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Auszug 

Fiir eine Verfeinerung der Struktur von Anorthit wurden Kristalle vom 

Val Plasmeda, Tirol, Osterreich verwendet. Der erreichte R-Wert betragt 6,00/o. 

Die erhaltenen Atomparameter und wichtige Bindungslangen und -winkel 

werden angegeben. 

Abstract 

A refinement of the structure of anorthite has been completed on crystals 

from Val Plasmeda, Tyrol, Austria. Atomic parameters and significant bond 

lengths and angles are reported. The residual error index R is 6.0°/o. 

Introduction 

The structure of anorthite has been reexamined using crystals from 

Val Pasmeda, Tyrol, Austria (U.S. National Museum C2354). The com

position of this material was determined with the electron probe micro

analyzer to be Anwo (P. H. RIBBE, personal communication). All 

crystals examined showed c and d reflections indicative of the low

structure type. 

Experimental 

An approximately cubic fragment of dimensions 0.15 x 0.13 X 0.20 

mm was selected for examination. Cell dimensions were determined by 

* Dedicated to Professor F. Laves on the occasion of his 65th birthday. 

1 Investigation performed, in part, under the auspices of the National 

Aeronautics and Space Administration. 
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the method of least squares from single-crystal observations of scatter
ing angle. These data jieldcd the follow·ing: 

a= 8.173 + 0.001 A 

b = 12.8li9 = 0.001 

c ~ 14.16.) "' 0.001 

x= 93.113+0.006' 

(I = 115.913 :±: 0.006 

y = 91.261 = 0.006 

cell volume= 1337.73i) Aa 

space group PI. 

Intensity data were eullcctcd by means of an automated four-circle 
diffractometer using the 8-2 0 scan method with crystal-monochro
matized 1\IoK.x radiation; a total of 7836 obsct•vat.iona were recorded. 
Absorption corn,.,tions were made by approximating the crystal 
volume with six bounding planes, then applying an integmtion 
procedmc (LARSO"', CROMER. and RooF, 19fi4). 

Refinement 

The analysis was begun using the atomic coordinates derived by 
KE~rPSTER, MEGAW and R.~DOSLOYICH (1962; l\IJ<JGAW et al., 1962) for 
anorthite from }lonk Somma, Vesuvius. The parameters were refined 
by iterative least-squareg calcuh>i.ions, employing both isotropie and 
anisotropic temperature factors. Hartt·ee seattc.ring factors were 
employed (CROMER, LARSO!'.' and 1VADER, 1\lua). The program writ.tcn 
by L. FemER of the Geophysical Laboratory was used for all kast
squares computa.tions. Because of the large number of atoms, all para
meters eould not be refined simult<J.neously. 

With the inclusion of a11isotropie thermal parameters fm· oxygen 
and cakiurn at.oms, the mt"1surcment of agreement botwcm1 observed 
and calculated [F; values was as follows: 

'l'h" observations were woight.ed in inverse proportion to a variance 
defined as: 

0'2 (F2) = s (A-tLP)2 [<1~, (0.02 N)2]) 

where 8 is a scale factor , A -1 is an a bsorption correction, LP is the 
Lorentz and polarization correetion, and a;; is the st.atistic>tl variance 
of N , the not count. 
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Tab! e 1. Atomic f-ractional coord-ina.tes of anm·tltite 
(L~a.-;t.~~qu.o.rc.":l sta.ndarderrors in tho lllst- significant figu ro nrc gi'\·r:n in pnrcnthcs(>-R) 

At-om X I y B 

o,(tOO\lJ 0.0269(4) 0.1242(3) 0.9960(4) o.730(4J A• 
o,(lzOOJ 0.9812(4) 0.1257{3) 0.4835(3) 0.714(4) 

0A(J0i0) 0.4875(4) 0.6241(4) 0.4868(4) 0.661(4) 

Q,(tziO) 0.5169(:1) 0.6247(:J) 0.9966(4) 0.754(5) 

0.(2000) 0.5744(4) 0.9913{3) 0.1434(4) 0.607{3) 

