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THE EFFECT OF POTASSIUM ON THE CATALYZED REACTIONS OF n-HEXANE

~ OVER Pt (111) SINGLE CRYSTAL SURFACES

By F. Zaera and G.A. Somorjai
Materials and Molecular Research Divisiom,
Lawrence Berkeley Laboratory
and

Department of Chemistry
University of California, Berkeley, CA 94720

Abstract

The efféct‘of potéssium on the n-hexénéchnVersioh catalyzed by
Pt(111l) singlé crystalslhés Beeﬂlétﬂdied near atmospheric presgpreé.
Reaction activiéy; éeiéctivity aﬁd'self-poisoﬁiné with time were étddied
as a functionjdf”ﬁdtaésiﬁh coverégéidf the Crystal faées. The activity
of the catalyst dropped dféstically with as little as 2% potassium
atoms on the sutf;ée;lwiéh ﬁd {mprovement in selectivity or stability.
The temperaturé:dependence in the range 550K-625K of‘the reaction rates

was not significantly different from‘the clean platinum case.

The changes in.the structure of the carbonaqeous deposits formed
during the reactiohlhave aléo bgen studied. ' The amount of carbon on the
surface after reactions wés higher on the platinum surface that was
covgred with 2% potassium atoms, as compared with the clean platinum
case., The amount of barévplatinum_available for reaction, however, in-
crease by a factor of two. When potassium waé added to the platindm

surface, the carbonaceus deﬁosits showed a higher hydrogen content;
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with a higher activation energy fqr its desorption, an increase up to
4 Kcal/mole more than for the clean platinum case. The inhibition of
the dehydrogenation of adserbed hydrocarbon species in the presence of
coadsorbed potassium on the platinum sutface explain the changes of

reactivity that are reported.

Introduction.

Alkali metais are‘frequently employed as promoters in the prepa-
ration of practical T metal catalysts-~Potassium is a well known additive
to iron for ammonia synthesis [1] and to catalysts for the hydrogenation
of carbon mqnoxide [2]. While the promoting effect of the elements like
Ca, B, Al, Si Ga and Bi on platinum reforming catalysts have been stu-
died [3,4,5 ], the 1nf1uence of alkali metals on the activity and selec-
tivity of platinum for hydrocarbon eonversion reactions has been studied.

to a much lesser extent. A recent patent reported enhanced cyclization

selectivity over Nay0 promoted platinum catalysts [6].

The effect ef potassium on the flat Pt (111) single crystal surfaces
on n-hexane conversion is reported here. The actiyity of the promoted
catalyst was lower by a factor of two for ali reactions when a small
coverage ( © g ~ 0.05) of the alkali metal was eeposited on the
platinqm surface. This decrease in reactivity was accompanied by increa-
sed self-poisoning. The temperature dependence of the reaction rates
was unaltered by the presence of potassium on the platinum surface in
the 550-625K temperature range. The effect of exygen on the catalysts

was independent of that of potassium: while potassium decreased the
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overall activity, oxygen enhance hydrogenolisis.

A slightly larger amount of carBon, measured.bybAuger ElecFron
Spectroscopy, was seen when about 2%~K atoms were present on the catalyst
surface (as compared with the cleﬁn piatinumlcase). This increase, how-
ever, was accompained by an increase of the bare'platinum-area available
for catalytic activity. Also the H/C ratio of these carbonaceous depositsr
was higher in the presence of potassium. All this suggests a more three
dimmensional structure of the hydfocarbon fragments adsorbed, with less
carbon ﬁo metal bonds. An inhibition of the dehydrogenation activity of

platinum in the presence of potassium explains these results.

Experimental.

