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Quantitative Infrared Spectroscopy of CO Adsorbed on Pt/SiO,
Preparations with Different Metal Particle Sizes

In recent work (/) we used infrared spec-
troscopy to follow the rate of oxidation of
carbon monoxide adsorbed on Pt/SiO, cata-
lysts with different metal crystallite sizes.
In order to convert from spectral measure-
ments to rate and compare results for dif-
ferent samples it was necessary to estab-
lish: (a) if bandshape and position were
particle size dependent, and as a corollary
(b) whether a calibration curve determined
for one particular sample disk could be ap-
plied to other disks of the same or different
catalysts.

The current literature (2—-10) is equivocal
on both counts. For carbon monoxide ad-
sorbed on Pt/Si0, peak frequencies for lin-
early adsorbed carbon monoxide are usu-
ally stated to be coverage dependent with
values from as low as 2030 cm™! to above
2090 cm~! (5-8). Integrated molar intensi-
ties ranging from 48 X 10718 (16) to 120 x
1078 ¢cm molecule ! (9) have been reported
and are thought to depend on peak fre-
quency (6). Extinction coefficients show
similar variations and have been stated to
increase with coverage (4) or to decrease
with coverage (7). Here we report spectral
parameters for carbon monoxide adsorbed
on two Pt/SiO, preparations with different
metal particle sizes under conditions appro-
priate to kinetic measurements.

The basic experimental details were simi-
lar to those described elsewhere (7). In es-
sence infrared spectra of pressed disks of
Pt/SiO; were recorded with a Perkin—Elmer
model 580 infrared spectrometer operating
with a spectral slitwidth of 3.7 ecm~! be-
tween 2140 and 2000 cm~!. Paired pieces
from the same pellet were contained in
identical cells of the in situ type located in
sample and reference beams, thus provid-

ing a substantially flat background. The
spectra shown later were recorded at tem-
peratures in the range 39 to 65°C and have
been corrected for any small residual back-
ground point by point subtraction. Two Pt/
Si0O, preparations with different metal par-
ticle sizes were studied. Details of their
composition and of the disks of each used
in much of the work are given in Table 1.
The initial pretreatment and equilibration of
each sample disk were as described previ-
ously (7). The quantity of CO correspond-
ing to each spectra was determined either
by stepwise addition of gas-phase CO to an
oxygen-covered surface and measurement
of CO consumed and CO, evolved or by
stepwise oxidation of adsorbed CO and
measurement of CO, evolution. Pressure
measurements were made with a capaci-
tance manometer (MKS Inst.). This cali-
bration method closely followed the proce-
dure of the kinetic measurements.

Figure 1 shows examples of spectra of
CO adsorbed on the two Pt/SiO, disks. To
permit direct comparison of bandshapes at
identical coverage the spectra have been
normalized by dividing absorbance by Pt;,
the number of surface platinum atoms per
square centimeter of disk (as estimated
from hydrogen chemisorption). The peak
frequency was slightly lower for the sample
with the smaller Pt particle size but band-
shapes and heights were closely compara-
ble. The width at half-height decreased with
increase in coverage ang for all samples
could be represented by

Avicm™! = — 213.4
— 13.4 log(Absorbance/Pt)). (1)

Figure 2 shows a plot of normalized band
area versus CO coverage (defined as O¢cq =
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Fi1G. 1. Spectra (in the form absorbance/Pt,) for CO
adsorbed on 5% Pt/SiO, (solid lines) and 0.5% Pt/SiO,
(broken lines) at the following CO coverages: (a) 0.65;
(b) 0.65; (c) 0.20; (d) 0.19.

molecules CO per cm? of disk/Pty). The
plots are linear for both samples but do not
pass exactly through the origin possibly due
to the initial adsorption of a small amount
of CO in a form not contributing to the ab-
sorption band. The slopes of these plots
correspond to the respective integrated mo-
lecular intensities which are

A =71 X 10718 cm molecule™!
= 43 X 105 cm mol~! for 5% Pt/Si0,,

A = 85 x 1078 cm molecule™!
= 51 x 105 cm mol™! for 0.5% Pt/SiO,.

The difference is barely outside the experi-
mental error but does conform to claims
that lower peak frequencies give higher val-
ues for A (6).

Plots of peak absorbance versus mole-
cules adsorbed per unit area for the two
samples are given in Fig. 3. The plots are
neither linear nor near-coincident. This also
applied for disks of the same preparation
but differing in thickness and is brought
about because a given quantity adsorbed
gives coverages and consequently half-
widths which vary with sample thickness
and available surface platinum. Correspon-
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dence of the curves can be obtained by nor-
malizing both axes by Pt; as shown in Fig.
4. Coverage by linearly adsorbed CO can
then be calculated from absorbance using
the equation

Oco = 1.72 X 10'® (Absorbance/Pt,)
[-213.4 — 13.4 log(Absorbance/Pt))] (2)

which is represented by the broken curve.
This method provides high precision in the
conversion and was used to obtain the val-
ues for O¢o reported in our earlier work (7).
The curvature of Figs. 3 and 4 indicates that
extinction coefficients increase with cover-
age (from eco = 1.5 X 107!® cm? molecule™!
when O¢o = 0.1 to 2.0 X 10~!® ¢cm? mole-
cule! when O¢o = 0.4). The most recent
value for reasonably comparable conditions
is 2.5 X 107" ¢cm? molecule~! as given by
Miura and Gonzalez (11) at somewhat
higher average coverages.

