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Stress, strain, and charge transfer in AgPt(111): A test of continuum elasticity theory
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We study the validity of continuum elasticity theory for the heteroepitaxial Ag1Rt system, by perform-
ing ab initio calculations of the structure, stress, and elastic constants. Interlayer separations after the deposi-
tion of about 3 monolayers of Ag are close to those predicted by continuum elasticity theory. The surface stress
is slightly greater than that predicted by continuum elasticity theory, due to a small charge transfer of about
0.05 electrons from the first Ag layer to the first Pt layer. The deposition of subsequent Ag layers does not
affect the charge distribution materially. Our results disagree with a previous finding that the surface stress is
larger than that predicted by continuum elasticity theory by an order of magnitude.
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[. INTRODUCTION et al. postulated that the discrepancy between the predicted
and measured values of surface stress might be due to a large
In the area of thin-film technology, one of the major goalscharge transfe(of about 0.43 electrons per atgritom the
is the ability to grow epitaxial layers in a controlled fashion. silver film to the platinum substrate, due to the lower elec-
When overlayers of a material are deposited on a flat sunronegativity of Ag compared to Pt.
strate, three kinds of growth modes are possible. In Frank- However, the validity of the results of Grossmaenal.
Van der Merwe growth, the growth proceeds in a layer-by-has been questioned by Bottomfewho reexamined the
layer fashion, whereas in Volmer-Weber growth, thecantilever bending experiments and raised doubts about the
overlayer clumps up into three-dimensional islands. In be@ssumptions made in deriving the surface stress from the
tween these two growth modes is Stranski-Krastano@mount of bending.
growth, where initial layers are laid down layer by layer, but In this paper, | attempt to resolve this issue by performing
subsequent deposition results in the formation of three@b initio density-functional theory calculations to compute
dimensional islands. the surface stress of the Ag(Ptl) system. It is shown be-
For technological applicationgsuch as the manufacture 10w that while the stress is indeed larger than predicted by
of devices where the integrity of the interface is crugidlis ~ continuum elasticity theory, this discrepancy is considerably
desirable to have layer-by-layer growth, with no clumping orsmaller than that reported by Grossmagtral. o
fracture of the overlayer. One therefore needs to arrive at an While | am not aware of any technological applications
understanding of the factors controlling the growth mode that directly involve Ag-Pt interfaces, the Ag(11) system
Some general guidelines to favor controlled layer-by-layehas become one of the canonical model systems used to ob-
epitaxy are known. It is desirable that the surface energy of@in an understanding of the factors controlling growth, and
the overlayer material be lower than that of the substratehas been the subject of a number of previous experimental
Further, the misfit between the natural lattice constants of th@nd theoretical investigations. Many of these concern the dif-
overlayer and the substrate should be small. If this is thdusion of individual Ag atoms or small clusters of Ag atoms
case, then one assumes that the accumulated stress tHathis system, and need not concern us here. Of some rel-
builds up with the deposition of successive overlayers is als§vance to this work, however, is the work of Roedeal.*
small, thus permitting the growth of dislocation-free epitax-Who found, using scanning tunneling microscopy, that for
ial layers. submonolayer coverages of Ag, there is a monolayer-
This assumption that small misfits lead to small stresse§onfined intermixing of Ag and Pt. However, upon deposit-
(as predicted by continuum elasticity thepwyas, however, ing 1 monolayefML) of Ag, there is a demixing of the two
called into question in a paper by Grossmastral! who  Metals, and a complete monatomic Ag layer is formed. Sub-
performed cantilever bending experiments to deduce the inse€duently, Brunet al. found (again using scanning tunneling
duced stress when layers of Ag were deposited on(kLBt ~ microscopy that while the first Ag layer grows pseudomor-
substrate. They obtained the astonishing result that the meghically, the deposition of a second Ag layer results in the
Sured Surface stress was grea‘[er than that predicted by Coiﬁlrmation .Of a network of misfit diSl_OcationS, with alternat-
tinuum elasticity theory by an order of magnitude. Subseing domains of face-centered-cubic and hexagonal-close-
quently, after correcting some details of their analysis, thigacked stacking at the surfate.
enhancement in surface stress was scaled down to a factor of
52 However, this is stil! a large factor. If this h'uge discrgp— ' Il AB INITIO CALCULATIONS
ancy between the predicted and actual stress indeed exists, it
is worrisome for the crystal grower, since one has to rethink The ab initio calculations were performed using the
the fundamental assumptions made concerning how to favérpwsce package® within the framework of density-
layer-by-layer growth—which would now become hard tofunctional theory. Both Ag and Pt atoms were treated using
achieve even with small misfits. In their paper, Grossmanran ultrasoft pseudopotentia/ plane-wave basis set with a
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cutoff of 20 Ry was employed; the cutoff was increased to TABLE I. Stresses and strains for bulk Ag, strained in xtg’
160 Ry for expanding the augmentation charges associatgdiane, as obtained fromb initio calculations and continuum elas-
with the use of the ultrasoft pseudopotential. Electrondicity theory. The latter uses the formulas of continuum elasticity
electron interactions were described within the local densitgheory butab initio values of the elastic constants, is the dis-
approximationLDA) to the exchange-correlation functional. tance between successive layers stacked atérg111] andoy is
For bulk systems, two different unit cells were uség:a e stress component,.,. .

