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Both trans-tetrabromo- and ¢rans-tetrachlorobis(tetramethylthiourea)tellurium(IV), TeX(CsH:N:S), (X = Br, Cl), are
dark red substances forming orthorhombic crystals of space group symmetry Pbca and having four molecules per unit cell.
Measured and calculated densities are 2.21 and 2.19 and 1.70 and 1.72 g crri‘3, for the bromide and chloride, respectively.
The unit cell dimensions of the bromide are ¢ = 14.98 = 0.08 A, b = 13.88 & 0.03 A, and ¢ = 10.40 = 0.02 A, For the
chloride these are ¢ = 14.74 = 0.03 A, b = 13.87 &= 0.03 A, and ¢ = 10.06 = 0.02 A. Diffraction data for 861 and 596
independent, observed reflections for the bromide and chloride, repesctively, were collected using Cu K« radiation and the
multiple-film Weissenberg technique. Reflection intensities were estimated visually. In determining the structure of the
bromide Patterson projections on %0/ and %kQ revealed the approximate positions of Te, Br, and S atoms. The positions
of the C and N atoms were found by three-dimensional Fourier methods, and full-matrix, three-dimensional, least-squares
refinement led to a final, conventional R value of 0.090. The refinement of the chloride proceeded, using trial atomic posi-
tions corresponding to those of the bromide structure, to an R value of 0.083. As required by tellurium’s occupancy of a
center of symmetry in the unit cell, the two sulfur atoms of each molecule are in ¢rans positions. With the four halogen
atoms they form a slightly distorted octahedral arrangement around the tellurium atom. The Te-S bond lengths of 2.707 ==
0.01 snd 2.699 == 0.008 A in the bromide and chloride, respectively, are significantly longer than the sum of the covalent
radii, but the Te~Br distances of 2,707 %= 0.007 and 2.686 = 0.007 A and the Te~Cl distances of 2.536 & 0.008 and 2.520 =

0.008 A are in accord with the covalent radii sums.

Introduction

The geometry of four- and six-coordinated tellurium-
(IV) molecules and ions is subject to possible distortion
effects arising from thie presence of an unshared electron
pair associated with tellurium(IV). For those four-
coordinated species whose structures have been investi-
gated, a configuration consistent with a stereochemi-
cally active role for this electron pair las been found.
Thus, crystalline a-dimethyltellurium  dichloride?
(CH;):TeCly, and tellurium(IV) chloride, TeCl,, either
in the gas phase® or in benzene solution,? have been
described as tiigonal-bipyramidal molecules with the
electron pair occupying one of the equatorial positions.
In six-coordinated species, however, the electron pair
appears to play no detectable role in determining the
disposition of ligand atoms or groups about the central
atom and a regular octahedral configuration results.
X-Ray crystallographic examination provides such
evidence for hexachlorotellurates®® and hexabromotel-
lurates”® and confirmation is afforded by the results of
nuclear quadrupole resonance,®® vibrational,!! and
Moéssbauer!? spectroscopic investigations. This paper
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describes the complete structural investigation of two
isomorphous examples of six-coordinated tellurium(IV)
complexes, frans-tetrabromo- and trans-tetrachlorobis-
(tetramethylthiourea)tellurium(IV), (CsHppN,S) TeX,
(X = Br, Cl).

Experimental Section

The dark red, platelike bromide crystals used were those pre-
viously prepared by a solution reaction of tellurium dioxide,
tetramethylthiourea, and hydrobromic acid in an dqueous meth-
anol-hydrochloric acid medium.* The space group is Pbca,
Z = 4, and the cell dimensions dre ¢ = 14,98 £ .03 A, b =
13.88 == 0.03 A, and ¢ = 10.40 = 0.02 A. The measured and
calculated densities are 2.21 and 2.19 g cm ™3, respectively.t?

Using a multiple-film technique, integrated zero-layer and
equiinclination \Veiésenberg photographs of #0l and kkl, with I =
0 through 6, were taken employing Cu K« radiation. Reflection
intensities were estimated visually. Although exposure times
up to 150 hr were used, the crystals were so small that only 861
of 1625 independent reflections having § < 0.985 were observed.
While the Cu Kea radiation used to collect the intensity data re-
sults in a rather high u (230 cm™), no absorption correction
was applied because of the small crystal dimensions. However,
the usual Lorentz and polarization corrections were made.
Computations were carried out using a set of programs made
available by the Weizmann Institute, Rehovoth, Israel, and
modified for use on the University of Bergen’s IBM 360-50 H com-
puter by Dr. Dove Rabinovich. The least-squares program in
this set provides full-matrix refinement.

