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Abstract. Interstitial clusters in FCc metals have been studied using computer simulation
techniques and three different interatomic potentials. The potentials were fitted to both
ideal and defect crystal data. Clusters containing more than 10-13 interstitials were found
to take the form of two-dimensional platelets whereas the smaller clusters had a three-
dimensional nature. The most stable 2D and 3D configurations were always those which
preserved the closest packing.

1. Introduction

The development of a detailed description of the behaviour of metals under ir-
radiation has been hindered by the lack of an accurate knowledge of the properties of
individual point defects and the manner in which they cluster. Recently, however, a
number of low-temperature electron irradiation experiments have added considerably
to our understanding and the following picture has emerged. Electron irradiation of
metals at low temperature produces isolated interstitial atoms and vacant lattice sites
{(Frenkel pairs). On annealing at the lowest temperatures the close pairs of interstitials
and vacancies recombine and the process has been identified with stages I, to I¢ of
the resistivity recovery curves. At slightly higher temperatures the remaining single
interstitials become mobile and may be annihilated at vacant lattice sites, be trapped
at impurities or cluster together to form multiple interstitials (stages I, and Ig). At
higher temperatures these multiple interstitials become mobile and combine together
to form larger clusters (stage II), leading eventually to the formation of interstitial
dislocation loops. Qualitatively this behaviour is true for most FcC metals, although
significant quantitative differences exist from metal to metal (Schilling 1978, Young
1978).

The <100) dumbbell configuration has been found to be the stable configuration
for the single interstitial in Al, Cu and Ni (Ehrhart et al 1974, Haubold and Martinsen
1978, Knoll et al 1974). In Al di-interstitials have been observed and their atomic
configuration has been identified as consisting of two parallel <100> dumbbells (Hau-
bold 1975). In Cu on the other hand no di-interstitial has been found and it is thought
that this defect becomes mobile at approximately the same time as or earlier than
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the single interstitial. The corresponding activation energies are for Al
E', = 0.115eV < E! = 0.135¢V and for Cu: E!, = 0.117eV > EU. Thus the single
interstitials are highly mobile in both metals, and this is also the case for Ni, Pt and
Pb (Young 1978) and what might be thought of as a qualitative difference between Al
and Cu can in fact be explained by rather small differences in the activation energies.
With increasing cluster size the experimental determination of defect structure
becomes increasingly difficult due to the simultaneous presence of different clusters.
Thus using diffuse x-ray scattering techniques, only the average cluster size and an
average dipole tensor can be determined (Ehrhart and Schlagheck 1974, Roberto et al
1978).

Anelastic relaxation experiments show that various clusters are formed which can
reorient at some temperature, and are annealed at some other temperature (Robrock
et al 1977). To date however such methods have not been successful in assigning
cluster configurations to the various relaxation peaks for defects containing more than
three interstitials. When the clusters become large enough to be seen in the electron
microscope the experimental situation again becomes simpler since by this time they
take the form of dislocation loops on {111} planes.

The aim of the present paper is to investigate the experimentally inaccessible
region by means of computer simulation and extend previous work on single inter-
stitials and the smaller clusters (Schober 1977, Dederichs et al 1978, Schober and
Zeller 1978) which was successful in providing an interpretation of the experimental
results for the first stages of clustering, i.e. up to tri-interstitials. In common with all
such work the present simulations are limited by the assumptions inherent in the
interatomic interaction potentials. Although the potentials used were fitted to a range
of data for Cu, one cannot hope to be able to predict properties which are peculiar to
Cu but rather to try and get a picture of the trends more generally common to FcC
metals which will be dominated by geometrical effects and by the core repulsion. In
order to get an estimate of the uncertainties involved, three different potentials were
used: the Morse potential of Cotterill and Doyama (1967), a modified Morse potential
also fitted to defect data and a spline potential. In the spline potential the stacking
fault energy was used as an additional fit parameter.

