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THME, BAOTFHRITIM L CIRMEL, HMR A L THHAsamL®, A Pd ok
HOWMEESFECI SIS L O Pl E@ LOKEORE X ilE T2 HaMHES. #goT
REEE LT, AEX—2OKBME T2 6 DCHIEE ¢, EIWEFREALRIE L %5
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AT RT. MR ER R CEEYL YD, RIERNA &Rk s KES#Z D,
0B LIAIFEA EETL, Pd RRERA DB BT EMT 21cE 5. LMKESRIBM TRV
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5) Dobytschin & Frost, Acta Physicochine., 5, 111 (1936).
6) Dubytschin & Gellart, Acta Physiceckim., 6, 95 (1937).
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AT BRI 00006 0, %ZOf 02°C oREIB Y L LT 000122 CHEND .
0.0012 2 o|MIEF ML v H. e HMoFELHHRE LT 019, H. ¢4 0.023numHg T
H#T%. @b 0.03mm Hg PLEOMO He R ICHF L DSBS,
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mm Hg o O, fr 185N, 10mm Hg o> M, e TEEREE LT, SR L 2 VIBER R T L
W5, ZEFEHAEE () &MY 3. REGN KBRS 160°C ikfftboy, Pd 0
B ¥ 540°C (o iussie 15 SRim# L. Kiz 10mm Hg @ O, 4i¢ 15401 300°C ic#L,
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+%. MM P OH % BI0°C 1 JPihc 16 S MET 5 20 TRk T 2. 2%
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BRI IGYEE R (111) X 173.03) —HOEBCHS W LKL A 6N 7. — LR
YRACHTEHBT DI, LFEHMALERE (1) & NHACRE (1) oficiT otk
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FHEREL: [RORBBICKOST, Tr=y v 7y — 2 -NOGEE EERAIC L bR
FTEUFomMm RS, b Pd rRigtoMmEeRm () ¥fre, H. he 30 4L T
. Peo=150/1000 mm, Py, =7.90 mmn. % Po;=3.95mm ORICRH 3 & ZillE+se, —
TOULTL 433 10, 438K 436 b, EOTEY SO WL MA~2. LR He o hkE 1 b0
bk, t=40F, 205D b Dk u=HFSL D, ZITHLITAD | BB+ 5881
B u=A708r s, i L CiHEERFSEOBic, H, quclBdB3 254, O, yicikid+2
L OHETHEIECH 2. Wic L EIXEHEA 26°C DPJ[ OB TH T, BIED 2 BHH:
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KA. EPIEHRORAMEA, FARE Pd OHEER MO R < B RTIOTH S, I
Kot CO DmWRATHOT, 10BNITKEEOARIESET T2, HHfiidssn &
D2 yn LT, Eering 934x 101 0 T3, Bradg# 0.02mm Hg o CO %2
ALTH 1040 LCRAAREERBEAR L ANRE, AREOMDthirrB~%. CO ok
#7024, 0.30, 064 K% Llmm LMT3IEHRST, CO Lk oT@xERcdEans. it
~AOEBICRTR, Pl O, RSHEIERER D & (1) ¥ffoTHWT, 4AH®R
FHEREHEALIRER (IT) 24507 bDOTH 2. W ICH-CHARO MR FE KK Rt A Mo
HOBEDEHEDEFMEROTHSB. 2T Pd 1csEs i H, & Pd cf3 11,0
& CO. &DBAEDBRBEMD Pd ORI L YA LATHS. X CO OROBTIc
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DN TP T HOWEHMOKREEOTL DR, BATIHHFALRERTCHSOT, CO
P F I PN TRMED He 2FAT I5TH 5.

(B) [(COGE) +0.)+@H. 40, F: LLEEAI b CO ZILMIT AT, Hhb Bk
KEXFANZDTH DA, SEiE 024mm © CO ¥ AN TH, 0. ¥ 1mm Af, 60450
g L TRERkEY 26 mm BATRE, SI=RICRLbN 2 nE P RIAN.

(¢ [(CO(#®))+H,)+ (2H,+0.)1 F: RKickT 024mm > CO L ANTH H: ¥k

Imm AdL, 60 HIRREREEKEYZATRE, RIS,

" (d) ((0y)+(CO#E) +2H,)) & (CO @R +2H.+0.) F: X5 O; k Ak, CO
L H, LORABEEBATIHSRIE CO, H, % 0, DIRABEIHBLILEAT S, @) ©
WA LA—-HURTH 288, @) OWA L b BN E B2 5KEY BT 2. PO
b, CO X Pd _EiRRT O: HRERHKAILER O O ILKOTHRETELOHND DTS
o, ILMEGEIER, CO+10,—>C0, EifEaND.

FihsAPEER 3 2 e Burows SSOFFFP B 5. Fhut 20°C w3 % Pd ik 5HE
FAERMICHT S CO OFHEREY 10 mm Hg DA TCHIMLADTH 543, ERICK
HEL e WESSUOAIRE N 2O TS S, Taylor 80 Pd ~D CO OMFEDOLE ic ki,
CO DIEMEALBAIL 0°C TR &L 2 CTH S5, Burrows OYH VI%‘#J)%}AKLLLT CO

RS L VBRI ZERERBL 2N LNTH Y, CO OEBINEY O; iKtkD
BRI TH DL LAMERLE—BTLM TS5, AL Bunows iy iE L <R 5 ¥,
Tkl oI B C i Pd OF LR IC oM b3 o4 L'c?g LZOHTHHNE, IS
ML EOFITL TEIBOBRYFIcTEL (% T 230c ko, X Burows &l fiiiid
DA ¥ B T, E‘k,{iﬂ\#lilﬁf@k?) b CO OFFLREOHBEY L, Fic
—EOTAOTHIFSND b D t)’«'t“}w)im CEHER YD 7.

() C(CO@B)+ (2H.+0,)) F—REOHE: H=RICKH b, FRNIMROBHH I
BT, I BEEAHOTH Bh X H~D &, RAOWNEHIBRTE CHTR~ZWML CO
ORI & BEFKFEIME L P T OTH DB TH & 2545, LML ek Pd ~0
U, cifgic K5¢ Lot s. HRRERT L, BEREEBWES P (1), HIHE 0.25 mm,
K2#H110om o0, K THLNAENTS 545, Pd (1) BIHEF 01mm, #3822 m
DHLOEMOT, Pd OWHIEE 1/40 & L, BIAKREGBOMOE RS L TE, TR
IRT I, RFMOBDBEAEIFEITONERZNLTH D, HEBRUZUEROMTOEERIC
BTk, AEENIFHECER () XfioTd 5.

RITHs CMENERL ORI ST CO CRHL & AR & A1 —F’fTL'Cb/’r'ﬂS’}'CéJ

7) M. G. T. Burrows & W. I1. Slbckm:\yer, Proz. X‘ay. Soc. (A), 176, 474 (1940).
8) :H.-S. Taylor & Mc Kinney, /. ddm. Chem. Soc.,-83, W04 (1931).
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B R B, IEEASCIEAB S CO CRALOF Ik b0 & Thid, HEICRTE,
0.07 mm ThHIFNEE b, EEiEEh X hiEhickTéd 3. #oT CO @ﬁéﬁﬂ:ﬁl@%&qﬁ
7 LTS I b # 0 Bk FRIED T4 CO CERMLRIE L b MELKTH 2HH 5
%. WERICAT b, BEEKECEBENSHIMETH 2 MEBEARERBE T X VE L EoTH 2.