0A(2zQQ) 0.5720(4) 0.9897{4) 0.6~79(4) 0.665(3) 

o.,(20iOJ 0.0731(3) 0.4875{4) 0.6354(4) 0.628{3) 

o,(2zi0) 0.0734(3) 0.4!132(3) 0.1886(4) 0.796(4) 

0B(OOOO) 0.8154(•3) 0.1018{4) 0.0806(4) 0.648(3) 

0B(Oz00) 0.8124(4) O.OU68(4) 0.6057(4) 0.745(4) 

Oll(OOiO) 0.3325(4) 0.5957(3) 0.6047(4) 0.808(4) 

0B(Oz-i0) 0.2854(4) 0.6034(3) 0.0798(4) 0.813(4) 

O"(mOOO) 0.8175(5) 0.8554(4) 0.1443(3) 1.192(5) 

On(mzOO) 0.8113(4) 0.8518(4) 0.6034(4) 0.857(4) 

0R(m0i0) 0.2987(4) 0.3559(3) 0.6116(4) 0.7UU(4) 

Ou(mziO) 0.3419(4) 0.3587(3) 0.1333(3) 1.140(4) 

Oc(O\JOO) 0.014!(4) 0.2796(3) 0.1351(4) 1.028(4) 

Oc(OzOO) 0.0205(4) 0.2909(3) 0.6474(4) 0.841(4) 

Oc(OOiO) 0.5094(3) 0. 7709(3) 0.6344(4) 0.824(3) 

Oc(OziO) 0 .. 5092(4) 0. 7965(3) 0.1510(3) 0.714(4) 

Oc(mOOO) 0.0008(2) 0.6806(3) 0.1044(2) 0.662(3) 

Oc(mzOO) 0.0089(3) 0.0899(4) 0.6013(3) 0.539(3) 

Oc(mOiO) 0.5165(4) 0.1788(3) 0.6101(3) 0.569(3) 

Oc(mziO) 0.5071(:1) 0.196:1(3) 0.0975(3) 0.905(5) 

On(OOOO) 0.1826(3) 0.1059(2) 0.1917(3) 0.755(4) 

On(OzOO) 0.2155(3) 0.1025(2) 0.6847(4) 0.652(4) 

On(OOiO) 0.6989(3) 0.6079(4) 0.6790(4) 0.893(5) 

Ou(Oz,:o) 0.6908(4) 0.6043(3) 0.20!U(2) 0.703(4) 

On(mOOO) 0.2038(2) 0.8740(3) 0.2107(2) 0.686(3) 

0 0 (mz00) 0.1709(2) 0.8564(4) 0.7197(3) 1.0U7(4) 

On(mOiO) 0.6884(3) 0.3028(4) 0.7332(4) 1.123(4) 

On(mziO) 0.7006(3) 0.3697(4) 0.1970(2) 1.060(4) 

T,(OOO\l) 0.0092(2) 0. 1592(1) 0.1044(1) 0.662(:!) 

'1\(0zOO) 0.0066(2) 0.1610(1) 0.6112(1) 0.609(5) 

Tt(OOiO) 0.5062(2) 0.6560(1) 0.6042(1) 0.631(4) 

T,(OziO) 0.4984(2) 0.66~8(1) 0.1128(1) 0.605(3) 

'l', (mOOO) 0.9912(2) 0.8152(1) 0.1176(1) 0.598(4) 

T, (mzOO) 0.0061(2) 0.8154(1) 0.6135(1) 0.558(3) 

Tt(mOiO) 0.5073(2) 0.314.5( 1) 0.6212(1) 0.622(5) 

T,(mziO) 0.5041(2) 0.3204(1) 0.1099{1 ) 0.613{4) 
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T t\blc 1. (Conlin·ued) 

Atom X 11 H 

T , (OOOO) 0.04.l:!:j( 2) 0 . . 1130( 1) o.1o19( l J 1).637(:j) 
T 2(0z00) 0.6814(2) 0.1034(1) 0.664 6( I ) 0 .• 596(3) 
T a(OOiO) 0.11107(2) 0.6110(1 ) 0.6674(1) 0.664(4 ) 
T•(Ozi O) 0.1713(2) 0.6067(1) o.14.9a(J ) 0.670(6) 

