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The Crystal Structure of Di-p-Chlorodiphenyltellurium Diiodide

By GEORGE Y. CHAO* AND J. D. McCULLOUGH

Department of Chemistry, University of California at Los Angeles, Los Angeles 24, California, U.S.A.

(Recetved 3 October 1961)

Crystals of (p-CIC;H,),Tel, are triclinic with the following cell dimensions:

9-751 + 0-006 A
10-681 +0-006
9-531 +0-006

The space group is P1 and Z =2.

a
b
c

& =115-7+0-1°
B = 87-2+0-1
y =116:4 +0-1

The Te, I and Cl atoms were located by use of two-dimensional Patterson and Fourier syntheses
but location of the carbon atoms required a three-dimensional (F, — F,) synthesis based on approx-
imately 2500 independent |F,| values. The structure was refined by use of full-matrix least-squares
procedures and was checked by a final (F, — F,) synthesis.

The molecular structure approximates the symmetry 2 and is similar to structures already
reported for the dichlorides and dibromides of several R,Se and R,Te compounds. The observed

bond distances and bond angles are:

Te-1, 2:947 +0-002 A
Te-C, 2-13 +0-02
Cl,-C, 1-75 +£0-03
I,-Te-1, 1735 +0-1°
C-Te-1, 873 +£0-7
C,—Te-1, 89-1 +0-7

Te-1, 2-922 +0-002 A
Te-C, 2:10 +0-02
Cl,-C,, 1-74 +0-03
C-Te-C, 1011 +1.0°
C,-Te-1, 881 +0-7
C,—Te-1, 87-3 +0-7

Although (p-CIC;H,),Tel, is definitely not a molecular complex of the type found for C;H,Se,. 21,
(which involves Se - - - I-I bonding) the long Te-I distances and the short (3:85 A) I,-I, separation
observed in the present study suggest some tendency toward molecular complex bonding.

Introduction
Previous studies on compounds of the type RaSeCls,
RoSeBrs, ReTeCle and RaTeBr: have shown that

* Present address: Department of Geology Carleton Uni-
versity, Ottawa, Ontario, Canada.

molecules of these substances contain nearly linear
X-Se-X and X-Te-X bonding (Christofferson &
McCullough, 1958). By contrast, the iodine complexes
of 1,4 diselenane and 1,4 dithiane have been found
to contain nearly linear Se---I-I and S---I-I
bonding (Chao & MecCullough, 1960, 1961). No com-



888 STRUCTURE OF DI-p-CHLORODIPHENYLTELLURIUM DIIODIDE

plete structural study of a compound of the type Table 1. Final position parameters and their
RoTel: has, as yet, appeared in the literature. Of the standard deviations ( x 10%)

several compounds of this type available for study, z y 2 o(z) ) o(2)
preliminary investigations indicated that di-p-chloro- Te 8042 9834 2412 0001 0001 0001
diphenyltellurium diiodide would be the most promis- I, 7757 9351 9130 0001 0001  COO!
ing. , 8022 0378 5692 0001 0001 0001
. Cl, 1066 3705 9802 0006 0007 0008
Experimental Cl, 7637 6410 4802 0009 0007 0009
Di-p-chlorodiphenyltellurium was prepared by the g‘ gig?] gggé ;ggg 883; 8833 gggg
method of Lederer (1916). The product was purified C: 3993 5458 1519 0023 0024 0025
by reecrystallization from methanol and the diiodide c, 2831 5442 0685 0023 0024 0025
was prepared by mixing solutions of the components gs 2923 ggéz g‘;gg gggg 8833 ggg?
. X . . 25} Z b
in carbon tetrachloride. Crystals sulta.ble for the X-I_‘ay C: “7o4 1826 3099 0017 0017 0019
study were grown by slow evaporation of a solution Cq 6468 1961 3796 0019 0020 0022
in ethylene chloride. Crystals of (p-ClCeHa)2Tels are Cy 6500 3423 4240 0029 0030 0032
Cho 7658 4619 4060 0024 0025 0027

garnet-red in color and display triclinic holohedral
symmetry. Weissenberg and precession camera photo-
graphs prepared by use of Mo radiation indicated the
following cell dimensions, based on Mo Ka=0-7107 A:

