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Studies on Explosion Reaction
— The Union of Hydrogen and Oxygen —

By
Wasaburo Jono

- Abstract

The reaction of hydrogen and. oxygen is apparently one of the most simple chemical

reaclions, and therefore, its research would contribule: much o the study of (he Tmechanism of

chemical reaction. The very reaction has long been studied by many investigators and it has
generally been observed that the reaction belongs o the so-called chain reaction and that the
explosion occurs in a certain region of pressarc at a certain temperature. Nevertheless, the
mechanism of this reaction and the explosion: limit are not yet elucidated successfully.  The
purpuse of the presentlinvcstigminn is to inspect the mechanism of this reaction from the analysis
of the reaction velocity at the primary stage. ,

First, the reaction caused by spary was studied chiefly at room temperature. The experi-
mental reselts obtained under varous conditions by means of such an apparatus as Fig, | are
shown in Figs. 2, 3 and 4. The reaction velocity is proportional to the first power of 11,
concentration and to the higher power of Os The mixture of H, aud O, in the ratio of 1:2
i5 most [avourable o the explosion. 'I'he refation between the pressure change and the puniber
of chain links is shown in Fig. 6.  As shown in this, the chain length is suddenly enlarged, as
it approaches to the explosion point. This indicates that the expiosion by spark is the heat
explosion. The reaction in the vessels packed with glass fragments shows the plienomenon that
an éxplosion once made relards the occurrence of successive explosion, and the formation of
HaO: was confirmed, From these results the reaction mechanism was deduced (See p. 8),
by which the explosion reaction is considered to occur in the case of thermal reaction.

The ieaction by spark at lower temperatlures does not present much chain character and
it is ditlicult 10 obiain the slationary result. Therefore, making researches for the thermal
reaction, the writer considered the mechanism of Wis reaction chiefly from these results.  T'he
apparalus is shown in F'ig. 7- M, and O; were introduced, being separated with glass diaphragm,
with the sudden destruction of which both gases were mixed. The change of the pressure by
thereaction was measured by means of the methed of Fig. 7, b, ¢, that is, the change of
pressure was transported to the galvanometer through the manometer of condenser type with
Lelp of the 'I'riode vulve and was recorded on a film together with time. The velocity of
reaction was calculated from ‘the curves of the pressure change by means of the thermal analy-
-sis used in the photochemical union of Elz and Cl: by Dr. Ichikawa, Experiments were made
in various pressures. compositions and temperatures, especially in details at the neighbourhood
of the critical pressure of explosion. This explosion limit actually olserved in the same reaclion

vessel that used in the main experiment is shown in Fig. 3. Fig. 35 is the curves on the films
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made Dy the experiment, which are reformed into the change of pressure in -Figs. 14, 16, 1y,
-20, 21, 24, 25 and 28, Further the change of the reaction velocity ni the course of the
reaction is presented in Figs. 135, 22, 24, 26, and zq.

Thus it is summerized that in each case the reaction velocity aceelerates first from a small
value up lo the maximum and then goes down to a certain sativnary velocity. And in the
neighbourhood of the Jower limit of explosion the transition from the non-cxplosion to the ex-
plosion in the reaction velocity is made comparatively slowly and smoothly, and there exists
some_region where the temperature scarcely rises in spite of the luminescence. Above the
upper limit the maximum reaction velocity is high at the points near the explosion, and
corresﬁ)nding to the increase of pressure it becomes lower, and as the pressure increases agaiii
it is restored. ‘The velocity of ‘the primary reaction, however, is simply proportional to -the
pressure, increase.  From these experimental evidences the wriler discussed the continaity of the-
zeaction in the explosion region and the non-explosion one. Furthermore, regarding the. lower
limit of cxplosion asa wall effect -he infirred from the above-mentioned experimental results
that the himolecular collision of intermediate prodiicts on the wall brought about the deactiva-
tion chielly at lower pressures. In the same way he concluded that at highet pressures the
deactivation wouli] be brought about by the bimolecular collision i the gas phase of  inter-
mediate products.

The summary of the experimental results is as follows :

1) The chain character of this reaction was directly demonstrated by the initial reaction
velocity, (2) The velocity at t=o increases simply with the pressure increase in spite of suclr
a-phenomenon as: the explosion limit.  (3) The chain. once starting, spreads through the gas,
phase, and the chain breaking reaction arises in the vessel wall at lower pressures and in: the
gas phase, at higher pressurcs. (4) The deactivation is the disappearance of -intcrmediate
products, and being judé.{e)d from the change of the reaction velocif-._v with Gime. the chain
breaking feaction aught to be of higher order thin the reaction in the chain conceming inter-
mediate products, (5) Accordingly the chain breaking reaction is: the mutual destruction
of intermediate prodiccts. which are considerad to be atoms or mdicals from the reaction
velocity b lower pressures:  {6)  Besides these, it i confirmed hat OH exists i the reiction
at 500—6co'C from the spectroscopic study of the luminescence at the above-mentioned low
pressure,

"Thus the writér examined the possibility of 1eaction and shuained the following mechanism :

1} HeOe=014011 2) OH4He=10+1F 3) 11+0:4il:=11,0401
4) OH4+O0OH=H.0: 35) H;0;-+H:04 30,

The reaction velocity calculated by the mechabism is shown at p. 33, which corresponds: 1
well o the vcloc‘it_v"of the -reaction in o stationary stale obtained experimentally as ',slua\i"n in
Figs. 37 and 3.

The Laboralory uf Physical Chemistry,
Kyoto Imperal University, Nippon.
June, 1934..
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L. ZRCHET 2B EEHICTEI LD S, Hfkic L THEHENCHIBE28c X ) #0084k
—ENMIEINATR S 2 4 2 » Biciedh LT o EL IEI L Riidskd 2 = Lz 0 ch

T, TORE)EFHIPVIRESFFRIC O TH 2 DO &
WO TR S, B—icIEic B RIC T o T Lok .
iR iR 5 Fkic kb, 107 7 A~ Y OREoER
H T g0 mm OENOBEE M3 T Lhiliks.
MBI KRR { T e iR cboT, To
z Sk ERomEPE B L LERAHETE 2. i
ZiT Riz 2PDORE B~ T &Ik b, REIEEL T
WICATAC IR A~ 2 T LA B I IC 48 1 38+
AU b e ORI £-O TR LBl o Bh 2 3l
- BMIECH . BOBNOBHEICHT 3RO MR %
HULE, 74 & s o ihdid b K X 2RO R
BT EHMHED. Fig 8 LB oEE (M) OBIgE
BRI RATRIL LD TH S,

h B B H #

EERICUN L A R URLER NS F > ~O LOTH DT,

= i =

s gy R R R
ap(mm Hg)

CILFER T A A b 4 400°C iC
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(9RIF) 1R ITHED R ) 1

P LR R et £ Ta T s L L . Nt it o P A R i

Bz B LTRW LY LTI .
e. REHBOMFRUVREEEEDNE

ERic & 2 T2 RIERO W & iz 33 . T b NASCH 2 IRTISRIC XTI |
LT MM AT RRERIC L SISO k(. RCREC X 2BNIORyOSTH
DNIT 7 4 as EOREBILERERHGEE £ 534, Tz KL TEMSATIZ RIBSRIC L % |-
St AP O dhiRd b RHEGEE F T 5 BICRBERIC L O TBE S NN Lok -
HO AL GO N b AT BHATO fikC L oTe.

