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The effect of potassium on the n-hexane conversion catalyzed by Pt(ll1) single crystals has been 
studied near atmospheric pressures. Reaction activity, selectivity, and self-poisoning with time 
were studied as a function of potassium coverage of the crystal faces. The activity of the catalyst 
dropped drastically with as little as 2% potassium atoms on the surface, with no improvement in 
selectivity or stability. The temperature dependence in the range SO-625 K of the reaction rates 
was not significantly different from the clean platinum case. The changes in the structure of the 
carbonaceous deposits formed during the reaction have also been studied. The amount of carbon on 
the surface after reactions was slightly higher on the platinum surface that was covered with 2% 
potassium atoms, as compared with the clean platinum case. The amount of bare platinum available 
for reaction, however, increase by a factor of 2 when 0~ = 0.3. When potassium was added to the 
platinum surface, the carbonaceus deposits showed a higher hydrogen content, with a higher 
activation energy for its desorption, an increase up to 4 kcal/mol more than for the clean platinum 
case. The inhibition of the dehydrogenation of adsorbed hydrocarbon species in the presence of 
coadsorbed potassium on the platinum surface explains the changes of reactivity that are reported. 

INTRODUCTION 

Alkali metals are frequently employed as 
promoters in the preparation of practical 
metal catalysts. Potassium is a well-known 
additive to iron for ammonia synthesis (2) 
and to catalysts for the hydrogenation of 
carbon monoxide (2). While the promoting 
effect of the elements like Ca, B, Al, Si, Ga, 
and Bi on platinum reforming catalysts 
have been studied (J-5), the influence of 
alkali metals on the activity and selectivity 
of platinum for hydrocarbon conversion re- 
actions has been studied to a much lesser 
extent. A recent patent reported enhanced 
cyclization selectivity over NazO promoted 
platinum catalysts (6). 

The effect of potassium on the flat Pt( I1 1) 
single crystal surfaces on n-hexane conver- 
sion is reported here. The activity of the 
promoted catalyst was lower by a factor of 
2 for all reactions when a small coverage 
(6, - 0.05) of the alkali metal was depos- 

ited on the platinum surface. This decrease 
in reactivity was accompanied by increased 
self-poisoning. The temperature depen- 
dence of the reaction rates was unaltered 
by the presence of potassium on the plati- 
num surface in the temperature range 550- 
625 K. The effect of oxygen on the catalysts 
was independent of that of potassium: 
while potassium decreased the overall ac- 
tivity, oxygen enhance hydrogenolysis. 

A slightly larger amount of carbon, mea- 
sured by Auger electron spectroscopy, was 
seen when about 2% K atoms were present 
on the catalyst surface (as compared with 
the clean platinum case). This increase, 
however, was accompanied by an increase 
of the bare platinum area available for cata- 
lytic activity. Also the H/C ratio of these 
carbonaceous deposits was higher in the 
presence of potassium. All this suggests a 
more three-dimensional structure of the hyp 
drocarbon fragments adsorbed, with less 
carbon to metal bonds. An inhibition of the 
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dehydrogenation activity of platinum in the 
presence of potassium explains these 
results. 

EXPERIMENTAL 

All of the experiments were carried out in 
a low pressure-high pressure apparatus de- 
signed for combined surface analysis and 
catalytic studies using small area catalyst 
samples, as described previously (7). The 
system is equipped with four-grid electron 
optics for low energy electron diffraction 
(LEED) and Auger electron spectroscopy 
(AES), an ion gun for crystal cleaning, a 
quadrupole mass spectrometer, and a re- 
tractable internal isolation cell that consti- 
tutes part of a microbatch reactor in the 
pressure range 10e2-10 atm. The reaction 
cell and external recirculation loop were 
connected to an isolatable pressure gauge, 
a circulation pump, and a sampling valve 
connected to a gas chromatograph, used to 
follow the hydrocarbon conversion. 

