If a chemical equilibrium has only one phase, it is
called homogenous and if more than one phase it is
called heterogeneous.

H @+ = 2HI(g
R-COOH (1) + R-OH(1) = R-COOR() + H,0(l)

Phase = 1. Homogenous chemical equilibrium
2HgO (s) = 2Hg () + 0, (g

Phase = 3. Heterogeneous chemical equilibrium

CHEMICAL EQUILIBRIUM

It is defined as: “It is the stage of a reversible reac-
tion at which the active masses of the reactants and
the products become constant in mixture and do not
change with time” and rate of forward reaction is
equal to that of backward reaction.

Or
“It is the state of a reversible reaction at which mea-

surable properties like colour, density, pressure con-
centration are nearly unchangeable.”

Equilibrium state

Time at which
» iequilibrium acheived

time —»

Here V and V, are rate of forward and backward
reactions respectively.

1.e., Equilibrium is the state in a reversible reac-
tion at which the rate of forward and backward reac-
tions or two opposing reactions are same.

Features of Chemical Equilibrium

m [t is obtained only when reversible reaction is
carried out in a closed space.

m Here rate of forward reaction is equal to rate of
backward reaction.

m Here both forward and backward reactions are
taking place with same rate hence the relative
amounts of the reactants and products present at
equilibrium does not change with time.

m At constant temperature it is characterized by
properties like colour, density, pressure etc.

m [t is possible from both the sides.

m [t is dynamic in nature. It means the reaction
or process is not going to be ceased as reaction
occurs in both directions with equal rates.

m A catalyst cannot alter the positive of equilibrium
as it accelerates both the forward and backward



Chemical Equilibrium ® 5.3

reactions to the same extant this means the same
state of equilibrium is reaction i.e., a positive cata-
lyst can set up equilibrium in less time but can not
change it.

m At equilibrium AG is equal to zero i.e.,
AG = AH -TAS
So
AH =TAS
m Under the similar conditions of temperature con-

centration and pressure, the same state of equilib-
rium is reached.

Example,

When an equimolar mixture of H, and I, is heated
to 713 K, 80% of this mixture changes into the prod-
uct (HI) and if product is again heated as 713 K only
20 % of it changes into H, and [,

Active Mass or Molar Concentration

It means the concentration of the reactant expressed
in moles per litre or the pressure of a reacting gas
in atmosphere. It is usually denoted by putting the
symbol of the reactant in square bracket. E.g., [A].

_ w
C,or[A]l= m X V {0 -

(A) = y x molarity

Here v is the activity coefficient

In case of very dilute solution, y is one. This
means we can used molarity.

m Its unit ismollit .

m At constant temperature
Partial pressure o Active mass

m Active mass of a pure solid or a pure liquid is
assumed to be one.

m Active mass of any gas at N.T.P. is 1/22 4.

Law of Mass Action

It was introduced by Guldberg and Waage. It states
that “the rate at which a substance reacts is directly
proportional to its active mass(effective molar con-
centration) and the rate at which substances react
together is directly proportional to the product of
their active masses” each raised to a power which
1s equal to the corresponding stoichiometric number
the substance present in the chemical reaction.
Vl
A+B <T> C+D

2

If active masses of A, B, C and D are [A], [B], [C],
[D] respectively then

Rate of reaction of A & [A]
Rate of reaction of B & [B]
V, o [A] [B] =K, [A] [B]
V, «[C] [D] =K, [C] D]
Law of mass action is not applicable for solids as for

them active mass is always one.

Example, KCIO, — 2KCI1 + 30,
Solid

Reaction Quotient or
Concentration Quotient (Q):

It 1s defined as the ratio of concentration of prod-
uct upon the reacting species at any point of time
other than the equilibrium stage. It can be deter-
mined as follows:

If we consider a reaction
mA+mB < nC+nD than

B [C]nl [D]nl
Q - [A]ml [B]m2

Q can be denoted as Q,, or Q, if we use concentra-
tion in terms of mole per litre or partial pressure
respectively.

m When [C]* [D]" = [A]™ [B]™

Q =K (reaction is at equilibrium and rate of for-
ward and backward reactions are equal).

m When Q> K here reaction will proceed or favour
backward direction this means product changes
into reactant to attain equilibrium.

m When Q < K (here reaction will proceed or
favour forward direction i.e., reactant changes
into product to attain equilibrium.

w‘e"“
q“‘\““
NQ\I 6‘“ c K c
‘ o‘“\“
Reactants — Products ~ Reactants and  Reactants < Products
Products are
at equilibrium
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Equilibrium Constant

It is the ratio of rate of forward and backward reac-
tion at a particular temperature or It is the ratio
of active masses of the reactants to that of active
masses of products at a particular temperature. It
1s denoted by Kc or Kp. The distinction between
K., and K is that expression of K, involves all the
species (whether they are pure solids, pure liquids,
gases, solvents or solutions) while the expression
K, involves only those species whose concentra-
tion is a variable (gases and solution). It means Kc
1s a devoid of pure components (like pure solids and
pure liquids) and solvents.

For a reaction

v
A+B <V—'> C+D
V,«[A][B] or=K, [A] [B]
V,«[C][D] or=K,[C][D]

We know that at equilibrium V =V,

So K, [A] [B]=K,[C][D]

K, _ [C][D]
K, [A][B]
Ko = [C][D] [product]

[A]B] " [reactant] t cOVSt temp.
or

For a reaction given below equilibrium constant can
be given as

mA+ sz — nlC + nzD

_ler o

Ke= [A]ml [B]m’l

REMEMBER 4)

Completion of reaction & Kc
Stability of reaction & 1/Kc
Stability of product & K¢

Factors Effecting Equilibrium
Constant
Kc does not depend upon:

m Initial concentration or pressure of reactants and
products involved.

m The presence of a catalyst.
m The presence of an inert gas material.

m The direction from which equilibrium has been
set up.

Kc depends upon: Equilibrium constant depends
upon following factors.

1. Temperature

The variation of equilibrium constant with tempera-
ture is given by Van’t Hoff equation as follows:

K = Ae - AHURT

oo Lo _ame  T,-T)
%80 K, T2303R T,T,
KoT  (AH=+ve)

K « I/T (AH=-ve)

When a graph is ploted between log, K and 1/T a
straight like will be formed and the slope is equal to

—AH°
2.303R
\\ /{
log ;K log K
/T /T
Endothermic Exothermic

m In case of AH =0, equilibrium constant does not
depend upon temperature.

m In case of AH = positive or endothermic reac-
tions, equilibrium constant is more at higher tem-
perature.

m In case of AH = negative or exothermic reactions,
equilibrium constant is more at lower temperature.

2. Mode of Representation of Reaction

Let us consider a reaction

A+B<-C+D
_ [C1D]
Ke= [ATE]

Now if we write the above reaction as follows:
C+D<—<A+B

_ [A][B]

Ke'= [amr
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ire,Ke=1/K¢’

Example, 280, + O, = 2SO0,

SO,J?
Kc= —[ 73]
[SO,F [0;]
If the reaction is reversed 280, = 250, + O,
, _ISOFPI0] 1
M NONE Kc
3. Stoichiometric Representation of Chemical

Equation
Let us consider a reaction

A+B<C+D

_ [C1[D]
[A] [B]

If we write the above reaction as follows:
mA+mB«<nC+nD then

Kc

,_ [C]" [D]*
Ke?= [A]ml [B]m2
eg.— (1) 2NO, <« N, +20,
__INop
Here Kc = ] [02]2
(2) NO, < 2N, +0,
__INO] _
Here Kc = N1 (O] VKe

(3) N, +3H, <> 2NH, and
NH, <> 2N, +3/2 H, then
Ke’ = 1/"WKe

4. Nature of reactant or product

The value of equilibrium constant also depend on
the nature of reactants as well as of the products it
means the value of equilibrium constant changes by
changing them .

Example,
N,+0, = 2NO
N, +20, = 2NO,

For these reaction the value of equilibrium con-
stant differs as product differs.

Equilibrium Constant in Terms of Partial
Pressure:

If partial pressures of A, B, C, D are given as P, P_ P

A>T BT C
P respectively then for the reaction Kp is given as

mA+ mlB — nlC + nZD

[Pc]nl [PD]nZ
[PA]ml [PB]mz

If we use total pressure, moles of reactant and prod-
ucts than Kp can be find out as follows

Kp=

Kp ncnl X ndnl ( P )An(g)

= —2 —_
naml X nbm Zn

Here An = (n,+n)—(m+m,)

It is interesting to know that Kp can exist only when

equilibrium satisfies these two conditions.

(1) One of the reactant or the product must be in
gaseous phase.

(1) No component of the equilibrium must be
present in solution phase.
Relation between Kp and Kc:

_ [Pc]nl [PD]nZ
p [PA]ml [PB]mz

As PV =nRT
- n
So P = vV RT

As 1n/V = Concentration

So P=CRT

K, = [C]" [RTI" = [DJ* [RT}
[A]ml [RT]ml X [B]m'l [RT]mZ

[C]m [D]n2 +n2 +m2
- KRR mryo-mem
Kp = KC(RT) (@l +n2)— (ml +m2)

An = Sum of gaseous products — Sum of gaseous
reactants

An=(n, +n,)—-(m, +m,)
Kp =Kc.(RT)a
Units of Equilibrium Constant (K):

Kc = (mol/lit)*
Kp = (atm)*"
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/—( REMEMBER ) .

m [f An is zero Kp =Kec
Here Kp and K¢ have no units.
eg.~N+0, < 2NO

m If An is positive then Kp > Ke
e.g.—PCl. < PCL +Cl
2NH, < N, +3H,

m If An is negative then Kc>Kp
elg.— 250, + 0, <250,

. J

Equilibrium Constant for a Multi step Reac-
tion:

For a multistep reaction equilibrium constant is
given as

K=K, K, K,

It means if a equilibrium reaction can be expressed
as the sum of two or more equilibrium reactions,
then the equilibrium constant for the overall reac-
tion is given by the product of the equilibrium con-
stants of the individual reactions.

eg.~HO,+2H" - 2" =1, +2H0

Steps: H,0, +I"— OH~+ HOI (K )
H"+OH — H,0 (K,
HOI+H"+I" - H,0+L (K,

HereK =K, .K,.K,

Expressions of K_and Kp for
Some Reactions

(i) Evaluation of KC and Kp for HI forma-

tion
H(» + L = 2H(y
Initially  amole b mole 0 mole
Ateq. @a-X) ©®-X 2X mole
mole mole

Molar concentration or active mass of the various
species at equilibrium will be

a—X

)= 25X mro
[L]=b-% mL"
(HI = 2 mL-

According to law of mass action

[HI]?
K.= .
¢ [H]I[L]
_ 4X?
@a-xX)b-X) -
Evaluation of K :
H,(» + L = 2HI(®
Initially amole b mole 0 mole
Ateq. @-X) ®O-X 2X mole
mole mole
Total number of moles = (a — X) + (b — X) + 2X
=a+b

Partial pressure of the three species can be calcu-
lated as:

_@-X)P
PEH)= "5+)
_b-XP
Pdy= (athb)
_eXP
PED= G+p)
On substituting the values in the law of mass action
@y
R RICRE
_ 4X?
@a-xX)b-X) -

(ii) In case of NO formation: Following the
process used in HI formation, we get

-4
Ke= (a—x?(b—x) :
__ 4
Kp= G -

(iii) In case of NH, formation:

4x* V2
Ke 27(a-x)* -

orl

Ko = 16x* (2 — x)*
P= 270 —x)'P -
orl

(iv) In case of PCI, dissociation:

__x
Ke= @V -
Kp = P x?

A=)
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lllustrations

1. At 440°C the equilibrium constant (K) for the
following reaction is 49.5.

H,(@+L (g = 2HI(®)

If 0.2 mole of H, and 0.2 mole of I, are placed
in a 10 L vessel and permitted to react at this
temperature. What will be the concentration of
each substance at equilibrium?

2HI (g)

Initially
Ateq.

Solution H,(g + L(g =

0.2 0.2 0
02-X 02-X 2X

@2xy

On solving
X=0.16
[HI]=2x0.16 2
=0.32
[H,]=[1,]=02-0.16=0.04

2. 0.5 mole of hydrogen and 0.5 mole of iodine
react in a 10 litre evacuated vessel at 450°C
hydrogen iodide is formed. The equilibrium
constant K . for the reaction is 50.

