The Review of Physical Chemistry of Japan Vol. 16f No. 1 (1942)

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

I. The Recombination of Hydrogen Atoms.
By Snojt Suipa.

(Abstract)

When H. saturated with Hg vapour is irradiated with the Iig resonance radiation 2537 A.
H atoms are produced according to 1.+ Hg*=2H+ g, and an expansion due to the heat
of recombination (Budde-effect or photo-expansion) occurs. This slight increase in pressure
was recorded on  browide paper by means of a  sensitive electric-capacity-difficrential-
monometer (sensitivity 4 x107*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 to light the pressure begins to rise (heating curve) and in a few scconds
reaches a constant value (thermally stationary state).  On the moment of shutting off of light
it begins 10 fall (cooling curve) and in a few seconds returns to its original state. ‘The
magnitude of the increase in pressure at thermally stationary state was 0.1—0.2 mm under the
present experimental conditions.  In a very short time (0.1—0.2sec.) immediately after the
moment of exposure to light the concentration of 11 atoms does not reach a stationary state,
and after shutting off of light some H atoms survive so long ; the heating and cooling curves
deviate from simple form (exponential or approximale o it} in these regioms.  Thus, applying
Horila’s method of thermal analysis of reaction velocity to this expansion, we can measure
the reaction velocity of 2H 4 H,=211, 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

after shutting off of light is treated in this paper.

. . . dCH . .
Applying the method, the recombination velocity v= J;d—l after shutting off of light
(o dx A1} . . . I
are expressed by eq. (2), where a0 corresponds to. — W dp is the increase in pressure due

to the temperature 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, to 211 is negligible in comparison with
that due to the heat of recombination).

An example of the records obtained are shown in “I'able 1, and the v's after shutting oflf
of light in the case of diffcrent 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, G50 mm, it may be inferred that the 1

atoms recombined entirely in the gascous phase. Then the recombination velocity may be

+
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expressed by eq. (4) where C is the velocity constant. Integrating eq. (4), we have (5} where
[H,] denotes the concentration of H atoms on the moment of shutting off of light (f.e. in
photo-stationary state). From eq. (5), we get eq. (6). Now, in photo-stationary state, we obtain
eq. (7) and (8), where v, denotes the recombination velocity in this state. Substituting eq. (8) for
(H,J in the r. h. 5. of eq. (6) and :%% % .
eq. (9). As v ory/v at any instant t after shutting off of light can be obtained experi-

for in the L. h. s. of eq. (6), we get finally
mentally. we can calculate C from eq. {9). C's thus obtained are shown in columns 6 and 7 in
1
9 lo
Table 2. In Fig. 4 e

that the points plotied are almost on a straight line, shows that eq. (5) aml therefore eq. (4)

which is proportional to -Elm, is plotted against time. The fact

holds true.

The velocity constant obtained here is compared with that of other investigators in Table
3, where Cyr and Cyy, denote the constants of the recombination of H atoms taking 11 and H,
as a third 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 spite 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 third body. In conclusion, the author believes that the value of

the constant obtained here is fairly correct.

The Laboratory of Physical Chemstry,
Tokyo University of Engineering.
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Budde #%ROBBIFIC L ZEHETFEHSREOHR
L KEREFoOoBFRE )
=M I =

N By ORI GHT 2 Lk 20 Woma#sc L2k vambh Ty
b Budde 2R LA OGN THD. JLORPUTOVTO 2 BFR TR, S 11TIRTHh

DRERT-OMEARIC L 2RBIETH LT LANM 2 EDOTHS. FL—PEHTHES
JREOBFRICHII L5 & v AR RNBEICF 22 ¢, BRI d T b it vw R
L THESR R HifcL T D RS 0%. FRITMBBRTIK O TR 3N, MARET O LR
BEFOCRINC RN 2 LT BRSO SAPRIT D X IROBLRITHN L, »~ 0 5 v RUKH
IEOWT I MBT-OHERHBORFA X 1TOD s B 5. ARICATRETARICONWTTT2
Fed BT DWW T~ B .

