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

By
Wasaburo Jéno

. Abstract

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

reactions, and therefore, its research would contribute: much to the study of the Imechanism of

chemical reaction. The very reaction has long been studied by many investigators -and it has
generally been observed that the reaction belongs lo the so-called chain reaction and that the
exploSipn'occurs in a certain region of pressure at a certain temperature. Nevertheless, the
mechanism of this reaction and the explosion limit -are not yet elucidated succéssfu]ly. The
purpose of the present investigation 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 clicfly at room temperature. The experi-
mental results obtaiied under various conditions by means of such an apparatus as Fig, 1 are
shown in Figs. 2, 3 and 4. The reaction velocity is proportional to the fisst power of 11;
concentration and to the higher power of O.. The mixture of H; aud O, in the ratio of 1:2
is most favourable to the explosion. 'The relation between the pressure change and the number
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 explosion by spark is the heat
cxplosion. The reaction in the vessels packed with glass fraginents shows the phenomenon that
an éxplosion once made retards the occurrence of successive explosion, and the formation of
HaO: was confirmed. From these results the reaction mechanism was deduced (See p. §),
by which the explosion reaction is considered to occur in the case of thermal reaction.

The teaction by spark at lower temperatures does not present much chain character and
it is Jitlicult to obtain the stationary result. Therefore, making rescarches for the thermal
reaction, the writer considered the mechanism of this reaction chiefly from these results.  "T'he
apparalus is shown in an 7. Hy and O were introduced, being separated- with glass diaphragm,
with ‘the sudden destruction of which botl gases were mixed. The change of the pressure by
the:reaction was measuréd by means of the method of Fig. 7, b, ¢, that is, the change of
pressare was transported to the galvanometer through the manometer of condenser type with
help of the Triode 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 El: and Cl: by Dr. Ichikawa, Experiments were made
in various pressures. compositions and temperatures, especially in details at the neighbdurhood
of the critical pressure of explosion. This explosion limit actually observed in the same reaction

vessel that used in the main experiment is shown in Fig. 13. Fig. 33 is.the curves on the films
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made by the experiment, \vhjch are reformed. into the chauge 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. 15, 22, 24, 26, aud 29.

Thus it is suminerized that in each case the reaction velocity actelerates: first from a small
value up 1o the maximum and then goes down 10 a certain stationary velocity. And in the
neighbourhood of the lower limit of explosion the transition from the non-explosion 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 expldsioﬁ‘—»,b and
corresbonding 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 writer discussed the continuity :of the:
reaction in the explosion region and the non-explosion one. Furthermore, regarding the. lower
limit of explosion as“a wall éffect he infirred from the above-mentioned experimental results
that the bimolecilar collision of intermediate prodiicts on the wall brought about the deactiva-
tion chictly at lower pressures. In the same way he concluded that at higher pressurés the
deactivation woull be brought about by the bimolecular collision in the gas phase of-inter-
thediate 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, i(z) The velocity at t=o increases simply with the pressure increase in spite of such
a-phehomenon as: the explosion limit. (3) The chain. once starting, sprcads “through the gas,
phase, and the chain breaking reaction arises in the vessel wall at lowér pressures and in the
gas phase, at higher préssures. (1) The deactivation is the disappearance of -intermediate
products, and being jud}.;ed from the change of thé reaction velocii_v with time, the chain
breaking feaction ought to. be of ‘higher order thin the reaction in the: chain concering iiter-
mediate products. (5) Accordingly the chain breaking reaction is: the ‘mutual destruction
of intermediate products. ‘which are considered to be atoms or radicals from the reaction
velocity: at-lower pressures; (6) Besides (hese, it i5 confirmed that OF esists in the reaction
at 500—06co°C from the spectroscopic study of the luminescence at the above-mentioned Jow
pressure.

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

1) He+Oe=0H+011 2} OH+He=H04+11 30 H+O4ila=H0+0H
4) OH+OH=H:0: 5) H0,»H:0+30;

The reaction velocity calculated Dy the mechanism is shown at p: 33, which corresponds
well to the velocity” of the-reaction in a ‘stationary state obtaiied experimentally as ',sho“"h in
Figs. 31 and 32.

‘The Laboratory of Physical Chemistry,
Kyoto Imperal University, Nippon.
' June; 1934..
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Table I
Time interval
Initial Pressure Explosion (+) between Residual Pressure
(mm.) Non.Explosion () Successive Expts. (mm)
{min.)
140.4 . -
147.0 -+ 481
10
147.0 - X
10
147.0 » —
3
162.0 + 863
10
162.0 -
10
162.0 -
1
164.0: + 0.7
2
1640 -
59
164.0 —
3
172.2 + 08,5
20 o
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20 70 10.97 | 1 0
20  s0 16.63 1 w0
20 90 l 91.03 1 gg
20 100 26.56 \ 1 b i:
420, 30 56,534 35 5
20 60 ‘ 40.58 { 37 I
420 70 56.87 38 40 &0 ‘204'»600';5%;:2 280 320
420 ( 80 . 71.95 40
420 | 90 72.47 42 Tig. ¢
420 100 42.92 ‘ 42
d20 | 107 125.00 ~ 5 leor ca0°C
420 | 110 ] = o iook
455 50 49,98 35 ; .
55 6 16.80 30 E3gl 455°C
55 70 34.61 A1 <
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455 8§ . 28380 160 = 60# '
35 S0 e e
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W CHOTHIBIIIERIC ) 3 CBX > 7F3HC RO TH BRI D E DEHML L X T &30
HD. BEllE 4 Y ¥ 02" 3 7 OMOBHKIHCA 2K L 1/60 sec. o RAWE HT 5 FIC & DOTH
L. ZHICHET 2R xBHITEI LD 3. FRicL TEHRHCHBE 28iIct ) 2%tk
—~E NI EIAT D B 74 1 2 _FiTs ﬂbtﬂhmﬁw&wﬂé ik T o LB CH
DT, TOWIEHIEWIREEOHIHIC HIO TH 4 PREO Yie 8
WERHOTHS. ﬁ~m%mkﬂﬁufac&ﬁm¥z.

LR R 2 FIKC X D, 107 7 &< T OKEOEE
e Thglo— mm oBE)OREEMmB T A4S,
T HEZ S 2O T 2ic 2 (EElRTeOT, TO
T LthioAERomE PRI TR WMETH .
it R 2O KRS ¥ B~NST &IT L b, S EICHEL TH
BUCAT-RUT IR IE & 88~ D T 2 DA 2. ST IC S i 34+
Nl b eI RilEic E-OTHE) &8k Bh 3l
- BIECH 2. TROBIOBEICHT BBt O MOE)
ERULE, 7 10 s Lo thgid b RIEIT X 208X A : B .
2T EHMEB. Fig 8 2N Bt oz M) OBlRE =4 -3-2 -t 0 1 2 3
A RIS BENTHRIL b DOTH S, ap(mm Hg)

‘b B B H H
g%wﬁMLkﬁﬁﬁwmﬁmmn$ﬁ>~@§®f®01.cﬂ&H@rz&xr&chk

—_ 10 —
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(i}&ﬂ'f) lﬁﬁﬂil@bﬁif@‘ RCE O

