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1. INTRODUCTION

This report describes symmetric coincidence tilt-boundaries between
f.c.c. crystals made up 6f hard spheres. The hard-sphere interaction can
be thought of as one well-defined limit of the more gen;ral soft-sphere
interactions used in computer simulations (and certain metals, e.g. aluminum,
are made up of ions which interact in an almost hard-sphere way). The hard-
sphere solid with minimum energy is that with the maximum density. In con-
structing such boundaries, it is necessary to have a criterion for choosing
among alternative structﬁres with the same tilt axis and angle; we selected
the structure which had the maximum density. Three tilt axes and all coin-
cidence densities up to I53 for [1001, Z43 for [110] and Z39 for [111] were
examined, 52 boundaries in all.

Having constructed the boundaries, we calculated the coordinates of the
centers of the hard spheres, and used these coordinates to calculate

(a) the excess volume of each boundary

(b) the size of all the interstitial sites in the boundary.

(c) the size of all substitutiocnal:sites in the boundary.
Finally, we analyzed the structure of each boundary in terms of the packing of
polyhedral holes [1-3] and channels. The work is an extension of that published

earlier [1,2,41.

2. __METHOD

2.1 Comstruction of the Boundaries

The grain boundary models were constructed graphically. Two symmetrical
half-crystals were translated with respect to each other until a mechanically
stable position which maximized the density without atom overlap was found.

This requires at leastthree cantacts acrossthe boundary (i.e. between anatam of one



crystal and atoms of the other) per repeat unit of the boundary. Sometimes
the symmetry of the boundary yields a fourth (redundant) contact. With only

two contacts between the crystals, per repeat unit, the arrangement can al-

ways be densified by a relative displacement of one erystal, which is deter-
mined by maintaining the two contacts until a thrid is made.

After fixing the orientations, one crystal has three translational degrees of
freedom with respect to the other, and all three must beﬁconstrained at the
position of minimum density. For more than half the boundaries the densest

configuration included a relative displacement in the direction of the tilt

axis (the z direction). All [111l] boundaries had such a displacement, but

only about half the [110] boundaries.

2.2 Faceting

Most boundaries are constructed without faceting. We may define faceting
by specifying that in a boundary without faceting each half-crystal is composed
of all the atams of that crystal y to aparticular crystallographic plane, and none bey
‘that plane. Afaceted boundary has half-crystals which contain some atoms beyond
a parfic;lar plane (parallel to'the boundary) by omitting some atoms that are not
beyond that plane. An intermediate case is possible when more than one atom
sits in each plane parallel to the boundary (per repeat unit of the boundary),
and in which the last plane of the half-crystal retains some atoms and omits
others. Our only example of this is [111] I2la (231).

We have concentrated on constructing non-faceted boundaries. We find
that faceted boundaries are denser than non-faceted boundaries when a dense
plane in one crystal is almost parallel to another dense plane in the other

crystal. Good examples are [100] I29a, (073) and (052), and [110] Z4lc (338).

If such nearly parallel planes were not ocbvious, we did not systematically




explore the possibility of faceted arranéements unless no unfaceted boundary

'S
v could be constructed with excess volume VEX less than 0.5. Several of the
1- [111] tilt boundaries that have a stacking order inversion are shown in facet-
ed arrangements. The excess volume for the faceted arrangements is surpris-
ing low compared to the unfaceted ones. It may be possible to construct cer-
£ tain high sigma boundaries in dense faceted arrangements. For example, 285(0,11,7)—
! appears in a surprisingly dense faceted arrangement. We expect that fof\ h
boundaries with a tilt axis of lower crystallographic order, the possibility
of faceting will become more important.
2.3 FExcess Volume
All the boundaries have a periodic structure, as discussed in Section 4.1
and illustrated by Fig. 1. A parallelepiped box is constructed with vertices
ng at atom centers well within good crystal, and with two of its faces parallel
ced to the boundary plane and congruent with the boundary repeat unit. If this
 bey box has a volume V and contains N atoms, the excess volume associated with
1 one repeat unit of the boundary is V-N{? , where { = 0.7071 is the volume
s not associated with one sphere in the f.c.c. structure (the sphere diameter is unity).
It is convenient to express this in units of volume per sphere:
., g = T

so that V* becomes the dimensionless excess volume of one repeat unit of the

boundary. It is also convenient to express the area of the repeat unit, A, in

units of the "area per atom" in the structure 92/3 = 0.7937:

A* = ——

o273

b , so that A* becomes the dimensionless area of one repeat unit of the boundary.
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Figure 1(a) Projections of the [100] Z5 (021) boundary structure onto

a plane perpendicular to the tilt axis (top) and onto the
boundary plane (bottom).
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Figure 1(b) Projections of the [100] Z5 (031) boundary structure onto
a plane perpendicular to the tilt axis (top) and onto the
boundary plane (bottom).




The excess volume of the boundary is then defined as:

o> S V-NQ
e =
a AQ1/3
EX
\ can be thought of as the number of atoms missing per atom in the boundary
plane.
: , . -1/2
In the f.c.c. structure with spheres of unit diameter, @ = 2 , and

- E . .
92/3 =2 1/3. v X therefore represents a measurement of length, in units

1/3 -1/6

Q , which is 2 = 0.890899 for our unit sphere case. If a crystal were

pulled apart at a plane by 2-]‘/6

with V°X = 1.0.

sphere diameters, that plane would be associated

The excess volume can then be associated with the spacing between the
two nearest planes parallel to the boundary in the two crystals (in the un-
faceted case). The excess of that spacing over the normal spacing between
such planes in each crystal (in the case of symmetric boundaries), times 21/6,
is the excess volume. It is of course possible to normalize the excess volume
to other quantities, such as the sphere diameter or the unit cell edge. This

is what most studies of boundary structure do when they report a translation

of the crystals normal to the houndary plane.

2.4 Determination of Interstitial and Substitutional Sites and Sizes

Interstitial centers and sizes were determined by constructing (by
numerical methods) spheres passing through all sets of four atom centers,
and containing no atom center. The center of such a sphere is the center of
an interstitial site, and its diameter is equal to the sum of the original
sphere diameter (=1) and the diameter of the largest sphere which would just
. fit into the interstitial site. The figures of Section 5 show the center

locations and the diameters of the largest of these interstitials.
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Substitutional sphere sites were identified and sized by a modification of .
this procedure: an atom was removed fram the boundary, and the center and
size of the largest sphere that could be re-inserted was determined as de-~
scribed above.

A typical boundary contains several interstitial and several substitutional
sites per repeat unit. The interstitial sites shown can all be occupied at
the same time without overlap between the interstitial spheres. If two over-
lapping sites occurred, the larger was retained and the smaller was discarded.
Because of this, it is possible that a listed interstitial is in a mechanically
unstable position, because the nearby stable site was eliminated by overlap of
a larger site. In contrast, it is not generally possible to have all the sub-
stitutional sites occupied at the same time; putting a substitutional sphere in

one site will usually exclude the possibility of putting a substitutional at

a nearby site.

2.5 Method of Identifying Boundaryy Structures

The boundary structures were identified primarily by examining the
topological shapes created by joining the centers of neighboring spheres be-
tween the two crystals and within eacﬁ crystal. For this, the definition of
neighboring spheres was extended to a spacing of V2" sphere diameters be-
tween sphere centers, and occasionally slightly beyond that. A secondary considera-
tion was given to the number, location and nearest neighbors of the larger
interstitial sites, which allows us to stretch the definition of the nearest
neighbor spheres in a logical manner.

The classification of the various polyhedral structures occuring in a
dense random packing of single-sized hard spheres was developed in detail by
Frost [5]. It is shown there that if a nearest neighbor definition of more
than V/%;? = 1.309 sphere diameters is used, then it is possible to have the

ambiguity of the same region being described by different, interpenetrating
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tetrahedra. Because of the symmetry and regularity imposed by the crystals,
we do not find arrangements that have interpenetrating tetrahedra near the
minimum distance of %%- . In the crystal, a nearest neighbor distance of
/2" would cause the ambiguous definition of a regular octahedron as inter-
penetrating tetrahedra. For the boundary structures, however, we can use the
Y2 ' distance in those cases where it does not lead to interpenetration, and
exclude it where it does. This allows us to identify structures by constructing
those neighbor connections which form convenient and representative polyhedra |
around the interstitial sites.

For [100] and [110] tilt boundaries, the most representative polvhedron

to describe the surroundings of the larger interstitial sites is usually a

capped trigonal prism, aligned with the tilt axis. For a few cases, other

shapes are more representative because oﬁ the number of neiqhboré of the
interstitial sites (see Sections 4.5 - 4.7). Differentiating between dif-
ferent shapes can occasionally be ambiguous; since the identification is
purely a matter of definition, the structure of the boundary should be

considered as it stands, not as a set of idealized regular polyhedra of the

same type.

3. GENERAL CONVENTIONS OF PRESENTATION

In this section we explain the variocus conventions we have used in the

presentation of the boundaries.

3.1 Description of Figures

The boundaries in this catalogue are shown as projections onto a plane
perpendicular to the tilt axis. The unit sphere locations are shown as dif-

ferent circular symbols for each different layer: open, solid, or crossed

circles. Each boundary is shown twice. The left-hand figure shows the loca-
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ti of the centers of the interstitial sites; the right-hand figure shows the location of the

centers of the substitutional sites. The size of each site is given below the figure:

"gize" means'the diameter of the largest hard-sphere which can be placed at
the site, in units of the diameter of the spheres_used to make the crystals.
The site symbols are usually, but not always, repeated for each recurrence
of the site in the figure. The sites are often labeled A, B, C, etc., which
indicates which of the various equivalent recurrences of a site has its co-
ordinates listed in the accompanying chart. For some boundaries there are
more than five distinct interstitial or substitutional sites. In this case,
the smaller sites are gengrally not plotted in the figure, though they are

listed in the chart.

Each figure is accompanied by a numbered list of sphere coordinates,
and a chart giving the size, coordinates, and neighbors of each substitutional
and interstitial site. The numbers of the unit sphere neighbors of a site are
occasionally given with primes or double primes (e.g. 7 ,7' or 7' ,7"). These

primes refer to unit spheres that are above or below the primary layers whose

coordinates are listed. Neighboring 7,7' means that sphere 7 and the sphere above
(or below) sphere 7 are treated as neighbors. Neighboring 7',7" means that the
sphere above and the sphere below sphere 7 are treated as neighbors; this would
only occur for the substitutional site in place of sphere 7. When more than four
neighboring unit spheres are listed, this is because fedundancy is created by the
symmetry of the crystal with respect to the site. The same meaning of primed

sphere numbers is used for the list of contact pairs between the two crystals,

given at the top of each chart.

3.2 C(Coordinates

The 2z axis is the tilt axis, which is perpendicular to the plane of
the figure. The x axis is the [110] direction in crystal number one, the

lower crystal. Atom number 1 is almost always at coordinates 0,0,0. For
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the majority of boundaries the open circles in the lower crystal are at
z = 0. In that case, the solid circles are at =z = 0.5 for [110] tilt
boundaries and =z =v/5_72 for [100] tilt boundaries. In boundaries where
there is a Az displacement across the boundary, the atoms in the upper
crystal (crystal 2), are shown with an additional ring. For the [111] tilt
boundaries, in crystal 1 , the open circle is at =z = 0, the solid circle is
at z = v&?ﬁ/B, and the crossed circle is at z = 2p/€—73.

For the [110] and [100] boundaries with a Az displacement between
the crystals, equivalent boundaries can be constructed with a +Az or
a -Az displacement. This is because the crystals have mirror symmetry about
the (100) and (110) planes. The choice of +Az  or -Az is arbitrary.
For [1l1l] boundaries, the sign of Az cannot be
there is no mirror symmetry across the (111l) planes. The Az is fixed to
correspond with the stacking order of the (11l) planes. The sign of Az
can be inverted if the stacking order in both crystals is also inverted.
We have not used a ccnsistent stacking order for these boundaries; the
B layer (solid circles) may sit in triangles of the A layer (open circles)
which point either toward or away from the boundary. This means we have
been arbitrary about which layer-we label the A layer, that is, in which

layer we set the origin.

3.3 Angle Labels

The angle used to describe the [100] tilt boundaries is the minimum
angle between [lOC] directions in the two crystals, 8 . (This was the conven-—
tion used by Smith, Pond and Vitek [6].) The minimum angle between [110]
directions is 90° - 8. The misorientation between the crystals can be des-
cribed by either angle of rotation. A common convention ("misorientation
convention") is to use whichever angle of rotation is smallest. This would
result in the same angle being used to describe both of the two symmetric
tilt boundaries for a given X. We decided not to use the misorientation

convention in order to avoid confusion in boundary identification.
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For [110] tilt boundaries we have also used the angle between [100]
directions. The angle between [110] directions is in this case 180° - 4.

For [111] tilt boundaries we have used for 8 the minimum angle describing
the rotation between the twa crystals. The rokation = between the crys-
tals could also be described by 120° - @ and 120° + 6., For the set of
boundaries with mirror symmetry across the boundary plane (before translation),
8 1s the angle between symmetric (112) directions, one in each crystal. For
the other setvof boundaries in which a stacking inversion is imposed on the
mirror symmetry, 9 is the angle between symmetric (110) directions.

For all boundaries the labeling angle is shown opening to the left of
the figure.

In certain boundaries the structures (e.g. trigonal prisms) appear to be
upside down from similar structures in boundaries with neighboring angles.
This occurs because it is possible, given the symmetric orientation of the
crystals, to have two different relative translations of the crystals that
have equivalent structure but have the roles of .crystal 1 and crystal 2
reve?sed. If one of these is chosen rather than the other, the local struc-
tures will appear as though reflected through the boundary plane (i.e.

"upside down"). We have generally used relative translations which leave
similar structures in boundaries of neighboring angle in the same orienta-
tion. Exceptions to this, which therefore appear to have upside down struc-
tures, are: [100] I37 (061), [1101 £27 (115), [110] X1l (1I3), and

[111] 7 (231).

3.4 Accuracy

The interstitial and substitutional sites are listed to five decimal
places of accuracy. This is justified for same of the boundaries, but it is
not for certain boundaries for which the atom coordinates were only calculated
to four decimal places. In addition, the program to calculate interstitial
sites occasionally produced errors in the fifth, or eQen the fourth, decimal
place. All coordinates, lengths and volumes are accurate to better than one

part in a thousand.



=12~

It is entirely possible that the authors have overlooked some arrange-
ment for some boundary that is denser than the one presented here. This is
particularly true if we consider faceting. We would be grateful for any

such correction, and will keep available an up-dated errata sheet.

3.5 Ovrder of Presentation

The boundaries for each tilt axis are shown in order of increasing
angle, not in ordér of increasing i. This allows a direct inspection of
the progression of structural units that provides the progression in angle.
For each tilt axis we provide a figqure showing the different angles that
the various boundaries make with respect to their crystals. This plot pro-
vides an index to the order of presentation of the various sigma boundaries.

Cnly one arrangement (the densest) for each orientation is shown in the
main series that progresses in angle. For several boundaries, we included
alternative, less dense, arrangements in a section at the end. The progres-
sion of structural units in the main series is occasionally interrupted by
faceted boundaries which may show rather different figures than the boundaries
at neighboring angles. In this case, a boundary configuration that contains
figures in the series may Peuigg;uded“;n thgwfgction aF’the end. These addi-

tional boundaries are arranged according to increasing £ for each tilt axis.

4. RESULTS AND CORRELATIONS

Section 5 contains the figures showing the boundaries and the interstitial

substitutional sites they contain, as described in Section 3. The Table of

Section 5.5 presents a summary of the information, listing the excess volume, th
shortest repeat distance in the plane perpendicular to the tilt axis (L), the Az
displacement between the crystals, the diameters of the three largest interstiti

and substitutionals, the internal symmetry (as described in Section 4.1), and th
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of the repeat unit in the boundary plane (A). In this section we discuss
the general features of those results, together with some correlations be-

tween different features.

4.1 Symmetry

Because all the boundaries considered here are symmetrical tilt boundaries
at coincidence orientations, their structure contains the symmetry of repeated
identical units. The length of repeat distance in the direction of the tilt
axis is determined by the distance between equivalent planes perpendicular to
the tilt axis. For [110] axis it is 1.0 sphere diameters:; for [100] it is
V2 i and for [111] it is /6 '. 1In the direction perpendicular to the tilt
axis, the repeat distance, L, depends on the orientation or I value. For
[100] boundaries, which have planes (Ok{) parallel to the boundary plane, the
length is VI when k and & are both odd, and V2% @ when either k or &
is even. (Both k and { cannot be even because we could then re-express
the boundary plane by dividing the indices both by 2.) For [110] boundaries,
which have (hﬂz) planes, the length is va“ when ¢ is odd and V/EE-‘when % is
even. For [11l] boundaries, the léngth is VGET‘ for those boundaries without
a stacking inversion, ané vffﬂ for those boundaries with a stacking inversion.

For half the [100] boundaries and several of the [110] boundaries, each
plane parallel to the boundary contains-atcms on both the A and B layers.

In this case, any arrangement will repeat alternatively along the boundary
based first on the A layer, then on the B layer, then the A layer again, etc..
This appears as a staggering of boundary figures, with a reversal of A and B
atoms. For [100] boundaries, (0k&), this occurs when k + & is odd, which it

ig for one of each pair of boundaries for each I wvalue. For [110] boundaries,
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(hﬂz), this occurs when h and £ are both odd, which it is for one of the
two boundaries for some X values.

For [11l1l] boundaries, a similar staggering sometimes occurs among the
A, B, and C layers. For the boundaries without a stacking inversion it
occurs when L is not a multiple of 3 (i.e. 7,13,19,31, and 37). For
those boundaries with a stacking inversion, there is no staggering of identicalg
arrangements, even though those boundaries with I a multiple of 3 (i.e.
3,21, and 39) do have an atom for each layer in each plane parallel to the
boundary. Because of the stacking inversion, the A, B, and C atoms do not

occur along the boundary in the same order.

When this staggering is present, the smallest unit of repeating structure
is not actually described (in projection onto the boundary plane) by the
rectangle of the vector between equivalent atoms along the tilt axis and the
vector between equivalent atoms perpendicular to the tilt axis. It is des-
scribed by the parallelogram of the tilt axis repeat vector and a non-

perpendicular vector between equivalent atoms on different layers. The dif-

ference appeais clearly in Fig. 1, where the two [100] IS5 boundaries, (021)
and (Q031), are shown in two projections: along the tilt axis (the usual),
and perpendicular to the boundéry plane. For the (021) boundary, the repeat
unit is a parallelogram, in accord with its staggered arrangement.

Most of the maximum density boundaries that do not have staggering show
another sort of symmetry internal to the repeat unit. The arrangement of
atoms in one half of the repeat unit is repeated in the other half with a
rotation of 180° about an axis lying in the boundary plane, perpendicular to
the tilt axis. This rotation plus translation provides a two-fold screw axis.
If there is no Az displacement between the two crystals, the rotation

symmetry may degenerate into glide-reflection symmetry with the boundary
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plane as the glide plane. Examples of this, in an arrangement of maximum

density, are I3 (112), Z17b (334), and I43 (556). For one boundary,

Zl?b (223), the glide direction is not perpendicular to the tilt axis, but
has a component along the tilt axis that shifts the arrangement from the
A layer to the B layer, etc..

ical For boundaries with internal screw axis symmetry, the axis is always

in the plane of the boundary, that is, midway between the last planes present
in the two crystals. There are two axes per tilt axis repeat vector. For
the degenerate case without staggering, e.g. L3 (112) the axes are in the
planesvof the A and B layers. For the degenerate case with staggering,

~ure e.g. L17b (253), they are midway betwen the A and B layers. For the non-
degenerate cases, i.e. Az # 0, they are either midway between the A and A'
layers and midway between the B and B; layers, or midway between the A and B'
layers and B and A' layers. (We are labeling as A' the layer in crystal 2

which is nearest to the A layer in crystal 1.) In the former case, a given

local arrangement stays at the A - A' and A' - A level. In the latter, an

arrangement appears to stagger between the A - A' level and the B' - B level.
Nine of the boundary configurations are in exact coincidence site lattice

(CSL) positions, as marked in the table. This means that Az = 0. For four

boundaries, they are not the densest arrangement. When a boundary is in the

exact CSL position, the two crystals are in exact.mirror symmetry, except for

a few atoms per repeat unit, near the boundary plane. The configuration can

sometimes be made entirely symmetrical by moving those atoms into the minor

plane without a change in density. An example of this are the I25a (071),

and the L9 (114) boundaries. The latter boundary can also be made into a faceted

boundary with glide reflection symmetry by a different rearrangement of a small

number of atoms at constant density.




TABLE 1

Faceted Boundaries

Ideal EX EX
Tilt Boundary Dense Nearly Boundary \Y \Y
Axes Boundary Angle Parallel Planes* Angle¢ Faceted Unfaceted
{1001 £17a (053) 61.93° (100) (210) 63.43° 0.40339  0.42850
$29a (073) 46.40° (110) (100) 45.00° 0.39735 0.46398
£29a (052) 43.60° (110) (100) 45.00° 0.39336 0.4422
85  (0,11,7) 64.94° (110) (310) 63.43° 0.37085 t
|
‘ [110]  I19a (116) 153.47° (100) (311) 154.76° 0.42619 0.4408%
£27a (552) 31.58° (110) (111) 35.26° 0.31195 0.43619
= (211) (511) 160.53°
Q L]
£33a (118) 159.95 oF 100) (151) led. a0 0.42017 t |
- (o)}
L33c (225) 121.01° (100) (111) 125.26° 0.30932 0.41450% '
Y4lc (338) 124.12° (100) (111) 125.26° 0.27305 0.46822%F
[111] £39a (341) 32.21° (110) (121) 30.00° 0.45379 t
£37¢ (10,11,1) 50.57° *k 0.46030 1
£31a (7,11,4) 17.90° *% 0.49153 t
Y2la (231) 21.79° * 0.49375 T
£13b (572) 27.80° (110) (121) 30.00° 0.48069 1

@ b=t ¥ ¥

Planes parallel to the tilt axis

None apparent

No unfaceted configuration calculated
Unfaceted configuration without symmetry
Boundary angle that would have the dense planes exactly parallel

s
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The only boundaries that do nof éhow staggering, screw axis, or potential
mirror symmetry in their densest arrangements are [111] boundaries without
stacking inversion where I is a multiple of three: I3%a (572), £21a (451),
and £3 (121). The boundary I3 (121) shows no internal symmetry as a [111]
boundary, but does have glide-reflection symmetry as a [110] boundary, (112).

The common occurence of screw axis symmetry is a surprising result of
this catalogue. Were it not for the Z25a (071) boundary, we might conjec-
ture that all [100] and [110] boundaries showed either staggering or screw

axis symmetry in their densest arrangement.

4.2 Faceting

That some boundaries can be constructed more densely in a faceted
configuration is a surprising result of this study; As mentioned in
Section 2.2, this occurs for [100] and [110] tilt boundaries when there is
a dense plane, A, in crystal one that is nearly parallel to a dense plane,
B, in crystal twé. Because of the symmetry, plane B of crystal one is also
almost parallel to plane A of crystal two. This situation will not lead to
faceting, however, if planes A and B make too great an angle with the
boundary plane. Table 1 lists all the faceted configura@ions we have dis-
covered, together with their dense nearly parallel planes and the excess

volume of the faceted and unfaceted configurations.

