AP® CHEMISTRY
2010 SCORING GUIDELINES (Form B)

Question 2
(10 points)

Voltmeter

Salt Bridge

5 Fe?*(ag) + MnO, (ag) + 8 H'(aq) — 5 Fe¥*(aq) + Mn?*(aq) + 4 H,0(1)

A galvanic cell and the balanced equation for the spontaneous cell reaction are shown above. The two
reduction half-reactions for the overall reaction that occursin the cell are shown in the table below.

Half-Reaction E° (V) at
298 K
Fe*(ag) + & — Fe?*(aq) +0.77
MnO, (aq) + 8H*(aq) + 5 — Mn?"(ag) + 4H,0(l) +1.49
(@ Onthediagram, clearly label the cathode.
The electrode in the beaker on the right should be labeled One poirt is earned for correct
' identification of the cathode.

(b) Calculatethe value of the standard potential, E°, for the spontaneous cell reaction.

E = 149-0.77 = 0.72V

One point is earned for the correct numerical answer.

(c) How many moles of electrons are transferred when 1.0 mol of MnO, (aq) is consumed in the overall

cell reaction?

5.0 moles of eectrons are transferred.

One point is earned for the correct numerical answer.
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AP® CHEMISTRY
2010 SCORING GUIDELINES (Form B)

Question 2 (continued)

(d) Calculate the value of the equilibrium constant, K, , for the cell reaction at 25°C. Explain what the
magnitude of K, tellsyou about the extent of the reaction.

_ nE_ 5x072 _
l0gKeq = 00592 = 0.0592 ~ &t
K. = 65x10%

eq

Because the magnitude of K, isvery large, the
extent of the cell reaction is also very large and
the reaction goes essentially to completion.

One point is earned for the correct substitution.

One point is earned for the correct numerical
answer.

One point is earned for an explanation.

Three solutions, one containing Fe?*(aq), one containing MnO, (aq), and one containing H*(aq),
are mixed in abeaker and allowed to react. Theinitial concentrations of the speciesin the mixture are
0.60 M Fe?*(ag),0.10M MnO, (aq), and 1.0 M H*(aq) .

(e) When the reaction mixture has come to equilibrium, which species has the higher concentration,

Mn?*(ag) or MnO,~(ag)? Explain.

completion, and

with the MnO,".
[MnO, (aq)] at equilibrium is essentially zero.

[Mn2*(aqg)] will be greater than [MnO,(aq)] because:
(1) asindicated in part (d), the reaction essentially goesto

(2) there is more than sufficient Fe?* and H* to react completely

One point is earned for the choice

of Mn?* with the explanation
including only item (1).

One point is earned for including
item (2) in the explanation.

(f) When the reaction mixture has come to equilibrium, what are the molar concentrations of Fe?*(aq)

and Fe**(aqg)?

At equilibrium,

[Fe**(aa)]

0.60 — 5(0.10) = 0.10 M
5 x [MnO, (ad)] eacted
5(0.10) = 0.50 M

[Fe**(aa)]

[Fe?*(a0)]inigia — SIMNO, (20)] eqcted

One point is earned for a correct setup
(including a correct setup for an equilibrium
calculation).

One point is earned for correct numerical
answers.
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Voltmeter 2__ A |

Salt Bridge

Fe3+ - —> Colﬂwde .

5 Fe**(aq) + MnO,(ag) + 8 H*(ag) — 5 Fe**(ag) + Mn**(ag) + 4 H,0()
/ | !

‘ p ‘

2. A galvanic cell and the balanced equation for the spontaneous cell reaction are shown above. The two reduction

half-reactions for the overall reaction that occurs in the cell are shown in the table below.

Half-Reaction E°(V)at
298 K
Fe**(ag) + e — Fe?*(ag) +0.77

MnO,(ag) + 8H*(ag) + 5¢° — Mn*(ag) + 4H,00) +1.49

(a) On the diagram, clearly label the cathodé. ?ﬂ -
(b) Calculate the value of the standard pogential, E®, for the spontaneous cell reaction.

(c) How many moles of electrons are transferred when 1.0 mol of MnO,(aq) is consumed in the overall
cell reaction? ’ '

AN
: (('dl}alculam the value of the equilibrium constant, K, , for the cell reaction at 25°C. Explain what the
magnitude of K, tells you about the extent of the reaction.

Three solutions, one containing Fe?*(aq), one containing MnO, (ag), and one containing H*(ag), are mixed
" in a beaker and allowed to react. The initial concentrations of the species in the mixture are 0.60 M Fe?*(ag),

0.10 M MnO,(ag), and 1.0 M H'(ag) .

(e) When fhe reaction mixture has come to equilibrium, which species has the higher concentration, Mn?*(aq)
or MnO, (aq)? Explain. '

(f) When the reaction mixture has come to equilibrium, what are the molar concentrations of Fe’*(ag) and
Fe*(aq)?

