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Abstract

The sintering of UO, green pellets is influenced by the morphology of the crystallites. This study predicts equilibrium
and growth morphologies of UO, crystallites, based on five different interatomic potential models that were derived in
order to understand properties of the bulk material. It was found that despite the differences between these models, all
result in essentially the same morphologies. The equilibrium morphology of UO, is an octahedron, showing only
{1 11} faces. The growth morphology is a truncated octahedron, exhibiting {1 1 1} and {2 0 0} facets. © 1999

Elsevier Science B.V. All rights reserved.

PACS: 68.55.Jk; 68.10.Cr; 07.05.Tp; 81.10.Aj

1. Introduction

UO, fuel is generally fabricated by pressing powder
into green pellets, which are sintered and then assembled
into fuel rods [1,2]. Clearly the mechanical properties of
the sintered material, in particular the extent and dis-
tribution of porosity, are of great concern. Such issues
depend critically on the morphology of the crystallites
from which the starting powder is composed, since the
driving force behind the densification during sintering is
the change in free energy brought about by a decrease in
the total surface area [3]. Unfortunately, the processes
by which UO, powder is formed all involve a number of
high temperature steps, which are chemically and ther-
modynamically complex and therefore correspondingly
difficult to investigate experimentally. Thus, collabora-
tive data from atomistic scale simulation would be
particularly useful.

In this study, calculations based on an ionic model of
the UQO, lattice are used to predict the equilibrium sur-
face (cleavage) energies and attachment (growth) ener-
gies of a range of different surfaces, whose Miller-indices
(hkl) fulfil the condition h*+ k*+ I?> < 25. Previous
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studies on a related material, CeO,, have shown that
higher index surfaces exhibit higher surface and attach-
ment energies, rendering them less important for the
crystal morphology [4]. Such a model would also be in
agreement with recent experimental results on voids in
UO, single crystals [5].

2. Methodology

Our calculations are based on a Born description of
an ionic lattice [6], where the interatomic forces consist
of a long-range Coulomb term and a short-range re-
pulsive term. Thus, the energy U;; between two ions, i
and j, is described by

M/:Zq}i—?+Ae*’ff/ﬂ_%7 (1)
where the short-range component is characterised by
three adjustable parameters, 4, p and C, which together
define what is usually termed the ‘Buckingham short-
range potential’. Since the short-range energy converges
to zero quickly, to make the calculations more efficient,
this part of the interaction energy is assumed to be zero
beyond 1.4 nm.

The polarisability of ions is realised through a shell
model, so that each ion is described as a massless
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spherical shell of charge Y, coupled to a massive core of
charge X: the total ion charge is (X + Y). The interac-
tion between the shell and the core is described by the
force

F = kyor + Lhkyor°, (2)

where k, is a harmonic spring constant and k4 an an-
harmonic contribution. Generally, only a k, term is used
although in some cases, the k; term is required to pre-
vent unphysically large core-shell separations. The
maximum core-shell separation allowed in this work was
0.5 A.

In this study we used five different sets of potential
and k, parameters, each developed earlier [7-10] and
summarised in Table 1. The sets referred to as Catlowl
[7], Jackson [8], Grimes [9] and Busker [10] all assume
formal charge states so that, for example, the total
charge of an oxygen ion (X + Y) = —2. For the Catlow?2
model [7], the total charges for uranium and oxygen are
reduced to 3.84 and —1.93, respectively. Each potential
set was derived by fitting to bulk lattice properties: in
Table 2, predicted bulk properties are compared to ex-
perimental data. As can be seen, in all cases the lattice
parameter of UQ, is reproduced successfully. However,
the extent to which other bulk lattice properties are re-
produced varies considerably from potential to poten-
tial. For example, the activation energy for oxygen
migration through the lattice via oxygen vacancies is
most successfully calculated with the Catlowl and
Jackson models.

Surface formation energies were calculated using the
code ‘MARVIN’ [11]. In this program, the simulated
surface is created by repeating the simulation cell in the
two dimensions parallel to the surface. The simulation
cell itself consists of several UO, cubic unit cells, stacked
on top of each other. This stack is divided into two re-

Table 1

gions: region I and region II. In region I, all ions are
relaxed explicitly until they experience zero strain. The
ions in region II only contribute to the force field in
region I and therefore, remain fixed at the usual crys-
tallographic coordinates. In our calculations, both re-
gions had a depth of 6 unit cells or 3.3 nm. This value
was chosen so that if increased further, it had negligible
effect on surface energies. It is equal to the region sizes
used in the previous study of CeO, [4].

