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The activities and selectivit,ies of t.he series of Pt,/SiO? catalysts described in Parts I 
[Uchijima, T., Hermann, J. M., Inoue, Y., Burwell, IL. L., Jr., Brlt,t, .J. IS., and Cohen, .J. JS., 
J. Catal. 50, 111 (1977)] and II [Sashiial, S., Cohen, J. B., Bruwell, It. I,., Jr., and But 1, J. B., 
.J. Cat&. 50, 111 (1977)] have heen determined for the hydrogenation of c~yclopropane, methyl- 
cyclopropane, and propene. All three reactions are formd t,o he mildly structure sensitive under 
the conditions of investigation, with variations in the trunover nlm~hers by a factor of abo~~t~ 
3 over the range of metal expoxllre. Activation energies were essentially 1 he same for the three 
reactions and in all c‘ases were independent of Ihe percentage of Pt exposed. 011 this basis, a 
simple geometric correlation is shown to provide a reasonable explanation of I he dat,a, excepi, 
where significant strain exists wit bin the metal c~l~ysiallites. It, is also shown that an excellent, 
correlation of activity vs metal vibrational amplitude is obtained for 1 hese ratalysts. 

INTRODUCTION 

The hydrogenation of various cyclo- 
propane compounds has bpen employed 
from time to time as a convenknt probe 
reaction for evaluating the catalytic propcr- 
tiw of supported mc%als, particularly plati- 
num. Ethylene hgdrogcnation has also 
hccn employed for this purpose. In both 
caws the hydrogenation may be rur1 under 
mild conditions where deactivation is mini- 
mizrd and only primary hydrogenation 
products arc found (3, 4). In addition, for 
a compound such as mcthylcyclopropanc 
a distribution between iso- and n-butane 
is obtained so that selectivity as well as 
activity factors may be investigated (5, 6). 

Bond and Xewham (5) have proposed 
that the mechanism of cyclopropanc hy- 
drogenation involves the reaction of a single 
adsorbed cyclopropane molrculc with an 

1 To whom correspondence should be addressed. 

adsorbed hydrogen atom as the ratc- 
limiting step. Cyclopropane chemisorption 
rcsult,s from bonding of delocalized ring 
electrons and d orbitals of a singlr metal 
surface atom. Sinw a single atom is in- 
volwd, the reaction should thus provide a 
good means for correlation bctwtcn mca- 
surements of metal percentage exposed via 
hydrogen chtmisorption or hydrogen-ox>,- 
gcn titration and rxperimcntally d&r- 
mined catalyst activities. Much t,hc same 
can also bc said concerning olrfin hydro- 
genation (7). 

The objectives of the prcscnt rrwarch 
were to obtain precise information on the 
activity and sch&vity of the series of 
Pt/SiOz catalysts described and charac- 
terized in Parts I (1) and II (2) of this 
series for the hydrogenation of cyclopro- 
pane, methylcyclopropanr, and propcne. A 
summary of some pertinrnt prior wsults 
for these reactions on supporkd platinwl 
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is given in Table 1. Propenc hydrogenation 
has not been investigattd in this manner 
previously, so information on ethylene, 
which should bc roughly analogous, is 
presented in the table. The turnover num- 

hers (IV) for the cyclopropancs given in 
Table l2 are t’hosc reported in the original 

* Nomenclature: E, activation energy, joules per 
mole; D, percentage of metal exposed; DUO, per- 
centage of metal exposed as measured by CO 
chemisorption ; D,,, percentage of metal exposed 
as measured by H? chemisorption; Dt, percentage 
of metal exposed as measured by HI-O:! titration; 
3, turnover number, molecules reacted per surface 
metal atom-second; n, number of fee unit, cells; 
Pnr, hydrogen partial pressltre, TOW; Pnc, hydro- 

refcrcnccs and represent a wide range of 
conditions with respect to hydrogen and 
hydrocarbon partial pressures. Direct com- 
parison of such results may bc misleading 
in the absence of kinetic correlations, as 
\vill be discussed later. All the results given 
arc for catalysts prctrcated in hydrogen at 
temperatures grcat,er than 3OO”C, as it has 
been indicated &where that this is im- 
portant in determining the activity lcvc~ls 
of the supported Pt (1, 7). 

carbon partial pressure, Torr ; S, selectivity in MCP 
hydrogenation, isobutaneln-brltane; &*)* mean 
sqru~re amplitude of vibration. 
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FIG. 1. Turnover number for methylry~lopropnne hydrogenation to isobutnne (0°C) as R fllnc- 
tion of conversion. 