M A AT AR BB RS b0 & i

pV=nkT,
VSRR (ee). v Flec PO TORE FIUL
m= v kT, 1)
W] U ICRET 1) 8T
dp, dT, ‘
F il 2

FHAHROBEY T, 200N Y p & L, RIEAOEENACT R0 pi IS 2784T, p. T
p DlickobErgirdasdo s T

p=p+ip T,="T+5T
T
- d{ap) _, . 43N ‘
dt >k i 3

de B5filiz dv 70 H:O AURMRIC X DT RA%DE (leo) MIZERL A& LT, HO — 2 041
B Q BAHAROFTHAMER) ¥ Oy 2Fiux
0 4 ’
-

Cv
N -
AT, LR X 3IED FREFTL. N 12768V o —DWBed 5. dt iz &1 ot ik
A ETIHE O £

aty= 4)

AT —dTy=3" _ gy 5)
(,\'b } ]
sk — U RSN T & WHORE T & OXOWRETS 3.

A1V d(3n)

@ TS =T =T 6)

5 B v
dT— AT =& _parye
3) Ko J(3T) 4L b e HE _LoWBIE L IF—d'1Y kg

APl L dBT) _ Yy ey 4
ot 2 dt Cve dt vEFAT] &
6) KA S HEEEI
~AGT) _¢apy<ieat
= (3T) = kT

T e e m o ala
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12 (/A _ () 18R B R

. 1
&= A
¥ kP
ic —d_il'llﬂ)__—_kap
KTt A cH . kp & 7) XA TIUL
dfdp) .. _ vEQ dv R 1
LVP L kap= -
G TR Cw i T 8
K =20
Cvy

FER R LD RO BT TLO (3fifed-F. 11 B O: A THD, H: RF O D4 T
BE Rl Cvye KU Cvos, 1cc HOBPTHE sue BT woe £ L, % pu. KT po: &t
- vEQ .
K=

Cvie pie+Croe vos

v=wns+voa. P="Pu:+po=
P
= Pug ..
p"._ ‘:T s Vn« k-ls
o T
Uvye puz+Cvos pos
= BO
Cryje pae+tCvos pua
A=Ppns/p h=P0-Ip ' Evihug
Ko O
aACvys+LCvo,
Q=57000 cal.

N=6.062 x 10%

£=1.029 X10" cc, mm/degree
ﬁhhm61muﬁmbnfbammﬁmu%ﬁmﬁmthmmEEOTbaafﬂwﬁmﬁﬁ
GHEEL 5. SO IO UG REOHETT & ST A e+ 20 cAUC B 2 RIEY B4 2. 4%
HIME T3 DWW D AU AR RHSEEIC E 2 TRE T A L0 LB L TREGRE L HEL, LT
AR L e X HEEHE D 6 BEN OB Y T R, Wi a0y &5 b & LT HIC KEHEE 3T
DT LAHAS. (LGOI X DT HED 2Kl HaE(L & Bl~fu.

d. $HYFE0AE

BB kIc L T IMHEE RO S B g v ms e Bk 5. BTBO DA W
¥ T B C 2 e ST B EEORED I { KEFARIC TR HEEr Mz T 2 A7
Hizsiz . AL AHERIT i Cl-Ro R iRk
EoTH M RINE L de. HERBEENY Fie T a o
REER T ZOE NI, Fig. 9 ISRFM¢ AB I
OWTHEOIVICW R Z = 2 v 2BEFA LI R
CHEATUT KL E 2 iC AL, M2DEIE Brol
HCRTWICBR 2B TRBOHEEL D, Sa
BN Y OTHROBHINEY 7 1 & A FICiREET 2.

—_ 1% —
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(hi%) B9t T 7 W : (ER)
I LT fdrei Bl 2 b iug Fio 10 o e a0 i A5G oy Sicmidmd fhfic Ao

ltriﬁfﬁ.’.- bDELTINHEURY kY GRL, —EERTHAIO» 20, FLESKCLTHE
AUEEITHEICE N ORI E D boTE L, FMWVE RS, ol LM vwBAE .
TORWEHER 2BICWLEL = 7 v a8tk 240 E 3 AT A LTR—0RE LR L /.

Fig. 10
0.6 Fig. 11

- 540°C, 203mm 02 (1) 3

:gm 540°C, 200mm Q, (H)

£ S40°C, 201 min Qz(ID k2

5 SA0°C, 82mm0,(T) !

02 37°C, 200mm02(T) -

540°C,130mm Hz (1) No. of wires
1 2_16 _I_dl0 L 610 L 1
t( Y60 sec)

Fig, 10 4 (1), (I (1) LFEL7e@iX = 2 v A A, RRIFIROUT L EET 5. B LTH
Fefli Hioh, Fig 11 CRTMEREREC L 2T =2 o A2 PLOFETOSHEIE Y R 7.

TR EREREOHTC L2 HEREANOM AT R GIC L OTREEZN S bOL L e.
B¢ LT HHE Table 11 1I2RTHTH .

Table TIIT
Canling constant k

b He t O, j Feeyei k
i
540 3:1 150 1.01
40 a1 J 00 4536
&40 31 250 470
50 311 ' 300 502
540 3:1 | 350 5.35
540 B ’ 100 5.68
340 311 450 5.97
540 311 500 6.98
540 811 | 550 6.5%
540 311 i 600 8.0
340 9.9 i a4 195
D40 3:1 224 4.41
540 38: 1 924 4.52
540 51 vy 4.60
400 851 200 £15
450 3:1 At 4.9
. 500 311 A0 4.98
540 1 211 200 4.36
— 1B —
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N - ' WL FOES Vol.

M (KR (e8r) E?Hi&ﬂ)ﬁfﬁ

A A 1 e T e e amar R i B e e

2. MR EOMRE

RRFEORAMIT TR 2 { VBT D 5%, TIULMETRREO N S 2o bR~ Bl |- mﬂﬁ
Ik ot N3, ZRNICHERIMEOR QY G2 5§12 (& EH SN mﬁﬁéécﬁﬁww
OFICRTIERWE e T 2 0805 5. PRI Fig. 12 57502 Mi%n 2 %0 .
RS CHOT, TR EO IR ERIC U0 LR L THO—ICh ), ﬁori
fEAE L (b b N2 2L ( L. FITAIARCH 5. lRamMoRECZISE I Rt Ri

Fig. 12 Fig. 13

FUAAREL 0 b IED R TRAMEE AL, T e RRURC ANTIRIEN —EC I Dl ik
he B L THRA CRWEC T 5. BRSSO T 20 Z oFRFO I OKREE G X

OTHH HNESIEL L. REERHOLEEY RE~< 2 (T 2B TORRIIIAS MM
FFores HORIEMEE ITARIC ) AU T —REOTRIIC AT 5 IRMEZERSRICISR o R L CHe iCi R

