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Studies are reported on the influen-:e of preparat.ive variables on the dispersion and alloying 
of the metals in silica-supported Pt-Au, Rh-Cu, and (in part) Pt-Sn. Tests of n-hexane con- 
version on selected cat,alyst samples using a pulse reactor are presented. It is shown that (i) 
while there is no evidence from X-ray diffraction of significant alloying in Pt-Au samples 
from various preparations, catalytic results show some interaction between the two metallic 
elements and (ii) samples of 15”jo Rn:EZOlo Cu remain poorly alloyed, a rhodium-rich region 
remaining even with reasonably severe heat treatment prior to and during reaction: Even 
then, such a catalyst shows a selectivity of -25% for C5 + Cg cyclic products whereas lOOc/, 
Cu has only a small, and lOOf;/, Rh a negligible, cyclization seleclivity. 

There is interest currently in t’he use of 
binary alloys as heterogeneous catalysts 
because these may show selective cata- 
lytic action not shown by either metallic 
component separately [for a review see 
Ref. (I)]. 

Useful information on the course of 
hydrocarbon and other reactions on a.lloys 
has been derived from studies of film cata- 
lysts (2, 3). These, besides being convenient 
to prepare, are amenable to tests of homo- 
genity using readily available instrumental 
techniques. Surface areas tend to be some- 
what low, however, and surface topography 
may be different from that of practical 
forms of catalyst on account of the severe 
heat treatment needed in film preparation. 
In consequence, temperatures required to 
give conveniently measurable catalytic re- 
action rates on tims are commonly higher 
than are typical for these processes. 

Increasingly studied of late has been the 
preparation of supported alloys, particu- 
larly in regard to the effects of different 
preparation conditions on the physical 
nature of the resulting material. Success in 
attaining acceptable metal dispersion and, 
at the least, substantial metal mixing in 
bulk using a hydrogen reduction method, 
has been reported for Pt-Fe/carbon (4), 
for I’d-Agjsilica (5, 6), and for Ni-Cu/ 
silica (7). A 450°C sintering stage was 
found necessary for metal homogenization 
for Pt-Au/silica (8) and, in a later fuller 
study, for Pt-Cu/silica (9), resultant metal 
particle diameters in the latter case being 
in the range of 4.0 to 30 nm. In contrast 
to previous work (10) lattice param- 
eters were in satisfactory agreement with 
VBgard’s law expectations for Pt-Cu. A 
very severe heat treatment stage was 
found by Sancier and Inami (11) and by 
0 Cinneide and Gault (12) to be necessary 
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for bulk metal homogenization for Pd-Au/ 
alumina catalysts : Metal particle sizes 
appear to have been large as a result in 
both studies. Illustratively of more gentle 
heat treatment, Pd-Ag/alumina samples 
prepared by impregnation followed by re- 
duction at 400°C comprised metal crystal- 
lites too small to give X-ray diffraction 
patterns (IS). Reduction by hydrazine (14) 
has been used for preparation of supported 
Pd-Au by Gerberich et al. (15), who, how- 
ever, gave no information on the resultant 
metal dispersion, and also by Allison and 
Bond (16) and by Nakamura and Wise 
(l7), both of which groups obtained good 
metal dispersion, the last-cited study re- 
porting, however, the need for a 730°C 
calcination to give bulk metal homogeneity. 
Kulifay (14) reported inter &a successful 
preparations of PtAu3 and of I’dCuB 
wherein the metal was homogeneous as 
judged from X-ray powder photographs 
and had a mean crystallite size of ca. 10 nm. 

The present work was designed t’o study 
the effects of preparative variables on the 
metal dispersion and bulk homogeneity of 
silica-supported Pt-Au, Pt-Sn, and Rh-Cu 
using mainly a hydrogen-reduction method 
but in addition the method employing 
hydrazine. There is catalytic interest in 
these alloy systems from previous work 
(1, 3). Some tests of n-hexanelhydrogen 
reaction on selected catalyst samples are 
also presented. 

