
Q1) Answer the following. [16]

a) State Ihe significance of term "IR Active."

b) What is TMS?

c) Which is best analytical tool to confirm the presence of bromine in a
given organic sample?

d) The IR spectrum of ethylene does not show double bond stretching
absorption. Justify the statement.

e) Addition of alkali to nitrophenol will cause ______ shift.

f) 2H A or B−⎯⎯⎯→

Write the structures of both the compounds (A or B). Which amongst
them will have higher λλλλλmax value?

g)  In 100 MHz NMR, 1δ = ——Hz.
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h) Which electromagnetic radiation used in 13C-NMR spectroscopy.

i) In the α-cleavage of acetone, the m/z ratio is _______.

j) The compound CH3-OCH2-CH2-OCH3 in its PMR spectrum how many
signals will show.

k) In 13C-NMR spectroscopy chemical shifts on the δ scale have values
between _____.

l) In PMR spectrum, aldehydic proton appears in the far down field region
because it is _______

m) Which amongst the following have higher carbonyl stretching frequency?

CH3-CONH2 and CH3COOCH3

n) Give any one illustration that contains chemically equivalent but
magnetically non-equivalent protons.

o) Give the structure of an organic compound (C5H10O) which exhibits
four signals in H-decoupled 13CNMR spectrum.

p) Calculate m/z value of parent ion which produces daughter ion and
metastable ion at m/z = 108 and 94.82 respectively.

SECTION - I

Q2) a) Explain with suitable example genesis of metastable ions and its
significance in interpretation of mass spectra. [8]

b) Using Woodward-Fieser rules calculate λmax for the following
compound. [4]

i) ii)
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c) Match the following pairs. [4]

i) a) 1745

ii) b) 1680

iii) c) 1715

iv) d) 1640

Q3) a) The organic compound having MF C4H9ON shows the sspectrum at
m/z 87, 86, 72, 71, 59, 44 and 43. [6]

b) Explain the effect of purity on PMR spectrum of ethanol. [5]
c) Explain the use of isotope ion peaks (in MS) for the analysis of organohalo

compounds. [5]

Q4) a) An organic compound with MF C12H14C2 shows the following spectral
data.
Assign the structure and justify the spectral data. [8]
UV : λ max = 272 nm
IR : 1720, 1628 cm–1

1H-NMR : δ 7.8 (1H, d, J = 18 Hz), 7.5 (2H, d, J = 8 Hz), 7.1(2H, d, J = 8Hz)
6.8 (1H, d, J = 8 Hz), 4.1 (2H, q, J= 7 Hz), 2.4  (3h, s), 1.25
(3H, t, J = 7 Hz).

Mass : m/z = 190
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b) Three isomers of C3H6Br2 display one, two, three signals at their
respective PMR spectra. Assign structure to the isomers. [4]

c) Absorption maximum of acetone is at 279 mμ in hexane as compared to
264 mμ. in water. [4]

SECTION - II
Q5) a) What are the factors that increase complexity Of PMR. Give the

techniques to resolve them. [8]
b) Deduce the structure from the given data: [8]

M.F. : C5H7NO2
IR : 1990, 2260, 1747, 1200 cm–l.
PMR: δ 1.3 (t, 3H), 3.5 (s, 2H), 4.3 (q, 2H).
13C-NMR: 14 (q), 25 (t), 63 (t), 150 (s), 163 (s).
Justify the spectral data.

Q6) a) Give the brief account on McLafferty rearrangement and its use in
differentiating following compounds. [4]

b) The proton NMR data for a compound with the formula C5H12O2 is
triplet δ1.25 (6H), quartet δ3.68 (4H), singlet δ4.43 (2H). The normal
carbon-13 NMR and DEPT-135, DEPT-90 spectral results are tabulated.
Draw the structure of compound. [8]

normal carbon-13 DEPT-135 DEPT-90
15 ppm positive No peak
63 ppm negative No peak
95 ppm negative No peak

c) How many distinct absorptions will be observed in the 13C-NMR
spectrum of hex-2-ene. [4]

Q7) Write notes on following.(Any four)                                                                    [16]
a) Nitrogen Rule
b) Steric effect in biphenyls
c) Off resonance decoupling technique
d) Nuclear overhauser effect
e) Solvent effect on vibrational frequencies
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SPECTROSCOPIC DATA
Table I: Some characteristic IR frequencies (Only approximate values)

≡ CH, 3300 = CH, 3050; O = C – H, 2800 : NH; 3300; O–H, 3600; C
≡N, 2200; C = C, 1620 to 1680; Aromatic, 1600 – 1500; C = N. 1660;
ketone, 1720; Ester, 1740; Saturated acids, 1720; Saturated aldehydes,
1730; Saturated amides, 1650 : CH = CH2, 900 and 910; CH = CH
(trans); 960; CH = CH (CIS), 690; C= CH2, 890; C = CH, 790-840;
NO2, 1530 and 1350; Monosubstituted aromatics 690-710 and 730 to
770; Disubstituted 735-770; trisubstituted 750-810; tetrasubstituted 770,
800-860 : – C – CH2 Cl, 1745–1725.

Lactones. 1735 cm–1.

