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Several series of silica-supported Rh-Ag catalysts have been characterized by nitrogen 
adsorption (BET), hydrogen and carbon monoxide chemisorption, X-ray diffraction line-broaden- 
ing analysis, and X-ray photoelectron spectroscopy (XPS). The two metals are shown to interact 
and, based on the chemisorption and XPS results, the catalysts are modeled as smail crystallites of 
Rh with Ag deposited on the surface in a thin layer, perhaps only one atom thick. While 
chemisorption of hydrogen and carbon monoxide decreases as the Ag/Rh ratio increases, the rate 
of specific ethane hydrogenolysis is nearly constant. This is interpreted in terms of the manner in 
which Ag is deposited on the Rh crystalhtes, i.e., it forms islands of complete coverage and leaves 
patches of bare Rh. 

INTRODUCTION 

In the study of bimetallic catalysts, there 
is a considerable simplification in the inter- 
pretation if one of the metals is essentially 
inactive for the test reaction employed. 
Thus there are many references to studies 
of bimetallic catalysts of this kind (I -3). 
For reactions between hydrogen and hy- 
drocarbons the inactive component is usu- 
ally chosen from group Ib and the active 
component is normally from group VIII. 
Bimetallics between groups Ib and VIII3 
are by far the most popular because their 
adjacent position in the periodic table 
results in a combination of tilled and nearly 
filled d bands, respectively, and, moreover, 
most combinations form alloys in all pro- 
portions (I -3). 

Inclusion of inactive metal atoms in the 
surface of an active metal almost always 
lowers catalytic activity for reactions in- 
volving the rupture of C-C bonds, while 
little or no influence is observed for reac- 
tions involving the rupture or formation of 
C-H bonds. Even relatively small amounts 
of inactive atoms may show a large effect if 
they are preferentially segregated to the 
surface. In bimetallic systems the compo- 
nent with the lower heat of sublimation 
often accumulates in the surface and, in the 

case of group VIII-group Ib combinations, 
this component is the group Ib metal. The 
exception appears to be Ru-Au supported 
on MgO (4) which, due to a strong interac- 
tion between Au and MgO, results in a 
surface enriched in Ru instead of Au. 

The existence of metal-metal interaction 
and its effect on catalytic activity are not 
limited to systems miscible in the bulk 
state. Work carried out on films has shown 
that, in systems of very limited solubility 
(Ir-Au (5-7), Rh-Ag (8), Rh-Au (a)), the 
addition of the group Ib metal causes a 
decrease in the activity for hydrogenolysis. 
The presence of the support does not, in 
general, modify this trend. The bimetallics 
Ir-Cu supported on AleO (9), Ir-Au sup- 
ported on SiO, (7, ZO), Ni-Ag in zeolite 
(I I), and Ru-Cu and OS-Cu supported on 
SiO, (12) showed the same behavior as 
filRlS. 

The present study of SiOz supported on 
Rh-Ag bimetallic catalysts, was initiated to 
extend information on the interaction of 
supported bimetallics which are immiscible 
in the bulk state. The selection of the Rh- 
Ag system was suggested by previous work 
by Anderson et al. (13) in which the au- 
thors claimed that supported Rh crystallites 
were covered by a layer of Ag a few atoms 
thick. This led to a H, chemisorption on the 
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Rh-Ag bimetallic catalysts which was 
much less than that expected based on the 
Rh surface area calculated from X-ray dif- 
fraction line broadening. We report here 
results of the characterization and catalytic 
activity for ethane hydrogenolysis of sev- 
eral kinds of SiOz-supported Rh-Ag cata- 
lysts. The effect of preparative variables 
such as the Rh salt used in the impregna- 
tion, the order of metal impregnation, and 
the kind of SiO, used as a support has been 
studied. The techniques used in the charac- 
terization of the samples were: X-ray dif- 
fraction line-broadening analysis, Hz and 
CO chemisorption, Nz adsorption (BET), 
and X-ray photoelectron spectroscopy 
mw. 