EXPISRIMENTAL 

Materials and procedures. Joseph Crosfield 
i.d. Gel No. 1 [surface area 300 to 400 m2 
g-r, mean pore diam 12 nm, or in a lesser 
number of experiments, Degussa Aerosil 
200 (area 200 m2 g-l, 12-nm mean particle 
diam), after drying overnight at 12O”C, was 
singly impregnated with a mixed solution 
of the metal salts. The primary solutions 
were (i) 0.1 M platinum(IV) chloride 
(Johnson Matthey, chemical grade) and 
0.1 M chlorauric acid (Johnson Mat- 
they “spectrographically standardised”) 

for preparation of Pt-Au; (ii) 0.2 M tin(D) 
chloride and later 0.14 M tin nitrate 
(prepared from Cominco 5N tin), with 
0.1 M platinum(IV) chloride for Pt-Sn, 
and (iii) 0.3 M copper(D) nitrate or 
copper (II) chloride (from Johnson Matthey 
“spectrographically standardised” copper 
oxide) and 0.2 M ammonium hexachloro- 
rhodit’e(II1) (Johnson Matthey, “spec- 
trographically standardised”) for Rh-Cu. 
In each case the solution, appropriately 
mixed to yield the desired nominal alloy 
composition, was brought in contact with 
the carrier with vigorous stirring, the solu- 
tion having a diluted total volume sufficient 
to bring the carrier to incipient wetness. 
The resulting mixtures were dried with 
stirring under an infrared lamp to a fine- 
powder condition and then dried finally in 
an oven. Reduction was carried out in a 
greaseless all-metal flow reactor (see cata- 
lytic experiments) following a purge with 
pure argon (B.O.C. Rare Gas Purifier 2) 
at room temperature (0.5 h) and then at, 
200°C (0.25 h) [cf. Anderson et al. (IO)]. 
The reductant was palladium-diffused hy- 
drogen, admixed on some occasions (Table 
1) with argon. 

Tests using hydrazine reduction were 
carried out for the Pt-Au and Rh-Cu 
systems. Unreduced catalyst, 0.2 g, was 
added to 0.6 ml hydrazine hydrate + 12 ml 
of water, with vigorous stirring until gas 
evolution ceased, the temperature of the 
mixture being set, alternatively at either 
20 or 80 to 90°C. The separated precipitate 
was washed 10 times with deionized water 
and dried by infrared lamp and oven, 
as before. 

The details of individual sample prepara- 
tions together with information from elec- 
tron microscopy (JEM 1OOC) are given 
in Table 1. The catalyst code is described 
under Results. 

Catalytic experiments. These were carried 
out in an all-metal flow reactor in a pulse 
mode. Catalyst, 0.1 g, rested on a porosity 
3 sintered glass disk in a vertical 4.8-mm 
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SUPPORTED Pt-Au, Pt-Sn, AND Rh-Cu 235 

i.d. glass tube. After the reduction, a flow 
of SO ml/min argon and 20 ml/min hy- 
drogen (both purified as earlier) was 
passed through the catalyst and then 
directly into the glc column. n-Hexane was 
the reactant hydrocarbon in all runs. The 
reactor temperature having been set, a pulse 
of the alkane vapor (5 ml, 17 Torr) was 
injected into the gas mixture upstream of 
the catalyst. The glc column for product 
analysis was 2 m squalane on Chromosorb 
1’ operated at 67°C. 

Initial checks on the 50% Pt-50% Au 
Al’101 and the 100% Rh R102 showed 
that neither catalyst suffered change in 
metal dispersion following a typical, or 
even a more extended, catalytic usage (3 h, 
> 200 pulses, 200-400°C). Experiments 
with R102 confirmed that product dis- 
tributions measured in a descending tem- 
perature sequence (from 400°C) matched 
those in an ascending temperature sequence, 
the former procedure being that followed 
in the runs reported here. There was a slow 
decline in catalyst activity with time in 
successive pulses even though hydrogen/ 
argon reductant was flowed through the 
catalyst bed continuously. Principal atten- 
tion will be given in this report therefore 
to selectivity differences between catalysts, 
but comment is possible on activity differ- 
ences when these are substantial. 

