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On the Photochemical Union of Hydrogen and Chlorine.
Mikio Tamura ‘ - |
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Abstract

a) The velocity of photochemical union of hydrogen and chlorine was measured by the -
method of thermal analysis of reaction velocity which originated with Prof. S, Horila. The
change of reaction velocity before the photostationary state and after the light off could be
observed by this method with the results as shown in Tables II and IV and Figs. 1 and 3
The stationary states were reached within 1/3““%@30;;. and the reaction velocity practically vanished - ™ 4
in 1/2 sec. after the light off. There was no effect of pre-exposure—no induction period. The A
quantum vield in the stationary state was measured at various intensities of light, the maximum
of which was 4400A or so (Table 11I). The effect of light intensity can be expressed by the -
-equation %—:k (light intensity)®® ' .

b) The Nemst chain was employed fog._rsimplicity, because the influence of water vapour.

is doubtful. 'The chain becomes longer and ‘longer afier the light off : yet, ils mean life TL“VE
(=tvm, where t is the necessary fime for a chain link) after the light off is easily gained from
Fig. 2—that is, 1/20 sec. in Expts. I,‘II and II1. The corraponding mean length ¥ was.
evaluated to be 950 from the relation of -the quantum yield and reaction velocity (Fig. 4).

Under our experimental conditions, thus = must be 1/20X 1/950 sec., i.e. 1/1go00 sec.. where

7 depends, of course, upon temperature, and partial pressures of gases, especially of hydrogen. !
¢) We calculated the collision yield of the partial reaction Cl4+H,=HCI+H to be 1.4X : |

107%. And the partial pressures of chain carders in our experiment and in Ritchie and. .\

Norrish’s, and in Komnfeld and Miiller’s. were calculated from the above value of 7, These *

partial pressures can be regarded as of chlorine atoms. The mggn lfe of the chain was 1/26-— i

1/10 sec. in our experiment (Table V), ‘

d) ** Dreierstoss 7, Cl4+Cl+M=Cls4 7, can not be considered to be the principal chain K]
breaking reaction, for which the reaction Cl;+Cl,=3Cl: may be proper, replacing Cl with Cla.

e} I'rom the effect of light intensity lo reaction velocity, we.must consider that'the chain ;’
may be broken partly by the reaction of chain carriers with impurities and partly by the union
of chain carriers themselves. This idea makes it possible, with the experiment of the stationary
state,.to predict how the reaction velocity increases bcfo;c the photostionary state and how it
decreases after the light off. The crosses in Figs. 1 and 2 were thus theoretically obtained" in

good agreement with the experimental curves.
The Laboratory of Physical Chenﬁstry,l
Kyoto Imperial University Nippon: .
March, 1934. . . ’
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A) BRHBGEREXECORRRE XORIOVFRUVETFERE

Table | 13 HERARSO—FITH 5. T Vopt. 1T I AT I2#9 §AOIINEE LA H D FORI9E Ric 4%
Bic 2 BN SRS L7cd CH 5. Fxpis. | Kor 11 1% Expt. I & {—{$iefioLsd o
ThHY, ZHL D LFCKTIFOR b Fxpts. IV KXV T b, EICHLHH< LTITORD
2% Expts. VI R VII €3 3. BLZEOERICNTIMHIIDIETCS D Expts, [T iTRTo -
» 2 EMS ¥ Tk, TEORRIHKL b3 LA KEEEE R Lz Obs Table 11 TH5:

4
Table 1. ]
Expt.- 1t (Cl.)=258 mm. (H)=100mm. (HC)=T7 mm.. 21°C, T 1
Light source : .4 1000 C. I. Pointolite lamy, ‘Gperating from .a battery supply. "
The light was passed through a 78 mm of a sulutinn(-ﬂsq_ﬁj—wﬁ—(normal))- .
¢ ) . ) i
Time (3 sec.) Ap (mm.) | Tme (§sec.) Ap (mm.) “Time (3 sec.) Ap (mm.)
] ‘ ’
‘Light 0 . 0 8.0 0.58 23.3 0.90 - '
ot g 0.03 8.5 0.52 234 | - o088 :
0.5 0.07 9.0 0.48 23.5 0.86 ’
1.0 0.19 10.0 0.40 23.6 0,84 .
2.0 0.35 ! 11.0 0.4 2.7 0.83
3.0 0.48 \ 12.0 0.26 23.8 0.81
- 4.0 0.58 ‘ 13.0 0.22 23.9 078
5.0 0.67 14.0 0.20 24.0 0.74
(X1 0.75 15.0 0.17 24.5 ®:72
Light 6.3 0.76 Light 15.1 0.17 25.0 0:66
of g4 0.76 M 155 0.23 25.5 0.6
6.5 (1% 16.0 0,32 © 26,0 C 055
6.6 0.75 17.0 0.45 27.0 0.43
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(HH) BRROAEORLBEACRT

6.7 0.73 18.0 0.58 28.0 0.8
6.8 0.71 19.0 0.67 29,0 0.2
6.9 0.70 20.0 0.75 30.0 0.206
7.0 0.69 21.0 0.80 310 0.22
7.1 0.67 92.0) 0.87 32.0 0.19
7.9 0.65 23.0 0.92
7.2 0.65 Light 93.1 0.92
7.5 0.64 of 939 0.92
Table IT. X '
Change of the reaction velocity during the exposure,
21°C. (Cl)=258mm. ()= 100 mm. (HC)=7 mm.
. H .
Expt. no. I I o0 ond v \] M i |
. CXPOS“I‘C CXPOSUI'C
ilr;igg{,it:::;“jﬂi’; 1 1 1 1 042 | 042z | 018 | 013
dx dx L oux | dx L] odx _ | dx o dx S| ods
Time (sec) Tt'.lo‘; at «107 K-lﬂ‘ a -0 107 T <107 '-at—OIO‘ T-IOA a <107
) molfsec. | molfsec. | molfsec. | molfsec. | molfsec. | molf:ec. | molfsec. | molfsoc,
Light on 0 — —. — — — ’ — - —
0.1 7.3 7.20 7.59 7.04 4.0 4.90 1.92 1.89 )
0.2 7.56 7.46 7.46 7.86 4.16 4.16 2.28 | 228
0.4 7.39 7.35 7.25 7.32 4.15 4:16 2.31 2.31
0.6 7.18 6.93 7.11 7.95 4.20 1.16 2.24 2.18
0.8 6.97 6.95 6.97 7.07 4.97 4.24 2.34 2.31
1.0 7.07 7.00 711 7.18 4.24 4.20 2.94 2.14
' 1.2 7.14 7.04 7.04 711 4.31 4.24 2.14 2.17
1.4 7.25 7.04 — 7.25 4.24 4.24 2.17 217
- 1.6 7.98 — — — 4.97 4.34 2.17 2,17
718 7.14 — — — 1.34 4.34 220 2,20
2.0 7.00 — — — — 4.34 2.24 2,90
2.2 6.97 — — —_ — 4,81 — —

Fig. 1. Reaction velocily during the exposure.

s
1 I 2 i i

o 02 0% 06 08§ 1O 12 14 1.6 1.8
Teme (dec)
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Fig. I i3 Table Il OBEZRERL 72 b DT BTG %02 ﬁaum‘c,émw‘lklulcﬁ-ra
¥R3 (lmlzl'®+ﬂlci1£ltnf§«z,ﬁné‘ﬁ1IT-IL.tﬁf'fércinp CHB). LADOWMS Lo &ERIRIEIC
W B RIEEE & OBIRITNE : AN CFT I N 5.

dx
Tt

T ATk HEECH DT HEIRICILT T ORC AL LAt Table 111 oFIIFITRINTH 5.
Bodenstein &7k Unger", Komfeld szzx Malle® S§ic (iU BGEIS: Ko o 1 fic kM2
LT — ISR Ritchie KT Norrish® (2 0.6 FICILBIT 2 & BAEEP LT EROM
HMEBHBT3b0CH5. X Chapman K7¥ Gibbs? LTORBIX 1 X b 3 05 ICESXHT
B2 L RRTHBH W T OREUL FHUDICIRT 20572 6 #3000 S 1T R D ) aidE
BRHBFIUT NITGESE AT oM T V. Kokotschaschwili®! DEDITELZML 1L EY ’t’)
RKchksHb A VA2 CHL 5.