AR AN, BARUMAOSRZ 2B LRIE L LTl Lic. 57 ¢ LTt iU g 13 1035
THOTH D ERAASRIIIEHCUIVE ZNUBELOZ WES . TR K L TERIMERS 28758347
Z2L0TH D ML ESE 2 —HREREF, TREOTERE L2k Fin 13 OUERILE
Cd 5.
3. B B ¥ R
e, IRBOREFEBMEEO K EEE

BEREOBRFCEREMOB 2 2 (XL AL AbNTHLHNEHOT, —HEIC ORI
P TRERESREE FEAEERICZ CEMCE T2 LBE~LNLTH S, FLEL BT
WEDAEfeid A4 HEIC 1R3-SR T L SRRSO R ) > S 5L Wiz 2 HRBIIC X DTH~
HNTHDHORTHOT, TOMAOME L IEROMIMBHEOHERICEETR G L2 n  JE2Z%
73 bDTH 5. EXROVIUIREFNILO FEc L b EERERELrMEL TS oz & ic X 2 TR
BRO A FSMHIIC 2 NS 2T L CHA. KEERITAC 50 H-1 0-=3:1 v
ARBC T 2R, BTEEEALCIERERIC AT R EO B Wk D St S+ 20t ik R
AR IR KIE T { T 29 5. RE T GRS G AIC e D i e 1 L e T 2
b, FREBAKEELE~LILTHIHLDRIEIWELHL, TORNDOIRIC T & #F L 4R,
HRLERD OSSR 22 LWL NS,

Fig. 33 a b (I TOMNORRICAE 2 NREO#ELZ FTERCH 2. Table IV T b0

9 (1935)
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(fer) BREEOTE | (HH) 15

A o o g P S g P s e et e P e

Table IV

Temperature=540°C., H,: O.=3: 1

—te — -

Initial Pressure=10.0mm.

Time -Ap dpia ofdt (AN 0fd)x 108
(1/60 scc) nunky., mm. per sec. per see. per oc.

0 0 i 0 0

1.4 0 0 0

20 - 0.010 ‘ 5.00 3.62

2.5 4.20 : 5.14

30 0.045 2.00 ) 250

a3 2.50 211

L0 , 0.062 2.00 .51

4.5 L70 214

a4 0.U76 1.30 1.64

3.0

0,082 0.90 , 1.16

Initial - Préssufe =1:,7mm.

0 ) ' 0 0

1.0 . 0 0 0 ’
1.25 0.015 41 5.0

1.5 0.048 148 18.1

1.75 0084 16.9 210

20 0.129 17.2 41.8

2.5 TENE: 20.0 6.4 . .
0 0.274 1.2 20,9 )
3.5 11.2 16.8

1.0 | 02385 6.0 8.6

4.3 ! 4.8 7l

5:0 0.410 46 6.8

6.0 0.440 4.4 6.6

Initial Pressure=25.4mm.

0 0 0 0
1.25 0 0 -0
Lo 0.013 8.8 10,6
L35 0.040 185 2.5
20 0,044 23.0 18,3
2.5 0.197 * as0 42,
3.0 ‘ 0.350 3h.4 4.5
3.5 0,494 27.8 48,8
4.0 0600 | 21.4 30.8
4.5 0.682 16.2 : 2,09
5.0 0.721 11.0 16.6

B ——

- —
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15 (E#E) () BREEOWX

Initial Pressure=:34.8mm,

0 0 0 0
Lo 0 1y 0
1.75 0.027 - 20.6 25.0
2.0 0.116 4.4 66.7
€.25 0.243 66.4 84.0
1.5 0.376 ‘ 63.2 81.4
8.0 0.586 . 48.8 ) 65.6
hd 0.755 3.8 61.4
4.0 0946 &5.6 48.7

AN/dLesw-.Number of molecules 1,0 produced per sec, per cc.

COMT A & 7 L RE R TR MG 5T, TRURRSRTIE Fig 14 otk 3. zodhl
BB UADE B0 ¢ FUSE JE I3 2CIE B B ASRANC T 2. FRANEGAEIRIZ 12— 14 ORI
ST 2L B~BNTHT, EERENNIOAZICEFTNERECRELIPL0CH I K
OREX R IR LEFOMRVE) 3 v REETOREY A3 L RAIREORET 2 (X
o LTk s AL, HemdTs. coB REEE: (HI0) chkf+z 2L

Fig. 14 ‘Fig 15
Temp.=30°C Temp.=540°C
H.:0,=3:1 H,:0.=3:1
o Initial Pressure 4 yim. oo x10'8
% e —— 10.0 mim, a0l
0
0~ - ’§ 70
:Egv_- Omm, ;5)60 8
£ v 50}
NI \‘?:
(<1 Z 40
L % 30+
20F
- ok

o I 2 3 4 5 6
1( Ye0 sec)

TIREGET oMM )RS OBRIET 1Z & T LT ARGEEOBEHINBHME & R —HEEhC
b2. Table IV OBHERY Fig. 15 (2R F R0 ¢ i LT LTHROBEITHE L 7chi
TH 3. BRUOKUCEED MAGERR O E: L THESR B2 T & CH2T, Rt
T RIEY HEO, SREFOREINM L FlT R b EEEL K EORBIT T OMTITRT 3/60—4/60
sec. RIEOERUME AT Lichs. HEREREOR YT T LR TIIHRICERTS.

Fig. 33 a. b RUL Fig. 14 o lhifd 5 B 5412 §ic 50k S 2 R FERIEEMREE o I BEIC A Tt
R CH P AR R 1T ¢ BT AR 24T 6 FIRKRSIT L 2N OB M BRELHLEVWT ETH

— P
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(HizF) BEREEOHR () 17

Y

o~

5. Ao BIIERTH ). BRI S ILPRATS 3.

b, BRHIORE

MEAECERIEMA TR LROET 55, W15 10mm. BEE I 3 T AL o Bk o
BEkb, TRLINCHIERI X 3EIE LRI NG®, Borme Kicig e (23, Fg.
33 c RIFROBECH 2. Table V i3 RIEAIERNIC 0 TH LOMFRIT L 3[ENOFFRIMELE

Fig. 16
Table V Temp.=540°C
Temperature 540°C. Ha: 0,=3:1 Hy:0,=3:1
_I,’r;::y:-la 39.8mun.| 47.6mm.| 61.7mmn,] 88.4mm.|110.0mm,
o -
(1760 sec) Ap (mmltig)
0 o [ o 0 0 0
0.25 008 | 013| 0.18| 047 | 019 —
0.5 010| 01| om | o7e | 056 ,"'SH
n.75 008) 008 0.06| 078 | 070 e
1.0 003 | —0.18 | -0.21 | 0.8 ] 0.60 e
1.95 — | w089 | — | 000 | — E
1.5 -0.86 | -1.90 | -L.75 | -040 | -0.22 %
155 | — | 413| - | 48| — E
2.0 067 | 493 | -6.1 | -307 | -8.35 =
. I o =
2.0 -2.1a -7.93 | -10.h -6.74 —_ = 3
5.0 -7.20 | —10.28 ~9.00 | -18.5 3 \3
L0 | -102 3 :
L A