Product distributions for 1’201, AlOl, 
AP201, APlOl, P231, and AI’131 (plati- 
num-gold system) are given in Table 2. 
The results for S302 and PS102 (platinum- 
tin system) are given in Table 3. Table 4 
contains representative experiments for 
R113, C113, RC113, and some runs with 
R102 (rhodium-copper system). 

RESULTS AND DISCUSSION 

Structural Examination 

The main aim of the work was to prepare 
supported alloys acceptable for basic cata- 
ytic work. To attain this objective in a 

reasonable time scale, an empirical ap- 
proach was adopted in which a relatively 
small number of preparation conditions 
were varied for a given bimetallic system. 
These conditions were choice of salts, of 
supports, effects of calcination, reduction 
temperatures, and percentage metal loading. 

The resulting metal dispersion was mea- 
sured by electron microscopy while metal 
homogeneity was tested in appropriate 
cases by X-ray diffraction. Acceptable, 
not necessarily optimum, recipes were the 
goal. 

The catalyst code, which is chosen for 
simplicity rather than precision, comprises 
one or two letters, signifying metal(s), 
followed by three digits denoting, respec- 
tively, (i) support, or metal loading, or 
met’al composition, or precursor salt(s), (ii) 
calcination or hydrazine reduction condi- 
tion used, and (iii) reduction conditions or 
further heat treatment of catalyst. For 
exltmple (see later) the sample Al’ 131 is 
gold-platinum on i.d. gel prepared by 
hydrazine reaction and without subsequent 
heat treatment in hydrogen. 

Pt-Sn. Tests with tin itself [derived 
from tin(H) chloride, 47, loading, on i.d. 
gel] based on color of the product showed 
that a moderate calcination (SOO’C) fol- 
lowed by reduction (450°C using HZ/A :: 2) 
gave an acceptably dark-grey product 
which gave X-ray diffraction lines due to 
metallic tin only (Sl22). Metal particles 
were large (-20-300 nm). Similar reduc- 
tion conditions preceded by a 500°C 
calcination gave a visibly less reduced 
product giving a less intense metallic 
tin X-ray diffraction pattern (Sll2). Re- 
duction of tin(I1) chloride on i.d. gel at 
450°C without prior calcining was clearly 
an impracticably slow process, judging 
from the absence of diffraction lines (S132). 

Impregnation of the carrier with tin 
nitrate made possible reduction to metal 
without including a calcining stage. Tests 
of the effect of having such a stage on final 
metal dispersion, now made possible, 
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showed that even 600°C calcination had 
no apparent effect on the (albeit poor) 
dispersion (S302, S312, S322: sizes ca. 
37 f 8 nm); S322 gave lattice parameters 
consistent with tetragonal t’in. (Here and in 
subsequent work reduction t,o metal was 
with undiluted hydrogen). 

Tests with platinum metal (4y0, on i.d. 
gel) showed a 200°C reduction without 
prior calcination to give particles of diam 
<l to 10 nm (av 2.2 * 0.6 nm, P201). 
Either 500 to 600°C precalcination or reduc- 
tion at 400°C without prior calcination led 
to poorer dispersion (1’211, lDjO of particles 
> 10 nm diam, av 2.4 f 0.7 nm ; I’222, < 1 

to 50 nm, 10% of particles >lO nm, av 
4.7 f 3.0 nm; P202, S to 9% of particles 
> 10 nm, av 4.9 f 3.4 nm). Application of 
a simple reduction to a 5% Sn-95y0 1% 
sample and to a 100% Pt sample (I’S102 
vs P202) showed that,, other factors being 
equal, the presence of tin renders t’he 
particles less mobile as deduced from the 
considerably lower average particle size 
exhibited by Z’S102 A 500°C precalcina- 
tion was not injurious to dispersion in the 
bimetallic system (I’S112 vs PSlO2) but, 
a 600°C precalcination is dctriment,al to a 
significant degree (PS122), reduction being 
at 400°C in thesc cases. When tin(I1) 
chloride was used as the source of tin 
(PS322) and a reduction temperature of 
450°C was employed following 600°C cal- 
cination, dispersion is further worsened 
(7.9 f 5.2 nm av diam). TJse of Aerosil 
200 as support gave marginally better dia- 
persion (i.e., average diameter) t,han i.d. 
gel (P401 vs 1’201 and I’S402 vs PS102, 
respe&ively). X-Ray diffraction is hardly 
sufficiently sensitive in the case of sup- 
ported metal to reveal dissolubion of Sn 
in Pt as a-phase alloy [maximum tin 
content -7 atom% (IS)]: Thus, a latjtice 
param&r of 0.3922 f 0.0003 nm was 
derived for PS122 while that measured for 
P150 was 0.3917 & 0.0002 nm. 

