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ON THE BECQUEREL EFFECT OF COPPER OXIDE
ELECTRODE IN ALKALI SOLUTION.*

Some Considerations from the Stand-points of
Reaction Kinetics and Thermodynamics.

By Nacao Havawmi,

Since the discovery of the Becquerel effect” of a copper oxide electrode, many
studies® have been made on the effect and yet there was no satisfactory theory to
elucidate the mechanism of the effect because of disagreement in experimental
resuits, Several years ago, Prof. S. Horiba and the author® found that the
disagreement was due to the fact that those studies were undertaken with the
copper oxide electrodes not in complete equilibrium, and so they investigated the
effect with the copper oxide electrode considered to be in complete equilibrium
and proposed a theory on the effect. Long after cuprous oxide film was im-
mersed in alkali solution, a black cupric oxide film was obtained by the catalytic
action of alkali. The copper oxide electrode thus obtained presented a constant
voltage in the dark, that is, it was regarded as an electrode in such an equilibrium

as 2CuO:Cuz+%Og. Using this electrode, Prof. S. Horiba and the author

studied the Becquerel effect of the following two cells:

N ke, 11g.01,| Hg,

3N« NaOH
10

Al CulCu0, cuo N NaoH
[A] =

equilibrium film

[B] Cu|CuO, CuO.%NaOH,HgO,Hg,

equilibrium film

and obscrved that the effect was simply owing to the photo-reversible reaction :

* This paper is the English translation of the same article which appeard in ¢4 jowrnal, 9, 38
(1934).
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light |
2 CUO : CUQO +—Og.
dark 2

The present research is undertaken to study the chemical kinetics and the
thermodynamical relation of the photochemical reaction from Becquerel effect and
to verify the above mentioned theory on the effect.

Experimental.
1) Material and Procedure.

The materials used for electrodes and electrolytes, and the method of measuring in the
present experiments were the same as used in the preceding. In the above mentioned cell (A)
as a copper oxide electrode a black copper oxide film was used, which was turned by the
action of alkali electrolyte from cuprous oxide film prepared on a copper plate by electrolysis
of the Fehling solution. When the cell (A) showed a conslant voltage-0.2322— at 25°C,, the
electrode could be regarded as the equilibrium electrode of CuO - Cu.0O, and it was exposed to
light to examine its photo-eflect.

Experimental Results.

Expt. I. Measuring Instrument and Change of Photovoltaic
Potential with Time.

The photovoltaic potentials calculated by means of a potentiometer are given
in Table I, a, and those by mecans of a quadrant electrometer in Table I, b;
these are compared in Fig. 1.

Table T, a.
The Influence of the Measuring Instrument on the Photovoltaic Potential.
. Ea 1) Po.
H 2. Photovoltaic o
Time | F.M.F, of Cell (A | Ty rential ((E. M. F. of CulCus0, Cu0, N.Na011] rr_) (oxygen-
(mins.) (volts.) (mili-volt.) | 1o pressure)
- (volts) (atm)
Exposurel
o 0.2322 o 0.8425 1.000X 10-26
1 0.2476 15.4 0.8579 1.0g6X 10-25
2 0.2525 20.3 0.8628 2399 »
4 0.2568 24.6 0.8671 5754 n
6 0.2586 26.4 0.8689 6.310
8 0.2595 27.3 0.8698 7.244 »
10 o.2601 27.9 0.8704 7762  »
12 0,2607 28.5 o.8710 8710
15 0.2607 28.5 o.8710 8710 o
30 0.2607 28.5 o.8710 8710 »
4) The E. M. F. of Cu/Cu0, CuO % NaOIT|IT; at 259°4-0.02°C. (See S. Tloriba and N. Hayami,
ibid.,) can be calculated from the E. M. F. of the cell (A) and Eh as follows:
E.M. V. of Cell (A) Eh
N N .. N.. . N
Cu|Cu,0O, CuO —NaOFI[3N.NaOI[|-——KCl, 11g,ClIT. [ aCla, — . 3 o
ocf[Cifcuy N Na Ig a Ixo Ig, 4 g] Hg[ll'g_Cl_ wkul_zN NaOII}IoN'\OH,II_]
o° 0.2446 volt 10986 volt
25° 0.2326 ,, 1.0747 ,,
ocl E. M. F. of Cu cl.g(w,cl.o‘ Ilic‘rw')lnr2
0° 0.8540 volt
25° 0.8421 ,,
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Light off
o 0.2607 28.5 o.8710 8.710% 10-25
2.5 0.2555 233 0.8658 3802 »
3 0.2523 20.1 0.8626 3396 »
5.5 0.2495 17.3 0.8598 1489
7 0.2477 15.5 ) 0.8580 1125 o
7.5 0.2462 14.0 0,8565 1038 »
8.5 0.2450 12.8 08553 7.379% 10—
10 0.2432 11.0 0.8535 5.152 »
11 0.2413 0.1 : 0.8516 4.140 »
12,5 0.2392 7.0 0.8495 298
14.5 0.2370 4.8 0.8473 2113

25°40.02°C. Light source: a 100V-200W Tungsten-filament lamp, operating from a baltery supply.
The light was passed through a 80 mm. layer of a Solution (CuSOy+-1080 NH,)/go (Normal). Intensity
of Light: 0,2364 calfcm®fsec. The measuring instrument: I.eads & Northrup Polentiometer

Table 1I, b.
The Influence of the Measuring Instrument on the Photovoltaic Potential.
Time | E.M.F. of Cell A] | Fhotovoltaic N vos
minsy | (volts) Potantial | (B.M. . of CulCu:0, CuO ENn(mlug) oxyeen
(milli-volts) (volts) (atm)
E'xposutel
o 0,2322 o 0.8425 1.000 X 10-26
1 0.2522 20.0 0.8625 2,239 10-23
2 0.2550 22.8 0.8653 3.467 »
4 0.2583 26.1 0.8686 5.754 »
6 0.2599 27.7 0.8702 7.567 »
8 0.2611 28.9 0.8714 19084 1
10 0,2621 20.9 0.8724 1.072X 10~4
15 0,2621 29,9 0.8724 1.072 »
30 0.2621 29.9 0.8724 1072 »
Light o
o ‘ﬂ 0.2621 29.9 0.8724 1.072X [0~
1.2 0.2598 27.6 o.8701 7-413X 10~
2 0.2585 26.3 0.8688 6.025
3 0.2561 23.9 0.8664 14.169 5
4 0.2530 21.8 0.8643 3020 »
5.5 0.2516 19.4 0.8619 2,042 »
6.5 0.2474 17.2 0.8597 1479 »
7.5 0.2472 15.0 0.8575 1047
8.5 02452 13.0 0.8555 7.585 X 10-26
10 0.2428 10.6 0.8531 5.370 »
12 0.2405 8.3 o.8508 13.631  »
135 0.2383 6.1 0.8486 2,571 »