4.3 FExcess Volume

The excess volumes vary from zero (for the coherent twin) to about 0.5.
In general [110] tilt boundaries are the densest, with an average excess

volume, VEX , of 0.309 (including the coherent twin). The [100] tilt

boundaries are less dense, with an average VEx of 0.422 (including

I85b (0,11,7)). The [111] tilt boundaries are less dense still; those without
a stacking iﬁversion have VEX averaging 0.419 if the I3 (151) boundary is
included, which is also a [110] boundary. Without the 23, they have an
average of 0.449. The [111] boundaries with a stacking inversion have an

average VEx of 0.463.
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Figure 2 Interstitial sites in various regular polyhedra.
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TABLE 2

Interstitials in Undistorted Polyhedra

Polyhedron Diameter of largest interstitial sphere
Tetrahedron 0.2247
Octahedron 0.4142
Reqular Trigonal Prism 0.5275
(with or without capping

spheres)

Square Antiprism 0.6454
Cube 0.7320
Stretched Trigonal Prism 0.8257
(height = v2', without

capping spheres.)
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Figure 3 Excess volume versus angle for [100] and [110] boundaries.
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In general the boundaries with higher X have greater excess volume,
for all tilt axes. The correlation is only rough, and is not plotted. The
best correlation we have found for all the boundaries together is with the
area of the repeat unit. This is shown in Fig. 5, and replaceé the correla-
tion with repeat distance published previocusly [4]. (In that reference the
repeat distance used for boundariés showing staggering internal symmetry was
the projection of the repeat unit vector onto the plane perpendicuiar to the
tilt axes, which is 1/2 L.)

To demonstrate the general validity of the correlation between excess
volume and tilt axis, Fig: 3 plots the excess volume versus angle for [100]
and [110] boundaries. With a similar number of boundaries for each axis, the

[110] boundaries are definitely denser on average.

4.4 Intevstitial and Substitutional Sites

Almost all boundaries contain interstitials of diameter 0.6 or largsr;
mény contain interstitials greater than 0.8 in diameter. Interstitials
larger than0.90 are not found in boundaries arranged in their densest con-
figurations. These interstitials are much larger than those found either in
the perfect crystal (maximum 0.414) or in the dense random packing of hard
spheres (maximum 0.7; see Frost [5]). For comparative purposes, Table 2
lists the interstitial sizes in several undistorted polyhedra. Figqure 2
shows these polyhedra with unit spheres and shaded interstitials.

The size of the largest interstitial correlates roughly with the Z
value of the boundary. A better correlation is obtained between the largest
interstitial and the area of the boundary repeat unit, shown in Fig. 5. For
a given repeat unit area, in the densest confiquration, there is a maximum

interstitial size possible. If the site were too large, then the boundary

P
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could be densified by pulling the crystals apart until the site reached
1.0, and inserting another unit sphere. We have not developed a general
method for calculating this maximum.

When all the boundaries are considered, there does not appear to be
any consistent variation in largest interstitial size with tilt axis. This
is shown in Fig. 4 which plots the largest interstitial size against angle
for [100] and [110] boundaries.

Certain boundaries which are particularly dense contain no special substitu-
tional sites, that is, no sites larger than 1.0. All unit spheres are con-
strained in all directions by contacts with other spheres.

Other boundaries with larger excess volume contain large substitutional
sites of size up to 1.23. The correlation between excess volume and largest
substitutional is very rough. The correlation between repeat unit area and

largest substititional size (shown in Fig. 5) is also rough.

4.5 [1001 Tilt Boundary Structures

All the [100] tilt boundaries contain trigonal prisms, which, because
they must conform to the spacing of (100) planes, are extended to a height
{(normal to the figure) of V/EH instead of 1. (See the stretched trigonal
prism in Fig. 2.) When there is a Az displacement between the cryétals,
the trigonal prisms are distorted by a shear in the plane of the boundary.
The prisms are usually distorted by stretching one or two of the horizontal
edges between the two crystals. The only exceptions to this are I5 (021),
Z13 (023), and the third densest configuration of 29 (073).

Because the trigonal prism are stretched to V/E" height, the spheres
on the alternate plane which form the caps to the rectangular faces are

much cleoser to the center than for a regular capped trigonal prism. Two
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caps may be as close to each other as 1.366, which is less than the prism
height. (All three caps cannot mutually be as close as this, because the
crystal symmetry does not allow it.) The interstitial site in the middle of a

prism is always limited in size by one or more of the capping spheres. The

interstitial never touches all six corners of the prism. If the prism is sheared

by a Az displacement, the interstitial could touch at most five prism corners,
but never does so because it is limited by a capping sphere. Often the inter-

stitial does not lie in the midplane of the prism (the plane of the caps), but

closer to one end or the other. (With a Az displacement where not all the capping

atoms are in the same (100) plane, the interstitial often does not lie in the
plane of the caps in either crystal.)

The prisms are linked by other figﬁres. In some boundaries, the only
other figures are octahedra and tetrahedra, more or less distorted (they are
not outlined on the figures). But in some boundaries other figures appear.
In various configurations of boundaries with angles greater than 61° there
éppears a shape which we may call the five-sided channel of type A. (It is
not marked in I13 (032) and 85 (0,11,7), and appears only in the less
dense confiqurations of Z37a (075) and I17a (053).) It is an almost
cylindrical channel ringed by five atoms with the stacking sequence A-A-A-B-B.
A clear example appears in 25 (043). Another such five-sided channel is
possible (type B) with the stacking sequence A-B—A-B—A; it is a distortion of
a trigonal prism which appears in some [110] boundaries, but not in any of

the [100] boundaries.
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4.6 [1101 Tilt Boundary Structures

The I3 (111) boundary is the coherent twin, containing only undistorted
octahedra and tetrahedra. Most of the others contain trigonal prisms (some
of which are capped with half-octahedra). The spacing of the [110] planes is
1.0, so the figures are not stretched normal to the plane of the figure.
In those boundaries with a Az displacement, the trigonal prisms are dis-
torted by a shear in the plane of the boundary. In general, the prisms are
distorted by a stretching in the plane of the figure. Those seven boundaries
with angles less than 59°, (421) to (554), have one of the horizontal edges
stretched to V/E_'between two spheres in the same crystal. For some of these,
another edge (between the two crystals) is stretched beyond VG;T

The five boundaries between 80° and 110°, (556) to (112), have a horizontal
-edge between the. crystals stretched to V/E-i These boundaries make contact

between the two crystals in a similar arrangement, which also produces Az = 0.

The five boundaries with angles between 121° and 149°, (225) to (115)
show more nearly reqular trigonal prisms. The boundary with the greatest
angle, 159.95°, Z33a (118), shows no trigonal prism at all in its densest,
faceted, arrangement.

Because the trigonal prisms are of height 1.0, the capping spheres can
be far enough from the center to allow the interstitial site to touch all
six (Az=0) or five of the six (Az # 0) prism corners. This is the case for
boundaries of angle greater than 121° which show nearly regular prisms. In
other boundaries, however, the horizontal stretching of prism edges to vﬁfﬂ
brings the capping spheres closer to the center and they begin to limit the
interstitial size. For boundaries with prisms stretched\/fﬁ across the

boundary (80° to 110°), the interstitial touches two pairs of prism corners
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and one cap (except for 143 (355) where it touches all six corners). For
boundaries with prisﬁs stretched vff“ within one crystal (less than 59°),
the interstitial touches either three different corners and one cap, or
two corners and two caps.

In addition to trigonal prisms, five-sided channels appear in several
[110] boundaries. The four boundaries with angles greater than 141° all
have an example of a five-sided channel of type A. Although some of the regions
drawn as channels in these boundaries might also be considered widely
stretched trigonal prisms, each boundary shows at leastone channel that cannot
be well described as a prism.

Five-sided channels of type B are found in two of the [110] boundaries:
219 (331) 26.53°, and the less dense configuration of I9 (221) 38.94°. The
channel description is more appropriate than the prism description because

the channels contain two different interstitial sites.

4.7 (1111 Tilt Boundary Structures

Because the spacing between identical>layers of the (111) planes isvﬂgﬂ P
there appear no trigonal prisms that hgve the tilt axis as their vertical di=
rection. The triangles drawn between the crystals show contacts or near con—
tacts between the crystals within one layer (offset by Az). For all the [111]
boundaries without a stacking inversion, and some with a stacking inversion,
the triangles delineate tetrahedra. Neighboring the delineated tetrahedra,
there are other tetrahedra which are more distorted. The number of these
additional tetrahedra depends on the distortion allowed in the definition of a
tetrahedron (or the nearest neighbor distance).

The spaces between the tetrahedra cannot be conveniently classified as
simple shapes. They form multi-faceted channels running in the direction of the

tilt axis, zig-zagging back and forth between the different (111) planes.
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5. CATALOGUE OF BOUNDARY STRUCTURES
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5.1 DENSEST [10Q] BOUNDARIES

Listed in order of increasing angle




12.68° (os1)

Z41a

[100]

-32~

v 0.661 o 0.566 @ 04% Al-0297 8 1.140 A 1.018 v 1.070 0 1.023 @ 1.020

A (.766

® 0.880

NN UDA -

10
11
12
13
14
15
16
17
18
19
20
21
oo
53
24
25
24
27
28
29
30
31
32
23
14
25
34
37
28

39

X
0.000G0
1.00000
2.00000
1.30000
2.50000
2.00000
3.000090
2.30000
3.50000
3.,00000
4,00000
3.50000
4.3Q000
4.00000
9.00000
4,.50000
990000
9.00000
6.00000

-0.807%59
“0!21003
0.387353
0.00248
0.78509
0.460704
1.58245
1.204460
2.18021
1.20214
2.39972
2.99728
2.61924
3.52485
3.214680
4.19241
3.81434
4,78997
4,41192
5.38753

Y
0.00000
0.00000
0.00000

0.30000
0.30000

- 1.00000

1.00000
1.30000
1.30000
2.00000
2+00000
2.50000
2.50000

3.00000

3.00000
3.50000
350000
4.,00000
4.00000
0.50949
0.88754
1.26558
1.86315
1,64363
2,24119
2.02168
2.61924
2.,39973
2,99729
3.37534
3.75339
4,35095

C4.13144

4,72900
4,350949
9.10705
4.88754
9.483510

S.26559

7
0,00000
0.00000
0.00000
0.70711
0.70711
0.00000
0.00000
0.70711
0.70711
0.,00000
0.+00000
0.70711
0.,70711
0.00000
0.00000
0.70711
0.70711
0.00000
0.00000

-0,29703
0.41008

~0.,29703
0.41008
0.41008

-0,29703

-0,29703
0.41008
0.41008

~0,29703
0.,41008

~0,29703
0.41008
0,41008

-0, 29703

~0.29703
0.41008
0.41008

~0.29703
~0,29703




=33~

[100] T4la’ 12.68° (091) Az =

vEX = 0.48695

~-0.29703

Contacts: 1-20, 1-21, 8-28, 10-28

Interstitials X Yy z d Touching
A 2.73067 2.85055 -0.29612 0.88006 10,12,29,30, (30',31)
B 3.27993 | 3,30285 0.41209 0.76639 12,14,30,31
C 3.82765 3.76344 -0.29703 0.66086 16,31,33,33',35
D 4.37219 4,22532 0.41008 0.56598 18,33,35,35"',37
E 4.92019 4.68171 -0.29703 Q.49576 18,35,37,37',39
Substitutionals X Yy 2 d Touching
A 12 3.23045 2.76955 0.70711 1.14039 10,10',14,14"',30
B 4 1.30065 0.69935 0.70710 1.07796 2,2',6,6',24
C 14 3.81172 3.18828 0.0 1.06968 12,12',16,16"',31
D 6 1.89359 1.10641 0.0 1.02252 4,4',8,8',26
E 16 4.40035 3.59965 0.70711 1.01976 14,14',18,18"',33
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11001 L25a 16.26° (071) Az = 0.0
EX = 0.44990
Contacts: 1-22, 3-22, 5-22, 8-26
Interstitials- x ¥ z d Touching
A 0.57143 1.42857 0.70711 0.86263 3,5,5',8,20,23,23',26
2.0849¢0C 1.91509 0.0 0.83805 6,9,9',11,29
1.14286 1.85714 0.0 0.73793 5,8,8%,23,26,26",29
(D) 2.78571 2.64286 0.40406 0.57791 11,13,31,33
(&) 3.26923 2.73077 0.0 0.55757 11,13,13',15,33
(F) 3.46774 3.5 0.0 0.46054 33,35,35',36,15
(G) 3.87500 3.12500 0.70711 0.45774  13,15,15',37,35
Substitutionals b 4 Yy z 4 Touching
31 2.35577 2.58654 0:70711 1.19214 9,29,29',33,33°
11 2.7435%9 2.25641 0.0 1.12743 9,9',13,13',33
33 2.91111 3.04444 0.0 1.09644 11,31,31+,35,35"
(D) 13 3.35937 2.64063 0.70711 1.03917 i1,11%,15,15',35
(E) 29 2.0 2.16216 0.11467 1.03906 8,9,11,31
(F) 35 3.46053 3.51316 0.70711 1.02785 13,33,33',36,36'

lattices exactly on the coincidence lattice; CSL sites:

22,36




237q¢ 18.92° (o61)

[r00]

A 1.065 v 1.051

B 1.3

v 0.105 ) 0.648 @ 0551 A2--0086

a 0.815

= 0.83
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OOV £WN -

-
Qo

11

-
n

13
14
1S
Té
17
18
19

20,

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
9
41
42
43
4y
45
46
47
48
49
50
51

X
0.00000
1.00000
2.00000
1.50000
2.50000
2.000090
3.00000
2.5000Q0
3.50000
3.00000
4.,00000
3.50000
4.5000Q0
5.50000Q
5.00000

- 6.00000
5.50000
6.50000
6.00000
T7T.00000
6.50000
T.50000Q
T7.00000
8.00000
8.50000

-0.89616

-0.26102
0.37411
1.00925
0.063390
0.69843
1.33357
1.96870
2.60384
1.65789
2.29303
3.23897
2.92816
3.87411
3.56330
4b.50924
4.19843
4.83357
5.46870
6.10334
6.73897
T.37411
6.42816
5.79303
5.15789
4.5227¢6

Y
0.00000
0.00000
2.00000
3.50300
0.50000
1.00000
1.00000
1.50000
1.50000
2.00000
2.00000
2.50000
2.50000
2.50000

3.00000

3.00000
3.50000
3.50000
4.00000
4.00000
4.50000
4.50000
5.00000
5.00000
5.50000
0.43390
0.74471
1.05582
1.36633
1.63066
2.00147
2.31228
2.62309
2.93390
3.25823
3.56904
3.244T71
3.879385
3.55552
4.19066
3.86634
4,50147
4.81228
5.12309
5.43390
5.74471
6.05553
6.37985
€.06904
5.75823
5.44742

z
0.00000
0.000Q00
3.00000
0.70711
0.70711
0.00000
0.00000
0.70711
0.70711
0.00000
3.00000
0.70711
0.70711
0.70711
0.00000
0.00000
0.70711
0.70711
0.00000
0.00000
0.70711
0.70711
0.00000
0.00000
0.70711

-0.09288
0.61422

-0.09288
0.61422
0.61422

-0.09288
0.61422

-0.092838
0.61422
0.61422

-0.09288

-0.09288
0.61422
0.61422

-0.09288

-0.09288
0.61422

-0.09288
0.61422

-0.09288
0.61422

-0.09288

-0.09238

0.61422
0.61422
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[100] n37a 18.92° (061) AZ = -0.09288

E
\Y x 2 0.45906

Contacts: 1-26, 1-27, 4-29

Interstitials X v oz d - Touching
A 6.58697 0.41157 0.70608 0.83141 2,28,27,unnumbered
11,13,37,39
B 1.58369 i.80116 -0.09289 0.81527 6,31,32,32',34
c 1.17535 0.82118 -0.00246 0.67939 2,4,28,29
D 2.15486 2.24270 0.61421 0.64845 8,32,33,33',34

]

1.76994 1.23006 0.70711 0.55673 4,6,6',8,29

(F) 2.79785 2.20215 0.70711 0.52542 8,10,10',12,34
(G) 2.72051 2.69549 -0.09289 0.51056 10,33,34,34',37
(") 3.43469 2.56530 0.0 0.42622 10,12,12',37
(1) 3.27582 3.16943 0.61423 0.42411 12,34,37,37',39
Substitutionals b4 v z d Touching
A 8 2.23999 1.76002 0.70711 1.13093 6,6',10,10',32
6 1.81834 1.18166 0.0 1.0649%4 4,4',8,8',29
C 33 2.06860 2.41895 0.09289 1.05100 10,32,32',34,34"
(D) 10 2.86084 2.13916 0.0 1.03836 8,8',12,12',33

(E) 28 0.44780 0.90496 -0.09289 1.02790 1,27,27',29,29"



Z13a 22.62° (051)

fi00]

-38=

R 1:0564

v 04188 al-0283

A 0.6017

&3 0.7889

- .
SN D R

- et
J =

13
14
13
14
17
18
12
20

21

a Ao
22
23
24
25
26
27
28
29

X
Q.,00000
~-0.,50000
0.0G0G0
QL.I0000
0.,50000
1.,00000
1.00000
1.50000
1.,500600
2.00000
2+50000
3.00000
3.00000

CZ,50000

3.50000G
~0,28330
=0.,%93715
-1.20638

=0,35257

0.10132
-0.,167%1
0.75516
0.483593
1+409201
1.13978
2.06286
1.79342
2.71670
2.44747

Y
0.0000C
~0.50000
-1, 00000
-0, 50000
0, SO000
0. 00000
1,00000
0,50000
1.30000
1.,00000
1,50000
1,00000
2,00000
1.50000
2.50000
0.92495
0.,45572
1.30957
1.57980
1,84803
2.50187
2.11726
2.77111
2.39649
3.,04034
2.65572
3.30957
2.92495

3.5788¢0

p

0. 00000
0.70711
0L 00000
D.707%11
0.70711
0.00000
L0000
0.70711
0.70711
0.00000
D.70711
000000
0.00000
0.70711
0.70711
0.,25339
-0. 45372
0.25339

~0,43372

0.25339
‘0943372
-0,48372

0,25339

0.25339
-0.45372
-0, 45372

0.25339

025339
~0.45372
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[100] Z13a 22.62° (051) AZ = 0.25339
vEX = 0.41761
Contacts: 1-16, 5-16, 9-22, 9-24
Interstitials X vy z 4d Touching -
A 0.30863 1.33705 0.95764 0.78891 5,7,19,20
0.89669 1.75497 0.24631 0.60166 7,9,20,22
c 0.35171 0.64829 0.0 0.47510 1,5,5',7,16
Substitutionals x ¥y z a Touching
A 7 11.16917 0.0 1.02822 1.05644 5,5',9,9',20
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[100] rl7a

4]~

.~ 28.07° (041) AZ

VEX = 0.3850

Contacts: 1-19,

0.0

3-19, 5-19, 3'-19

Interstitials b4 Yy b4 d Touching
A 0.62499 1.37502 0.70711 0.76779 3,5,5',17,20,20',22

1.63635 1.36365 0.70711 0.74869 4,6,6',7,22
1.25010 1.75000 0.0 0.58121 5,20,22,22',25
(D) 1.91306 2.0 0.70711 0.54207 7,22,25,25',28

(E) 2.29999 1.70000 0.0 0.52316 6,7,7',9,25
Substitutionals b'd v z d Touching

A 22 1.25006 1.75003 0.70711 1.12139 5,5',20,20',25{25'

25 1.90325 2.03225 0.0 1.07355 6,22,22',28,28"

5 1.0 1.03337 0.02360 1.00167 3,4,6,19,20

Lattices exactly on the coincidence lattice:; CSL sites:

19,28,35




[100] £53b 3189° (072)

& 0858 A 0842 V0129 [3 068 & 0618 4 0% a1-0044 130 A0S TZ10% 1093 K 1063

|
o>
N
|
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[100] £53b 31.89° (072) AZ 0.04373

VB2 = 0.46567

Contacts: 6-33, 10-40 , 8-33.

Interstitials X v z d Touching
A 3.01105 2.92811 0.04302 0.85835 14,16,45,46
B -0.41722 0.41721 0.70711 0.84188 1,1',3,6,35
c 1.08088 1.85956 0.04212 0.72877 8,10,39',40
D 2.16882 1.83118 0.0000 0.69631 11,12,12',14,42
E -0.84728 0.79343 0.04373 0.61831 2,34,35,35',36
F  0.25972 0.74028 0.0 0.56903 1,6,6',8,34
G 1.72271 2.22820 -0.66337 0.52550 10,40,42,42',44
H 2.39968 2.43887 0.04373 0.48985 14,42,44,44"
I 2.85841 2.14159 0.70711 0.46982 12,14,14',16,44
J 0.51062 1.51354 0.04374 0.42145 8,33,33',39
K 0.97073 1.02927 0.70711 0.41663 7,8,8',10,33

Substitutionals b4 Y z 4 Touching

35 -0.85347 0.82003 -0.66337 1.12978 2,34,34",36,36"
16 3.45450 2.63651 0.70711 1.10875 14,14',18,46
34 -0.17678 1.03193 0.04374 1.09576 1,33,33',35,35"
44 2.42643 2.57077 -0.66337 1.09267 14,42,42"',46
42 1.71529 2.26007 0.04373 1.06314 lO,4Q,40',44,44'
14 2.88182 2.11818 0.0 1.02774 12,12',16,16',44

L2 T > N w R T ¢ v B
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OCOIOUTS WN -

X
0.00000

-1.00000
-0.50000

0.00000
0.50000
0.50000
1.00000
1.00000
1.50000
1.50000
2.00000
2.50000
3.00000
3.00000
3.50000
3.50000
4.00000
4.50000
5.00000
5.00000
5.50000
5.50000
6.00000
6.00000
6.50000
7.00000
7.50000
7.50000
8.00000
8.00000
8.50000

[100]

Y
0.00000

-0.00000
-0.50000
-1.00000
-0.50000

0.50000
0.00000
1.00000
0.50000
1.50000
1.00000
1.50000
1.00000
2.00000
1.50000
2.50000
2.00000
2.50000
2.00000
3.00000
2.50000
3.50000
3.00000
4.00000
3.50000
4.00000
3.50000
3.50000
4.00000
5.00000
4.50000

£53b

coococococo

Z

0.00000
0.00000

'0.70711

0.00000
0.70711
0.70711
0.00000
0.00000
0.70711
0.70711
0.00000
0.70711
0.00000
.00000
.70711
.70711
.00000
.70711
.00000
.00000
0.70711
0.70711
0.00000
0.00000
0.70711
0.00000
0.70711
0.70711
0.00000
0.00000
0.70711

31.89°

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

- 54

55
56
57
58
59
60
61
62

(072)

X

9.00000
0.44087
-0.24781
-0.93649
-1.62517
-1.09687
-0.40819
0.28049
0.96917
0.80879
1.65785
1.49747
2.34653
2.18615
2.87483
2.71445
3.56351
3.40313
4.25219
4.09181
4.94087
4.78049
5.46917
5.30879
6.15785
5.99747
6.84653
6.68615
7.37483
7.21445
8.06351

Az

Y

5.00000
1.49729
1.33691

. 1.17654

1.01616
1.86522
2.02559
2.18597
2.34635
3.03503
2.50673
3.19541
2.66710
3.35578
3.51616
4.20484
3.67654
4.36522
3.83692

© 4.52560

3.99729
4.68597
4.84635
5.53503
5.00673
5.69641
5.69541
5.16711
6.01616
6.70484
6.17654

0.04373

Z

0.00000
0.75084
0.04373
-0.66338
0.04373
0.04373
-0.66338
0.04373
-0.66338
0.04373
0.04373
-0.66338
-0.66338
0.04373
-0.66338
0.04373
0.04373
-0.66338
-0.66338
0.04373
0.04373
-0.66338
0.04373
~0.66338
-0.66338
0.04373
0.04373
0.04373
0.04373
-0.66338
-0.66338

—S?_




25 36.87°  (031)

[100]

_46 -

none > 10

V 0.451 A1-0193

X 0.664

-
OO M= I WM

11
12
13
14

- 15

16
17
18
19
20
21
22
23
24
25
26

WNWN 2N e O -0

>

0000

VIO OO NN OOo

. ] . ® ] . [ ] L) [ ]

3.0
-1.02727
-0.42727
-0.92727
-0.32727

0.27273

0.87273
-0.22727

0.37273

0.97273

1.57273

1.07273
1.67273
2.27273
1.77273
2.37273

<

0000

.
-
-
L]
©
-
-
[
.
.
-
-

MoOMNMUMooowunmuunoo

5455
Z.35455
0.85455
1.65455

0
0
0
0
0
1
1
1
1
1
2
1

2.45455 .

