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Abstract

Iron pentacarbonyl has been used as a novel probe molecule in investigations of the surface state of gojdsélidSiO
prepared by means of sol-gel procedures. The use of in situ diffuse reflectance infrared Fourier transform spectroscopy
(DRIFTS) reveals that there is a strong interaction between Feg(&@) the Au centers. The adsorption of Fe(g€on a
reduced Au/Si@ sample is characterized by IR absorption bands at 2013 and 2032 WMith an oxidized sample, two
additional bands at 2026 and 2040chare seen, attributed to the between Fe(C&)d oxidic gold sites. The results of
density functional theory (DFT) calculations support the assignments of the IR absorption bands.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction ported gold samples. Yet the Au/SiGystem is of
special interest in that it promises to provide a base
Gold is attracting increasing attention as a catalyst case situation for studying the effects that addition of
in many reactiong1-3], particularly since the suc- promoter elements exert on the chemisorptive and cat-
cessful preparation of very small supported gold clus- alytic properties of gold. In environmental catalysis,
ters by Haruta et al4]. Diffuse reflectance infrared  the conversion of carbon monoxide features strongly,
Fourier transform spectroscopy (DRIFTS) has been for example in the total oxidation of CO from par-
used to investigate the properties of gold species on tial combustion of hydrocarbori41], or in the water
surfaced5,6], and has value in assisting with the un- gas shift reaction, which shows promise for hydrogen
derstanding of catalytic procesg@s-9] and in identi- clean-up in fuel cell applicationd1]. We have now
fying surface species present on metal catafgsi]. found that the surface chemistry of gold supported on
Sometimes the adsorption of carbon monoxide on gold silica can be revealed using DRIFTS by using iron
is relatively weak and DRIFTS signals due to adsorbed pentacarbonyl as an IR active probe in those situations
CO can be insufficiently intense for practical applica- Where IR data cannot readily be obtained using CO.
tion of the method. This is true of some silica sup- The IR absorption bands associated with Fe (42}
sorbed on gold silica samples are far more intense than
"+ Corresponding author. Teks27-11-717-6716: those attributable to ads_qrbed C]. Moreover, we _
fax: +27-11-717-6749. have found that the positions of such bands are sensi-
E-mail address: scurrell@aurum.wits.ac.za (M.S. Scurrell). tive to the degree of oxidation of the gold present at
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the surface. In this contribution, Fe(GOp used as  scans per spectrum. Samples were pretreated in situ

a molecular probe of supported gold species and, in at 300°C in either hydrogen or oxygen for 2h. The

addition, density functional theory (DFT) calculations pretreatment gas was then replaced by nitrogen and

were used to support the assignment of observed IRthe sample cooled to room temperature. The back-

absorption bands. ground spectrum of the sample was recorded prior
to adsorption studies which were carried out by in-
jecting a known aliquot of Fe(C@)nto the nitrogen

2. Experimental gas in the cell. Spectra were recorded after a pe-
riod of about 10 min had elapsed and the pressure

The Au/SiQ samples were synthesized by means of of nitrogen subsequently adjusted in the range 200-

a sol-gel method with tetraethoxysilicon (TEOS) and 400 kPa.

chloroauric acid (HAuGj-xH20) providing the source

of silica and gold, respectively. Briefly, the chloroauric

acid solution was mixed with ethanol and the TEOS 3. Resultsand discussion

added dropwise to this solution with vigorous stirring

(TEOS:ethanol:water mole ratie= 1:3.8:0.5). The Fig. 1 depicts spectra resulting from the adsorption

mixture was stirred for a further 24 h at room temper- of Fe(CO} at room temperature on Au/SjOpre-

ature and then aged for a further 24 h. The resulting treated in H. The figure shows the evolution of the

gel was dried in air at 110C for 24h. The samples  spectral features due to adsorbed Fe(£Oyo bands

contained 5 mass% Au. Gold-free silica samples were at 2013 and 2032 crt were observed for this reduced

prepared in an analogous manner with omission of the sample. No bands were observed in the case of using a

chloroauric acid. gold-free silica sample and so the bands observed are

Diffuse reflectance spectra were recorded using a attributed to adsorption of Fe(COyn gold sites. The

