
Page 1 of 8 

 

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

April/May-2022 (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 4 Marks 

(1) Discuss Auxochrome and Chromophore with example. 2 

(2) Describe various applications of UV-Visible spectroscopy. 2 

Q.1 (b) Answer any two questions out of three. 10 Marks 

(1) Explain Red shift and Blue shift with one example each. 5 

(2) The following triene on partial hydrogenation gives three products, which 

are separated by chromatography, how can you identify the product by 

application of Woodward-Fischer rules? 

 

 

5 

(3) Arrange the following compounds in decreasing order in their wavelength 

(λmax): 

 

5 

Q.2 (a) Answer the following Marks 

(1)  Which of the following molecule is IR active? Justify your answer:  

 (i) H2 (ii) CO (iii) O2 (iv) CO2 

2 

(2) How will you determine types of hydrogen bonding from IR 

spectroscopy? 

2 

Q.2 (b) Answer any two questions out of three. Marks 

(1) Discuss ATR technique for IR spectroscopy with its advantages. 5 

(2) Explain various factors affecting carbonyl frequency with suitable 

example 

5 

(3) (a)What is degree of freedom? Deduce equation of vibrational degree of 

freedom for non-linear and linear molecules. 

(b) Discuss Fermi Resonance with example 

5 

Q.3 (a) Answer the following 4 Marks 

(1) Draw a schemetic diagram of Mass spectrometer including various 

components 

 

 

4 
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Q.3 (b) Answer any two questions out of three. 10 Marks 

(1) When cyclohexanone was subjected to Mass spectroscopy with ESI-MS, 

peak appeared at 98, 83, 70, 55, 42. Carry out the fragmentation of 

molecule and deduce the structure of each fragment ion corresponding to 

the above peak appeared in the spectrum 

5 

(2) Discuss electrospray ionization method briefly. 5 

(3) Explain Mclafferty rearrangement in Mass spectroscopy with example. 5 

Q.4 (a) Answer the following 4 Marks 

(1) How will you distinguish following isomers (A & B) by PMR?  

 

4 

Q.4 (b) Answer any two questions out of three. 10 Marks 

(1) What is Spin-spin coupling? Discuss AMX spectra with suitable example. 5 

(2) An unknown compound having 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 δ 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). Interpret the given spectroscopic data and 

deduce the structure of unknown compound. 

5 

(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 δ 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. 

Interpret the given spectroscopic data and deduce the structure of 

unknown compound. 

5 

Q.5 (a) 2 Questions of 2 Marks Each. 4 Marks 

(1) Why 13C NMR is less sensitive compare to 1H NMR ?   

(2) Calculate the 13C chemical shift of each aromatic carbon for following (A 

& B): 
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Q.5 (b) Answer any two questions out of three. 10 Marks 

(1) Distinguish the following 2D experiments with suitable example: 

(i) COSY vs TOCSY 

(ii) HMBC vs HSQC 

5 

(2) An unknown compound having Molecular Formula C12H13NO3 showed 

Molecular Ion peak (M+) at 219.24 m/z. The FT-IR analysis showed 

characteristic bands at 1040 cm-1, 1250 cm-1 1725 cm-1 and 2235 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 δ 

ppm; 1.36 (t, 3H), 1.48 (t, 3H), 4.20 (q, 2H), 4.33 (q, 2H), 6.95-6.98 (d, J 

= 9.2 Hz, 1H), 8.14-8.17 (dd, J = 9.2 & 2.0 Hz, 1H), 8.19-8.20 (d, J = 2.0 

Hz, 1H). Interpret the given spectroscopic data and deduce the structure of 

unknown compound 

5 

(3) An unknown compound having Molecular Formula C7H14O3 showed 

Molecular Ion peak (M+) at 146.19 m/z . The PMR spectrum and 2D 

spectrum were obtained in the 600 MHz instrument using CDCl3 as 

solvent and TMS as internal standard. The spectrum showed following 

signals and cross peaks in the 2D spectrum. Interpret the given 

spectroscopic data and deduce the structure of unknown compound. 

 

 ppm Signal 

multiplicity 

No.of 

protons 

1H-1H COSY 

1.16 t 3H Cross peak with q (3.50) 

1.25 t 3H Cross peak with q (4.15) 

2.57 t 2H Cross peak with t (3.71) 

3.50 q 2H - 

3.71 t 2H - 

4.15 q 2H - 

 

5 

 

********************** 
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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) 

 

 

 
 

******************** 


