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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 eflect hecause of disagreement in experimental
results, 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 oxidé 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:CU:+%OQ. Using this electrode, Prof. S, Horiba and the author

studied the Becquerel effect of the following two cells:

(A] CulCuO, CLIO%N30H'3N-N30H’ ’% KCl, Hg.ClL| Hg.

equilibrium film

[R] CuICuzO, C“O'% NaOH,HgO | Hg,

equilibrium film

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

¥ This paper is the English translation of the same article which appeard in £A% jou nal, 9, 38
(1934)-
1) Becquerel ¢ Za Lumiere’ 11, 121: C. R., 9 561 (1830).
z) Rigollot, Annalis de PUniversite de Lyen, 29, Mai (1891).
Goldmiann & Brodsky, Ann, Phyiik, (4], 849 (1914); ibid, 44, 914 (1914)
Bauer, Z, Physik. Chem,, 66, 683 (1908): iiid, 72, 323 (1910)
A. D. Garrison, J. phys. Chem., 37, 6o1 (1923)
A. Tucker, #id. 31, ¥356 (1927).
Wilderinann, Z. phyrik. Chem., 59, 708 (1906): #id, 62, 70 (1007).
3) 5. leriba and N. Hayami, Rev. Phys. Chem. Jopar, 4, 55 (1930).
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light ‘
2 Cu0 = Cu0 +—0..
dark 2
The present rescarch is undertaken to study the chemical kinetics and the
thermodynamical relation of the photochemical reaction frorn 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 electrolyle from cuprous oxide film prepared on a copper plate by electrolysis
of the Fehling solution. When the cell (A) showed a constant voltage-0.2322- at 25°C,, the
electrode could be regarded as the equilibrium electrode of CuQ - Cu,O, and it was exposed to
light to examine s photo-efiect.

. Experimental Results.

Expt. I. Measuring Instrument and Change of Photovoltaic
Potential with Time,
The photovoltaic potentials calculated by means of a potentiordEter are given
in Table I, a, and those by means 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 Photavoltaic Potential,
i . F Ea 4 Pos
(lq;.i:;ff) EM. Ff\ﬁtf;u (&) | Eimeveli ((l".. M. ¥, of CuCus0), Cu0, f"_awaoulz-r.,) gzﬁcrzi
(mili-volt.) (volts) (atm)
Exposure]
0 0.2322 o 0.8425 1.000 % 1026
1 0.2476 15.4 0.8579 1.096 X 10-25.
2 0.2525 20.3 0.8628 2,300
4 ©.2568 24.6 0.8671 5754
& 0.2536 26.4 0.8689 6,310 »
8 0.2595 27.3 0.8698 7244 w
10 o.z601 27.9 o.8704 7.762 &
12 0.2607 28.5 08710 8710 =
15 0.2607 285 0.8710 8710 o
30 0.2607 28.5 0.8710 8710

4) The E. M. F. of CufCu.0, Cu()l—l\; NaOI-III‘Ii at 25940.02°C. (See S. Horiba and N. Hayami,

ibid..) can be calculated from the E.M. T. of the cell (A) and Eh as follows:
E. M. F. of Cell {A) Eh

o] CulCusD; GuO %ﬁ.&on’;w.moug‘%mu, TTgaCl [Ig] [IIg‘IIIgEClg, %KCI 3N.NaO[_[|%NaOHIHgJ
o° 0.2446 volt i 1.0986 volt

25° 0.2326 5 10747 ,

oc| E-MCF. of Cu Cugﬂ,(:u()l Il'_‘ONnonln,

a® 0.8540 volt

25° o.dg21 ,,

5(1937)
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Light off

o 0.2607 28.5 o.3710 8.710x 10-28

2.5 0.2555 23.3 0.3658 3802 »

3 0.2523 20.1 0.8626 3396 »

55 0.2495, 17.3 08598 1489 »

7 0.2477 15.5 0.8580° L125 »

7.5 o0.2402 140 0.8565 1038 »

8.5 0.2450 12.8 0.8553 7.379% 10-2¢8

10 0.2432 110 08535 5152 u

I 0.2413 Q.1 08516 4.140 »

12.5 Q.2392 70 a.8495 2980 »

14.5 ©.2370 4.8 08473 2103 »

259=4:0.02°C. Light source: 1 100V-200W Tung:ten-filament Jamp, operating from a battery supply.
The light was passed through & 86 mm. layer of a Solution (CuSO,+1080 NH,)/9o (Normal) Intensity
of Light: 0.2364 calfem®fsec. ‘The measuring instrument: Leads & Northrup Potentiometer

Table II, b.

The Influence of the Measuring Insirument on the Photovoltaic Potential.

Time | E.M.F. of Cell (a) | Photovoltaic | Fa N i
(i) ik Potantial (}_-.. M. ¥. of CulC,0, G0 T NaOIT u,) ,(.?é‘éiﬁé‘;
(milli-volts) (volts) (atm)
Expasure!
o 0.2322 [ 0.8425 1.000X% 10-26
1 0.2522 20.0 08625 2.239> 10-28
z 0.2550 zz.8 0.8653 3.46',;" n
4 0.2583 26.1 0.8686 5754 »
6 0.2509 27.7 o.8702 7.567 =
8 0.2611 28.9 08714 9084
10 0.2621 20.9 0.8724 1.072X 10~
113 0.2621 290.0 08724 1.072
30 0.2621 29.9 08724 1.072 n
Light off
o o.2621 29.9 0.8724 1.072X 10~
1.2 0.2598 z7.6 o.8701 7-413X 10~35
2 0.2585 26.3 0.8688 6025
3 0.2561 23.9 0.8664 4.160
q o.2530 21.8 0.8643 3020 »
55 0.2516 19.4 08619 2042 n
.5 0.2474 17.2 0.8597 1479
75 | 0247z 15.0 . o.8575 1047 u
85 0.2452 13.0 0.8555 7.585 % 1020
10 0.2428 10.6 0.8531 5370 n
12 0.2405 8.3 0.8508 ) 3631
135 0.2383 6.1 0.8486 2.571 1.