25°40.02°C. Light source: a 100V—200W Tungsten-filament lamp, operating from a battery supply.
(CuSO,-+ 1080NTI,) (Normal). Intensity

The light was passed through a 8o mm. layer of a Solution

of light: 0.2364 cal/cm®fsec. The measuring instrument: Quadrant electrometer,
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. 3 As is seen, variation in the measur-
E 25 ing instruments used gives rise to slight
g variation in photovoltaic potentials for
_'_: * the same intensity of light.  This may
E 15 be because some electric current is taken
i—' 1o / out in the case of a potentiometer. Even
:'f:: f in this case, however, the difference was
% 5 s n,// limited within 19 in such a degree of
= ] light intensity. Accordingly, a potentio-

o 2 6 8 10 12 1 . .
4 4 meter was used in the present experi-

—  Time in min.

. ment.
o Potentiometer
C  Quadrant Electrometer
Fig. 1. Expt. II. Intensity of Light and
The Influence of the Measuring Instrument Change of Photovoltaic
on the Photovoltaic Potential, Potential with Time.

The change of the photovoltaic potential was measured with a monochromatic
light of 492 g and three kinds of intensities of light—0.004054, 0.02843, and
5.575 cal/cm’/sec. The results obtained are given in Table II, a, b, ¢, and Fig. IL

Table 11, a.
The Change of Velocity in the Photochemical Reaction with Intensity of Light at 254:0,02°C.

. Ea I
. . Photovoltaic 02
Time | E.M. F. of Cell [A) Potential N {‘ ) (oxygen-
(mins). (valts) Sotential (E-M.F.of Cu c?oh Suo —NaOH] I, pzc_;su;e)
YO aim
Exposure
o 0.2322 o 0.8425 1.000 X 10— 26
1 0.2734 41.2 0.8837 0.581 X 10— 3
2 0.2767 44.5 0.8870 0.081
3 0.2783 46,1 0.3886 1.293  »
5 . 0.2799 47.7 0.8g0z 1.652
6 o.fgg;; 42.1 og% 1.773
9 0.2805 48.3 ) 1.994 s
10 0.2809 48.7 0.8912 2041 1
14 o.ﬁg 43.7 o.ggx 2 2.041 1
20 0.2809 48.7 0.8912 2.041
24 0.2809 48.7 0.8g912 2.041 :,
30 0.2809 48.7 0.8912 2.041 1
Light of]]
o 0.2809 48.7 0.8912 |2.041 X 10~
3 0.2740 418 0.8855 8.128 x 10-24
5 0.2697 37.5 0.8812 4,266
g 0.26668 34.6 o.gys 3 z.6gz »
.5 0.2635 3L.3 0.8750 1.585
11 0.2593 27.1 0.8708 8.511.x 10—
1z 0.2573 25.0 0.8687 5.838
13.5 0.2539 2L.7 0.8654 3-548 5
1 g 0.2509 18.7 ’ 0.2624 2230 »
1 0.2457 13.5 0.8572 1.000 1
20 0.2444 12,2 0.8559 8.128 % 10~26

25°4:0.02°C. Light source: a 100V-1000W Tungsten-filament lamp, operating from = battery supply.
The. light monochromatic(492 ux) was passed through a Wratten light filter. Intensity of light: s5.575
calfem®fsec. The measuring instrument: Potentiometer.
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Table 11, b.

The Change of Velocity in the Photochemical Reaction with Intensity of Light at 25°40.02°C,

. Photovoltaic Ea Yo,
Time | EM.F. of Cell [A]) . ( N oxygen-
(mins) (volts) (nlififl:};ﬂ ) E.M.F.of CulCugo, CuO;NaO Hg) gr’ggm)

(volts) (atm)

Exposure|

o 0.2322 [} 0.8425 1.000X 1026
I 0.2412 9.0 0.8515 4.169  »
2 0.2450 12.8 0.8553 7.418 1
4 0.2464 14.2 0.3567 9,120 n
6 0.2471 14.9 0.8574 1.023X 10-%5
8 0.2476 15.4 0.8579 1.096 1n

10 0.2478 15.6 0.8581 1.148 1

12 0.2477 15.5 0.8580 1,122 1

14 0.2478 . 156 0.8581 L1483 »

20 0.2478 15.6 0.8581 1.148

‘24 0.2478 15.6 0.8531 1.148 1

30 0.2478 15.6 0.8581 1.148 »

"Light off
o 0.2478 15.6 0.8581 L.148Xx 10-%5
2 0.2449 12.7 0.8544 6.310 X 10~28
3 0.2422 10.0 0.8525 14784
4 0.2412 9.0 0.8515 4.074 »
5 0.2401 7:9 0.8504 3.467 »
6 0.2360 6.8 0.8493 2884
7 0.2374 5.2 0.83477 2.201
83 0.2360 3.8 R 0.8463 1.950 1
10 0.2354 3.2 0.8457 1.660 1

25°4-0.02° C. Light source: a 100V—1000W Tungsten-filament lamp, operating from a battery
supply. The light monochromatic (492 ug) was passed through a Wratten light filter. Intensity of
light : 0,02843 calfem?/sec.

Table TII, c.
The Change of Velocity in the Photochemical Reaction with Intensity of Light at 23°20.02°C,
. . Ea P,

. Photovoltaic : 02
(fif;‘;* ) BN F'(‘Zﬁtsc)e“ (A | “Potential (E.M.F. of Cu|Cu:0, CuOf—INaOH\IL_.) (°x¥$e“3
’ (milli-volts) 0 pressure

(volts) (atm)

Exposure|

o 0.2324 o 0.8423 9.729 X 10~%7

1 0.2355 3.1 0.8454 1.570X 1036

2 0.2362 3.8 0.8461 1754

3 0.2368 4.4 0.8467 1941 1

4 0.2373 4.9 0.8472 2,080 »

5 0.2376 5.2 0.8475 2,168

6 0.2379 5.5 0.8478 2,249

7 0.2381 5.7 0.8480 2,355

8 0.2382 5.8 0.8481 2,399 »

9 0.2383 5.9 0.8482 2.443 1
10 0.2383 5.9 0.8482 2.443
i1 0.2383 5.9 0.8482 2.443 »
12 0.2383 5.9 0.8482 2.443 »
30 0.2383 5.9 0.84382 2.443 »

