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The new compound Tlg[Ge,Tes] was prepared by thermal synthesis from the elements. The material is
triclinic, space group P1, with a = 9.471(2), b = 9.714(2), ¢ = 10.389(2) A, a = 89.39(1), 8 = 97.27(1), ¥y
= 100.79(1)°, and Z = 2. The crystal structure was determined from single-crystal intensity data
measured by means of an automated four-circle diffractometer and refined to an R value of 0.053 for
1831 observed reflections. Tls[Ge,Teg) is characterized by Ge,Teg units with Ge~Ge bonds which are
linked into a three-dimensional structure by Tl atoms coordinated to essentially six Te atoms. The
most important mean distances are d(Ge—Ge) = 2.456 A, d(Ge-Te) = 2.573 A, and d(T1-Te) = 3.515
A. The lone 65 electron pairs of the thallium(I) atoms exhibit significant stereochemical activity.

Tls[Ge,Teq] represents a new structure type.

Introduction

The occurrence of the ternary phases
TLGeTe; (1), TIGeTe, (1), TlgGeTes (2),
and T1,GeTe, (2) in the TI-Ge-Te system
has been reported. Recently, Kulieva ef al.
(3, 4) studied phase equilibria and thermo-
dynamic properties in the same system and
confirmed the ternary phases mentioned
above. However, no structural data for the
Tl-Ge-Te phases except for the lattice pa-
rameters of TlgGeTes (3) have been pub-
lished so far. After examining the crystal
structures of several compounds in the Ti-
Ge-S and T1-Ge-Se systems (5), we began
studying the structural principles of corre-
sponding tellurium compounds. The struc-
ture analysis of the hitherto unknown com-
pound TIlGe,Tes] revealed anionic
[Ge,Teglé™ groups, identical with those pre-
viously described by Dittmar (6) for
K¢[Ge,Teg], as features of the new phase.
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The Ge atoms in the anion [Ge,Teg]é~ are
formally trivalent; one of the four bonds
formed by these atoms is a Ge-Ge bond,
the remaining ones being Ge-Te bonds.
Taking into account the well-known simi-
larity between TI* and alkali-metal cations
such as K* and Rb*, it appeared to be of
considerable interest to compare the struc-
ture of Tl[Ge,Tes] with that of K¢[Ge,Teg].

Experimental and Structure Determination

The compound Tlg[Ge,Tes] was prepared
from the elements which were sealed in
stoichiometric quantities in an evacuated
quartz glass ampoule. The ampoule was
kept at a temperature of 500°C for several
days to obtain a homogeneous melt. On
cooling to 300°C the material solidified; af-
ter holding the temperature at this value for
2 days the ampoule was cooled to room
temperature within 1 day. The homogene-
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Tls[GezTes] STRUCTURE

ous reaction product had a gray metallic ap-
pearance and was stable in the atmosphere.
From a fractured regulus of the material it
was possible to isolate irregularly shaped
single crystals suitable for X-ray diffraction
experiments. Buerger precession and De
Jong-Bouman photographs taken on an
Explorer camera (STOE) with MoK« radia-
tion showed the unit cell of Tl[Ge,Teg] to
be triclinic. Preliminary lattice parameters
were determined.

A single crystal of the material with the
approximate dimensions 0.25 x 0.25 x 0.33
mm was transferred to a Syntex P2, four-
circle single crystal diffractometer. After
centering 25 strong reflections with 26 val-
ues ranging from 21.5 to 33.5° using MoK«
radiation, least-squares refinement gave the
lattice parameters in Table 1.

The intensities of 2618 reflections with 26
= 45° and h = 0 were measured using the w
scan mode (scanning width Aw = 2°, graph-
ite monochromator, MoK« radiation). An
experimental absorption correction based
on the ¢ scan data of eight suitable reflec-
tions was applied using the program
TAPER of the XTL system of programs.
After applying the Lorentz- and polariza-
tion corrections and averaging symmetry-
related intensities, 2437 unique structure
amplitudes were obtained.

