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Fig. 1. View of the structure at z ~ 0.13. The small dot is AI, the 
medium In; open circles are S. 
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Fig. 2. Atomic positions on the (01 i0) plane. 

ships to the wurtzite structure type are: from ZnS to 
A12S 3 the hexagonal close packing of S is maintained 
but only ] of the corresponding tetrahedral voids are 
occupied by the metal; from A12S 3 to In2Se 3 a strong 
distortion of some of the anion positions parallel to c is 
found, setting up a new fivefold coordination of one 
half of the voids. These are now occupied by In(l)  in 
In2Se 3 and by In in AIlnS 3. The other half of the voids 
remain tetrahedrally coordinated and are occupied by 
In(2) in In2Se 3 and A1 in AIInS 3. 
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Abstract. Al[(PO4)E(UOE)2].OH.8H20 (a mineral 
from Kobokobo, Kivu, Za'l're), monoclinic, Cc, a = 
20.168 (8), b = 9.847 (2), c = 19.719 (4) /k, fl = 
110.71 (2) ° , Z = 8, V = 3663 A 3, D,n = 3.4, D e = 
3.33 Mg m -a, structure type: torbernite. The 
[ (PO4)(UO2)]  n- layers are connected principally by 
Al20 l0 groups which are composed of two octahedra. 

Introduction. Threadgoldite is a mineral recently 
described by Deliens & Piret (1979). The results are 
here completed with the structure determination. The 
space group Ce or C2/e was determined from 
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Weissenberg and precession photographs (systematic 
absences: hkl: h + k = 2n + 1; hOl: l =  2n + 1). 
However, if a few weak reflexions are neglected, the 
following unit cell is found: a '  = 9-530, b' = 9-847, ¢' 
= 9.860 A, fl' = 98.2 °, V' = V/4 with a' = a/2 + e/4, 
b' = - b ,  e' = - c / 2 ,  space group A2, Am or A2/m. 

Refinement of the structure with this unit cell or with 
the true unit cell (see Abstract) in space group C2/e 
displays apparent disorder, especially for the A120~0 
group. Consequently, the true space group is Ce, for 
which no disorder appears. Cell dimensions and 
intensities were measured on a Syntex P2~ four-circle 
© 1979 International Union of Crystallography 
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Table  1. Experimental conditions 

Radiation: Mo K~t, 2 = 0.71069 A 
Graphite monochromator 
o~ scan: -0 .7  ° to +0.7 ° (65 s) (background 2 × 16 s) 
20ma x -- 47 o 
Total number of independent reflections: 3231 
Total observed II > 2.5o(1)1:850 
Crystal dimensions: 0.2 × 0.04 × 0.01 mm 
/~(Mo K~t) = 17.19 mm -~ 

d i f f r ac tomete r  with the exper imen ta l  cond i t ions  given in 
Table  I. Intensi t ies  were  co r rec ted  for abso rp t ion  by an 
exper imen ta l  m e t h o d  (Syntex ,  1976). Sca t te r ing  fac tors  
were  those  given by C r o m e r  & M a n n  (1968)  for neut ra l  
a toms ;  U was  co r rec ted  for a n o m a l o u s  sca t te r ing  
( C r o m e r  & L ibe rman ,  1970). The  s t ruc ture  was  solved 
by the use of  the  Pa t t e r son  funct ion.  R e f i n e m e n t  by 
Four ie r  m e t h o d s  and  least squares  (full m a t r i x ) g a v e  a 
final residual  R o f  0 . 0 7 6  for all obse rved  ref lect ions.* 

Tab le  2. Fractional coordinates (× 104) 