primitive fcc unit cell, withk-point sampling corresponding
to 60 points in the irreducible Brillouin zon#BZ) and(ii) a

Strain Quantity  Fromab initio  From continuum elasticity

cell with three layers stacked along tfEL1] direction, and 5 g b, 237 A 237 A
69 k points in the IBZ. It was verified that for the unstrained 5 go, 7| 0.61x 10° N/m? 0.63x 1010 N/m2
case, the two unit cells gave essentially the same result. Suj-,q, b, 241 A 2.40 A
face calculations were performed for nine or more layers, 5, 7| 1.18x 10° N/m? 1.02x 10L° N/m?

stacked along thgl11] direction, separated by a vacuum of
thickness equivalent to seven layers, using a<15x1

wave vector grid, corresponding to R7points in the surface 101 N/m?, which is again larger than the experimental

IBZ. For the clean surface calculations, the three innermos\;ameu of 4.9x 101 N/m?. This significant stiffening in the
layers were fixed at the bulk separation, and the three oute heoretical .values o€y, .C12 and C,, presumably arises
most layers on either side were allowed to relax. For Calcubrimarily from overbinding due to the use of the local-

lations on the heteroepitaxial Agi11) system, one to density approximation, and will have to be accounted for
seven layers of Ag were adsorbed on both sides of a seve ihen we later examine values for stresses

layer F t Zlatl' t:]—hebtrl]lzee Pt Ia:_yer.s zﬁt t?he anter of the slab™ A other factor that has to be accounted for is the fact that
were Tixed at the bulk separation; all other 1ayers Were pery, . o, initio calculations get exactly the right value for the

m|tted.to|r(;ela_x.A£'b |n|t|<]3 tﬁtretstsels were gb:"’(‘j'ﬂe‘jﬂ”‘“ frlgm lattice constant of Pt, but underestimate the lattice constant
numepfﬁ ?rlva '}[/r?s orthe foNg FnergyduMaB'r;?C Y, maKing ;¢ Ag. (This presumably arises from the differing quality of
use ot the stress theorem ot Ni€lsen an n. the pseudopotentials used for the two elements. The slight
overbinding obtained for Ag is a typical LDA error; in the
lll. RESULTS FOR BULK Pt AND Pt (111) case of Pt, this effect appears to be canceled by the pseudo-
The lattice constant for bulk Pt is determined to bepoter_mal used.This means tha_t, if we were to p.erfo”“ cal-
ST ) , culations for Ag layers deposited on an unstrained Pt sub-
3.92 A, which is in excellent agreement with experiment. o ; .
. . : . strate, we would be underestimating the strain—the strain for
This means that the in-plane lattice constant fdilBb is . ; o
0 . S the experimental system is 4.2%, whereas the strain in the
a)=2.768 A, and successive layers along [th#l] direction

