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Ever since the first observatio of surfae enhancd Ra-
man scatteriy (SERS in 1974 the possibiliy of enhancing
othe processessud as photodissocatio at rough metallic
surfaceshas bean seriousy studied? Although the complete
detailed mechanim for SERS has yet to be understoodit is
widely acceptd tha a maja contribution arises from the
excitation of the surfae plasma resonane (SPR field
which can coupk to the radiation field in the presene of
surfa@ roughness. Since this mechanim is independenof
the detaik of the molecula processit is thus expectd that
othe processgin photochemisir can also be enhancd at a
rouch metd surface Moreover it often happe tha realistic
catalytc conditiors for thes processe require a high sub-
strake temperaturelt is thus of interes to investigae the
possibility of sustainig sudh a SPR-enhancemémecha-
nism at elevatel temperaturesThough one has to acknowl-
edee tha mary othe mechanism (e.g, surfa@ phona ef-
fecty and factors (e.g, surfa@ morphology could be of
relevane to the surfa@ enhancemestobservedwe single
out the SFR as a prominert effed recognizé (at leag at
room temperaturgin the hope tha our modelirg resuls will
stimulake experimentalisfor a systemat study of this prob-
lem. We shal use SERS as an exampe in our presem study.

Recen preliminay observatio of SERS from chemi-
sorbel oxygerf at silver surfacs to take place up to 900° K
has further stimulatal studies in this direction Previously,
we adoptel a simplified modd for a first attemp to under-
stard the phenomeno theoretically® In particular we have
modelel the surfa@ roughnes as a sphericé islard with a
locd dielectrc responseand the substrag opticd properties
are accountd for using a temperature-dependeollision
frequeny in the Drude mode as first treatel by Ujihara®
However the Debye modé for the electramm—phonm colli-
sion frequeny was not handlel in a consisten manner®
Furthermoreit has been shown that nonloca electrodynamic
effect arising from the “quantum spread’ of the surface
electrors are very significart at close molecuk-surface
distance<:® Hence it is the purpo® here to preseh a much
improved modé for a theoreticé study of the problem The
preseh modé includes a more consisteh treatmem of the
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temperatue variation of the phonm—electran collision, as
well as the electran—electran collision contribution to the
collision frequeny in the Drude model® Although it is
known tha the Drude modé has only limited applicability
for noble metak within a certan range of frequencis in
which electronc intrabard transitiors dominate we expect
tha the SFR effed shoutl be well accountd for since it
involves mainly collective motiors of the free electrons We
shal also take into accoun the nonloca dielectrc response
of the substrag¢ metal.

Asamodd study, we conside the Gersta—Nitzan (GN)
model® of a dipole-sphee systen for SERS from which
one obtairs the enhancemdrratio as:
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where a is the molecular polarizabilitytaken as 10 A), a
the radius ard d the molecuk—sphee distancerespectively,
ard G, isthe “image-field factor” which is afunction of the
nth pole polarizability ( «3) of the sphere'! Thus the “sur-
face roughness’ is modele in a highly simplified way in
terms of isolated ard nondispers particles which can simu-
late experimenthsituation using a “specially prepared’ is-
land surface'? The origind GN modé assumd alocd di-
electrc respone function e(w) enteringa;;. Previously we
studiel the nonloca effecs on «;; using a wave vecta de-
pendei function e(k, w) which can be expressed in terms of
e(w) within the hydrodynamic modé? We have found sig-
nificart nonloca effecs for SERS at d<10 nm&* Hence
the following study will include thes effects.

The dominan temperatue dependene of Rin Eq. (1)
will ente throughe;; with the introductian of a temperature-
dependenDrude function as follows:
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where we hawe assumd the minor temperatug dependence
of the plasma frequencyw,, to be negligible® The tempera-
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FIG. 1. SERS enhancemdrmratio as afunction of substrat temperatue at
different scatteriiy frequencie accordirg to both the nonloca (solid line)
ard locd (dotted line) models.

ture dependeneof the collision frequencyw,, including the
contributiors from both phona-electron and electran—
electra scattering can be obtainel as?

W= wcpt Wee, (3)

with ., given by the Holsten model,

T\> ot 2
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where @ is the Debye temperature and the constagimust
be determine with care® This lagt stgp was not treatel in a
consisten way previously>® Furthermore the “zero-point
frequency’ in (4) is found to reman significart up to the
melting temperatue of the metd (=4% contributian for sil-
ver a T=1200 K), but was ignored in the previous
models>® w, in Eq. (3) usel here is given by the Lawrence
result® in the following form:
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whe Eg isthe Ferm energy kg the Boltzmam constantI’
a constah averagig the scatterig probabiliy over the
Ferm surface ard A the fractiond umklapp scattering.

We hawe performel anumericé study of the temperature
effecs on SERS using the abowe improved modé taking
silver as the substrateThe parametes required can be found
from Ref. 9. The molecub—surfa@ distan@ ard the sphere
radiws are fixed at 10 and 50 A, respectively Figure 1 shows
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the enhancemednratio as afunction of temperatue for dif-
ferent scatteriig frequencieslt is seen thet the decreasin R
as T increassis only significart for frequencis close to that
of the surfa@ plasman resonane of the substrag (at w~5
eV). The insignificant variation of R with T for “off-
resonant’ scatteriig frequencis can be se& more clearly
from a logarithmi plot shown in the inset While thes re-
sults are qualitatively comparal# with thos observe previ-
ously usirg a crude model? the decreasin R is here quan-
titatively much milder as temperatug increases even for
scatteriig close to the SFR frequeng of the substrate In
particular no “crossing” betwea the R vs T curve is ob-
servel as was see before® Furthermore one see that the
nonloca effed will in gener&lead to both a lower value and
a lower rate of decreas for R as a function of temperature.

Hence accordimg to the preseih modelirg results it ap-
peas tha the SFR enhancemdammechanim can mog of the
time survive at high substrag¢ temperaturesOf course con-
sideration of more realistc surfa@ morpholoy and other
physicd mechanisma can chang our resuls dramatically.
However if this resut can be confirmed experimentallythen
not only SERS but alo othe spectroscom and catalytic
photochemichprocesse can be enhancd at elevate sub-
strake temperaturesWe thus believe adefinitive experimen-
tal clarification of thisissie over alarge range of frequencies
will be desirable given the complexiy ard various idealiza-
tions of the theoretich modelirg of the problem.
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