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A STUDY OF THE RECOMBINATION REACTIONS OF
FREE ATOMS BY THE THERMAL ANALYSIS
OF BUDDE-EFFECT.

. The Recombination of Hydrogen Atoms.
By Suojp Suipa.

{Abstract)

When 11, saturated with 1Ig vapour is iradiated with the Ilg resonance radiation 2537 A.
I atoms are produced according to Ha+11g*=2H+1lg, and an expansion due to the heat
of recombination (Budde-effect or photo-expansion) occurs. This slight increase in pressure
was recorded on bromide paper by means of 2 sensitive electric-capacity -difficrential-
monometer {sensitivity 4 xX 107 mm) and an electromagnetic oscillograph,  The general
form of the pressure-time curve thus obtained is shown in Fig. 3. On the moment
of exposure 1o light the pressure begins to rise (heating curve) and in a few seconds
reaches a constant value (thermally stationary state).  On the moment of shutting off of light
it heging 1o fall {cooling curve} and in a few seconds returns to s original state.  "I'he
magnitude of the increase in pressure at thermally stationary state was 0,1 —0.2mm under the
present experimental conditions.  Tn a very short time (0.1—0.2sec.) immediately afler the
monient of exposure to light the concentration of 11 atoms does not reach a stationary slate,
and afier shutting o of liglt some F atoms survive so long @ the beating and cooling curves
deviate from simple form (exponential or approsimale 1o it} in these rezions.  Thus, applying
Horila’s method of thermal analysis of reaction velocity to this expansion, we can measure
the reaction velocity of 2F 4 11,=2I1, not only in the photo-stationary state but immediately
after the moment of exposure or shutting off of light.  For simplicity, only the reaction velocity

afier shutting off of light is treated in this paper.

p o : ACH " ,
Applying the methad, the recombination velocity ve= —E—l—] after slmtting off of light
e dx dgry O . o
are expressed by eq. (2), where o corresponds Lo T Jdp is the increase in pressure dug

to the tempenature rise by the heat of reaction. K is a constant and k is the cooling constant,
(The change of pressure due to the dissaciation of H. 1o 211 is negligible in comparison with
that due 10 the heal of recombination),

An example of the records obtaincd are shown in 'Iable 1, and the v's after shutting off
of light in the case of dilferent light intensities are shown in Table 2 and Fig. 4 (curves). To
obtain the recombination-reaction-velocity-constant from these data. we need the following
derivation.

As the H. pressure used was relatively high, 650 mm, it may be inferred that the 11

aloms recombined entircly in the gascous phase. Then the recombination velocity may be
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expressed hy eq. (4) where C is the velocity constant. Integrating eq. (4), we have (B) where
[H,] denotes the concentration of H atoms on the moment of shutting off of light (i.e. in
photo-stationary state). From eq. (5), we geteq. (6). Now, in photo-stationary state, we obtain
eq. (7) and (8), where v, denotes the rcs_‘;mhinntin[r:: \'eﬁocity in this state. Substituting eq. (8) for

V% o CHad

CH,l in the . h. 5. of ey. (6) and P for iy

eq. (9). As v or /v at any instant t afler shutting off of Iight' can be obtained experi-

in the I . s. of eq. {6), we get finally

nientally. we can calculate C from eq. (8). C's thus obtained are shown in columns 6 and 7 in
Table 2. In Tig. 4 P—}-;: which is proportional to E%ﬁ' is plotted against time. ‘The fact
that the points plotted wre almost on a straight line, shows that ey, (8) am! therefore eq. ()
holds true.

The velocity constant obtainerd here is compared with that of other investizators in Table
3, where Cjr and Cj, denote the constants of the recombination of H atoms taking Il and L1,
as a thied body respectively. The present author’s datum is somewhat higher than those of
the others. But it agrees well with the conslant obtained by Farkas and Sachsse under the
conditions relatively similar to those in this experiment, and in the order of magnitude also
with the constant IV in spile of quite different conditions. The comparison between V and VI
are impossible, for as seen from IV and V nothing can be said, at present, of the relative
efficiency of H and H, as a thixd body. Tn conclusion, the author believes that the value of

the constant obtained here is fairly correct.

