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The crystal structure of thioridazine has been determined from diffractometer data and refined by least- 
squares methods to a final residual of 4"8 %. 
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Individual anisotropic thermal parameters were refined for all non-hydrogen atoms and the hydrogen 
atoms were assigned individual isotropic temperature factors derived from the fl's of the attached carbon 
atoms. The space group is Pna21 with a =  18.337 (2), b=  12-434 (2), e= 17.376 (4) /~. There are two 
molecules in the asymmetric unit. In the tricyclic group of molecule I the C-S-C angle is 99"0 (4) ° and 
the C-S bonds are 1.786 (8) and 1.762 (9) ~ ;  in molecule II the C-S-C angle is 97-8 (4) ° and the C-S 
bonds are 1.776 (8) and 1.761 (7) A. The dihedral angles between the two planes of the benzene rings are 
145-8 ° and 134.4 ° respectively, with the two molecules oriented at an angle of approximately 10 ° to 
each other. The piperidine rings have the chair configuration. 

Introduction 

The crystallographic study of a series of derivatives of 
phenothiazine has been undertaken in the laboratory 
of the University of Cape Town with the eventual hope 
of correlating molecular  structure with psychophar- 
macological properties. 

The phenothiazines are divided into three groups 
according to the chemical nature of the side chain at- 
tached to the nitrogen atom: (a) d imethylaminopropyl ,  
(b) piperazine and (c) piperidine radical. Chlorproma-  
zinc, psychotropically potent, belonging to the first 
group, and thiethylperazine, with relatively little tran- 
quillizing or sedative action, belonging to the second, 
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were chosen for complete structural analyses and have 
been solved (McDowell, 1969, 1970). The structure of 
thioridazine, a potent representative of the third group, 
has been determined and is reported here. 

Thioridazine or 10-[2-(1-methylpiperid-2-yl)ethyl]-2- 
methylthiophenothiazine is the well known and widely 

used drug Melleril. It has a tranquillizing action sim- 
ilar to chlorpromazine but has no therapeutically sig- 
nificant antiemetic or hypothermic action and does not 
potentiate the action of anaesthetics. It is used mainly 
for the treatment of schizophrenia and for the control 
of mania and agitation. It may be used in the manage- 
ment of anxiety states and in children with behaviour 
problems. The incidence of extrapyramidal side effects 
is lower than with other phenothiazines (British Phar- 
maceutical Codex, 1973; Extra Pharmacopoeia, 1972). 
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Fig. 1. Thermal vibration ellipsoids and atomic numbering. 
® denotes hydrogen atoms. H(1172) on C(117) and H(1212) 
on C(121) of molecule II are not shown. 

Experimental 

The powdered substance was obtained from Sandoz, 
Basle. Crystals were prepared by applying prolonged 
heat to a reflux condenser containing the powder and 
low b.p. petroleum spirit (32-34°), and subsequent re- 
tarded evaporation over a period of approximately 
three weeks. The crystals were colourless transparent 
rods of rhombic cross-section which turned yellow if 
not protected from the air. Cubic-cut crystals were 
ground into spheres of 0.04-0.08 cm diameter and 
mounted along one of their axes on fine glass rods; 
the orientations of the axes were located as the direc- 
tions of extinction under a polarizing microscope. 

X-ray oscillation and Weissenberg photographs, with 
the use of Ni-filtered Cu Ke radiation, taken about all 
three axes showed an orthorhombic system with a =  
18.35, b--12.44, e=  17.40 A, in good agreement with 
the diffractometer values obtained subsequently; a =  
18.337 (2), b =  12.435 (2), e=  17.376 (4) A. The latter 
values were considered more accurate and were used 
in all calculations. The conditions for non-extinction 
were found to be Okl, k + l= 2n; hOl, h = 2n; bOO, h = 2n; 
0k0, k = 2 n ;  001, l=2n. These indicated either of two 
possible space groups, centrosymmetric Pnma with 
eight equivalent positions, or non-centrosymmetric 
Pna21 with four equivalent positions. The measured 
density was 1-191 g cm -3 and the value calculated for 
eight molecules per unit cell being 1.24 g cm -3 implied 
that for the non-centrosymmetric space group the 
asymmetric unit must consist of two molecules. 

The best crystal (of diameter 0.05 cm) was mounted 
on a Hilger & Watts four-circle automatic diffrac- 
tometer and exposed to Zr-filtered Mo Ke radiation. 
The measured data extended to h, k,/(max) = 20, 13, 19 
respectively. A total number of 3165 reflexions was 
recorded, including 282 systematically extinct and 758 
which were not significantly different from back- 
ground level and thus rated as less-thans (unobserveds). 
The integrated intensities were collected over 45 s in- 
volving 30 steps of 0.02 ° in co. Two reference reflexions 
were chosen and recorded at the beginning of the data 
collection and after every set of 100 readings. The inten- 
sities of these selected reflexions were checked to con- 
firm that the variances did not exceed 4 % throughout 
the data collection. Individual background intensities 
left and right were measured but the more accurate 
method of estimating background and peak-spread 

A C 3 1 B  - 6 
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Table  1. Observed and calculated structure factors 
W i t h i n  e a c h  g r o u p  t h e  c o l u m n s ,  r e a d i n g  f r o m  l e f t  t o  r i g h t ,  

contain the values of k, K[Fo[, F~, Ac and B~. An asterisk 
indicates F~.ob~. 
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correc t ions  descr ibed  for th i e thy lperaz ine  ( M c D o w e l l ,  
1970) was  appl ied.  

T h e  va lue  ofpR for M o  K~ radiat ion  was  ca lcu la ted  
to  be 0-07 (where  R is the  radius  o f  the  spherical  crys-  
tal and  p the  a b s o r p t i o n  coeff ic ient) ;  as the  c o r r e s p o n d -  
ing correc t ion  factor  A* is 1.16 t h r o u g h o u t  the  range  
o f  0, a b s o r p t i o n  correc t ions  were  not  appl ied .  T h e  
usual  correc t ions  were  m a d e  for Lorentz  and polar iza-  
t ion  factors .  U s i n g  the  s u b - p r o g r a m  NORMSF ( M a s -  
len,  1967) o f  the  X - R A Y  (1972)  p r o g r a m  system,  pre- 
l iminary  scale and  t empera ture  factors  were  e s t imated  
by W i l s o n ' s  (1942)  m e t h o d •  The  statist ical  survey  o f  
the  intensi t ies  o f  the  ref lexions  gave  an N(z) distr ibu-  
t ion  ( H o w e l l s ,  Phi l l ips  & Rogers ,  1950) w h i c h  was  
u n f o r t u n a t e l y  inde terminate  as to w h e t h e r  the  space  
g r o u p  was  c e n t r o s y m m e t r i c  or n o n - c e n t r o s y m m e t r i c .  