Platinum single crystals (99.998% purity) 
were cut to the (111) and 6(111) x (111) 
orientation within one degree (and less than 
1 mm thickness) using a standard proce- 
dure. They were spotwelded to a rotatable 
manipulator, as described previously (8). 
Both crystal faces were cleaned by re- 
peated argon ion sputtering, oxygen treat- 
ment, and annealing, until a well-defined 
LEED pattern was obtained, and no Ca, Si, 
P, 0, S, or C were detected by AES. Re- 
search purity n-hexane (Phillips, >99.99% 
purity), and hydrogen (Matheson, 
>99.99%) were used as supplied. 

A Saes Getters potassium source was 
mounted about 4 cm from the sample sur- 
faces, giving deposition rates on the order 
of 0.1 monolayerslmin. The amount of po- 
tassium on the surface was measured by 
AES. The relationship between the K-AES 
signal and the coverage was obtained using 
potassium uptake curves, as described in 
detail elsewhere (9). This relationship can 
be written as K251/Pt237 = 6.10k + 0.3 
(420%) where K251 and Ptz3, are the signal 

intensities of the Auger 251- and 237-eV 
transitions of potassium and platinum, re- 
spectively, and OK is in fraction of a mono- 
layer (one monolayer is equivalent to 5.4 X 
lOi potassium atoms/cm2 (9)). 

After cleaning the crystal, the desired 
amounts of potassium were deposited ei- 
ther by controlling the deposition time, or 
by depositing excess potassium and flash- 
ing the crystal at a fixed temperature to de- 
sorb part of it. Since the base pressure of 
the system was of the order of 11 x 1O-9 
Tot-r, oxygen and water adsorption could 
not be completely avoided. The effect of 
this coadsorbed oxygen will be discussed in 
more detail later. 

For performing an experiment, the reac- 
tion cell was closed, imbeding the crystal 
into the high pressure loop. n-Hexane va- 
por and hydrogen were then introduced to 
the desired pressures, circulation was com- 
menced, and the crystal was heated to the 
reaction temperature. The reaction temper- 
ature was continuously regulated to +-2 K 
using a precision temperature controller re- 
ferred to a Chromel-Alumel thermocouple 
spotwelded to a face of the crystal. The 
product formation was followed by gas 
chromatography. Since the high pressure 
loop acts as a well mixed batch reactor, the 
data is obtained in a form of product accu- 
mulation as a function of time. Initial rates 
were calculated from the slope of these 
curves at the initial time, and they were re- 
producible within 30%. Selectivities, calcu- 
lated for the accumulated products after 2 
h, were reproducible within about 5%. 

After the reactions were performed, the 
loop was pumped down with a sorption 
pump to below 10e3 Tort-, the cell was 
opened, exposing the crystal to ultrahigh 
vacuum, whereupon Auger spectra were 
immediately recorded. Then, CO adsorp- 
tion-desorption or hydrogen desorption ex- 
periments were carried out. For the titra- 
tions of the available bare platinum surface 
area by CO adsorption, the sample was 
flashed up to about 500 K to desorb any 
reversibly adsorbed molecules, and then 
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FIG. 1. Product accumulation curves as a function of time for n-hexane reactions over Pt(ll1) 
surfaces, dosed with different amounts of potassium: (a) hydrogcnolysis, (b) isomerization, (c) methyl- 
cyclopentane formation (cyclization), (d) aromatization. 
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FIG. 2. Initial reaction rates for hydrogenolysis, isomerization, cyclization, and aromatization of n- 
hexane over Pt( 111) surfaces as a function of potassium coverages. 

exposed to 36 L of CO (1 L = 10M6 Torr 
s). Finally, thermal desorption spectra 
(TDS) were recorded with the mass spec- 
trometer tuned at m/e = 28. In the case of 
the hydrogen desorption experiments, TDS 
were recorded with m/e = 2 immediately 
after the Auger spectra were taken. 

