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The absolute rate of the methane oxidation reaction ol1B} was investigated over the temperature
range 406-900 K using molecular beams under ultrahigh vacuum (UHV) conditions. It was found that the
surface reaction is biphasic, with GBeing the major product at550 K and CO the major product at600

K. Under our reaction conditions, the reaction products®D, and CQwere detected. The production

was below the limit of detectability. The product selectivity to CO and, €&h be controlled by varying the

beam composition as well as the surface temperature. A mean field coupled differential equation model of
the process provides a reasonable description of all the experimental observations, although it does not include
a proper description of prompt CO desorption at high surface temperatures.

Introduction proceeds by conversion to the full oxidation productsQtnd

In recent years, there has been increased interest in thecoz’ followed by steam reforming, WGS, and e@forming

conversion of methane to synthesis gas (syngas, a mixture Ofreactécgns to the partial oxidation products, CO ar.}dEH:hmldt
CO and H, ideally in a 1:2 ratio). Many industrial processes et al> opserved an alm_ogt cor(‘)nplet_e conversion of Gl
use syngas as a feedstock; for examples, the Haber process (NHsynga§ with a CO selecnwty_gO/o using Pt ano_| Rh-coa_ted
production)t methanol synthesi,and the FischerTropsch monoliths- at shgrt contact times (10s) and high spatial
proces? (reaction to higher hydrocarbons). velocities (16 h™Y). They proposed a second mechanism, a

Synthesis gas is usually produced by steam reforming: gz[)(:gaijeﬁ@cggig’izig d";’:g‘ acr:mg ggd 2Horm first and are

CH,+H,0—~CO+3H, AH, =206.1kJ mot® 1) To glucidate the overall reaction mechanism of.the pgrtial
oxidation of methane, we conducted a systematic series of

To drive this endothermic process, the reactor is heated eithertsr:uf[j'eS on I'{tllQ} (1hX 2)Tphr|o:j_to th? tpresetntkmvestlgstlg_rll_t
externally or internally. In the latter case, heating is achieved at we summarize here. The dissociative sticking probabriity

: : i f O, on P{110} (1 x 2) is ~0.4" at a surface and thermal
by adding Q to the feed to provide the energy via highly 0 L -
exothermic combustion reactions. A typical industrial steam t)heamtr'][etmfpergture r?f ﬁOO K, Iwhllcg_:sssmtutc# larger ;:robabmty
reformer operates at 1120170 K and 15-30 atm over a Ni/ an that for Chi, which is only at the same temper-

Al,O3 catalyst. The CO/blis further adjusted by the water gas ature. .Thus, the ra'ge-determining step is believed to be the
shift (WGS) reaction: dissociative adsorption of methane.

On P{113 (1 x 2)2 we observed that as the incident
CO+ H,0< CO, +H, AH, = —43.2kJ morlt @) '.[ranslational e_nejr.gyEt., of th incident methang_ beam was
increased, the initial dissociative sticking probabiliy;, passes
through a minimum at-100 meV. AtE; > 100 meV, an acti-
based catalyst or at-670 K using an iron oxide/chromia vate_d adsorption process becomes dominant, with an activation
catalyst. Hence, the conversion of methane to syngas is bothba”,Ier Of’fl,g’,o meV. At tra}nslgtlonal energies230 meV,s
expensive and complicated. attains a limiting value, which is strongly enhanced by the ex-
An alternative reaction is the direct catalytic partial oxidation Citation O_f the C-H stretch modes. We also observed that an
of methane to syngas: increase in surfgce temperature enharsgebwo oth.er reaction
steps were studied: the interaction of methane with preadsorbed
1 1 oxygen adatoms, £ and the oxidation of adsorbed carb®n.
50, CO+2H,  AH,=-357kImol" (3) On all surfaces studied to date {NIDC}, 11 Ni{ 111},1213pt-
{115, and P{110; (1 x 2).° the initial (zero coverage)
This exothermic reaction could not only produce syngas with dissociative sticking probability of methaneg,, falls with
the ideal ratio for CHOH production (if a good catalyst can be increasing oxygen coverage. We also observed that CO gas was
found for this process, rather than the steam reforming processevolved during exposure of the O-precovered surface to the
using CQ) or the FischerTropsch process, but it could also incident CH beam. As the surface temperature is raised360
lead to the use of smaller and simpler reactors. However, this K in the carbon oxidation reaction, there is a switch in selectivity
direct oxidation process is not without its technical difficulties from CO, to CO productiort? the proportion of CQdecreases
because the reactions to form the secondary oxidation productsfrom 95% atTs = 450 K to <1% atTs = 750 K. Using angle-
H,O and CQ, are extremely fast. resolved product distribution measurements, we also observed
Two main proposed reaction mechanisms have been reportedhat CO desorbs in a sharp lobe, with an excess translational
in the literature. Prettre et &lpostulated that the reaction energy estimated at 135 5 kJ mol™.