—1\ [11 RH

Talte I,

Lioht intensit Reaction velocity
Expt. no; 8 bit iy - { in stationary state k Quantum yield

in arbifrry uni | (10~7 mol/sec.) )
L
1 1.00 .4 7.1 - 1760
|
v } 0.42 1.29 7.2 2490
\

*

q } 0.13 2.19 7.5 4130
‘] .

- (1934)

EREXETEREEQNELT Table 111 (R LI ik 3. BLMAVALIZZORES
Y

4400 A FiHED b DTH 2

B) BxoREEEOSME L
R SRS SN S I BT 1 D00 < RIDIL LT B/ LRI 4 1T 0k U CHY PR BRic 11 BB
£F&L R Ofe. Table IV (I Expts. T 11 Jox 11 2T 2 BPINCH D TZ LR Licb R

Table IV,
Change of the reaction velocity after shutting the light off.

} A |
Expt. no, 1 I - I
) ‘ 1st Rec. | 2nd Rec.

dx mol dx } mol V*d:( IUIA dx mnl—
=107 —— el | e =
Time (sec.) dt 107 sec dt 10 sec, dt ! sec, dt 10 sec.

Light off 0 7.14 7.4 RV 7.14
0.1 1.05 1.19 0.88 0.88 :
0.2 0.25 0.18 0.39 0,49
0.3 0.14 0.04 0.11 0.28

4) Bodenstein and Unger, Z. phys. Chem. (B), 11, 253 (1931).
5) Kornfeld and Miller, Z. phys. Chem,, 117, 242 (1925).

6) Ritchic and Norrish, Froc. Roy. Soc. (A), 140, 99 (1933).
7) Chapman and Gibbs, Nature. 127, 854 (1931).

8) Kokotschaschwili. 'Z. phys. Chem. (B), 23, 431 (1933).
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Fig, 2.
Reaotion velocily after shutting the light oft.
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'.. A) RE Cl+H.~HCI+H OWHROFHE .

\

KRBT EBRETH 202 OMEL LTRA L V2 RHEHO b ONENENTH B, Coeln &
o Jung® iz Cochn KTk Tramm'™ ST X >-CHERIIC RS N7 BROKROAED REGRIEIC K
IETREE RULADBILS ( OFFAFIC L D binh b T3HN0OR INADIIAADHTH S.
P Lix s 5 IE2 S0 EERES YU S X Fi o A b 4 (v BI'S Rollefson’, Rodebush & tr Klingel-
l)ﬁfeﬂi’ e Allmaind % 7% Craggs™ (3 Coehn B 7¥ Jung DR L2112 sk 58y i&%ﬂ'ﬂtufﬁb

'f;ﬁx{),fca)jc'c"az,. L Bodenstein K Schenk™ 4 Coehn X {r Jung OEERICHEEFSTH S

—-7‘:,'Kimbnll B8 Eyring® [ ZKBTORELBT 3 1 fFcnB e f T H80nrEn b #E L
TE2, HICTRA T SROEBRE KON EMBHEIC Nemst OMSELIERT%. 1Y

Clethyv=2C1 * ¢Y)
Cl+H.=11Cl+ H+ ~0 keal. @)
H+Cle=tCl+ Cl + 45 keal. 3)

etc.
YU AR REIHICERT 3BT 5. HIEICATEROMIOBL Kk 3RERT RS o
REOMEY R &b < ';}/& LEWeH 559,

9)
10)
11)
12)

¢ 13)

Coehn and Jung, Z. phys. Chem., 110. 705 (1924).

