MEILEDES Vol. 7 No. 1 (1933)

"On the Photochemical Formation of Phosgene by Mikio Tamura ( 45 )

s

On the Photochemical Formation of Phosgene
by Mikio Tamura

The following is a short account of the author’s investigation of the pho-
tochemical formation of plosgene by means of the methcd of thermal analysis
of the velocity of the chemical reaction, which originated with Professor S. Ho-
riba and was used by T. Ichikawz’z) in his study of the photochemical union of
hydrogen and chlorine.  This methed is useful to investigate the change in the
reaction velocity before the photostationary state is reached and that after the
light is shutt off, (after-effect).

Experimental Results.

(A) Some Examples of thes: changes in the reaction velocity in the forma-
tion of phosgene by light are shown in Table III, Figs. 3 and 6. After the expo-
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
veloeity reaches a constant value (stationary 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 conceatrations of

the reacting substances do not change appreciably——a condition which was sa-

tisfied in our experiments These stationary values satisfy, of course, the
kinetic equation —d%—zk'[m:}”’[&)]‘/’ as is shown in Table IV.

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

p—

1) T. Ichikawa, Z. Physik Ch=m,, (B) 10, 299 (1920).
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tum yield was measured. All these resuits are shown in Table VI, Fig. 4,

Table V11, Table VIII, and Fig. 5 (see also Table V). In Table VII, .’ is the

AMOCL] v /17 [CLFACOP~ Fig. 10 is the

relation between the chain length(half of the quantum yield) and tle statienary

velo-ity constant given b

velocity; the latter is proportional to the concentration of chlorine atoms, when

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

Liscussion.

(A) Let « represent the probability that each chain link can lead to the
formation of the next chain link; =, the number of active centres produced by
Iight in unit volume per second; -, the time which a chain link takes; v, the
chain length; T, the life of a chain; and V, the number of phosgene molecules

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

Vt=m;=—%—ncr(l+a+a2+-------~-~-+txm“ )
=n, 11:(:’:] = liﬁaf (1—a—:)=Vstationary(1—ttTt)
t
ie. VoV (I— @ D)o reererereeessensmsinnesesucsnesessensessnsssssaenssens (1)

As to the reaction velocity after the light is shut off, we have
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<l and a=1;

. 1 it 1 1
Y = f) e ——— . — covesevansnsasenacas
the mean length of a chain V. jo Vdy= e 1 —a =Ym (3
This is the result already obtained by Semenoff, Bursian and Sorokin,
Let T, represent the mean life of a chain. i. e. Tvy, then it is evident from

analogy to the cons'deration for vm that from Fig. 5, T, is given by
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Thus we get T =0.214 second from Fig. 5]) Inorder to get ¢ itis
neses:zary to know the mean value of vy, for in practice vy in rea:es gradually
as the concentration 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 ¥;,;=1130 and hence Tz%%g”""=’5-zlsf“"" As the chain length
vm 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 plat a theoretical curve of tke reaction
velocity. Fig. 11 shows an example (it is not strange that the two curves
should deviate from each other, for « in the exparimental curve—except 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=nTn,.  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-

)
rators is right, we have
= EBC] _ vm—l
- “4[0];]"‘"‘9[0]] - Ym ’
where [Cl.], [Cl] and vn, are known. Thus we get %,/%,=10-+, It is assumed in

1) All the numerical values given hereafter 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) Cl:+ hv =2Cl (@) COC1+Cl:=COCL+Cl (D)

Cl +CO=COCl1 (‘3)}‘. libs
COCl =CO+Cl (3)ff cquibium — ~oC14.Cl =CO+ClL: (B)
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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 300mm., one COCl molecule must
collide 10“’--,?%%—- —52—18—0—:—710“ times with clilorine molecules before it reacts
with a chlorine mole:ule.  Thus yield of collision for the partial reaction (5) is,
therefore, 10-%;

(E) In experiment No. IX, 5-10% molecules of phosgenz were produced in
unit volume per second. Let the concentration of COCl be x molecules/em®,
then we have 10v- ggg +2+10-%=35-10°, whence 210,  This means

[COCI1=:10-*mm.Hg.

(F) Inthe case where the concentration of chlorine atoms is extremely
small, we get v=2170 from Fig. 10 (see also Fig. 12) and therefora the mean
life of a chain is Tm=—%§g-sec.=?—'-g— sec. Ina case of this kind we can 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 tke actual
time which a chlorine atom takes to reach the wall by diffusion.  Caleulating
the time !, for diffusion by the Einstein-Smoluchowski law, we get #,=1/2
sec., the reaction vessel being a circular cylinder whose diameter is 3.7 ems.
As we expacted, !, is of the same order of magnitude as Tp,.

