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Reflection anisotropy spectroscopy of the N&€u(110 (1X?2) surface reconstruction
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The optical technique of reflection anisotropy spectroscd®4S) has been used to study the Cu(110)-
(1x2) surface reconstruction induced by Na adsorption. Room temperature deposition of submonolayer
coverages of Na onto the CLLO) surface results in the (42) reconstruction and is known to induce energy
shifts in both the occupied and unoccupied surface states gﬂWt on Cy110. Transitions between these
surface states have been associated with a peak observed at 2.1 eV in the RA spectrum. We report RAS studies
of the reconstruction and relate changes in the RA spectra at 2.1 eV to changes in the surface states induced by
Na adsorption.

Surface reconstruction of fc€110) metals induced by expected upon oxygen adsorptibn->® however, the sur-
alkali-metal adsorption has been studied extensively both exXace retains anisotropy in this region following oxygen
perimentally and theoreticalfySimilar phases are observed adsorptiod'>!® and also under ambient conditiot?s.®
for comparable coverages of the adsorbates Na, K, and Cs @AS work on metals has focused upon the study of clean and
the late 3l and 4d transition and noble met&l 10 surfaces. molecular-adsorbate-covered noble metal surfaces. We re-
Low-energy electron diffractiofLEED) has been used to port here a RAS study of a metal surface reconstruction in-
chart the progression of the reconstruction as a function ofjyced by alkali-metal adsorption.
adsorbate covera§e' and scanning tunneling microscopy  The experiments were carried out in an ultrahigh vacuum
has shown that the mechanism of reconstruction is initiateglUHV) environment of base pressure in the b mbar re-
by Iocal6nucleatio_n involving only a single alkali-metal i, The mechanically polished CLL0) single crystal was
adatoni>® The Na-induced (X 2) missing row reconstruc- aligned using Laue x-ray diffraction ta0.25° before intro-

tion of the CullQ surface has received particular duction into the vacuum chamber. A clean(CL0O surface
attentiod ~*%and it has been established that the reconstruc- as prepared by cveles of Ar ion s Uttering and subsequent
iyas prepared by cy puttering q

unoccupied surface staté& The contributions from the ad- annealing to 850 K. Surface orde_r was conﬂrme_d by a sh_arp
sorbate bonding and the reconstruction mechanism to thl < 1) LEED pattern and cleanliness was monltored_usmg
energy shifts of the surface states at teoint of the sur- ;(-ray photoelectron spectroscoX I.DS)' Na was deposned_
face Brillouin zone(SB2) have each been identifiéd. rom a fully outgassgd commerma_l SAES dispenser with
: : f less than 2
Reflection anisotropy spectroscopiRAS) probes as a presﬁﬁ‘ge rSes durmg_ _evaporaﬂons °
function of energy the optical response of a surface with < 10" mbar. Al deposmor_]s took place at room tempera-
linearly polarized light by measuring the difference in reflec.ture. Coverage was determined from the relative intensities
tion at normal incidence of two perpendicular directionsOf the Na & and Cu D cor?S:Level pho_toelectron lines and
(Ar) normalized to the mean reflectiom)( The complex supported by LEED analysfs." We define Na coverage as

reflection anisotropy is defined in terms of Fresnel reflectior}he ratio of Na.atoms to Cu atoms in the unreconstructed
amplitudes: surface layer, i.e.f=1 ML (monolayej corresponds to

1.1X 10'® Na atoms/crh The RA spectrometer of the de-

sign of Aspnet al® projected and received light through a
Ar_ 2(r110)~ foon) (1)  low-strain window on the UHV system. Experimental arti-
r facts were removed from the spectra using a correction func-

tion obtained by measuring spectra with the sample in two
Materials possessing cubic crystal structures have isotropiarthogonal positions. Spectra of the real part of the complex
bulk optical properties and RAS, when applied to a cubicRA were taken over a photon energy range of 1.5-5.0 eV.
crystal, becomes a sensitive optical probe of anisotropy in The RA spectrum for the clean Cil0) surface at room
the surface electronic structure. temperature is shown in Fig(d). The spectral profile of the

