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The aim of this investigation is (a) to confirm by numerical quantification of analytical expressions in
paper I, involving embedded-atom methods (EAM’s), that a pseudomorphic, rather than a close-packed,
Ni monolayer (ML) on Mo{110}, is stable, and (b) to establish the physics of the pseudomorphic-to-
close-packed transition. Of the two close-packed configurations identified by a rigid-model approach,
the one with incomplete misfit dislocations is shown, using transformed-stiffness constants (intralayer in-
teraction) and EAM-calculated Fourier coefficients (interlayer interaction), to be the stable one with an
average energy per Ni atom of 0.297 eV after final relaxation. An EAM calculation, presumably ac-
counting for anharmonicity at 26% of pseudomorphic strain and for substrate proximity, yields the
lower value 0.258 eV for the average energy per Ni atom in the pseudomorphic monolayer, and thus
confirms the relative stability of the pseudomorphic monolayer. The pseudomorphic-to-close-packed
transition—apparently from a lower energy pseudomorphic to a higher energy close-packed
configuration—has been explained on kinetic grounds: the rapid formation of the close-packed
configuration by penetration of excess atoms under nonequilibrium conditions of growth. Under equilib-
rium conditions, individual excess atoms reach the ML periphery by surface migration to effect contin-
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ued pseudomorphic growth.

I. INTRODUCTION

In paper I (Ref. 1) we have described the phenomenon
of interest; a Ni monolayer (ML) grows® at equilibrium
pseudomorphically on a {110} Mo substrate—giving a
(1X 1) low-energy-electron-diffraction (LEED) pattern—
until completion of one pseudomorphic (ps) ML. When
atoms in excess of one ps ML are deposited a transition
occurs to an almost close-packed (cp) ML which yields a
(8 X2) LEED pattern with misfit dislocations (MD’s) at
the Ni-Mo interface. In nonequilibrium growth, the ps-
to-cp transition occurs already in ML islands even before
completion of the ps ML.

The main objectives of this paper are, first, to show
that the ps ML is more stable than the cp one and,
second, to determine the physics governing the ps-to-cp
transition. The primary effort here is to generate the
numbers in support of our views.

II. NUMERICAL CALCULATIONS
AND DISCUSSIONS

Growth mode

The first aspect of interest is the observed two-
dimensional (2D) growth. The values® yy;=2.36 Jm ™2

and ¥y, =2.88 Jm~? of surface free energies are con-
sistent with the 2D growth-mode criterion in Eq. (1) of
Ref. 1, i.e., strong Ni-Mo, as compared to Ni-Ni, bond-
ing. The latter figures strongly in the proposed physics
governing the ps-to-cp transition to be dealt with below.

Geometry

The calculations are carried out for the geometry of
Fig. 1 of Ref. 1. The empirical values of the nearest-
neighbor distances, a of Mo and b of Ni, yield the values
for the bulk misfits f;. The MD densities f; and misfit
strains (MS’s) &; (see Egs. (2)—(7) of Ref. 1) are obtained
from the observed (1X 1) and (8 X2) LEED patterns. The
results are displayed in Table I.

The following aspects of the data in Table I are not-
able: (i) the smallness of |f,|, which suggests that the
ML is subcritical,** i.e., [f, | <|f¢| in the x direction, ac-
counts for the occurrence of the observed registry
(f,=0) in both the ps and cp ML’s; (ii) the large magni-
tude of the misfit strain (g,~26%) in the ps
configuration, which (a) suggests that an anharmonic
approach—embedded-atom method (EAM), in this
case—might be needed to calculate the ps MS energy €,
and (b) facilitates the ps-to-cp transition in the

TABLE 1. Bulk nearest-neighbor distances @ (Mo) and b (Ni), volume per atom () (Ni), misfits f;,
misfit dislocation densities f;, and misfit strains &; [i =x,y. See Egs. (3)-(7) of Ref. 1], calculated from

bulk lattice parameters.

a(d) bA) Q&) r=b/a f, f, 7 z, g
Buk 2726 2489 109 09131 —00315 —0.209
ps ML 0o o 0.0325 0.2646
cp ML 0 —02000 00325 00116
0163-1829/94/49(3)/2137(6)/506.00 49 2137 ©1994 The American Physical Society
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penetration—previously named climb®—of excess atoms
into the ps ML; (iii) the large magnitude |f,| of the MD
density f, in the cp ML, which could cause a degenera-
tion of MD’s into a misfit vernier (MV);” and (iv) the
small MS (Ex,éy) in the cp ML—small enough to allow
the use of the harmonic approximation in calculating the
energetics of the cp ML.

