AP® CHEMISTRY
2010 SCORING GUIDELINES

Question 6
(9 points)

2 Al(s) +3Zn?*(aq) — 2 Al¥*(ag) + 3Zn(s)

Respond to the following statements and questions that relate to the species and the reaction represented
above.

(a) Write the complete electron configuration (e.g., 1s°2s?. . .) for Zn?*.

1s? 252 2pb 35% 3pf 3d™° One point is earned for the correct configuration.

(b) Which species, Zn or Zn?*, has the greater ionization energy? Justify your answer.

Zn?* hasthe greater ionization energy. The electron being

removed from Zn?* experiences alarger effective nuclear
charge than the electron being removed from Zn because

Zn?* has two fewer electrons shielding the nucleus. One point is earned for identifying Zn?*
OR with justification.

It takes more energy to remove a negatively charged electron
from a positive ion than from a neutral atom.

(c) Identify the speciesthat isoxidized in the reaction.

Al(s) One point is earned for identifying Al.
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Question 6 (continued)

The diagram below shows a galvanic cell based on the reaction. Assume that the temperatureis 25°C.

Voltmeter

Salt Bridge

Zn2+
NOo; NO; NO;
- — -
1.0 MA](_N()3)3 1.0 MZII(NO-_;)Z

(d) Thediagram includes asalt bridge that is filled with a saturated solution of KNO;. Describe what
happens in the salt bridge as the cell operates.

Asthe cell operates, NO;~ ions flow toward the Al half-cell One point is earned for correctly
and K* ions flow toward the Zn half-cell. indicating the direction of ion flow.

(e) Determine the value of the standard voltage, E°, for the cell.

E° = (-0.76 V) — (-1.66 V) = 0.90V One point is earned for the correct E°.

(f) Indicate whether the value of the standard free-energy change, AG®, for the cell reaction is positive,
negative, or zero. Justify your answer.

AG® isnegative since E° ispositiveand AG®° = —n% E°. One point is earned for indicating that

AG® is negative.
OR %
AG® must be negative because the reaction is spontaneous One point is earned for a correct
under standard conditions. justification.
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Question 6 (continued)

(g) If the concentration of AlI(NO,), inthe Al(s)/AI**(aq) half-cell islowered from 1.0M to 0.01M at
25°C, does the cell voltage increase, decrease, or remain the same? Justify your answer.

Lowering [AI®*] causes an increase in the cell voltage.
Thevalue of Q will fall below 1.0 and the log term in the Nernst
equation will become negative. This causes the value of Ey, to
become more positive.

OR
A decrease in a product concentration will increase the spontaneity
of the reaction, increasing the value of E_,.

One point is earned for indicating
that Ey increases.

One point is earned for the correct
justification.
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2A1(s)+3Zn2+(aq) — 2 AP*(aq) + 3 Zn(s) é A
6. Respondtothcfollowingsmtementsmdquesﬁonsthatmhwmthespedesmdﬂleréacﬁonmprwentedabove.

(a) Wite the complete electron configuration (e.g., 15225 . . ) for Zo™.
(b) Which species, Zn or Zn?**, has the greater ionization energy? Justify your answer.
(c) Identify the species that is oxidized in the reaction.

The diagram below shows a galvanic cell based on the reaction. Assume that the temperature is 25°C.

Voltmeter

—

Salt Bridge

A]3+ Zn2+
No,- NOs ' NO; |
1.0 M AINO,), 1.0 M Zn(NO5),

(d) The diagram includes a salt bridge that is filled with a saturated solution of KNO;. Descnbc what happens
in the salt bridge as the cell operates.

(e) Determine the value of the standard voltage, E®, for the cell.

(f) Indicate whether the value of the standard free-energy éhange, AG?®, for the cell reaction is positive,
negative, or zero. Justify your answer.

(2) If the concentration of AI(NO3); in the Al(s)/AP**(ag) halfcell is 10Wered from 1.0M to 0.01 M at 25°C,
does the cell voltage increase, decrease, or remain the same? Justify your answer. '
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2 Al(s) +3Zo**(ag) — 2 AP*(ag) + 3 Za(s) é) B,
6. Respond to the following statements and questions that relate to the species and the reaction represented above.
(a) Write the complete electron conﬁgutatlon (e.g., 152252 . ) for Zn?*.
(b) Which species, Zn or Zn?*, has the greater ionization energy? Justify your answer. -
(c) Identify the speciés that is oxidized in the reaction.
The diagram below shows a galvanic cell based on the reaction. Assame that the temperature is 25°C.