EXPERIMENTAL 
Materials Used and Catalyst Preparation 

The catalysts were prepared by impreg- 
nation according to the incipient wetness 
procedure. Silica supports used were pro- 
vided by Davison Chemical Company 
(grade 923, porous, 600 mz/g) and Cabot 
Company (Cab-0-Sil HS5, nonporous, 300 
m”/g). The solutions were prepared by dis- 
solving the salts in distilled water. The ratio 
of volume of impregnating solution to 
weight of support was 1 ml/g in the case of 
Davison silica and 2 ml/g when the support 
was Cab-0-Sil. Silver nitrate was obtain- 
ed from Baker Chemical Company, 
RhC& * 3H10, and Rh(NO& . 2H,O were 
supplied by Fisher Scientific Company and 
Alfa Products, respectively. The impreg- 
nating solutions containing the cations 
(Rh3+, Ag+) were added to the support 
either simultaneously or sequentially. 
When the impregnation was sequential the 
Rh solution was put in contact with the 
support first, the catalyst was then dried 
(see procedure outlined below), and then 
the Ag solution was added. 

After impregnation the catalysts were 
dried for 2 days at room temperature and 
then 2.5 h in air at 120°C. The dried cata- 
lysts were stored in a desiccator. The re- 

duction procedure was as follows: approxi- 
mately 1 g of dried catalyst was further 
dried by flowing He at 120°C for 1 h after 
which He was replaced by Hz and the 
temperature raised at ZC/min to 450°C. 
The catalyst was maintained in flowing Hz 
for an additional 2 h at that temperature and 
then cooled in flowing He. The HP used in 
the reduction as well as in chemisorption 
and activity measurements was Airco grade 
4.5, which had been fiuther purified by 
passage through a palladium-silver diffu- 
sion cell. Other gases, He, ethane, and CO, 
were Airco CP grade and were used as 
received. 

Chemisorption and BET Measurements 

The apparatus used for adsorption mea- 
surements was a conventional volumetric 
adsorption system. Adsorption isotherms 
at room temperature were measured by 
admitting a known quantity of gas to the 
adsorption cell and waiting overnight be- 
fore reading the equilibrium pressure for 
the first point. The range of pressure used 
was O-3 Torr (1 Torr = 133.3 Nm-3 mea- 
sured with a differential pressure gauge 
provided by MKS Instruments, Inc. Prior 
to any measurement the catalyst (approxi- 
mately 0.6 g) was reduced in situ. With the 
sample in flowing HZ, the temperature was 
raised at S”C/min to 300°C and maintained 
at that level for 1 h after which the adsorp- 
tion cell was sealed and pumped at the 
same temperature for 5 h. An increase in 
temperature and time of pumping to 450°C 
and 8 h did not lead to a change in the 
amount of gas adsorbed. BET measure- 
ments were carried out in a Perkin-Elmer 
sorptometer. Samples were degassed in 
flowing He at 300°C for 3 h before Nz 
adsorption measurements. 

X-Ray Difraction 

The reduced catalysts were examined by 
X-ray diffraction using a Norelco diffrac- 
tometer with CuKa radiation. The Ag crys- 
tallite size was estimated (when possible) 
from the broadening of the (111) diffraction 
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line using the Schaerrer equation (14). In- 
strumental line broadening was determined 
in the angular range of interest from the 
width of the diffraction lines of metal foils. 

X-Ray Photoelectron Spectroscopy (XPS) 

XPS spectra were taken on a Hewlett- 
Packard 5950A spectrometer using mono- 
chromatic AlKa radiation. The samples 
were pelletized before examination and re- 
duced in situ at 300°C in 0.03 Torr of He. 
Spectra were taken before and after reduc- 
tion. The Rh/Si and Ag/Si intensity ratios 
were determined from the height of the Rh 
3d5,2, Si 2~~,~, and Ag 3d,,, lines using 20eV 
sweeps. The sample was irradiated with an 
electron flood gun (0.3 mA, - 0 V) to 
minimize charging effects. 

