Solutions

(2025)
Q.1 In case of association, abnormal molar mass of solute will
(1 Mark) (CBSE 2025 -56/1/1)
A. remain same
B. increase
C. decrease
D. first increase and then decrease

Q.2 An unripe mango placed in a concentrated salt solution to prepare pickle,
shrivels because

(1 Mark) (CBSE 2025 -56/1/1)
A. it loses water due to osmosis
B. it gains water due to osmosis
C. it gains water due to reverse osmosis
D. it loses water due to reverse osmosis

Q.3 Which of the following solutions will have the highest boiling point in water
?

(1 Mark) (CBSE 2025 -56/7/1)
A. 1% glucose
B. 1% urea
C. 1% KCI
D. 1% CacClI2



Q.4 Assertion (A) : Cooking time is reduced in pressure cooker.
Reason (R) : Boiling point of water inside the pressure cooker is elevated.

(1 Mark) (CBSE 2025 -56/7/1)
A. Assertion (A) is false, but Reason (R) is true.

B. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

C. Assertion (A) is true, but Reason (R) is false.

D. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

Q.5 Which of the following aqueous solutions will have the highest freezing
point?

(1 Mark) (CBSE 2025 -56/5/1)
A. 1.0MAICI3
B. 1.0MNa2S04
C. 1.0MGlucose
D. 1.0MKCI

Q.6 Assertion (A) : Henry's law constant (Ku) decreases with increase in
temperature.

Reason (R) : As the temperature increases, solubility of gases in liquids
decreases.

(1 Mark) (CBSE 2025 - 56/5/1)

A. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

B. Assertion (A) is true, but Reason (R) is false.
C. Assertion (A) is false, but Reason (R) is true.

D. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).



Q.7 The value of Henry's constant K is :
(1 Mark) (CBSE 2025 -56/4/1)
A. constant for all gases
B. greater for gases with lower solubility
C. greater for gases with higher solubility
D. not related to the solubility of gases

Q.8 The freezing point of one molal KCI solution, assuming KCl to be completely
dissociated in water, is : (K¢ for water =1.86 K kg mol—1)

(1 Mark) (CBSE 2025 -56/6/1)
A.—3-72°C
B. —1-86°C
C.+2-72°C
D. +3-72°C
Q.9 A solution of acetone in ethanol :
(1 Mark) (CBSE 2025 -56/6/1)
A. obeys Raoult's law.
B. shows a positive deviation from Raoult's law.
C. forms an ideal solution.
D. shows a negative deviation from Raoult's law.

Q.10 Give reasons:

(a) Cooking is faster in pressure cooker than in an open pan.

(b) On mixing liquid X and liquid Y, volume of the resulting solution decreases.
What type of deviation from Raoult's law is shown by the resulting solution ?
What change in temperature would you observe after mixing liquids Xand Y ?

(2 Mark) (CBSE 2025 - 56/1/1)



Q.11 Define Azeotrope. What type of Azeotrope is formed by negative deviation
from Raoult's law ? Give an example.

(2 Mark) (CBSE 2025 - 56/1/1)

Q.12 What is meant by positive deviation from Raoult's law ? Give an example.
What type of azeotrope is formed by positive deviation ?

(2 Mark) (CBSE 2025 - 56,/7/1)

Q.13 Calculate the elevation of boiling point of a solution when 3 g of CaClz
(Molar mass = 111 g mol-?1) was dissolved in 260 g of water, assuming
that CaCl: undergoes complete dissociation. (Ks for water = 0.52 K kg mol-1)

Q.14 Liquids ' X 'and ' Y ' form an ideal solution. The vapour pressure of pure X'
and pure 'Y’ are 120 mm Hg and 160 mm Hg respectively. Calculate the vapour
pressure of the solution containing equal moles of 'X"'and 'Y ".

(2 Mark) (CBSE 2025 - 56/5/1)

Q.15 State Henry's law. Why are aquatic species more comfortable in cold water
as compared to warm water?

(2 Mark) (CBSE 2025 - 56/6/1)

Q.16 A solution of glucose (molar mass =180 g mol—1) in water has a boiling
point of 100.20°C. Calculate the freezing point of the same solution. Molal
constants for water Krand Ky are 1.86 K kg mol-1 and 0.512 K kg mol-1
respectively.

(3 Mark) (CBSE 2025 - 56,/1/1)

Q.17 0.3 g of acetic acid (Molar mass = 60 g mol-1) dissolved in 30 g of benzene
shows a depression in freezing point equal to 0.45 °C. Calculate the percentage
association of acid if it forms a dimer in the solution. (Given : Kt for benzene =
5.12 K kg mol-1)

(3 Mark) (CBSE 2025 - 56/7/1)

Q.18 Shweta mixed two liquids A and B of 10 mL each. After mixing, the volume
of the solution was found to be 20.2 mL.



(i) Why was there a volume change after mixing the liquids?
(i) Will there be an increase or decrease of temperature after mixing?
(iii) Give one example for this type of solution.

(3 Mark) (CBSE 2025 - 56/5/1)

Q.19 (i) How does sprinkling of salt help in clearing the snow-covered roads in
hilly areas?

(ii) What happens when red blood cells are kept in 0.5% (mass/vol) NaCl
solution? Justify your answer.

(iif) Write an application of reverse osmosis.

(3 Mark) (CBSE 2025 - 56/2/1)

Q.20 At 25°C the saturated vapour pressure of water is 24 mm Hg. Find the
saturated vapour pressure of a 5% aqueous solution of urea at the same
temperature. (Molar mass of urea = 60 g mol1)

Q.21 An aqueous solution of NaOH was made and its molar mass from the
measurement of osmotic pressure at 27°C was found to be 25 g mol-1. Calculate
the percentage dissociation of NaOH in this solution.

[Atomic mass : Na = 23u, O = 16u, H = 1u]
(3 Mark) (CBSE 2025 - 56/4/1)

Q.22 Vapour pressure of pure water at 298 K is 24.8 mm Hg. Calculate the
lowering in vapour pressure of an aqueous solution which freezes at —0.3°C. (K
of water = 1.86 K kg mol-1)

(3 Mark) (CBSE 2025 - 56/6/1)

Q.23 The spontaneous flow of the solvent through a semipermeable membrane
from a pure solvent to a solution or from a dilute solution to a concentrated
solution is called osmosis. The phenomenon of osmosis can be demonstrated by
taking two eggs of the same size. In an egg, the membrane below the shell and
around the egg material is semipermeable. The outer hard shell can be removed
by putting the egg in dilute hydrochloric acid. After removing the hard shell, one
egg is placed in distilled water and the other in a saturated salt solution. After
some time, the egg placed in distilled water swells-up while the egg placed in



salt solution shrinks. The external pressure applied to stop the osmosis is
termed as osmotic pressure (a colligative property). Reverse osmosis takes
place when the applied external pressure becomes larger than the osmotic
pressure.

(a) Define reverse osmosis. Name one SPM which can be used in the process of
reverse osmosis.

(b) (i) What do you expect to happen when red blood corpuscles (RBC's) are
placed in 0.5%NaCl0.5%NaCl solution?

(4 Mark) (CBSE 2025 - 56,/2/1)

Q.24 According to the generally accepted definition of the ideal solution there
are equal interaction forces acting between molecules belonging to the same or
different species. (This is equivalent to the statement that the activity of the
components equals the concentration.) Strictly speaking, this condition is
fulfilled only in exceptional cases for mixtures (optical isomers, isotopic
mixtures of an element, hydrocarbon mixtures). It is still usual to talk about
ideal solutions as limiting cases in reality since very dilute solutions behave
ideally with respect to the solvent. This view is further supported by the fact
that Raoult's law empirically found for describing the behaviour of the solvent
in dilute solutions can be deduced thermodynamically via the assumption of
ideal behaviour of the solvent.

Answer the following questions :

(a) Give one example of miscible liquid pair which shows negative deviation
from Raoult's law. What is the reason for such deviation?

(b) (i) State Raoult's law for a solution containing volatile components.

(4 Mark) (CBSE 2025 - 56/4/1)

Answer

Q1.B
Q2.A



Q3D
Q4B
Q5C
Q6C
Q7B
Q8A
Q9B

Q.10 (a) Due to high pressure inside the pressure cooker, higher is the boiling
point and faster is the cooking.

(b) Negative deviation

Temperature increases.

Q.11 Same composition in liquid and in vapour phase and boil at a constant
temperature.
Maximum Boiling Azeotrope

68%HNO3 + 32%H20 (Or any other correct example) (Percentage can be
ignored)

Q.12 When vapour pressure of the solution is higher than expected from the
ideal behaviour.

Example : ethanol and acetone/ carbon disulphide and acetone (or any other
suitable example) Minimum boiling azeotrope

Q.13
ATb = iKbm
Kh x 1000 x w»
ATy, =i—
b ' j'lffg X un
i=3
AT, — 3 x 0.62 x 3 x 1000
111 x 260
= 0.162 K

Q.14



Given
Ny = Iy

Xx =Xy = 0.5
_ 0 0 o 0 0
Pr =px " Z,4Dvy mY/ptoLal = Z1P1 T L2y
=120 x 0.5 + 160 x 0.5
= 60 + 80
= 140 mmHg

Q.15 At a constant temperature, the solubility of a gas in a liquid is directly
proportional to the partial pressure of the gas present above the surface of
liquid or solution/ the partial pressure of the gas in vapour phase (p) is
proportional to the mole fraction of the gas (x) in the solution

Because the solubility of oxygen increases with decrease in temperature/
Because of low solubility of Oz in warm water.

Q.16

Ty
of glucose solution
= 100.20°C

AT, =T, — T%,
100.20° — 100°C = 0.20°C or 0.20 K

ATb = Kb - 1m
0.20

m= e = 0.390 mol /kg
ATy =K¢-m
ATy = 1.86 K kg/mol x 0.390 mol/kg
ATy = 0.725 K
Freezing point of solution
= 273.15 — 0.725

272.425 K
Or

—0.725°C



Q.17

ATy = iKim
ix K¢ xwsy x 1000
ATy =
f Mg AU

_ ix5.12x0.3x1000
0.45 = £ 6030
i = 0.527

. i—1

o= l;n 1

0.527—1
&= 1p
(n=2)
o = 0.946
or
94.6%

Q.18 (i) The solution is non ideal, shows positive deviation from Raoult's law /
A-B interactions are weaker than A—A and B—B interactions

(ii) Decrease in temperature

(iii) Ethanol and acetone (or any other suitable example)

Q.19 (i) Salt lowers the freezing point of water and prevents formation of ice

and hence its easy to clean.
(ii)-Red blood cells swell up

-As the solution is hypotonic, water will flow into the cell/ As the solution is

hypotonic, endosmosis occurs.
(iii) Desalination of sea water

Q.20

P?—Pl wy X M
pfl) My X wy
24—p;  5x18
24 60 x95




24—p1 o 3

24 190
3 x24
4 p, =
2 7P1= g0
p1 = 23.62 mmHg /23.64 mmHg
(Deduct

1

2
mark for no or incorrect unit).

Q21

i = Normal molar mass/Abnormal molar mass
i=40/25

=1.6
a=i—1/n-1

_16-1

1

= 0.6 x 100

= 60%

Q22

AT = Kim

m = ATf/Kf

m = 0.3/1.86

= 0.16 m

$2X1000
M 4

~ 0.16 x 18

*27 771000

— 288 x 1073

P} —p
2
24.8 — P1
24.8

P} — p1 = z2p)
— 2.88 x 10° x 24.8 mmHg
= 0.07 mmHg

—2.88 x 1073



Q.23 (a)

When external pressure is larger than the osmotic pressure, then the
movement of solvent is from solution to solvent side through semi permeable
membrane. / The direction of osmosis can be reversed if a pressure larger
than the osmotic pressure is applied to the solution side.

Cellulose acetate / Or any other suitable example.

(b) (i) RBC swells up / Cells swell and may even burst due to endo-osmosis.
Q.24 (a)Chloroform and Acetone

(or Any other correct example)

A — B interactions are stronger than A — A and B — B interaction.

(b)(i) For any solution the partial vapour pressure of each volatile component
is directly proportional to its mole fraction.

(2024)

Q.1 Isotonic solutions have the same
(1 Mark) (CBSE 2024 - 56/5/1)
A. osmotic pressure
B. volume
C. density
D. refractive index
Q.2 Van't Hoff factor for Na2S04.10H:0 solution, assuming complete ionization is
(1 Mark) (CBSE 2024 - 56/5/1)
A. 13
B.22
C.33



D. 11

Q.3 For an electrolyte undergoing association in a solvent, the van't Hoff factor :
(1 Mark) (CBSE 2024 - 56/1/1)

A. is always less than one

B. has negative value

C. has zero value

D. is always greater than one

Q.4 Assertion (A) : When NaCl is added to water a depression in freezing point
is observed.
Reason (R) : NaCl undergoes dissociation in water.

(1 Mark) (CBSE 2024 - 56/1/1)

A. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

B. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

C. Assertion (A) is false, but Reason (R) is true.
D. Assertion (A) is true, but Reason (R) is false.

Q.5 A % solution of solute ' X' is isotonic with a 6%6% solution of sucrose
(molar mass = 342 g mol-1). The molar mass of solute ' X"'is :

(1 Mark) (CBSE 2024 - 56/3/1)
A.57 g mol-1
B.114 g mol—1
C.3.42 g mol-!
D. 34.2 g mol-1!



Q.6 Assertion (A) : Addition of ethylene glycol to water lowers its freezing point.
Reason (R): Ethylene glycol is insoluble in water due to lack of its ability to form
hydrogen bonds with water molecules.

(1 Mark) (CBSE 2024 - 56/3/1)

A. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

B. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

C. Assertion (A) is true, but Reason (R) is false.
D. Assertion (A) is false, but Reason (R) is true.

Q.7 An azeotropic solution of two liquids has boiling point lower than either of
them when it:

(1 Mark) (CBSE 2024 - 56/2/1)
A. shows no deviation from Raoult's law
B. shows positive deviation from Raoult's law
C. shows negative deviation from Raoult's law
D. is saturated

Q.8 The relative lowering of vapour pressure of an aqueous solution containing
non-volatile solute is 0.0225. The mole fraction of the non-volatile solute is :

(1 Mark) (CBSE 2024 - 56,/2/1)
A.0-0225
B.0-725
C.0-15
D. 0-80

Q.9 (a) Define molal depression constant. How is it related to enthalpy of fusion
?



(2 Mark) (CBSE 2024 - 56/3/1)

Q.10 (b) What type of deviation is shown by ethanol and acetone mixture? Give
reason. What type of azeotropic mixture is formed by that deviation?

(2 Mark) (CBSE 2024 - 56/4/1)

Q.11 18 g of a non-volatile solute is dissolved in 200 g of H20 freezes at 272.07
K. Calculate the molecular mass of solute (Ks for water = 1.86 K kg mol-1)

(2 Mark) (CBSE 2024 - 56/4/1)

Q.12 A 6% solution of glucose (molar mass = 180 g mol-?) is isotonic
with 2.5% solution of an unknown organic substance. Calculate the molecular
weight of the unknown organic substance.

(2 Mark) (CBSE 2024 - 56/4/1)

Q.13 A solution is prepared by dissolving 5 g of a non-volatile solute in 200 g of
water. It has a vapour pressure of 31.84 mm Hg at 300 K. Calculate the molar
mass of the solute.

(Vapour pressure of pure water at 300 K = 32 mmHg)
(3 Mark) (CBSE 2024 - 56/3/1)

Q.14 The vapour pressure of a solvent at 283 K is 100 mm Hg. Calculate the
vapour pressure of a dilute solution containing 1 mole of a strong electrolyte AB
in 50 moles of the solvent at 283 K (assuming complete dissociation of solute
AB).

(3 Mark) (CBSE 2024 - 56/2/1)

Q.15 (@) (i) Ishan's automobile radiator is filled with 1.0 kg of water. How many
grams of ethylene glycol (Molar mass = 62 g mol—1) must Ishan add to get the
freezing point of the solution lowered to 2.8°C. K for water is 1.86 K kg. mol-1.

(i) What type of deviation from Raoult's law is shown by ethanol and acetone
mixture? Give reason.

(5 Mark) (CBSE 2024 - 56/5/1)



Q.16 (b) (i) Boiling point of water at 750 mm Hg pressure is 99.68°C. How much
sucrose (Molar mass = 342 g mol-1) is to be added to 500 g of water such that it
boils at 100°C?(Ky for water = 0.52 K kgmol-1).

(ii) State Henry's law and write its any one application.
(5 Mark) (CBSE 2024 - 56/5/1)

Q.17 (a) (i) At the same temperature, CO2 gas is more soluble in water than O>
gas. Which one of them will have higher value of Ky and why ?

(ii) How does the size of blood cells change when placed in an aqueous solution
containing more than 0.9% (mass/volume) sodium chloride?

(i) 1 molal aqueous solution of an electrolyte A2 Bz is 60% ionized.
Calculate the boiling point of the solution. (Given : Ks for H20 = 0.52 K kg mol-?)
(5 Mark) (CBSE 2024 - 56/1/1)

Q.18 (b) (i) The vapour pressures of A and B at 25°C are 75 mm Hg and 25 mm
Hg, respectively. If A and B are mixed such that the mole fraction of A in the
mixture is 0.4, then calculate the mole fraction of BB in vapour phase.

(ii) Define colligative property. Which colligative property is preferred for the
molar mass determination of macromolecules?

(iii) Why are equimolar solutions of sodium chloride and glucose not isotonic?
(5 Mark) (CBSE 2024 - 56/1/1)
Q.19 (@) (i) Define reverse osmosis.

(ii) Why are aquatic species more comfortable in cold water in comparison to
warm water?

(iii) A solution containing 2 g of glucose (M = 180 g mol1) in 100 g of water is
prepared at 303 K. If the vapour pressure of pure water at 303 K is 32.8 mm Hg,
what would be the vapour pressure of the solution?

(5 Mark) (CBSE 2024 - 56/4/1)



Q.20 (b) (i) Predict whether Van't Hoff factor will be less or greater than one,
when Ethanoic acid is dissolved in benzene.

(ii) Define ideal solution.

(iii) Calculate the mass of CaCl> (molar mass = 111 g mol-1) to be dissolved in
500 g of water to lower its freezing point by 2 K, assuming that CaCl: undergoes
complete dissociation.

(Kt for water = 1.86 K kg mol-1)
(5 Mark) (CBSE 2024 - 56/4/1)

Answer

QLB
Q2.B
Q3D
Q4B
Q5A
Q6C
Q7B
Q8A

Q.9 (a) Molal depression constant is the depression in freezing point observed
in 1 molal solution. The depression in freezing point when one mole of non.
volatile solute is dissolved in 1 kg or 1000 g of the solvent.
RxMoivent XT§
E T 71000 % A, B

Q.10 (b) Positive deviation. Because ethanol - acetone interaction is weaker
than pure ethanol and pure acetone molecular interactions.
Minimum boiling azeotropes

Q11



ATf:Kfm
K; x wp »x 1000

wy x ATy
ATJ,c:Tf—TJ,c
ATy =273-15-272-07=1-08 K
~1-86 x 18 x 1000

Mp =

Mp =
B 200 x 1-08
= 155 g mol
Q12
TGlucose — TMUnknown
Ce =Cy
We _ Wy
Ms — My
6 _ 25
80 My
My = 2-52180 g mol 1
=75 gmol !
Q13
Pg — D1 W3 Pes Ml
p{f MQ X W1
(32—31-84) B 5g y 18
32 My, 200g
My = 90 g/mol

(Deduct half mark for no or incorrect unit)

Q.14



100—-Pg AR
100 o 2 X Tegolvent

(For dilute solution)

100-P, o 1
00~ — 2730

100 - Py, =14
Pg = 96 mmHg

Q15

a) (i)
ATy = 2.8°C

ATf = Kf X WB/MB X WA( kg)

2.8 = 1.86 x W5/62 x 1

Wp = (2.8 x 62)/1.86

Wp = 93.33 g( Deduct 1/2 mark for incorrect unit or no unit )

(ii) Positive deviation
Interaction between ethanol-ethanol is stronger than ethanol-acteone.

Q16

b) (i) AT}, = 100 — 99.68°C = 0.32°C

ATy = Ky, x Wp/Mp x WA(kg)

0.32 = 0.52 x wg x 1000/342 x 500

wp = 0.32 x 342/0.52 x 2 =105.23 g  (Deduct 1/2 mark for incorrect unit or no unit.)

(i) At a constant temperature, the solubility of a gas in a liquid is directlyproportional to the partial
pressure of the gas present above the surface of liquid or solution. / The partial pressure of the
gas in vapour phase (p) is proportional to the mole fraction of the gas (&) in the solution.
Application: To increase the solubility of CO» in soft drinks and soda water, thebottle is sealed

under high pressure. (or any other)



Q17

; 1
(a)(hAs Kg Solubility of Gas
.". O9 gas has higher Kg; because higher the Kg value, lower the solubility of gas in liquid.
(if) Blood cells shrink.
(i) ATy, =iKym
Ty, — Tp? =i x 0.52 KKgmol_l x 1 molKg_1

i—1
=1
n—>5

i—1

0-6=53
i=34

Tp, —373K =3.4x0.52x1
Ty, = 1.768 + 373 K
Ty = 374.768 K (If boiling point of water is 373.15 K then T, = 374.918 K )

Q18
(b)
(i)

Pr = paz4 +pelzp

Pr=75x04+4 25 x 0.6
Pt =304 15 = 45 mmHg

In Vapour phase

PB = ¥B2PT
PBITB
— P p—
Ym PB/ T Pr
15 1
= — = —=10.33 H
VB 15 3 0.33 mmHg

(ii) The property which depends upon the number of solute particles but not
on the nature of solute. ; Osmotic pressure.



(i Because sodium chloride undergoes dissociation (

1=2

) in water while glucose does not./
T=1

C R T; For NaCl, i=2 and for glucose
i=1

Q.19 (a) (i) If a pressure larger than the osmotic pressure is applied to the
solution side, resulting in the movement of solvent particles from solution to
solvent.

(ii) Solubility of gases in water decreases with rise in temperature. More
oxygen will be available in the cold water.

(iii)

Pg — P11 ng
Y

p? —p1 w2 X M
p? - My X wy

32.8 — py 2 % 18
32.8 180 x 100

32.8 — p; = 0.0656
p1 = 32.734 mmIg

(Deduct

1/2

mark for no unit or incorrect unit)
Q.20 (a) (i) i will be less than 1.

(ii) Solution which obeys Raoult's law over the entire range of concentration.

(i) i = 3



ATy =i x Ky xm
i X Ky xwpg x 1000

&Tf: MB KWy
3 x1.86 x wp x 1000
2K = 111 x 500
2 x 111 x 500
WB

T 3% 1.86 x 1000
=19.89¢g

(Deduct
1

2
mark for no unit or incorrect unit)



- Previous Years’ CBSE Board Questions -

1.2 Expressing Concentration of
Solutions

1. Assertion (A} : Molality of a solution in liquid state

changes with temperature.

Reason (R) : The volume of solution changes with the

change in temperature.

(a) Both Assertion [A) and Reason (R) are correct
i 10. Lowconcentration of axygen in the blood and tissues

statements, and Reason (R) is the correct
explanation of Assertion (A).

(b} Both Assertion [A) and Reason (R) are correct
statements, but Reason (R) is not the correct

explanation of Assertion [A).

(c) Assertion (A) is correct, but Reason (R) is

incorrect statement.

(d) Assertion (A) is incorrect, but Reason (R) is
(2020C)
2. 50 mL of an agueous solution of glucose CiH:0,

(Molar mass : 180 g/mol) contains 6.02 = 10%

correct statement.

molecules. The concentration of the solution will be

(a) 0.AM (b) 0.2M
() 1.OM (d) 20M (2020)
M (1 mark)

3. Define the following term : Molality (m)
(NCERT, 1/2, Delhi 2017, 1/5A12014C) (R |
4. Define the following term: Molarity (M)

(NCERT, 1/2, Dethi 2017, 1/5A12014) (R |

5 Define the following term ;
Mole fraction (NCERT, 1/5 A12014C) (7 |

(2marks)

5
4. Calculate the molarity of 9.8% (w/W) solution of

H.50, if the density of the solution is 1.02 g mL™ ; 15. State HE‘W’S law. Wh'f is air diluted with helium in

(Molar mass of H,50, = 98 g mol™)

solution into molarity value?

0B (3 marks)
EYN

8. A solution of glucose (molar mass = 180 g mol™) in

the molality and molarity of the solution?
{Density of solution = 1.2 gmlY)

- M 2 marics)

i 14. What is Henry's law? Give one application of it.

(2/5, Foreign 2014) (B |
7. Differentiate between molarity and molality of a
solution. How can we change molality value of a :

(Dethi 2014 C) iE 17. State Henry's law and mention two of its important

(NCERT, 3/5, Al 2014)

' 1.3 Solubility

Mass Percentage, Mole Fraction,
Malarity, Molality

i 9. On dissolving ammonium chloride in water at room

temperature, the solution feels cool to touch. Under
which of the following conditions does salt dissolve
faster?

{a) Powdered saltin cold water

(b) Powdered saltin hot water

c) Salt crystalsincold water

{d} Salt crystals in hot water (2023)

of people living at high altitude is due to

{a) high atmospheric pressure

(b} low temperature

{c) low atmospheric pressure

(d) both low temperature and high atmospheric

pressure. (2023)

11. An unknown gas "X is dissolved in water at 2.5 bar

pressure and has mole fraction 0.04 in solution. The

mole fraction of "X’ gas when the pressure of gas is

doubled at the same temperature is

(a) 008 (b) OD4 () 002 (d) 092
(Term 1, 2021-22) (7n)
(1 mark)

: 12. Why aquatic animals are more comfortable in cold

water than in warm water? {1/3,2018) @ﬂ

| 13 Gas (A) is more soluble in water than gas (B) at the

same temperature. Which one of the two gases will
have the higher value of Kj; (Henry's constant) and
why?