Typical WGS reactors operate either-a470 K using a Cu-

CH, +
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Experimental Section S Y E S R
] T, =900 K
9 Mixed CH,/ O,/ He beam switched on Beam switched off |
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The experiments were carried out in an ultrahigh vacuum
(UHV) chambet® equipped with a differentially pumped rotating
quadrupole mass spectrometer (QMS), and a stagnation tube
and spinning rotor gauge, to measure the beam flux in the :
molecular beam scattering plane. In an upper level, thereisa3 & E
second QMS, an Ar sputter gun, and low-energy electron :
diffraction (LEED) optics.

The sample was a clean single crystaf 1Ri0} surface
orientated to within 1 of the plane and mechanically polished. 3 E
Initially the surface was cleaned using sputter-anneal cycles and . jWJ L
oxygen treatments. Afterward, the surface was cleaned by —  Jy/oroormmromrmomsssss ot i tooa oo o
annealing until a temperature of 1240 K was reached, treating
with oxygen while cooling from 1100 to 950 K, and annealing

QMS signal (a.

T T

again at 950 K. This procedure yields a cleaf1R0} (1 x 2) 0 50 100 150 200
surface that exhibits excellent LEED patterns and reproducible fme e
temperature-programmed desorption (TPD) spectra fdf Gl Figure 1. The variation of the rates of production of CO and £O

0,.717 The sample temperature was monitored using a K-type with time at a surface temperature of 900 K. The methane-to-oxygen
thermocouple and controlled by a Eurotherm 904P program- ratio is 2:1 (effectivepcy, = 2 x 10°° mbar). To aid viewing, the CO
mable temperature controller and CQ traces have been vertically displaced. The dotted lines represent

the baseline pressures: we note that these are based on more extended
The (.:H‘ and Q used were> 99'999.5% and 99.995% pure, ranges of background levels, both before and after beaming, than those
respectively, as quoted by the suppliers (Messer UK Ltd.). TO ghown here.

increase the translational energy of the £&b4 mixed beam
without increasing the internal energy, it was seeded in He. TheSO for oxygen decreases under the same experimental condi-

translational and internal energy of the £6; mixed beam tions’ Thus, at a translational energy of 500 meV and nozzle

was also increased by increasing the nozzle temperature. Thqemperature of 800 K, the methane initial sticking probability
highest nozzle temperature used was 850 K; we have evidences 5 01 whereas the oxygendecreases to 0.23. Under these

for methane cracking above 900 K. The translational energy reaction conditions, if the Clpartial pressure at the sample is

was”dre]termlngd usmg tlme-of-fhght tecr(;nlqyes.h fixed S 107° mbar and if all the g produced from the dissociative

A. the reactr;on dpro ucﬁs were etectghusmlgt € flxe_ Q:VI * adsorption of methane reacts to form CO and,G0s expected
To increase the data collection rate without 10ss of signal-to- o e total partial pressure rise for the products would bé'10
noise, sequential experiments were performed; in the first mbar, which can be easily detected

;axlloerin:jent, donly r:he react(ijon p(;odugts CO and zg@re h The efficiency of formation of each of the reaction products
ollowed, and in the s(.jecog , under t s Sc’jar'P}'? con d't'gns' the g quoted in terms of a reaction probability(= product flux/
reaction products pland HO were recorded. Thedand CH oy qy4) which gives the probability that a GHmolecule
beam fluxes were calibrated using a stagnation tube and SpINNING . ident on the surface reacts to form that product. The

rotor gauge to quantify the partial pressure rise measured by lectivity of th fi ts is al ted f
the QMS. The absolute rate of CO and ptoduced was also ie;(%I(\g)}/[&cot)ej[es(cgggl?roduc s Is also quoted for G|

calibrated in a similar way using CO and beams. To calibrate
the CQ produced, CO was titrated with a known amount gf O T
on the surface and the amount of §@oduced was measured.
All coverages are quoted as fractional monolayers relative to
the number density in the £t1G (1 x 1) surface, 9.2« 10
Pt atoms cm?.