So lut ion  and ref inement o f  the structure 

A t h r e e - d i m e n s i o n a l  Pat terson  func t ion ,  sharpened  in 
a c c o r d a n c e  wi th  the  f o r m u l a  

iFi2 = (sin 2 0/,~ 2 +0"16)F2o exp (B sin 2 0/2 2) 
(y f,) '  

was  ca lcu la ted  (M'cDowel l ,  1970).  T h e  analyt ica l  scat-  
ter ing factor  va lues  c o m p u t e d  f r o m  numer ica l  H a r t r e e -  
F o c k  w a v e  f u n c t i o n s  by C r o m e r  & M a n n  (1968)  were  
used for S, N and C; for H,  the  va lues  g iven  by 
Stewart ,  D a v i d s o n  & S i m p s o n  (1965)  were  used• 

Init ial ly,  a t t empts  were  m a d e  to  locate  the  t w o  sul-  
p h u r  a t o m s  o f  one  m o l e c u l e  m a k i n g  the  a s s u m p t i o n  
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that the space group was Pnma. Fourier syntheses 
phased on one atom were computed and the lowest 
R index was 0.67, where R=~llFol-IFcll/71Fol. Of the 
six best results, five implied atom locations on a mirror 
plane in the space group Pnma. This would have the 
effect of reducing the eight equivalent positions to 
four; thus it was difficult to see how the eight mol- 
ecules in the unit cell could be placed in the space 
group Pnma. From the above results as well as from 
other indications, such as the distribution of the Patter- 
son peaks, the non-centrosymmetric space group Pna21 
with two molecules in the asymmetric unit was there- 
fore assumed. 

Only three of the four sulphur atoms were correctly 
located from the Patterson peaks, and a Fourier com- 
putation phased on the three atoms gave an R of 0.49. 
A number of successive syntheses was required to 
locate S(3) and the remaining 46 N and C atoms. It is 
of interest to note that the high value of the estimated 

preliminary temperature factor (B= 6.15) proved a cor- 
rect forecast of the difficulties which were to be en- 
countered in solving the structure by Fourier methods. 

Four cycles of full-matrix least-squares refinement 
of the coordinates and individual isotropic B's of the 
50 non-hydrogen atoms, followed by three cycles with 
anisotropic temperature factors brought R down to a 
value of 0.08. The sub-program used was CR YLSQ of 
X-RAY (1972) and the function minimized was Rz=  
~,w(hkl){lFo(hkl)-Fc(hkl)[} 2 with equal weights given 
to all terms in the initial stages. 

From the first difference Fourier synthesis 39 of the 
52 hydrogen atoms could be identified clearly; the posi- 
tions of the remaining 13 - those attached to carbon 
atoms with high thermal motion - were not so well 
defined. However all 52 hydrogen atoms were placed, 
assigned the isotropic temperature factors derived from 
the/~'s of the attached C atoms, and the H-atom co- 
ordinates were refined for two cycles. Successive dif- 

Table 2. Final atomic fractional coordinates ( x  10 4) and thermal parameters ( x  10 4) 
with estimated standard deviations 

Anisotropic temperature factor = exp [ - (h2fln q- k21~22 q- 12fl33 -1- 2hkP12 + 2hiP13 + 2k/.823)] with ]111 = 2n2a *z U, 1. fl,2 = 2rc2a*b * Uu etc. 
The least-squares standard errors are given in parentheses. 

F x y 

s(3) 
s(4) 
N(3) 
N(4) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
c(1o) 
c(11) 
c(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
C(20) 
C(21) 

S(1) 
S(2) 
N(1) 
N(2) 
C(IOI) 
C(IO2) 
C(IO3) 
C(IO4) 
C(IO5) 
C(iO6) 
C(IO7) 
C(108) 
C(iO9) 
C(IIO) 
C(III) 
C(I12) 
C(I13) 
C(I14) 
C(i15) 
C(I16) 
C(I17) 
C(i18) 
C(119) 
c(12o) 
c(121) 

1245(2) 
O576(1) 
1226(3) 
O717(3) 
1078(4) 
0787(4) 
0667(4) 
0804(4) 
1090(3) 
1244(4) 
1271(4) 
1532(5) 
2010(6) 
2269(4) 
2031(4) 
1515(3) 
2021(8) 
1285(4) 
0554(4) 

3897(2) 
8685(2) 
8OO8(5) 
8480(5) 
5267(6) 
5486(8) 
6533(8) 
7359(7) 
7160(6) 
6091(6) 
9387(6) 

10340(7) 
10938(7) 
10580(7) 
9582(6) 
8987(5) 
3914(8) 
7808(6) 
7426(7) 

1783(2) 
2669(1) 
1163(3) 

-1180(3) 
1999(5) 
2709(5) 
2904(4) 
2404(4) 
1673(4) 
1466(4) 
2155(4) 
2464(5) 
2040(7) 
1341(6) 
1051(4) 
1457(4) 
1177(6) 
0335(4) 
OO10(4) 

0522(4) 
0669(5) 
1190(5) 
1023(6) 
1036(6) 
0206(5) 

i011(i) 
2168(1) 
1396(3) 
1721(4) 
1318(4) 
1631(4) 
1879(4) 
1809(4) 
1487(3) 
1234(3) 
1454(4) 
1219(5) 
0695(6) 
0338(5) 
0570(4) 
1138(4) 
0653(5) 
1264(4) 
1937(4) 
1904(4) 
1702(9) 
1115(10) 
1281(7) 
1326(5) 
2224(6) 

7426(7) 
8474(7) 
7674(9) 
6594(8) 
6603(6) 
9308(8) 

5263(2) 
O551(2) 
1310(4) 
1389(7) 
3922(5) 
3657(7) 
2615(7) 
1857(6) 
2130(6) 
3171(6) 

-O158(6) 
-1158(6) 
-1680(7) 
-1230(7) 
-0240(6) 

-0866(4) 
-2027(4) 
-2369(5) 
-2096(5) 
-1190(5) 
-0908(6) 

5O00(0) 
4572(1) 
5939(3) 
8356(4) 
4905(4) 
4211(4) 
41OO(4) 
4676(4) 
5384(4) 
5501 (4) 
5041 (4) 
4762(5) 
5158(6) 
5795(6) 
6054(4) 