In conclusin, the writer wishes to express his hearty thanks to Professor
S. Horiba for his kind guidance throughout this investigation.
The Laboratory of Physical Chemistry,
Kyoto Imperial University, Japan,
February 1933.
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d( Ap)

11)

FEAHF I REEESFCES DO HE~ E\n%o

TABLE |
(CO)=292mm. {(COCL)=3mm.

{CLL)=160 mm.

L bde PELAS L (=02,

0 & 4’@\{'in%0

1 (1933)

24°C Light source: Heraeus mercury lamp (25 Volts, 3.2 Amps.).
Time(%sec.) ap (mm.) ” Timc(%scc.) Ap (mm.) H Time(%sec.) Ap (mm.)
Light 0 0 10.5 143 225 0.66
T o1 0 1L0 145 23.0 0.59
0.2 0.01 115 1.46 23.5 0.54
0.3 0.02 12.0 1.48 24.0 €.50
0.4 0.04 25 1.50 24.5 C.45
0.5 0.07 13.0 1.52 25.0 0.38
1.0 0.17 135 1.53 25.5 0.53
15 0.30 140 153 26.0 0.1
20 0.40 145 153 2.5 0.27
25 0.53 15.0 1.53 27.0 0.01
3.0 0.61 15.5 1.53 27.5 0.16
3.5 078 16.0 1.53 280 0.11
10 0.79 16.5 153 285 0.10
45 0.81 17.0 153 29.0 0.08
5.0 096 |Lig- 17.3 1.53 295 0.04
55 1.02 }Ih‘ offirs 152 30.0 0.01
6.0 106 | 18.0 143 30.5 — 002
6.5 112 | 185 131 31.0 — 003
7.0 117 19.0 1.24 315 — 005
7.5 .02 19.5 113 32,0 — 0.8
8.0 1.28 20.0 1.05 32.5 — 0.09
85 151 205 0.99 33.0 - 0.09
o0 1.33 21.0 0.89
9.5 1.38 25 0.52 o — 051
10.0 .39 220 0.74

—CB f—
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TABLE I

Expt. No. V. [(Cl2)=261mm. (CO)=283mm. (COCl:)=12 mm.
2°C Light source: Heraeus mercury lamp (25 Volts, 3.2 Amps.).

Time(%sec.) i 2p (mm.) Time(%sec.) Ap (mm.) Time(—;—sec.) Ap(mm.)

Light 0 0 9.0 282 | 195 244
o1 0.01 95 2.89 20.0 230
0.2 0.03 10.0 2.96 205 .07
0.3 0.07 105 2.99 21.0 1.88
04 0.11 110 305 | 215 173
05 0.15 115 312 | oo 1.59
1.0 0.37 12.0 316 | 225 ‘146
15 0.59 125 319 23.0 124
2.0 0.81 13.0 310 | 235 118
25 1.00 135 319 ! 240 1.69
3.0 1.20 14.0 3.19 245 0.98
35 1.39 145 3.26 25.0 0.57
40 1.57 15.0 3.9 %5 0.78
45 175 155 396 26.0 0.63
' 1.88 16.0 3.0 2.5 0.62
55 2.01 16.5 234 27.0 054
2.2 17.0 3.54 275 0.46
235 |Lig- 17.2 2.54 28.0 0.40
. og6 |t 3.19 285 0.33
75 252 18.0 300 || 200 0.20

X 2. 185 292 |
85 276 19.0 260 | oo — 097

WTZEOERTNH LY REEEL R 310 itlown < (13) sUTHIHR

HLICRARED K RO 2LTD 5o K B ok~ THLH, 2

)
(23
QR RT

V(pe;:Cree+pcoCrco+peocrrCrcociz) Y
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LB p BRMETH D Pa, HEHETHY Cto, SHEAATFATD 3,
EERU BRI 324 F#I2 Lewis BT Randall IKHEOTX
FTHI Lizo
W % Cp=T.4+0.001T  —M{LsSE Cp=65+0.001T
i LT Cp/Cv Offix LTIk
B % Cp/Cr=1.31 _ERERE Cp/Cr=1.398
LA L7
FARF CHLTIR Cv=85 LA Lics = ORILEMHEZ S iRatd 5 a8
7R ORRBHPL—B{LREIL LTI THS0:56 K Offiickis3 Y
R~Evne 751 77w DERMIT Q=262keals. & Lo
Table III 132, LTRODALDIRHGHETSH 5o MLES L VD BAEDOHED
BMETH 5. EHBOMPFCTIZHICE~D,
TABLE I

24°'~26°C. Light source; Heraeus mercury lamp (25 Volt, 3.2 Amp.).