EXPERIMENTAL 

Turnover numbers were determined in a 
differential reactor flow system designed 
to operate under conditions such that all 
intra- and interphase transport gradients 
were absent (14). Reactant conversion 
levels were generally kept smaller than 10% 
to approximate differential conditions. In 
the case of the cyclopropanes it was found 
that the kinetics were essentially zero order 
in hydrocarbon ; in this case low conversion 
restrictions are not necessary, as demon- 
strated in Fig. 1 for methylcyclopropane 
hydrogenation at 37°C. 

Reagents. Hydrogen (Linde ultrahigh 
purity grade ; 99.999% minimum purity, 
3 ppm maximum HzO) was further purified 
by passing it successively through an 
Englehard Deoxo unit Model 10-2500, a 
room temperature Drierite trap, and a 
silica gel trap (Davison Grade 62) at liquid 
nitrogen temperature. A final trap con- 
taining Cr2+/Si02 was used to indicate the 
possible presence of oxygen contamination 
in the purified hydrogen. 

In experimentation with cyclopropanc 
(Union Carbide Corp.; 99.0% minimum 
purity) purification was accomplished by 
passage through a Na/A1203 trap and a 
4-H molecular sieve trap (25°C) to remove 

olrfins and water. The procedure for mcthyl- 
cyclopropane (K and K Co. ; 98% minimum 
purity) was similar except a more efficient 
trap for olefins prepared by exchange of 
Cu(NH3).i2+, and Grade 62 silica (15) was 
used in place of the Na/AIZOs. It was 
found that a major impurity in the methyl- 
cyclopropane was 1-butene ; in order further 
to ensure the absence of this olefin, the 
hydrogen/hydrocarbon feed mixture was 
passed through a Pt/Filtros silica catalyst 
bed at 25”C, catalyst and conditions highly 
selective for olefin hydrogenation, prior to 
passage over the test catalyst sample. 

The propene (Phillips polymerization 
grade; 99.0% minimum purity) was dc- 
oxygenated by passage through a Na/A1203 
trap; the remaining impurity was -0.5% 
propane. 

Reaction midwe. The reactant gas stream 
was prepared by passage of the purified 
hydrogen stream through a bed of 15-cm3 
40- to 60-mesh Filtros silica saturated with 
the hydrocarbon under study. For cyclo- 
propane and methylcyclopropane the satu- 
rator temperatures were -78 and -5O”C, 
rcspcctivcly, resulting in a 14: 1 hydrogen 
to hydrocarbon ratio. For propenc the 
saturator temperature was - 97”C, giving 
a 19: 1 ratio. Hydrogen flow rates were de- 



Reactor. The reactor was a 0.4-cm-id. 
glass tube, filled with 0.05 to 0.40 g of 
catalyst held in place by two small plugs 
of calcined glass wool. A temperature equi- 
libration coil 1 m in length was placed 
upstream of the reactor, and t*hc reactor 
effluent was sampled through a l-cm3 
sampling loop, Carle Model 5518, into the 
gas chromatograph (G. C.). Feed could also 
he sampled by use of a bypass around the 
reactor to the sampling valve. Inlet coil, 
reactor, and sampling valve were all im- 
mersed in the same constant,-temperat,ure 
bath, wit,h temperatures in the various 
experiments ranging from -70 t#o 40°C. 

AnaZ@s. G.C. analysis \vas carried out 
for all three reactions using a 0.25~in.-diam- 
ctcr by 4-m column packed with 25% di- 
methylsulfolane on 60/X0 mesh Chromo- 
sorb P, with Linde ultrahigh purity helium 
(minimum purity 99.999%, 3 ppm maxi- 
mum H20) at 50 cm3/min as the carrier 
gas. Column temperature was O”C, and 
thermal conductivity (T.C.) detector was 
at 65°C with a filament current of 2*?0 mA. 