After the reaction, the sample was oxygen treated at 650 K
and then heated to 1200 K 8 K s™1 to remove any residual
Ca present on the surface.

Variation of the Steady-State Products with Surface
emperature and Beam Composition.As the CH/O./He
beam impinges on the clean surface maintained at 900 K (Figure
1), the rate of CO production rises rapidly, followed by a slower
rise to a maximum before decreasing to a steady-state value.
Thus, the steady-state CO production level is reached-aftér
s, whereas the instantaneous levetE% higher. Although the
noise level on the signal is quite higtt2.5%), the initial higher
increase was reproducibly observed. There is a much slower
rise in the CQ production rate. Because the g@roduction
rate at a crystal temperature of 900 K is very low, the signal-

Previous studies of CHpartial oxidatio-¢18 have demon- to-noise ratio at steady state is sma#2). Nevertheless, an
strated that a number of reaction parameters are important,abrupt fall in CQ pressure is observed when the beam is
including the methane-to-oxygen feed ratio and the surface terminated (at 193 s in Figure 1), but no abrupt rise is observed
temperature. In the present study, to gain an overall view of when the beam is allowed to impinge on the crystal (at 10 s in
the reaction profile, measurements were made of the variationFigure 1). Quite clearly, the rate of G@rmation rises much
of the reaction products with surface temperature and beammore slowly than that for CO.
composition. These reactions were then modeled to gain further Isothermal data such as that shown in Figure 1 were obtained
insights into the reaction mechanism. at surface temperatures ranging from 900 down to 400 K. (A

At a surface temperaturg,, of 400 K and a beam energy of  further example of the data obtained will be presented in Figure
95 meV, the initial (zero coverage) dissociative sticking 6b.) Steady-state rates of CO and g®oduction were always
probability, s, of O, is 0.347 which is 5 orders of magnitude  achieved within 50 s of allowing the beam to impinge on the
larger than that for Ci(so = 3.4 x 1078 under the same  crystal. Two factors change as the substrate temperature is
reaction conditions. However, we note that the valug,dbr lowered. First, the rise in CO production belews00 K is no
methane increases sharply with increasing surface temperaturelonger instantaneous, and much less CO is produced. Second,
incident translational energy, and vibrational enetgyhereas the CQ production rate at steady state is significantly increased

Results and Discussion
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400.0 500.0 600.0 700.0 800.0 900.0 Figure 4. Selectivity to CO formation from a CH+ O, beam at
Surface Temperature (K) normal incidence on clean{AtlG} (1 x 2) at various beam compositions

. . . . at a surface temperature of 700 K.
Figure 2. Reaction probability for CO, CQand HO formation from P

a CH, + O; beam at normal incidence on clea{ Pt} (1 x 2) at
various surface temperatures. The methane-to-oxygen ratio is 2:1 (the,

10 1 i i
stoichiometric ratio for CO production). 0,.1% Hence, we conclude that the same reaction is dominant.