(1/2, Al 2016)

(2023)

the tanks used by scubadivers?  (2/5, 2020) (An)

14. State Henry's law. Calculate the solubility of CO, In
water at 298 K under 760 mm Hg.

(K, for CO, in water at 298 K is 1.25 = 10® mm Hg)

(2020)

applications. (2020C) [ﬂ’]

18. Give reasons for the following.
water is labelled as 10% {by mass). What would be

(a) Aguatic species are more comfortable in cold
water than in warm water.
(b) At higher altitudes people suffer from anoxia

resulting in inability to think. (A1 2019) [A_pj



1.4 Vapour Pressure of Liquid
Solutions

Eaoult's Law

19, Which of the following formula represents Raoult's

law for a solution containing non-volatile solute?
(@) Puctute = PP uciute * Xachute

(b} p=Ky-x

(€} Piotat ™ Paobent

{d) Pcdute = P° cchverst * Kachvent

(1 mark)

20. ldentify which liguid will have a higher vapour

pressure at 90°C if the boiling points of two liquids A | ;
i 30. Write two differences between ideal solutions and

and B are 140°C and 180°C, respectively.
{One word, 2020) Im
21. Define Raoult's law.

- (2 marks)

State Raoult's law for a solution containing volatile '
components. What is the similarity between Raoult's
(2020, Delhi 2014) (] |
23. State Raoult's law for a solution containing volatile !

components. Name the solution which follows o ]
i 32 What type of deviation is shown by a mixture of

law and Henry's law?

Raoult's law at all concentrations and temperatures.

(215, Foreign 2014) (&) |

Ideal Solutions

1.5 l|deal and Non-ideal Solutions

MCQ

24. Which one of the following pairs will form an ideal

solution?

{a) Chloroform and acetone
{b) Ethanoland acetone

{c) n-Hexane and n-heptane
{d) Phenol and aniline

(1mark)

25. Define the following term: Ideal solution

(3 marks)

(1/2, Delhi 2017, 1/5,A12017C) -

26. (a) Differentiate between Ideal solution and Non- |

ideal solution.
(b) 30 g of urea is dissolved in 846 g of water.

298 Kis 23.8 mm Hg.

- XM (2 marks)

(Term ,2021-22) (1) | 29. What type of deviation from Raoult’s law is observed

(1/5 Al 2014C) 31. What is meant by positive deviations from Raoult's

M (1 mar)

(Term 1, 2021-22) {@

Non-ideal Solutions

MCQ
27. Onmixing 20 mL of acetone with 30 mL of chloroform,
the total volume of the solution is

la) <50mL (b) =50mL

() >50mL (d) =10mL
i (Term I, 2021-22) (Ey|
EEM 1)

| 28. What happens when acetone is added to pure

ethanal? (1/2, 2020) (Ev)

by mixing chloroform and acetone?
Why is a decrease in a vapour pressure observed in
mixing chloroform and acetone? (2021C) (A7)

non-ideal solutions.
(2/3, 2020 C, Delhi 2019, 2/5, Al 2017)

law? Give an example. What is the sign of A, H for
positive deviation? (Delhi 2015)
OR

What is meant by negative deviation from Raoult's
law? Give an example. What is the sign of Ay H for
negative deviation? {Forelgn 2015)

ethanol and acetone? Give reason. (245, Al 2014)

23, An azeotropic solution of two liguids has a boiling
point lower than either of the two when it
{a) shows a positive deviation from Raoult’s law
(b) shows anegative deviation from Raoult's law
[c) shows nodeviation from Raoult's law
{d) issaturated. {Term |, 2021-22)

In non-ideal solution, what type of deviation shows
ﬂ"lE formation of maximum boiling azeotropes?

i (1/2. Al 2016)
35. Some liquids on mixing form 'azeotropes’. What are
i ‘azeotropes’? (Delhi 2014)
OR
Define the following term:
Azeotrope {1/5, Foreign 2014)
- XM (2 marks)

: 35, What type of azeotropic mixture will be formed by
Calculate the vapour pressure of water for this
solution if vapour pressure of pure water at |
(2023) :

a solution of acetone and chloroform? Justify on the
basis of strength of intermolecular interactions that

develop in the solution. (A12019) (U]



37. Define azeotropes. What type of azeotrope is

an example.
38. Define azeotropes. What type of azeotrope is formed

example.

1.6 Colligative Properties and
Determination of Molar Mass

Relative Lowering in Vapour Pressure
M (2 mark)

39, Define the following term:
Colligative properties

when a non-volatile solute is dissolved in it?

(2 marks)

(1/2, Delhi 2014C) (1] ;

41. A solution is prepared by dissolving 10 g of non-
volatile solute in 200 g of water. It has a vapour :
pressure of 31.84 mm Hg at 308 K. Calculate the i

molar mass of the solute.

(Vapour pressure of pure water at 308 K = 32 mm :

He)
BTN (3 marks)

42, Give reasons:

{a) Measurement of osmotic pressure method is
preferred for the determination of molar masses of

macromolecules such as proteins and polymers.
(b} Aguatic animals are more comfortable in cold
water than in warm water.

{c) Elevation of boiling point of 1 M KCI solution is
50. In the following diagram point ‘X' represents

nearly double than that of 1 M sugar solution. (2023)

43. Vapour pressure of water at 293 K is 17-5348 mm Hg.
Calculate the vapour pressure of aqueous solution :
when 20 g of glucose (Molar mass = 180 g mol™) is :

(2021C)

44, 30 g of urea (M = 60 g mol™) is dissolved in 846 g
of water. Calculate the vapour pressure of water

for this solution if vapour pressure of pure water at
(3/5,A12017) ¢

dissolved in 500 g of water.

298 Kis 23.8 mm Hg.

(5 marks)

45. (a) State Henry's law and mention its two
applications.

Caloulate the molar mass of solute.

(1/2, Delhi 2017)
40. How is the vapour pressure of a solvent affected

(2023) :
- I (2 marks)

49, Why does a solution containing non-valatile solute

(2 marks)
(b) ‘5% aqueous solition of 3 non-velatile sokute 51. Misha took two agueous solutions - one containing
was made and its vapour pressure at 373 K
was found to be 745 mm. Vapour pressure of :
pure water at this temperature was 760 mm. :

(2020C) (A5

Elevation of Boiling Point

formed by positive deviation from Raoult's law? Give
(Delhi 2015) :

MCQ

. = : 44. The boiling point of a 0.2 m solution of a non-
by negative deviation from Raoult’s law? Give an :

{Foreign 2015)

electrolyte in water is
(K for water = 0.52 K kg mol™)
{a) 100°C (b) 10052°C
(c) 100.104°C (d) 100.248°C
(Term 1, 2021-22) (€1

47. Assertion(A): Elevationinboiling pointisa colligative

property.

Reason (R) : Elevation in boiling point is directly

proportional to molarity.

(a) Both Assertion (A) and Reason (R) are correct
statements, and Reason (R) is the correct
explanation of the Assertion {&).

(b) Both Assertion (&) and Reason (R} are correct
statements, but Reason (R} is not the correct
explanation of the Assertion (&).

(¢} Assertion (A) is correct, but Reason (R) is wrong

statement.
(d) Assertion (A) is wrong, but Reason (R) is correct
statement. (2020) (7 |
(1 mark)
i 48, Define the following term -
Molal elevation constant (Ky) (1/5, Al 2014)

have higher boiling point than the pure solvent? Why
is elevation of boiling point a colligative property?

—ly

(Al 2015) [An]

Depression of Freezing Point

MCQ

P

i

ol

Temperature —
(a] boiling point of solution
(b) freezing point of solvent
(c) boiling point of solvent
(d) freezing point of solution.

|
Vapour
PrESSLNe

(Term I, 2021-22) (&1

7.5 g of urea (Molar mass = &0 g/mol) and the other
containing 42.75 g of substance £ in 100 g of water,
respectively. It was observed that both the solutions
froze at the same temperature. Calculate the molar

mass of Z. (2020) I_'E'_-r]



53.

. Calculate the freezing point of a solution containing

60 g of glucose (molar mass= 180 g mol™)in 250 g of !

water. (K; of water = 1.86 K kg mol™) (2018)

P63,

Calculate the mass of compound {molar mass = 256
E mul'i]l to be dissolved in 75 g of benzene to lower its

freezing point by 0.48 K. (K= 5.12 K kg mol™).

(Dethi 2014)

(3marks)

54,

25.

56,

57.

58.

&0,

61.

An antifreeze solution is prepared by dissolving 31 g
of ethylene glycol (Molar mass =62 gmol ™) in 600 g
of water. Calculate the freezing point of the solution. :

(K for water = 1.84 K kg mol™)

{2020)

Calculate the mass of ascorbic acid (Molar mass =
176 g mol™Y) to be dissolved in 75 g of acetic acid, to

lower its freezing point by 1.5°C.
(K;=3.9 Kkgmol™)

(NCERT Intext, 2020) |

A 4% solution (w/w) of sucrose (M = 342 g mol™) ¢
in water has a freezing point of 271.15 K. Calculate
the freezing point of 5% glucose (M = 180 g mol™) :
in water. {(Given : Freezing point of pure water

=27315K)

(Dethi 2019) (&) |

1.00 g of a non-electrolyte solute dissolved in 50 g :
of benzene lowered the freezing point of benzene |
by 0.40 K. The freezing point depression constant of
benzene is 5.12 K kg mol ™. Find the molar mass of :

the solute.

(3/5, Delhi 2019 C)

A 5% solution (by mass) of cane-sugar in water has

freezing point of 271 K. Calculate the freezing point |

of 5% solution [by mass) of glucose in water if the
freezing point of pure wateris 273.15 K.

Cane-sugar C,,H,,0,, : 342 amu]

(NCERT, 3/5, Dethi 2019C) (Ev]

. A 10% solution (by mass) of sucrose in water has

freezing point of 26%7.15 K. Calculate the freezing
point of 10% glucose in water, if freezing point of

pure water is 273.15 K.
{Given : Molar mass of sucrose = 342 g mol™,

molar mass of glucose = 180 g mol™) (Delhi 2017) (Ev] |

Calculate the freezing point of the solution when
31 g of ethylene ghycol (C;:H:O;) is dissolved in 500 g

of water. (K; for water = 1.86 K kg mol™)

(Al 2015)

Some ethylene glycol, HOCH;CH.OH, is added to

XM (2 maris)

the freezing point of water-glycol solution is -15.0°C,

your car's cooling system along with 5 kg of water. If

what is the boiling point of the solution?

P &9,

(K, = 0.52 K kg mol™* and K, = 1.86 K kg mol™ :
for water)

MCa i
The colligative property used for the determination :

&2,

of molar mass of polymers and proteins is
{a) osmotic pressure
(b) depression in freezing point

(Delhi 2014 C) :
i 70.

P71

64,

{c] relative lowering in vapour pressure

(d) elevation in boiling point. (2023)

Assertion{A) : A raw mango placed in saline solution
loses water and shrivel into pickle.

Reason (R) : Through the process of reverse osmosis
raw mango shrivel into pickle.

{a) Both Assertion [A) and Reason (R) are correct
statements, and Reason (R) is the correct
explanation of the Assertion (A).

Both Assertion (A) and Reason (R) are correct
statements, but Reason (R) is not the correct
explanation of the Assertion (A).

(b)

¢} Assertion (A) is correct, but Reason (R) is
incorrect statement.
(d) Assertion (A} is incorrect, but Reason (R) is

correct statement. (Term I, 2021-22) [Ag]

Assertion (A) : Osmotic pressure is a colligative
property.

Reason (R): Osmotic pressureisdirectly proportional
to molarity.

{a) Both Assertion (A) and Reason (R) are correct
statements, and Reason (R) is the correct
explanation of the Assertion (A).

Both Assertion (A) and Reason (R) are correct
statements, but Reason (R) is not the correct
explanation of the Assertion (A).

(b)

{c] Assertion (A) is correct, but Reason (R) is
incorrect statement.

(d) Assertion (A) is incorrect, but Reason (R) is
correct statement. {2020)

(1 mark)

[Molecular masses : Glucose C,H,;,0, : 180 amu; 65.

66,

68.

What happens when a pressure greater than osmotic
pressure is applied on the solution side separated
from solvent by a semi-permeable membrane?

(1/2, 2020) (Ap)

Give reason for the following :

Measurement of osmotic pressure method is
preferred for the determination of molar masses of
macromaolecules such as proteins and polymers.

(1/2,2018) (U]

. Define the following term :

(1/5,A12017C) (R )
(Delhi 2014) (R |

Osmotic pressure

What are isotonic solutions?

For a 5% solution of urea (Molar mass = 40 g/maol),

calculate the osmotic pressure  at 300 K.

[R=0.0821L atm K *mol™] (2020)

Give reasons :

(a) Cooking is faster in pressure cooker than in
cooking pan.

(b) Red Blood Cells (RBC) shrink when placed in

(201%)

Out of 1 M glucose and 2 M glucose, which one
has a higher boiling point and why?

saline water but swell in distilled water.

(i)



(ii) What happens when the external pressure
applied becomes more than the osmotic pressure

of solution?

solution containing
(i} 1.2% sodium chloride solution?
(i) 0.4% sodium chloride solution?

(2/5, Delhi 2016) (g
(3 marks)

73. At 300 K, 30 g of glucose present in a litre of its
solution has an osmotic pressure of 4.98 bar. If
the osmotic pressure of a glucose solution is 1.52
bar at the same temperature, what would be its :

(A12019) © 83, Calculate the boiling point elevation for a solution

74. A solution containing 15 g urea (molar mass = !
60 g mol™Y) per litre of solution in water has the same |
osmotic pressure (isotonic) as a solution of glucose :

(molar mass = 180 g mol™Y) in water. Calculate the | 84. Calculate the boiling point of solution when 4 g

concentration?

mass of glucose present in one litre of its solution.

(3/5, Al 2014)

75. Define the following terms :
(i) Osmotic pressure

(ii) Colligative properties

1.7 Abnormal Molar Masses

van't Hoff and Abnormal Molar Mass

(1 mark)

76. Define the following term :

van 't Hoff factor
77. Define the following term : i
Abnormal molar mass (Delhi 2017) !

(2 marks)

78. Predict the state of the solute in the solution in the

following situations :
{a) When'T"is found to be more than one.
() When'i'is found to be less than one.

undergo
(i} disseciation
(i} association?

van't Hoff and Elevation in Boiling Poi
I (1 mark)

g0, Give reason for the following :
Elevation of boiling point of 1M KCI solution is nearly
double than that of 1 M sugar solution.

(5 marks)

(Foreign 2014) (7 |
: 45, (i) Why is boiling point of 1 M NaCl solution more

(Delhi 2017) |

X (3 marks)

| 88. When 195 g of F—CH,—COOH (molar mass =
(1/2,2018)(u)

IELYM (2 marks)

{ 81 Gi as0ns :
(2/5, Delhi 2016) (Ax] ive reason

72. Blood cells are isotonic with 0.9% sodium chloride
solution. What happens if we place blood cells in a

- IEXM (3 mark)

82, (a)

(i) 0.1 M KCI has higher boiling point than 0.1 M
glucose,
(ii) Meat is preserved for a longer time by salting.

(2020) (fn)

Out of 0-1 molal agueous solution of glucose
and 01 molal agueous solution of KCI, which
one will have higher boiling point and why 7

(b} Predict whether van't Hoff factor, {i} is less than
one or greater than one in the following :

(i} CH,COOH dissolved inwater

(ii) CH3;COOH dissolved in benzene (2019)

prepared by adding 10 g of CaCl, to 200 g of water.

(K, for water = 0.52 K kg mol™, molar mass of CaCl,
=111gmol™) (3/5, Al 2017C, Foreign 2014)

of Mg50, (M = 120 g mol™) was dissolved in 100
g of water, assuming Mg50, undergoes complete
ionization.

(K, for water = 0.52 K kg mol™) (Al 2018)

than that of 1 M glucose solution?

(ii) A non-volatile solute X (molar mass = 50 g mol™)
when dissolved in 78 g of benzene reduced its vapour
pressure to 90%. Calculate the mass of X dissolved in
the solution.

(iii} Calculate the boiling point of elevation for a
solution prepared by adding 10g of MgCl; to 200 g of
water assuming MgCl; is completely dissociated.

(K, for water = 0512 K kg mol™?, molar mass
MgCl; = 95 g mol™) (2023)

van't Hoff and Depression in Freezing Point

MCQ

84. Out of the following 1.0 M agueous solutions which

(2020)
79. What is van't Hoff factor? What types of values can
it have if in forming the solution the solute molecules :

- I 2 marks)

i B7. Assumi complete dissociation., calculate the
(2/5,A12014 C) (1) | i o o

one will show largest freezing point depression?
fa) MaCl (b) Ma;S0,

(€) CeHzO4 (d) Alz{504)s (2023)

expected freezing point of a solution prepared by
dissolving &.00 g of Glauber's salt, Ma;50,-10H0
in 0.100 kg of water. {Kf for water = 1.86 K kg mol™,
atomic masses:MNa=23,5=32.0=14H=1)

(2/5, Al 2014C) (ig |

78 g mol™Y) is dissolved in 500 g of water, the depression



in freezing point is observed to be 1°C. Calculate the

degree of dissociation of F—CH,—COOH.

[Given : K, for water = 1.86 Kkgmol ] (3/5, EDEDJQ'EQ.TI
£9. The freezing point of a solution containing 5 g of
benzoic acid (M = 122 g mol™} in 35 g of benzene
is depressed by 2.94 K. What is the percentage !
association of benzoic acid if it forms a dimer in :

solution? (K, for benzene = 4.9 K kg mol™) {EUEG}-E

0. A 0D1 m agueous solution of AICK freeres at
[Given: K, for water = 1LB6 K kg maol™?]
assuming MgCl; undergoes complete ionization.

(K For water = 1.86 K kg mol™)

atomic mass of sulphur = 32 g mol™)

of solute (associated or dissociated).

{Given ; Molar mass of benzoic acid = 122 g mol™,
(Delhi 2015)(Ev) |
74. Calculate the mass of MaCl (molar mass = 585 -

gmol ) to be dissalvedin 37.2 gof water to lower the | MEalil (5 marks)
freezing point by 2°C, assuming that MaCl undergoes :

K;for benzene = 4.9 K kg mol™)

complete dissociation. (K, for water = 1.86 Kkgmol™)

(5 marks)

95. {a) Give two differences between
non-ideal solutions.

(Foreign 2015) |

ideal

{b) Calculate the amount of NaCl (M = 58.5 g mol™Y) ¢
that must be added to 100 g of water so that :
freezing point is depressed by 2 K. K, for water is

{20200C) :

1.86 K/m.

1.2 Expressing Concentration of
Solutions

MCQ

1. Given beloware twostatements labelled as assertion

(4) and Reasan (R).

Assertion (A) : Molarity of a solution changes with |

temperature.
Reason (R} : Molarity is a colligative property.

Select the most appropriate answer from the options

given below:

(Delhi 2016) | _ met
the freezing point lowered by 0.383 K. Calculate the
formula of sulphur (S,). (K;for CS5; = 3.83 K kg mol™, |
: 99. (a)
(3/5 Delhi 2016} (Tr ]

%3. 3.9 g of benzoic acid dissolved in 49 g of benzene
shows a depression in freezing point of 162 K. :
Calculate the van't Hoff factor and predict the nature |

and

CBSE Sample Questions

96, (a) Write two characteristics of non-ideal solution.
{b) 2 g of benzoic (C;H.COOH) dissolved in 25 g of
benzene shows a depression in freezing point

equal to 1.42 K. Molal depression constant for
benzeneis4.9K kg mol~. What is the percentage
association of acid if it forms dimer in solution ?

(2019)

van't Hoff and Osr

- X (3 marks)

=0.068 °C. Calculate the percentage of dissociation. :
(2020) (Ev)
1. Calculate the freezing point of solution when 1.9 gof

MEgCl; (M= 95 g mol™*) was dissolved in 50 g of water, :

97. A solution contains 5.85 g Mall (Molar mass =
58.5 g mol™Y) per litre of solution. It has an osmotic
pressure of 4.75 atm at 27°C. Calculate the degree of
dissociation of NaCl in this solution.

(Given: R=0.082 Latm K 'mal™}) {375, 2020)

of 95%. What would be its asmotic pressure at 27°C?
(R=0.0821L atm K*mol™) (2019)

Draw the graph between vapour pressure and

temperature and explain the elevation in boiling

point of a solvent in solution.

(b) Determine the osmotic pressure of a solution

prepared by dissolving 25 mg of K50,

in 2 litres of water at 25°C assuming it to

be completely dissociated.

(Atomic masses: K=3%u,5=320u, 0= 14u)
(2019)

What is the value of van't Hoff factor for ethanaoic

acid in benzene close to 0.57

{ii) Determine the osmotic pressure of a solution
prepared by dissolving 2.32 x 107 g of K,50,in
2 L of solution at 25°C, assuming that K,50, is
completely dissociated.

{iii) When 25.6 g of sulphur was dissclved in 1000 g

of benzene, the freezing point lowered by 0.512

K. Calculate the formula of sulphur (S,).

(K for benzene = 5.12 K kg mol ™", Atomic mass of

sulphur = 32 g mal™) (2023)

100. (i)

{a) Both A and R are true and R is the correct

explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(€} Aistrue but Ris false.

{d) Aisfalse butR is true.

1.3 Solubility

mMCQ

2. Solubility of gases in liquids decreases with rise in
temperature because dissolution is an

(Term |, 2021-22) |Tﬂ




(a) endothermic and reversible process
(b) exothermic and reversible process
{c) endothermic and irreversible process
{d) exothermic and irreversible process.

correct answer out of the following.
of A

explanation of A.
(c) Aistrue but R is false.
(d) Ais false but R is true.

3. Assertion : Aguatic species are more comfortable in

cold waters rather than in warm waters.
Reason : Different gases have different K,, values at
the same temperature.

(3 marks)

4. Answer the following questions ;

32.1% oxygen)?

{b) Assume that argon exerts a partial pressure of
& bar. Calculate the solubility of argon gas in
water. (Given Henry's law constant for argon :

(202223) { 5 How much ethyl alcohol must be added to 1

dissolved in water, K, = 40 kbar)

1.4 Vapour Pressure of Liquid
Solutions

MCO
5. ldentify the law which is stated as

“For any solution, the partial vapour pressure of
each volatile component in the solution is directly

proportional to its mole fraction.”
{a) Henry'slaw (b) Raoult's law
{c) Dalton's law (d) Gay-Lussac's Law

toluene the vapour will contain

{Given : Viapour pressure of benzene = 12.8 kPa and

vapour pressure of toluene = 3.85 kPa).

(a) equal amount of benzene and toluene as it

forms an ideal solution

{b) unequal amount of benzene and toluene as it

forms a non-ideal solution
{c) higher percentage of benzene
{d) higher percentage of toluene.

15

1.6 Colligative Properties and
(2020-21) '

(2020-21)(1] :

Ideal and Non-ideal Solutions
MCQ

In the following question a statement of assertion

(Term I, 2021-22) : followed by a statement of reason is given. Choose the

In the following question a statement of assertion . correct answer out of the following.

followed by a statement of reason Is given. Choose the (a) BothAand Raretrue and Ris the correct explanation

of A

(a) BothAandR aretrue and R is the correct explanation (6) Both A and R are true but R Is not the correct

explanation of A,

i (©) Adistruebut R is false.

(bl Both A and R are true but R is not the correct (d) Ais false but R is true.

i 7. Assertion : Nitric acid and water form maximum

boiling azeotrope.

Reason : Azeotropes are binary mixtures having the
same composition in liguid and vapour phase.
(2020-21)

Determination of Molar Mass
MCQ

: 8.  Inwhich of the following cases blood cells will shrink?
(a) State Henry's law and explain why are the tanks

used by scuba divers filled with air diluted with
helium (117% helium, 56.2% nitrogen and

(a) When placed in water containing more than
0.9% (mass/ volume) NaCl solution.

(b) When placed in water containing less than 0.9%
{mass fwolume) MaCl solution.

e} When placed in water containing 0.9% (mass/
volumes) NaCl solution.

id) When placed in distilled water.

(Term 1, 2021-22) (i)

litre of water so that the solution will freeze at
- 14°C ? (K for water = 1L.B6°C/mal)
fa) 7.5 mal (b) 8.5 mal
e} 9.5 mol (d) 10.5mol
(Term 1, 2021-22)

10. Water retention or puffiness due to high salt intake

occurs due to

(a) diffusion

{b) wapour pressure difference
c) osmosis

(d) reverse osmosis. (Term 1, 2021-22)

(Term I, 2021-22) A uhl 11. Given below are two statements labelled as assertion

6. When 1 mole of benzene is mixed with 1 mole of

(&) and Reason (R).

Assertlon (A) : Cryoscopic constant depends on

nature of solvent.

Reason (R} : Cryoscopic constant is a universal

constant.

Select the most appropriate answer from the options

given below:

{a) Both A and R are true and R is the correct
explanation of A.

{b) Both A and R are true but R is not the correct
explanation of A,



(c) Alstrue butRis false.
(d) Aisfalse but Ris true.

(2 marks)

12. A glucose solution boils at 101.04°C at 1 atm. What
will be relative lowering of vapour pressure of an
aqueous solution of urea which is equimolal to given

glucose solution?

(Given : K, for wateris 0.52 K kg mol™) (2020-21) f_\r :

1.7 Abnormal Molar Masses
(4 marks)

13. Henna is investigating the melting point of different

salt solutions.

She makes a salt solution using 10 mL of water with a

known mass of MaCl salt.

She puts the salt solution into a freezer and leaves
it to freeze. She takes the frozen salt solution out :
of the freezer and measures the temperature when :
the frozen salt solution melts. She repeats each

Detmled SOLUTIONS

2 6. Mass of solute = 9.8 g; Mass of solution=100g
g Density of solution = 1.02 gmL™!

experiment.

