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CHAPTER T
INTRODUCTION

1) Historical Data and Localities.

Wodginite is named after the town of Wodgina in Australia,
the locality where it was first discovered. It was originally
thought to be a tin-manganese tantalite, called pseudo-
ixiolite, but was recognised as a new mineral by Nickel,
Rowland and McAdam in 1963. They also described it from the
Chemalloy (Tanco) pegmatite at Bernic Lake, Manitoba, and
it is the wodginite from this area that is the subject of
the crystal structure analysis described here.

In addition to the two original occurrences of wodginite
described by Nickel et al (1963), several others have been
discovered since: Rwanda, Belgium Congo (Bourguignon and
Melon, 1965)3 Krasonice, Moravie (Luna, 1965)3 Kablin Range,
U.S.S.R. (Khvostova et al, 1965); Sukula, Tammela, S.W.
Finland (Vormz and Siivola, 1967)% Karibib, Southwest Africa,
(von Knorring, 1968): and Ankole, S.W. Ugenda (von Knorring,
Sahams, and Lehtinen,1$69).
2a) Objectives of the Present Study.

(a) To analyse the structure so that it is known for
its own sake and thus to show wheter it is essentially
isostructural with tantalite as the crystalographic evidence
suggests, and (b) to see if there is any evidence of ordering
of the metal atoms.
2b) Relationship of Wodginite to Tantalite and Pseudo-

ixiolite.

As Grice (1970) and Grice, Cerny and Ferguson (1972)
have shown in a detailed study of wodginite and related
minerals from the Tanco pegmatite, Bernic Lake, Manitoba,
the wodginite there is closely related chemically to the
associated tantalite (see Table I1). It may be seen that
wodginite is mainly richer in SnOZ, Ta205 and FeO and poorer



TABLE I

MICROPROBE ANALYSES AND NUMBERS OF CATIONS

FOR WODGINITE, TANTALITE AND PSEUDO-IXTOLITE

Analyses in Weight Percent

Wodginitel Tantali“be2 Pseudo—ixiolite3
MnO 9.2 14,1 14.7
Fe0 3,0 0.4 0.2
Sn02 15.5 0.4 0.8
Ti02 1.3 0.8 1.0
Ta205 7363 67,6 64,2
by0; 1.0 7.6 _20.1
10363 100,9 101.0

Numbers of Cations on the Basis of 32 Oxygens

2

Mn 3,09 3659 3,68
Fet? 0,99 0,09 0,06
snt4 2,45 0,04 0.16
pi*+4 1.40 0.14 0,23
T2t 7.91 5459 5.14
W o.e 245 2469

16,02 11.85 11,96
These analyses are taken from Grice (1970) and from Grice et al
(1972)s the analyst was Mr., S, Joness Nuclear Research Establishments
Pinawa; Manitoba. 1 = sample nmumber G - 69 - 17 in Grice (1970)s 2 -
mean of four analyses (Table 3; Grice et als 1972); 3 = mean of 5

analyses (Table 4 Grice et als 1972),
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in MnO and NbZO than is tantalite-pseodo-ixiolite.

Nickel et al (1963) and Grice (1970) and Grice et al
(1972) have shown that wodginite, tantalite and pseudo-
ixiolite are closely related to each other not only chemically
but also crystallographically. These relationships are dis-
cussed by the above authors, and are summarised in Table II
(taken from Grice et al, 1972, Table 5). The facts relevant
to the present structure are that, whereas tantalite and
pseudo-ixiolite are both orthorhombic with space group Pben,
wodginite is monoclinic C2/c or C¢ and with Bu}9lo, Also, and
of importance, tantalite has true cell dimensions of approx-
imately a = 3x4.80 A, b =5.76 £, ¢ =5.11 A, whereas wodg-
inite has (true) values of a = 9.50 &, two thirds that of
tantalite, b = 11.45 A, twice that of tantalite and ¢ = 5.11
ﬁ, the same as that of tantalite. The cell of wodginite is
discussed further below.

The densities of both wodginite snd tantalite are similar,
The calcul-ted density for a Tanco wodginite is 7.75 gm/cc.
and the observed for one of the Tanco tantalites is 6.76
gm/cc. Whereas wodginite gemerally forms poor crystals and
is dark brown to grey in colour, tantalite commonly forms
good crystals which are black; however, with many specimens
it is not possible to distinguish the two minerals by eye
observation alone.

3) Sub-cell and Cell Content of Wodginite.

The (true) unit cell of wodgi nite described above has a
a2 +3 +4 A4 D +5 -2
cell content of 1XL(hn3.09Feo.998n2’45T11B40Nb0’18Ta7°9l)032]
(Table I). This content relates to the true cell for wodginite

but this cell is only distinguished on X-ray diffraction
photographs by very weak reflections. The photographs are
dominated by a strong sub-cell with, as Table II shows, a' =
4.75 & = a/2, b' =5.72 A =b/2, and ¢' =5.11 A =¢, B' = B
~ 91°, V' = 139 RB = V/4, space group 22/c or Pc and Z'=Z/4.

Because of the difficulty, described in the next Chapler,
of recording the weak reflections characteristic of wodginites
true cell, these weak reflections were ignored in the present
study, and the other reflections were indexed on the sub-cell
The structure analysis of



TABLE IT

COMPARABLE UNIT CELL DATA FOR WODGINITE,

TANTALITE AND PSEUDO=-IXIOLITE

This table is modified after Table 5 of Grice et al (1972). The
settings are those of Struntz and Tennyson (1970) adopted by Grice et
al (1972),

Pseudo-ixiolite Tantalite Wodginite
true sub true sub

Axial 2 4.76 a 14.40 a/3 4.80 2 9.50 a/2 4.75
Lengthss A b 5.75 D57 (b)) =~ Db 11l.45 b/2 5,72

e 5.16 € 5.11 (e} = cb5.11 (e) -
B (90°) (90°)  (90°) 91° 91°
v, &7 141 423 1/3 423=141 557 1/4 556=139
Space Group  Pben Pben  Pben  C2/cor Cc P2/c or Pe
Ideal Cell (4,B) 4% 4,8:0,, 1/3[A 4B6% 4] A8B8032* 1/4[A8288032]
Content” "

*Evidence is given in this thesis for the ordering of the Ta atoms into

one site in wodginites and so the formula is here written accordingly.

¥ A = Fey Ma(+>> Sns Ti)s B = Wby Tas (+ Sns Ti)



wodginite described in this thesis thus relates to the sub-cell with
one quarter the voiume of the true cell, and with the following
approximate dimensionss symmetry and cell content (where we now use
unprimed symbols to describe the cell used for the analysis)t

= 4.755 b = 5.72, ¢ = 5.11 &, B~ 91°%

j®
!

V = 139 3); space grovp F2/c or Pey Z = A,B,0y = 2[ABO 1s

7 +2 +3 g +4 oith D patd
2 = [ (tng 0y Feg o 51 T35 070, 370600 5]
4) The Starting Structure for Wodginites the Structure of Columbite,

Because of the close similarity of wodginite to tantalites; and
hence to columbites with respect to unit cell dimensionss chemistry
and cell content (Tables I and II)s and also with respect to X~ray
powder diffraction patterns (Wickel et als, 19633 Grices 1570)s it is
reascnable to assume that the crystal structure of wodginite is similar
to that of columbite~tantalite. For this reasons the starting positions
chosen for the atoms in ocur analysis of wodginite were those given by
Sturdivant (1930\ for columbite, Sturdivant's structure for columbite
is shown in Tig. la and the corresponding starting structure for
wodginite (iodel I) is shown in Fig. 1b. The relationship between the
cell of wodginite adopted here and that of columbite used by Sturdivant

is as followse

Wodginite Approximate Columbite

(this study) periodsdé (Sturdivants 1930)
2 447 a/3
b 5.7 b

5.1

fo..



Figure la, Crystal Structure of tantalite as determined by

Sturdivent (1930)
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Figure 1lb, Structure Model I for

wodginite
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CHAPTER IT

COLLACTTION OF INTENSITY DATA

l) Selection of Crystal,

The samples of wodginite available were those used in a minergl-
ogical study by Grice (1970) of wodginite and related minerals from
the Tantalum Mining Corporation of Canada (Tanco) mine at Bernic Lakes
Manitoba, Consequentlys chemical analyses and crystallographic data
were already available for these particular samples.

Several crystals from different specimens of Grice's (1970) were
mounted and oriented with the Buerger precession camera. Zero- and
upper-~level photographs were taken to investigate the suitability of the
crystals for use in the structure analysis. The crystals from one
specimen in particulars Grice's specimen no. G-69-17s showed less
tendency than others to be multiply grown.

A single crystal from this sample was consequently ground to a
spiieres remounteds and oriented with the precession camera so that it
rotated about the é?axis, The purpose in using a spherical crystal
was to simplify corrections for the X-rays absorbed during the passage
of the Xeray beam through the crystal, The crystal was also made as
small as possible in order to minimise the absorption correction,

(For a more comprehensive explanation of absorption see Appendix I),

2) Determination of Cell Dimensions,

While it is generally thought that the precession camera is one
of the least accurate instruments with which to determine cell
dimensions it has been pointed out by several authors (Barness
Przybylska and Shores 1951; Barness 19493 Patterson and Loves 1960, )
that providing allowance is made for film shrinkage and providing

the camera 1is standardised with a crystal of
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known and constant cell dimensions such as quartz, then the
accuracy that csn be obtained by this method is sufficient
to enable the results to be used in a structure analysis.
For a description of the procedures for deriving fairly
accurate cell dimensions from precession photographs, see
Appendix IT.

Accordingly, the precession camera was standardised
using the (1121) reflection of quartz, and thus the accurate
effective crystal- to- film distance calculated. The cell
dimensions of the chosen wodginite were then calculated
from zero- and first-level photographs precessing around
both the x and the y axes. The results obtained were then
recalculated to allow fro film shrinkage in & manner des-
cribed in Appendix II.

