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On the Photochemical Formation of Phosgene
by Mikio Tamura

The following is a short acrount of the author's investigation of the pho-
tochemical formation of plosgene by means of the methed of thermal analysis
of the velocity of the chemiral reaction, which originated with Professor S. Ho-
riba and was used by T. Ichikaw; in his study of the photoclhiemical union of
hydrogen and chlorine,  This methed is useful to investigate the change in the
reaction velocity before the photostationary state is reacked and that after the
light is shutt off, (after-effect).

Experimental Results.

(A) Some [xamples of thes: changeas in tke reaction velocity in the forma-
tion of phosgene by light are shown in Table III. Figs. 3 and 6. After the expa-
sure to light, the reaction velocity increases so rapidly that the photostationary
state is reached within one or two seconds as in shown in Fig. 3. The reaction
velocity reaches a constant value (stationarv value) after passing through the
maximum, for which it is not yet possible to give any explanation.  Tha sta-
tionary value only remains constant, of course, so long as the concentrations of
the reacting substances do not change appreciably——a condition which was sa-
tisfied in our experiments These stationary values satisfy, of course, the
kinetie ejuation ﬂff)rc—l"':l-:JE"[C']_:]“"[CL)]‘F as is shown in Table 1V,

(B) The effect of the intensity of the light was also studied and the quan-

=

1) T. Ichikawn, Z, Physik Chom,, (B) 10, 299 (1930),
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tum yield was measured. All these results are shown in Table VI, Fig. 4,
Table VII, Table VIII, and Fig. 5 (see also Table V). In Table VII, 2" is tke
< : ( o i i 3 .
velosity constant given by —(LC%ECﬂ =k"3/17 [CLPFFCOT]7~ Fig, 10 is the
relation between the chain length(half of the quantum yield) and tl.e stationary
velocity; the latter is proportional to the econeentration of chlorine atoms, when

all the conditions except the intensity of the lightare the same,

Discussion.

(A) Let a represent the probability that each chain link can lead to thke
formatjon of the next chain link; #,, the number of active centres produced by
light in unit volume per second; =, the time which a chain link takes: », the
chain length; T, the life of a chain; and V, the numbar of phosgene molecules

produced in unit volume per second, then (see Table IX, where n,'=n_7)

V;=m:-=~1—ncr(l+a+w2+------------+rrm" )
=, 11___{::1 = lEtI (l—a_:')-:Vsmtionar}-‘(l—-a’Tt)
Lode L T PR S Ty e 6D
As to the reaction velocity after the light is shut off, we have
V=V,_a’: =V e PR S (2)

where V. is the reaction velocity at the very instant when the light is shut off.
Here (see Fig. 9) we readily see that if a<1 and a=1;

i legth ot dhain=-t [ Tg o tome 1 .
the mean length o NS T T e T 1—a T

This is the result already obtained by Semenoff, Bursian and Sorokin.
Let Tm represent the mean life of a chain, i, e. Ty, thenit is evident from

analogy to the consideration for ym that from Fig. 5, Trm is given by
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Trn-'—'-'v'.: , Vvt .

Thus we get Tp=0.214 second from Fig. 5. In order to et = itis
neseszary to know the mean value of v, for in practite vy, in rea:es gradually
as the roncentration of chlorine atoms decreases after the light is shut off. We
-can easily get the mean value of vy from Fig. 10 Thus we have the mean
value of »y=1130 and hence 7=—01-5}2—§-g-.«m-.=-5-%8—()—ecr.. As the chain length
¥m in the photostationary state is half of the quantum yield, we can calculate
the chuin life T\, in every expe:iment (see Table XI).

(B) Inequations(1)and(2), Va., « (in the stationary state), - and V,
are now known, and therefore we can plot a theoretical curve of thke reaction
veloeity. Fig. 11 shows an example (it is not strange that the two curves
should deviate from each other, for a in the expsrimental curve—exvept that
in the photostationary state——is not constant and is always larger than thatin
the theoretical curve.).

(C) Let N be the number of chlorine atoms in a unit volume in the statio-
nary state, then we have N=».T,. Thus we can easily find the partial pres-
sure of the chlorine atom (see Table XI).

(D) If we assume that the mechanism given by Bodenstein and his collabo-

2)
rators is right, we have
£[Cl-] Ym—1

TR FACTT T vm
where [Cl.], [Cl] and vm are known. Thus we gat L,/k,=10—". It is assumed in

1) All the numerical values given hereafier are the ones obtained by calculation
from the data of the (B) series experiments. In these experiments all the
conditions except the intensity of the light are almost the same, so we can
consider = to be constant,

2) g=:+l’_l.1(3 =é((:)1Cl gg COCl+CL=COCL+Cl (1

+CO= . efag. e
OOl mCoTal (a)in cailibium  cocii o) —cosel @)
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the mechanism that the partial reactions (2)and (3) are in equilibrium, so we can
consider that the partial reaction (4) takes 1/5280 second.  As in the present
experiments the partial pressure of chlorine is 800mm., one COC] molecule must
collide 10"--%%%—-- -5%(—]-';10“ times with cllorine molecules before it reacts
with a chlorine mole:ule.  Thus yield of collision for the partial reaction (5) s,
therefore, 10—+,

(E) In experiment No. IX, 5-10% molecules of phosgens were produced in
unit volume per second. Let the concentration of COCI be = molecules/em?,
then we have 10t- %g—g—-x = 10-%=35-10°*. whence 210", This means
[COC1]==10—*mm.Hg.