x y z 

U(I) 2050 (0) 3 (4) 4875 (0) 
U(2) 2961 (2) -50  (4) 2648 (2) 
U(3) 2936 (2) 5068 (4) 114 (1) 
U(4) 2098 (2) 4977 (4) 2359 (2) 
P(5) 2479 (12) 2642 (18) 1289 (12) 
P(6) 2418 (10) 2653 (18) 3692 (11) 
P(7) 2474 (I 1) 2526 (18) 8845 (10) 
P(8) 2673 (10) 2626 (20) 6337 (10) 
Al(9) -44  (1 I) 1546 (20) 2624 (11) 
AI(10) 5002 (11) 3659 (21) 2360 (10) 
O(11) 2888 (25) -72  (65) 5378 (24) 
O(12) 1047 (26) 27 (64) 4636 (26) 
O(13) 1948 (25) -149 (60) 2270 (24) 
O(14) 3815 (27) 26 (66) 2938 (27) 
O(15) 3817 (28) 5067 (62) 520 (27) 
O(16) 1987 (24) 5067 (62) -39 (25) 
O(17) 2956 (27) 4109 (57) 2806 (27) 
O(18) 1045 (27) 4872 (64) 1951 (28) 
O(19) 1963 (32) 1599 (62) 4035 (31) 
0(20) 1964 (31) 1416 (64) 5699 (30) 
O(21) 2172 (30) 1417 (61) 835 (28) 
0(22) 2079 (31) -1576 (62) 4061 (31) 
0(23) 3022 (30) 1274 (57) 3655 (27) 
0(24) 2853 (29) 8304 (61) 3333 (28) 
0(25) 3039 (33) 1746 (67) 1885 (31) 
0(26) 3079 (30) 8288 (60) 2090 (28) 
0(27) 3110 (32) 3223 (62) 1003 (32) 
0(28) 3021 (32) 6791 (58) 4401 (30) 
0(29) 2924 (31) 3647 (63) 4278 (30) 
0(30) 2868 (30) 3251 (60) 5886 (30) 
O(31) 2041 (31) 3405 (63) 1557 (29) 
0(32) 2005 (30) -3371 (60) 3291 (28) 
0(33) 2030 (32) 3176 (63) 3058 (32) 
0(34) 2317 (28) 3794 (57) 6496 (27) 
0(35) -481 (27) 103 (66) 1933 (29) 
0(36) 428 (29) -375 (54) 3059 (30) 
0(37) -692 (27) -2093 (55) 2730 (26) 
0(38) 4366 (28) 3670 (55) 8123 (28) 
0(39) 643 (28) 2295 (55) 3587 (26) 
0(40) 660 (28) 1743 (57) 2134 (27) 
O(41) 5545 (29) 7921 (59) 7981 (27) 
0(42) 5815 (28) 6591 (55) 6945 (28) 
0(43) 4435 (28) 2058 (58) 7273 (26) 
0(44) 4438 (28) 7798 (57) 6565 (27) 
0(45) 4681 (25) - 6  (65) 1403 (24) 
0(46) 4181 (27) 467 (55) 4787 (28) 
0(47) 653 (28) 1536 (56) 820 (27) 
0(48) 735 (26) 4933 (66) 5217 (25) 
0(49) 603 (30) 2542 (58) 5786 (29) 
0(50) 228 (26) 4775 (56) 8788 (25) 
O(51) 4288 (27) 2621 (56) 9479 (28) 
0(52) 4482 (30) 2785 (57) 4403 (28) 

* A list of structure factors has been deposited with the British 
Library Lending Division as Supplementary Publication No. SUP 
34707 (19 pp.). Copies may be obtained through The Executive 
Secretary. International Union of Crystallography. 5 Abbey 
Sc uare, Chester CH 1 2HU, England. 

.., 

Fig. 1. Stereoscopic drawing (Johnson, 1965) of the layer (b 
across, e down). Limits for x : 0 to ~ (box) and O. 1 to 0.4 (atoms). 
Limits for y and z: 0 to 1 (box) and -0 .1  to 1.1 (atoms). 
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Fig. 2. Stereoscopic drawing (Johnson, 1965) of the interlayer 
structure (b across, e down). Limits for x: ~ to ~ (box) and 0-2 to 
0.7 (atoms). Limits for y and z: 0 to 1 (box) and -0.1 to 1.1 
(atoms). 
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Table 3. Interatomic distances (A) 

Standard deviations are about 0.055 A for U-O, 0.06 A for A1-O and P-O and 0.08 A for O-O. 

In the layer (d < 2.80 A) 

U(I)-O(I 1) 1.63 
--O(12) 1.91 
--O(19) 2.25 
-0(20) 2.19 
--O(21) 2.30 
-0(22) 2.25 

P(5)-O(21) 1.50 
-0(25) 1.58 
-0(27) 1.66 
-0(31) 1.40 

O(11)--O(20) 2.62 
--O(21) 2.36 

O(12)--O(20) 2.63 
O(13)--O(24) 2.71 
O(14)-O(23) 2.77 

-0(25) 2.71 
-0(26) 2.49 

O(15)--O(27) 2.68 
-0(29) 2.78 

U(2)-O(13) 1 . 9 1  U(3)-O(15) 1 . 6 7  U(4)-O(17) 1.85 
-O(14) 1.61 -O(16) 1.83 -O(18) 1.99 
-0(23) 2.34 -0(27) 2.46 -0(31) 2.19 
-0(24) 2.17 -0(28) 2.35 -0(32) 2.51 
-0(25) 2.36 -0(29) 2.07 -0(33) 2.28 
-0(26) 2.03 -0(30) 2.29 -0(34) 2.26 