Activity Measurements 

The activity measurements were taken 
with a microcatalytic pulse reactor. The 
reactors are Pyrex 6-mm-o.d. glass tubing 
connected to stainless-steel piping by a 
Cajon Ultra-tot-r union with Viton 0 rings. 
The reactor is suspended in an electric 
furnace controlled by a temperature-pro- 
gram controller (Hewlett-Packard model 
240). Catalysts were activated in situ as 
described for Hz chemisorption. The 
amount of catalyst used in the activity 
measurements was 0.1 g. The catalyst bed, 
1 cm long, was preceded by a preheater 
section of 3.5 g (10 cm) of 50 to 60-mesh 
glass beads that had been washed with aqua 
regia and heated to high temperature in air. 
The temperature was monitored by an 
iron-constantan thermocouple in contact 
with the reactor. Independent measure- 
ment of the temperature indicated a con- 
stancy within +O.YC. The carrier gas was 
purified hydrogen and the hydrocarbon 
pulse injection was accomplished by a 
Carle 2015 sampling valve. Each hydrocar- 
bon pulse was 0.05 cm3. The carrier flow 
rate was measured with a Hasting mass 
flowmeter at 30 cm3/min. Analysis was per- 
formed in an on-line gas chromatograph 
(Varian model 3700) by flame ionization de- 

tection following separation on a Poropak 
Q l-m column operated at 80°C. The con- 
version levels were maintained below 5%. 
Rates were measured at five temperatures 
(random order) over a 40°C range centered 
around 250°C. The activities are all com- 
pared at 250°C. 

RESULTS 

Four sets of catalysts were prepared, all 
were 3% by weight Rh. The Rh loading was 
measured by atomic absorption and found 
to be within 5% of the nominal value ex- 
pected based on the preparation. The differ- 
ent Ag/Rh ratios were obtained by addition 
of appropriate amounts of Ag. The type of 
SiOz, Rh salt used in the impregnation, the 
order of impregnation, and the composition 
of bimetallic samples are shown in Table 1. 
Data for Hz and CO chemisorption are 
presented in Table 2. 

Carbon monoxide chemisorption was 
very slow compared to H2 chemisorption 
but the equilibrium times adopted (about 11 
h for the hrst point, 5 h for the second, 1 h 
for each of the following points) were 
sufficient to attain equilibrium. The value 
for the adsorption extrapolated to zero 
pressure was taken as the amount corre- 
sponding to a monolayer. No adsorption on 
the support was observed. When values of 
Rh surface areas are presented they have 
been calculated assuming a H/Rh stoi- 
chiometry of one to one and an area of 7.6 
A2/Rh atom. Crystallite sizes (I) were esti- 
mated from the H, adsorption data using 
the relation I= 5/Sp, where S is the surface 
area per gram of metal and p is the density 

TABLE 1 

Catalyst Identification 

set Order of 
impreg. 

Atomic 
percent Rh in 
metallic phase 

A DWiSOn RhCl, Sequential 20, 4). 60.80, 100 
B Davison RWOlh sequential 20,40,60,80, loo 
C Davison WNO,h co-imprcg. 60,70,80.90, 100 
D CM-043 RMNO.1. Co-imprep. 60.70, so, 90. 100 
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TABLE 2 

HI and CO Chemisorption Results 

set Percentage 
Rh 

H/Rh CO/H Set Percentage 
Rh 

H/Rh CO/H 

A 100 0.69 
80 0.51 
60 0.58 
40 0.26 
20 0.07 

1.10 
1.01 
1.07 
1.09 
- 

C 100 0.89 0.96 
90 0.87 0.84 
80 0.77 0.93 
70 0.69 0.93 
60 0.65 0.90 

B 100 0.84 1.08 D 100 0.86 0.93 
80 0.64 1.01 90 0.84 0.92 
60 0.57 0.98 80 0.73 0.98 
40 0.44 1.08 70 0.68 1.01 
20 0.36 1.10 60 0.61 1.04 

of Rh. The specific Hz adsorption of the 
bimetallic samples relative to the one con- 
taining pure Rh is shown in Fig. 1 as a 
function of group Ib/group VIII metal ra- 
tio. Results taken from the work of Ander- 
son et al. (13) and Sinfelt (12) (Ru-Cu) 
are also included for the purpose of com- 
parison. 