The Laboratory of Physical Chemsiry.
Tokyo Unirversity of FEngineering.
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Budde SR OB L 2HHEFERESREOHR
L KEBEFOBHKSA
S 1 E =

sy ORMITEY YT 2 Ma ks oAb c LX< X b TR}
b Dudde FYLLFATE BN THZ. JORPICOVTH 2 FFR SR THAREE FI1TCIETh
PG T-ONASARIC L 2BBHRCTH LT LWL DTHS. LB TS
JEEQTFITHN L5 & vt i 2R fEm . fREdE bikic i v R L
LTk Fide LT H I bt BRI MBI DT IE 2 . MR B H R0 LT i
BFRIT R NNICHEN 2 4T A7 T RER IS O MBI " % IOBLRIEII L, e 5 v RUK#E
TOWCT LT OIS IMEORF AL X 1T 02 &% ARSI TR A TKHCOWTTT2
ek BT ownTTili~ g,

BEDRER -0 A A Y B85 HHH+M=IL+M (ic M 38=5T)d ik
ST IR R T, ILOMERM T Y oo —2CdH b, FERVIT § 5 T
THZDC, gL WO RIS DT MEIEA M 2LCTHD.  PF LR L oRI#
OBEJLOM NI KIC L OTR A2 TH 0L 2 HI100EOHE 2~ 2 RIETHS. T
VIS IO LMD FFRIC T b LT B 2 0 & A ¢ oMol ik # N 2o 4, 2Lk
hAoHTEAMIND.

R B K &

BUE: RKHI315% KOUJEEOERIC X TR L, 2 % KOH BifiE, Pd fHl (400°0),
Fo2474RCTHELID b7 Y7, {4BIC PO; 1 %0 UMW, Wk L. 2JTHETIC
MAT BT TRCTHALA U i eiFEml 7.

LRI KPER Y B L B2 BIc AfLa/KRSUT BT W Lo U R LA
Lo xIts.

BB KGR (2537 A) DAF & Lt 15 W AR A AT KRR & 1 T8,
mllmw-&MLt.mmmmm%?m-ﬁmmmﬁﬁﬁmLi&ﬁﬁT%ﬁ,mmmmm.
BAREIC TR A L, JEO KT 250 L O S ATR & LT L. —eoidic B
SRR AR - sl hit s x4 TH k.

HETHM 7405 =12 Wl RBPIRL VNS EDE Y KRV Y XRT > Y
F— %Al L TAOHAT I ES) L 7

1) S. Horiba, Rev. Phys, Chem. fapan, 11, 189 (1937).
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JZEEAT XTI 55 mm, $£ & 70 mm OF [ AT O R Ic ARG & Wit id 7 $ T4 180 ce.
TH3. HOhCKREBEANT.

Budde #YUT k W8I A EI2 3] LOTTK D 280 Th 500, JLOTREIC WS R X
RAEEE AltA e, J3 8 F08EIT T > = = TORSMON T N Ve & O & FEETHENIT A
BT 5% BIEILEESE 5 B — B L7 2y S BITEC OB IRIEENC Ad, WE))
BAEIC & 2 L HROBIT & WA ORI L L, ZITHOTEFD BBiEioR b ¥ il
Yon 7 CTETITRIETS2OTHS. T (0l 12 TR BRI 3 spitami
b 5L, X« 0BT NERO T LELE M~Ti—somnd b E Lic. BHERHR

L E

=

Fig. 1.

= OOITRIBOMITIEN RIS Y EF 2 c &M< % 4 2 TR L <Rl g, X Eo R
MERFCT BT FEOSNT 7Y - XEFoTii~IF 248 Lie.  Jkod%ilo
LR OB ORI DML ED BRI FE I L, kOB <, D220 KoTH
RSB IS, BHIFOREL 4102 mm BIEC, LEICHLTEEL..
KRS R OB T Bic R T i TH 2. NI D o Lo I IGARE £ RS 248
Al oimr R L.

SRR $CRD G IED W15 10~20 B OFEJ1SHE ¥ TR ¥ KT 7 7 v 4 FHEL
CRlskLe. MARITIRIC A 2 ERRIE X ARMHTD D, 7)) - XL W28 T &
= Y Wik E D e

BEhmKRo—BKE
3o ¢ JKERAER ¥ L7 KA K EUE DN & I gLy, D RERAAAIL 2687 A o
HEER T B L TRRO I KER Tk F5. )
H,+Hg#t=2H +Hg ')

2) S. Shida, Rev. Phys. Chem. Japan, 13, 12 (1939).
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D ARITT-AR T AT IERES T LT B
IR, T viT Budde Zeiintie s, 1%
Bk UL o Auze MEInlhpitiy - REic 45 =
[Riom2 ke LCh 2. WHiklto
EFIHI VT RE ) I & 430 OBl %) . $cRp

FIC—E il i L CRVPERTIE) . EX Time (scc)
L LIS D) b % B0 GO NN . SRy Fig.