P(6)-O(19) 1 . 6 8  P(7)-O(22) 1 . 3 9  P(8)-O(20) 1.94 
-0(23) 1.84 -0(24) 1.68 -0(26) 1.68 
-0(29) 1.58 -0(28) 1.42 -0(30) 1.25 
-O(33) 1.32 -0(32) 1.43 -0(34) 1.45 

O(16)-O(30) 2 . 6 3  O(21)-O(27) 2 . 5 3  0(24)-0(32) 2.36 
O(17)-O(31) 2.59 -O(31) 2.49 0(25)-0(27) 2.31 

-0(33) 2 . 2 9  0(22)-0(24) 2.47 -0(31) 2.49 
O(19)-O(23) 2.52 -0(28) 2.40 0(26)-0(30) 2.72 

-0(29) 2.72 -0(32) 2.30 -0(34) 2.58 
-0(33) 2 . 5 1  0(23)-0(29) 2.68 0(28)-0(32) 2.42 

0(20)-0(30) 2.50 -0(33) 2.69 0(29)-0(33) 2.49 
-0(34) 2 . 7 7  0(24)--0(26) 2 . 6 5  0(30)-0(34) 1.98 

O(21)-O(25) 2.21 -0(28) 2.50 

In Al2Oto groups (d < 2.80 A) 

A1(9)-O(35) 1 . 9 5  A1(9)-O(39) 2.05 
-0(36) 2.16 -0(40) 1.99 
-0(38) 1.80 -0(43) 1.72 

0(35)-0(36) 2.37 0(36)-0(37) 2.71 
-0(37) 2.79 -0(38) 2.76 
-0(40) 2.72 -O(41) 2.53 

Between atoms implicated in hydrogen bonds (d < 3.30 A) 

O(11)-O(46) 3.26 O(17)-O(37) 3.03 
O(12)-O(36) 2 - 9 4  O(18)-O(40) 3.23 

-0(39) 2.96 -0(45) 2.58 
-0(47) 3.13 -0(48) 3.26 

O(13)-O(40) 3 . 1 3  O(19)-O(39) 2.58 
-0(42) 2.57 0(20)-0(49) 3.02 

O(14)-O(37) 3.08 O(21)-O(47) 3.06 
-0(43) 2.94 0(23)-0(46) 2.72 
-0(50) 2.76 -0(52) 3.16 

O(15)-O(35) 2.64 0(24)-0(51) 3.11 
-0(43) 2 - 8 1  0(25)-0(37) 2.76 

O(16)--0(48) 2.75 -0(44) 3.13 

Al(10)-O(35) 1 . 7 6  Al(10)-O(41) 2.04 
-0(36) 1.65 -0(42) 2.09 
-0(37) 1.94 -0(44) 2.13 

O(37)-O(41) 2.50 0(38)-0(43) 2.35 
-0(44) 2.50 0(41)-O(42) 2.64 

0(38)-0(39) 2.59 

0(26)--0(38) 3.30 0(42)-0(49) 2.37 
--0(43) 2 . 6 5  0(44)-0(45) 2.28 

0(27)--0(44) 2.70 -0(49) 3.24 
O(28)-O(5 l) 2.57 0(45)-0(46) 3.02 
0(29)--0(52) 3 . 1 8  0(46)-0(48) 2.99 
O(31)-O(47) 3.24 -O(51) 3.12 
O(32)--O(41) 2.82 -0(52) 2.54 
0(37)-0(52) 3 . 1 9  0(47)-0(52) 3.03 
O(38)-O(51) 2.92 0(48)-0(49) 2.66 
0(39)--0(50) 3.07 -0(50) 2.65 
0(40)-0(47) 2.59 0(49)-0(5 l) 2.98 
O(41)--O(50) 2.65 

Calculations were performed with S H E L X  (Sheldrick, 
1976). The final coordinates are given in Table 2. The 
(non-significant) temperature factors B after group 
refinement are, for U 0.69, for P 0.16, for AI 0.16 and 
forO 1.13 A 2. 