We shall calculate two distinctly different types of
surface formation energetics, known as surface and at-
tachment energies. The surface energy is defined as the
energy required to cleave that surface from a bulk
crystal. The most stable surface is the one with the
lowest surface energy, i.e. the mode of cleavage which
requires the least amount of energy. The attachment
energy is the energy released when a growth slice of
thickness dj,; is attached to the surface from infinity [12].
It is usually negative, for energy is gained when matter is
attached to the crystal face. The most favourable surface
from the attachment point of view is that which exhibits
the highest (=closest to zero) attachment energy. A
high attachment energy means that material tends not to
be added to this surface. Thus, material is added pref-
erentially to adjacent surfaces, resulting in the formation
of more of this surface. Attachment energies used in this
way best model two dimensional layer-by-layer growth
of the type investigated extensively using molecular
beam epitaxy (see for example [13]) and computer sim-
ulation [14]. Attachment energies are less obviously
useful to model the growth of rough surfaces [13,14].
Therefore, the present work relates to smooth growth
regimes.

The situation is made more complex by the fact that,
in an ionic material, there are three types of surfaces,
classified by Tasker [15] as follows (see Fig. 1). Type 1

Spring and Buckingham potential parameters for the five models. In the Catlow2 model, the total charges for U*" and O*~ are reduced

to 3.84 and —1.93, respectively

Potential Catlowl [7] Catlow?2 [7] Jackson [8] Grimes [9] Busker [10]
U*: k (eV A™2) 103.38 210.02 103.98 98.24 160.0
Y (e) 6.54 7.94 6.54 6.54 —-0.1
0> k (eV A 292.98 80.21 292.98 296.8 6.3
Y (e) —4.4 -3.06 —4.4 —4.4 —2.08
0> -0>: 4 (eV) 22764.3 22764.3 20378.0 108.0 9547.96
o (A) 0.149 0.149 0.12537 0.38 0.2192
C (eV A9 112.2 20.37 114.0 56.06 32.0
U*-0>": 4 (eV) 1217.8 1217.44 1217.8 2494.2 1761.775
o (A) 0.3871 0.3747 0.3871 0.34123 0.35642
C (eV A%) 0.0 0.0 0.0 40.16 0.0
UH-U*: 4 (eV) 0.0 0.0 0.0 18600.0 0.0
p (A) 0.0 0.0 0.0 0.27468 0.0
C (eV A% 0.0 0.0 0.0 32.64 0.0
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Table 2

Bulk properties resulting from the five models used and from experiments

Potential Catlowl [7] Catlow?2 [7] Jackson [§] Grimes [9] Busker [10] Experiment
Lattice constant (A) 5.450 5.441 5.447 5.461 5.468 5.468
Lattice energy (eV) —102.97 —94.50 —103.00 —105.56 —104.47 —106.7
€ 21.26 25.52 21.14 13.26 18.53 21.45
€00 5.357 5.197 5.364 5.260 6.203 5.0
Bulk modulus B (10" dyn/cm?) 22.30 21.15 22.30 27.20 25.85 17.89
Shear modulus S; (10" dyn/cm?) 14.80 16.70 14.70 18.88 20.49 9.01
Shear modulus S, (10" dyn/cm?) 6.52 5.70 6.58 8.86 11.84 5.97
0%~ Migration energy (eV) 0.515 0.300 0.522 0.694 0.313 0.51
Total Schottky energy (eV) 9.67 7.03 9.73 13.27 10.56 n.a.
Per defect (eV) 3.22 2.34 3.24 4.42 3.52 n.a.
Total anion Frenkel energy (eV) 4.92 4.92 5.00 6.82 6.36 n.a.
Per defect (eV) 2.46 2.46 2.50 3.41 3.18 n.a.

Type | Type Il Type lll

Fig. 1. The three types of surfaces, according to Tasker [15].

surfaces have anions and cations in the same surface and
thus can be cut anywhere without creating an electrical
dipole moment in the direction of the surface normal.
Type II surfaces consist of symmetrically arranged,
charged planes of ions. The surface can be cut at specific
points without creating a dipole moment. The (1 1 1)-
surface of UO, is a type II surface. Type III surfaces
consist of alternating layers of anions and cations and
therefore cannot be terminated without creating an
electrical dipole orthogonal to the surface. The (2 0 0)-
surface of UQ; is of this type.

