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I c-.r*.¡ S tal s t:fr cb-r::e ¿,ir¿l -.,r s,i¡ S fi" sing o en s:. -i;orieter* nea slrt ¡:ed

jnt¡:nsi iíes fo:: "l 90 .refl ec'i:-lons r:ecoi:Ced. cn an :1nteg::a,ieri r:,::ecessj on

j-nst:ruiîent¡ has been car:r'iecl out fo-r ¿. i'ot'3'inite frc¡r Bemic i,âkep

l,ianj.hoba, The ¡ilineral- i.s mcnoc-Linicz atnc\ ihe sleciirien analysecl has

in:e celi dinensicns g¡9ui:16 ir-, Þ11. r¡J2'!,, anù g=5"IL2 ],., ß=-ci:]-" 08

anol sÐace g'roì;]) S?/g, j:u'i' it hgs a strong su-b-ce-l-l Ltir¡þ êL!={-'?58;i,

Þt=5" 726 Ì., gu=5" l-12 ?,-, 3=!'l-o CBra-nrl s'nace Jïoup Vie, t,.:ih ccfl

con-i;eni,
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strr¿ciu,-:e, a:ra]ysi-e cìescribed. ite::e is ha,-sed an tlre sna-l_f sub*cell.

llhe s'ca::iii-iE s'u:ruc-'ru.re r'¡as tcased on one thj¡:r-1. of iìre un:-t cell

of -blic co-Ì.rr-nbite-tanta-"l -i te e'i,::uclarre { -l;u:'r j tan¡: 195C,i. ilhc siruci;,.¡-:re

'r.ras ana-]_,v.seil b¡r 1ea.s.1; Squalres ani lìou-¡_.ielr anAlJrseS" ,N. final sì;:ruc-L;u:re¡

¡r¡i:ii-ch t¡as s:lui,]ar to tha;t of tanieli'¿e alar-b from so¡:e r¡a:r:i,ai.ion in

the o:ry-gen ¡osj,tioirs: l,iåS obi;a,inecì. i'¡hi-ch:lal¡e an 1ì. facioi: of 1û"!i."

-[n the sub-cel 1u-s.:ed for the stru.cti-r.:-e airal-¡sj-s a],-L tlre üla a'i,oûls

a::e or:cÌ-e::ed ini;o one 2-ioJ,cì rireia.l. sj-tey i{,ø and ihe o'ì:her neta]

atons are -in th<r othe::2-foÌci:le'ùal siter li" lilhe ei¡,'ht cq,'leïl atoÌils

a::e:'-n i,rlo {*Íoi-C gener:al ¡osi.'i.jcns- Soth rnetal- sites alre f,r-eeu(rio-

octahcrcirall¡' soo=O-ina'cecj. bJr o:q'gens r.¡--ì-th r1i. {'fa)*C dì siances from T--!C}8J-'
o

t,a 2"1-2ç Îir aÌ'rcì i'þ-O fron 1"948 f,o 2"?-aJ it* t*O cli s''bance s a::oi-rncL ¡î., (Tai
-L'
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ilhe a,utho;: t¡ou--Lcj lil:e to aclrto'¡¡l-ecl.,l'e the foj orrrjn.t ¡eonle fn:r:

-lheir he-l-r:r eithe:: cli::cctl"¡' o: -ì-i-rcij,:ectil¡s in ihj s s',rr,;þ) at tile

i-.ln-l-r¡e::s;:t.1ã¡ c-i j{an-ltohae }r. R"E" Ìle::gusone l,.oíessoï oÍ' rüneral_og;r

,in -i:r\.e tre¡art-nenl of ::larth Siciences ir-ni'er l,¡hose sì.r.:,.sLt-i,*ion ihis

str:-cì.;i l,.ras ca:r:::ied, out a,nri.,¡h.os;e hel.n r¡as r¡ros'i; vafuble9 l,-::, Jcel_ Gricey

graduate s-i;Lr-Cen'; :,n ì:he sanr:e T)er-.ar-h".en-i;r fo:r: naLl-i-:r3' uocl;ini'ie s¡eej-inens

of i:j-s f.r:orn a f6-''rra-n qtrrrì¡¡ =i'çila,b'l e aircl- for calci-r1atin51 bond. _l_cn.gths

anc.l i:onci an,tleS fc:r il ,"is s'i;n.c'h:-:re afiel: iìrr,: au-'biro:: hacl. l-cft'¡he

l-aÌ:ora.ror1..i fU" li, Iian"rfltair of i,he i-ìer:a::tne:it of O-ral- li-c'l o3;"r 1¡acu-i iy

nf leirt:.st:ry: fo:: the ,l-oan of an in'1;eq:re.'ù-r_nfi ¡llecessi.on ca¡te.ra, and

fo:: arlvice -i,n it*q il-sier a-l-so fo¡: nal;:,n¡i a-,/ailab-Le the '¡r.¡o conruter

iìroÍll.'eins a l::ecr,::oc ? an.cl_ t laia.ts q 

" ifhe a¡_r.tho:: -,.¡orild. a-l_so -t : j¡,e ,ro tha:rl,¡

:irorn outsjcle -i;he Tt-nive::s.,i.i¡¡ of i,t-a,njtoba. 1::" ¡lnire iie:::¡r ojthe Jle.¿ri¡isnt

oÍ tl:eilj,s'cryr IÌnive::s:ii¡r o-i OaJ-g;a:i'.'r fcr aria.. b:,ons of ,t^C" L¡i.;'sonls

riro€ir¿uxs rGenl,-^s? a-nd, r?c-,u.rie::r foi: u-se l¡ith air f,lì,lii, )\Ct!fi5 con¡uier

e.n-d- fc::: llaÞj-¡g ihen ava:1.-i-abfe to i:l:e auihcr?s labo::atoq;r" ilhenl.,s are

a-j-sc due 'r,o flr" La.::scn of i:he Uni'¡eci Si:ates ,4,toiiric i:nel:.rr Co¡1.,r-issi-one

Lcs i:ll.anosr Ì,ier.,¡ i.Iex-icor fo:: i-ncl_ir:ect-1,¡r :-.::t-.v-i di.flí,t these rr:rrog-_lanls,

iliira"l.,l -r¡ she ¡.ra,n1;s to aci.;nor':Jedge fj.nancia-l_ sïr_l--,noït _i,_r -bhe fi:rm of

resea::ch gr-ai:ts; io.ù:r- :lc:L-a-ì,rsjcn,î:rorn the iiatjona1 lìes,:ll::ch Cr¡u-:rcif cf

l-la::ari¿ anrl 'the äeo-i,oglca-l_ S¡_::¡¡er¡ cf Ctneria,
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CHA?TER I
TNîRODUCTIOI{

1) I{istorical Data and Loca}ities"
Wodginite is named. after the tov¿n of Wod.gina i-n .{ustralia,

the local-ity where it was first discovered" It was originally
thought to be a tin-manganese tantalite, ca}led pseudo-

ixiofi-teu but tdas recognised as a new mineral by }Iickel,
Rowland and l4cÂd.am in 1967, They also described it fron the

Chemalloy (Tanco) pegrnatite at Bernic Laken Manitoba, and

it is the wodginite from thÍs area that is the subject of
the crystal structure analysis described here"

In addition to the two original occu.rrences of wodginite

described by Nickel et aI (t967) 
' several others have been

d,iseovered since: Rr+anda, Belgium Congo (Bourguignon and'

T{elon, Lj65)", Krasonice, Moravi@. (Luna, t965)", Kab1in Rangeu

U. S" S"R. (Khvostova et al, tg65)", Sukulau lammela, S'J¡J"

Finland (Vorma and Siivola, L967)', Karj-bib, Southwest Africau
(von Knorring, 1968); and Ankole, S"W. Uganda (von K:eorring,

Sahana and leht j-nen, 1969 ) .

Za) Objectives of the Present Studv.
(a) To analyse the structure so that it is known for

its orøn sake and, thus to show wheter it is essentially
lsostructural with tantalite as the crystalographic evidence

suggests, and (U) to see if there is any evidenee of ordering
of the metal atoms'
2b) Relationship of Wodginite to Tantalite and Pseudo-

ixiolite.
A,s Grice (rgZO) and. Griceo Cerny and Fergusorl (tglZ)

have shown in a detailed stud.y of wod.ginj-te and related
minerals from the Tanco pegmatite, Bernic lake, I*lanitobau

the wodginite there i-s ctosely rel-a,ted chemical-ly to the

associated tantalite (see Tab1e 1)" It may be seerr that
wodginite is mainly richer in SnO, u TaZOS and FeO and poorer
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0"14
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z"_45.
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z
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].4"7

0,2

0"8

1.0

aÀ ^Q4"1

-?o-e]

10Ì" 0

Uc UO
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o"21

5"r4

2.6A

J-I o yO

*to5

^. +2l'in

F*+2

J-ÅSn'-

Ti+4
+ETa''
-¡5Nb''

Iüunbers gf Cations_ jp the Basis of <2 _Oqreens

Sn0,

Ti02

\ar0,

These analyses are taken fron Grice (1970) and from Grice et aI

ttglZ)t the analyst r,¡as I{r" Sn Joness Nuclea:: Researeh Establishmentr

Pinawa¡ I'fanitoba" I - sa,mple mrmber G - 69 - 1z in Grice (rgzo); z -
mea.n of four analyses (raute Jr Grice et a1¡ rgi¡z)î t - mean of 5

analyses (ratrte 4r Grice et ab J97Z).
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in I4n0 and NbrOU than ie tantalite-pseodo-ixiolite.
Iüickel et âl Ogøl) and Grice (rgZO) ancl Griee et al

{tglz) have ehown that wodginite, tantalite and. psendo-

ixi-olite are closely related. to each other not only ehemically
but also crystallographically. These rel-ationships are dis-
cussed. by the above authorsu anC àTe sumnarised in lable II
(taken from Grice et aI, 1972u Table 5) " The faets re]-evant

to the present structure are thatu whereas tantalite and

pseudo-ixiolite are both orthorhombic with space group @'
wodginite is monoclinic 9Z/g or Cc and r,¡ith B- 91o. Also, and

of importance, ta,ntalite has true cell dimensions of approx-
imately s = 3x4"80 À, þ = 5 "76 jr, I = 5"11 ¡', r,rhereas rrrodg-

inite has (true) values of g = 9.50 Å, two thirds that of
tantallteu b = 11.45 L, twiee that of tantalite and c = 5']l
À, the same as that of tantalite. the ce1l of wod-ginite is
d.iscussed further beLow"

The d ensities of both wodginite a.nd tantal-ite âre simi-1ar1

The calcul"ted d.ensity for a Tanco wodginite is 7"75 gnf cc'
and the observed for one of the Ta.nco tantalites is 6.76

gm/ec" Vhereas woclginite gerûeral]y forms poor crystals and

is dark bro'wn to grey in color¡r, tantalite cornmonly forms

good crystals whj-ch e,re b1ackS however, with many specimens

it is not possible to distinguish the two minerals by eye

observation al-one.

