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2-Thio-l-(/%o-ribofuranosyl)-3H-benzimidazole crystallizes as the monohydrate (C12HI4N204S.H20) 
in the orthorhombic space group P2~212~ with a = 21"726 (8), b = 9.006 (3), and c = 6.875 (2) A, Z =  4. 
The structure has been determined from 1194 X-ray intensities measured on a Picker four-circle auto- 
mated diffractometerwith Cu Ke radiation. The structure was solved by the heavy-atom method and 
refined by least-squares calculations to a final R of 0-04. The nucleoside adopts the syn conformation 
with a glycosyl torsion angle 7.cN of 249"8 '7, and the mode of puckering of the ribose ring is 
C(2')-endo-C(l')-exo (2T1). These conformational features are consistent with the other known 8- 
substituted purine nucleosides. The conformation about the C(4')-C(5') bond is gauche-trans. All 
potential sites on the sugar and base are involved in hydrogen bonding and the sulfur atom is found to 
accept two hydrogen bonds, one from the water molecule and the other from an adjacent 0(5') hydroxyl 
group. There is no interbase hydrogen bonding. The bases form a stacked column along alternating 
screw axes running parallel to e. The interplanar base separation is 3.42/~ and the shortest interbase 
contact is 3.61 ~ involving the C(4) and C(8) atoms of adjacent bases. The stacking pattern observed 
here differs markedly from those reported for the 8-haiogenated nucleosides as well as the majority of 
the known thio purine crystal structures. 

Introduction 

2-Thio-(fl-D-ribofuranosyl)-3H-benzimidazole (TRB) 
belongs to a class of  nucleoside analogs containing a 
benzimidazole base. The compound  could exist in one 
of  two tautomeric  structures shown in Fig. 1. The 
benzimidazole base is also of  biological interest since 
5,6-dimethyl-l-(c~-D-ribofuranosyl)-benzimidazole oc- 
curs as a f ragment  of  vitamin BI2. The purpose of  this 
study was to obtain information on the molecular di- 
mensions and conformat ion and to compare  it with the 
structure of  the 2-chloro-l-(f l-o-ribofuranosyl)-benz- 
imidazole (CRB)which  was recently completed in this 
laboratory  (Sprang & Sundaral ingam, 1973). In addi- 

* To whom to address correspondence. 

tion it was of  interest to determine the effects of  the 
thio substituent on the base stacking, the hydrogen 
bonding and the overall conformat ion of  the structure 
and to compare  them with other sulfur-containing 
nucleic acid base analogs. 

Experimental 

A crystal with dimensions approximately 0.2 m m  in 
all directions was chosen for the X-ray structure anal- 
ysis. The crystal was mounted  about  e. The systematic 
absences: h00, h = 2n + 1 ; 0k0, k = 217 + 1 ; 001, l = 2n + 1, 
show that  the crystal belongs to the space group 
P212121. The cell constants were determined f rom a 
least-squares refinement of  the 20, co and 2' angles of  
12 medium-angle reflections measured on our Picker 
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FACS-1  a u t o m a t e d  d i f f rac tometer  a n d  were found  to 
be a = 2 1 . 7 2 6  (8), b = 9 . 0 0 6  (3) and  c = 6 . 8 7 5  (2) A. The 
densi ty de te rmined  by the m e t h o d  of  f lotat ion in a 
C C I  4 a n d  cyclohexane mix ture  was 1.421 g c m  - 3  a n d  
compares  favorab ly  with the ca lcula ted densi ty of  1.422 
g cm -3 assuming  four  molecules  of  the m o n o h y d r a t e  
in the unit  cell. Comple te  three-d imens ional  intensity 
da t a  up to 2 0 =  127 ° were collected on the d i f f rac tom-  
eter with Ni-fi l tered Cu K~ rad ia t ion ,  the 0 -20  scan 
technique  being employed.  The s t anda rd  devia t ion of  
an intensity o-(I) was c o m p u t e d  f rom count ing  statistics 
and  an electronic instabil i ty fac tor  of  0.02 (Stout  & 
Jensen,  1968). O f  the 1304 scanned  reflections 1194 
had  I >  1.5o-(1) a n d  were correc ted  for  the usual Lo- 
rentz and  polar iza t ion  factors  and  used in the s t ruc ture  
analysis.  

