Chemistry 350
Spring 2016
Exam 2

Name__________________________________________
100 Points

You must show your work to receive credit for problems requiring math. Report your answers
with the appropriate number of significant figures.
The take-home problem will account for 15 possible points on this exam.
Complete problems 1-5
1. Consider a solution that contains 0.10 M AgNO3 and 0.10 M Ca(NO3)2 and is saturated with
AgCl.
a. Write the charge balance expression for this system. (4 points)
[Ag+] + 2[Ca2+] = [Cl-] + [NO32-]
b. Write three independent mass balance expressions for this system (6 points)
[Ca2+] = 0.10 M
[NO3-] = [NO3]AgNO3 + [NO3]Ca(NO3)2
[NO3-] = 0.10 M + 2(0.10M) = 0.30M
[Ag+] = [Ag]AgNO3 + [Ag]AgCl
[Ag+] = 0.10 M + [Cl-]

2. Write the letter for the correct answer in the appropriate blank: (3 points each)
a. A buffer solution is most effective at a pH within ______ of the pKa for the acid used to
make the buffer.
a. ±0.1
b. ±1
c. ±10
d. ±100
Answer_____b_______
b. While the pH of a buffer is effectively independent of dilution, the capacity of the buffer
____________ as it becomes more dilute.
a. increases
b. decreases
c. stays the same
d. peanut butter
Answer_____b_______
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3. Calculate the pH of a 2.2 x 10-7 F solution of KOH (8 points)
You must use charge (or mass) balance to solve this problem!
H2O = H+ + OH-, Kw = [H+][OH-]
Charge Balance: [H+] + [K+] = [OH-]
[H+] + 2.2 x 10-7 M = Kw
[H+]
[H+]2 + 2.2 x 10-7 M [H+] = Kw
0 = [H+]2 + 2.2 x 10-7 M [H+] - Kw
Solve for [H+] using quadratic formula: [H+] = 3.87 x 10-8 M, pH = 7.413

4. The pH of a 0.10 M solution of acetic acid (pKa = 4.76) is measured to be 2.88. What
fraction of the acetic acid is dissociated (present as acetate ion) at this pH? (6 points)
Consider the equilibrium HA = H+ + A-. Given that the pH of the solution is 2.88, when
0.10 M HA dissociates, it produces 10-2.88 = 1.318x10-3 M H+. Since an A- is produced each
time an H+ is liberated, the [A-] = 1.318x10-3 M as well. Therefore the A- can be calculated
as:
A- =

= 1.318x10-3 M = 0.0132
[A-]
[HA] + [A ]
0.10 M

There are a couple of other approaches as well that are equally valid.

5. Why is a sparingly soluble salt (like AgCl) more soluble in a solution that contains an inert
electrolyte (like KNO3) than in pure water alone? Limit your answer to no more than three
sentences. (6 points)
The addition of an inert electrolyte increases the charge in the ion atmosphere around all
ions in solution, including the ion of interest. This increased concentration and charge
provides opportunities for the ions in our sparingly soluble salt to interact with dissolved ions
in solution, thus encouraging more of the salt to dissolve.
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Do three of problems 6-9. Clearly mark the problem you do not want graded. (15 pts ea.)
I intentionally let LOTS of space for you, I do not expect that you will use all the space.
6. Complete both parts a and b.
a. A saturated solution of Ag2CO3 (Ksp = 8.1 x 10-12) that originally had a volume of 1.00 L is
allowed to evaporate until the solution volume is 0.500 L. How does the new
concentration of Ag+ compare to the concentration in the original solution? Clearly justify
your response. Do not consider activities.
Since the solution was initially saturated, a decrease in solution volume will force an
increase in the concentrations of Ba2+ and SO42- in solution, leading to supersaturation. This
increase will cause the Ksp for barium sulfate to be exceeded, resulting in the precipitation of
BaSO4, and a decrease in the concentration of Ba2+ and SO42- back to their original values.
Therefore, the [Ba2+] after evaporation will be the same as its initial concentration.

