Chemistry 222
Exam 4: Chapters 11, 13, 14
80 Points

Name__________________________________________
Spring 2016

Bonus (5 points):
Monday, Dr. Lamp wrote a potential on the board at 8:30 AM as he started class and said that
the potential would be an answer to one of the exam 4 questions. What potential did he put on
the board? +0.247 V

Complete five (5) of the following problems. Each problem is worth 16 points. CLEARLY mark
the problem you do not want graded. You must show your work to receive credit for problems
requiring math. Report your answers with the appropriate number of significant figures.
1. Outline an experiment for the determination of Ca2+ using a calcium ion-selective electrode.
If the suspected [Ca2+] is ~0.0030 M, describe (qualitatively) how you would prepare a
calibration curve given a standard solution of Ca2+ (~ 1.0 M)? Assume you have a wellstocked laboratory and a collection of salts, acids, and bases to work with. Sketch
(qualitatively) how the calibration curve should appear. Include an estimate of the slope you
would expect.
Here are several key points:
1. Prepare standards of concentrations surrounding 0.0030 M, such as 0.01 M to 0.001 M.
Use an inert salt to maintain constant ionic strength.
2. Measure Ecell using the calcium ISE and a suitable reference electrode.
3. Plot log[Ca2+] versus Ecell.
4. Slope of calibration plot should be ~0.05916 V/2 or ~0.030 V.
5. Measure Ecell for the unknown and calculate an unknown concentration from you r
calibration curve.
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2. A 50.0 mL sample containing Cd2+and Mn2+ was treated with 70.0 mL of 0.0500 M EDTA.
Titration of the excess unreacted EDTA required 18.5 mL of 0.0200 M Ca2+. The Cd2+ was
displaced from EDTA by the addition of an excess of CN-. Titration of the newly freed EDTA
required 13.1 mL of 0.0200 M Ca2+.
(a) What were the molarities of Cd2+ and Mn2+ in the original solution? (12 points)

70.0 mL x 0.0500 mol EDTA = 3.50 mmol EDTA delivered
L
18.5 mL x 0.0200 mol Ca x 1 mol EDTA = 0.370 mmol EDTA in excess
L
1 mol Ca
So, (3.50 – 0.370)mmol = 3.13 mmol EDTA was used to bind all of the metal. Therefore,
mol Cd2+ + mol Mn2+ = 3.13 mmol
13.1 mL x 0.0200 mol Ca x 1 mol EDTA x 1 mol Cd2+ = 0.262 mmol Zn2+
L
1 mol Ca
1 mol EDTA
[Cd2+] = 0.262 mmol/50.00 mL = 0.00524 M Cd2+
(3.13 – 0.262)mmol = 2.868 mmol Mn2+
[Mn2+] = 2.868 mmol/50 mL = 0.0574 M Mn2+

(b) For this analysis to be successful, what must be true about the relative sizes of the
formation constants for the Cd-EDTA and Mn-EDTA complexes compared to the
formation constant for Ca-EDTA? (4 points)
Mn2+ and Cd2+ must bind EDTA more strongly than Ca2+ does, or else the Ca2+ would
displace EDTA from the other ions. Therefore, the Kf for the Ca-EDTA complex must be
less than the Kf values for Cd-EDTA and Mn-EDTA.
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3. Given your unnatural passion for analytical chemistry, you have been given the task of
explaining to a new quant student, Irma Dorque, the fundamentals of pH measurement with
a pH electrode.
(a) Briefly describe the key components of a pH electrode and how it functions. (10 points)
Your discussion should emphasize the role of the glass membrane in the pH measurement,
pointing out the presence of weakly acidic silanol groups on the glass surface and how
differences in proton concentration (or activity) on opposite sides of the membrane produces
a potential difference. This potential difference is measured in series with two reference
electrodes and should follow a Nernstian behavior. You may also have included a drawing
of a pH electrode.