RESULTS 

n-Hexane Conversion on the Pt(ll1) Face 
in the Presence of Coadsorbed 
Potassium 

The rates of hydrogenolysis, isomeriza- 
tion, cyclization, and aromatization of n- 
hexane were investigated over the flat (111) 
platinum surfaces. The gas mixture used for 
these reactions were 20 Torr n-hexane and 
600 Torr of Hz, and the reactions were car- 
ried out at 573 K unless indicated other- 
wise. Product accumulation curves, deter- 
mined as a function of reaction time for the 
(111) surface and different potassium cov- 
er-ages, are shown in Fig. 1. From these, 
initial reaction rates, selectivities (as a per- 
centage of desired accumulated product 
over the total conversion), and extent of 
self-poisoning (as the rate after 2 h over ini- 
tial rate), were obtained; they are shown in 
Figs. 2, 3, and 4, respectively. All four re- 
actions are strongly inhibited when only a 

small amount of potassium is present on the 
surface: about 5% of a monolayer potas- 
sium reduces the total activity to one-half 
to that on clean platinum. The selectivities 
for the different products did not change 
much, and, considering the large decrease 
in overall activity, these changes were not 
significant. Self-poisoning of all the reac- 
tions became enhanced with the addition of 
potassium. 

The temperature dependence for hydro- 
genolysis, isomerization, and cyclization 
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FIG. 3. Selectivity of accumulated products after 2 h 
of n-hexane reaction over Pt(ll1) as a function of po- 
tassium coverages. 
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FIG. 4. Stability to self-poisoning, expressed as the ratio of reaction rates after 2 h over initial rates, 
for hydrogenolysis, isomerization, cyclization, and aromatization of n-hexane over Pt(l11) surfaces as 
a function of potassium coverages. 

reaction rates were studied in the tempera- 
ture range between 550 and 675 K for clean 
platinum and for platinum with tiK = 0.05 
potassium coverage. The activation ener- 
gies obtained for the low temperature re- 
gion (550-625 K) are summarized in Table 
1; they were the same within experimental 
error, for the clean and potassium covered 
platinum surfaces. In the high temperature 
region, there was a drop in activity from 
what was expected by the Arrhenius ex- 
pression for both cases with and without 
potassium. However, this drop was more 
pronounced in the case of the potassium- 
covered surface. 

The dehydrogenation of n-hexane to ole- 
fins under the same conditions was also 
studied. The respective product accumula- 

TABLE 1 

Activation Energies for n-Hexane Reactions 
over Clean and Potassium-Dossed Pt(ll1) 

Surfaces in the Temperature Range 550-625 K 

Reaction Activation energy E, 
(kcaUmo1) 

Hydrogenolysis 29 f 3 
Isomerization 56*5+25-c-3 
Cyclization 33 -e 3 

tion curves are shown in Fig. 5. Since olefin 
formation is much faster than the other re- 
actions, initial reaction rates could not be 
accurately determined. It can be, however, 
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FIG. 5. Product accumulation curves as a function of 
reaction time for n-hexane dehydrogenation over 
Pt( 1 I I) surfaces covered with different amounts of po- 
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FIG. 6. Carbon to platinum AES signal ratio after n- 
hexane reaction over Pt(ll1) surfaces as a function of 
potassium coverages. 

seen that the potassium coverage was not 
too important in this case. The total accu- 
mulated olefin after 30-60 min of reaction 
dropped to about one-half with a potassium 
coverage of 6)k = 0.45, as compared with 0x 
= 0.05 for the other reactions. Also, a max- 
imum in the accumulated product curves as 
a function of time was present at high po- 
tassium covet-ages (8x 5 0.3)) after approxi- 
mately 60 min of starting the reactions. 