The red, prism-shaped chloride crystals were obtained by the
addition of methanol to a hydrochloric acid solution of tellurittm
dioxide and tetramethylthiourea.’* Space group examination of
a number of crystals which had been stored in a refrigerator for
7 years demonstrated the presence of a space group other than
Pbea, but orthorhombic crystals isomorphous with the bromide
complex were found in a fresh sample of the material. The cell
dimensions are ¢ = 14,74 == 0.03 A, b = 13.87 & 0.03 A, and
¢ = 10.06 = 0.02 4, and the measured and calculated densities
are1.70and 1.72 gem™, respectivyely.13

(138) O. Foss and W. Johannessen, Acta Chem. Scand., 16, 1939 (1961).
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Intensity data for kkl, with 2 = 0, 1, 3, and hkl, with I =
0, 1, 3, were obtained for the chloride crystals in the manner
described above for the bromide complex. Of the total of 997
independent reflections obtainable using Cu Kea radiation 596
were observed. Corrections for the Lorentz effect, polarization,
and secondary extinction were applied. The very small size
of the crystals used limited absorption effects (x = 185 cm ™),
and no absorption correction was made. Computations, in-
cluding a full-matrix, least-squares refinement (SFLS version
1968), on the chloride complex were made using a library of
programs prepared by Mr. Knut Maartmann-Moe of the Chemi-
cal Institute, University of Bergen.

Structure Determination and Refinement

The space group of these compounds requires that
each of the four tellurium atoms in the unit cell oc-
cupies a special position coincident with a center of
symmetry. Attention was directed first to the struc-
ture of the bromide complex. Using Patterson projec-
tions on A0/ and %kQ the approximate positions of the
bromine and sulfur atoms were determined. A Fourier
diagram, using signs based upon the heavy-atom con-
tributions alone, was then prepared for each of these
projections and, together with a model constructed
using assumed bond lengths and angles, it was possible
to locate tentatively most of the carbon and nitrogen
atoms. Full-matrix, least-squares refinement of the
structure was then begun. Successive repetition of the
technique of alternate Fourier analysis and least-
squares refinement failed, however, to fix satisfactorily
the positions of all seven carbon and nitrogen atoms
in the asymmetric unit. This was indicated by the
failure to reduce the reliability index, R, defined as
E(’FD: — {ch )/E“Fo, below 0.20. Unobserved re-
flections are included when £, exceeds the F; associated
with the minimum observable intensity. No effort
was made to locate hydrogen atoms, and no account
was taken of them in any part of the computations.

Examination of a three-dimensional Fourier map of
one-eighth of a unit cell made possible the immediate
location of all atomic positions. A few cycles of least-
squares refinement, with isotropic temperature factors
assigned to all atoms, yielded an R of 0.12. Duplicate
reflections were then removed, anisotropic temperature
factors were applied to tellurium, bromine, and sulfur
atoms, and, after a series of eight refinement cycles, the
R index reached its final value of 0.090.

The least-squares program employed in the refine-
ment of the bromide structure minimizes the expression
Iw[|F,| — b‘Fc'P/Ew‘FO 2 where b is a variable scale
factor in the computation and w, the relative weight
assigned to a reflection, is determined as the inverse of
the square of the standard deviation of the observation,
1/e2(F). *(F) is evaluated as (bai)? + [(a2F.)%/4y],
where y is a variable related to the reliability with
which the intensity of a given reflection is measured,
and a; and «;, are constants fixed at 3.0 and 1.0, respec-
tively.

The chloride structure determination was begun in
a straightforward way by assigning trial positions to the
atoms of the asymmetric unit according to the positions
found for the corresponding atoms of the bromide com-
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plex: Using 2%0 and A0/ intensity data an R value of
0.20 was immediately obtained. Addition of data
for the remaining four layers and removal of duplicate
reflections were followed by three cycles of full-matrix,
least-squares refinement yielding R = 0.10. After
introduction of anisotropic temperature factors for
tellurium, sulfur, and chlorine atoms three refinement
cycles gave R = 0.085. The final R value of 0.083
was obtained after the application of a correction for
secondary extinction. The least-squares program used
for the chloride structure refinement minimizes Zw [f Fc{ —
Foi’ ]2, where w, the weight assigned a reflection, is de-
fined by the expression a/(¢ -+ b‘Fo‘ + c]FO'Q). As
used here, ¢ = 160, b = 1, and ¢ = 0.002.

