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Dynamics of ammonia decomposition on Ru  (0001)
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Using supersonic molecular beam techniques we have investigated the dissociative adsorption of
NH; on a R§000Y) surface. At high incident energies, the dissociation increases substantially due
to a direct breaking of the N—H bond on impact with the surface. For low incident translational
energies, the dissociation depends on surface tempeigtimen unusual manner, peaking sharply
around 400 K. Increasing the surface defect density by low-fluence gauttering strongly
enhances the dissociation probability while preserving the ovEgadependence. We interpret the

low incident energy behavior as due to a mechanism in which a molecular precursor must undergo
diffusion to defects before dissociating. At the lowest surface temperatures, dissociation is limited
by the diffusion of the reaction products away from the defects in order to reactivate them. A kinetic
model based on this mechanism is developed which is in good agreement with all experimental
observations. ©2000 American Institute of Physids$S0021-9606)0)70340-0

I. INTRODUCTION quired for the activated dissociation of,Nh the catalysis
raises the energy requirement, and thus the cost, of the cata-

The synthesis of ammonia from,Nind H is one of the ytic process. In part, the advantage of Ru as a catalyst is that
most important industrial catalytic processes. To date, thg poisoning of the catalyst is less severe due to a lower
principal catalyst for this reaction has been based on reducegdmperature for B associative desorption. Ru can therefore
iron in the so called Haber—Bosch synthesis ofNHh re-  pe effectively utilized at higher Nitreactor pressures and/or
cent years, ruthenium has also been investigated as an epgfyer reactor temperatures than Fe. It has recently been
catalyst for NH synthesis. The motivation for this is that = shown that the low temperature for nitrogen associative de-
ruthenium has a higher activity than reduced iron, although i%orption from R@000Y) is also critically dependent on avail-
is also considerably more expensive. This recognition has legp|e step site$® This underscores again the importance of
to an enormous effort in the surface science community ovegrface poisoning of steps and defects in the catalysis by
the past several years to understand all chemistry on ruthgfissociation of the products as well as reactants in the cataly-
nium relevant to ammonia synthesis. In most surface sciencgs. Thys, knowledge of the dissociative adsorption of;NH
studies, the single crystal R200]) surface has been used as on Ry is required for a full understanding of Ru as an am-
the model catalyst. monia synthesis catalyst.

It is generally accepted that for NHsynthesis, the rate The adsorption of ammonia on W01 has been the
limiting step in the process is the dissociative adsorption oppject of several previous studies. Early thermal adsorption
N,. For RuU000Y), it has recently been shown that the barrier st dies using AE$Auger electron spectroscopgind LEED
for N, dissociation on the single crystal terraces is very highjow-energy electron diffractionshowed that at low surface
(=2 eV) and increases with the coverage of adsorbed Nemperatures~100 K) ammonia adsorbs molecularly with
atoms>® Recent experimental and theoretical witkhas  high probability on the R@001) surface’ Annealing the
also revealed that this barrier is substantially lowered at stepsuyrface to desorb the NHproduced no dissociatiorf
so that the reactivity of any real R0 sample surface, Temperature-programmed desorptiqiPD) experiments
and certainly a catalyst surface, for dissociatingidNdomi-  were used to determine the desorption energy of the thus
nated by the number of available step/defect sites on th@dsorbed molecul@snd the desorption energy at zero cov-
surface. Thus it is crucial to the catalysis that the steps ograge was found to bE4.—=0.93 eV. At higher coverages
other active sites are not occupied by adsorbed species. Sing@lditional desorption peaks at 180 K, 140 K, and 115 K were
catalysis is done in a partially closed system, decompositiofound, the first attributed to saturating(2x2) adlayer, and
of the product NH, as well as the bland N, is importantin  the latter two corresponding to bi- and multilayer adsorption.
determining surface coverages. For example, in the Haber— On Ru0001) surfaces above room temperature the ad-
Bosch synthesis using reduced iron catalysts, the minimurgorption was found to occur dissociatively and with a low
temperature of the catalytic reactor is usually determined byyrobability (<10 3)"®° which depended significantly on
the need to limit the surface N coverage which is determine@urface temperatur€,. The dependence of the dissociation
by NH; dissociatiorf. Using a higher temperature than re- rate onTy in the various studies was, however, inconsistent.
Danielsonet al.” and Egawaet al!! showed a rather sharp