If similar severe heat treatment condi- 
tions are necessary for complete reduct,ion 

of Pt-Sn as used for 100% Sn, the forc- 
going tests suggested that a 5% Sn-95% 
Pt on either i.d. gel or Aerosil 200 with 
tin from tin(H) chloride [calcined for 10 h 
at 600°C; 450°C reduction (19)] or, pref- 
erably, for greater dispersion, tin nitrate 
(400°C reduction, viz., PS102) represents 
an acceptable preparation. I’S102 was 
selected for catalytic tests. 

PtAu. Because gold was derived from 
chlorauric acid, which decomposes and 
then sublimes as AuC13 at 25O”C, calcina- 
tion was not feasible. A simple comparison 
of reduction temperatures of 200 and 400°C 
with platinum-containing catalysts showed 
the lower temperature to give good dis- 
persion (P201 vs P202; APlOl) even at 
a high percentage of Au (AP201). Disper- 
sion is better for 100% Pt with the Aerosil 
200 support (1’401 vs P201); however, 
while the alloy Al’201 showed excellent 
dispersion, the Aerosil-supported AP401 
gave a very wide scatter of particle sizes 
and larger average value. Catalyst usage 
in hydrocarbon conversion at 250 to 380°C 
following the reduction (see APlOlU) gave 
no significant loss of metal dispersion. The 
lattice parameter for 100% Au, measured 
by Mr. A. Kane, was 0.4078 f 0.0002 nm 
(AlOl); AP201 gave a value indistinguish- 
able from this of 0.4077 f 0.0001, nm 
while Al’101 yielded 0.4077 f 0.0002 nm 
(only one metallic phase being represented 
in the X-ray diffraction pattern). The 
Aerosil-supported sample corresponding to 
AP201, designated A1’401, gave 0.4077 
*O.OOOl nm. 

Reduction by hydrazine solution gave 
unsatisfactory preparations. Dispersion was 
always poor, even with 100”~~ Pt. No pref- 
erence could be deduced between 80 - 
90°C reduction and 20°C reduction (I’230 
vs 1’150; APZ30 vs AI’250) except for 
100% Au where the 90°C reduction gave 
somewhat bett,cr dispersion. There was 
no significant loss of dispersion (P231 vs 

1’230; AP131 vs AP130) for 100% Pt or 
the 50:.50 metal mixture through Iater 
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reduction in hydrogen at 200°C ; the 5% 
Pt-95y0 Au, however, showed a significant 
loss. It is clear that dispersion with either 
20°C or 80 to 90°C preparation temperature 
was in all cases inferior to that from hydro- 
gen reduction at 200°C and wit,h the same 
support material. 

A 5y0 Pt-95y0 Au from hydrazine reduc- 
tion (AP250) gave a lattice parameter from 
X-ray diffraction of 0.4076 f 0.0001 nm 
(that expected from Vegard’s law being 
0.4070 nm), so that this method too fails 
to give appreciable metal mixing. 

According to Dorling and Moss (19a) the 
number of crystallites of metal produced 
by hydrogen reduction of dry impregnated 
support is likely to be determined by the 
number of individual micropores in which 
the salt is trapped. The crystallite size is 
then fixed by the concentration of the 
solution used. The reduction by aqueous 
hydrasine is probably more complex. Other 
workers have succeeded in preparing well- 
dispersed Pt (14) or I’d (16) by this method, 
and factors such as solution pH which may 
influence crystallite size (19b) require 
further study before an assessment will be 
possible. 