Catalyst pretreatment. As documented by 
Dorling et al. (7) for ethylene hydrogena- 
tion, differing pretreatment procedures for 
Pt/SiOl can result in catalysts of differing 
apparent activities. In addition, it is shown 
in Part I (1) for this series of catalysts that 
the reduction of stored samples is a matter 
quite different than for fresh samples. Ac- 
cordingly, the same general pretreatment 
procedure, reduction in hydrogen at ele- 
vated temperatures, was employed for all 
three reactions, and literature comparisons 
are restricted to catalysts pretreated at 
high tcmperaturc in hydrogen. Typical 
reduction conditions consisted of heating 
the catalyst in flowing hydrogen from room 
temperature over a period of 2 hr to a final 
tcmpcrature of 350°C for the cyclopropane 
experiments and 470°C for propene and 
maintaining this condition for 1 hr. The 
catalyst was then cooled to room tcmpera- 

turc in flowing hydrogen. High-tempera- 
ture reduction seems required for attaining 
reproducible activity levels on an aged 
catalyst; the difference in final reduction 
temperature for the cyclopropane vs pro- 
prne experiments is not significant, since 
any final reduction temperature in the 
range of 300 to 500°C for the time indi- 
cated yielded constant, reproducible ac- 
tivity levels. In addition, it was verified 
that the high-temperature reduction in 
hydrogen used for the kinetics experiments 
did not change the metal pcrcentagc 
exposed. 

Catalyst 40-Si02-PtCl-L was treated in 
oxygen at 300°C for 30 min, reduced in 
hydrogen at 315°C for 1 hr, and heated 
to 450°C for 1 hr in helium, which was the 
reduction procedure used in the measure- 
ments of metal percentage exposed (1). A 
turnover number of 0.151 set-’ for cyclo- 
propane hydrogenation at 0°C was obtained 
following this treatment vs 0.163 set-’ for 
the standard procedure. 

Details of the differences in the behavior 
of this series of catalysts, classified as to 
high- and low-t,emperature treatment, mode 
of preparation, and halide content will be 
discussed elsewhere. 

Operation.. After reduction and cooling 
the catalyst was isolated from the system 
so that the hydrocarbon reactant could be 
adsorbed on the Filtros feed saturator. 
Finally, hydrogen was reintroduced through 
the trap, the resulting saturated feed mix- 
ture was passed through the reactor, and 
feed and effluent were sampled periodically 
for G.C. analysis. Saturator capacity was 
sufficient for 3 to 5 hr of operation, permit- 
ting several individual activity determina- 
tions for each run. In the experiments with 
cyclopropane, the activity of the catalyst 
declined from 10 to 15% in approximate12 
linear fashion over a period of about 1 hr, 
and initial activity levels were determined 
by extrapolation to zero time. Typical br- 
havior is shown in Fig. 2. The reduction 
procedure was always able to return cata- 
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lyst activity to its initial lcvcl, so the same 
:LS ~~11 as diffrrent samples could bc used 
for mrnsurcmrnts at a giwn condition. No 
drwtivntion was obwrvcd in the cxpori- 
mt>nt,s with mcthylcyclopropanc or propcnc. 

‘I’hc reproducibility of turnover number 
mcasurcmcnts was exccllcnt in general. 
,S:~mplc results for the mcthylc~~lopropanr 
h~&)gSc~nntion arc given in ‘l’ablc 2; com- 
p:wablc wproducibilitics \vcre obtained for 
the other reactions. 

Run S (iG) (set-I) Ae(nC4) (set?) 

1 0.157 0.011 1 
2 0.121 0.0071 
3 0.130 0.0078 
4 0.156 0.0097 
5 0.126 0.0080 
6 0.103 0.0069 
7 0.145 0.00s 1 
8 0.121 0.007:i 

Average 0.132 f 0.015b 0.0083 It O.OOllb 

0 Methylcyclopropane, OT, 11/rrc = 14/l; 
c:~t,;~ly~t, 27-Si&IonX-S [catalyst nomenckl we as 
described in Part, I (I)]. 

b f limits computed from (i ILYA,.~ - S;i)/n., 

with n = number of experiments. 