(F) Inthe case where the concentration of chlorine atoms is extremely
small, we get »=2170 from Fig. 10 {see also Fig. 12) and therefora the mean
life of a chain is Tm-:-g—ég—g-sec.“—:—-g— sec. In a case of this kind we ean ima-
gine that the chain reaches the wall of the reaction vessel and is broken there.
Thus the life of the chain may be of the same order of magnitude as the actual
time which a chlorine atom takes to reach the wall by diffusion.  Calcnlating
the time &y for diffusion by the Einstein-Smoluchowski law, we get 4p==1/2
sec., the reaction vessel being a circular eylinder whose diameter is 3.7 cms,
As we expacted, ¢, is of the same order of magnitude as T

In conclusin, the writer wishes to exprass his hearty thanks to Professor
S. Horiba for his kind guidanee thronghout this investigation.
The Laboratory of Physical Chemistry,
Kyoto Imperial University, Japan.
Febroary 1933.
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Expt. No. 1I

24C

TABLE |
(COY)=292mm. [(COCLI=3mm.
Light source : Heraeus mercury lamp (25 Volis, 5.2 Amps.).

{C1:)=160 mm.

d(Ap)

— =0 X 0ii Do

1 (1933)

Timﬁ(t—ésec.ﬂ ap(mm.) I TimC(%scc.)

Ap (mm.) H Time(%—see.). Ap (mm.)

Light 0
%o
0.2
0.3

0
0
0.01
0.02
0.04
0.07
0.17
0.30
0.40
0.53
0.61
0.78
0.79
0.81
0.96
102
i.06
112
117
1.u2
128
1.1
138
1.38
.29

10.5
1L0
115
2.0
2.6
1390
135
140
145
15.0
15.5
16.0
16.5
7.0
Lig- 17.2

| ht off

175
18.0
185
19,0
19.6
20.0
205
21.0
215

22.0

143
145
146
1.48
1.50
152
1.53
1.53
1.53
1.53
1.53
[ 158
i 1.53
153
1.53
1.52
1.43
1.31
1.24
113
1.65
0,99
0,89
0.82
074

— (R #)—

ﬂﬂ

23.0
235
24.0
24.5
25.0
5.5
2¢.0
26.5
2.0
276
28.0
285
20.0
20.5
20.0
305
31.9
315
32,0
332.5
33.0

(.66
039
0.5
.50
(.45
(.38
Q.33
0.31
0.27
0.21
0.16
0.11
0.10
0.08
1 0.04

Q.01
— 0.02
| — 003
— 005
— 008

— 0.09
- 0.09

- 0,1
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TABLE I

Expt. No. V. (ClL)=21mm. (CO)=283mm. (COCla)=IZ mm.
2°C Light source: Heraeus mercury lamp (%5 Volts, 3.2 Amps.).

Time(%sec.); Ap (mm.) Time(%sec.) ’ Ap (mm.) Time(%sec-)l Ap(mm.)
Light 0 0 9.0 as2 | 19.5 244
L E 0.01 9.5 289 20.0 230
0.2 0.03 10.0 29g 05 a0z
0.3 0.07 10.5 299 21.0 15§
0.4 01 110 ac5 | 215 173
0.5 015 1.5 s12 | oo 1.59
1.0 0.37 12 316 | 225 146
L5 0.59 12,5 319 25.0 1.24
2.0 0.51 13.0 at0 | 235 118
25 1.00 135 319 ! 240 1.69
3.0 20 | 14.0 819 245 0.08
35 159 | 145 196 25.0 0.57
4.0 157 | 15.0 a0 2.5 0.78
4.5 175 155 n.og 26,0 0.68
5.0 1.88 16.0 2.30 26.5 0.62
55 201 165 24 a7.0 054
6.0 290 17.0 334 o5 . 0.46
65 235  |Lig- 17.2 as4 | 280 0.40
7.0 eqs PPy 319 | 9255 0.33
w5 ane 18.0 300 | 220 0.20
8.0 264 185 2.92 |
85 276 16.0 260 | ca — 087