SED KT O RN BIERE M H4+HA+M=IL+M i M BHE5T) 31t
B e IR I LIS LOJE s Y oo~ Cd b, FFRIC § EERYIT § TE
ThHOT, WAKSEOWIKIC X OTIORUGRIENIE SNTD % PLITR 1O Wk

DB EFBRIPARIT L OTEATH L 2R10{10HRE~DIRETDHS. T

TR ILDILHEDFF RN BT D 2D & & { WOV DME i d: % T 2 D § LA
HorTE UMD,

R B 5 %

BREl: KH1316% KON ifsEomEiic k b Tl L, 2% KOH @ik, Pd Hig (400°0),
Fo474RCTHHELID F 7Y 7 34RIC PO, k%l LT, VUi UTRESIC
WA T 2R s RC T AL U pF il L 7e.

EFJICKIER Y B L O 2 BIC ADLDABUT T THNL 72 0@ LA
L X2 SIS

B KBUIENER (2537 A) O & LCht MISMUT MRS R ISR I O, T
W 1L Amp. il D 7c. SEZAE IR IT AT ST KSR A 88 UL IE IRk 28, #RERIc.
BRI TR L, IR KU E 2R L B 5EATEN & LT L. —LolEic B
SEERNL D BB Al T s TS THO%.

TET D 740 7 —12 N, RSURL VINA AR ZEO S\ KV v XRT v Y
# — kil L TILATFIT G L7

1) S. Horiba, Rev. Phys, Chem. Jagan, 11, 189 (1937).
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KEEAFIXTIRE 55 mm, 44 2 70 mm OFS-- T ORI T KR X W0 72 A OCTEE 180 c.c.
Thd. HOPMTKRELBH AL,

Budde YT X 2B HEHEIR T LT[R D i CTH 205, JLoTREKICITE AT oR A
EAEEE N e, R JHEIEITT v & = TOXBMOBIZEINCN O e D & [ CREANL T
Rt 250 BIBRHESYE 2By —BiL L 2FE% r =T SiYoREL#E I A, )
SHEIT & 2 LEHROSH & WRFNOML L L, 2iCROTHESFD BEElosR L ¥ Em 4
Vony S 7ICTEICRET2OTH D, Witk (10D © TN EREE TR Al
b5, ik xBTS O MR OTL LB MA~T RO maHEEE Lic. BHZLHR

=

Fig. 1.

BZOOIRBOMITIEN AR W+ 2 ¢ LM G+ SRR L TR, X IRORIM
MEREBCTZCRCTTEHOESNIT YY) ~ X EOTH~MIY 2ERC Lie.  ftodkio
FEMARHR OSBRI D MU DML S DBNTFS EME L, Wk 55, LOEWICHOTH
JEICAEI INse e, IEAEFDIRIEIR 4 x10-3 mm FUEC, LEITHEL CHE L fe.

FHEAE R OHBEIRM TR T Th 3. JENRIE Do L i 1582 b #3800 215
AREHUITID THRIE ¥ S L7e-

ISP B T IED R4 10~20 OO 8L & FRIMEAGH X HOT S v < 4 FEEL
WCREER L 7e. ATTERIC NG 2RISR M TH 5. 277 — X RTIEMIR 2T «
= ¥ WMy M.

BEhHhmKRo—KE
5o I ¢ AKBRAEIR ¥ R L 7o AT REUE O & IS T4LiE, MEDKSUENIL 2537 A @
SR B L TRA D I KK Ttk F5.
H,+ Hg*=2H +Hg 0

2) S. Shida, Rev. Phys. Chem. Japan, 13, 12 (1939).
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BEDIRBHTT-ALT S IT R LT g
FRUWL, T viT Budde ZYiasil s, 1§
Eaad &5 ULTG & e dhiiut —RRic 4=
Flom2rBRERLTRZ. WHEED
IEERIICE )48 I & 200 O Balh ) . BcRp

Jp (mm)

BT Ui L (BOERHIRGE), dEX: Time (sec)
& ILITME LB 10 GREINED . SR Fig. 3.

FHATH IS JNCTE T 5 B EBREIC R 2RI Mo-K S 1L R Eom S, KoM
REMIIFIAKOTRD DA OBEN T 01~02mm THO%.

WADUTE 0.1~0.2 sce MHERAENCT-DBIEAASEEIRECEEF GEL% L bicik
2ABAT I R 2 RO X B3 5. -0 THR T LB A0BEIIC X Mo n s,
WEADOBEINCIZS NOINATRILTH S, ZME Oy BT 2T 212X b, S
IREITI 0B 1 b+ A R XDTRITHAT 5 KL T- O TRIEL RO D T LAt

HAE . AT I TR SRS M3 o0 IUEHE JE 4T D Tl 2.

