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

Candtdates are required to give their answers in their own words
as far as practicable.
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Answer question nos. 1, 2, 3 and 4 (compulsory) and any four from the rest (question nos. 5 to 10).

1. Answer any fen questions :
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2x10

A Carnot engine operates between a hot reservoir at 127°C and a cold reservoir at 27°C. Calculate

its maximum possible efficiency.

Define ionic mobility and mention its unit.

What is fugacity of a gas?

Write down the relationship between Kp and K for the following reaction :
Ny(g) + 3Hy(g) = 2NHy(g)

“A solution of Sodium Acetate in water is alkaline.”— Explain.

“At high temperature, water becomes acidic.”— Justify or criticize.

Draw the conductometric titration curve for HCl with NaOH with explanation.

Write down the relation between Gibbs free energy change and equilibrium constant.

Define activity and activity coefficient.

Write down the SI units of the following two quantities :

(as) (aG)
2] and |
0P )7 oT )p

Show for an isothermal process undergone by an ideal gas, AG = AH.

State four different thermodynamic criteria for equilibrium and spontaneity.

Write short notes on second law of thermodynamics covering the following points :
L 4

(1) Kelvin Planck statement and Clausius statement.

(i) Carnot’s two theorems.
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Or
Write short notes on Gibbs-Helmholtz equation using the following points :
(i) Derivation

(i) Two important applications. 342

Write short notes on Nernst Distribution law using the following points :

(1) Derivation

(i) Two limitations. 3+2
Or

Write short notes on chemical potential covering the following points :

(i) Definition and unit

(i) Role as escaping tendency. 3+2

Write short notes on equivalent conductance covering the [ollowing points :

(i) Definition and unit

(i) Variation with dilution for strong and weak electrolytes with graphs. 243
or

Write short notes on buffer solutions covering the following points :

(1) Definition

(ii)y Derivation of llenderson cquation. 243

Derive the following two thermodynamic relationships :

0 () ()
ov )y \eT )y

(ii) (L’Lf_j :p'_r(ﬁ.)
(?I) a (“T P

Derive the expression ol Gibbs [ree energy ol'mixing for a binary ideal mixture. What is the value
of the change of volume of mixing here?

State the Kohlrausch’s law of independent migration of ion with one example. 4+3+3
State the Le Chatelier’s principle. What will be the ellect ol temperature and pressure on

equilibrium constant for the following reaction?

2505(g) + O5(g) = 250;(g) + 42 Kcal.
Equivalent conductance at infinite dilution of HCI, NaCl and CH;COONa are 426.2, 126.5 and
91.0 ohm™' em~! gmeq~! respectively at 25°C. Calculate A° for CH;COOH at 25°C.
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(c) Calculate the change in entropy when 100 gms of hot water at 90°C is added to 100 gms of
water at 10°C in an insulated vessel. The molar heat capacity of  water at constant
pressure = 75.48 JK-mol~". 44343

7. (a) Briefly discuss the asymmetric and relaxation effect in connection of Debye-Hiickel ion
atmosphere.

(b) 2 moles ol an ideal monoatomic gas expand isothermally and reversibly from Slit to 10 lit at 300 K.
Calculate AS and AG for the process.

(¢) Does the equilibrium constant of chemical reaction depend on :
(i) Standard statc chosen for the reactants and produets?

(i) Stoichiometric representation of the reaction?

(9 9]

Justily your answer. 4+3+
8. (a) Draw the T-S diagram for Carnot cycle mentioning all the steps. What is the significance of the
enclosed arca ot the graph?

(by Calculate the transport number of 117 and Cl from the following data obtained by the moving
boundary method using cadmium chloride as the indicator electrolyte.

|Concentration of the HC solution is 0. 1(N); mass of silver deposited in the coulometer is 0.1209
um, movement of boundary is 7.5 cm, cross section of the tube is 1.24 cm-|

(c) Explain how a Buffer solution prevents pll change upon the addition of a basc or an acid.

4+3+3
9. {(a) Derive an expression of [ugacity ol a gas obeying the equation P(V -b) = RT.
(b) Write down the expression of pll of hydrolysis of salt of weak acid and strong basc.
(c) Find the expression for i, (Joule-Thomson cocfficient) for an ideal gas. 44343

10. (a) State Debye-lIliickel limiting law. Calculate the v, (mcan ionic activity coctticient) for a 0.01 (M)
KCl solution at 253°C.

(b) Write the four common Maxwell's relations.

(¢) Derive the Van't Hoff's reaction isotherm from the concept of chemical potential. 4+3+3
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