25°20.02°C, Light source: a 100V —200W Tangsten-filament lamp, operating from a Lattery. supply.

The light was possed. througl' a 8o mm. layer of a Solution

(CuS0,+168N

of light : 0.2364 calfcm?fsec. “The measuring instrament : Quadrant electromeler,

Hy) (Normal). Intensity

5(1937)
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Fig. 1.

The Influence of the Measuring Instrument
on the Photovoltaic Potential.
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As is seen, variation in the measur-
ing instruments used gives rise to slight
variation in photovoltaic potentials for
the same intensity of light.  This may
be because some electric current is taken
out in the case of a potentiometer. Even.
in this case, however, the difference was
limited within 195 in such a degree of
light intensity. Accordingly, a potentio-

meter was used in the present experi-
ment.

Expt. Il. Intensity of Light and
Change of Photovoltaic
Potential with Time.

The change of the photovoltaic potential was measured with a monochromatic

light of 492 pup and three kinds of intensities of light—0.004054, 0.02843, and

5.575 cal/em®/sec.

The results obtained are given in Table II, a, b, ¢, and Fig. IL

Table II. a.
The Change of Velocity in the Photochemical Reaction with Intensity of Light at 25+0.029C.

. Ea P,
Photovoltaic 02
Time | E. M. F. of Cell [A) Potentinl . }Cv N l{i (oxygen-
{mins). (volts) (milli-volis) (E. M. F. of Cu| (:OOI,‘:;uOmNnO lrI._.) PE"!"{S“;C)
alm
LX UTre)
& P(:JS 0.2322 ] 0.8425 1.000 X 10—
1 02734 41.2 0.8837 0.581 % 10-2
z 0.2767 44.5 0.8870 0.g81 .
3 0.2783 46.1 0.8886 1.293
5 0.2790 477 0.8go2 L6352 =
6 0-22%3 42—1 D.% 1773 »
0.2305 45,3 O. LG94 n
!g 0.2500 487 0.8g912 g,gi; "
14 o.z2800 487 0.8912 l2o41 w
20 oz80y 48.7 0.8912 2041
z4 o.2809 487 o.fo1z 041 9
30 o.2809 487 o.8012 bogT  n
Light uﬁ]
o 0.2809 48.7 0.8912
3 0.2740 41. 0.8855
5 0.2697 37,5 0.8812
7 0.2668 346 0.8783
8.5 0.2635 313 0.8750
I 02593 274 0.8708
| 0.2573 250 0.8687
135 0.2539 21.7 o.8654
15 0.2509 18.7 0.8624
18 0.2457 135 o.8572
20 0.2444 12.2 0.8559

25%:4:9.02°C. Light source: a 10oV-1000W Tungsten-filament lamp, operating from a battery supply,

The light monochromaltic{492 uu) was passed through a Wratten light filter.

Intensity of light: s.375

caljem®/sec. The measuring instrument ; Potentiometer,

T1n No. 5(1937)
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Table 11, b.
The Change of Velocity in the Photochemical Reaction with Intensity of Light at 25°40.02°C.
- . Ea P
" Photovoltaic Qe
Time | EMF. of Cell (A) Potent: ( N (oxygen-
(mins) (volts) {mill?-[::lol?:ls) E.M.F.of Cu‘Cu,D, CuOEN'aOlI{,) pnssg: 9
(volts) (atm)
Exposure|
Ta 0.2322 o 0.8425 1.000 % 10-26
1 0.2412 0.0 o.8515 4160
2 0.2450 12.8 0.8553 7418
4 0.2464 14.2 0.8567 9120 1
6 0.2471 14.9 0.8574 1.023% 10~
8 0.2476 154 o.8579 1096 »
10 2478 156 o8558 1148
iz 0.2477 15.5 o.8580 1122
14 ; 0.2478 15.6 o.8581 1,348 =
20 0.2478 15.6 0.8581 1.148 .
24 0.2478 15.6 0.8581 1.148 5
30 0.2473 15.6 0.8581 L1483 »
Light of .
o 0.2478 15.6 o.8581 1.148% 10-26
z. 0.2449 12.7 08544 6.310x 10—26
3 0.2422 10.0 0.8525 4.784 »
4 2412 9.0 08515 o074 »
5 0.2401 7.9 0.8504 3467
6 02390 6.8 0.8493 884
7 0.2374 5.2 08477 1)
8.5 0.2360 18 0.8463 1.950
10 0.2354 3-2 0.8457 1.660

28%:k0.02% C. Light source: a 100V—1000W Tungsten-filament lamp, operating from a baltery
supply. The light monochromatic (492 uu) was passed through a Wralten light filler, Intensity of
light : 0.02843 calfem®/sec.
Table 11, c.
The Change of Velocily in the Photachemical Reaction with Intensity of Light at 25°%0.02°C.

s, | M B, 6 el GAY “;?ltn mll':‘iic (I-‘ M.F. of CuiC 2‘ OE‘\* OF ) (OX‘;'(;-W'
(mins.) (valts) (m?ll?:n:lts) WMLF. of CulCus0), Cu o Hll L pressure)
(volts) (atm)
Exposure|
Q 0.2324 o | 08423 D.729X 10~ 57
1 0.2355 31 08454 1.570X 10=28
z 0'23?,; 38 o.ﬁg: 1.754 n
3 .23 4.4 0, 7 1.041 »n
4 0.2373 4.9 0.8472 2089 1
5 0.2376 5.2 08475 2168 »
6 0.2379 55 03478 9
7 0.2381 57 0.8480 E:;;S -
8 o.z;;gz 58 o.g:gr 2.300 n»
‘G 0.2353 59 08452 2443 »
- '10; 0.2383 59 0.3482 . 2443 »
11. 0.2383 59 0.3482 2.443 o
12 0.2383 59 0.8482 2.443 »
30 - 0.2333 59 o848z (2443
Light offf
o 0.2383 5.9 o.gz 2,443 10-8
1 0.2373 49 0.8472 2.022 -
2 0.2362 38 0.8461 1.723 n
35 0.2352 28 08451 1.503 1
4 0.2346 z.; o3443 1373 »
5 0.2342 1. 03441 1.273 »
6 0.2338 1.4 0.8437 L.213 o
7 ©.2335 L1 o.8414 1.153
g ©.2333" 0.9 o.8432 1.123 .