('./;5 sec)
Hi4 OWIEOHEIETRIL, Fig 10 RTUEWMRLA SO T 2. Fig 16 #3205
RIEFIKELTHOT. REOEIEYRZ T LML LEECH . LMEORLIC L >TRED
AR E R ol v FEUINOE S (L ARE2A60 we. BEOKEI T, Fig. 18 wyivmd,

Fig. 18 .
i Fig. 17
‘lemp.=340°C
iy O3=8:1 03 HoiDs1355 g |5
=02 w| |2
St E ol |2
. o = m ~
3 4+ ) =+ fau
3 o 8 o wl o
5 3k -
1 o o _
Sap° 0@ 0q P 0
- ®° [>] o L1
U 0 2 3 T 6 7
t (V6o sec)

120 G0
Initial Pressurc{mm Ilg)

FWORERIC L ) & p 53 i BEHORILIC X 208 ERORERIT SATIED 5w, SLm
EEMRICHRT 3 b &R0, FFRIChASEENG MK RETEL, —RTMEESN L
MELKIC e BERIC L2 B3, RRIGHERRIC L THEIoBH ORI L ilETe Mg 17 R



'm0 ES Vol

s (HHE) (S2F) HBBERI o W5

e

- e

SiLaiiathiRe 5 . IERCEMTIED 2 AR LD EIT X DTl #ITitT 5 s &
K bis. Fic 17 IFFNNOoRCEWESOI0THS. Fig 16 oiiixr R3ichhikikic
T OTHOHEMOIMREMR 28NS CIEE ., TOMFTHRTLHREIESSLTLORVC
EXRLTHA. TOMBOELLTE, RUGHERIREBICADTHhS ST s it (2 %
2060 sec. DEEHL T 5 LMBAND. COREIZMIORMEIC L OTRESHEY B F. K
HEZSHT COORSRHIC 5S8E 2 © L IR LT 5 2 L ERTLDTHS. DL O HERRS
YI540°C, He: =3 :1 ORSEBITHTTS 5.

¢. BROBABEN:IORERE

BEOMASRIIIER RN 2 BRCHOT, FERIERET AP 2GRSO it R-ane 4
Bt —RAE2 I R 2 2. EFEINIKECY R T b BB - i & TR I R e B AT
B & o PHIDMIE R 473 2 RHE AV LAy . BRICIHERMAO BN R E LR 2
ROIEFTOBEE A FIMICR2 3. CLEESIREE L TR AL VNS L TH B,

AHCERIL SH0°COEEI AT H: U.=3:1 ORGEMHTHOROTHEOT, TOHRLGHAN
DIFFORRTIMER Fig. 1310 L AE120mmTH 5. TORIIEFICHA T RIGO 3 E 3 MR K
JE{. oD o ki Lhvg REERERIERR ) 2 k20T 3, KEBROM
BRI L BB B LT b (4 Fig. 33, d.e Bzx Fig. 19 icx+in (ERAKEHH 5.
REFIUE RIS GRICIAT 5 T LT L DTHIRLSMIZN : 50 CHDT, ZIUEREHO

Fig. 19 Fig. 20
‘I'emp. =340°C Temp.=3540°C
Tai Q=311 s Ou=3:1

T
[
3
)

Aaman
o sec.

W r WRTBICHECHRESBZ L THD. WA AMCET 2 ERO NMEHDHL 5 Bic
WIS T RIS ROKEEMERIC AN THEE LA, BAEMUFIATRTNIC

ST L EWICR L, LU A TIRIGENILZ (Fig. 20). M3 cHLM~5kECRTH

ANVEEY 2SN E EDMr W, BB k3. §EoEPROBER SN E 540°C. He : U=
3 1oPF1200mTH b, LEICIRAT 3 H GO NI BImoll 2 CA{ B D CoHFOEMAS
WEBHR O LG IC & ZMETINEMAERIE Table VI o §SRICoET. T OMIT NS b 28R iy

N T g

9 (1935)
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Table VI
Temperature = 5409C, Ho: O.=3:1
Inifial Pressure =1509mmHg
Time (1/50 sec)] Ap (mimtg) d(?u"‘f‘:,:t;}?‘:;
U -0.13 —
0wh 11.4
1.0 I o0m 174
1o | 0.4 L
2.0 ‘ 0.10 55,2
30 | o 12,6
Hi ! 6.5
4.0 I 0.25 61.4
5.0 b0 | vy
6.0 | o 9.0
8.0 l N5 .6
we | e 1.8
15.0 : 0.13 [
200 ! 0086 1.0
lmuni |:rcssurc=lim.ﬁmmHa -
0 I _omes —
05 . 15.6
LT 1995
1. 0.018 2.6
1.25 l a4d.0
1.4 | ' 60,3
2.0 0.149 43.3
o 0,207 4.7
440 | 0.221 12.1
a.0 0.207 6.2
7.0 0.188 id
1.0 0,167 5.0
14.0 (.130 4.1
20,0 ; 1.093 ! Al
Initial Pressure=2105mmHg
0 | -0.047 —
0.5 ‘ 16,5
1.0 0.024 20.6
1.5 ‘ o0
0 [ 0.087 g,
.0 l 0,120 iy
4.0 | 0,142 13,8
5.0 ) 0.150 8.4
7.0 i ), 146 4.4
10.0 i U114 ey
15.0 v, 103 3.4
20,0 | 0.094 5.9
AN 14 0fdtseee Number of moleciles H, 00

produced per sec. per cc.

13 M oS

R e o L N S e i
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(Gig) 1

OFFIE M~ b ol Fiz. 21 oiiced . ©
i HBREHTIC L DT L 2o IR Table
VIof 3@ i+ ikchs. ficoch @i

b Fig 22 oz i 2.

o, 99 b Hh S K

Moy RIS v i A o) & € RS IT D L TRERE IR
L, BURPLT—EOMRIELED. OBk
ISR S v e S FRED DR SRS IT G BRAE

Fig. 21
Temp.=540°C
Mg : Op=3 : |

[1¥] -
| Initial Pressure 1559 mm. I

0.
u
i

- 190.6 mm. T
.
E
£
%V 200.5 mm, m
o
o 201.5 mm, ‘Y
4] 2 4+ 12 3 [T 20

7orxm’*

ta
=

2

[
o

w ( aNwyo/sec.cc)
$

76
5 t (/50 sec)

Fig, 22
o e o
Temp,=340°C

AESFSTWSD

M 0= 17 )

[.155.9 mm,
I.190.6 «

L. 200.5
Iv. 201.5
V. 2940

[y

"

.

DU,

4 6
t{'/60 sec)
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0 (HB) (RF) HE Mo

e i it P % P o - -

o o e < gt .