HSOLMBEHME, CO »HEHELTRT, &;ﬁ;kggm@;ﬁ;@t@z)gmf%z,_
ZICEETII B CREL R~ B, '

—% Pd O E D & Hy CHCHE L b He iofk 2 I 55 Ll 20
PHLLMIC R EBIC HT 5. BRI H, ML YURF2h 2 b0 X b3
FhEEOTHD. BI~E, FMEICHT, O ZoRNcRY S He o5 X bl h
BT & O CEMME & a:r‘;ﬁic%:b;abz,. WZEEE LT CO (HO b THET )4 Pd I
B LTHIBTHD.

FKic CO CHEAMAMICHT 2 BB CHBELIM~D. P EL 160°C oA TH 228 HEDOTF
258 CO OFHEMAEERIC K >THD. HMEORRIC LT 54T, MR Y 100°C i
THE, REECEDIENEEE AFIELE S 2 < 7 <, 20 BEMILLE LCHRERICIE L 3T &)
5 CO DOEEL bEESKERIE S B EEELTd L. Aoic H. OFMEREY, BHO
Hy, o5 L b1k 2 A 2808 Ino# 809% e+ 5. WRRILRIET Y CO 2~ W,
eI R G L TRIBRESR QBT 3. ,

BLEDOEEE A5, P LD CO, 0, & U, officHTitEL RS 5. 4 Pd LOK
WG\ LD RS I B B E OO EMOBR N BT 5 &, CC #3453 TR ICiRIgNy
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KERFET 22T, WM LEFELEWANFETLOTCHLHRESIEINS. #o
T CO DRI (2% ik CO—Pd i & if ) EFBIcD 2. Wil T 100°C iwpdTit, #i
PEESIE CO IT X oTE b, O, OFESHE VIR VOTRIE L 30, Rbic H. i
Pd L ol BmEIc#oT, BFEAERERST 2R ESS CO tEoTii~bhTY
O OWMSCREL, Pd AE~ERL TIioT, RHhO H, OB bR 2 h 5EHH
MO# 80% 12 biET 5. #2T He ORFFEBEHN (2% H—PI fiL F4.) 2FEdicd 2
BChD. WHFHE LS TR CO—Pd i, XciBstic H—Pd pisfif+ 2 BRiELTD
ZiIcbie FRRKESH L EVWOTH 5. ZRIEMRSSH CO wlsebhT 0. R
OBV LOTEERD 5h. KK 160°C 1Tk b & RIS HEITT 201,
BE FR &t CO CBBNINEELDOT, 0. CHFHEFTECh U2 BR%ER, 2% 0.—
Pd & §4.05, Z28id s BICHRESHEIIT20CRELD 5.

B o Pd _EoFHERSIC O—Pd ikt T 5P LETH D EE~TY
MACEEVEE~SND. B THEATLFHA RIS D & 55X ¢ T35 ko
T W OTE X 25 P50 E L (ML A L LTRTORREITO%.

§i2. ((CO(RE) + 2H.+0.)) XORELYRES CO oML RERE
(A) REGEEREH

2T CO DB HmMAKERE L mBHic, %7 CO ORI D B X T~ D684
&%, B Lom, (0=014nm kHLT O.=446mm ol O, k¥
BHERETE, HRERIES )T 0T, - H2Re2B AL T CO o) EBARY
YHECIET 2R EMTE 24, $h3c CO SRILL 2~ThiE, EEdkRRES S
LD, BRI 5. '

FBCATIE, Pd (1) ¥HOTE2T, HEWICRE S Pd (1) kLT Pd RO
K2H ) ONERTHCM/IE L VRERCRIBOFHKTH T L, WEIC X 28HHEE L
Pd (1) O HHITH 2HOFNT, LGk L CIRIBE LR L b EEL £ 215, Pd (1)
DR Mc b E 4%, Pd (1D ORI 2 2 E S, FNE AT 2%81
BTN ¥ FTOTHS. D ((CO)+ (2H,+0,)] Ric A THRIKIFOZIC 7 L I5D Sk
WMEDLT, (CO+L0,] KD TT DML T2HMNKS & WA LD Fic, lehkictkD
(CO+ 10, JLHED KM £ i~ Fe. -

(B) C(CO)+(2H.+0,)]) %

(i) CO pEBADHE

H3CO ZRAL, A5 1LY mm ORIKHENRIRAIME ANT X bidkirsiic 7 v
ekl v T8, CO.DBNLE v LOMRRPBIROM RS, CO ODRBAH:



MIBILZEDES Vol. 17 No. 4 (1943)

124 (514 /b 2R 5 = R Vol. XVli

- 4
90 7 ik b

" i
- / " 3
&0 / \
5” /Pusm 25 e

tiw /} .

| S/ M
00 /’ ' . Feosz1 ooarn,
0 50 700 750 = 15

— Peoo
Fig: 5

0~33x 10~ imm EREHAEEANS LAMCHN
$HE D UT u=0 TH%. CO OMME T trhs I 5
Wi 545, JSmaEss CO oWINcifoEix A& it

b, thirkbiicmMTdD. Bb CO oRO|T

0
cotT CO ORHLIRHERAE DM R 2THERLT 0723 ;) 56 7my
B 5. HIHIRIC AT RB REAE RO S O T
Fig. 6

X, CO OFA LML DEEE Liehs, FHRCHR
Y hheE, Po,=37mm OEE Peo=33/1000mm (LR 2L WIFTHE. -
(i) 0. OENOKE ' |
it CO OMEN%E 127/1000mm & —ie L, FHKEERRAMOIE) LBk L s
ORI RO TR R 8. IHEAREEIC |« ORBEIROTS DT, 42 CO 0
16 DIEOHMOTRBE TS 205, t UKL CHBYICD 2RTH 5. XHiM
SRR TR BRATI O 0. CHREROTHS, WRILIH, FHSKIEE Oy /1S
IR T2 H A 5.
(C) [COY+H(0H+2H)I FE
CO ¥HIT AL ZIITEE ) [T, KiclkES 0, TANT, WDk H. T AL TEH
KR BRI, o 0, & CO Ll LAl X HIIoREE +5 &, Ol
Frmd, MIKERAMERA L (B) 0a & E4555 b
(D) C(CO)+(2Hs) +(0.)] X
C) OBE LT, KEXRICANLTE O EANLTERMIGKERAMITADHIC L,
o 0: TRA LRBal R IS & 53R b Wik i o TH S,
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(E) ((CO+0)+2H) X

PLERAE CO ¥ ~TECANIBETE 345, SR CO & O, LORAWEEALT
# U ZANLZBHE, X ANCR A0 ¢ RMEHIER K & 7 7.
(F) ((CO+2H,)+0.) ¥

ZELTCO & H,y & CRAEYRICAL, i 5% Oy ¥ ANLTh iR FicEOTES.