The details of the potentials and of the computation are presented in the next
section and the limitations of the method are also briefly discussed. The results for the
structure, energies and dipole tensors of the stable clusters are then given in §3 and the
transition from three-dimensional agglomerates to two-dimensional platelets is dis-
cussed. In the final section the results are summarised and comparisons are made with
the available experimental data.

2. Computational model

The calculations reported in this paper were carried out using a real-space computer
simulation technique in which the equilibrium structures and energies of lattice defects
were obtained by minimising the total potential energy of a model crystallite with
respect to the positions of its constituent atoms. In the present work crystallites
containing up to 3500 movable atoms were used in conjunction with a modified
version of the lattice handling program pDeviL developed at AERE Harwell. The
energy minimisation was carried out by means of the method of conjugate gradients
(Fletcher and Reeves 1964). In order to accelerate the latter and avoid spurious
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metastable results the minimisation was periodically restarted during the simulations
using a steepest descent technique.

Boundary conditions were supplied to the models by surrounding the region con-
taining the movable atoms (region 1) by a mantle of atoms (region II) which were held
fixed in their perfect lattice positions. Since this type of boundary condition may affect
the defect structures, a series of tests was carried out to examine the changes in the
detailed patterns of atomic relaxations which were produced as the number of atoms
in region I was varied. Models containing 19 {001} planes of atoms in each [001]
direction were found to be quite acceptable in all cases. Thus larger models did not
produce any significant changes in either the defect structure or the relative stabilities
of the different configurations for a particular cluster size. However, in order to obtain
reliable values for the energies of the larger interstitial clusters a correction term is
needed to account for the energy which is effectively added to the models by holding
the atoms of region II in their perfect lattice positions; in an infinite crystal all the
atoms would suffer displacements. The correction term, E,, is given by

Ecorr = % Z S(RH)F(R") = %SR Z FR

neregionll boundary
layer

where S denotes the displacements from the perfect lattice positions R” which would
occur if the model were of infinite extent and F is the force exerted by the atoms of
region I in the fixed boundary model on those of region II. Sy is the average radial
displacement of the boundary layer and Fy the corresponding radial force component.
For an isotropic continuum,

SR ~ tr P,,;/Rg
and
Z FR ~1ir PIB/Rb

boundary
layer
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Figure 1. Morse (M0), modified Morse (MM} and spline (SP) equilibrium pair potentials for
copper (a is the lattice constant, Ryn the nearest-neighbour distance).
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where P,; is the defect dipole tensor and R, is the average radius of the boundary
which is inversely proportional to the number of atoms N, in region I. The expression
for E,, using this approximation thus becomes

Ecorr = Ac (tr PIB)Z/NI-

The constant A, may be determined by varying N, for a particular defect and examin-
ing the resultant energy changes. A similar correction term has also been used by the
Brookhaven group (R D Hatcher 1978, private communication).

Three different potentials representing copper were used in the present study, a
Morse potential (MO), a modified Morse potential (MM) and a spline potential (sp). The
two Morse potentials have been described elsewhere (Schober 1977, Schober and
Zeller 1978) and are given by

V(R) = D{exp[—2x(R — Ry)] — 2 exp[—a(R — Ry)]}
+ A(R — R\N*0(Rxn — R) + V.
V(R) is in units of eV for
D = 0.18 eV (M0), 0.277 eV (MM)
3 = 8.38526a" ! (MO), 7.6499a ! (MM)
Ry = 0.713464a (M0), 0.71555a (MM)
A = 0(MO), —1200eV a™ % (MM)
Vo = 0(M0), 0.0233 eV (MM)
Ryn = a2

and all radii are in units of the lattice parameter a. Both potentials are fitted to the
vacancy formation energy, the compression modulus and the lattice parameter for
copper. In addition, the modified Morse potential is matched to the relaxation volume
of the single interstitial in this metal. The spline potential consisted of a set of 11 cubic
polynomial segments knotted smoothly together of the form

Vse(R) = Vi(R) for Ry, < R < R4,
with
3
Vi(R) = 2 AR — R

The R; are the interatomlc separations at which the adjacent segments are joined, and
the A;; are the spline coefficients listed in table 1. The coefficients were derived in a
way analogous to those for the Englert et al (1970) potential. In the present work great
care was taken in its construction to ensure that the potential was as smooth as
possible and had continuous first and second derivatives without the large kinks
which are often present in spline potentials.