All of the experiments wgrevcérried out in an low préssure-ﬁigh
pressure apparatué désigned for combined surface analysis and cataly-
tic studies using‘small area catalyst samples, as descfibed previoqu
ly [7]. The system is equipped with four-grid électron optics for |
Low Energy Electron Diffraction (LEED) and Auger Electron Spectroécor
py (AES), an ion gun for érystal cleaning, a quadrupoie mass spectro-—
meter, and a retradtabievinternal isolation cell that constitutes pért
of a microbatch reactor in the 10~2 - 10 atm pressure rénge. The reac-
tion cell and external recirculation loop were conneéted‘to an isolata-
ble pressure gauge, a circulation pump, and a sampling valve_connécted

to a gas chromatograph, used to follow the hydrocarbon conversion.
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Platinum single crystals (99.998% purity) were cut to the (111)
and 6(111)x(111) orientation within one degree (and less than lmm thick-
ness) using a standard procedure. They were spotwelded to a rotatable.
manipulator, as described previously [8]. Both crystal faces were clea-
ned by repeated argon ion sputtering, oxygen treatment, and annealing,
until a well defined LEED pattern was obtained, and no Ca, Si, P, 0, S
or C were detected by AES. Research purity n-hexane (Phillips, >99.99%

purity), and hydrogen (Matheson, >99.99%) were -used as'éupplied.

A Saes Gette;s potassium source was mdun;ed about 4 cm from the
sample surfaces, giving deposition rateg_onythe order of 0.l monéla—
yers/min; Thevamount ofbpotassium on the surface waé measurediby AES,
The relationship between the K AES signal and the coverage was . obtai-
ned using potéssium uptake curves, as described in detail elsewhere
[9]. This relationship can be written as Kys5)/Ptp37=6.1 8 g+ 0.3
( 20%) where'K25l énd Pt2$7 afé the sighal;intenéitiésﬁbf.thg
Auger 251 eV and 237 eV iransifions of potassium and plétinqh respecti-
vely, and © g is in fraction of a monolayer.(one monoiayer ié éQuiva—

lent to S5.4x1014 potassium atoms per square centimeter).

After cleaning the'cfystal, the desiréd amounts of botaséium were
deposited either by contfolling thé depbsitibn time,.or by depositing
excess potassium and flashing the crystal at élfixed temperature to de—
sorb part of it . Since the.Base pressure of the syétem was of thevotder
of 5_1x10’9 torr, 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 reaction cell was closed, imbe- '
ding the crystal into the high pressure 1loop. n—Heiane vapor and hydro-
gen were then introduced to the Aesired pressures, circulation was com-
menced, and the crystal was heated to thé reaction temperature. The reac-
tion température was contipuosly regulated'to + 2K using ‘a precision
_tempefature controller refered to a chromel~alumel tﬁermocouple spot-
welded to é.fa;e of the crystal. Thé product férmation was followed by
gas chromatégraphy. Sinéé the’high_pressure loop acts as a well mixed
batch reactor,~the data'is ébtained in a form of produc£ accumulation as
a function'of time. Initial rates were calculated'from the slope of  these
curves at the initial.tiﬁe, and they were reproducible within 307%. Selec-
tivities, calculated for fhe accumulated>products after two hours, wére

reproducible within about 5%.

.After the'reactioﬁs-were performed, the loop was pumped down with

" a sorption pump to below 10-3 torr, tge cell waé opéned, exposing the
crystal to ultra high vécuum,-whereuponbAuger spectra wefe immediate-

ly recorded. Then, CO adsorption - desorption or hydrogen desorption
experiments were carfied out. For the titrations of the available bare
platinum surface area by CO adsorption, the sample was flashed up to
about 500K to desorb any reversibly adsorbed molecules, and then exposed
to 36L of CO (1L = 10-6 torr.sec). Finally, thermal desorpfion spectra
(TDS) were recorded with.the.mass spectrometer tuned at m/e = 28. In
"the case of the hydrogeﬁ desorption experiments, TDS were recorded witﬁ

m/e = 2 immediately after the Auger spectra were taken.
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Results.

n-Hexane conversion on the Pt(111) face in the presence of coadsorbed

potassium.

