
CHE 532 Ð Spectroscopic Identification of Organic Compounds 
Exam 1,  September 14, 2007. 
KEY 
You are to work alone on this assignment.  You may use a simple calculator, but you not use any 
other materials that are not available to the entire class.  This exam must be turned in by the end 
of the class period, 10:20 AM.  A table of masses is given on the last page. 
 
1. (10 points)  Calculate the elemental analysis of this essential laboratory chemical: 
  

 

O

OH

 
 Ibuprofen 
 (C13H18O2) 
  

H 8.79% 
C 75.69% 
N 0.00% 
O 15.51% 

 
 
 
 
 
2. (10 points)  Calculate the parent ion in the high resolution  mass spectrum of 3-chloro 

nitrobenzene. 
NO2

Cl 
 
 

C 12 6 72 
H 1.00786 4 4.03144 
N 14.0031 1 14.0031 
O 15.9949 2 31.9898 
37Cl 36.9659 1 36.9659 
   1 5 8 .9 9 0 2 4  



3. (15 points)  In the unsymmetrical ketone below, two likely fragmentation paths produce 
ions with the same mass.  You might believe that one of the two paths is more favorable, 
but knowing is better than believing.  Design an experiment to determine which 
fragmentation pathway is most common.   

Assume that you have access to large stockroom, a well-equipped synthetic lab, and a 
top-flight mass spectrometry lab.  Assume that if you need a particular molecule, you 
can make it (donÕt need to show the synthesis Ð just describe how it would help 
answer the question). 
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There are likely several ways to do this, but the one that comes to mind is to simply prepare a 
deuterated derivative such as the one below.  The fragmentation then produces 2 different 
ions: 

CD3

O

O

CD3
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The ions from path b would appear at m/z 74, and the relative intensity of m/z 71 to m/z 74 
would indicate the relative rates of fragmentation along these two paths. 
 
 
 
4. (10 points)  How can the two structures below be differentiated by MS? 
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t-Butyl benzene cannot fragment to form tropylium ion (m/z 91), while i-butyl benzene can. 
 
 
  



5. (15 points)  The EI mass spectrum of n-butyl benzene is shown below. 
 

 
 
The parent ion at m/e 134 is plainly visible, as is the expected m/e 91 ion (tropylium ion).  
However, there is a significant peak (~60%) for ions at m/e 92.  Propose a viable structure for the 
m/e 92 ion and a viable mechanism for its formation.   
 
The m/z 92 ion results from a rearrangement analogous to the McLafferty rearrangement.  In 
this case, the π-system of the benzene ring participates, instead of a carbonyl. 
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6. (15 points)  Note the trend in IR absorptions below: 
 

N N
N N

O

H2N NH2

O

H2N CH3

O

CH3 CH3

O

 
 1725 cm-1 1681 cm-1 1599 cm-1 1749 cm-1 
 

 
Explain why carbonyl diimidazole (1749 cm-1) has a C=O IR band at such high frequency. 

 
Amide carbonyls appear at lower frequency in the IR spectrum due to the influence of the N-
lone pair on the resonance hybrid.  In the CDI case, the N-lone pairs are essential to 
maintaining aromaticity in the imidazole rings, and therefore do not strongly interact with the 
carbonyl π-system.   
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7. (15 points) The compound that produced the MS spectrum below has a strong IR 

absorption at 1726 cm-1.  Propose a structure for the compound. 

Cl

O
35Cl, 37ClO

m/z 43  
 

 
 

m/e 92 

m/e 43 

m/e 
94 



8. (10 points)  The mass spectrum shown below has two extremely weak peaks for the 
parent ion at m/e 92 and 94.  The IR spectrum of this compound contains a strong 
absorption at 1792 cm-1.  Propose a structure for this compound. 

 
 

 

Cl

O

35Cl, 37Cl
O

m/z 57
CH2

m/z 29 m/z 92, 94 
 
Everyone should notice the very high frequency C=O stretch Ð indicating a carbonyl bearing a 
strongly electron-withdrawing group.  Clearly, this is not a ÔnormalÕ ketone, ester, or amide 
carbonyl.  The acid chloride fits the bill (and the fragmentation pattern). 
 
 
 
 

 
 
 
 
 

m/e 57 m/e 
29 



Some Key Masses 
  

 Atomic Precise (exact)  
 Weight Mass   
H 1.0079 1.00786 
C 12.011 12.0000 
N 14.007 14.0031 
O 15.999 15.9949 
Cl 35.453 34.9689 (35Cl), 36.9659 (37Cl) 
Br 79.9094 78.9183 (79Br), 80.9163 (81Br) 
 