T,(mOOO) 0.6742(2) 0.8829(1) 0.1S7tl(l ) 0.624(5) 
"l'z(mzOO) 0.11809(2) 0.87.19( I) 0.6725(1) 0 .:;72(4) 
Ta(m!liO) 0.1762(2) 0 .3789( 1) 0.6734(1) 0 .666(3) 
'l',(mziO) 0. 1862(2) o.:n75( t) 0 .18 16(1) 0.657(.~) 

Ca(OOO) 0.2M1(2) 0.98114(1) 0.0867(1) 1.203(6) 
Co(zOO) 0.2692(2) O.Oa12(1) 0. ,; 43.5( I ) 0.798(4) 
Ct>(OiO) O.i737(2) 0.53511(1) 0.5412( 1) 0.865(4) 
Ca(ziO) 0.7634(2) 0.5052(1) 0.0747(1) 1.4:J2(6) 

Table 2. Anisotropic thermal vibration parameters• 
(l~F.Otimntrd 8t.a.n d a,rd dcw in Lions in t·h e last ~igniflcnnt figtU'e in p aronthost.m) 

0 ,,(1000) 
OA(1z00) 
OA(10i0) 
0.,(1zi0) 

0,(2000) 
Q,.(2ziJO) 
o .. (20iO) 
o .,(2tiO) 

OB(OOOO) 
O a (OzOO) 
O.(OO·iO) 
Ou(OziO) 

0 n(m000) 
O n(mzO<l) 
Os(mOiO) 

O a(mziO) 

O c(OOOO) 
Oc(OzOO) 
Oc(OOiO) 
O c(OziO) 

flu \ fl., p.. i flu f!l3 p., 

! 0.{)()~2( 6) ; 0.0012(3)1 0.0010(3)1 - 0 .0003(5) I 0.0001!(5) II 0.0001 (3) 
0.0038(6) 0 .0013(3), O.OOOG(~) - 0 .0002(5) : 0.0008(•>) , - 0.0002(2) 

: 0 .0027(5)1 0.0010(3)1 0.0014(3) 0.0001(4) I 0.(1010(:;) 0 .0001(3) I 0.0046(4) 0.00 15 ( :~ ) 0.0012(3).

1

- 0.0001 (5) 0.00 ! 8(.~) _ 0 .0002(:J) 

0.0018(4)1 0.0\108(3 ) 0.0014(3) - 0.0001(4) 0.0004(5) 1- 0.0001(2) 

I
. 0.0017(5). 0.0012(3)1 0.0012(3) 0.0003(5) 0.0003(5) 0.000~(3 ) 

0.0<120 (6). 0.0009(3) 0.0015(3) 0.0001{4) 0.000~(5) O.OOO:l(~) 

. 0.0017(6) 0.0013(3), 0.0015(:l)l ·- 0.0005(5) 0.000~(5) 1-0.0001(:1) 

o.oo:Jt(5)1 o.o009(:lJI o.I>015(3) - o.0002(4) o.oot2(5) · - 11.0002(3) 

I 

0.005tl(6). 0.0009(3) O.OOHl{ll) - 0.0002(5) 0.002:l(5) - 0.0002(2) 
O.OOO:lp) 0.0013(3).· 0.0018(4)1 0.0001 (5) 0.00l7(•)) - 0 .0001(:1) 

. 0.0033(3)1 0.0013(3) ().0023(:1) - 0.0002(5) 0.0020(1>) - 0 .0004(3) 

I 0.0037(6) 0.0022(4)1 0.0032(4) ·- 0.0<101(5) 0.0029(fo) - 0.0007(3) 
0.0062(6 )1 0.00 10 (3) 0 .0010(3)1 0,0()03(5) 0.0014(•>) 0.0005(2) 
0.0045(5). 0.0009(:!)1 0.001 8(3) - 0 .0001(5) , O.OOL4(5) 0.0002(:1) 