Measurements of BET surface areas were 
carried out on sets A and C. The relative 
change in total surface area as a function of 
metal surface area is shown in Fig. 2. If the 
decrease in Hz chemisorption were the 
result of pore blockage due to the increase 
in Ag content we would see a proportional 
decrease in total surface area. In the range 

N 0.6 
I 

u 
LL 0.4 

Y 

5 0.2 

9 

z I 1 I I I I I I 
0 0.2 0.4 0.6 0.6 Ia 1.2 1.4 

GROUP Ib/GROUP XIII ATOM RATIO 

FIG. 1. The relative specific HI adsorption at room 
temperature as a function of group Ib/group VIII atom 
ratio for: Rh-Ag, 0 set B, 0 set C, A set D; Ru-CU, 
0, after Sinfelt, Ref. (12); Rh-Ag, V, after Anderson 
et al., Ref. (/j). 

of Ag/Rh atomic ratio in which we are 
interested (Ag/Rh < l), no decrease in total 
surface area is observed. Therefore, we 
conclude that the decrease in H2 chemi- 
sorption is not the result of pore blockage. 
X-Ray diffraction measurements were car- 
ried out primarily to determine the size of 
the Ag particles; results of these measure- 
ments in Table 3 show that, with the excep- 
tion of set A, the particles of Ag are fairly 
small. The large crystals observed in set A 
can be attributed to the formation of AgCl 
which led to an increase in crystal size 
during the reduction process. In agreement 
with the apparent crystallite sizes calcu- 
lated from Hz chemisorption, see Table 4, 

5 z 40 40 

w w 

L L I I 6 6 I I 1 1 I I 
80 80 40 40 0 0 

PERCENT DECREASE IN METAL AREA PERCENT DECREASE IN METAL AREA 

FIG. 2. Percentage decrease in total (BET) surface 
areas as a function of percentage decrease in Rh metal 
area (measured by H, chemisorption) for catalysts sets 
A, 0 and C, Cl. 
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TABLE 3 

X-Ray Line-Broadening Crystallite Sire 

Set Percentage 
Rh 

Rh crystal Ag crystal 
size- size 
(A) (A) 

Set Percentage 
Rh 

Rh crystal Ag crystal 
size size 
(-% (‘Q 

A 100 
80 
60 
40 
204 

B 100 <30 - 
80 <30 56 
60 <30 48 
40 <30 55 
20 <30 81 

<30 - 
<30 >500 
<30 >500 
118 >500 

C 100 
90 
80 
70 
60 

Pure Ag 

<30 
<30 
<30 
<30 
<30 
- 

- 

40 
64 
40 
53 
70 

D 100 <30 <30 
90 <30 <30 
80 <30 <30 
70 <30 <30 
60 <30 <30 

Pure Ag - <30 

o Not measured. 

the X-ray line-broadening results indicate 
that Rh is highly dispersed. 

Results of XPS are presented as Rh/Si 
and Ag/Si intensity ratios in Figs. 3 and 4, 
respectively. Figure 5 shows the Rh/Si 
XPS intensity ratio as a function of percent- 
age exposed. The results are the average of 
three measurements. Due to the observa- 
tion that on Davison silica support the 
metals are preferentially deposited on the 
outer portion of the particles (15), all sam- 
ples (except those on Cab-O-N) were 
ground before pelletizing. Without this 
grinding there was a large scatter of 
metal/Si ratios for samples taken from the 

same batch. This was due to u-reproducible 
breaking of particles of the samples during 
the process of pelletization. Two salient 
features of Figs. 3 and 4 are: (i) metal/Si 
ratios are smaller on Cab-0-Sil than on 
Davison silica, and (ii) the Ag/Si ratio 
increases with Ag content, while the Rh/Si 
ratio remains nearly constant. 