0309 (5) 
5317(7) 
1621 (5) 
2181(6) 
2361(7) 
1586 (13) 
2359(23) 
3342 (15) 
3190 (i0) 
0597 (ii) 

5691(4) 
5958(7) 
6750(4) 
7078(4) 
7940(4) 
9225(6) 
9419(8) 
9023(9) 
8129(5) 
8229(8) 

I 
8,, 8~2 ~33 8,2 813 I 823 

I 

64 iOO 107 - 3 ii 24 
43 136 40 4 5 - 9 
42 91 32 - 3 1 5 
47 93 37 3 7 3 
34 98 66 - 3 - 7 19 
43 154 45 - 1 - O 26 
44 147 38 - 2 3 20 
31 123 36 - 1 - 1 6 
29 107 34 - O - 2 6 
40 91 47 3 - 3 IO 
38 102 41 5 - 1 - O 
60 118 48 - 3 - 6 -18 
62 98 74 - 2 - 6 -29 
45 97 71 - 9 - 6 - 3 
39 99 47 - 1 2 3 
34 80 43 4 - 4 - 6 

121 114 67 4 32 -iO 
41 106 31 - 8 3 - 1 
41 131 36 -21 3 7 
46 109 31 -13 - 3 8 
60 129 33 8 3 14 
63 164 37 8 5 - 1 
88 136 46 21 6 -12 
78 88 41 3 - 2 8 
65 132 73 35 3 -17 

76 89 55 9 - 1 ii 
46 114 45 18 4 1 
42 83 32 - 1 4 5 
65 172 47 -15 5 15 
40 86 40 - 1 - 3 iO 
49 114 40 -13 2 20 
40 119 35 2 7 9 
36 92 40 7 - 1 2 
31 92 32 - 3 1 9 
32 91 36 - 7 - O 6 
50 91 42 15 -12 2 
69 96 55 20 -21 - O 
90 64 66 -i0 -35 7 
68 94 60 -20 -20 16 
54 89 36 - 4 -ii 13 
41 81 35 4 - 5 6 
69 94 83 7 13 - 3 
40 95 29 -14 1 7 
43 119 35 -23 - O 12 
51 124 37 -35 - 3 14 

104 260 38 -79 -14 27 
90 436 67 ~O5 24 -73 
79 284 88 -46 21 -86 
57 205 58 -17 1 -43 
71 204 99 23 2 41 

A C 3 1 B  - 6*  
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Table 2 (cont.) 
Final hydrogen atomic fractional coordinates (× 103) and isotropic temperature factors with estimated standard deviations. 

MOLECULE I MOLECULE II 

H(2) 

H(3) 

H(6) 

H(8) 

H(9) 

H(IO) 

H(II) 

H(141) 

H(142) 

H(151) 

H(152) 

H(16) 

H(171) 

H(172) 

H(181) 

H(182) 

H(191) 

H(192) 

H(2OI) 

H(202) 

H(211) 

H(212) 

H(213) 

H(131) 

H(132) 

H(133) 

x y z B 

056 (4) 

039 (4) 

137(4) 

137(4) 

228(4) 

276(5) 

215(4) 

145(4) 

172(4) 

030(4) 

027 (4) 

-O10 

084 (4) 

469(6) 

646(6) 

592 (6) 

1052 (6) 

1162 (6) 

1092 (7) 

913(6) 

846(6) 

727(6) 

811(6) 

689(6) 

740 

916(6) -234 

307 (4) 

346(5) 

080 (4) 

317(4) 

234(4) 

iO1 (5) 

056 (4) 

OO1 (4) 

O16 (4) 

028 (5) 

020(4) 

- iOO 

(5) 

006 (4) 

121(5) 

180(5) 

144 (5) 

038(5) 

092 (4) 

172 (4) 

-033 (4) 

O4O 

O55 (4) 

246(4) 

184(4) 

240 

811(6) 

776(7) 

794(7) 

607 (7) 

645 (8) 

589(6) 

680(6) 

897(6) 

940 

991(6) 

395 (6) 

425(6) 

310 

-220(4) 

-301 (6) 

-222 (6) 

-233(6) 

-215(6) 

-090(4) 

-096 (4) 

-I01 (4) 

-040 

-O88 (5) 

157 (4) 

070(4) 

IiO 

6.88 

6.53 

5.69 

7.10 

8 .O8 

7.09 

5.75 

5.27 

5.27 

5.90 

5.90 

5.48 

6.49 

6.49 

7.45 

7.45 

8 .O4 

8.04 

7.45 

7.45 

7.96 

7.96 

7.96 

iO. 33 

iO. 33 

iO. 33 

x y 

H (102) 171 (4) 423 (6 

H (103) 218 (4) 253 (6 

H (106) 085 (4) 342 (6 

H (iO8) 139(4) -138(6 

H (iO9) 046(5) -233(7 

H (iiO) -020 -170 

H (iii) 035 (4) O18 (6 

H (1141) 105 (4) 113 (6 

H(I142) 

H(II51) 

}I(1152) 

H(II6) 

H(II71) 

H(I172) 

H(II81) 

H(I182) 

H(II91) 

H(I192) 

H(12OI) 

H(1202) 

H(1211) 

H(1212) 

H(1213) 

H(II31) 

H(I132) 

H(I133) 

082 (4) 

243(4) 

202 (4) 

240 

168(4) 

197(4) 

104 (4) 

062 (6) 

O8O 

176(4) 

072 (5) 

137 (4) 

202 (6) 

170(6) 

279 (6) 

28O 

O90 (6) 

201 (6) 

240(6) 

259 (9) 

390 

366(6) 

322(8) 

392 (6) 

B 

234(4) 

280 

220 

O21 (4) 

030 

iiO 

037 (6) 

09O 

OOO 

472(6) 

59O 

53O 

375(4) 

365(4) 

605 ( 4 ) 

406 (4) 

494 (5) 

610 

659 (4) 

709 (4) 

684 (4) 

705 (5) 

678(4) 

82O 

953(5) 

943(4) 

1023 (4) 

911 (7) 

930 

928(4) 

773 (6) 

792(4) 

758(4) 

83O 

870 

599(4) 

6OO 

625 

6.40 

5.70 

4.77 

7.67 

8.37 

7.31 

5.59 

4.88 

4.88 

5.65 

5.65 

6.72 

11.71 

11.71 

11.69 

11.69 

11.69 

11.69 

8.71 

8.71 

11.24 

11.24 

11.24 

8.27 

8.27 

8.27 

ference Fourier syntheses and refinement cycles, in 
which the H-atom coordinates and all parameters of  
the S, N, C atoms were varied, improved the positions 
of  the hydrogen atoms and brought R down to 0.057. 
However, ten 'maverick' H atoms which showed a 

tendency to 'drift' were put back to their original 
Fourier locations. 