R T

AT 200 DM N> R ERAT X ALK, /NS D IMEHIE 5 11k 0 1 ¢
CENES

dx _ d(dp)

K=" ~+kidp @)
o . nRQ
¥ic K=", 3)
N RIRHUCOROBIE, « (XIS, Jp (RILHEBUCH A, k (LD EGE® n (LTS
PORWGDE AR, R IZIGAE, Q ZTHEH, s RO o (33 2 KIGOLMBTILR, V IX

HEEFRROFNTH 5.
AR TEALR ORI v ¥R B05CIT Q=% Dy =51 Keal (D, 137K4500 fe )

g, o MHI M QR EIEEN LS. BRI ORI Ik B
dx

de dt

dt

DUEOMMEEIE vo X RO DIFTQ)RND —— O DIT vo 2~ NOFRBEITMICL

3 WML Y k=— ;P "(d“’:*’) 12 TP 2L 3 BT B, BAC—E D RERIC Do T— i o

o Rt dp WL L oIRIEXITRER I 2 I I L TLH 28, HH PR 2n T
P22 PRI L 0 b HIR BT TRE L~ T, dp o3 & JuSitiBi s i+ 2 2 2 &
. ZaferRIiteohcmotBs, W aflereffect mAR{ES 2 MBSO IR L X2 Bore
ke dp W(ER R AELE LAHIRISIK D TR 2.
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foex 1m (112 Keal {1 2537 A o5

T1T74vvapfvo= :?./v¥r—'c&*>%.) KEETFONEEEOBICH- M os}bic k 5
L1 4:R (N THRHERIC X 2 BARLic L TEM S DM  Iko

|'f 3.’) Z)ﬁ:y
DHIE R Fh E LB ot

ReE g R

BRI AHOS HIhBOREMO - F R L 7.

bOR t=6 LAB%D k~dp G b INFEIC X D TRYBZ LDOTH .E@ﬁmMﬁwﬁﬁ
T X DO TROFER B O RERE ¥ F R RCHNEOMBTT: L. ILDRE bWl
S AR IE, DT TORERZEXHU BITXZ L6 F, AL T201c 0.1

Bk o t=0~5 ITHIET

sec XUTD. PKD vV RAEETBRIECHATINTD H, X CIRMEFETH S.
AR T ROUEIT DWW Tk #8ET 5.
Table 1.
t dp — (l(::p) k t dp - d(.;lp) k
(0.0306 sec) | (mm) (mm. st:c"‘) (sec1) (0.0306sec) | (mm) (. s(.elc"') (sec™)
Light of 0 | 0.161 0 25 15 0,066 0.130 2,39
1 154 0.316 2.71) 16 h3 119 2.29
2 143 342 (2.67) 17 48 109 .07
3 133 324 (2.63 18 45 a8 2,18
1 123 208 (2.60) 19 42 0 2.7
h 114 285 2.53) 20 39 86 2.20
6 106 259 2.52 21 36 83 2351
7 90 252 2.55 22 35 80 2.29
8 91 223 2.45 23 32 ™ 2.28
9 84 204 2.43 21 30 (15 247
10 79 189 2.39 25 a8 G1 2.21
1 73 171 234 26 26 h7 2.19
12 68 156 2.29 bl 24 ad 2.29
3 63 146 232 23 - 323 49 213
14 59 137 2.32 29 21 47 .24
Table 2.
Change of the reaction velocity after shutting off of light and velocity constant,
! t v Vv 1 C C
(10-'% mol. Y Vv Qo mol.~ mean value
cc.”! sec™1) (10-9) (105) cc.? sec™!)
(0.0252 sec)
0 6.98 2.64 0.38 —_
Pt 1 1.98 2.41 0.1 3.9 4.1 1010
2 0.87 0.93 117 b.1
3 0.45 0.67 1.49 5.1




The Review of Physical Chemistry of Japan Vol. 16f No. 1 (1942)