3.2545¢%
0.95455
1.75455
2.58455

3.35455

1.85455
2.65455
3.45455
1.954558
2.75455

TOT11
0.89995
0.89995
0.19285
0.19285
0.19285
0.19285
0.89995
0.89995
0.899395
0.89995
0.19285
0.19285
0.19285
0.83995
0.89995
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[100] L5 36.87° (031) A7 =0.19285
=
v=* = 0.31945
Contacts: 1-18, 3-18, 6-19, 6-22'.
Interstitials X Y z 4 . Touching
A 0.42930 1.30808 0.18570 0.66431 3,6,15,19
Al 1.67677 1.31313 0.00714 0.66431 4,7,22,25
B 0.38462 0.61539 0.70711 0.45138 1,3,3',6,18
Substitutionals none > 1.0




43.60° (05

¥ 29a

{100}

A\ 10010

K 1070

A2-0.33908

N 06420 V 0634 {3 06260

X 06442

-48= .

Gl R

Mo a

“m
3

o
O

J

12
13
14

5
14
L7
18
i@
20

o
.

o0

22
23
24
28

26

27
28

2

30
31
32
33
34

35

34

-
’

32
4G
41
42
43
44
45

4%

X

OL.ON0CH
=1 OG00
= 0000

DLS0000

1.,000600

1.30000

1.50000

2.00000

2.00000

250000

2LB0000

3.00000

J.30000

4.00G00

450000

500000

S.00G00

S.50000

5.50000

G.00000

600000

&430000

7.00000
-0,028687
-0, 7357¢

~Q.75303

~0.04413

0.67801
C.66077
1.386786
1.35042
2.05732
2.,04008
2.76421
2784697
3.47111
3.4538

4,.17801
4,1607

4,848764

4,85042

S.0E732
3.54008
6.26421
G 24497

6497111

Y
QW GOOGO
=G OGG00
=0 H0000

=0 SOG00
~0 . 00000
-0 . 50000
Q. SOOC0
Q00060
L GOO00
D, E00Q0
1.3000G
1.,00000
130040
1.,00000
1.500600
L. 000GO
2.0C000
1300006
2450000
2.000G00
Z,00000
2.30000
3.,000G0
0:94032
0.22307
182997
1.6472.
DWE750H
1.66445
1.48170
2.38859
2.40583
Jel1273
2.,42308
312997
2.,44032
I.14721
2445754
Jeléa4é
J.18170
3,38857
T P0E3A
4.61273
Z2.922304
4, 82997

3.940342

Z

0.00000
Q00000
D707
QL.70711
0.0G050
¢.70711
D.70711
0. 06000
Q,00000
0.70711
0.70711
G+ O0000
070711
0. 00000
0.,70711
2. 00000
0.+.00000

0.70711.

0,70711
0+ 00000
0,00000
0.,70711
0. 00000
033508

~0.246803
0.33908

0. 346803

~0, 34803
0.33908

~0,34803
0.,33908

-0.35803
0.32908
0.33908

~-0.34803

-0.34803
0.33908
0.,32908

-0,346803
0.33908

-0,34303
0. 33508

-0,34803

-0, 36803
0, 33908
0.32908
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f100] L29%a 43.60° (052) Az = 0.33908

Faceted

EX
v = (0.39336

Contacts: 1-24, 7-28, 9-30

Interstitials X vy z d Touching
A 1.93785 1.82914 0.20558 0.64424 11,30,31,32
B 0.5 0.31030 0.57297 0.64265 1,4,5,28
C -0.5 0.30442 0.56881 0.63244 1,2,3,25
D 1.22280 1.08928 0.22067 0.62569 7,9,28,29
E -0.02214 Q.66377 -0.36803 0.51858 1,24,24',25,28
F 1.81753 1.18247 0.70711 0.50544 7,9,9',11,30
Substitutionals X v z 4 ‘ Touching
A 11 2.49182 1.52453 0.70711 1.01695 2,9',13,34

34 2.76498 2.39180 0.33907 1.00097 11,32,32',36,36"




46.40° (073)

229%a

fto0]

~50-

64 10336 A 10123

Al1-03391

1 0509

Y 0.6034

R 0.643 Dol

oy
COONGUDS R -

S
Fa

b et
3> O

13
146
17
i8
19
20
21
22
23
24
25
25
27
28
29
30
31
32
33
34
33
36
37

X
G 00000
~1.,00000
=0+50000
0-30000
1.00000
1.5000G
2+.000G0
230060
2.80000
3.00000
Z.000C0
3.300G0C
3. S0000
4., Q0000
4,00000
4,5006G0
500000
S5.350000
5.00600
0.,127153
=-0.,37975
0.14439
0.33403
0.8E129
1.540%4
1.3881%3
2.26508
2.28232
2.98%22
3.00646
3.713346
3.73060
4,4202%5
4,483749
512715
5+1447
5.83405

¥
G.OGCG0
=0,0000C
~Q.30000
=G .30000
-G, 00000
-3.30000
0.0G000
~0.350000
0,30000
0., QG000
100000
Q.30000
1.50600
1.G00600
2.00000
1.5600C5
2,00000
1.50000
2.00000
-0.%3213
G.74937
L1.463702
0.914883
1462178
O + 897\{-4
1.604%4
1.38730
2.29420
2.27495
2.983E%
2.746561
3.673351
2.94937
3.65827
2493213
3.63903
2.71489

A
0.000GEH
0L GOCO0
0.70711
0.70711
0,00000
0.70711
0,00000
0.70711
0.70711
0.00000
0. 006000
0.70711
0.70711
0,00000
0,00000
0.70711
0,00000
0.70711
0.00000
0.33908

-0.,34803

-0.34303

~0.34803
0.33908
0.33708

~0.34303
0.33908

-0, 34803
0.33908

~0.34803
0.33908

~0.34303
~0.36803
0.33908
0.33908
-0.34803
~0. 346803
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{1001 %L29a 46.40° (073) AZ =0.33908
Faceted
VEX =0.39735
Contacts: 1-20, 11-27, 5-23, 13-29
Interstitials X v z a Touching
A =0.5 0.29968 0.56546 0.62426 1,2,3,21
B 0.38791 0.29888 -0.64415 0.61832 1,4,20,23
C 1.5 0.28757 ~-0.55681 0.60339 5,6,7,25
D 0.82762 0.65165 0.33908 0.50908 5,20,23,25
Substitutionals X y z 4 Touching
A 25 1.56206 0.85270 0.33907 1.0335% 7,23,23%,27
S 2.42137 0.57863 0.70711 1.01233 7,7',11,11',25




53.13° (021)

5

1001

(@ G [

® . o ° o
©© Q-2 °

@@@;‘o o)
© .

O - 0.326 NONE > 1.0

A 0.533 V7 0.531

R 0.561

—52_

OO~ &N -

10

VIEWEWNDND->ON-=2O0

OCVMVMOOOWMUWNOOON

¢« 8 ® e @ ® ° & & e 8 @

-0.33149
-0.28149
0.41351
1.11851
0.51851
1.21851
1.91851
2.61851
2.01851
2.718%1
3.418¢81

4.11851

N et ek 22 er 2 OO OO OO
s 8 6 ¢ & o 6 & ¢ & & &

OWMVIOOOWMINIOOO

0.84193
1.54198
1.44198
1.34198
2.14198
2.041938
1.94198
1.34198
2.641938
2.54193
2.44198
2.34138

0.32562
0.32562
1.03273
0.32562
1.03273
1.03273
0.32562
1.03273
0.32562




[100] Zs 53.13° (021) Lz = 0.32562
vEX = 0.32210
Contacts: 1-13, 4-13, 4-15
Interstitials X v z d Touching
A 0.65570 0.79984 0.0 0.56734 4,4',15,16
B 1.07674 1.04960 1.03273 0.53262 5,15,16,16"
C 0.37709 1.15203 0.32563 0.53073 - 4,14,15,15',16
D 1.31181 0.68819 0.0 0.51107 2,5,5',7,16

No Substitutionals




X Y Z
2 = 1 0.C0000  0.000600  0.00000
© ®@z.® &O 2 -1.60000 =-0.00000  0.00000 |
®3. 2T o 3 -0.50000 =-0.50000  0.70711
o A WO o 4  0.50000 -0.50000 0.70711
® ©2©,,; T e 5 0.50000 0.50000 0.70711
03 ®Fg o _ 6 1.00000 0.60000  0.0000C
o % \ o & 7 1.50000 -0.50000 0.70711
A VI 8 1.50000 ©.50000 0.70711
O _~ @z ¥_o 9  2.60000 0.006000 -0.COCOOC
@ P = S . 10 2.00000  1.00000  0.00000
o &P 2 11 2.50060 0.50000 0.70711
@ ®%\/ X ~e 2 12 300000 C.C0000 0.C00CO
o) _e° o O 13 3.00000 1.00000. 0.00000
@ O%SF e sz M 3.50000 0.50000 0.70711
o ©% »°_o £ 15 3.50000 1.50600 0.70711
® S ) > 16 4.00000  1.000C0  0.G00QO
Os& 2° o ® _ 17 4.50000 0.50000 0.70711
Co.®a " ¢ Z 18  4.50000  1.50000  G.70711
0 = A 6 ® g 19 5.00000 1.00000  0.060000
O &N/ ¥" o 20 5.50000 0.50600 0.70711
| @ (o) L o ® £ 21 5.50000  1.50000  C.70711
o @ o @ o o - 22 6.60000 1.00000  0.G0000
S| @ 1 ® 23 6.C0000 2.C0000  0.00000
24 6.50000  1.506C0  0.70711
z 25  7.C0000 2.CG000  C.00CGO
2 26 . 7.50000  1.50C00 0.70711
27 8.C0000  2.00000  0.0C000
a 26  7.50000 2.50000 0.70711
o 29 -0.13839  0.58437 0. 10891
30 -0.82707 1. 14475 -0.59820
31 -0.66669  1.£3343 0. 10891
3 » 32 0.02199  1.67305 -0.59820
2 S 33  0.71067 1.51267 0. 10891
T 34  0.87104  2.20135 -0.59520
< 35  1.55972  2.04097 0. 16861
- 36 1.72010  2.72965 -0.59820
& 37  2.24840  1.88060 -0.59620
g 38  2.40878  2.56928 0. 10891
39  3.09746  2.40890 -0.55820
2 40 3.25784  3.09755 . 0.1089!
S 41 3.78614  2.24852  0.108G1 .
D> 42 3.q4652  2.93720 -0.59820
e 43 4.63519  2.7768&2 0. 10691
S B4 4.79557  3.46550 -0.59820
q 45  5.32387 2.61645 -0.39520
k6  5.u48425  3.320513 0. 10891
€ 47 6.17293 3. 14475 -0.59820
S 48 6.33331  3.83343 0. 10691
@ 49 6.86161  2.98437 0. 10&G1
50 7.02199  3.67305 -0.59820
51 7.71067  3.51267 0. 10891




[100]

Z53b

58.11°

EX

(095)

AZ =

= 0.48835

0.10891

Contacts: 1-29, 5-29, 15-39', 15-4].

Interstitials X vy z d Touching
a 1.41609 1.43255 0.81413 0.88483 8,10,34,35
B 2.97041 1.88137 0.10482 0.77614 13,15,38,39
c 1.17802 0.82198 0.0 0.68207 6,8,8',10,33
D 2.73893 1.26106 0.70711 0.59538 11,13,13°',15,37
E 0.64687 1.23871 0.81602 0.52200 5,32,33,33"
F 2.15457 1.15457 0.70711 0.48025 10,10',11,37
G 2.20510 1.69464 0.10891 0.46486 10,35,37,37"
H 3.57443 1.57443 0.0 0.42979 15,15',16,41
I 3.76414 2.15405 0.81602 0.42746  15,39,41,41"'
Substitutionals x Y z d Touching
A 18  4.50000 1.87275 0.81602 1.14551  15,21,41,41
B 23 5.98079 2.21163 0.10891 1.09325  21,25,45,45"
c 10 1.97127 1.08620 0.0 1.06468 8,8',13,37
D 5 0.50448 0.64963 0.81606 1.02518 6,8,29,29'




Z17a 61.93° (053)

100l

NONE > 1.0

Al-0.2295

N\ 0.6265 7 0.5035

X3 071544

ONG UGN

32
33

x e
(W W

A4

X
0.00000

—-0.30000

0.,00000
0.+,30000
0.300G00
1.00000
L. B0G00
2.00000
200000
250000
200000
3,00000
350000
J3.30000
4,00000
4,00000
4,30000
4.30000

-0.,35187
"1923422
~-1.,02334
~0.822446

-0.,1459%
0.089%90
0,53048
0+73637
1,20495
Lea1234
1.88342
2.08931
2.38990
2,746578
2:97146
364813
J. 854000
4,53048

Y
0.00000

-0, 50060
=1.000G0
~0.500G0

0.3C000
Q,00G00

=1 QQGO0

G GRGOO

~ 3. 50000

=12 00000

Q.000600

0. 50000

030000
0.00000
1.00000
Q.S0000
1.50G600
0.90747
G.43688
L.11335
1.783983
1,583%4
2.26041
1.37804
2.05453
Lel7218
1.84845
0.946630
1.64277
0.,76041
1.43488
2.11333
1.90747
2.58394

y e
2,37006

Z

0.00000
0.70711
0.00000
0.70711
0.70711
0.30000
0.70711
Q. QG000
0.00000
0.70711
D.+00000
0.Q0000
0.70711
0.70711
0.00000
0.00000
0.70711
0.70711
0.22953
+ 22953
~0.477358
0.22953
-0.47758
0.22953
Q.22933
-0.47738
~0.47758
0.,22953
0.22933
~0.47758
~(,477%8
0., 22933
-G .a477538
0.22933
—~Q.47758

022933
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[100] %l7a 61.93° (053) AZ = 0.22953
Faceted
EX
v = 0.40339
Contacts: 1-19, 9-29, 5-25, 12-31
Interstitials b'd v z ol Touching
A -0.58842 0.35731 - 0.87052 0.75442 1,2,19,21
B 1.09266 0.77640 1.63784 0.62653 5,6,27,29
c 0.33039 0.69073 0.0 0.50352 5,5'",19,25
(D) -0.12379 0.83946 -0.47776 0.49258 5,19,19',23
(E) 0.47481 1.19515 -0.47756 0.46499 5,23,25,25"',27
Substitutionals X v z d Touching

None > 1.000




floo] z85 6494 (0,7,11)
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_59_

[100] L85 64.94° (0,7,11) Az = 0.01133

vEX = 0.37085

Contacts: 1-37, 20-52, 6-41, 22-55

Interstitials X v oz d : Touching
A 6.66567 2.41e661 0.70711 0.77239 27,27',58,59
A 2.39603 0.38000 0.71844 0.77239 9,11,46,46"
B 4.,15021 0.84980 0.0 0.72593 16,18,18',30,49
c 0.10276 0.48285 0.70711 0.72476 1,1',37,38
D 1.53367 0.65278 0.14972 0.63218 9,41,42,44
E 1.50003  0.23000 0.89818 0.50892 ’ 6,9,41,42
F 3.67395 1.23341 0.71844 0.50768 15,49,50,50"
G 3.39833 0.60167 0.0 0.44315 12,15,15",4%
H 0.97786 0.70721 0.01132 1 0.41529 6,41,41',42
I 1.01199 0.01198 0.70711 0.41462 6,6',8,41
Substitutionals b4 b4 z 4 Touching
A 15 3.47658 0.57027 0.70711 1.05166 12,12',18,49
Z B 30 8.0 2.11706 0.01133 1.01378 27,33,63,63"
§ c 27 6.99545  2.01365 0.0 1.00928 25,25',30,61
ig D 9 2.0 0.04561 -0.03224 1.00312 6,8,11,12,46 {
|
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1

)
3
4

&
7
8
Q
10
11
12
13
14
15

14

17
18
19
20
21
22
23
24

L TN

sand

&

24

a7
24
29
30
31
%
33
34
3%

X

0.00000
~1.00000
~0+50000

0.00000

050000

1.00000

1.00000

1.350000

2.00000

2.00000

2:50000

3.00000

3.,00000

380000

3.50000
4.00000
4.50000
4,50000
%, 00000
900000
990000
G.50000
6.000600
6,50000
46 +50000
7.00000
7.00000
7.50000
8.00000
8.00000
8.30000
?.00000
?2.00000
?+50000
10.00000

{100]

Y

0.00000
=0.,00000
=0+ %0000
~1.+00000
~0.50000

0.00000
~1.00000
=0..50000

0.,00000
~1.00000
-0 ,350000

0.00000
~1+.00000
=0.50000

050000

0.00000
~0.350000

0.,50000

0,00000

1.+00000

0.50000

1.50000

1.00000

0.,50000

1.50000

1.00000

2.00000

1.%0000

1.00000

2,06000

1.50000

1.00000

2,00000

1.50000

1.00000

585

64.94°

Z

0.00000
0.00000
0.70711
0.00000
0.70711
0.,00000
0.,00000
0.70711
0.00000
0.00000
0.,70711
0.00000
0.00000
0.70711
0.70711
0.00000
0.70711
0.70711
0.00000
0.00000
0.70711
0.70711
0.00000
0.70711
0,70711

C0.,00000

0.,00000
0.70711
0.00000
0,00000
0.70711
0.00000
0.00000
0.70711
0.00000

(0,7,11) AZ
X

26 10.00000
37 0.28715
38 0372754
39 -0, 1?638
40 0.52833
41 0.925186
42 1.19303
43 1.43421
44 1.88774
45 2.09891
44 2.52244
47 Q.7863862
48 3.00480
49 3,42833
90 3.646930
91 3.91068
G2 4.33421
3 4, 57539
T 4.814656
% 424009
Yié S.48127
7 H.72244
bS] b+145%97
5y $.38715
9] 662833
al 7.05186
62 7.29303
63 7:716586
H4 7.99774
6% 8,19892
ab  B.62245
67  8.86362
583 D.28715
Y'Y 2.52833
70

?.95186

= 0.01133

Y

2.,00000
0,95782
1.19900
1.86370
1.,62253
0.,716464
1.38135
2.,04605
1.14017
1.80488
0,89900
1.56370
2.22841
1.32253
1.98723
2.465194
1.7446064
2.41076
3.07547
2,146999
2.83429
349900
2 r9311
5782
3.93253
3.014464
3.68135
277547
3444017
4,10488
3.19900
3.86370
2.95782
342253
2,.7166%

Z

000000
Q.01133
-0, 695748
0.0113%
=) e HPO70
~Q e HPEH7Y
0.01133
-0, 469578
-0, 69578
0.01133
0.011 "‘5""
~Q0HPETE
0. Olifd
0.01133
-0, 6RE7Y
0.01133
0.01133
~QsHPH7H
0.01133
0,01133
-0+ 69578
0.01133
0.01133
=0 HP578
0.01133
0.01133
-0 69578
~0+69578
0.01133
~Q, 69578
=0, 62578
0.,01133
0.01133%
-0+ 469578
~Q. 469578

-TS-




Z13a 67.38° (023)

[100]

62~

W O~ OUN &EWN -

=y
Q

11
12
13
14
158
16
17
18
19
20
21

none > 1.0

22

23
24
25
26
27
28
29
30

Al --0049

v 0.647

A 0675

a 0140

X
0.00000
-0.50000
0.50000
1.00000
1.50000
2.90000
2.00000
2.50000
3.00000
3.50000
4.00000
4.50000
4.50000
5.00000
5.20000
6.00000
1.00000
0.34615
-0.57692
-0.30769
0.61538
1.26923
1.92308
2.19231
2.8u4615
3.50000
3.11538
3.76923
4.42308
4.69231

Y
0.00000
0.50000
0.50000
0.00000
0.50000
0.00000
1.00000
0.50000
1.00000
0.50000
1.03000
0.50000
1.50000
1.00009

1.50000

1.00000
1.36462
1.63335
1.24923
1.90308
2.28769
2.01846
1.74923
2.40308
2.13385
1.86462
2.78769
2.51846
2.24923
2.90308

z
0.00000
0.70711
0.70711
0.00000
0.70711
0.00000
0.00000
0.70711
0.00000
0.70711
0.00000
0.70711
0.70711
0.00000
0.70711
0.00600
0.65782

~0.04929
-0.04929
0.65782
0.65782
~0.04929
0.65782
-0.04929
0.65782
-0.04929
-0.04929
0.65782
-0.04929
0.65782
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{1001 Z1l3a 67.38° (023) Az = -0.04929

v = 0.40132

Contacts: 3-17,5-17,7-23

Interstitials p:4 . ¥ z d Touching
A 0.93606 0.86495 -0.04889 0.73963 3,4,17,17"
B 0.14148 0.82508 0.02365 0.67490 1,3,18,1¢2
c 0.0 1.14982 0.78556 0.64730 2,3,19,20

Substitutionals none > 1.0




£37a 7.08° (075)

[100]

64 -

A IRZ W 055 [ 1.008

V 0615 [C10523 B 0522 41-0062 &® LN

A 0728

& 0857

W O30 EWN -

b
- O

12
13
14
18
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

X
0.00000
0.50000
1.00000
1.50000
2.00000
2.50000

©3.00000

3.00000
3.5Q000
4.00000
4.50000
5.00000
5.50000
6.00000
6.50000
€.50000
7T.00000
T7T.50000
-0.03246
0.22835
0.86343
1.17430
1.80943
2.12024%
2.75538
3.06619
3.39051
3.70132
4.33646
4.,64727
5.23241
5.59322
5.91754
6.22335
6.86349

Y
0.00000
0.50000
0.00000
0.50000
0.00000
0.50000
0.00000
1.00000
0.50000
1.00000
0.50000
1.00000
0.50000
1.00000
0.50000
1.50000
1.00000
1.50000
0.99465
1.62979
1.31837
1.95411
1.64330
2.27843
1.96762
2.60276
1.65681
2.2919%
1.98114
2.61627
2.30546
2.94060
1.99465
2.62979

