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On the Becquerel-Effect of Copper Oxide
Electrode in Alkali Solution. (IV).

Some Considerations. from the View-point of

Reaction Kinetics and Thermodynamics
By

Nagao Hayami

Abstract

In the present paper, it is the object to make further considerations from the view-point of
reaction kinetics and thermodynamics on the mechanism of Becquercl-effect of copper oxide
clectrode in alkali solution which the author has made in public several times up to this time.

Investigators have not yet got any constant values for the very effect as their experimental
results, Notwithstanding that copper oxide i alkali solution is to reach ils equilibrium state
under the condition already given even in a dark place, it does not reach so far as the very
state vet. Accordingly no rcliable numerical value has been obtained. which has led them to
the impossibility of valid theoretical observations,

Thanks to Prof. Horiba's kind guidance the author could for the first time get a constant
photo-voltaic effect of copper oxide at its equilibrium state. In the course of his investigation
of intensity and wave length of light for the reaction system in (uestion, the author could get
many creditable numerical values. From this evidence he investigated reaction kinetics of the
Becquerel-effect of copper oxide electrode in photo-chemical system of heterogeneous one,
which haed never been attempted before. As the result it was confirmed that the photo-chemical
reaction velocity formula coincided with the zero order in exposure, and that the dark reaction
velocity formula with the first order in sheltered light. So this made possible the applicability
of this investigation from the theoretical view-point of reaction velocity.

Furthermore, making thermodynamical research for the nature of the said reaction system
and its mechanism, he calculated the thermodynamical numerical constants. T'hen he elucidat-
ed that the photo-voltaic effect in the clectrade was due to the photo-decomposition, and that
its velocity increased in proportion to the intensity of light, having a selective character for wave
length. Further he made clear that the photo-voliaic-effect was attributed to the oxygen pressure
formed by photo-decomposition.

Thus the author demonstrated that the Becquerel-effect of copper oxide electrode in alkali
solution was brought about by the photo-chemical reversible reaction of the heterogeneous system :

light
0 T 7 9Cu,040.
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) Table I, a.
The Influence of the Measuring Instrument on the Photo-potential.
9594:0.02°C. Light source: a 100V—200W Tungsten-filament lamp, ) operaling from a battery supply,

The light was passed through a 80mm, layer of a Solution (Cu SO,-+1080 NI1,)/90 (Normal). Intensity of
Light: 0.2364calfem?/sec, 91 The measuring Instrument s Leads & Northrup. Potentiometer.

. - . Ea Yo.
('I‘,'lnff ENLTF, of[.xJ—Cel]. ) Pllotf):p(»teqtlal (E AL F.of Lu'(,u,.() Cu0,X.NaOH H.,)"' (n.\'ygen.
(mins;) (volts.) (mili-volts,) w 2 pressurc)

(volts) j {atw)
Exposure
0 0.2322 U 0.8425 ‘.l.OUOX 1028
1 0.2476 ‘ 154 0.8579 11.096 x10-2
0 0.2525 | 203 0.8628 |2.309
(En=87)

8) JeHUMHEA T 2 HBAL 100V_200W QA 2 v 5 27 VER (=7 X5 L, FREHRIER
27000 CERERMA M. LMIEAT 3 HA1 500W iz 1000W ER e i1 L.

9) FOMIOMEC RS (7= 775 - TBERIEE UTHGERRLIEL: 2, EHERIGERE -
W AFEI0294E) 75 3 KA, # v 7 27 IR PEECLE. ROBSIC »m T3 2hr¥-
@?Mh‘z&wéi'stt: i3, :ko};ﬁ:-%mm L7z 815 Gerlach B (Phys. Zeitschr., 14,577 (1918) 3
K21, 299 (1920) 2k ) 7 = ¥+ — EEEEO— BRI ERDR IR THBBET 2 (= Fr e
—7120.0000225 calfemifsee Td 3. ZHUZ LT, B Y- 1A OHRB (Fr— 72—
2 —DEFER) LYEDE:E, ZRPEECUL. ML TARBCENLT 3 100V_200W QREZE (¥

v 727 y BRI 7 = 7 BT U o AR BRI 208 e S
1%@3&5 OEEI R REO R 2 RER K/ LT, A 20100 @E%E&ﬁﬂ: L343
IRV BRI r -t N e Ty = Ry P RAI LT
10) CAEiE Cu |Cu,0, CuO E-NaOH “ AN - NaOH ” X RaL Mg, Ol | He 2% E 4 b 0

(B ES. didvkk: BBRAROES, B FE—@, P.60-61 (1930). Rm}.
11y 25°30.02°C (27 2 CnlCugO, Cu0) 4 \h()H‘H..a) E. M. F. 12 ’
{(ﬁ‘dﬂi, B dok: A SR, i, P 60—61 (1930). BI). b TFROMm (AT El

D E M F L Ey, b CnCua0 Cu0o N a‘—’H!H-: DE M. E. @45 b HUlAes.

Mg (A) Lo E. M. F. Eh

°C_ | [Calcu,0. Cu0--NaOHBN. NaOHEKCL, Hg,Cl] gltte.Cly, SrKCIBN. NaOH|3\-

0°, 0. r’446 volt i 1.0986 volt

25° 0.2326 - 1.0747 -
s Cu!(,ua() CuOH5-NaOH[H, @ . M. T.

0° 0.8540 volt

25° 0.8421 o
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4 0.2568 X 0.8671 5754
¢ 0.2586 264 0.868¢) 6,310 o
8 0.2595 27.3 0.8698 7244 o
10 0.2601 27,9 0.8704 - 7762
12 0.2607 2.5 0.8710 8710 .
15 0.2607 28.5 0.8710 8.710
30 . 0.2607 28.5 0.8710 8.710
Light off )
0 0.2607 98.5 0.8710 8.710x 10-25
2.5 1.2555 2.3 0.8658 3.802 .
3 0.2523 20.1 0.8626 3.396 .
5.5 0.2495 17.3 0.8598 1.489 ..
7 0.2477 15.5 0.8580 1.125 .
7.5 0.2462 14.0 0.8565 1.038 .
8.5 0.2450 12.8 0.8553 7.370x 10-26
10 0.2432 11.0 0.8535 5.152 .
11 0,241 9.1 0.8516 4.140 .
125 ] 0.2392 7.0 0.8495 2,980 .
14.5 0.25370 4.8 0.8473 UG w

Table I, b
The Influence of the Measuring Instrument on the Fhotopotential.
25°£0,02° C, Light source: a 100V—200\V Tungsten-flament lamp, operating from a battery supply.