S t r u c t u r e  d e t e r m i n a t i o n  

The solut ion was ob ta ined  in a s t r a igh t fo rward  m a n n e r  
by Pa t te r son  techniques  in conjunct ion  with direct  
methods .  The sulfur  a t o m  was located unambiguous ly  

H 

RIBOSE RIBOSE 

H 
/ 

5 

A B 
Fig. 1. The two tautomeric forms of 2-thio-l-(fl-D-ribofurano- 

syl)-3 H-benzimidazole. 

f rom the H a r k e r  sections and  the phases  of  184 reflec- 
t ions with ]El > 1.4 were refined by the t angen t  fo rmu la  
to a Kar le  & Kar le  R of  0.20 with the  X - R A Y  70 pro-  
g rams  (Stewart ,  Kundel l  & Baldwin,  1970). The E m a p  
genera ted  with these phases  revealed the entire struc- 
ture including the water  mglecule  a m o n g  the 21 s t rong-  
est peaks  in the map.  

S t r u c t u r e  r e f i n e m e n t  

The posi t ional  and  thermal  pa r ame te r s  of  the 20 non-  
hydrogen  a toms  were refined with the ful l -matr ix  least- 
squares  p r o g r a m  of  Busing, Mar t in  & Levy (1962) mod-  
ified for  use on the Un ivac  1108 c o m p u t e r  by Rao  
(1968). F o u r  cycles of  isotropic  ref inement  lowered R 
to 0.09. Two  fur the r  cycles o f  an iso t ropic  ref inement  
reduced  R to 0.07. The 16 hydrogen  a toms  were located 
in a difference synthesis a n d  were inc luded in the sub- 
sequent  ref inement  cycles of  the n o n h y d r o g e n  a toms.  
The hydrogen  a toms  were fixed with  the t e m p e r a t u r e  
fac tor  of  the a toms  to which they were a t tached.  At  
this poin t  the da t a  were correc ted  for  secondary  extinc- 
t ion (Zachar iasen ,  1963) and  the n o n h y d r o g e n  a toms  
were subjected to two addi t ional  cycles of  an iso t ropic  
ref inement  which gave a final R of  0.040 for  the 1194 
reflections. The  rat ios  of  the shifts to the es t imated  
s t a n d a r d  devia t ions  in the pa r ame te r s  were all con- 
s iderably less than  uni ty with a m a x i m u m  of  0.30. 

A Hughes  type weight ing scheme was appl ied  in the 
ref inement  where  I/l/w =0"0341Fo1+2"0 for  IFo[ > 80 
and  IlL~w=4.75 for  IFo1_<80. The scat ter ing factors  
used for  S, O, N a n d  C a toms  were those of  C r o m e r  
& W a b e r  (1965) while tha t  of  H was f rom Stewart ,  
Dav idson  & Simpson  (1965). 

Table  1. Positional and thermal parameters of  ato ms in 2-thio- 1-(fl-D-ribofuranosyl)-3H-benzimidazole 

Positional parameters of nonhydrogen atoms have been multiplied by 10 4. 
Positional parameters of hydrogen atoms have been multiplied by 10 3 . 
Anisotropic thermal parameters have been multiplied by 10"L 
Anisotropic temperature factor is of the form exp [ -  Bll x h 2 + . . .  + 2fl~2 x hk +...)]. 
Standard deviations refer to the least significant digits. 

x Y z flll or B fl22 
S 1309 (0) 893 (1) - 2 1 0  (2) 20 (I) 54 (1) 
Y(1) 1450 (1) 3934 (4) -498  (5) 14 (1) 59 (4) 
C(2) 1691 (2) 2520 (5) -461 (6) 15 (1) 67 (5) 
Y(3) 2305 (2) 2675 (4) -579  (5) 14 (1) 88 (4) 
C(4) 3048 (2) 4822 (6) -644  (7) 14 (1) 141 (4) 
C(5) 3054 (2) 6352 (6) -608  (8) 16 (1) 152 (8) 
C(6) 2515 (2) 7184 (6) -528  (7) 19 (1) 109 (6) 
C(7) 1941 (2) 6506 (5) -476  (8) 17 (1) 83 (5) 
C(8) 1932 (2) 4972 (5) -539  (6) 13 (1) 84 (5) 
C(9) 2471 (2) 4166 (5) -600  (6) 15 (1) 101 (5) 
C(I') 796 (2) 4247 (5) -359  (6) 14 (1) 48 (4) 
O(1') 691 (1) 4915 (3) 1461 (4) 16 (1) 75 (3) 
C(2') 539 (2) 5321 (5) -1841 (6) 17 (1) 61 (5) 
O(2') 412 (1) 4573 (3) -3622 (4) 26 (1) 91 (4) 
C(3)' -31  (2) 5917 (5) -800  (6) 15 (1) 66 (5) 
O(3') - 550  (1) 4948 (4) -1029 (5) 15 (1) 121 (4) 
C(4') 161 (2) 5878 (5) 1328 (6) 13 (!) 65 (4) 
C(5') 319 (2) 7379 (5) 2151 (7) 23 (I) 72 (5) 
0(5') 491 (1) 7165 (3) 4125 (5) 28 (1) 86 (4) 
O(W) 3255 (2) 578 (5) - 1044 (7) 25 (1) 155 (6) 