3) Sub-cel1 and Cel-l Content of l¡íodsin:Lte'
above hasThe (true) unit cell of wod-gi nite described above has a

ce,- contenr or lx t. ( rm]2onreflnnsnï! or'ri!+o'bå?re'uT'" nì otïl
(taUte I), This content relates to the true ceLl for wodginite
but this cetl is only distinguished on X-ray diffraction
photographs by very weak reflections" the photographs are

donrinated by a strong sub-cell with, as Table II shows, a' =

4"75 Å. = a./zu b' = 5"72 L = A/zo and c' = 5"11 å = 9, B' - P

- 91ou V' = Llg ¡.1 = Y/4, Êpace group Pz/c or þ and. Z'=Z/Q.
Because of the clifficultyu described in the next Chapter¡

of recording the weak reflectj-ons characteristi-c of rood.ginitei

true cel1, theee weak reflections were ignored in the present

stud.yu and the other reflections were ind.exed on the sub-celL,
The structure analysi-s of



TABË TT

cj.i\ïPrFÆr,E uNrT. cJr¿ p$A 
.FOR l.¡OqlIiírTE,

rrlT{TArrTE AN-n Ps4po-rxrQtrrE

This table is nodified after Table 5 of Grice et al (tglZ). nhe

settings are those of struntz and, Ten¡L]rson (rgZo) adopted. by Grice et

at (t972)"

Pseud o_-ixiolite

Axial

Lengthsø À

t)
lJ

o4
Tg .L'

Space Group

ïdeal Ce]I

.r++uontrent

94. 1o

þ 5"75

g 5"16

(goo)

141

Pþcn

(a,a)oou

I4t U4f I Uç

!-n+e snÞ

g r4.4O ?/t 4"AO

. ? 
-/ 

/. \g )" /o Lg/
/\g ).ll (-g.l

(goo) (goo)

l,lodgini!g

lrue qub.

e 9,50 ilZ 4.75

Þ 11"45 þJz 5"72

q 5.11 (s)

glo qro

* Eoid"rr"" is given in this

one site in wodginiter and

*x Ä = Fer l,nr(+)) snr Ti);

423 t/3 421=t4t 557 t/4 556=t1g

Pþcq Pbcq pz/cor Ç_. E¿/9. or &
n4uuo, 4 t/ llt otuo24l ABBBo t] t/ +ltu"uorrf

thesis for the ordering of the Ta atons into

so the fo::rnula is here r*ritten accordingly"

3 = l{b¡ Tar (+ Snr TÍ)
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?todginite describeC, in 'Lhis thesis tl:us rel-ates to

ônê rìrrâ.ï'her i,he voj-une of the true cell-¡ and ir;ith

alproxiraate dinensionsr syrnmetry and cell- ccinient

unprined. sprbols to describe Lhe cel-l used fo¡: the
o^

g= 4.75, b = 5"72' g= 5"11 ¡\r ß - 91";
o7i

Y = I'j9 ij1' spece ¡gro.'ì-t lZ/g" or Pqr Z = !'ZBZU-

ihe sub-eell- çi'i;h

the folioriing

(uiiere rre no\.r rlse

^-^r---¡ ^\oar!é'LJÈ-LÈ/o

= z[nlcoJl

!¡.-o3ei_rrj te

(-¡his Stuc¡¿)

À

b

c

i\nproximatq*

rcriodr A

4.7+øl

)a I

Columbite

(Stur¿ivan-t¡ lglO)

ut
l-l

g

z = rx,(t"rð]r, u"-ol"r> t"å1r, ,tilr Nbå:04 n"i?ru)o;'l

4) iì,he rÌt?-r'tin$ St-l'u-cture fo_r ,,'oo¿;i_Ul!e_: t-he- Ç!-n:ci;ure -gil'-Cqlu:nbf-!ç.

Because of the cl,ose sirnilarity of i"odg:'nite io tantaLiier anc

hcnce to columbiter v¡jth respect to u-nit cel-l- dimensions¡ cheinistry

a,nd- cel-l- conteni (tables I and II)r anrr a-so 1,Iith respeci to X-ray

po'.,rrier cliffraction patte::ns (i'{iclcel et alr t961E Grice r IilO'¡ r j-t Ís

reasi¡nable i:o assume that the cr;1'gda1 stru-cture of liodgì-nite rs siinilar

to that of colunbite-ta¡¡'ba1¡',te, i¡or this reasonr ihe startin€j positions

chosen for the aic¡ms in our analysis of woclg:Ínite i+ere those given by

Sturd.ivant (fgrC) for columbite. Sturd-ivantrs struc-bure for ccl-u¡rbite

is s:hor.m in ìii¡'. l-o ancl the corresnond:'-ng starting structure for
/-- - - *\rr'od[rin:: te (,.oce} I) _is rho',-n in !ig. lb. the rr,.lationshj.r betr,¡een the

ccl-l of wod-ginite adop,.ed. here anc'uhat of eol-unbite used b;'Sturd.ivant

is as foll.o,,vså
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Figure la. Crystal Structure of tantalite as dete::nined þ
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Figure lb, Stmcture Model
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l) Selection of Crystal"

fhe sanples of r'rodginite available r.rere those used. in a mineral-

ogical study by Grice (fgZO) of wodgÍnite and related minerals from

the Tantalun I'IinÍng Coryoration of Canao,a (fanco) mine at Sernic l,aker

I''Tanitoba. Consequentlyr chemical analyses ancì. e:¡rstallographic data

t¡ere already availabl-e for these particular samples"

Several crystals fron d,ifferent specimens of Gricets (19J0) .',rere

mounted and oriented l,¡ith the Brrerger Ðrecession ca¡nera" Zero- and

upper-level photogra¡hs were taken to investigate the suitability of the

crystals for use in the st:rrcture analysis. The crystals fron one

specimen in particularr Grice!s s¡¡ecimen noo G-69-I7t shol¡ed. less

tendency than others to be nluLti¡ly grolm.

A single cq¡stal fron tlt|s sa.rnple vas consequently grouni. to a

spherer rernountedr and oriented- l¡ith the ¡recession canere so that it
rotateo about tne { a.xis, The purpose in using a s¡herical crystal
r'a^ *^ ^:*-1iF--r,rcLil rro sr-urlrr-r-ru 

"ol"u"tions íor the X-rays absorbed. during the passage

of the x-ray bean through the clqrstal, The czystaL v¡as also mad.e as

small as possible in order to minimise the absorption correction.

(For a more conprehensive explanation of absorption see append.ix r),
nt
¿ ) netermination o:L0e_ll ÐÍmensio-ns_"-

t¡Jhile it is generally thought that the precession canera ís one

of the l-east accurate instrunents r+ith v¡hich to deterraine celL

dinensj.ons it has been pointed out by several authors (Ba:rresr

Przybylska and shore¡ l95ri Barnes¡ rg49i patterson and lover l'960,)

that provid.ing aLlowance is made for film shrinkage and. providing

the camera is standardised. l¡ith a crvstaL of



known and constant celI dimensions such as quartz, then the
a"ceureey that can be obtaÍned by thÍs nethod is sufficient
to enable the results to be used in a structure analysis"
For a description of the procedures for d.eriving fairly
aecurate ce]l dimensions fron precession photographse See

Appendix Iï"
Accordinglyu the precession camera was standardised

using the (ffZf) reflection of quartz, and thus the accurate
effective crystal- to- filn distance calculated. The cel-l
d.imensions of the chosen wodginite $fere then calculated.
from zeTo- and first-level photographs precessing arou.nd

both the g and the & axes. The results obtained lüere then

recalculated to allow fro fil-n shrinkage in q. mamler des-

cribed. in Appendix II"
The ffnal results are compared j¡ lable III t¡ith the ceLl

dirnensions obtained for the same specimen (¡ut not the same

actual material) bV Grice (fgZO) using X-ray por*der diff-
ration data" It can be seen from Table III that the accuracy

obtained by the powder diffraction method. is much greater
thpn that obtained by the precession method so that in all
ensuing calculations the mOre accurate powder values were

used"

1) Collection of Photosraphic Intensitv Data"

In this investigation, the reflections ldere recorcled on

an lntegrati-ng precession instrument, and the intens j-ties

measured. using a densitometer. the instument used to record'

the data wâs lltamllfactured by the Charles Supper Co. , and was

on loan from Dr. l,I" Kaufnan of the Department of Oral Biology'
tr'aculty of Dentistry of the University of Þfanitoba" No one

with first-hand. experience in the use of an integrating
precession camera fgr the structure analysis of minerals
was read,ily available for consultation, but Dr" Kaufnan(in
a d.ifferent laboratory from the writeru and several miles

A!¡ay) had used a silrilar
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The cell dimensions refer to the sub-cel-l r,¡hich ryas usecl for the

strrctu::e analysis"

Powder Methocl Rfecessíon Method,

/,r . \
*r r4ls__sïr¿g*l-

4"BOt + 0"012

5"7L9 + A"027)

5"095 t 0.018

ñ/ì

(Grice, 1970)

3,4 4"758 10"002

br i, 5^726 + O.OO2

: - --9rA 5"LI2 +0.002

B 9 -ooeu t 05'

FOlEs The ce1l dimensions on the left¡ those d.ete::mined- by the poivder

method.rr¡¡ere used- in this siructure analysis.
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insirument quite successfully seve:ral tirnes for the stnrcture analysis

of biochemicalsr and he provided. so:ne hel-p periodically.

A full description of the geonetry of ihe precession ca,nera ancÌ of

the procedures to be fol-lov¡ed in its use are given in books such as

those by Buergey (tg6+) and. by liuffield. Qgee). Plates Ia and Ib are

typical 0- and l-Ieve1 precession photoganhs.

Â d.escrirtion of ihe integraiin6: procedure for the precession

camera is given in Buerger (f960) on pa6e B!" Plate TI shov¡s a typical

O-level integrated precession nhotograph, It can be seen that each

spot on this photog-raph :l-s of unifonn size and is of unifor¡l intensity

as compared- i,¿ith the irreg¡rlar shape and- inbensity of the spots in the

non-integrated nhotograph shorlri: in Plate ïa"

From the d.escriptions of the precession nethod given in the

r:e.fe:-enees just quoteCr it is cLear tha.i the l-argcr the ¡e--.eat perio¿ of

the direct l-attice along the precession axisr the nore levels that can

be recorded about tÌris axis within the limited ra.nge of movement

irnposed. on the filin cassette by the mechanics of the camera. i/hen the

Í-n'Í;egrating mechanisn of the canne::a is brou-ght into playr thc range

of movement oÍ'the filn cassette is further Limited.. i'Ihile this has no

serious effect jn 1ìmifinr¡ i:hc n¡¡¡þsr of :cefl_ections -r,ha.t can be

record.ed in c::;¡staIs l¡ith a large repeat preiocl (),v 14 A) such as

bj-ochenicalsr etco ¡ in r"rodginite wi¡h re'peat periods of N 5 Â, it
l-imited. the number of upner Levels record.abLe about both the g ancÌ the

¿ ares to a maxi,-:un of only tl,ror using integrating; meihod"s. fhus it
it v¡as not possibLe'co record r+ith any degree of accu-racy the high

sinO refl-ections so essential to the sensitivity of a struciure analysis"
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l- ST-I,¡-v-lI PÈ,Ç.[9.S-]-0ll PHOTOCRiIE

ABOUT V[OTOI

Radiation lkofZns I - Z5o, ro = 2! rnm,r s = 32'5 nut'¡

rotation axís z loofl ø
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Radiation NofZnu

rotation axis z [OC:-]