The final results are compared in Table III with the cell
dimensions obtained for the same specimen (but not the same
actual material) by Grice (1970) using X-ray powder diff-
ration data. It can be seen from Table III that the accuracy
obtained by the powder diffraction method is much greater
than that obtained by the precession method so that in all
ensuing calculations the more accurate powder values were
used.

3} Collection of Photographic Intensity Data.

In this investigation, the reflections were recorded on
an integrating precession instrument, and the intensities
measured using a densitometer. The instument used to record
the data was manufactured by the Charles Supper Co., and was
on loan from Dr. W. Koufman of the Department of Oral Biology’
Faculty of Dentistry of the University of Manitoba. No one
with first-hand emperience in the use of an integrating
precession camera for the structure analysis of minerals
was readily available for consultation, but Dr. Kaufman(in
a different laboratory from the writer, and several miles
away) had used a similar
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TABLE TTT

CELL DIMENSIONS OF WODGINITE DERIVED BY

X=RAY POWDER DIFFRACTICN AND PRECESSION

CAMERA METHODS

The cell dimensions refer to the sub~cell which was used for the

structure analysis.

Powder Method Precession Method
{(Grices 1970) (this study)
as A 4,758 + 0,002 4,803 + 0,032
by A 5,726 + 0,002 5.719 + 0,023
c, & 5,112 + 0,002 5.095 + 0,018
B 91°08" + 05" n.d.

NOTEs The cell dimensions on the left, those determined by the powder

methodswere used in this structure analysis.
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instrument quite successfully several times for the structure analysis
of biochemicalss and he provided some help periocdically.

A full description of the geometry of the precession camera and of
the procedures to be followed in its use are given in books such as
those by Buerger (1964) and by Muffield (1966). Plates Ia and Ib are
typical O- and 1l-level precession photographs.

A descrivtion of the integrating procedure for the precession
camera is given in Buerger (1960) on page 89, Plate II shows a iypical
O=level integrated precession photograph. It can be seen that each
spot on this photograph is of uniform size and is of uniform intensity
as compared with the irreguler shape and intensity of the spots in the
non-integrated photograph shown in Flate Ia.

From the descriptions of the precession method given in the
references just quoteds it is clear that the larger the repeat period of
the direct lattice along the precession axiss the more levels that can
be recorded about this axis within the limited range of movement
imposed on the film cassette by the mechanics of the camera., When the
integrating mechanism of the camera is brought into plays the range
of movement of the film cassette is further limited. While this has no
serious effect in limiting the number of reflections that can be
recorded in crystals with a large repeat preiod (>~ 14 A) such as
biochemicalss etc.» in wodginite with repeat periods of ~ 5§ A, it
limited the number of upper levels recordable about both the X and the
Yy axes to a maxiram of only twos using integrating methods. Thus it
it was not poesible to record with any degree of accuracy the high

sinB reflections so essential to the sensitivity of a structure analysis,
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An attempt was made to record further upper levels using the non-
integrating method but the precession camers proved so sensitive to
orientation errors ithat the intensities of several pairs of symmetry-
reiated reflections on these non-integrated photographs failed to zive
satislactory agreement. Iue to thissand the difficulty in scaling the
intensities of the non-integrated reflections to the intensities of the
integrated oness; the intensity data derived from the non-integrated
films proved too unreliable to be used,

The integrated reflections which it was possible to record and which
were used in the structure refinerents were those from the (0= and l-level
rhotographs precessing about the x axis and the 0O~; 1= and 2~level
rhotographs precessing about the y axiss i.e. the reflections CkLs 1kl
hlls end h2L. Cross-level photogravhs were also taken to obtain intensity
values for reflections which fell in the blind areas of the previous
photographs such as the 010 reflection (see Flate Ia)., Howevers for
various reasons the data obtained from these cross~level photographs
nroved to be unsatisfactory and thus they were not used.

It is only possible to measure accurately the density of a spot
(reflection) on & photograph within a limited range of density; as is
more thoroughly explained in the next section. Thuss four photographs,

S

of different exposuve timess; were taken of each reciprocal level., (n the

-t

photograph with the shortest exposure times the reflections with the
strongest intensity were weak enough to be measured with reasonable
8ccuracys and on the photograrh with the longest exposure time the
weakest reflections appeared with a measurable density.

The exposure times were chosen so that the strongest and the weakest

reflections on any given level could be measured on at least one



photograph of the set of four of that level. It was necessary to choose
the exposure times as multiples of the integrating cycle of the cameras
20 that the spot on the photograph corresponding to & reflection had a
gniform overall intensity. With the precession instrument used in this
studys the time taken for one integrating cycles i.e. for the cassette
to be moved in horizontal and vertical steps of 0,08mm., over 1 square
mles 18 1 hour and 20 minutes. The exposure times chosen were 2 cycless
8 cyclesy 13 cycles and 20 cycles,

The density of spots on a photograph is also influenced by the
length of the developing time and the strength of the develover, These
were standardised by developing each set of photographs for a standard
time in a solution of developer kept especially for this purpose. The
four photographs of one level were mounted in an especially designed
slotted plexiglas frame (see Fig., 2) that enabled them all *o be
submerged simultaneocusly in the developer and thus ensure the sanme
developing time for each photograph in the set.

4)  Density Measurement,

To measure the intensity of the reflections as they appeared on
the photographs a densitometer (Universal) was used. The densitometer
messuress by means of a photo-electric cells the amcunt of incident
light which is absorbed by the photograph at the point of measurement.
It ie only possible to measure the absorption at one point on the
photograph at a times and thuss the process of measurement is somewhat
tedious by this method. One reading on each reflection was taken and one
or two on the background for each reflection (see below),

Due to the nature of the developing processs it is only pcssible

to preserve a linear relationship between exposure to i=rays and density
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Pigure 2, Apparatus used for simultaneously
developing four or five precession

photographs,
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(or blackness) of a spot up to a certain maximum density. Therefores
values of density obtained above this maximum cannot be used in a
stiraightforward manner as a measurement of the intensity of X=rays
impinging on the film.

To determine this critical maximum values a plot of density against
exposure time was made for several different reflections. The plots are
shown in Fig. 3. The reflections were chosen from a set of filmss each

-

of different exposure times of one reciprocal lattice plane. As can be
seen from fig. 3s the linear relationship holds well for density values
below 600; above thiss howevers the relationship becomes dubious, and
densities measured above this value were not taken into account.

The intensitys Is cof a reflection was determined by subtrascting the
density of the background darkenings Dss from the density reading at the
centre of the reflections Dr’ Where a white radiation streak through
the reflection was visible; an average value of the densities of the
streak on either side of the reflection was used for the background
density value. Such I values were of course on an arbitrary scale.

The I values thus derived were used as input data for the first

computer programs 'Precproc's for the first step in processing the data,
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ITROCESSING OF DATA

In orcer to obtain a set of observed structure factors from the
raw intensity datas and to then find a crystal structure which was
compatible with these structure factorss four computer rrograms were
used, The first two of theses 'Frecproc' and 'Dataps's originated at
the ‘Jeizmann Institute in Israel, and were adapted for use with the
I.B.lM. 360/65 computer at the University of Manitobas by Dr. W, Kaufmen
of the Department of Oral Biologys Faculty of Dentistry. The last two
programss ‘Genles?! and 'Pourier's are part of a set of structure
programs written by Drs Allen Larson of the United States Atomic Bnergy
Cormissions Los Alamoss New Mexicos and adapted to the I.B.M. 360/65
comruter by Dr. Amme Kerr of the Department of Chemistrys University of
Calgary.

4 short description of each of these programss together with the
results obtained by their use in this structure analysis, follows,

1) 'Precproc' (Precession Processing)- Processing of Intensities

from Precession Photogravhs to Give a Set of Relative Intensities,

'Precproc’ is written especially for dealing with intensity data
obtained from precession films. Its purpose is to produce a scaled and
weighted intensity value for each reflection on a given reciprocal level
from the various intensity values of that reflection derived from each
of the differently exposed films of that level,

The program can deal with data from any number up to six differ-
ently exposed filme of a given level at a time. It can be used to

process a large number of levels in succession during one run. The card
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input for this program as applied to wodginite is given in Appendix IIT,
The first aim of the program is to find one weighted and scaled
value for each reflection from the four values obtained for that
reflection from each of the differently exposed films for that level,
Thuss on the Okl level for the 002 reflections four intensity values:

= 320 and I, = 120y corresponding to the intensity

Il = T45s I, = 595 15 4

values on the four films of this levels are fed into the program as

data. Bach of these values is given a weight according to a predetermined

weighting schemel-

W=1I1I>»15 and I < 60s
W=2I, I 60 and I < 2005
W= 1/2, Iy 200 and T < IMAX,
W= 05 I IMAX,

where W is the weight and IMAX is the maximmum intensity reading up to
which the linearity of the densitometer readings can be depended upon,
In this case IMAX = 6C0. Thuss WI(l) = O WI(2) = 197, WI(B) = 160
WI(4) = 240e

From the whole set of reflection data for the Okls average film—- to=
film ratios are computeds rejecting those individual ratios which are
outside the range of twice the standard deviation from the mean. These
film~to~film ratios for the OkL level were

1, (ratio of 1st. film to 2nd, £ilm) = 1.525

r23 = 13297
r34 = 40009
Iscaled’ the scaled and weighted average intensgitys for each

reflection is then computed from the four original intensity values,

assigned weights and filwbo-film ratioss such that
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IW NG SR R A )

+ LW 3"1(3)712723 4"'1(4)"12725734

= T "o o T T
Tocatea = T1'1(1) © 2'1(2)F12 ¥

Jl(l) -+ 1]1(2) + W (‘,\ + \41(4)

Therefores IScaled for the 002 reflection is

745 + 395%107x1,52 + 320X160x1,52x1.29 + 120%240%x1,52x1.29%4,00

C + 187 + 160 + 240

The weight attached to this scaled intensity value is simply the
sum of the weights assigned to I 3 1 s 139 I.s

ie€e W 197+160 + 240 = 597,

T(se 002) = 97
‘he final function of the program is to average the scaled intensity
values for symmetry related reflections, Thuss in this case the sceled
intensity values for 002 and 002 reflections are averaged to give a

final intensity value I The final weighting factor attached to this

002°
value is.simply an average of those attached to I
B . . se(oc2) @

Thus the final output consists of a list of all the unique (non-
symmetry related) reflections together with their intensity values and
the weighting factor attached to this value by the program. For an
example of the output from this program see Table IV. By this meanss
relative observed intensities for 190 reflections of wodginite were
derived. These were vut onto disk storage ready for inmut into 'Dataps?,
the next program.

