
INDIAN INSTITUTE OF TECHNOLOGY, KHARAGPUR 
DEPARTMENT OF CHEMISTRY 

Spring 2013-2014 · Mid-Semester Examination Time: 2hrs. No. of Students: 650 

Subject No.: CY11001 Subject Name: Chemistn: Full Marks: 60 

PLEASE READ ALL THE INSTRUCTIONS GIVEN BELOW BEFORE ANSWERING 
(This question paper contains six pages, including this page) 

Answer Scripts Submitted WITHOUT NAME, ROLL NO. and SECTION 
WILL NOT BE EVALUATED 

1. This Question Paper has TWO parts (i.e., PART-A and PART-B). 
Make sure that each ofyou have received both, PART-A and PART-B of the 
Question Paper. 

2. Answer/ Attempt ALL Questions. 

3. All Questions of PART- A & PART-B Should Be Answered Serially. 

4. All Answers of PART -A must be Written Together. 

5. Leave a Page Blank between the Answers of PART -A aud of PART -B. 

6. ANSWER SCRIPTS SUBMITTED WITHOUT FOLI~OWING THE 
ABOVE INSTRUCTION MAY NOT BE EVALUATED 

1. Mention the sign convention used. 
2. Clearly state whether you are using reduction or, oxidation potential in electrochemistry. 
3. No credit will be given without workout being shown wherever necessary. 

[Supplied Data: k = 1.38 X 10-23 J ~1 ; R = 8.314 J K-1 mor1
; 1 har = 1 X 105 Pa: 

1 Faraday= 96,500 C moi-1J 
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PART-A r 

. ... (1 X 18 = 18) 
tions must be written for each~ 

(i) The pressure exerted on the piston of cylinder contajning I .00 mole of an ideal gas at 2.00 atm 
and 300 K is suddenly released to 1.00 atm while the initial temperature of the system is 
maintained by transfer of heat to the surrounding. Calculate the work done in the process. 

(a) 1.73 kJ; (b)-}2.3 J; (c) ,1.25 KJ; (d) -1.73 kJ 

(ii) Chemical potential f.l; of a component i in a homogeneous mixture can be given as: 

(aGJ, (a) J.l. = - ; 
on; . 

T,P,np•< 
(d)J.t. =(au) 

on; . 
V,S,ni''" 

(iii) A carnot engine, A, absorbs heat from a reservoir at IOOOK and rejects heat to a reservoir at T
2

• A 
second carnot engine, B, absorbs the same amount of heat as rejected by engine A, from the 
reservoir at T2 and rejects energy to a reservoir at 360 K. If the efficiencies of engines A and B 
are equal then the temperature T2 is: 

(a) 680 K (b) 640 K (c) 600K 

(iv) Which ofthe following is/are intensive properties of a system? 

(a) Partial Molar Volume; 
(c) Chemical Potential; 

(b) Partial Pressure; 
(d) Pressure 

(d) None 

(v) A gas expands against a constant external pressure and does 25 kJ of expansion work on 
.. the surroup.dings and absorbs 60 kJ of heat from the surroundings. Determine of 8H for 

the process. 

(a) 60 kJ (b) 35 kJ (c) 85 kJ (d) 0 kJ 

(vi) Which one of the following is/are the correct expression(s) for the internal pressure of a gas? 

(d) T(oP) -P 
aT v 

(vii) In Joule-Thomson throttling process at room temperature, heating effect will be observed for 
which of the following gas(es). 

(c) He; 
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PART-A 

(viii) What will be the boiling point of a liquid for which the enthalpy of vapourization is 30 
kJ mor1 and the entropy of vaporization is 75 J mor1 K 

(a) 250 K (b) 400 K (c) 450 K (d) 0.4 K 

(ix) For an electrochemical cell, tJ.H can be expressed as: 

(x) The correct Maxwell's relation is I are: 

(b) (IJP) =-(or) ; (c) (iJV) =(or); 
a;T OPv 65v IJPT 

(d) - ( IJS) = ( iJV.) 
IJPv OI's 

(xi) For mixing of an ideal gas 

(a) 8Vmix = 0; (b) 8Vmix < 0; (c) 8Hmix = 0; (d) 8Hmix < 0 

(xii) What will be the chemical potential of"A" at equilibrium of the reaction: 2A + B2 -=2 AB? 
[Given: o,_ .,b. = I a.u.; n = 2 a.u., (where, a. u.=> arbitrary unit)] 

r"l,equzu zrm rAB ,equilibirm 

. (a) 3.0 a.u.; (b) 0.0 a.u.; (c) 1.5 a.u.; (d) 0.5 a.u. 

(xiii) For melting of ice at ooc and Iatm: 

(a) (Mh.v < (tJ.G )T.P; (b) (Mh,v > (tJ.G h,P; (c) (tJ.A)r,v = (tJ.G h,P; (d) Not predictable 

(xiv) Which of the following will have the highest value of chemical potential? 

(a) H20 (s, 0 °C, I atm); 
(c) H20 (1, -5 °C, l atm); 

(b) H20 (1, 0 °C, I atm); 
(d) H20 (g, 100 °C, 1 atm) 

(xv) Which of the following fundamental equations is/ are valid for open system? 