(G) CO DEMLEHEDRHEDRIE

PLEOHHE IS T, CO ORHERIOSEE MBS &, KoM D, HHASE
b REGKIEIR CO DM AkE ZiIcoit)ti b, O ONBEICEILBIL TALZ%. X CO
FRICANLIFEL CO & O, & DRAWEAN IR L FHAD &, BB OFPRERKTS .
fi LURTIE O: & CO LOBAEEUND L, Oy OHBHAEKRTH B, ROTIHIAS
i 5 CO OMAINE O: I LTIHIEKRTH 253 3. CO LRIANTHL S O,
¥ AN FAEBS IC RT— BB R% sk CO ¥ O, i LoB TRHFEEICET S
#/T, 0 & O, EXBBRA LTHA LI L VFEBHTRT DO ICHOBN 2B 5. #2
TEALET REGE T O O ORI K DB ANV CD DD b, FilH O K #s[UHERIE
BNCDHD LREBIND. '

H) RENEHZOGH ,

CO ORALREEHIE ¥ (CO) + H+O) I R @i i8I 7 viGD Z3EC FRILL b 3
LAcDTH 515, SUb LM BHAEEVI L TR S. SIUNRICRY 2k ok b Uh 28R
¥ HE~TRBE, CO DPRLLTHOTE, FHNCHAE CO 2980T H 2BIRHH LT
CO BN L MEHBTHERLTH LY, FHRCRic#EoTRAE, 0. oFE 37mm
DL CO ORJppt 33/1000mm ORIz 20 2 O, CRFFBRIES R 2 B2 ORFALEREL
W LJEEEE S Pd o leads X b OMEVEEH Bl UToRHETHRINEKE L BoT, Pd
CIREHSLC EOIT. AL T i, O oWHBERKAT . #oTZARR O,
BATBIES KL 2., —HRES N REEAERECHRERRATS. - oBiciEs
HEERMENAL TRIEER 2 —HT, RICHEKTCHR OO BT IO BB L, #2oT
it o h CRR Y T EAERE L LT P LD O—Pd OIS, leads t h o>
BHATRMBL D DDA TEE Db DOTH L. HOTHREICHE~E, SO0 EMET
RELOTHZ. —2lt CO OFERICHMLTYHOT, ANK O, OFR 3.7 mm ORI,
1 b YT HIEI I L7 CO DR IRBA L7 CO 02RTRA( LT 33/1000mm 7
BAEDBOLAMINDMETH S, X—HiR DL leads X b o b Dik~—E & WML T
b, G DB AN I RO TRMET B heb, f% D YL T ICE T 5 O—Pd oK S
PR TRETDHINHSTHS. WITLLLOZHCHIE TN T TH 255, B—icSIIEFERHE
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A EWL, XETITEMdA L LT EERIE Licfi7cpio CO ORI $5tkic
L CHISEHANIBE Y ERTI2VOTREVWEEZE~ONIOT, HFkRTIE#kE LTS O
ElFiJlCi’:‘ﬁ‘?iUO’CE? bDOCHHE T HgH K 5.

() CO DML HEIR

Kok CO & O EAMMIZIRIET Do THBT D, T CO—Pd ~ O, p5HI &
DIMACHKCTRET S boCTREV. SBRICHCRET2ELAbESK 2. HHEBICH
< CO O 33x10-" mm 58 156X10-*mm iz 8, Bic CO—Pd Bid v 2 pi—
ELThE, 0. OBHR—ECHD0 b, EOMBRRTIKEAZECHD. AL CO—Pd
Bild, LAROWEAHET, CO OMNORMTHIREORERD LE~DHBRUTE DN G,
CO OWENORTITONTIREEL 55 < % b b Bl M A #Bsosilizk, CO OBIpiAL
% CO—Pd FiDOA S fufufiic i LB R — MRt L 0T LW B~ BB,
?P‘%icﬁﬂi‘-‘ﬁ#“b it T CO O IoFTicofTHlicME 5. Bb CO oA+ -

CONTRELBES EAIFLERLTHS. HICRBOBEZIEL ¢ ¢, CO—Pd B~ 0.
BRTHBET B SOTREV. §2 © (F) CHR~ZHEHELZLHELETS. L §! (o) 0)$ﬁ_&
HBO §4 CRNIFLVWIRRLFA DT 5.

KITROW (a) BFEEHR L BAT CO L OXE S THOREET &5, ®KiE () O—Pd T
~ CO H5UHIM & b WL LTI Ic REEF 5 0h: (o) 3k O.—Pd [k CO - HR#E LT
BRI 2 OMTHT B 55, 2 ¥ —HICPsET 2T iR, BN IRACT V) TH 3.

HEO BRI RS 6 O O’}mkltrLfﬁJL'Cri@ﬁil&ﬁxﬁhn-ro, (i) CO MoK -
HICHMEANE R D EERLN, CO & O, LDBORTHLNAKOTHLLELE, Whic
() % () OWEETEL (O EBOTHS. Mk bR @) % O WRHC (0 o
B CREEERABERTNERLERTIHLTH 5.

BB S mEOTHBFRR CO & 0. Eoffic He pefife L. BEERGBIED—EM Lic
T, SBEAKERES D5, (HEo §4 CRRER) CO a\aﬂtymzmg«g ic
BKOTHRELAS O BABIEICHRESSS. #OT CO ORMENTRAMNHD biah
bLEEOTUBIT () & (b) Hgi&’rfﬁ:%:%'%i'7 5HEBITIXTh¥.

BROEFED (O OEBERIMTE T30z, ZIRIENDIHE D TEENELS 2 LE~LN 5.
B15 M Kinney O#fZE™IC#E, PIO ~o CO, 0. % CO. CBHEEEIHT, CO 11100°C
TR LT DI AL s L, BEET ABRE, CO. DBTHITITC. R 0, BFA ER
FeF, CO. RERBREROKRE R2mEHIIRN Ly, EROXBOME 0.—Pd
& Mc Kinney @ PdO &&iZJﬂmé%Ii—ﬂ—-ﬁ;ﬂ'% EWAIRICRITA T VAR B L TRE

9) P. V.'Mc Kinney, J.-dm, Chem. Soc, 55, 3626 (1933).
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*HIMLTH 3. iR EROYL LT, SUTHEICE~231, CO offbicit
Os—Pd BBARTTRCHDLEWLHATHD

& CO—Pd @ CO oFEIcHTHE L TR %, Langmuir O Mol &, Pt ko
CO DEEREICH T, CO OGN, RELIRT 2. CO OlEs bR Pt O
D~ O FIHALE, B bICRERTRAGER 20, RIETERER~FHP X b CO A3y
THECEIET 3. X CO ORBFMTREMLLD 0, © 10" [Fofffkic —Eo$ 4 TR
A B, EIEE TN OMMED S TRIEAED, KEETIZ CO HhA E2EBMEMSLO
THDEHE L HEEDPT VWO b b FIEE I 5. A& Lfil(ffwjzﬁ%zfi%;% b CO ik oTllim
(CHE 2 L7 BR G~ CO AHTRT B HRHICIR D . R O & BA~S T 2HIES T
D HEEHFRIE . Langmuir OEER T Mc Leod A cillL 2 ENHFEETH B, CO.L O,

EMFERILREFRTGEARO S D TH 5. FRKOHMRT Langmuir oz &Y, CO g
LT O, IEEITER TS 24 b AR KSR T 2 it T ATk, CO—Pd &
O,—Pd fiAHELHE L TH 3 L RIOBEHTH T, O.—Pl TN H Y, ORI
EIE ETHE27 3D TH 5. CO—D i CO. DR MEER 2R WL R T~ CO—Pd
D CO LEHLIVD O LORER O.—PdMixpb i TH5FEECH LT LT idEE~
TWwEB~LNS.