The statistical evaluation of the normal-
ized structure factors indicated a center of
symmetry; as a consequence the space
group P1 was selected for further calcula-
tions. The crystal structure was solved by
means of a direct method (‘‘centrosymmet-

TABLE 1
CRYSTAL DATA OF Tlg[Ge,Teg]

Tric!inic, space group Pl
9.4706(17) A

a= Z=2

b= 9.7140(15) vV =9312 4

c = 10.3890(16) M, = 2137.0

a = 89.387(12)° D, =1762gcm>

B = 97.270(13)
v = 100.789(14)

w(MoKa) = 649.5 cm™!
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ric direct methods’’ of the program system
SHEL-X) and successive difference
Fourier syntheses. The final least-squares
refinement (programs FMLS and BLOCK
of the XTL system) with anisotropic tem-
perature factors converged to R (conven-
tional) = 0.053 and R (weighted) = 0.051 [w
= 1/0UF),|Fos = 3.920(F), 1831 observed
reflections]. The coefficients for the analyti-
cal approximation to the atomic scattering
factors and the corrections for anomalous
dispersion were taken from the Interna-
tional Tables of X-ray Crystallography (7).

The calculations were in part performed
using the SHEL-X 76 system (8) imple-
mented on an ICL 2906 computer, in part
using the XTL system of programs (Syntex
Analytical Instruments, Inc., Cupertino,
Calif.) on a NOVA computer. The final
structural parameters are summarized in
Table II. A list of observed and calculated
structure factors can be obtained from the
author upon request.

It deserves attention that Tlg[Ge,Teg] is
not contained in the phase diagram of that
Tl-Ge-Te system as published by Kulieva
et al. (3, 4). The available data do not per-
mit a convincing resolution of this discrep-
ancy and further work on the phase equilib-
ria in this system appears to be necessary.
However, at the present it cannot be ex-
cluded that the compound referred to as
“TL,GeTe,”’ by Kulieva et al. is identical
with Tlg[Ge,Teg} described in this work.

Structure Description and Discussion

The crystal structure of Tl[Ge,Teg] is
characterized by centrosymmetric anionic
groups [Ge,Tegl®~ which contain pairs of
Ge atoms forming a Ge-Ge bond. Each Ge
atom is further bonded to three Te atoms,
thus attaining tetrahedral coordination (Fig.
1). The Ge;Teg group has staggered confor-
mation with respect to rotation about the
Ge-Ge axis. Hence the geometrical config-
uration of the Ge,Tes group (point group 1)



308

G. EULENBERGER

TABLE II
STRUCTURAL PARAMETERS OF Tlg[Ge,Teg]

x y 4 By By Bsy; By, B3 £y
TI(1) 3649(2) 2261(2) 9121(2) 2.81(10) 3.63(10) 1.63(9) 0.91(8) 0.24(8) 0.54(7)
TI(2) 985(2) 4351(2) 6518(2) 2.14(9) 2.76(9) 1.54(8) 0.83(7) 0.30(7) —0.05(7)
TI(3) 936(2) 450(2) 3519(2) 4.58(12) 3.19(11) 3.71(11) 1.3209) -2.00(10) -—1.149)
TI(4) 4912(2) 3813(2) 3531(2) 2.70(10) 2.2909) 3.28(10) 0.44(8) 0988y ¢ W-(8)
TI(5) 6883(2) 2841(2) 7581(2) 1.92(9) 2.3009) 2.04(8) —0.36(7) 0.19(7) —0.60(7)
TI(6) 8002(2) 1447(2) 1480(2) 3.51(11) 2.89(10) 2.98(10) 0.61(8) 1.15(8) 0.89(8)
Ge(1) 936(4) 4275(4) 171(4)  0.53(18) 1.25(18) 1.3420) —0.03(15) 0.21(15) -0.14(15)
Ge(2) 5782(5) 151(4) 4131(4) 1.09(19) 1.00(18) 1.15(19) 0.18(15) 0.33(15) 0.09(15)
Te(l) 4184(3) 679(3) 2065(3) 1.84(14) 1.98(13) 1.06(13) —0.08(11) —0.19(11) 0.37010;
Te(2) 3167(3) 2113(3) 5903(3) 1.95(13) 1.62(13) 1.18(13) 0.69(11) 0.49(11) » —0.17(10)
Te(3) 24(3) 1970(3) 8917(3) 1.54(14) 1.53(13) 1.92(14) —0.27(11) 0.51(11) % —0.63(10)
Ted) 6853(3) 4360(3) 802(3) 0.82(13) 2.11(13) 1.69(14) —0.28(11) 0.43(11) 0.20(10)
Te(5) 1342(3) 3845(3) 2628(3) 1.67(13) 2.03(13) 0.99(13) 0.68(11) 0.24(10)..  0.55(10)
Te(6) 7886(3) 2246(3) 4718(3) 1.55(13) 1.56(13) 1.15(13) -—0.41(11) 0.17(11) 0.14(10)

