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1. (1 pt each)  Circle all the molecules that are optically active (would rotate plane polarized l ight).
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2. (3 pts)  State the 4th Golden Rule of Chemistry.

4. Natur e hates localized charges.  If a molecule must have a charge, it is better to have the charge 
distributed over as many atoms as possible through resonance, inductive effects, and hyperconjugation. In 
addi tion, when given the choice, it is better to have more negative charge on a more electronegative atom 
(e.g. O), and more posi tive charge on a less electronegative atom (e.g. C).  
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3. (2 pts each) On the line provided, state the stereochemical relationship between each pair of molecules: 
enantiomers, diastereomers, or the same molecule.  I recommend you assign R and S to each chiral center 
to help answer this question.  Circle all meso compounds.
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3. (2 pts each) For the following acid base reactions, circle the side of the equation that predominates at 
equi librium.

+ +

+ +

+ +

+ +

resonance 
stabi lized anion

oxygen is more 
electronegative 
than nitrogen

Iodine is a larger 
anion than 
chloride

sp hybridized atom is better 
at stabilizing a negative 
charge

4. (4 pts each)  For the following two equations, the pKa values are listed underneath each acid.  Circle 
the side of the equation that predominates at equilibrium, and in the space provided estimate the 
equi librium constant for the reaction in the di rection written.

pKa = 44
pKa = 25

The equil ibrium constant for this process is Keq =  10 -19
weaker acid

OH

O

O

O

The equil ibrium constant for this process is Keq =  10 5.88

H3C NH2+ H3C NH3+

pKa = 4.76

pKa = 10.64
weaker acid
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5. (4 pts)  Rank the following from 1 to 4 wi th respect to relative acidity, with a 1 under the most acidic 
and a 4 under the least acidic.  Oops!  We worded this incorrectly.  We will  not grade it.  It SHOULD 
have said "Rank the following from 1 to 4 wi th respect to relative anion stability, wi th a 1 under the most 
stable anion and a 4 under the least stable anion."   I am very sorry for any confusion this caused.
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4 3 2 1

6. (4 pts)  Rank the following from 1 to 4 wi th respect to relative boiling point, with a 1 under the 
molecule wi th the highest boi ling point, and  a 4 under the molecule with the lowest boil ing point.

4 3 21

OH

Polar interactions f rom the OH (H-bonding) are much 
stronger than van der Waals interactions!

Inductive effects

7.  (3 pts)  At pH 7.0 in water, circle the species that wi ll be predominant for the amino acid alanine.
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The species you ci rcled has the special name of ________________________zwitterion

At pH 7, the amine is protonated 
and the carboxyl ic acid is 
deprotonated, as can be 
predicted based on the relevant 
pKa vaules in Table 4.1.  Use 
the methylammonium ion pKa 
value (10.64) and the acetic acid 
pKa value (4.76) as reference 
values and compare those to the 
pH value of 7.
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8. (5 pts) Predict which side of the following equation wil l predominate at equilibrium, and draw a ci rcle 
around that side.  Dr aw a box around the molecule you believe will  have the lowest pKa value.

+ +

In one or two sentences, explain your reasoning.

Acetone Butane

Acetone is significantly more acidic (lower pKa) because i ts anion (called an enolate) is resonance 
stabi lized, whi le the anion of butane is not.  This makes butane a weaker acid than acetone, and 
equi librium favors formation of the weaker acid, weaker base.

9. (5 pts) Predict which side of the following equation wil l predominate at equilibrium, and draw a ci rcle 
around that side.  Dr aw a box around the molecule you believe will  have the lowest pKa value.

+ +

In one or two sentences, explain your reasoning.

Acetone Dimethylmalonate

Both anions are resonance stabil ized, but the anion produced from deprotonation of dimethylmalonate 
has three important contributing structures that indicate the negative charge is delocalized over three 
atoms, not two like the anion produced from acetone.  This greater charge delocalization confers greater 
anion stabili ty, explaining why dimethylmalonate is considerably more acidic (lower pKa).

!

!

!!

!

Resonance
Hybrid

Resonance
Hybrid

pKa = ~19 pKa = 51

pKa = ~19 pKa = ~11

 