TZEOHBRM L ) REEEL RO 3 ICEEEom { (13) X el sk

BHZAICRARED K EROBLTND S, K1t o~ canp,

(8

FAR __RT
V(pepCrep+pcoCreo+peocrCreac:) v
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L% p BRWTS D Po, FEAHETH b O, FREFITAT S,
FERU—~R{tZFEORMITET 24 FRIE Lewis RTF Randall CHDOTX
HATLH L7
Mo% Cp=T7.4+0.001T —BP{b%sE Cp=65+0.001T
ii LT Cp/Cv Dffie LTI
B % Cp/Cr=1.31 —RR{E%E Cp/Cr=1.398
WAL
TARF L ICHLTR Cr=85 LI Lite T OMILERME B 11D 52
7% 27 L ORITBEHP—BLREILL L'EIJ\‘”b 205 K officki sRy
M, 773 25 DEREMHIT Q=262 kcals. & L#a
Table III 22: LTRORIREHETD Do {ALEST Y VY EREOHE D
BETH D, WABOMELM TRBITENDS,
TABLE Il

24'~26°C. Light source s Heraeus mercury lamp r& Volt, 1.2 Amp.).

Expt.no. | 1 | 1L | 10 | w | ¥ | vi | vir | viu
cery ! 104 | 160 | o2 | ower sl 507 | 361 | =35
Compn. (CO)| 294 292 2589 £59 I a8 27 71 26
(mm.Hg) | r, ! a S0
g 1 3 6 6 12 1 18 % bogmiz
Vdr 5 dz \dz Idx, |d1: d’_r l
1 «]10° . o] ()8
Time(Lsec.) [ g 10 g +10" G *107 g *107 g *10° 1014 107 S0

lmu[[sec molfsec. mo[[sec.mn][stc mo]}'sec.imolfsec mol’sec!mol[sec,

88.9

f—

97.0

144 203

265

57D

19.6

Light 0

% o5 121

12) Lewis and Randall, J. Amer. Chem. Soc. 34, 1128 (1912)
13) Lummer and Pringsheim, Wied. Ann,, 64, 535 (1808),

14) Hecuse, Ann. d. Phys. (4) 59, 86 (1919),

16) Lewis and Randall, “Thermodynamics”

16) Bodenstein and Plaut Z. physikal, Chem., 110, 399 (1924),
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(60 ) (HEHE) BERF—-MIEREDEERGTIIHT G-

1 416 | 682 115 17 127 181 a1z 542
a 48,1 T4.2 119 144 142 191 216 79,1
3 47.6 T4.8 192 148 148 199 222 83.3
4 47.6 Th.4 1% 158 148 3 ooy 92.7
b 79 | 696 a3 159 149 | 203 293 99.2
6 47,3 68.2 g2 157 147 198 901 | 101
7 76 | 674 o1 155 145 194 a9 103
8 168 | e71 121 152 144 193 — | 108
9 47.1 s — 151 — — — | 109
Fig. 3
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REBCREL AN CDTD D, TOMFREL 7F 25 a‘;‘éﬁﬂz‘.ﬁ?ﬁfl&i&?
CHHETELOTH 5B MUCRRILOLRRR 7 4 20" DERR I LE
MLASTBEOLDOTHDE LTHIE LY, ToRMNE Fig. 3 o VI Wifge
EOAOEEEF L (BERCT S DTS2, [ LD WA 5 ¢ KREERL
PSRRI IR LIS ISR ICHE Lg% L (B F L— ORISR ( & 1%,
FABTHELEE (4 2 b —op BBM) OREREE ERITRS b R b
(Fig. 3 o FI V2 VFBICNLTH L0 LBEALRS, BAORIINLD
M RZIZE~DIICT S,

Bodenstein 35002 L[ HEgIES

AO0CLY. _ keC1y3 (COIT
QAT B O (LB IKTE (Photostationary State) IZHNF 234 HETH D,
Fig. 3 i<t T (=10 BHEOMBER AN Z 0L HEOMRIE L B~T I wh bt
PRI TZ e RO ERXO £ 233X T4UT Table IV o (& Dif—, FE=E
BEHER 7 ) RE BN MATHD,

TABLE IV.
Expno. | 1 | 1 | 11 w | v | vi| ovi
K X 104 | 26.1 ] 19.4 ] 23,0 | 02 | =00 ] ::1.3_l 195

(B) ETFEBRFEONREVICHOBEOERLOKE
ETERFLNETsEAFROBEINL LTI T 201282 L {vd
LSRRz 1000 D £ 4 » V2 4 + EHIOZe GETUSETRL), 25104
4o 74 RERICLBELUORBB BB TR T 5 o 20 E R 2 8%

17) HHR:—MEEREOEEPURHSOTUHEDVRBALTES L 72 28 L OEEM
FEEIIW CHBR BRI BEOMIEFENII LOT—BERKIEST 2Bz ==
OWBRHIZLOTHMAINT HHEAT - 0REOHR T2 v DS,
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C62)  (HUERHE) BERF-NBENEOREREAGIIRT E—f

