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ON THE BECQUEREL EFFECT OF COPPER 

 ELECTRODE IN ALKALI SOLUTION.' 

  Some Considerations from the Standpoints of 
     Reaction Kinetics and Thermodynamics. 

              By Nncno Hnvn~tl.

OXIDE

   Since the discovery of the Becquere]effecPl of a copper oxide electrode, many 

studiesY~ havebeen made on the effect and yet there was no satisfactory theory to 

elucidate the .mechanism of the effect 6ecavse of disagreement in experimental 

results. Several years ago, Prof. S. Horiba and the authora~ 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 [he effect Long alter 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 2Cu0 ~ CuY+ ~ 01. Using this electrode, Prof. S. Horiba and the author 

studied the Becquerel effect of the following two cells: 

    [A] Cu I CuYO, Cu0 Io NaOH 3N • NaOH Io KCI, Hg.Clg I Hg, 
               equilibrium film 

    [I3J Cu Cu_O, CuO, N NaOH,HgO l Hg,                          to 
                equilibrium film 

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

      + This paper u the English Iranslatiou of n,e same azlide which appevrd in this jor»al, 9, 38 

      (1934} 
     t) Becquerel ' Za Luraien' 11, tzt ; C. R, 9, Sbt (1839} 

     z) RigollOt, Artnafir de PUnnrsatte de Lyon, 29, tai (t8gt} 
       Goldmnnn $ Bmdsky, Artu. Plgaik•• C4), 849 11914); ibid, 1/, gtq (tgtq} 

       Baney Z, Pbyark. CArm., 66, 683 (x908); ibid, 72, 3z3 (tgto} 
        A D, Garrison, f. f3yi. C/rem., 27, box (tqz;} 

       A. Tucker, ibid. 31, t356 (tga7), 
       Wildernw.0, Z, phyrik. Cbem„ 69, 708 (tgo6); ibid, 6E, yo (tgo7} 

     3) S. Horiba and N. liayami, R<u. Phyr. Chem. fafar, 1, 55 (1930)•
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              light 
           z QlO ~ CuzO + ~ O,. 

                dark 2 
    The present research is undertaken to study the chemical kinetics and the 

therroodynamica] relation of the photochcrnical reaction froln Becquerel effect and 

to verify the above mentioned theory on the .effect. 

                        Experimental. 

                     1) Materialand Procedure. 
    The. materials used for electrodes and electrolytes, and the method of measuring in the 

present experiments e~ere the slme as used in the preceding. 1n the above mentioned cell-(.S) 
as a copper oxide electrode a black rapper ox&le film was used, wbicb was turned Uy the 
action. of alkali electrolyte from cuprous oxide film prepared on a copper plate by electrolysis 
of the Feliling solution. R'hen the cell {A} showed a mnstan[ voltage-0.232 z- at zg°C., the 
electrode mold be regarded as the eyuilibrium electrode of CuO • Cu.O, and it was exposed [o 
light to examine its photo-effect. 

                      Experimental Results. 
        Expt. I. Measuring Instrument and Change of Photovoitaic 

                        Potential with Time. 

    The photovoltaic potentials calculated by means of a potentiometer are given 

in Table 1, a, and those by means of a quadrant electrometer in Table I, b ; 
these are compared in Fig- t. 

                                 Table I, a. 
             The Influence of the Measuring Ins/mmunl on the Yho[ovol[aic Potential.

Time 
(rains.)

F:xposnre 
0 

t 

z 

4 

  6' 

8 

  Io 

  Iz 

  I5 

  30

E. M. F. of Cell [AJ 
     (volts.)

0x322 

o.zg7b 

az5z5 

0.2568 

0.2586 

0.2595 

0.2601 

0.2607 

0.2607 

o.zfa7

Photovohnic 
 Potential 

(mill-volt.)

0 

 IS.q 

~•3 

 24.6 

26.4 

273 

zl•9 

28.5 

28.5 

28.5

/ Ea f (E. df. F. -of CuICueO, CuO, N NaOII 
                         Io 

             (volts)

 ~r 

U,l

0.8425 

0.8579 

0.8623 

0.867[ 

o.S68g 

0.8698 

oS7o4 

o.87Io 

o.S7Io 

0.8710

 I'o. 
(oxygeo-
pressure)  (

nlm)

LoooX W % 

IA96X I0=5 

z-399 ~~ 

5.754 
6.3IO „ 

7:z4q „ 

7.762 
8.710 „ 

S.7 io „ 
8.7W ..

of 

o° 

~o 

oC 

o° 
X50

4) The E.M. F. of Cu/Cu.O, Ca0 a NaOHI[I, at z5°tonz°G (See 8. IIoriha,and N. Hayami, 
   ibid..) can he caltulsted from the E. Af. F. pT the cell (A) and Eh ns follows ; 

                  E. M: F, of Cell (A) 
~ ~ Eh J 

~f CuCu,_OI Cu0 aNu0ii~3N.Na01~ oKCI, IlgsCla llg,.~ (I-Ig7Hg.Cla aKCII,;N.NaOft~ oNaOIIIH.,              o.2g'g6 volt I ~ Log86 vol It 
              0,2326 » LU747 , 

Ei M: F. of CulCu,O, CuOI=I NaOIIIIL 
                       to 

      0.8540-Volt 
      o.Bgzl ,.
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i.ight oft
0 o.z6o7 25.5 0.8710 8.7 to X [0-0°

2.5 0.2533 23.3 o.S65S 3.Soz .,

3 o.25z3 20.1 D.862G 3.396 •~

Sd o.zg95 [ 7.3 0.8398 1.489 •~

7 o.zg77 [55 oS58o [az5 •~

7.5 0.2462 tqa 0.8565 IA38 u

8.5 o.zg5o tz.8 0.8353 7379X m--'

[o o.zg3a [ra 0.8333 5.[52 .,

u o.zat3 9.t oB5[6 4[qo „

[z.5 0.2392 7a 0.8495 x980 „

[4.5 o.z37o q.S oSg73 zn3 .,

 z5°taaz°C. Light source: n .ooV-zoo\V Tungsten-filament Ixm¢ operating from a battery supply. 
The light was passed through a 8o mm. layer of a Solution ((:uSO~}3080 NHa)/q0 (Normal} Intensity 
of Light: o.z~{Cy ml~cm-sec. The measuring instmmrnt: Leads 8 Nnrihrup I'otenlimnclcr

                  Ta61e II, U. 

The Inllucnce n( the T(easuring Instrument o0 [he Phmovoltaic Ynlentinl.

