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Part A: Multiple Choice (24 questions – 2.5 marks each, 60 marks total) 
Choose the one alternative that best completes the statement or answers the question 
 

1. Which carbon-hydrogen bond have the highest frequency IR absorption? 

 
A) I 
B) II 
C) III 
D) IV 
E) V 

 
 

2. A dibromodichlorobenzene which gives four signals in the broadband proton-decoupled 
13C spectrum could be: 

 
A) I 
B) II 
C) III 
D) IV 
E) More than one of these 

 
 

3. In the structure shown, Ha and Hb are classified as: 

 
A) homotopic protons. 
B) vicinal protons. 
C) enantiotopic protons. 
D) diastereotopic protons. 
E) isomeric protons. 

 
 

I II III

IV V

H
H H

H H
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4. For the shown compound, how many different signals would you see in the 13C NMR? 
(Assume that you can see them all.) 

 
A) 1 
B) 2 
C) 4 
D) 8 
E) None of these choices. 

 
 

5. Gasoline is a mixture of >100 different isomers of hydrocarbons consisting from ~6 to 
>20 carbon atoms. What method would be most suitable for separation of these 
individual components  for analysis: 
A) Distillation 
B) Recrystallization 
C) Extraction  
D) Gas chromatography (GC) 
E) High-pressure liquid chromatography (HPLC) 

 
 

6. For the following reaction sequence (it is not necessary to understand the chemistry) 
what significant change(s) would be expected by IR (ignoring C-H absorptions)? 

 
A) A peak around 1710 cm-1 would disappear. 
B) A peak around 1710 cm-1 would appear. 
C) A peak around 2150 cm-1 would disappear. 
D) A peak around 2150cm-1 would appear. 
E) No change would be observed. 

 
 

7. For the methylene group b in 1-bromopropane,  the maximum theoretical multiplicity in 
the 1H NMR spectrum, presuming that Jab is sufficiently different from Jbc, is which of 
these? 

 
A) 3 
B) 5 
C) 7 
D) 9 
E) 12 

 

a. NaNH2

b. CH3CH2I

Dmitrii Perepichka
triplet of quadruplets

Dmitrii Perepichka
symmetric bonds have no dipole moment and are not IR active 

Dmitrii Perepichka
only two different carbons (CH2 and CH) due to tetrahedral symmetry.
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Dmitrii Perepichka
one should be able to differentiate very similar compounds.
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MigrationConfirmed set by Dmitrii Perepichka
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8. Which of these isotopes is NMR active? 

A) 12C 
B) 16O 
C) 19F 
D) 28Si 
E) 32S 

 
 

9. Mikhail Tswett is credited with invention of 
A) X-ray crystallography 
B) Atomic Force Microscopy 
C) Chromatography 
D) Nuclear Magnetic Resonance spectroscopy 
E) Mass-spectrometry 

 
 

10. A molecular ion with the shown isotope pattern is most likely to contain: 

 
A) 10 carbons, 3 chlorines 
B) 12 carbons, 1 nitrogen 
C) 12 carbons, 4 sulfurs 
D) 13 carbons, no nitrogens, no bromines 
E) 18 carbons, 1 oxygen and 23 hydrogens  

 
 

11. 1H and 13C NMR signals are not observed together in the same spectrum because 
A) The natural abundance of magnetic 13C nucleus is only 1.1% 
B) Signals of protons are intentionally removed form of 13C NMR via broad-band 

proton decoupling 
C) 1H nuclei have four time larger gyromagnetic ratio and resonate at much higher 

frequency than 13C nuclei 
D) 1H nuclei have four time smaller gyromagnetic ratio and resonate at much lower 

frequency than 13C nuclei 
E) 13C nucleus is heavier than 1H and appears at ~13 times higher frequency than 1H. 

 
 

Dmitrii Perepichka


Dmitrii Perepichka
consider odd/even rule and M-1 intensity
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all nuclei with odd atomic mass are NMR active
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12. Consider the expected 1H NMR spectrum of 2,4-dimethyl-1,4-pentadiene. Which of the 
following is likely to be observed? 

