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CHEMISTRY — MDC
Paper : CC-5
(Physical Chemistry - I)
Full Marks : 75

Candidates are required to give their answers in their own words
as far as practicable.
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[English Version]

The figures in the margin indicate full marks.

Answer question nos. 1, 2, 3 and 4 (compulsory) and any four from the rest (question nos. 5 to 10).

1. Answer any ten questions : 2x10

(a) Will entropy increase, decrease or remain same if 1 mole of water is vaporised at 1 atm pressure
and 100°C?

(b) Define Chemical potential. It is an intensive property. Give reason for or against the answer.

(c) If AG® for a reaction is —1440 cal mol~!, what will be the value of K, at 27°C?

(d) Write down the increasing order of equivalent conductance of 1.0 (N), 0.1 (N), 0.01 (N) Na,SO,
solution with explanation.

(e) What is a buffer solution? Define buffer capacity.

(f) Calculate entropy change, (AS) of the system for the melting of 18 gm of ice at 0°C at 1 atm
pressure. Latent heat of fusion of ice, AHg = 334 JgL.

(g) Define fugacity and fugacity coefficient.

(h) Deduce the relation between K, and K.

(i) Draw the conductometric titration curve with proper axes, when oxalic acid is being titrated with
sodium hydroxide solution.

() Which of the following is a buffer solution?

(2988)

(i) 5ml 04N CH;COOH +5ml 0.4 N NaOH
(i) 5Sml 04N CH;COOH +10ml 0.4N NaOH
(i) 5ml 0.4N CH3;COOH +2ml 0.4 N NaOH
(iv) 5ml 0.2N CH3;COOH + 5ml 0.4 N NaOH
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(k) Starting from dH = TdS + VdP and using the proper Maxwell relation,

show that (G_H] =V—T(8—V] .
OP ) oT )p

() What is cell constant of a conductivity cell? Write down its C.G.S. unit.

(2)

(b)

(a)

(b)

(2)

(®)

(2)

(b)

(c)

Write short notes on Carnot cycle using the following points :
(1) PV diagram
(i) Expression for the efficiency of the Carnot engine (with derivation). 2+3
Or
Write short notes on Joule-Thomson experiment and its consequences using the following points :
(i) Isenthalpic process
(i) Definition of Joule-Thomson Coefficient (1 )
(iii) p,p for ideal gas with physical interpretation. 2+1+2

Write short notes on the effect of addition of an inert gas on the following chemical equilibrium :
Nj(g) +3H;,(g) = 2NH;(g)
(i) at constant pressure
(i) at constant temperature. 21+2Ys
Or
Write short notes on Gibbs-Duhem Equation, using the following points :
(1) Derivation
(i) Significance. 3+2

Write short notes on hydrolysis of salt of strong acid and weak base using the following points :
(i) Expression for hydrolysis constant (K;,) with derivation
(ii) Expression for pH with derivation. 2+3
Or
With short notes on Ostwald Dilution Law using the following points :
(i) Derivation
(ii) Experimental verification. 3+2

A Carnot engine working between 0°C and 100°C takes up 840 J from the high-temperature
reservoir. Calculate efficiency of the engine, amount of work done and heat rejected.

The reaction below reaches equilibrium in a closed reaction vessel of volume 2.50 dm3.
2NO(g) + 05 (g) = 2NO,(g)

At equilibrium, there are 2.83 moles of NO(g), 3.00 moles of O,(g), and 18.0 moles of NO,(g).
What is the equilibrium constant K, for the reaction?

Draw the equivalent conductance versus concentration plot for a strong and weak electrolyte.
Explain qualitatively the nature of variation for both cases. (2+1+1)+3+(1+2)
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(2988)



(D(4th Sm.)-Chemistry-MDC/CC-5/CCF) (6)
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What should be the essential condition for a compound to be able to serve as an acid-base
indicator? Find out the range of such an indicator.

For partial molal properties, find the relation :

. _[611] _[6HJ _ (GG] _[aAj
= & _| o _ | @ _| o4
M )5y » i )g pp i on; PTn, on; VI,

Show that, AG =AH + T[%} . (2+2)+3+3
P

At 25°C, calculate the (i) cell constant of the conductivity cell (ii) specific conductance of
CH;COOH and (iii) equivalent conductance of CH;COOH using the following data recorded at

25°C.

Parameters KCl CH;COOH
Concentration (C) 0.02 (N) 0.02 (N)
Resistance (R) 380 ohm 6434 ohm

Specific conductance (k) 0.00276 ohm™lcm™!

Derive Van’t Hoff’s equation related to chemical equilibrium and temperature explaining the
terms involved.

oU ov

Derive thermodynamically the relation : C, =C, =| P+ (—) (—-— . (1+142)+3+3
oV )r \oT Jp

Does the equilibrium constant of a chemical reaction depend on stoichiometric representation of

the reaction? If the equilibrium constant for the reaction, 4 + 2B = C is Kp then find out what

will be the equilibrium constant for the reaction, —;—A +B= %C .

Calculate AS, ;. /mol for mixing of two ideal and non-interacting gases at a constant pressure and
temperature.

Derive Henderson Equation for acidic buffer solution. (2+2)+3+3
Derive an expression of AS starting from the relation, dU=TdS—-PdV for the change in

T and V of ‘n’ mole ideal gas enclosed in a closed system. What will be the value of AS if one
mole of the ideal gas at 300 K is expanded adiabatically and reversibly from 1L to 5L volume?

State four different thermodynamic criteria for equilibrium and spontaneity.



10.

(c)

()
(b)

(c)
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State and explain Kohlrausch’s law of independent migration of ions. The equivalent
conductance at infinite dilution of AgNO;, KNO; and KCI solutions are 133.36, 14496 and
149.86 S.cm?(g-equiv)~! at 25°C. Calculate A° for AgCl at 25°C. (2+2)+3+(1+1+1)

Show that the decrease in Gibbs free energy is a measure of available work.

Resistance of a conductivity cell filled with 0.1 mol L~! KCl solution is 100 ohm. If the resistance
of the same cell when filled with 0.02 mol L~! KCI solution is 520 ohm, calculate the specific
conductance and molar conductivity of 0.02 mol L~! KCI solution. The specific conductance of
0.1 mol L-! KCI solution is 1.29 S m~1.

How hydrolysis constant of a salt can be determined conductometrically? 4+(1+2)+3
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