Expt. no. | 1 | 11 11 v v | VI vIil | vil
(ClI)| 104 160 | <212 267 261 307 361 355
Compn. {CO) 204 292 289 £89 285 77 an 265
(mm.Hg) o ; o o 30
ccocts | 1| 3 6 6 12 18 o4 O=12
dx lde ode L oldr dr o |ds | dx
. 1 . s 4 " M L) q——o . &
Time(sec.) | a7 1075 107 107 g *101 g7 *10° g +10% g +10° g+ 10°

ymel/sec. mol/sec.imol/sec.lmol/scc_ mol/sec.| mol/sec 'nollsec.i mol/sec,

o

88.9

975

26.5

575

144

203

19.6

Light 0

% 05 121

12) Lewis and Randall, J. Amer. Chem. Soc. 34, 1128 (1912)
13) Lummer and Pringsheim, Wied. Ann, 64, 535 (1898),

14) Heuse, Ann. d. Phys. (4) 89, 86 (1919).

15) Lewis and Randall, “Thermodynamics”

16) Bodenstein and Plaut Z. physikal. Chem., 110, 399 (1924),

—(lE #)—
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(60) (MAEEH#) WBEAF—-REKEDRMESNGIZHT GE—F0

1 416 68.2 115 117 137 181 212 512
p 48,1 748 119 144 142 191 216 79.1
3 478 74.2 192 148 148 199 a2 85.3
4 47.6 754 1% 158 148 2 294 927
5 479 69.6 123 159 149 | 203 oo 99.2
6 47.3 68.2 122 157 147 198 22 101
7 47.6 67.4 121 155 145 194 a2 103
8 16.8 67.1 121 153 144 193 — | 106
9 4.1 — — 151 — — — | 109
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TSP (¢ & b —ho BVLIA) O RMEHS BRI RS BILE WD

(Fig. 3 0omd B VEZOFBICHATHLDOLEBEALNLD,, BIADRIINLD
M HKIZE~DIUTT S,

Bodenstein 350022 fit L7 RS
4B ety ecors

OIS DI LB HE (Photostationary State) ({Z#M3 BMEECH D,
Fig. 3 iIc*T (=10 fEEOHEBER AN Z O HREDOHE L BT I whbit
Hicfcz kD EX0 P 23T UE Table IV o i DiS—, =%
BRHE R b REEHE AANTH S,

TABLE |V.
Expt. no. | 1 | 111 w | v | vi| vno
K’ X 1C4 | 261 ], 19.4 ’ 95,0 202 | =00 l 213 l 195

(B)) EF4BEOHBLECICKDOREORLOME
BFERFLAETICRAROME NS LTIEKT 201 L (v
BIKSERBEOIRIT 1000 |HD K4 » M54 P ¥ A CEHRRBRL), A3 icx
A 74 P EEBICLEUSNONBRUBEEE RUINT 5 52y I 28%

17) B —REAFEOREBMNHEOWBENRAL TR S L 742 ¥ L D4R K
BIIRUM MR LEEOREMAINL L2 T—BERE L &S T odpp o=
OWPHKILL2THEDDRTI FHK LA T 2 0B GOWALTTOOY b be

—(E H—
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C62) (mMEHHE) WBRRE-MBIEREORMEBREAIIRT (HB—D

R B IERE MO D 2E5 S 5, Fgin -t IBN omaly name

FE# 18 cm. Oy (Fig. 1 © Fo) Wil b0 MU, KAERICRTIE
HEBN Y L T20 SRR 2 ( LXDHIEY ST LD TH D
BRTEBRROMEBICRAERFTH S TORBERLBEBLAXD A7 1 EK
AR TROTAF DML CBIL 2 47008 [EDOATE LB 2
4L X DEIHRIC 2900A &TF 6000A H7eh = THEA~2 b (35007 Fiikicds
EMHAs b ad D) HRATIED AN H00A (REFEORICHE Iz AfLT)
YUTTYOMEE LTHECHAXE TS S,

Halban ¥ Siedentopf \c XU SIGIKBSEC I 5 OWALIZTEREIC BeerS
OREINCHR D B &R B EEORIIT G 5EHEC BRI & AU (0RO
FOBXEYERDHIET AWK, Fig. 1IR3 28A7 ) Xavihaz
DT BABHE L AR Schleifengalvanometer ¥/l LTZ M 21z (Cl)
=747 mm.Hg O%

B =T =0.658
I BRERAPREORCZYEALZOXDER, La 2R
¢ T4Tmm. OFEETHLICHEDODTH 5,

Hefner- Alteneck @ Amylacetate Lamp L HE LT I, Z:kdHAsic

1,=1.34x10-* gr.cals. per sq. em. per s2c.
th]
Chots SWEPCANKIROEE T 1./ & LARDRESHEL R & TIUIR
HO ~H D AR M@ T 2k TTD (I-RY 230
I

b — — .
1/ = a=rRy* 1.48x 10— gr. cals. per sq. cm. per sec. .