1/33 Pl2 P ,  /323 
202 (3) -- l (l) - 2 3  (l) 4 (2) 
133 (8) 0 ( l )  - 4 (2) 2 (5) 
105 (9) 5 (l) - 7  (2) - 5  (6) 
146 (9) 4 (1) - 2  (2) - 8  (6) 
139 (11) --3 (2) - 2  (3) 4 (8) 
159 (12) - 17 (2) 8 (3) 4 (8) 
160 ( l l )  - l l  (2) 1 (3) 5 (7) 
155 ( l l)  - 4  (1) 3 (3) - 12 (7) 
90 (9) - 2 (l) 3 (2) - 2 (6) 

102 (9) - 2  (2) 3 (2) - 4  (7) 
129 (9) 2 (1) 0 (2) - 2  (6) 
103 (6) 10 (1) - 4  (1) 3 (4) 
107 (9) - 3  (1) - 4  (2) - 6  (5) 
116(7)  - 3  (1) - 1 4 ( 2 )  3 (4) 
141 (10) 5 (2) - 9  (2) 1 (6) 
181 (7) - 6  (1) - 1 6  (1) 25 (5) 
129 (9) 6 (2) - 2  (2) 19 (6) 
138 (10) 5 (2) - 5  (2) - 3  (6) 
144 (7) 3 (1) - 16 (2) - 16 (4) 
347 (12) 19 (1) - 10 (2) - 64 (7) 
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Table 1 (cont.) 

x y z fin or B 
H(3) 262 198 - 3 0  2.8 
H(4) 345 438 - 41 3.0 
H(5) 348 687 - 43 3.4 
H(6) 255 849 - 65 3.2 
H(7) 152 725 - 38 3.1 
H(I ' )  62 326 - 4 2  1.9 
H(2') 86 613 - 2 0 7  2.5 
H(O2') 45 519 - 449 3-2 
H(3') - 14 698 - 130 2.5 
H(O3') - 7 6  548 - 2 1 6  3.1 
H(4') - 19 546 224 2.1 
H(51) 64 778 146 2.8 
H(52) - 7 793 198 2.8 
H(O5') 55 802 479 3.2 
H(W1) 362 32 - 2 9  4.0 
H(W2) 326 -- 3 - 248 4.0 

Results 

The atomic parameters are listed in Table 1 and the 
observed and calculated structure amplitudes in Table 
2. The thermal ellipsoids (Johnson, 1965) of the atoms 
are shown in Fig. 2. The bond distances and angles are 
shown in Fig. 3, while the molecular packing, hydrogen 
bonding and base stacking schemes are illustrated in 
Figs. 4-7. 

Discussion 

The tautomeric structure of  the base 
The base was found to exist in the thio form (A) 

(Fig. 1) with N(3) protonated rather than the alterna- 
tive tautomeric structure (B). In this regard TRB re- 
sembles the other known sulfur analogs of the nucleic 
acid bases, all of which occur in the thio form (Lin, 
Sundaralingam & Arora, 1971). 

Geometry of the benzimidazole base 
The carbon-carbon bond lengths in the benzene por- 

tion of the base are equal within experimental error. 
This however is not the case with the endocyclic angles. 
The angles at C(5), C(6), C(8) and C(9) are equal within 
experimental error and average 121.8 ° while the angles 
at C(4) and C(7) are also equal but their average value 
of 116.3 ° is 5.5 ° smaller than the other angles in the 
ring. Similar results were obtained in CRB (Sprang & 
Sundaralingam, 1973). Unlike CRB the observed tau- 
tomeric structure in TRB possesses an exocyclic double 
bond (C=-S). This markedly alters the geometry of the 
imidazole portion of the base compared with CRB and 
the normal purine nucleosides. The N(3)-C(2) bond in 
TRB has more single-bond character than the corre- 
sponding N(7)-C(8) bond in the normal purine nucleo- 
sides. Similarly the C(8)-N(1) bond length is longer 
than the corresponding C(4)-N(9) bond in the purine 
nucleosides. The endocyclic bond angles show con- 
siderable variations between TRB and the purine nucle- 
osides. The C-S bond length, 1.693 A, is in good agree- 
ment with those found for other thio purine and pyri- 
midine structures (Lin et al., 1971). The glycosyl bond 

L ( 5 )  ~ 

. . . . .  