It was demonstrated that CO formed in the surface reaction at
high temperatures desorbs with excess energy of #3bkJ
1ot e b b b s o mol™%; a detailed discussion of the mechanism is given
elsewherd? There is a sharp rise in CO selectivity-a700 K.
At low coverages, @desorbs at-700 K, and this loss of surface
087 oxygen adatoms is associated with the fall in ggPoduction
3 at these temperatures. We note that at a surface temperature of
400 K, the selectivity to CO (0.05) is higher than that observed
E for the oxidation of preadsorbed G(CO) = 0.02]14 Very
3 3 recently, Watson et &-have shown that at temperatures below
043 : ~500 K, the stable product of methane dissociation is methyne
E 3 (CH). The reaction with @ at these temperatures proceeds
02 3 through a new pathway involving CH, and not adsorbed C. The
rate of the reaction of Qwith C at 400 K is negligible compared
o e with this new reaction with CH°
Ta0 | s00 600 700 800 900 Figure 4 shows the selectivity to CO for various beam
surface temperature (K) compositions at a surface temperature of 700 K. As the-CH
) o ) to-O, ratio changes from 1:2 to 10:1, the CO selectivity increases
Flgurelg. .igffé"g;yctlgag%l‘;‘g?f‘t'og)f;?'\‘;aﬁoﬁgzu%cge{zn% aér somewhat from~79% at a ratio of 1:5 to 88% at a ratio of
normal Inci X - . .. ..
atures. The methane-to-oxygen ratio is 2:1 (the stoichiometricpratio). 10:1. These _o_bser\_/atl_on_s are also reminiscent of the variation
of CO selectivity with incident @beam flux measured for C
oxidation?®
and, as a function of time after switching on the reactants, it Temporal Evolution of the Products. The formation rate
shows a pronounced maximum before decaying to the steady-of cO was always observed to rise very rapidly, before the CO
state rate of C@ production. Figure 2 displays for the production rate (Figure 1), and we conclude from the temporal
formation of the products CO, GOand H at steady state for  eyolution of CO and Cethat the reaction mechanism is similar
a methane-to-oxygen ratio of 2:1 (the stoichiometric ratio for {5 that observed for Coxidationl® At surface temperatures
the partial reaction to CO) at various surface temperatdies,  pelow ~650 K, the rate of C@formation also passes through
Under the reaction conditions used, no water formation was 5 maximum, whereas at higher temperatures, thefG@nation
detected at any surface temperature (or beam composition)ate rises slowly. Oxygen slows down the dissociative adsorption
measured, which is surprising because thg@@Hormation  of methaneas the reaction progresses, the methane dissociative
reaction from H and O adatoms is fast at room temperature andsticking probability, and hence the rate of, @rmation,
above:® However, after the work described in the present paper gecreases to a steady-state value. Thus, the rates of CO and
Watson, van Dijk, and Kinff were able to study the reaction o, formation are observed to pass through maxima. At higher
at incident methane fluxes-10 times higher than those  gyrface temperatures, the net dissociative sticking probability
described in the present work. In this way,(Hproductionvas is lower and @ desorption occurs, producing a lower, O
observed, with the selectivity being dependent on both the coverage. The dissociative sticking probability of methane
surface temperafure and the £6 ratio in the beam. We  therefore remains higher and the maximum in the rate of CO
therefore conclude that the inability to deteciOHproduction and CQ production is less pronounced (Figure 1).
in the present work arose from the relative insensitivity t®H

T

0.6

CO selectivity
1

RAARE AR

detection. :
L Mathematical Model
As the surface temperature is raised from 400 to 900 K, the
selectivity switches from C&to CO (Figure 3). At 400 K, the To obtain further insights into the experimental observations

CO selectivity is 4%, but at 900 K it is 95%. This behavior is and to test the hypothesis that the dominant mechanism to form
similar to that observed for the reaction of pre-adsorbed C and CO and CQ s C; oxidation, the reaction was modeled using a
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mean-field approximation based on the following elementary TABLE 1. Reaction Parameters Used in the Model

processes: rate
) reaction (s Ea (kJ mol?) v(sh ref
CH, = C,+ 4H, (1) CHsimpingement rate k; 4.155x 106 ML mbar s calc.
9 Ozimpingement rate  k; 2.938x 10°P ML mbar st calc.
k, Ca+ 0,— CO, ks O 24 10
0,4, 20, 2) CO,+0,—CO;(g) ks 58.6 2x 10° 25,26
. CO,— CO (g) ks 158.8 2x 10% 16,26
2Ha+ 03— HO(g) ke 54.4 1x 1013 23,24
C,+0,—CO, ) 2Ha— Hs () k, E(6=0)=548 3x 101 26
« o =10.5kJ mott mL~t
.
Coa+oa—)C02,g (4) o b e b L g .
e N o o S !
CO,— CQ, (5) 3 E
0.8 3
ks E
2H,+ O,— H,0, (6) ] g
£ 0.6 E
! I - :
2H,—Hy, @) 2 § g
o 0.4—: E
where the subscripts a and g denote an adsorbed surface and a ] Key , £
gaseous species, respectively. Equations 1 and 2 represent the __1 : o SxpermenaDa| |
dissociative adsorption of methane and oxygen. The dissociative ] :
adsorption of methane to form carbon and hydrogen adatoms 2 t
is treated as a direct activated procéShe presence of the 0.0 p==r T AR T T

reaction products on the surface are only considered famid
CO because COand HO have a very short lifetime in this
temperature range. We note that this simple Langfuir

600 700

surface temperature (K)

Figure 5. Selectivity to CO formation from the model simulations
for the reaction of Chl+ O, in a 2:1 ratio (effectivgpcn, = 2 x 1078

800 900

Hinshelwood formulation, in which all sgrface species and mbar) at various surface temperatures. The experimental observations
gaseous products are assumed to be equilibrated to the surfacare also shown for comparison.