Light off]

o 0.2333 5.9 ) 0.8482 2.443 X 10=%6

1 0.2373 4.9 0.8472 2,022 5

2z 0.2362 3.8 0.8461 1.723

3.5 0.2352 2.8 0.8451 1.503 s

4 0.2346 2.2 0.8445 1373 »

[ 0.2342 1,8 0.8441 L.273 »

6 0.233 1.4 0.8437 1213 »

7 0.2335 1.1 0.8434 1.153  »

8 0.2333 0.9 0.8432 1,123 o

25°+40.02°C. Light source: a 100V—100\WW Tungsten-filament lamp, operating from a battery supply.
The monochromatic light (492 #4) was passed through a Wratten light filtener. Intensity of light: 0.004055
calfem?fsec,
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The experimental results show that the time
taken before the equilibrium of the Becquerel
effect is established is not influenced by the
intensity of light and the thee quilibrium photo-
voltaic potential is proportional to light. It is
also shown that the reaction velocity after the
exposure increases in proportion to.light intensity.

Expt. III. Wave Length and Change of

Photo-electrode with Time.

The effect of wave length upon the change
of the photovoltaic potential was examined. The
change of the photovoltaic potential with time
was measured with a given intensity of such
monochromatic lights as 430 pu (violet), 492 uu
(green), ssoup (yellow), and 640 pp (red). The
reeults are given in Table III a, b, ¢, d, and
in Fig. IIL

Table III, a.

The Change of Velocity in the Photochemical Reaction with Wave Length of Light at 25°C.

i . Ea Poe
i 20N Photovoltaic N * 02
(,ﬂﬁ‘f) E. M. E'(‘,‘;fusc)eu (A1 | " potential (L M. F.of Cu.‘Cu.:O, CuO0, HNaOHI i) | e
s (milli-volts) Io pressure)
(volts) (atm)
Exposure|

o 0.2324 o 0.8423 9,727 X 10~27
1 0.2349 2.5 0.8449 1.432X 10—26

2 0.2359 3.5 0.8458 1675 1

3 0.2364 4.0 0.8463 1.803

4 0.2368 4.4 0.8467 1.905

5 0.2371 4.7 0.8470 2,014

6 0.2373 49 0.8472 2.089 »

7 0.2376 5.2 0.8475 2,168

8 0.2377 5.3 0.8476 2.228

9 0.2379 5.5 0.8478 2,291  »

10 0.2379 5.5 0.8478 2.201

11 0.2379 5.5 0.8478 2,201 »

12 0.2379 5.5 0.8478 2,201 »

Light o

o 0.2379 5.5 0.8478 12,201 X 10— 26

.2 0.2364 4.c8> 0.2163 1803 »

3 0.2352 2. 0.8451 1.500 1

;, 0,2348 2.4 o:gn7 1393 »

0.2343 1.9 0.8442 1294 5

5.5 o.z34g 1.6 0.58239 1236 »

.5 0.233 1.4 0.8437 1.I59 »

7.5 0.2334 1.0 0.8433 1133 »

0.2333 0.9 0.8432 1.107 »

8.5 0.2331 0.7 0.8430 1.086

25°4:0.02°C. Light source: a2 100V—200W Tungsten-filament lamp, operating from a battery supply.
The monochromatic light (§5044) was passed through a Wratten light filler. Intensity of light: 0.004055

calfem?{sec.
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Table III, b.
The Change of Velocity in the Photochemical Reaction with Wave Length of Light at 25°C,

. Ea P
. ’ Photovoltaic O
Time | E.M.F:of Cell LA | potential (F M.F. of CulCu,0, CuO, ENaOI] u,) (oxygen-
(mins.) ( ) (mili-volts) 10 pressure)
(volts) (atm)
Exposu
o 0.2324 o 0.8423 9.729 X% 10—27
H 0.2355 3.1 0.8454 1.570X 10~20
2 0.2362 3.8 0.8461 1.754 »
3 0.2368 4.4 0.8467 1041 »
4 0.2373 4.9 08472 2080 »
5 0.2376 5.2 0.8475 2.168
6 0.2379 5.5 0.8478 2.249 1
7 0.2381 5.7 0.8480 2.355
8 0.2382 58 0.8481 2.399 »
9 0.2383 5.9 0.8482 2.443 »
10 0.2383 5.9 0.8482 2.443
11 0.2383 5.9 0.8482 2.443
12 0.2383 5.9 0.8482 2.443
30 0.2383 5.9 0.8482 2.443 =
Light of
o 0.2383 5.9 0.8482 2.443% 10-30
1 0.2373 4.9 0.8472 21022 »
z 0.2362 3.8 0.8461 1723 »
3 0.2352 2.8 0.8451 1.503 »
4 0.2346 22 0.8445 1373 »
5 0.2342 1.8 0.8441 1273 »
6 0.2338 1.4 0.8437 1.213 »
7 0.2335 LI 0.8434 1133 »
© 8 0.2333 0.9 0.8432 1123 »

25°34:0.02°C, Light source: a 100V—200W Tungsten-filament lamp, operating from a battery supply.
The monochromatic light (492 pp) was passed through a Wratten light filter, Intensity of light:
0.004055 calfcm?fsec.
Table III, c.
The Change of Velocity in the Photochemical Reaction with Wave Length of Light at 25°C,

. Ea P,
. > Photovoltaic O2
Time | E.M.F. of Cell (A) ;. ( . N ] oxyen-
(mins.) (valts) Jotential | (5. M. F. of CiCu0, CuO;NaoHTiL) | (Een
(volts) (atm)
Exposure}
[ 0.2324 <] 0.8423 9.727 X 10-%7
0.2346 2.2 0.8445 1.387 X 10~%6
2 0.2352 2.8 0.8451 1.500 &
3 0.2357 33 0.8456 1614 »
4 |- 0.2360 36 0.8459 1694 »
5t 0.2362 3.8 0.8461 L754 n
6 0.2365 4.1 0.8464 1.820
7 0.2366 42 0.8465 1.854 »
8 0.2367 4.3 0.8466 1.892
9 0.2368 4.4 0.8467 1923 »
10 0.2368 4-4 0.8467 1.923 »
1t 0.2368 4.4 0.8467 1.923 »
12 0.2368 4.4 0.8467 1923 »
Light offf
[} 0.2368 4.4 0.8467 1.923
1§ 0.2338 34 0.8457 1.660
2.5 0.2350 2.6 0.3449 1.445
3.5 0.2345 2.1 0.8444 1.330
4 0.2341 1.7 0.8440 1.259
5 0.2338 1.4 0.8437 1,202
6.5 0.2334 1.0 0.8433 1.127
7.5 0.2331 0.7 0.8430 ) 1.076