To neutralise the dipole associated with the (2 0 0)
surface, half of the layer of ions at the bottom of region
IT are moved on top of the surface, i.e. above region 1.
For the (2 0 0) surface of a single cubic UO, unit cell,
this is possible in three different ways. The first two
options are viable if the bottom plane consists of oxygen
ions. Half of these can be moved to the top of the sur-
face to create either diagonal (A) or close-packed (B)
lines (see Fig. 2). If the bottom plane consists of urani-
um ions, there is only one way of moving half of them to
the top (C). Where used, the respective configuration is
indicated in the tables. For higher index surfaces, the
oxygen atoms are not distributed in a square pattern.
We therefore define configuration A as a defect config-
uration of second nearest neighbours and configuration

B as one of nearest neighbours, with regard to a single
unit cell. For surfaces, where the oxygen atoms are
distributed in a diamond pattern (such as the (2 2 1) and
(3 2 2) surfaces), resulting in six nearest neighbours
surrounding each oxygen atom in the plane parallel to
the surface, the distances between neighbouring oxygen
atoms differing by less than 0.003 nm, configuration A
and B are practically equivalent and give very similar
surface formation energies.

Both surface and attachment energies were used as
the basis for a Wulff construction [16], so that equilib-
rium and growth crystallite morphologies were predict-
ed. Since we employ five potential models, this results in
a total of 10 morphologies. In a Wulff construction, all
simulated surfaces are drawn so that the distance from
the origin is proportional to the respective surface or
attachment energy. Fig. 3 shows a two-dimensional ex-
ample. The smallest completely enclosed volume repre-
sents the equilibrium or growth morphology, depending
on which set of energies is used.

In all the calculations described here, the two-di-
mensional surface repeat unit was constructed within a
single conventional cubic unit cell. Clearly, for type III

Fig. 2. The two ways of ordering oxygen defects on the (2 0 0)
surface of UO,.
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Fig. 3. Wulff construction. The lengths of the surface normals
are proportional to the respective surface energies.

surfaces, where it is necessary to introduce a distribution
of defects on the surface, repeat units larger than a single
unit cell would provide a greater number of potential
arrangements of defects. Indeed we have investigated
this for the (2 0 0) surface, based on a repeating unit
formed from a 2 x 2 arrangement of single unit cells.
This resulted in 105 different ways of arranging oxygen
defects alone. However, none of these configuration
energies resulted in a significant (i.e. visible) change to
either type of predicted morphology. The details of these
computationally challenging simulations will be pro-
vided in a future communication. However, since they
are not significant to the conclusions made in this work,
they will not be discussed further.

Since the relaxation algorithm leads to a local mini-
mum and thus may miss the globally smallest surface
energy for that surface, some of the surface configura-
tions were pre-relaxed by using one of the other models,