'l'ime

(nuns.) (tolls)

Photmallaic
Yo[antial

(mini-volts)

E¢ 
\

(E. M. P. n(.CuICusO, CuI1 N Nn01 [II Iq lt l /o
(volts)

 Po. 
(oxygen 
pressure) 
  atm)

Ezposu 
O 

4 

G 

8 

   fo 

   IS 

  30

0.2322 

0.2522 

0.2550 

o.z583 

o.a599 

o.z6l t 

o.z6u 

o.26zx 

o.z6xi

D 

20A 

22s 

zb.[ 

x7.7 

a8.9 

x9.9 

x9.9 

x9.9

o.S4z5 

0.8625 

0.8653 

0.8686 

o.S7oz 

o.87[q 

o.87zq 

oS7zq 

o87zq

IAOOX fo-=a 

z.z3gX m-""-s 

3.467 ,~ 

S•754 ++ 

7.567 ~, 

gASq ~~ 

I A72X IO-°-a 

fA7z ~~ 

I A7z .•

Light a 
0 

   is 

z 

3 

4 

    5.5 

    6.5 

    7.5 

    8.5 

   to 

   Iz 

   f 3.5

o.zbzt 

o.z598 

os585 

os56I 

0.2530 

o.z5f6 

o.zg74 

o.zg7z 

osg5i 

o.zgz8 

o.zgo5 

os383

x9.9 

z7b 

x6.3 

x3.9 

21.8 

f9-0 

f7¢ 

ISA 

13A 

rob 

 8u 

 6.f

o87zq 

o.87oi 

o.8G88 

o.8G6q 

o.86g3 

o.86Ig 

0.8597 

0.8575 

0.8555 

o.S53t 

0.8508 

o.8g86

i A7zX io--"a 

7-0i3x fo-s 

6AZ5 ~. 

4.i6y „ 

;AZ0 •. 

m4z •~ 

i-079 •• 

fug7 •~ 

7.585 X fo-=a 

5370 ~~ 

}63i •. 

z.57I „

 z5°~ooa°C[. Light source: afoot/-zooW Thlgsten•Eilament aamgoperating (mmnLnttery.nuppl)~. 

The light was pasud. IhrouglJ'a So mm.'layer of a Solulioa (Cu8O,~+~toBoiVfla) (Normnl~. Intensity 

of light: o.z3Gq cal/cm-fset. 'The measuring instmmeat: Qoadraat electrometer.
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    ~ As is seen, variation in the measur-

   s5 ing instruments used gives rise-to slight 
 ~E 

variation in photovoltaic potentials for 
     zo 

                                 the same intensity of light. This may  ~, 
   is be because soave electric current is taken 

 8 out in the case of a potentiometer . Even 
    ro 

 9 in this case , however, the difference was 0 

 0 5 limited within t °/a in such a degree of 
 m light intensity . Accordingly, a potentio-

       o _ 4 6 8 to rz rq                                       meter was used in [he present experi-              -. Time in min. 
         • Potentiometer menL. 

         C Qoadnnt hlettromeler 
              p;g, t, Expt. IL Intensity of Light -and 

   The Influence of the Mensoring Insimmenl Change of PhotovoltafC 
        on the Phmnvollnic Pnteotial. Potential with Time. 

    The change of the photovoltaic potential was measured with a monochromatic 

light of 49z pp and three kinds of intensities of light-o.oo4054, o.os3g3, and 

j.j75 cal~cm=~sec. The results obtained are given in Table 11, a, b, c, and Fig. II. 
                                'Fable II

, a. 

    The Change of Velncily in the 17mtocheminl Reaction with Intensity of Light at z53ooz°G

Time
(mins),

F.. \f. F. of Cell [A)
(VOlt4)

Pholovoltaic
Yolenlinl

(mini-volts)

~ Ea

(13. i+t. F. of C01C0.0, CuOtaNaOl-II HZ)~ (
volts)

Pq
(OYfgen-
press0le)(a

tm)
F.xposn re

0
2

3
5
6

9
to
Iq

zo
2d

30

o.gzz
o.z734
o.z7G7
o.z783
o.z799
o.z8o3
o.z8o$
os8og
os8oy
oa8o9
o.z$o9
os8og

0
4Lz
445
q6.1
47.7
qB.I
483
48.7
48J
4~7
48.7
48.7

o.8gz5
X37
0.8870
0.8886
o.&pz
0.8906
o.SgoS
o.89iz
0.59T2
o.BgTz
o.89tz
0.89[2

IAOO x to-~
0.$

,,5C}X f0-bOry.,l „
Is93 •.
IbSz •~
I-773 •.
I•994 ..
2A4I rr
2A4I u
1AsI o
2A¢[ ..
2A4I ..

Light off
D

3
5

&5
t[
I2
I:»S
I5
IS
20

o.z8o9
o.z7go
o.z697
o.z668
0.263$
Q2593
x2573
o.z$39
as5o9
o.zg57
0.2444

48.7
q1.8
37.5
;q.6
31.3
27.1
25A
z1.7
18.7
I3d
Iz.z

o.891z
0.885$
a881z
0.8783
0.8750
0.$708
0.8687
o.5fi5q
o.86zq
o.857z
0.8559

2A4IX 10-b
8.IZ8 x Io-sT
q.z66 .•
s.G9z ~.
1.585 ..
5.$IIX IO =a
$.588 .
3.588 ..
u39 ..
IAOO
S.I25X IO-PB

 25°toaz°G Light xource: a IaoV-taoaW Tungsten-filartteat lamp, operating Gom a battery supply, 
The ]fight monachromatic(g92 Xlr) ~s Passed through a Wtaltta light filter Intemi[y of light: 5.575 
cal/cm=/sea. The measuring inslmmeot; Potentiometer.
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The Change of Velocity in the Phnloch

 Tahle II, h 
emiral Reaction with Intensity of Light at z5°faaz°C_

Time 
(minx)

fizpom 
0 
i 
2 
4 
6 
8 
   to 

   tz 
  tq 

~ w 

   zq 
  30 

Light n 
0 
2 

} 
4 
5
G 

7 
$•5 

io

Eht.F. of Cell [A) 
(colts)

0.2322 
0.2¢12 
o.zg5o 
0.2464 
o.zg7i 
0.2476. 
azg78 
azi77 
o.zg78 
0.2478 
0.2478 
oa478 

x2478 
azgg9 
azgzz 
os4iz 
azgoi 
az3cp 
X374 
az36o 
x2354

Photovollaic I ~Yoteolial (E. Bt. F. of Qtl4~=O~Cu(I Na(~fi_,
(milli-volts)(volta)

Po.
(ozygeu-
Prennm)(

atm)

a o.8gz5 x AOOJ[xo =s

g.o o.85z5 4•xG9 •
xm8 0-8553 7d[8, .,
x4z o.85G7 gxzo
x49 o.8s74 tA23 X IO`O'
x5d 0.8579 xA96 „
15.G o%SSx x.1g8 .,
x5.3 o.8s8o xezz .,

x5.G O.$$8I t.148 „
x5.6 o.8s81 t.x48 ,•
15.G 0-8581 1.145 ,
[ 5.6 0.8581 t.1g8 „

xS.G 0.8581 xa48x xo-""s
xz.7 o.xsa4 6.3xoXxo-"-"
tOA o.8GZ5 478q
go o.8s[G 4~074 •~
7.9 a8GO4 S4G7 ••
6.8 0-8493 zt38a •,
5.z 0.8477 zz91 ~~

i-8 o.84G3 x.95o „
3.2 0-8457 abGe ..

  zg°foAZ° G Light source: a root/-raooW Tungslem6lnnient lamp, opernling Cmm n battery -supply. The .light monochromatic (qgz pp) x-as passed through n ~Vr¢iten light fiber. Intensity 6f 
light: oAZ843 cal~cm=fsec.                                'ra61e II

, c 
  The Change of Velocitp io tLe PhotacLetnical Reaction x~ith Intensity et light at z5°fo.oz°C. .