25°4:0.02°C. Light source: a 100V—200W Tungsten-fament lamp, operating from a battery supply,
The monochromatic light (430 pu) was passed through a Wralten light filter, Intensity of lights
0.004055 calfem?fsec.
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Table III, d.
The Change of Velocity in the Photochemial Reaction with Wave Length of Light at 25°C,

. Ea Po.
. . . Photovoltaic e
('fnlit;‘:.) BN ‘"g‘.i:{,f;’“ cal Potential (E M. F. of CulCu,0, CuO,%NaOII [I,) g;gsi‘;)
(milli-volts.) (volts) (atm)
Exposure| .
o 0.2324 o 0.8423 9.727 X 10=27
1 0.2343 1.9 0.8442 1.306 X 10~
2 0.2350 2.6 0.8449 1459 »
3 0.2354 3.0 0.8453 1542 »
4 0.2357 33 0.8456 1.570 »
5 4.2360 3.6 0.8459 1670
6 0.2361 3.7 0.8460 1722 »
7 0.2362 38 0.8461 1.745 »
8 0.2363 3.9 0.8462 1.786 »
9 0.2363 3.9 . 08462 1.786 »
10 0.2363 3.9 0.8462 1.786  »
11 0.2363 3.9 0.8462 1.786 .
12 0.2363 3.9 0.8462 1.786 »
Light of
o 0.2363 3.9 0.8462 1.786 % 10~
1.2 0.2354 3.0 0.8453 1.542 »
2.5 . 0.2347 2.3 0.8446 1.328 »
3 0.2343 1.9 0.8442 1.204 »
4 0.2339 1.5 0.8438 1.225 »
5 0.2334 1.0 0.8433 1138 »
6 0.2332 0.8 : 0.8431 1.096
7.5 0.2330 0.6 0.8429 1.057  »

25°:0.02°C. Light source: a 100V—200W Tungsien-filament lamp, operating from a battery supply.
The monochromatic light (64044) was passed through a Wratten light filter. Intensity of light : 0.004053

calfem?fsec.

~

It is apparent from these that the

time elapsing before the equilibrium of

i

the Becquerel effect is established is

\
x

almost uniform, regardless of the wave-

N
\
t

/:"._,_.—.—#ﬂ_ = length, and that variation in the wave-

\k
\‘c
\

length gives rise to wvariation in the

photo-efiect,

N

Expt. IV. Wave Length and

Maximum Photovoltaic Potential.

-

— Photovoltaic potential in milli-volts
w
>

25 5 7.5 10 125

. The relation between the wave
— Time in minutes

O ssoup  * azomn length and the maximum photovoltaic
a ® 64 . . .
49?# - 6404 potential was examined. The exami-
g . .
The Change of Velocity in the Photochemical nation was made with three electrodes

Reaction with Wave Iength of Light at 250°C. —No. 1. No. 2 and No 3 The copper

oxide electrodes which had been in equilibrium in the dark were cxposed to six
kinds of monochromatic lights, and their maximum photovolatic potentials measured.

During the experiment the electric current and voltage were rcgulated by means
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of a thermopile so that the intensity of light might be kept constant. The ex-
perimental results are given in Table 1V and Fig. IV, which show that the

Table 1V.
The Influence of the Wave Length of Light on the Maximum Photoveltaic Potential
Number of Cell. Iga. Maximum Hga- Maximum I1IRg. Maximum
Photovoltaic Photovoltaic Photovoltaic Mean.
Monochromatic Potential Potential Potential (volts)
Light (uu) (volts) (volts) (volts)

U. V. 3% 0.0035 0.0036 0.0036 0.0036
Violet 430 0.0044 0.0043 0.0043 0.0043
Green 492 0.0058 0.0058 0.0058 0.0058
Yellow 550 0.0055 0.0056 0.0055 0.0055
Red 640 ' 0.0039 0.0040 0.0039 0.0039
I.R. 810 0.0030 0.0031 0.0031 0.0031

2§°+0.02°C. Light source: a 100V—500\W Tungsten-filament lamp, operating from a battery supply.
The monochromatic lights, 380, 492, 550, 640 and 810 up, were passed through a Wratten light
filter. -Intensity of light: 0.004055 calfcm?/sec.

26 | photovoltaic potential of Cu | Cu,0, CuOI—I\CI)
% ﬂt\\ NaOH has a selective effect on different wave
= 4 O
= lengths of light, and that its maxium photo-
tz effect lies betwcen 450-500up.

o

300 400 5‘:; 630 700 800 Expt. V. Intensity of Light and Saturated
—~ A(nn

Fig. IV Maximum Photovoltaic Potential.

The Influence of the Wave Length of N
Light on the Maximum Photovoltaic An electrode, Cu|Cu,0, CuO — NaOH,
Potential (Intensity of Light : 0.004055 - 10

calfem?®fsec. 25°4:0.02°C.)

which had been in equilibrium in the dark,

Table V.
The Inflience of Intensity of Light on the Maximum Photovoltaic Polential
; ; Fa o Maximum
In(f:ls/lctgﬂosfcéf)gm £ A F'((‘,’.fs,‘)’e A (E. M. F. of CulCu,0, Cuo,ENam[ng) Photovoltaic
Potential
(calc.)
o 0.2323 volt 0.8424 volt —_—
0.,002318 0.2298 0.8449 +0.0025
0.004055 0.2282 0.8465 +0.0041
0.008130 0.2233 0.8514 +0.0000
0.02843 0.2174 0.8573 +0.0149
0.1042 0.2087 0.8660 +0.0236
5.575 0.1848 0.88g9 +4-0.0475
14.100 0.1628 09119 +0.0695

25°4-0.02°C. Light source ; a 100V —1000W Tungsten-filament lamp, operating from a battery supply.
The monochromatic light (492 pu) was passed through a Wratten light filter.

5) Photochemieal equilibriums corresponding to intensities of light can be established.  The photo-
voltaic potential in equilibrium will be called the maximum photovoltaic potential for conveni-
ence’ sake,
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was exposed to light of various intensities and its saturated maximum photovoltaic

potentials were measured. The results are given in Table V and TFig. V.

E 6o

s

gz
£2% 4
Ee=
783 et
S3 % 20 |
cf= [ 5

kS =

& O

o 0.01 0.02 0.03 0.04
— Intensity of light in calfem®fsec
Fig, V.