25°40.02°C. Light source: a 100V=~100W Tungsten-filamerit lamp, operating {rom a battery supply.
The monochromatic light (492 ) wns passed through » Wratten light filtener. Intensily of lights 0.004055
calfem?/sec.
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The experimental results show that the time

5o

taken before the. equilibrium of the Becquerel

45{

effect is established is not influenced by the

4o

intensity of light and the thee quilibrium photo-

35

voltaic potential {s proportional to light. It is

30

also shown that the reaction velocity after the

25

exposure increases in proportion to light intensity.

Expt, III. Wave Length and Change of

15 a=ed

Photo-electrode with Time.

Phatnvolizie potential in milli-valt,

The effect of wave length upon the change

¥,

of the photovoltaic potential was examined The

io Ef
o

o § I I5 20
— Time in min.
0 0575 caljem®fsec.
x  0.02843 »
4 0.004055 "

Fig II

25

change of the photovoltaic potential with time
was measured with a given intensity of such
monochromatic lights as 430 ppu (violet), 492 pup
(green), ss5opeu (yellow), and 640 g (red). The

The Change of Velocity in the Photo- & P
chemical Reaction with Intensity of reeults are given in Table IIl a, b, ¢, d, and

Light at 25°==0.02°C.

in Fig. 111

Table III, a.

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

i . P{j-}
Time | T. M.F. of Cell [A) | Fhotovoltaic ( "i (oxygen-
(mins.) (volts) (Iﬁ‘:llﬁ?::,ﬂg} E.M. F.of (‘11‘(‘.“&') Cu0O, ml\rao H, pressure)
= (volts) (atm)
Exposure|
o ©.2324 ° 08423 0.727 % 10-37
T 0.2349 2.5 o.g.:;g 1-;32)( 10-%6
2 0.2350 % 0.845 1.675 »
3 0,2364 4.0 0.8463 1.%3 »
4 o.zg;’:s 1.; 0.3157 1.005
5 0.2371 o.8470 2014
6 0.2373 49 0.8472 2083 »
7 0.2376 5z 0.8475 2.168° »
3 0.2377 gg 0.273 2.223: "
9 0.2379 . 0.547 2,201 »
ic 0.2379 5.5 0.8478 2.29T
1 0.2379 5.5 0.8478 2200 »
12 0.2379 5.5 08478 2991 1
Light off
o o.z,";gg 5.5 gggs z.g:x 10-%
1.2 2.2304 4.0 3 1603
3 oa;ig 2.3 0.8451 1.500 5
4 0.z Zud T 1.393
5 0.2343 1.9 oB442 1.294
5.5 0.2340 1.6 0.8439 1236 o
6.5 0.2338 1.4 . 08437 LISQ =
15 02334 ;-g g'gﬁs 1133 »
V2333 X 2 1.I07
8.5 0.2331 0.7 0.8430 1.086.

25%-£0.02°C. Light tource: a 100V—200W Tungsten-flament . lamp, ‘operating from = batlery supply.
The monochromatic light (5504x) was passed through'a Wratten light filler, Intensity of light: o.004055

calfem?/f:ec.
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The Change of Velocity in the Photochemical Reaction with Wave Length of Light at 25°C.

- Ea P
sy 5 Photovoltaic Y g
Iime | E.M.F.of Cell [A 5 ‘ : . N ! -
{mins.) (volts) K Feleniial (F M.F. of Cu'CuEO, Cu0, 5NaOTL IIE) g;g%er‘;)
{mili-volts)
(volts) (atm)
Exposure
;] 0.2324 [ 0.8423 0.729X 10~
U 0.2355 31 ©.8454 1.570% 10—%6
2 0.2362 38 0.8461 1.754
3 0.2368 44 0.8467 LG4L  »
4 0.2373 4.9 08472 2080
5 0.2376 5.2 0.8475 2,168
6 0.2379 55 0.8478 2.249
7 02381 5.7 0.8480 2,355 »
8 0.2382 5.8 0.8481 12,309
9 0,2383 5.9 0.8482 2,443
10 0.2383 5.9 0.8482 2.443 1
I 0.2383 5.9 0.8482 2.443
1z 0.2383 5:0 0.8482 2.443
30 0.2383 5.9 0.8482 2.443
Light o
o 0.2383 5.9 0.8482 2.443X 10~6
1 0.2373 4.9 0.8472 2,022
2 0.2362 3.3 0.8461 L723
3 0.2352 2.8 0.8451 1.5a3 »
4 0.2346 2.2 0.8445 1373 n
5 0.234=2 1.8 0.8441 L273 n»
6 0.2338 14 0.8437 1.213 »
7 0.2335 I.I 0.8434 1153 »
8 0.2333 0.9 0.8432 LIz} -

25°+0.02°C. Light source: a 100V—200W Tungsten-filament lamp, operating from a battery supply.
The monochromatic light (492 apu) was passed through a Wratten light filler. Intensity of light:
0:004055 calfcmfsec,

Table 111, c.