) S 080N . -
The light was passed through a 80mm. layer of a Soluticn (Cu O‘-Z?)‘ SONH,) (Normal), Intensity of light :

0.2364 calfcm®fsec. The measuring Instrument : Quadrant electrometer,

- AL 1 cotentiall Ha Poe
(r]r:il::) Bt '(\?ofxcti-\)J_ccn' Ph(?;‘,li(l)fil.ngtnst)m] (E- M. F. of GG, CaO- 3 Xa0F '|H=) ("xyge(:t;.ijis“m)
(volts) ’
Exposure

0 0.2322 0 0.8425 1.000x 10—
1 0.2522 20.0 0.8625 2.239x 10—
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 o
8 0.2611 28.9 0.8714 o1 9.084 .

10 0.2621 29.9 0.8724 1.072x10~24

15 0.2621 29.9 - 0.8724 1072

30 0.2621 29.9 0.8724 1.072

Light off ! '

0 0.2621 29.9 ! 0.8724 1.072x 10—
1.2 0.2598 27.6 0.8701 7.418%x 1035
2 0.2585 26.3 (.8688 6.025
3 0.2561 23.9 0.8664 4,169
4 0.2530 21.8 0.8643 3.020
5.5 0.2516 19.4 0.8619 ‘ 2.042 .
6.5 0.2474 17.2 0.8597 1479 »
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75 0.2472 ‘ 15.0 0.8575 LO47
8.5 0.2:452 1 13.0 0.8555 7.585x10-%
10 0.2498 1 10.6 0.8531 5.370
12 0.2405 .3 0.8508 3.631 .
14.5 0.2383 * 6.1 0.8488 2571
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28 PonoRa R Ho#s YUz Table 11, a. b, ¢ &F Fig. 11 <55t

— Time in min

HT.
Table II, a.

The Change of Velocity in the Photo-chemical Reaction
with Intensity of Light at 25°+0. 02° C,
25°40.02° C. Light source: a 100V—1000W Tungsten-filament lamp, operating from a batlery supply.
‘The light monochromatic (492 up) was passed through a Wratlen light fAlter. 12) Intensily of light : 5.575
calfem?fsec. The measuring Instrument : Potentiometer,

Ex o
(E.‘llf::) E. M. F.(»?(flclrs\)j —Cell. P}z(r:?l-lli)-(:}:lntii)al (L M. F.of Cu}Cug(). CuO%NaOH%H,) (oxygenl-lg)fcssurc)
(volts) (atm)
Esxpuosure
0.2322 0 | 0.8425 1.000x 10—
0.2734 41.2 0.8837 0.581%x10-=
2 0.2767 - 44.5 0.8870 0.981 .
3 0.2783 46.1 0.8886 1.293 .
5 0.2749 47.7 ‘ 0.8902 1632 .
6 0.2803 48.1 0.8906 L7713 »
9 0.2805 48.3 0.8908 1.9904 .
10 0.2809 48.7 0.8912 2,041 »
14 0.2809 48.7 - 0.8912 2.041 »
20 0.2800 48.7 0.8912 2.041 5
24 0.2809 48.7 0.8912 2.041
30 0.2800 48.7 0.8912 2.041

12) BEICTDTHROEEIL Wratten light filter DR ABERLTHTHDTH 3.
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Light off
0 0.2809 48.7 0.8912 2.041x10-
3 0.2740 41.8 0.8855 8§.128x 10—
b 0.2697 37.5 0.8812 4.266
7 0.2668 3.6 0.8783 26492
8.5 0.2635 SL.3 0.8750 1.585 .
1 0.2593 27.1 0.8703 8.511x10-8
12 . 0.2573 25.0 0.8687 - 5.888
13.5 0.2534 21.7 0.8654 3.5648
15 0.2509 18.7 0.8624 2239 »
18 0.2457 ‘13.5 0.8572 1.000
20 0.2444 12.2 0.8559 8.128% 10—

‘Fable 1I, b,
The Change of Velocity in the Photo.chemical Reaction
with Intensity of Light at 25°+0.02°C.

25°40.02° C, Light source: a 100V=<1000W Turgsten-filament lamp, operating from a battery supply.
The light monochromatic (492 pp) was passed through a Wratten light filter. Intensily of light: 0.02843

calfem?/sec.
Time |E.M. F.of (A]—Cell. | Photo-potential B et Al P
(mins.) (volts) (milli-voltx) (E M. F.of Cu L,(u:Ol, (;uOT,—x\ a0l l‘llz) (uxyge(x;-‘pn:;»urc)
volts
E‘\Pogm 0.2322 ! 0 0.8425 1.000 x 10-25
1 0.2412 § 9.0 0.8515 4169
2 0.2450 ] 12.8 0.8553 7.418
4 0.2464 14.2 0.8567 9.120
6 0.2471 ‘ 14.9 0.8574 1.023x 10—
8 | 0.2476 15.4 0.8579 1.086 ,
10 0.2478 15.6 0.8581 1.148
12 0.2477 15.5 0.8580 1122 .
14 0.2478 15.6 0.8581 1148
20 0-2478 15.6 0.8581 1.148
24 0.2478 ' 15.6 | 0.8581 1.148 .
30 0.2478 156 0.8581 1148 .,
L'ghf) o 0.2478 15.6 1.8581 1.148x 10-%5
2 0.2449 12.7 0.8544 6.310% 10-%
3 0.2492 10.0 0.8525 4,784
4 0.2412 9.0 0.8515 1,074 .
5 0.2401 7.0 0.8504 3467
6 0.2390 6.8 0.8493 2.884 .
7 0.2374 5.2 0.8477 2291
8.5 0.2360 3.8 0.8463 1.950
10 0.2354 3.2 0.8457 1.660
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Table 1II, <

The Change of Velocity in the Photo-chemical Reaction
with Intensity of Light.at 25°+0.02° C,

25°3:0.02° C. Light source: a 100V—1000W Tungsten.filament lamp, operating from a battery supply.
‘The monochromatic light (492up) was passed through a Wratten light filter. Intinsity of light: 0.004055
calfem®[sec.

- . . . Fa .P
( 'il lil::) E.M.F -(‘;:;IE;‘_;]"‘C‘?“ P'z"’l:ﬁ'll.:_?:l't';;“l ( E. M. F.of Cu CnAEO, CuO%NaOH'H.:) (nxygengicssure)
(volts) (atm) .
Exposure .

0 0.2324 0 0.8423 9.720%10-=
1 0.2355 3.1 0.8454 1.570x 10~
2 0.2362 3.8 0.8461 1.754
3 0.2368 4.4 0.8467 1.941 .
{ 0.2373 4.9 0.8472 2,089 w
5 0.2376 ‘ 5.2 0.8475 2,168
t 0.2379 ‘ 5.5 0.8478 2,249 .
7 0.2381 5.7 0.8480 - 2,356 .
8 0.2382 5.8 0.8481 2.399 .
9 0.2383 5.9 0.8482 243 w

10 0.2383 5.9 0.8482 2,443

1 0.2385 2.9 0.8482 2,443

12 0,283 5.9 0.8482 2443

20 0.2383 ‘ 5.9 0.8482 2.443 .

