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Abstract. The physical and structural concepts
concerning organochalcogenbased anisotropic
organic metals are summarized, and the rationales
which motivate synthetic activity in new selenium
and tellurium materials are presented. An

overview of our approach to new aromatic molecular
and polymeric materials involving direct thermal
reaction of new alkali chalcogenide reagents with
unactivated aromatic halides is given, and recent
applications to the synthesis of tetraselenonaphth-
alene (TSeN) and new transition metal diselenolenes
based on o-benzenediselenclate (bds) are noted.

The crystal and molecular structures of TSeN and
(nC4H9)4N+ Ni(bds)3 have been determined, as well
as their electronic absorption and electron spin
resonance spectra and cyclic voltammetric behavior.
The reaction of cis-dichloroethylene and sodium
diselenide leads to a polymer to which the repeat
sequence £Se-CH=CH-CH=CH-Se} is assigned,based

on elemental analysis and infrared spectrum.
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INTRODUCTION

Beginning with the studies of TTF-TCNQ, the proto-
type quasi-one-dimensional organic metal, the class of ion-
radical solids which are organic metals provides an impres-
sive example of the use of new synthetic chemistry to con-
trol the details of crystal structure, and hence the elec-
tronic structure and physical properties, of the resultant
solid. From a kinetic perspective,5 the role of the chal-
cogen atom in the formation of the uniform segregated
stack crystal structures of these organic metals is a
crucial one in that it provides not only a rationale for
phase formation but also outlines the approach to materials
with improved metallic properties. In the course of a
metal-to-insulator transition, as observed in TTF-TCNQ,
the dielectric constant diverges. This situation requires
that the ratio of molar refractivity (R) to molar volume
V be unity in the Clausius-Mossotti relationship:

2

n -1 e - 1 R
> - - 2 (1
nc + 2 e+ 2 \Y
Since R relates to the polarizability o by
R = % Lma, (2)

where L is Avogadro's number, it is important for organic
metals to achieve maximum o with minimum V. For the case
of conducting organochalcogen materials, since a increases
S < Se < Te, it follows that if an organosulfur compound
has metallic character, this property should be enhanced
with progression down Group VI,if crystal structure is
maintained and factors such as conduction band population
do not change significantly.7 The studies of the TCNQ
salt of tetraselenafulvalene, i.e. TSeF-TCNQ, with a
crystal structure isomorphous to that of TTF-TCNQ, provided
the first demonstration of that situation. Figure 1
exhibits representative b-axis single crystal dc conducti-
vity data for these materials.

Further consequences of the general perspective
summarized by equations 1 and 2 are as follows. If an
organosulfur material has quasi-one-dimensional proper-
ties, its selenium and tellurium analogs will be less one-
dimensional,as interchain coupling will be increased in
the latter materials. Intermolecular forces increase
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S < 8e < Te., It is also useful to recognize that R/V in
(1) will differ for different classes of organochalcogen
donors, e.g. tetrachalcogenofulvalenes and tetrachalco-
genoacenes. It is anticipated that a fuller understanding
of this class of materials will result from the study of
new Se and Te donors with nonbonded interactions signifi-
cantly different from presently known materials.

A BROADLY APPLICABLE APPROACH TO NEW SELENIUM AND
TELLURIUM MATERIALS

The major impetus for our work in new selenium and
tellurium chemistry was provided by the cbservation of
low-temperature metallic states in ion-radical solids of
stoichiometry D%X‘, where D represents the donors tetra-
selenotetracene (TSeT) and tetramethyltetraselenafulvalene
(TMTSF), and X is a monovalent anion. In this regard, the
observation of ambient pressure superconductivity in
(TMTSF);CIOZ (T, ca. 1°K) is particularly noteworthy.lo
Pursuant to the discussion in the introduction above, the
synthesis and detailed study of the tellurium analogs of
these and related donors are of obvious interest.

A broader view of selenium and tellurium systems is
provided by reference to Figure 2 which displays molecular
structures of organochalcogen molecular and polymeric sys-
tems of interest for their chemical, structural, electri-
cal, and magnetic properties. The dashed line in Figure 2
separates those types of materials which were known at the
beginning of our investigations from those which were un-
known. It is the latter substances which provide a
meaningful challenge to chemists interested in the synthe-
sis and characterization of such novel materials.