'I 0.0061(6) 0.0016(3 ) 0 .0027(4) - 0.()()01(5) I 0.0027(6) 0.0002(3) 

. 0.0058(5) 0.0016(3)' 0.0016(4)1- 0.0002(5) 0.0022(.~) 0.0001 (~) 

. 0.0044(~)~ 0.0019(3)1 O.O<l18(:i) 0.0004(5) ! 0.0<)21(5) 0.0002{:1) 

I 
0.0037 (7) 0 .00! 2(3) o.OOI 7(:l ) - 0.0000(5) .

1 

0.001:1(6) 0.0003(3) 
0.0037(6)_ 0.0012(3) 0.0009(3)1 0.0001(5) 0 .000\J(/1) 0.0001(2) 

• Coefficients in the expression : 

e xp [- ih'f3n + k' f!, + z•p,. + 2hk(l,. ·I~ 2hlfJ., + 2klf3.,)1 

= Oc(mOOO) 
Oc(mzOO) 
Oc(mOiO) 
Oc(mziO) 

Ov(OOOO) 
On(OzOO) 
O, (OOiO) 
Oo(OziO) 

On(m OOO) 
Ov(mzOO) 
Oo(mOiO) 
Oo(mziO) 

Ca.(OOO) 
Ca(zOO) 
Ca(OiO) 
Ca(ziO) 

A tom 

0 .(1z00) 

. 0 •(1zi0) 
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To.blo 2. (Continued) 

I fin (l,. f!,. {Ja 

; 0 .0024(8 ) 0.0012(3)1 0.001;5(3)
1

- O.OOOG(4) 
0.0017(9) , 0.0012(3) O.OOO!I(!i) - 0.0004(4) 
0.0042(9 )' 0.0007(:{) 0.0014(3) - 0.0001(4) 
0 .0039(8) 0.0014(3) 0.0017(3) 0.0003(4) 

0.0005( 4) 1- (1.0004 (2) 
0.0003(4) - 0.0001(2) 
0 .0015(4) ' 0 .0001(2) 
0.0008(4) - 0.0001(2) 

0.0048(6) 0.0014(3) O.OOO!l(!i) - 0.0003(4) 0.0007(.1) 0.0001(:1) 
0 .0034(5) 0.001 :i(4) 0 .0009(4) 0.0006(4) 0 .0005(3) 0 .0001 (2) 
o.oo40(6 J o.oo13(4JI o.oo t 3(3 J o .o001(3) o .ooo6(2) - o .ooo2(:l) 
IJ.OORR(;;) 0.0009(3) 0.00 10(3)1 0.0003(3) 0 .0002(4) 0.0001(2) 

I 
0.0032(6) 0.001;'5(4 ) 0.0014(5) 0 .0000(3) I 0.0009(4) 

1

_ 0.0003(2) 
0 .0071(5)

1
1 0.0015(3) 0 .0019(3)'- <UM)04(4) 0.0015(4) - 0 .0001(2) 

. 0.004!1(5) 0.0017(!l) 0.0011(3) - 0.0003(4) 0.0002(4) - 0.0001(2) 
0 .1)(!42(4 ). 0.0014(4)1 0.0014(3) 0.0003(4) 0.0002(2) - 0.0001(2) 

0.00!18(:1) o 0029(1) o 0112 1(1)1- 0.0003( 1) I 0.0011\(1) _ 0.01!09(1 ) 
0.0032(2)

1

' 0 0014(1) 0.0015(1) 0.()()113(1) O.OOll ( l ) ~- 0.0004(1) 
0.0032(2) 0.001::;( 1) (1.0014(1) 0.0<!05(1) I 0.0007(1) - 0.0003(1) 

. 0.0030(3) 0.0031(1) 0.0024(1) 0.000~( 1 ) 0.0008(1) • - 0.0014 (1) 

Table 3. Pri,cipal a:r.P-8 of thermal c/lipwid.• 

I A"i" ! Hoot.me.an~s•)tHlro I 
1 d1splaoem~n t 

At om I A , I Root·tnelln -aqua.re 
X IS displacemC'nt. 