2.31898

A
0.00000
0.70711
0.00000
3.70711
0.00000
0.70711
0.00000
0.00000
2.70711
0.00000
0.70711
2.00000
0.70711
0.00000
0.70711
0.T7T0711
0.00000
0.70711
0.06209
0.76920
0.06209
0.76920
0.06209
0.76920
0.06209
0.76920
0.76920
0.08209
0.76920
0.06209
0.76920
0.08209
0.06209
0.76920
0.06209
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{1001} r37a 71.08° (075) AZ = 0.06209
V=X = 0.47063
Contacts: 1-19, 8-25, 2-19
Interstitials X Y z d Touching
A 2.48846 1.42628 0.76740 0.85662 6,8,24,25
B 2.14886 0.85114 0.0 0.72811 5,6,6',8,23
ol 1.63807 1.29313 0.76920 0.61490 4,22,23,23"
D 1.0 1.07114 0.76920 0.52322 2,4,21,21°
(E) 1.30085 0.69915 0.0 0.52226 3,4,4',21
(F} 0.62969 0.62968 0.0 0.46101 2,2',3,21
Substitutionals X v z d Touching
) 23 1.94315 1.25330 -0.05850 1.17671 4,8,21,25
B 4 1.5 0.84922 0.76920 1.12208 2,6,21,21"
C 21 0.93730 1.10368 0.0 1.05490 2,2',17,23
D 2 0.50163 0.58619 0.76922 1.00799 3,4,19,19"




73.74°  (043)

z 25%

[100]

A 1.056 v 1.023

® 1.062

a 0.167 v 0.650

® 06h

-6 -

P
OWW~-ITAOU EWN -

—t
—h

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

X
0.00000
1.0Q3000
2.00000
3.00000

-0.50000
0.50000
1.50000
2.50000
3.50000
4.50000
5.53000
6.50000
3.00000
4.00000
5.00000
€.00000
7.00000
6.50000
5.61539
6.57539
2.11539
3.07539
4.03539
4.99539
5.95539

-0.42461
0.53539
1.49539
2.45539
3.41539
4.37539
5.33539

Y
9.00000

3.00000-

9.000Q00
0.00000
0.50000
0.50000
0.50000
0.50000
0.500Q000
0.50000
0.50000
0.500Q000
1.00000
1.00000
1.00000
1.00000
1.00000
1.50000
1.92308
2.20308
1.42308
1.70308
1.98308
2.26308
2.54308
1.20308
1.43308
1.76308
2.04308
2.32308
2.60308
2.83308

Z
0.70711
2.70711
0.7071%1
0.70711
0.000Q0
0.00000
9.00000
0.00000
0.000Q00
0.0000Q0
0.00000
0.00000
0.70711
0.70711
0.70711
0.70T711
0.70711
0.00000
0.70711
0.70711
0.00000
0.00000
0.00000
0.00000
0.00000
0.7071%11
0.70711
0.70711
0.70711
0.7071%1
0.707%1
0.70711
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[1001] L25a 73.74° (043) Az =0
vE* = 0.45180
Contacts: 8-21, 13-22, 13-22"
Interstitials X Y z d Touching
A 1.9 0.9 0.70711 0.81108 3,7.7',21,21°
B 1.0 1.22841 0.0 0.76701 6,7,27,27' ,unnumbered
repeats at 14,15,23,23',31
C 1.0 0.81432 0.83841 0.64967 2,6,7,27
(D) . 3.72650 1.25641 0.01209 0.57938 9,14,22,23
(E) 3.5 1.56977 0.61983 0.52611 13,14,23,31
Substitutionals b4 V4 zZ a Touching
23 4,10551 1.74268 0.0 1.06175 14,14',22,24
14 4.0 1.23787 0.70711 1.05580 13,15,23,23"

15 5.0 1.12501 0.61872 1.02330 10,11,14,16,19




{054)

Z4la 77.32°

[100]

a 1116

B 1129

@ 0.645

0 0.646

& 0.805 v 0.108

B 0863

-68 -

W OO-1 O W) -

X
0.00000
1.00000
1.50000
2.00000
2.50000
3.00000
3.50000
4.00000
4,50000
5.00000
5.50000
6.00000
6.00000
6.50000
7.00000
7.50000
8.00000

- 8.50000

9.00000
9.5G000Q0
10.00000
0.12244
0.720G0
1.09805
1.69561
2.07366
2.67122
3.04927
3.64683
4.02488
b.62244
5.22000
5.59805
6.19561
6.57366
T.17122
T.54927
8.14683
8.52u488
9.12244
9.50049
9.72000
10.09805

Y
0.0000¢0C
0.00000
0.50000
0.0GC00
0.50000
0.0006G0
0.50000
0.00000
0.50000
0.00000C
0.50000
1.00000

©0.00000

0.5006G0
1.00000
0.50000
1.00000
¢.5GG00
1.00000
0.50000
1.00000
1.33805
0.96000
1.55756
1.17951
t.TTTOT
1.39903
1.99659
1.61854
2.2161¢
1.83805
1.46000
2.05756
1.67951
2.277038
1.89903
2.49659
2.11854
2.71610
2.33805
2.93561%
1.96000
2.55756

Z
0.00000
0.00000
0.70711%
0.00800
0.70711
0.00000
¢.70711
0.00000
Q.7071%11
0.00Q000
0.T70711
0.00000
0.00000
0.7G0711
0.00000
0.70711
¢.00000
0.707TM
0.0000Q0
0.70T711

- 0.00000

0.70T7T11
0.00000
0.7GTHY
0.00000
C.T7T0T11
0.06Ga0
0.7T0711
¢.G0o000
G.7CT11
0.606000
0.70711
0.0GCG0
0.7G711
0.00000
0.70711
0.00000
G.70711
0.00000"
0.70711
0.000C0O
0.00000
0.70711
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[100] Z4la  77.32° (054) AZ =0
VEX = 0.48590
Contacts: 2-23, 3-25, 3-25'.

Interstitials X Yy Z d Touching

A 4.92857 0.92857 0.0 ‘ 0.86263 9,9',10,32,32°

B 4.12063 1.31879 0.70711 0.80481 9,29,29',30

C 4.0 0.84780 0.10726 0.70921 7,8,9,29

D 3.02725 1.17379 0.70711 0.64619 7,27,27',28

E 3.30245 0.87143 0.0 0.64550 7.,7',27,29

F 2.31065 0.72381 0.0 0.53093 5,5',25,27

G 2.0 1.04278 0.6 0.47897 3,5,25,26

Substitutionals X Yy -4 o d. Touching

A 29 3.72691 1.26263 0.0 1.12893 7,7',27,31
B 7 3.5 0.84540 0.70711 1.11594 5,9,29,29°
C 9 4.41333 0.88445 0.37398 1.09089 7.8,31,32
D 27 2.71535 1.20288 0.0 1.04002 5,5',25,29
E 5 2.5 0.68774 0.70711 1.03494 3,7,27,27"
F 31 4.55874 1.20595 0.0 1.00181 9,9',29,32,32"
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5.2 DENSEST [110] BOUNDARIES

Listed in order of increasing angle




T33a 2005° (4341)

[(110]

~72-

Ald 71027

R 1108

az--0.13%

A 0.613 V7 0.480

X 0.185

19
20
21
22
23
24
29
26
a7
28
29
30
31
32
33
34

X

0.,00000
0.,50000
Q0,00000
1.00000
130000
1.00000
0.,30000
1+30000
1.00000
0L,3000G0
1.50000
1.,00000
2.00000
1.50000
2.30000
2:.00000
1.00000
1.5000G0
1.00000
=0, 72957
-1.,44149
“1066896
=0, V35584
~1,8%9624
-1.18412
-0.471%9
=-1.41139
—~0. 69927
Q0,012685
—~Q0.922654
=021 442

=0.,44149

027043
0.04315

Y

000000
=0.70711
=1.41421
-1.41421
-0.70711
=0.,00000

0.70711

0.70711

1.41421

2412132

2412132

2.,82843

2.,82843

3. 53553

F.53553

v 24264

4.24264

4.,94975

5.65685
-0.57814
=-1.07097
-0.23530

0.235753

0.60037

1.09321

1.358604

1.922888

2.42171

2.91454

3.25738

375021

4,3585839

3407872

991439

Z

O, 00000
0.50000
0.00000
0,00000
0.30000
0. 00000
Q.30000
050000
0, 00000
G+ 30000
050000
0. 00000
0.,00000
0.30000
Q50000
0,00000
Q.00000
050000
0,00000
036536
0,86536
0.,36536
0.86536
0.88536
036534
0.,88536
Q. 865364
036536
Q0.846536
Q0.86534
0346534
Q.86536
0.363364
0.863346
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[110] £33a 20.05° (441) AZ = -0.13464

veE = 0.41711

Contacts: 1-20, 1-23, 10-29, 12-29.

Interstitials X Yy b4 a Touching
A -0.35276 0.78965 0.25032 0.78481 7,23,25,26
B 0.13674 1.41422 0.36536 0.61255 7,10,26,26"
c -0.19243 =0.70711 ~0.13464 0.49017 1,3,20,20°
Substitutionals X v z d Touching
26 -0.28226 1.31188 -0.13464 1.10823 7,25,25',26',26"
B 7 0.23305 0.89587 0.5 1.10418 i,x,7',7",9,9',26

10 0.36495 2.02582 0.5 1.02718 9,9',10',10",26




$19a  26.53° (331)
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[110] Z19a 26.53° (331) Az = (.

| V' = 0.24066

|
. |
Contacts: 3-15, 3-15', ©6-17

Interstitials x v z d Touching |

A 0.21359 1.56524 0.0 0.60157 5,6,6',15 3

B 0.14347 2.54254 0.0 0.48936 6,6',19,20,20° |
C 0.09328 1.32843 0.5 0.48519 3,15,15',17
D -0.12471 2.45304 0.48263 0.41507 6,17,19,20
Substitutionals’ Py v z d Touching

None > 1.0000
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[110] ZI27a 31.58° (552) AZ =0.
Faceted

X = 0.31195

Contacts: 1-22, 1-22%, 13-32, 13-32'

Interstitials X Y z d Touching

A -0.14020 0.80624 0.0 0.63668 1,6,6',26

B 0.66630 1.96102 0.5 0.62525 8,8',27,30

c ~-0.84763 -0.22631 6.0 0.55179 2,2',22,22',24

D 0.31370 1.19239 0.0 0.44251 6,6',8,27,27'

Substitutionals b4 v -4 d Touching

A 8 0.84136 1.52639 0.0 1.03740 6,6",8',8'',10,10"',27,27"
B 19 1.46137 6.39128 0.5 1.00224 19',19'',21,21"',38
c 16 1.46733 4.97285 0.5 1.00160 16",16'',18,18',34
D 10 1;47155 2.14144 0.5 1.00121 8,8',10',10'',12,12",30
E 6 0.48306 0.71908 0.5 1.00043 1,1',6",6'',8,8"%,27
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(1101 9 38.94° (221) Az = 0.22401
VX = 0.26882
Contacts: 1-12, 1-13, 4-17, 6-17
+
Interstitials X v z d . Touching
A ~.70086 2.12132 0.29914 0.64800 6,8,9,19
Substitutionals X ¥ z d Touching

None > 1.000
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[110] i1 50.48° (332) AZ = 0.13690

VEX = 0.34118

Contacts: 7-21, 7-23, 11-29, 13-29

Interstitials X ¥y z d Touching %
A 0.62534 2.12131 0.12534 . 0.76719 3,5,7,21 |

B 0.24551 1.33741 0.63690 0.54128 1,3,19,19" |
Substitutionals x ¥ zZ d Touching %
|

3 0.77411 1.57394 0.5 1.07513 ,x,3',3",5,5',19 3

B 19 0.06667 1.66822 0.13690 1.06637 3,17,17',19°',19",21,21"
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[110] £4k  55.88° (443) AZ = 0.09794

vEX = 0.37375

Contacts: 1-20, 1-23, 8-30, 10-30

Interstitials X v 2z d Touching
A 0.75232 2.30096 0.00690 0.82700 8,27,29,30
B 0.35006 1.53125 0.5 0.65664 4,6,6%,25,27
c -0.05528 0.75844 0.0 0.49799 4,4%,23,25
D 0.30981 1.19514 0.0 0.44824 4,4',6,25
Substitutionals X v z d Touching

27 0.29307 2.10911 0.59794 1.13943 6,25,25',27',27",29,29*
6 0.70363 1.62379 0.0 1.12768 4,4%,6',6",8,8',27

25  =-0.17445 1.35970 0.09794 1.04196 4,23,23*%,25%,25",27,27"
4 0.34068 0.81977 0.5 1.03772 1,1',4',4",6,6',25

g o w w




(554)

233c 58.89°

[no]

k@ & . .
2 o
o % ®. s _ e
® . 2, 9 2 ©
® _| (= ©
Q =] =©""_ P *
O 2 2 o
C SC @ " Oﬂ o
Q. e 9 =
O n@ nf‘ o3 . O
@ . "-P* =
C . "a ] o
0 = i
@ _ = ~ ! 'Y
O '%‘ i) S%. o’“ O
o _ b . ¥,
Qe . 7,_ - © .
e I\ e V o
C ] g A 4 o
® L PS
o &--" .
® ¢ °
(o) o]
o ¥ .o o
@ A 4
® ' o] o
o] o @ - o )
°
@ ® o) o
(o] ® ° ¢
( o) ® o
cz" A
o ¥ °
Y ; t L 4
® I °
o ® ° o
o 5 © * 5
® o L
® ge © °
© * o
@ [
O 1 y © o
o) & -~ o

-84~

A 1169 V1092 3 1.085

B 1180
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[110] 58.89° (554) AZ = 0.07596
v = 0.39209
Contacts: 1-24, 1-26', 10-35, 12-35.
Interstitials b'4 vy z d Touching
A 0.23490 3.01884 0.50447 0.86251 10,32,34,35
B 0.81067 2.26211 0.0 0.72629 8,8',30,31
C 0.38413 1.50363 0.5 0.59662 6,6',28,30
D -0.04172 0.74480 0.0 0.47635 4,4',26,28
Substitutionals X Yy z d Touching
"a 32 ‘ 0.80573 2.84706 0.0759%96 1.18039 8,30,30',32',32",34,34"'
B 8 1.15782 2.36327 Q0.5 1.16852 6,6',8',8",10,10',32
C 30 0.33995 2.10580 0.57596 1.09167 6,28,28',30',30",32,32"
D 6 0.75995 1.58395 0.0 1.08464 4,4',6',6",8,8',30
E 28 -0.13846 1.37009 0.07596 1.02682 4,26,26',28%,28",30,30"
B 4 0.37208 0.79756 0.5 1.02440 1,1',4',4",6,6',28
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(110] £3  70.53° (111) AZ = 0.
VEX = 0.
Coherent twin
Interstitials none > 0.415
Substitutionals none > 1.0

Lattices exactly

on the coincidence lattice



¥43 80.63° (556)
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0.00000
0.00000
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0.00000
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0.00000
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Interstitials

[110] £43 80.63° (556) Az = 0.0

E
v X2 0.38819

Contacts: 1-22, 1-22', 15-32, 15'-32.

v z 4 Touching

b4
- 0.52957 0.64338 0.5 0.88175 5,5',22,24,24"
B 1.09157 1.30679 0.0 0.76231 7,7',24,26,26"
c 1.65346  1.27033 0.5 0.64846 9,9',26,28,28"'
D 2,21516  2.63404 0.0 0.54145 i1,11',28,30, 30
E -0.51982 0.01401 0.5 0.44279 i,1r,2,20,20"
F 1.98967  2.12862 0.0 0.42897 9,11,11',28
Substitutionals X v Z d Touchfhg
A 24 0.55740  1.02607 0.0 1.22731 7,7',22,22',24',24",26,26'
B 7 1.15721  0.94950 0.5 1.16911 55'.7',7",9,9',26
c 26 1.09959 1.70956 0.5 1.14287 9,9',24,24',26',26",28,28"
D 9 1.74885 1.59110 0.0 1.09175 7,7%,9',9",11,11"',28
E 28 1.63603 2.39886 0.0 1.07216 ii,11',26,26',28',28",30,30°
F 11 2.35182 2.22609 0.5 1.03267 9,9',112',11",13,13",30
G 30 2.16391  3.09684 0.5 1.02098 13,13',28,28',30%,30",32,32"
H 13 2.96828 2.85085 0.0 1.00151 11,11',13',13",15,15",32
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[110] 17 86.63° (334) AZ = 0.0

EX

v = 0.3487

Contacts: 3-21, 3-21', 10-28, 10-28'

Interstiti?lg b4 v z d Touching

A 0.26035 1.58389 0.5 0.81755 3,5,5',22,22" g
B 0.86197 2,21891 0.0 0.63292 5,7,7',24,24'

c  -0.25834 0.47010 0.5 0.46661 i,1',19,21,21" %
| |
Substitutionals X v z d Touching - %
A 5 0.66290 1.65258 0.0 1.16374 3,3',5',5",7,7',24,24' !
B 24 0.47999 2.32063 0.5 1.07871 7,22,22%,24',24",26,26" %
c 7 1.31460 2.25240 0.5 1.05091 5,%',7',7",9,9',26,26"' g
D 26 1.01917 3.03330 0.0 1.00399 10,24,24',26',26",28,28' |
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[110] I17b  93.37° (223) AZ = 0.0
VEX = 0,3042
Contacts: 4-16, 4-16', 9-18, 9-18'
‘Interstitials X N4 z d Touching
A 1.06275 1.27582 0.0 0.74894 5,5',16,17,17"
1.70306 1.88609 0.5 0.49778 7.7',17,18,18"
1.45933 1.44317 0.5 0.47399 5,7,7',17
Substitutionals X v z d Touching
11, 2.74081 3.01169 0.0 1.09834 9,9',11',11",13,13',23,23"
23 2.53794 3.82278 0.5 1.00812 13,22,22',23',23",24,24"




£43 99.37° (335)

[1i0]

=04 -

A0V 10N

R 1120

A 0.656 W7 0.510

B 0.783

1
2
3
m
5
6
7
8
9

10
11
12
13
14
15
16
17
18

19

20
21
22
23
24
25
26
27
28
29
30
31

X.
0. 060000
-0.50000
0.50000
1. 00000
2.00000
1. 50000
2.50000
2. 00000

©.3.00000

2.500C0
3.50000
4.50000
4,.00000
5.00C00
4.50000
5.50000
5.00000
1. 16667
0.:8760
-0.:G147
-0.22868
0.55039
1.32946
1. 49225
2.10853
2.27132
2.88760
3.05039
3.66667
3.82646
b.60853

Y

0.00000
-0.70711
-0.70711
-0.00000
-0.00C00

0.7C711
0.70711
41421
L4421
12132
52132
. 12132
. E2843
. 82843
53553
53553
. 24264
. 64692
. 27170
. £G348
L8860 14
25836
€658
.€2524
C1480
00 146
29302
. 37568
77124
. 75790
. 33612

[ [ L] - [ .

. o

MEREFEWEWLW AN a0 O e = NN NN -

Z

0.C0000C
0.50000
0.5000¢C
0.000C0
G.G0GGC
C. 50000
0.80000
0.CCQ00
0. 00000
0.5000¢C
0.50000
0.50000
0.C0C00
0.00000C
0.50000
0.50000
0.00000
0.50000
0.C00Q00
0.50000
0.500C0
0.00000
0.500C0
0.50000
C¢.C0C00
0.C0000
0.500C0
0.50000
0.C0000
0.C00G0C
0.50000




99.37° (335) Az

(1101 I43
EX _ 0.32277
Contacts: 6-18, 8-18, 8-18°'.
Interstitials X v 4 Touching
0.5 0.54252 0.5 0.78250 1,1',4,4',19,19"
1.84848 2.22846 . 0.65644 8,10,10',23,23"
0.93950 0.75243 0.0 0.51032 4,6,6',19
Substitutionals b4 V4 d Touching
A 19 0.54111 0.95550 0.0 1.11995 4,18,18';19',19",20,20'
10 2.40152 2.138096 . 1.01450 8,8',10',10",25,25"
25 2.15368 2.92179 0.0 1.01066 10,10',23,23',25*,25",27,27"
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109.42°

z3

o]

OB -

none > 10

& 0.603

b mh h ek b mh h e b b

NN NN
EWN -0

9238
2.72571
1.39238
2.22571
3.05904
3.89237
4.72570
1.72571
2.55904
3.39237
k,22570
5.05903

Y
1.41421
1.41421
1.41421
2.12132
2.12132
2.12132
2.82843
2.82343
2.82343
3.53553
3.53553
4y, 24264
2.27353
2.50923
2.98064
3.21634
3.45204
3.68774
3.92344
3.92344
4.15915
4,39485
4.63055
4.86625

Z
0.0000Q0
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[110] I3 109.47° (112) Az = 0.0

Contacts: 4-14, 4-14', 7-18, 7-18'

Interstitials x y z d Touching
A 2.59924 1.89568 0.5 0.60302 8,8',18,19,19"

Substitutionals none > 1.0




121.01° (225) (Faceted}

33c

frio]
©
©
®
@é
» ¢
[o]
[ ]

AN 10181

D RNITH

Al-0.12913

D 05105V 0.535

X o634

-98 -

OWOJAUTEHEWN

X

0.00000
-1.00000
-0.50000

0.50000

1.00000

1.50000

2.00000
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3.00000

3.00000

3.50000
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4.00000

4.00000

4.50000

5.00000

5.50000

6.00000
-0.05993
-0.92356
-0.40841

0.80371

0.45523

1.66735

1.31886

2.18250

1.83401

2.69765

2.34917

3.21280

2.86432

4.07644

3.72795

4.94008

4.59159

5.80371

Y

0.00000
-0.00000
-0.70711
-0.70711
-0.00000
-0.70711

0.00000
-0.70711
.70711
.00000
.41421
.70711
2.12132
1.41421
2.82843
2.12132
2.82843
2.12132
2.82843
0.98981
0.92553
1.78263
1.05410
1.84691
1.11838
1.91120
1.97548
2.76830
2.83258
3.62540
3.68968
4.48250
3.75396
4.54678
3.81824
4.61106
3.88253

O~ OO

z

0.00000
0.00000
0.50000
0.50000
0.00000
0.50000
0.00000
0.50000
0.50000
0.00000
0.00000
0.50000
0.50000
0.00000
0.00000
0.50000
0.00000
0.50000
0.00000
0.12913
0.62913
0.62913
0.62913
0.12913
0.12913
0.62913
0.12913
0.62913
0.12913
0.62913
0.12913
0.62913
0.62913
0.12913
0.12913
0.62913
0.62913




[110] I33c 121.01° (225) AZ = 0.12913
Faceted
EX
V. = 0.30932
Contacts: 1-20, 11-27, 2-21, 9-25

Interstitials b4 y z d Touching

1.5 0.40967 0.5 0.63441 5,5',7,7',25

0.5 0.34154 0.5 0.57054 i,1',5,5',23

-0.5 0.29858 0.5 0.53512 i,1+,2,2%,21

Substitutionals b4 v z a Touching

5 1.0 0.13623 0.0 1.01847 1,5,5%,7,23
B 13 3.38998 2.19911 0.5 1.01807 11,1:1*,13',13'',15,15"',29




(Faceted)

33g)

I4ic  124.32°
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7.00000
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8. 00000
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L006000
Q.1L17273
=0.74812

=0, 18714

0.&67871
0,28359
1.54456
1.84%944
2.41042
2+.71L3529
\.Je».JC)J 1\J
32762

Q.Ldjl”
3.83729
4,7031L0
4., 39622
5.246408
4.25920
G.825095
DeG2NLT
6. 38403

G.08115

7.25188
6.94700
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8.67871

Y
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Q.00000
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0.00000
=0. 70711
G.00000
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0.00000
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L2843
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82843
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4,242
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4,24264
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Q23926
1746709
1+78434
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1.80159
0.92100
1.81883
1.00823
1.02549
1 o\’\\_)\.)o
1.83333
2+66391
2.468116
- 4(‘)1—7‘}
u * \JO\.;(?O
4.31938
4,334682
14741
T.1464466
TP7524
G.181L90
T3+992249
SG.19915
4. 00973
\J + \..1\.)—{\7"
H.024698

Z

L0000
u.OuOOO

Q.JOOQO
QL 30000
GL.00G00
O H0000
Q00000
0.350000
3. 50000
QL 00000
0., 00000
Q50000
GL.30000
GL 00000
0 GGOOO
O.‘UOOO
3.00000
0.00000
Q0.3000Q0
0.00000
Q.S50000
Q00000
0. 286689
Q.76689
O.786889
QL. 24689
076689
0,746689

65689
0.2648¢9
0 7uu89

26689
0 745589
* &.(E)L)\.}‘?
0.766&9
0.,24689

Q.7466089
Q.26689
0.,7484609

(VR A)\J(H‘.l\b(?