Optimum Fourier coefficients

Proper quantitative considerations of the various issues
require that the Fourier coefficients of the periodic ML
atom-substrate interaction potential be known. Optimum
coefficients® of the truncated series [Eq. (9) of Ref. 1]
for the Ni-Mo interaction are calculated using the
embedded-atom method potentials developed by John-
son.” The results are listed in Table II.

At this point, the following features of the quantities in
Table II should be noted. (a) The bonding parameter A4,
is not only different for isolated and ML atoms but even
more so for different material combinations, hence the
name ‘‘bonding” parameter. (b) The values of the nor-
malized coefficients A; are dominated by the symmetry of
the {110} bec substrate. (c) In Eq. (9) of Ref. 1, only
coefficients that operate in generating the Nishiyama-
Wassermann orientation of fcc {111} on bee {110 are in-
cluded;® other terms with coefficients comparable to A,
are ignored. This may be of significance if greater energy
accuracy is needed. (d) A4, is positive, whereas 4, and
A, are negative. This fact has significant consequences
for the equilibrium configurations of the cp ML, as will
be shown below.

Rigid-model energetics

Recall that the “rigid model” focuses’ here on the en-
ergy of interaction of an extensive Ni{111} ML with a
{110} Mo substrate, where the unit cell dimensions of the
ML may be homogeneously varied, in which case the
mismatch accommodation is by a MV. The energetics as
analyzed in Sec. III A of Ref. 1—adopting the observed?
registry constraint f, =0, i.e., b, =a, and the data in
Table II1—are displayed in Fig. 2 of Ref. 1. Shown in the
figure are the average MV energies per ML atom: (a)
A;=0.375 eV when there is no registry at all, (b)
Ag[1—14,1(2—¢,+¢,)]=0.0236 eV with full registry
(ps: f=/f,=0), (©) Ao(1+|4,|c;)=0.4335 eV with re-
gistry f, =0 and ML atom y rows aligned along consecu-
tive rows of adsorption sites [x=0 in Eq. (9) of Ref. 1],
(d) Ag(1—|A4,lc;)=0.3165 eV when the ML atom y
rows of (c) are translated by a,/4 in the x direction
[see Egs. (21) and (22) of Ref. 1], and (e
Ag[1—|A4,l(c;+¢c,)]=0.2982 eV when, for config-
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uzation (d), there is also row matching f—y=0, ie.,
(b,=a,) in the y direction. The translation a,/4 in (d)
decreases the average ML energy because A, is positive.
The rigid-model analysis has thus identified two
configurations for further analysis with the view to ener-
gy minimization, one with average energy per atom be-
tween 0.0236 and 0.4335 eV corresponding to the poten-
tial V. of Eq. (22) of Ref. 1 and the other with average
energy per atom between 0.2982 and 0.3165 eV corre-
sponding to V; in Eq. (21) of Ref. 1.

Energetics of misfit dislocations and misfit strain

In Sec. III A of Ref. 1, we concluded —accepting the
observed? registry f, =0—that there are two candidates
for minimum energy: a configuration with complete
misfit dislocations (CMD’s) and average energy per atom
€c and one with incomplete misfit dislocations (IMD’s)
and average energy €;. From the foregoing section it
now follows that approximately 0.0236 <€, <0.4335 eV
and 0.2982 <¢€; <0.3165 eV. The precise values depend
on the average energies €, of the MD’s and €, of residual

MS. Because of the small corrugation height V} of
IMD’s [V?/V2~c,/2~0.05; Eqgs. (21) and (22) of Ref.
1], it may be anticipated that the IMD’s are closely
represented by a MV (Ref. 7) with ¢, close to 0.3165 eV
per atom, which is the average for the MV.

Because of the large amplitude V2 of CMD’s one may
expect €5, and €, to be significant. The value of € is ob-
tained by adding €, and €, to the lower limit 0.0236 eV.
Whether € is above or below €; can only be established
by calculations of which the analytical part is given in
Secs. III B-III E of Ref. 1. For the quantification of the
analytical predictions we need values of both the Fourier
coefficients in Eq. (9) of Ref. 1 and the elastic constants in
Eq. (10b) of Ref. 1, respectively, listed in Tables II and
III.