- A theoretical system would be only 2.6%. Underestimating the
are separated by} =2.260 A. For the clean PILY) surface,  gyain would also lead, obviously, to underestimating the in-

the e_:xpan.sion/contraction of the three outermost interlayeg ceq stresses, which are the quantities that we are primarily
Spacings |sofound to beh1,=0.29%, Ays=—0.55%, and nterested in. To deal with this problem, we will consider two
A3,=—-0.18%, corresponding to very small relaxations of kings of epitaxy(i) Ag deposited on unstrained(B11), with
0.007, —0.012. and—0:004 A, respgcuvely. These r.esults aj=b=2.768 A, corresponding to an in-plane strai
zgrege 1;/vekl: Wlthf previous calt(:julatuf:)ns and exper;menéa:(bltl)_a”)/bh) of 2.6%, (i) Ag deposited on strained @L1),
ata’"“ The surface energy and surface stress are foun ; o ; _

be 0.124 and 0.400 eVFA respectively, again in good Hith 8=Dy=2.722 A, corresponding te =4.2%. ,

: : ! P Y, a9 9 Before going on to study the Ag/@tll) system, we in-

; ; ; 13
agreement with previously published resdits. vestigate the validity of continuum elasticity theory for
strains of these magnitudes imposed on bulk Ag. We con-

IV. RESULTS FOR BULK Ag AND Ag (119) sider a strained Ag crystal, with layers stacked alarig

The lattice constant for bulk Ag is found to be 4.02 A, =[111. by, the in-plane lattice constarfin the x'y’
which is smaller than the experimental lattice constant of" (111), pland is fixed and the layers are allowed to relax
4.09 A by 1.7%, which is typical of errors due to use of the@l0ngz’ to find b, , the optimal spacing between layers, as
LDA. This means that the interlayer spacing along [th&d] predicted byab initio calculations(The coordinate system is
direction in bulk Ag isb8=2.320 A, and the in-plane lattice denoted by primes to distinguish it from the conventional

constant for pure Ag ibﬁ’=2.842 A. cubic coordinate systemtyz.) . . .
Since we wish to study the response of Ag layers to The value ofb, can also be estimated using continuum

strains imposed by the Pt substrate, it is of interest to czalcugl"’lsnmty theory. Imposing the condition that, in the primed

late the elastic constants of bulk Ag. By isotropically varying System, there is no stress alorig=[111], and transforming

the volume of the fcc unit cell, and seeing how the tota/back to conventional cubic coordinates, one obtains

energy varies as a function of the lattice constant, we obtain

Cyy+2C1,=3.99x 10! N/m?, which is larger than the ex- (b|0—3|
by

2C11+ 4C12_ 4C44
C111+2C,+4Cy,

b, =b? 1+<

()

perimental valu¥ of 3.1x 10" N/m?. Similarly, from the
change in total energy upon stretching the cell along the
body diagonal, we obtain C.;+2C,,+4C,4,=6.7 Table | compares the values ft, , as obtained fromab
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initio calculations and continuum elasticity theory, using the [N R
theoretically determined values 6f;;+2C;, andCy,,. The 0—612
agreement is found to be good. 235 | A .
We also obtain the in-plane stresg= o/, = oy, from
the ab initio calculations on the strained Ag crystal. This z S B—a 11
quantity too can be obtained from continuum elasticity ;, —e 111II
theory, where, for a straig applied in the(111) plane, one 230 T P~V
ets <+—4VVI
g W lvivn
2¢) (C11+2C15—2Cyy)? e
=— + + — ) 2.2 — —
7= 3 |(Cut2C12tCad (Cy1+2C1,+4Cyy) 0 2 4 o 2 4 6 8
(2 Number of Ag layers Number of Ag layers
Table | also compares the values foy as obtained fronab FIG. 1. Variation in interlayer separations in the Ag/P{111)

initio calculations and continuum elasticity theory; oncesystem(for the case where the in-plane strain is 2)6& a function
again the two approaches are found to give values in gooff the number of Ag overlayers deposited. The numbering conven-
agreement with each other. From this, we may conclude thdton is explained in.the te.xal is the bulk.interlayer spacing )‘or the
continuum elasticity theory gives a good description of thept_ substrate, anil, is the interlayer spacing for bulk Ag strained by
properties of bulk Ag, if we account for the overestimation of this amount.

elastic constants in thab initio calculations. For later appli-
cation to the case of Ag/Rtll) heteroepitaxy, we note that
the results foroy (using continuum elasticity theory and the
ab initio values of elastic constantsnply that each layer of
Ag will contribute an amount of 1.49 N/m to the interface
stress for the case=2.6%, and 2.46 N/m for the case
=4.2%.