Q. /u\.\\)‘)}
0.26589
G.264689
076489

7H489
Q.26689
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[110] Zdlc 124.12° (338) Az=0.23311

Faceted

EX
V' = 0,27305

Contacts: 1-28, 15-39, 2-29, 13-37

Interstitials X Yy z 4 Touching
a 1.5 0.33226 0.5 0.56255 5,5',7,7',34
B 0.5 0.32168 0.5 0.55371 1,1,5,5',28
c 2.5 0.31448 0.5 0.54777 7,7',9,9',36
D 3.5 0.29867 0.5 0.53519 9,9',11,1',37
E ~0.5 0.27415 0.5 0.51679 i,1',2,2',29
L ]
Substitutionals X v z d Touching
A 9 3.0 0.07536 0.0 1.00567 7,9',9'',11,36
B 21 6.43880 3.57881 0.5 1.00561 19,19',21',21'',23,23',45
C 7 2.0 0.03833 0.0 1.00147 5,7',7'',9,34
D 19 5.96879 2.85050 0.0 1.00146 17,17',19',19'',21,21"',43




[no] =n 129.52° (I173)
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NONE > 10

Al-0.432

D 0.4416

B o450
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[110] £11  129.52°  (113) Az = 0.24322
v = 0.12596

Contacts: 4-14, 7-20, 5-20

Interstitials X Y z d Touching
0.5 0.16692 . 0.5 0.45308 i,1,2,2',13
B 0.97800 1.13774 0.24322 0.44757 4,13,13',14,14"
Substitutionals

Neone >1.0.
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141.06°
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5 1108

B8 2

A .73 v 0.581
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3. 66667
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. 50000
. CGGOO
. 50000
. 50000
CCO00
. 50000
0.00000

. C0000 .
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(1101 79 141.06° (114) AZ = 0.0
v= = 0.37415
Contacts: 1-17, 6-17, 6'-17
Interstitials X Y z @ Touching

A 2.0 1.23744 0.0 0.76777 7.,7',10,10°',25,25"
B . 1.14705 1.49740 0.5 0.73105 7,20,20',22,22"°
C -0.5 0.35356 0.5 0.58114 i,1,2,2+,17,17"
D 1.0 1.02852 0.0 0.55345 e,6',7,7',20
E 2.61539 2.06693 0.0 0.51521 12,25,25%,26,26"
F 2.76924 1.87656 0.5 0.43807 12,12',25,26

Substitutionals X v z d Touching

A 7 1.5
25 2.00002
12 2.90625

1.06066 0.5
1.63520 0.5
1.65728 0.0

1.12132 6,7',7",10,25
1.10838 7,10,25',25"
l.06676 12',12",25,25',29

Lattices exactly on the coindicence lattice; CSL sites: 6,16




T27a  148.42° (115)
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B 1078
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[110] £27a 148.42° (115) AZ = 0.0

VEX = 0.3053

Contacts: 6-24, 6-24', 7-24, 7~24°

Interstitials b4 y z 4 Touching
2.00013 1.130846 0.0 0.64844 6,6',19,19',20,20"%
1.5 0.42119 0.5 0.64609 1,1',2,2',19
C 1.06059 0.749947 0.0 0.50478 1,18,18',19,19"
Substitutionals X v z a Touching
LA 19 0.98989 1.5 . 0.5 1.07843 6,18,19',19",20
B . 6 0.77010 2.41092 0.5 1.01187 2,2',6',6",19,24,24"

Lattices exactly on the coincidence lattice; CSL sites: 24,28
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[110] I19%a  153.47° - (11ls) AZ = 0.24496

v X = 0.42619

Contacts: 1-19, 8-29, 4-25, 12-31

Interstitials b4 v, -4 d Touching
A 0.5 0.50427 0.5 0.73680 1,1',4,4',23
B 1.91566 0.77658 0.25504 0.64345 6,25,25',27,27"
C 2.42757 0.62184 0.75504 0.58682 6,27,29,29"
D 1.5 0.25528 C.5 0.50355 4,4',6,6",25
Substitutionals X y ' z 4 o Touching

A ] 2.0 0.23567 6.0 1.05479 4,6",6'",8,25




¥ 1.0060

Do

(118) (Faceted)

B3 1.0146

2330 159.95°

[1h0}

A-013179
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42
43
44
45
44
47
44
49

X

Q00000

=0, GOOGO

0L EH0000
L 00000
L.50000
130000
200000
250000
2:50000
300000
350000
4,000G0
4,50000
G, 00000
G.50000
&, 00000
A TROG0
7, 00000
750000
750000
8.00000
8.00000
8.80000
FL 00000

~Q.292464
~1.+.2718%5
~1.00458
~Q 08519
04546724

Q.27421
1.53833
1.813580
2.52572
275300
323784
3+46512
3.94997
A4,17724
4,88934
G211663
F+460148
3.8287%
S$,058603
4654088
H.76815
4H.,P9542

0754

7.73482

3.54694

w70
=0, GO600
=0, 7071L1
0. 70711
G.00000
=0 70711
G.70711
Q00000
=771
Q. 00000
=Q.70711

Q00600 .

=0,70711
J,00000
=G 7070
OL,00000
=~G.70711
0.70711
0. 00000
141421
Q.70711
1.41421
024713
0.60431
1.+.43998
L.78282
1,28999
2.12566
1+63283
2.456850
1.97367
281134
1.+48284
2,31831
0929001
1.8256Q
L.33283
216892
0.384002
Lo675469
2.80138
1.182846
2.01883
285420
236137
3+19704
2,70421

Z

G 00000

QOO0
G LHQOO0
QL. 00000
OFOOQH
GLEQO00
GL.00000
0.50000
50000
D.00000
GLEHO000
O.00000
0.H0000
QL 00000
OH0000
OLD0000
QHOOGO
0L Q0000
DL, H50000
OL.30000
QL. 00000
0L,00000
Q.H50000
Q.O0000
O 13179
O, 13179
Q.631L79
Q. 63179
G.,13179
D+63179
G.13179
Q63179
0,13179
Q.&31L79
DeHIL79
Q13179
G.13179
0.63179
0.13179
0.63179
0.43179
0.131L7%9
Q63179
D.531L79
0.13179
D.EILTO
0.13179
G.H3L79
Q0. 13179




3
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[110] I33a 159.95° (118) Az = 0.13179

Faceted

VEX = 0.42017

Contacts: 1-25, 6-31, 12-37, 1l6-41

Interstitials b4 v Z d Touching
A 0.5 0.51211 0.5 0.74615 1,1',4,4',29
B 3.33255 0.65037 0.58722 0.67806 9,10,35,37
C 2.18909 1.43965 0.63179 0.61324 9,31,31",33,33"
D 2.0 1.00172 0.0 0.53205 6,6',9,9',31
E . 2.63124 1.24730 0.0 - 0.49536 9,9',33,35
F 1.16425 1.33096 0.63179 '0.44123 6,29,29',31,31" ’
Substitutionals X v z d Touching
14 5.0 0.12082 0.0 1.01455 12,14',14'',16,41
B 9 2.50001 0.81250 0.5 "1.01108 6,9',9'",35
C 20 7.43685 0.75176 0.5 1.00597 18,18',20',20'"',22,22"',44
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5.3 DENSEST [111] BOUNDARIES

Listed in order of increasing angle.




£3l¢  17.90° (561)

fin]

N

B8]

7
11212
0.8186

A

L1410
-0.6694

®

11748

Al «0.12292

8]
0.71156

\%

A

2
d: 0.8990
PR R i1V

L1181
-0.1162

L1266

0.7459
0.2356

0.849
0.7522

~114-

0.8439

14064

1.5051

o
QWO EWN -

e
-

b b
EwWw

15
16
17
18
19
20
21
22
23
24
25
26
27

28

29
30
31
32
33

X

0.00000
-0.50000
-0.5000¢

0.00000

0.50000

0.5000Q0

1.00000

1.00000

1.50000

1.50000

2.00000

2.00000

2.50000

- 2.50000

3.00000
3.00000
3.50000
-0.94573
-0.38122
-0.76831
-0.59089
-0.20380
-0.02638
0.326072
0.53814
0.92523
1.10265
1.48975
1.66717
2.05427
2.23169
2.61878
2.79620

Y

0.00000
~0.288638
~0. 86603
-0. 57735
~0.86603
-0.28368
-0.57735

0.00000
-0.28868

0.28868
-0.00000

0.57735

0.28868

0.86603

0.57735

1. 15470

0.86603

0.30079

0.42185

0.85021

1.39662

0.97127

1.52068

1.09232

1.64174

1.21338

1.76279

1. 33444

1.88385

1.45549

2.00497

1.57655

2.12596

0.00000
. 63299
. 00000
. 81650
. 00000
. 63299
. 81650
. 00000
.63299
.81650
. 00000
.63299
. 81650
. 00000
. 63299
.81650
. 00000
. 12292
93942
. 69357
93942
. 12292
. 69357
. 93642
. 12292
. 69357
93942
. 12292
. 69357
93942
. 12292
-0.69357
0.93%42

L]

.

OO0 CODOLUOCOCOO0DOO0OOCO~00O0 200200 4+0Q0O0O =




-115-

[111] I31la 17.90° (561) Az = 0.12292

V=X = 0.49482

Contacts: 1-18, 1-22, 2-19.

Interstitials X v 2z d Touchiﬁg
A 0.14325 0.58724 1.71721 0.89904 1,6,20,23
B 0.5 0.19769 0.75216 0.84914 1,4,7,8,24
c 0.79679 0.81563 0.23561 0.74592 8,24,25,28
D 1.0 0.39649 1.50511 0.7155% 6,92,10,26
E 1.37145 0.65469 -0.30688 0.62576 8,12,26,28
F 1.39135 1.02972 1.12125 0.61717 10,26,27,30
G 1.92808 0.83961 0.50560 0.52765 e lO,l4,i8,3O
H 1.98466 1.23996 2.00401 0.51914 12,28,29,32
I 2.490862 1.01129 1.31597 0.45534 12,16,30,32
li Substitutionals X y z d Touching
A 6 0.52337 0.16658 1.48635 1.17492 8,9,19,24
B 26 0.97142 0.83490 -0.66939 1.14099 8,12,24,28
C 24 0.58975 0.83887 0.81864 1.12723 10,19,22,25,26,27
D 10 1.28731 0.57957 0.84389 1.12660 8,12,24,28
E 8 1.0 0.32872 -0.11622 1.11808 1,6,9,10,11,26
F 28 1.50142 1.07947 0.15266 1.06497 10,14,26,30
G 12 1.84309 0.75781 1.66528 1.05740 10,114,260
H 30 2.02324 1.34234 0.97764 1.01517 12,16,28,32
I

14 2.40372 0.92117 0.03946 1.01306 11,12,13,16,28,32




(451)

1]

I2la 21.79°

° ®
@oso
°
° ®
® 05
o °
L
o
o
s @
°
o

A 1084 7 1.082

& 1241

Al--0152

A 0823 V0699 [ 0.673

< 0.874

-l116-

[y
SV UWNUD NN

frs
f

12
13
14
13
14
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

X

0.00000
-0.50000
-0,50000
~-0,00000

0.50000

0.20000

1.00000

1.00000

1.50000

1.50000

2.00000

2.00000

2.300C0

2.50000

3.00000

3,00000
~0.,92027
-1.27741
-0,70598
-0.34884
-0.13456
’004?170

0.07973

0.43487

0.65116

1.00830.

1,22259
1.57973
1.79402
2.15116
2.346544
2,00830
2.57973
2.93487

Y

0.00000
-0.28848
-0.86603
~-0.37735
~-0.,858403
-Q. 28:3&/28
-0.57735
=0.00000
-0, 28840

0.238848
-0.00Q00

0.57735

0.2838&8

0.856603

0,37735
=-0,00000

0+ 36060

0.81a2

0.8%571

0.44308

0.97¢19

1.43282

1.31330

1.,06167

1.59778

1.14415

1.468024

1.,22683

1.76274

1.30%910

1.84522

2,29885

2.38133

1,2274%

Z

0.+0000Q0
1.63299
—-0.,00000
0.81850
-0.00000
1.632%9
0,831850
~0.00000
1,462299
0.818650
~(.00000
1.63299
0.814650
-0.00000
1.63299
=-0,0C000
0,15121
0»9684

-0, 86459

0.96841 -

0.15121
0,76841
-0.656459
0.246841
0,15191
~-0.,66459
0,76841
0.15191
-0.456499
0.96841
0.15191
0,94841
-0.566459
0.746841
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[111] Z2la 21.79° (451) AZ = -0.15191
vo¥ = 0.47564
Contacts: 1-17, 1-21, 2-20

Interstitials .x v bA 4 Touching

A 0.17629 0.58437 1.73847 0.87416 1',6,19',23

B 0.50000 0.18120 0.74050 0.82337 1,4,7,8,24

C 0.86573 0.78744 0.28853 0.69865 8,24,25,28

D 1.00000 0.36453 1.48251 0.67250 6,9,10,26

E 1.42219 0.59565 2.16302 0.56860 8,12,26,28

F 1.47956 0.97602 1.18582 0.56110 ' 10,26,27,30

G 1.99562 0.74557 0.52182 0.47135 10,14,28,30

Substitutionals X v z d Touching

A 3] 0.50000 0.07218 1.50542 1.14148 1,2,4,7,8,9,20
B 26 1.002%6 0.83631 1.81974 1.09381 10,12,24,28
c 24 0.61337 0.83525 0.86776 1.09049 10,20,21,26
D 10 - 1.26109 0.42660 0.91403 1.08385 7,8,9,12,24
E 8 1.00000 0.27221 2.35325 1.08169 1,6,9,10,11,26
F 28 1.526186 1.09260 0.20294 1.02331 10,25,26,27,30
G 12 1.88131 0.64587 1.68145 1.02101 9,10,11,14,26,30




27.80°  (431)

Zi3b

[

A 0.788 V 0.637 £ 0.634 Al - 0197

= 0.834

=118~

0.369

1.364

0.124

1.713

WO 00—~ N LW N =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

28
29
3¢
31
32
3
35
36
37
38
39
40
41
42
43
4y
45
46
47
43
49
50
51
52

53
54

X
0.6GGCO
~0.5CC0C
-0.00CC3
6.50CCe
0.5603
1.0600C0
1.CGCC0
1.5CCCC
1.50GC6
2.0C0CC
2.66CC0
2.5C00¢
2.5GGC0
3.0CCGC
3.600GC
3.50600
3.500C¢
4,0C000
4.CCCCG
4.50CC0
4.50600
5.0C5CC
5.00000
5.5CCCO
5.50CC0
6.CCGG0
6.0C0CC
-C.87251
-0.60328
-0.29558
-C.C2635
-0.334¢C5

0.24238
C.55C57

0.8198¢
1.12749
1.39672

1.70442

1.973¢€5
1.66598
2.24238
2.55C57
2.8198¢
3.12749
3.39672
3.7Cu442
3.97365
3.66596
4,24283
4,55C57
4,8198¢
5.12749
5.39672
5.7C442

Y
0.0CG00
-C.283¢88
-0.57735
-C.233¢38
-C.8860C3
-C.57735
C.CG0CCO
-C.23868
0.23868
-C.00¢C0C
.57735
$.238868
-0.233638
-G.0CC00C
C.5773%
0.23848
0.368C3
C.57735
1.15470
c.886¢C3
0.288368
0.57735
1.15470C
0.8¢6C3
1.,44338
1.1547¢C
1.732C5
c.uu710
0.95783
0.4693¢
€.93CC3
1.U4E356
1.43077
1.60G224
1.51297
1.02445
1.53518
1.04665
1.55738
2.04591
2.06812
1.57959
2.09032
1.6C18¢C
2.11253
1.624C0
2.13473
2.62326
2.64547
2.15694
2.66767
2.17915
2.68988
2.26135

A
0.C0G0C
1.63299
c.31650
1.63299
0.C0CCO
C.31656
C.CGCCO
1.63299
6.8165¢

~C.0CCOC
1.63299
¢.81650
1.63299
-C.0C0G0
1.63299
C.81650
-3.60000
1.63299
C.81650
-G.0GCCG
0.81650
1.63299
G.8165¢
-C.0CC00
1.63299
5.81650
-C.CGC0G
c.197C7
-C.61942
1.01357
0.197C7T
1.01357

-C.61942
1.01387

6.197CT
-0.61942
1.01357
C.19707
-C.61942
0.197C7
1.C1357
C.197¢C7
-C.61942
1.01357
C.19707
-C.61942
1.01357
-0.61942
C.197C7
-C.61942
1.61357
C.19707
-C.61543
1.61357
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[111] Z13b 27.80° (341) AZ = 0.19707
VT = 0.44247
Contacts: 1-28, 1-31, 2-30

Interstitials X Yy z d Touching

A 0.22829 0.57573 1.77336 0.83383 1,4,29,33

B 0.5 0.15795 0.72406 0.78797 1,3,6,7,34

C 0.91643 0.37083 1.38443 0.63726 4,9,34,36

D 0.97155 0.72862 0.36886 0.63432 7,34,35,38

E 1.5 0.49057 -0.25574 0.49139 7,10,36,38

F 1.48410 0.86429 1.23510 0.42381 9,11,36,37

Substitutionals X v z d Touching

A 4 0.5 0.01387 1.52603 1.10045 1,2,3,6,7,8,30
B 34 0.65211 0.84103 0.94621 1.04042 9,30,31,35,36,37
c 36 1.03204 0.85665  =~=0.55236 1.04008 7,33,34,35,38
D 7 1.0 0.18072 -0.06389 1.03641 1,4,8,9,10,36
E 9 1.34415 0.37866 0.88012 1.03611 6,7,8,11,34




$39a 32.21° (572)
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[111] L 39a 32.21° (572) AZ = 0.15188

v = 0.47914

Contracts: 8-38, 9-38, l6-41

Interstitials X v z 4 Touching
A 2.037186 0.53437 1.60261 0.88950 11,12,36,39
B 0.42288 0.58264 1.89008 0.82344 1,4,33,36
c 0.53370 0.16979 0.73243 0.76943 1 5,6,32,34
D 2.30531 1.09792 1.02856 0.71784 12,37,39,40
E 2.52952 0.67258 . -0.13679 0.66425 13,14,38,41
F 0.91592 0.36159 1.37743 0.62422 4,8,34,36
G 1.04099 0.72707 0.33022 0.59919 6,8,34,35
H 2.96706 0.84050 0.55398 0.53827 12,16,41,43
I 2.77785 1.27374 1.50621 0.48375 14,39,42,43
J 1.5 0.34266 2.02215 0.48329 6,7,9,36
X 3.04383 1.21898 1.99167 0.47278 14,16,41,42
|
| Substitutionals p:4 Yy z d . Touching
A 4 0.5 0.02638 1.52161 1.10871 ,2,3,5,6,7,32
B 36 1.27069 0.71733 1.74926 1.0766%9 6,7,34,38
c 43 3.28181 1.33185 0.99049 1.06058 14,41,42,46
D 39 2.22427 1.25165 1.70238 1.06034 14,36,37,38,40,41,42
E 14 2.80031 0.69264 1.71452 1.05894 11,12,13,16,39
F 12 2.5 ©0.49857 0.74229 1.04896 8,9,13,14,15,38
G 6 1.0 0.19505 -0.06896 1.04235 1,4,7,8,9,36
H 1.41444 0.35405 - 0.85425 1.02668 6,7,34,38
I 34 0.71060 0.90642 0.92541 1.01654 8,32,33,35,36,37
J 44 3.60260 1.85361 0.13247 1.00339 16,41,42,43,45,46,47




-122-




-123-~

+

-

FARE

I RELE

- 88TIST°0 =

1oL

AH70

Zv

HOBOO* -
YEFLE 0

Aoy

}aﬁm&w 1
0CO00
._u. O
00
Lo
v ococ 'O
X Z
(gLg) olC"CE

BHEX

.,.. :: % \
UGl

K4 \. )

w

L GO00 O
890
BaEY0-
Lm0
000" 0~

i
a0
*0
3888 O
* Q-
* D:..
00
X
[T11]

00000
0000
Q000
000GOY
OO0

Q0000

+

tL
’
[

O 4] O ¥ O
00000
QOO0
O
00000
OQOGG
QOO0
00005
OQ0O00
00000
00005
OGO0%
00000
020000
00005
Q0005
00000
00000
00005
Q0000
QOO05
QOO0

X

O
O~
*0

—y

€.




