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Field desorption of lithium
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Absolute appearance energies of field-desorbéditins were obtained from mass-to-charge resolved re-
tarding potential analyses of Liemitted from the first and second Li layer on(A¥1). Activation energies for
Li* field desorption were derived from desorption rate measurements. The field-independent binding energy of
Li adatoms has been found from field-dependent hppearance and activation energy values, indicating a
negligible field-induced charge transfer in the applied field range. We use the cluster embedded in jellium
model, based on density-functional theory, to interpret the data by calculating local field enhancements, surface
potentials, and activation energies for Li field desorption as a function of field strength and surface coverage as
well as geometry.

I. INTRODUCTION selected surface sites from field desorption measurements
can be overcome using a new experimental approach based
Adsorption and desorption on solid surfaces is greatly in-on the retarding potential analysis of field-desorbed alkali
fluenced by the local environment of the adsorbed particle ifons® This approach is based on the measurements of abso-
that the surface structure and the coordination of the adsorgHte field ion appearance energies of the field-desorbed metal
tion site determine the energetics, vibrational properties, antPns and activation energies of field desorption. We have
ultimately its chemistry. Lateral interactions effect the localPreviously reported first successful attempts to analyZe Li
environment as the coverage increases and leads, as an é¥0s field desorbed from a two-layer Li film in such
ample, to an increase or a decrease in the heat of adsorptiéXPerimentg. In the present study this experimental ap-
depending on whether the lateral interactions are predompProach is extended towards the Li monolayer.
nantly attractive or repulsive. Because t_here is a certain amount of confusion in the.use
Electrostatic fields of a few volts per angstrom effect theOf concepts like local fields, activation, and binding energies,
local environment of an adparticle dramatically in that they®tC., we begin our discussion in the next section with some
alter the electronic structure in the surface region. As arlefinitions, also presenting experimental results. We will
example they willfield) desorb atoms and molecules from athen, in S_ec. [1l, report result_s on the_ local field at sp_eC|f|c
metal surface even at such low temperatures where field-fre@ifface sites and as a function of Li coverage. Section IV
thermal desorption is inefficieft. presents more theoretical re_sults on activation energies and
The interplay between adsorption and desorption on metéjgsorptlon fields gnd Sec._V is de\_/oted toa thorough discus-
surfaces andlocally varied applied electrostatic fields is SiOn of the experimental findings in the light of these theo-
very complex as it is ultimately the consequence of the selff€tical results.
consistent arrangement of the electrons in the surface region.
In this paper we present a detailed study, both experimental [I. EXPERIMENTAL STUDY OF FIELD DESORPTION
and theoretical, of the field desorption of Li from a OF Li FROM W
transition-metal surface looking in particular at the site
specificity and the coverage dependence.
Field desorption of alkalis has been extensively studied in Field-desorbed particles are always ions whereaben
the past, establishing the surface specificity and also the immal desorptiorthey are often neutral particles. It is therefore
crease of the externally applied desorption field as a functioimportant to consider the effective potential-energy surfaces
of coverag€—® Two explanations have been advancéan  seen by an adparticle as it leaves the surface as an ion. In
increase in coverage results in an increase of the activatioguantum mechanics we can calculate adiabatic energy sur-
energy of field desorption, which must be compensated by afaces representing the energy of the system for fixed posi-
increase in the applied field strendtf,and (i) an increase tions of the ionic cores. The ground-state energy curve, de-
in coverage leads at the constant applied field to a decreagécted in Fig. 1, represents the holding potential for an
of the local field, which must be externally compensdted. adsorbed atom. As we move the adsorbed atom away from
We will see that these different facets of field desorption arghe potential minimum there will come a point where the
ultimately linked and a consistent picture can only be derivedhighest occupied electronic level in the atom will move
from a microscopic theory. We will also show that experi- above the Fermi energy of the metal leading to charge drain-
mental difficulties with obtaining the local desorption fields ing. In a crude approximation we can say that an ion of
and with deriving binding energies of the alkali adatoms forchargeq is formed at or just beyond the Schottky hump,

