
CHEM 103—Exam #1 
19 April 2006 

Name _______________________ 
Multiple Choice (4 points each) 
Identify the letter of the choice that best completes the statement or answers the question. 

 
____ 1. In Bronsted-Lowry acid-base theory, an acid is defined as a substance which _________ and a base as one 

which _________. 
a. generates H3O+ ions in aqueous solution; generates OH- ions in aqeous solution 
b. accepts a proton; generates OH- ions in aqueous solution 
c. generates OH- in aqeous solution; generates H3O+ ion in aqueous solution 
d. generates H3O+ ions in aqueous solution; donates a proton 
e. donates a proton; accepts a proton 
 
 

 
____ 2. The conjugate base of NH3 is _________. 

a. H2O 
b. OH- 
c. 

 
d. NH4OH 
e. 

 
 
 

 
____ 3. The reaction between acetic acid (CH3COOH)and water is written as 

a. CH3COOH + H2O  CH2COOH- + H3O+ 
b. CH3COOH + H2O  CH3COO- + OH- 
c. CH3COOH + H2O  CH3COOH2

+ + OH- 
d. CH3COOH + H2O  CH3COO- + H3O+ 
e. CH3COOH + H2O  CH3COOH- + H3O+ 
 
 

 
____ 4. Organic compounds classified as acids often have the formula 

a. R-CH3. 
b. R-CHO. 
c. R-COOH. 
d. R-NH2. 
e. R-OH. 
 
 

 
____ 5. The product of the reaction between methylamine, CH3NH2, and hydrochloric acid is 

a. CH4NH2
+ Cl- 

b. CH3NH- H2Cl+ 
c. CH3NH3

+ Cl- 
d. CH3NH3

- Cl+ 
e. CH3NH4

2+ (Cl-)2 
 
 

 
____ 6. In a basic solution at 25°C, 

a. [H3O+] > 1.0 × 10-7 . 
b. [H3O+] > [OH-]. 
c. [OH-] > 1.0 × 10-7. 
d. [H3O+][OH-] > 1.0 × 10-14. 
e. [H3O+][OH-] < 1.0 × 10-14. 
 
 



____ 7. In a 1.2 M solution of HClO4, a strong acid, [H3O+] = _________,and [OH-] = _________. 
a. 1.0 × 10-7 M; 1.0 × 10-7 M 
b. 8.3 × 10-15 M; 1.0 × 10-14 M 
c. 8.3 × 10-15 M; 1.2 M 
d. 1.2 M; 8.3 × 10-15 M 
e. 1.2 M; 1.2 M 
 
 

 
____ 8. A wine sample had a pH of 3.52. This corresponds to [H3O+] = 

a. 3.3 × 10-11 M. 
b. 3.0 × 10-4 M. 
c. 5.2 × 10-4 M. 
d. 5.2 × 10-3 M. 
e. 3.3 × 10-3 M. 
 
 

 
____ 9. Phenolphthalein is an acid-base indicator that is colorless in its acid form and pink in its basic form, changing 

at pH = 8.5. Bromcresol green is yellow in its acidic form and blue in its basic form, changing at pH = 4.8. A 
solution is colorless in phenolphthalein and blue in bromcresol green. Therefore we can conclude that the pH 
of the solution is _________. 
a. exactly 7.0 
b. greater than 8.5 
c. between 7.0 and 8.5 
d. between 4.8 and 8.5 
e. less than 4.8 
 
 

 
____ 10. Some hydrated transition metal ions are weakly _________. This is because _________. 

a. acidic; they displace H+ ions from the solvent 
b. basic; they displace H+ ions from the solvent 
c. acidic; they polarize H-O bonds in coordinated water molecules 
d. basic; they polarize H-O bonds in coordinated water molecules 
e. basic; they donate protons to the solvent 
 
 



 

____ 11. Write the acid ionization constant expression for the ionization of the hydrogen sulfate ion, HSO , in aqueous 
solution. 
a. 

 

b. 

 

c. 

 

d. 

 

e. 

 
 
 

____ 12. Which compound is the most acidic? 
a. GeH4 
b. H2Se 
c. HBr 
d. AsH3 
e. More information is needed to answer this question. 
 
 

 
____ 13. The pH of a 0.50 M solution of the weak acid HA is 4.76. The value of Ka is 

a. 6.0 × 10-10 
b. 1.7 × 10-5 
c. 3.5 × 10-5 
d. 7.6 × 10-4 
e. 9.24 
 
 

 
____ 14. The poison strychnine is a weakly basic compound with Kb = 1.8 × 10-6. What is the pH of a 0.058 M solution 

of strychnine? 
a. 3.49 
b. 7.30 
c. 8.26 
d. 10.51 
e. 12.76 
 
 



 
____ 15. Ammonia is a weak base and perchloric acid is a strong acid. Which statement is true of a solution of 

ammonium perchlorate? 
a. It is strongly acidic. 
b. It is weakly acidic. 
c. It is neutral. 
d. It is weakly basic. 
e. We cannot predict its acid-base properties without more information. 
 
 

 
____ 16. Which combination of solutions is the best choice for making a buffer solution? 

a. equal volumes of 1 M acetic acid and 0.005 M sodium acetate 
b. equal volumes of 0.5 M nitric acid and 0.5 M sodium hydroxide 
c. equal volumes of 0.1 M formic acid and 0.1 M sodium formate 
d. equal volumes of 0.1 M sulfuric acid and 0.001 M sodium sulfate 
e. equal volumes of 0.05 M hydrochloric acid and 0.075 ammonium chloride 
 
 

 

____ 17. Consider a buffer solution made up of H2PO  and HPO . For H2PO4
-, Ka = 6.2 × 10-8. What mole ratio of 

HPO  to H2PO  will give a pH of 7.35? 
a. 0.14 to 1 
b. 0.72 to 1 
c. 1 to 1 
d. 1.4 to 1 
e. More information is needed to answer this question. 
 
