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A proposed theory of threshold photoemission allows for the existence of a local surface band 
with the binding energy close to the Fermi level. An expression is obtained for a matrix element 
corresponding to surface photoexcitation and a study is made of the dependence of this element 
on the parameters of the local energy band. The bulk (volume) and surface photoemission 
currents are calculated. It is shown that the frequency, angular, and polarization dependences of 
the threshold photoemission can be used to determine the fundamental parameters of the 
photoelectron states of the surface and of adsorbed submonolayer coatings. The anomalously 
large contribution of the surface to the threshold photoemission is explained. Calculations and an 
analysis of the experimental data for the W ( 1 10)-Cs system are reported. The main 
characteristics of the surface electron energy band induced by Cs coating are determined for the 
first time. 

1. INTRODUCTION 

A submonolayer coating can be regarded as the initial 
stage of the formation of an interface when the coating initi- 
ates the greatest changes in the electron structure of the sub- 
strate and gives rise to new electron states on the surface and 
at the interface. In the case of a metal substrate and a metal 
coating all the changes in the electron structure caused by 
the adsorption of atoms on the surface are localized in a 
narrow layer (representing one or two lattice constants) be- 
cause of the strong screening.' It follows that the methods 
for the investigation of the electron structure of the surface 
should be designed to apply either to a small depth of a data- 
carrying response or to a small depth of the excitation. Cur- 
rent investigations of the surface states of metals are being 
made exclusively by the methods of photoelectron spectros- 
copy using high-energy synchrotron, x-ray, or ultraviolet ra- 
diation and utilizing the minimal depth of photoelectron 
emission at such energies. This approach has been employed 
to detect the intrinsic surface states located near the Fermi 
level E, for different single-crystal faces of metals such as W 
(Refs. 2 and 3), A1 (Ref. 4) ,  Cu, Ag, and Au (Ref. 5 ) .  

However, the traditional investigations have proved 
much less effective in the search for and the study of the 
surface states induced by a submonolayer coating character- 
ized by 8, < 1 (where the surface coverage corresponding to 
a monolayer is 8, = 1 ) . The most informative are the experi- 
ments carried out for the W (100)-Cs system usingp-polar- 
ized synchrotron r ad i a t i~n .~  The initial photoemission spec- 
trum reveals clearly a peak of the intrinsic surface states of 
W(100) with an energy 0.3 eV below E,. The process of 
deposition of a submonolayer Cs coating shifts the peak of 
the surface states linearly toward higher binding energies 
and stabilizes its position (at E = 1.3 eV) when the coverage 
reaches 8, = 0.6. The spectrum shows no evidence of new 
surface states associated with the deposition of the Cs coat- 
ing. The W ( 110)-Cs system had been investigated also6 by 
excitation with p-polarized light of frequencies close to the 
photoemission threshold. The results revealed the surface 

photoemission from new states which appear when 8, 2 0.6. 
There have been several investigations that have re- 

vealed induced surface states manifested in the photoemis- 
sion spectra of the following systems: Cu ( 1 1 1 )-Cs (Ref. 7),  
Cu(ll1)-Na (Ref. 8) ,  W(110)-Ba (Ref. 9),  W(110)-Cs, 
W(100)-Cs (Ref. 6),  Al(111)-K (Refs. 10 and l l ) ,  and 
W ( 1 1 1 )-Cs (Ref. 12). All these investigations have been 
concerned with submonolayer coatings consisting of alkali 
or alkaline-earth metal atoms. These coatings are character- 
ized by a high polarizability, a considerable redistribution of 
the electron density in the region of the metal-adatom 
bonds, and a considerable influence of the coating on the 
work function.' When atoms are adsorbed singly, the local 
valence states of an adatom become strongly perturbed and 
this is manifested by a shift and broadening of these levels. 

An increase in the thickness of the submonolayer coat- 
ing results in a direct overlap of the wave functions of ada- 
toms and formation of induced two-dimensional surface 
states. Experiments show that such states have a negligible 
binding energy. One feature of these investigations should be 
mentioned, namely the use of excitations of relatively low 
energies. In the investigations reported in Refs. 6 and 9 the 
induced surface states were revealed by p-polarized excita- 
tion from the optical range and involved an investigation of 
the dependences of the threshold photoemission on the var- 
ious characteristics of the system and radiation. These re- 
sults conflict somewhat with the current ideas on the nature 
of the threshold photoemission postulating a considerable 
depth of excitation and emission of photoelectrons. There- 
fore, the possibility of obtaining information on the surface 
states has not been considered so far in theoretical investiga- 
tions of the threshold photoemission. 