2 B WERE MO T LBHS %, Fgir -0 BN (ona)y 12y
E2H T8em. Dl (Fig. I © Fo) il bz, LERICPTIZ
HE MY BEE T 20 WAL D LADHEE $ LML LD TH D
BETFERFOMECHAATH S, COBKAEBBLAXD <7 b EK
SR IT THROT AR OB H (B E N 47008 FHEORA4E LI %
LI DRiERIT 39008 KX 6000A H7zh 2 THHEA~2 b (3500A ffii%ic3s
BHA~s b b ) BRATIE AN HM00A (BEDORBKE H~IZARLT)
YUTTFYDEE: LTHTRPLXI TS 2,

Halban BX Siedentop?lt.{fihli'}r—_![liﬂkﬁigéi:l A ROV IEFEIC Beart
DHEMICE R D D b oS (LD MREIT 517 5 B FRBE S FbUlE (o i BB
FOBHEYELICHINT 2 W 2. Fig. [ICRB 20047 Y akip2z
DFCABH LR 2 Schleifengalvanometer ¥ /] LT &5zt 31T (Cl)
=T47Tmm.Hg OFf

L o es
i =0.858

EHHE=
I, ERESNIMIAZSOR 2l Lo A0 E R, L R
L ¢ T4Tmm. OEEFHLICHEDODTH D,

Hefner-Alteneck @ Amylacetate Lamp LHE LT I, &3kH kDT

I.=1.34x10-* gr.cals. per sq. cm. per szc.
1y
THDfes SWENTA I HLHO®2E L 2 LIKRDORSTHEE R & THhITR
Ho—fnABR BT 5RO (I-R) kaasitic
ln'=—(’I—_LRjr=’1-43>< 10—+ gr. cals. per sq. cm. per sec.,
FRMH pmm. HDBEIC X VRS EORIIZ

Lape=1) (1__];L) .

18) Halban and Siedentopf, Z. physikal, Chem., 103, 71 (1922),
18) Fresnel oA AN d 1=4240A 8 LTHI LTt
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C63)

Lindo (HLARSRIC X 2L IR Lico MERICIZTITRES D HAR
O MO T OLER 35 em. THOTRERSOHEMETIL LI/ Th O A
HFREOMEET Bt DEL BT e,

RITHDH S ¥~ 2 BICBAR(Fig. I © F) LMok, RORREROH

TABLE V. HRICIEITHRY 7 2 LD
e - — 7 b DTHOTTOBRIEIAE
2 0. O o
toe Alee FIT B LT bAERIZ O A
Transparency | Transparency
KeELTRHRENETADT

White light 0.4%0 0124

Blue light 0.420 0.130 Tzble VizRTilid T 5, BB

ROLRBLTIWEIIEND,

Wi 2l b £ TFO%ERHHRE Table VI BF Fig. 4 o®Z Tl b T
Do WIS BRI X D EX S TOREMREL T,
' TABLE VL

19"~19.5°C. Light source : a 1000 C.P. Pointclite lamip, operating frem a battery supply.
The light was passed through a 78 mm. layer of a solution
( CuS04 + L8N Hy rnormn])).

qu
Expt. nos x| X | X1 | X1 | X1
(ClL) 306 306 304 304 | 304
Compn. (CO) 95 86 94 94 94
(mm.Hg) 5 5 7 7 7
[COCI) >
til;*lf“f{ffér | - withons No. 3 | No. 6 withicis
Timc(—}'scr-) Ax ol | OF ypuiol | Bx g gl §dx . ool | e gumol
A dr dt sec. | dt sec. sec. t dt sec.
Light 0 — — - — —
e | 129 113 5 218 15
2 138 152 79 35.0 129
3 129 138 885 40.3 136
4 141 140 92.3 435 128

—CE #H)—
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(61 )  (mEHRE) BERF-BREXZORERMSZRT (BB
b 141 143 941 46.4
6 139 126 93,4 485
7 134 155 95.2 43.2
B — 132 92.0 494
8 —_ — £9.4 48,2
10 - —_ 8§89 =
Fig. 4
160
ol
&
140 & — x« X
120 L
1c0 //
. /“
= .43
':-l': L1 /
3'
160
\U‘fU ’ r——.* H 1
r
20
s sakdis
0 A - E3 + e

Time (4 asc)
Bodenstein iz il
ACO0CKY 3/ (7 (CLYFCCOYT
iz I BieRBLAEVDEFE—TH 5,
AWESSIE RS0 L) ¥ 1 2HED ¥ kU 4uL Table VII oin
B o 1L ~TE i3 SHEKT X D RibR (=10 DRSOTH 3o
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CoHy i) BRRF-MICREADEMESHSAIZHT (B—B) (65)