_E¿,A_r''r ÃI

O-LjVrll Iir !¡Gn rTl¡D lR.U-SËlÇg

PrTOjr!(rRÄPH Æaul Il- i agl

i = 25Ôc r - 15 mm.r s = 52 mn"¡ F = 60 mm",
Þ
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¿n ail,em::1; vas ¡naoe l,c 1eccrd fr,ryl;her L:L-arrìe-ìr l-er¡eis u-s:in¡. the non-

iirteÉlra-i:ing me'chod but ihe nllecessi-on calle,:a ì-1r'oved so seÌlsitive to

o.lientaì;jon erïors '1,ìtat the intensities of sevêlrâ.,r pajrs of s¡rru:ierry-

related. reí]-ec'iions (:rn '¡hese non-integra.teo photo¿';raphs failed to give

sa-i,j-sfaciory aC{reenent. llre to i;hisrand the crifíicul-Ì;y in sca}ing ihe

intensities of the non-integrated reflections 'ûo the intensities of i;he

integrated ones¡ the in'L,ensity data d-erived í¡,ou ihe non-integraied

fiLrns ¡ro-¿ed too rrnreliable to be used"

the integrated reffections l¡hich it r.¡as rossibl-e to record- a¡o l,¡hich

r,¡ere used in the st::ucture refi-ne::entr r.¡êre those fron the 0- and l-levef

r.hotographs lrecessing abou-t tlee x axis and ihe O*c l- and.2*Levef

¡hnJ:nn'ra-hc -æonsgsing about the g axisr i.e" the refLections Ckl,,r l-lc3,E

leLl,r and h21,. Cross-level photof,:ranhs i+ere al so ta]çen i;o obtain intensity

vaLues for refl-ections *¡hich ÍelL in the btinc areas of the previous

photogaphs su-ch as: the OlO reflection (see Flaie Ia). Howevery for

various reasons the data obtainecì from these cross-leve1 photo6ra"phs

¡roved io be unsatisfactory ano thus they l+ere not used-.

It is only possible 'io measure accurately the äensity of a spot

f^-\(reflection) on a irhotograph r,¡ithin a linited range of cìensiLy, a.s is

nore thoroughly erpiained. in the next secticLn. Thusr .four photographsr

oÍ d.iffereiri exÞosure t:'-r¡esy t¡êre tâl{en of eaCh rec.l ÞIocal }evel" Cn the

photograph r,¡j-ih the sliortest exlosure -i;iner '1,he r"effections r,¡ith the

strongest intens-i ty r'¡ere l.¡eak enoug;h i;o be neasured. r:i-bh reasonabl_e

&ccuracyr ancÌ on tire photogranh r+j th the longesi exllo-qure tine the

¡,¡eakest reflections appeared r'¡iih a mea$rrable density"

The e¡:¡osrrre ii:teS ¡.¡e:le CìrOSen SO thai tÌre si-.onsest ¡.nri 'i.hr: r.rea.l.-esivrf lrv u u (r/:lu utlv .¿

refi.ecticns on any ¡;iven I eveL couicl be rileasurect on at l-east one
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irl:o'l,ogr:a¡h of 'ci:e set of fou:: of that level-. I''¿ l¡as necessarJ¡-bo choose

tire e:l,rosure tine-* ;.s nul'bipLes oi -bhe i-n'teg::a'i;i¡g c¡'cle of lhe câ igrây

so that the spot on the photograph corresnonding to a reftection had a

uniforn overa,l l- intensi'by. I/iil-i the nrecession inst:rrnent used in this

studyr the tirne taken for one integrating cycler i.e" for the cassette

to be moved. in ho::izontal ancl vertical steps of 0"08mm" over.l- square

IìlÍI.e is t hour and- 20 ninutes. The exi-.osure times chosen r^¡ere 2 cycl-esr

B cyclesr lJ cycles and, 20 cyeles"

The densitf'of snots on a photograph is afso infl-uenced bv the

length of the develo¡ing tirne and the strength of the d.evelo¡er" These

r'¡ere stand"ardised bl- develoling each set of photogralhs fo:: a stanciard.

tine in a sol-ution of devcloþer kept especially for this purjrose, the

four photographs of one leveI rdere morlnted in an es¡ecially designed

slotted plexiglas f::ane (see Fig" 2) tLr.+, enab]ed them all 1;o be

srbmerged sÍr¡ultaneously in the d-eveJ-oper and thus ensure the sa¡re

d.eveloping time for each photograph in the set.

¡l ì^ú^:r-- rr^^
't t {'.*-'J- '5*glle.n-dg

'Io measure the intensity of the refLections as they appeared on

the photo#a::hs a densii;oineter (Lrniversal) was used." illhe d-ensitometer

üêe$trêsy b¡¡ means of a photo--elecl,ric cel-Lr ihe a.:nount of incident

light v¡hich j-s absorbed. b:¡ the phototraph at the point of measqrenent.

It is only i:ossible to neasure the abson:tion ai one poj.nt on the

phctoganh at a tinep and thuss the i,.rocess of aeasuïement is somewhat

ted.ious by this meihod" One read.ing on each reflection uas ta,ken and one

or tv¡o on the backgrou-nd for each refl-ection (see betov).

Due to the na'l-¿-re of the devel-oÌ:Íng process¡ it is only ircssible

to ll-reserve a linear re]ationshi:r between eqposìLre to -{-ra;¡s and densiiy
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Figure 2" Apparatus used. for

d.evelopi-i-rg four or five

photographs.

sinmltaneously

precession
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{or blSckness) of a, spot ui¡ to a ceriain rnaxi.¡i:rue censi. 1,y" '.-'her.eforep

v¿¿lues of uensity obtained a.bove this rnaxiÉua canno'c be used in a

slrai¡';h-bfor.,rarcì üai'lrLer as a measu::ernent of the intensity 6f ,,-::a-¡rs

impinging on the filn.

?o dete:mine this critical mariru¡r value¡ a plot of d-ensity against

exposure tÍme ltas nade for several different refl-ecticns" lhe piois are

shown in Fig" 'j" llhe reflections v¡ere chosen from a set of fil¡rsr each

of cì-ifferent exposure tiney of cne reciprocal la'ctice pla.ne. ¿is ca,n be

seen f:rorn ,Tig. 3c the linear reLationship holäs i.¡ell for density values

bel.ow 600; a,bove this¡ howeverc the rel-ationship becones clu-biousr and.

densities measured- above this ¡¡a1ue ,../ere not taken into account"

'.ilhe intensityr Io <;f a refl-ection lyas cietermi-ned b¡r subtra.cting the

d.ensity of the background darkeningr Ð*, from ihe density read.ing at the

centre of the refLectionr Ð"" 'i,lhere a l.¡hiie racii¿Ltion sireak through

the reflecÌ,ion was ¡¡isibl-er an average va.]ue of the ciensii;ies oi'the

streak on either side of the reffection r,¡as used for the backsround

density vafueo Such I values r.¡ere of course on an arbitrary scaLe"

ilhe f vaLues thus derÍved- r¡ere used as input data for the first

computer programe tPrecÐ::oc!¡ for the first step in Þrocessing the data"
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Figure J. Plots of densÍties against exposure times for

some wodginite ::eflections.
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CErlTriR III

.iROCESSII.Iî C.Il ¡ATA

fn orôer tc obtain a. set of observed. strrr.cture faciols fro¡o the

ral¡ inl ensi-Ly data¡ arlci to 'uhen fÍncl a cr}'stal siruciu-::e i.r-hich r¡as

comrì,atibLe v¡ith these structure factorsr íour comDuter iroéryarrls weïe

llsed, 'Ìrhe first trvo of -Lhesey t!'recrlrocr anci- tnai;apstl oïiginð.tecL at

the'/eizmen$ Insti'üui;e in fsraeL¡ and-'.¡e;e adapted. for use l+ii;h the

I.B.lui. 160/65 computer at the liniversitry of }ianitobar by Dr. i/. Kaufma.n

of '¿he lepartment of Cral 3iolog5rr FacuJ-ty of -Ðentistr¡r" The last tr;o

plogllaJnsr rGenlest and tlnourierr I are palt o., a set of structure

proglraqts t¡ritten by Ðrr ltl-len Larson of the Unibed. States Atornic ú:er6¡¡

Cory¿issionr Los Ala,mosr I'iel¡ irrexicoy ancì ac-apted to i;he I"B.I,1" 560155

computer by Dr.:lnne lierr of the Ðe¡-.artnent of Chc.mis'crq¡r University of

Calgerry"

rr; short clescription of each of these pjrograJÌtsr iogether wÍth the

rezults obtained. by their use in this si;ru-cture analysisr follor'¡s.

I '! | l)¡on-rnn | (ljnonooci nn Þr-nn, '

fqo¡n-"FJecession Eþotqgra.nhs_ !o Êå]L_e_-a:S.et oj.*Rel.gþåve fnte_psiti-es*

rPrecproc0 i -q r'¡ritten especially for dealing r+ith intensity data

obtained from precession fil-ms" rts purpose j-s to produce a scaled. a,nd

l+eighted intensi'iry value for each reflection on a given reciprocal level

fro¡n the various intensity values of that refLection derived, frorn eackr

of the differently exposed fihns of that leveL"

The prograrn ceJl deal v¡ith data frora any nurnber up to six d.iffer-

ently exllosed films of a given level- at a'ci¡re. ft c¿-n be used. to

process a large number of levels in succession durin€i one run, The card.
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innut for tl:is prograln as aai:lied to i:odginite is Siven in À:-rend.i:l IfI"

'lhe first aim of the prograrn is to find one weighied. a:rd scal-ed.

val-ue for each reflection from the four values obtained for that

reflection from each of the differentl.y exlrosed filns for that level.

Thus¡ on the Ok3, level for the 0C2 reflection¡ four intensity val-uesa

T _ -7/1^- r _ :fJt I, = JZO and I, = l-2}c corresponding to the intensit¡,LI- t1)' -Z- t 
) +

values on the fou-r filns of this ler¡elr are fed- in'uo the -nrogr?fi as

d-ata" Each of these values is given a v,'eight according to a predeterrnineä

r*eigh-bing schemeå -

l'/ = f t I )715 and I ( 60r

:i - 2Tt I >/ 6A and T ( 200r

trt = ¡./2c I>/ 2AO a.ird I ( Ii,iA,v,s

trd = Qe I ), IMILXT

r,'here U is the r+eight and II'LL{ is the maxirmu¡ intensity readj,ng up to

r^¡hich the l-inearity of the d.ensitomeier readíngs can be d.ependeo uÐor'ìø

In this ease II--ilJ = 6CO" Thusr \'/-/" \ - 0g \:lrtor = 197r \{r1=\ = l-60s
I\J/ L\¿ ) L\) )

W,/,\ = 24()"r \+,/
Frorn the whole set of reflection data for the Okl,r average fil-m- to-

filn ratios are computedr rejectÍng those indÍvidual ratios t'¡hich are

outside the range of twíce the standard. deviation from the mean. These

film-to-film ratÍos for the Okj, level r'¿ere

Tj2 (ratio of tst. fjlm to 2nd" få18l) = L"52t

,)-t = r"2)o

"34 = 4"00"

J_^^, _"e the scal-ed and r,reighted ã.verage intensityr fcr each
sca-Leo

reffection is then com'puted frorn the four original inbensity vaLues¡

assigned. r+eights and. film*o-filn raiÍosr such that



22

rscared = j;..-'lit-:.i. rr5tzi"re I j!;ß't"lr"ri : r*i:'lß)llzlz:!:l

tir(r) * ttr(z) ni"r(r) ui"r(4)