Note. Positional parameters x 10%. The anisotropic thermal parameters B;; [A]? are defined for: exp[—3(h%a*2B,,
+ k2b*?B,, + Pc*2B;; + 2hka*b*B,y, + 2hla*c*B,; + 2klb*c*B3;)]. Standard deviations in parenthesis in units of

the last decimal.

can be derived by a moderate distortion
from an octahedral arrangement of the Te
atoms which is centered by a pair of Ge
atoms with its axis parallel to a threefold
rotation axis of the octahedron. The crystal
structure contains two sets of crystallo-
graphically independent Ge,Tes groups.
The Te octahedra centered by Ge(l) atom
pairs are situated at the special position
1(c): 0, %, 0; the octahedra containing the

.

Ge(2) pairs at 1(f): 4, 0, 4. The axes of the
Ge(1) atom pairs are oriented approxi-
mately parallel to [110], those of the Ge(2)
atom pairs to [101] (Fig. 1).

The cationic Tl atoms occupy holes of
the packing of the octahedral Ge;Teq
groups. The six closest Te atoms surround-
ing each Tl atom form strongly distorted
octahedral coordination polyhedra sharing
corners, edges, and faces with the Ge,Teg

FIG. 1. Projections of the crystal structure of Tls[Ge,Tes] along [010] (left) and [100] (right).
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octahedra. In this way, the various crystal-
lographically different Tl atoms link two,
:13e, or four Ge,Teg octahedra in a three-
dimensional framework.

So far, the Ge,Teq group described above
has only been reported in K¢[Ge,Teg] (6). In
this structure, the Ge,Tes octahedra are ar-
rang, ! in layers with paraliel orientation of
the Ge-Ge axes. The K atoms are accom-
modated in octahedral and trigonal pris-
matic holes within and between the Ge,Teg
lavers.

In Tlg[(5e;Teg), the TI-Te distances range
from3.2°0t0 4.152 A, if only the six closest
Te atoms around each Tl atom are taken
into acccunt (Table III). With the atoms
TI(1), Ti(4), and TI(5), these six closest Te
ligands are separated from more distant Te
atoms by a fairly large distance gap; in
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these cases, the coordination number six
appears to be well established. With TI(2),
one of the faces of the strongly deformed
octahedron formed by the six closest Te
neighbors is capped by a Te atom at 4.140 A
(Fig. 2). Thus, a (6 + 1)-coordination is es-
tablished. The additional Te atoms with dis-
tances of 4.312 and 4.330 A in the environ-
ments of TI3) and TI(6) make the
assignment of a definite coordination num-
ber in these cases more difficult.

