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2009 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

6. Answer the following questions about electrochemical cells.

e Voltmeter
{.19v

—

T will be oxidizd

So - -
J net Ag Se---

( +<“——>Aqw

e T e | | ) S TRt - 2N
7] + A-"7+ — T4 +A3
1.00 M TIF LOOMAgF ) —— /-1ty

It is observed that when silver metal is placed in aqueous thallium(T) fluoride, , IO reacton occurs. when the
switch is closed in the cell represented above, the voltage reading is +1.14 V.

(a) Write the reduction half-reaction that occurs in the cell. C— -+ A-f, L —_— A-5

(b) Write the equation for the overall reaction that occurs in the cell.

(c) Identify the anode in the cell. Justify your answer. 7:? jz&( Since O\qcécﬂévw ) /A k‘ "‘5
e e !
/ (d) On the diagram above, use an arrow to clearly indicate the direction of electron flow as the cell operates.

(e) Calculate the value of the standard reduction potential fog the TI*/T1 half-reaction.
Elug=/ltsy = fOV + EoxTh = BV - Ee Th 5o
tandard reduction potential, E°, of the reaction P** +2 ¢~ — Ptis 1.20 V. -
The standard reduction poten of the reaction w 7.{ .f+ e-=>T1 52«1‘ - 34,

(f) Assume that electrodes of pure Pt, Ag, and Ni are available as well as 1.00 M solutions of their salts.
Three different electrochemical cells can be constructed using these materials. Identify the two metals that
when used to make an electrochemical cell would produce the cell with the largest voltage. Explain how you

arrived at your answer. i .
Nilf £le- 2N ES= -2V N"/Nz’z{'// P"“Z‘r/?(— Usc most +&ev
(g) Predict whether Pt metal will react when it is placed in 1.00 M AgNO;(ag). Justify your answer.pb fonch u.Q Cp_’_) qé

2 ;
Phoahgt o> P 2ks) ot ey O
Pt 5 Pt 42em £7=-02
2AsT ¢ 2T —> 204 €7 RV

— .UV

e

Vo R o have  an STOP
END OF EXAM
E"f'o-\lo-o & %//
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Question 6 (9 points)

Answer the following questions about electrochemical cells.

Voltmeter

[oRE

Salt Bridge

TI* F-
1.00 M TIF 1.00 M AgF

It is observed that when silver metal is placed in aqueous thallium(I) fluoride, TIF, no reaction occurs. When the
switch is closed in the cell represented above, the voltage reading is +1.14 V.

(a) Write the reduction half-reaction that occurs in the cell.

Ag' + e - Ag One point is earned for the correct equation.

(b) Write the equation for the overall reaction that occurs in the cell.

Tl + Agt > TI" + Ag One point is earned for the correct equation.

(c) Identify the anode in the cell. Justify your answer.

The anode is where oxidation occurs. In the overall reaction Tl is One point is earned for the
oxidized to TI*, so the anode is the Tl electrode in the left cell. correct answer with justification.

(d) On the diagram above, use an arrow to clearly indicate the direction of electron flow as the cell operates.

The arrow should show electron flow in the direction from the TI One point is earned
electrode through the wire to the Ag electrode. for a correct arrow.

© 2009 The College Board. All nghts reserved.
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Question 6 (continued)

(e) Calculate the value of the standard reduction potential for the TI*/T1 half-reaction.

el = Eed — Eoy
+1.14V = +0.80V - EZ,
ES, = -034V

One point is earned for the correct setup.

One point is earned for the correct answer.

The standard reduction potential, E°, of the reaction Pt**+2¢ — Ptis1.20V.

(f) Assume that electrodes of pure Pt, Ag, and Ni are available as well as 1.00 M solutions of their salts. Three
different electrochemical cells can be constructed using these materials. Identify the two metals that when
used to make an electrochemical cell would produce the cell with the largest voltage. Explain how you arrived
at your answer.

E°(V)
Ni?* +2¢- —» Ni =025
Agt + e - Ag 080
Pt +2¢ —» Pt 1.20

One point is earned for the

Fear = Frea = Fox correct answer with justification.
The two metals that yield the largest E_,,
are those with the biggest difference in E°,
namely, Pt and Ni (see E_,; calculation
below).

o = +1.20-(<025) = +1.45V

(g) Predict whether Pt metal will react when it is placed in 1.00 M AgNO;(aqg). Justify your answer.

When Pt metal is added to 1.00 M AgNO;, the only redox

reaction that could occur would be for Pt to become oxidized One point is earned

as Ag* is reduced. for comparing E° values.
E,  =E, - E,=180V-(+120V)=-040V

¢ One point is earned for

Because E,,; for that reaction is negative, no reaction will the correct interpretation.

occur.
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