The Influence of the Intensity of Iight on the Maximum
Photovoltaic Potential.

Expt. VI. Temperature and Change of Photovoltaic Potential.-

The influence of temperature on the photovoltaic potential was examined with
the copper oxide electrodes which reached equilibrium at 0°, 10°, 25° 35° and
45°C. respectively. The results are given in Table VI and Fig. VL

Talle VL. '

The Influence of Temperature on the Maximum Photovoltaic Potential

Tntensity of light

(calfem?fscc). o 0,002318 0.Q04055 0.00818
T _Eat & AE; (milli-volts)
- E AE E AE E AE E AE
Temp. °C \
o 855.07 857.32 | —— | 8500 | —— | 863.85 | —
18 845.99 9.12 | 848.37 8.95 | 850.00 9.00 | 856.87 8.98
25 842.40 | 12.67 | 844.90 | 1242 | 846.50 | 1250 | 85140 | 1245
35 837.32 | 17.75 | 838.92 | 1740 | 84150 | 17.50 | 84641 | 17.44
45 832.27 | 22.80 | 834.97 | 22.35 | 836.40 | 22.50 | 84145 | 2240 .
AE
—3T (mean) 5.07 497 5.00 4.98
I?t:?{;::zﬂ/(;icl.l)gm 0.02843 0.1042 5.575 14.100
Eqt & AEg (milli-volts)
\\\ E AE E AE E AE E AE
Temp. °C T~

o 860.80 | —— 87850 | —— 9o2.27 | —— 924.20 | ——

18 860.80 g.00 | 8609.50 9.00 | 893.37 8.90 | 915.36 8.84

25 857.30 12.50 | 866.00 12.50 [ 889.90 12.37 | 9131.90 | 12.30

35 852.28 | 17.52 | 86115 | 17.50 | 884.92 | 17.35 | 907.00 | 17.20

45 847.34 | 22.51 | 836.15 | =22.50 | 879.97 | 22.30 | goz.10 | 22.10

AE

—ﬁ(mean) 5.01 5.00 4-95 4.92

Light source: a 160V—1000V Tungsten-filament lamp, operating from a battery supply. The mono-
chromatic light (492 up) was passed through a Wratten light flter,
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0.94 | 1 1 R
n
=2 o9z ?’K__? —+ -+
-
£
0.90
E
§ o038
z
-
t 0.86
0.84
] 5 15 18 25 35 45
—Temperature, °C
1. 14.100 calfem?fsec. 5. 0.00813 calfcm®fsec.
2. 5.375 » 6. 0.004055 »
3. 0.1042 n 7. 0.00218 »
4. 0.02843 s 8. 0.0 »
Fig. VI.

The Influence of Temperature on the
Maximum Photovoltaic Potential,

As is seen, the photo-electrode potential which is in equilibrium in the dark
decreases with the increase of temperature.

The photovoltaic -potential for the the same intensity of light is not correlated
to ‘the rise of temperature. Therefore the temperature coefficients of voltage are

equal both in the dark and in the light.

Theoretical.

1) Consideration from the Standpoint of the Reaction Kinetics.

1) Copper Oxide Electrode as a Reaction System.

An electrode, Cu|Cu,O, CuO%NaOH, which has reached equilibrium in the
dark is expressed as a heterogeneous reversible reaction thus,
2Cu0 = CUgO‘*‘é-Og. (1.1)
(solid) (solid) (gas)
When this system is exposed to light, it reaches photochemical equilibrium
according to a reaction,
light
2 CuO = Cu,O+ ;og. (1.2)
dark )

as already said in the preceding report. It is ‘apparent from the experimental

results that when light is shut off the reaction proceeds to the direction indicated



The Review of Physical Chemistry of Japan Vol. 11f No. 3 (1937)

No. 3 ON TIHE BECQUEREL EFFECT OF COPPER OXIDE ELECTRODE ETC. 177

by «, and equilibrium is restored in the dark. As far as this photochemical reaction
velocity is concerned, it is clear that the reaction must be treated as a reversible
reaction. The question whether the reverse reaction is affected by light or not
has not been solved yet, and so the author intends to make discussion under the
assumption that the reverse reaction has no influence upon light, and if it has
any influence, further consideration will have to be made.

In equation (1.2), supposing that the density of the solids is constant, the
following velocity cquation is assumed: '

ddp

{1 =2y Jars— 5 + [0:], (1.3)

where P is the oxygen pressure during exposure, £, and 44’ the rcaction velocity
constants in the light and the dark respectively, and /[, the intensity of light.

First we shall calculate the velocity from this equation. The relation is

graphically shown in Fig. VII, in which

the height of A shows the equilibrium

t

" pressure of oxygen in the dark.

b=3

g 2) Photovoltaic Potential.

[~

& Before the calculation of ddp from
g dt

equation (1.3) it is necessary to make

clear the photovoltaic potenital. As

has been mentioned in the preceding
report, when the copper oxide electrode was combined with hydrogen electrode,
an oxy-hydrogen cell was formed. Therefore E. M. F. can be obtained from the
following equation :

0.059

E¢=Eﬂ+ log Pog. ([.4)
at 254+0.02°C. Here,
E,: 1. M.F. of Cu|Cu0, CuO%NaOH| H. (at 25°C.)

(x atm) (1 atm)

Ey:E.M.F. of O, %Naor«llﬂz @at 25°C.).
(1 atm) (1 atm)

=4, we have

Putting FEy=a and 0'259

E‘,=a+b log ng- (I.S)
The photovoltaic potential 4£; is determitned by the difference between the
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potential in the light, £/, and that in the dark, Z,; hence
(dark) ZL,=a+6b log Py
(light) £/)=a+6b log P,

E)—E,=b6(log Pyl —log Pp) (1.6)
' -
IOg Po'.’ _— Esx —"1:3 - “Ec
Py b b
/
dE,=b log Lo
[724
Ef—Es EJ/—E,
Po 2 P P _
P10 or ~p——1=10 1
Lo —Fq
Lol =P _ o7 5
Pos
ol —Fq
AP=P03{10—0 —I}..........(at 25°C.) (1.7)

where P is the equilibrium oxygen pressure of the electrode in the dark. The

electrode oxygen pressure dp equivalent to the photovolaic potential 4E«=£u can
be calculated from the equation.

3) Reaction Velocity after Shutting off Light.