W ¢ LTHERE H~E, [COMR) +21L,40,) FICAG 5 CO ORMLRENE 0—Pd %
WARIELHETE LD DAL THDT, ZOFFEERY ENRENRT TS 5

§8. ((COEE)) + (2H.+0.)) RoRELY B/ SEFOKFERERS "

(A) Hx@E

§1 (o) iCili~Fem <, Pl W LicpT, CO—Pd @i% H.—DPd misssmhicfifed o Lk
Mg DM, BEKFRIES CO ORILIELLICETLAVOTSS. WH CO Of
LI HEDH b B WL, BEKEREIHBS L WD THS. ZITR L THMEICRTE )
CO DRRLITMEDHE O TH BT, BHEKEREIROTHIDTHB. Bl §2 Tt T,
CO DRRILRETIE, O;—PIREDFAENBATIRRCH D L 5Gm Lie. o TRBRREHKERIE
LIR O,—DPd 2 LAk E T 2B CTH D, #oTHi 2GS Tk Ho—Pd B s 5:4:0% L,
e O, BEMD L VRTRET B3, RETRE 0,—Pd B Li v CRIEKER
MEAELIF D VEEVHETH S

RO TS IEMERH ML, BEKFRAZWND T 0P @l 02 L OVED, L CO el
T CO—Pd fiE O:—Pd WDHF L VKOTHT Ho—Pd HARLZVIEEAE, 25T
B, %TR~BML, H, DFHicLOT Hy OIMHEMASHD RS SIFET DB ERH
WieHTHDhb, He—Pd HidiENCHD. HLRET BT, O.—Pd BDFAENAT

10) L. Langmwir, Trans, Farad. Sec., 17, 621 (1922
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e oOTHS.

432 0,—Pd @k HL.—Pd WOBERKFORECHTIE—F bB/ILLhOfeh, B/ <
BERRIFE TS, k2 H* o Tedod LRARTIA H—CBR20ESMbHED
CZ S REBESIRRL, B P RELBE LA LRI b EVHD, BT
BET 23D T, Pd_LOBERE BAEKELEI DI, Fxe O—Pd i, H.—Pd
ELAETHOT, L TRFE D A TIRBERSTIAECTH D & SHER CE V. iF
PERIC AT B H—Pd i &, RFEHRSITRYE 3 H—Pd i &35, Mfili 2E41H BHiC
DT L KOME LT 2. ' ' ‘

2TH D O,—Pd FAREC AR TS 5%, HFEO Hy BEMH LMD & Oh, Pd HE
Mmbh, RER P RKFA EHLO OIS HEWE, MiLicLTd, 0.—Pd EOREEILH
F£0 H, it FABLE WO T, O.—Pd ADREHERE e T2 b0 L BEd 523
HTRAVWESE~D. 2P LOFIHROMY L T 3.

®ic CO METHEBIIKELIEFICRIMITRET 2345, Pl _LCE D ILREOHE T
BAHELHR U, 2EBD §5 CATHERIFELTS.

i Ltkiciz ((CO () + (1, +00.)]) FRORMEICET 5, BIVKERABEOUIKIC
K558, X H0 % CO. OWEXT~ie.

(B) H. oREHHIER

% ((CO (&) + (mH.+n0,)) FRITHT, CO & O: LOMNE—EI LT H: DR
N e Lt aic, REERAANTITELT 0% »

N, BT 8 L RO b 50T 50
i L7c. Lo O & 45 slhfiti, Poo=150/1000mm
IC—E L LT, BEKEE RRAMOBED 1t & Po, i : @ /
#HLTRRLAE DD CH B, Po, =891 mm LR T, Pu,=

782 mm CTanE, CO O RIERIET 24.6 X107 /8
THD. ZICEHLT Pep=3888 mm ¢, Py,=440 mm,
#oT Ho R X VAR CHONE, REREIXLE
Y, @HTETIME BB, X2 It LT Po,=3.88mm, Py, - 20 / .
=18.55mm X Py,=3.90mm, Py,=18.72mm Din{ FL < J ‘i
HL A58 & 7 i @RI CEIEIR /NSRS, 40, I

OMN TR LT, ER, AR He @D =208 i5
GoEHOR Y N 2EDPMRL LRTRT 2L, & 35 4 5 ot
PG D L5 Ol S8 I ¢ x5 48 L H. OfRRIC X 218 —P.

IRL AR LT D %O THRAR L CO ORRLILHE Fig. 7

4
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— [ EREFKEE L ORF TS bDOTHS. RBIT

24 6 8 10 2% WAL CO L 150/1000 mm T&2T, CO ORRAL

0 \\\"i\ | OB Y HBHik L 0.075mm TH B B; HAR

’:; \\ . 3 LRk EO RIS IS b DTHS. CO

l s AN i DRALICIES < MEHBRD & 25 AN, R
o S FAREREDHR DBIENTF 24, Z X FRECPIH
4 g i B4 RTIHETH 50T, AWK ¢ RIT BH
sy S S S .5'}‘25. § 2 Cifk~Feln ¢ Po,=3.72 mm Oif; Pon=
07— 33/1000mm LA F it ti=0 & 7r % DT, Peo #¢33/1000

o1 \“‘:Z\‘ T o BLEORE, CO ARME K Y LTI OTT
laa T 1 33/1000 mm i i 0ReREE b YILASEE B b 0> L KE
o3 BT bA L2 D T v, 4H0HA Po,=3.90 mm

% ol + ’ TH 506, 4k 0 Pl T CO OB AIZ 33/1000mm
| ke || roEThenBbOLEEILBE EIA—2
L LT A LB RO T E LTI X,

Fig. 8 gt CO'@ (150—33) x 10~ mm=117%10""mm $3

GBI ET 2 LRET 5. IRERAMRNICIE® T 5 EMILT 5. 5 LTBRAELORN
CO DRRLITIETL b DO EEIN VR LDOIEARO T HOMBE LM kD, 3TH Y YL
i Z kT 20 LA, BEE LA, Pd LD Oy—Pd @KL iz b Zic bl 2 BR¥k
FRRA Pd L b OB ENCSTRE 7 Td B DT, BO LI DEIRSS 1 ¥ LTRSSy
HALZREHFERTH . H, BE DL R FORICH L TREOAMNENRKTCHHDT
WO YL BT TUBRADOEMAMER AL VAR I RNERSN DL v EROK
T LTRKEEZFRHRTD 3. AL 1 OEMANUIC FARDBMMEINE O I TR L ML
TR S LT DR i~ 6/, [ @R DEEDIR R S ilhix, ko
FBEDZENLLEEMANE BT 285, BRCRTUBREI T EROBDMR Y RIBEELL
TR CIR Y UILICBIT TR & TH 3. MR L BN BAHSHERRIN LIk 2
B, 2T He iBHIX v e RicT 220 CRASKXNMREZO Lo i LTHD &
R5~2TH Y H Wik CO OFRIEIME b EEEKMIE b Iz WL THHE LA TH LD
Th2C, fiEI M CO DRRLREIX O —PdFEOKIARRERTTH S0 T H, @Mz CO
ORI B LT O,—Pd BEELE LOIEITHKOTRERE ik P& LD7cOTH 5.
ZEBFKEREL ) Rk H, @8 O.—Pl Hrikde Lo 33k oT MR IERIE

¢ Jei HERS MR IR, FTRF REURE O o 25 AL IS R~ 2 e L LT 2, $5S A
ICRTME BRI R LTI R~ LZE~D L.
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WL LS bOEMERIKS. 2o LT He R E D RROWESIE, FELKIHE
e g LTSNS L vWIihisr 5. ..

