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The influence of dispersion on the interactions of Hz and CO with Pd/SiOt has been investigated. 
The distribution of HZ adstates changes with dispersion, due possibly to a change in the morphology 
of the Pd crystallites or in the coordination of adsorbed H atoms with the Pd atoms. The ratio of 
linearly held CO to bridge-bonded CO decreases with the dispersion, as does the ratio of Pd(100) to 
Pd(l11) planes on the surfaces of the Pd crystallites. CO dissociation occurs preferentially from 
bridge sites and proceeds more readily with decreasing dispersion. Consistent with this, the turn- 
over frequency for methanation increases with decreasing dispersion. Q 1987 Acadtmic PRSS, IX. 

INTRODUCTION 

The influence of dispersion on the activ- 
ity and selectivity of supported Pd catalysts 
has been the subject of several recent inves- 
tigations. Hicks and Bell (1) have reported 
that the turnover frequency for methane 
formation over Pd/SiOz and Pd/LazOj in- 
creased with decreasing dispersion. This 
trend is qualitatively consistent with that 
reported by other authors for Ni, Fe, Ru, 
and Rh (2-21). Hicks and Bell (1) noted 
that the turnover frequency for methanol 
synthesis is independent of metal disper- 
sion but is sensitive to the structure of the 
planes exposed at the surface of the Pd par- 
ticles. Pd(100) planes were found to be 2.8 
time more active for methanol synthesis 
than Pd(ll1) planes. In contrast to the 
results of Hicks and Bell (I), Ichikawa et 
al. (12) have reported that the turnover fre- 
quency for methane formation over Pd/ 
SiOa increases with increasing metal disper- 
sion, and Kelly et al. (13) have observed 
that the turnover frequency for methanol 
synthesis increases with decreasing disper- 
sion. 

The present investigation was under- 
taken in an effort to clarify the influence of 
Pd dispersion on the hydrogenation of CO 
to methane. Studies were carried out with a 

single sample of Pd/SiOz which was sin- 
tered to achieve different dispersions. The 
strengths of H2 and CO chemisorption were 
characterized by temperature-programmed 
desorption (TPD). Catalyst activity as a 
function of dispersion was determined from 
differential conversion data taken as a func- 
tion of temperature. 

EXPERIMENTAL 

Apparatus. The apparatus used for the 
present study has been described previ- 
ously (24-16). The catalysts were placed in 
a quartz microreactor which could be 
heated at up to 1 K/s. The desorbing gas 
was swept from the microreactor by a con- 
tinuous flow of carrier gas. Analysis of the 
effluent flow was performed with a quadru- 
pole mass spectrometer. The transfer time 
from the microreactor to the mass spec- 
trometer was less than 1.5 s. A micropro- 
cessor-based data acquisition system was 
used to direct the mass spectrometer to a 
series of preselected masses and to record 
the signal intensity at each mass setting. 
The catalyst temperature was also recorded 
by the data acquisition system. 

Materials. The Pd/SiOa catalyst was pre- 
pared by ion exchange as described in Refs. 
(17, 18). A solution of Pd(NH&& in de- 
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ionized water was added dropwise to a 
slurry of Cab-0-Sil HS-5 silica in deionized 
water at 298 K. The pH of the slurry was 
adjusted to 12 by the addition of NHdOH. 
The slurry was filtered, and the filter cake 
was washed with deionized water and dried 
at room temperature under vacuum. The 
Pd-containing precursor was decomposed 
by heating to 623 K at 0.1 K/s in a flow of 
300 cm3/min of 21% O2 in He. The tempera- 
ture was maintained at 623 K for 2 h, and 
the catalyst was evacuated and cooled to 
room temperature under vacuum. The 
weight loading of Pd was 0.66% as deter- 
mined by X-ray fluorescence. 

The dispersion of Pd in the catalyst was 
determined by the temperature used for re- 
duction of the calcined material. Each sam- 
ple of Pd/Si02 was heated in a flow of 250 
cm3/min of H2 at a rate of 0.1 K/s up to the 
desired reduction temperature and then 
maintained at that temperature for 2 h. By 
increasing the reduction temperature from 
473 to 1073 K, dispersions between 85 and 
20% could be achieved. The dispersion of 
each catalyst was measured by Hz-02 titra- 
tion and equivalent dispersions were ob- 
tained from either the Hz and 02 titers. The 
dispersion of the least dispersed catalyst 
(DPd = 20%) was confirmed by XRD line- 
broadening. Further confirmation of the 
dispersion measurements were obtained by 
measuring the amounts of irreversibly ad- 
sorbed H2 and CO on each sample. Consis- 
tent with previous measurements in this 
laboratory (I), the H/Pd, ratio was 1.07 ? 
0.13 and the CO/Pd, ratio was 0.99 + 0.04. 
No systematic variation in these stoichio- 
metric ratios was observed with changes in 
Pd dispersion. 