Studies were performed also on the 
6( 111) x (111) stepped platinum surface and 
the results were qualitatively the same as 
those obtained on the Pt(ll1) crystal face. 
However, more work needs to be carried 
out to make a quantitative comparison be- 
tween those two surfaces. 

could be detected by LEED. The self-poi- 
soning of all reactions strongly suggest that 
at least part of these carbonaceus species 
were bonded irreversibly as a deactivating 
residue. Figure 6 shows the 273-eV carbon 
to 237-eV platinum Auger transitions signal 
ratio (C273/Pt237), measured following reac- 
tions as a function of potassium coverage. 
These peak height ratios can be converted 
into approximated (225%) atomic ratios, 
expressed as carbon equivalents per sur- 
face platinum atom, by multiplying them by 
0.62 (10). As we can see, there was a slight 
increase in the amount of carbon deposited 
up to & - 0.3, followed by a decrease by a 
factor of 3 at high potassium coverages, 
probably due to potassium atoms blocking 
the platinum sites. 

Morphology of the Carbonaceous 
Deposits Formed during n-Hexane 
Reactions 
Auger analysis of the surface composi- 

tion following the n-hexane reaction studies 
always revealed the build-up of about a 
monolayer of strongly bonded carbona- 
ceous deposits. No ordering of this layer 

CO Thermal Dssorption 

I I I 
373 473 573 
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FIG. 7. CO thermal desorption spectra following CO 
saturation of the Pt(ll1) surface after 2 h of n-hexane 
reaction for different potassium coverages. The ad- 
sorption temperature was 300-310 K, the heating rate 
80 K/s. 
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The fraction of platinum surface that re- 
mains clean after the n-hexane reactions 
was measured using a CO titration tech- 
nique described in detail previously (II). 
The CO thermal desorption spectra ob- 
tained from these titrations are shown 
in Fig. 7 for different potassium cover- 
ages. The temperature of the maxima and 
the shape of the spectra followed the ex- 
pected tendency for CO adsorption on po- 
tassium precovered platinum surfaces (12), 
i.e., the binding energy of CO to platinum 
increased in the presence of coadsorbed po- 
tassium. The area under each spectrum is 
proportional to the amount of CO de- 
sorbed, that is also proportional to the frac- 
tion of uncovered platinum surface. In this 
way we were able to measure the fraction 
of bare platinum after reactions as a func- 
tion of potassium coverage, since CO does 
not adsorb on potassium under our experi- 
mental conditions. The results are shown in 
Fig. 8. In spite of the scattering in the data, 
there was a clear increase of this fraction up 

’ AFTER ‘2 HOURS LEXANE ’ 
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FIG. 8. Fractional concentrations of uncovered plat- 
inum surface sites after n-hexane reactions determined 
by CO titration, as a function of potassium coverage 
(relative to the same fractional concentration after re- 
action for the clean platinum case). 

to about tiK = 0.3, followed by a decrease as 
potassium covers up a larger fraction of the 
platinum surface. 

Energetics of the C-H Bond Breaking 

Hydrogen thermal desorption spectra 
were also recorded following the n-hexane 
reactions. These are shown in Fig. 9 for 
different potassium coverages. The spectra 
represent the sequential dehydrogenation 
of the strongly adsorbed species that were 
deposited by the reaction mixture. The de- 
sorption takes place in at least two steps, 
with broad peaks around 500 and 650 K. As 
discussed in a previous paper (13), the first 
desorption peak mainly corresponds to p- 
hydrogen abstraction, while the second 
peak represents the decomposition of CH 
fragments and breaking of C-H bonds with 
no easy access to metal sites. 

The areas under these spectra are pro- 
portional to the amount of hydrogen in the 
carbonaceous deposits. They can be con- 
verted to approximate hydrogen to carbon 
ratios using the AES carbon signal and a 
benzene adsorption calibration (5). There is 
a rapid increase in the H/C ratio with in- 
creasing potassium coverage, up to 153~ - 
0.08, followed by a slower one thereafter. 

The activation energy for the hydrogen 
desorption by p-elimination could also be 
calculated assuming first-order desorption 
kinetics (23). The potassium coverage de- 
pendence of these activation energies is 
shown in Fig. 10. Starting at about 26 kcal/ 
mol for the clean platinum surface, a sharp 
increase of about 2 kcal/mol when OK - 0.02 
is seen, followed by a further increase of 
other 2 kcal/mol at OK - 0.45. 