The final positional parameters and their estimated
standard deviations for all atoms in the asymmettic
units of the complexes are given in Tables I and II.
Compornents of atomic vibratior tensors are shown in
Table III. Shifts in these parameters during the
final refinement cyecle of each structure determination
were less than 59 of the corresponding estimated stan-
dard deviations.

TABLE 1
ATomic COORDINATES FOR
trans-TETRABROMOBIS (TETRAMETHYLTHIOUREA JTELLURIUM(IV)
1x Fracrions oF CELL EDpGEs®

X ¥ 2

Te 0 0 0

8 0.0418 (5) —0.1651 (6) 0.1248 (8)
Br, 0.1144 (2) 0.1003 (3) 0.1506 (4)
Br, 0.1223 (2) —0.0093 (3) —0.1884 (4)
(o) 0.1126 (16) —0.2357 (18) 0.0283 (27)
Ny 0.1957 (14) —0.2057 (15) 0.0007 (24)
Cy 0.2415 (20) —0.2396 (24) —0.1196 (30)
Cs 0.2456 (22) —0.1321 (23) 0.0706 (31)
N, 0,0847 (14) —0.3206 (15) —0.0087 (23)
Cs 0.1432 (19) —0.4028 (21) —0.0306 (30)
Cs —0.0138 (20) —0.3444 (22) —0.0206 (33)

e Tellurium is at a center of symmetry. Estimated standard
deviations (X 10%) are given in parentheses,

TaBLE 11
AtoMIi¢ COORDINATES FOR
trans-TETRACHLOROBIS(TETRAMETHYLTHIOUREA )TELLURIUM(IV)
1N Fracrions oF CELL EDGES®

X y Z

Te 0 0 0

s 0.0438 (3) ~0.1625 (4) 0.1329 (6)
Cl 0.10886 (4) 0.0080 (5) 0.1415 (7)
Cly 0.1161 (4) ~0.0113 (5) —0.1833 (7)
C 0.1165 (11)  —0.2323 (15) 0.0341 (22)
Ny 0.1987 (10)  —0.2010(13)  —0.0010 (17)
Ce 0.2427 (14)  —0.2326 (21)  —0.1281 (38)
G 0.2435(14)  —0.1201 (20) 0.0728 (28)
N, 0.0844 (10)  —0.3102(12)  —0.0072(18)
e 0.1473 (14)  —0.4021(18)  —0.0182(25)
Cs —0.0110(14)  —0.3450 (18)  —0.0084 (28)

¢ Tellurium is at a center of symmetry. Estimated standard

deviations (X 10%) are given in parentheses.

Final observed and calculated structure factors are
listed in Tables IV and V. Commonly used atomic
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TasrLe 111

COMPONENTS OF AToMIC VIBRATION TENSORs, U, 1N A?
(STANDARD DEVIATIONS IN PARENTHESES) REFERRED TO CRYSTALLOGRAPHIC AXES®

Un Un Uss Ui Uz Us
(CsHuNzS)zTeBn
Te 44,04 (1.1) 50.46 (1.1) 46.47 (2.0) —2.65(1.3) —3.82(1.7) 1.59(1.3)
S 56.02 (4.2) 58.36 (4.4) 48.95 (5.8) 2.13(8.7) —0.82(4.6) 9.71(4.1)
Bry . 72.34 (2.0) 72.23 (2.1) 83.27(3.0) —10.71(1.8) —14.36(2.2) —14.51(2.2)
Br, 66.86 (1.9) 94.55(2.8) 78.98 (3.1) 8.42(2.2) 5.84 (2.2) 18.09 (1.9)
G 46.78 (6.3)
N; 55.61(5.9)
C 71.03 (9.0)
Cs 71.51 (9.1) Yu values
- N, 51.66 (5.6)
Cy 60.89 (8.1)
Cs 70.09(9.1)
(CsH1N28): TeCly
Te 27.95(0.7) 39.90(0.8) 36.20 (1.0) —2.18(1.4) 0.85(0.4) —0.19(0.3)
S 37.833(2.1) 39.22(2.4) 41,42 (2.9) —2.79(3.8) 3.36(1.2) 1.46 (0.9)
Cly 47.29 (2.5) 60.23 (3.5) 59.58 (4.6) —13.10 (4.6) —6.06(1.7) —3.38(1.2)
Cly 53.14 (2.9) 78.00 (4.7) 47.87(3.9) —0.48 (4.9) 8.37(1.5) 4,13 (1.3)
(o] 32.54 (4.2)
N, 36.39(3.7)
Ce 62.11 (7.8)
Cs 52.87 (6.5) Yu values
N, 34.32(3.5)
C 46.55 (5.3)
Cs 47.01(5.5)