The distortion of the Te octahedra in the
environments of the Tl atoms follows a gen-
eral pattern stressing a polarity of the octa-
hedron from Te(e) to Te(f) (Table III, Fig.
2): While the distance Tl-Te(e) is among
the short Tl-Te distances, Te(f) is the most
distant Te atom or only slightly closer as in
the case of TI(5). Almost all angles between

TABLE III
LENGTi{S AND ANGLES OF INTERATOMIC DISTANCE VECTORS ORIGINATING FROM THE T1 ATOMS IN
Tlg[GezTesla
1. Distances [A]
Ti(1) TI(2) TI3) Ti(4) TI(S) Ti6)
Tl-Te(a)  Te2) 3.31703) Te(5*)  3.2704)  TelS) 3381(3)  Te(2y  3.3853)  Te(6)  3.3223) Te(3V) 3.452(4)
TI-Te(b) Te(3) 3.37114) Te®  3.471(3)  Te2) 3.270(4)  Te(S)  3.39%4)  Te(5™) 3.360(3)  Te(l)  3.679(4)
Tl-Te(c) Te(1®)  3.4313)  Te(2  3.383(4)  Te(6)  3.455(4)  Te(d)  3.553(4)  Te@dd) 3.6773) Te6) 3.481(3)
TI-Te(d) Te(d)  3.582(3) Te(6™) 3.557(3)  Te(3¥i) 3.391(4)  Te(6)  3.529%4) Te(1M) 3.4093)  Te(5) 3.633(4)
TI-Te(e) Ted) 3.407(3)  Te@d) 3.345(3)  Te(l) 3.564(4)  Te(l)  3.3333) Te(3)  3.3704) Ted)  3.256(4)
T-Te(f) Te(1%)  4.099(4) Te(6')  3.568(3)  Te(6')  3.973(4)  Te(2*) 4.0503) Te2)  3.670(4)  Te(3) 4.152(4)
Te(S)  4.140(3)  Te(2Vi) 4.312(4) Te(1Y)  4.330(4)
Te(2)  4.33903)
TIS) 3.583(3) TH2Y)  3.784(3)  TIE¥)  3.553(3)  TIWH)  3.8133) TN 3.583(3)  TIG)  3.553(3)
TI6®)  3.675(3) TI4N)  3.967(3)  TIGY™)  3.757(3)  TIQx)  3.967(3)  TI4N)  4.0353)  TI1Y)  3.675(3)
TSy  4.169%3) TIS%)  4.035(3) TI2Y) 4.16%(3)
&TI-Te) 3.535 3.432 3.506 3.542 3.468 3.609
2. Angles [°}

Angle Ti(1) TI(2) TI(3) Ti(4) TKS) TH6)
Te(a)-":1- e(c) 150.55(10) 171.74(9) 151.5%10) 159.64(9) 161.39(9) 145.47(10)
Te(b)—T1-Te(d) 138.65(9) 154.62(9) 153.52(11) 154.54(9) 167.61(9) 139.23(9)
Te(e)-T-Te(f) 150.10(9) 155.62(9) 150.4%9) 156.00(9) 154.60(9) 159.75(9)
Te(a)-TI-Te(e) 92.8%8) 86.79(8) §1.51(8) 84.39(8) $6.78(8) 89.80(9)
Te(b)-Tl-Te(e) 75.96(8) 75.44(8) 82.52(9) 84.72(8) 88.56(8) 75.78(8)
Te(c)-TI-Te(e) 116.44(9) 92.82(8) 84.92(8) 76.63(8) 84.35(8) 86.39(8)
Te(d)-T1-Te(e) 71.65(8) 83.84(8) 76.91(8) 75.96(8) 79.34(8) 82.36(8)

2 The transformations of the positional parameters are designated as () x + 1,y, z() x,y, z+ 1) x — 1,y, z(Mx,y. 2 = 1 (Mx + Ly, z— 1 (") —x
Py =z () —x, —y + L -z () —x, —y, A T —x b Loy b Lz Ly, 2 L) —x, —y L —z A 1O~ 1,y 4
-z+ 1

b The letters a, b, ¢, d, e, and f refer to different positions at the corners of the distorted octahedron of Te atoms around the T atoms: (e) close axial
position, (f) distant axial position; (a, b, c, d) equatorial positions.