Rh-Cu. Starting from a Cl-/Cl- source 
of metals, inclusion of a 500°C calcination 
stage with a 400°C reduction leads to 
better (R113 vs R103) or only marginally 
better (RC113 vs RC103) dispersion. With 
a 200°C reduction, however, dispersion is 
slightly worsened (RC112 vs RC102; 
R112 vs RI02) on precalcining. There is 
some indication that a Cl-/NO,- source of 
metals with 500°C calcination and 200°C 
reduction gave better dispersion than the 
same treatment on the Cl-/Cl- prepara- 
tion (RC212 vs RCll2). When reduction 
was carried out at 4OO”C, however, metal 
dispersion was similar to that from Cl-/Cl- 
(RC313, -1 to 20 nm, av diam 4.6 f 2.4 
nm vs RC113, -1.5 to 20 nm, av diam 
4.9 f 2.4 nm). We note at this point that 

increasing metal loading from 4 to 8% 
(RC313 vs RC212; RC302 vs RC202; 
RC303 vs RC203). 

Use of Aerosil 200 support compared 
to i.d. gel showed that uncalcined prepara- 
tions subjected to reduction at 200°C are 
slightly poorer in dispersion in the former 
case for 100% Rh (R401 vs RlO2). The use 
of the Aerosil, however, leads to definitely 
better dispersion with the bimetallic situa- 
tion (RC401 vs RC202 or RClO2). 

Hydrazine reduction at 9O”C, and re- 
verting to use of i.d. gel, led to the produc- 
tion of large metal crystallites for both 
single metals and alloys (R130, RC230, 
and C230). This method was not further 
pursued. 

The nominal alloy composition 15y0 
Rh-85% Cu was chosen so that a single 
metal phase might result (20, 21). A single 
set of diffraction arcs giving a lattice 
parameter of 0.3643 nm is expected from 
Vegard’s law for this alloy composition. 
In fact, two sets of reflexions appear in 
X-ray diffraction in the Sojo-loaded L’alloys” 
made from Cl-/NOI- (RC312, RC313). 
The more intense, and so fuller, set of 
diffraction arcs gives a lattice parameter 
of 0.3612 nm (RC312) or 0.3617 nm 
(RC313) while 100% Cu gave 0.3612 nm 
(C230) : The few extra lines, which pertain 
to a second metallic region, yield a = 0.3717 
f 0.0013 nm (RC312; similarly for RC313) 
corresponding to a metal solution of about 
60% Rh on Vegard’s law. It is clear that 
even the 500°C calcination/400”C reduc- 
tion treatment of RC313 is inadequate in 
practice to bring about a homogeneous 
alloy. The particular compositions found 
for the two metal regions in these poorly 
alloyed samples probably reflect the mode 
of variation of bulk interdiffusion coeffi- 
cient,s of Rh and Cu with atom fraction: 
Indeed there is a similiarity in these com- 
positions to those noted by Soma-Noto and 
Sachtler (7) for Ni-Cu alloys of <500j0 Ni 

dispersion is not significantly altered by which are difficult to homogenize. 
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General Comment on E$ect of Calcination 
(Rh-Cu, Pt-Sn) 

The question whether or not a calcining 
stage prior to reduction is beneficial for 
metal dispersion does not obtain a general 
answer. For Rh and Rh-Cu from Cl-/Cl- 
sources calcining is beneficial for 100% Rh 
when the reduction stage which follows is 
at 400°C (R113 vs R103) and marginally 
better for the alloy (RC113 vs RC103). 
With a 200°C reduction, however, no 
benefit is derived from calcination, again 
if Cl-/Cl- sources are used. When, how- 
ever, the Cl-/NO,- starting compound 
combination is used, the calcination is 
beneficial with either the 200°C reduction 
(RC212 vs RC202; RC312 vs RC302) 
or with the 400°C reduction (RC313 vs 
RC303). With Pt, reduction at 200°C after 
calcining at 500°C appears to be only 
slightly less favorable compared to a simple 
200” reduction (P211 vs P201). The con- 
clusion for Pt-Sn is that a 500°C precal- 
cination has no effect on dispersion (PSll2 
vs PS102) but that a 600°C precalcination 
has a somewhat worsening effect (PS122). 

