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The crystal structures of the compounds Tes(AICL); (A) and Tes(Al,Cly); (B) have been determined from three-dimensional
X-ray diffraction sttidies using peak height data collected with an automated diffractometer. Both structures were derived
by Patterson and Fourier méthods and were refined by full-matrix least-squares techniques with anisotropic temperature
parameters being employed in the final stages. Compound A occurs in the orthorhombic space group Pbea with ¢ = 10.746
(5),b = 14.112 (5),and ¢ = 11.843 (5) A and four Te4(A1C14)2 units per cell (donsa = 8.04 (6) g cn ™3, deatoa = 3.135 g em™3),
A total of 2616 independent reflections were Used in the structure derivatior, with 1501 data above background giving final
conventional values of R = 0.073 and Rw = 0.077. The structure consists of planar and almost square Tes?* units [(d(Te—
Te) = 2.8738 (17) and 2.6633 (16) A; angles of 89.90 (4) and 90.10 (4)°] and approximately tetrahedral AICl,~ anions.
Com‘pound B occurs in the monoclimc space group P2/c with ¢ = 9.113 (4), b = 11.151 (6), ¢ = 13.096 (5) A, 8 = 90.20
(2)°, dobsa = 2.8 (2) g cm ™3, and dentea = 2.781 g cm ™8 for two Te4(A1 Cly); units per cell. A total of 4896 independent re-
ﬂectxons were used for the structure determination, 1736 data above background giving final residuals of 0.090 and 0.081
(Rw). The compound also has nearly square Tes®* units [2 6599 (16) and 2.6610(18) A edges, 89.81 (4) and 90.19 (4)°
angles] plus (CL;AICIAICY;)~ anions in the staggered conformation with an Al-Cl-Al bridge angle of 110.8 (3)° Chemical
features of note are (1) the bonding within the Tes?t cation, (2) the coordination of anion chlorine to the cation in both struc:
tures to give substantially planar arrays, (3) a discernible interrelation of the two structures, and (4) the apparent interionic
Al-Cl interactions which lead to intetlocking chains of ALCl;~ anions in B,

Introduction SDS 010/1401 computer. The intensities of three standard

A recent investigation of the (TeCl, 4 4AICl)-Te
system? revealed three reduced phases were formed,
presumably tetrachloroaluminate salts of polytellutium
cations. The present paper reports the results of crys-
tallographic studies of two of these phases, namely,
Te42+<A1C14_)2 and T642+(A1C11_)2.

Experimental Section

Compound A [Tes2+(AICL )] was prepared as described
before? from a stoichiometric mixture of Te, TeCly, and AICI;
in a sealed Pyrex tube of 5-mm diameter and 30-mm length.
Since slow cooling of the molten mixture generally gave only
poorly formed crystals, the material used in the diffraction
study was obtained by recrystallization of A from trolten Na-
AlCl,. .

Compound B [Te *(Al;Cl;~),] was obtained during a phase
study of mixtures in which tellurium was less reduced than in
compound A. Dark, rose-colored crystals of B were obtained
after slow cooling of the molten mixture obtained by heating a
5-g mixture of Te, TeCl;, and AlCl; in the molar proportions
3:1:4toca.250° ina sealed evacuated Pyrex tube.

Single crystals of compounds A and B suitable for X-ray study
were selected under the microscopé ih a drybnx, mounted in thin-
wall Lindemann glass capillaries, and sealed under an atmosphere
of argon.,

The crystal of compound A selected was a rectangular plate
about 0.05 X 0.16 X 0.20 mm, which dimensions were parallel
to a, ¢, and b, respectively, of the orthorhombic unit cell. The
crystal of compound B used was approximated by a triargular
plate 0.25 X 0.20 X 0.27 mm and 0.13 mm thick. The latter
crystal had been removed from a solid matrix and developed
faces were not evident. Equiinclination Weissenberg photo-
graphs of both compounds taker at room temperaturé with Cu
Ko radiation (hkl, & = 0-4 for A, h = 0-6 for B) provided initial
unit cell parameters and information for space group assign-
ments. Better values for the cell constarits were obtained by
averaging those calculated from 28 values measured at room
temperaturé with Mo Ko radiation on an automated diffractom-
eter. The intensity data for all reflections up to 9 = 30° were
collected from the same crystals with Zr-filtered Mo radiation
on a Hilger-Watts four-circle diffractometer iriterfaced to an

(1) Work was performed in the Ames Laboratory of the U. 8. Atomic
Energy Commission. Presented at the 160th National Meeting of the
American Chemical Society, Chicago, Ill., Sept 14, 1970.

(2) D. J. Prince, J. D. Corbett, and B. Garbisch, Inorg. Chem., 9, 2731
(1970).

reflections were checked after meastitement of each 30 reflections
and were found to show no significant or systematic variations
in.intensities. In both cases only the peak heights were mea-
sured for each reflection and these were subsequently converted
to integrated intensities using peak height:integrated intensity
ratios measured for about 100 reflections over the range of 6
studied.?