Time
(rains.)

E. M. F, of Cell {A)
(VOlI3)

I'hotovoltnic
PMential

(milli-volts)

Ea

(E.)T.F. of CuICwO, (LO oNaOII~I[.,
(volts)

P0.
(°558~-
pressare)

atm)
Eaposure

li
i
z
3
4
5
6
78

9]
O;

ii; I
ix i
30:

o.z3a4
0.355
b.a36a
o.z368
az373
o.z;76
o.z379
o.zjBI
o.z38z
o.a383
o.z383
o.z383
o.a383
oa383

0

3.2

3.8
4.4
49

5.z
5.5
5.7
5.8
SA
5.9
5.9
5•rJ
s.v

o.8gz3
0.8454
o.846i
0.8467
o.847a
0.8475
0.8478
0.8980
o.Sg82
o.848z
o.848z '
o.848z
o.848z
o.SgBz

(

9.7z9 X ro-?~
r.57oX to-=s
r•754 +~
r.9gr .~
zo89
z.t68 ..
az4g „
z455 ,~
z399 ++
z.g43 .,
z-043 ++
z•443 ••
z.g43 ,~
2943 +

Light-o9
u
I
a

3.5
4
S
6

7-8

o.z;83
o.z373
az36z
az35z
os346

o.z 8
o.z335
o.z333

5.9
4-9
3.8
2.S
x.2
Lg
s~
t.[
o.g

o.848z
o.897z
o.846c

0.8445
o•844r

0.8434
0.8432

z.g43 X so-=s
xozz ..
T.7z3 .
r.5o3
r•373 •+
r.z73
tst3 ,.
c.r53 ..
xax3 .~

 s5°foaz°Q LighC sourced a loot/-tooW Tungsten-filnmenl lamp, operating from o battery supply, 
The monochromatic light (49z~e~t) wms passed through a Wmlletrlight fihener: Intensilybf light: o.oogo55 
cnl/cmz~sea

5 (1937)
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0

r

a

r

T'he Change 
 chenucal' R 

     Ligl 

    The Change .
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.The experimental results show that thetime 
° t

aken before. the.. equilibrium of [he Becquerel 

                   effect is established is not influenced by the 

                  intensity of light and the thee quilbriurn photo-

                  voltaic potential is proportional to light. IE is 

                    also shown that the reaction velocity after the 

                    exposure increases itl 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 tvas examined The 
  1O is 2O ~s change of the photovoltaic potential with time 

'l'ime in mio: 

o.g75 oat/cm=/sec. was measured with a given intensity of such 
°-o=84s monochromatic lights as 43oµ/e (violet), ¢9z µµ o.oogo5~ ,~ 

  Fig. II (green) , 55o~i/t (yellow), and 6¢oµµ (red).. The 
of Vclocilp in the Photo-

eaction with Intensity of reeults are. given in Table III a, b, c, d, and 
rt at z5°*o.oa°C. in Pig . III. 

                     Table III, a. 

    oC Velocity' in the Photochemical Reaction with Rave Length of Ligltt at z5°C.

Time 
(mins•)

E. lI. F. of Cell [A) 
      (volts)

photovoltaic 
Potential 

(mi]Ii-volts)

            Ea Yo 

(E. M. F: nl CulCneQ, CuQ oNaOHl13_) (oeaure 

                          

~ Pr ) 
           (molts) (atm)

g.7z] X I0= '
Y~t3zx-]o--=s
L675 ~,
I.8o3 ,~
LgoS „
zol4 ,
~0$9 „
za68
z.zz8: n
2.z9t
z.igc „
z.z9t „
z.x9[-

z.z9[ x [o-°e
LSo3 „
LSao „
I•393 ,
Lz94 „
]a36 ,
LI59 ~,
LI3 „
LI07 v
.A86 „

o.84z3
o.8ggg
o.8g5S
o.8g63
o.8g67
o.8g7o
o.8g7z
0.8475
o.8g76
o.8g78
o.fSg78
o.Sg7S
o.847S

o.Rg7S
o.8g63
o.8g5]
o.8gg7
o.8g4z
0•3439
0•$437
0•$433
o.8g3a
o.8g3o

0
z.5
3.5
q.o
44
47
49
5.z
5.3
5.5
5.3
5.5
S•5

5.5
4.0
z.8
z.q
I•9

t.6
t.q
IA
o.g
0.7

o.z324
oa349
oa359
o.z364
oa363
oa37]
o.z373
oa376
o.z377
o.z379
o.z379
o.z379
o.z379

o•z379
oa364
oa35z
o.z3g8
oa3g3
0.2340
oa33S
o.z334

=333
0.233]

E.aposure
0
I

3
4
5
6
7S

9
to
II
Iz

Light ofl

~.a
3 4

5

~5
5 85

S,5

  z5°sooz°C. Light source: a soot/-zaoW Tungsten-filamen[damp,'operaling !mm atxitlergsnpply. 
Themonochromatic light (5gop~) was passed through: a lVralten light Sller, Intensity of. ]fight: o.oogo5g 
cal~cm~%ea



9fiI~4t~~a1€~ Vol. lln No. 5 (1937)

372 x. rtati-anu vol. ~1

.The Change of-Velocity

         TaUle III, h 

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

Time 
(mins.)

li. Ai. F. of Cell (A) 
     (volts)

Yhotovoltaic 
 Potential 
(mili-volts)

                        r•.a 

F.. ilT. F. of Qi CnaO, CuQ,roNnOl):~I G) 
          (volts) I

 Pug 

(oxygen-p
resure) 
 (atni)

~xposure
0
i

3

o.z3zq
9•z355
o.z36z
o.z363

o o.Sgz3 ~9.7z9x m-=%
3•I °•34.54 ~I•57oXCa-=^
3.8 o.Sg6i In754 ,•.
q.q o.3467 ~I.ggi .,

q o.z373 4.9 I o.Sg7z zA89 ,.

5 o.i376 5.z o.8475 zI6S
6 o•z379 5.6 o.8478 z.z49 „

7S o.z38i
az38i

5,7 o.SgSa
5.8 o.848i

z :353 ~~
i•399 ,~

9
Io

o.z3S3
o:z333

5.9 o.3g3z (s.gg3
5.9 o.Sg3z i_•443 „

II o.z383 5.9 I o.Sg3z z•443 •~
tz o.z383 S•9 I o.848z z•443

3a 0.2383 5.9 I aSg8~ z-443

Ligh[. 09
'o

0.2383 5.9 o.3gSz '-A43X to-=~
I o.z373 4.9 o.3g7z 2A22 v

z o.236i 3.3 a3g6t L7z3
3 o.z35z z.3 o.845t LSo3 „
4 o.z3g6 z.z o.S445 I373
S os3g2 L8 o.84gt nz73 ,~
S

7

o.z338
o.z335

L.} I o.S437
LI o.Sg34

Lzi3 „
I.i53 „

3 0.2333 o.g I o.3g32 LIZ;

  z5°fo.ai°i:. 7.ight source: a 
The monochromatic light (q9z 
o:oogo55 wl~cm=/se4 

  The Change of Veloraty in

xooV-2OD\V Tungsten-(ilamenl lamp, o[xraling from a hat[ery supply. 