TABLE VI
'd | Tepe | Quara
: s LCL) [COJ LT ALLLLELE T absorbed Qun_ntum
Lept: mo., L mm. mm. . sec. et |Sp;2d;:’ce:;llger‘ per. sec. yield
f | | Ivcssel- in the vessel,

Mlmean {1 | se6| 96| 12 | 21| csoaes | os2.a0s | og7.10
X1 047 S64 94 88.2 265 | 053.1018 0.34.1015 1. 6.108
X1l I{‘.IQ‘J a4 94 47.6 35.7 | 0.29.1018 Q.11.1085 2. 613
Calc. l1 t 380 | 380 373 2.8 | 26.1018 1.01.1015 2. 2.1G3

s ii~zdn ( EEOR OB L A ferficik 2 L5 tOR X Beer K0
BT T C W T 5 TS BT 4400A (24464 keals. 107 A HICBAL S L
EERFERCETERELHETT RN D, EIL Table VII OEART
WITicAT N k5, KaFRoBIc Cale. 2 LTda0RTHDE” LR
=1, (CI.}=(CO)=380mm. ORLHELELDCHOTETORTEME2.2
x10° |% Bonhoeﬂ'eE; OR~ 2.i%10°, Bodensteili)o 7.83x107 Schumach;:‘
O 28x10° LJ—HETS %, X &7 LAMENER~TH 2, '

(B) #trdoREEE

BAXERESERBCFCLSTE (R0 &3, (B) FIOEEDOIIL 45

+ R+ =00 B RO KRSHEEER Table VIII R Td 3,
TABLE VIl

Reaction velocity after shutiing the light off.

Expt. no. IX | X | XIIL
. 1 dx mol dx mol | dx mol
Time (Escc') de i sec. l dr L ser. I dt e sec.
Light 0 132 —
off 1 412 a7 233
2 209 0.3 188
3 15.6 12.6 147
— G W—

1 (1933)
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o6 (MERY) SERC—MIIEEORERETIZRT (HE—R)

e

i

103 1 82 100
b3 47 63
] 53 15 58

ISR, B S L AL O RANZOERZMTHIM
BESRE —~2 AR LT 2 6o b4 TReA R £ T Fieg. 5 o
{HBs

Fig. 5

140

H—L"J!I a{f

OIX
| aX
3 S
3 \
P
' g0

(s
2
"]

20
s 7 E 3 ¥ 5 3
Time ( Z—‘“;’

BRI T~ O DRSS OREBEY LT 3 THHE a & L—20RIC
200 HROWD Fig. 3 g,
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(MR BRAET—MEAEDEABSSCHT (B—4) (6

————

BT LMY T & THITIEXAOBN V, CH ol ML ¢ MO IOIEIC

iz

V=Va*
LRDWMETHZ, HTORE Fig 6 QMIERCEAIT RLIEE 2 ZROMAUTT
#¥T 7, Fig, 5 oMy

(-} sez) o 1 2 3 4 5 6
_sn-‘i 04 L2 )
vio-™L) 132 om0 205 140 93 60 40

civkofE st Asiud

(1) 132-ar=33.9 (1) b ar=0.257

(2) 132-27=205 C1>2(2) &0 ar=0603

(3) 182.0-=14.0 (2) 2 (3) 2b  ar=0.682
4 )

(1) 132-a+= 9.3 (3) 2 (4) kb ar=0665

(3) 132.a+= 60 (4)2(5) X av=0645

(6) 132.ar= 4.0 (5) & (6) kb  ar=0661

B at ORUTERID— ¥ BRWTRTE D} (—FLTh e Lxltzoflie
(A)MDHBE [ UL b & 12[f—flg HRa 1% (CCl:2=307 mm. {COJ=
277 mm. {COCLI=18 mm.) OO EMEL: = 4k D 2 Db ThEL 210
1
yREfedr Fig. 6 om0k, 2 0L a7 EsRbrfud
aT=0.280, «+=0625, a==0.640

R MDD — DT & { BT Do W B D—DR D b0 L b K
LAACHD, COMPEECKIBRICAONLORE bFROMEL KLDE
S O EIRIC AT b2 B ILS DIRFENTH 55 WD 24l LT

ol
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C63) C(UHEPH BEHRF-BERFORMEBREZTIAT (B—E)

T

Fig. 6

200 |

J/L'jfl‘t‘ﬁ

@

180

{60

140

120

foe

(.0 )3
a
"1

20 Ni"“hx
o / 2 3 4

5

5 5 5 K
a+=0895, ar=0.568, a7=0.570, av=0.565, av=0571
(B L e oS X ~see Th5)
ZzhR#gcbid~2m{ « FEXOEMIRTELNTHLIBTHS LHE
L7z,
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CHBRH) BERF—BEREORESETIIHAT E—  (69)

b 3
(I) FMREONMOREEFICHT IER
AHIRER 0N S T 284 (Fig. T A) 2445+ 544(Fig. 7 B)
DZODBAICKNT MBS, BRDT74 RS - DEKOPEITIZEETIT
Fige 7.
A 5= B kg