Our measurements contrast with many
others in failing to show any significant in-
crease in peak frequency with coverage. As
we have previously argued (1) this is re-
lated to our experimental procedure (cy-
cling between O, and CO) which results in
Pt particles being mainly covered by carbon
monoxide or oxygen but not both. The rela-
tively high and constant peak frequency we
observe is then a consequence of strong di-
pole—dipole interactions between carbon
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FiG. 2. Band area/Pt, as a function of O¢o for CO
adsorbed on 5 and 0.5% Pt/SiO,.
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Fi1G. 3. Absorbance as a function of molecules per
unit area of pellet for CO adsorbed on 5.0 an 0.5% Pt/
Si0,. Different symbols refer to replicate experiments.

monoxide molecules at high local coverage
(5). The effect is akin to island formation on
Pt single crystals (/2).

If this interpretation is correct then the
surface coverage, O¢o, defined previously
is a rather curious one. It does not repre-
sent uniform and random coverage of all
sites on all particles. Rather it represents a
combination of the fraction of particles
completely covered by CO together with
partial coverage of others but always in the

adsorbed on 5 and 0.5% Pt/SiO, compared to Eq. (2).

form of extensive patches. This is a fortu-
nate situation since for random adsorption,
increasing coverage by filling in vacant sites
would be accompanied by increasing di-
pole—dipole coupling effecting not only
peak frequency but probably intrinsic ad-
sorption intensity per CO molecule (/2).
The assessment of coverage from spectral
measurements would be correspondingly
more difficult. The somewhat larger half-
width we find for lower O¢o can be attrib-
uted to underlying site heterogeneity and
possibly smaller patch size on partly cov-
ered particles. The presence of substantial
heterogeneity is certain since the half-

TABLE 1

Details of Pt/SiO, Preparations and Samples of Each Used for Spectral Studies

Sample 1 Sample 2¢
Weight percentage Pt 5 0.5
Type of silica Aerosil Wide-pore gel
(Cab-O-Sil HSS) (Davison grade 62)
Percentage Pt atoms exposed? 18 63
Inferred metal crystallite size (nm) 6 1.6
Pellet dimensions (mm) 18 x 8 18 x 8
Pellet weight (mg ¢cm~2) 31 29.5
Surface Pt atoms 8.6 x 107 2.9 x 107

per unit area of
pellet, Pt (atoms
cm~?)

@ Preparation designated 63-SiO,-IonX-S by Uchiyama et al. (16).
6 As found by hydrogen chemisorption at 0°C ().
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widths reported for adsorption on single
crystals (13, 14) are one-half or less than
those found here.

Recently Bartok et al. (15) reported sub-
stantial apparent hysteresis in peak fre-
quency and half-width (and with less cer-
tainty in intensity as well) between
adsorption and desorption of CO on Pt/
SiO;. Under these conditions the relation-
ship between adsorption intensity and
quantity adsorbed is likely to be complex.
Nevertheless, the results here show that
under kinetic conditions the spectral char-
acteristics of CO adsorbed on Pt/SiO, do
not vary greatly with metal particle size or
coverage. In consequence a single equation
such as (2) coupled with a knowledge of
available site number is all that is required
to convert absorbance directly to coverage
for such samples. A corresponding equa-
tion based on integrated intensity (e.g., O¢co
= 1.28 x 10'¢ band area/Pt, as here) may
be preferable if changes in half-width with
coverage are more complex.

ACKNOWLEDGMENT

Some of the equipment used in this work was pur-
chased with funds provided by the Australian Re-
search Grants Scheme.

REFERENCES

1. Cant, N. W., and Donaldson, R. A., J. Catal. 711,
320 (1981).

2. Eischens, R. P., Pliskins, W. A., and Francis, S.
A., J. Chem. Phys. 22, 1786 (1954).

NOTES

W

. Eischens, R. P., Francis, S. A., and Pliskin, W.
A., J. Phys. Chem. 60, 194 (1956).
4. Eischens, R. P., and Pliskin, W., A., in ‘“Ad-
vances in Catalysis and Related Subjects,”” Vol.
10, p. 2. Academic Press, New York/London,
1958.
5. Hammaker, R. M., Francis, S. A., and Eischens,
R. P., Spectrochim. Acta 21, 1295 (1965).
6. Seanor, D. A., and Amberg, C. H., J. Chem.
Phys. 42, 2967 (1965).
7. Heyne, H., and Tompkins, F. C., Proc. R. Soc.
London Ser. A 292, 460 (1966).
8. Heyne, H., and Tompkins, F. C., Trans. Faraday
Soc. 63, 1274 (1967).
9. Eischens, R. P., Acc. Chem. Res. 5, 74 (1972).
10. Peri, J. B., J. Catal. 52, 144 (1978).
11. Miura, H., and Gonzalez, R. D., J. Phys. E15,373
(1982).
12. Crossley, A., and King, D. A., Surf. Sci. 95, 131
(1980).
I3. Krebs, H. J., and Liith, H., Appl. Phys. 14, 337
(1977).
14. Shigeishi, R. A., and King, D. A., Surf. Sci. 58,
379 (1976).
15. Bartok, M., Sarkany, J., and Sitkei, A., J. Catal.
72, 236 (1981).
16. Uchiyama, T., Herman, J. M., Inoue, Y.,
Burwell, R. L., Butt, J. B., and Cohen, J. B., J.
Catal. 50, 464 (1977).

NoeL W. CANT
R. A. DONALDSON

School of Chemistry
Macgquarie University
North Ryde

N.S.W. 2113
Australia

Received January 25, 1982; revised July 15, 1982



