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(Write your Roll No on thetop zmmedzately on recezpt of questzon paper. )
(Use of Sczentzf ¢ Calculator is permzttea?

Attempt ALL questlons
Ql. Explam very briefly of the followmg (ANY FIFTEEN) “ : = | . : 1x15=15
a. Morse potential for anharmomc Oscﬂiator‘7 :
b. Franck- Condon principal
c. Bomn- Oppenhelmer approximation and Overtones
d. Spin-Spin Coupling Constant
e. ‘Bohr frequency condition & Larmor précision
f P,QR branches‘? . ‘
g rotation v1brat10n spectra of arigid dxatomlc rotor
h. Chemloal Shlft
i “Molecular orbxtal Theory vs Valance Band theory‘7
| _] ‘ Helsenberg Uncertamty prmolple ‘
k. Bondmg Vs antlbondmg mo]ecular orbxta]
. ESR Spectra L .
m. Predict the proton- NMR spectrum of ethanol and HD along with deuteron-NMR spectrum of HD
n. " Schrodmger wave equatlon and 1ts solutlon ‘ ‘ ‘ :
0. Zero-point energy
p. Particle ih on‘eédimenéion box
q. r‘IﬁIéiPonberg unoertaiﬁty prin(';ip‘]o |
r. = Show that the commutator [x, —]— -1
s. Show that (a) [A B] =-[ B, A] and (b) [AZ B4 [A B] + [4, B]
t. Show that the commutator [ Xn], px]— By gt where nisa posmve mteger
u. Dlscuss the Postulates of quantum mechanws” : ‘
V.
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IfA and B] cap are two operators such that [A B] = l show that [A B21=2B.
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Q2. AttemptANYTHREEofthefollowmg - z[;‘} . . . 3x5 15
1. The pure rotatronal (MW) spectra of spectra of gaseous HCl cons:st of a series of equally spaced lines separated
by 20.80 cm™. Calculate the mternuclear drstance of the molecule (Grven the atomic masses 'H" 1.673x10%
Kg; **Cl= 58.06 x 1077 Kg)
. Differentt types of spectra gtven bya molecule and what is Stark effect in MW spectra? The fundamental vibration
of HCl is 2890 cm Calculate the foree constant of tlns molecule (Grven the atomic masses 'H— 1.673x107
Kg; ¥Cl= 58, 06x10% Kg). |
HI. A sample was excited by the 4359 A line of mercury. A Raman line was observed at 4447 A. Calculate the Raman
hrft incm’l. At what wavelength in A would the anti-strokes line appear in the Raman spectrum of the sample‘? ‘
VWhy are the ant1 stoke lines are less mtense than the stoke line i m the Raman spectrum" o
IV. k Discuss the factors affecting width and 1ntens1ty ofa spectral line? The fundamental vibrational frequencnes of
SO, are 1151.38, 517.69, and 1361.76 cm’., Account for the absorption bands at 1875.55, 2295,88 and 2499.5
om!, ‘ . . . .
V.  How MW spectroscopy used in investigation of lnternal ‘rotation and inversion splitting of NH;? Sketch the

normal modes of vibration of CO, and H,0 and predict their IR activity with reason?

Q3. Attempt ANY THREE of the following: . . | 3 x S - 15

L Calculate the nuclear spin angular momentum and the magnetrc moment for a proton grven that I —1/2 gN for
e proton is 5.585 and = 5, 05x10-27 JT . Calculate the magnet1c field strength requ1red to observe the NMR; k
frequency for fluorine (*’F) at 60 MHz. leen an for 9F = 5.257 and HN = 5. 05x10- 27T, .
II.  The magnetic moment of 31P is equal to 1. 1305 nuclear magnetons ie. 1.1305 pn. Calculate its magnetogync
. ratib and g-factor. Given puy = 5.05 x 10 27 T and nuclear spin of *IP is 1/2. Calculate the ESR frequency of an
unpaired electron in magnetlc t' eld of 033 T, gtven that for the free electron g.=2andus=9273x 10 2T
. Which of the following nuclei do not show nuclear magnetic resonance: 'H, 2H 2¢, e, '4N N, '60 ’9F 3ip,
and 8?2 Explam the Bathochrom1c Hypsochromic, Hypochromlc and Hyperchromrc Shift
IV. Inan ESR spectrometer the ESR frequency of the free electron is 9.5 GHz. Calculate the magnetic treld at whrch
the specirometer is operatmg, ge=2andup=9.273x 10 . JT'? Differentiate the proton~ NMR spectrum of NH3
from that of NH4" ion? ‘ ‘
V.. ‘How many kinds of proton are there m CH3CH3, CH3CH2CH3, (CH3)2CHCH2CH3 and C6H5CH3, CﬁHSNOz,
CH>=CH,, CH3CH~CH2‘7 Which of the followmg molecule will show a spectrum and why? -

| Type of spectrum - Molecules
Pure rotational (MW) Hs, HCl, CO, CHCIs, H,0, NHs, and NHCI
Vibrational (IR) H,, HCI, CO, CHCL3, H,0, NHs, NH,Cl, CH3-CHs, CHs, CCI4, and CO,
| Rotational Raman ’ H,, HCI, CO, ‘CHg, CHCL3, Hy0, NH;, CH;-CHs, and SFs : »
Vibrational Raman _H,, HCI, CO, CHy, CHCI;, H,0, NH;, CH3-CH3, and SFe
Q4. Attempt ANY THREE of the following: o : : k ; : 3x5=15
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1. Write the Hamiltonian operator for He," and K> molecule ~ion?
1.+ Calculate the probability of finding the electron in a small volume element of 1 pm? located along the bondmg :
axis in Hy" at r = 0.050 nm. Assume that the nuclex are separated at a distance of 0.1054 nm.

1. Assummg that the ionic character in H- Br bond is 11%, calculate the fraction of the contribution of i ionic character

to the valence bond wave functlon.

IV.  Draw the molecular orbital diagram of Heteronuclear diatomic molecule (CO, NO, HF), HCI. Write the electronic

configurations of Hy, Hy* and the hypdthetical species H; in terms of molecular orbital theory. Why does He*

exist whereas He; does not?
V. Ofthe following species, which has the shortest bond length: NO, NO*, NO3 , NO" ? Compare the bond energy,

bond length & magnetic character of CN & CN™ ~spin with the help of MOT Of the species 02 , 03,03, and

03%~, which would have the maximum bond strength?

Q5. Attempt ANY THREE of the following: | ; . 3x5=15
L. Find expression for the following operators: |
M (Z+0) @OE0E  E-0EH)
II.  Calculate the energies (ineV) of an e‘lectron‘ constrained to méve in a one-dimensional box of width 1 A and
exhibit them on an energy level diagram. ‘
L Explain if d%/dx? and p, for linear momentum is hermitian operator?
IV.  Explain the postulates of quantum mechamcs?

V.  Indicate which of the following functions are acceptable as wave functions:
(DHy=x - (iDy=x’ (iii) y = sin x (ivyy=¢
‘(V) y=e wy=e*  (vii) W =tan x

Terms have their usual meaning

Avogadro number: Na=6 x10%/mol;

Universal gas constant: R=8.31x107 erg/mol/K;
Boltzmann Constant: kz=1.38x10 erg/K
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