D e e G e = = = =
FHETZLDLE~ALNTESh LS OGO Gttt L

FHERLTRE S &M,
Bodenstein 2513 7 & A 2" > OB R OHMEL LT

Cls+hy=2Cl (1)
C1+C0=COC! | (2)
"coCl=Cl+CO | (3)
COCI4Cl:=COCL+Cl (1)
COC+Cl=CO+Cl. : (5)

EP~Ze, (2D (3) BEMIME ICd 22T 20 (5) RUGEH D KETH
3,
% Lenher %zt Rollefson B~ il

Cly+ 2 =2Cl (1)
CO+Ci+Cle=COCI+Cly’ (2)
COCI1+Cl.=COCl.-+Cl (3)

—(® #)—
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C70 )  (MERE) BFR - BEREORMEPETIZAT (H—HD

—————

CQCi+Cl=C0+Cl (4)
T #5344 Rollefson R eX Esring REHRICRH 26\ 2 R [LBEELCHTIE
Cl 1 b v%A Ch OFETETHDOT (2) @iz

(Cla+hy=Cl+CI*)

Cl*+ Cle=Cly

CO+Cl=COCI+Cla
EENDRETHDLERDTH BT LT b kL LT COCl &H~
BESRARE T b0 BELTHS,

L—ODEFERT-H COCl FET COCL & LIiMFCITENERT-+E£+5

= TOREY IREO—20R (Chain link) & RET:. T LTLOEN SR
HOT—oOHE (Chain) LT 2% Fig. 8 OMLETH:. —DODMTET

F'ﬂc 8
T - T 1 ks T
o P R W . Uy SN o GH , SR ¢, |
L ol <L €L (4] a cl cL cL
—
Chawr Link

NS i

Chaim

BERE ©, —DOOBROBMEFLETHAREL o —KDRAHHELEOY
oy, —RONFHETIMHNT L2323, BRoMEMic =T C»%- 4
LTI HL (B~NE C) ki D RSN I LKA EE »,
EFnE - fIciE »/=ns B, 20 o POiEEDOZ © Bkt o/a
EHRVFIFFTRIFLL o) HOBEDLHKIC L VBRSNS, W (HE~2M1
Frfflz s d oo CGRLUEErRoRl) & OFffiz Table IX oin { & 2 Hix#H
Td 5o

21) Rollefson and Eyring, J. Amer. Chem. Soc.,, 54, 170 (1942},
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(NMHERE) BRAF -MAEREDELBFFTIIRT UB—-B)  (71)

TAELE [IX.
Time (t) No. of active centres in unit volume.
0 (1]
- nd'
L ‘ n/+n'x
i | n/+nlz4n 2t
n‘,: ’ n"-'-n‘sz.'-n.’:_'-‘ +n"’13 +............--.--....--.--....+"‘f;m_l
JRHESELE V 1255 P L OBIEIC BT 2 8H%IT
Vt=m;:K"n'(1+u+ﬂ3+ ............... +al‘.nﬁl)
.
=Kn_: T
1 L
—fr
_K"w T—a ....................--.....-.-..n...........(a)

gt oliicB®TE L 21 Fig. 9 1R in i REHEE Y i ) %
i » #FUUSE (cv=T TH ) © I3 Bodenstein MBI L h:Hsahid—EL
Ronzhs v T oEEPT3) Fig. 5 L [AkLBOMRE2, Fig.5 &
Bl T L OMERETS 5)
4 v=0 gL WROENOEEY V., 2T RITIEEORR] ¢ KT 2R
V=v=aTE'=V°au LT LI e 8 )
MITEROTHDIZ s TRUNEROW (R ZTEWETS 2,

=L [ 1
$= ch}hfyz—- lna—vm

e 0<all EAHEIT 1na:(a—1)-——;—(a—~1)’+-%—(a—1)"‘—---------

TH V& a1 TEWET F284M b0 EWEEGEE L AT Ina=(a—-1)
ThboHhb
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C72)  (MARY BRAZ—-BEEORERTIZET (BS—HD

Flg. 9

“ - ——

-
I
1
I
|
|
{
|
I
1
!
1
|
1
1
1
i
1
i
i
1
1

O = o e -

>V
1
ym=l_—a n""n"u-_nu"n-...u-nn..-..n-......uu.u-......(c)
a1y
7D Semenoff DIYZEIEE, —ET 5, X afl THBH 5 Bursian &
o)
IE Sorokin DGR v= lja Eb—ET 3,

RIT v=vmy DFE’GE@M&I V., Lotk neg

Va Ina —
o

ina

; =a ={.368

LEDOTHII—ETH 5, %5}‘: Fig. 9 & Fig. 5 BHifiz LT v ¥MBHE
REALCELATI TERZ2HDOENSHDHTH 200 LOMKRIE Fig. 5 It
BTYRET 2, #ic Fig. 5 Xy fERIc X 2T bic T oF i Tn 2HTX

