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Kinetic and geometoric isotope effects in adsorbed molecules:
Cychlohexane on Rh(111)
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[Abstract] We report the kinetic and geometric isotopic effects of adsorbed molecules on
solid surfaces. So far, there have been many reports on kinetic isotope effects in surface
reactions. We have investigated the adsorption states and surface reaction of cyclohexane on
the Rh(111) surface by using infrared reflection absorption spectroscopy (IRAS),
photoelectron spectroscopy (PES), thermal desorption spectrometry (TDS), and low energy
electron diffraction (LEED). The desorption energy of deuterated cyclohexane (Cg¢Di2) is
smaller than that of C¢H, (inverse kinetic isotope effect). In addition, geometric isotopic
effects were found in the lateral distance between adsorbed molecules and the vertical distance
between adsorbed molecule and the substrate. These observed isotope effects are ascribed to
the quantum nature of hydrogen involved in the C—H:--M interaction.
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ThH, R0 FOWE « UG « EEREE T, UIE LIZENLERS R A B S b, B
Z 1%, Held & Menzel 1%, Ru(00)REIZWAE LK FEIZEWT, WA & TR
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PIVASN VT R TCHEEZETF = 3 —NO Rh(LDTEEREICEA L, W S8,
TDS Ti&, WEBE &5HErE AW TS 7O ZITo 7, Y7 a~dr o
WotkfE L, ARy 7' 7 7 A L5388 LEED (SPA-LEED) (2 X » T#IZE L7T-,
BHASEE T (UPS) 1Z. Hel I (hv = 21218 eV). B L UCERAIE - 6884
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(1) vZuandh oMo gL X —%2 S 572012 TDS HIEZ1T>7-, CeHin
DB RV F =1L CDp LD b REWVWZ ENbooTz, HlzIE, #EERG) =03 T
X, HIK, D IROBLEET 2L X —1ZZNE41. 70.2 ki/mol 35 L T 62.1 kl/mol & HLAE
STz, WE OMERFMN AR TIE, EREZ XL —OEFENE KL T D ROIE
ML= RN F—DNRELSIGHEE /NS L 2D RAAIDICWE LTy 7 m~F i
D Bl CIIod BEFR A RN A0 R (inverse isotope effect) 23 7,
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AR EALAPII R E K 2% Z L N> TWA[10], 1> T, AFEEME L ORIE
W20, WERRED S WIS 7 v ~FH 2 —Rh KB O BAEAICET A HHRIE
bd, 0=03 128 DHEFHEABEORNARZE (|Adu| - [Adp| =0.375eV —0.338 eV =
0.037 eV) &, Pt(111)X° Ru(000)FEMEIZWFE LI=AR Y =F L BT 5 B R O
REBEBITTDHLE[10]. BEZ0.02 05 0.03 A OWEIRBEOEWICHIGT D Z &b
Molz, DIKEREHOERENHEKLYD TR EE2RLTEY, WEHEEE
(ZRAT P RINAR DR DGFAET H Z E B BN E o Tz,

(3)Rh(111)IZWF L7z CeHo D LEED I3 HEMR & Sk TEES L= 3% U 3Bl S 4,
FDFBREE D RO -5 RIHEEX 6.83 A Tho7-, —F7. CeDin DG T D4+
MEAEEIX 6.73A TH V. DIROYHHEBEDIZ 9 2% 0.1 AV, 2y T REEE T & 2]
FHIRINLARD R DB S 7=,

FROFEBRMEFR LD, Rh(111)E CeHy, & OFAANEAD CDi, LD Lk, 45+ &
TR & OWEFRHEN O (RSB N R E L), CH DI N 1FHT2 b DS
TSR - 78 K& W T2 OISR DR BAEF M) & 2 T ERBER D LR L 72 o722 &M
oz, C-H--metal FHANEH & KEFES OFEEEN S | B S 7= RN R 1T
HEEFEOBTHRICEDZ D EEZ L[S, 9],
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