Light off

0 0,2383 5.9 0,8482 - 2.443x10-
1 0.2373 4.9 0.8472 2,022
2 < 0.2062 3.8 0.8461 L7238 .
35 0,2352 2.8 0.8451 1.503 .
{ 0.2346 2.2 0.84:45 L3738 .
3 0.2542 1.8 0.8441 1.273%
G 0.2338 1.4 0.8437 . 1.213 .
7 0.2:3:35 1.1 0.8434 1153 .
8 0,2353 0.9 0.8432 1,123 .

EEREE UL Table 11, a, b, RIF ¢ iITikivid RRILMEEIO Becquerel R FHHRAEICIES 2
SEONEIMEEOM S ICEIRIBR—Cd 5. HOTEFARIMALICHAT I T & bRz,
T L T 4 5D FEMGHIEI T AR 3 I L TR AT BT L 1m0 T

(1) REH= KR ABCOHMAEML

AT O IE D BT ORI i nfTic IR E AT T 20k R b O TH 2. WL A
Dk 430 s (BE), 392 ppe (), 550 st (IE), MK 640 e GR) OMT LA ™ IWiivT

13) REFELRY 3N Wratten light filter 12} 3 4 DT DT, 2ORBNOHAT
BRABBRLUPTTREIDOTH . L A2 pu X B50 pp 3 RIC L VT, K4 (F) At
ODRBALEZDEDH Y.
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Table TII. (a).

The Change of Velocity in the Photo.chemical Reaction
with Wave Length of Light at 25°C.
25940:02° C. Light source: a 100V—200W ‘Tungsien-filament lamp, opcrating- from a Dattery supply.
'he monachromatic light (550 py) was passed through a Wratten light filter. Intensity of light: 0,004055

calfcm?fsec.
Time | E. M. F. of [AJ—Cell | Photo-potential | (12 & Fa N Vor
(mins.). {volts) (milli-volts) ( of Cu C‘('ﬂollc;‘” 1o NaOl f,“) (vxm?:‘-'l:)r)essure)
VOlls
Exposure ) I " -
0 0.2324 0 0.8423 9.727x 10-%
1 0.2349 2.5 © 0.8449 1,472 x 10-2
2 01,2359 2.5 - 0.8458 1675 .
3 0.2364 1.0 0.8463 1808 .
4 0.2363 44 0.8467 1.905 .
S 0.2371 & 0.8470 2,014 .
6 0.2373 49 0.8472 2,080 .
7 02276 5.9 0.8475 2,168
0.2377 5.5 0.8476 2,998 . \
9 0.2379 5.5 0.8478 2201 .,
10 02379 5.5 0.8478 2,991 .
n 0.2379 5.5 0.8478 2201 .,
12 0,2379 5.5 0.8478 2,201
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Light oft
0 0.2379 5.5 0.8478 2,201 x 10—
1.2 0.2364 4.0 0.8463 1.803
3 0.2352 2.8 0.8451 1.500
4 0.2348 2.4 0.8447 1.393
3 0.2343 ° 1.9 0.8442 1.294 .
5.5 0,2340 1.6 0.8439 1.236 ..
4.5 0.2338 1.4 0.8437 1,169 .
7.5 0.2334 1.0 0.8433 1.133
8 0.2333 0.9 0.8432 L1107 »
8.5 | 0.2331 0.7 0.8430 1.086 .«
Table II, (b).
The Change of Velocity in the Photo-chemical Reaction
with Wave Length of Light at 25° C.
25°:£0.02° C, Light source: a 100V—200W Tungsten-filament lamp, operating from a battery supply.
The monochromatic light (492 pu) was passed through a Wratten ligth filter. Intensity of light : 0.004055
cal/cm?[sec.
Time |E. M. F.of (A)—Cell | Photo-potential | /1. o B Pos
(mins.) (volts) (milli.volts) [\ M. Foof CulCuzo,CuOv T }\aOH}] Ig) (oxygen-pressure)
(volts) (atm)
Fxposure! [
(1 0.2324 0 00,8423 | 9.720x10-%
1 0.23565 31 0.8454 | 1.670x 10-2¢
2 0.2362 3.8 0.8461 | 174
3 02368 1.4 0.8467 o141,
4 0.2273 4.9 0.8472 { 2.080 w
5 0.2876 5.2 0.8475 | 2168 .
[ 0.2379 5.5 0,8478 2,249
7 0.238] 0.7 0.8480 2,366 »
8 0.2382 H.8 0.8481 2.399 .
9 0.2383 a4 0.8482 ‘ 2443 b
10 0.2383 59 0.8482 T RTII
11 0.2383 2.9 0,8482 2.443 .
12 0.2383 5.9 . 0.8482 2,443
30 0,2383 5.9 0.8482 2443 .
Light off ‘
0 0.2383 Ry 0.8482° 2.443 % 10-%
1 0.2373 4.9 0.8472 2.022 .. ’
2 0.2362 3.8 0.8461 1.728 .
3 '(1.235‘2 28 0.8451 1.603 .
4 0.2346 2.2 0.8445 1.373 .
5 0.2342 1.8 0.8441 1.273  «
6 0.2328 1.4 0.8437 1.218
7 0.2335 1.1 0.8434 1.183 .
8 0.2333 0.9 0.8432 1123 .,
—_ 8 —
S —— - - e,
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Table III, (c).

The Change of Velocity in the Photo-chemical Reaction

with Wave Length of Light at 25°C.

25°40.02° , Light source: a 100V—200W Tungsten-flament lamp, operating from a Dbattery supply.
The monochromatic light (430 pu) was passed through a Wratten light filter. Intensity of light: 0.004055

calfcm?/sec.
Time |[E.M.F. of {A)—Cell.| Photo-potential | /.. g Ea N Poyg
i Pl oniieoni) | (E-. F.of Cu“Cu‘_,(.),CuO,WI\aOHIH:) (oxygen-pressure)
(volts) (atm)
Exposure [
o 0.2324 0 0.8423 9.727x 10-%
1 0.2346 2.2 0.8445 b 138710~
2 0.2352 2.8 0.8451 1.500
3 0.2357 | 3.3 0.8456 R '] F R
4 .2360 | 3.6 0.8459 1.694 5
5 0.2362 | 3.8 0.8461 1754w
@ 0.2365 1.1 0.5464 1820
7 0.2366 1.2 0.8465 1.854 o
. 0.2367 4.3 0.8466 1.892 .
9 0.2368 4.4 0.8467 1.928 5
10 0.2368 44 0.8467 Le2s .
11 0.2368 4.4 0.8467 1923 .
12 0.2268 4 0.8467 1.923 .
Light oft
0 0.2368 4.4 0.8467 1923
5 0.2338 34 0.8457 1.660
2.5 0.2350 2,6 0.8449 1.445
a5 . 0.2345 2.1 0.8444 130
4 0.2341 L7 0.8440 1.259
5 0.2338 1.4 0.8427 1.202
6.5 0,214 1.0 0.8433 1127
7.5 0.2:531 0.7 0.8430 1.076

Table III,

(d).