22) Semenoff. Chem. Rev., 6, 347 (1929)
23) Bursian and Sorckin, Z. physikal. Chem., (B) 12, 247 (1931)
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(MHRYR) BFERC-MLEIGEORMLPASIZET (U—H)  (73)

———————

T %zkblﬁ%bb‘?aao PFLZM G Fig. 5 1ZULC (Bo) Dk ) ITift~tn¢
V=Va*® %aRLR-FLEW KON LT ¢ B T RO ST
BINTH 55

Db e e ORAIC R NAMIEBRICY Dkd, ZE V. THRLT
T'm £RD2 (T'nFTm TH3o T FERKICRG 2 HEMOFROLES b
KRN 2HSAOFHOEZ b —Td5 & R L0l ilioTadaTh
Do RDICHBRCH TRZFITRE~Z In (LRI IEROREE S ZEEITNNC
= VR THSHOTIN 2 e b/ DTk Vo T HEGEFAIBC| LT 0T
D5, W OMBEFLERDPREFENCANTELRRESEILT S 2 TR
TSSO EMOFEMIE RO DN T'n TH2T T'ndTw TH3), 2k
Dt EROHCRAUMPICTEATESBEAOTHY v TMOLELDD,
CHLIZRIRD v 2R F LA ROTHT Vo> /m BHERHITH 3, WD ym=

’
In | =l Cp 3o T Vi ¥RDBIK Table VIL ORRE NS
Fla: 10
2,0
X
%
Le
e Jo o =50

2x, /o7 % ( z-éoc(aJ)
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C7)y (M) B AT —-Bkick OXALR 41 - HT (B3

DTHD. Table VIIZZ2m o ld—ic LTRCKORZ DI £~
HEEDBAHOTHETLREIKTH Do B3 ICTZHOB A0 (o
W] — DS I L B FAREEIZ 0 o RIEEE JE I R T OREICILHT 5
HRLIC T OFRBEEAV 2 B RETEBREY A TS 5448 ﬁi%r S COBMRTERT
T Fig. 1000 2 2 SIC P TN CETERED - - THD ok,
Bodenstein 2FOBHECEL ) IS R~NEWHRIF T CREDDITRIUL v TEFLIK
CHH~NEETHHDZOLRED NI BIED EF MR Wiz 5
NHFORTHTAAFLFE L (AT 290 CEL  Fig. 10 ciBTrHE%T
X kit s e BEiaLs, ¢ Fig. 10 2Rk o Melos0 B 2 o
Exr M~ S bOEBEADIWBENHDBELI 0 v OFTEHM vV R
Jw, Fig. 5 Bor Fig. 10 L gl LTk~ ix
T'm=0.214 sec. V'=113x 10°

i35 #T
_0214 1
1130 b280

Ehs (B BIDEEES — S1=IcRTREIL S & TN oaURkigs &
A—Tooib  RA—& BMLAD vm ERTERED -+ T VRTER
iz Table VII Oifi b Th 25 bIk+ (24 EHO Tn z,kbafim e,
e

2e 2| 1

= bl __1 -
p— -f—,[ Tm___GQSO x09T=x 103 x 5. = mﬁse(,
Az 1 "
e — Tm=m—x].b xlO“x-—%-sec_zméTsep_
v 1 1
B+ Th=—ry -980 X2.6 X 10°X —5see.=—; sec.

DA BEWE T 580w, AT Fig ¢ tR2M AN VED S z+h
ThHDHas
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COFBEE) BWER—EAGEOI B IMIELT (B—E (7Y

R €D - S .
Viem-=Kns 1-a”
1—a
&
b "‘rﬁlf__‘za_. 1T SRR D LD W T B Dieds b LR EEIEL L

THEEEMICRERHPCERE NS 7 4 27 » FT-O% & T KIZFR TR
iE——QVJﬁJ‘?H{’I"ﬂ‘blBﬂiL’L31'5539}3&?.[}"5?“C“d’aéa wic(aygzoml # &k
ERNED, . t
Voeqe=n_" l—";: cesmmrminss s aesnsp s assssrenssr e G}
TATRT = LFUT (HTE t=e LEWABRZIE ¢ BHEKATHY
B SE R & LR LIS DR 3T 20TH 5 ),

Ll — L3 v
V‘=°°=1—_—’—Vst1hcmn R (=)

24y 22

r - oT ¥ bk Semenoff, Bursian Tzs Sorokin F_)i;imfa i —ET 5,
() (DiTfCAFT X X
Vi il Pt ™ § smsmviesimseninssmimmunsvasnon £)
Fig. 11

T
Toms ( 5 3227)

24) Semenoff, Z. Physik, 48, 571 (1928)
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C76) (M EXF—-REEORLB/HA4IIHT (S—)

(OERE(DRXTHT Ve, a, v, V. REELLHSTHING V 2§ ORREY
BOHEHED.