{321)

27 38.21°

1y

~124 -
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[111] 17 38.21° (231) AZ = -0.27365
= 0.37534
Contacts: 1-35, 2-34, 3~30

Interstitials X v z d Touching

A 0.62581 0.79337 -0.06726 0.75956 4,9,30,30

B 0.22239 1.01432 1.24304 0.73861 2,30,35,37,42

C -0,.08985 0.60265 1.99516 0.52010 1,2,36,41

D 0.27307 0.41969 0.92798 0.50427 2,3,8,35

Substitutionals X v z d Touching

A 32 1.09244 2.33409 1.28765 1.04574 18,26,27,31,33,37,38

1
|
|




Z19b 46.83° (352)
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NONTUPON-

X

0. COQCC
-0. S00C0C
~-0. 300C0
-0. 000CO
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0. 30000
1. C0OGCO
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2. 00060
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2. 30000
2. 50800
3. 000CH
-0, 57895
-1, 00000
-1.13158
-0. 71033
-0. 13790
-0, 02632
. 39473
. 26213
21379
. QA737
. 36842
. 30000
. 92105
. 78947
. 34210
2. 47348
2. 89473

P = 0000

HOHHH.OHOH’*‘-HOHMO0.0

Y

. 00QQ0C
. 26868
. 86603
. 97733
. 864503
. 28868
. 37738
. COO00
255460
. Bé6eOS
. 87738
. GRO00
. 2BR&8
. 28868
. 0000

7593

. 3849¢C
. 94706
. 34209
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. 40286
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. &L32%7
. 81650
. 06000

27217
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. CBB&7
. 51433
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R -
. 02867
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. 54433
. CBB&6T
. 94433
. 27217
. 544353
. 08B&7
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[111] I©19b  46.83°  (352) Az = 0.27217

vE% = 0.42918

Contacts: 8-27, 12-27, 9=-27'

Interstitials x . v z d Touching
A 1.57965 0.24269 0.78398 0.84415 11,12,14,25
B ~b.§OOOO 0.55810 1.94598 '0.80555 1,6,8,20,22,24
c 0.59295 0.16099 ~ 0.72621 0.69587 7,8,21,25
D ~0.50000 0.44263 1.98681 0.62481 1,2,16,18,20
E 2.00000 0.28867 1.42887 0.58114 9,13,14,27
F -1.00000 0.08627 1.19425 0.52720 6,7,9,25
G 1.50000 0.51459 0.17750 0.47826 8,12,26,27
H 1.00000 0.61584 0.39465 0.46288 8,22,25,26
I 0.97540 0.72090  -0.04908 0.44598 8,22,26,27
J 1.00000 0.19245 .1.76907 0.41421 6,8,9,27

Substitutionals X y b4 a Touching

A 25 1.03061 0.48505 0.95953 1.14485 7,21,22,26,27,28

B 21 0.02055 0.41258 1.06630 1.04234 4,6,17,25

C 6 0.50000 -0.11226 1.57062 1.03471 1,2,4,7,8,9,21

D 22 0.42307 0.88675 0.22820 1.01732 1,16,20,21,24,25,26
E 0.97451 0.19132 0.16650 1.01395 1,7,22,27

F 1 -0.00217 0.00625 0.00177 1.00438 2,4,8,16

G 28 1.92308 1.05996 1.08552 1.00008 14,25,26,27,30,31,32
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NONOADS W
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1.50000
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3.000C0

3. E0C00

3.350000

4.,00000
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-0.,15980
=0.06321

0.38074

0.28614
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0.22128

1.36722

1.,27263

1.81317

1.90776

2,33371

2.,44830

2.89425
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3.34020

3.434797

3.88074

4,42123

Y

0.00G000
-0.28848
-0.,37735
-0.,28848
-0.856403
=0.,37735

0.00000
-0,28848
~0.86403
-0.,57735

0.00000
-0,28848
~Q0.86403
=Q,897735
~0.00000
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~0.28848

0.28848

©=0,00000

0.75929
1.12599
0.554644
0.92313
1.49248
1.28983
0.72028
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1.636352
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0.88412
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1.04797
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1.00895

Z
0.00000
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0.81550
1.,563299
0.00000
0.81630
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1.463299
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0.81650
0.00000
1.63299
0.00000
$.81830
0.00000
1.63299
0.814650
=Q.00000
0.23778
~0.87872
1.05428
0.23778
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~0.537872
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14035428
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-0.,357872
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-0 57872
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-0.37872
1.05428
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[111] £37¢  50.57° (473) AZ = 0.23778
m
voE 2 0.44395
Contacts: 1-19, 11-31, 12-31
Interstitials b'4 v z d Touching
A 2.52308 0.23107 0.77577 0.87900 14,15,29,32
B 1.44813 0.59982 -0.55003 0.85810 7,8,24,28
o 1.5 0.14464 0.71464 0.76820 6,7,10,11,25
D 0.44792 0.51862 -0.52144 0.72221 1,4,20,24
E 0.5 0.07657 0.66651 0.67344 1,3,6,7,21
F 2.94774 0.72591 0.32649 0.59533 15,30,32,34
G 3.0 0.30132 1.43781 0.59523 12,16,17,31
H 2.0 0.24577 1.44699 0.51027 8,12,29,31
I 1.94745 0.64516 0.35626 0.47772  11,26,29,30
J 1l.0 0.02227 1.21687 0.44201 4,6,8,25
Substitutionals X vy z d Touching
a 29 1.96639 0.53116 0.92777 1.13918 11,25,26,30,31,32
B 8 1.5 -0.00529 1.53280 1.08839 4,6,7,10,11,12,25
c 25 0.96849 0.43602 1.05129 1.08138 4,6,21,29
D 11 1.98520 0.26886 0.23778 1.05057 10,26,29,31
E 4 0.5 -0.11311 1.57092 1.03438 1,2,3,6,7,8,21
F 7 1.0 0.17412 -0.06157 1.03382 1,4,8,11,22
G 26 1.39509 0.91918 0.17764 1.03229 7,22,24,25,28,29,30
H 35 3.46001 0.69324 -0.57578 1.02358 15,16,31,37
I 15 3.0 0.05837 ~0.02063 1.00383 11,12,16,17,18,31
J 22 0.38545 0.89474 0.22760 1.00093 1,19,20,21,24,25,26
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NOKE > 1.0
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[111] I3 60.00° (112)

VEX = 0,20924

Contacts: 1-14, 6-14, 3-12, 3-17

Touching

Interstitials X Yy z
A 0.50000 0.04715 0.76727
Substitutionals b4 Yy z

2,5,12,14,17

Touching

none > 1.0000
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Z3la Mz - 0.25974
Contacts: 2-28, 5-37, 13~-41, 20-44.
Interstitials y. 4 Touching
A 0.64086 0.86671 1,31,33,34
B 0.48751 0.81414 4,5,33,35
C 1.05631 0.69379 7,8,11,12,37
D 0.73928 0.68205 6,7,35,37
E 1.31302 0.57357 7,12,35,38
F 0.27547 0.54193 2,29,30,33
G "1.56342 0.46247 9,13,38,41
H 1.17255 - 0.45923 7.9,12,38
Substitutionals v d Touching
A 15 2.21933 1.17024 11,13,14,17,18,19,41
B 7 0.72678 1.09806 4,5,6,9,12,35
C 12 1.56082 1.07681 11,13,38,39
D 18 2.70777 1.05343 13,15,19,20,21,42
E 9 0.97427 1.05205 6,7,8,11,12,13,37
F 5 0.42123 1.04709 3,4,33,37
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NOND U DS
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=-0.50000
~0. 00000
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0.30000
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1.30000
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1,00000
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2.300060
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2.50000
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—0.92774
~0.33633
-0.,71347
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=0.,49918
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0.464347

0.28633
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Y
0.00000

-0.28848

~0.57735
-0.28848
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0.28868
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1.,44338
1.73203
2.02073
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2.02073
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2.,39808
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3.73278
4.,33013
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2.30870
2.39117
1.93754
2+47365
2,92728
3.00976
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3.462838
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4.164446
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4.,24674
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4,7330%5
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0.81430
1,63299
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1.,563299
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-0.24811
1.38488
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-0.,24812
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1.38488
-0.,24811
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1.38488
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0.56838
0.56838
1.38488
0.36838
~-0.24811
0.56838
1.38488
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[111] £21a 21.79° (231) [z = -0.24811
VEX = 0.49375
Contacts: 1-25, 13-34, 12-34.

Interstitials b4 v z a Touching

A 1.15764 2.62911 1.41773 0.84262 13,35,36,38 °

B 1.55679 2.49509 -0.07283 0.77084 14,16,36,39

Cc 2.15081 2.79968 0.93963 0.72495 15,16,19,20,39

D 0.72113 1.31571  -0.63595 0.61931 7.8,11,12,33

B 0.79200 2.28524 -0,48680 0.53134 12,32,33,36

F 0.58771 1.73644 0.61548 0.48165 9,12,30,34

Substitutionals x v -4 d Touching

A 28 -0.13185 1.03383 1.25658 1.14303 6,25,26,27,30,33
B 36 1.07799 2.73028 -0.37387 1.13760 12,32,34,35,38,39,40
C 33 0.57227 1.88593 1.43227 1.09459% 9,11,32,34
D 30 0.01842 1.65124 0.47667 1.07432 8,27,28,29,32,33,34
E 8 0.38349 0.9332¢9 0.04757 1.02026 1,6,9,12,25
F 9 0.89579 1.21487 0.85904 1.01622 6,7,8,11,12,13,33
G 12 0.86234 1.78958 -0.12793 1.00060 8,11,32,34
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[111] zl3b 27.80° (572) AZ = 0.05696

VEX = 0.48069

Contacts: 10-41, 17-47, 17-49

. Interst%tials X v z 4 Touching

A 3.0 0.47156 1.55820 0.82600 11,12,15,16,47

B 1.5 0.1738% 0.73533 0.81212 5,6,9,10,39

C 1.25789 0.55615 1.78446 0.78359 7,36,40,41

D 2.88367 1.04386 0.73823 0.70132 12,44,46,48

E 0.62629 0.68209 0.23441 0.62462 6,33,35,38,39

F 2.5 0.61126 2.36640 0.58813 10,13,43,44

G 0.79458 0.36284 1.32059 0.56057 3,35,36,39

H 2.000 0.23550 1.38989 0.52554 7,11,12,43

I 0.5 -0.09677 0.54395 0.49029 ,2,5,6,35

J 2.22166 0.87232 0.47797 0.45975 12,41,42,44

K 0.5 0.32476 -0.42101 0.45975 1,3,6,36

Substitutionals X y 2 d Touching

A 39 1.24515' 0.58032 1.020867 1.18636 7,35,36,40,41,42
B 7 1.5 0.10487 1.49386 1.16724 3,5,6,9,10,11,43
c 12 2.48661 0.53532 0.75390 1.08970 10,16,42,43
D 36 0.59850 0.73480 -0.66519 1.07857 3,33,34,35,38,39,40
E 43 2.28530 0.71947 -0.71601 1.07124 11,12,41,47
F 6 1.0 0.13232 0.09356 1.02609 1,5,10,41
G 44 2.57834 1.26793 0.10686 1.02228 17,41,42,43,46,47,49
H 3 0.5 -0.15272 1.58493 1.02068 1,2,5,6,7,35
I 48 3.70909 1.26732 0.90585 1.00942 16,47,50,53

Rotation symmetry is achieved only by moving atoms 35,39,48 and 53 from crystal one to
crystal two. New neighbors for 35: 1,3,6,2,5; for 39: 5,6,7,9,10. The contacts and
relative translation remain the same.




i
o]
™
—
i




(il T39a¢ 32.21° (341)

o ® ¢0° o0° o06® S090 O ,6® L0 9% _,06® 50
59 g00 5005508750030 %000 ©0700® 25009 g0
®9 ®©®@©® @®© @@O @@@® ®

(@]
5 u O ‘.o %@ o
o ® ° 2

o ® e ® o ® 5 ¢, %80 00 %0 J5e g *

s ° o ® . o ® . ® 0 o ® o
o ® ° o) ® o ® ° o ®

o 85,705 %04 %o, Ceyg Og %o 0y ®0, o, Ceyg
® 5 ° o e ) ° o ® o °

® 0871 A 068 V06 [ 0638 M OGS @ 0599

A7=-0.135 ® LN A L6 T.08 1029
-0.051 0.058 0.923 (X1} Lan -0.328

-0.084 0.084 0.014 0.873

|
[l
fi=N
O

|




=141~

[111] z39% 32.21°  (341) Az = - 0.13546
voX = 0.45379
Contacts: 9-32, 7-32, 21-52
Interstitials X Ve z d Touching
A 0.50832 0.79404 -0.05090 0.87066 8,9,39,40
B -0.62737 0.01502 0.62305 0.76862 1,2,33,36
C 1.10047 1.02634 0.92341 0.69139 9,10,39,45
D 0.71584 1.34363 1.41897 0.63788 12,32,40,41
E -0.12785 0.07381 1.27694 0.61538 2,6,7,34
F -0.38166 0.62152 ~0.32802 0.59945 1,32,34,37,39
Substitutionals x y z : d ‘ Touching
A 1 —0.16429 /6.23684 -0.08370 1.17102 6,7,32,35
B 11 1.29490 0.98444 0.08373 1.06214  8,9,10,12,13,45
Cc i8 2.81948 1.83628 0.07370 1.04830 15,16,17,20,21,22,49
D 24 3.86130 2.96683 0.87312 1.02865 20,22,23,26,27,28,56
E 12 1.48600 1.46763 1.63299 1.02858 9,11,13,10,44
F 28 4.40339 3.80856 0.85593 1.01395 24,26,27,30,31,56
G 22 3.41997 2,64428 0.03267 1.00958 18,20,21,24,27,50
H 13 2.0 1.17874 0.80800 1.00064 11,12,15,16,17,45
I 27 3.98437 3.47313 0.00639 1.00037 22,24,28,31,57
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[111] 7

EX

v = 0.41358

38.21° (451)

Az = -0.35902

Contacts: 1-23, 2-23, 4-27, 4-41.
Interstitials x Ve z d Touching
A 0.13376 0.50413 1.74505 0.75304 1,3,22,24
B 0.50000 0.64213 -0.08286 0.63608 1,11,24,41
C 1.71614 1.31858 1.80947 0.62623 4,6,7,13,27
D 0.98282 0.58727 0.39422 0.41505 2,4,11,41
Substitutionals X ¥ z d Touching
3 1.00000 0.80493 1.55253 1.05744 2,4,12,13,27
B 24 0.19953 1.10037 -0.43865 1.05628 3,23,25,27,31,32,41
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46.83° (731)

[111] %19b AZ = 0.28232
vEX = 0.49963
Contacts: 1-23, 14-32, 2-24, 12-30.
Interstitials X v z 4 Téuching
A 0.73624 1.20922 0.35894 0.82202 11,23,29,3C
B 0.08823 0.49864 1.71485 0.78451. 1,5,24,28
ol 1.17607 1.05305 0.96026 0.68506 8,9,12,13,30
D 0.5 0.64198 -0.15225. 0.65567 1,7,23,28
E 0.36684 1.00525 1.17959 0.62855 6,27,28,30
r 0.95687 1.66486 2.13999 0.55061 12,28,31,32
G 1.44601 1.47455 0.43029 0.49448 11,13,14,32
. H 0.97641 1.16832 -0.39862 0.44835 8,11,12,28
I 1.14713 2.05941 -0.88750 0.42695 12,30,31,34
Substitutionals X v z d Touching
A 11 0.99638 1.05903 0.23565 1.17000 6,7,28,32
B 30 0.81181 1.29813 0.84416 1.11374 6,12,29,32
C 28 0.39254 1.31316 -0.49531 1.01355 8,23,29,30,31
D 6 0.42210 0.33365 0.84830 1.00908 1,4,5,8,23
E 8 0.93043 0.61752 1.66140 1.00724 5,6,7,11,12,28




50.57° (10,11, 1)
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[111] £37¢ 50.57° (10,11,1) Az = 0.36079
14

vP% = 0.46030

Contacts: 1-30, 18-44, 14-37

Interst_itials b4 v Z 4 Touching

A -0.32931 0.37353 1.085460 0.75191 2,7,30,31

B 1.00003 0.39487 1.50496 0.71332 6,7,10,11,37

c 0.14107 0.80340 0.24194 0.70163 1,7,33,36

D 1.66909 1.34576 1.77105 0.69588 13,14,17,18,38

E 1.32271 1.78822 0.50202 0.68985 18,36,38,41,42

F 2.35836 2.67985 1.26265 0.61686 19,23,45,46

G 0.92563 0.89764 0.54364 0.58297 7,14,36,38

H 1.31420 0.88453 1.71e680 0.51222 13,14,37,38 §

I 1.94482 1.76391 1.24727 0.49632 15,17,19,42

J 1.43361 2.17621 0.03238 0.44101 18,39,41,44 %

Substitutionals x v z a Touching

A 42 1.59549 2.21990 1.24540 1.04133 19,38,39,43,44,45
B 7 0.48646 0.32776 0.82755 1.02871 1,6,11,34 E
C 23 2.82078 2.97926 0.89354 1.02742 19,22,47,53
D 39 1.08926 1.87583 -0.41035 1.01842 18,36,37,38,41,42,43 %
E 38 1.07751 1.33995 1.17251 1.01200 15,36,37,42 %
F 22 2.95333 2.33635 1.65205 1.00326 17,19,20,23,24,25,46
G 15 1.98104° 1.16565 0.82424 1.00054 11,13,14,17,18,19,38
H 19 2.48942 2.02683 0.82081 1.00016 15,17,18,22,23,44
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[111]

~151-

£3 60.00° (110) AZ = 0.40825

EX

v = 0.4108

Contacts: 2-19, 3-21, 2-20, 4-21°

Interstitials X v z 4 Touching
A 0.29019 0.74489 -0.34261 0.73950 1,3,20,26
B 0.83861 0.67053 0.27648 0.48606 2,4,8,20
Substitutionals X v z d Touching

none > 1.0000
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5.4 LESS DENSE BOUNDARIES

[10Q] and [110] boundaries, each listed in order of increasing I




53.13° (021)
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Interstitials

~155-

5 53.13° (021) Az =0

VEX = 0.3898

Not the densest

Contacts: 4-13, 4-15

Substitutionals

z d Touching
0.98038 0.0 0.75265 4,4',14,15,15',16
1.10874 0.70711 0.52624 5,15,16,16"
0.68028 0.0 0.50333 2,5,5',7,16

z d , Touching

1.06139 0.0 1.04462 4,4',7,15,15'
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[100] L5 36.87° (031 Az =0

EX
v = 0.3411

Not the densest

Contacts: 1-18, 6-19

Interstitials X v z 4 Touching
A 0.42694 1.33193 0.0 0.67025 3,15,19,19+%,22
Al 1.68581 1.31420 0.0 4,7,7',9,22
B 1.96167 2.00003 0.0 0.46946 9,23,25,25"
B’ 1.14112 1.14112 0.0 4,6,6',22
C 1.08597 1.71870 0.70711 0.44764 6,19,22,22',25
c! 2.39064 1.60936 0.70711 7,9.9',11,25
Substitutionals X vy z d Touching
A 22 1.08597 1.71870 Q.0 1.02378 6,6',19,19',25,25"

Al S 2.39064 1.60936 0.0 7,7',11,11',25,25"




67.38° (023)
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[100] Z1l3a 67.38° (0

V=X = 0.40287

23) Az

Second densest

Contacts: 3~-17, 5-17

Interstitials X y z d Touching
0.86585 0.86673 0.0 0.75309 3,3',4,17,17¢

0.14247 0.82411 0.02364 0.67333 1,3,18,19

0.19010 1.25627 0.70711 0.63461 3,17,18,18',20

Substitutionals X vy z d Touching
7 1.98958 1.03126 0.0 1.02181 5,5',9,23,23"

B 23 1.94154 1.70632 0.70711 1.00230 7,7',17,25




67.38° (023)

2i3a

{100}

A 1.086 v 1.022

8 118

7 0.534

A 0.700

2 087
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[100] Z1l3a 87.38° (023) Az = 0.

VEX = 0.4402

Third densest

Contacts: 6-22, 10-22, 10-22'

Interstitials X Yy z d Touching
A 1.09653 0.90347 0.0 0.81723 2,6,6',10,18
0.66671 1.33329 0.70225 0.69963 5,18,18',22,29
0.28948 0.710513 0.0 0.53444 1,5,5',17
(D) 2.17647 1.17647 0.70711 0.49971 7,10,10',22,23
Substitutionals b4 y z el Touching
5 0.5 0.84780 0.70711 1.11751 4,6,17,17"
17 0.03704 1.11130 0.0 1.08596 5,5',18 ,unnumbered
! 23 11,11',22,24
18 0.89475 1.10525 0.0 1.02203 5,5',17,22,22"

Lattices exactly on the coincidence lattice; CSL sites: 22,27
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0.50000
1.50000
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-0.65385
0.00000
-0.92308
-0.26923
0.33462
1.03847
1.639232
2.34617
3.00000
-0.538146
0.11539
0.76924
1.42309
2.07694
2.73079
3.38464
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0.00000
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9.50000
0.50000
0.50000
1.00000
1.00000
1.00000
1.50000
1.50000
2.00000
2.00000
2.50000
2.50000
3.00000
0.73077
1.00000
1.33462
1.653385
1.92308
2.19231
2.46154
2.7307T7
3.00000
2.30770
2.57693
2.8u616
3.11539
3.38462
3.653385
3.92308

Z
9.00000
0.00000
0.70T71H1
G.707T11
0.70711
0.00000
0.00000
3.00000
C.70711
0.T70T71H1
0.00000
0.00000
0.70711
0.707T11
0.00000
0.70711

. 0.00000

0.00000
0.70711
0.00000
0.707T11
0.00000
0.70711
0.00000
0.00000
0.70711
0.00000
0.70711
0.00000
0.70711
0.00000
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{100] 13 22.62¢ (051) Az = 0.0

VEX = 0.4760

Not the densest

Contacts: 1-17, 3-17, 6-17

Interstitials X V4 z d Touching
A 1.57140 1.42860 0.70711 0.86267 4,7,7',9,21
B 0.60000 1.40000 0.70711 0.81110 3,6,6',19,20,20",21
C 2,19560 1.80440 0.0 0.65567 7,9,9',11,22
D 1.19998 1.80002 0.0 0.64928 6,20,21,21',22
E 2.44115 2.50002 0.0 0.49978 11,22,23,23',24
F 2.83333 2.16666 0.70711  0.49071 9,11,11',13,23

Substitutionals X v z d Touching
A 21 1.2 1.8 0.70711 1.17255 . 6,6',20,20',22,22"
B 22 1.85186  2.07407 0.0 1.16848 7,21,21',23,23"
c 9 2.30555. 1.69444 0.70711 1.07423 7,7',11,11',23
D 23 2.43183  2.52273 0.70710 1.04999  9,22,22',24,24"
E 6 1.0 1.125 0.08839  1.02330 3,4,7,17,20

Lattices exactly on the coincidence lattice; CSL sites 17,5,24
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[(100] Ii7a 61.93° (053) AZ =0.09476
Symmetrical
EX
v = 0.42850
Second densest
Contacts: 1-17, 8-27, 1-22, 9-27
Interstitials X v z d Touching
A -0.52361 0.39440 0.79847 0.79872 1,2,17,19
B 1.08334 0.80552 0.09476 0.63069 5,23,25,25',27
C 0.5 0.55086 0.09476 0.49990 1,5,22,22°
D 0.82347 0.17661 0.70711L 0.49930 4,5,5',22
(E) 1.96496 0.96154 .| 0.80187 0.42584 9,27,27',28
Substitutionals b4 y ‘z d Touching
A 5 1.0 0.33022 0.09476 1.11473 1,8,22,22"

S 2.50350 0.63052 0.80187 1.018%5 11,12,27,27"
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|
|
|
{1001} r17a 61.93° (053) AZ =0
|
VEX = 0.4404
Third densest
Contacts: 6-26, 16-31
Interstitials b4 vy b4 d Touching
1.04016 0.90872 0.70711 0.81922 6,22,26,26"
2.81220 1.87403 0.70711 0.78795 12,24,28,28',31
2.67664 1.32335 0.0 0.68418 7,12,12',16,27
(D) 4.41975 2.29863 0.0 0.60530 17,29,32,32',35
(E) 4.271%5 1.72805 0.70711 0.55436 13,17,17',31
(F) 1.90640 1.20688 0.0 0.48534 11,11',26,27

(&) 2.03066 1.73447 0.70711 0.47021 11,23,27,27'

Substitutionals X Yy z d Touching
A 11 1.95032 1.14904 0.70711 1.12042 6,6',12,27,27'
B 5 0.5 0.71634 0.15298 1.06902 1,2,4,6,26

27 2.20039 1.71814 0.0 1.05512 11,11',26,28
(D) 12 2.78557 1.6835 0.67717 1.00264 16,27,28,31

close to 11,24,27',28'
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0.81482
1.52172
1.50448
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2.19414
1.47000
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[100] L29a  46.40° (073) Az = 0.15415

VEX = 0.46398

Second densest

Contacts: 1-19,1-23,8-29,10-29

Interstitials x v ' z ©d Touching
A 0.88090 0.90491 0.15146 0.85039 4,6,24,25
B -0.55086 0.34143 -0.55902 0.71174 1,2,19,21
c 0.73492 0.26508 0.70711 0.60066 3,4,4',6,23
D 1.59883 1.22989 -0.55296 0.50501 6,25,27,27',29
E 0.11022 0.11022 0.70711 0.44817 1,1',3,23
F 0.17082 0.68175' 0.15415 0.43905 1,19,23,23"
Substitutionals X Vg z d Touching
6 1.46221 0.61336 0.70711 1.08792 4,4%,8,27
10 3.05448 1.37703 0.15415 1.05905 11,29,29',33

14 4.39587 1.60413 0.70711 1.02157 12,12',16,16',33




(073)

229a 46.40°

[100]

a 108 v 1091

B 1154

AT-0017

A 0838 v 0146 o 0.729 + 0.630

& 0812

~170-

Y
QW OO~1TOWM EWR
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1.26493
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0.01699