¢, ToMERIA T 2MLITIEFEICEL V. iR [EPRES 153mme § o THGEE *
BT ~2LOTH LRI ROKEEBANCRE AL LR ARI LSO TBOT, T
NAFF 2 oh Rz 2PINRE L 7T
d. BREOWMLIC & 3 REEEOBML
E#E%ﬁﬁﬁmIOT&&T%t¢MM%T$a#,%mﬁmwmmﬂm—%Eﬁm&&B¢
MEORT-ORME R b A XA URTD 3. KERCH T —ERGLORGARICH T, 2y
—5e (200mmHg) 1T L, SEEZ400°, 150°, 500°, 510° &8{L4 L CRIMIKHED AL & M7 L 7.
OO~ Table VI ITpT#cd 3. Fie 23 (Toith s REEWIEIC & 3R ok
kDX TR CTH U, Wit Zd 6 3R LR EORFRINEMEIZ Table VIL 0 3E3HH
e Fig, 24 1S5RT R CDd 3. FBECHTRERERLRNE < RBITNEL THALET
PHUERYT2LVA—OFEBE LD, REOEVICL ) ToOMRRZIERIRKZ(EY, WX
: Table VII :
H,:0,=8:1 Initial Pressure =200mmHg

Temperature=400°C. Temperature=501°C
o ‘ i dN dix 1014 &
ime (160 sec) | Ap (mmHg) l}l;effw e 0 0,050 -
- 1 0.002 11.1
0 ~0,035 - ;
' 2 0.041 15,1
1 1] 0,09
5% 0,067 20,6
2 0.001 0.52
5 a1 . 0,099 148
3 0.003 0.70 . o o
4 0.009 1.21 : o110 3’
5 0,012 2,36 ‘ 2
7 2.8
6 2.88
& 8 0111 43
7 0,028 | 2,07 5 8108 a
AU .
8 3.05 ) ‘
. ; 15 1,083 3.2
! : = 20 0.060 2.2
W 00039 2,71 - § e
12 1.92 Temperature =340°C
15 0.060 1.57 0 0,005 i "
. -
= 0004 Yead 0.5 | .5
T Do
Temperature={30°C s } =24
B 1 0.045 5.0
0 -0.054 - 1.2 39.7
1 -0.040 3.56 15 4L2.
2 0.002 7.81 d 0.108 EHRE
2 0.031 9.74 : 0,142 19.1
4 0:050 10.47 ‘ 4 0.144 L1
3 0075 10.12 A 0.164 10.0
3 0.085 4.30 7 0.164 6.8
19 0.075 2.95 10 0.141 54
15 0,060 2.72 15 0102 )
) 0,060 2.54 " ) 0.068 45
ANgra0fdtacse e Number of Molecules 1. produced per sec. per ¢c.
—_ 20 —
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CW&F) ﬂﬁfil’ﬂimﬁfﬂ"‘ (F#) 2
Fig. 23 Fig. 24
' Tnitial Pressure=-224mmHy. Inilial Pressure=224mmH.
Hy:0a=8:1 Haz0a=3:1
of 1o0°c ! " 1. 400°C
40si0 .450
"T > {.500
L 250¢C = 5 w IV-540
A}
e
= =
=¥ /_ 500C S -
5 8

6 ]
t (/50 s€C)
\

[
t{{/60 sec)

TR SN S IR OB W RED . D THRAO AT Y 2 IR IS8 e dh i@ o -5
ICE b EL{ MM UPEMEEIRIEC L oTRE 28 LT o L kT 2. Gl
ELOBEIEEORBLICLOoTTNRAR B REEVETHOT, TIULMBHOIgCiFT~ 2
Ch bH. BROHBMOhRO M LFUES LR X2T, #oTHROARSC L VIERITHRIC

S A. TIUERIEER IS 2ERGESIOR (R 2 LI aiic v T & v BT 5. th#to i
b t=0 KA 3 REREOR2 4RI 5. Mﬁomtihwbﬁaﬁuﬁﬁﬁm<knm&
KANE S T aOR I bF, B WEHCHTME X VIBET ZHED 805 T L% 5. 400°C
IR ROBRIEED FTh sl t=olC AT BEELV 2 WORE S Fixh b 2RIE5H
i/ 3 HEMAEED 6 i

e. BAHCLIREEEDORE
—EIRAOFRMITENT, —ERECRT, WOOBMEC X 5 KYSEE OB SR ORISR
FHITIT 2 TR aED -.?35%03&3[[: FAT T EEHEORI TE DI, BIBIRBICAE{ EATHD
TTOMELRERICE 2T { 3. B0°CILAT 11 0:=8:1 ORAGBRGCIH TS PHEAIRG
5 EHEdhiRiz Fig. 33 f o b i RTHkicc 5. T FREDIOSME ITRI L 74 o % Table VIII ©
FAWCTHRT. BB NOFBICHTHHELB ET Lz dvid Fig 26 ot '). Fic
T 3 L REESIE o0 EHEx Table VIII o E380IC Fig. 26 O TE 5. ML
OIEINCHT b T OREBILNE 2 B0 4L mb&ktﬁ".MuﬁbL.ﬁmnkhﬁfac&
8tk Fig 22 Ror Fig 260 LB+ 21, BUGEECET 2 B4 ek o) 4
BREE I a8 B0 FHECEFEENE EL, 211 L VRO IC L D fotE s ¢ 548, 200mm
FHEICR TIRBACREY A L 2 TRE 2BHL LR TICHG FEiviciBT 25 £ b 4t
. HAO OO BERDOEGIHI WIS L TEL (M 25 WA R IR
DTHOEABAPC A 75 D MICRET 5. 250mm BRI LRigEEE LTmice b, 4
DT EBRSHEE L 1T L0 6-REICE X0 3. T dhERD TRk S IE o A 2 Hid
BRaChD. WHINEREORE SIRCALI~SEN LA R V. HMAREOKS mFTichs F
t=0 ILRY 3 RERENOH MO KA ML TRMCHXT 305 T 3. ChEB—KREEEZ
OMPPEABR LB T 5 $BOHBO D TH L TOHROEM O 2 faic L OTHEIINED.
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Table VIII
Temperature=540°C 1L : O,=31: 1 : *
Initial Pressure=502inmHe I 2 R 155
o 217 HHA
Time (1/60 sec) | Ap (mnll) ‘"};ﬂ;‘,_"zg;" | : ::,l; _fl'j
: 0 -0.015 - 6 0.263 14.1
0.5 59.4 % 0,972 15.5
0,75 6.2 8 0,277 BEE
1 ©.119 514 10 .55 11.6
1.5 B1.1 12 0.240 TS
2 0.202 87.5 15 1.218 11.1
4 0,328 61.0 20 0.190 0.7
A 0.279 i Initial Pressure=290 mmHg
5 0.:384 26,5
& 0.570 22,0 o -0.043 -
T 0374 19.8 A 6002 .5
8 0.360 19.1 i B
10 0338 19.5 ‘ = s il
12 0.321 19.0 | sl . il
15 0.300 18.6 B Lo s
2. 0273 17,9 * , it i
- 5 4,126 20,6
Inftial Pressure=437mmIly g 0,152 26
TR R R (A B
1 L B 10 (Ji201 1 12::;
1.5 59.6 ; :
2 0.159 4.4 "= v 2
- : e 15 0.189 9.2
N 20 0.172 00
: 0.281) 59.6
1 1.329 a4 Initial: Pressure =253mmkg .
-5 4 23,2 0 -0.012 . =
6 0.345, 21,3 0.3 0,019
7 0.338 20,1 1 0.034 9.5
8, 0,331 19.5 1.5 11.1
10 0.328 19.1, 2 0,072 14.3
12 0.3:6 18.9 25 18.0
16 1,314 18.7 ] 0.005 2140
oy 0297 18:6 1 0.110 19.5
: T — ‘ A 124 14,11
Initial Presanre;.BTIJ@nng é 0129 9’,
o -0.036 - 7 : 0,124 6.8
1 0.009 28.% 8§ 0.119 417
1.5 4.3 10 - 0.107 4.7
2, 0:101 10:0 15 11105 4.6
2.5 L a3 20 0.000 m