PRI INC I T 5. B0 EBIACEIC AT 2 TR ek S (1 i o =, KIFo BRI
RURN R oTR 200 BOENTIX 0.1~02mm TaHor.

WD 0.1~0.2 sec IFRFHT-DBRIEAALSE TR EL F, 2OELB i btk
BATT R SR & O 2 BT 5. fE0THEIEHC LR AOREIIC I mAAoMiLD:,
HEAoBHII i oM A< 5. AN E BT T i kb, Sl
IRTEIC AT 2 0% 70 &+ WL RUEXDTHRIC NG 2 KL T-OMESHEXRB D T LAt

MACZ . Aotz AT 06 M o LM T 1 DTt 2.

BB R &

ST 008200 U 1 D BASRRT 21T K ALKE. AH IR — D LR —"% § & s MOLIREE
2.

K % "(‘J"} +k(tp) 2
#ic l{=%[:-‘f,l, (3)
x (LILREICE O BIE, ¢ 1RnEH], J[; (R HEEIC s R, ka2 MR n (XSRS

IO A, R ZICHO8. Q XHEER, s BT o X« KIFOHARTHR, VI
AR ORNTS 5

AREERCIHE RO R E v 2K 205112 Q=% Dyi,=51 Keal (D, (T $ioofm )
padug, XTI QRIS LS. A O LR R

|1l i
LUEOIHEIE vo 2RO DNFT(Q)KXD — d\ - OLDIT vo XS, WLOFTFHA ML

B ML Y k=——— ;P "Eﬂ"’ IS LTI S AT B, RA ROz ow T ofk

{2 Feix dp BHIFYLE oM XacmBgic—i & ik ivT L7 88, R o ditlicon T
PELHOKREIR L V o AR BN BT~ T {, dp @3 & JUSitiinIc frmd a2z e &
st TALMIRIBIME St Moy, W% aller-cffect wfEfEd 2 W5r e IR BT IR L X T TRy e
k~dp ifCE R CLE LAMNDIZ o TRS 7.
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fekzanF—JLo LDk bk Q=£=BG Keal & i@k w. (112 Keal (1 2537 A o4

2
TITAvv22 4 vO2RAF~ThHBD.) KEETOMUHETOBICH THORILIC L HNE
ML LETH DA, THEERIC L 2 B bictL Tl ansfiha kol
DX T LB T d D

RE B 2

WL LHOB MO EHO W R L. HAFE Kk o 1=0~0 iTMN%HT 3

YOI =6 LD k~dp FTHR X VINSFHEIC LD TROL L DOTH S, S AMhERO M
FHC Y DTROFGELHBO TR LR THMNEoMRICT L. koL hWihik
< XEEE, #OoTX R ToRERBELHEBICIETFT L6+, AR T0c# 0.1
sec X2, fiTko v BRAERTERECHATZETH ), L CILEEEETH 2.
JLMER TR O UR Ic D WT IR BT 5.

Table 1.
t dp =M k t dp —Adp) k
(0.0300 sec) | (mim) p—_— ;:c") (sec!) (0.0306sec) | (um) _— :‘elc_') (sec™)

Light off 0 0.161 0 (2.74) 15 0.086 0,130 o008
1 154 osie | ooy 16 2 1o 2,90
3 143 343 (2.67) 17 45 109 80T
3 13 324 (2.63) 18 4h o 2.18
A 123 208 (2.60) 19 12 o1 2.7
B 14 255 2 53} 20 59 s6 2,20
6 106 259 2,52 21 o6 3 2.1
7 00 252 2.55 29 35 84 2,920
8 91 223 245 piel] a2 T 2.28
9 84 204 o.43 24 30 65 2.7
10 79 189 .39 a5 2% G1 2.21
11 73 171 .54 o6 26 a7 2.19
12 03 156 2.29 hr 24 K 2.29
° 63 146 232 2 - 49 211
14 ] 137 2.32 &0 ot 47 .21

Table 2.