 µµ) was Ikvssed through a \Vmtlen light fihcr. 7nlensity of lighL• 

       Tale III, c. 
the Photochemical Reaction with \Vave Iznglh of i.ighl at 25°C.

Time 
(miss.)      (volts) i

Yholovoltaic 
 Potential 
(mill-rolls)  lF.. \[. F. I'

     Ea 

,iE CuICu.Q CuQxoNnO 
     (vole)

 Ilk/

 ro_ 
(nxygen-
pressure) 
 (alto)

F.zposule
e o.z3zq a o84z3 9.7z7X to-"-7
1
a

o.z3g6
o.i3sz

z.a
z.8

0.8445
0.8451

n387 x m--°
I•5oo ~~

3
a

o.z357
os36a

3
3

o8g56
0.8459

I,6tq ,~
1,694 ,~

5 o.z36z ,.8 08461 I•754
6 o.z65 41 0.8464 t8io ,~

T o.z;66 q.z o.Sg69 1.854 ~~
8 o.z367 43 0.8466 r•89z
9 o.z368 4-0 0.8467 L923 it

to o.z368 4.4 0.8467 t•9'-3 ,~
II

to

0.x368
o.z368

44
4A

0.8467
0.8467

1.923 ,~
[•933 ~~

Eight ofl
0. o.z368 4.4 0.3467 L9z3
L5 o:z33S 3A 0.8457 L66o
a,5 o.z35a z.6 0.8449 I•445

3.5 o.z345 z.[ o84g4 c.33o

4
5

b.z341

o•z338

1.7
L4

08ggo
08437

t.z59
Gzoz

6.5

7,5

~-334
o.i331

La
0.7

0.8433
08430

t.cz7
no76

2$°to.oz°C. :Light source: a root/-xooW Tungsten-fiamenC lamp, operating Gom 
The monochroma[ic'light (q3o µµ) eas passed through d R'ratten light fillet. 
o.oogo55 rd(cm=/xc.

a lmtlery supply. 

Intensity of light:
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                            TaUle III, d: 

   The Change-of Velocity in the PhotochemialRexetion with Nave Length of Light at z5°C.

Tinie 
(minx.)

Exposure 
0 
I 
i 
3 
4 
5 
6 
7 
8 
9 
  Io 

  II 
   rz

Light n 
0 
      r.z 
      z.5 

3 
4 
5 
6 
    7.5

1:. bf. P. of Cell [A] 
     (volts.)

o.z32q 
o.z343 
o.z35o 
0-2354 
o•z357 
4z3~ 
o.236r 
o.z3C.z 
os363 
o.z363 
a'-363 
o.z363 
o.z;b;

o.z363 
0.2354 
o.z;y{7 
o.z343 
o.z339 
o.z334 
o.z33z 
o.x3.io

Photovoltaic 
 IMlential 

(milli-volts.)

O 
ng 
2.6 
3.0 
r3 
3.6 
3.7 
3.8 
3.9 
3.9 
:.9 
3.9 
l:9

3.9 
3A 
''-•3 

Lg 
Ls 
IA 
0.8 
0.6

            F~6 

(fi. 3i. 1'. of (~Cu:O, QIO~IONaOHFL) 
             (volts)

 Po. 

(orYBeO-
pressure) (

atm)

   o.Sgz3 
   o.8ggz 
   0.8449 
   0.8433 
  x8456 
   0.8459 
   0.8460 
   o.Sg61 
   0.8462 
   o.846z 
   0.8462 
   o.846z 
   o.846z

o.846z 
x8453 
o.S446 
x844= 
0.8438 
x8433 
o.843i 
a84zg

   '9~7z7 X io--°: 

   t.3ofiX ~o`=e 
   I~159 ++ 

. i.54z ~~

r.zz5 .. 
r.r3S ,~ 
IAgfl „ 
rA57 ..

   z5°fo.oz°C. Light source: a toot/-IOW Tungsten-fil¢ment 1¢mp, opemling from a battery supply. 
 The monochromstic light (6gopp) was passed through a Wratlea light 6ller.Inlensi[y of light: o,aogo55 

 calfc~ii=fxc. 

  I It is apparent from these that the 

  g time elapsing before the .equilibrium of 
- the Becquerel effect is established is 
- 5 
~- 

_ almost uniform, regardless of the wave-
  a length , and that variation iu the. wave-

  g '~ length gives rise to variation in the 

                                    

.photo-effect. o z 
0 

  1 Expt. IV. Wave Leagth and a 

t Maximum Photovottaic Potential. 
        z5 5 7.5 io I?•5 The relation betwee n the ivave                -. Time in minutes 

          o ssoua a3oau length and the maximum photovoltaic 
          ~ a9zpp ~ ~°f'N 

potential was examined. The exami-                Pi
g. IlI 

 The Change of Velocity in [he Photochemical nation [vas made with three electrodes 
 Reaction with }Va~•e Length of Light at ago°G -NO .. I, NO. 2 and NO. 3. The copper 

oxide electrodes which liad been in equilibrium in the dart: were exposed to six 

kinds of monochromatic lights, and their maximum photovolatic potentials measured. 

purin~ the experiment the electrip current and voltage were regulated by means
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of a thermopile so that 

perimental results. are

the 

given

intensity of linht mi 

 in Table~]V and

ght be 
$ig.

 kept constant. The ex-

IV; which show that the

The In3uenee

              Table IV. 

of the Wave Length of Light on the ilfn>imom Pholovollaie Potential

Number of-Cell. 7Fn. Maximum IIvn. Mnsimnm IIIF.t. ilfarimum
Photovoltaie Pholovol[aic Pliotoroltaic Meav.

Monochromatic Folenlial Potential I'otentirtl (voGx)
Light (p7.) (vo1LV) (roltx7 (volts)

U: V. •380 

Violetl 430 

Green 49z 

Yellow 550 

Red . 6qo 

L 1L Sta

o.oo~ 
,0.0044 

o.0o5S 

0.00$5 

oao3g 

0.0030

036 

0m43 

om58 

om56 

om;0 

om3i

0.0036 

0.ao43 

omSS 

om55 

0.0039 

o.oo3t

0.0036 

X0.0043 
:0.0058 

(0.0055 

0.0039 

Om3I

  25°fo.oz°C. Light source: a [0oV-SaolV Tungsten-filament lamp, 
The m0nochromaticJightr, 3~• 49z, 550, 6qv and Sto pp. were 
filter. Intensity c( light: 0.004055 calfcm=fsea

J 6 
c 

q 

r~ 
D 
     300 40O 500 600 X00 JJ00 

            -• d (aa) 

            Pig. IV 
The Influence O( the 1Vave Isngth of 
Liglit on the Mxximnm PhnlnvOltaic 
Potential (Inlervsity v[7.lgh[;0.00;055 
calfcm-fsec. z5°fo.oz°C.)