B\ Previous Years’' CBSE Board Questions

1. [d}:Molality of a solution in liquid state does not
change with temperature as mass does not change with
temperature. The wolume of solution changes with :

change in temperature 50, does the molarity changes.
2. (d}: 1 mole of glucose = N, molecules

6,02 x 10* molecules = Ni x 6,02 x 10°? mole = 0.1 mole
A

Mumber of moles of solute
Yolume of solution (mL)

= %DE % 1000=2mol Llor 2 M

* 1000

Molarity =

3. Molality (m) is defined as the number of maoles of the 7
solute per kilogram of the solvent and is expressed as : |

Maoles of solute
Mass of solvent (in kgl

Malality (m) =

4. Itis the number of moles of the solute dissolved per

litre of the solution. It is denoted by M.

holes of solute
Molarity =
A ot o oo TS
= .nz & __w xilﬂm 5 _W
V(inmL) M, x V(inmL)

5. Mole fraction is the ratio of number of moles of
solute or solvent to total number of moles of solution. It

is denoted by x.

(2020-21)(1) |

Molarity =

S.Mo.| Massof the Melting point in *C
saltused in g | Readings Set 1 | Readings Set 2
i 0.3 -19 -19
2 0.4 -25 -2.4
3 05 -30 -55
4 0.6 -38 -3.8
5 08 -51 -5.0
& 10 -6.4 -6.3

Assuming the melting point of pure water as 0°C,

answer the following guestions:

(a) One temperature in the second set of results
does not fit the pattern. Which temperature is
that? Justify your answer.

(b) Why did Henna collect two sets of results?

¢} In place of MaCl, if Henna had used glucose,
what would have been the melting point of the
solution with 0.6 g glucose in it?

OR
What is predicted melting point. if 1.2 g of salt is
added to 10 mL of water? Justify your answer.
(2022-23)

Mass of solution
Density of solution

=28.03F9mL=00%8L

Violume of solution=

__ 100g
1.02gmlL™?

- Number of moles of solute, n= % =0.1mol

Mumber of moles of solute
Volume of solution (in L)

_ 0.1mol

= =1.02M
0.098L

W nswer Tios (7]

= Remember unit corversion (mL into L), 1L = 1000mL

Molarity Molality
Mumber of moles of solute | Mumber of moles of solute
dissolved in one litre | dissolved in one kg solvent
solution is called molarity. | is called molality.

Mo. of moles of Mo. of moles
_ solute _ ofsolute
Volume of solution ~ Mass of solvent

in litre inkg
Molarity depends on Maolality is independent
temperature as volume of temperature as mass
depends on temperature, | does not change with
Molarity decreases with temperature.

rise in temperature.




If Mg is the molar mass of solute, d is the density of :
solution then molality (m) of a solution can be converted
i of the gas (x)in the solution.

i p=KyX where, Ky = Henry's law constant. Different
: gases have different K, values at the same temperature.

i Tominimise the painful effects of decompression sickness
in deep sea divers, oxygen diluted with less soluble helium
gas is used as breathing gas.

146, Henry's law states that, the partial pressure of the
gas in vapour phase (p) is proportional to the mole fraction
: of the gas (x) in the solution.

i p=Kyx where, K,, = Henry's law constant. Different
i gases have different K, values at the same temperature.

md

M
1+278 ]
(*mm

to molarity (M) by using the formula, M =

Commonly Made Mistake e

2 Molarity {(mol L%, Molality {mal kg™

8. Given: Massof solute, W;=10g
Maszs of solvent, Wy =%0g

Malar mass of solute, M; = 180 g mol ™
Density of solution= 1.2 gmL™
W, x1000 10x1000

- =0.62
MyxW,  180%90 "’

Molality =

Mass 100

Volume of solution = =
Density 1.2 gml™?

W5 1000
Mz wxV
_10x1000 _ 10x1000x1.2

M= = =0.67M
180,100~ 180x100

12

Molarity =

9. |b):Powdered salt dissolves faster in hot water.
chloride in water is an :

endothermic reaction, hence high temperature will favor
i soluble helium gas is used as breathing gas.

Dissolution of ammonium

the dissolution of ammonium chloride in water.

100 (c): At high altitudes, the partial pressure of oxygen
i ofoxygeninwater. As aresult. amount of dissolved oxygen

is less than at the ground level. As a result, there is a low

concentration of oxygen in the blood and tissues of the !
¢ is less. Hence, the aquatic species are not comfortable in
¢ warm water.

¢ (b} At high altitudes, the partial pressure of oxygen is
i less than at the ground level. As a result, there is a low
concentration of oxygen in the blood and tissues of the
i people living at high altitudes. Thus, they feel weak and
i are unable to think properly.

people living at high altitudes.

11. (a): According to Henry's law, p = K %
2.5 bar =K, * 0.04
K =-—?-'-§- =62.5 bar

R
When pressure is doubled, then x is
Shar=625xx = x=0.08

12, Increase in temperature decreases the solubility
of oxygen in water. As a result, amount of dissolved :

oxygen decreases. it becomes more difficult to breathe :

as oxygen is less. Hence, the aquatic species are not 19, lc):When a non-volatile solute added to the volatile

: liquid, then partial pressure is only due to volatile
13. According to Henry's law, the solubility of a gas is . co o -

inversely proportional to the Henry's law constant (K,) : = "' ot
for that gas. Hence, gas (B) being less soluble, would have : : oV
first and has a higher vapour pressure. Hence, liguid A will
14. Henry's law states that the solubility of a gas ina | 2ve 2higher vapour pressure.

liquid at constant temperature is directly proportional 21. Raoult's law : For a solution of volatile liquids, the

to the pressure of the gas present above the surface of ;| Partial pressure of each component in the solution is
directly proportional to its mole fraction. Thus, for any
i component, partial vapour pressure, p=x= P= pe.x

¢ where, p” = vapour pressure of pure component

comfortable inwarmwater.

a higher K, value.

liquid or solution.
pe=X or p=HKyx

Here, p= partial pressure of the gas in vapour phase
¥ = mole fraction of the gas in the solution
K, = Henry's law constant

Application of Henry's law :

pressure to increase the solubility of CO-4.

22. Henry's law :
: volatile liquid (or gas) in a liquid is directly proportional to
Soft drinks and soda water bottle are sealed under high

15. Henry's law states that, the partial pressure of the
gas in vapour phase (p) is proportional to the mole fraction

. Solubility of CO, = 22~ =E:m_1.n;=6_nax1n-‘
i H *

17. Henry's law states that, the partial pressure of the
i gasinwvapour phase (p) is proportional to the mole fraction
i of the gas (x) in the solution.

p=Kyx where, K, = Henry's law constant. Different
i gases have different K, values at the same temperature.
Applications of Henry's law :

i (i} Toincrease the solubility of CO; in soft drinks and

soda water, the bottle is sealed under high pressure.
(i) To minimise the painful effects of decompression
sickness in deep sea divers, oxygen diluted with less

18 (a) Increaseintemperature decreases the solubility

decreases. [t becomes more difficult to breathe as oxygen

Concept Applied
= Apply concept of solubility of gases in liquid.

20. The liquid with a lower boiling point will vaporise

x = mole fraction of that component
It states that partial pressure of a

its mole fraction.

Poex=P=Kux (Ky = Henry's constant)



If we compare both equation, we can say that those are |
very similar and it seems that Raoult's law is a special !

case of Henry's law. When K, = P

partial pressure of each component in the solution is
component, partial vapour pressure, p=x= p=p° x

where, p® = vapour pressure of pure component
x =mole fraction of that component

their partial vapour pressures,
then, pa = Xa=> pa= paxaand pg = Xg=> Pg = PaXa
liquid components Aand B. P, ., = P+ s

and temperature.

solution.

pressure for all compositions is called ideal solution.

For ideal solution AV, =0,AH_,, =0
A—B interaction = A—A and B—B interactions.

ideal solutions are as follows :

(i) Inideal solutions AV, ;. =0and AH_, = 0whereas innon- :

ideal solutions,
AV =0andAH _ =0

{ii} In ideal solutions, each component obeys Raoult's :
law at all temperatures and concentrations whereas in

non ideal solutions, they do not obey Raoult’s |aw.
{b) Given, weight of urea(W,)=30g

Weight of water (W,) =Bdé g

Vapour pressure of water p3 =238 mm Hg

Mole fraction of water (x,) = A

Ny +ng
=i=i=u99
47+05 475

A=l *Xa=238x0.99=235mmHg

to which molecules come closer to each other and the
vialume of solution decreases.

28. A mixture of ethanol and acetone shows positive
to ethanol, some of the H-bonds between the ethanol

molecules break down resulting in an increase in the
vapour pressure of the mixture.

shown:

! decreases, vapour pressure
27. (a):Acetone and chloroform form H-bonding due | 4ecreases and heat is released. Therefore, Ny, = =
i wve, AV, = - ve. For example, phenol + aniline and

¢ chloroform + acetone show negative deviation.

32. A mixture of ethanol and acetone shows positive
deviation from Raoult's law. When acetone is added :

HaC Cl
;c =D---H—EECI
HaC cl

23. Raoult's law : For a solution of volatile liquids, the : This decreases the escaping tendency of molecules of

: each component and consequently the vapour pressure
directly proportional to its mole fraction. Thus, for any ?::EM resulting in negative deviation from Raoult's
30. The differences between ideal solutions and non
i ideal solutions are as follows :

Let a solution consists of two volatile liquids A and Bwith | () Inideal solutions AV, = 0 and A= O whereas in non

their mole fractions x, and x; respectively. If p, and p; are iRl SORMIONTS, Al 3 (13000 Allg,
: (i} In ideal solutions, each component obeys Raoult's
! law at all temperatures and concentrations whereas in

where p2 and p3 represent the v ¢ pressures of pure non ideal solutions, they do not obey Raoult’s law.

31. Positive deviation : For non-ideal solutions. if the
Ideal soliitions obey Raoult’s law at all concentrations vapour pressure is higher, than as expected from Raoult's
¢ law then it is said to exhibit positive deviation.

—r v : i A—B
24, lc):n-Hexane and n-heptane will form an ideal . interactions. Due to this, vapour pressure increases

. which results in positive deviation.

25. A solution which obeys Raocult's law of vapour i .
in positive

intermolecular force decreases,
wolume
! pressures increases. enthalpy
26. (a) The differences between ideal solutions and non |

interactions are weaker than A—A or B—B

deviation,  Vapour pressure of solution

PP Pite

S
[ S
T Mg’

NP
e 1t

increases,  vapour

increases.  Therefore, AHp= 'E'E T
i +ve, AV, = + ve. e.g, ethanol + Eg P W W
i acetone and carbon disulphide . e iy
+ acetone show  positive ,!=u' Moke frection ;=1
i deviation. xy=1 X3 X3=0
. Negative deviation : For i i -
H 2 : . t for non-ideal solution
H non-ideal snlutlun: if the shwrwiiing priive deéviation
{ wvapour pressure is lower
than as expected from Vapour pressure of solution
: Raoult’s law, then it is said to i
: exhibit negative deviation. Prfsal _ prmites
: A-B  interactions are T | Nl
. stronger than A—A and B—B st B o
interactions. Due to this, £7 A
¢ vapour pressure decreases Pg. A
. which results in negative = =
© deviation In negative -9 Molefraction i
8 =] Ea x;=1 Xy —t m=0
i deviation, intermolecular —x
¢ force increases, volume Plot for non-ideal solution
: showing negative deviation

deviation from Raoult’s law. Pure ethanol possesses

hydrogen bonding. Introduction of acetone between the
molecules of ethanol results in breaking of some of these
i hydrogen bonds. Due to weakening of interactions, the

29. Mixture of chloroform and acetone shows negative solution shows positive deviation from Raoult's law.

deviation from Racult’s law, thus it forms maximum : 33. (a):Solutions
boiling azeotrope. This is because chloroform molecule

is able to form hydrogen bond with acetone molecule as | of have a lower boiling point than either of the two

components.

which show positive deviation
from Raoult's law are minimum boiling azeotropes



34. MNon-ideal solutions that show negative deviation :
i for sugar solution=1
35. Azeotropes are the binary mixtures of salutions that :

have the same composition in liquid and vapour phase = ATy = K, (for sugar)

from Raoult’s law form maximum boiling azeotropes.

and boil at constant temperature.

shown:
HsC ci
~Cc=0--H—CZCl
H,C ci

This decreases the escaping tendency of molecules of :
each component and consequently the vapour pressure :
decreases resulting in negative deviation from Raoult's ©

law.

and boil at constant temperature:
A minimum boiling azeotrope is formed by solutions

volume.

38, Azeotropes are the binary mixtures of solutions that

have the same composition in liquid and vapour phase
and bail at constant temperature.

specific composition.
For example, chloroform + acetone mixture.

39. The properties which depend upon the number of :
solute particles irrespective of their nature relative to
the total number of particles present in the solution are :
i py=pixx,=23.Bx0.99=235mmHg

40. When a non-volatile solute is added to a solvent, the : 45. (a)
! the gas in vapour phase (p) is proportional to the mole
¢ fraction of the gas (x) in the solution.

i p=Kyx where, K, = Henry's law constant. Different
. gases have different K, values at the same temperature.

: Applications of Henry's law :

i (i} Toincrease the solubility of CO, in soft drinks and
soda water, the bottle is sealed under high pressure.

: (i) To minimise the painful effects of decompression
! sickness in deep sea divers, oxygen diluted with less
i soluble helium gas is used as breathing gas.

[ [b) Givenw;=5g w;=95g P,=745mm

i : Pe=760mm,My=?
In osmotic pressure method, pressure can :

be measured at room temperature and the molarity of
the solution is used instead of molality. That is why this |
method is used for determination of molar masses of
macromolecules such as proteins as they are generally :

called colligative properties.

vapour pressure of the solvent decreases as compared to
the vapour pressure of pure solvent.

41, W;=10g W,=200g T=30BK
Py =32mmHg, P;=31.84 mmHg, M, =18 M,=7

Pa—Ps__ M _fp

Py Mm+hny m
32-3184 10«18
a2 Ma x 200
M; = 180
42. (a)

(Solution s very dilute, ny + np=ny)

not stable at higher temperatures and polymers have :

poor solubility.

(b} Increase in temperature decreases the solubility of :
oxygen in water. As a result, amount of dissolved oxygen ©
decreases. It becomes mare difficult to breathe as oxygenis

less. Hence, the aguatic species are not comfortable inwarm | =

water.

() ifor IMKCI=2
- AT, = iK, m = 2 K, (for KCI)

ATy of 1 M KCl solution is double than that of 1 M

36. Mixture of chloroform and acetone shows negative | SUgar solution.

deviation from Raoult’s law, thus it forms maximum :
boiling areotrope. This is because chloroform molecule :
is able to form hydrogen bond with acetone molecule as

43. Given, B°=17.536 mm,P,=?,
wym20g M; = 180gmol™, w, = 500 g M, = 18g

PR wWalM,
P:' . WI.’M1+W2.I"M2
| 20 20
© 17536-P, 180 180 [ 20 m:sm]
17536 500 20 500 "180 18
18 180 18
20 18

i (17.536=P,)= ———x——x17.534=0.070
37. Azeotropes are the binary mixtures of solutions that : 180 500
have the same composition in liquid and vapour phase |

showing a large positive deviation from Raoult's law at

a specific composition. For example an ethanol-water :
mixture containing approximately 95% ethanol by

P o= 17535 -0070= 17 466 mm

= Relative lowering of vapour pressure of a solution is
equal to mole fraction of solute, ie., L;E = Xp.

44, Given, weight of urea (W;)=30g

i Weight of water (Wy) =844g

i Vapour pressure of water p=23.8 mmHg
A maximum boiling azeotrope is formed by solutions :
showing a large negative deviation from Raoult’s law ata |

5 T 1g
=4 _Y e
47+0.5 475

Henry's law states that, the partial pressure of

P =R =M™ wy /My
Pr P mpemy wy/Myiw, /My
760-745 5/M,  5/M, 95 .5
760  95/18+5/M, 95/18 18~ M,
15 95_5
[ 760 18 M,
Sw760x18 1
i T e



g6, [Ehﬁrh= K.,!m
Ty=Ty=052%02 = T,=0104+T,°
= (0.104 + 100) °C = 100.104 °C

47. (c):Assertion is correct but reason is wrong as
elevation in boiling point is directly proportional to :

molality not molarity.
AT, =m
AT, = K,m

48, Molal elevation constant may be defined as the
elevation in boiling point when the molality of the
solution is unity (ie., 1 mole of the solute is dissolved in ;
1 kg (1000 g) of the solvent). The units of K, are :

therefore, K/m or °C/m or K kg mol™%.

4%. The boiling point of the solution is always higher

than that of the pure solvent. As the vapour pressure of

the solution is lower than that of the pure solvent and :
vapour pressure increases with increase in temperature, =
hence, the solution has to be heated more to make the |

vapour pressure equal to the atmospheric pressure,

Elevation of boiling point is a colligative property
because it depends on number of solute particles present

in a solution.
50. (d):X represents freezing point of solution.
7.5x1000

51. Molality (m) of urea = =125m W)
Molality of substance, 60100 i
42.75=1000 427.5

Molarmassx 100  Maolarmass

point so they have same molality.
From eqgn. (i) and (ii), we get

427.5
1252 ———
Molar mass
Maolar mass of £ = 342 g/mal
52. Massof glucose (CiH20:), W=
Mass of water, W; =250 g
M, (Mol. mass of C;H,,0,) = 180 g mol™*
K,= 186 Kkgmol™, T,=?

W, x1000 _ =1 BE% 60x 1000

a0g

f '
Using formula, ATy =K x My W, 180%25 0K
ATy =T =T, or T =T/ -AT, =273-2.48=270.52K
ey points (1))
2 Asthereis depression in freezing point so,
T<T3 o ATy =TP=Ti=+ve

53. Given: W, =2,M,=256gmol, AT,= 048K
W, = 758K, = 5.12 K kg mol-!

AT, = KxWpx1000

MzXWl
2 AT’ xM, xW, - 0.48x256x75 -18g
27 Kx1000 ~ 5.12x1000

54. Mass of ethylene glycol (C;H,0,), W5 =
Mass of water, Wy = 600 g
M, (Mol. mass of C;H,0;) = 62 g mol ™,

31g

Using formula, AT;=HK; x

M2=

ATy=T7-
: AT,
L AT=Kpxm .-.K,=-;'L=—'—

Molality of glucose solution = —x
: 180

| K= 186K kgmol ™, Ty=?

W, = 1000
M., =W,

31x1000

=186x K=155K
00

>

AT =Ty -T; or T,=T;-AT,=273-155=27145K
. 55. Given,M, = 176 gmol ', ATj= 1.5°C

wy=75g.K=3.9 Kkg mol,w, =7

Ky xw, x1000
A=l
M, xwy
ATy xMy=wy 15x176x75
- 21 s
Wy= = = 5077
277K, %1000 3.9x1000 2
i - w5 %1000
{56, Molality of sucrose solution (m) =_ﬁ"ﬁ—
Eelod
43000 _o0121m
342 =96
i ATforsucrose solution=273.15-271.15=2K
! AT, 2
=—l-_- -
Kp=—L=cr=1652K/m
i g . 5x1000
¢ Molality of gl lution = =0.292
5 ality of glucose solution = T m

| AT;=Kxm=1652x0292=482K

Freezing point of glucose solution=273.15 - 4.82
=268.33K

S B 5 | 57. W.=100g W, =508 K=5.12 Kkgmol', AT;= 040K

As both the solutions have same depression in freezing ATy =

K' HWIHIM
MJ le

K x W, 1000  5.12x1x1000
W, % AT, 50x0.40

=256 g mol ™

58, Molality of sugar solution

szl{m 5 ximn—ﬂlﬁflm

My xW, 342 95
T,=27315-271=215K
2.15
0.1

Molality of glucose solution

W,x1000 _ 5 1000
= _z_._ -
MyxW, 1807 95~ HLoLm

2.15

AT, (Glucose) = K, xm = D154 xO 292=4.08K

Freezing point of glucose solution = 273.15 - 4.08
=269.07 K

59. Molality (m) of sucrose solution

wxiOOO 10 1000_
M,xw1 342590 03m

AT, for sucrose solution = T¢= T, = (273,15 - 269.15) K= 4K

4K

K' =i‘j-:

= =12.308 K/m ‘s AT, =K, xm
10 1000

=0.617m

AT;=K,xm
ATy =12308 K/m x0.617 m=7.59=7.6K



Freezing point of glucose solution,
T7=-AT,=(273.15-7.60) K= 26555 K
60. Mass of ethylene glycol (C,H,0,), W, =31g
Mass of water, W, = 500 g
M (Mol. mass of C;H,0.) = 62 g mol %,
K=186 Kkgmol™, T,=?
W, 1000
i = ..._z._..._._...
Using formula, AT, = K, x M, W,
&0 1000
180=250
AT,=T =T, or T,=T; -AT;=273-2.48=270.52K
61. T,==15°C, K= 1.86 K kg mol™*
ATy =T/ -T, =0-(-15°C) = 15°C
AT, =K xm
15 = LB&KNumbernfmﬁntes of solute
= Mumber of moles of solute = 40.32 moles

ATy=0.52x

=186x

Muoles of solute
Mass of solvent (kg)
= 40.32
ATy = 052= Ske
ATy=T,-T, = 419=T,-373
T,=373+4.19=377.19K

Key Points @

= Same moles of solute are used here for the calculation
of boiling point and freezing point.

=419

62, la):In osmotic pressure method, pressure can be

measured at room temperature and the molarity of : ?
the solution is used instead of molality. That is why this : !Jern"lle.:lble membrane I:nthe solvent side and the process
method is used for determination of molar masses of | '3 C3/IEUTEVErSE OSMOSIS.

macromolecules such as proteins as they are generally = 72 (i)
not stable at higher temperatures and polymers have :
! blood cells thus, on placing blood cells in this solution

63. (c):A raw mango shriveled into pickle due to exosmosis takes place that results in shrinking of cells.

i i) 04% sodium chloride solution is hypotonic with

i respect to 0.9% sodium chioride solution or blood cells

64. (a): Colligative properties of ideal solutions depend | 41,.c on placing blood cells in this solution endosmosis

only on the number of particles of solute dissolved ina | 1. place that results in swelling of cells.

definite amount of the solvent and do not depend on the |

poor salubility.

05Mosis.

nature of solute,

CAnswer Tips (7

= n=CRTwhere Cis Molarity.

&5, When the external pressure applied becomes more
than the osmotic pressure of solution then the solvent |
molecules from the solution pass through the semi- |

permeable membrane to the solvent side and the process |
{ 73. n=cRT, c=—~2—

is called reverse osmosis.

66, In osmotic pressure method, pressure can be w; = weight of solute

measured at room temperature and the molarity of M, = molar mass of solute

the solution is used instead of molality. That is why this |
method is used for determination of molar masses of !

macromolecules such as proteins as they are generally °

{70, (a)
i cooker, high pressure is created inside the cooker
i Pressure will increase so, the boiling point will increase.
: Thus, cooking is faster in pressure cooker than in cooking

: not stable at higher temperatures and polymers have
- poor solubility.
&7. Osmotic pressure is the extra pressure which is

i applied on the solution to prevent the flow of solvent into
: the solution through a semi-permeable membrane.

68. Two solutions having same osmotic pressure at a
i given temperature are called isotonic solutions.

69, Molarity (M) of urea solution

B wx 1000 5%1000
Mx Volume of solvent (mL) ~ 60100

=0.833M

Csmaotic pressure () = CRT=0.833 = 0.0821 = 300

=20.51 atm
When we cook the food inside the pressure

i pan.
i [b) When red blood cells (RBC) are placed in saline water,
water will flow out of the cells (low conc. to high conc.) and
¢ they would shrink. Such a solution is called hypertonic. On
! the other hand when red bload cells (RBC) are placed in
i distilled water, water will flow into the cell and they would
i swell. Such solution is called hypotonic.

P71 ()
| colligative property which depends on the number of
: moles of solute added. Higher the concentration of solute
. added, higher will be the elevation in boiling point. Thus,
i 2 M glucose has higher boiling point than 1 M glucose
i solution.

. (i) When the external pressure applied becomes more

The elevation in beiling point of a solution is a

than the osmotic pressure of solution then the solvent
molecules from the solution pass through the semi-

1.2% sodium chloride solution is hypertonic
with respect to 0.9% sodium chloride solution or

Concept Applied ':l'_':_h

= Exosmosis : The outward flow of solvent (water) from
the cell when placed in more concentrated solution
{hypertonic). Cell shrinks in this case.

= Endesmosis : The inflow of solvent (water) into a cell
from outside when cell is placed in distilled water. Cell
swells up in this case,

w
2:-:'\'"

Ry cRTy -,
i—:n- Ei-w-fi- Given, T, =T,



30
MmO 498 180x1 30x1.52
a4, o _AouxE =———=0.051 mol/L
% & 152 ¢, 2=180x4.98 ;

74. Massofurea=15g

Molar mass of urea = 60 g mol™*

Molar mass of glucose = 180 g mol™

Mass of glucose =7

For isotenic solution, osmotic pressure, Mijures = Maiguoss)
ny = nz (when volume is same)

or ﬁ=ﬁ:}2=ﬁ = W2=15x1&ﬂ=4ﬁg
My, M, 60 180

Answer Tips | £ ;
n w

= n=chT= RT= RT
" Vinl)  MxVinL)

75. (i)

the solution through a semi-permeable membrane.

(ii) Properties which depend upon the number of solute
particles irrespective of their nature relative to the total
number of particles present in the solution are called
colligative properties.

