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CHEMISTRY HONOURS EXAMINATION: JUNE 2017 

MODULE: CEM 8X04- INSTRUMENTAL ANALYSIS 

 

Examiners: Prof. R. Meijboom and Dr E.M. Mmutlane 

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 devices is forbidden and they must be 

switched off. 

SECTION 1: NMR, IR, MS and UV-VIS SPECTROSCOPY 

QUESTION 1            (52) 

The following spectroscopic data is for a compound of molecular formula C10H11BrO. 

1H NMR (300 MHz; CDCl3; Me4Si) δ 7.78, doublet, J = 7.5 Hz, integration = 2H, 7.51, doublet, J = 7.5 

Hz, integration = 2H, 2.55, triplet, J = 7.0 Hz, integration = 2H, 1.52, sextet, J = 7.0 Hz, integration = 

2H, 0.96, triplet, J = 7.0 Hz, integration = 3H. 

13C NMR (75 MHz; CDCl3) & DEPT δ 197.6 (C), 136.4 (C), 131.7 (CH), 130.8 (CH), 127.5 (C), 41.3 (CH2), 

17.2 (CH2), 13.5 (CH3).  

ν max(film)/cm−1: 3078m, 2962m, 1690s, 1594m, 1465m, and 1375m. 

m/z: 226 (100.0%), 228 (97.3%), 183 (51%), 185 (49%), 147 (79%), 197 (51%) 199 (41%), 186 (34%) 

and 184 (37%). 

1.1: Decipher the structure of the above compound, succinctly outlining your reasoning. Make 

sure that you assign each IR peak to a specific type of bond vibration in the structure (15) 

1.2: Assign each proton signal and each carbon signal to a specific atom in the structure. (12) 

1.3: Do the relevant calculations to confirm your 1H and 13C assignments.      (6) 

1.4: In the mass spectral data:  
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(a) Most of the peaks appear as doublets of nearly the same intensity. Why is that the case?  (2) 

(b) Give the fragments that give rise to the peaks at 226 and 228.      (2) 

(c) Show how the fragments at 183 and 185 come about.       (4) 

(d) Show how the fragment at 147 comes about.        (3) 

(e) The two sets of fragments at 197 & 199, and those at 184 & 186 result from McLafferty 

rearrangement to the carbonyl and to the aromatic ring respectively. Show how these occur. 

           (8) 

QUESTION 2           (14) 

The following is a simulated COSY spectrum of heptanone. Please answer the questions that follow. 

 

2.1 Which isomer of heptanone is this a spectrum of? Please give a reason for your answer. (2) 

2.2 How would you use DEPT Spectra to confirm your answer above?   (4) 

2.3 Predict the splitting pattern/multiplicity of the peaks numbered 1, 2,4, 5,6 and 7, as well as 

the expected coupling constants.        (4) 

2.4 Explain in details, how the depicted spectrum confirms your answer to 2.1 above. (4) 

 

QUESTION 3           (6) 

Draw a simulated heteronuclear single quantum coherence (HSQC) spectrum of isobutyl formate. 

The two axes must be drawn to scale, with signal multiplicities correctly reflected on the proton 

spectral axis.   
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SECTION 2: SURFACE CHARACTERIZATION TECHNIQUES 

PLEASE ADD QUESTIONS HERE FOR 28 MARKS  

 

QUESTION 4          (15) 

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

necessary.           (2) 

4.2.  How will the adsorption isotherm look like if a material is only microporous and give reasons? 

(2) 

4.3. Derive the BET  equation from first principle.     (5) 

4.4. From the diagram shown below, which of the Langmuir assumptions do not hold true? (2) 

 

4.5. Explain regions I,II and III 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.               (4) 

 

1
2

3
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QUESTION 5          (5) 

5.1. Explain the working principle of the two electron spectroscopes (Use diagrams where 

necessary).          (3) 

5.2. Identify the spectrum below as either XPS or AES and explain the increase in signal intensity at 

high kinetic energies.        (2) 

 

QUESTION 6          (5) 

6.1. UCT-1 and UCT-18 are mesoporous manganese oxide and Cs-doped mesoporous manganese 

oxide, respectively.  

6.1.1. Which graph best represents O2-TPO?       (1) 

6.1.2. If the mesoporous manganese oxide has a ration of Mn:O of 2:3, assign the reduction profile 

of UCT-1 and comment of the effect of doping with Cs         (4) 

 

QUESTION 7 
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7.1. Define Bragg’s law         (1) 

7.2. Give fractional intercepts (where appropriate) and Miller indices of the simple cubic systems 

given below.          (2) 
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1H NMR Correlation Chart 
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13C NMR Correlation Chart 
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