dAuthor to whom correspondence should be addressed. Fed® peaking in the dissociation rates-bst:450_559 _Ka depend-
66158760; electronic mail: henrikm@Tfysik.sdu.dk ing slightly upon exposure or pressure conditions at steady
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state, but falling an order of magnitude at both low and highfor the dissociative adsorption: a direct activated process and
surface temperatures. Danielsenal.’ focused upon the in- a molecular precursor mechanism. We find that the
crease in dissociation witfig in the region 300—-400 K and precursor-mediated dissociation depends strongly upon the
discussed the dissociation in terms of an activated processumber of surface defects. A kinetic model which includes
This does not, however, explain in any way the decrease idiffusion to and poisoning of the defect sites by dissociation
dissociation at higheiT,. On the other hand, Tsai and products reproduces the observed behavior of the precursor
Weinberd® found that the steady state decomposition rate othannel well, i.e., the unusu@l dependence as well as the
ammonia increased monotonically with from 530 to 1250 dependence on the number of defects.

K, albeit with different apparent activation energies below

and above~750 K. This observation of an increase in NH 1l. EXPERIMENT

dissociation withTg in this temperature region is in direct The experiments were carried out in a stainless steel ul-

conflict with the previous observations. The activation eN+rahigh vacuum (UHV) system previously described in
ergy for Ts<750 K was suggested to be related to that forgesi|12 The system has two identical triply differentially
the associative desorption of nitrogen atoms from the SUrhumped supersonic molecular beam nozzles attached to the
face. The lower activation energy at the higligwas attrib-  main UHV chamber which is equipped with standard tools
uted to the activated breaking of a N—H bond in a moleculaoy syrface and gas analysis. The base pressure of this cham-
precursor state. There is, thus, considerable inconsistency iy is <1x1071° Torr. The nozzles had 7&m diameter
both the experimental results and mechanistic interpretationgyifices. Due to the geometry of skimmers and apertures in
for the dissociation of Nk on RU000D. It is, however, he peam path, one beam had a diameter-8fmm at the
generally agreed that dissociation at low coverage does insample while the other covered the entire sample surface.
volve sequential dehydrogenation of the Nfollowed by The small diameter beam could be modulated with a chopper
associative desorption oftend N, if Ts is sufficiently high.  \yheel which allowed for the measurement of the transla-

Egawaet al* also studied dissociation on the steppedtional energy of the molecules through their time-of-flight
Ru(1,1,10 surface aff ;<630 K. Both annealing the stepped from the chopper to a rotatable Extrel quadrupole mass spec-
surface with molecularly adsorbed Nlnd steady state ex- trometer (QMS) in the main chamber. The beam energy
posure to NH gas yielded dissociation probabilities an order coyld be varied between 0.05 and 1.3 eV by varying the
of magnitude larger than for the R100D) surface. This cer-  nozzle temperature between 300 K and 700 K and by seed-
tainly suggests that steps or defects may play a significanhg in H,, He, or Ar with various mixing ratios. It was as-
role in the dissociation mechanism on even thd@0D)  sumed that the translational energy of the large area beam
surface. This concept is absent from previous discussions @fas identical to that measured for the small area beam since
the mechanism. This is a particularly relevant question withthe nozzles were identical, gas mixtures identical, and nozzle
respect to Ru catalysts for NHproduction since it has been temperatures were identical. Ammonia of 99.999% purity
inferred that these step/defect sites are the active sites in thgas used without further purification, as were the carrier
catalysis’® gases H (99.9997%, He (99.9999%, and Ar (99.9999%.