A. Preliminaries
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FIG. 1. Potential energy, defined iiT), of a Li adatom as a
function of distance perpendicular to the surface for adsorption of a
single Li atom on a L(5+4) cluster, geometrya) Fig. 7, in the CEJ
model for Fy=5 V/nm. Solid curve: ground-state energy. Dashed
curve: lowest excited state.

which for larger distances, is accelerated away in an asymp-
totic field F,. This picture however, conveys only half the
story of thermal field desorption, namely, that the desorbing
particle has to be activated thermally from the potential mini-
mum to an energy above the Schottky hump. The activation
energy, called field-desorption energy from now on, is there-
fore given by

Eded Fo) =Eotal Fo,Zerit ;M — A) = Eqota Fo, 25 ,M — A) (1)

The position of the Schottky humg,,;, is the critical dis-
tance where the singly charged ions are formed during de-
sorption, andzg is the position of the adsorbed atom bound
to the surface. To form an ion an electron must be transferred
from the desorbing particle to the metal by a tunneling pro-
cess. This can only be described properly by taking into ac-
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FIG. 2. (a) Experimental dependence of applied desorption field,

count exited states of the system of which the lowest is als& 4, for the (110) plane of a[110]-oriented W tip on the Li surface
shown in Fig. 1. From these adiabatic states one can corlensity of adatoms at tip temperatures of 20 and 78 K.c{&3),
struct diabatic states that correspond to asymptotically fre€3x1)s, and ¢(1x1) ordered Li structures are shown at their
neutral atoms and ions approaching the metal without undegtoichiometric surface coveragémrows. For the lower line at 20
going ionization or neutralization at the Schottky hump, ask Li* ions desorb only from a topmossecond Li layer whereas
shown in Fig. 1. The transition-matrix elements betweerfn® W surface remains to be covered with a Li monolagter.The
these diabatic states are nonzero only in the vicinity of the@me as i@, but for the(111) plane of the same tip. Structure

Schottky hump and describe the tunneling process. It is in(1x1)

teresting to note that for this system the diabatic states do not

is marked with an arrow.

cross on top of the Schottky hump but slightly further away As for the field dependence of the field-desorption energy
from the surface. As a result of such a calculation we get theve note that for systems, such as metals on metals, where the
rate of the thermal field desorption, which we can paramdepth of the potential well does not change dramatically as a

etrize in the Arrhenius form to read

lges= v(0,T,Fo)exd —Eged 0,Fo)kgT], (2

where we indicated explicitly that both the prefactahich

function of field strength, the activation energy is a mono-
tonically decreasing function of field strength. We can define
the desorption field strength for heterogeneous systems and
the evaporation field strength for homogeneous systems that
field strength where the desorption energy goes to zero, i.e.,

can be factored into an attempt frequency in the surface powvhere the Schottky hump disappears. Because field-
tential and the tunneling probabiljtyand the desorption en- desorption experiments are done at low but finite tempera-
ergy are generally coverage and field dependent and th#ires one need only require that the Schottky hump becomes
former also weakly temperature dependent. As the coverag® small that it can be overcome by thermally activated pro-
in the adsorbate is increased the desorption energy increasessses; i.e., the desorption energy must be within tens of
or decreases depending on whether lateral interactions b&gT. In Figs. 2a) and Zb) we show the measured dependen-
tween adparticles are predominantly attractive or repulsivecies of the applied desorption field on the surface density of
The prefactor also depends on coverage because it is a mdad-adsorbed on thé110) and(111) planes of 4110]-oriented

sure of the entropy gain in the desorption process.