(a) dG = VdP- SdT; 
(c) dH = PdV- TdS + L:n;dp;; 

(b) dG = VdP-SdT+ L:p;dn;; 
(d) dG = VdP- SdT + L:n;dp;; 

(xvi) What will be the activity for 'm' molal solution of A2B-type electrolyte? 
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PART-A 

(xvii) The dimension of the rate constant for pseudo-first order reaction is \ 

(a) s-
1
; (b) mor1 dm3s-1

; (c) mol dm-3 s-1; (d) ~or2 dm6 s-

(xviii) The decrease in Gibbs fre,e energy with increase in temperature for a pure substance 
at a given pressure will be most sensitive in which of its phases: 

(a) Soliti phase (b) Liquid phase (c) Vapour phase (d) None 

2. Write whether the following statements are True or False ...• (1 X 6 = 6) 

(i). Thermodynamic equilibrium in an isolated system is reached when the system's 
entropy is minimized. 

(ii). Partial molar volume can have negative values. 

(iii). In a phase diagram, the chemical potentials of all three phases of a pure substance have 
the same value at the triple point. 

(iv). The internal energy of real gases depends on the \'Olume at constant temperature. 

(v). Chemical potential of species "i" in the mixture is greater than in its pure state at a 
given temperature and pressure coqditions. 

(vi). At a given temperature and pressure, for mixing of equal volumes of two identical gases the 
~Smix > 0. 

3. Fill in the Blanks with Appropriate Value/ Argument .... (2 X 6 = 12) 

(i) Calculate the change i!l the chemical potential of liquid water treated as an incompressible fluid 
when the pressure is increased isotherma,Ily from 4 to 8 bar at 27 °C (Given: molar volume of 
WateG18 cm3 mor1

) 

(ii) Calculate the equilibrium constant for the reaction at 25 oc 
S20l- (aq) + 2 Fe+2 (aq) = 2 Fe+3 (aq) + 2 So/- (aq), 

Given: The standard cell potentials for the two half cell reactions: 

S20t (aq) +2e- = 2 So/- (aq), £0 = + 2.08 V; Fe+3 (aq) + e- = Fe+2 (aq), E0 = + 0.77 V 

(iii)Complete the following expressions: 

(b) 
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(iv)For,th~<;ell: Cd.(Hg)/ CdS04~ !!H20·(s)/ CdS04 (aq), satu/Hg2S04 (s)/Hg . . 3 
" , , 11 ~ 

The-temperature (Tis inKelvin}q~pendence:of emfiil Volts is giveri py: 
E =.J:OISS- 4.05xl0"5 (T-29})- 9.5«10"7 (T-293i -

~illculate the change in entropy (in J' K 1 mot:1
) at 25 °Cfor-the_cellreaction, 

(v) Compute the t~lJlperature change that would accompany the'a.<Ifabatic ·expansion pf2.0 mol ofa. 
gas from 1.5 ·\>ar-_tq _0.5 bar at 59 oc through a constant~entll~,tlpy process. ,[Given: Jotile~Thomson 
-- ~ --!'r. ~: ~'"-+. II -/')() () v .. ""P~-1]· 

:'"'v,;,...~...:.._"'•'-'•u.,. I"' JT · ,L;/./ .1.~ 1~.1. '~_:.. 

(vi) Evaluate the entropy change (inJ K 1
); when one inole·ofanideal diatomic ga_s, which was 

initiallyat25 °C and l'bar is transferred to a state at 100 oc and IQ b,a_.r .. [Given: Pv,m = 5 cal/ 
mol] " 

',lj J' f ,~'·<,~!~": 
• < 

P.T:Q: 
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I PART-B 

.... (4 + 4 7.= 8) 

4(a) A gas obeying equation, P (V-b) = RT, is subjected to a Joule-Thoruson expansion. Explain 

analytically whether the temperature will increase, decrease, or ·remain the same under any 
condition oftemperature,and pressure ofthe gas. 

4(b) Calculate the enthalpy of vaporization of ethylene at its boiling point of, 103.9 °C, when the 

~apour pressure of etb,ylene varies with temperature according to following expression: 

In p =-
1921 

+ 1. 75/n T -l9.3x 10-3 + 12.26 
T 

••.• ( 3 + 3+ 2 = 8) 

S(a) Consider the·dissociation of isopropyl alcohol, with suitable catalyst, as follows: 

lsopropyl~alcohol (gas) -= Acetone (gas) + Dihydrogen (gas) 
At 452.2 K, the total pressure was measured to be.0.947 atrp and the degree of dissociation was 
found to be 0.564. Cal(fulate the equilibrium constant and dG0 at 452.2 K. 

5(b) Find the specific heat at constant pressure, Cp, when the Gibbs free energy for the system is 

expressed as: G(P,T) = RTln[_3!___], where, a and Rare constants. 
(RT)stz 

5( c) Show that for a .closed system with fixed. composition, the dG can be given by the expression: 

6(a) 

6(b) 

dG=v( 8P) dv-f[v(8P) -s]dr av r oT v . 

. ... ( 4+ 4 = 8) 

10 g of neon initially at a pressure of 506.625 kPa and temperature of 473 K expands 
adiabatically to a pressure of 202.65 kPa. Calculate the entropy change of the system and the 
universe for the following ways of carrying out this expansion; 
{i) Expansion carried out reversibly 
(ii) Expansion carried out against a constant external pressure of 201.65 kPa 
(iii) Expansion carried against vacuum 

One mole of an ideal monoatomic gas is compryssed adiabatically from an i11itial pressure of 1 
atm to final pressure of 2 atm. Th,e initial temperature is given to be 300 K. CalCulate the work 
done 
(i) If the process is carried out reversibly 
(ii) If the process is carried out irreversibly against an external pressure of2 atm 
(iii) Compute the final volumes reached by the gas in the two cases 
(iv) Show the work done graphically 

-------------------------------------------------,.------- *End* -----------------------------------------------
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