We first consider the stabilities of the ps and cp Ni
ML’s, constrained into f, =0 registry on Mo{110}. Of
interest are (a) the critical misfits*> Sy [Egs. (39) and (50)
of Ref. 1] below which a ps ML is stable against MS relief
by introduction of MD’s (CMD’s and IMD’s), (b) the
nonequilibrium average energies €<, and €/, [Egs. (35),
(32), (47) and (51) of Ref. 1], respectively, for CMD’s and
IMD’s at the MD density fy'——— —0.2, corresponding to
the (8X2) LEED pattern,” (c) the averages egyy and
€lv—corresponding to the cases in (b)—for misfit ac-
commodation by MV’, ie., the MV energies
Ao(1£+ 4,cy) in Fig. 2 of Ref. 1, plus the strain (2,,e,;
cp ML Table I) energies [Eq. (13a) of Ref. 1], (d) the ener-
gies egs and 6{,5 of a ps Ni ML (=corresponding minima

TABLE II. Optimum Fourier coefficients of Egs. (9) of Ref. 1: (a) an isolated Ni atom and (b) a Ni

atom in a rigid ML.

A, A,=—A,c;, A,=Ajc; c,=— Ay /A, c;=A /A, Ay €V)
Ni on @@ —0.535 0.163 —0.039 0.305 0.073 0.436
Mof{110} (b) —0.522 0.156 —0.049 0.299 0.094 0.375
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TABLE III. Empirical bulk c;; and derived elastic constants ¢;; ( X 10! dyncm™2), ratios P and R,
and product ¢, in eV per atom [see Egs. (13) of Ref. 1] for a Ni{ 111} monolayer. P and R are dimen-

sionless.

C1 C12 Caq n Ce6 P R Qeyy

232 14.8 11.2 30.20 12.47 8.87 0.418 0.294 20.85
Agll1— |A [(2— ci+cy)] and A4, |A |(cl +c,)] plus Energetics of relaxed IMD’s
the strain (2,,¢,; ps ML in Table I) energies Eq. (13a) of i .
Ref. 1). In all cases the transformed bulk elastic con- We first pursue the energetics of the cp configuration

stants of Table III have been used in calculating the
desired quantities.

The following features of the results listed in Table IV
are relevant. (a) The magnitudes |f;| of critical misfits
(16 and 7%) are not only well below the existing bulk
value of 21% applicable to Ni on Mo but, in addition,
| /5| is significantly less than |f;€| as may be anticipated
on the grounds of the difference in corrugation heights
VP and V2 [Eqgs. (21) and (22) of Ref. 1] of the corre-
sponding potentials. (b) for IMD’s (relatively small V})
the energies per atom €/=0.328 eV in the cp ML differ by
only about 0.1% for the observed (8 X2) LEED pattern
when calculated for misfit accommodation by MD’s and
a MV. For CMD’s with (relatively large V2) the energy
e“=€$=0.413 eV is almost 8% less than the value for
the MV. (c) That e} > €, even though [f;!| <|f5€l, is
due to the relatlvely big difference in the bottom levels
Agl1—14,l(c;+¢c,)] and Ao[1—|A4,|(2—c;+c,)] (see
Fig. 2 of Ref. 1), the configuration generating IMD’s be-
ing constrained by the ridgid translation Ax =a, /4.

The foregoing allows some important conclusions. (i)
The fact that the calculated values of €, are fairly
reliable—the Fourier coefficients are fairly reliable and
the strains (€,,2,; cp ML in Table I) are adequately
within the harmonic regime—justifies the conclusion
that the difference between 0.413 and 0.328 eV may be
taken as sufficient proof that a cp ML with IMD’s is
more stable than one with CMD’s. For relaxation
beyond the zero-order approximation we may according-
ly restrict ourselves below to IMD’s (ii) The fact that 6
is significantly larger than e - identifies the conﬁguratlon
with adatoms in adsorptlon s1tes as the appropriate ps
configuration, as expected. (iii) That elfs is still
significantly larger than egp is inconsistent with the obser-
vations.? We suggest that the harmonic approximation,
used in the calculation, grossly overestimates €ps and that
an anharmonic approach be used to calculate €,,. We be-
lieve that an EAM calculation, though crude, is an ade-
quate anharmonic approximation.

as IMD’s relax (Sec. IIIE of Ref. 1). By using the
definitions in Eqs. (2b) of Ref. 1, the parameter values
from Tables I-III, and the value J=10 for the (8X2)
LEED pattern, we obtain for the quantities in Egs. (57) of
Ref. 1 the values a=0.4899, @=0.3404, and 3=0.4439
and, hence, for Eqs. (58) of Ref. 1 approximately

0.5126a, +0.0986b,=0.06274
—1.6970a, +0.0986b, =0

—0.0948a, +0.0580a, —0.4057b, =0
0.0580a, —0.3790a, —1.5791b,=0.00347 .

