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~ABSTRACT

The results of three distinct stpdies are discussed. The first

two chapters describe calculations of the geometric optical properties

of crystals; the third chapter is concerned with the crystal structure

analaysis of two new double salts.

In the first chapter a model based on the volume average of the

dielectric tensor is derived and applied to several composite systems.

A composite system is defined as an optically homogeneous material

composed of domains with differing chemical composition, orientation,

or structure. If the domains are larger than the scale of the unit

cell But smaller than the wavelength of light, the volume averaged
dielectric tensor should accurately describe the geometric optical

properties of these composites.
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Calculations with this model for several composite systems compare
favorably to e#perimental méasurements. For calcite the good agreement
supports the hypothesis that submicposcopic CWinn;ng is the cause of
biagiality in this system. Application of the model to alkali feldspars
indicates_that some orthoclase consists of submicroscopically twinned
microcline. When applied to plagioclase feldsparé, the model explains
the optical migration curves of this system.

In the second’chapter a version of the point-dipole model of the
electric polarization is developed and applied to calculate the geo-
. metric optical properties of several silicate minerals. Thié version
of the point-dipole model.éésigns a scalar polarizability to each
chemical species in the crystal. The first part of the chapter is
". concerned with the mathematics needed to implement the theory. A
metho& of doing the lattice sums in reciprocal space is discussed.
Calculations for several systems show the model is not able to adequately
describe the optical properties of complex.silicate minerals. This is
attributed ﬁdbfhé approkimétion éf asgigning the samé pélérizability
to crystallographicélly diétinct atoms.

.The third chapter describes the crystal sfructure aﬁalysis of two

2)2F7-nH20 with n = 2 and

new sodiﬁh—uranyl double fluorides, Na3(UO
n = 6. The uranihm ion in Béth ;tfuctures has seven;fold coordination
with the gwo uranyl ox&éen afomé formiﬂg the axis and five fluo?ine
étoﬁs forming the equator of a bentagonal bipyrémid. .The new salts

are shown to be members of a series of urapyl salts which share this

structural feature.
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CHAPTER 1: THE VOLUME AVERAGED DIELECTRIC TENSOR

I. Introduction

The ‘refractive index in optically homogeneous material is generally
not constant but varies with direction. This variation can be described
with six opticél parameters, By measuring the refractive indices
(three parameters) and how they vary with direction (three parameters)
pure Single crystais can be simply and routinely identified.: However,
optical homogeneity is not restricted to single'crystals.v Glasses
are a well known example of noncrystalline material which is optically
homogeneous.

A material will be optically homogeneous if all structural and'
chemical inhomogeneities vanish when averaged over a region smaller
than the wavelength of light (~5000 2. Single crystals and glasses
obviously satisfy this criterion. This chapter is concerned with
optically homogeneous material whose scale of chemical or structural
inhomogeneity is larger than that encountered in single crystals and
glasses. 1In particular it is concerned with materials composed of
submicroscopic* domains with differing chemical compositibns and
orientations.

Mainly as a result of electron microscopic studies it has become

clear that many optically homogeneous mineral crystals are composed

of submicroscopic domains (see Figure I.1). Submicroscopically twinned

*In this work microscopic (submicroscopic) will refer to objects that
are large enough (too small) to be visible in an optical microscope.



calcite is an example of a material whose domains differ only in
orientation. Cryptoperthites have been found to consist of a sub-
microscopic intergrowth of albite and microcline feldspars often
twinned and forming complicatea textures.

In the first part of this chapter a theory is developed based
on the volume average of the dielectric tensor which can be used to
predict the geometric optical properties of these composites. The

theory is applied subsequently to several mineral systems.
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Figure (I.1) d)

c)
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Figure I.1.

Photomicrographs of some submicroscopic domain textures.
These photographs will be discussed later in this work;
the following notation will be defined at that time.

a) Calcite. Experimentally deformed single crystal
VW1l63. Notice narrow microtwins and dislocations.
Brightfield transmission electron microscopy photo-
graph (courtesy of D. Barber). b) Cryptoperthite.
Narrow zigzag bands corresponds to microcline in two
twin orientations, the striated part is twinned albite
(cf. Brown gg_glfl). Brightfield transmission electron
microscopy photograph (courtesy of W. L. Brown and

M. Gandais). <c¢) Labradorite with blue-green schiller,
An53 from Labrador, Canada. The lamellar structure

is due to exsolution into an An-rich and an An-poor
phase. Brightfield transmission electron microscopy
photograph (courtesy of H. -U. Nissen). d) Bytownite
from lunar basalt 14310 (cf. Wenk gg_glfz). Notice

the fine tweed texture which is typical of rapidly
cooled, volcanic crystals. Darkfield transmission

electron microscopy photograph (courtesy of W. Miiller).
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II. The Indicatrix

It is convenient when discussing the geometric optical properties
of crystals‘to use the construction known as the index ellipsoid or
indicatrix. Although Maxwell's equations give a cOmplete algebraic
description of.crystal optics, it is useful to have a geometric des-
criptioﬁ of this geometric phenomenon. This section begiﬁs with a
definition of the indicatrix and a desériptioh of some of its properties.
Next, the effect of the grystal'é point group symmetry on the indicatrix
ié summarized. Finally, the relationship between the indicatrix and
the dielectric tensor is demonstrated with Maxwell's,equations. An

éssumption throughout this study is that the'crystals.are_nonmagnetic,

.that is, B=H (p = 1).

"Consider a ray of light (plane Qave) pfopagating inﬂa crystal.
Associated with this ray is an electric displacement D (conventionally
called the vibration direction) and a phase velocity or refractive
index n which depends only upon the direction of D. From a point
fixed in the crystal conétruct a vector of length n in the'vibrafion
direction. The indicatrix is ;he locus of the‘end points of this
vector when‘one considers all possible ray directions, qu a cubic

crystal or a glass, the indicatrix is spherical; in general, it is a

“triaxial ellipsoid. The three semi-axes form an orthogonal triad called

the principal directions of the indicatrix. The lengths of the semi-

axes are the principal refractive indices and are denoted by n,e nB,

and nY with n <n <nY by convention. Six parameters suffice to describe

B

-the indicatrix: the shape is determined by the three principal indices,



the orientation is‘determined by three angles which relate the-
principal difections to the crystal coofdinate system. The indicatrix
is analogous fo tﬁe thermal'ellipsoid of x-ray crystallography and the
inertia ellipsoid of classical mechaniéé.

Although_there exist elegant constructions for determining from
the indicatrix the two ray and vibration directions associated with
each wave veétér;3 this section will be concerned only with the effect
of the crystal's point group symmetry on the shape and orientation of
the eliipsoid. When the‘crystal is rotated or reflected so'is the
indicétrix, for when the material in the.crystal is displaced, the
geometric description of the material's effect on light also must be
disblacéd.v Ih'other words fhe point'group of the crystal must bé a
subgroup of the point group of the indicatrix (2/m,2/m‘2/m with the
principal directions coincidiné with the two-fold axes). This places
constraints on the shape and orientation of the indicatrix, and,
therefore, cén reduce thg numbér of parameters needed for a coﬁpleﬁe
description,

For example, consider a monoclinic phase. Because the crystal is

invariant with respect to either a two-fold rotation about the b axis

or a reflection in a plane normal to this axis, so must the indicatrix.

- Therefore, one of the principal directions must be along the b axis.
Although this places no constraints on the shape, the number of
orientation parameters is reduced from three to one.

Next consider a crystal with a three-fold axis. The indicatrix

also must have this symmetry. This is true only if the indicatrix is
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an éliipsoid of revolution with the circular cross—secfion normal to
the crystal three-fold axis. This fixes the orientation and reduces
the shape parameters -from three to two (length of indicatrix along
the:three—fold axis and radius of thé circular section).‘

Similar considerations4 can be applied to the seven symmetry
clasées;TableII.l is a sﬁmmary of the resplts. Notice thét the
crystal systems can be placed in one of three classes depending on
the number of circular sections that are obtained when the indicatrix
is sliced with a plane passing through-ité center. The spherical
indicatri# of the cubic system has an infinite number of circulari
sections and is in a class by itself. The indicatrix of the trigonal,
hexagonal, and fetragonal systems isban ellipsoid of revolution and
has éﬁly one . circular section which is normal to the unique axis.
Lesé'obviéus is that the triaxial ellipsoid of the triclinic, mono-
clinic, and érthorhombic systems has twé circﬁlar sections both of
which contain the principal axis corresponding to the intermediate

principal index n The directions normal to a circular section are

g
called the optic axes. Crystals with one optic axis are uniaxial;

those with two are biaxial. Light which’propagates along an optic

axis is not doubly refracted, for the circular section implies that

-all vibration directions have the same index of refraction. The angle

between the optic axes in a biaxial crystal is the. axial angle which is
denoted by 2V. The plane containing these axes is the optic plane. A
uniaxial crystal can be described as a biaxial crystal with 2V = Q or

2V = 180°.
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Table II.1

v

Number

Number of fotal Number of
System of shape orientation number of circular
parameters parameters parameters sections

Triclinic 3 3 6 2
Monoclinic 3 1 4 2
Orthorhombic 3 0 3 2
Trigonal 2 0 2_ 1
Hexagonal 2 "0 2 1
Tetragonal S 2 0 2 1
Cubic N 0 1 @

Symmetry and the Indicatrix




To end this section the relationship between the jindicatrix and
' the dielectric tensor will be demonstrated. Maxwell's equations for

nonmagnetic material (y = 1) are

” . .z.l_).=0
vy-B=0

_ 198

Y-X—E-_—'C'Bt

1 3D

YxB= T -

For a plane wave with an exp,(kafwt) dependence these become

k-D = 0
K-B =0
kxE = B/n
kxB = -D/n

where k is a unit wave vector, and n = kc/w is the index of refraction.
The consitutive relation D = ¢ E where ¢ is the dielectric tensor can

be used to eliminate the electric field from the equations:

k-D = 0 | (I11.1)
kK-B = 0 (11.2)
" kxegD = B/n (11.3)
KxB = -D/n. - (11.4)

Crossing (II.3) with k and using (II.4) B can be eliminated:

4 Kx[£xeg'Dl = ExB/m = -D/n’

or
-1 A
€ D-k(k - e D) = D/n".

Dotting both sides with D and using (II.1l) yields
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p-e'p = p/n’
or \ . v ' A
-1
X-¢ X =1 (I1.5) .
where
X = nﬁ.

X is a vector of length n in the vibration direction, and by
definition terminates on the surface of the indicatrix. Therefore,
equation (II.5) defines the indicatrix by the constraint it places
on X. That (II.5) is the equation of a triaxial ellipsoid can be
shown by noting that g:is a symmetrié tensor. Therefore, by choosing
a coordinate 'system in which the axes are the eigenvectors of £

this tensor can be represented by a diagonal matrix:

El 0 0
g = 0 €, 0
0 O €

where the e, are the eigenvalues of €. The same coordinate system will

diagonalize g

l/el 0 0 .
et o= 0 /e, O
0 0 1/e, 4
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equation (II.5) becomes

2 2 2
X /el +y /e2 + z /e3 1
which is the equation of a triaxial ellipsoid with semi-axes of length
/E; parallel to the coordinate axes, Therefore, the priﬁcipal axes

and principal indices of the indicatrix are the eigenvectors and square

roots of the eigenvalues of the dielectric tensor,
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ITI. The Dielectric Tensor of Composites
In this section an exact expression will be found for the dieiectric

tensor of composites which consist of two types of plane parallel layers.
The width of these lamellae is assumeq to be less than the wavelength
of light. By ignoring the éffect of surfaée charge induced at the
lamella interfaces, this exact formula reduces to an approximate

result which can be generalized to apply to composite.material with

any number of arbitrarily shaped submicroscopic domain types. The
validity of this approximate formula is discussed.

lIf the size of the domains is larger than the wavelength of light,

the path of ‘a ray pfopagating in the material can be.predictéd with
geometric optics. Each domain has its own indicatrix; Snell's law

must be applied at each domain interface. 'By following a light fay

in this mgnner through a lamellar composite of two isbtropic materials
an effective refractive index can be defined and calculated. The
calculation shows, however, that this effective index is a complicated
function of the rayvdirectioﬁ and lamella thickness and does not
describe the behavior of optically homogeneous material,

| On the other hand, it is clear that the optical behavior of real
composite material is a continuous function of the domain size, and
-it is possible that geometrié opﬁicé describes some aspects of material
with submicroscopic domains, Similarly, the theory developed in this
section could describe some aspects of the optical behavior of com-
posites with small but not necessarily submicroscopic domains. This

point will be discussed in the next section.

>~
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If the domains are sméller thah the wavelength of light, é more
fundamental theory is necessary; the susceptibility X must be intro-
duced:

£ =  £+v 4Hé : | (I11.1)
where Iis the identity tensor, and CGS units have been used. The
susceptibility is defined as the teénsor coefficient which relates the
electric field E to the induced dipole moment per unit volume P:

P =XE. : - (111.2)
Eqﬁation (I11.2) is an example of Hooke's_law: the strain P is directly
proportional to the stress E. The E field is the macroscopic electric
field;‘i.e., the fielﬁ which appears in Maxweli's equations for
material media.' This field is defined as the‘spatial average of the
microscopic electric field e over a volume large enough to be repre-
sentative'of tﬁe medium, e.g., a unit cell for single crystals. The
microscopic field e exhibits extreme variations on the atomic scale.
The local field e

loc

site is that part of e not due to the atom itself. For a more com-

which directly induces polarization at an atomic

plete discussion see Chapter 2 of this work and Kitt:el.5

Composites with submicroscopic domains for which the volume
fraction of each domain type is constant throughout are characterized
'-byva single dielectric tensor; there is one indicatrix which describes
thg optics of the material as a whole. To find this tensor for
material composed of two types of layers conéider a volume element
AV which gontains two lamellae AVl and AVz' The lamellae aré assumed

to extend indefinitely perpendicular to the stacking direction; AV
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contains only a small part of each layer. When AV is placed in an
electric field, El and EQ are produced in the lamellae, Ihesevfields
are spatial averages of the microscopic field over a region repre-
sentative of each layer. If §1 differs from_g2 a charge density ¢

~is induced at the domain interface:

E, = E, + 4loR | (111.3)

where'ﬁ is a unit vector normal to the interface. The width of the
lamellae is assumed to be larger than the scalg of the unit cell so
any discussion of the microscopic field can be avoided, but smaller
than the wavelength of light so that the méterial is optically homo-
geneous. It is also assumed that strain effects at the domain

'
interface are negligible. Under these conditions each domain can be

characterized by its macroscopic susceptibility, that is

3 = P =

B T4 E, BrXE

2 (111.4)

from equation (III.2). To obtain fields representative of the composite

compute a spatial -average:.

E - £ E +i,E (I11.5a)
P55 b
= £, x E + £, X, E, (1I1.5b)"
"where £, = AVi/AV.

Ignore temporarily the surface charge. Noting that o = 0 implies
E. = E, = E gives

P = <X>E (111.6)

where

&
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<L> = fl:’.(:l+f2-)s2 (111.7)
which by (III.1) and (III.2) gives
e = f1 _5.1+f2=e—2 = <g>. (I11.8)

The surface charge in.(III.3) is related to the polarization
density in each domain:

c = N~ (21‘22)'

Later in this section it is shown that when this charge density is

included in the calculation the exact dielectric tensor is

€ = <ege>-FVV - (111.9)
where
] £.5,
N'(fl €5 + f2 el)N
and V V is a matrix whose components in any cartesian coordinate system
are
(y,g)ij = Vi Vj

where Vi are the cartesian components of the vector
= - g)h.
v (g - g)N

Notice that the exact dielectric tensor differs from <g> by a

term that is second order in the difference £ " & To estimate the

" size of this term (II1.9) can be written

e = <g>(L+3)
with § = <<§;>_l F V V. The maximum va;ue of § can be estimated by
lefting

£, = £, = 1/2



= max

€, = €,
= min
where Vemax (Vemin> ‘is the maximum (minimum) of the six refractive

indices of the two domain types. With these assignments

§ < (111.10)

For plagioclase exsolutions with ¢ = (1.58)2 and € = (1.52)2
max min

i

equaﬁion (IIIJlO) gives § <0.0015. For twinned calcite with € max
(1.658)2 and € in = (1.486)2 equation (III.10) gives § < 0.012..
‘These estimates of §are in fact much too large. Calculations
using both (I11.8) and (III.9) indicate the actual errors are at
least ten times smaller than implied by (I11.10).
For material composed of N domain types which are not parallel

layers, e.g., multiply twinned calcite, the exact dielectric tensor

can not be derived. However, the generalization of (II1I.8)

N
<e> = El £, g (IIT.11)

may be a gqod approximation. Tﬁe difference between (ITI.1ll) and the
exact result is due to surface charge at the domain béundaries.

That the effect of the surface charge is always second order in
the differences gi-gj can be seen with_the following argument. Con-
sider two adjacent domains (i and j) separated by a boundary. The
surface charge is proportional to the difference in polarization

density across the boundary:

16
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o ~ (B - Ej)

which by (III.1) and (III.2) becomes
o ~ (éi - gj).

It has been assumed that E, =E. "Changes in these fields due to

. 3
o are directly prdbortional'tp o. Therefore,
AE, ~ (gi - éj) v (111.12)
A'gj = - AE,. - (111.13)

‘The sign difference is due to the well known result from electrostatics

that the field produced by a surface charge points in opposite directions
on differentvgides of the surface.
By (III.2) chaqgés in the electric field produce changes in the

polarization density:

om0~ X (6t sy
AP = X AE. ~ - X (g, -€) .
=5 . =3I e =J)

‘Thus the net changes in the polarization density and electric field are

. .2
= ~ X = - = - 14
AP Agi + Agj (==i ;ﬁ)(gi gj) (gi éﬁ) (III.14)
AE = OE, + AE; ~ O . o (I11.15)
Because by (III.2)
AP = AXE + XAE

and by (III.15) A§_~;O, the change in polarizétion density is

proportional to the change in susceptibility: -

or by (III.14)

AX  ~ (g. - e,
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or by (III.1) .

Ag, ~ (%_é)'

Because the effects of the surface charge are additive, the preceeding
argument can be extended to N domain types by summing over adjacent
pairs of domains.

A solid solution can be considered a composite material if the
individual unit cells are considered as domains.*  However, the above .
theory does not apply, for the local field can not be ignored on tﬁis
scale. Because the lqcal field depends critically on.the structure
and,crystal.symmetry,vone can not hope to derive an approximate
dielectric tensor that would work equally well for all crystals. How-
ever, it is possible to show that <g> ﬁay be a good approximation for
a restricted class of solid solutions: lattice strain caused by atomic
Subs;itution must be hegligible, and all‘atoms mustvhave cubic site
symmetry. Under these circumstances, the Clausius-Mosotti equation for

. : . 6
mixtures can be derived:

e -1 Ei -1
e - 2 zfi(e.+2) ’
i i "

When the ei'hre slightly different so that €y + 2 = ¢ + 2, the above
becomes
e =~ Xf €y = e>
i

*Strictly speaking a solid solution has no unit cell. A unit cell in
this context will be defined as a structural unit in the solid
- solution that would be a unit cell in the pure end member.

e

e s
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= 1. Because the Clausius-Mosotti equation is approximately

i 1

valid for liguid solutions, <& > has been used successfully to predict

the dielectric constant of mixtures of two or more liquids.

This discussion was not meant to>implyfthat<<§;> is 'a ﬁosf‘
apprdximagidﬁ for other types of solid solutions. Each crysﬁaifisl
a different system; and under special circumétaﬁces which are difficult"
to evaluate,«<§;>might be a good appfoximation. -

To end this section exact result (IiI.9) will be'défived} Com—..
bining (III.35 and (I11.4) with o = N - (P

1

E) + 4INQ -X,E)) = E) + 4IN(N - XE)). (1I1.16)

) 22) gives

To continue dyadics must be introduced. A dyadic is a tensor generated

by two vectors. The dyadic A B operating on a general vector V gives

ABY = A@B-V.

j<<

With this definition (III.16) can be rewritten
L, = RE
with

YL@ + 4TRR X,).

>

X,

R = (I + 4TRN
Carrying out the a?eraging in (III.5) gives'

E = (§,+£f, B E o (I11.17a)

P o= (s

L+ RBE 0 (IILLTD)

)
Combining (III.17) with (III.1) and (III.2) gives’

+ £, ¢

| N
181t R E B

e = (f

With § = R - I this becomes

£ = <g> - Q



where

Q_=

After a little algebra one can show

20

-1 s
£,6,(g - e)(@+ £, 8 " 8. (111 418)

] e 1 e .
S = (L + 41NN X,) NN (=€=1 - 5__2). (I11.19)
To continue the following identity is required:
(88 A) B8 = (R -A ®) &R (I11.20)

This can b

e proven by operating on an arbitrary vector. A is any

tensor. Using this identity one can show that

k)

(L+8 A7 88 = ~NH . (111.21
L+DNNA) " NN v R AR )
Combining this result with (III.19) gives

I

Combining

g:

Applying a

o)
|

]
|

Because gl

Q =

where

Fifyley - )N

1 A A
N.g
this result with (III.18) gives

“e £ -

£ o Mgy - g))]

M(gl - £

slightly modified version of (III.21) to this result gives

Flg) - &) M (g - &) (I11.22)

B Ep/ I - (Fgy + freH).

and ¢

g, are symmetric so is their difference. Therefore,

]
<
|3



In a cartesian coordinate system the matrix elements of V V are

defined as

(!;X)lm = 5& AN

&

where.gz(are_unit:basis vectors. From the definition of a dyadic

this becomes

OV = VY

where
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IV. Méthematics'to Implement <g >
This sectibn concerns the mathematical machinery needed to implement
the férmula <e> = ? fi £ - A coordinate system will be defined,
and a method described ihereby measured optical parameters can be
related to the dieiectric tensor fér each domain type. As én illustra-
tion, the machinery will be applied to a composite of two uniaxial phaseé.
TFor each composite one domain type will be designated the host.

Given the crystal axes of the host a, b, and c¢ define a cartesian

system as follows:

z = & = ¢
y = b* = b*/b* , (1Iv.1)

where a*, b*, and c* are the reciprocal lattice vectors:

| a* = (b xc)/a -(bx¢)

and so forth. Vectops and ténsors associatea with all domain types
ip the composite will be referred to this.syétem. In particular the
direction associated with a principal axis will be represented by a

unit vector which depends on two Goldschmidt angles:

v sinpsin¢X + sinpcos¢y + cospz

sinpsing

[}

sinpcos¢

cosp

where p is the angle between ﬁ_and.él(o < p < 180°), and ¢ is the
The positive sense of ¢ is such that i_can’be rotated by A¢ = + 90°

to coincide with x.
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e = Rg KT .y
where
ni» 0 0 | o
= 0 W2 0. (Iv'j)-
I ™2 K .
0 0 ng
and
Rij {Vi' ' (IYfa).-

where Vi is the ith component of the unit vecotr in the diréctidn~of

the principal axis with index nj [Vi = (y;)i].' These“speéifications
insure that-

A-. 2 A'
- o’ ¢

S o ) ‘
that is, y? is an eigenvector of g with eigenvalue nj. " To' show this

start with ;he'folloWing which»cén be verified by direct substitution:

3 243 _ o
eIX nj X - (IV.S)
- where
1
R
‘ 0

-0 0

;
# -3 <§
N
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Note that

xi E(Ej)i = dij | (1v.6)

L}

where Gij equal 1 when i = j and 0 otherwise.
Now multiply (IV.5) by R:

-3 Y|
& “DX njB__—)T(_'
1

Because ézﬁj = I, this can be written
- T 2 ~d
R l) R 3 = nj R;EJ

['m

R g

or by (IV.2)

® ) = 2° @P).

ll™

The proof is complete if the vector g:gf is along the principal
direction corresponding to nj. That is, one has to show

oo : (IV.7)

54>

or in componept form

PR - v
But this last result is an identity by definitions (IV.4) and (IV.6),
so the proof is complete.

Thefe is a simple geometrical interpretation of this algebra:
when the indicatrix rotates [equation (IV.2)], the principal directions
rotate [equation (IV.7)].

To illustrate this pfocedure, consider a composite of two tri-
gonal phases. Because this example will be used in the next section
fo describe submicroécopically twinned calcite, the two domain types
will differ only in orientation. The hexagonal axes of the host are

a, Ei’ and [ those of the other twin are 3y, 92, and Cye From (IV.l)
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>
"
=2
[

~ ~
Z = a..
EE |

>
]
e
x

With the”céicite application in mind, the reiatiohshib,betweeﬁ’the
domain types will be as follows: €y is obtained from < by a rotation

of R degrees about 31 (see Figdre'IV.i).

The dielectric tensor of the host can be .written imﬁediately, for

the principal axes coincide with the'cartesian'syéteﬁf'

€ 0 0
Y
g = 0 EY | 0 .
Cw 0 (0] €
. : - Sa

€ (ea)_is the square of the brdinary (extraordinary) index. From .

Figure (IV.1) the principal directions of the,ogher twin are

1 - 0 | 0
ﬁ; = 0 . ﬁ? = .cosR , ﬁ?’ = sinR
0 -sinR , cosR
with
n2 = g z € ' n2 = . g
1 Ty 2 T &y - 3 ol
- Definitions (IV.3) and (IV.4) give
. € 0 0
kY ! Y
Ey = 0 EY 0
0 0 £ -
. o

~ and



(a)

Figure (IV.1).

(b)

The indicatrix of calcite.
rotated by R degrees about
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) nY axis of the indicatrix is in the a
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1 0 0
R = 0 cosR  sinR o
0 -sinR cosR
Becuase R is unitary»(gf = gfl) equatibna(IV.Z) giﬁes
: € H 0 ' c 0
€ = Re Rt = 0 ¢ cosZR + e.éian .(é”—e YcosRsinR . (IV.8):
=2 ==p = 8 Y B _ o Ty . A
0 (e =€ )cosRsinR - ¢ sinZR + € éoszR
a v Y Ja
The volume averaged dielectric tensor g' = fl g * fZ:QQ has

the eigenvalues

e' = ¢

Y : Y
e' = Ll +e)+Q (e -¢e)]
B 2 Y A
. 1 : o , :
€ = ,5-[(ey + ea) -Q (eY - ea)]
where
Q = (- 4f1f2‘sin2R)1/2.

These three distinct eigenvalues give three distinct indices of refrac-

tion and, therefore, a biaxial indicatrix:

| - T

withn >n_ > n,- The eigenvector corresponding to g; is x, so the

B

1 (=x)bdirection. ‘This means

that the n, and n, axes must lie in the plane containing < and [P

B
(=yz plane). By computing the other eigenvectors, the n, axis énd,

therefore, the axial plane is 6 degreces from () in the dircétion of

c., where
—2
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tand = tanR - (1 - Q)/[fzsin(ZR)]
(see Figure IV.2).
Now that the parameters defining the composite indicatrix have

been established, the axial angle can be computed from the formula7

1l/e - 1/¢ |
tan VY I7EE—f73]ﬁ§i'
8 Y

Because 2VY computed with this equation is greater than 90°, the n,

axisbisects2Va which is defined as
2V = 180° - 2V
o Y

Figure (IV.3) is a graph.of 6 and 2Va as functions of the volume
fraction of twin, for R = 52.5°.

This example has shown that a composite of uniaxial phases can
have a biaxial iﬁdicatrix. This also follows from symmetry consider-
ations. Although each domain has three-fold symmetry, the composite
does not. However, for calcite with point group 3 2/m each domain
has a common mirror plane normal to a,. Therefore, the composite

1

retains this mirror and has a biaxial monoclinic indicatrix.
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Figure (1v.2). Stereogram illustrating‘axial plane and axial angle

for_f1 = ,55 and-f2 = .QS.
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Figure (IV.3). Graph of axial angle 2Va and tilt angle 6 as a
function of the volume fraction of twinz.
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V. Biaxial Calcite

Although ideal single crystal calcite (CaCO3,

pointvgroup 3 2/m)
is uniaxial, experimentai ;tﬁdiess_lz'have'shown tﬂaﬁ biaxiélit§ ié.”
common iﬁ natpfél and experimentally deforméd~éalcite,_pafticdlarly
if deformation took place at low temperature. A brief survey of ther
_ Upiveféity of Cg;;forqia collection of mgtamorphié carbonatevfoéis‘.
frq? thglA;ps,:Califorﬁia, and Cenfral Austrélia has‘shown fhat Zya
of 2—§°7%s‘upiquitous except in well annealed amphibolite—facies
marblgs;_ié_;eaches135—45° in somé heavily_sbeared rocks (e.g:.frbm
Santa Lucié range, California and Mount Davies, S. Australia)3

Before discussing‘biaxial calcite in the context of the‘voluﬁe‘
averaged dielecﬁric tensor, it is of interest‘to estimate the amount
of é%astic strain ;equired to producé an axiai‘angle of sayvéQf in'
calcite. A wellvknown example of such elaétic strain induced optical
behavior is the birefringence caused by stress in otherwise:isotropié
plésticbscéle.ﬁodels used.by structural engineers. Stress induced
change in the refractive indices is called the photoelastic effect.
1f, for example,(a single uniaxial crystal of calcite is subjected

to a tensile stress normal to one of the mirror planes, the strained

crystal retains only this mirror resulting in a biaxial monoclinic

- indicatrix.

Héwever, no elastic strain that can be induced in calcite ié
large enough to be responsible for an axial angle of 20°. TLong
before the strain reaches such levels it woﬁld be reiieved by
twinning on e. To see this write the equation for the indiéatrix

in a general cartesian system [see equation (II.5)]:.

31



32

-1
2 e . XX, = 1.
i3 13
The distortion of the indicatrix due to a strain e .o is13
bl - s e | (v.1)
ij ijrs rs

rs

where Fhe PijrS are the elasto-optical coefficients. Since e;; are

of the order of magnitude unity, the Ae;} are a measure of the relative
distortion of the indicatrix. To produce an axial angle of 20° the
uniaxial indicatrix of calcite must be distorted by about one percent.

Since for many similar ionic crystals P, ~ .1,13 equation (V.1)

ijrs
implies that a strain of ten percent is required to produce such a
large axial angle. The strain would be relieved by e-twinning; Hooke's
law would fail.

It was shown in the preceeding section that this twinning on
a submicroscopic scale will produce a biaxial indicatrix. 1In a
tranSmission electron microécope study of Alpine carbonate rocks,
Barber and Wenkl4 have observed a high density of such microtwins
[see Figure (I.la)]. Figure (IV.3) shows that an axial angle of 20°
will occur with only ten percent twinned material when twinning is on
a single system.

Calcite is trigonal and has, therefore, three e planes on which
" it can twin, giving a total of four orientations which can be present
with variable volume fractions. With the conventions from the

preceeding section (twin, = host), the volume averaged dielectric

1

tensor is

4
e = ZE R, & R, (v.2)
i=
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where
€ 0 0
'Y N
= 0
:E_—l E'Y 0
' 0 0 €
- o
and Ry = L. For i >1
cos¢i” - 51n¢i cosR .- 31§¢i sinR
gﬁ} = 51n¢i cos¢i cosR - cosd)i sinR
' 0 - sinR . cq$R
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with ¢2 = O{;¢3 = 120°, and ¢4 = 240°. The angle R (= 52.5°) is twice

the angle between the normal to the e plane and the c axis in untwinned

calcite. Wﬁen f3 = fA = 0, the results for twinning on a single

system are recovered:

The compptof solution for the eigenvectors and eigenvalués of

(V.2) was used to find the orientation of the axial plane and the value

of the axial angle for selected values of the volume fractions. The
reéults are in‘Table (V.l)t The orientation angles are defined in

is the angle between a; and the trace of the axial

plane in the plane normal tolgi. 92 is the angle between & and the

Figure (V.1). 61

axial plane. 62 was called simply 6 in the last section. 83 is the

aqgie between the trace of the axial plane in thevplane normal to =
iand the n, axis.

In order to £est this theory two experimentally deformed calcite
crystals were analyzed in some detail. Optically biaxial grains

were selected with no visible microscopic twins in a thin section.

First the optical properties were measured on the universal-staue
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Table (V.1). Angles defining the indicatrix of multiply twinned calcite
volume fractions.

for selected

Volume fractions

Refractive indices axes of

Orientation angles

indicatrix
[ ! : 2V,
h i f2 l fa fa Ny ng . n, 0 02 ‘ I
10 0 o 0 1.486 | 1.658  1.658 0° 0> 0° 90°
1 H
095 | 0.05 0 0 1.492 | 1653 | 1.658 19 0 1.5 90
090 | 010 . 0O 0 1.497 | 1.648 ; 1658 . 27 0 3.2 90
0.90 005 | 005 0 1.497 | 1650 | 1.636 | 19 —30 0 91.5
: 5 | :
0.85 015 | 0 0 1502 1.644 , 1.658 | 33 0 5.1 60
0.85 010 | 005 0 1.503 1646 | 1.655 | 26 —16 2.0 92.0
0.85 0.05 = 0.05 0.05 .1.503 1650 | 1.650 0 0 0 00
0.80 0.20 | o0 0 1.507 1630 © 1.658 | 38 0 2 90
0.80 015 | 0.05 0 - 1.508 1.642 | 1.655 I 33 —11 411 922
0.80 0.10 | 0.05 0.05 1.509 1.645 | 1.650 20 0 1.7 90
0.80 0.10 | 0.10 0 1.508 1.643 | 1.653 30 —30 0 93.3
| !
0.75 0.20 . 0.05 0 1.513 1.637 l 1.655 38 -9 6.4 | 923
0.75 0.15 0.10 0 1.513 1.638 | 1.653 35 —22 23 & 940
0.75 0.15 0.05 0.05 1.514 1.640 & 1.650 29 0 3.8 90
0.75 0.05 0.10 0.10 1.514 | 1.643 1.648 22 —90 0 88.2
|
0.70 0.20 0.10 0 1.518 % 1.634 1.652 40 —~18 48 - 946
0.70 0.20 0.05 0.05 1.519 ' 1.636 1650 | 36 0 6.1 W0
0.70 | 0.10 0.10 0.10 1.520 1.642 1.642 | 0 0 0 fogn
070 , 0 0.15 0.15 1.519 1.635 1.651 i 39 —90 0 L84

XBL 773-8171
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Figure (V.1). Stereogram defining the orientation angles Gl, 82,
and 63.
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microscope, both 2Va and the orientation of the axial plane relative
to the thin section in conoscopic mode. Then the crystals were removed
from the thin section and analyzed in the same orientation on an x-ray
precession camera to check for submicroscopic twinning. In precession
Ok& photographs there are weak additional reflections which can be
attributed to twinning on (018) = e* [see Figure (v.2)}. The tﬁin of
the strong reflection 014 is marked on the photographs. A higher
layer precession c photograph through the additional {014} spots shows
tHat in both samples twinning occurred on all three systems. Examination
of specimen VW163 with the electron microscope confirmed the existence
of microtwins [Figure (I.la)]. The intensities of the x~ray reflections
were then measured on a densitometer thereby determining the volume
fraction of each twin orientation. The properties of the composite
indicatrix were fhen calculated from the volume fractions énd (v.2).
The calculations are summarized in Table (V.2) which also includes
informafion on the calcite samples and their meésured optical para-
meters and volume fractions. The uncertainty in the calculated axiai
, \

angle is estimated to be 1-2° due to the uncértainties of the measured
volume fractions.

There is qualitative agreement between theory and experiment.
;>Unfortunately the difficulty in making accurate measurements with the
polarizing microscope precludes the possibility of establishing this

relationship more precisely.

“Laue indices (notice the four times larger c¢/a ratio in the x-ray unit
cell as compared with the morphological unit cell).



VW 163
icelandspar
2V=5-10°

212-231
Yule marble
2V=25°
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Figure (V.2). Precession pho

tographs showing

twinning

SRR

‘on {018} = e,
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Specifications of calcite samples used in this study;
observed and calculated optical parameters.