W tip at two different temperatures, 20 and 78 K. Notice in
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particular the steplike rises in curves measured at 20 K at Li 65 , , , ,
densities where(1x3) and (3xX1), ordered structures form —
on the(110) plane or(1x1) on the(111) plane, respectively. S 63t _+_—+—_
-

B. Retarding potential analysis of field-desorbed Lt ions < 61 A

The local mass-to-charge-resolved retarding potential 59H— i )
analysis for field-desorbed ions is based on recent improve- ’
ments in the technigues of measuring the appearance energy 57 , , , , ,
of field ions? which now allow one to obtain thabsolute 55 6.0 65 70 75 8.0
value of this energy for field ions of gas atoms or (a) F {(V/nm)
molecules® or even field-evaporated metal atofsHow- 13
ever, to analyze field-desorbed alkali ions in a retarding po- ' ' ' ‘ ' ——
tential experiment, a measurable continuous flux of such ions =94l ]
from the probed surface sites must be provided. This prereq- =" ——
uisite was really not attainable and prevented the application &"69_ —— i
of the appearance energy spectroscopy to alkali adlayers. ’ —=

We have developed a novel experimental procedure that 67 —+— |
achieves a continuous flux of Liions field desorbed from '
the apex of a field emitter tip, providing Lidesorption rates 65 ! 1 . 1 .
that are sufficiently high for field-ion appearance energy L5 50 55 60 65 70 75
analysegLi " ion current up to 10'°A). A similar procedure (o) F (V/nm)
was recently used for the successful imaging of metal sur-
faces with Li" ions in the new lithium field-desorption mi- ~ FIG. 3. (& The dependence of experimentally determined ap-

croscopéLi FDM),*2in which the surface of the metal tip is Pearance energl,; for Li* ions, field desorbed from the second Li

imaged by field-desorbed Liions. In this device, the con- '@/€r on W11D), on the strength of externally applied fiekd (b)

: W ! ;
tinuous supply of Li atoms to imaged surface sites is&/irsame as ifa) but for the Li" ions emitted from the Li mono-

achieved via field-assisted surface diffusion from a Li
multilayer deposited on the shank of the field emitter.
Lithium atoms field desorbed from the top of the tip areas a result of field evaporatibhdoes not exist in the case of
continuously replaced, providing in this wayLdesorption  field desorption of Li from an overlayer, because Li is con-
rates that are sufficient for the visualization of the surface irtinuously replaced by surface diffusion and the tip itself is
the continuous mode of imaging. The achieved brightness afot affected by applied fields less than 1 V/A in the case of
the image in the Li FDM is comparable with the one in theyy.

field-ion microscope using Ne or He as imaging gases. After  Thys, the local mass-to-charge resolved retarding poten-
choosing specific sites of the surface, imaged by Li FDMjia| analyses for Li and Ne ions emitted from the same
one can analyze the Liions emitted from these sites with g face sites of W211) allows us to obtain the absolute ap-

the retarding potential technique in the probe holeyearance energies for Lions emitted from the second, and
experimenf In these experiments kinetic energies of' Li using monolayer Li deposit on the shank of the fipst Li
ions, field desorbed from a few surface sites of the ape%a

: i yer.
plane of a[ll_l]-onented_W tip and mass-to-charge resol\_/ed A significant field dependence of the experimentally de-
in a magnetic sector field, were measured with the five-

. e
electrode electrostatic retarding potential analyzdhe ab- Lertnglr&ed arlptr;er?rr?]ncae entra]rg)i/ fOL Uvsgsinwlgz;@g)b:;ﬁg/?{%)for
solute appearance energies of libns A ; were determined oth desorption modes and IS sho ;

from the equation No temperature dependenceAyf, has been observed in the
temperature range of 297-450 K, as expected from the

ALi= pr—esn 3) analysis discussed in Ref. 13.

| 17

where ¢y, is the effective work function of the retarder elec-

trode andéy} is the voltage applied between retarder and C. Evaluation of desorption energies

field emitter, just sufficient to collect the first Lions (onset _ o _ _ _ _
value of the field-ion retardation curvéhe value ofgg was Desorption(activation energies for field desorption of Li

obtainedin situ from measurements of th&: ;50 , onset from W(111) were obtained from the temperature depen-
voltage for field-ionized Ne at the emitter temperature of 150dence of the LT ion rates given by an Arrhenius analysis via