Table 3
Surface energies [J/m?] for unrelaxed (U) and relaxed (R) UO, surfaces
Surface  Cut Catlowl Catlow2 Jackson Grimes Busker
U R U R U R U R U R
111 0.5 1.60 1.18 1.26 0.89 1.61 1.19 1.83 1.48 1.56 1.27
200 0.125A 6.13 2.35 5.39 1.43 6.14 2.37 6.49 2.99 6.09 2.81
0.125B 8.60 2.59 7.85 1.91 8.61 2.61 9.14 3.47 8.74 3.11
0.375C 10.92 2.66 10.28 1.92 10.93 2.68 11.73 3.84 11.34 3.80
210 0.125A 5.30 1.93 4.83 1.28 5.31 1.95 5.83 2.57 5.47 2.28"%
0.125B 5.32 1.91 4.84 1.21 5.33 1.93 5.84 2.53 5.49 2.30
0.375C 13.44 2.80 12.60 1.77 13.47 2.76 15.35 2.87 13.96 2.47
211 0.25 6.42 1.93 5.87 1.22 6.43 1.95 6.90 2.61 6.56 2.22
220 0.25 3.30 1.74 2.96 1.28 3.31 1.75 3.72 2.25 3.42 2.00
221 0.125A 8.15 14172 7.46 1.00? 8.16 14272 8.62 1.81 8.27 1.58 2
0.125B 2.53 1.40 2.17 0.97 2.54 1.40 2.86 1.80 3.55 1.57
0.375C 20.50 2.75° 6.13 1.24 6.71 243° 7.19 2.56 6.84 2.75°
310 0.25 10.91 2.56 10.17 1.76 10.93 2.58 11.58 3.25 11.21 3.30
311 0.75 7.33 2.11 6.78 1.26 7.34 2.13 7.91 2.89 7.56 2.50
320 0.125A 4.70 1.84 4.27 1.25 4.71 1.85 5.20 2.43 4.87 2.19
0.125B 9.21 221° 8.47 1.44 9.21 2.24 9.80 2.79° 9.49 2.79°
0.375C 9.19 2.21 8.49 1.65 9.21 2.50° 9.32 3.20° 9.37 2.78
321 0.5 5.24 2.21 4.76 1.09 5.25 1.76 571 2.35 5.37 1.74
322 0.125A 11.48 1.77 2 10.55 1.11 11.50 1.78 11.95 2.38 ¢ 11.58 1.99 ®
0.125B 21.84 1.78 # 20.23 1.16 ® 21.88 1.79 ® 22.39 2.37¢ 21.96 2.00 #
0.375C 8.37 1.552 7.63 1.01 9.66 1.56 2 9.32 2.04 9.76 1.76 #
331 0.5 2.84 1.45 2.48 1.00 2.85 1.46 3.21 1.89 2.90 1.64
332 0.5 12.71 1.322 11.70 0.94 2 12.73 1.33 &b 13.18 1.68 12.81 1.43 2
410 0.125A 12.92 2.40 12.01 1.44 12.94 2.40* 13.56 3.12 13.17 2.82 b
0.125B 17.63 247° 16.42 1512 17.65 2.49 @ 18.30 3.33 17.89 2.58 "
0.375C 17.63 2.54 ¢ 16.42 1.63# 18.22 2.56 ¢ 18.92 2.76 20.36 2.85%
411 0.5 11.80 2.38 10.97 1.552 11.82 245 12.43 3.25¢% 12.05 2.75 a¢
421 0.25A 7.26 2.87 6.67 2.59 7.27 2.38 9.29 3.15 7.44 391°¢
0.25B 7.26 2.04 6.67 1.30 7.27 2.54 7.80 3.14 7.44 2.30°¢
0.5C 7.23 2.08° 6.67 1.30 7.25 2.08 7.88 2.89 7.43 2.09 ®

2 Denotes a pre-relaxation performed with a different potential.

b Denotes the use of a k, parameter which was discarded after preliminary relaxation.

¢ Denotes the use of a ks parameter which could not be discarded.
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if that yielded a smaller surface energy than using only
the pure model. This was possible due to the model
dependent dislocations of atoms, especially for the
higher index surfaces.

3. Results and discussion

Tables 3 and 4 show the unrelaxed and relaxed sur-
face and attachment energies for the simulated surfaces.
The cut is defined as the point at which the unit cell is
terminated [4]. We find that, of the methods for dipole
neutralisation for the type III (2 0 0) surface, configu-
ration A is the most favourable. The reason for this is
that it has the most uniform charge distribution across
the surface. In comparison, configuration B places the
oxygen atoms closer to each other. Configuration C
creates uranium defects, with twice the charge of the
oxygen defects, which explains why configuration C is

the least favourable way of forming a stable (2 0 0)
surface. Similar results were found for CeO, [4].

The rationalisation used to explain why configura-
tion A is the one preferred for the (2 0 0) surface does
not generally hold for higher index type 111 surfaces (see
Tables 3 and 4). There is a number of reasons for this,
which are surface specific. For example, results for the
(2 1 0) surface show that A and B type configurations
have essentially the same surface energy (see Table 3).
The reason is that the distance between surface layer
oxygen ions for (2 1 0) A and B configurations is very
similar. The same holds true for the (2 2 1) surface.
However, the (4 1 0) surface, as the Miller index sug-
gests, is more similar in structure to the (2 0 0) surface
and therefore, configuration A is once again distinct
from configuration B and thus generally preferred. The
(322)and (4 2 1) surfaces present more of a problem.
They seem to show a preference for the type C config-
uration (i.e. U*" ions on the surface). However, these

