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An IRAS Study of the Decomposition of Formate Adsorbed on Ni(110)
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The decomposition of the surface formate on Ni(110) was studied by temperature programmed desorption (TPD) end time-
resolved infrared reflection absorption spectroscopy (TR-IRAS). It was observed that dehydration proceeded simultancously
with dehydrogenation. The rate-determining step of dehydration was found to be the C-H bond cleavage of formate as is
the case of dehydrogenation by aralysis of the kinetic isotope effect using HCOO(a) and DCOO(a). These results suggest
that the rate-determining steps of dehydration and dehydrogenation are common. We propose a mechanism in which the
COx{a} species formed via the C-H bond cleavage of formate acis as the intermediate not only for dehydrogenation but alse
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for dehydration; dehydration takes place by dissociation of the C-O bond of CO,(a).
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(a) "Hot" hydrogen-induced bimolecular dehydration

@»\ coz

Qf"\o of‘\o

=C

Hy o I

OOOOOOOO

(b} Unimolecular dehydrogenation
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Fig. 1 The decomposition mechanisms of formate.

R, TV wvFRIZEE L 74NV A— N CHDHZ LM
A EEEE T o R A X — KRR (HREELS)*~7 %
EHETRAF—F THREIE (LEED)™™, £L7C R
M ERIE A (IRAS)ZY L Lo THRALBILTNS,
ZOZFANMA— P OC-HEGRBEIIY L TEETS
h, c2X2) ORAIMEEL LTSI B ESh T
5, Ef, COQ) 7 FAA—FERAEBRELTHS T
EREHENRTCWDBEORERIIS »BELRBLS
htwnd,

Sun & Weinberg bZ TPD™ PEEHIZHHE (TR) IRAS™ IZ X
- T Ru{001) JRIICBNTHKRSBEIS & Bk R
EWARERCETT 22 LB, Fig L&) 2571
o BEAEE L, ZOEFLTRZ?ANA—D
CHAES MBI ST TE KL “hotrkF” WEERKH
4D, “hot/kE” BBETALHIFAA-PEREL,
FOCORBERUMTRLENILOTHAE, ZOEFN
T4 RET 5 CODRUIER: “hot/kFE” ORITEL <
BB, COLCO,DEMNL  1iZRDDITTATH “hot
R BBETH 7 AN A— P EHBLELETHD.
—H, HRARRD G ORIEEHIEL P 1) X5 Kk
LERTWS, EiLOAELRREIRHCO0@ & DCO0()
ERHWEERIC XY CHESODE TH 5. HERN
RS ERIEL (KIE) ORI R IR Ol D 7 o iz &
—ERE T TR BHESZBOTHEL fThhTE
fodE,
PRPONENI(10) RFICRE L7+ A — Ok
HAHBEIEORIRE oW TORBEEBATLHIZTPD &
BRS R IRAS AW R R T o i, EisTiicsits

iS22 EEENT S L4, HEERMIRER R
DOEFICL Y FofRBEr I oz L, Kin#Eikic>
WTER LK,

2. % B

LR T A THELTE RS (QMS) & LEED-
ABS ¥R 2%, BREEEH2 X 107" Torr (1 Torr =
133 Pa) LT O#EEZEECHF To/. Ni(110)
ERREEEZI am TEMIIZZ 7 AT A L EE
HEEAEELEZLOOEERNI mmOE P EARTe =
Yoo b —&—ic Y &t e, BRI ORE L AT
HERELIOBKTOT2— A2 ET LTk,

HFRRT Y — A0 7T LY B RERTE OF 20 mm §i 5
B L2 mm ATV L AR XA2E L CF
A L7, HCOOH (M99 %) & DCOOD (HEikFE/LH
99 %) FIMEAERERSTIC L DIRAR L. BRIDOREE LAKHEE
HRIC VB L, AL A — RIS Lk
M (1ML} W95 L(EL=1X10"°Torr s) % 300
KTHEHATHZ ETHRM L.

TPD OHEIL05 K s ORFEE CsBEOERIE
REZHIE Lz, IRAS QRAIEIL S Y687 1 Mattson RS-2,
AT BREMCT 2R v, S Em R e
B OBIRO BaF, 298 U TR s LT 83° AR T AT
LTWA, TRAIRASIZ X 37 4 A A— b OS5 HERBRITIR
DL LTEALE. REF0SKsT'TRELZMED
IRAS A7 b A-GEIZEL 2 iEn i BIE Lz, TRAS
OAREEES em ' E L, 100@EEE LR, —D2OAAY
b A EBSOIE LB 2B TH ok,



W e ARDM - SRR - BT R - HEHOUE 419

L. R L BE

3.1 Ni(110) LWL A7 )L X — SO EBERY
Ni{110) E{300 K TDCOOD R RB XA TEMRLE
7 & VA= b O RA IR F TPD TR % Fig. 2
WoRE, 300 KELETIE D mle=4), CO(a4), CO(28)
DALMEM XN, 360 KTHMENSD, & COETT
WHEESh TWA L9074 0 A — N OBAKRBRS R G
EBHOTHDY, mle=280Y 7 F 013340, 360,
410 Kz Bk v — 7 25223, 360 Kb O EES IS
DR TR ZDECO.07 FvH A CRBEEND, 340K
D7 B— RigE—Z A &L LT 40 A — b L
BELCoR Oz ME L., REITRT L5,
ZORBEEBTR & VA — FOBEREREET,
COla) OWTELTVBWEITIHDTHS, 410 KDY
— T AN A= NORERFEEIRICL W ER L2 CO
(a) ORELCBRBESND. LinL, ZOEERFESRN
(110} F/HZF LREO CORLE Sk & & 0BiiEg
LRLETHEILE, HTFLHCOR) OERBELRL
T,

WA RER TR COG) LHIZDOMBERLTWS
RETHINPNPRORB TR I PR &8
TEMbol, DOBZFNA— OO TERLED
PEIPEFRDIDITIED, CO, CODREER % E
BTAZLNENTHED, Dy CO & CODEBMER TS
LWZ 235N TH D", bitbhORBTHER
REEREBLLE, CO.LCODEMBHEE LWL &,
TR (2, Q) BRT LI Z00EAZREFL—DO
BERTAREICES,

DCOO (a) > D (a) + CO.(g) (2)
DCOC (a) = D{&) + 0) + CO(a) (3)

B, Dla) »0G) BEAThEUTHET %6

r
w

b
=

—
o

QMS signal (x 10°10 4)
—
=)

28

0.0 .
300 320 340 380 380 400 420 440 480

Temperature (K)

Fig.2 TPD spectra of the DCOO(a) on Ni(110) at a heating
rate of 0.5 K57
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Fig. 4 The amounts of formate, CO(a) and COQ: (g) plotted
against temperature. The ameunts of adsorbed formate
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Fig. 6 The amounts of the products of CO{a) and CO: (g)
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temperature, which were estimaied from TR-IRAS peak
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Fig.7 A proposal for a uni-molecular decomposition mechanism of formate on Ni(110).
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