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A]]STR,\CT-

Sodál.ite specinìe¡rs fron BancrofL, oirtario ånd Ice lìiver,

B.C. have been examined mineralogj,c¿1ly, and the crystal. struct-

ure of the Ïce River sodalite has been refíned. Both sodalÍtes

are shor'¡r.r to have a chemic¿ì1 conpositíon close to NagAlUSi.6O2UrC1.2,

The rcfrâctive indíces, densities, and ce11 edges of both minerals

r'¡ere found to be the sânre, Damely 1.488 + 0.001, 2,31 + 0.02

g/cc., and 8.878 -f 0.001 I respecLively. Complete Ínclexecl por.rcl -

er då¡â åre given, The extinction conditions confirmed the

previously derived no¡r-centric space group Pã3n,

The crystal sl-ructure of Ice River, ß.C. sodalj.te lras been

refined b), grr,r.rrrt" Factol. Least SqrraÏes (SFLS) ancl liourier

three-d j.rnensi.onal syntheses. Three-d.imensi-onal. ínÈer1s j ty . datê

r,'âs collected from l,leissenberg photograplrs using € triple film

pacl< and ¡1o X-radiation, The íntensitíes were measured by vÍsual

comparison \rith â standerd lntensr'.ty scåIe, ¿nd sLn¡ctuLe anplit-

udes ¡¡ere derivecl by applying Lhe Lor:erìtz-polar j.zatl'-on, elong-

ation, and scale factors to eaclì reflection. The observed struct-

ur:e factor-s rvere placed on an absolute scale by comparíson r,'íth

calculated s tructure fâctor dâta.

The conputer pr-ogranrs used in the refincnent \./êre tlìose of Dr'.

F.R,Áhmeci, Division of Pure Physics, National Research Councí1,

modified by lhe author Èo tâke account of the non-centric cubic

clraractet of the structure. A comparison j-s made tu'íth the struct-

ural results reccnt:1y pubLished by Löns & Schultz (1967). Us:1ng
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the atonric paratìtcters and isoLropÍc tenpetjature coefficicnts

of L'ðns & Schultz the uni,¡eightecl R-inclex obtained r,¡itb the autho::ts

íntensÍ,ty date \ras 0.196, This hÍgh value is assunrecl t'o be due

to the fâct tlìat the original intensítíes r,rere fairly ínåccurate,

A Fourier and least-squares ref íuerrient is rìsed here r,¡hereas

l,ons & Schultz empl,oyed only the latter.

A,n atternpt to interpret the Sí-41 distrj.butÍon arrd the Na coord-

ínation r'-n tern'ìs of electrostatl'-c charge distributi.on produccd

no sât j.sf actor.l' conclusions.
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ThÍs projecl ç'ås urìdert¿ìi(er¡ for the pur:poscs 1f ¡','¡'r.,i-¿in,

additional. physical ancl cl,enriciL d¿ìta on ti.,'o r¡e11 l(no\rn C.înadi¿n

sodaLi-tes, of ref iniì19 tlre crystal structure of sodalite, ârìd of

attempting to i¡rterpret the ref j.necl structu-r,e t'-tì tcrnìs of electro-

sLatic charge d j.stril¡uti<¡¡r,

The exPeririental \?ork rr'as done in the X-tìay Crysta1Logr.aplry

Laboratory of the Geology Departnent of tlìe Uììívcrsity of ¡ian-

i-toba at the suggestion, and under Lhe directíorr of Professor

R. B. f'erguson, The ruine::a1 sodalíte, Na¿r1.r13Si3012C1 , r,'as chosen

because of ¡'ergusonrs interest i-lì the silj.cates, iD pârtic-

ular the triclínj-c feldspars to r,¡hich cubic sod¿ì1j,te is closel.y

rel.cted, T\,'o of tlìe nìain points oÍ i.nteresL l'.n the f el.clspar. arrd

related alrrr¡inos i l.i.cate stfucLures äre:

(a) the Si-AJ- distì:j.butj.on or I'ord¿::-<1j.$o,.<ierr', and

(b) The coorclineLion of the elkeli or al.lcali-ea::i:lt cåtj-on,

FerS.rsorr (FeIg,'-rsorr, Traillrc! T¿¡y1or, 1958; îcrguson, 1960)

concluded through an ioni.c interpretâtion of the structure of

the feLdspar â1bi.re ¡taA1Si30g, rhar:

(a) Ior,' albite ís not fulLy o-rdereci, but only largely or:cl..

ercd r¿ith 1'cspect- lo Si and Â1, anrì

(b) The I'l¿ etorn is 6 coo::clinatecl,

These ccrrchrsions seern to be strongly confirmed by recent

resulLs of GaiL d. Fergtrson (1-96B). Fergr-rson fclt thac â refine-

ment of the related fe1<ìspathoid rnínera1 soclalitc nìiglìt pro.luce
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results l¡hich could be interprêted in a similar manner.

The determination of a completely unkno¡¿n structure involves

solving the sÈructure with no previous knowledge of the atomic

posltlons. For a 6ttuctuTe refinement, approximate atomic posi_

tions from prevíous work are avaí1able, and the refÍnement in_

volves locating the atoms more accurately in the cell unft.

Therefore, a structure refinement fs generally less dÍfficulÈ
and less tlme-consuning than a structuïe determinatíon, We con_

cluded that this rnight lêave tfme for charge consideratlons

and cal cul at ions.

The origlnal soluÈíon of the sodalite structure was that of

Pauling (1930), in lrhtch he stated that Na was 4 coordinaled,

Horùever, 1n vletq of the ínÈerpretatlon of the albite structuïe

by Ferguson and Gait & Ferguson, Ín whÍch Na was found to be 6

coordinated, this seemed to be an abnormally small coordinatlon

for Na. It was !¡ÍÈh the ldea of re-exaroíning thfs 4 coordination

of Na, and of looking more closely at the Si-Al dístríbutíon

thal the refinement of this mineral was undertaken. At the begin-

ning of this project, a search of Ëhe literature to Septenùer

1967 reveaLed that no refinement had been published, and so work

rias begun on the sËructure at that time. However, in late Oct-

ober 1967 when thÍs work was nlcely begun, a refinement of sod-

aLite wås publfshed by L'dns & Schulrz (1967),

At this time a decísion was roade to proceed with the refine-

nent because I
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(a) L'rins & schultz had conpleted thelr structure reffnement

uslng the least squares method onlyi they had noÈ done a Fourler

analys is.

(b) They had again lnterpreted tlìe Na as having a coordlnatlon

of. 4.

Thê computer programs used fn the present reflnemen! were

lrrttten by Dr. F.R. Ahmed an<l his staff of the DlvÍsfon of Pure

Physics, Natlonal Research Councll, 0ttawa and klndly provÍded

by him. Considerable dlfftculty \{as experlenced ln applying

the programs to sodalÍte, prímarlly because they ltere \eritten

for lorv-symmetry crystal systems \.¡lìereas the Eodallte struccure

fs cublc. Thls factor, combíned wlth the fact thât sodalíte is

non-centrLc, created certain dlfflculties r.¡hlch could be sur-

nounted only by the author L'rltlng several subroutines that en-

abled the progrâms to cope $¡ith a non-centrÍc cubic structurê.

The computatlons rrere done on the f.B.M. 360/65 computer at

Ëhe InstlÈute for Cornputer Studies of the Unlversity of ¡fanftoba.
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CHAPTER II. LITM,ATURE SURVEY

Sodallte, named 1n allusfon to lts sodium content, was flrst

described by Thonson (1810) tn a paper enÈ1tled rrChemical

Analysls of Sodalfte, a New Mlneral from Greenland',. The fLrst

mlneraloglcal paper on sodaLíte from the Bancroft, ontarlo

region was by Walker & parsons (1925), who descrÍbed, not blue

sodalite, but an evanescenÈ pink form later to be called hack-

mânLÈe. The presence of plnk sodallte (hacknanite) ln the Ice

Rlver, B.C. regfon r,ras flrst nentloned by }llser & Glass (1941)

who acknor,,¡I- edged the source as a personal corn¡nunicatfon from

A.L. Parsons.

The only chemlcâl analysls of a Canadlan sodallte 1s that

of a hack¡nanite from Bancroft, Ontarlo published by llalker &

Parsons (1925). Analyses of blue sodalfre found ln the llter-

ature were those of specimens from Magnet Cove, Arkansas (Mfser

& G1ass, 1941), Greenland (Thomson, 1810), and Bol-ivla (LËns &

SchuLtz, 1967). The fdeal chenical forruh of sodallte ls

NaO (Alrsfrorr)c1 = 3NaAlsio..NaCl

The X-ray poruder diffraction pattern of sodallte r,¡as .flrst

deseribed by Barth (1926). who srated that the cell edge cib-
o

taíned was 8.854(=H(). The first structure determinatlon of

sodallte wâs thât of Paullng (i930). In thls publlcatlon he

stated th¿lt sodalite has space group s)rmmetrf { {=fa-ln),.

ceL1 edge of 8.871L=kX], and a srrucrure in rvhtch each unlr
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celL conÈâ1ns two rrnoleculesrr of NaOSlrAl3Ol2Cl. Gruner (1931)

dlscussed Èhe structure of sodallte, v¡hlch he concluded rr con-

slsts of a framework of A16516024 ln whlch tetrahedra of A1O4

alÈernate wÍth Si0O groups". According to Jaeger (1929) and

PauLlng (1930), the Na and Cl are insfde the framework \,rlth each

Na llnked to three O and one CI and each Cl to four Na. Barth

(1932) reported on the structures of the sodallte famlly, and

st;ted that sodallte ha! 1; the space eroup TO (=P43rn)¡and a cell
o

edge of 8.894(=ldi). Taylor (1934) dlscueses the nature and prop-

ertfes of alumlnosfllcate structures, includlng the sodalite

structure. Kotaczkoçska (1935) tn a paper on sodalfÈe, gave the

follor,rlng statenentt I'CrysÈal of Sodatlte from Mt. Vesuvlus,

Italy, gtves by rotatlon nethod cubtc ce1l edge O.OO8þUf] con-

ralnlng 3Nâ2A12St2Og.2NaC1, space ,.ouP={ (I43n),,. In rhe €ame

paper a crystâ1 structure based on Goldschmldt values of lnter-

atomfc dlstances 1s lllustrated and descrfbed. Lons & Schul.tz

(1967) found sodaltte to have space group symmetry PA3n wlth
o^cell edge 8.8704 t .004Ã, and they reflned the structure by

thr ee-d fnensfonal methods. The most recent report on Canadlan

sodallte was publlshed by Janes (I968) rvhere rrAn Occurr€nce

of Sodalfte at the Princess quarry, Båncroft, ontariorr is des-

crlbed.
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A. Source of MaÈerlal

The mfneral speclmens came from the Mineralogy Museurn of

the DeparÈment of Geology. The lce River, B.C. blue speclnen

wâa nacroscopically pure rvhereas the Bancroft, ontarfo specinen

contalned some nepheline and cancrLnfte in the blue sodalite.

B. Refractlve Ind ex

t"- -"-*ta -d the oll lmmersion method, the refrâctlve

lndex of the lce Rfver, B.C. and Bancroft, Ontario sodalites

was found to be the same, narnelyl

,¿ =l'qasto'ool

C. Ðens ity

The densltles tvere determlned wlth the Berrnan density bat-

ance, and tr,ro measurements \vere made on two dlfferent speclmens

of each mfneraL. The resuLtÍng densitles of lce Rlver, B.C. and

Bancroft, Ontårlo sodalftes ¡¿ere found to be tlìe ssme rvithLn the

llmlt of error ¡

D = 2.31 ! 0.02 grarns/cc.

D. Chemical Ânalyses and Cell ContenÈ

Chemlcal analyses were performed on botlì the lce Rlver, B.C.

and Bancroft, ontarfo sodalltes. Specirnens were prepared by

cruslrlng about 0.5 grams of sodallte to a naxfnum parÈlcle size
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of 4 nnt. and rernovj.ng vlsJ,b1e lnrpurltles under a bl-nocular

nlcroscope. Analyses for AlrOrr Fe (totaJ. as I'er0r)r ¡1g0, Cä0,

KrO, and Tj-Ç, were done on the X-ra1' fLuorescence spectrometer

ln tlre Geology Departnent of the Universíty of Þfânltoba by ¡fr.

K. Ramlal.. Sodlum rvas deter ìined by ¡fr. G. lrr,rin on tlìe atonìic

absorptJ.on unit ln the sa¡rre deparËnelìL. Chloríne and S r,:ere

determj,ned by t¡et chenical methods as ÀgCl and llaSOO respecÈ-

ively by the author. The total \,¡ater contelìt r,'as d erived by

subtraction of the Cl and S contents from tlre total Loss ln

nelght on heâtl-ng for two hours aÈ t200oc.

The results of the che¡n:'-cal analyses of the lce River, B.C.

and Dancroft, Ontarlo sodalites and the corresponding cell con-

tents aïe llsted iu the f l):sÈ colunrn of Tables I and II respcct-

lvely. Doth analyses, pat:ticularl¡,' :haÊ of the lce Rlvcr spec-

Lmen, are lorv 1n total \,¡eight percent" Presumably thls ís due

to small anounts of components such as CO2, líg0r F, eÈc. r,¡lìÍch

¡rere noE debermlned ín the chenìical analysis.

Fo¿ lçe,8:!yg1L _q{. sq4alitg

Fiom Table I the nu¡nber of atoms in the unlt cell 1s (*ur.r4

co 0. o4Kg. 
''gtto. 

oo3 
) (o'-o. 

rottr. ruo"o. o4 
) orr. 

rn 
(tt'r. 

rrotto. ro 
)

which rnay be çritten

(Na, ca , K,Tí) 
r. e9 

(n1, ou) 
6.4orrr. rròrr. un 

(rr,n,,) 
r.o

Tltís confir¡¡s the símplcst ídea1 chenrical for¡nula as NaOr\13S13

OrrCl, and the ce1l conterìt as Z = 2, The ftleal denslty of the

¡nlnera.L uslng tlte ldeal cell conËent (2) and tlìe actual rnol.ec-
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TABLIì I

Sodallte. Ice Rtver. B.C.: ChemlcaL Analysls and Cell_ Content

Analysfs,Lrt.-ä "moleculestt cations anlons
pêr unlt cell per unit cell per unit cell

9cl
sío2 35.30 5.78 Si 5'78 1l'56

At^o^ 32.s2 3.18 A1 6.361 9 's4"-2-3 
[6.40

Fe (roral 0.34 0.021 Fe o'o4j 0'06

as Fer0r)

cao 0,24 0.04 ca 0.041 0'04

Naro 24.70 3's2 Na 
''tO (r.rn 3'92

K2o o.o4 0.004 K 0.008\ 0'004

rto2 o.ozl 0.003 rt 0'00, 0'006

c1 6.30 1.75

H2o (i) 0.68 0'37

s 0.00

Less O -L.42 -0.87
for Cl

Totals 99.12

I .75

-0.37 0.74 ou

-.087

o 23.8 9 clroH 2.49



TABLE II

SodaliÈe, BancrofÈ, Ontarío: Chenlcal Analysis and Cell Content

si02

41203

Fe ( to tal
as FerO, )

Cao

Na20

K2o

Tto2

c1

H20 (!)

s

Less 0
fo¡ Cl

TotaIs

Analysls,k't.Z rrmoleculesrl

Þe¡ unit cel1

36.10 5.88

33.20 3.19

0.26 0.016

catlons anlons
per unit cell Þer unlt ce1l

0cl
si 5.88 rl .76

A1 6.381 9.s7
7 6.4r

ne 0.03 2_J 0.048

0. 23

24.45

0.0B5

0.024

5.3r

t.L2

0.00

-l .20

çilsB--

0. 04

3"86

0.009

0.003

t.47

0.61 .

-0.7 3

ca 0.041

Na 7.72 l.LK o.o18l

r1 o.oot

0. 04

3.86
7.76

0.009

0.006

. 1.47

-0.61 1.22 ort

-0.73

o ffi cFl-ãos
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ular welght of the unit cell as calculated frorn the results of

the chenfcal analysls 1s 2.310 grams/cc..

For Bancroft.ontarlo soda 11te

As above, from Table II Èhe cornposltfon ls (N"7.72CuO.04K0.Olg

Trg. gg3 ) (A16.3gsts.a3t"o.o:z) ozz,go ("L t.4lortt.zz)
whfch may be written as

(Na, ca, K, Tt) 
, . z6 

(At, F.)0.+rttr.rrorr.ru (at,o") 
r. un

The densltyras caLculated by the prevlously described method

was 2.316 grams/cc..

It f6 of lnterest Èhat these tr,¡o sodalites from dífferent

localltles have very slmllar physlcal and chenlcal propertles.
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CII,APTER IV. X-RAY POI.¡DER DATA

A. PreÞaratlon of the Sample

A sanple of the Ice River, Brltlsh Colurnbla sodalite was

rolIed into a ffne collodion rod and mounted tn a large (114.6

rûn. dlameter) straumanls type Philips powder camera equlpped

wlth a flne-focus collimator. The powder Photograph which was

obtalned wtth Nt-fíltered Cu radiatÍon, 1s shown ln Ì'1g. l.

B. Lattlce SÞacln€!_

The posltion of each reflectíon of the f1ln ln Fig. I was

read to approxlmately.0.02 mm. r and Èhe intenslty estímated vls-

ual-ly. In the 114.6 mm. diameËer camera used, the ldeal semí-

cfrcumference is 180 rnm.. FlLm shrinkage \fas corrected for by

using the rnidpoints of Èhe front-and back-reflectlon reglons. If

sr(mm) ts Èhe distance fron the center of the front-r efl ect ion

region to a glven reflectÍon, and lf X (mrn) ls the neasured dis-

tance from the cenÈer of Èhe back-reflection reglon to the cen-

ter of the front-refl ec tlori region, i.e. the effectlve half-cir-

cumference of the ca¡nerar tlìen the value of s2 corrected for

f iJ.m shrlnkage, 1s

62 = 180 x s1 (rnm)

x

In thls ruay, the lattice spacíngs (drs) were corrected for fllm

shrfnkage. The d values of the reflectfons were also calculated

by a computer progran (NRC-22) r,'hÍch was given the ce1l edge as



Fig. 1. Ponrder phoÈograph of the lce River, B.C. sodallte (Cu/Nt radtation)

Camera dLameter 114.6 mm.; contacÈ prl.nt.
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8.8i81, the reflned besÈ value as rlerLved belor,r. Table III con-

talns tlìe dobs, dc.lc' O, and lntenslty of each reflectlon. The

data glven ln Table III are considerably more conplete than those

given 1n the A.S.T.ll.X-Ray Pouder Dâta Ffle (1967), Card Number

3-0338.

qr_R efl-!cd__ç9_ll_!gÆ.