The intensities of the individual reflections were corrected
first for background and then for Lorentz—polarization and ab-
sorption effects. The standard deviations were based on the
expression

o(I) = {Ir + In + (ExI7)? + (Eplp)? +
(Ealn)®} 4

where I is the total count, Is the background count, and Iy the
net count. The terms including Er, En, and Ea represent sys-
tematic errors in It, Is, and the transmission coefficient 4, re-
spectively.* For both structures reported here values of 0.03
for Er and Ex and 0.06 for Ea were employed.

Crystal Data.—Compound A formis deep purple crystals which
are crystallographically orthorhombic with lattlce dimensions

= 10.746 (5), b = 14.112 (5}, and ¢ = 11.845 (5) A. The sys-
tematic absences (hk0, & == 2n; Okl k # 2n; KOl 1 # 2n) uniquely
characterize the space group as Pbca (no. 61). A cast rod of
composition Te*(AICl~); (which exhibited small shrinkage
cracks) had a density of 3.04 (6) g cmi—3 compared with 3.135
g cm™? calculated assuming four Te2*(AICl™): units per cell.
A total of 2616 independent réflections were collected over one
octant at room temperature. Transmission coefficients, eval-
uated by numerical integration, varied from 0.28 to 0.66 (u
= 83 cm ™! for Mo K« radiation).

Compound B.—The deep rose-purple crystals found embedded
in the other phase of the mixture (TeCl: AICl;) were shown to be
monoclinic with lattice constants ¢ = 9.113 (4), b = 11.151
(6), ¢ = 13.096 (5) A, and 8 = 90.20 (2)°. The systematic
absences (k0l, ! # 2n; OkO, k& 5 2r) unambiguously establish
the space group as P2;/c (no. 14). A cast rod of the mixture
of 80 mol % B and 40 mol % TeCl;- AlCl; had a density of 2.6
(2) g em™®. The density of B was estimated by approximating
the density of the TeCl,- AICl; therein as the average of the
densities of TeCl; and of AICl;. The result, 2.8 (2) g cm™3, is in
good agreement with a valie of 2.781 g cm ™ calculated for two
Tes2*+(AlCly; 7 ) units per cell.

A total of 4896 independent reflections in the kk! and Rkl

(3) L. E. Alexander and G. S. Smith, Acta Crystallogr., 16, 983 (1962).
(4) S. A. Lawton and R. A. Jacobson, Inorg. Chem., T, 2125 (1968).



358 .Inorganic Chemustry, Vol. 11, No. 2, 1972

CoucH, LOKKEN, AND CORBETT

TABLE I
FiNAL PoSITIONAL AND THERMAL PARAMETERS FOR Te2H(AICl ),

Atom x/a /b z/c Jeits B2 Bsa B1e B B2

Te(1) 0.01034 (11) 0.07418 (7) 0.36796 (8) 1.453 (15) 0.583 (6) 0.655 (7) 0.153 (8) 0.005 (8) 0.069 (5)
Te(2) 0.39208 (12) 0.40989 (8) 0.43435 (9) 1.440 (15) 0.597 (6) 0.737 (8) —0.258 (8) —0.054 (8) —0.004 (6)
Al(1) 0.3892 (5) 0.3587 (3) 0.0844 (3) 1.10 (6) 0.54 (2) 0.59 (3) 0.02 (3) —0.07(3) —0.05(2)
Cl(1) 0.3823 (6) 0.1222 (5) 0.4093 (4) 2.40(10) 1.44(5) 0.60@3) —0.18(6) 0.10 4) —-0.15(3)
Cl(2) 0.0694 (5) 0.3308 (4) 0.3532 (5) 1.17 (6) 1,01 (4) 1.53 (6) 0.26 (4) 0.22 4) 0.13 4)
Cl(3) 0.3128 4) 0.4788 (3) 0.1716 (3) 1.47 (6) 0.59 (2) 0.96 (3) 0.223) —-0.214) —=0.18(2)
Cid) 0.2764 (b) 0.2396 (3) 0.1264 (4) 1.49 (6) 0.62 (2) 1.44 (5) —0.04 (3) 0.39 (5) —0.09 (3)

¢ Standard deviations of the least significant figures are given in parentheses.
The thermal parameters have been multiplied by 102

Baok?® + Bual? + 2Buhk + 281kl + 2Bs5k1)].

octants were measured. Refinement of the unit cell parameters
using the diffractometer data showed that the original choice
of axes made the angle 8 less than 90°. The orientation of the
coordinate system was transformed into the standard form with
B8 > 90° by reversing the direction of the positive @ and & axes
and converting the indices of the intensity data from A%/ and
hklto kkl and hkl, respectively. Transmission coefficients varied
from 0.415 t0 0.636 (g = 60 cm ~! for Mo K« radiation).