No. 1 TIIERMAIL ANALYSIS OF BUDDE-EFFECT 49
(0.0300 sec)
4] 6.06 246 0.406 —
Exp. No. 34 1 1.55 1.24 0.506 4.6 L85 1016
(p=053 mm) b1 0.62 0.79 1.86 5.1 )
3 0.40 0.63 1.59 4.3
4 0.19 0.44 2.97 6.4
(0.0445 sec)
0 4.5 213 0.47 -
Exp. No. 12
(p=b45 mm) 1 1.02 1.01 0.99 4.1 4.0x 10
2 0.46 0.68 1.47 3.5
3 0.14 037 2.7 5.5
7 Etp Ma I f'-'f‘ Mo 34 £ r Ne 12
-6
»h
EE ’
e 4
L g
3E3
ce
91
Ko -
1 X
0 0.05 01 0 0.05 0.1 0 0.05 0.1 0.15
Time (sec)
Fig. 4. Change of the reaction velocity after shutting oft of light.
% =®
B EDBE:

Wi a2NBHITDOWT: REEHTIR 7448 —FHHILARLDR. KEURL VSR
2 DPEO R Y BATH 255 HEOKRARICRIL 3 L3 D% 2637 A & 1850 A oIty
DOHTH 5. IFLEFITKIUS L I ZIFICIRTE DBWTH S 545, HHK, HIEAE, Kihv
v R TR RTKEE S, MITBC- oSN LT e L <t L, EEtic Hg #
ATz haiid 2537 A o oL T LSS b EE~bhD. (H, itk 2Tk
WERDEREAELE V)

fEDIRINIC X 2 IO MB . RHESF ORI I (e asz L, HoF o
TES A D & VAT T-ORE WAER EB~NEIEL 25N E~LN DD,
KDOER IR L YD S bDOTH DL 5. KEUEOKS ¥ 1k LEVIRETERE L7k,
ACRIHIEILE L < Mg, FHERITKSURAFAN TR 2B 2 SUMHBIC TR wilk7e
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L~z Uy 1ML T b 40 EWIME R 2 el Dfe. XBARIETIK LT bR DilHHIT
—HORFB A LT 2537 A Rl rhug, JEors & RIS G v, A%
WPE X bILT b IGHC X DT R BT Hy HAICHICS fire 2537 A o= hn ¥~
D b DR DT ERIWHTHS.

WU 3 7= R A F — OFT Y 1 BT KIRFRIL L X i L TORENEE Hg* CF) i
REns. HICD Ugh DIFREILHS 0.5mm o H. OHEIC X OTRMICHS XM F
BT LHHMBATIN DM, AEHTHO . I (650 mm) TlikE LTHEKINEND O
RRImNLEH~bD. L TIkD Hg* oWz :1 ¥~ 112Kal 3Z0hDXH5G
102 Keal (3AHGT-OMRICHN S 1, 78620 10 Keal (REHER= 4 ¥ ~1TRT 5. fMIC
X OTH L ARKETHIT RIS BICEELTHE 12Kal 2T 5. iiiLT HgCP) (Rix
Hg("Po)) IAFIEHURGE Hg ('S) ITIXET = 7 4 ¥ — LA T 2, KEOMBICHITh
BYLDLE~THD 102 Keal D= 30 % — HIREE— A A DB L & FUERA = v ¥ ~
IR £ ST A R CB B ¢ LTHICRIER Q & LTtz 2=56 Keal
¥, Wi 0o =51 Kel & &o7ec EHEH LS.

H,+ Hyg¥=1Igll+H # B IEICOWT (1) KOMELIHC IED IR AT % T &ik
Mg adnCcH 2y, Hegl [IRDTALETH HICHHE LT TANAERICTIEZY (DK
ME& LTIk D7, HEDIBIOIE LT & XERHERIT X 2T b 50T 2 © & Ak 5.

EXROBESEESEERY : ARG BKFEORMEILHEMITI W ILBIE IR 5
Vo ARFETBIRE R CAHIM O S REZGERE H+H+H=H.+H, T T 0L L
TIWRTH L. REOTHEREORHEEETARCTEILAZ b0 LT,

v=-@—cm JCHY. )

i C HEERUTHD. ZEHSLT
T:l%—ﬁ%[ugjt. )

i CHY Roe CHLY (292 2B ¢ ROE =0 KRB DKEM T-OBIE R +. 22D
E'[—:SJ- =CTHICH. )

S I LA E AR AT 1

vo=CCH (11,7, (N

(He)= -~/ LEH 3" (8)
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2% (6) KOAFCA, o D RRE (MK X b ,Eﬁ_i/ L R BMEERLEL (6) X