(©) REERHOMIIER

R KM e 5K SBRIKE R E S L THRER D 20 & 50k H~7e. 160° T
AT, BRIBKKHE X RES LD TERY 5K H LRAAZE, Wick RRIKELEAT
X, KOZ B L8251 2 TRIE LsRHIR ) YL 5. #82oTHRnTe 5K 0iH M
BELDYELTS CO IRKRTIERI/PZIWEDLET D 2. AL LOKRET T
i, fibic 1.0 OIRNRREV LB E~L V. FICE~Tcm, P OFILIE LTS,
MER RRAK KR AN CILEEGRIE L P 5 22 &, H— R ic 2B REIC R D TESG 6
T 7ets, [COHR) + (2H, +0,] F0 HEETHETILE Pd DIHEEOKILHE 4
A& DT, Pd OFEEEDON S EENRINCKRMKIDTD 25, SED 1.0 o
pl—nFgick v, ((A)+(CO+2H:+0)] FD tt DAWES, A HFxe H,O Ny K
U, OEPECHRBHE Shic LOTH~ e, HEHERAFIADED THOT, ARNERHB
HOKE LD RAKEL BALTKEERELD, U5

Pryo=0.42 mm,, P, =00l mm ¥# AL THE, CO % 0.12 :a”

mm & HRERAEAKE 12.86 mm 2 DREI LZA L 7HED . :;— +— i
¥#EELTHD. 0L Pu, & 044 mmBA L TH, CO & 1 e

0.12mm &HCRARAKEY 1284 mm BE LTRA LD 7 :
fticd b, JNRkEKc LTigd N ¥ 044 mm 7o wo i R

t ZET. Wb HiO ¥HBRAAKRERD H £HUE Fig. 9

RARRLITAT & 255 A EELWEERT. EBILHOP O HERIE TR0 3 LA THAMNA
H.O & H. 028 N 0B SR i F v, HO B Hy el LTH L < BEIE A
ICH 200, BERERELAB—ENE a L B2ETH 22, BB urRLTH L
B Ed He LRAI-REORENNENRDZ2FTERTIOTHS. L HO DAL N.
OWE L KBTS L, HO @R No ict LTHREEEENL LTS 20:6 Ny 8L Riftk
chE, HO OREE N DBE LD S urhEsMT 2 VHTOAKR I LD b 1A%
v, RHCHEHL L VAT 250 HO BHEHCREYIHT 2 bDOTH 2.

flsh CO DRLITEOTHERS CO. DB E S EHE~TRS. B §1 () THT
pen, CO Li@MD 0. & EZEALT CO: oMby L ®Tihici kAR L AL
A&, BREFRRBBRALEVWOTH 206, CO: X HO LEEE CO Tt THL <RAG
NHFHAR B, B L HO DRI RLED I < fHhTnds b I N4 2 0C CO, O
VBT LENRD D, AL CO: HRERACHEES U FiF il L CHEKIIA L1k
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vk HO oBarA—Td50T, IHEd CO ORRELH b OTITALENRDS. A
L O: Pk i@ IS T8 F, CO; 728 ZERE Lo Tithod ol e
Baficit, BN ELTRARELRE vO#WL, i< LTH Sl Pd OELEIE 8
T 2BNES 5. HOTHERIRITL AN O . RLKEIE~7cm {, Mc Kinney® 0F
BRICAC PIO ~ CO, 75k (T 50T CO T X 28T 0.—Pd fij~ CO, #RF
T AEMENS DT, ZHEINE LT DRSS 245, ZoUERWAHKRDMEL T 2.

§4. ((CO)+(2H,+0,)) Rl 3 0. oBNARDHICEDI FRR——EHIL
KIRADMGIC AT 2, CO EATRAL, 10N RMEKLRAMERATS
Eark, 0. oRHDFMIT O T u AL, #2oT CO DRRILRIEAN AL TITL A,
0. OMNHKLE BN —RECKETH2H0MEMRSRLBOTHLIOT, Hic 0. B
ORI DRI OETMELA LD —TDHEEITOk. Poo=150/1000mm &L Pd it
AR (1) %727 MASERBLRASI THICHS, Il DM & 4 R H 5
LOTHHDOTCHRTHLETE., HHEITRT, Po=

decf L —‘;‘“ 537Tmm. T, u=366FTH2#, Po,=d50mm L
SR 5%k, BAKIZA L AR D YLD
] T e u=0Th DA, HMMERDL, WhickIKEDR
aeh D sekaess st s, S0 MR ERT 1=0 2L

e A T cxmoekat. EEIERCHECRESEWT 88 B
e 5 DEH IR b DA D, SIERRIR
e ks e OR eIt LT 2. 15 Pom
%01 23456 7 8 970..9 550 mm CIR IR YILA# 2O THS. HBKY
—/0. TTHRUNL L KT B, Po BEiRALED LN Y

Fig. 10 2 & A DB BT 2AAHHD. 1 ol Po,

BR—EREEL D L, RA L BT 280 Bk KA B 2 2K I — LR
KERGRIEZ B RS20 TH . WIRRIXLUTF O RFT 2R 453K 2.

ERED M, RBEKEIETRT RPN L ) SR~ DBTHICHEH D KTh
1%, O0,—Pd B DWE AWM LB T A I EN K OTTHIZBIND b D LE~LNS:
HANE DB E RGN D  Po,=5.37 mm PUF DI A T1E, 0,—Pd fii DI 2 4[N Ln g T
BT IEFTHEVWDTHOT, 2T O.—Pd i D2 MR MITERMATIOCHRD
FHHZETIDTHD. WHNME G TS, RLBHRD Pu=550mm OB, MK
EBRMOLEREEYRTOLESFTHOT, HHKETIS ¢ Pd Ol FRiE CO
ABERRTS. ROTHRNCHELRD COBHITLMLF, TMDOHEBRNEEN
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TWOTH D Wi LTRIEKERRE N CO ORRIL b2 TH DA, BIKERESHHK LT
L, O: ofBEsETFTLTX Pd OIEL FoTHB L, BOTH: CO #BYE Pd icl%
LiGHES 4P~ R et 2. ¢ LCIRB AR AOKREIE & 72 2%, 2 247 LT CO Ofif
L -OTET, CO DMNMET LIBE HdgsoTh<, 0.~—"Ld Wil C—ERMADOREL
KENE L BT IcF & i, B R AHRRKEARELHTOTH 5. Hi{om =
FARUMLOMN, HZOMRPLET B D Pr,=537 mm IUF OB &N 2 KU LR LIETO

YDCHS.

it Tmbwnom&mﬁa@u mxm1m1®Wﬁ#ﬁ<hor.uaz@Wme
Loﬁéﬁﬁtmm&O%ﬁkm<T%ﬁmukm$m*omﬁ&EmLLkOEﬁkﬂo
7e. !

e IKEBHICLT, B~ P,=385mm, Pyp,=187Tmm &thit, 2BHLHRA
ETRR VU ER TR BRBANO2MN LD b ATHBici)bF, RLTZRKY L)
nEz v, ZoThlic §3 (B) CE~7cinl, PO 4 1%, Po,=3.85mm k53
RUAEWO v XYV S RLEZDTHS. )

Al S O; X@HiclL, B~ Po,=9%60mm, Pi,=429 mm D&, BIH2MEH
Ok R 1Bmm WFT, HRThbhdy #n>%mﬂ&ha«3mmw0at4u
20T, HoOLMRES S V. ZeHHROONTRT. WHIE—[Eo MR K
BRnciE > TIHE CO ok '