Structure Determination

Atomic scattering factors for the refinement of both structures
were taken from Hanson, ef al.5 Correction for the real and
imaginary part of anomalous dispersion were applied to the
tellurium atoms.® All calculations were carried out on the
IBM 360,/65 computer at the Iowa State University Computer
Center with the following programs: ABCoOR’ for absorption
corrections, ALF® for Tourier summation, ORFLS® for least-
squares parameter refinement, oRFFEY® for estimations of
errors, and oRTEP!! for figure illustrations.

Compound A.—A three-dimensional Patterson function was
generated from all the intensity data collected. Interpretation
of the vector map unambiguously yielded trial coordinates for
two independent tellurium atoms occupying eightfold general
positions of the space group Pbce. Positional parameters for
one aluminum and four chlorine atoms in general positions were
determined from Fourier syntheses in which the tellurium atoms
had been subtracted. The 28 positional and isotropic thermal
parameters for all atoms in the asymmetric unit were adjusted
in a full-matrix least-squares refinement using all 2616 indepen-
dent reflections. Three cycles of refinement produced values of
0.186 and 0.190 for R and R, respectively, where R = Z||F,| —
[Fo||/2|Fy| and Ry = [Zw(|Fo| — |F)t/Zu|Fol?}'/r with w =
s "% At this point a difference map showed no spurious peaks
of significance. Therefore it was concluded that the model was
complete and had the correct symmetry. Tull matrix refinement
now using anisotropic thermal parameters and all data resulted in
an R of 0.104 and an R, of 0.086.

The 1501 reflections for which |Fs| > 8cr were used in two
more cycles of refinement which converged at R 0.073, Ry
= 0.077. Further refinement produced no significant changes in
either the reliability indices or the estimated standard deviations
of the pararmeters. A final diffetence Fourier map indicated
that all atoms had been successfully located since the largest
feature on the map had a peak density of only 1 e A-% and this
occurred in the neighbothood of tellurium atoms.

Compound B.—A three-dimensional Patterson function was
generated from the intensity data. Interpretation of this map
yielded trial coordinates for two nonrelated tellurium atoms
occupying the fourfold general positions of the space group P2;/c.

(5) H.P. Hanson, F. Herman, J. D. Lea, and S. Skellman, Acta Crystallogr.,
17, 1040 (1964).

(6) “‘International Tables for X-ray Crystallography,” Vol. 1II, Kynoch
Press, Birmingham, England, 1962,

(7) D. J. Wehe, W. R. Busing, and H. A. Levy, ‘“Fortran Program for
Single Crystal Orienter Absorption Corrections,” USAEC Report ORNL-
TM-299, Oak Ridge National Laboratory, Oak Ridge, Tenn., 1962.

(8) J. Rodgers and R. A. Jacobson, USAEC Report IS-2155, Ames
Laboratory, Iowa State University, Ames, Iowa, 1967.

(9) W. R. Busing, K. O. Martin, and H. A. Levy, ““A Fortran Crystal-
lographic Least-Squares Program,” USAEC Report ORNL-TM-305, Oak
Ridge National Laboratory, Oak Ridge, Tenn., 1962.

(10) W. R. Busing, K. O. Martin, and H. A. Levy, ‘““A Fortran
Crystallographic Function and Error Program,” USAEC Report ORNL-
TM-306, Oak Ridge National Laboratory, Oak Ridge, Tenn., 1964,

(11) C. K. Johnson, “A Fortran Thermal Ellipsoid Plot Program for
Crystal Structure Illustration,” USAEC Report ORNL-3764, Oak Ridge
National Laboratory, Oak Ridge, Tenn., 1965.

b The form of the anisotropic ellipsoid is exp[ — (Buh? +

One cycle of a full-matrix least-squares refinement of their posi-
tional and isotropic thermal parameters (ca. 27 of the total elec-
tion density) was run using all 4896 independent reflections. A
difference Fourier map calculated with phases determined by
the tellurium atoms then revealed several peaks, some of which
could be interpreted as an aluminum atom approximately tetra-
hedrally surrounded by four chlorine atoms, all in general posi-
tions. A difference Fourier map generated after two more cycles
of isotropic least-squares refinement which included the five
lighter atoms just deduced indicated several peaks which could
be interpreted as four motre independent atoms in general posi-
tions. A model suggested that the remaining four atoms could
be one aluminum and three chlorine atoms which, along with the
four chlorines and one aluminum already located, would form a
singly bridged AlCl;~ anion. Assuming this trial structure
and stoichiometry werc correct, three cycles of isotropic least-
squares refinement with all data reduced the R to 0.262 and
R, t00.256. Despite the rather large residual values an electron
difference map revealed no peaks of significance.