K and the same ion beam energy as fof (2000 eV}. In Eq. (2). To minimize the effect of Li surface diffusion on the
this case the absolute appearance energy of iSeexactly — desorption rate, additional experiments using the pulse de-
equal to the ionization energy of Nig,.° Thus, the value of ~ sorption mode of the Li FDM were performed. The details of
¢gr can be easily obtained from the equationthe measurement and discussion concerning the influence of
I ne=Pr—€8Ne 150 k The calibration of the applied external surface diffusion of Li on theE,.{6,F,) can be found
field F was based on the standard value for the evaporatioalsewheré. The experimental values d&4{6,F,) for both

field strength of W111).1* The problem of the field strength second layeandmonolayemodes of the Li field desorption
dropping during the experiment due to the growing tip radiiare displayed in Figs.(4) and 4b).
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3 FIG. 5. Field-free binding energy, of Li adatoms on a \111)
S 06l + \ single-crystal plane vs surface density of Li adatoms. Maximum of
l ’ the intensity of low-energy electron diffraction spdtd,,ax, corre-

02k | concepts of local field and local-field enhancement.

An electrostatic field is the result of separating charges

0 1 1 L ' L onto two metals by applying a voltage between them. If one

L5 50 55 60 65 1 15 80 of the metals is a tip with a radius of curvature of a few
) F (V/am) hundred angstroms then fields of the order of volts per ang-

strom can be generated in a region of a few hundred ang-

FIG. 4. (a) Experimentally determined activation energ@s;  stroms from its surface. Solving Poisson’s equation for a

for field desorption of Lt from the second Li layer on ¥1l) asa  paraboloid tip with a radius of curvaturg and with a volt-

function of externally applied field. Also calculated curves are ageU applied with respect to a counterelectrode a distance

shown below as full lines: upper curve corresponds to Li adsorbe(éway one finds for the field distribution along the symmetry
on a Li(5+4) cluster embedded in jellium, lower curve is for Li on axis of the tip

jellium with r4=3.0 bohr.(b) The same as iffi@) but for a Li sub-

monolayer. The upper full line gives the calculations for a Li atom F,=2U/In(1+2L/rg)(ro+22), 5)
adsorbed on the threefold hollow site of M41) represented by a

(3+3) cluster. The lower line is for Li in on top site of Md11)  wherez is measured from the surface of the tip. This implies

represented by 6+1) cluster. that most of the potential drop occurs within a distance of the
radius of curvature of the tip from the tip surface with most
D. Derivation of binding energies of the space towards the counterelectrode being essentially

Based on the interpretation of the appearance energy §eld free. What is reported is either the applied voltage
singly charged field-desorbed ions derived from the thermi-(Wh'Ch does not contain any information about the local field
onic cyclé® as strength without giving simultaneously details about the lo-

cal tip geometry, etg.or the externally applied electrostatic
AL(F)=1,+A(F)—Q(F), (4  field, F, which is the more or less constant field at distances

around a few tenths of the tip radius, where the field is es-
the binding energy\ (F) of the lithium atoms in the first and sentially constant, i.e., for the mod@) the value az=0. F
second Li layer on the V11) surface can be easily ob- is usually calibrated against the best image field for neon as
tained. No dependence of the binding energy of Li atoms ommaging gas or evaporation field for the field emitter mate-
the externally applied electrostatic field is found within therial.
experimental accuracy for bodecond layeand monolayer Tips with a radius of curvature of a few hundred ang-
of Li on W(111). The field-independent values of 1.5 eV for stroms consist of small regions of low-index crystallographic
the second Li layer and 2.05 eV for the Li monolayer, ob-orientation typically less than 100 A in diameter separated by
tained from present experimental data, are in quantitativeteps and faceted regions. Protruding metal atoms in these
agreement with the corresponding field-free values for Li/regions lead to local enhancements of the electric field and
W(111), obtained from lithium adsorption isobars serve as preferred sites of field-induced adsorption. Field en-
(adsorption-desorption equilibrium measuremgftior the  hancement also occurs above atoms on the flat regions of the