The experimental data used in the construction of the spline potential included the
phonon dispersion behaviour (Svensson et al 1967), the vacancy formation energy
(Bourassa and Lengeler 1976), the interstitial relaxation volume (Haubold 1975), the
intrinsic stacking fault energy (Cockayne and Vitek 1974, Stobbs and Sworn 1971), the
elastic constants Cy, and C44 and the lattice parameter. In addition, the potential was
required to reproduce the experimentally observed (Ehrhart 1978) <100 split or dumb-
bell configuration as the stable single interstitial. The most important properties of the
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Table 1. The coefficients and knot positions for the spline potential. The knot positions are
in A and the coefficients have the appropriate units so that the potential is in eV. The
range of the potential is 4.8708 A,

Knot

number R, A A Az A;s
1 1.4500 14.203487 —71.017426 177.543594 —301.109619
2 1.5500 8.576070 —44,542007 87.210648 —~61.229218
3 2.0000 0.612809 —3.249177 4.551199 —2.184472
4 2.5512 —-0.161212 —0.223004 0.938955 —0.982125
5 2.8000 —0.173698 0.061835 0.205897 —0.173186
6 3.3100 —-0.111582 0.136713 —-0.059077 0.041636
7 3.6080 —0.074986 0.112595 —0.021855 —0.024326
8 4.1600 —0.023584 0.066231 —0.062138 —1.578438
9 4.1662 -0.023177 0.065278 —0.091497 0.116586

10 4.4189 —0.010642 0.041370 —0.003114 —0.086732

11 4.7500 —0.000434 0.010783 —0.089265 0.246316

potential are summarised in table 2, and figure 2 shows the predicted phonon disper-
sion curves and their fit to the experimental data. In order to fit the stacking fault
energy, the potential was made relatively long-ranged, being set to zero between third
and fourth nearest-neighbour distances. With such a long-ranged potential there is no
need for a positive segment of V(R) at R = 2a/3'/?, and a corresponding sharp cut off,
as is present in the potentials which terminate earlier (see, e.g. Englert et al 1970,
Miller and Bristowe 1978, Miller 1980). A potential similar in shape to ours was
derived by Baskes and Melius (1979).

All three potentials are of the equilibrium type and thus hold the model in equilib-
rium at the correct lattice parameter (a = 3.61 A) without forces which depend upon
the total crystal volume, i.e. the average conduction electron density. The predicted

Table 2. The properties of the spline potential.

Vacancy: formation energy  Ei = 1.268 eV*
relaxation energy AV, = —0.063 atomic volumes
migration energy  E;, = 0.556 eV

Single interstitials:

Formation energy  Relaxation volume

Interstitial type El (eV) AV, (atomic vols)
<100) split 2,757 1.658*

(110 split 2910 1.744

{111 split 3.067 1.661

Octahedral 2.949 1.767
Tetrahedral 3127 1.713

Crowdion 2.908 1.734

<1005 split migration energy El, = 0060 eV
Stacking fault: y, = 44mJm~2*

Note. The specific defect properties which were matched in the construction of the poten-
tial are indicated by an asterisk (*).
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Figure 2. Comparison of the phonon dispersion of copper predicted by the sp potential
with the experimental values of Svensson et al (1967).