The rates of hydrogenoiysis,‘isomerization;.cyclization_and aromati- !
zation of n—-hexane were inuestigated.ovei the fiat (lli) platinum surfa-
ces. The gas mixture used for these reactions were 20 torr n-hexane and
600 torr of Hy, and the reactions were carried out at 573K unless
indicated otherwise. Product accumulation curves, determined as a function
of reaction time fot the (111) surface and different potassium coverages,
are shown in figure 1. From these, 1n1t1a1 reaction rates, ‘selectivities
(as .a percentage of desired accumulated product over the total conver-
sion), and extent of self-poisoning_(as the rate after two h0urslover
initial rate), were obtained; they are shown in figures 2, 3 and 4 res-‘
pectively. All four reactions are strongly inhibited when only a small
amount of potassium is pnesent on the surface: about 5/ of a monolayer
potassium reduces the'totai activity to one—half to that on clean
platinum. The selectivities for the different”products did not change’
much, and, con31der1ng the large decrease in overall act1v1ty, these

changes were not s1gn1f1cant. Selfpoisoning of all the reactions

became enhanced with the addition of potassium.

The temperature dependence for hydrogenolysis, isomerization and
cyclization reaction rates were studied in the temperature range between
550K and 675K for clean piatinum and for platinum with 0 g = 0.05 .
potassium coverage. The activation energies obtained for the low tempe-

rature region (550K—625K) are sumarized in table I; they were the same
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within exberimental error, for the clean and potassium coyered platinum
surfaces. 1In the high temperature region, tﬁere was‘a drop in activity
from what was expected by the Ahrrenius expression 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.olefins under the same condi-
tions was also studied. The respective product accumulation curves are
shown in figure 5. Since olefin formation ig much féster than the other
reactions, initial reaction rates could not be accurately determined..
It can be, howevwe, seen that the potassium coverage was not. too impof-
tant in this case. The totél accumula;ed olefin after 30-60 miﬁutes of
reaction droped to about one half with'a potassiuﬁ covefage of OIKA=
0.45, as compared with © g = 0.05 for the other reactions. Also, a
maximum in the accumulated product curves as a function of time was
present at_high_pétassium coverages ( A g > 0.3), after approximately

60 minutes 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(l1ll) crystal facé. However, more work needs to be carried

out to make a quantitative comparison between those two surfaces.

Morphology of the carbonaceous deposits formed during n-hexane reac-—

tions.
Auger analysis of the surface composition following the n-hexane

reaction studies always revealed the build-up of about a monolayer of
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. strongly b;nded cérbonaéeous.deposits. No ordering of this.iayer could
be detected byYLEED. The self-poisoning of all reactions strongly su-
ggest that at least part of these ééfﬁonaceus épecies were bonded irre- -
versibly as a deactivating residue. Figure 6 shows the 273 eV carbon

to 237 eV platinum Auger transitions signal ratio (C273/ft237), measured
following reactions as a function of potassium coverage. These peak
height ratios can be converted into approximatéd ( = 25%) atomic ratioé,'.
expressed as.;arboﬁ.equivéléhts pér surféce platinum atom, by multiplying
them by 0.62 [10]; As we can sée, Lhere was a élight iﬁcrease in thé.”
amount of cafbon debosited up to.-n K ~ 0.3, followed by a decréasé By

a factor of three at high potassium coverages, probably due to potassium

atoms blocking the platinum sites.