#HEWH pmm. 2RI X IWRKEINDILOEIR
, I )
Iabs-:lu (1—-:[‘:—)

18) Halban and Siedentopf, Z. physikal, Chem., 103, 71 (192£),
19) Fresnel ®R %M »=4240A |23 LT LT3

—g —
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(AN B#) BERA-BESEOREIBEESITRT E—8W  (63)

Lindo {HLAKSKIC X 2RISR Leo MIRMESRITIZTIT AT 20 BRP
OB MO e bs 2 OTIRIE 3.5 em. THOTRESROHTICIE LK/ TH DR
BEROMEBEC & fe 5 H L BT 720

KILHDH S LA~ BILBAR(Fig. I © F1) 207z, OoRREAOY

TABLE V. RICHETIZRRA 7Y LB2LD
- ZbDTHOTEOEFXEZARA
til:ta;“:lrttlr No. 3 No. 6 ) -
FHICHLTLAERIIAOAFHA
Transparency | Transparency
ALHLTHEEHETHDT
White light 0.420 0.124 ‘
Blue light 0.420 0.120 Table VIZRTH D TH 2o BID

KOERBLTIWEDILiLS,

Wi 2 GelED b & T O ESHFIE Table VI R Fig. 4 (<RTil) TH
3o WIS L D ER ST CORBUBEL 7T
' TABLE VI

19°~19.5"C. Light source : a 1000 C.P. Pointclite lamp, operating from a battery supply.
‘The light was passed through a 78 mm. layer of a solution

( CuSOs -;UI(IS(‘NH:; (normal)).
Expt. no. IX | X X1 X | xm
c1 306 306 304 304 { 304
Compn. (CO) 96 96 94 94 94
(mm.Hg) 5 5 7 7 7
(COCI-) °
ﬁI:te L;":ftaelr without without No. 3 No. 6 1 without
Time(=sec.) l Ax jgemol [ dx jppmol | dx o mol fdx \p mol | dx qmol
A dt sec. | dt sec. | dt sec. | dt sec. t dt sec.
Light 0 - —_ - —_ —
on -
1 122 13 59.9 21.8 115
2 138 132 79.1 35.0 129
3 129 138 885 40.3 136
4 141 140 92.3 435 138

—(R #)—
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(64) (i) BERF-BIESEDRESRHGIHT (B—R)
b 141 143 94.1 46.4
6 139 136 98.2 48.5
7 134 135 93.2 48,2
8 — 32 92,0 49.4
9 — — §9.4 48.2
10 — — §88.2 —_
)
Fig. 4
160 =
/ . gx
140 //(xﬂ
120
/i
ico
alz ]
Py / / u
at
150
<l _
V4o .t
'/
20
[ Light o
° / 2 E 3 - e r
Time (Jf 25c)
Bodenstein iz {izhl¥
o N 3 1
(”EC(?&CL] =k"]/1°' ECI:)?[CO]T

zaic L ke RALZcbDLA—TH %,
SEGIE AN F R0 1) £ 12 ] ¥ #REAUL Table VII o
B ML 2 sHEIC X b R R (=10 DRFOHITS 30

—((F ®)—



MBEZDES Vol. 7 No.
CHY #) BEARC—BIRKOXREEESIZHRT (E5—H) 65)
TABLE VIl
! hosgene
Quanta
Expt. no. 17 (C1) (COJ 4% u&m"—l k/'.mceiiﬁlfﬁﬁlﬁsper absorbed | Quantum
| mm. mm. dr sec. in the per sec. yield
‘ ‘ | | }V ensel. in the vessel.

:\}mean 1| see| ee a0 2.1 | cso.10% | 082105 | 097108
X1 04z 04| 94 83.2 %5 | 053.108 | 034.1055 | 1, 6,10
X1t IO.I:)‘! 4| o4 47.6 %.7 | 029,105 | 011.105 | 2 6.1¢3
Calec. 'il l sso | 880 373 2.8 | %26.10¢ | 1.01.105 | 2, 2.1¢3

TR~z EEOR N OWEY FIO ek 2 h 2 X0 E 13 Beer KD

MY AT T 3 HASHACR 44004 24964 keals. 1T 2 HHitic BRIk 2 fL
EEETHRUCRTEREL X T 2HAaMH D, Bb Table VII 0EARY
MIFICFERTIN R %, BBRFWROILIC Cale. X LTH20RTHD L £RA
I’=1, (C1:3=(CO)=380mm. OB P LI bDTHOTZORT EKRE2.2
x10% | Bonhoeﬁeﬁ; OR~J 2.Tx 107, Bbdensbeiri)o 7.3%103,
O 28x10° L[J—RETHS, Xt bR ERER~TH %,
(B.) #@ttho RAEEE
EXERETERBECECEIEL (KON L3, (B) FIOHEBOISIL, 65
+RUHH=REOEH O REGHEER Table VIII wR+@D T2,
TABLE VI

Reaction velocity after shutiing the light off.