temperature, does not describe the reaction to form hot CO via

a [C-0—0J* intermediate? However, hot CO is only formed

dissociative sticking probabilitysch, with oxygen adatom

at the highest surface temperatures used. At intermediate tem-coverage has been measured under the same experimental
peratures, equilibrated CO is formed, and this is appropriately conditions? The sticking probability also varies with carbon

described by the LangmuiHinselwood formulation. Similar

coveragé, but this variation is ignored because the carbon

considerations and reservations apply to our mean-field model-coverage is expected to remain very low. The rate congtant

ing of the reaction of @with preadsorbed carbdANevertheless
the formalism provides a relatively simple way forward.
All reactions take place on the (& 2) phase because the

used is taken from ref 10.
Equation B describes the variation in oxygen coverage due
to adsorptionk;) and the reactions to form CQgj, CO; (ka),

adsorption of oxygen has been shown not to induce the lifting and waterKs). We note that the sticking probabilis, is a net

of the (1x 2) surface reconstruction to the {11) phas¢the

sticking probability. The same rate constakisandks, are used

CO coverage on the surface under the conditions described isas in earlier modeling of NG H,,2223CO + 0,,24 and NO+

always extremely smalk0.01 mL, and is therefore too low to
induce the lifting of the (1x 2) reconstructiod® Even at

CO25 Similarly, eq C describes the variation of CO coverage
due to formation K3) and removal by either reaction to GO

temperatures below the desorption temperature of CO, a low (k4) or desorptionKs). During the experimentjco is expected
coverage is maintained because of the reaction with adsorbedo remain extremely low and the desorption energy was therefore

oxygen to form CQ.

A set of four coupled differential equations is used to describe

the variations in the adsorbate coveragks Qo, 6co, andfy)

assumed to remain constant.
The variation offy is described by eq D. The processes
involved are methane dissociation adsorptiky), (reaction to

on the surface. All coverages are quoted relative to the Pt atomH,0O (ks), and desorptionkf). The data were fitted with a

density in the ideal (Ix 1) surface. Sticking probabilities for
each gas are denoted bys

doe

—t = KiSen,Pon, — Keblcbo (A)
db,
gt~ KeSo,Po, ~ Keficho — Kifleolo — keObo  (B)
T = 39000 - k400000 - kSQCO (C)
do,, 2
e = 4klscH4pCH4 — K010 — ki(O) (D)

Variations inf. are described in eq A, which contains adsorption
(k1) and reaction to form CQ(ks). The variation of the

desorption energy of the foriy = Eq (0 = 0 mL) — a6, where
o is an interaction energy between neighboring H adatoms.

The differential equations were integrated numerically using
the fourth-order Runge Kutta formdfawith time steps between
5 x 1077 and 1x 10* s. The parameters used are listed in
Table 1.

Variation of the Product Distribution with Surface Tem-
perature. Without further fitting or alteration of any of the
literature parameters, the model was found to have a very high
selectivity to BO, which increased from 69% at 400 K to 77%
at 900 K. Under our present low GHncident beam flux
conditions, we were unable to detect thgdHormed, and this
prediction could not be confirmed. Excellent agreement with
the observed experimental CO selectivities is, however, ob-
tained for surface temperatures between 400 and 900 K (Figure
5).
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a) 8Ox10® ol bt b b the competition between CO desorption and reaction te &0
3 3 a function of surface temperature and surface oxygen coverage.
604 Co, 3 The proposed mechanism is a direct oxidation process and
L 3 has some similarities to the mechanism proposed by Schmidt
g 401 3 and co-worker&: It can be broken down into a series of steps.
g Steps 1 and 2 describe methane and oxygen dissociative
T 50 3 adsorption.
E co 3 K
0 P —
0 20 40 60 80 100 CH4'9 Cat 4H, @
time (s) ks
0,,— 20, (2)

At surface temperatures abowe&50 K, methyl, formed from

the dissociative adsorption of methane, rapidly dehydrogenates
to G, and H.282° Thus, all reactions occur on the surface
between carbon, oxygen, and hydrogen adatoms.

The experimental observations indicate that the oxygen
adatom coverage is important. A% increases, there is a
decrease in the dissociative sticking probability of methéane
and hence in the rate of C production.

