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Important Terms, Facts and Formulae

SIGNIFICANT FIGURES

(£} All non-zero digits as well zeros between the non-zero
digits are significant.
(tf) Zeros to the left of the first non-zero digit are not
significant.
(izz) If a number ends in zeros but these zeros are to the
right of the decimal point, then these zeros are sig-
nificant.

(frv) If a number ends in zero but these zero are not to the
right of a decimal point, these zeros may or may not
be significant. [t depends how the numberis expressed
in the exponential form ¢.g. 10500 may be written as

1.05 x 10%, 1.050 x 10* or 1.0500 x 10*. These have 3,
4 and 5 significant figures respectivaly.

(v} The result of addition or subtraction should be
reported to the same number of decimal places as that
of the term with least number of decimal places.

(vi) The result of multiplication or division should be
reported to the same number of significant figures as
possessed by the least precise term.

(vic) If a caleulation involves a number of steps, the result
should contain the same number of significant figures
as that of the least precise number, other than the
exact numbers.

MATTER

Anything that occupies space, possesses mass and the
presence of which can be felt by any one or mors of our five
senses is called matter. It exists in three states i.e. Solids,
Liguids and Gases.

The fourth state of matter is known as plasma state
and is found only at a high temperature.

CHEMICAL CLASSIFICATION OF MATTER

Matter may be heterogeneous (non-uniform com-
position] or homogeneous (uniform composition).
Homogeneous matter comprises of solutions (non-fixed com-
position) and pure substances or (fixed composition). Pure
subsstances are further classified as

(i) Elements (cannot be decomposed and (i) Com-
pounds (can be decomposed by chemical reactions).

A mixture is formed by mixing two or more elements
or compounds in any proportion. It may be homogeneous or
heterogeneous.

PURIFICATION TECHNIQUES

The different methods used are as follows :
(i) Filtration
(i) Distillation : It may be
(a) Simple distillation
(b) Fractional distillation
(iir) Extraction
(iv) Fractional crystallization
(v) Gravity separation
(vi) Magnetic separation
{viz) Sublimation
(viri) Chromatography.

CHEMICAL EQUATION

It is a brief representation of a chemical change in
terms of symbol and formulae of reactants and products,

LAWS OF CHEMICAL COMBINATION

* Law of Conservation of Mass. Total mass of reac-
tants = Total mass of products

* Law of definite proportions (Joseph Proust 1799)
A chemical compound always contains same elements
combined together in the same proportion by mass.

* Law of multiple proportions (John Dalion)

When two elements combine to form two or more
compounds, the masses of one of the element which
combine with fixed mass of the other bear a simple
whole number ratio. ‘

*» Law of Reciprocal proportions (Richter I1792)

When two elements combine separately with fixed
mass of the third element, then the ratio of the masses
in which they do so is either same or some whole
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lTI

18.

19,

Which of the following illustrates the law of conserva-
tion of mass ?
{a) Mixing of 10 g of sulphur and 2 g of sand does not

show a change in mass
(&) The mass of platinum wire before and after heating
remains constant
{c) 2.2 g of propane and 8 g of oxygen produces 10.2 g of
gnseons mixture
{d) 2.8 g of CO and 1.6 g of oxygen gave only 2.24 L of
COy at S.T.P.
The mole percent of oxygen present in gaseous mix-
ture containing 14.0 g nitrogen and 32 g oxygen is
(a) 50 (b) 33.3
(e) 6.6 (d) 40,
The number of moles of oxygen present in one litre of
air if its volume content is 21% at S.T.P. is
() 9.375 x 1077 (b) 9.375
{e) 0.063 (d) 0.05.

For a reaction, A + 2B —— C. The amount of C
formed by starting the reaction with 5 moles of A
and 8 moles of B is

{a) 5 mol {b) 8 mol
{¢) 16 mol (d) 4 mol.

A compound contains 107°% of phosphorus. If atomic
mass of phosphorus is 31, the molecular mass of the
compound having one phosphorus atom per molecule
18

(a) 81 (b) 31 x 10%

(e) 31 x 10 (d) 31 % 10°,

12 g of Mg (at. mass 24) react with dilute mineral acid
to produce maximum hydrogen equal to

{a) 0.5 mol (&) 1.5 mal

(e)16g () 1 g-atom.

What is not correct about 1 mol of ethyne 7

{@) It contains 2 g-atom of hydrogen

(b) It contains 1.2 x 10°° C atoms
(c) It weighs is 26 g
(e} It contains 24 g of carbon.

Which of the following does not have same percentage
of carbon as in ethene 7

(@) 2-Butene {b) Cyclohexane
{¢) Cylohexene {d) 2-Methyl but-2-ene.

The correct arrangement of the following in order of
increasing mass 1s

28,

30.

31.

- 32.

I. nitrogen molecule

I1. oxygen atom
II1. 1 avogram
IV.1x10° 10 g-atom of copper.
(@) I>=M=>MI>1IV B I<M=<Ml<IV
e Ml<I<I<IV (dI<M<I<IV.
. Which of the following ionic compound contains
largest number of ions ?
(@) 11.1 g of CaClg (b} 0.1 mol of KI
(e] 0.1 mol of AIPOy4 () 0.1 mol of 8rC0O5.

The number of oxygen atoms in 0.2 mole of decahydrate
sodium carbonate is

(@) 1.56 x 10°4
{c) 1.56 x 1020

(b) 1.56 x 10%%
(d) 3.12 x 109,

. The mass of nitrogen in 1 kg of ammonium nitrate is

(a) 700 g (6) 3.5 % 107" kg

(c) 350 g (d) 35 g.

The mass of carbon (II) oxide which contains
6.02 x 10* oxygen atoms is

(a) 28 g (b) 28 g

el 14 g (d) 1.4 g

The number of PH3 molecules in 8.5 g of phosphine is
approximately

(a) 1 x 10% (8) 1.5 x 10%°

() 2 x 10% (d) 2.5 x 102,

A sample of AlF; contains 3 x 10°® F ~ jons. The num-
ber of A1 in the sample would be

(@) 3 x 10%° (8) 1% 10%

() 1.5 x 10%° (d) 2x 10%5,

A certain gaseous mixture contains methane and sul-
phur dioxide in ratio of 1 : 8 by mass. The ratio of the
number of molecules is

{a}1:8
ed1:1

by1:2
() 2:1.
x L of nitrogen at N.T.P. contains 3 x 10** molecules.
The number of moleculesin = L of ozone at N.T.P. will

2
ba
(a) 3 x 1022 (b) 1.5 x 1022
(e} 1.5 % 102! (d) 1.5 x 10",
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1.

4,

On reduction with hydrogen 3.6 g of an oxide of metal
leaves 3.2 g of metallic residue. If the atomic mass of
metal is 64, the formula of metal oxide is

fﬂ-} Mgﬂu {b} Mgﬂ
(c) MO () MOs.

Among the pairs of compounds given below which
pair contains compounds with different percentage
of carbon ?

(a) propene and propans (b) butane and iscbutane
(e) acetylene and benzene  (d) propens, cyclopropane.

The mole fraction of solute in 1 molal agueous sclution
is

(a) 0.0176
{e) 0.05

(b) 1.8
(d) 0.98,

QUESTION BANRK

Level I1

Choose the correct answer from the four alternatives given in each of the following questions :

10 g of a sample of silver which is contaminated with
gilver sulphide produced 11.2 mL of hydrogen sul-
phide at 5.T.P. by treatment with excess of
hydrochloric acid. The mass of silver sulphide in the
sample is (Ag = 108 ; 8 = 32)

(a) 124 g (&) 124 mg

te) 6 x 10~ 2 mol (ci) 62 mg.

Dehydration of sucrose, Cy3Hs50,, by concentrated
Hy50, gives purest form of carbon. The amount of

carbon which can be obtained from 34.2 g of sucrose.
is

(a) 144 g (6} 12 g-atom
(c) 3.2 g-atoms () 14.4 g-atom.
142 g of chlorine represents

{a) Two g-molecules of chlorine

(b) 4 moles of chlorine atoms

(e} Two moles of C| atoms

(d) Both a, b.

2.0 g of a tri-atomic gaseous element was found to
occupy a volume of 448 ml at 76 cm of Hg and 273 K.
The mass of its atom is

(a) 80 amu (b1553x 10" B g
()33.3g {d) 5.53 amu.

6 L of 0.1 M solution of sodium carbonate contains
la) 53 g of NayCOy

(8) 5 x 10° milli moles of NagCO4.
(¢) 106 g of NagCO,,
(cf) Both a, b.

6.

10.

11'

12,

13.

Total number of g-molecules of SO;Cl; in 13.5 g of
sulphuryl chloride is .

(@) 0.1 (b) 0.2

() 0.3 (d) 0.4.

Total number of protons in 10 g of caldum carbonate is
(@) 1.5707 x 10°4 (b) 2.0478 x 10%4

(c) 3.01x 10*4 (d) 4.0956 x 10%%,

2 g of oxygen contains number of atoms equal to that in
{a) 0.5 g of hydrogen (b) 4 g of sulphur

{c) T g of nitrogen (d} 2.3 g of sodium.

The number of moles of sodium oxide present in 620
g of it are

(a) 1 mol (&) 10 mol
(e} 18 mol {d) 100 mel.

3.6 g of CO gas at 0°C and 760 mm pressure contains
molecules equal to

(a) 3.5 x 6.02 x 10%° (b) 28 x 6.02 x 10°°
(c) 7.525 x 1022 () 1.25 x 10°2,

The number of moles of helium that occupies 2,24 litre
at 0°C and 1 atm pressure is

(@) 1.0 0.1

(e} 10 (d) 11072,

The number of molecules in 8.96 Lofa gas at 0°C and 1
atm pressure is approximately

{a) 6.02 x 10%° (b) 12.04 x 102

(c) 18.06 x 10%° (d) 24.08 x 1072,

In the reaction,

2NayS:04 + [ — NapS,404 + 2Nal,
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71.

72.

In a reaction, 3Fe + 4Hs0 —— Fe304 + 4H3, the
equivalent mass of iron (atomic mass = 56) is

(a) 21 (&) 56

(c) 112 (d) 42.

During synthesiz of ammonia from its constituent
elements, the volume of the product relative to the
total volume of the reacting species is

(&) one-fourth (b) three-fourth

(e) one-half (d) one-eighth.

Which of the following contains largest number of atoms 7
{a) 1 g of CoHy (b) 1 g of azone

{e) 1 g of oxygen (d) 1 g of helium.

50 ml of samples of distilled water, ordinary tap water
and boiled tap water requires 2 ml, 26 ml and 10 ml
of soap solution respectively to form permanent
lather. The ratio of permanent hardness to temporary
hardness in tap water is

73.

74.

75.

(a) TM (b} 16 M
(e)18M (d) 5 M.

60 g of a compound on analysis gave 24 gof C, 4 g of
H and 32 g of 0. The empirical formula of the com-
pound is

(a) CoHyOq (b) CH50O4g
(£) CoHgOq (d) CHqO.

Two oxides of a metal contain 50% and 40% of metal
(M) respectively. If the formula of first oxide is MO,

the formula of 2nd oxide will be
fﬂ:] Mﬂz {E‘l Hﬂnﬂ
(e} MgO {d) MsOg.

4 g of hydrogen is ignited with 4 g of oxygen, the
amount of water formed is

(a) 25 g (b) 05 g
(c)45g (d)Bg.

(a)1:2 (b13:2 76. A solution containing 0.1 mol of a metal chloride

MCl; requires 500 mol of 0.8 M AgNOg3 solution for
aid a1 complete precipitation. The value of x is
300 ml of 3.0 M NaCl is added to 200 ml of 4.0 M @1 ®2 -
BaCl; solution. The concentration of C1™ ions in the (© 4 (d) 3
resulting solution is )

ANSWERS
QUESTION BANK (Level I)
1. (d) 2. (d) 3. (&) 4. (b 6. (a) 8. (c) 7. (&) B. (d)
9. (c) 10. (c) 11. (b) 12. (d) 13. (a) 14. () 15. (d) 16. (g}
17. (e) 18. (a) 19. (d) 20. (¢) 21. (a) 22. (b) 23. (¢) 24. (c)
25. (a) 26. (a) 27. () 28. (b) 29, (b) 30. (&) 31 (&) 32. (&)
33. (¢ 34. (b) 36. (a) 36. (c) 37. (o) 38. (o) 39. (c) 40. (d)
41. (d) 42. () 43. (d) 44. (B) 46. (B) 46. (b) 47. (b) 48. (b)
49. (o) 50. (a) 61. (a) 62. (d) 63. (b) 64. (g) 65. (a) 66. (a)
57. (a) 68. (a) 69. (a) 60. (a) 81. (a) 62. (&) 63. (d) G4. (a)
85. (d) 66. (c) 87. (b) 68. (b) 89. (a) 70. (c) 71. (a) 72. (b)
73. (c) 4. (b) 75. (a) 76. (d) 7. (2 8. (a) 79. (b) BO. (b)
81. fc) 82. (d) 83. (b) 84. (a) 86. (a).
QUESTION BANK (Level II)

1. (&) 2. (a) 3. (d) 4. (b) 5. (d) 6. (a) 7. () 8. (&)
9. (b) 10. (d) 11. (&) 12. (d) 13. (a) 14. (d) 15. (a) 16. (a)
17. (b) 18. (d) 19. (b) 20. (b) 21. () 22. (a) 23. (b 24. (a)
25. (a) 28. (d) 27. (a) 28. (a) 28, (b) 30, (b 31. (d) 32. (b)



ATOMS, MOLECULES AND CHEMICAL ARITHMETIC

19

T4.

Moles of Mg = % 0L il

From the equation,
HCI1 L. Reagent and moles of magnesium left

= 0.1 - 0.05 = 0.05.
{a) 50 ml of 0.5 M Ca(OH)p = 0.025 mol of Ca(OH)s
The eqn. is Ca(OH)g + COg — CaCOg3 + HgO
1 mol of Cal{OH)y gives CaCOq =100 g
0.025 mol of Ca(OH); gives CaCOq = 100 x 0025 =25 g
+30;  BaClg
(b) 185 + O —— SO » 80g » BaS0y
32 g of sulphur produce BaSO, = 1 mol
. 16 g of sulphur produce BaS04 = 0.5 mol.

(a) The equation is

3BaCly + 2NagPO4 — Bag(OP4)s + ENaCl
Limiting reagent is 0.2 mol sodium phosphate.
() 2KI + HgCly — KC1 + Hgly

2KI + Hgly — KqHgly
For producing 1 mol of KyHgl,, KI required = 4 mol
For producing 0.4 mol of KoHgly,
K1 required = 4 x 0.4 = 1.6 mol.

{e) This is in accordance with law of definite propertions
(a) 2PbINOg)s— 2P0 + 4NOy + Oq

2 mol d2g
Lead nitrate required for producing 48 g of Oy
2x 48
== =3 mol.

Bl.

(&) The ionic equation is
Hz5 + Cu?* — CuS+ 28"
Mg 63.6g ppt.
(b) If atomic mass of O is 16 mol, mass of HyO = 18

If atomic mass of O is 100 mol. mass of HgO

_lﬂxlﬂﬂ
116

(¢) Neutrons in 1 molecule of HyO = 16
Neutrons is 1.8 g of water

=112.6.

_18x6.02x 10%% x 16
18

(d) 1 mol of Cu®* ions has charge
= that on 2 mol of electrons = 2F

= 0.632 x 1022,

0.1 mol of Cu®* has charge = 2x 0.1 F = 0.2F.

(&) Mass of oxygen which gets displaced from metal oxide
=04g

Now, 0.4 g of oxygen combines with metal =32 g

8 g of oxygen combines with metal = 22 x 8 = 64 g

0.4
e GEW“fmﬂm:E‘E
GAM _64g .,
GEW 64g
Hence, formula of oxide is M20.
{a) The compounds whose empirical formulae are different
will have different percentage compositions.

&) Micinw ol minbe = 1 : Males uruhmnt-ﬁ:% = 55.5

Valency of metal =

Mole fraction of solute = ﬁ =0.0176.

A e e T =
QUESTION BANK (Level 1)
s s - 2
P, R '.:-\._.-\.-\.;-\.-:-:-\.-cﬁ-a--c'-\.-ﬁ e e L

e T e e R e O L e s

e

R et

(b) AgsS +2HCl—— HsS + 2AgCl
248 g 224 L
11.2 ml of H3S is produced from AgpS

248 x 11.2
sl T

2940 = 0,124 g,

Now 0.124 g of AgyS = 124 m.%.sxm“ mols.

(a) 342 g of CygHg90 ) givea C = 144 g
34.2gof CigHyeOyygives Cm 144 g

(d) 142 g of Clg = 142/71 = 2 mol of Cly

It is also equal to four mole of Cl atoms.

4.

B.

2 % 22400 _

(&) Mass 22400 ml of gas = 448

100

o ﬁtnmicmlﬂ-'!‘-gg =333

Mass of one atom = 33.8 amn = 353

6.02 x 105

= 5.63 x l‘.'}'m E:
{d) Amount of NagCO3 in 0.1 M of 5L solution

=0.1x6x106 =53¢

.%xlmummimﬂ-.nm*.
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e

GASE GUS STATE

Important Terms, Facts and Formulae

DIFFERENT STATES OF MATTER

Solids. The substance is called solid if its melting
point and boiling point are above room temperature.
Matter in =olid state has definite mass, definite
volume as well as definite shape.

Liguids. The substance is called ligquid if its melting
point is below room temperature but boiling point is
above room temperature. Matter in liquid state has
definite mass, definite volume but no definite shape.
Gases. The substance is called gas if its melting and

boiling points are below room temperature. Matter in
gaseous state has definite mass but no definite volume
and shape.

Plasma state. It consists of gaseons mixture of
alectrons and positive ions. About 99% of matter in
this universe is found to exist as plasma state.

GASEOUS STATE

Some measurable properties of the gases aong with
their respective units are as under.

(a) Mass. Expressed in grams (g) or in mol (r).
(b) Volume (V). It iz expressed in litres (L), cubic
metres (m”) or em® or dm”.
1m®=10°L=10" dm® = 10° em®.

(c) Pressure (P). It is expressed in the units such as
atmospheres, millimetres (mm), cenlimetres (crm), torr,
bar, efc. The SI units of pressure are pascals (Pa) or
kilopascals (kPa).

1 atm = 101.3 kPa = 101.3 1"'l'l:|1'ﬁ = 1.013 bar

=76 cm Hg =760 mm or torr

{d) Temperature. It is expressed in Celcius scale
(°C) or in Kelvin scale (K)

T(K) = t(*C) + 273.

These are the generalisations developed from the
quantitative studies of behaviour of the gases.

BOYLE’S LAW (Robert Boyle, 1662)

The volume of a definite mass of a gas is inversely
proportional to its pressure af constant temperature.

23

» Mathematical representation

P % or PV = Constant (K) or P;V; = PyVs.
The constant K depends upon : temperature, mass
and nature of gas.

* The law can be represented by means of plots of

Vuvs Por PV us Pnr%

ture such plots are called isotherms.

vs P at constant tempera-

CHARLE'S LAW (Jacques Charle’s, 1787)

The volume of a given mass of a gas al constant
pressure increases or decreases by E‘Iﬁ of its volume at 0°C for

each degree rise or fall of temperature.

o Alfernative statement. The volume of a fixed mass
of the gas at constant pressure is directly propor-
tional to its temperature in Kelvin.

* Mathematical representation.
Vi Va
N T, T,
The value of K depends upon, mass, pressure and
nature of gas.
* Graphical interpretation. The law can be repre-

sented by plotting Vvs T at constant pressure. Such
plot is called isobars.

V=T or % = Constant (K)

PRESSURE-TEMPERATURE RELATIONSHIP
(Amanton's or Gay Lussac’s Law)

The pressure of a fixed mass of a gas al constant volume
ts directly proportional to the temperature in Kelvin.

» Mathematical representation. At constant volume
and fixed number of moles

P, P
Pe=T or 2 s

T= Constant (K) or T_l =ﬁ,

= Plot of P vs T at constant volume is a straight line
passing through origin. Such a plot is known as
isochores.
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(£) If a gas is allowed to expand above its inversion
temperature, heating effect is cansed.

(i) If a gas is allowed to expand below its inversion
temperature, cooling effect is caused.

(£f) Inversion temperature is related to the van der
Waal's constants of a gas as
2a

T.-=ﬁ.

MOLAR HEAT CAPACITIES OF GASES

1. Molar heat capacity at constant volume (C,).

It iz the amount of heat required to raise the
temperature of one mole of a gas through 1°C when
itz volume is kept constant. Mathematically,

3

ﬂ,.=§R-.

2. Molar heat capacity at constant pressure (Cp).

It is the amount of heat required to raise the
temperature of one mole of a gas through 1°C when
its pressure is kept constant. Mathematically,

Co=3R.
Some Important Points
*C-Cy=R.
* The value of yis related to atomicity of gases as
Monoatomic Diatomic Triatomic

gas gas gas
v=1.66 y=140 y=1.33

* Ratio
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£

47.

61.

52,

{a) increase in average molecular speed

(b)) increased rate of collisions amongst molecules

(¢} increase in molecular attraction

()} decrease in mean free path.

A gas of volume 100 cc is kept in vessel at pressure
10* P maintained at temperature 24°C. If now the
pressure is changed to 10° P at the same temperature,

the volume of the gas becomes
{a) 10 cc (b) 100 cc
(c) 1 e (d} 107 ce.

Equal masses of methane and hydrogen are mixed in
an empty container at 25°C. The fraction of total

pressure exerted by hydrogen is
1 8
{a) 3 (&) 3
1 4
(e) 16 (d) 9"

Five gram of each of the following gases at 87°C and
760 mm pressure are taken, which of them will have
least volume 7

{a) HF (b) HCI1
{e) HBr () HI.

The eritical temperature of water is higher than that
of Oy because HyO molecule has

(a) fewer electrons than Op  (b) two covalent bonds
{c) V-shape (d) dipole moment > 0,

One litre of gas weighs 2 g at 300 K and 1 atm
pressure. If the pressure is made 0.75 atm, and
temperature is brought down to 250 K, the gas will
occupy a volume of

(@) 2L B 1L11L
(e)2.22 L () 0.7 L.
In a closed room of 1000 m®, a perfume bottle is opened

up. The whole room after some time develops smell of
perfume. This is due to which property of gases

(a) viscosity (b) density

(e) diffusion {ef) none of these.
The density of Neon is highest at

(a) STP (B) 0°C, 2 atm

() 273°C, 1 atm (d) 273°C, 2 atm.

The number of moles of Hy in 0.224 L of hydrogen at
STP (assuming ideal gas behaviour) is

la)l (b) 0.1

{e) 0.01 () 0.001.

53.

56.

56.

a7.

B8.

Which of the following statement is false ?

(a) The product FV for fixedamount of gas isindependent
of temperature.

{4} Molecules of different gases have same KE at a given
given temperature.

{e) The gas equation is not valid at high pressure and
low temperature.

(d) The gas constant per molecule is known as Beltzmann
Boltzmann constant.

The dimensions of pressure are same as that of

{a) Energy (5) Energy per unit volume
{c) Farce per unit area (d) Force per unit volume.

The densities of two gases are in the ratio of 1 : 16.
The ratio of their rates of diffusion is

(@) 16:1 (b1 4:1
ed1:4 () 1:16.

The molecular velocities of two gases at same
temperature are u, and uy. Their masses are mq and

miy respectively, which of the following expression is

(b) mquq = maug

(e} JI'.l'l;lu]i'i = m-gu%.

The ratio of the root mean square velocity of Hy at 50 K
and that of Oy at 800 K is '

(a) 4

{e) myug = mguy

(b)) 2

1
(e} 1 () T

X ml of Hy gas effuses through the hole in a container
in & seconds. The time taken for the effusion of same
volume of gas specified below under identical condi-
tions is

{(a) 10 sec ; He
(c) 25 sec ; CO

(b) 20 sec ; Og
(d) 65 sec ; COy.

The average kinetic energy per molecule of ideal gas
at 25°C in 8.1. units is

(@) 617 x10” 21 kg
(€)6.17x10" %

(b) 6.17 x 1021 g
() 7.16 x 10”2 J.

. Which of the following law lead us to arrive at the

conclusion that I g-melecule of each gas at 5.T.P.
occupies a volume of 224 L 7

{a) Dalton's law (b} Law of combining volumes
(c) Avogadro's law () Boyle's law.
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7.

10.

12,

The volume occupied by 10.0 g of oxygen at 0°C and
2 atm pressure will be approximately

(a) 20 L (b)4.48 L

e)35L () 1.5 L.

For X g of ideal gas V and Vj are the volumes at ¢*C
and 0°C respectively at 1 atm pressure so that V/Vy
= (1 + ). Here, 18

(a)=1 (B <0

e)>1 {d) =0.

A pressure of 0.101325 bar when expressed in atmos-
pheres represents

(2} 0.01 atm (b) 1 atm

{e) 0.1 atm {d) 10 atm.

Three gases X, Y, Z are enclosed in a container and
have partial pressures as p,, ps, pg respectively at

T kelvin. The total pressure at T kelvin will be

{a) always equal to (py + pa + pa)

(b) < {py +p2 +py)

(eh=(p1 +p2 +pPa)

(cl) = (pq + pg + py) only if the gases do not react
chemically at T.

A sample of gas contains N; molecules and the total

kinetic energy at — 123°C as E; ergs. Another sample

of gas at 27°C has total kinetic energy as 2E; ergs.

Assuming gases to be ideal, the number of gas
molecules in the 2nd sample will be

N
(@) Ny 6) 5"

() 2N, (d) 4Ny

Among the gases given below, the highest value of
mean free path is for,

(a} Ng (B} Og

(c) Hg (d) Clg.

If two gases have molecular masses My, Mp at
temperature Ty and Ty such that, Ty Mp=Tp M,.
then which property has the same magnitude for two

gases
la) density

(e} ELE. per molecule

(b) pressure

{d) rms.

The state in which 99% matter of the universe exists is
{a) Plasma {B) Selid

(el} Ligmuid.

The temperature above which the gas cannot exist as
liquid howsoever large the pressure may be, is

e} Gaseons

13.

14.

15.

16.

17.

18.

19.

20.

() Absclute zero

()07 Celeins
(¢} Critical temperature
{ef) Inversion temperature,
The density of a gas is given by the expression
(a) nP (&) P/RT
(e) PM/RT (d) M/V.

The compressibility factor for ideal gas at particular
temperature

(z) equal to zero (b) <0

{e) aqual to 1 (d)canbe>1or<1.
Partition

Gas A |Gas B 3

950 mm| 250 mm| removed atsame | [ressure=PFP
temperature

In the above experiment, the value of P is

() 250 mm (b) 500 mm

{c) 300 mm {d) 400 mm.

When ideal gas undergoes unstrained expansion, no
cooling occurs because the molecules

{a) are above inversion temperature

{h) exert no attractive foree on each other
{¢) work equal to loss in kinetic energy

() collide without loss of energy.

Rate of diffusion of a gas is

() directly proportional to its density

(&) directly proportional to its molecular mags

{¢) directly proportional to the square root of its molecular
MmAass

{d) inversely proportional to the square root of its molecular
MAss.

The average welocity of an ideal gas molecules at

27°Cis 0.3 msec™ !, The average velocity at 927°C will

be

(@) 0.6 m sec™ ! (6) 0.3 m sec™ '

() 0.9 m sec™ ! () 3.0 msec™ .

If a gas is expanded at constant temperature
{a) the pressure decreases

{b) the kinetic energy of molecules increases
{e) the kinetic energy of molecules decreases
() the number of molecules of the gas increnses.

In van der Waal's equation of state the term which
accounts for intermolecular forces is

{a) (V = b) (b) RT
() (P + a/VH (d) (RT)™ 1,
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71.

4.

76.

A bottle of cold drink has 200 ml of liquid in which
conc. of COy ie 0.1 molar. If COg behaves as ideal gas,

the volume of CO4 at 5.T.P. equivalent to the one in
cold drink is

(a) 0.224 L
ic}0.112 L

(b) 0448 L
(d) 4.48 L.
In the outer space the pressure recorded is 5 x 10~ 14

torr. How much outer space could be compressad into
1 dm” box at a pressure of 1 atm 7

(a) 1.52 x 10"% dm” (8) 4.56 x 101 dm®

(¢) 2.28 x 105 dm {d) 1.14 = 1016 dm?,

Same gas is confined to two containers A and B. The
pressure, volame and temperature (K) of gas in A are
three times as compared to that in B. If the mass of

gas in A is x g, then the mass in B would be
(b)0.3xg
() 3x g.

alxg
el 0.5z g
Two flasks of equal capacity contain argon and

chlorine gases respectively at room temperature.
What is true about them ?

(a) Both contain same number of atom

(b) Cl atoms are half of the Ar atoms

(¢} Cl atoms are double the number of Ar atoms

(el) Chlorine molecules are double the number of argon
molecules.

Equal masses of CHy and Oy are introduced in an

empty container. The fraction of the total pressure
exerted by oxygen is

() 1/3 (b) 1/2
{e) 23 () 917298,

The temperature at which real gas exhibits ideal
behaviour over a wide range of pressure is called

{a) Inversion temperature (5) Boyle temperature
(e) Reduced temperature () Critical temperaturea.

He atom is twice as heavy as Hy molecule. The average
kinetic energy of helium at 298 K is

(a) twice that of hydrogen

(&) same as that of hydrogen
(e) four times that of hydrogen
() half that of hydrogen.

An empty container was filled with equal masses of
methane and hydrogen gases. The fraction of total

pressure exerted by hydrogen is
(a) 172 (b) &9
(e) 159 (d) 16/17.

79. Asample of air saturated with water vapours recorded

81.

B2.

83.

B4.

. A balloon containing methane is

a pressure of 640 torr. If vapour pressure of water at
that temperature is 40 torr and the sample contains
N; and O3 in the molar ratio of 3 : 1 besides water
vapours. The partial pressure of N in the sample is
(a) 540 torr (b) 450 torr

() 480 torr (f) 300 torr.

pricked with a sharp
needle and quickly plunged into a tank of hydrogen at

same pressure. After sometime, the balloon will
(a) get enlarged

(B) get collapsed

{c) remain as before

{el) reduce to half of its original size.

The values of critical temperatures (T,) and critical

pressure (P.) for some gases are given below. Which
of the gases cannot be liguified at 100 K and 50 atm 7

Gases A B C D
P.(atm) 22 14 as 45
T. (K} 5.1 33 127 140
{a)} D only (b) A only
(e)Aand B (e} C and D,
The average KLE. of 14 g of nitrogen at 127°C (K =8.31
JEK "mol™ 1y is
{a) 2498 kJ (6) 4.2 kJ
(e)38 kJ () 1.493 kJ.

Molecular velocities of two gases at same temperature
are uy and uy and their masses are mq and mq respec-

tively. Which relation is correct ?
(a) my/uy =mg/ug (B)myuy =myuz

(e) my"u?t ﬂlgf"ﬁ% {d) myu ]E = m.g[igz.

10 g of each of the following gases were taken, HF,
HCI, HBr, HI, under similar conditions, then

(a) all will have same volume

(&) HF will have largest volume

{e) HI will have largest volume

{d) HBr will have lowest volume.

The van der Waal constant ‘b’ is equal to

(a) four times the volume of 1 mol of gas
(b} the molecular volume of 1 mol of gas

(e) four times the actual volume of molecules contained in
1 mol of gas
() twice the molecular volume of 1 mol of gas.
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47.
48.

49.

50,
b1.
52.

53.

E

71.

{n} Number of moles of HF is highest.

(e} Water has u > 0. Hence inter-particle forces in water
are more,

PleTz 1 x 1 x 250
TPs Em :ltﬁ'?-ﬁ

{a) This is as per definition of diffusion.
(b).

(e} 22.4 L of Hydrogen = 1 mol = 0.224 L of Hydrogen
= 0.01 mel.

(@) The product PV depends on temperature and number
of males.

le) upyy < woy, = '\'Jﬂ:n:_ =y1=1

(b) Apply Graham's law.
(&) KLE. per molecule is given by ET

(b) 'I-t; = = 111L.

{e) Avogadro's law help us to derive this conclusion.
(5) The compressibility factor for ideal gas = 1.

P‘J P-'E-"

Ty
730 x 380
T60

{c) Partial pressure of C = 10 -4 =6 atm
Number of mule'n of C =6 moles

(Because 10 molez have pressure = 10 atm)
Massof C=6x2=124g.

fa) V= = 365 ml

THE#'EB 1
or W-? or Thy=3 Ty

ib)z <1 or PV < nRT or PV < B;V;

For the same pressure V< V.

(e) 1L of steam = lﬂﬂﬂma of steam weighs

= 0.0006 % 1000 g= 0.6 g

Since density of liquid water = 1 g em™ "

*. Volume of 0.6 g of water = 0.6 % 1 = 0.6 em®.

(d) Among the given gases which are all non-polar Clg has
the largest molecular size and largest magnitude of van der
Waal forces.

m{bl[hu "vf] V- 5] ;m‘

a RT
or [P+E ]{2\"—&}:2:{?.

4.

75,

78.

78.

B1.

Bi.

{d) V.D. of dry air is 14.4 which is more than that of moist
air. Other gases have V.D. leas than moist air (V.I). 9 - 14},

{b?Tﬂ:ng*E-EEmﬂﬂ Mass of 2.6 moles of CO

=20=x28=T0g.
{a) PY =nRT

c BV __16x1
nR - 1.5 x 0082

= 12 195 - 273 = - 260.8°C,
(@) NHy molecules are able to form H-bonds with water
molecales.
(d) NagCOyg . x HaO + 2HCl——

=]12.196 K

NaCl + COg + (x + 1) HaO
22.4 L of COg at S.T.P. is produced from soda crystal
1.287 x 22400
TV e |
Now 286 =106 + 13::-:::&1“&@: 10

Hence the sample is NagCOg . 10Hz0.

(c) 17 g of NHy -—muha 1 mol
which contains mrwn&m number of molecule.

() 18 mm = 22X 1018 opy 4 00~ 2APs

To0
>, The pressureis 101.3 + 2 = 103.3 kPa.
{e) 1 litre of protivum axide (HoO) weighs = 1000 g (Density = 1)
henee it has maximum number of molecules, i.e.,

1000
18

{e} On removing Og the pressure will be reduced to half of
the original. Hence, the statement C is wrong.

{a) The maximum moles and hence maximum number of
molecules are present in 2.7 g of NHs.

x 6.02 x 10°% = 3.3 x 1099,

mﬂs-%,-}-u 15 mol)

{c) Consider 1 mol of water, the mass of which is 18 g
. Volume of liquid water at 100°C

_18
T 0.96
Volume of 1 mole of water vapours
_nRT _1x0082x=373
P 1
=30586L or 30586 cm’.
The number of times the expansion has occured

_ 30586
18.75

em” = 1875 cm”,

= 1631.2
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80.

B1.

82.

=

S

B7.

(a) Rate of effusion of Hg will be more than rate of effusion
of CHy.

(c) At the temperature above the critical temperature, the
gas cannet be liguefied by applying pressure.
(a) Average LE. = 372 x nRT

-E:H:B-.E % 0.082 x 400
2

=2493 J or 2493 kJ.
() A\rnrniﬂ E.E. of both the gases will be same.

J

2_1 1 2 2
g M)” =5 mgug” or myi)” = mauy”

Thnﬂ,

(b) The number of moles of HF will be largest. Henee it will
occupy largest volume.

() It is a factual question,

Vi 300 x 270

{b}v2=—'}€'rgw 300

T, = 270 mol.

{a) VD=70 . Mol mass= 140

o Mol. mass i‘MII:I
Empirical mass 28

Hence mol. formula is C50f.

o

Mjlﬁxgxz

|

o = T2,

{b) No. of molecules of Ar, Oy and Oy are same. Now Ar is
monoatomie, Oy is diatomic and Oy is triatomic Hence
atomic ratiois 1:2: 3.

(k) A + B —s C
2 vol. 6 val. 2 vol.
2n molecule 5n molecules  2n molecules

91.

4.

2.

26,

or 1 molecule &/2 molecules 1 molecule .
2 atoms 5 atoms 1 molecule

Hence mol. formula of C is AgBg.

()0g = 0.2 mol ; Ny = 5 = 0.4 mol ; He = 0.5 mal

Total molea=0.2 + 0.4+ 0.5 = 1.1 mal.
Pressure due to 1.1 mol = 1.1 atm
Pressure due to 0.4 mol of Ng = 0.4 atm

= 0.4 x T80 tarr = 304 torr.

(b) Mol. massof Y=M . V.D. ..w..‘g.
vn.nrx.u%.zu
Mol mass of X = 2% 2M = 4M.
{E-‘]ﬂglr“mn]-ﬂﬂﬂﬁmnl
78
Nz-fﬂ—--ﬂuﬁﬂ-ﬂmnlu
Taotal moles = 0.9375 + 3.526 = 4.4635 ;
Total pressure = 740 mm
Tﬂﬂ':ﬂﬂﬂ?’ﬁ - 156.4
() rHg : rDy = \,I' =2 : L
300
(e) Tg = T“Tx-ﬁﬂﬁﬂ = 336 K or 63°C.
300R BO0R
(e) Fpa= v "Hg: Pﬂ:-—.,llr RCH,
nHy
Ps:Pp=
e b
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and negative ions are almost equal. For example,
NaCl, KCl, CsCl and KBr.

* The presence of large number of Schottky defects in

crystal results in significant decrease in its density.
(ii) Frenkel Defect. This type of defect is created
when an ion leaves its correct lattice site and oe-
cupies an interstitial site. Frenkel defects are com-
mon in ionic compounds which have low
co-ordination number and in which there is large
difference in size between positive and nepgative
ions, For example, ZnS, AgCl, AgBr and Agl.

* Non-stoichiometrie Defects

These defects disturb the stoichiometry of the com-
pound. These defects are either due to the presence of
excess metal ions or excess non-metal ions.

() Metal Excess Defects due to Anion Vacancies.
A compound may have excess metal ion if a negative
ion is absent from its lattice site, leaving a *hole’ which
is occupied by electron to maintain electrical
neutrality.

o —

* This type of defects are found in crystals which are
likely to possess Schottky defects.

The ‘holes’ oceupied by electrons are called F-eentres
and are responsible for the colour of the compound and
many other interesting properties.

(ii) Metal Excess Defects due to Interstitial Cations.
Another way in which metal excess defects may occur
ig, if an extra positive ion is present in an interstitial
site. Electrical neutrality is maintained by the
presence of an electron in the interstitial site. This
type of defects are exhibited by the crystals which are
likely to exhibit ‘Frenkel’ defects.

{i1i) Metal deficiency due to Cation Vacancies.
The non-stoichiometric compounds may have metal
deficiency due to the absence of a metal ion from its
lattice site. The charge is balanced by an adjacent ion
having higher positive charge. This type of defects are
generally shown by compounds of transition metals.0

SOME MISCELLANEOUS IMPORTANT POINTS

* Doping. Addition of small amount of foreign im-
purity in the host crystal is termed as doping. It
increases the electrical conductivity.

* n and p type semiconductors. Doping of group
14 elements with group 15 elements produces ex-
cess of electrons and doping of group 14 elements
with group 13 elements produce holes (electron
deficiency) in the crystals. Group 14 elements doped
with group 15 elements are called n type semicon-
ductors, symbol ‘n’ indicating the flow of negative
charge in them. Group 14 elements doped with
group 13 elements are called p type semiconductors,
gymbol ‘p’ indicating the flow of positive charge.

* Diamagnetic substances are weakly repelled by
the magnetic field and do not have any unpaired
electron.

* Paramagnetic substances are attracted by the
magnetic field and have unpaired electrons. These
lose magnetism in the absence of magnetic field.

* Ferromagnetic substances are attracted by the

magnetic field and show permanent magnetism
even in the absence of magnetic field e.g., Fe, Co, Ni.

* Antiferromagnetic substances are those which
are expected to possess paramagnetism or fer-
romagnetism on the basis of unpaired electrons but
actually they possess zero net magnetic moment
e.g., MnO.

*» Ferrimagnetic substances are those which are
expected to possess large magnetism on the basis of
the unpaired electrons but actually have small net
magnetic moment e.g. FeyOy, ferrites.

» Piezoelectricity is the electricity produced on ap-
plying mechanical stress on polar erystal.

* Pyroelectricityis the electricity produced on heat-
ing some polar crystals.

» Super conductivity is the property of the condue-
tors where by they allow electricity to pass though
them without any resistance. It was discovered by
Kammerlingh Onnes in 1813. The temperature at

which a substance starts behaving as super condue-
tor ig called transition temperature.
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(a) 0% th) 60%: 60. Inantifluorite structure, the percentage of octahedral
(c) 100% (d) 25%. voids occupied is
50. A metal M has FCC arrangement and edge length of (a) 100% () 0%
the unit cell is 400 pm. The atomic radius of ‘M’ is (e} 50% {d) 25%.
() 100 pm (63 200 pm 61. The example, and general formula of sheet silicate
(c) 141 pm () 173 pm. respectively are
51. In asolid, oxide ions are arranged in CCP, Cations A (o) Quartz, (Si0g), (b) Clay, (Sig 05> )y
occupy one-gixth of the tetrahedral voids and cations o o e
B oceupy one-third of the octahedral voids. The formula (c) Asbestos, (Siz05* ), () Clay, (Si05% ).
of the compound is 62. If the positions of Na* and CI” ions are interchanged
(=) ABOy (6) AB9O3 in NaCl, the crystal lattice with respect to Na" and
(c) AgBOg (d) AaBaOg. Cl is
52. A binary solid AB having radius ratio 0.52 is most (@) both fee (b} both bee
likely to have (c) fee and bee () bee and fee,
{a) zinc blende structure {h) rock-salt structure 63. A mineral having the formula ABs crystallises in a
(¢} fluorite structure (d) antifluorite structure. cubic close packed lattice, with A atoms occupying the
o t of identi atee. th ’ lattice points. The co-ordination number of A atoms,
b ;?nﬂgﬂniumﬁrﬁ?;:;' ; ?lnt]m] ¢ e that of B atoms and fraction of tetrahedral voids
phere is . 3
@4 )8 occupied by B atoms are respectively
{(a) 8, 4, 100% (b)2, 6, T0%
{eh 12 {d) 6.
54. F bi id the radius ratio is equal to S0 i oy
- or a cublc vwol
™ 84. The tetrahedral holes oecupied in diamond are
{a) 0.225 b)0.414
{a) 50% (h) 265%
() 0.732 () 0.155.
In it cell of NaCl, the number of Na* ions present el Tk U1
a unit ce ; . .
55. at the edge centres is 3 65. A compound alloy of pold and copper crystallises in a
cubie lattice in which gold atoms occupy the lattice
(a)4 (b) & points at the corner of the cube and copper atoms
()1 () 12. occupy centres of each of the cube faces. The probable
56. In zinc blende structure, the number of formula units empirical formula of the compound alloy is
present in the unit cell is {a) AugCu (b} AuCug
{a) 4 (b) 6 (e) AugCug (d) AuCug.
(€)1 (d) 8. 66. If ‘o’ is edge length of a face centred cubic unit cell,
57. Inwhichofthe following arrangements, a metal would then the distance of closest approach of two particles
have least density ? i8
la) BCC () 0.866a (h) 1.732a
(b} CCFP (c) 1.414a (d) 0.707a.
Er IV ) 67. In a body centred cubic unit cell of a metallic sub-
() In all the thres arrangements, the density would be same. stance, the number of atoms per unit cell is
B68. The number of octahedral voids in HCP arrangement i) 4 511
of N spheres is
a)2N (BN (e) 2 () 3.
(e)3N (d) 4 N. 68. An atom at the edge centre of the cubic unit cell
59. Nay0 has antifluorite structure. In NayO, the coor- contributes ...... to the particular unit cell.

dination number of oxide ions is
(a) 4 (b1 6
(c) B {e) 12.

{m) 1/2
{c} 1/8

(b1
{d) 144,



SOLID STATE

42,

44,

4?.

61.

59

The number of NaCl units in a unit cell of its erystal
(ex) 2 thl 4
(&) 6 id) 8.

The Edge length of face centred cubic unit cell is 508
pm. If the radius of cation is 110 pm, the radius of

anion 1s
() 110 pm (h) 144 pm
{c) 618 pm (el) 398 pm.

The ratio of close packed atoms to tetrahedral holes
in cubie close packing

(a)1:1 (b31:3
{eil:2 (dr2:1.

In a metal M having BCC arrangement, edge length
of the unit cell 15 400 pm. The atomic radius of M is

(a) 100 pm (b) 141 pm

() 173 pm (ef} 200 pm.

The co-ordination number of metal crystallising in
hexagonal close packed structure is

() 12 (h) 4

(e) 8 (d) 6.

How many Cl” ions are there around Na” ions in NaCl
crystal ?
()3

(el 6

(bl 4
(d) B.

The existence of a substance in more than one solid
modification iz known as
{a) isomorphismn (&) polymorphizm
{d} allotropy.

Which of the following groups contain species which
are solid at 283 K and one bar pressure 7

(a) NHy, HoO, CoHg (b} Brg, Ia, Clg
{e) 804, Is, KCI {d) 5i, HCI, Hg.

(e) amorphism

A unit cell having dimensionsa#b#¢ ;
a2y 90" is known as

{a) Monoclinic (&) Triclimic

(e} Rhombohedral {d} Orthorhombic.

The percentage of space occupied by spheres in a cubic
close packing of spheres in three dimensions is

(a) 24% (b) 52.4%

(e) T6% () TA%.

Which of the following compounds is an example of
molecular solid ?

(i) Diamnond
e} Sodium chloride

() Dry ice
(d) Zine sulphide.

53}

54.

57.

For an atnmi:: erystal having body centred cubic unit
cells, the number of atoms per unit cell is

(o) 4 (b) 8
G g] (ef) 2.

When a cation and an anion are missing leaving
behind a pair of voids, the defect is known as :

{a) F-centre (b} Schottky defect
ic) Frenkel defect i) None of these,

Edge length of a cube 15 300 pm. Its body diagonal
would be

{a) 600 pm (b) 423 pm
{c} 519 pm () 450 pm.

In zinc blende structure coordination number of cation
15

la) 6 (b) 4
(c) 8 () 12,

In fluorite structure the coordination number of cation
18

{a) 4 by &
c)8 . {d) 12,
Consider the Fig. given for solid XY. Answer the
following questions from 58-61.
b & O
Ao
X "
L 'D o L
Ye ® O
! JI ... 4
‘/' o) l/)
O L
The site Y represents
(a) tetrabedral void (b) octahedral void
(e} triangular void (ef} cubical void.
The number of XY units per unit cell is
(a) 4 (h) 3
eyl (d) 8.
Co-ordination number of Y is
{z) 3 (h) 4
(c) @ (d) B

Which of the following type of solid adopt above crystal
structure 7

(a) CsCl
() Zn8

(b) CaFg
(d) NaClL



SOLID STATE

B87-70. These are based on facts.

71.

T3

4.

8-18.
18.

21.

(d) In antifluorite structure fee lattice sites are occupied by
anions (Pt Clg)™".
(a) Anions =g = 1.

{d’j'I'hﬂﬂﬂﬂ:hﬂfﬂf&ﬂiﬂlﬂ:%i-%:i

= Octahedral voids = 4 ; tetrahedral voids = 8
Total voids = 12 ; Voids occupied by the ions =3

. hﬁmdvﬂnmﬁ:%:%.

74-76. Questions based on facts and defintions.

{n}hﬁnnhlmdaﬂﬂ_inuadﬂptmpmmthut
Zn®* occupy 50% of tetrahedral holes. In Nag0O. 0 ions
adopt ccp structure while Na* ions occupy all tetrahedral
holes.

(¢) Frenkel type defect is shown by crystals with low co-
ordination number.

4
119 x x 27 xNpgxa
() d-Nuxna or n= T
2.75 x 6.02 x 10° x (654 x 10~ 103
= 119 =308=4,

The questions are based upon facts.
{c) Zn assumes hep type crystal structure.

i dw 2%39x10”° ~

a3
Emhmza.“[lxi,ﬁﬂxlﬂ" ]H

23
_2x39x 100
6.02 = 1.44
() Factual question.
() Question is based on properties of liquid crystal.
(e)Match Boxhas dimensionsa # b 2 ¢ ;0 = = y=90which
refers to orthorhombic.
(b) Applying the formula
Htﬂxhxlm- 4 » 100
dxa®  10%@x107%?
(b) No. of atoms per unit cell = 2

.. No. of atoms in 12.08 x 10® unit cells = 24.18 x 1023,

= 900 kg m°.

=5x 10%,

(b) Density = SMM < 2
Npxa
~ 100 % 2 __200
" 6.02 x 107 x (400 x 10710)% * 38.528
=5.188 gem A

{b]Wahmpwunitmﬂ:%ﬂl:Hanuﬁtuﬂ-l

Dutnmaparunitmllzl::-a

Henece formula = NaWO0O3.
38-42. Questions based on facts.
43, (b)Edgelength=2r"+2" or %IJ'-F'I-F_

r =254 - 110 = 144 pm.

44-48. Questions based upon facts.
49. () 803, I and KCl are solid at 10°C.

50-57. There are based on facta.
58. (b) Site Y is octahedral void.

59. (a) There are four X atoms and four Y atoms per unit cell.
Hence, the formula units are Four.

80. (c)Y being octahedral void has co-ordination number = 6.

62. (s) Factual question.
83-87. Questions based upon facts.

68. [b}&nimainunjtcnﬂ=%+§=4;

Eaﬁ&m:[%+l]+4=ﬂ.
Hence the ratio of cations : anions =2 : 1.
70. (&) Hn,&fﬂatn-mainth&unitm]ln-gnl

Nu.dammm;uuimnng.l.
71. M}nahnﬁmdwmvﬂmumﬂdhmth_lm

- a3
_?ﬂmdm=4fﬁl;uﬂz _x
" Volume of cube ] 6

72-74. Factual problems.

75. (d)The radius ratio (r,/r_) = %‘-3’% = 0.54. Hence co-ordina-
tion number of cation should be six. Thus, substance is
likely to adopt rock salt structure.

78. (c) Factual question.
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1.

3.

7.

QUESTION BANK

Choose the correet answer from the four alternatives given in each of the following questions :

ﬁ Na and ?;Mg are
(a) Isotopes {b) Isohars
(c) Isodiaphers id) Isotones.

The energy of a photon of radiation having wavelength

3000 A is nearly
{a) 6.63 x 10719 J (5)6.63x10" 18]

(d)663x10"4J.

The wavelength of the radio-waves having frequency
3 MHz would be

(c)6.63x 10" 187

(@) 100 m (b) 300 m

(c) 100 nm (ef) 300 nm.

The number of subshells in the fifth energy level is
() 4 (&) 11

()9 (d) 6.

The number of orbitals in the fourth energy level is
{a) 4 (b) 16

(e) 32 (d) 9.

The maximum number of electrons with clockwise
spin that can be accommodated in a fsubshell its

{a) 14 (b)Y 7
{e) 5 (d) 10.

The maximum value of m for an electron in fourth
energy level is

(a) + 4 (b)+3

{e)+ 5 (d) +9

The maximum number of electrons that can be accom-
modated in fifth energy level is

{a) 10 (b) 25

le) B0 (d) 32,

In chromium atom, in ground state, the number of
occupied orbitals is

(a) 14 (&) 15

(e) 7 (d) 12.

The radius of the first orbit of hydrogen is 0.53 A. The
radius of second orbit would be

(a) 1.06 A (by2.12 A

() 0.53 A (d) 0.26 A.

11.

12.

13.

14.

I.EI'

16.

17.

18.

The ratio of the radii of first orbits of H, He* and
Li%* is

fa)1:2:3 (b)6:3:2

el 1:4:9 (d)9:4:1.

Which electronic transition in hydrogen atom is
accompanied by maximum release of energy 7

aln=2ton=1 bln=3ton=2
(din=4ton=2.

The ratio of radius of the nucleus to the radius of the
atom is of the order of

(a) 10° (&) 10%

{e) 10™° (e 1075,

A body of mass 10 mg is moving with a velocity of 100
ms~ !, The wavelength of the de Broglie wave associated
with it would be

(@) 663%x10° % m

cjnemdton =3

(b} 663 x10" 3 1
(d) 6.63 %10 m.

Which of the following sets of the quantum numbers
is permitted ?

()6.63%10" M m

[

aln=41l=2. m=+3, 8=+=

b=

BIn=381=8,m=+3,8m+=

[ =

{:}n=4,l=ﬂ,m=ﬂ,a=+%

din=4,{=3,m=+1,8=0.
A subshell with n = 6, [ = 2 can accommodate a
maximum of

(a) 12 electrons
{e) 10 alectrons

(&) 36 elactrons
() T2 electrons.

An electron has spin quantum number, s = + % and

magnetic quantum number, m = + 1. [t cannot be
present in

(a) s-orbital
(e} d-orbital

() p-orbital
() f~orbital.

The first use of quantum theory to explain the strue-
ture of atom was made by
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4.

Bl1.

The correct set of quantum numbers for the unpaired
electron of chlorine atom is

n i

(a)

{
2 1
(&) 2 1
3 1
3

(1]
1
le) 1
(el) 0 1.
The ion that is iso-electronic with CO is

fa) Qg
le) CN™

(b) Ng*
(e} ﬂg*.

The configuration 132, 2#2, ‘.‘épﬁ, 35! shows
() Ground state of fluorine

(b) Excited state of flnorine

{e) Excited state of argon atom

(d) Ground state of 0" jon.

Which quantum number will determine the shape of
the subshell ?

{a) Principal quantum number

(&) Azimuthal quantum number

ie) Magnetic quantum number

{df} Spin quantum number,

Which is correct statement about proton ?
{a) Proton is nueclens of deuterinm

{(b) Proton is alpha particle
ie) Proton is ionised hydrogen molecule

{d) Proton is ionised hydrogen atom.

The energy of an electron in nth orbit of hydrogen
atom is

() -“;f oV (B) - Eéﬂ oV
n n

s ”;f eV -8 v
n n

The four quantum numbers of valence electron of
potassium are

1 1

{a) 4,0, 1..2 (b) 4, 1.'-".*2'
(c) 4,0,0,% @4,1,1,1
] ] 12 a ¥ l2

The frequency of a wave is 6x 10 s, Its wave
number would be
(@) 10% em™ 1 5)2%10” % em~ !

() 2% 10” " em (d) 2% 10% em™ 1.

82.

EE!

86.

B7.

The energy of the second orbit of hydrogen is equal to
the energy of

(a) Fourth orbit of Ha* (b) Fourth orbit of Li**

(¢) Second orbit of He® (d) Second orbit of Li*",

The concept of dual radiation was introduced by

{a) Einstein (b} Stark

{c) de Broglie {d) Moseley.

The discharge tube experiment in which cathode rays
are emitted has shown that

{a) All nuclei contain positive charge

(b) All forms of matter contain electrons

(e} Protons are positively charged

() Mass of proton and that of nentron are almost equal.

In Bohr's model of the atom, the electron does not fall
into the positively charged nucleus because

{a} The electrons have dual character

(b) The electrons have wave character

{¢) Quantum rules do not allow it

{d) The electrostatic attraction is balanced by mechanical
forces.

Particles in cathode rays have same charge to mass
ratio as

(a) o-particles (b) frays
{e) yrays () Protons.

Which of the following species has the same num-
ber of electrons in the outermost and penultimate

shells 7
(@) 0% () K*

() AP @F",

An electronis present in 4f sub-shell. The possible values
of azimmthal quantum number for this electron are

(@)0,1,2,3 61,234
(c) 3 (cl) 4.

‘Which of the following radiations has the highest wave
number ?

(a) X-rays (&) Microwaves

(e) LR rays (d) Radiowaves.

Bohr's model could explain successfully

(z) the spectrum of helinm

(b) the spectrum of species containing only one electron
{c) the spectrum of multi-electron atoms

{d) the spectrum of hydrogen moleculs,
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: () d,2-2 12 (6)3,8,1,-1/2 {e) The lines of Lymon series appear in the visible region
€12,2 1, 1/2 (d)3,1,1,— 12 {d) Transition from higher energy levels to 4th energy
41. The wave number of first line of Balmer series of ]“ﬁ' produces Pfand series which fall in the infrared

43.

47.

hydrogen in 15200 cm™ !. The wave number of the first
Balmer line of Li** ion is

(@) 15200 em™ ! (b) 60800 cm ™ !

(£) 76000 em™ ! (d) 136,800 em™ .

Which one of the following pairs of atoms/atom-ion
have identical ground state configuration 7

(a) Li* and He* () CI” and Ar

{c) Na and K (d) F* and Ne.

For which one of the following sets of four quantum
numbers, an electron will have the highest energy 7

@in=3,l=2m=1,8=1/2
bn=4,l=2,m=-1,5=1/2

T
edn=4,l=1,m=0,8= 5

1
{:ﬂnnﬁ.l=ﬂ.m=ﬂ.:ﬁ—§.

When o-particles are sent through a thin metal foil,
maost of them go straight through the foil because

{a} u-particles are lighter than electrons

(b) a-particles are positively charged

(¢) Most part of the atom is empty space

(d) e-particles move with high velocity.

The radius of hydrogen atom in the ground state is
0.53 A, the radius of 3Li** in the similar state is

(@) 1.06 A (b} 0.265 A

(€) 0.17 A (d) 0.53 A.

An element, M has an atomic mass 19 and atomic
number 9, its ion is represented by

(a) M* (b) M2*

(e) M~ (d) M%",

The number of nodal planes 'd’ orbital has is
(a) zero (k) one

(c) two (d) three,

Which of the following statemants regarding spectral
series is correct 7

(a) The lines in the Balmer series correspond to the
electronic transition from the energy level higher than
n =1 energy level.

(b) Paschen series appear in the infrared region

49,

50.

51.

82.

53.

region.

Which of the following does not form a part of Bohr's
model of hydrogen atom ?

{a) Energy of the electron in the orbit is quantized

(b) The electron in the orbit nearest to the nuclens has the
lowest energy

() Angular momentum of the electron in the orbit is quan-
tised

(d) The position and velocity of the electrons in the orbit
cannot be determined simultaneously.
If the electron falls from n = 3 to n = 2, in hydrogen

atom then emitted energy is
(a) 10.2 eV (b) 12.09 eV
(e} 1.9 eV (d) 0.66 V.

The energy of an electron in the first orbit of H atom
is = 13.6 eV. The possible value(s) of the excited
state(s) for electron in Bohr orbits of hydrogen is(are)

(@) — 3.4 eV ib)-4.2 eV
{c) —6.8 &V (d) + 6.8 eV.
The electrons identified by quantom numbers n and {

Dn=dl=l(@n=41=03in=3{[=2(v)n=3,
[ = 1 can be placed in order of increasing energy, as

(a) (iv) < (i) < (iif) < Q) (b (id) < (iv) < (i) < (idd)
(e} () < (3i0) < (i) < iv) () (i) < (@) < (iv) < (i),
If wavelength of photon is 2.2 x 107" m,
h=6.6x10"% Jg, then momentum of photon is

(a) 3 x 107 %3 kg ms~ 1 (b) 3.33 x 10%* kgms !

() 1.452x 10" Y kgms™ !  ()6.59x 10" kgms~ .

The first emission line in the atomic spectrum of
hydrogen in the Balmer series appears at

BR 1 3R -1
{ﬂJ-—Hﬂm {b}T om

TR -1 1 - N
ic]'le {d)4mm X

The angular part of wave function depends on guan-
tum number(s)

(a)nandl (b} and m
{e) n only (d)n, | and m.
If kinetic energy of a proton is increased nine times

the wavelength of the de-Broglie wave associated with
it would become

(a) 3 times (b) 9 times
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{a) Electrons having least mass have maximum e/m ratio.
(b)) HG.J. Moseley determined the atomic nambers by
study of X-rays emitted by different electrons.

{d) m =+ 2 corresponds to a particular orbital. An orbital
can accommodate only 2 electrons.

(d) Mn has atomic no. 25. Its electronic configuration is
(Ar] 18 34® 457

{e)n =3, [ =2means 3d-sub-shell. In chromium atom there
are five electrons is 3d-sub-sheil.

CriZ = 24] : [Ar] 34" 45,
{a) Frequency is given by the relation
v=329x 111‘5[%——1—- Ha.