¢ Mean value of the distances TI-Te(a) to TI-Te(f).
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Tel2) TelgXii

TH) Tit2)

Tel2Xi)

Tel2) Ui

Ti(3Vii)

TU3)

THS) : Tie)

FiG. 2. Coordination polyhedra around the Tl atoms projected along [0 10] or [001]. Only Te and Tl
atoms at distances smaller than 4.2 and 3.9 A, respectively, are depicted. Te(e) and Te(f) atoms

hatched.

the axial Tl-Te(e) distance vector and the with their Te ligands except for Te(f) repre-
four equatorial TI-Te distance vectors are sent umbrella-like conﬁgurations. (Excep-
smaller than 90°; thus the central Tl atoms tionally, the angle Te(1¥)-TI(1)-Te(4*%) is
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TABLE IV

INTERATOMIC DISTANCES {A] AND BOND ANGLES [°]
OF THE Ge,Tey, GROUPS IN Tl[Ge,Teg]*

Ge(1)-Ge(1¥1)  2.454(6) Ge(2)-Ge(2Y) 2.457(6)

Ge(1)-Te(3"¥)  2.552(5) Ge(2)-Te(1)  2.570(5)
Ge(1)-Te(4*) 2.575(4) Ge(2)-Te(2¥) 2.581(5)
Ge(1)-Te(5)  2.574(5) Ge(2)-Te(6)  2.586(5)
Ge(1'i)-Ge(1)-Te(3"Y) 108.77(20)  Ge(2)-Ge(2)-Te(l)  106.23(20)
Ge(1V0)-Ge(1)-Te(4™) 106.0720)  Ge(2*Ge(2»-Te(2")  105.7%(19)
Ge(1Vi)-Ge(1)-Te(S)  106.44(20)  Ge(29)-Ge(2)-Te(6)  109.09(20)
Te(3") —~Ge(1)-Te(4™) 108.89(18)  Te(l) —Ge(2)-Te(2) 116.53(18)
Te(3¥) -Ge(1)-Te(5)  110.90(18)  Te(1) -Ge(2)-Te(6) 110.07(18)
Te(4™) -Ge(1)-Te(S)  115.46(18)  Te(2*)-Ge(2)-Te(6)  108.84(18)

Te(3™)-Te(d™) 4.171(4)
Te(3V)-Te(S)  4.222(4)
Te(4%)}-Te(5)  4.354(4)
Te(3%)-Te(d) 4.737(4)
Te(3")-Te(5"i) 4.69%4)
Te(4%)-Te(5"H) 4.545(4)

Te(1) —Te(2¥) 4.381(4)
Te(l) -Te(6) 4.225(4)
Te(2%)-Te(6) 4.202(4)
Te(l) -Te(2) 4.512(4)
Te(l) -Te(6*) 4.73%(4)
Te(2Y)-Te(6*) 4.762(4)

“ The transformations of the positional coordinates are identical with
those of Table III.

considerably larger than 90°). The similarity
of this configuration with the AB;E coordi-
nation according to Gillespie (9) appears to
justify the assumption that the lone pair of
6s electrons on the T1* cations exhibits sig-
nificant stereochemical activity. Hence
some accumulation of the lone-pair elec-
tron density is to be expected on the side of
the Tl atom opposite to Te(e).

The mean TI-Te distance in Tlg[Ge,Teg]
based on the six closest neighbors of each
Tl atom is 3.515 A in good agreement with
the mean T1-Te distance in TITe (10, 11) of
3.52 A. In this compound, the Tl atom is
asymmetrically coordinated to seven Te at-
oms at distances ranging from 3.40 to 3.67
A with one close Tl atom at 3.54 A. In
Tl[GaTe,] and T1[InTe,] (12) crystallizing in
the TlISe type the Te atoms form a tetra-
gonal antiprismatic arrangement centered
by the Tl atom. Due to the eight-coordina-
tion of the Tl atom the Tl-Te distances of
3.569 and 3.595 A for TI[GaTe,] and
Tl{InTe,], respectively, are somewhat
longer than those for Tlg[Ge,Te¢] and TlTe.

