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M.Sc.(Chemistry) (2015 to 2017) (Sem.-2)
QUANTUM CHEMISTRY
Subject Code : MSCH-204

M.Code : 71665

Time : 3 Hrs. Max. Marks : 100

INSTRUCTION TO CAMNDIDATES :
1. Atitempt FIVE questions in all selecting ONE question from each UNIT. All questions
carry equal marks.

2. 0. Mo.1is Compulsory.

1. Answer|Briefly : (2=10=20)

a) Detgrmine whether the following operator is linear or nonlinear

Af=x"ilx)

b) Show that the functions y, -y and 2iy répresent same state; w being real

¢) Calculate the number of radial node and angular node of 4d orbital.

d) What is the complex conjugate of the wave function (y =4 + 31)7

e) Calculate the number of degenerate states for Hydrogen atom for n = 4.

f) Determine whether the given statement is true or false. Justify your choice.
The function exp [—x’] is an acceptable wave function.

g) Write down the Hamiltonian equation of He atom.

h) A particle m one dimensional box simple harmonic oscillator in x-direction 15
perturbed by a potential Ax. What is the 1% order correction for ground state?

i} Calculate the magnitude of the angular momentum of an electron that occupies the
following atomic orbitals: 15 and 3d.

J) Calculate the number of radial node and angular node of 3p orbital.
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UMNIT-1
If A is a linear operator and Ay = ay; and Awy: = ay: then prove that any linear
combination of y, and vy, say Cyy, + Cygis or Cpyry = Cayy 15 an eigen function of "A”
with the same eigen value “a” where C, and C, are constants.

State Hewsenberg’s uncertainty principle and using it show that elecirons cannot
reside in nucleus.

Calculate the expectation value of x-component of momentum of a free particle in a
box of length 1, w =J§sin[$]- Show that ¢ 1 an eigen function of the operator
[

d'/dx". What is the eigen value? Prove that eigen values of Hermitian operator are
real. (10, 10)

Write down the guantum mechanical postulates with proper explanation.

For the ground state of a particle in 1-d box, calculate <p,> and f-[pr:-. Explam the
physical interpretations of your outcomes. (10, 10)

UNIT-11

Find 0uf the probabiliiy ol hinding the Is-electron wihin the tirst Bohr orbit a,.
Tabulate all of the allowed microstates af p* electronic configuration.

Sketch w and | w |1 for n = 1, n ¥ 2 states of a particle in a one dimensional box of
length 1 and indicate the mosi-likely locations of the particle in these states. (10, 10)

Plot the shapes (polar plotsyof the atomic orbitals corresponding to 2p,, 2py and 2p;
for a hydrogen-like atam using the following equations

¥, =AsinBeosé, y, =Asinfsindandy, =Acosd

1 » 2
Where, A= Z**re™™*  Denote the range of 0 and ¢ used for the polar plots and
4:I|Irt
label the axes properly.

Find out the probability density of finding the 1s electron of hydrogen atom described

12
1|1 .
by the wave function T[—][E—LJ e~ at the nucleus and at a distance ap
nl 4, a

from the nucleus. Also find out the relative probability of finding the 1s electron in
Bohr's first orbit and at a distance of 1 = 107 a, from the nucleus. {(10,10)
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UNIT-111
Calculate the energy value of H: molecule won by using LCAO-MO wave function.
Write a short note on degenerate perturbation theory. (10,10}
Briefly describe the differences between perturbation method and varation method.
Calculate the bond order of the following molecules : (i) Hes, (1) H;, (mi) H.*,
(iv) He:™ and (v) Hy

State and prove the vanation theorem. (10,10

UNIT-IV

Deripve the Huckel MO theory for ethylene/ethane. Draw simplg schematics of the
bonding and anti-bonding energy level diagrams.

Dray and explain the MO diagram of H.0. (10,107
Derive The Huocket MO theory for 1 3-Duadiens. Draw simpie schematics of the

bonding and anti-bonding energy level diagrams.

Write a short note on Bom-Openhéimer approximation method. (10,10)

NOTE : Disclosure of Identity by writing Mohile No. or Making of passing request on any
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