G

operating from a lratteiy supply, 
passed through n Wmllen light

T 

photovoltaic potential of Cu CutO, Cu0-                                        to 

NaOH has a selective effect on different wave 

lengths of light, and that its maxium photo-

effect .lies between 45o-5ooµfe.

Expt. V. Intensity of Light and Saturated 

   Maximum Photovoltaic Potential

An electrode,

which had been

't'able V
.

Cu I Cu.,O, Cu0 ~ NaOH, 
                to 

in equilibrium in the dark,

The Influence of Intensity of Light on the \taxinmm Photovoltaic Potential

Intensity of light 
 (ca]fcme~sec,)

0, 
o.ooz3i8 
0.004055 
o.oo8r3o 
o.oz843 
oaoga 

5.575 
rb.ro0

E. M. F. of Cell [:1] 
(ohs.)

o.z3z3 roll 
0sz9S 

o:zz8z 

o.zz33 

0=t74 

O.zoS7 

a.t8g8 

o.r6z8

           E¢ 

(E. M. F. of Cu~CusQ CuO,toNaOHIl3,) 
               (calc.)

o.84zq volt 
o•g449 
o.Sg65 
o.85rq 
0.8573 
0.8660 
o.S899 
o.9trg

 Maximum 
Photovolaic 
 Potential

+o.ooz5 
-{-OAOgi 

x•0.0090 

+oorgg 
-~-0.0x36 

+0.0475 

{-0:0695

 25°fOA2°C.Light source; a rooV-raao~V Tungsten-filament ]amp, operating from a Gallery supply. 
The. monochromatic light (q92 prt) was pawed through a Wratlen light fiher.

5) Photochemical equilibriums rnrresponding to inte0silies. of light can be established. The photo-
  voltaic potential i0 equilibrium will. be called the maxjmum photovoltaic potential for convenj-

  en0c'sake.
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was exposed to light of various ititensifiesand its saturated maximum photovoltaic 

potentials were measured. The results are given in Table V and Fig. V: 
              ^r. 60 ._ 

                     ° •n 

        E~° 40             _ > 

         Eo-
           % C 

Q       ~~ p 
       p F 

O 

     a ° 
                      0 ooL o.oa o.03 o.oq 

                               -. Intensity of light in cal~cm""-~xc 

                                        T'ig. V. 
                    The In~uence oT [he Intensity. of I3gh[ on the Maximum 

                                 photovoltaic Pnlential. 

       Espt. VI. Temperature and Change of Phofovoltaie Potential. 

    The influence of temperature on the photovoltaic potential was examined with 

the copper oxide electrodes which reached equilibrium at o°, [o°, z5°, 35° and 

45°C. respectively. The results are given in Table VI and Fig. VI. 
                                 'f'able VI . 

                The Ldlucnrc of 1'emperatna °n the M.'1YIIDnm Phnlovoltiie Potential

i

i i

Intensitp c( light
0 aooz3~8 o.aogo55 o.oo8i8

-Co
mp. °C.

~}!. 1+: ]F. F. ilE E ilE

O 355.0]

IS 845-99

25 &4z.go

35 g37vz

45 S3z.27

g.tz

xz.67

x7.75

zz.8o

557.3z

S4S :i7

Sgq..9o

S3S.9z

53497

S•95

12.42

I7.go

z^^-.35

859.00

850.00

846.So

SgtSo

836.go

qm

Iz.50

I7.5o

zx.5o

863.85

856:87

85Lga

846.4x

S4rA5

8.98

Iz.45

17.44

zz.go

-OT (mezn) I SA7 497 5.00 44S

Intensily of ]ight
oaz843 o.IOgz 5~575 x4aao

'~E e[ S ~EI (nulli-eolts;
E DE E ~E E AE E dE

a 

r8 

=5 

35 

45

S69.So -

860.8o gm 
857.30 tz.jo 

Sjz.zB t7.jz 

$4734 -z•51

878.50 -
869,jo g.oo 

3fi6.oo tz.5o 
8GL15 t7.5o 

556.[5 zz.5o

goazy -
893~37 S.9o 

SSg.go. [zv7 

88M9z 1735 

879.97 2z.3o

9z}.zo -

9[5.3fi S.Sq 

gt[.9o tz.3o 

9o7m [7.zo 

9ozao sz.to

 ~E 

-mean) 5.oi 5m 4.95 492

 Light. souse; a iooV-ioooV Tungsten-filament ]amp; opemtiag from a battery supply. Tke mono. 
chTOmatialfQht (qgz µµ)' was passed through a ~Vrat[en light Slter.
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G 

C 

C 
V 
C

f

0.94 

o.ga 

ago 

a88 

0.86 

0.84

z 

3 

v

                    0 5 x5 i8 =5 35 45 
                                           ~Tempcratnre, °C 

                        i. i4.ioo cal/cm-fsec. ;. o:oo8i3 ralfcm=/sec 
- 3. oaogz „ 7. ooozx8 „ 

                          q. o.oz8g3 S. o.oo 
                                  Fig. VI. 

                               The IoHuence of Temperalum ov the 
                                 Maximum Phvlotaltaic Potential. 

   As is seen. the photo-electrode potential which is in eyuilibrium 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 tempenlure coefficients of voltage are 

equal both in the dark and in the light. 

                          Theoretical. 

      1) Consideration from the Standpoint of the Reaction Kinetics. 

    I) Copper Oxide Electrode as a Reaction System. 

   An electrode, Cu I Cu_O, CuONNaOH, which has reached equilibrium in the 
                               ro 

dark is expressed as a heterogeneous reversible reaction thus, 

          (solid) (solid) (gas) 

Whzn this system is exposed to light, it reaches photochemical equilibrium 

according'to.a reaction, 

             light 

                  dark 

as already said in the preceding report St is apparent from the experimental 

,results. that when light. is shut off the reaction proceeds to the direction indicats:d
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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 (r,2), supposing that the density of the solids is constant, the: 

following velocity equation is assumed: 

   et 

where Y is the oxygen pressure during exposure, k, and kd' the reaction velocity 

constants in the light and the dark respectively, and Jm, the intensity of light. 

    First u•e shall calculate the velocity front this equation. The relation is 

                                graphically shown in Fig. Vll, in which 

                                the height of A shows the equilibrium 

~, ~ pressure of oxygen in the dark. 
    g ~l~ ~ 2) Photovoltaic Potential. 

ec ~ . ''~''• L Before the calculation o(`!~fl from 
a .Q ep •}.~r~ dt                     °R equation (l .3) it is necessary to make 

    y ~ ..