2) 'Dataps' (Data Processing) - Data Reduction of the Relative

Intensities to give a Set of Relative ]FObSL_Z9luese

This program is designed to make Lorentzs polarisation and
absorption corrections to the observed relative intensitiess and to

thusy convert them into observed structure factors, Fobs'ss

2
(¥ ) = EﬁFobs

obs

Lo.p
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)

i

SBLE IV

POR STHECTIEEN REFLECTICNS FROM THE hill LiVsl

FIIM 1 FIIM 2 FIIM 3 FILM 4

30,

205,
100,
605.
335

=550,
640,
375
685,

140,

REFLECTICN DATA

15,

1CC,

12¢C,
50,

25.

5C
355,
180.
=675
670,
205,

337,
80,

O,
45,
1C,

110,

120,
35
=593,
600,
40,
140,

Go

Ce
Co
Co

25,

130,
152s

0.

=155,
180,
0.
30,

0.

Continued.
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TABLE TV CONTD,

PILM 1 FILM 2 FILM 3

3254

50@

160,

200,

65,

RATIC DATA BEFORE REJECTION

PILM=TO-FILM RATIO
WEIGHTED FILM-TO=FILM RATIO

TOTAL NUMBER OF RATIOS

Q.

SeD ( INDICATES ASSUMED INPUT VALUE)
RATIO DATA AFTER REJNCTION

FIIM-T0~FILM RATIO
WEIGHTED FILM-TO=-FILM RATIO

TOTAL NUMBER OF RATIOS

SeDe ( INDICATES ASSUMED INFUT VALUE)
NUMBER OF RATIOS WITHIN RANGE (28.D,)

e ® L ° ° -] °

°

L) ® © L] ® ? @ -]

e
el e e e R R R el o o el Sl S e e el e o
o

@

L

=2

4o

SCALED
28.91
190,41
78.88
524,22
255.27
263,74
673462
95,21
225,63
82.16
48.18
250,753
97.81
646,06
316,96
353+25
702,36
140,90

TNTENSITY DATA

WEIGHT

45,00
625,00
215,00
612,50
460,00
475600
45750
240,00
405, 0C
21C.0C

75,00
482 .50
250,00
446,50
5¢24.50
330,00
478,50
440, C0

11

30,
190.

80,
505,
260,
280,
700,
100.
250,

80,

50@
205,
100,
605,
335.
575
685,
140.

11/12
2,00
1.90
1.78
2,20
1.86
1.93
0.0
2.50
2,08
1.60
2,00

FILM 4
Oe
Os
11/12
1.72
1,78
64
Oe 35
1.74
1.78
64
0.24
55
12 12/13
15, 0.0
100, 2,22
45, 4,50
230, 2,09
140, 2.80
145, 3.22
325, 2.41
40, 0.0
120, 3,00
50, 0,0
25, 0.0
130, 2.17
50, 0.0
353, 2.S4
180, 5.14
205, 5.13
337, 2,41
80, 0.0

12/13 I
352
3.24
24
0.98

3,26
3.10
24
0.84
21

—
S
S~
I

eNoSeoNaNoNoNeoNoNoNoRoR NeoNoR SoNORGR o

I3
0.
45.
10.
11C,
503

°© @

°

(@]

@]

135.
0.
40,
O,

L] -] o [ o L] ©

®

60,
0.
120,
35
40,
140,
C.

-3 L] o o

3

®

OB OO0 OO0 O00COOVITO OO OO

°

3/14
3496
3,89
0,81
3,75

3.71

0,62

O
DN

N
O O
° 5 e

O
o

°

n
ecNoNoNoNoNeoNeoRONGRAS K]
@ ® ©° 6

©

AN
s e o

®

[

N
(@]
e

7
£l

Continued.



TARLE IV CCHNTD,

E Kk . 1(®i1i) I(-#-1-L) I( E-1 L) I(-H 1~-L) I SCALED(MEAN) WEIGET

1o 1. -4, 78.88 0,0 0.0 140,90 140,90 440,00
1. 1. =3 524,22 0.0 0.0 702,36 702,36 478,50
1. 1. -2, 255,27 0.0 0.0 353,25 355,25 330,00
1. 1. 2. 263,74 0.0 0.0 316,96 316,96 562,50
1. 1. 3. 673,62 0.0 0.0 646,06 646,06 446,50
1. 1. 4. G5,21 0.0 0.0 97.81 97.81 250,00

NOTE: Ideally the program will calculate the mean of the two symmetry related
iﬁtensity values and assign this mean value to the variable I SCALED(I\EAN).
Howevers; because of the large discrerancy between the two symmetry related
intensity values as shown aboves the program was adjusted so that it selected
the larger of these two values for I SCALEZ(MEAN),

Gz
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where Fobs is the observed structure,

Iobs
L is the Lorentz factor,

is the observed intensity,

p is the polarisation factor,
and k is a scale factor required to put the observed
intensities on an absolute scale.

The program reads in all the intensity data stored on
disk as output from 'Precproc' and all other supplementary
information is read from cards. The cérd input as applied
to wodginite is given in Appendix IIT.

An example of the printed output from 'Dataps' is
illustrated in Table V. It lists for each reflection the
hkL indicess I, the input intensity of the reflections
I{CORR), the intensity value corrected for absorptionj; ABS
(tabsorption') the transmission factor for X-rays for that
hkl reflections FOBS, the observed structure factors WEIGHT,
the weight assigned to that reflection; SINT, the sin® value
of that reflections and SCKD, the index of the reciprocal
level concerned(this increases by 1 for each additional level
The variables HKL, FOBS, WEIGHT and SINT are stored on disk
for input into 'Genles', Larson's least squares program. It
should be noted that because F i VIobs’
the magnitude of Fobs and not the phase angle, and hence,

\e
obs
3) 'Genles' (General Least Sguares)- Structure Factor

it gives only

it should more correctly be expressed as| F

Calculztions and Refinement of Parameters by Least Squares.

The main input for this program consists of the reflec-
tion indices, sin6, and fobs for each of the reflections,
together with a set of atomic parsmeters, anisotropic or
isotropic temperature factors for
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TABLE V

EXAMILE OF OUTPUT DATA TFROM PROGRAM 'DATAPS®

L I 1(CORR) SPOT ABS S(4BS) F(0BS) WEIGHT SINT SCND,
2, 675,81 67539,94 1,0000 0,0100 0.0 174,867 1.0000 0,39781 1
1o 38,40 4110,28 11,0000 0,009% 0.0 476510  40,00C0 0,37915 1
Oe 431,87 47276,88 1.,000C 00,0091 0C.0C 1644233  514.9995 0.37273 1
4, 63035 5865,67 1.00C0 0,0108 0.0 56,512 1,0000 C.41687 1
. 28,45 3099,54 1.000C 0,0092 C.C 41,114 30,0000 0,37411 1
2, 36,42 4443%,52 1,CC00 0,0082 0.0 51771 37.4999 0,34030 1
1. 31,40 423%,63 1.,0000 0,0074 0.0 50,648 29,9999 0,31829 1
0o 28,45 392,55 1.0000 00,0072 0.0 48,856 59,9998 0,31061 1
4o 69,94 7651,99 11,0000 0,0091 0.0 63,905 109,9999 0,37289 1
3, 384,04 50418,89 1,0000 0,0076 0,0 17%.429 231,2498 0,32439 1
2. 63,32 9763,32 1,0000 0,0065 0,0 T4.762 99,9998 0.28473 1
1o 562,41 95482,06 1,0000 0,0059 0,0 225,740 364.9983 0,25802 1
0o 215,16 38521.,87 1,0000 0.0056 0.0 141,054 634,9990 0,24849 1
56 10,00 1012,57 1,0000 0,0099 0,0 20,890 1.0000 0.394%6 1
4o 57.39 7189,17 11,0000 0,0080 0,0 64,982 120,0001 0,33472 1
36 10,00 1570,91 1.0000 0,0064 0,0 29,908 1,0000 0,27967 1
2, 83,20 1618%,29 11,0000 0.0051 0.0 89,709 124.9994 0,23250 1

Lz



each atoms; and atomic scaitering curves for each atom types in an
assumed structure., A more detailed description of the input is given

in Appendix III,.
During one least squares cycles both the magnitude and the phase
16’ are caleculated for the assuned

structure from the given vparameters and scattering curves, If the

angle of the structure factors; = .

structure is centosymmetric as is wodginites the phase angles will be

either O or 1 radianss and the Fcalc's will be either +ve or =ve

3 + M vy n - )
e - I « For refiection AT = F =]
regpectivelyg hences the lcalc or each A obs Feale

o

is the _ e is usual to designate F and ¥ as F and
is then calculated. It is usual to gnate F . & calc ¥

FC repectively. The value of Rs a measure of how close the assumed
structure is to the actual structure is then calculated. In the form

used here,

R=23AF) over all reflections considered,
IF
o
By verforming a least squares analysiss minimizing the function
v \\F | - \F \\2 where w., = 1 )
1o c 1 - -
r
G\Fobs

small adjustments are made to the original parameters so that a better
agreement between the calculated and observed structure factorss i.e,
the smallest value of the minimizing functions can be obtained,These
new parameters are then red into the next cycle when the whole process
can be repeated,

“he program can be made to merform as many cycles as is convenient,
This is usually limited by computer time available for each run, It
was found in this case that 3 cycles was a convenient number,

In theorys and if the assumed structure is essentially correct,
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each successive cycle should give a better (lower) value for
R, and the refinement can be continued in this way until an
acceptable low R value is obtained. However, if the assumed
structure is incorrect, unreasonably high R values will
result, and the structure will not refine. In general, a
mineral structure will likely not start to refine unless the
initial R is less than perhaps 0.30.