(1) Calculate the value of K,
(i1) Calculate the moles of iodine which are in
excess.
Solution () H, + I, = 2HI
1 mole 1 mole 2 mole

As K,=K_(RT)*= 50(RT)°

So K,=50
@) H, + I, = 2HI
0.5 0.5 0  Initially
05-X 05-X 2X At eq
HIJ?
« - _Hy

¢ [HIL]-

~ 2X)
T 05-X(05-X) °

50 . X

X=0.39
Excess of 1odine = 0.5 —0.39 =0.11 moles

3. Onemole of H,, two moles of I, and three moles
of HI are injected in a one litre flask. What will
be the concentration of H,, I, and HI at equi-
librium at 490°C? The equilibrium constant for
the reaction at 490°C 1s 45.9.

Solution [H],=1,[L,]=2, [HI]=3 mole L}
Suppose X mole of H, and X mole of I, reacted
at equilibrium, then

H + I, = 2HI
1-X  2-X 3+2X At eq
(HI}?

Ke=mrm

(3 +2X)
1-X2-X)

On solving, we get

X =0.684
At equilibrium
[H,]=1-X=1-0.684=0.316 mole L™
[[]=2-X=2-0.684=1316mole L
[HI]=3+2X =3+ (2) (0.684) = 4.368 mole L!

459 =

4. The concentration equilibrium constant, K . for
the reaction

N,+3H, = 2NH,
At400Kis0.5. Find K,
(R =0.082 L atm K-! mol)

Solution K =K_RD)*
For the equilibrium
N,+3H, = 2NH,
K.=0.5T=400K
An=2-(1+3)=-2
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R =0.082 L atm K-! mol!

K, = (0.5) x (0.082 x 400)

__05

= = —4 -2
(323) 4.65 x 10* atm

5. For the reaction,
CO, (@ +H,(®=CO(g) +HO (9

At 1100 K and 1.02 x 10° N m~ pressure, the
partial pressure of CO,, H, and CO are 2.18 x
104, 2.58 x 10* and 2.72 x 10* N m? respec-
tively. Find the K, for the reaction.

Solution CO,(g)+H,(g) = CO(g)+H,0(g)

— pCO * leO
P PC02 x pHZ

K

Partial pressure of H,0O (g)

=1.02x10°-(2.18 x 10*+2.58 x 10*+2.72
x 10%)

=272 x 10*
So

K,= 272 x10*x 272 x 10*
2.18 x 10* x 2.58 x 10*

=1.3154

6. For the reaction H, + I, < 2HI. The equilib-
rium concentration of H,, I, and HI are 8.0, 3.0
and 28.0 mo?2l per litre respectively. Calculate
the equilibrium constant of the reaction.

Solution H,(g) + I (g) < 2HI(g)

8.0 3.0 28.0 molar conc.

at eq.

¢ - HIF _ (80F

¢” THI,] ~ 8030 -

=32.66.

7. Find the value of Kp for dissociation of
2HI - H, +1,

If the equilibrium concentration of HI, H, and
I, are 3.53, 0.4789 and 0.4789 mole litre™!
respectively.

Solution 2HI < H, + I,

3.53 0.4789  0.4789 molar conc.
at eq.
i = LIl 0.4789 < 0.4789
¢~ THIP [3.53)
=184 x 10

Kp =K. RD™
Here An =0

Kp=K, = 1814 x 102

8. A gaseous mixture contains 0.30 mol CO, 0.10
mol H, and 0.2 mol H,O, plus an unknown
amount of CH, in each litre. This mixture is in
equilibrium at 1200 K.

CO (g) +3H, (g) < CH, (g) + H,0 ()

What is the concentration of CH, in this mix-
ture? The equilibrium constant, K = 3.92.

Solution CO (g) +3H, (g) <> CH, (2) + H,O (g)

0.30  0.10 X 0.2 eq. moles

030 0.10 X 02
] ] ] {~ eq. conc.
_ [CH,] [H,0]

¢ [COJ[H,P

X x0.2

392 = 530 % (0.10 -

X =5.88 x 1073 mol litre™!

9. Iron filings and water were placed in a 5.0
liter tank and sealed. The tank was heated to
1000°C. Upon analysis the tank was found
to contain 1.10 g of hydrogen and 42.50 g of
water vapour. The following reaction occurred
in the tank:

3Fe+4H,0 = Fe,0, +4H,

Calculate the equilibrium constant for the
reaction.

[Fe,O,] [H,]*

Solution K= W

CKHJ
K=y mor-
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Here k and k| are the concentrations of [Fe,O,]
and [Fe] respectively.

o Kx 9= ygi= bl
T kK~ © [HO]'

l. 10/2 02 _

[H,] = = 0.11 moles per litre

42.50/18.02
[H,01==355

= 0.47 mole per litre
0.11)*

=~ -
K= 007y

= 0.0030.

10. The K, value for the reaction:

H, + I, = 2HI, at 460°C is 49. If the initial
pressure of H, and I, is 0.5 atm respectively.
Determine the pamal pressure of each gas at
equilibrium.

Solution

H + [ = 2H

Initial pr. 0.5 0.5 0
At. eq. 05-X) (@©05-X) 2X

_ Xy
P (0.5-X)?
2X
05-X
2X=35-7X

9X =35

=35 _
X = = 0389

K =49

=7

At equilibrium:
P’H,=0.5-0.389=0.111 atm
P’I,=0.5-0.389=0.111 atm
P°’HI =0.389 x 2 =0.778 atm

11. K_for CO (g) + H,0 (g) = CO, (g) +H, (g)
at 986°C is 0.63. A mixture of 1 mole H,O
(g) and 3 mole CO (g) is allowed to react
to come to an equilibrium. The equilibrium
pressure is 2.0 atm.

(1) How many moles of H, are present at
equilibrium?

(11) Calculate partial pressure of each gas at
equilibrium.

Solution
®
CO (g) +H,0 (g) = CO, (&) + H, (8)
Initial mole 3 | 0 0
Mole ateq. 3 -X) (1-X) X X

Total mole at equilibrium
=3-X+1-X+X+X=4

X2

K= a-x -

0.63 = % (asK =063)

X

3+X2-4
X =0.681
Mole of H, formed = 0.681

(i1) Total pressure at equilibrium = 2 atm
Total mole at equilibrium = 4

P’ =P x mole fraction of that gas
g M

p°co,=pH,= X

= 068LX2 _ 034 atm

2-X)P
i

1-X)P
P’HZO=—( 1 )

P’CO= =1.16 atm

= (.16 atm

12. An equilibrium mixture at 300 K contains
N,O, and NO, at 0.28 and 1.1 atmosphere
respectlvely If the volume of container is
doubled, calculate the new equilibrium pres-
sure of two gases.

Solution
,0, = 2NO,
Pressure ateq.  0.28 1.1
(PNO,)*  (1.1)?
K,= PN,0, =038 " 4.32 atm

If volume of container is doubled i.e., pressure
decreases and will become half, the reaction
will proceed in the direction where the reaction
shows an increase in mole i.e., decomposition
of N,O, is favoured.

N,0, = 2NO,
(0.28-P) (1.1 +2P)
New pressure at eq. 5 =
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Here reactant N,O, equivalent to pressure P is
used up in doing so.

_ [(1L.1\2)+2PP_ [0.55+ 2P]?
v~ [(0.282)—P] _ [0.14-P]

P=0.045

PN,0,=0.14-0.045=0.095 atm

PNO, at new equilibrium = 0.55 +2 x 0.045
PNO, = 0.64 atm.

K

=432

13. At 25°C and 1 atmospheric pressure, the par-
tial pressures in equilibrium mixture of gaseous
N,O, and NO, are 0.7 and 0.3 atm respectively.
Calculate the partial pressures of these gases
when they are in equilibrium at 25°C and a total
pressure of 10 atm.

Solution
N,0, = 2NO,
Pressure ateq. 0.7 0.3
_ (PNO)Y* _ 03x03 _
»~ PNO, = 07 =0.1286 atm

Suppose decomposition at 10 atm pressure

N,O, = 2NO,
Initial mole 1 0
Mole ateq. (1-X) 2X
(n Noz)2

K= x P n)m

N2 04

2X)?
= ((l—;() x [10/(1 + X))}
_4X2 x 10

1.286 = a-x)
X =0.0565

) _ 22X _ 2x0.0565 x 10
P'NO, = 733 *P= “1+0056%)
=1.07 atm

1 —0.0565

P’N204= W x 10 =8.93 atm

14. At 540 K, 0.10 mole of PCI; are heated in a 8
litre flask. The pressure of the equilibrium mix-
ture is found to be 1.0 atm. Calculate K and K
for the reaction.

C

Solution

PCl, = PClL, + (I
Mole before diss. 0.1 0 0
Mole after diss. (0.1 —X) X X

Given: Volume of container = 8 litre
B [PCL] [CL}] _(X/8) . (X/B)

¢ [PCL] 0.1-X)/8
D CEE .
3ol )
PV =nRT
1 x8= (0.1 +X)x0.082 x 540
X=008 . (11)

From Equation (1) and (i1)

K.= % =4 x 107 mol litre™*
K,=K.RD)™
As An=+1
=4 x 102 x (0.082 x 540)
=1.77 atm

15. At some temperature and under a pressure of
4 atm, PCL, is 10 % dissociated. Calculate the
pressure at which PCI, will be 20 % dissoci-
ated, temperature remaining same.

Solution

PCl, = PCL, + CI
Mole before diss. 0.1 0 0
Mole after diss. (0.1 —a) o

Given: o = 0.1 at 4 atm pressure
_n (PCL) xn (CL)
P n (PCL)

= (‘i‘ig) /(1 + )]t

Pa> _ 4x(0.1)
(I-0) 1-(017
K, =0.040 atm

Again when a is needed at 0.2, K, remains
constant.

Po?

l-a? -

0.040 = 202
T 1-(0.2)7

P=0.96 atm

< (P )™

So K,=
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Degree of Dissociation (a):

It is the ratio of number of molecules dissociated at
equilibrium to initial number of molecules.
It is given as:

X = nY
1 0
(l1-a) na

Initial no. of moles
No. of moles at eq.

Total number of moles at eq. = (1 — a) + na
=l+@m-1a

Suppose the initial volume be V litre. Thus the vol-
ume at equilibrium

=[l+@-1a]V

Suppose ‘d’ is the observed vapour density at a par-
ticular temperature when degree of dissociation is
‘a’ and D is the vapour density when there is no dis-
sociation.

Do+ 0
1 ..
d x m ... (1)

Dividing eq. (i) by (ii),

D_

d°- l+@-Da

%—l= m-Da

D_,4-

d—d— n-Da

__D-d

= m-Dd-

Molecular weight

Here D = >

d = Vapour density

_ m
a_M_m(n—l) .

Here M = Initial molecular mass

m = Molecular mass at equilibrium
e.g., In the dissociation of PCl,, NH,Cl and N,O,,
the value of n=2 so

PCl;, = PCL +Cl,

NH,Cl = NH, +HCI
N,0, = 2NO,

Illustrations

16. Calculate the per cent dissociation of H,S (g)
if 0.1 mole of H,S is kept in 0.4 litre vessel at
1000 K. For the reaction

2H,S(g) = 2H,(g)+ S, (g) the value of K,
is 1.0 x 10°¢.

Solution 2HS(g) = 2H,(g)+S,(g)
0.1-X X X/2 At eq
V=04L

[H,* [S,]
Ke = TSP

_ [XIWVP [X72V]
T [(0.1=-X)/V]?

As X is very-very small s0 0.1 - X =0.1

X3
2V (0.1

X2=10x10%x2x04x0.1x%x0.1
= 8x10°?°
X=2x107

-3
% dissociation = 2><100—1><10O

=2%

K= =1.0x 10

17. The vapour density of N,O, at a certain tem-
perature 1s 30. Calculate, the percentage disso-
ciation of N,O, at this temperature.