W(11)) single-crystal planéFig. 5). tip as is already apparent classically if we model the adatom
by a hemispherical boss of radil®& on an otherwise flat
IIl. LOCAL-FIELD ENHANCEMENT metal surface in which case one finds that there is an en-

hancement of the field given By
Before we report our calculations pertaining to adsorption
and desorption of Li we would like to discuss briefly the F,=4ma[1+(32%/r2—1)R%r3], (6)
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FIG. 6. The field enhancement above a single Li atom on a
Li(100 surface[solid line, cluster in Fig. @®)], for half a mono- FIG. 8. Potential energy, defined {i7), of a Li adatom as a
layer[dashed line, cluster in Fig(f)], classically for a hemispheri- function of distance perpendicular to the surface for adsorption of a
cal cap (dashed-dotted lineand for a flat jellium surface with single Li atom on a L{5+4) cluster, left geometry in Fig. 7, in the
rs=3.0(dotted ling. Down arrow points to the adatom; up arrow to CEJ model forF ;=0 (solid), 0.5 (dash-dottey 0.8 (dasheg, and
the first layer for half a monolayer. 1.0 (dotted V/A. The jellium edge is az=0.

recently in direct measurements of the local-field distribu-
tions above individual surface atothand are in detail re-
viewed in Ref. 20.

where oy is the excess charge laterally far from the protru-
sion, z is the distance from the surface, ands measured
from the center of the protrusion.

Local-field enhancement also results from a quantum-
mechanical treatment of the problem. In Fig. 6 we show the
local-field distribution above a single Li atom and above a We base our calculations of the adsorption of lithium in
2X2 half monolayer of Li adsorbed on a Li cluster embed-the presence of high electric field and the local-field en-
ded in a jellium calculated in the local-density approximationhancement above lithium atoms and clusters on the CEJ
of density-functional theory; the geometry is depicted in Fig.(clusters embedded in jelliummodel?* It was designed to
7. For a flat jellium surface without an adsorbate the fieldimprove the inclusion of field effects in cluster calculations.
drops gradually from its constant value far from the surfacdn the CEJ model one cuts a hole into a semi-infinite jellium
to zero within a few angstroms exhibiting small Friedel os-to accommodate a cluster of atoms to represent a portion of
cillations inside the metal; see the dotted curve. The adthe metal and any adsorbate one wishes to study; see Fig. 7.
sorbed atom expels the field further, leading to an additionaf\fter determining the electrostatic field distribution around
(positive charge enhancement on the outside of the aton{€ hole using density-functional the6fy*one imposes this
that results in a field enhancement typically of a factor 1.5-field on the cluster calculating its electronic structure using
2.0 somewhat smaller than above the classical hemisphericgain density-functional theory, specifically the deMon
cap and also more smeared out. For the comparison of tHgogram. _
classicaldash-dotted curyeand quantum-mechanical calcu- _ Figures 1 and 8 have been calculated in the CEJ model.
lations we have assumed that the hemispherical cap is cefhe potential in Fig. 1 is given by
tered at the nucleus of the adsorbed atom and has a radius . . . .
equivalent to its van der Waals radius. The discontinuous V(rFo) =B, Fo;M=A) = Eioal 1, FoiM)
surface of the classical metal we put at the centroid of the —Ealr,Fo=0;A), (7)
induced surface charge necessary to create the external field; i ,
it is typically a few tenths of an angstrom outside the jeIIiumWhere a number of such curves for different field strengths
edge, itself assumed to be half an interlayer separation ouf® Shown. Its depth at the minimum is thwositive field
side the topmost layer of the underlying crystal structure ofinding energy.Eg, i.e., the energy needed to remove an

the metal. Similar calculations for RIRef. 19 were proved &tom or molecule from the adsorbate into field-free space.
We note that this energy slightly increases as a function of

field strength, which we can explain as a result of including
the polarization energy of the adsorbed atom. Fge8
V/nm, the polarization energy of an isolated Li atom is 0.30
eV, calculated from density-functional theory with nonlocal
exchange and correlation energies. The local-field strength
near the L{100) at the equilibrium position of the adsorbed
Li atom is about 0.F,; see Fig. 9. Thus the polarization
FIG. 7. Geometry of the CEJ model for single adat@n half energy of the adatom is about 0.15 eV, while the calculated
a monolayer(b), and a full monolayerc). Note the shift in the increase of the binding energy is Eg(Fo=8
jellium edge. V/inm)—Eg(F,=0)=0.12 eV. If the polarization energy