The results of the reaction rate measure- 
ments in the pulse reactor are shown in 
Table 5. Figure 6 shows a comparison of 
the relative specific activities of the Rh-Ag 
and Ru-Cu systems. A measurement in a 
flow reactor on a sample from set C with 
90% Rh at PcZHB = 0.14 atm and PHz = 0.86 

TABLE 4 

Rh Metal Area and Ag Coverage (Set C) 

Percentage 
Rh 

s Crystal size No. of Ag atoms covering Rh atoms Maximum possible 
W/g) talc. from Total No. of Ag atoms number of Ag 

H, ads. layers 
(A) 

100 11.9 12.0 - - 
90 11.6 12.3 0.19 5.3 
80 10.4 13.7 0.45 2.2 
70 9.2 15.5 0.47 2.1 
60 8.7 16.4 0.36 2.8 
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FIG. 3. XFS intensity ratio, Rh 3d&Si 2p,,,, as a 
function of percentage Rh in the metal phase for: 0, 
set B; Cl, set C; and A, set D. 

atm resulted in an activation energy of 52 
kcal/mol and a reaction rate at 250°C of 4.9 
x 10” mol/m2-min compared to 5.6 x lo* 
mol/m2-min for the pulse reactor. An ex- 
trapolation of the reaction rate to 25o”C, 
P oLHg = 0.14 atm, and Pb = 0.86 atm from 
Sinfelt and Yates’s (16) standard conditions 
of pcsEI(j = 0.03 atm, PHz = 0.2 atm and 
assuming an order of - 2.2 in hydrogen, 0.8 
in ethane, and E, = 42 kcal/mol (Sinfelt 
and Yates’s value) gave a reaction rate of 
2.2 x 10e5 mol/m2-min. 

DISCUSSION 

The first question to be asked when deal- 
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FIG. 4. XFS intensity ratios, Ag 3d,,.JSi 2pllp, as a 
function of percentage Rh in the metal phase for: 0, 
set B; 0, set C; and A, set D. 
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FIG. 5. XFS intensity ratio, Rh 3d,,,/Si 2pllp, as a 
function of percentage exposed, H/Rh, for: 0, set B; 
Cl, set C; and A, set D. The straight line is the 
observed change in Rh/Si when a pure Rh catalyst, set 
A, was sintered in air, see Ref. (IS). The broken lines 
indicate the maximum uncertainty for the XFS Rh/Si 
ratio as a function of percentage exposed for the 
sintered catalysts. 

ing with supported bimetallic catalysis is 
whether there is any interaction between 
the two metals. As can be seen in Table 2 
the amount of H2 and CO chemisorbed per 
total amount of Rh decreases systemati- 
cally with the addition of Ag. Since the total 
BET surface area is not affected, see Fig. 2, 
the trivial explanation involving pore block- 
age by Ag can be dismissed. Thus the 
chemisorption results may be taken as evi- 
dence for the existence of interaction be- 

10-s - l \ 

164- 
I I I I I I I I 
0 0.2 0.4 0.6 0.6 1.0 1.2 1.4 

GROUP Ib/GROUP YIII ATOM RATIO 

FIG. 6. The relative specific rate (normalized to 
H/Rh ratio) of ethane hydrogenolysis at 250°C as a 
function of Ag/Rh ratio: 0, set B; Ii, set C; and A, set 
D. The results of Sinfelt on Ru-Cu, Ref. (12), are 
shown for comparison, 0. 
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TABLE 5 

Rates of Ethane Hydrogenolysis 

Set Percentage r E. Set Percentage r -53 
Rh (mol/m*-min) (kcal/mol) Rh (mol/m*-min) (kcai/mol) 