Table 4
Attachment energies [eV/molecule] for unrelaxed (U) and relaxed (R) UO, surfaces
Surface  Cut Catlowl Catlow2 Jackson Grimes Busker
U R U R U R U R U R
111 0.5 —2.53 -2.97 -2.02 -2.52 -2.54 -2098 -2.92 =325 -2.51 —3.02
200 0.125A —10.60 —4.44 —-942  -2.89 —10.61 —4.50 —11.38 —5.48 —10.75 —4.92
0.125B —14.06 —13.51 —12.90 —13.16 —14.07 —13.53 —15.16 —13.67 —-8.85 —13.00
0.375C —19.63  —20.07 —18.48 —18.89 —19.63  —20.07 —-21.28 -21.76 —20.60 —21.05
210 0.125A —11.88 —10.02 —10.93 —8.92 —11.89 —10.04 —13.03 —11.00 —12.42 —-10.59
0.125B —11.88 —11.10 —-10.92 —11.14 —11.89 —11.09 —13.03 —12.03 —1241 -—12.12
0.375C —13.55 -21.38 —14.35 —-10.04 —13.55 —-23.81 —-14.31 -19.74 —1429 —-21.24°
211 0.25 —18.26 —19.86 —16.81 -21.89 —18.27 —19.87 —1941 -22.32 —18.77 —-24.76
220 0.25 —10.30 —13.58 —-9.43 —15.35 —10.31 -13.52 —11.45 —14.02 —10.81 —14.32
221 0.125A -29.99 —-682°* -27.64 —6.15* —30.00 —6.83 —-31.26 —7.53 —30.55 -731%2
0.125B —6.01 —6.81 —5.23 —6.14 —-6.02 —6.83 —6.68 —7.53 -6.19 -7.31
0.375C —21.12 —27.68° —19.39 —-28.23 -21.41 -30.56° 2233 -27.29 —21.89 —2845°
310 0.25 —45.75  —=39.25 —42.86 —40.95 —45.76  —39.21 —48.05 —33.94 —47.21 —44.24
311 0.75 —31.56 —39.82 —29.56 —48.09 —31.57 -39.66 —33.66 —40.10 —32.84 —46.55
320 0.125A —16.33  —19.55 —15.12  -20.05 —-16.33  —19.49 —17.84 —-20.57 —17.10 -21.40
0.125B —38.87 —37.72°% -36.07 —20.73 —38.86 —37.67 —40.71 —=2576° —40.03 -25.15°
0.375C =37.77 =39.30 —35.01 -—13.68 -37.78 -37.30% 3935 —46.78° -38.59 —37.75
321 0.5 —20.55 —25.00 —18.94 —34.29 —20.57 -24.79 —-21.99 —-26.37 -21.22 -37.71
322 0.125A —55.57 —19.20* —51.32 —20.46 —55.60 —19.16 —57.11 —2043* 5624 —26.65°
0.125B —12025 —20.82° —111.56 —2592* —12029 —24.59° —122.58 —-27.02% —121.51 —26.64°%
0.375C —40.07 —-15.65* —-3693 —17.06 —42.52  —15.64* —41.53 —17.11 —4324 -17.70*
331 0.5 -9.12  —14.20 —-8.13 —15.48 -9.13 -14.14 —-10.08 —14.17 —-9.40 —14.25
332 0.5 —7275 —-57.25% —67.23 —5397°* 7278 —57.23%> 7442 5887 —7349 —5841¢*
410 0.125A —72.66 —43.72 —67.77 —4890* —72.68 —42.63* 7523 —41.78 —74.24 —49.25%b
0.125B -87.78 7223 8193 —63.73% —-87.80 —7228?* —90.54 —70.75 —89.55 —47.63°"
0.375C —87.77 -3832* 8191 -—-36.84* 8746 —3838°* —90.13 —64.00 —-91.23 -37.54+¢
411 0.5 —57.87 —-3533* 5411 -32.55* —57.88 —3543* —60.46 —3497* —59.49 —33.56%¢
421 0.25A —28.51 —38.42 —2745 -20.64 -29.47 -30.25 —-31.40 —-3597 -29.60 —43.71
0.25B —33.62 —30.58 —31.36 —37.48 —29.06 —26.86 —35.62 —33.28 —31.20 -3145
0.5C —31.84 -22.78% -29.60 —29.63 —31.86 —38.67 —30.56 —38.82 —32.88 —24.10°

¢ Denotes a pre-relaxation performed with a different potential.

b Denotes the use of a k, parameter which was discarded after preliminary relaxation.

