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1. Place these species in each of the following groups in order of increasing acid strength 
and explain why.  
 

a. H2O, H2S, H2Se  
H2O < H2S < H2Se  
 
As the atomic radius increases going from O to S to Se, bond length increases 
and  bond strength decreases, making it easier to release a proton.   

 
b. F3CCOOH, F2CHCOOH, FCH2COOH, CH3COOH 

CH3COOH < FCH2COOH < F2CHCOOH < F3CCOOH 
 
When each of these acids loses its proton, negative charge is distributed over the 
oxygens left behind through the existence of resonance forms, stabilizing the 
conjugate base. However, these structures can be further stabilized through the 
placement of highly electronegative atoms that draw the electrons away from 
the two oxygens, further distributing electron density across the entirety of the 
molecule. This is induction. So, the more fluorines attached nearby, the more 
stable the conjugate base, and the stronger the original acid.  

 
2. Are the solutions of the following salts acidic, basic, or neutral? For those which are 

not neutral, write balanced chemical equations for the reactions causing the solution 
to be acidic or basic.  
 

a. NaNO3 neutral 
b. NaNO2 basic, 𝑁𝑂#$(𝑎𝑞) + 𝐻#𝑂(𝑙) ↔ 𝐻𝑁𝑂#(𝑎𝑞) + 𝑂𝐻$(𝑎𝑞) 
c. NH4NO3 acidic, 𝑁𝐻-.(𝑎𝑞) + 𝐻#𝑂(𝑙) ↔ 𝑁𝐻/(𝑎𝑞) + 𝐻/𝑂.(𝑎𝑞) 
d. NH4NO2 acidic, NH4

+ and NO2
- both react with water to create hydronium and 

hydroxide ions, respectively, but because Kb of NH3 is smaller than Ka of HNO2, 
the conjugate acid of NH3 is a stronger acid than the conjugate base of HNO2 is a 
base. Therefore, the dominating reaction is 𝑁𝐻-.(𝑎𝑞) + 𝐻#𝑂(𝑙) ↔ 𝑁𝐻/(𝑎𝑞) +
𝐻/𝑂.(𝑎𝑞), making the solution acidic.  
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3. Acrylic acid (CH2=CHCOOH) is a precursor for many important plastics. The Ka for 
acrylic acid is 5.6 x 10-5.  
 

a. Calculate the pH of a 0.10 M solution of acrylic acid. x is negligible. 
 
 [CH2=CHCOOH] [CH2=CHCOO-] [H3O+] 
I 0.10 M 0 0 
C -x +x +x 
E 0.10 – x x x 

 

𝐾1 = 5.6 ∗ 10$9 =
[𝐶/𝐻/𝑂#$][𝐻/𝑂.]

[𝐶/𝐻-𝑂#]
=

𝑥#

0.10 − 𝑥 

 
𝑥 = 2.37 ∗ 10$/𝑀 

 
𝑝𝐻 = −𝑙𝑜𝑔([𝐻/𝑂.]) = −𝑙𝑜𝑔(2.37 ∗ 10$/) = 𝟐. 𝟔𝟑 

 
b. Calculate the percent dissociation of a 0.10 M solution of acrylic acid 

 
2.37 ∗ 10$/𝑀

0.10	𝑀 ∗ 100% = 2.4% 

 
c. Calculate the pH of a 0.050 M solution of sodium acrylate (CH2=CHCOONa). x is 

negligible. 
 

Na+ is a terrible acid, so we don’t have to worry about it. All we need to think about 
is CH2=CHCOO-‘s behavior. We know it is a base because it is the product of acrylic 
acid dissociating in water. Its Kb is KW/Ka = 1.79 x 10-10. X is negligible.  
 

 [CH2=CHCOO-] [CH2=CHCOOH] [OH-] 
I 0.050 M 0 0 
C -x +x +x 
E 0.050 – x x x 

 

𝐾L = 1.79 ∗ 10$NO =
[𝐶/𝐻-𝑂#][𝑂𝐻$]
[𝐶/𝐻/𝑂#$]

=
𝑥#

0.050 − 𝑥 

 
𝑥 = 3.0 ∗ 10$P𝑀 

 
𝑝𝑂𝐻 = − log([𝑂𝐻$]) = − log(3.0 ∗ 10$P𝑀) = 5.52 

 
𝑝𝐻 = 14 − 𝑝𝑂𝐻 = 14 − 5.52 = 𝟖. 𝟒𝟖 
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4. Indicate whether each of the following statements is correct or incorrect 
 

(   T   /   F   ) Every Bronsted-Lowry base is also a Lewis base. To accept a proton, a molecule 
needs an electron pair.  