All of the experiments mentioned above were performedDuring all adsorption measurements from either beam, the
at steady state or using large ammonia ddseseral hun-  angle of incidence of the molecular beam was along the sur-
dred langmuirgL)]. It is thus not quite clear if the observed face normal ¢,=0°).
dependence of the reaction rate on surface temperature is A Ru(0001) crystal was mounted in a sample manipula-
related to the first dissociation step on the bare surface, abr in the UHV chamber and cleaned as described
whether it merely reflects properties of the nitrogen desorppreviously*® Structural defects were quantified by the rela-
tion process. Given the observed influence of step sites in Ntive magnitude of the defect peak in a TPD of a low dose
dissociatiofi® and also in associative desorption via detailed(~0.02 L) of CO. This method showed a defect concentra-
balance! it is certainly possible that the step/defect depen-tion of ~0.25%. This indicates a very high quality @007
dence observed for NHdissociation is related to this later surface with a low step and defect density. The daily clean-
step. ing procedure consisted of sputtering followed by cycles of

In order to clarify the mechanism for NHlissociation ~ vacuum annealing to 1600 K and oxidatitisy annealing to
on RU000) we have performed detailed molecular beam1500 K in 5x10 8 Torr O,). Surface carbon was removed
studies in an attempt to isolate the initial dissociative chemiby the oxidation. A final check for carbon contamination was
sorption step, i.e., the breaking of the first N—H bond. Bythen performed by monitoring CO temperature programmed
using molecular beam techniques we are able to apply a wetlesorption(TPD) after a 10 L Q dose. The surplus Owas
controlled, and yet quite low, dose of ammonia to the sur-desorbed by annealing to 1600 K. This latter procedure was
face. In this way the interaction of an Nkholecule with the also used to check for and remove any carbon buildup be-
(almos) bare surface is studied. More importantly, super-tween repeated experiments. Contaminants other than carbon
sonic molecular beam techniques allow the translational kiwere monitored by Auger electron spectroscdpgS). No
netic energy of the impinging molecules to be varied over ssurface impurities were detected during the course of the
wide range, and thus probe specifically details of the dynamexperiments.
ics of the first N—H bond breaking. Finallf¥¢ can be varied The sample temperature was measured with a type C
over a wide range as well. Variation @f and the transla- thermocouple fitted tightly into a hole in the side of the crys-
tional energy of the Nklrevealed that two “channels” exist tal and was ramped linearly for TPD measurements. TPD
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spectra were recorded with the sample surface positioned 2 ' ' ' ' ' '

0.14 i
mm from the aperture of a conical cap isolating a differen- o }T —47sK
tially pumped UTi 100C QMS from the main chamber. This 0.12 Z ’ o
configuration minimized the signal from species desorbing o } T.= 110K

0.10 .
from other places than the sample front surface. CO formed

by C+O reaction as well as Hand N, formed statically by 0.08 4
the molecular beam induced dissociation of NWere re-

0.06 - i

corded with a Balzers QMS-200 measuring partial pressures

in the main chamber. 0.04 ~ T
Relative NH; disssociative sticking coefficientsS) 0.02 ]

were measured in three different ways, applicable in differ-

ent, partially overlapping surface temperatuiie)(regimes 0.00 -

(1) (300 K <T4<700 K) In this regime, TPD of N formed 00 02 04 OEG_ (eV(;'B 10 T2 e

by associative desorption was measured after a smajl NH

molecular beam dose. For the hldoses used in these ex- FIG. 1. The initial sticking coefficient as a function of the experimentally

periments, the N TPD was found to be proportional to the determined translational enerdy; , of the ammonia molecules all incident

dose and hence the slope in a plot of the integrated TPBIong the surface normall and ¢ denote dosing at a sample surface
. | %S TFI;’D’ P ded at 9 28 t temperaturd ;=475 K, A andO T4=1100 K. The detection methods were