The Change of Velocity in the Photo-chemical Reaction
with Wave Length of Light at 25°C.
95°40.02° C. Light source: a 100V—200W Tungsten-filament lamp, operating from a battery supply.
The monochromatic light (640 py) was passed through a Wratten light filter. Intensity of light : 0004055
calfem?fs:c.

Ea P
Time | E.M, IFoof {A)—Cell | Photo-potential 5. o 1o o N N { e 2
(mins.) (volts.) (milli-volts) (L' M. F.of Cu C(‘’2(13'(:“0'7..‘\T“Ollﬁl lc) (oxy gz:‘-ll:)r)&isure)
vults)
Exposure ‘
0 0.232:4 0 0.8423 9.727 x10-%
1 0.2343 [RY 0.8442 ‘ 1.4306 x 10-2#
2 0,2:350 2.1 0.8418 T

88 —
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4 0.2354 ' 3. 0.8453 L5342

4 0.2357 3.3 01.8456 1.570

5 0.2360 3.6 0.845% Todsw W

G 0.2361 3.7 0.8460 1722 .

7 0.2362 EY 0.8461 1745w 19

8 0.2363 3.9 0.8469 1.786

9 0.2363 3.9 0.8462 1.756  w

10 0.2363 3.0 0.8462 1786 »

" 0.2363 5.9 0.5469 1.786 .

2 9.2363 5.9 0.8462 1.786

Light oft

0 0.2363 3.9 084652 1.786 % 1025

1.2 0.2554 5.0 0.845% 1342w

2.5 0.2547 [ 2.3 0.8446 1828w

3 02043 | 1.9 0.5442 1294 .

4 0.2350 ‘ 1.5 0.8438 1225

5 0.2354 * 1.0 0.8433 TLI38 w

4 0.2332 | 0.8 0,541 1096

7.5 0.2 ' 0.6 0.8420 : 1.067
— r : = 1§ —BITR D THENOBRRIAYRILE

Frg L Mz Lre. HEos iz Table 111 (a), (b),
Ve chunge of lecily in she lelinial) (o) g (d) iR AL K2 BRI
sraclion Wt wane lan’ fflny at 25°C, Fiux Vig 11 oL,

T <
-+
3¢ ~ - AT R BRI T 2
5 /(‘” [ o—o— DN D BT MR IRIC I —C B
z /‘ o 5. ST X D TRBNICE LSBT
s 4 s e L5z
E ‘/:/.*CW,"/M han 55
L IR/ 4P, . av) REmm
2 AL BR & BAKRE
— x 430 - :
T * 6%0 - MR & REA TR & ORYIE £ HIh:

i - T 2/BDHIC i JkoR—, TRur=nE
[ . . . NEBFOEBICEHT 2RO HE LTI,
i A e BIH 3 RAOL WETIC A TERHC
T Jéme in minde FIEE L7 2 BE LS BUTiRar L, Kok

KAEN 2 fE Lre. RPEsh O & —ic ik 2oic v — =3t L R RIHILT. L

OREI DRI  BROMRICHL 7o, JLoFEBREE LT Table IV Br Fig. IV I5EBT.
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Table IV.
The Influence of the Wave Length of Ligth on the Maximum Photo-potential.

\number of cell, Lea. ! W Ea. g,

. maximum maximum maximum mean,

monochromatic photo-potential ' photo-potential photo-potential (volts)

light (up) (volts) | (volts) (volts)
U. V. 380 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
L R. 810 0.0030 0.0031 0.0031 0.0031

)

25°4-0.02° C. Light soruce: a 100V—300W Tungsten-filament lamp, operating from a battery supply. The
monochromatic light 380 pp, 430 py, 492 py, 550 py, 640 up, and 810 yyu, was passed through a Wratten
light filter. Intensity of light: 0.004055 cal/cm/sec.

Fig. W Zzivicikivig Cu[Cu:0, CuO—f{)—-NaOI»l o¥ i: AhA

gyvij&dn;‘izmwm BAORE ZEECHLT, IFHYCRSAAL,

ol . ( Jutensi L THDRAALIUL 450—500 s RIT/EfE T BT &
) uw:ml/e«/m :ujna'c

HEOHLND
\ V] REBEHE
T‘ KINL KOH & LRAMMARBLE '
£. \N\P_ ' J
g BERTIC TAMBIRAEICE L7c 5 Cu | CuO, CuO —I\—
Fo r-”]m—‘a—!”—il”—- NaOH 2 BBIC ko2 ISRt LD T, Z.

»)—r NEHBHICEH L, TOMMBALEIYF«AE
L7z. Table V R{r Fig. V 3 ZNA5MEReE3 00 CHS.

Table V.
The Influence of Intensity of Light on the Maximum Photo-potential.

In(tz:ls/x:])l"c/.: eixjgm E. M. r.(:bfs .E.»\J—Ccll (h M. F.of Cu. Cu( OIC‘;OvW“_O” | m) Photo.potential
calc.

0 0.2323 volt 0.8424 volt -

0.002318 0.2208 0.5449 +0.0025
0.004055 0.2282 0.8465 L 40.0041
0.008130 0.2233 , 0.8514 40,0090
0.02843 0.2174 ' 0.8573 +0.0149
0.1042 0.2087 | 0.8660 +0.0236
5.575 0.1848 0.8899 +0.0475
14,100 | 0.1628 0.9119 +0,0695

26°+0.02° C. Light source: a 100V—1000\W Tungsten-filament lamp, operating from a hattery supply. ‘T'he
monochromalic light (492 pp) was passed through a Wratten light filter.