Solution Normal molecular mass of N,0,
=28+64 =92
Normal vapour density (V.D. before dissociation)

D)= Normal moéecular mass_ 92_2 =46

Vapour density after dissociation (d) = 30.
N,0,(g) < 2NO, (g)

Degree of dissociation (x) = % .
_ 46-30 _ 16 _
=30@-D  30x71 0233

X% =535

18. What is the value of K_for the reaction,
L(g = 2I(g)
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at 1473 K, when 1 mole of I, (g) introduced
into an evacuated 1 litre flask such that only 5
% of it gets dissociated?

Solution For this reaction

L = 20
1 0

1-X 2X

e eXy
0] " 1-X -

(Initially)
(ateq.)

Kc

As degree of dissociation is 5 %
X=0.05

% K _(2x0.05)
0 BRCTT1005

0.01
=09 =0.0105
19. The K, for the reaction N,O, = 2NO, is 640
mm at 775 K. Calculate the percentage dis-
sociation of N,O, at equilibrium pressure of
160 mm. At what pressure, the dissociation
will be 50%7?

Solution
N,O, = 2NO,
Mole before eq. 1 0
Mole at eq. 1-X 2X
_ _4x N
KP_ (1 —X) x [l)/z‘n:lA
__4ax 160
=T X T+
_ _4X?

Tt

1-X2=X?

2X2=1

X:=%

X=0.707=170.7%

2 x (0.5)? P
64O=TXE‘ (as X =0.5)
P =480 mm

20. 0.1 mole of N,O, (g) was sealed in a tube under
atmospheric conditions at 25°C. Calculate the num-
ber of mole of NO, (g) present, if the equilibrium

N,O, (&) = 2NO, (g). (K,=0.14) is reached after
some time.

Solution

N,0, = 2NO,
0.1 o
©.1-a) 2a
As P 0.1
So 1wo0.1
If V and T are constant
Px0.1+a
P=1[(0.1+a)/0.1]

2 2
K, = ((fl—‘?a) x [P/0.1+ a)]!

_ 400
K, = ©.1-a) -

40 o?
©.1-a)

a =0.017
NO, =0.017 x 2 =0.034 mole.

=0.14

21. NH, is heated at 15 atm from 27°C to 347°C
assuming volume constant. The new pressure
becomes 50 atm at equilibrium of the reaction
2NH, = N, + 3H,. Calculate per cent of mole
of NH, actually decomposed.

Solution

2NH, = N, + 3H,
Initial mole o 0 0
Mole at eq. (0 —2X) X 3X

Initial pressure of NH, of a mole
=15 atm at 27°C
The pressure of a mole of NH,
=P atm at 347°C
15 p

300 620 -

P=31 atm
At constant volume and at 347°C

Mole o Pressure

o « 31
o+2X x50

Before eq.
Aftereq .
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% of NH, decomposed = % x 100

= 22190 90

=613%

22. (i) Find the vapour density of nitrogen tetroxide
which dissociates according to this equation.

N,0,(® = 2NO, (®)
at 373 K given the degree of dissociation of
N,0,is0.8
(11) Also find the total pressure of the mixture at
equilibrium (Given K¢ = 0.2616 mole litre™)
Solution

(1) The relationship between th degree of dis-
sociation and the densities is given as

q = =D’
D
Here D = calculate vapour density
D’ = observed vapour density at equilibrium
molecular weight 97

DofN,O,= > =5 =46
As a 1s given as equal to 0.8,
_46-D’
0.8="7
D’=2556

(i) As K,=K_RD)*™

N,0, = 2NO,

An=2-1=1
So K, =K. RT)

=0.2616 x 0.082 x 373 = 8 atm
Suppose the initial concentration of N,O, is 1 mole.
Initial concentration of NO, =0

As the degree of dissociation is 0.8 equilibrium con-
centrations of N,O, and NO, are (1 - 0.8 =0.2) and
(2 x 0.8 = 1.6) respectively.

So the total number of moles at equilibrium

=0.2+1.6=18mole.

If P is the total pressure at equilibrium, we get

_2x0.8
Pior= 18 * P
PN,0, = %2 x p
_ P2NO,
K = PN,
@ oty =27 OB/LB) P2
am =—455/18

On solving, we get
Total pressure (P) = 1.125 atm

Relation between Standard Gibb’s Free Energy
and Equilibrium Constant:

Or

Van’t Hoff Reaction Isotherm:

It shows the free energy change of a reaction at any
given temperature, pressure and composition of the
reacting system as follows:

AG= AG°+RTInJ
As at equilibrium AG is 0 so AG® =-RT In U

Here J stands for reaction quotient of partial pres-
sures of products and reactants.

Concentration terms of products
Concentration terms of reactants

J, means the partial pressure of the products and the
reactants at the equilibrium i.e., J_ can be replaced
by Kp.

So AG°=-RTInKp

AG°=-2.303 RT log ;K

If AG°>0 (+ve), K<l
Backward reaction is feasible
If AG°<0 (-ve), K=>1
Forward reaction is feasible
If AG°=0, K=0

Equilibrium state is obtained.

Illustrations

23. Calculate the value of log K, for the reaction,

N, (g) +3H, (g) = 2NH, (g)
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at 25°C. The standard enthalpy of formation of
NH, (g) is =46 kJ and standard entropies of N,
(2). H, (), and NH, (g) are 191, 130, 192 JK~!
mol! respectively. (R = 8.3 JK-! mol?)

Solution N, (g) +3H, (g) = 2NH, (g)
At equilibrium
-AG°=2303RTlog K, ...... o)
AG° = AH° - TAS®
Given: AH® for NH, = —46 kJ
AS°reaction = 2 x S°NH, — S°N, -3 x S°H,
=2x192-191-3x 130
=-1971]
T= 273+25=298K
AG°=-92 x 10° - 298 x (-197)
(AHe for reaction = —46 x 2 kJ)
=-92000 + 58706
AG°=-332947]

From equation (1)
+33294 =2.303 x 298 x 8.3 log , K,
log,,K,=5.845.

24. Given values of AG°, at 25°C for liquid etha-
nol (-174 kJ/mol) and gaseous ethanol (-
168.6 kJ/mol), Calculate the vapour pressure
of ethanol at 25°C?

Solution C,HOH () = C,H,0H (g)

AG® = [AG®, (C,H,OH) (g) - AG®, (C,H,OH) (g)]
AG°=(1)(~168.6 )= (1) (-174.9)

=+6.3kJ
AG°=-RT InK
_ =AG®°
InK = RT
—(6.3 kJ/mol)

[8314 % 10° K/(K.moD] 298 K) ~ 2>

K = ¢2%=0.079
K =K, =PC,H,OH =0.079 atm

LE CHATELIERS PRINCIPLE

It describes the effect of change in concentration,
pressure and temperature on the reversible system.

According to it, “If the system at equilibrium
is subjected to a change of concentration or tem-
perature or pressure, the system adjusts itself in
such a way as to annual the effect of that change
1.e., the effect of these changes can be neglected
or minimized.”

Effect of Concentration

m An increases in concentration of any substance
favours the reaction in which it isused up 1.e., in
opposite direction.

m An increase of concentration of reactant favours
formation of more product i.e., forward reaction.

m Increase in concentration of product favours
backward reaction. i.e., its continuous removal is
essential for more formation of it.

Effect of Pressure
m High pressure is favorable for the reaction in
which there is a decrease in volume or nr > np.

m Low pressure is favorable for the reaction in
which there is an increase in volume or nr <np.

m Pressure is kept constant when volume is con-
stant or nr = np.

Here nr = moles of gaseous reactant
np = moles gaseous product

Effect of Temperature

m Increase in temperature favours the forward reac-
tion in the endothermic reaction (AH = +ve)

m Decrease in temperature favours the forward
reaction in the exothermic reaction (AH = —ve).
Applications of Le Chatelier’s Principle
1. On Physical Equilibrium
(1) Ice-Water System (Melting of Ice):
Ice <> water —heat (AH = +ve)

Asitis an endothermic process and there is a decrease
in volume so, the favourable conditions for melting
of ice are high temperature and high pressure
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(i) Water-Steam System (Evaporation of
Water):

Water <> steam — heat (AH = +ve)

(As it is an endothermic process and there is a)
increase in volume so, the favourable conditions
for evaporation of water are high temperature and
low pressure.

(ii1) Solubility of Gases in Liquids: When a gas
dissolves in a liquid, there is a decrease in its
volume so an increase in pressure will favour
the dissolution of a gas in liquid 1.e., solubil-
ity of a gas is directly proportional to partial
pressure of the gas (Henry’s law)

On opening carbonated water bottle, CO, comes out
as its pressure decreases.

(1v) Effect of Temperature on Solubility:
Exothermic substances like CaO, Ca(OH), ,
KOH are more soluble in cold water than in
hot water 1.e., low temperature favours their
solubility.

Endothermic substances like sugar, urea are more
soluble in hot water than in cold water 1.e., high tem-
perature favours their solubility.

(v) Effect of Pressure on Boiling Point:
Onincreasing pressure boiling point increases
as vapour pressure decreases.

(vi) Effect of Pressure on Melting Point:
Solid (V)) = Liquid (V,)

If V>V, melting is favoured by increase of
pressure so melting point decreases for such
solids.

If V| <V, melting is favoured by lower pres-
sure so melting point increases for such solids.

/—[ REMEMBER ] |

m Conversion of a solid into liquid, liquid into
gas 1s favoured by high temperature in most
of the cases.

m Melting of solids is accompanied by increase
of volume so low pressure favours their melt-

ing while high pressure favours solidification.
Q J

2. On Chemical Equilibrium

(1) Formation of Nitric Oxide:
N, (g) + O, (g) <> 2NO (g) — 43200 calorie

Here favourable conditions for formation of NO are
more concentration of N,, O, constant pressure (as
np = nr) and high temperature (as it is endothermic).

(11) Formation of Ammonia:
N, () + 3H, (g) <> 2NH, (g) + 22400 cal.

Favourable conditions for NH, formation are more
concentration of N, H, high pressure (as np <nr)
and low temperature (as 1t is exothermic).

Effect of Adding Inert Gas on
Equilibrium

m When np is equal to nr there 1s no effect of adding
an inert gas either at constant volume or pressure.

m When np # nr there is no effect of adding an inert
gas at constant volume.

m When np # nr at constant pressure on adding
inert gas equilibrium will shift towards more
volume side. e.g., Dissociation of ammonia
will be more at constant pressure by adding
inert gas like argon (Ar).

Solved Problems from the lITs

1. For the reaction,
CO () +2H, (g) = CH,0H (g)

hydrogen gas is introduced into a five litre flask
at 327°C, containing 0.2 mole of CO (g) and a
catalyst, until the pressure is 4.92 atmosphere.

At this point 0.1 mole of CH,OH (g) is formed.
Calculate the equilibrium constants K, and K .

[IIT 1990]

Solution Let the number of moles of hydrogen
introduced be ‘m’ moles.
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Total moles of CO and hydrogen =0.2 + m
As PV=nRT
P=4.92 atm,
V=5 litre
R=10.082
T=(273+327)=600K
4.92 x5=0.082 x 600 x (0.2 +m)

_ 492x5
02+m= 55685 %600

m = 0.3 mole

CO (g) + 2H,(g) = CH,OH (g)

Ateq. 02-X 03-2X X
02-01 03-02 0.1
=0.1 =0.1
‘ 0.1 0.1 0.1
Active 75 El El
Masses

According to law of mass action
_ [CH,OH]
e = [col -
B (0.1/5)
0.1/5) x (0.1/5)* -

= 2500 mol?L?
K,=K_ RD)*
As An=-2
K, = 2500 x (0.082 x 600)2

2500
492 x492 -

=1.0327 atm™.

K,=

2. 0.15 mole of CO taken in a 2.5 litre flask is
maintained at 705 K along with a catalyst so
that the following reaction can take place:

CO(g)+2H, (g) = CH,OH (g)

Hydrogen is introduced until the total pressure
of the system is 8.5 atm at equilibrium and
0.08 mole of methanol is formed. Calculate
(1) K, and K. (ii) the final pressure if the same
amount of CO and H, as before are used, but
with no catalyst so that the reaction does not
take place.

[TIT 1993]

Solution Let the total number of moles of gases
be n at equilibrium.