PEIRECDTHD. ZEL  aiom \ l
Fomd RGF MRS, 0
O, DEANKTHDHDTC, 0:— ’ Po,=const., Pou -» large, 1 — large [
: TN e
Pd BORES 7t SHMIAKR T
mkﬁ%baﬂTom%ﬁﬁ@ Pog - Turge, 11— small o
HDOT, ROTRMO CO OF . e
CcO 0 tt
FEMYBRIZ LD W, FHDH present . l’.,,> P (eritical)s
nHFE, 0. FEHTHBOT, Peo=const,, double scale out § _
T 03 .t .
RAR BRI Y I T T , tizo Ut
b, O—Pd HOWRS EHHX (P> P G & |
AR RELEF S bDLE 0 titi-0

Fig. 11
~biD. #OT CORRERFEK

KM LT BRI P CEE LB wO T, HTEO CO OBMRLBUTLE boLH
~HAL 5. PR DU TERUNOANE—DIEYN L[ LHETOL D THIRTHS.
ALICBOILIASR L b, KIFDHLE SR OR b SHLINEL : OBMIF L H» 3 £; 51—



MIBILZEDES Vol. 17 No. 4 (1943)

No. 4 MikoEEN RO 1T 133

Bomd s, WO ELBTRL, 4 At i -ERH(IEBOHRKD I xTiE
ORI TD

BLEom. BIBKERER CO ORILAMITH L T O.—Pd misdteMEENTCTH
LEADRICEDT, MCORUNER Y L SRIT2FAaMAKS.

§5. MEKFEREMEICHT S WE

BLEOEBRER ST LY, Pl k0 CO KO HHERAKEITBOHIECE~D E, B
WEAOMLTH S '

() Pd Jic O.—Pd TR+ 2 W RN TCd 3.

2) H, & W0 i+ 5.

4 b EREES CO OmAEERFKLRBIC b EIRD VO LBELT, LIDLAQ%
S & LB L R i B TR T D Lo :

() 4EDHDPFRERIOK, WHRAPFLTRT XEWrbOTIRFAALMT Mc
Leod 1t TN D2 ENEHECH 5. LM ER T 2K R BIERRPHIEER CRSEL
HTHS. SRAYBELEIROKEREOEBEcHL T, # (M5 (de la Rive (1828)]
RN TH 2D S ORRIGR EIRBILHEL b & + % DAKISITD %. Burmows % Stock-
mayer? $3X Pd OBLBERERELTHDOTH 5. _ :

Dobytschin % Gelbant™ (& —78°C (TjdT,. AgrE T o7 Pd JECE LT 0.0 mm &E{
DR DEEFKALE N OEH eI L7e. 17 10 2 BIEOEHTH 543, O, BHOBHL,
o iR ES ARSI T 5 (10°2), IFIR 27 Pd B H, @Rk 2R3k KRAN
?Eﬁtbb%&m&ﬁu@&mDﬁﬁmmﬁﬁtbbﬁé$m6mh%Dkﬁiﬁw%éﬁ
L, 5 bRRRILBRREZHTHOCH S .

RH2CEEDHALY N,tbﬁﬁ%4~%km&%75$m{7ﬁfb7$twmmL
eDTHOT, REDHLL O.—Pd B ZATH AR L T~ 2 DY T LROFFEOF
AR{ecHEEL D, ULEIC X O TRENRLLZRBELETHICHET LY 3 L XD
WO REBERLZHBHIOTHD, MidbHLT 280 H, OBEELWINLES
HEZ LEDODRCRRBRHETH 24, FEORTIX O.—Pd Wi/ T2BLLTIR
UHLE N Lo

(2) kit H, B H.O OfFHfiENHcE CE~S. 2L OffFRIcNT, H, 3BEOTELE
Eﬁ?bt)ﬁﬁﬂﬁtlb7éW$¥#ﬂkﬁ%*n1b5 ZRICFD Y CENR b D&
L TR OHEE DEHEITIE T b D LB~ DR LW

RLENZET ETHERAKRY 2T 28aHdOC, METHT 28mn H peik it

11) P~¥ C. Wagner & K. Llaufe, Z. Elektrochem., 45, 409 (1939) £H1i.
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WHERRIB RV, O PCREHFL LB, —RIBOMEHELETo0me D3
HPahds. X

B~ Chapman % Gregory'™™ it P % H. ekl + 5BE RaEHEIC I 575, O. Hicik
WFNEEEL I 2T L b, P SRBIERRL 2 TH ZINEDIEIET S T, ILALL
YINBE TOMILBEREAIECTH D L LADTH . RLIHE Chapman —jKD Burrows
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ON THE POISONING OF CATALYSTS.
I. The Poisoning Effect of CO on the Oxyhydrogen
Reaction on a Pd Wire.

By S6zasuro Ono.

(Abstract)

In most of kinetical résearches of the gas-solid heterogencous catalysis, only the pressure
change during the course of the reaction has been measured, while in the present investigation
the measurement of electric resistance is also made. ~Hydrogen, one of the reactants, is ab-
sortbed by Pd in proportion to the square root of the concentration in the gaseous phase, and
to this absorbed amount the increase in the electric resistance of Pd is proportional. From this
relationship the adsorbed hydrogen concentration on the Pd surface is deduced. To make
clear the resistance change by the H, absorption, the;par'tial pressure of H. should not be too
low. ‘Therefore, a stoichiometrical oxyhydrogen mixturé was allowed to react under the
pressure range from 1 to 30mm Hg.. In this case, if the surface of Pd is “only kept
clean, Pd has highly catalytic activity. For example, at the moment the reactants were intro-
duced at 160°C, a violent reaction took place and was almost completed within 10 seconds,
and consequently the resistance of Pd was rapidly and enormously increased owing to the
heat evolved thereby (See Fig. 3). Thus the measurement of the resistance did not lead to
the deduction of the adsorbed hydrogen ‘concentration during the course of the reaction, be-
cause the reaction was not isothermal. Namely, it was found to be impossible to make 4 good
use of this parallel measurement method in the kinetical research of the above reaction, when
there was no poison present. And so the following method was used jointly.

It was found that a trace of CO (within about 150/1000 mm Hg.) poisons the reaction
and that when CO has heen oxidized to CO, a violent oxyhydrogen reaction occurs (See Fig.
4). The oliservation of such an oxyhydrogen reaction poisoned by CO under various condi-
tions enables us to make clear the nature of the reaction on Pd. And by measuring the
electric resistance of Pd during the poisoned 1eaciion, the behaviour of H, on Pd'can be deduced.

Thus, by dint of ihese two methods it is aimed to elucidate the mechanism of the oxy-
hydrogen reaction poisoned by CO.

Experiments.

The principal part of the apparatus is shown in Fig. 1. The reaction vessel is a Terex
glass tube, the catalyst béing a Pd wire 0.1 mmi in diameter and about 22 ¢cm in length, The
pressure was read by the deflection on a glass Bourdon gauge. The resistance was measured
by means of a Wheatstone bridge. For the lubricant of the taps was used Apiezon Grease-N,
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and the U-tube was cooled with liquid oxygen. The constancy being kept within 0.1°C. at
160°C., 0.03 mm Hg of the H, pressure could be detected from the resistance.  Pd was remark-
ably poisoned by various substances, but by the use of the said grease for the taps and the
keeping of Pd clean by careful pretreatments, the degree of actii/fgy of Pd was 1eproducible
during the course of a series of experiments.  Unless “specially inentioned the experimental

temperature was 160°C,

Experimental results and their consideration.