We shall develop a theory of the threshold photoemis- 
sion in the presence of a local electron state on the surface of 
a metal and we shall assume that the energy of this state is of 
the order of the Fermi level. We shall obtain an expression 
for a matrix element describing a photoemission transition, 
study the influence of various parameters of the surface 
states, and calculate the threshold photoemission spectrum 
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forp-polarized excitation. We shall then use the results in an 
analysis of the experimental threshold photoemission spec- 
tra of the W( 110)-Cs system. We shall show that the set of 
the spectral and angular photoemission characteristics car- 
ries information on such fundamental parameters of the sur- 
face states as the position of the energy band and its half- 
width, and the value of the matrix element. 

2. MODEL AND PRINCIPAL RELATIONSHIPS 

We shall assume that at an interface between vacuum 
and a metal with a bulk permittivity E, (w) = EL (w) 
+ ic; (u )  there is a two-dimensional electron energy band 

with a local density of states pa (E) ,  with its maximum at Eo 
relative to the vacuum level, and with a half-width 2 r  (Fig. 
la) .  We shall assume that the coordinatex, is directed along 
the normal to the surface, whereas the coordinates x, and x, 
are parallel to the surface, and that the plane of incidence of 
light coincides with the x,x, plane. When polarized light is 
incident on a surface at an angle y, the components of the 
electric field parallel to the surface change slowly along the 
surface and they can be regarded as constant over a distance 
equal to the wavelength of light: 

where 8, and %', are the amplitudes of the p- and s-polar- 
ized light waves incident on the surface; rp and r, are the 
amplitudes of the reflection coefficients of the incident light. 
We shall assume in future that 8, = %', = %',. 

However, the normal component of the electric field 
varies near the ~ u r f a c e ' ~ . ' ~  and can be described approxi- 
mately by the expression 

where E,= is the effective permittivity which at atomic dis- 
tances 2d (amounting to several angstroms) changes from 
the bulk permittivity E, (w) to the permittivity of vacuum 
E = 1 (Fig. lb) .  In the photoemission process it is important 
that in the optical frequency range we have IE, ) 1. There- 
fore, the field $, (x, ) acting directly at the surface, where 
there is a local energy band characterized by pa, is much (by 
a factor I E ,  1 ) greater than the field in the bulk of the metal. 
We can also point out that in the optical frequency range we 
have 11 + r, 1 < 11 - rp 1 and-as demonstrated by Eqs. ( 1 ) 
and (2)-directly at the surface the normal component of 
the field is much greater than the parallel components. It 
follows that, even though the thickness of the region from 
which bulk photoemission takes place is much greater than 
the thickness of the adsorbed layer, in the optical frequency 
range the adsorbate can make the dominant contribution to 
the photoemission process. 

Simultaneous measurements of the frequency and po- 
larization dependences of the photoemission parameters 
can, in principle, provide important information on the pho- 
toexcitation mechanism, as well as on the electronic charac- 
teristics of the surface and of the layers adsorbed on it. This 
information can be obtained from the experimental data 
only if we have a theory that relates the observed threshold 
photoemission signals to the microscopic structure of the 
surface. 

FIG. 1. a )  Coulomb potential V ( x , ) ,  where x,  is the normal to the sur- 
face, xy is the position of the adsorbed atoms, p ( E )  is the local density of 
the surface states, and E,, is the energy position of the maximum. b) Sche- 
matic representation of the changes in the effective permittivity E,, (x,)  at 
a metal-vacuum interface. 

A matrix element Mj of an optical transition determines 
the value of the photocurrent and can be written as follows: 

M, a dr Uf , (x, E,+hw, p,,) 

Here, 9, (x,E, ,pl, ) and Tf (x,E, + h , p I I  ) are the normal- 
ized wave functions of the initial (i) and final ( f) states with 
the energies E, and E, + h and with the projections of the 
q~asimomentap,~ along the surface plane; $, (x )  is the com- 
ponent of the electric field which induces the investigated 
phototransition. The energy is measured from the vacuum 
level Eva, = 0. 

In describing the photoemission in the threshold fre- 
quency range we shall use the following generally accepted 
expression for the density of the photoemission current:13s1s 

The integration is carried out in Eq. (4)  over all the occupied 
initial states with the energy Ei (Ei < E,) and the function 
6(Ei + h - pf H2/2m) allows for the fact that the contri- 
bution to the current comes only from those electrons whose 
energy of motion along the normal to the surface obeys the 
inequality (Ei + h - pi  H2/2m ) > 0. 