o All values have been multiplied by 102, For Te, S, Br, and Cl atoms the expression used is exp{ — 272 [ Un(ha*)? + Un(kd*)® +
Uss(Ic*)? 4+ a*b*hk Uy + 26*c*klUn + 2a*c*hlUx}}.  For Cand N atoms the expression used is exp(—27%2H?),

~ scattering factor data for tellurium,!* bromine,’ chlo-
rine,!® sulfur,® carbon,'” and nitrogen were employed.
No correction for anomalous dispersion was introduced.

Description of the Structures

The previously reported space group determinations
of these complexes!® suggested the occupancy of centers
of symmetry by tellurium atoms. There is no indica-
tion that such centers could be false centers resulting
from a statistical distribution of nonsymmetric mole-
cules, and, therefore, a stereochemical role for the
unshared electron pair associated with the tellurium
atom is ruled out.

Figure 1 is a representation of a single molecule of
the bromide complex viewed down the crystallographic
¢ axis, and Figure 2 shows the chloride molecule viewed
up the crystallographic ¢ axis. As may be seen from
these figures and from the values of bond lengths and
angles listed in Tables VI and VII the halogen and
sulfur atoms are distributed in an approximate trans-
octahedral manner about the tellurium atom. As re-
quired by tellurium’s occupancy of a center of symmetry
the S-Te-S’ grouping is linear, and the departure of the
S’-Te-X, angle from 90° must bé interpreted as result-
ing from lattice-packing effects, rather than as a pos-
sible distortion induced by the unshared electron pair.

(14) 1. H. Thomas and K, Umeda, J. Chem. Phys., 26, 203 (1957).

(15) A. J. Freeman and R. E. Watson, cited in “International Tables
for X-Ray Crystallography,” Vol, 111, The Kynoch Press, Birmingham,
England, 1962, p 206.

(18) B. Dawson, Acte Cryst., 18, 403 (1860).

(17) J. A. Hoerni and J. A. Ibers, ibid., T, 744 (1954).

Figure 1.—The (CsH;3N,S),TeBr: molecule at (0, 0, 0) viewed
down the crystallographic ¢ axis.

Figure 2.—The (CsH12N28):TeCly molecule at (0, 0, 0) viewed
up the crystallographic ¢ axis.

The resulting short S-Br; and S-Cl; contact distances of
3.51 and 3.41 A (see Table IX) are probably influen-
tial in each case in opening the Te-S-C; angle to about
109°. This latter value lies at the upper end of the
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TaABLE IV

OBSERVED AND CALCULATED STRUCTURE FacTors (X 10) For (CsH3N,S);TeBr®
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@ Unobserved reflections are denoted by negative F, values.



Vol. 8 No. 2, February 1969 trans-TETRAHALOBIS(TETRAMETHYLTHIOUREA)TELLURTUM(IV) 317

fri =t PSPPI v SR SUUPEDN 3wl v o) NP SV N S o S PP =S -Sri o vd P SNt Sro-fvivhuy PURny SRyRURRIP s Soduiotet 1Y

