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The Islamic University of Gaza 
Faculty of Science 
Chemistry Department 

 
Special Topics (Anal. Chem. 
Final Exam  
Time 2 hours. 

Answer the following questions: 
I) Comment on the following:   (Answer 5) 

1- C=O stretching vibration is usually at about 1700 cm-1  but the 
corresponding CO2 observed at 2300 cm-1. 

2- It is not usually possible to record IR spectra for aqueous solutions. 
3- IR spectroscopy is mainly a qualitative analytical tool. 
4- Both Raman and IR are vibrational spectroscopic tools. 
5- 13C/13C spin-spin splitting not observed in ordinary organic compounds. 
6- Homonuclear molecules are IR inactive but Raman active. 
7- 1H chemical shift in ethylene is 5.8 while in acetylene is 2.9. 

 
II) Write briefly about:    (Answer 4) 

1- Bending vibrations in IR    2- Pyroelectric Transducers. 
3- Stokes and anti stokes lines   4-Magnetic anisotropy in NMR 
5- Non  filter IR photometer.  6-  Super conducting magnet 

 
III)     a) Cross polarization and Magic angle spinning (CP-MAS) are important 

techniques for obtaining solid state NMR, explain. 
    b)What are the allowed spin states of 17O if its spin quantum number is 5/2. 

        c) Deduce the structure which consistent with the following NMR spectrum: 
1-   C4H8O2: 1.2 δ (triplet, 3H), 2.3 δ (quartet, 2H), and 3.6 δ (singlet, 3H).  
2-   C7H14O: 0.9 δ (triplet, 6H), 1.6δ (sextet, 4 H) and 2.4 δ (triplet, 4 H). 
 

IV) Predict the appearance of the high-resolution and the relative peaks area 
of 1H NMR spectrum for the following compounds.   

 
a)   CH3CH2CONH2 

b)   CH3OCH2CH2OCH3 
c)   (CH3)2CH-I 
d)   CH3CH2CHBrCOOH 

Answer two of the following questions: 
V) a) Define the polarizability phenomena and discuss the factors that 

influence the extent of polarizability in Raman spectroscopy. 
  b) Compare between the advantages and disadvantages of Raman and IR 

spectroscopy. 
  c) Discuss the fiber-optic sampling in Raman spectroscopy. 

 
VI)   a) Discuss the surface enhanced Raman spectroscopy and its analytical 

importance. 
b) Explain the quantum mechanical description of NMR. 
c) Draw a sketch of a conventional 1H continuous wave NMR instrument 

showing all components. 
 

VII) a) What are the advantages and disadvantages of FT NMR? 
 b) Discuss two methods used to compensate the drift and inhomogeneity of 

the magnetic field in NMR spectroscopy. 
 c) What are the differences between broad band and off resonance proton 

decoupling? 
 

Good Luck,,, 
Dr. Nizam El-Ashgar 
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Answer 4 questions: 
 
I) a) Draw a schematic diagram of a non-filter IR photometer and discuss 

its operation and applications. 
b) What is the path length of an empty liquid cell exhibits 15 

interference peaks in the range of 2800-1600 cm-1? 
c) Compare between  the  triple  and double bonds magnetic anisotropic effect on 
the value of NMR δ. 

d) Draw the schematic diagram of continuous wave NMR showing the main 
components. 

 
II) a) Use the quantum mechanical model to explain what happens to a molecule 

when it absorbs a photon of IR light. 
b) Why is the vibration of a real molecule not described perfectly by a harmonic 

oscillator? State two kinds of deviations resulted from the anharmonicity 
phenomenon. 

c) Calculate the vibrational frequency, and wavelength of the fundamental 
absorption peak due to  DCl molecule. (A.Wt.: D = 2, Cl = 35.5, Force 
constant = 5x102 N/m, Speed of light = 3x1010 cm/s). 

d) Explain the quantum description of NMR. 
 

III) a) Define the polarizability and discuss the factors that influence the extent of 
polarizability in Raman spectroscopy. 

b) What are the advantages of Raman scattering over IR 
spectroscopy? 

c) Discuss the carbon dioxide laser source in IR instrumentation and 
give its advantages. 

d) What is the normal mode? How many absorption peaks would NO2 
be expected to have? Explain your answer. 

 
IV) a) Discuss the mid-IR diffuse reflectance spectrometry.  
 b) Explain the types of emitted Raman radiations. 

c) Calculate the frequency of a modulated signal of a light from a 
source with a wavelength of 750 nm if the interferometer mirror 
velocity is 2 cm/s. 

d) Calculate the number of multiplets for each band (first order) and the relative 
peaks area of 1H NMR spectrum for the following compounds.  

1)   (CH3)2CH-NO2    2) CH3CH2CH2Br 

 

V)  a) What are the handling processes of solid samples of IR 
spectroscopy? 

b) What are the advantages of 13C NMR over 1H NMR. 
     c) Deduce the structure which consistent with the following NMR spectrum: 

1-   C9H10O: 1.2 δ (triplet, 3H), 3.0 δ (quartet, 2H), and 7.4-8.0 δ (multipet, 5H).     
2-   C4H8O2: 1.4 δ (doublet, 3H), 2.2δ (singlet, 3 H) , 3.7 δ (singlet, 1H) and 4.3 
δ (quartret, 1H). 
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d) What is the meant by Raman depolarization ratio and what is the 
importance ? 

 

 
Good Luck,,, 

  

Dr. Nizam M. El-Ashgar  
 