The fractién of platinum surface-that remains clean éfter the n-he-
xane reactions was measured uéing a CO tigration técﬁnique deséribed |
in detail previousiy [11}. The CO thermgi desofbtion spectra obtaiﬁed
from these titrations are shown in figure 7 for different potassium‘
coverages. The temperature of the maxima and the shape of the spectra
followed the expected ten&ency for CO adsorﬁtion 6n potassium precbvered
platinum surfaces [12], l.e., the binding energy of CO to platinum in-
creased in the presence of coadsorbed potassium. The area under each
spectra 1is proportional to the amount of CO desorbed, that is also pro-
portional to the fraction of uncovered platinum surface. In this way we
were able to measure the fraction of bare plétinﬁm.after reactions as a
function of potassium coverage, since CO does not adsorb on potassium
under our egperimental conditions. The resulté are shown in figure 8.

Inspite of the scattering in the data, there was a clear increase of
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this fraction up to about g = 0.3, followed by a decrease as potas-

sium covers up a larger fraction of the platinum surface.

Energetics of the C-H bond breaking.

Hydrégen thermal desorption spectra were alsa recofded.following
the n-hexane reactions. These are shown in figure 9 for different pota-
ssium coverages. The spe;tra répresent the sequential dehydrogenation
of the strongly édsorbed species that Qeré deposited by the reaction
mixture. The desorp£ion takes place in at least two steps, with broad
peaks around 500K and 650K. As discussed in a previbusbpaper {13], the
first deéorptién peak mainly corresponds t6 ~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 area under these spectra are ﬁropbrtional to the amount of hy-
drogen in fhe carbonaceous deposits. They can be converted to appro-
ximate hydrdgen to carboﬁ ratios using the AES carbon signal and a
benzene adsorption calibration [5]. There is a rapid increase in the H/C
ratio with increasing potassium coverage, up to "~ g ~ 0.08, followed
by a slower one thereafter. | |

The activation energy for the hydrogen desorption by —elimination
could also be calculated assuming first order.desofption kiﬁetics [13].
The potassium coverage depéndence of these activation energies is shown
in figure 10. Sfarting at about 26 Kcal/mole for the clean platinum sur-
face, a sharp increase of about 2 Kcal/mole &hen 6 ¢ ~ 0.02 is seen,

followed by a further increase of other 2 Kcal/mole at ~ g ~ 0.45.
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Preliminary n—hexane adsdrﬁtion experiments in ultra high vacuum
conditions have also been performed. Since the n-hexane adsorptio; is
dissociative and activated, the results of these studies have to be a-
nalyzed caupiously. The n—hexane upﬁake curves at any given temperature,
heasured as the amount of carbon on the surface as a function of n-hexa- _
' ne expossure, showed less adsorption for the potassium precovered éurface
compared with the clean platinum case (by about a factor of five). Tﬁis
adsorbed hydrocarbons had a.highgr H/C ratio in the case of the potassium
precovered surface,_as in the high pressure experiments. Rehydrogenation
of the adsorbed species deppsited under UHV conditions were performed
by exposing the catalyst to 600 torr H) pressure and the same depositing

temperature for 5-10 minutes, showing that the fraction of irreversibly

adsorbed carbon was always greater than 60%.

Effect of coadsorbed oxygen on the reactivity of the potassium-plati-

num system.

It is well known that alkali metals greatiy increase the sticking
probability of molecular oxygen and water. The base pressure of our
system, about 10’9 torr, did not allow us to keep clean metallic pota-
ssium in most of the runs, and more than half of the AES showea the
presence of oxygen traces before the reactions. In any case, after in-
serting the sample in the high pressure loop, a higher background pre;
ssure (more than 1073 torr) provides enough water fqr the oxygenated
species to form: oiygen was always found present after each run. To
check the effect of this oxygen on the reactions, some experimepts were

carried out in wich the K/Pt samples were pretreated with oxygen prior
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to.the reaction. We also studied the catalytic activity-of a platinum
surface that was preoxidized and then covered with © g = 0.03 potas-
sium. The results are sumarized in table II. Except for an.increase of
hydrogenolysis -activity with oxygen, all potassium-platinum systems had
comparable chemical performances. The increase in hydrogenolysis ac-
tivity has been observed previously for platinum oxide alone and for

calcium oxide on platinum [5].

