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The interaction of HNCO with Pd(100) has been studied with reflection absorption infrared spectroscopy.
Following the adsorption of HNCO at 100 K, a fraction of the adsorbed HNCO desorbs atl23%K and

another part dissociates at 12040 K yielding adsorbed H and NCO species. NCO locates in top-site position
having significant lateral repulsive interaction between them. On clean surface, the NCO species was found
to decompose readily to adsorbed CO and N on warming to 300 K. Preadsorbed oxygen atoms resulted in the
significant stabilization of NCO; the asymmetric stretch of it was detected up to 380 K. Neither NCO nor
HNCO were identified in the NG CO reaction even at high pressure-(10 mbar) and at elevated temperature
(500-650 K). The presence of hydrogen did not help the formation of this species.

1. Introduction around 2256 cm! formed in the high-temperature (56650

In the clarification of the mechanism of catalytic reactions, K) reaction of NO+ CO on Pd(111) using in-situ polarization
it is of fundamental importance to establish the nature of surface Modulation infrared absorption spectroscopy (PM-IRASY.
intermediates formed during the reaction. In the NOCO The position and the stability of the band, however, were not
reaction on supported metals isocyanate, NCO, species has beef? harnl(i)zny with the previous results obtalnecgoon supported Pt
detected by means of infrared spectroscbpy Subsequent metald~12and on various metal single crystafs2° We pointed

works disclosed several details on the chemistry of NCO ©Out our concern in a commefitAfterward, the results were
specied 12 These are as follows: (1) the asymmetric stretch 'einterpreted, and the band at 2256 ¢rwas attributed to the

of NCO sensitively depends on the nature of the support; the Vibration of HNCOZ® According to the assumption, hydrogen
highest frequency, 2305 crh was registered on silica, and the ~ Originated from the bulk of the Pd crystal, as the reacting gas
lowest one at 2210 cnt was registered for titania-supported ~Mixture contained no hydrogen.
Pt metal$-19 (2) The amount of NCO exceeds by morethan1  In the present work, NCO species is produced on Pd(100)
order of magnitude the number of surface Pt aténrs.the by the low-temperature adsorption and dissociation of HNCO
explanation of this finding, it was assumed that the NCO was with the aim of determining the position and stability of the
formed on the metal, but after its formation, it spilled over onto NCO on this surface. We also pay attention to the effect of
the support, where it could be accumulafet: Isocyanate CO, hydrogen, and oxygen on the behavior of NCO. Some
surface-bound molecule has been identified in a huge numbermeasurements are also made with NOCO gas mixture.
of subsequent papers dealing with the reduction of NO with
CO or hydrocarbons. The positions of the bands were the samey Experimental
as determined before on various oxides indicating the migration
of NCO from the metal onto the support. A significant step The experiments were performed in a two-level UHV system
forward was made when NCO was prepared and examined onwith a base pressure of 6 1071% mbar. The lower part of the
metal single-crystal surfaces in ultrahigh vacuum (UHV). This chamber had facilities for Auger electron spectroscopy (AES)
was first achieved by the adsorption and dissociation of and temperature-programmed desorption (TPD). The upper part
HNCOZ3-16 These studies disclosed that the NCO species on was equipped with a single-beam Fourier transform IR (FT-
Pt metals is quite unstable; it decomposes completely at 300 IR) spectrometer (Mattson Unicam, Research Series), which was
350 K. The asymmetric stretch of NCO was found in the range used for reflection absorption infrared spectroscopy (RAIRS)
of 2160-2190 cnT1.13-16 Another finding was that the adsorbed measurements. All IR spectra were averaged over-3024
oxygen extends its stability regidi.NCO species was also  scans using an MCT detector at 4 thresolution. Sample
detected on single crystals using high pressure offNOO"~20 spectra were ratioed against a background taken after flashing
and in the oxidation of adsorbed Cit:24 The location of the  the crystal to 1200 K. The upper part of IR cell allowed us to
NCO band fell in the range of 216@204 cnt®. According to study the surface processes at high pressures (up to 50 mbar)
a recent density functional theory stddy(DOS), the wave- and high temperatures. The whole optical path was purged with
number of the predicted asymmetric mode for NCO adsorbed CO,- and HO-free air generated by a Balston 75-62 FT-IR
on Cu 2187 cm?, which matches quite well to the experimen- purge gas generator. The high-pressure IR section could be
tally observed value. quickly evacuated by differential pumping. After a short
Recently, Ozensoy et al. and Hess et al. have reported anpumping, the sample could be moved to the UHV section to
interesting finding, namely, the appearance of a strong band carry out AES and TDS measurements.