A reffned ce1l edge was arrfved at using elght reflectlons of

Loro d value çhlch were measured on Èhe Powder pholograph. 0f these

elghÈ, slx \,rer e o1 and trqo were c2. Thelr Positlons in relatlon

to a mrn. scale were read by t\.to dlfferent people, and a veighted

average !¡âs taken. Reasonably accurate ao values were calculated

using the cublc spaclng formula, and tlìese !¡ere then plotted

agalnst their corresponding values of the function 1/2(cosb/stn O

+ cos%/€ ), (Nelson & Rlley, (f945) tn Nuffielit (1966),p.f62).

This graph, whlch ls drarvn in order to minlmlze absorptlon errorst

1s shor¡n fn Ffg. 2.

Ihe best str€ight llne through lhese polnts nas calculated

by computer, uslng a least squares curve fltting program of

K.L. Schmtdt of the Instltute for CoÍìputer Studles, Unlversity

of ¡lanltoba. As shor¡n tn Ftg. 2, the intercePt derlved fron the

compuÈatlons 1s 8.8788, and therefore Ëhe best ceL1 edge for

this specimen of sodalite ls taken to be 8.8788.

E.W. Nuffleld (1966) estirnates that the accuracy of a cell

edge derfved fn thls r,¡ay l"s about one Part tn 101000; the cel-l



TAELE III

Sodallte, Ice Rfver, B.C.; X-Ray Poleder Data. Cu/Nl RadÍation

a^ = 8.878R; space group PZ3n

do¡"8 d -Rcalc êor" (cuKo)o hk1

6.3

4.45

3. 63

2. 8l

2.57

2.38

2.22

2. 10

I .99

I .896

1.814

1.7 43

1.62t

l. 569

L,523

I .480

1.44r

I .404

1.371

1,339

6.3

4.44

3,62

2.81

2.56

2.37

2.2O

2.09

1.99

1.892

1.812

T.7 4L

1.62L

r .569

1.523

I .480

1.440

I .404

1.370

1.338

7 .025

9.97

L2.46

r5.91

t7 ,47

18. 94

20,49

.21,57

22.80

23.99

25. 15

26,25

28,40

29,42

30. 4l

31.40

32.35

33.30

34,22

35.1s

I ll0

4 200

to zlL

5 310

7 222

7 321

I 400

I 330,411

3 420

3 332

3 422

3 431

3 521

6 440

4 433 ,530

6 442.600

6 532,61I

t tt 620

3 541

3 622



TABLE III (contlnued-2)

od. Aobs .l -Rca¿c Q(CuKo)o

1.310

1.281

1.231

t,209

I .188

1,t67

I .129

l.ll0

1.093

1.078

1 .019

I .007

0.994

0.982

0,969

0.958

0 .936

0,9L7

0.906

0.8972

0.87 92

0.8546

1 .309

I .281

1.231

I .208

I .lB6

1.166

t.128

1.I10

r .093

1.O77

1.018

I .005

0. 993

0.980

0. 969

0. 957

0.936

0.916

0.906

0.8968

0.879r

0 .8543

36.05

36.98

38.78

39.61

40.46

41,36

43.08

44.0r

44. 80

45.63

49.08

49.93

50.83

5l .6s

52.68

53 .53

55.35

57.18

58 ,23

59,23

61.18

64,33

hk1

631

444

640

552,633 .7 2!

642

730

65t .7 32

800

554 r7 4L,gLL

644.820

662

752

840 .

833,9lo

842

655 17 6l ,921

7 54,85I ,930

7 63,932

844

770r853,941

77 2,L0.2.2

666 tl}.2.2

3

3

r/2

6

rlz

2

4

rl2

2

2

2

2

J

1

t

3

1

2

2

I

2

2



TABLE III (contlnued -3 )

d.8
oDs

d8
câ1c

o (cuKo)o

0.8466

0.8316

0.8243

0.8t7 2

0.7910

0.7 847

0.8465

0.8315

0.8243

0.8r73

0. 7 909

0.7 847

65.48

67.85

69.13

70.48

i6.B5

78.98

765,952,10.3.1

7741855.871

864,10.4.0

9 61 . 10.3 .3

9 63 , 10 . 5 . I , 1 1 . 2. 1

880
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edge gÍven here is therefore regarded as accuraÈe to ! 0.001 t,
Thls compares rvith ao = 8,870 + 0.004 I given by Löns & Schulrz

(1967) f.ot a specimen from Bo1ívia,
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CHAPTER V. SINGLE-CRYSTAL PI¡OTOGRAPIIS

A crystal of lce River, B.C. sodal-ite v¡as ffrst ground to
a sphere of approxfrnately 0.4 rn¡n. dfarneter by using tlìe l,¡Ol{IUS

crystal grlnder, and chís crystal rvas used for all slngle_
crystal photographs. A1l photographs r,'ere laken ¡.ritlì unfiltered
Mo X-rådiatÍon..

TIte Buerger precession lnstrr¡nent was used to orient the

crystal abour a prÍncfpal axis, taken "" "fOOf]. Several oscil1_
átion settlng photograplìs were taken to assure aIÍgnment of the

crystal príor to takfng the Welssenberg equ i_ incl inat ion photo_

graphsr.and to provlde the settlngs for the upper level Weissen_

berg photographs. Zero to lOth level l,lefssenberg photogrâphs

were taken around the [OOt] ""fs usfng the trlple fílm pack

nethod $¡1th brass foil separating the fllms. The 0_ and 6_ level
Welssenberg photographs are shor,¡n ln Figs. 3 and 4 respectively.
The posíÈions of the reflectlons on the 0- and l_ level WeÍssen_

berg photographs were measured and plotted ln the usual manner

to gfve the undfstorted reclprocal lattfcer and to establish

the simplest unit cell (Fig. 5 ). Ir ls fmportant to note thât
some of the refLectíons, shown as open circles in Ffg. 5, violate
the body-centering condÍtion of h+k+L = 2n. Therefore, rve con_

clude ¡hat the lattlce type ls "p". The only other systernatlc

conditlon shown ln any of the reflections ls hhl present only

wlth I = 2n. Therefore, we conflrm that for a non_centrfc struc_

ture the space group nust be pA3n.



(b)

Ftg. 3. TripJ-e filrn pack for measurement of Èhe LntenslÈles fron a hreissenberg photograph
of lce Rlver, B.C. sodaltte$ c[OOl] rMo/ -. The Lnnerüos È ftlrn (a) of the pacÈ fs shð¡.,n- at
the top left of Èhe page (0-1eve1). Also lncluded is the Lntenslty scale (trtple fll¡n pack)
that was used to estlmaLe each lntensf.ty. Only the upper halves of the !üeissenberg patterns
are lnclud ed.

¡

N)
O
I



Flg" 4. 6th level lùelssenberg photograph of lce Rfver, B.C.

sodalitedc[00il, tro/ -, shorulng rhe elongat.ion of reflecríons

on the upper half of the film and Èhe contrâctLon of then on

the lower half of the f1lm.



a)

+ Xìñ

b)

Ftg. 5. Plot of posftlon of reflectlons fron zero-(a) and flrst-
(b) level l,lefssenberg photographs to establlsh the un-
dlstorted reciprocal lattlce and the slmplest unft ceJ-l.
The open cfrcles represent the reflections ¡,¡hich vlolate
the body-centerfng conditlon.

020 0t 0ó0

t20 130 I ¿O 150 tó0 70 180

200 ?lo 2¿O 250 2ó0 270

3r 0 330 340 350 370

400 1r0 20 30 440 150 ó0 o

5r0 520 .530 540 550 5ó0 570

ó00 ólo 620 610 ó50 ôóo 670 80

710 720 730 750 7ó0 770

t00 8to 120 840 3ó0 880
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The lntenslties were measured by means of an lntensity scale

whÍch r¡as construcËed uslng a triple film pack and an ísolated

reflection (440) photographed for diffèrent known perlods by

the oscillation method. The intensity scale fs shown in Ftg. 3.

Splltting of some of the reflections was found to occur on

lower halves of upper-level photographs¡ the effecÈ is shown for

the 6-1evel photograph in Fig.4. This ls attribured to a sltght

mlsalignrnent ln two portiofls of the crystal. To counteract this

effect 1n readfng the 1nËensitles of the reflectfons, they \rere

read on only the top hâlves of the photographs, and the effect

of the elongatlon on the lntensfties was taken account of in

Che conputer programs as descrlbed 1n Appendlx I.

Seven hundred and thÍrty-one (i31) reflectlons were observed

in all, but many of these are structurally equivalent due to the

hlgh symmetry. A scale factor rvas established for each leveL of

reflectfons by comparlson of exposure td.mes from level to level.

The fntensltles of equÍvalent reflections r{ere comblned Lnto 372

non-equfvalent refLections by a computer program r¡hich ls des-

cribed ln Appendix II.
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cH PTER Vr. COMPUTATToNAL Asp!çls 0F THE STRUCTIjRE RÌìFINffENT

A. þtroduct ion

The prograrns used by the author for the structure refl.ne¡nent

were obtaÍned from Dr. F.R. Ahmed, Dlvlsion of pure physics,

Natlonal Research Councll, Ottar,ra. Of the serles of prograns

nhlch !¡ere available ftom I.IRC t}ìe ones used werei

l. NRC-2...Data Reduction and Tape Generatlon

2. NRC-8...Fourler

3. NRC-l0...Structure Factor Least Squares (block dÍagonal)

4. M{C-12...Scan of Interatomfc DLstances anrl Angles

5. NRC-22...Ca1cu1aÈion of d-Spacfngs

An addíËÍoDal progran (IXPAòD ) had ro be wrírren by the author

for reasons r,¡hl-ch are given belor+. Because of modfflcations to

the orlglnal programs of Ahmed required to adapt them Èo the

present cubic non-centrl-c structure, falrly detalled descrlptions

of these programs, rnainly frorn Ahned rs reports are gJ.ven here.

I-lrogram NRC-2: Data Reducrion and Tape Generatlon (1966) by

F.R. Ahmed and C.P. Saunderson.

(a) General DescrírlÈlon

Thls program vas r,rrltten for low symmetry systens and Èhere-

fore requlred some alteratLon by the autlìor. Four subroutfnes

t¡ere wrltten to adapt the program to the cubic system, and tlìey

are descrfbed later. The purpose of this program 1s to generate,

from the l-fsts read from cards, a tape which may be used as 1n-

put for the Structure Factor Least S{uares, Fourler, and several
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other programs. Progran NRC-2, after modiflcatfon by the author,

carrfes out the followlng steps for each reflecifon hkll

l. Reads the fndlces h, k, 1, and the observed related íntens-

Ity.

2. Tests signs of h, k, 1, and reverses stgns if two (2) or

three (3) lndices are negative. For this cubfc structure, only

positlve Mfller fndtces were used as input.

3. Deternlnes the rrparítyrr and the multlpllcíty". parlty

slgnlfles the even/odd comblnatíon of the rhree (3) tndices

h, k, 1, and ís for use lafer ln Fourfer analyses. The parity

1s redetermlned 1n subroutine SORTC (lrritten by the auÈhor and

referred to later) due Èo the courbinlng and rearranging of the

equlvâlent reflec!Íon6 fnto a systenatlc llstlng of the non-

equlvalent reflecÈions as necessltated by the cublc symnetry.

The multlplicity conslsts of a1l possible posltlve and negatfve

conblnaÈions of h, k, 1¡ thus the rnulttplictty is 2 for h00, 4

for hkO and 8 for hkl. The Fourier programs requJ.re the multi-

pllctty of each reflectlori.

4. Calculates s ln2g.

5. Interpolates tlìe atomÍc scacterlng factor (f) curves to

glve the f-values for each chemfcally different atom.

6. Corrects the lnrensity for the effect of elongatlon on the

top-half of upper leve1 &'elssenberg photographs. The author

found it necessary to write a subroutlne (ELoNCD) to carry this

out because none was tncludéd ln the orlgÍnal progran. ih" 
"ub-
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routfne ls descrlbed tn Appendlx I.

7. Applfes the Loren tz-polâr iza t 1on and scale correctlons to

the observed relatÍve intensity to glve relatlve !-o2 and relaÈ1ve

Fo'

8. Stores all data except the h, k, I values on magnetlc dlsk

by the dlrect access nethod. Calls subrouÈine SORTÀ (written by

the author) which flnds equivaLent refleetlons as they co¡ne from

NRC-2 and llnke them togetlter by an indlcator v¡hlch ls stored

wlth theÍr h, k, and I vâlues fn the computer nemory. Subroutine

SORTA is descrfbed 1n Appendlx II.

9. Returns to Step I to reåd in the next reflection. When all
the reflectíons have been dealt Ìrlth, the computer applfes sub_

routines SORTB and SORTC, written by the autlìor and descrlbed in
APpendíx II. SORTB averages Fo anil Foz of equivalent reflectlons

and stores them under r ,"".rlt"nt reflection wlth h>k>1. Subrout-

lne SoRTC (referred to previously) sorts al-l the non-equívalent

reflections ln fncreasÍng order of 1, k, and h respectlvely. It
then calculates the proper parfty for each reflection and outputs

the hkl and assocÍated data on the line prínter and tlìe output

tape.

(b) Anpl ícation to sodalire

A cell edge of 8.3788 was used by the program. The r.ravelength

of HoKo X-radlatíon rvas taken to be 0.71078 ând tlìe program was

lnstructed to apply the data to a non-centrlc cubic primitive

lattÍce. The equivalent posítions used rvere those givÊn in
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the Internatlonal Tables, (1952), Volume I, space group pã3n,

number 218, wlÈh 0,41, Sl, Na, and Cl havtng the (t), (c), (d),

(e), and (a) posltÍons respecÈÍvely. The atornic scattering

facÈor (f) curves for sf+4, A1+3, C1-1, and Nu*l ""r" obtaíned

from InternaÈ1onal Tables, (1959), Volume II, p.202, rahereas

that for O-2 *us fron Internatlonale Tabellen, (1935), Volume

II, p.57. The progran lnterpolated â11 of the curves, none of

whlch r,¡as corrected for ano¡nalous scatterlng. The lnitiaL para-

rneters lnserted were those of Paullng (1930), and the isotroplc

tenperature factors those of Löns & Schultz (Lg67).

C. Program I'{PAND

This program ¡¿as wrftten by tlìe author to expand the non-equi-

valenÈ reflecÈlons k'hlch are on the output tape of NRC-2 (after

SORTA, SORTB, and SORTC), lnto all posslble equfvalenr reflections

Itlth poslt.fvê values of h, k, and 1; e.g. the reflectlon 321 be-

cornes 321 , 312, 123, 1321 213r 231 . This was necessary because

ln the space group Pi3n, three of these reflecÈlons will dlffer

ln phase from the other three when h*k*l = 2n+l¡ Ehus int.roduclng

an error lnto the Fourler program (NRC-8) tf they were all given

the same phase. For thls reason, the expanslon process had to be

perforrned before the SFLS prograrn (NRC-I0) whfch calcuLates the

phase of each reflection. The loglc of thls progran ls very sirn-

ilar to that of subrouÈfne SORTA and SORTC which have been des-

crlbed above. Therefore, only a lísting of tlìe prograrn fs glven

in AppendÍx lll and the reader ls referred to the atDove-ment loned
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subroutlnes for the description of the ]ogic lnvolved.

D. Progran llRC-10: Structure Factor Least S.¡uares (SFLS) b_\,

F.R. Aluned

fa¡ C"..r"t -O""cr:ftt*
The purpose of thls progrâm Is three-fold¡

1. To calcul-ate the structure fâctors frorn a glven set of

temperature factors, atonlc scattertng factor (f) values (used

fn NRC-2), and positlonal parameters for each aton.

2. To reflne, by block-dlagonal least squares âpproxlmåtion,

the posltlonal parametersr Èhe fsotropíc or anlsotropic tempera-

ture faclor, ând the occupational factor for each atom (íf desired).

The program also calculates an overall scale factor r\thfch converts

the calculated structure factors (F") to the scale of the ob-

served structure anplltude" llol .

3. To calculate the estlmaÈed standard deviatlons of the re-

flned parameters (lf des fred ).

The structure factor equation may best be descrlbed as the

eum of a real and an fmagfnary term!

F(hkl) = A(hkl) + iB(hkl)

or, vectorlally
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Hreret

Â = the sum over all atonts of f cosc for a glven reflectÍon,
B = the sum over al1 aloms of f sino for the same reflectlon,

f belng the âtonlc scattering factor cor:recEed for atomic

vibratíon, and

a = the phase angle = tan-l/ B\.\ri
Therefore lEl nay also be wrLtten as

lrl = (42 +ø2 ¡1/z .

The least squares portion of the progtanr mlnÍrnlzes the quantíty

R, rvhere

R = x( lrol _ lr"l )2
âr(l^ Fl )',

X = suns over all non-equivaient (orthorhonrbic) reflectlons,

and

lF"l= calculared strucrure arnplfrude on the scale ot lfol.
If pj (J=1r...,N) are the.l'I paraner"r" in lF"l, rhen R is a mÍn_

lmunt ¡,¡hen tlìese parameters satisfy the li equations such thaÈ

*gB- = o j=l,...,N
ôpJ

The purpose of the l-east squares refínenìent ls therefore to

arrive at a sct of paranetcrs p5, J=lrN such tlrat R js a rnlnínunr.

I{elghtÍng factors nray be applled to the lF"lvalues to Lake atccunt of

the difí-crences in accuracy of the originä1 intensities; this might

accelera Le the milrinr:'.zing or' R,
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The block-dlagonal approxlmatlon form of rnaËrlx calculatfon

fs used to reduce the amoun! of ca1culatlon, and to allow for the

rêffnement of a large nunber of parameters slmultaneously by

ignorlng the interactlons bet!¡een the parameters of dlfferent

atoms.

The program executes the following stepsi

l. Calculates the structure factor for a glven reflection by

computlng the A and B contrlbutlons of each prototype atom and

all its equivalent atoms ln the cell, yielding Ac, Bc, F"r and

ÁF = l(lFcl - Inol )1.

2. Calculates (relattve) A observed (Ao) and B observed (Bo)

by uslng Fo and the calculated phase anglerc.

3. Prlnts out hkl, sln2o, Fo, Fc, Ao, Bor A calculated (4"),

B calculated (8"), F, ancl 100 x +!I'. for a glven reflectfon on

l¡" I
the line prlnter.

