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The structure of 1-thia-4-telluracyclohexane 4,4-dibromide, CpHsSTeBrz, has been determined from three-dimensional X-ray 
data collected on an automated diffr-actometer with Moo K a  radiation. The space group is P21/c with four molecules in the 
unit cell for which a = 11.898 (1) A, b = 6.672 (1) A, c = 12.256 (2) A, and fl  = 112.68 (1)'. The measured density is 
2.76 g Least-squares refinement based on 1468 observed 
reflections led to a final value of the conventional R index of 5.4YG. The molecule approximates mirror symmetry with the 
six-membered ring in the chair form. There are two Te-C bonds with dis- 
tances of 2.14 (1) and 2.16 (1) A which make a C-Te-C angle of 99.4 (6)'. Approximately perpendicular to the C-Te-C 
plane, tellurium forms axial bonds to bromine atoms at  2.657 (2) and 2.689 (2) A with a Br-Te-Br angle of 176.63 (6)'. The 
octahedron about tellurium is completed through weak intermolecular bonding-with a bromine atom in a neighboring mole- 
cule a t  3.591 (2) A and with a sulfur atom in a third molecule a t  3.588 (4) A. These weakly bonded atoms make bond 
angles with opposing carbon atoms of 172.4 (4)' for C(2)-Te, . .Br(2)' and 170.2 (4)" for C(3)-Te, . .S". Except for three 
angles involving the sulfur atom, the remaining bond angles about tellurium are within 6" of the ideal 90' value. Observed 
distances and angle: within the six-membered ring are as follows: S-C, 1.79 (l),  1.81 (1) A;  C-C, 1.52 (2), 1.53 (2) A ;  
C-H(av), 0.93 (20) A; C-S-C, 100.6 (7)";  S-C-C, 114 ( l) ,  116 (1)'; Te-C-C, 115 (l), 117 (1)'. 

and that calculated from the X-ray data is 2.779 (2) g 

The bonding about tellurium is octahedral. 

Introduction 
One of the interesting features of the structures of 

organoselenium and organotellurium dihalides in the 
solid state is the intermolecular bonding involving the 
heavy atoms. Tendencies toward this type of bonding 
increase, as one would expect, with the atomic numbers 
of the atoms involved. Thus, in general, intermolec- 
ular bonding is more pronounced in tellurium com- 
pounds than in those of selenium and decreases as one 
goes from iodides to bromides to chlorides with a given 
chalcogen. These effects are usually of sufficient im- 
portance to override the normal tendency toward iso- 
morphism of closely related compounds thus only a 
few isomorphous pairs have been noted to date. ,4n 
exception to this trend is the pair 1-thia-4-selenacyclo- 
hexane 4,4-dibromide (C4HgSSeBr2) and the corre- 
sponding tellurium compound, C4H8STeBr2. The struc- 
ture of the selenium compound has been reported ear- 
1ier.l The structure of the tellurium compound was 
undertaken in order to make a detailed comparison of 
the secondary (intermolecular) bonding tendencies of 
the two chalcogens under closely similar circumstances. 

Experimental Section 
Crystals of 1-thia-4-telluracyclohexane 4,4-dibromide were pre- 

pared as previously reported2 and specimens suitable for the X-ray 
studies were grown from ethylene chloride. The crystals are 
small, well-formed, pale yellow prisms, slightly elongated on the 
b axis of the monoclinic unit. Preliminary precession and 
Weissenberg photographs showed systematic absences for OkO 
with k odd and for h0Z with I odd, which are characteristic of 
the space group PZ1/c. The pronounced similarities of these 
photographs with those of 1-thia-4-selenacyclohexane 4,4-di- 
bromide strongly suggested an isomorphous relationship. The 
crystal selected for data collection was 0.05 X 0.12 X 0.07 nm 
along the a ,  b ,  and G axes, respectively. I t  was aligned on a 
Picker FACS-1 four-circle automatic diffractometer with the 
crystallographic b axis collinear with p. A set of lattice pa- 
rameters was calculated by a least-squares refinement of the 
angles obtained a t  22' from the centering of 44 reflections in the 
28 range from 18 to 54". The resylts, based on Mo-Ka radiation 
(X 0.71069 A), are a = 11.898 (1) A, b = 6.672 (1) A, c = 12.256 

(2) A, and @ = 112.68 (1)'. The density observed by flotation is 
2.76 g that calculated from the X-ray data with 2 = 4 is 
2.779 (2) g cm-3. 