Discussion.

The néin effect of the addition of potassium on the platinum‘eata—
lyst surfaee is to.merkedlf inhibit the n-hexane eonnersion. It not only
reduces the initial rates for the different reactions, but also increases
slightly the self—poisoning rate of the catalyst, that is, the rate of
.decrease of the act1v1ty with time. However, the self poisoning can not
be directly related to the presence of carbonaceous deposits because,
although there was more carbon present nn-theAsurface after the reactions
when the catalyst wae predosed with potassium, there was also a larger
area of unéonered platinum available for the catalgtic reaction. Other
important characteristics of these carbonaceous deposits were the higher
hydrogen content and the‘higher activation energy for C-H bond breaking.
‘These properties are consistent with the ones obtained for n-hexane ad-

sorbed under ultra-high vacuum conditions.

As we already nentioned, potassium as an additive causes the strong
decline of the n-hexane conversion reaction rates, even at potassium

co?erages as low as © g = 0.03. The change of catalytic activity versus
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potassium coverage showed a pronounced non linearity (The initial rates

1/3) This suggest that electronic,

are rougnly proportional to
and not strnctural changes on the surfaces caused by'site blocking by
. potassium, are responsible for the differences observed.

| Alksli netals are well known as electron donnors on almost all me-
talic surfaces. One of the most extended uses of this-property is in the
fabrication of low work function  photocathodes [14]. The same effect‘
is Believed.to'be responsible_for the enhanced\activity of the ammonia
synthesis [1] and the Fisher-Tropsch [2] catalysts when alkali metals are
used as promoters. The CO/K/Pt system has been carefully characterized
recently in onr laboratory using surfacezsensitive techniques: Thermal
Desorption Soectroscopy (TﬁS) :ﬁign Resolution Electron Energy Loss |
Spectroscopy (HREELS), and Ultraviolet Photoelectron Spectroscopy (UPS)
[12]. A large change of the electronic propertles of platinum when po-
tassium was adsorbed on the surface was observed, as inferred from the
following twe main results. an increase in activation energy of the CO
desorption from 25 to 36 Kcal/mole with 6 gy = 0.5 (manifested by a 210K
shift in the desorption.peak maximum of the CO TDS); and a decrease in
the C-0 vibrational frecuené&, down to 1400 cm-1 at 8 y = 0.3 and
low CO coverages, the lowest ever reported for CO bonded to a metal.
Also in the same work, a drop of about Q eV in the work function of the

metal at 6 y = 0.3 was reported.

Due to the complexity of the hydrocarbon system, some simplifica-
tions are needed before attempting to explain our results. To start

with, we will adopt the two step mechanism for hydrocarbon conversion
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initially proposed by Cimino et. al. [15] According to this scheme,
after the dlssociative adsorption of the reactants, a further dehydrog—
nation of the adsorbed hydrocarbons takes place. These dehydrogenated
intermediates then rearrange and desorb as products. In this'mechanism,
the slow step can be; depending on the conditions of the reaction, either
the dehydrogenation or the rearrangement of the adsorbed_inrermediates.

; Sihce different reactions need different intermediates, while. potassium

was found to be a non-selective poison, it seems that the presence of

potassium on the platinum surface slows down the dehydrogenation steps,

and therefore, we propose that dehydrogenation is the limiting step

under our conditions.