When light was shut off, equiation (1.2), the equlibrium system during ex-
posure, procceded. to the direction indicated by <. This is the case where K, -
Jas=0 in equation (1.3), and it may be rewritten as follows:

~ 42U _1/roa. (1.8)

where 4P is the difference of the pressure of oxygen after shutting off light,
or —ln dAP=Fkyt+C. (19)

In equation (1.9), if =0, that is, the value of 4P’ at the instant of shutting
off light is taken to be 47, we have

C=—mndP,), (1.10)
4
.. —2.303 log ‘Ll;’j =4/t (1.11)

In order to see if this equation gives the observed values of the curve of
oxygen pressure decrease, the author calculated 42’ through equation (1.t1) from
several points on the curves of the oxygen pressure decrease obtained by Expts.
II and III, and obtained 0.306 as the mcan value, which proved to be a constant
in each case. As one of those examples Expt. II, ¢ is given in Table VII and
graphically in Fig. VIII,
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Table VII
ka’: velacity constant of the dark reaction.
" . AP/ (atm) i AP/ (atm)
Time (mins.) (obs.) ke’ (calc.)
[} 1.47X 10— B — 1.470X 10-%6
1 105 » 0.314 1.053
2 0.75 » 0.324 0.775 »
3 0.53 » 0.331 Q.571 »
4 Q.40 » 0.319 0.420 »
5 0.30 » 0.313 0.309 »
6 0.24 » 0.298 0.228 »
7 018 . 0.296 0.168 1
8 .15 0.275 0.123 »
mean 0,308
The relation between the velocity constants of
g 16 &x‘. the reaction in the dark and the intensity of light
W o :)i is given in Table VIII, and that between the con-
£ X . .
o 12 — stants and the wave length in Table IX. As is seen
7 ' . .
g ap in these tables, both the mean valucs are precisely
a, | = . .
a o8 0.306. This shows that the velocity constants after
QL
1] - . . . .
2 \ the shutting off of light is fairly constant in each case,
O o4 , . . .
regardless of the intensity of light and wave length.
° 1 P’ was calculated from this mean value and Fig. VIII
o 4 S 12

— Time in min.

shows that it is in good agreement with the observed

Fig. 8 value JP’.
. Table VIII.
kg’ : velocity constant of the dark reaction.
- Jabs.
Wave_length The light energy absorbed, before ka’” mean.
(un) light off. (atm/sec) (atm/sec)
(cal/em®/sec.)
492 5.575 0.300
492 0.02843 0.302 0.306
492 0.004055 0.316

Table IX.

ka’: velocity constant of the dark reaction.

Wave length

() Jaus. ka’ mean,
430 0.004055 0.303
492 » 0.316 0.306
550 » 0.291
640 ” 0.315
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4) Reaction Velocity after Exposure.

A) Calculation of the Reaction Velocity during Exposure. 'When the copper
oxide electrode which had been in equilibrium in the dark was exposed to light,
a photochemical reversible reactions:

. 4 Cn0 22 G+ Os
took place and from this chemical relation the velocity equation (1.3) was assumed.
(See Theroretical, 1.)

In this expression, 4, + /., the first term in the side, is a constant for a given

intensity of light, according to the author’s assumptions.

When the reaction system reached a stationary state during the course of

exposure, .
dJP =0
at
Therefore,
A '.[xb-='é4,[02]v (I. | 2)

the right side of which can be obtained from the observed value, because the
mean value of the reaction velocity constant, £/, is already given as 0.306, and
the value of O, which is the oxygen pressure equivalent to the photovoltaic
potential is calculated from the observed value at the time when the system has
reached a stationary state.  Accordingly, £+ /4 can be easily calculated from

equation (1. 12); the values obtained are given in Table X.

Table X.
k, Jaus.: specific constant of the light reaction at 25°C.

Jabs Oxygen pressure in

\Vm&e lt;ngt h The light energy absorded equilibrium k; Jabs
Ht (cal/cm?/sec) (atm/min) (atm/min)
492 5.575 2.04X 10— " 0.623X 10~
492 002843 1.028X 10 -5 0.317 X 10-28
492 0.004055 1.470X 10~ 0.452X 10~26
430 0.004055 0.950 X 10-35 0.292% 10~
492 0.004055 1470 » 0452 »
550 0.004055 1.318 0404 n
640 0.0040355 0813 » 0.250 »

The values of 4, for variation in the wave length and intensity of light are

given in Table XI, a, and b.
Table XI, a. .

k; : velocity constant of the light reaction at 25°C.

Wave length .., Jabs k
() The hg(lé; ]7::‘f:$gecz;b5(urbed (nlm)s ec)
492 0.004055 1.86X 10~
492 0.02843 1.85% 1026
492 5.575 1.88 X 1029
mean 1.863% 10—
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Table XI, b.

k, : velocity constant of the light reaction at 25°C.

. Javs
Wa\:p:f)ngth The ligl(mﬁf;% :)bsorbcd (atﬁ}m)
430 0.004055 0.120X 10™26
492 0.004055 0.186
550 0.0040535 0166 5
640 0.004055 0,103 »

This shows that # which is the so-called photochemical velocity constant,
is constant regardless of the intensity of light, and has a selective effect on the
change of wave length, its maximum value being between 400 pp and 500 pup.

ddP
dt
the values of &, /, and &4’ and equation (1.7), the reaction velocity

(B) The Reaction Velocity during FExposure, . As above said, from

ddpP
{3

can
be easily calculated. As one of the examples, Expt. III, ¢ is shown in Table
XII, where the calculated values agree quite well with the observed ones. This

justifies equation (1.2) proposed by the author.

Table XII.

ot . AP (ke (8P)=kd’[O;] k; - Jabs %{1’ %
(minutes) |(10=atm/min) | (10~ atm/min) (10~ szatm/min) (10-%atm/minXcalc.) | 10~%atm/min¥abs.)

o o _— —_— —_—

0.414 0.127 0,292 0.165 0.124

2 0.527 0,162 ©.292 - 0.130 o.111

3 0.641 0.197 0.292 0.095 0.095

4 0.721 0.221 0.292 0.071 0.076

5 0.781 0.240 0.292 0.050 0.060

6 0.847 0.260 0.292 0.032 0.049

7 0.881 0.271 0.292 0.021 0.039

8 0.919 0.282 0.292 0.010 0.032

9 0.950 0.292 0.292 o 0.019
10 0.950 0.292 0.292 o o
Ix 0.950 0.292 0.292 o o
12 0.950 0.292 0.292 ) o

5) TPhotochemical Reaction Velocity, Light Intensity, and Wave Length.
In the preceding section the reaction velocity equation (1.3) was cxperi-
mentally-proved.  Accordingly, the pure photochemical reaction excluding. the

dark reaction is apparently of the zero order from equation (1.3):
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dP :
_dt kl .jMI:/“’l, ’ (I'[3)

where K is a particular constant including the intensity of light, P, the oxygen
pressure equivalent to
P=dP+ dp (1.14)
as is shown in Fig, IX.
Hence
P=py Jue ¢
=k (1.15)
The values obtained are given in Table

XIII and XIV, and graphically in Figs. X
and XI, which prove that the photochemical

Wﬁu/:rmwu_ —_—

reaction is of the zero order, and also show

that the stronger the intensity of light the

Table XIII.

