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UNIT - P-4131
Answer any two questions

Using Branching diagram, find the number of possiblespin multipletsof a7-electronsystem. 11

b) Writethe Slater determinantal form of the wave function of a3-electron system and show that it

satisfies Pauli anti-symmetry principle. 3
Evaluatethe expression of H;j interms of oneand two electronintegrals, when

D, =| ¢010,03 | and D =| @004 | 2
What arethe Slater-Condon rules ? If thewave function of a 3-electron system isrepresented by

1 _ _ . . .
N (1 918295 | — | 919,95 |), find out the energy expectation vaueusing Slater-Condonrules. 6

OR

Elucidate the Hartree-Fock self-consistent field (HF-SCF) method to solve the Schrodinger
equation for many electron atom. What isthe physical significance of Fock operator ? Briefly

describethe M CSCF method. Define correl ation energy. 63+1+3+2

What is Koopman’s theorem ? Using Hartree-Fock SCF orbitals, prove the theorem for a N-

electron system. 6
OR

Write down the K ohn-Sham equati onsfor the cal cul ation of molecular structurewith the meaning of
thetermsused. Elucidate theiterative procedure for solving K ohn-Sham equationsin Density
Functional Theory (DFT). 2+41
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b)

b)
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Derivean expression of thetransition dipole moment for atransition from the ground singlet to the

lowest excited singlet stateof H.. 3
OR

Derivethequantum mechanical Viria Theorem. 3

Provethat the Configuration Interaction (Cl) wavefunction corresponding to thelowest root of H,

tendsto the homopolar dissociation (ignore spin functions). 3
OR

Statethebasic principleof Cl method intheoretical Chemistry. 3

Wheat arethe approximations used in Hiickel Molecular Orbital (HMO) theory ? Using HMO

theory, calculatethe energy levelsfor cyclobutadiene and butadiene. 23+2+2

Apply HM O theory to derive agenerd expression for the energy level and wavefunction of acyclic

conjugated polyenehaving N carbon atoms (N may be odd or even). 6
OR

For aheteronuclear diatomic molecule, cal culatetheenergy level sby usinglinear variationa theory
and asofind out the coefficient of linear combination. 6
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4. Answer any threequestions:

a)

b)

Define surfaceexcess. Derive,

q
z

dy =—qy dV ——_MFde -2 Iidy,
j i

for an éectrolyte, where y = surfacetension & T; = surfaceexcessfor i-th type of speciesat the
interfaceand al other termsbear usua significance. 1+5

1) How doesthe contact adsorption influencethe capacity of theinterface ? Derivethe necessary
relation and explain.

i) How is the extent of contact adsorption on the surface of an electrode determined from
electrocapillary measurements? 3+3

1) Show that the parallel plate condenser model can explain the electro-capillary curvewhichis
perfect parabolicin nature.

i) Givesalient features of the Stern model of double layer and explain thetotal capacity at an
electrode solutioninterface at high and low concentrations separately. 3+3

Show that the extent of adsorption of aneutral organic molecul e at an e ectrode-aqueous sol ution
interfaceisexpected to pass through amaximum around PZC. Explain the significance of thefact
that thismaximum isobserved at apotentia dightly negativeto PZC. 4+2

Derivean expression of the capacitance of an extrinsic semiconductor immersedin an electrolyte
solution, asafunction of potential.

Show that the capacitance-potentia profileisasymmetric for extring ¢ semiconductor and symmetric
for intrinsic semiconductor. 41+21

OR
Distinguish between photovoltai c and photo synthetic solar cellsby depicting energy diagrams.

What arethe advantages of using dye-sensitized over normal solar cells? Explain theaction of dye-
sensitized solar cellswith the hel p of schematic energy diagramsfor both n- and p- type materias.

3+1+3



