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CHEMISTRY HONOURS EXAMINATION: JUNE 2019 

MODULE: CEM 8X04- INSTRUMENTAL ANALYSIS 

 

 

Examiners: Prof R. Meijboom, Dr E.M. Mmutlane and Dr N.S. Bingwa 

Moderator: Dr R. Mampa (University of Limpopo) 

INSTRUCTIONS 

(i) This examination is out of a Total of 100 Marks and you have 3 Hours (180 Minutes) to 

complete it. No extra time will be allowed for any reason. 

(ii) The Exam comprises 2 Sections. PLEASE ANSWER EACH SECTION IN A SEPARATE BOOK. 

(iii) The use of cell phones and other electronic communication devices is forbidden and they 

must be switched off. No data/image storing devices, including calculators capable of such, 

are permitted in this examination. 

(iv) This is a closed book examination. You are NOT allowed to have any book, memorandum, 

notes, paper, photographs, document or written/printed material other than the question 

paper and the answer books provided by the examiner/invigilator. If you need paper for 

rough work, an additional exam answer sheet will be given to you, which must be clearly 

labelled as rough work: not for marking, and handed in together with the question paper 

and all your answer books. 
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SECTION 1: NMR, IR, MS and UV-VIS SPECTROSCOPY 

QUESTION 1            [38] 

Consider the following spectra: 
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a) Determine the degree of unsaturation       (2) 

b) Identify the structural elements based on the Mass Spectrum.    (4) 

c) Calculate the extinction coefficient       (2) 

d) What structural elements does the UV-vis spectrum suggest?    (2) 

e) Identify the structural elements based on the IR spectrum.    (4) 

f) Estimate the integrals for each proton and tabulate them    (4) 

δ 1H (ppm) integral Relative No of H Rounded No of H 

    

    

    

    

 

g) What structural elements do the 1H NMR spectra suggest?    (8) 

h) What structural elements does the 13C NMR suggest?     (6) 

i) Draw and name the structure which is consistent with the above analysis.  (6) 

 

QUESTION 2            [4] 

A portion of the 90 MHz 1H NMR spectrum (5% in CDCl3) of one of the six possible isomeric 

dibromoanilines is given below. Only the resonances of the aromatic protons are shown. 

 

Determine which is the correct structure for this compound using arguments based on symmetry 

and the magnitudes of spin-spin coupling constants. 
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QUESTION 3           [20] 

An organic compound has the molecular formula C12H17NO. Identify the compound using the 

spectroscopic data given below. 

νmax (KBr disc): 3296 m, 1642 s cm-1. 

1H NMR (CDCl3 solution): δ 7.23-7.42, m, 5H; 5.74, br s, exch. D20, 1H; 5.14, q, J 6.7 Hz, 1H; 2.15, t, J 

7.1 Hz, 2H; 1.66, m, 2H; 1.48, d, J 6.7 Hz, 3H; 0.93, t, J 7.3 Hz, 3H ppm. 

13C{1H} NMR (CDCl3 solution): δ 172.0 (C), 143.3 (C), 128.6, 127.3, 126.1, 48.5 (CH), 38.8 (CH2), 21.7 

(CH3), 19.1 (CH2), 13.7 (CH3) ppm. 

Mass spectrum: m/e 191 (M+·, 40), 120 (33), 105 (58), 104 (100), 77 (18), 43 (46). 

 

 

 

 

 

 

 

Question 4           [8] 

How do DEPT experiments differ from normal NMR experiments? Distinguish between the various (3) 

DEPT techniques. 
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SECTION 2: SURFACE CHARACTERIZATION TECHNIQUES 

 

QUESTION 5           [10] 

a) From the diagrams below, if = 𝐴𝐵 + 𝐵𝐶 , derive Bragg’s equation.   (5) 

 

b) If you are given the unit cell below with a triangle-like plane and plane X, 
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Complete the table below         (5) 

 Triangle-like plane Plane X 

 a b c A B C 

Axial length (Å)       

Intercept length (Å)       

Fractional indices       

Miller indices       

 

 

 

QUESTION 6           [10] 

a) What is an Auger electron?         (1) 

b) If a peak in an XPS spectrum  is identified as 2p3/2. What is the electron’s (i) orbital momentum 

(l), (ii) spin momentum (s), and the total momentum (j)?     (3) 

c) Differentiate between the two photoelectron peaks of Pt, 4f7/2 and 4f5/2  (3) 

d) Explain the increase in binding energy as the oxidation state of an atom increases. (2) 

e) How can you eliminate Auger electron peaks from an XPS spectrum?   (1) 

 

 

 

QUESTION 7           [10] 

a) Explain the formation of hysteresis loop in the type IV isotherm. Use diagram(s) where 

necessary.          (2) 

b) Derive the BET  equation from first principles.      (5) 

c) Explain regions 1, 2 and 3 in the type II isotherm shown below in terms of adsorption. 

Determine and briefly explain where you are most likely to get reliable surface area 

information in this isotherm.        (3) 

  

1
2
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