The intensity data were collected by use of the 8-28 scan pro- 
cedure with Mo KCY radiation in  conjunction with a graphite 
crystal monochromator set a t  a 28 angle of 12.066'. The X-ray 
takeoff angle was 2.6" and the pulse height analyzer was set a t  a 
9570 window for Mo Ka radiation. The scan rate was l"/min 
with a scan range from 0.60" below the Ka,  peak to 0.60" above 
the Kat peak. Background counts (10 sec) were taken a t  each 
end of the scan range. The automatic attenuator mechanism 
was set to keep the count rate below 10,000 counts/sec. The 
intensities of three standard reflections (040, 700, and 670) were 
measured every 50 reflections and these showed no appreciable 
drift or significant fluctuations with time. The absorption co- 
efficient ( p  = 130 cm-l) and the crystal dimensions indicated 
values of pR in the range from -0.33 to -0.45 and transmission 
factors in the range -0.58 to -0.47. I t  was estimated that  the 
neglect of absorption effects could have produced errors in the 
relative F, values of no more than -5y0 in the extreme cases; 
no corrections for absorption were made. The data reduction 
and processing were accomplished by use of UCFACS~ as modified 
by J. D. Bell and M. R .  Murphy to suit local conditions. This 
program checks for errors, corrects for background and Lorentz 
and polarization effects, and calculates intensities, structure 
factors, and their standard deviations according to the equations 

I = c, + 4.5 - (tS/2tb)(B1 + Bz + 9) 

( ts /2tb)2(B1 + B2 + 18) + (0.041)2]''2 

Fo = k[I/(Lfi)]"' 

C, is the total scan count, Bi and Bz are the individual back- 
ground counts, t ,  is the scan time isec), and t b  is the time (10 
sec) each background is counted. 

The intensities of a total of 2504 reflections were measured. 
These included 180 space group abscences, 96 duplicate OkZ, Oki 
pairs, and 150 periodic checks of the standard reflections. The 
resulting 2078 unique reflections represent all of those accessible 
within the range 28 5 55' for Mo K a  radiation or all for which 
(sin O ) / A  5 0.650 A-l. rlmong these, 610 reflections had valtles 
of F ,  5 1.95aF0 and were considered to be unobserved. The 
number of unique, observed reflections was thus 1468. An 
analysis of the Fo values of the 70 observed pairs of equivalent 

(1) L. Battelle, C. Knobler, and J. D. McCullough, Inoug. Chew.,  6, 958 
(1967). 

( 2 )  J. D. McCullough, ibid., 4, 862 (1965). (3) E. N. Duesler and K. N. Raymond, ib id . ,  10, 1486 (1971). 
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OkZ reflections showed an average deviation of 1.1% from their 
respective mean values and a maximum deviation of 3.2%. 

Determination and Refinement of the Structure 
A satisfactory trial structure was obtained by the application 

of heavy-atom methods to Patterson and Fourier  summation^.^ 
Refinement was carried out by the use of full-matrix least-squares 
procedures with anomalous dispersion corrections (Af’ and Af”) 
applied to the structure factors for Te, Br, and S. Near the 
end of the refinement, with anisotropic temperature factors on all 
nonhydrogen atoms, the value of R converged to 0.056. At this 
point a difference Fourier summation was prepared for possible 
location of the hydrogen atoms; also a set of hydrogen positions 
was calculated by use of HPOSN. The calculated positions of 
five of the hydrogen atoms agreed well with maxima on the differ- 
ence Fourier, two agreed fairly well, and one, H(3B), did not 
show on the Fourier. Three more cycles of least-squares were 
then computed in which the positional (but not the thermal) 
parameters of the eight hydrogen atoms were allowed to vary, 
along with the positional and anisotropic thermal parameters 
of the eight heavier atoms. I n  these cycles, the hydrogen 
atoms were assigned fixed isotropic thermal parameters of 4.0 Az. 
The value of R decreased slightly to 0.054. A set of structure 
factors6 for all measured reflections was calculated on the basis 
of the final positional and thermal parameters given in Tables I 