Of the 4896 independent reflections which had been used up to
this point, 3092 could be rejected on the basis that |Fo| < 3or
(including those for which F, = 0 by extinction for the chosen
space group). The remainihg 1804 reflections were used in two
cycles of least-squares refinement with the residuals converging
at R = 0.198 and Ry = 0.191. Three more cycles using aniso-
tropic thermal parameters for all atoms reduced R to 0.109 and
Ry to 0.104. A differerice map revealed no peak larger than 1 e

—3

An examination of F, and F, revealed 68 high-angle reflections
(6 > 25°) which were weak (10|F,| < [F(,‘(max)) and for which
|F,| was greater than 10/F|. The indices of these questionable
reflections showed no systematic occurrences. Further refine-
ment without the 68 data reduced R to 0.090 and R, to 0.081,
during which the estimated standard deviations for the posi-
tional parameters and for the bond lengths both decreased by
about 0.001 A and the anisotropic thermal parameters changed
from 1 to 10 parts in 10¢. Since for all the 68 discarded reflections
| Fo| was within 15% of 3¢, small changes in the assignhed errors
in the definition of ¢(I) (vide supra) could have eliminated these
reflections a priori. A final difference map calculated using the
remaining 1736 reflections had no residual greater than 1 e A-s
and the larger of the remaining features occurred in the neigh-
borhood of the heavy atoms. A comparison of F, and F, for
the 3092 reflections rejected on a statistical basis revealed no
major discrepencies; i.e., || Fo| — | Fel| < 3o,

Results and Discussion

Compound A. Te(AlICl,),.—The final atorhic and
thermal parameters for the compound together with
their estimated standard deviations are given in Table
I.12  Since all aspects of the structure appear to justify
a description in terms of Te,2+ and AlCl,~ ions, the dis-
tances and angles within the Te;, and AICl, moieties
have been designated intraionic parameters in Table IT.
The interionic distances less than 4.1 A are listed in Ta-
ble ITI and a stereoscopic view of the structure is shown
in Figure 1.

(12) A table of the observed and calculated structure factors will appear
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 St.,
N.W., Washington, D. C, 20036, by referring to author, title of article,

volume, and page number. Remit check or money order for $3.00 for
photocopy or $2.00 for microfiche.
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Figure 1.—Stereographic view of the structure of Te®*(AICl™), looking down the a axis.

TaBLE 11
INTRAIONIC DISTANCES (A) AND ANGLES (DEG)
1N Te 2+t (AICL ™),

Te(l)-Te(2) 2.6738 (17)*  Te(1)-Te(l”) 3.771 (2)
Te(1)~Te(2) 2.6633 (18) Te(2)-Te(2") 3.777 (2)
Al-CI(1) 2.093 (6) C1(1)~C1(3) 3.499 (6)
Al1-CI(2) 2.110 (7) CI(1)~Cl1(4) 3.421 (7)
Al-CI(3) 2.149 (6) C1(2)~Cl1(3) 3.472 (7)
Al-C1(4) 2.130 (6) ClL(2)~-C1{4) 3.410 (7)
CI(1)-C1(2) 3.522 (8) CI1(3)-Cl(4) 3.440 (8)
Te(1)-Te(2)~Te(l") 89.90 (4) Ci(1)~Al-Cl1(4) 108.2 (3)
Te(2)-Te(1)-Te(2") 80.10 (4) C1(2)-A1-C1(3) 109.2 (3)
C1(1)~Al~-Cl1(2) 113.8 (3) Cl1(2)-A1~-C1(4) 107.1 (3)
C1(1)~AI~C1(3) 111,2 (3) Cl1(3)-Al-Cl1(4) 107.0 (3)

a Equation of Tes plane centered at /3, /3, */2is —1.2457x +
y + 0.6627z — 0.2085 = 0.

The compound contains approximately square Te,*
and tetrahedral AIClL;~ ions. The Tes?* unit occurs
about a center of symmetry and is therefore planar.
The two edges of the cation differ by 0.010 A or about
6 times the standard deviation of either, while the angles
differ from 90° by only 0.1°, or 2.5 times the standard
deviation in each. The Al-Cl distances in the anion
average 2.12 A, the range from 2.09 to 2.15 A being 10
times the individual deviations, while the Cl-Al-Cl an-
gles vary from 107 to 114° and average 109.1°. The
longer Al-Cl distances (and to a lesser extent the smaller
thermal parameters) occur for those chlorines which
also have the closer tellurium neighbors (Table III).
This aspect will be considered later when the interionic
interactions and packing in the two structures are
treated together. The Al-Cl distances found here are
quite similar to those which occur in Ses?(AICl™);.!8

Compound B. Tey(ALCl;),.—This compound con-
tains a very similar Te "t cation together with a clear
example of the oft-postulated anion Al;:Cl;~. The final
positional and thermal parameters for the compound
are given in Table IV.12 The intrajonic distances and
angles are given in Table V, and the interionic distances
less than 4.1 A, in Table VI. A stereoscopic view of the
packing is shown in Figure 2.