       

' """'-t"~~~"''"=k-;'""'"""" clear the photovoltaic potenital. As 
              Flc• 7 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 

             E=E,+o.o5glog Pa,. (t.4) 

4 at 25-to.oa°C. Here, 

            E : E, M. F. of Cu CugO, Cu0 oNaOH He (at a5°C.) 
                       (x atnt) ([ atm) 

          Ea: E. M. F. of O_ I IoNaOH I H. (at 25`C.). 
                      ([ atm) (I atm) 

Putting E;,=a and o'o59=b, the have 
4 

   The photovpltaic potential dE° is determitned by the difference between the

5 (1937)
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potential in the light; Ef, and that in the dark, E, ; hence 

      (dark) Ea=a+h log P~ 

     (light) E,'=a+b log P~ 

         !og ~
~ - b G 

                   P'               dEa=6 log h 
                        m_ 

                  P ~ e'a'-Ea P ~ La'-Ea                 ~ 
IO A or °-=-I=IO 6 -I           1'

a. Y~ 

                                  r:,'-aa                   P
O=s-PO' =to b -I .             P

~ 

                                    ~','_F•a               dP=P~{io a -t},.........(at z5°~J (t•7) 
where P°, is the equilibrium oxygen pressure of the electrode in the dark. The 

electrode oxygen:pressnre dp equivalent to the photovolaic potential dEu=Eu can 

be calculated from the equation. 

    3) Reaction Velocity after Shutting off Light. 
    When flight .vas shut off, equiation (L2), the equilbrium system during ex-

posure; proceeded to the direction indicated by r. This is the case where K, 

~,,,=o in equation (i.3), and it may be rewritten as follows: 

where dP• is the difference of the pressure of oxygen aker shutting off light, 

    In equation (l.g), i( t=0, that is, the value of dP' at the instant of shutting 
off light is taken to be dPo, we have 

, 

         .. -2.303 !og ~~O =ki t. (t.tt) 
    In order to see i( this equation gives the observed values of the curve of 

oxygen pressure decrease, the author calculated kd' through equation (t.[I) from 

several points on the curves of the oxygen pressure decrease obtained by Expts. 
II and III, and obtained 0.306 as the mean value, which proved to be a constant 

in each case. As one of`those examples Expt. II, c is .given. in Table VII and 

graphically in Fig: VIII.
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                    Table VII. 
               ka~: velocity mnstnotpf [hedark matlion.

Nalln

J79

5 (1937)

Tinx mins.) AP' (alm) 
 (obs.)

ka~
ilP~ (atm) 

 (CBIG)

d

.~ 

S
y CG 

h 
p

~.6 

i.z 

0.8 

o.q 

0

0 ID-=4 IO-:![.q7x

lAj o.3[q

[{7oX

[Aj3

z 0.75 0.32-0 0.775

3 o.j3 0-33[ 0.57[

4 aqo 0.3[9 o.gzo

j 0.30 0.3[3 0.309

G 0.zq 0.298 o.zz8

7 aIS osg6 o.t68

8 o.[j o.z7j 0.[23

mead 0_;08

~~.
o .bs.
x ~r~

.r'

0

~.

o q 

 -. Time in 

    Pig. 8

A

mm.

         The relation between the velocity constants of 

    the reaction in the dark and the intensity of light 

     is given in Table VIII, and that between the con-

     stants and the wave length imTable IX. As is seen 

     in these tables, both the mean values are precisely 

     0.306. This shows that the velocity constants after 

    the shutting off of light is fairly constant in each case, 

    regardless of the intensity of light and wave length. 

     Pt was calculated from this mean value and Fig. VIII 
12 

shows that ikis in good agreement with the observed 

     value 9Pt. 

          Table. VIII. 
lbr: velotilp mastant of the dark rnctio0.

\Vare IenglL 
  tPPJ

            7.v.. 
The light mergy absorbed, before ka 

         I2'~ht off (atm/xc) 

           5.575 0.300 
           ~~843 o.3os 

           aaoao55 0.326 

           Table IX. 
  ka~: velocitym6staat of the dark reaction,

 mean. 

(ntmJsecJ

492

49~

49~

5.575 0.300

~~843 o.3os

aao4o55 0316

0.306

W:uc length
~u/~)

JBbB. kn menn.

430

49z

SSo
64a

o.oogo55 0.303

o.3 [fi

o.z9[

0.3[5

o.3a6
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    q) 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 ]fight, 
a photochemical reversible reactions: 

            q CrtO ~ 2 Cus-f-O_ 
took place altd front this chemica] relation the velocity equation (i.3) was assumed. 

(See Theroretical, 1.) 
    In this expression, kt •J°,,, 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 _O      ~

tt 
Therefore, 

the right side of which can be obtained from the observed value, because the 

mean value of the 7eaetion velocity constant, k~, 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, .F, •Jn, can be easily calculated from 

equation (t. 12); the values obtained arc given in Table X. 

                           Table X. 
                      k, Jeee.: specific constant of the light reaction al z5°C_

\Vave ImgIL 
  (k4)

        Jam 
77u light eneT~ y alaorded 

     (tat/cm'/set)

Oxygen pressure in 
  equilibrium 

   (alm/min)
 kl Ie~e 

(alm/mm)

49z i•57i 2A4X t0-~ o.6z;x Io-~

49z oAZ843 t A2gX 10'=5 0.317 X IO :5

49s oAO4oii IA7ox to-'S a45s x io-s

430 0-oa1055 o.95oX to-=5 o.zgzX to-=s

49z oAO4oii t.47a r. o.45s .,

350 oAO4oii L3I8 r. o.go4 r.
640 oAO4oii 0.8x3 .. o.zio „

  The 

given in

values 

Table

of k, 

XI, a, 

    k,

for variation in the wave length 

and b. 

          Table XI, a 

  velocity wnstant of tke ]fight reaction at

and intensity of light are

25°C.

Wave lenglU
{Eia)

JaunTh
elig6t eoeigy absorAed

(cal/cm=fsec) (nlm/xcJ

492
492
492

0.004053
o.oa843
5.575

i.85X io-~n
t.88X io-eo

mean t.g63X to =n
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                    TaUle XI, b. 

            k, : velwitp conatnnt of the light reaction. at z5°G

lln No. 5(1937)

381

Wave length 
  (KR)

       Jav" 
The light energy alsorhed 

     (cil/cnr/xe) (nh n'sec)

430 o.ao4o;; o.tzox Io-°~

49z odogo;5 o.i86 ~~

;;~ O.OOQO;; 0.I~i ..

~Wo o.oogo55 oao; ~~

   This shows that d•, 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 gooµp and 5ooµp. 

   (R) The Reaction Velocity during Exposure, ~~P. As above said, from 
the values of k„ J~„ and kdc and equation (~.7), the reaction velocity d~P can 
be easily calculated. As one of the examples, Expt. III, c is shown in Table 

XI1, where the calculated values agree quite well with the observed ones. This 

justifies, equation (i.2) proposed by the author. 