! o.oso~ A I o .(200lJ) . o .o687 A 
2 0 .0022 

I 
0.0842 

3 0. 105\1 3 0 .1190 

O.OM9 o.,(2z00) 0.0643 
2 0.0990 

I 
2 0 .0957 

3 0.1102 3 0.11 42 

0.0816 i o .(20iOJ n.o;as 
2 0.09 12 2 0.080~ 

3 0.1054 

I 
3 0 .1205 

I 0.0637 o.,(2zi0) 1 

I 

0.0606 
2 0.10711 2 0.1103 
3 0.1 229 3 0.1176 

1 0.0810 On(mOOO) I 0.0662 
2 0.0800 2 

I 

0.1232 
3 0. 111)6 3 0.1768 

1 

I 

0.07!11 Os(mzOO) 0.0645 
2 0.0845 2 

I 
0.1032 

3 0 .1363 a 0 .1305 
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Table 3. (Continued) Table 4 . Tetrahedral interatomi-e distances 

I Axi•l I Axis I 
(Est.irnatt>Jd staud.a.rd dGviation~:; in t.he la.st. ~ignificant figure in pa:rent.hffies) 

Atom Root~ moan-square 
Atom H-oot -mean-square 

displacement. displncomeut ''l\(0000) -0,(1000) 1.645(2) ;\ T,(OzOO) -0A(I z00) 1.760121 A 

I I 

I OB(mOiO) I I 

On(OOOO) l.IH9(2) OB(OzUO) 1.743(2) 

O,.(OOiO) o.o74t A 1 o.os11 A 
Oc(OOOO) 1.582(2) Oc(OzOO) 1.709(2) 

2 0.1035 2 0.1103 
OD(OOUO) 1.516(2) 0"(0z00) 1.776(2) 

I 

3 0.1245 3 0.1220 Mean: 1.616 Mean: 1.747 

OB(OziO) 0.0713 OB(mziO) 1 0.0981 
'.1\(00iO) -OA(10i0) 1.632(2) T,(Ozi O) -0,.(1zi0) 1.772(2) 

2 0.0972 2 0.1181 
:l 0.1451 3 0.1527 

OH(OHiO) 1.606(2) O~(OziO) I. 7:;•i(2) 
Oc(OOiO) 1.5~~(2 ) Oc(OziO) 1. 727 (2) 

Oo(OOOO) 1 0.0845 Oc(mOOO) 0.0678 Ou(OOiO) 1.{)26(2) On(OziO) 1.767(2) 

2 0.11313 2 0.1012 Moan: 1.613 ~lean : 1.755 
3 0.1358 3 0.12(i(j 

Oc(OzOO} 1 0.0769 Oc(mzOO) 0.0620 T,(mzOO) -O.<(lzOO) 1.647(2) T ,(m000)-0A(1000) 1.77 7(2) 

2 0.0979 2 0.0928 On(mz00) 1.617(2) On(mOOO) !.705(2) 

3 0.1281 3 0.1055 Oc(mzOO) 1.617(2) Oc(mOOO) t.n8( 2J 

Oc(OOiO) 0.0889 
Oo(mzOO) 1.571(2) Oo(mOOO) 1.779(2) 

Oc(mOiO) 0.0749 
2 0.1037 2 0.0907 Mean: 1.613 Mean: 1.750 

3 0.1190 3 0.1143 

Oc(OziO) 1 0.0839 
T1(mzi0) -0.<(1zi0) 1.644(2) T ,(mOiO) -0 .• (10i0) 1.777(2) 

Oc(mziO) 0.1005 OB(mzi O) 1.583(2 ) On(mOiO) 1.747(2) 
2 0.0976 2 0.1059 Oc(mziO) 1.599(2 ) Oc(mOiO) 1.752(2) 
3 0.1023 3 0.1286 Oo(mziO) 1.ti2ti{2) On(mOiO) J. 702(2) 