A loo 
80 
60 
40 
20 

B 100 
80 
60 
40 
20 

2.6 x IO4 
1.8 x 10” 
1.9 x 10-S 
1.4 x 10-s 
2.8 x IO- 

7.9 x 10-8 
5.8 x lo+ 
5.4 x 104 
7.1 x 104 
8.4 x lo+ 

51 C 100 
49 90 
47 80 
50 70 
47 60 

53 D 100 
52 90 
49 80 
52 70 
49 60 

8.0 x lo+ 
5.7 x 10-J 
4.2 x lo4 
4.6 x lo+ 
3.9 x 10-e 

1.2 x 10-S 
6.9 x lo-@ 
6.4 x IO4 
5.1 x 10-e 
9.4 x 10-0 

52 
52 
52 
54 
52 

49 
49 
51 
52 
50 

tween Rh and Ag and may be rationalized 
by assuming an increasing coverage of Rh 
crystallites by Ag atoms if the Rh percent- 
age exposed is assumed to be nearly con- 
stant throughout the range of compositions. 
This is in accord with the values of sublima- 
tion energies of Ag and Rh, 63.4 and 132.2 
kcal/mol, respectively, which predict a 
large segregation of Ag to the surface. 

We now consider the possibility that our 
underlying assumption of constant Rh dis- 
persion is wrong, i.e., there is an increase 
in Rh crystallite size during the initial re- 
duction due to the presence of Ag. X-Ray 
diliiaction cannot be used to check this 
assumption because the range of possible 
crystallite sixes that would correspond to 
the observed H/Rh ratios is too small to be 
observed. Another technique that has been 
used to follow changes in dispersion is XPS 
(17). In a previous publication (15) we 
showed that a linear relationship exists 
between Rh/Si intensity ratio and Rh dis- 
persion expressed as H atoms adsorbed per 
total number of Rh atoms (H/Rh&. The 
samples used in that work were taken from 
set A, 100% Rh. The dispersion was 
changed by reducing initially in the pres- 
ence of Hz0 or by sintering the reduced 
sample in an oxygen atmosphere. One way 
to determine if the observed decrease in Hz 
chemisorption for the bimetallic samples is 

due to an increase in crystallite size of Rh is 
to see if the relationship between measured 
Rh/Si XPS intensity ratios and the H/Rht 
ratios is the same as that found for the pure 
Rh samples with known variable disper- 
sion. This comparison is shown in Fig. 5. 
The results for the Rh-Ag samples were 
normalized to make the results of pure Rh 
coincident with the full line. The fact that 
the changes in the XPS intensity ratios are 
less pronounced than the changes observed 
for samples with different crystallite sizes 
makes the possibility that Rh crystallite 
size increases due to the presence of Ag 
unlikely. Having ruled out this explanation 
for the observed decrease in Hz and CO 
chemisorption, we are left with a model in 
which Rh crystallites are covered by Ag 
atoms. 

Column 4 in Table 4 shows the fraction of 
Ag atoms in each sample of set C necessary 
to bring about the observed decrease in Hz 
chemisorption, assuming one Ag atom poi- 
sons only one Rh (hydrogen chemisorption 
site). Column 5 in the same table shows the 
number of Ag layers that would be required 
if the remaining Ag atoms were deposited 
as layers on top of the first layer. It can be 
seen in this simple model that with the 
exception of the sample with 90% Rh the 
maximum number of layers is 2-3. Because 
some Ag is shown to be in a separate phase 
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by X-ray diffraction, the simplest model 
which would explain our results is to as- 
sume chemisorption of Ag atoms on Rh 
crystallites. The photoelectrons ejected 
from the Rh 3u& level have a mean free 
path of about 16 A (18). Thus deposition of 
Ag at more than a monolayer thickness on 
Rh should result in considerable attenua- 
tion of the Rh signal. However, the chemi- 
sorption of Ag at monolayer thickness can 
explain why HZ and CO chemisorption de- 
creases with Ag content while the Rh/Si 
XPS intensity ratio remains approximately 
constant. The greater decrease in relative 
specific adsorption observed by Anderson 
et al. (13) (see Fig. 1) could be due to the 
larger size of the Rh particles in that work. 
It was shown in the Ru-Cu system that for 
the same Cu/Ru ratio the effect of Cu con- 
tent on chemisorption and catalytic activity 
for hydrogenolysis of larger Ru particles is 
drastically increased (19). Despite the dif- 
ference with previous work of Anderson et 
al. on Rh-Ag it can be seen that the de- 
creases in relative specific adsorption with 
Ag content of sets B, C, and D are similar 
to the one observed on Ru-Cu. It should be 
stressed at this point that the support for 
catalyst set C is the same as that used by 
Sinfelt (12). It is thus surprising that the 
effect of group Ib metal content on the cata- 
lytic activity for ethane hydrogenolysis 
over Rh-Ag and Ru-Cu is very different, 
as can be seen in Fig. 6. A possible explana- 
tion for the smaller effect of Ag on the cata- 
lytic activity of Rh relative to the Ru/Cu 
system could be based on the size of the 
ensemble of atoms constituting the active 
site on Rh. If the ensemble of atoms were 
smaller for Rh than for Ru the effect of 
addition of an inert metal would be smaller 
on Rh. To the best of our knowledge, no 
experimental evidence that shows a larger 
active site for ethane hydrogenolysis on Ru 
compared to Rh exists but the contrary is 
suggested by Bond (20). Bond has used the 
compensation effect correlation to extract a 
relative order of magnitude for the ethane 
hydrogenolysis site density which suggests 