Sample number VW 163 212231
Locality Icellandspar' Yule marble
Chihuahua ' ,
) ) 25 C,lkbar 25°C, 9 kbar
Conditions of deformation comprl'essmn extension
N
Amounts of twinned material :
f1 (hOSt) 81.30/0 89.80/0
f2 6.7%/o 7.49/,
fs 5.8/ 1.69/,
fa 6.39/ 1.39,
21V, measured on universal stage 5—10° 25°
2 V4 calculated 8° 21°
Orientation angles, 6, 17° —1°
calculated 0 = 0 0.16° 1.9° -
63 89.8° - 90.1°
Orientation of axial plane 6, 5—25° —5t0 +5°

measured on universal stage 0z, 03

62 ~ Oo, 63 ~ 90°

(not measured with significant accuracy)

XBL 773-8157
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There is a qualitative feature of the data in Table (V.2) that
provides additionai support for the theory. 'Notice that the lafger
i observed axial angle 2Va.is'associated with the sample with the
smaller amount of twinned material relative to the host. 1In spite
of the larger amount of twinning, sample VW163 is more hearly uniaxial.
‘The measured volume fractions provide an explanation: the ‘larger
amount of twinned material in sample VW163 is distributed more uni- |
fdrmly among tﬁe three equivalent systems tpereby caUsing a smaller
deviation from three-fold symmetry. Therefore, the experimental
correlation between the deviation from uniaxial behavior of light
“and the deviation from three~fold symmetry in the distribution of
twinned material{provides strong evidence that e-twinning is the
éause-of biaxiality in calcite.
- Other qualitative predictions of the theory have been confirmed.
In the last section it was shown that for.twinning on a single system
the axial ﬁlane can be obtained from the plane containing ¢, and a

1 -1

* v
toward b.. The na axis can be

by a rotation of 6 degrees about a. 1

1

obtained from by the same operation. By examining Table (V.2)

£
it is clear that the same qualitative predictjons are obtained when
one system predominates. In his comprehensive universal-stage study

, 15,16
v - Turner

found that the axial plane is 'in most cases inclined

. . * :
slightly towards and roughly normal to 91 indicating according to the
theory that one system predominates. Only when 2Va is large does

the model predict that this inclination is large enough to be measured.

In crystals with small 2Va Turner found no significant deviation of
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n, from.gl. But among a few cases of high ZVa (35-45°), he finds that
whenever the orientation of the crystal and indicatrix can be established
unequivocally n, is indeed'inclined towards E; by 5-10°.

Thus experimental evidence concerning both the magnitude of the
axial angle and orientation of the axial plane is consistent with the
hypothesis that biaxiél calcite consists of material which is sub-
microscopically twinned on e, and that the volume avefaged dielectric
tensor can predict the qualitative and some quantitative features of
the opticél behavior of this material.

This section will end with a discussion of the transition from
submicroscopic to macroscopic lamella thickness. In calcite e-twinning
can occur on all scales; the 1amella_thickness L ranges from sub-
microscopic (L < A) thru microscopic (A < L < 5)) to macroscopic
(5% < L) where A = .0005 mm is the wavelength of light. 'The question
arises: as the domain size increaseslhow do the experimental optical
properties of the composite vary? In particular, how does the true
biaxial behavior in the submicroscopic region evolve to the complex
behavior of the macroscopic region? Also, can the volume averaged
dielectric tensor be used to predict accurately the optical properties
of crystals with domains largef than the wavelength of light?

The work of Turner16 can help answer these questions. His study
was concerned with the optical properties of calcite with e-twins
which were visible with an optical microscope (A < L < 5)). He

examined specimens in which only one of the three equivalent e-twin

systems were present in addition to the host. He found that when the

Y
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thiekness of the twin.lamella was less than .0015 mm (--3)), the
specimens produce a conoscopic figure which appears essentially
biaxial. Although-the figure is distorted somewhat, the axial angle
and orientétiqn of the axial plane can be defined and measured. For
wider lamellae the distortion becomes increasiﬁgly'pronounced and
completely disrupts the biaxial configuration of the cenoscopic figure
if the lamellae exceed .0025 (+»=51) in thickness.

In the same work Turner describes a simple theory based on.
geometric optics which he uses to predict the optical properries of
tﬁose specimens that have mildly distorred biaxial figures. His
theory consists of two conditions which determine the direction of
the optic axes. The optic axes are defined in his theory as those
direétions in which the birefringence of oﬁe lemella rype cancels the
birefringence of the other type. The first conditioh requires,that
the vibration directions in each lamella are parallel for a ray
propagating along an optic axis. The second condition requires that
the difference in the two refractive indices associated with this
ray times the lamella thickness is equal and opposite in sign when
calculated for each layer.

Tﬁe first condition yields a relationship between the axial angle
' andvthe orientation of the axial plane which is identical with the
predictions of the volume averaged dielectric tensor in the limit of
small lamella rhickness. Even for the case of maximal twinning
(1/2 host, 1/2 twin) the models differ on this point by amounts too

small to measure. The second condition yields a relarionship between
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the fraction of twinned material and the optic angle. Because the
second condition uses a concept from geometric optics (the refractive
.index) one would expect discrepancies between Turner's model and the
volume averaged dielectric tensor on this point. This is the case, for
Turner's model consisténtly predicts an axial angle about three degrees
larger. Both models reproduce the qualitative features of Turner's
experimental data, although his model predicts values for the akial
angle within experimental error (*¥2°), and the volume averaged model
does not.

This discussion indicates that.the volume averaged dielectric
tensor can be used to predict successfully the qualitative and some
quantitative features of the indicatrix whenever the domdin siie is
small enough to produce a regular conoscopic figure, whether or not

the domains are negligible compared to the wavelength of light.
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VI. Alkali Feldspars (Na, K)A151308
It has long been known, particularly through fundamental studies

of Laves,l7’]f8

that submicroscopic intergrowths pléy an important
folé in the structure §f feldspars. These submicroscopic features
have been receﬁtly imaged with the electron microscope. Composite
feldspar étructures wi;h iamella widtﬁs'on ;he order of SO—SQOO A
shoula.proyide'additional test cases for the theory of the volumé
averéged dielectric tensor.

.Laves propoéed that ménoclinic orthoclase (Na,»K)AlSi308.consists
of triclinic microcline (Na,'K)AlSi3O8 which is submicroscopically
twinned after thevalbige and pericline iaws as a resulf of a symmetry
chahge during transition from a disordered té an ordered state.
Recently_sdme bfthoclase hﬁs beén found to be cr?ptoperthifé in which
twinﬁing'is combined with a lamellar exsolution of K and Na-rich‘phases
resulting in a complicated submicroscopic intergrowth of K feldspaf
and albite NaAlSi308 [see Figure (I.lb)]; The various textures which
develop are a’function of the geological history; they have been
reviewea by Willaime gg_gi.lg |

In this section the optical properfies of several of these
composites are calculated with the volume averaged dieléétric tensor

- and comparea-with those of natural orthoclase. For cach of thfeé
’types of>miérdc1ine (Ml; MZ,IMB) the folibwing models were calculated:
1. or
SO% Microcline (Mi)

‘jSO%:Microcline twinned after the albite law (Mai)
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II.  Or
25% Microcline (Mi)
25% Microcline twinned after the albite law (Mai)
25% Microcline twinned after the pericline law (Mpi)

257 Microcline twinned after the pericline
and albite laws (Mapi)

I11. Pi (cryptoperthite)
25% Microcline (Mi)
25% Microcline twinned after albite law (Mai)
25% Albite (Ab)

25% Albite twinned after albite law (Aba)

For each calculation the untwinned microcline (Mi) was ‘designated the
host. The experimental optical parameters for albite and the three
types of microcline are listgd in Table (VI.1). The optical data for
the albite and percline twins were calculated with the data in Table
(VI.1) and the twinning geometry. M, is maximum microcline which is

3

characterized by a high degree of Al/Si order; Ml and M2 are inter-
mediate microclines characterized by partial Al/Si disorder. Figure
(VI.1) is a gtereogram illustrating the principal axes for twinned
and untwinned maximum microcline (M3), albite, and for comparison
_purposes monoclinic sanidine (Sa), KAlSi308.

Unfortunately, good optical data on alkalifeldspar are scarce.
Accurate measurement of all optical parameters coupled with a good

chemical and structural description have rarely been done with the

same specimen. This limits the comparisons that can be made betwecen
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]

Optical data of alkali feldspar. Microcline data is

~from Marfunin.20 Low albite data is from Burri, Parker

and Wenk.22 Pg and ¢ are the Goldschmidt angles of

n s etc, [see SectioanV].- g

Mo B M, | M, Ab

o 70.80° 71.00° |  71.18° | 84.00°
o, 259.0° ©256.0° 252,91° 270.80°
o 19.22° 19.10° 19.04° 17.50°
b 76.0° . | 69.86° 63.74° .| 161.40°
o 89.07° 88.10° 87.18° 73.60°
0, 168.68° 165.35° 161.95° ©2.60°

n 1.5203 1.5195 1.5200 | 1.5287
ng =1.ssz 1 1.5233 1.5233 1.5327
v 114.0° 106,0° 95,77° ~ 78.0°




> arAb [oo1]. Ab " L(owo) !

AT
M _MO/SG M . Ma A
A Map _ , Mp &

axial plane
san/'d/'ne (10])

XBL 774-838%

Figure (VI.1). Stereogram showing the measured principal axes of
maximum microcline (M), albite (Ab), and sanidine
(Sa). Circles: n,, crosses: np, triangles: n .
Data from Table (VI.1l). ’ ¥
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measured and calculated optical parameters. However, it was possible
to find good data on the directions of the optic axes for natural
or;hoclase.?o |

Figure (VI.Z) is a stereogram illﬁstrating the calculated (large
solid dots) and measured-(sﬁall.déts) optic axes. Because the three
models for cryptoperthite (Pi) gave nearly the same results, only

P2 has been plotted. -Also, the results for Orapi were almost identical

to Orai so only the latter are shown.

That thedifferencesbetween observation and Orai‘are less than
the differences between observation and Pi can be understood by noting
that the geologiéal origin (non—volcanic) of these natural orthoclase
speéimens:make it unlikely that they are cryptbperthites.

>thice also that the measured axial planes are on the average
élightly more inclined from [001] than the mddels Orai. This can be
attributed to the higher sodium (albite: NaAlSi3O8) content of the
natural orthoclase (~25%) compared to that of the microclines used in
the’calcuiationé (~10%).

The models with intermediate microcline (Ora 0ra2) are slightly

l’

better than that with maximum microcline (Ora ). Intermediate micro-

3

cline has an Al/Si disorder; ideal maximum microcline does not. From

" this it appears that perhaps some natural orthoclase consists of a

mixture of microcline twins with a partially disordered Al/Si distri-

bution. Such a structure is a compromisc between the view of Laves

that orthoclase has a submicroscopic twin texture produced during
. .y 21 . ,
ordering of sanidine and the model of Barth™ =~ which interprets orthoclase

as a monoclinic feldspar structure with partial Al/Si order.
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Calculated (large solid dots) and measured (small dots)
optic axes for orthoclase. Other symbols defined in 20
Figure (VI.1l). Measured optic axes are from Martunin.”

”
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Unfortﬁnately these conclusions are based on few data. As with
submjcroscopically twinned calcite more experimental work is needed.
'”Spégifically, uniVersél4Staée; TEM, x-ray, and microprobe measurements

‘must bé made on the same spegimen. This data would support df”disprdﬁe
:the_above coﬁclusions and provide a more rigorous test of the voluﬁe

averaged dielectric tensor.
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VII. Plagioclase (Ca, Né) (A1, 51)A151,0,
In this section the volume averaged dielectric tensor will be
applied to the plagioclase feldsﬁars. This series includes anorthite
“(An - CaAlZSiZOS)’ albite (Ab = NaAlSiBOS), and ali intermediate phases;

a+2A +3 +lSi+4. The standard notation for a member

C 1 substitutes for Na
of this series is A.beny with x + y = 100, or more simply Abx or Any.
There are actually two complete series, a high and low temperature
form.

It has become increasingly clear in recent years, mainly from
electron microscopic studies and particularly the pioneering work of
Nissen,23—25 that low (temperature ) plagioclase is not a simple solid

- solution. Apart from crystals with compositions near An0-2.5, An35,
An65, and An92-100, most low plagioclase consists of an'intergrowth
of two chemically different phases (for a review see Champness and
Lorimer26). In slowly cooled igneous rocks, the two phases form
coherent exsolution lamellae spaced 500 - 10000 A and rarely larger
[see Figure (I.1lc)], in volcanic rocks a fine tweed structure is
often present [see Figure (I.1d)], and in metamorphic rocks an
intergrowth often on a very fine scale is formed during growth.27

An0—2;5, An35, An65, and An92-100 appear homogeneous with an

" electron microscope, and are usually assumed té be phases in which
albite and anorthite are cbmpletely miscible. On a phase diagram the
regions between An2.5 and An35, An 35 and An65, An65 and An92 are
known respecti&ely as the peristerite, labradorite and by;éWnite

miscibility gaps. 1In contrast, albite and anorthite are completely

miscible throughout the entire high plagioclase series.
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The orientation of‘thetindicatrix in low plagioclase changes By
rotatiqns of over 90° between albite and anorthite, and thus has been
used extensively in the determination of chemical composition and
structural state, but the nature bf this movement has nof been
explained quantitatively. In»an attempt at such an explanation a
model based on the volume averaged dielectric tensor was calculated
for loQ plagioclase.

First a comment about coordinate systems should be made. The
theory requires that orientation angleé of each phase be measured

relative to the same cartesian system. However, the data in Table

- (VII.1l) and the experimental data points in Figures (VII.l) and

(VII.2) were measured relative to a series of different cartesian

systems. For example the An2.5 data in Table (VII.1) were measured

‘relative to a system dervied from the An2.5 crystal axes:

%> <> N>
]
Mo los 0

X z
whereas the An35 data were measured relative to an analogous system
defined from the An35 crystal axes. However, the difference between

the various systems is negligible. If a phase in one of the miscibility

. gaps is subjected to an x—réy analysis, there is no doubling of

reflections due to the overlap of dissimilar reciprocal lattices.
Therefore, all cartesian systems were assumed to be identical, and

all data were assumed to have been measured relative to one system.
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For the calculation of the optical properties of low plagioclase,

-y

the foilowing model was adopted: the lamellae of the peristerite

gap were assumed to be pure An2.5 and An35. That is for 2.5 < X < 35 -
Eanx ~ f1 Zan2.5 T %2 Ean3s
with
_ 35-X
£, = 325
f2 = 1 - fl.

Similarly, the lamellae of the labradorite gap were assumed to be
purebAn35 and An65, and those of the bytownite gap were assumed to
be An65 and An92.5. This specification of the dielectric tensorvwiil
be referred to as the lamella model.

The dielectric tensors for the pure phases were calculated by
the methods of Section'IV from the data in Table (VII.1) (from Burri,'
Parker and Weukzz. This work will be referred to as BPW). The
predictions of the lamella model for low plagioclase are displayed
in Figures (VII.1) and (VII.2). Figure (VII.1l) illustrates the change
in orientation of the indicatrix measured by Euler angles defined in
BPW. Figure (VIL.2) is a similar diagram showing the change in the
axial angle throughout the low plagioclase séries. In both diagrams
" the solid curve is the result of the calculation. The long-dashed . .
curve is an empirical determination curve which was drawn as a best
fit to the measured data poiﬁts. Both the empirical curve and the
experimental points are from BPW. The short-dashed curve will be

discussed later in this section.
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Table (VII.1). Optical paraméters ot end members of miscibility gaps in the plagioclase

series. p and ¢ are Goldschmidt angles.. From BPW.

albite, An 2.5

andesine, An 35

labradorite, An 65

anorthite, An 92.5

low

high

n;
i

274.7

180.4

129.8
1.5284
1.5363

83.9
17.4
73.8

«3

~1 o
S 19 o
N v ®

¢
. 268.3

F122.1

87.0
1.5464
1.5539

271.2
133.6
12.6
93.6
1.5464
1.5539

i

58.9
36.0
73.7

62.0
35.8

69.6

é
228.7
118.7

204

86.0
1.5614
1.5693

233.2
120.5
20.9
80.0
1.5612
1.5694

0

34.7
76.7
58.6

35.5
4.6
58.9

¢
202.4
297.6
30.6
101.8
1.5730
1.5853

200.6
296.5
29.8

101.0

1.5735
1.5864

XBL 773-8155

36.9
85.6
53.4

€S
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Experimental and calculated Euler angles for the
indicatrix of low plagioclase.
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Figure (VII.2). Experimental and calculated axial angle for low

“plagioclase.
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The agreement between the calculated curve and the data points
is good. However, it is important to note that the.lamella model
forcéd.égreement with the empirical curve at An35 and An65 in addition
to the end points. The largest discrepancy is the axial angle in
the peristerite gap.

In an attempt to remove this discrepancy, the refractive inéices
of the end members An35 and An2.5 were varied by the probable un-
certainty (£.001) but the calculated parameters did not change on the
scale of the figures. Taking into accéunt the surface charge inducéd

at the lamella boundaries (normal vector near (041) = 79°,

» Py

¢N = 175° for peristerite gap) by uéing the exact dielectric tensor
(111.9) did lessen the discrepancy by 1-2° leaving the Euler angles
unchanged on the scale of the figure. Although the discrepancy remains
it is not that significant, for the axial angle is extremely sensitive
to changes in the refractive indices of the composite indicatrix.

As discussed in Section III, the volume averaged dielectric
constant has been used to predict the optical properties of liquid
solutions. In that section it was shown that this theory may work
well for a solid solution of cubic phases. It wouldbe interesting
to see how well the theory works for the solid sdlution series of tri-

" clinic high plagioclase. A calculation was done in which the dielectric

tensor of high plagioclase was

f

Eanx 1 fan2.5 7 T2 Eanga.s

for 2.5 < X < 92.5 with
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. 92.5-X
1 90.

f2 = 1- fl'

This specification of the diélectric tensor will‘be réfefred'to as
the solution model.‘

The results of the calculation are displayed £n Figuréé (VII.B)
and (VII.4) as short-dashed 1ines. The empirical curve (long-dashed)
and data points are from BPW. - The calculated\orientation angles
differ from the data points by at most 15—20°. The agreemeﬁt for the
axial angle is good.

J'Thexagreement was better than expected. A possible reason is that
the volume.averaged die1ectric tensor provides an interpbi;tion scheme
that'ﬁas the advantage of including the geometry of the system. This
écheme is better than simply connecting- the end members with straight
lines because thé‘latﬁer method is algebraic and ignores the geometry
oflthe>sy;tem. This geometry is built into the tensor pafure of the
interpolation scheme of the solution model. The agreement is more
vampressive when one notes the complexity of the opfical migration
from albite to anorthite. To a first approximation the migration can
be described as rotations of the indicatrix about.three different

v .
©fixed axes.

For the purposes of comparisén the models described for low and
high plagioclase were applied to high and iow plagioclase respectively.
That is, the optical parameters of low plagioclase were calculated |
with the solution ﬁodel, and those of high plagioclase with the

lamella modei.
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Figure (VIT.3). Experimental and calculated Euler angles for the
indicatrix of high plagioclase.
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Figure (VII.4). Experimental and calculated axial angle for high
plagioclase.
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For high plagioclase the lamella model [solid curve in Figures
(v11.5) and (VII.4)] improved the agréement, but this was expected.
The lamella model forces the theoretical curve to agree with the
empirical curve at two additional points, An35 and An65. However,
eVén with the additional constraints the lamella médel does not
fit the orientation data as well as the same model when applied to
low plagioclase.

For low plagioclas;,-the solution model [short-dashed curve in
Figufes (VII.1) and (VII.2)] gives results that are remarkably close
to that of the lamella model considering the constraints at An35 and
An65 have been removed. A possible explanation can be found by
considering the phases An35 and An65. Because the composite dielectric
tensor is linear in the volume fractions, it can easily be shown that
if the predictions of the solution model matched the empirical curvés
at An35 and An65, then the solution model would be identical to the
lamella model. Therefore, the reason the solution model and lamella
model are nearly the same for low ﬁiagioclase can be traced to the
fact that the solution model accurately predicts the optical properties
of An35 and An65. The question remains - why does the solution model
work well for the homogeneous phases An35 and An65 while giving poorer
" results when applied to the same homogeneous phases in the high series?
In both cases poor results are expected because the volume averaged
dielectric tensor was dervied for composites with small domains, not

solid solutions.
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A possible explanation for the better than expected results for
~ low plagioclase caﬁ be found when one notes that although low An35
and low Anb65 appear homogeneous with the electron microscope, they .
do not have the complete thermal disorder.which charactéfizes the
high series. R.ecentworkzs’29 has shown low An35 and An65 have a
superstructure in which layers of albite unit cells alternate with
layers ofvanorthite unit cells. These lamellae are avfeW'unit cells
wide. Therefore, the solution model works for low-An35 and low An65

because they are lamellar composites of albite and anorthite.
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VIII. Conclusions
.If has been demonstrated that the volume averaged dielectric tensor _ o
can predict the qualitative and many quantitative features of the
geometric optical properties of material composed of small domaiﬁs,

- with differing orientation and chemical composition. However, it is
difficult to say mofe because complete optical, structural, and chemical
measurements have rarely been done on the same specimen in the studied
mineral systems. Perhaps a carefully prepared synthetic lamellar
composife coﬁld provide a rigorous test of the theory. It might be
possible with such a system to see the effect of the surface charge,
that is, obtain accurate predictions only by using the exact result
(IT1.9) for the dielectric tensor. This system could answer the
question of the upper and lower limité on the domain size for the
applicability of the theory. The calcite system has indicated that
the theory can describe ﬁany‘features of the optical behavior when the
lamella thickness is larger than the wavelength of light as long as

" the optical properties are those of an optically homogeneous material.
The study of the phases low An35 and An65 indicates that the theory
can work well for lamella only a few unit cells wide.

The high plagioclase series has shown that the theory can be
used as a first approximation to describe the optical properties 4 -
of some solid solutions. Its validity is that of an interpolation

scheme which considers the geometry of the system.
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CHAPTER 2: CALCULATIONS WITH THE POINT-DIPOLE MODEL

I. Motivations

This section will describe the steps which led to the application
of’tﬁe point-dipole model to silicate minerals. It is demonstrated
that the volume averaged dielectric tensor fails to describe the
optical properties of a composite with lamellae one unit cell wide.
This failure shows the need for a theory based on fhe structure at
the atomic scale.

The MgSiO, system provides an example of a lamellar composite

3
in which the layers are one unit cell wide (~10 X) with no strain
at the layer interface. Enstatite, the orthorhombic polymorph, can
be described as polysynthetically twinned monoclinic clinoenstatite.
Figure (I.la) illustrates the relationship between the unit cells.
The two monoclinic units of the orthorhiombic cell are related by.a
reflection in the enstatite c~b plane and a translation by 9/2. The
important point is that the monoclinic units can stack in this zig
zag fashion with negligible distortion of the atomic positions:  one
could build a ball and stick model of enstatite by using additional
sticks to connect two models of clinoenstatite. Later in this chapter
. the geometry will be considered in more detail.

The lack of distortion of the atomic positions gives an oppor-
tunity to test the volume averaged dielectric tensor on a system
with extremely thin lamellae'uncomplicated by the disturbing effects

of strain. Table (I.1) lists the optical parameters for both poly-

morphs. The nY axis of clinoenstatite is & (= 22°) degrees from
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de

XBL 773-816E

Figure (I.la). The relationship between the unit cells of enstatite and

clinoenstatite. The b axes are parallel, b = b .
- -



From Smith.1

Table I.1. Optical Parameters for MgSiO3.
Enstatite
n = 1.650 along b
ae —e
nBe = 1.65? along a,
n = 1.658 along ¢
Ye e
Clinoenstatite
n = 1.651 along b
ac -
n = 1.654 22° from ¢ towards a
Bc - -
n = 1.660 1 to other two principal axes

Yc
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<. in the direction of a.. If clinoenstatite is designated the host

for defining a cartesian’ system

~ ~

Z = C

- —

5 5

‘y‘. -

-~ I\‘ A
X = yxz

the dielectric tensor for this phase is represented by

n2 sin6+n2 cosze : 0 cosesine(n2 -n2 )
A ye . Be ye Be .
£, = ) 0 n2 0 : .
= ~ ac
cosesine(n2 éhz ) 0 n2 cosze+n2 sin26
- yc Bc v Yc Bc

This can be verified by examining Figure (I.1lb) and reviewing Section
IV of Chapter I. See in'p;rticular equation (IV.8). Because'fhe two
- monoclinic units are related by reflection in the b-c plane, the tensor

for -the other monoclinic domain type g

, can be derived from & by

changing 6 to —-6. The volume averaged dielectric tensor without the
surface charge correction can be computed by noting that enstatite is

an equal mixture of the monoclinic units:

1 1 _
£ - 25 %78 T
n2 sin26+n2 c0526 0 0
Yc Be
0 n2 . 0
oc
0 0 n2 c0326+n2 sin26
Yc Be

By noting that the normal vector to the domain interface is x the exact
dielectric tensor including the surface charge correction can be

computed from equation (III.9), Chapter 1:
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XBL 773-8158

Figure (1.1b). The orientation of the principal axes of clinoenstatite.
The n axis is along the y (= bc) axis; 6 = 22°.
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1 1 _
£ - 78758 - FLY =
n2 sin26+n2vcoszé 0 0
Ye Bc
0 . n‘2 o 0.
.o 22
n° n
Yc. Bc
0 0
2 ., 2 2 2
n sin 6+4n_. cos 6
YC Be

. By noting Table (I.1l) it is clear that the indicatrix for

enstatite can be represented in this system by

2
nSc 0
€ = 0 ' n'2 0
e ae
0 o 0 n?
Ye

_when enstatite is oriented so that b is parallel to b and c  is
: —e — —e
parallel to c
-
If the volume averaged dielectric tensor with surface charge
correction accurately describes the optical properties of enstatite,

it is-clear that

2 2
n = n
oe oc
n2 = n2 c0529+n2 sin29
Be Be Y
n2 n2
n2 _ yc  Be
Ye

n2 c0526+r12 sin26
Bc yC
by equating diagonal matrix elements. The result Mo = Do is easy

to understand. The na axes of both orientations of clinoenstatite
c

are parallel, so the refractive index of the composite in this direction
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should also be LI This prediction is supported by the data:
nae(=1'650) equals nac(=i.651) to within the experimental er?or
(= £.001).

Without evaluating the remaining expressions it is clear that

the theory has failed. The two expressions can be written

2 2 2 2., .2
nBe = nBC + (nYc nBc)51n )

2 nz _ 2 ;2

ve Be nyc Bc*®

Because experimentally n c >n, , the first equation requires that

Bc
the nB index be larger in the orthorhombic phase. This requirement
coupled with the second equation says that the nY index is smaller
in the orthorhombic phase. In other words, there should be a trade-

off: when the composite is formed n, should grow at the expense of

B
nY. This does not happen; both measured indices are smaller in
enstatite.

Therefore, it is not possible to assign a macroscopic dielectric
btensor to each layer, andla more fundamental theory based on the
detailed atomic structure is needed to understand this.system.b The -
simplest theory which deals Qith the microscopic origin of the.
refractive index is based on the point-dipole model of‘atomic

“polarization. In the next section the physical principles of this

model will be discussed.
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I1. PhySical.Principles and 6bjectives of the Point—Dipole Model
In this section the physical principles of the point-dipole
model will be discussed in the context of crystal systems Qith‘.

‘arbitréry symmetry. Three main objectiveé of the application of

this theory to silicate minerals will be desctibed.

In the derivation of the volume averaged.dieleétfic tensor,
it was a%sumed that each of the domains were large enbhgh to be
characterized by a macroscopic dielectric tensor. ‘When the domains
are too small to satisfy this condition, a more fundamental theory‘
invélving the microscopic electric field is néeded to uﬂaerstand

.and predict the optical properties.

’ The“éimplest such théory is the élassicél pointédipole model
in which each atom is represented by an infinitely\SMall electron
oscillator. The coordinates of these'point-dipoléS'afé supposed
to be known from an x-ray structure analysis.

‘Ew§1d2f3 used this model in his theory of birefringence in
crystals. 'He introduced the concept that a plane electromagnétic
wave should exist éelféconsistently in an infinite medium: all the
spherical waves, emitted with a speed c from the individual dipole
oscillators, should add up to a plane wave traveling with phase

“.velocity V, and it is this plane wave which in turn excites the
oécillators. The condition of self-consistency yields a ratio

.. between c ané V which is .the refractive index. In optically
anisotropic material, bircfringence is accounted for by the fact -

that the dipole sums depend on the polarization of the wave, thus
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giving rise to different refractive indices for light with diffefent
poiarizétion.

'This work is concerned only with the infinite waQélength_(stacié '
field) appro%iﬁation to this model. _Although it is possible to carr}
out the program as outlined above and then take the limit X - «, it
is easier to use the mathematically equivaleﬁt method of workiqg‘wifh
the static fields. This simpiep calculation.scheme will be used in
this work. For a complete discussion of the former scheme in the-
conte#t of crystal optics the reader is referred to the coﬁﬁrehensive
treatment of Reijnhart.

The most general point-dipole model would assign a tensor
polarizability g to each crystallographically distinct atomic species.
The dipolé moment induced at each site would be

P. = 4, e
—i =i —=loc

(1)

where e

N . . . R .th ,
loc(1) is the microscopic electric field at the 1 atomic

site due to all other dipolés. Giving thg polérizability a‘tensor
character would allow one to mo&el some aspecté of the chemical and
physical environment of each atom. For example, an oxygen ioﬁ in
quartz could have a different polarizability along and normal ;o
the approximate Si-0-Si axis.

Enstatite has ten crystallographically distinct atoms. If each
is assigned a general, symmetric tensor polarizability, a total»of
sixty parameters would be needed to specify coﬁpletely the'é&larization

response. Because these parameters are defined only in the context
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of the point-dipole model, they cannot be calculated independently.
One must.ﬁse the point;dipole mbdé} itself to yield empirical
polarization parameters.

Except for the simplest sys&ems, the problem of determining
the most general polarizabilities is hopelessly underdetermined.
For enstatite only three optical parameters (three indices) are
availabler to determine the sixty polarizationvbarameters. To avoid
this difficulty another ﬁephod of modeling the polarization response
was used in all the calculations in this study: regardless of
-crystallographic environment each atomic species was assigned a
scalar polarizability. With this model the three refractive indices
- of enstatite uniquely determine the three empirical scalar polariz-

abilities (a, , o.,, and ay) -

Mg’ “Si

The closer the point symmetry of a site is to cubic, the better
this scalar approximation. The general tensor polarizability haé an
associated ellipsoid analogous to-the»indicatrix. The point group
~of:-a site must be a subgroup of the point group of the polarization
"ellipsoid. Just as a cubic point group of a crystal constrains the
indicatrix to be spherical, a cubic point group of a site constrains
the~polarization-ellipsoid of that site to be spherical. The radius
of .the polarization sphere is the. scalar polarizability. The anisotropic
polarization response of an ion is_detérmined mainly by the distribution
of nearest neighbors. If this distribution has nearly cubic symmetry,
tﬁe scalar polarization approximation should be valid for this site.

Therefore, the scalar approximation should apply to the tetrahedrally

coordinated silicon ion in silicate minerals.
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Before developing the theory furthef, the objectives of the
application of the model to mineral systems should be s#ated. First,
it was hoped the model wouid give insight ihto the opticél behavior
of thg enstatite system; The program is td calculate the empiricgi
polarizabiliﬁies of enstaﬁite and ciinoenstatiée. The opticél
‘behavior of this system would be said to have Been undérétq&d in the
céntext of the péint—dipole model if the analogous empirical para-

) = (

Mg’ enstatite aMg) and so

rl 1 hat i a
meters are nearly equal, t‘ t is ( elino

- forth.

Secondly, it was hoped that the model w§uld_give more- accurate
predictions for the optical properties of solid solutions than tﬁe
volume averaged dielectric tensor. It was assumed that fhe polariz-

ability of a substituted site was o

= +
site flal £

2% where fl'andv

£, are the percentages of each end member in the solid solution., «

2 1

and a, are the polarizabilities of the site for each end member
determined from the optical parameters of each end_meﬁber}

Finally, it was hoped that the empirical polarizabilities deriyéd
from the optical parameters of a subset of silicate minerais could Be
used.to predict successfully ;he optical parameters of other silicate
minerals. That is, if the empirical polarizability of each atomic
" species was neafly'constant from mineral to mineral, it would be
possible to compile a list of these pérameters analogous to a list .
of ionic radii. |

Each of these objectives will be dichssed in the context of;

specific mineral systems later in this work.
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II;. Derivation of the Dielectric Tensor in the Point—Dipole Model
In this section the point-dipole model is'developed quantitatively.
Although, in thé numerical caiculations each atomic sﬁeciéé will.héve‘
arécalar polarizability, the theory will be more general. anch atom
in a unit ceil will be assigned a tensor polariz;bility. E'-‘“Subsc-rJ'.ptsﬂ
and superscr}pts i and j wili range only over the atoms.in 6nevunit
cell (i;j = 1,N). “ |
The kéy to the pﬁysics of the dérivation ié‘to understand the
various electric fields which are
1) g;(The micro;copic field)
" This is the total electric field in the medium due to all
" the éharées in the medium. The force oﬁ a test charge Q is Qe.
This field ekhibits extreme variation on the atémic scale.
2) Eiéc(i) (The‘local fie;d at the ith’atomic"site)
th

ce i .th . .
This is that part of e at the i site not due to the i

atom. This is the field which directly induces the ith dipole:

gi = 9 Eloc(i)' (111.1)
3) E (The macroscopic field)

‘This is the field which appears in Maxweil's equations for
material media. It is the average of the microscopic field e over

a volume representative of the material. Tt is the field contained

in the definition of the electric suscebtibility X:

P = XE ' (I11.2)

where
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N

r o= (111.3),

AN
is the polarization density. VC is the volume of a unit cell containing
N atoms.

The éusceptibility X is the object of the calculétion, for g = ;:+v4mé.i
By appropriate manipulation of (III.1), (III.Z), and (II1.3), X can be

found if the relationship between E and e

loc(1) is known.

-To find thié relationship consider a sphere of radiuélR.cenfered
on the ith site [see Figure (I11.1)]. To calculate E, e can be
averaged over this sphere. vTherefére, it should bé macroscopically
'small but large enough to contain a volume representative of thé
- material. The sphere divides the sources of e into ‘two c&pesi those

inside and those outside the sphere:

e = T e+ 3 e (II1.4)
Qin ¢ qout ° |

To average e over the sphere, average the field from one typical Qout

and one typical Qin and add the results:

- E

<& >sphere

, e > + e_ > : |
Qin "—Q~ sphere Qout "—Q~ sphere (I11.5)

out

From gravitation theory it is well known that a point mass
attracts a spherical body as if the mass of the sphere were concentrated
at the center. Therefore, the field of Qo;t averaged over the sphere

is the value of that field evaluated at the. center:
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Figure (I1I.1). A sphere of radius .R centered at the ith site.

Tin is a vector from the ith site to a typical Qin'
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<‘P:Q.:)spl'lere. - gQ(center) - EQ(i) N . (III'6)

Gravitation théory also shows that a point mass inside a sphericai
mass sﬁell experiences no net force from the shell. Therefore, the
field of Qin averaged over the spherical shell with inner radiﬁs L
apd outer radius R is ;ero. The discussion of Qout shows that the
field of Qin averaged over the remaining sphere of radigs rin is the
valﬁe of that field at the center. Therefore,

<:gQ>> = (Fraction of the volume which is less than L from

the center) x (Field due to Qin'evaluated at the center)

-

143 [y
= v 3 Hrin x [~ r3 (111.7)
in

where V is the volume of the sphere of radius R. Rewriting (T11.7)
giVes
<e> = -4 Ly (111.8)
—Q 3 v : :
where EQ = inn is the dipole moment of Qin with ?espect to the

center of the sphere.

Equation (III.5) now becomes ' . .

4T 5 ) -
E =-—4/P+ e (1) (1I11.9) .
3 Qout -
where
_ 1 | - |
P o= 3 (;2 EQ (III.lO)__.
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is the polarization density of equation (III.2). The second term in

(III.9) is that part of e

loc(i) due to charges outside the éphere.