I< ISSULTS 

The activities of the scrk of catalysts 
for cyclopropane and mc~thylcy~loproI,,zlle 
hydrogenation in terms of total turnover 
numbrr are shown in Fig. 3 for the scriw 
of experiments run at 0°C. Corrcaponding 
data for propcnc hydrogenation at -57°C 
are given in Fig. 4. 

The cyclopropaw reactions arc structure 

a.35 
m/w+ , a* c 
H2lHC = 14/l I/ 

0.30- 

0.25 - 

0 10 20 30 40 50 60 70 80 90 

Dh 

FIG. 3. Total t.umover numbers for cyclopropane and methylcyclopropane hydrogenation at, 
0°C vs percentage of Pt atoms exposed. 
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FIG. 6. Turnover number for normal butane formation at 0°C vs percentage of Pt atoms exposed. 

the major variation in turnover number cyclopropane hydrogenation at 0°C is shown 
occurs at lower Dh where the cyclopropanes in Figs. 5 and 6. The parallelism between 
were constant. the predominate reaction, isobutane forma- 

Selectivity behavior in the methyl- tion, and the total turnover number (cf. 
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FIQ. 7. Arrhenius correlation, methylcyclopropane to isobutane. 
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FIG. 8. Arrhenius correlation, met,hylcyclopropane to n-butane. 

Fig. 3) is apparent. Activity with respect 
to n-butane formation is seen to pass 
through a minimum as a function of Dh. 

The activity and selectivity patterns 
illustrated in Figs. 3-6 are, interestingly, in- 
sensitive to temperature variation in the 
experimentally accessible range for all 
three reactions. As an example, the methyl- 
cyclopropane data are reported in Figs. 7 
and 8. The lines on these figures are placed 
in somewhat arbitrary fashion to illustrate 
that a reasonable rcprescntation of tem- 
perature behavior can be provided by 
parallel Arrhenius plots. Individual best-fit 
correlations were also determined from the 
data on all these reactions; the results are 
given in Table 3. For propene only one 
catalyst, 40-Si02-PtCl-L, was investigated 
for high-tcmperaturc prctrcatment condi- 
tions. Expcrimcnts wit,h room-tcmpcraturc 
prctrcatmcnt conditions, howcvcr, indi- 

TABLE 3 

Individual Activation Energy ltesultse 

Catalyst E(J/kmol X 1W6) 

1. Cyclopropane (- 10 to 21 “C) 

7.1~SiOz-PtCl-S 40.2 f  3.8 
40-SiOrPtCl-S 37.3 f  3.3 
Xl-SiOy-IonX-S 41.9 f  7.1 

2. MethyIcyclopropane (0 to 38.5”C) 

E(G) E (nCd 
7.1~Hi02-PtCl-S 39.6 f  2.3 43.4 f  2.1 
27-SiOzIonX-S 38.0 f  2.9 43.7 f  2.9 
40-Si02-PtCl-S 36.5 f  2.5 41.7 f  3.8 
63-SiOrIonX-S 39.0 f  2.9 46.0 f  4.2 

3. Propene (-68 to -44.5’C) 

40-SiOrPtCl-L 43.5 f  3.3 

* Lines plotted in Figs. 7 and 8 correspond to the 
following activation energies (J/kmol X 10e6): 
Fig. 7, 38.7; Fig. 8, 44.2. 
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FIG. 9. Selectivity variations with temperature and percentage of Pt atoms exposed in methyl- 
cyclopropane hydrogenation. 

cated that the activation energy for this 
reaction is also independent of the per- 
centage exposure of Pt. 

Selectivity in tht: hydrogenation of 
methylcyclopropanc is shown in Fig. 9. 
With the rxccption of 7.1~SiOz-PtCl and 
6.3-SiO,-PtCl, the ratio of iso to normal 
products is nearly independent of per- 
centage exposed, while the ratio of activa- 
tion encrgics for the two reactions indicates 
decreasing selectivity for isobutane forma- 
tion with increasing tcmpcraturc. 