0.01699
0.0




-171-

[100] L29a 46.40° (073} AZ = 0.01699
vEE = 0.48540
Third densest
Contacts: 40-26, 40-25, 16-35
Interstitials X vy z 4 Touching
A 2.66375  2.51284 0.0 0.87197 12,12%,27,30
B 0.08477 0.91523 0.70711 0.83830 1,4,4%,6,21
o 1.23512 1.93806 0.70711 0.74592 40,40%,22,26
D 4.82184 3.30216 0.01699 0.72896 16,36,36",38
E 3.67311 2.32689 0.0 0.68964 10,13,13',16,32
(Fi 3.39281 2.71682 0.72412 0.63513 12,30,32,32%,35
(G) 2.0 2.10852 0.01699 0.57554 9,40,29,29"'
(H) 2.26714 1.73286 0.70711 0.560086 7,9,9',12,29
(1) 0.53573 1.57274 0.72410 0.47495 6,21,25,25"
(b 0.86995 1.1046 0.0 0.46126 4,6,6',40,25
(X) 4.55508 2.55508 0.70711 0.42277 14,16,16%,35
Substitutionals b4 .Y z d Touching
32 3.39307 2.72738 0.01699 1.15393 12,30,30',35,35"
29 1.96191 2.13829 0.72409 1.09479 12,40,26,206"
12 2.96107 2.11679 0.70711 1.09095 %,9',13,29
(D) 6 0.87963 1.12037 0.70711 1.02877 4,4',40,40°',25
(E) 25 0.49528 1.52875 0.01699 1.01056 6,40,21,21"
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[100] L29a 46.40° (073) AZ =0

v2E = 0.5211

Fourth densest

Contacts: 13-35, 16-35, 16-35'

Interstitials b4 vy z d . Touching
A 1.53118 1.46882 0.0 0.93863 5,7,7',9,26
B 2.57145 2.42865 0.0 0.86268 9,12,12%+,27,30,30%,32
c 0.11401 0.88599 0.70711 0,78659 1,4,4%,6,21
D 3.69987 2.30013 0.0 0.64943 10,13,13*%,16,32
(E) 4.71428 3.28573 0.0 0.62885 16,36,36',38

(F) 1.00006  1.80001 0.56563 0.62485 6,22,25,26
(&) 3.28562 2.71439 0.70711 0.53873 12,30,32,32',35
(H) 2.29060 1.70940 0.70711 0.53322 7,9,9',12,29

Substitutionals: X v 4 d Touching

29 1.92183 2.07817 0.70711 1.16199 7,9,9%,12,26,26"

32 3.28562 2.71438 0.0 1.08990 12,12',30,30',35,35"
-6 0.96152 1.11544 0.70711 1.08975 4,4',7,25,25*

(D) 9 0.46489 1.53510 0.0 1.07140 4,6,6',21,21"

(E) 26 1.46665 1.60005 0.0 1.07636 6,6',9,25

(F) 25 0.48132 1.59547 0.0 1.08688 6,6',21,21',26

(G) 12 2.97323 2.08032 0.70711 1.05982 9,9',13,30

(") 36 5.0 3.10261 0.70711 1.01050 19,35,38,38"

Lattices exactly on the coincidence lattice; CSL sites: 20,35
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{100] L29a 43.60° (052) &z =0

v = 0.4422

Not the densest

Contacts: 5-31, 8-31, 8-31'

Interstitials X vy 2 d Touching

A 2.59324 1.40676 0.70711 0.82307 6,9,9',11,32

B 0.09996 0.90000 0.0 0.81114 1,4,4',23,26,26"%,28

C 2.2 1.8 0.0 0.64922 8,29,32,32',35

D 1.21427 0.78573 0.0 0.62885 2,5,5',8,28

(E) 0.8 1.2 0.70711 0.52317 4,26,28,28%*,31

(F) 3.3462Q 1.65380 0.0 0.47960 9,11,11*,14,35

Substitutionals X v z d Touching

A 35 2.94917 2.05083 0.0 1.10411 9,11,11',14,32,32"

28 0.8 1.2 0.0 1.07847 4,4',26,26',31,31"
C 11 3.34621 1.65380 0.70711 1.04676 9,9',14,14"',35,35"
(D} 4 0.48798 0.53606 0.70711 1.02532 1,1*,5,26
(E) 32 2.5 1.63950 0.70711 1.01937 11,31,35,35"

Lattices exactly on the coincidence lattice; CSL sites: 31,41
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c.707M
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{1001} %37 71.08° (075) AZ =0
vE¥ 2 0.51018
Not the densest
Contacts: 9-27, 12-29, 12-29°

Interstitials X v z d Touching

A 1.53975 1.12085 0.0 0.88365 4,4',22,22"',23 ,unnumbered

alse at 18,18°',34,35,35',37

B 0.5 0.77959 0.02853 0.85318 13,15,31,32

C 3.87500 0.87500 0.0 0.76777 7,8,8',27,27"

D 3.15108 0.86083 0.0 0.73429 8,8',23,25

E 3.0 1.18816 0.62691 0.70880 5,8,23,24

) . 6.29884 1.29884 0.70711 0.64755 13,13',14,31

(G) 5.64942 1.28236 0.65886 0.59591 11,13,29,31

(H) 5.5 -1.59479 0.13011 0.57569 12,13,29,30"

() 2.0 0.99866 0.46712 0.49165 4,5,22,23

Substitutionals b'e v z 4 Touching

20 0.01353  0.76203 0.70711 1.07930 13,13',29,33

23 2.44926 1.26022 0.0 1.07895 5,5',22,22',25
c 1 0.0 0.27603 0.0 1.07479 12,15,31,31°
(D) 4 1.48429 0.54714 0.70711 1.03361 2,2',5,21
() 15 6.78827 1.63520 0.0 1.02469 13,18,18',33,33"
) 5 2.5 0.64822 0.70711 1.02185 4,8,23,23"
(G) 33 6.88835 2.29380 0.66111 1.00634 18,31,32,34,35

(H) 8 3.50000 0.53335 0.68353 1.00167 - 5,6,7,9,27




9 38.94° (221)

[r10]

A 10610

® 1.088

v 0.539

A 0.619

B 0634
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{1101 9 38.94° (221) A2 = 0.0
E
v X = 0.3246
Not the densest
Contacts: 6-18, 8-21, 8'-21
Interstitials x v z d Touching
A 0.19495 2.69057 0.0 0.63354 6,6',8,20
B 0.10606 1.41421 0.5 0.61887 3,6,16,16"
C -0.05262 0.89939 0.0 0.53933 3,3',14,14',16
(D) -0.03367 2.05524 0.0 0.46860 6,6',16,18,18'
Substitutionals X e z ‘ a Touching
A 16 -0.18132 1.48619 0.0 1.11431 6,6",14,14' ,16',16",18,18"
3 0.41861 0.76466 0.5 1.00991 i,1+,3',3",5,5',14
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[110] £11  129.52° (113) AZ = 0.0

E
\'s X 0.1591

Not the densest

Contacts:; 4-14, 4-20, 4~-20'

Interstitials X y z d Touching
A 0.93968 0.95356 0.5 0.58074 4,4',13,13',14,14"
B 2.0 0.80263 0.5 0.42716 4,4',5,5',20

Substitutionals none > 1.0
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[110] 11 50.48° (332) AZ = 0.0

[z}

Y X 0.3551

Not the densest

Contacts: 7-21, 11-29

Interstitials X vy z d Touching
A 0.60993 2.12127 0.0 0.78015 5,19,21,21"
0.22902 1.32740 0.5 0.55170 3,17,19,19"
0.46816 1.43673 0.0 0.46063 1,3,3',19
(D) 0.50423 2.74852 0.0 0.41730 7,7',21,21',23

Substitutionals b4 v ' z d Touching'
A 19 0.72455 1.60899 0.5 1.11074 ,x,3'",3",5,5',19,19"'
3 0.08847 1.66476 0.0 1.08467 1,17,17',19',19",21,21"'

C 1 0.43377 0.75394 0.0 1.00657 i,x",3,3',16,16',17,17"'




Z 190 153.47¢° (1

[no]

& .01 v 1.052

® Li2t

v 0615 0O 066l (@ 0548

A g8

B 0.829
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14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30

31
32
33
34
35

X
¢.cCca¢C
1.0GCCC
2.CG6C0CC
0.5CCCC

. 1.5CGCC

12.56CCC
3.50C0C0C
4.50006¢C
5.5GC0C0
4,060C0
5.6GCCG
6.CC0CO
7.0CGC0
8.CG0CC
6.5GG00
7.5C0C¢C
-C. 491808
C.40092
1.29492
2.18992
3.08492
3.97992
4.87392
5.76892
2.95392
3.84892
4,T4292
5.63792
£.53292
5.50692
6.4G192
7.29592
-0.36308
€.53192
2.05918

Y
0.6C0C0C
6.GGCCO
0.CGCCGC
C.7CT11
0.7C711
C.70711
C.7C711
G.7CT11
C.707H1
1.41421
1.41421
1.41421
1.41421
1.41421
2.12132
2.12132
1.12629
1.56729
2.01329
2.46029
2.96729
3.35329
3.88G29
4.24729
2.C5129
2.49329
2.94429
3.39129
3.83829
2.53523
2.98229
3.42329
1.97629
2.42329
1.6C470C

2
¢.50CC0
C.5CCCC
¢.5CCC¢C
¢.C0CCC0
6.0GCGCCO
C.C0GCC
C.CCCCO
¢.CCCCC
C.C0G00
€.5CCC0
$.5GCCGO
0.5CGCC
€.5CCCC
C.5CCC0
C.C0CCO
c.CCCCC
0.5CCCO
C.5G6CC¢C
¢.5CC0C
¢.50CC0
¢.50CC0
¢.5CCC0
0.5CCCC .
€.5C0C0
¢.CCCCO
g.c6ccce
£.CCC0O0
¢.CCCCO
C.CCCaC
0.5CC00C
C.5CCCC
G.5GCCCC
¢.C0CCO
0.0CCCO
G.CCCCC
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[110] £1%  153.47° (116) AZ = 0.0
VEx = 0.44981
Not the densest
Contacts: 6-32, 15-31, 15-31"
Interstitials X 34 z a Touching
A 3.0 1.28700 0.5 0.82895 6,6',7,7',25,25"
B 4.55232 2.20733 0.5 0.82148 11,26,26',27,27!
C 5.5 1.86327 Q.0 0.67530 ii,11',12,12',30,30"
D 1.04254 1.40017 0.0 0.66085 5,18,18',19,19"'
E 2.0 1.01859 0.54534 5,5',6,6',32,32"
(F) 3.53035 2.01663 . 0.5 0.52771 10,25,25"',26,26"
(G) 3.43182 1.46243 0.0 . 0.51677 7,10,10',25
(H) 0.00940 1.23171 0.0 0.43653 4,17,17',18,18"
Substitutionals b4 v ' z 4 Touching
A 25 3.11573 1.72824 0.0 1.12655 10,10',25',25",26,32
10 3.74384 1.58919 0.49128 1.07737 7,10',25,26
11 5.0 1.64336 0.5 1.05184 10,11',11",12,30
(D) 30 5.50002 2.30928 0.5 1.05049 11,12,30',30"
(E) 26 3.94473 2.30485 0.0 1.04548 10,10',25,26"',26",27
(F) 5 1.5 0.77304 0.0 1.00434 4,5',5",6,32
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26.53°

[10]

Z19a

~186~
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A 0485 v 0.463
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[110] 1%  26.53° (331) Az = 0.0
vEX = 0.2428
Not the densest
Contacts: 1-15, 3-15, 3'-15

Interstitials X v z el ) Touching

A 0.2 1.55564 0.0 0.62480 5,6,6',15

B -0.04762 2.15500 0.0 0.48463 6,6',17,17',19

c 0.06664 1.29633 0.5 0.46283 3,15,15',17

(Not a stable site)

Substitutionals = x ¥ z d Touching

A 6 0.48530 2.11092 0.5 * 1.00632 5,5',6',6",17
B 17 -0.44760 1.80144 0.5 1.00030  6,15,15',17',17",19,19"




31.58° (552)

I 27a

1o}

(& 1.0200

3 1.0320

AV0130 7 10378

B 10768

Al - 0.2201

A 0633 sy 0.5197

B o 6346
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39
40
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X
0.00000
0.30000
1.00000
030000
1.30000
1.00000
2400000
1.,30000

1.00000

2.00000
1.30000
2.80000
2400000
130000
2:.30000
2.00000
3.00000
2+.30000
2.00000
3.00000
-0 .234808
~1.463318
~1.468874
=0.89244
-1,74429
=-0,24800
-0.13170
-1.0035%
-0.,20725
-1.,05%11
-0.26281
0.33349
~-Q0.31237
0.47793
=-Q.37372
o ,4")")-""
=0 . 42948
0.,36682
1+.16312
0.31124
1.10754

Y

0.00G00
-~0.70711
0.00G00
C.,70711
0,70711
1,41421
10 14._.&.
2.12132
2,82843
2¢8”843

e
3 *sd \..'\J '_..!1‘

T B5885
[~
5865685

b.363%6
7.07107
7207107
=0 AT7040
-~ + O LOuu
0.05338
0,39384
0.921742
1.25208
1.59854
2.12233
244278
2.984657
+ 32703
X+66749
4,19127
vd«3173
5.08551
S.3959 /
LRL97

6.26021‘

&.60067
7. 12445
7. 46491

Z
0. 00G00
OL.E0000
Q00000
O, GR00D
0.50000
0.00000
0.00000
0,30000
Q. 00000

0.00000

0, 50000
0. 50000
0. 00000
0.,50000
0,50000
0,00000
0, 00000
0.50000
0,00000
0. 00000
0.27951
o#// 7 1
0.27991-
0.779%1
|) ""'7"‘(;1

27991
o./“ﬁ°1

77991
0.2?991
0.,27991
0.77991
0,27991
0.27991
0.77991
Q. 77991
0.27951
0.27551
0.77%91
0. 27991
0. 27951
0.77991
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[110] 127a 31.580 (552) Az = 0.22009
Symmetrical
vEX = 0.43619
Second densest

i ' Contacts: 1-24, 1-21, 9-32, 11-32

Interstitials X v z d Touching

a 0.58685 2.12132 0.58685 0.83455 6,8,9,29

B -0.24172 0.82381 0.10901 0.69313 4,24,26,27

c 0.37511  2,93478 0.52878 0.57972 9,29,31,32

D 0.32929 1.37931 0.27991 0.45522 4,8,27,27'

Substitutionals X V4 z d Touching

a 9 0.77163 2.66694 0.0 1.07676 8,8",9',9'",29
B 16 1.77746 5.81421 0.0 1.07295 -14,14',16',16'',18,18"',39
C 6 0.84055 1.52696 0.0 1.03778 4,4',6',6'',8,8',27
D 14 1.35327 5.05350 0.5 1.03204 14',14'',16,16"',36
E 4 0.38389 0.78921 0.5 1.02012 i,1',4',4'',6,6',27




%27 31.58° (552)

[110]

-190~=

v 1.123

A LN

® 1.194

0 06N

o 0.823 v 0.696

® 0.855
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12
13
14
15
16
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21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
4¢
41
42
43
4y
45
46
u7
48
49
56
51
52

X
0.CCCCC
1.CCCCC
0.5CCQC
1.5000C
1.CCGGC
2.C00CCC
€.5C0CC¢C
1.506G6GC0
1.CCCCC
2.0CCC0
t.5CCG0
2.5GC00C
2.00C0¢C
3.66C0CC
1.8CCCC
2.50CCC
2.CCGCC
3.CCCC¢C
2.50C0¢C
3.5C0000
2.00CCC
3.0GGGC
2.5CCCC
3.5C00C¢C
3.C0CCC0
§.00CCC

-1.3432¢C
-1.3992¢
-C.5472¢C
-1.4552¢0
-0.6C32¢C
-1.51C2¢
-0.6582¢C
-1.5862¢C
-C.T1420
-0.7762¢
0.0318¢0
-0.8282¢C
¢.C258¢0
-C.3812¢
-0.02920
-C.C382¢
C.7668¢
-C.14120
0.71C080
-C.1962¢
C.€&553¢C
0.59948¢
1.4528¢
0.54380
1.3958¢
1.0CCQO0C

Y
€.0CC0C
0.CCGCO
C.7C711
c.7¢711
t.41421
t. 41429
2.12132
2.12132
2.82343
2.82843
3.53553
3.53553
4,24264
4,24284
4.94975
4.94975
5.65685
5.65685
6.36396

6.36396"

T.CT1GT
T.C71C7
T7.77817
T.77817
8.48528
3d.43523
€.3313¢C
1.19536C
C.67141
2.65930
1.53530
2.9233¢C
2.4CG3C
3.7883¢
3.2643¢C
4.1283¢
3.6043¢C
4.9923¢C
4.4683¢C
5.85€63¢C
5.3323¢6
£.1973¢C
5.6733¢C
7.C0813¢C
£.5373¢C
7.92530
7.4013¢C
8.2663¢C
T.7423¢C
9.13C63¢0
8.6C0630
4,2u4264

Z
C.GGCGC
§.CO00C0
C.5CCC0
C.5CCC0
c.CCCC¢C
C.C0CCO
€.5G6C0¢
C.5GGCCC
¢.CGGCC
¢.6CCCo
€.5Ga¢C¢
0.5CCG0
0.C0C00
6.C00C0O
¢.5C0C0
C.5CCCC
0.GGGaC
€.CcgeCo
€.500C¢C
G.5C0C¢C
¢.G00CCC
c.CCCGe
¢.5C0C¢C
¢.5GCCC
0.CGCGO
C.CCcoo
C.CCC3¢C
C.5CC00
¢.5GCGC
g.CCCoC
g.0CCC¢C
€.5CCC0O
C.5CCGCC
0.CCCCC
6.CCCGO
€C.500C0
€.5C0C0Q
€.CCCCO
c.CGCCo
c.5Cca0
0.500C¢C
C.CCG00¢C
g.CGCcC
0.50CCC
C.5CCC0

" G.0GCCC

C.CCCCC
C.5G0C0
¢.5CCC0
C.G0CGCC
0.CCCCe
¢.C00CQ
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[110] £27a  31.58° (552) AZ = 0.0
vEX = 0.47211
Third densest
Contacts: 1-29, lf29', 39-52
Interstitiale b4 . Yy 2z d Touching
A 0.07415 2.77599 . 0.85467 7,7',9,35
B 1.59078 6.29976 0.5 0.82296 17,17',19,45
C 0.65937 - 4.,83707 0.69632 15,41,52,52"
D 0.0550¢6 1.41421 . 0.67089 3,7,31,31"
(E) 1.23543 6.85977 0.0 0.58647 21,45,45"',47
- (F) -0.03397 0.99375 0.57137 3,3',29,29',31
(G) 0.67446 3.53553 0.0 0.55689 9,37,37',52
(H) 0.77964 3.33780 . 0.49400 9,9',11,37
(T} 0.96872 4.97188 . 0.45982 15,15',43,52
(J) 0.47886 4.,20853 . 0.44603 37,39,39',52,52"
Substitutionals b'4 v -4 d Touching
45 1.16334 6.56634 0.49912 . 1.19443 21,43,45"',47
21 1.63893 6.79674 0.0 1.17139 19,19',45,45"',49,49'
31 2.17518 8.62968 0.0 1.12271 7,7',29,29*,31',31",33,33"
(DY 37 0.40219 3.53553 0.5 1.10464 9,9',37',37",52,52"
(E) 9 0.76307 2.99597 0.0 1.08250 7,7',9%,9",11,11',37,37"
(F) 7 0.28185 1.96706 0.5 1.07016 5,5',7',7",33
@y 17 1.79071 5.80484 0.0 1L.06466 15,15',17',17",19,19',43
(H)Y 43 1.97824 5.68679 0.0 1.04440 17,43"',43",45,45"
(1) 33 ~0.47438 2.41200 0.5 1.03364 7,31,31',33+,33",35,35"
(J) 15 1.37504 5.03811 0.5 1.0232¢9 15',15",17,17"',43,43*,52,52"
(K} 3 0.45210 0.740098 0.5 1.00344 i,1',3',3",5,5',29




159.95° (118

£330

(1ol

® * .
@ o /@\ ~ ©
i A A
o \\ 3 .—
© 2 -
@ 2 ~o ko '
©g J
s -« wy e}
©o= & . °
95 A &
® = -
s 2= [ S
® = .
¢ | &
@ f}‘,@ A ’B;‘.n
s < o
@ 2 o -3 o
® o F°
(-4 =~ w .
N@ — /@\\ - Q
0 °
ES o *
@ ~
s [ .
@
® . .
@ ’;l\ Q
®
= o

A 1015 v 10310

B3 11926

A om V06005 [ 04988 Al+0.0214

X 01920

=192~

A IRS RN B¢ N (R S SN I 8 B o

B

-
18

19

2

2
21
22
23
24
25
26
27
28

29
30
31

T
d A

33
34
33
35
37

-

40
41

2
43
44

45

X
0. 00000
=0 SDOC0
0,5C0000
L. GGeo0
L.350000
2,00060
230000
2,00000
3,50000
4, 0000
3, 50000
JO00T
EOO0

> SQO0G

WO
+ - -

GOOOG
» QG000

QOGCO

[&
.

50000
DGR

+*

[RERN s IO sHLN BN I 5N

s

R

]
2 O 4

-1, 00805
RAHEES
Q. &4547
G.E7274
1.35735%
1.33484
294699
D24246
234628
46345
2455

172577
[7ay
11517
82729
Q5a%6
75468
G PRPIRE
770608
793335
8&64%4?

-

<+

>

>

-

§

L S AR I S M Y SN R OO O 8
-* * - > *

+

| |
3 D D D D DD
. .