 

 
____ 18. A buffer solution is 0.500 M in acetic acid and 0.500 M in sodium acetate. Its pH is 4.74. What is its pH after 

dilution by a factor of 2? 
a. 4.44 
b. 4.49 
c. 4.74 
d. 4.99 
e. 5.04 
 
 

 
____ 19. What is the smallest amount of solid NaOH shown that will exceed the buffer capacity of 500 mL of a buffer 

that is 0.40 M in acetic acid and 0.15 M in sodium acetate. 
(Ka for acetic acid = 1.8 × 10-5.) 
a. 5.69 g 
b. 5.16 g 
c. 4.74 g 
d. 4.31 g 
e. 3.00 g 
 
 

 
____ 20. What volume of 0.1060 M NaOH is needed to neutralize a 50.00 mL sample of 0.0950 M HNO3? 

a. 55.79 mL 
b. 55.19 mL 
c. 50.00 mL 
d. 44.81 mL 
e. 5.19 mL 
 
 



 
____ 21. Which acid-base titration would yield a titration curve of the general form shown? 

 

 
 
a. H2CO3 titrated with NaOH 
b. NaOH titrated with H3PO4 
c. Na3PO4 titrated with HCl 
d. H2SO4 titrated with NaOH 
e. H3PO4 titrated with NaOH 
 
 

 
____ 22. The pH of unpolluted rainwater is approximately 

a. 7.8, because of carbonate/bicarbonate buffering. 
b. 7.0, because it is neither acidic or basic. 
c. 6.3, because of dissolved ozone. 
d. 5.6, because it contains carbonic acid. 
e. 5.3, because it contains sulfurous acid. 
 
 

 
____ 23. Which list contains no compounds that directly contribute to acid rain? 

a. CO, H2Se, chlorofluorocarbons 
b. CO2, SiO2, GeO2 
c. SO2, SeO2, SiO2 
d. NH3, NO, NO2 
e. CaO, Cs2O, CO2 
 
 

 
____ 24. The Ksp expression for silver phosphate, Ag3PO4 is 

a. 
[Ag+][PO ]. 

b. 
[Ag+][PO ]3. 

c. 
[Ag+]3[PO ]. 

d. 
3[Ag+][PO ]. 

e. 
3[Ag+]3[PO ]. 

 
 

 
____ 25. Which aqueous solution would dissolve the smallest amount of barium sulfate? 

a. 0.1 M Mg(OH)2 
b. 0.1 M Na2SO4 
c. 0.1 M Al2(SO4)3 
d. 0.1 M Ba(NO3)2 
e. 0.1 M HCl 
 

 



 
26.  (15 points)  

a. Write the reaction for the ionization of the weak acid HA in water. 
 
 
 

b. Write the reaction for the ionization of the conjugate base of the weak acid HA in water. 
 
 
 

c. Using equilibrium constant expressions for the reaction of HA and of its conjugate base A- 
with water, prove that the product of Ka for a weak acid and Kb for its conjugate base always 
has the value 1.0 × 10-14 at 25°C. 
 
 
 
 
 
 
 

 

 

  
27. (15 points)  A solution of acetic acid (Ka = 1.8 × 10-5) has a pH exactly 2 higher than a solution of HCl(aq) of 

the same concentration. What is that concentration? 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

28. (20 points)  A student attempts to dissolve a small amount of CuCO3 in 0.0100 M NaOH. Despite vigorous 
stirring, the material does not apparently dissolve. However, after a while the student notices that the solid has 
changed appearance. When the pH of the solution is measured, it is found to have gone down. Explain these 
observations. Was the original goal of the experiment achieved? 
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SHORT ANSWER 

 
 26. ANS:  

 
a. HA + H2O  A- + H3O+ 

b. A- + H2O  HA + OH- 

c. 

Now Ka,HA = and Kb,A- = . Thus, 

 

Ka,HA x Kb,A- =  = [H3O+][OH-] = Kw = 1.0 × 10-14. 
 
 

  



27. ANS:  
Let the unknown concentration = x. Then [H3O+] for the HCl(aq) solution = x, and hence [H3O+] for the acetic 
acid solution is x/100. But for the acetic acid solution, we also have 
 [H3O+] = √(x.Ka) 
 
Therefore 
     (x/100) = √ (x.Ka) 
     =>      x2/104 = x.Ka 
     =>     x = 104.Ka = 0.18 M 
 
Check: For HCl(aq), [H3O+] = 0.18 M => pH = 0.74. 
For acetic acid, [H3O+] = √ (0.18 × 1.8 × 10-5) = 1.8 × 10-3 => pH = 2.74. 

 

 28. ANS:  
The declining pH (i.e., declining [OH-]) clearly indicates that something is reacting with the OH- ions. 
Carbonate, already in the fully deprotonated form, cannot react with CO3

2-, but Cu2+ can, to form Cu(OH)2(s). 
Thus, it seems likely that a small amount of CuCO3 is continually dissolving, but that the free Cu2+ ions in 
solution then react with OH- ions to precipitate Cu(OH)2. The precipitate changes appearance because it is, at 
least to some extent, a different precipitate. The net reaction is 
 
     CuCO3 + 2 OH-  Cu(OH)2 + CO3

2- 

 

The Krxn for this is easily shown to be =  = 1.6 × 109. Thus, the 

reaction is heavily product-favored. The student was in fact successful; the CuCO3 does dissolve, and to a 
greater extent than it would in water. However, the Cu2+ ions immediately re-precipitate. 