As PV= nRT
GivenP=85atm, V=25L

R=0.0821 atm L mol* K-!

T=705K

L _85x25
0.0821 x 705

CO(g) + 2H,(g) = CH,OH (g

=0.367 mol

Initial 0.15 (nH,), 0
mole
Ateq. 0.15-X [(mH),-2X] X=0.08

Number of moles of CO at equilibrium

=0.15-0.08 =0.07 mole

Number of moles of H, at equilibrium
= total moles — moles of CO — moles of CH,OH
=(0.367 -0.07 - 0.08)
=0.217 mole

According to law of mass action
_ [CH,OH]
¢ [COIH,)

~ (0.08/25)
(0.07/2.5) x (0.217 x 2.5 -

=151.6 mol? L2

K, =K. RD)*

=151.6 x (0.0821 x 705)?
=0.045 atm?

As [(y,),—2X]=0.217
(n,,), =0.217 +2 x0.08
=0.377 mole

(ng,), =0.15

Total moles (n)) =0.377 +0.15 =0.527
n,RT
So p,= ~

_ 0.527 x 0.0821 x 705
2.5

=12.20 atm.




Chemical Equilibrium B 5.17

3. At temperature T, the compound AB, (g) dis-
sociates according to the reaction,

2AB,(g) = 2AB(g) +B,(g)

with a degree of dissociation, X, which is small
compared with unity. Deduce the expression or
X in terms of the equilibrium constant, K, and
the total pressure P.

[TIT 1994]

Solution 2AB,(g) = 2AB(g)+B, ()

X

At. eq. 1-X X >

Total moles at equilibrium =1 - X + X + %

_2+X

_ @)’ @5y
P B’

_[2X/2 +X)}. PP (X2 +X) P
B 2(1-X)/2+X).P]2

_ X3P
Q+X)(1-XP -

As Xisvery small, 2+X)=2 and (1 -X)=1

So K,= =5~

X = (2K /P)"?

4. A sample of air consisting of N, and O, was
heated to 2500 K until the equilibrium N, (g) +
0,(g) = 2NO(g)

was established with an equilibrium constant
Kc =2.1 x 1073, At equilibrium, the mole % of
NO was 1.8. Estimate the initial composition of
air in mole fraction of N, and O,

[IIT 1997]

Solution N, (g) +0,(g) = 2NO(g)

Let the total number of moles of N, and O, at
initially = 100

Number of moles of N, at initially = a

Let the number of moles of NO present at equi-
librium = X

N,(® + 0,(® = 2NO(®
Initially a 100 — a 0

Ateq.  (1-X) (100-a-X) 2X
2X _ 18
100 100 -
X=0.9
_ _INop
As KC [Nz] [OZ] .
g 21x10°= @Xp
© @-X100-a-X)
- (2% 0.9)
2.1x10%= (@a—0.9)(100—a-0.9) -
a=79

% if N, in air =79 %
% of O, in air = 100 =79 =21 %

S. When 3.06 g of solid NH HS is introduced into
a two-litre evacuated flask at 27°C, 30% of the

solid decomposes into gaseous ammonia and
hydrogen sulphide.

(1) Calculate K . and K, for the reaction at 27°C.

(1) What would happen to the equilibrium
when more solid NH,HS is introduced into
the flask?

[IIT 1999]

Solution (i) NHHS(s) = NH,(g) + HS(®)
3.06

Initial moles <7 - 0.06 0 0

Eq. moles (0.06-0.018) 0.018 0.018

Molar conc. 1 Ong Ong
o = 8065300018
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_[NH,] [H,S]
¢~ TINH,HS]

_ (0.018/2)?
-

8.1 x10°mol L!

K

K,= K. x RT)*™
K,=8.1x 107 x (0.082 x 300)
=0.079 atm?

(i) Addition of NH,HS will not effect the
equilibrium position.

. In the following equilibrium,
N,O,(® = 2NO,(g)

When 5 moles of each is taken and the tem-
perature is kept at 298 K, the total pressure was
found to be 20 bar.

Given: AG°, (N,0,) = 100kJ
AG°,(NO,) =50kJ
(a) Find AG of the reaction at 298 K.

(b) Find the direction of the reaction.

[IIT 2004]
P (NO,) J?
Solution Reaction quotient = %
- 100 _
=0 ~10
AG’(’Reaction = 2 AGof (NOZ) - AGof (N204)
= 2 X 50 - 100 = O

Here negative value of AG shows that reaction
will be in forward direction.

. The equilibrium constant of the reaction,
A,(®+B,(g) = 2AB (9

at 100°C is 50. If a one litre flask containing
one mole of flask containing one mole of A, is
connected to a two litre flask containing two
moles of B,, how many moles of AB will be
formed at 373 K?

[TIT 1985]

Solution
A,(® +B,(® = 2AB(®
Initially 1 2 0
ateq. (1-X) 2-X) 2X
(total

volume

=3 1it)

Active (1-X) 2-X) 2X
masses 3 3 3

According to law of mass action,

« o ABR @y
c [AIB,] 1-X)(2-X) -
3 3

o 4x
CA-X0C-X)

4X2 _
T-xne-x 0
4X2= (2= 3X +X2) x 50
2X2= (2 - 3X + X2 x 25

23X2-75X+50=0

<= 75 £ V{(75)* =4 x 23 x 50}
- 2x23

X=2.3170r0.934

The value of X cannot be more than one that is,
greater than the number of moles of A, so

X=0.943

Number of moles of AB = 2X
=2 x0.934)

=1.868

8. At a certain temperature, equilibrium constant
(K,) is 16 for the reaction:

SO, (g) +NO, (g) = SO, (g) +NO (g)

If we take one mole of each of the four gases in
one litre container, what would be the equilib-
rium concentration of NO and NO,?

[IIT 1987]

Solution SO, (g) +NO, (g) = SO, (g) +NO (g)
Imitial 1 1 1 1
conc.
Eqg (1-X) (1-X) 1+X 1+X
conc.
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According to law of mass action

_ [SO,][NO]
¢ [SO,J[NO,]

(A +X0+X)

RIS S

1+X _
-X

1+X=4-4X

4

5X =3

X=3/5=06

Concentration of NO, at equilibrium = (1 - 0.6)
=0.4 mole

Concentration of NO at equilibrium = (1 + 0.6)

= 1.6 mole

9. N,0, is 25% dissociated at 37°C and one atmo-

spheric pressure. Calculate (i) K, and (ii) the
percentage dissociation at 0.1 atmospheric and
37°C.

[IIT 1988]
Solution N,0,(g) = 2NO,(g)
Initial 1 0
Ateq (1-X) 2X

Total moles = (1 - X) +2X =(1 +X)

_(1-%
PNO) =75 P

p(NOZ)=%‘P

Given X=0.25and P=1 atm

_(1-0.25 B
P (N204)——(1 1025 x 1=10.6 atm

(2 x0.25)
p(NOZ)=m>< 1 =0.4 atm

_ Py’ _04x04

K=pNoO,” 06

=0.267 atm

Let the degree of dissociation of N,O, at 0.1
atm be ‘a’ then,

1-
pm204)=% x 0.1

10.

p(Nol)=Zl%l)xo¢

_ (2a/l +a)*>x (0.1)?
)]
(1+a)

x 0.1

__4ax0.1 _ 042’
(l-ay(l+a) {(A-a»)

0.4 a*

0267 =745

0.267 = 0.667 a?
a=0.632
So dissociation of N,O, = 63.2 %.

One mole of nitrogen and three moles of hydro-
gen are mixed in a 4 litre container. If 0.25 %
of nitrogen is converted into ammonia by the
following reaction:

N, (g) +3H, (g) = 2NH, (g),

Find the equilibrium constant (K ) in concen-
tration units. What will be the value of K for the
following equilibrium?
%N, (g) +3/2H,(g) = NH, (g).

[IIT 1989]

Solution N, (g) + 3H,(g) = 2NH, (g)

Ateq (1-X) (3-3X) 2X

Active (1 —0.0025) (3 —0.0075) (0.0050)
masses 4 4 4

According to law of mass action
¢ [N [H,]

~ (0.0050/4)
(0.9975/4) (2.9925/4)

=1.49 x 10~ lit?mol

K for the reaction,

%N, (g) +3/2H, (g) = NH, (g)
is equal to VK .

K =VK_.=(1.49 x 10%)

=3.86 x 107 lit mol™!



5.20 B Chemical Equilibrium

11.

The equilibrium constant K, for the reaction,
250, (g) + 0, (g) = 250, (g)

is 900 atm™ at 800 K. A mixture containing SO,
and O, having initial partial pressure of 1 and
2 atm respectively is heated at constant volume
to equilibrate. Calculate the partial pressure of
each gas at 800 K.

[IIT 1989]

Solution The system in the initial stage does
not have SO,. SO, decomposes to form SO, and O,
until equilibrium is reached. The partial pressure
of SO, decreases.

12.

Suppose the decrease in partial pressure is 2X.

250, () + O, (g) = 280, ()

Ateq 2X 2+X 1-2X

According to law of mass action

K = (1-2Xy
PRXPQ+X)"

[As 2+X)=2]

_(1-2Xy

900 = o

1-2X
X

On solving

=84.45

X =0.0115 atm

So the partial pressures at equilibrium are:
p (80,)=2x0.0115=0.023 atm
p(0)=2+00115=2.0115 atm

p(S0,)=1-2x00115=0.977 atm

For the reaction,
CO (g) +2H, (g) = CH,0H (g)

hydrogen gas is introduced into a five litre
flask at 327°C, containing 0.2 mole of CO (g)
and a catalyst, until the pressure is 4.92 atmo-
sphere. At this point 0.1 mole of CH,OH (g) is
formed. Calculate the equilibrium constants K
and K .

P

[IIT 1990]

Solution Let the number of moles of hydrogen
introduced be ‘m’ moles.

13.

Total moles of CO and hydrogen =0.2 + m
As PV=nRT

P=4.92 atm,

V=5 litre

R=10.082

T=(273+327)=600K

492 x5=0.082 x 600 x (0.2 +m)

4.92 x5
0.082 x 600 -

02+m=
m = 0.3 mole
CO (g) + 2H, (g) = CH,0H (g)

Ateq. 02-X 03-2X X
02-0.1 03-02 0.1

=0.1 =0.1
Adive 01 01 01
Masses 3 5 5

According to law of mass action,
_ [CH,0H]
¢ [COI[H,]*

B (0.1/5)
" (0.1/5) x (0.1/5) -

=2500 mol2L?

K,=K, RD*

As An=-2

K, =2500 x (0.082 x 600)~

_ 2500
Ke=292x492"

=1.0327 atm™.

0.15 mole of CO taken in a 2.5 litre flask is
maintained at 705 K along with a catalyst so
that the following reaction can take place:

CO (g) +2H, (g) = CH,OH (g)

Hydrogen is introduced until the total pressure
of the system is 8.5 atm at equilibrium and 0.08
mole of methanol is formed. Calculate (i) K,
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and K, (i) the final pressure if the same amount Total moles (n,)) = 0.377 +0.15 =0.527
of CO and H, as before are used, but with no 0 RT
catalyst so that the reaction does not take place. So p,= OT
(IIT 1993] _0.527 x 0.0821 x 705
25
Solution Let the total number of moles of gases =12.20 atm.
be n at equilibrium. 14. At temperature T, the compound AB, (g)
As PV =nRT dissociates according to the reaction,
GivenP=85atm, V=25L 2AB, (2) = 2AB () + B, (9)
R =0.0821 atm L mol~ K-! with a degree of dissociation, X, which is small
compared with unity. Deduce the expression
T=705K for X in terms of the equilibrium constant, K,
and the total pressure P.
n=52X 23— 0367 mol
CO () +2H, (g) = CH,0H (g)
Initial 0.15 (H), O Solution 2AB, (g) = 2AB () +B, (g)
mole X

At eq. (1-X) X >

Ateq. 0.15-X [(nf],),~2X] X=0.08 Total moles at equilibrium =1 - X+ X + %
Number of moles of CO at equilibrium 14X
=0.15-0.08 = 0.07 mole 2 =%
(AB)="—.P
Number of moles of H, at equilibrium P ¥o2+X)
- __2X
= total moles —moles of CO —moles of CH,OH p (AB)= DR P
=(0.367-0.07 - 0.08) %
p®B)= m .P
=0.217 mole
According to law of mass action K = ®sp)° Pgy)
P ()
_ [LOH] 2X/(2 +X)}. PP (X2 +X) P
¢ [COIHF - _[2XI2 + X)) PP ( X).
2 21-X)Y/2+X).P)?
B (0.08/25) 3P
7 (0.07/2.5) x (0.217 x 2.5)*" =m :
=151.6 mol2L? As X isvery small, 2 +X)=2and (1 -X)=1
3
K, =K. RD* So K, = %
=151.6 x (0.0821 x 705) 0= 211><P
=0.045 atm?
atm X = (2KP/P)1/3
As [(ng,), = 2X]=0217 15. A sample of air consisting of N, and O, was
(n,,),=0217+2x0.08 heated to 2500 K until the equilibrium N, (g)

+0 = 2NO
=0.377 mole ,(®) ®

was established with an equilibrium constant
(00), =015 Kc=2.1 x 10 At equilibrium, the mole % of
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NO was 1.8. Estimate the initial composition of
air in mole fraction of N, and O,

[IIT. 1997]

Solution N, (g) + 0, (g) = 2NO (g)

16.