1) RO kA SRUBTAIB N B T ——
EA/RTRT, UFTRELEDET S

-~ 90 —
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e

(VI WmEE¥x HELXBGoMME

AEENTIMNAT, BEIRBILICHL TR ET 20 Rebn Cohs. B 05, 18,
25°, 35° KL 45" ORBETEMRKECH 3 BitARBICOWT ZhEMELRDOTCHS.
Table VI. ®7X Fig. VL. RZN¥BIELAZ b OCH S,

g [Ny N I

Fig.
40 e M zm.u Wee Sutasilyop Lkt
. om ;eﬁm.z Phie-plomtial .
——

WSy

p wilad
o Kl o
N

o a0/ @032

ITarity of Lyl A (J/:—-/‘k-'—*“ *

Table VI,

The Influence of Temperature on the Maximum Photo-potential.
Light sources a T00V-—1000W Tungsten-tilament lamp, operating from a battery supply. The mono-
chromatic light (492 up) was passed through a Wratten light filter, »

Intensity of light I . P 7
P 0 0.002318 0.004055 0.00318
]
e Eq & AE, (mllh-chts)
T E AR E AE E AE E AE
Temp. °C T ——
0 855.07 | — | 857.32] — | 850.00] — | 86385 | —
18 846.99l 912 84837 | 895! 850.00 | 9.00| 856.87 | ‘.98
25 812.40 | 12.67 | 844.90 | 12.42 | 846.50 | 12.50 | 85140 | 1245
35 837.32 | 17.75 | 838.92 | 17.40 | 84150 | 17.50 | s6.41| 17.44
I §32.27 | 22.80 | R84.97 | 22.35 | 836.40 | 22.50 | 841.45 | 22.40
—— ]
- -i(mm) 5.07 4,97 5.00 4.98
}
Intensity of light ’ ] e
ity Sl 0.02843 0.1042 5575 | 14.100
Eqp & AE (milli-volts) !
T ( ) b oe E AE E s ok |oan
Temp. °C ] I w
0 | so0.80 | — | s78.50 | — | o027 — |o2um0| —
18 ] s&;o.so[ 9.00 | 869.50 | 9.00 | 893.37 | s.oo| 915.36 |  8.84
25 lssv.:ml 12.50 | 866.00 | 12.50 | 889.90 | 12.37 | 91190 | 1230
35 85228 | 17.52 fsel.la , 17.50 | 884.92 | 17.35 | 907.00 | 17.20
45 | 847.34] 22,61 | 856.15 | 22.50 | 879.97 | 22.30 | s02.10 | 22.10
__j.l_(meg,,) 5.01 5.00 4.9 492

—_— 9] —
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. F‘}-Vr 7
o4 m'}ﬁ;ﬁg M‘C:M:f 'ﬁz-? tential ]

080k (SI78 cat ot )

b
-
w0

—, Polestial m volls

——  Jemperdtine., °C
ZNEL VWb DM, BT WTERIKE R D MR EBEMEED LY &
KiCWP T MM E RO T
R I E 2 BT R E o LI IR Cd 2. O TENO IR IR B3 Wing i s
BIRICTRA E—BL - HhITErm3. 2NIELBMEREMgRT 2 LicHkd 22 L2 Cd
3.

B R <z %
(1] ICHEMEHERRIh D5 54
1) BMLSREHORERE LTOHR
MEPHIC I THERHICE L7 3 Cu | Cu), (uO SENaOH 75 3Rk
BCH0 2 Cut0+30; oo D

(a8 (MR (KW
ABZRY—FROPPRERTREND. JCRICH TR L7 2ME, BT —RICREE 2
<

oy 1 ‘

2CuQ) F Cu0+ ?U._. ....................................... (1.2)
7 B BMEAEAT L, LS ERAEICHET 5. KM L 7c 2 BRI RHEX 0 HiC R,
WO b & OMFICNY 2EFREICRAN S € LXHCE > i 3 K AORBHSYTHLTH
5.
AHOXACBREREIC OV TREA LFEE —DOMREL LT, R dbic
LI CH . B LHRKERLCEEDS 3P HLoMEILRAMCH D06, TR
HOI Ao BEE 2 0L LTRALT Y, RsmiiLpic®Edh i, Zhiciivwel
ICHEE DT & L
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e

e

—~——~

BTADRNITHWT, RORY—-FZoMNBOMIORBRIE Y —i2 & RIT, RO ERIEH
EErahs.

>
%"=kl . Jaha—kd’ . [()2] ................................. (1.3)

ZHIT AP (REIT A BERERE. ki ko' (2R 2 VARG 2 IER BB TH 3. oo i
EMEOMRCH S

KOTEINIUDHERITHGT, HFERTT 22 EiCT 3. Vie. VILZZNohiR 2B
FELICANTH . JHh A OoF2FRONT 2BEOTHETCH L.

Fig VIE — ) kBEOMK
REHER 1) csvT, A0 oy

M2k, ESLEIOHE LT
LT ENBLECHD. MR EE B
<, ZEBUDKLBEE M T, B
RERBE MK T 2840, o E. M F.
IZ—RITKRACEH T B T 2l s. (1
LiBJ&x 25°£0.02°C TH 3.)

Oxﬁmp;w.\uw—-»

Fo=Fot 0'059 108 Pasg «eeerereeererereesessesesessereenen. (14
iz E. : Cu l Cu:0, Cu0 SEXaOH | He 0> E. ML F. at 25°C.)
(x alm) (1 atm)
l —5-NaOH ' Hs @ E. M. F. (at 25°C))
(1 atm) (1 mm)
ORI, Fa=a X 2Py oy iy

Fe=a+Db log I(,2 ................................................ (1.5)
&%, ' :

A KHNT B (IRFTHRG AL Vo' LG T 28I Te SOEFOTEHEEIN
AT, o

(n% Eg=a+Db log P
(F)  LEd=a+blog P,y
Fo'—Fa=bllog Po’—10g Pg) coereeeeiniiiciiiniiiienn, (1.6)
low P‘”ﬁ—: Eo ~E, = 4¥,
= P()g l) I
Py
db,=b log Pw'
P, R et By’ — g
_I;b‘: =10 b i l(,u —1=10 b__]
02
Ko’ —F
IO'.' ]U" =10 ch “‘_1
0s
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-

E/ -1,

4P= Pog{m LI | B— (at 25°C.)......(L7)
Ll . BIDRRIL JE.=E,/—E, [CHET 2 REBER P (X X THE2INS. Xdt Por
IXEFTC A 2 EBRIO T HRERTH 5.
3) EXBOREEE

AT 2EEHR QDR R BN TLE, (L2)XD - o FRIC EEXER+3. It -
O RIERERITA3DRTRVT, ki Jaws=0 DBPBAT, Wbk HxFrzis.

_ﬂ%fl=kd'[og D SR 1.8)
FEIT AP (IAEEROBRROELRT.
wix
—In AP =R tHC i 1.9
(LORICMWT, t=0 DK LN L cHillo 4P offiix 4P, &Th
C=—=1n APy wovoerereeeieerrrrerenianns [ (1.10)
. ) APO’ N T
S —2803 1og B =ka't s (1.11)
s,

HORDEAEROBRAERMI RO BRI E RO THELERDBOIT, HBRIEZ, RUR
ERAWTR LEEMRY ik LoBELS (LIDAYHUT ki’ £ ROIH, #E8IC
RWTHA EME RO L2 0J 340 (=0.306) £ {3 c. AHo—flE LTHRHE 0 (c) 0f
% Rer Table VII, &% 2. Fig. VIIL 3ZNEBRLICBOTHS.