Thereforer Tscal_eci for the 0C2 reflection is

7 4.5 t 1ZHåJ rl- :lZ:-l?-9å-e^o:.1*?:^L' ?2 ̂  t J2 0É L0J*æ/]'?9 ¡ 4 .-99*""

C + 1!7 + t6o + 24a

- '7 i,-t
I-'lø

The r'reight attached to thj-s sca.lecl intensity val-u-e is simply the

c:rn nf lho r,rai ol^f,g ¿gcj¡gred. tO I_ I I^e lrt Irtvrb,¿uL _, 
+

i"en '..I- t-^ naor = O + 197+160 + 240 = 597,
J \ ri(. uu¿ ,i

Ihe final functj-on of the ptrof]rart is to averate the scal-ed in'r,ensit¡r

rr¡l rroq fnr,, srnrr¡ctrrr r.el a.ted refl ec'i;ions" 'lthus¡ in ihis case tlr.e sc¿',1ed

intensit¡r va.Lues for OO2 and 002 refl-ectiotls are averagecl to g-.ve a

final- intensity val-ue fOOZ. The final vreighting factor attached to this

i¡: lrra i q q'imnlr¡ 2ìì â\¡êT:r'p ni- ihOSe a'utaCher.. tO I_^ ( t.,r.,c\ a,ttCi I.,^ { !.(.,õ.,,"¿v v¿¡¡¡.},À,) v*-"uv v4 

,l 
.._

Thus the final output consists of a list of ati the u::-ique (non-

synmetrXr related.) refl-ections together v¡ith their intensii,y v¿lues and-

the iieigh'biirg -factor a'btached to thì s val-ue by thr: prograno For an

example of the output fron this Ðrogram see lable ïV. By ihis meansE

relative observed intensities fo.r 1!0 reflections oi r.rodgini.te r'¡e-ce

derived."'lrhese r,¡ere ¡ut onto dj-sk stora¿'e reaciy for inr'ut into îDatapstr

tire next progfra;nø

2) :¿a-Þ€Ðsî (Da!.a P"rqqessiqq) -_:_Ð._?ta ReÈåqj+qq- pf, the Rel-ative

i n!e*g4 r e,n ! o _s_i ye_ ..? -geÍ_-q.t E g]_?!rJg I 
"o o 

"l 
Æþ9Êå

1-his ¡rrog:ram ís designed, to rnake J,orentz¡ nolarisation and

absorption corrections to the observed relative intensitiesr and to

thusr convert them into observed. st:r.:-cture faetors¡ Ir . ? sgoos
ln 12 r-r\"obs/ = o"obs

!o U
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where Fobs is the observed structure,
Iobs ís the observed intensityu
L is the lorentz factoru
p is the polarisation factoru

and k is a scale factor required to put the observed

iniensÍties on an absolute scale"
The program reads in all the intensity data stored on

disk as output fron uPrecproc¡ and a1-l other suppleroentary
information is read. from cards. The cãra input as applied
to wodglnite is given in Appendix III.

An exarnple of the printed. output frorn 'Dataps' is
illustrated in Table V" It lists for each reflection the
hk& ind.icesg fu the input intensity of the reflectÍon;
I(C0RR) u the intensity value corrected for absorption! ABS

('absorptionu) the transmission factor for X-rays for that
hkÏ, reflection; FOBSu the observed structure factorg IIEIGHT,

the weight assigned to that reflectioni SINT, the sinO vafue
of that reflection", and SCi'iD, the index of the reci-proeal
level concerne¿(tfris increases by 1 for each additional leveL
The vqriables IIKTJ' FOBS' \'JEIGHT and SINT are stored on disk
for j-nput into eGenlese u Larsonts least squ.ares program" Ït
should be noted th¿¿t because Fobs * {Iob"n it gives only
the magnitude of Fob" and nb-t the phase angleu anC hence,

it shoul-d. more correctl-y be expressed, as I Fo¡s \.
t) uQenlesu (General least Squares)- Stïucture Factor
Calculations alnll,Bellinement of Parameters bv least Squares'

The maj-n input for this program consists of the reflec-
tion indicesu sinOn and Fobs for each of the reflectionse
together v¡ith a set of atomic par¡fletersu anisotropic or
isotropic temperature factors for
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eaeh aton, ancì atoälic sca'riering cu:rves for each atorn type¡ in an

aszumed. siructure. A more detaÍfed descrirtíon of the innut is given

in irnno¡¡Äiv TTT
¿4 ¡!I4

)u-rinp: one l-east squares c.-I¡cler both the nagnitrrcie ancL the phase

arrsle of l;he si:rrrctU.re faCtOrSy I F _, e A;¡e Ca1gu]a.red for the aSSprileCuvr r) t 
celc

stvucture from the given Ðarameters and. scattering curves" rf the

structr-i.:re is cen-boErnmetric as i s viod.ginite, ,,,he pha,se an;,Ies l.¡ill- be

ei'i;her 0 or n radiansr ancì the Fcalcrs wiLl be either +ve oï -ve

respectívelyg hencer the I ir^^. ^. For each ref',iection AF - F,,--:1,.earc -obs -calc
is then calculated. It is usual to d.esipr-trtu Fob" urû F"nl-" as lro and

F" renecti-vely. The value of Rc a. measure of horu¡ close the assumed

strr-:.ctu.re is to ì;he actua,l si;mcture is bhen cal-criLated" In the foi¡.n

used. he::ec

:¡ .,/^ rr\It = èlA_.|r'J over al 1 refleciions consj_der.ed"

o

BJ' ''erforrning a l-east squares analys:isr rninimizin. the function

rr.r.., \\r^\ - \F^\\ 
2 u,h"',u ,,. = I ¡rro c,

ovFobs

smal-l- adjustmen'r,s are made io the or'i.ginal- naraneters so i;hat a better

a¡Sreement between ihe ca'lcu-lated erno, observed. structru.re factor:sr i,e"
the srnall-est value of the raÍnimizing func'Lionr can be obtained.,These

nei,r parame iers are then :ied ini;o -bl:e ne:it c.-i,c1o ithen ,¿hr: l¡hol_e Ðuocess

nan ha ¡o¡a¡ f arl¡utrvsvvv_ê

"he nrog:r:an can be nade to'erfc,rn as nlan-1- cycles as is coriveitient"

This is usually limited by com¡uter i;ime avail-abLe for each run" It
t*as Í'ound in this case that J cyctes )rai: a coirvenieni: rur¡iþs¡,

rn iheory¡ ?rltr if -the assumeil str-r:-ctu::e is essentially col:ecte



each successive cycle should give a better (lower) value for
Re and the refinement ean be continued in this way untÍl an

acceptable lov¡ R value ís obtained. Howeveru if the assumed

structure is incorrectu unreasonably high R values will-
result, and the stru-cture v¡i}l not refine, In general, a

mineral structure vrj-lI likely not start to refine unless the
initial R is less th¿¿n perhaps O,1O"

îhe best value of R obtainable is determined by the
accuracy of the d.,?ta" Síngle:crystal diffra,ctometer d.ata.

can be expected to refine to an R of ,., 0"r0-0"05, whereas
photgraphic data cannot generally be expected to produce

an R. value better than 0" 08-0.10 in a J-d,imensional refin-
ement.

fhe rGenì-esu program will print outu if it is desj-redu

the following for each reflectionc HKl, Fou F" and AF.

As sn saample of the output, and as an important part of the
results u the fin¡:l l-east squares output for all refl-ections
is shown in Tables VI and VÏa below. In the programming

sequenceu the output from the program can also be stored on

disk for input into the next programe 'Fourj-er!.
4) !F t^ ntion of and AF Fourier Synthe

This program can be used, to perform an Fo Fourier
synthesisu aAF Fourier synthesip or a Patterson synthesis"
In this structure analysis 1t was used only for Fo and ÀF

syntheses"
F- Synthesis.-(r-:For the Fo synthesis the program will compute the
electron density, ?o, at a series of specified pointsu Xu T,
Ze 1n the unit cel-lu where

p (x, y,z) = 1 åÐÐ F (rrukuf ¡u-i2a(hx+lcY+Lz)lo' * nKl- o'
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/'ôu -)öõì
t/

248 +zBL

4 2-4
125 /
4)/1

I

\21 /
122
12t
520
¡,2-1
7 2^2
7.\tr
zoÀ

-T

{,2-¡'
^^//a

22A -rô^//ì
222
2 2-2
2 2-1
2 )-ti T

2 2*q¿

00c

2t1
2 r 0
2 T-I
2I-2
2 1-1
2 1-5
11*2
5 r*3
\21
\22
^21F'2ô

\,'@/

q 2^4/
42 4
,42;i
1!J

Àr\ô+.4
Art
tL

4 2-r
,1 aî

4 2*1

A-1 9T¿
11 1lT

410
i1 1:1T

4 r-2
/aa

T¿T

4 r-4
¡'ì q

3't2
ltl

ât/l
/lT

311 /
:1ô

Z'1ô
'l | -l
1 | -a
11-Á T

31-5
^r/tî t
2t4
^a/tl /
2l.2



12
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ln uhich V is Lhe vol_ume of the u-nii cell_"

Fo(h,kr l) ls the obse::r¡ecì stmcture factor for tne (hrk,1)
¡eíl-eci;ion ¿3iven i;he phase (+ o:c *) in ihe centrosymrnetrie case l_ike

voa.Sinite of the coïresÐonding calcul-ateci structure factor obtained. from

the assu:'ned structure used- in the least squares analysis. The iniiut
to the ilrograJû consists of ihe o¿tput tare froa lGenLesr to"c;ether r,;iih

the necessary g:rid spec-rlficai;ions on cercls" For ful-l-er details see

;ippendix _LII 
"

'rlhe resu.l-ts anpear in the output as a series of tl¡o_d.inensional

grid sections" It is possibLe to have either,{s y- sec,uions ¡r:ini;ecl

out in stel:s along the z-axis; xrZ* sections along the y-axis or yrZ-

sectjons along the li-axiss a.nd it is al_so possibLe to designate v¡hjch

axis is to be horizonl.aL and L'hich verticaL in the printout of the

sections' It is also ¡ossÍble to specify the interval.s desired. betr,¡een

the grid points along arl. j a:res independentlyr ancl so to specify the

maximum and. nininm¡l fimits along the ;(ryrZ d:.-rections" For exa¡nples

of the prÍnted, output see the next Chapter"

'i'he Fo l:laps v¡illr of ccurse¡ shor,¡ r,eaks i.¡here atons -*¡ere assu¡rled

to be l-ocated in the assumed structure¡ but ii r,¡ill aLso tend to show

peaks r+here there are atoms in the: ¡ea_ì- sì;mcture not postul_ated. for
the asqrmed s'r;rr-rcture. Jrhusr the need. to maÌre some sright change in an

asmrned' a'Lo¡aic position nalr be indicateri by ihe electron censiþ- peak

being'offset frorn the assunecj posil;j-on" ff'the needed change in position
of one aLom is quite larger a neì./ peak ma¡r appear on the naï, l¡hÍeh does

noi, cor::espond to arry atom in the a.ssumed. strr-cture,

l'trhi]e ihis is a fairly good noethod of d.e.üermining the positions
of the heavier metar atoms in a stnrcture (tantatun and manganese in
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the case of uoriginite)r the -oeaks r,'hich corresÐonct to the ligirter

o\T¡gen atoms become overshad-or,red by the ¡letal- atom peaks and. are thus

virtually invisible"

In ord,er to disting¡-r.ish the o>q¡gen rositions more clearlyr the

more sensitive ciifference map rnust be used."