Discuss ion.  The unit cell and the structure are related 
to those o f  minerals of  the torbernite group; for 
example autunite and sabugalite: autunite: 
Ca[(PO4)2(UO2)2].  ,,, 10H20  (Beintema, 1938), a = b - 
7 .00 ,  c = 2 0 . 6 7  A, a = fl = v = 90°;  sabugalite: 
(AIH)0. 5 [(PO4)2(UO2)zl .  , - ,8H20 (Frondel,  1951), a = b 
= 6 .96 ,  c = 19.3 A, a = fl = y = 90° ;  threadgoldite: 
A l [ ( P O 4 ) 2 ( U O 2 ) 2 ] . O H . 8 H 2 0  (this work), b / v / 2  = 

6.963, c/(2V'2) = 6.972, a = 20.168 A, a = y = 90 °, 
f l=  110-71 ° 

The structure of threadgoldite consists of [(PO4)- 
(UOz)] ~- layers parallel to b and e (Fig. 1). The con- 
figuration around U is a tetragonal bipyramid. The 
mean U - O  distance in UO z is the normal value, 1.80 
A. The mean distance between U and O of the base of 
the pyramid is 2.27 A, shorter than the corresponding 
distances in the pentagonal bipyramid (2.36 A) and 
hexagonal bipyramid (2.51 A) of phurcalite (Piret & 
Declercq, 1978) and phuralumite (Piret, Piret-Meunier 
& Declercq, 1979). The mean P - O  distance in the PO 4 
anions is 1.55 A. The layers are connected by two A1 
atoms, two OH ions [probably 0(35) and O(36)1 and 
sixteen HzO molecules. Each AI is surrounded by six O 
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atoms. The two octahedra share one edge, forming an 
A120~0 group (Fig. 2). The mean AI-O distance is 1.94 
A. Principal distances are given in Table 3. 

The authors thank Dr M. Deliens (Mus+e Royal de 
l'Afrique Centrale, Tervueren, Belgium) for supplying 
the crystals. JPD is indebted to the Fonds National 
Belge de la Recherche Scientifique for a research 
fellowship. 
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An X-ray Structure Redetermination of Antimony Triehloride 
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Abstract. SbC13, orthorhombic, Pnma, a = 8. I l 1 (2), 
b = 9.419 (1), c = 6.313 (1) A, Z = 4, D x = 3.14 Mg 
m -3. The structure has been redetermined from counter 
data; with 963 independent observed reflections the 
final R is 0.045. The main improvements and results of 
this more accurate study are (1) the space group, and 
thus the mirror symmetry of the SbCI 3 molecules, was 
confirmed, (2) the structure was refined with aniso- 
tropic thermal parameters, (3) Sb-CI lengths differ 
significantly due to intermolecular interactions, (4) 
intermolecular contacts and the resulting eightfold 
coordination of the Sb atom are discussed. 

Introduction. SbCI 3 molecules have been found as units 
of structures in adducts of SbCI 3 with different donor 
systems (Hulme & Scruton, 1968; Hulme, Mullen & 
Scruton, 1969; Hulme & Szymafiski, 1969; Hulme & 
Mullen, 1976; Demald6, Mangia, Nardelli, Pelizzi & 
Vidoni Tani, 1972; Lipka & Mootz, 1978; Lipka, 
1978). 

Comparison with the structure of SbCI 3 as deter- 
mined by Lindqvist & Niggli (1956) showed that the 

* Present address: Laboratoire de Cristallographie aux Rayons 
X, Universit~ de Geneve, 24 quai Ernest Ansermet, CH-1211 
Gen+ve 4, Switzerland. 
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shapes of the molecules are similar, but with regard to 
intermolecular contacts the coordination polyhedra are 
different. However, the accuracy of the above- 
mentioned work based on refinement by difference 
Fourier techniques was not sufficient to allow further 
discussion of structural details. The equivalence of the 
Sb-CI lengths was just within large e.s.d.'s and the 
mirror symmetry of the molecules resulting from the 
adopted space group Pbmn was questionable, for 
accurate X-ray (Nyburg, Ozin & Szymafiski, 1971) 
and neutron (Bartl, 1975) structure determinations had 
shown that the isostructural BiCI 3 crystallizes in the 
noncentrosymmetric space group Pn2ja. Therefore a 
complete X-ray structure redetermination of SbC13 was 
undertaken. 

SbCI 3 p.a, was purified by reductive distillation over 
Sb under a nitrogen atmosphere. A bipyramidal-shaped 
single crystal grown from the melt was selected in a dry 
box under an argon atmosphere and sealed in a 
Lindemann-glass capillary (~-=- 0.3 mm). Photographs 
showed systematic absences Okl for k + l odd and hK0 
for h odd, indicative of the space groups Pnma and 
Pn2~a (conventional setting Pna20. Cell dimensions 
were obtained by least-squares refinement from angular 
measurements of 15 reflections in the range 36 < 20 < 
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