elastic constants therefore satisfy the Cauchy condition, C,, = C44, which is violated
in real metals. It was felt better to accept this condition than to make additional
assumptions about the nature of the volume-dependent term or to allow many-body
interactions. Since in the present work the aim is to compare the relative stabilities of
interstitial clusters containing the same number of defects, and hence having similar
relaxation volumes, the effects of this assumption will be further reduced. In estimat-
ing the effects of volume forces it is important to recognise that whereas the ‘Cauchy
pressure’ ((C,; — C44)/2) is made up of the contributions of first and second deriva-
tives of the crystal energy with respect to its volume, only the first derivative contrib-
utes to the defect formation energies (Popovi¢ et al 1974, Finnis and Sachdev 1976, Ho
1971). To assume a constant pressure term, as is often done, is certainly too crude an
approximation.

The relaxation volumes AV for particular point-defect configurations were calcu-
lated directly from a knowledge of the dipole tensors via

_trP,B
T3

AV

where x is the bulk modulus of the material. Two methods were used to obtain
P, (Schober and Ingle 1980)

Pzﬂ = Z K:R’B' or Pzﬂ = Z F;RE
neregionl neregionll
where R" is the perfect lattice position of the atom n. The first method uses the first
moment of the Kanzaki forces K" defined by

SRR
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Here @7} is the harmonic coupling constant matrix for the perfect crystal and S7 is
the displacement of atom m. The alternative method uses the information contained in
the forces which act between the atoms of region I and region 11. Thus the atoms of
region II are effectively subject to external forces F which restrain them from moving
under the influence of the equal and opposite forces exerted by region I due to the
defect. In practice the values obtained for P,; by the two methods agreed to within 19
for the smaller clusters but differed by up to 10% for the largest clusters which were
studied. The latter simply serves to indicate the extent of the anharmonicity in the
host interatomic response. Since the boundary forces method was found to converge
somewhat more rapidly than the Kanzaki forces method, the results quoted all refer to
this scheme.

3. Results

One of the greatest difficulties in a computer simulation study of the structure of
interstitial clusters lies in identifying the stable from the large number of metastable
defect configurations. Thus for the case of the single interstitial there are six high-
symmetry configurations which must be considered in addition to a number of low-
symmetry structures which may also be important. The number of metastable con-
figurations increases rapidly with increasing cluster size. Fortunately, experience in the
present work soon showed that close packing is an important criterion for stability
and this greatly reduces the number of geometric possibilities which needed to be
studied. Furthermore the configurations with the lowest energies tended to be those in
which the interstitials within a cluster acted cooperatively in displacing their host
lattice neighbours. Many of the clusters which were thought to be possible candidates
were found to decay to lower energy configurations. In all cases, great care had to be
taken in order to ensure that the true minimum energy structures were being obtained.

The results for the most stable configurations are summarised in table 3 where
values of the defect formation energies, E;, binding energies per interstitial E,/N,
relaxation volumes AV/V, and dipole tensors are given. In the region where the tran-
sition between three-dimensional (3D) clusters and two-dimensional (2D) loops
occurs, values for the lowest energy configurations of both types are reported.

3.1. Structural properties of 3D clusters

The stable single interstitial configuration for all three potentials is the {100) split or
dumbbell, figure 3(a). Experimentally, this is now well established as the equilibrium
configuration for self-interstitials in Cu and Al (Schilling 1978). The relaxation
volumes calculated for the three potentials were 2.4, 1.5 and 1.7 atomic volumes
respectively; the values for the sp and MM potentials were used as parameters in their
construction. The dipole tensor for this defect is weakly tetragonal.

The stable di-interstitial consisted of a pair of dumbbells centred on nearest-
neighbour sites. As indicated in figure 3(b) these dumbbells were tilted slightly in the
{110} plane. In all cases the degree of tilting was small (<10°) and the differences in
energy between tilted and untilted configurations were less than 0.01 eV. The configur-
ation has (110) orthorhombic symmetry.