Hﬂa

For first line in Balmer series ny =2, ng =3,

() AE = hivor v=iuwu—1—.

AR AE
{d) The number of possible crientations is (2 + 1).
2x3+1)="T.
he Ey A m
d) E = ——-t =32,
E A

®) P: 1s%, 25%, 2p, %, 2p, .@,2,3;3, 3p, ', 3p, ', 3p, .
No. of sub-shell = 5{1s, 25, 2p, 35, 3p)

No. of orbitals = 9.

{d) An orbital can accommodate only two electrons.

(c) When [ = 2, m; cannot be - 3, Value of m; cannot be
numerically greater than the value of l.

{b) Here 2g is not fully filled whereas filling 2p has started.
(d) Any orbital can accommodate only two electrons with
opposite spin.

{a) Average distance of the electron from the nucleus is
determined byn, hence it determines the size of the orbital.
{d) The maximum no. of electrons in an energy level

= On®
Forn = 4, 2n° = 32,

1
(BKE. =v -
(&) The maximum value of { = (n = 1).
{b) For g-sub-shell, ! = 4. The minimum value of n for which
[ can be 4 is equal to (4 + 1) ie, 5.
{a) He* and H are both single electron species.
(cln=3,1=0,1,2
m=0;+10-1;+2+1,0,=-1,=-2
{a) The energy difference between first and second energy
levels is very large.

2

74.

T6.
76.

81.

82

21.

{¢) During ionization, the electrons are first lost from 4s
subshell,

(d) The last electron in Na is in 3s. For s-subshell ! = 0,

h___ 6.68 x 10~ %7 x 100
ATmAU 43 14%0.1x10" 2B x3x10% % 011
=0.176 cm.
(&) Orbital angular momentum
=Vl +1) #—n".‘ ]—:ﬂ
(e} The unpaired electron is chlorine is in 3p subshell. For
3p subshell, r =3 and ! = 1.

(e) CO and CN ™, both have 14 electrons each.

(e) Since the given configuration contains 10 electrons and
one of the electrons is present in 3= orbital instead of 2p, it
is excited state of argon.

() The valence electron in potassivm is in 4# orhital,

15 ~1
%—- E"lﬂj £ I-Exlﬂ-ﬁm"l,
3x10" " ems

(e} Ax =

d) vs=

B
(@) Egy=-—3
@’

2
Eﬁﬂﬂﬁ“'ﬂg“'if}

2
_lﬂ._ﬂé& ik
[2) x
(b) Cathode rays as well as l-rays consist of electrons.

(5) K* and CI” have (17 + 1) = 18 electrons, which are
distributed as 2, 8, 8.

(e) For f~sub shell, [ = 3.
{b) Bohr's model could explain spectrum of hydrogen atom
and hydrogen-like species such uEn*,.I.iui atc,

(c) ra =_E£_.
42 km Ze*

r'n"-"nz

rnungr]
rg=(2)% ry=dry.

{d) There would be 10 electrons with =2, [ = 2 corresponds
to d-subshell.

1
(b) vy o= o
&) KE = hiv —vg)

%u‘u—‘ﬂ'ﬂ




Important Terms, Facts and Formulae

SOLUTION AND ITS COMPONENTS

* BSolution. A homogeneous mixture of lwoe or more
pure substances whose composition may be altered
within certain limits, is called solution.

* Solvent and Solute. In general, for binary solution
the component of the solution whose physical state ts
game as that of solution is called solvent while the
other components are called solute. However, if
physical state of the components is same as that of
solution, then the component in excess is taken to be
solvent.

VAPOUR PRESSURE OF A LIQUID

The pressure exerted by the vapours above the liguid
surface in equilibrium with the liguid at a given temperature
is called vapour pressure of the liguid.

The vapour pressure of a liquid depends on :

(1) Nature of liguid. Ligquids, which have weak inter-
molecular forces, are volatile and have greater
Vapour pressure.

(it) Temperature. Vapour pressure increases with in-
crease in temperature.

» The effect of temperature on vapour pressure is mathe-
matically given by the following form of clansius

Clapyron's equation
log  =2.303R [ T,Tq

where pg and p are vapour pressures at the tempera-
ture Ty and T and AH,,;, is enthalpy of vaporisation
of liquid.

VAPOUR PRESSURE OF SOLUTION AND LOWER-
ING OF VAPOUR PRESSURE.

The vapour pressure of the solution containing non-
volatile solute is less than that of the pure solvent.

The difference between the vapour pressure of solvent
(p ") and that of solution (p) is represented by Ap (= pa® — p) and
is called lowering of vapour pressure.

* Raoult's Law states that the vapour pressure of a
solution containing non-volatile solute is equal to
product of mole fraction of the solvent and vapour
pressure of pure solvent.

In case of solution containing two components A
(volatile solvent) and B (non-volatile solute) the vapour
pressure of solution is given as

PA=PA® - XA

« Vapour Pressure of the Solution of Miscible
Liquids. The total vapour pressure of the solution of
two miscible liquids is given by the sum of their partial
pressures. Thus, if p is the total vapour pressure of the
solution, then

P=pa+PB=pA° x5+ Ppp° 2B

=pa° % + pp° (1 — xa) xzp+xg=1
=(paA” —pp°) xp + pp° L)
Similarly, it can also be shown that
P=PR" —PA") xg+tp,° ()

Both the equations (i) and (if) can be compared to
(¥ = mx+c) which represents a straight line. This
implies that the total vapour pressure p is a linear
function of xg (or xa).

* Relative Lowering of Vapour Pressure (Ap/pa°).

The term relative lowering of vapour pressure is
defined as the ratio of the lowering of vapour pressure
to the vapour pressure of pure solvent.

Relative lowering of vapour pressure is equal to mole

fraction of the solute.
PA"=PA _ Ap
A Xp Or A IR

IDEAL AND NON-IDEAL SOLUTIONS

1. Ideal Solutions. The solutions are said to be ideal
if they fulfill the following conditions :
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a7

1.

3.

Level I

Choose the correct answer from the four alternatives given in each of the following questions :

The molarity of 6% (W/V) solution of acetic acid is

() 0.01 M (501 M

led) 1M (d) 0.5 M.

The normality of 1 M solution of Nay,COy is
{a) 1N (b)OSN

el2ZN (d) 3 N.

A non-volatile electrolyte, dissolved in equimolal
proportion as non-volatile non-electrolyte, produces

(a) same colligative effect (b} lower colligative effect

{e) higher colligative effect (d) no colligative affect.

18% (W/V) solution of urea (Mol. mass = 60) is

{a) 1M b)2M

()03 M (d) 3 M.

The density of 5 molal solution of urea is 1.3 g em™ 2.

Concentration of this solution in terms of molarity
would be

()5 M (b)>5M
(e)=BM (d) Cannot be predicted.

The enthalpy change on mixing water and ethanol at
room temperature is

(a) Zero

(b) Positive

(e) Negative

{d) Depends on proportion of alechol in the solution.

. Twao liguids A and B form an ideal solution. At 300 K

the vapour pressure of a solution of 1 mole of A and
x moles of B is 550 mm. If the vapour pressures of
pure A and B are 400 mm and 600 mm respectively,
then x is

(a) 1
() 3

(b) 2
(d) 4.

- The number of moles of sodium hydroxide present in

2.5 L of 0.5 M aqueous solution is
(a) 1.25 (b) 0.5

(e) 125 (d) 5.

The molality of 2% (w/w) aqueous solution of sodium
chloride is
(@) 0.1Tm
{c)1lm

(b) 0.Tm
{df) 0.34 m.

10.

11.

12.

13.

14.

15.

16.

17.

The molarity of decinormal aqueous solution of
sodium hydroxide is

(a) M/5 (&) M/10

(e} MS2 (d) M/100.

Two beakers contain 1 L and 250 ml of pure water
respectively. What is same in them 7

(a) number of moles (b) number of molecules

(c) molarity {d) mass.

According to Raoult's law, the relative lowering of
vapour pressure of a solution of non-velatile solute is
(a) egual to mole fraction of solvent

(b) equal to mele fraction of solute

(e) directly proportional to mole fraction of solute

(d) equal to normality of the solution.

Which aqueous solution will have lowest vapour pres-
sure at room temperature ?

(a) 0.1 M NaCl (6) 0.1 M glucose

(e) 0.1 M urea () 0.1 M CaCls.

At higher altitudes, water boils at temperature < 100°C
because

(a) temperature at higher altitudes is low

(&) atmospheric pressure is low

(c) the proportion of heavy water increases

{d) atmospheric pressure becomes more.

An azeotropic solution of two liguids has boiling point
lower than ether when it

{a) shows a negative deviation from Raoult’s law

(b) shows a positive deviation from Raoult's law

{¢) shows no deviation from Raoult's law

(d) is saturated.

Aliquid is in equilibrium with its vapour atits boiling
point. On the average, the molecules of the two phases
will have

{a) same magnitude of interparticle forces

(b) same potential energy

(c) same total energy

{d) same free energy.

Ebullioscopic constant depends upon

{a) nature of solvent

(b) nature of solute
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71.

72.

4.

75.

76.

78.

@)1:1 ° (h10.5:1
eyh:2 (dy3-1.

The molal elevation constant of a liquid is the ratio of
elevation in boiling point to

() molality (b)) normality

() mole fraction of solvent.

A solution of benzoic acid dissolved in benzene will
show a melecular mass closer to

(e) 122 (h) 244
{e) 61 () 366.

The correct relationship between the boiling points of
very dilute solutions of CaCly (t1°C) and AlCly(t:°C)

having same molar concentration is

(blto=>1

(d) ta = 2£y.

Which of the following conditions is not satisfied by
ideal solutions ?

() Obeyance of Raoult’s law (d)} AGmie = 0.

(c) molarity

la) ty =to
(c) g < £y

(b) AVpix =0

The value of ky, is given by RT;%/1000X. In this rela-
tion X is

() density of solution (b} AHF of solvent

() latent heat of vaporisation (d) ﬂHﬂp.

Osmotic pressure of 30% solution of glucose is 1.20 bar
and that of 3.42% solution of cane sugar is 2.5 bar. The

osmotic pressure of the mixture containing equal
volumes of the two solutions will be

() 2.6 atm (b)) 3.7 atm
{e) 1.85 atm () 1.3 atm.

Which inorganic precipitate acts a semi-permeable
membrane 7

{a) Caleium sulphate
() Nickel phosphate

(6} Bariom oxalate

{d) Copper ferrocyanide.
When mercuriciodide is added to the agueous solution

of KI, the

{a) freezing point is raised

(b) freezing point is lowered

{e) boiling point does not change
() freezing point does not change.

0.6 g of a solute is dissolved in 0.1 L of a solvent which

develops an osmotic pressure of 1.23 atm at 27°C, The
molecular mass of the substance is

(a) 149.5 (b 120
() 430 (d) Mone of these.

81.

87.

91
Isotonic solutions have the same
{a) Density (h) Molarity
(c) Normality () Mole fraction.

What is the freezing point of a solution containing
8.1 g HBrin 100 g water, assuming the acid to be 30%

ionised. [Ky for water = 1.86 K kg mol ™ 1]
{a) 0.85°C (b) - 3.53°C
{e) O°C (d) - 0.35°C.
The freezing point of a 0.08 molal aqueous solution of
NaHS0y is - 0.372°C, The dissociation constant for
the reaction,
HSO,” = H'+50,% is
(b) Bx 107 %
(d) 1.86 x 107 2,

3% agqueous solution of dextrose (mol. mass = 180) is
isotonic with 2% agqueous solution of another non-

electrolyte solute at 25°C. The molecular mass of the
solute is
{a) 60 (b) 120

{ch 180 {ef) DO,

The vapour pressure of the solution of two liquids A
(p° = B0 mm) and B (p° = 120 mm) is found to be 100
mm when x4 = 0.4, The result shows that

{a) solution exhibits ideal behaviour

(b} solution shows positive deviations

(¢} solution shows negative deviations

(d) solution will show positive deviations for lower concentra-
tions and negative deviations for higher concentrations.

The relative lowering of vapour pressure produced by

4 m solution of glucose in water (v.p. of water = 22.5

mm) is

{m) 0LOBT

() 1.665

()4 x 10”2
(c)2x 10”2

(h) 0.166
{d) unpredictable.

Equal volumes of 0.1 M aqueous solutions of
(NH4)25804 and Ba(OH); are mixed. Which of the

following species has largest concentration in the
resulting solution 7

(a) Ba=*

(c) NHy™

(b) NHg (ag)
(d) BaS0y.

Which of the following solutions has highest nor-
mality 7

(a) 8 g L™ ! (KOH) (h) normal phosphorie acid

(c) 6 g per 100 ml (NaOH) (d) 0.6 M Hp350y.

25 ml of semi-molar HNO5 is mixed with 75 ml of

pentimolar HNOj solution. The molarity of resulting
solution is
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| (c) No flow of water IV. Normality x Eq. mass = Molarity x Mol mass.
(e} Direction of flow cannot be predicted. {a) I, I {8) 11, T1
4.5% solution of glucose would be isotonic with respect {e) 11, IV () IV, L.
to ...... solution of urea. For which of the fallowi o .
(@) 4.5% (b) 13.5% 11. ] ?rw of the following solutes i’ is greater than
{e) 1.5% {d) 9%. (a) Urea (b} S
3% solution of glucose is isotonic with 1% solution of {c) Sodium chlorid (d) glucose.
a non-volatile non-electrolyte substance. The molecular ] ) ) ¢
mass of the substance would be 12. Solutions with same vapour pressures are called
{a) 180 (b) 360 (@) isotonic (b) isopeistic
(e} 420 (d) 60. (c) hypertonic (d) isomorphic.
Which of the following change with increase in 13. For a solution containing non-volatile solute, the
temperature relative lowering of vapour pressure is 0.2. If the
I Molality II. Molarity solution contains 5 moles in all, which of the follow-
: . . ing are true ?

t Mo fckon Tee Momving: 1. Mole fraction of solute in the solution is 0.2
et el II. No. of moles of solute in the solution is 0.2
i . AL _ IIL No. of moles of solvent in the solution is 4
Which n.f the fnl!mng are not colligative properties ? IV. Mole fraction of solvent is 0.2.
:::: E::Eﬂ 2 e (a)I,IV (b) 1T, I
{c) Osmosis {e) I, 1T (e} I, TV.
(d) both & and c. 14. The normality of a 2.3 M sulphuric acid solution is
Which of the following solutions are expected to be {a) .46 N (B)0.23 N
i:uhmic :;'lth respect to 6% (W/V) solution of urea. © 23N (d) 4.6 N.
ﬂ lff L ;T::: ﬂ“ﬂ": m“ 16. The ebullioscopic constant for water is 0.513°C kg
I]i D e mol™ !, The agueous solution of sugar containing 0.1

N o bl mole of it in 200 g of water will beil under a pressure
IV. 0.1 M solution of CHgCOOH. of one atm at
{a) I, TH (b) I, 11, I
Guabe g
Osmotic pressure of a solution of electrolyte does not ' ’ i %
depend on 16. A nnp-vqlahla electrolyte dissolved in an aqueous
I Nature of sclute I Niatare ol sckeamt solution in same molal proportion as non-electrolyte

: : )

ITIl. Temperatuare IV. Molar conc. of soluta.
)1 (b I, 11 () same colligative effect (b} higher colligative effect
{c) I1, 111 (d) ITL, IV. (c) lower colligative effect  (d) no colligative effect.
Which of the following solutions exhibit positivedevia- ~ 17- The molal depression constant depends upon
tion from Raoult’s law ? (a) Nature of solute
() HpOr + CaHgOH (b) CgHg + CgHgCH3 (b) Nature of solvent
(c) HgO + HC1 (d) CHCl3 + (CHgz)2CO. (c) AHgolution
Which of the following statements are not true 7 (d) Vapour pressure of solution.
I. Normality of a solution is always greater than molarity 18. Which of the following is not a colligative property
IT. Normality of a solution increases with increase in tempe- (a) ATy ) x

rature

(c)A. Ty (d) Kp,

I11. Normality of a solution may be equal to or greater than
the molarity
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27.

The weight of pure NaOH required to prepare 250 cm®
of 0.1 N solution is

(a)dg b)1g

)2 g {d) 10 g.

Which of the following solutions will have the highest
boiling point ?

(a) 1% of glucose in water  (b) 1% sucrose in water

(e} 1% NaCl in water (d) 1% CaClsp in water.

Which 15 an example of colligative property 7
{a) boiling point (b) osmosis
(e) freezing point (d) osmotic pressure.

If 0.1 M solution of glucose and 0.1 M solution of urea
are placed on two sides of the semipermeable
membrane to equal heights, then it will be correct to
say that

{a) There will be no net movement across the membrane
ih) Glucose will flow towards urea solution

ic) urea will flow towards glucose solution

(e} water will Nlow from urea solution to glucose solution.
An agueous solution of glucose is 10% in strength. The
volume in which 1 gm mole of it is dissolved will be
{a) 15 L ()9 L

{309 L (d) 1.8 L.

A 500 g tooth paste sample has 0.2 g fluoride con-

centration. What is the concentration of fluoride in
terms of ppm

() 250 (b) 200
() 400 (d) 1000.
How many grams of a dibasic acid (Molecular mass

= 200) should be present in 100 ml of its aquecus
golution to give decinormal strength 7

la)lg by 2 g
)10 g {d) 20 g.

The vapour pressure of a solution of 5 g of non-
electrolyte in 100 g of water at a particular tempera-
ture is 2985 N/m?. The vapour pressure of pure water
is 3000 N/mZ. The molecular mass of solute is

(@) 180 (k) 120

{c) 60 () 392,

Osmotic pressure of a solution increases by
{a) decreasing the temperature

{b) increasing the volume

{¢) increasing the number of molecules of the solute
(d) none of the above,

31.

a7.

Acetic acid dissolved in benzene shows a molecular
mass of

() 30 (b) 60
fer} 120 {d) 180.

Hydrochloric acid solutions A and B have concentra-
tions 0.5 N and 0.1 N respectively. The volumes of
solutions A and B required to make 2 litres of 0.2 N
hydrochloric acid are

(a)05LofA+15LofB (b)156LofA+05LofB

() 10LofA+10LofB  (d)0.75 Lol A+ 1.25 LofB.

Increasing the temperature of an agqueous solution
will cause decrease in

(a) Molality (b) Molarity
{c) Mole fraction (d) % (WIV).

“Partial vapour pressure of a solution component is
directly proportional to its mole fraction”. This state-

ment is known as
(o) Henry's law (5) Raoult’'s law
{e) Distribution law (d} Ostwald’s dilution law.

An agqueous solution containing 1 g of urea boils at
100.25°C. The agueous solution containing 3 g of
glucose in the same volume will boil at

() 100.75°C (b) 100.5°C

() 100°C (d) 100.25°C.

Equal volumes of 0.1 M AgNO3 and 0.2 M NaCl are
mixed. The concentration of NOy ™ ions in the mixture
will be

@) 0.1 M (b} 0.05 M

c)0.2M (d) 0,15 M.

How many grams of methanol would have to be added

to water to prepare 150 ml of solution which is 2 M
CH;0H ?

{a) 9.6 by 2.4

() 9.6 % 10° () 4.3 x 10°,

At 25°C, the highest osmotic pressure is exhibited by
0.1 M solution of

{a) CaCly (b)) KC1
(e} Glucose {d) Urea.

Which one of the following salts will have the same
value of vant Hoff's factor (i) as that of K4[Fe(CN)gl.

(a) Al(804)p (b) NaCl
(e) AINOg)3 (d) NagS0,4.

A solution containing 6.8 g of non-ionic solute in 100
g of water was found to freeze at — 0.93° C. If Ky for

water is 1.86. The molecular mass of solute is
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41.
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(o) 13.6 (h) 34
(c) 68 () 1386,

The molarity of a solution obtained by dissolving 0.01
moles of NaCl in 500 ml of solution is

(@} 0.01 M (b) 0.005 M
(e} 0.02 M (d)0.10 M.

5.85 g of NaCl is dissolved in 500 ml of water, The
molarity is

{m) 0.1 (b) 0.2

{e) 0.3 () 0.4.

In the phenomenon of osmosis, the semipermeable
membrane allows the passage of

{a) solute particles (b} solvent molecules only
(¢} both solute and solvent  (d) none.

If 5.85 g of NaCl are dissolved in 90 g of water, the
mole fraction of NaCl would be

(n) 0.1 (510,01

() 0.2 () 0,0196.
Equivalent mass of crystalline oxalic acid is
() 80 (b) 63

() 53 (e} 45,

4.0 g of caustic soda is dissolved in 100 em® of solution.
The normality of solution is

() 1 (b)0.1

{1 0.5 (ef) 4.0

The osmotic pressure of 5% (mass-volume) solution of
cane sugar at 150°C (mol. mass sugar = 342) s

{a) 4 atm {b) 5.07 atm

{c) 3.556 atm (cl) 2.45 atm.

The molarity of the solution containing 7.1 g of
NasS0, in 100 ml of agueous selution is

)2 M (L105M
1M (cd) 0.05 M.

The volume of 0.1 M HsS80, required to neutralise
completely 40 ml of 0.2 M NaOH solution is

{a) 10 ml (b) 40 ml

{c) 20 ml (d) 80 ml.

The normal boiling point of water is 373 K (at 760 mm).
Vappur pressure of water at 298 K is 23 mm. If enthalpy
of vaporisation is 40,656 kJ mol™ !, the boiling point of
water at 23 mm pressure will be

(a) 250 K (h) 208 K

e} 516 K (d) 12.5 K.

48.

49.

51.

56.

67.

The concentration units independent of temperature
would be

{a) Normality
le) Malality

(h) Mass-volume percent
() Molarity.

According to Raoult's law, the relative lowering of
vapour pressure of solution is equal to the

(a) Mole fraction of solute (b)) Moles of solute

() Mole fraction of solvent  (d) Moles of solvent.
12 g of urea is dissolved in 1 litre of water and 68.4 g

of sucrose is dissolved in 1 litre of water. The lowering
of vapours pressure of first solution is

{a) equal to that of second (b} greater than the second
() less than the second () double of the second,
Caleulate the normality of 10 ‘volume’ HaOs solution.
(e} 1.TN (b)12ZN
{e)303 N () 0.0303 N.
Isotonic solutions have same
{a) Molar concentration (&) Molality
() Normality () None of these.

. Which of the following methods is used for measuring

the osmotic pressure of the solution 7

{a) Ostwald method (k) Berkley Hartley methaod
{c) Solvay method () Haber's method.

2N HCI will have the same molar concentration as
() 0.5 N HaS0y (5 1.0 N HaS0,

{e) 2N HaS0y (d) 4 N HgB0y.

Vapour pressure of CCly at 25°C is 143 mm Hg. 0.5
gm of a non-volatile solute (mol. mass 65) is dissolved
in 100 m! CCly. Find the vapour pressure of the

solution. (Density of CCl, = 1.58 g/am®).
() 141.93 mm {h) 94.39 mm
{c) 199.34 mm {d) 143.99 mum.

What is the molarity of HyS0, solution that has a

density of 1.84 gm/cc at 35°C and contains 88% by
weight ?

(a) 4.18 M (b)B.14 M
(e) 184 M (d) 18 M.
The relationship between osmotic pressure at 273 K

when 10 g glucose (Py), 10 g urea (P3) and 10 g sucrose
(P5) are dissolved in 250 ml of water is

(a) Py >Po> Py b} Pg>Py>Dg
clPa>P; =Py (d} Pg > Pg > P;y.
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The vapour pressure at a given temperature of an
ideal solution containing 0.2 mol of a non-volatile
solute and 0.8 mol of solvent is 60 mm of Hg. The
vapour pressure of the pure solvent at the same
temperature will be

{a) 120 mm of Hg (h) 150 mm of Hg

(c) 60 mm of Hg (d) 76 mm of Hy.
Lowering in vapour pressure is the highest for
(a) 0.2 M urea (b) 0.1 M glucose

{c) 0.1 M MgS0y (d) 0.1 M BaCls.

Vant Hoff factor for Ca(NOy)s is

(@) 1 (b2

(e) 3 (d) 4.

Which of the following has lowest freezing point ?
(@) 1% glucose (b) 1% sucrose

(c} 1% KCI () 1% BaCly.

Which is not affected by temperature ?

{a) Normality (5) Formality

(e) Molarity () Molality

Which of the following 0.10 m aqueous solutions will
have lowest freezing point ?

(a) KCI (b) Al2(S0y)g

(e} CgHy20g {d) CyaHgalOy .

Molal depression constant for water 1s 1.86°C. The
freezing point of a 0.06 molal solution of a non-
electrolyte in water is

(a) - 1.86°C (b) = 0.93°C
(el - 0.083°C () 0.93°C.

An aqueous solution freezes at — 0.186°C (k= 1.86°;
&y, = 0.512°). What is the elevation in boiling point ?

(a) 0.1B6 (b} 0.512
0.512
le) 1.86 (d) 0.0512.

Which one of the following is a colligative property ?
(a) Burface tension {b) Osmotic pressure

i) Viscosity {d) Refractive index.

Which of the following will have the highest boiling
point at 1 atm pressure 7

() 0.1 M NaCl (£) 0.1 M Sucrose

{e) 0.1 M BaCla (d) 0.1 M Glucose.

What will be the molality of a solution having 18 g of
glucose (M. wt. 180) dissolved in 500 g of water ?

(@) 1m (B 0.5 m
() 0.2 m () 2 m.

70.

71.

4.

75.

76.

What will be the osmotic pressure of 0.05 N solution
of sucrose at 5°C ?

(@) 1.14 atm (h) 2.07 atm
() 1.05 atm {d) 3.05 atm.

A certain aqueous solution of FeCls (formula mass =

162) has a density of 1.1 g/ml and contains 20.0%
FeCly. Molar concentration of this solution is

{a) 0.028 (h) 1.36
{e) 1.27 {d) 1.47.

An ideal solution was obtained by mixing methanol
and ethanol. If the partial vapour pressure of
methanol and ethanol are 2.619 kPa and 4.556 kPa
respectively, the composition of vapour (in terms of
mole fraction) will be

(a) 0.635 MeOH, 0.365 EtOH
(h) 0.365 MeOH, 0.635 EtOH
() 0.574 MeOH, 0.326 EtOH
() 0.173 MeOH, 0.827 EtOH.

A 5% solution of cane sugar (MW = 342) is isotonic
with 1% solution of substance X. The molecular weight
of X is

(a) 171.2 (b) 68.4
(e) 34.2 (d) 136.2.

The vapour pressure of a solvent decreased by 10 mm
of Hg when a non-volatile solute was added to the
solvent. The mole fraction of solute in solution is 0.2.
What would be the mole fraction of solvent if decrease

in vapour pressure is 20 mm of Hg ?
(a) 0.8 (b) 0.6

{c) 0.4 (e} 0.2.

The freezing point of a solution prepared from 1.25 g
of non electrolyte and 20 g of water is 271.9 K. If molal

depression constant is 1.86 K mol~ ! then molar mass
of the solute will be

(=) 105.7 (&) 108.7
c)115.3 {d) 93.9.
6 ml of 0.5 M HCI is mixed in 15 ml of 0.3 M Hz80,

and 15 ml of 0.2 M HNOg. The normality of the acid
mixture will be

() 0.10 (b} 0.25
(e} 0.32 (d) 0.42,

How many gram of diabasic acid (molecular mass
= 200) should be present in 100 ml of the agueous
solution to give decinormal solution ?

(@) 1g B 2g
(c)10g (d) 20 g.
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If 0.15 g of a solute, dissolved in 15 g of solvent, is
boiled at temperature higher by 0.216°C than that of
pure solvent, the molecular mass of the substance is
{molal elevation constant for the solvent is 2.16 K/m)

{m) 1.01 (6) 10
(el 10.1 (e} 100.

T8. p" and p are the vapour pressures of solvent and its

81.

solution and x; and xy are the moles of solute and
solvent respectively, then

a)p=p°x b} p =pxg

le) p =p° ld) p = p°

x1+xg’
For a solution of acetone in CS,; the value of AS ;. 18

X +xg

(@) >0 by <0

el=1 {d)=0.

Which of the following liquid pairs show a positive
deviation from Raoult’s law ?

{a) Benzene—methanol (h) Water—hydrochloric acid
{e) Water—nitric acid ()} Acetone—chloroform.
Normality of 0.1 M sulphurie acid will be

(n) 0,033 N (b)0.3 N

ed0.16 N (d) 0.2 N,

By studying the elevation in boiling point of agueous
solution of glucose the value of kg, for water is found to
be 0.51 Kkg ! mol™ . The value that can be expected
from the agueous solution of Ky [Fe(CN)g is

{a) 0.51 b} 2 % 0.51

(e} 52 0.51 (d) 3 = 0.561.

Dissolution of 1 g of certain compound X in 250 g of
water produces a depression in its freezing point by

0.124°C. If Ky for water is 1.86, the molecular mass of
X will be

() 180 (b) 60

(e} 90 (dl) 30,

If each of the following salts dissociates in agqueous
solution to the extent of 90%, then the one with highest
osmotic pressure would be

{a) decimolar aolution of Ala(S04)s
{h) decimolar solution of NasS0,4

(e} decimolar solution of BaClg

{d) decimolar solution of NaCL

Which of the following best describes the concentra-
tion of a solution formed by dissolving 4 g of NaOH in
1 kg of water
(@) 4 gL~

{(e) 0.1 m

(6) 0.1 M
(d} 4 m.

B7.

91.

3.

. 9% solution of sugar is isotonic with certain aqueous

solution of acetic acid, the concentration of acetic acid is
{a) 0.15% {b) unpredictable
(e) 0.8T7T% (e} 0.5%.

The molal cryoscopic constant for water is 18.6 K mol
per 100 g. It can also be written as

() 186 K kg molal ! (b) 1.86 K mol per 10 g

(e) 18.6 K molal™ (d) 1.86 K molal™ %,

Which of following sequences is correct about the

osmotic pressures of equimolar solutions of BaCls (ry),
glucose (ng) and NaCl (rq).

la) my = mg = my
ehmy>rg>mg

(b)my > mo > mg

(d) mg > mg >y,

Vapour pressure of pure A is 70 mm of Hg at 25°C. It
forms an ideal solution with B in which mole fraction
of A is 0.8. If vapour pressure of solution is 84 mm
of Hg at 25 C, the vapour pressure of pure B at
25°C is

(z) 1 atm {(h) 14 mm of Hg

(e} 140 mm of Hg {d) 56 mm of Hg.

In a solution of A in B, A tetramerises as 4A — A, If

degree of association is 30%, the Van't Hoff factor is
approximately

(a) 0.775
el 4

ib) /4
(e} unpredictable.

The mole fraction of solute in 2.5 m agueous solution
is

(o) 0043 ib)0.43
{c) 55.5 (e} 0.55.

50 g of some dental cream has 0.02 g of fluoride
concentration. The concentration of fluorine in ppm is

{a) 250 (B) 200
() 400 () 1000.
H30 and perchloric acid (b.p. 383 K} form constant

boiling mixture at 71.6% of perchloric acid. The boiling
point of the solution at this composition is

(@) =373 but < 383 K hl<373 K

() > than 383 K (d}= 373 K.

An agqueous solution of a non-electrolyte containing
3.01 x 10* molecules of solute in 250 g of water will
freeze at : (Kr= 1.86 K kg mol™ 1)

(@) 2T3 K (h)1271.14

(c) 269.28 () 274.1 K.

The relative lowering of vapour pressure of a solution
containing 6 g of urea dissolved in 90 g of water is
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100,

101.

102.

103.

(a) 0.0196

() 0.05
{e) 1.50 () 0.01.
A 6% solution of urea is isotonic with
{a) 6% solution of glucose (b)) 25% solution of glucose

{c) 0.1 M solution of glucose (d) 1 m solution of glucose.

When one mole of non-volatile solute is dissolved in
three moles of solvent, the vapour pressure of the
solution relative to the vapour pressure of the pure
solvent is

1 1
) y (b} 3
(c) ﬁ- 1.

In a binary solution containing non-volatile solute the
mole fraction of the solute is 0.2 and the vapour
pressure of the solution 15 40 mm, The vapour pres-
sure of the pure solvent is

G 30 mm
Lc) 32 min

(B 48 mm
() 50 mm,

Which of the following agueous solutions will have
maximum lowering of vapour pressure 7

(a) 0.1 M NaCl (b} 0.1 M Fellly

(c) 0.1 M Alo(SO,)s () 0.1 M BaClg.

The freezing point of 1 per cent zolution of urea in
water will be

(@) 273 K (b)=2T3 K

e)<27T3 K (d) cannot be predicted.

The values of observed and theoretical molecular mas-
ses of certain electrolyte XY are 656.4 and 114.45
respectively. The electrolyte XY in the solution has
dissociation to the extent of

(@) T5% (b) B0%
(c) 50% () B0%.

After dissolving outer hard shell of an egg in dil. HCI,
it is placed in conecentrated solution of sodium
chloride. What will happen to egg 7

(a) It gets cooked gradually with salty taste.

() It will swell.

(e} It will shrink.

() It will form hemogeneous solution due to diffusion.

What should be done to prepare 0.40 M NaCl solution
starting with 100 ml of 0.3 M NaCl solution. (Assume
volume to remain same).

{a) Add 0.585 g NaCl
(h) Add 25 ml of water

104,

105.

106.

107.

ln‘a-l

lml

110.

(e) Add 20 ml of 0.2 M NaCl
(d) Evaporate 10 ml of water.

Certain azeotropic mixture boils at a temperature
lower than the boiling point of either of component.
This means that

(a) solution iz saturated

(b) salution is ideal

(c) solution exhibits negative deviations from Raoult's law
() solution exhibits positive deviations from Raoult's law.
CgH5COOH dimerises when dissolved in benzene, the

vant Hoff factor (i) is related to the degree of associa-
tion (x) of the acid as

(@)i=(1-x) (B)i=(1+x)

{edi=(1-0.5x) {d) i =(1+ 0.5x).

Two solutions A and B have same vapour pressure at
particular temperature. A and B are called

(a) isopiestic solutions (&) ideal solutions

{c) isotones of each other () isotonic solutions,

The vapour pressure of pure water is 92.5 mm at 300
K. The vapour pressure of 1 molal solution of X in
water is

{a} 180
{b) 90,80
{c) 45.4

{el) unpredictable becanse mol. masa is not given.

At 300 K, the two solutions of glucose A and B with
respective concentration 0.01 M and 0.001 M are
separated by semipermeable membrane. How much
external pressure need to be applied and on which
solution so as to prevent osmosis 7

{a) 0.2463 atm pressure is applied on solution B
(b) 0.2217 atm pressure is applied on solution A
{e) 0.0246 atm pressure is applied on solution B
() 0.0217 atm pressure is applied on solution A.

The ratio of the values of colligative property of two
equimolal solutions of KCIl and glucose in water is

approximately
@l2:1

c)l:2

(B)3:2
(d) 5:2.
A solution containing 28 g of phosphorus in 315 g
CSg (b.p. 46.3°C) boils at 47.98°C. If Ky for C59 is

2.34 K kg mol™ . The formula of phosphorus is (at.
mass of P = 31)

(a) Pg
c) Pg

(b) Py
(d) Py,
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111. On cooling the dilute aqueous solution of sucrose 133, The mass of solute ‘A’ (mol. mass = 75 g mol™ ) that

below its freezing point what will be observed should be added to 180 g of pure water in order to lower
(a) ice will start separating out its vapour pressure to 4/5th of its original value is
(b) sugar will crystallise out (o) 180 g (b) 90 g

(c) 150 g (d) 75 g.

(c) solution will freeze as such with same composition

(d) water and sugar in frozen part will be present in the 114. Which of the following statements about the molal
elevation constant, K is true 7

112. At certain temperature, the osmotic pressure of an soidit W 110 M or e
aqueous solution of urea was found to be 405 mm. How (b) Its units are K kg mol™ !
many times the solution should be diluted in order to
exhibit the osmotic pressure of 81 mm at the same

atoichiometric ratioof 1 : 1.

(e} Its value depends upon cone. of the solution

temperature ? {df} Its value is independent of the nature of solvent.
(a) 2 times (b) 4 times
(e) B times {d) 5 times.
ANSWERS
QUESTION BANK (Level I)
) 2.(e) 3. () 4. (d) 3. (a) 6. (c) 1. () 8. (a)
9. (d) 10. (b) 11. (¢} 12. (b) 13. (d) 14. (b) 15. (b) 16. (d)
17. {a) 18.(e) 19. (b} 20. () 21. {a) 22. (b) 23. (d) 24. (b)
26. () 26. (b) 27. (a) 28, (d) 29, (d) 30, (d) 31. (b) 32. (b)
33. (k) 34. (a) 85. (d) 36. (c) 37. () 38. (h) 39. (c) 40. (a)
41. (e) 42, (d) 43. (b) 44. (b) 46. (b) 46. (c) 47, (a) 48. (b)
49, (d) 50. (b) 51. (b) 52. (a) 53. (b) 54. (b) 55. (b) 56. (a)
57. (d) 58. (&) 58, (d) 60. (b) 61. () 62, (a) 63, (c) 64. (c)
65. (b) 66. (a) 67. (c) 68. (a) 69. (d) 70. (d) 1. (a) 72. (b)
73. (b) 74. (d) 75. (¢) 76 (c) 7. (d) 78. (a) 79. (b) 80. (b)
Bl. k) B2. (a) B3. (b B4. ic) Bo. (a) B6. (b) 87. (c) B8. (b)
89, (d) 80. (c) 91. (c) 92. (a) 93. (c) 94. (b) 85. (c) 96. (b)
97. (a) 98. (b) 89. (¢) 100. (b},
QUESTION BANK (Lewvel 1I)
L) 2. (k) 3. (c) 4, (d) 5. id) 8. (d) 7. (a) 8. (b)
9. (a) 10. (a) 11. (a) 12. (b) 13. (c) 14. (a) 15. (c) 16. (b)
17. () 18. (d) 19, (b) 20. {c) 21, (d) 22, (a) 23. (d) 24. (c)
25. (a) 26. (a) 27. (c) 2B, (e) 29, (a) 30. (b) 31. (b) 32. (d)
33. (b) 34. (a) 35. (a) 36. (a) a7. (d) 38. (c) 39. (b) 40. (b)
41. (d) 42. (h) 43. (a) 44. (b) 45. (b) 46. (b) 47. (b) 48. (c)
49. (a) 50. (a) 51. {a) 52 (a) 53. (b) 54. (b) 55. () 56. (c)
B7. (c) 58. (d) 59, (d) 60, () 61. (c) 62. (d) 63. (b) 64. (c)
8. (d) 66. (b) 67. (c) 8. (c) 69. (a) 70. (b) 71. (b) 72. (b)

T3. (e) 4. (a) 75. (d) 76. (a) 77. (d) 78. (d) 79. (a) 80, (a)
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BL. (d) B2, (a) 83. (h) 84. (a)

BO, (c) 90, (a) 9. (a) 82. (c)

97. (b) 98. (d) 99, () 104, ()
105. () 106. (a) 107. (b) 108. (b)
113. () 114. (b)

85. (c) B6. (b) B7. (d) 88. (c)
83. (c) 4. (c) 95, (a) 96, (c)
101. {a) 102. (c) 103. (a) 104.(dd)
109. {a) 110. {d) 111. (a) 112. (d)

HINTS/SOLUTIONS

QUESTION BANK (Level I)
1. (c) 6% (W/V) solution contains 60 gL~} 15. (b)Asolution showing positive deviation has higher vapour
. Stre per litre 60 pressure and lower boiling point.
Molarity = qu_ - ass —gn- 1M 16. (d) At equilibrium AG, i.e., (Gp - Gg) is zero.
. . Molecular mass 18. (c)Ifvapour pressure is lowered, the freezing point will also
2. (e} Eq. mass of Nag(0g = 5 get] L
MNormality x Eq. mass = Molarity x Molecular mass 19. (b)NaClionises as (NaCl—s Na®* + CI"). Hence elevation
1xM in boiling point of solution is almost double the elevation
Normality = M2 - 2. for glucose solution.
3. () Colligative effect is directly proportional to the number 0. (e} Factonl quastion.. o
of solute particles. An electrolyte dissociates in solution 21. (z)Solubility of NaCl increases by rise in temperature.
producing move nu thEI ﬂfﬂﬂ]'!.ltﬂ particles. . 22, (b) Concentration of F = 0.2 * IIJE =4x 'll.‘l2 pPpm.
4. () 180% (W/V) solution contains 180 g of solute per litre a00
) 180 (d) Mass of solvent is not known, which is required to
Molarity = B 3 M. calculate mole fraction of solute/solvent.
5. (a) Mass of solute = 5 x 60 = 300 g () Due to trimerigation the number of solute particle will
Mass of solvent = 1000 g ; Mass of solution = 1300 g be reduced o one-third.
- 1300 5 25. (c)N{Vy+NoVo + NgVg=NyVy
Volume of solution = " 1000 em” or 1 L. 0.2 % 50+ 0.1 x 50+ 0.2 x 100 = N x 200
Thus, the 5 molal 2olution contains 5 moles of solute in 1 L 35
of solution and hence is 5 M. Ny =550 =0-175 N.
8. (c) Factual question. 26. (b)0.8 mole are present in = 1000 ml
7. (&1 Pp" Xy + PR" Xp = 5560 mm 1000
1 5 0.1 mole would be present in = 0.8 0.1 =125 ml.
4W[IT]+ED{][1+ J:Eﬁﬂ'=ﬂx=3 -
* I 27, (a) No. of milli equivalents = 100 x 0.6 = 60.
8. (a)Moles = V(L) x molarity = 2.5 x 0.5 = 1.25. it &0
2 x 1000 Hn.nfnulhmnl.aar?:ﬂﬂ ("." Eq. mass = Mol. mass/3)
9. (d) Molality = m = 0.341 m.
s 28, (d) M1V +MoVg = MgVy
11. (c) The molarity of pure water is always 55.5 M.
12. () F : ot Gx250+2xTo0=25=Vy
13. (d) CaCls solution will have maximum number of solute o m % = 1200 ml
particles due to ionisation as ¢
a4 _ Volume of water = 1200 - (250 + 750) = 200 ml.
CaCly — Ca™" + 2Cl". .
14. (b) Vapour pressure becomes equal to the atmospheric 2% W) Soppose 1000 o af podudion
!:n]aaaura at low temperature because atmospheric pressure Mazs of soluts = lﬂf:]u: 15 _ 150 g
is low.
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Mass of solution = 1000 x 1.1 = 1100 g Mass of solute =35 g .- Hﬂl&!ﬂf.‘!ﬂlﬂh:%-“l
Mass of solvent = 850 g

Equivalents of solute = 1
Molalit =%=%=15 g
Nnrmﬂ.ht}'=1mfuiﬁxlﬂm=ﬂ.
80, (d)0.3 M HNOy = 0.3 N HNO,
. +_ 001 -

0.3 M HgS04 = 0.6 N HpSO, 43. (b) Concentration of Mg™* = 2o x 10° = 10 ppm.
N1V + NaVa = N3V
el bl - 49%10° 7

31.

32

37.

38.

41.

42,

0.3 x 100 + 0.6 x 200 = N3 x 300 = N3=0.5.

(b Total mole f KOHin6L=(4x02+2x05/ =18
1.8 mol

. maolarity = BL =03 M.
w & | _10x 180 _
{MM_HD R M——ﬁ = 360.

2 3
() XBenzene = 5 Xliguid = 5

2 3
PEM—EHEE'E—IHEJ.MHEHEEE_ 141 6
P =141.6 + 106.4 = 248.

{a) Dissociation increases the number of solute particles.
Henece, ohserved molecular mass decreases and Van't Hoff
factor becomes > 1.

d) i= 315 = 1.84

1.84 -1
2=1

{c} The conc. of urea and glucose will be same, KCl and
CaCl; being electrolytes will cause a change in the con-
centration of solute particles.

(¢) Conc. being same, the csmotic pressure of two solutions
will also be equal.
Eﬁ}ﬂnlculabamn‘leanfmdﬁin 100 g of solution.

o= = (.84 or B4%.

(3]
Glucose = IED :Urea= 0 : Sucrose = 242 maolar concentra-
tion of urea is maximum. Hence urea solution will have
highest value of ATy

{a} Factual gquestion.

0,15 x 1000
M=14

Ky % 0,15 = 1000
Mx 15

216 = 0,15 = 1000
oo M=""aex1s -0

(el

ATp=Kpxm=

()} Mass of solution = 100 g (say)

Vaolume of solution = _ﬂq ml

0.6

47.

& &

1.

8

88 & RF

61.

b 22E22 o 10% = 4.9 ppm.
10° s

() 1x10=Vx25 or V=iX

Water required=4-1=3 L.

(@) Volume of 100 g of solution = l{"’?

M= 20 = o » 1000
100 x 98

2566 = 100 x 98
20 = 1000

{b) Factual question.

(d) 0.1 Ca(NOg)e and 0.1 M NasS0y4 would produce same
conc. of ions, on dissociation, in solution.

ar d = = 1.249 = 1.25.

(b) PRongens = 160 x 0.2 = 32 mm,
PToluene = 68 ¥ 0.8 = 54.4 mm
p=32 + 54.4 = 86.4 mm.

a
342 w 10
(B)m = 1816 x 843 = 0.55 m,

nmxlﬂﬂxﬁﬂ.ﬁ_ 0.1 % 58.5
1000 10

(b) AS g is always > 0.

(b} Non-electrolyte does not dissociate, but it can undergo
association depending upon its nature.

{a) Benzene osmosis of water will occur into the egg shell
increasing its size.

{b) m = CRT, for same value of C, mee T,

(d) Deliguescence is a phenomenon by virtue of which a
crystalline substance on standing in air forms a solation by
absorbing water vapours from the atmosphere. For deli-
quescence to oceur the substance should be very soluble in
water and its saturated solution should have low vapour
pressure as compared to the pressure of water vapours in
air at particular ternperature,

(b} The molar cone. of 10% aq. solution of glucose is lower
than that of 10% agueous solution of urea. Hence m) < %o,
(b) Freezing point will be highest of ATy will be lowest.
ATy will be lowest for CgHj20g because other substances
will undergo dissocation in aqueous solutions.

{a) Mass =0.585g.
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Freezing point will become less than 273 K

{ch HgPOy is a tribasic acid. Hence, the normality is 3 times
the molarity.

BIe=CRT or n=0C.

fex) HI\FI = Hﬂvg = 10x10=0.1x \rg
Vg = 1000 ml
Volume of water required = 1000 - 10 = 990 ml.

{e) In order to produce same lowering in vapour pressure
for same solvent, the mole fraction of solute should be same.

Wg'Mjy by WM
MpWa  MpWy

or wBJ=wBME,wﬁ'=1H1MH1=Eg
MWy 60 x 50 :
{a) The solutions with same molality will also have same
mole fraction. However their molarities, normalities, ete,
may differ becanse of difference in densities.
(e} During distillation of immiscible liguids the mass of the
component in the distillate is directly proportional to the
product of its molar mass and its vapour pressure. Thus
Wa Ma.pa 18x5 190 1
Wg Mp.pg 137x1 137 152"
(d) Ba{N(4q)s dissociates into three particles and has i = 3
while i = 1 for sugar. Hence their colligative properties will
be in the ratio of 3 : 1.
(a) ATy=kym  or  ky=ATp'm.
() CgHgCOOH, (benzoic acid dimerizes in benzene.) Hence
it exhibits molecular mass corresponding to
(CgHsCOOH)g Le., 244,
(b} Elevation of boiling point in case of AlCl; is relatively
larger than that of CaCls.
(dl} AGpyix < 0 in case of ideal solutions.
(e} On mixing equal volumes of the two solutions the
individual eoncentrations of the two solutes will become
hall and hence their individual osmotic pressures would
become half of the initial values.
The osmotic pressure will be sum of the csmotic pressures
of individual components as per Dalton's law of partial
pressure.

Thus,

_1.20+250

Osmotic pressure = 2 = 1.B5 bar.

() Factual question.
(a) 2KI + Hgl — Ks [Hgly]
Due to formation of above complex, the no. of ions in the

solution decreases. Hence, depression in freezing point
decreases and freezing point gets raised.

s o (G
{b) Concentration C = —'————u_l % M
ie. m=CRT = 123=28x0082x300 , \ 55

0.lxM !

BO.

81.

82.

g B

(b) Isotonic solutions have same molar concentration.

8.1 x 1000
b) me= gt wion =1
- | -
u-m_l or i2gm-1)+1=0N%2-1)+1=19

ﬂTr:ier m=19x186x1=13.53
Freezing point = 0 - ﬂ.Trn - 3.53°C.

(o) ATg=Kyxm or

NaHSO4— Na' + HSOj
0.08 0.08
HSO; = H* + s0f
(0.08-x) x x
(00B-x)+x+x=02
x =004

2-
m.=m'5°: ]
[HSOy |

= 0.04.

3 2

180 % 2
M ="

(c) Pressure expected from Raoult's law
=B0x04+120x0.6=32+ 72 =104 mm

Pressure observed = 100 mm

Since observed pressare is less than the expected value

from Raoult’s law such a solution will show negative devia-

tions from Raoult’s law.

o 4 1
@) pe = 4+555 595

(b) (NH)2S04 + Ba(OH); — 2NHg(ag)
+ 2Hg0 + BaSO,.

() Normality of each of the solution is given below :

= 120,

= 0.067.

(i) B/56 =0.142 N ()L N
..., B % 1000 :
‘"‘jmnnn:lj" (fr)0.bx2=1N.
1 1
25H2+?5x5

{b} H{m|w = 100 = 0.275 M.

{d) Molarity of mixture of 6 M and 3 M HCI

=3ED:-:E+EEI}:H:3
1000

Now, apply dilution formula
MiVi=MgVz or Vg=

=4.056 M

4.05 = 1000
3

Volume of water to be added = 1350 — 1000 = 350 ml.

= 1350 ml
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10a |
80. (c)} Azeotropic solutions keeps on d.uaﬂ_mg at constant . | S et = 0.96
composition and cannot be separated into constituents #i. lold= T | el Ak R )
liquids by simple distillation. m
gl O pudtnloe=d 94. (b) For the application of Racult’s law, the solution should
1 4, 14 be dilute and the solute should not undergo any association
e 2 or dissociation.
BoJ-& b eyt 85. (c) The relative lowering of vapour pressure will be least
2 2 for glucose. The other solutes being ionic will ionise to
92. (a) Assuming complete dissociation of particles the sclute increase particle concentration in solution.
particles concentration is as 97. (a) This is as per statement of Raoult’s law.
0.001 M MgCly = 0.003 M 98. (b) Such a solution may exhibit positive or negative devia-
0,001 M NaCl = 0.002 M tions depending upon the nature of A and B.
0.001 M ures = 0.001 M 99. (e} Factual question.
0,01 M NaCl = 0.01 M 100. (r) In cyclohexanol-ethanol the solute-solvent interactions
T-hus sopradk b ) g orilse: i bl g peite L 0001 M will be weaker than solute-solute and solvent-solvent in-
LE] INCTEaNT [+] B tﬂ I:t.i :
urea < 0,001 NaCl < 0.001 MgClg < 0.01 M NaCL TR
QUESTION BANK (Level 11)
L. (ATp=ikpxm=2x053x1=1.06 18. {c}Mnla]ity:%xl[ﬂ]ﬂ:ﬂ.ﬁ
Freezing point = 0 - 1.06 = - 1.06° C.
2. (b) Solution B having greater vapour pressure would have AT =i, tim = 0518 x.0.5= 0.2580
lower concentration of solute. Tp = (100 + 0.256).
3. (el % =X o z-15%. 16. (b) Electrolytes dissociate in solution producing higher
8 cone. of particles and hence produce higher colligative
o e e effect.
@ il M No. of equival of NMaOH=NxV
5. (d) Molarity and normality depend upon volume of the 19. {b) No. of equivalents of NaOH = N x
golution. Volume of the solution changes with change in = 0.1 x 250
temperature. 1000
6. (d) Factual question. Musufﬂaﬂ‘ﬂ=u'l Hli;l‘i}t;xm=lgr
7. (a) Like urea, glucose and sucrose are also molecular
solutes which do not undergo association or dissociation in 20. () 1% solution of NaCl has maximum concentration of
solution and hence produce same no. of particles in the particles in the solution.
S 22. (a) Since both are non-electrolytes and have same molar
8. (c)==CRT, conc., both solutions would have same osmotic pressure,
% u) Fhctun) Rt M. 23. (d) Strength of solution is 10% or 100 gllitre.
10. (a){a) Normality may be equal to or greater than molarity. Tha volume of salution containing 180 g of the solute
(b) Normality of a solution decreases with increase in 1000
temperature. =00 #1800 = 1800 mlor 1.8 L
11. {a) Sodium chloride and sodium sulphate are ionic com-
pounds, They dissociate in solution producing more no. of 24, (c) ppm (fluoride) = 02 % 10% = 400,
particles, 500
1. (c) Mole fraction of solvent = 1 - 0.2 = 0.8 25. (a) Eq. mass of the acid = 23° = 100
Moles of solvent = 0.8 x5 = 4. 100
14. (a) N x Eq. mass = M x Mol. 1000 ml of 0.1 N solution contains =1—uur 10 g solute
. M x Mol. mass 2.3 x 98 . . 10x100
Normality = Eq, =g - 46N. 100 ml of 0.1 N solution contain = T 1.
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—

28.

27.

28.

30.

31.
3.

36.

a7.

@  po=Xp
15 o= 18 5= 18 = 30400
3000 - Mx100  M="Tgx100 - 180

(¢} Dsmotic pressure, being a colligative property increases
with inerease in no. of salute molecules.

(e} Acetic acid dimerises in benzene,
(@) NVy+NgVa=NzVy

05x05+01%x15=02x2
0.25 + 0.15 = 0.4.

(k) Molarity depends on volume of the solution and volume
of solution increases with increase in temperature and
hence molarity decreases,

(b) Factual queati:m

l
{d) Moles of urea = ﬂ-ﬂ ; Moles of glucose = lﬂﬂ
Since, both the solutions have same molar concentration
they would have nearly equal boiling points.

(b) INOg™ | = [AgNOg]

0.1

After mixing, [AgNO3g| = e 0.05.

{m) 2 M solution contains (2 x 32) g of CH3OH per litre.

Mass of CH50H in 150 ml solution = x 150 = 9.6 g.

&4
1000
{a) Among the given solutions 0.1 M CaClz would contain
maximum no. of particles. CaClg gives three maole ions per
maole.

(a) K4[Fe{CN)gl and Als(504)g both give 5 mole ions per
maole of the compound.
(d} Mass of solute per 1000 g of solvent

-ﬂ}: 1000 =68 g

100
. 68
Hﬂl.llﬂ.r:l M
&Trn kr.'u'.m = LEEH':TE
1.86 = 68
093 = M
M = 136,
(e} Molaa of solute per Hitre = %H 1000 = 0.02.
5.85
(b} Moles of NaCl = IEE =01

Volume of solution = 0.5 L

mioles of solute 0.1
Volume of solution ~ 0 =0EM.

(b} Factual question.

Molarity =

41.

42,

47.

6l.

5.85 a0
{d) Moles o leﬂllmnﬂl Hnlunfwnturrl-inﬁ
0.1

Mole fraction of NaCl = ===

b) COOH
| . 2H20, Mol. mass = 126
COOH

Eq ms:”ﬂl' maga 126

Basicity =~ 2
(a) Strength per litre = 40 g/litre
40 g/litre
Normality = —Er,aq 1N,
() Strength per litre = 50 glitre

; 50
Molarity, C = =5

K= ERT:*-:E—JE-—:: 0.082 x 423 = 5.07 atm.

(b) Strength per litre = 71 g/litre, mol. mass of NagS0y
= 142

Hnlar'rtjr-%~ﬂ.ﬁﬂ

{b) 2NaOH + Ha804 — NagS804 + Ha0
MV m
MoVa E ng
ﬂ.ﬂ = 4'[] 2

01xV 1
V=40ml
(b} At boiling peint vapour pressure of the liguid is equal
to the atmospheric pressure. Conversely, the temperature
at which vapour pressure becomes equal to the atmospheric
pressure is the boiling point of the hiquid.
(@) Cone. of urea = -% =02ZM

Cone. of sucrose = 684 =02M.

342
{a) ZHz0q — 2HaO + Og
224Lat NTP.

(2x34) g
Strength per litre of 10 ‘volume' HzOq = ;2“4 10

= 30.4 glitre
Strength per litre _ 30.4
Eq mass 17

(b} In case of HpS0y4 molar concentration is half of nor-

mality whereas in case of HCI, molar concentration is equal
to normality

2N HCl = 2M HCl
4N Ho80, = 2 M Hp80,.

MNormality = =L7TN.
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1056

a7,

61.

38

(a) Mass of solvent = Vud = 100 = 1.68= 1568 g

158 0.5
Moles of solvent = 15d 65
: 0.5/65 — 3
Maole fraction of zolute = —155-"' 154 7.5=10
AP = PA"Kp

Py =P4° - Pa"Xg = 143 - 143 x 7.5 % 1073
= 143 - 1.07 = 141.93 mm.
1W0=xd=xP

Maol. mass

_10x1.84x 98
- s

() Molar concentration would be inversely proportional to
the molecular mass.

= CRT

Urea having highest cone. would have highest osmotic
pressure whereas sucrose would have least.

(d) Pa=Pp°Xa

{c) Molarity =

=184 M.

08+02 | TA=gg " omm

au:r*;{ 0.8 ] ._ 60

(d) 0.1 M BaCly would give 0.3 mole particles per litre on
dissociation which 13 maximum among the given choices.
{e) CalNOgls —s Ca®* + 2NO3.

{e) Depression in freezing point (ATj) would be maximum

in ease of 1% KCI as it containg maximom no. of particles
in a given volume of solution.

() Als(80y)g gives maximum no. of particles on dissocia-
tion and ATgwould be maximum in this case.

(e) ATp=kpxm = 1.86 x 0.05 = 0.083°C

Freezing point = 0 — 0,093 = - 0,083°C.

{d) .ﬁ.Tf:hfxm: ATp=kpxm

ATy _
.ﬁ.Tf_ ﬁr
k
ATh=ATyx 7 3 E-i'i;‘-—f'-ﬁ—lg 0.0512°,
(b} Factual question.

{e} 0.1 M BaCly would give maximum no. of particles in
solution and hence elevation in boiling point would be
maximum in this case,

{c) Mass ufmluteperlﬂﬂU'gnf‘watar=5%x 1000 =36 g

Mu]ghtrz——ﬂﬂm_

{a)m=CRT = 0.05 = 0,082 = 288 = 1.14 atm.
[Mote. In case of sucrose 0,05 N = 0.05 M]

71,

7.

73.

4.

75.

T6.

7.

1xd=p 2 10 = 1.1 =20
Mol. mass 162

(b) Pytal = 2.619 + 4.556 = 7.175 kPa

X PMeOH _ 2.619
MeOH="p o T 7175

Xging = 1 - 0.365 = 0.835.

1 _ 342
Brg=y M= =64
AP 10

Pﬁﬁﬁn: Phﬁﬂ-ﬂ:

(b) Molarity =

= 1.36 M.

= 0.365

(c)

E{i=x 20 _ EB
Py B T0" 02

(@) ATp=kex m

1.25 x 1000
M =20

1.86 x 1.25 = 1000
1.1 x 20

() 0.5 M HCl = 0.5 N HC1 ; 0.2 M HNOg = 0.2'N HNOjg
0.3 M Hp50y4 = 0.6 N Hg50,

M1V + NaVo + NagVa = NyVy
0.5x6+06x15+02x15=N,yx36

= Xp=04.

L1=1.86x

M= = 105.7.

15
Ny = T 0.42.
{a) Milliequivalents of acid = NV =0.1 %100 = 10
Millimoles of acid = 5 {".© Mol. mass = 2 Eq. mass)

Massof acid =5x 107 ¥ =x 200=1g.
d) ATp=kpxm

0.15 = 1000

0.216 = 2,16 x M 15

= M= 100

() Mole fraction of solute = By o

p=p" x mole fraction of solute.

(@) ASpmiy is always positive.

(a) The interparticle forces between soluta andl solvent
molecules are weaker than solute-solute and’solvent-sol-
vent interactions.