The best value of R obtainable is determined by the
accuracy of the dsta. Single-crystal diffractometer data
can be expected to refine to zn R of~n 0.30-0.05, whereas
photgraphic data cannot generally be expected to produce
an R value better than 0,08-0.10 in a 3-dimensional refin-
ement.

The 'Genles' program will print out, if it is desired,

the following for each reflections HKIL, Foy Fc and AF.
As an example of the output, and as an important part of the
results, the finusl least squares output for all reflections
is shown in Tables VI and VIa below. In the programming
sequence, the output from the program can also be stored on
disk for input into the next program, 'Fourier’.
4) ‘'Fourier' - Calculotion of FV and AF Fourier Syntheses,

This program can be used to perform an FO Fourier
synthesis, a AF Fourier synthesi, or a Pstterson synthesis.
In this structure analysis it was used only for FO and AF
syntheses.

F__Synthesis.

For the FO synthesis the program will compute the
electron density, QO, at a series of specified points, X, Y,
Z, in the unit cell, where

?O(XgYﬁz) =1 EQE Fo(hgk,l)e
v

127 (hX+kY+1Z)
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K
6
6
6
5
5
5
5
5
4
4

4
4
4
3
3
3
3
3
3
2
2
2
2
2
2
1
1
1
1
1
1
0
0
0
7
7
1
6
6
6
6
6

L
2
1
0
4
3
2
1
0
4
3
2
1
0
>
4
3
2
1
0
5
4
3
2
1
0
6
5
4
3
2
1
6
4
2
-1
0

1
=3
-2
-1

0

1

FOB FCALC
Q2 =88
25  +28
86  +89
19 =23
22 =23
27 +31
27 21
26 =31
34  «28
91  +96

9 +34

119 =123%
74 -89
11 +7
34  +28
16 =10
47 =43
16 411
48 +48
M +71
68 -63

141 =128
97 +89

127 +119
96 =95

7T +10

24 =28
21 =15
38 +37
17  +20
15 =44
68 =81

101 +111

142 =150
70 =77
20  +19
70 +74
15 =13
24 +29
23 +24
33 =34
16 -8

TABLE VI
PINAL T 'S AND P 'S FOR ALL REFLECTIONS
19) ($)

(AN EXAMPLE OD QUTPUT DATA

fus

DENDEDDEAN AN R TN N N NN D RO N e s B B S B S B S UTUT U UT T T T U A OV O s

R R R R e b et e R R B R e e B e e et et bt B b e et et e e e e p [ e e et et

L

2

3
=4
-3

-2
-1

H

HUOTOWWNE DD ONONH OISR WU WN - O

i

§

i
WO NN

FOB FCALC
35 +34
15 12
55  +54
64 =66
64 =69
89  +79
75 +72
a2 =81
69 =68
70 +73
50 +51
25 =26
32 +35
24 =20
51 =44
16 +11
39 +36
17 +7
34 ~36
17 +13
29  +28
118 =125
58  +51
86 480
28 =35
79 <66
38 =31
36 +32
15 =15
18  +19
21 +2
33 =25
99 =96
31 =31
15 =15
16 =10
16  +18
17 -8
121 +128
114 +136
141 152
17 =12

FROM PROGRAM *'GENLES' )

R e e e e e R O e e N R 2N R e S S ST NS}y S A

HHERREHREREREOOOOOODOOOOOOODODOOOO0OO0O0OOOOO N I N N b Ui B

=4

]
o

§

W N - O NWO

0B TFCALC
94 =101
16 +11
7 =73
52 =35
71 =84
30 +32
17 =16
120 +121
58  +54
21 +23
21 +21
37 =34
38 436
69 +79
100 =107
120 +138
100 =105
49 =24
59 455
40 =34
9T +89
31 +24
45 =39
101 +114
137 =155
128 +130
158 =168
105 +115
53 =44
27  +12
98  +75
1 =22
15  +25
58 =59
75 =76
41 =44
85 481
58  +51
92 =91
37 =40
16 =11
16 +25

Continued.
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FOB

16
30

45
16
16
16
69
66
138
55
100
71
68
140
104
51
74
30
18

17

FCALC

+19
29
=10
+37
+13
25
-14
+69
~58
+128
+46
-93
~66
+60
=123
+101
+46
-75
=22
-15
+35
+12

ax]
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TABLE VI CONTD,

-1
-2

=5
=2
-3

AN

i
= O KN

8

§

N B N

FCALC

...46
~23
+35
+20
=35
+25
=72
79
+23
-21

+20

o]

O N NN DN NN N O AT A WY AN AN AT AN W AW ALY

=

OMNMMNMNNMNMNDNNMNDNDNONDNDNNDNDNDNDNDMNDND N

0B

47
30
16
23
20
13
27
53
25
16
48
21
79
o7
87
74
72
90
60
84
248

FCALC

=50
=25
+21
+22
-21
17
+25
+48
-26
+16
+19
=23
+69
-56
~82
+74
+78
+85
~58
-75
+281
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TABLE Vla

FINAL OUTEUT FROM 'GENLES® FOR LAST TWO LEAST SQARES CYCLES

iwunolNH& LEAST S¢ )UAPES

10ThE J) ARE. 4 kol l3..0.00 3 0 0 .0 1 & 0 1} 0 40
"OTHE FCRM FACTORS ARE |
COXYGEN | 3,225630 18,499100. 3,017170 6.656799 _1,425529 _0,405890  _0,905250 61,188889  0,423620 0,0 _0_ 0,0 __0
TANT 28,175690 1.040339 14.428800 3,207840 12.641199 12.505400 3.744360 85,018295 13,982400 0,0 0 0.0 3}
MANG 9.780939 4,983029 7.791530 0.304210 4.185439 11.439899_ 0.727360 27.774994 0.514540 0.0 0 0.0 s}
OLATYTICE CONSTANTS ARE A # 4.7580 8 # 5,7260 C # 5.1120 COSA W 0.00000 COSB #~0.01920 COSC # 0.00000
OFORM FACTOR DESCRIPTIQN X Y. .. 1. _.Bl1 822 B33
RL-PCHy <Lpeg < 0.29000 C.62C00 0.08C0C 1.000C0 0,0 0.0
Z1-P<AT <EP#T < 0.24000 0.11000 0.07000_1.,00000 0.0 0.0
21-P<og <LpPry < 0.50000 0,32500 0.2500070,67800 0,07 ~700 7T :
L1-PC¥Y <gpsy < 0.0 0,82900 0,25000 €.611C0 0,0 0.0
OTHEKE WERE 191 REFLECTICNS READ IN, OF WHICH 191 WERE OBSERVED
OTFHERE ARE_ 190 OBSCRVED REFLECTIONS WITH SCALE L~ _
"0SCALE FACTCRS ARg 1.90000 Trrmmme - )
OXYGEN 99 3.017 _ 6,657 1,426 0.406 0.905 61.189 0.0 0.0
TANT 40 14,4297 3,2CH 12.641 12,505 73,744 85,0187 o 0T 0.0 -
MANG 83 7.792  0.304 4,185 11.440 0,727 27.775 0.0 0.0

1HUBGINITE LEAST SQUARES
THE FCLLCWING ATCMS WERE MAUE ANISOTROPIC

O ATGM NAPE ' NO. 0LE '8 TNEW BRI1U<S
OXYGEN 1 1.00 C€.011C47 0.CCT7625 0,0C9570 -0,000000 0.000395 -0,000000
TTUUCXYGERT T2 1,007 00011047 7 0400762577 000695707 = 0.C00800 " 0. 000355 -0.000000 7 - T
TANT 3 0.68 0,0C7490 0,005170 0,0C6489 -0,000000 0.000268 -0,000000
TANT 3 0.61  0.0C87150  U.C0%659 C.0 ~C.TOCLT Z1 =0, 000000
T IWODGINITE LEAST SQUARES
DATA SET T )
OTHES 1S CYCLE N S RUN. 190 REFLECTIONS WERE LSED
R #_ 0,127] WEIGHTEID R § 0,2178 SUMDELSQ # 4.02694E 02 HAMILTONS R IS 0.2651 FOR DAYA SEY WITH SCALE 1
TFE GOOCNESS OF FIT IS T 58646
STANCARG DEVIATION OF ELECTRON DENSITY IS 1,23CE OC
"0 FORM FACTCR DESCRIP, NU. PARA,~ CHANGE ~ T STD. DEV. T NEW VALUE DELTA/SIGHA
0 SCALE 1 O 0.0 0.0 1.89555962 0.0 0
D1-PX UXYSECEPE 177K 7 7720.00247630 0.01097642 ~ 0.28752363 2,25606~01 1
SET MULTIPLICIYY lS 4 Y _-0.0CCE1701 0.01152898 0.61983288 1.0149E-02 2
z 0.009556830 §.C0970T1d 0, C855682%6 FoagvoE~61" T T 3 K
o 811 0.01674147 0.,02023655 0.02773864% B.2721E=01 4
CTTTTTTTE22 7 T 0.00Ce5187 0.01534566 0.00827683 4. 2468E-02 5
B o R 833 0.02626489 0.01456816 0.03563503 1.8029E 00 6
T T 0402060565 0.04864252 0.02C60568 4.23616-01 7
B13  =0.01047C84 0.03015657  =0.,01CL7609 3,4721E-01 8
B23 0 03169919 0.02904933 .03 103918 YLOTG6E 00 7T T 9T T T T
O1-PZ UXYGECEPY 2 X 0.CC588546 0.0L130247 0.24588937 5.2108€=91 10
SET MULTIPUICITY 1S TTY T T 0.00160625 7 0.01127769 0.11160618 1.3523€-01 11
o 3 z 0.00994691 0.00835426 0,07954688 1.1234€ 90 12
T B1ll -0.01223144 0.C2011041 ¢.0 6.0821E-01 13
n22 0.01186506 0,01432952 0.,01551001 8.0142E=01
G33 §.02281090 WL OIZe37617 T 0 03I FINST T TTIUSERGE DO T T ”13'"“”
R 812 0.0C158¢€15 €. 04811569 0.0 3,2963€-02 16 ,
f R S - & 0.02411215 0.03364621 0.0 1.1666E~21 17
823 -C.02676152 0.,03052195  =0.02676752 8.7693E~01 18
OL=PL TANT <EPE™™ TR X T 6.0 0.0 0. 50000009 0.0 0
SET MLLYIPLICIYY IS 2 Y 0.00027467 0.00071C72 0.32527465 3.8646E-71 19 .
7 .0 BN U 25000000 T T 0T TSIy T T e e
Bll  =0.00256757 0.,00308370 0.00452201 9.6234E-01 20
T R 022 7T -0.00155925 0.00208%95 0.06361046 Te4607E~01 21
- ) B33 0.00247585 0.00238436 0.00896640 1.0401E 90 22
N § ¥ 0.0 0.0 -c.oocooooo 0.0 ) o
a3 0.00134217 0.0031219% 00160931 4.3C04E-91 23
B3 0.0 [N ‘"‘“"‘zﬂxuonuoono TR0 A
s o [ 0.09266853 0.04694613 €.09266853 1.9739E 0 24
01-P % YANT <iPZ ™ — YT 0.C ’ 0.0 0.0 0.0 1}
SET MULTIPLICITY IS 2 ¥ 0.00119712 0.00139128 0.83019710 8.6044E~31 25
AR SR )| 0.0 Ga2500C6000 0.0 o
- B11 C.0CL5G356 0,00605989 0.00724378 1.,6402€E-01 26
822 0.C0584917 N.0041422% 0.01C5C862 1.4122€ 20 217
3 B 133 0.03653371 0.0G459657 0.01243106 1.4018E 00 28
nie 0.C C.0 ~C.L0N00000 0.0 b}
313 0409293101 0.00612522 €.00317220 4, 7851E-01 29
REES . .0 ~0.0000003d 0.0 0 .
e e P =0.02410647 6.0466477C6 0.47589350 5.1867€~01 30
OXYGEN 226718499 T S ULT 64057 14426 G.406 04905 61,189 0,424 0.0 0.0
TANT 28,176 1,040 14,429 3.2C8 12,641 12,505 3.744 85.016 13.982 0.0 0.0
MANG 9,781 44983 T.792 2.3C4 44105 11.440 C,727 27,775 0.515 0.0 0.0
LWUDGINITE LEAST SQUARES
- THE FOLLOWING ATCMS wERE YADE ANISOTRCPIC
O ATCM MAFE Ao ULL 8 - NEJ BELJCS