Because e

(i) can be written as
loc

e
—loc

1) = 2 gQ(i)b+ 2 INCY | (1IT.11)

Qin Qout
where the prime on the summation symbol means exclude the charge at

the ith site, equation (III.9) can be used to give

(i) = E+§§IL£+§'§_Q(1). (I11.12)

in

o
—loc

R is chosen large enough so that the sum in (III.12) converges-

When the charges are confined to dipoles, the sum in (III.12) is

3(X, ‘P )X, - P
1S 7S }:S == (I11.13)
s#i (X, )
1s

where Kis is a vector from site s to site i. The sum is over all sites
. th . g ,

in the sphere except the i site. To continue independently of a
coordinate system, dyadic notation will be used. Equation (I11.13)

.

can be written

2. 8°p (I11.14)
[ —-S
s#i
‘with
is 33'9813 -1 ‘
g7 = _ (I11.15)
%) -

For a crystal with N atoms in the unit cell, first sum the dipoles

at site j over the entire lattice, then sum over all sites j:
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i 1 N i
28 = 5 X aler (IT1.16)
. — S \ == ]
s#i c j=1
whére
ijl g
i v, Z_ 12 i#]
AT = %
1eiil ‘s
v, 38 i=j
2
gHE HijpRige L
== - 3
%50
with
X, . = X -X -1
__13& =5 =j =
2 = Lja+ b+ fgc
= lattice vector (li = integer)
and
- .th . .
Ki- = position vector of the i~ site measured relative to the

origin of the cell which contains the site.

With these results, equation (III.12) becomes

N
N 411 1 ij
Cloc® = E+FTPHG 3 A By
c j=1 _
1 N
Noting that P = v z:vfa, this becomes
: c j=1
N
. 1 41 ij
: = L+ - L .
£‘—loc(l) E \Y Z (3 LA )l--j
¢ j=1
This is the sought after relationship between E and gioc(i)'

this result with (III.1) gives

(III.17)

(]TI.]S)

Combining
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Eiv'= &y Eloc(l);
= o E+ra 2 Al1salhp . (111.19)
= = ¥V . 3 = = '
c j=1
After a little algebra this becomes
LN =
= Y ¢l =E | B (111.20)
Vc' e e O - -
1
with
iy -1 4R ] , RN
.. & 8;5 (/v 7 L-A. | oy

éij equals 1 when i=j and equals 0 otherwise. To make the calculation
more transparent, the unit cell will contain only two atoms. Intro-

ducing a matrix notatjon (iIIﬁZO) becomés

11 12
1. GG P, ~ B S
v - (111.22)
c g?l “22 P E v
= == _2 —
or - ‘ : '
R A0 E | |
v i =
c 2, E | o (II1.23)
with

: : (!%ll :}2 )
M = 92 :
1 Mis

In genera a 3N by 3N matrix. In a cartesian coordinate system

M ij

s+ 3(i-1), £+ 3(-1) = ¢ (I11.24)

with
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s, t = 1, 2, 3

1, ..., N.

[
[l

i,

=

to get gfl. Equation (III.23) becomes
v .
c EZ E '
Let the following equation define the matrices Q}J:

gl 2 . - |
2 22 ) TH | | ~ (111.25)

H

Next, invert

v

I

=

with this definition (III.24) becomes

e, s ;%12> c |
1 ) \
v, (22) o n?t p?? E) :  (111.26)

Dispersing with the matrix notation and reconsidering N atoms in the

unit cell, (III.26) becomes

N |
P, = 2 gl - (111.27)
3=1 ~

<

I |H
|

H

- Now sum both sides over i

N N .
- 2Xpr - (E _1;_1_13) E. (111.28)

c i=1 i,5=1 -

Recalling the definition (III.3) for the polarization density P this

becomes

with

(I11.29)
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In a cartesian system
. . .
X = E ij - . -1
st 1521 st 1321 M5+ 3Gi-1), t + 3(-1). (111.30)

The road to X is now clear.

1) Calculate the lattice sums é}J [see (I1I.16)].

2)  Calculate the 1J's from the lattice sums and the polarizabilities

[see (III.21)].
3) Calculate gzand its inverse gjl [see (I1I.24)].
’ N _1’ v
4 x.. = 2 M

st ;5L s+ 3(i-1), t + 3(3-1).

This‘derivation of X ignored all crystal symmetry except that
6f the lattice. Question: if other symmetry were considered would
ﬁajor simplifications in the calculation occur? A major simplifica;ion
would be the reduction of the order of M from 3N to 3N' where N' is

the number of atoms in the asymmetric unit. Answer: although the
additional symmetry reduces the number of independent lattice sums

éij, the order of M cannot be reduced. The calculation of the lattice
sums simplifies because they are géometric quéntities; they depend

only on the atomic coordinates. The coordinates are assumed to remain
constant when the crystal is suhjecFed to an electric field. Therefore,
the lattice sums reflect the symmetry of the unperturbed crystal.
However, the symmetry of the system is not that of the unperturbed
crystal. The physical system is the crystal with an electric field.
With a general constant vector field, the only symmetry that remains

is that of the lattice. The physical asymmetric unit is the entire

primitive unit cell. Therefore, the order of M cannot be less than



3N, N being the number of atoms in the primitive unit cell.
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IV. . Transformation of the‘Latﬁice Sums‘to Fourier Space -

The most difficult step in the calculation of;the electpic
_;usceptibility is the evalﬁation of the lattice sums. It is well '
known that such sums converge only conditionally.  In-a tesﬁ'
calculation of the lattice'sumé for a cubic structure with a 5 A
lattice-constant, convergence to .5% occurred after the incluéion
of .about 300 terms out to 25 A. However, the sums had converged
to ‘only .5% when ‘the calculation was extended out to 75 A and-
included over 15,000 terms!

‘The usual way to avoid the poor convergence is to do part of
the sum in Fourier space. This method was intfoduéed-by Ewald5 and
has been considerably extended.6’7

- -The essential idea is the introduction of a cutoff function

¢(X) which falls of f rapidly for large X. With the convergence

- function, a general lattice sum

S(R) = LE(EX -2 | (1v.1)
 can be wrigten :
S(X) = 5,(X) + 5,(X) (1v.2)
where
5,0 = 2 EX - (X - ) (IV.3)
S,(0 = X EX - [ -e(jXx - 2Pl (IV.4)
')

Sl converges rapidly in direct space because of ¢, while the Fourier

transform of 82 converges rapidly in Fourier space. Although the
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reaéon for the rapid convergence in Fourier space'hag Eeeh discussed

in'termsrqf fictitious charge distributions in difect space,.the.mqst
physical éxplanation is as follows. iIhe sum S is a field due to ;n:

infinite lattice‘of sources.. ﬁecaﬁse of thé naturé of the cufbff

function, S, is the contribution from the nearby sources, while §,

2

is due to the distant ones. The field due to many distant sources

1

is relatively smooth, so the Fourier‘tepfesentation of this field
hés few Féuriér cbﬁponénté...Théiefore, the Fourier‘transform of Sz"
is a'suﬁ of few terms.

Notice that Sz(ﬁ) as a function éf X has the periodicity ofjthe

lattice. Therefore, its Fourier transform in non-zero onlyvat'the

: reclprocal lattice p01nts

ik -'§ 

s?_(gg) - L 3 (k) e = (1v.5)
c k . . '
’ : ik + X '
1 = SEON - sm] X g (1v.6)
where the integral is over all of direct space and
= % % ’
k = ,Zn(hli* + h,b* + hac¥) | : (1Iv.7)

#

with hi = integer and a*, b*, c* are reciprocal lattice vectors defined

by

b
a 43 - (

C
X

|o*l x

<)
and so forth. To apply this general formalism to dipole sums the

following identifications are made-

- Al o o _ '
S(,&ij) = A /Vc o (1vV.8)
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£(X) = = (1v.9)
. X .
The cutoff function is chosen to allow an anéljtic evaluation
of T(k) with f(X) given by (IV.9):7
) o EE)

$(X) = T(5/2, X“/B")/T(5/2) o (1v.10)
where _ ‘

F(n,y) = j“”e‘F "t ac L. ava

y
is the incomplete gamma function, and T'(n) is ‘the gamma function.
B is the Bertaut parameter which can be varied to optimize the rate

of'cbﬁv¢rgéncé of S.” By integrating (IV.11) by parts it can be shown

. that ' :
: v 2
. _ = - 4 Tt 3,3 S L
$(X) = ERFC (\’H t) +3e (me” + 5t) (1IV.12)
with‘g = X/B and .
2' © _g
- ERFC(y) = . J__— f e . ds o . (Iv.13)

i

is the complimentary error function. Therefore, ¢ can be thought of
as a generalized Gaussian function with a width AX = B, It is not

surprising, then, that the Fourier transform of S, is a generalized

Gaussian with a width Ak = 1/B:7

2

- %;1(3 kk~-1I)e

T(k) = (1V.14)
0 (k = Q)

Summarizing the results of this section gives

!
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5,0 - s x ) 4s (x o S L |
ATV, = 8 &) + 8, ) | (1v.15) -
3%, X..,-1 : '
g XKooy - L - ,

s, (X, ) = 2 =2 $X,. ) S av.16)

J ] (X.‘ )3 . . J_ : [

- ije

§,(X,:) = - AL ' GBREk-De Mg T 13 (1v.17)

i]j . v m _ : :

where ;hé priﬁe on thevsummatiqnistbol‘mganS'exclude E'QlO.‘,Tb
_apply this resultAtd_é}i exclude ;he &;= 0 term from Si;‘
.  Iovapp1y fheée'fdfmulae a’choige‘muét be'made fbr.B. :For'small
B, Sl‘céqverggs rapidiy and Sv,converges slowly; for 1arée.B,:SZ
éonverges rapidly and S1 slowly;  The bés; valﬁe df\B'is.a'coﬁpfomisé.:_
. Figure'(IV1l)A$h6ws the result of a.teszcalculat%odgin whicﬁ
B was varied. The étruqture had a cubic lattiée.With.aVS.Rbceil;.
The number of tefmS'for convergenceﬂﬁo tén decimal places was'piétted 
for Sl andv82<as a function of B. The best Qélue of B(Q:A.B Z) is..

somewhat less than the lattice constant. For extensive calculations,

B- should be determined by similar techniques'fdr each crysta1. 
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number 200}
of :

ferms 150 L

100 |-

50 |-
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© Figure (IV.1). Number of terms for convergence to ten decimal places
plotted for Sy and S; as a function of B. Sy is direct
space sum; Sp is Fourier space sum.



V.‘ The ﬁatrix Elements of the Lattice Sums

In tﬁis'section a cartesian édordinate Sys;em will be defined,
and éxplicit expressions will be Aeriveabfbr the componentéAOfVSl
and S2 relatiye to fhis systém,

First a uéeful identity will be provenﬁ

Sl . | o
wheré v .
atm e a? '=  b, & = ¢
Ei- - a _11‘2_= b, ,1)_3' o e

where a, b, and c are the lattice vectors of.a general triclinic -

structure, and a*, E#,'and c* are the reciprocal lattice vectors.
Toiprove'the identity, firstiexpress an arbitrary véttof V in

the direct system:
Vo= 2 fa - )
i=1 - : : :
Now dot both sides with Q?i

eV o= 3 oe @ - ah)
- : i = =7
i=1

.

The reciprocal lattice is defined 'so that

Therefdre,

92
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Inserting this result into (V.2) gives
g 3 i i
Y = YA W
) =1 - _
Introducing dyadic notation this becomes

@ oh v

Mo

v o=
1

[
1

i
|-J.

I
1M
o
l P

|o*
ot
<

Therefore,

i i
a b

Me

;[:=
1

e
]

 Because the reciprocal lattice of the reciprocal lattiée is the
direct lattice, it is also true that v

Mo

1 =

L= 1

bl al (v.3)

o
i

For the special case of a cartesian system of unit vectors this

becomes

. 3L ‘ A
I = ) X% , L (V.4)
i=1 R e | '

because thé reciprocal lattice of an orthonormal system is the direct
lattice.

The cartesian system used for the calculation of .the susceptibility

and in particular the lattice sums is ' .
~ ~ . ’A3 '
z = ¢ (=X")
N . )
y = }l‘.c (=2(_)
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= yxz =X

[% >

and vice

i T . a1
To continue, the a~ must be expanded in terms of the X

versa. Using identities (V.4) and (V.l),}g} and glcanbe written

i A3 -\ s Ly N
a =Y xXx])a X 2 al v )x
j:l . . j:

1
3 . AR ' 3 . :
= @@ - £ % | - & - pdy &
j=1 : ' j=1
3. o 3 ' 3 4 3 B
= ook = L9
ji=1 _ j=1
where Q,, = a® + % and QT%‘: SR
1] - - ij - -
a sinB R 0 a cosB
Q= - b sinacosy® “1/b* b cosa v (v.5)
0 . 0 ‘e
a* siny* : 0 : - c* sina*cosB:
g;l = a* cosy¥® © p* c* cosa® . 1 v.6)
0 ' 0 1/c

The unstarred and starred varieties of a, b, ¢, a, B, Y are respectively
the direct and reciprocal lattice constants.
To illustrate the method, in will be calculated. Similar

manipulations will produce the remaining matrix elements.

|
o
>

-1
QU
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<
L
o
T
€
T,
i
o
L

(b* x c)
(a* x b*

1« ( a* x b
=.——‘C.l

1 . ; )
= % € 9) léﬁ x b¥|
= 1 *bh*sq
= % (1) a_b451ny
= a*siny¥*

)

%

* R
a* X B §*|)l.a_* x b*|

52 can now be evaluated. Fifst Slf
_ ¢S . At
X 5, X
2
s 3 X550 X0 " Xyqe L
= [ 2 e ) R R -1 -t
) Bz 5 2
- Xii2
3% . x.. )Y@ )y - X2
D - —1jL = ij2 ijL st
= 5 d(X..,)
3 Xij_& ije

Because’ X is an orthonormal system

Xije

Therefore,

where-

= 23:()25.)( )2
s=1 —ij2

determing the x° - X..
2 2ije
= X, -X, -2
1 -] -
3
t=1
= X, - X

Will evalute Sl. - Now

.7
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where Xis Yoo Zg are the crystgl coordinates of atom i, and xj, yj,
zj‘are.the crystal coordinates of atom j. These coordinates ére
the fractional coordinates (0 < x, y, z < 1) that are known from an
x-ray structure analysis. The Qt are the integers which 1abe1'the
lattice points.

‘Dotting (V.7) with zé gives

t

AS AS
X" - X, = a, -2) (X - a)
i =1 t t
>
= (6, -2)Q__.
o R t’ “ts
The evaluation of 82 is similar
' . $S St
(S,),, = X -8, X
k2B2
= X° —ﬂZ'e M3 RR-Dp ok Xy Xt
- 3V - = = =
¢ k
2 2
k"B 5S st 2
) B T 3k - XDk - X)) - kKT8 ik
3VC ral k2

1)

2)

| =
|5

3) k
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. T Ag .
Because X 1is an orthonormal system

' 3
S R
s=1

so 2) determines 3).

To determine k * X,. note that
= 343

K = 21 Y. hb° " (v.8)

o
M
=
I [

X..
i3
where hs.are the integers that label the reciprocal lattice points,

and the At are defined in (V.7). Therefore

3
kX, = 20 sz=:1 h A,

t

it
[}

‘ s
using the fact that a~ . b ts®

Dotting (V.8) with X? gives

k- % =

5o
n
N
=
(md
il w
M
fo s
T
'
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VI. Digqussion of Calculation Procedure

Beforé discussing the results of the calculations with tﬁe
point-dipole model, a few words will be said about the calculation
procedure. A FORTRAN program was developed whichvcalculated the
lattice éums from the lattice constants and atomic coordinates by
the methods of the previous two sections. A second program, whose
input was the lattice sums and the empirical scalar polarizabilities,
computed X by calculating and inverting M. A third program computed
'.the optical parameters by diagonalizing £ = I + 411 X. The latter
two programs were mostly compilations of subroutines specific to the
University of California CDC 6400 system. However, the lattice sum
routine required a substantial amount of programming and has, there~
fofe, been included as an appendix to this chapter.

To test the programs several trial calculations were run. The
most rigorous test was a series of calculations of the optical
parameters of é structure which was described in two equivalent ways:

1) As a triclinic structure with two atoms in. the

primitive unit cell.
2) As a face-centered orthorhombic structure with eight
atoms in the non-primitive unit cell.
The optical parameters for these two calculations were equal to
ten decimal places which was the accuracy of the lattice sum
calculation. The successful result of this test eliminates a large

class of possible sources of error.

e
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For a structure with N atoms in a unit cell there are

5 —_— +1

.

lattice sums. The factor in parentheses is the number of distinct
pairs of atoms. The factof 5 is the number of distinct components

of each lattice sum matrix (é}j are symmetric with zero trace, that

. . . 3 S.

is, A;i = Ati and Egi Aii = 0). For‘enstatite (N=80), this

formula gives over 15,000 sums! However, the number of independent
sums is!conéiderably smaller; the space group symﬁetry can be used
to:find relétionships between the lattice sum matrices. In this
work only a center of symmetry when present was exploitga in this
manner. A systematic treapment of the effect of space group symmetry
on the_lgttice sum matrices was not attempted,'fof the savings in
compqtingltime on a restricted series of calculations would not have
made the additioﬁal programming and debugging éffort worthwhile.

| Each lattice sum required approximately 0.5 to 1.0 second of
computing time on a CDC 6400 computor for convergence to ten decimal
places. The longer computing time was associated with structures
that had markedly dissimilar unit cell edges. This is due to the
iéotropic nature of the cutoff fuﬁction $. A compromise Bertaut
- parameter B based on an average lattice constant had to be used for
these structures.
The actuél calculations consisted of finding scalér polarizabilities

which when entered into these programs would reproduce the experimental

optical parameters. The method of finding the polarizabilities was
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trial and error aided by a linear extrapolation procedure. After
a calculation with an initial estimate of the polarizabilities,
the calculation was repeated after changing the polarizabilities by
small amounts. By varying one polarizability at a time, it was
possible to obtain partial‘derivaties of the form

3 (optical parameter)/a(ith polarizability).
Assuming a linear dependence of the optical parameters on the
polarizabilities, the partial derivatives and the experimental optical
parameters could be used to obtain a second estimate of the polariz-
abilities. This method was usuaily successful. That is, by repeating
the procedure several times, it was usually possible to obtain a set
of polarizabilities that would allow the optical parameters to be
calculatéd to within experimental error. However, ﬁhere were
exceptions which will be discussed in later sections. Table (VI.1)
is a summary of the successful extrapolation procedure for low quartz.

The procedure converged after three cycles.

e



Table (VI.1)

Summary of the extrapolation procedure for low quartz.

e
L
o

e

a0

R

The first cycle was the initial guess.

%

.lSt cycle an cycle ) 3r§ cycle

2.6 4.5 4.546 .
15.25 13.5 13.456 °
1.5450 5642 1.5542

1.5500 1.5532 i:5533 |
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VII. Enstatite Revisited with the Point-Dipole Model

‘ The enstatite—clinoenstatite system was not the first or the
éimpiest system on which calculations with the point-dipole model
were attempted. However, because it was the source of the motivation
for these calculations, this system will be discussed first. The
optical behavidr of this system would be said to have been understood
in the context of the point-dipole model if the polarizabilities of
Mg, O, and Si in clinoenstatite were nearly equal to the analogous
polarizabilities of enstatite. Unfortunately, the point-dipole
model appears to bé inadequate for such understanding.

3 9
The lattice constants of enstatite are

a = 18.22 &
e
b = 8.81 A
e
[+]
c = 5.21 A.
e
. . . 10
Those for clinoenstatite are
a = 9.620 A
C
[+]
b = 8.825 A
C
c = 5.188 A
C
B = 108.33°.

If as implied by Figure (I.la) the unit cell of enstatite were formed

from two undistorted unit cells of clinoenstatite then from simple

geometry
ae = Zac sing (=18.264 A)
b = b (VII.1)
e ¢ .
c = ¢
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. These relationships hold among the data to one—half of one percent or

better. Figure (I.la) is slightly misleading. The origins of each

. cell do not coincide; the origin of the enstatite cell is located at
. ' o1 '

_xc 2

= 0
Ye

' a
1 e

ZE e - —

Ze T 2 2cetan6

where X.» yc, and zC are fractional coordinates. With this information
and Figure (I.1a) a tranéformation between the atomic coordinates in the

" monoclinic unit cell and those in the enstatite cell can be’deriVedl
under the 353umpfion that no changes of the atomic %ositions occur

. . when the monoclinic cells twin to form enstatite:

_ 1
X, = 2xe 2
Yo T Ye (VII-Z)
c. e 2 e 2 cetanB

Table (VII.1) is a list of the atomic coordinates for enstatite and
clinoenstatite that were used in the calculations. Also included‘is
a list of ideal coordinates for clinoenstatite comﬁuted from the
ehétatitevcoordinates with (VII.2). The good Qgreement between ﬁhe'
ideal and experimental coordinates of clinoenstatite shows that the
model of enstatite as polysynthetically twinned clinéenstatite is

a good description of the system.

The calculation for enstatite will now be discussed. From

Table (I.1) the optical parameters of this phase are



Table (VII.1).

' , , : .. 15
Atomic coordinates of enstatite

L ,. .16
and clinoenstatite -

used in this work.

Also included is a list of ideal clinoenstatite coordinates computed from
the enstatite coordinates with equations (VII.2).

Enstatite Clinoenstatite Ideal Clinoenstatite
X y z X y z X y z
Mg (1) .375 .667 .875 .253 .653 .220 .250 .667 .229
Mg (2) .375 . 464 .375 .258 .486 .693 .250 464729
Si(1) .278 .328 .028 .043 .342 .294 .056 .328 .268
Si(2) 472 .336 .767 L447 .339 .264 LA444 .336 .234
0(1) 311 ‘ .653 .528 .138 .656 .820 .122 .653 .807
0(2) .303 .506 .050 .123 .502 .298 .106 .506 .320
0(3) .306 .236 .192 .105 .225 .101 .112 .236 .065
0(4) - .561 .353 .781 .624 .341 .388 622 .353 ._ .403
0(5) .439 .497 .700 .363 .482 .103 .378 497 .129
0(6) 442 (267 .500 .395 .187 .051 .384 - .267 .932

%01
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n, = 1.650(1)
ng = 1.652(1) - (VII.3)
‘n._ = 1.658(1)
Y ' -

with n ,-n
. [0

8> 1y along the crystal axes b, a, c, respectively. .The

lextrapolatidn procedure yielded

n = 1.6503
‘ = 1.6522
n8 1.65

n = 1.6583
Y

. along'the b, a, c axes respectively for*

= 1.952 A3
U.Mg = .
w.. = - .4317 A3 (VII.4)
si - | ;
qo = 18.00 23

Notice that the oxygen dominates the polarization response‘of the
crystal. '

From Table (I.1) the optical parameters of clinoenstatite are

n = 1.651(1)
a .
ng = 1.654(1) . | | (VIL.S)
: = 1.660(1)
o 0(1)

with‘na along the b axis. The‘n‘Y axis is 22° from c in the direction
6f a. When tﬁé'cmbiricnl polavizabilities of dnsfatite (VIT.4) were
used -to calcnluté-the opticélvparameters of clinoenstatite the
following results were obtained .

*Divide by 411 to obtain C.G.S. values.
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n = 1.6386

a .
n, = 1.6498 : ' _ (VII.6)
n = 1.6539

Y g

with n, along the b axis. The ng axis is 6° from c in the direction
of a. The calculated indices for clinoenstatite (VII.6) are roughly
equal to the.experimental indices of this phase (VII.5). 'This is
expected for assighing enstatite polarizabilities to clinoenstatite

gives both structures the same average polarizability per atom per

unit volume. However, the calculated indicatrix is rotated 72° .from

the'experimentally measured indicatrix [see Figure (VII.1)]. Although

the smallest calculated index is in the b direction which agrees with

experiment, the calculated n

B

changed when compared to the experimental results.

and nY axes have nearly been inter-

It was hoped that when the extrapolation procedure was applied
using (VII.4) as a first guess, the pdlarizabiiities would converge
to values not far from (VII.4). However, the procedure led to

negative values for o regardless of the initial values of the

Si
polarizabilities. A negative polarizability is unphysical, for it
implies that electric charges move in the opposite direction from
the electric force. More importantly for the calculation is that

" the program for inverfing M was designed for positive definite
matrices because of memory restrictions and, therefore, could not

be used with negative polarizabilities. The extrapolation procedure

: could not be followed into the region g < 0.

&
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XBL 773-8163

IFigure (VII.l); The calculated and observed principal directions
for clinoenstatite. The n and n axes are
a0 ac
parallel to Pt.
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These calculations have shown that the version of the point-
dipole model in which each atomiclspecies is assigned a scalar
polarizability does not adequateiy describe the optical properties
of the epstatite-clinoenstatite system. The model did describe one
aspectvof the data: the same set of polarizabilities correctly
predicted that the smallest refractive-index is along the same
physical direction in both structures. However, this was the model's
only success. This is not surprising when one notes that the
indicatrices of these phases depart from a sphere by less than one

percent.



00 G0 70

ﬁ
“m;
43

109

VIII. Solid:Soiutions and the Péint—Dipole M@del
- This section describés calculations with the point-dipoie model
for:two solid solution series. The calculation began with the
détermination of eméiricai polafizébiiities for each end member.
The pqla?ization respdnsé,of a general member éf a éerieé.wa;‘%odeled
by a;signing site polarizations of the forﬁ

= f_ a +f,a

%site 171 - (YIII'l)'

2.

where a, are the émpirical polarizabili;ies of the end membérs. .The

fi are the mole percentageé of the end members’in thg mixed.qyystal.
Thié wayvof modeling the polérization is similar to ;he metﬁod of
assigning #—ray scattering—factoré to a si&e in mixed crystals. How-
eVer, équétion (VIII.l)'haé much less théoretical jﬁ;tification. Each
site has‘eithér one typé of atom or another; there are no fraégional
atoms. Although:;he‘ﬁroperties'of the Fourier transform allows a
‘derivation of’a formula similar to (VIII.1) for an effective séattering—
factor of a substitution site, the point-dipole theory will not allow
such‘a‘simplification to be made rigorously.

Equafion (ViII.l)’ihplies a mean-field appfoximation to the
point-dipole model. Consider an atom at a éubétitﬁtidn site in the
mixed cfystai. The cell containing this atom (type i) is surrounded

‘iby cells which contain an atom of type .1 or type 2 at‘the analogous
site. The bulk of the crysﬁal is aséumed t5 form a frémeﬁork wﬁich
is common to both pure end members. Equation (VITI.1) implies that

the local field at the atom urider consideration is not due to the

actual distribution of atoms in the surrounding cells, but is due to
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a hypothetical mean distribution in which each surrounding cell

contains at the analogous site a dipole of the form

Peffective - %site Smean (VIII.2)
where o .. is given by (VIII.1l) and e ° is self-consistently the
“site ‘ Cnean

local field at the sipe under consideration due to the hypothetical
mean distribution of charge. This mean field will induce a dipole
at the site under éonsideration
Ei = % Snean”
Averaging this dipole over a region that contains many cells gives
Eaveragé B (fl *“1 * f2 0LZ)'Smean
which by (VIII.1) and (VIII.2) identifies the effective dipole of ﬁhe
hypothetical charge diétribution witH the average dipole.

A theoretical justification of the mean-field model of the
polarization response will not be attempted. It is clear that it
could be aAgood approximation whenever the substitution site is
dilute and contains atoms with relatively small polarizabilities.
Both of thesé conditioﬁs are satisfied in silicgte minerals in which

most of the volume and polarization is due to the oxygen ions.

The first solid solution to be discussed is the enstatite

'-(MgSiO3) ~ ferrosilite (FeSiOB) system. The empirical polarizabilities .

of the magnesium end member were discussed in the previous section:

Oy 1.952 &3
a.. = .4317 A3 (VIII.3)
si L.
3
a =

0 ;8.00 A

e
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" Because the lattice constants and atomic coordinates of the iron

eénd member differed from those of enstatite by a few'percent, the
lattice sums of enstatite were used to obtain the empirical polariz-
abilities of ferrosilite. That is, first (VIII.3) was-obtained from

the enstatite structural parameters and measured indices, then

empirical polarizabilities
23

Ope T 7744 A'

.03
Gg = -‘*22_1 A (VIII.4)
a, = 20.89 &

were obtained for ferrosilite from the enstatite structural parameters

. . e 11 A,
and the experimental indices of ferrosilite:

n, = 1.768 along b
ng = 1.772 along a
: ‘ﬁY = 1.788 along c.

This ﬁrocédure for determining thé polarizabilities of the énd members
is equivalent to assuming that the structural parameters of enstatite
do not change when Fe replaces Mg. The optical parameters of an
arBitrarybmember of the solution series were aléo calculated frombthe
stfﬁctural paréﬁetefs of enstatite. This is equivalent to assﬁming
that the eﬁstatite structure is not distu%bed.by the substitutioﬁ of
ény amouht éf iron.

One of the gdals of the application of the pdint—aipole model to
silicate minergls was to determine if it.were possible to assign a
polarizability to each.common‘ion which could be uéed to predict the

optical propertics of most silicates. The numbers of (VITI.3) and
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(VIII.4) indicate that this is not possible. The oxygen ion in
ferrosilite is 16% more polarizable than in enstaﬁite. This change
is too big to be an artifact of the model. This conclusion is
supported by direct inspection of the measured indices of these two
phases, for it is difficult to believe that the large change in the
indices (nB: 1.652 »- 1.772) could be due only to the substiﬁution
of one mildly polarizable ion for another. Apparently, the oxygen
ibn is able to draw more electron density from Fe+2 than Mg+2.

This extra electron density would account for the larger polariz-
ability of the oxygen. Notice that the Si polariability is nearly
the same in the two end members. This is understandable when one
notes that this ion is shielded from the substituted ions by the
oxygén; silicon has the séme nearest neighbors in bofh phases.

The interpolation scheme was carried out by assigning effective
polarizabilities to all three ions with formula (VIII.1). The
results are in Figuré (VIII.1). Experimentally and according to
the model there is a linear relationship between the mole percentége
éf iron and the indices n, and nY. Although this is a successful
prediction of the model, many other possible interpolation schemes
can be devised which will predict straight lines. The volume
" averaged dielectricbtensor predicts tﬁe same straight lines on the
scalé of Figure (VIII.1l). Unfortunately, the pbint—dipole‘model
(and the volume averaged dielcctric tensor) predicts a straight
lines for the axial angle 2V. Experimentally, the axial angle

deviates considerably from the straight line prediction. This
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Figure (VIII.1). Calculated (lines) and observed “ (dots and crosses)

' optical parameters of the enstatite - ferrosilite
solid solution series. Top: n, and nY. Bottom: 2V,
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deviation represents a relative distortion of the indicatrix of only
0.27% from the shape implied by the straight line. Perhaps it was
asking too muéh from the model with all its approximatibns to predict
réfractive indices to 0.2%. However, the object of the research was
to see if the model could give a quantitative uﬁderstanding of the
optics of these sy;tems in spite of the approximations.

That the largest discrepancy occurs for an equal mixture of the
end members can be understood, perhaps, as a breakdowﬁ of the ﬁean
field approximapion, for in this region neither Fe or Mg can be
considered as diluté, Another explanation is that 1atticevdistortion
is a maxiﬁum in this region due to the misﬁatch of the unit cells.
The resulting atomic displacements could invalidate the approximation
of using enstatite structural parameters to predict the optics.

In an attempt to remove this discrepancy a sécond model was
aséumed for the polarization response of.this sysfem. There is
evidence13 that iron has a tendency to replace magnesium in the MII
site [see Table (VII.1)] before replacing the magnesium in the MI

site. Therefore, a calculation was done in which the mole percentage
of irdn increased to 50% by replacing first the magnesium in the MII
site. The polérizabilities were

‘M1 T %Mg

“MIT © T1 Mg T 2 %Fe

where fl and f2 were chosen to reproduce the mole fraction of each

ion. After the MII site was filled, the iron was allowed to enter
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the MI site. The polarizabilities were

jaMI .=, f1 aMg + f2 aFe‘

o = g

MIT Fe

where f. and f, were chosen as above. The calculation did not remove

1 2

the discrepancy. The ordered iron model gave the same results as
the original model on tﬁé scale of Figure (VIII.i).- The reason is
that in both models the oxygen polarizability was assigned in-the
same mannér. The oxygen dominates the polarizacionbresponse of
this system.-

The second :solid solution is the high albite-high anorthite.
system discussed in Chapter I in the context of the volume averééea
dielectric tensor; .In this series CaSi replaces NaAl. Table (ViIi.Z)
1ists the structural parameters of triclinic high albite. |

This‘system is more complicated than théiens£étite series féf:
several reasons. Because of the charge difference between Ca+2 and
Na+l, the Al/Si raéio must change correspondingly fhroughout the

series. Also, there is complete Al/Si disorder in the tetrahedral

sites. Therefore, even to describe the end members with the point-

dipole model, the mean field appfoximation must be used to assign

polarizabilities -to the tetrahedral sites.

The chemical formula for a general member of the series can be

written (Na, Ca) T where T represents a tetrahedral site. 1In

408 »
particular, high albite has the formula NaTQOS. Assigning the sodium

and oxygen atomic polarizations, and the T site a site polarization

gives three parameters which can be used to calculate the optical



Table (VIII.2).

Atomic coordinates of high albite17
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used in this work.

The T stands for the tetrahedral sites. These
coordinates are relative to space group Cl. These
coordinates were transformed to a primitive cell for
~ the calculations. The C-centered cell has dimensions
a = 8.16 A = 12,874 ¢ = 7.11 &
a = 93.5° = 116.4° y = 90.3°.

X y z

Na .2727 .0070 .1339

Tl(O) .0091 +1650 .2146

T, () .0049 .8149 .2294

T2(O) .6904 .1080 ..3200

TZ(M) .6846 .8770 .3539

OA(l) .0054 .1345 .9835

_OA(Z) .5918 .9908 .2782

05(0) .8195 .1091 .1962

OB(M) .8179 .8474 L2449

OC(O) .0159 .2908 L2772

OC(M) .0211 . 6875 .2187

OD(O) .;963 .1119 .3862

0, () .1878 .8674 4272
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pfOperties. Howevef, triclinic albite has six optical parameters, so
the broblemAis underdeterminedr The best.that'can be done is to vary
the three polarizabiiities until tﬁree caléulated‘optiéal parameters.
match experiment and hope that the model wérks well enough so the
remaining three calculated parameters also match the experiment.
Unfortunately this ﬁrogram'failed;

The measured indices are found in Table (VII.1l) in Chapter I1:

n = 1.5284
o

nB = '1.5349

n = 1.5363

Y

The three polarizabilities were varied with the help of the extra-

polation procedure until the calculated values were

n = 1.5272
o

= . 7

nB 1.533

n = 1.5361
Y

The polarizabilities were

Mo T 5.599
an = .728 (VIII.5)
ao' = 17.67

. No effort was made to calculate indices which were closer to the
experiment results, for it was clear that the three orientation angles
were not behaving properly. Although the calculated " axis was
only a few dugrécs from the experimental result, the calculated nB

and nY axes were interchanged relative to the experimental result
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[see Figure (VIII.2)]. Being unable teo correctly describe the optical
properties of one end member the calculations for this solid solution

series were terminated.

.~
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XBtL 7738162

Figure (VIII.2). Stereogram showing the calculated and observed
' principal axes for high albite. Observed axes
are from Table (VII.1l), Chapter 1.
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IX. Quértz and Corundum
Calculations with the point~dipole model on the uniaxial phases
low quartz (SiOz) and corundum (A1203) were comple;ed as part of the
program to determine how the empirical polarizabilities vary from
‘structure to structure. The optical and structural parameters of low
quartz are listed in Table (IX.1l). The oxygen and silicon ions form
tetrahedra siﬁilar to those in the other structures of this chapter.
The parameters of corundum are found in Table (IX.2). The oxygen
ions form a hexagonal close-packed structure with the aluminum in two-
thirds of the octahedrally coordinated interstices. It was hoped
that any large variation in the ‘oxygen polarizability .could be
correlated with the chemical environment, that is, the oxygen which
form the silicate tetrahedra would have one polarizability, and
oxygen in other chemical environments such as that of corundum would
havé a different polarizability. However, this was not the case.
The empirical polariiabilities for quartz are
4.546 &>

Si - : (IX.1)
13.456 AS

o

%

and those for corundum are

il

aAl 2.222

(IX.2)

o 15.973

0

It should be noted that these phasés each have only one crystallo~
graphically distinct oxygen ion and metal ion. In enstatite, for
example, the single oxygen polarizability is assigngd to six

crystallographically distinct ions.
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Table (IX.1). Structural18 and opticallgvparameters of low quartz‘
‘ used in this study. The space group is P3221.