Preliminary n-hexane adsorption experi- 
ments in ultrahigh vacuum conditions have 
also been performed. Since the n-hexane 
adsorption is dissociative and activated, the 
results of these studies have to be analyzed 
cautiously. The n-hexane uptake curves at 
any given temperature, measured as the 
amount of carbon on the surface as a func- 
tion of n-hexane exposure, showed less ad- 
sorption for the potassium precovered sur- 
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FIG. 9. Hydrogen thermal desorption spectra of the carbonaceous deposits after n-hexane reactions 
over pt(l11) surfaces with different potassium coverages. Heating rate = 80 K/s. 

face compared with the clean platinum case case of the potassium precovered surface, 
(by about a factor of 5). This adsorbed hy- as in the high pressure experiments. Rehy- 
drocarbons had a higher H/C ratio in the drogenation of the adsorbed species depos- 

IS+ Peak 
Hp Thermal Desorption After 
2 Hours n-Hexane Reaction 
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It is well known that alkali metals greatly 
increase the sticking probability of molecu- 
lar oxygen and water. The base pressure of 
our system, about 10e9 Tort-, did not allow 
us to keep clean metallic potassium in most 
of the runs, and more than half of the AES 

FIG. 10. Activation energy of the hydrogen p-elimi- 
showed the presence of oxygen traces be- 

nation from the carbonaceous deposits after n-hexane fore the reactions. In any case, after insert- 
reactions over FT(ll1) surfaces as a function of potas- ing the sample in the high pressure loop, a 
sium coverages. higher background pressure (more than 

ited under UHV conditions were performed 
by exposing the catalyst to 600 Torr H2 
pressure and the same depositing tempera- 
ture for 5-10 min, showing that the fraction 
of irreversibly adsorbed carbon was always 
greater than 60%. 

Effect of Coadsorbed Oxygen on the 
Reactivity of the Potassium-Platinum 
System 
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TABLE 2 

Effect of Oxygen on Clean and 
Potassium-Precovered Pt(ll1) Surfaces for n-Hexane 
Conversion (T = 573 K, PHC = 20 Torr, PH2 = 600 

Torr) 

surface & O/R AES’ Initial rates6 

Hydro- Isomeri- Cycli- 
genolysis ration zation 

Clean A 0 0 14 17 19 
Km 0.02 -0 3 6 6 
Km 0.03 -0 4 5 6 
KpIp(E 0.02 0.08 11 5 8 
K/Rod 0.03 0.28 12 6 6 

a Ratio of the 51% and 237-eV Auger transition signals of oxygen and 
platinum, respectively. 

b Rates in o-hexane molec/Pt atom set (X Id) (-C20%). 
c Saturated with oxygen at room temperature after potassium deposi- 

tion. 
d Potassium deposited after preoxidizing the platinum surface at about 

1tMl K. 

low3 Torr) provides enough water for the 
oxygenated species to form: oxygen was al- 
ways found present after each run. To 
check the effect of this oxygen on the reac- 
tions, some experiments were carried out in 
which the K/Pt samples were pretreated 
with oxygen at room temperature (where 
platinum oxide cannot be formed) prior to 
the reaction. We also studied the catalytic 
activity of a platinum surface that was pre- 
oxidized at about 1000 K and then covered 
with OK - 0.03 potassium. The results are 
summarized in Table 2. Except for an in- 
crease of hydrogenolysis activity with oxy- 
gen, all potassium-platinum systems had 
comparable chemical performances. The 
increase in hydrogenolysis activity has 
been observed previously for platinum ox- 
ide alone and for calcium oxide on platinum 
(5). 