Mathematically, it is represented as

i__El.l:EﬂmEl‘l‘tﬂ (or observed) value of colligative property
"~ Calculated (or normal) value of colligative property

molar mass.

salution.
{b) Wheni< 1, solute is in associated state in the selution.

the experimental value of colligative property to the

Mathematically, it is represented as
hEu,padmarrl:l (or observed) value of colligative property
Calculated (or normal) value of colligative property

dissociation

(ii) van't Hoff factor (i) < 1 for solutes undergoing Hence, from the above mathematical reaction, it is clear

i that the increase in boiling point will be more for NaCl
i than that of glucose.
i fii) Letp® be the vapour pressure of pure benzene, The

association

80, ifor1MKCl=2

i for sugar solution=1

a AT, = Ky m= ZKEEfﬂrKCH
ATy = K, (for sugar)

solution,
B1. (i)

therefore molar concentration of particles in the solution |

=01x2M=02M

82, (a)

Osmotic pressure is the extra pressure which is
applied on the solution to prevent the flow of solvent into :

As elevation of boiling point (or any colligative property)
i isdirectly proportional to number of particles in solution,
¢ hence 0.1 M KCl has higher boiling point than that 0.1 M
| glucose.

i (i) Salting is used because most bacteria, fungi and
other potentially pathogenic organisms cannot survive
in a highly salty erwironment, due to the hypertonic
nature of salt. Any living cell in such an environment will
become dehydrated through osmosis and die or become
i temporarily deactivated.

l Key Points @

= High concentration of salt - Hypertonic
= Low concentration of salt - Hypaotonic

ifor0.1mKCl=2

ifor 0.1 mglucose=1

ATy, = | Kym = 2K, = 0.1 (for KCI)
ATy = 1K, = 0.1 {for glucose)

Thus, AT, for KCl will be higher than for glucose solution as
KClwill undergo dissociation and i is greater than 1.

i (b) (i) i will be greater than 1 when CHCOOH is
i dissolved in water as it undergoes dissociation.

. CH,COOH + H,0 —3 CH,C00 +H,0*

76. van't Hoff factor : It is defined as the ratio of :
the experimental value of colligative property to the !
calculated value of the colligative property and is used 2CH,COOH 3 (CH;COOH),

to find out the extent of dissociation or association. :
i B3, Massof CaCl; (W, =10g

Mass of water (W,) =200 g
i Molar mass of CaCl, (M,) = 111 g mol™*

i Molal elevation constant (K,) =0.52 K kg mol™!
77. The molar mass which is either lower or higher @

than the expected or normal value is known as abnormal

(i} 7 will be less than 1 when CHiCOOH is dissolved in
benzene as it undergoes association.

benzens ; 2
(Dimerisation)

i AN A 480
Mg x W, 111 200

78. (a) When i > 1, solute is in dissociated state in the ATy =IK,m=3x052x0450=0.702 K

P B4 W=4g M, =120gmol™
© W, =100g, K, = 0.52 K kg mol-!

79, wvan't Hoff factor : It is defined as the ratio of
i Using formula, AT, = iKym
calculated value of the colligative property and is used

to find out the extent of dissociation or association. or AT,=—=~—8 & =2x052x

For :nmplete_diasociatiun. i=2
ixkK, =W, x1000 4 x1000
M, x W, 20x100

T,=Ty+AT, =100+ 0.34 = 100.34°C

=0.34K

85. (i) The boiling point of 1M MNaCl solution is more

i than that of 1M glucose solution as the value of ', i.e,

(i) van't Hoff factor () > 1 for solutes undergoing van't Hoff factor is 2 for NaCl and it is 1 for glucose. Also,

ATy=ixKyxm

vapour pressure of the solution will be %p“a 0.9p".

AT, of 1 M KCl solution is double than that of 1 M sugar |
i Molar mass of solute (M) and benzene (M,) are 50 g mol™!

As KCl s an electrolyte and one formula and 78.1 g mol! respectively. Mass of benzene (wy) is

unit of KCl dissociates to give two ions (K* and CI7), |

i 78g.
| P=p ¥a My
p* My wy



p°-=0.9p° Wy , 781
p> 50 78
=w;=5g
Thus. the mass of X dissolved in the solutionis 5 g.

(iii) Itis given that MgCl, is completely dissociated in the 89. Given,W,=5g Mp=122gmol™, W; =358

| AT,=2.94K, K =4.9 K kgmol~*
L AT,=iKm=ix K x 22x1000

solution.
MgChy, —%) 5 Mg2 ., +2CI .y
i=3,wg=10g; w,=200 g=0.2 kg
Ky =0.512 K kg mol™*
ixKp xwg
Mp xwy
_(3)x(0.512K kg mol™*)x(10g) _
(95 g mol™1)x(0.2 kg)
86. (d):NaCl——>Na*+ClI- i=2
Na,50,—>2Na*+50%  i=3
C,H;,0, (non-ionisable) i=1
Aly(SO4)s—>2A*" +350% i=5

ATy=ixKyxm=

AT, 0.80K

greater is the van't Hoff factor.

AT ai

Al(SO,); shows largest freezing point depression.
B7. Molecular mass of Glauber’s salt (Na,SO,-10H,0)
=[2x23+32+16x4+10%{2x1+16)]
=(46 + 32+ 64+ 180) gmol =322 gmol™!
Na,SO,-10H,0 ionises as :
Na,SO,-10H,0 =2 2Na* + S0/ + 10H,0
= =3
PR DY We _ 6.00g

Wi MgxW, 322gmol™ x0.1kg

=0.186 mol kg™ =0.186 m

Also, AT, =iKym=3%186Km™* = 0.186m=1.04 K
= Tr= Tj" ‘17;

=(273=-104)K=27196 K
88. Given:W,=195g W, =500g. K= 1.86 Kkgmol™
ﬂrm =10K

1006:;!(; HWQ 1000 1.86x19.5
M!hbil = =
Wj xﬂ]}-tﬂﬁh S00=1
=72.54gmol?

Myieap for F—CH,—COOH = 78 g mol-!

M 78
el 12
i 7254 1.0753

Inktial moles c o 0
Maoles at egm. C=Cix Cii Ci

Total no. of moles = C = Co + Co + Ciot = C(1 + @)

i=q1—;1!=1+m
of o=i=1=10753=-1=00753=753%

Cor 294=ix49x

¢ Initial moles

i Ategm.
Total no. of moles after dissociation=1=o+a+30=1+3a

| Molality, m =

g =¥ .ﬂ.Tr =Hr =

| 256x1000
i 0.383x100

W s Tios (7]

< Since AT is the difference between values of
temperatures, it is independent of the unit it is
measured inie, AT=1°C=1K.

M, xW,
5x1000

122235 or i=0512

As i< 1, solute is associated.

2C4HsCOOH = (C4HsCOOH);
1 0

i Moles at eqm. 1= of2

Total no. of moles after association: 1 -+ a/2=1-w/2
1-a/2 o

B

F = 1-2-0512

: 2

Greater the number of ions produced on dissociation, for o=2x(1-0512)=0.9760r 97.6%

Concept Applied @

= For association of solute, i = 1-—a+%

heren=2, so,i= 1-%

- 90. Given, AT,=0.068°C or 0.068 K

m=001M, K.=186Kkgmol™

AT, =iK;-m

| = 0068=ix186x001

= “1ggx001 >

¢ AICI;dissociates as

AICl, = AP* + 3CrF

¢ Initially 1 0 0
1-a o 3a

= 1%3a
i = = 3.65

| = 1430=365=30=365-1=265

2.65

= a=222.0883

3

Percentage association = 88.3%
91. AT, =iK;m
i iforMgCly=3

W; %1000 _1.9x1000 _, .
M,xW,  95x50

[ ATy=3x1.86x0.4=2232K

| Freezing point of solution, T, = Tf = AT, =273 - 2232 K
F—CH,—COOH = F—CH,—C00" +H" |
| 92. W,=256g W,=100g AT;=0.383K
| K= 3.83Kkgmol AT, = K;xm

=270.77 K

W, 1000 _ W, x1000
M, W, AT, xW,

%383 =256 gmol™!

= My = Ky



i

Sulphur exists as 5;i.e., 5g.

lied @

= Value of observed atomic mass is used to calculate the
value of x here,

Concept App

93. Wa=3.9g W;=49g AT;= 162K, M, =122 gmol,
Ki=4.9 Kkgmol™
AT, =K m= ixK,x 22x1000

M; xWy
ixd.9x3.9x1000 162x122x49 i
= =9 = 29x39x1000 06
As i< 1, solute is associated.
¥ ixK 1000
94, AT,=ik;m= KrxWax1000
Mz HW’
2=2}-;1.E-6:<W2x10ﬂ0 - W,=117g
58.5x37.2
25. {a) The differences between ideal solutions and

non-ideal solutions are as follows ;

(i} Inideal solutions AV, =0 and AH .= 0 whereas in non elevation of boiling point.

ideal solutions, AV, # 0 and AH . = 0.

{ii} In ideal solutions, each component obeys Raoult's law
at all temperatures and concentrations whereas in non ideal |
P =3, V=2, T=25"C=25+273= 298K

solutions. they do not obey Raoult's law,
ix Ky x W, %1000
W

2%1.86 %W, x1000
~ T 58.5x100

(b) AT, =iKm=

2

96. (a)
are:

- W,=3.145g

concentration.

higher or lower than that predicted by Raoult's law.
(b) Given,w;=2g M,=122gmol™’,w,=25g,
AT;= 162K, K= 4.9 kg mol™

AT[ =j K' m

162=ix49x
1

x1

22%25
1.62x122x25
="4.9x2x1000
1-i _1-0.5042

umhﬁm - 1 1

1-s e

% of association = 0.9916 x 100 = 99.16%
97. m=iCRT= I-ART=ix X 2RT
v M V

or 475=ix 2831 . 0082x300 or i=193
585 1

=0.5042

=0.4958x2=0.9916

NaCl —— Na* + CI
Initial moles C 0 0
Moles at eqm. C=Ca Ca Ca

Total no. of moles = C(1 + «)

i solvent and T, is the
¢ boiling point of solution. E
i The

| m=iCRT=3x

100.(i) The value of van't Hoff factor for ethanaoic acid in
i benzene is close to 0.5 as two molecules of ethanoic acid
: associate to form a dimer in benzene solution.

The two characteristics of non-ideal solution !

(i) They do not obey Raoult's law over the entire range of

Given,

i= @ ori=l+oor 1+a=193

or a=0.930r93%

Concept Applied (@]

= Fordissociation, i=1- o+ xo+ yo
for NaCl,x=1y=1so.i=1+a

98. Given:o=95%,C=0.1M,T=27°C=300K,
: R=0.0821Latm K™ mol™

For Na,50,, ®gaaciation = ‘_".!'].-

i n—

B T

i 100 3-1

| w=iCRT

Pp=2.9=01=00821x300=7.14 atm

i 99. (a) Let T3 is the F piees

| boiling point of pure , VA v
P f s B

increase in the 5| | A Lﬁvﬁ‘f ey Ervation
- boiling point, & =
i ATy =T, = Ty is known as ' e L

——
Temperature (K}

(b) Given, W, =25mg=25x103g
M, = (2 % 39) + 32 + {4 x 16} = 174 g mol",

25%107%

%0.0821% 298 =527 = 10" atm
174=2

2CH,COOH == (CH,COO0H),
:_ Mumber of solute particles in salution
Theoretical number of solute particles

1

(i) The vapour pressure of non-ideal solution is either =§-=0-5

(i) It has been given that K,50, is completely
. dissociated. When K,SO, is dissolved in water, K* and
i SOf"ions are produced as shown:

K,SO, — 2K* + SO%

Total number of ions produced = 3

i=3

w=232x107g V=2L;R=0082L atm K *mol™?
T=25°C=(25+273)K=298K

© Molar mass of K;SO, = (2 x 39) + (1x 32) + (4 x 16)

=174gmol™

Applying the following relation,

n
n—anT

w 1
i = RT
S Vit

2.32x1072 1
=3x == x 5 x0.082x298

=48 x 103 atm



(iii) AT,=ikm
_ i%5.12%25.6x1000
R T
. 0512x32x1000
5.12%25.6 <1000
1
=1 -0125
8

As ‘I’ is less than 1, therefore S is associated, i.e., 8 moles :

of S are associated as shown 85 & S;.
Therefore, the molecular formula of sulphur is S,

1. (¢):Molarity is a mean to express concentration of
(0.77) :

2. (b):According to Le-Chatelier principle, solubility :

solution. It is not a colligative property.

of gases in liquids decreases with rise in temperature

because dissolution is an exothermic and reversible
(0.77)

3. (b):Aquatic species are more comfortable in cold | .
water rather than in warm water because the amount :
of dissolved oxygen in water decreases with rise in the :
water's temperature., (1) :

: 13. The melting point of ice is the freezing point of
i water. We can use the depression in freezing point
. property in this case.

i (@) In 3™ reading for 0.5 g, there has to be an increase

The pressure underwater is high, so the solubility of gases | in depression of freezing point and therefore, decrease in

in blood increases. When the diver comes to surface, the :

process.

4. (a) Henry's law : The partial pressure of the gas in

vapour phase (p) is proportional to the mole fraction of

the gas (x) in the solution. (1)
p=Kyx

pressure decreases and so does the solubility, causing

(b) Usingequationp =K, x x
Mole fraction of argon in water, x = p/K,, = 6/40 x 103

=15x10*
5. [b):Raoult's law

6. [c): Let yg be mole fraction of benzene in vapour phase.
yr = Mole fraction of toluene in vapour phase.

Voensene = CBenzene .o - Plolne
:’Tom Protal x
Py = Pge (xg )+ Pratuene = Ploene Xroluene)

Since' p;enune > pgobm +Paenzene > Prolene

Hence.Ymm>mi (1’ o
7. (b):Nitric acid and water form maximum boiling
azeotrope because they show large deviation from

Raoult’s law due to hydrogen bonding. (1) | molality (mass of solute when the amount of solvent

8. (a):Fluid inside blood cells is isotonic with 0.9% !
¢ 0.3 g of salt causes depression of 1.9 °C.
: 0.6 g of salt causes depression of 3.8 °C.
(0.77)

NaCl solution. Hence, it will shrink when placed in water
containing more than 0.9% (mass/volume) NaCl solution.

(1) :
(0.77) :

9. (a):AT=T;-T;=0-(-14)=14°C, AT;=Km

AT, =K; . o x1000
| qaerass 21000
14=186x 1000 = mp=7.5mol (0.77)
i 10. (c) (0.77)
{ 11. (c):Cryoscopic constant varies with type of solvent
: henceis not a universal constant. (1)
i 12. Given:K, =0.52 K kg mol*, boiling point of glucose,
i AT, =101.04°C
i AsAT,=T,=-T;=101.04°C - 100°C = 1.04°C
i ATb = Kb m
i _é!p_ = 1.04 -2 (1)
K, 052
: According to Raoult’s law,
¢ Relative lowering of vapour pressure = xg
where x; is mole fraction of solute.
: Moles of glucose, n, = 2
Moles of water, n, = 10(8)0 =55.56
Relative lowering of vapour pressure = -n;-'-'f'-‘- (1/2)
1
2 2__0034 (1/2)

~ 245556 5756

freezing point i.e., decrease in melting point, when amount of

salt is increased but the trend is not followed in this case. (1)

bubbles of nitrogen in blood. To avoid this situation and : (b) Two sets of reading help to avoid error in data

maintain the same partial pressure of nitrogen underwater : collection and give more objective data. (1)

too, the dilution is done. (1) |

i 0.6x1000
i AT, » L X
i (c) ¢ (glucose) = 1xK; x T
AT, (NaCl) =2xK, x 26x1900
58.5x10
0.6x1000
L= 38=2xKx—ern (1)
. Dividing (i) by (i)
: AT; (glucose) 585
i 38  2x180
P = ATy=0.62
v T=-062°C (1)
OR

Depression in freezing point is directly proportional to

remains same).

1.2 g of salt causes depressionof 3.8 x 2=7.6°C. (2)




Electrochemistry

(2025)

Q.1 Standard electrode potential for Sn*+/Sn2+ couple is +0.15 V and that for
the Cr3+/Cr couple is -0.74 V. The two couples in their standard states are
connected to make a cell. The cell potential will be

(1 Mark) (CBSE 2025 - 56/1/1)
A.+0.89V
B. +0.18V
C.+1.83V
D.+1.19V

Q.2 During electrolysis of dilute H2S0#, using platinum electrodes, the gas
evolved at the anode is:

(1 Mark) (CBSE 2025 - 56/7/1)
A. O2 gas
B. H: gas
C. SOs3 gas
D. SOz gas
Q.3 Match the type of cell given in Column I with their use given in Column II.

(1 Mark) (CBSE 2025 - 56/5/1)

Column I Column II

i. Lead storage cell a. Wall clock

ii. Mercury cell b. Apollo Space Programme

iii. Dry cell c. Wrist watch




iv. Fuel cell d. Inverter

A. i-b, ii-a, iii-d, iv-c
B. i-d, ii-c, iii-a, iv-b
C.i-a, ii-b, iii-c, iv-d
D. i-c, ii-d, iii-b, iv-a

Q.4 Assertion (A) : For measuring resistance of an ionic solution an AC source is
used.
Reason (R) : Concentration of ionic solution will change if DC source is used.

(1 Mark) (CBSE 2025 - 56/5/1)
A. Assertion (A) is false, but Reason (R) is true.
B. Assertion (A) is true, but Reason (R) is false.

C. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

D. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

Q.5 The charge required for the reduction of 1 mol of MnO—4 to MnO2 is
(1 Mark) (CBSE 2025 - 56/2/1)
A. 5F
B. 1F
C.3F
D. 6F

Q.6 Assertion (A) : Cu cannot liberate Hz on reaction with dilute mineral acids.
Reason (R): Cu has positive electrode potential.

(1 Mark) (CBSE 2025 - 56,/2/1)



A. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

B. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

C. Assertion (A) is false, but Reason (R) is true.
D. Assertion (A) is true, but Reason (R) is false.
Q.7 In an electrochemical cell, the following reaction takes place :
2Cu*(aq) + Zn(s) — 2Cu(s) + Zn**(aq)
cap = 1:28V
As the reaction progresses, what will happen to the overall voltage of the cell?
(1 Mark) (CBSE 2025 - 56/4/1)
A. It will increase as [Zn2*] increases.
B. Voltage will remain constant.
C. It will decrease as [Zn2*] increases.
D. It will increase as [Cu+] increases.

Q.8 What amount of electric charge is required for the reduction of 1 mole
of MnO—sinto Mn2+?

(1 Mark) (CBSE 2025 - 56/4/1)
A.5F
B.1F
C.4F
D.6F

Q.9 Assertion (A) : Electrolysis of aqueous NaCl gives H: at cathode and Cl; at
anode.

Reason (R): Chlorine has higher oxidation potential than H20



(1 Mark) (CBSE 2025 -56/4/1)
A. Assertion (A) is false, but Reason (R) is true.

B. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

C. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

D. Assertion (A) is true, but Reason (R) is false.

Q.10 Which of the following cell converts the energy of combustion of fuel into
electrical energy?

(1 Mark) (CBSE 2025 -56/6/1)
A. Dry cell
B. Fuel cell
C. Lead storage cell

D. Mercury cell

Q.11
Concentration of KCI Conductivity at 298 - 15 K Molar Conductivity at 298 - 15 K
solution in mol/L inScm ™! in S cm? mol ™!
1.000 0.1113 111.3
0.100 0.0129 129.0
0.010 0.00141 141.0

Based on the data given above, give plausible reason for the variation of
conductivity and molar conductivity with concentration.

(2 Mark) (CBSE 2025 -56/5/1)
Q.12 Define fuel cell. Give two advantages of fuel cell over ordinary cell.
(2 Mark) (CBSE 2025 -56/4/1)



Q.13 (a) State the following :
(i) Kohlrausch law of independent migration of ions and
(ii) Faraday's first law of electrolysis.

(b) Using E°vanes of X and Y given below;, predict which is better for coating the
surface of iron to prevent corrosion and why?

Given
E;w/x =236V
E%rm}hf - —014 V’

B e pe = —0-44V

(3 Mark) (CBSE 2025 - 56/1/1)

Q.14 Write the name of the cell which is generally used in inverters. Write the
reactions taking place at anode and cathode of this cell, when it is in use.

(3 Mark) (CBSE 2025 - 56/7/1)

Q.15 Explain why electrolysis of an aqueous solution of NaCl gives Hz gas at
cathode and Cl. gas at anode? Write overall reaction.

( Given : Ex .+, = —2.71V,Eg o5, = —0.83V, B¢y o = +1.36 V,

(3 Mark) (CBSE 2025 - 56/7/1)

Q.16 The electrical resistance of a column of 0.05 M NaOH solution of
area 0.8 cm? and length 40 cm is 5 X 103ohm. Calculate its resistivity,
conductivity and molar conductivity.

(3 Mark) (CBSE 2025 - 56,/2/1)

Q.17 Calculate the cell voltage of the voltaic cell which is set up by joining
following half-cells at 25°C :

Al/AI**(0 - 001M) and Ni/Ni** (0 - 1M)

Given : E;ig_mi — —0.25V, Eilgﬂ,m = —-1.66 V



(3 Mark) (CBSE 2025 - 56/4/1)

Q.18 Give reasons for the following :

(a) The pH of aqueous NaCl increases when it is electrolysed.

(b) Unlike dry cell, mercury cell has a constant cell potential through its
lifetime.

(c) Conductivity of solution decreases with dilution.

(3 Mark) (CBSE 2025 - 56/6/1)

Q.19 (@) Write the cell reaction and calculate the e.m.f. of the following cell at
298K:

Sn( s) |Sn*"(0.004M)| [H*(0.02M)|H,( g)(1Bar) | Pt( s)
(Given : Egp 5, = —0.14 V,E%5,( g), Pt = 0.00 V)

(b) Account for the following ;

(i) On the basis of E° values, Oz gas should be liberated at anode but it is Cl; gas
which is liberated in the electrolysis of aqueous NaCl.

(ii) Conductivity of CH3COOH decreases on dilution.
(5 Mark) (CBSE 2025 - 56/1/1)

Q.20 (a) Write the anode and cathode reactions and the overall cell reaction
occurring in a lead storage battery during its use.

(b) Calculate the potential for half-cell containing 0.01 M K2Cr207(aq),
0.01MCr3+(aq) and 1.0 X 10-*MH*(aq).

The half cell reaction is:

Crgog_(aq) + 14H™ (aq) + 6e~ —> 2Cr*"(aq) 4+ TH,0() and the standard electrode
potential is given as E° = 1.33 V.

[Given :log 10 = 1]

(5 Mark) (CBSE 2025 - 56/1/1)
Q.21 (a) (i) Calculate the emf of the following cell at 25°C:



Zn( s) |Zn®*(0.1M)||H*(0.01M)|Ha( g)(1 bar ), Pt( s)
| Given : B, = —0.76 V, By g, = 0.00 V,log 10 = 1|

(ii) State Faraday's second law of electrolysis. How much electricity is required
in terms of Faraday for the reduction of 1 mol of

CI‘QO?Z_
to

Cr?r-i—
?

(5 Mark) (CBSE 2025 - 56/7/1)
Q.22 (b) Answer the following questions :

(i) The conductivity of 0.20 M solution of KCl is 2.48 X 10-2 S Cm-1. Calculate its
molar conductivity and degree of dissociation (a).

[Given :

?K+) = 73.5S cm? mol

Ny = 76.5 S om® mol ™|

(if) Calculate
A,G°
of the following cell :

Mg( s) + Cu®*(aq) — Mg?**(aq) + Cu('s)

[Given :

B oo ne = 237V, B =+0-34V

g™ /Mg

u**t/Cu
1 F = 96500C mol ']

(iif) What type of cell is mercury cell ? Why is it more advantageous than dry
cell?

(5 Mark) (CBSE 2025 - 56/7/1)



Q.23 (i) For a galvanic cell, the following half reactions are given. Decide, which
will remain as reduction reaction and which will be reversed to become an
oxidation reaction. Give reason for your answer.

Cr¥" +3¢ — Cr(s);E°=—-0-74V
Fe?' 42 — Fe(s);E°=—-0-44V

(ii) Represent the cell in which the following reaction takes place:
Mg( s) +2Ag"(0-001M) — Mg?* (0 - 100M) + 2Ag( s

Calculate
Ecell
if

o =3-17V.(logl0 =1)

(5 Mark) (CBSE 2025 -56/5/1)

Q.24
(i) State Kohlrausch's law. Give any two applications of it.
(i) ALNH4Cl, A%NaOH and A3NaClare 129 - 8,217 -4, and 108.9 S cm? mol

respectively. Molar conductivity of 1 x 10~2M solution of NH,OH is 9.33 S cm? mol ™.
Calculate the degree of dissociation («) of NH4OH solution at this concentration.

(5 Mark) (CBSE 2025 - 56/5/1)
Q.25

(a) Calculate the standard Gibbs energy
(A:G?)

of the following reaction at

25°C

Au(s) + Ca** (1IM) — Au’*(1M) + Ca( s)
Eiu3+fﬁu — —|—15 V, EOCa.z-’_/{Ca — —287 V

Predict whether the reaction will be spontaneous or not at 25°C.



[1F = 96500C mol ']

(b) Tarnished silver contains Ag:S.

Can this tarnish be removed by placing tarnished silverware in an aluminium
pan containing an inert electrolytic solution such as NaCl ? The standard
electrode potential for half reaction :

Ag, S(s) +2e — 2Ag(s) + 8%~
is -0.71 V and for
AP +3e — 2Al(s)is —1.66V

(5 Mark) (CBSE 2025 - 56/2/1)
Q.26 (a) Define the following :

(i) Cell potential
(ii) Fuel cell

(b) Calculate emf of the following cell at 25°C:

Zn( s) ‘Zn?&r ‘ ‘C'd24 ‘Cd( s)

M) (0.01M)
Given : Ezdﬂmd = —040V
E':;_npmn —0.76 V
log 10 = 1]

(5 Mark) (CBSE 2025 - 56/2/1)

Q.27 (i) Calculate Ecen of a galvanic cell in which the following reaction takes
place at 25°C:

Zn('s) +Pb*"(0-02M) — Zn** (0 - IM) + Ph( s)

[ Given :E5,*"/Zn = —0-76 V,Ep,*" /Pb= —0-13 V;
log2 = 0-3010,log4 = 0-6021,log5 = 0 - 6990]



(ii) State Faraday's first law of electrolysis. How much electricity, in terms of
Faraday; is required to reduce one mol of

MnO,
to

Mn?2t
ion?

(5 Mark) (CBSE 2025 - 56/6/1)

Q.28 (i) The resistance of a conductivity cell containing 0.001 M KCI solution at
298 K is 1000 ohm. What is the cell constant if conductivity of 0.001 M KCI
solution at 298 Kis 0.125 x 10-3 S cm~1?