Lattice constants

a = 4.9128 & ‘@ = 90°
b = 4.9128 & g = .90°
, . |

c = 5.4042 A y = 120°

3 Si atoms in

(u, 0, 0), (u, u, 1/3), (0, u, 2/3)

6 0 atoms in
(xs Yy Z)’ (y-X, 2, z + 1/3),_ (;, X-y, 2*1/3)

(x—y, ;: E), (§: Y*Xy‘1/3-2), (yy X, 2/3’2)

@
u = .4697
X = .4125
y = .2662

z = .,1188

Low quartz is optically uniaxial with

]
]

1.5442

1.5533

o]
[
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2 :
Table (IX.2). Structural 0 and optical21 parameters of corundum used
in this study. The space group is R3c. All structural
parameters are relative to hexagonal axes.

Lattice constants:

o

4.7589 A , - a = 90°

a =
b = 4.7589 A B = 90°
¢ =12.991 | y = 120°
12 Al atoms inc, 2z = .352
18 O atoms in e, x = .306

Corundum is optically uniaxial with

=}
[]

1.768

1.760. €

=]
fl
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To close the chapter,'the'polarizabilities that were determined

for more than one strudture'are discussed;
. .3

Quartz (xO = 13.456 &7
.Corundum » Alao_.= 115.973 KB
High albite 'ao_ = 17.67;°3
i N e o3
Enstatite ay . = 18.00 A™
Ferroéilite'ji o = 20.89'33 -
o i = 4546 83
_Quartzv ‘ aSi = . | :
‘Enstatite a,, = ';..4317"33
o , sio T
~ Ferrosilite Gg; = ._,4221’23 g

1# is clear:that these numbers'pregludegthe.possibility‘of;qsing thé
polariéabilitiés derived,fr;m é subéet:ofvgilicate miﬂéfélé to predigt
succéséfully.fﬁe éﬁticai propéfties'qf other siliéétés. 'ﬁucﬁ of the
variation of the‘polariéabilitiés is prgbably dﬁe to -an artifact.o% thev
‘model rather thaﬁ reflecting a changé in the actual ﬁolarization res«v
popsé.; To séé this note that wheﬁ the difference beﬁwéen_the local

field e

loc and the macroscopic field.E is ignored the index of

refraction has a simple form-

‘ : T N
n2 = 1+ 41 L 2; a,.
. . \") i
. : c i:l

where n is the isotropic refractive index in this approximation.
Using the relation

n~-<n> = Z(n +n_ +n)
e T y

" gives
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‘N
z: ai = V ———Zﬁ~—— = constant.
i=1

Therefore, as the polarizabilities are varied to give a non-spherical

indicatrix, it must be approximately true that
N I ,
o 2: a, = constant. » (IX.3)
i=1 , . '

This behavior was noted in the aétual calculations. It means that
some polarizabilities grow at the expense of others in the attembt

to reproduce the experimental indicatrix. Therefore, if the modélf_'
fails to deséribe accurately the optics of these systemé, one would
éxpect 1afge oxygen polarizabilities to be associated witﬁ small
silicon polarizabilities and vice versa. Expgrimentélly, this ié

3

_the case. TFor quartz o, = 13.456 A, o.. = 4.546 &~ while for

Si
. q . 3 3
ferrosilite a, = 20.89 . .
0 Si

o O

ag, = .4221 A,
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X.  Conclusions
It has been:demonstrated_that the version of the point—dipole
model in which each atomic species is aésigned a scalar polafizability

does not adequately describé'the geometric optical béhavior'bf'ébmplex

" silicate minerals. The model did descfiBe some aspects_of the 6ptical

EéﬁééiEf of these Systems. For example, the empiricél poiarizabiiities
ofﬁénstatite when applied to clinoénstatite1éorfect1y‘prédicted that
th; émaflest refractive ihde# was élong the b axis. Also, only three
émpirical polarizabiliﬁiésIWere necessary to predict fivevoptiéai
ﬁaraﬁeters of highhalbité. ‘However; the mbdel'was ndt accurate énough
to deéﬁribe ﬁére subtle features. The indiéétriées of these syétems

are sphericalito’wichin one percent;_ The striking difference between

6p£igally isotropic and anistropic materials in the polarizing micro-

" scope is the result of small differences of relatively large numbers

(é:g;:ensﬁatifezié = 1.658‘— 1.650). Such effects are notoriously
Aifficuic to describe quantitatively. " Perhaps it was aéking too
mucﬁ.of thé'modéi.with all iﬁs appfokimationsito predicﬁ the refractive
indices to within dhe_percent..'However,vit wa; the poiﬁt of the

rescarch to déterﬁine if the model could describe the optiéél v

‘behavior of silicate minerals in spite of the approximations.

There are two distinct types of approximation. First, is the
application'of the point—dipole model ‘instead of a more sophisticated

onc. Secondly, only an approximate version of the point-dipole model

was actpally used.
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Although quaﬁtum‘mechanics allows a rigofous definition of‘thé
polafizability of.free ions, it is not'possible according to quantum
mechanics to assign polarizabilities to atoms in a crystal. The‘v
electronic wavefunctions in a crystal are not localized; they extend
in a continuous manner throughout the.crystai. However iﬁ dieiectric
crystals as dpposed to metals and semiconductors,‘the'eleétroﬁs are
sufficiently localized as to raise the question whether it is possibleb

'
to consider the polarization response of the crystal as located at
the atémic sites. 1If so a polarized ion w0u1d‘to first order have
a dipole électric field‘which would - in turn polarize the other ions;
the point—dipole model would be valid. Other workers14 have shown
that the point-dipole model works well enoﬁgh for ionic crystals with
cubic syﬁmetry to make lists of atomié polafizabilities analogous to
a list df.ionic radii. However, these polarizabilities are sensitive
. to the chemical environment of the atom. Work by Reijnharta indicates
that the boint—dipole model can be used to describe the optical
- properties. of more complicated structures. He used the point-dipole
mbdel to calculate the refractiVé indices and optical rotatibn of
several uniaxial crystals. 'His'work was successful in the sense that
for several systems he was able to cal;ulate accurately three optical
. parameters‘(two_refractive indices and.the optical rotation) from
only two polarizabilities. The key to his success was, perhaps,
that he worked with systems that were simple enough to allow each
crystallograpnically distinct ion to be assigned a different polariz-
ability. He also found that the atomic polarizabilitiesvﬁere éensitivé

to the chemical and structural environment.
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. Théréfére, in the 1ightvof Reijnhart's work it appears that
the failure of the:modélbto describe the optics of silicate minerals
iS'dueAto the approximation of assigniqg the same polarizability-to
cryétéllographically distinct atoms, rather than the failure of the
point-dipole model itself. ‘The polarizabilities appear to be too
sensitive to the atomic environment.

Andfhér possible éource of error is the scalar approximétion
to the tensor polarizabilities. In the light of Reijnhart's
suécessful work using scalar polarizabilities this source of error
is felt ﬁo be not as important as assigning the same polarizability
fo distinct ions.

There are additional soufces of error in the solid solution
calculations. The mean field approximation to the local field is
not.rigorously valid. This approximation in itself is enough to
explain the discreéancyvbetween.the calculated and observed para-
metérs.in the enstatitefferrosilite éystem. Also, in this system
errors were introduced when the differences between the structural

parameters of ﬁhe end members were ignored. Calculations on low
quartz has shown thaﬁ éhangingtﬂuzstructural parameters by 17 will
change the calculated indices by aBout 0.1%. Although these
figures indicate that thevsourqe of the discrepancybcouid‘be dde

to. errors in the structural parameters, this source of error is
probably not the cause of the poor results for the enstatite-clino-

enstatite system. That the extrapolation procedure lead to negative

polariznbilit[cs for clinnenstatite indicates a larger source of
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error: ten crystallographically distinct ions were assigned only a

total of three polarizabilities.
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This section is a listing and description of a FORTRAN program

which;caléulateé

the dipole lattice sums. The program consists of

two subroutines SUM and TERM. The input of SUM is

A =
B =
c =
".SA‘ =
8B . =
. 8¢ =
CA =

"CB . =-

I

CG -

V = abc(l
DEL(I) = three
equation (V;?).

DEL(I)

a g ASTAR = a%
b © BSTAR = b*
¢ : ._‘: CSTAR = c*
sina SASTAR = sina*
sing '~ SBSTAR = sinB¥*
siny ~ SGSTAR = siny#*
‘cosa | - CASTAR- - _cosa*
cosB . " . CBSTAR = cosB*
cosy -  - - CGSTAR = cosy¥

- cosza - coszs - coszy-+2cosacosBcosy)1/2
components of the interatomic vector defined after

The notation in the text ié

= AI.

The output of SUM is

VS(I,J) =

the (1,J) components of the lattice sum defined’
in equations (IV.iS) - (IV.17). The notation in
the text is

. - £m
VS(L,J) = (A7),

The superscripts £, m refer to the end points of

the interatomic vector.
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SUM is concerned with generating the integers'which label the unit
cells in both spaces and with testing if the lattice sums have
converged to within the limits specified by ERROR.
The input to TERM iﬁ addition to the lattice parameters is
L1, L2, L3vwhich are the labels of the cells in both spacés.‘
The same set of integers label the cells in both spaces.
The output of term is.
T(I,J) = the term of.VS(I,J) which is the contribution
from the direct_spaée cell specified by
Lla + L2b + L3c, and the contribution in
reciprocal space from the reciprocal lattice
vector with Miller indiées L1, 12, L3.
TERM is éoncerned‘with computing each term of VS(I,J).
BERT is the Bertaut parameter denoted by B in the text.
D1, D2, D3 are defiﬁed in equation (V.7). The notation

"in the text is D1 = A -21, etc.

1

The first set Ql, Q2, Q3 are_defined in section V' as

B =L

The second set Ql, Q2, Q3 are defined in section V as

es = k- %%

PHI is the cutoff function defined by equation (IV.12).

To evaluate this function a subroutine for the complimentary

error function is required.
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4,CR,CG4,ASTAR, QQT#R,CSTAD SA)TAP,;de
Vv
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SUBRIUTINE TERM(L1,
COMMON/DATAR/Z4,1,C
1AR , SGSTAR, (ASTAQ,C
DIMENSTON DHEL (3), T (3
nrquonak(A+n*r)/1°

=3, 141372683589793
zn-Ll

<)

ST+

N NN -

ooANr)o')Zo._QaOooAN'),DJ.l'QoOo) G TO 2
SR=-N2%IRSAXCGST AR

CIO=T

LU T B R I B
(ViwRwiWEeXWE 4

N ™ o= (i} T T

N O [ ret e ot
L B iTiomom Ny e
NHADWN =i W
-t

» L

D

Q3=D1%A*CH+D2%4EC A +D 3%C

Q=SQRT (N1 %*Q1+Q2=Q2+Q3*%N3)

TE=Q/RBERT

YY=SQRIT(S)I*TE

CALL MERFC(YY,ZRFC)

PHI=F ?FCOFX3(—5*T“*TE)*(S*T¢**30§43 TC/),) 457 3e
Q%= VEPHL /Q% %54

Tl =T (1 ,1)¢(2,%01%Q1=Q2%P2=-Q3IK*N ) %NS
T(1,42)=T(1,2)¢3,%Q1%Q2%Q5
T{193)=T(1ly3)+3,%Q1xQ3xNQS
TU292)ET(2,42)4(2,%02%22-Q1%Q1-Q3%23)%Q%
T(293)=T(2,3)+3%Q2%03%Q5
IF{Z1efFQe000ANDaZ20EQ0000ANDeZ3eFQ230s) GO TO 3
Ql =Z1*¥ASTARKXSGSTAR-Z3IXCITARKXSASTARI®CH
02=Z1*ASTARXCGSTAR+Z2*ASTAR4ZIXCSTARYCASTAR
Q3=23/C

Q=SORT(O1%Q1+Q2%Q2+Q3%03)

TE=QXCEFT :
QS=(~1o%*8¢ %S/ 3a )REXP (=G*TEXTE ) ¥COS{ 20 %34 (NDEL( 1) %Z1 +DEL(2) %22
lfDF_(’)*ZB))/Q**?o

TOry1)=T(1,41)¢(2e%Q1%Q1-Q2%Q2-Q3%:)3)*Q5
T142)=T(1,2)+30%Q1%Q2%Q%
T{1,3)=T(1,3)¢30 *01*03*0\ i
T(292)=T(2,2)#(2,%02%02-Q1%01-Q3%0Q3)*Q%S
T(2,3)1=7(2,3)¢3, ’02*03*0“

CONT INUE

RETJRN -
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HyCGy ASTAR,IS5TARZ,CSTAR, SASTAR, SAST
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CHAPTER 3: THE CRYSTAL STRUCTURES OF Na3(U02)F7-nH20 FORn = 2, 6

I. Introduction
A study of the uranyl nitrate-sodium fluoride system has shown

the existence of two new double fluorides: Na3(UO F7-nH 0 with

2)2 2

n = 2 and 6. They are additons to the series of double salts of the
form MX(UOZ)yFZ-nHZO where M is an alkali metal and n may be zero.
In all such salts whose structures had been determined previously,
the uranium has seven-fold coordination. In almost all suéh salts
two uranyl oxygen atoms form the axis and five fluorine atoms form

the equator of a pentagonal bipyramid centered at the uranium. Both

of the new double fluorides have this structural feature.
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.11.  Experimeﬁtal Section
An aqueous solution of uragy1 nitrate and sodium fluoride with

._[Na]:[UOZJ =~ 3:1 was allowed to e&aporate slowly at room temperature
(~24°C). The bulk of the residue was sodium nitrate.and an opaque
yellow polycrystalline mass of unknown composition. There were also

- a few transparent yellow monoclinié crystals of Na3(U02)2F7'2H20._This
experiment was repeated sevefal times with the same result.: One time,
however,'the residue éonsisﬁed primarily of sodium nitrate and yellow
transéqrent triclinic crystals 6f Naé(U02)2F7'6H20. Although the
expérimént‘was repeated several times, fhe triclinic phase appeared
‘oniy.once in thé’reéidue of the uranyl nitrate-sodium fluoride solution.
The experiment was repeated several tiﬁés at a 1owe; temperature
(~5°C) and at_highér teﬁperatures (30°-50°) combined with varying
the [Na]:[UQzlfratib.Erom,l/lO to 10. These experiments were repeated '
with the éddition of small amounts of HF to the solution. However,
the triclinic phase failed to appear again in‘fhe uranyl nitrate—sodium.
fluoride system. |

'Aqother'sefiés of experiments produced the two salts. Uranyl

.flhoride_was“first méde by‘evaporating to dryness the solution
obtained by dissolving in HF the precipitate formed by mixing NaOH
and uranyl nitrate solutions. An x—ray'powder photograph confirmed
the.existencevof uranyl fluoride. The triclinic phase was obtained
when an.aqueous solution of uranjl fluoride and sodium fluoride with
[Na]:[Udé] = l:1 evaporated ﬁo dryness at room temperature (~24°C).

Repeating -this experiment at 50°C produced the lower hydrate.
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X-ray photographs obtained with the Weissenberg technique and
coppér radiation established the diffraction symmetry of each phase.
A triclinic crystal .1 x .03 x .1 mm and a monoclinic crystal
1 x 1 x .16 mﬁ were selected for collecting intensity data. Accurate
unit cell dimensions were determined from measurementsvof high angle'
reflections using a Picker automatic diffractometer equipped with a
full-circle gonioétat; graphite monochromator; pulse-height analyzer,
and PDP-8I computor. . Intensity data were collected with the same
instrument using Mo radiation. The integrated intensity of each
reflection was measured using a 6-20 scan technique with a scanning
rate of one degrée per minute from .75° below the 26 angle at which
Kal was diffracted to .75° above the angle at which Ka2 was diffracted.
Two 10 second background counts were taken with the'appafatus
stationary .2° below and .2° above the 26 angle at which the scanning
was begun and ended. Three strong reflections were remeasured every
100 reflections to check for crystal decomposition and/or instrument
mélfunction. From these three stan&ard reflections it was determined
that there was negligible decay in the intensities during the experi-
ments. Intensities of equivalent reflectiong and those measured more
than once were averaged after they were corrected for Lorentz, .
' polarization, and absorption effects. The absorption correction was
calculated by an analytical method based on crystal dimensions and
absorption parameters verified by measurements of several reflections
at various azimuthal angles, as described by Volz, Zalkin and Templeton.

Absorption correction factors ranged from 2.55 to 9.98 for the triclinic
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éhaée éna from 6.25vto 24.52 for the monoclinic phasé.' Acﬁual counts
weré cpHVerted into struétqre.factors and standard deviations o(F)
using'the formulae given by Sf. Clair, Zélkin, and Teﬁplétonzfexcept
that the additioﬁal term in‘oZ(I) was (0.04 152 for the triclinic
phase and _(O.OZ'I)2 for the mdhoclinic phase.

- For the triclinic phase 6866 reflections were measured in the
full sphere of reciprocal space out to 28 = 70° except for those
reflections omitted to avoid instrument collision. This gave 3380
unique reflections of which 3169 were greater than o(I). 2846
geflections‘greéter thanQBG(I) were used iﬁ the fiﬂal‘léast—Sqﬁéres
£efineméht‘6f 109 paramétérs. For the monociiﬁic phase 7324
;fefléctioﬁ; not éxclpded by the space group wefe measured in the
half:spﬂefe‘with k > 0 out to 28 = 80°. This gavet366l uniqué
.réflections of which 3085 were greafer than G(I).. 2534 reflections
greater than 30(I) were used in the final ieast-squares réfinéheﬁt
of 99 parameters. |

Calculations Qere made with a CDC 7600 computor using a full-
matrix least-squares program. The function that was minimized was

Ry = Gu([E, |7 12 /aur B2

with w = I)OZ(F).

Atomic scattéring factors were taken from Doyle and Turnef3

. for Na+, F-,‘énd ﬁéutrél-U, 0, and H. The values of the real and
imaginary dispersion corrections are those of Cromer and Libermanla

A listing of the observed and calculated structure factors is

found in the appendix to this chapter.
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ITI. Unit Cells and Space Group
The higher hydrate has a triclinic cell containing one formula

unit with cell dimensions (at 23°C)

a = 7.177 * .002 A
b = 8.633 * .0034&
¢ = 7.000 + .002 &
@ = 113.28 * .03°
B = 104.92 * .03°
'y = 77.88 + .03°.

From the x-ray data the density is calculated as 3.69 g/cm3. A careful
search for symmetry in reciprocal‘space using the Weissenberg camera
and G.E. manual diffractometer found only the usual'cente:. Success-
ful solution of the structure has shown the space group. to be P1.

The lower hydrate has a monoclinic cell containing four formula

“units with cell dimensions (at 23°C)

a = 15.127 * .005 A
b = 6.926 + .002 A
¢ = 11.235 * .004 A
B = 94.77 & .03°.

The calculated density is 4.41 g/cm3. This larger dénsity is consistent
"with the lower water content. Reflections are absent unless h + k =

2 x (integer) showing that the monoclinic cell is C-centered. All

reflections in the hO% layer have & = 2 x (integer) implying a c-glide

plane. Only space groupé Cc and C2/c are cqnsistent with these facts.

The successful structure determination has shown the centric group

C2/c to be the correct choice.



The .cell dimensions for both phases are based on A = .70926 A

for MoKal.
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iV; Determination of the Structures

A three-dimensional Patterson function was calculated for each
hydrate from the observed intenéities after correction for Lorentz, .
polarization, and absorption effects. The uranium>atom in each
hydrate‘ﬁas easily located in a general position. The uranium
position and isotropic temperature parameter were refined with four
least-squares cycles using 2593 (2942) reflections with I > 30(1)

1
at this point was .133 (.136). With phases determined by the

for ﬁhe monoclinic (triclinic) phase. R, = Z(IFol—IFCI)/XIFOI

uranium parameters, an electron density Fourier synthesis showed

the location of all nine (eleven) remaining nonhydrogen atoms in

the asymmetric unit. With ten (twelve) atoms aﬁa isotropic temper-
ature factors, four cycles of refineﬁent Qsing 2593 (2942) reflections
reduced R1 to .066 (.08l). At this point a small extinction correction
was made in the form Fé = Fo(l + €I). The ten (tﬁélve) atoms were
given anisotropic temperature factors. As a result of four more
‘cycles using 2593 (2942) reflectionms, Rl dropped to .024 (.026).

A difference Fourier synthesis at this point showed both
independent hydrogen atoms in the monoclinic phase. These were
included with isotropic temperature factors in the final refinement.

" Although a similar synthesis showed evidence for two or perhaps threc -
of thé six independent hydrogeﬁ atoms of the triclinic phase, they
were not included in the final refincment.

All data with sin0/X less than .232 (.250) were excluded from

the final refinement. This was because of the poor agreement in



. ; .‘ 143‘

' this.regioﬁ probably due to small errors in the description of the

"crystal shape in the absorption correction.

. After four cycles of'chevfinal refinement Rl was. .022 (.024) for
2534 (2846) reflections with I > 30(I) and sin8/\ greater than .232
(.250); R2 was .021 (.029). For all 3661 (3380) unique reflections

1

R, was .044 (;033). In the last cycle, no parameter changed more
than .020 (,Oid);;."

Coordinates of the atoms are listed in Tables (IV.1l) and (IV.3),

and thermal parameters are given in Tables (IV.2) and (Iv.4).
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Na3(U02)2F7'6H20, triclinic phase. Atomic coordinates

() with estimated standard deviations in parentheses.

Y b 4

b 4
u «01023(2) «T76652(2) «00059(2)
o1 «0409(6) «8525(6) «2808(6)
2 «9736(6) «6830(5) «T17686)
NAl «500 o o
NA2 «4780(3) «4T71(3} «2153(4)
Fl (4] «500 o
F2 «3043(4} «2521(4) «0181(5)
F3 «316514) «6472(4) «0230(5)
Fé «1818(4) «3759(4) «0134(6)
03 «6710(7)} «7189(8) «3682(8)
04 «3038(8) «5931(8) «499T(9)
05 «599(1) «083619) «373€1)

Na3(U02)2F7‘6H20, triclinic phase. Thermal parameters
(32) with estimated standard deviations in parentheses.
Temperature factor has the form exp (- £ I BIJ b_b h_h.)

v . 17 I J71J
where h_ is the Miller index and b, is the reciprocal
cell length.

ATOM 811 822 833 812 813 823

v «832(5) «736(5) 1.517(6) -.038(3) «287(3) «518(3)
ol 2.8(2) 2.5(1) 1.9(1) -2(1) <51} «5(1)
02 2.2(1) 2.7(11} 1.8(1) ~«3(1) «31(1) -8(1)
NAL 1.35(9) 1.9(1) 2.9(1} «30(8) «54(8) «68(3)
NA2 2.17¢(8) 2.5018) 2.35(8) 4T} -4106} «93(7)
F1 . 2.212) 1.4(1) 5.5(3) «31(1) 1.5(2) 1.9(2)
F2 1.26(9) l.6(1) 3.5(1) -<11(8) «6718) «95(9}
F3- 1.24(9) 2.3(1) 3.181) «41(8) «59(8) l.4(1)
Fé 1.12(9) 1.42(9) 4.8(2) - 07(7) «58(9) 1.7(1)
03 2.912) 4.7(2) 2.7(2) —-e712) «2(1) 1.4¢2)
04 3.7¢(2) 4.8(3) 3.8(2) ~e5(2) 1.1(2} 2.312)

05 5.3(3) 4.5(3) 3.6(2) -e6(2) «2(2) «8(2)
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Table (IV.4).

ATON 811
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Na3(U02)2F7-2H20, monoclinic phase. Atomic coordinates

(A) with estimated standard deviatioqs in parentheses.

ATOM. X Y z

1) «17985(1) = .02612(2) «058241(1)
ol «250712) <0312(5) «1931(3)
02 " «3884(2) «4T171(5) «0790(3}
NA2 «1109(1) «4903(2) «1900(2)
F1 -250  «250 .S500
F2°  L.1946(2) «3698(3) -0383(2)
F3 «4022(2) «2935(4) «3701(3)
Fs «0750(2) - «177204) - - .1522(2)
03 «0518(2) «466T(7) «3785(3)
NAL «500 «4495(4) «250
H1 «034(6) «361(1) - 7~ L38UT)
H2 «421(5) «021¢9) «064(7)
Na3(U02)2F7'2H20, monoclinic -phase. . Thermal parameters

(RZ) with estimated standard deviations: in parentheses.
The temperature factor has the form given in Table (IV.2)
except for the isotropic temperature of -the hydrogen
atoms which has the form exp[—B(sine/A)Z]. B is listed
in the Bll column for the hydrogen atoms. o .

822 833 B12 813 ‘823

v «9271 3} «7861(3) 122404} «019(4) «340€(2) «010{4)
ot . 1.911) 2.9(1}) 1.8(1}) -.0(1} -.03(8) = .24(9i
02 2.0(1} 3.311) 1.8(1} «0(1} -=31(8) ~-.1{1)
NA2 . 2.23(6) 1455(6) 2.21(6) «00(5) «59(S) ~e06(5})
Fl1 28(2) ° 1.4(1) 4.002) ~a7€1) 7 1.411) T eltl)
F2 1.77(8) 1.05( 7} 2.39(9) <0216} 1.12¢(7) -.00(6)
F3 T 24301} 1.26€(8Y . - 3.5(1).  .09(7} 1.32(91- ~a23(7)
Fs 1.88(9) 1.6619) 2.9(1) -a04(7) 1.35(8) ~«05(T}
03 2.4(1) 3.5(2) 2.3(1) ~.7t1) «0(1) -22(1)
NAL 1.61(7) 2.2(1) 1.91(8} O «64(6) (o]
H1 4.3(18) ‘

H2 2.1(11)
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V. Description of the Structures

1. Na3(U02)2F7'2H20

The.étructure of the monoéiinic phase consists of identical layers
pafallel to the (101) plane.#-~Adjacent layers are related by the
c-glide plane. Figure (V.1) is a projéctidn of one of these layers
in the_(lOl) plane. It cqnsists of infinite [(U02)2F7];3n chains
held together by sodium atoms [Na(l), Na(2)]. The chains are formed
frpm U02F5 pentagonal bipyramidé similar tp.that first déécribed

3772757

of this study, the uranyl group is the:axis and the fluorines form

by Zachariasén5 for X, UO,F In the po;assium salt and.both salts

the equator of a pentagonal bipyramid centered at the uranium. In
the monoclinic phase the pentagons share an edge [F(2) and F(2)']

and a vertex F(l), Therefore, the pentagons are much more distorted

$U02F5 where they are foﬁnd'in isolated UO F5—~ groupst

The edges (F-F distances) of the pentagon in the monoclinic phase

than in K
range from 2.56 A to 2.81 Z, the smaller vélue being that for the .
shared edge.

There are centers of symmetry at the shared vertex and the
middle of the shared edge. This fact constrains the chains to be

nearly planar: no fluorine or uranium atom deviates from the plane

*The cryétals have a perfect (101) cleavage.



Figure (V.1).
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XBL 774-8324

Na3(U02)2F7-2H20, monocllnlc phase. Projection of the

structure in the (101) plane. For clarity, only onc
water molecule is shown in the top half of the figurc;
both are shown in the bottom half.



148

XBL 7748323

Figure (Vv.2). Na3(U02)2F7-2H20, monoclinic phase. Projection of the

structure looking along the b-axis.



Table v.1).

U -0
U -0(2)
U -F(Q)
U -F(2)
U -F(2)"
U | F(3)
U -F(4)
Na(1)-F(3)
Na(1)-F(4)
Na(1)-0(2)

Interatomic distances (A) for Na (vo,) . F_-2H.0
(monocllnlc phase).

N

N [S+] ]

N

N .

.782(3)
.783(3)
.308(1)
.403(3)
.376(2)
.225(3)
.236(2)
.347(3)
;278(3)

.455(3)

-~ 0(3)-H(1)

H(1)-F(4)

0(3)-F(4)

0(3)-H(2)

H(2)-F(2)

L 0(3)-F(2)

H(1)-H(2)

Na(2)-F(2)
Na(2)-F(3)
Na(2)-F (4)
Na(2)-0(3)
Na(2)40(3f

Na (2)-0(1)

F(4) - —F<3>

CF(3) —F(l)

F(i) —F(Z)
F(2) -F(2)'

F(2) -F(4)

0.8(1)
2.1(1)

2.776(5)

0.8(1)

2.2(1)

2.921(5)

1.4(1)

2727

N

3+

Distances Involved in Hydrogen Bonds

2

.360(3)
.210(3)
.267(3)
.372(4)
.521(4)
.394(4)
694 (4)
.843(3)
.807(3)
.557(4)

.660(3)

149



Table (V.2). Bond angles (°) for Na3(U02)2F7-2H

0(1)-U-0(2)

_ F(Z)—U—f(aj
F(4)-U-F(3)
'F(3)—u—F(l)
f(i)—U-F(Z)‘
F(é)—U-F(z)'
0(1)-U-F(1)

©0(1)-U-F(2)

' 0(1)—U§F(2)"
0()-U-F(3)

5’o<1>—u-F<4)
0(2)-U-F(1)
0(2)-U-F(2)
0(2)-U-F(2)'
0(2)-U-F(3)

 0(2)=U-F(4)

177.

69.

74

77.
73.
64,

90.
90.

6.

91.

89.

90

87.
- 91.
91.

91.

7(2)
9(1)
31
7(1)

6(1) |

7(1)
0(1)
3(1)
3(1)

2(1)

4(1)

.5(1)

9(1)
7(1)
1(1)

3(L)

2

150

0, monoclinic phase.

Angles involved in hydrogen bonds.

0(3)-H(1) . ..F(4)
0(3)-H(2)...F(2)

H(1)=0(3) - H(2)

143(8)

~155(6)

117(7)
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ﬂéont?ining these centers by more than 0.2 g. Both kinds of sodium
_atoms [Na(l) and Na(2)] are within 0.4 A of thig plgpe.
| Thé uranyl éxygen atoms [Q(l),gnd 0(2)]_and ;he,water 0(3) are
the iny atoms'wﬂiqbgare not near thg plane. They bind the layers
togetherf the'ufanylhoxygen atoms are coordinated to sodipm atoms in
adjacent layers, and thewaterforms‘weak hydrogen:bong to F(4)»in
. the5layer.closest to the water oxygen 0(3)“and to F(Z)_in an adjacent
layer. The relationship of adjaceh; layers is illustrated in
- Figure (V.Z).

Tables (V.1) and (V.2) are r?épectively_1is;$wof_selected inter~
;atomic distances‘and bond‘angles.

2. Na,(UO,),F,*6H,0

The structure of the triclinic phase also consists of layers
of infinite [(U02)2F7];3n chains. The layers are parallel to the
(001) plénevand are related by the c-translation. Between these
layers are sédium atoms and water which bind the layers together.
Figure (V.3) is a z = 0 section of the structure which passes through
a layer.

Thé fluorouraﬂylate chains are similar geometrically to those
' in.the monoclinic phase. That is, analogous bond lengths and angles
are similar. However, they differ topologically. 1In both hydrates

the pentagons share one edge and one vertex; in both hydrates the

shared edge and shared vertex are located at centers of symmetry.
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However, the shared edge is opposite the shared vertex in the triclinic
phase and édjacent to the shared vertex in ;he monoclinic phase.

. Another differeﬁce-is that in the triclinic phasé there is only
_one.kind of sodium atom [Na(l)].in the layer binding thebchains
together. Thebother type of sodium Na(2) and the thrée kinds of
water [0(3), 0(4), and 0(5)] are between the layers. This is
iliustrated in Figure (V.4) which is a projection of the structure
looking down tbe a-axis.

The hydrbgen afqm>positions in Figure (V.&) were not included
in the least-sqﬁares refinement. Some qf the hydrogen positions.in
this figure corresbdnd to peaks in a fina} difference Fourier
.synthesis. The other poéitions‘were assigned on the basis of bond
‘geometry to obtain the most reasonable hydrogen-bdnding.scheﬁe.:
Tables (V.3) and (V.4) are respectively lists of selected inter-

. atomic distances and bond angles.
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XBL 774-8325

0 section of

7z =

Na3(U02)2F7'6H20. triclinic phése. A

Figure (V.3).

structure.

the
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FLUORINE

OXYGEN

URANYL OXYGEN

URANIUM
SODIUM
HYDROGEN
. . 4-
Figure (V.4). NaB(UO?)2F7'6H 0, triclinic phase projection of the structure XBL 774-8322

looking along the negative a-axis.



‘Table. (V.3).

U -0(1)
U -0(2)
U -F(1)
U | -F(2)
U  -F(3)
U -F(4)'
U -F(4)
Na (1)-F(2)
Na(l)fF(4)
Na(15-0(5)

Distances involved in the suggested
Figure (V.4).

Interatomic distances (A) for Na (UO ) F 6H 0

(triclinic phase).

1.773(4)

-

.787(4)
2.316(1)

2.264(3)

(]

.218(3)

2.354(3)

N

.381(3)

N

.305(3)

.365(3)‘

N

2.368(6)

0(3)-F(2)
0(3)-0(2)
0(4)-0(5)
0(4)-0(2)
0(5)-0(3)

0(5)-0(3)

Na(2)-F(2)

Na(2)-F(3)

Na(2)-F(3)
Na(2)-0(3)
Na(2)-0(4)
Na(2)-0(4)
F(1) -F(2)
F(2) -F(4)
F(4) ~-F(4)'
F(4)'-F(3)

F(3) -F(1)

.290(4)
.315(4)
.302(4)
L471(6)
.389(6)
.397(6)
.734(3)
.696(4)
.524(6)
.820(4)

.768(3)

hydrogen bonding scheme of

2.865(6)
2.894(6)
2.757(10)
2.949(7)
2.#16(8)

3.070(10)
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Table (V.4). Bond angles (°) for Na3(U02)2F7'6H20 (triclinic phase).

Bond angles involved in the suggested hydrogen bonding scheme of

Figure (V.4).

0(1) -U-0(2) 178.
F(1) U-F(2) 73.
F(2) —U-F(4) 70.
F(4) ~U-F(4)' 64.
F(4) '-U-F(3) 76.
F(3) -U-F(1) 75.
0(1) -U-F(1) 90.
0(1) -U-F(2) 88.
0(1) -U-F(3) 90.
0(1) -U-F(4)" 89.
0(1) -U-F(4) 89.
0(2) -U-F(1) 0.
0(2) -U-F(2) 90.
0(2) -U-F(3)  g0.
0(2) -U-F(4)" 90.

0(2) -U-F(4) 89.

F(2)-0(3)-0(2) 130.
0(5)-0(4)-0(2) 97.

0(3)-0(5)—0(3) 109.

6(2)
3(1)
9(1)
4(1)
1(1)
2(1)
4(2)
9(2)
7(2)
9(2)
3(2)
2(2)
1(2)
7(2)
2(2)

4(2)

4(2)
7(3)

9(3)
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VI. Other Alkali Metal—Uranyl.Fluorides
It is interesting to examine the fluorouranylate ions in the
series of dogble salts (alkali metal) (UO ) Fz . nHZOvas the
UOéﬁF fatio increases. 1In all such salts whose structures have
been'decermiﬁed, the uranium has seven-fold coordination with the
two ufanyl oxygen atoms forming the axis of a pentagonal bibyramid.
In one structure the equator of the bipyramid‘is formed by one water
molecule and four fluorine atoms; in the majérity of the strﬁctures
the'pentagonal equator is formed by five fluorine atoms. The
fluotouranylate iops can, therefore, be visualized as pentagons
‘which may share edges and vertices [see Figure (VI.1)].
When U0, :F = 2:10 there are isolated fluorine pentagons. With

2°

UO2 :F = 2:9 there are isolated pairs of fluorlne pentagons. w1th a

2:8 the isolated pairs of fluorine pentagons

!

common vertex. For UOZ:F

share an edge. For UOZ:F = 2:7 there are three different infinite chain
structures in which.phe.fluorine pentagons each.share an edge and a
vertex.

