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CC-20J : PHYSlC.-\L CHEi\llSTRY - II 
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Total ~larks : 80 

ln.stn1ctions: I) Question on,' is compulsory. 
~) St1lvc an~- twl, qursti11ns from section-I and Secrion-11. 
-') All qut'Srions c~n~ equ:11 marks. 
-n Figun:s to tht> right indic:1tt>s marks. 
5) l'sr llflog-tal>I~ nCln programnuble scientific calculator is allowed. 
t>) :'\ l' at diagrams and sketches should be drJI\71 whereYer necessar:·. 

Q \ ) -\ ib \\'c'f thc- tl1I 10\\i ng. 116 l 
-1) \\ 11:-it is ;:-b:rrii:- d\.1ubk lawr'~ 
b) \\'ku dl"'1 : l"'U mc-:m by m ;:-am ing currc-11(1 

.: ) The- ph.1t of surfai:-e tension w rses applied p0lenti31 is called as .... 
d) \\ lut is StTe:iming i:-urrent -:l1efficient': 

..;-
c') \\'rite the Ei2.en Yalue of a 2.iYer. waw functi0n <-' \\·ith ~ oo::'raw,. 

- - d:c ' 

t) \\'1ite an c-xprc:Ssion for anguhr momentum operator. 
~) \\.rik· the expression of Hamiltonian 0per,n0r. 
h) T\\·l, different waw functions are orthogl1113l means th:it the integral O\ e:-

all sp::ice of their prnduct J v_' v . d ~ = ·: 

~ \\'rite the Stem-\ ·l1lmer equation l1f quenching . 
...-:tr .-\ phowphysical prncess sh0ws deacti\ ation of 1110\e( u\es from single: 

e, cited state to the singlet grnund st:He is _ _ _ 
/ k) T - s~ by nonradiat ion proces::- is called. - t Flu0r.:'5 ( e:1(.:' 

Phosphorescence) 
j) Gi \ c an: t"\\ O phornph:sical and phot0chemic.1I pw..:ess. 
~ \\ -h: heterogeneous i:-atal : sis is i:-al kd as l"l'nlJct -::.1r..1I: sis•~ 

~ -:\ catal: st does 11-11 .1ffei:- t the final r t1silil'll l,f equi librium ,1lthl,ugh it 
slwrtens the time. True or False. 

1..)) ln Haber process for 1he S: 111hesis l1r .1mnwni,l ,\long \\ ith 1r\.1n. 
mol: bdcnum is also used" h.11 i:- 1he rnle l)f nh,I: bdenum · ' 

y> (j i\c the SI unit ofacti \ Jll ,,n cnng: . 

P .~ o. 
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SECTION - I 

Q2) a) Describe commutator operator. Ddcrminc the commutators 

[ x, ! }k :J and [ ! , 
0
~,] using wave function ( \V). I 81 

b) What is Hermitian operator? Prove th at the operator 2:/(-fo} s not 

Hennitian. · f 8) 

QJ) a) In an electrocapillary measurements of surface tension of Hg in contact 
with 2.0 NHCI gave the following data. f 81 
y surface tension ( dynes cm-1) 414 406 391 

V cell potential (V) -0.20 0.00 +0.20 

i) Based on the above data, calculate (a) the charge of the electrode. 
qMI' for the change in potential from -0.20 to 0.00 V; 

ii) The charge of the electrode, qM2, for the change in potential from 
__ Q_O(l_tQ....:1-_Q.O?V; -- - --"- -- - - - -· -

iii) If qM 1 is assigned a potential of-0.06 V, and qM2 of +0.06V, calculate 
the differential capacitance of the interface. 

b) What is diffuse charge double layer? Derive an expression of capacitance 
by Gouy-Chapmann model. [81 