Turnover numbers arc more difficult to 
compare in absolute magnitude because 
they will depend on conditions of reactant 
partial prcssurc cvcn if other factors such 
as temperature and prct~rcatmmt procedure 
result in identical catalysts. Kinetic corrc- 
lation is required to rcducc data to common 
cxperimcntal conditions, a procedure which 
is always somewhat risky. However, thcro 
does appear to be sufficient information 
available to attempt some comparisons of 
absolute magnitudes of turnover nul~~bcr. 

I>ISCUSSION 

The results dcscribcd in the previous 
section appear reasonable in terms of 
available literature data. The activation 
energies for cyclopropane and methyl- 
cyclopropane hydrogenation, including the 
differences between isobutane and n-butane 
formation, arc in agrwment with the prior 
rosults of Bond and Nwham (5) and 
Boudart et al. (8) dctailcd in Table 1. The 
activation cnrrgy for propene hydrogena- 
tion is somewhat higher than reported by 
Schlatter and Boudart (18) for ethylene 
hydrogenation but is in excellent agreement 
with that determined by Darling et al. (7) 
.for a catalyst of slightly higher pcrcontagc 
cxuowd. 

Boudart et al. (8) report a turnover 
number for cyclopropanc hydrogenation 
at 0°C on a Pt/SiO, catalyst of D, = 17 of 
0.073 w-l. This catalyst had bwn prc- 
trcatcd for 12 hr in HS at 500°C. Wc ran a 
similar experiment for a catalyst of about 
the same percentage exposed (21.5-Si02- 
IonX-L), pretrcatrd in hydrogen at 450°C 
for 12 hr ; the mcasurcd turnov:r numhrr 
IVas O.OS9 see-I. In viw of litcraturc 
cvidcncc that order is fractional or mar 
zero with respect to cyclopropanc at this 
tcmpcraturc (5, 11), these two numbers 
should be directly comparable. 

One other direct comparison is afforded 
by litjcraturc data, this for wlwtivity ratios 
(iCJ/,LCA) in lnt~tl~ylcycloprol~a~lc hydro- 
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genation.3 Schlatter and Boudart (12) rc- 
port a value of 20 at 0°C for two Pt/SiOL 
catalysts of Dt = 58 and 61, respcctivcly. 
Our value at 0°C for 63-SiO?-Ionli-S is 
10.0. A somewhat more indirwt comparison 
of activity and sclcctivit~y in mcthglcyclo- 
propane hydrogenation is afforded by the 
results of Bond and Xcwham (,5) indicating 
a selectivity of approximately 22 at 0°C on 
a Pt/pumicc catalyst (D not available). 
The selectivity for isobutanc formation is 
in accord with what is understood conwrn- 
ing the influcncc of stcric and clcctronic 
factors on the hydrogenation of substituted 
cyclopropanes on transition metals (6, 16). 
Alkyl substitution leads to hydrogcnat’ion 
of the 2, 3 bond; for cxamplc the rcact’ion 
of (C2HJ-PtCls)L with ~&~H~~-cyclo-C.?H~ 
gives a metallocyclobutanc dcrivcd from in- 
sertion in this bond (1’7). Roth and others 
(18, 19) have shown that phcnyl substitu- 
tion gcnorally lcads to the hydrogenation 
of the I,2 bond \vith both Pt/SiOx and 
(Rh (CO)&l) 2. The insertion reaction with 
(C,H.,-PtClJs is not so clear-cut. For 
R = H, o-X02, insertion occurs in the 2,3 
bond of R-C,jHJ-cycle-CZHS; for R = ~-MC 
insortion occurs in the 1, 2 bond (17). 

