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647510 MSC4OrE1404A Seat No :__________ 
M.Sc.(Chem.) Semester - 4 (CBCS) Examination  

March/April - 2026 (As Per Syllabus Year June-2019) 
Modern Spectroscopy (Elective) 

Time: 2:30 Hours                                                                                                                                  Marks:70 
Instructions:  
1.  All questions are compulsory. 
2.  Figures to the right indicate marks.  
3.  Standard data sheet for IR and NMR Spectroscopy attached with this paper                                    

Q.1(A) Answer the following Question. 
(1) Discuss different types of shifts observed in UV Spectroscopy with examples. 

(04) 

Q.1(B) Answer any two questions out of three. (10) 
 (1) Give applications of UV spectroscopy.  
 (2) State and Derive Lambert-Beer’s Law.  
 (3) Draw schematic diagram of double beam UV spectrophotometer and discuss 

monochromator in details. 
 

Q.2(A) Answer the following Question. 
(1) Discuss various solid sample handling techniques used in IR spectroscopy. 

(04) 

Q.2(B) Answer any two questions out of three. (10) 
 (1) Explain fundamental modes of vibration in IR spectroscopy.   
 (2) Write possible IR frequencies for following examples: 

 

 

 (3) Predict the total number of fundamental bands, stretching and bending vibration in 
following molecules: 

1. NH3 

2. H2O 

3. CO2 

 

Q.3(A) Answer the following Question. 
(1) Discuss McLafferty rearrangement with mechanism and give 2 examples. 

(04) 

Q.3(B) Answer any two questions out of three. (10) 
 (1) Discuss any two ionization techniques used in Mass Spectroscopy.  
 (2) Discuss fragmentation pattern for 2-methylpentane.  
 (3) Explain Nitrogen rule and Steven’s rule with examples.  

Q.4(A) Answer the following Question. 
(1) Discuss Instrumentation of NMR Spectrophotometer with schematic diagram. 

(04) 

Q.4(B) Answer any two questions out of three. (10) 
 (1) Discuss coupling constant in details.  
 (2) Explain Spin-Spin splitting and Pascal’s triangle with suitable example.  
 (3) An organic compound with MF: C6H10O4 furnished the following spectral data: 

 UV: No significant absorption above 210 nm.  
 IR: 2950,1765 and 1050 cm-1 
 PMR:  1.5 (3H, d), 2.2 (6H, s) and 6.9 (1H, q) 
 CMR (Off-resonance decoupled): One singlet at 170, one doublet and two quartets 
 MS: Prominent peaks at m/e 146, 87 and 43. 
 Deduce the structure of the compound and explain the spectral data. 
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Q.5(A) Answer the following Question. 
(1) What is the principle of Fourier transform? Calculate chemical shift of n-pentane in 

CMR spectroscopy. 

(04) 

Q.5(B) Answer any two questions out of three. (10) 
 (1) Find out molecular formula and deduce the structure of compound from the given 

analytical data and interpret it. 
 MW: 158 g/mol, Elements: C-60.8%, H-8.8%. 
 IR: 2910, 1830, 1750, 1410, 1385, 1365, 1225 cm-1 
 PMR: a/septet/2H/2.73 ppm, b/doublet/12H/1.20 ppm. 
 CMR (Proton noise decoupled): 3 Signals (ppm: 18.8, 35.6 and 173.2) 

 

 (2) Calculate the chemical shift value of carbon of following compounds: 
a) 3-methylpentane  b) Benzoic acid c) p-xylene 

 

 

 (3) Indicate the number of signals and multiplicity of Isopropyl benzene and Ethylbenzene 
in off-resonance decoupled 13C NMR spectra. 

 

 

************************ 
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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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Increments in the shifts of the aromatic carbon atoms of monosubstituted benzenes 
(ppm from benzene at 128.5 ppm) 

 
 

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