A ]l _-Qyq"!þss+s

The program r¡orks in exactfy the saf,le i./ay for the [F synthesis

as for the Io synthesis exce¡t that insteacl of the terms in the Fourier

series being For the¡' ¿3s Io-F"e ând hencer the result Ís a rnap not

of the observecl eLectron d-ensities at a ¡roint x:y¡ zt bui of f o-f"r
the difference betl'reen the obserr¡ed ancÌ calcuLated el-ectron densities

at a point jis Ys Z"

lhusv ivhere there is ageement betr,¡een ihe aci;ual structure lF )\* o,
a.nd the assu;red strr-:,cture (in") ttt" tlifference map v¡ilL icl.eally be flatg
uhere there is an atom i.n the acirral strl¡-cture r,¡hÍch was not assumed

to be in the assumed stmctr-rrer there ruilt be a positive ¡eakg and

rvhere there is an atom i-n the assumed- structrrre l^¡hich is not in the

acf,ual strr:.c'üure¡ there nill be a negati-ve pealc,

Thereforer once the heavy atcm Þositions have been found_ by an

Ï-o srnthesisr the difference synthesis provides a valuabl-e i"ray of

d-etermining the -cosj.tions of the lighter atoms"
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It vras explained in Chapter I that only ihe snall sr-¿b-cell- of

t'rodginite r,¡as used for this strrrcture analSrsjs due to the ryea,j.-ness of

refLections na¡kj-ng the l-arger true eell-, In Chapter fI it ivas shor.'m

that the sr.rb*celI has the dirnensi ons

g= 4"758 år b = 5"725 ".\,, ç_= 5"112 À, p = 9loo8l

and in Chapter I it r'¡as shorar thai; the sub-cell- has the content

z = Ixi(¡må]zz ,.å1r> u"å1u, ,ttå!i> o*å?o+ t"T?gu)o;'l

which is one c¡uarter the content of the lalge cel"l-. ll he srace grou-p of

this srnal-l ce]l v¡as founcl (Chanterl) to t u Y/S (centros¡rmmetric) or

!q (non-centros¡rnmetric), Because the starting stru-cture columbire-

tanta]Íte is centrosymmetricy the structure of wociginii;e r+as assuned

to be a.l-so centros5rmmetric anc-i hencer to have srjace group U/S",Ihe
assumption provecl su-bsequcn\\¡ to be correct"

It r¡as shol¡n earlier that there is strong evÍd-ence that wod.s,inite

al-nost certainly has essentially the sa¡le structrrre as tantal-j-te-

columbiie" îhus¡ the obvious star-Ling structure fo:c Iiodginite shoul-d

be one cle::ived fron.r the st:rrcture of coLunbite b;.r sturclivant (l%a)"

Since colu¡rbite-tantalite is an isostmctural series ancÌ since r¿ocìsin-ite

is Ta-rich as is ta.ntaLite¡ sh¡.rdivant¡s stn-¡.ci,r:.re is fron here on

referred to as the st-c.ucture of tantalite in this thesis"

Table fr shor,¡s that the u"n-it celL of tantafi'¿e contains i\436oz4

i^¡l:ere A = yfus Fe¡ Snr Ti¡ etc" and B = Ta and. jrfi:. ff'one c1oes nor

äifferentiate the À and B type atomsr then the cel-l- ccntent of tantal-ite

coul_d alterna'bively be t¡ri-i;ten as (ArB)..0., (irhich is a nore useful- .L¿ ¿4



forn for cor,rÐarison r.¡jth rrodgiiriter:, Tabl. II also shor,¡s tha-L the

content for the sub-cell_ of r+od_ginite (used for the anal¡rsjs) is
ÁoB.r0o, or again not differentiatin.c" Íhe -' anrì B atonsr (.irl).,0_ l¡hich¿ '¿ 8 -r4"9
is ihe preferable forn of r'¡riting the content of r-rodginite because er

the start ii! r.,¡as not tr-;nor,m whether ihere lras en,.,¡ oroering; or d.iffer-

entiating of the netal atoms into the tr,¡o stn:.ctural siies" ?llusr there

are one thii:d the nu¡nber of atons in the r+odginite cell thab there are

in the tanialite cell-¡ ancl consequently it is l-Lecessarv to choose one

third. oÎ the tarrtalite structure to reÞresent the possible r,rooginite

structure"

Table rr also shoi¿s that the reason the r,;odginite celf has one

third the volume of the iantafite ce]l is because a . Àr t/l;a,.*.1'Ioo-g '-;tent
t+hereas ì;he Þ afid g dj¡lensions aïe approximately the salteø Thus: i;he

starting s'r;racture for lrocginite had to be one with the same þ and g

periodsr but one third the q ¡eriod¡ of tantalite" Fig, la a projec.bion

of the tantafite strueture alon6; the ¿-axisr shows the stru_cture

extenCted along; xr aflcl it is one thircÌ of i;his a: repeat of i;he tantal-i-be

st¡ucüËe Lha'b had. to be chosen for the i.rocginite stmcture. It ca¡ also

be seen froln ilig. fa that the tantafite strrrcture has a Ðseudo reoeat

period of a/3 and'Lhis 'bies the r.roclginite st::¿cture even cl-oser to it"
The following are the noss:'-ble equival-ent positions in ihe space

grcrup ¡2/g (number li in the Jnte::nai,,ionaI Tabl-es for X-ray crysi;atl-
- -\o;Taþnyr Vol, I /B
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Exa¡nina,t_j.on of i,he struc-Lrrre oí tantaliì;e in Fig" Ia.s shoi,¡s ihai

there are 2-fcld axes païal-]el- io ¿ through the i'rn positionr th€,t isr
through every thirC netal a'i;on sÍte Ðarral-Lel- io ë" Ho,.,¡er¡err the fig. also

shows thai; through the other metal- ai;on s;i [:es ('ta)¡ 'there are Ðseu(ro-

2-fOld a.-<ese Tn a strUgiure SUCh â.s r,¡nrì.c.inife tþ¿l ÍS r¡ery C_l.ose ro

that of tantalite and havináj space ¿-, out s.rrnnetrl,¡ Ez/s, tl:ere r+ouLcl

have to be 2-folo axes parallel to ¿'bhrou,g;h eveïy metal_ site (rrig"rb)"

Thusr l+hen choosÍn€; a possibl-e l+od6¡iirite -"'b:ructure i'b rs necess¿ì.r\.r to

choose an origin (for r,rod-ginite) e.i either poini A or r,oj_nt B in l?iå." la,
Ei"bher origin þLaces al-l- ihe metal atom-q of r+odginite on 2-iold a)ies,

ancL hencer in the tr^¡o 2-fold equivarent sites (e) o, y, t/4 ana (t)
I/2, yt L/4,

This division of the metal- ato¡rs into 2-fold sites rnakes it
crystall-ogranhicai-1¡r possible io have segregation olr ord.ering of the

netal-s into two si-bes" l-his crlrstallograph:_c possibilty is itself noi

evidence that the stn-:.cture r.¡ill be ordered. rvith respect to ¡letal- atoms,

HoL'everc the cÌremical- analysis of thli.s r,rodginite (described. earlier)
shows that it contajnsru 2 Ta atoms per ce}l â,nc1 rv 2 of e;1;1 the othe.r
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me'üals per cellr anC so the ch.enistry zuggests tha-ì, tite 'i.a aions may

be ordered into one site and. all the other neial- a-i;oms ínto the other"

0n the other hancìs all four meta-ì :.J.nms ma¡ru .lcspite the chemistryr be

cì.isordered arnongst the tr.¡o 2-fol-d sites¡ and in fact thÍs d-isiribution

of the ¡letal- a.torns r'¡as assurred. for the starting structurer i,focîeL f¡

so as not to bias the metal aton äistribution into i;he tl,¡o sites,

The:'-'e alpeared to be no pariicular reasoir to choose one ori¡iin jn

preference to the other¡ and so origin B r,.ias albitrarily chosen. The

two metal sites r,¡ere designated \ and þr aird ì;he two 4*fold- general

olrygen sites r,¡ere designa.ted 0, and 0, " From al-L these consid.eraì;ions

and fron the paraneters given b¡r sturdivant (t930) for Lris aì:ornsr

the fol-lor.iing parameters u'ere assignecr to the atoms in the startíng

structrrree l{od.el -lr of rrod.ginite.

inil 2(d,isordered) metals in f I/Zs yt L/4,,ti-th. y = 0,525"

\ 2(d.isorderecr) metat-s in e 0r yr Lf4 v¡thy = O"B2J"

0t {o>.ygensingxr 5'e zr.rithx=0"2JtJr-O"58g z=0"41 
"

02 {oxlr¿lensingxr yr zr+ithx=O"25r y=0"0ôs z=O"¿i\"

2) Êq_lUlion oÍ_the Sirtcture"

Cnce the starting stnrcture hacL been clecid.ed- üliortr 'che iniensitv

data v¡ere processecl by cornputer Ðrogre¡ts li.recprocr and. rDataps! as

descríbed above. rn the ?oatapsr progïame scale factor:s for the

intensites from the d-ifferent ¡recession levels l.¡e¡re assirmad in ord.er

to put ihe intensi-iies fror¡ al-L level-s on the saune scal-e for innut into

the least squares rrograinp !Genl-esr. These scal-e factors ',,¡ere d-eterminecl

according to initial fifun erÞosure iimer anct r^¡erel-

0kl-1eve1 ScaLe factor = 1"0"

lkl,-Leve] Scale factor = 1"0.
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hO&-l-evel- Scal_e factor = 1.0.

hll-level Scrle íaci,o:: = 0"90.

h2],-l-eve1 Scale facfor = 0"95,

The ou'tput frorn ?nata.¡se r¡as then run as inpìf,t inrGenless usinpl

struetu-re:¡odel T as the asgu¡led structu::e anci assu-ming a disordered

distribution of the metaÌ atoms. l¡tetal atorn d.isorder r+as-baken accou-:r-rt

of by givin5; both the \ and l'2 sj-tes or r raì.onse r effectÍve scattering

factors equal to one half the elect::ons in li'ar-5 plus one hatf tkrose in
the l smixed. atomrr cornposed of i,roportional ra,rts of l..l¡+2, sr*4, Tí+4,

+2 ¿ÃFe'- and Nb'/ according to tire chemical composition (Chapter fr Section

{l))" The scattering va.]ues used for the ermixed. atorat r were cal-cul-ated

as a weighted average of the scatterin¿¡ values listed for j-ts conDonent

atonss the r';e:-ghts being' the ;rropor'tion of the individua.l- atoii:s contrib-
uting; towarcls th¡; t r¡lj_xed- atcler ? 