4. Calculates for the least squares reflnernent, the contribu-

tfons to the derÍvatÍves for a glven reflection considering_ in

Èurn all the parameÈers of each non-equivalent atom in the ceLl.

5. Accumulates the contrlbutions of the refl.ectlon to the over-

all sums.

6. Repeats steps 1 to 5 for the renalning non-equivalent

(orthorhonbic) refl ec t lons.

7. CalculaÈes shlfts Èo be applled to Èhe present parameters

ln order to nlnfnlze the R value, and computes the estlmaÈed

6tandard devfatlon of these shifts. Tlìe new positfonal and

thermal parâneters are then arrlved at by suÍmlng the shifts
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and adclirg this sum to tlre origl.nal paramete): to glve a rcfined

paramet cr .

8. Calcui.ates scale fåctor Lo brfi.rg lF"lto tt,e scalc of lFol

by sunmlng all of tlie lFolts anA a1l of the l},"lts a,rd conìpar-

irìg tlìen.

9. Calculates the R value using the old parametels ancl prints

thfs out on Èhc prlnter, The R value uslng Èhe ner,r scale and the

overall temperature factor correctlon is also calcu]aLerl ancl

prfnted at tlìÍs poÍnt. Ä.s vrell, the nern pârametet-s, old sca1e,

shlfts, and estirnated starr<lard dcvlations are printecl.

10. Repeats, on order, stePs 1 to B with the nerv Parameters

and the ner'¡ scal e"

1I. Recycles a programmed number of tÍmesì al.ìd tlìen tcrlìl-nates.

(b) AnÞLication ro sodallte

The progranr \ras 1¡ìstructeri to apply the daÈa gÍven to a non-

centrlc structure. The output tape of tlìe program NRC-.2 r,ras the

naln source of data lnpu! to thÍs program. No wetghting schenres

or trfudget' factorsrprovision for r¿hich exists in thc program,

çere used ín the reflnønent. Tlte program t¡as fnstructed Èo re-

fÍne the temperature facCors (fsotropic) for all of the atons

2+1', thé posítional ¡raramete::s x"y"z for. O , ancl x,x,x f or: Ne'^.

A slight alterâtion r':as rnacle to the f,roqram so that, for- Na,

the shifts Hhiclì ai-c calculated by tire pro¡,,*ar,ì arc cqual fot:

al.1 th1'ee paraile t cì.'s.'
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An attempt t.ras nade to reflne the struc,ture by treattng the

thermal motlon of the atoms as anísotropfc but the progran

produced urìr eilso nabl- e results.

E. Program llRC-8: Fot¡rier for Dijs tlrr ted and Undlstorted N-ets

l>y F.R. Áhned

q) c*:"1 o""".jf!Sg
The purpose of this progran 1s to coDìpute FourLer sumnations

along llnes parallel to the unlt-ceLl axes at speclfled fractions

of the cell edge.

The general forn of the expression for computíng the electron

denslty (p) at any point XYZ using a Fourier summation ls:

p(xYZ) =ltx x F(hkl)e-2Ìl (hx+kY+lz)

Vhkl
r.'here h, k, and I are Miller indices,

f(hkl) ls the structure factor of the plane hk1,

and V ís the voluure of tlìe unit cell tn R3.

The partlcular form of thls equatlon whlclt must be used for

input to Program l.lRC-8 is:

(r
p(XYZ) = flr(o0o)+ t I x It Ro.(hkt).rrg2Ìrhx.rrgzlrky.r.rgTrLz +

vL trkl Li¡ rJ 
:l

E S,, (hkl). trg2îhx. trs2l kY , tr cz1tIZ Il
fJ rJ t)

where Ir(O00) ls che total number of electrons 1n the unít-cell,

trg ls a cosÍne or slne,
r - - _1

RlJ (lìkl) = n. 
LrA(hkr) 

tA(iìkr) lA(lì[1) tA(hkIl , or
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Sij (hkl) = simílar expressions Èo R' for the imagfnary parts

B (hkl),

rn = rrnuLtípLiclty' (1r214, or 8), and

l¡ = summation over the number of terms (1=l ,2ror 4) fn each

sroup (j ).

Some clarlflcation is desired at tlìis poÍnt. The rrnul t1pllc Í tyrl

as explaíned in Chapter VI, Sectlon B 1s the toÈal number of pos-

itive and negatl.ve comblnatlons of the three lfíller lndices h,

k, and 1. Tlìe terms A and B Ín the above expression are tl¡ose of

tlìe structure fâctor expression

r(hkl) = A(hkl) + LB6kl)'

For â centrlc structure, the Brs l¡111 all be zero and the A rerns

may be equally well represented as F Èerns. In the expression

R{{(hkt) = m. !A(hkl)...., tlìe progran¡rer puts ln the termâ A(hkl),
r-J

A(ñkl), and so on only 1f a reflectlon such as hkl or fikl exlsts

in the data !¡hich the program w111 use. OnJ-y ln a low-symmetry

êysten such â.s the monoclinic does a reflectlon such as tkl t"\ru

no equlvalent such as hk1¡ tn contrast, tn a hlgh syÍunetry systen

such as the cublc there ls always a reflectlon of the type hkl

whfch ls equfvalent in amplitude to the reflecÈ1on frkl. Thus ín

'.[tao'tr) rl(ñu)], or

m. fta(nr<r) re (rki)] , or

*" [te tr,r.r )] ,
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the case of cublc sodalfte all. reflectlons can be expressed ln
posltive lndlces and hence the form of the expresston Rr. (hkl)

was m. tA(hkl). Each A or B ts called a ttern". However, tlìe

electron denslty expresslon 1s sonetlmes able to be stmpllfled

1f lt 1s known that of h, k, and 1, h and I are even, or that

sorne sfmllar condltfon holds. For Èhis reasonr each reflection

has been glven a ',parLty" in NRC-2 which tells whether hkl, the

indices of a given reflectlon, are even, evenr even, or odd,

even, even, or sornething simllar. The rrparltyr fs used ln thls
program, NRC-8, to save tlne in the Fourier sumrìatl-ons. It ls for
thls reason that the programner rnay, dependÍng on the space

group, have to assfgn a certaln ttgroupt' to each tparÍty and gtve

a speclal forn of the Fourler expression for each group ln thís
progrâm.

The prograrn is capable of perforrning Fourler sulfrnatÍons uslng

three different klnds of input data as lerma ln the serlesl Fo,

Fo2, or lFo-fcl = AF. An Fo synthesís produces an el"ectron den-
asfty map, an Fo' synthesfs, a pâtterson or vector map, and an

(Fo- Fc) synthesls an electron dlfference rnap.

The program executes the followtng stepsl

l. Reads a reflectlon and associated data from the input tape

whlch is the ourput tape of the SFLS (NRC-10) progïan.

2. Te6tê the rrparityrr of that reflectlon and calculares the

pertfnent A (or F) and B terms whích apply to the group to whtch

the parfty refers.
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3. Applies the proper nultiplÍcity to these coefficients.

,4. Stores the results in a core menory.

5. Repeats steps I Èo 4 for all rernainfng reflectlons.

6. Perforrns Èhe Fourier sunmatÍons for one level (Z) of the

unit celL over a given range of (X) and (Y) at a glven Lnterval

along the axes (say 8/4).

7. outputs ttr"P(XyZ) values for thls level on tape or on prinÈ-

er or on bô th.

8. Repeats steps 6 and 7 as nany tÍnes as needed to cover fhe

levels des ired.

&) npptl""tt""-¡g s"¿

For sodallle, tlìe electron densiÈy expression for space group

P43n in volume I of the Tnternational Tables for X-Ray Crystallo-

graphy (1952) is

--- r . rp(xYz) = 
$" fiå q llr<t''ttll lcos2rhx cos2nkY eoslttLz 

"o"ohkt -
'l

sln2rhX sÍn2¡kY sín?r LZ stnc, ..,lIn*, Jl

whích, on substÍtution of cosdLr,i = A(hkl)
lï1ñ,Ðt

and =r,ohkl =1ftäïlr

p(xYz) = a" 
fi Þ i fo<norl 

cos2îhx cos2ÍkY cos2rlz -

B(hkl) stn2¡hX sÍn2nkY srn2nfz I .
)

ThLs expression r,'as derived fronr, and applfes !o, the ortho-
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rhomblc sysEem. Therefore, in order to apply it to the cubic sys-

t€nt thê non-equivalent reflections nusÈ be expanded to the equl-

valent reflections thus ln effect treating the data as ortho-

rho¡nbic. A nore detalled description rvas prevlously gíven in the

díscussion of Program EXPAND, \.rritÈen by the author.

All reflections Ìrere given Lhe same parity because no sfrnpll-

fícation of this expression occurs if h, k, and 1 are all even¡

or if h and k are even; and so on.

the form of Èhis expression as it ís used in the program J.s

a
p(xyz) = r {r(ooo) + i i ilm.¡(r'kr) 

"o3Ñtx 
codh'i<y "oÑz -tL ^f,g?.' i

n.B(hkl) sidñtL\ srrf)VY sini!.2 I | .
J
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CHÂPTER VTI. DATA RIIDUCTION RESULTS

Program NRC-2 (Data Reduction and Tape Generatlon) produced

the results shown 1n Table IV. In this table the values Llsted

for each rêflectl.on are !

(a) Ii, K, L3 the three lflller lndlces h, k, and 1.

(l¡) SINSQ: the value of sln20 where 0 fs the angle of dlffract-

fon of the X-rays from Èhe plane hk1.

(c) I0BS! the orlgfnal relatlve lntenslty after lt has been

corrected for elongation of the reflectLons read on the upper

half of tlìe ['eissenberg photographs.

(d) rOBS-SQ3 the resultant âmpllrude (Fo2) aft"r rhe orlginal

lntenslty has been corrected for elongåtion, Lorent z-po 1ar lza tl.on,

ând scale effects.

(e) FOBS: lrol,Û,. square roor of (d).

These data âre then used as tape lnput to program NRC-10

(SÈructure Factor Least Squares).
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TABLD IV

RESULTS OF TIIE DATA REDUCTTON AND TAPE GENERATION PROGRA}f

ll0
200
210
2Lt
220
222
310
320
32r
t 3 0
312
400
4t0
4tl
420
42. I
422
470
471
4?2
473
4+0
442
444
510
5 2 0
521
530
5il
572
540
541
542
54i
550

SINSS IOBS

0.0032 0.0
0.0064 175.00
0.0080 5.83
0.009ó ó3 9.6I
0.0128 0.0
0.0192 596.91
0.0160 109.80
0.0208 1.41
o.0224 158. 3ó
0.0288 440.00
0.0352 84.48
0.0256 90.00
o.0272 l.o3
0.0288 574.1 r
0.0320 tll.56
0.033ó L.22
0.03fJ4 107.6t
0.040 I l.l9
o.0417 35.85
0.04ó5 3. l5
0.0545 l00.ll
0.0513 531 .t7
o.0577 t88.10
0. 0769 303.17
0.0417 ? -58
0.0465 1.05
0. o48 I 30.0 t
0.0545 75.65
0.05ó t 1 .20
0.0ó09 l3t.4l
0.0ó57 t.tB
0.0673 5 t.30
0.o721 l.19
0.0801 2.77
0.0801 t.00

FOBS-S8 FODS

0.0 0.0
28.40 5.Vt
L.Oz 1.01

73.18 8.55
0.0 0.0

L78.54 Lt.71
28.10 5.30
0.23 0.48

.4L.29 6.43
t56.63 12.52

21 .23 5.I8
30.0ó 5.48
0.35 0. ó0

202.88 t4.2+
30.09 5.48
0.3ó 0.ó0

3L.66 5. ó3
0.39 0.ó3

t1.87 3.43
l.19 l.o8

40. I1 6.33
219.8I t+. 82
81.28 9.01

154-65 t2.44
1.5ó t.?.5
0.47 0. óB

I1.03 3.26
3L.32 5.49
0.48 0.69

5e.54 7 .52
o.52 0.72

24.4L 4.83
0.57 0.75
1.43 l.le
0.64 0.80



TABLE IV (continu ed-2)

L

2
4
0
0
I
0
I
2
I
2
3
0
1

2
?
4
0
I
2
3
4
5
0
2
4
6
o

I
0
I
2
I
2
3
0
I
z
3
4
o
I
2
3
+
5
0
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SINSE I08S

0.0865 35 ¡28
0.1057 6.99
0.05 7? 2 99.00
0.0593 1.02
0.0ó0e t6.67
0.0ó41 18.17
0.0ô57 1.0ó
0.0705 ló0.20
0.0?37 85.31
0.0785 1.21
0.08r,5 139.97
0.0833 26.94
0.0849 1. te
0.0897 9,20
0.0977 I . 19
0.1089 ló.90
0.0977 1. ó I
0.0993 42.96
0.t041 t.l8
0.1121 5.9r
o.L2t4 1. tB
0.1378 24.58
0.1t.53 l.o0
0. 1218 92.11
0.1410 7.59
o.l?30 25.84
0.0801 2.o4
0.0849 1.04
0.08ó5 64.94
o. o929 90.2 I
0.0945 L.7 4
0.0993 22.93
0.1057 20.99
0.1105 L.20
0.118ó 2.66
0.I l3ó 2.69
o.t202 I. l8
0.1250 14.87
0.1330 l.l8
o.L442 6.69
0.1362 1.17
o.1378 ó.7t
0.L426 t. t 8
0.150ó 10.97
o.16tB t.l8
o.1762 9.83
0.1570 9.61

FOBS.SQ FOBS

20.3t 4.46
4.47 2.08

L57 t0h 12.53
0.55 0.14
9.Il 3.02
e.88 3.14
0.59 0.77

ó1.04 7.15
3ó.89 6.0?
o.58 0.76

6ó.10 8.13
13.2t 3.63
0.ó2 0.?8
4.46 2.O2
0.69 0.83

10.13 3.18
0.87 0.92

24.80 4.94
o.7l 0.84
7.75 I .91
o.B0 0.90

L'l .34 4.0é
0.81 0.90

ó1.40 7.16
5.78 2.40

22.27 4.72
t. 3l l. 14
0.67 0.82

42.12 6.53
45.70 ó.73
0.Bl 0.90

12.49 3.51
t2.28 3.49
o.74 0. Bó
l. e0 L.26
1.80 l. 33
o.78 0.88
9.78 3.10
o.85 0.e2
5.14 2.25
0. 84 0.92
4.87 2.21
0.88 0.94
8. ó5 2.92
0.98 0.99
8.67 2.93
8.1ó 2.86

55
55
ó0
6'1
ót
62
6?_
62
63
ó3
63
64
64
64
6+
64
65
65
ó5
ó5
65
65
66
6ó
66
66
1t
72
12
73
73
73
14
74
14
75
75
75
75
75
16
16
76
76
76
76
77
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TABLE IV (contlnu ed-3 )

77
77
17
80
8t
BI
a2
82
B3
83
83
84
84
84
B4
85
85
B5
85
8ó
86
8ó
86
Bó
8ó
87
87
a7
B7
87
88
B8
88
8B
B8
9l
92s2
93
93
94g4
94
95
95
95
9¿l

2
4

SINSO IOBS

0.ró34 11.87
0.182ó t4.86
o.2147 8. L4
0.I025 ?0.00
0.10/rl L.Oz
0. 1057 22.68
0. tofJ9 63.2S
0.1153 16.49
0.t18ó 3.89
o.t234 L.23
0.13t4 23.60
o.L282 L?9.56
o.1346 9.90
o.1426 1.20
0.1538 42.79
o.1442 2.17
0.1570 1.ó3
0.1ó82 l.l8
0.182ó 6.07
0.1602 1.17
0.t618 1.17
0.16óó 1.lB
o.1746 l. 18
0.1858 15.44
o.2179 8.81
o.1826 5.74
0. te55 1.57
o.22tt 1.93
0.2387 L.54
0.2595 1.76
0.205 I 26.O3
0.21 t 5 3.93
0.2307 24.t''l
o .262-1 2 .87
0.307ó 3.47
0.1314 Z.OZ
o.t362 1.3ó
0.1378 22.60
0. t458 I t26
0¡ 150ó 10.67
0.1570 'l .47
0,ló 18 1.22
0.1ó98 3.26
0.1ó98 't.77
0.17ó2 le.ó0
0.. 1955 l.1e
o.l8e0 10.73

FOBS-SO FOBS

I0.¿rl 3.?.4
t4.40 3.76
8.58 2.93

52.26 7.23
o.77 0.88

17.51 4.18
35.59 5.15
8.22 2.80
2.58 t.55
0.75 0.B6

15.ó0 3.8t
106.32 10. 30

ó.91 2.60
0.8ó 0.92

33.01 5.59
t.72 1.31
l. 19 1 .08
0.98 0.e9
4.99 2.23
o.92 0.9ó
0.94 0. 97
0,96 0.98
I . O0 1.00

t4.36 3.7?
8.87 2t96
5.38 2.28
t.4e 1.20
2.08 |t42
r.74 i. ¡o
2.0' r.42

28.rt 5.t4
4,14 2.O2

28.58 5.1ó
3.47 l. 85
4.59 2.t4
I . B0 L.34
o.74 0.85

I1.55 3.38
0.82 0.90
ó. 84 2.61
5.22 2.28
0.91 0.95
2.5t 1.58
5.66 2.34

15.10 3.8\
1.OS L04
9.26 3.04
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TABLE fV (con tlnu ed-4 )

9ó3
965
970
91I
972
974
97ó
980
983
985
99?
994
99ó
998

t0 l0
l0 I 1

1020
l0 2 L

1022
l0 3 I
1032
l0 3 3
1040
1042
1044
t05l
1057
1054
l0 5 5
loóo
1062
10 6 4
t0 ó ó
l0 7 I
l0 1 1
l0 7 5
l0 7 1
10 8 0
l0 I 2
l0B4
10 B ó
l0 I 8
t0 9 0
l0 9 I
l0 e 3
l0 9 5
l0 9 7

FOBS-SO FOBS

9.11 3.O2
l.e9 1.40
1.13 1.06
l.15 1.07
4.O2 I .97
2.90 1.70
5.93 2.42
1.20 1.10
ó.43 2.50
1.82 t.?3
4.12 2.03
2.1+ L.45
3. 13 1.77
3.38 1.84
1.04 L.o2

14. 89 3.86
3.65 1.90
0.7ó 0.85

18.80 4.29
6.52 2.54
0.95 0.97
2.t9 1.48

L1 .65 +.I9
I.O2 1.00
3.60 1.90
4.29 2.05
5.12 2.25
2.06 1.40
4.09 2.02
2.e7 I.1?