The optical transitions responsible for photoemission 
may occur, firstly, due to the potentials of the ionic cores in 
that part of the interior of the solid substrate where the elec- 
tromagnetic field ( %',, 8,) represents an already established 
field of the refracted wave (bulk photoeffect) and, secondly, 
directly near the surface which can be clean or may carry an 
adsorbed layer, due to the action of the normal component of 
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the electric field $ , depending on the coordinate x,  [see Eq. 
(211. 

In the threshold frequency range the bulk component of 
the photocurrent for the s- andp-polarized light can be writ- 
ten in the form:13 

where w, is the threshold frequency; K is a constant which 
includes factors independent of w in the threshold approxi- 
mation and governing the behavior of the density of states 
near the Fermi surface as well as the properties of the trans- 
mission coefficient (transparency) of the surface barrier; 
MP ( i  = 1,2,3) are the matrix elements of the transitions 
involving the ionic cores and induced by the ith component 
of the electric field gi. The factor (w - w,)' 8(w - a,) is a 
consequence of integration over the phase volume, permit- 
ted by the laws of conservation. 

In the case of s-polarized light, for which the compo- 
nent of the electric field 8, [see Eq. ( 1 ) ] hardly changes 
near the surface, we can ignore the influence of an adsorbed 
submonolayer coating on the photoemission current, be- 
cause the effective thickness of this layer is much less than 
the thickness of the surface metal layer that contributes to 
the bulk photocurrent (the latter is of the order of the mean 
free path, which is - 100 A) .  

In the case ofp-polarized light we have to consider sepa- 
rately the effects of the normal and tangential components of 
the electric field. The influence of the tangential component 
of the field gives rise to a process of bulk photoemission simi- 
lar to that induced by s-polarized light. The situation 
changes qualitatively in the case of the photoemission pro- 
cess when the normal component of the electric field $, is 
excited and which changes rapidly near the surface. Accord- 
ing to Eq. (2)  the field in the part of the metal substrate 
contributing to the bulk photoeffect is much less than direct- 
ly near the surface. Therefore, even in spite of the small 
thickness of the adsorption layer, the surface photoemission 
may be stronger than the bulk effect. It should be mentioned 
also that optical transitions involving a surface potential 
barrier can also increase the surface photocurrent. These 
processes may result in a situation that the influence of the 
surface and adsorbed layer may become dominant. The total 
photocurrent due to the excitation withp-polarized light ob- 
tained allowing for the bulk current and for the surface pho- 
toemission can be described as follows: 

&To2 cos y 
I,= I K 1'0 (a-a,) 

I E,,, cos y+ (cm-sin2 y)'!' 1 ' 

where the matrix element MI includes the bulk M :  and sur- 
face M i  matrix elements: 

3. PHOTOEMISSION FROM SURFACE STATES 

The surface photoemission current induced by the nor- 
mal component $, of p-polarized light can be described as 
follows: 13.16 

pi f i 2 )  I,., a j a ~ ,  J2pl10  (E,-E,) B ( ~ . + h ~  - - 

2m 1 ] I a l a  
X( jiixy f(x, E , + ~ ~ ,  *,J[ + - - -  

&eft  (xi) ax,. 2 ax, E ~ ~ ~ ( x ~ )  r, 

&To2 I e,,, 1 ' cos 7 sin' y 

I Em COS y+(~,,,-sin' T)" 1 2 '  (9) 

Integration in Eq. (9)  is carried out over a surface re- 
gion L and x: represents the positions of the centers of the 
adsorbed atoms. In writing down the second part of Eq. (9)  
it is assumed that the width or thickness of the region 2d 
where the permittivity E,, (x,) changes exceeds the charac- 
teristic size of the region of change in the surface potential. 
Usually this condition is satisfied.I6 

In the calculation of the matrix element occurring in 
Eq. (9)  we shall assume that the main contribution to the 
photoemission process is made by the optical transitions 
from electron states on the surface, which are characterized 
by the following local density distribution: 