Let the total number of moles of N, and O, at
initially = 100

Number of moles of N, at initially = a

Let the number of moles of NO present at equi-
librium = X

N,(@ + O,(9 = 2NO(g)

Initially a 100 —a 0
Ateq. (1-X) (100-a-X) 2X
2X _18
100 100~
X=0.9

[NOJ?

As K. =—[N2] [0,

G Xy
So 21x 107 = =55 (30 =2 =% -

o (2 x 0.9y
21107 = =59y 00 -a-09) -

a=79

% if N, in air =79 %

% of O, in air = 100 -79 =21 %

When 3.06 g of solid NH HS is introduced into
a two—litre evacuated flask at 27°C, 30% of the

solid decomposes into gaseous ammonia and
hydrogen sulphide.

(1) Calculate K and K, for the reaction at 27°C.

(11) What would happen to the equilibrium
when more solid NH,HS is introduced into
the flask?

[IIT 1999]

Solution (i) NHHS (s) = NH,(g) + H,S (g)

Initial moles w 0 0

Eq. moles (0.06 - 0.018) 0.018 0.018

17.

Molar cone. 1 T T

_0.06 x30 _
=100 =0.018

 INH,J [H,]
¢~ TINHS]

_(0.018/2)?
T

=8.1x10"mol L

K, =K. x RT)*™

K,=8.1x 10" x (0.082 x 300)
=0.079 atm?

(i1) Addition of NH,HS will not effect the
equilibrium position.

K

In the following equilibrium,
N,0, (g = 2NO, (g)

When 5 moles of each is taken and the tem-
perature is kept at 298 K, the total pressure was
found to be 20 bar.

Given: AG°.(N,0,) = 100 kJ
AG°,(NO,) = 50 kJ
(a) Find AG of the reaction at 298 K.

(b) Find the direction of the reaction.

[IIT 2004]
P (NO) J
Solution Reaction quotient = %
100 _
=70 =10
AG"’Reaction= 2 AGof (NOZ) - AGof (N204)
=2x50-100=0

As AG =AG®-2303RT log,, Q,
=0-2303 x 8314 x 298 log,, 10
=-57.05.81]
=-5.705kJ

Here negative value of AG shows that reaction
will be in forward direction.
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MULTIPLE-CHOICE QUESTIONS

Straight Objective Type Questions
(Single Choice only)

1.

In a reaction A, (g) + 4B, (g) <> 2AB, (g); AH <0.
The formation of AB, (g) will be favoured by

a. low temperature and high pressure
b. high temperature and high pressure
c. low temperature and low pressure

d. high temperature and low pressure
For which of the following reaction, K =K ?

a. 2NOCI (g) <> 2NO (g) + Cl, (g)

b. N, (g) + 3H, (g) © 2NH, (g)

C. H, (g) + Cl, (g) < 2HCI (g)

d. PCI, (g) + Cl, (g) < PCl(g)

In what manner will increase of pressure affect the
following equation?

C(»+H,0(® < CO(»+H,(®

shift in the reverse direction
. shift in the forward direction
. increase in the yield of hydrogen

e AT ®

. no effect

Which one of the following statements does not
describe the equilibrium state?

a. The rate of forward reaction is equal to the rate
of the reverse reaction.

b. Equilibrium is dynamic and there is no net
conversion to reactants and products.

c. The concentration of the reactants is equal to
the concentration of the products.

d. The concentration of the reactants and prod-
ucts reach a constant level.

Which of the following statements is false regard-

ing the equilibrium constant, Kc?

a. When quoting K. it is customary to omit units.

b. The numerical value of K . depends on the
form of the balanced equation.

c. K, for a reaction at a particular temperature
always has the same value.

d. K, for the reverse reaction is the negative of
K, for the forward reaction.

10.

11.

Which statement is true about equilibrium con-
stant? The value of K

. remains same

. changes as product concentration changes

. changes as reactant concentration changes

e 0 T o

. changes as temperature changes.

Write the equilibrium equation for the forward
reaction:

2CH, () + 30, (g) = 2CO () +4H,0 ()

_ [CH+[O,)

_ [COP [H,0]*

b K= cH o
 2[CH] +3[0)]

¢ Ke=z[coiramor

_2[CO] +4[H,0]
c 2 [CH,] +3[0,]

Nitric oxide reacts with oxygen to form nitrogen
dioxide:

2NO (g) + O, (g) = 2NO, (g)

What is K” for the reverse reaction if the equilib-
rium concentration of NO is 0.300 M, O, is 0.200
M, and NO, is 0.530 M at 25°C?

a. 0.1584 b. 6.24

c. 0.0641 d. 1.641

IfK . is the equilibrium constant for a forward reac-
tion what is K . for the reverse reaction?

a. 1K,
c K,

b. K,
d. None of these

Given the reaction:

2HI = H, + I,. If K’ for the reverse reaction is
1.85 x 107 at 425°C, what is K for the forward
reaction at the same temperature?

a. 58.1 b. 64.2
c. 541 d. 541

For the reaction

N, (g) + 20, (g) = 2NO, (g),
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12.

13.

14.

15.

16.

17.

K. =83 x 107 at 25°C. What is the concentration
of N, gas at equilibrium when the concentration of
NO, is twice the concentration of O, gas?

a. 24 x 10°M b. 48 x 10°M
c. 2.8x10°M d. 28 x10°M

If K = 7.04 x 107 for the reaction:
2HBr (g) = H, (g) + Br, (8)

What is the value of K . for the reaction:

72 H, (g) + 2 Br, (g) = HBr (g)?

a. 2.68 b. 0.385

c. 377 d. 3.77

If K, equals to 0.11 at 25°C for the reaction:
N,O, (g) = 2NO, (g), what is K . for the reaction:
NO, (g) = 2 N,0, (g)?
a. 1.5

c. 6.0

b. 3.0
d 55

Which one of the following statements about the
equilibrium constant (Kp) is false?

a. Total pressures are used in the equilibrium
equation in place of molar concentrations.
b. The units for Kp are usually omitted.

c. An = the sum of the coefficients of the gaseous
products — the sum of the coeflicients of the
gaseous reactants

d. The relationship between Kp and K, is:
Kp=K_(RT)*
Given the reaction at a certain temperature

2HI (g) = H, (g) + L, (g). At equilibrium, the par-
tial pressure of HI is 1.8 x 10~* atm and the partial
pressures for H, and I, are 0.10 atm each. Find Kp
at that temperature.
a. 3.1 x10°
c. 4.8 x10*

b. 3.1 x 103
d. 2.8 x 107

If K, = 2.0 x 10* at 25°C, for the following
reaction:

H, (g) + Cl, (g) = 2HCI (g), then find Kp at the
same temperature.

a. 3.5 x10% b. 2.0 x 10*
c. 1.8 x10% d. 4.0 x 10%
Phosphorous  pentachloride ~ decomposes  to

phosphorous trichloride and chlorine gas at elevated
temperatures by the following reaction:

PCI, (g) = PCI, (g) + Cl, (g). IfFK_ = 1.8 at 250°C,
what is the value of Kp at the same temperature.

18.

19.

20.

21.

22.

a. 77
c. 7.7 x 10

b. 67
d. 6.7 x 1072

The decomposition of ammonia is:

2NH, (g) = N, (g) + 3H, (). If Kp is 1.5 x 10° at
400°C, what is the partial pressure of ammonia at
equilibrium when N, is 0.10 atm and H, is 0.15 atm?
a. 4.1 x 10 atm
b. 1.5 x 10% atm
c. 3.8 x10™*atm
d. 47 x 10* atm

The decomposition of ammonia is:

2NH, (g) = N,(g) + 3H, (g). If the partial pressure of
ammonia is 1.6 x 10~ atm and the partial pressures
of N, and H, are each 0.25 atm at equilibrium,
what is the value for K at 400°C for the forward
reaction?

a. 0.20

c. 2.8x103

b. 0.50
d. 150

The decomposition of ammonia is:

2NH, (g) = N,(g) + 3H, (g). If the pressure of
ammonia is 1.0 x 10~ atm, and the pressures of N,
and H, are each 0.20 atm, what is the value for Kp
at 400°C for the reverse reaction?

a. 62 x10* b. 2.6 x 10

c. —62x10* d. 42 x10*

A 1.50 L vessel contains an equilibrium mixture of
0.100 mol of NO, 0.150 mol of Br,, and 0.250 mol
of NOBr at 25°C. What is the value of Kp for the
following reaction:

2NO (g) + Br, (g) = 2NOBr (g)

a. 25.6 b. 12.8

c 2.56 d. 526

As a rule, which of the following phases are not
included in the equilibrium constant expression?

I. Pure liquids
II. Pure solids
III. Aqueous solutions

IV. Gases
a. Tand III b. I and II
c. ITand IIT d. Tand IV

Which equilibrium below is homogeneous?
a. 2CO(g) + O, (g) = 2CO, (2)

b. NHNO, (s) = N,0 (g) + 2H,0 (g)

¢. BaSO, (s) = Ba* (aq) + SO,* (aq)

d. 2H,0, (1) = 2H,0(1)+ O (g)
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24.

25.

26.

27.

What is the equilibrium equation for the dissocia-
tion of formic acid in water?

HCOOH (aq) + H,O (1) =

H,0" (aq) + HCOO™ (aq)

[HCOOH]

a K.~ [H,0°] [HCOO] -

[H,0*] [HCOO']
Ke™ " mcoon)

[H,0%] [HCOO"]

© ®¢” [HCOOH] [H,0]

[HCOOH] [H,0]

What is the equilibrium equation for the following
reaction?

C,H, (g) +30, () = 2CO, () + 2H,0 ()

P, I
~ KPP,
PP F

b. Kp= P [P

2 2
coz] Hzo]

[Py ] P, I

c. Kp=—S8c 00

[P,

[Peo ) [Py o)

R TR, I

C,H,
For which one of the following reactions will
K,.=Kp?

a. COCl, (g) = CO(g) +ClL, (2)

b. 20, (g) = 30,(g)

¢. ZnO (s) +CO(g) = Zn(s) + CO, (g)

d. CO(g)+2H,(g) = CH,OH (g)

If K, = 0.900 and Kp = 538 for a hypothetical
reaction, which of the equations below could
represent the reaction at 25°C?

a. A(g)=2C(s)+D(g)
b. B(gg=COD+D()

c. A()+2B(g) = 2C (g)
d A(g) +B(s)=3C(g)

28.

29.

30.

31.

32.

Given the hypothetical reaction:

2A (s) + nB(g) = 3C (g), Kp = 0.0105 and
K. = 0.45 at 250°C. What is the value of the
coefficient ‘n’?

a 2 b. 3

c 4 d 5

For the reaction,

A(g)+2B(g) = 2C(g),K, =1 x 107 at 25°C.

Which of the following statements is true?

a. The reaction is favoured in the reverse direc-
tion

b. The value of Kp will be larger than the value
for K.

c. An=+1

d. The concentration of the products is greater
than the concentration of the reactants.