%4 (By), (B:) oS+ & ) Z2H0fitkd izl & 8Tk Fig.
11 ol k3,
C O (Il) o offo%dEe

Bodenstein S5ORALBREC TAITHSEOTN D THR 1—a ZERFET-O
BEEL JLICRIET D, T a IWEFTORENKTHINULNTH V/NTHAT
KT, f5 (B) OO TR~ a7 REEHD Ssee. KRTR
RL{/NCH D, BDIT « (4 Bodenstein ZOMHEY b B AAUIR—HEORY
K cRBEERTORECEBMEC-ETH5<2EHO VO TH N LELD
B ¢ BFE LA TD 201D, —HEROTIRIC i T 12 BEETORE
BAThHDHhE Bodenstein AFDBfiL DE~TH ¢ W THATHAESL
Bo Wi H~D & o RERHIEIIE TR T <2 b OTHT aF bISBIAE &
DEB~BRDHMBICE B8 (=g sec. FHELKICRTRARIEI MR,
ZiZ 1=%Ser- Vigic i 2 & REEESHTE 2T NED L LOHRS 205
AL BREEL (=-D-see, IEDBRRIT FEMT 5 EBILF, LILOTEDI
~NIBEET OB CHT 24 b2 sBTRZ wWhe BB
%o

EELHOMARX D b2& a OBLE PR T b Fig. 10 TH 3, Wi
et T ORICH TR BFFTORIEC ERPILTRED R v=r1
I 2BRA S 205 s ORIC L IUTERGT- ORI e kiU e Ko kW
B Do

t#3 Fig. 11 it 20 H0omAENIT o & LTEIESEHIRETHRN 3
e FROTIHFLTHbOTH L0 EBRHMRL VR IKACHIODIEEATS
%o
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CHE Y BE) BB —MAERRORERESITMT GF—) (7))

(I REHBCRRINSEABCHT
EERTIR O Ve KBS AR R B BB E F2TH 2B ORI E LTHOM
RLOTE~THDLESD 5>
a) REOWMRSTEISRAT 2T 2ROR V¥ THUITEH LR
W L7252
b) RO ERBBHE A CH DTN,
) aEMLTZHBTH S0
%3 a) ITRTHLBIC, TORENDRIECEHEYTE (ER S I7A =
FrOWMICHATLETH %, #T Fig. 2 © AHF 53T { 2O 15k = 1Tk
H LFEBIT T DML LRENZHINEIC Lok RIS T <2 T
Do WITHES AHF Litighe WELL TRIGHIENBE RO Tz odits b 74 =
¥ DER LI ORREEROZ ENOT AHYF ZHiEE ~R & IZETR
HEEL RENIEI v, 2ELEPAREZ 2 OMELRE~BITY v, BZI2 ap’
B ap RHELITHB I Cap—ap) Ioit F(Ziz#9001 T332) 2 F+32
B Ap OHBELBOTY K-S0 T -0 i h B, HiHIE

TABLE X. E—FCHFTH D UETE

Expi No. 11 KX (jmme Mtz € T bR~z
Timc('—;]sscc.) ‘:OH.:; 1‘:‘?2;:;:? Corrected. Table X W 2§iT# %,

p _ — ZNR (A)FIOEEEZIcH
05 i gl LTHNLABITE 2,
1 0.248 0246
2 0,270 0.260 fal EDF (Fig. 2) bifgne
¥ e %5 QL TEHE~L Iz z N
4 0.267 0.266 :
b 0.953 0.952 2 B%Fjitiﬁfﬂl‘.ﬁﬁ%o #ifa
6 i 0.247 ) dEAROHKLFE L 2
7 0.245 0.245
8 0.244 0.244 BBz
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C78) (nHEEH BEAT—MERED BT R T E—H

KiT b)) EITH 5 D ICAFIRICH TIRIBHRHND R0 TE W B =0T
o 7327 ORREATH S, WicToBauhlildkimoRic LEd A
Th C HpilErR o ASmIE b K CH DL, TR L DR 08 s
ARHRtIT b, ZHEABDIIHKSIWAEE L2 & E~2 %D, BT
Eodensiein #FO#H A~ W (AL PAEKIIE COCl T ) 2o Ekss (C

127 CO & ) MK BISD) (4R 0 A The (B 5 keal) & BB TR %y X
7 Rollefson 4@ 2H LA-HHE (BT (2 {iuiz COCl okrkiz 3% ® (Sta-
bilizar) ALABETH DA TOERRBIIHS LTk v

B« TP OEEBATHTLTH L 5L B2, COCL—COCHHCL 1 2 5
#hit predissociation Z:512#) 100keal. LE~ALAMOFETIZE 0kal &
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