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Due its importance for the C& NO reaction, the adsorption [ 30K

of isocyanate has been studied extensively in the past, both on 2200 2000 1800 1600
model catalysts under UHV conditions and on high-surface area Wavenumber (cm)
catalysts:—4 However, the first experiments on single crystal Figure 1. In situ PM-IRA spectra of Pd(111) in the presence of
surfaces at elevated pressures (up to 240 mbar) have beeffCO = NO (240 mbar, Bo/Pvo = 1.5) as a function of catalyst

6 . temperature. During the initial dosage of the mixture the temperature
performed only recentl{21¢ In these experiments, a Pd(111) as kept at 300 K.
model catalyst has been exposed to a-€QO mixture at 240
mbar total pressure at 300 K and subsequently heated to 650 K i
(see Figure 1). On the basis of the results of isotope experiments, 1 0005 240 mbar CO+NO/Pd (111)
the occurrence of a broad IR band around 2250%cat 500~ A T =300 K, CO:NO=3:2
625 K had been assigned to isocyanatdNCO) formation
during CO+ NO reaction. In previous (UHV) experiments on
single crystal surfaces, frequencies of the asymmetric stretching
mode of adsorbed isocyanate of typically 2+2190 cnv! have
been observef~22 On the other hand, coverage-dependent
results of isocyanate adsorption on Cu(100) have shown that
dipole—dipole interactions can give rise to blue shifts of the
asymmetric stretch of the order 960 cn1?, leading to a high-
coverage limit of the frequency of 2227 cfon Cu(100).° In
these experiments, even after annealing to 600 K, a strong -
isocyanate band was observed. In contrast, on Pt(111), Rh(111),

and Ru(001), adsorbed isocyanate decomposes/desorbs at L4+——F———F—+—F——F——H#—+—F—T——F——
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Interestingly, on Pt(100), at higher pressures-af x 1077 wavenumber (cm-)
mbar and in the presence of an excess of CO, isocyanate can.. . .
be stabilized up t0v45_0 K23 Along thpse lines, recent results %'gquzc') (Igdf)'t:;;a'\r/!'gedpg,;pidlr%)ogtp;éélé) T'r,:ethfpgéﬁz(;]ﬁag
on molecular adsorption of CO on single crystal surfaces, €.9., obtained after dosing the gas mixture, annealing to 600 K, and cooling
Pd(111), have shown that a high-pressure environment canback to 300 K.
stabilize the same coverages (as those observed under UHV
conditions) at significantly higher temperatufésAnother bands at 2270, 2277, and 2260 ¢inrespectively. However,
important factor enhancing the stability of thReNCO species the band at-3325 cn! cannot be attributed to an-N\H stretch
has been reported to be the presence of atomfcTe presence  vibration of NH; or NH; adsorbed on Pd(111) by comparison
of atomic O also results in an additional blue shift of 22dm  with previous vibrational spectroscopic studies’? These
of the —NCO asymmetric stretching band on Rh(13%). studies indicate that that NHNH,) adsorption on various

The asymmetric shape of the band at 2256 tmlearly transition metal surfaces leads to vibrational featuresldt00
indicates a contribution from at least two species, as has already(1320),~1600 (1520), and 32668500 cn! that are associated
been pointed out in reference 16. As shown in Figure 2, the with the symmetric deformation (rocking), asymmetric deforma-
experimental data for the C® NO reaction over Pd(111) at  tion (scissoring), and NH stretching modes of molecularly
240 mbar exhibits an additional band around 3325%mwhich adsorbed Nkl (NHy). Furthermore, in these studies the-N
can be assigned to the-NH stretching mode of adsorbed stretching band (32663500 cm?) was accompanied by a
HNCO. This assignment is supported by recent studies on thesymmetric deformation band-(.100 cnr! and~1300 cn1?),
molecular adsorption of HNCO on Pt(11¥)Rh(111)!® and which had intensity equal to or greater than thestretching
Cu (100)*which have reported NH stretching bands at 3240, band. It is apparent from Figure 2 that a strong absorption around
3373, 3292 cmt, respectively, and NCO asymmetric stretching 1100 cmt and 1300 cm? is absent and therefore the presence
of significant amounts of adsorbed Mbir NH, can be excluded.
* To whom correspondence should be addressed: E-mail: goodman@ Adsorbed NH has been reported to give rise to only one weak
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Abteilung Anorganische Chemie, Faradayweg 4-6, D-14195 Berlin, Ger- SMall contribution from this species cannot be ruled out. In
many. addition, the feature at 3325 crhin Figure 2 is not associated
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with H,O or —OH species, as #¥D adsorption on Pd (111) leads (5) Vesecky, S. M.; Chen, P. J.; Xu, X.; Goodman, D.3WVac. Sci.

to strong bands at 3400 cth(O—H stretch) and 1616 cni Tec?g)o'\-/gslgff 135 1|\5/|39'Rainer b R Goodman. b. WL Vac. Sci
(scissoring) while—OH adsorption results in an-H stretch Technol. A199(3y’14"14é’7. o o T T

at 3400 cm1.23 Since no IR band at+1600 cnt! is observed (7) Sctith, F.; Wicke, E.J. Phys. Cheml985 89, 239.
in Figure 2 and the observed feature at 3325 thas a rather 22458) Butler, J. D.; Davis, D. RJ. Chem. Soc., Dalton Tran$976 21,
low frequency with respect to an-€H stretching feature on (é) Carballo, L. M.; Hahn, T Lintz, H.-GAppl. Surf. Sci1989 40,

Pd (111), the presence of,8 or —OH can also be excluded. 53,

It should be noted that the peak position of the band at 2256  (10) Hahn, T.; Lintz, H.-GAppl. Surf. Sci1989 40, 59.
cmt in Figure 1 is in good agreement with the NCO Cagll)lg'& ﬁgég'j‘o”? Belton, D. N.; Schmieg, S. J.; Fisher, G.JB.
asymmetric stretching band for a molecular HNCO species. On ™ (12) Howitt, C.: Pitchon, V.; Maire, GJ. Catal. 1995 154, 47.
the other hand, in most of the studies mentioned aB6vé, (13) Shelef, M.; Graham, G. WCatal. Re.-Sci. Eng.1994 36, 433.
molecular HNCO species have been found to be significantly 5 (\/1\/4)J Rg:;glﬂl%gi-il\éssggiy' S. M. Koranne, M.; Oh, W. S.; Goodman,
less stable thar-NCO species _and have therefore been used '(15) Ozensoy, E.: Hess, C.; Goodman, D. WAm. Chem. So2002
as a precursor for-NCO formation. 124, 8524,

Based on the above discussion regarding the coveragelogl%sléess, C.; Ozensoy, E.; Goodman, D. WPhys. Chem. R003
dependent frequency shifts feNCO species and the stabiliza- =%, 2510 g 3~ schmidt, L. D.; Sexton, B. &.Catal. 1981, 67, 387.
tion effect of atomic O, assigning the main part of the band at  (18) Kiss, J.; Solymosi, FJ. Catal. 1998 179, 277.

2256 cnt! to adsorbed HNCO (with H originating from the (19) Celio, H.; Mudalige, K.; Mills, P.; Trenary, MSurf. Sci.1997,
bulk of the Pd crystal) and the long-wavelength tail to adsorbed 349, L168.

NCO is in good agreement with previous frequency values and 195(,202,5@87%’%’_' K. L5 Jacob, P.; Rauscher, H.; Menzel JDPhys. Chem.

the outcome of the isotope experiments. (21) Kostov, K. L.; Rauscher, H.; Menzel, Burf. Sci.1993 287/288
283.
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