The low pressure experiments on n-hexane adsorption showed a de-
crease in the apparent stlcking coeffic1ent with potassium on the surfa-
ce. In.this process, at least one C-H bond breaking takes place, follo-
wed by the formation.of a carbon-metal bondlofAthe dissociated molecule.
qualitatiie calculations [16,17], photoemission studies of energy level
shifts [18], and work function changes [19,20] all suggest that this
adsorption is accompanied by. a charge transfer from the hydrocarbon to
the platinum, learing the former with a caroonium ion character. Potas-—
sium on the surface, acting as an electron donnor, will then inhibit this
charge transfer, making the process less favorable; This effect should
be more accentueted as the hydrocarbon dehydrogenates further, because
the remaining hydrocarbon fraction is less able to_interact with the
extra negative charge provided by the potassium. This may be the reasoo
why, while n—he#ane adsorption at low pressures is severely inhibited '

with potassium, there is not much change in the dehydrogenation reaction
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rates, where high hydrogen pressures keep the species adsorbed on the
surface hydrogenated to a greater extent. Only when dealiné with the
isomerization, cyclization, and hydrogenolysis reactions, that requires
more dehydrogenated intermediates, the poisoning effect of potassium

is appreciable.

A further piece of information that supports the preceeding con-
clusion is the steep rise in the activation energy for hydrogen 8

elimination of the carbonaceous deposits shown in figure 10. As in

"

the adsorption experiments; potassium'makes breaking the C-H bonds of

the adsorbed species more difficult.

Thé'morphology of the carboﬁaceous deposits formed during the reac-
tioné alsq changes with potassium on the éurface. Although there is a
slight inc;ease in the carbon coverage up to 6 g ~ 0.04, as shown in
figure 6, thié is accompanied by an increase, and not a decrease, in the
fraction of uncovérea platinum surface (fig. 8). This can be explained
as follows: less multiple site adsorption yi;lds less hydrogenol&sis and
C-C bond Breaking activity, leaving more adsorbed species on the surface,’
as shown by a.higher amount of carbon.in fig. 6. Howevef, these cérbona-
ceous deposits do not block much of the plétinum surface, because there
are fewer carbon-metal bondé involved (less multiple adsorpfion); the
molecules are “"sticking out"” instead of "lying down" on the surface,
giving more 3-dimensional character to the deposits [11]. This also
impiies a higher hydrogen to carbon ratio of the adsorbed species, as

observed.
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-Thé efféct of adsorbed alkaii metals and the electronic changés
they induce on platinum surfaces:hav? beéﬁ studied by other researchers.
Foger and Anderson [21] stu&ied thé effect of different additives on
the Pt/Y-zeolite catalyst for neopentane conversion. The electron defi-
ciency of the platinum particles, measured by'ESCA, was founded to follow
the sequence La—Y>Ca—Y>Na—y zeolite. At the same time, the total gctivity
for the neopeﬁtane conversion decreased in the same dpder. Since neopen-
tane does not have secondary or teftiary 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 I6] reports an activity enhancement of a factor
of three for benzene formation from n-hexane when few épm of sodium were
added to a carﬁon supported platinum catalyst. One possible expianation
for the difference with our ﬁork is'that, while sodium forms alloys with
platinum, potassium remains as a Separate phase (preferen;ially on the
surface), and desorbs above ~ 1000K [22]. Consequently, different
electronic interactions between the alkali metals and platinum are to be

expected, which change the catalytic behaviour of the two systems.

Some of our results remain unexplained. The temperature dependence

-of the reaction rates in the range of 600-675K showed a decrease in

activity as compared with that éxpected‘from the Ahrrenius expression.
This can be attributed to an increase in coke formation at higher tempe-
ratures, that poisons the platinum activity. However, it is not.clear

at this point why potassium will accelerate this effect, as 6bserved
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experimentally. Also we cannot readily explain_why the olefin accumu-
lation curves showed a maximum at higﬁ potéssium covefages. The fact
that the total amount of olefin prodeced decreases witﬁ time means that

they are reacting to form other products, but it is not clear why potas-

sium favors these side reactions.
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' Figure captions.

Fig 1. Product accumulation curves as a function of time for n-hexane
reactions over Pt (111) surfaces, dosed with different amounts of pota-
ssium: a) Hydrogeno}ysis,.b) Isomerization, c) Methylcyclopentarne for-—

mation (cyclization) , d) Aromatization.

e

Fig 2. Initial reaction rates for hydfogenolysis, isomerization, cycli-
zation, and aromatization of n-hexane over Pt (111) surfaces as, a func-

tion of potassium coverages.

