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647510 MSC4AnE1404A Seat No :__________ 
M.Sc.(Chem.) Semester - 4 (CBCS) Examination  

April/May-2023 (NEW COURSE) 
Modern Spectroscopy (Elective) 

Time: 2:30 Hours                               Marks: 70 
Instructions:  
1.  All questions are compulsory. 
2.  Figures to the right indicate marks. 

----------------------------------------------------------------------------------------------------------------------------------------------------- 
Q.1(A) Answer the following questions. 

1. Give four structures of each (I) Auxochrome    (II) Chromophore  

2. How will you distinguish following pair of isomers using UV spectroscopy? 

 

(04) 

Q.1(B) Answer the following question. (Any Two) 

1. Discuss the effect of following factors on the shifting of λmax with one 

example:    (I) Exocyclic double bond     (II) Ring residue  

2. How can UV spectroscopy be used to determine the completion of the 

following reaction? 

 

3. Arrange the following compounds based on their increasing value of λmax: 

 

(10) 

Q.2(A) Answer the following questions. 

1. Draw a schematic diagram of FTIR-spectrophotometer. 

2. Why diatomic molecules Cl2 and H2 are IR inactive but HCl and H2O are IR 

active? 

(04) 

Q.2(B) Answer the following question. (Any Two) 

1. Discuss various solid sample handling techniques in FT-IR and write its 

advantages. 

2. Write a note on normal modes of molecular vibrations in the IR spectroscopy. 

(10) 
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3. Arrange the following set of compounds (I & II) according to their increasing 

IR frequency. Give reasons for it. 

 

Q.3(A) Answer the following questions. 

1. How will you distinguish compounds having Cl and Br functional group using 

Mass Spectrum? 

2. Explain base peak and molecular ion peak for the benzyl alcohol. 

(04) 

Q.3(B) Answer the following question. (Any Two) 

1. Discuss FAB ionization method. 

2. Write a note on Time of Flight Mass analyzer including its advantages and 

disadvantages. 

3. The following compound shows peak at m/e 162, 134, 120 and 91 in the mass 

spectrum. Discuss its fragmentation for these peaks. 

 

(10) 

Q.4(A) Answer the following questions. 

1. Give difference between 1H NMR and 13C NMR. 

2. What is chemical shift? How it is represented? Give chemical shifts of most 

common solvents utilized in NMR. 

(04) 

Q.4(B) Answer the following question. (Any Two) 

1. Describe shielding-deshielding effect of hybridization with suitable examples. 
 

2. A compound with Molecular Formula C7H4N2O2 showed Molecular Ion peak 

(M+) at 148.12 m/z and base peak at 103.12 m/z. The FT-IR analysis showed 

characteristic bands at 1350 cm-1, 1550 cm-1, 2250 cm-1. The PMR spectrum 

was obtained in the 400 MHz instrument using CDCl3 as solvent and TMS as 

internal standard. The spectrum showed peak at d ppm; 7.77 (t, J = 8.8 Hz, 1H), 

8.02 (d, J = 8.8 Hz, 1H), 8.51(d, J = 8.8 Hz, 1H), 8.57(s, 1H). Analyze the given 

spectroscopic data, explain the signaling pattern and deduce the structure of 

unknown compound. 

(10) 
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3. An unknown compound having Molecular Formula C10H12O3 showed 

Molecular Ion peak (M+) at 180.20 m/z. The FT-IR analysis showed 

characteristic bands at 1750 cm-1 The PMR spectrum was obtained in the 500 

MHz instrument using CDCl3 as solvent and TMS as internal standard. The 

spectrum showed peak at d ppm; 1.40 (t, 3H), 3.80 (s, 3H), 4.15 (q, 2H), 6.93 

(d, J = 8.0 Hz, 2H), 8.01 (d, J = 8.0 Hz, 2H). 13C NMR (CDCl3): δ 15.20, 32.34, 

64.23, 114.16, 122.94, 136.55, 162.63, 169.80. Analyze the given spectroscopic 

data, explain the signaling pattern and deduce the structure of unknown 

compound. 

Q.5(A) Answer the following questions. 

1. What is DEPT analysis? Discuss its application with one example. 

2. Calculate the chemical shift of each carbon of following compound: 

 

(04) 

Q.5(B) Answer the following question. (Any Two) 

1. Write a note on 2D NMR spectrum and its applications. 
 

2. An unknown compound having Molecular Formula C9H7N showed 

characteristic bands at 1450 cm-1, 2235 cm-1 and 3100 cm-1 in the FT-IR 

spectrum. The PMR spectrum was obtained in the 400 MHz instrument using 

CDCl3 as solvent and TMS as internal standard. The spectrum showed peak at d  

ppm; 5.46 (d, J = 10.8 Hz, 1H), 5.88 (d, J = 18.0 Hz, 1H), 6.73 (dd, J = 11.2 Hz, 

17.5 Hz, 1H), 7.49 (d, J = 8.3 Hz, 2H), 7.61 (d, J = 8.3 Hz, 2H). 13C NMR 

(CDCl3): δ 111.1, 117.7, 118.8, 126.7, 132.3, 135.3, 141.8. Analyze the given 

spectroscopic data, explain the signaling pattern and deduce the structure of 

unknown compound. 
 

3. An unknown compound having Molecular Formula C5H10O showed strong 

absorption bands at 1715 cm-1 in FT-IR. The PMR spectrum was obtained in the 

100 MHz instrument using CDCl3 as solvent and TMS as internal standard. The 

peaks appeared at d  ppm; 0.97 (d, 6H), 2.16-2.26(m, 1H), 2.3 (dd, 2H) and 9.85 

(t,1H). The 13C NMR analysis showed peak at d  ppm: 24, 28, 54, 205. Analyze 

the given spectroscopic data, explain the signaling pattern and deduce the 

structure of unknown compound. 

(10) 

************************ 
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Standard Data Sheet for UV spectroscopy 
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Standard Data Sheet for IR spectroscopy 
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Standard chemical shift value (ppm from TMS) 
13C chemical shifts for some linear and branched-chain alkanes  

 

 

 

 

 

 

 

 

 

 

 

 

Increments* (ppm) for substituents Y on alkanes 

 
 

 

 

Alkane C-1 C-2 C-3 C-4 C-5 

Methane -2.5     

Ethane 5.7     

Propane 15.8 16.3 15.8   

Butane 13.4 25.2 25.2 13.4  

Pentane 13.9 22.8 34.7 22.8 13.9 

Hexane 14.1 23.1 32.2 32.2 23.1 

Heptane 14.1 23.2 32.6 29.7 32.6 

Octane 14.2 23.2 32.6 29.9 29.9 

Isobutene 24.5 25.4    

Isopentane 22.2 31.1 32.0 11.7  

Neopentane 31.7 28.1    

2,3-Dimethylbutane 19.5 34.3    

2,2,3-Trimethylbutane 27.4 33.1 38.3 16.1  

3-Methylpentane 11.5 29.5 36.9 (18.8, 3-CH3) 

        Olefinic carbons 

Substituent 

carbon C 

Correction 

 +10.6 

β +7.2 

 -1.5 

’ -7.9 

Β’ -1.8 

’ -1.5 

z (cis)  -1.1 
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Data Sheet 

Increments in the shifts of the aromatic carbon atoms of monosubstituted benzenes (ppm from 

benzene at 128.5 ppm) 

 

 

 

 