Nicolet Impact 420 IR spectrometer equipped with bands associated with Fe(Gdsorbed on gold ex-

a diffuse reflectance unit and a reaction cell, at a hibit alarge blue shiftin comparison with bands due to

spectral resolution of 4crt using a total of 1024  free Fe(COy which lie at 1992 and 2018 cni. There
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Fig. 1. Room-temperature IR spectra after adsorption of Fe{@®)reduced Au/Si@ sample at (a) 200 kPa, (b) 300 kPa and (c) 400 kPa.
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Fig. 2. Room-temperature IR spectra after adsorption of Fe{@®)oxidized Au/SiQ sample at (a) 200 kPa, (b) 300 kPa and (c) 400 kPa.

is therefore a strong interaction between Fe(£&)d
surface gold. The DRIFTS spectra of Fe(GQid-
sorbed on oxidized Au/Si®are depicted inFig. 2

not change in position. However, the bond lengths
of the CpOp groups (those which do not have C-O
bonds lying collinear with the Au—-Fe bond) were

which reveals four intense bands at 2013, 2026, 2032 shortened from 117.4 to 116.9 pm and this results in

and 2040cm?!. According to our XRD data small
crystallites of gold are present in Au/SiGamples,
even after drying at 110C. The bands at 2013 and
2032cnr! are assigned to Fe(COadsorbed on AU
sites; those at 2026 and 2040 chwere not found on
the reduced sampl&ig. 1) and are assigned to At
sites.

In order to support the IR assignments for Fe(€0)
interacting with Au a DFT study was performed, with
calculations being carried out at the B3LYP level with
LanL2DZ basis sets by Gaussian H8]. The point

a blue shift of the frequency of the E mode vibration
of 27 cnml. Therefore, there are still two IR active
vibrational modes in the Au—-Fe(C®unit but the
frequencies are expected at 1987 and 2000%re.
blue shifted with respect to the bands seen for free
Fe(COj}. This finding agrees with our experimental
observations. When an Auion is used instead of the
Au® atom, calculations suggest that the Au—-Fe(€0)
interaction is significantly stronger. The lengths of alll
CO bonds were shortened to 115.8-115.9 pm, similar
to the bond length of free CO, which is 115.6 pm

group C4v was used throughout and the results are at this level of calculation. This shortening of the

listed in Table 1

The results of IR absorption band frequencies
show that IR peaks for Fe(C®at 1973cm? (E)
and 1986 cm! (A1), close to those observed exper-
imentally. When an Au atom was attached to the Fe
atom, the length of the CxOx bond (the bond which
is collinear with the Au—-Fe bond) was shortened
slightly from 117.3 to 117.0 pm. The IR vibrational
mode Al that is associated with the CxOx group does

CO bonds gives rise to a further blue shift of the
IR active bands associated with the Fe(€Q@nit.
The frequency of the E vibrational mode is shifted
to 2072cnm! and that of the Al vibrational mode
to 2083cnt?, i.e. a blue shift of almost 100 cm
with respect to the situation found with free Fe(GO)
Such calculations show that a positive charge on the
Au center may be expected to lead to such blue shifts
and the model is qualitatively consistent with our IR
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Table 1
Optimized structure and frequencies analysis of Au-coordinated Fg(CO)
Fe(CO} Au-Fe(CO} Aut-Fe(CO}
Bond length (pm)
Fe-Au - 279.4 253.4
Fe-Cx@ 180.3 185.7 183.8
Cx—0Ox 117.3 117.0 115.8
Fe—C;f? 181.2 184.2 186.0
Cp-Op 117.4 116.9 115.9
Total atomic charge
Au — —-0.20 0.36
Fe -0.01 -0.84 -1.14
Cx 0.15 0.26 0.32
Ox -0.13 -0.12 -0.02
Cp 0.13 0.33 0.40
Op -0.11 -0.10 -0.03
Frequency IR intensity Frequency IR intensity Frequency IR intensity
Frequencies analysis (cth)
E: Cp-Op 1973 1476 2000 1124 2072 837
B2: Cp—Op 1978 0 2003 0 2079 0
Al: Cx—Ox 1986 916 1987 549 2083 266
Al: Cx—Ox 2067 1 2059 145 2120 319

aCx, Ox: the C and O atoms of the CO group collinear with the Au—Fe bond.
b Cp, Op: other C and O atoms.
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