(1)

When the solutions (a;=—0.1238, a,=0.00169,
b,=0.02914 b,=—0.00714) of Eq. (1), together with
values from Tables I-III, are substituted into Eqgs.
(60)-(62) of Ref. 1, we obtain approximately ¥V§'=0.3165
eV, €3'=0.0157 eV, AV=—0.0691 eV, Ae= 00331 eV,
and hence, for the energy of related IMD’s the value

€1,=0.2962 eV per Ni atom. This value, which we take
as €, is shown in Table IV. The energy of relaxation
0.033 eV is seen to be about 10% of the MV energy 0.332
eV per atom. The nature of the atomic configuration
with relaxed IMD’s, as based on the calculated values of
a; and b;, is modeled in Fig. 5 of Ref. 1. It is significant
that these results agree well with the more limited results
from two quite different theoretical treatments of
a similar film-substrate system, Pd/Nb{110}; an
electronic structure calculation!®!! and a molecular-
dynamics/Monte Carlo study. !

Anharmonic strain energy

We now turn to calculating the anharmonic strain
(e, ~26%) energy, using the EAM’s developed by
J ohnson An important feature of this calculation, apart
from anharmonicity, is that the ML is strained (extended
or contracted) with respect to the rigid substrate surface
when MS is introduced, in contrast to the atomic layers

TABLE IV. The table displays (a) the percentage of critical misfits f; and (b) the average energies
per Ni atom € in eV, where the superscripts C denote CMD and I denote IMD, subscripts ne denote
nonequilibrium ML with f_y= —0.20 [the (8 X2) LEED pattern], and MV denotes misfit vernier with
fy=—0.2—all €’s representing possible values of e,—and subscript ps denotes pseudomorphic
defining €,,. In all cases, f is taken as zero and bulk elastic constants are used. The energy €.,,,, when
IMD are relaxed, is shown €, and the EAM-calculated ps energy as €.

; ¢ f ;I efe €§{v eﬁe EgAV Egs 6{)5 6cp Eps
—16 —7 0.413 0.446 0.328 0.331 0.840 1.113 0.297 0.258
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in a homogeneously strained bulk crystal where all layers
are strained by the same amount. This aspect of the cal-
culation is handled by noting that the electron density
[see Eq. (14) of Ref. 1] emanating from the substrate (tak-
en rigid) is a periodic function of position in the plane of
the ML and that the ML atoms accordingly experience
from the substrate a periodic electron density when the
ML is misfit strained. It has been shown!? that the in-
teraction of epilayer atoms with the substrate when cal-
culating the harmonic and anharmonic properties of an
extensive supported ML can be adequately accounted for
in terms of the averages of electron density p and pair po-
tential ¢ in the plane of the ML. The total energy of the
epilayer-substrate system during epilayer deformation in-
volves, likewise, the interaction of substrate-layer atoms
with the deforming ML, as well as intralayer interactions.
It follows from these considerations that an unsupported
ML, a supported ML, and a ML forming part of the bulk
will experience different energetics when strained similar-
ly. Their strain energies, equilibrium lattice parameters,
and elastic constants would be different, the main reason
being the role of the electron density in the embedding
energy. For the present, it suffices to say that the values
of the relevant quantities are smallest for the supported
ML. The dependence of strain energy €€ on strain e,
where €, is measured with respect to bulk lattice parame-
ters and €, =0.0325 (f, =0), is shown in Fig. 1. Special
features of the curve are that (a) the minimum of €€
occurs at e, ~0—if completely free to relax in the ML
plane, it is stable at e, =€, =~0.012, i.e., an expansion with
respect to the bulk; (b) the dependence of € on e, is al-
most linear over a wide range—the reason is not obvious;
and (c) €5,~0.235 eV. For comparison with €, we still
have to add the ML atom-substrate energy 0.0236 eV at
the adsorption sites; hence, ep520.258 eV, which is well
below the value of €,,=0.297 eV obtained above. The

ENERGY [eV]

L L
0.1 0.2 0.3

STRAIN €,

FIG. 1. Plot of the strain energy (eV) of a Ni ML on a
Mo{ 110} substrate vs ML strain &, (measured relative to bulk
Ni lattice dimensions) in the y direction when constrained to re-
gistry (f, =0, &,=0.0325) in the x direction. The energy
minimum is seen to occur close to 2,=0. When no constraints
are imposed the ML configuration is stable at &, =e, ~0.012.
At the ps strain 2,~0.265 the average strain energy per atom
with &, =0.0325 is approximately 0.235 eV.
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calculated values of €, and €, are accordingly consistent
with the observation® that the ps ML is stable. It is not-
able that €, is drastically below the harmonic value egs in
Table IV. This is due to anharmonicity and substrate

proximity.