Which statement is true for a reaction with K , equal
t02.43 x 107127

a. The reaction proceeds nearly all the way to
completion

b. The reaction proceeds hardly at all towards
completion

c. Increasing the temperature will not change the
value of K,

d. There are appreciable concentrations of both
reactants and products

For the reaction:

4HCI (g) + O, (g) = 2Cl, (g) + 2H,0 (1), the
equilibrium constant is 0.063 at 400 K. If the
reaction quotient is 0.100, which of the following
statement is not correct?

a. [O,] will increase
b. [CL,] will decrease
¢. [H,0] will increase

d. [HCI] will increase

The equilibrium constant is equal to 5.00 at 1300 K
for the reaction:

280, (g) + 0, (g) = 280, ()

If initial concentrations are [SO,] = 1.20 M, [O,]

=0.45M and [SO,] = 1.80 M, the system is

a. Not at equilibrium and will remain in an
unequilibrated state.

b. Atequilibrium

c. Not at equilibrium and will shift to the right to
achieve an equilibrium state.

d. Not at equilibrium and will shift to the left to
achieve an equilibrium state.
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34.
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36.

37.

The equilibrium constant (Kp) equals to 3.40 at
25°C for the isomerisation reaction:

Cis-2-butene = trans-2-butene

If a flask initially contains 1.00 atm of each gas, in
what direction will the system shift to reach equi-
librium?

a. The system is already at equilibrium

b. The system is not at equilibrium and will
remain in an unequilibrated state.

c. It will shift left.
d. It will shift right.

At a certain temperature, bromine and nitric oxide
react to form nitrosyl bromide:

Br, (g) + 2NO (g) = 2NOBr (g)
When initial amounts of Br,, NO and NOBr are

mixed, the concentration of NOBTr increases. Which

of the statements is true?

a. K.=Q

b. K.<Q

¢ K.>Q

d. More information is needed to make a state-
ment about K .

At a certain temperature, bromine and nitric oxide
react to form nitrosyl bromide.

Br, (g) + 2NO (g) = 2NOBr (g). When 0.010 mol
Br, is mixed with 0.025 mol NO and 0.015 mol
NOBr in a 2.50 litre flask, the concentration of
NOB:r decreases. Which of the statements is true?

a. K <90 b. K_>90
c K, <45 d K.>36

At a certain temperature, K equals 1.4 x 10 for
the reaction:

2CO (g) + O, (g) = 2CO, (g)

If a 2.50 litre flask contains 0.400 mol of CO, and
0.100 mol of O, at equilibrium, how many moles of
CO are also present in the flask?

a. 0.169 mol b. 0.238 mol

¢. 1.69 mol d. 0.0894 mol

For the isomerisation reaction:

Butane = Isobutane
Kp equals 25 at 500°C. If the initial pressures
of butane and isobutane are 10. atm and 0.0 atm
respectively, what are the pressures of the two gases
at equilibrium?
a. P (butane) = 10 atm and

P (isobutane) = 0.40 atm

38.

39.

40.

41.

42.

b. P (butane) = 9.8 atm and
P (isobutane) = 0.38 atm

c. P (butane) =0.46 atm and
P (isobutane) = 10 atm

d. P (butane)=0.38 atm and
P (isobutane) = 9.6 atm

At a certain temperature the equilibrium constant
(K,) equal 0.11 for the reaction

2ICI(g» =L (e) +ClL(2)

What is the equilibrium concentration of ICI if
0.75 mol of I, and 0.75 mol of ClI, are initially
mixed in a 2.0 litre flask?

a. 045M b. 1.45M

c. 0.14M d. 090 M

The esterification of acetic acid and ethanol is
given by the reaction below:

C,H,OH (aq) + CH,COOH (aq) =
CH,COOC H (aq) + H,0 (1)

When 1.00 mol of ethanol was mixed with
2.00 mol of acid in a 1.00 litre flask, 0.86 mol of
ester was formed at room temperature. What is the
value of the equilibrium constant (Kc)?

a. 2.8 b. 54

c. 64 d. 10.8

Kp is equal to 48.70 at 731 K for the reaction: H,
(g) +1,(g) = 2HI (g). Initially the mixture contains
0.08592 atm each of H, and I, and 1.0000 atm of
HI. What is the pressure of HI at equilibrium?

a. 0.9108 atm b. 0.8796 atm

c. 0.1908 d. 0.02859

When baking soda is heated it decomposes
according to the following reaction:

2NaHCO, (s) =
Na,CO, (s) + H,0 (g) + CO,(g)

If sufficient baking soda is placed in a container
and heated to 90°C, the total pressure of the gases
is 0.5451 atm. What is the value of Kp at the
temperature?
a. 0.05428
c. 0.4728

b. 0.18754
d. 0.07428

Ammonium carbamate can dissociate into gases at
25°C according to the reaction:

NH,COONH, (s) = 2NH, (g) + CO, ()
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44.

45.

46.

If sufficient ammonium carbamate is sealed in a
flask, the total pressure will be 0.117 atm at equi-
librium. What is the value of Kp at 25°C?

a. 147 x 107 b. 237 x 10™*

c. 477 x 103 d. 3.58 x 10™*

Gaseous hydrogen bromide decomposes at elevated
temperatures according to the following equation:
2HBr (g) = H, (g) + Br, (g)

At a certain temperature a 2.00 litre flask is ini-
tially filled only with 0.600 mol of HBr. What is the

value of K, at that temperature if the flask contains
0.104 mol of H, at equilibrium?

a. 3.04 x 107 b. 6.40 x 10°
c. 7.04 x 1072 d. 2.24 x 1072

K. is 1.67 x 10* at 25°C for the formation of

C
iron(IIT) oxalate complex ion:

Fe* (ag) + 3C,0,(aq) = [Fe(C,0,) "(aq)

If 0.0100 M Fe?** is initially mixed with 1.00 M
oxalate ion, what is the concentration of Fe** ion at
equilibrium?

a. 248 x 102 M

b. 6.56 x 102 M

c. 1.67x10*M

d. 5.68 x 10 M

Acids donate protons to water according to the gen-
eral equation:

HA (aq) + HO (1) = H,0" (aq) + A" (aq)
Consider the following acids and their equilibrium
constants for reaction with water at 25°C. If all the
acids have same initial concentration, which is the

strongest acid (that is, which donates the most pro-
tons to water)?

a. HNO, K =54 10%
b. HIO, K, =17 x 107
¢. HBrO,K =37 x 107
d. HF, K =22 x 10

The solubility of 1:1 salts is measured by the equi-
librium constant for the general reaction: MX (s)
=M"" (aq) + X" (aq). Given the following salts and
their equilibrium constants for the reaction above
at 25°C, which salt is the least soluble?

a. BaCO,,K_=3.6x10?

b. SrCO,, K. =5.6 x 107

¢. MgCO,, K.=64 x107

d. CaCO,,K_ =4.5x10"

47.

48.

49.

50.

51.

52.

Which of the following changes in reaction condi-
tions will after the composition of an equilibrium
mixture of gases?

a. Increasing the temperature

b. Decreasing the pressure or volume

c. Addition of reactants or products

d. All of the above will alter the equilibrium
concentrations

Which of the following changes in reactions condi-
tions will not alter the equilibrium concentrations?
a. Increasing the temperature

b. Decreasing the pressure or volume

c. Addition of an inert gas to the reaction mixture
d. Addition of reactants or products

“If a stress is applied to a reaction mixture at equi-
librium, the reaction occurs in the direction that
will relieve the stress”. This statement is called

a. Law of mass action

b. Le Chatelier’s principle

c. First law of thermodynamics

d. Law of combining volumes

The pink and blue species below form a violet
coloured mixture at equilibrium:
[Co(H,0) J*" (aq) +4Cl" (aq) =
(Pink)

[CoCl,]*(aq) + 6H,0 (1)

(Blue)
As the concentration of [Co(H,0)J** is increased,
what happens to the solution?
a. No colour change is observed
b. The solution becomes colourless

¢. The concentration of [CoCl,]* decreases
d. The concentration of [CoCl,]*" increases

The overall reaction for photosynthesis can be
represented by the following equation

6H,O(1) + 6CO, (g) = C,H, 0, (s) + 60,(g)

The enthalpy change for this reaction is 2802 klJ.
Which of the following changes in condition will
shift the equilibrium to the right?

a. Increase the temperature

b. Remove one-half of C H,,O, (s)

c. Increase the pressure of O,

d. Remove CO, by reaction with CaO (s).

The dissolution of calcium hydroxide is
exothermic.
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54.
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56.

Ca(OH), (s) = Ca* (aq) + 20H" (aq)

What happens when the solution of Ca(OH), is
heated?

a. The Ca(OH), (s) completely dissolves.

b. The amount of Ca(OH), (s) decreases.

¢. The amount of Ca(OH), (s) increases.

d. The amount of Ca(OH), (s) remains
unchanged.

Which change in the system will drive equilibrium
to the left in the following reaction?

N,0, (2) = NO, (2) + NO, (g)

a. Increase the volume

b. Increase the pressure

c. Decrease the amount of NO,

d. Increase the amount of N,O,

Iron oxide ores are reduced to iron metal by
exothermic reaction with carbon monoxide.

FeO (s) + CO (g) = Fe (s) + CO, ()

Which of the following changes in condition will
cause the equilibrium to shift to the right?

a. Add CO,

b. Add FeO

c. Add CO

d. Raise the temperature

Ammonium bromide is a crystalline solid that
decomposes endothermically when heated: NH, Br
(s) = NH, (g) + HBr (g). When solid NH Br is
added to an evacuated flask at 300°C, which change
in reaction conditions below will cause the equilib-
rium to shift to the right?

a. Decrease the temperature

b. Double the volume of the container

¢. Add more NH,

d. Add more NH,Br

A crude type of disappearing ink is based on the
following endothermic equilibrium:

[Co(H,0)IClL, (aq) =
(Colourless)
[CoCl,(H,0),] (aq) +2H,0 (g)
(Blue)

If the reactant solution is used to write on a piece of
paper and the paper is allowed to partially dry, what
can be done to bring out the coloured handwriting.
a. Put the paper in the oven

b. Add water

57.

58.

59.

60.

61.

c. Put the paper in the freezer

d. Decrease the volume

The enthalpy for the following reaction is 136 kJ.
If the reaction takes place in a closed container,

which one of the following reaction conditions will
not decrease the concentration of water vapour?

2NaHCO, (s) =
Na,CO, (s) + CO, (g) + H,0 (g)

a. Cool the container

b. Add CO,

¢. Remove some NaHCO,

d. Decrease the volume of the container

Calcium carbonate is relatively insoluble and the
dissolution reaction is endothermic.

CaCO, (s) = Ca* (aq) + CO,* (aq)

Which change in reaction condition bellow will
shift the equilibrium to the right?

a. Increase the temperature

b. Add an anion with which Ca* is even more
soluble than calcium carbonate

¢. Add an acid to react with CO,*ion

d. All of the above will shift reaction to the right.

The decomposition of nitrosyl bromide is

exothermic:

2NOBr (g) = 2NO (g) + Br, (g). Which of the
following changes in reaction condition will shift
the reaction to the left?

a. Decrease the temperature

b. Increase the container volume
¢. Add more NOBr

d. None of these

Which of the following changes in reaction
conditions will not alter the composition of a homo-
geneous equilibrium mixture of gases?

a. Increasing the pressure or volume

b. Decrease the temperature

c. Addition of reactants or products

d. Addition of a catalyst

Which of the following statements about a catalyst
is true?

a. A catalyst provides a lower energy pathway for
a reaction.

b. A catalyst changes the position of the equilib-
rium in a reaction
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c. A catalyst increases the temperature of a
reaction

d. A catalystis consumed in a chemical reaction.
A catalyst increases the rate of a chemical reaction
by providing a lower energy mechanism for the

reaction. When this occurs, which one of the fol-
lowing is not affected?

a. Activation energy for the reverse reaction
b. Equilibrium constant
¢. Activation energy for the forward reaction

d. Rate of the reverse reaction.