Over the last several years, we have developed a new
pattern of selenium and tellurium chemistry which may be
summarized as a two-step procedure.11 In the first step,
we react an alkali metal with elemental Se or Te in either
a 1l:1 or 2:1 atomic ratio in a dipolar aprotic solvent
to form in situ an alkali chalcogenide reagent. The second
step involves direct thermal reaction of an unactivated
aromatic halide with the alkali chalcogenide reagent.
This approach to Se and Te materials may be used to pre-
pare both new and previously reported molecular and poly~
meric materials. Our studies of the synthetic and quali-
tative mechanistic aspects of this chemistry have been
summarized.
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We have used this new pattern of chemistry to prepare

new polymers, such as poly-p-phenylene selenide, of in-
terest for their potential thermal and electrical proper-
ties,7vl3 new peri-dichalcogenide derivatives of polyacenes,
such as tetratellurotetracene (TTeT) and tetraseleno-
navphthalene (TSeN),15 of interest as precursors to low-
temperature organic metals, and new dichalcogenide polymers
which are useful as precursors to molecular reagents.
In this article, we summarize our recent studies of TSeN,
new transition metal diselenolenes, and some initial re~
sults of our studies of the reactions of vinylic halides
with selenium and tellurium nucleophiles.

1,4,5,83-TETRASELENONAPHTHALENE

Interest in the electronic structure of the peri-
dichalcogenides of aromatic hydrocarbonsl6 and in donors
with nonbonded interactions other than those in the
(TMTSF)2X class of ion-radical solids’*? motivated us to
synthesize TSeN early in 1982. The sulfur analog of
TSeN, i.e. TTN, interacts with TCNO to give a highly con-
ducting ion-radical_solid with a uniform segregated stack
crystal structure. Solids of the type (TTN)ZX have not
been reported to date.

In N,N-dimethylformamide (DMF), sodium diselenide
reacts with 1,4,5,8-tetrachloronaphthalene (TCIN) to give
TSeN and 1,8~diseleno-4,5 —dichloronaphthalene as minor
and major products, respectively. TSeN was purified
by gradient sublimation to give a black solid, mp > 350°.
The properties observed for our purified TSeN are at
variance with those claimed in a recent report of its
synthesis.

Mass spectrometric analysis of the solids isolated
from reaction of TCIN with sodium ditelluride revealed
the presence of the tellurium analogs of the two products
isolated in the previous paragraph.

The intense visible absorption maximum of TSeN is
observed at 441 nm (bromobenzene solution) compared to
420 nm for TTN. The ESR spectrum of TSeNT is character-
ized by its 10.4 gauss line width and its isotropic g
value, 2.0425. The increased linewidth and g value in
TSent compared to TINt (0.3 gauss, g = 2.0094)17 are
attributed to increased spin-orbit coupling in the sele-
nium compound. The tetrachalcogenotetracenes and



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:29 20 February 2013

ASPECTS OF SELENIUM AND TELLURIUM MATERIALS 7

naphthalene—l,8—dichalcogenide320 behave similarly, ex-
hibiting a linear relationship between g-value and chalco-
gen spin-orbit interaction parameter.

Analogoudy to TTN,17 TSeN exhibits tow reversible one-
electron steps at +0.15 and +0.54 V vs. Ag/AgT in benzo-
nitrile using 0.10 M TEAP as support electrolyte. The
cyclic voltammogram for TSeN is displayed in Figure 3.

The 0.39 V potential difference for the two electron
transfers of TSeN is similar to that of TTN (0.38 V)17
and that of the tetrachalcogenotetracenes (0.36 - 0.38 V).19

The crystal and molecular structure of TSeN have been
determined using single crystals grown in chlorobenzene
solution. TSeN is monoc11n1c, space group PZI/C,

a = 7.722(2)A, b = 4. 226(1)A c= 15. 305(4)A B = 102. 15(3)
488A3 Z = 2. Solved by Patterson and difference-
Fourler syntheses to R = 0.037, R, = 0.048, the structure

reveals linear chains of TSeN molecules stacked along b

with interstack Se:--Se contacts of 3.626A and 3.534
The carbon atoms of the TSeN molecule form a plane w1th
no deviations greater than #0. 007(6)A One of the_
selenium atoms deviates from this plane by 0.101(1)A.

We have initiated the preparation of ion-radical
solids derived from TSeN as well as the study of their
structural, electrical, and magnetic properties.
(TSeN)9Br has been prepared by anodic electrocrystalliza-
tion. TSeN and iodine interact in chlorobenzene solution
to give a crystalline gray solid of composition
Cig.7Hg.65e4.0I2.1 by elemental analysis. This solid
has a conduct%v1ty, measured on compacted material, of

(ohm cm) -, and its x-ray powder pattern reveals that
it is not contaminated with neutral TSeN and elemental
selenium.

