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1.  Formic acid is the simplest carboxylic acid. Which of these structures is 
 the Lewis structure for formic acid? 
 

 
 
 
2. Ethyne (also known as acetylene) is the simplest alkyne, with a formula 
 C2H2. How many σ (sigma) bonds are there in ethyne? 
 
 a. 0 
 b. 1 
 c. 2 
 d. 3 
 e. 4 
 

 
3. Which of the following is the least stable staggered conformation of  
 2-methylbutane, looking down the C2-C3 bond? (Me = Methyl, CH3) 
 

 
 
 
Questions 4 and 5 relate to valence bond theory. Valence bond theory describes 
bonds as overlapping orbitals on adjacent atoms. Each orbital contains one 
electron, and the sharing of the electrons by the two atoms makes up the bond. 
 

Both question 4 and question 5 involve this structure:       
 
4. What orbitals are overlapping to form the C-O σ bond? 
 
 a. p on C and p on O 
 b. sp on C and sp2 on O 
 c. sp2 on C and sp2 on O 
 d. sp2 on C and p on O 
 e. p on C and sp2 on O 



5. What orbitals are overlapping to form the C-O π bond? 
 
 a. p on C and p on O 
 b. sp on C and sp2 on O 
 c. sp2 on C and sp2 on O 
 d. sp2 on C and p on O 
 e. p on C and sp2 on O 
 
 
6. What is the torsion angle, θ, between the two methyl groups in the 
 structure below (C1 and C4)? (Only consider the conformation shown.) 
 

 
 

 a. 0° 
 b. 60° 
 c. 120° 
 d. 180° 
 e.  None of these 
 
7. Still considering the structure in Question 6, what types of strain are 
 present in this structure? (Only consider the conformation shown.) 
 
 a. Torsional strain 
 b. Van der Waals (steric) strain 
 c. Both 
 d. Neither 
 d. None of these choices is correct 
 



8.  What is the correct IUPAC (systematic) name for this molecule? 
 

 
 

 a. 3-bromo-5-ethyl-2,4,4-trimethylheptane 
 b. 2,4,4-trimethyl-3-bromo-5-ethylheptane 
 c. 5-bromo-3-ethyl-4,4,6-trimethylheptane 
 d. 5-bromo-3-ethyl-4,4,6-methylheptane 
 e. None of these 
 
9. The structure below was converted to a new resonance contributor using 
 the curved arrows shown: 
 

 
 

 Which of these structures is the correct result of the arrows shown in the 
 picture above? 
 

 
 
 
10. Consider the molecule 1-chloro-3-isopropyl-5-methylcyclohexane. In this 
 molecule, what is the hybridization of C2? 
 
 a. sp 
 b. sp2 
 c. sp3 
 d. The orbitals on C2 are not hybridized 
 e. Not enough information is given to answer the question 
 
 
 



11. Consider the ion H2
−. How many electrons are in the antibonding orbital for 

 this ion? 
 
 a. 0 
 b. 1 
 c. 2 
 d. 3 
 e. Cannot be determined from the information given 
 
Questions 12, 13 and 14 are about the structure of Lexapro, a commonly 
prescribed antidepressant of the SSRI (selective serotonin reuptake inhibitor) 
class.  
 

 
 

12. Which one of the following functional groups is present in Lexapro? 
 
 a. ester 
 b. amide 
 c. anhydride 
 d. carboxylic acid 
 e. nitrile 
 
13. What is the molecular geometry around the carbon indicated by the 
 arrow? 
 
 a. linear 
 b. trigonal planar 
 c. tetrahedral 
 d. bent 
 
14. What is the correct classification of the carbon designated by the arrow? 
 
 a. primary 
 b. secondary 
 c. tertiary 
 d. none of these 
 



15. What is the bond order for He2
+? 

 
 a. 0 
 b. 0.5 
 c. 1.0 
 d. 1.5 
 e. None of these 
 
16. Here is the structure of serotonin, a neurotransmitter associated with 
 regulation of mood, appetite, and sleep. 
 

 
 
 What is the percentage s character in the hybrid orbitals on the nitrogen 
 indicated by the arrow? Note that the lone pairs are not shown in this 
 structure, but all atoms are neutral (zero formal charge). 
 
 a. 25% 
 b. 33.3% 
 c. 50% 
 d. 66.7% 
 e. 75% 
 
17. What are the formal charges on each of the oxygen atoms in ozone? All 
 lone pairs are shown. 
 

 
 

 From left to right, the formal charges are: 
 
 a. 1-, 1+, 0 
 b. 1+, 0, 1+ 
 c. 0, 0, 1+ 
 d. 0, 0, 0 
 e. 0, 1+, 1- 
 
 
 
 



18. How many constitutional isomers exist for the formula C4H9Br?  
 
 a. 2 
 b. 3 
 c. 4 
 d. 5 
 e. Billions 
 
19. Here is a molecular orbital diagram for O2. The relevant molecular orbitals 
 have been labeled for you. 
 

 
 

 What is the LUMO in O2? 
 
 a. σ 
 b. σ* 
 c. π 
 d. π* 
 e. None of these 
 
 
 



20. Rank these three resonance contributors in order of increasing 
 importance: least important (most minor contributor) to most important 
 (major contributor). 
 

 
 

 a. R is the most important and S is the least important. 
 b. R is the most important and T is the least important. 
 c. S is the most important and R and T are equivalent (they contribute 
  equally to the hybrid) 
 d. T is the most important and S is the least important 
 e. None of these statements is true 
 
 
21. What is the hybridization of the carbon indicated by the arrow in this 
 structure? (Note that the hydrogens are not explicitly shown.) 
 

 
 

 a. sp 
 b. sp2 
 c. sp3 
 d. The orbitals on this carbon are not hybridized 
 e. Not enough information 
 
 
22. How many nodes are there in this orbital? (The picture represents one 
 orbital.) 
 

  
 

 a. 0 
 b. 1 
 c. 2 
 d. 3 
 e. Cannot be determined from the picture 



 
23. What is the difference in energy, in kcal/mol, between the two 
 conformations shown? (Me = Methyl, CH3) 
 

 
 
 a. 0.8, and P is higher in energy than Q 
 b. 0.8, and P is lower in energy than Q 
 c. 1.6, and P is higher in energy than Q 
 d. 1.6, and P is lower in energy than Q 
 e. Not enough information to answer the question  
 
24. True or False. In the bonding orbital in the MO diagram for H2, there is 
 one node. 
 
 a. True 
 b. False 
 
25. The interesting but deadly molecule Kardashanine, shown below, has 
 been found in dangerously high concentrations in blood samples taken 
 from people who appear in and watch reality television shows. Really. 
 

 
 
 Which of the functional groups listed below does NOT appear in this 
 compound? 
 
 a. ester 
 b. amine 
 c. epoxide 
 d. alkene 
 e. alcohol 
 
 
 


