AP® CHEMISTRY
2006 SCORING GUIDELINES (Form B)

Question 2

2. Answer the following questions about voltaic cells.

(a) A voltaic cell is set up using Al/Al1** as one half-cell and Sn/Sn** as the other half-cell. The half-cells
contain equal volumes of solutions and are at standard conditions.

(1) Write the balanced net-ionic equation for the spontaneous cell reaction.

One point is earned for the correct direction.
3Sn®" + 2Al — 3Sn + 2Al%

One point is earned for the balanced net-ionic equation.

(i) Determine the value, in volts, of the standard potential, E£°, for the spontaneous cell reaction.

One point is earned for the correct

E° =-014V - (=166 V) = 152V (or, 1.52JC") answer.
(Potential must be positive.)

(iii) Calculate the value of the standard free-energy change, AG®, for the spontaneous cell reaction.
Include units with your answer.

One point is earned for indicating the

_ Smole X 96,500C x(1.521Ch correct mol e~ to mol reaction ratio.

1 mol 1mol e

= —8.80x 10° T mol™! (or —880 kJ mol™!)

AG®° = —nFE°=

One point is earned for the correct
answer with correct units.

(iv) If the cell operates until [Al**] is 1.08 M in the Al/AI** half-cell, what is [Sn**] in the
Sn/Sn** half-cell?

0.08 mol AI**  3mol Sn”* 0.12 mol Sn**

; 241 —
change in [Sn™"] = 1L x 2 mol APT 1L One point is earned for
the correct answer.

[Sn?*] = 1.00 mol L™} — 0.12mol L™! = 0.88 mol L!

(b) In another voltaic cell with Al/A13* and Sn/Sn?* half-cells, [Sn?*] is 0.010 M and [Al3*] is 1.00 M.
Calculate the value, in volts, of the cell potential, E_,; , at 25°C.

0.0592 ) Answers must be consistent with part (a)(i).
o = 1.52V - = lo (1.00) 3 One point is earned for the proper exponents.

6 (0.010) One point is earned for the correct substitution
of concentrations.

1.52V-0.0592V = 146V

One point is earned for the correct answer.
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Answer EITHER Question 2 below OR Question 3 printed on page 12. Only one of these two questions will be QA
graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score
weighting for the question you choose is 20 percent.

2. Answer the following questions about voltaic cells.
(a) A voltaic cell is set up using Al/Al** as one half-cell and Sn/Sn?* as the other half-cell. The half-cells
contain equal volumes of solutions and are at standard conditions.
(i) Write the balanced net-ionic equation for the spontaneous cell reaction.
(ii) Determine the value, in volts, of the standard potential, E°, for the spontaneous cell reaction.

(iii) Calculate the value of the standard free-energy change, AG®, for the spontaneous cell reaction.
Include units with your answer.

(iv) If the cell operates until [A1**] is 1.08 M in the Al/Al** half-cell, what is [Sn?*] in the
Sn/Sn?* half-cell?

(b) In another voltaic cell with Al/A1>* and Sn/Sn?* half-cells, [Sn?*] is 0.010 M and [AI**] is 1.00 M.
Calculate the value,4n volts, of the cell potential, E,,; , at 25°C.

a) ;) M 137 = Al P LAY~ anede
N s TV = Gathde

35, ¢ 2 Ml — 2MF « 35,

i) Ey - Eolomdd Elmde) = (iav)-(-Le6V)  ES = |52V

) AL -aFE = - (6)[a8500 N152Y) AL = - 88010 T = -380 KT

W) Loam M 3.0 ST o 162 MSA
\Qmﬂ A3

L) Q= [ el = Eln- 0542 .. @
[sa213? N
Few= 1.52v - 0542 1 [Gao)') Een = 1LH6 V
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Answer EITHER Question 2 below OR Question 3 printed on page 12. Only one of these two questions will be
graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score
weighting for the question you choose is 20 percent.

2. Answer the following questions about voltaic cells.
(a) A voltaic cell is set up using AI/A13* as one half-cell and Sn/Sn?* as the other half-cell. The half-celis
contain equal volumes of solutions and are at standard conditions.
(i) Write the balanced net-ionic equation for the spontaneous cell reaction.

(ii) Determine the value, in volts, of the standard potential, E°, for the spontaneous cell reaction.

S (iii) Calculate the value of the standard free-energy change, AG®, for the spontaneous cell reaction.
< Include units with your answer.
(iv) If the cell operates until [A1**] is 1.08 M in the Al/A1** half-cell, whatis [Sn®*] in the
7 A Sn/Sn** half-cell?
\ H

(b) In another voltaic cell with Al/A1** and Sn/Sn?* half-cells, [Sn?*] is 0.010 M and [AI**] is 1.00 M.
Calculate the valuey in volts, of the cell potential, E_,, , at 25°C.
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Answer EITHER Question 2 below OR Question 3 printed on page 12. Only one of these two questions will be
graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score
weighting for the question you choose is 20 percent.

2. Answer the following questions about voltaic cells.
(a) A voltaic cell is set up using Al/Al 3+ as one half-cell and Sn/Sn?* as the other half-cell. The half-cells
contain equal volumes of solutions and are at standard conditions.
(i) Write the balanced net-ionic equation for the spontaneous cell reaction.
(ii) Determine the value, in volts, of the standard potential, E°, for the spontaneous cell reaction.

(iii) Calculate the value of the standard free-energy change, AG®, for the spontaneous cell reaction.
Include units with your answer.

(iv) If the cell operates until [A1%*] is 1.08 M in the Al/AI3* half-cell, what is [Sn®*] in the
Sn/Sn** half-cell?

(b) In another voltaic cell with Al/AI%* and Sn/Sn?* half-cells, [Sn?*] is0.010 M and [A1%*] is 1.00 M.
Calculate the value, in volts, of the cell potential, E_,; , at 25°C.
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AP® CHEMISTRY
2006 SCORING COMMENTARY (Form B)

Question 2

Sample: 2A
Score: 8

This excellent response earned 8 out of 9 possible points: 2 points for part (a)(i), 1 point for part (a)(ii), 2 points
for part (a)(iii), and 3 points for part (b). The point was not earned for part (a)(iv).

Sample: 2B
Score: 6

In this good response, 1 point was earned in part (a)(iii) for the correct number of moles of electrons, but the
second point was not earned because the units are incorrect and the number of significant figures in the answer is
different by more than one from the proper number. The point was not earned in part (a)(iv) because the
concentrations of AI’* and Sn’* are not equal. In part (b) one point was earned for substitution of the correct
concentrations, but the point for correct exponents was not earned. The calculation with incorrect exponents is

done correctly, so a second point was earned in part (b).

Sample: 2C
Score: 4

The point was not earned in part (a)(ii) because of a math error in the calculation. This incorrect value was used
correctly in part (a)(iii), so part (a)(iii) earned full credit. The point was not earned in part (a)(iv). Part (b) is not
attempted.
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