Molarity x Mol mass _ 01 = 98

(e} Normality = B v a0 =0.2 N.
{a) Ky is independent of the nature of solute.

1.86 x 1000
(b) M = 0 o4 x 250 = 5

() The particle concentration will be highest in decimolar
Alp{804)g. In (d) BaS0y4 will be precipitated as

BaClp + NapS04 —— BaS0y + 2Na ' + 2CL.
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89,

21.

g 8

&

2

2 3

100.

101.

(el 4 g of NaOH = 4/40 = 0.1 mol dissolved in 1 kg of water.
Thus, molality of solution 15 0.1 m.

(b) Degree of dissociation of acetic acid is not given, hence
answer 15 unpredictable.

() This is as per statement of cryoscopic constant.

(e} BaCls ionises to give Ba®*and 2C1", NaClionises to give

Na' and C1”, Thus, particle concentration of BaCly solution
i5 3 times that of glucose and particle concentration of NaCl
is twice that of glucose. Hence xy > 53 > mg.

i} Let vapour pressure of B be pp
L BM=TOx08+ppx02 . pg=140mm.

i=-1
174 -1

e |
1/im =1
2.0
25+555
0.02

ic) Strength in ppm = 50

ie) HgO and HClOy4 show negative deviation. Hence they
form maximum boiling azeotrope.
- Boiling point will be greater than either of them.

3.01 x 10%3
6.02 x 1023

=3.72

or 0.3=

la) o= s i=0.775.

(a) xp = = 0.043.

x 10° = 400,

(c) 3.01 x 10%° molecules = = (1.5 mole

0.5 = 100
250
n Tp=273 - 3.72 = 269.28 K.

; .&Tfn 1.86 =

B oy o880 ___ 5010,
P

&/60 + 9018
{c} 6% solution of glucose has molality
6 _ 1000

=" N

94 60
Thus, it is isotonic with approx. 1 m solution of glucose.

AP ] 1 1
{b}F—Muleﬁ'ﬂﬂlmnnf.unlutt= 1T+3-4'

(d) Pa=Pa"Xp
‘0=PA':".I{H.E ot Pﬂ" = 50 mm.

() 0.1 M Alp (804)3 would produce maximum cone. of ions
in solution.

(e} Freezing point of solution is less than that of pure
solvent,

(o) van't Hofl factor, ¢ =

=106 m

114.45
66.4

_i-1 _175-1
-1 1

or 0.76 = 100 = To%.

=1.75

i =0.75

102.

103.

105.

106.

107.

108,

109.

110.

111.

112.

113.

(c) The shrinking is due to cxmosis of fluid from the egg to
the concentrated sodium chloride solution.
(a) Millimoles of KOH in 100 ml of 0.3 M solution

=03 = 100=30
Millimaoles of KOH in 100 ml of 0.4 M salution
= 0.4 x 100 = 40

Thus, 10 millimoles i.e., 10 x 10™ % ¥ 58,5 g = 0585 g of
NaCl has to be added to the solution.

i-1 i-1
m-1 % *™12-1

or i=14+x-06)=(1-0.5x).

e} x= or i-1=x(05-1)

(a) Isopeistic solutions have same vapour pressure at par-
ticular temperature.

iy 22:5-P _1x18
92.5 1000
_EIE.E-H 1!,'.:-:1_
or 92.5+F———----——1m 1.665

or P =925 - 1665 =908 atm.

(B) ma = 0,01 x 0.082 = 300 = 0.2463 atm ;

ng = 0,001 x 0.082 x 300 = 0.02463 atm

The movement of solvent particles will occur from dilute

golution (B) to A. Hence, the pressure of 10.2463 - 0.02463

= 0.2216 atm. should be applied on concentrated solution

i.e., solution A.

(a) It is due to dissociation of KCl into « particles K and

Ccr.

kfWp x 1000 _ 2.34 % 28 x 1000 _
ATrx Wy © 1B8x315

123.80
31

(d) Mp = 12380

Atomicity of phosphorus = =4,

Hence formula is Py.

(@) Om cooling the dilute solution, the solvent will start
crystallising. Hence, ice will separate first.

(d) 7 =CRT; my=CoRT;

%:% %=%_5 or Cy=5C.

Thus, Cy should be 5 times the C;. Hence, the solution has
to diluted 5 times.

AR _WeMa P-4/5F Wpx18
“P T MW, P 5 % 180
or Wp=150g.



CHEN[ICAL ENERGETICS AND
THERMODYNAI\IICS

e S

Important Terms, Facts and Formulae

THERMODYNAMICS

It is the branch of science which deals with the quan-

titative relationship between heat and other forms of ener-
gies. Thermodynamics does help us to predict the feasibility
of a chemical process and also the extent to which it occurs
underparticular set of conditions. However, thermodynamics
cannot help us to know the speed or mechanism of the
chemieal process. Thermodynamies is primarily based on
three fundamental laws.

Ist Law of Thermodynamics

Deals with equivalence of different forms of energies.
2nd Law of Thermodynamics

Deals with direction of the chemical change.

3rd Law of Thermodynamics

Deals with evaluation of entropy.

SOME IMPORTANT TERMS

-

System. It is the part of universe selected for ex-
perimentation.

Surroundings. The part of universe other than the
system is referred to as surroundings.

Surroundings and system are separated by real or
imaginary boundaries.

Types of System
System capable of exchanging mass as well as energy

with surrondings is called open system.
System which can exchange energy but not mass with
surroundings is called closed system.

System which can neither exchange mass nor energy
with surroundings i= called isolated system.

Extensive Properties. Properties of the system
which depend upon the quantity of matter contained
in it. Examples are : mass, volume, energy, heat-
capacity, enthalpy entropy free energy, etc.
Intensive Properties. Properties of the system
which are independent of the quantity of matter con-
tained in it. Examples are : pressure, temperature,
density, specific heat, viscosity, surface fension etc.
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* State of System. The conditions of existence of the

system when its macroscopic properties have definite

values refer to the state of the system.

State functions. The thermodynamic parameters

which depend on the initial and final state of the

system but independent of the path are called state

functions.

Thermodynamic process. The operation which

brings about the change in the state of the system.

Various thermodynamic process are :

(i) Isothermal process. The process occuring at cons-
tant temperature (AT = 0, AE = 0).
(i) Isochoric process : The process eccuring at con-

stant volume (AV = 0).

(zif) Isobarie process. The process occuring at constant
pressure (AP = 0).

(iv) Adiabatic process. The process in which no heat
enters or leaves the system (g = 0).

Cyeclic process. A process in which, the system after

undergoing a series of changes returns to the original

Etﬂtﬁ. ﬁE:FdE = ﬂ ; ﬂHtﬁ'd& = u.

Reversible process. A process that follows the re-
versible path, i.e., a process occuring in infinite num-
ber of steps maintaining equilibrium conditions at
each step. In a process following the reversible path,
the opposing force is infinitessimally smaller than the
driving force.

Irreversible process. A process in which the changes
are produced rapidly so that system no longer remains
in equilibrium conditions. All, natural processes are
irreversible.

MODES OF TRANSFERENCE OF ENERGY

Various modes of transference of energy between system

and surroundings are :

(1) Heat (q). This mode of transference occurs if there
is a difference of temperature between system and
surroundings.

It is a random form of energy.
It is path dependent parameter.
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Units are Joules or calories.

(ii} Work (W). This mode of transference of energy is
possible, if the system involves gaseous substances
and there is a difference of pressure between system
and surroundings. Such a work is referred to as pres-
sure-volume work (Wpy,

IUPAC conventions about heat and work
g = + ve if added to system ;
w =+ ve if done on system
g = - ve if given out by system ;
w = —va if done by system.
Expression for pressure volume work

(t) Work of irrcversible expansion against constant
pressure P under isothermal conditions
Wpy=-P AV
iir) Work of reversible expansion under isothermal
condifions
W = - 2.303 nRT log V3/V

or W =-2.303 nRT log P,/Ps3.
Work done under reversible conditions is maximum
work.

Units of work : ergs in CGS system and Joules in
31 system.

(1J=10"ergs=1Nm=1Kgm®s .

INTERNAL ENERGY (E)

The energy associated with the substance under par-

ticular set of conditions.

E is extensive property and state function,
The absolute value cannot be determined.

The change in internal energy (AE) can be experimen-
tally determined and is given by the relation.

AE=E;-E; or IEp -ZIEg

For one mol of ideal gas E = % RT.

For exothermic reaction AE =- ve.
For endothermic reactions AE =+ ve.

AFE represents the heat change taking place during the
process occuring at constant temperature and cons-
tant volume.

FIRST LAW OF THERMODYNAMICS

Energy can neither be ereated nor destroyed although
it can be converted from one form to the other.

Or

Total energy of the universe is conserved diﬂ'inganr -
physical or chemical process.
Mathematically, it can be given by relation. AE = q + W,
where AE is internal energy change, g is heat added
to system and W is work added to system. .
For system performing only PV-work, the expression
can be written as

AE=g-PAV

ENTHAFY (H)

It is the sum of internal energy and PV-energy of the
Bystem,

It i= also an extensive property and state function.

It is mathematically given by the relation

H=E+PV

=

Like E, absolute value of H also cannot be known.
However AH can be determined experimentally.

AH=Hs-H; or IHp-ZEHpg

Phithiakiy of sas ol of ideal son is gn'r.

For exothermic reaction, AH = - ve.
For endothermic reactions, AH =+ ve.

AH represents the heat change taking place during
the process occuring at constant temperature and
constant pressure.

RELATIONSHIP BETWEEN AH and AE

AH and AE of a reaction are related as

AH = AE + AP AV

m:ﬂE*‘MmRT

Here, Ang = change in the number of gas moles.

ENTHALPY OR HEAT OF REACTION (AH)

It is the enthalpy change taking place during the
reaction when the molar quantities of reactants con-
sumed and those of the products formed are in accord-
ance with the balanced chemical equation.

Enthalpy of reaction varies with temperature accord-
ing to KIRCHOFF'S equation given below :

(AHg - AH,) = (T3 - Ty) [CPiproducts) — CPireactants:]




CHEMICAL ENERGETICS AND THERMODYNAMICS

109

Enthalpy of reaction expressed at the standard state

conditions is called standard enthalpy of reaction
(AH").

VARIOUS FORMS OF ENTHALFPY OF REACTION

1.

Enthalpy of formation. It is the heat change taking
place when one mole of a compound is obtained from
its constituent elements. It 15 denoted as ﬂ.Hf

Heat of formation expressed at the standard state
conditions is called standard heat of formation
(AH®), or simply standard enthalpy of compound
denoted as H®.

Standard enthalpy of free elements is taken to be zero.

The value of AH" of the compound gives the idea of its
chemical stability.
Enthalpy of combustion. It is the heat change

taking place when one mole of a compound undergoes
complete combustion in the atmosphere of oxygen.

AH b, 18 always — ve because combustion processes
are exothermic.

AHgomb,

GMM -
Enthalpy of dissolution. It is the heat change
taking place when one mole of the substance is
dizsolved in large excess of solvent so that on further
dilution no appreciable heat change occur.
Enthalpy of hydration. It is the heat change occur-
ing when one mole of anhydrous substance undergoes
complete hydration (i.e., combine with the required

number of water molecules to form hydrated salt in
solid state).

Hydration is exothermic process because it involves
the bonding between the water molecules and central
metal ion.

Enthalpy of fusion. It is the heat required to change
one mole of the solid substance completely into liguid
at the melting point.

Enthalpy of vaporisation. It is the heat required to

change one mole of the liquid substance completely
into vapours at the boiling point.

Troutons's rule. It states that ratio of enthalpy of
vaporisation of a liquid to its normal boiling point is
approximately equal to 88 J mol™ . o

Calorific value of fuel or food =

AH,,, /Ty = 88 Jmol” 'K !

Enthalpy of neutralisation. It is the heat change
taking place when 1 gm-equivalent of an acid (or base
is neutralised by 1 gm-equivalent of a base (or acid) in
dilute solutions.

It may be remembered that heat of neutralisation of
strong acid-strong base is always constant

i.e., AH=57.1%J. For example,
HCl{ag) + NaOHlag) — NaCllag) + HaO0l) ;

AH =-57.1kJ
Heat of neutralisation of strong acid-weak base or
weak acid-strong base is not constant and numeri-
cally less than 57.1 kJ. This is because some heat is
required to dissociate weak acid/or base completely
into tons. This is called heat of ionisation of weak
acid/or base,
Enthalpy of hydrogenation. It is the enthalpy
change occuring when 1 mole of an unsaturated organic
compound is fully hydrogenated.

HyC = CHyplg) + Holg)—— CHy -~ CHg ; AH == x kJ

Enthalpy of transition. It is a heat change oceuring
when one mole of the substance undergoes transition
from one allotropic form to another. For example,

S(r)=— 3(m) ; AH =+ 2.5 k.

LAWS OF THERMOCHEMISTRY

Lavoisier Laplace Law. The enthalpy change
taking place during the reaction is equal in magnitude
but opposite in sign to the enthalpy change occuring
in the reverse process,

Hess's law of constant heat summation. It states
that the enthalpy change taking during the process
depends only on the initial and final states and is
independent of the path by which the process is car-
ried out,

Hess's law helps us to :

Caleulate the enthalpies of many of the reactions
which are practically not possible, such as enthalpy of
formation, enthalpy of transition, enthalpy of hydra-
tion, ete.

BOND ENTHALPIES

Bond dissociation energy. It is energy required to
break the particular bond in a gaseous molecule. It is
a definite quantity and is expressed in kJ mol™ 1

In diatomic molecule, the term bond dissociation
energy is same as Bond Energy.

In polyatomic molecule, having more than one similar
bonds, the term bond dissociation energy is not the
same as bond energy.

In fact bond energy, is average amount of energy
required to break one mole of bonds of that type in
gaseous molecule,

AH of the reaction can be calculated from the
knowledge of bond energies of reactants and products
a8
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AH® = [Sum of bond energies of reactants]
- [Sum of bond energies of products]

ENTROPY

It iz the thermodynamics property which provides a
measure of degree of disorder in the system. It is denoted by
Ei

* It is a state function, extensive property.

* It has unit, JK~ 1,
* The change in entropy during the process is mathe-
matically given by the ratio of heat absorbed by the

gystem (g) in the reversible manner to the tempera-
ture (T) at which it is absorbed.

AS = (S = 51) = Grew/T
As evident, if AS > 0, the process involves increase in
randomness.
if AS < 0, the process involves decrease in
randomness.
»  FExpressions of Entropy change during phase transitions
Evaporaiion of liguid ;
ASyap = AHyap/Tp ; Tp is boiling point
Fusion of solid ;
ASgusion = AHgugion ! Ty ; Ty is freezing point.

SPONTANEOUS PROCESS

The physical or chemical process which occurs in a
particular direction under given set of conditions
either of its own or after proper initiation, is called
spontaneous process.

* All natural processes are spontaneous processes.

* Spontaneous process cannot reverse of their own
under given set of conditions,

ENTROFPY CRITERION OF SPONTANEITY

Any process, physical or chemical oceuring in this
universe will be spontaneous only if it involves increase in
the entropy of the universe. For a process to be spontaneous

ﬂsuni*u-rne =0 or ﬁsa}rut "'ﬂ's'lurr. >0
i

If, ASqu, =0 it refers to equilibrium state,

* Limitation of AS Criterion. During chemical chan-
ges, the entropy change of system can be easily known
but, entropy changes of surroundings can not be easily
known. Hence we require some thermcdynamic
parameter which should be able to provide criterion
of spontaneity by studying its changes for system only.
One such parameter is free energy (G) of system.

SECOND LAW OF THERMODYNAMICS

It states that entropy of the universe always increases
in the course of every spontaneous (natural) change.

Or
The other statements of the 2nd law are :

*» The spontaneous flow of heat from a body at higher
temperature to a body a lower temperature is accom-
panied by increase of entropy.

Or

= [t isimpossible for a cyclic process to transfer heat from
a system at lower temperature to the one at higher
temperature without applying some work.

FREE ENERGY (G)

The energy freely available from the system at par-
ticular set of conditions which can be put into useful work is
called free energy. Out of the total energy associated with
gystem (H), a part of it is a random energy (TS) which is
non-convertible into work. Thus, mathematically, free ener-
gy is given by the relation,

G=H-T85
Free energy is state function, extensive property and
has units J mole™ ! or kJ mol™ !,

= Change in free energy during the process is given by
(Fibb's Helmholtz equation as

AG=G; -Gy =AH-TAS

* Free energy change of the system is related to

ASrgta) 88

AGgyst, = = T ASpgal

* Free energy change of the system at particular condi-
tions represents the useful work obtainable from the
system other than PV work.

~ AGrp, == Wpet.

CRITERION OF SPONTANIETY

The free energy criterion of spontaneity can be
summed as follows :

AGrp <0 the process is spontaneous
AGpp=0 the process is in equilibrium state
AGpp>0 the process in non-spontaneous.
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STANDARD FREE ENERGY OF FORMATION (AG°p)

The free energy change taking place during the for-

mation of one mole of the compound from its constituting
elements at the standard state.

.!.G“,r of free elements at their standard state is taken
to be zero.

Standard free energy change (AG”) is related to the
standard free energies of reactants and products as

AG® = £ AG"¢(Products) — £ AG®f(Reactants)

AG"® is related to AH" and AS"® of reaction as

| AG®=AH°-TAS®

AG” is also related-to the equilibrium constant (K) as
AG® =-2.303 RT log K.

THIRD LAW OF THERMODYNAMICS

The entropy of a substance at absolute zero (zereo

kelvin) is taken to be zero.

The importance of law lies in calculating absolute -

entropies of pure substances at different temperatures. This
is possgible by knowing the values of heat capacities (Cp) at
number of temperatures between 0 K and T K.

T T
as=j CpdInT= 2.303‘[ C,d log T.
0 0

The plot C, vs log T gives the value of integral.

It should be noted that this law is true only for the
substances which exist in perfect crystalline form at
0 K. However, if there are imperfections at 0 K, then
entropy will be larger than zero.

Glassy solids even at 0 K has entropy greater than
ZETO.
Solids having mixtures of isotopes do not have zero

entropy at 0 K. For example, entropy of solid chlorine
is not zero at 0 K.

Crystals of CO, N3O, NO, Hz0, ete. do not have perfect

order even at 0 K thus their entropy is not equal to
Zero.
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4.

7.

QUESTION BANK

| Level 1

Choose the correct answer from the four alternatives given in each of the following questions :

Carbon forms two oxides on combustion. Carbon (IT)
oxide and carbon (IV) oxide having values of their
standard enthalpy of formation as —393.5and -281.50

kJ mol~ ! respectively. The value of AH_ pustion Of C
will be

(&) - 393.5 kJ mol~ ! (h) 112.0 kJ mol

(c) - B78.6 kJ mol™ ! () — 112.0 kJ mol.

The value of AS iz negative for the process

{z) Burning of rocket fuel  (5) Dissolution of sugar
(e) Sublimation of iodine (ef) Freezing of water.
In the relation ; H—TS = G, TS refers to

(a) Helmholtz free energy (b)) random energy

{c) organised energy id) Gibb's free energy.

The solubility product of AgCl is 1.6x 10" Y and
log K, is = 9.80. The value of AG” for the process,

AgClis) + ag — Ag" (ag) + CI” (ag) is
(a) - 55.9 kJ (b) + 55.9 kJ
{e) + 100.8 kJ () — 100.8 k.J.

Certain endothermic reaction X + Y — W + Z is
spontaneous in the forward direction. The correspond-
ing =igns of AG and AS should be respectively

(i) + ve and — ve (b)Y —ve and + vea

ic) + ve and + ve ()} —ve and — ve.

Combustion of hydrogen in a fuel cell at 300 K is
represented as 2Ha(g) + Ou(g) — 2H20O(g). IfAH and

AG are —241.60 kJ mol™ ! and - 228.40 kJ per mole
of Hy0. The value of AS for the aforesaid process is

(a) 4.4 kJ (b)—88J
el + BB J () — 44 J.

What is not zero for elementary substances at their
standard state ?

(a) 5°
(e} G°

{b)H"
{d) Both H* and 5°.

All the naturally occuring processes proceed spon-
taneously in a direction which leads to

() increase in enthalpy of system

10.

11.

12.

l'ﬂ'

(b) decrease in entropy of system
{c) increase in entropy of system
() increase in entropy of universe.

‘What is correct for a reversible adiabatic process 7

(a) oW =0 (6)AT =0
(c) AP = 0 () 8 = 0,
A hypothetical reaction X ——2Y proceeds by the
following sequence of steps
%x—p Z: AH=q

Z— 2ZW = AH = o

W—s %Y 3 AH = s
The values of AH of reaction is
lalgr+qa+qs (B) 2q1 + 2q2 + 3q3
{e) 2{qy + g2 + 2q93) (d) 2(q1 + g2+ g3).

In thermodynamics, a quantity whose value simply

depends upon the initial and final state of the system
is called

(n) thermodynamic quantity
(b} state function

() adiabatic guantity

() path funection.

Thermodynamic parameter which is a state function
and is also used to measure disorder of the system is

(a) Entropy {b) Fugacity
{c) Viscosity {d) Periodicity.

The values of AH"rof CaHy(g) and CgHglg) are respec-

tively 230 and 85 kJ mol™ !. The standard enthalpy
change for trimerisation of acetylene to benzene is

(@) 205 kJ mol~ ! of benzene
() 605 kJ mol™ 1 for benzene
(e} — 605 kJ mol™ ? of benzene
(d) - 205 kJ mol~ ! for benzene.
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14.

15.

Enthalpy of combustion of a substance is always
() =0 (h)z0
fed=0 (d) =0,

Which one of the following is correct according to
Hess's law ?

fa) H=E + PV B H=G+ T8
(e} For a chemical process occurring by two paths

AH(path 1) = AHgpath In)
(e} For a chemical process ocourring by two paths

AS(path 1) = AS(Path 1Ty

16. All naturally occurring processes proceed spon-

17.

18.

19.

taneously in a direction which leads to
(@) increase in enthalpy of system

i(h) decrease in entropy of system

(e} deerease in free energy of system

{d) increase in free energy of system.

2Hgz(g) + Ogg) — ZH30() + x kJ. The value of AH,
of water is

(@) x kJ mol™ (b) = x kJ mol™
(e) - x/2 kJ mol™ ! (d) ~ 2¢ kJ mol™ L,
The heat change for a reaction

! ﬂDig}-r—; (09 — COu(g) refers to
(a) enthalpy of formation of carbon dioxide
(b} enthalpy of combustion of carbon dioxide
(el enthalpy of vaporisation
(d) enthalpy of combustion of carbon monoxide.
Absorption of heat occurs when
(@) carbon burns in air
(b) sulphur dioxide is oxidised to sulphur trioxide
(e} ammonium chloride dissolves in water

(d) cooking gas is burnt.

In reverzible adiabatic expansion of ideal gas
(e)w=10 (BYAE=10

eraV=10 {d) AS = 0.

If x kd is the heat produced by the neutralisation of
1 L of 1 N HyS0, solution with 1 L of 1 N NaOH, then

the amount of heat liberated by neutralising 1 Lof 1 N
NaOH with HCl will be

@) »x (b=x

(d) unpredictable.

)< x

“Enthalpy of reaction” is the heat change accompany- |

ing the conversion of

25.

{a) 1 mole of reactants into products

(b) 1 gm of reactants into products

(¢} number of moles of reactants into products as are indicated
by the balanced equation of the process

(df) 22.4 L of reactants at N.T.P. into products.

For an isothermal cyclic process, the net energy
change

(@) =0
{el<0

(b}z0
id) =0,

. At 298 K, the enthalpy changes of cleavage of succes-

sive O—H bonds of water molecule are
Halg)— Hig) + OH(g) ; AH = 498 kJ mol™
OH(g) —» Hig) + O(g) ; AH = 428 kJ mol ™

From the above data, the value of AH; iy bond 18

(a) 498 kJ mol " (b) 428 kJ mol ™

(c) 463 kJ mol™ (d} 70 kJ mol™.

For a chemical process at constant temperature and
pressure, AH is equal to

raa%tm.} (b) AS - TAG

(c) AE + PAV (d) AE - PAV.

Internal energy of a given mass of an ideal gas
depends upon

() Temperature (b} Pressure

(¢} Volume (d) On all the above factors.

A system absorbs 20 kJ of heat and also does 10 kJ of
work. The net internal energy of the system

(a) increases by 10 kJ (b) deereases by 10 kJ
ic) increases by 30 kJ () decreases hy 30 kJ.
The values of AH for the process

lgl+e” (@ —1 (@) is
(a)=0 (b)) =0
{c)z0 (d)=0.
CuS0y(s) + 5Ha0(l) — CuS0y . 5Hz0(s) ;

AH=-xkd
The value of AH represents
{a) enthalpy of solution of copper (II) sulphate
(b) enthalpy of hydration of copper (II) sulphate
(c) enthalpy of hydrolysis of copper (II) sulphate
{d) lattice energy of copper (II) sulphate.

Enthalpy of neutralisation of acetic acid with KOH
will be numerically

(o) =57.1kJ
e) = 67.1kd

(b)>67.1 kd
{d) unpredictable.
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31.

BTi

The value of AG for the process HyO(s) — Ha0O(l) at
1 atm and 260 K is

{a) <0 B)=0
(el =10 {c} unpredictable.
A system X undergoes following changes
X » W » & » X
(PiViTy)  (PgVaTy)  (PgVeTe)  (P1VyTy)
The overall process may be called
{a) Reversible process
() Cyelic process
() Cyelic az well as reversible
{d} 1sochoric process.
. Na(g) + 205(g) — 2ZNOs(g) + x kJ
ZNOig) + Og(g) — ZNOa(g) + v kJ.
The value of AHyof NO(g) is
@)z (y - x) (B) y - 2x
e)x=y (d) 2(x - ¥).

The vaporisation process is always
{n) exothermic

(b) endothermic

{e) can be exothermic or endothermic
(d) ispentropic.

One mole of Ha280, is completely neutralised with

2 moles of NaOH in dilute solutions. The amount of
heat evolved during the process is ’

{a) 57.0 kJ (b) = 57.0 kJ
(c) < 57.0 kJ (d) > 114.0 k.
The most random state of HyO system is

(e} ice

{b) HaO(l) at 80°C ; 1 atm.

(e} steam

(d) HaO(l) at 25°C ; 1 atm.

The process ; CHyCOOH — CH3C00™ + H', should
be

() exothermic

{h) endothermic

(e} neither exothermic nor endothermic

{ef) exothermic or endothermic depending upon temperature.

The correct mathematical expression for the first law
of thermodynamics as per latest sign conventions is

la) AH = AE + PAV blg+w=AE
e AE = ¢ — w {d) g +w = AE.

39.

41-

46.

47.

Which of the following reaction is exutham;m ?
{z) Naig) + Oglg) + 180.5 kJ —— ZNOig)
(b} Znls) + Oo(g) - 693.8 kJ — ZnO(s)

(c) HgO(s) —> Hel) + 3 Ogi@) ; AH = + 180 kJ

{d) HaO{g) + Cis) + 131.2 kJ — CO(g) + Halg).

Which of the following process should be endother-
mic 7

{a) Cls) + Oglg) — COq{g)

(b) A (g) + X~ (g)— AXls)

() O™ @) +e” — 0% (g)

(d) Na® (g) +¢ — Nalg).

Heat liberated by burning 2.0 g of carbon in excess of
oxygen is x kJ. The value of AH g, of carbon is

(@) xkJ (b) Bx kJ mol ™}

(&) = x keJ mol™ (d) - 6x kJ mol™ L,

A combustion reaction is performed in a Bomb-
Calorimeter. The value of heat change determined will
be equal to

{a) AE of the process (b} AH of the process

{c) Sum of AE + AH () the difference AH - AE.

A substance A(g) with molecular mass 40 has AH?;= 0,
What is true about it ?

() A is a molecular solid

{b) Als) — A(l} is an exothermic process

{e) A iz an element

{d) A is a iomic solid.

The value of AH,,; of BaClg(s) and BaCly.2H30(s) are

—~ a kJ and b kJ respectively. The value of
AHHydration 0f BaClg(s) is

@)b-a Bla+b
cd—a-5b idia=hb
The enthalpy of formation of the compound is

() always + ve (b} always — ve

(e) can be + ve or — ve {d) unpredictable.
For a gaseous reaction ; NoOylg) —— 2ZNOs(g)
(a) AH and AE are equal (b) AH > AE

(e} AH < AE (d)AH - AE = 0.
According to Gibb's Helmholtz equation

(@) AG = AH (b} AG > AH

(e) AG can be > or < AH (d) AG < AH.
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48.

a0.

51.

52,

89.

Given that, HaO(l) — HaOlg) ; AH = + 43,7 kd
HyO(s) — HaO(l) ; AH = + 6.05 kJ
The value of AH 1 limation) Of ice is

(@) 49.75 kJ mol ™
(c) 43.7 kJ mol ™ !

(b) 87.65 kJ mol™*

(d) - 43.67 kJ mol ™1,

Given that, % Sg(s) + 603 —s 4SO4(g) ; AH = — 1590
kJ the enthalpy of combustion of sulphur is

() - 1590 kJ mal~ ! (b) - 3180 kJ mal ™

) + 1590 kJ mol™ ! (d) — 795 keJ mol™ 1.
Which of the following is an extensive property 7

() Temperature {h) Pressure

() Mass/Volume ratio {d) Energy.

Which of the following represents the largest amount
of energy 7

{a) 1 Electron volt (b) 1 Erg

{e) 1 Calorie (d) 1 Joule.

Which of the following is correct for an adiabatic
process 7

(a) AE = g (b) Bg =0

elg=+w {d) PAV =0.

AS® and AH® for combustion of methane are 186

JK ! and - 74.8 kJ mol~ ! respectively. The value of
AE® for the process would be

(a} unpredictable b)(74.8-R) JK !
{c) T4.78 kJ () (596R — T4.8) k.
For which of the following process AS is > 0
(a) MgCOg(s) — MgOis) + CO2(g)

(b) 21(g) — Ialg)

{e) Na'(g) + CI (g} — NaCl(s)

() HyOfl) —— HyOfs).

A system which can exchange energy but not matter
with the surrounding is classified as

() closed system (6) microfined system

{e) open system () heterogeneous system.
Given the reaction

COg(g) + Haig) — CO(g) + HyO(g) ; AH = 40 kJ.
The AH is specifically called

(a) Heat of formation of CO

(b) Heat of combustion

{c) Heat of reaction

{d) Heat of hydrogenation of C = O bond.

57.

61.

If H* (ag) + OH (ag) — HaO() ; AH = — X kJ, then
heat liberated for complete neutralisation of 1 gm-
molecule of H;50,4 in aqueous solution will be

{a)=57.0kJ by =2X kJ

(e) =X kJ () — X/2 k.
What is correct about heat of combustion ?
{a) It iz + ve in some cases while - ve in others,
(b} It is applicable to gaseous substances only.
i) It is always — ve.

() It is always + ve,

The net energy change in a reversible, cyclic process
is

{n) 3/2 RT {b) zero
{e) always > 0 () always < 0.

Which of the following expressions represents
Kirchhoff's equation ?

_ Ea/RT 2.304RT, €2

@) K = Ae ) B = 2257 log 2
AHg - AH

() o = ACp (d) AH - AE = AnRT.

Ta-Ty
The mixing of gases is generally accompanied by
(e} decrease in entropy

(b) decrease in free energy

{c) change in heat content

(d) increase in free energy.

For a reaction, 2CgHg(l) + 1503(g) — 12C04(g)
+ 6H0(!) the value of gp — gpv, will be (at 25°C)
(a)=7.43 ke

(bl + 3.72 kd

{c) + 7.43 kJ

() unpredictable as values of AH is not given.

XY, X; and Yy are diatomic molecules if AHy _y,
AHy _v and AHy _v are in the ratio of 2 : 1 : 2 and
enthalpy of formation of XY from X, and Yy is — 100 kJ
mol™ !, The value of AHy _x in kJ mol™ ! is

() 200 ‘(b) 400

(c) 250 {d) 500.

One litre-atmosphere is appraximately equal to
(a) 101.J (b)8.314

(e) 931 J (d) 19.2 J.

BaZ* (ag) + SO (ag)—> BaS0y(s) ; AH = - 22.4 kJ.
The heat change represented by above equation is
called
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(a) heat of formation of BaSOy 72. If values of AH"y of ICl(g), Clig), I{g) are respectively
{b) heat of precipitation 17.567, 121.34, 106.96 J mol™ ! The value of AHp . min
() heat of association Jmol™!is
(d) integral heat of formation. (a) 17.57 (b)210.73

P Bratitre volome s 10 g vatime, Phes o7 kA 4T (©35.15 ey 1065
of the process are respectively. 73. For hypothetical reversible reaction :
(a) 0 and 5 cal (b) 0 and 5 x 300 cal l.ﬂ.g{g*]+ Ba(g) — ABs(g)
le) 0and 0 (d) 5 and 0 cal. the values of AH --2[! kJ while the values of standard

67.

70.

71.

The enthalpy of furmat.mn steadily changes from

—~17.89 keal mol™ ! to - 49,82 keal mol™ 'in going from
CHytoCsaHg ... to GEHE The value of AG"f, however,

shows the opposite trend — 12.12 keal mol™ lto—4.14

keal mol™ 1. The correct reason for this is

(e} The number of possible isomers increases with the
increase in the number of C atoms

(b} The number of C—C bonds increases in relation to C—H

bonds
(e} The formation of C,Hgy, 4 g from aC and (n + 1) Hp mole-

cules cause considerable decrease in entropy and AS
becomes more negative with increase in value of .
{f) None of the reason is correct.

A gas absorbs 400 J of heat and expands by 2 x 10~ 3 m®

against the external pressure of 10N T The
change in internal energy of gas is

() zero (h) 1974V

(e) = 600 J {el) + 200 J.

Which of the following changes is exothermic ?
(a) NH4Cliz) + ag — NH4C] (ag)

b1 Brigl+e — Br (@)
(c) Bro(g)— 2Brig)

{c) Nalg)—s Na' +¢".

Which of the following changes at constant T, P can
be associated with positive value of work as per con-
versions ?

{e) Snis) + 2Fp(g) — SnF4(s)

(B} Cls) + Ogler) — CO(g)

(e} PClgig) — PClyig) + Clalg)
(el) CaCOg(s) — CaO(g) + COs(g).

For the reaction, 30s(g) = 204(g) ; the sign of AG and
AS respectively are

fa) + ve and = ve {h) + ve and + ve

(eh = ve and — ve (d) —ve and + ve.

74.

75.

76.

entropies of Ag, Bo, AB; are 60, 40, 50 JK ! mol™ !
respectively. The temperature at which the above
reaction attains equilibrium will approximately, be

() 400 K (b) 500 K
{c) 260 K (d) 200 K.

Identify the quantity which is a state function out of

the following
() g (b) g/w

(d) g+ w.
If CH3COOHl(agq) + OH (ag) —

CH3COO™ + HaO + ¢4,
H'+ 0H — Hz0() + g3
Then enthalpy change for the reaction,
CH;COOH— CH3COO + H' is
{a) gy - g2 (Bl g +qz
(e) ga—qq (d) g1/qa.

The enthalpy change for a given reaction at 298 K is

—x J mol™ L. If the reaction occurs spontaneously at
298 K, the entropy change at that temperature

(&) can be negative but numerically larger than x/298

() can be negative but numerically smaller than 2’298

(¢) cannot be negative

(d) cannot be positive.

For the precipitation of silver chloride from Ag" ions
with NaCl solution what is correct ?

{a) AH is zero for the reaction

(b) AG is zero for the process

{e) AG is equal to AH

{d) AG is less than zero for the reaction.

In certain chemical reaction AH = 150 kJ and AS is
100 JK~ ! at 300 K. The value of AG would be

(b) 300 kJ

() 120 k.

(e) g xw

{a) zero
() 330 kJ
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79.

B1.

The internal energy change (AU) of a process does not
depends upon

{a} amount of substance undergoing the change
(b) temperature

[c) path of the process

() nature of substance undergoing the change.
Vibrational energy is

{a) partly potential and partly kinetic

(b} only potential

(e} only kinetic

() neither kinetic nor potential.

Which of the following thermochemical equation will
represent the enthalpy of formation of OH (ag) ion ?

{a) *% Oaig) + % Holg) +e +ag— OH (ag)

(h) HeO =—= H'ing) + OH (ag)

(e} H'{ag) + 0% (ag) —s HO (ag)
(d) none of these.
Given
C+28— C8p; AH =+ 11T kJ
C+ 0g-— COg ; AH" = = 393 kJ
S5+ 0p— 50y; AH" =- 297 kJ.
The value of AH.  mbustion ©f carbon disulphide in

kJ mol lis
{a) = 1104

(e) + BOT

(b)Y + 1104
('} — 807,

The heat of transition is the heat evolved or absorbed
when a substance is converted from

(a) solid to liquid

(b)) solid to vapour

(e} one allotrope to another
(o) igquid to vapour,

Which of the following process involves decrease in the
entropy of system ?

(a) Brafl)—— Bra(z)

(8) Diamond to graphite

(e) Na{g; 1 atm — Na(g) 10 atm
(d) hard boiling of epg.

il
Consider the diagram and answer §. B5-87.

6C(s) + 6Hqlg) + 90a(g)
0k

8C0,(g) + 6H;0(1)

85. In the above diagram, z refers to

(a) 6 x AH"fof COg

(b) AH®f of CgH 1504

() AH combustion of CeH1204

(d} [AHcomb, of C + AH"pof HgO].

86. The heat of formation of glucose is

la)-x (B) -y
elx=—y (d)—x+z2

B7. The quantity Y is equal to

(z) sum of AHeomp, of C and Hp
Blx+z

clx-=z

(d) AHy of COg + AHy of Hg0.

88. Which of the following expressions gives the relation-

ship between AS, . iverse and free energy change 7
(@) ASyniverse = A8gys. + ASgurr,

(b) ASyniverse = ABgyy, + AHgyg.

() ASypiverse = = AG/T + AH

(d) ASyniverse = — AG/T.

89. The standard free energy change for a gaseous reac-

tion at 27°C is X keal. If equilibrium constant for a
reaction is 100 and R is 2 cal K~ mol™ 1. Then X is

{a)-2.7636 (b)-2.6736
c) + 2.6746 (d) + 2.7636.

90. If AHyap. of pure water at 100°C is 40.627 kJ mol™ L

The value of AS,,, is
() 108.91 kJ mol™ *
(c) 606.27 JK L mol~ !

(b) 108.91 JK™ ! mol™ !
() 808.27 JK L mol™ .
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a1.

“Energy of universe is conserved but entropy of
universe always increases during any natural
process”. The statement is based on

{a) Faradays Laws

{h) 3rd law of thermodynamics

() 1st and 2nd law of thermodynamics

{d) £eroth law of thermodynamics.

. A human being requires 2700 kecal of energy per day.

If AH,,,, of glucose is — 1350 keal mol™ !. How many
gram of glucose a person has to consume every day ?
{a) 360 g (h)36.0 g

(¢) 3.6 kg (d) 360 mg.

Which of the following expression gives the value of
heat capacity of 1 mol of ideal gas at constant
pressure 7

dE dS
@ ar ®ar

dH dH
(e} T () 4P

Work done in vaporiation of one mol of water at
373 K against the pressure of 1 atmosphere is
approximately.

(@) —3100.0 J (b)31.20d
(b)-202J () + 202 ..

Consider the diagram given below for one mole of

A B
20(L)}---- ‘
i
Vv :
i
c E
10(L)}---~ :
[ I
1 i
i I
00K T 400K
The process occuring in going from B — Cis
() izothermal (b) adiabatic
(e} isobaric {d) isochoric.

The pressures at A and B in atmosphere are respec-
tively

(a) 0.821 and 1.642 (k) 1.642 and 0.821
(c) 1 and 2 () 0.082 and 0.164.
The pressure at C is

{a) 3.284 atm (h) 1.642 atm

{c) 0.0821 atm () 0.821 atm.

98.

lml'

101.

102.

103.

104.

105.

The work done in going from C to A is

(a) zero (b)B.21 L atm

() 16.2 L atm {d) unpredictable.
The process A— B refers to

(a) isoentropic process (b) reversible process
{c) isochoric process (d) isobaric process.

The latent heats of fusion in J g~ ! of five substances
A (mol. mass = 18) ; B (mol. mass = 20) ; C (mol. mass
= 30) ; D (mol. mass = 60) and E (mol. mass = 30) are
respectively 80, 45, 90, 45, 45. Which of following pair

has same value of AHpgi0n 7
(a) A, C (5) B, E
{e)D,E (d) C, D.

Formation of one mole of Hy(g) from two moles of Hig)

i8 most exothermic reaction librating 436 kJ of heat.
The theoretical decrease in mass during the reaction

is X % 10~ 2 kg. The value of X is approx.
(x) 4.8 (b) 2.4
(e} 1.2 (d) 8.8

The molar heat capacity of Al is 27.0 Jmol™ ! K™ 1, The
heat absorbed by the aluminium sheet of 6 kg mass
placed in sun which shows increase in its temperature
from 25°C to 45°C is

(a) 60 kJ (b) 120 kJ
(c) 240 kJ (d) 392.4 kJ.
AH" for a reaction

Fy + 2HCl — 2HF + Cly

is given to be 352.8 kJ. If AH% for HF is — 268.3 kJ
mol~ ! the AH% of HCI would be

(a) = 22 kJ mol~ (b) 88.0 kJ mol ™ *

(e) — 81.9 kJ mol™ (d) - 183.8 kJ mol™ L,

Which of the following equation represents the value
for AHj of Agl

(a) Ag*(ag) + I (ag) — Agl(s)
(5) Aglg) + 3 Ialg) — Aglis)
(e} 2Ag(s) + Io(g) = 2Agl(s)

(d) Ag(s) + 3 Ta(g) - Aglls).

If AH®f of HgO is 90.5 kJ mol~!. The amount of Hg

that could be theoretically produced by 1000 kJ of heat
will be (At. mass Hg = 200.0)

(a) 2.20 kg (b) 4.40 kg
() 1.10 kg (d) 2209 .
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Choose the correct answer from the four alternatives given in each of the following questions :

The heat of formation of C1™ l{nq} can be represented
by the equation

{a) Claiag) — 2Cl (ag}
(b) % Clg(g) + e — CI(g)
(c) é Clalg) + ¢~ + ag —s Cl (ag)

() HClg) + ag — H' {ag) + Cl (ag).

The AHyiomisation of Ha(@) is 436 kJ mol™ ! while AH;

of HaO(g) is — 241.81 kJ mol™ . The ratio of the energy

yield for the combustion of hydrogen atoms to steam
to the yield for combustion of equal mass of hydrogen
molecules to steam is

(@) 1.80

(b)) 2.80

{e) 0.55

(d) unpredictable becanse AHp - iy 18 not given.

For the process 2F(g) — Falg), the sign of AH and AS
respectively are
{a) +,— {b)+, +
{d) =, +.

The free energy change occuring during the irre-
versible process is

{E] F. i

(a) negative

(h) positive

(e} dependent on whether the process is exothermic or end-
othermic

(d) negative only if the process is exothermic.

Given that AH,_ ., of cyclopropane as — 4000 kJ

mol™ !, The amount of cyclopropane that needs to be

burnt in oxygen for producing 2 x 105 kJ of heat is

(a) 20 kg (b)2.1kg

(c)21g (d) 210 mg.

In certain chemical process both AH and AS have

values greater than zero. Under what conditions, the
reaction would not be spontaneous

1. AH > TAS I. TAS-AH=>0
I11. AH = TAS IV. AG < 0.

10.

11.

12.

{e) I, 11 (b1, 111
(e) ILL, IV () only III.
Which of the following processes proceed with in-
crease of entropy ?
I. solid changing into liquid
I1. expansion of gas
I11. dissolution of solid in liguid
IV. polymerisation.
{a) Only I (&) T, 11, 1T
(e) I1, ITI (o) ITT, TV,

The heat of reaction depends upon

(a) temperature of the reaction

(b) physical states of reactants and products
{e) both a and &

(d) path of the reaction and temperature.
Which statement is not applicable to thermochemical
equations ?
I. They represent chemical change as well as heat change
I1. They give the idea about mechanism of the process
I11. They depict the spontaneity of the process
IV. Exothermic or endothermic nature of reaction.
(a} IL, IV (b) I, IV
(e) 1L, 1 (d) I1, III.
Which of the following process shows negative values
of AS 7
I. HaO{l)— Hg0(s)
1. HaO(l) — Hz20{g)
(e) 1,11 (&) Only ITT
(e} I1L, IV (d) None.
In which of the following process entropy increases ?
I. Rusting of iron
Il. Vaporisation of Camphor
ITII. Crystallisation of sugar from syrup
IV. Atomisation of dihydrogen.
{a) I II k) IL, 111
) LIV (d) Only IV.
The heat evolved during the combustion of 46 g
ethanol in a bomb calorimeter was determined to be

670.48 kcal mol™ ! at 25°C. The value of AE of the
reactic- at the same temperature is

II. 305(g) — 203(g)
IV. Hard boiling of egg.
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(a) - 335.24 keal " (b) — 669.28 keal

(c) - 670.48 keal (d) - 280.26 x 10° keal,
When a solid melts, there is

{m) an merease in entropy

{(h) an inerease in enthalpy

(¢) a decrease in internal energy

(c) Both (a) and () are correct.

Which of the following processes have positive value
of AH?

L Ialg)— 2lig)
II. T {g)+water— I (aqg)
11 Na(g) + Oglg) — 2NO(g)
IV. 2NaOH + H80, — NapS0y + 2H0.

(a)I,11 by 1, II1
(e) 11, T1I () IT, IV,

The heat of combustion of yellow P and red P are

—9.91 kJ mol” ! and — 8.78 kJ mol™ ! respectively. The
heat of transition of yellow P — red P is

(a) = 18.69 kJ ih)+ 1.13 kJ

(e) + 18.69 kJ {(d) - 1.13 k.

For a system in equilibrium, AG = 0 under conditions
of constant

(a) temperature, pressure () temperature, volume

(c) pressure, volume () energy, volume.

In a reversible reaction of the type A+ B — AB, in
general,

{a) neither of the reaction iz exothermic

(h) both forward and hackward reactions are exothermie

ie) forward reaction is exothermic

(ef) backward reaction is exothermic.

Given that
Cis) + Oalg) —— COaig) ; AH = - 395 kJ
S(x) + Oalg)— S50a(g) ; AH = - 2895 kJ
CSq(l) + 30a(g) — COg(g) + 2509(g) ; AH = - 1110 kJ
The heat of formation of CSg 15
fa) 125 kJ mol ™ ! () 31.25 kJ mol™ L

(c) 62.5 kJ mol™ ! () 250 kJ mol ™ .

Which of the following equations represents the stand-
ard heat of formation 7

{a) Cldiamond) + 2Hq{g) — CHyig)
{b) Clgraphite) + 2Ha(g)— CHylg)
{e) Cidiamond} + 4Hig) —— CHylg)

{d) Clgraphite) + 4H{g) — CHylg).

2.

21.

'The enthalpy of formation of ammonia at 298 K is
given as AH"=—46.11 kJ per mol of NH3(g). To which
of the following equation does this value apply ?

(a) 3 Np(g) + 3 Hylg) — NH3(e)

(b) Nig) + 3H{g) — NHjiz)
() Na(g) + 3Halg) — 2NHz(g)

(d) % Nalg) + % Halg) — NHa().

Given that

C12Hz22011(5) + 1105(g) — 12C05(g) + 11H,0() ;
AH = — 5.65 x 10% kJ. Complete combustion of 1.00 kg
of sucrose will produce heat equal to

(a) 1.65 x 10% kJ (b) 5.25 x 10° kJ

{c) 7.38 % 10° kJ {d) 3.51 x 10° kJ.

For exothermic reactions to be spontaneous
(a) Temperature should be high

(b} Temperature should be zero °C

(¢) Temperature should be low

{d) Temperature should be above 373 K.

Heat of neutralisation of strong acid and strong base is
— 57.0 kJ. The amount of heat released when 0.5 mol of
HNOj3 solution is added to 0.2 mol of NaOH solution is

() 11.40 kJ (b) 57.0 kJ
(e) 28.5 kJ (d) 34.9 k.
For an ideal gas the value of (dE/dV)qp is

{a) zero (h) positive
() negative () unpredictable.
What is true about entropy ?

(@) Entropy of universe increases and tends towards maximum
value

(b) Entropy of universe decreases and tends to be zero

(¢} Entropy of universe always remain constant

(d) increases and decreases with a periodic rate.

Given :C+ 25— CS5; AH=11T kJ

C + 03— COy; AH = - 393 kJ

S5+ 09— 809 ; AH=-29T kJ
The heat of combustion of CS; to form CO; and SOy is
(@) - 1104 kJ mol ™ !
(c) + 80T kJ mol™ ! (d) - BOT kJ mol™ 1.

The enthalpies of combustion of carbon and carbon

monoxide are —390 kJ mol™ ! and — 278 kJ mol™!
respectively. The enthalpy of formation of carbon
monoxide is

(b) + 1104 kJ mol™ !
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29,

1.

32.

(a) 668 kJ meol™ * (b) 112 kJ mol ™}
(e) - 112 kJ mol~ ! (d) — 668 kJ moal ™ 1,
Consider the following reaction occuring in a
automobile engine

2CqHa(g) + 2504(g) — 16C0s(g) + 18H0(g)

the signs of AH, AS and AG for above reaction would
be

(a) +,— + (b) =, +, -

(d) +, +, -

Latent heat of vaporisation of a liquid at 500 K and
1 atm pressure 15 10.0 kcal/mol. What will be the
change in internal energy (AU) of 3 mol of liquid at
same temperature 7

(a) 13.0 keal (B} = 13.0 keal
(e) 27.0 keal (f) = 27.0 keal

The table given below lists the bond dissociation energy
(Egiss) for single covalent bonds formed between C and
atoms A, B, D, E.

e)—, +, +

Bond E jixs (keal mol™ 1)

C—A 240

C—B 382

C—D 276

C—E 486
Which of the atoms has smallest size ?
() Iy (b} E
() A (d) B.

Which of the following is true for a reaction,
H,0(l)— H;0({g) at 100°C, 1 atm pressure ?

{a) AH = AE (bYAE =10

Y aH =10 {(d) AH = TAS.

The enthalpy of formation for CoHy(g), COs(g) and
Hz0O(l) at 25°C and 1 atm pressure be 52, — 394 and

- 286 kJ mol™ ! respectively. The enthalpy of combus-
tion of CaH4lg) will be

(a) + 1412 kJ mol ™ ! (b) - 1412 kJ mol™

(d) ~ 141.2 kJ mol™ !,
For a reaction to occur spontaneously

{a) (AH - TAS) must be negative

(b) (AH + TAS) must be negative

{c) AH must be negative

() AS must be negative.

(e} + 141.2 kJ mol™ !

34.

37.

41.

The heat of formation of the compound in the following
reaction is

Hs(g) + Clg(g) — ZHCl(g) + 44 kcal
(a) - 44 keal mol ™ 1 (B) - 22 keal mol~ !

() 11 keal mol™ . () — 88 keal mol ™ .

Variation of heat of reaction with temperature is given
by relation known as

{n) Vant HofT's isotherm ih) Vant HofT's isochore
{e) Kirchhoff's equation () Born-Lande equation.
Enthalpy of reaction AH is expressed as

(a) AH = EHp - EHp {6) AH =dHp + dHp
dHp L Hp
D"’MH'EHH (d) AH = piee
Molar heat capacity is given by
dQ
En)rn. (h) d@Q = dT
[c]I-Q.i {d) none of these.

The enthalpy of combustion of Cigraphite) and
C(diamond) are — 393.5 and — 395.4 kJ mol™ ! respec-
tively. The enthalpy of conversion of Clgraphite) to
Cidiamond) in kJ mol™ ! is

(a})-1.9 {h) - TBR.9
el 1.9 (d) T88.9.
Given that

({)C+ 09— COg; AH = ~x kJ
() 2C0 + 0 —3 2C0s ; AH " = -y kJ
The enthalpy of formation of carbon monoxide will be

@)y - 2 UES

{c]*";ff (d) 2x - y.
E‘Il'%ﬂz-—bsﬂg-l-ﬂ#kﬂ&i

S0 + -é- Og ——+ 503 + ¥y kcal

Find out the heat of formation of S0¢

(@) {y — Zx) (b) (2x + ¥)

(c){x+y) (d) 2x/y.

In a flask, colourless Ny(Oy is in equilibrium with

brown coloured NO3. At equilibrium when the flask is

heated at 100°, the brown colour deepens and on
cooling it becomes less coloured. The change in enthal-
py, AH for this system is
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45.

4?I'

{a) Negative (b} Pogitive
(e} Zero {d) Unpredictable.
. Molar heat capacity of water in equilibrium with ice
at constant pressure 1s
{a) zero (B} ==

{e) 40.45 kJ K~ 'mol™ 1 (d) 75.48 JE~ L mol™ .

Standard molar enthalpy of formation of COs is equal

to

(a) zero

(h) Standard molar enthalpy of combustion of carbon
{graphite)

{c) Standard molar enthalpy of combustion of gaseous carbon

() Sum of molar enthalpies of formation of CO and Oy,

. Given

NHa(g) + 3Cla(g) —= NCly(g) + 3HCl(g) ; -
Nalg) + 3Hp(g) —= 2NHy(g) ; - AHy
Ha(g) + Cla(g) — 2HCI (g) ; AHy

The heat of formation of NClg(g) in the terms of
ﬁHl, ﬁHg and ﬂHﬂ 18

(a) AHp=— aH, + 22 _3
f 1* 5773
3
{Mﬂﬂf—ﬁﬂl 2 -iﬁH
(©) aHy = aHy - 222 - 2 aHg
{d) None of these.

When enthalpy and entropy change for a chemical

reaction are — 2.5 x 10° cals and 7.4 cals deg™ ! respec-
tively. Predict that reaction at 298 K is

(b} reversible
{dl) non-spontaneous.

The bond dissociation energies of Ha, Cls and HCl are

104, 58 and 103 kcal respectively. The enthalpy of
formation of HCIl gas will be

() — 44 keal (b) — B8 keal
(e} — 22 keal {cd) — 11 keal.

One mole of an ideal gas at 300 K is expanded isother-
mally from an initial volume of 1 litre to 10 litre. The

AE for this process is (R =2 cal. K~ ! mol™ 1)
{m) 163.T cal b)) 1381.1 eal
(c) 91t atm i) zero,

Identify the correct statement regarding entropy

{a) At absolute zero of temperature, the entropy of perfectly
erystalline substance is + ve

{a) spontaneous

{e) irreversible

al.

(b) At absolute zero of temperature, entropy of perfectly erystal-
line substance is taken to be zero

() At 0°C the entropy of a perfectly crystalline substance is
taken to be zero.

{cl) At absolute zero of temperature, the entropy of all crystal-
line substances is taken to be zero.

In an exothermic reaction,

(z) Electric energy is converted into mechanical work

(&) Heat is converted into electrical energy

(e) H{Products) is smaller than Hireactants

{d) There is absorption of heat.

Enthalpy of which of the following elemen® at stand-
ard state conditions ig not zero.

(@) Sg (rhombic) () Ip(s)
(c) Nals) {d} C{diamond).

Which of the following equation represent the heat of
formation of SO4(g) ?

heat
(a) Feg(S0 ) — FenOg + 3804 ; AH = = x kJ
(5) SOz + 3 03— SO3; AH =~ y kJ

{cIIE+—Dg—}Eﬂg AH=-zkJ
() All of the above.

What is not correct about AH"?

() Its value gives the idea of chemieal stability of the compound
w.r.t its constituent elements.

(b) Its value is always - ve.

{e) Its value is always + ve.

(d) Its value can be greater or less than zero.

Which statement is not correct ?

() AH of the reaction is independent of temperature
(b) AH of reaction can be > or < zero

(c} AH of reaction can be = or < AE

(ef) AHp ot is always < 0.

. For the process, HoO(s) — HzO(l) at 1 atm pressure

and 270 K, the value of AG
la) <0 {b)=0
(c)=0 (d)=0.

If a process is carried out under the conditions that AT
and AP are zero, it may be called

(a) reversible process
{b) isochoric process
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57.

a1.

62.

T —
e ——

(e} isobaric process

(d) isobaric as well as isothermal.
The value of AH” for the hypothetical reaction,

AgB(s) — 2A(s) + 3Ba(g) is + 7.8 kJ

The value of AE® for the reaction is
(a)> 7.3 kd bl < 7.3 k]
(o) =T73kJ {e) unpredictable,

Which of the following 1s not required to calculate the
value of AH®;of CoHylg) ?

la) AH y of COy (b) AHp of HgO(l)

(e} AH gublimation ©f diamond (d) AH® oy of CoHalg).
For which of the following process will AH be + ve ?
(a) Haig) + Islg) — 2HIg) (b) C + 09— COy

() CO+50;—COy  (d) SOy +5 03— SO3.

Enthalpy of combustion of liquid benzene is — 3264.6

kJ mol . The heat produced by burning 3.9 g of
benzene is

(@ 2L 1) (6) 22288 15

() 258 gy (d) 3264.6 kJ.
Which of the following relation is incorrect 7
(a) AS = AH + TAG b a5 = SHZAC
(€}~ AG =~ Wnan, exp. (d) Wpy = - P AV.

For an endothermic spontaneous reaction which two
parameters are greater than zero.

{a) AG, AH (b} AS, AG

(c) AH, AS () AG, AE.

Which of the following can give the value of AH ?
(a) AG + TAS (b) AE + PAV

{e) both {(a) and (b) {d) AE — AnRT.

An isothermal process proceeds with the absorption of
heat g but does not involve any change in volume. The
value of AP, however, is greater than zero. Then g
represents

(a) AE (b) AG
(e} AE + PAV (d) AE + VAP.

a gram of ethanol was subjected to combustion in
bomb calorimeter producing x Joules of heat then,

(@) AE o, = - Y 46a

' mol™ L () AEomb, = === J mol” %

67.

71.

() AEcqmp, = - x J mol ™ Ed}bﬁmblw-%.]mnrl.

Under certain conditions, the value of AG® for a
hypothetical reaction, X + Y — 2 is greater than
zero, then

{z) The reaction has tendency to proceed towards Z

{b) The reaction has attained equilibrium

(¢} Increase in temperature increases the yield of product 2
(d) X and Y predominate in the reaction mixture.

. For a hypothetical reaction,

2A0g) + 3Blg) — AgBa(g)
the value of AH* =~x kJ. Which of the following
expressions can help in calculation of AS® 7

(@) 8°A,B, +38°3 - 28", (B)-x-TAG
- x - AG? x=-AG
(e ~aog () 508 "

For which of the following, the standard enthalpy of
formation is 0.0 kd 7

(a) Bra(g) (b) Brgf(l)

e lg@) (d) Brig).

Standard free energy of which of the following is zero
(a) Oalg) (b) Izt

{e) Oglg) (d) both Og and O3.

AB, Ap; and By are gaseous diatomic molecules. If
.ﬁHﬁ_ﬁ: ﬂ.Hﬁ..B:ﬂ.H-EH.I'E 2:2:1 Rﬂdﬂ{nrﬂfﬁﬂ
from Az and By is — 100 kJ mol™ ', then AH% of A(g)
is

() 200 kJ mol ™! (b) 100 kJ mol™ !

{e) 60 kJ mol ™! (d) 300 kJ mol~ 1.

Which of the following chemical processes proceeds
towards increase in entropy 7

(a) Cals) + % 0y — CaOls)

(b) Cig) + Oglg) — COg(g)
(c} Na(g) + Oglg) — ZNO{g)
(d) CaCOgis) — CaO(s) + COg(g).

In which of the following process, the total entropy
change of the process is greater than zero

{a) Reversible

{b) Irreversible

(c) Reversible and endothermic
{d) Reversible and exothermie,
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72.

74.

75.

76.

7.

78.

AH"rof Hig) is 217.5 kd mol™ ! The energy required to
atomise 4.0 g of gaseous hydrogen is
(a) 435 kJ (b) 870 kJ

(c}217.5 kJ (f} unpredictable.