C, 8876 4485 3338 0022 0023 0025
C,, 8913 3047 2865 0020 0020 0022

Table 2. Temperature factors tn (ClC¢Hs)2Tels

a = 9751+0-006 A a* = 62°35+03’ Standard deviations in parentheses
b = 132?83 . 8882 ﬁ: = Z?o ggl + 8‘05)1 (@) Anisotropic factors for heavy atoms
c = . +0- p* = ° 4t ’
- - By B,, By, Bye By, By
o« =11570 +0-10° V =1788-8 (A)3 Te 260 324 296 280 350  3:03
B = 8720 +0-10 (0-04)  (0-04) (0-05) (0-06) (0-16)  (0-07)
vy =11635 £0-10 I, 4-53 5-42 3-16 45 56 4-6
] ) o (0-05)  (0-08)  (0-05) (0-1)  (0-2)  (0-1)
The density, as determined by flotation, is 2-5 g.cm.—3 4.39 - 95
hile that calculated from the X-ray data for 2 32 e 32 8 33 &0
w. ( ] ! y (0-05)  (0-06)  (0-06) (0-1) (0-2) (0-1)
2(ClC¢H4)eTels in the unit cell is 2-544 g.ecm.~3. The - o
therefore assumed to be P1 with two L 39 &8 68 09 >6 a2
Space group was > C ] (0-2) (0-3) (0-3) (0-4) (0-4) (0-5)
non-centrosymmetric molecules in the unit cell. . 6
Three-dimensional intensity data were obtained by Cla 6 &3 ¥ 6 03 34
M (0-4) (0-2) (0-4) (0-6) (0-6) (0-5)

use of a crystal elongated on ¢ and 0:10 mm. to 0-15
mm. in thickness. The calculated linear absorption

s A . (b) Isotropic factors for carbon atoms
coefficient for molybdenum radiation is 65 cm.-1 and

X ; ; C, 39 (03 C, 40 (0-3 57 (05
the corresponding va,lufe foF ur is 0'5.‘No corrections C: 42 20,3; C: 42 E0.4; g?o Z:, ng;
were made for absorption in the specimen. Zero and C, 41 (04) C, 30 (0-3) C 43 (6:3)
upper level Weissenberg photographs about the ¢ axis Cy 40 (04) Cg 40 (0-3) Cyp 36 (03)
and sets of precession photographs including the 20!
and Okl nets were prepared. The multiple-film tech- Table 3. Amplitudes and orientations of atomic
nique Wlt.h 0-025 mm. bras‘s foil 1njcerlea,\.7es was vibration ellipsoids in (ClC¢Hs)2Telz
employed in preparing the Weissenberg intensity films L . .
hile graduated sets of timed exposures were used Root-mean-square - Direction Cosines of ellipsoid
w gr 5 P . displacement along  axes with respect to orthogonal
for the precession data. The latter were used for inter- axis of vibration axes
layer scaling of the Weissenberg data and in the ellipsoid (A) X Y Z
preliminary two-dimensional trial structure determina-  Te 0-208 0436 —0-899 0052
tion and refinement. 0-195 0-185 0-146 0-972
0-178 0-881 0-414 —0-230
. . . I 0-272 0-448 —0-866 —0-225
Structure determination and refinement ! 0-238 0-879 0-380 0-289
With the aid of Patterson and electron density summa- 0-191 0-165 0-327  —0-931
tions along the a, b and ¢ axes, approximate tellurium, I 0-261 —0-724 0-669 0-166
s hlori e 3 . _ 0-231 —0-687 —0-721 —0-092
iodine and chlorine positions were obtained. Two 0-200 — 0-058 0180  — 0982

dimensional difference syntheses based on the positions

of the five heavy atoms failed to give clearly recogniz- Cl, gggi "3:233 82}; _g:ggg
:}ll)le positiolns foatihe indfivi(}ilual ﬁarboln atoms although 0-206 —0671  —0708  —0-229
d'e tg?er% posfl 2(;:18 Od. °Pp enly gro‘éps Wer}‘: e, 0-374 —0717  —0-561 0-414

icated. Use of three-dimensional procedures there- 0-306 — 0488  —0021 —0-873

fore became necessary. 0-173 —0-498 0-828 0-258
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Table 4. Observed and calculated structure factors