(ii) Calculate the Emg?*/vg potential for the following half cell at 25°C :
2+ YA _

Mg/Mg=" (1 x 107°M) s Engget vy = 1236V

[Given :log10 = 1]

(iii) What is the effect of temperature on the electrical conductance of metallic
conductor?

(5 Mark) (CBSE 2025 - 56/6/1)

Answer

QlA
Q2A
Q3B
Q4C
Q5C
Q6B
Q7C
Q8A
Q9D



Q10B

Q.11 Conductivity decreases with decrease in concentration

Due to decrease in number of current carrying ions per unit volume.

Molar conductivity increases with decrease in concentration

Due to decrease in inter-ionic attraction or increase in dissociation or increase
in number of ions.

Q.12 Galvanic cell which converts the energy of combustion of fuels directly
into electrical energy.

Advantages 1. High efficiency

2. Pollution free (or any other two correct advantages)

Q.13 (a) (i) The limiting molar conductivity of an electrolyte can be
represented as the sum of the individual contributions of the anion and cation
of the electrolyte.

(ii) The amount of chemical reaction which occurs at any electrode during
electrolysis by a current is proportional to the quantity of electricity passed
through the electrolyte.

(b) 'X'is better, as X has more negative electrode potential than Fe/X has more
oxidation potential than Fe.

Q.14

(a) Lead storage battery
Anode: Ph(s) + SOF (aq) — PbSOy( s) + 2e~
Cathode: PbOsy( s) + SO42~(aq) + 4H" (aq) + 2~ — PbSOy( s) + 2H,0(1)

Q.15 (b)Because at cathode the reaction with higher value of E° is preferred
and therefore, the reduction of H20 to Hz gas is preferred whereas at anode
water should get oxidised in preference to Cl-(aq), however, on account of
overpotential of oxygen, oxidation of Cl-to Cl; gas is preferred.

NaCl(aq) + Hy0(1) — Na*(aq) + OH (aq) + 1/2Hs( g) + 1/2Cly( g)

Q.16



RA
=T

5% 103 x 0.8
40

= 1000 cm
1

K= —
p
1

100
=102Scm—1
Kk > 1000
C
1072 x 1000
0.05
=2 x10% S cm? mol ™

Q.17

2A1 + 3Ni*T — 2A1°" 4 3Ni
E° cell = E°Ni*" /Ni —E° " /Al ;E° cell = —0.25 — (—1.66) = 1.41 V
n==~6
~2.303RT  [A*Y] ’
0
nF & [Ni”] 3
0.059 . [0.001]?

[a]
Ecell =K cell

Ben = 1.41 — 1
g 6 o [0.13
0.059 [10]°S
Eeq = 1.41 — 1
cell 6 Og [10} -3
B = 1.41 — 0.059 log10~*

B = 1.41 — (—0.0295)
Ecn = 1.41 + 0.0295
Een = 1.439V/1.44V  (Deduct 1/2 mark for no or incorrect unit)



Q.18 a) Because of the formation of NaOH/ Due to the formation of OH-ions.
b) Because the overall reaction does not involve any ion in solution whose
concentration can change during its life time.

c) Because the number of ions per unit volume that carry current in a solution
decreases.

Q.19

((a@) The cell reaction is

Sn(s) + 2H"(aq) — Sn’"(aq) + Ha( g)

"l . 10 10 0059 [Sﬂ'2+-|
Eca = (E°. — E%,) — =3~ log CRE
- 0.059 0.004
=[(0) — (—=0-14)] — 1
1(0) = ( )| = —5loe (0.02).2

= 0.14 — 0.0295log 10
=0.1106 V

(b) (i) overpotential of O

(ii) Number of ions carrying current per unit volume decreases on dilution

Q.20 a) At anode:

Pb + 504_2 — PbSOy4 + 2e—
At cathode:

PbO; + SO, ? + 4HT + 2e— — PbSO, + 2H,0
Overall reaction:

Pb 4 PbO, + 250, % + 4H* — 2PbSO4 + 2H;0

(b)



[Cr3t] ’
[Cr202%~|[H+|"

0.059

Ece1 = E°can = log

0.059 4

Ecell — 1.33 — log (1072)%/ (1072) (1 x 1074)"

0.059
=1.33 — T(54) log 10

=1.33 —0.059 x 9

=1.33 — 0.531

=0.799 V
Q21 (a) ()

Zﬂ2+
Ecag = (Eoc o an) _ ﬂ.0259 log %
0.059 0.1

= (0) = (—=0-76)] — 1

(0) ~ (~0-76)) ~ =5 —log 75—

— 0.76 — 0.0295 log 10°
= (.76 — 0.0885
=0.6715V or0.67V

(Deduct %2 mark for no or incorrect unit)

(ii) The amounts of different substances liberated by the same quantity of
electricity passing through the electrolytic solution are proportional to their
chemical equivalent weights.

Q.22
K

A,, = — x 1000

m - x 100

2.48 x 102

A'm = 1

03 x 1000
— 124Scm? mol !
AY = X5 + Ao



=73.5+76.5
= 1508 ¢cm? mol !

“T
124
150
— 0.827
(ii)
EGCe]l = Eocathode _EO anode
= 0.34 — (—2.37)
=271V

A,G? = —nFE° cell
= —2 % 96500 x 2.71
— —523030Jmol ! or — 523.03kJmol !

(iii) Primary cell

Maintains constant potential throughout its usage/ longer lifespan
Q.23 (i) (II) will remain as reduction reaction / (II)

(D) will be reversed to become an oxidation reaction

Due to low reduction potential of Cr

(i) Cell representation
Mg(s)/Mg** (aq, 0.100M)||Ag ™ (aq, 0.001M) /Ag(s)



n—2

2.303RT, [Mg”*
Ecell = E® cell — 3O3R log [ 6 1
nF [Agﬂ
0.059 0.100
=317 — ——log —
2 270.001)2
_ 347 2059 log 10°
=3.17 —0.0295 x 5
= 3.17 — 0.1475

=3.0225Vor 3.02V

Q.24 (i) Limiting molar conductivity of an electrolyte can be represented as
the sum of the individual contributions of the anion and cation of the
electrolyte.

To determine -1. Limiting molar conductivity of an electrolyte.
2.Dissociation constant of a weak electrolyte

(or any other two suitable applications)

i)A°mNH40H = A°mNH4Cl + A°mNaOH — A°mNaCl
= 129.8 +217.4 — 108.9
= 238.3Scm? mol !
Am*

 A°m

(8

9.33

~ 238.3
= 0.039/3.9%

Q.25



(Ei,) Eoccll — Eocaihode — Euanodc
—287—-15V
=—437TV
AG" = —nFE°Cy
6 x 96500 x (—4.37)
= 2530.230 kJ /mol

Reaction is non-spontaneous.
(b) Yes, the tarnish can be removed.

Aluminium has more negative standard electrode potential than silver so will
reduce silver sulphide to silver, tarnish will be removed.

3Ag" + Al — 3Ag + APt

E°Cean = E°cathode — E%anode
— _0.71 — (~1.66)V
=095V

This indicates that the reaction is feasible and tarnish can be removed.

Q.26 (a) (i) Potential difference between two electrodes of a galvanic cell.

(ii) The galvanic cell in which combustion energy of fuels is directly converted
into electrical energy.

(b)
n=2
Ezell Egathode — E® anode
= —0.40 — (—0.76)V
=036V
. 0.059 Zn2*
ECeH =E celi — 2 Dg[ cd? ]



0. 059 0.1

= 0. — 1

[0 36} > og 0. 01
=(0-36 —0-0295)
=0.3305V

(Deduct %2 mark for no or incorrect unit)

Q27 (1)
.. 0059 [Zn?*
ECe]l:(E c— E a)_ 9 10g|:Pb2+]
0.059 0.1
= [(~0-13) = (=0 76)] - ——log =

= 0.63 — 0.0295log 5

= 0.63 — 0.0295 x 0.699

= 0.63 — 0.02

=061V

(Deduct 1/2 mark for no or incorrect unit)

(ii) The amount of chemical reaction which occurs at any electrode during
electrolysis by a current is proportional to the quantity of electricity passed
through the electrolyte.

Q.28 (D)
k =G*/R
G* =k xR =0.125 x 1072 x 1000
—0.125cm !
(ii)
0.059 1
2+ O 2t B
EMgH /Mg =E Mg /Mg 2 IOg [Mg2+]
0.059 1
— 9 _ 1
36V 5 log =

= 2.36 — 0.0295 x 4log 10
= 2242V



(iii) It decreases with increase in temperature

(2024)
Q.1 Which of the following cell was used in Apollo space programme?
(1 Mark) (CBSE 2024 - 56/5/1)
A. Mercury cell
B. H2 — Oz fuel cell
C. Ni-Cd cell
D. Dry cell

Q.2 Dilution affects both conductivity as well as molar conductivity. Effect of
dilution on both is as follows:

(1 Mark) (CBSE 2024 - 56/5/1)
A. conductivity decreases whereas molar conductivity increases on dilution.
B. both increase with dilution.
C. conductivity increases whereas molar conductivity decreases on dilution.
D. both decrease with dilution.
Q.3 During the electrolysis of aqueous NaCl, the cathodic reaction is :
(1 Mark) (CBSE 2024 - 56/3/1)
A. Oxidation of Hz20
B. Reduction of Nation
C. Reduction of H20
D. Oxidation of Cl-ion

Q.4 The molar ionic conductivities of Ca2*+ and Cl- are 119.0
and 76.3 S cm?mol—1 respectively. The value of limiting molar conductivity
of CaCl; will be :



(1 Mark) (CBSE 2024 - 56/4/1)
A.271.6 S cm? mol-1
B. 43.3 S cm? mol-1
C.314.3 S cm? mol-1
D. 195.3 S cm? mol—1

Q.5 Assertion (A) : For a Daniell cell, Zn/Zn%+(1M) ||Cu2+(1M)/Cu with E° cell =
1.1 V=1.1V, if the external opposing potential is more than 1.1V, the electrons
flow from Cu to Zn.

Reason (R) : Cell acts like a galvanic cell.

(1 Mark) (CBSE 2024 - 56/4/1)

A. Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of the Assertion (A).

B. Assertion (A) is true, but Reason (R) is false.

C. Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

D. Assertion (A) is false, but Reason (R) is true.
Q.6 During electrolysis of aqueous solution of NaCl :
(1 Mark) (CBSE 2024 - 56/2/1)
A. Na is formed at cathode
B. Cl2(g) is liberated at cathode
C. 02(g) is liberated at anode
D. Hz(g) is liberated at cathode

Q.7 State:
(a) Kohlrausch law of independent migration of ions.
(b) Faraday's first law of electrolysis.

(2 Mark) (CBSE 2024 - 56/5/1)



Q.8 Resistance of a conductivity cell filled with 0.2 mol L-1KCl solution is 2004).
If the resistance of the same cell when filled with 0.05 mol L-1KCI solution is
6201, calculate the conductivity and molar conductivity of 0.05 mol L-1KCI
solution. The conductivity of 0.2 mol L-1KCI solution is 0.0248 S cm1

(2 Mark) (CBSE 2024 - 56/5/1)

Q.9 Calculate the potential of Iron electrode in which the concentration
of Fe2* ion is 0.01 M.

(2 Mark) (CBSE 2024 - 56/1/1)

(E°Fe?* /Fe = —0.45 V at 298 K)
[Given : log 10 = 1]

Q.10

Calculate the emf of the following cell :
Ni('s) + 2Ag" (0.01M) — Ni*"(0.1M) + 2Ag( s)
Given that Eg;; = 1.05 V,log10 =1

(3 Mark) (CBSE 2024 - 56/5/1)

Q.11 When a certain conductivity cell was filled with 0.05 M KClI solution, it has
a resistance of 100 ohm at 25°C. When the same cell was filled

with 0.02MAgNO:s solution, the resistance was 90 ohm. Calculate the
conductivity and molar conductivity of AgNO3 solution.

(Given : Conductivity of 0.05 M KCl solution = 1.35 X 10-20hm~-! cm~1)

(3 Mark) (CBSE 2024 - 56/1/1)
Q.12

The conductivity of

0-2M

solution of KCl is

248 x 1072 S cm ™!

. Calculate its molar conductivity and degree of dissociation

(@)



Given:

A%y = 7358 cm? mol™

)\?ﬂ_ 76 -5 S cm? mol !

(3 Mark) (CBSE 2024 - 56/3/1)
Q13

Calculate emf of the following cell at 25°C :
Sn/Sn”**(0.001M)||H* (0.01M) | Hy ) (1 bar )| Pt
Given : E° (Sn** /Sn) = —0.14 V,E°H* /H, = 0.00 V(log 10 = 1)

(3 Mark) (CBSE 2024 - 56/4/1)
Q.14

Calculate emf of the following cell :
Zn(s) ‘ZH2+(U : IM)‘ |Sn2+ (0- 001M)' Sn(s)
Given : B — _0.76 V, E? —_0.14V

n’t/Zn Sn*"/Sn

log 10 = 1]

(3 Mark) (CBSE 2024 - 56,/2/1)

Q.15 Batteries and fuel cells are very useful forms of galvanic cell. Any battery
or cell that we use as a source of electrical energy is basically a galvanic cell.
However, for a battery to be of practical use it should be reasonably light,
compact and its voltage should not vary appreciably during its use. There are
mainly two types of batteries - primary batteries and secondary batteries.

In the primary batteries, the reaction occurs only once and after use over a
period of time the battery becomes dead and cannot be reused again, whereas
the secondary batteries are rechargeable.

Production of electricity by thermal plants is not a very efficient method and is
a major source of pollution. To solve this problem, galvanic cells are designed in
such a way that energy of combustion of fuels is directly converted into



electrical energy, and these are known as fuel cells. One such fuel cell was used
in the Apollo space programme.

(a) How do primary batteries differ from secondary batteries?

(b) The cell potential of Mercury cell is 1.35 V, and remains constant during its
life. Give reason.

(c) Write the reactions involved in the recharging of the lead storage battery.

Question 2: (c) Write two advantages of fuel cells over other galvanic cells.

(4 Mark) (CBSE 2024 - 56/1/1)

Q.16 In a galvanic cell, chemical energy of a redox reaction is converted into
electrical energy, whereas in an electrolytic cell the redox reaction occurs on
passing electricity. The simplest galvanic cell is in which Zn rod is placed in a
solution of ZnSOsand Cu rod is placed in a solution of CuSOa.

The two rods are connected by a metallic wire through a voltmeter. The two
solutions are joined by a salt bridge. The difference between the two electrode
potentials of the two electrodes is known as electromotive force. In the process
of electrolysis, the decomposition of a substance takes place by passing an
electric current. One mole of electric charge when passed through a cell will
discharge half a mole of a divalent metal ion such as Cu?+. This was first
formulated by Faraday in the form of laws of electrolysis.

(a) What is the function of a salt bridge in a galvanic cell ?
(b) When does galvanic cell behave like an electrolytic cell ?

(c) Can copper sulphate solution be stored in a pot made of zinc ? Explain with
the help of the value of E° cell.

(E°Cu®"/Cu=0.34 V)
(E°Zn*" /Zn = —0.76 V)

(4 Mark) (CBSE 2024 - 56/4/1)
Q.17 (a) (i) Calculate emf of the following cell at 25°C::



Zn( s) |Zn>* (0 - 001M)| [Cd** (0 - 1M)| Cd( 5)
Given: B,y = —0-76 V,EQp, oy = —0-40V  [log10 = 1]
(ii) State Faraday's second law of electrolysis. How will the pH of aqueous NaCl

solution be affected when it is electrolysed ?
(5 Mark) (CBSE 2024 -56/3/1)
Q.18

(b) (i) Calculate the

AG°

and

log K,

for the following cell reaction :

Fe(s) + Ag* (aq) = Fe?* (aq) + Ag( 5
Given : Ez'e'“/b‘e =-0-44V, E’ig';Ag =+0-80V
1 F = 96500C mol *

(i) Write any two advantages of the fuel cells over primary and secondary
batteries?

(iii) How many Faradays are required for the oxidation of 1 mole of H20 to 02?
(5 Mark) (CBSE 2024 - 56/3/1)

Q.19 (a) (i) The resistance of 0.05MCH3COOH solution is found to be 100 ohm.
If the cell constant is 0.0354 cm1, calculate the molar conductivity of the acetic
acid solution.

(ii) State Faraday's first law of electrolysis. How much charge in Faraday is
required for the reduction of 1 mol of MnO—4 to Mn2+?

(5 Mark) (CBSE 2024 - 56/2/1)

Q.20 (b) (i) The conductivity of 0.0025 mol L-1 acetic acid is 5.25 X 10—5S cm—1.
Calculate its degree of dissociation if A°y, for acetic acid is 390 S cm2 mol—1.

(ii) Write anode, cathode and overall reaction of lead storage battery.



(5 Mark) (CBSE 2024 - 56,/2/1)

Answer

Q1B
Q2A
Q3C
Q4A
Q5B
Q6D

Q7

a) Limiting molar conductivity of an electrolyte can be represented as the sum of the individual
contributions of the anion and cation of the electrolyte / Ay, — vy AT +v_AZ Here, A°+ and
A°— are the limiting molar conductivities of the cation and anion respectively.

b) The amount of chemical reaction which occurs at any electrode during electrolysis by a current
is proportional to the quantity of electricity passed through the electrolyte. / m=ZIt where m =
mass of the substance deposited , Z = electrochemical equivalent, I = current, t = time.

Q8

Cell constant = G* = conductivity x resistance = 0.0248 S/cm x 200 ohm
= 4.96 cm ™!

Conductivity of 0.05 mol LK ClI solution = cell constant / resistance

= %G /R = 4.96/620 = 0.008 S cm !

Molar conductivity = A = kxlcﬂﬂﬂ

= 0.008 x 1000/0.05 = 160 S cm? mol !

Q9



Egt g, = B 0.059
Fe*' /Fe Felt /Fe % | 1
e”" /Fe 0g o]

0.059 1
— —0.45V — lo
> 8 0.01
= —045V —0.059V
= —0.509V
Q10
E = 1.05V
0.059 [Ni]“
Ecen = 1.05 — lo
1l 9 g [Ag+]2
(0.1)
= 1.05 — 0.059/21
/2108 70 012
= 1.05 — 0.0825
= 0.9615 V( Deduct 1/2 mark for incorrect unit or no unit )
Q11
Cell constant
(G*) =
Conductivity
X
Resistance
—1.35 x 1072 x 100
=1.35¢cm ™!
Cell constant
(G*) =
Conductivity
X
Resistance

1.35ecm ! = k x 90
1.35/90 = k
k = 0.015Scm !



Molar conductivity
(An) =k x 1000/C

~0.015 x 1000
- 0.02
= 750Scm? /mol
(Deduct
1/2
mark for no unit or incorrect unit)
Q12
A, =k/C
kx1000
A, =
M
1000 cm? /L x 2.48 x 10 2Scm ™
N 0.2mol L !
=124 S cm? mol ™!
Ag, =A%+ X2

— (73.5 + 76.5)Scm? mol ™

— 150 S cm? mol !
a=A,/A

124 S cm? mol !

150 S cm? mol !
= 0.826 (approx.)

Q13



0.059, [Sn**
ECE]]. = E::)ell - 5 IOg [ 2}
[H*]
0.059 (0.001)

Ecen =014 — lo
t 2 % 70.01)2

=0-14 - 0'{_}59 log 10

=0-14-0-0295=0-1105Vor 0.11V

(Deduct 2= marks for incorrect or no unit)

(Or by any other suitable method)

Q14
2+
ECell — (Eoc - EUG) - n'gBQ log |:§22+ :|
0.059 0.1
=[(—-0-14) — (—0-76)] — 1
(-0-14) = (~0-76)] — - log o=
0.059
= 0.62 — 5 X 2
= (0-62—0-059)V
—0.561V

Q.15 (a) Primary batteries are not rechargeable while secondary batteries are
rechargeable.

(Or any other correct difference)

(b) Overall reaction does not involve any ion in solution whose concentration
can change during its lifetime.



Cathode:
PbSOy(s) +2e~ — Pb(s) + SO4% (aq)

Anode:
PbSOy4( s) + 2H20(1) — PbOs(s) + S04 (aq) + 4H' (aq) + 2e~

Q.15 Ans:2 (c) (i) More efficiency  (ii) Pollution free

Q.16 (a) It allows flow of ions and the circuit is completed / it maintains the
electrical neutrality. (or any other correct reason).

(b) When
Ee:ct > Ece]_l

©
E°.n = E°Cu®"/Cu — E°Zn%" /Zn
=0-34—(-0-76)=1-10V
As E°cel = + ve, the reaction takes place, so copper sulphate cannot be stored

ina zinc pot.

Q.17
(a)(i)

E° cell = E° cathode — E° anode
= —0.40 — (—-0.76)V
=036V

Ecell =B’
Cell

7 2+
- 0‘259 log [Zn™"]

[Ca*]




—0.059 [0.001]

—0.36 1
2 20
—0.059
— 0.36 log 102
= 0.36 + 0.059
—0.419V

(ii) When same amount of electricity is passed through the electrolytic
solutions connected in series, weight of substance deposited or liberated at
each electrode is directly proportional to its chemical equivalent weights.

pH of solution will increase
Q18 (b)(1)

E°cell = E°cathode — E° anode
=0.80 V- (—0.44V)
=124V

AG°? = —nFE° cell
— —2x 96500 x 1-24 J mol ™!
— 239320 J mol !

nE°

cell

0.059
2% 124V

0.059

logk, =

=42-0
(ii) More efficiency and Pollution free (Any other two correct advantages)

(iii) 2F/



2H, O — Oy + AH' + 4e”
1mole =2 . 2F

Q19 () ()
K = ILE (%)or
k=G*/R

k 0.0354)

- 100(
—354x107%Q tem™?

K
A, = == x 1000
M

- 3.54x107°
- 0.05

— 7.08Q7! ¢cm? mol ™’
or
7.08Scm? mol !

x 1000

(Deduct %2 mark for no or incorrect unit)

(ii) The amount of chemical reaction which occurs at any electrode during
electrolysis by a current is proportional to the quantity of electricity passed
through the electrolyte. / m=ZIt where m = mass of the substance deposited,

Z = electrochemical equivalent, I = current, t = time.

Q.20



(b)(i)
A

K
—_— 1
m_M‘x 000

5.25 % 107°

Am = 50025
—21S em? mol ™!

Ay,
-
21 S cm? mol *
390 S cm? mol !
— 0.053
(ii)Anode:
Pb + SO42— — PbSO4 + 2e—

Cathode:
PbO, + SO42 +4H' 4+ 2e — PbSO,4 + 2H,0

x 1000

(87

Overall :
Pb + PbOsy + 2H5SO4 — 2PbSO4 + 2H50



Previous Years’ CBSE Board Questions

2.1 Electrochemical Cells

MCQ H
1. An electrochemical cell behaves like an electralytic
cellwhen i

(a) Emﬂ = Eextemal {b) E.;EI =0
[':1 Emttemd * Egall ':dl Euelnfml = Ll
(2020)(7) :
(2 marks)
Give two points of differences between

electrochemical and electrolytic cells.

of electrochemical cell?
(Al 2019, 2/5, Al 2016)( 1]

2.2 Galvanic Cells

MCQ

4. The correct cell to represent the following reaction
is

Zn+2Ag" —> Zn** + 2Ag

(a) 2Ag|Ag'llZn|Zn®* (b) Ag'|Agl|lZn®*|Zn
(c) Ag|Ag|lZn|zZn®™ (d) Zn|Zn®" || Ag®| Ag

greater than zero, then we can infer that its

(a) reduced form is more stable compared to

hydrogen gas

(b) oxidised form is more stable compared to

hydrogen gas
(c) reduced and oxidised forms are equally stable,

(d) reduced form is less stable than the hydrogen

gas. (2020)( 1)

2.3 Nernst Equation

MCQ

6. AG and E%y for a spontaneous reaction will be
(a) positive, negative (b) negative, negative
(c) negative, positive (d) positive, positive.

E°=+080V
E°==-044V

7. Aglagte€ —Agy !
Fe%;) + 2e" — Fe(‘):
Find the E%, for :

Feg + 2Ag {og) — Fe?iog) + 2Ag(
fa) 1.6V (b) =116V (c) 204V (d) 124V

(2023) |

(2/5,2020) () |

3. Define electrochemical cell. What happens |f
external potential applied becomes greater than Egy

- XM (2 marks)

9. Calculate the emf of the following cell at 298 K:

14. Calculate A,G° for the reaction:

(2023) '
15. Equilibrium constant (K,) for the given cell reaction is

(3 marks)

¢ 16, Write the Nernst equation and calculate the emf of

i 8. Consider the following standard electrode potential

values
Sn®* g+ 26" 50y E°=-0.14V
Fe¥ (aq + e — Fe¥l(py E2=+077V
What is the cell reaction and potential for the
spontaneous reaction that oceurs?
(a) 2Fe™ |,q+5n%" oy — 2Fe™ 0+ 50y
E°=-0.91V
(b) 2Fe™ g+ Sng— 2Fe® 0 + 50" g
E°=+091V
(e) 2Fe® +5n""— 2Fe™, +5n
" - ,, E =091V
(d) 2Fe® o +Snyg— 2Fe 0 + S0 0y i
E°=+148V
(2023)

Feyy | Fe2*(0.01 M)[| H' 3y [Hyq (1 bar), Pty

Given E2,, = 0.44 V. (2023)

10. Calculate A,G® for the cell reaction at 25°C:

Zn|Zn**||Cd** | Cd
Given that : E°; 2+, = =0.76V,
E®c 424 pcq = 0/40V, 1F = 96500 Cmol™  (2023)

11. Write the Mernst equation for the following cell
(2023) |

5. If the standard electrode potential of an electrode is

reaction:

Zny, + Cuiy,y — Znis, + Cu

How will the E_, be affected when concentration of
(i) Cu?* ions is increased and

(i) Zn**ionsisincreased? (Term i, 2021-22)

12. For anelectrochemical cell

Mgy + Ag" (s —> Agis) + Mgl logr
give the cell representation. Also write the Nernst
equation for the above cell at 25°C. (2020)

13. Calculate the emf of the following cell at 25°C :

Al IAI** (0-001 M) || Ni?* (0.1 M) [Niy
Given: EoNi"/Ni) ==0-25V
é 17 -1:66V

[log2=0- 3010 log 3=0-4771] (2019) I_E:;]

Mg + Cufay — Mgiog + Cuyy
Given E2y = +2.71V, 1F = 96500 C mol™*
(2/3.A12014) ip)

10. Calculate Ela

Am + B {ag) = A {aq) + Bm (2/3.Foreign 2014,

the following cell at 298 K ;



17.