The Te+ cation again occurs at a center of sym-
metry. In this case the independent edges of the cat-
ion differ by only 0.0011 A, or less than a single stan-
dard deviation, whereas the angles deviate from 90° by
0.19° or Be. The AL, Cl;~ ion occurs in the staggered

(18) R. K. McMullan, D. J. Prince, and J. D. Corbett, Inorg. Chem.,
10, 1749 (1971).

TasLE III

INTERIONIC D1sTANCES (A) IN Te2+(AICL ™), <4.1 A

Distance Angle®
C1(2)-C1(4) 3.717 (8)
C1(3)-Cl(4) 3.844 (7)
Te(2)-C1(3)) @ 3.202 (4))= 5.3
Te(1)-Ci(3) 3.370 (4)
Te(2)-Cl(4) 3.343 (5 9.4
Te(1)-Cl(4) 3.434 (4)(
Te(1)~Ci(1) 3.625 (5) 30.8
Te(1)-C1(2) 3.687 (4) 42.5
Te(l)—Cl(3)} 3.753 (5) 67.3
Te(2)-CL(3) 3.900 (5)
Te(2)-C1(2) 3.768 (5) 23.2
Te(2)-Cl{2) 4,089 (8) 55.1
Te(2)-Ci(1) 4.078 (6) 35.9
Te(1)-Ci(1) 4.083 (7) 58.0

e Brace designates chlorine atom bridging edge of the Tes?*
unit and distance therefrom. ¢ Angle (deg) that the line between
designated atoms makes with the plane of the Te;?* cation.

conformation and contains an approximate plane of
symmetry, as shown in Figure 3. The terminal Al-Cl
distances average 2.10 A, with a range of 2.08-2.13 A or
7¢. The two longer Al-Cl distances again occur for
those chlorine atoms which have the closer tellurium
neighbors, C1(1) and CI1(5). Inspection of the figure
will confirm that the terminal Al-Cl bonds are bent to-
ward the bridging Cl(4) so that the angles Cl(x)-Al-
Cl(4) average 105.1° (with a range of 5.7°) whereas
those angles which do not involve Cl(4) average 8.4°
larger (with a 5.5° range). The largest angle in the
former set occurs for C1(6) which has an additional non-
bonding chlorine contact across the bridge.

The distances within the ALCl;~ anion seem quite
reasonable, with the chlorine—chlorine contacts around
the outside of the molecule, 3.47-3.59 A, when both are
bonding to the same aluminum, being reasonably close
to twice the standard van der Waals radius of chlorine
(3.6 A). The chlorine neighbors of the bridging Cl(4)
occur at distances up to ~0.1 A less than just noted,
which is plausible since a divalent chlorine atom should
have a smaller van der Waals radius. This may also
account for the bending of the terminal aluminum-
chlorine bonds toward the bridge noted above although
packing interactions may also be involved (vide infra).

The independent tellurium—-tellurium distances found
in the Te 2+ cations, 2.662 A in three cases and 2.67 A
in the fourth, seem quite appropriate as far as can be
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TABLE IV
FixaL PosiTioNAL AND THERMAL PARAMETERS FOR Te 2T (AlyCly~ )

Atom x/a ¥/b z/¢ Bu B Bss B2 Bis Bos

Te(l) 0.5643 (2) 0.8441 (1) 0.0329 (1) 1.31(2) 0.65(1) 0.77 (1) 0.02 (1) =0.52(1) 0.04 (1)
Te(2) 0.6800 (1) 0.0626 (1) 0.0455 (1) 1.08 (2) 0.82(1) 0.88(1) —0.11(1) =—0.68(1) —0.02(1)
Al(1) 0.8818 (6) 0.8221(5) 0.2946 (4) 0.91(8) 0.91(6) 0.39(4) —0.03(®) —0.37 (4) 0.02 (4)
Al(2) 0.2613 (6) 0.9222 (5) 0.3446 (4) 0.93 (8) 0.74 (5) 0.45 4) 0.02 (6) —0.28(5) —0.02 (4)
Cl(1) 0.9073 (6) 0.8282(5) 0.1332(3) 1.53(9) 1.16(6) 0.39(3) 0.05(6) —0.45(4) —0.00(4)
Cl(2) 0.6727 (6) 0.8777(5) 0.3371(5) 0.96 (8) 1.22 (6) 1.01 (5) 0.13 () =0.15(5) —0.19 (5)
Cl(3) 0.9524 (6) 0.6650 (4) 0.3677 (4) 1.29(8) 0.83(5) 0.50(3) 0.00 (5) —0.344) 0.10 (3)
Cl(4) 0.0256 (5) 0.9714 (4) 0.3554 (4) 1.09 (7) 0.72(4) 0.62(4) 0.05(5) —0.24(4) —0.12(3)
Cl(5) 0.3131(7) 0.8630 (5) 0.4939 4) 2.1(1) 0.94 (5) 0.52 4) 0.41 (6) —0.54 (5) 0.02 (3)
Ci(6) 0.2814 (6) 0.7829 (5) 0.2384 (4) 1.54(9) 1.06(6) 0.51 (4) —0.10(6) —0.14(5) —0.23 (4)
CI(7) 0.3686 (6) 0.0806 (5) 0.3010(5) 1.25(8) 0.77(5) 1.16(5) —0.07(5) ~—0.45(5) 0.20 (4)

e Standard deviations of the least significant figures are given in parentheses.