Coelin'and Tramn, Z. phys. Chem., 105;.356 (1923).

Rollefsn, J. Am. Chen.. Soc., 55 860.(1953).

Rodebmih and Klingelhdfer, J. Am. Cheim. Soc., 55, 130 (1933).
Allmanad and Craggs; Nature, 130, 927 (1932).

14) Bodenstén and: Schenk, Z. phys, Chem. '(B), 20, 426 (19'33)
153) Kimball-and Evring, J. Am. Chem. Soc., 54, 3870 (1932

18) k), Az, HSe (B 71 (WiH 9 %)
—F®  #)—
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18) “Friftonoft, Z. phys. Chem. (), 3, 195 (1929). ) °
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A,

ME& v RIEERCEWOSEOBWE T ) REOMRCIIBHMT B L E~TLV., BTEO <
BABSMKHE (2) B O (D i BT 2RO FICS 575 (3) 0 KUEIC B B (D KIED 21U H L
THEALABBRIED b0 TH 3L —HICED HILTE 34 5T~ (1 Q) O RS Ts00r BEET
2D EBNTEE~E . :

RiLT O © ZROT Q)0 KIEDMHEIZeD HEEX RO & 5. kLD RS —REBEOR—DOOBH
BRFH LROIBIC K0 1 & i T B IEla 2 '

oy a—f dotdu, \* [ Ng+Ma,

L2 B () Y AR KT N
CHALNS. d_FETFRASTOES M FFREIATRHTS D Nuy 12 1cc hoKkHS
FOMTH D, BWHMSCOWTL 33510~ cm. & L' BHRET L WESHT- L H—FEORTS 3
EBELTEOHTRY KD 2 L 26%x10~" cm. & 3 3RESITOEFUL 25X10~  cm. & T 3.
Toffix BT 21°C KB 3 2 £ ERICTHITRE 10X10° L5, #iT(2) o Kok

DHEPEL
R . .
=1.4x10""
. 00 1~
760 19000

X7 %. Bodenstein®™ (T 10~ ¥ B~TIE 224%K Rodebush % 1x Klingelhofer'™ (3 @iayx filE
Tk b 107 ke, ZRFEXROWRHRLB—BT20TH .
. B) BMIMKORE
T/ RAOU ¢ L THACBNE FAREIC B 1 2 M SEIK Ot & 3T 2 sl 3. T &
STHERY Lec T IR 3 N B BIAR FORE 0y & UHBIOI A & T & FHUE 1 co. B8
WREOBT N=nTn TH~LNZHHEHRECHRYT 2AHUREORELFHITHIT 20

Talle V.
Partial press{ne .
. . . S Number of
. . Expt. no. n, Ty (50¢.) ! N of slh;‘a‘::] ;}:;er: "Dl::;;:srto;”
1 1 )
1} 2.8.10m2 6.6 . 1010 1.8.10-¢ 0.0003
] 42
W) 1 ,
1.2 1002 Y 14.0. 100 1.1-10-6 0.0002
Y 3
\ } 0.36 . 1012 R 1.9.100 0.53 - 105 0.0002
. U ' 19
) 1
R. N. 4.9.102 38 o1 8.6.10-5 0.013
5.5. 101 1 L6-108 | 1.3.10-3
K. M. { 12
5.5 101 1.0 5.5-104 | | 1.3.10-2

ﬁﬁma-%E%mﬂfi&mvnwW%kV@w<k6-%#mxxmmkrOMEmur

19) loeb. - Kinetic Theory of Gas™ p. 27 (1927).
20) Bodenstein, Trans, Farad. Soe, 27, 413 (1931).
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CBHD BERUARO SRR TRT | 67

SR - o Y

Ritchic % 7¥ Norrish®, Komfeld R x Miilier > B> “=DWICETHI™ L kA se. Table V
OREHOZINLZERTIDOTD - ’