TABLE I1 
ATOMIC THERMAL PARAMETERS IN C4HsSTeBrzQ 

Bzz Baa B I Z  818 825 Atom 811 
Te 048 (1) 113 (1) 058 (1) -007 (2) 059 (1) 009 (2) 
Br(1) 080 (1) 148 (3) 088 (1) 006 (3) 034 (2) 051 (3) 
Br(2) 081 (1) 207 (4) 131 (1) 107 (3) 108 (2) 087 (4) 
S 061 (2) 232 (9) 068 (2) -028 (8) 069 (3) -065 (8) 
C( l )  080 (10) 172 (33) 045 (9) -006 (33) 040 (14) -005 (30) 
C ( 2 )  060 (8) 157 (31) 067 (9) -031 (29) 073 (12) -014 (30) 
C(3) 072 (10) 135 (29) 062 (9) -062 (29) 047 ( lo)  -052 (29) 
C(4) 063 (10) 188 (35) 092 (12) -059 (33) 053 (16) -007 (37) 

a All parameters have been multiplied by lo4. 
temperature factor expression is of the form: 
&k2 + p& + &hk + &ah1 + pz&Z)]. 
were assigned fixed isotropic thermal parameters of 4.0 Az. 

The anisotropic 
exp[-(p,,V + 

The hydrogen atoms 

TABLE I 
ATOMIC POSITIONAL PARAMETERS IN CaHsSTeBrz 

Atom X Y e 
Te 0.28937 (7)” 0.38205 (13) 0,19695 (7) 
BrO) 0.1404 (1) 0.6761 (2) 0.0815 (1) 
Br(2) 0.4437 (1) 0.0974 (2) 0.3254 (1) 
S 0.1572 (3) 0.3855 (6) 0.4228 (3) 
C(1) 0.1465 (12) 0.1672 (21) 0.3309 (11) 
C(2) 0.1403 (11) 0.2165 (21) 0.2076 (11) 
C ( 3 )  0.3373 (12) 0.5588 (21) 0.3561 (12) 
C(4) 0.3119 (12) 0.4587 (24) 0.4568 (13) 
H(lA)b 0.072 (9) 0.147 (18) 0.272 (10) 
H(1B) 0.211 (10) 0.052 (19) 0.369 (9) 
H(2A) 0.062 (10) 0.300 (19) 0.156 (10) 
H(2B) 0.142 (10) 0.159 (18) 0.166 (10) 
H(3A) 0.269 (10) 0.696 (19) 0.314 (10) 
H(3B) 0.398 (10) 0.543 (18) 0.360 (10) 
H(4A) 0.368 (10) 0.350 (18) 0.463 (10) 
H(4B) 0.326 (10) 0.513 (19) 0.526 (9) 

a The numbers given in parentheses here and in succeeding 
tables are the estimated standard deviations in the least signifi- 
cant digits. Hydrogen atoms are numbered to correspond to  
the carbon atoms to which they are bonded. 

and 11. The atomic scattering factors used for Te were based 
on the averages of the SbO and Io values of Doyle and Turner,G 
those for Br and S were the neutral atom values given in Table 
3.3.1A of ref 7, the diamond values of McWeenys were used for 

(4) Fourier summations were computed by use of UCLAFOUR written by 
Gantzel and Hope and the least-squares refinement was carried out by using 
CADLS, the centric, anomalous dispersion modification (by Hope and Frank) 
of the full-matrix program U C L A L S ~  by Gantzel, Sparks, Long, and True- 
blood. This program minimizes Z w ( k F ,  - lFcj)2,  where k is a scale factor. 
The weights, w ,  were taken as 1/&(Fo). The esd values for the atomic 
parameters were obtained from the final least-squares inverse matrix and 
those for bond distances and angles were derived by use of a modification of 
ORFFE by Busing, Martin, and Levy. Thermal ellipsoid plots were prepared 
by use of Johnson’s ORTEF and tentative hydrogen positions were computed 
by use of HPOSN by Hope The C-H distances were taken initially as 1 0 A 
and the H-C-H angles as 109.5”. The index, R,  was defined as Zi lF, l  - 