The RAS spectrum of the €10 surface has been stud- unreconstructed surface exhibits the main characteristics re-

ied by a number of groups*®and significant progress has ported by a number of independent studitg?® namely, an
been made in the interpretation of the spectrum. A peak ifntense peak at energy 2.1 eV and a bimodal feature around
the RA spectrum at 2.1 eV was first assigned to the surfacé eV. The peak at 2.1 eV is thought to arise from a combi-
local-field effect’'8in detailed calculations for the CL10)  nation of two different contributions. The first is electronic
surface by Hansewt al*® It has since become clear that transitions at thér point of the SBZ. At room temperature,
there is an additional strong contribution to the 2.1 eV pealransitions occur between an occupied surface state at energy
arising from a transition between surface states atYhe 0.4 eV below the Fermi levelHg) and an unoccupied sur-
point}*8 The contribution from surface states disappears aface state that has been variously located at energies above

tion induces shifts in the energies of both the occupied an
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the surfaces corresponding to the spectra shown in Figs.
1(b)-1(c) showed sharp (X1) spots with very-low-
intensity streaks in thg001] direction localized in the posi-

® tions where the (X2) half-order spots of reconstruction

would be expected. A comparison with published LEED

dat& indicates that the observed diffraction patterns from the
surfaces corresponding to the RAS spectra of Fi¢s). 4nd

1(c) are characteristic of Na coverages®f0.05 ML and

0.05<0<0.11 ML, respectively. A Na coverage of 0.16

@ ML is indicated by the observed LEED pattern correspond-

ing to the RA spectrum of Fig.(#l). A (1X2) LEED pattern

with well-defined streaks in thED01] direction at the posi-
tions (=1/2,0) was observed from the surface associated
with the RAS spectrum of Fig.(&). This LEED pattern in-

(b) dicates Na coverage of 0.25 ML, a result that was confirmed
by XPS and corresponds to a well-orderedx(?) surface
reconstruction that has been assigned to a<22-1D

$ (ate) structuré to reflect the nature of the Na overlayer. On the

; perfect reconstructed surface, the Na overlayer consists of

rows of adatoms located in the missing row troughs along

— — the [110] direction®* The streaks observed in the LEED
15 20 25 30 35 40 45 50 pattern arise from diffraction from the Na overlayer, in
Photon energy (eV) which the Na atoms possess some long-range order within
FIG. 1. RA spectra as a function of Na coverag®. (@ Clean each row and suffez discrete_ random posi.tional shifts be-
Cu(110)(1x1). The spectrum observed at 0.25 M& is shown  (Ween adatom row%.? The main result of this work is the
superimposed by the dashed lir@) 6#~0.05 ML. (c) 0.05<¢  disappearance of the 2.1 eV RAS peak accompanying the
<0.11 ML. (d) #=0.16 ML. (6) #=0.25 ML. (f) 6=0.25 ML  formation of the Na-induced Cu(110)-K12) reconstruc-
coverage following annealing to 350 K and cooling to room tem-tion.
perature. We explain the reduction in intensity of the 2.1 eV feature
with increasing Na coverage as follows. It is known that the
<~ Na-induced reconstruction influences both occupied and un-