2L.65 4.64
2.87 1.ó9
5.52 2. il
4.62 2.L4

10.9ó 3.30
3.28 I .8I
2.21 1.49
3.49 1.8ó
1.74 t.3l
2. 88 l.ó9
2.O3 1.41
3.34 1.83
I.55 t.24
?.86 t.ó9
4.43 2.10
3.0ó I.7 2
3.99 t.99

SINSO

0.2019
o .227 5
o.20B3
0.2099
o.2147
o .2 319
o.2659
o.2323
o,2467
o.2724
o.265e
o.2852
o.3172
0.3ó21
0.l6lB
o.ló34
o.l6óó
0.1682
0.1730
o . L162
o.l8l0
0. 1890
0.1858
o.1922
0.2115
0.2019
o.2t47
o.2?59
o .2403
0.2179
o "2243
o "2435o.2156
o.2403
4.2_53t
0.27fìB
o .3L7 2
o.26?7
o .269 L

0.2884
o.?204
0.3ó53
0.2900
0.29 t 6
0.3044
0.3300
0.3ó85

IOBS

9.88
1.98
1.16
t.l7
3.83
2.f6
5.09
l.ló
5.80
1.57
3 .39
| .14
2.?.9
2.29
ì. .01

14.34
ó.98
1.54

35.27
9.78
1.2ó
3.41

23.54
1.22
4 .47
4.7 7
5.70
1.92
4.32
3.15

22.1-l
2.80
+.70
4 .2s
9.78
2.76
I .79
3.07
1.59
2.31
l. 57
2.32
I .00
2.31
3.48
2. t6
2.7 0
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TABLE IV (continued-5)

H

l0
10
l0
l0
l0
10
l0
tt
II
ll
tt
ll
11
ll
II
ll
1l
il
ll
It
l1
l1
II
11
II
11
1t
1l
ll
l1
1t
t1
ll
ll
lt
t1
tl
l1
ll
tl
l1
ll
l1
tl
L2
t2
L2

2
4
o
1

3
5
0
2
4
6
I
3
5
7
0
2
4
6
8
I
3
5
7
9
0
2
4
6
8
0
0
0
t

9
l0
lr)
10
l0
l0
l0

I
2

2
3
3
4
4
5
5
6
6
ó
6
7

7
7
I
I
I
I
9
9
9
I
9

l0
l0
l0
l0
l0
l1
1l
ll
1l
ll
tl I

0
I
I

9
0
2
4
6

l0
0
0
I
0
2
I
1

SINSQ IOBS

0.4197 2.30
0.3204 t.72
0.3268 4.49
0.34ó0 2.86
0.37ìlt 3.41
0.4229 t.14
0.480ó 4.55
0.[c55 1.00
0.2003 1. 04
0.2019 3.10
0.2083 3.ó0
o.2147 13.71
o.22tL 4.77
0.2_339 1.07
o.2+o3 2.15
o.2595 1.09
o.2515 I .06
o.?-53I 8.58
o.2659 l. 09
0.2916 2.76
0.2724 2.L5
0.2788 l.ó6
0.2e80 2.2L
0.3300 2.23
0.2980 1.09
0.3108 t.t0
0.3364 2.22
o.3749 1. ó7
0.7236 3.27
0.3300 3.31
0.34e3 t.tl
0.3813 l.12
0.4262 t.tz
o.3551 1.10
0.3685 t.Lz
0.3941 2.24
o.4?26 1.70
0.4838 1.ó8
0.3877 t.00
0.3941 1.03
0.41i3 1.05
o.4454 1.08
o.4902 l. 10
o.5479 t.L2
o .2307 2.6.00
o.2321 l.0l
o.2319 2.O4

F0BS-S8 F0BS

3 .57 I .89
2.26 l.4q
6.32 2.51
4.08 2.O?
5.21 2.2e
1.83 1.35
7.41 2.72
l. ló 1.08
l.2L l.l0
3.61 1.9?
4.30 2.o7

16.53 4.O7
5.90 2.47
I .3ó l. 1ó
2.13 t.ó5
1.45 I .20
l.3e t.l8

t1.34 3.11
1.4ó l. 2I
3. B? I .9ó
3.00 t.73
2.3L t.50
3.25 t.80
3.44 1.86
1.56 t.25
t.60 t.27
3.31 1.83
2.80 1.64
4.78 2.Le
4.88 2.21
I .70 t. 30
1.78 1.33
1.86 1.3ó
1.70 1.30
1.73 1 .31
3. 58 1.89
2.81 l.ó6
2.83 l.ó6
1.8ó 1.3ó
1.90 t.3B
1. 9ó I .40
1.97 I .40
1.97 1.40
I .85 1.3ó

34.10 5.84,
1.74 t.ló
2.75 1.66
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TABLE IV (continu ed -6)

H

t220
1222
L23t
t?40
1242
1244
t25t
1253
1255
12ó0
1262
1264
L27T
1273
1271
12B0
L2B2
1284
t286
t28B
L29l
L295
L297
1299
12 l0 0
12 10 2
12 t0 4
L2LO B
12 lI 1

12 tl 3
t2 tl 7
12 ll 9
L2t2 0
L2L2 2
T2 L2 4
L2 12 6
L2L2 8
13 t 0
LVzt
1330
1.3 3 2
13 4 |
13 4 3
13 5 0
13 5 ?
13 5 4
13 ó I

FOBS-SO FOBS

3.38 1.83
11. l l 3.i1
2.84 1.69

?-4.32 4. 9 I
5.15 2.26

t7.t0 4.tv
3.02 t.74
2.32 1.50
3.27 l.8l
ó.91 2.62
2.35 1.51
3.70 1.82
l. ó8 1.30
t.12 t.3l
1.95 1.40
7.56 2.-to
3.40 I .84
8.05 2.79
1.84 I.3ó
5.7? 2.39
1.75 t.32
2.72 l.ó3
1 .9ó I .40
1.90 1..38
2.62 1.ó0
I .9I I.3I
2.73 t.64
1.91 1.38
2.01 t.42
2.OO t.4t
2.12 l.1ró
3.17 1.94
7.9ó 2.82
z.Ot t.4?-
4.O9 2.02
2.OO t.4l
I .93 I .39
3.O2 L.74
5.40 2.12
1.57 t.25
2.38 1.52
l.ó3 L.28
t . óó I . 29
1.64 I .28
3.33 1.83
t.74 t.32
3.43 1.85

SINSA

0.2371
o.2435
o.2467
o.2563
o.2627
o .2820
0.2124
o.2852
0.3108
0.2884
0.2948
0.3140
0.3108
o .323 6
0.3877
o.7?3?
0.339ó
0.3589
0.3909
0.4358
o.3621
0.4005
0 .4390
0.4902
0.3909
o.7973
0.41ó5
o.4974
o.4262
0.4390
0.501t
o.5543
o.4614
0.4ó78
0.4870
0.5191
0.5ólc
o .27 24
0.2788
o.2852
0.2916
0.2980
0.3108
0.3108
o .317 2
o .3364
0.3300

IOBS

2.96
8.32
2.08

11 .55
3.ó9

11.81
2.lr
l. ó2
2. t7
4.73
l.ó3
2.17
I .07
1.09
l.ll
+.7?
2. L7
4.89
l.lr
3.33
1.09
1. ó8
l.r. 1

t.L2
l.ó7
1.03
I.tt9
l.rl
l. 0l
I .04
l. o8
2.20
4.00
L.O2
2.09
1.07
1.08
?.02
3.ó0
I .05
I .57
1.02
t.06
1.09
2. t2
I .07
2.t2
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TABLE IV (conllnued-8)

1497
14 lo 0
14 l0 2
14 l0 ó
14 10 l0
L4 tt I
14 lt 1
14 tl 5
t4 11 9
L4T2 4
L4t2 6
15 I O

t5 2 t
t5 1 2
t543
t5 5 2
1563
15 f 2
15 I 3
15 c 2
15 9 ó
t5 t0 I
15 L0 3
15 ll ó
t5t2 5
ló o 0
1622
16 3 I
ló + o
1ó 4 2
ló 4 4
16 5 I
lóó0
ló 6 2
16 7 0
ló B 0
ló 8 2
1ó t0 0
16 l0 2
ló 1l I
L6t2 0
L72L
1732
1740
t74?
1752
1772

FOBS-SQ FOBS

2.96 , 1.70
?.77 I.8B
7.96 1. e l
3.98 2.00
1.70 1.30
2.07 I .44
2.O3 | .42
I .99 I .41
L.12 t.3l
1.98 t.4t
1.88 1.37
7.65 l.9I
5.5ó 2.76
1. 87 l. 37

-- 1.93 l.3e
3.85 1.9ó
2..94 1.69
3.98 2.00
2.03 1.43
2.O2 t.4?,
1.98 l.¿rl
2.06 t.44
2.O2 L.42
1.86 1.36
I.8t L.\5

I1.48 7.19
I.9ó 1.40
2.99 1.70
4.94 2.2L
l.9e l.4l
6. 09 2.47
2.O4 L.41
3.99 2.00
2,O2 t.42
2.01 t.4?

10.03 3.T1
2.02 t.42
1.95 I .40
1.95 1.40
l.e3 1.39
3.57 t.89
2.01 t.42
2.03 t.42
2.01 L.42
2.04 t.47
2.O2 L.42
3.99 2.00

sfNsS

0.5223
o.4't42
0.480ó
0.5319
o .6344

.0.5095
0.5223
o.5479
0.ó376
0.5703
o.6024
o.3ó2I
0.3ó85
0.3813
0.4005
0.406s
0.4326
o .445 4
o.4774
0.496ó
o .547 9
0.5223
0.5351
0.ó120
0.6712
0.41 0 I
o .42 29
o.4262
o.4v5B
o.4422
o.46t4
0.4518
0.4ó78
o.4142
o.4686
o.5t2_1
0.519t
0.5703
o .57 61
0.605ó
0.ô408
0.4710
o.4tt38
O.4BBó
0.5031
0.5095
o .547I

IOBS

l.ó5
2.21
2. LO
2.13
1.09
t.0 t
t.03
1.05
1.08
I .04
I .0ó
2.01
3.0ó
1. 04
1.04
2.05
l.ó0
?..05
1 .04
t .02
t.0ó
t.01
t.03
1.05
I .04
6 .00
1.03
1.53
2.55
1.03
3. 15
l.0r
2.O7
L. 02
1.00
5.00
l.o2
I .00
1.02
l.0t
2.00
I .02
1.03
1.00
I.03
L.O2
2.04
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IABLE IV Gontlnued-g)

H

l7
l7
L7
IB
t8
l8
l9
20

I
9
9
?_

6
l0

2
0

L

0
0
2
2
2
0
I
0

stNsa

o.5655
o.597_8
0.5e92
0.53 t 9
o.5832
0.ó793
0.5864
0. ó408

IOBS

I .00
2.00
1.02
l. 02
1.02
2.00
t.02
2.00

FOBS_SQ FOBS

1 .96 I .40
3.81 t.95
1.90 t. 38
2.0t t.42
1.94 1.39
3.12 L.82
1.93 1.39
3.57 1.89
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CB\PTER VIII. RESULTS AND DTSCUSSTON OF THE REFINEI,IENT

Isotropic teûìperature factors !¡ere used ln all stages of lhe

reflnement. A least squares reflnement kas attempted 6tartlng

wlth Paullngrs posltional parameters and Löns & SchuLtzrs fso-

troplc tsnperature factor6. Refínement by thls method caused the

posltlonal parâmeters to approach those of Löns & Schultz; ho!¡-

ever, repeated reflnementg shotred that ft was imposslble to

lo\,rer the R-index below 0.20. Thls suggesÈed that the lntenslty

data were falrly fnaccurate. The R-index obtalned wÍth the

author!s intenslty data and the posftfonal and thermal parameters

of Löns & Schultz was 0.196. Further refínenents resulted in

only snall shlfts ln the parameters that gêve somervhat hígher

R-indlces. Thls conflrmed that the authorrs fntenslty data Ìrere

fnaccurate. (Thefr Íntensitles were measured photometrlcally

ç7hi1e the authorrs were done visually.)

Electron density (oo) and difference (oo- o") naps rvere com-
.L

puted uslng the dat{\Lôhs & Schulrz (1967). Sectlons rhrough one

atom of each type fn the structure are sltown Ln Flg. 6, 7r Br 9,

10, and ll.

Wlthtn the Llmits of thís v¡ork Èhe results appear to confÍrm

Lilhs & Schultzts positional and temperature factors (Tab1e V).

In Table VI are given.the structure factor data uslng the

authorrs lntensities and Lijns & Schultzrs parameters. This table

contafns the FO, FC, AO, BO, AC, BC, and ALpllAC (calculated phase
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ångLe) for each reflectlon llt(]..

The Prograrn NIIC-I2r Scan of Interatornfc Distances anrl Bond

Angles by lf.E. Ptppy and F.R. Ahnred, given the paramerers

of L'<ins & Schultz (Table v) ând Ëhe authorrs cell edge, produced

tlìe results shown 1n TabLe VII.
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TABLE V

Positfonal and Thermal Parameters

Positlon Paul íng I s
Positlonal
Parameters
_(l91Ð_

x=0.175

x=0.135

y=0. 440

z=0.150

- Löns & Schul-tz (1967)
,--..-/---'j.--

fos rii.ãiãÍ --E;TropÈ'
Parameters TemDerâture

Ieg!erÊ,À_

c1

Na

Sf

A1

0

I .90

1,49

0.3 5

0.80

0. 89

oroto,

xrxrx,

l/ 4 ro,! /2

l/4,7/2,0

xtY ¡z t

x=0 .17 7 7

x=0.1401

y=0.4385

z=0 . L 487
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TABLE VT

Refíned Structure Fâctor After Executlon of Structure Factor

!e4.€,!_åquares (SFLS) Proîram

IJ ÀCBOACFCFO

I O 0.0
0 0 5.73
I 0 l.Ot
I I 8.55
2 0 0.o
7_ 2 11.77
I 0 5.70
2 O 0./+8
2 | 6.43
7 0 L2.5?

Ã 1.)

ll 0 5./+E
I 0 0.60
| 1 14.24
2 0 5.48
2 I 0.ó0
2 2 5.53
7 0 0.63
3 I 3.4V
3 2 l.0B
? 1 6.3V
4 0 14.8?
4 2 i).Lll
+ 4 t?..+4
I 0 t.25
2 O O.óB
2 | V.76
3 0 5.49
3 I 0.6q
z ? 1.52
4 0 c,72
4 | 4.83
4 ? O.75
4 3 l.t9
5 0 0.30

4.9/+ 0.0
4.34 5.73
0.75 -1.01

lt.89 7.32
0. 0/r 0 .0

t2.52 -I0.21
4.47 -5.30
0.19 0.48
6.19 6.1?

11.23 L?.52
4.57 tt.3Q
,.o'2 5.48
o.25 0.ó0
9.24 3.50
5.27 5.48
0.24 -0.17
4. 89 -1.74
o.2r) -0.ó3'?.35 -3.08
0.66 0.09
5. 02 -5 .95

11t.ól ï4.82
8.ól 6.66

I t.80 1I . l6
t. l6 I .25
0.19 -0.óB
?.66 V.25
5,82 -5.49
0.45 0.58
7.57 7.5?
o.?4 -o,7?.
4.98 -2.80
0.ó5 -o.73
0.93 -0 ,49
0. tJc 0. B0

0.0 -4.94
-0.00 +.34
-0.00 -0.75
-4.43 10.17
0.0 0.04
5.8ó -10.86
0.00 -4.47
0.00 0.19

-1.94 5.90
0.00 t1.23

-2.89 3.80
0.00 5.o2
0.00 0.25

13.81 2.21
0.00 5,21
o.57 -0.07
5.41 -1.1ó
0.00 -0.20
1.52 -3.O1

-1.08 0.05
2.r5 -4.7?