The CO formation rate rises almost instantaneously as the

time (s) mixed CH, + O, beam impinges on the surface, followed by a
Figure 6. The variation of simulated rates of production of CO and = slower rise. After a measurable delay, the rate of @®@duction
CO; with tti.m‘? ng(ﬂ#fa‘t:.e temperzat“r‘fo?g 5?)0 ;< (Tr)‘e m;t?a(rtl)c)e-to- increases. Thus, the dominant reaction mechanism for the
oxygen ratio IS Z:1 (errectivi =£ZX mbpar): (a) model; : . P
ex)r/)grimental results. The dg?ttd lines indicate the baseline pressuresprqduqlon of CO and Cpis S|mll§1r to that observgd for £

oxidation!® we conclude that a significant proportion of CO

desorbs from the surface translationally and vibrationally hot
at high surface temperatures.

As the surface temperature is increased, the selectivity to CO
and the reaction probabilit, (CO), increases. The increase in

QMS signal (a.u.)

Temporal Evolution of the Reaction Products.Using the
model, we have computed the temporal evolution of the
products. In qualitative agreement with experiment, as soon as

the mixed CH/O/He beam impinges upon the surfate<0 & reflects an increase in the dissociative sticking probability of

s), there is an increase in the rate of production of CO that rises methane with surface temperatufe. whereas the concomitant
to a maximum before decreasing to a steady-state value (Figure P S

6). However, the increase in production rate is not as fast asg;ﬁ;easfo\'/rgr;c%i;ﬁ iii?ggfil;edavr\:ghthae ﬂﬁ:(;z\i?r? m;te::_y-
that observed experimentally. This initial increase is followed ~. 9 G g prop
by a slower rise in the COproduction rate. At surface sity for prompt (hot) CO to form. At a surface temperature of

temperatures<650 K, the computed C{production rate goes 90(.) b methang-to-oxygen ratio of_2_.1 (_the sgmchlometnc
through a maximum. The model does predict maxima at longer ratio for CO production), the CO selectivity is 95%.

times than is experimentally observed, particularly for.CO summary

production. However, the experimentally observed trends are

5o i ith . In using a molecular beam gas source for a mechanistic study
reproduced. A S0 in agreement with experiment, at temperatures;¢ catalytic reactions, where a high pumping speed is maintained
<650 K, there is a slow build up of the G@roduction rate.

I surt d.th q in the reaction chamber, the reaction is uniquely examined under
At all surface temperatures measured, the computed C coveragey,q ¢ondition of single collisions of each reacting molecule with

passes through a maximum-185 s before sharply dropping the surface and effectivelyo collisions of product molecules
toa steady-state value as the oxygen adatom coverage INCreaseg;ith the surface. In the present work we have demonstrated,
as previously noted, oxygen poisons the surface to the dissociasy, the first time, that under these conditions, the continuous

tive adsorption of methané. The maximum in the carbon reaction between CHand G to the products CO, Cand H
coverage approximately coincides with the maximum in the CO can be studied. The results clearly show no support for the

production rate. Hence, during the first part of the reaction, the o5ction mechanism suggested many years ago by Prettré et al.,

CO formation rate is controlled by the amount of carbon present invoking complete oxidation to gaseous £&nd HO in the

on the surface. The carbon coverage at the temporal peakfist step and subsequent formation of CO anghyl reactive

decreases with increasing, which in turn corresponds 10 &  .jjisions of the initial gaseous products with the surface.

less pronounced CO production rate peak. ) Similarly, our results show the biphasic nature of the surface
Under the conditions of the reaction, the modeling shows that o5 ction, without invoking gaseous CO production in a first step,

the coverage in oxygen adatoms varies over the rangeL2 ¢, qed by CQ formation when CO is readsorbed. Instead,

ML in the temperature range 56@50 K. Over the. Same  \ye have shown that the product selectivity to gaseous CO or
temperature range, the carbon adatom coverage varies betwee@o2 is entirely determined by surface processes, and is very
0.007 and 0.0045 ML. strongly dependent on surface temperature, and to a lesser extent
on the CH:O;, ratio.

The results are largely consistent with our earlier stldy

Product selectivity in the methane oxidation reaction over the interaction of gaseous,@ith preadsorbed carbon, formed
P{11G (1 x 2) is controlled by the parameters of surface by the decomposition of methane at surface temperates€9
temperature and surface oxygen coverage. The experimentaK. At the highest surface temperaturest60 K), gaseous CO
observations can be explained within a model that considersis formed via a prompt process assigned to the explosive

Reaction Mechanism
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