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

Time | E.M.F. of Ce (a) | PROREe | o doen oM (onygen-
(mins.) (volts) (m'-io] :301;;5) kf‘.. M.F, of (,u{(,n,(), CIIO,ENnOH.‘[IE) pressure)
j (volts) (atm)
Exposure]
‘o 0.2324 o 0.8423 9,727 % 10—
1 02346 2.; 0:3145 1.387 % 10-%6
2 0.2352 2. 0.8451 1500 1
3 0.23?); g'g o.g:sﬁ 1.234 »
4 0.23 0.5459 1604 »
s 02362 3.8 0.8461 1754 »
6 0.2365 4.1 0.8464 1320 »
g 0.2326 4-2 o.gigg 1.3’534 "
P ‘0.2367 4-3 0. 1092 o
9 0.2368 A4 0.8567 1923
10 o.z:;gg 44 o.g:g; 1.023 3
11 02351 4-4 o. 1923
iz 0.2368 4.4 0.8467 1923 1
Light off|
T e 0.2362 4.4 0.346? Iggg
1 0:233! 34 0.8457 1
z.g a.;a:j;o 2.6 0.8449 1.445
35 0.2345 2.1 08444 1330
4 0.2341 1.7 0.8440 1.250
g 0.2338 1.4 0%237 1.202
-5 0.2334 1.0 0.8433 f.127
7.5 6.2331 o.7 0.8430 1076

25°+0.02°C. Light source: a 100V—a00W Tungsten-fiament lamp, operating from a battery supply.
The monochromatic 'light (430 uu) was passed through a Wratten light filter. Intensity of lights
.004055 calfem?fsec.

T1n No. 5(1937)
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Table 111, d,
The Change of Velocity in the Photochemial Reaction with Wave Length of Light at 25°C.
Photovoltaic Ee N Pos
Time | E.M.F. of Cell [A) e ( R N, | (oxygen-
(mins.) (volts.) P?lt':nb.al— E.MF. of Q1|Cu50, CuO; oNaOH Hg) pres&%‘cm]
(milli-volts.) (volts) (atm)
Exposure] -
o 0.2324 0 0.8423 9,727 X 10= 1
1 0.2343 1.9 0.8442 1.306% 10—%8
2 0.2350 2.6 0.8449 1.450 »
3 0.2354 30 0.8453 . L34z w
4 0.2357 33 0.3456 1.570 »
5 4.2360 3.6 0.8459 1.670 n
6 0.2361 37 0.8460 1.722 »
7 02362 3.8 0.8461 5745
8 0.2363 3.9 0.8462 1.786
9 0.2363 3.9 - 0.8462 L786 .
10 0.2363 3.0 0.8462 1786 1
11 0.2363 3.9 0.8462 1.786 .
1z | 0.2363 3.9 0.8462 1.786 4
Light off
0 0.2363 3.0 0.8462 1.786 % 10—
1.2 0.2354 30 0.8453 1.542
2.5 ©.2347 2.3 0.8446 1.328 &
3 ©.2343 1.9 0.8442 1.294
4 0.2339 1.5 0.8438 1.225 n
3 0.2334 1.0 0.8433 1138 o
6 0.2332 0.8 0.8431 1.066 2
2.5 0.2330 ’ 0.6 0.8429 1.057

25°+0.02°C. Light source: a 100V—200W Tungsten-filament lamp, operating from a battery supply.
The monochromatic light (640u4) was passed through a Wratten light filter. Intensily of light: 0,004055

calfom?fsec.

-1

It is apparent from these that the

time elapsing before the equilibrium of

\

the Becquerel effect is established is

almost uniform, regardless of the wave-

R
RN

-

:'g

: o o

= A = length, and that variation in the wave-

&

z 3 J/f /;?'A length gives rise to variation in the

- / photo-effect.

2 ’

3

2, F Expt. IV. Wave Length and

&

s ' Maximum Photovoltaic Potertial.
25 5 .5 o g The relation between the wave

— Time in minates
O 550un % 4304z
A dgzup @ baoup
Fig. III
The Change of Velotily in the Photochemical
Reaction” with Wave Length of Light at-250°C,

length and the maximum photovoltaic
potential was examined. The exami-
nation was made with three electrodes
—No. 1, No. 2 and No. 3. The copper
oxide electrodes which had been in equilibrium in the dark were exposed to six
kinds of monochromatic lights, and their maximum photovolatic potentials measured.
During the experimqant the electric current and voltage were regula"t_cd_ b?.r 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. 1V, which show that the

Table IV.
The Influence of the Wave Length of Light on the Maximum Photovoliaic Potential
Number of Cell. | Iga. Maximum 1Ir4. Maximum I1TRa. Maximum
- Photovoltaic Photovoltaic Photovoltaic Mean.
_Mor!qchromaud\ Potential Potential Patential {volts)
Light (uu) (volts) (volts) (volts)
U. V. «3% 0.0035 0.0036 0.0036 '0.0036
A [ FeA—
Vialet] 430 00044 . '0.0043 0.0043 {00043
Green 492 0.0058 0.0053 0.0058 10,0058
Yellow 550 0.0055 o.0056 0.0055 "0.0055
Red 640 0.0039 0.0040 0.0039 0.0039
LR 3o 0.0030 0.0031 0.0031 60031

25°4-0.02°C. Light source: a 100V—3500W Tung:len-filament lamp, operating from a battery supply.
The monochromatic lights, 3%, 492, 550, 640 and 810 By were passed through a Wralten light
filter. Intensity of light: 0.004055 calfem®/sec.

2 _J_ photovoltaic potential of Cu | Cu,0, CuOl—Ii-
g i ﬂk\h NaOH has a selective effect on different wave
2 \p- lengths of light, and that its maxium photo-
t z effect lies between 450-500p/

300 4@452':;? 00l fag Expt. V. Intensity of Light and Saturated

Fig. IV Maximum Photovoltaic Potential.