GO ON TO THE NEXT PAGE.
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Voltmeter : ZB\

Salt Bridge
A o cathede
0“ Fe2+ ) H+
A . 34 Mn2+
mdmegl ‘

e ot

—

n}
5 Fez*(aq) +MnO,(aq) + 8 H'(ag) — 5Fe’*(aq) + an"(g) +4 H,0()
[ oY, -‘;‘tcé

2. A galvanic cell and the balanced equation for the spontaneous cell reaction are shown above. The two reduction
half-reacuons for the overa]l reaction that occurs in the cell are shown jn the table below. -

—

Half-Reaction E°(V)at
298K
Fe**(aq) + € — Fe**(ag) . +0.77

M5O, (ag) + 8H*(ag) + 5¢ — Mn2+(aqj;'+ 4H,00) +149

(a) On the diagram, clearly label the cathpde.
(b) Calculate the value of the standard potential; E®, for the spontaneous cell reaction.

(c) How many moles of electrons are transferred when 1.0 mol of MnQO, (aq) is oonsuthed in the overall
cell reaction?

(d) Calculate the value of the equilibrium constant, K, g for the cell reaction at 25°C. Explain wnat the
magnitude of K,, tells you about the extent of the reaction.

Three solutions, one containing Fe?*(ag), one containing MnO, (ag), and one containing H*(aq), are mixed
in a beaker and allowed to react. The initial concentrations of the species in the mixture are 0.60 M Fe?**(ag) ,-

0.10 M MnO,(ag), and 1.0 M H'(ag).

(¢) When the reaction mixture has come to equilibrium, which species has the higher concentration, Mn?*(aq)
or MnO, (ag)? Explain.

" (f) When the reaction mixture has come to equilibrium, what are the molar concentrations of Fe?*(ag) and
Fe**(aq)?-

GO ON TO THE NEXT PAGE.
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Voltmeter ‘ v 2_ C i .

Fe*t -
| Cathode

5 Fe?*(aq) + MnO, (aq) + 8 H'(ag) —> 5 Fe¥*(ag) + Mn**(ag) +4 H,0()

2. .A galvanic cell and the balanced equation for the spontaneous cell reaction are shown above. The two reduction
ha]f-r'eactions_ for the overall reaction that occurs in the cell are shown in the table below.

Half-Reaction E°(V)at
: 298 K
Fe**(aq) + e — Fe**(aq) ' +0.77
MnO, (aq) + 8 H'(ag) + 5¢ — Mn2+(¢'zq)' + ;1H20(l) +1.49°
BN |

(a) On the diagram, clearly label the cathode.
(b) Calculate the value of the standard potential, E°, for the spontaneous cell reaction.

(c) How many moles of electrons are transferred when 1. O mol of MnO, (agq) is consumed in the overall
cell reaction?

(d) Calculate the value of the equi]ibrium constant, K, for the cell reaction at 25°C. Explain what the
magmtude of K tells you about the extent of the reaction.

Three solutions, one containing Fe?*(aq), one containing MnO, (ag), and one containing H*(ag), are mixed
in a beaker and allowed to react. The initial concentrations of the species in the mixture are 0.60 M Fe?*(ag),

0.10 M MnO,(ag), and 1.0 M H*(ag).

(e) When the reaction mixture has come to ethbrmm, which species has the higher concentration, Mn?*(aq)
or MnO,7(ag)? Explain.

® When the reaction mixture has come to equilibrium, what are the molar concentrations of Fe?*(aq) and
Fe**(ag)?

GO ON TO THE NEXT PAGE.
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AP® CHEMISTRY
2010 SCORING COMMENTARY (Form B)

Question 2

Sample: 2A
Score: 10

This response earned all 10 points: 1 point for part (a), 1 point for part (b), 1 point for part (c), 3 points for part
(d), 2 points for part (e), and 2 points for part (f).

Sample: 2B
Score: 7

This response earned 7 of the possible 10 points. In part (e) 1 point was earned for indicating that the Mn?*
ion is in excess, with a partial justification addressing the large K, value; the second point was not earned
because the justification does not address the excess Fe?" and H* ions. In part (f) the points were not earned
because the student does not calculate the concentrations of Fe?* and Fe®* ions.

Sample: 2C
Score: b

This response earned b of the possible 10 points. In part (a) the point was not earned because the student
incorrectly indicates that the entire half-cell is the cathode. In part (b) 1 point was earned because the
student correctly calculates the E° value. In part (c) 1 point was earned for correctly indicating that 5 moles
of electrons were transferred. In part (d) 3 points were earned for the correct calculation of the K, value and
for the explanation that the large value means the reaction goes virtually to completion. In part (e) no points
were earned; although the student indicates that the Mn%* ion is in excess, there is no correct justification.
In part (f) no points were earned because the student does not calculate the concentrations of Fe?* and Fe®*
ions.
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