18,

19.

20.

21.

22,

23.

24.

Zn| Zn® (0.001 M) || H' (0.01 M) | Hyg (1 bar) | Pty
Given: E2,2+/2,==0.76 V. Epy#p, =000V, [log 10=1]
(Term II, 2021-22, Foreign 2015)(Gr) :

Calculate A G and log K_ for the following cell :
Niig) + 2A8 (o) — Nitag) + 2Ag(
Given that £2,, = 1.05 V, 1F = 96,500 C mol™!

OR

Calculate the maximum work and logK_ for the given 26.

reaction at 298 K :
Nigy + 2A8{gp = Nitz«:q%“ 28
Given: sz‘,m ==0.2 V, EAS‘/M =+080V
1F = 96500 C mol™?
OR
For the cell reaction,

. 2+ +
Nigg) INI“G ) 1A (5| AB(g)

Calculate the equilibrium constant at 25°C. How
much maximum work would be obtained by :

operation of this cell?

Emiz* - =-025VandE Ac*IAg =0.80V

Calculate the e.m.f. of the following cell at 298K :
Fe | Fe? (0.001 M) | [H* (0.01 M) | Hyg (1 bar) | Pty
Given that £, =+0.44V

[log 2=0.3010, log 3=0.4771,log 10 = 1]

OR
Calculate emf of the following cell at 25°C:
Fe] Fe?*(0.001 M)||H*(0.01 M)y (1 bar)|Pt;y
E°re? jrg = =044V, P(H‘m,) =000V  (Delhi 2015)
Calculate AG® for the reaction,
Zny + Cu?ly — Zn{y + Cugy

Given : E®for Zn?*/Zn = =0.76 V and
E° for Cu®*/Cu=+0.34V
R=8.314JK  mol™!, 1F = 96500 C mol™*,

Calculate e.m.f of the following cell :
Zny| Zn** (0.1 M) || Ag” (0.01 M) | Ag
Given: E'z,,z‘,z,, ==076V. E:‘opc = +0.86V
[Given :log 10 = 1]

Calculate A,G° and log K_ for the following reaction.
Cdlfoq)* Znig —> Zn(ay + Cdy
Given: Eg g4y = <0403V ; E%24/2, = <0763V

potential of zinc.

(Given : 3,247, = = =076 V; log 10 = 1) (2019C)(Ev)
Write the cell reaction and calculate the e.m.f. of the

following cell at 298 K.
Snggy | Sn *(0.004 M) || H(0.020 M) | Hag (1 bar) | Pty

(Gwen . EoSn"ISn ==0.14 V)
For the reaction,

(2020) |

(Term I, 2021-22) (V) |

(3/5,2020) |

(A1 2019)(7p)

Zinc rod is dipped in 0-01 M solution of zinc sulphate
when temperature is 298 K. Calculate the electrode

(3/5,2018)(11) |

| 25,
(Term I, 2021-22)

27.

28,
(3/5, Delhi 2015C)

| 29.

T (5 mark

30.

L 31,
(3/5.2020) |

2AgCliy + Hyg) (1 atm) — 2Ag(y + 2H(0.1 M)
+2CIN0.1 M)
AG® ==43600 J at 25°C.
Calculate the e.m.f. of the cell. (log 10™ = - n)
(3/5,2018)
Calculate e.m f. of the following cell at 298 K.
2Cry +3Fe?*(0.1M) — 2Cr3*(0.01M) + 3Fe g
Given: Efc3sjcqy = =074V, B e2ejpg = =044V
(Delhi 2016)
Calculate E°; for the following reaction at 298 K.

2Alg + 3Cu"*(0.01M) — 2A1*(0.01M) + 3Cuyy
Given: E_, = 1.98V (3/5.A1 2016)

Calculate the standard cell potential of the galvanic
cellin which the following reaction takes place :

2 + 3+
Fe%aa * ABlag) — FeTag + Agyy
Calculate the A,G® and equilibrium constant of the
reaction.

(Engr/ag =0-BOV:Ersn oz =0.77V)

Ag'/Ag

(3/5, Delhi 2015C) (11|
Calculate the emf of following cell at 298 K :
Mgy | Mg?*(0.1 M) || Cu?*(0.01 M)|Cuy
[Given: E2y=+2.71V, 1 F = 96500 C mol™?]

(3/5, Delhi 2014)

Estimate the minimum potential difference needed
to reduce Al,O4 at 500°C. The Gibbs energy change
for the decomposition reaction,

2 AL,0, 2 A1+ 0, is 960 K. (F = 96500 C mol™)
R 3 (3/5,Delhi 2014C)

£

i fOr the given redox reactionis 2.71 V.

Mg(s,+Cu2*(0.01M) - Mgz*(0.001M)+Cu‘s)

Calculate E_, for the reaction. Write the direction of
flow of current when an external opposite potential
applied is

(i) lessthan2.71Vand

(ii) greaterthan2.71V (Delhi 2019)

Calculate e.m.f and AG for the following cell
Mgig | Mg?* (0.001 M) || Cu®* (00001 M) | Cuyy
E =-2.37VE, =40.34V

Mg?* Mg) (Cu?* /Cu)
(NCERT, Al 2015)

2.4 Conductance of Electrolytic

Solutions

MCQ

32.

P 3,

The unit of molar conductivity is

(a) Scm™Zmol™! (b) Scm?mol™!

(© $'em?mol™? (d) Sem?mol (2023)
Assertion (A) : Conductivity of an electrolyte
increases with decrease in concentration,

Reason (R) : Number of ions per unit volume
decreases on dilution.



(a) Both Assertion
correct  statements, and Reason

is the correct explanation of the Assertion (A).

(b) Both Assertion (A) and Reason (R) are correct
statements, but Reason (R) is not the correct

explanation of the Assertion (A).

{c) Assertion (A) is correct, but Reason (R) is wrong

statement.

{d) Assertion (A) is wrong, but Reason (R) is cnr‘rE—ct

fAa] |
(2020) (An] Ei

statement.

-um!

as.

36.

ar.

Give reason :

Conductivity of CH3;COOH decreases on dllutmn
i 45,
Define limiting molar conductivity. Why conductivity |

of an electrolyte solution decreases with the !
(1/2, Delhi 2015) |

(1/5,2018) (1]

decrease in concentration?

OR
Define the following term :
Limiting molar conductivity (1/5, Delhi 2014)
State Kohlrausch's law of independent migration of
ions. Write its one application.

OR
Define the following term :

Kohlrausch's law of independent migration of ions.
(1/5, Delhi 2015{:)[ R) |

46,
(1/5, Delhi 2015€) |

Define the following term :
Molar conductivity (A,,)

LI (2 marks)

3B.

39,

40.

41

42,

your answer graphically.

of ions.

(ii) Calculate the degree of dissociation (a) of

CH4COOH if A, and A3, of CHaCOOH are 48 o

S em? mol™! and 400 S em? mol ™! respectively.

(Term I, 2021-22) |

The conductwuty of 0001 M acetic acid is
7.8% 1073 Sem™, Calculate |tsdegreeofd|ssomatlon

if A, for acetic acidis 390Scm 2 mol™L,

(Term II, 2021-22) (Ap) :
In a plot of A, against the square root of concentration
(CY2) for strong and weak electrolyte, the value of '
limiting molar conductivity of a weak electrolyte :

i 52
cannot be obtained graphically. Suggest a way to obtain

this value. Also state the related law, if any.

(Term 11, 2021-22) (V) |

. XM (3 marks)

i 53,

Answer the following questions (Any two) :
(a) Define molar conductivity (A,,).

(b) Write the unit of A,

() Howdoes A, vary with concentration?

(Term 11,2021-22C) |

(A) and Reason (R} are !
(R} :

(1/2, Foreign 2015) |

43.

On diluting two electrolytes ‘A’ and ‘B, then A, of ‘A’ -

increases 25 times while that of 'B’ increases by 1.5
times, Which of the two electraolytes is strong? Justify |
{2023)

(i) State Kohlrausch's law of independent migration

Answer the following questions (Any two) :

(a) Why is alternating current used instead of
direct current for measuring resistance of an
electrolytic solution ?

(b) State Kohlrausch's law of independent migration
of ion,

() Depict the Galvanic cell in which the following
reaction takes place :

Mg + Cufag — Mgia + Cugg
(Term |1, 2021-22C)

X and Y are two electrolytes. On dilution molar

conductivity of 'X' increases 2.5 times while that

Y increases 25 times. Which of the two is a weak

electrolyte and why? (2/5, 2020) I'iiﬂ
In the plot of molar conductivity (A,) vs square

root of concentration l,'n:m} following curves are
abtained for two electrolytes A and B

Vs

\ Ve

l.

‘x
]

P

'\-\_\__

Answer the following :

(i) Predict the nature of electrolytes A and B.

(i} What happens on extrapolation of A, to
concentration approaching zero for electrolytes
A and B7 (2/5, Delhi 2019) (x|

Explain with a graph, the wvariation of molar
conductivity of a strong electrolyte with dilution.
(2019)

Calculate the degree of dissociation (o) of ar.e tic acld
if its molar conductivity (A,,) is 39.055cm 2 mol-1,
(Given : A°(H*) = 349.68 S cm?moal™ and

A% (CH4CO0T) =4095 em® mol™Y) {Delhi 2017)
Define the term degree of dissociation. Write an

expression that relates the molar conductivity of a
weak electrolyte to its degree of dissociation.

(2/5, Delhi 2015C) (¢

Define conductivity and molar conductivity for the
solution of an electrolyte. Discuss their variation
with concentration. (NCERT, 2/5, Al 2015C)

State Kohlrausch law of independent migration
of ions, Why does the conductivity of a solution
decrease with dilution? (Al 2014)

. Definethe terms conductivity and molar conductivity

for the solution of an electrolyte. Comment on their
variation with temperature.  (Delhi, Al 2014C) (lf]
The resistance of 0.01 M NaCl solution at 25°C is
200 Q. The cell constant of the conductivity cell

used is unity. Calculate the molar conductivity of the
solution. (2/3,A12014C)

(a) The standard Gibbs energy (A G°) for the
following cell reaction is =300 kJ mol™!

Zngg + 28 (o) — Zn(aq) + 2ARyy



54.

57

a9.

60.

I (4/5 marks)

Rahul set up an experiment to find resistance of
aqueous KCI solution for different concentrations :
at 298 K using a conductivity cell connected to a !
Wheatstone bridge. He fed the Wheatstone bridge :
with a.c. power in the audio frequency range 550 !
to 5000 cycles per second. Once the resistance '
was calculated from null point he also calculated
the conductivity x and molar conductivity A, and

6L

Calculate El; for the reaction.
(Given: 1F = 96500 C mol™Y)

(b) Calculate A2, for MgCl, if 4° values for Mg®* :
ion  and Et' fon are 106 S em? mol™! and |
76.35cm® mol™! respectively. (Term |, 2021-22)

The conductivity of 0001 mol L' solution of
CH-COOH is 3.905 x 107> Sem™ L Calculate its molar

conductivity and degree of dissociation ().

[Given:2°(H") =349.6 Sem” mol™ and A%(CH,C00")

=40.95em” mol™Y

404 5 em” mol™ L.

pair will allow greater conduction of electricity.
(i} Silver wire at 30°C or silver wire at 60°C,

(i) 0.1 M CH,COOH solution or 1 M CH,COOH

solution.

(iii) KCl solution at 20 *C or KCI solution at 50 °C,

(3/5, 2020) :
The electrical resistance of a column of 0.05 M KOH :
solution of length 50 cm and area of cross-section :
0.625 em® is 5 x 107 ohm. Caleulate its resistivity, |
(3/5,2020) |

conductivity and molar conductivity.

a) Following reaction takes place inthe cell :

Znig + Aga0 + HyOp — 2t + 2Ag + 20H7,
Calculate A G" of the reaction..

[Given: Ef; 245, = =076V,

Efag' M=u~auu 1F =96,500 C mol™"]

How can you determine

(b)

weak electrolyte ?

and degree of dissociation ().
Given:2° (K*)=735Scm?mo
2 (CI7) =76.5S em? mol™?,

Resistance of a conductivity cell filled with 0.1 mol Lt

"1 and

KCl solution is 100 €2. If the resistance of the same cell :
when filled with 0.02 mol L™ KCI solution is 520 €, :
calculate the conductivity and molar conductivity |
of 0.02 mol L™ KCl solution. The conductivityof

0.1 mol L" KCl solution is 1.29 x 1072 Q"1 em™?,

recorded his readings in tabular form.

{Term ll, 2021-22C, 3/5, Al 2014)
Conductivity of 2 x 102 M methanoic acid is :
8 % 107° Sem™L Caleulate its molar conductivity and
degree of dissociation if Ag, for methanoic acid is :
(2020) :

Out of the following pairs, predict with reason which 62.

limiting molar
conductivity, {ﬁfn} for strong electrolyte and
(2019) :

The conductivity of 0.20 mol L"! solution of KCI is
2.48 x 1075 cm™". Calculate its molar conductivity

(AI2015)

(3/5, A1 2014) (Ap)

SNo. | Conc.(M) | x(Sem™) | A, (Sem®mol™)
1. 1.00 111.3%x 107 | 111.3
2. 0.10 129x107 | 1290
3. 0.01 141x 1073 | 1410
Answer the following questions:

(a) Why does conductivity increase though the
conductivity decrease with dilution?

(b) If AZof KClis 1500 S cm? mol™, calculate the
degree of dissociation of 0.01 M KCI.

() IfRahul had used HCl instead to K.Cl thenwould you
expect the A values to be more or less than those
per KCl for a given concentration. Justify.  (2023)

Read the passage given below and answer the
guestions that follow :

Ostidation-reduction reactions are commaonly known
as redox reactions. They involve transfer of electrons
from one species to another. In a spontaneous
reaction, energy is released which can be used to
do useful work. The reaction is split into two half
reactions. Two different containers are used and
a wire is used to drive the electrons from one side
to the other and a voltaic/galvanic cell is created.
It is an electrochemical cell that uses spontaneous
redox reactions to generate electricity. A salt bridge
also connects to the half cells. The reading of the
voltmeter gives the cell voltage or cell potential or
electromotive force. If is positive the reaction
is spontaneous and if it is negative the reaction is
non-spontanecus and is referred to as electrolytic
cell. Electrolysis refers to the decomposition of a
substance by an electric current. One mole of electric
charge when passed th rnugh acell will d|5charge half
a mole of a divalent metal ion such as Cu*", This was
first formulated by Faraday in the form of laws of
electrolysis.

The conductance of material is the property of
materials due to which a material allows the flow
of ions through itself and thus conducts electricity.
Conductivity is represented by k and it depends upon
nature and concentration of electrolyte, temperature
etc. A more common term molar conductivity of a
solution at a given concentration is conductance
of the volume of solution containing one mole of
electrolyte kept between two electrodes with the
unit area of cross-section and distanice of unit length.
Limiting molar conductivity of weak electrolytes
cannot be obtained graphically.

Zinc Plate Silver Plate

A
Salt bridge

.

24
2aq)



&3

&4,

la) lssilver plate the anode or cathode ?
(b} What will happen if the salt bridge is removed ?

() When does electrochemical cell behave like an

electrolytic cell ?

(d) (i) What will happen to the concentration of

Zn** and Ag” when E_; = D.

(i) Why does conductivity of a ﬁnlutinné

decreases with dilution ?
OR

Calculate the conductivity of this solution.

(] The electrical

resistivity, conductivity and molar conductivity.

(i) Depict the galvanic cell in which the reaction

takes place :

Nifg + 2Ag og — Nifoa + 28
Further show :
(i} Which of the electrodes is positively charged ?
(i) The carriers of the current in the outer circuit.

(2021C)(An) |
{a) Representthe cellinwhich the following reaction

takes place :
2Al 4 + 3NI%* (0-1 M) — 2417 (0-01 M) + INiggy
Calculate its emf if EZy = 1-41V.

2.5 Electrolytic Cells and Electrolysis

MCQ

65.

Four half reactions | to 1V are shown below:
L 2CI" = Cly+2e”

Il. 40H" -0, +2H,0 +2¢”

I, Na*+e” - Na

V. 2H " +2¢e" - H,

Which two of these reactions are most likely to occur
i 77,

when concentrated brine is electrolysed?
(a) landIll (b) land IV
(¢) NandIll (d) lland IV

M (1 mark)

66,

67.

68,

How much charge in terms of Faraday is required to
(2020) ¥v) |

How many coulombs are required for the oxidation
(One word, 2020) :

reduce one mol of MnOj to Mn?*?

of 1 mol of H,0 to O,?
Give reason |

On the basis of E° values, O, gas should be liberated 78.

at anode but it is Cl, gas which is liberated in the '
(1/5.2018)( 1]

electrolysis of aqueous NaCl.

(2023) |

P 69,

(d) The molar conductivity of a 1.5 M solution of o

an electrolyte is found to be 1389 5 em® mol™L.
7L

(Term Il, 2021-22)
resistance of a column nfé

002 M NaOH solution of diameter 1-40 cm and
length 44 cm is 5-00 x 10° ohm. Calculate its

| 72

Y 2 marks)

73.

i T4,
(b) How does molar conductivity vary with increase !
in concentration for strong electrolyte and weak :
electrolyte ? How can you obtain limiting molar :
conductivity (A5,) for weak electrolyte? (2019) |

| 75.

P 76,

Following reactions occur at cathode during the
electrolysis of agueous silver chloride solution :
Ag*{mﬁe‘—}Ag{s,, E=+080V

H gy + € — %Hﬂ,. , E*=000V

On the basis of their standard reduction electrode
potential (E) values, which reaction is feasible at the
cathode and why? (Al 2017C, 1/2, Delhi 2015)
How much charge is required for the reduction of
1mol of Zn** to Zn? (Deihi 2015)
Following reactions occur at cathode during the
electrolysis of agueous copper (1) chloride solution :

Cufpy+26" > Cuyy;  E°=+034V

.
H?ﬂq}"'ﬂ‘ —s EHﬂsl . E*=000V
On the basis of their standard reduction electrode
potential {E®) values, which reaction is feasible at the
cathode and why? (1/2, Foreign 2015) I'E

State the Faraday's first law of electrolysis.
(Delhi 2015C) (7 |

(i) What should be the signs [positive/negative)
for Eqy and AG® for a spontaneous redox reaction
occurring under standard conditions?

(ii) State Faraday's first law of electrolysis.  (2023)

Predict the products of electrolysis of an agueous
solution of CuCl; with platinum electrodes.
(Given: E ¢ 2, =+ 034V,
E (yacier) =+ 136V
E 4t Mg Pt = 000V, E 120,01 =+ 1.23V)

(2/5. 2020)
Predict the products of electrolysis in each of the

following :
(a) Anaqueous solution of CuSO, with Pt electrode
(b) Anaqueous solution of AgNO5 with Pt electrode

(2020C)

How many seconds does it require to reduce 3 moles
of Fe** to Fe?* with 2 A current?

(Given: 1 F = 96500 C mol™?) (2020€)
Following reactions may occur at cathode and anode
during electrolysis of aqueous sodium chloride,
What products will be held at anode and cathode?
Use given E° values to justify your answer.

Cathode: Nl + " — Nag £o=-271V
H{mﬁe'—»inw E° =000V
Anode: Cliy—>3Clyg+e  E=+1.36V

2H,05q — Oz + 4H' +4e” E°=+1-23V
(2019) (Ap)
Calculate the mass of Ag deposited at cathode when

a current of 2 ampere was passed through a solution
of AgNO, for 15 minutes,



(Given : Molar massof Ag =108 g mol™%,
1F = 96500 C mol™)

reduction of 1 mol of Cu”* to Cu?

the cathode?
(Given : At. mass of Ni = 58.7 gmol™%,
1F = 96500 C mol~?)

following :
electrodes.

(ii) An aqueous solution of H,S0,; with platinum
electrodes.

XM (3 marks)

22. When a steady current of 2A was passed through

two electrolytic cells A and B containing electrolytes | 89 Write the name of the cell which is generally used
ZnSO, and CuSO, connected in series, 2 g of Cuwere
deposited at the cathode of cell B. How long did the
90. Write the name of the cell which is generally used in
What mass of Zn was deposited at cathode of cell A? :
[Atomic mass : Cu = 63.5 gmol™?, Zn=65g mol™; 1F :
(2020)(Ey]
#3. A steady current of 2 amperes was passed through
(5 marks)
containing electrolytes FeSO; and ZnSO, until :
2.8 g of Fe deposited at the cathode of cell X. |
How long did the current flow? Calculate the :
mass of Zn deposited at the cathode of cell Y.

(Molar mass : Fe = 56 g mol™, Zn = 65.3 g mol™,
(3/5, Delhi 2019)

84, Chromium metal is electroplated using an acidic
solution containing CrO; according to the following |

current flow ?

= 96500 C mol*?]

two electrolytic cells X and Y connected in series

1F = 96500 C mol™})

equation:
Cngm) +6H" +6e” — Cf(,) +3H,0

current?

[Atomic mass of Cr = 52 gmol™!, 1 F = 96500 C mol™]
(A12019) |

- IEM (1 mark)

has E° = 0.236 V at 298 K. Calculate the 94. Name the cell use in hearing aids and watches.

85. (a) Theacell in which the follgwing reaction occurs :
+ - +
2Fe {aq) + 21 {oq) 2Fe (aq) + |2(s,

standard Gibbs energy of the cell reaction.
(Given: 1F = 96,500 C mol™!)

wire if a current of 0.5 A is passed for 2 hours?
(Given: 1F = 96,500 C mol™)

(Foreign 2014) :

81 Predict the products of electrolysis in each of the 2.6 Batteries

(i) An aqueous solution of AgNO; with platinum m_@mark) -
: 87. Define:Secondary batteries (1/5, Delhi 2015C)| i]

(2 marks)

(2/5, Delhi 2014C) :
i BE. Write the name of the cell which is generally used in

(5 mark)
(2/3, Delhi 2017) 86. (i) State Kohlrausch's law of independent migration

79. State Faraday's first law of electrolysis. How much :
charge in terms of Faraday is required for the |
(2/5, Delhi 2014)
80. A solution of Ni(NO3), is electrolysed between :
platinum electrodes using acurrent of 5.0 ampere for
20 minutes. What mass of nickel will be deposited at !

of ions. Write an expression for the limiting molar

conductivity of acetic acid according to Kohlrausch’s

law.

(i) Calculate the maximum work and log K, for the
given reactionat 298 K:

Nig + 2Ag {ag) = Ni%pp) + 2Ag(g
Given' E;i,. =025V, E

AG‘IAG=+0.80V
1F = 96500 C mol™?

(2023)

hearing aids. Write the reactions taking place at the
anode and the cathode of thiscell.  (A12017)( |

in inverters. Write the reactions taking place at the
anode and the cathode of this cell. (Al 2017)

transistors. Write the reactions taking place at the
anode and the cathode of this cell. (Al 2017)

91. What type of battery is mercury cell? Why is it more
advantageous than dry cell? (2/5,A12015)( i]

92. (a) The conductivity of 0001 mol L™! acetic
acid is 4.95 x 107 S em L Calculate the
dissociation constant if A°,, for acetic acid is
390.5 $ cm? mol ™™,

(b) Write Nernst equation for the reaction at 25°C :
2 Al + 3Cutag — 2A1T,) + 3Cuyy

(c) What are secondary batteries? Give an example.

(2019)

2.7 Fuel Cells

Calculate how many grams of chromium will be '
electroplated by 24,000 coulombs. How long will
it take to electroplate 1.5 g chromium using 12.5 A

MCQ
i 94, Which of the following cell was used in Apollo space
: programme?
(a) Mercury cell (b) Daniell cell
{¢) Hy—0O;Fuel cell (d) Drycell (2023)

(2020) (7|

(NCERT Intext) 95. Name the type of cell which was used in Apollo space

(b) How many electrons flow through a metallic '
i 96. Define: Fuelcell
(Al 2017) :

programme. (2020, 1/3, Al 2014)

(Delhi 2017, 1/5, Delhi 2015C, 2014)



(2 marks)

7. Give two advantages of fuel cells.

28. Define fuel cell and write its two advantages.
(2/5,2018) (j

99, From the given cells :
Lead storage cell, Mercury cell, Fuel cell and Dry cell
Answer the following :

(i Whichcellis used in hearing aids?

(i) Whichcell was used in Apollo space programme?

(iii) Which cell is used in automabiles and inverters?
{iv) Which cell does not have long life?

(Delhi 2016) [j

¢ 100. Write two advantages of H,—
(2/5, znzm :

05 fuel cell over

(2/3, Foreign 2014)

ordinary cell.

2 8 Corrosion

I (1mary

101. Using the E® values of A and B predict which is better

for coating the surface of iron
[EFFEH 1o =044 "H’] to prevent corrosion and why?

E;

Mz-r‘,m:—la? Vi E®

e =-014V

(A1 2016)(An)

CBSE Sample Questions

2.3 Nernst Equation
(3 marks)

1. Represent the cell in which the following reaction
takes place. The value of E® for the cell is 1.260 V.

What is the value of E__;?
2Aly +3Cd** (0.1 M) — 3Cdyy + 2A1** (0.01 M)

(Term Il, 2021-22) |

2.4 Conductance of Electrolytic
Solutions

2. Themolar conductivity of CH,COOH at infinite dilution
is EWE:mzfml.Usingthegraphand ghveninformation, :

the molar conductivity of CH;COOK will be

4250w >— .

arst HCl
5 35
275
£
§ 225}
217 = KCl
sl T e,
75f
0 0.1 02 03
(/M2

(b) 115SecmZ/mol
(d) 125ScmZ/mol

(a) 100ScmZ/mol
() 1505 cmZ/mol

given in the following table.