TTWOOGTNTTE TEASY 3UUARLS ™ -
© DATA SET
{OTHIS 1S CYCLE NC.

DR M 0.1C51 WFIGHTID R 4
THE GCCCMESS OF FITV IS

0 SCALE 1

01-PL JXYGE<CEPS < 1 X

;o SET MULTIPLICITY IS & Y
Z

o e e e AL

| 422
333
w12
313
323

TL~PLTUXYCECLPE™ "7¢ 7.2 x

SET HULTIPLICITY 1S & '

L
it
322
#33
e
313

. . nas
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in which V is the volume of the unit cell,

Fo(heksl) is the observed structure factor for the (hsks1)
reflection given the phase (+ or =) in the centrosymmetric case like
wodginite of the corresponding calculated structure factor obtained from
the assumed structure used in the least squares analysis. The input
to the program consists of the output tave from 'Genles' together with
the necessary grid specifications on cards. For fuller details see
Appendix TIT,

"he results appear in the output as a series of two-dimensional
grid sections, It is possible to have either X, V- sections printed
out in steps along the Z-axisg XKsZ— sections along the Y-axis or Y%
sections along the X-axiss and it is also possible to designate which
axis is to be horizontal and which vertical in the printout of the
sections, It is also vossible to specify the intervals desired between
the grid points along all 3 axes independently, and so to specify the
maximum and minimum limits along the X,YsZ directions., For examples
of the printed output see the next Chapter,

The FO maps wills of courses show rteaks where atoms were assumed
to be located in the assumed structure, but it will also tend to show
peaks where there are atoms in the real structure not postulated for
the assumed structure. Thuss the need to meke some slight change in an
assumed atomic position may be indicatec by the electron density peak
being offset from the assumed position. If the needed change in position
of one atom is quite large, a new peak may appear on the map which does
not correspond to any atom in the assumed structure,

While this is a fairly good method of determining the positions

of the heavier metal atoms in a structure (tantalum and manganese in



the case of wodginite)s the peaks which correspond to the lighter
oxygen stoms become overshadowed by the metal atom peaks and are thus
virtually invisible.

In order to distinguish the oxygen positions more clearlys the
more sensitive difference map must be used.

AT Synthesis

The program works in exactly the same way for the AF synthesis
as for the Fo synthesis except that instead of the terms in the Fourier
series being Foy they are FoﬂFc’ and hences the result is a map not
of the observed electron densities at a voint X,Ys%s; but of fo=Cc?
the difference between the observed and calculated electron densities
at a point Xy Yy Z.

Thuss where there is agreement between the actual structure (FO)
and the assumed structure (Fc} the difference map will ideally be Tlatg
where there is an atom in the actual structure which was not assumed
to be in the assumed structures there will be a positive peaks and
where there is an atom in the assumed structure which is not in the
actual structure, there will be a negative peak.,

Therefores once the heavy atom positions have been found by an
FO synthesiss, the difference synthesis provides a valuable way of

determining the positions of the lighter atoms,



THE STRUCTURE ANALYSIS

1, The Starting Structure from that of Columbite~Tanalite,

It was explained in Chapter I that only the small sub-cell of
wodginite was used for this structure analysis due to the weakness of
reflections marking the larger true cell. In Chapter II it was shown
that the sub-cell has the dimensions

2 =4.758 Ay b = 5,726 &, ¢ = 5,112 ks B = 91°08"
and in Chapter I it was shown that the sub-cell has the content

l‘mmo 77 ¥ +3 25 S“gdol Tlg[jﬁ Nb?m taq] 98>O“2]

which is one quarter the content of the large cell. The space group of
this small cell was found (ChapterI) to be P2/c (centrosymmetric) or
Pc (non=centrosymmetric), Because the starting structure columbite-
tantalite is centrosymmetrics the structure of wodginite was assumed
to be also centrosymmetric and hences to have space group g?/ga The
assumption proved subsequently to be correct.

It was shown earlier that there is strong evidence that wodginite
almost certainly has essentially the same structure as tantalite-
columbite. Thuss the obvious starting structure for wodginite should
be one derived from the structure of columbite by Sturdivant (1930),.
Since columbite=tantalite is an isostructural series and since wodginite
is Ta-rich as is tantalites Sturdivant's structure is from here on
referred to as the structure of tantalite in this thesis,

Table II shows that the unit cell of tantalite contains A4I%O24
where A = Mns, Fes Sn, Tis etc., and B = Ta and Nb, If one does not

differentiate the A and B type atomss then the cell content of tantalite

could alternatively be written as (AsB)12024 (which is a more useful



37

form for comparison with wodginite}, Table II also shows that the
content for the sub-cell of wodginite (used for the analysis) is
A,B,049 or again not differentiating the 4 and B atomss (4,B) 40g which
is the preferable form of writing the content of wodginite because at
the start it was not known whether there was eny ordering or differ-
entiating of the metal atoms into the two structural sites. Thuss there
are one third the number of atoms in the wodginite cell that there are
in the tantalite cells and consequently it is necessary to choose one
third of the tantalite structure to represent the possible wodginite
structure,

Table IT also shows that the reason the wodginite cell has one

third the volume of the tantalite cell is because a . ~ 1/3a
WO =tant

o8
whereas the b and ¢ dimensions are approximately the seme, Thuss the
starting structure for wodginite had to be one with the same band ¢
periocdss but one third the a periods of tantalite, Fig. la a projection
of the tantalite structure along the y-axiss, shows the structure
extended along X» and it is one third of this a repeat of the tantalite
structure that had to be chosen for the wodginite structure. It can also
be seen from Fig. la that the tantalite structure has a pseudo reveat
period of a/3 and this ties the wodginite structure even closer to it,

The following are the possible equivalent positions in the space
group E?/g (rumber 13 in the Internationsl Tables for K=ray Crystalle

ographys Vol. I)e
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No, of Symbol FParameters
equinoints

4 g Xy Vo 23 Xs 59 E; X» VAR A &) ?9
2 £ la, Y ki $ y, Vo Y, o +7,

2 e Os ys'les Os ia Y

2 d '/19 Os Q; iy 052,

2 c Os s 03 0s s,

2 b By Yo s 03 Yig gt

2 a 0s Gs O3 05 Qs 'h,

bxamination of the structure of tantalite in Fig. las shows *hat
there are 2-fold axes parallel to y through the In positions that iss
through every third metal atom site parallel to X. Howevers; the Pig, also
shows that through the other metal atom sites (Ta)s there are pseudo-
2~fold axes, In a structure such as wodginite that is very close to
that of tentalite and having space group symmetry 22/39 there would
have to be 2-fold axes parallel to y. through every metal site (Fig.lb).
Thuss when choosing a possible wodginite structure it is necessary to
choose an origin (for wodginite) at either point A or point B in Fig, l=.
Zither origin places all the metal atoms of wodginite on 2-1cld axess
and hences in the two 2-fold equivalent sites (e) 0s ys 1/4 and (f)
1/25 ys 1/4e

This division of the metal atoms into 2-fold sites makes it
crystallographically possible to have segregation or ordering of the
metals into two sites., This crystallographic vpossibilty is itself not
evidence that the structure will be ordered with respect to metal atoms,

Howevers the chemical analysis of this wodginite (described earlier)

shows that it contains~?2 Ta atoms ver cell @and & 2 of 211 the other



metals per cells and so the chemistry suggests that the Ta atoms may
be ordered into one site and all the other metal atoms into the other,
On the other hand, all four metal atoms mays despite the chemistry, be
disordered amongst the two 2-fold sitess and in fact this distribution
of the metal atoms was assumed for the starting structures Model I
so as not to bias the metal atom distribution into the two sites.
There appeared to be no particular reascn to choose one origin in
preference to the others and so origin B was arbitrarily chosen, The
two metal sites were designated M, and Més and the two 4-fold general

1

oxygen sites were designated O1 and Ozm From all these considerations
and from the parameters given by Sturdivant (1930) for his atomss
the following parameters were assigned to the atoms in the starting
structures Model Is of wodginite,

My 2(disordered) metals in f 1/25 ys 1/4 with v = 0,325,
X, 2(disordered) metals in e Os ys 1/4 with v = 0,825,
Ol 4 oxygens in g Xy ¥y 2 with x = 0,25y ¥ = 0,585 2 = 0.43,

O2 4 oxygens in g Xs vy 2 with ¥ = 0,25 v = 0,035 2z

i
It

Oo‘iBo

2}  Solution of the Structure,

Once the starting structure had been decided upons the intensity
data were processed by computer programs 'Frecproc' and 'Dataps' as
described above, In the 'Dataps' programs scale factors for the
intensites from the different precession levels were assigned in order
to put the intensities from all levels on the same scale for input into
the least squares programs 'Genles', These scale factors were determined
according to initial film exposure times and werel-

Okl=level Scale factor 1.0,

il

1kl-level Scale factor 1.C.