Oo(OOOO) 0.0873 Oo(mOOO) 1 0.0919 31ean: 1.613 Mean: 1.74-5 
2 0.1045 2 0.0933 
3 0.1257 3 0.1249 Tz(OzOO) -0, (2z00) 1.635(2) T,(OOOO) -0_,(2000) 1. 760(2) 

On(OzOO) 0.0833 Oo(mzOO) 0.1083 
On(OzOO) l.fl20(2) OB(OOOO) 1.769(2) 

2 0.0934 2 0.1255 
Oo(mOiO) 1.HOtl (2) O c(mziO) 1.740(2) 

3 0.1176 3 0.1435 Oo(mOOO) 1.605(2 ) O,(mzOO) 1.698(2) 

On(OOiO) 1 0.0892 On(mOiO) 
~~~om : 1.617 Mean: 1.742 

0.0873 
2 0.1071 2 0.1206 

T,(OziO) -0A(2zi0) -Q A(20i0) 
3 0.1237 3 0.1365 

1.617(2) T ,(OOi O) 1. 769(2) 

O"(OziO) 1.628(2) On(OOi O) 1.751(2) 

On(OziO) 0.0827 Oo(mziO) 0.0929 Oc(mOOO) 1.614(2) O c(mzOO) 1. 754(2) 

2 0.0879 2 0.1043 Ou(mOiO) t..}74(2) On(mziO) 1. 727(2) 

3 0.1236 3 0.1415 J\iiean: 1.608 Mean: 1.750 

Ca(OOO) 0.0896 Ca(OiO) 1 0.0847 
2 0.1089 2 0.0964 

T,(m000) - 0A(2000) l.f>44(2) 'l',(mzOO) -OA(2<00) 1. 755(2) 

3 0.1759 3 0.1324 On(mOOOJ 1.581(2) O»(mzOO) 1.748{2) 
Oc(OziO) 1.607(2) Oo(OOiO) 1.7.16(2) 

Ca(zOO) 1 0.0790 Ca(ziO) 1 0.0855 On(OzOO) 1.629(2) Ou(OOOO) 1. 757(2) 
2 0.0996 2 0.0999 Jtlea.n: 1.615 l\:Iean: 1.744 

0.1302 3 0.2018 
Z, Kri$tn llogr . .Blt. 1f!;3 6 
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T •(mOiO) -0., (20i0) 
On(m(liO) 

Oc(OzOO) 
Ov(OziO) 

Mean: 

G l'a.nt.l mean; 

J . E. ''-"~t:q\VTUOJil' nnd J. S T. ARKF.Y 

T a ble 4. (Contin•wi) 

r.Mt (2l A 
!.618(2) 
1.586(2) 
!.HI 6(2) 

1.615 

1.61 4 

T ,(rnziO) - O A(2zi0) 
Ou(mziO) 
O c(OOOO) 

0n(00i0) 

Mean: 

Grn.nd m0fln : 

T ublc 5. Bond anylP_, at ~ralwlral sites 

o ... O n OA- Oc o.- o" (Ju- Oc o,.- oD 

'1\(0000) 100.90 ' 118.07 ° 11)1.40 ' 11!.73'' 11!1.80 " 
Tl(OOiO) 103,09 11 fl.3S 102.05 110.!12 1 1!UHi 

Tl(mzOO) I 100 .78 l l !l.70 108.8~ 1U.!l8 11!!.45 
T,(mziO) 106.11\ 112.27 102.0~ 113.14 112.00 

To(OzOO) 10.1.34 101.24 110.17 112.51 111.79 

T:(O:i O) I l(IY. I9 102.50 11 0.99 11 2.86 10i. 14 
T o(mOOO) 111.89 104.43 I OK.9r. 112.98 Hli.26 
T .(mOiO) 108.79 106.37 107.89 112.60 11)8.75 

T,(OzOO) I 99.iii 117.31 9K.9K 112.77 11~.60 

T l(OziO) 97.25 121.0!1 97.1tl 11 :uw 116.44 
T,(mOOO) 107 . .57 112.1 9 99.12 !14.34 111.11; 
T t (mOiO) ' !19.2~ 113.08 108.52 113.59 ll !l.2(i 

T,(OOOO) I 108.87 11)4, I I Ii 10 7.84. 11 2.6:l 1()8,0 8 
To(OOiO) 100.9(> 99.94 10'7.64 1! 2.74 u r,.g,; 