Q4) a) What is electrokinetic phenomenon'? Derive and expression for electro 
osmotic coefficient'? 161 

b) Describe the Dual nature of a particle in quantum mechanics. 161 

c) In an electrocapillary measurement, mercury is in contact with a solution. 
If the height of the column is 2 cm, the inner diameter of the capillary 
tube is 0.5 mm, and the density of mercury at 25 °C is 13.5457 g crn-1 

and at O °C is 13 .5951 g crn-3, what are the surface tension values of 
mercury at these two temperatures? [41 
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0:--· :.~ -::X ~·:;:- :-:-:.· .:_:.:..t:1~:iin ~ i .. ,ld l)rtluorl'~ct.:nce. The qua11l11111 yidd w1d (Jhscrvi.:d 

:·::..,'~ '~:~~' ::~~':lllk' \.)foqueous 1ryptoplrn11 are 0.2 and 2.6 ns, rcsrcui vdy. 

C .:.=: :.:.:2:~ =~ :.:.1..")~s~c>nct' r:irt' cons tan l (k I). 
( X / 

·- "J:-2--.,.- ::::~ : 1.."'l:'k)nski diagram and explain in detail type or activation &nd 

. . . 

,::=2::T ::: :21.."'l:-: process . 

Q7") Si:o, ooLcs on any three of the following: 

2..1 Operators 

,~Steady state approximations in kinetics 

~ uenching phenomenon in fluorescence 

dJ Reference electrodes 

-J-
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~I.Sc. (Part-I) (Sen1ester - II) 

Examination. ::\larch/April. 2024 

CHE~IISTRY (PCH201) ~EP 2.0) 
PhYsical Chemistn· - II . . 

Subject Code : 94701 / 90165 / 90075 
································· ······································································ 

Day and Date : Tuesday, 16-04-2024 

Time : 10.30 a.m. to 1.30 p.m. 
Total ,1arks : 80 

···················-·· - ······································-··········································································· 
Instructions : 

l ) Anempt in all fiw questions 

2) Question one from Section l-\. is compulsory 

3) Attempt any two questions from Seetion-IB and any two questions from Seetion-II. 

4) All questions carry equal marks 

5) An5\1;ers to the Sections I and II should be " Titten in the same answer book 

6) Figure to the right i.ndicateS marks 

7) Use of log-table/nonprogrammable scientific calculator is allowed for all 

8) 

9) 

sections (i.e. l~ IB and II). 

Any de\ice capable of Photocopying. Scanning. Data Storage. Browsing 

etc. (e.g. '1:obile, iPad. etc.) is Strictly Prohibited. 

"\"eat dia!mims and sketches should be drawn wherewr neee-s,_,'1f;· 
. '--

·········-···· ································································· ---

SECTIO~ - l.\ 

Q.1 Answer the Follo°"ing (one mark each) (16) 

a) 
The existence of zero-point ener~· i5 consequence oi ..... .......... in (ase oi 

particle confined in one dimensional box. 
; a 

b Show that ,,, = Aei1'.xis an c eigenfunction of the open uor - - . \\n.11 i5 ) ~ ~~ 

the eigenvalue? 

1 - ~ 
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d) 

c) 

() 

g) 

sv - 870 

, .. ~pl11i111h1 1 lllt'Hll l l\~ 11 1 I 1/11,: ,, I ' 

The 1H·tho1111111111I Nut 1d w11v1· 111111 ·111111 11 /1)1 :1 given system can be represented by 

the cxprcs~lonf i/Ji i/Jtth. 1>'11; tho ·iyinbol 0·11 i::, called as ............ . 

Define 'micro-canonical' ensemble. 

State equipaiiition principle. 