The wave function of the initial state can be represented 
in the form 

x f  .xsn 

where \V, is the wave function of the metal free of the adsor- 
bate; @ ,  is a wave function corresponding to the investigated 
electron states of the adsorbed atoms; Ta ( pl l  ,pi; ,Ei ) is the 
scattering matrix. The summation in Eq. ( 11 ) is carried out 
over the positions of the adatoms along the surface. Accord- 
ing to the results of the calculations carried out, for example, 
using the Anderson model," the matrix To has a pole at 
E = E , + i r :  

where a (  pl ,  ) is the scattering form factor. 
Substituting Eqs. ( 10) and ( 11) into Eq. (9),  we obtain 

the following expression for the surface photocurrent asso- 
ciated with the excitation of the surface states: 
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The frequency dependence of the last factor in Eq. ( 13 ) can 
be approximated by a power function w -'", where the expo- 
nent depends on the symmetry of the electron state of the 
adsorbed atoms.15 When the contribution to the photoemis- 
sion is made by resonant transitions from several surface 
levels or bands, the matrix Ta should be represented by a 
sum of several pole components. 

It therefore follows that the matrix element M i  can be 
represented as follows: 

x ( E o ; f i ~  [ ( E o + h o )  ( arctan - - -arctan - - r 

A calculation of the matrix element IMq2 for the sur- 
face photoemission, involving variation of the parameters of 
the surface energy band pa (E) in a wide range of values, 
shows that the value of I M .E 1 falls quite rapidly on increase 
in the photoexcitation frequency by an amount representing 
2-3 eV from the photoemission threshold h,. The value 
and the spectral dependence of the matrix element are in- 
fluenced most by the position of the surface energy band near 
the Fermi level. The other parameters-the symmetry of the 
surface states n and the half-width r-have less influence on 
the nature of the matrix element. 

In the calculation of the photoemission spectrum 
I, (h) we shall assume that M, = M i ,  i.e., we shall ignore 
the bulk photoemission which is excited by the normal com- 
ponent of the electric field in the interior of the metal. As 
pointed out already, this is justified in the optical frequency 
range of the exciting light where I&, I % 1. The most suitable 
spectrum for the analysis of the parameters of the surface 
energy band is not simply I, ( h ) ,  but a normalized spec- 
trum I, ( h ) / I s  (h) [see Eqs. (5)  and (7)  ]. In this case it 
is necessary to know the matrix elements M i ( & )  and 
M: (h). In the threshold frequency range in the case of 
metals we can assume, as established in many experiments 
that M i  (h) = const and M t  (h) = const. We shall de- 
termine the ratio of the moduli and the difference between 
the phases of the matrix elements: 

Figure 2 shows the spectra of Ip / I s ,  calculated for the 
W(110)-Cs system with a monolayer whose coverage 8, 
= 1. Moreover, it is assumed that S = 0.8, c l ~ , ~  ( x : )  I - '  
= 2; M i  = M t  = 1; t = 1. The angle of incidence y = 45" is 

the experimental value. Curves 1-6in Fig. 2 demonstrate the 
evolution of this surface photoemission spectrum represent- 
ed by Ip/Is  when the band Eo shifts near the Fermi level both 
in the direction of the empty states and also toward high 
binding energies. The energy position of the photoemission 

FIG. 2. Spectral dependence of Z,/I, calculated for tiw, = 1.50 eV, 
r = 0.05 eV, E, = 4.50 + 20.00i, 6, = 1, n = 2, y = 45", t = 1. The 
curves are plotted for the following values of E, (eV): I )  - 1.40; 2) 
- 1.50; 3) - 160; 4) - 1.80; 5) - 2.00; 6) - 2.50. 

maximum of I, /I ,  is governed by the position of the energy 
band E,. 

An analysis of the calculations carried out by varying 
other parameters (n and r) makes it possible to determine 
their influence on the nature of the spectrum of Ip / I s .  For 
example, the parameter n determines the slope of the short- 
wavelength edge of the spectrum, whereas governs the 
half-width of the maximum of I p / I s .  An allowance for the 
frequency dependence of the permittivity in the optical 
range (h = 1-4 eV) alters the ratio I, /I ,  by no more than 
5%. 

These calculations thus allow us to determine for the 
surface energy band that range of changes in its parameters 
which is most favorable for investigation in the threshold 
photoemission case: E, - 1.5 eV < Eo 5 EF; 1 < n < 3.5; 
r 5 0.3 eV. 

4. EXPERIMENTAL PHOTOEMISSION SPECTRA OF W(110)- 
Cs 

We investigated for the first time ever the threshold 
photoemission spectra I, (h) and I, (h) when a submono- 
layer film of atomically pure Cs was deposited on the surface 
of tungsten. The coverage varied within the range 
0 . 2 ~ 8 ,  < 1.0. The measurements were carried out in ultra- 
high vacuum (PG 1 X 10-lo Torr) at room temperature. Po- 
larized monochromatic light (M = 40 b;) was incident on 
the tungsten crystal at an angle y = 45". The photoemission 
threshold h, was deduced from the spectrum I, (h) [see 
Eq. (511. 