IV. THEORETICAL MODEL
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. adding a terme:d Qg,{e to the energy whereg. is the Fermi
L L L energy andi Qg is the net charge of the sphere. The result-
L ] ing uncertainty in the binding or activation energies is of the
: order of 0.1 eV.

=<

V. INTERPRETATION OF EXPERIMENTAL RESULTS

On the basis of the CEJ model described in the previous
section we now want to interpret the experimental datépn
the field dependence of the activation energy in Fig(ii4,
the dependence of the desorption field on the surface density,
Fig. 2, and(iii) the dependence of the binding energy on the
externally applied field. It is important to realize that these
2 three sets of data are obtained in kinetic measurements. Al-
z(R) though obvious for the activation energy and the desorption
field, it is worth repeating that the binding energy is also

FIG. 9. The field distribution above a (100 surface(repre- obtained kinetically namely, from activation and appearance
sented by 9 atoms in the topmost layer and 5 in the)riexhe CEJ  energies, and not e.g., as the equilibrium heat of adsorption
model along a line through an on-top sisvlid line), a bridge site  from measurements of isotherms or isobars. With an external
(dashed ling a fourfold hollow site(dashed-dotted lingand fora  field applied these would not strictly be equilibrium mea-
flat jellium surface withrs=3.0 (dotted ling. The arrow gives the surements either but merely done under steady-state condi-
position of the topmost lattice plane=0 is the jellium edge. tions, even if surface diffusion is so fast that quasiequilib-

) ) . . rium is maintained throughout. The reason why we stress this
were not included one would find that the minimum in the yint js that kinetic data can only be interpreted properly and
potential would actually go up rather than down as a functiorygmpared to theoretical modeling if the reaction, i.e., desorp-
of field strength. We note that the deMon programme yields;jon, “path is found and specified. The additional point to be
a polarizabilitya=0.0135 nri for a Li atom in good agree- jiscyssed for field desorption apart from activation energies

ment with the experimentally observed trend where the pojg the prefactor, which is controlled to a large extent by the
larizability of Li adatom, which is less than 0.005 fin Li tunneling probability to form an ion.

submonolayér®® increases when thick Li film grow$ (po-
larizability of free Li atom 0.02 nrh(Ref. 27].

We next show the field distribution in front of the perfect
Li(100 surface on a line perpendicular to it and through on In Fig. 4b) we show the activation energy of field desorp-
top, bridge, and fourfold hollow site positions; see Fig. 9.tion for Li from a submonolayer adsorbed on th&l1]-

The field rises monotonically except on the line through aoriented apex plane of W. The fact that the activation energy
topmost atom where we find a small enhancement of theemains more or less constant for fields larger than 6 V/nm
field by about 5%. We note that a jellium calculation with may be due to the fact that measurements were done in the
r,=3.0 bohr gives similar results. Adding a single Li atom presence of surface diffusion supply that can influence the
on top the L{100) surface we get a field enhancement abovdocal coverage, as it was discussed in Ref. 8. Extrapolating
the adatom due to the fact that at this protrusion the electrondesorption field data to zero coveradEig. 2) suggests
are easier to push into the metal; see Fig. 6. We get a fieltigher initial desorption field for the \¥11) surface, than for
enhancement of 1.42 some 2.35 A above the center of thine W(110), FJLi/'W (110]=8 V/nm andF 4 JLi/W (111)]
adatom. Li adsorption on a jelliuth?® with r,=3.0 yields =10 V/nm, in agreement with general trend observed earlier
1.29. for other alkalis>™