A typical example of the poisoning effect of CO on the oxyhydrogen reaction is given in
Fig. 4. Let us take the pressure decrease as the ordinale in the upper part of the figure and
the resistance increase in the lower part and then take the time as the abscissa. As seen from
the curve in the left side, the introduction of 18 mm of a stoichiometrical oxyhydrogen mixture
leads to the occurrence of a rapid reaction. which is almost completed within 10 seconds: the
resistance is rapidly increased from the first, until at last it causes the galvanometer to scale
out. On the other liand, if 0.14 mm of CO is preliminarily introduced, it poisons the reaction
remarkably as shown in the right side. It is ascertained that during the poisoned reaction CO
is oxidized. by O, to be CO,, which is not poisonous. If the pressure decrease during the
poisoning is caused only by the oxidation of CO, it should be 0.07 mm, but as seen fiom the
slow change part of the pressure curve it is in fact much larger.. This shows that parallel
with the oxidation 0" CO the oxyhydrogen reaction proceeds and he 1ate of the latter reaction
is much larger than that of the former. As soon as CO is consumed, there occurs a rapid
oxyhydrogen reaction. This phenomenon will be discussed latez.. And the res'stance curve
shows that the absorption velocity of H, in the poisoned reaction is slightly lower than in the
case of H. alone, but within 20 seconds an absorption equilibrium is established and the resis-
tance values are a little smaller than those expecied from the partial pressure of the hydrogen
in the gaseous phase.. In the figure, for example, the mark @ refers to the theoretical value,
which differs from the observed onme. This difference is probably due mainly to the reduction
of adsorbed H. concentration caused by the adsorption of CO on F'd. As for the influence
of the temperature on the poisoning effect of CO, with the fall of temperature the degree of
the poisoning becomes higher. Under the same experimental conditions as in Fig. 4, except a
temperature of 100°C, the pressure change by any reaction docs not take place for 4 hours
and the measurable oxyhydrogen reaclion occurs after more than 20 hours. Thus both the
oxidation of CO and the oxyhydrhgen reaction are entirely inhibited at first, while the solution
of H. takes place and the resistance increase reaches about 802 of the value expected from
the partial pressure of the hydrogen present in the gaseous phase. It was also found that if
CO was not present in the above system, the oxyhydrogen reaction was so rapid that the iso-
thermal. reaction could not. be expected to occur as in the case at 160°C.

Behaviours of gases on Pd: From the above experimental results the behaviours of CO,
O; and H; on Pd may be inferred as follows. It is clear that such a remarkable poisoning
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by CO may be easily atuibuted to the selective adso:ption of - CO .on the active part of Pd
which is capable to cause the oxyhydrogen reaction. Therefore, it is certain that a Pd:surface
coveredd. wih CQ, . which. will .be denoted as the CO—Pd surface hercafter, can exist on the
active part, The fact that the oxyhydrogen redction and ‘the oxidation of CO are entirely ‘in-
hibited at 100°C as already mentioned may be undersiood by presuming that -the active part
of Pd would be completely covered with CO. Even in such case, there is certainly a Pd
surface covered with H,, which will be designated: as the H.—Pd surface hereafter, because the
increase in resistance indicates the solution of H,.in Pd.. Namely, in such case as the CO—Pd
suriace is formed on the active part and the Hs—Pd surface on the other part, both the oxy-
hydrogen reaction and the oxidation of C() aie entirely inhibited:- The fact may be attributed
to the absence of the O. layer adsorbed on :he: active part of Pd, owing to the complete
covering of that part with CO. This O, adsorbed surface will be designated as:the O,—Pd sur-
face hereafter. At 160°C, however, both the above reactions can proceed from the first, It
may be also. explained as follows. Owing to the temperature increase, the coveiing -force of
CO - becomes weaker and therefore the O.—Pd surface- may be. permitted to exist on the active
part of Pd and cause the both reactions. With the purpose of ascertaining the truce_ of the '
supposition that both the reactions require the' O,—Pd surface, the following experiments were
carried out. At first the characteristics of the oxidation of CO was cxamined.

Measuring of the oxidation rate of CO: The oxidation of CO in the above system is
low in its velocity even in considerable excess of O, as seen from Fig. 4 (Po,=4.45 mm,
" Poo=0.14 mm). Thercfore it is difficult to follow such a reaction of a system whose pressure
change is small for its high total pressure.

But by measuring t;, the time interval elapsing before the occurrence of the rapid oxy-
hydrogen reaction in the ((CO (trace))+ (2H.+0,)] system, and regarding it as the time
demanded for oxidation of CO, the velocity of the oxidation of CQ could be approximately
determined. Fig. 5 shows the relation between t; and the piessure of CO introduced to the
system (the pressure of the stoichiometrical oxyhydrogen mixture introduced=constant). If the
pressure of CO is below 33/1000 mm, no poisoning occurs ; hence =0, If the pressure is
above that value, the poisoning will appear, and with the rise of the pressure t; will be. rapidly
increased.  Fig. 6 shows the relation between the 1/t; and the partial pressute of O, in the
stoichiometrical oxyhydrogen introduced to the system (the pressure of CQO = constant).
1/t means the approximale velocity of (he oxidation of CO. From the curve, it is clear
that the oxidation rate of CO is almost proportional to the partial pressure of Q.. This isthe
case when a stoichiometrical oxyhydrogen mixture has been introduced after CO. Next, it was
also made clear that the reaction takes place more rapidly when. a mixture of CO and O. is
intradluced to the reaction vessel (in the case shown as the mark x) than when CO is intro-
duced first and then O, is introduced (in the case shown as the mark Q).

Mechanism of oxidation of CO: ‘The fact-that the reaction is not brought forth by the
collision of O. from the gaseous phase with the CO—Pd surface is easily proved as follows,
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In Fig. 5, if the adsorption :concentration of CO is constant, under the pressure range {rom
33/1000 (o 156/1000 mm Hg, t; must increase in proportion to the amount of the CO intro-
duced, because the partial pressure of O, is constant. In:other words, ‘theé curve obtained is -
to be a straight line.- But it is niore appropriate to consider that the adsorption -concentration
of CO should increase with: the rise ‘of pressure from 33/1000 to 156/1000 mm, and so the
curve is expected to have a concavity for the abscissa and become a straight line after the adsorbed
concentration of CO has reached to the saturation value. The fact, however, is contrary to
this expectation. As clear from Fig, ‘56, the curve has a convexity: the greater the CO
pressuré becomes, the smaller the reaction rate. This proves that the collision of Q. from the
gaseous phase with the CO—Pd surface never brings about a reaction.- Moreover, the fact that
the reaction velocity is higher when a mixture of CO and O, is iitroduced than when O, is
introduced after CO justifies the above conclusion. Hence, the O,—Pd surface is indispensable
to the oxidation of CO.

Mechanism of owsjhydrogen reaction: As mentioned in the experiment at 100°C, though
the existence of the CO—Pd surface and the H,—Pd surface on Pd in the [(CO (tiace))+
(2H,+0.)] system can be’ easily deduced, neither the oxidation of"CO nor the oxyhydrogen
reaction can take place. Namely, when the oxidation of CO can not take place, the oxy-
hydrogen reaction also can not take place. Moreover, the author has made clear the two
following points. First, when the oxidation of CO can take place, the oxyhydrogen reaction
also can take -place. Secondly, the oxidation of CO needs the O,—Pd suiface formed on the
active ‘part.  Consequently, it is clear that the O,—Pd surface is also indispensable for the
oxyhydrogen reaction.