Every perfect machine working reversibly between

same temperatures of sink and source has the same
efficiency irrespective of the nature of the substance
used. The above statement constitutes

() Zeroth law of thermodynamics
{b) Hess's law

() Second law of thermodynamics
{d) Lavoisier's law.

For the chemical reaction involving precipitation of

Ag'(ag) ion by addition of sodium chloride solution.
Which statement is correct 7

(a) AH of reaction is zero (blaG=10

(c) AG is = AH (c) AG is less than zero.

The standard heat of combustion of carbon 15 - 393 kJ
mol™ !, This implies that

(e} CO4 15 a non-polar compound

{b) Standard enthalpy of carbon dioxide is — 393 kJ mol™ 1

(e) COg iz less stable as compared tothe constituent elements
(ef) COy is a gns ot ordinary temperature.

For adiabatic reversible expansion of an ideal gas
the expression relating pressure and volume of the

gas is
PV, PgVa
(@) PyVy =PaV 1 Rt~ T
A¥17 4T T - Ty

1

) Pivlﬁl = P‘g"ﬂ'ET (dlP= v

Temperature is a measure of :
e} quantity of heat energy (&) intensity of energy
() heat capacity {d) None of these,

2.8 L of Ng gas at 300 K and 20 atm was allowed to

expand isothermally against the external pressure of
1 atm. The value of AE of the process is

{a) 10 (510
(e =10J () 4.184J.

The specific heat of Ig(s) and Is(g) are 0.055 cal g~ 1

and 0,031 cal g ' respectively. If heat of sublimation

of iodine is 24 cal g~ ! at 200°C, the value of heat of
sublimation of iodine at 250°C will be

fa) 228 cal g~ ! (b)24 cal g !
fc)44.0cal g . (d)30ealg 1

81.

B7.

One g-atom each of diamond and graphite are
separately burnt to give carbon dioxide. The heat
liberated were 393.5 kJ and 395.4 kJ respectively.
This means that

{a) Graphite has greater affinity for exygen

{(b) Diamond has greater affinity for oxypen

(c) Graphite is stabler than diamoend

(d) Diamond is stabler than graphite.

The latent heat of vaporisation of a liguid at 500 K

and 1 atm pressure is 10.0 kcal mol™ ! The internal
energy change of 3 mol of liquid at the same tempera-
ture and pressure is

{a) 30 keal (b} 27 keal

{e) 33 keal () 13 keal.

For the combustion of gasoline (CgHyg) in an
automobile, the signs of AH, AS and AG will be

() +,—, + b=, +, —

e} =, +,+ () +, +, -

Which of the following pair contain only extensive
properties 7

(z) Enthalpy, refractive index

(b) Volume, temperature

(c) Enthalpy, volume

(o} Viscosity, volume.

The standard free energy formation of Hl(g) is + 1.7 kJ

mol™ L, The valueof equilibrium constant for the reaction
Hazig) + I2(g) —= 2HI(g) is antilog of

(a)-114.18 (b} 114.18

(e)—1.37x 10" 2 (@) 1.37 x 102,

The value of AS for the process HaO(s) — HyOxl) at

1 atm pressure and 260 K is greater than zero. The
value of AG will be

(o) =0 (B =0
el=10 i) ies between — 1 and 0,

The physical significance of free energy change can be
defined by the relation

(@) - AG = TAS (B) AG = - Wigy,
() — AG = PAV - Wigy, (d) AG = AH - TAS.
Given two processes !

3 Py(s) + 3Clyg) — 2PClg(l) ; AH = - 635 kJ
and PCly(l) + Cla{g) — PClg(s) ; AH = — 137 kJ

The value uf.&H,rufPGlﬁ is
(a) 454.5 kJ mol™ ! (b) - 4545 kJ
(e} - 772 kJ mol (d) - 498 kJ.
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88.

90.

21.

92.

a3.

At 0°C ice and water are in equilibrium. If AH for the
process HaO{s) ——— HoO(l) 15 6.0 kJ mol™ 1 The value
of AS for conversion of water to ice in JK ! mol™ ! is
) 21,97 (b1 —21.97

ek 6.0 (ef) = 6.0,

57 for which of the following substance is greater than
FALIg L]

{a) Brof(l) (h) Brolg)

(e} all.

AE mb. 0f solid naphthalene (CygHg) is — 1228.2 keal

mol™ . The value of AH® gy, of C1gHg(s) in keal mol ™ ?
would be

(@) - 1229.39
(e} + 1225.39

(e} Bra(s)

(b)-1225.3
(d) + 1029.39.

2 moles of an ideal gas are compressed isothermally
{100°C) and reversibly from a pressure of 10 atm to 25
atm. The value of W, is

() = 200K log 2/5
{e) + 200R log 5/2

{h) T46R log 2/6

(d) 746R log 5/2.

If AHjattice and AHpygmtion of NaCl are respectively
778 and — 774.3 kJ mol™ ! and ASizsolution of NaCl at

298 = 43 J mol . The value of AG® for dissociation of
1 mole of Nall is

la)—9.114 kJ (h1—11.14 kJ
(el = 7.114 kJ () + 9.114 kJ.

A gas occupies 2 L at STP. It is provided with 300 J of
heat so that its volume becomes 2.5 L at a pressure of
1 atm, The value of AE of process is

(o} 249.35 J (H) 350.65 J
{e1150.35 J (e} 400.0J,

The correct relationship between free energy change
and equilibrium constant (K) is

{a) AG = RT log K ih) AG® = RT log K

_2.303log K
(d) 40 = =00

The neutralisation of strong acid-strong base in
agqueous solutions can be best represented as

(a) H + OH™ — H30 (h) Na* + CI" — NaCl

() AG°==RTin K

(c) Hag) + 5 Op— HyOW) () H' + HyO — Hz0".

Which of the following represents the thermochemical
equation for standard heat of formation of methane

(a) Clg) + 4Hig) — CHylg)
(b} C{ﬂiumund] + 4Hig) — CHylg)

a8.

100,

101.

102.

103.

(e) Cidiamond) + 2H2(g) — CHylg)

If standard free energy of formation of H;O(g),
CgHgll) and COy(g) are respectively — 228.6, 172.8 and

~ 394.4 kJ mol™ ! respectively. The value of AG® for
reaction given below is

CgHg(l) + 15/2 Og(g) — 6C04(g) + 3H0(g)
(@) unpredictable becanse AG®fof Oz is not given

(b) — 3225 kJ mol ™ .
(c) + 3225 kJ mol ™!
(d) — 1612.5 kJ mol~ 1,

A mixture of 2 mole of carbon monoxide gas and one
mole of dioxygen gas is enclosed in a close vessel and
is ignited to convert carbon monoxide into carbon
dioxide. If the enthalpy change is AH and internal
change is AE, then for the above process

ia) AH = AE (BF1AH + AE = 1
ey AH - AE = 0 (d) AH = AE.

A gas expands against the external pressure of 1 atim
from 0.5 L to 1 litre after absorbing 100 J of heat. The
value of AE of the process is approximately

() 49.35J (h)—49.35J

{e) 150.65 J {d) — 150.65 J.

The process : Nig) + 3¢ —— . (g), should be
(&) exothermic
(b} endothermie

(c} neither exothermic nor endothermic
() unpredictable.

AH" omb, of isobutane [C4Hyp(g)] is — 2650 kJ mol™ .
The amount of heat at constant pressure that can be
obtained by burning 5.8 kg of isobutane is approx.

(a) 2.65 x 10° kJ (b) 265 x 107 J

(c) 2.65 x 10° cal (d) 2,65 = 10% k.

When 100 ml of 0.2 M HCI is mixed with 100 ml of 0.2
M NaOH solution, the amount of heat produced will

be
(@) 1.142 kJ (B) 57.1 kJ
{c)=1.142 kJ () 5.71 k.

When 10 ml of 0.1 M soln. of HCI is mixed with 10 ml
of 0.1 M of KOH solution the rise in temperature was
observed to be 4°C. If 100 ml of 0.1 M HCl and 100 ml
of 0.1 M KOH is mixed in the same vessel, the rise in
temperature would be

{a) 40°C
() 2000

(b} 4°C
(d) unpredictable.
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104.

1065.

106.

107.

AH yaporisation ©f HCl and a weak base MOH was

found to be — 51.5 kJ. What is enthalpy of ionisation
of MOH ?

() 6.6 kJ mol~ ! (h) 5.6 kJ mol™

(e} 56 kJ mol™ ! (d) cannot be predicted.

The heat produced by the neutralisation of 100 ml of
HNO3 with KOH solution is 1.7 13 kJ. The molarity of
HNO4 solution will be

() 0.1
fed 0.3

(b)1
{d) 0.5.
What is correct for adiabatic expansion of ideal gas ?

{a) PV" = constant {b) TV = constant

(e) PIT = constant (d) PVT~ ! = constant.

In the P-V graph of ideal gas given below, the work done
in complete eycle ABCD in J is 1 L-atm = 101.3 J

108.

109.

110.

() 36468 J
(e} 5000 J

(b)—3646.8.
() = B&ETO J.

Enthalpy of vaporisation of water is 40800 J mol™ ! at
1 atm pressure. The mountain where, the pressure is
380 mm of Hg, water will boil at

(a) 100°C (b) 81.6°C
() 104°C (d) 50°C.
The enthalpy of formation of water is — 286 kJ mol™ L

The enthalpy of dissociation of water into hydrogen
and hydroxyl ions would be

(a) + 286 kJ mol”~ {ﬁ}+¥ﬂmurl

(e} + 57 kJ approx. (e) + 71.25 kJ mol ™ L,
The enthalpies of atomisation of CH;(g) and CoHg(g) are

respectively 400 kJ mol~ ! and 670 kJ mol™ !, The value
of AHp__o would be

A 5 (&) 270 kJ mol™ (b) 70 kJ mol ™ *
b i (¢) 200 kJ mol™ ! () 240 kJ mol™ 1.
12}
E -
:
L i < bC

st a

L 1

G L 1 1 1 1 1

1 2 3 4 5 8

VIL)
ANSWERS
QUESTION BANK (Level I)

1.(a) 2. (d) 3. () 4. (b) 5. (b) 6. (b) 7. (a) 8. (d)
9. (d) 10. {c) 11. (b) 12. (a) 13. (c) 14. (d) 15. (c) 16. (c)
17. (c) 18. (d) 19, (c) 20. (d) 21. {b) 23. (c) 28. (d) 24. (¢)
25. (a) 26. (a) 27. (a) 28, (b) 29, () 30. (c) 31. () 32. (b)
33. (a) 34. (b) 35. (b) 36. (¢) 87. (b) 38. (b) 39. (b) 40. (¢)
41. (d) 42. (a) 43, (c) 44. () 45. (c) 46. (b) 47. () 48. (a)
49. () 50. (d) 51. (c) 52. (b) 53. (d) 54. (a) 55. (a) 56. (c)
57. (b) 58. (c) 59. (b) 60. (¢) 61. (b) 62. (a) 63. (b) 64. (a)
65. (b) 86. (c) 87. (c) 8. (d) 8. (b) 70. (a) 7L (e) 72. (b)
73. (b) 4. (d) 75. (c) 76. (b) 77.(d) 78. (d) 79. (c) 80. (a)
BL. (a) 82. (a) 83. (c) 84. (d) 85. (c) B86. (a) 87. (b) 88. (d)
89. (b) 80, (b) 8l. (c) 82. (a) 93. (c) 94. (a) 96. (c) 96. (a)
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105. (a).
QUESTION BANK (Level IT)
L. {c} 2. (&) 3. (c) 4. {a) 6. (b) 6. (b) 7. (b) 8. (e)
8. (d) 10. (a) 11. (c) 12. () 13. (d) 14. (c) 15. (d) 16. (a)
17.(c) 1B. {a) 19. (b) 20. {a) 21. (a) 22. (¢) 23. (a) 24. (a)
25. (a) 26. (o) 27. (e 28. (b) 28. (c) 30. (b) 31 (d) 32.(b)
33. (a) 34. (b) 35. (c) 36. (o) 37. (a) 38. (c) 39. (c) 40. (a)
41. (&) 42, (b) 43. (b) 44. (a) 45. (a) 4E. (c) 47. (d) 48, (b)
49. (c) 50. (d) 51. (c) 52. (d) 53. (a) 54. (b) 65. (d) 56. (b)
57. (c) 58. (a) 59. (b) 60. (a) 6L (c) 62. (c) 63. (a) 64. (a)
65. (d) 66. (c) 67. (b) 68. () 89. (a) T0. (d) T1. (b) T2 (b)
73. (e) T4. (d) 76. (b) 78. (c) 77. (b) 78. (b) 79. (a) 80. (c)
81. (b) B2. (b) B3. (c) 84. (a) 86. (a) 86. (c) 87. (b) 88. (b)
89. (d) 80, (a) Bl. (d) 92, (a) 83. (a) 4. (c) 85. (a) 96. (d)
97. (b) 98, (a) 99. (a) 100. (b) 101. (c) 102. (a) 108. (b) 104. (b)
106. () 106. (a) 107. (b) 108. (b) 108. (c) 110. ().

o

10.

HINTS/SOLUTIONS

QUESTION BANK (Level )

() AH o bustion 0f carbon 18 same as .'!LHII-' of GO,
(d} Freezing of water involves decrease in randomness.

i6) TS refers to the random form of energy, which is non-
available for eonversion into work.

(h) AG® = - 2.303 RT log K or — 2.303 R log (Kyp)
— 2303 = 8,314 » 298(— 9_80) o
- ! kJ = 56.9 kJ.
1000 .

()} Endothermic process can be spontaneous only ifAG < 0
and AS7geal > 0.
(a) For one mole of HaONg) ;
. Ald—-AH —-2416-(-228.4)
ju"i - = =LA Lk Sk L kAL
T 300
For 2 mol of HoO{g), An = 2 % (- 0.044) = 1000 J = - B8 J.

= = (LO44 k]

{z) 8 is zero only at absclute zero.
) Entropy eriterion of spontaneity is ASpgea) > 0.

{d) In adiabetic process, no heat enters or leaves the system.

{e) Multiply equation (i) by (2), eqn. (1) by 2, egn. (1ii) by 4
and add to get the final equation.

11.
13.

15.
16.

17.

18,

(&) Factual question based on definition of state function.
(a) 3CoHg — CgHg ;
AHreaction = AHy (CgHg) - 3AHe 1,
= 85 — 3(230) = — 605 kJ mol~ ! benzene,
{¢) This is in accordance with Hess's law.

(e} For spontaneity AGt p < 0. i
[:].ﬁ.Hﬁrafmtafmﬁunufl maol u!'HgEII'_}_

Heat given out for 2 mol = x kJ

7 Hntgivmuutfnrlmnl:%h]’.

(¢) Dissolution of NH4Cl is endothermic :

NH4Cl(s) + ag — NHj (ag) + CI” (aq) ; AH = + ve,
Other processes, being combustion processes are exothermie.
(d) By definition, AS = % . Since 8g =0 for adiabatic
reversible process.

Hence AS =0,
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21.

35,

37.
40,

41.

432,

43.

46.

47.

48.

(h) AH et of strong acid/strong base is same.

(c) It is average of bond dissociation energies of two O—H
bonds.

(a) E is extensive property, but for a fixed mass of ideal
gas, E o T2

@ AE =g +w=20+(-10)= 10 kJ.

(h) The addition of electron to a gaseous atom releases
energy equal to its electron affinity. Thus AH < 0.

(e} AHpey of weak acid-strong base is numerically less
than 57.1 k.

ic) Because melting of ice below 273 K at 1 atm pressure is
non-spontaneous,

(h) Hecause the system 158 returning to its original state
after undergoing series of changes.
ta) AHyof NOig) is represented by

5 N2 &)+, Og (g) — NO(g)
For getting this divide eqgn. (i) and (iZ) by 2 and subtract
(ii) from the (i).
(b) Because heat 1s always absorbed during evaporation.
{(5) 1 mol of HeS0, gives 2 mol of H'. Thus, combination

of 2 mol of H" ions and 2 mol OH liberate heat more than
57.1 k.

(&) lonisation of weak acid requires cnergy.

{e) The process in choice (c) refers to 2nd electron affinity of
oxygen where, energy 15 required to add electron to anegative
100,

(O (gy+e +energy — (]'2_{5'31
(d) 2 g of C produces heat = x kJ

12 g of C produce hem=§x12=&=u

Henee AHomb, of C = — Bx kJ mol A

(er) In bomb ealorimeter, the reaction oceurs at constant
volume. Hence it gives AE of the process.

(ch AH®ris zero only for elements in their standard state.
{e) Aceording to Hess's law,
AHpyg, of BaClois) = AHgyyy, (BaClg)
— AH gy, (BaClg . 2Ho0).
{b) An for the reactionis2-1=+1
. AH = AE + AnRT. Since An i8 + ve.
Hence, AH > AE.

(c) Gibbs-Helmoholtz equation is AG = AH - TAS

Now, AS of the process can be + ve or — ve depending upen
the reaction. Hence, AG can be > or < AH.

(e M-'[.'dllhlilnnt'im} = "?"Hi'u.-lim * EiIJ[‘M'H.;!I'

48,

5L

55.

aT.
a8.
59.

61.

63,

§&E

617.
68.

T70.

71.

-

{b) Burning nf% mol of Sg produce heat = 1590 lk.J

Burning of 1 mol of Sg produce heat = 2 x 1590 = 3180 k.J
Since reaction is exothermic, the value of AH

= - 3180 kJ mol ].
(b) Adiabatic process does not involve any heat change.
Hence &g = 0.
{a) In MgCOg(s) — MgOis) + COglg), a solid decomposes
to give solid and a gas. Hence the process is accompanied
by increase in entropy.
{z) This is a8 per definition of closed system (see Study

- Material).

(k) The process is reverse of neutralisation.

(e} Combustion process is always exothermie.

{b) In cyclic process, AE = 0.

{e) The equation in choice (¢) gives the variation of AH with
temperature,

{h) Mixing of gases is spontaneous and proceeds with
increase in entropy and decréase in free energy.

{a) g(py = gpvy + nART ; Here, An = (12-15)= -3

) - Gvy = AnRT = — 3(B.314 JK ' mol™ 1) (298 K)
=-—T.43 kJ.
1

[hI%IE-I-E ‘1’3—-‘.'( —Y;,ﬁH:—]mm

or -IWU=%QHK_]{+%ﬁHy_f—ﬁH}[_T
3
(IfAHy_y=a)
oF —'lﬂﬂkJ:vé-Ea+%u—2n or a=200kJ

AHyx_x =2 x 200 = 400 kJ mol™ L.

(a) 1 L-atm = 101.325 J.

(b) This refers to heat of precipitation as per definition.
(c) For ideal gas expansion, AU = 0.

AH = AU + PAV. Since expansion is free i.e., Payy = 0.
Hence AH=0+0=0.

{c) Answer (c) is self-explanation of the question.

d) AE=g+w=400+(-2x10 2x10%
= 400 - 200 = 200 V.,

{h) The process Brig) + ¢ — Br (g) pertains to electron
affinity of bromine.

i) The process given in choice (a) refers to decrease in
number of gas moles. Hence, in such a case work will be
done on the system Le., it will be positive.

(e) The process involves formation of 2 molecules from 3
molecules of reactants. Henece AS will have — ve sign as
there is decrease in randomness, Then AG > 0 because the
Process 18 non-spontaneocus,
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15.

16.
17.

18.

19.

21.

22,

QUESTION BANK (Level II)

AHp =- 2418 kJ
AHp = 436 kJ

(5) Hgf%ﬂ'g—PHzﬂlﬁ’};

He—+ 2H ;
Eqn. 1 - Eqn. 2 gives

2H +50y—s HyO(g); AHg=-678LkJ.

AHg __—678
AH; -2418
(e} The process 2F{g} — Fa(g) involves formation of bond
between F atoms. Hence AH = — ve.

As randomness decreases. Therefore, AS is also - ve,

{n) Spontaneous processes are irreversible in nature.

(&) Cyclopropane has formula C3Hg

4080 kJ of heat is produced from CagHg =42 g

2 % 10° kJ of heat is produced from

Now, the ratio = 2.80

42 %2 % 10°

Calle =000

% 1079 kg = 2.1 kg.
(d) P(Y) + 3 Og—s % Py05 ; AH =~ 991 ;

P‘.’R’]+%{}g—1%?gﬂ5 . AH = — B.78

Subtract (i) from (£} P(R)— P(Y);
AH=-991+8.78 or ﬂHfPt“ ~ PRy =- 1.13 kJ.

(@) Factual question.

(¢} Forward reaction involves combination of two entities,
i.e., decrease of randomness, thus, the value AH must be
negative.

(@) Multiply equation (ii) by 2, then add (i) and (i), subtract
the 3rd equation from the resultant. Thus

() + 2(8) — (idi).

Therefore AH = — 395 — 2(295)+ 1110 = 125 kJ mol™ L,

(b) Conceptual question.,

(@) Formation of ammonia is represented as :

% Na(g) + % Ho(g) —> NHa(g) ; AH = — 46.11 kJ.

(@) 342 g of sugar on combustion produces heat = 5.65 x 10° kJ
1000 g of sugar on combustion will produce heat
_ 5.65 x 10” x 1000
o 342
{e) For exothermic reaction AH = — ve.
Therefore for AG to be negative, ie, AH — TAS to be
negative, T should be low, because in general sign of AS for
exothermic reactions is negative,

= 1.65 % 10* kJ.

23.

27.

28.

29.

30.

31.

41.

{a) Here 0.2 mole of NaOH is limiting reagent
. Meutralisation of one mole of NaOH release heat
= 57.0 kJ

Neutralisation of 0.2 mole of NaOH release heat
=5T7.0x02=114klJ.

(@) CSg + 303 — COg + 2805

Eq. (ii) + 2 x Eq. (iii) - Eq. (i) will give the desired value
AH =-393 - 2(297) - 117 == 1104 kJJ.

fe) C+0g—sCOp;:AH;=-390kJ;

Eﬂ+%ﬂg—}ﬂﬂg;ﬂﬂﬂu-ﬂﬂkﬁ

Subtract Eqn. (i) from equation (i)
AH = - 390 - (- 278) = - 112 kJ mol™ !,
(b) AH = = ve (combustion process) ; AS= + ve lnp > ng)
AG =(AH - TAS) = (=) = (+) = = ve.
{c) Vaporisation of three mol of water vapour is
JHoO(l) —= 3HoO(g); .~ An=3-0=13
. AU = AH - AnRT = (3 x 10) - 3(0.002) (500) = 27 k cal.
(b) Smaller the atom, more eifective will be the overlap and
larger is the bond dissociation energy.
{d) For reaction at equilibrium AG =10
(b) CoHy + 305 — 2C0; + 2H,0
AH = 2(= 286) + 2(- 354) - (62) = - 1412 k.
{n) Factual problem.
(b} AHy refers to the formation of 1 mol of HCI

. AH=TAS.

-%=—22kmlmr‘.

le) AHgraphite — Diamond = AHeomb, (graphite)
= AHogb, (Diamond)
=—-393.5+ 3954 = 1.9 kJ mol™ 1.

-

() Carry out the operation, equation (i) - % * (eqn. 11)

ﬂH:—x+% or %ﬂx
(o) AHgof 809 = Eq. (i) - Eq. (if) =-2x - (- y) = {y = Zx).
(&) N304 — 2ZNO,

(colourless)

Since rise in temperature pushes the reaction in the for-
ward direction. Hence, AH for forward reaction should be
positive.

{brown)
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43. (h) aHfufEﬂg also represents AH ., bystion 0f varbon
(graphite).
44. (a) Required equation is ;
5 Ng+3 Clg—s NClg; AH=?

Carry out the operation, Eq. (i) -% Eq. (i) - % Eq. (iif)

=-AH; + ﬂTIiIB-% AHg.
@) AG=AH -TAS = - 2500 - 298 = 7.4
=~ 2500 - 2205 = - 4705 cal
Since A3 is — ve, the reaction is spontaneous.
{e) AHy= £ B.E. of reactants — £ B.E. of products.
() For isothermal process dT = 0. Thus, AE = 0.
(B) It refers to third law of thermodynamics.
(¢) This is as per definition of exothermic reaction.
(d) Cgraphite) has H* = 0.
(¢) AHfpertains to formation of one mole of compound from
its elements.
{a) AH of reaction varies with temperature.
{(b) Melting of ice is non-spontaneous below 273 K at one
atmospheric pressure. Hence, AG > 0.
(d) This iz according to definitions.

&

R R

1

L&

Ib}Hm,M:%—ﬂ=D.ELE., +ve o AH®>AE®,

B7. (¢} (a), (b), (d) choices are sufficient for calculating AH".

568. (b) HI is an endothermic compound. Others refer to com-
bustion process which is exothermic always.
59. (a) Burning of 78 g (1 mol) of benzene gives heat
= 3264.6 kJ
Buming of 3.9 g of benzene gives heat

_ 3264.6 32646
="qg X38="p

{a) Refer Gibb's Helmholtz equation in study material.

() For endothermic process AH = + ve. This process will be
gpontaneous only if AS = + ve.

(c) Question is based on the relations ; (AG = AH - TAS) and
(AH = AE + ArRT).

{a) g, = AE.

(a) CoH5OH(I) + 302(g) — 2C04(g) + 3H20(0)
Heal produced at constant volume by 46 g of CoHsOH

S

28

£2 8

70.

7l
TL.

73.
74.
75.

76,

717.
T8.

Bl.

{ef) AG® is < 0 for the backward process. Hence backward
process will be spontaneous under the given conditions.
(c) Apply the relation AG® = AH® — TAS".

(b) Standard state conditions for bromine refers to Bradl).
(¢} Standard state conditions for oxygen refer to Os(g)

Hence AG"¢for Og is zero.

(@) Aglg) +5 Bals)—> AB@)
ﬂH:%x AHA A *%‘-"HB—-B - AHpg g
or -—1!]-!}!%{21:}4-%{.:}—2: or x=200

7 ﬁHﬁ_ﬁ:Et=4ﬂﬂkJnrdH“fan{g}l = 200 kJ mol ™ L.

(d) In CaCOg, a solid decomposes to form a solid and a
gaseous product. Hence randomness increase.,

(b) In irreversible process ; ASgyg + ASgype > 0.

{b) 2 g of Ha require energy = 2 x 217.5 kJ

4 g of Hg require energy = 2x 2 x 217.5 = 870 kJ.

{c) It refers to the Carnot theorem.
{(d) Process being spontaneous, the value of AG < 0.
() The value of heat of combustion of Cigraphite) and AHy
of CO4 is same because both the processes are represented
by

Cigraphite) + O2(8)— COg(g).

(e} For adiabatic expansion of ideal gas the relationship
between P and V is that

P;V,'= PgVa!, where yis Poisson's ratio [ -:'E ] :
LU
{b) Factual question.
(6) AE = 0 for isothermal process.
(a) Apply Kirchoff's equation
AH2 - AHy = (T3 - Ty) fﬂp' —ﬂpt

AH; - 24 = 50(0.031 - 0.055)

or AHp =24 -12=228calg .
(e} The data reflects relatively greater stability of graphite
from the thermodynamics point of view.
(b) BA[l)—— 3Alg) ; An=3-0=3
AE = AH - AnRT = 3 x 10 - 3 = 0.002 = 500 = 27 keal.

(b) CaHig(e) + %5 Oale) —> BCO (@) + IH,0)

Being a combustion process AH < 0, AS is > 0 because
the process proceeds with inerease in number of gas
moles, Since AH = — ve, AS = + ve, the AG has to be
negative.
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g &

a7.

81.

7.

100.

101.

(o) Halg) + In(g) = 2ZHI
w AGF=2x1T-0-0=34
—AG=230xRxTlhgK

; = 3.4 x 1000
or K= ﬁnh]ug[m}=mﬂ1ﬂg{— 114.18).

{a) Melting of ice at 260 K, 1 atm is non-spontanecus.
{e)— AG = PAV - W,

or = AG = = (Wi = PAV) = = W on.py.

(b) Divide equation 1 by 2 and add it to second equation
. AH = Eg-—-ﬁ— =137 =(317.5+ 137T) = - 454.5 kJ.

AHfusion _ 6x 10°
MP. - 213

The value of AS for reverse process = -21.97JK L

() Standard entropy of all the substances is greater than
Zen.

le) CroHgls) + 1209(g) — 10C02(g) + 4Hz0()
Apply AH = AE + AnRT (Here, An = 10-12=-2).
() Apply Wy =~ 2.303 nRT log P1/Ps.

(n) AHgol. = AHLuttice + AHHydr, = 778 - 774.3

(B) ABguiog = =2197JK 1,

= 3.7 kJ mol ™}
ASeq =43 JK Ymot™ 1

AGgy) = AH — TAS = 3.7 x 10% - 208 x 43
=-0114J=-9.114 J.
{a) The PV work =-1x0.5 L atm
=-05%1013 =-50.83J
g =+ 300 J
& AE =g+ w =300 - 50.63 = + 249.35 J.
() The formation of methane can be represented by
Cigraphite) + 2Ha(g) — CHylg).
(b)) AG" = B{— 394.4) + 3(- 228.6) — 1728 = - 3225 k.

(@) Since the process is being carried in a closed
vessel, AH = AE.

i) Formation of divalent and trivalent anion is endother-
mic process. ( Refer to successive electron affinity).

(c) C4Hyp + 2 O3 — 4COg + 5H20 ; AH = - 2650 kJ
Heat produced by burning 1 mol (58 g) of C4H g = 2650 kJ

Heat produced by buming 5.8 kg of C4Hyp

2650

= % 5.8 % 10° = 2.65 x 10° kJ.

102.

104.

105.

107.

108,

108.

110.

(a) Moles of HCl = M x Vi = 0.2 x 100 x 10™ % = 0.02 mol

Heat produced by neutralisation of 1 mol HCl = 57.1 k.J
Heat produced by neutralisation of 0.02 mol HCl = 1.142 kJ.
(b) AHjonisation of MOH = AH .\ per — (- 57.1)

=-516+57.1=56kl
(c) Let the molarity be M

. Moles of HNOg=Mx100x10" =01 M

Heat produced by 0.1 moles of HNOgz = 1.713 kJ

Hmpmamdhylmmﬂnupﬁ-%m

Now, since HNOg and KOH are strong

. 1713 _ 173
T 01M 0.1x457.1

wh_hnl—PAvu—lﬁx-ln-EﬂIrqtm

=571 or M = {L.3.

Wpo=0

We o p=-PAV=-6(- 4) = 24 L-atm

Wpsa=0

Woet =—60 + 24 = — 36 L-atm
=-=36x101.3 = - 3646.8 J.

Po _aBvpl1l 1
() l"ﬂ'ﬁ'zamn T, Ta

o 380 -ms:-:m“[ 1 1]

18760 = "2.308R | 513 Ty
o L _1_-0310x2303x8314
3B Ty 40.8x 10°
or Ty=3646K or BLEC.

(c) The process of dissociation, of 1 mol of Hg() into H" and

OH ions refers to reverse of neutralisation. Hence, the
value of heat change = + 57.1 kJ.

(b) CHy(g)— Clg) + 4H(g) ;

AH = 400kJ -, AHp_ g = 100 kJ mol™ !
CHj - CHylg) = 2C(g) + 6H(g) ; AH = 670 kJ
670k =AHg ¢+ 6AHg - g

s AHp.@=670-6x 100 = 70 kJ mol™ %,




The constant K. is called equilibrium constant.
For gaseous equilibria, equilibrium constant may be
expressed in terms of partial pressures of various
species
K, = 2 (ep)’
(Pa)” (pp)°

Relation between K, and K,

K, =K, (RT)"

K]J = Kt W]I'EI]. An=0

e i}
Concentration Quotient, Q = !E]___H}_Ib
[A)® [B]
At equilibrium Q = K.
If Q is greater than K, net reaction is taking place in
backward direction and if Q is less than K, the net
reaction i= taking place in forward direction.

CHARACTERISTICS OF EQUILIBRIUM CONSTANT

(&)

The equilibrium constant has a definite value for every
chemical reaction at particular temperature. The value
of equilibrium constant is independent of initial con-
centrations of reacting species.

(i) For a reversible reaction, the equilibrium constant for

(g22)

(iv)

the backward reaction is inverse of the equilibrium
constant for the forward reaction.
The equilibrium constant is independent of the presence
of catalyst.
The value of K changes if the co-efficients of various
species in the equation representing equilibrium are
multiplied by some number. For example, equilibrium
constant for the equation

Hy+Is = 2HI ; K; =49
is different from the equilibrium constant for the
equation

%H3+%IE#HI ;

Ko =7

(v)

The equilibrium constants of the two equations are
related to each other as

Ky = (K" =49)* =T
In general, if K; is the equilibrium constant for a
particular equation then equilibrium constant Ky for
some new equation which is obtained by multiplying
the first equation by n is given by the following rela-
tion :
Ky = (Kyp)".

If a reaction can be expressed as the sum of two other
reactions, then the equilibrium constant for the overall
reaction is equal to the product of the equilibrium
constants for the individual reactions.

For example,

HyS = H'+HS™ ; Kj=1x10""

HS = H'+8% ; Kp=1x10"%

HoS = 2H*+8% ; K=K;xK;=10""x10"1

Effect of Temperature on the Value of K

Kp __aH° [Te-T,
K, 2303R| TTg

The relation given above is called van't Hoff's equa-
tion.

Calculation of Degree of dissociation from
vapour density data for the equilibria such as
{Pﬂlﬁ = PCI_-:; + cigl.l

log

e D-d
din - 1)

Here, D is the density in the beginning, d = density at
equilibrium, n is the no. of particles formed by dis-
gociation of one molecule.

LE-CHATELIER'S PRINCIPLE

133

Le-Chatelier’s Principle states that : If a system af
equilibrium is subjected to a change of concentration,
pressure or temperature, the equilibrium shifts in the
direction that tends to undo the effect of the change.
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Effect of Concentration. Addition of reactants or
removal of products shifts the equilibrium in forward
direction.

Effect of Temperature. Increase in temperature
shifts the equilibrium in endothermic direction.
Effect of Pressure. Increase in pressure shifts the
gaseous equilibria in the direction where no. of moles
of gaseous species is less,

Effect of Catalyst. Addition of catalyst does not
disturb the equilibrium state.

Addition of Inert gas at Constant Volume does not
disturb the equilibrium state.

Addition of Inert gas at Constani Pressure shifts
the equilibrium in the direction where no. of moles of
Fase0us species 1s more,

SOLUBILITY PRODUCT

In general, for any sparingly soluble salt A.B,, which
dissociates to set up the equilibrium
AB, = x&"" +yB¥
the solubility product constant may be expressed as :
K,, = [N '] [B* P
The expressions of solubility products of some spar-
ingly soluble salts are given below @

PbCly : PhCly= Pb®* +2CI":
K., = [Pb* 1ICT )2
Cag(POy)e : Cag(POy)s = 3Ca® + 2P07 :
K,, = [Ca?* I° PO® 12
Calculation of solubility product. Knowing the

solubility of the salt, its solubility product (K,;) can be
calculated.

Expressions, correlating K, and solubility (in mol
L~ !y of some common types of salts are :

Salt Type | Relation between K, and 8

AB, K, = (5)(25)" = 4s°

AB K,p = (25)%(s) = 45°

AB, K,, = (s)(3s)° = 27s*

AgB, K., = (35)°(2s)* = 108s°

AB I'i'ﬂpI = (g)(8) = 2
Larger value of K, indicates the salt is more soluble
in water.

In the solution, the ionic product of a salt cannot
exceed its Kg,. Thus, K, is the highest limit of ionic
product at a particular temperature.

Solubility of a sparingly soluble salt decreases if some
strong electrolyte having some ion common with the
ions of the salt is added. Thus, AgCl is less soluble in
NaCl solution as compared with solubility in water,

BRONSTED AND LOWRY CONCEPT OF ACIDS AND
BASES

According to this concept :
An acid is a substance that can donate a proton
and base is a substance that can accept a proton.

Substances, such as water, which can act as acids
as well as bases are called amphoteric substan-
ces. Some more examples of amphoteric species are

NHj, C,HsOH, HCO4~, HS™ and HSOj.

LEWIS CONCEPT OF ACIDS AND BASES

According to this concept :

An acid is a species that can accepi a pair of
electrons whereas a base is a species that can
donate a pair of electrons.

Some examples of Lewis Acids :

AICl3, BF3, Cu®, Ag*, Fe*, H', 504, COg, SnClg,
SnCly, PFs, 5iFy, Si0s.

Some examples of Lewis Bases :

OH-, CI", Br-, 0%, CN~, NHz, CH3COO0™

H,0, NHy, R—OH, R—0—R, R - NH,,

RyNH, RgN, CO, CaH,.

DISSOCIATION CONSTANTS OF ACIDS AND BASES
IN WATER

Dissociation constant of Acids (Ka)
HAlag) + Hs0(l) = Hz0" (ag) + A” (ag)
[Hs0"(AT]
PK; =-log K,.
Larger the value of K, or smaller the value of pK,,

higher is the concentration of Hz0" ions and
stronger is the acid.

(H30" =ﬂu-ﬂ‘\/¥=m

In a solution of two weak monobasic acids having
dissociation constants K, and K;, and molar con-
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Iﬂﬁj

centrations C, and Cs respectively, the [Hz0"] is given
by the relation :

[Hg0"] = VKq,C; + Kq,Ca.
The ionisation constant Ky, for a weak base B can be
represented as follows :
Blag) + Hy0() == BH"(ag) + OH (aq)

_ [BH'[OH]
Ko =""1g]

PRy =-log Ky
Larger the value of Ky or smaller the value of
pK,, stronger is the base.

K,
= T
[0H] =VK, x C.

Relation between K, and K;,

The dissociation constant K, of an acid is related to
the dissociation constant, Kj of its conjugate base as :

K, x Kp = Ky

Strength of A“'fl_l A ,_ﬁ,
Strength of Acidy K,

IONIC PRODUCT OF WATER

Ky = [HgO'HOH]

The values of K, at 298 Kis 1.008 x 10 mol®* L2,
In pure water [Hz0"] and [OH] are equal.
[OH) = [H30 = 1% 10" " mol L™ !

With increase in temperature dissociation of
water increases, therefore, value of K, increases
with increase in temperature.

In neutral solutions [H30"] = [OH ]
In acidic solutions [H30'] > [OH]

In basic solutions [Hy0"] < [OH].

- log K, = pK,,. The value of pK,, at 298 K is equal
to 14.

pH SCALE
* The pH of a solution may be defined as negative

logarithm of hydronium ion concentration in
maoles per Litre.

pH = - log [HyO%] =log

[H307
or [Hs0'1=1x 10" PH

pOH of solution is defined as the negative
logprithm of hydroxylion concentration in moles
per litre.

pOH = - log [OH]
For purewaterat 298 K, pH=pOH=7

For acidic solutions pH < 7 and for basic solutions
pH=>1T.

At 298 K, the sum of pH and pOH is equal to 14

pH+pOH = 14
or pH + pOH = pK,,
BUFFER SOLUTIONS

pH of a buffer solution is given by Henderson-
Hasselbalch equation.

For acidic buffer : | pH=pK, + log E—n&%
For basic buffer : | pOH = pKy, + log IIE:::]]
HYDROLYSIS OF SALTS

Salt + Water — Acid + Base

i [Acid] [Base]
~ [Balf]

where K, is the hydrolysis constant of the salt.

The fraction of the fotal salt that is hyvdrolysed
at equilibrium is called degree or exteni of
hydrolysis. It is denoted by ‘R’

Hydrolysis of Salt of a Weak Acid and a Strong
Base

This type of salts includes salts of sodium and potas-
sium except halides, nitrates and sulphates. For
example, NagB 0y, NagCOg, KCN, CH;COONaetc
This type of salts produce alkaline solutions on
hydrolysis.

MX+Hs0 = MOH + HX
Hydrolysis constant : EZ;,—E"’L
K,
Degree of hydrolysis :
A/ K.
h=NT =VNx xc




136

COMPREHENSIVE OBJECTIVE CHEMISTRY

* Hydronium ion cone. and pH
» ’ K,
Hs0'] = Ky, K, xC

Ky x K,
C

PH=%{PKw+PK¢+IﬂEUI

2. Hydrolysis of Salt of a Strong Acid and a Weak
Base
This type of salts includes halides, nitrates and sul-
phates of all metals except that of sodium and potas-
sium. For example, zine nitrate, copper sulphate,
aluminium sulphate, ferric chloride etc. This type
of salts produce acidie solutions on hydrolysis.

MX + He0 == MOH + HX
Weak base Strong acid

als

» Hydrolysis constant : K =
* Degree of Hydrolysis :

* Hydronium ion conc. and pH

K, xC
Ky

[Hy0"] =

pH = [pKy, ~ log C - pEy]

3. Hydrolysis of Salt of a Weak Acid and a Weak
Base

This type of salts include all salts except halides,
nitrates and sulphates of all metals except sodium and
potassium. For example, zinc acetate, aluminium

phosphate, calcium carbonate, ammonium
phosphate, etc. This type of salts produce weak acids
and weak bases on hydrolysis. Therefore, aqueous
solutions of such salts are almost neutral and have
pH nearly equal to 7.

MX + HsO == MOH + HX

Weak base Weak acid
ar M'+X +H;0 == MOH + HX

Hydrolysis constant : Kﬁ#KuHKb

Degree of Hydrolysis:  h="VK,.

Thus, in case of salts of weak acids and weak
bases, the degree of hydrolysis does not depend
upon the conceniration of the salt.

y Kw
_ = Nx K
Hydronium ion conc. and pH :

N
H0 = \ =%

pH = 7 [pKy + pKq - pKs]

In case K,=K;
pH =3 (oK) = 7

In case K, > Ky, the solution would be slightly acidic
and the pH would be less than 7. On the other hand if
K, < K, the solution would be slightly alkaline and
the pH would be greater than 7.

Salt of a Strong Acid and a Strong Base

This type of salts includes halides, nitrates and sul-
phates of sodium and potassium. For example, NaCl,
KCl, ENOg, NasS80y, etc. Salts of this type are not
hydrolysed and hence their agueous solutions are
neutral.
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Level I

Choose the correct cnswer from the four alternatives given in each of the following gquestions :

A quantity of PCl; was heated in a 10 L vessel at
525 K.

PCls(g) —> PClg(g) + Cly(g)

At equilibrium the vessel contains 0.10 mole of
PCl;, 0.20 mole of PClz and 0.20 mole of Cly. The

equilibrium constant for the reaction is
(a) 0.04 (b) 0.4
(c) 0.02 (d) 0.06.

For the reaction, Cls) + COy (g) — 2C0(g), the partial
pressures of CO3 and CO are 2.0 and 4.0 atm respec-
tively at equilibrium. The K, for the reaction is

{a) 2.0 atm (b) 0.5 atm

{c) 4.0 atm (d) B.0 atm.

Consider the two gaseous equilibria involving 50, and
the corresponding equilibrium constants at 288 K

S04(g) + 5 0 (&) == 503 (g)

2803(g) — 250(g) + O2(g) -Ka
The values of equilibrium constants are related as :

EE}EE]=KEE [b}l{zznﬂ—l

K

Ky = Klz (@) Kg =

K%

Which of the following statements is correct about the
equilibrium constant ?

(n) Its value increases by increase in temperature

(b) Its value decreases by decrease in temperature

{c) Its value may increase or decremse with increase in
temperature ’

() Its value is constant at all temperature.

Which of the following statements is not correct

regarding the equilibrium constant ?

(@) Its value does not depend upon the initial cone. of the
reactants

{b) Itz value does not depend upon the initial conc. of the
products

{e) Itz value does not depend upon nature of the reactants

{d) Its value does not depend upon presence of catalyst.

6.

10.

Which of the following will not change the concentra-
tion of ammonia at the equilibrium ?

(B) Increase of volume
{d) Decrease of temperature.

(a) Increase of pressure
{c) Addition of catalyst
Pure ammonia is placed in a vessel at a temperature
when its dissociation is appreciable. At equilibrium
(a) o« does not change with pressure

(&) comcentration of ammonia does not change with pressure
() concentration of hydrogen is less than that of nitrogen

() I‘ZF| does not change significantly with pressure.

In which of the following equilibria will K. and K, have
the same value ?

(a) PClg = PClg+Clg

(b) Ng + 3Hs = 2NHj

(e} 2C0 + 0p == COy

(d) Ng+0g — 2ZNO.

-

In which of the following gaseous equilibria, the equi-
librium will shift to the right if total pressure is
increased.

(a) Mg + 3Hg

= 2NHz ((BINgOy = 2NOg
(ec)Hz+Clg — —

2HCl  (d) N3O, 2NO,.

Which of the following is not favourable for the forma-
tion of 503 7 '

2509(g) + O2(g) = 2303(g) ; AH=-188 kJ
(a) High pressure (b} High temperature
() Decreasing [SO4] {d) Increasing [S04].

11. Vapour density of PClg is 104.16 but when heated to

12.

230°C its vapour density is reduced to 62. The degree of
dissociation of PClg at this temperature will be

(a) 6.8% (b) 68%
(c) 46% (d) 64%.

For which of the following gaseous equilibria at con-
stant temperature, doubling the volume would cause
a shift of equilibrium to the right ?

(a) 2C0 + Oy — 2C0q
() Ng+0Og —= 2NO

2NHj

(b) Ng + SHg ==
= PClg+Cla.

d) PClg
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13.

14.

].5[

16.

17.

18.

19.

COMPREHENSIVE OBJECTIVE CHEMISTRY

For t.he_gasphz;sa reaction
Ny +0y = 2NO; AH = + 180 kJ mol ™

which of the following is true ?
(a) The value of K changes with change in pressure
(&) The value of K changes with intreduction of NO
(¢} The value of K changes with change in concentration of

No
(d) The value of K changes with change in temperature.
The decomposition of NoOy to NOg is ecarried out at
280° in chloroform. When equilibrium is reached, 0.2
mol of NaO4 and 2 x 10~ * mol of NOg are present in a

2L solution, the equilibrium constant for the reaction
NaOy = 2ZNOgis

(a) 1% 10~ 2 (b)2x 103

() 1x 10~ B () 2% 10° 5,

One mole of 804 was placed in a two litre vessel at a

certain temperature. The following equilibrium was
established in the vessel

2804(g) = 2504(g) + Oglg)

At equilibrium, the vessel was found to contain 0.5 mol
of SOg. The value of K would be

(a) 0.25 (b} 0.125
() 0.5 (d) 1.

For an elementary reaction, the specific rate constants
for forward and reverse reactions are 0.50 and

5 % 10* respectively. The equilibrium constant for the
reaction would be

(a) 2.5 = 10° (b) 2.5 x 104

() 1% 1075 (d) 1% 10°,

The value of AG® for a reaction having K = 1 would be
(a) - RT {b)~1

(c) O () + RT.

For the reaction

Hylg) + COg(g) = Hy0(g)+COg); AH =+ 41 kJ
The equilibrium can be shifted in the forward direc-
tion by

{a) Lowering the temperature

{(b) Inereasing the pressure

(e} Increasing [CO]

(d) Increasing [Ha|.

For a reaction, the value of K increases with increase
in temperature. The AH for the reaction would be

(b)) —ve

() cannot be predicted.

() + we

{e]) para

21.

27.

At 80°C, pure water has [H50'] = 10" " mol L™ . What
is the value of K, at 90°C ?

(@) 10™"°
(c) 10~ 14

pH of an aqueous solution is 5.5. The hydroxyl ion
conc. in the solution would be

(@) - 5.5 (b) = B.5
{e) 10~ 35 () 1059,

K, of a substance XY is 10”2 mol? L™ 2 Molecular
mass of the substance is 100. Its solubility would be

() 1012

) 10”12,

(@) 100 gL~} m1gl™!

) 10gL™? 10" gL L

200 mL ufﬁ—"; HCl are mixed with 100 mL of <2 HCI,
the pH of the resulting solution would be

(@) 2.22 () 1.78

(c) 2 (d) zero.

Which one is the strongest Bronsted-Lowry base out
of the following 7

(a) CIO™ (b) Cl0g™

(c) Cl0g~ () ClOy.

pK, values of three acids A, B and C are 4.5, 3.5 and
6.5 respectively. Which of the following represents the

correct order of acid strength ?

@lA>B>C C>A>B

) B>A>C (d)C=B>A
Which of the following is not a Lewis base ?
() CHy {b) AlCIg

(¢) R—OH {d) RNHj.

‘Which one of the following is not amphiprotic ?
(a) HSOZ (b) HCOZ

(c) HoPOy (d) HCOO .

The ionic product of water changes when
{a) An acid is added to it

{b) A base is added to it
{c) Either a base or an acid is added to it
() Temperature is raised.

A 0.20 M solution of methanoic acid has degree of

dissociation 0.032. Its dissociation constant is
(@) 2.1x10° 2 (b) 9.6 % 107 8

e)2.1x10"% () 1.1x 10”9,
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30.

31.

36.

Which of the following is the strongest base ?
(@) H” ) CI™

(e} NO3 () CHz0™,

The conjugate base of HCOy ™ is

(a) HaCOg {b) 0Oy

() Ha () COg* .

The conjugate acid of HSOq is

(2) SO4% (b) S04

(e} HgS0y (d) HaS03,

The pH of 0.1 M acetic acid is

(ad 1 (b) zero

{c) less than 1 () more than 1.
Which of the following aqueous solutions will have
highest pH ?

{e) Sodium acetate (b} Sodium chloride
(e} Ammonium phosphate  (d) Caleium chloride.

The pH of 0.005 M agqueous solution of HeS0y is
nearly,

() 0,005 ()2
e}l (ef} 0.01.-

When 100 mL of N/10 NaOH are added to 50 mL of
N/5 HCIL. The pH of the resulting solution would be

(e} T (h)=T
(e)< T {d) zero

KEq
Given, HF + Ho0 — HyO + F~

Ky,
F + HyQ — HF + OH™

Which one of the following relations is correct 7
rnm.,zﬁlb (B) Ky % Ky = Koy

Ky Ky
) —=—= (d) = = K.
g, = Ko K, - Kw
The compound that 18 not a Lewis acid is
{ﬂ-} EF3 {b} A]Ei;]
(e) NFy ld) SnCly.
If K, = 10~ ® for a weak acid, then pKj, for its conjugate

base would he

=10

(a) 10 by 8

(c) 107 () 5.

40. A certain weak acid has a dissociation constant
1.0 x 10~ *. The equilibrium constant for its reaction
with strong base is
(@) LOx 107 * ) 1.0 x 10710
(e) 1.0 % 1017 (d) 1.0 % 10”14,

41. Inthe reaction, AlClg + CI"— AICI, AlClg actsas a
(a) Salt (&) Lewis acid
(¢) Lewis base (<) Bronsted base.

42, The weakest base among the following is
(a) H (b} CH3
{c) CH3O™ {d) CI'.

43. Which of the following equimolar solutions can act as
an acidic buffer ?

(e} NH4Cl and NH4OH (h) HC1 and NaCl
{e) HCOOH and HCOONa  (d) HNO4 and NHyNOg.

44. The conjugate acid of NHy™ is

() NHg (b) NHy*
(] NoHy () NHaOH.

45. Which of the following has the highest pH ?
() Distilled water
(b) 1 M NH;

{c) 1 M NaDH
{d) Water saturated with chlorine.

46. The pH of 107 % M HCl is
{a)8 b} 6
(c) Between 6 and 7 (d) Between 7 and 8.

47.

49.

The solubility of Fe{OH)g is x mol L™ ! fts H“P would
be

(a) G (b) 3x*

fe) 27+ (d) 9x*.

Among the following, the weakest Bronsted base is
la) F~ (B) CI”

{c) Br~ d) .

If x is the degree of digsociation of PClg

PClsig) == FPClalg) + Clalg)
at a given temperature and if 2 moles of PCl; are taken

in a vessel, then at equilibrium the total number of
moles of various species would be
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66.

67.

70.

71.

Ba(OH), is a strong base. The pH of its 0.005 M
solution would be

(a) 11,31 ih) 11.7

(e) 12 () None of these.

_[DH‘ ]in a solution is 1 mol L™, The pH of the solution
18

{a) 1 B0

(c) 14 (d) 10~ 14,

For the reaction PCls(g) = PClylg) + Clp(g), the for-
ward reaction at constant temperature is favoured by

{a) Introducing an inert gas at constant volome
{b) Introducing Cls gas at constant volume

{c) Introducing inert gas at constant pressure
(e} Decreasing the volume of the container.

Which of the following solutions will have pH close to
2.07

M ... M
() 50 ml of 0 HC1 + 50 ml of 0 NaOH

M

l-‘:laEmluIm

HOI + 45 ml nf% NaOH

e} 10 ml uf—il% HCI1 + 40 ml t:-f-i—% MNaOH

(d) 75 ml -_-.r% HCl + 25 ml uf%‘- NaOH.

What is the decreasing order of strength of bases
(OH, NH; , H—C = C", CH3CHg)

{a) CHaCH; >NHy >H—C=C > 0H
() H—C =€ » CHyCHy™ » NHy™ > OH™
(c) H—C =C > CH3CHz > NHz>0H
(d) NHg > H—C =C™ > OH™ > CH3CHj.

Hydrogen ion concentration of a solution of a weak
base of dissociation constant K and concentration C
is

Ky
{a) (b K, x

e K, x Kp

m% () K, x VKg x C.
When sodium acetate is added to an aqueous solution

of acetic acid its pH
(o) Increases
i{c} Remains constant

(b) Decreases
(d) May increase or decrease.

T3.

74.

75.

76.

7.

The pH of a mixture of containing 70 ml of 0.1 M HCI
and 30 ml of 0.1 M NaOH solution will be

(e} 0.7 (b) 1.4
(e) 0.8 () 0.5.

Which of the following mixtures of solutions can fune-
tion as a buffer solution 7

ta) 50 ml of 0.2 M NHjz + 50 ml of 0.1 M HCI

{b) 50 ml of 0.2 M NHz + 50 ml of 0.2 M HCI

(e} 50 ml of 0.2 M HCI + 05 ml of 0.2 M NaOH
i} 50 ml of 0.1 CHzCOOH + 50 ml of 0.1 M NaOH.

A certain buffer solution contains equal concentra-

tions of X~ and HX. The K;, for X" is 1 x 107 1%, the pH
of the buffer is

{a) 10 (b)5

{e) 4 () 7.

Which of the following pairs is best suited to prepare
a buffer solution having pH 9.0 7

{a) CH3COOH and CH3COO™

{b) HoCOg + HCO3

(¢) HoPOR + HPO, >

(d) NH4Cl + NH4OH.

One litre of a buffer solution containing 0.01 M
NH,4Cl and 0.1 M NH,OH has a pH of about

(Bamnom) = 1.0 % 107%)

{a) 10 (b) 4
ch 6 (d) 8.
For the equilibrium,

PClslg) = PClg(g) + Cla(g)

the total pressure at equilibrium is P and degree of
dissociation of PClg is x. Which of the following is the
partial pressure of PCl; 7

.l'.
() —=—x P k
z—1

®) ;- xP

2
l-x

When 1 mole of N; and 1 mole of H; is enclosed in 5 L
vessel and the reaction is allowed to attain equi-

librium, it is found that at equilibrium there is x mole
of Ny. The no. of moles of NHg formed would be

(o) 2x

x
x+1

] =P (e}

x P

(b) 21 + x)

{c) 2(1 - x) {d) {1 =-x).
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81.

87.

e

For NHs, K= 1.8 x 10°% . K, for NH,* would be

(a) 1.8 x 10° (b) 5.56 % 10°

(e) 1.8 x 1017 () 5.56 x 10~ 19,

Which of the following can act as a Bronsted acid as
well as a Bronsted base ?

(a) 8% (b) HyS

(e HS™ (d) None of these.

For the reaction, CaCOg(s) = Cal(s)+ COq(g)
K, is equal to

{a) K. (b} K RT

(e) K(RT) (d) KRT)™ L.

One mole of NoOy is enclosed in a 5 L container. At
equilibrium, the container has 0.5 mole of NoO,. The
equilibrium constant for the decomposition of NoOy

[N2O,g) = 2NOs(g)] is
(@) 1 (h) 2/5
{e) 3 {d) L/5.

Equal volumes of two solutions, one having pH 6 and

the other having pH 4 are mixed. The pH of the
resulting solution would be

{a) 5.7 (h14.3

{e) 5.0 {d) 5.5.

100 ml of 0.1 M CH3COOH are mixed with 100 ml of
0.1 NaOH, the pH of the resulting solution would be
(a) zero b7

e} =T {d) <17,

100 ml of 0.2 M HCI are mixed with 100 ml of 0.2 M
CH;COOH, the pH of the resulting solution would be

nearly

{a} 1 (b) 0.7

() 1.3 (d) 1.6.

The solubility of AgCl would be maximum in
{2} 0.1 M NaCl (b} Water

{c) 0.1 M BaCly id) 0.1 M KCL

When 100 ml of 0.4 M CH3COOH are mixed with 100
ml of 0.2 M NaOH, the [HyO"] in the solution is

approximately : [K,(CH;COOH) = 1.8 x 107 %)
(5) 1.8 107°

() 9x 10”9 (d)9x10" 5,

Addition of which of the following solutions will have
no effect on the pH of the 100 ml of 0.1 M HCI1

(@) LB x 10" ®

21.

95.

(a) 100 ml of 0.1 M NaOH

COMPREHENSIVE OBJECTIVE CHEMISTRY

{b) 100 ml of HgO
{c) 100 ml of 0.1 M HC1 () 100 ml of NaCl.

Which of the following solutions when added to 1 L of
0.1 M CH5COOH will decrease the pH of the solution

(@) 1 L of H2O {6} 1L of 0.1 M CH3COONa
(e} 1 Lof 0.1 M HC1 {d) 1 Lof 0.1 M CHzCOOH.

0.2 M solution of a weak acid HA is 1% ionised at
25°C. K, for the acid is equal to

0.002 = 0,002 0.02 = 0.02
T ®) =518
0,01 = 0.01 0.19
© =019 (@) 501 x 0.01"

The value of K, for water at a certain temperature is

4 % 10~ 12, The pH of pure water at the given tempera-
ture would be

(@) 7 (b 2x 108

{c) 5.7 {d) 8.3.

The [OH] in 10” ' M solution of NaOH in water
would be approximately

(@) 10" ¥ M ) 1010 M

1078 M (@10~ 7 M,

Among the following hydroxides the one which has the
lowest value of K,y at ordinary temperature {(about

25°C) is
(a) MglOH)p
(c) Ba{OH)g
The following equilibrium is established when
hydrogen chloride is dissolved in acetic acid

HCl + CHgCOOH = CI” + CH;COOH;
The set that characterises the conjugate acid-base
pairs is
(@) (HC1, CH3COOH) and (CHzCOOHs", CI7)
(b) (HC1, CH3COOHz" ) and (CHgCOOH, C1” )
{c) (CH3COOHg", HCI j and (C1”, CHzCOOH )

{d)(HC, CI" ) and (CHgCOOH,*, CHgCOOH ).

Which of the following will oceur if a 0.1 M selution of
a weak acid is diluted to 0.01 M at constant tempera-
ture 7

(a) [H" ] will decrease to 0.01 M

(b) pH will decrease

(c) percentage ionisation will increase
d) K, will increase.

() Ca(OH)y
() Be(OH)s.
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9.

4.

The solubility of AgCl is maximum in
{a) Pure water (b)0.1 M NH3
() 0.1 M NaCl (d) 0.1 M CaClg.

Which of the following is true for the saturated solu-
tion of sparingly soluble Pbl; ?

(a) PB*) = 1" (®) (Pb™) = Vg

© Pb*] = Kgp () (Pb?] = 0.5[1" ].

The solubility of Agl in Nal solution is less than th.nt
in pure water because

100.

(a) Agl forms complex with Nal

(b) of common ion effect

{c) solubility product of Agl is less than that of Nal

(d) the temperature of the solution decreases.

Cu®" and Pb** ions are both present in aqueous solu-

tion. To precipitate one of the ions and leave the other
in the solution add

(a) HpS(ag)
(c) NH{NOs(ag)

(b) HNOg(aq)
(d) He804(ag).