(   T   /   F   ) Every Lewis acid is a Bronsted-Lowry acid. Fe3+ is a Lewis acid, but doesn’t have 
protons and therefore is not a BL acid. 

(   T   /   F   ) Conjugate acids of weak bases produce more acidic solutions than conjugate 
acids of strong bases. The stronger the base, the weaker the conjugate acid 
because of the KaKb = Kw relationship.  

(   T   /   F   ) The K+ ion is acidic in water because it causes hydrating water molecules to 
become acids. K+ has no acidic properties.  

 
5. An unknown salt is either NaF, NaCl, or NaOCl. When 0.050 mol of the salt is dissolved 

in water to form 0.500 L of solution, the pH of the solution is 8.08. What is the identity 
of the salt? Ka of HF = 7.2 x 10-4 , Ka of HCl = Large , Ka of HOCl = 3.5 x 10-8. X is not 
negligible.  

 
Right away, we can tell that NaCl is not an option because the pH of the solution is not 
neutral.  
 
 Since F- and OCl- are bases, they will react with water to produce OH-. Therefore, [OH-] 
is the concentration of interest to determine the identity of the salt, since the two bases 
will react with water to create different concentrations of hydroxide and result in 
different pHs.  
 

𝑀𝑦𝑠𝑡𝑒𝑟𝑦	𝐵𝑎𝑠𝑒 + 𝐻#𝑂 ↔ 𝑀𝑦𝑠𝑡𝑒𝑟𝑦	𝐶𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒	𝐴𝑐𝑖𝑑 + 𝑂𝐻$ 
 

[𝑂𝐻$] = 10N-$cd = 1.20 ∗ 10$P𝑀 
 

The next step is simply to use [OH-] to calculate Kb. The Kb should match that of the 
appropriate conjugate base. For F-, it is 1.44 x 10-11 and for OCl-, it is 2.86 x 10-7. The 
equation below would result from setting up an ICE table, which I’ve omitted.  
 

𝐾L =
[𝑀𝑦𝑠𝑡𝑒𝑟𝑦	𝐶𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒	𝐴𝑐𝑖𝑑][𝑂𝐻$]

[𝑀𝑦𝑠𝑡𝑒𝑟𝑦	𝐵𝑎𝑠𝑒] =
𝑥#

0.1 − 𝑥 =
(1.20 ∗ 10$P)#

0.1 − (1.20 ∗ 10$P) 

 
= 1.44 ∗ 10$NN, 𝑠𝑜	𝑁𝑎𝐹  
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6. For the following acid-base equilibria: 
 
a) Complete the equation by drawing the necessary structures in each of the boxes.  
b) Identify the acid, base, conjugate acid and conjugate base. 
c) Determine which side of the equilibria would be favored.  

 

                              Acid                     Base                                      C.B.                             C.A. 
 
The product side is favored. The conjugate base is charged but resonance stabilized, but the 
base is not, making it very unstable. The C.A. is quite stable. Looking at the pKas verifies this. 
Ethanol (the C.A.) has a pKa of 16 and benzoic acid (the acid) has a pKa of 4.20.  
 

7. A buffer solution was prepared by adding 4.82 g of sodium acetate, NaCH3COO, to 
2.50 x 102 mL of 0.160 M acetic acid, CH3COOH. What is the pH of the buffer? The Ka of 
acetic acid is 1.8 x 10-5. The volume of solution doesn’t change.  

 
pH = pKa + log([base]/[acid]) 
 
4.82g NaCH3COO * (1 mol / 82.03g) = 0.0586 mol CH3COO- 
0.0586 mol CH3COO- / 2.50 x 10-1 L = 0.2344 M CH3COO- (base) 
 
pKa = -log(Ka) = = 4.7447 

HH: pH = 4.7447 + log(0.2344/0.160) = 4.910  
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MCAT-Style Questions 

8. C 

 A higher Ka results in a lower pKa; since methanethiol has a lower pKa, it is the stronger acid. 
However, this means that its conjugate base is comparatively weaker than methanol’s.  

9. E 

These are all things Halina mentioned in lecture.  
 

10. C 

Highest Ka à  lowest pKa à strongest acid à most dissociation in water à highest [H3O+] à 
lowest pH 
 

11. C 
 

A pH of 1.0 means a hydronium ion concentration of 10-1 M. We have 10.0 mL of solution, 
which is 0.0100 L of solution. Setting up the equation x / 0.0100 L = 10-1 M and solving for x 
results in 0.00100 mol. This is the same as 1.0 mmol.  

12. B 

This is the definition of the coordination number. It might be tempting to choose A, but there 
are situations in which a single ligand has multiple electron donation sites. For example, you 
might have 4 new bonds forming with the Lewis acid, but only have a total of 2 ligands because 
each ligand has two “arms” that have electrons to donate.  
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