For unstrained A@L11), the ab initio calculations give a
surface energy of 0.072 eVfA Note that this value is con-
siderably smaller than the corresponding value fdd P,
which is what makes the Ag/@tl1) system a promising can-

didate for layer-by-layer growth. The first three mterlayerIayer of Ag atoms, is roughly midway between andb, .

. ) o )
spacings are very slightly contracted, with,=-0.87%, The variation of subsequent interlayer spacings with the

A23=~0.66%, andiss= —0.46%. These relaxations are in |\ por ¢ Aq overlayers deposited is nonmonotonic; how-
very good agreement with a recent low-energy electron- 9 y P '

diffraction study® which found A;,=(0.0-0.9%) andA ever all distances frord;, ;,, onwards are close to, . These

— (0.0+1.3%), but are somewhat smaller than the values 0¥esults are qualitatively similar to those reported for semi-
A — 2506 andA . + 0.6% obtained from medium en. conductor interfaces by Branet al,'” who found that a 3
erléy ion 'scattering 2e3xperir.nen1t% ML film behaves close to an elastic continuum, but the pre-

dictions of continuum elasticity theory are significantly off
for the limit of a single monolayer.

proceeding inwards, and label successive Ag layers by Ro-
man numerals I, II, lll, etc., again starting the numbering at
the interface, and proceeding outwards. From Figs. 1 and 2,
we see that the interlayer spacings near the interface are
fairly sensitive to the number of overlayers deposited, and
are bounded by, andb, . (Note that the values af, and

b, are different for Figs. 1 and PThe distance between the
first two Pt layers at the interface is slightly expanded rela-
tive toa, ; while the distance between the first two Ag layers
at the interface is slightly less tham . d;, the distance
between the outermost layer of Pt atoms and the innermost

V. RESULTS FOR Ag/Pt(111)

In the calculations for Ag/P111), one to seven layers of L e B AR 23
Ag are “deposited” on both sides of a ®11) slab. It is 039 | ;’:.9312 1 ﬁ
assumed that the deposition is epitaxial and pseudomorphic,

with no intermixing. For the reasons mentioned above, two

cases are considerdd) aj=b =2.768 A, and(ii) aj=bj 3 -\_/-—-/'\\ HiII}H
=2.722 A. For this latter case, we first find, from an addi- < ol 1 A--ATITY
tional series ofb initio calculations on strained bulk Pt, that ——eny

. . . . <44 VvV
the optimal interlayer separation for the Pt substrate,is Se-0-0-00-0 lvivn
=2.304 A.[This is in excellent agreement with the value of D e
2.305 A obtained using Eq1) and experimental values of 2.29

the elastic constants of bulk Pt from Ref. L1&he three 0 2 4 6 2 4 6 8

interlayer separations at the center of the Pt slab are fixed at Number of Aglayers Number of Ag layers

this value, all other interlayer separations are relaxed by cal- fG, 2. variation in interlayer separation in the Ag/Pt111)

culating the energies and forcab initio. system(for the case where the in-plane strain is 4)286 a function
Figures 1 and 2 show the interlayer separatiG@®ng  of the number of Ag overlayers deposited. The numbering conven-

[111]) for the two cases of strain considered. For notationation is explained in the texg, is the bulk interlayer spacing for the

convenience, we label Pt layers by Arabic numerals 1, 2, 3pt substrate, and, is the interlayer spacing for bulk Ag strained by

etc., starting with the outermost Pt layer at the interface anthis amount.
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FIG. 3. The induced surface stre&s as a function of Ag cov- 0.10 |
erage. The black dots are experimental points from Ref. 1, scaled Z 0.05 r
down by a factor of 2/3 as recommended in Ref. 2. The open circles B ’ L
are ab initio results, and the dashed line is the prediction from — 0009
continuum elasticity theory, usingb initio values of elastic con- % -0.05
stants. The theoretical values in Figa) and (b) are for ej=2.6% ~0.10 [
and ej=4.2%, respectively. _0.15 L . ! . ! . ]
0.0 5.0 10.0 15.0
z (A)