Level I1

Choose the correct answer from the four alternatives given in each of the following questions :

For the reaction

PCla(g) + Cla(g) = PCls(@)
the value of K, at 250°C is 26. The value of K, at this
temperature will be
{a) 0.61 (b) 0.67
ic) 0.83 (d) 0.46.
In a vessel containing 805, 80, and O, at equilibrium
some helium gas is introduced so that the total pres-
sure increases while temperature and volume remain
constant. According to Le Chatelier's principle, the
dissociation of S04
{a) increases (&) decreases
(¢) remains unaltered {d) changes unpredictably.

In a reversible reaction, two substances are in equi-
librium. If the concentration of each one is doubled,
the equilibrium constant will be

() Reduced to half its original value

(b) Reduced to ene fourth of its original value
(£} Doubled
(d) Constant.

What is the solubility of Al(OH)3, Kgp = 1 % 107 33; in
a solution having pH = 4.

@107 M b)107°M
) 1074 M (d) 107100
The solubility of Fe(OH)g would be maximum in

(a) 0.1 M NaOH (b) 0.1 M HCI1
(c}0.01 M KOH (d) 0.1 M HaS0,.

10.

Which of the following sulphides has the largest value
of Kgp ?

{e) CuS (b} CdS

(c) PbS (d) ZnB.

A certain buffer solution contains X~ and HX. The

concentration of X is twice the concentration of HX.
If K, for HX is lﬂ_ﬁ, the pH of the buffer 1s

(a) & {b) 4

(e) 6.3 () 5.8.

The equilibrium constant for the reaction,
Na(g) + Oz(g) INO(g) is 4 x 10~ *

at 2000 K. In presence of a catalyst, equilibrium is
attained ten times faster. Therefore, the equilibrium
constant, in presence of the catalyst, at 2000 K is

(a) 40 % 10~ *
(b) 4 x 10~ 4

() 4x 1072
{d) difficult to compute without more data.

. The sparingly soluble salt Ag;CrQy is expected to be

maost soluble in
{z) Pure water (b)) 0.10 M KaCrOy

{c) 0.10 M AgNO3 (d) 0.10 M KNO3.

The pK, of HCN is 9.30. The pH of a solution prepared

by mixing 2.5 moles of KCN and 2.5 moles of HCN in
water and making up to total volume to 500 ml is
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() 9.30 {h) T7.30
(eh 10030 (d) 8.30.
11. The number of moles of HsO" ions in 200 mL of 0.005
M Hs50y is
(e ) 0005 (6)0.01
(e} 0.002 () 0.001.

12. The reaction of CHgCOOH with a base will proceed
towards right to maximum extent when the base is

(a) HyO (b) CI”
(c) HC1O4 (d) NHa.

13. Which of the following when added to 1.0 L of 0.5 M
HCl would result in maximum increase in pH 7

() 0.5 mol CHaCOOH (b) 1.0 mol NaCl
{c) 0.4 mol NaOH (df) 0.6 mol CHzCOONa.

14. According to Le Chatelier's principle adding heat toa
solid and liquid in equilibrium will cause the
(a) amount of solid to decrease
(&) amount of liquid to decrease
ic) temperature to rise
() temperature to fall.

15. Which of the following, when added to a saturated
aqueous solution of CaCOg would increase the molar

solubility of CaCOg4 ?
(a) NagCOq (b) NH3
() NaHS0y {d) more water.

16. If the concentration of CrO4*" ions in a saturated

solution of silver chromateis2 x 10~ 4 M, the solubility
product of silver chromate would be

(@) 32 x 107 12 () Bx 10 12
(c) 16 x 10”12 (d)Bx 10”2,

17. The K, values of PbCO3 and MgCOj3 are 1.5 x 107 -

and 1% 10”7 ! respectively at 298 K. What would be

the concentration of Pb%* ions in a solution that is
saturated with respect to PbCO4 and MgCO3 7

(@) 3x107% M CoEx107 M

(chax10"°M (d) 1.5 x 10”9 M.
18. In the reaction
Nalg) + 3Halg) = 2NHgalg)
the value of the equilibrium constant depends on
{a) volume of the reaction vessel

(b} total pressure of the system

19,

21.

(e] the initial conecentration of nitrogen and hydrogen
(d) the temperature.

One mole of S04 was placed in a litre reaction vessel

at a certain temperature. The following equilibrium
was established

2503(g) = 2802(g) + O2(g)
At equilibrium, 0.6 moles of 505 were formed. The
equilibrium constant of the reaction will be

(a) 0.36 (b) 0.45
{c) 0.54 (d) 0.675.
For a system in equilibrium AG = 0, under conditions
of constant
(o) cemperature and pressure
(h) temperature and volume
(c) energy and volume
(d) pressure and volume.
An equilibrium mixture for the reaction
2HoS(g) = 2Ha(g) + Salg)
had 1 mole of HpS, 0.2 mole of Hy and 0.8 mole of S
in a 2 litre flask. The value of K, in mol L™ ! is
() 0.004 (b} 0.080
(c) 0.016 {d) 0.160,
AG®r(HI, g) =+ 1.7 kJ what is the equilibrium constant
at 25°C for 2HI(g) = Halg) + I2(g) 7
() 24.0 (b) 3.9
() 2.0 (d) 0.5.

0.1 M solution of which of the substance will behave
basic ?

{a) sodium borate {b) ammonium chloride
(c) calciom nitrate {el) godium sulphate.

Given that K, for acetic acid as 1.8 x 10”° and Kj of

NH,OH as 1.8 x 1077 at 25°C, predict the nature of
aqueous solution of ammonium acetate.

{a) Acidic (b) Basic

(c) Slightly acidic or basic  (d) Neutral.

If the solubility of lithium sodium hexafluoroalu-
minate, LizNag (AlFg)g is ‘8" mol L™, its solubility

product is equal to

(@) 8° (b) 12 8%
r188? (d) 2916 8%,
Sulphanilic acid is a/an

{a) Arrhenius acid {h) Lewis base

{c) Neither (a) nor (b} {d) Both (a) and (b).
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27.

31.

11}_"":r M NaOH is diluted by 100 times. The pH of
diluted base is

{a) Between 6 and 7 (b) Between 10 and 11
{c) Between 7 and 8 (d) Between 5 and 6.
Ostwald's dilution law is applicable to

(e} Strong electrolytes only

(b) Weak electrolytes only

() Non-electrolytes

(c) Strong as well as weak electrolytes.

To a solution containing equimolar mixture of
sodium acetate and acetic acid, some more amount
of sodium acetate solution iz added. The pH of mix-
ture solution

(a) increaszes (b) decreases

() remains unchanged (d) unpredictable.

The best explanation for the solubility of MnS in dil

HCl is that

(a) solubility product of MnClp is less than that of MnS

(b) concentration of Mn®" is lowered by the formation of
complex ions with chloride ions

() concentration of sulphide ions is lowered by oxidation to
free sulphur

{d) concentration of sulphide ions is lowered by the formation
of the weak HoS.

The pK, of HCN is 9.30. The pH of a solution prepared
by mixing 2.5 moles of KCN and 2.5 moles of HCN in
water and making up to total volume to 500 ml is

{a) 9.30 (b) 7.30
(e} 10.30 () B.30.

In which of the following reaction doubling the volume
of container cause a shift to right ?

(a) 2CO(g) + Oalg) == 2C0gg)
(b) Na(g) + 3Ha(g) == 2ZNHgz(g)
(e} PClg(g) == PClaig) + Clalg)
(d) Ha(g) + Clalg) = 2HCl(g).

If H' ion conc. of a solution is increased by 10 times,
its pH will

&) remains unchanged

(c) decrease by one (d) increase by 10.

In what manner will increase of pressure affects the
following equilibrium 7

Cls) + H-;ﬂl[gll ==

{z) increase by one

COlg) + Haig)

35.

(@) Shift in the forward direction
(b) Shift in the reverse direction

(c) Increase in the yield of hydrogen
() No effect.

Consider the following reaction occurring in an
automobile

2CgH 5(g) + 2609(g) — 16C0u(g) + 18Hs0ig)
The sign of AH, AS and AG would be
(a)+,— + (B) =, +, -
(e) =, +, + (d) +, +, -

The concentration of Ag' ions in a given saturated

solution of AgCl at 25°C is 1.06 x 10” ° mole ion per
litre. The solubility product of AgCl is

(a) 0,853 x 10~ 10 (b} 0.530 x 10~ 1¢

() 1.12x 10”19 () 2.12 % 107 12,

1.1 mol of A is mixed with 2.2 mol of B and the mixture
is kept in one litre flask till the equilibrium is reached.
At equilibrium, 0.2 mol of C is formed. If the equi-
librium reactionis A+ 2B = 2C + D, the value of
equilibrium constant is
() 0.002

(e} 0.001

(b} 0.004
() 0.003.
At a certain temperature 2HI —= H; + I3, only 50%

HI is dissociated at equilibrium. The equilibrium con-
stant is

(a) 0.25 (b} 1.0
(e} 3.0 (d} 0.5.

Which two of the following will have nearly equal H
concentration ?

{£) 100 ml 0.1 M HCI] mixed with 50 ml water

(if) 50 ml 0.1 M HpSO,4 mixed with 50 ml water
(i) 50 ml 0.1 M HoS0 4 mixed with 100 m] water

(tv) B0 ml 0.1 M HCl mixed with 50 ml water.

(a) () and (i57) (b) (i2) and (i)

(e} (£) and (i) (e} (iif) and (iv).

The reaction, 805 + Cly = 80,Cl;is exothermic and
reversible. A mixture of 504(g), Cla(g) and S0;Clx()
is at equilibrium in a closed container. Now a certain
quantity of extra S0y is introduced into the container,
the volume remaining the same. Which of the follow-
ing isfare true 7

{x) The pressure inside the container will not change

{b) The temperature will not change

{c) The temperature will increase

(d) The temperature will decrease.
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11.

45.

47,

The standard state Gibb's free energy change for the
isomerisation reaction cis-2-pentene = frans-2-
pentene, is — 3.67 kJ mol at 400 K. If more trans-2-
pentene is added to the reaction vessel

{a) More cis-2-pentene is formed

(b} Equilibrium shifts in the forward direction
() Equilibrium remains unaltered

(d) More trans-2-pentene is produced.

The solubility of PbClg is

(@) VKgp (B) (Kgp)™®
(6) (Kypr )/ (d) (BKgp) 2.

Why only As*? gets precipitated as As3Sq and not
Zn*? as ZnS when H;S is passed through an acidic
solution containing As* and Zn*? ?

(@) Solubility product of AsgS4 is less than that of Zn3

(h) Encugh As*® are present in acidic medium
(¢} Zine salt does not ionise in acidic medium
() Solubility product changes in presence of an acid.

If o is the fraction of HI dissociated at equilibrium in
the reaction, 2HI(g) —= Hy(g) + Iz(g), starting with 2

moles of HI, the total number of moles of reactants
and products at equilibrium are

{a)l+a (b) 2+ 2a

(e) 2 (d) 2 -0

In a reaction Ng + 3Hg == 2NHj, the yield of NHy
INncreases on

{a) increazing the temperature

(&) increasing pressure

{c) increasing temperature as well as pressure

() decreasing temperature as well as pressure.

One mole of NoO4(g) at 300 K is kept in a closed vessel
at 1 atmosphere pressure. It is heated to 600 K when
20% by mass of NzOy4(g) decomposes to NOg(g). The
resultant pressure is

(a) 1.2 atm {b) 2.4 atm
(c) 2.0 atm {d) 1.0 atm.

In a mixture of weak acid and its salt, the ratio of
concentration of acid to salt is increased by 10 fold.
The pH of the golution

(a) decreases by one

(¢} increase by one

(b) decreases by one-tenth
(d) increase by ten fold.

In a reaction A + 2B = 2C, if 2.0 moles of A, 3.0
moles of B and 2.0 moles of C are placed in a flask of

51.

2L capacity and equilibrium concentration of C is 0.5
mol L™ L, The value of equilibrium constant K, of the
reaction is

(a) 0.073 () 0.147
(c) 0.06 (d) 0.026
In the reaction Iy + [” — I3, the Lewis base is
{a) Ig b I
(e} I~ (d) None of these.
The cone. of NH" ions in a solution which is 0.02 M
NHj and 0.01 M KOH would be
(Kpnm, = 1.8 x 1075)
() 3.6 x 1075 (b) 1.8x 1075
(c)8.0% 10" 8 (d) 4.5 % 107 .

A physician wishes to prepare a buffer solution at pH
= 3.58 that efficiently resists a change in pH yet
containg only small conc. of the buffering agents.
Which one of the following weak acid together with its
sodium salt would be best to use ?

(a) m-chloro benzoic acid (pK; = 3.98)

{b) p-chlorocinnamic acid (pK, = 4.41)

{c) 2, 5-dihydroxy benzoic acid (pK, = 2.97)
{d) Acetoacetic acid {pK, = 3.58).

. The solubility product of CuS, AgsS and Hg5 are

1071, 10~ * and 10~ ** respectively.

The solubility of these sulphides are in the order

{a) AgoS > CuS > HgS (b) AgS > HgS > CuS

(e) HgS > AgeB > CuS (d) CuS > AgsS > HgS.

A white salt is readily soluble in water and gives a
colourless solution with a pH of about 9. The salt

would be
(a) NH4NOg (b) CH3COONa

(c) CHyCOONH,4 {d) CaCOg.

Why are strong acids generally used as standard
golutions in acid-base titrations ?

{a) The pH at the equivalent point will always be 7

(b) They can be used to titrate both strong and weak bases
{c) Strong acids form more stable solutions than weak acids
{d) The salts of strong acid do not hydrelyse.

For preparing a buffer solution of pH & by mixing
sodium acetate and acetic acid, the ratio of the con-
nectration of salt and acid should be (K, = 107%)

(@) 1:10 by10:1
{e)100:1 () 1: 100,



CHEMICAL EQUILIBRIUM

147

'ﬁ'ﬂi

67,

60,

61.

4.5 moles each of hydrogen and iodine are heated in a
sealed ten litre vessel. At equilibrium 8 moles of HI
were found. The equilibrium constant for

Hylg) + Io(g) = 2HI(g)is

fm) 1 (b) 10
(c) b5 (d) 0.33,

The pH of a solution is increased from 3 to 6 ; its H'
ion concentration will be

{a) reduced to half {b) doubled
(¢) reduced by 1000 times  (d) increased by 1000 timesa

In the reaction A + B — C + D, if we start with equal
concentration of A and B, at equilibrium we find that
the moles of C is two times of A. What is the equi-
librium constant of the reaction ?

(a) 4 (b) 2

1

1
. () 7

» K/K, for the reaction

CO(g) +; Oag) = COg(g) is
(&) RT
(d) (RT)12,

(@)1

(c) 1

VRT
K and K3 are the respective equilibrium constants for
the two reactions

(i) XegFg(g) + H;O@g) = XeOF @) + 2HF(g)
(ii) XeOy(g) + XeFg(g) = XeOFy(g) + XeO3Fa(g)
The equilibrium constant of the reaction

XeO4(g) + 2HF(g) = XeO3F3(g) + HyO(g) will be

(a) Ky /(Ko (b)Y K; - K
el K1/Ka (d) Ka/Ky.
For the reaction,

COlg) + Ha0(g) = CO2() + Halg),

at a given temperature the equilibrium amount of
COy(g) can be increased by

(a) Adding a suitable catalyst

(b} Adding an inert gas

{e) Decreasing the volume of container

{d) Increasing the amount of CO{g).

Which of the following statements is correct ?

(o) The pH of 1 = 10~ % M solution of HCl is 8
(k) The conjugate base of HgPOy is HP{}.I,:‘
(e} Autoprotolysis constant of water decreases with temperature

{d) When a sclution of a weak monoprotic acid is titrated
ngainat a strong bass, at half neutralization point

(L

The pH of 0.1 M solution of the following salts in-
creases in the order

(a) NaCl « NH4Cl « NaCN < HCl

(b) HC1 « NH4C] < NaCl < NaCN

(e} NaCN < NH4Cl < NaCl < HCI

(d) HCI « NaCl « NaCN < NH4CL

For the chemical reaction 3X(g) + Y(g) = X3Y(@) the
amount of XgY at equilibrium is affected by

{a) temperature and pressure

(b) temperature only

(¢) preasure only

{d) temperature, pressure and catalyst.

A buffer solution cannot be prepared from a mixture
of
(a) sodium ncetate and acetic acid in water

(b) sodium acetats and hydrochloric acid in water
(¢} ammonia and ammoniam chloride in water
(d) ammonia and sodium hydroxide in water.

The concentration of [H'] and concentration of [OH™]
of a 0.1 M aqueous solution of 2% ionised weak acid is

[ionic product of water = 1 x 10 14)
(@) 0.02x10" M and 5107 11 M
(b)1%10"*Mand8x 10”11 M
(©)2x10°3 Mand 5x 10712 M
(@ 3x10"*Mand 4x 10719 M.
For the reversible reaction,
Nga(g) + 3Hz(g) = ZNHg(g) at 500°C,
the value of K, is 1.44 x 10" ® when partial pressure
is measured in atmospheres. The corresponding value
of K,, with concentration in mole litre™ ! is
(a) 1.44 x 10~ 50,082 x 500)™ 2
(h) 1.44 % 107 518,914 % 77972

(e) 1.44 x 10~ 5/(0.082 x 773)

(d) 1.44 % 10”8 2(0.082 % 1792,

When two reactants, A and B are mixed to give
products C and D, the reaction quotient, @, at the
initial stages of the reaction

{(a) is zero (b) decreases with time
(c) is independent of time  (d) increases with time.
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71.

72.

4.

TE"

For an equilibrium ; NyOgg) = 2NOu(g) the total

pressure at equilibrium is P and degree of dissociation
of NE'D; is x.

Which one of the following is the partial pressure of
NO, ?

(m) h)12=xP

(1+x)

2
(1-x}

() P m}%xn

If the gas mixture for the following reaction,
NoOylg) = 2NOsg(g), is compressed, then

(it} Products are favoured

{b) Reactants are favoured

{ei No change
{d) Products become equal to reactants.

For a gaseous reaction,
pA+gB = gC + pD,
which of the following relationships is true 7

(a) K, = K, () Kp = KARTY *9
(¢) K;, = KRTY" (d) K, =K. = (RT)/P *9,
For the reaction,

4NHs(g) + 504(g) = 4NOig) + 6Hy0(l) ; AH = + ve
which of the following factors will not change the
[NHg) at equilibrium ?

{a) Increase of pressure (&) Increase of volume

{e) Addition of catalyst {d) Decrease of temperature.
One mole of 505 was placed in a litre vessel at a

certain temperature. When equilibrium was estab-
lished in the reaction,

2504(g) = 2804(g)+ Oz (g)
the vessel was found to contain 0.4 moles of S0;5. The

value of equilibrium constant is
{a) 0.13 (b) 0.36
{e) 0.68 (d) 0.45.

Which of the following statements is incorrect about
the equilibrium state 7

() It is dynamic in nature

{h) There is no change in properties with time

(e} It readjusts with the change in conditions

{¢f) It can be attained from the gide of reactants only.
Which of the following salts has maximum solubility ?

(a) CaFy ; Kgp = 1.7x 10717
() BaSOy ; Kyp = 15x 1077

78.

79.

— ——

(c) PbSOy ; Kyp = 1.3 x 107 ®

(d) AgCl; Kyp = 1.7 ¢ 107 1,

Which has the highest degree of ionization ?
(a) 1 M NHj (b} 0.001 M NH3

() 0.1 M NHg {d) 0.0001 M NHg.

Which of the following salts will yield basic solution
on dissolution in water 7

{a) A salt of weak acid and a weak base

(b} A salt of strong acid and a strong base
{e) A salt of wenk acid and a strong base

{cl) A salt of strong acid and a weak base,
Molar concentration of water is

(a) 555 mol L™ 1 (b) 5.55 mol L™}

(¢) 55.5 mol L™} (el) 0.555 mol L™ %

The compound whose water solution has the highest
pH is

(a) KNOg (b) NH,Cl

{e) (NH4)9COg (d) NagCO4q.

When 100 ml of 0.1 M solution of acetic acid is mixed
with 100 ml of 0.1 M selution of NaOH, the resulting
solution will have pH

{a) Zero by 7

{e) More than 7 (d) Less than 7.

Which buffer solution out of the following will have
pH > 177

(a) CH3COOH + CH;COONa

(b) HCOOH + HCOOK

(e} CHyCOONH,

d) NH4OH + NH4Cl.

The initial pressure of COClg is 1000 torr. The total
pressure of the system becomes 1500 torr, when the
equilibrium COClg(g) == CO{g) + Cla(g) is attained
at constant temperature. The value of K, of a reaction
i8

(a) 1500 (&) 1000
{e} 2500 (e} 500,
For the equilibrium,

PClsig) == PClalg) + Claig)

the total pressure at equilibrium is P and degree of
dissociation of PCl; is x. Which of the following is the
partial pressure of PClg ?
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87,

()

x x
_IHP I{-Er}ll_x:u.'P

x

x
x+]

{e) xP () = P.
l-x
When 1 mole of N3 and 1 mole of Hy is enclosed in 5 L

vessel and the reaction is allowed to attain equi-
librium, it is found that at equilibrium there is x mole
of Hy. The number of moles of NH3 formed would be

() % (b} 2(1 +x)/3
(c) -2-“—3'-*1 (d) ﬂ-é-‘-l

One mole of N3O, is encloged in a 10 L container, At
equilibrium, the container has 0.5 mole of NyOy4. The
equilibrium constant for the decomposition of

Na0y [N2Oylg) = 2ZNOs(g)] is

(a) 1 (b) 2/5
(e} 3 () 1/5.

Degree of hydrolysis of a salt of strong acid and a weak
base is equal to

K NED
() C (h) C ,

(e) "IIKJ; (d) Kp.

Addition of which of the following solutions will have
no effect on the pH of the 50 ml of 0.1 M NaOH ?

{a) 100 ml of 0.1 M NaOH  (b) 100 ml of HoO

(e} 100 ml of 0.1 M HCI {d) 100 ml of NaCl

At 25°C, the dissociation constants of CHyCOOH and
NH40OH in agueous solution are almost the same. The
pH of a solution of 0.01 N CHﬂEDﬂH is 4.0 at 25°C.
The pH of 0.01 N NH,,OH solution at the same tempera-
ture would be

() 3.0 (h) 4.0

{e) 10.0 {d) 10.5.

A solution is saturated with respect to AgSCN as well
as AgBr. The conc. of Ag™ in the solution would be
(Kp for AgSCN = 1.2 x 10~ 2 and for AgBr =5 x 107 1%)

() 1.3x 1072 (b) 1.3 x 10”14

(e) 1.3 107 8 ) 1.3% 10”8

The dissociation constants of two weak acids are K;
and K;. The relative strength of the two acids is given
by

(a) K;/Kg (h) (Ky/Kg) 2

21.

7.

(c) (Ky/Kg)>2 P08 O o)

If solubility of Cag(POy)s is x moleflitre, its solubility
product would be

() 4o (b} 2%

fe) 27 (d) 1087,

For which of the following reactions, the degree of
dissociation (o) and equilibrium constant (K;) are -

related as K, = 4a%p/(1 - o)
(a) NgOgg) == 2NO;

(b) Halg) + Ig(g) = 2HI(g)

(c) Na(g) + 3Ha(g) == 2NHgal)
(d) PClg(g) + Clalg) == PCl5 (g).
For the reaction,

PCls(g) + Clz(g) = PClsz)
the value of K. at 250° is 26. The value of K at this
temperature will be

{m) 061 (b) 0.57
(c) 0.83 () 0.48.

Among the following hydroxides, the one which has
the lowest value of K, at ordinary temperature (about
25°C) is

{a) Mg{OH)2 (&) CaiOH)

(e} Ba(OH)g (cf) Be(OH}y,.

The aqueous solution of aluminium chloride is acidic
due to

{a) Cation hydrolysis
(h) Anion hydrolysis .
() Hydrolysis of both anion and cation
{d) Dissociation.
If K, for a reaction,
Alg) + 2B(g) = 3Cig)+ Dig)
ig 0.05 atm at 1000 K. Its K, in terms of R will be
(a) 20000 R (N002ZR
(c)5x 10”5 R (d) 5—"‘—13;::'—_3.

If C is the number of moles of a monoprotic acid
present in one litre of solution and o is the degree of
dissociation for weak acid, the dissociation constant of
acid is given by the expression

(@) C2 /1 — (b) Co /(1 - w)®
Cu Co®
(c) 1= (d) 1=
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99.

One litre of water contains 10~ moles of H* ions.
Degree of ionisation of water is

() 1.8x 10" 7% (b) 0.8 x 10~%%

(e) 3.6 x 107 %% (d) 3.6 %107 "%,

When 4 gm of NaOH is dissolved in 10 litre of solution,
the pH is

(a) B (b) 12
QUESTION BANK (Level I)
1. (a) 2. (d) 8. (c) 4. (¢) 5. (c)
9. (a) 10. (b) 11. (b) 12. (d) 13. (d)
17. (c) 18, (d) 19. (a) 20, (d) 21. (c)
25. (¢) 28. (h) 27. (d) 28, (d) 29, (¢)
33. (d) 34. (a) 35. (b) 36. (a) 87.(b)
41. (b) 42. (d) 43. (c) 44. (a) 45. (c)
49. (d) 50. (b) 51. (b) 62. (b) B3. (d)
67. (a) 58. (c) 59. (b) 60. (o) 61. (c)
83. (c) 86. (c) 87. (c) 88. (c) 89. (b)
73. (B) 74. (a) 75. (c) 76. (d) 1. (a)
B1. (¢} B2, (b) Ba. (b) B4. (&) 85. (c)
89, (c) 20, (c) 1. (a) 82, (c) 83, (d)
87. (b) 98. (d) 29, (b) 100. (d).
QUESTION BANK (Level IT)
1. {a) 2. (c) 3. (d) 4. (a) 5. (d)
9. (d) 10. (a) 1L () 12. (d) 18. (d)
17. (@) 18. (d) 19. (d) 20, (a) 21. (c)
25. (d) 26. (d) 27. (c) 28, (b) 29. (a)
33. () 34. (b) 35. (b) 38. (c) a7 (c)
41. (a) 42. (c) 43. (a) 44. (c) 45. (b)
49, (b) 50. (a) 51. (d) 52. (a) 53. (b)
87. () o8, (a) B0, (e) 60. (d) 61. (d)
65. (d) 66. (c) 67. (d) 68. (d) 69. (a)
78, (e) T4. (d) 6. (a) 78. (d) T7. (c)
Bl. (d) B2, (d) B3. (c) 84. (c) 85. (d)
89. (c) 80, (b) 91. (d) 92. (a) 83. (a)

27. (d) 98, (a) 89, (b) 100, (a).

(e) 18

{d) 24,

. —SW4H

100. An acid solution of pH 6 is diluted thousand times. The
pH of solution becomes approximately.

(a) 6,96
(e) 4

8. (c)
14. (c)
22. (c)
30. (a)
38. (c)
46. (c)
G54. (b)
62. (a)
70. (a)
78. (c)
B8, (o)
4. (d)

8. (d)
14. (a)
22, (b)
30. (d)
38. (a)
46. (a)
54. (b)
B62. (b
70. (b)
T8. (c)
B6. (b)
8. (d)

(bl 6
{d) 8.

7. (d)
15. (b)
23. (&)
81. (d)
a8. ()
47. (c)
65. (c)
63. (b)
T1. (a)
78. (c)
B7. (b)
85, (d)

T (e)
15. (e)
23. (a)
31. (a)
39. (a)
47. (a)
55. (b)
B3. (b)
71. (a)
79. (d)
B7. (a)
95. (a)

8. (d)
16. (c)
24. (a)
32 (d)
40, (c)
48, (d)
B66. (d)
64. (d)
T2 (a)
80. (d)
B88. (b)
B8 (c)

B. (b)
16. (a)
24. (d)
32. (c)
40. (c)
48. (c)
58. (a)
84. (a)
72. (c)
B0. (o)
88. (c)
96. (d)
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HINTS/SOLUTIONS
QUESTION BANK (Level I)
1. (@) PClslg) == PClsig) + Clalg) Cone, 0.5/2 0.5/2 0.25/2
2 2
G 0.1 0.2 0.2 1809]° [Og]  (0.5/2)° (0.25/2)
E brium cone. —_— _— — K= = = 0.125.
e [ ¥ ] ( 1 ] [ A ] 8042 (0.5/2)
PCl3l(C1 k05 _5
I{~I all zl_m.ﬂﬂj{u.nﬂ}_um 18. @ EK=g-= =1%10"".
STipClsl - 001 T b Hx10t
}2 4 17, )AG"==-RTInK=-2303 RTlog K
9 M}KP=U’L‘L‘I ={4-ﬂ] Rk When K=1,log K=0.
PCOy 2.0 18. (d) Le-chatelier’s principle.
1 19. (a)Forendothermicreactions, the value of K increases with
3. (c) 502(g)+ 5 Oglg) = 803(g) Ky increase in temperature.
20, (d) K, = [Hz0"% = 107 &% = 10712,
1 1
S0 —= S0u(g)+= Og(g i
W) w2 Wit g Yl K; 21. (c)pH=55p0OH=14-5655=85
1 _10-POH _ 1,85
2803(8) _ 2802(g)+ Oz(g) " OH]=10 107
1 iy ! 22. ()Kyp=5%8=VKyp = V102 =10 mol L~ !
KE=K_12 By =107 'x100gL ' =10g L7 L,
4. (c) For exothermic reactions the value of K decreases with 23. (b) Total volume = 300 mL
increase in temperature while for endothermic reactions - . o e
the value of ¥ increases with increase in temperature. mmu]eaufﬂﬂl—mﬂxm+1{lﬂxlm—5
5. (c) The valie of K is characteristic of the reaction at a ol e 4
fenliE b rabars: [HC1] = 300 1.66 x 10 ° = [Ha0" |
6. (e} ':'-ﬂ.tﬂ}_',l'ﬂl does not disturb the qu.lili.hril.‘lm Btate. PH s lm. [_'l.EE % 10~ 2:' =1.78.
7. (d) Kp is constant at the particular temperature. 24. (a) It is the conjugate base of weakest acid HCIO, Acid
B. {d}Kp=Kﬂ{RT}‘]'".HmM=ﬂ- strength of oxy-acids of chlorine is in the order
9. (a) Here, number of moles of products is less than the HCIO < HCIOg < HCIOg < HCIO,.
number of moles of reactants, 25. (c) Acid having least pKz value is the strongest acid.
10. (b) Here the reaction is exothermic and hence increase in 28. (b) AlCly is electron deficient. It cannot donate a pair of
temperature would shift the equilibrium in backward elec-trons.
iwschon. 27. (d) HCOO™ cannot donate a proton. It can only accept a
11, Bas= dﬁ‘_‘i} : 1};5_‘1?-2- = 0.68 or 68%. proton.
12. (d) Doubling the volume would reduce the pressure and el WA XRcoone In SumeETate:
ghift the equilibrium in that direction where number of 29, {c}u='\|lKﬂfﬂurKu=Eu2-
moles is more so that effective decrease in pressure is
undone to some extent. 30. (a)H isthe conjugate base of Hy which is the weakest acid
13. (d) K depends upon temperature. among Hg, HCl, HNO3 and CHgOH.
15. (b) 2803(g) = 2803(g) + Opfg) o
At start a 2
No. of moles 1 0 0 Pl o + G0
At eq. Acid Conjugate base
No. of moles 0.5 0.5 0.25
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82.

2

37.
38.

40.

pERE 2

[

7.

+H'
(dl HS803  —— HgS804
Base Conjugate acid
{d) Acetic ncid is not completely dissociated. Therefore,
[Hg0™ < [CHsCOOH] < 0.1 M.

{a) It is a salt of strong base and weak acid. On hydrolysis
it would give basic solution.

(b) [H30*] = 2[H2804] = 0,005 x 2 = 0.01
pH = - log |H3U+I =~ log(0.1)= 2.

(a) Milli equivalents of HCl = 100 xl_ll] =10

Milli equivalents of NaOH = 50 = % = 10
Resulting solution would be neutral and hence have a pH
of 7.
() For a pair of conjugate acid and base, K; x Kj = K.
(e} NFq has a lone pair on nitrogen and hence is Lewis base.
K, = 1{]_E,pKt=-]ugE, = —'Iﬂg‘.lﬂ'ﬁ*.—ﬁ

PE, +pKy, = 14

pEp=14-5=8.

(c)HA + OH — HaO + A™

_ [Hg0")[A"]

[A”]
= [HA]

[HAJ[OH |’

. Ky = [Hz0" JI0H ]

- (b} Here AlCly accepts a lone pair from Cl™ for sharing, and

hence acts as a Lewis acid.

() C1” iz the conjugate base of a strong acid (HCL). Among
the given choices Cl is the conjugate base of the strongest

acid. Acid strength is in the order HCl > CH3OH > CHy > Ha.

(e} It is a mixture of weak acid and its salt with strong base.

{a) NHy~ + H' — NH3,

() It iz a strong base.

() [Hg0*l = 1077 + 1078 =
From water From HCI

Fe* + 30H "
x Ax

Lix10°"
(e) Fe(OH)y =

Ky = [Fe™ 1012 = ()3 = 27",

() I is conjugate base of the strongest acid HL

(e} PCls = PClg+Clp
i-x) = 2« 2x

Total =2 - 2x+ 2x+ 2 = 2 + 2x = 2{1 + x).

2

g & £

&7.

)&= 5038
(b) Kgp = [Ca™ JIF 1% =x.y°
When  [Ca®™|=dx

Kep = [41[F 1% =

= 4.

2
-
F "=

2 = f
®) [ﬂa“*a=li'21—m: 7 =10

-2 = -
. z2_| 10 10 _ 10
LP.=[Ca®* I[F"] -[ : ][ 3 T_ :
LP. > K,,
@ Kp=4®=4x107"2 52107 molL L.

Rm = 107 2 = 10™ H}H.
[Hgo"1 107¢
(c) Ky = [H30* JIOH™ 1 = (mol L™ Y(mol L™ 1y,

ib) (Hg0" 1=10"* M, [OH ] =

(d) Kgp = [Fe** JIOH | =2 . 5*
When [OH | is reduced to /3

Kgp = [Fe®"] (y/3)% =

[Fe?') =x®. [f‘}

{a) Largest value of K. Greater the value of K greater is the
extent of reaction.

= 2Tz,

ity A + B = C + D
(1-068 (1-08) 0.6 0.6
_ 10.6)(0.6) i
K= (0.4)(0.4) 2.26.
(b) For equimolar solutions of weak acid and its salt
pH =pK,.
E:IpH-pKa-l-lung-—Ll ,ﬁhﬂ
[Salt] [Salt] _
En'ﬁ--l-kg'_—"'mﬂid! = }DE_'_{l “— 1
[Salt] -1 1 [Acid _
m = 10 or 10 = _E-ﬂ].ﬂ = 1‘“‘.

{e) Introduction of inert gas at constant volume does not
disturb the partial pressures of various reactants and
products and hence does not disturb the equilibrium.

{a) Introduction of inert gas at constant pressures reduces
the individual pressures of various reactants and products
and hence shifts the equilibrium in the direction where
there is more number of moles (in accordance with Le-
Chatelier’s principle).

mrpH-pE¢+1ng1“"—'-‘LE_,,_“‘,,,
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2 8 2

g 8

70.

7l.

72.

73.

4.

75.

Salt] = 0.1 M, [Acid| = 0.2 M.
(d) K, is always 107 4 at 208 K,

() K, = K. (RT".
ey 1OH | =0.005x2 =0.01
pOH=-log 10" 2=2
pH=14-2=12
Ky 107 M
o1 1
pH = 14.
(¢) See Hint 62.

{b]mmnlsufliﬂl:ﬁﬁx%nﬁ.ﬁ

m mols quaDH=-IﬁHl—]i]=4.5

(c) [HgO" | =

m maols of HCI left unreacted =56 -4.5=1
i o A
[HCIl = 35 M = [Hg0" ]

H;0"]1 =001 M, pH=2.

(a) Acidie strenpgth of HpO, NHg, CpHp and CpHg is in
the order

Ha0 > CyHy > NHg > CoHg

Basic strength of their conjugate bases would be in the
order

OH <HC=C <NHs <CqHs .
(@ [OH [=vVE,xC

+ K Koo
[HaQ" ] = = T
T o) YK xC

(a) CH3COOH + Hy0 — CH3COO™ +Hgz0"
Addition of CH3COONa suppresses the degree of dissocia-

tion of CH3COOH due to common jon effect, reduces [Hz0" |
and hence increases pH.

(B)mmols of HCl= 0.1 % T0="T
mmalsof NaOH=0.1x30=3

m maols of HCI left unreacted =T-3=4
Vaolume of solution = 100 ml

: L, -2
Molarity of HC] = 100 4x10 “m

[HyO'1=4x10"2 or pH=-logdx10"2=14

(a) It will behave as a mixture of NHj and NHg because
some of the NHy wnuldrﬁactwithﬂﬂlhfmmﬂl'lq+,

Ko 1x107 _ _4
{e) K, for HA = R, = lxlﬂ_lunl{l

T8,

B1.

82.

pH:pKﬂ+lug~!-[i-n.B-—_]:-;lI=pKu=4.

{d) 1t is a basie buffer. Others are acidic buffers and hence
wounld have pH less than 7.

la) pHuld-[pr-l-lng: i[HE:iti]

=14—[5+1ug%“—11] =14-[5-1] = 10.

) PClglg) == PClglg) + Clalg)
1-x x x
Total no. of moles =1 -z+x+x=1+x

Moles of PCly
PFEIE ~ Total no. of moles * Total pressure

XX
1+:¢HP'

(e} Na +3Hy = 2NH;j
Initial no. of moles 1 1 (i]
At equilibrium maoles of Ng left = x
Moles of Ng reacted = 1 —x

Maoles of NHg formed = 2(1 - x).

() Kq x Kp =K,
K, = KR: = 1.::?:“1:‘5 = 556%10 10,
() HS — H' + 8% ..As Acid
HS +H — HyS ..As Base
b) An=1
Kp = K. (RT)™" = K, RT.
() NaOy4lg) = 2NOg(g)

0.5 2x06 1
Eq. conc. 3 =0.1 5 "5

K= mﬂﬂ]—ﬂ = “}'2]2 =
[NgOy4l  (0.1)

0.2

0.4.

10~ % + 1074

s -5
2 = 5,06 = 10

(b) [HaO" | =

pH = —log (505 x 10" % = 4.3,

{e) Sodium acetate formed on hydrolysis would yield basic
solution and hence pH > 7.

calil-lmlmnmmngnﬂfnn_lu

[H50" ] would be mainly due to HCI
[Hy0' 1 =[HCll =01 M
pH = - log [H30" | ==log (0.1) & L

(b} Cl” ions suppress the sclubility of AgCl. Hence, solubility
15 maximum in water.
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1.
2.

10.

(b} It would result in a buffer containing equimelar quan-
tities of CHyCOOH and CHgCOONa and hence,
pH=pK, or [H30=K,

(¢} Addition of 0.1 M HCI to 0.1 M HCI will not result in
any change in conc. of HCl or H;ﬂ:'* iona.
(c} Addition of 0.1 M HCI (a strong acid) will increase the
conc. of Hy0" ions and hence decrease the pH.
(a) HA+H0 = Hg0"+A”

0.2x1

(HAI =02 - === 0198 M
[A”]=0.002 M
[Hg0" ] =0.002 M

_[H3O" JIA”] _ 0.002 x 0.002
B=TU0 T W

(e) K, = [H30" 12, for pure water

g

gE

H30"1=VE, =Vax10 2 =2x 108
pH =-log [Hg0* ] =—log [2x 10" %] =5.7.

@OH = 100" + 100'M 10°TM.
(From NaDH) (From water)
(d) Be{(OH)y being least soluble has lowest value of K,p.

(¢) Percent ionization increases with decrease in concentra-
tion (Ostwald's dilution law).

(b) AgClis) = Ag'lag)+ Cl (ag) D)
Ag'+NHg= [Ag{NHg)l" i)

Due to removal of Ag"' ions through reaction (i), equi-
librium (f) shifts in the forward direction.

(d) Pblg = Pb**+2I

T]=2P¥*] or [Pb2*}=050"]
(d) Addition of HgSOy precipitates Pb>" as PbS0y,

(a) K, = K. (RT)*" = 26(0.082 x 523) " = 0.61 atm™",

(c) Introduction of inert gas at constant volume does not
disturb the partinl pressures of various reactants and
products and hence does not disturb the equilibrium.

{d) The equilirbium constant does not depend upon the
initial concentration of reactants and products.

{a) H30%1=10" 4 M, [OH 1 =10"10 M
K., = [A1* ] [oH P

IAIE*] - 1= 10_33

(10~ 10,3

(d) Fe(OH)a(s)  Fe®* (ag)+ 30H (ag)

Higher conc. of H30", means low conc. of OH .

This would shift the equilibrivom in forward direction,
resulting in greater solubility.

(d) Sulphides of group-IV metal ions are more soluble and
hence have greater values of Kgp.

—

=10"3M

= - Jog (107 ﬁ]+lng?_i~nﬁ+l]ﬁ-ﬂ.3.

{b) Catalyst does not affect the value of K.

{a) For solutions containing equimolar concentrations of
weak acid and its salt, pH is equal to pKE,.

pH = pK, +log {ons = pKG,

11.
12.
13.

14.

16.

17.

(c) No. of moles of HgO" = 2 0.005 x ~55L= 0.002.
(d) NHj is the strongest base among the given bases.

(d) CHgCOO™ ions would remove almost all [Hz0"] jons to
form nearly unionised CHyCOOH.

() Solid = Liquid;AH = + ve

Adding heat shifts the equilibrium in forward (endother-
mic) direction.

(c)CaCOs(s) = Ca’*(ag)+COs* (aq) i)

‘{:ﬂ:]i- +2HS0,4 - 2804% + COg + H0 .. i)

Consumption of COg>" ions in reaction (if) shifts the equi-

librium (i) in the forward direction.

(@) Kep=IAg" 12 1CrOT )

lAg* 1 =2(Cr0F | =2x2x1074M
Kp=4x107 4 2x10" % =82x107 1%

(@) 1.5% 107 15 = [Pb?* | [CO5* |

1x 10”15 = (Mg?* 1(cO%" |

By applying electroneutrality [COg% | =[Pb?* ] + [Mg®* )
15x10°3% 1x10738

H0g 3= [cos") * [ﬂc:f‘ ]

Cos* 12=26x10% or [COs* | =5x107"

1.5x 10”18
5x10 4

[Pb®* ] = =3x107 %M.
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19.

21.

22,

25.

30.
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(e} The value of K depends on tampe:at'nm only (For a
particolar reaction). :
(el 25050g) —= 280q(g) +

Initial cone.

Oalg)
1mol L™} 0 0

At equilibrium 0.4 molL™! 06moll™ ! 0.3medL™?
{conc.}

180217 109 _ 0.6% (0.3) _

©isog®  04®

{2} AG = 0 at constant temperature and pressure.

) 2Hp8(g) = 2Ha(@) + Sz()

Equilibrium cone, % HT? %
(mol L™ 1)

K 0.875.

o tHzJ‘*'ES;I _OP04) o0
[H3S] 0.5)°
(Bl AG" == ﬁ[}“ﬂﬂhz-ﬂx 1.7==-34kJ
AG* =-2303 RT log K
logK=+053%% or K=3.9
(a) Sodium borate is a salt of strong base and weak acid.
(d) Since K, and Kj, are equal solution would be neutral.

pH = 2 [pK,, + pK, ~ PKg).

(d) LigNag(AlFglals) == 8Li%* + 3Na® + 2AIFg"
du s 25
= 35)° (35)° (2% = 201665,
SOgH

. Arrhenius acid due to —S04H and Lewis base
due to —NHs group.

NHs
. [Salt]
iﬂ-}]‘H _I}-Eﬂ +]ﬂﬂ l&ﬁd,l

Increasing the cone. of salt would increase the pH.

(d) HyS — 8% 4+ 2H"

Om addition of dil. HCI, [H" | increases and shifts the ahove

equilibrium in backward direction and hence [8°~ ] decreases
= [Salt]

when (Salt] = [Acid], pH = pK,

{¢) Doubling the volume would result in less moles per litre.
In order to undo the effect according to Le-Chatelier's

aT7.

41.

kB

g&

47.

principle, the equilibrium shifts in the direction where
number of moles is more.
(e) pH = — log [H30" ]| = —logx
when conc, is increased 10 times

pH = - log 10k = - [log 10 + log x|

==logx~1

(b) Increase in pressure shifts the equilibrium in the direc-
tion where number of moles of gaseous species is less.
(b) It is an exothermic reaction AH = - ve
It is a spontaneous reaction AG = - ve
MNo. of moles of gaseous species is increasing AS = — ve.

() Kyp = [Ag" ICT | = [Ag"1* = (1.06 x 107 1%)%,

(el A+ 2B = 2C + D
Initial 1.1 22 0 ]
conc.
mol L™ 1)
Atequili- 1.0 2.0 0.2 0.1
brium
2 2
K= IC] [DE]F 2 (0.2) ['E;.l]l = 0.001.
1Al[B] (1)(2)
(e} ZHI —= Hy+Ig
2 0 0 . .JInitial conc. (Suppose)
1 0.5 0.5 . Equilibrium conc.
K (Hallla) _05x05 . .p
H1? 1

{¢) Temperature would increase due to shift of equilibrium
in the forward direction.
{a) Addition of product at equilibrium shifts the reaction in
backward direction.
(e} PbCly == P +2CT
x 2x
K = (P2 ) (O 12 = (1) (20)% = 42°

x = (Kypr#)'">.

{a) Sulphide having lower value of K, is precipitated first.

{cd 2HI — Hzigdy + Iz(@)

2 - 20 o o Moles at equilibrium
Totalno. of moles =2 - 2o+ @+ a = 2.
{6} Apply Le-Chatelier's principle.
(@) NpO40g) = 2ZNO3(g)

1-02) 0.4 ..Moles at equilibrium
Total no. of moles = 0.8 + 0.4 = 1.2,
{a) pH = pK, + log m =PE:;-]“E%

log10=1.

) A + 2B = 2C

2.0 3.0 2.0  Initial moles

—_—
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(2.0 + 0.75)
2.75/2

(3.0+150 05
4.5/2

ko (0527
(4.5/2)% (2.75/2)
(a) NHg + HoO = NH4 +0H"
TII0H

g S

Ky = [NHg)

[OH |

(e} pK, is same as pH in this case.
(a) In case of CuS and HgS, K, = 5 whereas in case of
AgzS, K, = 487,

{h) CH3COONa 15 a salt of strong base and weak acid. Its
aguecus solution would be basic due to hydrolysis.

(b) pH = pK,, + log i'::'i;']

Salt]
pH - pKq = log ey

Equilibrium moles
0.5/2 Eqguilibrium cone.

1.8% 10” % x 0.02
0.01

INH, ] = =36x10° 7,

[
Acid]
8-5=log Ili!u::]'?tilf'
- ZHI
3 At equilibrium (moles)

(@) Hg + Iy
(4.5~ 15) (4.5~ 1.5)
ko HI? @2
[Halllgl  (3K3)
ic) pH increases by 3 units, H' ion concentration decreases
by 107 times

tal

= 1.

B = C + D
3 0 0 Initial moles (suppose)
1 2 2 At equilibrium
_CID] _ (@(2) _
B = e ™

(¢) K=K (RT)™

K o 1

r . 12

Kr - ‘.EI'] = :‘ﬁ-.
{d) Subtracting equation (i} from (iz), we get the required
equation.

K= ﬂgr’!{]_

() Apply Le-Chatelier's principle.

+

i L3 e

Acd Conjugate base
(b) Conceptual question.
i) Apply Le-Chatelier's principle.

(e} [HY JIOH 1 =K,, = 1x10" 11,

67.

T0.

71.

G

75.

78,

78.

(d) Kp=KART™
K, 144 %107 °
KE.= 3= —5

(RT" 2 (0.082 x 773)
{d) @ increases with time and finally becomes equal to K at
equilibrium.
() NgO4lg) == 2NOg(g)

l-x 2x

Total no. of moles at equilibrium=1-x+2r=1+x

2x
Pno, = Tex ™ P.
(b} High pressures favours backward reaction. (Le-
Chatelier's Principle).
{a) No. of moles of reactants = No. of moles of products

K, =K. (RTY"" = K; (. An=0)
{e) A catalyst does not disturb the equilibrium state.
(c} 2803 = 2802+ 0g

1-06=04 06 03

_1802% 10y _ 062 (03)_ oo
= n R S
[S03) 04"

@) Kgp =42 =17x10" 2, 5=55x 107

K

For others Ky, = 5.

{d) Degree of dissociation inereases with decrease in con-
centration.

(e} 1 L = 1000 mL = 1000 g

nmlunfl—l;ﬂinlﬂﬂﬂ;:l—-ggﬂ=55.ﬁ

[HzO] = 55.5 mol L™ *.
id) It is a salt of strong base and weak acid and would give
bagie golution on hydrolysis.
() Acatic acid would be neutralised with NaOH to form sod.
acetate. This salt on hydrolysis would yield basie solution
and hence pH > 7.

(¢d) It iz a basic buffer.
(d) COCleig) = CO{g) + Clgi@)
(1000 -p) P P ...At equilibrium.

Total pressure at equilibrium

= (1000 = p) + p + p = 1000 + p = 1500

p = 500 torr.
e PCO*PCly 500 x 500
PCOCIy 500
(e} PClglg)y =— PClaig) + Clzlg)
(1-x) (x) {x)

Total no. of males =1 ~x+x+x2=1+=x
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maoles of PClg
PPCIS-Tuta]m.nfmnluxwm
z
=1+:|:xP'
(e Ng + 3Hy = 2NHj
Initial no. of moles 1 1 0

At equilibrium moles of Ng left = x
Moles of Ny reacted = 1 -x

Moles of NH3 formed = 2(1 - x).
(e N20Oylg) == 2NOyg)

0.5 2 x 0.5
Eq. conc. g = .1 E

INOoI® _ (0.2)%
NzO4 ™ 01)

{a) Addition of 0.1 M HCI to 0.1 M HCI will not result in
any change in conc. anElurHalT'm
te) If pH for CH5COOH is 4.0, the pOH for NH4OH having
equivalent concentration would also be 4.
pH + pOH = 14
pH = 14 - pOH = 14 - 4 = 10,

1.2x 10”12

[Ag"
_Bx10” 1

lAg"]
By applying electroneutrality X
u:-:m‘“+ 5 x 10~ 19
[Ag* ] (Ag" ]
Ag 1=13x10"%

1
_Euﬂ.ﬂ

K=

0.4.

{c} [BCN |=

[Br |

[Ag*]1=ISCN | +[Br ] =

Ag 12=17x10"" or

{b}u«\f%.

(d) Cag(POgy == 3Ca"*(ag) + 2P0 (ag)
ax 2%
Ky = (Ca™"1° PO 1% = (30)° 2" = 108+
(e} Since p is in the numerator it indicates the no. of moles
of products is more and hence choice (a) is correct
NoOy — 2ZNOg
At equilibrium l-a Za

Total no. of moles = 1 +a
{

100.

PNOy=

PR EEIIR T Y
(1-op ) 1-o°

Kp

P?‘ﬂ: 2ot
FNg0,4 i [ 4o

(@) K=K ®D™

I IR
W {ﬂ.ﬂﬂ:ﬁ!ﬁ}
{d) Solubility of hydroxides of alkaline earth metals in-
muunnmnﬁngduwnthagrmp.l(miapmpnrﬁmn]m
solubility.
(a) AI* 4+ 3H0 —s  Al(OH)3 +3H'
Weak base

(d) Kp=EJRT)™

K -—Fe____ 006 _Bx1078
_[msjﬂ_[ﬁﬂlm;i_ R

(d) HA+H0= Hz0' + A
Ca -a) Ca Ca

Ca.Ca Ca®
K"'ﬂ{l*ﬂ.]-{l—n:‘

{a) Hy0 = H'+O0H

55.55 moles 10”7 moles
w07
oh.55

(Note. 1L of water contains 55.55 moles of H;0)

) mmm-i’f:-gﬂu'ﬂu

[OH™ | = [NaOH] = 10" M
— 14
(Hy0'] = Ky 10

[oH'] 102
pH = 12.

={.61.

a= %100 =1.8%10""

=102 M

(a) |Acid] after dilution = 10" M

[Hz0"] in acidic solution would approach 10~ 7 M. It cannot

become less than 1077 M because HgO" ions are also
formed by dissociation of Hz0.
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Important Terms, Facts and Formulae

OXIDATION AND REDUCTION IN TERMS OF
OXIDATION NUMBER

* Oxidation. Chemical process involving increase in
oxidation number.

* Reduction. Chemical process involving decrease in
oxidation number.

+ Oxidising agent. Substance which underpoes decrease
in oxidation number of one or more of its element.

* Reducingagent. Substance which undergoesincrease
in oxidation number of one or more of its elements.

BALANCING OF CHEMICAL REDOX EQUATIONS

The equations are balanced by two methods
(i) Ion electron method
(i) Oxidation number method.

Daring balancing of equations the number of electrons
. lost during oxidation and those gained during reduction must
be equal.

S ——

ELEETE{}GHEMIEMY

SOME COMMON TERMS

1. Ohm’s Law. The potential difference across the con-
ductor is directly proportional to the carrent flowing
through it.

2. Resistance (R). Itis obstruction to the flow of current.

If T is the current in amperes, and V is the potential
difference across the conductor in volis, then

R=V/I or I1=V/R
R iz expressed in ohms or {1

3. Resistivity (p). Itis the resistance offered by one cen- -

timeter cube of the conductor. Its units are ohm-em

or £} em. For a conductor of length [ em and area of

crogs-section a em”.

e-o(2)

4. Conductance (C). Conductance iz a measure of the
ease with which current flows through the conductor.
It is the reciprocal of resistance. Its units are, Q2! or
ohm™ ! or mho or S (Siemens)

1 1 a
C= ﬁ = E X T

5. Specific conductance or conductivity (k). It 1=
reciprocal of specific resistance or resistivity.

or Itis the conductance of one centimeter cube of the
conductor. Its units areohm™ *em ' orQ ' em ! or
Sem L.

* For aconductor oflength [ cm and area of cross-section

The gquantity :‘— 18 called cell constant.
The units of cell constant are em™ !,

MOLAR CONDUCTIVITY

Itis defined as the conductance of the solution contain-
ing one gram-mole of the electrolyle such that the enlire
solufion is placed befween two electrodes one centimeter apart.

* Molar conductivity is related to conductivity (k) by the
relation
Ay K J-::I[ﬂﬂﬂ
where, M is the molarity of the solution.

¢ Units of A, are chm ™! em® mol™ Y or !

or S-cm®mol™.

* The values of Ay, and A, for strong elecirolytes are

high, however these values increase slightly on in-
creazing the dilution because on dilution the ions
move apart and interionic attraction decrease.

* The behaviour of strong electrolytes is mathematical-
ly given by Onsagar equation :

em? mol™!

158
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Am = A — b e, b being constant which depends on
temperature and nature of solvent.

As ¢ approaches zero ; A, approaches Ay, i.e.,, molar
conductivity at infinite dilution.

The values of equivalent or molar conductivity at
infinitely dilute solution are called limiting equivalent

or molar conductivity and are represented by Agq or
Am:

* The values of A, for strong electrolytes can be deter-
mined graphically by extrapolating the plot of A, vs.
Ve . Whereas the same for weak electrolyte cannot be
determined graphically.

KOHLRAUSCH'S LAW

It states that at infinite dilution, when the dissociation
of electrolyte is complete, each ton makes a definite contribu-
tion towards the molar conductivity of ﬂeﬂ.‘mly!e, irrespective
of the nature of the other ion with which it is associated.

* The molar conductivity of an electrolyte at infinite
dilution can be expressed as the sum of the contribu-
tions from its individual ions. It A7 and A~ represent
the ionic conductivities at infinite dilution. Then

=Y A +1-A0
where v, and y_ represent the number of + ve and

- ve ions furnished by each formula unit of the
electrolyte.

* Kohlrausch law can help to ealculate
(1) degree of ionisation of weak electrolyte (o)
"‘I"J'J'I'

Am
(it} the value of Ay, for weak electrolytes and
(tit) ionic mobilities.

0=

ELECTROCHEMICAL CELL

It is the device in which the decrease of free energy
during the indirect redox reaction is made to appear as
electrical energy.

TYPES OF ELECTRODES

The various types of electrodes which are frequently
used in the electrochemical cells are described as follows :

1. Metal-Metal ion electrode. It includes a metal
strip dipped in the solution of its own cations. Some

examples are Zn/Zn*, Eufﬂu‘h, Ag/Ag”, ete

2. Amalgam electrode. It is similar to metal-metal
ion type electrode, but here, metal is replaced by its

amalgam with Hg. This is done to improve the activity
of metal. Zn - Hg.-f’znz* is a common example.

3. Gas electrode. It involves the inert metal foil like
Pt immersed in the solution capable of furnishing ions
of gas, Pt, He/H' and Pt, Cly /CI” are common ex-
amples of gas electrodes.

4. Metal-Metal insoluble Salt-Salt anion. This type
of electrode include metal in contact with its sparingly
soluble salt and aqueous solution of some salt contain-
ing same anion. Some examples are :

Hg - HgyCly(s) — KCI (agq) Calomel electrode,
Pb —P&Sﬂ,‘{l] = Eian {ﬂq'} and
Ag - AgCl(s) - KCl (aq).

5. Redoxelectrode. These electrodesinclude a platinum

wire dipped in a solution of mixture of the two salts of
the same metal but with different oxidation states.

The common example is P¢, Fe**/Fe*

6. Standard Hydrogen Electrode (SHE).
s  The standard electrode potential of SHE is taken to be
zero.

* The SHE can act as cathode (2H" + 2¢” —— Hs) as
well as anode (Hy — 2H" + 2¢7) electrode.

s Pt. foil is used in SHE because it is very good absorber
of Hs gas.

¢ The pH of acid solution in SHE is zero.

CONCEPT OF ELECTRODE POTENTIAL

The tendency of an electrode in a half cell to lose or to

gain electrons when it is in equilibrium with the solution of
its ions is called half cell electrode potential (E).

¢ The reduction potential of the electrode at standard
state conditions (I molar conc. of the ions, 298 K and
1 atm. pressure) is called standard reduction

potential (E®).

* E° is an infensive property like temperature or
molar volume. This means that E® is same for half cell
reaction whether it is represented as

X"+ 28— X or X' +e — %Xz

* E° values are not thermodynamic functions and may
not be added directly. However, they can be calculated
from free energy which is extensive property.

For example,
Fe¥*+e — Fe*"  E*= 07T V;AG° =— 10T} F
Fe?* + 8¢ —Fe; Ep* = 044V ; AG,° =-2-0.44)F

ﬂddFe +3¢ —a Fe:E°2E;*+ Ey°;
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But AG°=AGy"-AG1°=011F

oo MO OHE
Er= o =T = - 004 V.

EMF OF THE CELL OR CELL VOLTAGE

It is the potential difference between the two terminals
af the cell when no current is drawn from i,

* It is measured with the help of potentiometer or
vacuum tube voltmeter.

» Mathematically, it may be expressed as :

E.ii or EMF = [E,.; (cathode) - Eg (anode)]
or = [E,q (cathode) + E,; (anode))
Similarly,

E°.. or EMF® = [E®,.q (cathode) — E° g (anode)]

* For cell reaction to occur the E) should be positive.
This can happen only if E,pq (cathode) > Epea (anode).

NERNST EQUATION

This equation gives the relationship between
electrode potential and concentration of ions in the selution
— ll

* For asingle electrode involving the reduction process,

M"™ + ne” —— M, the Nernst equation is

. 2.303RT, [M™
E=E"+ oF log M
. 2303 x8.314x288, [M™
or E=E"+ = 96500 log M)
.. 0,059 [M™]
or E=E T Iﬂg_—[nﬂ .
= Inusing the above equation, the following facts should
be kept in mind
(i) concentration or activity of solids is taken to be
UNITY.

(if) concentration or activity of gases is expressed in
terms of their partial pressures.
(it} n, the number of electrons transferred should be
caleulated from the balanced net cell reaction.
* Relationship between free energy change and cell
potential can be written as
AG=-nF E.q
For standard state conditions
AG" = - nF E°gen1-
* Equilibrium constant of net cell reaction is related to

the standard EMF as

0.059
n

E'cell = ]ﬂl K.