The Influence of the Wave Length of
Light on the Meximum Photovoltaic An electrode, Cu
Potential {Intensity of Light : 0.004055
calfcm?®fsec. 25°=2-0.02°C.)

Cu,0, cuo X N

NaOH,

which had been in equilibrium in thc dark,

Table V.
The Influence of Intensity of Light on the Maximam Photovoltaic Potential
. Ea Maximum
i i 5, M. F, of Cell (A N 2
Ty gt | oM E 2L S B (B F. of Cofcus0, a0 NaOU|iL,) | Photovoltaic
: o i e Potential
| (cale.) 9
o 0.2323 voll 0.8424 volt -_
0.002318 0.2298 0.8449 +0,0025
-0.004055 0.2282 0.8465 +-0.0041
o.oo8130 0.2233 o0.8518 —+o.0000
o.02843 0.2174 0.8573 +0.0149
0.1042 0,2087 0,8660 -+ 0.0236
5.575 0.1848 0.58g9 +0.0475
14,100 0.1628 0.9119 + 00695

zs°:|_—,o.o_é.°C, Light source ; a 100V —1000W Tungsten-filament lamp, operating from a battery supply.
The monochromatic light (492 uu) was passed through a Wratten light filter,

5) Photochemical egeilibriums 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 Fig. V.

2 6o
Sz
EE3 40—
Eex
M Sem .
53 s 20 é'—_._—_
i ——
3 —
B ©
o 0.01 0.0z 0.03 0.04
— Intensity of light in calfem®fsec 7
Fig, V.

The Influence of the Intensity of Light 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 clectrodes which reached equilibrium at o°, 10°, 259, 35° and
45°C. respectively. The results are given ii Table VI and Fig. VI
Table VI.
The Influence of Temperature on the Maximum Pholoveltaic Potential
Inggjzi‘.gimﬁfm a 0.002318 0.004055 0.00818
: Ba & 8B, (milli-volls} | | |
. E AE | E AE E AE E AE
Temp, °C \\
o 83507 — | 85732 | —— | 830,00 | —— | B63.85 | ——
18 845.99 9.1z | $48.37 8.95 | 8s0.00 900 | 85687 8.98
25 T 84240 | 1267 | 344.90 | 1242 | 846.50 | 12.50 | 85140 | 1245
35 83732 | 17.75 | 838.02 | 1740 | 841.50 | 17.50 | 846.41 | 17.44
45 832.27 | 22.80 | 33497 | 2235 | 83640 | 2250 | $4r.45 | =240
AR
=37 (mean) 507 4-97 500 4.98
Irl(iﬂ;;l%’gggt)ght 0.02843 0.1042 5-575 14.100
Fe & AE; (milli-volts)
T iy E AE i AE E AE E AE
Temp. °C T e—
o 86g9.80 | —— 87850 | —— 902.27 | —— | 924.20 | ——
18 860.30 g.00 | 869.50 .00 | 893.37 8.00 | 915.36 884
25 857.30 | 1250 | 86600 | 1250 | 889.00 | 1237 | 9i1r.00 | 1230
35 852.28 | 17.52 | 86r.a5 | 17.50 | 88492 | 1735 | 90700 | 17.20
45 847.34 | =22.51 | 856,15 | =22.50 | B79.07 | 22.30 | goz.10 | 2210
—%(mm) 501 5.0 4.95 492

Light source: a 1oV —1ocoV Tungsten-flament lamp, operating from a battery supply. The mong-
chromalic. hght (492 pp) was passed throu.gh a Wratten ]ight filter,

11n No.
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0.94
0.92
0.90 4

0.88 g

0.86

— DPotential in volts

0.84

] 5 15 18 25 35 45
—Temperature, *C

1. 14.1c0 calfcm®fsec. 5. 0.00813 calfem®/sec.

2. 5.575 ” 6. 0.004055 ”

3+ 0.1042 " 7. 0.00218 "

4. 902843 ”» 8. oo ”
Fig. VI.

The Influence of Temperature on the
Mazimum 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 temperalure 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 = Cu30+%0=. (1.1)
(solid) (solid) (;as)
When this system is exposed to light, it reaches photochemical equilibrium
according to.a reaction,
light
2 Cu0 = CuO+ %02. (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

5(1937)
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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 equation is assumed :

ddp

P =l’1 'jﬂbl_'{'d' " [02], (1'3)

where P is the oxygen pressure during exposure, &, and &7 the reaction velocity
constants in the light and the dark respectively, and /g, thé 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
pressure of oxygen in the dark.

2) Thotovoltaic Potential.

Before the calculation of d;‘f from

equation (1.3) it is necessary to make

Oxygen pessure —»

. s clear the photovoltaic potenital. As

Fig. 7 has been mentioned in the preceding
report, when the capper oxide electrode was combined with hydrogen electrode,
an oxy-hydrogen cell was formed. Theicfore E. M. F. can be obtained from the
following equation :

E,:.E‘,-i—»o'zsg log P, (1.4)

at 25+0.02°C. Here,
E,:E.M.F. of Cu|Cu0, CuOfJ—ONaOH ‘ H. (at 2¢°C.)