(b) Identify at least three potential problems that may occur when making a pH
measurement and how to avoid them. (6 points)
I was looking for any three of the items below.
1. Alkaline error: at high pH, other cations (typically Na+) are present in large excess
compared to H+, making it difficult for the glass membrane to distinguish H+.
2. Acid error: at low pH, the silanol groups on the surface of the glass electrode may
become saturated with H+, decreasing sensitivity to additional acid.
3. Since the pH electrode responds to activities, differences in the ionic strength of the
sample and calibration buffers may lead to large errors.
4. Poorly maintained (or prepared) buffers may actually be at t pH different than that on the
label, leading to inaccurate data.
5. Poor handling of the electrode (i.e. dehydration) may also lead to unreliable results as a
result of sluggish response.
6. Temperature fluctuations can lead to errors because E depends on Temperature, too.
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4. Consider a solution containing 1.0 M Pb(NO3)4, 1.0 M Pb(NO3)2, 1.0 M KMnO4,
1.0 M Mn(NO3)2 and 1.0 M HNO3. For this solution, the following unbalanced reduction halfreactions occur.
MnO4- ⇌ Mn2+
Eo = +1.507 V
Pb4+ ⇌ Pb2+
Eo = +1.690 V
(a) Write the balanced reaction that occurs spontaneously in this solution. (6 points)
Since the Eo for the lead reaction is more positive, it is more favorable in the direction
written, therefore it will be the cathode half reaction and the manganese reaction will be the
anode.
Anode: MnO4- + 8H+ + 5e- = Mn2+ + 4H2O
Cathode: Pb4+ + 2e- = Pb2+

Eo = +1.507 V
Eo = +1.690 V

Net: + 5 Pb4+ + 2Mn2+ + 8H2O = 2MnO4- + 16H+ + 5Pb2+

(b) What is the Eo for the reaction. (4 points)
Eo = Eocathode – Eoanode = +1.690V – (+1.507V) = +0.183 V

(c) What is the cell potential for the reaction if the solution is instead 0.15 M Pb(NO3)2,
1.5 × 10-6 M Pb(NO3)4 , 1.5 × 10-6 M Mn(NO3)2 , 0.15 M M KMnO4, and 0.83 M HNO3? Is
this more spontaneous or less spontaneous than under standard condition s? (6 points)
E = Eo - 0.05916V log
n

[Pb2+]5[MnO4-]2[H+]16
[Pb4+]5[Mn2+]2

E = +0.183V - 0.05916V log [0.15]5[0.15]2[0.83]16 = -0.016 V
0
[1.5x10-6]5[1.5x10-6]2
Since the potential is less positive, the reaction is less spontaneous under these
conditions than under standard conditions.
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5. (a) Calculate pCa2+ at TWO of the following points in the titration of 50.00 mL of 0.0400 M
Ca2+ with 0.0800 M EDTA at a pH 10.00: (for Ca-EDTA, log Kf = 10.65) (12 points)
 At the equivalence point
 10.00 mL prior to the equivalence point
 10.00 mL after the equivalence point
First locate the equivalence point:
50.00 mL
x
0.0400 mol Ca2+
L

x

1 mol Y41 mol Ca2+

=

1L
0.0800 mol Y4-

=

25.00 mL

At the equivalence point: [CaY2-] = (50.00 mL x 0.0400 mol/L)/(75.00 mL) = 0.02667 M
Ca2+
+
Y4=
CaY2i
0
0
0.02667
c
+x
+x
-x
e
x
x
0.02667-x
Kf' = Y4-Kf =

= (0.36)(1010.65) = 1.608x1010 = 0.02667-x
[CaY2-]
[Ca2+][Y4-]
(x)(x)
Solving for x yields [Ca2+] = 1.28 x 10-6M or pCa = 5.89