Change of the reaction velocity after shutiing off of light and velacity constant,

|
t v e 71,= ¢ C
(10-° mol, vy (10'6 1nol.~2 mean value
ce.”! sec™!) (10-) (10°) cc,” sec™!)
(L0252 sec)
0 6.93 2,64 0.38 —_—
o No. 30 %
Pl 1 1.93 241 0.71 3.9 4.1x 100
2 Q.87 0.93 147 5.1
3 Q.45 0.67 1.49 6.1
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(0.0:3006 sec)
0 6.06 246 0,406 —
2 o 1 1.55 184 0.506 4.5
PA . DO Y &
1 Mo 54 i e . L83 10%
(p=0653 mm) 3 0.6 0.70 Bl .1
3 0.40 0.6 1.59 4.3
4 0.19 0.44 i 6.4
(0.0445 sec)
0 4.5 213 0.47 =
Exp. No. 12 d
(p=04% mm) 1 1.02 1.0 0.99 4.1 4.0 10'%
2 0.46 0.68 1.47 3.5
3 0.4 037 2.50 5.5
i Eop A 30 F-,ﬂ e 34 Eap Ne 12
=6
=y
375
=1
24
g d
=&
2. 3
L)
Bs o . -
1 X
" "~ - ==
0 0.05 01 o0 005 0.1 0 0.05 0.1 015
Time (sec)
Fig. 4. Change of the reaction velocity after shutting oft of light.
BEREZOMk:

MU 2B HIEONT : AT 74 A 5 — 2RI LEhor. KT b2 RE
M2 OHEO Y RATH D, HIEOKRARICRIL 2415 O 2637 A 2 1850 A ok
DHTHD. F LK K 12T DWW TH 6 585, HEK, G54 K
v 7 TR R OSOKRANE S, S - HihE T 2 e L (At L, BENC Hg 2%
RUICIERICEN DRI 2537 A DO LTI L2 D EB~bhD. (H X2 0R
WOE LD RILWERAEE L W)

oMM &SI M :  RIEHF O E RIS e At AL, HoBicidho
S sl S & WATHEPHIMT O K2 WAGER ¥~ M L bR B~ D4,
KROKWIRLETD D EOTHD 5. AFHEO KD & ik LEARE TIKE L DAL,
ACRAHERE L L Medd EUERITOKGURAT A CREIC 2% i S AR T3l Wilic7e
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L~k 1L CMAE LT L ERR M ESR S o daofe. KRBT LT §oilikkic
— OB B R RA LT 2637 A MY ueE, Jkoos & sORJIRmAce GG Tov. se%o
WEEE b IT §IGHE X oC BBHUBRINE Ty ZRICIIC S duie 2037 A O = hn ¥ ~
KINZ b2 LWL THS.

WA R LA A F — DFTN 1 ST KERARIR I % M LTRERMES X T O 1l
B2n2. MICIkD Ug* o) TRKIE D 05mm o 11, O fifEiC kDT RMCHE LT
BT LHMBATK DR, AMATHT L B (650mm) TRAEE LTHEINEND bO
B2 MuEE~bLS. LTIt Hgr oB#=dr ¥~ 112Kal 22 oo A5t
102 Keal 125 T O M N S, S5k 10 Keal (2@ = 4 ¥ —ic 55, fifgRIC
IOThLAKRETH TR SIBEL<HE 12 Kal M+ 2. WHiLT HgCP) GEik
Hg(P)) LUFIEHURE He('S) JBICILET = # 4 F — T {F-E X 50, Ao MEiciiith
ZYDLEATDHS 102 Keal D 30 ¥ —HfREE— TSR OBPLE IS FUEM = 20 ¥ —~
IEBH2 & ATHEE R WBTH 5. 17 ¢ LTRICRISAQ & Lotz 52=56 Keal
¥, Wit =51 Kal & &ofce LARH L 5.

Ho+ Hygr=11gll+H k3 HMIcowT 1 (1) Ko MR Ibo A (LA + DT Lid
it ahTDH %A%, HegH YT ALETH HITHELT TINAERICTIIZE (DD)L
ME& LTI 27, JEDIEIMOIE L\ e & XGRS X 2C b T 2T & Hsllsg 5.

EXBROBRECEELEERY : AR 2KHEO DML TERHTITWILEM IR 7 5
i KRBT ER A O S TEAEIE H4H+1L=H,+H. TR T2 002 L
TEWHTHD. EOTHABZORIHIER AR TREILAZbDLETS.

v=———=CH.JCHJF. )
HIC C REIERUTHD. ZEHSHLT

1 1
Ty~ (“uj=Cﬂllgjt. (9)

el CHY BoE CH (X9 2 W5l ¢ R =0 icidd ZRERI T-OBIEL 2L+, 2k b

SIS .
tm*-l—ﬁ(“-_-][[l,.]t. (6)
LG R (R R R A 12

vo=CCH.JCHD%, (7)

% / Y
C]‘Iu_]: T_,'EH:] . (8}
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¥ ) ROGHBICARA, 12 @) REE (DR I b --EE_‘LJ;’ZE RBMZEREL (6)

CiJ
DIEBITIRA L OB RIS by
. 1 N .
“‘TﬁTT( 1) €)

é&%-M@ﬁmv&UWm@HﬁmkﬂkaCkmb%C&$M$5-mZ¥KMHk
ChHI{ LRI yDTh 5.