(x atm) (1 atm)

£ :E.M.F. of o._.l%rsracm[ﬂ2 (at 25°C.).
(t atm) (1 atm)

Putting E,=a and {&459_—_5, we have

Ly=a+b log P (1.5)
The photovoltaic potential JE; is determitned by the diffgrence between the
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potential in the light, £/, and that in the dark, Z,; hence

(dark) E,=a+é log Py :
(hght) El=a+b log Py
E)—E,=b(log Py —log Pp) (1.6)
Py _ E/—E, _ dE,
e, 54
dE,=b log P
Ey—E ES—F
’ i Mo Ly —La
—;‘:Tm # or Pg;e —1=10 °* —~1
ES=Eq
o Fd=le _ T
Ppa )
Fal—Fa
szPm{_ro b_—l},.........(at 25°C.) (1.7)

where P, is the equilibrium oxygen pressure of the electrode in the dark. The
electrode axygen pressure dp equivalent to the photovolaic petential dfu= Fu 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, proceeded 1o the direction indicated by «. This is the case where X .
Jaae=0 in equation (1.3), and it may be rewritten as follows:

—2UP) _piron, (1.8)
T dr
where 47 is the difference of the pressure of oxygen after shutting off light,
or —in AP=kgt+ C. (1.9)

In equation (1.9), if z=o0, that is, the value of 4P’ at the instant of shutting
off light is taken to be 4/7,/, we have
=—[ndP,, (1.10)

—2.303 [arr ‘i“_’ =&t (r.rr)

In order to see if this equation gives the observed values of the curve of
oxygen pressure decrease, the author calculated 42’ through equation (1.11) from
several points on the curves of the oxygen pressure decrease obtained by Expts.
II and III, and obtained 0.300 as the mwean value, which proved to be a constant
in cach case. As one of those examplss Expt. II, ¢ is given in Table VIl and
graphically in Fig. VIIL

5(1937)



MBEILZD#ES Vol 11n No. 5(1937)

No. 5 ON THE BECQUEREL EFFECT OF COPPER OXIDE ELECTRODE ETC, 879
Table VII.
kq’: velocity constant of the dark reaction.
—
. AP/ (at
Til?ae (mins.) Al}’og.’l)m) ka’ (ca(ltin)
(-] 1.47X 10— —_ 1.470X% 10—%°
1 105 » 0.114 I1.053 »
=z o5 0.324 0975 o
3 053 » 0.331 0571 »
4 040 n 0.319 0420 »
5 °3 0.313 0.309 =
o 024 »n 0.298 0228 »n
7 ci8 . ©.296 0.168
8 ©.15 ©.275 0.123 =
mean ©0.308
| The relation between the velocity constants of
;16 _‘**. the reaction in the dark and the intensity of light
H 1 o s, is given in Table VIII, and that between the con-
£ X ade ; ;
g 1 — stants and the wave length in Table [X. As is seen
a ar in these tables, both the mean values are precisely
= ad 0.306. This shows that the velocity constants after
[ . ; Y :
cg; L the shutting off of light is fairly constant in each case,
Q.
* regardless of the intensity of light and wave length.
o . P’ was calculated from this mean value and Fig. VIII
0 4 8 12

— Time in min.

shows that it.is in.good agreement with the observed

Fig. 8 value JF'.
Table VIIL
kg’ : velocity constant of the dark reaction.
Java.
Wave length The light energy absorbed, hefore | mean,
(pe) light off. (atm/sec) (atm/sec)
(cal/em®/sec.)
492 5-575 0.300
492 .02843 o302 0,306
492 0.004055 o316
Table IX.
ka1 velocity constant of the dark reaction.
—_——— e ————————————
Wm:(',:u :::)ng!h Tabs. ka’ mean.
430 ©.004055 0.303
492 " 0,316
550 " 0.:201 @306
640 ” 0.315
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4) Reaction Vclocity 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 Cu0 22 Cuy+ 0,

took place and from this chemical relation the velocity equation (1.3) was assumed.
(See Theroretical, 1.)

In this expression, 4 +/u, the first term in the side, is a constant for a given
intensity of light, according to the authar's assumptions.

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

exposure,
dJP _

— o.

Therefore,
&+ Jae=#[0s) (1.12)
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 arc given in Table X,
Table X.
Y, Jahs.: specific constant of the light reaction at 25°C.

‘ Jabs Oxygen pressure in

\Va\ze l;ng'lh The light energy absorded equilibrium k; Jabs
HEt (calfem®[sec) (atm/min) (atm/min)
492 5.575 2.04X 1053 0.623X 10-3
492 002843 1.028% 10 °38 .317 X 10-38
492 0.004055 1.470X 10—38 0.452 X 10—
430 Q004055 0.950X 108 o.zgzX 10~
492 0004055 1470 = o452 »
550 0.004055 1.318 . 0404 n
640 0.004055 a813 . 0.250 n

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

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

ky ¢ velocity constant of the light reaction at 25°C.

Wave length — Jas : k
() The hg(l;l;:;lgﬁzw a;bsorbed (ntm}ﬂc)
492 0,004035 1,86% :o“f“
492 0.02843 1.85% :o‘-:"
492 5.575 1,88 1026
mean 1.863% 10-20

5(1937)
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Table XI, b
k, : velocity constant of the light reaction at 25°C,
Wave length ¢ . Jatn k
The light ahsorbed

(o " IR ey s (i)

430 0.004055 c.1z0X 10—

492 0004055 0.18

550 0.004055 0.166 »

640 0.004055 0103 »

This shows that 4 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 gp and 500 pu.

ar
the values of 4, /. and &' and equation (1.7), the reaction velocity

As above said, from
ddP
{1

(B) The Reaction Velocity during Ilixposure,

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

justifies equation (1.2) propesed by the author.

Table XII.