,z 

, . . . .  

( ~ 0 ( 3 ' )  

Fig. 2. The ellipsoids of thermal vibrations of the nonhydrogen 
atoms. 

H 
H !3139o :,387 6 L 

S 1"693(4)125"7C3~06.3(3) 106.8(3) 1.:;:2)6) ' 

I I 
N 1 0 6 . 4 ( 3 ) C 8 1 2 1 . 0 ( 3 )  121 .3 (3 )C6  

1.3 7 7 ( 5)\lOa4C3,v.,--G2~&,,, . . . . . . .  

123.4(31/ 12Z0(3)  1 . 3 8 2 ( 6 )  ] 
.453(5) 

H 
C1' 

H 

N1 107.3(3)\ / 

/ 

1138(3) C4 1 71 ~ "  1162(3) • . ' 0 .  (3) 1 0 5 . 4 ( 3 ) 0 1  °. 116. - -  

1.523(6)\ /1.511(5) 
,~/~026(3) ~020(3)/~"~ H 

07.913) i " ' '~ '  " " f ' O '  1104 (3 )  

\ 7 "  1. 28c6) \- / 
", ,J 11L8(3) 114 3 ( 3 ) ~ / "  . 1.436(5/ ~424(5) 

, / o 3 '  o2L....... H 
Fig. 3. The bond lengths and bond angles involving the non- 

hydrogen atoms. 
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distance, 1.453 A, is also consistent with the purine 
nucleosides in the syn conformation (Rao & Sundara- 
lingam, 1970). 

Deviations from planarity of the base 
Table 3 shows the deviations of the atoms from the 

least-squares planes through the base atoms. The at- 

oms of the benzene ring lie in a plane, while the atoms 
of the imidazole ring show somewhat larger deviations. 
C(2) of the imidazole ring displays the largest deviation 
while N(1) and C(8) show the next largest displace- 
ments. The dihedral angle between the five- and six- 
membered rings is 1.9 °. The sulfur atom is markedly 
displaced on the same side as the ring atom C(2). 

Table 2. Observed and calculated structure amplitudes ( x 10) for 2-thio-l-(fl-D-ribofuranosyl)-3H-benzimidazole 

. . . . . . .  :: ~: :: :: :: :: :~: ~:~ . . . . .  :: :~ :: { { i : '~ i{ i{ {~i :::~ ~: i ' { i  ';[ !!~!! ,!! !!:!i :{! !:{{ ~!! !:!! :!{ i*{! *!! {:{~ :{~ !!:[i :!! ' :J: . .* '  i ' {{ '{{ { :{" ii 

'' ii!ii  ;i ii,  ii ;Jill;  i i:  :iii!.i!iii!iiiii:i?:?iiiii.li:i.il..iiiii:.il 
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Fig. 4. A view along c showing the hydrogen bonding and the base stacking. 
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Table  3. Deviations (A) of  the atoms from the 
least-squares plane for the base 

Atoms used in fitting the least-squares planes are denoted by 
asterisks. 

Plane I 
Plane II 
Plane Ill 

0-035X- 0-009 Y-  0.999Z = - 0"244 
0-038X+ 0.011 Y-  0.999Z= -0.168 
0-033X- 0-021 Y-  0-999Z= -0-322 

Atom Plane I Plane II Plane III 
S 0.191 0-141 0.252 
N(1) -0-021" -0.015" 0"006 
C(2) 0.035* 0.017" 0.075 
N(3) - 0.000" -0.012" 0.035 
C(4) - 0.006* 0.027 0.002* 
C(5) 0"005* 0.067 0"003* 
C(6) 0"012" 0.086 -0.002 
C(7) 0"010" 0.067 0"007* 
C(8) -0.021" 0"008* 0.008* 
C(9) -0"015" 0"002* 0"004* 
C( 1 ') 0"022 0"029 0"049 

r.m.s, deviation of 
fitted atoms 0.017 0.012 0.005 

The sugar 
The b o n d  angles and  distances of  the r ibose moie ty  

compare  favorably  wi th  those usually found  in nucle- 
osides and  nucleot ides having  C(2')-endo pucker ing  
(Sunda ra l i ngam & Jensen,  1965; Sundara l ingam,  
1973). The largest var ia t ion  between the endocycl ic  and  
exocyclic angles are associated with the a t o m  C(2') 
which shows the greatest  pucker ing.  