A reaction reaches dynamic equilibrium at a given
temperature when

a. Opposing reactions cease and the system is
static.

b. The amount of products exceeds the amount of
reactants

c. The relative amounts of reactants and products
are constant and rate (forward) = rate (reverse)

d. k (forward) = k (reverse)

At 25°C, a certain first order reaction has a rate
constant equal to 1.00 x 10 s! and an equilibrium
constant (K ) equal to 4.18. What is the rate con-
stant for the reverse reaction?

a. 148 x 103 5!
b. 2.39 x 1075
c. 429 x 1031
d. 339 x 10*s

Nickel metal can be prepared by the reduction of
nickel oxide:

NiO (s) + CO (g) = CO, (g) + Ni (s)

At 936 K, Kp =4.54 x 10* and at 1125 K, Kp = 1.58
x 103, Which statement is true?

a. The reaction is exothermic

b. The activation energy decreases with increas-
ing temperature.
c. The reaction is endothermic

d. The activation energy increases with increas-
ing temperature.

The reaction below virtually goes to completion
because cyanide ion forms very stable complexes
with Ni** ion:

[Ni(H,0)]* (aq) + 4 CN~ (aq) >

[Ni(CN),]* (aq) + 6H,O (1)

At the same time, incorporation of *C labeled cya-
nide (**CN") is very rapid:

Which statement below is correct with regard to
stability and rate of reaction?

a. Unstable species react rapidly

b. Equilibrium is static

c. Stable species can react rapidly

d. Stable species do not react rapidly

Brainteasers Objective Type Questions
(Single choice only)

67.

68.

69.

When reaction (1) and (2) below are added together,
the result is reaction (3).

L H20 () +HNO, (aq) =
H,0" (aq) + NO,  (aq)
IL H,0" (aq) + OH (aq) = 2H,0 ()
IIL. HNO, (aq) + OH" (aq) =
NO, (aq) +H,O (1)

IfK, =4.50 x 10, and K, = 1.00 x 10", find the
equilibrium constant K.

b. 0.50 x 10%°

d. 3.56 x 108

a. 2.50 x 102
c. 4.50 x 10"

Find the equilibrium constant for the reaction:
A (g) + B (g) = 2C (g) at 25°C when k equals
1.4 x 10712 M 57! for the reaction A (g) + B (g) >
2C (g) at 25°C and k equals 2.7 x 107 M s7! for
the reaction:

2C (g) > A(g) + B(g)at 25°C.
a. 5.2 b. 6.4
c. 3.6 d 71

For the reaction:
PCI, (g) < PCL, (g) + Cl, (g)

the forward reaction at constant temperature is
favoured by

I. introducing an inert gas at constant volume
IL. introducing chlorine gas at constant volume
IIL. introducing an inert gas at constant pressure
IV. increasing the volume of the container

V. introducing PCI, at constant volume.

a. LIIII b. IV,V
c. ILII,V d ILIV,V
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An equilibrium mixture of CO, O, and CO, at a
certain temperature contains 0.0010 M CO, and
0.0015 M O, At this temperature (K ) equals 1.4 x
102 for the reaction:

2CO (g) + O, (g) = 2CO, (g)

What is the equilibrium concentration of CO?
a. 1.1 x10°M

b. 22 x 10° M

c. 48x10?°M

d. 6.6x10°M

The equilibrium constant (Kp) equals 3.40 for the
isomerization reaction:

cis-2-butene = trans-2-butene
If a flask initially contains 0.250 atm of

cis-2-butene and 0.125 atm of trans-2-butene, what
is the equilibrium pressure of each gas?

a. P (cis-2-butene) = 0.085 atm,
P (trans-2-butene) = 0.290 atm

b. P (cis-2-butene) = 0.058 atm,
P (trans-2-butene) = 0.230 atm
¢. P (cis-2-butene) = 0.028 atm,
P (trans-2-butene) = 0.156 atm
d. P (cis-2-butene) = 0.034 atm,
P (trans-2-butene) = 0.128 atm
The following two isomers of CHNO exist in
equilibrium with each other in solution:
(0] OH
I |

H,C - C - NHCH, = H,C - C = NCH,

IfK_=0.57 at 25°C and the initial concentration of
the reactant is 0.50 M and the product is 0.70 M,
what are the concentrations at equilibrium?
a. [Reactant] = 0.46 M and

[Product] = 0.28 M

b. [Reactant] =0.69 M and
[Product] = 0.48 M

¢. [Reactant] = 0.96 M and
[Product] = 0.47 M

d. [Reactant] =0.76 M and
[Product] = 0.44 M

For the chemical equilibrium,
CaCo, (s) = CaO(s) + CO(g)

74.

AH can be determined from which one of the fol-
lowing plots?

log, Pco, —»

log Pco, —»

log Pco, —»

log, Pco, —»

AN

d.

Phosphorous  pentachloride  decomposes to
phosphorous trichloride at high temperatures
according to the reaction:

PCl, (g) = PCL, (g) + Cl, ()

At 250°C, 0.250 M PCI, is added to a flask. If
K= 1.80, What are the equilibrium concentrations
of each gas?

a. [PCL] =2.26 M, [PC1,] = 2.04 M,
[C1,] =20.4M

b. [PCL] = 0.0280 M, [PCL] =0.222 M,
[CL]=0222 M

c. [PCL]=1.28 M, [PCL] = 1.028 M,
[CL]=1.028 M
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d. [PCI,]=3.82M, [PCL] = 0.879 M,
[CL] =204 M

Cyclohexane (C.H,,) undergoes a molecular rear-
rangement in the presence of AICI, to form methyl-
cyclopentane (MCP) according to the equation:

CH,_ = MCP

If K, = 0.143 at 25°C for this reaction, predict the
direction the reaction will shift, if the initial con-
centrations of C H | and MCP are 0.200 M and

6 712

0.100 M, respectively. The system

. is already at equilibrium
. will shift right
will shift left

. is not at equilibrium and will remain in an
unequilibrated state.

- )

Oxalic acid can donate two protons to water in suc-
cessive reactions:

L HCO,(ap+HOD =
H,0"(aq) +HC,0, (aq)
IL. HC,0, (aq) +H,O () =
H,0" (aq) + C,0,* (aq)
If KCl =59 x 10?2 and KCz = 6“4 x 107 at 25°C,
what 15 the value of K, for reaction (3)?
II. H,C,0,(aq) +2HO (1) =
2H,0" (aq) + C,0,* (aq)
a. 7.6 x 10 b. 5.8 x 103
c. 6.4 %107 d. 3.8 x 10

The equilibrium constant for gaseous reaction:
A+B=C+D

is 100 at 25°C. Consider the following statements
in this regard. If the initial concentration of all the
four species were 1.0 M each, then the equilibrium
concentration of

I. A would be 0.182 mol/L

II. C would be 0.818 mol/L

III. D would be 1.818 mol/L

Of these statements:

a. I and III are correct

b. I and II are correct

c. I and IIT are correct
d. I, II and IIT are correct

What is the equilibrium constant (K_) for the
reaction:

2Hg (1) + O, (g) = 2HgO (s) if the amounts of
reactants and products at equilibrium are 1.00 g of

79.

80.

81.

82.

HgO (), 2.00 ml of Hg (1), and 1.60 M O, (s)? (The
molar mass and density of HgO (s) is 217 g/mol
and 1.10 g/cm®. The molar mass and density of Hg
(1) is 201 g/mol and 13.6 g/ml).

a. 0.625 b. 1.625
c. 625x10° d. 128 x 10

An equilibrium mixture for the reaction

2HS (g) < 2H, () + S, (9)

had 1 mole of H,S, 0.2 mole of H, and 0.8 mole of
S, in a 2 litre flask. The value of K¢ in mol L™ is
a. 0.08 b. 0.016

c. 0.004 d. 0.160

Cyclohexane (C.H,,) undergoes a molecular rear-

rangement in the presence of AICI, to form methyl-
cyclopentane (CH,C H,), according to the equation

CH,= CHCH,

If K, = 0.143 at 25°C for this reaction, find the

equilibrium concentrations of C H,, and CH,CH,

if the initial concentrations are 0.200 M and 0.100
M respectively

a. [CH,]=0286and
[CH,C,H,] =0.016 M

b. [CH,,] =0.262 and
[CH,C,H,] =0.038 M

c. [CH,,]=0.186 and
[CH,C,H,] =0.162M

d. [CH,,]=0.164 and
[CH,CH,]=0.621 M
What is the correct sequence of active masses in

increasing order in gaseous mixture containing one
gram per litre of each of the following?

I NH, IL N,
L H, IV. O,

Select the correct answer using the codes given
below:

a ILLIV,II
c. ILLIV,II

b. LIV, II, I

d. IV, IL, I, III

The equilibrium

SO,Cl, (g) « SO, (g) + CL, (g)

is attained at 25°C in a closed container and inert

gas helium is introduced. Which of the following
statement(s) is/are correct?

I. concentrations of SO,, Cl, and SO,CI, change
II. more chlorine is formed
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IIL. concentration of SO, is reduced
IV. more SO,CI, is formed

a. LI, III
c. IILIV

b. IL III, IV
d. none

One mole of N,O, (g) at 300 K is kept in a closed
container under one atmosphere. It is heated to 600
K when 20% by mass of N,O, (g) decomposes to
NO, (g). The resultant pressure is

b. 2.4 atm

d. 1.0 atm

a. 1.2 atm
c. 2.0 atm

The solubility of a solute in water varies with tem-
perature and given as S = AeAHRT

Here AH is enthalpy of the solution. For the given
solute, variation of log, S with temperature can be
shown by the figure given below

log. S —»

/T —»

This solute may be

a. CaSO,
¢. CuSO,.5H,0

b. CuSO,
d. ZnO

A mixture of carbon monoxide, hydrogen and
methanol is at equilibrium. The balanced chemical
equation is

CO (g) +2H, (g) = CH,OH (g).
At 250°C, the mixture contains 0.0960 M CO, 0.191 M
H,, and 0.150 M CH,OH. What is the value forK ;?

a. 452 b. 42.8
c. 529 d. 0.581

The oxidation of sulphur dioxide by oxygen to
sulphur trioxide has been implicated as an important
step in the formation of acid rain:

280, (g) + O, (g) = 280, (g).

If the equilibrium partial pressures of SO,, O, and
SO, are 0.564 atm, 0.102 atm, and 0.333 atm respec-
tively at 1000 K, what is the Kp at that temperature?
a. 224 b. 4.68

c. 342 d. 1342

For the dissociation of PCI, into PCI, and Cl, in
gaseous phase reaction, if d is the observed vapour
density and D the theoretical vapour density with

88.

89.

‘a’ as degree of dissociation. Variation of D/d with
‘a’ is given by which graph?

a.l

oo

&
a—>»

|

c.l

|

d. None of these

What is the value for K, for the following
reaction:

PbCl, (s) = Pb* (aq) + 2CI" (aq), if PbCl, (s)
=1.50 g, [Pb**] = 1.6 x 10* M and [Cl7] = 3.2 x
107 M at equilibrium? (The molar mass of PbCl,
(s) is 278 g/mol and its density is 5.85 g/cm?®).

b. 0.8 x 10
d. 64 %10

a. 2.6 x 10
c. 1.6 x107°

The hexaammine cobalt (III) ion is very unstable in
acidic aqueous solution:

[CoNH,) ]’ (aq) + 6H,0" (aq) —>
[Co(H,0)]" (aq) + 6NH,’ (aq)

However, solutions of hexaammine cobalt(III) can
be stored in acidic solution for months without
noticeable decomposition. Which statement below
about the equilibrium constant and the activation
energy for the reaction is true?

a. Keq > 10° and Ea is very large
b. Keq < 10% and Ea is very small
c. Keq < 10% and Ea is very large
d. Keq> 10® and Ea is very small
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90.

91.

92.

93.

94.

For the decomposition of PCL, (g) in a closed vessel,
the degree of dissociation is a at total pressure (P).

PCI, (g) = PCI, () + Cl, (g); K,

Which among the following relations is correct?
a. a=V[K, +P)/K,]

b. a=V[K/K,+P)]

c. a=17(EK, +P)

d. a=(K,+P)

The equilibrium constant Kc for the reaction
N, (g) + 20‘2 (g) < 2NO, (g) at a particular
temperature is 6.0 x 107°. The ratio of the
concentration of NO, to O, at equilibrium is 0.0152.
The equilibrium concentration of N, is

a. 0.253 mol/litre

b. 3.85 x 10? mol/litre
c. 3.85 mol/litre

d. 2.53 x 10> mol/litre

NiO is to be reduced to nickel metal in an industrial
process by use of the reaction.