In investigations of the angular dependences we used 
excitation with s and p-polarized light of the wavelength 
A = 6328 b;. The method employed in recording the angular 
dependences (vector photoeffect) was described in Ref. 18. 
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FIG. 3. Experimental spectra of the surface photoemission from the 
W( 110)-Cs system obtained for different submonolayer coverages 8,: a)  
8, = 0.95 (the dashed curve is obtained by minimization of the param- 
eters); b)  0.7; c )  0.6; d)  0.4; e )  0.3. The arrows identify the value of the 
photoemission threshold &,. 

Figure 3 shows the experimental photoemission spectra 
Zp (&)/I, (&) obtained for different values of 8,. The ar- 
rows show the positions of the photoemission threshold h,. 
The evolution of the spectrum demonstrates all the stages of 
the formation of the Cs energy band (maximum B) obtained 
in the range 8, > 0.4. The maximum A corresponds to the 
photoemission from the surface states of W ( 110). Its behav- 
ior on increase in 8, is in good agreement with the data re- 
ported in Ref. 3. 

An analysis of the experimental photoemission spectra 
represented by Zp/Z, was made in accordance with the above 
theoretical model taking an opportunity to reduce the num- 
ber of independent parameters because they were deter- 
mined from the angular photoemission dependences. Figure 
4a gives the experimental curves I, ( y )  obtained for different 
values 8, of the Cs coating. Using Eqs. (5) and (7) ,  knowing 

the permittivity of tungsten ~ ( 1 . 9 6  eV) = 4.77 + 21.331' 
(Ref. 19) as well as the threshold h, for each coverage 6,, 
we calculated the ratio of the moduli of the matrix elements 
t = 1 M 12/M I from the angular dependences (Fig. 4b). 
It should be stressed that this value corresponded to a fixed 
excitation energy. A calculation was also made of the differ- 
ence between the phases of the matrix elements, which was 
found to be constant: S = 0.80 + 0.10. The results obtained 
allowed us to determine for each 6, the hitherto unknown 
coefficient C ~ E , ~  (xy ) 1 -'. The problem was therefore re- 
duced to determination of three parameters of the surface 
energy band: E,, n, and r. These parameters were deter- 
mined by minimization of the rms deviation between the 
experimental and theoretical curves, calculated from Eqs. 
(5) and (7), and allowing for Eq. (14). The error in this 
minimization procedure did not exceed 7% (dashed curve in 
Fig. 3 ). 

Table I lists the parameters of the surface energy band, 
induced by the Cs coating, found by this method. It is worth 
noting that the formation of the surface energy band on in- 
crease in 8, is accompanied by changes in all the fundamen- 
tal parameters of the surface states. 

5. CONCLUSIONS 

The results reported above demonstrates that the 
threshold photoemission method can provide important in- 
formation on the electron structure of adsorption layers on 
metal surfaces and this information cannot be obtained by 
the use of high-energy radiation. It must be stressed that in 
the optical frequency range the contribution of the micro- 
scopic surface region to the total photoemission signal can be 
separated because the effective field in the immediate vicini- 
ty of the interface is much stronger than the field in that part 
of the metal where the bulk photocurrent is formed. It is 
important to stress that the strong anisotropy of the proper- 
ties of the investigated system means that the photoexcita- 
tion occurs mainly under the influence of the electric field 
component normal to the surface and this component varies 
rapidly near the interface. At higher frequencies, for exam- 
ple when synchrotron radiation is used, we have IE, I -- 1, so 
that the field in the region from which the bulk photocurrent 

FIG. 4. a )  Angular dependences of the photoemission 
current I, ( y ) / I p  ( 0 )  obtained for the W ( 1 10)-Cs sys- 
tems with different submonolayer coverages 8,: I )  
0.60;2) 0.45; 3) 0.77; 4) 0.85; 5) 1.00. b)  Values of the 
ratio of the matrix elements t ', calculated at the fre- 
quency corresponding to & = 1.96 eV from the ex- 
perimental angular dependences (Fig. 4a) of the 
W(110)-Cs system. 
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TABLE I. Parameters of the surface energy of the W( 1 10)-Cs system with submonolayer coat- 

ings. 

is obtained is approximately equal to the field in the adsorp- 
tion layer. The contribution of the adsorbate is then small 
compared with the bulk photocurrent. The role of the micro- 
scopic region near the interface becomes greater in the pres- 
ence of alkali adsorbates on the tungsten surface, because 
their influence gives rise to a boundary region with a lower 
effective permittivity and, consequently, it enhances addi- 
tionally the intensity of the field at the surface. A quantum- 
mechanical calculation of the influence of the alkali adsor- 
bates on the behavior of E,, ( x , )  carried out using the 
"jellium" model can be found in Ref. 14. 