P P B At P AT e e - B e A

B2 bR L TR LB L THIO .
c. E@Mﬁmﬂﬁ&ﬁﬁ&ﬁﬁ@%ﬁ

g X oMo REMiRo ML Fig 33 iRy, TG AT B D ERITAEHEHT A ‘.tiﬂi..}?m

% & T B EOHT AT b BIREEBAIC X BIBIEO | SiA <. RICRHNT X 5 Wh®ﬁ¢0$fh
NS 7 4 n s EOIMEBMECTERMGEE 255 THIZIL L TEMITR TR IRIESIC & 218 |-
5% fR AT T DD & IRHEHIE 3T 2 B ORBEIRIC L O THEI N J-fl)ﬁa{« k. -
#0 HACBE S OB T B IFBEHT D F ki ko7,

R A RARBOBRIC RS b0 & Thug

pV=nkT,
V¥ iRtk (lec). v Flec PORT-ORE FiLE
pl =y IC rl ] )
Bl t i T 1) T iur
dp, __ dT, c
il ar )

REZHWOBEY T.ZOHBOEN Y p & L, REMOBENLDN T RE p 22 854T, p. Th
pr DINTROBAGRSKSLT 3 5D & T

p|=p+:\p ,='l‘+-\:'l‘
Tk
- d@dp) _, ., d(3T) :
dt b dt 3
dt BRIz dy 0 HO AiRMEIC X D TRAIEN (1cc) MizE®Lics LT, HO —E D4R
By Q RARRONTHRGS) ¥ O &Fiur
Q
N '’

AT IEREEIC L 2IREDO FREFL. N (2788 Vo —OMBCd 5. .40 Filic IV o itk
2 ETHIEHRE FORE T

dTi—dTy= Q“ 1y 5)
(mmn£~““ uﬁm%wmmwI.ammwmﬁ1¢o%mwwrba
AT ATy . ,
T A —D=fET) 6
5) 6) b

aTy— a1 =& gy

3) Koo J(T) OV B EDOBIE 15 JFi—d'TY iy

d(dp) _ (l(All YEQ dy e -
ot dt Cyy. dt v AI(2T) 0

6) Ko HREIT
| ~ W —rpmy=tat
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12 (ER) | (48F) HRBRIED TR

. 1 .

AP=—2__Ap.

r w P

K » __L‘%R)_=kAp

K (XA e 5. kp g T) RicfAThix
d(-\P) kap= vkQ dv K e
G TP Cvy T 8

K = AQ
Cvy

REARARO RGO A TR HO (35w F, H: R O: B TH B, He KT O ST
i le Cvye BT Cvos, Tec BORXTEY vu. MTF voo &L, B pus BT po: &'f‘hﬁf

K= YEQ
Cvus vire+Cvoe vor

y=vustvon P=PpPus-+Ppo=
s
= PHz_ —_Pos
VH".’ kT 0 YVoa k:r
K = VETQ
Cvie paz+Cvos po:
= pEQ
Cvye pre+Cvos pu:
a=pn./p b=pasfp ° &Fhug
K= ¥
aCVilg""l-C\'og
Q=>57000 cal.
N=6.062 x 10>

£=1.029 x10—* cc. mm/degree

}mh&Uumﬁ%&ﬂtbéﬂm&%uﬁﬁmﬁﬁmwtﬁmmﬂorba&fﬂm&@ﬁ&
HEILIN 5. o REO A RIEEDHETT & IHTE DAY T 58z The M 28 Y B 5. 4
HIE N OB L IREO REEEEIC X DTRY T2 b0 &L THREGRE XL, WL T
GBI U7 RMERIED 6 BENO A Z R, Wih MOV S 23 0L LTI IRIEEIE L3157

BT ENHHSD. (FLELHMZOMIEIC X D THIBURMED BIc K S8k 2 B~

d. 3 HTFJFEoOoRRE .

BRI RIS X DT RMGRIE L RO 2 Bz HERIE ¥ s w BA D 5. MREOREI R
¥ T B T & Ak ARIC LB QRSO I { REABIT R TUEMIEEr M2 T &t
0 Hgeiz O AT ARERIT A CTLE R OFR I hiREIC
LOTHHHEERIEL oo PEREEENT Fig. T2 o

ELE?%%%%;§£%§§9@§- RMERY Z0Z RO, Fig. 9 iSRFm¢ AB i
IS DRTHIOIDICW & 2= 2 v A REMA L. K

f& . ICERERIIKEE R T AR, OB, e DR

. AR TWVICBE 2l b TAROBEL S, Ska

' ) X YOTHOBENERE 7 1 » & LICREET B
—_ 12 —
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CREF) Wit IREOTT : () 1
i < LTi¥edy MR 2 lRPRF40g Fig 10 o 3. i BERER ) Rissmdm fific AT
HWT 20 LTHERERLHTL, —EfErTT8p0osr 2%, FLESKL TR
BRIEIT AR H ORI L 2 b0 T, WWE B2, TOS e LM WA .
TR HICWLEL = 7 v 28t 2 SALESNSHA L TR —0MEL#EL .

Fig. 10
06 Fig. 11
- 540°C, 203mm O (1) 3
f“ 540°C, 200mm Q2 (1)
£ 540°C, 201 mm 0z (ID k2
= 540°C, 82mmO,(1) '
<02 37°C, 200mmQ3(I) o

No. of wires

540°C,130mm Hz I%3)

1 i 1 L 1

o 40 60

t( Y60 sec)
Fig. 10 i {1}, (1), (1) LEBL7cDiE = 2 v MK, RREIROYG L EET 2. 1 LTS
7o e, Fig 11 iRTMEREBKIC L2T= 2 v a2 A0 HEOSHME LY R 7%k,
TN REEEOHITITHNLZBEREANON K TR GHIT L OTHEINZ IO E L e,
Wi ¢ LTl EHEME Table 111 IGRTEET 5.

Table III

Cooling constant k

Tep- H,: 0, |l Pressure r K
1
540 3:1 150 1.01
240 81 ’ 200 136 '
540 31 250 470
540 3:1 l 200 5.02
540 3:1 ' 350 5.3
540 31 . 100 5.68
540 311 { 450 5.97
540 3:1 500 6.26
540 3:1 | 550 6.53
540 311 ] 600 6.70
540 2.2 11 394 125
5 3:1 22 L4
540 381 224 1.52
540 5:1 a2y 4.60
100 311 200 115
150 3:1 200 1.23
. 500 3:1 200 4.28
540 l 3:1 200 136

_ 18 —
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N ~ ‘ ' WEB(LEDES Vol

M (R (ﬁﬁ)ﬁﬁﬁﬁmmﬁ
2, IBREEERMEDIE
mﬁhmﬂmﬁﬂtu%uz<wﬂﬁdﬁa%,cnu&%ﬁﬁ>k:%wmﬁkﬁmrDME
ILEDTE PMB. TRAICESRAMOBQY G2 B2 R RESEIEMEOEER L 2 ( F— ﬁﬂ
wTu# EEMMEr SUET 22N B 3. JEIIT Fig 12 12732 Mi%in 2 %02 Niovc.
ITRMEEERCHOT, TIUTHEHEOEEERIC U0 LR L T O —ECh b, ﬁoki
{SHUE L A b Hide s 8B L ¢ Lfc Fixdtilcs 2. RSO RECIISEIR AT Rz
Fig. 12 Fig. 13

MR L 0 b E R R TIREME AL, TR BRIRIC AR THIEA —EIT f D7c it
he ZHBL THAICHEECT 3. BB T VR 20T T OO YRGS X A
OTHY WAEIEL L7, REERMOLEY KBS (T IBTORMIIMAS 20 b1