-0.00 [4.61
-6.07 6.36
5.48 I0.59
0.0 I.16
0.00 -0.19

-o.27 3.65
-^ ^^ -a: a2

0.3¿ 0.38
0.10 1.57
0.0 -0.21+

-3.94 -?.89
0.20 -0.ó3

-1.09 -0.38
0.00 0.50

BC ALPHAC

0.0 180.00
-0.00 360.00
-0.00 t 80.00
-ó.16 328,78
-0.00 360.00
6.24 150.12
0.00 180.00
0.00 0.00

- t.87 342 .18
0.00 0.00

-z;55 .tz(,. | 1
0.00 0.00
0.00 0.00
8.96 75.78
0.00 0.00
o.23 l0ó.33
4.1 q LO3 .7 7

0.00 I80.00
1./tB 153.74

-0.óó 77t+.66
t.7r 1ó0.12

-0.00 3ó0.00
- 5.80 3t7.67
5.2C ?6. t7
0.0 0.0
0.00 180.00

-0.3 0 355.30
-c.00 180.00
o.z5 73 ,67
0.10 0.72
0.0 lBc.00

-4.06 234 .57
0. l7 164.97

-0.8 5 245.88
0.00 0.00
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TABLE VI (contlnued-2)

ll Frl

, s 5 ? 4.46
fi 5 4 .2.08

:6 O 0 I2.53'{' I 0 O.74
6 I I 1.)2
6 2 0 3.ì4
6 ?- I a,77(, ? 7 7.75
6 3 I ó.07
6 3 2 0.76
6 7 3 8.I3
6 4 0 3.63
6 + I 0.78
6 /¡ 2 2.Oz
6 4 3 0.83
.6 4 4'3.18
6 

' 
O O.92

t, 5 I /+,94
t: 5 7 Q.8/+
6 5 7 L.gt
6 5 4 0..r0
ó 5 5..4,06
l¡ 6 0 0.90
6 6 7 1.76
6 6 t+ 2.4Q
6 6 6 4.72
7 I 0 1.14
1 2 0 0.82
7 ?_ I ó.53
7 ? 0 6.7?
7 7 I 0.90
7 3 ? 3.53
1 4 I 7.49
7 4 2. 0.86
1 1+ V L.?6
7 5 0 t.33'1 5 I O.il8
7 5 2 ?.t.o
7 5 7 0.92
7 5 4 2.?5
7 6 0 0.92
7 6 | 2.2t
7 6 ? !).94

j 1 (, 3 2.9?
7 6 4 0.99
7 6 5 ?,93
7 7 0 2.iì6

4.76 ?.77 3.51
7_.?e -t.58 1.35

1I.30 12,53 0.00
0.21 O.74 -0.00

.3.Itl 2.90 0.83
3.05 -3.t4 0.00
0,14 -0.? 5 -0.127.29 -7.5O -t.975.?5 5.40 ?.77
0.10 -0.56 0.5?
7.49 B.0t l.3s
7.48 3.63 0.0
0'.7t o.75 -o.23?.?3 -I.98 -0.400.67 0.81 0.15
2.e9 3.17 0.10
0.91 -0.92 0.0
5.62 4,93 0.23
0.10 -O.77 -0.31r1.73 L.25 -1.450.56 -0.49 -0.75
4.67 3 .81 -t.200.31 0.90 0.00
7.08 -7.60 -1.58
2.0Ì -o.72 2.29
4. B?, -4.5? l. 30
1.00 -1.14 -0.000.46 0.82 0.0
6.2L 5.5t -3,52
5.71 -6.13 -0.00o.29 -0.4i o.79
3.39 3.52 0.20
v.f2 -0.9ó V..36
0.70 -o.75 -0.41
0.49 0.f15 -o,931.27 -l.l:ì 0.00(\.14 O.59 0.66
3.ó8 2,67 1.58
o.44 -0.25 0. B9
2.40 -l .4/t ' -1.73
0.47 0.9? 0.0
? .3q ?.17 -o.4?0.4t -o.16 -A.91
2.76 ?,8U 0.5?_
o,32 0.98 -0,14
7 .06 2.93 O.Ir¡
2.52 2.\6 -0.00

AC BC ALÞHAC

?.s4 3.71 5I.89
-1.74 t.+9 tv9.46
11.30 0.o0 0.00
o.?3 -0.00 360.00
2.98 0.85 t5.8it

-3.05 0.t0 130.00
-0.t1 -0.32 250.8ì
-7.05 -1.85 194.70
4.67 2.39 27.t5

-0.07 0.07 t31 .?_O
7.38 t.21 e,74
7.48 0.0 0.0
0.68 -o.?1 ?+2.7 |

-2.1rì -0.44 19t.45
0.6ó 0.t3 10.75
2.97 0.28 5.35

-0.9ì 0.0 I80.00
5.61 0.2ó 2.67

-0.09 -0.04 203.97
t.l3 -t.3t 3t0;82

-0.31 -o.47 216.7 3
4,46 -1.38 342.75
0.31 0.c0 0.00

-6,93 -L"44 19I.73
-0. ó0 t.92 IO7 .46
-4.64 L,33 t63.95
-1.00 -0.00 180.00
0.4ó 0.0 0.0
5.24 -3.3/t 327.44

-5.71 -0.00 180.0o
-0.14 0.?5 118.55

3. vB 0. le 7.20
-0.91 3.i9 t05.90
- o .6?- -o.34 208.67
0.33 -0.36 1t2.36

-t.21 0.00 180.00
0.30 11.33 48.25
3.I7 t.87 30 .62

-0.t2 0,42 105.93
-1.54 -1.85 230.25
o.47 0.0 0.0
2.35 -0.4e 348.95

-0.07 -0.4c 26A,06
2.72 0.49 t0.3t
0.31 -,0.05 351.ó6
3.0ó 0.t5 2,76
2.52 -0.00 160.00

ANt_ t.
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3.b8 2.q5 -t.5t;
3.44 -3 .23 I . 93
2,88 2.87 -0.58
6. /+B 7 .23 -0. 00
o,43 -0.rlB -0.00
4,24 -V,69 -1.93
6.31 5.75 0.oo
3.01 -2 .64 0,94
L .45 | .25 -0.93
0.86 0.81 0.30
4.37_ -3 .7 | -0. 87
9 .4t\ 10. 30 0 . 00
2.73 2.O4 1.62
0.19 0.13 -o.e2
ó.38 5.31 -t.15
1.51 -1.30 0.14
0.43 -0.48 0.91
0. 1 I 0. 59 -().19
?.5'.8 -1.84 L.26
o.34 0.96 0.00
0. 50 -o .97 0.03
0.55 0.94 -0.28
o.2Q -0.8ó .0.5t
4.LO 3.68 -0.ó1
3.16 -?_.81 -0.90
2.31 -2.01 - I.07
0.7 7 -L.2A -0.03
I.0+ -1.01 t.00
0.91 1.28 -O.25
I . r_r5 - t. t9 -o.776.21 

'.t4 
0.00

?..10 2.01 0.25
5. 96 5. I I O,75
1.87 1.83 0.25
2.(9 2,11+ -C.Cl
1.25 -1.34 0.0
o.74 0.85 0.00
3.12 7 .O? t.52
o.4v -0.84 -0.3I
2.60 2.48 -0.83
2.C15 -2.?tt -O.O7
0.47 -0.89 0.34
1.34 -O.8i t.V4
2 . ('/+ -7 .34 0. 00
4.56 3.04 -2.33
0.60 -0.95 0.4t
?.97 2.81+ 1.09

ANFCl-l

7'7
7

ìtì
B

,B
B

B

I
I
B

B

8
B

u
tì

.?,
fJ

.B
I
I
E,8
B

B

B

I
I
8
B

B

I
tì

9
q

9

g
()

,9
a
9
q

9
9

K

7
7
7

0
I
i
7-

?_

3
3
3
4
4-

+
4

5

5

5

6

(¡

6
6
('

L f-0

? 3.?4
4 i.76
6 7.93
o 7 .23
0 0.8rì
I 1r.lfì
0 5.'ltj
? ?^.30
I t. 55
2 0.8ó
3 3.¿ìI
0 10.30
2 ?_.60
7 0.9?
4 5..>9
I t.3t
3 I .08
4 0.99

0 0.9ó
I 0.97
2 0.98
3 1.00
4 3.73
6 2.96
I 2.28
3 1.20
5 l.t+2
ó 1.30
7 1.4?
0 5.11r
? 2.02
4 5.16
6 1.85
q 2.r4
0 I .34
0 0.85
I ?. 3B
I 0.90
?, 2.61

2 0.95
3 I. 

'BQ 2 .7/-¡
? ?. s}
4 t.o4
I ?.04

, AC T]C ALPHAC

i.23 -t.75 331.50
-? .95 t.16 I49 . ?2

2. P,3 -O.57 348.62
6.4n -0.00 3ó0.00

-o.47 -0.00 I80.00
-3.77 -7 .OV 208.25
l¡.31 0.00 0.00

-2.84 t.0t 160.40
l. l6 -0.87 123.28
0. B0 0.30 20.34

-4. ?-0 -0.9B 193.15
e.40 0.00 0.00
2.13 1.10 38.51
0.03. -0.t9 278.26
6.06 -1.99 141.19

-1.5ó 0.17 t73.65
-0.t9 0.3q I16.05
0.08 -0.11 vo6.49

-2, L? 1.46 t45.6I
o.14 0.00 0.00

-0.50 0.02 t78.26
0.53 -0.1É. 343.?9

-0.17 0.10 L49.46
4.Q4 -O.67 350.56

-3.01 -o.97 t97.rìl
-2.09 -1.11 208.05
-o.17 -0.02 lBr.63
-o.14 0.73 I35.3I
0.89 -0.I7 349.0q

-0.88 -0.57 272,7t1
6.20 0.00 0.0c
2. 09 0.2 6 7 .20
5.90 0.86 8.3t
1.85 0.26 7.90
2.6<1 -0.0? 359.66

-t.25 0.0 180.00
0.74 0.00 0.00
3.?2 1.67 ?6.74

-0.40 -0. 15 200, ?o
2 .41 -0.82 14t.52

-2.06 -0.0Á 18I.78
-0.3q 0.15 t58..rB
-0.71 t.t4 121.9?
-2.64 0.00 180.00

3. 62 -?-,7I 3?_2.48
-0.55 0.24 I56.óI
?.77 1.0(¡ 20.91

B

I
B

B

ti
I
2

2
3

3
4
4
f1

5

5
('
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Fe.

2.e9 2.9? 0.77
l.17 1.40 -o.o'¿0.70 -1.06 -0.00o.38 I.04 0.?_5
t.99 1.93 0.38
1.56 -I.6I -0.56?.17 ?.36 0.53
o.54 -1.10 -0.00
? .45 -2.43 -0.59
1.I7 -0.54 -I.22
1.70 t.83 0.88
0.eB -0.82 1.le
1.76 I.77 0.03
1 .4? -1.81 0.75
0.71 -L.A?, 0.0
4.05 3.77 0 .82
t.7I -1.90 0.00
0.35 0,33 0.79
4.70 -4,20 0.90
2.67 2.j6 -O.gtt0.29 0.24 -0.94
I .42 L.45 -0.304.22. 4.t9 -0.00
0.c4 -0.60 -0.80
2,02 t.69 0.86
2.2e 2.00 -0.4ó2.fI 2.16 0.6rl
0.ó4 -1.05 0.93
2.35 1.97 0.4¿t
1..2i -I.7? -0.004.83 -4.55 O.94
l.48 -L2.4 -1.162.9(¡ -2.29 -O.32
2.18 l.gt o.97
3.55 3.2q -o.341.83 t.7?- -0.55
0.87 -0.57 1.38
1.70 t.B6 0.00
1.19 -1.30 0.1ó
1.35 1..ó9 0.00
0.74 -O.72 t.22
I . 9rr 1 .çt? -0. 12
0.1ti -L.2t -0.00
1.4+ t.30 -1.08
2.13 2.O9 -0,271.53 I.64 0.50
l.lo t.79 -0.88

80Atr AC ¡]C ALPHAC

2,90 0.76 t4.75
1.17 -0.02 35e.09

-0.70 -0.0c I80.00
0.37 0.0e 13.29
1.95 0,39 tt.?a

-1.47 -0.52 t99.33
2.41 O ,5¿t 12. 64

-o.54 -0.0(r 1B0.00
-2.38 -0.58 19?.6t
-o.47 -1.07 246.35
1,53 0.74 25.71

-0.56 0.8 I L?.t¡.69
L,16 0.03 0.83

- l. 40 0.27 t 69. 06
-0.7t 0.0 lB0.oo
3.95 0.8ó 12.3t

-1.71 0.00 130.00
0.14 0.72 óó.98

-4.60 0.9e L61 .96
?..45 -0.97 338.74
0.07 -o.28 284.30
1.39 -0.29 348. ló
4.2? -0.00 3É,0.00

-0.56 -0.75 232.98
I . B0 0. 91 26.88
2.23 -0.52 V46.92
2.2L 0.ó5 16.45

-0.48 0.43 138.58
2.29 0.52 t2.67

-L.2? -0.00 lBO.00
-4.73 0.98 168.36
-1.08 -1.01 ?_23.07
-2.94 -0.+t 187.89
1.94 0.9I 26.7I
3.53 -0.37 354.06
| .14 -0.56 342.20

-0.33 0.80 t12.2L
1.70 0.00 0.00

-1.18 0.14 173.05
1.35 0.00 0.16

-o.38 0.64 120.50
1.94 -0.13 356.30

-o.4v -0.00 180.00
l.t0 -o.e2 320.08
2.LL -0.28 35?.52
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Ftg- 9. po - pc: (o01 ) sectíon at z = 0.08. Ttre conÈours are drãçTr at intervars of
one unit wlth the zero contour dotted.
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TABLE VII

InÈerât omlc Dis tances 3!\LÞ!{LlÞg.lgq

S104 Tetrahedron

S1-O distance 1. ó298

0-0 distance 2. 63 28

o-o dlstance 2.7178

0-Sl.-O angle lO7 .7 4o

0-Sl-0 angl,e I12.99o

4104 Tetrahedron

. A1-o dlstance 1.7308

O-O dlstance 2. 8098

O-0 distance 2,857R

O-41-0 angle 108.55o

O-41-0 angle I l1 .34o

0ther Angles and D is tances

. Sf-0-41 angle 13 8.250

Na-cI dfstance 2.7 338

, Na-CI-Na angle 109.47o

Na-O dfstance 2.3 538
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CHAPT¡'R IX. CIIARGI' DI S'TRIBUTIOI,¡ CONSIDERATIONS

A. Introduc tlon
vas

An attenpt made to see whether lt is possfble to fnÈerpret

the sodallte sÈructure in lonÍc terms. Thls lnvolves the calcul-

atlon of the posftive electrostatLc charges glven by the metalllc

caÈions to their surroundlng anfons under different assumptlons

to see r,rhether a reasonable charge dlstrlbutlon for the structure

can be arrived at. Thls fs essenÈially an attenpt t.o apply PauI-

ingrs second rule relatlng to lonfc structures.

Thls rule, as stated in EVans(1939), ls: "Ìn a stable coordin-

ation structure the total strength of the val-ency bonds whfch

reach an anlon fro¡n all tlìe nelghbourlng cations ls equal to the

charge of Èhe anLon.rr The main ídea underlylng this rule 1s that

one can lnterpret a crystal structure as a llnking of polyhedra

of anlons around catíons. Therefore, ator¡s are behavlng as ions

ln thls approach and one can conslder Èhe posltlve charge on the

cåtion to be dlstrlbuted to its,surrounrlÍng anions. For an ionic

structure vlewed ln thfs way, the sum of the positlve charges

recelved by one anÍon from all of j.ts catlons r,'i11 nearly be equal

to the negative charge on the anlon.

The applfcaËlon of thls rule in the l920rs and 30rs r,¡as a big

factor ln eolving the structures of many of the fmportant rock-

forming slllcaÈes such as feldspars, nyroxenes, amphiboles, and
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nfcas. calt & Ferguson (1968) have been able to fnterpret

the structure of low albfte, Na AlSfrorr ln these terns and l.!
fs an lnterpretation s1¡a1lar to thelrs that is being attenpted

here.

When one atÈenpts to lnterpret an alum inos Lll.câte structure

suclì as sodalfÈe and albite in these terms there âre three prlnc_

lpal problems that arise. The fírsÈ problem relates to Ëhe assumed

Ftre Sl-0 and Al--0 (f-0) dfstances, because these deÈermine the

proportion of Sf and A1 ln a glven tetrahedral slte and hence the

effective posltlve charge on that site. The second problem ls ln

deternlnlng the coordlnatfon number of Na whlch fs to be assuned

in this fnrerpretatfon. The last problem is that of decidlng

whether the posftfve charges should be df6tributed fn eome way

that takes account of the dlfferlng cation-oxygen distances in.
one catlon-oxygen polyhedron, as one mlght expect from Coulonbrs

law. calt & Ferguson (1968) showed rhat 10r,¡ albtte has virtually
ideal charge dlstrtbutlon for an assumed Sf-O dfstance of I.6021,

an aszumed AI-O dlstance of L.7773,, and a coordinatlon number

(C.N.) of Na of 6, when the positlve charges are dLstrlbuted ln

amounts that are lnversely proporÈlonal Èo tlìe square of the

cation-oxygen dfstances. Thelr procedure was folLowed here.

In the flrst lnstance tt can easlly be shorvn that tlìe soda-

llte structure would have an fdeal charge dfstrfbutlon ff one

assumea that !

(a) The C.N. of Na is 4r
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(b) The structure has not full ordering of Sl and AI, but in

fact any orderlng down to complete dfsorder. (However, cornplete

Sl-Al- disorder ls precluded on structural evldence! cornpletely

disordered sodalíte would have "ouJffir"ary r43m. )

(c) No account fs taken of the dtfferíng cation-oxygen dlstånces.

Three possfble ¡¿eaknesses exfst fn thls fnÈerpretatlon. The

flrst is that a 4 coordination of Na seems unusua!.ly smaLl; Calt

& Ferguson (1968) found a C.N. of 6 for Na fn lorv alblte. The

next posslble weakness 1s that the sfzes of the two te¡rahedra,

as given by Löns & Schultz (1967) and conflrmed by ourselves,

suggest that the Sl and Al are not qutte fully ordered. FÍna11y,

Galt & Ferguson (1968) descrlbed sÈrong evldence that account

must be taken of differíng catlon-oxygen dlstances in dfstrtbut-

lng the posltlve chârge.

The calculatlons on the sodâl-1fe slructure vrere carrled out

in the nanner descrlbed for low alblte by.Gait (196i).

B. Calculatlons

Assurnlng the Sf-O and A1-0 distances proposed by Smlth & Balley

(1963), L'<íns & SchulÈz (1967) derfve<l Al-conrenrs of 0.1 and 0.9

for the tr,ro teÈralìedra í¡r sodallte basecl on tlìeir own derlved

tetralìedraL ttsizest'. A consideraÈ1on of.the sodalfte structure

in fonic terms shows that bec,ause of the hfgh syrnnetry of the

structure the positive charges contrlbuted to the oxygens by the

tetrahedral catlons are lndependent of the S1-Ä1 dfstrlbuÈion
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because every 0 is llnked to the tlro different tetrahedra. Thus

on the face of 1t, 1t appears lmpossible to account for the Si-

A1 dlstributíon 1n sodalite ln terms of charge dÍstrlbutlon as

cai! & Ferguson (1968) were able to do fn tlìe case of lot,,l albite.

Therefore, the autl¡or atternpted to account only for the Na coor-

dinatlon by charge distribution calculatlons. Tr.,o calculatÍons

r¿er e rnade.

Flrst Calculation

Na ¡vas assumed to be coordlnated to the four cl.osest ânlons,

3 oxygens at distances of 2.3538 and by one chLorlne at 2.7338,

and the Na charge was dlstrlbuted to the surroundíng atoms as

the inverse of tlre square of the distance. It tras found that

each oxygen would receive 0.267 e.s.u. and the chlorlne 0.199
.!le.s.u. from Nâ''. Therefore, sj.nce each chlorfne ln the structure

16 têtrahedrally surrounded by 4 l.laf s, lt would receive 4 x

0.199 = 0.796 e.s.u. of charge r,¡hlch is not sufficient to rtbal-

ancerr 1ts unlt negative charge. Hence tlÌe 4 coordfnation of Na

nay not be accounted for ln this tnanner.

Second Cal-cu la tion

In view of the result of the above calculatlon, an atteml)È

r¡as made to explaln the structure usÍng an Na coordínatlon other

Èhan 4. The only other reasonable Na coordinatlon appeared to be

8 ln whlclr ,hu N"*1 charge Ís shared by 3 oxygens aË 2.3531, 3

at 3.0828, a chlorfne at 2.7338 and anorher år 4.9568. For rhts

coordlnaÈion, eâch Cl receÍves a total charge of 0.676 e.s.u.
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fro¡n the four surroundtng Ir'",". Once agaln thfs approach had to

be regarded âs Lnad equa te.