b. In determining the pH of a solution that contains and 0.10 M formic acid (Ka = 1.8 x 10-4)
and 0.10 M HF (Ka = 6.8 x 10-4), why is the ICE table approach not a valid strategy to
employ? What approach should be used instead? Do not consider activities.
Since we have two weak acids in solution, we must account for them simultaneously. That
is, since H+ appears in both equilibria and since there can only be one H+ concentration in
solution, that single concentration must satisfy both equilibrium constant expressions
simultaneously. The ICE table approach only addresses one equilibrium at a time.
Therefore, if you solve the ICE table for HF to determine [H+], the concentration you arrive at
will not correspond to the equilibrium concentration for formic acid.
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7. You have a mixture that contains 0.0010M Ag+ and 0.0010M Fe2+. To this mixture you
slowly add a solution of carbonate ion until a precipitate forms. What cation precipitates
first? Justify your answer with appropriate calculations. Ksp for silver carbonate is 8.1x10-12,
Ksp for iron (II) carbonate is 2.1x10-11.
Two equilibria to consider:
FeCO3 = Fe2+ + CO32Ag2CO3 = 2Ag+ + CO32-

Ksp = 2.1 x 10-11
Ksp = 8.1 x 10-12

What is the minimum [CO32-] needed to reach the Ksp and cause precipitation to occur?
Fe2+: [CO32-] =

Ksp =
[Fe2+]

2.1 x 10-11
0.0010 M

Ag+: [CO32-] =

Ksp
=
+ 2
[Ag ]

8.1 x 10-12
(0.0010 M)2

= 2.0 x 10-8 M CO32-

=

8.1 x 10-6 M CO32-

Since it requires a lower carbonate concentration to cause the iron carbonate to
precipitate, Fe2+ will precipitate first, even though silver carbonate has a lower Ksp,
because of the different stoichiometry of the two salts.
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8. Consider a solution of 0.0025 M MgSO4 that is saturated with Hg(SCN)2 (Ksp for Hg(SCN)2 is
2.8 x 10-20).
a. Determine the activity coefficients for Hg2+ and SCN2- in this solution.
To find activity coefficients, we need to calculate ionic strength:
[Mg2+][SO42-] = 0.0025 M
 = 1/2([Mg2+] (+2)2 + [SO42-](-2)2) = 1/2(0.0025(+2)2 + 0.0025(-2)2) = 0.010 M
From the table, for  = 0.0050 M, Hg2+ = 0.67, SCN- = 0.90
(Using the Debye-Huckel equation would produce similar values)

b. Using activities, find the mercury concentration in this solution. Compare this result to
that obtained if you were to ignore activities
Let's set up the system first:
Hg(SCN)2 = Hg2+ + 2 SCN2i
0
0
c
+x
+2x
e
x
2x
Ksp = AHg2+(ASCN-)2 = Hg2+[Hg2+](SCN-[SCN-])2 = Hg2+(x)(SCN-(2x))2= 4(Hg2+)(SCN-)x3
x = [Hg2+] =

Ksp
4(Hg2+)(SCN-)2

1/3

=

Ksp
4(0.67)(0.90)2

1/3

Substituting into the equation above gives [Hg2+]= 2.35 x 10-7 M
Ignoring activities,
[Hg2+]

=

x

=

Ksp
4

1/3

Which gives [Hg2+]= 1.91 x 10-7 M.
Therefore the salt is more soluble in the higher ionic strength solution, as expected.
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9. For this problem consider the newly discovered kick acid, a triprotic weak acid of the form
H3A.
a. The plot below represents the fraction of dissociation for kick acid. Label the four curves
with their corresponding alphas (H3A, H2A-, HA2-, A3-) and determine the values for
pKa1, pKa2, and pKa3. (5 points)
The pK’s occur where alpha lines
for two protonation states cross
at 0.50. Therefore:
pKa1 = 2.75
pKa2 = 4.00
pKa3 = 7.50

H2A-

H3A

HA2-

A3-

b. Would you be able to make an effective pH 6.00 buffer using any of the forms of kick
acid? Justify your response. (the plot above may be useful) (5 points)
Considering the plot above, at pH 6, almost all of the acid is present in a single state
(HA2-) and very small amounts are present as either H2A- or A3-. Therefore, if you tried to
prepare a pH 6 buffer, you would need to use a very large ratio of HA2- to one of the
other forms (likely A3-). This large ratio would produce a buffer with incredibly poor
capacity, leading to an ineffective buffer.

c. Estimate is the maximum concentration of H2A- that can exist in a 0.200 F kick acid
solution? (5 points)
Looking at the alpha plot above, the largest fraction of H2A- that can exist in solution is
about 0.67, which occurs at about pH 3.4. Therefore in a 0.200 F solution at pH 3.4, the
concentration of H2A- would be at its maximum at 0.67x0.200F = 0.134 M. At any other
pH, the concentration would be smaller because the alpha would be smaller.
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