PP RPN 3-SR UPRINUS -t~ PINUPA POV~ vmp- P SRR 4 guri viad PP NEP VY ARV

TABLE V
OBSERVED AND CALCULATED STRUCTURE FACTORS (X 10) FOR (CsHiN,S);TeClys
2L L L LI | S L
r o~ 4 1 1L Il 1 N
0 ~ 1 15 n ] [ [y
.o 1 18 - 1 14 .
LI 1 15 10 1 [ ] “
[TEN] 1 1.2 1 1 .
1o ] 16 4 1 12 .
14 A 1 [T ] 1 2 L3
“woe 1 e ¢ ? .
¢ ¢ 1 16 7 ? s
[ 1 16 2 H
7t 1 TR 2 .
N 1 ] ? ? .
‘¢ 1 1« 2 5
. ¢ 1} 1 s 12 .
LN 1 1 . 11 .
1 ) 1 1 ¥o2 .
» e 1 1 i ) 1 2 =
4 9 1 1 2 1 12 .
1w ¢ 1 1 3 1 1 2 s
" ¢ 1 1 3 1 1 2 .
L 1 1 s m 12 s
1 e 1 2 1 ? .
1w ¢ 1 - 1108 H 1 «
1 < 1 L3 1 + 1 «
"o 1 ] ] ] 3 .
B oc 1 10 1 h ,
[} ] 12 ) 1 .
0 1 14 A 1 N
2 ¢ i) 14 l 1 ¢
¢ 1 2 2] 1 »
4 t 1} L) 3 I} 3
4 ¢ 1 ® ? 1 -
s ¢ ] Iy ] 1 6
1t b 1 3 1 ¢t
L34 ] L) 1 ] 3
L 4 1 9 201 3 ) ¢
e ¢ 1 10 13 y 1 *
" < 1 1" 1 1 1 +
1 c ] 12 ¥ H ¥ 3
|3 4 1 " 1 1 1 &
14 ¢ 1 14 1 b} 1 €
¢ 1 s 1 L) ) 7
1" ¢ 1 e t L) 1 ?
1 o¢ " 1 N ] 1
¢ 0 2 . 1 1
4 “ & 1 7
0 - 4 t 1
I : H : }
S 3 ‘ i
st ] . 4 1
LI 4 1 L] - 1 1
L 1 1 - ] 1
[ 3 ] n . 1 T
L 114 4 1 T
¢ ¢ 1 4 1 1
1 ¢ L] ] ?
¢ 4 L
T “ »
b : :
‘¢ *
4 € t
¢ 9 »
t e L)
7t 13
3¢ L]
4 ¢ .
L ¢ ’
L L]
T2 :
[ 2 1
L) .
e ¢ :
i :
H :
:
9
:
:
9
5
L]
s
1
10
e
1
1C
e

00 8 0 S N 2 8t A 0 8l U B D x s A 3 S B S S P W 4 S W M S S S e g s R

e e AR ARGONOAAAG S ANBARANOANARAARANN AR ARAAANAARAANGRRNARANGANG60ANANAGAO ARNAGDRAARA IR ARAARAARON. con B X

e e e D e S £ e £ L A e A R A R A 8 A A AL e e e M R B E e S E e A AMARADANAA N AAN AN NSNS AN A T T m e

0 L A 8 8 o8 08 b A D 8 L 0 8 e e a8 R e e i e e e i e o et e B

0000k 1 1 10 1k 0 0 2 ks 0 0 0 B L 1 S k9

PO UTUPITI v v-otvd Vg i mio~=G=~faibnp- oG- PP PO g g O PRSP

0 1 0 0 0 1 0 U 0 o 1 o e 1 1 L 8 1 U 8 L 8l B o e e o £

o et ot et o o e e 2 1 e = e 1t 8 £ bt % e e kA AIANANATDAIDATRAD PO

D T . T e S VY VP P S U S SO USSP PRI g ~erd oot

b
]
1
H
3
2
H
5
] ! 1% [ 1
) 1 " T ]
. 1 17 L3 1
1 3 ? ] i :
1 b 1 . 1c 1 ¢
T e 1 5 11 1 ¢
. v T s 12 1 €
t “. 2 ] 7 13 1 ¢
| .« 1 n ? 1 € 1
2 PR 1 [} “ 1 ¢ 1
' P 0 10 5 1 6 1
. [d 1 " 4 1 ¢ 1
) .t ] 12 1 1 €
] .9 H " . ' ¢
1 4 10 1 " 9 H .
[ a1 t 18 10 ! ¢
TR a1 ) 16 1 1 t ¢
1 .1 1 H 12 1 1 ¢
" L L] 1 ) ? 1 1 N 1
” 4 t 5 4 1 ¢ 10
1 Al 1 ® s 1 ? 1e
14 LR 1 1 & 1 1 1 1c
1] s 7 1 » 7 ! 1 i 1o
¢ IS t ] ] 1 ? 1
[ s 4 1 10 4 1 ? 1"
13 5 6 i n 10 1 7 n
? s 7 1 12 1 t ? n
. L3N} 1 13 2 H n
LK 1 14 . 1 1
. (N1 1 1 5 ? 1
? N 1 18 € ? n
’ [l ] 2 1 1 1
. [N ) . . 2 12
13 Iz 1 s . 1 12
n s ' s 10 1 12
12 . e 1 1 2 . 12
n ar 1 ] . ' : 12
3 ‘2 ' ’ 5 1 . 12
1 L 1 1c e ] e
H € i n 7 ' :