¢ Denotes the use of a ks parameter which could not be discarded.
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surfaces are not very stable and rearrange considerably
so that oxygen ions relax to the surface, forming a
rumpled oxygen terminated surface.

The 10 predicted morphologies are presented in
Figs. 4 and 5. All five potential models yield similar
equilibrium and similar growth morphologies. The pre-
dicted equilibrium morphology of UQO, is dominated by
(1 1 1)-surfaces, creating an octahedral crystallite. For
the Catlow2 and Busker potential models, higher index
surfaces appear, rounding the tips and edges of the
crystallite, although in the latter case, the effect of sur-
faces other than (1 1 1) is hardly perceptible.

The growth morphologies are all predicted to be
truncated octahedra with varying amounts of (2 0 0)
surfaces apparent. Although the point of truncation
differs from model to model, the respective attachment
energy ratios are quite similar. This demonstrates the
sensitivity of morphologies predicted using a Wulff
construction to very small changes in energy ratios.

Figs. 6 and 7 show the relaxed surface energies of the
(1 1 n) and (0 1 n) sets of planes as a function of the
misorientation angle, i.e. the angle between the corre-
sponding (1 1 n) or (0 1n) plane and the (1 10) or
(2 0 0) plane, respectively. Figs. 8 and 9 show relaxed

Catlow1

Jackson

Catlow2

Busker

Fig. 4. Equilibrium morphologies of UQO, for the five applied
models.

Catlow2

Busker

Fig. 5. Growth morphologies of UO, for the five applied
models.
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Fig. 7. Surface energy as a function of the misorientation angle
for the (0 1 n) family of planes.
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Fig. 8. Attachment energy as a function of the misorientation
angle for the (1 1 n) family of planes.

attachment energies for the same two sets of planes.
Since the (0 1 n) set spans from the (0 1 0) to the (0 0 1)
plane, only a range of 45° needs to be plotted due to the
cubic symmetry of UQO;: the (0 1 n) plane is equivalent
to the (0 1 1/n) plane. It is evident that for each potential
model, the variations in surface and attachment energies
as a function of misorientation angle are almost the
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Fig. 9. Attachment energy as a function of the misorientation
angle for the (0 1 n) family of planes.

same. This includes the Catlow2 model, which employs
partial charges and even leads to a modified equilibrium
morphology. Therefore, all the calculations of surface
and attachment energies for UO,, despite being based
on different interionic potentials, yield a coherent pic-
ture, not only with regard to the predicted equilibrium
and growth morphologies, but also to the relative en-
ergies of many of the surfaces which do not appear in
either morphology.

4. Conclusions

The results derived from all five potential models
suggest the following: if powder processing conditions
are such as to allow the UO, crystallites to attain ther-
modynamic equilibrium, the morphology will be domi-
nated by the (1 1 1) surfaces, forming an octahedron.
The tips of these crystallites may possibly be slightly
modified by higher order planes, but this effect is ex-
pected to be minimal. If thermodynamic equilibrium is
not reached and the morphology is limited by growth
(i.e. kinetic) considerations, (1 1 1) surfaces are again
dominant, but now (2 0 0) surfaces are definitely of
some secondary importance, i.e. the morphology will be
that of a truncated octahedron.

Of course, we need to bear in mind that the results
presented here relate to stoichiometric UQO,. It will
therefore be necessary to refine the method so that it is
able to predict morphologies of non-stoichiometric
materials. In addition, for type III surfaces, the details
associated with more complex arrangements of defects
need to be further investigated and, if possible, com-
pared to high resolution experimental data.
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Furthermore, these conclusions assume that the kiln
atmosphere (in particular any water vapour) has no or
negligible effect on the developing morphology. Indeed,
it is not even clear if in practice a vapour phase forma-
tion mechanism is in operation and UO, powder may be
growing on or from a U;Og substrate. Calculations are
under way to investigate the nature of the UO,:U;Og
interface.

Despite these uncertainties, we have been able to
demonstrate that it is possible to model UO, surfaces,
obtain results which are not a function of the particular
model and have thereby laid the foundations for further
computational studies on UO,.
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