(Term-1l, 2021-22) |
3. Which of the following option will be the limiting |
molar conductivity of CH;COOH if the limiting
molar conductivity of CH;COONa is 91 S cm? mol™?
Limiting molar conductivity for individual ions are

S.No. | lons Limiting molar conductivity /
SemZmol™!
1, H* 349.6
2. Ma' 50.1
3. K 735
4, oH- 1991

(b) 375.25cm?mol™!
(d) 340.45em? mol™!
(2020-21) (An]

{a) 3505cm?mol!
{c) 390.55cm?mol™!

m (2 marks)

Solutions of two electrolytes ‘A’ and "B’ are diluted.
The A, of 'B' increases 1.5 times while that of A
increases 25 times. Which of the two is a strong
electrolyte? Justify your answer. Graphically show
the behaviour of ‘A’ and ‘B’ (Term Il, 2021-22)

(5 marks)

5 (i) State Kohlrausch law.
(ii) Calculate the emf of the following cell at 298 K :
AlglAI** (0.15 M) || Cu?*(0.025 M) | Cuyy)
(Given E°‘M3+,N) = =166V, Eo‘Cuz*ICu) =034V,
log 0.15 = -0.8239, log 0.025 = -1.6020)
(2020-21)
On the basis of E° values identify which amongst
the following is the strongest oxidising agent?
Clyg +2e”— 2CI"; E°=+1.36V,
MnO,” +8H' + 5¢" — Mn?* + 4H,0; E° = 4151V
Cry03% 14H" + 6™ — 2Cr** + 7H,0;
E°=+133V
(ii) The following figure represents variation of
(A ) vs JC for an electrolyte. Here, A is the
molar conductivity and C is the concentration of
the electrolyte,




1500 -
1298 |

i ™,
1494
\.\\

1490 -
14846 -

1482 h
1478
1474 4
1470 o

Am#S e mol Y

0 005 010 015 020 025 O30 035
Y mar)¥?
(a) Define molar conductivity.

(b) ldentify the nature of electrolyte on the basis of

the above plot. Justify your answer.
(c) Determine the value of A, for the electrolyte.

(d) Show how to calculate the value of A for the
(2020-21)

electrolyte using the above graph.

2.5 Electrolytic Cells and Electrolysis
(5 marks)

mast likely to be copper metal and why?

(b) What is the quantity of electricity in Coulombs
required to produce 4.8 g of Mg from molten
MgCl;? How much Ca will be produced if the !
same amount of electricity was passed through

Detailed SOLUTIONS

' &)

reversed.
2.
S.No. | Electrochemical cell Electrolytic cell
1 It is a device to It is a device to convert

convert chemical
energy into electrical
energy, i.e., electrical

electrical energy
into chemical energy,
i.e., electrical energy

energy is produced | is supplied to the

as aresult of the electrolytic solution to

redox reaction. bring about the redox
reaction.

2, It is based upon the
redox reaction which
is spontaneous i.e.,
AG = -ve

In it redox reaction is
non-spontaneous and
takes place only when
electrical energy is
supplied i.e., AG = +ve,

If external potential applied becomes greater
than E gy of electrochemical cell then the cell behaves as |
an electrolytic cell and the direction of flow of current is :

{3 The device which converts the chemical energy
. liberated during the chemical reaction to electrical energy
. iscalled electrochemical cell.

i If external potential applied becomes greater than
: E°y of electrochemical cell then the cell behaves as an
: electrolytic cell and the direction of flow of current is
i 4. (d): The cell can be represented as :

L Zn|2n™ || Ag' | Ag

i 5. (a):if standard electrode potential of an electrode is
: greater than zero, then we can infer that its reduced form
is more stable as compared to hydrogen gas.

. 6. [c):For a spontaneous reaction, Gibb's free energy
i change AG must be negative, so E2, should be positive.
AG ® -nFE:,"

7. (d): E2en = Egathode = E3node

molten CaCl;? (Atomic mass of Mg = 24 u, atomic
mass of Ca =40 u).

{c) What is the standard free energy change for the
following reaction at room temperature? Is the
reaction spontaneous?

Snggy + 2Cuiay = Siag + 2Cujy (2022-23)

2.6 Batteries
(5 marks)

8. (a) Why does the cell voltage of a mercury cell

remain constant during its lifetime?
{b) Write the reaction occurring at anode and cathode
and the products of electrolysis of ag KCL
{c] What is the pH of HC!| solution when the
hydrogen gas electrode shows a potential of
-(,59 V at standard temperature and pressure?
(2022-23)

. 2.8 Corrosion

(2 marks)
i g PP 3 i
7. (a) Molar conductivity of substance 'A'is 5.9 x 107 | 9. Corrosion is an electrochemical phenomenon. The

S/m and 'B'is 1 x 10" S/m. Which of the two is

oxygen in moist air reacts as follows:

Ogyq) + 2H,0p + 4e” — 40H
Write down the possible reactions for corrosion of
zinc occurring at anode, cathode, and overall reaction

to form a white layer of zinc hydroxide,
(2022-23)

PR cormoriy Made Mistake (4]
= Electrochemical cell : Convert chemical energy into
electrical energy.
> Electrolytic cell :
chemical energy.

Convert electrical energy into

=+0.80 = (~044) = +1.24V

8 (b): Sn‘,, _ Snz(:,q, +2e” i)



Fe¥pg+te” —>Fely

and (i}, we get
Snyg) +2 Felag —> 2FeTy + Sning
Eten = Etathode = Eanode

=0.77 - (-0.14)

=+091V

E%. is positive, so AG is =ve, hence spontaneous
i 14. Given:Epy =271V

- For the reaction, Mg + Cu oy — Mg 5q + Cugg
i n=2,AG°=7?

. Using formula, A,G® = - nFES

- AG®=-2x96500 Cmol"1x2.71V

‘ or  AG®=-523030) mol™! = -523.03 kJ mol™*
L5 A+ BT g ==A 59 + By

i Here,n=2

i Using formula,

reaction.

9. Fe——Fe® +2¢
2H" + 26" —>H,

Fe+2H'—Fe?" + H,

o

ﬂﬂE?lhg[Fezl

2 H

‘3"05‘?1,,:, [u.m]
2 BT

0.0591
2

Ecoit =Ecen =

=044 -

=044 + %2

Epi=04991V

10. EZay = Elathode = Enode
0.40 - (-0.76)
116V

ﬂi.Ga = -ﬂFE?:E"

AG® ==-2 x96500x 1.16
=-2,23,880 ) mol™
=-223.880 kJ mol™!

. 0059 [Zn*]

11 By sbjjesmml
cell E.-_.ell 2 E[C_ub'_]
. 0059  [Cu®]
Eppy ¥ —p—log—s=
2 [znz+l

(il When concentration of Cu
will increase.

or Ep=

will decrease.
12, The cell can be written as

Mg | Mg®* || Ag* | Ag

According to Nernst equation,
RT, [Mg*]
nF [A ’]2

0.059
B~ 2o

Key Points 0

S Metal|Metal ion (conc.) || Metal ion (conc.)|Metal
Salt bridge

cell Ec cell =™

og™ME-] a¢2sec
(Ag*)

Ecen=

By convention the electrode on which oxidation takes
place is written on the L.H.S and other electrode on
which reduction takes place is written on the R H.S

2 3 .

Ecen = ENi* i = At/

==0.25~(-1.66)= 141V

i)
On multiplying eguation (ii) by 2 and adding equation (i)

Eten =
- E=0. 02‘5'5 v
14, For ageneral electrochemical reaction,

L aA+bB — cC+dD
¢ Nernst Equatiun can be written as:

- Ecen=E2en-
Given cell :
Zn|Zn®* (0.001 M)||H*(0.01 M) Hapg (1 bar) | Pty
i Cell reaction:

2* jons is increased, E g Zn+ 2H* —>Zn?* + H,

(i) When concentration of Zn®* ions is increased, E.q Eeent = By = E°2n2%/2, = 000V - (-0.76 V) =0.76 V

| Egy=0.76V - log

| Ela=

: 00591, [AF]?
: Y
EEE[' cell n Iﬂg[ﬂim' ]3
=141 00591 _{0.001F
6 (0.1
=141- @lagm‘“
w141+ 2999 aqo1430v

0.059

E2= logK,

D.HE?

log10

(o5
nF " AP(BP

00591, (0.001)
2 (0.01)2

=0.76-(0.0295) x (1) =0.76 - 0.0295=0.73V

(<

| 17. Atanode:Ni— Ni**+ 2¢”

| Atcathode:[Ag" +e” — Ag]x 2

. Cellreaction : Ni + 2Ag" — Ni?* + 2Ag
i Egon = Efathade = Ednode

=E°A¢'/M-E°N5”N =0.30V-(-025)

| E2=105V

» 00591 logK

<

logK = E“nxn 1.05x2
0.0591 0.0591

' logK,=35.53
. K.=antilog 35.53 = 3.38 x 10%
| AG®==nFE®

= =2 x 96500 x 1.05 = =202650 J mol"?
= =202.65 k) mol™!

| The maxifum work that can be obfained = 20245 k.



Canswer Tips (7]

= When a spontaneous chemical reaction occurs, the
decrease in the free energy, -AG, corresponds to the
maximum possible guantity of useful work, W, ...

18. The cell reaction is
FE[&I + EH-;HGIJ —3 FE'ZE:I.‘.} + Hgm

E2,,=00-(-0.44)=0.44V
00591 [Fe™]
E _y=Ef - log
0.0591 0.001
=044~ lo
2 E[:u.uﬂzl

=044 -002955=041045V
19. Zngy+ Cufny — Znigy + Cuyy
Here,n=2
E2on= Elithode =Eonode = 0.34 = (-0.76) = 1.1V
1F = 96500 C mol™?
AG®==nFELy =-2x 1.1%96500=-212300) mol™
=-2123 k) mol™
20. Atanode:Zn—Zn " +2e”
Atcathode: 2Ag" + 2™ — 2Ag
Overall reaction: Zn + 2Ag" — Zn”" + 2Ag
'E:ell = Ecathode = E-anude = 'Eu.ﬁg‘fﬁg ¥ Eaan'fIn
=080 -(-0.76)= 1.56V
EEEH = E::Il e D.ﬂﬁ?l' {EHHI

2 [AgtR
0059 0.1
= 156 log =147V
2 (0.01)

21 By B~ B =-0.403 - (-0.763) = 0.36 V
AG® = =nFE® oy = =2 x 96500 x 0.36
= -69480 ) mol*1= -69.48 kJ mol*!

nEgy _2x0.36
0059 0.059

K. = antilog 12.20 = 1.58 x 10*?

22, E=£°—O‘0591!og (M]
n M™]
0.0591 1
- log——
M™]
0.0591 1

2 8501

==-o.76-°'°2591 x2

=-0819V

ey Points (]

2 For pure solids or liquids or gases at one atmospheric
pressure, the molar concentration (here [M)) is taken
as unity,

Using formula, logK, = =12.20

=E

=-0.76~

23, The electrode reactions are
At anode : S — Sn”* (0.004 M) + 2¢”

- or, Eqgy = E2 -0.0296 log =

f ®
i Ew=
i cell nF

25. Eey=
| 2Cr+3Fe® (0.1M) —2Cr* (0.01 M) + 3Fe

| Ece=0.30- log

Ew.'?u"‘ |

L 198V =y -

¢ Atcathode: 2H" (0.02 M) + 2™ — H; (1 bar)

: Met reaction:

. Snyy+2H%(0.02 M) — 5n*(0.004 M)+ H, (1 bar)
: The Nernst equation of this cell at 25 °C

. 00591, [Sn*Npy,)

éEm.=Em| 7 ot

EL,=E

it ~Esgiojge = 0000V = (-0.14 V) = +0.14V

0004 %1
02)
~E2_ - 0.0296 log ( M)

s 0.0004
=2, - 0.0296 (log 10)

= E2, - 0.0296 x 1 = E2, - 0.0296
E..,=0.14 -0.0296 =0.1104 V

Key Points
= Remember: .Er;.l-ﬂ“.'2 =]

24. AG®=-nFE®

AG® _ (-43600)

== 208500 0.226V

| 2AgCly, + Hyyy (1atm) — 2Ag,, + 2H (0.1 M) + 2C17(0.1 M)

« 00591 [Product]

. Eco = '%8 [Reactant]

0.0591 log (0.1
2 (1)
0.0591

=0.226-

(~2)

=0.226-

0.0591
log(1072) =0.226~ 5

=0.226+0.0591=0.2851V

W vsviec s (7]

= As CI” is not participating in the redox reaction so
CI” ion concentration should be ignored.

ight = E%lett = = 0.4 = (- 0.74) = 0.30V

(0.01)
6 (0.1)°

SOSN, =0.30+001=031V

W s Tios (7]

= E:,, = Oxidation potential at anode - oxidation
potential at cathode

= Cax(Anode) = £ ax{Cathode)

26. Givencell,
| 2Al, + 3Cu** (0.01 M) — 2A1*(0.01 M) + 3Cuy

i Ecen=198V,Eqy=?
i Using Nernst equation at 298 K

(A2
6 Clcutp

-2
o.osnmuo_i);
6 (107]

0.0591




198V=F°_, - “-“: 708102

00591

198V =FE°_ - %2

E“m|= 1.93"‘ :l:E'ﬁ.'I
27. E°y=+0.80V=-0.77V=+003V
AG® = -nFE® ;= -1% 96500 = 0.03

= -2895 Imol™1= -2.895 kJ mol™*
AG®=-2.303RT log K,
-2895=-2.303%8.314 % 298 x log K,

or logK.=05074
K.= Antilog (0.5074) = 3.22

28. The cell reaction can be represented as
Mg + Cui{aq) — MBiaq + Cugg

Giver: E=+271V,T=298K

According to the Nernst equation

Eoy=El _00591 “mgl
n T [Cuja]
D.ﬂ.'i?llog 0.1 o cana s
2 001

29. AlLO;(2A1%+30%) - 2A1+ g 0,,n=6e"

0.0591
3

=271-

s 2 A0, IA+0,n= 2 x6e"=4de
3 3 3

AG =960 kJ = 960000 J

an. .If‘-G = -I"I.FEm“

£ - AG_-960000
el WF T 4x96500

Minimum potential difference needed to reduce Al,O5 is

-2.487 V.

! 0.0591 &
30. Eqy=Ega "MTIL‘%T:

_971-00591, 0001 _; 73955y
2z 0.01

=-2487V

current will flow from Cu to Mg.
(ii) If external opposing potential is greater than 271 V

Cu.

31 Mgy | Mg“*(0.001 M) || Cu®*(0.0001 M) | Cugy
Reactions :

Anode : Mg, — Mgi,, + 2¢”

Cathode : Cu®"(, ;) + 2" — Cuy

Net cell reaction : Mgy + Cufay — Mg + Cuyg

n=2
Using Nernst equation
2.303RT,  [Mg?*]
Ecoi = E%coti =
col = Ecot = = 7—log [Cu?]
For the given cell

Eceli = Ecathode = Eanode = ECu* icu = EMg? vy
=034V =-(-237V)=271V

: 34. Conductivity
. decreases with dilution because the number of current
© carrying particles i.e, ions present per cm® of the solution
. becomes less and less on dilution.

¢ Given [Mg®*1=0.001 M, [Cu**]=0.0001M
: Putting in Nernst equation at 278 K

é E‘:E“ == 1?1 Fax D.Dﬁ?m 0.001

2 0.0001

© Ey=271-00295log 10=268V
| AG=-nFE

i == 2% 96500 C mol™" x 2.68
==517240 Jmol™ = - 517.24 k) mol™?

32. [b): Unit of molar conductivity:

_ t{ﬂ"icm" }x 1000{cm™")
"~ Molarity (moll™")

=" em? mol™ or S em? mol™ .
i 33. (d)

= Conductivity always decrease with decrease in
concentration both for weak and strong electrolytes.

of CH;COOH [weak electrolyte)

35, The limiting molar conductivity of an electrolyte is
. defined as its molar conductivity when the concentration
¢ of the electrolyte in the solution approaches zero.

: Conductivity of an electrolyte decreases with dilution
i because the number of current carrying particles ie, ions
. present per cmy, of the solution becomes less and less on
i dilution.

- 34. Kohlrausch's law of independent migration of ions :
¢ It states that limiting molar conductivity of an electrolyte
i can be represented as the sum of the individual
' contributions of the anion and cation of the electrolyte.
I A%+ and A%~ are limiting molar conductivities of the
i sodium and chloride ions respectively then the limiting
. molar conductivity for sodium chloride is given by

N iacy = K% + A%

Kohlrausch's law helps in the calculation of degree of

' : I ! dissociation of weak electrolyte like acetic acid.
(i) Ifexternal opposing potential is less than 2.71V then Fha dagrea of distoclution o 1s sl by

P

then current will flow in opposite direction ie.fromMgto :

Am

where, A, is the molar conductivity and A®, is the limiting
| molar conductivity.

 37. Molar Conductivity : Molar conductivity of a
: solution at a volume V is the conductance of all the ions
i produced from one mole of the electrolyte dissolved in
| V em® of the solution when the electrodes are one cm
¢ apart and the area of the electrodes is so large that the
i whole solution is contained bebween them.

Ap=xV

i Its units are S em® mol™L,

38, The molar conductivity (A,,) of strong electrolyte
i increases slowly with dilution as there is no increase

¢ in number of jons on dilution because they are already
i completely dissociated whereas A, for weak electrolyte



increases very rapidly on dilution as the number of jons
increase due to increase in dissociation, Hence, B is a :

| TRV

i (b) Units areSem®mol™™

{c) Molar conductivity increases with decrease in
: concentration because the total volume, V of solution
. containing one mole of electrolyte also increases.

432 (a) Directcurrent will cause electrolysis of solution,
. so more ions will be produced. Hence, we use alternating
* current instead of direct current.

¢ (b) Kohlrausch's law of independent migration of ions : It
| statesthatlimiting molar conductivityof an electrolyte can
i be represented as the sum of the individual contributions
¢ of the anion and cation of the electrolyte.

¢ If A%+ and A% are limiting molar conductivities of the
¢ sodium and chloride jons respectively then the limiting
. molar conductivity for sodium chloride is given by

strong electrolyte and A is a weak electrolyte.

9.
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[Tnpper‘sﬁuuwer 2022]

40. Given that,x=78x 1075 cm‘*, M=0.001M
A%, = 3905 cm® mol™t

We know that,
; <5
A= xx1000 _ 7.8x107™ %1000 _ 95 ¢ emZ mol-1
M 0.001
d=Am_ 78 202
A, 390

of weak electrolyte,

by extrapolation of A, to zero concentration.

&~ 400 - | CHyCOOH

o]

E

2 ]

£ 200 '.\ .

% KO
0 02 D04

EY2 | mal/) 42

A2, for such case is obtained by using Kohlrausch law |
of independent migration of ions. The law states that :
limiting molar conductivity of an electrolyte can be

represented as the sum of the individual contributions :

of the anion and cation of the electrolytes, ie, @ A= Constant which depends upon nature of solvent and

i temperature

(a) Molar conductivity of a solution at a volume ‘F:’Iﬂ I‘E:zfn::nlrati?n t 12
V is the conductance of all the ions produced from one | e It {'; ag:;nsl 1o '-A'
maole of the electrolyte dissolved in V em® of the solution | S94& 10N, aNGSIOPE qual to =A.

when the electrodes are one cm apart and the area of the | Thus, Ay, decreases linearly with JC , when C = 0,

A =0, A+ A%

electrodes is so large that the whole solution is contained
between them.

o

ﬁﬂ.‘m [NaC I:.: i'nl_e:#-l.m-

{c) Thecell can be represented as :

Mg | Mg®* || Cu?*| Cu

i 44, Y is a weak electrolyte. As the concentration of
i the weak electrolyte is reduced, more of it ionises,
. Hence, a weak electrolyte shows a very large increase in
: concentration with dilution. A strong electrolyte shows
: only small increase in conductance with dilution, because
a strong electrolyte is completely dissociated in solution
: sothe number of ions remain constant.

i as. (i)
i electrolyte B is aweak electrolyte.

41, Weak electrolytes like acetic acid have lower degree (i) For electrolyte A, the plot becomes linear near high

of dissociation at higher concentrations and hence for | dilutionandthus can beextrapolated tozeroconcentration

such electrolytes, the change in A, with dilution is due ; to8et the molar conductivity at infinite dilution.

to increase in the degree of dissociation. This results in | For weak electrolyte B, A, increases steeply on dilution
increase in the number of ions in the total volume, In case :
A,, increases steeply on dilution at | Hence, molar conductivity at infinite dilution cannot be
lower concentrations and does not reach a constant value :

even at infinite dilution. Therefore A}, cannot be obtained | 44, Fora strong electrolyte it is shown by Debye-Huckel

Onsager equation as follows :

Electrolyte A is a strong electrolyte while

and extrapolation to zero concentration is not possible,

determined.

A=A -AJC
-"*'l'ucn
i’
T 'i\ """"""" like KCI
Aum . Wieak electrolyte like
% s CH4COOH

€ —
= Maolar conductivity at infinite dilution
(Limiting molar conductivity)
My = Molar conductivity at V-dilution

Here, AT

is a straight line with intercept



Am=Amand A} can be determined experimentally.

47. Degree of dissociation (o) = Am
A'm
39.05 Sem mol

= 5 1 =01
(349.68+40.9)5 cm* mol”

insolution as ions is known as degree of dissociation.
Molar conductivity (4,,) = wh®,
where A°  is the molar conductivity at infinite dilution.

49 The reciprocal of resistivity is known as specific :
conductance or simply conductivity. It is denoted by « !
Hence, conductivity of a solution is defined as the
! conductance of a conductor of 1 em length and having 1
sq. cm as the area of cross section. Alternatively, it may
Hence, conductivity of a solution is defined as the ; be defined as conductance of one centimetre cube of
conductance of a conductor of 1 cm length and having : the solution of the electrolyte. Molar conductivity of a
1em?® as the area of cross section. Alternatively, it may :
be defined as conductance of one centimetre cube of !
the solution of the electrolyte. Molar conductivity of a |
solution at a dilution V is the conductance of all the ions :

produced from 1 mole of the electrolyte dissolved in

(kappa).

1 I
== =Gx—
K > or K xﬂ

V em? of the solution. It is represented by A,

Ap=rV

dilution.
#Tw
400+ | CH4COOH
E |
~E:a:rn- |
A \
i
x N
0 02 04 -
Emﬂmuifl:lm
Molar conductivity increases with decrease in

concentration because the total volume, V of solution

containing one mole of electrolyte also increases. It has |
been found that decrease in x on dilution of a solution is

more than compensated by increase in its volume.
Commonly Made Mistake { A

= For strong electrolyte conductivity decrease with
decrease in concentration while molar conductivity
increase with increase in concentration,

contributions of the anion and cation of the electrolyte,

If A%y5+ and A°c- are limiting molar conductivities of the ” ifn. = 0,099
sodium and chloride ions respectively then the limiting S T

| 54. Usingformula, A, =

| The degree of dissociation, a=—2=
$ A

: molar conductivity for sodium chloride is given by

| A gy = Ahe +A2

Conductivity of an electrolyte decreases with dilution
. because the number of current carrying particles ie, ions
present per cm® of the solution becomes less and less on
: dilution.

48. Thefraction of the total number of molecules present $t The: recibeccal -of resiitivity I Enown:as specili

conductance or simply conductivity. It is denoted by
K (kappa).

1 I
k== or k=0Gx—
A

solution at a dilution V is the conductance of all the ions
produced from 1 mole of the electrolyte dissolved in V
cm” of the solution. It is represented by A,

A=KV
Variation of conductivity and molar conductivity with

temperature : Both increase with increase in temperature
. as degree of ionisation increases.

Variation of conductivity and molar conductivity with £ - :
concentration : Conductivity always decreases with | = Conductivity (x}= axGTa—mx1
decrease in concentration, for both weak and strong :
electrolytes. Because the number of ions per unit :

' i Mol onductivity (A
volume that carry the current in a solution decreases on B conductivity (An)

1 1

=5x 10"3 Q"1 em?

-3
= xxlmﬂ-leﬂ xlm{):ﬁmﬂ-icmzmui-i

M 0.01

| 53, (a) AG®=nFES

.  —AG® _300x1000 Jmol!

i - =155V
Eecet = = F T 2296500 Cmol

(b) AL, (MgCly) = AZ, (Mg**) + 247 (CI7)

=106Semimol 1+ 2 x 76.35emZ mol™?
= 258.6 Scm? mol™t

K x 1000
c

| Given, x = 3,905 x 1075 S cm™?
i C=0.001molL”?

-5
2905107 = 1000 =19055% cmz mni-l
0.001

S A s
A, 3905
3905

[+ A% = 349.6 + 40.9 = 390.5 S cm? mol "]

=01

55. Given: Conductivity,x=8x 10"°Sem™!
i Molarity, C = 0.002 M = 0.002 mol L™

50. Kohlrausch’s law of independent migration of jons : . c
It states that limiting molar conductivity of an electrolyte | Uaingformula, 4.

can be represented as the sum of the individual AE,

= 1000xx

_ 1000 x 8x10°

0.002
40

=405 em? mol™?



56. (i) Silver wire at 30°C allows greater conduction : AL
of electricity than &0°C because with increase in :

temperature metallic conduction decreases due to !

vibration of kernels.

(i) 0.1M acetic acid solution allows greater conduction

of electricity because with dilution degree of dissociation | 0. Resistance of 0.1 M KCl solution R=100Q

Conductivity K= .
(iii) KCl solution at 50° C will have greater conductance, | CellconstantG =xxR=129x100=129m

This is because ionic mobilities increases with increase in Resistance of 0.02 M KCl solution, R=5200

increases and hence, number of ions increases.

temperature.

Commonly Made Mistake | 4

= Insolid metals, conduction decreases with increase in
temperature while in solution conductivity increases
with increase in temperature.