Our next task is to follow the reduction of the field en-  We now turn to our calculations. Unfortunately we cannot
hancement as one goes from a single adatom to a full monalo calculations for Li on W because the deMon program
layer. We model half a monolayer by the cluster depicted irdoes not provide basis sets for elements in the sixth row of
Fig. 7 and show the resulting field enhancement as thé¢he periodic table. We have therefore chosen Mo as the sub-
dashed line in Fig. 6, amounting to less than 5%. strate that has the same structure, similar lattice constants,

Before going into detailed comparisons between experiand also an ionization energy that is much lower than that of
ment and theory it is worthwhile to assess the accuracy of thei. Very close values of the binding energy, and similarity in
latter. First of all, it is known that the use of the local-density the surface structures of the alkali adsorbates on thiekdy(
approximation to the exchange and correlation energy typiand Mohkl) (Ref. 29 give further support to this choice.
cally underestimates the binding energy of dimers by 0.1-\We first calculated the binding energy of a single Li atom on
0.3 eV. The use of rather small clusters also leads to aMo in zero field. We get for the on-top site on M4l
overestimate of binding and activation energies of the ordeE,qind Li-M0(111)]=2.66 eV. For the evaporation field we
of 0.1 eV even if we use nonlocal density-functional theory.calculateF y4.JLi-Mo (111)]=8 V/nm for the on-top site and
As for the chemisorption code of Lang and Williathshere 11 V/nm for the threefold hollow site in good agreement
is an additional approximation, namely, that the Sdimger  with the experimental value of the desorption field of Li on
equation is solved only in a sphere of a radius typically somé&V(111), namely, 10 V/nm. In the on-top position the Li atom
8 bohr around the adatom. The electronic redistribution outis adsorbed at a distance where there is some field enhance-
side this sphere is taken into account in a global way byment whereas in the hollow site the field is already reduced
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A. Field desorption of Li at low coverage
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due to the expulsion from the metal, thus one needs higher Because a field of the order of 5 V/nm and larger, can
applied field to desorb Li adatom. In Fig(b} we show the move alkali adatoms on the surface even at temperatures as
calculated field dependences of the field-desorptamiva-  low as 20 K, the question arises whether rolling motfoi

tion) energy for a single Li atom on the Nitll) surface for is important for field desorption of Li. Consider the follow-
both the on-top and the hollow sites. They bracket the exing (rather extremgsituation: we know, e.g., from Fig. 6,
perimental data for Li on W11). The differences being due that there is a considerable field enhancement above single
to (i) the different substrates, afid) the nonzero coverage in atoms on a plane. This implies field gradients along which an
the experiment which, for the purpose of this comparisonadditional Li atom might migrate until it finally hops on top
effectively shifts the scale of the fielth the calculationsto  of the first atom from where it desorbs quite readily. This
higher values, implying a translation of the theoretical curveargument is too simplistic for two reasorn®: The field gra-

to the right. dient is most likely not strong enough to overcome the re-
pulsive interaction between the two Li atoms, afiid the
B. Field desorption of Li from Li monolayer and multilayer field of a single Li atom on the plangeing the appropriate

|S?Xternal force for an infinitesimal test chayggets drastically
modified by the presence of a second Li atom reducing the
gradients considerably. It is therefore our opinion that the
‘mobility of alkali atoms on field emitter§) assures an ad-

Our next task is to understand the experimental data i
Figs. 4a) and Zb). Our calculations are in agreement with
the experimental value of desorption figtld V/nm for Li/
W(111)] at zero coverage. To follow the coverage depen X .. ;
dence of the desorption field up to a full monolayer, account—ecluat.e SL.’ppIy of L'.at the apex afid) also plz_ays _the role it
ing for ordered structures as well, is totally beyond thedoes_m f|e|d.-free_ situations, namely, to maintain the adsor-
capability of accurate cluster calculations. We therefore havg":lte in quasiequilibrium.

to resort to a few selected geometries to account for th? II(; ;s of interest tod comp()jare thefl?r(]depljggsngg :Cnelansured
trends in the experimental data. \eld-iree coverage dependence of the el.