Physics of the ps-to-cp transition

We now address the following question: if the ps ML
is more stable (is of lower energy) than the cp one, how
can we explain that a cp configuration forms, rather the
continued growth of the ps ML, when excess atoms are
deposited on top of the ps ML? There is a combination
of keys to the understanding of this phenomenon, the
main keys being strong Ni-Mo bonding, large ( =26%) ps
strain, and kinetics, which we now discuss in some detail.

It has been shown previously® that adatoms on top of a
ps ML may penetrate the ML to introduce strain-
relieving MD’s, that stability of a ML requires the pres-
ence of MD’s when the misfit exceeds the critical misfit,
that the critical nucleation length of a MD is about one
atom, and that the nucleation energy at critical misfit is
approximately

W, =uQl/4 ()

in an isotropic ML with quadratic lattice symmetry,
when the intralayer and interlayer interactions are simi-
lar, u and Q being, respectively, the shear modulus and
volume per atom. For Ni on Ni, W, =1 eV. It follows
from Tables I and IV that the magnitudes of the critical
misfits for Ni on Mo, particularly | f;’ |, are well below
the bulk value | fy|z21%. One would therefore expect
the penetration mechanism to be active for the Ni ML on
Mo, there being strong Ni-Mo bonding and excessive ps
strain. In fact, a calculation® using the EAM’s developed
by Johnson’ shows that the penetration mechanism is al-
most spontaneous in this case.

There is an important retarding factor to the transition
mechanism proposed above: the stable cp configuration
is one with IMD’s, which requires a rigid translation
Ax =a, /4 relative to the ps configuration. This process
should involve an energy of activation. The captured
adatom may accordingly escape in time to the surface
and be recaptured elsewhere or eventually migrate to the
periphery of the ML where it contributes to the growth
of the ps configuration. It is proposed that the proximity
of enough excess atoms is necessary for the generation of
stable finite length IMD’s and the formation of pseudo-
stable finite-sized cp domains. Since domains form in-
dependently, neighboring domains may correspond to op-
posite rigid displacements and form domain boundaries
constituting positive line energies.

A different but somewhat related mechanism for the
formation of such domain (grain) boundaries was pro-
posed by Kolaczkiewicz and Bauer!® for the observed
transition from a ps to a coincident (near cp) structure of
absorbed Ni on W(110). Their proposal stems from the
observation that in annealed layers the transition occurs
at higher coverages, which suggests that larger ps ML is-
lands are more stable than smaller ones. They pointed
out that if ps ML islands were to form by adsorption ei-
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ther at threefold “surface sites” or at bridge sites, then
coalescing islands, which have formed on different sets of
such sites, would be separated by domain (grain) boun-
daries. The grain-boundary energies would provide the
driving forces for the transition—they would be more
effective for small than for large islands. The validation
of this proposal still awaits confirmation of the proposed
adsorption.

On the basis of these considerations we propose the fol-
lowing understanding of the observed phenomena. Un-
der quasiequilibrium conditions an excess adatom on top
of a ps ML will eventually reach the periphery of the ML
where it effects growth of the stable ps configuration.
Under nonequilibrium conditions—high deposition rate
and/or low substrate temperature —a sufficient density of
excess atoms builds up so that pseudostable cp domains,
containing finite-length IMD’s, may form by the penetra-
tion mechanism. Two additional features, in support of
the penetration mechanism, need be noted: first, the
penetration displacement of about one atomic spacing is
negligible as compared to the hundreds and more for
reaching the periphery, and second, the decrease in free
energy due to the configuration entropy of the more-or-
less random distribution of finite length IMD’s. These
considerations also explain the occurrence of the ps-to-cp
transition in finite sized ML islands under nonequilibrium
conditions. ?

