Chemistry 222 Name

Exam 4: Chapters 11, 13, 14, a little separations Spring 2021
80 Points

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 Ca*" using a calcium ion-selective electrode. If the
suspected [Ca?'] is ~0.0030 M, describe (qualitatively) how you would prepare a calibration curve
given a standard solution of Ca?" (~ 1.0 M)? Assume you have a well-stocked laboratory and a
collection of salts, acids, and bases to work with as well as a voltmeter and reference electrode.
Sketch (qualitatively) how the calibration curve should appear. Include an estimate of the slope you
would expect.

Here are several key points:

L.

2.
3.
4.

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.

Measure Ec.i using the calcium ISE and a suitable reference electrode.

Plot log[Ca®"] versus Ece.

Slope of calibration plot should be ~+0.05916 V/(+2) or ~+0.030 V. Note that the slope is
positive for cations, negative for anions

Measure Ecoi for the unknown and calculate an unknown concentration from your calibration
curve.



2. A 50.0 mL sample containing Cd**and Mn?" 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 Ca**. The Cd*" 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 Ca**. You may assume that each of the titration reactions goes to completion.

(a) What were the molarities of Cd** and Mn?" in the original solution? (12 points)

70.0mL x 0.0500 mol EDTA = 3.50 mmol EDTA delivered
L

185mL x 0.0200molCa x 1mol 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 Cd*" + mol Mn?*" = 3.13 mmol

13.1mL x 0.0200molCa x 1molEDTA x 1molCd** = 0.262 mmol Cd*
L 1 mol Ca 1 mol EDTA

[Cd**] = 0.262 mmol/50.00 mL = 0.00524 M Cd**
(3.13 — 0.262)mmol = 2.865 mmol Mn**

[Mn*"] = 2.865 mmol/50 mL = 0.0574 M Mn?**

(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)

Mn?" and Cd*" must bind EDTA more strongly than Ca** does, or else the Ca*>* would displace
EDTA from the other ions. Therefore, the K¢ for the Ca-EDTA complex must be less than the K¢
values for Cd-EDTA and Mn-EDTA.



3. Given your unnatural passion for analytical chemistry, you have been given the task of explaining to a
new quant student, [rma 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.

L.

2.

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*.

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.

Since the pH electrode responds to activities, differences in the ionic strength of the sample and
calibration buffers may lead to large errors.

Poorly maintained (or prepared) buffers may actually be at pH different than that on the label,
leading to inaccurate data.

Poor handling of the electrode (i.e. dehydration) may also lead to unreliable results as a result of
sluggish response.

Temperature fluctuations can lead to errors because E depends on Temperature, too.



4. Consider a solution containing 1.0 M Pb(NO3)4, 1.0 M Pb(NO3),, 1.0 M KMnOs4, 1.0 M Mn(NOs3),
and 1.0 M HNOs. For this solution, the following reduction half-reactions occur.
MnOs + 8H' + 5¢” = Mn*" +4H,0 E°=+1.507V
Pb*" +2¢” = Pb** E°=+1.690 V
(a) Write the balanced reaction that occurs spontaneously in this solution. (4 points)

Since the E° 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: MnOy + 8H' + 5¢ = Mn?" + 4H,0 E°=+1.507V
Cathode: Pb*" + 2e- = Pb** E°=+1.690 V

Net: * 5 Pb*" + 2Mn** + 8H,0 = 2MnOy4 + 16H" + 5Pb**

(b) What is the E° for the reaction. (4 points)

EO = Eocathode - annode = +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),, 1.5 x 10° M
Pb(NO3)4, 1.5 x 10° M Mn(NO3), , 0.15 M M KMnOs, and 0.83 M HNO5? Is this more
spontaneous or less spontaneous than under standard condition s? (8 points)

E = E° - 005916V log [Pb*][MnOs ]2 [H']"

n [Pb4+]5[Mn2+]2
E = +0.183V - 0.05916V log [0.15]5[0.15][0.83]'¢ = -0.016 V
10 [1.5x10°][1.5x10°]?

Since the potential is less positive, the reaction is less spontaneous under these conditions than
under standard conditions.



5. (a) Calculate pCa*" at TWO of the following points in the titration of 50.00 mL of 0.0400 M Ca?*

with 0.0800 M EDTA at a pH 10.00: (for Ca-EDTA, log K¢= 10.65) (12 points)
e At the equivalence point
e 10.00 mL prior to the equivalence point
10.00 mL after the equivalence point

First locate the equivalence point:

50.00mE x 0.0400 mel-Ca** X 1 molY* = 1L =
£ 1 mol-Ca* 0.0800 mel¥-*
At the equivalence point: [CaY?] = (50.00 mL x 0.0400 mol/L)/(75.00 mL) = 0.02667 M
Ca>* + Y+ = CaY?*
i 0 0 0.02667
c +X +x -X
e X X 0.02667-x
Kf = aywKe = [CaY?] = (0.36)(10'%) =1.608x10"" = 0.02667-x
[Ca*][Y*] (x)(x)

Solving for x yields [Ca?*"] = 1.28 x 10°M or pCa = 5.89

25.00 mL

10 mL before the equivalence point: we will have consumed 15/25 of the Ca**, so 10/25 remains. Since

K is large, we can assume that the dissociation of CaY? is negligible.
50.00 #Ex0.0400 met-Ca*x10x 1L =0.01231 M Ca** or, pCa=1.91
L 25 15 +50 mk&

10 mL after the equivalence point: we will have 10 mL extra EDTA.
[CaY?*] = (50.00 mL x 0.0400 mol/L)/(85.00 mL) = 0.0235; M
[EDTA] = (10.00 mL x 0.0800 mol/L)/(85.00 mL) = 0.00941, M

Ca’ + Y+ = CaY?
1 0 0.00941, 0.02355
c X +X -X
e X 0.00941, +x 0.02353 -x
KY = oawuKs = [CaY?] = 1.608x10" = 0.02355 -x
[Ca*][Y*] (x)(0.00941, + x)

Solving for x yields [Ca®*"] = 1.56 x 107'°M or pCa = 9.81

(b) How would the volume at the equivalence point compare if you had titrated 0.0400 M A1**

instead of Ca?*? (4 points)

Since EDTA always binds metal ions with 1:1 stoichiometry, and since the concentrations of A

1**

and

Ca*" would be the same, it would take the same volume of EDTA to reach the equivalence point.



6. Answer each of the following regarding chromatography. Two or three sentences per answer should
be sufficient: (4 points each)

a.

B

Why is it important for sample to be introduced to the separation column in as narrow of a “plug’
as possible?

As soon as a sample is deposited on the column, a concentration gradient is created, which
encourages diffusion away from the sample plug. Therefore, the plug begins to broaden. A
sample peak cannot be any narrower than the width of the sample plug at the time of introduction.

Why is longitudinal diffusion a more serious problem in gas chromatography than in liquid
chromatography?

Since diffusion coefficients are very large in the gas-phase compared to those in the liquid phase,
the longitudinal diffusion term dominates band broadening in GC, regardless of whether it is in a
packed column or capillary.

Consider liquid chromatography with a packed column. Why does plate height increase and
separation efficiency decrease at very low flow rates?

At low flow rates, analyte stays on the column for a longer time, allowing longitudinal diffusion
to play a larger role in band broadening.

Consider liquid chromatography with a 5 packed column. Why does plate height increase and
separation efficiency decrease at very high flow rates?

At high flow rates, diffusion between the mobile and stationary phase can cause some molecules
in a sample plug to lag behind, causing broadened peaks and poorer separations
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