"
Schumacher

Expt. no. 1X X l XIIt
. 1 dx mol dx mol. dx mol
Time (gsec.) dt -10° sec. dt O SeC ‘ de 168 sec.
Light 0 132 132 —
off 1 412 317 258
2 20.9 20.3 188
3 15.6 12,6 147
— i —

1 (1933)
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€56 (MR HERC—MEKOREEHTIRT B

—~m— = A AT

105

4 3 1 8.2 100
5 53 47 6.8
6 53 15 58

WERFIEWI, B L RS L ETOMRERZBZOEZETH 2h
BESH —& R L T2 &oFs BECb TR IR E T Fig. 5 om
(#%%s

Fig. 5
t-ir'fvff
oX
aX
x XTIl

& )l 100N
IAY
20 x

4 / E 3 7 5
Tome ( Jp o)

( ‘%;-o/)

o

20)
L RIRERRT—O0BEKOBRYBLY L 2WhEEr a & L—2D0RIC
20) RWROWO Fig. 8 B,

—m —
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CHHRH) BEERN-MEIGEORLCBESIIHT (4D (67D

e~

B 0% T & TREEROBN V. T o RESERE ¢ BIDEIO%RIC
(£
L
V=Vda i
LI HWETHZ, 7T ORE Fig. 5 OMBCEAITHILE « ZROMIUCE
#T 2, Fig, 5 ofidet b

() see) o 1 2 3 4 5 6

mol )

v (10—" S2C.

132 330 205 140 93 6.0 4.0

CILEOH Y FRITA DAL

(1) 132-ar=33.9 (1) X b ar=0.257
(2) 132.a7=205 (1) 2 (2) XD  av=0603
(3) 132.a-=140 (2) & (3) kb ar=0.682
(1) 132.a:= 9.3 (3) & (4) k) a7 =0665
(5) 132-a:= 6.0 (4) 2 (5) b  av=0645
(6) 132.a:= 4.0 (5) & (6) kb  av=0.667

1D a+ OHIERNDO—DERWTIATL D & (—FLTH %o Texitzoflic
CA) FUDFEE X [ U RS § & (T [F) —HLR DI 1% (CC1:2=3807 mm. [COJ=
277 mm. {{COCL)=18S mm.) O EOMEMIRE Z4RD = OF L THER 21l
1
BERY e Fig. 6 om0k, 2 WAL a7 &Rirdud
aT=0.280, o« =0625, a==0.640
I D MEID— D RERF I L =Tt D, MBI D—DRFICD DL b E
LANChD. ORI AR ND03E 5 FROMEL KLDOK
1}
(LB O BIRICHT b2 5N 2D EEREWIETS 2, Wb Zic kit

s h——
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(68) (MHBH) BERCF-RENEORERBEZTIHET (B—HD

Fig. 6°

200

[

} Lk
4

150

20 %»\‘.

5
=0.570, ar =0.565, av =0.571

5

5 5
a+=0.395, ar=0.568, a=
L L A RIsHIORIE grsee. TH2)
Zix#ic bR~ { a PFELOEMICRTEL/NTH2BTH 3 L HEE
Lz,

— HO—
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(i) BERF—BANEORMESBHTIRT G5  (69)

(1) FEREOMPOREEEICH$ IER
AMRER Z o WA MR T 284 (Fig. T A) & 54+ 244(Fig. 7 B)
DZDOBHITKINT DWHIMHND 5 HBIC7 4 2 5w DAEROPAIT 13T
Fig. 7.°
.- A . . B /"

O " e’ e e S

HERETZVDLEALNTRE 2N 65 oG4 PWD RSB cB T L

FBRLTHRE S &85,
Bodenstein &3 7 # 2 47 ORALFHE R OMMEL LT

Cle+hv=2C (1)
C1+C0=C0Cl | (2)
"COC1=C1+CO J (3)
COCI+Cl:=COCL+Cl (1)
COCl+Cl=CO+Cl, : (5)

THi~Tes (2) & (3) BAEMIIE ChBET 20 (5) RIUSEYS KETH
s
X Lenher (¢ Rollefson dE~7e it

Cla+2=2C1 (1)
CO+Cl+Cl.=COCl +Cl.’ (2)
COCl1+Cl;=C0Cl.+Cl (3)

— #O—
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C70)  CmEERE) BR - BEREDOREREFIZAT E—HD