At this stage a weighting scheme was applied to all 
reflexions, using the sub-programs WTLSSQ and 
WTANAL of  X - R A Y  (1972). The chosen scheme, 

Table 3. Bond lengths and angles with estimated standard deviations 
(The e.s.d.'s in the bond lengths × 103 and the e.s.d.'s in the bond angles × 10 are given in parentheses.) 

MOLECULE I MOLECULE I I 

Bond £ Angle 

C(1) - C (2) 
C(2) - C(3) 
C(3) - C(4) 
C(4) - C (5) 
C(5) - C (6) 
C(6) - C (i) 

C(7) - C(8) 
C(8) - C (9) 
C(9) - C(iO) 
C(IO) - C(ll) 
C(11) - C(12) 
C(12) - C(7) 

C(7) - S(4) 
C(4) - S(4) 
C(12) - N(3) 
C(5) - N(3) 
S(3) - C (1) 
S(3) - C(13) 

N(3) - C(14) 
C (14) - C (15) 
C(15) - C(16) 
C(16) - N(4) 
N(4) - C(17) 
C(17) - C(18) 
C(18) - C(19) 
C(19) - C(20) 
C(20) - C(16) 
N(4) - C (21) 

1.371(13) 
1.362(14) 
1.369(12) 
1.396(9) 
1.405(10) 
1.413(11) 

1. 387 (12) 
i. 366 (14) 
1.378(15) 
1.410(12) 
1.394(10) 
1.384(10) 

1.786(8) 
1.762(9) 
1.423(9) 
1.399(9) 
1.772(8) 
1.771(14) 

1.464(9) 
1.531(10) 
1.523(iO) 
1.463(10) 
1.474(10) 
1.502(13) 
1.457(15) 
1.574(12) 
1.501(12) 
1.469(11) 

C(6) - C(1) - C(2) 
C(1) - C(2) - C(3) 

C(2) - C(3) - C(4) 
C(3) - C(4) - C(5) 
C(4) - C(5) - C(6) 
C(5) - C(6) - C(1) 

C(12) - C(7) - C(8) 
C(7) - C(8) - C(9) 
C(8) - C(9) - C(iO) 
C(9) - C(IO) - C(II) 
C(IO) - C(II) - C(12) 
C(II) - C(12) - C(7) 

C(4) - S(4) - C(7) 
S(4) - C(7) - C(12) 
S(4) - C(7) - C(8) 
C(7) - C(12) - N(3) 
C(ll) - C(12) - N(3) 
C(12) - N(3) - C(5) 
N(3) - C(5) - C(4) 
N13) - C15) - C16) 
C(5) - C(4) - S(4) 
C(3) - C(4) - S(4) 

C(6) - C(1) - S(3) 
C(2) - C(1) - S(3) 
C(1) - S(3) - C(13) 

C(12) - N(3) - C(14) 
C(5) - N(3) - C(14) 
N(3; - C(14) - C(15) 
C(14) - C(15) - C(16) 
C(15) - C(16) - C(20) 
C(15) - C(16) - N(4) 

C(16) - N(4) - C(21) 
C(17) - N(4) - C(21) 
C(16) - N(4) - C(17) 
N(4) - C(17) - C(18) 
C(17) - C(18) - C(19) 
.C(18) - C(19) - C(20) 
C(19) - C(20) - C(16) 
C(20) - C(16) - N(4) 

121.9(8) 0 
118.4(8) 
122.O(7) 
120.8(8) 
118.4(7) 
118.4(7) 

122.4(7) 
118.5(8) 
121.4(9) 
119.6(8) 
119.8(7) 
118.2(6) 

99.0(4) 
119.6(6) 
118.O(6) 
120.1(6) 
121.7(6) 
118.9(5) 
120.6(7) 
121.016) 
119.6(6) 
119.6(6) 

121.4(7) 
116.6(7) 
104.7(4) 

118.O(6) 
120.5(6) 
110.6(5) 
113.8(6) 
110.5(6) 
IiI.3(6) 

110.6(6) 
106.7(6) 
110.6(6) 
111.2(7) 
110.3(8) 
108.5(8) 
111.7(7) 
108.6(6) 

Bond £ Angle 

C(IOI) - C(IO2) 
C(IO2) - C(IO3) 
C(IO3) - C(IO4) 
C(IO4) - C(IO5) 
C(IO5) - C(106) 
C(IO6) - C(IOI) 

C(IO7) - C(iO8) 
C(IO8) - C(IO9) 
C(IO9) - C(IIO) 
C(IIO) - C(III) 
C(III) - C(I12) 
C(I12) - C(IO7) 

C(IO7) - S(2) 
C(IO4) - S(2) 
C(I12) - N(1) 
C(IO5) - N(1) 
S(1) - C (IO1) 
S(1) - C(I13) 

N(1) - C(i14) 
C(I14) - C(I15) 
C(I15) - C(I16) 
C(I16) - N(2) 
N(2) - C(I17) 
C(I17) - C(I18) 
C(I18) - C(I19) 
C(I19) - C(120) 
C(120) - C(I16) 
N(2) - C(121) 

1.376(10) 
1. 386 (12) 
1.381(11) 
i. 4O6 (iO) 
i. 390 (iO) 
1.403 (iO) 

1.403 (II) 
1.348(13) 
1.402(14) 
1. 378 (12) 
I. 396 (IO) 
1. 397 (IO) 

1.776(8) 
1.761(7) 
1.4OO(9) 
1.413(9) 
1.768(7) 
1.791 (ii) 

1.481(8) 
1. 526 (IO) 
1.515(10) 
1.447(12) 
1.531(13) 
1. 482 (28) 
1.435(31) 
1.567(18) 
1.514(14) 
1.367(15) 

C(IO6) - C(IOl) - C(IO2) 
C(iOl) - C(IO2) - C(IO3) 
C(IO2) - C(IO3) - C(IO4) 
C(IO3) - C(IO4) - C(IO5) 
C(IO4) - C(IO5) - C(IO6) 
C(IO5) - C(IO6) - C(IOI) 

C(I12) - C(IO7) - C(IO8) 
C(IO7) - C(IO8) - C(IO9) 
C(IO8) - C(IO9) - C(IIO) 
C(IO9) - C(IIO) - C(III) 
C(IIO) - C(III) - C(I12) 
C(III) - C(I12) - C(IO7) 