@ Unobserved reflections are denoted by negative F, values.

TABLE VI TABLE VII

BoND LENGTHS AND ANGLES AND BoND LENGTHS AND ANGLES AND
THEIR STANDARD DEVIATIONS IN THEIR STANDARD DEVIATIONS IN
trans-TETRABROMOBIS(TETRAMETHYLTHIOUREA )JTELLURIUM(IV )@ trans-TETRACHLOROBIS(TETRAMETHYLTHIOUREA )TELLURIUM(IV )*
Bonds, A E Angles, deg — Bonds, A. Angles, deg

Te-S 2.707£0.01 Br—Te-Br 90.8+0.1 Te-S 2.699 = 0.008 Cl;—Te-Cl; 90.9+£0.2
Te-Br, 2.707 £ 0.007 S’-Te-Br, 90.6 0.2 Te-Cly 2.536 = 0.008 S/'-Te-Cl, 91.1%+0.2
Te-Br, 2.686 = 0.007 S’-Te-Br, 98.7+£0.2 Te—Cl; 2.520 =% 0.008 S'~Te-Cl, 98.54+ 0.2
S-G 1.76 =0.03 Te-S-C; 109.74+ 0.9 s-C 1.75 +=0.02 Te-5-C, 109.0+ 0.8
Ci-N; 1.3¢ £0.08 S-C-N; 120.5+1.9 Ci—-N: 1.33 £=0.02 S-C-Ny o 121.7x1.6
Ci=-Ne 1 £0.08 S-C-N. 118.5£1.9 Ci-N; 1.36 +=0.03 S-C1-Ng 116.8 1.3
Ni-Cs 0 =0.04 C-N-C 120.3 £ 2.3 Ni-C, 1.50 == 0.04 Ci-N,-C, 121.5+ 1.8
N;—Cs 6 =0.04 C-Ni-C4 125.8 £ 2.4 N;-Cs 1.50 =+ 0.03 Ci-Ni-Cy 120.9 £ 1.8

1.4

1.4

> Or

No—-Cy +=0.04 C-No-Cy 124.0+ 2.2 N-Cy 8 £ 0.03 Ci—-No-C, 119.6 1.6
Np-Cs 2 £0.04 C-N-GCs 122.1x£2.2 N>—-Cs 5 =+ 0.03 Ci-N,-Cs 123.9 1.7
Ni-Ci-Ng 120.8 = 2.3 Ni-Ci-N, 121.54+ 1.8
C:-N1—-Cs 113.6 £2.3 Cr-N1-Cs 116.8+ 1.7
Ci-No—Cs 113.7 £ 2.1 Ci—No—C; 1145+ 1.7

o
Ut
[e>]

2 Esd values for Te—S and Te-Br distances have been corrected ® Esd values for Te-8 and Te-Cl distances have been corrected
to include standard deviations in cell dimensions, to include standard deviations in cell dimensions.
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TasLE VIII

BoND LENGTHS AND ANGLES IN
CRYSTALLINE TETRAMETHYLTHIOUREA®

Bonds, A Angl
s8-C, 1.68 4 0.01
C-Ni(INy) 1.37+0.01 Ci=N-Cs(Cs) 126° 36*
N-Ca(Cy) 1.46 4= 0.01 Ci—N-C»(Cy) 115° 47/
N-C3(Cs) 1,47+ 0.01 Co(Cy)-N-Co(Cs) 115° 49’