Voltmeter

" Salt Bridge

AP Zo? = |

No, NOy | NO,
3 "3 )
1.0 M AI(NO,), 1.0 M Zn(NO,),

(d) The diagram includes a salt bridge that is filled with a saturated solution of KNO,. Describe what happens.
in the salt bridge as the cell operates.

(e) Determnine the value of the standard voltage, E°, for the cell.

(f) Indicate whether the value of the standard free-energy change, AG®, for the cell rcactlon is positive,
negative, or zero. Justify your answer.

(g) Kthe conc_t:nttation of AI(NO;); in thc AI(s)/AP*(a'q) half—cell is lowered from 1.0M to 0.01 M at 25°C,
does the cell voltage increase, decrease, or remain the same? Justify your answer.
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3
12
2A1(s)+3Zn2+(aq) - 2Al3"'(aq)+32n(s) é ( ,
ea-s ag\nu
6. Respondtothefollowmgstatementsandqucsuonsthatrelatetothcspeclcsandﬂlcrmcnonreprwentedabovc.

~

(a) Write the complete electron configuration (e.g., 15?252 . . .) for Zn?*.

(b) Which species, Zn or Zn?*, has the greater ionization energy? Justify your answer.

(c) Identify the species that is oxidized in the reaction.

The diagram below shows a galvanic cell based on the reaction. Assumc that the temperature is 25°C.

Voltmeter

Salt Bridge
NO;~ Kt

NO; | Nos
A13+ Zn2+

_ NO; B}
No; NO;7| NO;
1.0 M AINO,), 1.0 M Zo(NO,),

(d) The diagram includes a salt bridge that is filled with a saturated solution of KNO,. Describe what happens
in the salt bridge as the cell operates.

(¢) Determine the value of the standard voltage, E°, for the cell.

(f) Indicate whether the value of the standard free-energy change, AG®, for the cell reaction is positive,
negative, or zero. Justify your answer.

(g) If the concentration of AI(NO;); in the Al(s)/Al**(ag) half-cell is lowered from 1.0M to 0.01 M at 25°C,
does the cell voltage increase, decrease, or remain the same? Justify your answer.
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Question 6
Overview

This question started with two parts on atomic structure and then dealt mainly with matters of
electrochemistry. In part (a) students were asked to complete the electron configuration for a

d-block ion. In part (b) students were asked to compare the ionization energy of this ion with the
corresponding neutral atom. The rest of the question dealt with a specific redox reaction and a galvanic
cell based on this reaction. In part (c) students were asked to identify the species that is oxidized. In part
(d) they were asked to describe what happens in the salt bridge as the cell operates. In part (e) students
were asked to calculate £° for the cell. In part (f) students were required to indicate the sign of AG® for the
cell reaction and to justify their answer. In part (g) they were asked to predict the effect on £, if the

concentration of one of the components in the cell reaction is reduced.

Sample: 6A
Score: 9

This response earned all 9 points: 1 point for part (a), 1 point for part (b), 1 point for part (c),

1 point for part (d), 1 point for part (e), 2 points for part (f), and 2 points for part (g). In part (b) Zn®* is
correctly identified as having the greater ionization energy, and this choice is justified based on the
reduced electron shielding in the ion. In part (d) the direction of movement of both K* and NO;~ ions is

given, the direction of movement of either ion is sufficient to earn the point. The correct explanation in
part (g) is based on a sign analysis using the Nernst equation.

Sample: 6B
Score: 7

This response did not earn the point in part (b). The response earned 1 point in part (g) for noting that the
cell voltage would increase, but the second point was not earned because the explanation does not
address either the Nernst equation or a change in reaction spontaneity.

Sample: 6C
Score: b

This response did not earn the point in part (a). The point was not earned in part (d) because there is no
description of ions moving. The points were not earned in part (g) because the answer given for the effect
on the cell voltage is incorrect.
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