Helium and H2 were purified to remove 
O2 and water; and CO was purified to re- 
move metal carbonyls, water and COZ . De- 
tails of the purification procedures are 
given in Ref. (29). The absence of impuri- 
ties in these gases was established by mass 
spectrometry. 

Experimental procedure. The procedures 
followed are similar to those used in Ref. 

(19). A sample of catalyst which had been 
presintered to obtain the desired dispersion 
was placed in the microreactor. The 
amount of surface Pd present was kept con- 
stant between experiments at 2.0 x 10m6 
mol based on HZ-O2 titration. The mass and 
particle size were selected to avoid trans- 
port effects (20). The catalysts were then 
reduced in H2 for 2 h at 573 K. For tempera- 
ture-programmed desorption (TPD) experi- 
ments, adsorption was performed by puls- 
ing HZ or CO through the catalyst bed. A 
carrier flow rate of 50 cm3/min of He was 
used, and the heating rate was 1 K/s for 
these experiments. The relative activities of 
the catalysts for CO hydrogenation were 
determined by ramping the catalyst temper- 
ature at 1 K/s in a flow of 75 cm3/min of HZ 
and 25 cm3/min of CO. Following each ex- 
periment, the mass spectrometer was cali- 
brated against He mixtures containing 
specified concentrations of Hz and CO. 

The absolute rates of desorption are 
based on the number of surface Pd atoms 
present calculated from HZ-O2 titration. 
The moles of gas desorbing during an ex- 
periment were calculated by first integrat- 
ing the spectra to find the peak areas, and 
then multiplying by the proper calibration 
factor. The initial coverages were found by 
dividing the number of moles desorbed by 
the moles of surface Pd present based on 
HZ-O2 titration. 

RESULTS 

HZ and CO TPD 

The TPD spectra for HZ desorption from 
0.66% Pd/SiOz are given in Fig. 1 for sam- 
ples with dispersions of 76, 51, and 28%. 
The initial coverage by adsorbed H atoms, 
O”,, is based on the amount of HZ desorbed 
up to 873 K. The saturation coverages are 
close to 1.3, independent of the dispersion. 
For a dispersion of 76%, there is a promi- 
nent peak at 398 K. This is accompanied by 
shoulders at 463 and 573 K. Decreasing the 
dispersion to 51% by sintering the catalyst 
results in a change in the distribution of ad- 
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FIG. 1. Effects of dispersion on the TPD of H2 from 
0.66% Pd/Si02. 

states for H2 adsorption. The peak at 398 K 
decreases in intensity, and the most promi- 
nent feature is now centered at 448 K. In 
addition, the high temperature peak at 573 
K is less clearly resolved. A further de- 
crease in the dispersion to 28% does not 
significantly change the H2 TPD spectrum. 
Both the shape and position of the spec- 
trum for desorption from the 28% disper- 
sion sample agree with those given in Ref. 
(19) for H2 desorption from Pd/Si02 with 
dispersions of 35 and 18%. 

The CO desorption spectra for 0.66% Pd/ 
SiO;! samples with dispersions of 77, 63, 
and 28% are given in Fig. 2. Also included 
in Fig. 2 are the spectra for the CO2 evolved 
during CO desorption. Since no H2 desorp- 
tion was observed during these experi- 
ments, the appearance of CO* cannot be at- 
tributed to the water-gas shift reaction, and 
is, therefore, attributed to the dispropor- 
tionation of CO on the catalyst surface with 
the stoichiometry: 2 COad, + Cads + CO*. 
The initial coverage of CO, &o, given in 
Fig. 2 is taken to be the amount of CO de- 
sorbed, eco, plus twice the amount of CO* 

produced. The equivalent coverage of CO 
converted to CO2 is given by &o,. 