(5) A listing of structure factor amplitudes for the observed reflections will 
appear immediately following these pages in the microfilm edition of this 
volume of the journal. Single copies may be obtained from the Business 
Operations Office, Books and Journals Division, American Chemical Society, 
1155 Sixteenth Street, N.W.,  Washington, D. C. 20036, by referring to 
code number INORG-72-3026. Remit check or money order for $3.00 for 
photocopy or $2.00 for microfiche. 

(6) P. A. Doyle and P. S. Turner, Acta Crystallogv., Sect. A ,  a4, 392 
(1968). 

(7) “International Tables for X-Ray Crystallography,” Vol. 111, Kynoch 
Press, Birmingham, England, 1962. 

(8) R. McWeeny, Acta Cvystaliogr., 7, 180 (1954). 

I F ~ I  1/21 F ~ I .  
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Figure 1.-View Qf the structure of C4HsSTeBrz down the b 
A = x ,  y ,  z; B = 1 - x ,  1 - axis. Coordinates of positions: 

y ,  1 - Z; C = 1 - X ,  ‘/z + y ,  ‘/z - Z; D X ,  ‘/z - y ,  ‘/z + 
z. 

carbon, and the factors for hydrogen were from Stewart, David- 
son, and S i m p ~ o n . ~  The real and imaginary anomalous dis- 
persion corrections given for Mo Ka radiation in Table 3.3.2C 
of ref 7 were applied to the scattering factors for Te, Br, and S. 
An analysis of the values of I/F,I - lF,ll for the 610 “unob- 
served” reflections showed 90.0% to be less than a(F,) ,  7.7y0 
between u ( F , )  and 2u(F0), 2.1y0 between 2u(F0) and 3u(F0), and 
none greater than 3.4u(F0). In  the final least-squares cycle, the 
largest shift of a parameter for a nonhydrogen atom was 0 . 0 2 ~  
for positional parameters and 0 . 0 5 ~  for thermal parameters. 
The average shift in the 24 positional parameters of the hydrogen 
atoms was 0 . 4 ~  with two showing shifts slightly larger than V .  

The final “goodness of fit,” defined as [ Z w ( ( F , /  - /Fc1)2/(No - 
N,)] ’/%, was 1.48. In  this expression, No = 1468, the number of 
observed reflections, and N, = 97, thenumber of variable pa- 
rameters. 

Description and Discussion of the Structure 
A view of the crystal structure of CaH&3TeBrz down 

the b axis is shown in Figure 1 and views of the molecule 
and of the coordination about tellurium are shown in 
Figures 2 and 3, respectively. Ideally, the free C4Hs- 
STeBrz molecule would probably have mirror sym- 
metry. In  the crystal, small deviations from this sym- 
metry are observed which are presumed to be the result 
of intermolecular “secondary” bonds which tellurium 
forms in accordance with its tendency toward octa- 
hedral coordination. The result is a bonding arrange- 
ment about tellurium of some interest. There are two 
normal bonds to carbon atoms with observed distances 
of 2.14 (1) and 2.16 (1) A. The angle between these 
bonds is 99.4 (6)’. Two axial bonds (approximately 
perpendicular to the C-Te-C plane) are formed with 
bromine atoms a t  2.657 (2) and 2.689 (2) A, and these 

43, 3175 (1965). 
(9) R F. Stewart, E. R. Davidson, and W. T. Simpson, J. Chem. Phys. ,  
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Figure 2.-Vievv of the C4HBSTeBr2 molecule normal to the 
The eclipsed carbon atoms approximate mirror of symmetry. 

C(3) and C(4) are omitted for clarity. 