"

A fei+ ïUnS rrsìrr.c ?flon] aa? ShOt.¡ed. thaL the Sl.fUCtU.le nOCief V¡as

]]e¿l.sonabl-y close to tire real- structure" Solle difficulty uas elrperienced

ref-i.ning the scale factorr k¡ '¡¡here Fo = kF"r but a va.Iue of l.! r,;as

eventual-ly founcl i:o be satisfactory, .r\rrther refine¡nent of the varíous

scale fac'tors is ci.l'-scussecì bel_or.¡,

using this scale factor¡ k = f"9r anct all-ouing the occupancy

factors to ver.ryr the best agreelrent betl¡een Fots ario F"ts yielded. an rÌ.

factor (=100tÀF/)Fo) of ,u 16i ¡ ancr war, given by a rnetal--orcierecl

ajrrangernent of l"iod-el f i+jth the two ila atoms in sit,e Ì,1_, and the tv¡o

I tmj-xed ator¡s?r Ín site %, Fo and Air syniheses v/ere conlutecL using

profi'ra.n ¡l¡ou--liert aitcl s,.:ctions of the resrltìrro' ¡¡apg are reproduced as

Figs, 4 and_ 5"

As can be seen from Fig, {-a,r the electron d.ensity sect_ion at z = 0"25
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confirms the positions oí Ta-) (i.riih 68 elecì;rons) in sj-ie r^, at x = I,/Zs

Y = O"J2J and z = If{, and of the qsmixed. aio¡¡!0 in site i5 at li = Og

T = 0"825 anð, z = L/4" (fhe effective number of el-ectrons of the I smixeC

a"tomr r v¡ill beE from the forrnu-ta given in chapter: rr section (J)r
'Ô 'ô ¿-/t +tI -¡-6.L/z(c.77 i:n=' + o"zj rre=' + 0,61 sn'+ + 0"55 Ti*+ l- o.o4 I,Tb+l)

= I/z {o"77tzj + a.25x24 + o"6tx!o a e"JJx2z -r o"o{x{l)

= r/z(6t.5)

= 3L"Jl electrons.

I'Io other r:eaks of any significance occur an¡¡'rhere else on the ma,p a.ncl

the positions of the neaks on thi-s section aL z = 0"25 sr;gsest that

ihe best ¡ositionaÌ pa.rameiers for the metal- a'boms are not si¡rnifÍcantl.rr

clifferent fron those o:riginafl_y assuraeC,

lJxanination of the ç^ sectìon ãt z = 0"45 (Fig" 4b) shols noro

definÍt'e sip¡r of the oryg'en atoms i,,¡hich h¡ere assulned. to be plesent in
the positions shorrryr near this seciion. Hor+everr exanination of the

Fo-f" sectj-ons aI' z = 0"f0 and z = 0"0! (Figs. Ja and- 5br respeetiveJ-y)r

reveaLs sraal-l- peaks at a¡¡roxirnately x = 0"25t ï = O"l_0 anci z = O"lO and.

also at apÞroximately x = O"1Ot n = 0.60 and z = C"05" This suggests

a change in r¡ositions of the tv¡o oq¡gen atorns to these new l-ocations.

These ner¡ loca'i;ions ares l-:-ke the original olrõ¡gen sitesy in general

positions in the snace gzrouÞø 'lìhus a new mod"ified stmcture ryas

fonnulated.r l"'lodel- fïr l'¡ith the neta'l aioms in the sa*rne lositÍons as in
llodel I hrt noi,¡ Ta-orclered,g a¡rd r¡ith the ox¡rgens in the new sites, 'l,he

para,rneters used for l'fodel II r"¡ere as follov¡så

Iti 2 tantafuns in f lf2t yr t/4 witn y = O,rZ5

fh 2 rîmixed atomse¡ j-n e O, J¡, If Q wíth y = 0"825

0t 4 or,ygens ingxr yr zr¡ithlt=0,10, y =0"60r z=0"05
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OZ {orr.rgensingxr;rr z,with x=O"25,.".r= O,LC, Z=O.lO
i'lhen this structu::e !.fas put thrcurh the'ì ea.st squares prog:.a.ar an R

factor of ru 127é was obtained."

ït has þssn hrjartr¡ -naroâ earlier in this seciion that ref-ining

of the scafe factorv lcs had caused. sone difficultSr; in adclitj-on to grlsr

the overal-l scale factorsr k. r used fo¡ scaling each reciÞ::ocal leve1 in
rDatapst ano cÌerivecl fron exnosure iirnesr r.Iêrê only approximations,

[hereforeg in orCer to refine tJre sca].e fe,etors l_evel_ b], level_y a ne]J

val-ue¡ Ii. s \das cal-culated for each reciprocal- level fz'o¡r the val_ues

of l¡o and F" r.,hich had given i,hr, bes'¿ varue for R (ur2j,), uhere

K. = l'F over a]l reflections on the ith recir:rocar- leve¿"I *_q

xF"

-t hu*qr a nelJ scale factor¡ k. r¡ l¡âs obtained for: each ]eve1 for re-input

into ¡Datansr r v¡here kro = kilii"

'Ihe ner',¡ set of scale factors lreïes-

01c3,-1eve1 ScaLe factor k¡ = L"OBB6

Ik3,-level Scale factor kt = 0"93J4

h03,-1eve1 Scal_e factor kt = O"9TZ5

h}l,-level Scale factor kt = O"TI\2

h2L,-1eve1 Scale faetor kt = 0.9279

These scale factors l.¡ere fed into rDatapse and. al_l the data re-
Ðrocessed; ancl finally structurer l.{odel If¡ was refineci using'ihe lea.st

sqqates Ðrogramo This proced.ure rezul_ted in a final R faci,or or Lo"Jc¡i,t

a'nd since there lrere no alrreeiable changes in ej,ther the positionals
tenperature or scale faciors in the la-qt tu,o or ,i;hree cycles of l_east

squar?s refinement¡ the stmcture r".'as regarded as being refined_ to the
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linits oí Lire in¡ensii,v crata used. The final posj-tional- and an:'-soiroÐic

ter¡perature factors are girren in llabLe \|if. I¡inal fl^ ancr F^:?^I O rO le

sections are shotm in Fígs" 6a, b and c end la ancl b.

'l1he final structure is il-l-ustraied- in Fig" B" If rlig, B is

compared- r¡ii;h the irrojection of -bhe ta.nial--ite structure in lii'i" ]a and

that of i'liod.el T of uodginite in I'iE" 1br it can be seen that apart from

the o:ry-geirsr the final structure is reasonâbl1' s1.=e to the woeginite

s-:ructu-re 'i;hat woul-d a,rise if one chose origrn A in Fig. 1.a. ilhe

oaTrgen atoms in the final structure aplrear to be in quite different

positions rel¿f,jys to the ¡netaL aions than are a¡y oxygens in the

tantal-ite stracture in llig, l-a,

The 'bonC lengths are g-iven in Table -trIIïE anct ihe interbond- anp'l es

j-n Tabl-e fX" llhe metal-orq¡gen bonci lengths are al-so shoir'n in !'ig" B

!¡hj-ch shov¡s thai bobh the Ta a'¿on and. the ! rnixecl a'i;om0 t (site Ib) ur"

pseucì.o-octaheclrally coordinated. by oxygen atomsu
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SÜ]'FIAR.Y ÀI'ID COIVCIUST ONS

1) _QàsILa:Ite_

The lrociginite investigated in this stu-d-y r¡as obtained from the

Chemalloy (ranco) pegmatite at Sernie lakes }fanit6þ¿, The sub-cell v¡ith

cell- dir'rensions &t = 4"758 l\, !t = 5. T26 i, gu = 5"f12 Â and. space group

H/^o-t r+as used for the structure analysÍs, lfhis sub-celr has one

quarter the volurrle of the real cell and. has one quarter the cell content

of the real cellg i{hich has cell dímensions g = 9"516.Â., Þ = L1.452 i\z

g = 5.1u Â and space group tr/sg its cerl volume is 557 "r1, The cer.r.

content of the real_ cel_L is
z = rtl-(lini2^^ pufl - sr,14 - ,ti+4 ;in-r5 no*5 \r,41- '"'---t.09 - -0"99 -'-c"45 --.1"40 '""6"18 '*7"9¡/"52t

ïntensiþ data r¡ere colLected. using an integrating Þrecession

canera and a densitometer. The set of computer ?rogïansr r,¡lr*i.ch are

described in the textc were used. together v¡ith an T"B"M j6O/65 computer

to ca.rry out the s;t::uctu.re analysis on 1!O reflections"

The starting stn:cture l¡as based on that of columbite-tantalite

described by sturdivant (t930)" From crystallographic and chemical

cons:Lderations it was decicled- that one third of the tantalite cel-l_

should be taken as the first assumed- st::rrcture for l+odginite. There

r,ras achoice of tl,¡o possible originsr either A or B in Fig" la, Olj_gin

3 r¡as arbitrarÍly chosen"

The structure v¡as analysed bJ' least sg.uaïes and Fourier analyses

and ultinately refined to g'ive a final R factor or ro"5?í"

The finai structure proved to be related fairly crosely to the

tantalÍte stnrcture as far as the netal atoms r^¡ere conce¡ned.s but the

Þositions of tl:e o]'T¡gen ator¡s in i;he final structu-re of r+odginite bear
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no cl-ear rel¿f,i-snship to the positions of those in the ta;rtalite
structure"

For the final structu-re¡ the Ðarametersr bond leng,uhs and inter_
bond angles a,ïe given in Tab1es tIJf e VIII c and ]li respectivelyr aJ1d

the final str:ucture is shom in irig. gu

¿ ) .çq4å1gq.ignår"

lJ The structure of vrotig;inite is close to that oí tantaL:Lte (sturoiva,nte
l93O) apart fron the orygen positions,

2 ) rn the sub*cell used¡ ar-l the Ta atoms are ordered into one metal_

site (l't)r ano alr- the othe:: netal- atons (Ikrr sns Tis r?er l,ib) into
the other (q ) =it".
3) aacn of the tlqo netal sites are pseuclo-octahedrally coo::dinatecl by
orrygens ruith i'!(ta)-o from l.go8 to 2"r2g -[ a¿ra $-o fron r")l8 to

3*2'2oj i\" o-o cr-istances arouno \(ta) varxr from 2"552 to 2,924 "a, and

around l{, from 2"79j Io 2ug66 "A.

t) I,ecconmendations

lJ Thai; the stnrcture of vrodgini'be be refined on the true ceLL to l_ook
particularly for possible ordering of the atoms in ,r;he r,þ site. å
study of this nature is at present being undertaken by Grice at the
UnÍversity of i'Ia¡ritoba.

z) rnat arr interp::etation of the rei'ineci structure on the tr.ue cerr_

be consid-cred in terms of er-ect¡ostatic charge cÌist::ibu¡ions*
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D i¡lRf \rirrilf 0i! 0i¡ ;,BS ORijllÏOl'T C OP.RIJC'II Ol,is

rf tire inte: sity or' the X-ray bea.n inciuent unon the c::ystal is

"r;iven 
b¡r Ior aircl I is its intensi'uy aftcr traversing a thickness t of

the cqrstalE then
.,¿

l=le's
o

vhere ¡-r is the linear absorption coefficjent for the s:bstance in

questfon.

