
 

Organic Chemistry I 
Pham - Chem 14C 

University of California, Los Angeles 
Winter 2019 - Exam 2 – 02/28/19 

 

I hereby state that I have neither given nor received aid to or from other students during 

this exam.  I vouch for the honesty and integrity of each and every answer given. 
 

 

Signature___________KEY____________________ ID#________________________ 
 

 

Name (printed)_____________________________________________________ 
 

 

Circle your TA:      Stephanie  Shuaijing  Sanghyun  Danlei 
 

Circle your Lecture:       Lecture 1   Lecture 2 
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 Possible Your score 

I. Mass Spec. 16  

II. IR Spec. 14  
III. NMR Spec. 19  
IV. Mixed Spec.  25  
V. Multiple Choice 27  
Bonus 0 (6)  
Total 100*  

*Yes the total is 101. Think of it as an extra extra credit point. Good luck! 
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I. Mass Spectrometry (16 pts) Answer the following questions about mass spectrometry. 
 

a) (2 pts) Molecule A generates the mass spectrum below; the molecular ion peak is located 

at m/z = 85. Circle the peak corresponding to the most abundant fragment (i.e. not the 

parent peak). 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

b) (10 pts) Which of the following formulae are possible for Molecule A? If a structure/formula 

is not possible, provide a quick explanation why (fewer than 8 words). 

 

Formula Possible? Brief Explanation (if “Not Possible”) 

C3H19NO Yes  /   No Breaks 2n+2 rule 

C3H3NCl Yes  /   No M+2 shows no Br, Cl, S 

C4H9N2 Yes  /   No Must have odd # of N 

C4H7NO Yes  /   No  

C4HN3 Yes  /   No Molecular weight =/= 85 

 

c) (4 pts) If you were told that Molecule A contains a fluorine atom but no oxygens, what 

could be the molecular formula for Molecule A? 
 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

Peak Data 

 

m/z = 85     Rel. Intensity: 100% 

m/z = 86     Rel. Intensity: 4.1% 

 

Molecular formula of A 

C4H4NF 
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II. Infrared Spectroscopy (14 pts) Answer the following questions about IR spectroscopy. 
 

a) (6 pts) Of the following molecules, identify the most likely structure corresponding to these 

IR spectra by inserting the letter of the correct structure into the boxes provided. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

b) (8 pts) As seen in your IR table, the C=C bond stretches for an alkene (like cyclohexene) 

show up around 1680-1620 cm-1. However, C=C bond stretches in benzene occur at lower 

wavenumbers; briefly explain why. Also, do you expect the C=N stretch of 1,3,5-triazine 

to have a weaker or stronger intensity than the C=C of benzene? Briefly explain. 

 

 

 

 

 

 

 

 

D 

A B 
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III. Nuclear Magnetic Resonance Spectroscopy (19 pts) Molly Q. and Adam are debating over the 

structure of their product. They know that its molecular formula is C4H8O3 and were able to 

determine the presence of a carboxylic acid, along with this 1H-NMR spectrum: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) (2 pts) What is the Degrees of Unsaturation (DoU) for the unknown compound? 

 

b) (10 pts) Using the information in the NMR spectrum, draw the structure of Molly and 

Adam’s unknown product in the box below. (You may use the white space for scratch work; 

only the molecule in the box will be graded.) 

 

 

 

 

 

 

 

 

  

c) (2 pts) Besides the carboxylic acid, what other functional group is present in the molecule? 

(Don’t put “alkane”) 

                       ether 

d) (5 pts) Explain how you could distinguish between these two aromatic aldehydes using 

either 1H-NMR or 13C-NMR (not both).  

 

 

 

 

 

 

 

 

 

 

 

 

1 
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IV. Mixed Spectra Problem (25 pts) Using the following data and spectra, deduce the molecular 

structure and IHD of the unknown compound B. Draw your compound in the box provided at the 

end of the question. For the possibility of partial credit (in case your structure is incorrect), provide 

legible and relevant information you deduced in the box provided on the following page.  
 

Mass spectrum:  [M]: m/z = 124  Relative abundance: 100% 

       [M+1]:   Relative abundance: 9.1%  

       [M+2]:  Relative abundance: 0.9%  

 

 

          Index of Hydrogen Deficiency (IHD):   
 
 
 

IR Spectrum: 

 

 

 

 

 
 

 

 

 

 

 

 

 
1H-NMR Spectrum: 

 

 

 

 

 

 

 

 

 
 

 
 
13C-NMR Spectrum: 

 

 

 

 

 

 

 

 

Molecular formula of B 
3 

C8H12O 
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(25 pts) Clearly draw the structure of your molecule  

here:  

 

 
 

 

 
 

 

 

Molecular structure of B 

(and some other isomers accepted) 
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V. Multiple Choice, For the Most Part (27 pts, 3 pts each) – For each question, choose the best 

answer and write the letter of your answer in the box(es) provided. For True or False questions, 

write T for True and F for False.  
 

1. Which of the following functional groups would exhibit the highest frequency in an IR 

spectrum? 
 

a) ester  b) alkyne c) alcohol d) ketone e) aldehyde 

 

2. For the following molecule, how many different signals* are predicted in the… 

… 1H-NMR:  

  … 13C-NMR:  

 

*Write a number in the corresponding boxes 

 
 

3. What is the expected splitting pattern for the signal of the indicated hydrogens? Assume 

equal coupling constants. 

Ha:    Hb:   Hc: 

a) singlet   d) quartet 

b) doublet   e) more than quartet 

c) triplet   f) Impossible to tell 
 

 

4. Relative to tetramethylsilane (TMS), which of these molecules contains hydrogens that will 

show up on an NMR spectrum with a negative chemical shift?  

 

a) A     b) B  c) C 

 

d) More than one of them 

 
 

5. Which of the following statements is false? 

 

a) [CH3CH2CH2]
+ is a fragment that can be detected by a mass spectrometer 

b) Chlorine (Cl2) is an IR-active molecule 

c) Boron-10 (10B) contains an NMR-active nucleus 
 

 

6. True or False: Two enantiomers will generate the same (or indistinguishably similar) mass 

and IR spectra.   

 

 

 

4 

B 

B 

5 

C A 

T 

C 

B 
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BONUS (6 pts): Answer the next few questions for some extra credit points. These are strictly extra 

points, meaning that missing these will not be detrimental to your grade. 
 

B1) (3 pts) C60, shown below, is a molecule we briefly came across in an earlier Fun Friday. 

 

    How many 1H-NMR signals do you expect for C60?  __0__ 

    How many 13C-NMR signals? __1__ 

    Explain your reasoning for both answers above: 

 

    There are no hydrogens in C60, and all the carbons are equivalent 

 

 

B2) (3 pts) The LAs have been an integral part of your development this quarter, so let’s see if 

you remember who they are. For 0.5 pt each, name any 6 of the 12 Discussion LAs/UAs as 

you can (first names allowed).  

 

LA 1: ___Ariana____  LA 2: ___Michelle___ LA 3: ___Natalie____ 

LA 4: ___Jennifer___  LA 5: ___Jason______ LA 6: __Amanda___ 

  

  Also accepted: Christopher, Wesley, Adira, Arian, Matt, Tiffany, Yidan 
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Tables of Average 1H-NMR and 13C-NMR Chemical shifts (δ, ppm) 