The bond  distances and  bond  angles involving hydro-  
gen a toms are wi th in  the no rma l  range and  are sum- 
mar ized in Table  4. 

Table  4. Bond distances and angles involving 
hydrogen atoms 

Range Mean 
C-H bonds 0.97-1.13 A !.02 ,~ 
N-H bonds 0.94 
O-H bonds 0"82-1.10 0.96 
C-C-H angle (tetrahedral) 103-114 ° 109 ° 
O-C-H angle (tetrahedral) 109-112 l l  1 
C-O-H angle (tetrahedral) 99-113 106 
C-C-H angle ! 13-129 120 
C-N-H angle 117-129 123 
H-C-H angle (tetrahedral) 113 
H-O-H angle 109 

Molecular conformation 
The mode  of  pucker ing  of  the r ibose is C(2')-endo- 

C(l ' ) -exo  (2T 0 (Sundara l ingam,  1965; 1972). The  r ing 
tors ion  angles and  the p seudoro t a t i on  paramete rs  P 
(phase angle) and  rm,~x ( m a x i m u m  ampl i tude  of  pucker-  
ing) for the r ibose ring are shown in Table  5. These 
values are similar  to those found  for CRB and  lie wi thin  
the no rma l  range found  for the fl-nucleosides (Al tona  
& Sundara l ingam,  1972). 

Table  5. Torsional angles in 
2- thio- 1 -(fl-D-ribofuranosyl)-3 H-benzimidazole 

Glycosyl angle Z - 110.2 ° 
r - 27"3 

Sugar ring r~ 36"9 
torsion angles r2 - 31 "9 

r3 17"0 
r 4 6"1 

Phase angle of 
pseudorotation P 152" 1 
Maximum amplitude 
of pseudorotation rm,~ 37" 1 
Sugar puckering C(2")-endo-C( 1 ")-exo( z T~) 
Conformation about 
C(4')-C(5') g auche-tr ans 

T R B  exhibits  a glycosyl tors ion  angle [O( I ' ) -C(  I ' ) -  
N(1)-C(2)]  o f  249"8 °, which  falls within the syn range 
( D o n o h u e  & Trueb lood ,  1960: Sunda ra l ingam,  1969). 

) 

, . . . . . . .  i i  

1,4 ------- 

Fig. 5. A view along b showing the base stacking and the 
alternating hydrophobic and hydrophilic regions. 
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Fig. 6. A stereoscopic view of the molecular packing along c. 
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It has already been established that bulky substituents 
such as bromine or chlorine in the 8-position of purine 
nucleosides would tend to exclude the anti conformation 
(Tavale & Sobell, 1970; Bugg & Thewalt, 1969; Sprang 
& Sundaralingam, 1973). Similarly the 2-thio (position 
8 in purine numbering) substituent excludes the anticon- 
formation in TRB. We were especially interested to 
know whether the syn conformation promoted by the 
above steric interactions between the sulfur and the 
ribose CHzOH group would destabilize the gauche- 
gauche conformation about the C(4')-C(5') bond by 
virtue of any possible steric interaction between H(7) 
of the base and the 0(5 ')  atom of the sugar. In fact it 
appeared to us at first that the observed gauche-trans 
(Table 5) conformation in TRB was a result of the 
latter interaction. But our later studies on CRB showed 
that the gg conformation is allowed even when the 
benzimidazole base assumes the syn conformation 
(Sprang & Sundaralingam, 1973). There are no intra- 
molecular contacts less than the sum of the van der 
Waals radii. 

Ci 
S 

I CC . ~  

C1~'~-.. N \ N 

--22- 

N N ct 

S 

8r" 

N ~"---t~ 

Fig. 7. A view normal to the base of 2-thio-l-(fl-D-ribofurano- 
syl)-3H-benzimidazole (TRB), 2-Cl-l-(fl-D-ribofuranosyl) 
benzimidazole (CRB), 8-Br-guanosine, and 8-Br-adenosine 
showing the stacking patterns. 

Hydrogen bonding and crystal packing 

The hydrogen bonding and base stacking are shown in 
Figs. 4 and 5, which are projections along c and b, res- 
pectively. The hydrogen bond distances and angles are 
given in Table 6. 