7. BINUEMAR ITEIT S [T —E ORI AT A T B RERBRICHR b XiE L TR~ ICilE

AR AN, BERUCENOSB A 2B L MEL LTRE Lic I ¢ LTiesbiut Fig 13 1T55)
TV CH 5. EANREERICUVEINEELDOZ VRS-, ThICK UTEIMER 2375833087
BUNTHY: HERI D KSR 2 —BEe REF, ChLOTHREY & 2%t Fig. 13 oEEHICHE

CH D

3. B B X
a. RROEEFERBMHEO R EERE

BEREOBRBCHREMRDOD 22 213 ABNTHIHETCHOT, —HHT T ORI
MTREREAERE Eh LR AT CLMIBUTEINLE~LNTHS. FLESRIME
MOWEﬁ*mﬁﬁwﬁs%ia&ﬁuﬁMﬁﬁmmﬂmﬁﬁ&7§mm%a Hfic T oTH~
LNTHZDHTHDOT, EOMAOME L EROMIBHGEO FERITE T RS U3 I { 32588
73 bDTH 5. EROWMYILENAO L L ) EEREREYEL TS 2T 21T L 2THN
{EMED AL FPHS IS I NADIIFREB LT L CHB. AEERITAC 5H0°C Ha: 0:=3:1 0ilt
SRR T o7, FREHES SIS MBI I T IR R S B W R D 22 8L + 2 03RS
AGIERNT BRKICFAT ¢ T EMbh D, T EHGEED IR KT B D7 Wi e de &kt 2
o, FEAEREMLE~LNTHRLDIIRIWE AL, TOWNOIER/IZ AT b BAL 4N,
RO &Mk s8LrEn s s, .

Fig. 33 a, b I T OMENOTERICR G 2 WO REY R ERCH 5. Table IViZTits o
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(H3F) BRREOTR | RH) 15

B e e e e e e e St G

AP Pt o "

‘lable. IV:

.

Temperature=540°C,, H,: .=3:1

Initial. Pressure=10,0mm.

‘Fime -Ap dpgaoldt {dN1150/d1) x 10-16
{1/60 sec) mmklyg, mm. per sec. per sce. per cc.
0 0 ’ 0 0
1.5 0 0 0
20 - 1.010 3.00 3.62
2.5 4.20 5.14
5.0 0.045 2.00 2.0
3.5 2.50 3.1
1.0 0.062 2.00 2,51
4.5 1.70 214
5.0 0.076 1.30 1.64
6.0 0.082. 0.90 1.16
[nitial - Pressuie=13,7mm.
0 0 0 0
1.0 0 0 0
1.25 0.015 4.1 5.0
L5 0.046 S 148 18.1.
1.76 0.084. 18.9 21.0
XTI 0.129 17.2 21.8
25 0,413 20.0 26.4
30 0.274 15.2 20,49
3.5 11.2 15.8
4.0 0,365 6.0 8.6
1.5 18 7
5.0 0.410 46 6.8
6.0 0.440 44 6.6
Initial Pressore=234mm.

0 0 0 0
1.25 0 0 -0
1.5 0.013 8.8 10.6 .
L75 0.040 185 22,5
2.0 0.044 23.0 18,3
2.5 0.197 ° 330 2]
3.0 1.250 33,4 4.5
3.5 L0.494 27.8 38.8
4.0 0,600 21.4 30.8
4.5 0.682 16.2 2.9
5.0 0,721 11.0 16.6

—_— -
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1 (E#) (R3F) BREEOFR

B e e e e N U

Initial Pressure=:34.8mm,

0 (1 0 0
1.2 0 0 0
1.75 0.027 - 20.6 25.0
2.0 0.116 54.4 66.7
2.25 0.243 66.9 84.0
2.5 0.376 83.2 81.4
3.0 0.586 . 488 ) 65.6
3.5 0.785 43.8 61.4
4.0 0.945 33.8 48.7

dNfdt......Number of molecules H,O produced per sec, per cc.

Hﬂm6ﬁth@§wHUKMﬁ§&ﬁ?.cﬂ&ﬂi?ﬁHFm14omﬁ¢&a.cmmﬁ_
26 WSE 20 HEESEE R DM TIE S 2AGEMNTSME T 5. FIRROLIERET 12— 14mm O )

CAMHET 2L B~bNTHT, ERBINCORICETNERECEXLIELOCH B, KK
OEEX A2 ITHBLIIFTOMRVCE) I V. REETOREY B3 CHIREOHIEIT/] 2 (K
Mo LTl A CEL, RV T 3. ColRTRESRER (HIOJichfl+s2 L

Fig. 14 Tig. 15
Temp.=540°C Temp.=540°C
H,:0,=3:1 H,:0.=3:1
O~ Initial Pressure 9.4 yyym. ooF xl0'e
i
o4 10.0 mm, 8ok
Q-
0~ 19 o 70k
- .0 <
=0 mm, 3 eol-
£ V)
E_
3l
S
Q.
<

t( Y60 sec)

T AT R ORI R DRIE X IE ¥ T LT {3 SINSKIE OB IIABSE ¥ B — RN T
3. Table IV OBHERT Fig. 15 12 SR ¥ o < o LT A TRIMOBE TR L el

CTd 2. BHOKIEEED MU ERTEOMEL L TERL VBB L ChHOT, RABETE

TR HEO, SUMRHEOFREWIN & T 72 & BRI KL ORI T OMLTIT AT 3/60—4/60

sec. RIEOFERWIMF BT LIcis. BURBEEOKY T3 LB TIIBRICHEET 5.
Fig. 33 a. b ¢ Fig. 14 o 5 54102 Jic Fvk $ 2 FBRIT HSUSWEHE O KHEIC ATk
BUMGREE ASTE RT3 ¢ BRAE 11 3-1TH) & FIREEEIT L 20 2RTL 6N Ewe :TH

Ce— 16 —
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(7)) RERWOHE

N

N

ww) 17

3. WbiiEo SRR CcH . BhIMELLBRLTHS.
b, RBIDDORE

R KEDIERLEICR T EROBETH 345, BEIs10mm. FEICE T ZAN 0 Bokolg
Brub, RLIGCHERIC X 3RE ERVBIINGD, BoRMEticiFLRE (s, Fig.
33 ¢ RAFEOBRCTH 5. Table V R KMAHERINIC i DTh LOWRIT X 2 IEIORNTIRL &

Fig. 16
Table V Temp.=540°C
Temperature 540°C. H, : 0,=3: 1 Hy:0.,=3:1
Pjr;:t:l'l‘?e 39.8mm.| 47.6mm.; 61.7mm,| 86.4mm.|{110.0mm.
(llglomseec) ip (mmg)
0 0 "o 0 0 0
0.25 008 | 013 018 | 047 | 0.19 —
0.5 010 015| oo | o076 o0.56 a
0.75 0.08 0.08 0.06 0.78 0.70 S
1.0 0.03 | ~0.16 | —0.21 | 0.35 | 0.60 -
125 | — | 08| — | -000| — )
1.5 -0.66 | -1.90 | -1.75 | -0.40 | -0.22 ‘g
1.75 — 413 | - 148 | — n
2.0 267 | 4.93] -8.1 -3.07 | .35 =
2.5 5.5 | -7.93 | 105 | 674 | — ;
2.0 —7.20 | -10.28 -9.00 {-13.5 3
4.0 -10.2

(Ys0 seo)
HiA OWIEOPAITRTRIL, Fig. 16 RTHERIRLASDOTS 3. Fig. 16 %512 ICHRILIE
BFEFICENTHOT, REORIEXNSC LIFAEALTEETD ), FMORLIT L OTRED
BENFEERAF O v FREBMOES T ANE2/60 sc. BEDKET, Fig. 18 1wiTmd,

