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BACHELOR OF SCIENCE (B.Sc.)
Term-End Examination

02041 June, 2014

CHEMISTRY
CHE-10 : SPECTROSCOPY

Time : 2 hours Maximum Marks : 50

Note :

(i) Attempt any five questions. All questions carry equal
marks.

(i) Use of log tables and non-programmable scientific
calculators is allowed.

1. (a) The C = O frequency in acyl chloride is
higher than that in alkyl ester in IR spectra.
Explain. 2

(b) What are symmetry elements in H,0
molecule ? Name the point group to which

this molecule belongs. Give its shape. 4

"(¢) Derive term symbbl for the D state of a
hydrogen atom. 4
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3. (a) The data on IR and Raman vibrational
spectra of a molecule CZHZ is given below :

7/em™L IR Raman
3374 Inactive Active
(Polarized)
1974 Inactive Active
(Polarized)

3287 = Active (PR)  Inactive
612 Inactive Active (weak)

729 Active (PQR) Inactive

Predict the shape and geometry of the
molecule on the basis of given data. 3

(b) A compound having molecular formula
CHgO shows the following spectral data :

IR spectrum : 1460, 1716, 2941 — 2857 cm™!

11 .NMR spectrum : § 1-0 (triplet, 3 H),
2-47 (quartet, 2 H),
2-20 (singlet, 3 H)

Mass spectrum : m/z 43, 57

Predict the structure of the compound and
explain the spectral data. 7

- 4. (a) Calculate the number of stretching and
bending modes of PF3 and CH,. 4
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(b)

(c)

5. (a)
(b)

(c)

(d)
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Obtain the molecular term symbol for the
following two excited states of H, molecule :

2x1 —
2

1) (cg 1s) (o g 2s)
(i1) (0'g 1sY (nu 2p)’

What is the effect of polarity of solvent on

(i) #7— #* and (ii) n — #* transitions of a
sample in a solvent ? Give reason for the
same.

Define chemical shift.

Discuss factors that influence the magnitude
of chemical shift.

Discuss how PMR spectra of N,N-dimethyl
nitrosoamine

(B) CH3/N_N

changes in its appearance as temperature is
changed from low temperature to higher
temperature.

HgS, KMnO, and K,CrO, — all are intensely

coloured, though there is no possibility of d-d
transitions in them. Explain.



6. (a) Discuss electron ionization method used in

mass spectrometers. 2

(b) The mass spectrum of butanal,
CH3CH20H20HO shows peaks at m/z, 72,
44 and 29. Explain how these peaks arise
and why. 2

(c) What are expected fragments from
OH 1%
|
CH3-CH, - (I'J -H by a-cleavage ?
CHg

Which fragment leads to base peak ? 2

(d) How many signals will appear in the proton
NMR of isopropyl chloride and what will be

the nature of spin-spin splitting ? ' 2

(e) Using m,r, =my,r,, derive

mr .
ry = ————where m, and m, are masses
my + mg
of atom 1 and atom 2 and ry» Ty are

- distances of atom 1 and atom 2 from the
centre of mass of diatomic molecule with
bond length r. 2
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7. (a)

(b)
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Show that I, the moment of inertia of
0O = C =Sis given by

_ 2
I = moToy + MgTeg —

‘ 2
2 (moreo — msl'cs)
M

Explain the following observations :

i)

(ii)

(iii)

(iv)

No monochromator is required for
microwave spectrometer.

NaCl cells are used for sampling in IR
spectrometer in the range 4000 — 650

em™ L. Glass cells cannot be used.

Bolometer and thermocouples are
preferred to Golay cells for detection of
IR signal in IR spectrometer.

For production of UV radiation,
discharge tube with deuterium is
preferred to discharge tube with
hydrogen.
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