10 mL before the equivalence point: we will have consumed 15/25 of the Ca2+, so 10/25
remains. Since K is large, we can assume that the dissociation of CaY2- is negligible.
50.00 mLx0.0400 mol Ca2+x10x
1L
=0.01231 M Ca2+ or, pCa = 1.91
L
25 15 + 50 mL10 mL after the equivalence point: we will have 10 mL extra EDTA.
[CaY2-] = (50.00 mL x 0.0400 mol/L)/(85.00 mL) = 0.02353 M
[EDTA] = (10.00 mL x 0.0800 mol/L)/(85.00 mL) = 0.009412 M
Ca2+ +
Y4=
CaY2i
0
0.009412
0.02353
c +x
+x
-x
e
x
0.009412 + x
0.02353 -x
Kf' = Y4-Kf =

= 1.608x1010 =
0.02353 -x
[CaY2-]
[Ca2+][Y4-]
(x)( 0.009412 + x)
Solving for x yields [Ca2+] = 1.56 x 10-10M or pCa = 9.81

(b) How would the volume at the equivalence point compare if you had titrated 0.0400 M
Al3+ instead of Ca2+? (6 points)
Since EDTA always binds metal ions with 1:1 stoichiometry, and since the concentrations of
Al3+ and Ca2+ would be the same, it would take the same volume of EDTA to reach the
equivalence point.
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6. Calculate the equilibrium constant for the reaction shown below using standard reduction
potentials from the table.
2 Fe3+ + 3 I- = 2 Fe2+ + I3-

Fe3+ + e- ⇌ Fe2+

Standard Reduction
Potential
+0.771 V

Fe2+ + 2e- ⇌ Fe(s)

-0.440 V

I2(s) + 2e- ⇌ 2I-

+0.535 V

Reaction

+0.535 V
+ 2e ⇌ 3IThere are multiple approaches to solve this problem, I’ll show you two.
I3-

-

Approach #1: We can generate our target reaction by combining the first and last
reactions above, with the iron half reaction as the cathode and the iodine reaction as the
anode:
Fe3+ + e- ⇌ Fe2+

+0.771 V

I3- + 2e- ⇌ 3I-

+0.535 V

Therefore, the potential for the overall reaction is Ecathode – Eanode = +0.771 V – (+0.535 V)
= +0.236 V.
Using the relationships between Go, Eo, and K, we can determine K:
Go = -nFEo = -(2 mol e-)(96485 C mol-1)(+0.236 V) = -45,540 J
Go = -RTlnK, so K = e-G/RT = 9.60 x 107
Approach #2:You could also calculate Go (or K) for each of the half reactions and
combine them appropriately.
Go
Fe3+ + e- ⇌ Fe2+ +0.771 V
I3- + 2e- ⇌ 3I-

-(1 mol e-)(96485 C mol-1)(+0.771 V) = -74390 J

-1
+0.535 V -(2 mol e )(96485 C mol )(+0.771 V) = -103240 J

To build the overall reaction, we need to double the iron reaction and reverse the iodine
reaction before adding them together. We must do the same with the Go values.
Go = 2(-74390J)-(-103240J) = -45,540 J
Go = -RTlnK, so K = e-G/RT = 9.60 x 107
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Possibly Useful Information
Kw = 1.0 x 1014 = [H+][OH-]

E  Eo 

x

2.303RT
0.05916V
log Q  Eo 
log Q
nF
n

 b  b 2  4ac
2a

Go = -nFEo = -RTlnK

F = 96485 C mol-1

R = 8.31441 Jmol-1K-1

 0.05916V 
E  const.  
 log ion
n



m
y = mx + b ,

y
x

Values of y4- for EDTA at 20°C and  = 0.10 M
pH

y4-

y4-

pH

pH

y4-

3.7 x 10

-7

10

0.36

-5

11

0.85

1.3 x 10

-23

1

1.9 x 10

-18

6

2.3 x 10

2

3.3 x 10-14

7

5.0 x 10-4

12

0.98

3

2.6 x 10-11

8

5.6 x 10-3

13

1.00

4

3.8 x 10-9

9

5.4 x 10-2

14

1.00

0
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