Fig. 18 .
L Fig. 17
Temp.=3540°C
1, 0g=8:1 03F  H:0.:1:55 g] [E
-t H £
<02 o] |°
o =< n k4
st £o of e
—~ o = m| IN
T al a0 <! (o
b 4 o © -0 bt I
23 o o
Sat° 6@ 0o P -02
- - ®0 [0} o) SR I T N N T B |
1+ Q I 2 3 4 5 6 7
U T W YT YR NENGE S SR t(Vso sec)
40 30 [ 160

12
Initial Pressure{mmHy)

ARORKIT L b £ V7R3 fik, BAORLIC L 2 & IERORBIC A TR & v Sl
FIEMRIC AT 2 b D 54D, JERIT/IVE 2SN G Dilc Ak 2 RIEICE L, —RIZEEEZSEMD
JMKIC I 2HEIC LR 225, BIGHE ORI L THENIMOB oML ylE vy Fig. 17 <)

_ 17 —
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s (H#) CHir) BB oM

- ————

LN MRE R V. FERITRMTIRS DA MK BT L D THWRB BT T 2 AT X
. bbb, Fie 17 12FEBUIOKRITEWIESO L OTHS. Fig. 16 othid ¥ B3 HsBiAic
ZOTHLAMOIREFR I 3B HGTCII AL, ZOBFCHNTLHRESTHSLTORWT
EEFLTHS. TOMBOBLSTLE, REASERIRECADTHS 58T 234Erdb ¢ & b
2J60 sec. OEEMHY LS 5 2 LA NB. CTOBUIZHIEDORHLIC L DTFE ESHLF B+, K
RESHT CHIMFRNC R T 2 T L RS TERIC XA AMTE T L ERT IDOTHS. ULI-OHERE,
PUE540°C, Ho: Oe=3 11 HRESARICETTD 3

¢. WBOBRBEH:ED REEE

RO IIER IR 2 BRCHOT, TRILKEI it 0 2 RIERIEOSLic R34
Bt -REZ R 2 2. BRVNIEEY R T b HEME G R IEEICEWE SRR AT
REEE O BORIE L £ 2 KX RN T T 2 aidk . BRICIHERMAOEH RN E LT 2
R HIEEOBLR 2 FUMICR2 3. CRESIREE LTIXERL Vs 2 Ch 3.

AHEITHI0PCOBEICNT He: 0e=3:1 0RGEMICHTIT OO TH DT, THOREHEN
OIFROEAEMET Fig. 13 18 LIUX120mm T2 5. TORDLITICR TIL RHTO 1 13 MERRAic
JEC. TORN RO H ki vy RESRIERIFRIC N2 R 30 TH 3%, KEBROM
2RI L ZRIEULEM Y LT b i Fig. 33, d. e &K Fig. 19 iR+ (BBNRY G 5.
BSF UL Y SB0CIRAT 3 T & 1T X O THIRSHL T 20 CHOT, TR

Fig. 19 Fig. 20
Temp.=340°C Temp.=3546°C
H,:0,=31¢1 M, : Op=3:1

Y60 sec.
MR RHT BICIEFCRED BT L Th 5. WICHILARITET 3 KK UREHD L 3 BicKi
W AT B AT RS Dk £ L BB T AL TEE L7, BRI FcRTizciuc k
DTN UL R WICE L, LT TSI B (Fig. 20). 85T~ 5 k40 fHt
INESBE 2RISR T LD A, BB RS Yo BEROBREM L 540°C, He : Oy=
3 1AM ThH bV, LBICRA T 3REOE IS0 2 CE{ B 5. TOBRBOMRM
WEBHIE > ILMEIT & ZIETIONEINAEH LI Table VI OS2, TORITKIKIC & 28 )WY

—_ 1§ —
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(58F) 13 RMOTR ) 19

Table VI DEE M~ bl Fig 21 Ofsges . ¢
e JUb & R & > L 7 MRS Table
13. 158 = » - R
N = T D 3HBITRTIC . HiT R

Time (1/60 sec)] Ap (mmllg) d(\;:;:li{:‘:‘;)‘zb'; VI ‘?:ﬂf)ﬁt riﬂt C 5‘;:) .)filk Ci?i’ﬂl["’i}
ol i Fig. 22 offic 2 2. Fig. 22 5.6 Hh3ICK

[}] I L1 — . - oy N -
0w o o > M R AR 12 € K M L AR

1.0 | _o.om « 174 EL, BUBY LT—EndRIEELTD. TORK

1.5 X ‘ Lot S ILRE T30/ 7 HERED RS RIS AR
2 ! .10 35.2
2.0 0.1 3} Fig. 21
e3 | o 42,6 e e 54050
“wr f 5.5 emp.=
A | : o2 Me:0,=3:1
4.0 0.9% 61.4 :
5.0 i 0,28 \ u3.2
6.0 | 027 v.6 Initial Pressure 155.9 mm.
go | ams 0.6
we | ez 1.8 ol
15.0 3 0,13 . ) 1.7 i - IQO-G mm. n
20,0 ! 0,06 \ 1.0 @
. —_
Tmitial pressure=190.6mmHg E02
0 0028 — L 200.5 mm.
L5 \ 13.6 a2t
.75 19.5 [1 3] 4 201.5 mm, o
Ly ‘ 0.018 30.6 o 2 4 % 't 310 T s s 20
1.25 . | B R L1/50 sec)
s i 60.3 Fig. 22
2.0 0.149 £.3 Yo 540°C
30 0907 T H, 10,2301 poniemy
10 0.221 12.1 " : ,
5.0 L7 6.2 70FXIO
7.0 0.188 5.4 1.155.9 mm,
10.0 0,167 5.0 6ok 06 -
15.0 0.130 41 1.190.6
20,0 , 1.093 l 3.4 m. 92005 -
i
Ioitial Pressure=210.5mmHg . S0r I Iv. 20'.5 .
0 | -0.047 — —- )
- - 5] ’
0.5 ‘ 16,2 < 40F
006 o
l.g } 0.024 20.6 g
1.5 2.0
: ; Yk
2.0 0.087 926.1 %30
T
5.0 0.120 177 Zq
4.0 i 0,142 1.8 ~20
5.0 ) 0.150 8.9 3
- i ‘ 13 X y
‘ 7.0 ‘ ). 146 !.-3 10k
10.0 | 0.114 3.7
15.0 0.103 3.4
20.0 0.094 2.2
X - — 4 10
AN jgo ofdtseeee.d Number of molecules H,0 t (/60 sec)

—_— 1y —
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20 (F#®) (5F) HEBRBOBR

A APt P ot P = PN ——_ -

A A i

¢, TOMSEICHTIEINEDICE 28HLITIERICEL Y. iR LZFIRRS:158mmed § > ¢ R &+
T2 IOTH SNV EORELRH IS RETHBLHI RV LAbOTEOT, ©
NUBRERI RO RE 2PWHELTT.
d. BEO®MEIC & 3 REEEOEME
I RIEASREI X O TRIMET 5 € LRI T D H, ZOBLOAITIIB—KEDH I 5 F
HFAOHT-OBME Y b ARG TD 5. KERICA T —ERGILORGFINCHT, 2L
—5E (200mmiig) T L, jBEEZ400°, 450°, 500°, 540° & 8R{L4 L ® CEIMIRHED L & JE L7e.
OO~ RAEE Table VI IGRTHECH 3. Fig. 23 (ITivh b RIS & 305
fLDHIE X FT 27t CH D, Eic 2 6 3B LI JTEREORRINIEMEIL Table VII DFE34H
WIT Fig. 24 1SRT M CDH 5. FiREICHTREBEIEZEONE O RBITMEL THRALHET
HORY T2 L vaL@—0EBE 780, REO LS L ) TOMRRBIEFITKRZ R, BIX
’ Table VII
Hy:0p=3:1 Initial Pressure =200mmHg