Write the values of a (symmetry factor) for a rotational motion of CO and N 
2 

gases. 

h) Give relationship between partition function and internal energy. 

i) Calculate the ionic strength of 0.3 molar aqueous CaCl
2 

solution. 

j) Write Debye-Hilckel limiting law for osmotic coefficient. 

k) State the type of electrode for AgJAgCl(s), c1-(aq) 

I) Give relationship between molal and mole fraction scale activity coefficient. 

m) Rate of reaction between cation and ne~t;al reactant will .. .. ... .. ....... (increase/ 

decrease/not change) on inc.reasing the ionic strength of the reaction medium. 

n) What is the overall order of reaction between acetone and iodine catalysed by acid. 

o) Under steady state approximation, the concentration of reactive intermediate will 

... .. ...... .... ... (increase/decrease/remain constant) with time. 

p) State secondary salt effect. 

SECTION-1B 

Q.2 a) Solve the Schrodinger wave equation for a particle confined in a box and 

obtain an equation for energy. Sketch it for first feo/ energy levels and 

comment on the concept quantization. (08) 

h) Evaluate the transition dipole moment integral for an electron in one 

dimensional box and state the selection rule for electronic transitions. (08) 

() .:l a ) What is thermodynamic prohahility? Show how this definition can be used 

10 dcrivc " gcncra l cqu.1tion fo r the distribution of particles over different 

c ne q ~y le ve ls ir lh e parlides :in.: assumed to be indepe ndent and 

j 11diHI i11g11islt;ink. (08) 
2 - 2 
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sv - 870 
In slnlislicnl 111cdrn11ics, lhc c11lmpy Sol' :i 1-1ysl1.: 111 iH 111.:I eq11:d lo k In IW, 
where k is lhc 1loll:1,11u11111 co11sla11I, and Wis 1111.: 1011111111111h1.:rol'111 h:rosl:iks 
ncccssibk lo lhc syslc111. ( 'a11 yrn1 j11s1iry lltis 1.:tpialily'/ (08) 

Q4. a) Slalc assuniplio11s or inlcrionic inlcrnclion llt1.:ory. ll11s1.:d (111 llii !-l :i,id 
baluncing or n.:larding l<irccs wilh fon:1.:s on io11s d11 1.: I() ;qir,lk:d 1.: b :lrit: 
li<.:ld, show lhal lh1.: molar conduclivily th:crcases with ecu1c1.:11lnllion i11 lht: 
limil or very low eoncenlralions. Whal thi s resullanl eq11alion is 
called as? 

(08) 
b) Write an equation for Debye-l llick1.:l limiling law i11 lertns of' ostnotk and 

activity codfo.:ients. State its validity for di ITerenl types of' elcelrolylcs in 
aqueous medium. Write the forms of ac.;tivity coel'l'ieit:nts and their 
interrelationships. 

(08) 

SECTION-II 
Q.5 a) Discus in brief Michaelis-Menten mechanism of'en:,,,ymccalalysis. With help 

of Lineweaver-Burk Plot, explain how the maximum rate and KM in can be 
evaluated? 

(08) 
b) State steady state approximation and explain its utility in ohtaining the rate 

laws for catalysed gaseous chemical reactions with suitable cxamples.(08) 
Q.6 a) Operators for the components or angular momentum arc given by (06) 

L = _!!_ ( ~ - z ~) L - -" (z ~ - x ~ ) l - " ( il ;, ) x 2rri y a1. , ay ' Y - 2rrl Ox ,Jr. ' J7. - 1,"J X Dy - y Ax 

b) Discuss the utility or osmotic cocl'licienl in evaluation or ion-assoc.;iation in 
electrolytic solutions through IJjcrrum model. (0(,) 

c) Calculate the vibrational partition f'unclion for molecular chlorine al 300 K. 
Given: Vibrational frequency is 5(,5 cm' . (06) 

:I z 
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Q7 • Write notes on any four of the following: 
a) Step-up and step-down operators 

b) Debye-'F alkenhagen effect 

c) Pri-fi\ary saJt effect 

d) Saclau-Tetrode equation 

e) Hermitian operators 

f,) Autocatalytic reaction with examples 

□□□ 

SV - 870 

(16) 
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