The linear absorption coefficient ¡r i s ca.l-cul-ated. from the rel-aÌ;ion

p = c(p/ç )o

r+here G is the density of the crystalr and ¡-t/ç is the mass absorption

coefficient of the crystal" For vrodginiteE the caLculated density is
I | ^.7"Bl gn/cc" (Cha.pter Ir Section (e)), and the mass absorption coefficíent

is given þ
../. /_- | l^\ | / \ | / \ / ., \ fp/t = (1r,"(u/l)r,a -n l¡"(u/1)¡" * lsrr(u/ç)s' o nrr(u/ç) + lor(u/()r^

.t/\tt\\+ plrbtp/î /Nn + potp/î Jod.

r¡here q,¡" i= the frac'uion by r.reight of the manganese in ruoCginiter etc.¡

and- (p/p )n,- í* the mass absoqotion coeffient of manga.nesey which is-.'\ ,j.¡1t

given in rnterrtational Tables for )(-ray crystallographyr vor" J" The

caLcurations for r'rodgin-ite are 6iven in Table Af.L below and- for
further explanai;ion of absorption effects see hrerger l196O, pp" 204)"

Absorption correctioirs are ¡nost easi 1]' cal_culatecl r,¡hen the ci¡¡stal

is in the forrn of a spheres ruhich rEas the case for r*odginite. The

corrections lrere mad-e in the 0Datapsî prograao The value pR given j_n

the input of this program¡ is just the linear absorntion coeíficient

for ',¡ocl.tiniie multinlied by the racrj-us R oí the s_nherical crys:ta} r,¡hich
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1./as u,sedø

p r'/as found to be 493.56 "r-1 u.* cÌeduced in :fabLe :\f,l bel-o,,'r. The

diameter of the cïJ¡stal l.ras neasureC l*ith a travel-Li-n¡¡ microscope and

found to be 0"286: O.OO2 mm, Thusp R = O"I4J nm" = O.Of4J crn"

llhereforer ¡rR = O"OI43 49J"16

= 7 '055"
:ll¡sorntion corrections for this value of ¡rR for a s¡herical- crysial r+ere

obtained from the Tnternational Tabres for ä*ray crystallograpLryr vof* 2 r

Tage299 ¡ for various vaLues of sinO"
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MAPT.II AT'I¿4!/4{4 ä¿ o r_

C_.{LCULÅTIO_Ir O}' LIÌ;ÐÄR ABSORPIIOÌ; COEFFICIII',IT

FOR 'v{ODGfNITE

Af-a-n

IVIJI

Fe

utl

fni
If,

Ta

¿tu

\.,

Ai-aglg*Jeishl lot¿r.I -¡teieht of
atom in species"

54"93 O"9e 54.93 = 52.73
55"85 o" 09 55"85 = 5,O7

118.70 O.59 118.70 = 70"0J
47.9O O"2?_ 47 "gO = 10. J0

180.88 Z"LI 180"88 =3BI"5O
92"9L 0"02 92"9I = 2"I4
16" 00 8.00 16" oo =12,9-:_g,g

649 "53

Fraction of Total
-Height *p.-
8" 118 o/o

o"7t 4

10" 781

f" 586

58,701
o"33o

L9-7oe
99 "996

-ì' -)gm ru
!0 Ît

It 9t

tÎ tt

tf 1?

¡t 8t

.1 | 0 |

-t *)gn*10-

For Ivlo k- radiation

-

Atoq (rr/e )

frrn J4.7
Fe
Sn

Il-

Ta

?Rq

)J-o -L

¿+" ¿

Oq /1

'117 ìIfoI

-1gn * 2BL.7O
t î 29"8a

' ' 135"29
r | 38,38
' ? 5600" 0g
8 B 5"64
6 ' 25.92

61t6"7r
Therefore u

Þ = 7"81x 6J"l-? cm-I
V = 49j"36 "*-1N"B" the atomic proportions of the elements used here (0"96,

0.09, etc, ) differ somerøhat from those given in the formula
on p" 5 because i-nitia].ly, nrhen the absorption coefficients
lrlere calcul-ated, one analysis of Grice's (fgZO) tor this
specinen r¡as usedu whereas l-ater in the study another analysis
of his !/as regarded. as preferable, the second anal"ysis is
the one given in Table f and used throughout the thesis
except in Table AI" l-,
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A}PEì\|DIX TT

EL _IEE IBICESSI Oj'r yrxTHCÐ

I'leasurernents of the separations between the prineipal
vssiprocal- lattice planesu xiu i = lu 2u iu as represented
on the precession photographs (1"e. the true separation mul_t_
iplied by a magnification factor, F, the crystal-to-fil_m
distance) røere made in the usuar way (Buerger, Lg64) such
that,

a.¡ -r*/-^^\ - .+/.XI = d" (I00) F, X?_ = d*(oto) F, x3 = ¿*(Oof) ¡,.
After developi-ngu x-ray fir-¡rs h¡v€ à tendency to shrrnk to
a different extent in the tlvo directions paraÌlel to the
edges of the film. This crearly will effect the val_ues of
ili obtained from the photographs" To compensate for this
effect, the d.ista"nce between the tv¡o fiducial spots on the
film cassette, su Tdas measured., Before developi_ng but after
ex'posure of a film, the cassette was opened in a dark roome
the filn turned through 90o and replaced, in the eassette"
'rhe closed cassette r¿as exposed to light and the film dev-
eloped in the usual- 'wayo Thus the fiduciar spots were re-
corded on the film in both the horizontar and. vertical
directions" These two distancesu s*n and srvo were measured,
on the developed firm. The apnropriate ratio of s/s* r+hen
multiplied by xia then gives the value r¡hich x. v¿ouïd. have
taken if there had been no shrinkage"

The real lattice period, Ai, can then be expï'essed as
Ai = À,FSm,/XiS u where À is the r+avelength of the

radiation used"
The camera wa.s caribra.ted usi-ng a quartz crystal and

measuring the x separations on the photograph corresponding
to the reciprocal
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.¡erj-od d [111]I (rhornbohedral- axes). 'lhusr :toe the di¡ect sÞaci¡g ,,,¡hich

corresÐonds to d (111) 
".t be exþressed as

:i = ÀIS /X S"o t:10, o
Comb:-ning the tv¡o expressions for /i. ancj Aoe tre heve

ri.=XSA/XS fllf o m o. iito \-/
Thus À has been eliminatecl f::om the cal-cu-fa'Lions ¿:nri the finaL

valu-e of A. carculated from ec¿uation (r) is correcteo for f:'_lm sirrj¡lç¿,gç"
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arlEN!_IX rrr
II::::::::::::::::IPULFOgy,aTS-Ð01ì00i1pJ1ER?RO(Ì84Ì$S

1) : Precr_oe I
As an example of the input forma.t for this programe the

data for the h03¡ level- of wodgínite are given here with
expla.na-tions of the meaning of the input variabl_es.

cc Card 1 (Title card)
1-80 iv'OÐGIiilllE

Õex.d 2 (Systen card)
l"-80 iqONoclriiirc H pOsrrrvE (crystal system of wodgínite-

a]l reflection indiees nust be entered, with their
h indices positive" )

Card ã (Absenees card.)
1-80 HOL,, I = 2N (Slmple statement of systematie absenees

for the spac@ group of the crystal. )

Card 4 (Contro1 card)
L-1 bb4 (u¡rr,u - Number of fil-ns in this level r,ihích

are to be processed.. )

4-6 bbO(¡m.¿t - this is equal to zero if the intensity
ratios fron filn to filn are to be computed? it is
equal to non-zero if these ratios are already known
and can be entered as input data on ca_rd, 7)

7*9 bbz (Miirr - Ivtultiplicity of reflections which oecur
on this J-evels in generaL the multiplicity of the
hkl, reflections in the monocl-inic system r¡ilt be 4,
but in certai-i.1. ca*,es this red.uces to Z because
ïrrtn = rñEr =rtrEå = rñkl')
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hbz (rrul--'ci,r;h i;iris variabre set equal to 2t the final
in'rensity value for each reflec-lion listed in the out¡ut and.

ihat r'¡h-ich is lvritten on disk reacly for input in-bo the next
prog'.aJn v¡il-l- bes for say the hkn, refl_ectionsr the averaSe

val-ue of i;l:e hkl, ñËlcñ.irHîf refleetions")

C_e4"å (Heacting card)

HOL (These headings are just na.mes uhich can be appfieo to
EOI each set of symnietry*reì-ated reftectj"ons. )

Çq|q 0- (Intensity parameiers card)

1.0 (Ouiput sca.le factor - final oui,put can be scaled u_Þ or
riolr¡n acco¡oirtq tc flris factor)

600.0 (upper linit of intensi.ty e .'y intensity r+iih a var_ue

greater than this upper rinïit of 6cc vras 6;-iven a. zero l,ieight

and '¿hus excruded from a.qy ra'fio or scar-ing calcula ti.ons. )

lj,0 (fhresholci vaLue- this ir, the rninimun val_ue ar:signs¿ ¡,
an intens-i ty; Ín the case of r.rociginite a,ny val_ue v¡hich nas

entered into the ìrro€lïaJn r.¡ith a var-ue of less then rJ,o r¡as

a,utornatically assigned,che threshold value. )

-Q.aqd -Z (natios ca.rd)

Thj.s card is only reLevant i¡hen T;reclete::mined. ratios aïe used

c¡oss*scaling the fil_msE l¡hich v¡as noj; the ca.se here"

çgjg,L (Reftection card,)

H

K

I

fntensitJ' on f:Lrsi Íil-rn,

1-11

12*22

l_-o

1-/1

E-Ê

9-12

l "- lÈi



19*24 IntensiÌ¡r on ihe seconcr fi}a; etcu

One c¿i.rci B js entered fo¡ each refreóì;ion::ecordecl on ì;his

l- eve l- 
"

gSS-*2 (Sentinei card. )

û0 l- * lùr¡, oí imfo-r¡l¿,_tion.

2 : ller.¡ sei oÍ r: ata .ct¿r.rting *¡ith a i;itfe c¿,rd-.

ilhe progra¡i fr:rst f':-nus one wei¿çhted and sca.ì_eil va.r.ue 1or each

reÍ-Lection flo¡:r 'bhe fou-r se¡arate vaiu-es 'uhat have been ente::ecì, _rrhen

it averages out -i:h: intensities for ea.ch g'ïoup of s;yrnruetry-relatei

reíl_ections.

2i .l!-.a.!ep-.s-¿

A-e an exarnpfe of ihe inlut format for Lhis Þrogramthe cìat¿,,.or the
Okl, level of v,'odginite are given here,

cc

Çesq_L (titre card )

2-BO I/O¡GTI.TITE OT{],

QqrQ _?- (ReciprocaL cet I dimensions)

r*9 o,2roJ (q = r/g(roo) )

10-18 0"1748 (b = r/a(oro))

L9^2T a.r)J6 (c = r/g(oor))

28*36 O"O (cosa = *cosoi for c¿ = ri = 9Oo)

)7-45 O"Ot tz (cosB = -cosl3 for B = gtoO8u )

46*54 0"0 (cosr¡ - -cosy for y = y = 9Oo)

Çayl 1 (Transfo::mation rnatrix fron cel-l- axes to internal-
axes)
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v@t Lt )a

15* 1.0 (the I'irst oí these carcls represents the precession axis¡

25- 0"0 in this case g or [foo])

))- u"u

_Ç_+rg jÞ

1- (The second. oÍ 1;hese cards represents the rotation e,xisr

15- 0.0 in this case z or [oof] )

¿)* u,u

15* t.o

.Çqr'\ 1s

15^ 0'0 (nne tfrird carcl represents the seci-nci reci¡roc¡ì :vi.g

25- 1'0 lyin¡; in the Þfane of the zero-l-evel fil-m¡ in ihis case

i5* 0,0 ¿ r vhich is in the moncl-inic case equival-ent to y or

Ioro] )

CqLcì,_4 (Grid card)

This card is not applícable r'¡hen spherÍca} absorption routine

is being used"

y?!v_-¿

BlaJlk card 
"

Card 7

Blanl< card.