The data are separated into groups having common values of k and [
The three columns in each group list values of k, F, and F,, in that order

11

14.0

11 10.6 643 | =7 1443 1640
A

[ -a9.5
-11 ~20.3 664
2348 2544

2%5.9 81,1

-6 3241 -29.8 5.3
-63e8

<6640

16.8

11,

9
9

-8 AL.9  a2,7 | ke-1ly La

17,3
18,8
1604
12,4
2843
3209
270
26.9
3.6

“15e4
1748
19,1

-13.6

=30.8
3800

21,0

23.0

1

Ab.8
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Table 4 (cont.)

-2046

-18.7
5

1646

2046

=& 1546 -1%.3
3 2 [

9 2
Ke~10e Le Y

-3 1642

-1 2842
13.4

-4 5249

The three-dimensional data consisted of zeroth
through ninth level Weissenberg photographs about ¢,
supplemented by several intersecting precession nets.
Some 2500 independent observed reflections were
used. Before carrying out a three-dimensional differ-
ence synthesis to locate the carbon atoms, two cycles
of three-dimensional least-squares refinement on the
heavy atoms were computed by use of the full-matrix
routines on the IBM 709. During this refinement,
it became apparent that some adjustment of the
interlayer scaling was indicated. The following factors,
derived from 2X'|Fc|/X|F,| for a given level, were
accordingly applied for the remainder of the refine-
ment: hk0(0-910), Ak1(0-976), hk4(0-923), hk6(0-916)
and hk7(0-943). The indicated changes on the remain-

ing five levels (representing approximately half of the
data) were less than 29, and no changes were made.
The rescaling could not have caused more than small
shifts in the positional and vibrational parameters of
the heavy atoms. In the cycle of least-squares refine-
ment immediately following the rescaling, the max-
imum shift in the positional parameters of the iodine
atoms was 0-0004 with an average shift of 0-0002.
All other shifts in positional and vibrational param-
eters were less than the corresponding standard
deviations of the final values listed in Tables 1 and 2(a).
Following one more cycle of refinement of the
heavy atoms, these were used as the basis of a three-
dimensional (F,—F;) synthesis. All twelve carbon
atoms were clearly resolved with little false detail and



GEORGE Y.CHAO AND J.D. McCULLOUGH

another cycle of least-squares refinement was carried
out on the heavy atoms including the carbon atoms
with fixed positions and a fixed isotropic temperature
factor of 5-0 Az.

In the next step, two three-dimensional least squares

cycles were computed for refinement of the carbon
atom positions. In these cycles, individual isotropie
temperature parameters (initially 5:0 A2) were applied
to the carbon atoms while the heavy atom positional
and anisotropic temperature parameters were held
fixed. A final, full-matrix least-squares cycle was then
computed which simultaneously refined all 94 param-
eters, 9 for each heavy atom, 4 for each carbon atom
and the scale factor. The resulting atomic positional
parameters and their standard deviations are shown
in Table 1 and the temperature parameters are
shown in Table 2. A final (F,—F.) synthesis based
on all 17 atoms showed numerous small maxima,
some of which were high enough to correspond to
hydrogen atoms. However, it was not surprising that
there was little correlation between the positions of
these maxima and those expected for hydrogen. The
maximum fluctuations in the difference synthesis
were within the range + 1-5 electrons per A3 and there
were no significant maxima or minima in the vicinities
of the atomic positions.
" The observed structure factors are compared in
Table 4 with those computed on the basis of the final
positional and temperature parameters. The atomic
scattering factors used for tellurium and iodine were
those of Thomas & Umeda (1957), those for chlorine
were the values of Dawson (1960) while for carbon,
the graphite values of McWeeney (1954) were used.
The atomic scattering factors were not corrected for
dispersion as the corrections for Mo K would have
been less than the uncertainties in the individual
values. The final value of R=X||Fo| — |Fe||/2|F,| was
7-29, for all observed reflections.

