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Transition state theory is frequently employed in the
interpretation of gas—solid desorption kinetics.! The
transition state is conventionally chosen to include all
configurations in which the adatom is located at the on-
set of the exit plateau (exit barrier) or at the exit maxi-
mum (no exit barrier) of the gas-solid potential energy
function. This choice leads to the following transition
state thermal desorption rate constant

kor(T) = (Br) 1 [2*(B)/ Z(B)] e*P. (1)

In Eq. (1), B=(ksT)", Z*(B), and Z(p) are, respectively,
the free solid and adatom plus solid partition functions,
and D is the barrier height for desorption of the gas
atom from the solid. Notice we have assumed the trans-
mission factor is unity.

Z*(f) may be computed in the harmonic approximation
from the solid normal mode spectrum p(w). We ex-
pect that p(w) will only be weakly perturbed by the ad-
atom. Thus we compute Z(B) from the approximate
mode density

P alw) = p(w) + 8(w = wy), ()

where w, is the harmonic frequency of the adatom (com-~
puted from the curvature of the gas—solid potential func-
tion at its minimum). Eq. (1) with the approximation
Egq. (2) reduces to

krR(T) = (ﬁh)-l 1- e-snuo) ex/zasuoe-w ,
= (wo/2m) o780 P4 /2hap) | @)

where the last equality in Eq. (3) holds in the classical
(Blwy—~0) limit. This simple classical approximation
is often employed in the interpretation of desorption
experiments. !

Notice that Eq. (3) contains no lattice dynamical in-
formation; e.g., krx(T) computed from Eq. (3) is inde-
pendent of the solid Debye frequency w,. Equation (3)
describes the thermal desorption of an ensemble of ad-
atoms maintained at a temperature T but bound to a fic-
titious rigid solid. While a more realistic treatment of
palw) than Eq. (2) would lead to a dependence of %4(T)
on wp, we expect that the dependencewill be rather weak.
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The insensitivity of k. (7') to lattice motion is some-
what surprising given the great sensitivity of gas-solid
collisional energy transfer processes to lattice or many-
body effects.?=* Apparently the strong dependence on
lattice motions of individual dynamical events is largely
suppressed by thermal averaging. :

To test this notion and to gain a clearer understanding
of the desorption rate constant 2(T"), we have examined
the microcanonical rate constant I;(T ) appropriate to an
adatom-solid system of fixed energy per particle k sT.
The rate constants Z(T) and (T) are related by

k(T)=Z"(p) f N(E) ¢ *®k(T)dE, (4)
. “ Bg+¢D
where E, is the zero-point energy of the solid, assumed
to contain N, atoms, and N(E) is the density of states of
the adatom~solid system at energy E=(N,+ 1)k ,T. Since
E(T) contains more detailed information than k(T) we
expect &(T) will display more sensitivity to lattice mo-
tion than (7). ‘
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tures 6p.
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W_e employ the RRKM (Marcus-Rice) approximation6
for 2(T) given by

anxu(T) = W(E-D)/h N(E), (5)

where W*(x} is the total number of solid quantum states
with energy less than x.

The RRKM model, Eq. (5), is simply a microcanoni-
cal form of transition state theory; thus the approxi-
mate 2(7T) found by inserting Eq. (5) into Eq. (4) is just
the transition state result 2,.(7), Bq. (1).

Using the Debye model for the solid density of modes
and the approximation, Eq. (2}, we have computed’
Ernxu(T). The parameters wy(9.233x 1025 and D(3064
K) are appropriate to the xenon-silver (111) system.®
The solid Debye temperature 6 ,="FRw,/k, is varied be-
tween 151-600 K. The results are displayed in Fig. 1.
.At high Tvalues the microcanonical rates are indepen-
dent of lattice effects, i.e., 6,. This is physically un-
derstandable since at very high solid energies, the de-
sorption occurs on a time scale short compared to the
response time of the solid. At lower T, however,
knnm(T) displays a strong dependence on 6,. For ex-
ample, at T =167 K (or 1000/T =86), kmm(’I") 6.8x10°
87! for 9,=151 K and Zgpp(T)= 2. 8x 107 s°! for 6, = 400
K. This is a change of over § orders of magnitude.

The insensitivity of k(T) to 9p does not arise because
only k(T) values at very high T contrlbute importantly
to the integral in Eq. (4). Rather, the integrand in Eq.
(4) is a sharply peaked function of 7 and the peak energy
T, is a strong function of 7. For example, T, =167 for
9p=151 and T=160 K. Thus we can conclude that the
lattice effects are large for the microcanonical rate con-
stants %(T) but are obliterated in a nontrivial way upon
thermal averaging,

The thermally averaged rate constant of Eq. (3) or
(4) can be used to predict a thermal desorption curve.!
The desorption curve for Xe/Ag will peak at T,~ 100 K.
This is in good agreement with the Xe/W data® where the
attraction between the gas and solid is stronger, thus
the desorption comes at a higher temperature (T ~150
K).

We thus conclude that solid lattice motion plays an
important role in desorption dynamics. The lattice ef-
fects are, however, masked by thermal averaging and
are thus largely unobservable in conventional experi-
ments. This is origin of the simple rigid lattice picture
implicit in the transition state theory rate constant.

Our conclusions, while based on an analysis of de-
sorption kinetics, are suggestive for other condensed
phase rate processes. It appears not unlikely that the
many-body problems involved in computing condensed
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phase thermal rates will be largely static rather than
dynamic. From experimental viewpoint, thermal rates
may depend importantly upon only gross potential pa-
rameters (e.g., wy and D) and may be rather insensitive
to the detailed dynamics of the substrate.
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