CONCENTRATION CELLS

These are the galvanic cells in which the electrodes
are made of same material but they have different concentra-
tion of electrolytes. The difference in concentration of the
electrolytes gives rise to the potential difference across the
two electrodes. It may be noted that the electrode in which
the concentration of electrolyvte is less, acts a — ve terminal
and constitutes the anodic halfeell. On the other hand, the
electrode in which the concentration of electrolyte is more,
acts as + ve ferminal and constitutes cathodic half cell.
Some examples are :

(i) Cufs)/Cu®* (0.01 M) | Cu®** (0.1 M)/Cu
(ii) Pt, Ho/H® (0,01 M) || H' (0.02 M)/Hj, Pt.

+ EMF of concentration cell. The cell voltage or
EMF of concentration cell : M/M*™ (C1) N M* (Ca)/M can
be directly calculated by Nernst equation

0.050, Ca
= log C,

Since electrodes are same, therefore, E° ) 158 zero

E“'u - Eﬂﬁ}] +

» For concentration cell to work Cg > C4 so that E. is
positive.

ELECTROLYSIS

It is a process of decomposition of electrolyte by the
passage of electricity through its molten or dissolved state.

* Competing reactionsattheelectrodes. For more
than one competing reactions at the electrodes the
product is gpenerally decided on the basis of electrode

potentials.

QUANTITATIVE ASPECT OF ELECTROLYSIS

Consider the electrode reaction ; M"* + ne” — M,
the number of electrons required for depositing 1 mole of
element M = n mols.

Charge on one mole of electrons =1 F

(F being Faraday constant = 86500 C)

Charge on n mole of electrons = nF = n x 96500 C.

Thus, for depositing 1 mole of element M, the quantity
of electricity (@) equal to n x 36500 Coulombs has to be
passed through the electrolyte. The amount of product
formed at the electrode, thus, depends on the quantity of
electricity passing through the electrolyte. The quantity of
electricity (Q) is also related to current strength C (expressed
in amperes) and the time # (expressed in seconds) as

Q = C x ¢ coulomb
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Hence, by knowing the electrode reaction, and quan-
tity of electricity passing through the electrolyte, the amount
of product can be calculated.

* Current Efficiency. This is the term used to ex-
press the effective current or efficiency of the
electrolytic cell. It is described as the ratio of the mass
of the product actually formed to the mass of the
product expected from the theoretical considerations.

Thus,
Current efficiency
_ Mass of the substance actually produced
Mass of substance expected )

* Faraday's First Law of Electrolysis. This law
states that the mass of the substance produced at
the electrode (anode or cathode) in the electrolytic
cell is directly proportional to the gquantity of
electricity passed. The law can be mathematically put
Fi k=]

mt e Q) Q) is the quantity of electricity
= If I is current in amperes
m=ZIt  tistime in seconds
Z is the constant of proportionality called
electrochemical equivalent. (E.C.E.)

If I = 1 ampere, ¢ = 1 sec, then
m=Z

Thus, electrochemical equivalent may be defined as
the mass of the substance produced by passing 1
ampere of current through the electrolyte for one second.
Passage of 96500 C of electricity through electrolyte
causes the deposition of one g-equivalent of the

product,
E.C.E. of substance = GEM/96500.

Faraday's Second Law of Electrolysis. This law
states that when same quantity of electricity is
passed through two or more electrolytes con-
nected in series, then the masses of the substan-
ces produced at the electrodes are directly
proportional to their equivalent masses or
electro-chemical equivalents. For example, if same
quantity of electricity produces the product A and B
at the respective electrodes of the electrolytic cells
connected in series, then

Mass of A Equivalent mass of A  ECE of A
Mass of B Equivalent mass of B ECEof B~

1. Liquid Junction Potential (LJP). It is the
potential difference set up across the junction of two
solutions of electrolytes when they are in direct con-
tact with each other.

* [t arises as a result of accumulation of charges at the
junction due to difference in the speeds of ions of two
solutions.

* In case of electrochemical cell, the LJP causes
decrease in the cell potential.

* In order to avoid LJP in the electrochemical cell, the
electrolyte used in salt bridge should be such that ions
furnished by it should have almost same speeds.

2. lonicMobility. Itisthedistance travelled by the ion
per second under the potential gradiant of 1 volt per em.

SOME MISCELLANEOUS IMPORTANT POINTS

3.

It is units areem 's~ ' VL

Transport Number. It is the fraction of the total
current carried by each ion of the electrolyte.
Larger the ionic mobility, greater will be the trans-
port number of the ion.

If u, and u_ are lonic mobilities of the ions of the
electrolyte, then

" [
and f_= :
Wy + t_ T T

t.|.=

The sum of the transport numbers of cation and anion
of the electrolyte is unity.
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1.

Level I

Choose the correct answer from the four alternatives given in each of the following questions :

uiiiﬁ;r'mﬁ-n:ﬂnumnﬂ

Which of the following process always involve the
decrease in oxidation number ?

{a) Hydrolysis (f) Decomposition
{e) Reduction (ef}) Oxidation.

During reaction of copper with aqueous solution of
silver nitrate

(i) Silver atoms are reduced

(b) Cu®* ions are oxidised

(e} Silver ions are roeduced
{d) NOg ions are reduced.

Inwhich of the following compound, oxidation number
ofClis+ 37

(a) IC1 (b) ClOg~

(e) ClFy (d) HC1Oy.
Burning of lime to give calcium oxide is
{a) oxidation process {h) redox process
(¢} disproportionation (el) decomposition.

The oxidation number of I in HIO, is

(a) + 7 {b) + &

fel+ 3 (d) + 14.

The oxidation state of phosphorus is + 3 in

{n) Orthophosphoric acid (b)) Phosphorus acid

ie) Metaphosphoric acid (d) Pyrophosphoric acid.

In which of the compound, iron has lowest oxidation
state

() KyqlFe(CNigl
(c) Fe{(CO)g

(b) FeClg
(d) FeCls.

In which of the following reaction, oxidation number
of N does not change

{a} ZNO3 + Ho0 — HNOy + HNOy
() Ng + Op — 2NO

11.

12.

13.

14.

15.

(d) NHgNO3 — Ny + 2H30.

In which of the following compound, valency of carbon
is 4 but its oxidation number is zero

{a) methane {b) carbon dioxide
{c) carbon monoxide () Formaldehyde.

In ferrous ammonium sulphate, the oxidation number
of iron is
{a) + 3
{e) + 1

(b} + 2
() D.

In which of the following compound, oxidation number
of iron isnot 3 7

{a) FegOy (b) FegOq

{c) FeClg (d) FePOy.

The oxidation number of Mn in MnC»0y is
(z)+3 (b) + B/3

fed+1 (d) + 2.

In which chrominum compound, the oxidation num-
ber of Cris not + 6 7

(a) PbC1O,

() Crolg

Which of the following process represents the gain of
8 electrons per molecule 7

ia) conversion of HNO3 —— NOg

(b) KgCra0y
(d) NH4Crq09q.

(b} conversion of HNOg — NHg

(e} conversion of NHz — NHj

() conversion of NoOg — NO.,

Which of the following process represents dispropor-
tionation ?

{a) Cu + 4HNOg — Cu(NO3g)s + 2NO3 + 2H20

(B} 3l + 60H™ — 103 + 61" + 3Ha0

{c) Clg + Iz — 2ICI

{d) Zn + 2HC] — ZnCls + Ho.
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16.

17.

18.

19.

21.

Oxidation number of carbon in diamond is
(a) -4 (h) + 4
el A} + 2.

Which of the following redox reaction is feasible 7
(a) Znis) + 2Ag" (ag) — Zn*(ag) + 2Agls)

(b) Zn**(ag) + 2Ag(s) — 2Ag" (ag) + Zn(s)

() Zn(s) + 2Agis) —s 2Ag (ag) + Zn* (ag)

(d) Zn**(ag) + Ag'iag) — Agis) + Zn(s).

The species undergoing reduction in the following
reaction is
Cr + 2H,0 + OCl"— Cr* + 3C1" + 60H"

(@) Cr () HzO
{e) C1O™ (d) CI".
In the following equation :
C103 + 6H" + X —— CI” + 3Hp0, X is
) O (b)) Be
le) Og (d) 5e .
The oxidation state of phosphorus in barium hypo-
phosphite [Ba(H;POy).] is
(a) + 3 (b)+2
(e)+1 () - 1.

The correct oxidation number of phosphorus in mag-
nesium pyrophosphate [MgaPs04] is

(o) + 2 {h)+3
fe) =3 {d) + 5.

In the reaction @
3Clg + 60H™ —— 5CI” + C103 + 3H30, chlorine is
{a) reduced
(f) oxidised
{c) oxidised as well as reduced
{d) neither oxidised nor reduced.

In the reaction ; Is + 505 + HeO—— 2ZHIOg + 504, the
substance undergoing reduction is

{a} lodine (b} Ozone

(c) Water () Iy as well as Hs0.
Conversion of Cy3Hgy0,, (sugar) — CO; involves
{a) oxidation of sugar

(h) reduction of sugar

31.

() oxidation of oxygen
() both oxidation of sugar and reduction of oxygen.

2MnOj + 6H' + 550% ~— 580%™ + 3H,0 + X. In the

above equation X stands for

(a) Ma®* (b) 2Mn?*
(c) MnOF~ (d) MnOg.
In the equation ;

Crp0% + Fe** + H' — Cr** 4 Fe™ + Hy0

the coefficients of Fe?* snd H* are respectively
(a) 6, T (b) 6, 14

(e} 5,7 {d) 5, 14.

EMn0 4 oxidises C504 ™ to COg and each two molecules
of EMnOy gain 5¢” during the process. The number of
maoles of KMnOy required to oxidise 126 g of oxalic acid
(HC404 . 2H30) is

{a) 0.2 (b) 0.4

(e) 0.6 () 1.0.

The number of moles of KMnOy4 required to oxidise
one mole of ferrous oxalate in acidic medium is

(e} 0.6 (b1 0.4
(e} 0.2 (d) 1.67.

The oxidation states of most electronegative element
in each of the species BaOg and NayS0, are respec-

tively

(a) +2,-2 B)+1,-2

(e)-1,-2 (d)-2,-2.

Which of the following reaction is not a redox reaction 7
{a) 80g + 2HaS — 2Ho0 + 5

(b) Na + Og — NagOq

() NagO + HaS0y — NagS0, + HaO

(d) 4KC103 — SKCIO, + KCL,

What is correct about Fey[Fe(CN)gl3 ?

{a} All the iron atoms have same oxidation number

{b) O.N. of iron atoms outside the square brackets is + 3
{c) O.N. of iron atoms outside square brackets is + 2

(d) O.N. of iron atoms inside square brackets is + 3.
Oxidation number of sulphur in HaS0y5 is

(o) +2 (b)+ 4

(c) + 8 (d) + 6.
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33.

34.

37.

39,

41.

A compound of xenon and fluorine is found to have
53.3% Xe. What is the oxidation number of Xe in this
compounds? (At. mass F = 19)

(@) 0 (b} + 4
{el-4 {d) + 8.
The oxidation number of Pt in [Pt{CaH4)Cla]™ lis
(a)+1 (b)+2
{e)+ 3 () + 4.

In which of the following compound Cl exhibits more
than one oxidation states ?

{a) CaOClg (b} CaClg
(el E]._Eﬂ'ir {d} IE]E.
| ELECTROCHEMISTRY

A direct current deposits 54 g of silver (At. mass = 108)
during the electrolytic reaction. The same amount of
electricity would deposit aluminium (At. mass = 27)
from aluminium chloride solution equal to

lal4. 5g (bl 5.4 g
(c) 54 g (d) 27 g.

How much copper can be deposited by 2.5 Faraday of
electricity 7

(a) 2 moles (h) 2.5 moles

(e} 1.25 moles () 0.125 moles.

In order to get 9 gm of aluminium (At. mass = 27)
during the electrolysis experiment, how many
Faraday of electricity has to be passed 7

{a)} 3 Faraday {b) 2 Faraday
{c) 1 Faraday {d) 1.5 Faraday.

The conduction of electricity through the electrolyte
solution is due to

(z) movement of molecules of electrolyte
(f) movement of ions of alectrolyte
(c) movement of separate atoms

() movement of particles of the solvent.

The charge required for the reduction of 0.4 mol of
K;Cry0- to Cr® * ions is
(a) 0.6 Faraday

(c) 8 x 96500 C

(b) 2.4 x 96500 C

(ef) 12.4 x 96500 F.

During the electrolysis of water 4 mol of electrons
were transferred from anode to cathode. The total

volume of the gases produced at STP will be ap-
proximately

() 67.2 L
ic) 44.8 L

(b)22.4 L
() 89.4 L.

ﬂl

47,

49.

A certain quantity of current { amp was passed
through three electrolytic cells P, @, R connected in
series and containing agqueous solutions of silver
nitrate, mercuric nitrate and mercurous nitrate
respectively. It resulted in the deposition of 0.216 g of
Ag. The masses of Hg deposited in cell @ and R are
respectively (At. mass Ag = 108 ; Hg = 200.6)

(a) 04012 g, 0.9024 g (b) 0.4012 g, 0.20086 g

(e) 0.2006 g, 0.4012 g (d}) 0.1003 g, 0.2006 g,

Two electrolytic cell contain 0.1 M ferrous sulphate
and 0.2 M ferric chloride respectively are subjected to
electrolysis, the ratio of iron deposited in the two cells
18

(e)1:1 2:1
(e)d:1 (d)3:2.

A bulb draws a current of 4.0 ampere, the charge in
coulombs used by the bulb in 30 seconds is

{a) 60 C (b)120C
{c)15C {d) 7.5 C.

The time taken by the galvanic cell which operates
almost ideally under reversible conditions at a current
of 10716 A to deliver 1 mol of electrons is

(a) unpredictable (5)19.30 % 10%" 5

(c) 4.825 x 10% & (d) 9.65 x 10°° s,

Certain quantity of current is passed through 2 vol-
tameters connected in series and containing XS04(ag)
and Y;S50,(ag) respectively. If the atomic masses of X

and Y are in the ratio of 2 : 1, the ratio of the masses
of Y librated to that of X is

(@a)1:1 531:2
€)2:1 (d) 3: 2.
A current of 3 A was passed through the solution of

AuCly ™ ions using gold electrodes and it caused deposi-

tion of 1.234 g of Au. The time for which the current
was passed is ..... (At. mass of gold is 197)

(a) =604 sec (b) 1208 sec

(c) 302 sec (d) 1812 sec.

The resistance of 0.0025 M solution of K550y is 326
ohm. The specific conductance of the solution is

(a) 4.997 x 1074 (b) 5.997 % 107 7

(c) 6.897 x 10~ % (d) unpredictable,

The conductivity of four electrolytes P, @, R, S in
ohm™ em™ are as follows P (5 x 1079 @1 = 10719

R(7x10°%);5(9.2 x 107%). The one which offers highest
resistance to the passage of electric current is
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(@) P
c) R

(b) 8
(d) Q.

650. When same quantity of electricity is passed through

51.

52.

57.

two electolytic cells, the ratio of the masses of the
products obtained at the cathode is the same as the
ratio of their

{a) densities (h) atomic masses

() equivalent masses (d) atomic numbers.

The single unit for the combinations veolt-ampere and
volt /ampere are respectively

(@) ohm, coulomb (b) watt, coulomb

{c) watt, ohm {d) coulomb, watt.

The combination Joule/ampere -sec represents

(&) watt {b) coulomb

{c) volt () chm.

The standard reduction potential (E®), 0.34 V for copper
pertains to the reaction

{a]%ﬂu—r%(]uz*+ﬁ_ (b)Cu—s Cu*+e

() Cu®* + 26" — Cu (d) 2Cu* — Cu®* + Cu
Which of the following is a cathodic reaction ?

(a) Fe?* — Fe™* (5) 40H — 2Ha0 + Oq

(e) 2HeO —s 20H + Hy  (d) 28045 — 85057

The standard electrode potential of four elements X,
Y, Z, W are - 3.05, - 1.66, — 0.40 and 0.76 volts
respectively. The highest chemical activity will be

shown by
(a) X Y
(c) Z (d) W.

The hydrogen electrode can exhibit electrode potential
> 0if

{a) Hy is bubbled through the sclution at 2 atm, pressure
(h) concentration of H* inq_ in solution is increased
{c) concentration of H* ions in solution is decreased

(d) concentration of H ions is decreased and simultansously
pressure of H; pas is increased.

A certain half cell reaction X 4+ ¢ —— X~ has a very

large value of negative reduction potential. This im-
plies that

{(a) X can be readily reduced
{h) X can be readily oxidised

{e) X~ can be readily reduced
{d) X can be readily oxidised.

568,

61.

For a reaction, Mg** +2¢ — Mg ; E° = - 237V
which of the following statement is true ?

{a) E depends upon temperature

(b) E changea when Mg plate is made bigger in size
{c) E becomes double if equation is multiplied by 2
(d) Mg®* can be reduced to Mg by Hp gas.

In SHE, the pH of the acid solution should be

(a) 7 (k)14

el O (d) 4.

The standard electrode potentials E°r,.1, E°pr /By,

and E°Fa/Fe** are respectively + 0.54 V, - 1.09 V and
0.44 Von the basis of above data which of the following
process is non-spontaneous

{a)Brg+ 2l —2Br +Ip (&) Fﬂ+Brg—iF&2++ 2Br~

Ic}Fa+Ig—bFuﬂ++2!_ (d)Ig + 2Br~ — 21" + Brg.

The values of E°zp /7p%* = 0.76 V and that of
E°pe?*/Fe == 0.41V. The E°y of the cell with net cell
reaction

Zn+ Fe?* — Zn%" + Fe s
(a)=-0.36V B1-117V
(e)+1.17V (d)+035V.

If standard reduction potentials of Ni® */Ni and

Aut/Au couples are — 0.25 V and 1.50 V respectively,
then the EMF of the cell

Ni/Ni%* (0.01M) || Au®* (0.1 M)Au will be
{a) > EMF* (b) = EMF*
(c) « EMF* (d) unpredictable.
The reaction M+ 2H* — M** + H;, most suitably
applies to the combination
(a) Cu and HCI (b) Ag and HCI
(c) Cu and HNOg (d) Mg and HCL.
From the E° values for the half cells
((ID—sD* +2 ;E°=-15V
(i) B*+e — B;E°=-05V

i AY — AT +e ;E°=15V

(W) X2 +e"— X" ; E°=05V
Which two combination would give cell with largest
cell potential ?

() (¢) and (i)
() (iii) and (iv)

(b) (i} and (iv)
(ef} {2e) and (iv).
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65.

67.

T0.

T1.

If the standard reduction potential, E* for four
divalent elements X, ¥, Z, Ware - 1.46 V, - 0.36 V,

(.15 V and - 1.24 V respectively, then
{a) X will replace Z** from aqueous solution
(b)Y will replace Z** from aqueous solution

{c) W will replace Z*2 from agueous solution
{el) All the above statements are correct.

The emfofthecell, Zn | Zn®* 1l Ag* | Agisindependent
of

() the volumes of Zn** and Ag” solution
(h) the molarity of Cu®" ions in solution

(e} the molarity of Ag™ ions in solution
(o) temperature.
The two aqueous solutions ; A(AgNOy) and B(LiCl)

were electrolysed using Pt. electrodes. The pH of the
resulting solutions will

(a) increase in A and decrease in B
(&) decreasze in both
() increase i both
() decrease in A and increase in B.

Standard cell voltage for the cell

Pb/Pb* |l 8n**/8n
is = 0.01 V. If the cell is to exhibit Ej = 0, the value

of [Sn**]/[Pb*] should be antilog of
() + 0.3 by 0.5
(c) 1.5 (d) - 0.5.

The potential at which a solution containing 1 M

CuS0y, 1 M NiSO4 and 2M H250, be electrolysed so
as to deposite only copper and no nickel so that
1% 1077 M Cu®" is left is

() 0.04 V b)04V

w007 v () 0.007 V.

In the diagram given below the value of X is
+ .15V + 050V

Cu® Cut Cu
E*=X wlt—I
(a) 0325 V (b)0.65V
(e} =035V (d) - 0.65 V.

A cell 1s constituted as follows
Pt, Hp (1 atm) | HA7 | HAg | H2 (1 atm), Pt

72.

73.

T4.

75.

76.

The pH of two acids solutions HA; and HA; are 3 and
5 respectively. The emf of the cell is

(2) 0.059 V b) 00295V

(e)0.118V {d)=0.118V.

Two hydrogen electrodes are constituted using buffer
golutions of CH3COONa and CH3COOH in the ratio
of x : y and ¥ : x respectively and have electrode
potentials Eq and E; volts, at 25°C, The pK, value of
acetic acid is

E; + Eg Eg-Ep
@) =118 b) 5118

Ea+E; E;+Eg
e} -=g118 @) o8 -

The emf of the cell Zn/Zn®* (1 M) | X** (1 M) /X is found
tobe 1.1V, If E°,g of Zn®* / Zn is — 0.76, then E°; of
Xis

{a) unpredictable (b)0.34V

(e)-0.34V (d) 1.86 V.

An electrochemical cell stops working after sometime
because

{a) electrode potentials of both the electrodes become equal
(b) electrode potential of both the electrodes becomes zero
{e} anode electrode is completely eaten up
{d) solutions in the two half cell become neutral.
Zn rod is placed in 100 mL of 1 M CuS0y solution
that molarity of Cu®* change to 0.7 M. The molarity
of SO3 ~ ions at this stage will be
(@) 0.8 M b)1 M
(e)O.TM {d) 1.8 M.
An electrochemical cell has two half cell reactions as,
A®* 42 — 3 A;E°=034V
X— X¥ +2 ;E°=+23TV
The cell voltage will be
(@) 271V
el =-271V
From the following facts :
(2K +Y;— 2Y + X,
(i) 2W~ + Yo —— No reaction
(iii) 22 + Xg — 2X + Zy, which of the following is
true 7
(@) Ewo W™ > EYy /Y™ > EXo /X~ > Egy/z2”

(B) Ewg W > By > Egyvzm > Bxp/x™

(b)2.03V
(d} - 2.03 V.
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78.

81.

1.

(e) Ewo, W > EZy 27 > By v > Exp /X
() By W > EXo ™ > EYo vy > Ez, 2
The standard EMF of the cell reaction ;

1 Culs) + 1 Clpige)— L Cu®* +CI"
is 1.02 V. The value of AG® will be
(a)unpredictable (b)—98.43 kJ
(e) — 196.86 k.J (d) —98.43 J.
The depolarizer used in dry cell batteries is
(a) NH4C1 (b) Manganese dioxide
() Potassium hydroxide {d) Sodium triphosphide.
In lead storage battery, the anode reaction is
(a) Pb%" 4+ 28" — Ph
(b) Pb + HpS804 — PbSOy + 2H + 2¢”
(c) PbO + HaS04 — PbS0,4 + HgO
() None of these.

The molar ionic conductance at infinite dilution of
Agt is 61.92 x 107" 8 mol™? m® at 25°C. The ionic
mobility of Ag”™ will be

(a) 6.4 % 10°°
(c) 6.192 % 107

(b) 6.192
(d) 3.2 x 1074,

Level 11

Sodium metal cannot be produced by the electrolysis
of an aqueous solution of sodium chloride because

{z) Sodium reacts with water
(b) Sodium reacts Cl™ ions in the solution
(¢) Solution ions are more stable than sodium atom

(d) Reduction of water is preferred to reduction of Na™ ions.
On electrolysis of 10" M HCI solution

(@) Clz gas is produced at the cathode

(b) Cly is produced at the anode

(e) Og gas is produced at the cathode

{(d) Hy is produced at the cathode.

The electrolysis of aqueous solution of CuBr; using
platinum electrode would lead to the evolving of

() Og gas at anode
(b) Brg gas at anode and Og gas at cathode

{c) Copperis) at cathode

(d) Hg gas at cathode.

For the cel]l reaction to be spontaneous
(a) E%ay) >0 (b)) Ea < 0
(c) AG >0 (d) AG=0.

Choose the correct answer from the four alternatives given in each of the following questions :

The conductivity of strong electrolyte
{a) increases on dilution slightly

{h) does not change on dilution

(e) decreases on dilution

{d) depends on density of electrolyte itself.

The amount of electricity that can deposit 108 g of
silver from silver nitrate solution is

{a) 1 amp. (b) 1 coulomb

{c) 1 Faraday (d) 2 amp.

Which statement about NasS40g is correct ?
{a) O.N of all atoms is 2.5

(&) Two S atoms have O.N. + 2 while other two have ON + 3
{¢) Three 85 atoms have ON. + 3 while the fourth 8 atoms has
ON.+4

5.

{d) Two 8 atoms have O.N. + 5 while, the other two 8 atoms
have O.N = 0.

The brown ring complex is formulated as
[Fe(Hz0)sNO1S0,. The oxidation state of iron is

@)+ 1 (b)+2
e)+3 (d) 0.

The plot of conductance vs volume of alkali represents
as titration between

.r.
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10.

11.

13.

(@) HCl and NaOH
(e} CHgCOOH and KOH

When electricity is passed to agueous solution of
aluminium chloride, 13.5 g of Al are deposited. The
number of Faradays of electricity passed must be

(a) 2.0 (b} 1.5
{c) 1.0 () 0.5.
The resistance of 1 N solution of acetic acid is 250 ohms

when measured in a cell of cell constant 1.5 cm™ . The
equivalent conductance of 1 N acetic acid in ohm™ !

(b) HC1 and NH4OH
(d) HgSO4 and KOH.

cm® equiv’ lis
(n) 4.6 (&) 9.2
{e) 18.4 {d) 0.023.

The mass of copper that will be deposited at cathode
in electrolysis of 0.2 M solution of copper sulphate
when a quantity of electricity equal to that required
to liberate 2.24 L of Hp from 0.1 M agueous HoS0, is

passed (At. mass of Cu = 63.5) will be

(a) 1.59 g (b)3.18 g
(c)6.35 g (d) 12.70 g.

Electrode potentials (E°.q) of 4 elements A, B, C, D
are - 1.36, - 0.32, 0, — 1.26 V respectively. The
decreasing reactivity order of these elements is

{¢) A,D,Band C (6)C, B, Dand A
{c)B,D,Cand A {(d) C, A, D and B,

In a solution of CuS04 how much time will be required

to precipitate 2 g copper by 0.5 ampere current 7
(n) 12157.48 sec (B) 102 sec

() 610 sec {d) 642 sec.
2.5 Faradays of electricity is passed through sclution

of CuS0y. The number of gram equivalents of copper

deposited on the cathode would be
{a) 1 by 2

(e) 2.5 (d) 1.25.

An electrolytic cell contains a solution of AgeS04 and
has Pt electrodes. A current is passed till 1.6 g of 05

has been liberated at anode. The amount of silver
deposited at cathode will be

(@) 107.88 g (b)16g
() 0.8 g (d) 21.60 g.

The equivalent conductance of NaCl, HCl and
C,HsCOONa at infinite dilution are 126.45, 426.16 and

91 ohm™ ! em?. The eg. conductance of C;HgCOOH is
(a) 201.28 ohm™ ! em? (b) 390.71 chm em*

() 698.28 ohm cm> (d) 540.48 ohm cm>.

14,

15.

16.

17.

18.

19.

21.

At STP 1.12 litre of Hp is obtained on flowing a current
for 965 seconds in a solution. The value of current is

(@) 10 amp (b) 1.0 amp
() 1.5 amp (d) 2.0 amp.

How long will it take to remove half of silver from
200 em® of 0.1 M AgNDy solution with a current of 0.1
amp. ?

{a) 40.2 min. (h) BD.4 min.

{c) 160.8 min. (cf) 120 min.,

How many em® of Og at S.T.P. will be liberated from
acidified water by 193 C of electricity ?

(a) 11.2 em® (b) 22.4 em®

{c) 44.8 cm® (d) 33.6 cm®

In the electrolysis of aqueous solution of copper (11)
chloride the mass of cathode electrode is increased by
3.2 g by a certain quantity of current. If anode is a
copper strip, then, at the anode

{a}0.112 L of Clp at 5.T.P. is liberated
(b) 0.56 L of O3 at S.T.P. is liberated.
(c) 3.2 g of Oy is produced

() 0.056 mol of copper will dissolve.

The position of some metals in the electrochemical
serieg in decreasing electropositive character is
Mg > Al » Zn > Cu > Ag. What will happen if copper
gpoon is used to stir a solution of aluminium nitrate.

{a) The spoon gets coated with aluminium

i(b) An alloy of aluminium and copper is formed
{c) No reaction occurs

(d) The solution starts turning blue.

The number of moles of electrons required for causing
reduction of 0.2 moles of nitrobenzene (CgHzNO5) to

amino benzene (CgHsNHjy) is
{a) 1.2 mole () 0.6 mole
{c) 0.3 mole () 0.4 mole.

The oxidation of ammonia occurs by some oxidising

agent to the stage of NO. If the oxidant gains 2e” per
molecule. How many molecules of oxidant are used to
affect the oxidation of 0.5 mol of ammonia.

(N4 being Avogadro number)
(a) 1.26 Ny (b) 2.50 Ny
()5 Ny (d) unpredictable.

Certain quantity of current librated 0.504 g of
hydrogen in 2 hr. The number of grams of copper that
can be librated by same current under similar condi-
tions will be approximately
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28.

(a)12.7g (b)16.0 g
(e)318g (d)63.5g.
Cadmium amalgam is prepared using a mercury

cathode. The electricity required to prepare 10% Cd-Hg
amalgam on a cathode of 3 g of Hg is

(a) 9650 C (b) 568.6 C
{e) 484 C (ef) 60O C

In a Hy—0y fuel cell, 8.72 L of hydrogen at NTP reacts

in 15 minutes, the average current produced in
AMPperes 18

(o) 64.3 amp (h) 643.3 amp
(e} 6.43 amp () 0.643 amp.

A current of 8.65 ampere is passed through the
agqueous solution of NaCl using suitable electrodes for
1000 5. The amount of NaOH formed during
electrolysis is

(e)2.0g
(c)60g

b1 40g
(d)8.0g.

The net charge on one gram-ion of N has been
calculated by a student as Y x 10% C. The value of Y is
(i 2.88 (b)8.2

(e} 6 (d) 3.49,

The passage of 26 milliampere of current through
molten CaCl; for 60 seconds will cause the deposition
of X calcium atoms on cathode. The value of X is

(m) 6.02 x 101% (b) 2 x 108

(c) 3 x 108 (d) 4.68 x 10*%,

0.5 Faraday of electricity was passed to deposit all the
copper present in 500 ml of CuSO4 solution. The
molarity of the solution is

() 0.5 M (b)0.25 M

fe)1.5M (ef) 1.25 M.

A current of 2 amp passing for five hours through the

molten tin salt deposits 22.2 g of tin. The oxidation
state of tin in the salt is

(o) + 4 (h)+ 8
(el + 2 (d) + 1.

The time required to remove electrolytically one
fourth of Ag from 0.2 litre of 0.1 M AgNOjy solution by

a current of 0.1 amp. is approx.
() 320 min. (b} 160 min.
(e) 80 min (ef) 100 min.

In the electrolysis of copper chloride solution using
copper electrodes, the mass of cathode increases by
3.25 g. In the anode,

31.

a7.

(a) 0.05 maol of Cu will go into solution as Cu®" jons

(b) 560 ml of Op at 5.T.P. will be librated

(e} 112 ml of Clg will librate

{d) 8.2 mol of copper metal will dissolve.

The oxidation number of Br in KBrOy is

(a)-1 (b)+3

e)+ 1 (d) + 7.

The oxidieing agent in the following reaction
El+la= Kljis

{a) KI ib) I
(e) both KI and 12 (d) neither KI nor Is.
In the reaction,

(NHy)2CraOq — N3 + 4H30 + Crz03,
the number of electrons lost by each N atom is
(@) & (b 3
{c) 2 (d) 4.

SnCly gives a silky white precipitate of SnCly with

HgCls. In this reaction HgCl; is

(a) reduced

(b) oxidised

{c) converted into a chloro complex of Hg

{d) converted into Hg.

In the following half reaction,
Egl:hi‘“ —5 2009 +xe”

the value of x is

(@) 1 (b)2

(c) 3 (d) 4.

The number of electrons to be added to reactant side
in the following half reaction is

NOjs~ + 6HyO — NHj + 90H™
(b) 4
(d}) 8.

{a)2

(e) 3

In the reaction,
5Hp05 + 2C105 + 20H —— 2C1” + 505 + 6H50,

the substance oxidised is

(a) HpOg (b) Cl0g

(e) OH™ ()} unpredictable.

One mole of NoHy loses 10 moles of electrons to form
a new compound Y. Assuming that all nitrogen ap-
pears in the new compound, the oxidation state of
nitrogen in the new compound will be
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{oy+3 (b) +5 (a) 0.286 hr (b) 23 hr
eh-1 {d) - 3. (c) 2,68 hr (d) unpredictable.
39. A current of 2 ampere is passed for 5 hrs through the 2-
molten metal salt and it causes deposition of 22.2 g of 46, I3 +yS0; +3HED_,"’EEG* +81" +cH', Thevalues
metal (At. mass 177). The oxidation state of the metal 0f2, 0, c are respectively
in the salt is (a)1,1,2 ()22, 4
{a) + 2 (h) +3 (e)1,2,4 (d) 2, 4,2
{c) + 4 (d) + 5. : : :
- 47. Reaction that takes place at graphite anode in dry cell
40. The conductivity of the saturated solution of some bi- is
bivalent salt XY is 3.06 x 10" ohm™! em™! and its o o
g Zn 2e B) Zn
equivalent conductivityis 1.53 chm™ ! em® equi- 1 The " T ] U enlaroe R S
value of K, of XY is () Mn®* + 2¢” — Mnis) {d) Mn(s) = Mn* +&” + 1.5V,
ia) 4 x 107" (h) 2.5 %1077 48. The standard reduction potentials of Cu®*'/Cu and
) 2.5x 10 13 @) 1x10°8. Cu®/Cu* are 0.337 and 0,153 respectively, The stand-
41. The conductivity of 0.25 M solution of uni-univalent ird B]E:ﬂtﬂﬁ? potential of Cu’/Cn half cell will be
weak electrolyte XY is 0.0125 2~ ' em™ L. The value of R
Ap of XY is 500 £ ' em® mol™ 1. The value of Ostwald (a) 0.184 V (&) 0.827V
dilution constant of AB is () 0.621V (d) 0.490 V.
(@) 2.5 % 10”3 (b)2.5 49, E°.y of Zn/Zn* 1l Cu?*/Cu is 1.10 V at 25°C. The
() 8.5 x 1 2 () 0.00045. equilibrium mnst-:::t for i:]:nulaE reaction
43. Forwhich ofthe following electrolytic solution'a and Zn + Cu™ — Zo™" + Cu
Aeq BTE equal (@) 10° 28 (k) 1037
(e} EECIE (b) KC1 fe) 107 18 () lﬂl?.
(c) Ala(SOy4)q (d) CaCl. 50. Electrode potential data are given below :
43, The relationship between the resistance of certain Fe' (ag) +e”—— Fe*®(ag); E°=+0.77V
electrolytic solution ‘R, its molarity M, its molar con- 3+ 7 !
ductivity Ay, and cell constant ke is A raE—— M) ETR-LERY
Br. + 2" —— 2Br” : E*=+108V.
- Ry —_ b % 10° 2 (ag) {m:'“ll >
Am =" m=" Based on the data, the reducing power of Fe*", Al and
. Br™ will increase in the order
M koo = 10
() Am = RM koel) (d) Am = R (a) Br™ < Fe** < Al (b) Fe?* < Al < Br
44. Which of the following statement is wrong ? tc) Al « Br- < Fe2' (d) Al < Fe* < Br.
(a) The ionic conductivity of Na* is different at infinite 51. For the cell reaction,
dilution for NaCl and NaBr solution f-ug"' ic g {ag)) + Zals) — Enh [Ca{ag)] + Culs)
(b) A(BaClp) = MBa™) + 2ACI of an electrochemical cell, the change in free energy,
(c) The value of A” for weak elsetrolyte can be d ined AG at a given temperature is a function of
by using Kohlrausch's law (@) In (Cy) (b} In (Ca/Cq)
(d) The electrodes of same metal can be used to constitute {e) In (Cy + Cg) (d) In (Cg).
galvanic cell. 52. Mark the false statement among the following :

45.

A galvanic cell is set up by zinc bar weighing 100 g
and 1.0 L of 0.1 M solution of copper (II) sulphate.
For how long the cell will deliver a steady current of
2 ampere

(@) A salt bridge is used to ehiminate liquid junction potential
{b) AG and EMF (E) are related as AG = —=nFE
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55.

57.

59.

{c) Nernst equation for single electrode potential is
o BT
E=E®- F log apy™
{d) The efficiency of Hp—0y fuel cell is 70%. -

A gas X at one atm. pressure is bubbled through the

solution containing mixture of IMY and 1 M Z™ at
25°C. If reduction potential of X < Y < Z, then

(o) Y will oxidise X and not £

() Y will oxidise Z and not X

(e} Y will oxidise Z and X

(A1 Y will reduce both Y and Z.
Thermodynamic efficiency of cell is given by
(a) AH/AG b) %

fe) = L‘EF (d) nFE®.

E°Ni* Ni = - 0.25 V; E° ™ san = 1.50 V. The value

of E°gy for the cell Ni | Ni%* (1 M) 11 Au®* (1 M) | Au
is

(a) 126V (B)-1.76V

() 1.75V (d)4.0V.

The electrode potential of hydrogen electrode at pH 10 is
() 051V (b)) 000V

(e)-059V (d) 0.059 V.

Red hot carbon removes oxygen from XO and YO but
not from ZO. Y also removes oxygen from XO. The
above information is sufficient to provide the order of
activity among the metals X, Y, Z as

@X=>Y=>2 bZ>Y>X
() Y=>X=>2 d)Z=X>Y.

A cell is constituted by coupling the two electrodes
Sn/Sn’* and Ag/Ag", if E°sn™ /e, E°Ag*/ag and Ecal
are — 0,14 V, 080 V and 0.94 V respectively. The
correct representation of cell is

(a) 8n/8n*" (1 M) 0 Ag® (0.1 MVAg
(b) Ag/Ag" (1 M) Il Sn%* (1 M)/Sn
() Sn/8n®* (1 M) 1 Ag' (1 M)Ag
() Sn/Sn* (0.1 M) 1 Ag* (1 MVAg.

The measured electrode potential for the reaction
Pb** + 26~ —— Pb(s) does not change if

{a) concentration of Pb* jons is increased in the solution
(k) size of lead strip is increased

{c) temperature of the system is raised

(d) volume of solution is doubled by adding water.

Given that E°Ap* /a1 = - 1.67 V; E Mg Mg = - 2.34
V:Eru** /=034 Vand E”:;:‘F =+ 0.53V, predict
as to which one is the best reducing agent ?

() Al (b) Ig

{c) Mg (d) Cu.

. [Ifthe solution of copper sulphate in which copper rod

is immersed is diluted 10 times. The electrode poten-
tial will

{e) increase by 0.030 V
{c) increase by 0,069V

(h) deerease by 0.030 V
(d) decrease by 0.059 V.

. Given four half cell reactions

MNA+e —a A :E" =024V
() C +2 —2C :E°=_135V
{{iif) B +e_-—|‘Bﬂ_;E“=1.EE'iF
(iw)D+2% —D¥ :E*= 068V

Which combination would give a cell with largest cell
voltage ?

(e} Aand B
(e)Cand D

(b) B and C
(d)Dand A,

. In which of the following cell, the value of E_;; > 0 but

E’n=0.
(a) Cu/Cu®* (1 M) 1 Ag" (1 MVAg
() Pt, Ho/H' (0.25 M) 1 H' (0.025 MVH3, Pt

(e} Ag/Ag (0,01 M) 1 Ag™ (0.1 MVAg

() Both in (b) and (c).

Zinc is generally coated over iron to prevent its cor-
rosion because

{a) zine is cheaper metal

(b) zinc gives a good luster to iron

(€} By 2+ o > E°p 2t

() Eﬂz:u'zn“" > 15:"1%I SRt

When a solution of sodium hydroxide is added to acetic
acid solution, the conductivity of the resulting solution
(x) increases (&) remains unchanged

{d) becomes zero.

{c) decreases

. Given E° values for some reactions as

Ip+2 — 2" ; E°=0.54V
MnO4 + 8H' + 5" — Mn®* + 4H,0 ; E° =152 V
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Fe' 4+ ¢"— Fe®* : E° = 0.77
Sn*t + 2 — 8n*: E°=+0.1V

The strongest reductant and oxidant respectively are

(@) Sn®*, MnO] (b) MnOj, Sn**
(c) Iy, Fe™* (d} Iy, Sn®".
67. The chemical reaction
2X + nHzS04, — X3(S0y), + nHz
can take place only if
) AH=<0 (bin>2
() Ev x"*>0 (d) E** oy > 0.

68. The standard electrode potential of OX /X" and X /Xs
respectively are 0.94 V and — 1.36 V. The E° value for

0X" /X, will be
{a)-042V (b)+ 042V
€ 0.21V (d)-1.04 V.

69. The standard emf of Daniel cell is 1.10 Volts. The
maximum electrical work obtained from the cell is

(a) 212.3 kJ (b)175.4 kJ
() 106.15 kJ (d) 53.07 kJ.

70. A compound contains X, Y, Z atoms. The oxidation
statesof X, Y and Z are + 2, + 2, — 2 respectively. The
probable formula of the compound is

71.

72,

73.

74.

75.

The cell Pt, Hy (1 atm)/ H' (pH = x) | calomel electrode
has emf of 0.67 V at 25°C. If reduction potential of
calomel electrode iz 0.28 V, the value of x will be

(a) 6.6 (b) 3.3
(c) 13.2 (d) 1.1.

In an electrolytic cell 1 L of 0.1 M aqueous solution of

MnO4*" is converted to MnO,~ at the cathode which
statment is incorrect 7

(a) The above process occurs at the anode

(b) Oxidation number of Mn changes from + 6 to + 7

{r) Oxidation number of Mn changes from + 7 to + 6

() The entire process requires the passage of 9650 C of
electricity.

Which relation is/are correct ?

{a) Conductivity = Specific conductivity x Cell constant

(B Cell constant = Conductivity/Conductance

(e} Equivalent conductivity = Conductivity » Cell constant

() Molar conductivity = Conductivity x Cell constant,

The equilibrium constant for a feasible cell reaction is

(a)<1 (b0

(e)=0 (d)= 1.

AG® for cell reaction,

AgCl(s) + % Ha (g) — Ag(s) + H' + CI™is — 21.52 kJ

(2} 315 b} (Rale¥a AG* for 2AgCI(s) + Halg) — 2Ag(s) + 2H* + 2C1" is
() X3(YaZly (d) X3(YZq)2 (a) - 21.52 kJ (b) — 43.04 kJ
{c) 43.04 kJ (cd) = 10.76 k.J.
ANSWERS
QUESTION BANK (Level )
1. (c) 2. (c) 3. (c) 4. (d) 5. () 6. (b) 7. (c) 8. (c)
9. (d) 10. () 11. (a) 12. (d) 13, (c) 14. (b) 15. (b) 16. (c)
17. (a) 18. ic) 19. (b) 20. (c) 21. (d) 22. (c) 23. (b) 24. (a)
25. (b) 26. (h) 27. (b) 28, (a) 29, (c) 30. (c) 31. (b) 32. (d)
33. (d) 34. (h) 35. (a) 36. (a) 37. (c) 38. (c) 39. (b) 40. (b)
41. (e) 42, (o) 43. (d) 44, (b) 45. (d) 46. (a) 47. (a) 48, (d)
49, id) 50. (c) 51. (¢} 52. (d) 53. (c) 54. (c) 55. (a) 56. (b)
57. (d) 58. (a) 59. (c) 80. (d) 61. (d) 62. (a) 63. (d) 64. (a)
85. (d) G6. (a) 67. (d) 68. (a) 6. (c) T0. (a) 1. (c) TL. (c)
73. (c) 74. (a) 75. (b) 76. (a) T7. (a) 78. (b) 79. (b) B0. (b)
81. (n) B2, (d) 83. (d) B4, (c) B5. (a).
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2‘
3.

10.

# B

14.

15.

QUESTION BANK (Level IT)

L. (a) 2. (£) 3. (d) 4. (b 5. (¢) 6. (h) 7. (a) 8. (c)

8. () 1) {a) 11.{c) 12. (d) 13. (&) 14. (a) 15. (e} 16. {a)
17. (d) 18. (c) 19. {a) 20. (a) 21. (h) 22. (b) 23. (a) 24. (b)
25. (a) 26. (d) 27. (a) 28, (a) 29. (c) 30. (a) 31. (d) 32. (b)
33. (b) 34. (a) 35. (d) 36. (d) 37. (a) 38. (b) 39. (b) 40. (d)
41. (a) 42. (b) 43. (b) 44. (a) 45. (c) 46. (b) 47. (b) 48. (c)
49. (b) 50. (a) 51.(b) 52. (c) 53. (a) 54. (c) 56. (c) 56. (c)
57. (b) 58, () 59. (b) 60 (c) 61. (b) 62. (b) 83. (c) 84. (d)
65. (a) 66. (a) 67. 1) 8. (a) 69. (a) T0. (a) 71. (a) TL (b)
T3. (b) T4. (d) 75. (b) 786. (a).

HINTS/SOLUTIONS

QUESTION BANK (Level I}

(e} Oxidation number always decreases during reduction.

0+ +2 0
(e} Cu + 24gN0Og — Cu(NOg)e + 2Ag.

elClFg;x+3(-1)=0 . x=+13
(d) CaCOg —— Ca0 + COg

MNone of the element change oxidation number. Hence it is
not a redox reaction.

(a) HIO4, ON. of [ = + 7.

(h)

{a) in H3PO4, ON. of P= 45

(b} in HgPOg, O.N. of P=+3

() in HPOg, ON. of P=+5

(d) in HyP307, O.N. of P = + 5,
(¢} In Fe(CO)s5, O.N. of Fe is zero.

(¢} Oxidation state of N on both the compounds is + 2.
() Valency of C is always 4, in H—‘f =0 the O.N.=0.

(b) Ferrous ammonium sulphate is

FeSO4NH 950y ; x4+ (=2) + 2(+ 1)+ (=2)=0orx=+ 2,
{a) FeqOy ; 3x + - 2) =0 orx = 8/3.

(d) MniCoOy) ;x + (- 2)=00rz=+ 2.

{e) CroOq ; 2z + 3(- 2)orx = + 3.

+ O =3
(b) HN0Og3 —— NHj involves addition of 8 electrons per

HNO4 molecule.

(k) Disproportionation is a process in which same element
undergoes decrease as well as increase of O.N. lodine

18.
17.

18.

19,

20.
21.

25.

changes its O.N. from zero to + 5 in 103 and from zero to
=-1linI.
(¢) Diamond is a network of carbon atoms.

(a) The E®eq of Ag > E°peq of Zn and hence Ag' reduces to
Ag.

0 =243
(c) Cr + 2H30 + (OC)” — Cr¥* + 3CI™ + SOH™

OCI ™ gets reduced because O.N. of Cl decreases from + 1to
3

+5
() (C10g)” + 6H™ + 6e”— CI” + 3H0.

'[-::‘EMHEPGE}E;+2+E{2+:—4}=ﬂ;rn-§=+ 1
(d) MgaP307; 4+ 2x + T=2) =0 orx= 4 5.

(e) :.it§'12 +BOH — 4 5CI™ + {EEIID;;]' + 3Hz0
; Rudunﬁnn—r
l— D:idntjnn—l
0 0 +a0 =2 0
(b) Iz + 504 + HoO — 2HI O3 + 505
(g is getting reduced to O state,

{e) E]_EHEEG 11— 5‘02
Thus, sugar malecule is getting oxidised to CO4.
(b) The equation is,
2MnOy + ﬁﬂﬂgi' +B6H" — Eﬂﬂf' + 3HoO + 2Mn®*,
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286,

27.

3l.
32,

() The balanced squation is,

Cra0q7° +6Fe®’ + 14H' — Cr'* + 8Fe™ + TH30.
(h) The balanced equation is :
2MnO,~ + 5050, + 16H" — 2Mn®" + 10C0; + 8Hg0

Now, 5 moles of oxalic acid (HgC20y . 2H50) require
EKMnOy = 2 mol

126 gi.e., % muol of oxalic acid require MnOy = %
= 0.4 mol.
{a) The balanced equation 15 :

AMnOy4~ + 6FeCo0y + 24H —
5Fe™* + 3Mn®* + 1000, + 12H,0
Now, 5 mol of ferrous oxalate require KMnOg = 3 mol

1 mol of ferrous oxalate require KMnOy4 = 3/5 mol = 0.6 mol.

{e) In each, the electronegative slement is oxygen. In
BaOj3 (barium peroxide) the O.N. of O is = 1 while in

BaS0y, it is — 2.

{c} The given reaction does not involve any change in
oxidation number.

B+ i

(b) FeylFe (CN)gl.

{(d) Two O atoms in HsS0g; are peroxide and have O.N. =

— 1 while the other 3 oxygen atoms have O.N. = = 2. The
structure of HaS05 is

(0]

a1 | 2 e
H—0—0—S—0—H

b .
Hence O.N. of S is + B.
{d) On calculating E.F. from % age we get XeFg

.. Oxidation number of Xe = +6.
(b} [Pt (CoH4) Clgl ;2 +0+3-1)=-1lorx=+2.

{a) CaOCl5 contains Ca>", OCI" and CI". Clhas O.N.=—1
in CI” while its O.N. in OCI” part is + 1.

(a) At o —
1 maol 108 g
84 g of Ag is deposited by electricity = 22000

2

Al 85— Al
27g

Now, 3 x 86500 C deposit Al =27 g

37.

41.

96500 A 27 x 96500

5 Edapumtﬂ-ﬂxaxgﬁﬁnng-l.ﬁg.
() Cu*® + 26— Cu
2.0 Faradays can deposit copper = 1 mol

2.5 Faradays can deposit copper = % = 1.25 mol.

Je — Al
3 mol 2Tg
In order to deposit 27 g of Al, electricity required = 3 F

In order to deposit 9 g of Al, electricity required

aF
=97 x9=1F.

(b} Choice itself is the answer.

20 Ge 3+
() KgCrOq ——— 2Cr

Reduction of 1 mel of KgCreOq needs charge = 6 x 98500 C
Reduction of 0.4 mol of KgCrgOq needs charge

= 0.4 % 6 x 96500 C = 2.4 = 96500 C.

) AP+

+1 =2 0 1 0
(@l Ho0 —— Hz + 2 Og
1 mol 224L 112L

Decomposition of 1 mol of water requires 2 mol of electron
. 4 mol of electrons produce 2 x22.4 L. = 48.8 L of Hp and
2x11.2L =224 L of oxygen.

Total volume produced at STP =448 + 224 =672 L.
(c) According to Faraday's second law, comparing P, Q cells.

Wag _Eag 0.216 __ 108
Wugy Eng Wy 200.6/2
0.216 x 200.6
or wH.g'- 108 x 2 =0.2006 g
0.216 108
In P, R cells, g = 2005
or  Wiyg=D2I8X2006 44019

(d) The reactions in two cells are Fe** + 26~ — Fe and
Fe>* + 3¢~ — Fe.

‘Iharntinnfimnpmdumduhnult!h%:%nrﬂ:ﬂ.

{b) Charge in coulombs = 4 x 30 = 120 C.

(d) 1 mol of electrons = 96500 C or 96500 C = 1x 10™ ¥ x ¢
or ¢ = 96500 x 10'% 5 = 9.65 x 10°7 .

(o) X5 & 2 —+X:Y 46 — Y

2mole produce X=1mol=1xMg

2mole produce Y=2mol=2xM/2=Mg.
Hendée, ratio of the masses of Y : X isM: Mor1:1.
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47.

67.

&

61.

lﬂ}ﬁu3-++3ﬁ_—i Au
197 g of Au is obtained by charge = 3 x 86500 C

3 = 96500 x 1.234
197

1.234 g of Au is obtained by charge =
3 % 96500 = 1.234
197

96500 = 1.234
187

Mow, 3 xi=

or t= = 604 sec.

{d) Cell constant iz not given.
: 1
(e} Resistance = inctivity
{c) The statement refers to Faraday's second law of electro-
lysis.
(d) Jamp®-sec = S A .
amp.Eec amp *C amp amp
ic) Reduction Means gaining of electrons.
{c) Cathodic reaction involves reduction.

(o) X has least reduction potential and hence maximum
tendency to oxidise,

{h) Reaction in hydrogen electrode is
2H" + 2e” —= Hy
e 0059 [H'?
E=E"+ 5 log [Hal

E can be greater than E° if cone. of H ions is increased.
() Large negative reduction potential means large positive

oxidation potential for X~ —— X + ¢ . Hence X can be
readily oxidised.
{a) E is related to temperature as

E-E+2Fln Mgl -

{e) H' cone. should be 1 M. - pH should be zero.

{d) The reaction I3 + 2Br —— 21" + Bry is non-spontanecus
because reduction potential of Bro/Br is larger than that
of To/T".

() E°cel] = E°ped (cathode) + B’y (anode)
==04] «+ 1LT6 =035 V.
0.059. [Au
(@) EMF = EMF® + log
] N2
b
- EMF® + “'%5“ log ‘""”a - EMF® + & “55'1.:;10‘
©.01)
= EMF® +“":é59 x 4, Hence EMF > EMF®, °

67.

T0.

71.

(d) Mg®* /Mg couple has reduction potential less than
Hydrogen- electrode. Hence Mg can reduce H' ions to Ha.

(a) The h.ig'hE.EI‘. eell voltage would be obtamed from the
electrode with highest oxidation potential and highest
reduction potential because E oy = Eqyq + Epp.

(d) E®eq_ of x, ¥, w are less than y. Hence all of them ean
redu:eyz*'iuns.
{a) Choice itself is the answer.

id]'ﬂﬁﬂﬂa+ﬂzﬂ——mg+ﬂ*+mﬂ3‘+%ﬂ2

. pH gradually decreases due to increase inH' cone.

Electricity 1 1
I‘i++DI{_+EmE+EH2

LiCl + HgO

-, pH gradually increases due to increase in OH ion
conc.

() Apply Nernst equation, to the reaction

Pb+ 8n®" — Pb*" 4 8n
0.059 .  [Sn®Y [sn?"] 0.01 %2
or E%+ og or =03
2w ® ey T 0039
2
or M = antilog (0.3}
[Pb*"]
) Cult + 2% — Cu:E° =034V

E= 034+P—-ﬂigluglﬂ |

or E=034-(0.02086)(9) =034 -0.266=0.07T V.
(@) Cu*+e—Cu*:E=015V
4 AGe =—1%015xF=—015F
Cu'+e —Cu;E%=05V
s AGP=-1x050xF=-05F
Cu®* +26 — Cu;E% =7
. AG";:-EKFE;::F:-EE‘;F

Also, AG®; = AG®| + AG°; =~ 0.15F~0.5F =~ 0.65 F
Now ~2E*sF=-~066F or E%3=2%-0325v

(@) pHy =9 o~ [H7=1%x10"9M;

pHe=5 - [H'g=1x10""

.
Now, Eggyy = 2202 10g 1210 7] _ 059 x 2= 0.118 V.
1 131075
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{a) From equ-atim (i), E‘Ing" > E;.;E,'x' :

T7T.
T2 (c) By = 0.059 log [H'] or — = ﬂﬁg = pH;.
From i), Ewy W > By v
E
Similarly, [II{IEEE = pHa From eqn. (iif), Ex,x~ > Eg,z". This accounts for the
4 y sequence (a),
Aoy pHy =gHe timg o mAvha =phe 10y 78. (b)AG® = — nFE° = — 1x 96500 x 1.02 = — 98430 J
pHg-pHI-Iugi}-lﬂgi=lug£+in-g£=i]ng£ R
79-80. See summary of the chapter.
or -Eﬂ— ol =2logY or 11:1':"-I o bt 3 '
Es ¥ ¥ A 6192 % 107 8m® mel™ ! -8
Now, - 0.058 = pK,; + lug u-uﬁg'l"'g =5 P | =64 x10 ",
-Eg El E2 E‘Z"'E'l] 82. (d) Factual (Answer is given in the choice indicated).
00597 0118 0.118 83. (d) Choice itself is the answer.
73. (c) E°peqof copper = 1.1 -0.76 = 0.34 V. 84. (c) CuBrg—s Cu®" + 2Br~
s Efoi.=—0.34 V. Anode 2Br — Bro+ 2¢
74. la)Flow of electrons stops when E® values of two electrodes ——
become same and potential difference become zero. Cathode : Cu™ +2¢ — Cu.
75. (b) Molarity nfﬁﬂf" ions remains the same as they do not 85. (a) E°y should be + ve or AG should be < 0.
participate in reaction (£n + Cu?* —s Cu+ Enm}
76. (@) E=034+237=2T1V.
QUESTION BANK (Level 1)
1. (o) Dilution increases the d.int-lm-:.e between ions. 8. (BIAT™ + 3 —3 AL
2. (c)Ag'+e"— Ag. - The electricity required = 1 For depositing 27 g of Al, electricity required = 3F
Faraday.
Ford iting 13.5 g of Al, electrici ired=15F.
3, (d) The structure of NagSeOg is : i e R g
[ 0 o y 7. {a) Conductivity (x) = %  cell constant
Fis ||1 2 3 ||=:r =~ ==l x 116
NaQ—S —5—85—5 —0ONa 250
1.15 = 1000 -1_2 -1
|| ” Aeg. = 250 % 0.1 =4.6chm™ " cm” eq
i o o !
Wy, x 31.75
It is evident, that O.N. of two S atoms, i.e., Sz and Sg is 0. 8. (o) iﬂ“ EEF“ Woy = Hﬂf
The O.N. of two S atoms, i.e., ) and Sy is + 5 each. g NN
224 x 2 % 31.76
4. (b)[F N = =
(b} [Fe(HoO)sNO| SOy 554 x 1 6.35 g.
x+5(0)+0-2=0 or x=+12 9. (a) Lower the reduction potential, more easily, the metal is
5. (c)When weak acid is titrated against strong alkali, initial- oxidised and more is its reactivity.
ly the conductance is low due to poor dissociation of acetic 10. (a) 63.5 g of copper is deposited by electricity

acid. On adding NaOH, highly ‘jonised C HCOONa is
formed and conductance increases.

After neutralisation, addition of NaOH causes sharp in-
crease in conductance.

=2 x 96500 C
2 g of copper will be deposited by electricity

_ 296500 %2

535 = 60784 C
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11.

12.

13.

14.

15.

16.

17.

Now, tlme_ﬁ_ﬁﬂ?ﬂ&

1 05 - 12157 .48 sec.

(c} 1 Faraday deposits one equilvalent

. 2.0 Faradays deposit 2.6 equivalent.

{d) 2 Equivalent of Ag will deposit for every 1 eq. of Op
liberated

- Mass of Ag deposited = %‘Eﬁx 2 % 208 = 216 g,

() Aeg = AT HLCOONa* AHCI=  ANa
= 9 + 426,16 - 126.45
= 390.71 ohm em” eq

InJllELatHTP-lﬂmu] 0,05 mol

1 mol of Hy is obtained by passing electricity
=2 » 965600 C

0.05 mol of Hg is obtained by electricity
= 2 x 96500 x 0.05

Mow if [ is eurrent strength,

I » 965 = 2 x 965600 » 0.06 or [ = 10 amp.

(¢) Total Ag" = 200 % 0.1 % 10™ ¥ mol = 0.02 maol

%nftutalﬂg+inns=%xﬂ-ﬂ2= 0.01 mol

1 mel of déposition require electricity = 96500 C
0.01 mol of deposition requires electricity = 965 C
Now if £ sec is the Lime

965 Elﬁﬁ 1
. 965 = i}lxtm!—ulalﬁ: 01 E-l}
= 160.8 min.
(@) Oy is liberated by anodic oxidation of water

2HO — 4H + Og + de~
Liberation of 1 mol (22,4 L) require electricity
=4 x 96500 C
. 193 C of electricaty will librate Og

92 4
= ax=96500 * 1B L

=001118L or =11.2cm®

(d) Anodic reaction involves Cn —— Cu®* 4 26~

Cathodic reaction involves Cu®* + 26~ — Cu

Thus, amount of copper dissolved and that deposited would
be same L.e.,

3.25;--633—251111:[ 0.05 mol.