B4 THE (3) ORI ATZEEL. Bodenstein®™ (2 (RILE 107 Cd b X5 RHEQ) DDA 4%
10710 T 4B KB FORIEI BRI TDBIED —— 0o HOSOTH S
A B, WOIT 10T 7 SEEUEIRR OSME T ERE L AT T O SIRT B B & B2t .
Table V' 1252 1 ¢ SAKT-OBINTREROHEIHNC LOTIIRI RELDTH 2. 0T Geib RY
Harteck™ (£ A SCRENT AGRERT 4t BT 5% ~ kKL E MO TRWIL 20 BIEEMEL T
107 mm. i 3flixiie. ZIXAKIRERGTHIBBORLBUARBTHL 5. WrOBis
Rt E~TRBOIC Table V B Mic .54 ¢ BAEEC ORI Foz 32 107 mm. i
FET 202 L D AERFOBELHTE 107 —10" mm. £ DT Geib Rr Hartrck OF%
7ADELARA—RENC D LA D.

Table v lc}s"'t To REFRIEC Y 3 YO HER 5:3*1’\1‘%% B fa mﬁ‘E&t:ﬁ'\-c :
iz —2’6‘?)’ "——EFJ’& 7. ZIX Weigert & 7f Kellerman®™ #3822 ) — v > 3R HiTize "2'0*'*9
- 1 BEX(—BLTHLS. Furofik © ZHUT Richie Z7r Norrish®, Komfeld Iiu:
‘mmﬂ@ﬁﬁ@ ZOEICHTIHE L T O™ 1312 D Table V c@~bNTHBHEN
mi%a10@‘—4ﬂ“®°=ﬁﬁ®ﬁWVIOTuimuﬁmbkm%MEMDﬁagmﬂ_
5.

) Eiﬁi*ﬂ%tﬁﬂ

SENIY ) 2 RSz 3 D TH 3MITRAE DD b EVWSREESEL OB E D 0.6 FicLLH
FTIEILFEATEL L CHSERENON AT 2WaARZ NS, ALadb 23 C+C+M
= CL+M (M (2k#, BERIWMOALST) R3ZHMRICHES IO CRAVEELIUT ki
BB HET-OBERY Tn FHLT, WO Pt iC—2DHIc g% hkﬁ*ﬁ"%ﬂ‘%”
% LEO mE TR0 GE i LTH 34 Table V OO d 2mm¢ 10~ L 2305
T D. X Richie Ko Norrish 0 EBREERICHETIE M LT 0T 107 e, HELR
FERIEDROME D 0.6 FICHMAT 3 L B S 2ROEFRICHHAL V& ELHL
51T b ZIMHZRIC L DTN YN LD TR A WL RN TE 31 SEHLEOITHA: 10 2 ¥
NEBARLONFOEIMIZE XHTZ2 00 TH 3. RENTFOBIEIBEN FOEICKLT
HITNTH B0 6 WELT LA OMERIKKRTONME S MEL 2L 2w THE 5. L
WEEIZ AT B IS S %fA52¥WMVT&6)-MCUGK)&CHWQ%%M@MMK%E
HMLUTHEAT RN E~ON 2B ZIMHL 52, MEANZTORFITET = 410 F—5HDs
I G4 ¥ —ICk DBBMEILE 10° CH b EZRI 107 T d 20 6 BRO HYEEITH 107 &
K35 6CH 2. Rollefion Bk Eyting™ @RI HBYHIOTCE=o0BERT X O33R0 4
»*—RE*&&&&MT&&*RT&W%Ib%Chohmﬁmfgqar$ﬁ*g@k,a@

21) HSOERRIFEFXOWRIFABRUSBIIRUILDTH20 0 T 23 HET I 8T 2 AED
FIBOBERERIC AN SR EOUL IR L 12 i
29y .(Geib-and Tarteck, Z: Pyhs. Chem. (1) 15 1ie (l‘)’!l) - .
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