S|gna VS EXpOosure 15 o. . S were recorded a mass 0 for 0: N, TPD; ¢ and A: immediate H desorption;O: immediate N

avoid the background signal at mass 14 resulting from redesorption. The lines for the two differefiy are merely drawn to guide the

sidual NH;. Since NH does not molecularly adsorb to form eye.

a stable adlayer in this temperature regime, any sticking on

the surface is due to dissociative adsorption breaking a N—H

bond. Even though sticking fof¢<400 K does not fully IIl. RESULTS AND DISCUSSION

dissociate NH to yield adsorbed N, the subsequent anneal in  The dependence of sticking on incident translational en-
the TPD dissociates fully all NHfragments produced in the ergy (E;) for 6,=0° was investigated by varying the nozzle
original dissociative step. We note that no NBissociative temperature between 300 K and 700 K and by seeding the
desorption(formed by H+NH,) was observed under any NH,in Ar, He, or H,. The results are shown in Fig. 1 for two
conditions. Thus, any initial dissociation breaking the firstdifferent surface temperaturds=475 K andT,=1100 K.
N-H bond irreversibly forms b upon annealing. At tem- At both temperatures, sticking grows substantially with inci-
peratures above-700 K, the N begins to slowly associa- dent translational energy fd;=0.5 eV. At high energies,
tively desorb and is thus not stable on the surface for longhe surface temperature seems to play only a minor role, if
times. any at all. We interpret these two facts as indications that the

(2) (Ts=425 K) In this region, the initial rise in Bl NH; dissociation in this range of incident energy is limited
partial pressure on dosing can be used as a monitd of by a direct activated dissociation process breaking a single
because adsorbed NHlissociates completely to adsorbed N—H bond. Indeed, both the increase withand the relative
N-+H on RU0002***"in this temperature regime. The hy- insensitivity to surface temperature are the principal features
drogen produced in the dissociation immediately desorbs angf a direct activated process. The former indicates that there
is used for quantifying the rate of dissociative adsorptionis a barrier to reaction while the latter indicates no thermal
For T¢=<400 K we find that not all the NHis fully dissoci-  equlibration with the surface before dissociation, i.e., that it
ated nor is surface H fully desorb&d®and thus this would is a direct process. The adiabatiminimum energy path
be an unreliable method for measurig barrier for the direct dissociation &a. 0.5 eV. The accuracy

(3) (Ts=1000 K) At these temperatures, nitrogen pro- of the data does not allow us to determine whether there is
duced by the dissociation of NHapidly recombines and still a smallT, dependence of the sticking at high, as has
desorbs as N Thus the initial rise in I partial pressure on been observed for CHdissociationg®
dosing can be used as a measure of the initial dissociative As further evidence that the dissociation of N&t high
sticking S incident energies is a direct activated dissociation, we have

The overlappingdrlg regions of the three different meth- measured the incident angular dependence of the dissociation
ods were utilized to calibrate the relative sensitivities of eactprobability atE;=1.1 eV,S(#6,, E;=1.1 eV). We find thatS
method relative to the others. An absolute calibration of thg6,, E;=1.1 eV) is peaked about the surface normal with an
relative sticking coefficients was obtained by comparingapproximately cd® dependence. Dissociation probabilities
these to a measurement via the King and Wells méthod which strongly peak about normal incidence are also a hall-
using a movable quartz flag to rapidly expose a clean sumark of most activated direct dissociations in which normal
face. This method was only possible under conditions of théranslational energy plays a role in surmounting the barrier.
highest sticking, i.e., by increasing the defect concentratioon the other hand, when molecules stick in highly laterally
on the surface artificially, so that an absolute normalizatiorand rotationally corrugated molecular wells such as antici-
was made for the defect system and all relative measurgeated for NH/Ru, the sticking is nearly independent of the
ments were scaled to this measurement. For the deliberasmgle of incidencé?. Thus,S(6,, E;=1.1 eV) is also incon-
introduction of additional surface defects sputtering by 1sistent with a precursor mechanism.
keV Ar* for 40 s at an ion current of0.04 uA was used. At lower E; sticking clearly depends on surface tempera-
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FIG. 3. Sof NH; at E;~50 meV, normal incidence at a surface prepared by
FIG. 2. Sfor NH; atE; =50 meV, normal incidence, vs surface temperature. subjecting it to various doses of 1 keV Aions. The sample was sputtered
O are based on the NTPD method;O on the immediate kidesorption. at room temperature. Sticking was measured by the immediatebborp-
tion from the 500 K surface at impact of the beam of \d¢eded in Ar.