that the site atom density is greater on Ru 
than on Rh. This may be interpreted as a 
smaller number of atoms required to consti- 
tute an active site on Ru relative to Rh. It 
should be pointed out that Foger and An- 
derson have recently studied Ir-Au, a sys- 
tem analogous to Rh-Ag ( 10). They believe 
that hydrogenolysis of the C, unit requires 
more than one surface Ir atom but suggest 
that it may require as few as two adjacent 
atoms to define a critical reactant site sur- 
rounded by a secondary site, e.g., that por- 
tion of the site that adsorbs hydrogen (2/). 

A second, and more plausible explana- 
tion for the difference in catalytic behavior 
is based on the manner in which the group 
Ib metal is distributed on the surface of Rh 
or Ru, i.e., the distribution of Cu on Ru 
may be more uniform than the distribution 
of Ag on Rh. In other words, Ag atoms tend 
to cluster, forming “islands” on the sur- 
face, and this leads to a much smaller effect 
on the specific activity for ethane hydro- 
genolysis. A recent work involving Cu de- 
position on Ru (OOOl), a model catalyst, 
showed that up to a coverage of 60%, Cu is 
randomly distributed in the surface (22). 
This is the result of a higher Cu-Ru bond 
energy than Cu-Cu bond energy (84 
kcalfmol compared to 80 kcalfmol). Un- 
published results of White indicate the re- 
verse is true for Ag-Rh, i.e., the Ag-Ag 
bond energy is greater than the Ag-Rh 
bond energy (23). In agreement with our 
model, White finds that Hz chemisorption 
decreases linearly with Ag coverage of Rh 
(111). This too contrasts with behavior of 
Cu on Ru (0001) reported by Christmann et 
al. (22). 

Infrared analysis of CO adsorption is a 
technique that can be used to determine the 
way group Ib metals distribute on group 
VIII metal surfaces. The addition of Ag to 
Pd (24) and Cu to Rh (25) led to a total 
suppression of the band due to CO ad- 
sorbed in the bridge form relative to linear 
or gem dicarbonyl, Rh(CO),, forms. It may 
be inferred that Ag atoms on Pd and Cu 
atoms on Rh surfaces are well interdis- 
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persed, otherwise there would be a propor- 
tional decrease in intensity of all bands. 
Studies of this kind on our Rh-Ag catalysts 
are in progress. 

CONCLUSIONS 

The main conclusions that can be drawn 
from the present work are: 

(1) the metals Rh and Ag which are 
practically immiscible in the bulk form bi- 
metallic clusters when highly dispersed on 
high-area SiOl support; 

(2) the layer of Ag atoms on top of Rh is 
very thin, probably one atom thick, as 
proposed on the basis of previous work 
(13); 

(3) atoms of Ag tend to cluster into 
islands on the surface of Rh as opposed to 
Cu on Ru which appears to be randomly 
dispersed; 

(4) the texture of the silica support (Davi- 
son and Cab-O-M, porous and nonporous, 
respectively) does not affect the Rh-Ag 
interaction. The anion of the Rh salt (Cl or 
NOJ has a small effect on activity (15). 
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