From the increasing number of shared edgés and.vertices of each
fluorine pentagon as the U02:F ratio increases one might expeét that
Cs (UO ) F 2H 0 with UO2 :F = 2:6 would be an infinite chain structure
vin which each fluorine pentagon shares two edges. However, this is
not the case. »This structure consists of isolated pairs of fluorine-

water pentagons each formed by one water molecule and four fluorine

atoms; the shared edge is formed by two fluorine atoms.



8

| _ ' 15
10:2 | 8 8
- 9:2 . 8:2

K5(U02)2F9 _ CS4(U02)2F8'2H20@
Rb4(U02)2F8 ° ZHZO
72 72 7.2
Na5(UOy)pFpe2HyO

K3(UOp)pF7-2H20  Nag(UO2)sFpr2Hp0

XBL 774-8341

Figure (VI.l). The fluorine pentagon in the series (alkali metal)

(UOz)yFZ-nHZO. The two Na salts are discussed in

this work. The other are discussed as follows:

: ' K3U02F5 reference 5
KS(U02)2F9 reference 7
CSA(UOZ)ZFS.ZHZO reference 8
RbA(UOZ)ZFS.ZHQO reference 9

I . ey
1\3(U02)2F7 _HZO reference 10

i
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" Except for the last structure discussed, the progression of
. structures as U02:F increases in similar to the series of borate
structures as the ratio B:0 increases. . In this series the BO3
. . | . -3 . :
triangle is the structural unit. (B03) is an isolated triangle.
-4 . . ' ' : -2,
(8205) is a pair of triangles with a common vertex. (BZOA) is
a pair of triangles with a shared edge. There is also an infinite

. -n - . . ,
chain (BOZ)n in which each triangle shares two vertices with

adjacent triangles.
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VII. Appendix
The following is a listing of observed structure factors, standard

F_-6H,0.

deviations, and differences for Na3(U02)2F7-2H20 and Na3(U02)2 7 9

i<
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OBSERVED STRUCTURE FACTORS. STANDARD DEVIATICNS,
NA3{UO02) 2F7.2H20

AND DIFFERENCES (ALL X 4.0)
F(0,0,0) = 2523

FOB AND FCA ARE THE OBSERVED AND CAULCULATED STRUCTURE FACTCRS.
DEL = /FQB/ ~ /FCA/.

SG = ESTIMATED STANDARD DEVIATION OF FOB.

* INDICATES IERO NEIGHTED DATA.

L FOB SG DEL
HeK= 0, O
2 855 14 -1x
4 29 4 1¢*
6 447 &6 11
8 610178-130%
10 537 &6 11
12 174 3 4
14 146 & 6
16 303 & -~6
18 196 10 =2
20 93 12 -0
HeK= 0, 2
01068 11-221%
1 69 2 5%
2 5715 18 -1x
3199 2 12«
4 144 2 2%
-5 163 2 6
6 554 1 6
T 167 3 5
8 779 9 4
9 11 7 1
10 424 5 3
11 150 7 1
12 137 7 -0
13 142 5 0
14 118 S 0
15 54 13 -~7*
16 287 7 1
17 22 40 4%
18 181 &6 -5
19 67 15 25%
20 69 71 =14x*
Ho K= 0, 4
0 845 12 -59
1121 2 4
2 407 S5 2
3 466 6 1
4 56 S 25
5 439 6 3
6 308 S 2
7 251 3 1
8 498 6 1
9 713 5 3
10 290 3 1
11 185 4 -0
12 97 8 1
13 246 4 -4
14 115 7 3
15 133 6 -3
16 221 § =5
17 42 52 31*
18 146 16 -1

L FOB SG DEL L
19 84 12 14 1
H'K?- Op 6 2
0 477 6 =6 3
1153 3 4 4
2 223 3 2 5
34715 5 =5
4 37 24 19%-20
5512 8 -1 -19
6 151 3 4 ~-18
7 319 4 =2 -17
8 321 4 0 ~-16
9 60 9 -2 -15
10 201 3 =3 =14
11 236 4 -8 -13
12 58 24 -12%-12
13 262 6 -8 -11
14 55 15 <-6*-10
15 152 9 1 -9
16 118 14 -2 -8
17 26 45 3% -7
HyK= 0y 8 -6
0 149 4 -6 =5
1177 3 0 -4
2123 4 -6 -3
3 420 4 -8 =2
4 57 14 4% -1
5 396 5 -4 0
6 36 23 -11» 1
T 232 5 9 2
8 139 8 5 3
9 51 24 5% 4
10 51 20 =-4* 5
11 228 S5 -4 6
12 42 24 7* 7
13 259 4 =0 8
14 26 46 13* 9
15 134 14 =10 10
HyK= 0, 10 11
0 41 25 21* 12
1 106 11 -2 13
2 32 33 4% 14
3296 4 =6 15
4 52 12 23% 16
5 330 5 -2 17
& 32 40 6% 18
7152 6 -7 19
8 24 41 12* 20
9 37 65 —15%
10 29 56 10%*-19
11 179 12 -6 ~-18
12 22 63 19%~-17
H.K’ Qs 12 ~16
0 107 12 -8 ~-15

L FOB SG DEL

SG DEL L
14 -1 -14219 4 =5 0
27 -202-13 100 5 2 1
5 1-12360 5 =2 2
39 -5%-11 90 4 -2 3
6 5 -10389 5 -2 &
1, 1 -9244 .4 0 S
6 2 -8122 4 4 6
51 ~16% -7 367 5 2 7
6 1 -6271110 9 8
12 23 -5127 2 1 9
47 30% -4 944 11 -19 10
56 3% -3 46 7 13 11
4 =4 -2 782 40 =45 12
47 -14% -1 476 5 4% 13
5 5 0210 2 11% 14
62 -19% 1 636 7 =5% 15
& 6 2 81T 2 8 16
5 -5 344615 =1 17
3 5 4565 9-11 18
4 6 5 58 & =2
3 8 684312 -3-16
6 2 71164 3 =2 -15
22 5% 8318 5 -14
4 ‘9% 9276 3 9 -13
34 1% 10 34 24 21¥~12
2 16% 11 169 5 5 -11
10 -21% 12 304 & 2 -10
3 113102 9 2 -9
11 1% 14 326 6 4 -8
2 4% 15 54 15 4% -7
13 -7# 16 190 11 2 -6
9 12%#17 9716 2 -5
11 6 18 4T 42 19% -4
3 7 19 8811 1 -3
5 6  HyK= 1, 5 =2
3 3 -18 105 20 16% -1
17 1%17155 8 1 0
4 T -16 43 23 29% 1
5 4-15216 S 1 2
35 -6%-14 142 5 1 3
5 -9 -13131 7 -2 4
21 28%-12 270 & -3 5
6 1-11 9 7 1 &6
44 -22%-10 267 3 -7 7
60 11% -9 287 4 -7 8
48 10% -8 27 29 5« 9
14 3 -7 494 6 =7 10
1, 3 -6185 3 3 11
50 4% -5 285 4 -0 12
16 4 -4 425 6 -9 13
14 1 =3 46 6 -4 14
41 1% -2 555 7 -5 15
4 1 -1385 S 3 16

FOB
260
457
140
363
472

\n
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DEL

. 32%

30%

-3
2%
-7
14%
-5

-1l

-4
-8
-17*%
-2

-9%

-5
-3.
&
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- STRUCTURE FACTORS CONTINUED FOR

NA3(UO2) 2FT.2H20 PAGE 2
L FOB SG DEL L FOB SG OFEL L FOB SG DEL L FOB SG DEL L FOB SG DEL
HyK= 1y 9 -8 810 10 3 ~19 97 16 -7 0 203 3 1 =6 45 48 31*
-14 52 20 44% -6 866 10 9 -18 74 13 13 1229 3 -0 -5115 1 4
~-13 92 18 ~8% -4 326 3 21*-17 118 8 -4 2393 S <-4 ~4 33 34 =3x
=12 51 25 14%* -2 68 1 -6%-16 201 & 1 3 19 4 3 -3 343 5 1
-11 79 16 -6% 0 678 7T -51%-15 0 48 -14% 4 231 4 -3 -2 62 10 24
=10 45 20 31% 21131 13-399%-14 29S -5 5437 5 ~3 ~-1340 5 -9
-9 2710 5 -10 4 816 9 -22%-13 138 -1 6 69 11 -6 0 32 43 1*
~8 38 43 34% 6 365 6 2 =12 176 -1 T 454 6 4 1 146 4 -7
-7 374 6 -6 8 338 5 5 =11 303 -4 8 121 S 7 2 30 48 1l6*
-6 50 16 38% 10 487 & 2-10 331 6% 9 276 4 O 3 47 17 -13=
=5 234 3 -9 12 441 5 -3 -9 256 -3 10 224 S5 -2 4 11 44 -26#
-4 31 31 -3% 14 190 4 -3 -8 372 -3 11 22 37 8% S5 260 6 -6
-3 41 16 36% 16 75 16 11* -7 135 5 12 176 4 4 6 18 36 -5*
-2 37 22 -8% 18 184 S 4 =6 529 -6 13 176 7 -3 T 309 4 5
-1 306 4 -5 20 171 11} 5 -5 129 2 14 91 20 54 8 23 44 10*
24 30 10% HokK= 2, 2 -4 300 4 15 214 5 -1 9 170 11 4
453 5 -15 =20 41 45 -11* -3 750 =2 16 32 42 0* 10 30 42 18x
39 14 14*-19 53 22 -16% -2 60 1 =1* 17 116 12 -5 11 35 54 29%
325 5 -5 -18 85 31 3% -1 666 -10 HyK= 2, 8 12 24 49 3%

12  T7*-17 71513 =3 0 409
70 8 0-16 255 5 -4 1 198
37 28 12%-15 21 35 18% 2 644

196 6 -2 -14375 6 -3 3 712

" 31 41 25%-13 54 13 2% 4 408

13 -15 0 40 -15% HoX= 24 12
6 -14 170 24 8% -5 78 13 -13
-8 ~13 143 8 ~1 =4 87 17 5%
12 =12 13 41 -8* -3 228 6 -1
2 -11 293 6 ~-14 -2 19 5T 15%*%

OCom~NondWN~O
o
=1
CMPIPOVUWVMNWDIOIPOWUVOMNUWUNCGLI,OVSNITOND

306 5 -1 -12 176 4 -5 5 438 ~7 =10 15 37 -13% -1 240 4 3
10 36 41 35%-11 153 3 0 6 193 1 -9 306 4 -1 a 69 14 -1=%
11 230 7 -3 -10 57 1 3 7 394 3 =8 40 44 =20 1 122 10 -2
12 38 49 24% -9 211. 4 3 8 243 7T -7 117 8 7 2 99 10 -6
13 108 8 4 -8591 8 =2 9 214 6 -6 155 5 6 3 52 538 3%
14 S7 58 36% ~7 146 3 2 10 362 7 =5 157 & =2 4 98 12 5
HeK= 1y.11 -6 884 11 -4 11 S 4 4% -4 68 7 4 S 184 6 -5

-9 193 & 3 -5 76 3 5 12 262 -2 =3 402 S -6 HyK= 3, 1
-8 61 18 32% -4 592 7 8 13 137 -4 =2 43 27 30%-20 109 22 -2%
-7 266 9 -6 =3 165 2 13* 14 12} -2 -1 493 6 -10 -19 0 43 ~-15%
-6 38 42 17 -2 65 2 11*% 15 182 11 -10 0 143 8 7 -18 258 7 0
-5 171 5 -5 =1 365 B8 9% 16 72 12 17 1 249 23 3 ~-17 0 49 -21*»
~4 47 40 -12% 0 576 13 -26* 17 111 10 ] 2 142 3 1 -16 257 4 0
-3 32 42 3 1 103 3 10* 18 135 9 -0 3 97T 4 -3 -15 59 17 -2%
-2 68 12 13 2 711 27 ~-30% 19 48 55 26% 4 112 4 -1 -14 71 8 -9
-1221 5 -4 3 64 3 -1% HeK= 2, 6 5391 5 -1 -13 53 13 25=*
0 37 40 5S¢ & 534 19 -2 -17 130 17 -4 6 70 10 -7 -12 222 3 -4
1 315 8 -2 s 257 4 7 -16 107 18 -13 7 381 16 8 =11 43 9 19»

2 53 13 23* 6 39% 6 4 ~-15 2 42 -6x 8 18 42 -13*%-10 647 T -1
3232 5 -4 7 164 5 5 -14 151 6 -4 9 219 6 6 -9 0 23 -8+

4 33 38 -6 B8 379 & 8 -13 152 5 =4 10 94 19 =-4% -8 717 8 4

5 82 9 7 9119 & 5 -12 88 7 -4 11 20 139 9% -7 165 3 3

6 68 11 2 10 522 6 4 -11 313 4 -5 12 59 17 11* -6 181 3 4

7T 136 8 1 11 19 35 5%~-10 29 34 -7 13 170 12 1 -5 338 4 5
8 43 S1 17*% 12 385 4 6 =9 329 4 -6 14 53 60 14* -4 95 2 24%
9 230 9 4 13 113 17 5 -8 250 4 -4 15 194 7 -10 -3 152 2 1%
HeK= 2, 0 14 173 8 9 =7 142 5 =3 HyK= 25 10 =-21060 14 =29%
-20 25 47 -29% 15 119 11 4 =6 370 5 =1 =12 22 44 13% -1 20 22 13=
-18 99 9 1 16 45 23 -10% -5 237 3 4 -11 228 S5 -6 0 917 35 -97*
- -16 282 6 3 17 S9 27 T* -4 162 4 1 -10 53 16 49% 1 111 5 8s
~-14 411 5 2 18164 & -4 -3 550 & ~0 -9 230 6 -10 2 619 8 ~45%
-12 223 5 -0 19 13 43 o* -2 81 4 -7 -8 67T 15 4&7*¢ 3 126 3 48
-10 715 4 4 HoK= 2, 4 =1619 7 -12 -7 114 & 8 & 170 3 8s



STRUCTURE FACTORS CONTINUED FOR

NA3(UD2)2F7.2H20
L FOB8 SG DEL L
5 155 13 3 =17

6 797 12 ~15 ~16

7 53 11 -1%-15
8 599 9 0 -14

9 34 35 25%-13
10 302 5 4 =12
11 102 5 4 -11
12 14 7 ~-0-10
13 95 7 9 -9
14 248 5 -6 -8
15 37 30 6% -7
16 247 S5 -4 -6
17 . 36 39 28% =5
18 186 7 4 =4
19 28 42 11% -3
HeK= 3o 3 =2
~19 25 50 =4% -1
-18 214 S 7 0
=17 42 52 4% 1
-16 202 8 =4 2
-15 151 8 4 3
-14 '59 9 11 4
-13 176 4 1 5
-2 219 7 -3 6
=11 157 3 2 1
~-10 530 6 -4 8
-9 67T 5 6 9
-8 496 6 =2 10
-7 242 3 -2 11
-6 201 3 3 12
-5 381 § 4 13
-4 134 3. 11 14
-3253 3. 9 15
-21038 56 -99 16
-1 81 10 17 17
0 797 22 -64 18
1 372 5 7

2 355 5 4 ~-16

3 420 6 -1 ~-15

4 37 T 14 -1l4

5 440 7 -7 -13

6 S7T2 9 -7 -12
7134 5 0 -11
"8 581 8 5 ~-10
9 74 10 8 -9
10 309 5 1 -8
11 209 4 0o -7
12 41 17 ~14% -6
13 177 8 ¥ -5
14 196 5 -~2 -4
15 68 15 =14% -3
16 198 8 -7 =2
17T 49 21 25% -1
18 154 7 =2 0
19 62 25 -2« 1
HeK= 3, 5 2
-18 130 11 -13 . 3

FOB

28
131
189

36
241
108
196
373

32
354
271

80
509

144 .

4038
487
111
523
322
354
345
60
395
440
132
322
145
204
293
17
227
126
101
143
65
99
HeK=
95
208
21
247
46
203
165
6
154
298
114
491
48
327
245
78
196
299
81
465

SG
59
20

8
45

W

[
CohANIOOPVMIVCLIOCIVNWOOWERSL DN

[

DEL
-18%
-5
-5

gx
-2
-15
- =3
-6
-2*
-0
-2
4
-5
4
-11
2
o2
-1
5
1
2
8*
-2
-3
-4
3
10
4
-6
21
-7
-6
2
-8
29%

-2+

L
4
5
6
7
8
9

10
11
12
13
14
15
16

-14
-13
-12
-11
-10
-9
-8
-7

UL .
VONOPVHIWNHOFMNWSIUVG

SG

60
25
43
13
36
12
51

53

9 4
DEL L
34 5
-3 6
3 7
7 8
-2 9
-3
-3 =20
-4 -18
34%-16
-0 =14
23 -12
-0 ~10
T7* -8
9 -6
21* -4
-8 -2
31 0
-6 2
-9% 4
~-9% 6
16% 8
12 10
14% 12
-2 14
12% 16
-2 18
l4%
7%-20
~5*~-19
-2 -18
13%-17
-6 ~16
- —2%-15
-10 -14
3%-13
7 ~12
21%—11
0 -10
8* -9
8 -8
48* -7
-3 =¢6
11 -5
26% -4
~12% -3
-7 =2
15% -}
-0 0
15 1
-7 2
7 3
14% 4
2% 5
-4 6
-1* 7
-15 8
29% 9

F0B
237
. 57
111

Ho K=

FO8

SG DEL L
6 -4 10 182
14 21% 11 115
13 6 12 394
23 =~3% 13 17
9 25 14 327
4y 0 15 50
7T =2 16 142
9 2 11 11
7 4 18 3%
6 -1 19 14
6 2 HeK=
4 4 ~-19 69
5 6 ~-18 70
9 2 -17 141
10 -~9*-16 46
10 8%~-15 159
3 Sk~14 220
5 -18%-13 75
13-176*-12 361
13 -32 ~11 120
5 =2 ~-10 21
S 1 -9 430
6 -12 -8 84
4 -8 ~T7 305
6 -18 -6 306
40 8% -5 169
4y 2 =4 547
7 0 =3 143
56 17% =2 479
12 2 =1 419
9 11 0 188
19 3% 1 488
6 -8 2 338
&5 =7 3 276
27 S* 4 587
5 2 5 43
10 1 6 420
4 4 7 322
3 3 8 206
8 -1 9 291
4 2 10 141
6 4 11 208
2 5 12 280
11 -5 13 56
3 11* 14 225
11 <40% 15 66
2 lax 16 113
2 1= 17 118
3 6% 18 6
& ~13% HyK=
4 -5 ~-17 179
11 -42 -16 ]
26 26%-15 176
9 =2 -14 136
5 -1 -13 56
4 =4 ~12 179
7 4 ~-11 149

163
PAGE 3
SG DEL
3 1
5 0
S 2
42 12%
6 -3
17 ~9=»
& 2
14 -1%
43 1lx*
46 -37*
4, 4
15 -10%
22 ~-12%*
11 -3
41 -0¢
5 -4
10 -7
9 7
6 ~7
6 -8
3 =2
s -3
8 6
3 2
4 0
4 5
8 -4
3 1
T -5
6 -8
4 0
8 =2
6 3
6 3
9 -~13
11 15%
6 -4
S -4
3 3
4 2
5 6
4 0
4 3
39 38
9 -11
13 —14s
10 4
9 -1
54 —~19%
& 6
6 -4
39 -29%
5 -8
5 -4
57 1l&=
7 -8
4 -3



STRUCTURE FACTORS CONTINUED FOR

NA3(UO2)2FT.2H20
L FOB SG ODEL L
-10 135 4 -0 13
-9 407 6 -3 14
-8 24 21 2% 15
-7 385 4 -4
-6 250 3 2 -12
-5 224 6 2 -11
-4 402 6 -1 =10
-3 220 4 3 -9
-2 249 4 9 -8
-1 58317 1 -1 -7
0155 5 -0 -6
1 525 7 -2 -5
2 171 4 3 -4
3304 5 -5 -3
4 339 6 -0 =2
5 17 40 3% ~1
6 254 4 2 (]
7 330 4 -2 1
8 111 6 6 2
9 344 5 6 3
10 88 10 18 4
11 260 S 2 5
12 160 &6 -5 6
13 65 11 28 7
14 139 &6 -7 8
15 96 9 ~7 9
16 86 21  10* 10
17 131 11 -9 11
HiK= 4, 8
-15 165 6 -12 -5
-14 56 15 -=-3% -4
-13 56 25 - -8% -3
-12 82 8 2 =2
-11 119 6 -12 -1
-10 36 43 ~1* O
-9 371 8 -4 1
-8 34 45 25% 2
-7 377 17 10 3
-6 64 13 =2% 4
-5 174 5 1
-4 154 7 4 -20
-3133 7 -1 ~-19
-2 101 5 12 -18
-1 381 S5 -5 -17
0 55 12 23%-16
1 427 5 -10 -15
2 128 5 0 -14
3297 4 -3 -13
4 113 5 0 -12
S 35 36 15%-11
6 111 9 4 =10
7 316 6 10 -9
8 89 17 8% -8
9 299 8 -2 -7
10 43 22 24% -6
11 209 5 -1 =5
12 78 14 11 -4

FOB
12
28
88

HeK=
0

98
32
274

SG DEL L
12 38 -3
48 -18% =2
i1 ~-13 -1
4y 10 0
57 =-14% 1
22 ~11% -2
49 21* 3
7 2 4
52 10*% -5
6 7 6
40 8* 7
6 -5 8
47 -18% 9
16 -21* 10
21 -4% 11
6 =3 12
49 0% 13
5 -7 14
21 20* 15
B -6 16
46 -10% 17
31 22* 18
47 17* 19
7 8
51 -13*%~19
5 2 ~-18
44 13%-17
S 6 -16
4y 12 ~15
9 4 ~14
15 -7 ~-13
15 -7%-12
11 -5 -11
8 -6 -10
53 -16% -9
7T 1 -8
23 5« -7
9 -3 -6
11 3 -5
5, 1 =4
44 ~16*% -3
25 17% -2
6 7T -1
17 23* O
5 1 1
32 4% 2
4 0 3
5 11 4
3 1 5
7 14 6
3 1 7
31 2% 8
9 =4 9
20 9% 10
10 6 11
2 3 12
6 16 13

334
143

pud [7d

[

W

W

[
CH VS DONOTYDIWOWERANDIDNNNME

N

N

OEL L
1% 14
16* 15
4% 16
-31% 17
4% 18
~14% 19
3
-44 -18
0 -17
93-16
-4 -15
-10 -14
9%-13
-13 -12
-5%-11
-9 -10
10* -9
2 -8
-12¢ -7
12 -6
-0% -5
0 -4
25% -3
3 -2
-6% -1
14 0
-10% 1
-3 2
-9* 3
-6 4
1 5
-2 6
e 7
-1 8
3 9
2 10
7 11
2 12
2 13
8 16
10 15
12 16
2 17
-73
7 -16
-21 -15
-5 -14
-14 -13
-8 -12
21 -11
-1 -10
1 -9
o -8
-4 -7
175 -6
0 -5
-1 -4

f08

73
122
111

w

[ 4
NV OCLIPVNEVMVMERWUVMNOIDIDVVVNWSTVNNNWN

-

- N
w

O
oogno

30

&> Ll
~WNOoOOS NN

-3

- "
COVONOWVMPUNMRNO =N

-
W N -

14
16

-13
-12
-11
-10
-9
-8
-7
-6
-5
-4

FOB
520

34
381
208
154
177
233
113
442

164

PAGE &
SG DEL
14 1
27T 1l%
5 -0
4 4
4 2
S L3
4 -4
9 -3
6 0
35 10
8 S
6 10
8 -9
6 3
16 ~15%
11 -3
5 -3
41 18»
8 1
30 21%
S» 9
6 =5
28 36*
5 4
48 14»
9 -4
19 -9%
29 39%
44 4%
S 4
40 4%
6 =2
17 24%
5 =2
58 23*
8 -0
33 -~3=
6 4
15 346*
T -6
38 11=*
6 -4
53 =4%
7 0
38 31=
34 6%
53 15»
10 1
Sy 11
7 1
28 21»
24 28+
17 1ax
7 -3
46 ~-17%
8 =1
49 35

3 ¥



STRUCTURE FACTORS CONTINUED FOR

NA3{(U02}J2F7.2H20
L FOB SG DEL L FOB
-1 262 -4 4 6 569
0 &3 14 18% 7 28
1 88 11 17 8 422
2 67 14 6% 9 108
3 154 11 7 10 286
-4 10 38 ~-21#% 11 130
5 253 6 1 12 106
6 16 41 8% 13 102
7 228 8 9 14 207
8 43 44 19% 15 1]
HeK= 6, 0 16 216
-20 174 11 9 17 43
~-18 235 7 -3 18 139
-16 177 7 =4 19 77
-14 38 41 9% HoK=
-12 392 4 5 -19 29
~-10 676 8 -3 -18 180
-8 482 6 T -17 97
-6 202 4 5 —-16 129
=4 915 10 -10 -15 163
-2 958 10 -10*~14 34
- 0 565 6 =2%-13 198
2 438 & -—-6*-12 256
4 332 6 -3 =11 124
6 814 13 ~41 -10 466
8 5710 8 ~-16 -9 92
10 302 4 -6 -8 369
12 114 5 2 -7 395
14 209 4 -3 -6 158
16 232 4 -7 -5 366
18 154 7 2 -4 3713
HeK= 6o 2 -3 312
-19 46 52 26% -2 489
-18 228 8 -4 -1 70
-17 70 10 20 0 405
-16 178 4 1 1 322
-15 110 9 -10 2 260
~-14 35 18 27% 3 491
-13 146 &4 -1 4 254
-12 345 4 3 5 279
-11" 48 9 -4% 6 429
-10 621 7 1 T 45
-9 33 22 17% 8 347
-8 376 S5 5 9 177
-7 129 3 3 10 200
-6 131 4 4 11 248
-5 262 4 6 12 75
-4 609 8 10 13 193
-3 325 5 9 14 168
-2 B49 11 -8 15 19
-1 77 4 -1 16 170
0 787 10 =34 17 71
1128 '3 4 18 108
2 367 T =9 HoK=
3 222 4 6 =17 91
4 391 &6 =5 -16 86
5 136 3 0 -15 215

SG DEL L
9 ~-20 ~-14
16 11%-13
6 -10 ~12
5 -1 -11
S -6 =10
4 3 -9
10 -1 -8
8 -3 =7
4 -12 -6
50 ~16* -5
8 -3 -4
60 7* -3
10 4 =2
13 20 =1
6y 4 0
45 5% 1
11 -2 2
8 -3 3
9 =2 4
5 =2 S
35 25% &6
4 -1 7
4 -3 8
4 2 9
6 1 10
8 -7 11
4 2 12
5 1 13
3 -0 14
5 3 15
6 7 16
4 3
6 -2 -15
4 ~=4 -14
6 =4 -13
6 5 =12
4 1 -11
8 -11 -10
6 =6 =9
4 1 -8
7T -11 -7
11 -5% -6
5 -3 -5
4 =3 —4
5 4 =3
5 =2 =2
9 -6 -1
4 4 0
7 4 1
49 ~14% 2
6 [ 3
34 21% 4
17 5 5
6¢ b6 6
10 -10 7
15 8 8
6 -0 9

7 L0094y
FOB SG DEL L FOB SG
17 35 13% 10 72 19
233 4 -5 11 255 S
172 4 4 12 0 41
86 & 1 13 195 6
219 5 -1 14 56 20
140 4 2 HeK= 6y
180 3 2 -11 115 10
364 & =2 -10 30 45
1 8 0 -9 72 27
438 6 -2 -8 11 44
267 4 4 =1 270 6
373§ 5 -6 22 40
385 7 8 -5 301 5
125 6 -3 -4 0 46
256 4 6 =3 226 4
435 5 0 -2 45 51
183 4 1 -1 0 37
533 17 2 0 S0 32
135 11 6 1 272 4
326 5 1 2 39 40
244 4 -5 3 325 8
62 12 11* 4 37 37
226 4 & 5217 4
193 4 =4 6 23 42
114 6 -6 T 21 41
282 S5 -1 8 0 52
35 52 -3*% 9 137 16
220 5 =3 10 48 34
97 11 -2 11 201 &
60 15 9% H,K= 6,
117 10 13 -4 8 57
HeK= 6o 8 =3 133 10
198 12 -6 -2 80 12
0 38 =-2% -1 19 40
221 4 -4 0 101 13
82 8 7 1187 11
127 12 8 2 37 41
90 17 o* 3 213 7
109 8 6  HyK= T,
43 46 ~16%-19 0 43
369 19 19 -18 60 14
41 55 35%-17 42 50
426 17 8 —-16 130 8
42 55 -26%-15 43 49
276 6 2 =14 391 5
125 7 -1 -13 25 29
77 11 -0 -12 440 5
118 5 4 -11 113 4
314 4 -1 -10 321 5
66 9 9 -9 54 S
415 7 -6 -8 183 10
109 7 5 -7 29 11
309 4 -0 -6 571 7
M 10 -5 -5 26 11}
15 38 —-156% -4 916 11
75 39 -17* -3 155 5
195 6 -1 -2 694%

DEL L
6% -1
-2 o0
-5% 1
o 2
16¢ 3
10 4
9 5
* 6
~14% 7
2= 8
a 9
20% 10
-1 1
-5% 12
8 13
21% 14
-26% 15
11* 16
5 17
16% 18
3 19
26%
4 ~19
-T5-18
1*-17
-17%-~16
-2 -15
36%-14
-3 -13
12 -12
~64%-11
-3 -10
-22 =9
-15% -8
T ~7
5 -6
5% -5
-4 -4
1 -3
-22% -2
-8% ~1
1= 0
1 1
ox 2
-1 3
23% 4
& 5
6 6
2 7
s 8
14 9
11* 10
3 1
9% 12
-1 13
6 14
1 15

272

2642
15

PAGE S
SG OEL
4 7
7 8
2 1
9 ~16
3 2
11 -21
13 9%
9 -13
8 =5
11 21%
6 2
5 ~9
10 3
6 -8
19 41%
5 -6
16 '190%
13 -3
45 4%
12 -2
51 12%
Ty 3
19 -a=*
15 5%
T -1
& -7
15 3%
4 2
39 —4%
5 -1
3 -3
3 5
3 2
3 2
5 3
7 2
8 11i#
10 8
5 2
8 -6
6 7
T -4
5 3
10 -18
3 -3
12 =26
5 -0
6 -9
4 -1
50 -—-8%
5 -6
3 =2
5 <2
T =2
35 T*
6 1

165




STRUCTURE FACTORS CONTINUED FOR

NA3(UO2)2F7.2H20
L FOB SG DEL L
16 54 29 -20% 0
17 94 16 3 1
18 35 65 -26% 2
HeK= Ty 5 3
-18 47 54 g% 4
-17 190 S 3 5
~-16 57 15 -23% 6
-15 124 11 -7 7
~14 212 S 1 8
-13 37 33 6% 9
-12 218 S5 -7 10
-11 221 4 2 11
-10 140 4 -3 12
-9 347 4 -4 13
-8 93 7 3 14
-7 347 4 o 15
-6 378 5 =2
-5 83 6 8 -13
-4 460 6 -1 -12
-3 249 3 5 ~11
-2 318 5 0 -10
-1 442 1 -5 -9
0 98 7T 14 -8
1 404 S 3 -7
2 332 5 3 =6
3 253 4 1 -5
4 395 6 -2 -~4
5 162 7 5 =2
6 351 4 -4 =2
7 238 4 -7 -1
8 48 12 3« 0
9 29T 5 -3 1
10 173 4 2 2
11 154 S5 -1 3
12 209 5 %4 4
13 38 45 6% 5
14 165 7 4 6
15 123 11 -4 1
16 61 16 8% 8
17 129 17 1 9
HeK= T, 17 10
-16. 65 13 25%x 11
-15 152 8 6 12
-14 111 7 -5
=13 51 14 41* -8
~-12 129 1T -4 -7
-11 250 5 0 -6
-0 7 T -4 -5
~9 354 4 =3 -4
-8 10 42 ~20% -3
-7 242 5 2 -2
-6 160 S5 7T -1
-5 138 5 1 o
-4 160 4 2 1
-3 253 &6 10 2
-2 211 9 9 3
-1 456 17 7 4

FOB SG OEL L FOB8
15 47 12¢ S 89
361 4 -2 6 45
161 4 1 7 189
196 6 -0 HyK=
176 5 5 -18 214
143 4 5 ~16 268
128 9 2 -14 261
293 4 -2 -~12 30
30 38 11*-10 405
328 14 6 -8 577
72 11 -0 -6 679
152 1T =7 =4 457
105 8 12 -2 721
36 39 8% 0 735
99 11 12 2 769
130 7 S 4 363
HeK= 7, 9 6 120
13 43 11* 8 446
0 38 -16*% 10 537
192 11 7 12 290
45 47 12*% 14 34
317 17 9 16 137
26 58 20% 18 196
279 4 4 HoK=
60 15 0*-19 58
53 35 -1#*-18 208
31 51 20%-1T 58
255 6 3 =16 2173
50 21 11*-15 38
38 S5 =4 —-14 259
34 49 32*-13 129
351 4 =4 =12 44
12 54 =2%-11 219
190 4 10 =10 344
35 50 16* -9 89
103 10 -9 -8 535
22 39 4% -7 20
258 6 -3 -6 538
0 51 -~9*% -5 152
2715 7 2 =4 296
0 59 ~17% =3 241
161 18 15 -2 458
20 42 7%« -1 259
HyK= Ty 11 0 610
67T 16 53% ) 6
196 6 4 2 841
22 62 =22 3 126
44 62 ~-18% 4 357
75 17 4% 5 199
144 7 -0 6 184
44 53 12% 17 119
263 6 -3 8 349
20 39 1* 9 35
262 9 -1 10 434
0 53 -40* 11 90
97 19 -12% 12 264
64 32 -1 13 77.

13

42

s
oowm

N N
PP UVVOOPVIPIPVNUNWODIPWEINNNONS S

| ol N

DEL L
-5 14
18% 15
-2 16

0 17
1 18
-9
-0 -18
20%-17
1 -16
3 -15
4 -14
6 ~13
-5 =12

-23 -11

-29 -10
-2 -9

2 -8

-10 -7

-11 -6
-3 -5

8% -4

-11 -3

-0 -2
2 -1
0% 0
6 1

19% 2

-2 3
8% 4

-1 5

-10 6

4% 7

-1 8
3 9
3 10

-1 11
9% 12
4 13
8 14
5 15

10 16
0 17
2

-4 =17
4%-16

-57 -15

3 -14

-3 -13
3 -12
2 -11
0 -10

-3 -9
7% -8

-4 =7
3 -6

-3 -5

-4 =4

FO8
36
T4

145
28

185

H’K=

152
55

210
82

184

190
46

270

249

183

412
55

492

457

267

389

280

277

370
25

490

253

243

410

122

241

269
62

338

119

.185

150

SG
30
17

e

w
CWEaVMECOODLIVMNWWOEMSNSWIOPLOOCTOSITWDIWILIVMOWM

[

=

N =
LGOoN
-

19

IS
o ®

4

DML WOSTVNSD

DEL
11*
5%

-1
2%

12*
-0

-7
-3
-4
-0
-2
-3
-0
-11
-1
-6
-23%

-8
3%
6

10%

-6

-7
-25%
-4
-2
-2

L
-3
-2
-1

Pt i et et e et : )
PWVMPUWUN=ODDDdgOO NP WNICD

]
—
&>

-13
-12
-11
-10
-9
-8
-7

-6 .