Fig 3. Selectivity of accumulated products after two hours of n-hexane

reaction over Pt (1l11) as a function of potassium coverages.

Fig 4. Stability to self-poisoning, expressed as the ratio of reaction
rates after two hours over initial rates, for hydrogenolysis, isomeriza-
tion, cyclization and aromatization of n-hexane over Pt (111) surfaces

as a function of potassium coverages.

Fig 5. Product accumulation curves as a function of reaction time for
n-hexane dehydrogenation over Pt (111) surfaces covered with different

amounts of potassium.
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Fig 6. Carbon to piatinum AES signal ratio after n-hexane reaction

over Pt (111) surfaces as a function of potassium coverages.

Fig 7. CO thermal desorptibn spectra follbwiné co saturétidn of the .
Pt (111) surface.aftervfﬁo hours of A;ﬁeiéﬁe reaction for different
potassium coverages. The adsorption temperature was 300K-310K, the
heating rate 80 K/sec{iw

Fig 8. Fractional concéntrations of uncovered platinum surface sites
after n-hexéne reaétiéns determined by CO titration, as a fuhcfion of
potassium cbverage (relative»to the same fractional concentration after
reaction for the clean platihum case).

Fig 9. Hydrogen thermal desorption spectra of the carbonaceous deposits
after n-hexane reactions over Pt (111) surfaces with different potassium
coverages. Heating rate = 80 K/sec.

Fig 10. Activation energy of the hydrogen B8 - elimination from the
carbonaceous deposits after n-hexane reactions over Pt (111) surfaces as

a function of potassium coverages.
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Table I 7

Activation energies for n—hexane reactions over clean and potassium

dossed Pt (111) surfaces in the 550K - 625K temperature range.

-
Reaction Activation energy E; (Kcal/mole)
Hydrogenolysis ) B o 29 £ 3
Isomerization : 565 + 253

1+
w

Cyclizatiqn 33
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Table IT
Effect of oxygen on clean and potassium precovered Pt.(111) surfaces

for n-hexane conversion (T=573K, Pyc = 20 torr, Py = 600 torr).
. . 2 -

Initial ratesP

Surféce : é e 0/Pt AES2 Hydrogenolysis Isomerization Cyclization
Clean Pt 0o 0 , : 14‘ - 17 19
K/Pt 10.02 ~0 . 3 s 6
K/Pt 0.03  ~0 4 5 6
K, 0/Pt® 0.02 . 0.08 , 11 5 -8
K/ptod - 0.03 0.28 12 : 6 6

a Ratio of the 515 eV and 237 e& Auger tran;itionvsignals of oxygen and
platinum respectively. . |

b rates in n-hexane molec/Pt atom.sec (le3) ( £ 20%).

¢ Saturated with oxygen at room temperature after potassium deposition.'

d Potassium deposited after preoxidizing the platinum surface at

about 1000K.
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H, Partial Pressure (arb. units)

- 35 -

l | 1 L

Hz Thermal Desorption After

-2 Hours n-Hexane Reaction

S opt” 573K |
Puc® 20 Torr, PH2= 600 Torr -

. ,QK
(Clean)

0.017
0.023

—0.033
. 0.056

0.1

0.3l
045

400 - 600 800
' Temperature (K) |
XBL 823-5303A

Fig. 9




Eq (Kcal/mole)

26

ISt Peak A
H, Thermal Desorption A_fte‘r* ~
2 Hours n-Hexane Reaction

- Pt(il) S5S73K _ —]
Phc: 20 Torr, PH2= 600 Torr
| | |
0] 0.20 0.40
6k

XBL 823-5304 A



o

This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.




TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA

BERKELEY, CALIFORNIA 94720

.
i