* Author to whom correspondence should be addressed. F®6-62- ~ The palladium single crystal was cleaned by cycles of argon
420-678; e-mail: jkiss@chem.u-szeged.hu. ion bombardment at 650 K (current: 14\, energy: 1.5 kV)
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Figure 1. (A) RAIR spectrum of adsorbed HNCO on a clean Pd(100) surface and effects of annealing on the adsorbed layer. The insert shows the
N—H regime. (B) Effects of postdosed CO on the frequencies of NCO vibration. NCO was produced at 160 K and then different amounts of CO
were introduced.
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Figure 2. Effects of HNCO coverage on the vibration frequencies of Figure 3. Effects of preadsorbed oxygen on the position and stability
NCO at 160 K. of the NCO band. Oxygen was added at 300 K. The oxygen coverage

wasfy ~ 0.5 ML.

and short annealing to 1200 K. The main impurities (S, P, and 3 Results and Discussions
C), as detected by AES on the (100) face, were removed. The
gases used in the experiments were NO, C& N2O, and H,
which were of 99.99% purity. The preparation of HNCO
Iggovéfgpt\zzsrc;ﬁﬂggi ngsaht;);?uﬁigjergi?:éﬂ;'n;/c?l::/tfosn of EXPOSUre, 6.0 L, we obtained c_mly one absorption band at 2274
. . . cm~! because of the asymmetric stretch of molecularly adsorbed
potassium cyanate (KOCN, BDH Chemicals, 98% purity) to HNCO. With the increase of the HNCO exposure (18 L), other
concentrated phosphoric acid (Baker, 85% by weight in water) absorption bands appeared at 3374 and 32401d:mcausé of
under vacuum. The HNCO vapor produced in this reaction was N _H stretches (not shownR¥:3L1t is remarkable that the bands
condensed at 190 K cooled by a dry ice/acetone bath underof N—H vibration developed only at higher exposures, which
dynamic vacuum conditions. This product was twice statically may indicate that at submonolayer coverage the-HNaxis (but
vacuum distilled from 240 to 190 K to remove mostly £0  not the NCO group) is parallel to the surface.
NHs, and HO impurities. The purity of HNCO has been When the sample was heated to 160 K, the bands at 2274,
checked by MS: water was not detected. The HNCO was stored3374, and 3240 cri were completely eliminated and a new
at LN, temperature. peak developed at 2215 ¢t On the basis of previous studies,

3.1. Adsorption and Dissociation of HNCO on Clean Pd-
(200). In the first experimental series, HNCO was adsorbed at
100 K. Spectra are displayed in Figure 1A. At low HNCO
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Figure 4. Integral absorbance changes of NCO and CO with the temperature on clean and oxygen-dosed surface and in the presence of hydrogen
in the gas phase.

we attribute this feature to the asymmetric stretch of adsorbed shift in the RAIR spectra. This kind of shift was not experienced
NCO formed in the dissociation of molecularly bonded HNCO. on the most closed packed Rh(114).

At 180 K, another peak was detectechat910 cnT?, which is, TPD measurements indicated that the adsorbed HNCO
no doubt, due to the vibration of bridged CO produced by the desorbed with a peak temperature of 115 K (denoted wjth
decomposition of NCO species. Further increase in the annealingwhich cannot be saturated. This is the sign of the formation of
temperature led to the shift of the 2215 thband to lower a condensed layer. In addition, we also detected a shoulder at
frequencies on one hand and to its attenuation on the other hand125 K (denoted wittg), which is very likely due to the weakly

At the same time, the CO band at 1910 ¢éntbecame more bonded HNCO. At higher temperature, the release of CO with
intense. The NCO band completely disappeared at 300 K, whichn Tp = 450 K and that of N between 630 and 700 K also

is in harmony with the stability of NCO bonded on other occurred. CN containing groups, such asNg were not

Pt metals>20 These spectral changes are also shown in observed.
Figure 1A. 3.2. Effects of G and H, on the Stability of NCO. In this

experimental series, the Pd(100) surface was saturated with O

For the explanation of the above shift of the NCO band, we - ;
at 300 K. In this way, the highest coverage of adsorbed oxygen

consider two possibilities: an electronic and a geometric factor.