C(IO4) - S(2) - C(IO7) 
S(2) - C(IO7) - C(I12) 
S(2) - C(IO7) - C(IO8) 
C(IO7) - C(I12) - N(1) 
C(III) - C(I12) - N(1) 
C(I12) - N(1) - C(IO5) 
N(1) - C(IO5) - C(IO4) 
N11) - C(/OSI - CII06) 
C(iO5) - C(IO4) - S{2) 
C(iO3) - C(IO4) - S(2) 

C(iO6) - C(IOI) - S(1) 
C(iO2) - C(IOl) - S(1) 
C(IOI) - S(1) - C(I13) 

C(112) - N(1) - C(I14) 
C(IO5) - N(1) - C(114) 
N(1) - C(I14) - C(I15) 
C(I14} - C(115) - C(I16) 
C(115) - C(I16) - C(120) 
C(I15) - C(I16) - N(2) 

C(I16) - N(2) - C(121) 
C(ll7) - N(2) - C(121) 
C(I16) - N(2) - C(I17) 
N(2) - C(I17) - C(I18) 
C(I17) - C(I18) - C(I19) 
C(I18) - C(I19) - C(120) 
C(119) - C(120) - C(I16) 
C(120) - C(I16) - N(2) 

122.2(8) ° 
118.9 (7) 
120.5(7) 
120.5(7) 
119.5(6) 
118.4 (6) 

121.4 (7) 
118.O(8) 
122.8(8) 
118.1 (8) 
121.2(7) 
118.2(6) 

97.8(4) 
118.1(5) 
120.6(6) 
118.6(6) 
123.2(6) 
118.1 (5) 
118.2(6) 
122.216) 
118.O(5) 
121.4(6) 

121.6(5) 
116.2(5) 
103.8(4) 

118.1(5) 
118.7(5) 
110.1(5) 
113.9(6) 
110.1(7) 
112.3(7) 

III .4 [8) 
106.8 (9) 
III .4 (8) 

I IO. I (IO) 
106.9(14) 
112.5(14) 
109.5 (9) 
107.5(7) 
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Bond £ 

Table 3 (cont.) 

A n g l e  A n g l e  

C(2) - H(2) 1.25(1) ~ C(1) - C(2) - H(2) 
C(3) - H(3) I.iO(i) ~ C(3) - C (2) - H(2) 
C(6) - H(6) I. 19(1) C(2) - C (3) - H(3) 
C(8) - H(8) 1.29(1) C(4) - C(3) - H(3) 
C(9) - H(9) i.io(I) C(5) - C (6) - H(6) 
C(10) - H(IO) ~ 1.15(1) C(1) - C(6) - H(6) 

C(11) - H(II) i 1.O5(1) C(7) - C(8) - H(8) 
I C (9 )  - C (8 )  - H (8 )  

C (13 )  - H (131 )  i 1 .O5 (1 )  C (8 )  - C (9 )  - H (9 )  
- H(132 )  ~ O .99 (1 )  C ( IO )  - C (9 )  - H (9 )  
- H(133 )  I 1 . 23 (1 )  C ( 9 )  - C ( 10 )  - H ( iO )  

C (11 )  - C (10 )  - H (10 )  
C (14 )  - H (141 )  1 .O4 (1 )  C ( IO )  - C ( 11 )  - H ( l l )  

- H(142) 1.O9(1) C(12) - C(II) - H(II) 

C(15) - H(151) 1.O8(I) 
- H(152) O.92(i) 

C(16) - H(16) 1.16(i) 
C(17) - H(171) i.O5(i) 

- H(172) 1.24(i) 
C(18) - H(181) 1.12(1) 

- H(182) 1.20(1) 
C(19) - H(191) 1.O8(1) 

- H(192) 1.19(1) 
C(20) - H(2OI) 1.O5(I) 

- H(202) 1.33(1) 

C(21) - H(211) [ 1.O9(I) 
- H(212) O.96(1) 
- H(213) O.98(I) 

S(3) - C(13) - H(131) 
S(3) - C(13) - H(132) 
S(3) - C(13) - H(133) 
H(131) - C(13) - H(132) 
H(131) - C(13) - H(133) 
H(132) - C(13) - H(133) 

N(3) - C(14) - H(141) 
N(3) - C(14) - H(142) 
C(15) - C(14) - H(141) 
C(15) - C(14) - H(142) 
H(141) - C(14) - }{(142) 
C(14) - C(15) - H(151) 
C(14) - C(15) - }}(152) 
C(16) - C(15) - H(151) 
C(16) - C(I5) - H(152) 
H(151) - C(15) - H(152) 

C(IO2) - H(IO2) 1.O9(1) C(15) - C(16) - H(16) 
C(iO3) - H(IO3) O.96(I) C(20) - C(16) - H(16) 
C(IO6) - H(IO6) 1.23(i) N{4) - C(16) - H(16) 
C(IO8) - H(IOS) 1.29(1) N(4) - C(17) - H(171) 
C(IO9) - H(IO9) O.99(1) N(4) - C(17) - H(172) 
C(IIO) - H(IIO) 1.26(1) C(18) - C(17) - H(171) 
C(III) - H(III) 1.14(I) C(18) - C(17) - H(172) 

i H(171) - C(17) - H(172) 
C(ll3) - H(1131) I.IO(i) C(17) - C(18) - H(181) 

- H(I132) O.97(I) C(17) - C(18) - H(182) 
- H(I133) O.96(1) C(19) - C(18) - H(181) 

C(19) - C(18) - H(182) 

C(I14) - H(II41) O.93(1) H(181) - C(18) - H(182) 
- H(I142) O.97(1) C(18) - C(19) - H(191) 

C(I15) - H(IISI) 1.O9(1) C(18) - C(19) - H(192) 
- H(I152) O.93(1) C(20) - C(19) - H(191) 

C(20) - C(19) - H(192) 
C(I16) - H(II6) 1.15 (i) H(191) - C(19) - H(192) 
C(ll7) - H(II71) i.OO(I) C(19) - C(20) - H(2OI) 

- H(I172) O.80(1) C(19) - C(20) - H(202) 
C(I18) - H(IISI) 1.42(1) C(16) - C(20) - H(2OI) 

- H(I182) 1.O9(2) C(16) - C(20) - H(202) 
C(I19) - H(II91) 1.22(2) H(2OI) - C(20) - H(202) 

- H(I192) 1.O7(1) 
C(120) - H(12OI) 1.32(1) N(4) - C(21) - H(211) 

H(1202) i O.99(1) N(4) - C(21) - H(212) 
N(4) - C(21) - H(213) 