The spectrum for CO desorption from 
Pd/SiOz with 77% dispersion shown in Fig. 
2 consists of four peaks located at 380,463, 
668, and 778 K. These peak locations are in 
good agreement with those reported previ- 
ously for Pd/SiOz (29). The saturation cov- 
erage is 0.99 of a monolayer of CO. De- 
creasing the dispersion results in a shift in 
the distribution of CO binding states, al- 
though the saturation coverage by CO stays 
constant. When the dispersion is decreased 
to 63%, the two low temperature peaks de- 
crease greatly in magnitude. This coincides 
with a large increase in the magnitude of the 
two high temperature peaks. However, the 
positions of the four peaks do not change. 
Decreasing the dispersion to 28% results in 
a further decrease in the low temperature 
peaks, and the coalescence of the two high 
temperature peaks into a single broad peak 
centered at 728 K. 

Figure 2 shows that all three catalysts 
produced significant amounts of CO2 during 
CO TPD. The catalyst with 77% dispersion 
converts 0.22 of a monolayer equivalent of 
CO into C02, while the samples with 63 and 
28% dispersion convert 0.14 and 0.13 of a 
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FIG. 2. Effects of dispersion on the desorption prod- 
ucts observed during CO TPD from 0.66% Pd/SiOz: (a) 
CO, (b) COz. 
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FIG. 3. Arrhenius plots showing the effects of dis- 
persion on the turnover frequency for methanation 
over 0.66% Pd/SiOz: P = 1 atm, Hz/CO = 311. 

monolayer, respectively. Thus, the amount 
of CO which dissociates during the temper- 
ature ramp decreases with decreasing dis- 
persion. It is significant to note, though, 
that CO dissociation occurs at progres- 
sively lower temperatures as the dispersion 
is decreased. The onset of CO2 production 
occurs at 578 K for the 28% dispersion sam- 
ple, while CO;? desorption begins at 618 and 
638 K over the samples with 63 and 77% 
dispersion, respectively. The temperature 
for which CO:! production reaches a maxi- 
mum increases in the same order: 28% (698 
K) < 63% (713 K) < 77% (753 K). 

Comparison of Activities for CO 
Methanation 

The dependence of the methanation ac- 
tivity of each catalyst on temperature was 
determined by ramping the catalyst temper- 
ature at 1 K/s in a flowing mixture of syn- 
thesis gas. During the temperature ramp, 
no products other than methane and Hz0 
were detected. An Arrhenius plot of the 
turnover frequency for methanation is 
given in Fig. 3. The active area for each 
sample is based on the dispersion of the 
fresh sample determined by Hz-02 titra- 
tion. Since the high dispersion catalysts are 

very sensitive to sintering in the presence 
of H20, experiments were conducted to as- 
certain over what temperature range the 
dispersion remains stable. The catalyst 
temperature was ramped in the synthesis 
gas mixture up to a given temperature, and 
the temperature ramp was halted. The cata- 
lyst was then rereduced at 573 K, and the 
dispersion redetermined using HT-O2 titra- 
tion. These experiments showed that the 
catalyst dispersions were stable at tempera- 
tures below 523 K. Therefore, the effects of 
dispersion on the activities of the catalysts 
should be considered only for temperatures 
below 523 K. 

Figure 3 reveals that the turnover fre- 
quency for methanation increases mono- 
tonically with decreasing Pd dispersion. 
This trend is shown very clearly in Fig. 4, 
which illustrates further the appearance of 
a plateau in the turnover frequency for dis- 
persions below about 36%. The activation 
energies for methanation are listed in Fig. 
3. For dispersions between 85 and 36%, E, 
lies between 26.0 and 27.5 kcal/mol, and 
there appears to be no systematic variation 
in E, with dispersion. 
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FIG. 4. Effects of dispersion on the turnover fre- 
quency for methanation over 0.66% Pd/SiOz: T = 523 
K, P = 1 atm, Hz/CO = 3. 
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DISCUSSION 

Hz TPD 

The spectra for Hz desorption in Fig. 1 
show that the saturation coverage of H2 
does not change with dispersion. For the 
range of dispersions from 28 to 76%, the 
saturation coverage is about 1.3. This is 
somewhat higher than that measured by 
static chemisorption (H/Pd, = 1.07) and 
that observed by Hicks et al. (21) and Rieck 
and Bell (19) for Pd/Si02 prepared by im- 
pregnation (H/Pd, = 0.93 to 1.1). The most 
likely cause for the 17% higher value of H/ 
Pd, obtained from H2 TPD spectra is the 
incomplete removal of adsorbed H2 during 
the evacuation of the catalyst, prior to initi- 
ation of the temperature ramp (19). It is of 
some interest to note, though, that hydro- 
gen coverages in excess of unity have been 
noted in studies conducted with single crys- 
tals. Behm et al. (23) have reported that the 
saturation coverage of Pd(100) by H atoms 
corresponds to 1.35 of a monolayer, while 
Cattania et al. (24) have shown that the 
Pd( 110) surface can adsorb 1.5 of a mono- 
layer of H atoms. 