                               Table Sii.

d]P I d]P
t

(minutes)
I'

(IO-Mntm/min)
ki•Jie

(lo"sstit m/min)
d[ I dl

Qo =°a[m/minxcnlc) io-ssalm/minxnLs.)

0 0

I od24 0.127 a ~9z 0.165 aazq

z o.5z7 o.I6z o.z92 O.I~ O.I II

3 O.bgi 0.197 os9z oA95 oA95

4 o.7z1 o.zz2 o.z9z oA72 0.076

5 o.78i o.zga os9z OASO o.o6a

fi o.Sg7 os6a o.29a OA32 o.og9

7 o.88I 0.27i OS92 OA2I 0.039

9 a9I9 o.z8z as9z OA[O o.o~

9 o.95a o.z9z o.z9z a o.ol9

[o agsa O.z9z 0292 O O

n o.g5a o.z9z o.z9z 0 o

22 a95a o:z9z ozgz 0 a

   g) Photochemical Reaction Velocity, Light Intensity, and Nave Length. 
   Lr the preceding section the reaction velocity equation (r.3) was experi-

mentally-proved. Accordingly, the pure photochemical reaction excluding the 

Jarl: reaction is apparently of the zero order from equation (r.g):

. ~
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          d~ k7'l a.=~' , 
where K, is a .particular constant 

pressure. equivalent to

    P=VP+dp 

as is shown. in Fig. IX. 

Hence 

       P-.f} •.J n.. t 

       =k . ~ 

   The 1 bf ' d 

XIII and 

and XI, 

reactiom 

that the g

including the intensity

(7.7~)

va ues o ame are give 

XIV, and. graphically i n 

wl7ich prove that the photochemical 

is of the zero. order, and also show 

strop er the intensity of light the

(t.7 5) 
n in Table 

n Fins. X

T

(i.~3)

of light, P, the

%' •
~;,

R

i

r       .
, 
     ~; 

 %~ 

r ~'~d~P 

i 

    't
~ 

  
I i 

R .

oxygen

Table SII I.

~i 
 dt 

Pig. 9
~iNn4 ~

Time
mins.)

R'aac length
(J+P)

Y (atm)

J=5.575
cal/cm=J~ec

J=o.azS43
cal/an--/sec

J=a~4o55
calJcmzJsec

0
1
a
3
4
5
6
7S

9
xo
za

492
492
49z
492
49z
492
492
49z
49z
49'-
q62
492

o.
0:623X 30'~3
i.zg6 ~,

0
o.3x7X xo-'S
o.b;4 ,~

a
a-452 X xo-es
0.904 ~~

2.49z •~ nzb8
x35~ ~~
..SoS ~~
z.26o ~.
z.7xz ••
3afi4 •.
3.6x6 ,.
4.068 •
45zo „
9a4o „

3.735 x•9oz .~

4954 •~ z.536 ,~

6:z3o ~~
xz.46o

3.c7o „
6340 „

Ta61e IIV.

'Cme 

(minx.)
Intensity of light 

 (~~em'~s~)

P {atm)

a. ].=430 NN   w. 1.=49z /~P .v. 1.=530 4N w. 1.=64o plt

0 om4o55 a a 0 a

I om4o55 0:292X 1o =e o.45zXIO-=° O.QO$X IO =~ o.z$o X to-=~
2 om4o55 0.584 „ 0.904 •• o.8io .~ 0.500 „

3 omgo55 0.876 1356 „ x,zi5 „ 0:750 „

4 om4o5$ x.x68 ., x.808 „ L6zo „ nooa ,~

$ 0.0040$5 t.46o „ 2.260 „ 2A25 „ L250 n
6 oao4o55 L752 ., 2.7I2 n zg3o , i.5oo „

7 om4o55 zA44 • 3.x64 „ z.835 .~ x.75o „

8 oAO4o55 z336 „ 3:6Ifi „ 4.240 ,~ z:oao ..

9 om4o55 z.6z8 ., 4x68 ,~ 3.645 „ 2.z$o „
Ia om4o55 z.9zo 45zo 4A5o „ z:5oo ,~
20 o.ao4o55 5.840 ,~ 9A4o E:I00 ., 5.000 ,~
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greater becomes the reaction velocity and it reaches a maximum for a 

wave length.
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                  t'ig. [O pl[ JNC6 .a snimu~b ~. 
                                                   o z q. G 8 fo rz r4 r6 
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   5) Examination of the Absolute Value of Equilibrium Hydrogen Pressure of 

the Cell. 

   The equilibrium pressure of the copper oxide electrode was measured by 

iVernst's formula as copper electrode, and 4 Cu0 ~ z CxoO-!- O; was proposed as 

[he mechanism of the photo-cell used. Prom 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 ah•eady mentioned. 

   Whether the ordinary reaction kinetics is applicable to the experiments carried 

out in such a degree of the pressure of fiydrogen as to'°~ atm is a question, but 

further investigation will sohe it~~. There is, however, no question about the 

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

    6) Acwrdiag to the kinetical theory of gas, the numher of the malecules colliding with r em= of 
        the surface aces for i minute is given Ly 

                    rra leX VXrrp,
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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 dF and dHin the light 

and the dark of a reversible reaction system, Cu~O+ ~ 0.=z CvO. (ii) that of 

z equilibrium constant h' of the same system, and (iii) that of the entropy of CaO. 

    t) VF and dfl in the Light-and the Dark of a Heterogeneous System, CrrrO 

2 

   From E.IvT.F. (=o8¢z4,°) of CuICu~O, CuONNaOH~Hq at z5°±o.oz°C., 
                         ro 

we have 

            z CnOtt!_=CrtnO+H3O

             (dF),~=-zxz3,974xo.S4z4=-38,3y5 cal. (z.l) 

             (JH '~' =-2 x z3,o74 x (0.000507 x z9E.r + o.8;zq.) 

In dte case of the formation of water, 

          HY+ ~ O:=H 0 

z Hence, 

            Crr2O+ ~ 0:=a GAO 

z There is no experimental rtsult appropriate to compare with this 

of formation of CnrO+ ~ OY=z CuU is -35,o0ocal according to 

z 

       where. v is the velaity °f a moleaile (°mfsec) and n lhe. numlxr of the m 
       At 298°K., 

                    v=q.rop+ 
        At o.29xx to-=~ atm, 

                   n°.g x rot°X o.29a x to-'G 
                   =9g6X tor° 

                .. n=gxto+x8.76x to-B 
                   _3.Sx 10-s 

     
'7). F. IIoriha and N. Ilnyami, r°r. cir. 

    8) t.ewix; T/rerm°drmm~in, q6g. 

    9) I,ew1a: /bid. 477•    '
to) Ihdong; ConrJ+', nnJ.7, $7 (t9g9}

(z•5) 

(z.6) 

value: the heat 

 Dtdong,10J and 

olecules in t cc.
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-36 ,aoo cal. according to Andrews"', which differ more or less from the value 

obtained. 

   Siniilary, (dF}us and (dK) es of some intensities of Tight were calculated. The 

values obtained are given in Table XV and Fig. XII. It is apparent from the 

figure. that the. relation between bout dF and dH and the intensity of .light is 

linear. 