Catalytic Experiments 

Pt-Au. A comparison of “hydrogen-re- 
duced” and “hydrazine-reduced” catalysts 
(either for the case of 100% Pt or for 50% 
Pt-Au) shows that the former were appre- 
ciably more active than the latter, con- 
sistent with the greater dispersion of metal 
yielded by the hydrogen reduction method 
(Table 2). Although conversions are higher 
with the hydrogen-reduced catalysts so that 
product distributions are affected by the 
occurrence of successive reaction, useful 
comparisons are possible. The ratio of 
destructive/nondestructive reaction is not 
noticeably dependent (for 100% Pt) on 
whether the hydrogen reduction or hy- 
drazine reduction route is used (see results 
for P201 vs P231 in Table 2). The ratio is 
generally greater for the 50% Pt-Au 
catalysts when these are prepared by 

hydrazine reduction : Certainly cases of 
very high ratios with the hydrazine- 
reduced alloy (e.g., at 305, 362°C) are not 
encouraging for utilization of such catalysts 
for cyclizations in organic syntheses. We 
may conclude also that lower ratios of 
destructive/nondestructive reactions are 
not found with the 50% Pt-Au catalyst. 
APlOl as compared to the 100% Pt P201. 
From the few results available for it, the 
5% Pt-Au catalyst AP201 prepared by 
hydrogen reduction appears to give a 
greater ratio of destructive/nondestructive 
reaction at 300 to 320°C than the ratios 
found with 100% Pt similarly prepared 
(P201); however, at 380°C upward this 
ratio is reduced considerably with the 
alloy. We shall return to the question of 
the structures of APlOl and AP201 later. 

It is of interest that the 5y0 Pt-Au 
catalyst AI’201 is notably more effec- 
tive for methylcyclopentane production at 
316°C than the 100% Pt catalyst P201 
(both prepared by hydrogen reduction, the 
more acceptable method from the stand- 
point of chemical purity) (Table 2). This 
result concurs with a finding of 0 Cinneide 
and Gault (12) from a continuous flow 

reactor at 300°C for a 15% Pt-Au catalyst 
(which likewise represents a low-platinum 
single-phase alloy). These authors inter- 
preted this result as implying a catalytic 
similarity between dilute-Pt-in-Au alloys 
and highly dispersed Pt, the latter being 
known to catalyze 1,5-cyclization of n-hex- 
ane and its reverse, nonselective ring 
opening. In view of the “demanding” 
nature of dehydrocyclization, it is of 
special interest that present comparison is 
for alloy and single-metal catalysts of 
closely similar metal diameter (Table 1). 
From a practical standpoint, the present 
observation represents a reassurance that 
the 5% Pt-Au catalyst is not merely a 
mechanical mixture of gold and (X-ray in- 
visible) platinum. At the higher tempera- 
ture of -4OO”C, supported 100% Au 
(AlOl) has a subst)antial activit,y and 
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methylcyclopentane and benzene are pre- 
dominant products (Table 2). 

The 5% Pt-950/, Au catalyst AP201 has 
about one tenth the estimated specific 
activity of the 100% Pt catalyst P201 at 
3OO”C, consistent with the former being 
a single-phased alloy of small percentage 
of Pt. For an alloy composition of 50% 
Pt-50% Au (APlOl) two phases are 
present as expected (see X-ray character- 
ization). These are a phase of -1570 Pt, 
--85yo Au and one of -98oj, Pt, “20/o AU. 
It seems likely that APlOl contains the 
two metal phases in separate particles, or 
at least as separate exposed surfaces, judg- 
ing from the type of product pattern 
(proportion of isohexanes and absence of 
methylcyclopentane as a major product) 
which shows no significant change at 300 
to 320°C compared to 100% Pt (P201). 