Table VII.

kg’ ¢ velucity constant of the dark reaction.

AP AP’ F'3 ol
A (n[\‘iI::) {atm) ky/ (atm)
(obs.) (calc.)
0 1.47 % 10-% _— 1.470x 10- 1§ 73 ﬁ‘*' »
1 .06 - 0.514 1.063 X X ok
° 0.75 0.324 0.775 o| 2 -
3 0.52 » 0.331 C 0571 w 3 ap’
1 040 0.319 0.420 § s
5 030 0,313 0.309 . ’
G 0.24 w 0.298 ' 0,228 §: o \
7 0.18 » 0.296 0,168 -
8 015 . 0.275 0128 &
xm.%s_ 00 “~ ; 7”2

Tome. o men, >
KRICEFREORERK L N0 HERUER L OMIEIIADOM 5.
_ 94 —
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Table VIII.

kg’ : velocity constant of the dark reaction.

Jabs.
Wave length The light cnergs;~ absorbed, before ky/ mean.
(2p) light off. (atm/sec) (atm/sec)
(calfcm?/sec.)
492 - 5.575 0.300
492 0.02843 0.302 0.306 *
492 0.004055 0.316

Table IX.

kg’ : velocity constant of the dark reaction,

Wav(i P];:ngth Tavs. kg’ mean.
130 0.004033 0.303
492 » 0.316 0.306
550 " 0.291 ’
640 " 0.315

#eic ﬂ@#c’ﬂ‘:ﬁ—afﬁti'ﬂi 1T0.306 2 Jx 5.

ZHOFRITENEE A R RGOSR TSR o I E R ik Eo i G F, Kk en
BECRTHRO—EMEE RS T L4505, Table VII 4P OFFL T OA1i0.306% 1
NT, A {iXHF LSO CTH D, Fig. VIII (2T AAERIf 4P X —H 7o+,

4) RN RAEERE
(1) Tt 2 R ERIE DRI

BEATIC I TABRIC L T o 3B ILERBIC L R g T LI 12 R (#Cu0=22Cu:0+0:) 7z
AL EASETT L, BROME—EHITRVWTHIRRUm, (1)RMFJLEah s,

HORTRNT, HEBBE—I k- o (TEFOBEICHKNT, H~bNIBMECELTIT
HETHS.

ROTHRERHGS T T #pkEIc i L 7ok, d::,]) =0

K- Jaus=KaTOuJ covreeeeeiee e (1.12)
o3, Ho(1A2)RITRWT, AR EMNHLLHITLTHEZ L OTH 3.
BN LR RN ko' BBECIT LT, Z0FESHIX 0306 TH 3. X [0.] Huzish
AT IE L 7REOLBALICHE 3 2 BHIBERT, ZNUXEMMEH TN hchH 3. dtic
(LI2YKD2 b ki Jaw IXFRBICHTIA D . ZNAZHERUT Table X 1RO Tl b Th 3.

—_ 9%




MIBLZDES

CH (RR) GEK) (T 9B RY S BLREMI N T 5 Bechuerel IR TGRNE)

Table X.

Ky Jana: specific constant of the light reaction at 25° C,

Vol. 9 (1935)

Wave length The light eg;'gy absorbied. Oxiﬁ;?ligmr::;?e.mc k1 Jats
(w) (calfcmijsec) (atm/min) (atm/mnin)
499 - 5.575 9.04 x 1023 0.623x 10~
192 0.02843 1.028 % 10-% 0.317 x 10-25
192 0.004055 1.470% 10-% 0.452 % 10-2
430 0.004055 0.950 x 10~ 0.292 10-%

490 0.004055 1470 . 0.452 - .
550 0.004055 1.818 0.404 .
. 640 0.004055 0.813 0.250 ..

MR IR EORILIC k2 ki Offik 2R TILIEAAE Table NI (1) Bo¥ (b) o< % 2.

Table XI, (a) *

ki : velocily constant of the light reaction at 25°C.

Wave length “The ligh Jae bsorbed ! k;
: ‘he light energy absor
(np) g(m] " c:x:-’%s):ec) (atm/sec)
492 0.004055 1.86 x 1024
492 0.02843 1.86% 10-2¢
492 5.875 1.88x10-26
mean 1,863x10-%

Table XII, (b)

k@ velocity constant of the light reaction at 25° (.,

Wave length The light erféfgy absorhed ki
(up) (calfcm?sec) (rtnfsec)
430 0.004055 0.120 % 10~%
402 0.004055 0186 »
550 0.004055 0.166
. 640 0.004055 0.103 .

ZITHRIVZ G E SR N & (b0 I sBRiciif s fl~a T & 95 s. KK
ORBLiCHLTIL, BIROARRE AL, Lo HOGAN? 400 e & 500 s £ OTHIT D
2T BB,

EROMC LT k- Jun 05 x HIES RTREFIULROME k' KT 4P (1) R2 %
T, (13)R b4 g HIc D 22 RIEKIE 90 pesimivkz Boa .
S—HlE LTHERIEZ, (¢) OBPFICoWT, ZRERDHYEE Tible NI ond s,

—_ 96 —




. MELZDES Vol. 9 (1935)

-

(M) L7 A5 9 LR SRR BT 3 Dloquerel ZRIIEG-TOREMED) (B#) 55,

. “Table XII,

l AP OB =K (0] T Taum 4P ok
ninutes | (107atmfmin) | (10=atmfmin) \(10=Fatm/mic) (10-3ﬂatn1‘/l:nin)(calc.)l (]ll-ﬂ-‘atln‘}:nin)(obs-)

0 0 —_ —_ [

1 0.414 0.127 0.292 0.165 0121

2 0.527 0.162 0.292 0.130 0.111

3 0.641 0.197 0.292 0.095 0.095 .

4 0.721 0.221 © o 0.202 0.071 0.076

5 0.781 0.240 0.202 0.030 0.060

6 0.847 0.260 0.292 0.052 0.049

7 0.881 0.271 0.202 0.021 0.039

S 0.919. 0,232 0.292 0.010 0,032

9 0.950 0.292 0,292 1] 0.019

10 0.950 0.292 0.202 0 s 0

1. 0.950 0.292 0.292 \

12 0.950 0.292 0-292 i v . 0

LTEHEICRT AN ¢ 2REGEIED ~2 OTF YL BN & A5 e D — Bt b

N3, ZNCX VEADBELS (LIDRNELWT EHHFINAKLECH 5.

