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CHEM 437: ORGANIC SPECTROSCOPY 

 STREAMS:                        TIME:2 HOURS 

DAY/DATE:  THURSDAY 13/04/2023                              11.30 A.M. –1.30 P.M. 

INSTRUCTIONS 

Answer question one and any other two questions 

Useful data are provided 
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QUESTION ONE (30 MARKS) 

a (i) Why are quantitative analytical methods based on NIR radiation often more precise and 

accurate than methods based on mid-IR radiation?                                                         (1.5 marks)                                                                                                                                

(ii)Distinguish between decoupling and Nuclear Overhauser Effect (NOE) experiments.  

        (2 marks)                                                                                                                                      

b(i) In the room-temperature 1H spectrum of methanol, no spin-spin coupling is observed, but when a 

methanol sample is cooled to -40°C, the exchange rate of the hydroxyl proton slows sufficiently so that 

splitting is observed. Sketch spectra for methanol at the two temperatures.                                 (3 marks) 
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(ii)                                                                                                                                                                          

 

                                                                                                                                        (2.5 marks) 

(iii) From the proton spectrum given in Figure 19-45, determine the structure of this compound, a 

commonly used pain killer; its empirical formula is C10H13NO2. 

 

                                                                                                                                            (4 marks) 

c) Calculate λmax of the following structures using woodward Fischer rules 

(i) 

                                 (1.5 marks) 

(ii) 
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                                                                  (2 marks) 

(iii) 

 

                                                                         (2.5 marks) 

 

 

 

(iv) 

                                                                               (2.5 marks) 
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d) 

 

(a) 1 mark 

(b) 1 mark 

(c) 1 mark 

(d) 0.5 marks 

e) Calculate the ratio of the (M+2)+ to M+ and the (M+4)+ to M+ peak heights for 

(i) C10H6Br2                                                                                                                                                                                                             (0.5 marks) 

 (ii) C3H7ClBr                                                                                      (0.5 marks) 

(iii)C6H4Cl2                                                                                                                                   (0.5 marks) 

e) In a magnetic sector (single-focusing) mass spectrometer, it might be reasonable under some 

circumstances to monitor one m/z value, to then monitor a second m/z, and to repeat this pattern in a 

cyclic manner. Rapidly switching between two accelerating voltages while keeping all other 

conditions constant is called peak matching. 

(i)  Derive a general expression that relates the ratio of the accelerating voltages to the ratio of the 

corresponding m/z values.                                                                                                              (2 marks) 

(ii) Use this equation to calculate m/z of an unknown peak if m/z of the ion used as a 

standard, CF3
+is 69.00 and the ratio of Vunknown/Vstandard is 0.965035.                                            (1 mark) 

(iii) Based on your answer in part (ii), and the assumption that the unknown is an organic compound 

that has a mass of 143, draw some conclusions about your answer in part (ii), and about the compound.   

                                                                                                                                                          (0.5 marks) 
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QUESTION TWO (20 MARKS) 

a (i) 

 

 



CHEM 437  

Page 7 of 15 
 

 

 
                                                                                                                                                                              

(4 marks) 

b) The spectrum in Figure 17-21 is for an acrid-smelling liquid that boils at 50°C and has a 

molecular weight of about 56. What is the compound? What impurity is clearly present? 
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Figure 17-21 

                                                                                                                                                        (2.5 marks) 

c) Cyclohexanone exhibits its strongest IR absorption band at 5.86 µm, and at this wavelength 

there is a linear relationship between absorbance and concentration. 

(i) Identify the part of the molecule responsible for the absorbance at this wavelength. (1 mark)                                                                                                 

(ii) Suggest a solvent that would be suitable for a quantitative analysis of cyclohexanone at this 

wavelength.                       (1 mark)                                                                                                                                                                                                                                 

(iii) A solution of cyclohexanone (4.0 mg/mL) in the solvent selected in part 

(ii) exhibits a blank-corrected absorbance of 0.800 in a cell with a path length of 0.025 mm. 

What is the detection limit for this compound under these conditions if the noise associated with 

the spectrum of the solvent is 0.001 absorbance units?                    (1 mark)                                                                                      
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 d) The following Raman data were obtained for CHCl3 with the polarizer of the spectrometer set (1) 

parallel to the plane of polarization of the laser and (2) at 90° to the plane of the source. 
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Calculate the depolarization ratio and indicate which Raman lines are polarized.                     (4 marks) 

e) Predict the appearance of the high-resolution proton NMR spectrum of  

(i) cyclohexane.                (1.5 marks)                                                                                                                                                              

(ii) diethyl ether.                 (1.5 marks)                                                                                                                                                            

(iii) 1, 2-dimethoxyethane, CH3OCH2CH2OCH3.             (1.5 marks)                                                                                                                        

f) Briefly compare the 1H and  31P NMR spectra of methyl phosphorous acid P(OCH3)3 at 7.05 T. 

There is a weak spin-spin coupling between phosphorus and hydrogen nuclei in the compound.  

        (2 marks)                                                                                                                                                                  

QUESTION THREE (20 MARKS) 

The following questions all deal with the similarities and differences between IR spectrometry and 

Raman spectrometry. 

a) What are the requirements for a vibrational mode in a molecule to show IR absorption? What are 

the requirements for a vibrational mode to be Raman active? Why do these requirements differ? 

Under what circumstances will vibrational modes by both Raman and IR be active? Under what 

circumstances will vibrational modes be Raman active but not IR active and vice versa? (4 marks)         

b) Consider the molecule chloroacetonitrile (ClCH2CN). How many vibrational modes should this 

molecule have? Why might one observe fewer Raman bands than expected?            (3 marks) 

c) Chloroacetonitrile shows a strong Raman band at 2200cm-1 due to the C-N stretching mode. The 

corresponding IR absorption is very weak or absent. By comparing spectra in the 2200cm-1 region, 

what can you conclude about the C-N stretching mode in chloroacetonitrile?                     (2 marks) 

d) Compare and contrast IR and Raman spectrometry with respect to optics, cell materials, sample 

handling, solvent compatibility, and applicability to various sample types.                         (5 marks)                                                                 

e) Compare and contrast the sources and transducers used in Raman spectrometers to those used in 

FTIR instruments. Consider both FT-Raman and dispersive Raman spectrometers in your 

comparison.                             (2 marks) 
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f) Compare and contrast IR and Raman spectrometry with respect to qualitative usefulness, detection 

limits, quantitative analysis, and instrumental complexity.               (4 marks) 

QUESTION FOUR (20 MARKS) 

Figure 20-29 shows the mass spectrum of the same compound from an EI source and a CI source. 

a. Which mass spectrum would be best for determining the molecular mass of the compound? Why?   

                                                                                                                                                          (3 marks) 

b. Which mass spectrum would be best for determining the chemical structure? Why?           (3 marks) 

 

                                                                                                                                                         

 

                                                                                                                                                          c) 3 marks 

                                                                                                                                                         d) 3 marks 

                                                                                                                                                         e) 3 marks 

f. To get more structural information, the compound of Figure 20-29 was subjected to tandem mass 

spectrometry. Which ionization source, EI or CI, would be most suitable for this purpose? Why? 

                                                                                                                                          (2 marks)                                       

g. Using the ionization source chosen in part (f), describe the types of mass spectra that could be 

obtained from an MS/MS experiment by: 
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                                                                                                       (3 marks) 
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Woodward - Fischer Rules 
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