ANp.ofdteeseasans Number of Molecules produced per sec. per cc.
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CEF) BB MO FE (RS 28
Tig. 25 Fig. 26
Temp.=540,C Tewmp. =540°C
Hy:0,=3:1 H.:0,=3:1
Sopx10"
Initial Pressure 253 mm, I r
290 mm, I &0r I. 253 mm.
0.290 mm.
376 mm, m 70+
M.376 mm.
467 . i) 60n WV.467 mm.
— i V! 502 mm.
+ g
[
W
(2]
~4
: S
2 3 g( Ys0 sec) w zz
k-
lofign a8y EFac L E BT 5. WL T >
SLEREETE O M AU IME Dy o M I & SEiT iR e s
FIRIATN 2 B —K I B RIEA T 41K
CHIGHIER O TAE( A, CoMREdit3
ABHoMiZs 7 nse v F—851 L /T
oC R PW—ATEIIC Y T s h A b b . '

enFar s  m07e B RREMHEA SR 2 iR i % 4%
LCHUi#ichs. coBRIesrtrc sy

4 6
t( Y60 sec)

WTH2Y, BREROIHETS 3. BAOKLORE BB DOKSE I CHTRERIZASZT
L BBEROEARMBOND: 6 b il I RICEH LN THZHTH 5. .
RIS L L1 M 25 R U L T MBI e 1 1T 2 1 o RICHRERT 2 rikic k2
Tl Use. Fig. 331 ko iugsn. Table IN (2510°C, Ha: Ow=3 1 1 OiLAABBO A OB ))

‘Table IX
T lm_tia{_fmum 25% mm 388 mm. I 41 mm. ! 434 mm.
s ]
~ Time (1/60 sec) l -Ap (nmlig)

0 " 0 0 0
i .003 0.005 0.008 0.010
20 0.005 0.010 0.013 0.019
0 0.010 0.015 0.022 0.029
40 0.015 0.020 0.029 v.037
50 0.015 0.024 0,034 0.048
&0 ! 0.017 0.030 0.042 0.058
80 0.026 0.041 i 0.058 0.075
100 0.030 0.062 | 0.071 0.094
120 0,035 0.061 0.083 (h112
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Fig., 7
Temp.=540°C
He: Q=511

APy (P /sec)

\

150

T

&0 920
t( /50 5€C)

CRAE B L 3MA0RP LR, chvriE
RENE Fig 27 OfIc i 3. WRINCIERAO
B DEBE L AWIC FOEM DL S IC REEE

.
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Table X
Tempemture =540°C Hat 0,232 1
Pressure dpgeofdt (mmfsec)
253 0.056
290 N.062
323 0.066
230 0.079
358 0.062
414 0.086
423 0.108
434 { 0.112
467 0.142
52 0.149
630 0,147
600 5 0.186
G090 0.249°

Brmaz 25K S. Table X RehbnEEY 2202 bDTH 5.
f. BRICLIEEEEORL

B AR S LT AAT R — M8 F) (224mm HE). Fl—illIE (540°C) v FBICHLT 2 ALK L 54E L
THBERGEE L L% L. Table X1 3 BTS2,
Lo Fig. 28 O CH 3. BiIT T o L7 REHEORGASE b Fig. 20 Kex Table

X1

Temperature=540°C, Initial Pressure =224dmmHg

v B ho%RY ok x 127

Table
Hy: Op=5:1 _ l
Time (1/60 seq) ' Ap (mmHg) | "\(,’.‘;:”'ﬂf-x&(};"
0 -0.016 =

1 0.008 15.8
L5 25,9
2 0.063 3.3
25 32.0
3 0.122 94.3
4 0.145 14.9
5 0,150 10.7
6 0.153 6.5
7 0.152 5.6
8 0.148 45
10 0.130 3.3
12 0.117 3.5
15 0.110 3.7
20 .091 3.i1

H,: 0,=i8: |
(1} -~0.000 -
0.5 0.007 .

1 0.026 0.7
L5 24.3
) 0.084 28.4
2.5 27.9
3 0.121 25.5
4 n.138 214
5 0.144 6.0
6 0.139 4.6
7 0.120

8 0.119 3.8
10 0.108 3.5
12 0.108 W40
156 0.107 3.9
20 0.100 3.8

—_
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(UR9F) BB KMo IRT () 25
H, 0,=5:1 M, : 0,=22:1

0 ~0.010 = 0 -0.010 =
0.5 0.001 1 0.010 17.7
1 0.024 17.1 1.5 19.5
1.5 21.6 2 0.055 20.4
2 0.063 23,7 2.5 20.4
2.5 0.084 23,5 3 0.080 19.0
3 0.084 20,6 1 0.100 15.8
4 0.114 1.6 ' 5 0.12x 1.2
5 0.178 7.0 H 0.134 7.9
6 0.120 5.2 8 0.133 7.9
8 0.120 4.8 10 0.120 4.0
10 0.114 4.4 15 0.112 4.0
15 0.105 4.4 20 0.099 3.9
a0 0,094 4.2

dN3yofdtessse-o. Number of Molecules H,O produced per sec. per cc.

Fig. 29
Fig. 28 Temp,=540°C
Temp.=340°C Initial Pressure=224mmI [y,

Initial Pressure 224mml [,

| 14
@ 40F%10 L. Hq_:Og_‘F:l‘
of s ~ 7 1 0. . 38
- $3a ALY
=al 5 o y IV %
zmv 38:1 THS 2221
éﬂ'z z:"ao T
i 31 i ouc
a2 ¢
“'[/’i 2211 T Fig
R T %
0 E 4 6 t(lﬁgo&'(’g) b

4 6
t{/s0 sec)

XI o fi3flicatd. IREAMOHIKIT Vie. 7 OBDOZEMER~Z2ZL1CE ) He:0.=22: 1056
5:1%2 CHL L7 FEHEFIMIC D 2 USRI RHUE SRR © B 24t Fig. 2) 526013
RRICTOMRNOFCE Hy: 0:=5:1 iF t=0 AT 28ER N E TR L, BAHEZEL K&
e T LTRIAITET 22 CoUElhSuE FL b MM £33 L, Bk b A IO Mg iE SUEie
ThHh, PR EERECETS. H,:0:.=22:1 2agihBE¥ L REL R, t=0 O
H3EEARESITRL, BAEEIE L, o b wilicsiL cMick 2T 4. coBilo
HIRD b O ILTORBBOPHOY k5T, BAHEICET 3 2 COMMIC AR SHEER L B
Tw.