All potential sites on the ribose and the base are in- 
volved in hydrogen bonding. The sulfur accepts two 
hydrogen bonds, one from O(3') [O(3 ' ) . . .  S = 3.180 A] 
and the other from the water [ O ( W ) . . . S = 2 . 9 9 8  A]. 
The O ( W ) . . .  S hydrogen-bond distance of 2.998 A, is 
the shortest found so far amongst the thio nucleosides. 
The importance of sulfur hydrogen bonding in the 
crystal structures of thio purines and thio pyrimidines 
has been amply illustrated by Thewalt & Bugg (1972) 
and Lin et al. (1971). The former workers note that of 
the 15 structures studied there were only two in which 
sulfur did not accept at least one hydrogen bond. There 
is no base-base hydrogen bonding in this structure. 

The molecular packing consists of alternating zones 
of stacked bases and ribose moieties (Figs. 5 and 6). 
The benzimidazole rings are stacked in a head-to-tail 
fashion and show a considerable degree of overlap 
with an interplanar separation of 3.42 A. In TRB the 
sulfur atom points away from adjacent bases and is ex- 
posed to the water in contrast to the majority of the 
known thio nucleoside crystal structures where the 
sulfur substituent makes close contacts with an adja- 
cent ring while the rings themselves do not show great 
overlap (Thewalt & Bugg, 1972). The observed stack- 
ing is also in marked contrast to that observed for 
CRB, 8-Br-adenosine, and 8-Br-guanosine where the 
halogen atoms are involved in halogen-base interact- 
ions (Bugg, Thomas, Sundaralingam & Rao, 1971; 
Sprang & Sundaralingam, 1973). A comparison of the 
base stacking patterns and the shorter contacts in these 

c o m p o u n d s  is shown in Fig. 7. 

We thank Dr L. B. Townsend of the University of 
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pound. This research was supported by a grant GM 
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Structure Cristalline du Sulfure de Thallium: T1453 

PAR B. LECLERC ET M. BAILLY 

Laboratoire de Physique, Facultd des Sciences Pharmaceutiques et Biologiques de Paris-Sud, 
rue Jean-Baptiste Cldment, 92290 Chatenay Malabry, France 

(Refu le 21 fOvrier 1973, aeceptO le 23 mars 1973) 

The crystal structure of T14S3 has been determined by X-ray diffraction methods. The space group is 
P21/a and the cell constants are a=7.97, b=7.76, c= 13.03 ,h,, 7= 103.99 o. The structure was solved 
by the heavy-atom method and refined by a least-squares program to a final R value of 0.08. One 
trivalent thallium atom is in tetrahedral coordination and forms isolated linkages with the three other 
T1 + which appear to be by electrostatic interaction. 

L'existence vraisemblable d 'un  compos6 T14S3 a 6t6 
signal6e par  H a h n  & Klingler (1949). Plus r6cemment, 
d'apr~s Soulard & Tournoux (1971), il est apparu que 
le compos6 T14S3 puisse ~tre d imorphe:  la forme fl se 
t ransformerai t  en forme c~ par broyage, mais la trans- 
format ion inverse n 'a  pu ~tre obtenue. Par l '6tude d 'un  
monocris tal  de T14S3 fl, ces auteurs ont mis en 6vidence 
un r6seau monocl inique et un groupe spatial identi- 
ques h ceux que nous observons, mais la structure n 'a  
pas 6t6 6tudi~e. 

Kabr6 (1972), en reprenant  l '6tude des sulfures de 
thal l ium, a isol6 des monocris taux de T14S 3 qui ont 
servi h l '6tude de la structure. Ils ont 6t~ pr@ar~s en 
mettant  en pr6sence du thal l ium et du soufre en quan- 

tit6 stoechiom6trique et sous vide. Le m61ange a 6t6 
port6 5. une temp6rature de 600°C, maintenu pendant  
48 h, puis refroidi tr~s lentement jusqu'g, la temp6- 
rature ambiante  avec un palier de 2 semaines/ t  180°C. 
TI4Sa a une temp6rature de fusion non congruente de 
274 °C. 

Donn~es exp~rimentales 

Les cristau× de TI4S 3 ont la forme de plaquettes al- 
long6es suivant la direction [100] et sont de couleur 
noire avec des reflets m6talliques. 

La sym6trie de la maille est monocl inique et les 
param~tres mesur~s sur cliches de Weissenberg et 
affin6s sur 12 raies du clich6 de poudre sont: 