The mean distance K-Te of 3.65 A in
K¢[Ge,Teg] (6) is considerably longer than
the corresponding distance of 3.515 A in the
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Tl compound. This is in obvious contradic-
tion to the ionic ‘‘crystal radii’’ for six-co-
ordination in oxides and fluorides of K*
(1.52 A) and TI* (1.64 A) (13). Shannon’s
newer crystal radii for sulfides (14) (Yirg+ =
1.52 A, ¥irp+ = 1.45 A) appear to be better
suited to obtain agreement between ob-
served and calculated M-Te distances (with
rre- = 2.07 A: d(K-Te) = 3.59 A, d(Tl-
Te) = 3.52 A). In the TI(I) halides TLX, a
contraction of the TI* crystal radius is ob-
served as the atom X changes from F to L.
This effect is attributed to the increasing
covalence of the Tl-X bond due to the de-
creasing electronegativity of the X atom
(15). Obviously, the same explanation is
valid for the remarkable contraction of the
TI* crystal radius in sulfides as compared to
that in oxides and fluorides. Due to the
comparatively small electronegativity dif-
ference between sulfur and tellurium a simi-
lar or even smaller crystal radius of T1* in
tellurides is to be expected.

The Ge-Ge bond length in K¢[Ge,Tes]
and the mean Ge-Ge bond length in
’1:16[GezTe6] (Table 1V) are 2.492 and 2.456
A, respectively, somewhat longer than the
Ge~Ge bond length calculated from Paul-
ing’s tetgahedral radius (16) [d(Ge—Ge)eqic
= 2.44 A, identical with d(Ge—Ge) in the
element]. The almost identical mean Ge-Te
bond lengths in K¢[Ge,Teg] and Tlg[Ge,Teg]
of 2.579 and 2.573 A, respectively, are also
slightly expanded if compared to the sum of
the corresponding tetrahedral radii: d(Ge-
Te)earc = 2.54 A.

The shortest Te-Te distance is 4.093 A
between Te atoms belonging to different
Ge(1) octahedra, that between Te atoms be-
longing to the same octahedron is 4.171 A.
Essentially, these distances correspond to
van der Waals’ contacts between the Te at-
oms (6).

In binary and ternary thallium chalcogen-
ides, frequently ‘‘short’” TI()-TI(I) dis-
tances are encountered which are similar to
or somewhat longer than the TI-TI dis-
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tances in thallium metal [3.41 and 3.46 A
(17)]. Weak bonding interactions have been
assumed to be associated with such short
TI1-T1 distances, particularly by Fleet in the
case of the ternary thallium sulfide loran-
dite, TI,As,Ss (I8). Short TI-TI distances
occur in all known binary thallium tellu-
rides, the shortest TI-Tl contacts being:
TlsTes: 3.48 A (19); TITe: 3.54 A (11); and
Tl,Tes: 3.40 A (19). Some evidence for Tl-
Tl interaction and limited participation of
the 6s electrons in bonds was supplied by
the XPS measurements of Porte and Tran-
quard on TlsTes, TiTe, and T, Tes (20). The
structures of TI[GaTe,] and TI[InTe,] con-
tain linear chains of TI(I) atoms with TI-Tl
distances of 3.423 and 3.590 A, respectively
(12).

While in K¢[Ge,Teg] (6) the shortest dis-
tances between K atoms are 3.872 and
4.083 A as to be expected for cations with
repulsive electrostatic interaction, several
significantly shorter TI-Tl distances are
encountered in Tlg[Ge,Teg]l (Table III).
Eight Tl atoms separated by distances rang-
ing from 3.553 to 3.757 A form a strongly
folded centrosymmetric chain (<TI(5)-
TD)-TI(6¥) = 105.88°, <LTI(1)-TI6*)-
TI(3Vity = 90.10°, and XTI(6¥)-TI(3"#)-TI(3)
= 98.24°], possibly indicating weak attrac-
tive interactions between the Tl atoms with
participation of the 6s electrons. In all
cases, the closest Tl neighbors approach
the central T1 atom from that side where the
lone pair electron density is assumed to be
located (Fig. 2).