! 0P [ RAAD=K[00) Ko Tare S "3
(minutes) (30-Fatm/min) | (10-Fatmfmin) (10" 5satmfmin) | 1o toqtmmfmin¥eale) | 1o-atmjminXols,)
0 i o —_— ' —_— —_— —_—
£ 0.414 0.127 0.202 0.165 0.124
z Q.527 0.162 0.292 0.130 0.111
3 0.641 0.197 0292 0.093 o095
4 0.721 0.221 0292 0.071 0.076
5 a.781 0.240 azgz 0.050 0.060
6 0.847 0.260 0.292 0.032 0.049
7 0.881 0.271 0.292 0.021 a.039
8 0.919 .28z Qazgz 0.0l0 0.032
9 0.950 0.292 0.292 o 0.019
io 0.950 0.292 a.2g2 a o
11 0.950 G.z9z .29z o o .
12 0.950 0.292 0.2g2 o o

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

dark reaction is apparently of the zero order from equation (1.3):

5(1937)
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(r.r3)

where X; 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==£'! '.]abs- ¢
=#fr o 2

reaction- is of the zero order, and also show

that the stronger the intensity of light the

(1.13)
The values obtained are given in Table

XIIT and X1V, and graphically in Figs. X

and XI, which prove that the photochemical

{kﬁm presaune

Table XIII.

Time | Wave lc)ngth E (atiy
{mins,) (an J=5.578 J=0.02843 =0.0040
calfem?/sec calfem?/sec calfem?, sécs
o 492 ) o a
1 492 0.623% 10~ 0.317X 10-%5 c452% 10—
2 492 1246 » 0.634 C.go4 »
3 492 — — 1356 »
4 4492 2402 = 1.268 & 1808 .
5 492 D 2.260
6 492 3738 o 1.902 2712 »
7 492 — 3164
8 492 4.984 2536 = 3616
[1] 4492 — —_— 4.068
10 462 6,230 » 3170 » 4.520 »
20 492 12,460 6.340 1 0.040 »
Table XIV.
"I'imc, Intensity :‘)f light P (atm)
(mins.) (calfem?/sec) w. Lh=430 pu we L=492 yu | w. L=550 pu w. Lamb4n uu
o 0.004055 o o o ; o
1 0.004055 a.292X 10—76 0.452% 10— 0,405 X 10-78 0.250% 10~20
z 0.004055 a5 " 0.904 0810 0.500
3 0.004055 o876 » 1.356 o [.215 o 0.750
4 ©.004055 LI68 » .88 » 1620 1000 s
5 0.004055 1460 » 2260 o 2025 1250 »
6 0.004055 L752 n 2712 » z430 1 1.500 a1
9 0.004055 2044 3-164 2835 o 1950 o
8 0.004055 2336 3616 3.240 1 2000 W
I 0.004055 2,628 . 4.068 3645 » 2.250 »
10 0.004055 2,920 4.520 4.050 2,500
20 0.004055 5840 . 9040 » g.100 5-000 "
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greater becomes the reaction velocity and it reaches a maximum for a particular

wave length.

4.0

X in /0 Vakm ——

2.4

1.6

o podth ol "":—-“
ou st =
0.2

(49.201), 0004055 aflestloce
o 2 4 6 8 10 1z 14 16 18

Time in minutes—
¥ig. 10 o Time. in minudes e—— |
o 2 4 6 8 1o 1z 14 16

Fig. 11

5) Examination of the Absolute Value of Equilibrium Hydrogen Pressure of

the Cell.

The equilibrium pressure of the capper oxide electrode was measured by
Nernst’s formula as copper electrode, and 4 Cw0Q Z 2 Cit.0+ O, was proposed as
- the mechanism of the photo-cell used. From 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 kinelics 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 Iem? of
the surface area for 1 minute is given by
n=11XvXn,
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1I} Thermodynamical Consideration,

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

and the dark of a reversible reaction system, Cz:20+-;—09=2 Cu0. (ii) that of
equilibrium constant K of the same system, and (iii) that of the entropy of Cu0.
1) 4F and 4/ in the Light and the Dark of a Heterogeneous System, (O

+ -;—0.=2 Cul).

From E.M.F. (=08424,%) of Cu|Cu.0, CuO%NaOH H, at 25°+0.02°C.,
we have
2 Cu0+ He=Cus.0+ H.0
(dF)Bs=—2% 23,074 x 0.8424=—138,875 cal. (2.1)
(dH)gs= —2 % 23,074 X (0.000507 % 298.1 + 0.8424)
=—453830 cal. (2.2)

In the case of the formation of water,

(4F )= —56560" (2.3)
{dH = —68270" (2.3)

Hence,
Cu, 0+ 0.=2 Cu0
2

(4F)Bs=—17620 cal. (2.5)
(dH)Bs= —22440 cal. (2.6)

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

of formation of C::._.0+~;—0,=3 Cu( is -35,0%0cal according to Dulong,™ and

where ¥ is the velocity of 2 molecule (cmjsec) and » the number of the molecules in 1 cc,
At 208°K,,
v=4.1041
Al 0.292% 10— atm,
ny=3%10"% 0.292% 10—
=876 X 10~%
& =g X101 %876 x 108
7) 8. Horiba and N. Iayami, foc, ci.
8) Lewisy Thermodynamics, 463,
9) Lewis: /féid. 477.
10) Thlong; Compi, rend. T, 87 (1848).
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-36,200 cal. according to Andrews'), which differ more or less from the value
obtained.

Similary, (dF)4s and (dH)fs 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 44 and the intensity of light is

linear.

Table XV.
The Influence of Intensity of Light on AT and AH at 25°C,

11n No.