As a result of these calculations the autlìor concluded that

it nas not posslble to fnterpret the sodaLite sËructure ln thls

manner .
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cHApTm. 4, DISCUSSIoN 0F THE RESULTS

The R-lndei( of 0.1965 which $râs obtalned is conslclerably

larger than thåt of Löns & Schultz (1961) whfch r¿as 0.082. Since

the R-index ls generally âccepted as an indÍcâtlon of the accur-

acy of the rêfínement, one nuat conehide that the original in_

tensitfes are noÈ sufflcfently accurate to yteLd a satlsfactory

1ow R-index. The reader r,r111 recall that the two reasons whfch

were glven by the âuthor ln the Introductfon to the thesls for

contlnulng the refínenent âfter the paper of Lijns & Schultz (1967)

had appeared were:

(a) To obtain Fourler maps which they had not obtaLned,

(b) To fnvestigate the charge dlstrlbutlon lnterpretatlon.poss-

fbllitfes in the structure.

The author feels thaÈ both of these purposes have been fulfilled
in thls project. In addltion, the author feels that a worth\.rhfle

contribution fo the oLneralogical data on the two Canadlan soda-

lites has been made.
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APPENDTL-¡. UPPER LEVEL fqISSENBI¡RG INTENSITY CORRECTTON

Subroutine (ËLoNçD ) :__.lqqr rec t ion for Intensities for ELongaÈÍo,!

¡!a..¡!l¡1þ¡g l:la1f of lqu i:jnc lina rion L'efssenbern phorogrjtbs

A. GeneraLPC!!! ip t ion

Phf1liîs (I954) derives several formulae rvhlch govern the nod-

. iflcation in reflectÍon spot ârea observed on upper-level

Wèissenberg photographs. Ife also shor.¡s lhaÈ lhese equations can

be used Ín a routíne correction of lntenslties vfsually estim-

' ated fron such photographs. Phi11lpsr equatlon (30) .(for reflec!-

Lon-spot length çlth camera translatlon) reduces tr fgonome tr ically

to

L I AL = I + lg sinu cos0 cosu

) L 2n q"o"2u - coszo ) (Rl + R2cosu)

ç¡here

L - Èhe length of the spot on the phoÈogrsph,

ÀL - change in length of the spot due to the geometrical effect,

U - dhe angle of inclÍnation of the X-ray beam Èo the horizon-

tal crystal axls,

- the ångle of reflectlon of the X-rays from a particular

' set of planes,

R'' - the radtus of the cylind.rlcal h'elssenberg camera,I

R^ - Èhe crys ÈaI- to-sou rce distance.

Slngh (1967) gives a si¡rllar equatlon 1n a more recenÈ public-

aÈfon.



This subroutine. ELoIIGD \,ras lnserted as an additÍonal sub-

routlne tn NRC-2 and 1È carrÍes out tlìe following steps for

each ref lecÈion !

1. Calculates cos O from sln2O which has been brought 1n

from the rnain prograrn.

2. SeEs ¡ . equal to Èhe proper angle (1n radlan) dependÍng on

the level of photograph from whlch the reflection has cone.

3. Appltes the correctlon Èo the oríginal observed lntensity

which has not undergone any oËher correctíon up to thls polnt.

4. Replaces the original uncorrected intenslty r¡lth thls

corrected one and transfers 1t back to Èhe nain program.

Two runs ¡víÈh ldenÈícal parameters were made on NRC-10 (SFLS)

r¿1Èh and wÍthouÈ Èhe subroutlne ELoNGD. The R-lndÍces for these

two runs were 0.19 and O,22 respectively whlch justffÍes the use

of the elongatio¡ì corr ecÈfon.
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B. Lls tlnø

L .ra-î.

C SUBIì{.]UTI NE TO COIìRECT FOR ELCNGATED REFLFCTIONS
C IN UPPFA. HALF OF EQUI-INCLINATION WÊISSENBERG
C PFIOTT)TJRAPHS
C , USFS PI-IILLIPS EQUATII]N Z]O< tIF ACTA CRYST 7,74ó
C L,A54.....THIS EQUATIOI'I REDUCES TO FORi\1 USED HERE
C 8Y GFN\îETP,Y...SCi!E OF TIIE IIOST II'IPORTANT
C GEOI'lETRICAL EXPRESS IiINS ARE
c uPsI<**2 # 4 SI¡JTHETA**2 - LEIA¿<*2
c u psIi.t¡¡ ¡¡1gr'1+;,2(# sQU,ARER00Tu4-zEr A**2<
C ZFTA { -2SINîTU<

SUSROUT T I¡E ELONGI]. (SII',SQ' IL'i.]ET'PRIÀITR)
I I¡TEGE!I IL,PRINTR
REAL "¡VlU,NET, ICORR, RI, R2, COSTA, SINSQ
R1=28.7
R2=75.O
IF ( t -q-s IfisS ) 35 ¡31 t3-l

35 !/lRITE (PRINTRT3ó)
3ó FOP.}1AT I I IST SQRT TN ELONGD IS NEGÂTIVE?]}

G0 TO 34
37 CCI\IT I NUE

CtlS TA =S C¡ì T ( l-S INS0 )

IF liL.EQ.0) r'lu=0.0
IF (IL.EQ.t) MU=2.2
IF (IL-E4.2) MU=4.ó
IF flL.E0.3) t4U=6.9
IF (IL.EQ.4) l4U=9.2
IF (I L.EO.5 ) f4U=11.4
IF (IL.EQ.6) l4U=13.8
IF ( I L. 

=Q.7 
) MU=1ó.1

IF ( I L.EQ.8) r'lU=18.4
IF (IL.FQ.e) 14U=21.0
IF ( IL.ÊQ.10) rltJ=23.5
HU=l4ijrr3. 11+ 1 59 / I 30. o0
IF ( COSI t"t U ) *,,,.2_COSTAT!+2 ) 30r31r3t

30 l,¡R I TE (PRINTR,32)
32 FOR¡1AT (' SQ¡ìT NEG.-CORRECTION ELT]NGD NOT MAOEAI

GO T3 14
3I CONI T NIJE

IC0RR=|iET* ( l + ( +2 8. 6 4q* S I N ( l'U ) +CC S (,'4U ) *COSTA /
I ( S QRT ( C{)S ( i'1U) +*2-COST A*+2 ):¡ ( Rt+R,2*C0S (|'1U } ) ) ) )

NET=ICnRq
34 CONTI NUE

RETUIìN
END
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' APPENDIX ]T. SORTING SUtsROUTINES

4.. IgÈ¡o4uc tlon

SubrouÈineE SoRTÂ. lqqBI!, ând SoRTC: Sorr qnd 
^yeragg 

for

Equlvalent. Ref 1 ectlons

The cornbinat.ion of three of Ehese subroutlnes perforns the
tI operatlon of averaging the Fo and Fo- of all equlvalent reflect-

ions, and of listing the tesultant non-equivalent refl.ections Ín

such a manner that h.ik 21 for each reflection and tn Íncreasing

order of 1, k, and h respectively for the entíre list of reflecÈ-

lons. The description and llsting of all three subroulfnes fo1-

lor¿s.

B. Subroutine SORTÁ

(a) General DescrÍptlon

Thfs sub¡outine identlfies â11 of Èhe equívalenÈ reflecEions

as Èhey are processed by NRC-2 anrl links tlìem togeÈher by a key

r¡hfch is stored, Ln the core nenory with h, k, and 1 of the reflec!-

1on. The renainder of tl¡e data for the reflectÍon is sÈored on

Eagnetlc disk by the dÍrect access method. The program l.ísÈ

fol1ows.

C. Subroutine SORTÞ

(a) General Descriptlon

Thfs subroutfne takes the equlvalenE reflecÈfons r¿hich have

been lfnked togetlìer by an lndlcator in SoRTA and averages



c
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(b) LlsÈlng
L f â-1.1î+

SUBRT}IJT I N E Sf]RTA ( IH,IK, IL, IN IT IA,IN,ARAY)
TNTEGFP+? ARAY,TABLE

THIS SIJf]ROUT INT FI¡¡DS EQUIVALENT REFLECIIOI.iS AS
TI-IEY AR,E PROCESSED BY THE NP.C_2 F'ROGRAi\I AND LINKS
THESE 

'?.EFLECT 
TONS. TOGET¡-]E¡ì BY AN INDICATOR

IN AI'I AI.ìRAY !]HICII IS CALLEI) APAY...
DIUENSIili.r AR,AY (4000 ), TABLE (16 )

J=0
I P=3
IN=IN+I
ARAY{IN}=IH
IN=Ilì+1
APAY(IN)=IK
IN=l¡i+l
A P/tY ( IN )= I L
I ¡l= I ¡\¡+ I
IF (I¡lITiA-tl 3, L2t3

3 TABLE{I}=IH
TABLF{21=IL
TAûLE(3)=IK
TABLE(4)=IL
TAfJLF(5)=IK
TABLE(ó)=IH
TAULE{7}=IL: TABLE ( B )= Ill
TÁBLE(91=IK
TABLE(10)=lK
TABLE ( I I )= I L
TABLE(12)=Il-l
TABLE(l3l=IK
TAB LE ( 14 )= IH
TABLE ( 15 )= ï L
TABLE( 16 )=IH
TABLE ( r7 ) = I K
TABLE ( IB l = I L

.7 .IP=IP+4
J=J+l
K= I
IF ( INITIA_JI 12,IZ,6

1.2 ARAY(IN)=0
. P.ETUP,I'J

ó IF f AIìÂY( IN.IP}-TA3LË(K)}
4 K=K+3

IF (K-L6l 6t6r1
5 L=K+l

IT=IP-1
: IF (,\R.lY( IN-IT}-TÀBLE(.1 ) i, 9 iT=IT-l
, L=L+lj IF (ARAY( Itl-II)-TABLE(L) )

10 A R,AY ( Ir¡)=lNiTiA-J
RETURi.I
E ¡1D

415¡¿t

4r9t4

4tLO¡4
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theír F- and f- values. It then stores the resultarìt values onoc
dlsk and "to""" th" corresponcling values of h, k, and I lvith

h> k> 1in core memory. A llsting of this program fol1ows.

D. Subroutfne SORTC

. (a) General DescriDtjon

ThLs subroutiRe sorts all of the non-equivalent reflecÈÍons

from SoRTB ln such a rvay tlìe 1, k, and h Íncrease in Èhat h) k

> 1. IÈ counts Èhe nurqber of non-equivalen! reflectíons r,¡hi1e

sortfng then. T'he parity (even/odd combinatÍon of the Ehree ln-

dtces) and ordêE fndicator (rvheÈher h, k, or- I have varied.

from tlìat of the previous reflection) are redetermíned for Ëhe

sorÈed reflections. The ftnal hk1 and assoclaÈed daËa for each

non-equivalenL reflectíon sorted fn tlìe metlìod described above

åre tlÌen storeJ on tlìe outt¡l! tape of NRC-2 and prlnfed on the

lfne printer. the number of non-equivalent reflections is prl-nt-

ed on Ehe line printer, and control is returned to tlìe NRC-2

progran. A lísting of the subroutine folloçs.
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(b) List tne

L + )j<..: àr + + + Í: * * *< ::: .lr * * + ì! + r¡ * + :* + ::r * j. i. rk * + * + + + :¡ * ;( + rr * + * lt *
C THIS SI.JLIì,i]UTINE AVERÂGES THE A14PL ITUDES OF
C EQUIVALEITI REFLECTIIJI,iS AI.¡D STCRES THEI.4 UNDER A
C RESUI.TÀI.IT REFLECTION I/IHICi] HAS H GT. K GT. 1.....

, SUSROUTI:!5 S Û RT B ( I N I T I A , I NI , ARAY, P R I NT R, I ¡I, NUi,Ii] ER ). 0EFI E FILE 1l(100Or22rtJr I8)
DI i\lENS IOI{ AR AY ( 40OO ). INTEGER*2 ARÄY
Dlt'tEt.tsIoi\ A¡.tpl( 5),FFÍt ( 9)
REAL Aff pi ,A;1P?.t At4P3rAirlP4, Al.1p5

. I NTEGER IN I T I A I IN I I NDX, RECNO, COUNT, PO IN T, NUI.IBER
INITEGER IHr IKTILT Ii\lDP.r I S 

' 
0 R D I N D 

' 
P A R I T Y , lf ULT T PR INTR

REC¡ln=o
NA14PL= 5
NCRVES=10
IS=lll
I l.iDX= I I.J I T I A

Ift=IS
Z COtJNT= I

' IF (ARAY{IS)) 43'1r'3
43 HI{ I TE f PRII{TR,44) ARÀY(IS)
44 FI]R.\AT { ' NEGATIVË RECORD NUìI3ER AT A,]4}

GO T0 32
3 IF (ARrlY( IS)-32000l. 5r32t5
5 READ (I!'INDX) I¡¡OR,IZ,CRDIND,PARITY,MULTISINSQI

lRTl-^r' (A|4PL(11 ) 
' 

f'1=l¡ ll,lÞiPl ), (FFR(¡1 )1tt=l,fJCRVES)
AMPt=Aj1PL(t)
AHP2=ÂÈiPL ( 2 )

A¡4P3=ArlPL (3 )

AM P4=A r1? L ( 4 )

AMP5=Af.iÈL(5)
. RFCN0=¡1RAY(lS)

. 7IF (REC..¡O-INITIAT 45,46,46
4ó HRITE (PqINTR,47} RECNO
47 FrrRt'tAT ( | RECN0 cT. iluM8ER 0F RECORDSô,I8)

HRITE (pRIt'tÏRr50) ARAy( IS-3),ARAy( IS-2),
IAP.AY( IS-1 } r ÂF.AY( I S }

50 F0Riql\T (4I I )

GO TD 32.
+5 READ ( 11'RECNO} IT]DRtIZ,ORDIIID,PÀRITY,¡1ULT,SINSQ,

lRTl¡l' { AFìPL (iv1} ¡i!=11 NAi'lPL ) r (FFR (14} ¡H=l¡NCRVES }
P0INT=P.ECN0{34
IF (ARr\y( poIftT-3)-ARAy(IS-3) | 37,38,37

38 IF (ARÄy( pü .JT-2)-ARAy(IS-2ll 31 ,39,37
39 IF (AR¡1Y{Po-li\T-L}-AR^Y(IS-I)) 37 ? 40,37
40 I-IR I ÏE {PRINTR,4I) RFCNO
+I FOR}1AT ( ' //IDENTICAL HKL VALUES AT RECNO A,I4)

GO T0 -"o37 AHPl=Ai.ÌPt+A¡1PL( I )

AlvlP2=Ai.tP2+r\,qPL ( 2 )

AllP3=A\!e3+A14PL ( 3 )

Al,1 P4= r\ 1194 +A 11 P L ( 4 )
AHP5=AÞlÈ5+A¡1PL(5)
C0UNT =C3UNl-+ I

. 30 REC¡1n=ARAY(PCTtlT)
ARAY( PttItlT )=32000
IF (RtC:ic) 7rBr7

I AÞlPL( 1) =A¡1P I /COUNT
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-ñ¿,P L I 7, I =ÀilP 2 / COtJNT
A¡riP L ( 3 )=AiiP3/C0Uf¡'I
AIPL ( 4 ) =¡\)iP¿rlC0UtiT
AÈtPL( 5 ) =ArlP5/C0U¡JT

9 l,¡RiTE I lIIII.IDX} INDP., IZ,ORDI¡JD,PARITYII,IULTTSINSQI
ItlTr/l ' 

( 

^IIPL 
( Þl ) Ir.l= I I llÄI'iPL ), ( FFF. (¡t ), =I,NCRVES)

OIILY CTJE RFFLECTION OF TI¡ IS KII,JI)
4

l0
lt
I4
l2
20
l7

I9

1ó

)1

22

2I

25

IIJ=ARAY( I S-3 )
I K=AR,trY ( I S-2 )

I L=AR 
^Y 

( IS- I )
IF (Ill-IK) I0,I1r12
IF {IL-IK.} 14,16,1ó
IF (Ill-tL) l6t2l¡17
IF (lL-IH) l7,l7rl,l
IF (tK-IL',t 20,21r21
IF. ( IH-I Ll 22r?2,23
I A= I K
.IE=IH
IC=IL
GO TC 25
I A= T K

I8= I L
IC=IH
G0 T0 25
I A= I L
IB=iK
IC=Il-l
GO TÙ 25
IA=Il-l
IB=IL
lC=IK
G0 T0 25
IA=IL
IB=IH
I C= I K
GO TO 25
'IA=Ill
I B= 1K
IC=iL
ARAY(I¡l-3)=IA
ARAY(Il'1-2)=I¿
ARAY(I¡1-l)=IC

^RAY 
( I r1) = I'JDX

I l'1= I 14- 4
If¡DX=l¡lDX-I
tF (I¡lDXt 36,35;3L
IS=IS-a
GO TO 2
NUllSER= ( IN-i¡ï)/4
RETURN
END

v2

1L

t6



(b) LÍs t ine i 7'9 '
! L.¿.,..1+ "..,:.."!i +i.r¡,t*i<ri++*+*ì,.:¡+**.*r¡4.ìtr;***+::+**ì!++L..

