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Exam 1 
Answer Key 
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1. The cleavage of γ-amino esters in aqueous base can take place either through the 
unprotonated (E) or protonated (HE+) form of the ester. 
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 Both of these are elementary reactions, and rates of each relate to the rate constants and 

reactant concentrations in the usual way. As you might imagine, the concentration of HE+ is 
low under basic conditions; for the reactants shown above, the equilibrium constant 
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 As a result, [E] >> [HE+]. However, if k2 >> k1, then the second mechanism could still 

predominate. 
 
 

a. (25 pts) Kinetics experiments show that, as long as OH- is in vast excess (which is 
usually true under basic conditions), the disappearance of E is pseudo-first order in the 
total concentration of E: 
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 where [E]tot = [E] + [HE+] ≈ [E]. (This assumption must be made because neither [E] nor 

[HE+] can be measured directly.) Derive a rate expression for -∂[E]tot/∂t in terms of 
measurable concentrations, known constants and the individual rate constants k1 
and k2. Do not use [E] or [HE+] in your expression, and make sure your answer is 
consistent with the pseudo-first-order kinetics described above. (Write your answer on 
the next page.) 
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b. (10 pts) A series of measurements were made in which pseudo-first-order rate constants 
kobs were evaluated at different pH’s (and thus different concentrations [OH-]). The 
decays are shown in the graph below, and the evaluated kobs values are plotted vs. [OH-] 
in the following graph. 
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