40

n0L-level Scale factor = 1.0,

hll-level Scile factor = 0,90,

It
o
©

O
Ui
°

h2l-level Scale factor

The output from 'Datens' was then run as input in ‘Genles® using
structure model I as the assumed structure and assuning a disordered
distribution of the metal atoms. Metal atom disorder was taken account
of by giving both the Ni and MQ sites or "‘atoms'' effective scattering
factors equal to one half the electrons in Ta+5 plus one half those in
the '"'mixed atom'' composed of rroportional rarts of Mh+29 Sn+4y Ti+49
Fe+2 and Nb+5 according to the chemical composition (Chapter I, Section
(3})e The scattering values used for the '‘mixed atom'! were calculated
as a weighted average of the scattering values listed for its component
atomss the weights being the proportion of the individuel atoms contribe-
uting towards the '‘mixed atom'',

A few runs using ‘'Genles' showed that the structure model was
reasonably close to the real structure. Some difficulty was experienced
réfining the scale factors ks where Fo = kFCs but a value of 1.9 was
eventually found to be satisfactory. Further refinement of the various
scale factors is discussed below.

Using this scale factors k = 1.9y and allowing the occupancy
factors to very, the best agreement between Fo's and Fc‘s yvielded an R
factor (=1OOLAF/2FO} of ~ 169 and was given by a metal-ordered
arrangement of Model I with the two Ta atoms in site Hl and the two
‘'mixed atoms'! in site I, FO and AF syntheses were computed using

program 'Fourier' and secctions of the resulting maps are reproduced ag

Figs, 4 and 5,

As can be seen from Fig. 4as the electron density section at z = 0,25
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Figure 4a. Electron density map (Fo Synthesis) from
Model I, x y section at 2z = 0,25, Contour interval 25e2"3,
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Assumed positions denoted by crosses. Zero and positive

contours are solid lines, negative contours are  dashed lines,
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Figure 4b, Flectron density map (FO Synthesis) from

Model I. x y section at z = 0.45. Contour interval Beﬁmp,
X —>
0 0.25 0.50

02g

01757

.0
Assumed positions denoted by crosses. Zero and positive

contours are solid liness negative contours are .dashed lines,



43

Figure 5a, Difference map (AF Synthesis) from Model I.
X ¥

&

x y section at z = 0,10, Contour interval SeR-B.
Assumed positions denoted by crosses.- Zero and positive

contours are solid lines, negative contours are dashed line.
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Figure 5b, Difference map (AF Synthesis) from Model I.

x y section at z = 0,05, Contour interval BeE-Ba

. / o
0.2§]

0.§ -

oS T

Assumed positions denoted by crosses, Zero and positive

contours are solid liness negative contours are dashed lines,
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confirms the positions of 7o+ (with 68 electrons) in site M at x = 1/2,

N's 0.325 and 2z = 1/4s and of the *'mixed atom'' in site M2 at x = O
¥ = 0,825 and z = 1/4. (The effective number of electrons of the !''mixed
atom'' will bes from the formula given in Chapter Is section (3)s

2 ¢ 0.61 sa*t 4 0,35 1t 4 0.04 W)

1/2(0.77 ¥ + 0,25 Fet
= 1/2 (0.77#23 + 0.25%24 + 0.61x50 + 0,35%22 + 0,04%41)

= 1/2(63.5)

= 31,75 electrons.

No other peaks of any significance occur anywhere else on the map and
the positions of the peaks on this section at %z = 0.25 suggest that

the best positional parameters for the metal atoms are not significantly
different from those originally assumed,

Examination of the o section at z = 0.45 (Fig. 4b) shows no
definite sign of the oxygen atoms which were assumed to be present in
the positions shown near this section., Howevers examination of the
Co_fo sections at z = 0,10 and z = 0,05 (Figs. 5a and 5bs respectively )s
reveals small peaks at approximately x = 0,255 v = 0,10 and z = 0,10 and
also at approximately x = 0,30y v = 0,60 and z = 0,05, This sugegests
a change in positions of the two oxygen atoms to these new locations.
These new locations ares like the original oxygen sites, in general
positions in the svace group. Thus a new modified structure was
formulateds Model IIy with the metal atoms in the same positions as in
Model I but now Ta-ordereds and with the oxygens in the new sites. The
parameters used for Model II were as follows?

M. 2 tantalums in £ 1/25 yy 1/4 with v = 0,325

1

M, 2 ''mixed atoms'' in e 05 ys 1/4 with y = 0,825

tl

00609 Z = 0005

]

0l 4 oxygens in g X» ys 2z with x = 0,30» ¥y
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02 4 oxygens in g ¥s ys 2 with x = 025, v = 0,10, z = 0,10

When this structure was put throush the least squares programs an R
factor of ™ 12% was obtained,

It has been briefly noted earlier in this section that refining
of the scale factors ks had caused some difficultys in addition to thiss
the overall scale factorss ki’ used for scaling each reciprocal level in
'Dataps' and derived from exposure timess were only approximations,
Therefores in order to refine the scale factors level by levels a new
values Kis was calculated for each reciprocal level from the values

of P and F, which had given the best value for R (u12%), where

K. =37 over all reflections on the ith reciprocal level,

Thuss a new scale factors ki's was obtained for each level for re~input
into 'Dataps's where ki’ = kiKis
The new set of scale factors wereg—

Okl-level Scale factor k! 1,0886

]

lki=level Scale factor k° 0.9334

hOl~level Scale factor k' = 0,9725

hll-level Scale factor k' = 0,7152

|

h2Il-level Scale factor k! 0,9278

These scale factors were fed into 'Dataps® and all the data re-
processed; and finally structure, Model II, was refined using the least
Sguares program. This procedure resulted in a final R factior of 10, 5%s
and since there were no aprreciable changes in either the positionals
temperature or scale factors in the last two or three cycles of least

Squares refinements the structure was regarded as being refined to the
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limits of the intensity data used. The final positional and anisotropic
temperature factors are given in Table VII, Final Po and fo”?c
sections are shown in Figs. 62 b and ¢ and Ta and b.

The final structure is illustrated in Fig. 8. If Iig. 8 is
compared with the projection of the tantalite structure in Fig. la and
that of Model I of wodginite in ¥ig. 1bs it can be seen that apart from
the oxygenss the final structure is reasonably close to the wodginite
gitructure that would arise if one chose origin A in Fig. la. The
oxygen atoms in the final structure appear to be in quite different
positions relative to the metal atoms than are any oxygens in the
tantalite structure in Fig. la.

The bond lengths are given in Table VIIIs and the interbond angles
in Table IX. The metal-oxygen bond lengths are also shown in Fig. 8
which shows that both the Ta atom and the ''mixed atom'' (site Mz) are

pseudo~octahedrally coordinated by oxygen atoms.



TARLIE VIT

FINAL ATOMIC PARAMETERS

Site Multi—~  Atom(s) Site Site Parameters and SOD;%Q
Symbol plicity Letter Parameters x Y z
M 2 Ta, f 1/2sy91/4 1/2 0.325(0.001) 1/4
M, 2 ''mix met'™ e Oy yal/4 0 0,830(0,001) 1/4
0, 4 Oxygen 1 g Xy ¥ 0.282(0.,012) 0,624(0,010) 0.104(0,011)
0, 4 Oxygen 2 g X ¥ 2 0.247(0.009) 0,115(C.012) 0,078(0,010)

%
SeDs = Standard Deviation

T U1ix met't = ' 'Mixed metal atom'' with composition from chemical analysis in atomic
percentages of 38.3 Mnsy 29.8 Sny 14.4 Tis, 12,3 Fes 2.2 Wb (Total 100,0%)(Chapter I,

Section (3)),

i



49

TABLE VIT CONTD,

Site Temperature Factors Bi' and SeD:k
J
Symbol

M, Byy = 0.005(0,003 )5 Byp = 00004(0,002)
Bss = 0.010(0,002 )5 Bo =-0,000(0,000)
315 = 0,002(0,003)s Bys =~0,000(0.000)
M, By = 0.009(0,0C5)s Bop = 0,011(0,004)
355 = 0,013(0.004)s B1s =-0,000(0, 0C0)
313 = 0,004(0.,005)s Bosz =~0,000(0,000)
0, By = 0.038(0.024)s Byp = 0.015(0.013)
— — \
335 = 0,050(0.021)s Blo = 0.047(0,052)
313 = 0,012(0,039)s 523 = 0,054(0,034)
0, Byy = 0. 000(0,0C0) s Boo = 0.032(0.016)
Bz = 0.029(0,019)5 Byp = 0.000(0.000C)
Biz = 0.000(0.000)s Bos =-0,060(C. 036)

* < - . .
SeD = Standard Deviation
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Tigure 6a. Electron density map (FO Synthesis) from

final struecture. x y section at z = 0,25, Contour

interval 25eA73,

Assumed positions denoted by crosses., Zero and positive

contours are solid liness, negative contours are dashed lines,
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Figure 6b, Electron density map (FO Synthesis) from final

structure, x y section at z = 0,10. Contour interval Sel 5

?