DISCUSSION 

The main effect of the addition of potas- 
sium on the platinum catalyst surface is to 
markedly inhibit the n-hexane conversion. 
It not only reduces the initial rates for the 
different reactions, but also increases 
slightly the self-poisoning rate of the cata- 
lyst, that is, the rate of decrease of the ac- 
tivity with time. However, the self-poison- 

ing cannot be directly related to the 
presence of carbonaceous deposits be- 
cause, although there was more carbon 
present on the surface after the reactions 
when the catalyst was predosed with potas- 
sium, there was also a larger area of uncov- 
ered platinum available for the catalytic re- 
action. Other important chtiracteristics of 
these carbonaceous deposits were the 
higher hydrogen content and the higher ac- 
tivation energy for C-H bond breaking. 
These properties are consistent with the 
ones obtained for n-hexane adsorbed under 
ultrahigh vacuum conditions. 

As we already mentioned, potassium as 
an additive causes the strong decline of the 
n-hexane conversion reaction rates, even at 
potassium coverages as low as OK - 0.03. 
The change of catalytic activity versus po- 
tassium coverage showed a pronounced 
non linearity (the initial rates are roughly 
proportional to 0K-*‘3.) This suggests that 
electronic, and not structural changes on 
the surfaces caused by site blocking by po- 
tassium, are responsible for the differences 
observed. 

Alkali metals are well known as electron 
donors on almost all metallic surfaces. One 
of the most extended uses of this property 
is in the fabrication of low work function 
photocathodes (14). The same effect is be- 
lieved to be responsible for the enhanced 
activity of the ammonia synthesis (I) and 
the Fisher-Tropsch (2) catalysts when al- 
kali metals are used as promoters. The CO/ 
K/Pt system has been carefully character- 
ized recently in our laboratory using 
surface sensitive techniques: thermal de- 
sorption spectroscopy (TDS), high resolu- 
tion electron energy loss spectroscopy 
(HREELS), and ultraviolet photoelectron 
spectroscopy (UPS) (12). A large change of 
the electronic properties of platinum when 
potassium was adsorbed on the surface was 
observed, as inferred from the following 
two main results: an increase in activation 
energy of the CO desorption from 25 to 36 
kcal/md with 0, = 0.5 (manifested by a 210 
K shift in the desorption peak maximum of 
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the CO TDS); and a decrease in the C-O 
vibrational frequency, down to 1400 cm-i 
at 0x = 0.3 and low CO cover-ages, the low- 
est ever reported for CO bonded to a metal. 
Also in the same work, a drop of about 4 eV 
in the work function of the metal at 0x = 0.3 
was reported. 

Due to the complexity of the hydrocar- 
bon system, some simplifications are 
needed before attempting to explain our 
results. To start with, we will adopt the 
two-step mechanism for hydrocarbon con- 
version initially proposed by Cimino et al. 
(15). According to this scheme, after the 
dissociative adsorption of the reactants, a 
further dehydrogenation of the adsorbed 
hydrocarbons takes place. These dehydro- 
genated intermediates then rearrange and 
desorb as products. In this mechanism the 
slow step can be, depending on the condi- 
tions of the reaction, either the dehydro- 
genation or the rearrangement of the ad- 
sorbed intermediates. Since different 
reactions need different intermediates, 
while potassium was found to be a non-se- 
lective poison, it seems that the presence of 
potassium on the platinum surface slows 
down the dehydrogenation steps, and 
therefore, we propose that dehydrogena- 
tion is the limiting step under our condi- 
tions . 

The low pressure experiments on n-hex- 
ane adsorption showed a decrease in the 
apparent sticking coefficient with potas- 
sium on the surface. In this process, at least 
one C-H bond breaking takes place, fol- 
lowed by the formation of a carbon-metal 
bond of the dissociated molecule. Qualita- 
tive calculations (16, Z7), photoemission 
studies of energy level shifts (see, for exam- 
ple (I8)), and work function changes (19, 
20) all suggest that this adsorption is ac- 
companied by a charge transfer from the 
hydrocarbon to the platinum, leaving the 
former with a carbonium ion character. Po- 
tassium on the surface, acting as an elec- 
tron donor, will then inhibit this charge 
transfer, making the process less favorable. 
This effect should be more accentuated as 