Back? + Bsl? + 2B1hk + 2813kl 4 2Bxkl)].

® The form of the anisotropic ellipsoid is exp[ — (8u4? +

The thermal parameters have been multiplied by 102.

Figure 2.—Stereographic view of the structure of Tes2T(Al;Cly ), looking down the ¢ axis.

TABLE V
INTRAIONIC Distances (A) AND ANGLES (pEG)
IN Te F(ALClL ™),

Te(1)-Te(2) 2.6599 (16)®  Te(l)-Te(l) 3.769 (2)
Te(1)~Te(2’) 2.6610 (18)  Te(2)-Te(2’) 3.756 (2)
CI(1)-AL(1) 2.128 (7) Cl(5)-A1(2) 2,115 (7)
C1(2)-Al(]) 2,081 (8) C1(8)-A1(2) 2,094 (7)
C1(3)~-Al(1) 2.007 (7) Cl(T)-A1(2) 2.099 (7)
Ci(4)-Al(1) 2,262 (7) Cl(4)-Al1(2) 2,222 (7)
Te(l)~Te(2)-Te(1’) 89,81 (4) Al(1)-CL(4)-A1(2) 110.8 (3)
Te(2)~Te(1)-Te(2) 90.19 (4) CI(1)~AN(1)-C1(2) 111.0 (3)
Cl(4)~Al(1)~CI(1) 105.2 (3) CK1)~A1)~-C1(3) 116.5 (3)
Cl(4)~Al(1)~C1(2) 102.5 (3) CL(2)-A(1)-CI(3) 114.0 (3)
Cl(4)~Al(1)~C1(3) 106.1 (3) C1(5)-A1(2)-CI(6) 111.3 (3)
Cl(4)-A1(2)~C1(5) 103.4 (3) C1(5)~A1(2)~CI1(7) 114.3 (3)
Cl(4)-A1(2)-CI1(8) 108.2 (3) CL(6)~-A1(2)~CI(7) 113.7 (3)
Cl(4)-A1(2)-C1(7) 105.1 (3)
Nonbonding <5.5 A

Al(1)~AL(2) 3.690 (8) Cl1(3)-Cl1(4) 3.485 (7)
Al(1)-C1(6) 3.743 (7) C1(3)-C1(5) 4.287 (1)
C1(1)-C1(2) 3.469 (8) C1(3)~C1(8) 3.691 (8)
Ci(1)-C1(3) 3.592 (6) CL(4)-C1(5) 3.404 (7)
CI(1)~C1(4) 3.487 (6) C1(4)-C1(8) 3.498 (7)
CI(1)-C1(8) 3.708 (7) CL(4)-C1(7) 3.432 (7)
C1(2)~-C1(3) 3.504 (7) C1(5)-C1(6) 3.474 (7)
C1(2)-C1(4) 3.380 (7) C1(5)-CL(T) 3.540 (7)

CH{(B)-CI(7) 3.510 (7)

@ Equation of plane of Te7 cation centered at /s, /s, 1/s is
3.0512x + y — 10.696z + 3.3224 = 0.

judged. In the element the distance within the spiral
chain is 2.864 A, with four more neighbors in adjacent
chains at 3.468 A.1¢ An interesting comparison can be
made using the covalent radii given by Pauling, 2.74 A
for the single bond and 2.54 A for the double.’s  If these
are used to calibrate the familiar Pauling bond order
equation, the distance observed in Tes* corresponds to

(14) M. Straumanis, Z. Kristallogr., Kristallgeometrie, Kristallphys.,
Kvristallchem., 102, 432 (1940),
(15) L. Pauling, ‘““The Nature of the Chemical Bond,” 2nd ed, Cornell

University Press, Ithaca, N. Y., p 224.