The rate of hydrogenation of mcthyl- 
cgclopropanc was rrportcd to bc a factor 
of 1.6 grcatcr than that of cyclopropanc 
by Bond and Xcwham over the entire tcm- 
pcraturc range (0-2OOT) they invwti- 
gatcd. This is in accordance with our rrsults 
for catalysts of Dh > 50, given the vq 
similar activation encrgics for the tjwo war- 
tions. Schlattcr and Boudurt (lb) rq)ort 
a turnover number for moth~lcyclo~,rol,anc: 
at 0°C of 0.04 spc-I, of which a dirwt Mimi- 

parison with prcwnt results is bccloud(~d 
by kinetic uncertaintics. If tht> roact,ion is 
zero ordar in rncth~lc3-clopropa’lc as our 
present results indicatr, this rate is a factor 
of about 4 low-rr t)hxn tjhose rqwrtcd h(w ; 

ci Conipariao~i uf selectivitiea is siiiipler 11~1 win- 
parison of turnover nun~lxxs, since kiuet.ic dcpelb 
decries should hopefully divide mtt in the ratio. 

TABLE 4 

Some Comparisons of Turnover Number 
and Selectivity 

u Corrrrtcd to contlitiom of this work :wwtning mro-order 
kinetic8 with respect to cyclopropnnc or Illrth~l~~grloprop:~n~. 

* Tnkcn to be indclwmlent of dispersion in refcrmrcs (8) 
and (If). 

d Adjusted to conditions of this work nssumirlg 0.6ortlrr 
kinetics with rcsprct to ~llrtll~-lc~clol~rop3nr. 

1 ncn rstinrated frorll CO adsorption data and rrartiun rutr 
rq~ortcd at --8ooc. 

ho\vevcr, if the order is 0.G as quoted b\ 
Compagnon et al. (11) for cyclopropane 
the comparison bwomos 0.10 SW-* vs 
0.15 WC-‘. 

Additional rcwlts concorning activity 
and sclcct,ivity for q&propane and mcth- 
ylcyclopropanc hJ,drogcnation arc giwn b:, 
Compagnon et al. (11) for a scricls of 
Pt/d1203 catalysts of I), > 50 (crystallite 
diameters rcportcd in th(t range of 1.0-3.0 
nm). l‘hcy rc‘port, wlwtivit~irs of 6.0 t,o f.5 
[(Jr tlliS Writ’s :lt ‘,‘A”(-! ; (JUr IlltxLSIII’d Vdllt 

at 24°C is 13.3 for ci3-Si&-IonS-S. Sinkilai 
discwpancics appwr in c~onlparison of turn- 



over numbers which arc well beyond the 
range of uncertainty that might be involved 
in kinetic correlations. A summary of com- 
parisons between present and previous re- 
sults is given in Table 4. With the exception 
of the uncertainty in comparison of turn- 
over numbers for methylcyclopropane hy- 
drogenation noted above, our results are 
quite consistent with those of Boudart and 
co-workers. It is possible that the activity 
and selectivity results of Compagnon et al. 
(11), which appear to be much lower than 
expected, are due to differing support in- 
teractions, but it is doubtful that such an 
effect would be as large as an order of 
magnitude. 

A comparison of present results for pro- 
pene hydrogenation with literature data 
on ethylene hydrogenation is also given in 
Table 4. As indicated, these values for 
turnover number are adjusted to the condi- 
tions of Schlat,ter and Boudart (IS), follow- 
ing the kinetic correlation reported by them. 
The results for propene hydrogenation are 
quite in line with expectations based on 
results for ethylene hydrogenation from the 
reports of Dorling et al. (7) and for the low 
Dt catalyst of Schlatter and Boudart. The 
reported turnover number for their high Dt 
catalyst seems anomalously high. 

compensation [Type B in the nomenclat’ure 
of Boudart (al)] in which variations in 
activity are due to variations in preexpo- 
nential factor. Entropic contributions to 
the rate are included in this factor, thus 
it might be possible to offer a simple 
geometric interpretation of these results. 
If it is postulated that edge and corner 
atoms on the exposed crystallite are more 
active than surface atoms, then there 
should be a correlation between their con- 
ccntration and the enhanced activity of 
very small crystallites (22, 2.5’). In this 
work the crystallites wcrc modelled as 
isodimensional cubes with five sides cx- 
posed,4 and the edge/corner statistics were 
obtained directly from the fee unit cell of 
Pt. The average length of this is 3.92 A, so 
the crystallite sizes can be related to a 
multiple of the unit celllcngth. For example, 
catalyst 81-SiOz-IonX-S, which has a crys- 
tallite size of about 1.1 nm, corresponds to 
an isodimensional crystallite of three unit 
cells in each direction. The statistics given 
below are based on ?a isodimensiona,l fee 
unit cells with (100) planes exposed (24) : 