the hydrocarbon dehydrogenates further, 
because the remaining hydrocarbon frac- 
tion is less able to interact with the extra 
negative charge provided by the potassium. 
This may be the reason why, while n-hex- 
ane adsorption at low pressures is severely 
inhibited with potassium, there is not much 
change in the dehydrogenation reaction 
rates, where high hydrogen pressures keep 
the species adsorbed on the surface hydro- 
genated to a greater extent. Only when 
dealing with the isomerization, cyclization, 
and hydrogenolysis reactions, that requires 
more dehydrogenated intermediates, the 
poisoning effect of potassium is apprecia- 
ble. 

A further piece of information that sup- 
ports the preceeding conclusion is the steep 
rise in the activation energy for hydrogen /3 
elimination of the carbonaceous deposits 
shown in Fig. 10. As in the adsorption ex- 
periments, potassium makes breaking the 
C-H bonds of the adsorbed species more 
difficult. 

The morphology of the carbonaceous de- 
posits formed during the reactions also 
changes with potassium on the surface. Al- 
though there is a slight increase in the car- 
bon coverage up to 19~ - 0.04, as shown in 
Fig. 6, this is accompanied by an increase, 
and not a decrease, in the fraction of uncov- 
ered platinum surface (Fig. 8). This can be 
explained as follows: less multiple site ad- 
sorption yields less hydrogenolysis and C- 
C bond breaking activity, leaving more ad- 
sorbed species on the surface, as shown by 
a higher amount of carbon in Fig. 6. How- 
ever, these carbonaceous deposits do not 
block much of the platinum surface, be- 
cause there are fewer carbon-metal bonds 
involved (less multiple adsorption); the 
molecules are “sticking out” instead of 
“lying down” on the surface, giving more 
three-dimensional character to the deposits 
(II). This also implies a higher hydrogen to 
carbon ratio of the adsorbed species, as ob- 
served. 

The effect of adsorbed alkali metals and 
the electronic changes they induce on plati- 
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num surfaces have been studied by other 
researchers. Foger and Anderson (21) stud- 
ied the effect of different additives on the 
Pt/Y-zeolite catalysts for neopentane con- 
version. The electron deficiency of the plat- 
inum particles, measured by ESCA, was 
founded to follow the sequence La-Y > 
Ca-Y > Na-Y zeolite. At the same time, 
the total activity for the neopentane con- 
version decreased in the same order. Since 
neopentane does not have secondary or ter- 
tiary carbon atoms, it is expected to react 
only on the metal. Their work is then in 
accordance with our results, namely, the 
activity for hydrocarbon conversion slows 
down with an increase in electron density 
of the platinum catalyst. 

Finally, a patent (6) reports an activity 
enhancement of a factor of 3 for benzene 
formation from n-hexane when few parts 
per million of sodium were added to a car- 
bon-supported platinum catalyst. One pos- 
sible explanation for the difference with our 
work is that, while sodium forms alloys 
with platinum, potassium remains as a sep- 
arate phase (preferentially on the surface), 
and desorbs above -loo0 K (22). Conse- 
quently, different electronic interactions 
between the alkali metals and platinum are 
to be expected, which change the catalytic 
behavior of the two systems. 

Some of our results remain unexplained. 
The temperature dependence of the reac- 
tion rates in the range of 600675 K showed 
a decrease in activity as compared with that 
expected from the Arrhenius expression. 
This can be attributed to an increase in coke 
formation at higher temperatures, that poi- 
sons the platinum activity. However, it is 
not clear at this point why potassium will 
accelerate this effect, as observed experi- 
mentally. Also we cannot readily explain 
why tbe olefin accumulation curves showed 
a maximum at high potassium coverages. 
The fact that the total amount of olefin pro- 
duced decreases with time means that they 
are reacting to form other products, but it is 
not clear why potassium favors these side 
reactions. 
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