Ç_a"r4 _e- (neflection batch card)

L*5 1 (lnaex nunber of _Level" )

[, -lr ., o1 ^a^ /.,o-l-) o" (IOÒ9 (r'iave1en6;th of ;i-radiation usedy in ihis case ihat for
lfoKcx"

16-45 I'o (overaLl scale factor. The p::ogram ¡,.¡ill- multiply ,lf Ìob"

values b¡¡ this scale factor" )
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, / ê^ /-46-5A 5.0 (fnì;ensii;y ilireshold val-u-e¡ i,en the ninimu:: intensl.i;r

val-ue to be included")

50-55 2J"O (Irecession angle used- r..'hen -r:eco::ding this l-'vel- oÍ

photogranhs" )

r/ /- ^^ /-..1rì-nh ul) I ijr'ininrrr¡ snol o ¡t l¿hi ah q¡l'i ttinr¡ nf snnf q 
^êarììy's 

f^tn/" ",/ 2/v \:rJ¡r¿r:

inte¡''.a.ierì n-'eeessi on r.hol:o,cra.nhs thi s rhenoiîìenon is noi,

observed.. )

/--...lr* t) lI l]'i'I't - lo8i_cat nurnDer or l-nÌ1u], raÐe" /

/ ^-^^/ -'-õu l) (N'IU - j.ogr-cal- numDer or ou-tpuï Iaìre"i

_Çq,"ê _9 (Äbsor-'rtjon correction fo:r a sphere)

a*7 6 457 "J7I "25r"L6g "r2r.gO " 47O"456"7 47 "O5g.Bj4" 410.226 "924J22 "

5208L9"719.C18.7 Q9 val-ues for UETc absorption corrections

for theta from the fnternational- lfable¡ VoL.2 pe.Ee299 ¡ for

ihe value of pR calculated in À¡lendix I"

76-80 7"06 (R - absorption coefficient times the racÌiu-s oi' sphe:re.)

Carcl IC

12| -'ì H

4-þ 1ç

7-g I

10-19 I .' 
^ 

hq

20-29 TTTIGHT

30*39 Scale íactor for observeo intensities"

Card l-0 is only reLevani r+hen the refl-ection cata are bein¡;

reacÌ f:'om cards" ',ihen the reffeci,ion dai;a are being read from

ihe c.isk storage l:roduceC by eÈrecproct¡ es r,ras the case l.¡ith

wod¡3initer all- card 10rs mal¡ be omitted, but the rest of the

batch musi be cut in as usr.tal-,
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',ihen further refL-ec'ì,i6¡ claLa" ate to be fed in fron

lleci'Dirocal l-evel_s parallel i;o 0l<1,¡ i.ê" those precessinA about

the sa,ne axisr on1lr ç¿¡¿" 1, B ancl ! neecr be re':e¿¡ted beÍore

eacÌl successive batch of refl-ection aa-i;a. Hor,¡ever, r,,,hen ciata

from Level-s r,¡hich are not parallel to OkT,r i"e. those not

trecessing aboub the same axis as Okl¡r are-bo be f'ed in¡ all
the cards nust be tre'.reatecl for the fi::st l_evel- nrecessing

arounci this ner¡ axis anci so on for each ner,¡ batch v¿ith a

differen'c precess:'_on axi s.

5) -, Q-"¡-l_qsu

ils ¿zn exam¡le oi the jn¡ut fo¡rna'L íol this ìlrogra,ae the pariial

daia foy one rul,l fo:: r,iorigini'ce a,re E.iven here.

qqfgl (Rtrn iaentifica'cion ce,rd )

I-72 I/OÐGI]'JITE IB\.ST StItm-lls ¡T0. I
CAtd ?=- (Run control card,)

1-4 4 (No. of a'bomic positions to be read. in" )

5-A 0

9-l/ {l

li-ß 1 (Denotes a ri.on-st¿lnd-ard" crata tape to be r:ead in )

17-20 f (Ceff cLirnensions to be read. Ín frorn caro j" )

2!*24 1 (Space grroup to be reacì. in frorn standard. data tape. )

25-28 J (i,fu:lber of c.ifferent t,vpes oi Íorm factor cards to be reac.

ine I for oxygen, 1 for tantalu¡r anC one fo.rr i;he elnixeci aiont r.)
2 9*7¡2 f)
- / t-

1. -./):,-)o u

17-40 ] (i/ei6ht of Fob* caLculatecl f::orn the rela"bionship
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1 /õ

tr = i/(rob* -F o"c2 rob=)"/.

4r*44 c

45*48 O (Use rveighcÍng schene slrecifj-ed in col_ 5T-qA.)

49-52 c (ì.Lt-or,r on-Ly nositive va.lues for U or l3ijs üre temperat-u-re

factors" )

55-55 1

57-6A 1 (,A.ssLrme extinc'cion not r::esent" )

5L-54 o

65*,55 1 (i;otci. const¿rni all cìa-ta scal-e factors" ')

6g-'iz o

7i*76 {o (ûnty clata r¡ith *-tn2g/1,2 r ess tha¡r 4a/rao',¡il-f be iatren

fron ciata -tape" 
)

77*BC -1 (C¡:tput of ctebugSing infornaiion. )

k{S-| (Unit cell and ì{-ray r,¡avelength)

1*1c 4"758 (a a)

1l-20 5"726 (¡ ¿)

2t-30 5"rr2 k ¿)

ir-40 go"o ("o)

4r-5o 91"10 (Fo)

5b6a 90"o (vo)

67-70 o"7ra6g (t a)

Çeqd-4 (sp""u g:roup syr.nbol)

l-Bo v2/.

Çg.r4.5 (lTon-standard ciata tape control)

r-4 1 (BCD data tape)

5-g 0 (IRSK - mrabe:: of initia,l- record.s on i,he tape ,uo be skipped.

over and, ignored. )
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rô ^ / *--,-*.12 0 tJlfXlXKt - iÌris is zero if ,,¡e have a binary t¿-re and hlcE

floating point nurbers" )

Ii*I6 I (JH - serial nu,rber oí h as it ap¡ea.r.s in recorc-" )

LT-2A 2 (JK - serial- nur¡tbe:: oi 1.; as i1; ai:r..rears in reco::cÌ.)

2I-21¡ 1 (m - serial- number of l, as i t a.npears in recoro" )

25-2e O (JSì - program r+ill conipute sin2O/,1,2")

29-i2 O {JPl, - p(2e) absent frorn d,ata")

2- a/ | f ^ \)i*tb 4 IJF * seria]- numbe:: of Fob*. )

5T-40 O (.fnSq - F^r-2 absent fr:ora clata. )obs

4L-44 ^5 (J'l * seria] number of o(F )in record. ì\Ìegative si¿:;r

inuica.tes that o(F) is ì;o be read and not 1/oo . )
- obs

r¡5*4e o (JS]G - o(¡'2 ) absent fron record, )

49-52 O (JIü * all cLaia fron this tape anci no scal-e inclication is
girren in reco::d.s" )

,j-56, 2 (ISÌIE - h for lasi ref,Leciion on this iape" )

57-60 2 (ISTK - k for last reft_ection on this tape. )

6I-64. -5 (lSTt - 3, for last reflection on i;his tape")

65-68 B (IRCi, - total mrmber of items in the record.. )

69^Tz o

75-76 BBo (rroo _ uooo" )

77-BO 15 (fUfU - Fortran reference nunber for the tape" )

gAIÈ*q (Fonaat for non-standarc.L clata tape" )

1-80 (rlFg.ooZF),jrT9"O¡Fl-O,2rF10"6)

çæð-,J (Form factor carcls. Form factors taken frorn tables to

be found in Act, Cr)'st" A24 32I, 1968. )

The fo:m factor card for o)rrygen is showr belowE the tanta-lum and. t smixeC

atomr I card.s foLl_ol¡ the sane for¡ir"
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2-T o,'ivoffr

1o-16 j"z2j6ja

17-2j 18,4ggtoo

24-50 3,0r7r7a

iL*37 6"656799

58-44 r"425529

45-5I o"405Sgo

52-58 a"go525o

59-65 6r"reoee9

66^72 a"42162a

IÏ'8" The fo::m fac-bor usecl for the t rmixed atornr r was i+e:lghtetì aveïa€e

of forrn faetors for i,rrr¡ Fey ,ì,Íy Sn, Nb and- Ta.

LJach f'onn ïactor ca.rd must be folfowed. by a bfa¡rlc card-"

8aåd_9_ (atomic parameters card)

kq-e
1-10 x/a (atonic coordinates. )

11-20 y/U (atonic coordinates. )

2I-10 z/c (t,tov.:'_c coord.inates, )

1r-40 F (Ê isoiropÍc. )

41 ri (serial nu¡nber of aionic form Íactor¡ eng" f for oxygenr

2 lor tantalum and J for the r înixecl_ aiorn, !. )
5O 0 (Isotropic 13 is io be reatt in"i

I (Anisotropic B;, are to be reao in on fol_lor.¡ing card pb,)
5t O (tto refinement of occupaåey parameter, p" )

1 (Refinenlent of occupa¡.cy paran:eter, p" )

5z o (nerine x)
- I* - -1 (Eold x constant. )
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51 O (ner:'-ne y. )

- /-- - _1 (lIoto y constant. )

54 o (iìeitne z. )

1 (Rofa z constant, )

55 o (nerine B" )

I (uota B consta.nt. )

,6*65 p (occulancy païameterr Ðr is equal to o.o for totøl occupa.ncy")

Çeqd_9,!. (Anisotrolj.c temperaLure faciors carcl" )

0n¡: card. ! must be entered for each atom i.e" fo'r in arr.
Cqqc!*U (Refinenent c;u-cle control ce.rd)

,\+) ".lloulLer!

'r'he input forntai given below is that used for an Fo s]rnthesis of
i'rodginite" 1/he:re alterations are necessary for a oifference synthesisr

they are noted,

Carcl I

f5 tO (i,iaxiinur,: h)

20 1O (i'iaximr_n k)

25 1o (tøxirn:m l)

1O j (z-sections r¡ill be produced,)

i5 1 (For ïob= Ior=ier" )

J (for À F Fourier. )

40 -1 (lata ta.ne is reacl fron rGenles! output" )

45 11 (Log'ical mxnber of input ta.pe. )

-p_","**e

I-72 P2/c
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1*80

-C_pf4*1 (Ru-n identiíicai;ion ca:rd )

Ul{O rl-rI- tllsIo¡iiil FOUrìInÌì

Ç_atd _4

5 zo (I,l-umber of

10 20 (I,irunber of

L5 20 (Number of

20 0 (X o::igin)

25 c (y orisin)
ja 0 (Z origin)

i5 1Ì (Iriu-r:rber: oÍ'

40 21 (I;umber of

45 11 (I.lumber oÍ'

4(,-51 12! (volu'me of

cel-l d"ivisrons in ,(-direction)

cefl- clivisions in y-rjirection)

eefL ciivisions in Z-direction)

-^-:-+^ -..^ v-ì¡Jv¿rl u È rrl /L /

' -- \Ðcl_nïs tn y i
. .-\po:Inïs rn ú)

unit celL in r\/)
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