Results presented in Figure 1B show that postdosed CO did®" de(lOO) corresponds to 0.5 ME=* Exposure of this Pd
not influence the position of the NCO band, and preadsorbed surface to HNCO (18 L) at 100 K produced a band at 2270

. -1 characteristic of molecularly bonded HNCO. After the
NCO had no effect on the location of the CO band. These ™M " € . y
findings suggest that the adsorption sites for NCO and CO are removal of HNCO by heating the samplg to 160 K NCO band
different. CO bonds in hollow site’,while NCO bonds in top appe_ared ".ﬂ 2246 crh The results are dlsplayed_ in Figure 3.
sites. In other words, adsorbed CO is not responsible for the The intensity of the band was more than 30% higher than that
obse.rved move in thé position of the NCO peak. When the CO observed on a clean surface. This indicates that preadsorbed
was predosed (in this case CO bonds prefereﬁtially in bridge oxygen facilitated the di_ssociation of HNCO. The position of
sites)3? the extent of the dissociation of HNCO was reduced the band appeared at higher frequency, 2246 cmompared

: . ; L to the clean surface (Figure 2). Its location and integral
very likely by the sne-blogkmg effect of CO, but the vibration absorbance underwent only slight change up to 280 K on oxygen
frequency for NCO remained unaltered.

- predosed surface. On additional heating, the NCO band slightly
In Figure 2, we demonstrate the coverage dependence of thettenuated. Its band was finally centered at 2183 cand
band because of asymmetric NCO stretching frequencies. Forgisappeared only at 420 K, that is, at significantly higher
the production of different coverages, the surface was dosed atiemperature than in the case of a clean surface. This suggests
100 K with HNCO, and then the sample was heated to 160 K, that preadsorbed oxygen enhances the stability of the isocyanate
where only NCO and adsorbed H remained on the surface. Thisspecies on Pd(100) surface. This is clearly demonstrated by the
process was repeated several times with longer and longerintensity data versus annealing temperature plot shown in Figure
dosing times to increase the coverage of NCO on Pd. When 4, The stabilizing effect of adsorbed oxygen on the NCO species
the position and the area of NCO band did not change, that is,was first experienced on Rh(11%),and later it was also
the possible saturation of the surface with NCO was achieved, observed on other metal surfadést® The absence of the CO
this state was considered as a monolayer coverage of NCO.band in the spectra indicates that CO formed in the decomposi-
Spectra taken at 160 K after shorter dosing time exhibited NCO tion of NCO reacts immediately with preadsorbed oxygen, and
band of smaller area. The coverage of the NCO was calculatedCO, formed was released in the gas phase.
from the ratio of the intensity of this band to that obtained at  For this stabilization phenomenon, several explanations were
saturation. As Figure 2 shows, at low coverage the NCO band considered. As was assumed in the case of Rh(1l;O
appeared at 2134 crh On increase of its surface concentration, species is affected by a strong electric field induced by adsorbed
the band gradually shifted to higher frequencies. From this oxygen atoms. Kreuzer and WaA§® have shown that the
feature, we may conclude that there is a strong lateral repulsivebinding of adsorbed species to the surface can be strongly
interaction between NCO groups resulting in a significant blue influenced by an external field. As a result of this effect, NCO
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species can be converted into a more ionic form leading to 3. Oxygen adatoms enhance the stability region of NCO, but

higher stability. Oxygen adatoms could also block sites required even in the presence of high oxygen coverage, the NCO band

for the adsorption of dissociation products, CO and N atom. It disappeared between 380 and 420 K.

is conceivable that the combined influence of these factors leads 4. There was no sign of NCO formation in the high-

to the stabilization of the NCO species. temperature reaction of N@& CO gas mixture on Pd(100) at
As regards the effect of hydrogen, we found that the saturation 500—650 K even using high pressure—<{10 mbar) of the

of the surface with hydrogen at 300 K shifts the complete reactants. The presence of hydrogen did not promote the

dissociation of HNCO from 140 to 220 K. When the sample formation of either NCO or HNCO on this Pd surface.

containing NCO species (produced by HNCO dissociation at . .
160 K) was heated in a stepwise manner in the presence of Acknowledgment. This work is supported by the OTKA

1076 mbar of hydrogen up to 300 K, that is, to the elimination Grant T/16 46351 and 28000R 201 KNRET project.
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