57. Given:a=0.625cm? [=50cm
R=5x10%chm M=0.05M

Resistivity, p = R ? =5x10%x 2625 ohmem

= 62.5o0hmecm
Conductivity, x= 1=L =0.016 chm™ ™ em™
&62.5

Molar conductivity, A = k%1000

_ 0.016x1000
0.05
58. (a) Ezan = Efng'ag = E2e?/zn
=080+0.76=156V
AG® = =nFE®
AGP==-2% 96500 % 156
= 301080 J mol*! = 301.080 kJ mol~!

{b} For strong electrolytes the plot bebween A, and N
is a straight line with intercept equal to A7 and slopeequal
to -A. Ap, for these can be obtained by extrapnlatmn of Am
to zero concentration,

=320 ohm™ ! em? mol™?

400 | cH,CO0H

:

> -
J

Ap/(Scm? mol™)

0 02 04
CY(mol/L) 2

Apy = Uy A%, + 0 A%,
59. Given : Conductivity, k= 0.0248 Scm™!

Molarity, C = 0.20 M = 0.20 mol L™

Using formula, A, = skl

Conductivity, & =

Molar conductivity, A= &=

: A
i (b) Degree nfdismiation.u:hT

Gwen Al.=

- = 1000 = 0.0248 _ 124 5 cm? mol~!
0.20
L=
fa=Afm_ 124 _ggy
i Ay 7354765

1.295m"!

cell constant _ 129 m™"

= =02485m™!
R 5200

Concentration, C = 0.02 mol L1
i =1000x0.02 mol m~? =20 mol m™2

x 02485m™!
20maol m
=0.01245 m° mol™!

: 61 (a) Conductivity of an electrolyte decreases with
i dilution because the nurrberuf current carrying particles
i le,ions presentperm of the solution becomes less and
¢ less on dilution.

: Molar
¢ concentration because the total volume, V of solution
: containing one mole of electrolyte also increases.

conductivity increases with decrease in

m
15005 em? mol™!
=141.0Sem? mol™1

141
t=—=0.940r 4%
150

‘(&) H*ion is smaller than K ion. Since, smaller the

i cation, higher the molar conductivity, hence for the same
i concentration of HC| and KCI, molar conductivity of HCI
is higher than that of KCIL

i 62. (a) The half cell reactions are :

© Atanode : Zn——s Zn’* + 2¢

. Atcathode:2Ag" + 2e"—— 2Ag

¢ So, silver plate is acting as cathode where reduction is
. taking place.

¢ (b) The function of salt bridge in an electrochemical
¢ cell is to maintain electrical neutrality in solutions and
i prevent voltage drop. If the salt bridge is removed voltage
. will drop to zero and no current will flow.

i (¢) Ifexternal potential applied becomes greater than Et',,.
. of electrochemical cell then it behaves as an electrolytic
A% for weak electrolyte cannot be obtained by : celland the direction of flow of current is reversed.
entrapolaration of graph at zero concentration. A5, | (d) (i) When E.y is equal to zero, there will be a
for such case is obtained by using Kohlrausch law of @

independent migration of ions, The law states that . of Zn’" and Ag" will become constant.

limiting molar conductivity of an electrolyte can be : (i) Conductivity of the solution decreases with dilution

represented as the sum of the individual contributions @ because the number of ions per unit volume that carry the

of the anion and cation of the electrolytes, ie, ' currentin solution decreaseswithdilution.

condition of equilibrium in the cell. So, the concentrations

OR

| (d) Giventhat, i, =138.9Scm?mol™,
Concentration=15M,x=?
3, = Kx1000

=2 K-M

M 1000



k= 1389 Sem”mol ! x15M
1000
63, (i) C=002M
d 140

=—=——cm=0.70cm
g g

I=44em, R=500x10°0
Aswe know that,

H=p% = 5.00x10% =px

=0.208 Sem™!

=L,
(0.70)*

5.00x10°% x3.14%(0.702 x10~2
p= 7y

=1748 {cm
1

Conductivity, x=—=——=5.72x10" 0 cm!
p 1748
Maolar conductivity,
1000 _ 5.72x1000x107°
Molarity 0.02
(i) NiINI*||Ag"IAR
(i} Silver electrode is positively charged.

A=K =2.865cm® mol?

outer circuit,
64, (a) 241+ 3Ni%* (0.1 M) — 2A17* (0.01 M) + 3Ni
E2 =141V

The cell can be represent as
Al AP (0.01 M) || Ni** (0.1 M) | Ni
« 00591, [APF
E =F == lo
cedl = Ceall - EIMF_,]:‘
0.05 91%:{:-.0112
n (0.1)*
un:nmm.i
=141+ m’:“ = 1419V

=141-

=141-

hence molar conductivity increases on dilution.

ions increases on increasing concentration.

For strong electrolyte, A = AT, = AJC
Thus A, increase with increase in concentration.

the electrolyte Le.,
A= AL +v Al

and hydrogen at cathode,
At cathode;
2H;00 + 2e” — Hyy + 20H],)

¢ Atanode:
| 2Clg = Clygg + 26"

| 66 MnOj+5e"—Mn®*
i As Se” are needed to reduce 1 mol of MnOj4 to Mn?" thus
i chnage required is 5 Faraday.

= For calculating charge required calculate number of
electrons need for the change.

=7 1o

| 67. Hy0—Hy+ >0,
charge required to oxidised 1 mol of H;O is 2F
i =2x96500=193000C

&8, The reaction at anode with lower value of E® is
i preferred ie, O; gas should be liberated but on account
of overpotential of oxygen, reaction preferred at anode is

i 1 -

5 : : ! ie, Cl, gas is liberated at anode in the electrolysis of
[ii) Electrons are the carriers of the current in the :

: ag. NaCl.

69, The species that get reduced at cathode is the one
having higher wvalue of standard reduction potential.
i Hence, the reaction that will occur at cathode is

E hg*‘ﬂﬂ! 'I'e- —}Agﬁl.
70, Znn+ 26 —Zny,

Tmod 2

One mole of Zn?* requires 2 moles of electrons for
¢ reduction i.e.
: Q=2xF =2x96500=193000C

71, The species that get reduced at cathode is the one
¢ which have higher value of standard reduction potential.

: Hence, the reaction that will occur at cathode is

. T

(b) For weak electrolytes molar conductivity decrease Culag +2¢” = Cuy

with increase in concentration. As on low concentration | /2. Faraday’s first

(or on dilution) ionisation increases for weak electrolytes | €lectrolysis the amount of any substance deposited or

i liberated at an electrode is directly proportional to the

While the molar conductivity of strong electrolytes guantity of electricity passed through the electralyte ie.,

increases with increase in concentration as number of !
Pw=Zxlxt

i where, Z is a constant of proportionality known as
i electrochemical equivalent of the substance deposited.

Limiting molar conductivity for weak electrolytes is !

obtained by using kohlrauhch law of independent | |f AG is negative, i.e. E° is positive then the reaction will

migration of ions. The law states that limiting molar | be spontaneous.

conductivity of on electrolyte can be represent as the sum | (i) According to Faraday's first law of electrolysis,

of the individual contributions of an anion and cation of | *weight of ions deposited on an electrode of an
electrolytic cell is directly proportional to the guantity of
i electricity passed” i.e.,

65, (b): When concentrated brine ie. aqueous solution | we=Qorw=20=2|t

of NaCl is electrolysed, products are chlorine at anode |

law of electrolysis During

we ) or we|xt [ Q=1xt]

73. (i) AG =-nF E.uﬁ (nF = amount of charge passed)

where, Q = quantity of electricity (in coulombs)

i I=current (in amperes), t = time (in second)
i Z = electrochemical equivalent of material deposited on
i the electrode,



74. Inagueous solution, CuCl; ionises into
CuCl, —Cu® +2CI

At cathode : Cu®* + 2¢” — Cu
At anode: 2CI" — Cl, + 2e”

preferred but due to over potential of oxygen, chloride ion
gets oxidized at the anode.

75. (a) CuSO4eq— Cuiig +SO%ug
At cathode: Cufy, + 2e” — Cuy,

loq)

At anode : H,0p — % Ogig + 2H 5 + 2¢

compete to take place ;
Aglaq + € — Agyy: E2=080V
Hipg +e™— %Hzm;sun.mv

potential get preference and decompose to liberate O,.
40H™ — 2H,0 + O, +de”

76, Fe¥* +1e” —Fe?*
imole 1e

ie, Q=3xF
Q=3x96500
1=2A

1o

t
Q_ 289500
=

= =144750s

having higher value of standard reduction potential.
Hence, the reaction that will occur at cathode is

Hi+€ = Hag:  E°=000V

lower value of E® Thus

2H,0 — Oy +4H" +4de”

oxygen reaction preferred at anode is
Clizg—3Clag +€:  E°=+1.36V

78, Given:l1=2At=15min=15=805=900s5w="?

Q=|=xt=2=900=1800C
Reaction for deposition of Ag is as follows

Agt + 10 — A
1F 1 mol
1%96500C  108g

Thus, 1 = 946500 C of electricity is required to deposit
| Eq.wtofCu®*=3175

108 g of Ag.

79. Faraday's first
At the cathode, the copper ion will be deposited because it :
has a higher reduction potential than the water molecule.
At the anode, the lower electrode potential value will be :
weelQ or we|xt
w=Zx|=xt

where, 7 is a constant of proportionality known as
¢ electrochemical equivalent of the substance deposited.

| The electrode reaction is Cu®* +2e”— Cu

1800 C of electricity would deposit
_108x1800
"~ 1x96500
law of electrolysis : During
electrolysis the amount of any substance deposited or
liberated at an electrode is directly proportional to the
quantity of electricity passed through the electrolyte e,
[ Q=Ixt]

=2014 gof Ag

Quantity of charge required for reduction of 1 mol

{b) At the cathode the following reduction reactions of Cu®" = 2F =2 x 96500 = 193000 C

| B0. Given:Currentl=5A:t=20x60s w=7?
i Q=1xt=5x20x60=6000C

¢ Reaction for deposition of Ni,

[ Ni%t+ 260 — Ni

The reaction with a higher value of E° takes place at the °
cathode. Therefore, the deposition of silver will take place.
Since, Pt electrodes are inert, the anode is not attacked |
by NOJ ions. Therefore, OH™ or NO3 ions can be oxidized
at the anode. But OH. ions having a lower discharge

2 mal 1 maol
2x96500C 587g
Thus, 2 x 24500 C of electricity produces 58.7 g Ni.
A 6000 C of electricity would produce
- 58.7=&000 - LEESE
2=96500

1. {i) At the cathode the following reduction reactions
compete to take place ;

| Agl e — Ag; E2=0.80V

1 mole of Fe™ requires 1 mole of electrons for reduction. ' xhﬂ: - 'f:m . F9=0.00V
3 moles of Fe™ requires 3 moles of electrons for reduction. log) * € 7 T

. The reaction with a higher value of E® takes place at the
cathode. Therefore, the deposition of silver will take place.
i Since, Pt electrodes are inert, the anode is not attacked
by NOjJ ions, Therefore, OH™ or NO3 ions can be oxidized
i at the anode. But OH. jons having a lower discharge
- potential get preference and decompose to liberate O,.

| 40OH" = 2H,0+ O, + de”

77. The species that get reduced at cathode is the one
i toproduce H; gas.

(ii) At the cathode, the following reduction reaction occurs

Hfmﬁe' -5 %Hm

| Atthe anode, the following processes are possible :

The species that get axidised at anode is the one having 2H,0p —+ Oy + 4HL1} +de 2=+ 123 ¥V i)

i 2- - .. oo
| 2507%0q) —* 50%inq + 2671 E2 =+ 196V
should take place but on account of overpotential of :

LAl
Fordilute sulphuric acid, reaction (i) is preferred to produce

O, gas but for concentrated sulphuric acid, (i) occurs,

82. According to first law of electrolysis,
Pw=ZIt

ngq.wt.

3 it

 wey=28
F1=2A

31.75
—.F&—g—'m-i 2xt =t

96500x 2

= 23175 - J040sec



According to second law of electrolysis,
Mass of Zndepositde Eq.wt.ofZn
Mass of Cudeposited Eq.wt.of Cu
Wzn _ 325
2 3175
Wi = 32.5x2
3175

83. According to Faraday's first law of electrolysis,

=2047¢g

mass of substance deposited « quantity of electricity passed

WA
= 28=—28_.q
96500
s Qe oS00 olen
28
NowQ=It = t-$-¥=48255

According to Faraday's second law of electrolysis,
Mass of Fe deposited % Eq.wt.of Fe
Massof Zndeposited EqwtofZn
- 28 _ 28
Massof Zndeposited 32.65

= Massonndeposited:%x 32.65=3.265g

84, Charge = 24,000 coulombs
According to reaction, Cr* + 6e™ — Crg
We require 6F or 6 x 96500 C to deposit 1 mole or 52 g
of Cr.
For 24.000 C, the mass of Cr deposited
_52%24,000 =215g
6x96500
According to Faraday’s first law of electrolysis,
i = 91 or .2_'.1‘.5.: 24,000
w, Q 1.5 125xt

w=Zlt
52 6x1.5x96500
T T

85, (a) 2Fe? 4+ 2¢" — 2Fe and 21" — |, + 2¢”

Hence, for the given cell reaction,n=2

AGT==nFE"y==-2=96500% 0236 =

(b) Given,l=05A,t=2hrs.

MNumber of electrons =7

Total charge (Q) =1 = t=0.5x 2 x 60 x 60 = 3600 C

Total charge

Charge of one electron

_ 3600
1.6x10° 27

= 2.25% 10%? electrons

=1336.155

- 45,55 kJ mol™!

MNumber of electrons =

electrolyte,

acid is

. Atanode: Py + SO%ia—PbSO 4 + 26
90. Mercury cell is generally used in transistors.

: Atcathode : HgO + H,0 + 2™ — Hg(l) + 20H

i Atanode: Zn(Hg) + 20H™—— ZnO + H,0 + 2¢”

: 91. Mercury cell is a primary battery. Hence, it can be
i used only once and cannot be recharged.

: Advantage : The cell potential remains constant during its
i life time. Hence, it is useful for devices requiring constant
i current eg., hearing aids and watches.

92. (a) x=4.95%x10"Secm™1,M=0001M

We know that

(b)  Econ=Ecen~

°

Ag ) 2
CHyCOOH = * ey coom T

(i) Eceni=Ecathode ~Eanode =Epg+/ag ~ENize i

=+0.80V=-(-0.25V)
=105V

Maximum work = AG® = =nFEgy;

==2x96500x% 1.05
= =202650 J mol™?
=-202.65 kJmol™*
AG® = =RTIn K, = =202650 J mol™*
8.314 ) K-'mol"! x 298 K In K. = 202650 ) mol™*
InK_=81.79
2303 log K. = 81.79
log K= 35.5145

87. The batteries which can be recharged again and again
i are called as secondary batteries. e.g,, lead storage battery.

88. The mercury cell is generally used in hearing aids.
i Reaction at cathode:

HgO + H,0 + 2¢™ — Hg + 20H"

: Reaction at anode :

Zn(Hg) + 20H—— Zn0 + H,0 + 2¢”

89. The cell which is generally used in inverters is
: secondary cell i.e,, lead storage battery.
i At cathode : PbO +SO% ) +4H(,, + 2¢™—— PbSO,

+ 2H20m

=390.5S em? mal™!

k%1000 4.95x10° %1000

An==M =" o001
A 495

=—M_ =0.1247
= T 3905

=49.55¢cm” mol™!

Ca’ 0.001x0.1267x0.1267 _ .5
Kty a~  aoanzsn  erid

. 00591 {AF*F
& {Cu2+]3

(c) The batteries which can be recharged again and
i again are called as secondary batteries. e.g., lead storage
i battery.

84. (i) It states that limiting molar conductivity of 73. (c):The Hp=0; fuel cell was used for producing

an electrolyte can be represented as the sum of the | electricity in Apollo space programme. The water

individual contributions of the anion and cation of the | vapours produced were condensed and added to

i drinking water supply for astronauts,

Expression for the limiting molar conductivity of acetic
i hearing aids and watches.

94, Mercury cell is used for low current devices like



ey Paints ()]

= Mercury cell is used in waters and hearing aids
because their potential remains constant throughout
their life.

95. The hydrogen oxygen fuel cell was used in Apollo
space programme.

methanol, etc. are called fuel cells.
77. The two advantages of fuel cells are:

about 40%.
(ii] Theyare pollution free.

8. Those galvanic cells which give us direct electrical
energy by the combustion of fuels like hydrogen, methane,

methanol. etc. are called fuel cells.
The two advantages of fuel cells are

about 40%.
(i) Theyare pollution free.

29. i} Mercury cell is used for low current devices like
watches and hearing aids.

space programme,

inverters,
(ivli Dry cell

100, (i) Itis pollution free.

(i) It has high efficiency of 70 - 75% and its rate can be i

controlled.

101, Metals of lower electrode potential value when :
connected with iron protect it from oxidation and |
prevent corrosion. Hence, coating of metal A having lower :
electrode potential will be better than B which has higher

E°w24m ={=0.14V).

1. AlJA*(001M)||Cd*(0.1M) | Cd
2Al + 3Cd%* (0.1 M) — 3Cd, + 2A1%* (0.01 M)

CBSE Sample Questions

2 :

Ecen = En = °“",59|og[‘£d':‘P (1/2)
059 (0. :

Eout ™ 126 %’55_.03(_:’0%1),’;. w2
=1.26- 0'259(—1) (1
=1.26+00098 = 1.269V =127V (1/2)

2. (b): AZu,cook = AtH,coom * Akcr = Aficr
=390+ 150 - 425 = 115 S cm?/mol

(1/2)
: it has maximum positive E° value. (1)
i (i) (a) Molar conductivity of a solution at a dilution V is
. the conductance of all the ions produced from one mole of
i the electrolyte dissolved in V cm? of the solution when the

. electrodes are one cm apart and the area of the electrodes

i 3 [c): Limiting molar conductivity of CH;COOH can be
i calculated as

""u::HSmBH =5 CHLCOONa Byt = Fpgat

=91+349.6-501
=440.6 - 50.1=390.5Sem” mol™t (1)

. 4. The molar conductivity(A) of strong electrolyte
increases slowly with dilution as there is no increase
96. Those galvanic cells which give us direct electrical !
energy by the combustion of fuels like hydrogen, methane, | completely dissociated whereas A, for weak electrolyte
i increases very rapidly on dilution as the number of ions
! increase due to increase in dissociation. Hence, B is a

(] They luce electricity with an efficiency of about strong electrolyte and A is a weak electrolyte. (1)

70% compared to thermal plants whose efficiency is !

in number of ions on dilution because they are already

L]

I s
i Ti%i%a

. Weakelectrolyte A

3 = (1)

: i ; o 5 (i) Kohlrausch's law : It states that limiting molar
(i) They produce electricity with an efficiency of about | cqnductivity of an electrolyte can be represented as the

70% compared to thermal plants whose efficiency is | ¢ym of the individual contributions of the anion and cation

- of the electrolyte. (1)
If &, and A__ are limiting molar conductivities of the
¢ sodium and clslle;:rEde ions respectively then the limiting
molar conductivity for sodium chloride is given by

(i) The hydrogen oxygen fuel cell was used in Apollo A IJ=:";4,* +J"::r

(i) Lead storage battery is used in automobiles and (i) Cuf )+ 2e"— Cug ; Egy2+/c, =0.34V (At cathode)

LAl Al g + 3T B, =-1.66V (At anode)
| 2Alg + 3Cu% - 2813, #3Cuyy  (Overall reaction)
! (1/2)
El:::“Ell = Eﬂcathnde e Enan-ude =0.34-(-1.66) =200V fiﬂl
' . 0059, [AR]
g ECQ. =Ecel- n l [cu2+]3 (1,
. 0059, (0.15)°

=2.00- lo " n=6 1
. & “Cloozsy "¢ N
. =200-2%%7 (2105 0.15-310g 0.025)
- =200-29%%(1.6478-(-4.806)) = 19689V (1)
i 6 (i) MnOj is the strongest oxidising agent because

. is so large that the whole solution is contained between

them, i.e, Ap, = kV, (1)

i (b) Electrolyteisastrong electrolyte. Molar conductivity

(A, increases slowly with dilution. (1)

L (Q) Am=A%-ACY2 (1)
. A%, is equal to intercept on y-axis of the graph.

(1)

Therefore A%, = 150 S cm? mol™?



1478 - \
T 1494 -
_E 145.0

(2]

£ 1484 - P g
| S e )
v 1482 - -

} 1478 -y

1474 - b
1470 -

T T T T T LI
0 008 010 015 020 025 030 035
Y2 ftmalsL) 2

A=-slope=-{149 - 147.8/0.010 - 0.022)

= 1005 cm? mol™/{moal/L"Y) 12 (1) :
7. la) “A"is copper metal as metals have high value of :
conductivity. (1)

(b) Mg** +2e"— Mg

1 mole of magnesium ions gain 2 moles of electrons or 2F

to form 1 mole of Mg. 24 g Mg requires 2F electricity.

4.8 Mg requires 2 x g = 0.4F = 0.4 x 96500 =

Ca®*+2e” > Ca
2 F electricity is required to produce 1 mole or 40 g Ca.

0.4 F electricity will produce 8 g Ca. (1)

(c) F=96500C,n=2,
Sntog + 26— Snyi E°-0.14V
Cufpy+e— Cupyi E°=015V

| By

38600C
1

= E¢ athode = EAnode
=015 =(=0.14} =029V

| AG=-nFES, =2 x 96500 ¥ 0.29 = 55970 Jmol (1)

8. (a) Thecellpotential remains constantduringitslife
. as the overall reaction does not involve any ion in solution
: whose concentration can change during its lifetime. (1)

- (b) KC'!Mw—K:wr*C’Ew
Cathode: H20m+ﬂ el —Hzm.'l‘ DHm}
- Anode: Clijy— = CI2¢M:+E

(1/2)
(1/2)

- Net reaction: KEIM +Hy0p— Kipy + OHg +

1 1
v+ leoL.
5y 21y (1)

[c} Given, potential of hydrogen gas electrode = =0.5% V

1

. Electrode reaction: H* +e™— ZH,
i Applying Nernst equation,

| " 0.059

- Bty = El g = tﬂzﬂ_lﬂ (1)
n [H*]

in=1

i [Hyl=1bar

- -0.59=0-0059 (- log[H"]) (1/2)

: =0.59=-0.05%pH (1/2)

i o pH=10

£ 9. Anode: Zny — Zniay + 2¢7 (1/2)

- Cathode: Oy + 2H,0y + 4™ — 40H[, (1/2)

. Overall: 2Zny + O + 2H,0y) — 2Zn{,; + 40H,

| 2Znyy+ Oy + 2H;0 — 2Zn(OH)] per, (1)
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(a) If both Assertion and Reason are correct and the Reason is a correct explanation of the
Assertion.

(b) If both Assertion and Reason are correct but Reason is not a correct explanation of the
Assertion.

(C) If the Assertion is correct but Reason is incorrect.
(d) If both the Assertion and Reason are incorrect.

Assertion : If the distance between parallel plates of a capacitor is halved and dielectric
constant is three times, then the capacitance becomes 6 times.
Reason : Capacity of the capacitor does not depend upon the nature of the material.

Assertion : The total charge stored in a capacitor is zero.
Reason : The field just outside the capacitoris o/gq . (0 is the charge density).

Assertion : Two equipotential surfaces cannot cut each other.
Reason : Two equipotential surfaces are parallel to each other.

Assertion : Polar molecules have permanent dipole moment.

Reason : In polar molecules, the centres of positive and negative charges coincide even
when there is no external field.

Assertion : A parallel plate capacitor is connected across battery through a key. A dielectric
slab of dielectric constant kis introduced between the plates. The energy stored becomes
k times.

Reason : The surface density of charge on the plate remains constant.

2 marks question —

1.What is equipotential surface? Why do two equipotential surfaces never intersect?
2.Derive the relation between electric field and potential

3.What is dielectric constant? Write its significance.

4 .State Coulomb’s law in vector form and explain the terms used.

5.Define electric potential and derive expression for potential due to a point charge.
6.Explain the effect of dielectric on capacitance of a capacitor.

7.A parallel plate capacitor has capacitance C,. A dielectric slab of dielectric constant Kis
inserted partially. Find the new capacitance.



Numericals-:

1.Two-point charges +3uC and —-2uC are placed 10 cm apart in vacuum. Find the force
between them.

2.Two capacitors 3uF and 6uF are connected in series. Find equivalent capacitance.
3.Find the electric field intensity at a point 30 cm away from a charge of 5 pC in vacuum.
4.Calculate the electric potential at a point 10 cm away from a charge of 2 pC.

5.charge of 2 uC is placed in an electric field of intensity 5 x 10* N/C. Find the force acting
on it.

6.Two charges +3 uC and -3 uC are separated by 8 mm. Calculate electric dipole moment.
7.A parallel plate capacitor has plate area 2 m? and separation 2 mm. Find its capacitance
8.Two capacitors of 3 yF and 5 pF are connected in parallel. Find equivalent capacitance.
9.Find the work done in moving a charge of 2 C through a potential difference of 12 V.

10.An electric dipole of moment 4 x 10°Cmis placed in a uniform field of 2 x 10° N/C at
30°. Find torque.

11.An electric dipole of moment 3 x 10~ C-m is placed in a uniform electric field of 10° N/C
at 60°.

Find:(a) Torque. (b) Potential energy

12.Two point charges qa=3uC and qa=—3uC are located 20 cm apart in vacuum. What is the
electric field at the midpoint O of the line AB joining the two charges?

Long question -:

1.Derive the expression for electric field intensity at a point on the axial line of an electric
dipole.

2.Derive the expression for electric field intensity at a point on the equatorial line of an
electric dipole.

3. Using Gauss’s law, derive the expression for electric field due to an infinitely long straight
uniformly charged wire.

4. Using Gauss’s law, derive the electric field due to a uniformly charged spherical shell.

5. Using Gauss’s law, derive the electric field due to an infinite plane sheet of charge.



6. Derive the expression for capacitance of a parallel plate capacitor with air/vacuum
between the plates.

7. A dielectric slab is inserted between the plates of a capacitor. Derive the new
capacitance.

8. Derive the expression for energy stored in a parallel plate capacitor.

9. Derive the expression for torque acting on an electric dipole placed in a uniform electric
field.
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