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M. Sc. CHEMISTRY ExamiNATION, 2018

(3rd Semester)
PHysicaL CHEMISTRY SPECIAL
Paper XI-P
Time: Two hours Full Marks: 50

(25 marksfor each unit)

Use aseparate answerscript for each unit.
UNIT - P-3111
Answer anytwo of thefollowing questions
1. a State the variation theorem and show how it can be

extended to them™ excited state. 3l

b) Usingthetria functione * ' for theground-stateH atom,
find out theoptimumvalueof o and theminimum energy.
4

c) Consider atrial function (¢) consisting of nvariational

parameters {a},i =1, n such for a set of that known
functions{fi},i=1,n,

6= Zr L&
Show that the optimization of variational parameters
requiresthe solutionsof secular equations. 5
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2. @ Apply time-independent Rayleigh - Schrodinger

3.

b)

b)

perturbation theory to find out the second order energy
correction for the n nondegenerate state using
intermediate normalization condition. For the ground
state, such energy correction always stabilizes the state —
Comment. 6

Anéectricfield of strength Fisgpplied on H atom aong
the z-axisasaperturbation.

i) Show theeffect of first and second order perturbation
on the energy of the ground state of H atom.

i) What happenstothefirst excited states of theH atom
duetofirst order perturbation ? 61

A Hamiltonian matrix (H) of asystemisgivenby

s

Find its eigenvalues and normalized eigenvectors by
solving algebraic equations. Verify that the results of
ctHc transformation givestheegenva uematrix, where
C representsthe eigenvector matrix. 71

Establish the relation between the Einstein’s spontaneous
emission coefficient and stimul ated absorption coefficient.
5

b) i)

[5]

Indicate the change of corrosion potential and
corrosion current using Evans diagram for additional
bacterial corrosion. Can you recognize the type of
bacteriaonthat basis? 3

Prove that direct current cnnnot pass through a
capacitor placed in serieswith aresistor. 3

How many times the peak current would change,
when both the concentration of the electroactive
species and scan rate of potential are trebled in
reversible cyclic voltammetric experiment with a
smplesystem? 2



a

)

)
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How would you modify simple Butler Volmer
equation onthebasisof consideration of theexistence
of double layer at the el ectode solution interface ?
How would you verify theresult ? 5

‘Efficiency of an ideally operating fuel cell can be even
greater than one’ — Elucidate or justify. 21

Explain why i, of hydrogen evolution reaction
increases with increase of work function for some
metalsbut decreasesfor other metals. 21

Electrochemical oxidation of Pb to Pb?" provides
current density of 50 and 250 mAcm™ at 200 and
400 mV of potential respectively at 25°C. Calculate
thetransmission co-efficient of thereaction. 21

Estimate limiting current density at 27°C for an
electrode immersed in a 0-2M agueous Cu?®*
unstirred solution in which the thickness of the
diffusion layer isabout 0-6 mm. Given A = 107 S
cm?mol ™. 21

5. Answer any onequestion:

“Acorroding metal is analogous to a short-circuited
energy producing cell”” —explain. 2
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UNIT - P-3112

4. Answer any two questions:

a i)

)

b) i)

Show that the symmetry factor of simple Butler
Volmer equation can be equated to atrigonometric
function whichisaproper fraction. 4

For an electrodereaction of thetype:
M(e)+H* —OH, - M —H +H.,0,
state and explain the condition under which eectrons

tunnd between thed ectode and theionsin asoludion.
4

Distinguish between polarizable and non polarizable
interface. 2

Thereactionpathof |5 +2e” = 3|~ consistsof the
following steps:

) Iz =1,+1"

1) 1,=1+I

) 21+ =17)

Itisfound experimentally that thetransfer coefficients,
a= % = a.. Find out therate determining step. Also
find out anodic and cathodic reaction orders with
respect to both I~ and 5. 5
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