@ Values from ref 21,

TABLE IX

BonD LENGTHS IN TETRAMETHVLTHIOUREA
CompLEXES OF TrLLURIUM(II)?22

Complex s-C, A C-N, &
Te(tmtu)Br; 1.75+0.02 1.32-1.35
Te(tmtu)Cl, 1.79+£0.06 1.36-1.40
trans-Te(tmtu),(SeCN), 1.74 4 0.03 1.34-1.39

TaBLE X
NONBONDED INTRAMOLECULAR DisTANCES (A)
<C5H12N25)2T&Br4
Te~-Cy 3.69¢ S-N, 2.652
TE~C3 4.18 C1-C, 2.47¢
Brl——Br2 3.84¢« Cl—Ca 2.50¢
BI’1—C3 3.87 Cl—C4 2 .44¢
Br.-8 3.51e Ci-Cs 2.47a
Bro—Cy 3.87 Co—Cs 2,48
Brg—CZ 3 . 73 Cz"C4 2 . 86
Brz—C3 3.69 Nx—C4 2.87
S-C3 3.14 No—Cs 2.85
S—C.’; 3.03 Ni—-N» 2.31e
S5-Nu 2.70e CiCs 2.49¢
(C5H12N25>2T8C14
Te-C 3.67¢ S-Np 2,662
Te-Cs 4.02 Ci-C 2.47e
Ch—clz 3.5b% Cl—C;s 2.47¢
CL-C; 3.69 C—Cy 2 .46¢2
ClL-8 3.41e Ci-GCs 2 .48
ClL-C; 3.77 . Co-C 2. 55a
Cl-C, 3.64 Co-Cy 2.96
Cl—-C; 3.53 Ni-C4 2.90
5-Cs 3.06 No-Co 2.89
S-Cs 3.01 Ni-N, 2.35%
S—N1 2.70e C4—C5 2.47¢

@ Two atoms bonded to a common atom.

range of sulfur valency angles!® (where sulfur is joined
to two other atoms only). The averages of the Te-Br
and Te~Cl distances in the two complexes are in good
agreement with reported bond lengths in hexabromo-7-8
and hexachlorotellurate®® species. The Te-S dis-
tance of 2.707 £ 0.01 A in the bromide complex is also
significantly greater than the sum of the octahedral
radii of tellurium(IV), proposed!? as 1.54~1.56 A from
observations on measured Te-X distances in TeXg:~
species, and the single bond covalent radius of sulfur,
1.04 A, While this might result from interaction with
the large bromine atoms in the equatorial plane of the
complex, it should be noted that the corresponding
distance in the isomorphous chloride, in which the
steric effect of the halogen atoms should be much less
(18) 8. C. Abrahams, Quart Rev. (London), 10, 407 (1956).

(19) O. Foss, “Selected Topics in Structure Chemistry,” Universitets-
forlaget, Oslo, Norway, 1967, p 145,

Inorganic Chemistry

Figure 3.—The molecular arrangement of (CsH,N»S),TeBrs
looking down the ¢ axis. Te(I)and Te(Il)areatz = 0; Te(III)
and Te(IV) are at z = 1/,

pronounced, is 2.699 % 0.008 A. Arguments based
upon tellurium orbital hybridization changes, e.g., a
small s character of the tellurium orbital used to bond
to sulfur resulting in an increase in the Te-S distance,
do not appear entirely satisfactory for it would then he
expected that the increased s character of the orbitals
used in Te-X bond formation would result in bond
lengths observably shorter than those of TeX %™
This, however, is not the case. An alternative view of
the tellurium bond system as being composed of a
four-electron, three-centered S-Te—S arrangement mak-
ing use of p orbitals only from the three atoms, plus a
square-planar disposition of Te-X bonds, offers no de-
scriptive advantages. It is interesting that the Te-
(IV)-S distances are very similar to those occurring in
centrosymmetric square-planar Te(II) complexes and
also are about equal to the average Te-S bond length
in species containing asymmetric, linear, three-centered
S-Te(II)-S bond systems, despite the greater charge
associated with tellurium(IV).19

Application of a standard significance test® to
the differences between comparable bond lengths in the
tetramethylthiourea parts of the complexes and to the
differences between these distances and those reported
for crystalline tetramethylthiourea?! (Table VIII)
results in the following conclusions. (a) In keeping
with the donor action of sulfur toward tellurium, the
C-S distances in the complexes are significantly greater
than the C-S distance in crystalline tetramethylthio-
urea. (b) A shortening of the C;-N distances in the
complexes might be anticipated if redistribution of
charge around C; resulted in increased = character for
Ci-N when sulfur bonds to tellurium. Comparison of
observed C;-N bond lengths in the complexes with those

(20) D. W. J. Cruickshank and A. P, Robertson, Acta Cryst., 6,698 (1953).