                             Table 1V. 
                  The In(iuencc of Intensity of Light on AF and ill1 at z5°C.

5 (1937)

         F:a 
~ CuICwO, CaiO roNaOIIIHe (ilP)yt (ilII)~ 

       (volt;) ~ (talc.) (tale.) 
            talc.

 ils_AH-.1F T 

Cu..O}k0..=zCuO

   Intensify oC 
     light 

   (calfcm-~xc)

F..\T. F. of 
 Cetl (A] 

(volts) obs.

0 0.2323 o.8g24 -I]62f1 -zzg4a -I5.2O

o~ooz3xS o.zz98 o.Sgg9 -17565 -22350 -i6 .iz

o.oogo55 o.zz3z o.SgbS -17496 -zzz7a -x6.o5

o.oo8x3 o.2z33 o.85xq -i7i7o -22xzq -16.63

o.oz843 o.zx7q o.S57.; -I7o39 -ziSza -i6.o5

o.iogz 0.208] 0.3660 -I659n -2[gaa -IbaS

5.575 0.13q$ 0.8899 -15493 -zogzo -16.54

x4taa o.x6zS o.9xxg -x4475 -I95za -16.93

O

i i i
//roo

/S[tlo

p ~ (aR)ssr
e (aHJ.~~

I I I

/9000

ZOaO

~G

/JPM

~~~
0 ¢ 7 /2 /6 20 1¢ Rl JO

                                 Pig. rz 
                 The influence of intensitq of light on ~F xnd AN at z9°C. 

   2) Equilibrium. Constant. 

   In :order to measure the equilibrium voltage of the cell, Cu 

HaQH I I-I_, the equilibrium constant of q CreO ~ zCrfaO+OQ was 
the following equation 

            JF--ICTluKpa. 

             IogKfa =-
4.57XZ93.t +°,r t.951ogT+BuC 

    r}) Andrews; P/i!, Dfng., (g), 32, ,u (xSgS).

Cu40, Cu0 N 
           la 

measured, using 

(i} 

(ii)
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            E,=Ea+ 0'4'9 log' Pat; Gr P,~=ht Kpm. (iii) 
For example, the case. in the dark is as follows : 

           ¢ Cn0 ` z CrraO+Oo' 

            (gF~= z x l j6'-o= 3 5, zoo cnl. 
            dP= - R 7GtKr, 

              IagKr,= -zx t76zo =-z5 8~                       z.3o3 x L988 x z98. t 

               Kr,=P~= 1.8 t 4 x l o '~atwt. 
From equation (ii), 

                           2 x zz44o               log Kpn~=- +Lg5logzgB.I+z.8=-z5.y2 
                         4.571 x z9~.I 

           .. Kre=L9o5 x Io "6tttuz. 

A[td from equation (iii); 

               log I'°,-¢ x (o.8¢z4- i.zzt5)=-zfi.oo                                  0.059 

            .. Pte= I O.O-x I O '0atnz. 

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. 

                            Tahle aVI. 
                        Equilibrimn (bnstnnt and Intensity of Ligh[.

NumUer 
of Expt.

    J,~m       S~~,a P0° 
(talc. from Talile) Ea=E~ -~- °'O~'9 log Pn.)

    Xr~ 

(-~F'=XTbilCril

 I'Pg 

(Nernst's 
Formula)

x 0.oa ts•t8 x.oooX to---s t.8x4X to-"^ t•905 X t0-""s

o.ooz3i8 i4•T x.514 ,. x.405 „ z.o4z ,

3 0:004055 x4.76 n86z 2.399 2.692 .,

4 o.oo8t3 14.47 ;•913t .. G.gxB , q.z66 ,
5 o.oz843 tq.76 n00oX xo-""s [.047 X to= s t349 X m-`s

6 o.togz t4•P 3.981 5.o[x 4366

78 5,575I4
•toa

i4.5x
x4.32

x.622 X to-=x

5.o[3X [o--=~

t.995 X to-g
b.m6X to-^-

t•349 x to-~

3.0zo X to-='

~0. 

m ti

~a

~ee

st

J'G

1

.~

a 4 8 iz -x6 zo ~} z8 3z 
  ~ Inteusily oC Light (io~ro!/rm=fret)

         Fig. XIII 

Equilihrium Constant (at 25°C.) 

     ~ Log Prs 
     " Ing h'et 

      • I,og Kp.
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   3) Entropy. 
   In the dark, 

            Cn_O+ ~ 02=z Cu0 

            (dF)~g=-Ty,62ocaLi (dH)~°=-zz44cal 

        .. VS= J F`fF T5,2o (Cntropy Unit j. 
Accordingly, the value of S°„p will 6e as follows i 

              - i 5.zo = Sc„p-SAa- Sa ,n 

          .. Sp„p= t 5. T 8 (Entropy Unit). 

Table NVI gives the values in the light 
    Sc„p was calculated in another tvay. From the temperature coefficient of 

voltage of the CuICu20, Cu0 oNaOH, Hg0'Hg .cell (=o,ol»i7 volP°1) and 
the follow ing , equation :: 

tvc have 

            Crr+Hg0=Ctt0+Hg 

           JS= ul•' d t 
              =zxz3 ,o74xo.oooiyo=y,84 (Entropy Unit). 

And from the value, Sc.,,=818,"' S„~,=t6.t i,16t and S„D=i~.81B1, 

     [21 Lewis; Tbtnuodynnwisi, q52 (Calwlated from sp. ht.) 
     t}) S. Iloriba and N. linyami, /M. cit. 

    rq) Lewu; ibid., gfip. 
    [5) •rrr°p was ohlained nrus: 

                Hp+}O==HDO (A1~~9=-i3,8oq tar. 

             .. SSm -2[~g9&i 3~4 -_-z5+79• (Entmpy Unit). 
       l Iena, 

                     25.]9=Sp°p-I7.$tL24.I 
                 .. SrrDp=[6.u (Entropy Uni E.) 

       'This value coincides with S
yDp=x6.321. (Gnnlher), SNDpc[6.z 

            ' [) I
,Ce•is; TAsnriodyrrrnrior, 495• 

             z) Lmvis; ibid. 

     [6) Iawtc; Thernr°dypan+irg q65.
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               Sa,o=y.34+S.t3+t6.tt-ty.8 

             =14.33 (Entropy IInit). 

It is observed that this value agrees, on the whole, with those obtained from VF 

and dfi. 

                           5ttmmary. 

    t) A heterogeneous electrode, CuICu_O, CuONNaOH, which was in equili-
                                              io 

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 

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

satisfies the reaction of the first order: 

i 

              dt 

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

satisfies that o[ the zero order 

    z) On the other hand, making thermodynamical research on the said reac-

tion system, he 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. Hence the egtropy in the case 

of the formation of CxO, which has been. proved to agree fairly well with the 

theoretical value. Thus, ib 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 
           4 Cn0 ~ 2 CnsO+Or 

                 dark 
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