HROBMEIT & 5EW TEOFNE L Table XII 270 Fig. 30 157, Fig. 30 o¢idhomzios
BEHGHI ZRY, TNEEOTcoN Table XILL T 5.

_ 25 —
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;-
0 (EED (IREF) B3 EoFT
- Table XI1 o -
—_H,:u, 22:1 3:1 T o38:1 5:1
Time f1/60 sec) -Ap (mmHg)
0 1] . ] 0 1]

10 0.004d 0.005 N.002 “0.opa

20 0.007 - 0.007 0.005 0,003

3 0.010. 0.011 0.008 0007

40 0.011 0.014 0,010 0.0k

50 0.014 0017 0.012 ro10°

60 0.017 0.020 1013 0.012

80 0.022 0.027 0.019 0L016

100 0.029 0003 0.025 0,019

120 0.036 ' 0.038 0.024 0-021

o BB L RED 2 <

Fig. 30 o
Temp. =540°C &
Initial Pressure=224mmHy, e :

S Hot0oo 5 BOXE S ABICTHI T 2T &IC )
3 AT N DTHBERIED il % Rl T &
>§} x i 1% Lt L ARG b, Bonhoefier and
. :. ' ' Haber V (2Ek#EIHD 2 <2 F algibT
ﬁg VA ICTFHI 457 5 OH Peiritls, ©
U X O CREk AR BEO Pk &

60
t{ Y60 sec)

'Table XIII

0

Temperature=541"C  Pressure=224mmHg

Hy: Oy dp0fdt (mm/sec)
2211 0.030
29211 0035
4] 0.034
31 0024
. Bl 0.007
5.8 01 0129
I TRV
5:1 0.023
5l T2t
' 5:1° 0.022

LTOH iz c L ¥ ERLTH 2.
TP ERGEE S LTUE
HTd b, fihnashdiascEliy
WCH BT LT ehiiig ik 2
OF s EOEKEICH L CHERYIERIT
TR AR R ITHOTHI TS
DHEMIIPIK Do RiGOER LS D D, D
o # B FT B oM I R TIE H0%)
T LHEE L COH #MLCTHZET
DD ¢

e DAL O PR KT YT
DL SICIEFITIC B2 TSI & D TH:
ERT LIS FEEo kol
e LT HBEDIE Y CTHOT, TOD
H@E bk v+ s Ht
HED VT L TCHS. HbhTcoftoa

1) Bih-

- — G ——
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(4REF) BB M ORFR (F@w)

R P = S N o A 2 i o
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R Bk EESRRGE O RE R 1T ARE IR G 21 MR TR T T L A AR % T
%, TORBEOXEARIEHIET . COMCHTES LA ORBAR. BB 650°C
B S ARA T fTET S BITE 2om, B2 F10em. OFEFRICH 4 TBBREAR L
AL, BYUSWRHTIC A TIERE LY, MRatkchyMMic L. FuchiciRéAlEANS. ©
O#EE HDTICEER T2 T 2t ), 18000 D0REREE R LABELTHA 2~ b A B
Fige 33T B¢ LT O MBRN FERE A2 ZND BB EBD A Y 2 + LTNE Y WL Lie
Wi MO R R C ¢, ZiLk Fig 33 W OB 2 <2 b oo kG B MACONBthsT 2
Hibbs. ZAHIZ500°—600°COIFRRMITNT OH ALK E LTHIET 3 T & ILRT5
SfRAI - 7

iz Olits DRI E HA~ IO 1LO: OifeTdn 315, KEKEOBE HO: O
IO 7e0 & AR E T, SLKIEKIBAIUY I 550°C IKAFEF DAL LT, o
ﬁ&wlO”PML%ﬁbﬁhmOk SR TS bR IR FHBICATHA LEWD
O ARTMETLIFEICRC HO 2535 Cdbb 5.

oI B M ER
Lo B I S IR 98 IR I 0D S

1B BT B A OEZIL. E@EM&%&EMMu&D Kz BMENION I fRTL, %mﬁﬁ'

R 1T B 2T, ERREOREM /M A TIZ RIS EFIC /I R BICRL. MRxils

%mﬁwﬁﬂthEwﬁﬁu%ﬁmW$wk$<t%auxmfb%.ma¢nmﬁﬁﬂ&mt
'wm%mVﬂTTKﬁwﬂﬁBﬁmkhﬁﬁT?&?«%W?éa-wm&wmbﬁﬂ%kﬁwﬁ
BEIRHEL ALK IR AD T L L E L DHMRCD B T QBRI R 2R AR D
OB AT LDENLRBESGERMED bORRL TRA—BEC L OTHES bOTHINTN
Beix 2 2% e fELE b IGEomE MM B QX WD O L00r BAMLRII BN k 3 WE

ZPMEHCENKDZEOTHOT. EROME HIEIC L DTN GF 85T 575 6 (IR L g
BRI L AL 7 b OTHOT: TOM D4V ABDTHOTS BT LAibr 2. WHHAONH
SLOEMEBHRE I I CUE BIT S~ Aedn ¢ JREASPRAIERIRAMC A DT b, B (haicH & F e
L3 23 2 12 THEFT LIFA A SUEICIET 2. #OTZoBFIIRTRARIO R T LI

SEORMYE L. WIZIERAER (0T b REAERT 3012 2/60 sec, BIEDIHNEEL, L -

B BWINL B $ OB AR L T ORIV MBI IEHIT /I I S 6 ASBIC I L THRA LR

5 2 CORGBAIMIC 3 NI T b T %i@ﬁ&ﬂ Fifs &R L7e b ﬂ’)'C&7 LRt L

A D
ﬁ?mmﬁﬁ%kﬂ ﬁﬁ@éﬁmkmuﬁﬁuﬂmL ZIRBEHEE 2T A2 247 20

IMTAT E~ WL ESORFED b A TE 2 e, WHEBRANA 2 LOE—EOBRE—E
D M R CAIOHLUEIC DT — LA b 0Tl {, REBOBTO I Aficith T 50
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2, IBREEHEMEO B
BRI IR C B 2 MUTREDMIE w (T KOR CHREaN 3.

o
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1—a

M {I W —RKEBIC X 2 CTERENSFHEILOBTH V. w (EHIOMES T v < Y F—Td 3.
ORI <l OFRICATORERIRELXHL. «>1 ZoEARICERICES. a=1 2ERO
FHRBTHOT, no /& G TORMAMIIFHICHRCSS. —EDFRITHTIL « (LM
DEBCHIMITHIL adifhomns oz L, BB ERTHUERL T30 0T
babFae=1ka¥xiiL. #oT oMt ac i Z;. zi1E Semenoff? R 18

'Hinsht.lwmd'-" OENRCEHT 2E5~CHOT, MFIILID « DEHIINE FEISREO FTE R HID

BPTML. B0 a0 ks KT L2 @R poESnE Mo mnc k2 Tiw &

. LTRELE.

