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CHUKA  

 

 

UNIVERSITY 

 

UNIVERSITY EXAMINATIONS 
 

 

EXAMINATION FOR THE AWARD OF DEGREE OF BACHELOR OF 

SCIENCE IN CHEMISTRY   

 

CHEM 345: MOLECULAR SPECTROSCOPY  

                   

STREAMS: BSC. CHEM                              TIME: 2 HOURS 

 

DAY/DATE: WEDNESDAY 16/04/2025                              8.30 A.M. – 10.30 A.M. 

INSTRUCTIONS       

 Answer question ONE and any other TWO questions 

 Useful data 
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QUESTION ONE (30 MARKS) 

(a) i) Write notes on fundamental vibration of nonlinear molecule using suitable examples.                                     

(3 marks) 

ii) Explain why aniline absorbs at 280 nm (𝜀max 8600), however in acidic solution, the main 

absorption band is seen at 203 nm.                                                                                     (2 marks) 

iii) The position of absorption of acetone shift in different solvent 279 nm (hexane), 272 nm 

(ethanol), and 264.5 nm (water). Explain.                                                                          (3 marks) 

(b) i) The carbonyl stretching vibration of trans-2-hexenal appears at 1669 cm−1 (5.99 μm). 

Determine the force constant of the C=O bond.                                                                (1
1

2
marks) 

ii) Explain why the carbonyl stretching frequency is always strong.                                (3 marks) 
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c) i) Identify and explain three important criteria for selecting suitable ATR crystals.    (1
1

2
marks) 

ii) Summarize the advantages and disadvantages to KBr disc and Nujol mull sample 

preparations.                                                                                                                      (4 marks) 

iii) Determine the normal modes of vibration of the following molecules;                     (1
1

2
marks)                  

I. prop-2-ynenitrile 

II. Propanone 

III. Methylbenzene                                                                         

iv) For 1H35Cl, the rotational constant B0=10.44 cm-1 and B1=10.13 cm-1 for the v = 0 and 1 

vibrational levels, respectively, and the separation of these vibrational levels, ω0, is 2886.04 cm-1. 

Calculate the wavenumbers of the first two members of each of the O and S branches in the Raman 

vibration–rotation spectrum.                                                                                            (3 marks) 

d) i) The first line in rotational spectrum of carbon monoxide has a frequency of 3.8424 cm-1 

Calculate the rotational constant and hence the C-O band length in carbon monoxide. Avogadro 

number is 6.022x 1023 mole.                                                                                            (2 marks) 

ii) Ferrous iron catalyses the oxidation of luminol (see below) by hydrogen peroxide. The intensity 

of the chemiluminescence which follows increases linearly with the concentration of Fe (II) as it 

rises from 10−10M to 10−8 M. To measure a solution of unknown content in Fe (II), 2 mL of the 

solution was extracted and then introduced to 1 mL of water, followed by the addition of 2 mL of 

hydrogen peroxide and finally 1 mL of an alkali solution of luminol. The luminescence signal is 

emitted and integrated over a period of 10 seconds giving a value of 16.1 (arbitrary units). In a 

second attempt, 2 mL of the unknown Fe (II) solution is again extracted and on this occasion it 

was added to 1 mL of a solution 515×10−5M in Fe (II) and the same quantities of hydrogen peroxide 

and luminol were introduced as before. The signal, integrated over 10 seconds, was measured as 

29.6.Calculate the molar concentration of Fe (II) in the original solution.                     (2 marks) 
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iii) At a wavelength number of 33400cm-1 a sample, contained in a cell 6.45× 10−3m long, absorbs 

76.4% of the incident radiation. The sample is in the liquid phase in solution with a concentration 

of 1.76× 10−4 mol dm-3. Determine the value of the molar absorption coefficient with units of 

mol-1 dm3 cm-1.                                                                                                              (2 marks) 

iv) Explain why homonuclear diatomic molecules are IR-inactive and Raman active. (1
1

2
marks) 

 

QUESTION TWO (20 MARKS) 

a) i) Discuss the various types of electronic transitions and explain the effect of the polarity of the 

solvent on the each type of transition.                                                                                 (6 marks) 

ii) Using the given data, calculate the v=0, 1, and 2 vibrational term values and compare the v=1-

0 and 2-1 separations for each molecule. 