Discussion of the structure

The observed molecular structure of (ClC¢Ha)2Tels is
shown in Fig. 1 and the packing arrangement is shown
in Fig. 2. Tables 5, 6 and 7 list the bond distances,
bond angles and the more significant non-bonded
separations respectively. In order to simplify the
computation of interatomic distances, bond angles,
least-squares planes and related quantities, it was
found convenient to transform the atomic coordinates
to a set of isometric orthogonal axes, X, Y and Z.
The origin is taken coincident with that of the crystal-
lographic axes and the latter are so oriented that a_
is along X and b is in the plane X Y. The transforma-
tion equations are then:

X (A) = ax+ (b cos p)y+(c cos )z
Y (A) = (bsiny)y—(csin B cos a*)z
Z (A) = (csin B sin o*)z

The molecular structure of (ClC¢H4):Tel: is similar
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to that found in (CHs)2TeCls (Christofferson, Sparks
& McCullough, 1958) and other chlorides and bromides
of R2Se and R.Te compounds, but is in sharp contrast
to the molecular complex type of bonding observed
in dibenzylsulfide.I> (Rgmming, 1960) and in the
iodine complexes of dithiane and diselenane (Chao &
MecCullough, 1960, 1961).

Table 5. Bond distances in (ClCsHa)sTelz in A

Standard deviations in parentheses

Te-1, 2:947 (0-002) Te-I, 2922 (0-002)
Te-C, 213  (0-02) Te-C, 210  (0:02)
Cl,-C, 175  (0-03) ClL-C,y 174  (0-03)
C-C, 139 (0-03) C—C, 140  (0-03)
C,C, 1:38  (0:03) CeCy 142 (0:03)
C,-C, 141  (0-03) Cy—Cpp 135  (0:03)
C,-C; 1-38  (0-03) CpC,; 138 (0:03)
C,—C, 141 (0-03) Cyy-Cp, 142 (0-03)
C,C, 140 (0-03) Cp-C, 141  (0-03)

Te—-C Average
Cl-C Average
C-C  Average

2:115 (0-015)
1-745 (0-020)
1-39  (0-02)

Table 6. Angles in (ClIC¢H4)oTelz in degrees

Standard deviations in parentheses
() Bond angles

I,-Te-I,  173-5(0:1) C,-Te-C,  101-1{1-0)
I,-Te-C, 87-3(0-7) I,-Te-C, 89-1(0-7)
I,-Te-C, 88-1(0-7) I,-Te-C, 87-3(0-7)
Te-C,-Cg  120-6(1-8) Te-C,-C,,  114:6(1-8)
Te-C,-C,  115-8(1'8) Te-C,—Cg  122-9(1-8)
Ce-C-C,  123-0(25) C,,~C-C,  122:5(2°5)
C,-Cp-C;  119-2(2-5) C,—Cy=C,  114-3(2°5)
C,-C,-C,  118-5(2-5) Ce-C,-C,y  123-7(2-5)
C,-Cy—Cs  122-4(2-5) Cy-Cpo=C,,  122:5(2-5)
Cl,-C,~C;  118-5(2-0) Cl-C;-C;  119-1(2:0)
Cl,-C,~C;  119-1(2-0) Cl,—C,-C,, 118:5(2-0)
C,~C,-C,  119-6(2'5) Cyo-Cpy—Cpp  116-6(2:5)
C,-C,-C,  117-2(2-5) C,,-Cy-C,  120-5(23)
(b) Angles showing distortion from ‘ideal’ molecular structure
Te-C, - - - C, 171-6(1-2) Te-C,---C, 1737(1-2)
CL,-C, - C; 174-4(1-5) ClyCp -+ -C, 176-1(1'5)
Cl---Te-+-Cl, 111-1(0-2)