Ka
:& P AH—AF
i*‘“-'{;;’]:{ o B E AJ‘" CuICu,o, Cu0 ?—oNaOI-{‘[Ig (8F)ag | (BHDey .3:-';=MT
(calfem?fsec)] (volts) obs. (volts) Cenle) (cale.) Cuy04-40,=2Cu0
cale.
o 0.2323 a.8424 —17620 | —22440 —15.20
0002318 0.22 0.8449 —17565 | —=22350 —16.12
0.004055 0.2282 a.8465 —17496 { —2z270 —16,05’
o.cali3 0.2233 0.8514 —17170 | —z2124 —16.63
0.02843 0.2174 a.8575 —17039 | —z1820 —16.05
0.1042. o.z087 a.8660 —16396 | —21400 —16.15
5.575 0.1848 0.8809 —15493 | —20420 —16.54
14.100 0.1628 Q9119 —14478 | ~~19520 —16.93
Jiwe I [ I ! + ifo00
= o (OF)aep "i
'Iis' -] (aldze by
Q [feoor 2700
I H/Foos. 1 000
0 3 3 12 6 2o 2¢ 2 Jo

———— Gutensity in K00 abfour'fuse,
Tig. 12
The influence of intensity of light on AF and AL at 25°C.

2) Equilibrium Constant.
In order to measure the equilibrium voltage of the cell, Cu|Cu,O, CuO %

Ha OH |_[‘Ig| the equilibrium constant of 4 Cn0Q = 20+ O, was measured, using
the following equation :
AF=—RTInKpy

(=4A)
4.57 X 298.1

(i)

log Kp , =~ +3n 17500z T+ 3nC (i)

11) Andrews; Phi. Mag., (3), 32. 321 (1848).
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E,=FEy+ 0'339 log P InPu=inKp,,. (iii)

For example, the case in the dark is as follows:
4 Cu0 2 Cu, 0405
(dF)B=2 X 17620=35,240 cal.
dF=—R TinKp,

_ —2x 17620 __
log Kpr= 2.303 % 1.988 X 298.1 25:8%,

Kpy=Pop=1.814x 10" %atm.
From equation (ii),

23X 22440

nw‘}‘ L75 log 298.1+2.8=—25.72

log KPm =

Jo Kpe=1.905 %X 10 %atm,

And from equation (iii),

IJog=4 % (0.8424—1.226) _ enBien
0.059

log

o Pp=10.0x 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. XIII.
Table XVI.

Equilibrium Constant and Intensity of Light.

; P e
L Jute Seio 0-::9 Krp ( Nt::?:l s
of Expt (cal/cm?fsec.} |(calc. from Table)l Fy=Ep i log PO;) [(— AF=R T Kpj) Formula)
 § 6,00 15.18 1,000% 10—=6 1.814X% 1076 1.905 X 106
z 0.002318 14.73 1514 o 1.405 1 2.042 n
3 ©.004055 14.76 186z 2,399 » 2692 »
4 0.00813 14.47 3081 6.918 » 4.266
5 0.02843 14.76 1.300X 10~ [.047 X [0—=5 1.349X 10—
6 0,1042 14.71 30981 » 5012 1 4.266 1
7 5.575 14-51 15223 10— 1.995% 10~ 1.349X 10-23
8 14.100 14.32 5012% 10—52 6.206% 10~ 2.020X 10—°"
= 4
o Fig. XIII
i
[y [ —— Equilibrium Constant (at 25°C.)
]
N O Log P
't x TLog Ap,
® lLog Kp.
23

° 4 8 12 16 20 24 28
— Intensity of Light (10%alfem®fsec)
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3) Entropy.
In the dark,
Cu,0+ LOy=2 €u0

(dF )= — 17,626 cal: (4H)e= —2244 cal

dH—dF
F

Accordingly, the value of Sp,, will be as follows:

48= 15.20 (Entropy Unit).

—15.20 =Sg,0—~ Skoe— Souao
=2 Sqp=241"—21.46
Seow=15.18 (Entropy Unit).

Table XVI gives the values in the light

Scwe was calculated in another way. From the temperature coefficient of the

N ]
voltage of the Cu|Cu,O, CuO%NaOH, HgO|Hg .cell (=0.00017 volt™) and from

the follow ing. cquation :

A45= _ﬂ‘.’_@_ﬁ ]-%

ar 7
we have
Cu+ HgO= CuO+ Hg
S mep R OE
dt

=2 X 23,074 X0.000170=7.84 (Entropy Unit).

And from the value, S,=818,® Sup=16.11,"" and S,,=17.8',

12} Lewis; Thermodynamics, 452 (Calculated from sp. ht.)
13} S. Horiba and N. Hayami, loc. cif.

14) Lewis; ibid.,, 464.

15) Sygo was obinined thus:

330, =H,0 (A}*‘)}%:'— 13,804 cal.
(2D =—21,489 cal
s AS= _—__:u_%g__;;l_l___ 324 =25:79. (Entropy Unit).

1Tence,
=25.79=S8pg,0—17.811—34.1;
& Syo=16.11 (Entropy Unit.)
This value coincides with Spg0=16,3% (Giln_iile;'); SQ,GEIG.Z
1) Lewis; Phermodynaniic, 495,
. 2) Lewis; rbid,
16) Yewis: Thermodynamics, 465,

5(1937)
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Sowo=7.834+8.184+ 16.11—17.8
=14.33 (Entropy Unit).
It is observed that this value agrees, on the whole, with those obtained from J#
and 4H.
Summary.

1) A heterogeneous electrode, Cu|Cu.O, CuO%NaOH, whlich 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 heterogeneous system. The velocity equation of the
reaction system at any wave length and intensity of light is given by

X ;’:") =4+ Jur— b [O2]
and it has been ascertained that the velocity formula of the reaction in the dark

satisfies the reaction of the frst order:

4Py,
iy [ Oyl

-

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

satisfies that of the zero order:

ar
W"l 'f¢u= 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. Further
thermodynamical constants have been calculated. Tlence the enlropy in the case
of the formation of Cu0O, which has been proved to agree fairly well with the
theoretical value, Thus, it has been experimentally demonstrated that the Becquerel
effect of copper oxide electrode in alkali solution is brought about according to
the photochemical reversible reaction of a heterogeneous system :

light
4Cn0 = 2 Cu0+ Os
dark
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