Figure 3.—Parameters of the Al;Cl;~ ion in Te? T(ALCl ™ ).

a bond order of 1.3. The number of bonds per edge ac-
cording to the MO8 is a relatively unambiguous 1.25 for
such a species (ajz)2(byy)2(e,)*(az,)?(eg)* although the
numerical agreement with the Pauling bond order must
be considered largely coincidental because of the sub-
stantial differences in the two approaches. (A MO
bond order of 1.5 given' for the analogous Se4?* is an

(16) J. D. Corbett, Inorg. Nucl. Chem. Lett., §, 81 (1969).
(17) I. D. Brown, D. B. Crump, R. J. Gillespie, and D. P. Santry, Chem.
Commun., 854 (1968).
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TaBLE VI 3

INTERIONIC D1sTANCES (A) IN Te2+(ALCh ™) <4.1 A
Distance Distance Distance Angled
CL1)-CI(3) 3.504 (7) CI(1)~CI(7) 3.835 (8) Te(l)—Cl(5)}“ 3.290 (5) 3.6
Cl(5)-C1(8) 3.603 (7) Cl(4)-Cl1(4) 3.869 (7) Te(2)-Cl(5) 3.390 (8) 1.9
C1(2)-CI(7) 3.608 (7) Cl1(2)-Cl(5) 3.876 (8) Te(1)-Cl | 3.392 (5) 6.6
C1(3)-Cl(4) 3.639 (7) Cl1(2)~Cl(8) 3.934 (7) Te(2)-CI(1)/ 3.525 (5)/ 4.9
C1(2)-C1(5) 3.644 (7) C1(8)-C1(7) 3.042 (8) Te(1)-C1(2) 3.699 (8) 52.8
C1(3)-C1(6) 3.691 (7) CI(1)-CI(3) 3.967 (8) Te(1)-C1(7) 3.706 (8) 26.5
Cl(7)-AlQ1) 3.743 (6) C1(5)-C1(7) 3.999 (7) Te(1)-C1(7) 3.714 (6) 4.2
CL(8)-C1(7) 3.779 (7) C1(1)-Cl(4) 4.028 (8) Te(2)-Cl(3) 3.764 (5)} 48.9
Cl(2)-A1(2) 3.784 (8) 3.793 (6) 58.1

C1(2)~CI(7) 3.792 (7)

o Brace denotes chlorine atom bridging edge of the Tes™* cation.

the plane of the Te* cation.

energy parameter based on coefficients of occupied
orbitals and so is not comparable.)

It is interesting to note that the more distorted cation
found in Te,(AICly), shows a slight splitting (9 em™?!) of
the otherwise degenerate (e,) ir frequency near 130
cm~!, whereas Tes(Al,Cly),, with the evidently more
symmetric cation, does not show a discernible splitting.
The splittings of »3 and »4 for AlCl4~ in the former com-
pound? are not inconsistent with the distortions found.

Two features of the packing in the two structures are
of interest: (1) the apparent secondary interaction of
the ALCl;~ ions to form chains and (2) some unique fea-
tures of the chloride~tellurium contacts in both struc-
tures. There are no interionic chlorine—chlorine con-
tacts which are particularly short, but the Al,Cl;~ an-
ions pack in such a way as to give each aluminum atom
an additional chloride neighbor at 3.74-3.78 A, which
is comparable to the Al(1)-Cl1(6) distance already pres-
ent within the AlL,Cl;~ anion (Figure 3). Thus CI(7)
rather symmetrically approaches the C1(1)-Cl1(2)-Cl1(3)
face of another anion to rather normal van der Waals
distances (3.78-3.84 A), while C1(2) is situated over the
Cl1(5)-CI1(6)-CI1(7) face similarly but somewhat less
symmetrically (3.61-3.93 A). The net result is to give
interlocking chains of anions throughout the structure,
though the interaction forces must be relatively weak.
The location of these two types of interactions is marked
by dashed lines in Figure 2.

The chlorine-tellurium interactions in both struc-
tures appear to have some significance. It is obvious
from an inspection of Tables IIT and VI that the effec-
tive contact radius of tellurium in the Te,?* cation is
extremely anisotropic, the ion being substantially ‘‘fat-
ter” in the normal or = direction than it is in or near the
plane of the cation. For example, in the structure of
Tes2+(AICL ™), the cation is ‘‘sandwiched” approxi-
mately between the faces of two AICl,~ anions (Figure
1), with Te-Cl distances of 3.6-3.7 A; similar Te-Cl
distances are also found in compound B more or less
normal to the plane of the cation. The resultant van
der Waals contact radius of 1.8-1.9 A for tellurium com-
pares reasonably well with 1.72 A for the secondary
neighbors in the element, and 1.7-1.8 A derived from
the Te-I bridging distances in TeMe,Iz;®!® however it
is not immediately obvious that such a correlation
should be particularly significant. In contrast to the
distances found for chlorine atoms at large angles to the
plane, those which are positioned in or near the plane of

(18) F. Einstein, J. Trotter, and C. Williston, J. Chem. Soc. A, 2018
(1967).

(19) The 2.2-4 value commonly given for the contact radius of tellurium
is that derived for Te?™ and is again? quite inappropriate.