Alyea and Haber® (IFEAKED BB FEMELG HET LT L LTHL, Z2ORMNE LT
ORI HEAC AT 2 L D b ESBEDWAFIREIC L D b & LTRIL e, BB ERM
EAIRIC A TN D) D i & S D G L2 2 BRI S, &% D % 16 o ERin IR
ICREDW IR LD B DL E~LDTHS. Laber and Oppenbeimer ! 3FE kLIS
ARic I—KIT-E M2 6 R L 5. CORRCITBA G (A E L vwe S 2R L. &
A2 DD L E A SRRSO R4k 5ML;mmaM|mmrwmmamm
2T AEECRR 2. JEL456 Hinshelwood and Garstang # {3 Alyea v JIigIC REHT 2 AR T M0,

ELBUTHESEORC L DTHRIPEA L TILIZELEL RLL DBNE I B b~ LS S

T L 7. Lt Wiliamson® %7k Melville and Roxburg™ (2B SaHEORT & BATH RO MIT
MiEE S C & e UHERY L, EIRIGYE Nalbandjan® f O—iT kix H—5iTHc & 2 RIKEIC
RSO B DT L ERE L.

B Z BN EIICAIT 5122 S DA D—HE R CHD. TROIERIC X ILIZEIICRE
IZ ATIXALMREOMEZ IR /S Wi, KT IEL TRDBARNICEL. oMb Fac s
RIS RTHY CHS. ML TTOMAICRTIZIRERIEINEINC X2 T:HENICERET 5 kc.
BEAIORINIT E 98B ko THBT 2 & LTRMAT 3 T stz s, Whosmic X 2T
BOEC BT LT EEER Y (35735, FHPICRE 2 ES8DIREORICHNTT 226 IEMAO L L
DEHEIC L S THEBK VO RT e KL 28HEATB 2 LR BE~b . BECZ {DAAITEDT
AL THBINE To HAMTHP 3 EHNEE (HNE 2 Lol S~ itk bk
. JIHEEDDIEIE ITEAIPIC S SR A BECE L CRil SN 30 e U, #oTiHlls
Bl h2&H~ots. TR EO—BKLcBE~TH B4 CoMARUHRIAIn T 28

1y 20 8) Wil 1) A phsik Chem. (B). 16, 4431 (1952).
5)  Proc. Ray. Soe.. [A). 1.1 (1931). G) J.. Ane. Chem. Soc,, 55, 1437 (1933), 7) Nature, 131, (90
(923).  8) Sow. Jhps 4, T47 (1933).
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AN e P o Al e A et ot i At Nl ol A e

BT X oL At TR ¢ oL TH v, Binila B Pk BRI d L rh g
FhELLINREHA~LNTHEINRCHS. FLoOMg = & 2 & =580z bW oin K~b
NEWT & $EWVE, WEGRSIOBAIIMTIC T OMmETAEEL @ L TREICITEL XS S 1IBF¢E B
N FHoEERE: W RAUTTIOMER MR rB2THERI T L ERLTH
%, HILAESSHORE AL ORI L OTEREIN S SO TRFNER by, PRI
BEICRCRRICHEE A NS b o & v, AEERERE RESRIECIEP T a3, RL—KRE T Dk
BREMESRIEX BO/ 2 (T2 ERER . W CE~K S0 b EOEHIIEREML, S
Bk O MIEQBSIL T RY 3 PREIEMNTORZEICERT 2 b0 TR kbiwv. T
OREO P IMESE (RPAA T L OTHTRLEBRLETE 2 LE~LMTHB T L b R,
TNLOL O\ FEESAEMFHIET 5 O TH 2T, BHICRTIEAECHRT 3 T b O 45T
WL BRECHD LWL FERE~6NDZ2LTHD

FESLEMC R TIRE { O R 2 RERE 5. MLﬁblrﬁﬁkx&o¥<aﬁﬁﬁrkhﬁT&
CRIGESO MBS EN S TH 5 L LT HREOHNEREIGET 2 b OHLARINC ARG 2880
HRIEC & DT BB - e S BRI~ AR ORS Yo B H~ 2 b0 TH 3. HENIOF ¢
7oA LRI RSN BT LA LIEWT LO4BICR 2 B9 KL T CRESCHIRIC
N 5 K ORI B ~2 7k 5 WSRO R RO TAZICRTIZ LS. BEASE
BT 3 Alyea @RITRRAEL W & THUENA B IENOTFIT A TR FAHUZ AT 2 AR WA
AR RET S 3O CAPER G B Y. ASHOMBTICA TR EREZ/NE (. KPiC
M LTI Ic Rk Bt L. HERc/E (BT sid HOWST R T REEE Y ZRLT
23 ORE—A . EHTROEEMNEEN T 2T, oML OHEEIT LD ikoERE 3
LD EE~DGILS. LTCOMEMEMOKREICL D, EFFEL, UTBRELS R WRikok
WITHET . BESUEIBCRVREBRIEOKREIOT—RKREY LEL T 25T EOERIC A
S BRI AR R 17O, 2O R ICH—A GO @ L 5RO T REERID
W2 L wiiERC b Vi3 20CH 5. BHIONEEA M BT T—RO FMCH BIC 8L,
TERES ZIUC DWW T TR CH D ETRIETOENE—FKTH 3. EEAEEY FLoBhIChE
ZHMBIREL Roic, COBBRRTIRNMTE 2MENICRTLRRCELS LT3 RWOHBNG 2
b FERIIMERICA WO TH 2T, TiLh b REEOETIC IO THFED Ol Ha i
TRESEIEX/DE T3 C &ML Th D i LTRSS TFT 21 RIE S o R RIE
OIS RT3 T & IRMELTHA. ML TEs—ElECRP LT3 205
BALE c OENIEEOREERMIC LS 30 TREWT & SEHLTH S, I—KRIEOBUEILIE
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ST & TS DI o mLL%~AE@DAEUEMWMLFH o FMIEREN b2,
ABRMEL e icftoToTHERE(ED L VAHRICE 2. EoHRLLT ﬁﬁ*gwMﬁu
WhohhaBRKE(h 3. P t@%&m%mﬁﬁﬁﬁk%<kéﬁﬁméﬁﬁﬁﬂm%rk%
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. KBROBEOBRLE:ORIOBEHOHECRMKED DR EROBELHICANTETE, Fig. 2
- DT OMEEBEAUOTHRGRIC Z b v Lhb bR, WHE moﬂﬁrxo*
& L7 P IERWOIRMEASMEI S T LT L 350 THS. X HAOHEAIRL FORIOHE
ﬂﬁﬂﬁﬁﬂknﬂt%ﬁﬁkﬂTC&ﬁBEnm,hoﬁﬁmﬁ ¢ LT h AR HED
RO B EAE R LD BRI R BN L ERT. COMMCATIZRNS Bk #
| REACRALTEVCTHERT 30 CHINIC, HAN L bBETHB: *

£ ' 3. R HE O S

Hinhelwgmi {Z Thompson®, Glbbson® 3Ltk L0 REL IHACHEL T, CORED
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