We first look at field evaporation of a single Li atom on aWith present results obtained in high-field conditions. Figure
Li cluster and calculate a desorption field of 11.4 V/nm in> displays such a comparison, where we found the value of

. : 4
perfect agreement with the experimental value for desorptioﬁ.‘OSt evas corrr%sptondlng t°1>t<h1e SL:n;agg ldoeﬂsnyiozkaﬂﬁ d
from a second Li layer on VL10); see the lower curvéat 20 i atoms per cm [structure( ) a S cm °], an
K) in Fig. 2(a). This agreement should, however, not be over-1'5 eV on the saturated part of the binding energy curve as
interpreted because the calculations are not that accurate T pected from the “monolayer” and “second layer” field-

any case. There is also the question of whether desorptid esorption modes realized in our experiments. The field in-

from a second layer occurs from isolated atoms or is morgependence O.f the binding energy of Li for differ(_ant Li cov-
akin to evaporation from the solid, i.e., takes place fromS'ages _found In present experiments seems at f!rst glance to
(self-replicating kink sites. We should remember that alkali be in dI?ct:rr]eps'nc(:jy with the refc]?nltéy observi,-ddi;g depen-
atoms on transition metals experience a strong repulsion &ence ot the binding energy ot field-evaporated-hiow-

low, submonolayer coverages due essentially to their par_@ver, the es_sentlal dlffer_ence in binding mechanisms of Rh to
tially ionic character. Although this repulsion switches to an'tS Own I_att|ce anq of Li to the Wa11) surface anq the re-
overall attraction as a monolayer is completed, one can agal UI.t'ng difference in applied fields necessary for f|elq evapo-
envisage some ionic character as the first few atoms accum ation of Rh[41 V/nm (Ref. 11)] and for field desorption of

. i from W (4—10 V/nm, leads to a difference in the field-
late in the second layer due to leakage from the substrate. nduced charge transfer. The expected variations of the Li

this were the case then our model would indeed be approprl;inding energy caused by an applied field less than 10 V/nm,

ate. A )
This scenario would also explain the experimental findingl'(\al)wl'.th'.? :jh(; eﬁﬁerlmtgntf}l accuracy of the presen: ijg ¢
that the evaporation field is smaller for desorption from a°v) imited by the activation energy measurements. A direc

second Li layer on top of gcompletedl first layer than it is comparis_on sz t_he alkali _adsorption—induced ele_ctronic
for desorption close to but below a monolayer. Around iso_perturbanon’s‘l'3 with calculations of the electron density re-

lated Li atoms in the second layer field penetration is Iarged'Str'bUtIorl near a metal surface, caused by the applied elec-

reducing the necessary external field strength, whereas tgostanc field® give further support to these conclusions.

more or less complete first layer expels the external field
very effectively so that a higher field is necessary for the
removal of atoms. We have modeled this situation by calcu-
lating field desorption from a completed layer, i.e., the re- In summary, we have presented a method for the deriva-
moval of the center atom in the right cluster of Fig. 7, andtion of binding energies of alkali adatoms on metal surfaces
find that a field larger than 20 V/nm is needed to do the jobfrom the measurements of absolute appearance energies for
This is indeed reasonable as an upper bound because desoifiptd-desorbed alkali ions and of the activation energy of
tion from a completed monolayer is very likely a two-step field desorption. Field-independent values of the binding en-
process in which an atom is first transferred into the secondrgy of Li adatoms in the Li monolayer and in second Li
layer and then desorbs, a process requiring a smaller field.layer on W111), which were obtained from the thermionic

In Fig. 4@ we show the calculated dependences of thecycle using field-dependent values A&f;(F) andQ(F), are
desorption(activation energy for the Li atom adsorbed on a in agreement with results of field-free measurements for a
Li(5+4) cluster embedded in jellium ardashed curyeon  W(111) single-crystal plane.
the jellium withr4=3.0 bohr in comparison with experimen-  We have used the CEJ model, based on density-functional
tal data for the two-layer Li film. theory, to calculate self-consistently the local-field enhance-

VI. SUMMARY
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