The changes in the H2 desorption fea- 
tures with decreasing dispersion indicate 
that changes in the distribution of H adsta- 
tes occur as the catalyst is sintered. The 
peak locations of 398,463, and 573 K are in 
good agreement with those previously re- 
ported for Pd/SiOz (19). The peak at 398 K 
is very well resolved for high dispersions, 
but becomes an unresolved shoulder as the 
dispersion is decreased. In addition, the 
peak at 573 K become less well resolved as 
the catalyst is sintered. The changes in the 
distribution of H adstates may be explained 
in two ways. First, a change in the surface 
morphology of the Pd crystallites may oc- 
cur as the catalyst is sintered. The CO in- 
frared studies of Hicks et al. (21) showed 
that on Pd/SiOz the surfaces of the Pd crys- 
tallites are composed of Pd(ll1) and 
Pd(100) planes. The activation energies for 
desorption of Hz from these surfaces are 
20.8 kcal/mol (25) and 24.5 kcal/mol (23), 

respectively. Rieck and Bell (19) showed 
that a Pd surface consisting of these two 
planes should exhibit multiple desorption 
peaks for H2 TPD. Thus, a change in the 
surface morphology occurring with the 
change in dispersion would change the HZ 
desorption spectrum. A second explanation 
involves the coordination of H adatoms 
with the surface Pd atoms. For the Pd(lOO) 
surface, adsorption of H atoms into four- 
fold coordinated sites is favored (23), 
whereas threefold coordination is favored 
for the Pd(ll1) surface (25). On both of 
these surfaces, bridge-bonding and adsorp- 
tion on top of Pd atoms can also occur (23, 
25). Since the proportions of four and 
threefold adsorption sites decrease with in- 
creasing dispersion, adsorption into on-top 
sites and bridge-bonded sites should be 
more prevalent on the smaller particles. 
The lower strength of adsorption for these 
states would explain the decrease in the 
peak at 398 K as the dispersion decreases. 

CO TPD 

The locations of the four peaks for CO 
desorption observed in Fig. 2 are in good 
agreement with those previously reported 
by Rieck and Bell (19) for PdlSiO2. By 
comparing their CO TPD spectra with the 
infrared observations of Hicks et al. (2Z), 
Rieck and Bell (19) were able to assign indi- 
vidual peaks in the TPD spectra to specific 
modes of CO adsorption. Using these peak 
assignments, we attribute the two peaks at 
380 and 463 K to linearly adsorbed CO, and 
the peaks at 668 and 778 K to bridge- 
bonded CO on Pd(lOO) and Pd(l11) planes, 
respectively. Figure 2 shows, therefore, 
that as the dispersion decreases, the 
amount of linearly bonded CO decreases 
the amount of bridged bonded CO in- 
creases. This trend is in good agreement 
with the infrared observations of Ichikawa 
e? al. (12). The spectra in Fig. 2 also show 
that the peak at 778 K increases relative to 
that at 668 K as the dispersion decreases, 
indicating that the proportion of Pd(ll1) 
sites relative to Pd( 100) sites increases with 
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decreasing dispersion. Such a trend is con- 
sistent with what one expects, if the Pd 
crystallites are treated as perfect cubooc- 
tahedrons. Calculations by van Hardeveld 
and Hat-tog (26) show that as the dispersion 
decreases, the fraction of Cg sites, which 
are characteristic of Pd(ll1) planes, in- 
creases faster than the fraction of Cs sites, 
which are characteristic of Pd(lOO) planes. 

The saturation coverage of Pd/Si02 by 
CO was observed to be a monolayer, inde- 
pendent of dispersion and in good agree- 
ment with our static chemisorption mea- 
surements. Thus, although the TPD spectra 
reveal large changes in the amount of 
bridge-bonded relative to linearly held CO, 
the overall adsorption stoichiometry re- 
mains constant at one CO molecule per sur- 
face Pd atom. This agrees with the infrared 
studies of Pd/SiOl by Hicks et al. (21) 
which showed that the ratio of CO to Pd is 
close to one, although the surfaces con- 
sisted of 90% bridge-bonded CO. 

