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Acid-Base Problems Key



1.
For each of the following pairs of molecules, predict which will be the stronger acid based on molecular structure and the stability of the conjugate base. Explain your choice.
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(a)

The strength of an acid depends on the stability of its conjugate base. Stronger acids have more stable conjugate bases.  In this case, acetylene has a more stable conjugate base because the anion is on a sp-hybridized carbon. The carbon has more s-character than a sp2-hybridized carbon, so pulls the electrons closer to the nucleus.
(b)

More resonance structures can be drawn for the second structure.
(c)

P is a larger atom than N, and stabilizes the negative charge on the conjugate base.
2.
Arrange the following in order of increasing acidity (weakest acid first).

   
I)  H2O       II) H3O+       III) HCO2H
(a) 
I < II < III

(b)
I < III < II

(c) 
III < II < I

(d)
III < I < II

(e) 
II < III < I

3.
What role does CH3CH=CH2 play in this reaction?
[image: image2.wmf]O

H

O

O

H

O

O

H

O

O

H

O

O

H

O

I

B

r

C

l

F

p

K

a

 

=

 

4

.

7

6

p

K

a

 

=

 

3

.

1

5

p

K

a

 

=

 

2

.

8

6

p

K

a

 

=

 

2

.

8

1

p

K

a

 

=

 

2

.

6

6

[image: image3.emf]                               

[image: image4.emf] CH3CH=CH2   +   HCl               CH3CHCH3   +   Cl  
(a) 
Brønsted-Lowry acid

(b)
Lewis acid

(c) 
Brønsted-Lowry base

(d) 
Lewis base

(e) 
both (a) and (b)


(f) 
both (c) and (d)
4.
Explain the observed trend in acid strength for the following five compounds:
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The conjugate base of a carboxylic acid will have a negative charge on the oxygen atom that can be delocalized by resonance. The electron density can be further delocalized through the “inductive effect” in which the presence of a nearby electronegative atom will distort the electron density by pulling the electrons towards that electronegative atom.
5.
The following base has multiple possible protonation sites. Which is the preferred site of protonation? Explain your choice.
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This base can be protonated on either the N atom or the O atom. The preferred site of protonation is the one that produces the most stable conjugate acid, i.e. the one that has the most resonance structures. There are several resonance structures that can be drawn when the O is protonated, delocalizing the positive charge around the benzene ring. No valid resonance structure can be drawn for the conjugate acid formed when the N is protonated. 
6.
Predict the position of equilibrium for the following reaction.
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The reaction will proceed to the left.
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