
M.Sc. SEM-2 Paper –Core course-5 – Group Theory and spectroscopy

Set- 1

Full marks =70

Multiple Choice Questions: (10 X 1 =10)

1. Two – fold rotation is present in (a) HCl (b) HCN (c) N2F2 (d) PF5

2. Both vertical mirror planes and horizontal plane of symmetry exist in (a) BF3 (b) NH3 (c)
H2O (d) B(OH)3

3. Which of the following molecules are optically active? (a) Co(en)3
3+ (b) CHFBrCl (c)

(C6H5)2 (d) All
4. Which of the following molecules has no dipole moment? (a) CO2 (b) C6H6 (c) NH3 (d)

both a and b
5. The order of improper axis in SiCl4, Ni(CO)4 and allene are (a) 3,4,4 (a) 4,4,4 (c) 2,3,4 (d)

4,3,2
6. The vibrations, without a centre of symmetry are, active in (a) Infrared but inactive in

Raman (b) Raman but inactive in IR (c) Raman and IR (d) None
7. The frequency of vibration of a bond is a function of (a) Force constant of the bond (b)

Masses of the atoms involved in bonding (c) Both a and b (d) Bond order
8. Total number of vibration in allyl bromide, CH2=CHCH2Br are (a) 18 (b) 21 (c) 14 (d) 16
9. The vibrational stretching frequency of diatomic molecule depends on (a) Force constant

(b) Masseesd of two atoms (c) both a and b (d) None
10. Force constant is expressed in (a) Dynes cm-1 (b) m dyne A0-1 (c) Nm-1 (d) All

I. Very Short Answer type Questions:  (5x 2=10)
1. Define symmetry and symmetry operation?
2. State point symmetry and generators of the group?
3. Define sub group?
4. Predict the fundamental vibrational frequencies would you expect to observe in IR

spectrum of CO2?
5. Estimate the frequency of absorption of CN in HCN?

II. Short Answers type Questions (10 X5 =50)
1. Derive relation between order of a finite group and its subgroup?
2. Define great orthogonality theorem and its importance?
3. Explain character tables and their use?
4. Explain Schonflies symbols and Representation of groups by matrices?
5. Explain Vibrational energies of diatomic molecules, zero point energy, force

constant and bond strength?



6. Explain Vibrational group frequencies, overtones, hot band and factors affecting
the band positions and intensities?

7. State Classical and Quantum theories of Raman effect?
8. State Coherent Anti stokes Raman Spectroscopy?
9. Explain vector representation of momenta and vector coupling spectra of

hydrogen and alkali metal atom?
10. Discuss electronic spectra of polyatomic molecules?

Set – 2

I. Multiple choice Questions: (10x1=10)
1. Great orthogonality theorem is valid for (a) Non-equivalent irreducible

representation (b) Non-equivalent reducible representation (c) Direct
product representation (d) All

2. Rotation axis in borazine is (a) C3 (b) C6 (c) C4 (d) C5

3. If the triphenyl phosphine molecules were planar, its point group would be
(a) D3d (b) D3h (c) D6d (d) D6h

4. The group of 24boperations is designated by point group O. The rotation
symmetry operations of an octahedron are (a) E (b) 8C3, 6C4 (c) 3C2,6C2

(d) All
5. Direct product representation(a) Obey group multiplication rules (b) May

be reducible or irreducible (c) both a and c (d) Belongs to only double
irreducible representation

6. The lowest energy of a quantum mechanical harmonic oscillator is 1/2hv.
It is referred to as (a) Ground state energy (b) Zero-point energy (c)
Vibrational energy (d) All

7. The intensity of an absorption band is always proportional to the (a)
Atomic population (b) Molecular population of the initial state (c)
Molecular population of final state (d) Temperature

8. Since the nuclei in a polyatomic molecule do not always vibrate in a
simple harmonic manner, there arises (a) Harmonicity (b) Anharmonicity
in molecular vibrations (c) Fundamental frequencies (d) All

9. In polyatomic molecules, which involve no change of dipole moment or
polarizability are (a) IR active but Raman inactive (b)IR inactive but
Raman active (c) Neither IR active nor Raman active (d) Both IR and
Raman Active

10. The predominant advantages provided by interferometer compared to
dispersive instruments are (a) Jaquinot advantage (b) Fellgett advantage
(c) Cones advantage (d) All



II. Very Short Answer type Questions: (5x2=10)
1. Calculate the wave number of C-Cl band in CCl4. The force constant is 3.4 x105

dynescm—1?
2. Name the lines arising from ∆J = -2, -1, 0,+1, +2?
3. Predict the number of fundamental modes of vibration of HCl?
4. How many faces are there for platonic solid groups?
5. List the fundamental symmetry operations?

III. Short Answers type Questions: (10x5 =50)

1. Discuss advantage of FTNMR and use of NMR in medical diagnostics?

2. Discuss basic principle of Electron Spin Resonance Spectroscopy, zero field
splitting and Kramer’s degeneracy and factors affecting the ‘g’ value?
3. Discuss Debye-Scherer method of X-ray structural analysis of crystals?
4. State representation and its dimentions?
5. Express the term matrix, orthogonality and products of representations?
6. Differentiate between dispersive and non-dispersive spectrometers?
7. State the factors that complicate IR spectrum?
8. Which energy lines of a molecule are exciting during IR spectroscopic

experiments? How Q branch arises in an infrared spectrum?
9. Why normal co-ordinate analysis is necessary? Explain with example?
10. Explain advantages provided by interferometer compared to dispersive

instruments