ture, whereas the dependence on incident energy is very _ )
weak. This implies that the path to dissociation includes 1t€S: The latter is a necessary process to reactivate the
molecular precursor state on the surface, in which the reacblocked” reactive sites in order for additional precursors to
tant thermally equilibrates with the surface and loses infordissociate. _ _
mation on its incident energy. Precursor-mediated processes Further experiments were performed to clarify whether
generally exhibit a decrease 8with E; due to a fall off in special sites, i.e., defe_cts, play a rols in the reactivity of the
trapping into the precursor well with incident energy. How- RU000D surface. By light AT sputtering, varying amounts
ever, if molecular NH is the precursor, then this fall is an- of surface defects were introduced. The effect on the sticking
ticipated to be minimal since the well depth of the precurson low energy E;~50 meV) NH; at T;=500 K is shown in
is quite large(ca. 0.9 eV) and probably strongly laterally and Fig. 3. These datg very clearly show that surfa_ce defects
orientationally corrugate#? created by sputtering strongly enhance the reactivity of the
In order to investigate the details of the low incident surface. In fact, assuming the _defec_t density_is linear with
energy dissociation mechanism, the sticking-650 meV sputter dose, the approximate linear |r_1creasS with sput—
NH; was measured for various surface temperatures rangir?&r dose suggests .thgt defects are entirely responS|.bIe. for the
from room temperature to 1000 (éee Fig. 2 The behavior low-energy _d|ssomat|on. The dependence of the sticking on
at T>450 K agrees qualitatively with a standard precursor-Ts after a fixed, mod+e'rate sputter dose of LAs corre-
mediated process in which the reaction is turned off at higtfPonding to~0.01 Ar" ions/surface atom, is shown in Fig.
T, due to thermal desorption from the precursor state, i.e4- Assuming a sputter yield of 1.7 for this incident epéng
where the barrier to dissociation is lower than that for de-cOrresponds to creating a defect density of 1.7%. This agrees
sorption(and the phase space for dissociation is smaller thagPProximately with the total surface defect density estimated
that for desorption This does not, however, explain the de- by CO titration of the defects after sputtering. It is evident in
crease ofSat lowerTs.
This co-existence of a direct activated process and a

0.40 T T T T T

precursor-mediated one where the barrier to dissociation is 1 E Z50 mev v Z}Aﬂer1_6 UA's sputter
less than the molecular desorption eneftie minimal inci- 0354 g-0 °
dent energy of gas phase yHs a contradiction in terms of 0.30 o } Pristine (0001) surace |
a simple one dimensional picture of dissociation. Neverthe- ]
less, this dichotomy has been observed several times befor¢ 025 1 vV % T
In some carefully studied systems, e.g., neopertaard 0.20 . i
methandl* on Pt111) and ethane on (£11),%° it has been ® ]
. : . . i v .

shown that the precursor channel is dominated by dissocia 9157
tion at surface steps or defects while the activated direct ¢ 194 4
process is dominated by dissociation at the terraces. 1 ¢

In the present case, the sticking coefficient peak$sat 0'05'_ o O o A T
~400 K and falls off quite rapidly a% is decreased below 0.00 +—0 0, ° ; ; ° ° Q
this maximum. This behavior cannot be explained by any 300 350 400 450 500 550 600
simple precursor mechanism, whether at defects or on ter T, (K)

races, and suggests that at IGw a third process is rate G 4. A _ 6 of NH. at E.~ 50 meV and | incid