NEW TRANSITION METAL DISELENOLENES

The transition metal dithiolenes are multistage redox
systems that have received considerable attention over the
last twenty years for aspects of their unusual chemical
bonding as well as their structural, electrical, and mag-
netic properties.21 While the number of square planar
dithiolenes which have been prepared is very large, the
analogous selenium substances, the diselenolenes, are
comparatively rare, and the tellurium compounds are
unknown at present. In 1970, Davison and Shawl22 reported
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the preparation of metal diselenolenes from bis(trifluoro-
methyl)-1,2-diselenetene. More recently, examples of new
metal diselenolenes have been provided by Rauchfuss,
Coucouvanis, and Vollhardt25 and their coworkers.

While the crystal and molecular structure of a tris-
molybdenum diselenolene has been reported,2 no structural
studies of bis-metal diselenolenes have been published

to date.

In the summer of 1982, G. Allen prepared poly-o-
phenylenediselenide and —-ditelluride, and successfully
converted the former, via the chemistry in Figure 4, to
the tetra-n-butylammonium salt of o-benzenediselenolate
nickel (Ni(bds)3). The properties of Ni(bds)g are compared
to those reported for the sulfur analog Ni(bdt)g and
the mixed sulfur-selenium material in Table 1.

When the chemistry of Figure 4 is repeated using poly-o-
phenyleneditelluride, the Te material corresponding to
(n-C H9)4N+ Ni(bds); is found to be markedly less stable
than the Se material.

The ESR spectrum of polycrystalline samples of
(n—C4H9)4N+ Ni(bds)i exhibits an anisotropic signal sug-
gesting a paramagnetic site which possesses axial symmetry.
At 239, gy = 82 = 2.1723 and g, = 2.0765. Our studies of
the temperature dependence of the ESR spectrum will be
reported elsewhere. ESR signals have not been observed
to date in the copper and cobalt analogues of
(n-C,Hg) Nt Ni(bds)3.

Crystals of (n—C4H9)4N+ Ni(bds)7 are orthorhombic,
space group Pbe2;, Z = &4, with a = 9.904(3), b = 16.954(5),
and ¢ = 19.106(6)A. Full matrix least-squares refinement
of positional and thermal parameters for all nonhydrogen
atoms, using 1029 data for which F > 3.920(F), led to
R = 0.065, R, = 0.068. The NiSe, unit is square planar
within experimental error, with an average Ni-Se distance
of 2.259A. The packing of the molecular anions and
cations is shown in Figure 5. The anions are well-separa-
ted; there are nooshort Ni---Se contacts (cf. Ni---
distance of 3.531& in {N(CHg)3CgHs)TINi(C4N,5,),)).
Further, there are no Se***Se contacts at distances less
than 5.0A.
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REACTIONS OF VINYLIC HALIDES WITH SELENIUM AND
TELLURIUM NUCLEOPHILES

Our motivating interest in the reactions of vinylic
halides with Se and Te nucleophiles is summarized in
Figure 6 which shows a projected synthesis of TSeF and
TTeF derivatives via cis-vinylic dichalcogenide dianions
prepared from reduction of a dichalcogenide polymer, a
reaction sequence we demonstrated for ortho-aromatic
dianions in the previous section. 1In 1981, J. Stark
first isolated polymers from reaction of cis-dichloroethyl-
ene and Na,Sey or NajTej. Interestingly, the reported
syntheses of the hexamethylene”” and dibenz derivatives
of TTeF involved vinylic displacements in tetrachloro-
ethylene.

In DMF or liquid NH, at temperatures of -40° or lower,
cis-dichloroethylene reacts immediately with NajSe, and
NajTe, to give polymers which contain both dichalcogenide
groups and carbon-carbon double bonds from infrared spec-
tra. Since the polymer from the Na,Se, reaction was found
to be uncontaminated with elemental Se by x-ray diffraction,
this material was characterized in detail. Complete
elemental analysis revealed the atomic ratio
(C3_96Hs5 . 315€9 . 00Clg.06)x Which is consistent with a
€C4H,Seo}, composition and £Se~CH=CH-CH=CH-Se}y atomic
repeat sequence. Since the reaction sequence in Figure 6
requires a (CZHZSeZ)x composition, the polymers we have
isolated in these initial experiments are not useful
for the preparation of cis~1,2-ethylene dichalcogenide
dianions.
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