Figure 2 shows that the temperature for 
the onset of CO2 formation decreases sys- 
tematically with decreasing dispersion. If it 
is assumed that CO2 is formed via the disso- 
ciation of a molecule of adsorbed CO fol- 
lowed by the rapid reaction of the nascent 0 
atom with a second molecule of CO, then 
the rate of COZ formation is controlled by 
the rate of CO dissociation. The results in 
Fig. 2 then suggest that CO dissociation oc- 
curs more rapidly on large, rather than 
small, particles. Furthermore, since at the 
temperatures where CO:! formation is ob- 
served, CO desorption is exclusively from 
bridge sites, we are led to conclude that CO 
dissociation occurs preferentially from 
bridge sites. This interpretation is consis- 
tent with recent theoretical calculations of 
the activation energy for CO dissociation 
carried out by Baetzold (27). His results 
show that there is considerable anisotropy 
in the activation energy for dissociative 
chemisorption of CO on fcc( 111) surfaces. 
The activation energy is smallest for disso- 
ciation from bridge sites and greatest for 
dissociation from hollow sites. Dissociation 

from on-top sites shows a significantly 
greater barrier than that for dissociation 
from bridge sites. Since the proportion of 
CO desorbing from bridge sites increases 
with decreasing dispersion (see Fig. 2), the 
downscale shift in the temperature for the 
onset of CO dissociation (and hence the ap- 
pearance of COJ with decreasing disper- 
sion can be attributed to an increase in the 
fraction of bridge sites and the coincident 
decrease in the activation energy for disso- 
ciation from such sites. 

Activity for CO Hydrogenation 

The formation of CH4 from CO over Pd is 
believed to proceed via the dissociation of 
CO to form adsorbed carbon and the subse- 
quent hydrogenation of this species. Pre- 
vious studies by Rieck and Bell (19, 28, 29) 
of Pd/SiOz , Pd/TiOz , and rare earth oxide- 
promoted Pd/SiOz have shown that the car- 
bon formed by the dissociation of CO is 
much more easily hydrogenated than mo- 
lecular CO. This supports the premise that 
CO dissociation is the rate-limiting step for 
methanation. 

Rieck and Bell (19, 28, 29) have also 
shown that there is a correlation between 
the turnover frequency for methanation and 
the temperature for the onset of CO dispro- 
portionation during CO TPD-the lower 
the temperature for the onset of CO dispro- 
portionation, the higher the turnover fre- 
quency for methanation. A similar trend is 
observed in the present work if one com- 
pares the results presented in Fig. 2 with 
those in Figs. 3 and 4. Since, as discussed 
above, the decrease in the temperature for 
the onset of CO disproportionation with de- 
creasing Pd dispersion can be attributed to 
an increase in the proportion of bridge 
sites, it is reasonable to propose that the 
increase in methanation turnover frequency 
with decreasing Pd dispersion is due to the 
same cause. Thus, we propose that as the 
size of the Pd particles increases the frac- 
tion of exposed sites capable of dissociating 
CO increases and, for this reason, the 
methanation turnover frequency increases 



52 RIECKANDBELL 

with decreasing Pd dispersion. It should be 
noted that such an interpretation is consis- 
tent with the absence of a significant change 
in the activation energy for methanation 
with changes in Pd dispersion. The pro- 
posed interpretation is also consistent with 
the calculations of van Hardeveld and Har- 
tog (26) for the distribution of adsorption 
sites as a function of metal particle size. 
Assuming that the Pd crystallites have the 
shape of cubooctahedrons, the fraction of 
C9 and Cs sites (characteristic of Pd( 111) 
and Pd( 100) planes, respectively) decreases 
from 0.72 to 0.25 as the dispersion in- 
creases from 37 to 84%. The extent of the 
decrease in the fraction of C9 plus CS sites 
with increasing Pd dispersion is in reasona- 
bly good agreement with the decrease in the 
methanation turnover frequency seen in 
Fig. 4. 

As was discussed previously, with de- 
creasing Pd dispersion not only does the 
proportion of Cp plus Cs sites increase but 
in addition the proportion of Cs sites in- 
creases relative to the proportion of Cg 
sites. What this means is that with increas- 
ing particle size the fraction of Pd(ll1) 
planes increases more rapidly relative to 
the fraction of Pd( 100) planes. The absence 
of any significant change in the activation 
energy with dispersion suggests then that 
the activation energies for methanation on 
Pd( 111) and Pd( 100) planes are comparable. 
This conclusion agrees with that of Kelley 
and Goodman (30) who observed identical 
turnover frequencies and activation ener- 
gies for CO methanation over Ni( 111) and 
Ni( 100) single crystal surfaces. 