C(121) - H(1211) 1.18(i) H(211) - C(21) - H(212) 
- H(1212) 1.13(1) H(211) - C(21) - H(213) 
- H(1213) I.II(I) H(212) - C(21) - H(213) 

115.3(8) ° 
125.5(8) 
102.2(8) 
135.2(9) 
116.8(6) 
123.1(7) 
115.9(7) 

125.O(8) 
116.7(10) 
120.4(9) 
126.1(8) 

i12.9(8) 
134.6(8) 
105.6(6) 

103.1(8) 
103.5(10) 
120.4(7) 

141.7(13) 
70.9 (8) 

116.7(10) 

114.7(6) 
115.9(6) 
107.9(6) 
110.1(6) 
96.8(5) 
88.8(6) 

126.5(7) 
114.4(7) 
IIO.3(7) 

99.2(6) 

103.7(6) 
121.4(7) 
1OO.9(6) 
119.2(7) 
107.6(6) 
98.5(7) 

C(iOl) - C(IO2) - H(IO2) 
C(IO3) - C(IO2) - H(IO2) 
C(IO2) - C(IO3) - H(IO3) 
C(IO4) - C(IO3) - H(IO3) 
C(IO5) - C(IO6) - H(IO6) 
C(IOI) - C(IO6) - H(IO6) 
C(IO7) - C(IO8) - H(IO8) 

C(IO9) - C(IO8) - H(IO8) 
C(IO8) - C(I09) - H(IO9) 
C(IIO) - C(IO9) - H(IO9) 
C(IO9) - C(IIO) - H(IIO) 

C(III) - C(IIO) - H(IIO} 
C(IIO) - C(III) - H(III) 
C(I12) - C(III) - H(III) 

S(1) - C(I13) - H(II31) 
S(1) - C(I13) - H(I132) 
S(1) - C(I13) - H(I133) 
H(II31) - C(I13) - H(I132) 
H(II31) - C(I13) - H(I133) 
H(I132) - C(I13) - H(I133) 

N(1) - C(I14) - H(II41) 
N(1) - C(I14) - H(I142) 
C(I15) - C(I14) - H(II41) 
C(I15) - C(I14) - H(I142) 
H(II41) - C(I14) - H(I142) 
C(I14) - C(I15) - H(II51) 
C(I14) - C(I15) - H(I152) 
C(I16) - C(I15) - H(II51) 
C(I16) - C(I15) - H(I152) 
H(II51) - C(I15) - H(I152) 

C(I15) - C(I16) - H(II6) 
C(120) - C(I16) - H(II6) 
N(2) - C(I16) - H(II6) 
N(2) - C(I17) - H(II71} 
N(2) - C(I17) - H(I172) 
C(I18) - C(I17) - H(II71) 

103.5(7) 
115.4(7) 
IIO.6(8) 
IO9.1(8) 
114.7(9) 
112.O(8) 
99.7(7) 

106.5(9) 
IO8.8(8) 
I12.1(8) 
95.5(7) 

124.4(9) 
118.7(7) 
108.5(7) 
105.7(7) 
110.4(6) 
101.3(7) 

104.5(7) 
98.3(7) 
98.1(7) 

122.2(9) 
153.O(10) 
67.5(6) 

C(I18) - C(I17) - H(I172) 
H(II71) - C(I17) - H(I172) 
C(I17) - C(I18) - H(IISI) 
C(I17) - C(I18) - H(I182) 
C(I19) - C(I18) - H(IISI) 
C(I19) - C(I18) - H(I182) 
H(IISI) - C(I18) - H(I182) 
C(I18) - C(I19) - H(II91) 
C(I18) - C(I19) - H(I192) 
C(120) - C(I19) - H(II91) 
C(120) - C(I19) - H(I192) 
H(II91) - C(I19) - H(I192) 
C(I19) - C(120) - H(12OI) 
C(I19) - C(120) - H(1202) 
C(I16) - C(120) - H(12OI) 
C(I16) - C(120) - H(1202) 
H(12OI) - C(120) - H(1202) 

N(2) - C(121 
N(2) - C(121 
N(2) - C(121 
H(1211) - C(121 
H(1211) - C(121 
H(1212) - C(121 

) - H(1211) 
) - H(1212) 
) - H(1213) 
) - H(1212) 
) - H(1213) 
) - H(1213) 

123.2(7) 0 

117.9(7) 
114.1(8) 
124.1 (8) 
122.8(6) 
118.0(6) 
116.4 (7) 

123.4(8) 
120.8 (10) 
114.9(10) 
120.7 (8) 

121.1(8) 
124.5(7) 
i14.1(6) 

106.8(7) 
109.9 (8) 
i00.i (8) 

90.5(8) 
126.O(10) 
122.8 (iO) 

119.9(6) 
i15.1(6) 
113.3(6) 
113.1(6) 
83.0(5) 

114.2 (6) 
106.8 (6) 
98.7 (6) 

116.1(7) 
IO7.O(7) 

115.2 (7) 
98.3(7) 

112.5(6) 
112.6(12) 
122.2 (13) 
113.4(14) 
85.3(15) 

110.3(13) 
108.7 (14) 
131.5(17) 
117.8(19) 
73.5(15) 

I13.4(14) 
98.2(13) 

106.6(14) 
119.8(12) 
114.8(12) 
102.9(14) 
118.5(8) 
105.1(11) 
119.8(8) 
119.7 (9) 
81 .O(7) 

116.7 (ii) 
111.9(11) 
109.7 (iO) 
90.6(9) 

123.6(12) 
iOO. 5 (iO) 

which proved very satisfactory, gives unit weights to 
most reflexions but down-weights those with large 
Fobs and/or small sin 0 values, as follows: 

sin 0 C 
w ( h k l ) -  A Fo - X " Y.  

For sin 0 > A, X =  1 ; for sin 0 < A, X=s in  O/A ; for Fo < C, 
Y= 1 ; for Fo > C, Y =  C/Fo. Values of 0-2 and 50 were 
assigned to A and C respectively. 

Two cycles of refinement of the coordinates and fl's 
of  all non-hydrogen atoms gave a final R value of 
0.048 for 2883 reflexions. In the last cycle the average 
parameter shifts expressed as fractions of the esti- 
mated standard deviations were about 0.8. Table 1 
lists observed and calculated structure factors; final 
atomic fractional coordinates and thermal-motion pa- 
rameters are given in Table 2. 

Description and discussion of the structure 

Table 3 gives interatomic distances and angles with 
associated standard deviations which were calculated 
from the results of  the last refinement cycle. The 

atomic numbering of the two molecules of the asym- 
metric unit is shown in Fig. 1. 