NiO(s) + CO(g) = Ni(s) + CO,(g)

At 1600 K the equilibrium constant for the reaction
is K,=6.0 x 102 If a CO pressure of 150 torr is

to be employed in the furnace and total pressure
never exceeds 760 torr, will reduction occur?

a. No

b. Yes

c. Cannot be said

d. May or maynot

For the reaction

N, (g) + 3H, (g) < 2NH, (g) , AH = -93.6 kJ
mol™, the concentration of H, at equilibrium can be
increased by
I.  lowering the temperature
II.  increasing the volume of the system
III. adding N, at constant volume
IV. adding H, at constant volume
L ILIV
. only II is correct

a
b

c. I, IT and III are correct
d. III and IV are correct

e

. only IV is correct

Which of the following reactions, initially at equi-
librium, will shift to the left when the temperature
is decreased at constant pressure?

9s.

96.

L 2C.H(g) + 50, (g) = 4CO,(g) + 2H,0(I) AH

=-1297kJ
IL. CO,(g) = O,(g) + C(s)
AH = 393k]J
IIL. 4Fe(s) + 30, (g) = 2Fe,0,(s)
AH = -1644k]J
a. (1) b. (ii)
c. (iii) d. all of them

The graph which represents all the equilibrium
concentrations for the reaction

N,O,(g) = 2NO,
(the concentrations of N,O, (g) and of NO, (g) for

which the following reation will be at equilibrium
will lie on which of the following graph)

NO,|

[N,O,] —»

NO,|

[N,O,] —»

[NO,]

[N,O,] —»

NO,]

[N,O,] —»

K, =0.0112 at 25°C for the reaction N (g) + O, =
2NO(g)

What the change in the state of the reaction occurs
(if any) if [N,], = 2.00M, [O,], = 0.500M?
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a. Reaction produces more NO, Q <K .

b. No change occurs in concentrations, Q =K .

c. Temperature increases.

d. Reaction produces more reactants, Q >K_

Multiple Correct Answer Type Questions

97. N0, = 2NO,K,
%N, +1%0, = NO,K,
2NO = N,+ 0, K,
NO = %N, +%O0_K,

Correct relation between K, K, K, and K, is/are

a VK, xK)=1
b. K <K, =1
¢ VK, xK)=1
d. VK, xK, =1
98. The following reaction attains equilibrium at high
temperature
N, (g) +2H,O (g) + heat =
2NO (g) +2H, (g)

The amount of NO is affected by

a. Addition of catalyst

b. Compressing the reaction mixture

c. Increasing the nitrogen concentration

d. Decreasing the hydrogen concentration

99. The equilibrium constant for the reaction

CaCoO, (s) = CaO (s) + CO, (g) can be given as

a. K, =([CaO][CO,])/[CaCO,]
b. K. =[CO,]

c K, = PCOZ

d. K. =[CaCO,}/([CaO][CO,])

100. Which of the following does not affect the value of

equilibrium constant of a reaction?

a. Change in temperature
b. Addition of a catalyst

c. Change in the concentration of the reactants

d. Change in pressure

101. Which of the following statement is/are incorrect

here?

a. Equilibrium constant of an exothermic reaction

decreases with the increase of temperature
b. K, is always greater than K _

102.

103.

104.

105.

106.

c. At equilibrium, concentrations of reactants and
products become constant as the reaction stops

d. Addition of a catalyst speeds up the forward
reaction more than he backward reaction

For the reaction
PCI, (g) = PCI, (2) + Cl, (2)

the forward reaction at constant temperature is
favoured by

a. Increasing the volume of the container

b. Introducing PCI, at constant volume

c. Introducing an inert gas at constant volume

d. Introducing Cl, (g) at constant volume

When NaNO, is heated in a closed vessel oxygen is

liberated and NaNO, is left behind. At equilibrium,
which are not correct?

a. Increase of pressure favours reverse reaction

b. Increase of temperature favours forward reac-
tion

¢. Addition of NaNO, favours reverse reaction

d. Addition of NaNO, favours forward reaction
Which of the following statement (s) is/are
correct:

a. A plot of P vs 1/V is linear at constant tempera-
ture

b. A plot of log, K, vs 1/T is linear

c. A plot of log [X] vs time is linear for a first
order reaction, X — P

d. Aplot of log, Pvs 1/T is linear at constant
volume

Which of the following have K, =K, here?

a. 2NO (g) + Cl, (g) = 2NOCl (g)

b. N, (g) +3H, (g) = 2NH (g)

¢ H,(g)+X,(g) = 2HX (g)

d. N, (g) +O,(g) = 2NO(g)

Which of the following statement is/are correct
about the equilibrium?

a. AG=0
b. Catalyst has no effect on equilibrium
¢. K, changes with temperature

d. Value of K _ changes by increasing concentra-
tion of equilibrium
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107.

108.

109.

110.

111.

Which of the following reaction can have same
units of K?

a. NHHS (s) = NH, () + H,S ()
b. 280, (g) = 280, (g) + O, (g)

c. PCl;(g) = PCl, (g) + Cl (g)

d XX, (@) =XY(@+Y()

The degree of dissociation (o)

_D-d
“Tm-1d

Incorrect match for the equilibrium

a P= 45—“ Q+ %R

b P=20+ 2R

¢ P= 56—“ Q+ %R

d P= gQ + %R

Which of the following statement is/are correct for

a reversible reaction?

a. At a given temperature both Q and K vary with
the progress of the reaction.

b. When Q > K, the reaction proceeds in back-
ward direction before coming to stand still.

c. Reaction quotient (Q) is the ratio of the prod-
uct or arbitrary molar concentrations of the
products to those of the reactants.

d. Q may be <>=K.

Which of the following factors will not disturb the
equilibrium state of this reaction?

N, (g) + O, (g) = 2NO (g)
a. Change in temperature
b. Change in pressure

¢. Addition of N,

d. Addition of a catalyst

For the gas phase reaction,

CH, + H, = C,H, (AH = -32.7 kcal), carried out
in a closed vessel, the equilibrium concentration of
C,H, can be increased by

a. Decreasing the pressure
b. Adding some C H,
c. Increasing the temperature

d. Removing some H,

112.

113.

114.

115.

116.

117.

If the volume of the reaction flask is reduced to half
of its initial value and temperature is kept constant
then in which of the following cases the position of
the equilibrium will shift?

a. CO(g)+ HZO (g) = CO2 () + H2 (2)
b. I,(g) = 2I(g)

¢. NH,HS (s) = NH, (g) + H,S (s)

d. 2NOCl (g) = 2NO (g) + ClL, (2)

For the reaction,

2X (g) + Y (8) = 2Z (), AH=+15.6 kJ

Which of the following will increase the extent of
the reaction at equilibrium?

a. Addition of catalyst
b. Increasing concentration of Z
c. Increasing the temperature

d. Increasing the pressure

In this three step endothermic reaction

Step I Step II
A,(@+B, (g ——»4C () —>
Step III
3D (g) —» 2E(g)

Which of the following statement is/are correct?

a. Step III is favoured by low temperature and
high pressure

b. Step I is favoured by high temperature and low
pressure

c. Step IT is favoured by high temperature and
high pressure

d. Step III is favoured by high temperature and
low pressure

For which of the following reactions, K /K . = RT?
a. 2HX (g) = H, () + X, (2)

b. N, (g) + O, (g) = 2NO (g)

¢. PClL, (g) = PCl, (g) + Cl, (g)

d. N,0, (g) = 2NO, (g)

Which of the following are homogeneous equilibria?
a. N,O, (g) = 2NO, ()

b. H, (g) + X, (g) = 2HX (g)

¢ HOMO = H,0(g)

d. CaCO, (s) = CaO (s) + CO, (2)

Consider the following reversible reaction:

CO (g) + 2H, (g) = CH,OH (g)

AH=-92.5k]J
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Which factor(s) will increase the yield of methanol
at equilibrium?

a. Addition of inert gas at constant volume
b. Increased pressure on the system
¢. Increased temperature

d. Increased partial pressure of hydrogen

118. The variation of equilibrium constant K with tem-
perature is represented by

AH

a. log K, ~log, K, =— "o,/ d(UT)
b. [(d log, K)/dT], = - %

c. log, K = constant — %

d. log K = constant — %

119. The reactions in which the yield of the products can
not be increased by the applications of high pres-
sure is/are

a. 280, (g) + 0,(g) = 2S0,(g)
b. NH,HS(s) = NH,(g) +H,S(g)
¢. N,O,(g) = 2NO(g)

d. Ny(g) +3H,(g) = 2NH,(g).

120. Aninert gas is added to the reaction
N, +3H, = 2NH,

at constant volume. Which of the following is/are
incorrect?

a. Backward reaction is favoured
b. The reaction remains unaffected
c. The reaction ceases to proceed

d. Forward reaction is favoured

121. Which of the following is/are correct?

a. The equilibrium constant does not depend
upon pressure

b. When pressure is applied on ice = water equi-
librium more water will be formed

c. The equilibrium constant increases when a
catalyst is introduced

d. Changes with temperature

Linked-Comprehension Type Questions

Comprehension 1

The decomposition of NH,HS (s) takes place as
follows:
NH,HS (s) = NH, (g) + H,S (g)

If we take 3.06 gm of solid NH HS into a two
litre evacuated vessel at 300 K. It undergoes 30%
decomposition.

122. For this decomposition the value of K . is?
a. 16.2 x 107 mol® lit?
b. 8.1 x 107 mol? lit™
¢. 4.05 x 107 mol? lit™
d. 1.62 x 107 mol? lit™*

123. The value of K is

a. 0.0245 atm?
c. 8.1 x107° atm?

b. 0.049 atm?
d. 0.081 atm?

124. What will be the effect of adding more amount of
NH,HS on equilibrium?

a. Equilibrium will shift in forward direction
b. Equilibrium will shift in backward direction
c. Equilibrium remains unaffected

d. Equilibrium first shifts in forward direction
and then becomes constant

125. Which relation is correct here?
a K =K,
b. K, <K,
c K, =K,
d. Can’t be predicted here

Comprehension 2

The dynamic nature of chemical equilibrium can be
easily demonstrated by in the synthesis of ammonia
by Haber’s method.

N, (g) + 3H, (g) = 2NH, (g) + Q keal

Haber took definite amount of N, and H, at suitable
conditions of temperature and pressure. He was able
to find amount of NH, and unreacted amount of H,,
N, at various time intervals.

126. Which of the following condition is not favourable
for formation of more ammonia in this process
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127.

128.

129.

I.  Higher temperature

II. More pressure

III. More concentration of NH,

IV. More concentration of N, and H,
a. LII 1T b. I,1II

c. ILILIV d LILIV

Ifthe value of K, for this reaction at 673 K is found
to be 16.4 x 107 then the value of AG® is

a. 11.733 kcal
b. 11.733 cal
¢. 931.6 kecal
d. 9.316 cal

If at a temperature the value of K . for the reaction
N, + 3H, = 2NH, is 1.49 x 10~ mol~ lit>. What
will be the value of K ;” for

%N, +3/2 H, = 2NH,?

a. 1.49 x 107 lit/mole

b. 3.86 x 10~ lit mol™*

¢. 3.86 x 107 1it> mol

d. 17(1.49 x 107%) lit2 mol?

If the initial molar concentrations of N,H, and NH,
at 400°C are 0.142 M and 0.0265 M and 0.0384 M
respectively predict which statements are correct here?

I. HereQ>K,
II. The reactants are favoured
III. Here Q <K,

IV. Product is favoured

a. Iand III b. II and IIT
c. Tand II d. IIT and IV

Comprehension 3

PCI, when heated in a sealed tube at 523 K undergoes
decomposition as follows:

130.

PCI, (g) = PCl, (g) + Cl, (g) — Heat
(AH = +ve)

At this temperature its vapour density is found to
be 57.92.

For the decomposition of PCl; (g) in a closed
vessel which is the correct relati