Like the di-interstitial the stable tri-interstitial can be envisaged as consisting of a
set of dumbbells on nearest-neighbour sites, figure 3(c). In this case however the



K Wingle, R C Perrin and H R Schober

1168

0 o 170 01 01 01 1201 8SY PLT L'LE ds
€0 340 240) 01 ol o1 09¢1 £6b SIC S'Ly WK
wo wo wo 01 01 ol 34! 0'€s 19T (98 44 ON az LE
6£°0 680 6£0 ol o1 ol 185 64T 1$1 L'€T ds
1o 10 170 01 01 01 6vL £9¢7 w81 90¢ W
10 170 o 0T 01 o1 €8 $'67 60T 63C OK az 61
8€°0 860 8£°0 01 01 o1 91f 8Ll 9¢'1 81 ds
8£°0 8¢°0 8¢°0 0l 01 01 9ps €81 (S 67T WH
LEO LEO LEO 01 01 o1 819 61 S6'1 T OW az
00 00 00 01 01 01 617 6Ll 971 $'61 ds
00 00 00 ot ol 0l ¥vs 81 091 9€T W
00 00 00 01 o1 o1 979 ¥z €61 ¥ OW ag €1
00 00 00 660 00t 00t 197 Tn i el s
LOO 00 00 860 108 101 €€ L01 €€l 891 WK
600 100 £0°0 L60 01 107 6¢ ol It 891 OW ag 8
€20 €20 0£°0 SOl SPO'1 160 LET 01 01 01 ds
L0 LTo 1£0 SOl S0l 060 162 86 121 $61 P
$Z0 ST0 €0 0’1 $0'1 60 £5¢ ra| £9°1 €61 On (b)¢ az
0 0 0 01 01 ol £ $6 491 S s
0 0 0 01 o1 01 067 €6 9¢'L Syl WI
0 0 0 o1 01 o'l She €Tl w 9yl OW Nk ag L
0 0 ] 10'1 660 01 661 S8 00’1 901 ds
0 0 0 101 660 01 65C €8 LUY 9¢1 WW
0 0 0 £0°1 L6O 0l S0t 601 9571 Sel OW ag 9
00 00 800 101 L60 €01 [4A vL 680 £6 ds
00 00 €10 01 L60 €01 0ce oL 01 Al W
00 100 800 ol L60 £0°1 9t ¥6 Wi 0Tl OW ag S
200 200 200 00’1 00’1 00’1 wi 19 8L0 6L ds
900 900 900 00’1 001 00'f 081 LS 980 €01 WK
€00 €00 £0°0 001 00'] 00’1 812 8L STl €01 OW (r)e ag ¥
00 00 00 001 00} 001 601 Ly 850 $9 ds
200 200 00 007 001 00’1 621 €t €90 ¥ WW
200 00 200 001 00’1 00’1 €LY 9 960 98 OW )¢ ag £
o 600 600 01 660 660 LL € 8¢°0 8Y das
810— LTO LLO 860 10'1 1077 L8 6T oo 19 W
70~ 110 110 860 10°1 10°1 74} (%4 190 v9 ON (Uly 4
0 0 0 001 00’1 00’1 6¢ Ll 8T ds
0 0 0 960 01 Wi b Sl ¥'e WK
0 0 0 960 01 07 L9 ¥'C 8¢ ON ()¢ [
axd =dq = 22q @&y xxd [A3] 4NV [A2] [A2] *9 fenusiod omdy  adAy N
dn N/ sfenysajul
Jo IquinN

‘suoneIndyuod yueilodwit JWOS IO SINSIY °¢ QL



Interstitial cluster in Fcc metals 1169

Figure 3. Schematic representation of self-interstitial
cluster configurations: (a) single interstitial: dumbbell
or (001> split; (b) di-interstitial: slightly tiited double
dumbbell; (c) tri-interstitial: three mutually orthogonal
dumbbells; (d) stable four interstitial cluster: 3D, three
mutually orthogonal dumbbells plus an octahedral
interstitial; (e) metastable four interstitial cluster: 2D,
{111} loop split into four (001> dumbbells; (f) stable
seven interstitial cluster: 3D, octahedral interstitial sur-
rounded by six dumbbells forming an icosahedron; (g)
metastable seven interstitial cluster: 2D, {111} platelet
split in <001 direction.
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dumbbells were arranged to be mutually orthogonal and the configuration has trigo-
nal symmetry.