The C-C bond lengths within the four benzene rings 
are all between 1.35 and 1.41 A_; the average values 
for the benzene rings are 1.386, 1.387, 1.390, 1.387 A., 
in fair agreement with the values reported for benzene: 
1.392 A~, Cox, Cruickshank & Smith (1958); 1.394/~, 
Sutton (1965). 

The sulphur-carbon bonds around S(3) and S(1) are 
all shorter [S(3)-C(1) 1.772; S(3)-C(13) 1.771; S(1)- 
C(101) 1.768; S(1)-C(113) 1-791 A,] than Abrahams's 
(1956) single-bond value of 1-82 A,, which was also the 
case in thiethylperazine. The sulphur-carbon bonds 
within the rings [i.e. atoms S(2), S(4)] average 1.774 A 
in molecule I and 1.769 A, in molecule II, implying 
double-bond character of about 9%. The shortened 
S-C bonds in a heterocyclic ring have been found in 
many similar compounds,  e.g. thianthrene, 1.76 A 
(Lynton & Cox, 1956); phenoxthionine, 1.75 A (Ho- 
soya, 1966); phenothiazine, 1.77 ~ (Bell, Blount, Bris- 
coe & Freeman, 1968), as well as in both chlorproma- 
zine and thiethylperazine. 

An interesting although disconcerting feature of the 
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refinement was the tendency of several of the H atoms'~13d orbitals of the sulphur atom. Similar C-S-C angles 
to move outward, so that the corresponding C-H and C-S bonds were found in the branched side-chain 
bonds are longer than accepted C-H single-bond dis- 
tances, although the average value for molecule I is 
1.11 A, for molecule II, 1.09 A. In addition several an- 
gles involving hydrogen in the side chain are quite far 
from the tetrahedral value. However, in the refinement 
process consisting of 606 simultaneous variables (as- 
suming S, N, C coordinates and fl's and H coor- 
dinates), the results proved relatively insensitive to the 
exact hydrogen locations, provided only that all H 
atoms were included. For example, during one test 
cycle which was performed with all hydrogens in 'ideal' 
positions (i.e. given standard C-H bond lengths and 
angles), the R value increased only slightly (approxi- 
mately 1%). 

All angles of the tricyclic group are close to 120 °, 
with the exception of the C-S-C angles which are 
99.0 ° and 97.8 ° in molecules I and II respectively. These 
values, together with contracted C-S(2) and C-S(4) 
lengths, may be interpreted in terms of n-bonding mo- 
lecular orbitals formed by the carbon atoms with the 

derivatives isothazine (Marsau & Calas, 1971), thiazin- 
amium (Marsau & Cam, 1973) and promethazine 
(Marsau & Busetta, 1973). 

The best planes for the benzene rings were calculated 
by the method of Schomaker, Waser, Marsh & Berg- 
man (1959) using the sub-program LSQPL of X-RAY 
72 and are given in Table 4, together with the individual 
displacements of atoms from the planes. The maxi- 
mum deviation of the C atoms is 0-027 A so that the 
benzene rings may be regarded as planar, within the 
limits of error. The S and N atoms however do not lie 
in the planes, which was also the case in chlorpromazine 
and thiethylperazine. C(14) is at -0 .49  A from plane I 
and -0 .53  A from plane II; thus atom N(3) in mol- 
ecule I is situated at the apex of a flattened pyramid of 
which C(5), C(12) and C(14) form the base; in mol- 
ecule II, C(114) is +0.33 A from plane IV and +0.53 A 
from plane V, so that N(1) occupies a similar position. 

The molecules are folded along the line joining the 
S and N atoms and the dihedral angles between the 

Table 4. Mean plane parameters and deviations of atoms from the plane 

Atoms defining the plane: 
Equation of the plane 

I 
C(1) - C(6) 
16.9437x + O.9631y + 

II 
C(7) - C(12) 
13.704Oz - 5.9151y + 

Deviation of atoms 
defining the plane 

6.5061z = 3.6358 

8.O611z = -2.0574 

IIl 
C(16) - N(4) - C(17) - C(18) - C(19) - C(20) 
17.O583x + 2.9612y + 4.8495z = 2.9129 

IV 
C (iO1) ~ C (iO6) 
16.4287x + 3.2302y + 6.2611z = 6.4990 

c (1) - o . O O l l  ~, 
C (2) -O.O114 
C(3) 0.0129 
C (4) -O.OO16 
C ( 5 ) -0. 0107 
C(6) 0.0119 

C (7) -O.0157 
C(8) 0.0264 
C (9) -O.O135 
C (iO) -0. OiOO 
C (ii) 0.0207 
C (12) -0.0078 

C(16) -0.2434 
N(4) 0.2484 
C(17) -0.2453 
C (18) O. 2402 
C(19) -O.2318 
C (20) O. 2318 

C (iO1) O.OO41 
C (102) -0 .OO16 
C (103) -0.0007 
C (104) 0. 0004 
C (i05) O.0021 
C (I06) -0.0043 

V 
C(IO7) - C(I12) C 
12.3485x - 5.55Oy + iO.2352z = 7.0430 

VI C (116) 
C(I16) - N(2) - C(I17) - C(I18) - C(ll9) C(120) N(2) 
16.2075x + 4.4141y + 5.2925z = 8.0860 C(I17) 

C (118) 
C (119) 
C (120) 

C (107) O. OO03 
(108) -O.O214 

C (iO9) 0.0272 
C (iiO) -O.O110 
C (iii) -0.0096 
C (112) O.O146 

0.2439 

Distance of atoms 
not defining the 

plane 

S (2) 0.0077 
N(1) O.O312 
H (iO8) -0.4033 
H (IO9) -O.1215 
H(IIO) -O.1022 
H(III) O.O416 

C(i15) -0.2384 
C(121) O.1378 

S (2) O. 1030 
N (i) -0.0645 
S(1) -0.0076 
H(102) 0.0306 
H(IO3) O.1940 
H(IO6) -0.2096 

-0.2607 
0.2552 

-0.2526 
0.2406 

-0.2264 

s ( 4 )  -0 .0876  ,~ 
N (3) -0.0308 
S (3) O. 0096 
H(2) -O.2291 
H (3) -O. 1024 
H(6) -0.2236 

S(4) -O.1394 
N(3) -O.0616 
H(8) 0.2677 
H(9) 0.1874 
H(IO) O.2012 
H(II) 0.0473 

C(15) O.2361 
C(21) -0.2446 
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planes of the aromatic rings are 145.8 ° and 134.4 ° for 
molecules I and II respectively. The two molecules are 
oriented at an angle of approximately l0 ° to each other. 

l" z 

Fig. 2. The structure viewed down the a axis. 

b 

, ~ 0 . .  ~¢. , 

O- ..-0.9-~ b r  ©p. ~ - < : : ~ r  q-, 
r" ~ '  ,~ '  . . . . . . . . . .  

o " , 0 ~ ~ o  . o 
..~ , _ ,  ~ , 

,~'P.,l~....4_--"~,'~.d_.¢'~-~_ L.s ("~" / (3"ka)-.~'+.-,'~-T V~2-~ 

Fig. 3. The structure viewed down the c axis. 

