AP® CHEMISTRY
2007 SCORING GUIDELINES (Form B)

Question 3

2H,(g) + Oy(¢) — 2H00)

In a hydrogen-oxygen fuel cell, energy is produced by the overall reaction represented above.

(a) When the fuel cell operates at 25°C and 1.00 atm for 78.0 minutes, 0.0746 mol of O,(g) is consumed.
Calculate the volume of H,(g) consumed during the same time period. Express your answer in liters

measured at 25°C and 1.00 atm.

2 mol H,

3.65LH,

(00746 mol 02) X = 0.149 mol H2 One pOiIlt is earned for
1 mol O, .
calculation of moles of H, .
n, RT  (0.149 mol H,)(0.0821 L atm mol ™' K™')(298 K) One point is earned for
V = . 1 00 atm substitution into PV = nRT .

One point is earned for the
answer.

(b) Given that the fuel cell reaction takes place in an acidic medium,

(i) write the two half reactions that occur as the cell operates,

0, + 4H* + 4¢~ - 2H,0

H, - 2H" + 2 ¢

One point is earned for each
of the two half reactions.

(i1) identify the half reaction that takes place at the cathode, and

0, + 4H" + 4¢~— 2H,0

One point is earned for either the equation of the correct half
reaction, or for indicating “the reduction half reaction” if the
correct equation is given in (b)(i) .

(ii1) determine the value of the standard potential, E°, of the cell.

E°=123V+000V =123V

One point is earned for the standard potential.
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Question 3 (continued)

(c) Calculate the charge, in coulombs, that passes through the cell during the 78.0 minutes of operation as

described in part (a).

4 mole « 96,500 C

(0.0746 mol O, ) x
1 mol 02 1mol e

=288 x10*C

One point is earned for the
stoichiometry.

One point is earned for the
answer.
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2 Hy(g) + Oy(g) = 2H,0()

3. In a hydrogen-oxygen fuel cell, energy is produced by the overall reaction represented above.

() When the fuel cell operates at 25°C and 1.00 atm for 78.0 minutes, 0.0746 mol of O,(g) is consumed.
Calculate the volume of H,(g) consumed during the same time period. Express your answer in liters
.measured at 25°C and 1.00 atm.

{(b) Given that the fuel cell reaction takes place in an acidic medium,
(i) write the two half reactions that occur as the cell operates,
(ii) identify the half reaction that takes place at the cathode, and
(iif) determine the value of the standard potential, £ °, of the cell.

{c) Calculate the charge, in coulombs, that passes through the cell during the 78.0 minutes of operation as
described in part (a). v

0) 0074bmol 0y ¥ 2molHe _ 442 wol by consumed,

| mol 02

W=nT

(DO = (0ua)(082(a8)

V=]345 | e
—
B 1 e —» oHTsle C°=0.00V
02 (g) Yuutt e 20 E%123V
1, the reduction veackion +a e othode, thuc...

02 @t oy Wile Z2H 208y

/t - G . cathede,
G 6,00+ 123V :i \«QiV]

0440 wol Hay Lol & %500 = 23600 Couloubs

m\ “‘1 \\io\ (‘

-14- GO ON TO THE NEXT PAGE.
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2 Hy(g) + Oy(g) — 2 H,0() 3 g

3. In a hydrogen-oxygen fuel cell, energy is produced by the overall reaction represented above.

(a) When the fuel cell operates at 25°C and 1.00 atm for 78.0 minutes, 0.0746 mol of O,(g) is consumed.
Calculate the volume of H,(g) consumed during the same time period. Express your answer in liters
measured at 25°C and 1.00 atm.

(b) Given that the fuel cell reaction takes place in an acidic medium,
(i) write the two half reactions that occur as the cell operates,
(i1) identify the half reaction that takes place at the cathode, and
(iii) determine the value of the standard potential, E'°, of the cell.

(c) Calculate the charge, in coulombs, that passes through the cell during the 78.0 minutes of operation as
described in part (a).

3)@ v="F

0 N4pmol 02 * & = 04149 ol Hha

y= (2 B42000. SfeoR R

=3, LJA

(E)y‘; () +4Ht t4e” —> 2#00) 2°= {03v
LHY 4 = Hum 5°= 0.00
Oufal+:ﬁﬁ’ LA > 3t oW) '
4H; m) — 4 + M~ £%= 1. RV

4H1m3 ¥ D»Lﬁ‘ —2 2H. 0D

() 0sla) + ‘FH+{ 4" = rho))

U\) WMmQ fh (V)

i”c_w = \73\(\

@I{—

133 = 249

a=4594 ©
4 .
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2 Hy(g) + Oy(g) — 2 H,0() ,

3. In a hydrogen-oxygen fuel cell, energy is produced by the overall reaction represented above

(2) When the fuel cell operates at 25°C and 1.00 atm for 78.0 minutes, 0.0746 mol of O,(g) is consumed

Calculate the volume of H,y(g) consumed during the same time period. Express your answer in liters
. measured at 25°C and 1.00 atm.

(b) Given that the fuel cell reaction takes place in an

(i) write the two half reactions that occur as the cell operates,
(i) identify the half reaction that takes place at the cathode, and
(iii) determine the value of the standard potential, E°, of the cell

(c) Calculate the charge, in coulombs, that passes through the cell during the 78.0 minutes of operation as
described in part (a).

&) QHa: [ Qs Since 0.034b moles of O js consumed, 01492 meles
of Ha pere Consumed.

0. 1092 woles x {224 ¢ / mufe)

= 3.3 L

(b)

() Habls 2HY + 2¢€°

Dala) * GH* +4e” —» 2H20
() Cathode =

where the. [m‘:omaae& 2 QP_L rediced.
[where redu chion mkes J:Im:e ) _
reduchion = Mmmn le hons,

> %f) +/_u++ < [de-] » ZHLO oceuryd A+ the c;afbgdf

\ T gain of eiechons
i) H2 (61) —_ z@t + 2e” E°=0 v
0> (a) +. AU +Yp-— 210 E° =123 V
A
_El ey =123V
: [7] Sq
() " Ecell= Evcell= o Log(d)

og.
= [f231) - EEF%%I—JOAQO—QO;H

s | 27 coulombs

gr * Oscume I =
I-= -

:

3 aAmoeres.

3= L?%‘E q- 14049 coulombs
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Question 3

Sample: 3A
Score: 9

This response earned all 9 points: 3 for part (a), 2 for part (b)(i), 1 for part (b)(ii), 1 for part (b)(iii), and 2 for
part (c).

Sample: 3B
Score: 7

This response earned all 7 points for parts (a) and (b). No points were earned for part (¢) because the student
incorrectly substitutes the voltage as current into an incorrect equation.

Sample: 3C
Score: 6

In part (a) 1 point was earned for the correct ratio of moles of oxygen to moles of hydrogen; only 1 of the
remaining 2 points for this part was earned because the student incorrectly attempts to calculate the volume under
STP conditions. All 4 points were earned for part (b). No points were earned for part (c) because use of the Nernst
equation is inappropriate.

© 2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).