Clusters containing more than three interstitials deviated from what might have
been expected by the appearance of octahedral interstitials, Thus the structure of the
stable four interstitial cluster was similar to that of the tri-interstitial but involved an
additional octahedral defect equidistant from each of the three dumbbells. Again this
cluster has trigonal symmetry and it is shown schematically in figure 3(d).

The larger 3D clusters were found to be built up from the four interstitial cluster
by the addition of dumbbells such that each is equidistant from the central octahedral
interstitial and each lies orthogonal to its nearest-neighbour dumbbells. In this way
the structure illustrated in figure 3(f) is built up for N = 7. This structure has cubic
symmetry and can also be envisaged as an icosahedron centred at the octahedral site
and with the surrounding dumbbell atoms as corners. It is highly stable for all three
potentials considered, a fact which is reflected in the numerical results of table 3 by a
fall in binding energy of the last interstitial added. The results for larger 3D clusters
were based on this seven interstitial cluster with additional dumbbell or octahedral
interstitials attached.

Another interesting structure was found for the case of the thirteen interstitial
cluster. Surrounding the stable seven interstitial cluster by a symmetrical arrangement
of six octahedrals, each a distance of one lattice parameter away from the centre of the
cluster, the result of the relaxation process was that each of the constituent dumbbells
moved apart into the adjacent octahedral sites. The final configuration corresponded
effectively to a recrystallised region within the model. This region was shaped as an
octahedron consisting of nineteen octahedral interstitials and was bounded on each
face by a stacking fault. Again this structure was observed for all three potentials. A
similar structure was found for vacancy aggregates by Savino and Perrin (1974).

3.2. Structural properties of 2D clusters

Whereas for large numbers of defects (N = 13) the 2D clusters were clearly defined as
platelets of octahedral interstitials on {111} planes, the structures for the smaller
defect sizes were much more complicated and indeed for the smallest sizes, 2D con-
figurations were found to be unstable. Thus, for example, an arrangement of four
octahedral interstitials on a {111} plane relaxed into a close-packed tetrahedral ar-
rangement of dumbbells (figure 3(c)) and with a formation energy E; = 8.1 eV (sp
potential) similar to that of the stable configuration of figure 3(d). The equivalent
result for the seven interstitial platelet was a transformation from a planar to a split
planar arrangement, figure 3(g). In this case the two-dimensional nature of the cluster
was retained and the configuration had a formation energy of 12 eV (sp). Comparing
this to the value of 11.5 eV for the stable 3D configuration serves to emphasise further
the stability of the latter. In general this splitting behaviour of small 2D platelets of
octahedral interstitials into dumbbells was observed for all three potentials. By the
time the cluster sizes approached the crossover from 3D to 2D cluster stability, the
character of the 2D platelets was invariably octahedral.

3.3. Transition from 3D to 2D clusters

Figure 4 illustrates for both 2D and 3D clusters the variation of formation energy per
interstitial E¢/N for the most stable configuration with cluster size N. Since all three
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Figure 4. Variation of formation energy per interstitial (E¢/N) for the 3D and 2D cluster
configurations as a function of cluster size N (MM potential). Lines are guides to the eye
only.

potentials used give a similar behaviour only the values for the MM potential are
shown. For all three potentials 3D clusters are more stable for N < 9 whereas 2D
clusters are preferred for N > 13. In order to assess the likelihood of any particular
interstitial cluster arising in practice, the details of the way in which clusters may be
formed, reorient and grow must be known in addition to the basic stability data. For
the latter the migration energies of the smaller clusters are particularly important. The
migration mechanisms for the smallest clusters have already been reviewed for the Mo
and MM potentials (Schober 1977, Schober and Zeller 1978) and the same mechanisms
were found to hold in the present work for the sP potential.