From Table 4 (planes III and VI) it can be seen that 
the piperidine rings have the chair configuration. The 
angles in the rings and angles around the methylated 
nitrogens N(2) and N(4) are all close to the tetrahedral 
value (109°). Similar results were found in indoleal- 
kylamines studied by Falkenberg & Carlstr6m (1971). 
The C-N bond lengths in the piperidine ring in mol- 
ecule I are all close to the three-covalent C-N standard 
bond of 1.472 A (Sutton, 1965). However in molecule 
II, the very high thermal motion of the atoms con- 
stituting the piperidine ring renders the bond angles 
less reliable than those of molecule I. 

The molecular configurations are illustrated in Fig. 
1, in which the hydrogen atoms are represented by 
spheres of diameter 0.1 A; the ellipsoids of the other 
atoms represent contour surfaces of equal probability 
density (Johnson, 1970). 

Fig. 1 clearly shows that the thermal motion of the 
two molecules is not identical. In molecule I the libra- 
tions increase along a direction nearly parallel to b, 
i.e. from a point in the central ring outward towards 
C(9) at one end and C(13) at the other, with S(3) and 
C(13) having the greatest motion; whereas in molecule 
II, the librations become increasingly larger from the 
central ring along the c direction towards the piperi- 
dine ring, with C(117), C(118), C(119) having extremely 
large anisotropic vibrations. In addition, the average 
temperature factor for molecule II is higher than for 
molecule I. It appears that the environments of the two 
molecules are not identical, but further calculations 
and models are still in progress in order to explain the 
variances. 

Fig. 2 is a perspective drawing of one-half the con- 
tents of the unit cell (from 0 to a/2) viewed down the 
a axis; the view down the c axis in Fig. 3 shows the 
folded molecules in parallel corrugated layers which 
resemble the arrangement of the molecules in thiethyl- 
perazine. Unlike thiethylperazine, but as in chlorpro- 
mazine, four of the molecules in the unit cell are 'left- 
handed', while the other four are 'right-handed' enan- 
tiomorphs. 

Most of the calculations were performed on a Univac 
1106 computer, except for the full refinement cycles of 
606 variables, which were carried out on an IBM 360/65 
computer. The author is indebted to the CSIR for com- 
puting grants and thanks Dr G. Garner, head of the 
crystallography division of the Council of Scientific 
and Industrial Research, for his encouragement and 
for setting up the crystal and collecting the data on 
the diffractometer. 
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Structure CristaUine du Trim6taphosphate d'Argent Monohydrat6, A g 3 P 3 0 9 . H 2 0  

PAR M. BAGIEU-BEUCHER, A. DURIF ET J. C. GUITEL 

Laboratoire des Rayons X, CNRS,  B.P. 166, Centre de Tri, 38042 Grenoble-Cedex, France 

(Recu le 13 f~vrier 1975, acceptO le 8 avril 1975) 

Silver trimetaphosphate monohydrate, Ag3P309. H20, is triclinic (P'i-) with a= 7.800 (5), b= 7.796 (5), 
c= 9"276 (5) /~, a= 115"15 (5), fl= 115"15 (5), ~,= 88"93 (5) °, and Z= 2. The crystal structure has been 
determined from 1874 independent reflexions collected with an automatic diffractometer (Mo Kal,a2). 
The final R value is 0.048. The P309 cyclic anion has the chair configuration and possesses a pseudo- 
mirror plane. 

Introduction 

Les caract6ristiques cristallographiques et la pr6para- 
tion chimique du trim6taphosphate d'argent mono- 
hydrat6: Ag3P309. H20 ont 6t6 pr6cis6es par Fleitmann 
& Henneberg (1848), Lanes (1960) et Grenier (1973). 
L'int6r~t de ce sel r6side dans le fait qu'il est la mati~re 
premi6re de base de la pr6paration de nombreux tri- 
m6taphosphates (Boull6, 1938). 

Techniques exp~rimentales 

Le cristal utilis6 6tait un prisme triclinique choisi suffi- 
samment petit pour qu'aucune correction d'absorption 
ne soit n6cessaire (/~R=0,2 pour la dimension maxi- 
male). A l'aide d'un diffractom&re automatique 
Philips PW 1100, 2154 r6flexions ind6pendantes ont 
6t6 mesur6es h l'aide de la longueur d'onde K~1,~2. 

Les conditions exp6rimentales de mesure 6talent les 
suivantes: vitesse de balayage 0,03 ° s - l ;  largeur de 
balayage 1,20°; type de balayage co. 

Un affinement par moindres carr6s de quelques 
valeurs angulaires relev6es ~. l'aide du diffractom~tre 

automatique conduit ~. une maille: a=7,800(5), b =  
7,796(5), c=9,276(5) A; ~=115,15(5), fl=115,15(5), 
y=  88,93(5) °, renfermant deux unitds formulaires. 

D~termination de la structure 

La structure cristalline a 6t6 r6solue par la m6thode de 
l 'atome lourd. L'e×amen de la synth~se de Patterson 
tridimensionnelle r6v~le les trois sites d'argent. Leurs 
positions font apparaitre une pseudo-sym6trie par 
rapport au plan diagonal a + b, c, que laissaient pr6voir 
I'examen des dimensions de la mailIe et la comparaison 
des intensit~s l (h ,k , l )  et l(k,h,/).  Une synth~se de 
Fourier effectu6e ~. l'aide de la contribution des seuls 
atomes d'argent r6v~le alors la totalit6 des atomes de 
phosphore et d'oxyg~ne de l'anion P309. Un affine- 
ment de ces sites suivi d'une synth~se de Fourier- 
diff6rence permet alors de mettre en 6vidence la mol6- 
cule d'eau, de confirmer la centrosym6trie de cet ar- 
rangement et l'e×istence d'un pseudo-miroir a+b ,c  
dans la maille. 

A c e  stade, quelques cycles d'affinement conduisent 
rapidement ~. une valeur finale de R=0,048 pour les 