SUB iII'](JT I NE SORTC ( I 11, ¡]UI'IU ER, ARAY, PR I N TR ' IN 
' 

TA P EB I

DEFINE FILE 1I (IOOO ¡?2 IU¡T8I
DI[1Ff.]SiûN H (3),NH(3 )

DI i'lE¡]S I ON AqAY(40OO)
J NTEG E R+2 ARAY
INTEGER CJ'ìI)I ND' PARI TY'H' ¡]H

I NT EGIR ¡¡Uil8ER t I H' T I \iE I I \D r RECi\'ltj I p? i NTR t H0UNT
. I ¡JT EG EF. TAPEß

--..-.\/t4 FORi1^T (r t H K L -A S p-!-U, 9]N S0 l^l

I STRUCTURE A14PLT TUI]ES .AiiI).. SCATTERING. FACTOF.S
PAGEAT'1,4/l

l4ó FCR¡'1AT ( | ôr I3.r2I4,IXr5l?rÊ8.4tFl .jr6F9.Z)
147 F0RillÀT ( 3cX, t0F9.3)

I T= IIj.+5 :

C SCP.TS ALL REFLNS ACCORDI¡\]G TD INCREASJ¡IG I-I

NAtIPL=5
NCRVES=ti)
LINES=55
NPAGES=I
REAL AüP L ( 5 }, FFR (9 ),S J NSQ, RTH
L ï t4= 0
HIM=0
HOUi'JT=O
KOl.Ji\T=0
HLOOP--O.
KL00Þ=0
K I l'l= I l'1+2

2 TI¡1E=0
3 I ND=0' I P=0
ó ÌP=IP+4

IF { I T- I P- ( i ù1+ I 't I lO, 45, 45
45 tF IIND) lBtrl82rl8l

182 I A=AF.AY( IT)
IB=ARAY(lT+l)
IC=ARAY ( IT+2)
I D=AR AY ( IT+3 )

. 181 IF ( IA-A;ìAY( IT-tP ll +,5,5
4 IND=iND+l

ARAY( IT-IP|4)=ARAY( IT- tP I
AR AY ( I T- I P+ 5 ) =AR.AY ( IT- I P + L l
ARAY( IT- IP+6 ¡=4q4Y ( IT- IP+Z )
ARAY( IT- I P+7 }--ARAY ( IT- IP+3 )
GO TO ó

5 IF (INDI 10rI1rl0
l0 ARAY( I T- I P+4 )=IA

ARAY( I I-I Pr5 )= Jg
ARAY(IT-l P+5 )= IC
ARAY( iT-TP+7 }=ID

l1 TJ¡\lE=TIrtF+1
IF ( NUI-IBER-T i ¡,1E-1 I L2,T2II3

'13 IT=IT+/r
. G0 T0 3

.C T'¡Cl^J COUI]fS ALL REFL¡iS OF A CERTAIN H VALUE
l2 Il,l=Il'1+t' îZ= I

180 HLOOP=O
100 IF (ARAY \')-IZl 101,lC1,to2
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lÐ--1, t¡l rns_3e¡¡¡gtS:4' 101 HLOüP=ilL'JilP+ I -

l l = 1t.,+ /r

IF (lri-Ii.{) 100, 100,9c)
99 H0llNT=4

, IF { LeCP) 139,139,104
102 IF (H LOÐP ) 103,103,I04

. 103 I7=IZ+L
IF. lr7.-30 ) l0o,I0ó,10ó

10ó HRITF (PRINTi{,170t
,I7O FCRi/AT ( t JNE OF TI.IE INDICFS IS GREATER THAN 3OA)

GO T0 l3e
C SNRTS K IN T}IIS RANGE OF H

104 lF (HLfl|P-tl 2t5,215,188
215 HI,r'1='iIli-4

G0 . TO 1r 5

188 K I T= J '1+5 +H I ä
KIY=KIT-4
KTIt4E=O

107 KTND=0
KIP=0

108 KIP=l(IP+4
IF (KIl-KIP-KIYì II1+r IlCr Il0

110 IF (KIlìDl 184'lB5,l8¿r
135 IA=¡\Ri\Y( K II-1)

I B=ARAY ( K I T )
IC=ARAYIKIT+l)
ID=ARAY{KIT+2}

I84 IF ( I È-ÀRAY f KIT-KTP) ) I11 , T421 142
lll KIl,ll)=KIr'ìD+1

AR AY( K I T-K I P +3 )=ARAY (K IT-K I P-1 )

ARAY ( KI T-K I P+4 } =ARAY ( K I T-K I P }
ARAY( K IT-KI P+5 )=ARAY ( t(IT-KIP+1 )

ARAY( Kf T-KIP+6 )=ARAY( KIT-K IP+2 )

Gfr T0 lo8
L+2 7F- (KIr..!Ð) 114,1r5,114
ll4 AF.AY( KIT-K I P+4)=I B

ARAY(KIT-KIP+3)=IA
AR^Y(KIT-KIP+5)=IC
ARAY( KIT-KiP+ó)=I0

115 KTII¡E=KTII'18+l
HIÈl=HI¡4+4
iF {HLoOp-KTIME-t } 1ló,tIó,117

I l7 K l r=K I T+/t
. G0 T0 107
C COUNÏS K AF CERTAIN KIND FOII THIS VALUE OF H

lló HIf-'l=H I tl+4
KIZ=0
KLP=0

179 Kt C0i-=.1
ll9 lF (¡lRAY(KIll )-KlZ, I2Or120rl2l

.l2o KL0no=KLCCP+ I' rip=xrp*t
K I l,l=K I r,.t + ¡r '

r IF (HLCOP-KLP) ló0,16O,.1 19
'C SETS KOUI'iT # 41F IIAS READ ALL K IN RANCE OF H

160 K0UilT =4
IF (KLO¡D) 139,139r123

, t2t IF (KLrrOP) L2?,t22, L?_3



- 81 -

(b,L!,is t:.frS (cont inu ecl-3 )ffi
I F (K I Z-30 ) I19 r l06, I0f)

C ST]RTS L FÛR CERTAIN VALUE OF H AND K
tz3 IF (KLnLrP-t I 235t235,t89

:;;þi:rþii;i,,.,
LIY=LII-4
LTIi4E=0

127 LIND=o' L I P=0
128 L I P=L I P+4

IF (LIr-LIP-LrY) 134,130,130
: 130 IF.(LI¡ID) I8ó'187'1P6 

:i 1s7 IÄ=AF.ÀY(LIT-2)
IB=ARAY(LII-1)
IC=AR{Y(LIT}
ID=ARAY(LIT+1i ;

136 IF I i C-ARAY ( L IT-L I P ) } 13T,L52,L52 I
:Lll LIND=LIf.lD+l

' ARAY( L I l-L I P+2 )= 
^RAY 

( L I I -L IP-2 )
i ARAY(LIT-LiP+3)=ARÂY(LTT-LIP-1} ;

ARAY( LIT-LIP++¡=¡R¡vILIT-LIP) |

. ARAY( LIT-LiP+5)=ARAY(LIT-L IP+I )
l

: r 52 ?P Ii ',iíÎ t34,rir, r?4 :' 134 ARAY(LII.-LIP+41=IC :

ARAY( LI T-L i P+5 ) =l D i, ARAY( LIT-LIP+2)=IA I: A R A Y { L I T- L I P + 3 ) = I B
135 LlIt4E=LTI14E+l. 

LJfl=Lf ¡t+4
IF (KL00P-LI ItlE-1 ) 13ó, t3ó,137

137 LI T=L I T+4
G0 TO 121

13ó LIt,l=LJi\t+4 :

IF (KOUNT-4) 140, r38, t40
140 K I L=K 1Z+L

G0 T0 179
138 K0UNT=O

IF t HOUt,lï-4 ) l4t,139,14I
l4l 1Z= 1Z t-l

GO TÛ I8O
C OUTPUT ON PRINTER
. 139 r,rRI TE (PRIr,iTR,tót)

161 FOR¡.1AT I ' I TIIIS IS THF IIKL LIST AFTER EXECUTION OF PROGRAI't
IBETHEEI.I ¡IP.C-2 AND NRC-1OA }' |1lR I TÊ ( PP'INTilr 11r4) NPAGIS
I l= I
| 2=2
r l-a

ICoDL=1
D0 150 i=lrNtli\18ER' I 14= I i'1+ 4
R E Ci\10 = Aiì AY ( I11 )
IH=ARÂY ( Il'.1-3 )

IK=AP.AY(I1"1-2)
: IL=Afl,AY(IM-11
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irru ed-4

lRïl,lr (:\t4PL (l'1 ), i'1=

INDR, I SIORDII']0, PAR ITY,MULT; S INSQ,
l'^jÂl'iPL)' ( FFR (t'l ) r ¡,1= I,l'tcRVIS ]

TEST SIGl\IS OF H,K,L, REVERSE SIGNS IF 2 OR 3
INDI CES ARE NTGATIVE

I F ( IH ) 280, 281,2 B I
0280 NH(il)=-llJ

IS=t
GO fti 282

0281 IS=0
IJH { I I } = I H' o2s2

; O283

l 02B+
: 029 7
i ozss

IF{ IK } 233t294r284
¡lH ( l2 ) =- I K
IS=lS12'
Gtr 'I0 297
llll( I2 )=iK
IF(tLl 285r299r299
ñH(Ii'=-tL
I S= I S +4
Gri TC 298
Nll(Iî)=lL
GC I0 ( 287 t29 5 t288 ¡?89 ¡ 29O,292 r 294),I5
I S= 1

G0 TO 296
I S=2 .

G0 T0 296
Il-l=Nl; ( I I )

I K=Ntl ( I2 )

It=-lL
I S =¿+

G0 To 2c6
I S=3
IH=Nll {Il)
I K=- I K
IL=NH(13)
GO TO 29ó
I S=2
lH=-IH
IK=NH(I2)
G0 r0 291
IS=t
IH=¡lH(Il)
G0 TO 293
I S=3
IF { I C(!DE- tl 257,26L,257
ICODE=2
0RDIll0=4
NPEFtIS=l
H( 1)=itlll( 1)
H ( 2 )= Àlrl ( 2 )

H(3)=l'.111(l)
GO Tn 254
ORDER OF REFLECTIONS

o299
0298
028ó

02 87

02BS

o289
i'o290

;

029I

0292

:. 0293
;.

'o294

0295
296

o26 t

o7_51 tF( NH{ I }-H ( Ll I 247,?,48,2t+7
o?48 tF ( Nt-t ( 2 l -H ( z',, I 249 ,25 | ,24e
0251 tF(NH(3)-H{ 3l I 25?.1253,252
0253 0RD I N I)=0

GO TO 254
0252 oRllINr)=3
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(b) l,íst!¡g (con tinu e<J -5)
'0255 H( 3 )=¡ill(l)

GO T0 254
OZ4q 0RDI¡tt)=Z
O?,5 6 ll (2)=¡lH{2)
' G0 T0 255

0247 0RDIND=l
' H(l)=\il(11

G0 Tn 255
C PARI TY Âi.{ D t'lULTIPLICITY
0254 pARITY=4xl40D( ¡l(l I ) ' 2) +2*'tüD(H( I2 ),2 ) +i'l0D ( ll( i3),2 )+1' HRITE {PRI¡ITR,I4ó) IH,IK,IL,INDR,IS,ORDIND,PARITY,

I ¡'1ULT' S I N SQ' RT!,l t I A l'rP L ( l'1 )' t4: 1' ¡lA tl PL )

l,lRITE ( PR Il.lÏlì.' I+1 | I FFR (14) 
' 
lti=l ¡ l)ICRVFS )

LII!ÊS=LIilÊS-2
ITiRITE (TAPEA ) IH' IK' I Lr INDP.¡ IS'ORDIND'PÀRITYrt'lULTr

1 S I N SQ' RTll' ( A ll PL ( ¡.1 ) ¡ i.1= l r NAlf PL ) r ( F FR ( i''1 ) ¡ !j= l ¡ NC RVE S )
. IF (LI¡iES ) 151,151.,150
I51 NPAGES=NPAGES+1

LINES=55
HRITE ( PR ] NÏR, I44 } IJPAGE S

150 CONT I¡}LIE

".lR 

I TE (PRINTR,153) l.rut18ER
153 FCR14AT { I1NU¡tBER OF NOI.]-EQUI VAL ENT REFLNS IS #A, I4I

RETURN
END
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A.l'fain Program APPENDIX IIl. LISTING Of pRObR¡¡.t U{ p¡ND
..CJ-.iíI' A QUIVALENT

C REFLECTIIJ¡jS OUT OF A REFLECTIO¡ì-------
c E.G.tlAKES 123, L32r2L3r2JIt3?_ITAND 312 OtJT OF )?_L
C lIULTY IS AI.I A!ìIìAY IdHICH REPÀ,ESENTS THE RELATIVE
C HULTIPLICITIES OF HOO,HHO,HKO,HIIH,HHL,LHH,HKL....., INTEGIIì ì'IULTY(7),TAP:A,TAPEB,PRINTR,LISTA(I2),SERA(].2}

INTEGEfI. SERLÄ, CENTp.E,SySTE TR ( 3, l, 24 ) TCENT { I 6) rNpOS ( I 6 )' INTEGIR l4^fcESl24t16)'hr(32]rSÊRL'SYl"lN(90)'SYl4B(90)
INTEGFR ATo,!lt ( 90 ) ,V I3 (90 ) , INDTR S( 90 ) , CRV ( 90 )

INTEGEÊ SY ¡'iBCL ( l0 ) , trtìt) 'J D, pAR I Ty, CS ( I2S0 )
INTEGER.*2 A RAY
DIi{Er'istor{ ARAY( t2000 )

. REAL LA:.IBDA,c¿JT(cl,I(3r24l.,X(90),y(90),Z(90)
R.EAL.,SX{e0 ) r Sy (q0 ), sz (90 ), 8IS0( 90 }, B1 r{ S0 ), :B22( 9Ol
R E a L B :r 3 ( 9 0 ) , B 2 3 ( 9 o ) , D I 3 ( 9 0 ) , B I Z ( 9 0 ) , oC C F R i 9 0 )

REAL AilPL ( TO),FF( 1O)
C TO READ DÀ5T FILES O¡I IIIPUT TAPE TO LOCATION OF PLANES RECORDS

DEF INF FILE 11 (ó000r22r1.)tlBl
TAPEA=8

. TAPEE=q
PRINTR=6
K UUIJT 1=C
INIIIA=o
IIJ=0
R E'rl If.¡D TAPEA
REI,.IIND TAPEB
READ (TÀOEA} IDT
l,lR]TE (TAPEB} TDI

' READ(TAPEA} JoBA,LSTÀ,SERLA,I.ILISTA,(LIST¡\(I),SÊRA(I}II=1I12
. I,IRIfË ( TåÞEB ) JOBA, LSTA,SERLA,NL.ISTA, (LISTA( I ),SFRAI I } ¡ I=1¡12

R EAD ( T;1P FA ) LST 
' 

SE RL r NRCRD r tì'¿l0RD
I,.I R I TE { TAP Etì I LST, SERL,I..]RCRD, NI.JI]RD
READ (TåPEAI {W(I),¡=l¡6)TLAMBDATH(7),ti(B)
I.JRITE(TAPEB) ( l,/ ( I ) 1 I = I , 6 ) , L l\tlB DA , W ( 7 ) , !.J ( I )' READ(T,4PEA) (l.l( I ),I=lrNi.l0RD)

- HÊl;'l;l3Eiì'iååì;l;lili:ffi¿-,,
,'HRITE{TAPEB) (cQT(l}'i=l,|':H0RD)

REÂD (TAPEA) (l.t( I) rI=lrNl.tORD)
HRITE(TÂPEBI (l{{ I l rI=1rlll.lCRD)
READ lfApEA) LSTTSERL.'NRCRD,¡l',l0RD
HRIIE(TAPER } LST,SEI]L,NRCRD,N,,ORD

. P.EAD (TåPEÅ) Ni!ATX,¡ISYI.I ,CENTREILATISYSTEH
HRTTE (T4PETì } NTIATX,NSYi'1 ,C ENTRE I LAT I SYSTEi.'1 r I r I I I r I I I r I r I r I
DO 13C K=1' NlilATX
READ( TApEA l ù14 T N 0, ( ( R ( I , J r K ) r J = I r 3 I r J= I r 3 ! r ( T ( I , K ) , I = I r 3 )' 0130 l./RITE(TAPEB) ¡lATlitO, ((P.(t,JrK),I=1,3)rJ=Ir3)r(T(IrK)rI=lr3)
00 l3l K=1' NSYl.1
READ (TAPEAI CENT(K)'l'lP:ls{K), (I'IATCES(l'ÌrK}r|'¡=lrll)
l.lRI TE (TAPEB) CENT(K)rNP0S(K), ( t'lATCES (|.i ,K)rÞr.lrlll
READ (TÂPEA) (itATCES(ì4rK) rl.1=1.2¡24l,

9131 HRITE (f AoE8) (NATCES(1",|rK}rll=12r24}
READ (TqPEA} L S T , S F R L , I.JR C R O , N HO R D

. l'lRI TE ( TAP EB ) LST,SERL,I.iRCRD,N'/ORD
'DO 133 K= I r NRCRD

0I33 l.lRITE(TAPEB) (H(I ) rl=1'rl',¡ORD)
READ (TÄPiÅ) LST,SERL,NRCRD,N',ORO
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. ' A. llaln Pro¡iran (contÍnued-2)
ffiNr{cfìDrNti0RD

D0 137 K=l 
' 

NIiCRD
READ (TAPEA ) SYfl¡i ( K ) , SY it3 (K ) , ATOi"lN (K ) ,X (K ) ,y ( K.) , Z ( K ) ,SX (K) , Sy ( K )

I SZ(K), BIS0(K),V1d(K),t¡iDtRS(K),8ttlKl,A22lK),833(K),
2823(R), Bt3( K ),312 (K), OCCFR (K )

,0137 T4RITE(TApEB) Syi'1N(K),Syt43(K),ATOIIN(K),X{K)ry(K)rZ{K),SX{K),Sy(K}
I SZ(K,, BIS{l(K)rVI3{K}rIt¡DTRS(K}rBtI(Kl tt21lK)r833(K),
2827(K),BI3( K), BlZ{K), OCCFR(K)

READ (TAprA) LSTTSERLTNR,CRD,i!il0qD
: HRITE (IAPEB) LST'SFRL'¡.liìCRD'Nl.lORD

MIN=I
DO 354 11=l 

' 
NRCRU

: llAx=Èi I N+ I1
I nfnO (TAPEA) (CS(L)rL=l'llN'llAX)

WR I TE iTAP EÙ ) ( CS ( L) I L= 14I Nr 11ÂX )' 152t ¡¡r¡=¡.r,,1¡+1
READ (TAPÊAI LST,SERLINRCRDINI,IORD
þIR I ÏF (fAPE8) LST,SERLIIìRCRDIN}iORtJ

' READ (TAPE/¡) Frln0rNPLNS'II'I2' I3'l.lArIPL,¡lCRVESrCl rC2tC3t (t,l(L)r
IL=1,|'jAl'1PL, , ( SYf4B0L ( ¡,i ),N=I,NCRVES)

UJRI TE ( TAP EB ) FOOO,NPLNS, I I I I2r I3 rNAI,lPLr NCRVES ICL ¡C2'C3, ( H( L ),
lL=l rtJAtlPL ) ' 

(SY|TBDL(N) ¡N= 1' I'ICRVES )
.C HAS READ TO PLACE Ì,]HERE PLANES RECORDS ARF LOCATED

MUL TY ( I )=l
I'IULIY(2)=2

, l'lUL IY ( 3 )=3

f.lULTY ( 5 ) =5
HULTY(6)=6' 
|'IULTY (7 ) =7
D0 500 I=1r478
READ ( TAPEÀ } IHT IKT IL, INDR, JS, DRDINI], PAR I TY,14ULTI SIi!SQTRTHI

I ( A IYPL ( N ) rN=1' NAi!'lPL l ' 
( FF t tl) r14=l 

' 
NCRVES )