Br2 
Figure 3.-View of the coordination about tellurium. A 

complete listing of the angles involved is given in Table 111. 

make an angle of 176.63 (6)" with each other. The 
octahedron is completed through intermolecular 
bonding of Te with a. Br(2) atom in a neighboring 
molecule a t  3.591 ( 2 )  oA and a sulfur atom in a third 
molecule a t  3.588 (4) A. For comFarison, the sums of 
the van der Waals radii are 4.15 A for Te + Br and 
4.05 A for Te + S. The bond angles which these sec- 
ondary bonded atoms make with opposing carbon 
atoms are C(2)-Te...Br(2)'  = 172.4' and C(3)- 
Te.  - .S" = 170.2". Except for three angles involving 
the sulfur atom, the remaining bond angles about tel- 
lurium are within 6" of the ideal 90" value. A com- 
plete listing of the bond distances and bond angles about 
tellurium is given in Table 111, which also includes the 
corresponding observations on the selenium atom in 
CdHaSSeBrZ for comparison. -4s observed in all other 
Rn(Se,Te)Xz compounds which have been studied, the 
axial chalcoge5-halogen bonds are somewhat longer 
(0.15 and 0.18 A in the present c$se) than the sum of the 
normal, single-bond radii (2.51 A for Te-Br)I0 and cor- 
respond to a bond order of -I/*. 

(10) L Pauling, "The Nature of the Chemical Bond," 3rd ed, Cornell 
University Press, Ithaca, N. Y., 1960, p 224. 

TABLE I11 
DISTAXCES AND ANGLES ABOUT TELLURIUM IN C4H8STeBr2 
COMPARED WITH THOSE ABOUT SELENIVX IX CaHsSSeBrz 

Atomsa CaHsSTeBrz CaHsSSeBrzb 

Distances, b 
(VI)-C(B) 2.14 (1) 2.01 (3) 
(VI)-C(3) 2.16 (1) 2.02 (3) 
(VI )-Br (1 ) 2.657 (2) 2.545 (6) 
(VI)- Br (2) 2.689 (2) 2.548 (6) 
(VI).  + .Br(2)' 3.591 (2) 3.567 (4) 
(VI). . .S" 3.588 (4) 3.629 (7) 

Angles, Deg 
C(B)-(VI)-C(3) 99.4 (6) 105 (1) 
C(2)-(VI)-Br (1 ) 90.9 (3) 93.1 (7) 
C(2)- (VI)-Br (2) 89.7 (3) 91.3 (7) 
C (3)-(VI )-Br (1 ) 88.1 (3) 89.2 (7) 

Br (1)-(VI)-Br (2) 176.63 (6) 175.1 (1) 
C(B)-(VI). . .Br(2)' 172.4 (4) 169.3 (7) 
C(2)-(VI). . .S" 74.1 (4) 71.7 (7) 
C(3)-(VI). . .Br(2)' 85.2 (4) 84 .4  (8) 

170.1 (6) C(3)-(VI), .S" 170.2 (4) 
Br(l)-(VI). . .Br(2) '  95.28 (5) 91.4 (2) 
Br(l)-(VI).  4'' 84.68 (7) 81.6 (2) 
Br(2)-(TrI). . 'Br(2) '  84.43 (4) 83.9 (1) 
Br(2)-(VI), . .S" 98.68 (8) 97.8 (2) 

C (3)-(VI )-Br ( 2 )  88 .5  (3) 91.7 (7) 

Br(2)'. . . ( V I ) .  . . S f '  102.04 (8) 99.4 (1) 
a Definition of symbols: (VI) represents Te  or Se as required; 

Br(2)' represents Br(2)(C,000), i e . ,  the Br(2) atom irsymmetry 
position C of the origin cell; S" represents S(D,001), i.e., the 
S atom in symmetry position D in the cell located one unit in the 
negative direction along the c axis; unprimed atom symbols 
represent atoms in symmetry position A of the origin cell; and 
( V I ) .  . 4" represents a weak or secondary bond between the indi- 
cated atoms. The symmetry positions A, B: C, and D are defined 
in Figure 1. Distances, angles, and esd values in the selenium 
compound were recalculated by use of ORFFE. 