Table II: Approximate chemical shifts of–CH3, –CH2 and –CH protons
in δδδδδ (ppm):

C – CH3, 0.9; O–CH3, 1.4; C = C–CH3, 1.6; ArCH3, 2.2; O = C–CH3,
2.3 : N–CH3, 2.3; O – CH3, 3.3; C=CH2, 4.6 to 5.3; C = CH:Ar – H7 to 9;
– C – C = CH, 6.2; C – CH – C, 5.7

Table III: Approximate 13C chemical shifts
R–CH3, 5 –30; R – CH2 – R, 25 – 25 : R3 CH – 35 to 70;
R4 C, 30–50; R3 C – O, 57-80; R3C – N, 60 to 75: C ≡ C, 75 to 105:
C ≡ N 110 to 125; C = C, 100 to 140; Aromatic's 115 to 145; R–COOR/
R – COHN2, 155–180; R–COOH, 155–185; R – CHO, 185 – 205; R
COR, 190 – 225.
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Q1) Answer the following: [16]

a) Define bathochhromic shift.

b) Amongest 4-methoxyacetophenone and 4-aminoacetophenone, which will
have higher carbonyl stretching frequency?

c) Write the structure of an ion (m/z = 66) resulted in MS of phenol.

d) How would you differentiate between cis-butadiene and trans butadiene
using UV spectroscopy?

e) What is the relative area of each peak in a quartet spin-spin splitting
pattern?

f) Give region of characteristics of infrared stretching absorption frequency
of alkynes.

g) Electromagnetic radiation used in 13C-NMR spectroscopy are _______.

h) A nucleus with an ______ atomic number or an _______ mass number
has a nuclear spin that can be observed by the NMR spectrometer.
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i) If a signal is observed in the 170 to 200 ppm range in a 13C-NMR spectrum,
what is the most likely type of functional group associated with that
carbon atom?

j) Mention any two ionization techniques used in mass spectroscopy.

k) In 13C-NMR spectroscopy, chemical shifts on the scale have values
between ______.

l) The molecular ion in the mass spectrum of CH
3
-CH

2
-CH

2
-CH

2
-Br is

_______.

m) Which amongest the following will have higher max value.

n) State whether true or false: Base peak and molecular ion peak in mass
spectrum are same.

o) A nuclear magnetic resonance transition is shifted from the reference in a
400 MHz NMR spectrometer by 529 Hz. Calculate the chemical shift.

p) How many nuclear spin states are allowed for the 1H nucleus?

SECTION - I

Q2) a) Using Woodward-Fieser rules calculate max for the following
compound. [6]

i)

ii)
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b) The benzene proton appears 2181Hz downfield from the TMS in 300MHz
NMR spectrophotometer instrument and 436 Hz downfield from TMS
in 60MHz NMR spectrophotometer instrument. Prove that the chemical
shift () expressed in ppm is same at both 60MHz and 300MHz NMR
spectrophotometer. [6]

c) Determine the structure with the help of following spectral data. [4]

FM = C
7
H

8
O

13C-NMR: 54, 114, 120.8, 129.5, 159.5

Q3) a) Define enantiotopic, homotopic, distereotopic atoms or groups. In the
given following structure protons marked with semi circle are
enantiotopic, homotopic, distereotopic. As a result how will be the splitting
pattern of the marked protons. [8]

b) Arrange the following compound in order of their increasing wave number
of absorption due to C=C stretching. [4]

c) Explain the use of McLafferty rearrangement in mass spectral analysis of
ketons. [4]

Q4) a) Differentiate following pairs. [8]

i)
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ii)

iii)

iv)

b) What is a metastable ion? Explain Ethyl butyrate in mass spectrum shows
two characteristic peaks at m/z 88 and 60 abundant ion at m/z 71. [8]

SECTION - II

Q5) a) Explain the broad band decoupling and off resonance decoupling
technique. [8]

b) Determine the structure with the help of following spectral data. [8]

MF = C
7
H

12
O

4

UV = 212 nm 
max

 = 60

IR Spectral data: 2941-2857cm-1, 1742cm-1, 1460cm-1, 1056cm-1,

1H-NMR data: singlet 7.5 (5.3 squares), triplet 8.71 (16.5 squares)

(J=7.2Hz), quartet 5.84 (10.8 squares) J=7.2Hz)

Broad band decoupled 13C-NMR data: 177 , 6020 , 18 .

Q6) a) Explain why m/z=43 peak is more intense than m/z=71 peak in the
following fragmentation. [4]
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b) Explain the effect of intra and intermolecular hydrogen bonding on
carbonyl stretching frequency. [4]

c) Using the given data, deduce the structure of an unknown organic
compound and explain the genesis of listed ions from the MS of the
derived compound. [8]

MF : C
10

H
12

O
3

IR : 1750 cm-1

PMR : 3.4(3H, S), 3.7(3H, S), 4.8(1H, S) 7.3-7.6 (5H,m).

CMR : 52, 58, 82, 127(2C), 128(2C), 138(2C), 171.

MS  : 180, 121, 107, 91, 77.

Q7) Write a note (Any four). [16]

a) NOE

b) Nitrogen Rule

c) Fermi resonance

d) Karplus Equation

e) Solvent polarity effect on n *  transition.
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