5) #iN/LBRE R & R R R

BT X Y EADBATe s REEHIERX (1.3) X MERMIICRAT LN, L HOTRRIEX D

WP IR R B 2 7e DHELAL SR IEIL (L) R X VWb e —DORKIIETH DT
%= k) M Jn|,5=k1’ ............................................. (1.13)
e k' REEY U —o0t s, P ik Fig. IN exR®T4¢

P=dP+udp...... (L.14)

» able  XIIL
ICHIE T BBAETD 5. DT Table X1

P=k; Jape t . wave ' P (atm)
’ lime |1ongth < -
=K't e (1.15) (mins.) ( g) "J=5.576ca)] | J=0.02843 | J=0.004055
ny cm?fsec. calfem?fsec. | calfem?[sec.
0 | 49210 o 0
1 | 492 | 0.6233 10-25 0.317 x 10~28 0,452 % — 102
2 | 492 (1.246 . 0634 . |0.904 .
T 3| 492 _ _ 1356
§ 4 | 922492 . 11268 . [1.808 .
§ 5 | 490 R — 2.960
B 6 | 49218.738 . 1902 . |2.712 .
i 192 S — 3.164
8 | 49214984 . (2536 . 3616 .
I 9 | 92| — 1 |4068 .
10 | 492 (6.230 .  [3.370 . {4520 .
20 | 492 [12.460 6.340 .  |9.040 .
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Table XI1V.
Time Intensity of light I' (atm)
(wins.) (calfem?fsec.) w, 1.=430pp w. L=492pn w, L.=>58b0pp w. LL.=640py
0 0.004055 0 0 0 0

1 0.004065 0.292x 106 0.452 % 10—28 0.405 x 10~24 0.250 x 10—26

2 0.004055 0,584 » 0.904 . 0.810 0.500

3 0.004055 0.876 1.356 = 1.213 » 0.780 ..

4 0.004055 1.168 1.808 1.620 . 1.000

5 0.004055 1.460 2.260 2.025 1.260

6 0.004055 1.952 2712 W 2430 » 1.500

7 0.004055 2044 W 3184 » 2835 » 1.750 .,

8 0004055 2336 o 3.616 3.240 . 2.000 .,

9 0.004065 2.628 o 4.068 . 3.645 » 2.250 .

10 0.004055 2.920 . 4.520 ., 4.050 » 2,500 .

20 0.0040565 5.840 9.040 8.100 . 5,000 -«

Li .

Table XIII % ¢x Table XIV li;’[,ﬂﬁiﬁ]ﬁjﬁﬁﬁ;ﬁ;bf POCH 5. ZNERFIhd Fig. X

RO Fig. XI om k3.

40

RY

T n f06%%atm  ——¥

24

16|

¢

Fis. X

02843 w&‘/’

(umpl=s—

P
a2 (492/4), 0.004055 cffomfece
70

#

Nime. in mimTes —>

9 (1935)
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0 . . , Jarme in minul8s ——v |

0 2 %« 6 5 10 72 ¥ 76

Fig. X %tr Fig. XI 1x#ixit
BITHED DT, RRRETH
T L EELLLOTD
3.

L cHo RELLITEo
MEEAR 2R Aic LT, LD
HEDERICHL T, kit
ExhTsc X3,

6) FEBHRICAPDFEH
EEEORBLEIC
I 38 :

ARERIC TR LRI
fedidbie LT Nemst ORIT
{EKOTEFMLFHILIch 0T
5. ENITEDOTHEDBOH
i 4Cu0 = 2Cu,04-0:
(R L7c. ZoRIERXHHN
MO ICHED T, IR
> SEERI N B O BRI % I
LTRE3IC, ERiCRE L
{SERAE D —HERLA. AL
HLBITRAWT—DDBERT |-k
OEEERITTRYE DM S KREEME

o 107* atm ORECAWTRLT, HHilo KEGEERR LY CGEN2 N2 0T ez slT

H D

L b EAOR 2 HIEXEROERO_LIZAWTIZRA ISR Wb ko Micil Lo

BRI ADRic s T LicT 5.

() #Jy & %

AIIBBICNWTHADOEH L2 RboB O8O ME YNz T 280, KoM

%) AESNENRLC IR, PEAEORBRRCERT 2 7T o8,

n.—..ls"xv)(no
{Vdﬁ?@ﬁ&@wwﬁ
ng & lec DFF DR
208°K \TRTIX
v=4.100
0.202<10-20 atm (ZAT13(208°K)
ny=3x 1019 ),292x 10-26
=8.76x10~8
n=4x104x8.76 x 10~
=3.59%10-3

— 99 —
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58 (BED GHOK) L7 am YTESHAT Y 5 RRLEIEMICH T 5 Becquerel ZhELiI gL T GRIEL)

FUTRNWTHEER LRI 5. HTIEHNT (,u..O+—O-—‘)CuU 75 5 0k X RO % RIfTIC B 0
% JdF Boe dH ¥EHEL, %J::%Jilﬁ%oﬂﬂwmﬁmcﬁ'*nz;MﬂiﬁK XI¥L, miLT
é&lc CuO D =y FrE—T¥3EL LS5 & 04,
0 SEERBICRE 3 Cu:0+%10==20u0 13
H—LEHED JF BY JH
Hs Cu | Cu0O, CuO %Naoﬂ H, @ 25,00£0.02°C iC 23 3 L. M. F. (=0.84é4, ) By
2Cu0+ Ha=Cu.0+H.0

(dF)p,=—2 X 23,074 X 0.8424=—38,875 cal ............ .1
(JH), =—2 X 23,074 X (0.000507 X 298.1+0.8424)
. = 45830 Cal.voeeresnn (22
KLk EROBFEICIE
H.+ ]705= H:0
(AEYo = = BEBH0 P e e (2.3)
(AH)o = — 68270 ™. 2.4) .

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

. o Ea
. E. M. F. of H—_AF
ntensty | Cad—esl [ Co (8F)gy | (M) | a3=230
(calfem?/sec) (2?)];3) ( vo[h) (calc.) (cale.) Cu,04-30,=2Cu0
cale.
0 0.2323 ] 0.8424 —17620 | —22440 —15.20
0,002318 0:2208 0.8449 —17565 | —22350 ~16,12
0.004055 0.2282 0.8465 —17406 | —22270 —16.05
0.00813 0.2233 0.8514 —17170 | —22124 —16.63
0.02843 0.2174 0.8573 17030 | —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
[ ]
mf&na mt-n of 4‘('
* ?t 15°c.
¥ R
/3000 [ ! ! ' }/WM
o o (2F)z295 =
I~ ° Catdgeg ry|
q |5 FIT 4

(o0t %
[ |

) 4 Fi 12 /6 2? 2% ¥ 30
- ——> Uutensily in X/07Calfom'fase

15) . sk: EiM-
16) Lewis; Thermodynamics, 465.
17) Lewis; Thermodynamics, 477.
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o

PoT@HEQDETECHERDLE LD
Cu.0+40,=2Cu0
(4F)p=—17620 Cale v (2.5)
(AH o= —22440 €Al w.ceerrmierril e (2.6)
ZNEHETNEEER BRI V. FLEERSC Y 3
Cu:0+-‘.702=2(:u0
OERBIZ —35.000 cal. (Dulong),™ —36.200 cal, (Andrews) ™ 3Exip 5. ZEOMiL(2E b
DXEND B : .
Rk LTIt 5% HIED (Jl‘)m (JH).‘N RO JLog5UNE Table XV, Rox
Fig. XII {2/ F. Z2HCEOTHL R 2, (4F) R (4H) OBECHT 28 b IsIC
FRHTHMEFIIBRRICD 2T L0 5.
D T M OB M

.