TABLE IV 

COMPARED WITH THOSE IY C4HsSSeBrz 

Distances, b 
S-C(1) 1.81 (1) 1.83 (3) 
S-C(4) 1.79 (1) 1.79 (3) 
S.. . (VI) '  3.588 (4) 3.629 (7) 

2.689 (2) 2.545 (6) Br (2)-(VI) 
Br(2).  . ' ( V I ) "  3.591 (2) 3.567 (5) 

Angles, Deg 

C(l)-S,  . ' (VI) '  94.7 (4) 97.0 (8) 
C(4)-S. ' .  (VI) '  83.0 (5) 82 .0  (8) 
(YI)-Br(2). . . (VI)" 131.47 (7) 132.7 (1) 

DISTANCES AND ANGLES ABOUT S A X D  Br(2)" IS CaHaSTeBrz 

CaHsSSeBrz Atomsh CaHsSTeBrz 

C (1)-S-C(4) 100.6 (7) 97'(1) 

a Br(1) is not involved in secondary bonding. - *  (lr1)' repre- 
See foot- sents (VI)(D,000) and (VI)" represents (VI)(C,010). 

note a in Table 111 for meaning of symbols. 

The intermolecular bonding system is shown by 
means of dotted lines in Figure 1. The T e . . . B r ( 2 ) '  
bonds spiral down 21 screw axes parallel to the b axis 
and these helices are bonded together by T e .  . 4'' 
bonds in the general direction of the c axis. The result 
is a system of sheets two molecules thick in the direc- 
tion of the a axis and of infinite extent along b and e.  
Although the secondary bonds are very weak (bond 
orders from -0.005 to -0.02), i t  is clear that  they are 
strong enough to be a determining factor in the crystal 
structure and that they are somewhat stronger in the 
tellurium compound than they are in C4H8SSFBr2. In  
fact, the T e . .  4 distance is actually 0.04 A shorter 
than the Se. . .S distance and the T e .  . . Br(2) distance 
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is only 0.025 if longer than the Se.e.Br(2) distance, 
even though the Te  radius is 0.20 if larger than that of 
Se. In  the formation of the secondary bonds, the con- 
figuration about sulfur also follows a normal pattern, 
that of a trigonal pyramid, as shown in Table IV. In  
contrast, however, the angle of 131.47' observed a t  
Br(2) is somewhat removed from the angles of -90 or 
-180" usually found a t  central atoms in polyhalide 
ions. 

In  comparing the tellurium and selenium compounds, 
another item is of interest, namely, the orientation of 
the Br-(VI)-Br angle with respect to the ring system. 
In th? selenium compound, the bromine atoms are bent 
away from C(2) and C(3) as shown by the four C-Se- 
Br angles (Table 111), which average 91.3'. In  con- 
trast, the four C-Te-Br angles average 89.3", indi- 
cating that the bromine atoms in the tellurium com- 
pound are bent slightly toward the carbon atoms. The 
reason for this difference may be found in the intra- 
molecular Br-C distances given in Table V. If one 

TABLE V 
SOME NONBONDED DISTANCES IN CdH&TeBrz 

COMPARED WITH THOSE IN C4HsSSeBrz 
Atomsa CaHsSTeBrz 

Intramolecular Distances, d 
Br(l)-C(2) 3.43 (1) 
Br (1 )-C(3) 3 .37  (1) 

Br (2)-C(1) 3.59 (1) 

Br (2)-C(2) 3.42 (1) 
Br(2)-C(3) 3.40 (1) 

Br(2)-C(4) 3.58 (1) 
(VI )-s 3.673 (4) 

Intermi 
(VI )-Br (2) (C_,OOO) 

(VI)-C(4)(D,O$L 
Br (1)-Br ( l ) (g ,101)  
Br(l)-S(D$ll)  
Br (1 )-S(C, 100) 

Br(l)-C(2)(A,010_) 
Br(l)-C(4)(D,Oil) 
Br(2)-C(3)(A,010) 

(VI)-S(D,OOl) 

Br (1)-C( l)(D,OOi) 

S-C(2)(D,OOO) 

olecular Distances, d 
3.591 (2) 
3.588 (4) 
3.81 (2) 
3.941 (3) 
3.561 (5) 
3.788 (5) 
3.85 (1) 
3.92 (1) 
3.85 (1) 
3.88 (1) 
3.64 (1) 