Table 7. Packing distances in (ClC¢Ha)2Telz

Sum of Figure
Atoms Observed van der Waals showing
involved distance radii atoms involved
Te-1,’ 413 A 435 A 2(b)
Te-L,” 4-46 4-35 2(b)
Te-Cl,"" 3-91 4-00 2(c)
I,-Cly’ 4-09 3-95 2(c)
I,-Cl,” 3-92 3-95 2(c)
1,-Cl’ 4-06 3-95 2(c)
1,-Cl,” 379 3-95 2(e)
I-1,7 4-14 4-30 2(b)
I,-L,” 3-85 4-30 2(b)
I,-I,” 4-32 4-30 2(b)
Cp-Cly’ 3:65 3-50 2(c)
*H,,-Cl,’ (2:7) 30 2(c)
C,—Cy’ 3-40 3-40 2(c)
Cy—Cy” 3-45 3-40 2(c)
Cii—Cy’ 3-40 3-40 2(c)
Co—Cyy’ 3-48 340 2(c)

* On the assumption that H,, is 1-1 A from C,, on the
line from the center of the ring.
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Ch e 12 "

Fig. 1. The molecular structure of (p-C1C¢H,),Tel,.

As in all molecules of the Re(VI)X: (non complex)
type, the axial bond distances are longer than the sum
of the single-bond covalent radii. In (ClC¢Hy)eTels,
the average Te-I distance of 2-93 A is 0-23 A longer
than the radius sum, 2-70 A. The difference in this
case is considerably greater than the 0-15 A and
0-17 A lengthenings observed in (CHs):TeCl: and in
(CeHs)2TeBra (Christofferson & MecCullough, 1958).
This effect is probably due to the greater tendency
for the iodide to be like the molecular complexes with
(VI) - - - I-I bonding. Further evidence of this ten-
dency is found in the short I,-I, distance of 3-85 A.
No short Cl-Cl or Br-Br contacts were observed in
the chloride and bromide.

In (CeHs)gTeBrz, (CsHs)zSeBl‘z (McCullough & Ham-
burger, 1941) and the di-p-tolylselenium chloride and
bromide (McCullough & Marsh, 1950), the molecules
are required crystallographically to have a 2-fold axis.
Although the molecular structure of (ClCeHa)oTels
approximates the symmetry 2, there are significant
and interesting deviations. In the first place the
distances Te-1,(2-947 A) and Te—I5(2-922 A) differ by
more than 10¢. This difference may be due to the fact (b)
that an I, atom is only 4-13 A from a second Te atom
and the fact that pairs of I, atoms are only 4-14 A
apart. The sums of the corresponding van der Waals
radii are 4-35 A and 4:30 A respectively. Although
these ‘non-bonded’ interactions of I, are weak, there
are no compensating interactions involving I, hence
it is not surprising that the Te-I, distance is slightly
longer than that for Te-Is.

An analysis of the molecular structure in terms of
the least-squares planes in Table 9 also reveals
distortions from ideal symmetry. If the molecule had
the symmetry 2, then Plane 1 through Te, C, and C;
should divide the molecule into pairs of atoms equi-
distant from the plane. In fact, one might have
expected the atoms Cs, Cio, Cl; and Cls to be in Plane 1,

Fig. 2. (a) Projection of the structure down the a axis.
(b) Projection of the structure down the b axis. Only the
central portion of the molecule is shown in order to em-
phasize certain features of the packing. (¢) Projection of
the structure down the ¢ axis.
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Table 8. Equations of least-squares planes expressed in
the form:

AX+BY+CZ+D=0

(Orthogonal coordinates)

Plane
num- Atoms in
ber L.S. fit A B C D
1 Te, C,,C, 0-00484 —0-33677  0-94158 8357
2 Phenyl
group I 0-50043 —0-00519 —0-86576 —7-501
(C-Cy)
3 Phenyl
group II  0-43432 —0-05922  0-89881 10-715
(C;=Cyo)

Table 9. Distances of atoms from L.S. planes, in A
(a) Plane 1 (Te, C,, C,)

Te 0-000 Cy 0-000 C, 0-000

I, —2-941 C, 0-660 Cq 0-608

I, 2-918 C, 0-559 Cy 0-552

Cl, —0-506 C, -—0-228 Cio 0-000

Cl, 0-118 Cs —0-844 C,, —0-632
Cs —0-776 C,, —0612

(b) Plane 2 (Phenyl group T)

C, 0-002 C, 0-020 Te 0-279

C, —0-005 C, —0-023 Cl, 0-203

C, —0-006 Ce 0-012

Mean distance of C atoms from Plane: 0-011 A.