In the ab initio calculations, we also compute the stress
for the Ag/Pt111) system. For the case ef=2.6%, there is FIG. 4. Charge densities integrated over #ig’ plane, as a
no strain on the bulk layers of the Pt substrate, and thus anfinction of the vertical positioa’, for (a) 1 ML of Ag deposited on
calculated stress can be attributed to the AQ/F interface.  P(111), (b) 1 ML of Ag (solid line) and P¢111) slab(dashed ling
However, for the case =4.2%, the Pt substrate has also (c) induced charge de_nsity, obtained by subtracting t_he two curves
been strained. The corresponding stress in these Pt Iayersi'i‘s(b) from the curve in(a). The black dots and as_terlsks indicate
subtracted out by computing the stress on bulk Pt layerthe centers of the Pt layers and Ag layer, respectively.
strained in the'y’ plane by this amount. Further, in order to
compare with the cantilever bending experiments, whichtained by scaling the data in Ref. 1 by a factor of 2/3, as
measured the induced stress upon deposition of Ag, we neeadcommended in Ref. 2. The open circles are dbeinitio
to subtract out the surface stress of1P1). results obtained using the procedure outlined in the preced-
More precisely, we have carried out the following steps,ing paragraph. The dashed lines are the results from con-
in order to be able to get quantities that we can compargnuum elasticity theory, usingot the experimental values
directly with the experimentally reported valu€a} We take  for C,;, C,, andC,,, but the theoretically determingdb
a slab with the requisite number of Ag layers adsorbed orinitio) values. While it might appear from Fig(l3 that there
both sides of the Pt slab. For the relaxed slab, we obtain thig good agreement between the experimental and theoretical
in-plane stressforce per unit areafor the whole slab. This values, this agreement is somewhat misleading, because of
procedure is carried out for both valuesepf viz., 2.6% and  the overestimation of the elastic constants in the calculations.
4.2%. (b) Only for the cases|=4.2%, we subtract out the What we can conclude, however, is that the interface stress is
stress from bulklike Pt layers, by comparing with the stressndeed larger than predicted by continuum elasticity theory,
of bulk Pt strained by 4.2% in th@l1l) plane.(c) We inte-  though not by the huge amount suggested in Refs. 1 and 2.
grate the stress along the’ direction to obtain 7; One point worth noting is that the ratio of tlab initio
=1fdz o, where the factor of arises from the fact that stresses for the two cases=2.6% ande|=4.2% is more or
we have two Ag-Pt interfaces in our slab. This quantity canless equal to the ratio of the values of the strain; giving us
be thought of as representing the surface/interface sfiéss additional confidence that the correct procedure was used in
mensions of force per unit lengtithough it is really distrib-  subtracting out the stresses in the Pt layers for the case where
uted over many layersd) Computeab initio the surface the Pt substrate is also strained.
stressr, for clean P{111) for both the unstrained Pt substrate ~ Why is the interface stress larger than that calculated from
(as mentioned aboyeand for a P{l11) slab strained by continuum elasticity theory? Grossmaeinal. suggested that
4.2%. (e) Finally obtainA 7= 7,— 75, which is the induced charge transfer from Ag atoms to the more electronegative Pt
interface stress, which is the quantity that the experiments trgtoms might be responsible. They estimated a charge transfer
to measure. of 0.43 electrons per Ag atom. We can check this by com-
Our results forA 7 as a function of Ag coverage are plot- paring the charge distribution for the Ag(P11) system to
ted in Figs. 8a) and 3b) for ¢=2.6% and 4.2%, respec- the separate charge densities of the Ag layers and Pt layers.
tively. The filled circles in these figures are the experimental In Fig. 4, we plot the charge densities, integrated over the
points; however, these are approximate, and have been ok‘y’ plane, as a function of’, the coordinate that runs
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@ -0.005
Pt strained
__ 005 ¢
<
o [
* _oos | —-— AgiML
——= Ag2ML
—— Ag7ML
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(b)
FIG. 6. Induced charge density for the Ag/Bitl) system for the
P 0.05 | 1 planes(a) z’=8.0 A and(b) z’=5.83 A. The white crosses ifa)
3 and the black crosses i) mark the projections onto the plane of
> 505 | | the centers of the outermost layer of Pt atoms. The gray scale runs
e ——=— Ptstrained from —0.005 to 0.006 in atomic units (electrons/bdhr
—— Pt unstrained
-0.15 - . ‘ . redistribution of charge in this figure arises entirely from
o 5 10 ‘ (/3\)15 20 25 charge transfer due to the presence of the interface, and not
z