WIRERIFR I A 2 Cu | Cu:0, CuO %NaOH H. iz 2B HEBREE ROV, DT
KROFEXF RO T 4Cu022Cu0+0, O FEtE#E Y YEM L 7.

A= —RTINKp, cooroorssscermemereene e (i)
ol — (—4tl)
Ic ’n]‘P(,,— ~ 45T X998.1 ——+:In1,75logT+ InC. ......... (11)
Fo=Fyt+ -2 059 log Pos:  InPae=InKp, -ccocrrecen (i)
K oERTIC NG 2 A ’Xffﬂ?ﬁ‘?"i’l—ii'
4Cu()$2(1u-_-0+03

(4F)py=2 X 17620=35,240 cal.
JF=—RTIhKp;,

—2x17620 - on
ID. = = =% S ], = =1, ~2 ; o
logKp = 5 aigx1.088 x 2081~ ~ 202 Kpy=Fo,=1814x10-*%atm
20 wwkhux
o 2x99440 )
logl\]»m—— 3571 x 2081 + 1.7 log 298.14+-2.8= 72 .
s Kp.=1.905 x10~2% atm. .

g3 (1) ki

4 (0.8424—1.226)
0059 -
< Poy=1.00x10-% atm.

Flgkic LTHE Y #ATBA DAL, 2%o4i4UT Table. XVI & ¢ Fig. X1 o377 i

QW5 —BERLTHS.

logPq.= =~-26.00

18) Dulongs C. R,, 7, 87 (1848).
19) ndrews; Phil, Mag,, (3), 32, 321 (1848),

—te )] —
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‘T'able XVI.

——

Fquilibrium Constant and Intensity of Light,

. Po, Kp K
Number Jaos Seuo 0.059 Poa Poe
of exp, | (calfem?fsec.) |(calc. from table)|(E,=Ea+ 3 logPog)|(— AF = RTInKp,)| (Nernst's Formula)
1 0.00 15.18 1.000x 1024 1.814x 10— 1.905x 10-%
2 0.002318 14.73 1514 1.405 2.042
3 0.004053 14.76 1.862 2.399 . 2.692
4 0.00813 14,47 3.981 6.918 . 4.266 .
5 0.02843 14.76 1.000x 10—-25 1.047 % 1025 1.349x 10~
[ 0.1042 14,71 3.981 5.012 4.266 .
7 5.875 14.51 1.622x% 10— 1.995x 10—28 1.349 x10-2
8 14.100 14.82 5.012x 10— 6.206 x 10—-22 3.020x 10~-22
-
_ﬁ_:,,.Xl E?Mmm Gnshat (eb 25%)
\\
I I

O --e-- R

o oimd

L i Lotk

| L

l_. I tauily f Light (5 id/d'/‘!)
¢ ¥ [ 4 /4 £0 3 o £

3 T FBE=T

BT TR T 3.
 Cu0+20,=20u0

(4F)) =—17620cal: (JH)) =—22440cal.
4H—4F
—

12T Seuo ITADMEfliE LS.
—15.20=28¢,0— Spe,— Scu 0
=92Scuo—24.1 * —21 462"
2o Scwo=15.18 (Entropy Unit)

R LT BRoMEy Table XV, 1257 LTiEL.

S dS= =15.20 (Entropy Unit)

i Sewo ZPOH D6 L TR, BIBEAOHE—HRITHWTIRE L7 Cu | Cu0, CuO

i\—(')NaOH, HsO | He Bt BEOIBIEHRED S (891, 0.000170 volt) 2)

20) Lewis; Thermodynamics, 452 (Calculated from sp. ht)
21) FJ)i: wEl, 267
22)  Hd. sEok: Wil
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Glizk) T+ 9 N RY S RMLBRE R T 5 Becquerel IRICKL-TEEME) (HE) 6

B

o~ A A A P A et SIS

m————————~

d(4F) _ _ dE

TR i)

EBRIEST, ROLNS.
Cu+HgO=CuO+4Hyg

IR=—

AS=nF dd];: .
=2x23,074 x0.000170="7.84 (Entropy Unit)
hoT
Sc..=8.18,5’ Srz0=16.11,% Sﬂg=17.8 20
15 B AR EA B |

Sce0="7.84+8.18+16.11—-17.8
=14.33 (Entropy Unit)
HEoFEYL L JF KU JH DL 7R E AR —Bp G0 B L.

L 15

1) AT RWTTERICEL S, PIlF—Fo Cu | Co0. QO Toxa0ll 7 5 %HiE
—HOTNEERLE LTHIR, DTh s 2R —FRIcffRA 2o ) L, KEEkE S0
FRr i, JCOBEMOBIRER 5 %R Te. OIS RIETA N 3 IR T BT B L

Hoc it 22 KEEE R

d(:tp) =k;* Japs—kaTO]
THABIL, HoEir KEEEA
d(4P’ P
RZ2—ARNEALWET 2T & RTHORHICHG 2L BIRIERER T \
dp,
——— L| . Jahn=l\l,

BOERRERENLBE S DT ELEERL 7. )
) ZMHITINT, BREHOE B A, BRI T 2 MR g AN
DTG THERE Y L, NSO B —BE T L. SUESRIFNC NG 2 88y

23) Lewis; Thermodynamics, 464.
) Sugo 12Xk LTRD I

g+ 30,=110 (AF) = — 13,804 cal.
) b
(A= —21,489 cal,
-2 380
L AS= “‘8,2;'11 808 95,79, (Entropy Unit).

#2T Smgo b R 3. "
—235.79=Spg0—17.8-24.1.
.". Shgo=16.11 (Entropy Unit),
%O)fﬁ(i 5]1,:():]6.3 2 ((hmthcr). S||g()=16.2 £ IX—¥$ 5.
1) Lewis; Thermcdynamics, 465,
2) w5 ibid,
3 TN Wk

‘_’47) I.ewis; Thermodynamics, 465,
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