(¢) Plane 3 (Phenyl group II)

C, 0-006 Cio 0-019 Te 0-110

Cq 0-000 C,, —0-012 Cl, 0-137

Cy —0-013 Cio 0-000

Mean distance of C atoms from Plane: 0-008 A.

even though not required by the symmetry 2. Not
only are three of the latter atoms out of Plane 1,
the atoms do not pair off as anticipated. Inspection
of the data for the planes through the two phenyl
groups shows that the rings themselves are planar
within the standard deviations of the carbon atoms.
However, the Te and Cl atoms are significantly out
of the planes of their respective rings. Further evidence
of molecular distortion is found in the comparison
of the Cl;---Te---Cly angle of 111-1+0-2° with
the C;-Te-C; bond angle of 101-1+1-0° and this
emphasizes the danger of using the former as a measure
of the bond angle at the central atom. All of the
irregularities noted above are so much greater than
the standard deviations involved that their reality
can scarcely be doubted. It is interesting to note that
although bonds to the phenyl groups may be bent out
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of plane by several degrees, the rings themselves
retain their planarity.

A study of the distortion of the molecules in rela-
tionship to the intermolecular packing shows that the
observed distortion permits a more efficient packing.
If one keeps the Te, I;, Iz, C; and C; atoms fixed in
their observed positions and then arranges the remain-
ing atoms according to an ideal (undistorted) model,
the shortest I-Cl, C1-C (and Cl-H) packing distances
become some 0-25 to 0-35 A shorter.

In reviewing the structure of (C¢Hs)2TeBrs, a similar
distortion of the molecular structure was noted. In
that case, the Te atom was observed to be 0-134 A
out of the least-squares plane of the six carbon atoms,
while the ring is again planar, within standard devia-
tions. Also the angle C4---Te---Cy is 97-7° com-
pared to the C;—-Te-C; angle of 93-9°. The difference
in this case is more than three times the standard
deviations of 0-7° and 1-2° respectively.

Further studies of appropriate EB:SeXs and R;TeXs
compounds are planned in order to learn more about
the ‘dihalide’ versus the ‘molecular complex’ rela-
tionship.

The authors wish to thank the National Science
Foundation for their financial support of this research
through Grant NSF — G 12884, also the Numerical
Analysis Research Project of the UCLA Department
of Mathematics and the Western Data Processing
Center for the use of the IBM 709 and 7090 com-
puters. The authors are also grateful to Peter K.
Gantzel, who wrote many of the routines used in the
refinement and to Mary E. Burke and Melvin K.
Colby for advice and assistance in connection with
the computing.

References

Crao, G. Y. & McCurrouGH, J. D. (1960). Acta Cryst.
13, 727.

Crao, G. Y. & McCurrovucgH, J. D. (1961). Acta Cryst.
(In press.)

CHRISTOFFERSON, G. D. & McCuLrougH, J. D. (1958).
Acta Cryst. 11, 249,

CHRISTOFFERSON, G. D., SPARKS, R. A. & McCULLOUGH,
J. D. (1958). Acta Cryst. 11, 782,

Dawson, B. (1960). Acta Cryst. 13, 403.

LEDERER, K. (1916). Ber. dtsch. chem. Ges. 49, 2002.

McCuLLouGH, J. D. & HAMBURGER, G. (1941). J. Amer.
Chem. Soc. 63, 803.

McCurLougH, J. D. & MarsH, R. E. (1950). Acta Cryst.
3, 41.

McWEENEY, R. (1954). Acta Cryst. 7, 180.

RomMming, C. (1960). Acta Chem. Scand. 14, 2145.

TroMmAas, L. H. & UMmEDA, K. (1957). J. Chem. Phys. 26,
293.



