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PHysicaL CHEMISTRY
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Time: Two hours Full Marks: 50
(25 marksfor each unit)
Use a separate answerscript for each unit.
UNIT - 1041
1. Answer any onequestion:

a) Define chemical potential. Show that in a system at
equilibrium, total changein chemical potentid of reactants
must be equal to that of products. 1+4

b) The coefficient of thermal expansion (o) of copper at
298K is5.0 0 10K anditsisothermal compressibility
(B)is7.850 107 am™. Giventhat thedensity of copper
i$8.92 gm cm™ at 298K. Cal culate the value of C,—-Cy
for copper. 5

2. Answer any two questions:

a) i) Condderingthereationbetween activity of solventin
asolutionwithitsfreezing point depression, determine

theactivity coefficient of soluteinthesolution. 7
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i) Show that partial molar volumeof soluteinasolution c) Caculaethedifferenceinthevauesof Gibbsenergy of
S solvation of CI™ and I” in water for which dielectric
_q dp constant = 78.54 at 25°C using Born model, given their

Va :E[MZ _V%} radii are 181 pm and 220 pm respectively and unit of
charge=4.802 0 1020 esu. 2102

where m moles of solute of molar mass M, are
dissolvedin 1000 gms solvent to make the volume of
solutionV and massdensity p. 3

b) i) StateNerust heat theorem and limitationsof 3rd law
of thermodynamics. 5

ii) Theconstant pressure molar heat capacity of oxygen
gasfrom 300K to 1200 K isgiven by
CplJKtmol™ =25.72 + 12.98 0 10T — 38.62 0 10/ T2,

Calculatethevalue of ASwhen one mole of oxygen
gas is heated at constant pressure from 300K to
1200K. 3

i) Find the variation of chemical potential with
temperature. 2
c) i) Usingtheexpressionforthecompressibility factor, Z
of avan der Waal s gas, Cal culate thefugacity of the

gas at 50 bar and 298 K.
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Derivethe e ectrophoretic component of vel ocity of
anionmovingunder theaction of an dectricfield.

Describethevariation of transport number of cations
insolution of HCI, KCl and LiCl with squareroot of
concentration. Derive the necessary relation to
explan. 3+3+4
Deduce the expression for *Bjerrum critical distance’
for ion pair formation and thereby obtain the condition
forionpair formation.

Giveabrief account of Debye Falkenhagen effect on
conductance. 5+5

Answer any two questions:

ad Findouttheradiusof CIO, ionfromthefollowingdata:

XO(CI O, ) = 54mho cm? /g.equiv. Viscosity co-efficient

of water=0.893 cP at 20°C.

b) Association constant of MCl is 200 in acetonitrile
(€=40) at 25°C. What will be association constant of

MCl in agueous solution (€=80) at the same

temperature by using Bjerrum equation for ion-pair

formation ?Take 23Q(b) = a%" /b. Givenaso a= 4A in

both the solvents, e=4.802x10 ey,

k =1.34x10 ergK *molecule ™. .

[3]

and a=1.408 L2 bar mol~! and b=0.03913 L mol .
5

From DebyeHucke theory cal culatetheradiusof ion
atmosphere for a0.1 mol L™* aqueous solution of
KCI at 25°C. Thedielectric constant of the aqueous
solutionis78 at 25°C. 3

d) Caculatethemeanionicactivity coefficientin 10*molal
Al(SOy4)3 solution at 25°C. 2
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3. Answer any two questions:

a )

b) i)

Why doesBorn mode usudly givean overestimate of
theion solvent interaction ?

Distinguish between primary and secondary solvation.

Describethe principleof any method of determination
of primary solvation number.

What arethe meritsand demerits of the method ?
21+2143+2

Describe qualitatively the role of relaxation and
electrophoreti c effectson the conductance of ionsin
solution.
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