18.
19,

20.

21.

28.

{e) Copper cannot displance A" jons from the solution.
{e) In conversion of CgHsNOs — CgHzNHg, no. of
electrons per mole of substance involved = 6 mol.

-, 0.2 mol will require = 0.2 %6 = 1.2 mol

(a) In conversion of NH4 to NO, number of electrons mvolved
= i mol per mal of NHy. Thus, for 0.5 mole of NHy, the
molecules of oxidant required = 125 Ny,

(h) Let copper produced = x g.
According to Faraday's second law
x 3175
0.504 1
or x= 0504 % 31.75 = 16.002 g.
(b) Cd required for 3 g of Hg = 10 = 0.33 ¢

ca*+2 —Cd
Electricity required for depositing 0.33 g of eadmium

_ 2 x 96500 » 0.33
112 = G68.6 C.

(&) The anodic reaction in Hp—0Oy3 fuel cell 1=

Hg + 20H —— 2Ho0 + 2¢
Burning of 1 mole of Ha produces electncty
= 2 86500 C

6.72
Burning of 0.3 mol [ 29 4

]ul'Hg gives electricity
=03 x 2 = 56500 C

0.3 x 2 x 96500
15 = 60

= 64.3 amp.
() The libration of each H' ion can result in 1 NaOH being

formed.
. Moles of slectrons = 200X 1000 _ 44

86500
Moles of H™ liberated = 0.1
. Moles of NaOH formed = 0.1
Mass of NaOH formed = 0.1 x 40 = 4.0 g.

Current in amperes =

{ee) 1 gm-ion of N°~ have 3 x 6.02 x 10°° glectronic charges
amounting to

3x802x10%x16x100 P c=288x10%C.

(d) Q = 0.025 (amp) x 60 (s) = 1.5 C

2 x 96500 C deposit Ca atoms = 6.02 x 10°°

602x107 %15
2 % 96500

= 4,68 x 105,

1.5 C deposit Ca atoms =
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217.

28.

29.

a7.

38,
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(a) 0.5 F of electricity will deposit Cu = % mal = 0.25 mal

0.25 = 1000

Molarity of solution = 500 = [.5 M,

o 119 x5 = 60 = 60 = 2
(e) Oxidation state = 96500 x 22,2 =+ 2.0.
(e} Total ﬁg* fons = 0.2 = 0.1 = 0.02 mol

Dnefmmhnfﬁg'=%.=2-nﬁxll]—3mul

Quantity of electricity required for deposition of
5 107 % mol of Ag* = 96500 x5x 1073 C

Huw.Hﬁuﬁﬂ!}xﬁxlﬂa=ﬂ.lxrurl=4ﬂﬂﬁmurﬂﬂ.lmin.

(a) Moles of Cu deposited = % = 0.05

() KBrOy ;x+ i+ 1)+ 4{=2)=0 or x=+T.
+1 =1 L +1 =14
(WK 1 + I; —=K I Henece, I, is oxidising agent.

= =0 L] +1

i) (NH )2 CragOg — Na + 4HoO = Cralg
Each N atom loses 3 electrons.

+2 +2 +4 +3
{n} (SnCly + ZHgCly —— SnCly + HgoCls

Thus, HgCls is reduced to HgoCls.

+2 +4
(d) (Cp04)* — 200 + de.

&0 =3
(d) (NOg)” + 6HgO + 8¢~ — NHg + 90H .

-1 + - - 0
(@) 5HgOqg + 2C10y + 20H — 2C1 4 509 + 6H0.
In Cl0ky, chlorine atom decreases its oxidation number from
+ 4 to ~ 1. Henee ClOg is reduced and HyOyp is oxidised.

(hy O.N. of N in NoHy is — 2. Since 1 mol of NgH,4 contains
2 mol of M atom, therefore each mole of N atom lose 5 mol
of electrons. Hence ON. of N in the new compound will
be + f.

{b) No. of coulombs passed =2 x5 x 680 =60 C

If the oxidation state is n +, then deposition of 177 g of
metal, the electricity required is

=n » 96500 C
. The electricity required for 22.2 g of metal

_ nx 965600 x 22 3
B 177

n = DRG0 « 22 2
Now 177

——zo2x5x60x60 or n=294=+3.

41.

47.

49,

51.

52,

FE8

n . Kx1000 _3.06x10 °x10°
e 153

=2x1079N,

Mui&ﬁtyufﬂ=2u1ﬂ'3x%= 1x10° 2

K =X 1Y 1 =(1x 1073 (1% 107 % =1x1078,

0.0125 » 107
025 o0
50

ﬂn‘ﬁ-‘nﬁ=ﬂ.1

Kigily = Co® = 0.25 x (0.1)* =25 x 107 %,
ib) Aoy and Ap, are equal for uni-univalent electrolytes.

Na" makes same contribution irrespective of anion to
which it is attached.

(2) Ay at 0.25 M concentration =

kx10® 1 g 1

B Ay, = W uEJ-:Callmnutnntxlﬂ %2
kel % 107
= RM

{a) First statement goes against Kohlrausch's law.

N 4 makes same contribution irrespective of anion to
which to is attached.

9~

icl o 4+ Zn ——Cu + Zn**
(0.1 mol) 10065
= (1.54)

Thus, Cu®* ions are limiting reagent

Now (.1 mole ufﬂu+2 transfers electrons = 0.2 maol
or Amount of electricity = 0.2 x 96500 C.
Mow 0.2 x 96500 =2 x f ord = 9650 C = 2.68 hr.

(b) Tg + SOg + 2Ha0 — 80,2 + 21" + 4H*
{h) Oxidation reaction occurs at anode.
{c) See solution to Q. 70 in Question bank level 1.

(b) Apply, Bocep = 222 log K.

{a) Lesser is the value of red. potential more is the reducing
character.

(b} It is based on Nernst equation.

(c) Nernst equation should be E = E° + %lnah{"*.
(a) Choice itself is an answer,

{c) See summary of the chapter.

(e} Ecell = E”cathode — E”anode

=150V-{-025V)=+L1L75 V.
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7.

i1

61.
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(c) For the reaction, 2H" + 2¢” — Hy

E=E°+ 259 150 )’

n

0.059
2

(b) Choice is the answer itself. Heactivity depends on the
tendency to displace the other.

log (1071%% = —0.59 V.

=00+

(e) Since reduction potential of Ag” /Ag is greater than Sn.
Hence silver electrode must act as cathode.

{#) E® value will not depend upon the size of the strip as
concentration of solids is taken to be unity.

{e) The best reducing agent is one whose E°p.4 is lowest.
Thus Mg is the correct choice.

(b) If solution is diluted to 10 times, molar conc. of Cu®" is
reduced to one tenth of its original value.
Nernst equation for Cu®* + 26 —s Cuis

0.058
2

E=E°+ log [Cu®*]

by decreasing the conc. of Cu®" by 1/10, E value will decrease

by n_gﬁg ie., approx. by 0.03 V.

(b) B and C combination will give cell voltage = 2.50 V which
158 maximum out of the given sets.

ic) For concentrations cells E®y = 0.

(d) Zinc will undergo oxidation in preference to iron.

(a) CHgCOOH is a weak acd Addition of NaOH to

CH3COOH causes formation of CHgCOONa which is strong
electrolyte. Hence conductivity will increase.

7l

72.

T4.
75.

{a) Larger the value of E®, 4 larger is tendency for reduc-
tion and consequently stronger will be the oxidant. Similar-
ly, smaller the value of E°.y larger the tendency for
oxidation and consequently stronger will be the reductant.
{c) In the given reaction X is getting oxidised to X" *. Hence for
this reaction to occur, the oxidation potential of X should
be greater than hydrogen electrode (i.e., 0).

{a) Add the two values of electrode potential to get the
desired value.

(a) Electrical work = nFE®
For Daniel celln = 2
s Work = 2 » 95600 % 1.10

=2123%10% J =212 3 kJ.
(a) In X¥Zg the sum of O.N. of all the atoms is zero.
(a) Bl - B, = 0.67 or Ep,=-067+028=-039V

Mow -039=0+ “‘”1'53 log H'
0.39
or -lugH"-n.Dﬂg-E.E.

-

() MnO4% —— MnO,~

It is an oxidation process and oceurs at anode.
The O.N. of Mn increases from + 6 to + 7.

(h) Factual based on relationship.
{d) Choice itself is an answer.
(b} AG® of required reaction = 2 x (- 21.52) = — 43.04 k.
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Important Terms, Facts and Formulae

RATE OF A REACTION

Chemical Kinetics 1s the branch of chemistry that
deals with study of reaction rates and their

mechanisms.

Rate of a reaction is expressed in terms of rate of
decrease of cone. of one of the reactants or rate of
increase of conc. of one of the products. For example,
for the reaction

CO, + NO— CO + NO,
_dICO,] _ _d[NO] _ dI[CO] _ , dINOy]

df dt dt dt
For the reaction, No + 3H: — 2NHj,
d[Ngl __1diHg] _ 1dINHgl

dt = 8 d& 2 dt
Units of rate of reaction are mol L™ ! ! or mol
L~ ! min~ !, In case of gaseous reactions rate may have
units of atm. s~ ! or atm min~ !
Law of Mass Action. This law was proposed by
Guldberg and Waage.,
For a general hypothetical reaction,

al+bB—cC

acrording to law of mass action,

rate = k [A]” [B)°.

Rate =

Rate = —
1

RATE EQUATION AND ORDER OF THE REACTION

1.

2.

Rate egquation. [t is the expression which repre-
zents the dependence of rate of the reaction on con-
centrations of the reactants as experimentally
determined. For example, for the reaction

ah +bB— ¢C +dD

the rate of equation may be written as

rate = k[A]™ [B]"
Here m and n are experimentally determined powers
and k is the rate constant.

Rate constant. [t is defined as the rate of the reac-
tion when concentrations of all the reactants are unity
L.e., 1 mole/litre.

Order of the reaction. The sum of the powers to
which various concentration terms are raised in the
rate law expression is called order of the reaction.

+ [t is an experimentally determined parameter
# [t can be zero or fractional
* Common values of order are 1, 2 and 3.

RATE CONSTANT

L]

L

The value of rate constant depends on the chemical
nature of the reactants.

The value of rate constant changes with temperature.

The value of rate constant changes in the presence of
catalyst.

k has different units for reactions of different orders.
The dimensions of k for various reactions are given
below :

For first order 5" !

For second order : Lmol™!s™!

For third order ;L% mol ?s™!
For zeroorder :molL ™ 's™!

In general :[II:I.D]I.IJ-I]II-“B--'[
where n 18 the order of the reaction.

Temperature coefficient. The ratio of rate con-
stants of a reaction at two temperatures differing by
10° is called temperature coefficient.

kr 410

kep
A higher value of k indicates that the reactions occurs
at higher rate.

=2 or 3.

Temperature coefficient =

FIRST ORDER REACTIONS

Rate equation for first order reaction is rate = k[A]

2303, [Alo
or k= : log Al
s k= 2.303 Jog —&

t (a2 —x)
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Here [Alg = ¢ = Initial concentration of reactants
[A] = (a = x) = Concentration of reactants at time ¢ -
x = concentration reactants decreased in time £.
* A graph of log [A] versus ¢ is a straight line with slope
k
2.308

« Halflife, ¢y, = %
Half-life period of a first order reaction is independent
of initial concentration of reactants.

tara =282

tra=3 19

tyss16 = 4113

Concentration after n half-lives, [A] = [% T [Alg.

ZERO ORDER REACTIONS

* Rate equation for zero order reaction is
rate = k[A]" =&

or [Ag]l — [A] = kt.

* A zero order reaction proceeds at a constant rate,
which is equal to rate constant of the reaction.

* A graph of rate vs time for a zero order reaction is a
straight line with zero slope.

* A graph of [A] versus f is a straight line with slope
equal to - k.

= Half-life period of a zero order reaction is directly
proportional to the initial cone. of the reactants.

* Units of k for zero order reaction are same as that of
rate of reaction, .., mol L™ gL

* Some examples of zero order reactions are :

UV light
(i) Hy + Cly— 5 2HCI

Tungsten

(ii) 2NH, » Ny + 3H,

or Molybdenum

Gold

EIH} Z2ZHl —— HE + Ig

&
MOLECULARITY

(i) The number of reacting species involved simul-
taneously in collision resulting in the formation of
products is called molecularity.

(1i) Molecularity can have value 1, 2 or 3. Molecularity can
never be zero, fractional or more than three.

(iii) Molecularity of a reaction cannot be greater than 3
because simultaneous collision between more than

three particles is rare on the basis of probability
congiderations.

(iv) Molecularity of a simple reaction can be obtained from
the balanced chemical equation. It is equal to the sum
of the particles on the reactant side.

COLLISION THEORY

* For a reaction to take place, the reactant molecules
must collide with one another.

s  Forthe collision to be effective, the colliding molecules must
possess certain minimum amount of energy, called
threshold energy and should have proper orientation.

* Rate=fxpx Z

f = fraction of collisions having energy equal to or
greater than threshold energy
p = fraction of collisions with proper crientation

Z = collision frequency.

ACTIVATION ENERGY (E_ )

* The minimum extra energy over and above the
average potential energy of the reactants which
must be supplied to the reactants to enable them
to cross over the energy barrier belween reac-
tants and products is called activation energy.

* The reactions with smaller activation energy are fast
whereas reactions with high activation energy are slow.

= Activation energy depends on the chemical nature of
reactants.

* Activation energy = Threshold energy — Average energy
of reactants.

*  Activation energy does not change with temperature.

* Activation energy is always positive.

* For endothermic reactions the minimum value of E,
is equal to AE of the reaction and for exothermic
reaction the minimum value of E__, = 0.

* The state of the reactants corresponding to energy

maxima (threshold energy) is called transition state
or activated complex.

EFFECT OF TEMPERATURE

{i) Rate of a reaction increases with increase in tempera-
ture. In case of most of the reactions the rate of
reaction doubles for every 10° rise in temperature.

{if} Increase in rate of reaction with increase in tempera-
ture is mainly due to increase in the fraction of
molecules having energy equal to or greater than
threshold energy.

kr 10

kr

(iif) Temperature coefficient =

=2 ar 3.
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Aiv) The value of temperature coefficient is more at lower
temperatures,

(v} The value of temperature coefficient is more for the
reactions having higher activation energy.

ARRHENIUS RATE EQUATION

* Arrhenius rate equation,
k= Aa~Bo/RI

E,

or 1nk=1n.ﬁ.—ﬁ-T"

2.303RT"

* A plot of log k versus % is a straight line with slope

or log & = log A -

2.303R’

equal to

* Aplotoflnk uersus% is a straight line with slope equal
Ea
to- R

*  Activation energy (E,) of a reaction can be calculated
from the knowledge of rate constants of the reaction
at two different temperatures T; and Ts.

ky E, |Ta-Ty
%%, T 2.303R| T,T,

I

e

Units of A (known as frequency factor) in the Arrhenius
equation are same as the units of k for the reaction.
Units of A depend on the order of the reaction.

EFFECT OF CATALYST

1.

2,
3.

Presence of catalyst does not change the position
of equilibrium.

Catalysis are highly specific in nature.
Catalyst do not change AH or AE because they do
not disturb the energy levels of reactants and
products.

Negative Catalysis. A substance that can slow

down or retard a reaction is called a negative
catalyst.

Autocatalysis or Self-catalysis. In this tvpe of
catalysis, one of the products acts as a catalyst for the
reaction. For example, in the reaction of acidified
potassium permanganate with oxalic acid, the product
Mn?®* catalyses the reaction.

COOH
2MnO; +5 + 6H' = 2Mn** + 10C0, + 8H,0
COOH
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QUESTION BANK

Level I

Choose the correct answer from the four alternatives given in each of the following questions :

The rate of reaction, 2N305 — 4NOy + Og, can be

expressed in terms of NOg as
A[NOg| A[ND
a)+ — £ b -— 2
1 AINO4| 1 A[NOGg]
(e) i (d) = riarraay
Which of the following is true for the reaction
Ng + 3H2 T Eﬂﬂg
dINgl  diHal d[Ng] 1 diHgl
(a) .7 =d i (b) - 5 St
2d[Hg]  diNHg] d[Hpl _ d[NHy]
AT T o g
The units of rate of reaction are
() mol L 1 {h) L mol 1.1
Eﬂ}mﬂlLS_] {ef) mol L-1s1,
For the reaction, A + B—— C + D, the rate of the
reaction may be expressed asr =- %. The negative

dt

sign in the above expression indicates that
(a) rate of the reaction is negative

{(h) conc. of A is decreasing with time

{c) conc. of A i1s increasing with time

() none of these.

Which of the following reactions is the fastest 7

{z) Rusting of iron

{6) Burning of sulphur

() Transition of monoclinic sulphur to rhombic sulphur

() Precipitation of barium sulphate by mixing solutions of
sodium sulphate and barium chloride.

The minimum amount of energy that the reacting

molecules must possess at the time of collisions in
order to produce effective collision is called

(k) Threshold energy
() Free energy.
A reaction has rate law expression as

rate = k [A]>? [B]" /2
The order of the reaction is

() Activation energy
{e) Internal energy

10.

11.

13.

14.

1EI

(@) 1 {b) 2
(e} 32 (d) - 172,

For a chemical reaction A—— B, it is found that the
rate of reaction doubles when the concentration of A
is increased four times. The order of the reaction is

(a) 4 (b) 2

e) 1 {d) /2.

The unit of rate constant for a third order reaction is
(a)mal L™ ' s~ 1 (b) Lol 151

() mol® L™ %5~ 1 (d) L mol™ %5~ 1,

The dimensions of rate constant for a first order
reaction involve

(a) Time and concentration

(h) Time only

{¢) Concentration only

() Neither time nor concentration.

Which of the following simple reactions is a trimolecular
reaction 7

() Ng + Og— ZNO () Hy + I — 2HI

(e) 2NO + Og —— ZNOg (d) NHyNOg — Ng + 2Ho0,

For a hypothetical reaction, 2A + B—— Products, the

rate constant, kisequal to5.6 x 10" Lomol™ ! s~ 1 The
order of the reaction is

{a) One (h) Two
{c) Three () Fractional.

One litre of 2M acetic acid is mixed with one litre of
3M ethyl aleohol to form ester.

CH3COOH + CoHsOH —s CHyCOOC,H; + Hy0

The decrease in the initial rate if each solution is
diluted by an equal volume of water would be

{a) 4 times (b) 2 times

{c) 0.5 times () 0.25 times,

The rate constant of a reaction depends on
{a) cone. of reactants (b) cone. of products
{c) time {dl) temperature.

An exothermic reaction, X —— Y, has an activation
energy 30 kJ mol™ LS 3 energy change (AE) during the
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31.

35.

36.

Og =03+ 0 —jast
D;; + 00— Eﬂg slow
The rate law expression for the reaction would be

(@) r = k0412 [04] (B) r = k[O3® [05)

(e) r= klOg] D) (d) r = k[0g).

For the reaction, 2A + B—— C + D, the rate of reaction
increases eight times when coneentrations of both A
and B are doubled. The rate of reaction increases four

times when inital concentration of only B is doubled.
The rate expression for the reaction is

(@) r = kAR [B] (B) r = kIA] [B]?

(c) r = kIA] [B] (d) r = kIA]® [B]%.

Consider a gaseous reaction having rate expression as

rate = k[A] [B]%. If volume of the vessel is suddenly
reduced to half the initial volume, the rate of the
reaction would become ...... times the original rate.

(@) 3 (b) 2
(c) 1/2 () B.

For an elementary reaction, 2A + B ——= C + D, the
molecularity is

(a) 2 ib) 3
)1 (d) cannot be predicted.

For producing the effective collisions, the colliding
maolecules must possess

(z) a certain minimum amount of energy

(h) energy equal to or greater than threshold energy

(e} proper geometry

{el) threshold energy and proper orientation.

The following mechanism has been proposed for a

reaction :
A+B—C+D
A+C—E

2A+B—sD4+E

(Slow)
(Fast)

The rate law expression for the reaction is
(@) r=kIAI® [B] (b) r = kIAI[B]

() r = kA (d) r = k[AJICI.

For a chemical reaction under a given set of ex-
pertmental conditions, with increase in conc. of reac-
tants, the rate of reaction generally

() decreases
{b) remains unaltered
(e} meraages

{df} first decreases and then increases.

a7.

ill

42,

For the reaction between reactants A and B the ex-

perimental rate law :

%=i[ﬂ enables us to state

{a) molecularity (b stoichiometry
{c) order {d) energy of activation.

The catalyst remains unchanged at the end of the
reaction as regards

(a) quantity

(h) chemical composition

{e) quality and chemical composition
(d) quantity and chemical composition.

On increasing the temperature of a slow reaction by
10#

{a) threshold energy increases

ih) activation energy decreases

{c) number of collisions gets doubled
{d) value of rate constant increases.

An endothermic reaction, A—— B, has an activation

energy as x kJ mol™! of A. If energy change of the
reaction is y kJ, the activation energy of reverse

reaction is
(@) =x blx-vy
clx+y (d)y—x.

The walue of activation energy is primarily deter-
mined by

{m) temperature

(b) collision frequency

i) eoncentration of reactants

{d} chemical nature of reactants and products.

Which of the following statements is not correct ?

{z) Moleculanty of a reaction cannot be fractional.

{h) Molecularity of a reaction cannot be more than three,

{e) Molecularity of a reaction can be obtained from balanced
chemical equation.

{c) Molecularity of a reaction may or may not be equal to the
order of the reaction.

The rate constant for a first order reaction is

1x 1025~ !, The concentration of the reactants would
be reduced from 1 mole to 0.25 mole in

{a) 10 sec
(e) 0.5 = 10° sec

(b) 69.3 sec
() 138.6 sec.
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44. Which of the following relations in correct ?

E
(a) k = A Bo/BT Bl lnk-nA=—=
RT

E, Eq

{cﬂnﬁulnkzk,r [d]ln.ﬂ—lni’:-—ﬁ.

45. For a first order reaction, tg 75 is 1386 seconds. There-
fore, the specific rate constant is

(@10 s 1 (by10” 351
(e)107 %571 ()10 4s L,
46. Fora zeroorder reaction, A—— B, ;9 is proportional
to
(a) (A} (b) [A117#
(e) 11 @) 1A%
g o 0.693
47. tyso of first order reactions is given by % Eqrq
would be equal to
0.693 0.346
() i (b) =
1.386 0.924
{c) = (d) S
48. Ratio #4271, for a first order reaction would be equal
to
(a) 7 (B2
(c) 8 {d) 3.
48. For which of the following reactions k3jg/ k300 would
be maximum

(@)A+B—sC; E; =50 kJ
MEX+Y—Z . E;=40kJ
cP+Q— R;E;=60k]
(d)E+F—G;E, =100 kJ.

50. For a first order reaction A—— B, ¢, is proportional
i8

(a) [A]Y2 (b) [A]

(c) [A1° (d) [A]%.

61. For the reaction, 2A —— B + C, a plot of log [A] vs.
time is found to be a straight line. The order of the
reaction must be

{a) One (b) Zero
() Two (d) Three.

52. For a third order reaction, 3X —= Y + Z, the initial
rateis 5 x 10”2 mol L™ ! 5~ ! when the conc. of X is 0.1
mol L™ 1. The value of rate constant for the reaction is

57.

@5x10° 2 L2 mal" 25! #)5x10 312 mol 25!

©@6x10 L mol 257! (@501 mol 257,
For the decomposition of HI at 600 K
2HI — Hg + IE
the following data were obtained :
[HI) Rate of decomposition of HI
(mol L™ 1) (mol. L™t~ 1)
0.10 275 % 10”8

0.20 11,00 % 10~ 8

0.30 24,75 % 107 8
The order of the reaction is

(a) 1 (b) 2

() 0 ) 1.5.

. For a zero order reaction, A—— B, a graph of rate vs

time has slope equal to

(a) & ib)—k

(e) zero () = 2.303k,

The rate of a first order reaction, X — Products, is
7.5 % 10" * mol L™ ! s~ ! when concentration of X is 0.5
mol L™ 1, The rate constant of the reaction is

(@) 375x10 451 b)25x10 55 1

©15x10 341 d@80x104s L

For an endothermic reaction, where AH represents the

enthalpy of the reaction in kJ/mole, the minimum
value for the energy of activation will be

{a) less than AH (b) zero
(¢) more than AH () equal to AH.

In the titration between oxalic acid and acidified
potassium permanganate, the manganous salt formed
catalyses the reaction. The manganous salt is

(@) a promoter (b) a positive catalyst
(c) an autocatalyst id) none of the above.

In a first order reaction, 75% of the reactants disap-
peared in 1.386 hr. What is the rate constant ?

(@)3.6x10 351 (B12.7x10" 451
@T2x10" 351 (dy1.8%10" 35" 1.

The rate constant for a reaction, 2A—— B + C, is
1.0 x 10”2 mol L™ ! s~ 1. The rate of the reaction when
concentration of A is 2.0 mol L™ ! would be

(@) 1.0%10 2 mal L~ 15!
®)20x10 Zmol L™ 15!
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= — [} L=

() 4.0%x10 Zmal L 151
() 8.0x10 Zmal L s~ L, Er

60. The reaction, 2A + B —— Products, follows the
mechanism T

2A = Ay
.ﬁ.g-i' B —— Products (Slow) PE.
The order of the reaction is Er

la)2 (b1

Ep

()3 (d) 1 -;-

Progress of reaction —*
61. For which of the following reactions, the per cent

increase in the rate of the reaction is maximum when

concentration of the reactants is doubled ? {a) Forward reaction is slow.

{z) Zero order reaction (b) First order reaction (b) Backward reaction iz slow.

(e) Second order reaction  (d) Third order reaction. {c) Reaction is exothermic.
62. For a reversible reaction, the activation energies for (d) Reaction is endothermic.

the forward and the backward reactions are 60 kJ and

66. The activati for the forward reaction
20 kJ respectively. If energy of reactants is 20 kJ the 0 TR AN SIROKEY 0L Wi D MR LR

energy of products would be ; T:"'B‘_":G"'D-mk‘] .
(@) 40 kJ 520 kJ iﬂﬁkal e activation energy for the reverse reaction
(e} 80 kJ (ed) 60 kJ. (a) 48 kJ () 50 kJ
63. For the reaction, (c) 10 kJ (d) - 10 kJ.
2A + B + C— Products . N .
67. The foll ch ed fi tion,
bl o it e following mechanism is proposed for a reaction
r = k[A] [B]” 2 [C]° 2A+B— D +E
T o , A+B==C  (Fast)
The rate uf_the reaction increases with increase in the A+ yE+D (Siow)
concentration of T
(a) A only (h) B only The order of the reaction is
{c) C anly {cd) A or B. @)1 (b) 2
. ; 3 (e} 3 () 1.5.
64. Which of the following statements is not correct for
the reaction 68. Inseveral experiments on the kinetics of the reaction
B 20 + 2D A + B — products, the rate is doubled on doubling
WP 20 the initial concentration of B keeping that of A fixed.
{a) The rate of disappearance of B is one-fourth of the rate On doubling the initial eoncentration of both A and B,
of disappearance of A. rate increased by a factor of 8. The rate equation
(3)The rate of appearsnce of Cis one-balf thensteof = - ;
disappear of B. ' (m) r=FR[A]"[B] (b) r = E[A][B]
(c) The rate of formation of D is one-half the rate of (e} r = RIAI[BI® (@) r= kA1 [B]%.
disappearance of A. 69. On increasing the temperature, the rate of reaction
(cd) The rates of formation of C and D are equal. increases mainly because
65. Inthe accompanied diagram, indicating Eg, Er and ) Ul St ivatiem Sy 1t K mmulmm
Ep as the energies of reactants, activated complex () a large fraction of the molecules attain energy equal to or
and products respectively which of the following is greater than the threshold energy
correct ? {e) concentration of the reacting molecules increases

() eollision frequency increases.
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70.

71.

4.

75.

The rate constant for a hypothetical reaction,
S3A—sB+C,isl0x10 mol L- 1571,

The order of the reaction is

{f) twao

(] zeTO,

(i) ore
(e} three

A graph of In k vs. 1/T has a slope equal to

E, 2.303 E,
fen) 2903 R )] "
E
€+ 3 (d) - —Rﬂ.

For a single step reaction As + B — 2AB, the rate
equation is

(@) r =k [AB)Z (b) r =k [Agl® [Bg)®
(¢) r = k [Ag][Ba] () r= mﬂ'mj'.
IAB]

The rates of a certain reaction [-% ] at different

times are as follows :

Time(s) Rate (mold L™ 14 I]n
10 s 3.20% 10”2
100 5 3.20 % 107 2
400 s 3.21 % 107 2
The order of the above reaction 1s
() 1 rhh 2
(e} 3 (d) 0.

75% of a first order reaction was completed in 32
minutes. The half-life of the reaction is

(b} 16 min
{d) 8 min,

For a first order reaction involving gaseous species,
the rate of the reaction changes with change in

(er) 24 min

el 32 min

76.

(@) concentration (b) pressure

{cf) all of these.

Phosphorus undergoes slow combustion and glows in
dark. This process is called

(a) phosphorescence {h) flourescence

(e) photosensitization i) chemiluminseence.

The reaction A + 2B —— 2C has the rate law :

rate = k[A][B].
Which of the following is an appropriate rate deter-
mining step ?
@)A+2B—C b)A+C—=D
c)A+B—E (d)2A— C + D.

For a reaction, A— B, it has been observed that the
rate of reaction doubles when the concentration of A
is increased eight times. The order of the reaction is

(a) 2 (h) 8
{e) 1/4 {d) 1/3.

The rate of reaction, 2A + B— Products, is given by

the equation rate = k[A)° [B). If B is present in excess,
the order of the reaction would be

{a) 3 (k11
(e) 2 {ed) 0.

For a process, A + B — Products, the rate of the
reaction is second order with respect to A and zero
order with respect to B. When 1.0 mole each of A and
B are taken in a one litre vessel, the initial rate is
1% 102 mol L™ ! s~ . The rate of the reaction when
50% of the reactants have been converted to products
would be

(c) temperature

1

@ 1x10 2mol L s~ (5)25%10 *mol L™ 1s~ !

() 5.0x10 *mol L s (0B5x10" Zmel 151

QUESTION BANK

Level 11

|
|

Choose the correct answer from the four alternatives given in each of the following questions :

For the reaction, Ng+ 3Hy —— 2NHg, the rate of
disappearance of Hs is 0.01 mol L™ ! min™ %, The rate
of appearance of NHg would be

(a) 0.01 mol L™ min~ 1 (b) 0.02 mol L™ ! min~!

2[

©0.007TmalL Ymin~!  (d)0.002 mol L™ ! min~!

The reaction, 2N30g(g) — 4N0Og(g) + Og(g)
ig first order with respect to NgOs. Which of the
following graphs would yield a straight line ?
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a) POy U8 lime

(b) (PN,05) L us time

(e) log (PN,0) s time with positive slope

(ef) log (PN, 0, ) ve time with negative slope.

A catalyst is a substance which

(a) Increases the equilibrium concentration of the product
(b) Changes the equilibrium constant of the reaction

{c) Shortens the time to reach equilibrium

() Supplies energy to the reaction.

A gaseous reaction,

2Aig) + Blg)— 2C(g),
gshows a decrease in pressure from 120 mm to 100 mm
in 10 minutes, The rate of appearance of C is

{2} 2 mm/min (h) 4 mm/min
{e) 10 mm/min (d) 12 mm/min.
For the reaction, 2850+ 0y = 250,

the rate of disappearance of Oy is 2.0 x 107 % mol
L' 571, The rate of appearance of SOy is

(@20x10 *mol L s (B 40x10" mall" 15!

€)1.0x10° 4 molL 15! (D60x10 *madL"1s L

Formation of HI from its elements Hs and I3 is an

exothermic process. The activation energy for the
dissociation of HI into Hp and I is ...... that of forma-
tion of HI.
{a) less than {b) more than

(c) same as {d) may be less or more than.
Consider the zero order reaction A— B.

Starting with 4 moles of A in a one litre container,
after half an hour only one mole of A is left unreacted.
The value of k for the reaction is

{a) 0.4 mol L™ Y min~1 (b) 0.1 mol L™ min~!

() 1mel L™ ! min~ ! (d) 0.3 mol L™ min~ !
A hypothetical reaction, Ag + Bo— 2AB follows the
mechanism as given below :
Ap—A+A
A+Bs— AB+B
A+B— AB

(Slow)

Ag+Bs —— 2AB

—

=1

Conc. / Mol. Lit.

10.

11.

12,

07

0.3

0.1

13.

The order of the overall reaction is
(a) O (81

1
{1:312

The dimensions of rate constant in & zero order reac-
tion are

(8) L mol sec™! (b) mol L™ sec™

(c) dimensionless (d) sec™},

For the reaction A + B—— Products, it is found that
the order of A is 1 and the order of B is 1/2. When the
concentrations of both A and B are increased four
times, the rate will increase by a factor

la) & (b) 8
(e} 4 (d) 18

For a reaction A—— B, it was found that the rate of
reaction doubles when the concentration of A is in-
creased by eight times. The order of reaction is

(a)2 (b) 8
{e) 1/2 (d) 1/3.

The progrees of the reaction A = nB, with time is
represented by the graph given below :

(d) 2.

B
\--. A
— o
2 4 6 B
Time / Hour ——
The value of n is
{a)1 (b) 2
e} 3 (d) 4.
For a process A + B— products, the rateis first order

with respect to A and first order with respect to B.
When 1.0 mole each of A and B are taken in a one litre

vessel, the initial rate is 1% 10”2 mol L~ 1" !, The
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14.

15.

1‘Ei

17.

18.

19.

20,

rate of the reaction when 90% of the reactants have
been converted into products would be

@W1x1072mol L 5™ () 1%107 Y mol L 157!
@1x10 3 mall sl (@1x10 % molL " 1g 2

While studying the decomposition of gaseous N.Oj it
is observed that a plot of logarithm of its partial
pressure versus time is linear. What is the order of the
reaction ?

(a) 1 (h) 112

(el 2 (e} 0.

The half-life of a first order reaction A— B+ C, is

10 minutes. The concentration of A would be reduced
to 10% of the original concentration in

{a) 10 minutes (b)) 90 minutes
(e} 33 minutes () 70 minutes,

Consider a reaction 2A — B + C. If the initial
concentration of A was reduced from 10 mol L™ to B
mol L™ in 2 hours and then was reduced from 8 mol

L~ ! to 4 mol L™ ! in 4 hours. The reaction is of

i) First order {b) Second order

(c) Third order {d} Zero order.

Consider a reaction A — B + C. If the initial con-
centration of A was reduced from 2 Mto 1 Min 1 hour

and then from 1 M to 0.25 M in 2 hours, the order of
the reaction is

(a} 1 (hy 0
{c) 2 () 3.

In which case the per cent increase in the rate will be
maximum, when temperature is increased from

(e} 270 K to 280 K

(b} 280 K to 200 K

(e) 290 K to 300 K

{d) In all the three cases the increase will be same.

In which case the per cent increase in the rate will be
maximum, when temperature is increased from 298 to
308 K. In case of the reaction having activation energy
18
(a) 40 kJ

(ch 60 kJ

(b) 50 kJ
(e} 200 k.
The tq,2 for the decomposition of CHzCHO at constant
temperature and at initial pressures of 364 mm and

170 mm of Hg were 410 s and 880 s respectively. The
order of the reaction is

fal)l
() 1.5

(b)) 0.5
() 2.

21.

217.

At a given temperature the energy of activation of two
reactions are same if

(&) the specific rate constants for the two reactions are equal
(b) AH for the two reactions is same but not zero

{e) AH for the two reactions are zero
() the temperature coefficients of the two reactions are equal.

At 100°C, the gaseous reaction A— 2B + C is found
to be of first order. Starting with pure A, if at the end
of 10 min, the total pressure of the system is 176 mm
and after a long time it is 270 mm, the partial pressure

of A at the end of 10 min is
(z) 94 mm (b 43 mm
{e) 47 mm () 176 num.

Plotting a graph of log ¢1 4 against log [Alp of a reac-
tant for a first order reaction, the slope will be

fal-1 by -2
()0 (d) + 1.

For a first order reaction, 2A —— B + C, a graph of
log [A] vs time has a slope equal to

i3 k&
(@) 5303 ®)-5303
2303 2.303

For a reaction E, =0 and k=3.2 x 10* 57! at 300 K.
The value of k at 310 K would be

(a) 6.4 x10% s 1 b)32x10% s 1

) 3.2x1081 (d)32x10%s 1

Ratioty,4/ty o for a first order reaction would be equal
to

{a) 4
(el 2

b3
{d) None of these,

Consider the reaction,
Hg =+ EHE —_— ENH_I]
If the rate of increase in concentration of ammeonia is

smolL~1s" 1, the rate of dm:rea.ﬂn of concentration of
hydrogen would be

[&}:m&lL_Iﬂ_l {B]il:mnlLrlk_l

()3xmoi L™ s L () Loemal L~ 1a7 2,
The reaction

2NO + Brg—— 2NOBr

follows the mechanism given below

I NO + Brg =—= NOBr;
II. NOBrz + NO— 2ZNOBrs

.Fast
Slow
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The overall order of this reaction is
(m)2 (b) 1
{e) 3 () Mone of these.

29. For a first order reaction, A—— B, ty,5 = 1 hr, what
fraction of the initial conc. of A reacts in 4 hrs ?

(e 15/16 by 1716
{e)7/8 {d) 1/8.

30. Which of the following is not a correct form of
Arrhenius equation ?

{a) b = Ae~ Ea/RT G lnk=in A- L8
RT

" /Ea = _Ha

(e} k = Ae™T (d)log & =log A~ 55 oo

31. For a first order reaction, X —— Y, ¢1,3 = 1 hr. What

fraction of the initial cone. of X reacts in the second
hour from the start of the reaction ?

() 1/9 (b) 2/9
{e) 1/27 (d} 4/27.

32. The activation energy of a reaction is found to be
25 kd at 300 K. When the temperature of reaction is
increased to 310 K the rate constant
{a} doubles
(b} becomes leas than double
(¢} becomes more than double
(d) becomes zero.

33. For a particular reaction it is observed that its ¢y 5

becomes one-half when the initial concentration is
halved. The order of reaction w.r.t. the reactant is

(@)1 )0
(c) L2 () 2.0.
34. A graphoflnk us[% ]haa slope equal to
. E Eq
lal - 2303R (b) + ®
Eq . Eq
le) = 2303R {d)— T

35. If[A], n and £} ,2 represent the initial concentration of
reactants, order of the reaction and half-life of the
reaction respectively, then these three parameters are

related as

{E}fll,.rzl-c wﬂ- . {b}tlﬂu[mnml
1 1

(c) '1#2“m—n —~—d) t1 g™ -1

36. For a particular reaction, the rate expression is given
as r=k[A] [B]“'ﬁ. If the volume of vessel is reduced to

37,

39.

41.

one-fourth of the initial volume, the rate of reaction
would

{z) decrease 1/4 times (b) increase by 8 times
() decrease 1/8 times (ef) remains unaffected.
For the reaction, A—— B, it has been found that the
order of the reaction is zero with respect to A. Which

of the following expressions correctly describes the
reaction ?

2303, [Alg ~
(a) === log (B) [Alg - |A] = ke
&Jﬁm=$ {d]nﬂl;gﬂﬁ1

On which of the following factors, the rate constant
does not depend ?

{a) Temperature {h) Concentration
(c) Presence of catalyst {d) Nature of reactants.

The rate of a second order reaction 2A — Products

is8x 107 mol L7 ! s ! when cone. of Ais 2 mol L™
The rate constant of the reaction is

{E}dxlﬂ_‘iLmul_lfl {h) B x 10”4 L mol" 15~}

©1x10*Lmol" 's! @2x10Lmel sl
In the reaction,

4NHj(g) + 503(g) — NO(g) + 6H,O(l),

when 1.0 mole of ammonia and 1.0 mole of O3 are
made to react to completion

() 1.0 mole of NO will be produced

(b) All oocygen would be consumed

(e} All the ammonia would be consumed
() 1.0 mole water is produced.

The activation energy of a chemical reaction can be
determined by

(z) Evaluating rate constants at two differnet emperatures
ib) Changing concentrations of reactants
ic} Evaluating rate constant at standard temperature

() Evaluating velocities of reaction at two different tempera-
ture,

The rate constant for the reaction,
9N505 — 4NOy + Oy, is 3.0 x 107 % gec™ L,
If the rate is 2.40 x 10” * mol litre ! sec™ !, then the
concentration of NoOs (in mol litre™ 1) is
(a) 1.4 by 1.2
() 0.04 () 0.8,
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435.

46.

47.

Ell

. For a reaction, X —— Y, the activation energies for

the forward and the backward reactions are 30.0
kJ/mole and 50.0 kJ/mole respectively. The value of

AE for the reaction would be
(o) 80,0 k. (h) 30.0 kJ
(e) — 2000 kJ () 2000 kd.

Which of the following changes in the presence of the
catalyst ?

{e) Energy of reactants
() Equilibrium constant

(k) Energy of products

(d) Activation energy.

Which of the following reactions is expected to be a
complex reaction 7

{a) Hg + Ig — 2HI

(b} 4HCI + Og-— HaO + 2Cly

(e} ZNO + Og — 2NOg

(d) NHgiNOg —— Na + 2Hz0.

Which of the following is not the possible value of
molecularity ?

(a) 2 (b)1

) T 4 (ef) 3.

Which of the following is not the possible value for

order of a reaction ?

(e} O b1

1
i) 2 5 () 4.

For a zero order reaction, A — Products, the rate
constant is 10”2 mol L™ ' s~ 1, Starting with 10 mole
of A in 1 L vessel, how many moles of A would be left
unreacted after 10 minutes ?

(a2} 5 moles {b) 6 moles
(] 4 moles () 10 moles.

The rate of a reaction increases three times when
concentration of the reactants is increased 9 times.

The order of the reaction is
(r} 3 (h)2
(ch 1/2 () none of these.

What are the dimensions of the rate constant for a
third order reaction 7

{e) mol L™ 1g-2 (k) L2 mol~ %2

{ey vl L_l.':l:“11 {d]Lﬂmnl‘Es‘l.

Fur which of the following reactions, the rate of the
reaction does not change with the progress of the
reaction 7

(i) First arder reaction
ic} Third erder reaction

{b) Second order reaction
id) Mone of these.

For which of the following reactions, the rate of the
reaction decreases sharply with the progress of the
reaction ?

(a) First order reaction  (b) Second order reaction
{c) Third order reaction (d) Zero order reaction.
For the reaction, 4NHj+ 50— 4NO +6H0,

the rate of disappearance of NHg is 0.02 mol L™ ! min~ L.
The rate of appearance of Hy0O would be ...... mol
L ! min~ 1,
(@) 0.02 (b) 0.03
(e} 0.013 {d) 0,06.
Which of the following reactions is the fastest ?
() Holg) + Inlg) — 2HI(g)
(b) CHy4(g) + Ia(g) — CH3alig) + Hlig)
(e} Na(g) + Oolg) — ZNO{g)
(d) AgNOglag) + Kljag) — Aglis) + KNOglag).
A reaction has rate law expression as
rate = k[A]** [B] 12

If concentrations of both A and B are increased four
times, the rate of the reaction

{(n) remains sama {b) increases four times
{c) decreases four times (d) increases 16 times.
The hydrolysis of acetic anhydride
(CH3CO0)0 + HoO — 2CH4CO0H
is an example of
{a) Pseudo first order reaction
(b} Pseudo second order reaction
(e) Zero order reaction
{d) Third order reaction.
Chemical reactions of the type
X 2 > Y - » &
are called
{a) Consecutive reactions (b)) Parallel reactions
(c) Reversible reactions {ef) Chain reactions.

If k is the rate constant and K is the equilibrium
constant, then for a reaction, with increase in
temperature

(@) both k and K increase

(b) both k and K decrease

(c) k increases K decreases

{d) k increases K may increase or decrease.

For a reaction, 2A + 3B — 2C + D, the rate of
reaction becomes double when conc. of A is doubled
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60.

61.

and becomes four times when conc. of both A and B
are inereased four times. The rate law for the reaction
may be written as

(a) r=RIAJIB] (b) r = k1Al [B]".

(c) r = kIAJ% (B) (d) r = kIAI[B}%
Which of the following relations is correct 7
(@) A = k ¢~ Ea’/ET (b) A = k e’ BT
@ h=Ae FIE () b = A &P’ BT

For a first order reaction having the initial conc. @ maol

L ! and the rate constant &, the half-life period is
equal to

0.693 In 2
“% a L

log 2 log 2
@' et

For a first order reaction, half-life of the reaction is
independent of

() Temperature (b) Catalyst
{e) Cone. of reactants () None of these.
Arrhenius equation may be written as

dink Ea dlnk _ Eq
W s ® =
odink__Eo {}d.'luk Eq
dT ~ RT e

Consider a system containing NOg and SO in which
NO; is consumed in the following two parallel reactions

NOg + S0 —= NO + 803
The rate of disappearance of NO3 will be equal to

(a) ky [NO2)? + kg [NOg]
(B) kq INOgI® + kg INOg] (S04
(c) 2 ky [NOgI?

() 2 ky INOgI? + kg INOs] [SO3).

The half-time of a zero order reaction, A—— B + C, is
proportional to

(a) A1 () 1412
() Al () 1/[Al.

The temperature coefficient of a reaction is
{a) the rate constant at a particular temperature

67.

69.

71.

(B) the ratio of the rate constants at any two different
temperatures

{cl the ratio of the rates of areaction at two temper-
atures differing by 10°C

{d) the ratio of the rate constants at two temperatures
differing by 10°C.

If [A] is the concentration of A at any time ¢ and [Alg

ig its imitial concentration, then for a zero order reac-
tion, A — products, the rate equation may be written
as

{a) [Alg = [Al =k (b) A} - [Alg=F

() [Alg = |A) = kt (d) [Alg = & LAl

The equation for the rate constant is
k=Ae ERT

The value of k decreases with

(e} Increase in T (b) Decrease in E,

(e) Decrease in T () None of these.

One litre of 2 M acetic acid is mixed with one litre of
2 M ethyl alcohol to form ester

CH3COOH + C;H;0H — CHZC00C,H; + Hy0

The decrease in the initial rate, if each solution is
diluted by an equal volume of water would be

(h) 4 times
(ef) 1/4 timies.

For a reaction, A—— B, kis 110" 2L mel s~ L If

conc. of Ais 2.0mol L™ 1, the rate of the reaction would
be

(a) 2 times
(e} /2 times

(@) 1.0%x10 2mol L ts™ ! (h)20x10 2 molL ts!

() 4.0x10 2molL s ! @o5x10 2mal L1t

If the rate law for a reaction is rate = k[A]{B]%, the
units of & would be

(h)mol s~ !
() mol* L %g 1,

For a chemical reaction, 2A + 2B —— C + D, the order
of reaction is one with respect to A and one with
respect to B. The initial rate of the reaction is

4% 1072 mol L™ ! 57 1. When 50% of the reactants are
converted into products, the rate of the reaction would
become

@)2x10 Zmol L™ 15}
{c) 4 = 10 *mol L 1a !

{a) mol Llgt

(e} Limol %51

(b)1%10 2mol L 15!

(@2x10 'mol L s L,
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73.

4.

6.

1.0 Lmol 1571

The half-life of a first order reaction X — Y, is 100
minutes. The concentration of X would be reduced to
10% of the original concentration in

(e} 100 minuates (k) 332 minutes

{c) 900 minutes () TOO minutes.

Consider a reaction A — B + C. If the initial con-
centration of A was reduced from 4 Mto 2 M in 1 hour
and from 2 M to 1 M is 0.5 hour, the order of the
reaction is
{a) One

(c) Two

(k) Zero
{d) Three.
For a reaction, aA — bB, the rate law is, rate = k[A] 2,

If the conc. of A is doubled, the rate of reaction would
become

(o) twice {b) half
{d) none of these is correct.
For a zero order reaction ty .5 =4 hours when theinitial

conc. of the reactants is 4 mol L™, ty,4 for the reac-
tion would be

() 4 hours (h) 6 hours
{) 8 hours {d) 12 hours,

A first order reaction is 50% complete in 100 minutes.
The time required for 100% completion would be

() 100 mimuates {b) 200 minutes
{¢) 50 minutes (d) Infinite.
For a second order reaction 3A —— Products, the

initial rateis 1 x 10" % mol L™ ! ™ when [A) is 0.1 mol
L. The value of rate constant for the reaction is

(@) 1.0%x 10" *Lool s~ ) 1x10°*Lmol s !
(@) 1%x10 " Lmol™ 1s~ 1

For the reaction, 2A —— B + C, a plot of [A] vs. time
ig found to be a straight line. The order of this reaction
is

(@) One {b) Twao
ich Zero (el) Impossible to predict.

The rate equation for the reaction 2 + Y— C+D
is found to be, rate = E[X][Y]. Which of the following
statements about the reaction is true ?

ia) f1, 18 constant

{e) four times

(h) the unit of &k is s~ |

(e) the value of k depends upon the initial concentrations
of Xand Y

(e} none of these is true.

Bll

83.

For a first order reaction, A—— B, ¢;»=1 hr. Wh-a_t

fraction of the initial conc. of A reacts in the second
hour from the start of the reaction 7

(a) 1/2 (b)) 1/4

(c) 3/4 {d) 1/8,

At 100°C, the gaseous reaction A—— 2B + C is found
to be of first order. Starting with pure A, if at the end
of 10 min. the total pressure of the system is 140 mm
and after a long time it is 300 mm, the partial pressure
of A at the end of 10 min is

(@) T0 mm (b) 160 mm
{c} 60 mm () B0 pum.,
The reaction

2NO + Bry — 2NOBr

follows the mechanism given below
I. NO + Brg =—= NOBr; e diast

I1. NOBrg + NO— 2ZNOBr ennSlOW B
If concentrations of both NO and Br; are increased two
times, the rate of reaction would become

{a) 4 times (b) 2 times
(c) 8 times {d) 6 times.
Consider the reaction,

: Ng +3H; —s 2NH;

Ifthe rate of decrease in the concentration of hydrogen
isxmol L™ 1g” 1, the rate of increase in the concentra-
tion of ammonia would be

f@)xmol L™ 15! (B)2xmol L~ 1571

[c}%xmulL_ls"'I {d}%:mulL“ls‘l.
For a particular gaseous reaction a graph was plotted
as shown below. It shows that the reaction of A is

(o) zero order w.r.t. A

(b} 1st order w.r.t. A

() second order w.r.t. A

{d) a non-integer order w.r.t. A.
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1. {e)

9. (d)
17. (a)
25. (d)
33. (b)
41. (d)
49. (d)
B7. (¢}
85. (o)
73. (d)

1. ()

8. (b)
17. (a)
25. (b)
33. (b)
41. (a)
49, (c)
57. (a)
66. (c)
73. (d)
B1. (h)

2.1(e)
10. (h)
18. (b)
28. ()
34. (d)
42. ()
&0. ()
58. (b)
66, (c)
T4. (b)

2. (d)
10. (b)

18. (a)
26. ()
34. (d)
42. (d)
50. (d)
58, (d)
66. (d)
74. (b)
82. (d)

3. (d)
11. {c)
18. {c)
27. (c)
35. (b)
43. (d)
b1. (a)
59. (a)
67. (c)
T5. (d)

3. (c)
11 (d)
18. (c)
27. @)
35. (d)
43. (¢)
51. (d)
59. (b)
67. (c)
75. (d)
B4, (c)

ANSWERS

QUESTION BANK (Level I)
4. (b} 5. (d)
12, (b) 13. (d)
20. (a) 21. (d)
28. (d) 29, (d)
36. (c) 37. (c)
44. (c) 45. (b)
52. (d) 53. (b)
80, (c) BL. (d)
68. (a) 89. (b)
76. (d) 77. ()
QUESTION BANK (Level II)
4. (b) 5. (b)
12. (b) 13. (b)
20. (d) 21. (d)
28. (c) 29, (a)
38. (b) 37. (b)
44. (d) 45. (b)
B2. (c) 63. (b)
60. (b) 6L (b) -
68. (c) 69, (d)
76. (d) T7. (d)
84. (c) 85, (a)

6. (b)
14. (d)
22, (c)
30. (a)
38. (d)
48. (a)
54. (c)
62. (d)
70. (d)
T8. (d)

6. (b)
14. (a)
22. (c)
30. ()
38. (b)
48. (c)
54. (d)
62. (c)
70. (c)
T8. (c)

HINTS/SOLUTIONS

QUESTION BANK (Level I)

7. (a)
15. (c)
23. (d)
1. ib)
38, (d)
47. (e)
B5. ()
63. (a)
T1. (d)
78. (c)

7. (B)
15. (c)
23. (o)
31. (b)
39, (d)
47, (d)
55. (B)

71. (¢)
T9. (e}

® e

10,

11. (c) All these reactions are simple reactions.

()} It is an ionic reaction.
(a) Order = 372 + (- 1/2)= 1.
(d) ry=kia)"
ro = kida)"
%= =2 n=%,
(b) k for first order reaction has dimensions s~  or min~

ete.

B
16. (d)
24, (c)
32. (d)
40, (b)
48. (d)
56. (b)
64. (b)
TL ()

80. (b).

B. (c)
186, (d)
24. (b)
32.(b)
40, (b)
48. (c)
56, (a)
B4. (d)
72 (b)
BO. (d)

12. (b) By observing the dimensions of & we come to know it is

gecond order reaction.
13. (d) rate = k[CH3COOH][C:HgOH]

When each conc. is reduced to half, the rate of reaction

would becomne % times.
15. (t} ﬁE = Eum = En:_b}
— 20 = 3“’ o) Eﬂ:b}
E“{b‘.l = 50 kaJ.
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17.
18,

19.

21.

25.

26.
27.

30.

32.

37.

42.

45.

46.

(a) AE = Eﬂm—Eum] = 50 - 30 =20 kJ.

(b} The rate of the reaction becomes is independent of the
reactant which is present in excess.

{c) Factual question.

(a) Water is present in excess. Therefore, the rate of reac-
tion is independent of cone. of Ha0.

() Rate constant of all reactions is independent of cone. of
reactants.

(d) Molecularity cannot be zero, fractional or more than
three,

(f} Order, penerally, cannot be more than three.

ic) Greater the order of the reaction, more is the per cent

increasze in the rate of the reaction for a given increase in
COTLE.

_ [Og1101 - iﬂ_al_ :
(ex) K= [0al » (O] _Klﬂzl ~AE)
rate = k[O4] (O] oualE)
N og _, [0g®
From (i) and (i) rate = k[Og] . K [Oo] = K 01"

{d) By reducing the volume to half, the concentrations of
hoth the reactants become double.

(b} Rate law depends upon the slowest step.

r=Fk[A]lB].
{¢) Rate law tells us about the order of the reaction.
y=2-Eqq,
Eag,=x -

(¢} Molecularity of a reaction cannot be obtained from
balanced equation for complex reactions.

0.693 _ 0693 _ .o
B 1x10”

1 mole would be reduced to 0.25 mole in two half lives, ie.,
69.d = 2 = 138.6 =.

(e} k = Ae~ Fa’RT

(d) ty 2=

2

- Eg Eq
ln.ir-l.tlﬁ-RT or I.n.&—lnk—RT,
(b) tpg5=1386s=2x1g5
'!1]5:@:{-;5‘35
2
0693 3 -1
P
(@) ty o o= - : I,whereninmﬂaruﬂhﬁram:ﬁun.
A"

For zero order reaction,

47.

48,
49,

51.

S

61.

62,

Gta 0 = Tl re) = 2 x 1.593 o 1.:;;351

(d) t7,5 =32

(] Increase in rate of reaction 15 maximum for the reaction
having the maximum activation energy.

{¢c) For first order reaction ¢} /¢ is independent of the initial
concentration of the reactants,

{a) Plot of log [A] vs. time is a straight line for first order
reactions.

i) rata= k& mﬂ
_rate_5x107*
x? 01
(h) As the rate of the reaction is increasing four times when

conc, of HI is doubled, the order of the reaction is 2.
(e) For a zero order reaction rate does not change with time.
{c) Rate=k[X]

-4
_R.nta_'!'-ﬁ:-:lﬂ 2 -5 =1
k m 0.5 1.5=x10 "8 °.

(a) By observing the dimensions of k, we come to know that
the given reaction is a zero order reaction. For a zero order
reaction,

Rate = Rate constent = 1.0% 10" Zmal L1571,

k =50 L mol ¥5 1.

(c) r = klAgl[B] i)
k-0
[A]
; [Ag) = KIAJ® i)
From (i) and (ii)

r=k KIA) [B] = &' [A)® [B].
() Greater the order of the reaction, greater is the increase
in the rate of the reaction for a given increase in the
concentration.

(d) AE=Egy - Eqgg, = 60-20= 40k
- ﬂEEEF-E-E

40=Ep-20; Ep=60k.
(b) The rate of appearance of C is twice the rate of ap-
pearance of B.

{c) Since Ep is less than Eg, the reaction must be exother-
mic.

{c) AE = + 20 kJ
AE = Eqet ) = Eacr b)
20 = 30 = Egeq )
Eget (b =30 -20 = 10 kJ.
(e) r=E[A][C] i)
From first step, K= 'I;E[F]ﬁﬁ
or IC] = KIALIB] i)
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From (i) and (ii) - 77. (c) By observing the rate equation we come to know that
r=kiﬂ2ﬂ3] the rate determining step involves 1 molecule of A and 1

Order=2+1=3.
T0. (d) By observing the dimensions of k, we come to know it is

a zero order reaction.
TL (d) k=A¢ E/ET
Eq 1
!nk_lnﬁ.—[R]T
]nkn(-%—]%-ﬂn.&
¥ =mx+c.

73. (d) As the reaction proceeds at constant speed with the
progress, it must be a zero order reaction.

molecule of B.

(c) The rate of the reaction becomes independent of the cone.
of the reactant that is present in excess. So, the reaction
behaves as a second order reaction.

(B) k=1x10"*Lmol 5!

rate=k (A (B -
When 50% of the reactants are converted into products

rate=1x10"2(0.5%=25x10" 3 mol L™ 57 1.

QUESTION BANK (Level IT)
d[Hgl d[NH -
. '[‘::"% & =% d.:al il
(Al = K2 (49172 (i)
diNHgl | _2dlHal _2 001 - 0.007 mol L 15! )
dt 3 di =:";‘{" - m s Substituting the value of [A] from equation (i) in equa-

2 (dir= itpﬂzulsj . cone. of NgOg = PNgOg

_d[PNEGE]
& " FPNgO;
dip |
Nk (1)
PNo(Og

Integrating (1), we get
log (PNo0g) = (k) + C
This is an equation of straight line with slope equal to - &
4. (b) Suppose 2p is the pressure of C after 10 min.
Fall in pressure of A = 2p
Fall in pressure of B =p
Total fall in pressure = (2p + p) = 2p = p = 20 mm
Pressure of C = 2p = 40 mm
Enh&ufapp&armcemfﬂ:%:imfmim
7. (M) Fallinconc. =4-1=3malL?
Time interval = 30 min
For a zero order reaction,

Rate constant = Rate of reaction

=1
- M—. =01 m] L-l mj_n-l_
30 man

8. (¢) From the slow step, the rate law may be written as :
r=k[A][Bal A2}

w!
From first step we can write, K= E

10.

12,

14.

15.

16.

tion (i)
r=k.KY2 412 Byl
=k [Ag)12 [By)

mmufmmcﬁmm%.

(B) ry = kia)(B) /2
When conc. of both the reactants is increased four times
ro = k(da)4b)V'? = Bhia(d)? = Br.
(b) At equilibrium, the concentration of A falls from 0.6 mol
L™ t0 0.3 mol L™ ! and the concentration of B rises from
zeroto 0.6 mol L™ ). Thus, 0.9 mal L™ ! of A on decomposi-
tion give 0.6 mol L™ ! of B. Therefore, n = 2.
B k=1x10"2molL 15!
When 90% reaction is complete, [A] = 0.1 mol L™ ! and [B)
=01mal L™,
Rate = & [AI[B] = 1x 10~ 2 (0.1) (0.1)

=1x10 Ymol L 's L.