C¡\LL SETUP { IH' I K T I LI INDRT IS'ORDIND' PARITY,iiIULTISINSQTRTHI
IAI'lP1, FF,NA14PL ¡ NCRVES T IN, IN ITIA, ARAY )

' NZ0NE=7
IF iIHl Io,ttrto

ll NZ0NE=NZoNF-4
IF (IKl L2,13,12

'' 13 NZ0NE=NZ0NE-2
G0 T0 75' L2 lF (IL) 14,13,14

l4 IF (IK-fL' 75,L7r15
t7 NZONE=liZoNF-I

- G0 T0 75
.10 IF ItKl ZO,2tt7O
2I ritZ0NE=flz J¡;t-lt

IF (tL) ?2,t3,?2
22 IF lIt-t-IL) 15¡L7¡75
20 IF ( lLl 21 t24r23
24, NZONE=¡lt,lNE-4

IF (tH-IKl 75,17r75
C ENIER HERE FDR NO ZERO ]NDICES
. -23 lF ( IH-ILl 25t26,?2: 26 lF (lL-IK) l7r28,l3

2B NZoNE=¡lZoNE-3
, GOT075

. 25 lF f IK-IL',l 40ttl ,15
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A. Ìfafn Program (cont ínu ed-3 )

. l¡O IF ( Ii-l-lK) 75'1j'75: 30 lF (lr-i-IL\ '75¡t3t15
32 rF liK-IL) 15,17r39
39 IF fIH-IK) 15r11 t15
75 t4ALT=!iULTY (NZ0NE )

' IF iALT-3) 100,101,102
1OO CALL SETUP ( f LI IHT IK, INDR, IS,CRDIND,PARITY,I'lULT,SII.JSQ,RTH,

IAI'1PL 
' 

FF 
' 

I.IAI'! PL 
' 

NCIìVËS ' IN 
' 
IN IT IA' A!ìAY }

CALL SETUP ( IK,ILI IHI INDRT IS,{IRDIND,PARITY,FìULTISINSQTRT!]T
IAIlPL, FF, NA¡lPL I NCRVES I INT INIT IA, ARAY )

KOUNTl=KOU¡\Tl+3

,.0,' 31'-loa?13o,, Kr I L, I H, rr'R, rS,0RDrND, pARrry, rìuLT,sr NSe,Rï'r.r,
. lA¡1PL, FF, ¡tAi.tPL r NCRVES r i N r I N IT IA i,ÀRAy )

CAL L SETUP ( IHI ILI IK, I NDI(, IS,ORIJIND, PAfì I TY,I:ULTT SINSQIRTI,]I
1A11PL, FF, II¡¡¡P¡, NCRVES, IN, IN ITIA, ARAY)

C'ALL SETIJP ( ILI IKI JH, JNDR, l5,NRDIND, PARI TY, I.1ULT, SINSQ,RTIJ,
lAI'IPL, FF, NAIlPL l NCRVE S I IN,INITIA,ÀRAY)

CAL L SETIJP ( T L,IF I KI INDRI IS, ORDIND, PAR I TY,I.iULT, S If!SQ,RTH,
I A l'lP L t FF r l'lAiÍ PL' NCt{ VE S' I N, I N I T I A' AR AY )

CALL SETUP ( I K, ÏH, I L, INDR, IS, OROIND, PARITY,t-iULT, SINSQ,RT!^l,
1AMPL, FF, NATPL INCRVESI IN, INIT IA, ARAY )

K0 L,NI I =KLIU N T 1+6
G0 TO 500

C EIJTER IF Þ1ÄLT IS GREATFS, THâN 3. 102 IF 04ALT-5 ) óO0r100,105
600 KCUNT l=Kt)UNr l+ I

GO TO 5OO
105 ïF (t'!aLT-6 ) 100,100,10I
5CO CONT]l|UE

l¡lRIrE ( 6,400 ) K0t,NTt
_ 1.90 FoRMAT .( 'I.rHç Nll¡¡9E3 .C,F .,PLAN.ES GENEI{ATED UY THE S¡4ALL PRCcß.Âr:
: . l BETlr FFN NRC-2 At',lD NRC-10 IS A,I8!

c -i¡ÃtE Noþr L0ADEu ALL E0utvALENi REFLEcTt0NS 0r.lr0
C DISK AND INTO JUEI'IORY

NUiïB E R=KOUNT I
I M=O,CALL SORGEN ( IH,NUTIBÉR,ARAY, PRINTR.,I¡I ,TAPEB). 
END FTLF TAPES
END F TLE TAPEA. 
REHIIID TAPEA
R E I,.I IND TAPEB 

-\

RETUR\
, END
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B. gubroutlne SetupL-TFTT'S¡I:R Tfi'I N E IS TO STORE TI-1E iIKL V.ALIIE CF A REFLECTII Nc IN TllE fçìEr'10Ry .AND t0 sToRE.THE ttTt_tER DAIA IN tlAGflFItcC DISK By ll-iÊ DIi(tCT ACCFSS Ue rtrOO
S UB rìc U T M !:'!l I ( I A'J-8' I C r J I!i) B' I S' OR D Itl-D T P A R I 

-[ Y' ilu t=-T, S I N S C'::*--i;R-Ttì;îI*t;FF;l-_{.I,_,_¡riLçf.ùeS,_r^,i.U,¡,.r_rrAr¡_\ßAy..l_-,
. DEFII]É FILE II (600O,22,IJ,I8l,. INTECERORi]iN¡I,PAR]TY, lULTIINIIN]TIA1 INTEGER*2 AqAY
. DItlEl'iSICft ARAY(12000)

R EAL Äi1pl (5 ), FF ( 1O), SiNSrìr.RTti
, I N I T I A= I N I T I A + t

IN=IN+1
. ARAYI IÀI)=IA .

IN=IN+I
'ARAY ( irJ )=IB
'ïN=IN+l
ARAY( Ili ) =IC
IN=IN+I
AR AY ( I N ) = I N I r r A
HRITE ( II IINITIA) I II D R, I S , CR D I I..I D,PARITY,I,lULT,SINSQ,RTI.J,' I ( Â IVPL { ll )r Lt=1, NAüPL), ( FF (¡y) rH=IrNCRVES )
REfUiìN
END



C. Subroutine SORCnI_.F__---.----;:;1-ç r ia-,"-õ^.'..-i<++++y¡{.*i:+*{:++{.+>t+
SUE R tJUI I i.IE STIRGEN ( I I!, NUi4 B ER, ARAY, PR I f\ITR , IN, TAPEg )
DFF IN! FILE li (6000,22,u,I8)
DI r4Ft'iS IO¡l H(3)rNH(3)

. DIt'lFNSI0¡t ARAY{12000)
T NTECER TAPEB
I I\.IT EG E P.+ 2 ARAY

. INTEGËR ORDIND,PARITY,H,NH
I TITEGER N LIi,1B E R , I T , T I I{ F , I ND , R E C \ O , P R I N TR, HOIJN T

_-_l.ljr._FCÊIÁI !11 u K L a.s 0 p 1"1 . srN s8 t^l

_._.,.-.-_!. STRUCTURE AitlPLI TtJDÊS . ANtD SCATTER IitG FACToRS
... . -lt.-- Þa'çta,.lt,/.'l

146 FCR.4AT( ' a, I3r?.l4rIy. 15l?,F8.4, F7.3r6F9.21
t4? F0Rr'.1ÀT { 39X, 10F9.3 }. I.T= Irl+5

C SOR.TS ALL REFLNS ACCOFìOING TC ]NCR,EASING H
NAiIPL=5
NCRVES=10
LINES=55
NP,lGES= I
R E A L A ¡.1p 1 ( 5 ) , F F R ( 9 

' 
, S i N S Q , R T 'd

?.

3

6

+5
182

t8l
4

L I ¡1=0
H I i\.1=0

HOUNT=0
K0UNT=0
HL0ilP=0
KL0CP=0
KIì¡l=I¡1+2
TIi\4E=0
I N D=0
I P=0
I P= I P+4
IF (IT-IP-( IiY+l) | LOr45r1+5
IF ( IND) l8trl82,1B1
IA=ARAY(lT)
IB=ARAY(IT+1,
lC=AR.AY( IT+2)
I D=ARAY ( IT+3 }

IF (IA-ArìAY(If-IP ll 415,5
IND=IiID+I
ARAY( I T- I P+4 ] =ARAY ( IT- IP )
ARAY( IT-IP+5)=ARAY( IT-I P+1)
ARAYT I T- I P+6 )=ARAY ( IT-IP+2 ). ARAY( I T- I P+7 )=ARAY ( iT-IP+3 }

GOTO6
5 IF f Ii\D) torltrt0

lO ARAV( IT-IP+4)=l A

ARAY( IT-lP+5)=IB
; ARtlY( IT-.I?+ó)=IC

ARAY(IT-JP+7)=ID
I1 TIla[=TJI'E+I

IF (NUiIEER-T I14E-I I T2,12,L3. 13 IT=IT+4
. G0 TO 3

C NOl/.l COI'NTS ALL REFLNS OF A CERTAIN H VALUE
12 Il./=Il':+1' IZ=0

190 iJLflOP=0
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C. Sudroutine SORGEN (cont inu ecl-? )

10o Ir"(,\¡ì^y(ili)-lz) I0l, loI, I02- lOl HLO.JP=t.11{l0D+ I
I t'/= M +4
IF { Ir¡-IN) I0O,100,99

99 HOUNT =4
, IF (HLu0P) I39,139, tC4

102 IF (HLflOP ) I03, t03, 104
lC3 IZ=lZ+1

IF { tz-30} 100, t0ó, 10ó
IOó I,/R I TE (PRII{TR,I7O), 170 FORIIAT ( ' ONE OF THE INDICES IS GREAT EIì THAN 3OA)

G0 TO 139,C SÛRTS K IN THIS R.A¡IGE DF H

: l04 lF (¡-iLCDP-t) 215,215, t88: 2t5 .HJtî=H ILj-1i
: GO TO 115
i 138 KI I=IlÌ+ó+tlIitl
, KIY=KIT-4
i rrI ng=o

. , 107 KIND=C
r t p--o

I roB KIP--Krp+zr
IF (K IT-KI P-K IY ) II4,110,IIO

l l.0 IF (KIND, 181ir185,164
135 IÀ=ARAY(KIT-1)

, I B =AR AY ( K I T )
I C=ARÂY { K I T+ 1 )

: I D=AR AY ( KIT+2 }

ì 184 IF (I3-ARAY(KIT-KIP)) 1lttt42,L+z
; t1l KIND=KI¡tD+l

ARAY( K¡T-KIP+3)=ARAY ( KIT-K IP-r )
ARAY( KIT-KIP+4) =ARAY( KIT-K Ip )

ÂRAYf K I T-K1 P + ã ) =ARAY ( K I T_K I P+ T )
ARAY( KIT-KIP+6) =ARAY( K IT-K IP+2 )

I co rt; lo8
't L42 lF (KtND) 114'll5,ll+:. ll+ An¡y( Ktr-K I !r+41=IB
' ARAYI KIT-KIP+31=IA
i A R A Y ( K I T- K I P + 5 ) = i C

; ARAYI KIl-KIP+ól=ID
' f f ¡ f rlME=KTIl,,lE+I
; HIH=HI]"1+4
: IF ( HLnOP-KT I ME-1 ) 1tó,llór117

: GO T0 1o7
C COU¡iTS K NF CERTAIN KIND Ff]R THIS VALUE OF IJ

lló HI11=HI¡1+¿r
. KIZ=o

KL P=0
179 KLC0P=0
t 19 IF ( Ä 'ì A y ( K I l.i ) - K I Z ) 12O,l20,t2r
tZO fLCoP=KLOOP+ I

'KLP=r.LP+1
KIl,i=KItl+4

. IF (HLOOP-KLP) 1óOr160,lt9
C SETS KOUNT /f 4 ]F HAS READ ALL K IN RANGE OF H

ló0 KOUNI =4
I IF ( KL00P ) L39rr?9rt23
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C. Subrou t in e .ÞORGLill (conÈjnued-3)

l2?. KIZ=K I L+L
IF (KIZ-30) Il9,IOó,106.C 

SORTS L FI-IR CERTAIN VALUE OF'H AND K
123 lF ( Kl.CilP-I I 235r235rL89

'235 LIrl=L I i'ì-4
GO T0 l3i

189 LIT=Ii4+?+LIrl
, LIY=LIr-4

LTII'1E=O
127 t. IND=0

L I P=0
129 LIP--LtP+4

, iF (l. IT-LIP-LIYì 134,130,130
13o IF (Litli)) l8ó,197rI8rr

I 187 lA=ARAY(LIT-2)
I B+ARAY( L IT- I )

IC=ARAYf L I T l
ID=AF,AY(LIT+I)

l8r, iF ( I c-A R A y ( L I T- L I p ) ) 13I, L52,t52.
I3 t LI¡ll)=LIr.lD+l

ARAY( L I T-L IP+2 )=ARAY( LIT-L iP-2 )
ARAY( L IT-L I P+3 )=ARAY( L IT-L IP-I'
ARAY( LiT-L I P+4 )=ARAY( LIT-L IP)
ARAY( L IT-LI P+ 5l =ARAY ( L I T-L Ip+l )

GO Tri t28
152 lF (LI¡tt) 134,135,l?4
I34 ARAY( LIT-LIP+4)=IC

ARAY(LIT-LIP+5)=ID
ARAY(LIT-LIP+2)=lA
ARAY{LIT-LIP+3)=IB

I35 LTIII[=LTLrlË+1
LIH=LIt!+4
IF (KLrl0p-LTIt.1E-t ) I 36t136,L31

l3 7 L I T= L I r+4
GO TO IZ7' r¡¿ ii¡¡=r-rH;¿

.. IF ( KOU|{T- 4 ) 140,138,140
140 KIZ=K I Z+1' G0 T0 179
138 KCUNT=O

IF ( HûUNT-4l 14t,l39rl4l
l4l 17= lZ+ L

G0 Tn 130
,C I]UTPUT Oi\¡ PRINTEP.

139 ldRI fE { ÞR, INTRr16L
IóT FORXf\f { I ITi]IS IS THE HKL LIST AFTER, SUBROUTINES

I soP.1a, SsRTÉi-,scJ{,Tc :?t
, HRITE IPRII,¡TR,144) N?AGES 

'
r I l=1

l2=2
I3=3
IC0D[=l' DO 150 I=I r lrlUt4SER

' I l|= I l4+4
RECNO=AR AY ( i lçl l
IH=ÂcAY( I 14-3 )

I K= AR AY ( I l..t-2 )
IL=ARAY(lH-r)
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C. SubroutÍne SORGEN (cont inu ed-4 )
.. READ { IIIRECNN) ]ND¡I,IS,I]RDI¡]D,PARITY,IlUI..T,SINSQI

1RTi.l, (A|.IPL (l,l) ¡ 1.1= | ¡ ¡tA tlPL ) , (FFtì (¡1 ) r14= I,irtCRVE S )
C TEST SIGIIS OF H,K,L, REVÊRSF SIGNS IF 2 OR 3
C INDI CES ;\q.E i\¡tGATIVE

IF( IH) 230,2Blr2Ul
CrZ80 \l!( I1)=-lH

IS=1
G0 T(.) 2s 2

0281 iS=0
Nl-l (II)=lH

o282
0233

O7-8/+
0297
o28 5

o29<)
0298
O2Bó

0287

O2BB

o?89

o?90

029 t

o29 2

0293

029+

o295
2q6

o7_51

IF(Iti) 283r?84r284
j'lH(I2)=-IK
IS=IS+2
GC TA ?97
¡ll-l(I2)=IK
IF{tL) 2ò5,2ggrTsg
NH ( I3 ) =- I L
IS=IS+1t
Gtr TC 2,)3
NH ( I3 ) = I L
G0 TD ( 231 ,295t288¡?89¡29O¡792t 294)rIS
IS=l
GO T0 29ó
I S= 2
GO ï0 296
IH=NH(Il)
IK= r!( T2)
iL---TL
I S=4
GtJ T0 29ó

IH=lrlH(ll)
IK=-IK
IL=NH(i3)
GO r0 296
I S=2
IH=-IH
'IK=NH(12)
GO T0 2el
IS=r
IH=IJH(Il)
G0 Tt 293
IS=3
IF ( ICrID[-11 251 ,26I,251
IC0Dã=2
ORDIIID=4
IIREFNS=l
H{ I }=\r{( 1)
H(2)=r.lH(2)
H ( 3 l = ¡lrl( 3 )

GD TO 25+
ORDER OF qEFLFCTTONS

0257 | F fi,li r ( t ) - H ( l ) l 247 ,248 ¡ 247
o2+8 I F(NH( 2)-H( 2) I 7.49,25t,249
02JLIF ( r!r-r (3 )-il( 3) I 252,?53,252
0253 0RDII'iD=0

G0 TU 254
0252 OF.D I ND=3
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C. Subroutjne SlE9EN (cgrtíqugrl-5)
' o?55 Hi3)=llH(l)

G0 T0 254
0249 0FDI\r)=2
O2'¡6 H (2)=Nrl(2)
, GC fO ?-55
0247 oRt)lNlr=L

H(l)=l.lil(1)
G0 Trì 256

C PARITY .AND I'4ULT IPLICITY
0254 PARIIY=4*FlilD(H( I1)' 2 ) +2*V0D(11( Î?l t2 )+l'ì!D( H( I3 ) 

' 
2 ) +1

HP, I TE ( PR I NIR 
' 

146 ) I Hr lK r I L I INI)R r I S 
'ORDI 

ND 
' 

PARI TY'
, Il,luLT¡ SIÀlSQr!ìTlJ' (AyPL(l'1 ) 

'¡4=I'NAllPL)i HnITE (PRINTR'147) (FFR(],1)rI,1=I,NCRVES)
LINES=Ll\ES-2
I,l,RITE (TAPEB) IHI IKIIL' INDR'IS'ORDIND'PARITY'¡1ULT'

lS I NSO 
' 

RTI¡ ' 
( 

^flPL 
(¡l ) 

' 
la= I 

' 
¡lA¡'1PL ) ' 

( FFR ( i{ } 
' 

¡4= I r l'lc RV E S }

lF ( 1., INES ) l5l' 151' 150
151 NPAGES=l'IPAGES+l

LI¡JES=55
I,IR I TE (PRlNTR'144) NPAGES

I5O COIITINUE
'¡RITT {PRINTR' 153) I.]U¡1BER

I53 FORI',IAT ( I1 NUI'13ER OF EQUIVALÊNT REFLECTITJNS IS ôI I4}
RETURN
END
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