Corner + Edge Atoms 8n 
~- 

Total Surface Atoms 

For all three reactions in this scrics of 
catalysts there is no difference in activity 
or selectivity between ion-exchanged and 
impregnated catalysts of similar D,, as long 
as high-temperature pretreatment in hy- 
drogen is employed for both. A similar con- 
clusion has also recently been reported by 
Brunelle et al. (20) for the hydrogcnolysis 
and isomerization of n-pentane on a com- 
parable series of Pt/SiOn catalysts. 

In Fig. 10 are plotted the measured turn- 
over numbers for propene and cyclopropane 
hydrogenation and for methylcyclopropane 
hydrogenation to isobutane. It is clear that 
the nature of structure sensitivity for the 
cyclopropanes differs from that for propene. 
While enhanced activity seems to be 
reasonably correlated with the hypothesis 
of more active edge and corner sites in all 
cases, no simple geometric explanation 
would suffice to explain the continuing 
decrease in propene hydrogenation activity 
for larger crystallites. 

Although the region of D, where struc- 
ture sensitivity appears is different for the 
cyclopropanes and propene, the trend is the 
same overall with decreasing activity as 
Dh dccrcascs. Thr fact that the activation 
cknergy of these reactions is independent of 
the percentage of metal exposed while the 
overall activities varv suggests an activitv ” -- Y of analysis (20). 

4 Variations from this geometry are suggest,ed by 
the results present,ed in Part II (2) for these cala- 

lysls, but differences between various geometric 
models are not particularly significant in this sort 
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10~~ - 2n + 1 * 

(1) 
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FIG. 10. Correlation of cyclopropane, methylcyclopropane (to isobutane) and propene data in 
terms of surface site statistics. 

Turnover numbers vs edge/corner sta- correlation is similar to that for isobutane 
tistics for methylcyclopropane hydrogena- product except for catalysts 7.1-Si02- 
tion to n-butane arc given in Ii’ig. 11. The PtCl-S and 6.3-SiOs-PtCl-L. The large de- 
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FIG. 11. Correlation of met,hylcyclopropane (to n-butane) data in terms of surface site statistics. 
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FIG. 12. Correlation of overall tnrnover numbers with mean-square vibrational amplitude. 

cwasc in isobutaw selectivity for th(w two 
catalysts is not due to a dccreasc in the 
rate of isobutanc formation but rathrr to 
increased rates of n-butane formation. The 
only resprct in which thcsc two catalysts 
differ from others is in the ratio of crystal- 
lite to pore size ; avcragcx dimensions of the 
crystallitw for thcw t\\-0 samples arc 1Z.S 
and 14.9 nm, \vhilo thcl pore di:mwtw of 
Davison Grade ti? silica is 14.0 nil), so thtk 
crystallites arc comparabla in size to thcl 
pore diamcttcr of the support. 

conducted for catalysts in which the 
platinum \vas covcwd \vith oxygq the 
good agreement betwon D, and D,, and 
the inclusion of platinum metal values for 
the limits of the amplitude corrrlation (25, 
26) indicate that the ($)i values may per- 
tain also to thr platinum as employrd 
undw rcwtion conditions. Intcwstingly 
cwough, thaw :q)pwrs t,o 1~: a good cotwla- 
tion bet\\-wn (p2) : and the: mwsurcd turn- 
over numbt>rs. This is she\\-n in Fig. 12 

for the thrw wact,ions. The lo\\-& pcr- 
wntagc expowd catalysts, \vhcw crystal- 
litc and pore dimcwsion arc of the samcx 
mngnit~utlr, hnw bwn omittcad since their 
brliaviur is in s011ic wspc~c’tn cliffwc~nt from 
the other nlcwlbclrs of tlicl swi(ts. I~~~usotis 
for this will hr discussed clsc\vhcw. 
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