CH)
D JEBITACA LTEBT UL
1 /v )
=g (P31 @

&% JORIC v BT v, OUBEILIALTC 2 ROBT 22k D. HoRKICBT
C I LTR®IBbDOTH S

K (D) RiEDT (5) RAK D L DIx b i EII] Wik —— ¥t K LCHER T

LEHTHD. WPINENTT Lt et 0.1 sec l,nog}'.lif&( it hIcToTI b, AKER
TAJLOBIETH L ZARCEOTIHELTH DT L4705, MLHIEN & Jic B HERIEIR
NI VEER EOBENSKTICHE L AL, FRITOCHERE F T2, X0 Co
'4‘iﬁaﬁiiliﬂtcolikl-’r~k%r§ LTFEHLIcbDTH D HOBSERBLIZ 20501 HE
i gL LT C=4.5x10" mol." ce.?sec™' 7 Bli% f37c. S=RICIEOER X4 LUEfD
WRFT EDTHUOL TR LNk YL & L ILET 2. Pt Cu RS Cua 352 2 AKFBIT
KOG T STHROHNG & LI TS A IUEDRIE T D 5. '

Table 3.

Comparison with previous works.¥)

Preparation Total
Author of hydrogen - (] Method Cni Ciia
atoms pressure
1. Present Hp-sensitized 630 mm | 3% 1074 mm [ Thermal analysis 451018
author. decomp. of 11, of Budde-effect
11, Farkas and » 200 mm | 2x 1073 mm | Determination of Jedx 1016
Sachsse (I1) by p-o
(1934). conversion of I,
111, Senftlechen ” 10-80 mm | 8x 10~¥mm | Determination of 2X 1018
and Tein (1) from thermal
(1935). conductivity
1V. Steiner Electric 04 mm 15-8025 Spectroscopic C11&Ciia 1x 1016
and Wicke| discharge in determination
(1931). hydrogen of (1)
V. Smallwood »” 0.5~1 mm 20-5025 Manometric 1.7 x 1006 (3% 101
(1934).
V1. Amdur and »”» 0.1-0.8 mm 10-9025 Calorimetric 2x 106
Robinson
(1935).

RICR DI DK EDFFHRITIE AKREBT-0 4 K IC KERGE LKSUT R EES R ST
HTH D FFTRRICH ST BIEIRATS b, S FIXHLEASMTITIIN AT RE

4) FEEBERIT24Tiz Schumacher; Chemische Gasreaktionen (1938) p. 328 2.
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BRLLDED L LTH . AEREOBSREITBIE bA Y {2k b 1w, IR
Wl VAR CHNEIY JLBA 5 T d 245, AREET L T-ORF T AT IRIED =M &
b, XHME B ¥ L <, FRA ROMER MR TH 5. AKPIRBE LR LB ic |2
OB,

WROFIICHIE R OMUT Farkas BT Sachsse (II) offfczh &R~ LTH S, 2k
AFERICH: P L7l F Tl o e b DT 5. IV LBR2AHBRBEIBRZIC LG
FAK—FHLTHS. VO Cu. 13 Cu OFB X vilELA VDT, U2 Cu & Cua OK
2RIV &V CRARNHETH D, $ N KED L OLKRITH DO TION & DILE
RS, DL L 11 KO IV & 05T 3x10Y L w il Th b 5 & MItiLs.
Y DITATERICAWT R L2 Bore HFiETHR O e IOBMUT AT CEBHCEW b O
AR

& 5

1) e OKSEAFBITHT 2 Budde 2% W J)—a5MhEr & L Thiskic Sitciask
T 5T &htlskse.

2) It hEroWH oG I WS- oS ik y W sT &ick b, I+1I+H,
=H,+ U, 7 5 WS HIEOBAHO MR IE X ME L, 2 & b ko 5o M E R ITEL
4.5x10" mol."* ce.*sec™ K B 2O EOR MLt Le.

ABFI A5 U -C #5GE0ANETT 2 SR & MR 1 )0 7 REHE b Al Tt i A
R OBE L KT 5. LMBIRAG L ) SBOMTRRORYE T fe. HLTHE L LT
5.

WHILIRRM
Lo JEL O A g (R A-LSEZ 326D