An analysis of the experimental photoemission spectra 
by means of Eqs. (7) and ( 13) allowed us to determine the 
position and half-width of the surface energy band induced 
by adsorption, as well as the dependences of these two pa- 
rameters on the coverage. A reliable determination of these 
parameters required the use also of the experimental angular 
and polarization dependences of the photoemission process, 
which-as demonstrated above-were described well by 
Eqs. (5) and (7). It should be stressed that our angular 
dependences of the photoemission current induced by p-po- 
larized light were not correlated with the dependence of the 
absorbed power of the optical wave on the angle y, as postu- 
lated earlier in numerous investigations of the photoef- 
fe~t .~O.~ '  In particular, the absorbed power hardly changes 
due to the appearance of an adsorbate, whereas the experi- 
mentally determined dependence I, (y)/I, (0) exhibits 
qualitative changes when the coverage 9, is varied. 

IS. Lundqvist and N. H. March (eds.), Theory of Inhomogeneous Elec- 
tron Gas, Plenum Press, New York (1983). 

'S. -L. Weng, J. I. Inglesfeld, D. A. King, and C. Somerton, J. Phys. C 14, 
309 (1981). 

3P. Soukiassian, R. Riwan, J. Lecante, E. Wimmer etal., Phys. Rev. B 31, 
4911 (1985). 

4G. V. Hansson and S. A. Flodstrom, Phys. Rev. B 18, 1562 ( 1978). 
5S. D. Kevan and R. H. Gaylord, Phys. Rev. B 36, 5809 (1987). 
6G. V. Benemanskaya and M. N. Lapushkin, Pis'ma Zh. Eksp. Teor. Fiz. 
45,423 (1987) [JETP Lett. 45, 540 (1987)l. 

7S. A. Lindgren and L. Wallden, Solid State Commun. 28,283 (1978). 
'S. A. Lindgren and L. Wallden, Solid State Commun. 34, 671 ( 1980). 
9G. V. Benemanskaya and M. N. Lapushkin, Pis'ma Zh. Eksp. Teor. Fiz. 
41,432 (1985) [JETP Lett. 41, 531 (1985)l. 

'OK. Horn, A. Hohlfeld, J. Somersetal., Phys. Rev. Lett. 61,2488 (1988). 
"K. -H. Frank, H. -J. Sagner, and D. Heskett, Phys. Rev. B 40, 2767 

(1989). 
lZG. V Benemanskaya, G. P. Burmistrova, and M. N. Lapushkin, Phys. 

Lett. A 137, 139 ( 1989). 
13A. M. Brodsky and M. I. Urbakh, Prog. Surf. Sci. 15, 121 (1984). 
14A. Liebsch, Phys. Rev. B 40,3421 (1989). 
15A. M. Brodskii and M. I. Urbakh, Electrodynamics of the Metal/Elec- 

trolyte Interface, Nauka, Moscow ( 1989). 
16A. Bagchi and N. Kar, Phys. Rev. B 18,5240 (1978). 
17 J. R. Smith (ed.), Theory of Chemisorption, Springer Verlag, Berlin 

( 1980) [Topics in Current Physics, Vol. 191. 
"G. V. Benemanskaya and M. N. Lapushkin, Pis'ma Zh. Eksp. Teor. Fiz. 

49,515 (1989) [JETP Lett. 49,595 (1989)l. 
19J. H. Weaver, C. G. Olson, and D. W. Lynch, Phys. Rev. B 12, 1293 

(1975). 
'OD. W. Juenker, J. P. Waldron, and R. J. Jaccodine, J. Opt. Soc. Am. 54, 

216 (1964). 
"P. 0. Gartland, S. Berge, and B. J. Slagsvold, Phys. Rev. Lett. 30, 916 

(1973). 

Translated by A. Tybulewicz 

904 Sov. Phys. JETP 75 (5), November 1992 Benemanskaya et a/. 904 