“Temperature=400°C, Temperature=500°C
Time (1/60 sec) | Ap (mmHg) "I‘Eg;g/s‘:;xc};“)‘” 0 -0.050 -
1 0.002 11.1
-0 ~0.035 - - .
2 0.031 15.1
1 0 0.09 N 0.067 g
2 0001 0.52 4 0.09; ;-7.3
3 0.003 0.70 . 0‘ 1“'4 :
4 0.009 1.31 ; o110 6’
5 0,012 2,36 ) o2
7 3.8
o 2.58 8 0111 4.3
7 0.028 ‘ 2.97 S B
J i 10 0.105 40
S 3.05 _ )
| ‘ | 15 0.083 3.2
9 i 2.88 >0 0.060 o
10 0,039 2.71 ! - R =
12 1.92 Temperature =540°C
15 0.060 1.5¢ 0 -0,065 -
N —
20 0.064 1.57 0.5 16.5
7 22,
Temperature=430°C 0.5 | 0
i 1 0.045 ‘35,0
0 -0,054 - 1.95 39.7
—0.040. 3.56 1.5 q1.2
2 0.002 7.81 2 0.108 33.2
3 0.031 9.74 1 0.152 19.1
1 0:050 10.97 4 0.164 o1t
5 0.075 10.12 5 0.164 10.0
7 0.085 4,30 7 0.164 6.8
10 0.075 2.98 10 0.141 5.4 °
1B 0,060 a72 15 0102 5.0
20 0,060 2,54 : 20 0.068 4.5
ANrgofdtecsenenes Number of Molecules IH,0 produced per sec. per cc. .

—_ 20 —
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(#&EF) ﬁé‘}ﬂii‘&“")ﬁff (ma) 2
Tig. 2 Fig. 24
* Initial Pressure=224dmmHyg. Initial Pressure=224mm¥y.
”;-’:02:3:] “::”._y=3’: 1
ar{- 400°C ! 1. 400°C
1. 450
-~ .500
R
ot — 450°C i Y v 540
3
~
= . p:
E"‘i; %‘ 0
Y _ 30
2 4 6 8
21;55/”’—- s40c w t (o sec).
O3 "¢ 6 5 106 T8 T 16 \

t(I/s0 sec)

T SR IR OB W SED . D THRD LT 2 R R0 i 8 o -5
LD ELL &MMEEZ. BOMEREMNMIEIC 2T RE 28T L Bk 2. Gyl
EbHBEosic kot BRE38LEF2EVWETH 2T, TIULESOMEICRET~2
Ch 55, BROEMO RO S SIRRIED LRI X 2T, EOTHRAROAKRIT L VIERITRIC
E%. CRRRREX T 32 EIMGEOR (R D aﬂm’ﬁmwfc&#HWT/ oK b
b t=0 KNP 3RIEREOKIHIEIN . MO B BNLibh 2EHCHEEHRE { hiuds
KW E L B BO3 I 6F, EH w2 VBET I HE1 6803 T 2 ERT. 400°C
IHEBROBIEEL FTH 38T Ol t=0lT T 2MIESV] 2 VOB AL FERDH 6 2RI
ITh 2ERMED it wv.

e. BAC&DIREEEDORL

—EIRA ORI T, —ERECRT, BAOEMLIC X 5 RSSO T BB OBIA SR
mﬁkﬁfm&bfﬁﬁﬂkw&w*7tdm&wﬂbfbaf BIHCRBICKELS R BILHD
TCOSMLREFIT 22T 3. B0°CIKRT Hyt 0e=3: 1 ORAFMICHTH 4 DMETICR G
2 gz Fig. 33 g h ITR T 5. T EREDOEBLITIKREIL /e b % Table VIII &
HAMICTTRT. ThhbMNWOBWICET2HIELXE ET Lc bl Fig 25 Oofifcsd h, Hic
chd b SFE L e SR EORERINIEHLIE Table VIII o $3REIC Fig. 26 OfRTS 5. it
DENTIAT b % OFBIT e 2 O BIED S AT, By L, ERkEcETsce
ZH# DX, Fig. 22 Kkor Fig. 26 %5083 21C, BGEEICHET 308 200 )5
BRE L 283 200mm FHECREREY L, 20 L DO X D o0 < 72 245, 200mm
FHEICATIIBIFOREY AT L O TAR 8L LR TICHIS FEIUTHET 20EIIFE E8 ) 4
v BIAD EBOMBRO BB OOE VI williTB L TEL S MTH 28 W& R 3108
DTHDEWAHABIT & < & D TR T 2. 250mm BRI R LR lSEEL LTmick b, #
OTRRTIER B T 6 KPICE T 5. AIOMRO KA KIEHEIED Ak 58 Mz
BECH 3. WL INWRIEORE ZRTNEIW~BENFAR V. BRREOKS Whlicfhs ¥
t=0 ITH} 3 REEMRNOTMO HTIICHL TRECE AT 205 CH 3. LB —KREIZZ
DIEAME NI T 2 UBOKO bOTH 2T ZOHDAFOMIL 2 /71T & DTEMFIEL,

. )
> L e . = -



LT T T T e - m (R ..
) St b Rifadn WIEBILEDES Vol. -9 (1935
) : |
’ 2 (B CHRRF) 4838 IRE © WP
' Table VIII
o : Temperature=540°C  H.: O,=3:1 * *
P ) Initial Pressure=G02inmHg lli 3 w160 4.
. - an M 1671 4 0.217 ano
T'ime (1/60 sec) AP (mmll'g) (ég?/scc. ce.) 5 ‘“.25] ogis
) 0 -0.015 - G 0.263 1.1
i 0.5 69.4 7 0.272 165
' 0.75 76.2 8 0.277 12.5
| 1 0.119 . s1.4 0 . 0,955 116
J 1.5 © 8L 12 0.240 1B
! 2 0.202 87.5 15 0.218 11.1
] 3 0.328 61.0 20 0.190 10.7
'i ‘_l 0.:‘173) | ‘;'“_) Initial Pressure=290 mmHg
) 0.334 26.5 -
i G 0.379 ap,0 0 -0:043 -
; - 0574 1o 1 ’ 0.002 11.8
| N 0.360 19.1 L5 - 1.9
0 0538 9.3 2 0.045 18,2
. 12 0.321 | 19.0 =0 - 207
‘ 15 0.300 18.6 3 0:070 o=
| ‘ 20 . 0.275. 17,9 4 L1 218 :
{ : 5 0,126 0.6
i Initial Pressure=467mmIig [ 0.152 203
L PO 000 ' - 7 0:172 174 .
i 1 0.059 50.1 8 0190 15:8
i 1.5 59.6 i‘: gzg; ]:(:
b 2 0-139 814 15 0.189 o
; - o e
{ L:) 0.280 (;;l-; 0 o172 .0
] 1 0.329 343 Initial: Pressure= 2538nimHg -
v -5 05453, 23.2 ! 0 -0.0312 . -
i 6 ' 0.345. 21:3 |~ 05 0:019 '
| n . Q. 338' 20.1 1 024 95
i & 0.331 19.5 . 1.5 ' 11.1
i 10 0.328 19.1. 2 0.073 14.3
. 12 0.3:6 18.9 2.5 18.0
] A 151 0.314 18.7 3 0,093 2Ly
BN ; 0,297 18.6 4 0.110 19.5
:’" Initinl fressum,:ti'i(immHgL{‘ : :‘i;; 1;’:
' T 0,036 - 7 : 0.124 5.8
P 1 0.009 28,8 8 0.119 4.7
. 1.5 24.3 10 - 0:107 R
. 9 0.101 : 400 . 15 " 00105 46
2.5 i 43.5 20 - 0.090 4.6