-5
-4
-3
-2
-1

10
11
12
13

-11
-10
-9
-8
-7
-6
-5

FO8

315

268

166

PAGE &
SG DEL
6 -2
4 5
4 3
8 8
21 21%
.3 2
5 2
4 4
6 -9
15 4%
6 -1
11 -4
17 -2»
5 2
6 -1
12 ~11
7 =0
44 29%
8 5
15 3
8y 8
41 ~13»
8 -3
51 T
& -4
9 12
T 3
9 12
12 -0%
8 -5
5 9
56 -15%
6 -1
19 10=%
6 1
13 . -3
37 27*
7 7
4 -4
15 1+
s =2
15 25
5 -7
13 21=*
27 1
11 4
T 7
34 T%
6 -2
8s 10
5 10
41 28%*
1 8
43 2%
26 ~4%
41 22%
7 6
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STRUCTURE FACTORS CONTINUED FOR

NA3(U02)2F7.2H20
L FOB SG DEL L
-4 52 24 4T%
-3 309 5 0 -~19
=2 37 52 29*-18
-1 231 S 3 =17
0 .31 42 6%~16
1 .32 62 T%-15
2 35 49 0*-14
- 3204 5 =6 ~-13
4 38 45 26%-12
5 278 6 -7 -11
6 0 58 -7*-10
7 191 10 -11 -9
8 32 41 8% -8
9 45 29 1% -7
10 60 65 48* ~6
H,K= 8y 12 =5
-1172 9 13 -4
0 9310 -3 -3
Ho K= 9 1 -2
-19 58 18 47x -1
-18 218 8. -4 0
~17 32 37 12% 1
-16 124 5 4 2
-15 53 22 11* 3
-14 113 5 1 4
~-13 64 13 -7 5
~-12 450 S5 =2 6
-11 24 29 1l1* 7
-10 504 & =2 8
-9 118 4 -4 9
-8 467 6 4 10
-T 60 4 7T 11
-6 139 .4 3 12
-5 21.22 -2% 13
-4 629 8 7 14
-3 43 5 11 15
-2 764 10 -a 16
-1 58 4 3 17
0 557 8 =9
1 270 5 -2 -17
2 64 B 12 -l
3 199 4 1 -15
4 415 8 - 6 ~l4
5. 65 9 -4 -13
6 464 7 0 -12
T 22 26 2*-11
8 515 6 -10 -10
9 54 21 -5% -9
10 106 9 0 -8B
11 80 12 4 -~7
12 144 S5 -7 -6
13 32 46 =-1* -5
14 229 6 -9 -4
15 0 39 -8% -3
16 210 5 3 =2
1T 23 54 2% -1
18 719 33 -8x 0

FOB
HeK=
44
174
72
86
153
113
106
351
20
402
169
363
263
198
391
589
109
549
137
484
351
84
325
410

160 .

474
76
411
169
93
201
107
111
203
15
190
T4
H’K=
115
66
221
73
206
236
68
262
186
208
334
80
421
353
141
431

122

333

SG
9
47
5
34
11

N

coVoeorVaodLbVOoCIOIPODSIYSIOVBLVIWS VOO

P2V OVNOSWRDINDS

DEL L
3 1
38% 2
-4 3
~-11% 4
-11 5
5 6
2 7
-9 8
-3 9
4% 10
3 11
1 12
6 13
3 14
4 15
7T 16
2
6 -16
-4 -15
4 -14
-2 -13
-1 ~12
0 -11
2 -10
1 -9
-3 -8
-5 =7
3 -6
-7 -5
-1 -4
-2 -3
-4 =2
15 o
2 1
3% 2
T 3
14 4
5 5
-9 6
4% 7
-4 8
-4 9
-0 10
-0 11
-1 12
-2 13
-1 14
0
2 -13
7 =12
-3 -11
-6 =10
4 -9
-2 -8
7 -7
1 -6

Fos8
407

451
211
213
285

244

132
56
Hy K=
170
40
- 33
19
172
57
311
54

SG
6
27

49
8
9y

22
9

16

11
8

11
4
8

W

[
[IENRV IEVE- RO RE N RV R RO RY RN R RV NN N

-
MOoOWMNWSH WO

DEL
3

9%
1
0
-3
-4
5
1
-5

T*
4
5
-10
T

-8‘
-9
7

L

‘3%

-11
16*
-2

T
16
3
=2

7

1

4%
~2
-1 .

21%
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L FOB8 S5G DEL
-15 65 11 4
~14 332 38 -4
-13 31 37 8%
-12 401 4 -0
-11 138 3 1
-10 117 & S
-9 2271 3 3
-8 293 3 1
-7 138 3 T
-6 629 8 3
~5 28 14 -1*
-4 620 9 8
-3 103 7 5
=2 260 3 3
-1 182 3 3
0 249 & 11
1 254 4 1
2 544 9 -4
3 32 12 25%
4 755 10 -8
5 62 8 -1
6 307 5 3
7 136 4 7
'8 89 9 4
9 132 4 7
10 291 4 =2
11 25 35 ~21=#
12 285 S5 =5
13 42 19 2%
14 182 7 3
15 69 15 4%
16 24 39 o*
17 59 16 -2%
18 102 16 20
H'K= 10' 4
~18 - 23 66 15%
-17 136 11 -3
-16 154 9 2
-15 86 9 =5
=14 266 & 2
-13 104 9 3
-12 293 4 4
-11 199 3 1
-10 100 4 10
~9 260 4 4
-8 210 3 ]
-7 255 4 5
-6 450 5 5
-5 38 11 12=*
-4 538 6 -4
-3 369 S5 -6
-2 261 4 -3
-1 370 S 1
0 156 4 9
1316 7 -1
2 356 5 4
3 39 12 15e
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STRUCTURE FACTORS CONTINUED FOR

NA3(UO2)2FT.2H20 PAGE 8
L FOB SG DEL L FOB SG OFEL L FOB SG DEL . L FOB SG DFL L FOB SG DEL
4 45T S =4 =5 49 17 42% =3 48 14 25% 17 9 48 -10%* 5 319 4§ -3
s 135 10 3 -4125 7 6 =-2305 S5 10 HeK= 11y, 5 6 45 17 -4%
6 212 3 2 -3296 6 6 =1 25 26 8%~17 38 57T 29 71197 T ~3
7 281 4 4 =2 42 24 18%« 0 772 10 -27 -16 158 7 3 8 127 9 &6
8 57 19 1* -1 410 & 6 1 3618 11#*-15 115 7 =7 9 0 54 -12*
9 239 4 4 0 43 28 S* 2 656 10 ~18 -14 109 7 -5 10 97 16 -6
10 214 8 2 1330 4 4 3168 3 0 -13 273 6 2 11159 1 8
11 92 7 S 2 8811 10 4 92 5 3 -12 63 10 -T 12 45 49 11%
12 229 10 =2 3 55 29 20%¢ 5 130 6 3 -11 257 4 1 13182 6 2
13 46 20 -11* 4 112 13 -6 6 233 5 1 -10218 4 6 14 29 41 12%
14 137 & 4 5168 6 9 7 80 11 8 -9 142 S5 & HyK= 11, 9
15 118 8 1 6 65 20 3% 8 417 5 -2 -8 294 5 1 =12 19 59 ~1%
16 10 51 -6% 7 271 8 -3 .9 0 38 -1% -7 156 4 4 =11 205 9 =2
17 114 17 6 8 53 61 24% 10 399 4 =4 =6 267 3 7 -10 14 48 7%
HeK= 10, & 9 265 5 12 11 44 14 5% -5 360 4 -3 -9 719 21 6%
-16 98 15 10 10 0 48 -37* 12 116 6 =1 -4 28 30 133 -8 19 39 =3#
~-15 76 13 =22 11 89 1% 2 13 7512 27 -3 400 5 -5 -7138 9 2
-14 150 5 1 12 53 24 -8% 14 66 18 12* -2 230 6 4 =6 29 53 —-14%
-13 82 17 6% 13 66 20 1* 15 31 42 3% ~1 149 4 5 -5313 & 3
~12 177 4 3 HyK= 10, 10 16 194 5 B 0437 S5 -1 =4 8 47 «4%
~-11 255 5 -1 =10 61 72 55% 17 29 51 21% 1 76 8 2 -3336 & =2
-10 53 19 -4% -9 251 6 -0 HyK= 11, 3 2 366 5 3 =2 9 44 =22
-9 345 4 -0 -8 0 46 —12%-18 157 10 -5 3 303 4 & -1 144 8 -1
-8 165 7 7 -7 214 8 8 =17 45 21 371% 4 29 43 6% Q 13 55 -10%
-7 225 S 5 -6 6} 72 15%-16 229 5 0 5 321 4 -0 111010 3
-6 216 4 4 -5 25 43 17%*-15 89 7 8 6 113 10 -6 2 46 22 14%x
~5 56 11 -1% -4 0 42 -6%-14 168 8 2 7221 5 -0 3276 T 2
~4 266 4 =2 -3219 8 6 -13 190 6 T 8 246 4 5 4 30 47 271%
-3 337 4 5 =2 0 40 =~7%*-12 113 11 T 9 44 17 22 5 300 S 1]
-2 138 & 6 -1284 T -6 -11 l44 6 2 10 243 5 6 6 37 42 28%
-1 420 5 7 0 31 38 23%-10 316 5 -3 11 132 11 -8 T1717 5 -1
0127 5 & 1249 7 4 -9 54 19 -0% 12 81 9 1 8 23 45 3¢
1 411 16 14 2 55 62 32% -8 430 5 1 13 167 5 4 9 29 45 25%
2 276 8 9 3 71 16 17* -7 160 3 4 14 0 41 =-35% 10 9 43 -10¢
3 38 26 S* 4 &7 49 21% -6 453 6 2 15 104 13 0 HeK= 11, 11
4 283 4 4 5137 15 2 -5311 4 9 16 110 8 7 -6 60 28 10¢
5 196 4 -5 6 0 44 =~4% -4 89 & 6 HyK= 11, 7 =5 237 9 0
6 140 7 =1 7 223 8 -2 -3 360 5 -0 -15131 11 7 -4 58 32 43%
7 326 1 -0 8 44 28 39% -2 360 S 1 -14 54 17 -17% =3 240 8 3
8 0 37 =21 9 18911 -0 -1 111 5 1 ~-13 250 5 1 =2 31 42 -9%
9 280 4 4 HeK= 11, 1 0 595 8 =T =12 0 44 -25% -1 107 9 -10
10 127 9 2 -19 31 50 8% 1 94 4 4 -11270 5 4 0 56 57 =4%
11 104 8 4 -18 209 5 -1 2530 7 -8 <10 104 7 1 1 51 52 =-2%
12 152 15 2 -17 44 36 31x 3 263 3 5 -9 116 9 =1 2 64 15 28%
13 64 16 =~1%-16 291 4 2 4 114 10 1 -8189 8 6 3188 7 2
14 84 13 3 ~15 47 18 26%* S5 221 6 -0 -7 208 4 7 4 2550 1%
15 130 7 -6 -14 210 S 1 6215 6 0 -~-6154 & 7 HyK= 12, O
HyX= 10, 8 -13 33 29 -13% 7 173 4 3 -5 378 5 0 ~18 188 6 5
~-14 60 16 11*-12 95 11 -} 8 399 & 1 =4 0 48 <=2%=16 44 56 2%
-13 73 22 1*~11 83 6 -3 9 0 32 -15* -3 399 15 8 -14 228 4 -1
~12 31 46 -10%-10 403 4 2 10334 4 =2 =2 99 8 14 -12 357 4 =1
—11 235 4 =1 -9 51 10 4% 11 110 6 -0 -1 211 4 4 —10 440 5 =2
-10 44 49 32* -8 539 § 2 12 104 13 2 0 156 7 7 -8 152 3 15
-9 313 5 6 =7 129 3 0 13 139 & 8 1 7L 9 -3 -6 300 & &
-8 78 16 4% -6 570 7 -4 14 51 16 13* 2185 &4 & =4 627 9 10
-7 241 4 2 =-5107 5 6 15 61 15 -19% 3 319 4 S =2 699 10 -4
-6 8515 -7 -4 1623 9* 16 159 9 & 4 51 13 21 0 430 & -9



STRUCTURE.FACTORS CONTINUED FOR

NA3(UD2)2FT7.2H20
L FOB SG DEL L FOB
2219 4 =3 -6 144
& 422 8 S -5 264
6 537 8 -0 -4 381
8 329 4 6 =3 T7
10 59 18 1% -2 505
12 175 4 -7 =1 255
14 263 5 4 0 278
16 172 8 ~1 1 369
"HoK= 12, 2 2 1715
-18 158 8 =4 . 3 302
-17 86 10 1 4 229
-16 0 43 -40*% 5 81
-15 101 9 2 6 352
-14 211 4 -1 1 99
-13 93 14 -1 8 215
-12 359 6 -3 . 9 234
-11 40 12 30> 10 34
-1 442 S -1 11 158
-9 113 4 -1 12 120
-8 196 4 2 13 88
-7 212 3 1 14 176
-6 203 3 2 15 34
-5155 3 9 16 108
-4 560 6 6 HeK=
-3 60 8 15-16 17
-2 591 8 -12 -15°180
-1 53 6 4 -14 82
0 297 4 2 -13 150
1 178 4 -1 —-12 151
2 152 3 3 -11 37
3217 4 1 -10 209
4 325 4 "4 -9 235
5 12 48 -22% -8 91
6 524 8 ~1 ~7 413
7 34 20 ~22% -6 115
8 314 4 0 -5 257
9 131 6 7 -4 193
10 38 18 9% -3 .37
11 95 6 13 =2 265
12 151 5 =12 -1 248
13 62 11 25 0 140
14 227 6 3 1 410
15 51 60 33% 2 53
16 156 13 0 3 377
17 64 14 22*% 4 188 -
HeK= 12, 4 5 84
-17 123 14 9 & 227
-16 34 39 =2% T 128
~15 176 5 =5 8 137
-14 167 4 7 9 270
-13163 6 11 10 O
-12 289 S5 4 11 199
-11 78 16 2% 12 91
-10 326 4 -1 13 80
-9190 4 1 14 121
-8 143 4 1 " HeK=
-7 312 4 4 =13 146
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L FOB
-12 91
-11 42
-10 54

-9 223
-8 45
-7 350
-6 52
-5 271
-4 82
-3 46
<=2 143
-1 215

0 34

-1 392

2 42

3 318

4. 60

5 80

6 1056

7 102
.8 37

9 224

10 0
11 185
12 43

HpK’
-9 178
-8 4]
-7 271
-6 49
-5 234
-4 39
-3 53
-2 0
-1 157

0 35

1 271

2 20

3 238

4 40

5 78

6 7

7 85

HoK=
-18 77
-17 53
-16 224
-15 0o
~14 372
-13 42
-12 278
-11 35
-10 28

-9 89
-8 389
-7 84
-6 659

S6

16

DEL L
39 -5
3% -4
-1% -3
4 =2
30% -1
4 0
~6% }
3 2
-6% 3
-1* 4
17 s
9 6
7* 7
12 8
33% 9
4 10
5% 11
3 12
9 13
-5 14
-21* 15
-0 16
A
-1 -17
18%-16
10 -15
-2 -14%
-34-13
-2 -12
35%-11
3 -10
-6%* -9
16% -2
—b% =7
-1 -6
21* -5
-2 -4
16% -3
6 =2
25% -1
-1*% 0
-9% 1
1= 2
1 3
8* 4
20% 5
-1 6
-15% 7
-3 8
14% 9
1 10
-2 11
23% 12
o 13
1 1s
11 15
1 16

FG8
106
532
87
47

52

247
49
620
23
462

99

184
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145
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307
11
261
36
117
51
63
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STRUCTURE FACYORS CONTINUED FOR

NA3(UO2)2FT7.2H20
L FOB SG DOEL L
"9 177 6 -1 -12
10 83 11 -9 -11
11 35 41 10%-10
12 63 16 -8% -9
13.101 13 14 -8
HeK= 13. 9 -7
-11 233 7 3 -6
-10 40 42 20% -5
-9 243 9 5 =4
-8 32 41 27% -3
-7 118 9 8 -2
-6 23 46 3% -1
-5 89 10 3 0
-4 53 22 18% 1
-3 261 7 3 2
-2 20 40 -0% 3
-1 343 6 3 4
0 0 40 -12% 5

1 189 9 6 6

2 60 15 31+ 7

3 38 40 -7* 8

4 23 49 -5% 9
5196 5 -3 10

6 0 45 =4% 11

T 247 5 -3 12

8 18 48 9% 13

9 167 12 3 14
HyK= 13, 11 15

-2 77 40 57 16

-1 245 6 8

0 35 54 -1%-17

- HeK= 14y 0 ~-16
=18 199 6 -5 -15
~-16 248 6 -5 -14
-14 100 7 -1 -13
~-12 180 4 0 -12
-10 372 5 4 -11
-8 543 6 1 -10
-6 176 3 5 -9
-4 143 4 4 -8
-2 494 1 =3 =7
0 684 8 =17 =6

2 427 S5 ~10 -5

4 52 11 32% -4
.6 358 4 T -3
8 464 5 3 =2
10 221 5 -3 -1
12 83 26 13 O
14 102 11 -9 1
16 175 S 4 2
HeK= 14, 2 3
-18-185 7 -11 4
=17 41 43 25% 5
-16 223 &6 =1 6
-15 114 14 10 7
~-14 96 7 6 8
-13 111 16 -5 9

F0B
161
98
369
46
536
84
230
254
73
161
444
60
602
57
324
114
0
139
282
64
427
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DEL
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4%
3
-5
.
2
14
8
1
&%

-15
-3
-2

5
-5 %
-7

3
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4
6
-21%
4%
-5
-g%
-2
4
11»
2
-5

13=*

-=35%

L
10
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13
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15

-15
-14
-13
-12
-11
-10
-9
-8
-7
-6
-5
-4
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-1
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FOB
158
143
42
127
89
95
HyK=
157
40
211
54
179
169
55
236
205
116
395
68
2717
175
68
263
200
146
291
10
294
135
128
188
57
106
164
43
153
H'K:
16
183
85
45

L FOB SG DEL

SG DEL
6 -1 8
10 5 9
46 1* 10
11 -3
9 13 -7
15 25 =6
l"' 6 -5
9 =4 =4
56 14% -3
5 2 =2
40 —-16% -1
7 9 0
6 6 1
43 46% 2
-5 4 3
s -6 4
6 1 5
5 =3
12 12 -17
6 -4 -16
5 =1 -15
12 12 -14
4 4 ~13
6 4 ~12
6 6 -11
5 -0 -10
36 3% -9
6 7 -8
6 -6 -7
12 4 =6
6 9 <5
16 1% -4
8 2 -3
10 -1 =2
56 13% -1
17 =2 0
14, 8 1
44 1 2
13 1 3
10 28 4
28 37% 5
11 11 6
7 -5 7
39 -=-3% 38
6 -1 9
39 -30% 10
6 3 11
20 8% 12
9 7T 13
10 4 14
- 8 5 15
38 -2=*
4 1 -17
38 22*-16
4 2 -15
14 30%-14
8 7 -13

g¢ 15
47 43
51 28
HyK= 14,
158 6
16 41
2646 8
46 26
244 S
5T 29
67 36
31 49
129 7
31 45
216 9
37 43
201, 6
HyK= 15,
29 40
35 41
27 317

64 13
199 4
68 14
54 15
16 S6
185 5
25 41
217 7
43 43
HeX= 15,
86 11
36 49
124 9
188 6
41 55

13
-3k
4%
10
-0
9%
-0
30%
8
22+
-7%
22%*
14
14%
-1
34%
3
1
-5%
~-T*
-17*
1
7%
-3
=-13%
-2
-15%
7
2
6
-2
1
-3
-10
3
-1
6
-4
s
-6
24%
3
-1*
4
-0t
14x
-24%
-2
15+
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STRUCTURE FACTORS CONTINUED FOR

NA3(UO2)2F7.2H20
L FOB SG DEL L FO8
13 37 40 6% 4 348
14 124 12 2 6 90
HeK= 150 7 8 214
-13 'S0 33 -23x 10 287
~12 125 8 14 12 208
-11 57 37 -23% 14 99
=10 93 18- -8% HoK=
-9.258 6 5 -17 83
=8 - 24 44 -~1%*-16 244
-7 329 6 2 ~-15 38
-6 48 45 -9%-14 256
-5 196 4 -0 -13 110
-4 187 5 3 ~-12 134
-3 .74 30 T*-11 123
-2 139 10 -4 -10 103
-1:27T7T & 4 -9 121
. 51 13- 1% -8 383
1352 7 16 -7 54
2157 22 23* -6 515
3 220 4. 6 -5 52
4.120 6 15 -4 272
51 44 34  =-1% -3 200
6-107 13 -4 =2 9
"7+163 "7 =3 -1 166
8- 30. 52 =26*% 0 400
9:217 7 .- 8 1 76
10 22 40 16% 2 424
11 149 6 10 3 7
HoK= 154 9 4 280
-9 248 1T 10 S 109
~8 45 28 35 &6 67
~-7-270 6 3 T 134
-6 10 39 5+ 8 169
-5 136 13 1 9 137
-4 44 58 18% 10 269
-3 45 40 6% 11 0
-2 49 22 27* 12 198
-1 222 6 -1 13 &7
(o} 0 59 =24% 14 56
1 305 7 8 15 52
2 32 45 28* HeK=
2 183 .10 2 —-16 188
4 46 2 22%~15 42
5 0 57 —-12%~14 222
6 2 46 -16%-13 123
T 152 10 6 -12 125
HeK= 169 0 =11 220
-16 254 10 4 ~10 67
-14 292 5 =2 -9 234
-12 155 ¢ T -8 304
-10 120 14 5 =7 49
-8 404 5 12 -6 375
-6 540 6 11 <=5 132
-4 232 5 -6 -4 195
-2 72 -5 12 -3 248
0 452 5 -13 -2 20
2 465 5 -7 -~} 251

$SG DEL ™ L
4 -1 0
6 14 1
5 8 -2
4 4 3
5 7 4

10 20 5

16, 2 6

11 28 7
5 1 8

48 37% 9
5 -4 10

11 9 11
8 4 12
8 ~4 13
9 6 14
6 -3
5 =2 =14

56 =-0*-13
6 =1 =12
9 10 ~-11
4 1 -10
4 =2 -9

28 =-2% -8
4 1 -7
5 «3 =6
6 1 -5
5 =7 =4

30 -17%* -3
4 1 -2
6 7 -1

14 -1 O
8 6 1
5 1 2

4] -8% 3
4 11 4

37 -8% 5
5 9 5

13 16*% 7

21 -12* 8

70 3% 9

16, 4 10
8 -2 11

63 40% 12
5 1

14 9 -11
6 4 -10
6 4 -9

13 5% -8
T 6 =7
4 2 =6

13 37 -5
5 =3 -4
8 -3 =3
T -4 =2
4 ~1 -1

36 T 0
4 =7 1

f

303
162
105

SG

11

42
8
14
52
16,
28
14
41
-]
22
]
10
19

W

N WU - w [
NUNHOOLINSBTINOOHOC MO

i% EE. {3
DEL L FOB
-3 2 96
-2 3 90
-4 4 28
3 5 232

2 6 41

1 7 229
~9% 8 0
2 9 103

4 H,K’

4 =4 V]
-2 =3 235
~10% -2 22
T -1 281
5 o 15
-10% 1 105
6 2 20
13‘ H.KS
-3 -16 182
-8*~15 43
6 -1% 7
17%-13 17
5 -12 200
4 =11 34
12%-10 452
-0 -9 33
-10 -8 377
-6 =1 57
-4 -6 149
-15% =5 76
1 -4 210

5 =3 102
~7 =2 495
8 ~1 40

8 0 449
-1 1 80
5 2 204
16 3 45
8 4 60
3 5 70
-9 6 363
8 7 0.
29* 8 308
=2* 9 47
8 10 1561

3 11 44
33*% 12 27
2 13 32
3% 14 126
1% HeK=
18 -16 145
-7 =15 111
-6*-14 36
-2 -13 139
32%-12 149
-0 -11 77
-2%=10 347
S -9 39

SG OEL - L

18 -1* -8
16 9 =7
51 =14% «§
6 1 -5
26 23% -4
7 3 -3
52 =32% <2
14 2 -1
16, 10 0O
42 ~11% 1
9 0 2
49 8% 3
6 8 4
50 -15%« 5
13 3 . -6
42 10* 7T
17, 1 8
5 =0 9
S8 7* 10
63 ~—4% 11
37 -35% 12
4 4 13
56 19*% 14
6 =1
45 1*-14
4 4 =13
12 24%-12
7 3 -11
6 4 —-10
4 2 -9
4 6 =8
5 =10 -7
16 9% -6
5 ~11 =5
5 1 -4
3 -2 -3
13 -11% -2
8 4 =1
17 31*% O
5 1 1.
56 -18% 2
4 5 3
17 18* &
5 2 5
49 3* 6
44 10*x 7
39 ~4% 8
12 [+) 9
17, 3 10
7 -1 1
14 6 12
40 32%
16 4 -12
7 3 -11
20 -0%*-10
5 2 -9
53 12% -8

-FOB

288
125

103
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STRUCTURE FACTORS CONTINUED FOR

NA3({U02)2F7.2H20
L FOB SG DEL L FOB8
-7 221 4 -1 -9 139
-6 49 23 -0¥ -8 43
-5 294 5 3 =7 125
—f 46 2T 1ll% -6 307
-3 238 6 6 -5 83
-2 159 11 2 -4 437
-1 30 60 22% -3 39
0 138 6 10 -2 318
1 206 12 1 -1170
2 93 10 24 0 88
3 2712 6 7 1 116
4 10 39 ~9% 2 254
5 202 9 4 3 64
6 93 9 9 4 370
T 54 17 ~6% 5 7
8 97 9 13 6 287
9 91 9 2 T 44
10 44 49 -5% B8 92
HeK= 17, 9 9 79
-7 220 5 4 10 69
-6 19 47 16* 11 58
-5 253 7 -1 12 189
-4 19 41 17%* 13 20
-3 168 6 3 HyK=
-2 46 50 26%-14 203
-1 36 43 35%-13 37
0 20 46 4%—-12 242
1 172 &6 4 ~-11 101
2 39 45 10%*-10 167
3 242 8 5 -9 216
4 0 S1. ~-3% -8 29
5 172 8 =2 <=7 243
HeK= 18y 0 =6 242
-16 83 17 21* -5 71
-14 253 6 5 <=4 326
~12 328 5 8 -3 117
-10 215 5 2 =2 227
-8 78 15 4% —~) 228
-6 315 4 2 0 80
-4 454 5 ~5 1 184
-2 308 4 =7 2 180
0 54 24 2% 3 139
2 291 &4 -5 4 276
4 399 6 -4 5 46
6 333 4 4 6 214
8 97T 9 12 7 143
10 118 14 9 8 178
12 212 5 12 9 138
14 17 6 15 10 67
HeK= 18, 2 11 96
-16 49 65 -19* 12 142
-15 75 18 6% HoK=
-14 252 &6 3 =12 154
=13 34 42 13*-11 151
-12 286 7T -0 -10 59
-11 8311 -8 -9 238
-10 190 4 3 -8 24

SG D€L
5 2 -7 216
18 -11* -6 138
8 0 -5 90
5 2 -4 208
7 9 -3 114
5 -9 =2 166
14 12% -1 308
5 =5 0o 25
6 =4 1 247
S =3 2 120
6 -8 3 115
4 -1 4 159
8 -3 5 27
4 2 6 121
39 -7* 7 172
4 8 8 29
44 -21% 9 177
7T 18 10 137
12 -2 H'K=
17 =21% -9 251
23 10* -8 28
5 8 -7 237
59 19* -6 67
18y 4 -5 93
S T -4 713
40 16* -3 111
6 0o -2 .27
8 6 -1 259
5 0 0o 10
4 -3 1 236
47 10+ 2 75
4 1 3 132
5 -1 4 13
14 15% 5 36
4 -6 6 50
12 1 7 164
5 —10 HpK’
4 -8 ~15 29
15 13 ~14 219
4 ~11 -13 50
7 3 ~12 52
5 4 -11 58
4 -3 =10 184
16 =-0%* -9 0
6 -2 -8 408
8 -1 -7 49
13 11 =6 343
6 -5 -5 0
13 =2% =4 225
10 12 -3 65
T 10 -2 147
18¢ 6 -1 86
9 10 0 366
7 15 ¥ 20
29 —13% 2 354
5 0 i n
48 2¢ 4 209

L FOB

SG DEL L
4 =2 5
6 =3 &
8 5 T
5 11 8
7 2 9
9 10 10
4 1 11

49 gx 12
5 -1 13
8 5

10 -9 -14

11 1 -13

59 =27%-12

14 -1 -11
5 8 -10

40 ~18% -9
5 3 -8

41 -11*% -7

18, 8 -6
5 -0 =5

56 18% -4
5 2 =3
13 11%x -2

13 2 -1

15 13« 0
8 5 1

40 =13 2
7 -0 3

51 6* 4

11 3 5

12 24 6
8 1 7

14 1+ 8

49 ~0% 9

28 8% 10
8 7 11

19, 1 12

54 21%

9 6 ~13
19 21#%-12
17 -11%-11
34 —4%-10

6 1 -9
37 -11* -8
6 =2 =1
16 18% -4

4 ~4 -5
22 -32% =4

4 =2 =3

8 2 =2

4 -1 -1

6 4 4]

5 =7 1
43 l6* 2

1 -9 3

17 20 4

4 =5 5

HoK=
156
69
222
97
147
223
15
194
202
99
268
97
216
221
57
193
106
130
~221

SG

> - [
QUVOWHLONOVOSHSSDO

o
~ ~ O

DEL L FOB
2% 6 10
16% 7 159
7% 8 106
5 9 70
21* 10 133
4 11 53
25% H.K’
5 -10 51
-6% ~9 143
3 -8 111
-4 -7 10
~-12 -6 116
-4% -5 188
6 -4 63
3 -3 272
4 «~2 55
-2 -1 226
~5¢ 0 125
2 1 41
-1 2 114
4 3 149
2 4 60
1 5 227
-3 6 35
-2 7175
14 8 31
-5 H'KF
1 =2 41
-8 -1 173
-1 0 49
16* HQX‘
-1 ~-14 22
6§ -12 243
~23%-10 339
2 -8 265
12 -6 21
10 -4 290
5 =2 410
1 0 275
22¢ 2 85
6 4% 196
-3 6 282
3 8 247
-1 10 106
11* 12 66
-1 HoK=
-5 =14 56
-4 =13 87
-8 -12 247
10 -11 34
1 -10 308
1 -9 17
4% ~8 226
-1 -7 113
-1 -6 31
5 -5 114
2 =4 267

172

PAGEL12
SG DEL
37 -5%

s 3

8 ~10
11 16
11 3
18  O=*
19 7
25 ~-11%

8 -7

8 -2
40 =—4%*
14 12

S 3
22 =5%

8 1
2% 33=%

4 1
15 9
43 1%

7T 11

6 15
17 -11%*

5 7
48 31%

6 8
53 =20%
19, 9
62 38%

5 2
25 35%
20, O
57 -6%

9 7

7 1

5 0
37 18

4 -2

6 ~-12

6 -5

7 1

& -6

1.3 6

4 8

7 9
22 4%
20y 2
29 24»
11 4

7 3
40 -10%

5 1
10 -3

S -4

8 -4
39 17+
11 -2

6 -8



NA3 (U023 2F7.2H20
» L FOB SG DEL L FOB
- -3 75 10 -5 3 242
-2 390 S -10 4 84
-1 43 22 33% 5 140
0 273 4 -5 6 113
1112 7 4 T 21
2 101 10 -4 8 101
4 170 4 =2 -6 48
5 84 19 15% -5 227
6 253 5 -2 -~4 54
T 25 56 20% -3 120
8 216 4 5 =2 53
9 47 48 8% -1 &0
10 82 10 -3 o 40
11 58 21 =-5% 1 189
12 70 23 17 2 40
HoK= 20, 4 3 215
-13 114 19 =0 HoK=
-12 179 1 =12 -14 232
~11 58 19 14¥-13 56
-10 256 S5 2 ~-12 260
-9 63 l4 -20%-11 48
-8 201 S5 -1 -10 132
-7 183 6 5 -9 59
-6 66 10 32 -8 120
-5 221 6 -8 -7 23
-4 212 6 1 -6 346
-3 78 8 -16 -5 V]
-2 284 6 ~10 -4 344
-1 72 1T 11* -3 61
0 206 5 -6 -2 233
1159 4 -4 -1 60
2 T8 8 -4 0 54
3182 8 -~1 1 60
4 116 8 =2 2 248
5 130 6 -0 3 19
6 194 4 0 4 331
T 6 37 -9% 5 61
8 161 9 -4 6 200
9 82 12 -4 T 56
10 89 13 20 8 34
11 109 13 -1 9 24
HeK= 20 6 10 121
-11 74 27 11% 11 15
-10 155 7 6 HoK=
-9 119 9 -0 -13 33
-8 99 9 2 -12 219
-7 203 12 -4 -11 106
-6 29 39 27T*-10 75
-5 213 9 0 -9 131
-4 128 6 4 -8 96
-3'121 6 5 -7 106
-2 169 S 2 -6 258
-1 7T 9 23 -5 0
0:137 6 -7 -4 285
1221 5 6 =3 126
2 33 S0 ~-10% ~2 172

STRUCTURE FACTORS CONTINUED FOR

£ 7
SG DEL L FOB
8 12 -1 152
15 8 0 72
11 7 1 119
13 -3 2 213
39 2% 3 33
15 3 4 274
20, 8 5 64
51 34% 6 166
7 -3 7 104
24 4% 8 O
12 =2 9 88
37 3% 10 109
14 6% HoK=
42 ~4%-11 159
6 -0 -10 80
41 27* -9 201
1 6 -8 T2
21, 1 -7 152
11 -0 -6 188
42 44% -5 54
6 2 -4 190
56 22% -3 163
15 12 -2 121
17 -2% -1 227
9 -10 0 40
37 7% 1 186
4 =3 2 157
36 =22 3 67
5 =10 4 178
9 29 5 65
4 =2 6 128
9 12. 7 135
16 -0* 8 39
9 -5 Hy K=
5 -7 -7 183
33 10* -6 97
5 0 -5 21
11 27 -4 88
4 3 -3 153
65 20% -2 84
45 22*% -1 218
44 4% 0 57
9 -11 1 212
38 -3 2 717
21, 3 3 39
45 10* 4 98
11 7 5 92
13 10 HoK=
23 ~10*=12 46
T ~11 -10 224
8 -8 =8 217
1 -3 =6 275
5 -7 -4 56
37 -34% -2 184
4 -2 0 304
S5 1 2 282
5 & 109

-4

P gy oy
$G DEL L FO8
4 =2 6121
9 9 8170
S -4 10 200
4 -6 HyK=
34  7*-13 .83
6 -2-12 0
10 6 -11 85
5 =3 -10 223
7 2 -9 61
37 -3% -8 264
9 -1 -7 48
8 -6 =6 245
21, S5 -5 113
9 6 =4 53
15 5% -3 1156
12 -1 -2 176
13 -1 -1 55
6 -2 0 287
6 -3 1 23
15 12% 2 212
S -8 3 &9
6 -1 4 118
6 0 5 15
4 3 6 95
29 3% 7 46
7 -5 8 163
6 1 9 21
11 6 10 183
7 -1 H'K’
27 -5%—11 114
6 13 -10 182
6 1 -9 68
32 35% -8 229
21, 7 -1 51
s 15 -6 212
19 2% -5 149
45 —6% =4 37
13 -13 -3 213
13 4 -2 139
9 9 -1103
5 -4 0 215
15 52% 1 54
5 11 2 203
12 -3 3 127
69 -20% 4 94
8 8 5 143
10 8 & 66
22, 0 1T 109
47 40* 8 109
6 7 HeK=
10 =14 -8 126
4 -5 =1 93
16 8% -6 121
4 -6 =5 183
6 -5 -4 27
5 -8 -3 216
6 3 =2 84

47

N

)

39

10

DEL L FOB
13- -1 124
-3 0 113
10 1 0

2 2 143

2¢ 3 161
-4x 4 70
-7 S 174
-2 Hy K=
-3%-12 235
-6 -11 13

~-0%-10 261
-2 -9 30
2 =8 147
-2% -7 60

1 -6 58
-3 -5 26

-13% -4 289
-4 -3 29
10 -2 304
-2 -1 21
-8 Q 218

7 1 0
-10 2 40
5 3 65
-9% 4 170
3 5. 40
20 6 216
12 7 28
4 8 163
-19 9 40
8 HyK=
3*-11 20

6 -10 228
3* -9 76
-2 ~8 112

-12 -7 125

-28% -6 70
-5 -5 110

2 =4 224

S =3 42
=5 =2 246
26 -1 82
-4 0 168
-0 1 120
11 2 15
6 3 127
5% 4 158

7 5 45
-12 6 187
6 T 34
-7 8 136
16 H'Ks
8 -8 98
-11 -7 186
4% -6 59

S =5 167
-2 -4 157

173
PAGEl13
SG DEL
i1 1
10 -14%
57 -18%
8 10
11 3
13 22%
8 ~2
23, 1
6 -0
41 -2%
7 -&
44  13%
13 -9
30 3
13 ~12#«
38 2%
9 =6
34 14%
4 =7
39 -1ix
4 -0
38 -35%
23 20%
10 10
S =4
23 24%
9 1
41 12#
5 8
2% 11#
23, 3
46 12%
7 8
1T -3
10 -2
6 -2
19 T*
14 -5
45 -2
20 1%
6 -8
8 9
8 -2
7 1
36 —-14%
6 6
5 9
48 6%
7 4
38 8
9 1
23, S
12 4
9 -7
37 15%
10 2
5 -3



STRUCTURE FACTORS CONTINUED FOR

NA3{U02) 2F7.2H20
L FOB SG DEL L FOB
-3 70 23 12*% -1 175
-2170 8 -8 0 51
-1 93 11 -1 HoK=
0 11010 -7 -9 29
1 169 6 -2 -8 258
2 20 38 T* -7 0
3175 5 0 -6 162
4 105 11 T -5 7
5 85 24 16* -4 4]
6 130 6 5 =3 39
HoK= 24' o -2 185
-10 37 41 7* -1 19
-8 154 8 -4 0 251
-6 275 4 -8 1 30
-4 286 4 -1 2 216
-2 75 10 5 3 50
0 105 12 -9 4 27
2 250 S5 -0 5 45
4 242 4 1 6 93
8 20 57 -27¢ -8 219
HyK= 2‘0' 2 -7 52
-10 44 35 5% -6 135
-9 97 13 11 -5 126
-8 166 6 -1 -4 35
-7 58 26 -13*% -3 107
-6 264 4 -2 -2 151
-5 39 43 13% -1 32
-4 256 6 2 0 203
-3 78 12 -2 1 48
-2 T2 22 -1* 2 167
-1 85 8 -6 3 93
0 106 9 2 4 34
1 66 25 -2 S 87
2 232 9 -1 HyK=
3 40 41 23% -3 1560
4 219 4 -2 -2 108
5 69 10 24 -1 64
6 113 8 9 0 147
7 S0 16 -~8*% HoK=
HeK= 24, 4 -8 25
-8 122 15 -9 =6 1056
=T 75 14 =2 -4 223
-6 211 5 -1 =2 246
-5 43 20 15« 0 95
-4 206 7T -5 2 70
-3 100 8 -13 4 182
-2 6811 -7 HeK=
-1 167 9 -5 -7 93
0 7213 -5 -6 125
1122 7 11 -5 173
2181 7 6 -4 211
3 0 41 =-3% -3 32
4 171 6 1 -2 21a
5 84 9 3 -1 43
HeK= 244 6 0 94
-2 63 14 30¢ 1 79

SG
5
16
25,
48
4
37
5
8
21
41
10
45
6
36
9
23
37
19
8
25,
S
21
11
8
37
10
8
37
6
17
6

17

38
17
25,
7
16
15
9
26,
60
8

DEL
-2
11*

1
13%
-3
—9‘

-10
20
16%

7%
-4
13*
-8
10*

7
21%

2%

9%
-4

3
-0
-7'

4

6

6%

1

3

~18%

-13
-2%
-1
-1
20%

2%

5

1

1
—6*
-6

4]

-28%

-10
-2
-0
-3

4%

13

2

™

'y
-ot
-4

26*
-3

-13%
-l‘

1

L FO8
2 65
3 22
H.K’
-4 161
-3 57
-2 42
-1 42
0 143
1 27

SG DEL
12 7
38 -32%
27, 1
6 -9
21 21*
44 24%
21 11=*
17T -1
43 19*

L FOB SG DEL

174

PAGELlA

L FOB SG DEL

e

T TR




¥

OBSERVED STRUCTURE FACTORS, STANDARD DEVIAT!ONS. AND DIFFERENCES (ALL X 6.0)

ﬂ » 3
B

NA3(UD2) 2FT.6H20

.,

F{0,0,0) = 2060

FOB AND FCA ARE THE OBSERVED AND CALCULATED STRUCTURE FACTORS.
DEL = /FQOB/ = /FCA/.