COCI+Cl=CO+Cl. (4)
T 53 H 1% Rollefson Rx E:-Tirixg RZIRICHE 25\ 2H(LBREECHRTIE
Cl 29 bE2 CLhOFHRTETHOT (2) 0ftyic

(Cli+hy=C14-CI*)

Cl*+Cl.=Cl;

CO+Cl,=COCI+Cl,
LHEANDNETHHLERDOTHZHIZ LT LI NERHE LT COCl &5~
BEGIRABY D0 LBELTH 2,

4 —DDEHEFT-53 COCl $ET COCk ¥ 4 UIiRRICIFUBRERT-2 £+ 25
2 TOREYIHEEO—201% (Chain link) & BT, T LTz OES S
FHOT—2oOHHP (Chain) X Tk 2F Fig. 8 OWMILE T3 —2DORICET

Flg- 8
< < T T < T
[0 e O s e ) QDo Qoo O
a o a a a a a a
—~——

Ve ~

Chain

BEERMT ¢, —DOORNXOBMYFET HAREEY o, —ADEHIFLHEOY
¥ v, —ROIEHNET MM T X & 42, K2RV =T T»2- A#
YHEET AL (IANTE C) ARIC X b BZISIIC BRIz Ik 2 3% n,
TR - BRNCIE v/ =0 BEZ, 2O o PoiEdh Oz © BRIz e
EHEVERFCRIFLL ») OB EPLLRICE VK22, Wil E~BHL
FeRf & .o ol (RITRBIhoB) & OBtz Table IX o 4 2 3110
Td %4

21) Rollefson and Eyring, J. Amer. Chem. Soc., 54, 170 (1932),

—(F #®—
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MIBILZDES Vol. T No.

(HREE) BEAF -BEREOREREFIIRT GB—-B  (71)

1 (1933)

PO
Time (t) No. of active centres in unit volume.
0 0
< n/
2z n'+n'x
3: n/+n/24nlat
: ’ ; 1.2 743 ’ m—1
m> . n, +Yl4 2+ﬂ‘ x= +n4 X3 Jeresccnnanians ®esercasssrenaoe +n. 2

JHESELE V305 4o o0 DRSS IELLM T 2 3T
Vtﬂ,m::Knu'(l-*-a-'—a:—i- ............... +am—l)

1—am
l—a

=Kn.r

t
1—a+™
=K"°T—]—~—(lr cesresernane .................................(a)

FacEsskothdrici L 31T Fig. 9 it in s RESHIE Y 1LY 8
Wi v FUUE (-v=T TH D - iZ Bodenstein MDIBKEY VM niliX—E&
RBonsdhsvii T 2ERBTS) Fig. 5 & AhBOME#RE85, Fig.5 i
Kliekgs: T & OMRETS )

4 v=0 LW OBEHOME Y V. 2 TIITEEOR ¢ IKhb T 28R

V=V=a.%=V°av B TP U NS 1)
W HBEOTF DI s LRUNTROU L HRWIRTD %,

1 f= 1 =
A Y"“:‘ Ina__ "

21T 0<a<] %z BRI lna=(a—1)——é—(a—1)=+%(a_1)n_ .........

TH VG an 1 TEWEEHOBENBIHDORWHEEHLNIT Ina=(a—1)
THHhbH

— #—
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C72)  (MEBH) BHAG—TREHNEDREBSIZET (H—H)

Fig. 9
v

L i
i
i
|
]
{
[}
1
{
1
1
|
I
|
1
i
1
i
i
1
' .
1
1
|
|
]
1
H
S >V
1

ymzm- HBaeeeseaatt tiaennetseaentterestetesettsieatenientensaares (¢)

22y
27 ) Semenoff OWFIMNERL—FT %, X a==1 CH 55 Bursian B

%)
78 Sorokin D}z v= lza Eb—ET 2,

RIT v=vm oﬁﬁoﬁi@ﬂiﬁa} V, Loy Rki- il
1

Ina - ——
—V—“‘i\-,—~=a e _0.368

EBDOTHIT—ETH D, BoiT Fig. 9 & Fig. 5 B#ifi: LT v LMD 5K
BREACELFAT I TEMIHOXENSZ20HTH D505 LOHIERIE Fig. 5 I©
BTORNT B, dic Fig. 5 LY EBlIic X oTitibic T o FH( Tn EHTX

22) Semenoff, Chem. Rev., 6, 347 (1929)
23) Bursian and Sorokin, Z. physikal. Chem., (B) 12, 247 (1931)