I . . . . . . 4. comparison 0b 0 zgalg~ meV and normal Inciaence as
|Im|tlng. AN ObVIOU'S. Candl_date, is surface dlfoSI.OI’l of a function of surface temperature for the bare surface and a lightly sputtered
trapped NH to specific reactive sitelefects and/or diffu-  surface. The detection methods were Brand 0: N, TPD; A and O:

sion of reaction products away from these specific reactivémmediate H desorption.
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E(eV) TABLE |. The values of Arrhenius pre-exponential factors and activation

S direct energies used in the kinetic equations to model the observed dissociative
adsorbtion process. The results of solving the equations using these param-
eters are shown in Fig. 6.

0.5 1

0.0 Step () A (sTY E; (eV)
NH; desorption(des 10t 0.93
-05 NH; diffusion (diff) 108 0.15
NH; detrapping(detn 103 0.40
Dissociation(dis) 1012 0.91
-1.0 Product diffusion(Ndiff) 103 0.94

after the breaking of the initial N—H bond is justified by the
lack of any observable Nfformed by associative desorp-

NH,(g) e NHg(a)++ il NH,(a)-+ LR, N-++3H(a) s N(a)+3H(a) ‘
K dos Kot tion from any NH, fragments. Removal of the hydrogen pro-

fuced is assumed to occur rapidly and is not included explic-

coordinate for our model of the dissociative chemisorption of;Mid the Ity in the model.
Ru(000) surface. In the precursor-mediated pathway, the molecule is  Based on the model outlined above, a set of coupled

trapped on a terrace, diffuses to a defect site and dissociates essentiallynetic equations describes the overall concentrations of all 5

FIG. 5. The potential energy surface sketched as a function of the reactio

leaving at the defect a nitrogen atom which finally diffuses away to reacti-

H * * *
vate the site. The dashed line indicates the barrier to direct dissociation. surface SpeCIEENH3(a)' ! NH3(a)_ » N=*, and N(a)]

We assume that the rate of each kinetic step can be described
by an Arrhenius raté;=A; exp(—E;/kgT) Il 0;¢actam Where

. . E. is the activation energy of stgpA; is the usual Arrhenius

i j j

Fig. 4 that the general temperqtqre dependencs |efp_re pre-exponential, and 6,¢,.tandS the product of the coverages
served relative to t_hat of the original surfac_e, but tBan- of the reactants of the stgp All kinetic steps were thus
creases by approximately an order of magnitude due to 98T ssumed to follow the obvious reaction orders. The coupled
eration of defects ofca. 1.7%. In summary, these

: i . kinetic equations were solved numerically for the surface
experiments demonstrate that defects do dominate d'ssoc'gbncentrations of all species. The parameters used in the

tion via a precursor mechanism. This conclusion is also con- . . . .
P model are given in Table |. There is good evidence for some

3|stent V\t”tht p(;ewous thﬁ rmhglhbackgrmi_nc_it exp](carltr:]]entst wh|c$)f these from the literatureE 4o=0.93 e\, E44~0.15 eV
Renlo;irae ‘ a mtljct. t'gtﬁrtrefatﬁ ity C;) ? selelppe rom laser measurements of NHiiffusion on R&0001),%’
u(1,1,10 surface relative to that of the RRO0D) surface.™ Engir=0.94 eV For the latter, we assume that diffu-

th Inl or(?cedr :co im(.je(rjst?nd .th-e L.mltﬁuﬂ dependencgl ing sion of N or other product away from the defect is the same
€ role of defects in determinirigin the precursor-mediate as N diffusion on the bare surface. For most of the others we