.
.
*

O O I
*

-
R
»

GRS IR PRI P ORI e O R e OO

-2
N

Y

s76101010]
Fo714
70711
Q0000
70711
Q0000
70711
QOO0
70711
QOO0

Ty
)

Do e
et =

o

(e IS

R

s

o~
AT

O

égko :
O R o R e e I e RN |

o e

7
&

Aol

¥
<

[y

4
P15
61260
44827
79111
29828
13395
80544
64112
14828

.
FEIPA

R
4711z

YL
325630

29827

v
3376

L1 L0
~d e (G
Gl O o
3 O G5 s

O b
[ I N R o 07|

e

o

Y

MmO

0

- iy ey
20532

L1249

+
b
[

L3

o D
O O N

<3
Py
>

e
>

i3
L)

3

3
3

e
N
SO0 DD
oy
=
f

o D
[

DO DT D
* -
>
[l
<
o
b’

e
N
o
<
o
b
I

Q. 00000
OLEOG00

Pl I @D
>

D O

- » (3

3 LD L
3T D o
[ e R
22D
(o R

L0000
50000
0GBO00
02734
J2735

o vy e o
92735

Lt R I W
- LR 3

-

fod
.

ey 4
o A AR )

3.02734
0.32734
0.32736
0.02736
0.3273¢
0,02734
0.32734
0.0273

0.02734
D.,32738

L s R I

734
0,327348
—_

D O
>

O
[w}
i




~193-

[110] £33a 159.95°  (118) AZ=0.02736

Symmetrical

EX
V' =0.42962

Second densest

Contacts: 1-23, 4-29, 10-35, 14-37

Interstitials X v ’ z 4 Touching
A 0.49882 0.55135 0.5 0.79199%9 1,1',27,29
B 3.32301 0.62951 0.5 0.73277 8,8',33,35
C 2.5 0.37470 0.5 . 0.60050 6,6',8,8',31
D 1.91237 0.74374 0.02736 0.49878 6,29,29',31,31"
E 1.5 0.10539 0.5 0.42983 4,4',6,6',29
P 1.99984 0.50406 0.5 0.41996 6,6',29,31
Substitutionals X v Z d Touching
A 8 3.0 7 0.44926 0.0 1.19256 6,8',8'',10,35
16 6.5 1.02967 0.5 1.10147 14,16',16'',18,39

6 2.0 0.17681 0.0 1.03102 4,6',6'',8,30




159.95°  (1i8)

¥ 33a

[10]

@ 0627 + 0627 8 1170 A 109 v 1068 o 1085

0 0141

A 0.866 v 0.145

® 0866
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

X
0.00000
0.50000
1.00000
1.50000
2.0000
2.50000
3.00000
3.50000
4.00000
4.50000
5.00000
5.50000
6.00000
6.50000
7.00000
7.00000
7.50000
8.00000
0.50000

-1.00000
2.52993
1.81781
0.87841
0.16629
1.10569
2.04508
2.75720
2.46932
3.69660
4.40872
4.63599
5.34811
5.57538
6.28751
6.51478
7.22690
7.45417

-1.71249

-0.77310

Y
0.00000
-0.70711
0.00000
-0.70711
0.00000
-0.70711
0.00000
-0.70711
0.00000
0.70711
0.00000
0.70711
0.00000
0.70711
0.00000
1.41421
0.70711
1.41421
-0.70711
0.00000
0.88263
1.37546
1.03262
1.52545
1.86829
2.21113
1.71830
1.22547
2.06114
1.56831
2.40398
1.91115
2.74682
2.25399
3.08966
2.59683
3.43250
0.83978
1.52546

Z
0.00000
0.50000
0.00000
0.50000
0.00000
0.50000
0.00000
0.50000
0.00000
0.50000
0.00000
0.50000
0.00000
0.50000
0.00000
0.00000
0.50000
0.00000
0.50000
0.00000
0.00000
0.50000
0.50000
0.00000
0.00000
0.00000
0.50000
0.00000
0.50000
0.00000
0.50000
0.00000
0.50000
0.00000
0.50000
0.00000
0.50000
0.00000
0.00000




[110] £33a 159.95° (118) AZ = 0.0

VEX = (0.48125

Third densest

Contacts: 7-21, 10-30, 10'-30

Interstitials x oy z d Touching
A - 7.90533 2.19632 0.5 0.86619 1,1',24,24',39,39"
B 6.02644 1.51091 0.5 0.86583 14,32,32',34,34°
Cc 3.5 0.51112 0.5 0.74498 7,7',9,9',28,28'
D 1.52207 0.72737 0.0 0.74067 5,22,22',23,23"
E 5.01644 1.36153 0.5 0.62737 12,30,30',32,32"
F 6.89516 2.04740 0.5 0.62717 16,16',34,34',36,36"
G 1.98835 0.60734 0.5 0.57353 5,5',21,21',22
H 0.5 0.34355 0.5 0.57229° 1,1',3,3',23
I 2.5 0.30020 0.5 0.53639 5,5',7,7',21,21"'
J 3.99828 1.23452 0.5 . 0.45585 10,28,28',30,30"
K 3.98199 0.71984 0.0 0.44013 9,10,10',28
Substitutionals b4 y z d Touchihg
A 1 0.0 0.42122 0.0 1.17018 i+,1",3,20,39
B 32 5.45284 1.62421 0.0 1.09122 12,12',30,32',32",34
c 12 5.5 1.00726 0.5 1.08815 10,12',12",14,32,32"
D 28 3.57006 0.94946 0.0 1.08454 9,21,28',28",30
E 39 -0.69842 0.97800 0.0 1.04689% 20,38,39',39",24
F 23 0.75762 0.85808 0.5 1.04456 3,3',23%,23",24,24"
G 3 1.0 0.16032 0.0 1.02554 1,3',3",5,23,23"
H 16 7.0 1.54096 0.0 1.01600 16',16",18,34
I 34 6.32283 2.15721 0.0 1.01059 16,32,347,34",36
J 5 2.0 0.03391 .0 1.00115 3,5',5",7,21




¥33¢  121.01°  (225)
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£ 0.588

v 0.700

-196-

O QOO W -

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

X
0.GCC00C
1.00CC0
2.00CCC
t.50CCC
2.5C00¢0
3.5C00C¢C
3.60C0C¢C
4,.cocce
5.000CC0
b.5¢0CcC
5.50CC¢
5.GCG0CC
é.cccoe
6.500C0C

-0.19697
0.66667
G.31818
1.18182
2.04546
1.69697
2.56C81
3.42424
3.07576
3.93939
4.8C30C3
5.66667
5.31818
4.45455

Y
.C0CC¢C
¢C.CCCCO
C.CCCCC
c.707T11
C.70711
C.T7CT7T11
1.41421
1.41421
1.41421
2.12132
2.12132
2.82343
2.82343
3.53553
c.87853
c.34281
1.735¢63
1.79991
1.86419
2.857G1
2.72129
2.78557
3.57839
3.64287
3.7C696
3.77124
L,56405
4,49977

A
G.CC0CC
g.C0Go0¢C
¢.CCCCO
¢.5C0C¢C¢C
€c.5CC0¢C
C.5CCGO
¢.CGCCO
6.CQCCC
C.CcCoC
0.50CG0
$.5GC00
C.CGCCO
C.CCCCO
C.5CCCC
C.5CCC0
6.CC0C0
C.EC0GC¢
C.CCCCQ
¢.8c¢cco
0.CCCGco
¢.5CCG0
C.GC0CCO
¢.5CCc¢C
g.CcCo0
¢.50CC0
0.CCCGO
€.5CC¢CC
€.CCC0CC
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[110] Z33¢ 121.01° (225) AZ = 0.0

vEE = 0.41450

Not the densest

Contacts: 2-16, 4-16, 4'-16

Interstitials b4 y -4 d Touching
A 3.5 2.01083 Q.5 0.85036 7,7+,8,8%,22,22"
B 4.27778 2.58557 Q0.5 0.78470 10,12,12%,24,24',25
C 2.0 1.17851 0.0 0.69967 4,4%,5,5%,19,19*%
| D 2.61225 2.10689 0.0 0.58765 7,19,19',21,21*
| E 0.5 7 0.35356 0.5 0.58114 1,1',2,2%,16,16"
F 1.06410 1.28730 0.5 0.45138 4,16,16%,18,18"
Substitutionals X v z- d Toucking
A 22 3.5 . 2.37543 0.0 1.16698 7,8,22%,22"
B 7 2.99286 1.80312 Q.0 1.14597 7',7",19,19',22
c 10 4,22549 2.31543 0.5 1.11001 8,8',10',10",12,12',22,22"
D 19 2.06250 1.63520 0.5 1.05208 5,18,18',19*%,19"
E 4 1.53724 0.99672 0.5 1.01077 16,16%,5,19
F 12 4.,96296 2.85462 0.0 1.00206 10,10',12',12%,25,25°
G 25 4.80555 3.67303 0.5 1.00116 12,12%,24,24',25',25",26,26'




124.12° (338)

Z4i¢

o]

& 1182 v L1110 0 1106 @ 1.086

® 1195

o 0.1 @ 0703 4+ 0627

v 0.7191

a 0.891

& 0.912

~198-

WO AU 503N -

X
6.0CQ0C
1.GCCCC
2.06G6¢C¢C
1.5GCCC
2.5C0C0¢
3.5CG6CC
3.C0QC00
4,C0CCG¢C
5.CCCG0C
4.5C0CC0
5.50C80C0
5.08CCC
£.CCCCC
7.GCCGC
6.5C600
7.5CCC0
8.5Gc0¢C

8.CCCCO.

g.ccaccCe
1C.0C6CCC
9.50G5GC
0.61746
0.31258
1.17844
1.73941
2.08429
2.60527
3.166214
3.47112
4.63210
4.59307
4.89795
5,45892
6.01990
6.32473
6.88575
7.19063
7.75161
8.31258
8.61746
9.17844

2.12132
2.12132
2.82343
2.32343
2.82343
3.53553
3.53553
3.53553
4,24264
4,24264
4.24264
4.94975
1.15318
1.96377
t.981C1
2.80885
1.9982%6
2.82¢809
3.65393
2.84334
3.67T117
b.u39¢3
3.68842
4.51625
5.344¢38
4.5335¢
5.356133
4.55074
5.37858
6.20641
5.39582
6.22366

Z
¢.CCa0gC0o
G.CC0CC
0.0GGCC
0.5CCC0
€.5G6CC¢C
0.5G00C
¢.CC0GO
C.0CCC0
6.0C0C0

L]
VT o OO

C.CCOCC
0.5C¢C0
G.G0CacC
6.5CCC0 .
¢.GoCQg
C.CCGCO
C.5CCC0
G.56060
C.5C0G0
0.60000C
¢.CCGC0
g.CCCCa
0.5C0G0
$.500400
0.5C0¢C0
$.C0CC00
¢.CCCac0
€.50C00
€.50000
C.5CCCC -
G.Cdddo
0.CCC00
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[110] Idlc 124.12° (338) AZ = 0.0
VEX = 0.46822
Not the densest
Contacts: 12-32, 12-32', 18-37, 18'-37

Interstitials X v z . d Touching

A 5.71132 3.74123 . 0.0 0.91243 15,15',32,32',33,33'

B 3.5 2.04160 0.5 0.89063 7,7',8,8',29,29'

C 2.0 1.25663 0.0 0.79106 4,4',5,5',26,26"

D 4.,19637 2.95586 0.5 0.77612 10,29,29',30, 30!

E 8.5 4.71682 0.0 0.70285 18,18',19,19"',40,40"

F 2.90573 2.23751 0.0 0.65735 7,27,27',29

G 7.0 3.93791 0.0 0.62715 15,15',16,16',37,37"

B 5.5 3.17846 0.5 0.57800 12,12',13,13",32

I 1.15201 1.39493 0.5 0.54167 4,33,33',34,34"

J 7.61895 4.86449 0.0 0.45862 18,37,37',38,38"

K 6.04478 4.09523 0.5 0.44290 15,33,35,35"

L 2.48219 1.42683 0.5 0.43984 5,7,7',26

Substitutionals bid Yy b A d Touching

A 29 3.5 2.39146 0.0 1.19547 7,8,29',29"
B 7 3.00351 1.85787 0.0 1.18158 8,26,26',29
C 26 2.05100 1.66189 0.5 1.11015 5,24,24',26',26"
D 10 4.23045 2.31192 0.5 1.10617 8,8',10',10%,12,12',29,29"
B 4 1.53042 1.09089 . 0.5 1.08555 5,22,22',26
F 40 8.62155 5.19072 0.0 1.04165 19,38,38',40",40"
G 15 6.34298 3.64657 0.5 1.03665 13,13',15',15",35,35"
H 35 6.32753 4.39538 0.0 1.01900 15,15',33,33',35',35",37,37"
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SUMMARY TABLE

Arranged for each section in order of increasing 2:

LEGEND

2: coincidence relation

Plane boundary plane Miller indices

Angle rotation angle of the crystals (see Section 3.3 for
convention)

VEX excess volume (see Section 2.3 for definition)

L length of the shortest repeat vector in the
boundary in the plane perpendicular to the tilt axis
(see Figs. la and 1b)

Az relative displacement of the two crystals in the direction
of the tilt axis

INTERST. diameter of the three largest intergtitial spheres

SUBST. diameter of the three largest suﬁstititional spheres

SYM symmetry elements (see Section 4.1)
. F: faceting
G: glide-reflection
R: screw axis rotation
S: staggering
CSL: exact coincidence site arrangement

A Area of the boundary repeat unit (see Fig. 1)
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[100]
E PLANE ANGLE VEX L l Az l INTERST. SUBST. SYM A PAGE
0.5673 _—
5 021 53.13 0.32210 /10  0.32562 0.5326 -— s 2.2361 52
0.5307 ——
0.6643 -
5 031 36.87 0.31945 /5 0.19285 0.4518 — R 3.1623 46
0.7396 _—
13a 032 67.38 0.40132 /26 -0.04929 0.6749 -— S 3.6056 62
0.6473 —
. 0.7889 1.0564
13a 051 22.62 0.41761 Y13  0.25339 0.6017 -— R 5.0990 38
0.4751 -—
0.7544 —
17a 053 61.93 0.40339 V17  0.22953 0.6265 -— RF 5.8310 56
0.5035 _—
. 0.7678 1.1214 _ )
17a 041 28.07 0.3850 V34 -— 0.7487 1.0736 S 4.1231 40
0.5812 1.0017 csSL
0.8111 1.0618
25a 043 73.74 0.45180 50 — 0.7670 1.0558 s 5.0000 66
0.6497 1.0233
0.8626 1.1921
25a 071 16.26 0.4490 5 — 0.8381 1.1274 --  7.0711 34
0.7379 1.0964 CSIL
— 0.6243 1.0336
29a 073 46.40 0.39735 /29 0.33908 0.6183 1.0123 RF 7.6158 50
0.6034 — ’
0.6442 1.0170
29a 052 43.60 0.39336 /58 0.33908 0.6427 1.0010 SF 5.3852 48
0.6324 ——
0.8566 1.1767
37a 075 71.08 0.47063 V37 0.06209 0.7281 1.1221 R 8.6023 64
0.6149 1.0549
0.8314 1.1309
37a 061 18.92 0.45906 /74 -0.09288 0.8153 1.0649 s 6.0828 36
0.6794 1.0510
, 0.8626 1.1289
4la 054 77.32 0.48590 /82 — 0.8048 1.1159 s 6.4031 68
0.7092 1.0909
0.8801 1.1404
41a 091 12.68 0.48695 /41 -0.29703 0.7664 1.0780 R 9.0554 32
0.6609 1.0697
0.8848 1.1455
53b 095 58.11 0.48835 /53 0.10891 0.7761 1.0933 R 10.2956 54
0.6821 1.0647 :
0.8584 1.1298
53b 072 31.89 0.46567 V106 0.04373  0.8419 1.1088 s 7.2801 42
0.7288 1.0958
0.7724 1.0517
85 0,11,7 64.94 0.37085 /85 0.01133 0.7724 1.0138 RF 13.0384 58
0.7259 1.0093
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[110]
2 pLaNE ANGLE yEX L |az) INTERST. SUBST. SYM A PAGE
0.60302 —
3 112 109.47 0.2092 /6 _— - -— G 2.4495 96
TWIN — ——
3 111 70.53 0.0 V3 -— — — S 0.8660 86
— — CSL
_ . 0.7678 1.1213
9 114 141.06 0.37415 Y18 -— 0.7311 1.1084 === 4.2426 104
' 0.5811 1.0668 CSL
_ 0.6480 —
9 221 38.94 0.26882 3 0.22401 — _— R 1.5000 78
0.4531 —
11 113 129.52 0.12596 /11 0.24322  0.4476 _— s 1.6583 102
0.7672 1.0751
11 332 50.48 0.34118 /22 0.13690  0.5413 1.0664 R 4.6904 80
_ 0.7489 1.0983 +
17b 223 93.37 0.3042 V17 _— 0.4978 1.0081 G 4.1231 92
0.4740 —
0.8176 1.1637
17b 334 86.63 0.3487 V34 _— 0.6329 1.0787 G 5.8310 90
0.4666 1.0509
. 0.7368 1.0548
19a 116 153.47 0.42619 /38 0.24496  0.6435 — RF 6.1644 108
0.5868 ——
0.6016 J—
1%a 331 26.53 0.24066 /19 —— 0.4894 -— S 2.1794 74
0.4151 _—
_ 0.6484 1.0784
27a 115 148. 42 0.3053 V27 — 0.6461 1.0119 s 2.5981 106
' 0.5048 _— CST,
0.6367 1.0374
27a 552 31.58 0.31195 /54 _— 0.6253 1.0022 GF 7.3485 76
0.5518 1.0016
_ 0.7462 1.0146
33a 118 159.95 0.42017 /66 0.13179 0.6781 1.0111 RF 8.1240 110
0.6132 1.0060
_ 0.7848 1.1082
33a 441 20.05 0.41711 /33 -0.13464 0.6126 1.1042 R 5.7446 72
0.4902 1.0272
_ 0.6344 1.0185
33¢ 225 121.01 0.30932 /33  0.12913 0.5705 1.0181 RF 5.7446 98
0.5351 _—
0.8625 1.1804
33¢ 554 58.89 0.39209 /66 0.07596 0.7263 1.1685 R 8.1240 84
0.5966 1.0917
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[110]
Z PLANE ANGLE yEX L |Az] INTERST. SUBST. SYM A DPAGE
_ 0.5626 1.0057
41c 338 124.12 0.27305 /82  0.23311 0.5537 1.0056 RF 9.0554 100
0.5478 1.0015
0.8270 1.1394
4lc 443 55,88 0.37375 /41 0.09794 0.6566 1.1277 R 6.4031 82
0.4980 1.0420
0.7825 1.1200
43 335 99.37 0.32277 /43 — 0.6564 1.0145 S 3.2787 94
0.5103 1.0107
0.8818 1.2273
43 556 80.63 0.38819 /86 — 0.7623 1.1691 G 9.2736 88
0.6485 1.1429
-1.

Glide vector not perpendicular to tilt axis
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[111]
2. PIANE ANGLE v L |AZ ] INTERST. SUBST. SYM A PAGE
_ 0.60302 —
3 121 60.00 0.2092 3 0.,40825 ———— ——— -—— 2.4495 130
_ _ 0.7596 1.0457
7 231 38.21 0.37534 /21 ~0.27365 0.7386 ———— 3s 3.7417 124
0.5201 ———
_ . 0.8338 1.1005
13b 341 27.80 "0.44247 /39 019707 0.7880 1.0404 38 5.0990 118
0.6373 1.0401
_ . 0.8442 1.1449
19p 352 46.83 0.42918 /57 0.27217 0.8056 1.0423 3s 6.1644 126
0.6959 1.0347
_ L . 0.8742 1.1415
2la 451 21.79 0.47564 /7 -0.15191 0.8234 1.0938 -=-=  6.4807 116
0.6987 1.0905
_ © 0.8990 1.1749
3la 561 17.90 0.49482 /93 0.12292 0.8491 1.1410 3s 7.8740 114
0.7459 1.1272
_ 0.8790 1.1392
37c 473 50.57 0.44395 111 0.23778 0.8581 1.0884 38 8.6023 128
: 0.7682 1.0814
_ - 0.8895 1.1087 .
39a 572 32,21 0.47914 V13 0.15188 0.8234 1.0767 ~--- 8.,8318 120
0.7694 1.0606
____ . 0.7397 ————
3 1lo ' 60.00 0.4108 /3 0.40825 0.4861 ——— -——— + 4,2426 150
- . 0.7530 1.0574
7 451 38.21 0.41358 /7 -0.35902 0.6361 1.0563 R 6.4807 144
0.6262 -
_ ___ 0.8260 1.1864
13b 572 27.80 0.48069 /13 0.05696 0.8121 1.1672 RF 8.8318 136
0.7836 1.0897
_ 0.8220 1.1700
19b 781 46.83 0.49963 19 0.28232 0.7845 1.1137 R 10.6771 146
0.6851 1.0136
_ 0.8426 1.1430
21la 231 21.79 0.49375 /21 -0.24811 0.7708 1.1376 RF  11.2250 134
0.7250 1.0946
_ 0.8667 1.1702
3la 7,11,4 17.90 0.49153 /31 -0.25974 0.8141 1.0981 RF  13.6382 132
0.6938 1.0768
- 0.7519 1.0413
37¢ 10,11,1 50.57 0.46030 /37 0.36079 0.7133 1.0287 RF  14.8997 148
0.7016 1.0274
0.8707 1.1710
39a 341 32.21 0.45379 /39 ~0.13546 0.7686 1.0621 RF  15.2971 140
0.6914 1.0483
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EXTRA
EX
D>, PLANE  ANGLE v L |Az|  INTERST. SUBST.  SYM. A PAGE
[100]
0.7527 1.0446
5 021 53.13 0.3898 V10 _— 0.5262 —_— S 2.2361 154
0.5033 -—
0.6703 1.0238
5 031 36.87 0.3411 /5 _— 0.4695 — G 3.1623 156
0.4476 -_—
0.7531 1.0218
13a 023 67.38 0.40287 /26 ——— 0.6733. 1.0023 S 3.6056 158
0.6346 —
0.8172 1.1175
13a 023 67.38 0.4402 /26 - 0.6996 1.0860 S 3.6056 160
0.5344 1.0220 s
0.8626 1.1726
13a 051 22.62 0.4670 V13 _— 0.8111 1.1685  --- 5.0990 162
0.6557 1.0742 CSL
0.7987 1.1147
17a 053 61.93 0.42850 /17 0.09476 0.6307 1.0190 R 5.8310 164
0.4999 _—
0.8192 1.1204
17a 053 61.93 0.4404 /17 _— 0.7880 1.0690 == 5.8310 166
0.6842 1.0551
0.8504 1.0879
29a 073 46.40 0.46398 /29 0.15415 0.7117 “'1.0591 R 7.6158 168
0.6007 1.0216 .
0.8720 1.1539
29a 073 46.40 0.48540 /29 0.01699 0.8383 1.0948 --- 7.6158 170
0.7459 1.0910
0.9386 1.1620
29a 073 46.40 0.5211 V29 ——— 0.8627 1.0899  ==-- 7.6158 172
0.7866 1.0897 csi
0.8231 1.1041
29a 052 43.60 0.4422 /58 -— 0.8111 1.0785 S 5.3852 174
0.6492 1.0468  CSL
, 0.8837 1.0793
37a 075 71.08 0.51018 /37 - 0.8532 1.0789  ——- 8.6023 176
0.7678 1.0748
[110]
_ 0.6335 1.0877 o
9 221 38.94 0.3246 3 — 0.6189 1.0099 === 3.0000 178
0.5393 —
B 0.5807 — :
1t 113 129.52 ¢.1591 VIT _— 0.4272 -— S 1.6583 180
_ 0.7802 1.1107
11 332 50.48 0.3551 V22 -— 0.5517 1.0847 G 4.6904 182
0. 4606 1.0066
_ 0.8290 "1.1266
1%a 116 153.47 0.4498 /38 -— 0.8215 1.0774  -=- 6.1644 184
0.6753 1.0518
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EXTRA
[110] Continued

0.6248 1.00032

19a 331 26.53 0.2428 Y19 — 0.4846 1.00030 S 2.1794 186

0.4628 _—

0.8346 1.0768

27a 532 31.58 0.43619 /34 0.22009 0.6931 1.0730 R 7.3485 188
0.5797 1.0378
0.8547 1.1944

27a 552 31.58 0.47211 /54 —_— 0.8230 1.1714 -—- 7.3485 190
0.6963 1.1227
0.7920 1.1926

33a . 118 159.95 0.42962 /66 - 0.02736 0.7328 1.1015 RE 8.1240 192
0.6005 1.0310
. 0.8662 1.1702

33a 118 159.95 0.48125 /66 ——— 0.8658 1.0912 P 8.1240 194
0.7450 1.0882
0.8504 - 1.1670

33¢ 225 121.01 0.41450 /33 - 0.7847 1.1460 -—- 5.7446 196
0.6997 1.1100
. 0.9124 1.1955

4lc 338 124.12 0.46822 /82 -— 0.8906 1.1816  —-- 9.0554 198
0.7911 1.1102
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Boundary plane orientations for the [110] boundaries.

Figure 6(b)
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