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Reaction Mechanisms Key

1.
Classify each reaction below as an addition, elimination, substitution, or rearrangement reaction.
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Rearrangement
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Addition
2.
Classify the following molecules and ions as nucleophiles, electrophiles, or both. Explain your choice.

(a) hydronium ion
electrophile; oxygen has three bonds to H and a positive charge; it cannot donate its lone pair to form a fourth bond
(b) acetic acid
both; oxygens can donate lone pair electrons; carbonyl C is electrophilic
(c) methoxide ion
nucleophile; oxygen has three lone pairs
(d) ethanol
both; oxygen is nucleophilic; C and H bonded to O are electrophilic
(e) methyl carbocation
electrophile; carbocations are always electrophilic because C does not have a complete octet
3.
Rank the carbocations below in order of decreasing stability (1 = most stable; 3 = least stable).
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4.
For each of the following reactions:

(i) Identify and label the nucleophile in the reaction.

(ii) Identify and label the electrophile in the reaction.

(iii) Add curved arrows to the reaction to indicate the flow of electrons.
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5.
Consider the following reaction:

      Reactants


             Intermediates


    Product
(a) What type of reaction is this?
Addition
(b) Identify the reactant(s), product(s), and intermediate(s) for the reaction, and label them on the reaction energy diagram provided:
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        Ea2




     Intermediates


        Reactants

     Heat of Reaction








Product
(c) Label the activation energies and heat of reaction on the diagram.

(d) What is the difference between an intermediate and a transition state?

A transition state is the highest energy species formed during the course of a reaction. It cannot be isolated. An intermediate is the energy minimum between two transition states. Although it is lower in energy than a transition state, it is still very reactive and often cannot be isolated.
(e) Is the first step of the reaction exothermic or endothermic?
endothermic
(f) Is the overall reaction exothermic or endothermic?
exothermic
(g) Which step is rate-determining for this reaction? Why?

The first step is the RDS. It is the slowest step because it has the higher activation energy.
(h) Compare the energy associated with the rate-determining step to the energy associated with the other step in the reaction. Explain the relative energies.

The energy of the first step (the RDS) is very large because a bond is being broken and a highly reactive and unstable carbocation intermediate is being formed.
The second step has a much lower activation energy because a bond is being formed and a relatively unstable intermediate is reacting. Energy is released in this step.
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