dNjza0/dteeveseses Number of Molecules produced per sec. per cc.
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CGREF) B2 RMoFE B 23
Fig. 25 : ‘ Fig. 26
Temp.=540,C Temp.=540°C
H,:0,=3:1 COHL:0,=3:1
92
oopx10'
o! [/flnil‘lal Pressure 253:mm. 1 {
e2f .
ot} o 260 mm, 1 80 I 253 mm.
332 [ , I.290 mm.
A 376 mm, coom 70F
J” .376 mm.
Tos | V. 4
-é' o2 467 mm, ¥ '60-,' * 7 mm,
5 ~ [ V. 509 mm.
o4t S so
03r o
0z 502 me, v v
(o103 \40 L,
i i 4 L 1 L 1 1 1 A 1 °~ Il
[s] 2 ?( ysoﬂsec) [ 12 4 [[] I zx
q
. ~301
bk a2 e b F 3T L L WRT B, LT z
SRRSO MU I ME IO I & ST HI T2 ICH S
FREHAA 2 R —K KB ORES K 2
ICEARIEDRDOTRKE R Y, ToMkhins
ES @M 2 7 vose Y F-43 1 X DT
DT HWM—RFHILIC L O THERIN S IHM PO o '
1 1 1 1 1 1 1

BRHS L Dt HiC KEENIEH SR 5 Wil i % 4 4 6
LCHoiRic 3. ©oBRIZMEY 2trT 2] t{¥60 sec)
BTH 200 MERO/DETS 3. BAOKLEORA KBS NOKSEHCHCHEIERICA BT
L IXBBROBARMEBON D 5 bt 2l ) i RN TLZTH 3. .
RERLGNELL LIT R 2583 RO SR B3 T HEBAG A 1 730 821T 7 4 2 o RGBT 2 igic k2
TRl Lre. Fig. 33 i ot sy, Table IN [Z50°C, H:: Q=3 : 1 oA RO~ ORE))
Table IX

T .lnriitiia{‘I:essure 253 wm. 358 mm, | 414 mm. ! 434 wmm.
_ Time (1/60 sec) i -Ap (wmmHg)
0 0 0 0 0
0 0.003 0.005 0.008 0.010
20 0.005 0.010 0.012 0.019
30 0.010 0.015 ‘ 0.022 0.029
10 0.013 0.020 ‘ 0.029 0.037
50 0.015 0.024 0.034 0.048
60 0.017 0.030 0.042 0.058
80 0.026 0.041 ; 0.058 0.075
100 0.030 0.062 | 0.071 | 0.094
120 0.035 0.061 0.083 | 0.112
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24 (HR) OREF) BBREBOFE

A i

Fig. ®7 Table X
Temp.=540°C
Ho:0,=8:1

Temperature 2=540°C Ha:0,=3:1

Preseure dpg.0/dt (mmfsec)
azo :
5 253 0.036
& 0.6 — 290 0.062
=
< 323 0.066
3 web 330 0.079
£ 358 0.082
< 8 —
. 414 0.085
oo . 423 0.106
434 0.112
L . x & —55 i 467 0.142
t (/60 S€c) 502 0.140
- 550 0.147
T BILEIC & I8 DRV L5+, Thukia 600 0.186
R Fig. 21 oc 3. SISO 500 0-249

VA E B HROC Z OER b T bIC REEE
ExmaT &k s. Table N Gz oniEr 22 0 b0 TH 3.

f. JRIC & 3 EEEEOBME

BRSZRR L L IC BT IRl — 8 71 (224mm Hg). FE—iflI (540°C) 0 SARBICHET 2 ORI L83 L L
THWRRGEBE OYL E 1722 L 7. Table X1 3 EBRIETH 2. TICBAOBMORIEY FTo7%
bOR Fig 28 OIERCH 3. BT TiLh 6 3 L REHE O Reis2 it Fig. 29 %ur Table

Table X1
Temperature=>540°C, Initial Pressure=224mmHg

1y : Op=5:1 o H,: Q,=38:1
Time (1/60 sec) Ap (mmHg) | d\i;“_'-:’/if\xzco;l.l N 0,008 T
0 -0.016 - 0.5 0.007 -
1 0.008 15.8 1 0.026 19.7
1.5 25.9 1.5 24.3
2 0.063 31.3 2 0.080 28.4
%5 32.0 2.5 27.9
3 0.122 24.3 3 0121 25.5
4 0.145 14.9 4 0.138 214
5 0.150 10.7 5 0.144 6.0
6 0.153 8.5 6 0.139 4.6
7 0.152 5.6 7 0.120
8 0.148 45 $ 0.119 3.8
10 0.130 3.3 10 0.109 3.5
12 0.117 3.5 12 0.109 10
‘15 0.110 3.7 16 0.107 3.9
20 0.091 3.9 20 0.100 3.8

_ 9
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(UREF) 5B O FFE (k3g) 25
H, 0;=3:1 I, 2 O,=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 t 0.109 13.8
4 0.114 11.6 5 0.125 11.2
5 0.128 7.0 6 0.134 7.9
6 0.122 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
20 0.094 4.2
ANg0fdt-eenenas. Number of Molecnles H O produced per sec. per cc.
Fig. 29
Fig, 28 “Temp. =540°C
Temp.=540°C Initial Pressure=224mmlIy.
Initial Pressure 224mml g, 10kx 10
ar I. HQ_:OQ —5‘1
o Hy:0p= 51| ] I.
- n
;;-‘:V 38:1¢ []
Sar
E‘“," 3:1 n
A
O.I-/ 22 W
N I R ;(’%0‘5;2) W

4 6
t (/60 sec)

NI oF3HICHT. RAAROHIKIE Fie. 7 OBDEH¥BM~2 2 Lick ) Hy:0.=22 : 132 5
51 ehHL Lie. REEFINTHR G 38R L oM FRUR AR CH 24: Fig. 2) hhrbbhd
BHCTOMAOF T Ha: Oe=5:1 1% t=0 TR 20UERINE 21T KL, BIANEZ S A
Ve il L THIAITHET 22 T Rl SRR S AU 2 23 U, BiKh & A 10O ihEdE 3UiRtsi s
TH O, NIEZEFRIETET S, H,:0:=22:1 a8z L (LA b, t=0 Th
F3EEREBICRL, BAEEINEC, MRS it L <Mick 2T 5. cofBlio
HURD b DI T ORIBIRO BHOB LT . HAEEIGET 5 2 COBMICRAR SHIELS &
.

Mk os#eic X 5EWREOHEIL Table XII X Tr Fig. 30 5R7. Fig. 80 oyikio Mizts: o
FHERRE ZRD, chifdiendt Table X1l €5 3.
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8Puso f"."’f"}ivg‘/‘sec)
8

. o~ ———— + =

30 60
t( Y80 sec)

N
30 120

Table XIII

Temperature==540°C

Pressure=224inmHg

Ha : O

dpp.0/dt (mm/sec)

| 2 N ]
LD D
15 19

<

s
M
b by

(TR UL R - R SR

v e we e e e an e e es
[ I R
.