I. 1𝐻2
 for which ωe=4401.2 cm-1, ꭕe=121.3cm-1, уe=0.8 cm-1                                         (2

1

2
marks) 

II. 79𝐵𝑟2
 For which ωe=325.32 cm-1, ꭕe=1.08cm-1, уe=-0.002 cm-1                                (2

1

2
marks)  

iii) Two adjacent lines in the rotational absorption spectrum of 14N1H are at 98.036 and 130.714 

Cm-1. Calculate the equilibrium bond length of HF, Ro, and the rotational quantum numbers of the 

lower states of the two transitions.                                                                                     (4 marks) 

b) i) Deduce all the types of electron transitions which are allowed for which the lower state is 3∆𝑢
 

in H2 and I2.                                                                                                                        (2 marks) 

 

ii) Explain how you can account for the fact that the two sets of high-resolution NMR triplets of 

SF4 merge into one peak upon heating.                                                                              (3 marks) 
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QUESTION THREE (20 MARKS) 

a) i) Describe general regions of the fundamental vibrational spectrum with some characteristic 

group frequencies.                                                                                                                (5 marks) 

ii) I. From the value for B0 of 1.923 604±0.000 027 cm-1, obtained from the rotational Raman 

spectrum of 14N15N, calculate the bond length r0.                                                             (2 marks) 

II. Explain why it differs from r0 for 14N2.                                                                      (
1

2
 Mark) 

III. Explain if there will be an intensity alternation in the spectrum of 14N15N. (
1

2
 Mark) 

IV. Explain whether 14N15N will show a rotational infrared spectrum.  (
1

2
 Mark) 

iii) I. The first rotational line of 12C 16O is observed at 3.84235cm-1and that of 13C 16O at 

3.67337cm-1. Calculate the atomic weight of 13C 16O, assuming the mass of 16O to be 15.9949. (2 

marks) 

II. Treating each molecule as a rigid rotor, calculate the frequency of the 1-0, 3-2 and 5-4 rotational 

transitions of 12C16O (B=57.64GHz), 1H35Cl (B=313.0GHz) and 27Al19F (B=16.56GHz) and 

indicate the region of the spectrum in which they appear. (3 marks) 

b) i) Use the separation of the R(2) and P(3) lines of 1H35Cl figure 10.2 to obtain an estimate of 

the bond length. Given that m (1H) =1.01u and m (35Cl) =34.97u. Explain why it would not be 

beneficial to use the separation of lines with larger J-values.                                             (3
1

2
 marks) 
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Figure 10.2: Rotational fine structure of the v=1-0 infrared spectrum of HCl 

 

ii) Explain how nuclear quadrupole can be used for studying the nature of chemical bond.   

           (3 marks) 

QUESTION FOUR (20 MARKS) 

(a) i) Discuss the theory of microwave spectroscopy.                                             (3 marks) 

ii) Describe the common instrumentation features amongst near infrared, the fundamental infrared 

and far infrared and state their differences.                                                            (4 marks) 

iii) Explain why in Raman spectra the stoke’s lines are far more intense than the antistoke’s lines 

which are sometimes too weak to be observed.                                                      (2 marks 

iv) I. Explain why spectra of solutions in the ultraviolet and visible regions tend to consist of a few 

broad peaks whereas the same solutions measured using infrared show many sharp peaks.  

           (2 marks) 

II. Explain why the ultraviolet spectrum of benzene vapour contains many sharp bands whereas 

the same spectrum of benzene solution in alcohol lacks fine detail and consists only of broad peaks. 

(2 marks) 
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(b) i) Explain the mechanism of hyperfine interaction in the ESR spectra of organic radicals.  

(3 marks) 

ii) Explain why nuclei such as 12C, 16O which do not possess nuclear spin do not show NMR 

spectra.                                                                                                                        (1 mark) 

 iii) Consider the following reaction;  

𝑁2𝐹4 ⇌ 2𝑁𝐹2. Suggest an ESR experiment to obtain the various thermodynamic quantities.  

(3 marks) 
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