The single interstitial is highly mobile with predicted values for EL, of 0.07, 0.12
and 0.06 eV obtained for Mo, MM and sP respectively. The corresponding experimental
value is 0.12 eV for Cu and Al Depending on the potential the di-interstitial is either
less mobile (MO:E! = 0.14eV) or more mobile (MM:EL = 0.10 eV) than the single
interstitial. In nature the two different cases are realised in Al and Cu respectively. For
the larger clusters the mobility decreases rapidly with increasing cluster size. Thus for
the MO potential values of EN = 0.21 eV, EIY = 0.31 eV, EY, = 0.35 eV were obtained.
Whereas for clusters containing up to three interstitials the migration mechanism can
be thought of as consisting of single interstitial jumps the migration of a five inter-
stitial complex involves a rather complex collective motion of the whole cluster. The
existence of diffusion channels (Johnson 1966) for the migration of the single inter-
stitial would not be expected to play a role in the formation of the larger clusters since
the energy needed to change from one channel to another one was, for all three
potentials, low.

Although the migration energies were found to increase with increasing cluster size
this was not observed to be the case for the activation energies for reorientation
processes. Thus, for example, the reorientation of the stable tri-interstitial (Robrock et
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al 1977) occurs by means of an intermediate metastable configuration which has an E;
close to that of the stable configuration.

In the transition region, where the relative stability of 3D and 2D clusters is
reversed, there are stable and metastable configurations with similar energies. It is
plausible that low activation energy mechanisms link these configurations. During the
formation of the larger clusters from smaller ones a binding energy of several eV is
gained (e.g. Iy + Is— Ig + 2.5 eV). This binding energy release can be thought of as
localised mostly in the cluster and its nearest neighbours, and thermal activation in
the real crystal could result in the necessary atomic rearrangements resulting in the
formation of the lowest energy configuration.

4. Discussion

For all three potentials considered in this paper similar trends have been found for the
relative stabilities of the interstitial clusters. Thus, for example, there is a strong
increase of the binding energies with increasing cluster size, and the binding energies
of the stable configurations are always much larger than the activation energies for
migration. A break-up of interstitial clusters can therefore be ruled out. The small
clusters preferentially adopt three-dimensional configurations with the close packing
of the constituent interstitials playing an important role. Particularly stable cluster
configurations are obtained when the interstitials are arranged in a highly symmetric
way. In particular, a very stable, elastically isotropic, complex with cubic symmetry
can be built up for seven interstitials. Larger clusters (N > 13) are preferentially
two-dimensional and again the most closely packed configurations have the lowest
energies and are therefore the most stable. The crossover between three- and two-
dimensional cluster stability is in rough agreement with the experimental observations
for Cu and Al (Ehrhart and Schilling 1973, Roberto et al 1978). Unfortunately, how-
ever, the experimental information is not detailed enough to allow a stringent test to
be made on the results obtained from the present models.

For the smaller clusters (N < 7) the activation energy for diffusion was found to
increase with increasing cluster size. One exception to this was the di-interstitial which
could, depending on the potential chosen, be either more or less mobile than the single
interstitial. With the possible exception of the highly symmetric types, the cluster can
reorient with relative ease. It is expected that the binding energy gained in the forma-
tion of larger clusters from smaller ones is sufficient for the clusters to attain their
stable configurations. More detailed work on this latter point is needed, however.

In common with all other similar calculations the present methods suffer from the
uncertainties involved in the construction of interionic potentials. We cannot claim
that our results will reproduce exactly the absolute values of the defect energies in
copper. However, since all three potentials predict the same types of defect structures
these should be typical for many Fcc metals although slight changes in energies can
change the relative stabilities from one metal to another.
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