Te(2)-Cl1(6)
Te(1)-Cl1(6)
b Angle (deg) that the line between designated atoms makes with

the Te?t cation (Table III and VI) occur at distances
as low as 3.29 A, or 0.3 A less. Furthermore, these
closer atoms at lower angles are in both structures posi-
tioned so as to bridge all edges of the Tes*T ions, the eight
independent Te-Cl distances ranging from 3.29 to
3.52 A.

The bridging interaction would appear to be rather
specific, and inspection of the molecular orbitals in-
volved!® suggests that this planar coordination is quite
reasonable in a bonding sense. The lowest empty MO
which is not buried in the already filled 7 cloud of the
cation is of e, symmetry and derives from radial and
tangential p orbitals lying in the plane of the cation;
the resultant MO has positive = (but negative ¢) over-
lap which would give a distribution appropriately dis-
posed for the observed coordination. The apparent
specificity of this interaction, in spite of what must be
an extremely low basicity for chloroaluminate anions,
suggests that the absence of coordinative bonding may
in some cases be as important as an electrostatic basis
for the concept of ‘‘acid stabilization.”?® In other
words, the present structures appear to give a glimpse
of the coordination which would precede decomposition
when such an electrophilic cation might form in a more
basic system.

The packing found in the two structures is sufficiently
similar that it is possible to describe their interrelation-
ship rather simply using the views of the structure
shown in Figure 4. First, half of the Te, 2+ units are re-
moved from the Te2+(AICl ™), arrangement (bottom),
specifically all of those centered on the b and ¢ axes or
along the left and right sides of the unit cell shown.
The AICl,~ ions occur in this projection almost as pairs
and do so in space if those with «x coordinates ~0.1 and
0.9 are translated by +¢/2. The ALCl;~ dimers then
can be easily generated by rotation of the AICl,~ units,
elimination of one chloride between them, and transla-
tion of these parallel to a (left and right) partly out of
the unit cell, again to fill space left by the cations elimi-
nated. The remainder of the structure (Figure 2) is
generated by unit translations of the dimeric anions.

As far as can be deduced the Al,Cl;~ anion found in
the present study seems relatively unperturbed by the
cation and as such should serve as a good model for in-
terpretation of melt spectra attributed to it.2! The ap-
parent sharpness of the spectra reported suggests there
may not be a great deal of conformational mobility in-

(20) J. D. Corbett, W. J. Burkhard, and L. F. Druding, J. Amer. Chem.
Soc., 88, 76 (1961).

(21) S. J. Cyvine, P. K. Klaboe, E. Rytter, and H. A. @ye, J. Chem. Phys.,
82, 2776 (1970); G. Torsi, G. Mamantov, and G. M, Begun, Inorg. Nucl.
Chem. Lett., 6, 553 (1970).
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Figure 4.—A comparison of the packing in Tes2 (AICl ™),
(bottom) and Te2T(ALCl; ™), (top) looking down the b and ¢
axes, respectively. Anions related by unit translations have been
omitted.

volved. The assumption of a linear chlorine bridge,
although a great simplification for vibration assign-
ments, is not reasonable for either AlyCl;~ or Ga,Cl;—.22

The crystal structure of another compound appar-
ently containing an Al,Cl;~ anion was reported a short
time ago, namely, in the compound Pdy(CeHs)a(Al-
Cly),,?® although the uniqueness of the discovery was

(22) M. ]J. Taylor, J. Chem. Soc. A, 2812 (1970).
(23) G. Allegra, G, T, Casogrande, A. Immirzi, L. Porri, and G. Vitulli,
J. Amer. Chem. Soc., 92, 289 (1970).

CoucH, LokkEN, AND CORBETT

Figure 5.—Parameters of the ALCl;~ ion in Pda(CsHs )2 (AL Cly),
(calculated from data in ref 23).

evidently not recognized. Since the original paper did
not report all of the pertinent parameters for the anion,
those recalculated from their positional data are shown
in Figure 5 for comparison with Figure 3. The most re-
markable feature of this anion is its occurrence in the
eclipsed conformation. However, there is evidently a
relatively strong coordination of CI(1) to Pd since the
Al(1)-CI(1) distance is approximately 0.04 A longer
than the other Al-Cl distances, while the CI(1)-Cl(2)
nonbonding distance is only 3.28 A, about 0.1 A less
than found in the present work when only one of the
chlorine atoms is bridging. In the eclipsed form the
bridge angle is about 8° greater and the chlorine—chlo-
rine contacts across the bridge are almost 0.2 A larger
than in the structure reported here. (Average stan-
dard deviations were reported as 0.01 A in Al-CI dis-
tances and 0.5° in angles at aluminum.) Itisnotatall
obvious why the eclipsed conformation should be more
stable in the palladium compound since the staggered
arrangement would obviously suffer fewer nonbonded
interactions. The principal difference in the environ-
ment, the evidently strong coordination of one chlorine
to the Pdy(CeHg)e unit, may be indirectly responsible.
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