It is suggested that the return to the stable ps
configuration is effected by the escape of IMD’s at the
periphery of the cp ML. This again requires prolonged
annealing as the process is retarded by activation barriers
at the periphery and the cancellation of the rigid dis-
placements.

We may conclude by pointing out that what we are ac-
tually comparing are three different configurations—a ps
ML with excess atoms on top, a cp ML with the extra
atoms at IMD’s, and an enlarged ps ML containing the
excess atoms—of the same system comprising a given
number of Ni atoms deposited on a Mo{ 110} substrate.
The corresponding energies of the three configurations
decrease in the order listed above. The succession of
transitions characterized by this order constitutes the
favorable kinetic path under nonequilibrium conditions.

III. SUMMARY AND CONCLUSIONS

The main objectives of this investigation are (a) to
confirm analytically and computationally the empirical
conclusion that the ps Ni ML on Mo{ 110} is stable (if of
less energy than the cp one) and (b) to determine the
physical basis of the ps-to-cp transition. These phenome-
na, which should also be obtained for the growth of Cu
and Co on Mo and W(110), have been dealt with under
the following categories.

(A) Growth mode. The observed 2D growth, even for
a cp ML, was shown to be consistent with equilibrium
criteria'* and is evidence for strong Ni-Mo bonding.

(B) Stability. (1) Strong Ni-Mo bonding and small
misfit (f,=—3%) is consistent with one-dimensional
misfit accommodation by MS (€, =3%) in the x direction
for both the ps and cp configurations. (2) Optimum
Fourier coefficients (OFC’s) for the periodic Ni-

atom—-Mo-substrate interaction are computed using
EAM’s. (3) OFC’s are used in conjunction with the rigid
model to identify two candidates for the minimum-energy
cp configuration. (4) The two candidates of item (3) have
been described in terms of CMD’s, involving a displace-
ment vector of diagonal length a,, and IMD of displace-
ment vector a,/2, and a rigid displacement Ax =*a, /4.
These are quantified using the OFC’s of item (2) and a
harmonic approach. A zero-order approximation in
which the atomic rows parallel to y are constrained to be
straight showed convincingly that the cp configuration
with IMD’s is the stable one (energies per atom of 0.328
and 0.413 eV).

(5) By a first-order approximation in which the atoms
in the y rows are allowed transverse displacements, the
average energy per atom with IMD’s is reduced to 0.297
eV. This is taken as the energy per atom (€.,~0.297 eV)
of the cp configuration.

(6) EAM calculations, accounting for anharmonicity
and substrate proximity, yields the value €,,~0.258 eV
for the energy of the highly strained (2, ~26%) ps ML.

(7) The excess of €, over €, is taken as adequate proof
of the stability of the ps ML.

(C) Physics of the ps-to-cp transition. (1) It is proposed
that the ps-to-cp transition is effected by the penetration
of excess atoms into the ps ML to form a cp
configuration with IMD’s. (2) Excess atoms participate
in two competing processes: penetration to generate the
cp configuration and surface migration towards the ML
periphery to effect continued ps growth. (3) The penetra-
tion mechanism is facilitated by a sufficient density of ex-
cess Ni atoms (nonequilibrium conditions), strong Ni-Mo
bonding, large (2,~26%) ps strain, and the
configurational entropy of the random distribution of
finite-length IMD’s within cp domains, but retarded by
activation barriers, particularly the barrier associated
with the rigid translation (Ax=xa,/4). (4) Under
quasiequilibrium conditions (‘ow deposition rate and/or
adequate substrate temperature) individual excess Ni
atoms may cover the relatively large distance to the ML
periphery to ensure continued ps growth. (5) The degree
of nonequilibrium, i.e., kinetics, determine whether con-
tinued ps growth is maintained or whether a ps-to-cp
transition occurs. Kinetics determine whether there
would be a direct transition between a ps ML with excess
atoms on top to a larger ps ML or the transition occurs
via a cp configuration.

(D) Reliability. The quantification of the relevant
quantities, allowing the predictions, is accomplished with
the aid of EAM’s. It is admitted that the accuracy of this
description is open to criticism. EAM’s have been ap-
plied previously though with a fair degree of success in
calculating surface properties, and a similar degree of
success may be expected here. Also, since the same
EAM’s are used for all quantities, it is proposed that
qualitatively they allow the correct conclusions, although
the individual quantities may carry errors, believed to be
not more than 10%. We also propose that the present
considerations define analytical and computational pro-
cedures that can be useful in a more fundamental and ac-
curate description of atomic interactions.
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