(21) Z. V. Zvonkova, L. 1. Aslakhova, and V. P. Glushkova, Kristal-
ografiya, 8, 547 (1960); Chem. Abstr., 86, 12399 (1962).
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TABLE XI

INTERMOLECULAR NONBONDED DISTANCES, A. TuE
TELLURIUM ATOM OF THE MOLECULE TO WHICH A SPECIFIED
ArtoM BELONGS I8 INDICATED BY THE RomaN NUMERAL
(SEE FIGURE 8)

(C5H12 NQS )gTeBu (C5H12N2S)2TeCI4
Bri(I1)-Cy(IV) 3.76 ClL(I)-C(IV) 3.70
Bro(1)-Cs(IV) 3.75 CL(I)-Cs(IV) 3.69
Bry(IV)-C4(I1) 3.78 CLAV)-C,(I1) 3.61
S(I)-Cs(IV) 3.78 S(II)-Cs(IV) 3.70
Co(IV)-C5(11) 3.68 C,(IV)-Co(I1) 3.64
Cs(IV)-C5(11) 3.68 Cy(IV)-Cs(I11) 3.71
Co(1)~Ce(11) 3.74 Co(1)-C4(I1) 3.55

CLI1)-Cy(IV) 3.91

in the crystalline ligand seems to support such a pre-
diction, but the differences in bond lengths are not
clearly significant. (c) The N-CH; distances differ
insignificantly, both from each other in the complexes
and from the corresponding bond lengths in the crystal-
line ligand.

The structures of a few tetramethylthiourea com-
plexes of tellurium(II) have been determined, and
S-C bond lengths and the ranges of C;~N distances are
listed in Table IX.2* The results for these complexes
also suggest a significantly longer S-C bond than that
found in the free ligand.

Considerably more data regarding complexes of
thiourea are available, and it is interesting that in
some cases, bis(thiourea)silver(I) chloride,?® ‘rams-
dichlorotetrakis(thiourea)cobalt(II),2* and tris(thio-
urea)zinc(II) sulfate,?® for example, the S-C distances
are in close agreement with the value reported for the
free ligand.?® However, for other complexes such as

(22) O. Foss, ¢! al., unpublished results,

(28) E. A. Vizzini, 1. F. Taylor, and E. L. Amma, Inorg, Chem., T, 1351
(1968).

(24) J. E. O'Connor and E. L. Amma, Chem. Commun., 892 (1968).

(25) G. D. Andreetti, L. Cavalca, and A. Musatti, Acta Cryst., B24, 683
(1968). _

(26) (a) M. R. Truter, sbid., 23, 556 (1967); (b) M. E. Elcombe and J. C,
Taylor, ibid., A24, 410 (1968).
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mono(thiourea)cadmium(II) sulfate dihydrate,® bis-
(thlourea)mckel(II) thiocyanate,® and bis(thiourea)-
zinc chloride,?® there is uncertainty regarding the sig-
nificance of the apparent elongation of the C-S linkage.

In Table X the nonbonded intramolecular contact
distances shorter than the sum of the van der Waals
radii are listed. Many of these, which are marked,
involve atoms which are bonded to a comimon atom,
and interatomic distances substantially less than the
van der Waals radii sum are expected.® The S-C and
several of the Br-C and CI-C contact distances given
in the table are quite short, however. For each com-
plex the close approach of the two (CH;);N— groups
bonded to C is illustrated by the very short Co-C,,
N;-Cy, and Ng-C, distances. That strong forces are
operating in this region of the structure is also apparent
from the small value for the Cs—N;—C; and C4+N,y—Cs
angles.

Figure 3 is a view down the crystallographic ¢ axis
of the bromide showing the molecular packing. A com-
parable arrangement exists for the chloride.

In Table XI the intermolecular contact distances
shown are also pronotncedly below the van der Waals
radii sums and add further support to the suggestion
of a moderate degree of atomic crowding in these
lattices.
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