C4HsSSeBrz 

3.33 (3) 
3 .23  (3) 
3.28 (3) 
3.30 (3) 
3.48 (3) 
3.45 (3) 
3.529 (7) 

3.567 (4) 
3.629 (7) 
3.82 (3) 

3.51 (1) 
3.78 (1) 
3.78 (3) 
3.84 (3) 
3.81 (3) 
3.78 (3) 
3.56 (3) 

3.935 (7) 

a See footnote a in Table I11 for meaning of symbols. 

assumes a trigonal-bipyramidal configuration about 
the chalcogen atom in the free, uncrowded molecule, 
the normal tendency would probably be for the bro- 
mine atoms to be bent toward the carbon atoms be- 
cause of repulsion by the unshared electron pair on the 
chalcogen. However, due to shorter Se-Br and Se-C 
distances (as compared to their tellurium counter- 
parts), crowding results in the selenium compound and 
the bromine atoms are pushed out. I n  the tellurium 
compound, the intramolecular, nonbonded Br-C sep- 
arations are enough larger to permit the lone-pair re- 
pulsion to be effective. 

The bond distances, bond angles, and torsion angles 
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in the 1,4-thiatellurane moiety in C4H8STeBr2 are listed 
in Table VI. With the possible exception of the C- 

TABLE VI 

MOIETY IN CaHsSTeBrz 

Distances, A 
Te-C(2) 2 14 (1) Te-C(3) 2 16 (1) 

DISTANCES AND ANGLES I N  THE 1,4-THIATELLURANE 

S-C(l) 1 81 (1) S-C(4) 1 .79 (1) 
C(l)-C(2) 1.52 (2) C(3)-C(4) 1.53 (2) 
C-H (range) 0 64 (20)- C-H (av) 0 93 

1.20 (20) 

Bond Angles, Deg 
C(2)-Te-C(3) 99 4 (6) C(l)-S-C(4) 100.6 (7) 
Te-C(2)-C(1) 117 (1) S-C(l)-C(B) 114 (1) 
Te-C(3)-C(4) 115 (1) S-C(4)-C(3) 116 (1) 

Torsion Angles, Deg 
Te-C(2)-C(l)-S 59 (1) C(3)-Te-C(2)-C(l) 31 9 (8) 
Te-C(3)-C(4)-S 58 (1) C(l)-S-C(4)-C(3) 74 (1) 
C(2)-Te-C(3)-C(4) 30.4 (8) C(4)-SC(l)-C(2) 74 (1) 

S-C-C torsion angles, the present values are in ex- 
cellent agreement with those found in C4H8STe12.11 
In the dibromide, these angles are each 74 (1) O while the 
four values in the two independent molecules in the di- 
iodide range from 75 to 77". It should be noted that, 
unlike the situation in C4H8STeBrz, the sulfur atoms in 
CdHsSTeIz are not involved in secondary bonding and 
this may be responsible for the small difference in the 
torsion angles involving the S-C bonds. 

Because of the influence of secondary bonding, com- 
parisons of Te-Br distances in various R2TeBrz com- 
pounds are not very significant. However, the value 
of 2.682 (3) A observed in (C~,Hs)zTeBrz'~ is bracketed 
by the values of 2.657 (2) and 2.689 (2) observed in 
the present study. The level of secondary bonding in 
(c~,H&TeBrz is very low ; the shortest nonbonded 
T e . . . B r  contacts are two equivalent ones a t  3.90 A. 
The fact that  aromatic C-Te bonds are involved in one 
compound and not in the other is probably also of sig- 
nificance. 

TABLE V I 1  
ROOT-MEAN-SQUARE AMPLITUDES O F  VIBRATION (b)  

Atom Min Intermed Max Atom Min Intermed Max 

Te 0 147 0 165 0 197 C(1) 0 170 0 197 0 226 
Br(1) 0 173 0 216 0 268 C(2) 0 159 0 188 0 218 
Br(2) 0 167 0 233 0 303 C(3) 0 147 0 209 0 225 
S 0 170 0 193 0 248 C(4) 0 170 0 227 0 248 
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