2]
Time | Wave length I’ (atm)
(mins.) (en) J=5.575 J=0.02843 © J=o0.004055
calfcm®/fsec calfem®/sec calfem?®/sec
] 492 ] -] ]
1 492 0.623X 10~ 0.317 X 10-%5 0.452% 10~
2 492 1.246  » 0634 » 0,904 n
3 492 _ e 1.356 »
4 492 2.492 » 1.268 1.808
5 492 — _— 2,260 »
6 492 3738 » 1.902 » 2,712 »
7 492 —_— —_— 3164
8 492 4.984 » 2.536 » 3616
9 492 -_— e 4068
10 462 6.230 » 3.170 » 4,520 »
20 492 12.460 6.340 9.040
Table XIV.
>
Time | Intensity of light P (atm)
(mins.) (calfem?/sec) we =430 pup | w. =492 up | w. l.=550 unu w. l.=640 upn
[ 0.004055 o ) o o
1 0.004055 0.292X 10~ 0.452X 10-%6 0.405 X 10— 0.250 X 10—2%6
2 0.004053 0.584 » 0.904 1 0810 » 0.500
3 0.004055 0876 1.356 » 1.215 » 0.750 »
4 0.004055 1.168 1.808 o 1.620 1 1.000 1
5 0.004055 1.460 2,260 n 2,025 »n 1,250 »
6 0.004055 1752 » 2712 » 2430 » 1.500 1
7 0.004055 2,044 n 3164 » 2.835 » 1750 »
8 0.004055 2330 » 3.616 3240 » 2,000 1
9 0.004055 2,628 1 4.068 3645 » 2.250 o
10 0.004055 2.920 4.520 4050 2.500
20 0.004055 5.840 9040 8.100 5000
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greater becomes the reaction velocity and it reaches a maximum for a particular

wave length.

4.0

[
[}
E i 705t ——
Q’/«-.;6<

<
N
h)
S
2.4 :
§
<
1.6, \
0.8 .
), 002083 ;“L/_”‘..":——
0.4 (egam) e
°'§ BT (£92/011), 0.004055 alflnitice

o 2 4 6 8 10 12 14 16 18

Time in minutes—

Fig. 10 o , - Time. im minul8o ——w
o 2 4 6 8 10 1z 14 16

Fig. 11

6) Examination of the Absolute Value of Equilibrium Hydrogen Pressure of
the Cell.

The equilibrium pressure of the copper oxide electrode was measured by
Nernst's formula as copper electrode, and 4 (w0 2 Ci.0+ O, was proposed as
the mechanism of the photo-cell used. Trom this reaction mechanism; the author
tried to confirm theoretical consideration of the reaction velocity from the stand-
point of the ordinary reaction kinetics, and found that the theoretical consideration
agreed quite well with the experimental as already mentioned.

Whether the ordinary reaction kinetics is applicable to the experiments carried

out in such a degree of the pressure of hydrogen-as 107%

atm is a question, but
further investigation will solve it®. There is, however, no question about the

applicability from the formal view-point of the reaction kinetics.

6) According to the kinetical theory of gas, the number of the molecules colliding with 1cm? of
the surface area for 1 minute is given by
n=1IXUX 7,
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II) Thermodynamical Consideration.

In order to make clear the thermodynamical property of the cell used, the
following measurements were made : (i) the calculation of 47 and 4H in the light

and the dark of a reversible reaction system, C’uQO-i-% Oe=2 CuO0, (ii) that of
equilibrium constant X of the same system, and (iii) that of the entropy of CxO.

1) dF and 4H in the Light and the Dark of a Heterogeneous System, Cu,O
+%Og=2 Cu0.

From E.M.F. (=0.8424,"") of Cu " Cu,0, CuO%NaOH H, at 25°4+0.02°C,,
we have
2 Cu0+ Ho=Cu, O+ H,0
(dF)3s=—2%23,074%0.8424=—138,875 cal. (2.1)
(dH)Es= —2 X 23,074 % (0.000507 x 298.1+ 0.8424)

= —45330 cal. (2.2)
In the case of the formation of water, )
Hot+ L 0,=H,0
(dF)is= —56560" (2.3)
(AH)By= —68270" (2:3)

Hence,.

Cu, O+ _1-0,= 2 CuO
. 2

(dF)B:=—17620 cal. (2.5)
(dH)s= —22440 cal. (2.6) -

There is no experimental result appropriate to compare with this value: the heat

of formation of 6'1120+—I— =2 CnQ is -35,000cal according to Dulong,'® and

2

where ¥ is the velacity of a molecule (cmfsec) and # the number of the molecules in I c.c.
At 208°K.,,
v=4.104%
At 0.292X 1026 atm,
n,=3X 109X 0.292X 10-%¢
=8.76 X 10—8
n=4Xx10% x8,76 X 10—5
=3.5x10-3
7) S. Horiba and N. Hayami, fc. cit.
8) Lewis; Thermodynamics, 465.
9) Lewiss Zbid. 477.
10) Dulong; Cowpt. rend. 1, 87 (1848).
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-36,200 cal. according to Andrews"’, which differ more or less from the value
obtained.

Similary, (JF)%, and (JH)Es of some intensities of light were calculated. The
values obtained are given in Table XV and Fig. XII. It is apparent from the
figure that the relation between both 4F and 4/ and the intehsity of light is

linear.
Table XV.
The Influence of Intensity of Light on AF and AH at 25°C.
Ea A
H o AH-—AF
I““’-l';;i{ of | E. M. [F ﬁ’f (CulCu,0, CaO ?—ON:\OI{‘H._. (AFagy | (AH)uog AS=—
(calfcm?fsec)| (volts) obs. (volts) (calc.) (cale.) Cu.0+430.=2Cu0
cale.
o 0.2323 0.8424 —17620 | —22440 —15.20
0.002318 0.2298 0.8449 —17565 | —22350 —16.12
0.004055 0.2282 0.8465 —17496 | —22270 —16.05
0.,00813 0.2233 0.8514 —17170 | —22124 —16.63
0.02843 0.2174 0.8573 —17039 | —21820 —16.05
0.1042 0.2087 0.8660 —16596 | —21400 —16.15
5.575 0.1848 0.8899 —15493 | —20420 —16.54
14.100 0.1628 » 0.9119 —14478 | —19520 —16.93
/3000 l )[ I ! »i /9000
® o (2F)aes
’é' (-] [C-LHPT §‘F
Q (s 12/000
23000

D
?ﬁ,
q ¢

0 + [ [} /6 20 2 28 Jo
—_— Inten :u'ff n X/o"'('ll/w'/dt

Fig. 12
The influence of intensity of light on AF and AH at 25°C.