The comparison of the crystal structures
of Ke[Ge,Tes] and Tlg[Ge,Teg) shows that
the replacement of K atoms by Tl atoms
leads to a new less-symmetrical structure
type, the symmetry of the structure being
reduced from space group C2/c to P1. The
reduction of symmetry is also apparent in
the wider variability of the TI-Te distances
(Table 1II) as compared with that of the K-
Te distances (6). In addition, the deviations

G. EULENBERGER

of the bond angles at the Ge atoms (Table
IV) from the ideal tetrahedral values are
significantly larger in the Tl compound. As
the space requirements of the K and the Tl
atoms in the ternary tellurides are approxi-
mately comparable, the structural change
must primarily be attributed to the in-
creased covalence of the Tl-Te bonds asso-
ciated with the stereochemical activity of
the “‘lone’’ electron pair of TI(I) in contrast
to the predominantly ionic K-Te interac-
tion and the spherical symmetry of the Ar
configuration of the K* ion.

References

1. YA. N. Nasirov, M. I. ZARGAROVA, AND M. M.
AKPEROV, Izv. Akad. Nauk SSSR, Ser. Neorg.
Mater. 5, 1657 (1969).

2. N. A. KULIEVA AND M. B. BaBANLY, Azerb.
Khim. Zh. 48 (1981).

3. N. A. KULIEVA, M. B. BABANLY, AND I. S. SAT-
TAR-ZADE, Izv. Akad. Nauk SSSR, Neorg. Mater.
18, 764 (1982).

4. N. A. KuLiEvAa AND M. B. BaBaNLY, Zh. Neorg.
Khim. 27, 1531 (1982).

5. G. EULENBERGER, Monatsh. Chem. 113, 859
(1982).

6. G. DITTMAR, Z. Anorg. Allg. Chem. 453, 68
(1978).

7. “‘International Tables for X-Ray Crystallogra-
phy,”” Vol. IV, The Kynoch Press, Birmingham
(1974).

8. G. M. SHELDRICK, ‘“‘SHEL-X, A Program System
for Crystal Structure Determination,”” University
of Cambridge (1976).

9. R. J. GILLESPIE, ‘‘Molekiilgeometrie,’”” Verlag
Chemie, Weinheim (1975).

10. K. BURGHARDT AND K. SCHUBERT, J. Less-Com-
mon Met. 18, 426 (1969).

11. J. Wers, H. ScHAFER, B. EiseNMANN, AND G.
ScHON, Z. Naturforsch. B: Anorg. Chem., Org.
Chem. 29, 585 (1974).

12. D. MULLER, G. EULENBERGER, AND H. HAHN, Z.
Anorg. Allg. Chem. 398, 207 (1973).

13. R.D. SHANNON, Acta Crystallogr. Sect. A 32, 751
(1976).

14. R. D. SHANNON, in ‘‘Structure and Bonding in
Crystals’ (M. O’Keeffe and A. Navrotsky, Eds.),
Vol. 2, pp. 53-70, Academic Press, New York
(1981).



Tl[Ge,Tes] STRUCTURE 313

15. R. D. SHANNON AND P. S. GUMERMAN, J. Inorg. 2nd ed., Wiley, New York/London/Sydney (1963).
Nucl. Chem. 38, 699 (1976). 18. M. E. FLEET, Z. Kristallogr. 138, 147 (1973).

16. L. PAULING, “The Nature of the Chemical 9. S. BHAN AND K. ScHUBERT, J. Less-Common
Bond,”’ 3rd ed., Cornell Univ. Press, Ithaca, N.Y. Met. 20, 229 (1970).
(1960). 20. L. PorTE AND A. TRANQUARD, J. Solid State

17. R. W. G. WYCKOFF, “Crystal Structures,” Vol. 1, Chem. 35, 59 (1980).