SAEZ%T"”‘_F&Z E:gggﬁs’ \é)vaeszgvsnct%gsgltgvev?n a Zlnn;zf ek'rl:zt'ﬁave simply assumed fixed reasonable values, i.e., Arrhenius
' 9 q pre-exponentials of #8s !, etc. In order to achieve reason-

tions and is sketched schematically in Fig. 5, able qualitative agreement with the experimental results, we

NHs(g) +Ru(0001) have varietE gerr, Egis, andAy;s.
« ‘ Keis The results of numerically solving the kinetic equations
ads diff . . ) . ..
= NHx(@)+* = NHx(a)—* — - - - »N—*+3H(a) and_ lnte_gratlng the reagnon_ produc_t t(_) a time similar to our
Kges Kgetr dosing time are shown in Fig. 6. Sticking was calculated for
. defect densities of 0.2% and 2.0%, corresponding roughly to
Ndiff

the experimental conditions of a clean and a sputtered sur-
— N(a)+3H(a). face, respectively. In Fig. 2, the decreasd jrabove 450 K
Here NH(g) is gas phase ammonia, N(&) is ad- is due to the fact that the effective desorption energy from
sorbed molecular ammoni&,refers to the active defect site, defect sites Eyeq— Egiti + Eged > Egis aNdAgis< Ages, Similar
NH;(a)—* is molecular ammonia trapped at a defect siteto a conventional precursor-mediated mechanism. The de-
N-—* refers to products trapped at the defect site, and)N( crease inS at T<450 K is due to poisoning of the defect
refers to the final product of the reactidpefore associative sites by limited diffusion of reaction product away from
desorption. This model includes the following kinetic steps: them at the loweiTs.
Adsorption of molecular ammoni&{,J, thermal desorption A comparison of Figs. 4 and 6 clearly shows a qualita-
of the molecularly adsorbed ammonifiyf), diffusion of tive and approximate quantitative agreement between the ex-
molecularly adsorbed ammonia to a defect site where it iperiment and the model calculation. However, since there are
trapped Kkg), thermally induced de-trapping of the ad- so many unknown parameters in this kinetic model, this
sorbed ammonia from the defect sitey{;), breaking of the agreement should in no way be interpreted as “proof” of the
first N—H bond or possibly several N—H bonds at the defecimodel nor of an experimental determination of unknown pa-
site (kgqig) and diffusion of N-containing dissociation product rameters. It should rather be concluded that the model is
(possiby a N atom) far enough away from the defect site to fully consistent with all experimental results.
reactivate it Kngirr)- Neglect of any reversible kinetic steps The experimental results obtained here, and the interpre-
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0.35 4 ™ ' ' ' ' ] above and below thi$s. Since light sputtering increases the
g v v 20%defects itude of the dissociation almost linearly with the sputt
O 02% defects magnitude of the dissociation almost linearly with the sputter
0-30'_ v i dose, a role for surface defects in the precursor dissociation
0.25 - vV v . is sggge.sted. We propose that the mechanism is QOminated
1 1 by diffusion of molecularly adsorbed NHo and diffusion of
0201 v ] reaction products away from defect sites, which are the ac-
@D 445 Vv _ tive ones for the dissociation. It is suggested that the de-
1 v 1 crease ofS with T4 above 400 K is due to that normally
0'10'_ v v | associated with a molecular precurd@ompetition of de-
0.05 oo Vg v i sorption vs. dissociatigrwhile the decrease & below 400
0,00 Ya  Poopg VVy K is due to “blocking” of the active defect sites due to
"800 400 500 800 700 800 900 1000 I|m|.ted .dlffusmn of reac'uon_products away_from thosg sites.
T (K) A kinetic model of the reaction based on this mechanism and
s known or reasonable kinetic parameters gives good qualita-

FIG. 6. Model calculations of the sticking coefficient vs surface temperaturdive agreement with the experimental results for two differ-
based on the model potential energy diagram in Fig. 5. The sticking wagnt surface defect densities.

calculated for two surface defect densities: 0.2%) { corresponding to our

clean R000Y) surface, and 2.0%\(), corresponding to a lightly sputtered
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