                             
A) 8 signals: all singlets 
B) 4 signals: two doublets, two triplets 
C) 3 signals: all singlets 
D) 3 signals: one singlet, 2 doublets 
E) 2 signals: all singlets 

 
 

13. Which of the compounds below can have the following 1H NMR spectrum : G = 6.35 
(1H, d, J = 12 Hz), 6.09 (1H, dd, J = 12 and 6 Hz), 4.09 (2H, d, J = 6 Hz) 
A) 

 
B) 

 
C)  
D) 

 
E) 

 
 
 

Dmitrii Perepichka
due to an error in the question, all answers were accepted as correct

Dmitrii Perepichka
was supposed to be dt for the answer (D).
All answers were accepted.
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14. What is the structure of the compound in the following 1H-NMR spectrum with the 
molecular formula C8H16O? Relative integration is shown. 

 
A)  

                 
B)  

 
C)  

 
D)  

 
E)  
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15. The data below from the molecular ion region of the mass spectrum of a halogen-
containing compound are consistent with the presence of what halogen(s) in the original 
compound? 
 
 M+     (51%) 
 M+2 (100%) 
 M +4 (49%) 
A) One Br 
B) One Cl 
C) One Br and one Cl 
D) Two Br 
E) Two Cl 

 
 

Dmitrii Perepichka
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16. What is the structure of the compound in the following 1H-NMR spectrum ? Relative 
integration is shown. 

 
A)  

 
B)  

 
C)  

 
D)  

 
E)  

 
 
 

17. Predict the base peak for 2-methyl-2-propanol, 
A) m/z 15 
B) m/z 17 
C) m/z 43 
D) m/z 57 
E) m/z 59 

 
 

Dmitrii Perepichka


Dmitrii Perepichka
both were accepted as a correct answer: formation of a stable cation (CH3)2C+OH or (CH3)3C+ 

Dmitrii Perepichka
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18. Which one of the following best represents the predicted approximate chemical shift and 
coupling for the hydrogen(s) indicated with the arrow? 

 
A) 1.00 ppm, singlet 
B) 2.10 ppm, singlet 
C) 2.10 ppm, triplet 
D) 3.10 ppm, singlet 
E) 3.10 ppm, triplet 

 
 

19. Which of the following compounds would be expected to have the base peak m/z = 91 
in its mass spectrum? 

 
A) I 
B) II 
C) III 
D) IV 
E) more than one of these 

 
 

20. A downfield (G 9-10) doublet is observed in the 1H NMR spectrum of: 
A)  

 
B)  

 
C)  

 
D)  

 
E)  

 
 

Dmitrii Perepichka
benzyl cation is formed by C-C cleavage of this radical cation.

Dmitrii Perepichka


Dmitrii Perepichka




Chem 222/234 Midterm 1 Fall 2017    VERSION 1    Page 11 of 20 

 
21. A compound C5H11Cl which exhibits only two singlets in the 1H NMR spectrum must 

be: 
A) 1-Chloropentane 
B) 1-Chloro-2,2-dimethylpropane 
C) 1-Chloro-2-methylbutane 
D) 3-Chloropentane 
E) 1-Chloro-3-methylbutane 

 
 

22. The IR stretching frequency occurs at the lowest frequency for which of these bonds? 
A) C-H 
B) C-C 
C) C-N 
D) C-O 
E) C-Br 

 
 

23. For the functional group(s) on the following molecule, what characteristic IR 
absorption(s) would be expected (ignoring C-H absorptions)? 

 
A) peaks around 1700 and 1650 cm-1 
B) a strong broad peak over 3600 to 2500 and around 1710 cm-1 
C) peaks around 1650 and 3300 cm-1 
D) peaks around 3300 and 1710 cm-1 
E) none of these choices. 