'1'2 (mz00) · 108.59 105.69 103. 1r. 110.45 111.95 
T ,(mziO) 110.32 1(15.24 107.31\ 111.9\J 108.71 

Table 6. G001'dirtaUo» oj calc:ium (wi t.hin 3A) 

u r.9(2J A 
1.713(2) 
1.i:l5(2) 
1.774(2) 

1.740 

1.747 

Oc:-OD 

1.10.4~" 

1!0.ii1 
108.61 
110 .54 

ll4.8:l 
1 14 .10 
11 1.33 
112.27 

11 1.25 
110.66 
11 1.40 
108.83 

115.02 
116.74 
ll ti.3() 
11 3.09 

(Eijt imtt.ted sta.nda.l"d deviatiow. in the last. ~ignificunt figure in pllront.lw~) 

Ca(000) - 0A(2000) 2.292(2) A Ca(z00)-0,,(2z00) 2.~3 3(2) A 
On(OOOO) 2.378(2) O D(OzOO) 2.372(2) 
O D(OOOO) 2.3!10{2) O,(OzOU) 2.443(2) 
OA(l OOO) 2.515(2) o ,.(mzOO) 2.494(2) 
Ou(m OOO) 2.538(2) 0 ,,(1<00) 2.496(2) 
0, (1000) 2.608(2) O c(mOiO) 2.1159(2) 

Mean: 2.4 54 0 .(1z00) 2.733(2) 

Mean : 2.490 
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Table 6. ( Continued) 

Ca(0i0) - 0A(20i0) 2.330(2) Cu(ziO) -0 .. (2zi0) 2.300(2) 
O~(OOiO) 2.426(2) OB(OziO) 2.40o(2) 
0 n(OOiO) 2.4.!14(2) On(Ozi(l) 2.4 40(2) 

O . ( lOiO) 2.448(2) 0.,( 1zi0) 2.454(2) 
,, On(mOiO) 2.494(2) 0 A( l zi0) 2.616(2) 

Oc.(mzOO) 2.5U3(2) O D(mziO) 2.7 17(2) 

0 A(!Oifl) 2.817(2) O c(mOOO) 2.834(2) 

' .Ml'Hn : 2.50:l Mt!UH : 2.:;2fi 

Atomic <'.oorrlinates and thermal ' ' iuration parametcn; derived 
~. from thn final least-square8 cyd c arc li8ted in Tables 1 11nrl 2. The a.t<1m 
... notnt.ion of MEGAW (1956) is used. Significant det.ails of t,hc struc:turc 

are rer,<~rrlcd in T~tbles 4- 7. Figure 1 illustr ates a portion of the struc-
• tUill b0U11dcd by tlte pla.nes y = t 0.3. 

;~-

,-

.,;; 

.,_ 

Fig. l 

6 * 
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Table 7. T-0-T angles in the fourfold rings 

Atom Angle Atom Angle 

On(OOOO) 129.41 A On(OzOO) 138.79 A 
On(OOOO) 136.45 On(OzOO) 123.67 
On(mzOc) 144.07 On(mOOc) 169.97 
On(mzOc) 165.21 On(mOOc) 139.70 

Mean: 143.78 Mean: 143.03 

On(mOiO) 145.76 On(mziO) 165.67 
On(mOiO) 165.08 On(mziO) 136.14 
On(Ozic) 126.88 0 n(OOic) 137.61 
On(Ozic) 135.01 On(OOic) 127.15 

Mean: 143.18 Mean: 141.64 

Conclusions 
The atomic coordinates derived are not significantly different from 

those previously determined. The anomalous Al-0 bond lengths and 
tetrahedral distortions in Al04 tetrahedra have been confirmed. 
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