— #)—
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(HHBE) BERCMEREFOREFNGIZHT (B—)  (73)

e e

T k*b{ﬁ%bﬁ’@&Z)o PELED L Fig. 5 LT (Be) o#% D iZift~jetn

V=Va® z32RER--FELEv, WIKROML LT v BT T &RD D534
BHITH 3,

© EohiR 2 BT E ORI E N TIMERRIC Y DRD, Z&% V. THRLT
T'm TRDD (T'nFTm THBo Tm BEXRBZRIT ZHHOFHOREE T
ARGICRG 2EHOFEHOEZ b H—TH 5 & R Lo MfoTFE4:GTH
3o RDICEBICHR TIRBRITIE~Z in (L2 PRS0 IR AR BIT /M
Y RTESHOMN D Wi /M k ) o FHEGRFIBIT|/RKT 20T
&5, W OoMEFELHERDPAREBE~CANTEABRRELS LT S £ To
TOWOEROFEU L RO VO T'n TH2T T'adTw TH5), 2L
D v TROZCBAMAPCEZNTIEIBROTHE v'e TMILERD D,

THIRFEED v ERALLBROTHT vdvm RDERPATCH D, 5 vp=

In  vp=tE a5, T Vi ERDBICK Table VI ORREMOS

Fig: 10

o 50 10 150
dx o1 a
oo Z._ ( &% oc (a))

— W —
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(7)Y (M@ BERF-BILAKORMLBHSIIRT (B4

DTH D, Table VII R0 CAUDEEFE I —Ic LTRICROMEZDH L~
5 ERDOBOFEO LB T LREIKTD Do B3 ITZHEOE Ko AL
BIA— OB E BT TARBT N 2 RES JEIZ B T- O EIC LT 3
wMK:oxﬁmm«%&iﬂimﬁﬁkréaﬁtﬂ? ;4 T OBR T R
U Fig. 100m < A 2 B i THRENNCE T HRED - ,- TH5 ¥ rs7e.,
Bodenstein SOOI NIRRT T-OREIVMT LAUL v EELLX
Kih2~EETHIDZORMES/MCE N B0 UG L wikizh 5
HETOBITRTARERE L CARL 2HE (BB Fig, 10 iTihTrdukic
X ORDIIMC LB EBEND, |WT Fig. 10 ZELEOUSEOTHO K2 0%
X PANTD bOLEE~DEHBHKZ D52 L D v OFEHM vm Lok UT
v, Fig. 5 Bwr Fig. 10 & bl LT
T'm=0.214 sec. V=113 x LO°

Y35, T
024 1
~ 1130 ~ 5280 7T

Ehbe (B WIDEEBE+—, W1-SICRTIREIL S5 EodUR 355 L
A—Toobbr BiA—E RMLESo vm RETERED - Tb DV LFER
(3 Table VII Offi ) Td 24 bk x 124 FHo T, «J&b%%ﬁxiﬂﬁx%c
@

w0

__1 7163 d gap =_ 1

S +j Ti= 5550 % 0.97x 103 % o See. = 06 sec.
1 1 1

R — Tmzm—x].s xlO“x-?sec.=-6Fsec,
AR g — _ 1 1 1

BRI Tm=—ppgy X26 x 10X see.=—1 LS

ERDVAHBIVE Tn #38v, R Fig 4 tR2M A IAOLF Iz
ThH5,

—E E—
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CMA M) BRAC—EEHNFOMEEEFIZHT GE—®) (7B
ST (a) ‘ N
T '
Viemr=Kun,z -
L

107 R DB DY T B DT b LRI L

1T no- i~z
-
L.

THMFERIC RBRPIC RN 7 4 A ¥ v 5T OB Tuld Kz B
C—0DFHEN O BEL ZBOKINS —1— Th Do ic(a)dzom H Lk

B 2IFEAHKD, : t

’l_a‘ LRI RN R TR
[ e )

f=oo &7 UT (HILE (=0 EEVAHRZI t BHERTHY

Vieme=n,

TNITHNC
BEASER L R LB 2R BT 20TH ),
n, . )
Viceo= T:,T_Vstatlonary ....................... (e)

29)
& 2T b9 Semenoff

(@Z@NcfA T )
Vicm= Vet (1 m@ T ) orevemsarsecsssesesssveiassssnnnns )

oy o
, Bursian J27¢ Sorokin @ #lwn7esie —F:7 5,

Fig. 11

2 ::co ! Erporimentad Curee
:\l: Ll 1 Heoutieed Cane
Q‘s 60

N

‘\_'40

I 2 3 + 5 6 7 ¥ 3w 4 P ) S
Tome (Y5 02e7) -

24) Semenoff, Z. Physik, 48, 571 (1928)
G O—
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C76) (W) BMERF—FEREORMEIHMAITET (B—#D