0.5 ¢

0.5

Assumed positions denoted by crosses. Zero and positive contours

are solid lines» negative contours are slashed lines,
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Figure 6c. Electron density map (FO Synthesis) from final

structure, x y section at z = 0,05, Contour interval SeA—B.
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0.8
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Assumed positions denoted by crosses, Zero and positive contours

are solid liness negative contours are dashed lines.
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Figure Ta. Difference map (AT Synthesis) from final.

-
structure., x y section at z = 0.25, Contour interval 5eA””,
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Agsumed positions denoted by crosses. Zero and positive

contours are solid lines, negative contours are dashed lines,
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Figure Tb. Difference map (AT Synthesis) from final

-
structure. x v section at z = 0,10, Contour interval SeA ’,

Assumed positions denoted by crosses. Zero an¢ positive

contours are solid liness negative contours are . dashed lines,
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CHAPTER IV

SUMMARY AND CONCLUSIONS

1) Summary,

The wodginite investigated in this study was obtained from the
Chemalloy (Tanco) pegmatite at Bernic Lakes Manitoba., The sub-cell with
cell dimensions a' = 4,758 R, bt = 5,726 i, c! = 5,112 & and space group
g?/gy was used for the structure analysis, This sub-cell has one
quarter the volume of the real cell and has one quarter the cell content
of the real cells which has cell dimensions g = 9,516 chE = 11.452 &,
¢ = 5,112 A and space group C2/cy its cell volume is 557 EBQ The cell

content of the real cell is
2= 2 () LS 1% 0 ™o a5 )05 ]

Intensity data were collected using an integrating precession
camerz and a densitometer. The set of computer programss which are
described in the texts were used together with an I.B.M 360/65 computer
to carry out the structure analysis on 190 reflections.

The starting structure was based on that of columbite-tantalite
described by Sturdivant (1930), From crystallographic and chemical
considerations it was decided that one third of the tantalite cell
should be teken as the first assumed structure for wodginite, There
was achoice of two possible originss either 4 or B in Fig., la., Origin
B was arbitrarily chosen.

The structure was analysed by least squares and Fourier analyses
and ultimately refined to give a final R factor of 104 5%,

The final structure proved to be related fairly closely to the

tantalite structure as far as the metal atoms were concerneds but the

positions of the oxygen atoms in the final structure of wodginite bear



no clear relationship to the positions of those in the tantalite
structure,

For the final structures the rarameters, bond lengths and inter—
bond angles are given in Tables VIIs VIIIs; and IX respectivelys and
the final structure is shown in Fig. 8.

2)  Conclusions,

1) The structure of wocginite is close to thet of tantalite (Sturdivant,
1930) apart from the oxygen positions,

2) In the sub=cell useds all the Ta atoms are ordered into one metal
site (Nl)s end all the other metal atoms (Mns Sns Tis Fe, Ib) into

the other (mz} site.

3) Fach of the two metal sites are pseudo=octahedrally coordinated by
oxygens with Ni(Ta)mO from 1,908 to 2,129 A and Mé-o from 1,948 %o
2,203 A, 0~0 distances around Mi(Ta) vary from 2,532 to 2,924 A, ana
around M, from 2,793 to 2,966 4.

3)  Reccommendations.

1) That the structure of wodginite be refined on the true cell to look

particularly for vossible ordering of the atoms in the Mé site, A
study of this nature is at present being undertaken by Grice at the
University of Manitoba,

2) That an interpretation of the refined structure on the true cell

be considered in terms of electrostatic charge distributions,



DERTVATICON OF ABSORPTION CORRECTIONS

If the intensity of the X-ray beam incident upon the crystal is
given by Ioa and I is its intensity after traversing a thickness t of
the erystals then

I= Ioe”“te
where p is the linear absorption coefficient for the substance in
guestion,

The linear absorption coefficient p is calculated from the relation

po=Glp/p )

where G is the density of the crystals and u4>is the mass absorption
coefficient of the crystal. For wodginites the calculated density is
7,81 gm/cc, (Chapter I, Section (2))s and the mass absorption coefficient
is given by

ke = (O (W0 gy + P8/ 0)pe + v (/e ), + oy (/e) + 2 (0/p ),
+ Py (/e i, + po(0/e )gde
where Piin, is the fraction by weight of the manganese in wodginites etc.s
and (p/é)mh is the mass absorption coeffient of manganeses which is
given in International Tables for X-ray Crystallographys Vol. 3., The
calculations for wodginite are given in Table AI.1 below and for
further explanation of absorption effects see Buerger (1960 pp. 204),

Absorption corrections are most easily calculated when the crystal
is in the form of a spheres which was the case for wodginite, The
corrections were made in the 'Dataps' program., The value pR given in
the input of this program; is just the linear absorption coefficient

for wodginite multiplied by the radius R of the spherical crystal which



was used,
\ -1 . - .
p was found to be 493,36 ecm ~ as deduced in Table AT.1 below, The
diameter of the crystal was measured with a travelling microscope and

found to be 0,286% 0,002 mm, Thuss R = 0,143 mm. = 0.0143 o,

Therefores pR = 0,0143% 493,36

7.055.

Absorption corrections for this value of R for a spherical crystal were
obtained from the International Tables for X~ray Crystallographys Vol, 2 »

page299 s for various values of sin,
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TABLE AI.1
CALCULATION OF LINEAR ABSCRPTION COEFFICIENT
FOR WODGINITE
oht Total weight of Fraction of Total

Atom Atomic Wei

atom in species. Weight,p.
Mn 54.93 0.96 54.93 = 52,73 8.118 %
Fe 55.85 0.09 55.85 = 5.03 0.774
Sn 118.70 0.59 118,70 = 70,03 10.781
Ti 47.90 0.22 47.90 = 10.30 1.586
Ta 180.88 2.11 180.88 =381.30 58.701
b 92.91 0.02 92.91 = 2.14 0.330
0 16.00 8.00 16.00 =128.00 19.706
649,53 99.996

For Mo k  radiation

Atom lu/e) plule)
¥n 34,7 gm™t 281.70 gm™% 1072
Fe 38,5 ' 29.80 't
Sn 31.1 ' 335,29 ' v
71 24,2 38,38 11 10
Ta 95.4 ! 5600.08 ' e
Nb 17.1 " 5.64 1 0
0 1.3 o 05.82 1 e
6316.71 en~+ 107°

Therefore,

b= 7.81x63.17 cm +

b = 493,36 cm™ T

N.B. The atomic proportions of the elements used here (0,96,
0.09, ete. ) differ somewhat from those given in the formula
on p.5 because initially, when the absorption coefficients
were calculated, one analysis of Grice's (1970) for this
specimen was used, whereas later in the study snother analysis
of his was regarded as preferable. The second analysis is

the one given in Table I and used throughout the thesis

except in Table AI.1l.
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APPENDIX IT
DETERMINATION OF ACCURATE CELL DIMENSIONS
BY THE PRECESSION METHCD
Measurements of the separations between the principal

reciprocal lattice planes, Xi’ i=1, 2, 3, as represented
on the precession photographs (i.e. the true separation mult-
iplied by a magnification factor, F, the crystal-to-film
distance) were mede in the usual way (Buerger, 1964) such
that,
X, = d*(100) ®, X, = 4*(010) F, Xz = a*(001) F.

After developing, X-ray films h-ve a tendency to shrink to
a different extent in the two directions parallel to the
edges of the film. This clearly will effect the values of
Xi obtained from the photographs. To compensate for this
effect, the distance between the two fiduciszl spots on the
film cassette, S, was measured. Before developing but after
exposure of a film, the cassette was opened in a dark room,
the film turned through 90° and replaced in the cassette.
The closed cassette was exposed to light and the film dev-
eloped in the usual way. Thus the fiducial spots were re-
corded on the film in both the horizontal and vertical
directions. These two distances, Smh and va, were measured
on the developed film. The appropriate ratio of b/S when
multiplied by X i then gives the value which X would have
taken if there had been no shrinkage.

The real lattice period, Ai,_can then be expressed as

A; = )\Fsm/xisy where A is the wavelength of the

radiation used.

The camera wes calibrsted using a quartz crystal and
measuring the X separations on the photograph corresponding

to the reciprocal



period d [111]F (rhombohedral axes). Thus, Aos the direct spacing which
corresponds to d (111) can be expressed as
A = AFS_ /X S,
o mo’ "o
Combining the two expressions for Ai and Aog we have

(1)

Thus A has been eliminated from the calculations end the final

A, = XS A /X
1 omo jile]

value of Ai calculated from equation {1) is corrected for film shrinkage,
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APPENDIX TII
INPUT FORMATS FOR CONMPUTER PROGRAMS

'Precroc’
As an example of the input formst for this program, the

data for the hOL level of wodginite are given here with

explanations of the meaning of the input variables.

ce
1-80

1-80

1-80

4<6

=9

Card 1 (Title card)

WODGINITE

Card 2 (System card)

MONOCLIKIC H POSITIVE (Crystal system of wodginite-
all reflection indices must be entered with their
h indices positive.)

Card 3 (Absences card)

HOL, L = 2N (Simple statement of systematic absences
for the space group of the crystal.)