L) RiEoT O) RAF D LD BT e Ell] B —— % vICH LR TR
&Juféa.uMWEmLRw<ﬂMOwacwoﬁﬁﬁ<&MLK%01mb,A%M
TAIOBIEICB L AR OTHIR LTH DT A5, BRBIH & 2002 5 ST
ET DEER EOMEMNKTICF L CHRL, RO EHIESISFT 5. =Ko Co
Hiﬂjfﬁliﬂta)!kl’r‘w%x@. LTHRHLALDTHS. AOBRI EBLAZO0RAICII B
WD E L LT C=45x10" mol,~ ce.tsec™! 72 5 % {5 e. P=RICIEOE L 25 LD
WW#Kxﬂfwﬂﬁﬁfmbaﬂkﬁ“éikﬁf7-i$€uﬁﬁcmd%kKQM$
KOG % ZTHRIRDE =00 & L7 TRRS 70 Mo 1, WWTH D

Table 3.

Comparison with previous works.®)

Preparation Total
Author of l;i{(:lr:;;gen 'S:I'E [ Method Cn Cita
1. Tresent Hp-sensitized 630 mm | 3% 104 mm | Thermal analysis daxims
author. decomp, of 11, of Budde-effect
1. Farkas and " 200 mm | x 10-F mm| letermination of T4 1MS
Sachsse (1] by po
(1934). conversion of 11,
111, Senftleben " H1-80 mm | 83 10~ mm | [etermination of 2x 1015
and Hein (1) from thermal
(1935). conductivily
T1V. Steiner Electric 0.4 mm 15-8025 Spectroscopic C1y<€Ciig 1x 1016
and Wicke | cischarge in tletermination
(1931). hydrogen of [11)
V. Smallwood " 0,5-1 mm 20-83028 Manometrie 1.7 % 1016 (3x 100
(1954).
VI. Amdur and ” 0.1-0.3 mm 10-0025 Calorimeltric Ux 10
I\'.ubinsnn
(1935),

RICR S eI EOMFRICIE KERT- 0 LRIc KERE L KIREREESE SIS
NTHS FFRER RGBT EBETATS D, HFIR ST TN DA T8

‘i) BBk 2~ Tiz Schumacher; Chemische Gasreaklionen (l'.ms) P- 938 0.
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FLLAE D E Lcdha. AR EOBSIRNTIT- 2K AR  Adr L IEWit, IR
o VAR CIIER HBWIR S TH 545, KHEETF L AFORFILIC WA T IIEDINER £
b, MEENME L L <, PR POMBIIRECH D, KBRMBKEEF LB Eic Lt
HOMIBE (.

WK DO P HE B i Farkas K78 Sachsse (1I) oo f e dL e L =L TH S, Zik
APERICI A FIPLL 2k o T ClROAL b0 THD. IV ERERHRIEARDIC LG
FAR—FLTHD. VO Cu 12 Co OoFEf X ViiELAYDT, 12 Cu & G @K
21X IV & V CRARKETH ), S s ka2 L ohkifikTd 5D TIkDN & DIEE
BHHTS S, PFL I, 11 %78 IV T blT 3x10™ rwifliddTds 5 2 Wiih 3.
W DITATERIC A WT R L2 Bore FE Tl b e ILoBMUZ T ICEPICEVW b O
&+ 2.

& &

1) 11, oskSUGER AT AT 2 Budde 2l % mE)—nd)ihin & LT i baiticitih
T4 T LAk,

2) St ol omn Bt BEEEo#Minky T oT &ick b, 11+11+H;
=1+ Uy Ze WS KIEOBE O R IE L, 2 X ) Ik JEREoMOERH R ST L
45 x 10" mol."* ce.”sec™! I ALY ZHboBrR fof el et L. ®

AEFA % U C #2350 3S I 2 PHEE & B o7 SRUMA ok T i N g 1R 1
CHLO BT R T 2. LRIBRAGE ) 2HOI ORI E S} 7. HLTHHE LT
s

W LR RM
f m 4k BB = - EAE= R 2R