due to changes in interlayer spacings upon deposition of

Lo layers.
FIG. 5. Induced charge density, integrated overxhg plane, over. . .
as a function of the vertical positiari: (a) for Ag coverage ranging Figure §b) shows that the induced charge distribution is

from 1-7 ML, with the Pt substrate strained. The black dots and©latively insensitive to the strain we have imposed on the
asterisks indicate the centers of the Pt layers and Ag layers, respedUbstrate, by comparing the results obtained with a strained
tively, for the case where the Ag coverage is 7 Mh), with the Pt~ and unstrained Pt substrate, for a coverage of 2 ML of Ag.
substrate strained and unstrained for Ag coverage of 2 ML. The two curves are almost identical, except for a very slight
lateral shift(alongz’) due to the outward expansion of the Pt
normal to the interface. The results are shown for the cassubstrate in the strained case.
€/=4.2%. Figure 4a) shows the charge density for the Ag/ In order to estimate the excess surface stress due to this
Pt(111) system, with one layer of Ag deposited on the Ptcharge transfer, we need to consider the distribution of in-
substrate. Figure(8) shows the separate charge densities forduced charge in the'y’ plane. This is shown in the shaded
a single Ag layer(solid line) and a slab of Pt atomglashed contour plots of Fig. 6 for two cuts perpendicular to tte
line). Figure 4c) shows the charge-density distribution in- axis. Figure €a) shows the induced charge density for the
duced by the deposition of an Ag layer on a Pt substrate. Thiplanez’=8.0 A, which lies between the outermost layer of
is obtained by summing the two curves in Figbjand then Pt atoms and the innermost layer of Ag atorflhe reason
subtracting the curve in Fig.(d. From Fig. 4c), we find  for picking this plane is that this is where the induced posi-
that the charge transfer from Ag to Pt is sm@bout 0.05 tive charge density is largely localized, as can be seen from
electrons and that the charge distribution alomjis highly ~ Fig. 5) The white crosses show the projection of the posi-
nonuniform. The induced charge density is localized primations of the outermost layer of Pt atoms, which are centered
rily in the region of the interface, with a depletion in charge a distance 1.08 A below this plane. An anisotropically dis-
close to the Ag layer and a build up close to the first Pt layertributed positive charge density is seen to be induced in this
There is also a smaller but still pronounced redistribution ofplane, localized primarily in the neighborhood of the outer-
charge density between the first and second Pt layers. most layer of Pt atoms. Figurgl§ also shows the induced
How does this induced charge density change as addiharge density, but for the plazé=5.83 A. The planes in
tional layers of Ag atoms are deposited? These results afeigs. 6a) and Gb) are equidistant from the outermost layer
shown in Fig. %a). The most notable feature is that the in- of Pt atoms, but the former lies above(ibwards the Ag
duced charge density is more or less independent of the nuntayers and the latter lies below {away from the Ag layefs
ber of Ag overlayers. There is a very slight change on goingA comparison of the two figures shows that the sign, magni-
from a coverage of 1-2 ML; after that, up to 7 ML, there is tude, and distribution of the induced charge is quite different
no perceptible changgor clarity, only the results for 1, 2, in the two cases, underlining the influence of the Ag over-
and 7 ML are plotted in Fig.(®); the results for 3—6 ML are layers.
essentially indistinguishable from those for 2 and 7 ML To estimate the contribution of this charge transfer to the
This suggests that charge is donated to the Pt substrate orgyrface stress, we use a simple model of a parallel-plate ca-
by the first layer of Ag atoms at the interface. Note also thapacitor, following Ref. 1. The contributioA 7 to the surface
there is a slight redistribution of charge between the first andtress is given by
second Ag layers. It should be noted that to obtain the in-
duced charge densities plotted in this figure, in all cases the (AQ)%dess
charge density for the isolated(Pt1) slab was obtained us- Arg=— T26,A7 ©)
ing not the coordinates for a relaxed(PPtl) slab, but that
corresponding to a Pt slab whose layers were in the samghereAq is the charge transferredg;; is the spacing be-
positions as those for the relaxed Ag/Htl) slab; i.e., the tween the positive and negative charggijs the permittivity
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constant, andh is the area over which the charge is distrib- the other all-electron linearized augmented plane-wave
uted. TakingAq=0.05 electronsd.;; [obtained from Fig. calculations®!® When their results become available, it
5(a)] as 0.78 A, andA [estimated from Fig. @] as 1 2, would be interesting to compare our results with theirs, thus
this back-of-the-envelope calculation givAs,=2.8 N/m,  nailing down, for example, possible errors due to the use of
which is indeed roughly equal to the difference, in Fifh)3  a pseudopotential.