0.036
0.035
0.034
0.034
0.037
0.029
0,024
0.023

©o0.021
0.022

;o
26 (WERD (R3F) B BERED I
- Table XI1 o B o
—_H,: 0, 22 1 3:1 T 38:1 5:1
Time {1/60 sec) -Ap (mmHg)
L]
0 0 0 (] (
10 0.004 0.005 0.002 “0L002
20 0,007 _0.007 0.005 0.005
30 0.010. 0.011 0.008 0.007 .
10 0.011 0.014 0.010 0005
50 0.014 0.017 0.012 0.010°
60 0.017 0.020 0.015 0.012
50 0.022 0.027 0.019 0.016
100 0.029 0.033 0.025 0,019
120 0.036 . 0.038 0.029 0-021
4 BB ABEED 2R
Fig. 30 -
Temp. =540°C Zrmr
Initial Pressure=224mmHyg. ]
o ] BOK 2 FHEBUINTHE T 2T &iT X
3 flge DCHRBERME WA E BT T &
sl : 22 : a7 ]_,(;‘:'ﬁ&ii‘l,’C),’i} ), Bonhoceffer and

Haber DV 2 ERKBIED A =2 b TN T
30B4AICHHE 4+ 2 OH BLAMD, T
,  hiT kX oTEEEKERED BB IE &
LTOH oAz T 2 245BLTH 3.

T B g KInPnER S LT
T, ihnzslhrErsc &y
IR TCTHHEW LTSk
D% \BOEMITH LT HERIGIEIC R
CTHAFERENPE IO THTCD
SR DALRIK DERINOEBRNSD D, D
B2 b FTHET oM IEIC A T1E HO5)
T-LMELAELCOU R LTH DT

>3

e DI B O BEER 1T KT i 0%
O A NEMEBHIT IR C I Ic L DT
YR BIis RO Lirr e g
Bz iHiROIB Y THOT, TO
e PRk e T 3 IR
BOINWCT LETHS. WHTOREDA

1) ¥l

% —



(4R%F) 88 FTMOTE (Efﬁi) 2%

NI " AN P L P D PN

~ 7 b ERIREGEOE % Fi A EIC N G 2 D R E E RN T T e Ak BT
5. TOREOKEMRIFEITTE . COMCRTES LEs OREEARL.. BHERh it 550°C
B AL BRRMINC AT SRIREY 20m. 2 f910cm. DRI 4 CRBREARE

AR, ESHERHETICN TEBE LY, Ra%Ny i L. BUchicilfABEARS. T
23 SR REF T io]het . =L o Rl &ktb,WWOHD&%P&@L&WLTﬂtz~9b»rﬁ@
Fig. 331107, Mi¢ LT b MBH LA L EIHTNDBBARBO R Y ¥ + XKD KL L
WT B UIE R 25, Thik Fig 33 h DBO 2 <2 b o L HET ZCMHICONBTHBT &
A B, TRHIT500°—600°CHUSERMEIC AT OH HpilEkine: LTIifeT 5 T &5
AfRthATin . 7

RIO st DERME H~ BN DHO O, DL b 318, KEKEOHE HO: O

BTN e & RO IO, SURIERGBAIC 1T 550°C Ii T 23 I L BL . To
ﬁ&kro CHO: BB Bndofe. HECRTHED SN IS FUHBCRTHEMALE WO
i O RRPIMETLIERIZREL HO thaBedhs.

Il EHMER
1RSI IR D S

IRRICIT RO i%ﬁ!i!@(lﬁééﬂél’gﬂﬁ’ﬂltﬂb. Ki ZWNDNME R, ZOER

LI T H 2T, HRAMOBM/HO N T RIESIERIERIC/ ML 3T XL, MAXE2 T
Z ORHRUC ANE IR SMITIFRITRZ R B EVADTH 5. RETILEREHIEIL T
OBNII TR i b MIAICHHLT 3L B~ZOCH D WITWN K~ %k b ik
BLIHPREBAMTHOBROBL LRI E L VHRCH I FhE FEHIT L2 TR 2
MDD ZT LOBNLRIELITREEDO LONRLTRA—BEC L OTHEZ IO THINTH
B g e v, L S ISEOM S KRS R B QI MO il BAERIT BHBIc L pW
BHES HENKB LOTHOT. HROMEFEIC L OTHNPREE MET 375 21 L IHE
B EIGEEL 2 bDOTHDOT. OB AL BB THMTH S T DD 3. B AR O
SLSHERHRE IS AT RIS S~ Fedn . IRIUASH BT AOTY, BT F il
L322 i THEFT LIWFA A2 2 EICHET 3. HOT oMM TAREBO RV T SILEL M

EOFWLEL . FITRBHIR L AOT b KBS TR T 3DI1T 2/60 sec, BIEDFHINEEL. L -

AW 3 0B L T O T E &(iﬂ‘u’;lc'l 7z DA B AT IR L TR L 1

% 2 CORBHWIHIC B NFT Lh5 LT Mwaal Yibifs & i KL M)'Cé% b2 e - X

B D,
ﬁﬁom%ﬁgrﬂquEEWm#mmﬁﬂuﬁwL G 2HAC AR 2% o
SRITRT 3~ S FIILMSOBFES & LA TR S e, I BERREMEL 2 b Ol —E0IRIE—

o&mﬁ&ﬁaﬁwwm&u;01~mutawt@&(.Aﬁmaﬁﬁom<ﬁﬁmmn?5w-

(TR B D ;’i’(:‘%l:ﬂ%é‘f%lﬂﬁllt"?%k‘)’-'fj'@ﬁﬂﬂltﬁg’if'l‘ﬁ:kéif%‘ﬁli ziuc ko
TREA BRI 5 T L 454D, LEBORS RV FEEETICHT b 90 R IR
ISR (G FE ¢ Entartete Explosion "’Dl}l{(?d L. fiL <% Entanete h\plosu)n k2
B ESMEICTE G IS AT R METI0 /T 272 BEEAMGITE WA 2 v, DL O EERMIEN 5.

1) N Semenoff, Z. phsit, Chen. (W), 11, 464 (1951).
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L AR AL R S

28 () . (%) BRREDFE

-

JEB & IHEBO U —OWHHC L O TS T & XNHERINA D RO TIHE RGO MDD
IS T & b A TR E V. JRSRHES — R F T RN WSO Mo T-H3ke 5 C i

WGP E £ PR T LTSN BHIRROBNT FRRE T . RIS TH D e d ot

O BOIXNRTH 3.
2, BBHERMORM

1P ML MR C & S HUC RIEDRIE v (LROR CRIT I 3.

No

l—a
ol I —KEBIC L DTERINIFHEPLOBETH V. wTBHDPILD F 0 ) F—TD 5.
COEMIL a<l OBFICHTOREBRELHL. «>1 2o XARICIERICES. a=1 HHERO
BAMTHOT, o Vb2 HE COBEABIIERICBCS 2. —EDFITNTIL « (T5RAME
DEBCH 2T L aBEN0ME IC 2w L, B LR THEMY T 2100 b0 C
DI nbFa=1h2"8kHiL. OTZoDMARErAT I &EICE Z>.. z X Semenofi K7k

w=

"Hinshelwood? OEMMRICENT 28 ~TH DT, IO o DN 22200 ST T o

BAICHIL. W0 a MY % K5 KIEIC & 5 @R OESE R0 X oTd &

LT L.