While lack of information on surface 
purity must discourage simplistic inter- 
pretation of the selectivity behavior of 
hydrazine-reduced catalysts, it seems a 
justifiable speculation that the 50% Pt-50% 
Au AP131 contains a platinum-rich phase 
largely enveloped by a very gold-rich 
phase, judging from the much lower con- 
versions found on AP131 relative to P231. 
Phase envelopment (still to be substan- 
tiated by structural evidence) would come 
about most probably during the heat treat- 
ment in hydrogen which follows reduction 
by aqueous hydrazine. The hydrazine re- 
action places the metal nuclei in compara- 
tive juxtaposition so that growth to large 
crystallites, noted earlier, and envelop- 
ment of platinum with the more mobile 
element, gold, take place with ease com- 
pared to the situation with widely sepa- 
rated nuclei in samples reduced entirely 
in hydrogen (AP201, APlOl). 

Pt-Sn. There is no clear decrease ob- 
served in the ratio destructive/nondestruc- 
tive reaction with P&5% Sn compared to 
100% Pt except in the higher temperature 
range 400 to 44O”C, where the ratio is de- 
creased by a factor of brt’ween 2 and 5 

(PS102 vs P201, P202 : Table 3). The latter 
finding is thus the sole available evidence 
that the two metallic elements have alloyed 
to some degree during catalyst preparation. 
In this connection, the absence of large 
metal particles in PS102 (compare S302) 
is suggestive that, at least, the two elements 
are not spatially separated on the surface 
of the support. 

We are unwilling to comment further 
with the present information on the Pt-Sn 
results but present them for their current 
interest. Questions such as completeness of 
reduction of the tin component merit 
further study, and work is desirable with 
catalysts PS112 and PSlOl (Table 1) to 
this end. 

Rh-Cu. 100% Rh-on-silica catalysts show 
some difference in product distribution and 
in activity following mild (R102) and 
following severe (R113) reduction condi- 
tions (Table 4, Rh catalysts, 156-208°C). 
It is evident, however, that in the absence 
of a second metallic element supported Rh 
acts above 200°C predominantly (or ex- 
cIusiveIy) as a hydrogenolysis catalyst, 
yielding only minor amounts of isohexanes 
and negligible cyclic products. With the 
15?& Rh, 85oj, Cu bimetallic catalyst 
RC113, appreciable percentages of cyclic 
products and also some isohexanes were 
formed (Table 4). Thus, at 3OO”C, 25% of 
products were Cg cyclic and 32y0 of 
products in all were Cs. Using supported 
catalysts, therefore, the ratio destructive/ 
nondestructive reaction decreases upon in-, 
corporation of 85 nominal percent of- 
copper into rhodium. Supported 100% Cu 
(C113) gives approximate turnover num- 
bers of similar magnitude to those with this 
bimetallic catalyst. Dehydrocyclization on 
C113, however, is small compared to that on 
RC113 (Table 4: 325, 360-370, 450°C so 
that production of methylcyclopentane/ 
benzene on the latter most probably occurs 
on Rh centers at the metal surface. Pre- 
viously, wit’h severely annealed evaporated 
films (in which form lOO%j Cu has only a 
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small activity) benzene was a major 
product even on 100% Rh, the destructive 
reaction/cyclization ratio being 3 to 4 at 
280 to 340°C decreasing to values between 
0.3 and 0.03 for Rh-Cu alloy films (3). 
There is most probably an effect due to 
surface-structure changes (and associated 
carbiding differences) involved when a 
comparison is made between Rh films and 
supported Rh so that it appears unjustified 
at present to invoke other bases to ration- 
alize the further difference in catalytic be- 
havior which follows copper incorporation. 

The two bimetallic regions (Rh-rich, 
Rh-lean) indicated by X-ray diffraction of 
RC113 may both act’ as catalytic surfaces 
even if, as suggested by similarity of particle 
sizes to 100% Rh (R113: Table l), there 
is no gross spatial separation of these from 
one another on the support. Further efforts 
to develop a preparation method giving a 
single low-Rh phase supported on silica 
would seem justified therefore in quest of 
a supported catalyst having a useful de- 
hydrocyclization activity. 
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