M A E+HGC—@

AR 8AEE KRFEPE L& 7 2 45 B N % 5l % 5l Br Group B
Entrance Examination for International Master’s Program 2026 w5 b5 /Electrochemistry
=< ER 7 5 /Number

AENFRREZBREIIBARECHRETHZ L
Applicant of INTERNATIONAL MASTER’S PROGRAM should answer in English.

(D) EE SR EEM (PEMFC) Ti, #4580
H» — 2H" +2¢” (A)
2H"+2¢ +1/2 02 — H,O (B)
RIGZEMLT, BETHIENTED. UTFORBIZEL L. (25:5)

(1) EF DI EFRICI0E /RN T & &, KFE, BBEIXMTELTOWEEENL0? £, KIIMAEALERINDD? (55)

(2) EEMSISITHT 2 F 7 ZADH AT R F—BIUAG 2 KK, B3R, KOBELRF 7 ZADHHTRLF— (UiGn’, 4iGo’,
AiGo”) Z Ao TRt E72PEMFCOEE I EOH

EO = LGP
2F
LieDZ LERE. FIZ7 7 77 —E#K. (5.5)
(3) FEERIZIE, EENEFKSE, BFE, BLOKOERE (am, an, BEPamo) IEFL, KO LD RIEEOBE (Nernst=) 1272
5. TREZEHEX. (58
a a1/2
E=E°+In (—”2 02) (D)
2F aygz0
T2 LRIZ—RARESR, TIEHRETHS.

(4) 4, KEOENZUETT D, HLVIEMADIEN 225D, EHODHEN KD REREE LFNHD S ). 7L, Nernst
T%ﬁo T L. (1045)

In a polymer electrolyte membrane fuel cell (PEMFC), electricity can be generated through the Egs. (A) and (B). Answer the following questions.
(25 points)

(1) When 10 moles of electrons flow through the external circuit, how many moles of hydrogen gas and oxygen gas are consumed, and how many
moles of water are produced? (5 points)

(2) Using the standard Gibbs free energies of formation of hydrogen gas, oxygen gas, and water (4:Gu2°, 4:Go2°, and A41Gu20°), express the standard
Gibbs free energy change of the overall cell reaction, AG,". Furthermore, show that the standard electromotive force (EMF) of the PEMFC is
given by Eq. (C). (5 points)

(3) In practice, the electromotive force depends on the activities of hydrogen gas, oxygen gas, and water (ay,,do,,and ay,o), and is expressed
as the activity-dependent function as shown in Eq. (D). Derive this equation. Here, R is the universal gas constant, and Tis the absolute
temperature. (5 points)

(4) Now consider doubling the pressure of hydrogen gas or, alternatively, doubling the pressure of oxygen gas. Which case results in a larger
increase in the electromotive force? Answer, using the Eq. (D). (10 points)
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MIADR DL RNTE Z L. (255)

Answer the following questions. (25 points)

[ =)V 1E, FiEnds L O CC X ZEMAZ N Z IR EN KA FS L OMRFESR KIS HE L, D> OWRIR DR Tl

SINTHDOTHY, LFOXIIthbbbIihs.

7Zn(s)|ZnS04(aq.)||CuS0O4(Aq.)|Cu(s)

Z OEHIZOWTLL T OFWIZE % L.

(1) FERHIC SR EMIS X OPRHEM Tl X 2 EMAUG 2 ET (4 5ix2).

(2) HEnEMIZ I T DR ekt % TOx/Red] DL TERE (5 5).

(3) ZDEMNS 1A DOEFE 100 HEEY H Lol EROEEOEbZRkD k. 72771, WHOFEF&%2 65 777757 —
EE %A 96500 C/mol & L CRFERE L (6 4.

(4) ZOEMIL, EBREEERT OBBA T OPRED Imo/L DIf, #iEMZ EME L TN 1.1V ORENEZALS. WehA 4O
BEZZNIY G/NSLEEE, BEHIEOI BT E20E2HBE L BIZEZ L (6.4).

The Daniell cell consists of zinc and copper electrodes, each in contact with an aqueous zinc sulfate solution and an aqueous copper sulfate solution,
respectively, with the two solutions connected by a salt bridge. This cell is represented as follows:
7Zn(s)|ZnS04(aq.)||CuS0O4(Aq.)|Cu(s)
Answer the following questions concerning this cell.
(1) Write the electrode reactions that occur at the zinc electrode and at the copper electrode during discharge. (4 points x 2)
(2) Express the redox couple at the zinc electrode in the form “Ox/Red.” (5 points)
(3) When a current of 1 A is drawn from this cell for 100 s, calculate the change in mass of the zinc electrode. Assume that the atomic weight of
zinc is 65 and that the Faraday constant is 96500 C/mol. (6 points)
(4) When the concentrations of the metal ions in the electrolyte solutions are 1 mol/L, this cell generates an electromotive force of approximately
1.1 V with the copper electrode as the positive electrode. How does the electromotive force change when the concentration of zinc ions is

made smaller than this value? Answer this question and explain your reasoning. (6 points)
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