{a) Here, partial pressure is to proportional to concentra-

tiom.
0693 08683 . -1
(e) & -_‘1;‘2 =0 min
_ 2303 100  2.303

t=

® E 0 =006y 8 10=33 min.

(d) In first two hours the conc. falls by 2 mol L™ !, In the
next four hours the conc. falls by 4 mol L™ 1. Thus, the
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17.

18.

18,

21.

22.

reaction is proceeding at constant speed that is inde-
pendent of the initial conc, of the reactant. Thus, the order
of the reaction 12 zero.

()} Im first case conc. is reduced to halfin 1 hour. In second
enge the cone. is reduced to one-fourth in two hours (i.e, 2
half livea). This indicates that the half-life in the present
reaction is independent of the initial conc. of the reactants.
This is true for first order reactions.

{a) The per cent increase in the rate for a Fiven rise in
temperature is more at lower temperature because at low
temperature a large fraction of molecules does not have
energy sufficient to cross over the barrier.

ic) For a given increase in temperature, the per cent in-
erease in the rate of reaction is more in case of reaction
having higher activation energy.

() Suppose order of the reaction is n

t1,9 = [CHaCHO)* ~"

410 (364 )"
B8O | 170

IHU
log gg5 = (1 - n}lng[ ]

e 2,
ko E, Te-Ty
) log 4 = 5 309R [ T{Ty ]

For E, ta be same ka/k; should be equal.

{e] After long time whole of A would change into B and C.

On decomposition one mole of A changes into three moles
of B and C. Therefore,
270

inmﬂlpr&ssureufﬂ“T-Bﬂmm

Suppose after 10 minutes pressure of A falls by x mm. In
that case pressure of B and C would be 2x and x mm
respectively.

Total pressure = (90 - x) + 2 + £ = {90 + 2x) mm
90 + Zr = 176 mm

2 = (176 — 90) mm

x =43 mm
Pressure of A after 10 minutes

= (90 - x) mm = (590 — 43) = 47 mm.

i¢) For first order reaction #y,9 is independent of initial
eoncentration of the reactants. Hence, slope of a graph log
£1.2 vs. log |Alg would be zero.

2.303 |Alg
byt = T =log A

ulnglﬁ'iﬂ-lug[ﬁ]

235}3
]ng[M=—[ 2.:?{:3 ]Hlngwn

y=mx+e

25.

27.

31.

£ 8

wwr () ”

bltgqg=2101,0 = EE:F—E-

) e)tzrq =2 tyrm.

d'lN'H;]
= ]=J:Im]L'ls'l

1d[NHgl 1 diHgl
2 dt 3 dt

{d)

[NOBrgl
() FromI, K= NOIBral’ [NOBrg] = K[NO] [Bra]

From II,

=k . K [NO] [Brg] [NO]

= ¥ [NOJ* [Brg)
Overall order of the reaction is (2 + 1) = 3.
{a) 4 hrs. = 4 half lives

t1 9 t12 #1;1

W | ‘”‘_1_
"2

||-

1=

qummtafm-lhauhmn-—m -é—]‘

Fraction reacted in 4 half lives = 1 -

qIE

i
16
{83 Tn the first hour fraction reacted = ;

hﬂarthuﬁmthm:rﬁ‘n:t-inn]aﬂ:%

In the second hour one-third ﬂf%mm.
(h) For zero order reaction, £1, = [Al.
(d) k = A e~ Ea/BT

mema-(5 )(§)

(b} By reducing the volume to one-fourth, the concentra-
tions of both A and B would become 4 times.

@ -Alopg, -dia) =k
Integrating romi=0tot=1¢
[Alg - [A] = kt.

(b) Rate constant is independent of the conc. of the reac-
tants.

(d) Rate =k [A]*
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-t g ' 61. (b) For a first order reaction ¢ is independent of initial
peBate _8x10 _9x107 4 Lmolls conc
[Al (2] ' dIA]
a

43. () AE = Eq ~Eqy =30 - 50 =~ 20 kJ. 6. () =, =kl
45. (b) Because its apparent molarity is more than three. wa = hdt
48, (c) From the dimensions of rate constant it is clear that tha Integrating from [Alg to [Al and t = O tot =¢

reaction is a zero order reaction. It would proceed at constant [Alg — (Al = kt.

rate of 10” % mol L™ ! &~ 1, In 10 minutes (600 seconds) the 89. (d) Cone. of both the reactants after dilution would be

53.

& &

568,

amount of A reacted would be

=10 2% 600mol L '=6mol L~ !
Mo. of moles of A left unreacted = 10 - 6 = 4 moles.

{c) Higher the order of the reaction, sharper is the decrease
in the rate of the reaction with progress of the reaction (due
to fall in conc. ).

@ -1 d{NHg) _1 d[Ha0]
4 e 6 di
d[Ho 0O
B 1 e
=0.03mol L™ ! min~!
(d) This is an ionic reaction.
by r= Ra)™® by 1%

ry = kida)** by
e 2=a

{a) Here, water is present in excess, so its conc. does not
affect the rate of the reaction as the reaction progresses.
{d) ke (rate constant) increases with increase in temperature
whereas K (equilibrium constant) increases for endother-
mic reactions and decreases for exothermic reactions.

(b} ry = kia)" (b)™ N0
ro = k(2a)" (B)™ i)
rg=kida)" (4b)™ 1))

From (i) and (if)
rz_,_(2a)" _ ~
= 2= " 2" or m=1

From (i) and (i)

:,—E" =4 =(4)" (4)"
1
But n=1
4=(4) 4" or m=0.
B k=Ae BB o A= eBe/BT

71.

T4.

75.
78.

79.

Bl.

reduced to one-half of the initial cone.
(c) By observing the dimensiuns of &, we come to know that
the given reaction is of second order.
r=hlAP =1x10" 2 x(2)*
=4x10 ZmolL 15 L
(c) For third order reaction k has units L* mol” %5 !,
(k) Rate = E[Al[B]

When concentrations of both A and B become half, the rate
of reaction would become one-fourth of the imitial rate.

_ 0693 0693 5
(d) k= by id =100 =693 =% 107 ~ min
;_ 2.303 [Mu' 2.303 log 100
k Al gogx103 10
= 332 min.

(b) Starting with 4 mol L™ ! the conc. was reduced to half

in 1 hour whereas starting with 2 mol L~ ! the conc. was
reduced to half in 0.5 hour. Thus, ¢y, here is directly

proportional to the initial cone. of the reactants. Hence,
order of the reaction is zero.

(c) Rate would increase (2)1"2 or V2 times.
(c) Rate = k [A]®
_Rate 1x107°
T2 01f

{c) A zero order reaction takes place at constant rate and
hence cone. of A decreases with time at constant rate.

k =1L0Lmol 151

t12
(b) 1 3 3
1hr 1hr

In the second hour the fraction of mitial cone. that reacts
el A
2 4 4
(a) rate = k[Al
The rate vs. [A] graph would have slope equal to k.

twl

4

B o=t
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Important Terms, Facts and Formulae

ADSORPTION

* The phenomenon of existence of a substance in higher
concentration at the surface of some other substance
than in the adjoining bulk phases is known as adsorp-
tion.

= Absorption. In absorption molecules of one sub-
stance are uniformly distributed in the bulk of the
other.

* Simultaneous occurrence of adsorption and absorp-
tion is referred to as sorption.

* Types of Adsorption. Adsorption is of two types :
(i) Physisorption (i) Chemisorption.

* For adsorption AH, AS and AG all are negative.

ADSORPTION OF GASES ON SOLIDS

» Easily liguefiable gases such as NHg, HCl, COq, S0,
CH,4 etc. are adsorbed to greater extent than the
permanent gases such as Hy, Og, Ny, ete.

» Metals such as Pt, Pd and Ni are good adsorbents for

permanent gases whereas activated charcoal is good
adsorbent for easily liquefiable gases.

* Extent of adsorption increases with increase in pres-
sure of the gas above the adsorbent.

* Adsorption isotherm. A graph between extent of
adsorption (x/m) and the pressure (p) of the gas at
constant temperature is called adsorption isotherm.

* Freundlich Adsorption Isotherm
Mathematically, the freundlich isotherm is given by

the expression
i A 1
log| = |=logk+=logp
'-.m.-l "
i -"l 1
A graph of log i versus log p has slope Bqu.ﬂlﬁ‘.l;.

= Adsorption Isobars. A graph between extent of
adsorption % and temperature at constant pres-

sure is known as adsorption isobar,

ADSORPTION IN SOLUTIONS

* The extent of adsorption is related to the concentra-
tion of adsorbate in the solution by the relation

S Yo
m

log = =logk + 2 log C

APPLICATIONS OF ADSORPTION

Some of its applications are given below :

* Activated charcoal is used in gas masks to remove
poisonous gases such as CHy, CO, etc.

* Animal charcoal is used as decolorizerin the

manufacture of sugar.

» Silica iz used for removing moisture and conirolling
humidity.

* Chromatographic purification of compounds is
based upon phenomenon of adsorption.

* In volumetric analysis adsorption indicators such as
fluorescence are used.

* The ion exchange resins used for removing hard- ness
for water are also based upon adsorption.

COLLOIDAL STATE

* When size of solute particles is in the range 1—100
nm, the solute is said to be in colloidal state.

* Incrystalloids, size of solute particles is less than
1 nm.

* [n suspensions size of particles is greater than 100 nm.

* A colloidal solution is heterogeneous and consists of
at least two phases : the disperse phase and disper-
sion medium.

CLASSIFICATION OF COLLOIDAL SOLUTIONS

1. Classification Based on Physical states of Dis-
perse Phase and Dispersion Medium
Depending upon physical state of disperse phase
(solid, liguid or gas) and dispersion medium (solid,

200
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liquid or gas) there are eight types of colloidal solu-
tions.

2. Classification Based on Interaction Between
Disperse Phase and Dispersion Medium
Lyophilic Sol. In this type of sol there is great
affinity between disperse phase and dispersion
medinm.

Lyophobic Sol. In this type of sol there is little
affinity between disperse phase and dispersion
medium.

3. Classification based on Nature of Colloidal
Particles

(i) Multimolecular colloids. Colloidal particles are ag-
gregates of atoms or small molecules with molecular
size less than 1 nm.

(1) Macromolecular colloids. Colloidal particles are
themselves large molecules having colloidal dimensions.

(iif) Associated colloids. These are formed by the ag-
gregation of particles in solution. The aggregated par-
ticles are called micelles. The formation of micelles
takes place above certain minimum concentration

called Critical Micellization Conecentration
(CMC).

PREPARATION OF COLLOIDAL SOLUTIONS

A. CHEMICAL METHODS
* Double Decomposition :
AsoO4 + JHyS ——  AseSg + EHECI
Arsenious
sulphide sol.
AgNO4, + NaCl — AgCl + NaNOy
Silver chloride
sol.
= Oxidation:
S0, + HyS — 88 + 2H,0
Bro+HyS— 2HBr + 8
Sulphur sl
* Reduction:
2AuCly + 38nCls — 2Au  + 38nCly

Gold sol.
* Hydrolysis:
FeCly + 3Hy;O —=  Fe(OH)y + 3HCI
Ferric
hydroxide sal.

B. PHYSICAL METHODS
» Exchange of solvent. Phosphorus and sulphur sol

can be prepared by this method.
* Mechanical Dispersion

* Bredig’s Arc Method. Metallic sols such as that of
platinum, gold and silver can be prepared by this
method.

Peptisation. It is the process of converting a
precipitate into colloidal solution by shaking 1t with
dispersion medium in the presence of small amount of
electrolyte.

Peptization can also be achieved by adding organic
solvents. For example, colleidal solution of cellulose
nitrate is obtained by adding ethyl alcohol to it. The
colleidal solution is known as colloidion.

PROPERTIES OF COLLOIDAL SOLUTIONS

Colloidal solutions are heterogeneous in nature.
Colloidal solutions pass through ordinary filter paper.
They possess low values of colligative properties due
to their large average molecular mass,

They exhibit Tyndal Effect due to scattering of light.
Colloidal particles possess zig-zag motion, known as
Brownian movement, due to impacts of molecules
of the dispersion medium against them.

Colloidal particles settle down very slowly under the
infloence of gravity.

Electrophoresis. Colloidal particles move either

towards cathode or towards anode under the influence
of applied electric field.

STABILITY OF COLLOIDS

Lyophilic colloids are stabilized due to their extensive
solvation and alse due to charge on their particles.

Lyophobic eolloids are stabilized due to charge on the
colloidal particles which prevents them from uniting.
Paositively Charged Sols. Fe(OH)y, Al(OH)g, Cr(OH)sy,
basic dyes such as methylene blue.

Negatively Charged Sols. AsySy, CdS, metallic sols
such as Pt, Gold and Ag, Blood, Starch, Clay and
Acidic dyes such as congo red.

COAGULATION OF COLLOIDS

L]

Coagulation or Flocculation is the precipitation

of a colloid through induced aggregation of its par-

ticles.

Coagulation Value. The minimum concentration of

the electrolyte in millimoles per litre of the solution,

required to cause coagulation of a particular sol is

called coagulation value or flocculation value of

the electrolyte for the sol.

An electrolyte having greater coagulation value has

smaller coagulating power.

Hardy Schulze Rules

(t) The ions carrying charge opposite to that of sol

particles are effective in causing the coagulation
of the sol.
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(if) Coagulating power of an electrolyte is directly
proportional to the valency of the active ions, r.e.,

ions causing coagulation.

GOLD NUMBER

GELS

The number of milligrams of the protective colloid
which just prevent the coagulation of 10 ml of standard
red gold sol when 1 mol of 10% solution of sodium
chloride is added to it.

Smaller the gold number of the protective colloid
greater is its protecting power.

A colloidal system having solid as dispersion medium
and liquid as disperse phase is known as gel. Gels
have jelly like appearance.

Synerisis. When gels are allowed to stand for long
time, they give out small quantity of trapped liquid
which accumulates on its surface. This phenomenon
15 known as synerisis or weeping of gel.

L]

Thixotropy. Some gels are semi-solid when at rest
but change to liquid to sol on agitation. This reversible
sol-gel transformation is known as thixotropy.

Elastic and Non-elastic gels. Elastic gels are those
gels which change to solid mass after loosing water
completely and can be regenerated by addition of
water.

EMULSIONS

Emulsions are colloidal solutions in which disperse

phase as well as dispersion medium are liquides.

Types of Emulsions

(£) O0il in water. For example, milk, vanishing cream.

(i1) Water in oil. For example, cold cream, cod liver
oil.

Emulsions can be stabilized by adding emulsifying

agents such as soap, detergents, proteins, gum,

gelatin, etc.

Demulsification. The decomposition of an emul-

sion into its constituent liquids is called demmulsifica-

tion.

SOME MISCELLANEOUS IMPORTANT POINTS

Cottrell smoke precipitator works on the principle of
neutralization of charge on colloidal particles.
Formation of delta is due to coagulation of colloidal dust

particles present in river water by action of salts present
in sea water.

Blue colour of the sky is due to seattering of blue light
by the colleidal dust or ice particles present in the atmos-
phere.

Lyophilie zols have less surface tension and higher viscosity
than pure dispersion mediam,

Lyophobic sols have nearly same surface tension and vis-
cosity as that of pure dispersion medium.

Isoelectric point. The pH at which a hydrophilie eolloid
has the lowest charge is known as it iscelectric point. The
colloid has minimum stability at isoelectric point.

Styptic action of alum and FeCly solutions for stopping
bleeding is due to the coagulation of blood by these
electrolytes.

Heterogeneous catalysis can be explained on the basis
of phenomenon of adsorption.

The pore size in zeolites is generally in the range of 260-740
pm.

Zeolite catalyst, Z5M-5 is used to convert alcohols into
hydrocarbons.
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QUESTION BANK

Levell

Choose the correct answer from the four alternatives given in each of the following questions :

In adsorption of methane on charcoal, chareoal is
(a) Adsorbate () Adsorbent

(e} Absorbate (c) Absorbent.

Size of colloidal particles ranges between

(a) 1 nm to 100 nm (&) 1 nm to 1000 nm

{e) 10 nm to 1000 nm () 100 nm to 1000 nm.
Which of the following is a homogeneous system ?
(o) Muddy water (&) Vanishing cream

{¢) Cod liver oil {d) Sugar selution.
Tyndall effect in colloidal selution is due to

(a) Seattering of light

(b) Reflection of light

(c) Absorption of light

() Presence of electrically charged particles,
Butter is a colloid containing

{a) Fat dispersed in water (b) Fat dispersed in oil
(c) Water dispersed in fat  (d) None of these.

Which of the following will have the least coagulating
power for arsenious sulphide sol 7

{a) Na* (b) Mg>*

() AI** (d) Ca®*.

Which of the following is not true for physisorption ?
(a) It is reversible

(&) It oecurs in the form of multimolecular layers

le) It needs activation energy

() It increases with increase in pressure.

Colloidal particles in soap sol carry

{a) Negative charge

(b) Positive charge

{e) No charge

(ef) Either positive or negative charge.

Which of the following is not used for purification of
colloidal solutions ?
(a) Dialysis

{e) Filteration

(b) Ultra-centrifagation
(d) Electrodialysis.

10.

11.

12.

13.

14.

15.

16.

17.

18.

A colloidal solution of a solid as dispersed phase and
liquid as dispersion medium is known as

(a) Gel (b) Sal

{e) Solid foam {d) Emulsion.

Which of the following electrolytes will have manxi-
mum flocculation value for Fe(OH)q sol 7

(@) NaCl (8) NagS
(e) (NH4)aPO, (d) KgS0y.

Protecting power of a lyophilic sol is expressed in
terms of

{a) Coagulation value (&) Gold number

(e) Both of the above () None of these.
Hydrophillic sols are stable due to

(a) Bmall size of the particle

(b) Large size of the particle

(c) Charge on the particle

(d) Attractive interaction between colloidal particles and
For the process of adsorption, AH is

{a) Positive (b) Negative

ic) Zero {d) May be positive or negative.

Bredig’s arc method for the preparation of metallic
sols involves

(a) Dispersion

ib) Condensation

(e) Dispersion as well as condensation
(d) Neither dispersion nor condensation.

Gold number is minimum for
(a) Starch (b) Gelatin
() Gum arabie () Albnmin.

Fog is an example of

&) Aesrosol

() Emulsion.

Lyophilic sols have ...... between disperse phase and
dispersion.

() strong attractive interaction

(a) Foam
(el Gel
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(b} little attractive intaraction
(e} repulsive interaction
i) None of these.

19. Inwhich of the following respects the lyophilic sols do
not differ from lyophobic sols ?

() Stability

(&) Reversibility

ic) Particle size

() Behaviour towards dispersion medinm.

20. When a river enters the sea, a delta is formed. Forma-

tion of delta is due to
(a) Peptization (b) Congulation
(e} Emulsification (d) Dialysis.
21. The lyophilic colloid among the following is
{a) Blood (b) Gold sel
{¢) Fe{OH}y sol (d) Starch.
22. Dwuring electrophoresis of a colloidal solution, colloidal
particles move towards
{a) Anode
{b) Cathode
{e) Both eathode as well as anode
(d) Either eathode or anode.

23. Gelatin iz mostly used in making ice-cream in order to
{a) prevent forming the colloidal sol
{b) enrich the fragrance
(e) prevent crystallisation and stabilise the mix
() modify the taste,

24. Which of the following will have the highest coagulat-
ing power for As.S. colloid ?

(a) PO4™ (6) 504
(e) Al** (d) Na™.
25. Which of the following metallic sels cannot be
prepared by Bredig's arc method ?
{a) Gold (&) Silver
e} Platinum (ef) Sodium.

28. A graph of extent of adsorption versus pressure at
constant temperature is called

(a) Adsorption ischar {b) Adsorption isotherm
() Adsorption isostere (d) None of these.
27. Activated charcoal is good adsorbent for
(a) Og (&) Ng
(¢) Hy (d) CHy.

28.

31.

32.

36.

For physisorption, heat of adsorption is generally in
the range

() 20-40 kJ (b) 40-60 kJ
(e} 100-160 kJ () 300-400 kJ.

Which of the following statements is not true for
lyophilie sols 7

(a) It is stable

{6) It can be prepared in high concentration

i) Its colloidal particles are highly solvated

(d) It is irreversible.

For adsorption of a gas on a solid adsorbent which of
the following is positive 7

la) AH (k) AS

(c) Both of the above (d) None of these.

Brownian movement is a ...... property of colloidal
solutions.

(a) Optical (5) Mechanieal

{¢) Colligative {d) Electrical.

Which of the following statements is true for chem-
isorption ?

{a) It is reversible in nature

(b} It is not specific in nature

(e} It exists in the form of monomolecular layer

{d) It oceurs at low temperature,

Which of the following is an example of associated
colloid ?

(a) Polyethylene sol (b) Rubber sl
(e) PVC g0l (d) Soap sol.
A colloidal solution may be coagulated by

{a) Adding electrolyte
(b) Heating

() Adding oppositely charged sol -
{d) All of the above.
Which of the following statements is not true for

physisorption 7
(a) Extent of adsorption increases with increase in temperature

{b) Heat of adsorption is generally between 20-40 kJ/mole
{c) It is not specific :

() It undergoes desorption easily.

Which of the following is true for a Gel ?

{a) Bolid as disperse phase

(b) Liquid as dispersion medium

(c) Both of the above

(d) None of these.
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37.

41.

43.

The average molecular mass of colloidal particles can
be determined by study of

ta) Elevation in boiling point

{6) Osmotic pressure

ic) Tyndall effect

{d) Lowering of vapour pressure.

Which of the following is most favourable for van der
Waal's adsorption ?

{a) High pressure and high temperature
(&) Low pressure and low temperature
(e} Low pressure and high temperature
{ef) High pressure and low temperature.
Palladium is a good adsorbent for

{a) COy (b) SOq

(¢} CO (d) Ha.

Surface tension of a lyophilic sol is generally ......
to/than that of the medium.

(o) equal (6) less

(c) more () twice.

Migration of colloidal particles under the effect of an
electrie field is known as

(a) Electro-osmosis {b) Electro-phoresia
(e} Electro-dialysis {ef) Dialysis.

Which adeorption does not take place at very low
temperature ?

(a) Physisorption (&) Chemisorption
() Both of the above (d) None of these.
The colour of standard gold sol is

{a) blue (b) red

{c) purple {cl) groon. ¢
The emulsifying agent in milk is

la) Casein (b} Lactie acid

(e} Lactose {d) Citric acid.

Which one of the following is not a property of

hydrophilic sols 7

{a) High concentration of dispersed phase can be easily
attained

(&) These are irrerersible in nature

{e) Viscosity and surface tension are about the same as for

water
() The charge of the particle depends on the pH value of

the medium ; it may be positive, negative or even zero.

47.

49,

51.

52.

63.

In the preparation of Agl sol, excess of Kl solution is
added to AgINOj solution. The charge on the colloidal

particles would be

(a) Positive i(b) Negative
(¢} No charge id) Unpredictable.
Gold number gives

{a) The amount of gold present in the colloid

{b) The amount of gold required to break the colloid

{e) The amount of pold required to protect the colleid

{d) None of these.

Difference between colloids and erystalloids is of

(a) Charge (b) Particle size

(e} Shape of the particle (ef) Solubility.

Which one of the following will have the highest
coagulating power for Fe(OH)y sol ?

(@) PO,

(c) AP (d) Na™*.

The Brownian motion is due to

(a) Temperature fluctuation within the liguid phase

(&) Attraction and repulsion between charges on the colloidal
particles

{c) Impact of molecules of the dispersion medium on the
eolloidal particles

{d) Convective currents,

Silver iodide is used for producing artificial rain be-
cause Agl

(a) is easy to spray at high altitudes
(&) is insoluble in water

(e} is a cheap chemical

() has crystal structure similar to ice.

When a colloidal solution i= observed under an
ultramicroscope, we can see

(@} Light scattered by colloidal particies
(b} Size of the particle

{c) Shape of the particle

{d) Relative size,

A negatively charged suspension of clay in water will
need for precipitation the minimum amount of

{a) Aluminium chloride (b) Potassium sulphate
{e) Sedinm hydroxide () Hydrochloric acid.

Which one of the following substances gives a positively
charged sel ?

(b} 80,5~
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5b.

57.

o8.

61.

{a) Gold (b) A metal snipmae
ie) Ferric hydroxide (d) An acidic dye,
Flocculation value is expressed in terms of

(a) millimoles of electrolyte per litre of solution

(b) moles of electrolyte per litre of solution

{e) grams of electrolvte per litre of solution

() millimoles of electrolyte per millilitre of solution.

On adding one ml solution of 10% NaCl to 10 ml gold
sol in the presence of 0.25 gm of starch, the coagulation
is just prevented. Starch has the gold number

() 0.025 (b) 0.25
(e) 2.5 (d} 250,

An arsenious sulphide sol carries a negative charge.
The maximum precipitating power for this sol is pos-
sessed by

(a) K550y {b) CaCly
(e) NayPOy {d) Alg(804)3.

Which of the following colloidal solutions do not con-
tain negatively charged colloidal particles 7

{a) Fa(OH)y sol (b) AsgSq sol

() Blood (d) Gold sol.

Which of the following are macromolecular colloids 7
(a) Soap sol (5) Starch sol

(c) Sulphide sol (d) Gold sel.

Colloidal solutions can be purified by

{a) Filteration (b) Dialysis

{¢) Electrophoresiz (d) Peptisation

Which of the following are examples of aesrosols 7
{a) Whipped cream (&) Tooth paste

{e) Fog (d) Soap lather.
Lyophilic sols among the following are

{a) Ferrie hydroxide sol. (b) Blood

le) Starch (o) Sulphur.

Which of the following statements are true 7

ia) Soap solution contains ionic micellez az the collojdal
particles

(b) A water in oil emulsion easily spreads over surface of
water

(¢} Chemisorption is non-specific

() Chemisorption occurs in the form of multimolecular
layers,

67.

71.

73.

Which of the following statements are true for
physisorption ?

(a) Extent of adsorption increases with inerease in pressure.
{6) It needs activation energy.

ic) It is an endothermic process.

(cf} It ocenurs at high temperature.

Which of the following will not cause the precipitation
of a lyophobic colloidal solution ?

(@) adding lyophilie eolloid

{b) heating

(e} adding electrolyte

(d) adding oppositely charged colleid.

For adsorption of a gas on solid ad=orbent

(&) AS is positive

(d) AR is positive.
Which of the following is a hydrophobic sols ?
() Protein sol {b) Starch sol

(c) Gum sol {d) Fe{OH)g sol.

Which of the following is a hydrophilic colloidal sol ?
(a) Barium sulphate sol

(a) AH is positive
(¢) AG is negative

(k) Arsenious sulphide sol

{e) Gum sol

{df) Silver iodide sal.

The colloidal sols are not purified by

() peptisation (8) Electro dialysis

{c) dialysis {d) Ultra centrifugation.
Point out the false statement

{a) Colloidal sols are homogeneous

(b) Colloids carry + ve or — ve charge

{c) Colloids show Tyndall effect

() The size range of colloidal particles is 10 — 1000 A,
Which of the following is hydrophobic sol ?

(a) Starch solution (b) Gum solution

(e} Protein selution () Arsenious sulphide solution.

Which of the following electrolytes is least effective in
causing flocculation of ferric hydroxide sol ?

(a) Kg[Fe(CN)gl (6) KaCrOy

(c}) KBr () KaS0y.
‘Which one of the following is not a colloid ?
{a) Milk (&) Blood

{c) Ice-cream {(d) Urea solution.
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74.

76.

78.

78.

Smoke iz an example of

(o) Gas dispersed in liquid (b) Gas dispersed in solid
(c) Solid dispersed ingas  (d) Sclid dispersed in sclid.
Surface tension of lyophilic sols is

(a) Lower than water (&) More than water

{c) Equal to water (d) None of these.

According to Langmuir adsorption isotherm, the
amount of gas adsorbed at very high pressures

(o) reaches a constant limiting value

(b) goes on increasing with pressure

() goes in decreasing with pressure

(d) increases first and decreases later with pressure.

A colloidal system in which gas bubbles are dispersed
in liquid is known as

(a) Foam (&) Sal
() Aerosol (d) Emulsion.

The colour of the colloidal particles of gold obtained by
different methods differ because of

79.

Level I1

{a) variable valency of gold

(b) different concentration of gold particles
(c) different type of impurities

(d) different diameters of colloidal particles.

Which of the following is most effective in coagulating
a ferric hydroxide sol 7

(a) KC1 (&) KNOg

(c) Kg804 (d) Kg[Fe(CN)gl.

Which of the following statements is not correct ?

(a) Physical adsorption is due to van der Waal's forces

(b) Chemical adsorption decreases at high temperature and
low pressure

(c) Physical adsorption is reversible

(d) Adsorption energy for a phyical adsorption is generally
greater than that of chemical adsorption.

Choose the correct answer from the four alternatives given in each of the following questions :

In adsorption of acetic acid on charcoal, the acetic acid

15

{a) Absorbent (b) Adsorbent

(c) Absorbate (d) Adsorbate.

The size of the colloidal particles ranges between

(@) 10" %t0 10" % em 6) 10" 3 t0 10" % em

()10~ 5t0 10" 7 em (d) 10”7 to 10~ % em.

When beam of light is passed through a colloidal
solution ?

(a) It passes through as such
(b) It is reflected
(e) It is seattered
{d) It is completely absorbed.

The coagulating power of an electrolyte for arsenius
sulphide sol decreases in the order

(a) Na*, AI™*, Ba®* () PO, 80,5, O

(e) AI**, Ba®™*, Na* (d) C1™, 80,4%, PO

B.

Colloidal solutions are classified on the basis of

(a) Molecular size (&) Size of colloidal particles
() Organic or inorganic (d) Surface tension.

The best coagulant for the precipitation of Fe(OH), is
(a) NagPOy4 (b) NaNOg

(¢) NazS04 (d) NaCl,

Colloidal solutions are purified by all axcept
(@) Crystallisation (&) Ultra filteration
(¢) Ultra centrifugation (d) Dialysis.

The colloidal solution of a solid as dispersed phase and
a gas as the dispersion medium is known as

(a) Sol (b) Gel

(e) Aerosol () Bolid foam.

Gel is a system of

{a) Solid disperse phase—liquid dispersion medinm
(b) Solid disperse phase—solid dispersion medium

() Liquid disperse phase—solid dispersion medinm
{d) Liquid disperse phase—liquid dispersion medinm.
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10.

11.

13.

14.

15.

16.

17.

18.

The difference between lyophilic and lyophobic col-
loids is in their

(a) Particle size

(&) Filterability

(e} Behaviour towards dispersion medinm

(d) None of the above is correct.

Alum purifies muddy water by

(a) Dialysis {b) Coagulation

(¢} Electrophoresis (df) Emulsification.
Detergent action of soaps 1s due to

(a) Coagulation (b) Emulsification properties
(e} lonisation {d) High molecular mass,

Ferric chloride is applied to stop bleeding because

(@) Fe™ jons coagulate blood which is & negatively charged sol

(b) Fe'™* jons coagulate blood which is a positively charged
sol

ie) Cl™ ions eoagulate blood which iz a negatively charged sol.

(d) Cl” ions coagulate blood which is a positively charged
sol _
Soap is a sodium salt of higher fatty acids. When scap

is added to water, the colloidal solution obtained con-

tains ...... colloidal particles.

{a) Positively charged (&) Negatively charged
{c) Neutral in nature (d) Not ionized.

The hydrophobic colloid among the following is

(a) Gelatin (&) Starch

(e) Sulphur (d) Albumin.
Cottrell precipitator works on the principle of
{a) Distribution law

(b) Addition of electrolytes
(e} Le-Chatelier's principle
{d) Nentrahzaiion of charge on colloids.

The electrical charge on colloidal particles is indicated
by

{a) Brownian movement (&) Electrophoresis
(d) Tyndall effect.
Gold number gives an indication of

ia) Protecting power of colloids

i5) Purity of gold sol

(e) Purity of any sol

{df) Strength of gold sol in moles/per litre.

ic} Ultramicroscope

19.

21.

23.

24.

26.

27.

Lyophobic colloids have

{a) Little interaction with the dispersion medinum
(b) Strong interaction with the dispersion medium
(¢) Medium interaction with the dispersion medium
{d) None of the above statements is true.

Which of the following electrolytes will have minimum
coagulation value for aluminium hydroxide sol ?

{a) KC] (b)) KNOg
(e) KyCrO4 (d) K4[Fe(CN)gl.

Which of the following electrolytes will have maxi-
mum coagulating power for arsenious sulphide sol ?

(@) NaCl (&) CaClg

() MgS0y (d) AlClg.

Which of the following processes forms the basis of
purification of muddy water by addition of alam ?

{a) Flocculation (&) Emulsifieation

{c) Peptisation {d) Dispersion.

In the preparation of Agl sol, the excess of AgNOj is

added to potassium iodide selution. The particles of
the sol will acquire

(a) negative charge (&) positive charge

(¢} no charge (d) unpredictable.

Which of the following statements is not true 7

(a) Blood is a positively charged sol

(b) Soap solution contains ionic micelles as the colloidal
particles

) An oil in water emulsion easily spreads over surface of
water

(d) Colloidal particles have dimensions in the range 10~ !

to 10”7 em.
Which of the following electrolytes has maximum
coagulating power for ferric hydroxide sol 7
{a) NagPOy (b) NagS0y4
(e) MgCly (d) AICl5.
Which of the following is the correct expression for
Freundlich adsorption isotherm ?

x 1 x
{M;:Ingk-r;lugp {b}lngp—lugk+lngm

X _ph
{e}m-&p

The colloidal system consisting of a liquid adsorbent
and a gas adsorbate 18 termed as

2 . 1/
d) = =kp'™.
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29,

31.

{a) Aerosol
{e) Foam

(b} Liquid aerosol
{d) Geel.

. Which of the following statements iz not true for a

lyophobic sol 7
{a) It iz irreversible

(b) It iz less stable

{c) It carries charges
{ef) Its colloidal particles are highly solvated.

Which of the following statements is not true for

chemisorption ?

(@) It is highly specific

{(b) Involves strong interactions between adsorbent and
adsorbate

{c) Extent of ndsorption always decreases with increase in
temperature

() Adsorption is restricted to monomolecular layers.

Which of the following statements is true for physical
adsorption 7

{a) It is also known o= Langmuir adserption

(b) Heat of adsorption is about 100 kJ mol™ !

(c) Extent of ndsorption incremses with incrense in
temperature

(d) It is not specific.

The STEM (Scanning Transmission Electron Micro-
scope) is used to determine

(a) Charge of the colloid (&) Bize of the colloid

{e) Colour of the colloid (d) Nature of the colloid.
Which of the following statements is not true ?
{m) Milk is an example of an emulsion

(&) Boot-polish is an example of a gel

{¢) Clouds are an example of liquid aerosol

(d) Cheese 18 an example of solid sal.

Migration of colloidal particles under the influence of
an electric field is known as

{a) Electro-dial ysis (b) Electro-osmosis
(¢) Electrophoresis (cf) None of thess.

Which of the following statements is not correct for

lyophobic sols 7

{a) They have surface tension and viscosity similar to that
of medium

{6) Their particles are easily detected under ultra-micro-
scope

(e) The particles migrate in one direction in an electric
field

(d] Electrolytes cannot canse their congulation.

36.

a7.

38.

39,

40,

41.

42,

Which of the following statements is not correct for
Iyophilic sols 7
{a) Surface tension of a lyophilic sol is often lower than

that of the medium

{b) Viscosity is much higher than that of medinum

(¢} The particles may migrate in either direction or not at
all in an electric field

(d) Their particles can be easily detected under nltra-micro-
Boope.

Which of the following statements is not correct ?

{a) Foam consists of gas as dispersed phase liquid as
dispersion medium

i{b) Smoke, dust, fog, mist and eloud are examples of nerosols

{¢) Sols of metals, metal sulphides, sulphur, acidic dyes
are negatively charged.

(d) Among gelatin, gum arabic and potato starch, gelatin
hns the highest gold number.

Colloidal sclution of metals like gold, platinum, ete,
can be obtained by

{a) Bredig’s arc method

(b) Peptisation

(e} Hydrolysis of their salts

{d) Oxidation of their salts,
Which of the following is homogeneous ?

{a) an emulsion {b) a sol

(¢} a suspension (d) none of these.

For adsorption of a gas on the solid adsorbent
{a) AH is positive

(b) AS is positive

(e} AH is negative and AS is positive
{d) Both AH as well as AS are negative.

In physical adsorption the gas molecules are bound on
the solid surface by

() Chemical forces (k) Electrostatic forces

(e} Graphical forces {d} van der Waal's forces.

If dispersed phase iz a liquid and the dispersion
medium is a solid, the colleid is known as

(a) A sol (b) A gel

{c) An emulsion (a) A foam.

Which of the following can form colleidal solution with
water ?

{a) NaCl
{c) Starch

(&) Glucose
(o) Barium nitrate,
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Gels on standing exude small amount of Hequid. This
phenomenon is known as

(a) Efflorescence (&) Synerisis

(c) Thixotropy (d) Adsorption.

The ability of an ion to bring about coagulation of a
given colloid depends upon

(a) Its pize

(&) The magnitude of its charge only

(e} The sign of its charge alone

() Both magnitude and sign of its charge,

Freundlich adsorption isotherm is applicable to ad-
sorptions involving

{a) Unimolecular layers (6) Multimolecular layera
{e) Both of the above (d) None of these.
Butter is an example of a/an

(a) Emulsion (b) Gel

(e} Solid foam () Sal.

Fe{OH)y sol is prepared in the presence of a little
excess of FaCl;, the charge on the colloidal particles
would be

(a) Megative (b) Positive

(e} Neutral (d) None of these.

Metallic sols are generally prepared by Bredig's arc
method. The method involves

(a) Dispersion

(&) Condensation

{e) Dispersion followed by condensation
{el) Condensation followed by dispersion.

Coagulation value of an electrolyte iz expressed in
units of

{a) moles per litre (&) millimoleslitre
{e) milliprams per litre {d) millimoles per millilitre.
Some gels are semi-solid when at rest but change to

liquid sol on agitation. This reversible anl-gal transfor-
mation is known as

(a) Synerisis (b) Swelling
{¢) Thixotropy {d) Flocculation.

Which of the following is less than zero during adsorp-
tion 7

(a) AG {b) AS
{e) AH {d) All of the above.

For adsorption of a gas on a solid, the plot of log x/m
vs log P is linear with slope equal to (n being whole
number)

53.

57.

69.

61.

(a) k (8) log k
©n @1
n

Which is adsorbed in maximum amount by activated
charcoal ?

(a) Ng (b) COg

() Clg (d) Q.

Which of the following constitute irreversible colloidal
system in water as dispersion medium

(a) Clay (&) Platinum

(c) Fe(OH)g (cf) All of the above.

A colloidal solution is subjected to an electrical field.

The particles move towards anode. The coagulation of
same sol is studied using NaCl, BaCl; and AlCIly

solutions. Their co-agulating power should be

{a) NaCl > BaCls > AlClg  (b) BaCls > AlCly > NaCl

(e} AIClg > BaClg > NaCl  (d) BaCly > NaCl > AlCly.
The stability of Iyophilic colloid is due to which of the
following ?

(@) Charge on their particles

(&) Large size of their particles

(c) Small size of their particles

(d} A layer of dispersion medium.

Which of the following is the most effective in the
coagulation of gold sol ?

la) NaNOg (&) MgClg

(c) NagPOy (ef) Ky[Fe{CN)g).
Which colloid is used in treating eye disease ?
{a) Colloidal sulphur (&) Colleidal antimony
{c) Colloidal gold (el) Colloidal silver.

In coagulating the colloidal solution of As;Sgy which
has the minimum coagulating value ?

(a) NaCl (b} KCl

(e) BaClg (d) AlClg.

Cod liver oil is

{a) Fat dispersed in water

(b) Water dispersed in fat

{c) Water dispersed in oil

(d) Fat dispersed in fat.

Colloidal silver is obtained by reduction of silver
nitrate solution with

{a) Glucose (&) Fructose

() Hydrogen (Hg).

(e) Sucrose
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62.

()

(b}

(e}

{d)

The Rubin number which was proposed by Ostwald
as an alternative to the Gold number in order to
meagure the protective efficiency of a lyophilic colloid
may be defined as the

mass inmilligrams of a colloid per 100 c.c. of solution which
just prevents the colour change of standard sol of dye
Congo-Rubin from red to vielet when 0.16 geq. EClis added
to it.

mass in grams of a colloid per 100 ¢.c. of solution which just

prevents the colour change of standard sol of dye Congo-
Rubin from red to vielet when 0.1 M KCIl is added to it.

mass in grams of a colloid per 100 c.c. of solution which just
prevents the colour change of standard sol of dye Congo-
Rubin from red to violet when 0.2 M KCl is added to it

mass in grams of o colloid per 100 ¢.c. of solution which just
prevents the colour change of standard sol of dye Congo-
Rubin from red to violet when 1 M KCl is added to it.

The ability of an ion to bring about coagulation of a
given colloid depends on

(a) its size

(&) the magnitude of its charge

(c) the sign of the charge alone

{d) both magnitude and sign of its charge.

64.

67.

At CMC the surfactant molecules

(o) decompose (b) become completely soluble
(c) associate (d) dissociate.

Which of the following kinds of catalysis can be ex-
plained by the adsorption theory ?

(o) Homogeneous catalysia (b) .ﬂ.l:iﬂ.'lbﬂlﬂ catalysis

(c) Heterogeneous catalysis (d) Enzyme catalysis.

In which of the following, Tyndall effect is not ob-
served 7

{a) Suspensions (&) Emulsions
{c) Sugar solution (d) Gold sol.

Which one of the following will have the highest
coagulating power for a ferric hydroxide sol 7

{a) NaCl (&)BaClg

{e) KaCrOy (d) Eg[Fe(CN)gl.

Point out the false statement

(@) Brownian movement and Tyndall effect is shown by
colloidal systems

(b) Gold number is a measure of the protective power of a

(¢) The colloidal solution of a liquid in liquid is called gel

{d) Hardy-Schulze rule is related with coagulation.
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&) self explanatory.

{e) Factual.

(d} Sugar solution is a true sclution.

ia) See Important terms, fact and formulne,

(e} Factual.

la) Arsenious sulphide sol is negatively charged sol.
Smaller the charge on the positive ion, smaller is the
coagulating power.

(c) Physisorption does not need any activation energy.

{a) Soap sol contains negatively charged ionic micelles.

{e) Colloidal solutions pass through the filter paper.

{b) The eolloidal formed has a fluid like appearance.

(a) Fe{OH)y is a positively charged sol. Comparing the
charge on negative ions, Cl has least charge and hence
least coagulating power and maximum coagulation value.
(b) Self explanatory answer.,

i) Factnal questions.

(&) Adsorption is exothermic process due to attractive forces
between adsorbate and adsorbent.

(b) See pummary.

(&) In fog water (liquid) is dispersed in air (gas).

(a) Self explanatory.

(¢} Colloidal sols have particle size in the range 1-100 nm.

{h) Salts in the sea-water coagulate the colleidal particles
present in the river-water.

() Starch is soluble in watar.

(&) During electrophoresis colloidal particles may go to
cathode or anede depending on the charge on them.

(e) It iz nsed as a stabilizer.

{e) Sulphide sol is —vely charged.

{b) Sodium reacts with water violently.

(h) See summary (terms, facts ete.)

{d) Charcoal is pood adsorbent for easily liquifinble gases.
{a) Factual.

idl) Lyophilic sols are reversible.

30,
31.
3L

33

34.
35.
36.

3.

(d) For adsorption AH, AS and AG all are negative.

(5) Molecules move haphazardly.
{c) Adsorption is mono molecular due formation of chemical
bonds.

(d) Factual (see summary).

(d) See summary.

(a) Adsorption decreases with increase in temperature.
(d) Gel is a system with liquid as disperse phase and solid
as dispersion medium.

(b) The average molecular mass of bigger particles is deter-
mined by study of osmotic pressure as it is the only colliga-
tive property which is measurable for solutions containing
such macro particles.

38-41. Self explanatory and factual question.

42,

(&) Chemisorption needs activation energy and hence does
not oceur at very low temperature.

43-45., Self explanatory and factual question.

46,

47.
48.
490

(&) Charge on colloidal particles would be negative due to
adsorption of ™ ions on Agl.

(d) Factual.

(b) It is a fact.

{a) Hydroxide sol carries a positive charge. More in the —ve
charge on additive more is the coagulating power (Hardy
Schulze rule).

50-52. Self explanatory and factual question.

53.
G4.

55,
68,
67.

58.
58.

(a) Apply Hardy Schulze rules.

{c) Hydroxide sols carry a positive charge due to adsorption
of + ve ions on the precrpitate.

{a) Sea summary.

{c) 0.25 g = 250 mg.

According to Hardy Schulze rules coagulating power of an
ion depends on type of charge and magnitude of charge.
{a) Factual.

(b) See summary.

60-69. Self explanatory and factual question.

70.
71.

(a) These are heterogenecus.
(d) Factual.




SURFACES AND CATALYSIS

213

72. (c) Fe{OH)q sol carries a positive charge. The additive with

least —ve charge will be least effective in coagulation.

74-77. Self explanatory and factusl question.
78. (d) Due to aifferent size light of different colours is scattered.

o R

7.

5-B.
10.

1L
12.
13.
14.
16.

79.

80,

(d) [Fe{CN)gl*™ is most effective according to Hardy
Schulze rule.
(d) Fact.

TRt
i e e

- e e SR
ﬁ--’iiiiicl o
R e L .-';3-
e e

=T R S o e e

o

SRR g

e

{d) The substance that gets adsorbed.

(¢) 1 nm (= 10 cm) — 100 nm = (107 em)
(c) Tyndall effect.
(e} Apply Hardy Schulze rules. AssCyg is a negative sol.
{a) A substance is classified on the basis of molecular size
as macromolecular, multimolecular and associated col-
loids.
(@) PO4" has maximum congulating power for Fe(OH)q, a
positively charged =sol.
{a) Crystallisation cannot seperate colloidal substances
from impurities.
Self explanatory and factual question.
(c) Answer itself is an explanation.
(b) Electrolytes coagulate colloidal solutions.
(b) Soap emulsifies greasy impurities,
{a) Self explanatory.
{b) Soap sol contains negatively charged ionic micelles.
(¢) Sulphur (Sg) is insoluble in water.

16-17. Self explanatory and factual question.

18.
19.

2R

238 HE

&2

(@) Sea summary.
{a) Answer itself iz an explanation.

(cf) Al{OH); sol is a positively charged sol. [Fe(CN)gl*™ has
maximum charge and hence has maximum coagulating
power and minimum coagulation value.

{d) Apply Hardy Schulze rule.

{a) Precrpitation is also called flocculation.

(b) Agl particles acquire positive charge due to adsorption
of Ag’ ions from excess AgNOg.

(a) Blood is a negatively charged saol.

{a) Apply Hardy Schulze rules. Phosphate ion has 3 unit
negative charge,

(d) See summary.

() Answer itself is an explanation.

(d} Colloidal particles in lyophobic sols have little interac-
tion with the dispersion medium and hence their particles
are not solvated.

{e) Chemisarption needs activation energy, Therefore, at
lower temperatures, it shows an increase in extent of
adsorption with increase in temperature.

30-36. Self explanatory and factual question.

36.

a7.

a8,
38,

(d) Among gelatin, gum arabic and starch, gelatin has
maximum protecting power and hence least gold number.
{a) These cannot be changed to colloidal selutions by simple
methods.

{d) Emulsion, sol and suspension are all heterogeneous.

{d) For spontansous process AH = — ve but as the gas
molecules adsorb therefore AS is also — ve.

40-41. Self explanatory.

42

43
44.
45.
486.

47.

48.

(e) Glucose NaCl + Ba(NOg)y in water produces a true
solution.

(b) Self explanatory.

{d) Hardy Schulze rules.

(a) Factual.

(&) It has a rigid apearance.

(d) Due to adsorption of Fe™ jons, colloidal particles would
acquire positive charge.

(e) In Bredig's arc method, the metal first gets vaporised
(dispersed) and then the vapours are condensed in cold
water to form colloidal solution.

49-52. See

53.
54.
55.
58.

b67.

59,

61.

62
63.

66,

66.
67.

SUMmAary.
(b) Easily liquifiable gases adsorb more.
{d) Self explanatory.

(e} Apply Hardy Schulze rules.

(d) See facts, terms.

(b) Gold sol is negatively charged. Mg®* has maximum
charge among the given cations,

(a) The positive ion with least charge shall be required in
more amount.

{a) Glucose has aldehydic group therefore shall produce
colloidal Ag.

() Self explanatory. It is a term.

(d) According to Hardy Schulze rules coagulating power of
an ion depends on type of charge and magnitude of charge.
(c) Heterogeneous catalysis can be explained on the basis
of adsorption.

() Sugar solution is a true solution.

(d) The colloidal solution of a liquid in liquid iz emulsion
and not gel.

{e) Liquid in liquid colloidal is an emulsion. _
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Important Terms, Facts and Formulae

LONG FORM OF PERIODIC TABLE

Long form of periodic table is based on modern periodic

law.

Modern periodic law was proposed by H.G..
Moseley. It states that the properties of elements
are periodic function of their atomic numbers.

Group. A vertical column of elements in the periodic
table.

Period. A horizontal row of elements in the periodic
table.

Long Form of Periodic Table has 18 groups and
7 periods. Sixth period is the longest and first period
is the smallest. The number of elements in the first
gix periods are 2, 8, 8, 18, 18 and 32 respectively.
s-Block Elements. Elements of groups 1 and 2.
Their general electronic configuration is ns® ~ 2,
p-Block Elements. Elements of groups 13, 14, 15,
16, 17 and 18. Their general electronic configuration is
ns® npl =

d-Block Elements. Elements of groups 3, 4, 5, 6, 7,
8,9,10,11 and 12. Also known as transition elements.
Their general electronic configuration is (n — 1)d? ~1?
ns! %, 4ePd is exception l_’-l.dm Enrﬂ‘,'l,

f-Block Elements. The two horizontal rows of ele-

ments at the bottom of the table. Also known as inner
transition elements. Their general electronic con-

figuration is (m — 2) - 4n-1d ns

ATOMIC VOLUME
* Atomic Volume is defined as the volume occupied by

one mole atoms of the element in solid state.
Gram atomic mass
Density in solid state
A graph showing variation of atomic volume with
atomic weight was plotted by Lothar Meyer.

Atomic volume increases on moving down the group.
Across a period atomic volume first decreases and
then starts increasing.

Atomic volume =

Alkali metals have the highest atomic volumes in their
respective periods.

ATOMIC SIZE

Distance between the centre of the nucleus and the
outermost shell of electrons is called atomic radius.
Covalent Radius. Half of the internuclear distance
between two atoms of the elements held by a single
covalent bond.

van der Waal's Radius. Half of the internuclear

distance between two nearest atoms belonging to two
adjacent molecules in solid state.

Metallic Radius. Half of the internuclear distance
between two nearest atoms in the metallic lattice.

van der Waal's radius > Metallic radius > Covalent
radius.

Atomic radius decreases on moving across the period
and increases on moving down the group.

IONIC RADIUS

Size of anion > Size of atom > Size of cation.

Isoelectronic ions. The ions having same number
of electrons but different nuclear charge. Examples :

(i) N*-, 0*-, F-, Na*, Mg*, AI**
(ii) P, 8%, CI, K*, Ca?*, Sc™*.

Among isoelectronic ions, greater the nuclear charge
smaller is the size. For example, ionic sizes of the
following isoelectronic ions vary in the order :

(i) N* > 0% > F > Na*> Mg?* > A1**
(i) P> > 8% > " = K* > Ca®* » 8™,

IONISATION ENERGY (LE.)

214

The energy required to remove the outermost electron
from an isolated gaseous atom of the element i= called
ionisation energy.

Alg)+IE— AT (g) + ¢~

lonisation energy in general increases on moving along
the period and decreases on going down the group.
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* Be, Mg, N, P and noble gases have relatively higher
values of I.LE. due to their stable electronic configura-
tions,

» Alkali metals have the least and noble gases have the
highest ionisation energies in the respective periods.

* Helium (He) has the highest IE among all the ele-
ments.

¢ Caesium (Cs) has the least IE among all the elements
(exeept Fr which is radioactive).

* Buccesgive ionisation energies are always greater
than the first ionisation energy.

IE3 - IEE = 1E|

* Some trends among the elaments of second and third

periods are given below :
IE;:li«cB<Be<C<O<N<F<Ar

IEj:Na<Al<Mg<Si<S<P<Cl<Ar
[Eq:Li>C>B>Be
[Es:O0>F>N=>C
IEg: Na>Al> Mg
IE5: Mg>Na> Al
* While comparing 1E9, consider the electronic configura-
tion of A* ion, keeping in mind the stability of

glectronic configuration with half filled and fully filled
subshells.

ELECTRON AFFINITY OR ELECTRON GAIN
ENTHALPY (AH,)

* The energy released when an isolated atom of the
element in gaseous state accepts an electron to form
univalent negative ion is called electron affinity.

X +e— X (g) AH =AH,,
* [Itis measured in eV/atom or kJ/mole.
* The energy change in the process of addition of an

electron to monovalent negative ion of the element in
gaseous state is called second electron affinity (EAg).

X~ (g) + & — X* (g)AH = (AH,)

+ EA, in general, increases on moving across the period
and decreazes on going down the group.

* Be,Mg, N and P have exceptionally low values of EA
due to their stable electronic configurations.

* Noble Gases (He, Ne, Ar, Kr, Xe, Bn) have negative
values of EA due to their stable electronic configura-
tions,

* Halogens have the highest EA in their respective
periods.

* Among halogens, fluorine has lower EA than chlorine
due to greater interelectronic repulsions in small sized
2-p subshell.

» Chlorine has the highest EA among all the elements.

Some trends in the values of electron affinities :
EA;:Cl>F>Br>I
EA:8>0>8e>Te
EA;:C>B>Li>Be
EAy:Si> Al >Na>Mg
EA:F>0>N>Ne.

VALENCY

L

The combining capacity of an element is called valency.

For elements of short periods (Period 2 and 3), the
valency with respect to hydrogen increases from 1 to
4 and then decreases from 4 to 1 as we move across
the period from left to right. However, the valency
with respect to oxygen increases from 1 to 7.

Valencies of noble gases are zero.

All the elements of the same group, generally, have same
valency.

ELECTRONEGATIVITY

The tendency of an atom to attract the shared pair of
electrons towards itself, in a molecule, is called
electronegativity.

Unlike ionisation energy and electron affinity,
electronegativity is the property of the element in
bonded state.

Electronegativity increases on moving across the
period from left to right and decreases in moving down
the group from top to bottom.

Fluorine is the most electronegative element.

In a period, the highest electronegativity is of
halogens and the lowest is of alkali metals.

ELECTROPOSITIVITY OR METALLIC CHARACTER

The tendency of an atom of the element to lose valence
electrons and form positive ion is called electropositivity.
Greater the electropositive character, greater is the
metallic character.

Electropositive character decreases on moving across
the period and increases on moving down the group.
Alkali metals are the most electropositive and

halogens are the least electropositive elements in
their respective periods.

OXIDISING AND REDUCING POWER

The elements having low ionisation energy are ex-

to be stronger reducing agents whereas the
elements having high electron affinity are expected to
be stronger oxidising agents.
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* In moving across a period from left to right the reduc-
ing power, in general, decreases whereas oxidising
POWer increases.

» Alkali metals are the strongest reducing agents
whereas halogens the strongest oxidising elements in
their respective pariods.

* In moving down a group, from top to bottom, the
reducing character, in general, increases whereas the
oxidising character decreases.

* Among alkali metals, the strongest reducing agent in
solution is lithium. This is due to greater AHpydration
for Li*,

* Among halogens, the strongest oxidising agent in
solution is fluorine. This is due to greater AHpyiaration
for F~.

NATURE OF OXIDES

* In a period, from left to right, the basic charactar of
oxides decreases and acidic character of oxides in-
CTeABES.

* In a group, from top to bottom, the basic character of
oxides increases whereas acidic character of oxides
decreases.

* Generally, oxides of metals are basic whereas oxides
of non-metals are acidic

NagO, MgO, AlyO4, Si0Og, P305, 803, Cl0q

1 J | J | |
Basic Amphoteric Acidic

SOME TRENDS :

() Melting points : NaF > NaCl > NaBr > Nal
(if) Melting points : NaCl > KCI > RbCl > CsCl > LiCl

(iif) Basie strength : LiOH < NaOH < KOH < RbOH <
Cs0H

(iv) Basic strength : Be(OH)s < Mg{OH)y < Ca(OH)q
< Sr{OH)y < Ba({OH),
(v) Thermal stability :
BaCOyg > SrC0Oq > CaCOg > MgCOyq
(vi) Thermal stability :
BaS0y > 8rS0, > CaS0y > MgS0,
(vit) Solubility in water :
BaS0, < 8r50,4 < Ca80y < Mgs0,
(viii) Solubility in water :
Ba(OH)g > Sr(OH)g > Ca(0OH); > Mg(OH)s.
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Level 1

Choose the correct answer from the four alternatives given in each of the following questions :

The law of triads is applicable to

{a) Lithium, beryllinm, boron

(&) Fluorine, chlorine, bromine

(¢} Chlorine, bromine, iodine

() SBodium, potassium, rubidium.

Law of octaves was proposed by

{a) Lothar Meyer () D.I. Mendeleev

(e) J.AR, Newlands (d) J.W. Dobereiner.
Lothar Meyer plotted a graph showing variation of
(a) Atomic volume with increase in atomic weight

(b) Atomic radii with increase in atomic weight

(e} Atomic volume with increase in atomic number

(d) Atomic radii with increase in atomic number.

The concept of telluric helix was developed by
(a) Lothar Meyer (b) A.E. de Chancourtois
() Newlands {d) Dobereiner.

As we go from left to right in period 3, the gram atomic
volume of the elements

(a) Increases regularly

(b) Decreases regularly

(e) First decreases and then increases
(d) Remains almost constant.

The number of elements in each of the long periods of
periodic table is

{a) 32 (&) 18

(c) 8 (d) 36.
Lanthanum is a member of

(a) s-Block (b) p-Block
(e) d-Block (d) f-Block.

Which block of the pericdic table contains maximum
number of metals 7

{a) s-Block (&) p-Block

(¢) d-Block (d) f-Block.

The variable valency is generally observed in case of
(a) Transition elements (&) Inert gases

() Normal elements () Metallic eleraents.

Inert gases except helium belong to

(a) s-Block (b) p-Block

(¢) d-Block (d} f-Block.

11.

12.

13.

14.

15.

16.

17.

18.

19.

A property which gradually increases on moving down

a group in the periodic table is
(a) lonisation energy (&) Electronegativity
() Electron affinity (d) Atomic size.

The element having electronic configuration
[Kr] 4d'%, 484, 5%, 5p®, 5d!, 65 belongs to
{a) s-Block {b) p-Block

(c) d-Block (d) f-Block.

Which of the following sets of elements would have
nearly same atomic radii ?

{a) Na, K, Rb,Cs {b) Na, Mg, Al, S5i

(¢) Fa, Co, Ni, Cu (d) F,Cl, Br, L.

Which of the following elements would have the lowest
first ionization energy (1E;) ?

(a) Mg (6) Rb

(e) Li (d) Ca.

The magnitude of electron affinity depends on

{a) Atomic size (b) Nuclear charge

{c) Electronic configuration (d) All the above.

The ionization energy of nitrogen is more than that of
oxygen because

{a) Nitrogen has half-filled p-orbitals

{b) Nitrogen atom is smaller in size than oxygen atom

{(e) Nitrogen contains less number of electrons

() Nitrogen is less electronegative.

The most electronegative element of the third pericd
18

(a) F (b} P

{c) Br (d) CI.

In the long form of periodic table, alements are
arranged according to

() increasing atomic numbear

(b) decreasing atomic number

{¢) increasing atomic mass

In the Mendeleev's periodic table, elements are
arranged in the ascending order of their

(z) number of neutrons () atomic number

{e) atomic mass (o)} atomic volume.
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