between theb initio and continuum elasticity theory values One further caveat should be mentioned: as stated above,

for the surface stress 7. we have assumed that the Ag layers are grown pseudomor-
phically on the Pt substrate. However, experiments have
VI. DISCUSSION AND SUMMARY shown that, upon annealing a film deposited at room tem-

The results presented in the preceding section differ conP€rature, the structure of the bilayer consists of a network of
siderably from the interpretations and intuitive assumptiond"Sfit dislocations. Since these misfit dislocations serve to
of Grossmanret al We consider the differences one by one: relieve surface stress, we can congd_eraimnmuo numbers _
(i) They assumed that charge was homogeneously depleté‘ar surface stress to be an upper limit. However, the experi-
from the first few monolayers of the Ag film, whereas we mental results that we have plotted in Fig. 3 were obtained at
find that charge is essentially depleted from only the very300 K, so our comparison remains valid. Also, since in this
first layer of Ag atoms(ii) They assumed that the counter- work we have confined ourselves to integral coverage, we
charge sits in the first layer of Pt atoms, whereas we find it isieed not worry about the finding of Roedet al® that a
localized between the Ag and Pt laye(si.) They assumed surface alloy is formed for fractional coverage.
that as additional Ag layers are deposited, more and more To summarize our main results: We find that continuum
charge is transferred from Ag to Pt layers, whereas we finelasticity theory provides a good description of the properties
that the induced charge density saturates after the depositiai bulk Ag, if we allow for the overestimation of elastic
of the first Ag layer.(iv) Due to the preceding assumptions, constants arising from overbinding due to the use of the
in their case, the induced surface stress due to charge transfecal-density approximation for the exchange-correlation
would vary linearly with the thickness of the Ag film, functional. For the Ag/R111) system, we find that interlayer
whereas we find that this quantity is roughly independent ofelaxations are nonmonotonic and sensitive to the number of
the Ag coverage. This is in agreement with our results show\g overlayers. The interlayer spacings are close to those
in Fig. 3, where the total surface strggghich includes con- predicted by continuum elasticity theory after the deposition
tributions from strained Ag layers and charge transfer of about 3 ML of Ag. The surface stress is slightly larger
found to differ from the stress estimated by continuum elasthan that predicted by continuum elasticity theéagain al-
ticity theory (which includes only the contribution from the lowing for the overestimation of the elastic constanend
strained Ag layersby an amount that is more or less inde- this difference can be attributed to charge transfer from the
pendent of the number of Ag layers) By comparing with ~ innermost layer of Ag atoms to the outermost layer of Pt
their experimental results, and making use of the assummtoms. However, the amount of this charge transfer, and the
tions cited above, they estimated a charge transfer of 0.4&sulting enhancement in surface stress, is considerably
electrons per Ag atom. However, we obtain a much smallesmaller than that reported in the experiment of Grossmann
charge transfer of approximately 0.05 electrons, independemt al® This discrepancy may be due to some intuitive as-
of the number of Ag overlayers. sumptions made in the analysis of this experiment, which

Possible sources of errors in our calculations are the useave subsequently been questiofgdther differences be-
of the local density approximation, and the use of a pseudaiween the assumptions made in Ref. 1 and our results have
potential. We have learned recently that two other group$een listed at the beginning of this section. We find no evi-
have also been investigating the same system, using differedence for a catastrophic failure of the classical rules of het-
techniques: in one case a mixed basis calculation, and iaroepitaxy, which is reassuring.
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