~—

DEEMRICHRT Va, a, 7, V. ZEEHBHOTHIE V &t OFRE
B(HEHEKD,

%4 (B, (B:) ORENS+ & ) 250 LR < Ekiida e HE T hiZ Fig.
11 oz,

(1) o offioftt

Bodenstein DR~ THBHEC X T EEOMA D THE 1—a RERFET-O
MEEE SR T Do MT e B HEEFOBENKTHNII/NTD b/hTHUE
KCHD, (B MOROHTR~IIS aT REEHD —seo ICRTH
FLLNTH Do ZBDIT 7 (2 Bodenstein 0L b H L UIFA—HIRORS
G CRBENTORECEMRET - #TH 22RO VO TH 30 HETXD
T o BEL N THIHHHD, —FEROWHRIC I T 1R EHEFETORE
BATH 255 Bodenstein DL D BE~TY a IV ThH2IAAE L
Do Wil HEAD L a REEAEMEMNELITET N2 LDOTHRT v baRiBc ke i
BEBNBRDHHRCE B (=—ssee. HHELEICITHAILHEIE Y,
2B t=dosec. LIHTH B & RESHEES T D DT O 5 Lo B b 2 D8k
CALBREAL (=—osee, DUEOMIMHI FERML 2 £ RALF, XADHED)
~NIBERET OFBECHNT 2 TWHAE) b2 28T R L whe BRI
%5

BAEOMIMY D b2L « OB{LXPPICRT b Fig. 10 Td 3, #iic
et < T ORICHT U R BT ORICELD LTE ) X v=r
I BBERS D D 5 T ORI X AUEEEETOREM/MCRIUL a B RITEDH
B4 %,

AR Fig. 11 Tt 8L ROBRMEE ¢ & LTRIEFEHRECTRE 2
e EROTHELTHA I bOTE 0L 0ERMR L VBT IDIEEHRTD
%

—(F #)—
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(N #) BEAE—MESRKOERESCHT (E—H) (7))

(1) REEHBICRITHBEXRECRT

EER TR 7o RESHEHMBRR BT BANMEHFOTH IR ORI E LToln
RLDLBE~NTHRILERD D,

a) REOCHMSTESBRIT T dmd%l&_ﬁozﬁ'! Y Te oL

LI,

b) RO ERBOSHERTH L 0hED,

) aBBMLTAETE%h,

%3 a) TATELDIC, TOEMHB/NIHECEBNI TR (CER N7 R
FUORITHRATRETH 2, T Fig. 2 © AHF ITSRT M TH IR ~ 1Tk
L LKIBIC 2 0L LRENZENEC L 2B uEmTRs T <2 T
Do Witk AHF L #ighe WL TRIGTIEMBr ROTF oML ) 74 =
o DRRREENE OBMEY RO ZEINOT ABY THIE ¥ I~ i BT X
WHEELr RGNTIV, LELRACE COMEZRE~EITL v, B3I ap’
B ap RELITHS EIT (Ap—Ap’) iz (2245001 TH D) ¥ E£F>D

i
ne oy Ofinssmocy K2 g T iy pgime, doME
TABLE X. B—EICESTD hLEITEL
Expt. No. 1l K-35 (520 Mz T b LA~ WL
Time(%sec.) ‘:oHlfe zst‘:’::;s? Corrected. Table X IZR2BTH 5,
0 _ — TR (AFIOERE T IcH
05 0209 0.M8 LTHILABITS 20
1 0.248 0.246
2 0.270 0.269 3 EDF (Fig. 2) d@Ef:
3 0.270 0.269 e
N T3H: r \WEHTZ
' 0.267 0,266 R cFE~LWIizeh
5 0.953 0.952 D OEBITHEILHD o #53
6 0.248 0247 a)IBAMONKDFE L i
7 0,245 0.945
8 0.244 0.044 FE~biLin\ve

— #]—
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CT8) CFHeH) BEIF-BUEREDREBRHACHT E—HD

KiT b) ICELTH 3 2 ITAEBRICTH TR MR 80 TE WD B = ozl
KD 7Ry OREEALTSH 2, Wiz ORdpAERMORITIL LZD K
Tz B RO LR BRHAK ) KCH B05E, TOIT L 2MWENOMA
SERIRRC R Y, ZHBABDIIEDHIEE L 2 & 5~ 0K D, T
Lodensiein SFEOFAJHEEIC UL PIlgEXHIE COCl CH Y 2o k84 (Cl
2T CO X YHHBIED) 3G OKTLW(#I D k?afs EEALILTH D, L—
7 Rollefson S0 R UA-#8HE (5L 1o{kinid COCl ORI i % se ) (Sta-
bilizer) AW T H DT OLEBBMTMEH L THE v,

KB OEBRBEHATLTH L 52823, COCL—>COC+Cl % 2w
T predissociation 751249 100 keal. & HALNMWOFETI2#) 0kal &
EZHAWILEOTH %o 4~ 100 keal. O F LT HUE
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