Card 4 (Control card)

bb4 (NFILM - Number of films in this level which
are to be processed. )

- bbO(KRAT - this is equal to zero if the intensity

ratios from film to film are to be computeds it is
equal to non-zero if these ratios are already known
and can be entered as input data on card 7)

bb2 (MULT - Multiplicity of reflections which occur
on this levels in general the multiplicity of the
hklL reflections in the monoclinic system will be 4,
but in certain cases this reduces to 2 because

Ty = Tmpy =Ihgy = Tpeg)



1-11

12-22

13~18

5=8

15-16

bb2 (IFUN- With this variable set equal to 2y the final
intensity value for each reflection listed in the output and
that which is written on disk ready for input into the next
program will bes for say the hkL reflections, the average
value of the hkL, hkIshkIshkl reflections,)

Card 5 (Heading card)

HOL (These headings are just names which can be applied to
EOT each set of symmetry-related reflections, )

Card 6 (Intensity parameters card)

1.0 (Cutput scale factor — final output can be scaled up or
cown according to this factor)

600.0 (Upper 1limit of inteneity ¢ any intensity with a value
greater than this upper limit of 600 was given a zero weight
and thus excluded from any ratio or scaling calcula tions, )
15.C (Threshold value~ this ir the minimum value assigned to
an intensity$ in the case of wotginite any value which was
entered into the program with a value of less than 15,0 was
automatically assigned the threshold value. )

Card 7 (Ratios card)

This card is only relevant when predetermined ratios are used
cross-scaling the films, vhich was not the case here,

Card 8 (Reflection card)

H

K

L

Intensity on first film,
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19=24 Intensity on the second film; ete,
One card 8 is entered for each refledtion recorded on this
level,
Card 9 (Sentinel card)
80 1 = Ené of imformation.
2 - Few set of data sterting with a title card,
The program first finds one weighted and scaled vaiue for each
reflection from the four separate velues that have been entered, Then

it averages out the intensities for each group of symmetry-related

reflections.

2)  Detaps!

As an example of the invut format for this program the date for the
D 1 T

OkL level of wodginite are given here,

ce
Card 1 (Title card)
2-80 WODGINITE OKL
Card 2 (Reciprocal cell dimensions)
1-9 02105 (& = 1/4(100))
10-18 0.1748 (b = 1/4(010))
19-27 0.1956 (¢ = 1/d(001))
28=36 0.0 (cosa = ~cosa for « = o = 90°)

57-45  0.03432 (cosp = =cosp for g = 91°%08")
46-54 0.0 (cosy = =cosy for y = y = 90°)
Card 3 (Transformation matrix from cell axes to internal

axes)



1-5

6=15

36=45

Card 3a
1.0 {The first of these cards represents the precession axiss
0.0 in this case a or [100])
0.0
Card 3b
(The second of these cards represents the rotation axiss
0.0 in this case z or [001] )
C.0
1.0
Card 3c
0.0 (The third card represents the secind reciprocal axis
1.0  lying in the plane of the zero-level films in this case
0.0 y » which is in the monclinic case equivalent to y or
[o10])
Card 4 (Grid card)
This card is not applicable when spherical absorption routine
is being used,
Card
Blank card,
Card 7
Blank card,
Card 8 (Reflection batch card)
1 (Index number of level, )
0.71069 (Wavelength of X-radiation useds in this case that fop
MoKo.
1.0 (Overall scale factor. The program will multivply all Fo

bs

values by this scale factor,)



11=75

7o=~80

1-76

69

5.0 (Intensity threshold values i.e., the minimum intensity
value to be included, )

25,0 (Precession angle used when recording this level of
photographs.

90 (Minimum angle at which splitting of spots occurs. On
integrated precession vhotographs this phenomenon is not
observed. )

11 (N7 - logical number of input tape. )

15 (NTO -~ logical number of output tape.)

Card ¢ (Absorption correction for a sphere}
457¢371e25161690121090, 4704566 T47.039.834.430,226,924,%22,
320819,719,018,7 (19 values for URTs absorption corrections
for theta from the International Tebles Vol.2 page299 s for
the value of pR calculated in Appendix I,

7.06 (R - absorption coefficient times the radius of sphere. )

Card 10

Iobs

WEIGHT

Scale factor for observed intensities,

Card 10 is only relevant when the reflection date are being
read from cards. ‘hen the reflection date are being read from
the disk storage produced by ‘'Precproc's as was the case with

wodginites all card 10's may be omitted but the rest of the

batch must be put in as usual.



3)

As en example of the inrut format for this programs the partial

Jhen further refleciion data are to be fed in from
reciprocal levels parallel to Ckls i.e. those precessing about
the same axiss only cards 1s 8 and  need be reveated before
each successive batch of reflection data. However; when data
from levels which are not parallel to Okls i.e. those not
precessing about the same axis as Okks are to be fed in, all
the cards must be reveated for the first level precessing

around this new axis and so on for each new batch with a

different precession axis,

‘Genles'

data for one run for wodginite are given here,

1-72

29-32
35=36
37-40

Card 1 (Run identification card)

WODGINITE LEAST SQUARES NO, 1

Card 2 (Run control card)

4 (No, of atomic positions to be read in, )

0

bt

—

1 (Space group to be read in from standard data tape, )

N

ing 1 for oxygens 1 for tantalum and one for the ''mixed atomt?,

0
0

% (Weight of

¥

(Denotes a non-stendard data tape to be read in )

(Cell dimensions to be read in from card 3.)

(Tumber of different types of form factor cards to be read

o

obs calculated from the relationship

\
/



41-44 0

45-48 0 (Use weighting scheme specified in col 37=40, )

49-52 C (Allow only positive velues for B or Bijy the temperature
factors. )

53-56 1

57-60 1 (Assume extinction not present, )

61~64 0

65=68 1 (Hold constanf all data scale factors.

69=72 0

73=76 40 (Gnly data with sinze/h2 less than 40/100 will be taken
from dats tape.

77-80 =1 (Cutput of debugging informetion, )
Card 3 (Unit cell and X~ray wavelength)

1-10 4,758 (g A)

11-20 5,726 (b A)

21=-30 5,112 (¢ A)

31-40 90,0 ()

4150 91,10 (B°)

51-60 90.0 (y°)

67-70 0,71069 (A 4)
Card 4 (Space group symbol)

1-80 p2/c
Card 5 (Non-standard data tape control)

1-4 1 (BCD data tape)

5--8 0 (IRSK - number of initisl records on the tape to be skipped

over and ignored, )
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12 0 (JFXHKL - this is zero if we have a binary tope and hkL
floating point mumbers, )
13-16 1 (JH = serial number of h as it apvears in record., )

17-20 2 (JX it appears in record, )

[
=
A
w

= gerial number o

o

21-24 3 (FL = serial number of L as it appears in record, )

(JS9 = program will compute sinze/h2e)

N
i
N
[e2)
o

no
O
]
AN
N
(@)

(JPL = p(26) absent from data,)
33=36 4 (JF - serial number of FObS,)

37-40 0 (JF8Q - F_, % absent from data.)

bs

41-44 =5 (JW = serial mumber of o(F ) in record, Negative sign
indicetes that o(F) is to be read and not 1/0F o)

45=48 0 (JSIG = G(F2) absent from record. ) ove

49-52 0 (JNI = all date from this tape and no scale indication is

given in records. )

53~56 2 (LSTH - h for last reflection on this tape, )

N

57-60 2 (LSTK - k for last reflection on this tape.)
6164 -5 (LSTL - 1 for last reflection on this tape. )
65-68 8 (IRCL =~ total number of items in the record.)
69=72 0

N

73-76 880 (IF0O0 - F oot
77-80 15 (ITAPE - Fortran reference number for the tave, )
Card 6 (Format for non-standard data tape, )
1-80  (3F9.052F9.35F9,05F10,25F10,6)
Card 7 (Form factor cards., Form factors taken from tables to
be found in Act. Cryst, A24 321, 1968, )

The form factor card for oxygen is shown belows the tantalum and '‘mixed

atom'' cards follow the same form.



2=7 OXYGEW
10-16 3.225630
17-23 18,49910C
24=30 3,017170
31=37 6.656799
38=44  1.425529
45-51  0.405890
52-58  0,905250
59~65 61,188889
66=T2 0,423620
NeB. The form factor used for the ''mixed atom'' was weighted average
of form factors for ins Fes T, Sn, Nb and Ta,
Bach form factor card must be followed by a blank card,
Card 9 (Atomic parameters card)
Coxd 9a
1-10  x/a (itomic coordinates. )
11-20 y/b (Atomic coordinates, )
21-30 z/c (Atomic coordinates. )
31-40 B (B isotropic.)
43 n, (serial number of atomic form factors e,g., 1 for oxXygens
2 for tantalum and 3 for the '‘'mixed atom'!, )

50 0 (Isotropic B is to be read in. )

)

(Anisotropic Bij are to be read in on following card 9b, )

5
y

51 0 (No refinement of occupaney parameter; p, )

|

(Refinement of occupency parameters Do )

52

O

(Refine x)

1t

(Hold x constant, )



T4

53 0 (Refine y.)
1 (Hold y constant, )
54 0 (Refine z,)

1 (Hold z constant, )

55 0 (Refine B, )

s

(Hold B constant, )

56-65 p (Occupancy parameters ps is equal to 0.0 for totel occupancy., )
Card 9b (Anisotropic temperature factors card., )

One card 9 must be entered for each atom i,e, four in all,

Card 10 (Refinement cycle control cerd)

4) 'Pourier!
The input format given below is that used for an FO synthesis of
wodginite, Where alterations are necessaxry for a difference synthesiss

they are noted,

Card 1
15 10 (Maximum h)
20 10 (Maximum k)
25 10 (Meximum 1)
30 3 (z-sections will be produced., )
35 1 (For F oy Fourier,)

3 (For AT Fourier, )

40 -1 (Data tepe is read from 'Genles! output. )
45 11 (Logical number of input tape. )
Card 2

1-72 P2 /¢



1-80

10
15
20

45

Card 3 (Run identification card)

TWO DIVENSIONAL FOURIER

Caxa 4
20 (lumber of
20 (Mumber of
20 (Wumber of
0 (X origin)
C (Y origin)
0 (2 origin)
11 (Mumber of

21 (Ifumber o

[N

11 (Mumber of

cell divisions in X=direction)
cell divisions in Y-direction)

cell divisions in Z=direction)

points in X)
points in Y)

points in Z)

2
46=55 125 (Volume of unit cell in 4°)
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