 
 

24. Predict the number of signals in proton-decoupled  13C NMR of 2,3-dimethyl-2-
phenylbutane. 
 

 
A) Six 
B) Eight 
C) Ten 
D) Eleven 
E) Twelve 

 
 
  

CO2H

Dmitrii Perepichka
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Dmitrii Perepichka
E (C-Br) the longest (weakest) bond.

Dmitrii Perepichka
since we have not discussed the 3rd row elements in the class, B (C-C) was also accepted as correct

Dmitrii Perepichka




Part B (out of 40) 

 

1) (10 marks) Draw the expected 1H NMR spectrum of compound A, attributing all inequivalent 
protons and showing their approximate chemical shift (G, ppm) in the expected order and 
splitting pattern (multiplicity). Indicate the position of tetramethylsilane (TMS) reference on the 
spectrum. 
 

                                                            

 

* tertiary CH at ~3ppm appears as a multiplet (m). Sextet and doublet of doublet of tripletsare also 
acceptable answers.  

** NCH3 singlet overlaps with CH multiplet, but any location ~3-3.5 would be acceptable for both 
signals. 

  



2) (10 marks) B is an essential component of pear and banana oils. Its HR-MS shows a molecular ion 
at 130.0992 Da which corresponds to C7H14O2 and two most abandon fragments at 115.0755 Da 
and 73.0283 Da. It has the following IR and 1H NMR spectra (with integrations shown above each 
peak) and shows 6 peaks in proton-decoupled 13C NMR. Show the structure of this compound 
attributing each NMR peak. Show the structure of the two fragments detected in positive mode 
HRMS. 

 

   

 

  

https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwi6vduEx9DWAhVBwlQKHRIKBbsQjRwIBw&url=http://webbook.nist.gov/cgi/cbook.cgi?ID%3DC123922%26Type%3DIR-SPEC%26Index%3D2&psig=AOvVaw02rbfG1u1U0uX3K0RzF-1m&ust=1506986152744976


3) (12 marks) Propose the structure of compound C (C5H8O) based on its IR, 13C NMR (DEPT data 
provided) and 1H NMR (relative integration and some splitting constants are shown) spectra 
below. Assign all 1H NMR peaks and explain the splitting pattern of protons appearing near 
2.5ppm. 

 

    

 

 

Two multiplets at 2.4 and 2.6ppm are due to diastereotopic protons on the CH2. Each of them should 
have a theoretical ddd multiplicity. They appear as mutliplets with 5 lines due to overlap.  

https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiulen1lNLWAhUJyGMKHZxSBSIQjRwIBw&url=http://webbook.nist.gov/cgi/cbook.cgi?ID%3DC1708298%26Mask%3D80&psig=AFQjCNHFtgls4RY8MEyhxSrT9UybeABCuA&ust=1507041412768588


4) (8 marks) The 1H NMR spectrum below was recorded on 9.4 Tesla / 400 MHz instrument. (i) Show 
multiplicity (s for singlet, d for doublet, t for triplet, q for quartet) of each inequivalent groups of 
protons on the spectrum, (ii) determine the corresponding splitting constants  (in Hz) and indicate 
which groups of protons interact with each other. (iii) What structural fragments are most likely 
present in the analyzed compound? (iv) What explains the different intensity of the peaks in 6.50 
– 6.90 region of the spectrum. 

 

 

 

(i, ii) G (ppm) = 7.62 (d, 8.0 Hz), 7.01 (d, 8.0 Hz), 6.79 (d, 16.0 Hz), 6.72 (d, 16.0 Hz), 4.32 (t, 6.8 Hz), 3.29 
(t, 6.8 Hz). Splitting pairs: two doublets with J=8Hz; two doublets with J=16Hz; two triplets with J=6.8Hz 

(iii)  

Two doublets 7-8 ppm;          two doublets at 6.6-6.8ppm;                two triplets at 3.7-4.4ppm 

 

(iv) ’roof effect’ (two multiplets due to interacting protons show increased relative intensity of the 
“inner” lines – i.e. those close to each other). 