SG = ESTIMATED STAHDARD DEVIATION OF FOB.

* INDICATES ZERO WEIGHTED DATA.

L

QOVONOCWNDWN ™

|
[
(=]

L2 N I R I N I I |
CONOCVMPUNMHOMNWI2AVE~NDY

VOOV WNO,

FOB
H'K’
969
965
941
800
587
445
333
287
201
166
HyK=
25
34

291
200
153

SG DEL L FOB
0, 0 H'K’
23-1T74%-10 74
22 -32% -9 82
19 -39% -8 94
1?7 -3 -7 93
12 2 -6 47
9 -5 -5 193
7T -3 -4 211
6 .1 -3 35
6 1 -2 107
12 1 -1 87
G 1 0 146
39 15%« 1 198
31 30% 2 49
43 -29%x 3 86
7T =6 4 99
18 -6% S5 91
4 -5 6 9%
21 -6% 7 45
4 -2% 8 34
4 1% 9 66
3 ~S%  H,K=x
55 11%-10 167
3 3% -9 247
3 9% -8 312
5 -5 =7 315
7 8% -6 366
7 1 -5 604
6 -1 -4 641
7 2 =3 647
21 3% -2 663
38 -1% -1 812
0y 2 0 785
6 8 1 754
9 -5 2 646
7T -2 3533
8 -4 4 405
7 -6 5 283
10 -6 &6 305
11 =10 7T 206
13 -6*% 8 153
15 <16%  H.K=
18 -86%-10 118
41 37* -9 122
18 17« -8 155
13 9% -7 209
16 2 -6 283
10 1 -5 2712
7 '3 -4 326
8 -5 -3 2713
T -2 =2 505
7 -3 ~1 459
11 -5 0 271

SG
O,

14

12

NOVMSdN PP WRNNIWOR

- s ot et ot bt et Pttt A,
MOOWOANROIMSOYNDIPIPUWVONNOIYOUN
L J -

o po
COMOB~NONVW

DEL L
3 1
21x 2
11 3
3 4
3 s
2% 6
-8 7
-4 8
1*
1%-10
8% -9
19% -8
11% -7
5 -6
5 -5
1 -4
5 -3
-4 =2
-8% -1
-9% 0
12¢ 1
& 2
3 3
2 4
o 5
-6 6
-12 7
-11
-22 -10
-28 -9
-22% -8
-93% ~7
-5 -6
22 -5
10 -4
15 -3
6 =2
3 -1
PO
-0 1
-1 2
s 3
16 4
-1 s
-3 6
-2
-3 ~-10
-1 -9
-15 -8
3 -7
-17 -6
12 -5
9 -4

FOB8 SG DEL
298 1 19
347 7 6
249 & 7
211 5 2
145 6 5
140 9 5
1060 9 =~9
109 11 28
HeK= Oy . 6
170 8 1
193 8 -3
255 6 -1
21T 6. =2
317 8 -6
398 9 ~11
334 8 -5
393 8 1
566 13 ~T
426 9 14
387 8 7
339 7 9
379 8 10
327 1 13
253 6 13
211 9 1
183 6 7
125 9 -4
HeyK= 0y 7
132 7 4
191 8 6
197 5 -1
228 5 <=2
267 6 =4
342 7 2
358 8 -3
399! 9
369 8
346 8
326 1 -
355 8
27171 6
203 6
187 6
194 6 1
137 8
HoK= O
149 9 <=0
186 &6 -4
228 6 3
260 6 -2
286 71 -7
360 8 1
395 9 - ~4

RSN WHMNNNDO

L FOB
-3 417
-2 424
=1 345

0 361
1 374
2 261
3 216
4 197
5 176

HeK=
-10 157

-9 182

-8 182

-7 267

-6 309

-5 314

-4 313

-3 362

-2 386

- =1 350

0 308
1 296
2 245
3 231
4 204
5 148

HyK=
-9 127
-8 121
-7 182
-6 203
-5 202
-4 203
-3 221
-2 212
-1 208

0 164

1 156

2 127

3 116

4 99

Hy K=
~9 188
-8 232
=T 264
-5 285

-5 280

-4 347
-3 330
-2 290
-1 270
0 266
1 239

SG DEL
-0

2
-4
-6
-3
-12

NNC O NND DO NNANDON P O®@®DO DD DO

11

FONIO

10

-2
-7
-9
-13

6 ~14

-
CONNONNODDOO™SLENNTOVWOROITVOEOJDO
-
' .
[
[=]

L
2

-8
-7
-6
-5
-4
-3

DNV WNMEHO N

NOUVMPWN O -

FOB
194
HyK=
79
87
103
108

215

175

SG OEL
7 ~18
0y 12

19 -7

10 =5

10 11

10 8
T 9
7 2
8 -8

11 -3

15 -15
9 .}
a0, 13
17 12
8 2
6 -6
6 -11
65 ~-12
T -11.
1le~-13
5 -6,
9 =9
8 7

T .9
1,~12

47 =25*

10 -7
8 1
9 -5
8 5

13 11

12 -0

20 T*

13 -6
1,~-11
T ~-14

10 -9
7 -11
8 ~14
8 -1
8 4
8 7
7 10
7 -1
7T 10
T 12
1,~10
7 -13
6 S
5 ~-12
6 -4
8 -8
6 4



STRUCTURE FACTORS CONTINUED FOR

NA3(UO2)2FT7.6H20

L FOB SG DEL L FOB SG DEL L
3237 8 8 10105 8 =6 8
& 218 8 1 H'K= lp -6 9
S 197 6 10 -7 143 17 -4 10

6 177 7 4 -6 209 8 2
7159 8 3 -5289 8 11 -9
8157 6 10 -4 298 1 9 -8
9128 7 8 -3 335 8 171 -1
HeK= 1y =9 ~=2 452 10 2 =6.
-5 150 7 =4 -1 491 12 -3 -5
-4 167 6 =17 0 506 11 -1 -4
-3 169 6 -13 1 566 13 13 -3
-2 224 & =2 2 501 11 -5 =2
-1 266 6 -7 350911 -3 =}
02712 6 -6 4 497 11 -9 (1]
1 229 8 =5 5 443 9 -8 1
2280 1 2 6 367 8- 0 2
3302 7 9 T 266 6 -6 3
4 216 T S 826 1 -0 4
S 240 & 1 9 245 & 14 s
6 229 6 -2 10 146 11 -6 6
7 192 6 -3 HyK= 1, -5 7
8 191 15 7 -8 69 70 -3% 38
"9 158 & 3 ~1 9117 7 9
HeK= 1y -8 =6 138 6 -5 10

-5 160 10 -4 =5 179 &6 &
-4 186 6 -3 -4166 5 5 -9
-3231 6 -1 -3227 1 1 -8
-2 25 &6 -5 -~-2232 6 171 -7
-1 264 6 -7 -1 318 8 11 -6
0284 7 =4 0335 8 &6 =5
1328 1 2 1 265 6 13 -4
2 350 9 12 2245 6 -1 =3
3338 7 8 3 225 5 -3 =2
4 221 5 0 4 214 5 -1 -1
5 276 6 -3 S 249 6 -12 0
6 2711 1 -1 6 112 5 -1 1
7210 5 -0 7 102 5 1 2
8170 5 1 8 130 S 5 3
915 6 2 9105 6 T 4
10 119 18 -7 10 7212 9 5
He K= le =7 H'Ks' 1' -t [
-6 124 15 -15 -8 168 8 s 7
-5179 T &4 =726 7 O 8
-4 221 6 T -6290 7T & 9
.=-3269 6 0 -5296 7 5 10

-2 308 7 =6 =-41361 8 8
-1 334 8 -7 =3 515 11 10 -10
0320 7 -1 -2 626 14 20 =9
1 419 9 3 =1 46010 20 -8
"2 456 11 2 0 566 13 11 -7
3 363 8 o 1 667 15 —-10 -6
4 282 1 2 2 670 15 =34 =5
5 307 8 -9 3476 11 -6 -4
6 2717 6 -1 4 492 11 -12 -3
7219 5 2 5 426 9 -8 =2
8 162 5 3 6 392 8 -3 -1
9 145 5 & 7313 7 -5 0

SG DEL L FO8
6 -1 1 n
5 2 2 143
9 <4 3 27
1, =3 4 41
27 31* S 4}
15 =~1i* 6 (1]
11 ~10 7 31
5 9 8 0
5 2 9 0
S 0o 10 0
6 5 HyK=
9 13 -10 164
4 20% -9 183
10 17* -8 264
8 5% -7 407
10 -5% -6 383
8 =-17 ~5 455
5 =2 =4 670
4 -3 -3 719
5 =3 =2 842
6 =5 -1 B68
9 1 0 902
20 5% 1 923
17 15% 2 548
1y =2 3 7121
8 -7 4 533
7 -0 5 296
6 =2 6 353
T -4 7 329
9 0 8 211
10 8 S 174
13 -0 He K=
12 22*-10 27
24 20*% -9 36
4] —-92% -8 42
22 8* -7 30
7 =10 -6 32
14 -18 -5 52
14 -6 -4 209
11 -6 -3 62
8§ -3 -2 51
17 -2 -1 101
6 =4 0 203
6 —~4 1 160
9 2 2 -47
1, -1 3 22
52 -12% 4 141
38 17 5 70
33 -10*¢ 6 61
40 ~-8% T 34
12 29% 8 39
10 6 s 57
9 6% HyK=
7 7 -10 179
3 11= -9 232
8 4% -8 319
4 2% =7 349

SG

42

[
NV bbbV NWU W

W o
NN WOV
. -

FoB

DEL L
I* -6 399
~1* -5 548
5% -4 821
5 =3 542
1% -2.650
-6% -1 800
8% (0 834
-1* 1 646
-11% 2 649
-0* 3 515
Q 4 494
-1 . 5373
-2 6 344
-6 T 245
-7 8 175
-6 9 153
-6 HyK=
1 -10 &0
-20* -9 85
-29% -8 712
~-39% -7 134
90% -6 146
37 -5 118
-12% -4 120
-2 =3 202
-3 -2 152
-2 -1 480
-2 0 63
-1 1 188
-3 2 325
10 3 255
1 4 178
5% 5 142
4% 6 120
11+ 7 123
8% 8 82
5% He K=
~1*-11 132
-5 =-10 168
-5 -9 221
4% -8 283
6% -7 367
3*x -6 422
12*% -5 55¢
-6% -4 533
-4% -3 573
-4 =2 788
-3 -1 805
-6 0 569
-3 1 582
7% 2 597
19% 3 514
2 4 337
0 S 290
-5 6 253
-9 7 189
-2 8 136

176

PAGE 2
S6 DEL
a -9
12 -10
18 ~35
11 ~-25%
14 ~19¢
30-127%
60-115%
24 16%
14 -17
12 4
11 1
8 =1
7 2
6 -4
6 0
9 -1
1, 3
12 15%
8 8
8 -3
5 =2
4 =1
3 -
3 -4
4 -6
3 1lo¢
12 =~-1*
11 1%
5 18s%
1 2
5 5
5 5
6 -1
8 6
8 =3
12 4
1y, 4
14 -9
10 -2
6 -3
6 =5
8 -3
9 -7
12 =25
12 -8
13 -35
17 -81%
17 -60*
12 1
13 18
13 15
11 3
7 2
7 7
10 o
6 -1
11 -8
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STRUCTURE FACTCRS CONTINUED FOR .
NA3(UO2)2F7.6H20 I PAGE 3
L FOB SG DEL L FOB SG DEL L FOB8 SG DEL L FOB SG DEL L FOB SG DEL
HeK= 1, 5 5179 6 8 =~4323 8 3 7165 7 =1 =-2399 9 3
-11 66 43 -3* 6142 8 10 =3 337 8 0 8137 7 2 ~1399.9 -1
-10 82 15 -5 Hek= 1, 8 =2 311 7 -3 HyK= 2, =9 0347 8 2
-9 150 5 =0 ~10159 6 11 =1 302 7 -13 -4 164 6 -5 150111 7
-8 164 4 2 -9°167 6 2 0288 7 -13 -3185 6 -3 2 504 12 ~-1
-7127 5 -3 -8172 5 -5 1236 6 =11 -2212 8 -4 3391 9 -7
-6 179 4 =5 -T 225 6 =4 2204 7 =10 -1 228 & =9 4 343 1 -4
-5 245 5 -5 =6 318 71 -0 HeK= 1y 12 0 234 6 =4 5374 8 ~3
-4 251 6 -3 =525 7 -7 -8 7711 9 1264 6 -3 6307 7 -7
3263 6 -9 -429 7T 5 -7 93 9 3 229 T 3 1218 6 -i
-2199 4 12 -3305 7 5 =-610713 4 3281 8 8 8222 6 5
~1262 6 14 -2344 8 0 -5118 8 9 4233 7 2 9195 7 8
0286 6 T -1316 7 ~0 -411013- 9 5233 8§ -5 10136 8 -5
1277 6 20 0261 & -2 =3 9211 -3 6255 1 5 HeK=" 2, =5
2216 6 14 1218 6-11 -2 7521 -19% 7203 6 2 -8 7813 8
3173 5 1 2222 6.1 -1104 8 4 8160 6 4 =1 9123 -5%
4167 7 11 3164 $-10 O0 8514 7 9137 9 -6 -6 113 7 12
5192 7. -0 4172 6 6 1 6213 2% HeK=. 2, -8 =~5117 8 =2
‘6153 6 13 5132 8 8 HeKz 1, 13 =-5172 6 1 -4114 7 -0
7 91'15 -4 HeK= 1y 9 =7 240 7 12 -4 194 6 1 -3174 8 o
HeK= 1y, 6 -10164 8 1 =-6233 11 2 =318 7 -7 =-2220 6 9
=11 11712 4 -9224 6 15 =5 245 7 -1 =-2253 6 -2 -1 .91 6 2
-10 160 7 5 =~8238 6 .4 =—4262 1-10 -1293 8 -9 O 82 7 12
-9'235° 7 7 -728 6 3 -3253 7-11 028 6 -1 1207 S 3
-8228 5 =5 ~6309 T 2 ~-2238 8-11 1299 7 T 2125 & 7
~7.266 6 =-6"-51313 7 1 =-1225 7-11 2316 7 6 3136 4 ~4
-6 282 6 ~3 -4363 8 1 HeK= 2,-12 3303 7 -3 4 71 5 1
~5 363 8 ~16 =~3 428 10 10 0 108 20 -6* 4 329 T &6 S5 98 S5 3
-4°413'10 0 -2329 7 -8 1109 8 -8 5275 8 -0 6127 4 3
3’376 8 -4 -1317 1 -3 2139 7 15 6263 6 5 7T 9610 1
-2 407 9 11 0321 T -9 314111 -4 7T21T 6 S 8 7211 -3
-1 403 10 . 100 1 311 7 -11 4149 7 6 8194 8 1 9 74 9 S
0330 8 4 2258 6 -2 514910 18 9184 8 7 10 53 256 11*
145910 11 3198 7 -8 6135 7 15 HoK= 2, =7 HoK= 2, —4%
"2 346 8 l4 4187 8 -3 HeK= 2,-11 =-6122 9 2 -8 15611 -5
3250 6 8 Hek= 1, 100 -2 187 11 =14 =5 15710 1 ~T 224 7 S
4249 6 6 =10 92 21 =-6% -1 225 6 =17 -4165 6 9 -6310 7 11
5231 6 T -9124 8 0 0249 7-13 -3168 7 1 ~5361 9 4
6175 8 2 -8B 14710 5 1251 6 =5 -2226 6 =2 -4 414 9 11
712311 -1 -7166 5 9 2260 8 -4 ~1 263 & -5 -3 49111 19
HeK= 1o 7 =-6148 5 -5 3304 7 5 0277 7 1 =-258313 26
-11 107 9 -5 =-515 6 3 4287 7 15 12371 6 5 =~1 58513 16
-10159 9 4 -4188 5 3 5250 8 7T 2264 6 3 0 68416 -3
~9°180 7 3 -3 200 5 8 6231 B 4 3247 6 -1 1 716 16 =20
-8 194 5 ~3 -2 141 6 -8 7207 8 -1 4 248 5 =3 254912 5
-7 237 6 -3 ~-1127 5 -3 8179 8 1 5232 5 5 3497111 ~15
-6 340 8-12 0144 5 O HeK= 2,-10 6 190 5 =3 4 599 13 -6
-5302 7 -2 1138 6 2 -311510-15 7136 5 5 549111 -6
-4 292 & 2 2108 7 -1 =~-2140 8 -8 8153 6 T 6344 T =5
"=3326 T 47 3 9412 5 -1140 8-19 9123 6 -3 7292 6 -6
-2 44110 12 4 7512 -2 0172 6 ~8 10 95 8 6 8277 6 1
~-135 7° 5 HeK= 1, 11 1 196 5 =3 HyK= 2, -6 9220 7 S
0302 7.1 -9197 9 1 2208 7 -3 -7 14910 -7 10152 8 =3
1283 7 -1 -8236 7 8 320810 1 =6 211 7 11 = HeK= 2, -3
2287 6 3 -7278 .8 3 4192 6 3 -5243 7 9 -9 5925 17+
3245 6 8 ~-6314 7 10 5192 5 S -4268 &6 4 -8 37 51 -0%
4216 6 3 -5329 7 14 6216 6 14 -3358 8 8 -7 5618 =1%



STRUCTURE FACTORS CONTINUED FOR

NA3(UD2)2F7.6H20
L FO8 SG DEL L
-6 14 7 7 8
-5 110 5 -3 9
-4 143 5 4
-3 8915 -1 -10
-2 117 5 10 -9
-1 212 5 5. -8
0192 4 11 =7
1 244 5 =13 -6
2 18 14 -0* -5
3 50 6 =6 =4
4 142 4 -8 -3
5 .79 4 3 =2
6 44 8 17T -1
7 .13 28 ~12* O
8- 15 31 ~-8% 1
© 9 48 21 10% 2
10 $ 37 -10% 3
HeK= 2' -2 4
-9 165 8 10 5
-8 198 7T -1 6
-7 306 7 1 7
-6 351 8 4 8
-5 298 6 7 9
-4 510 11 15
-3 609 13 27 -10
-2 673 22 15 -9
~1 670 37 52% -8
0 668 14 =22% ~7
1 786 17 10% -6
2 757 16 11x -5
3 581 13 -8 -4
4 638 14 ~-12 -3
5 399 9 1 =2
6 369 8 -5 -1
7 363 8 -3 (]
8 259 6 -5 1
9 182 6 4 2
10 154 11 1 3
HoK= 2¢ =1 4
=10 35 43 30% S
-9 36 45 30* 6
-8 32 33 19*% 7
-7 36 15 11* 8
-6 29 17 -2*% 9
-5 41 8 9%
-4 29 13 25%-10
-3 30 9 29*% -9
-2 136 3 9% -8
-1 128 4 21% -7
0 71 4 -6*% -6
1 137 3 -9% -5
2 55 3 -5% -4
3 32 6 -2 =3
4 38 14 5% =2
5 81 4 -4 -1
6 2815 18 O
7 11 34 ™ 1

Fo8
9
41
Hy K=
153
208
261
323
358
451
646
675
319
902
981
674
584
576
535
453
331
311
219
181
H.K=
29
43
77
95
153
90
116
252
195
272
198
28

HoK=

SG

34

41
2y

~ =~

39

8

DEL L
o* 2
19% 3
(1] 4
-3 5
-2 &
-0 T
-3 8
-1 9
-3
-5 -11
-3 -10
-2* -9
-7* -8
er1* -7
11% -6
2% -5
-8 =4
-5 <3
-8 =2
-1 -1
2 0
S 1
11 2
1 3
-3*% 4
4% 5
1 6
-0 7
-2 8
2
6 —-11
-2*-10
-11*% -9
18% -8
10% -7
~0% -6
-0 =5
-3 =4
5 =3
1 =2
-15 -1
2 0
10¢ 1
-5« 2
2 3
2 4
-0 5
-3 6
-8 7
-3 8
-6
-6 =11
—-16%-10
~-26% ~9
~50¢ -8
S* -7
2% -6

'SG

—

-

p

DEL

-4
-7
-8

-11+

~19%
39%

-17#

SNODOWHRWO®

-5

-5
-1
-3
-5
-11
=35

L FOB SG DEL
8 -12

-5
-4
-3
-2
-1

wOVPHPUNESO

-1
-10

~-11
=10
-9
-8

387
274
400
546
526
377
407
360
342
243
200
160
122
HoK=
126
152
191
198
237
354
337
249
392
420
442
328
314
337
218
219
200
134
106
H'K=
110
152
197
218
231
271
313
346
423
391
327
374
380
326
243
224
202
143
HeK=
102
120
173
192

6
9

4
-6

12 -13

1

o
OO0 DODOWVODOINNOLOOOOI®L®

e

CVOBNDODIOOrNOIOINIOONOVNNNNIOINODNNYDW

2

5
24
16

9

S OWnN~W

L FoB

HQK’

-9 78
-8 88
-7 91
-6 119
-5 85
-4 94
-3 713
=2 107
-1 101

178

PAGE 4

SG

)

N
NNOOPNOPOPNRBIOVOODDPONNONNINOPPONCODTONOWNVWN

s s
VOr~N~OVOO

19
12

DEL

[}
LR -

!
COVMEME AOSIWY

L= UL L LU
OOV ON

[~
Q

N
-

[
s

PP NNGODD NN~

11 -
OV~NI,LOO VY

-14
-21
-13
-15




NA3(UO2)2FT.6H20
1 FOB SG DEL Lt FOB
HeK=" 24 12 3 253
-9 45 71 -11*% 4 225
-8 60 16 -14* 5 219
-7 72 14 -3% 6 186
-6 7013 ~1 7165
-5 8022 6% 8 128
-4 102 71 17 HeK=
-3 91 15 -2 -5 154
-2 73 9 1 -4 192
-1 53 14 -7 -3 238
0 47 49 -11* -2 268
1 53 16 o*x -1 297
H'K= 2' 13 0 310
-7°2711 8 9 1 342
-6'288 9 9 2 415
-5310 7 4 3 348 .
-4 313°° 9. 4 4 307
-32713 1 -17 5 325
-2.273° 1 -9 6 293
-1 267 7 -14 T 243
HeK= 3,-12 8 208
1 148 8 4 9 155
2146 T -4 HyK=
315513 7 -6 B89
4139 8 -5 -5 137
5 139 14 1 =4 155
HeK= 3,-11 =3 193
-1 190 7 -14 -2 242
0.214 7 =5 =1 231
1.225 8 -4 0 216
‘2242 1 -0 1 313
3241 7 6 2 313
4.236 7 16 3 258
5 200 8 -2 4 221
6 211 6 s 5 202
7191 8 10 6 203
HeK= 3,-10 7 166
-3 147 9 -1 8 118
~2167 9 -9 9 98
-1 224 6 1 HeK=
0 213 7 -10 -7 148
1 220 7 -4 -6 229
2229 1 -6 ~5 213
3258 7 11 -4 302
4 243 6 8 -3 336
$°222 6 6 =2 410
618 8 -1 -1 431
‘7T1713 6 -0 0 485
8 144 10 -2 1 482
HeK= 3, -9 2 465
-4 123 10 =19 '3 414
-3 154 & 2 4 432
-2 184 9 -0 5 409
-1 217 7 -11 6 311
0 209 6 -11 7 243
1 218 6 0 8 253
2233 1 & 9 189

SG DEL
6

OO NNDOVONNNOOYyWmEA O

W
-

" - W
NOWVMUVOOO~NNOOOWMOON

Pt et et b et P
COONDVOLOMMDYOON~NO W
-

SfNON®

I [
~hVNwoo®

10
-7

‘=-19%

-2

-5
-6
-5
10

13

ONOWVWO O

-3
“1

-2

-5

S
PNSNE=NDON

STRUCTURE FACTORS CONTINUED FOR

L

[
WMo ~®

=4

U
-Nw

VRN NLPUWUNNG

U UL
VONTVMPWNHORNWSNOO N

F08
HoK=
54
76
58
94
53
67

0

SG
3,
20
11
13
11
23
12

11
14

38

16

v

49 .:3
DEL L FO8:
-5 H'KS
T7* -9 182
2 -8 238
~11% =7 295
5 =6 391
1% -5 465
3 -4 596
4 =3 745
T =2 639
-1 -1 753
1 01010
6 1 786
-5 2 642
-1 3 634
-7 4 582
6 5 483
8 6 339
12 7 292
-4 8 258
-6 9 172
lO H'K=
10 -10 34
4 -9 20
14 -8 45
23 -7 60
15 -6 79
1 =5 59
19 -4 87
-10 -3 209
-6 =2 318
0 -1 248
-12 0 236
-1 1179
=2 2 264
-4 . 3 212
100 4 106
-0 5 57
-3 "6 74
17« 7 58
19« 8 34
ox 9 0
-1% HeK=
-16%-10 152
9% -9 170
5 -8 275
15 =7 345
4 -6 378
~3% =5 437
1 =4 556
-9 -3653
5 -2 789
4% -1 685
-17* 0 967
-0% 1 589
9 2 659
9% 3 707
11% 4 465

3y, =2
12 o
6 2
7 -3
8 4
10 9
13 &
16 8
15 24
29 -16
22 -68
17 1
14 ~16
14 1
13 -8
10 -10
T -4
6 -1
6 10
6 1
3, -1
47 23%
38 15¢%
15  15%
13 &
18 3%
14 =3»
4 3
6 13
7 6
5 24%
5 =2%
5 =5
6 -11
5 -5
3 -1
6 0
6 =3
10 -3
50 -B*
37 -23%
3» O
T =4
9 =2
65 -3
7 1
8 =9
10 -0
12 -6
14 2
16 —1%
14 =44+
20 47%
13 '10%*
15 -16
16 -8
10 -11

=5

-4

—.3. ’

-6

179

PAGE 5

SG

12

" 14

14
13

38-

17
16
13
12

NP VOVOEONWOR NN

13

DEL
-4
-2
-3
-1
-4

6%

-1%

10%

-23%

-2
-0

-k
10%
17%
~4
-1
-4
-0
-1
-0
ae
-8%
~6%
2

1

-3
-3
-4
-8
-13
-21
=22
-14%
121*
~42%
-22
~13
()]
-1
-4
-1
-1

8
3
1
12
2
1
1

-4
-8
-20
o
-34



STRUCTURE FACTORS CONTINUED FOR

NA3(UD2)2FT7.6H20
L FOB SG DEL L
-1 560 12 7% -5
0 345 7 18 =4
1358 8 ~-1 -3
2 343 8 0 <2
3 309 7 6 -1
4 230 6 -1 4]
5137 8 <=2 1
65 149 5 3 2
7123 17 9 3
8 8112 =2 4
HeK= 3y & 5
-11 145 7 7 6
~10 169 6 6
-9 209 5 3 ~-11
-8 260 6 1 -10
~T7T 281 6 -4 -9
-6 374 8 -12 -8
-5 455 10 =10 -7
-4 315 7 -5 =6
-3 429 10 ~-14 -5
-2 579 13 -9 -4
-1 549 12 3 -3
0 430 9 16 -2
1 360 8 9 -1
2 428 10 Q 0
3 385 8 4 1
4 262 6 5 2
"5 247 T 7 3
6 197 6 0 4
7 151 6 5 S
HeK= 3, 5 6
~-11 81 190 -9
-10 141 8 4 -11
-9 195 S 3 ~10
-8 232 &6 3 -9
-7 222 5 -2 -8
-6 281 &6 -4 -7
~5 329 7 -2 -6
-4 401 9 ~15 -5
-3 365 8 9 =4
-2 405 9 19 -3
-1 312 7 5 =2
0 335 8 14 -1
1 359 8 12 0
2 307 7 6 1
3183 5 1 2
4 194 7 3 3
5 190 & 5 4
6 146 6 -1 S
7 118 11 17
HeK= 3, 6 -10
-11 105 16 -6 -9
-10 172 9 7 -8
-9 207 5 3 =7
-8 267 6 -2 -6
~T 264 & 2 -5
-6 312 T ~-12 ~4

FOB
391
428
461
528
342
%37
432

331

243
216
189
156
HeK=
136
200
225
235
348
408
462
419
507
567
511
427
431
‘337
306
260
191
135
HeK=
111
145
148
149
225
261
279
246
2719
297
2715
220
205
162

409

SG DEL
9 =5
10 ~14
10 -8
12 13
8 9
11 9
10 11
7 12
T 4
8 7
6 1
8 7
3 7
6 -1
7 9
6 -0
6 S
7 0
9 -10
10 -6
9 -1
11 -5
13 4
11 -%
10 -4
9 18
8 10
7 13
7 12
8 (1]
14 —4
3 8
13 10
9 9
6 -0
5 =4
5 2
7 0
6 - 1
6 3
7T 11
7 1
6 =2
6 -7
17 -2
7 3
6 5
T 17
13 -1
3

6

7

6

7

7

7

9

o\ N e )

FOB

HyoK=

SG DEL
9 &
8 -7
T -5
7 -7
8 -10
6 5
8 -4
6 0
3, 1o

12 1

10 -10
6 1
6 0

13 =2
6 4

11 4
6 3
5 -0
5 2
8 =10

11 -6

11 -11

11 5
3, 11
6 10
8 14
7 5
8 16
8 s
g8 8
8 -3
8 -8
7 -13
7 -13
6 -10
9 -13
3, 12

42 ‘-g%

40 4%

22 11*

24 14%

21 -1=

40 -29%

23 14*

13 4*

20 -7T*

41 ~16x

22 22+
3, 13
8 5
1 7

10 1
1 -7
7 -10
6 -16
T -15

‘
~§NOVMESWNO -

FOB
184
190
200
229
204
194
HyK=
157
167
176
180
196
206
165
169
169
132
HeK=
-4 146
-3 155
-2 189
200
201
221
267
227
197
189
190
151
H|K=
-5 197
-4 212
-3 239
-2 298
=1 345
355

NS WN=O M

NONMBDWNO™N

360
362
328
307
263
206
177
HeK=
-6 94
-5 121
-4 113
=3 141
-2 155
198
188
188
175
151
152

DOV WND

t
S WNO -

380

SG DEL
8 -12
10 3
8 -2
9 16
12 3
6 10
4,-10
6 -3
6 -4
7 -5
1 -4
9 -5
9 17
9 &
7 3
6 3
1 -7
4y =9
8 3
11 -8
-5
-5
-5
-4
14

[
QN

[

CHONDDDODDNDOCS DO~
'
o®

PA

180

GE &
L FOB SG DEL
5 165 & 2
&6 99 7 -1
7 71 10 -15
8 62 13 -22%
HyK= 4, ~§
-6 216 9 6
-5 245 8 12
-4 268 9 6
-3 331 7 -5
-2 391 8 -3
-1 354 8 1
g 3713 8 11
1 433 9 T
2 433 9 -3
3359 8 -3
4 338 8 -1
5311 8 -5
6 285 6 ~1
T 235 &6 [ ]
8 206 &6 -3
9159 7 -1
HyKs 44 -5
-7 74 14 5%
-6 99 16 8
-5 104 8 13
-4 107 8 5
-3 197 S5 10
-2196 S5 -3
-1 169 S S
0 202 S 6
1 205 S 1
2 238 & -1
3196 5 <=2
4 119 4 =7
S 131 4 -3
6 105 S 1
7T 871 7 3
8 78 10 5
9 56 13 18%
HeX3 &4 ~4
-8 166 10 -7
-7 223 7 2
-6 290 9 =)
-5 355 8 13
-4 407 9 13
~3 491 11 18
-2 515 12 9
-1 509 11 8
0 658 15 —-14
1 624 14 3
2 495 11 =S
3 483 11 -6
4 497 11 -9
5419 9 =5
6 324 T -0
7258 17 =2
8 243 &6 3

.