Er of 2.5 ev? 2.0 ev?! and 1.8 e\?? The transition aty : - o _
that generates the 2.1 eV feature is induced solely by lighpccupied surface states ¥iton CL(110)."™ With increasing

polarized along[001], leading to the observed reflectance Na coverage up te-0.2 ML, both occupied and unoccupied
anisotropy*>?% The assignment of this transition to surface surface states move to higher energy but maintain a constant
states is supported by the decay of the signal upon molecul&nergy separatiohThe fact that the two surface states main-
absorption. However, the surface retains anisotropy in thig¢ain their relative separation in energy with increasing Na
region under ambient conditiolts®® and upon the formation coverage and our observation that the 2.1 eV peak maintains
of the O/Cu(110)-(X 1) reconstructiod>*>6t has been its position support the identification of a major contribution
suggested that there is also a contribution to the 2.1 eV RAo this feature with a transition between these surface states.
feature originating from transitions from surface-terminatedThe decrease in intensity of the peak with increasing Na
bulk d states toEg,"*'® and due to intrinsic anisotropy coverage is consistent with a fall in occupation of the initial
caused by the surface local-field effét. state as it approaches and overl&ps At a coverage of 0.25
The peak at 3.8 eV is also suppressed upon moleculayiL, the surface is reconstructed to X2), the occupied
adsorption whereas the peak at 4.2 eV appears insensitive &ate has reachelr, and the separation of surface states
both adsorption and reconstructibhlt has been suggested determined from the photoemission study predicts an in-
that anisotropy around 4 eV may arise as a result of therease in the transition energyta2.6 eV. However, at this
surface local-field effect In a recent study, the observation coverage the initial state is atEr and photoemission and
of a sharp peak at energy 4.2 eV was attributed to transitiongverse photoemission intensity arising from both states, par-
at theX point between an occupied surface resonance and dicularly the unoccupied state, is considerably reducbe-
unoccupied surface stat®.Bremer et al}* and our own fining the directiony along [001] and z as normal to the
studie4* indicate that anisotropy around 4 eV is sensitive tosurface plane, the occupied and unoccupiedl®0 surface
surface disorder and we suggest this is an important contrstates have predominantty, and (s+p,) hybrid character,
bution to the signal in this region. respectively, with respect to the Cu atoms in the surface
The effect of increasing Na coverage upon theX10)  layer. Upon interaction with Na, the character of the occu-
RA line shape is shown in the sequence of spectra in Fig. lpied state is known to change frop) to p, and, crucially,
While the energy of the 2.1 eV peak remained constant itshe amount of charge remaining in tipg-derived surface
intensity was found to decrease with increasing Na coveragetate at 0.25 ML Na coverage is significantly redut@these
The feature observed at 3.8 eV on the clean surface was alsonsiderations explain the absence of structure in the 0.25
suppressed with increasing Na coverage. LEED results frorML RA spectrum at 2.6 e\Fig. 1(e)].
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Following a procedure whereby a coverage of 0.3 ML1(e)] has a single minimum at 4.2 eV, the same energy as
was deposited and the sample first annealed to 350 K anshe of the two minima of the clean surface, but with an
then cooled to room temperature, we observed a weak feancreased intensity. This observation is in agreement with
ture in the RA spectrum at 2.6 eV[Fig. 1(f)]. The anneal- other studies that find the energy of this feature to be insen-
ing procedure resulted in a final coverage of 0.25 ML atsitive to reconstructiof! and supports the view that the fea-
room temperature and the appearance of the 2.6 eV featutgre arises from intrinsic anisotropy caused by the surface
indicates that for some of the Cu atoms thegcharacter of  |gcal-field effect'®
the occupied surface state has returned. This is to be ex- The Cy(110)-(1x2) surface reconstruction upon Na ad-
pected if the loss of Na adatoms on annealing reduces thg,ption has been observed by RAS. The behavior of the RA
number of Cu atoms that have direct interaction with Naresponse around 2 eV upon Na adsorption and reconstruction

adatoms. We note that the residual anisotropy in the regiog consistent with the known behavior of the surface states at
of the 2.1 eV peak that remains following the adsorption ofg

oxygen, and that on the clean unreconstructedl0 sur- Y as det_ermined by photoemission and inverse photoemis-
face has been associated with the surface local-field effec?,Ion studies.

appears to be absent from the Na/Cu(110y¢) surface. The authors acknowledge the U.K. EPSRC for support of
The RA spectrum of the Na-induced XR) surfacdFig.  this work.
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