2) Equilibrium Constant.
N

In order to measure the equilibrium voltage of the cell, Cu|Cu,O, CuO o

Ha OH ‘ H., the equilibrium constant of 4 (O = 2Cu,0+ O, was measured, using
the following equation:
dF=—~RTInKpyp (i)
(—dH)

— - o .
log Kp,, 57X 2981 +Xn1.75lg T+ 3nC  (ii)

11) Andrews; Phil, Mag., (3), 32, 321 (1848)
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0.05 »
E5=E,,+—4—’910g Pp; n Pp=In [xpm. (iii)

For example, the case in the dark is as follows:
4 Cu0 = 2 Cut, O+ O,
(dF)8s=2x 17620=35,240 cal.
dF=—~R TInK,,

—2X 17620

2.303 X 1.9088 X 208.1 —25.82,

/0g‘ KPI =

Kpi=PFp=1.814 x 10 %atm.
From equation (ii),
[ K = —M_ .75 R 2.0= — 72
og Kp, 4571 X 208.1 +1.75 log 298.1 + 2.8 235.7
o Kpe=1.905 X 10”%asm.
And from equation (iii),
» _4%(0.8424—1.226) _
log Py 0.059 = —26.00

P=10.0 x 10" % atm.

Similary, the equilibrium constants in the case of different intensities of light can
be obtained. Those values are in good agreement as given in Table XVI and

Fig. XIIL
Table XVL

Equilibrium Constant and Intensity of Light.

Po " Kp
Number Jnim Scun 0.059 K Pe (Nernst's
Py YR - . - S
of Expt.| (calfem?fsec.) [(cale. from Table) £, =£p 4 n log F0,) — AK=RTInK pi) Formula)
I 0.00 1518 1.000X 10~%6 1.814X 10~%6 1.005X 1026
2 0.002318 14.73 1514 » 1.405 » 2,042 »
3 0.004055 14.76 1.862 2.399 » 2692 »
4 0.00813 14.47 3981 . 6.018 » 4.266 5
5 0.02843 14.76 1.000X 10~°% 1.047 X 1025 1.349X 105
6 0.1042 14.71 3981 §012 » 4.266 1
7 5.575 14.51 1.622% 10~ 1.995X 10— 1.349X 1033
8 14.100 14.32 50I2X 10—=2 6.206 X 10—22 3.020X 1022
a Fig. XIIT
) .
:o; [— Equilibrium Constant (at 25°C.)
A O Log Pos
! =&— x I,ng /\-p!
2 ® Log Apy
-] 4 8 12 16 32

20 24 28
~» Intensity of Light (10%a/fom®[sec)
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3) Entropy.
In the dark,

algo+%02=2 CuQ

(dF)Rs= —17,620cal: (dH)Ss= —2244 cal
dH—dF

dS= Ya

15.20 (Entropy Unit).

Accordingly, the value of Sg,, will be as follows :
—1 5.20=Scu0— Sto.— Seuo
=2 Seup=24.1""—21.46
o Scw=15.18 (Entropy Unit).

Table XVI gives the values in the light.

Sow Was calculated in another way. From the temperature coefficient of the

voltage of the Cu|Cu20, CuO%NaOH, HgOllg cell (=0.00017 volt'™) and from

the follow ing cquation :
d(dF)

.dl
dt s

45=— 77

4
[{
we have

Cu+ HgO=CuO+ Hy

dE
az

dS=unkF-

=2 X 23,074 X 0.000170=7.84 (Entropy Unit).

And from the value, S,,=818,'” Sup=16.11"" and S,,=17.89,

12) Lewis; Zhermodynamics, 452 (Calculated from sp. ht.)
13) S. Horiba and N. Hayami, loe. cit.
14) Lewis: &id., 464.
15) Siyo was oblained thus:
H430,=H,0 (AL =—13804 cal.
(AH)ZI;B=—21,489 cal,
o A5=ﬂ§gs-!::———3§ﬂ—=—z5.79. (Entropy Unit).
Hence,
—28.79=Sg,0—17.81"—24.1.
s Siyo=16.11 (Entropy Unit.)
This value coincides with Spy0=16.32) (Gunther), Syy0=16.2
1) Lewis; Thzrmodynamics, 495,
2) Lewis; ibid.
16) Lewis; Tlhermodynaniics, 46s.



The Review of Physical Chemistry of Japan Vol. 11f No. 3 (1937)

188 N. HAYAMI ’ Vol. X1

Souo=7.84+8.18+16.11—17.8
=14.33 (Entropy Unit).
It is observed that this value agrees, on the whole, with those obtained from 477
and 4HA.

Summary.

1) A heterogeneous electrode, Cu|Cu,O, CuO%NaOH, which was in equili-

brium in the dark has been assumed to be a kind of reversible reaction system

and the chemical kinetics of reactions in the dark and in the light has proved to

be applicable to such a hetcrogeneous system. The velocity equition of the

reaction system at any wave length and intensity of light is given by
HIP) by =44 (03]

and it has been ascertained that the velocity formula of the reaction in the dark

satisfies the reaction of the first order:

da(4pP’
- (a’/ ) =% [O]).

and the formula of the photochemical reaction, excluding the reaction in the dark,

satisfies that of the zero order:

ar
1143

. 5
11 ‘_ﬁ:ba—'{l .

2) On the other hand, making thermodynamical research on the said reac-
tion system, the equilibrium constants in the light and the dark have been cal-
culated from the formulae and they have proved to be in good agreement. Turther
thermodynamical constants bave been calculated. ITence the enlropy in the case
of the formation of Cx«0, which has been proved to agree fairly well with the
theoretical value, Thus, it has been cxperimentally demonstrated that the Becquerel
effect of copper oxide electrode in alkdli solution is brought about according to
the photochemical reversible reaction of a heterogeneous system :

light
4 CuO = 2 Cu,O+ 0,
dark
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