Ve




STRUCTURE FACTORS CONTINUED FOR

-6

NA3(UO2)2F7.6H20
L FOB SG DEL. L FOB
9°178- 9 -1 7 39
‘HeK= 44 -3 8 41
-8 44 29 29% 9 46
-7 33 39 28% HoK=
-6 24 59 5%-10 174
-5 42 16 2% -9 212
=4 5910 -2 -8 29}
=3 12 35 ~=8% -7 343
-2 40 42 4% -6 360
-1 46 11 18% -S 495
0°151 5 =7 <-4 704
1 70 5 1 -3 595
2 °23 31 2% =2 606
"3 37 21 19% -1 756
4 63 5 =2 0 798
5 37 11 ~7* 1 668
6 0 29 ~-24% "2 519
7 21 45 12% 3 481
8 55 22 40% 4 442
"9 24 56 16% S5 328
‘ HeK= 4y -2 6 303
-9 160 '8 4 T 233
-8 216 6 2 8 164
=7 315 8 .1 HeK=
-6 310 7T -2 -10 40
~5 363 8 5 -9 15
-4 423 9 11 -8 7
-3 546 12 .21 -7 131
-2 573 13 38 -6 152
-1 511 11 19 -5 105
0 495 11 -0 -4 181
1 545 12 4 -3 124
2318 8 -5 =2 250
3 502 11 -16 -} 328
4 390 9 -3 0 121
5§ 276 6 -5 1 159
6 279 6 =3 2 261
T 262 6 -4 3 199
8 195 6 =1} 4 184
9 148 7 2 5 108
H'K= 49 -1 ] 103
-9 52 41 22% 7 111
-8 34 50 ~1* 8 44
-7 18 35 ~13=* HyK=
-6 40 13 4*-10 176
-5 7310 1 -9 203
-4 142 4 1 -8 295
-3 26 18 <-6% ~7 335
-2 70 9 9 -6 416
-1 65 5 13 =5 487
0 139 4 =2 =4 544
1 100 3 =1 =3 494
2 3015 4% ~2 711
3 29 11 11% -1 677
4 16 6 & 0 555
S 44717 =3% 1 428
6 39 13 2 528

SG
16
45
37
by
10

coVvVMVMOPIOVMWVWSSIygDO®D

15
48
4

15

DEL:
18%
21%
18%

0
.
1
1

WWWrMRWONDSWWOWMN

-26%
.2
6
-3
3
-6
-5
-13
-l
-6
-42
-36
-8
4
2

L
3
4

5
6
7
8

r.aﬁ

FOB
453
319
243
241
182

132 .

H.K=
56
61
149
- 154
150
163

. 255

L FOB SG OEL -

353
272
252
284
246
207
174
140
HoKs
105

152

185
164

238 -

316
297
.284
305
384
379
263
268
245
188
195
143
90
H,K’
138
183
233
267
307
368
341
433
478
412
350
363
367
296
204
201
173
He K=
81
105
138
170
178
201

174 .

252
255
202
156

SG DEL
10 -2 -1}
T -4 ]
7 =2 1
6 2 2
6 -0 3
8 -3 4
4y 3 5
17 ~-12% 6
15 =-17%
9 2 -1}
5 1 =10
4 -4 . -9
4 -1 -8
5 -8 =7
6 -2 =6
7 -15 - -5
-5 21 -4
8 16 -3
T 6 =2
. 8 8 -1
: 7 T 0
6 -1 1
4 3 2
6 2 3
& 1 4
14 -1 5
by 4 6
10 1
6 3 -1l
6 =4 =10
6 ~5 -9
1T ~6 -8
6 -8 =7
10 =25 -6
11 -15 =5
11 -17 -4
13 14 =3
13 20 =2
10 12 -1
12 1 0
9 11 1
7 2 2
6 -0 3
7 7 4
8 4 5
12 L3
4y 5 -11
10 3 -10
6 6 =9
5 -6 -8
5 =2 -7
5 =0 -6
7 =12 =5
6 -8 -4
6 2 -3
7 2 =2
9 25 =1

e -
NfﬁwONOOOOQﬂNﬂNO\AO‘ﬂU\&*NQO‘OGO‘OQ
- .

CONCVVUVNELO AN NDDOD OO ~N®~NE OO

23

10 -
4

-9
-8
-7

181
PAGE 7
$G DEL
5 1
-6 =2
10 13
11 -2
10 6
&y 9
6 -6
'8 - 5
6 1
T -5
8 0
8 S
9 10
8. 5
7 -5
8 =5
1 =5
1 -5
]
8 -4
8 ~-12
4y 10
12 3
8 11
26 ™
T -3
8 7
6 6
9 =0
6 2
6 4
8 10
14 ~10
17T -6*
17 -1=
47 ~12*
4y 11
7 2
T 2
7 8
8 5
8 10
8 -5
8 =3
7 ~-11
8 -14
7 -16
10 -13
12 -19
4y 12
18 22=»
18 138=
41 9%
61 14
38 l4a*
49 -20%
57 =2%



STRUCTURE FACTORS CONTINUED FOR

NA3(UD2)2FT.6H20
L FO8 SG DEL L FOB8 SGC DEL L FOB
-2 39 61 10%¢ 6117 7 10 -5 0
-1 12 39 -9 7 83 13 6 ~4 31
0 26 41 12% HeK= 5, =6 =3 59
HeK= 4, 13 =6 204 10 0 -2 76
-7 216 7T -11 -5 252 8 6 -1 42
-6 25T T 11 =4 253 &6 -8 0 26
-5 250 7 -13 -3 298 171 -4 1 25
-4 253 -6 -8 =2 324 T =6 2 17
-3 232 6 -4 -1 346 8 -5 3 18
-2 218 8 -15 0 381 9 16 4 5
HeK= 5,-11 1 401 8 6 S 50
2 207 7 8 2 334 7 2 6 31
3 200 7 2 3313 7 -5 7 20
HeK= 5,=10 - 4 326. 7 =3 8 43
-1171 71 -6 S 310 7 -0 HoK=
0175 8 -7 6 229 8 -5 -9 161
1 190 9 8 T 204 6 1 -8 213
2199 7 9 8 183 6 -0 -7 263
3 197 &6 1 HeK= S5y =5 =56 294
4 2064 6 11 -7 60 20 17* -5 326
S 119 7 2 =6 57 20 9% -4 4719
HeK= 54 =9 =5 73 17 -0%* =3 463
=3 111 13 =10 -4 54 34 ~-17% -2 393
-2 137 8 -9 -3 69 9 6 =1 495
-1 166 11 -1 =2 59 12 =2% (0 569
0169 6 -0 -1 81 7 9 1 478
1 164 7 1 0 86 7 9 2 421
2 186 6 16 1 106 6 9 3 3718
3 167 11 1 2 23 27 6% 4 418
4163 6 11 3 49 13 12* S 331
5159 7 9 4 51 16 =4* & 267
6 134 6 2 S 41 14 -—-T7% T 242
HeK= 5, -8 6 36 24 10%x 8 182
-4 173 8 ~13 T 25 34 9% HoK=
-3 214 7T -3 8 50 32 30 -9 62
-2 255 1 -1 HeK= 59 =4 ~8 48
-1 259 6 -1 -8 173 12 13 -7 178
0250 6 -1 =7 2371 7 7 -6 80
1 295 8 6 =6 279 8 8 -5 42
2314 7 10 -5 290 8 14 -4 41
3263 7 -1 -~-4368 8 15 =3 130
4L 246 6 3 =3 447 10 15 -2 110
$ 232 10 =1 =2 489 10 =2 -1 160
6 218 7 2. -1 471 10 17 0 45
7 188 & ) 0 475 11 -3 1 58
HeK= Sy =7 1 512 11 -13 2 122
-5 8212 -7 2 471 10 ~-10 3 128
-4 114 15 20 3 418 10 -14% 4 68
-3120 7 -3 4 409 9 -12 5 &6
-2 149 6 -0 5 306 7T ~-10 6 59
-1112 6 -0 6 274 T -3 T 10
a120 7 -1 7 253 &6 =2 8 S7
1 147 6 7 8 203 6 3 He K=
2 150 & -1 HeK= 54 -3 =10 136
3123 5 -4 -8 0 51 ~15* -9 173
4111 9 10 -7 41 61 9% -3 231
S 106 7 3 =6 42 62 11* ~T 296

S6
47
45
11

12
27
16

13

12

19
Se
7
6
[
7

DEL L
-16% -6
12® -5
11 -4
5 -3
14% =2
S Te -1
24% 0
-3% 1
. 2
~9% 3
11 4
15¢ 5
17* 6
34% 7
-2 8
-2
9 ~10
6 -9
4 -8
5 -7
16 -6
21 -5
19 -4
4 -3
5 -2
-13 -1
-7 0
-10 1
-10 2
-1 3
-2 4
-1 5
2 6
-1 7
30% 8
10%
9 -10
0 -9
-18% -8
~7% =7
3 -6
18 -5
0 -4
1* -3
-3 -2
-3 -1
-0 0
-0 1
-1 2
6* 3
2 4
9% 5
o 6
-3 7
-1
2 -10
-3 -9

FO8

396
4715
380
407
465
412
390
380
287
244
242
205
147
HyK=
121
129

SG DEL L FOB
7 -2 -8 180
8 -2 -7 199
8 -3 -6 290

10 6 =5 334

10 27 <4 284

13 ~-12 -3 342

11 2 =2 513
9 =9 =1 446

10 -9 ¢ 380

10 -7 1 299
7 -8 2 320
6 1 3 304
7 =9 4 205
7 5 5 173
6 2 6 140
Se 1 7T 110

19 14 Hok=

13 -7 -11 123
5 -1 -10 153
7 2 -9 193
6 3 -8 218
4 2 -7 231
5 -0 -6 371
5 =& =5 340
4 -11 =4 333
5 8 =3 352
8 -1 =2 478
5 0 =1 466
6 -8 0 347
4 (4] 1 281
& ~4 2 346
5 1 3 247
T -3 4 219

25 0o 5 185

28 11* 6 143
Se 2 H.K'
7 -14 -11 110
8 -7 =10 130
6 -4 =9 187
6 -3 -8 199
6 -8 -7 217
8 ~6 =56 240

10 -18 -5 308
8 =T -4 303
9 14 -3 4038

11 13 =2 362

10 9 <=1 347
9 =3 0 341
8 -5 1 390
8 1 2312
6 -9 3 240
6 =2 4 200
6 =6 S 200
T =2 6 145
S5y 3 HyK=

10 10 -~11 103
6 -7 -10 117

[

- pue Lo
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STRUCTUﬁE FACTORS CONTINUED FOR
NA3(UO02)2FT7.6H20 oo

L FOB SG DEL

=9 176
~8 195
-7 213
-6 235
~5 269
-4 272
-3 381

- ,=2 281

. 252

269

L 271

157

. 136
147

. HeKz
-11 154
-10 206
-9 214
-8 246
-7 292
-6 382
-5 388
-4 358
-3.429
-2 442

-1 389

0 402
331
278

-6 300
-5 296
-4 360

-1
0
1
2 222
3
4
5

L FOB
T =3 =3 364
6 o -2 331
6 —4 -1 275
6 -4 0 308
6 -3 1 282
6 -1 2 238
8 7 3 193
8 10 HeK=
6 10 -10 76
6 10 -9 47
7 3 -8 17
7 4 -7 64
7 -1 -6 62
7 3 =5 44
7 11 -4 82
5 7 ~3 82
9 17 -2 658
6 6 ~1 38
5 3 o 73
6 3 1 38
6 =4 2 61
8 -7 H'K=
8 1 =9 233
8 -3 -8 278
11 13 =7 314
10 1. ~6 336
10 -1 =5 381
9 10 -4 354
10 T -3 337
7 1 =2 308
N4 2 -1 320
6 11 0 279
13 -6 1 223
5' 8 H.K=
7 9 =8 0
16 -2 -7 32
9 3 -6 40
10 -5 =5 35
7 0 -4 39
5 5 -3 38
6 -1 -2 19
6 -6 -1 ]
5 =2 0 54
5: -1 H'Ka
8 -6 -7 241
6 10 -6 225
13 S -5 239
11 11 -4 256
61 ~39% -3 227
5 9 =2 227
7_ 7 HoK=
6 2 1 199
6 4 2 229
T =4 3 214
7 9 HoK=
7 1 -2 121
8 9 =1 126

SG DEL
8 -1
17 =2
6 -8
7 -0
7 -1
7 8
7 -11
Se 10

10 31

19 -=2%

14 -0

12 -3%

21 -—b6%

49 =3%

‘18 4%

15 -3

12 —4*

59. -5%°
9 20

52 =11=*

22 13%
59 11
8 -5
7 8
8 -0
8. 10
9 16
8 -12 .
8 =6

.7 =15

Y Y

LT =12

.8 ~-15
S5¢ 12

45 =71*

41 21=*

48 33%

39 33%

55 18x%

49 15=»

33 -3=

38 ~-12*

19 46%
59 13
1 9
8 -7
1T -7
7 4
6 —-18
8 =9
6910
7 =5
7 10
9 6
6y =9

17 =10
8 =7

S6
10
15
13
8
7

COORrONy~NDOO
-

45

—
-

16

p—
'

[
[

B ol
~woOO0Oow

[
N NNNDODND~ 500‘~4C>3~ﬂ

DEL
-2

-7
~66%

-18%

. 1
OO WOROrWNWY

i1 |
NN

N h)h‘NQUD@

-G
25%

12+

7%
—-4%
18%
-3%

2%
5%

‘L FOB
5 o
6 32
‘T 46
- HeK=
-7 216
-6 279
-5 313
-4 376
-3 432
-2 386
-1 457
497
474

SG DEL
40 =24%
34 8%
35 13%
6y =4

4

L -X-X- )
—
F

-

[
PPNV IOIBLVOOCODNODOOOY
-
-
N

-1
6. ‘1
13 21«
25 15%
23 -12%

L FO8
-6 43

=5 107

=4 114

120

123

T 92
Hy K=
-10 134
-9 169
-8 203
-1 227
-6 268

» 183

PAGE 9

SG

W
-]

12
12

ot pus et
QN W
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™ o
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DEL
-5

~15

-9
-10
-14
-8

- =1

=T .
-2

10
-7T.

-9

-2
-11

=5

~2

-2
-3
=1
-2

-1

-2
-8



STRUCTURE FACTORS CONTINUED FOR

NA3({UC2)2FT.6H20
L FOB SG DEL L FOB SG
-5 328 7 =13 =3 432 9
~4 255 6 -4 =2 520 12
-3 313 7 -12 -1 466 10
-2 396 11 2% 0 399 9
=1 441 9 S 1355 8
0 318 7 1] 2 305 8
1 293 6 6 3 268 7
2 329 1 -7 4 219 7
3 319 7 =4 5 183 10
4 219 6 -5 HeK= 6,
5 207 8 -1 -10 135 11
6 178 6 5 ~9 121 &
7T 129 12 -6 -8 139 S
HeK= 6o 3 -7 163 5
-10 115 13 -0 =6 222 S
-9 158 5 2 -5 214 6
-8195 5 -2 =4 187 &
-7 189 5 -5 -3 187 8
-6 221 5 =5 =2 254 6
-5 265 6 -11 -1 210 7
-4 331 7 -12 0193 &6
-3 288 6 -0 1 166 7
-2 360 8 34 2 133 15
-12718 7 10 3127 9
-0 274 6 O 4 130 8
1 300 6 3 5 9010
2 256 [ 1 H'K: 6.
3174 7 1 ~-10 184 8
4 165 5 -4 -9 231 6
5 156 7 2 -8 246 &
6128 7 -6 ~7 330 7
HeK= 6o & -6 309 7
-10 131 6 =7 =5 349 7
-9 194 6 8 ~4 404 9
-8 234 6 -5 =3 448 11
-7 227 6 -4 =2 386 9
-6 269 6 ~13 -1 344 8
-5 348 8 -9 0 334 7
-4 360 8 =6 1 356 8
-3 412 9 -1 2 264 8
-2 445 10 19 3 218 &
-1 340 7 12 4 203 6
0 376 8 2 HeK= 6,
1 362 8 0 -10 90 22
2 305 7 1 -9104 7
3 231 & 0o -8 131 6
4179 S5 -2 -7T155 5
5182 &6 3 -6 139 7
6 139 12 -3 -5 175 &
HeK= 6, 5 =4 200 6
-10 187 7 8 -3 235 &
-9 199 5 -6 -2 185 5
-8 226 T -2 -1 162 6
-7 287 6 -8 0153 8
-6 376 8 ~-12 1156 7
-5 40T 9 -8B 2129 7
-4 38¢ 9 -5 0

3 843

L FOB SG DEL

DEL
10 HeK=
12 -10 214
17 -9 230
8 -~8 251
o -7 300
2 =6 350
T =5 355
-6 =4 400
8 =3 360
6 =2 345
5 -1 352
-7 0 326
-3 1 269
-3 2 233
-& 3 210
-3 HoK=
5 -9 37
10 -8 36
6 -7 17
14 -6 22
6 =5 74
1 =4 44
-3 -3 21
-7 =2 40
7 =1 62
-0 0 26
7 1 0
1 2 (4]
4 H,K’
-7 =9 218
-3 -8 276
-~106 =7 309
-1 =6 308
8 =5 301
9 =4 327
-2 =3 304
7 .-2 280
7 -1 262
11 0 230
5 HeK=
4 =8 24
13 -7 30
8 -6 29
12% =5 44
1 -4 38
5 =3 16
-6 =2 0
-2 =1 4
6 HoK=
9 =6 245
4 ~5 263
0 =4 245
6 HoK=
-1 1 98
1 2 94
13 HyK=
-6% -2 230

6y 9
6 6
8 7
7 -1
7 -1
8 5
8 5
9 14
8 -3
8 -8
8 =7
8 -5
7 =5
T 4
9 5.
6s 10
38 6%
44 9%
38 ~-17»
43 =20*
11 19
22 6%
371 -6%
48 2%
14 18=»
38 -18%
42 —-28%
53 =20%
6, 11
) 1
7 6
7 15
8 17
.8 3
7 =2
7 -11
7 -8
6 =5
6 ~13
6y 12
48 20%
45 26%
44 17
45 23s
61 33%
49 12%
39 <5
52 6%
69 13
9 0
7 -5
T =15
Ty -9
11 7
11 3
7, -8
6 =7

CONNOO~NDDO~N~

RN OO

Ty

wNONNOODONON®

Q
m

L FO8
6 207
He K=
-7 29
-6 19
-5 46
-4 43
-3 20
-2 28
0

26
12
24

1

33
23

0
HyK=
-8 191
-7 248
-6 252
-5 326
~4 405
-3 419
-2 379

!
CVDWNI=O ™

~1.417

431
316

296
235
215
Hy K=

VS WNE=O

-8 89

-7 100
-6 131

=5 126 -

-4 168
-3 156
-2 224

-1 201

153
149
170
140
138
75
84
HeK=
-9 162
-8 223
-7 257

cCVIPrWNE-D

-6 299

-4 395
-3 400
=2 438

411

330

184

PAGE10 ,
SG DEL T
7 2 e v
7, -3 o
44 10 P
42 S :
56 12%
50 7%
52 3%
44 13
33 -13% !
42 10+ :
32 ~11%
33 3#
30 ~15%
16 25=* : 5
39 4% :
39 -17% b
Ty -2 )
7 -6
9 7
T 4
8 4 ;
9 18 &
10 27 ;
9 12
9 -2 :
10 -14 ’
9 -11 ‘
7 -15
7 ~-11
8 -3 _
6 ~9 :
7 1 ;
T, -1 :
10 19 :
19 -2%
6 8
10 8
5 11
8 13
6 7
5 =7
5 -8
s =2 !
4 -1 i
5 -7 i
s 7 K
9 -4 '
13 & .
7+ O ;
11 o *o
9
9
7
7
9
9

9 ~-16



STRUCTURE FACYORS CONTI
NA3(UD2)2FT.6H20 -
L FOB SG DEL L FOB
-1 448 10 =12 4 180
0-381 8 =16 5 160
1312 7 -11 HyK=
2 321 7 -4 =10 122
3315 7 -9 -9 166
4 2643 6 -6 -8 149
5179 7 -9 =-71'219
6 1771 6 =3 =6 264
HeK= 7, 1 =5'300
-9 101 12 =1 =4 272
-8 127 8 1 -3 302
-7 123 1 -2 -2 369
-6 125 5 =10 -1 3265
=5 170 5 -2 0 252
-4°229 6 3 1 262
-3 202 -5 -1 2 223
=2 171 "4 =1 3 193
-1 216 "6 =2 4 166
0192 "6 =2 5 118
1204 "5 -6 HoKs=
2190 'S5 =5 =10 148
3 127 5 -1 -9 199
4 134 6 2 -8 215
5 134 '8 3 -7 23%
6 99 ‘8 -6 -6 286
HeK= Ty 2 <=5 262
‘~9 184 6 - 2 -4 329
-8 22T . 6 -6 =3 364
=7 239 &6 -3 =2 351
-6 256. 6 =12 -1 275
-5 352 8 =6 - 0 274
~4 391 8 =12 -1 283
-3 367 8 -7 2 243
-2 42810 5 3 174
-1389 8 5 4170
0375 8 -0 5 157
1 3713 8 -6 HyK=
2325 8 -2 -10 95
3250 6 -8 -9 113
4 206 5 -6 =-8-132
5192 7 1 =7 150
6 162 6 -5 -6 163
He,K= Ty 3 -5 146
-10 107 13 -8 -4 198
-9 161 10 10 =3 235
-8 149 5 -2 -2 196
-7 190 6 -7 -1 148
-6 239 5 -11" 0 165
-5 266 & ~10 1172
-4 220 6 -11 2 154
~-327T7T B8 6 3 97
=2 327. 8 16 4 102
-l 347 ) 8 HQK’
0251 T 0 -10 190
1243 6 ~1 -9 223
2 245 6 1 -8 234
3217 5 o0 -7 281

NUED FOR
SG DEL L
"5 1 =6 355
7 6 -5 328
Te 4 -4 349
7 -8 -3 360
6 3. =2 337
6 -10 =1 347
5. -7 0 321
6 -4 1 257
6 =13 . 2 222
6 0. 3 202
9 12 HyK=
8 17 -10 82
9 14 -9 82
6 & =8 105
6 -1 -7 117
6 6 =6 154
6 4 =5 144
.6 1 -4.155
8 -10 -3 112
Ty 5 =2 134
6 =5 -1 124
.6 5 0 121
8 <8 1 61
5 =-10 2 12
6 -2 3 50
6 -8 He K=
7 -3 -9 222
9 21 . -8 267
9 27 -7 304
7 9 =6 298
6 2 -5 326
T =2 =4 348
T -2 -3 361
6 =2 -2 300
7 1 -1 282
10 8 0 276
Te 6 1 244
12 =2 2 204
10 -8 HyK=
7 =6 =9 45
7 -6 -8 4]
S5 1 -7 64
8 -2 -6 24
7 -0 -5 U]
6 26 -4 53
7 .10 -3 48
6 0 =2 0
7 11 -1 26
6 -1 0 24
8 11 1 38
26 ~-1% HyK=
20 - 8% -8 239
Te T -7 255
T -9 =6 274
6 1 =5 294
6 -3 <-4 283
9 -9 =3 255

9 5

FOB SG DEL L FOB

[N

R ONWNOCODOVNNNNEDOOIDO®

-0
-7
6
4
5
13
T8
-3
-2
5

8 .

-4
-4

ot
L= N

-2 245

-1 242

HyK=
-1 o
-6 24

-5 0
-4 12

-3 11
-2 32

UV N e
N
o

[ A |
VSEWNROMNWSNOG
§ W
1%,
©

-6 26

-5 22
-4 &5
-3 0
-2 51

185

PAGELl
SG DEL L FOB SG DEL
8 -4 ~1 5015 1=
7 =8 0 21 32 -4+
T¢°12 1 39 17  8*
53 -12% 25710 3
56 17* 3 :.69 25 .10%
53 -9% 4 .57.11 12%
60 3% 5 44 27 3%
43 =12  HyK= 8, -2
40 lé6x -7 2177 16
8y -7 -6 24710 27
54 —-14% -5 248 7 8
41 15% ~4 299 '8 16
30 ~2% -3 315 71 17
271 ~-122 -2 311 "8 1
63 -29% -1 345 T -4
51 -g8* 0 311 7 -13
8y =6 -1 27157 T -12
8 -9 2287 &5 =9
8 -11 3 2719° & -10
'8 4 b 244 T O
10 2 - 5194 6 4
1 8 HyK= 8, =1
7 4 =B 75 1T 1%
7 1 -7 96 13 ‘22
6 =4 -6 5918 =264%
8 -5 -511511 S~
T By ~5. -4139 8 7
26 -39% =3.152 9 9
48 21% -2 106- 6 2
49 23x -1 134 6 =5
S0 32¢ 0 151 S5 -1
42 38* 1134 & -3
18 28+ 2131 5 1
3 3% 3 99 7 -5
40 26% 4 92 7T 3
43 17* 5 9912 -8
16 32% Hek= 8, O
42 19* -3 191 9 1
8y =4 =7 215 7 &
8 1 -6206 & -9
8 -2 =-5281 6 3
10 -1 ~-4319 7 &
9 -2 .-3 317 8 18
-7 1 =2265 7T ~-10
8 -0 -1 307 7T -13
8 2 0219 6 -12
7T -9. 12718 6 -1
‘7 =5 2241 6 ~15°
7T -5 3222 S -1
7 T 4181 T -9
6 ~12 5177 & O
8y -3 HeK= 8, 1
44 —6% -9 8T 24 -10%
52 -1%* -8 117 8 -9
58 24% -7 131 & -4
42 -34% -6 189 5 3
33 13% -5 190 S5 -4



STRUCTURE FACTORS CONTINUED FOR

L FOB SG OEL

NA3{UO2)2FT7.6H20
L FOB SG OEL
-4 185 'S 1 HeK=
-3 208 6 16 -9 162
-2 236 5 -7 ~8 188
-1 223 5 -6 -7 216
0 217 & 4 -6 272
1153 5 -8 =5 295
2186 5 -6 =4 263
3172 6 -3 =3 330
4 137 6 -0 -2 332
S 122 7 5 =1 318
HeK= 8 2 0 296
-9 156 8 5 1 254
-8 169 6 -1 2 222
-7 186 6 -4 3 203
-6 244 6 -8 4 167
-5 245 &6 -9 HeK=
-4 242 6 ~14 -9 100
-3 260 7 22 -8 68
-2296 7 -0 -7 109
-1303 7 ~3 =6 135
0231 7 -3 -5 150
1 206 5 -1 -4115
2231 5 -1 -3153
3185 5 =2 -2 141
4 159 6 -2 -1 136
5 138 10 4 0 125
"HeK= 8 3 1 120
-9 146 6 -2 2 99
-8 181 6 6 3 8l
-7 184 5 -1 HyK=
-6 203 7. -14 -9 173
-5 251 &6 -7 -8 232
-4 269 6 ~6 =T 252
~3 352 8 37 -6 261
-2 315 71 12 -5 270
~-1 281 7 5 -4 318
0 278 & 0 -3 332
1283 6 -2 -2 315
2 246 6 -2 -1 261
3192 6 -1 0 280
4 170 & 9 1 261
S5 153 14 0 2 215
HeK= 8 4 HoK=
-9 151 9 0 -9 59
-8 171 9 =3 =8 40
-7 2713 5 -9 -7 17
-6 211 6 ~-10 -6 76
-5 216 5 ~5 =5 43
-4 267 7 -3 =4 91
-3 292 8 18 -3 97
-2 261 6 20 -2 69
-1 211 7 3 =1 57
-0 208 6 S5 0 64
1 208 7 6 1 53
2192 5 6 2 49
3124 7 1 HoK=
4108 8 -1 -9 212

8y 5
6 —~15
5 5
6 —-10
6 -8
T -3
6 5
9 20
9 21
T 14
8 10
7 =2
9 1
8 -0
12 -9
8y 6
10 4
19 =l4=
9 =2
5 =4
6 4
8 3
8 15
13 10
11 -8
T =2
11 13
18 11
12 -5
8e 7
6 -8
9 -0
T -6
T -9
6 5
9 13
8 -0
7 9
7 T
9 3
7 T
8 3
8, 8
14 5%
27 =-33*
10 1l
11 0
52 ~14%
19 9%
16 2.
16 =1=»
17 6%
23 9%
66 ~0=
30 0¢
8y 9
8 6

L FOB
-8 241
-7 265
-6 283
-5 326
-4 315
-3 277
-2 267
-1 271

0 255

Ho K=

SG DEL
6 3
7T -1

10 0
8 21

10 6
7 -11
8 -7
9 -1
17 =2

14 2
8y, 10

20 42%

22 37+

38 35=»

21 413

59 4%

59 22%

41 -15%

56 ~15#

54 36%
8, 11
8 4

11 9

15 2
1 ]

11 -8
6 -7
9y -6

7 3
1 9
8 -3
9. ’5

61 ~40*

54 -9*

47 -10%

25 1lé6%

48 ~8x

39 -7T%

38 <5%
9' -4
9 -13

12 8
8 9
9 1
] 3
6 -0
T =5
6 -8
9y -3

57 -5%

47 Q=

25 1=

10 20

24 12»
7 6

23 ~12%
1 5

L FOB
3 68
4 77
HoK=
-6 204
-5 251
-4 317
-3 301
-2 289
-1 298
0 327
1 286
2 263
3 241
4 211
HoK=

-7 98

-6 119
-5 160
-4 143
-3 164
-2 184
-1 190
0 165
1 158
2 140
3 150
4 115
HeK=
-7 173
-6 196
-5 229
-4 242
-3 249
-2 257
-1 285
0 248
1 215
2 228
3 221
4 164
He K=
-8 125
-7 122
-6 133
-5 177
-4 185
-3 175
-2 176
-1 170
0 167
1 187
2 154
3 124
4 122
HoeK=
-8 148
-7 155

SG DEL
12 -3
15 12»*
9, =2
8 1
11 9
9 24
9 ]
7 -1
7 =11
T =5
6 =2
6 -7
7 -4
8 1
9' "".
18 -1»
9 4
11 17
12 5
.}
-5
-1
-5
1
-9
-4
-1
L]

S
-3
-1
13
9
=12
-8
-10
-7
-10
-3
-10
1

5
-5
4

8

S
-5
-7
-4
-4
-2
-7
-13
4

2
-9
-6

b
O VO VUV WVMNNENNNOINOGOIONOCOOOINN~NODDONOITAV N

—
oW
. -

L FO8
-6 173
-5 227
-4 212
~3 264
=2 245
-1 236

0 224

1 226

2 205

3 169

4 128

H'K’
-8 172
-7 198
-6 266
-5 280
-4 285
-3 307
-2 355
-1 307

0 276

1 251

2 221

3 188

H.K’
-9 111

-8 107

-7 113
-6 155
-5 160
-4 129
-3 146
-2 183
~1 148
0 156
1 124
2 118
3111
Ho K=
-9 176
-8 192
=7 233
-6 243
~5 259
~4 300
-3 332
-2 310
-1 249
0 252
1 256
2 204
3 181
H.K=
-9 69
-8 106
-7 116
-6 120
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SG DEL

8
6

-7
-1

6 ~12

-

.

-

I

e o
PR OONIOPVVIOONVOIOPPO NI NDOROIVIDORPIOINO

o

6
-0
1

-6

-3
-3
-1
-3
3
-6
11
-4
10 -
-2
18
14
-0
-2
3
-1
-2



STRUCTURE FACTORS CONTINUED FOR

NA3{UO2)2FT7.6H20
L FOB SG DEL L FOB
-5 118 12 1 1 70
-4 146 9 11 2 68
-3 161 7 [ HeK=
-2 148 7 7 =5 208
-1 115 9 10 -4 211
0 106 11 -6 -3 226
1 119 7 6 =2 225
2 80 24 ~-10% -1 242
HeK= 9y 7 0 217
-9 204 11 4 1 189
-8 213 6 -4 2 178
-7 217 8 2 HeK=
-6 297 7 -1 =5 130
-5 330 8 8 -4 153
-4 351 8 18 -3 143
-3 337 9 6 =2 141
-2 331 8 13 -1 139
-1 327 7 12 0 126
0 292 8 4 1 131
1 255 7 S 2 113
HeK= ‘90 8 HoK=
-8 30 48 1* -6 193
-7 29 40 -12* -5 235
-6 43 26 1* -4 274
-5 55 19 =4% =3 252
-4 49 41 11% =2 256
-3 21 46 —-16* -1 246
-2 60 15 25*% 0 246
-1 61 31 20* 1 226
0 33 50 -3 2 212
He¥= 9o 9 3 176
-8 220 71 -1 HyK=
-7 23%5 7 -9 -7 135
-6 239 7 ~3 -6 163
-5 248 8 9 -5 197
-4 2713 71T 0 -4 193
-3 264 8 -1 -3 184
-2 246 7 0 -2 207
-1 229 11 1 -1 219
HeK= 9, 10 0 179
-7 3359 30* 1 167
-6 30 52 1717 217
-5 24 63 T* HoK=
-4 35 49 27% ~T 147
=3 31 41 29% -6 165
-2 25 66 19*% -5 198
HeK= 10y -4 -4 185
-2 240 8 8 -3 191
-1 245 8 2 =2 226
0 259 8 =2 -1 214
1 244 6 -3 0 176
HeK= 10, -3 1 169
-4 83 15 3 2 l44
-3 93 11 8 HyK=
-2 103 10 2 -7 175
-1 92 21 ~-11%* -6 189
0 93 8 T -5 207

SG DEL

14 -14%
18 -13%
10,

10

[

N VO VOO O~

1

-2
9
-1
10
-3
2
-2
-7
-11
-1
11
5
7
2
o
-9
-2

11 -10

10
T
9
8
7

o
3
3
13
-1

6 -14
T -12

11

~

-

-
G'dG’OCD~l@'ﬂ°‘D\ﬂi‘@!“C)QW!O‘O\J\ﬂ‘JO‘O

[N
OO0
-

-

-6
-9
-4
-4

16
16
-2
-1
-2

—5'

-9

-11
-5

-4

~1
-3
-2
-8

-3
-6

L FOB
=4 236
-3 251
-2 232
-1 205

0 188

1 210
2 172

-7 120
-6 128

=5 143

-4 169

-3 181

-2 172
-1 140

H'K=

-6 87

-5 99
-4 99
=3 67
-2 92
-1 81

HyK’
-7 244
-6 256

-4 286
-3 303
-2 271
-1 235

H'Kz
-7 31
-6 41
-5 62
~4 .65
-3 34
-2 34
-1 20

“pK*
=6 240

705
SG DEL
6 11
8 9
9 3
6 =4
15 =5
6 7
11 -5
10, 4
9 -8
11 -0
8 -1
9 14
7 .8
9 8
9 =4
13 -16
.3 8
13. 2
10, 5
6 -13
9 -16
7 -1
6 -7
9 21
7 20
7 8
6 4
6 7
7 -8
10, &
52 -10%*
10 -7
10 9
16 8
76 ~-10%
20 6%
12 <2
13 9
106, 7
7 -10
9 =3
10 3
8 5
8 8
‘T 15
9 -1
7 11
10, 8
48 —-15%
56 5%
24 38%*
22 26%
57T =7=
49 <1*
59 -3=%
10, 9
10 15

L FOB
-5 258
-4 2417
-3 235

H,.‘t'—'

-3 108 |

-2 120
-1 140

H.Kz
-4 175
-3 156
-2 170
-1 185

H'K=
-5 164
-4 196
-3 173
-2 189

=1 161

(-]

17
H [} XK=
=5 131
-4 172
-3 138
-2 148
-1 129

HgK’
«-6 184
-5 200
=4 205

-3 220

-2 210
-1 210

H.'K=
-6 128
-5 131
-4 112
-3 124
-2 125

-1 128

. HeK=
-6 182
-5 187
-4 220

-2 219
-1 195

HpK*
=5 41
-4 51
-3 85
-2 48

H.K*
-4 229

SG DEL
8 15
7 4
7 6

11, -1

13 -6

12 -3
6 12

11, O
9 &
9 -11
6 ~-12
6 -8

21 -8

11, 1

i1 9

11 25

13 -6
8 8
7 -6
7 4

11,  2:
8 -7
9 19
9 -13
7 D]
7 -3

14 -6

11, 3
& -6 ..
T =54

21 s
6 11"
6 -1
7 3 .
8 .Y

11, 4
7 8

11 9

19 =2

10 6
9 7
7 10
9 7

11 5
8 -8
8 -6
8 14

15 138

10 5

11 3

11, 6

56 ~—8%

27 =3»

12 15

24 ~4%

11, 7
7 3
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