And now it is a question whether the aclive part consists only of the O,—Pd surface in
the oxyhydrogen mixture, or whether it consists of the CO—Pd surface and the O,—Pd surface
in' the presence of CO. As will be mentioned later, in excess of ‘H,, the slight retardation by
H., is observable and so it is probable that there also exists H.—DPd surface on the aclive part.
But the reaction necéssarily requires the O.—Pd surface. It is unknown yet where H;, the
reaction partner of O, comes from :—whether from the gaseous phase, fiom the interor or
from the surface of Pd. Buit, as it is probable that O. has plenty of H, as the reaction partner,
it is not unrcasonable to assume that the area of the O,—Pd surface dctermines the reaction
velocity.

Explanation of the scale-out: The scale-out of the galvanometer and also the rapid
decrease in pressure as seen from the right side curves of Fig. 4 will be explained. The fall
in the pressure of CO caused by the oxidation leads to the enlargement of the O;—Pd susface.
When this enlargement reaches a certain critical value, the heat of the oxyhydrogen reaction
overcomes the cooling from Pd and the temperature of Pd beginsto rise. Any rs¢ of tem-
perature of Pd will accelerate the oxyhydrogen reaction on the one hand and enlarge the O,—
Pd surface by inducing the evaporation of CO on the dther hand. The latter effect; of course,

favours the oxyhdrogen reaction. Consequently, by the overlapping of these two effects the
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temperature of Pd will be increased. Thus the temperature of Pd and the reaction velocity
may be rapidly increased, and then at last the -abrupt pressure decrease and the- sudden
resistance increase may be simultaneously caused.

Retarding effect of H, or H,O on the oxyhydrogen veaetion: ‘The retarding effect of
hydrogen on the oxyhydrogen reaction is shown in the curves at the- lower -part of Fig: 8.
Under the: constant pressu es of CO and Q,, the processes of the reaction were examined in
the following three cases: the stoichiometrical ratio, excessive H; and deficient H,. The
figure shows only the change by the oxyhydrogen reaction {the change by the oxidation CO
is reduced by rough estimation). Now from the consideration of the property of the scale out,
it can be expected that the pressure of the gas in the system and its composition considerably
affect the value of . In excess of H, the heat conductivity of the gas is larger than that in
the stoichiometrical ratio- and so is also the critical surfacé reaction rate neeéded to bring: forth
the scale out: in other words the O,—Pd surface needed to induce the abrupt pressure change,
should be larger. Therefore, t; in excess of I1, is expecled to be larger than that in the
stoichiometrical ratio. If excess of H,, however, affects only the heat conductivity, the slowly
decreasing 'part of the pressure curve should coinside with "that in the stoichiometrical ratio
except in ‘the last stage. But, in fact, in excess of H. the rate of the reaction is lower from
the first; which proves that excess of Hi certainly rétards the surface reaction. This may be
easily attributed to the diminution of the area of the O,—Pd surface owing to the excess of H..

In the same manner, it becomes clear that H;O also slightly retards the oxyhydrogen
reaction. This may be also attributed to the reduction of the O,—Pd surface owing to thz
adsorption of H.,0 on Pd.

Double scale-out: In the case of a higher partial préssure of O, in the stoichiometrical
oxyhydrogen mixture than shown in Fig. 6, there appears a new phenomenon, which supports
the above reaction mechanism of both the oxyhydrogen reaction and the oxidation of CO.
In Fig. 10 (Pco=constant), as the pressure of O; is gradually raised until Po,=5.37 mm, 4
continuously decreases, If Py,=5.50 mm, however; the introduction of oxyhydrogen niixture
causes in an instant the scale-out; namely t=0. In this case the residual pressure in-
dicates the presence of the oxygen and hydrogen yet unreacted. Such a scale-ont is denoted
by the mark X in the figure. After that the reaction proceeds so slowly and in 888 seconds
the second scale-out of the galvanometer takes place; here all the reaction is completed.
T; the time between these two scale-outs, is dendted by the mark O in the figure. This
phenomenon is designated as the double scal-out. And whenever the pressure of O, is
higher than 5.50 mm, this double scale-out: is always observed. This may be explained as
follows.

As already mentioned, the transformation from' the slow oxyhyilrogen reaclion to the rapid
one and the scale-out of the galvanometer may he caused by a condition in which the area of
the O,—Pd surface developes into the critical value. In the case of Fig. 6 and also in the
case of Po,=5.87 mm of Fig. 10, the area of the: O,—Pd surface is not sufficient to bring
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forth the rapid reaction: from the first and therefore there is some ﬁnité time interval needed
for the development of this-area into the critical value. In the case of ’,=5.50 mm of Fig.
10, however, this area may be sufficient to bring forth the rapid reaction from the first and
may make the temperature rise induce the-evaporation of CO. Accordingly, in spite.of the
presence of considerably large amount of CO .in the system, the initial poisoning does not
occur. The progress of the oxyhydrogen reaction leads to the fall of the partial pressure of
O, and also to the fall of the temperature of Pd.. Then the residual CO is adsorbed on the
active part of Pd and poisons the oxyhydrogen reaction. The oxidation of CO. proceeds
parallel with the slow oxyhydrogen reaction. Then the diminution of the CO—Pd surface area
caused by the oxidation of CO will make the O,—Pd surface area become sufficient to bring
forth the rapid oxyhydrogen reaction. Here the second scale-out takes place. Thus the
second scale-out of the double scale-out is of the same nature with the scale-out previously
mentioned.

Effect of the composition of the oxyhydrogen mizture on the seale-out: When I, is in
excess, for example: in the case of Po,=3.92 mm and Py,=18.72 mm, the double scale-out
does not appear; in spite of a considerably higil total pressure. Beosides, t; in this case is larger
than that in the case of the stoichiomatrical: 1atio such as Pg,=892 mm and Py,=7.84 mm.
From these results it may be easily understood how decisive a condition the area of the Q,—
P surface is in these scale-out phenomena. .

On the contrary, in excess of O, e.gs Po,=9.60 mm and P;,=4.29 mm, only one scale-
out takes place at first as denoted by the mark @ in Fig 10.. This result may be explained as
follows. Owing to the high pressure of O,, the area of the O;—Pd surface may be:large sufficient
to bring forth the rapid reaction from the first and moreover owing to the large excess of O,
it may maintain a considerable value throughout the reac'ions: hence CO may not be so
adsorbed by Pd as to poison the oxyhydrogen reaction. Thus this kind of scale-oat is of the
same nature with the fist scale-out of the double scale-out.

In conclusion, these new phenomena may be well explained by supposing that the O,—Pd
surface is a decisive factor for hoth the oxyhydrozen reaction and the oxidation reaction of
CO.

Conclusion.

(1) The O,—Pd surface is indispensable for the oxyhydrogen reaction.

(1) ‘The poisoning effect of CO on the reaction is caused by the diminution of the area
of the O.—Pd surface owing to the selective adsorption.-of CO on the active part of Pd. .

(I11) While CO is poisonous for the reaction, it is oxidized by O, into CO., which is

not poisonous, The oxidation of CO also requires the. O;—Pd surface..
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