Alyea and Haber® (IN#REOEHNREEBELONBETI T ELFHL, 20 eE LT
ORI S A CRT 2 L D b ESEEDWFFIEC L 2 b & LTRYIL7e. BB
FIMRIC A TITR DO & SUT RO TR LR 2  FE2IENR S, ®E )% RS vkl
ICREDUWGHFHIREAHEE LY B LD L B~20CHS. Laber and Oppenheimer| T #ik £ I E
AT 1~ T- 2 M2 7 & IR L 7745 TORITILELSER{AE L WS L e WL, ®
BE DI E I~ B 75 & EEABBOTRANLT B0 Alyea and Haber o> 3t & i
2TACRL2 5. FLAES Hinshelwood and Garstang |1 Alyea O EGIC REHT 2 810 id0,

UMD THSORT L OTRUIEA 2 TNEHEL KL L ORNE B T h~T L b kS

“{,ﬁl:ﬁgl,?c. Uit Williamson® %tk Melville and Roxburg™ (3B P MR & BATH RO INIT
B2 2 T & RO Lie. BUCURSE Nalbandjan® (3 O—HET sk H—K{T-c & B RHEIC
PRGSO B LT EERIM L 7.

BSLACIE % B8 [EHIIC AT 3122  DAXDO—H¥E 2R CH 2. KEOMBRIC X ILXFENITHE
AT RGO RIEZIEFIT/HE WS, KBTMEL TRIBARIITEL. TRy F L
R D Ch 3. i LT T OMASICNTHEERIERMEIIC X TR LT 3 i0ic.
BEAOKIMIT & 0 S R OTHBT 3L LTRAT 2 ¢ 25514 S. MHOFMIC X DT#
HOR DT & AFENE ) B3575, FURMICRY 3EBNIREO R IS+ 31 5 EWNO S L
OEMEIC X O THEE N ORT M2 K 284 b5 Lix Kb htnv: Bics {pALITEDT
R ENTHZIN TO MM 2 EHRHE 11T £ LTEREORENEB~E B IR Sk
. IIBHEN O & IS EHINC B B IR OAERICE LT 2 N30 2 WitY, #E0 TS
Bl &B~b s, TIUIFPIHED—BLICE~NTH 345 T OBPNETR h U fific 2 H8

1) 2) 3) Wi, 4) 7 physik. Chem. (B). 18, M3, (1932).
5) Proc. Rey. Soe., (A), 1.1 (1931). 6) J. Am. Chem. Soc., §5, ]437‘(1‘933). 7) Nature, 131, 690
(1933). 8) Sew. Phys. 4, T47 (1933).
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(9R2F) BB TR FFFE (Fa) 29

NI NN N A A

BT L TN B MR TIZE B~ N TH R V. FiFx B PR Baic i3 i i
ERALMRICE~NSNTHBINHCHD. L coilidlin x i o ¥ —E8n b Lol 5~6
NEWZ & v, MESESORAIMRIC C OmEH AL @5 L TSI K. L IBFE 5
N, oo BRI e RV PN EDRE R R 2 A Y BOTH TRV T 5 L XRLTH
2. E)bRMMEERIE KEO RS IC XL OTHREN B O TR NI A b v, Rl —Es
BN CRBICHEIN S b0 & TUE, EEEHE REREICHEIT a8 FL—ERER D
BRMGRIE X BO/NE (T amEEBRv. BB~ R 20 6 XBEOESPIERML, &
B¥kHEO REQHAIEITRY 3 hllEBNHofic BRI 3 boCrniidkbkwv. T
OREOPIENLZ (DAAICLOTHTHRIEBETE 2 EE~ONTHD T bR,
ZRLED O\ BEAIEHYHET S O THOT. BRICHTIREITHRG 32 TR b O =437
RITLDRETH D LIIBLERE~BNZTLCHS. .
ERERICRTRE C DRI ARG S. FLEL LITSFX@in 2 ( OEBRER Y BT 3
CRICESO BT EN S TH B & LT HFROMINEBE WET 2 L DILEH PSR 23880
RIETH ZHITBIIN B - Joff B BITER/CHBROM RN B B~B DTH 5. LIRS0
B & IS C 2 B T LTSI LIS T L oBRIC RR 3% KL T S ICREQHIBIC
AT 2 RIEREORIEE ¥ B~ K b XEAAMOBRYBH THARITHT 3N 5. BENEHR
T8 2 Alyea ORICEIRNE W & FHIULHD 2R NO TFIT R T EAR GG B R H R A
R L HET 3 30 TR E R S V. BRLSEORSTICR TRIIRESEEIL NS . KBic
mELCIEic R B icEL. BUESMiT/ha{E 3T &iT: HOBMTHRTREREY ZALT
23 ORHE—KRE, EHRUESEEN TS OT. oE-2OMERIT L Y FEOEAY L2
O EEA~ABIS. MLTCOREMEHOKRIICL D, BATEL, NIRRT L WREOR
PICFET . BHESUIBITEVRRIBEOREOF—ARELr LELE T 208 REOERICA
3 B HEEA IR R TO.  ZORICH—A KGR EDIBA T B HOTREELH)
M2 LSRN b VIR BO TS 5. BHOMEA I BRI T —RO RHECH BICE L,
HERMATIUIDWT K TH 5 L THETOENI—BRTH 3. [ERERY LOBEATHG
ZYBRIEY R5iC. CORBTHRTIIATR ZMEINCHTI BRI S 5 LT 2RWOMND 5
CHIS FEHEBITIERC A b REWOTH 2T, THLhb FIEOMEFTIC D TEEH0FIEHEHAE -
TREEEIE XN E L THT LIIFELTH 5. i LTBIKAL LB FT 38 L g T oL Rk
OFIBHE D PEIERMIC L 32T & FRELTHS. ML THSI—EWFCRI LTI 05
RiLEc oI RECREERMICE 230 TRWTE bFRWHHLTH 3. FH—RRMEOEEITNE
FOWIMEIITH/T T 2R THOT, Thut Fig. 22 ko Fig. 26 offic dEENhTh T
ETh D BIHE L RIS B —RRIEORIEA K 2HUTHE D THRSPHIRIE b B9 H A
L, BEAENA (R EVCAERZR Y. BOTHARIHED BNV ZVDTHB. B’HIY
{ BIUZRIEOFENN S X s Rl we &k Eig 26 ofh#isr W icficzoT 5T
Libdbhg. BAICHETIHMOE VT L SIRIENITE R 3 ERITHE0EN (DT LY
RT AN CHB. BUNEFTNEH—RRIEOREL/ 2 2 22508 IET S BT & 44
AT EITATEE D X V. Tl LTH—ARBED /D WS ITTIWNCHR G 23880EIE b2 {, ik
FDMEL B BICHOTHOTEFERE AD L v AHRICE 5. 2O/ L L TREREO X
EHON I ZBAREL RS, HCOBAIC S RIBEEDOKE { & 5 L IbCEMRHITR Lk 2
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a. Temp. 340°C, Initial Pressure 18.9 mm Hg., H,: 0,=3:

i, Stationary Reaction (540°C, 290 mm Hg., Tl,: 0,
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k. Spectrum of H,—O, Flame.

»
A LA
h.,.\.qb.‘\, \,\‘, h

! L
PRI [T I SN

.:i. b,i.\

-'n\l\‘,v.“l.

3

0w oW W oW w W

1
1
1
1
=1
1
1
1
)

MIBELZDES Vol.

3:1).

(F#)

9 (1935)

35



—_— 36 —

MIBELZDES Vol.

9 (1935)