The results presented here are consistent 
with those of Hicks and Bell (I) but contra- 
dict those presented recently by Ichikawa 
et al. (12). For Pd supported on Davison 62 
silica gel, their data showed equivalent 
turnover frequencies for catalysts with dis- 
persions of 100 and 75%, and a threefold 
lower turnover frequency for a catalyst 
with a dispersion of 45%. Ichikawa et al. 
(12) also compared their results with those 
of two separate studies of Pd/SiOz catalysts 

reported by Vannice (31,32). In the first of 
these (31), Cab-0-Sil was used as the sup- 
port and the Pd dispersion was 46%, 
whereas in the second study (32), Davison 
57 silica gel was used as the support and the 
dispersion was 20%. The activity data re- 
ported by Vannice (31, 32) indicated a 
nearly threefold lower turnover frequency 
for the 20% dispersion catalyst relative to 
the 46% dispersion catalyst. Based on these 
results, Ichikawa et al. (12) concluded that 
the turnover frequency for CO methanation 
over Pd decreases with decreasing Pd dis- 
persion. Since they also observed that a 
larger proportion of CO undergoes dissoci- 
ation on small Pd particles than on large Pd 
particles, they proposed that the trend in 
methanation turnover frequency with Pd 
dispersion could be associated with the 
ease with which CO dissociates. 

The reason for the diametrically opposite 
conclusions regarding the effects of Pd dis- 
persion on methanation turnover frequency 
reported here and by Ichikawa et al. (12) 
are difficult to explain. It is the opinion of 
the present authors that the data on which 
Ichikawa et al. (12) have based their con- 
clusion may be affected by the fact that dif- 
ferent silica supports and methods of cata- 
lyst preparation were used for three of the 
four catalyst samples. Fajula et al. (33), De- 
ligianni et al. (34), and Kelly et al. (13) have 
shown that the activity of silica-supported 
Pd is strongly influenced by the source and 
grade of the silica, and it is not unreasona- 
ble to expect that even different batches of 
the same silica may not yield equivalent 
results. A further point to note is that in 
comparing results from different studies it 
is important to establish the length of time 
the catalyst was on stream before its activ- 
ity was measured. In this connection, Ichi- 
kawa et al. (Z2) make no mention of 
whether their rate data and those of Van- 
nice (31, 32) were determined after an 
equivalent length of time under reaction 
conditions. 

Finally, we wish to note that both in the 
study reported by Ichikawa et al. (12) and 
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that presented here, the amount of CO* pro- 
duced during CO TPD increased with in- 
creasing dispersion. This trend cannot be 
rationalized at present and will require fur- 
ther investigation. It should be noted, 
though, that the amount of CO* formed, 
while related to the number of sites avail- 
able for CO dissociation, is also influenced 
by other factors such as the CO coverage 
and the vacancy fraction at the temperature 
of CO dissociation. Thus, one cannot use 
the amount of CO2 formed during CO TPD 
as a direct measure of CO dissociation sites 
and hence as an indicator of catalyst activ- 
ity for methanation. The results of this 
study and those reported previously (19, 
28, 29) suggest that a better indicator of 
methanation activity is the temperature for 
the onset of CO disproportionation. 

CONCLUSIONS 

The present studies indicate that the ad- 
sorptive and catalytic properties of PdlSiOz 
are influenced by the Pd dispersion. The 
distribution of H2 adstates changes with dis- 
persion, due possibly to a change in the 
morphology of the Pd crystallites or in the 
coordination of adsorbed H atoms with the 
Pd atoms. The ratio of linearly held CO to 
bridge-bonded CO decreases as the disper- 
sion decreases, as does the ratio of Pd(lOO) 
to Pd( 111) planes on the surfaces of the Pd 
crystallites. CO dissociation occurs prefer- 
entially from bridge sites and proceeds 
more readily with decreasing dispersion, 
due to an increase in the proportion of 
bridge sites on the Pd crystallites. The turn- 
over frequency for CO methanation paral- 
lels the rate of CO dissociation, so that 
higher methanation rates are observed with 
decreasing Pd dispersion. 
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