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SYNTHESIS AND CONDUCTIVITY OF THIANTHRENE-TYPE POLYMERS

PAOLO COSTA BIZZARRI and CARIO DELLA CASA
Istituto di Chimica degli Intermedi, Universita,
40136 Bologna, ITALY

Abstract Different methods to obtain oligoneric sulfur deri-
vatives of thianthrene-type with cyclic chain structure are
described. The pristine compounds are insulators. Values in
the semiconductors range can be achived by dopin;; the samples
with SbClg. The conductivity increases up to about 10-5 S/cm.

TNTRODUCTION

Over the past few years extensive research has been carried out on
the synthesis and conductivity of sulfur-containing conjugated po-
lymers. The most representative among these are rPPS and poly(2,5-
thienylene). The sulfur atoms of PPS interact with the aromatic sys-
tem and account for the conduction along the polymer chain.l Poly(2,
5-thienylene) has a s—conjugation system similar to that of polyace-
tylene, but with a chain structure stabilized by sulfur.2 In this
paper, we sumarize the synthesis and conductivity of oligomeric
sultur derivatives, in which sulfur bridges give rise to a partially
rigid beckbone.

SYNTHESIS OF THE POLYMERS

It iz lmown that the reaction of diphenylsulfide, DPS, with A1013 at
hich temperature (225°C) results in an oligomeric ladder polymer with
a structure consisting of intramolecular cyclic sulfide groups of
thianthrene—wpe.:i We obtain sinrlar polymer by the following me—
thods: a)backbone modification of poly(m-phenylene disulfide),4
PMPDS, and PPS, by way of & likely uiolecular reamr‘ange...ent;5 D)Frie-
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del-Crafts polymerization of thianthrene.

The reactions were carried out in mild conditions. In a typi-
cal experiment PMPDS together with sulfur and AlClg was heated at
80°C in n-heptane for 3.5 hr. After decomposition of the reaction
mixture, the residue was fractionated by acetone and CHCl3 extrac-
tions. Results are given in Table I.

TABIE I  Preparation of thianthrene-type polyrers.
(a)

CHCl,-soluble
CHClz-insoluble

Polymer Starting material vield(°®/o)

1 PMPDS 27 52/48
2 PPS 14 77/23
3 THIANTHRENE 25(b) 16/84
4 DPS 34(¢) 4/96

(a)Insoluble in acetone.
(b)Reaction time 48 hr.
(c)Reaction carried out in a way similar to Ref.3.

From elemental analysis, IR spectra, and comparison with polyuer 4,
synthesized in a way similar to the literature, we conclude that
the structures of our polymers are best represented by a wixture of
the following fragients

S - 8\
I
s s 8~
. S 8 ) S .
QT AL
- s 8
A qualitative measure of the cyclization can be obtained from the
intensity ratio between the peaks at 875 and 805 cm‘l, assiyned to
to the out of plane bending of isolated and adjacent hydrogens, re-
spectively, As the cyclization increases, this ratio becomes lar-
ger.
C/H atomic ratios from elemental analysis as well as the pre-

sence of chain tenninations constituted by thianthrene units are in
agreenent with the experimental low luwolecular weight of the poly-
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ners. These are partially crystelline as deterwined by X-ray dif-
fraction.®

DOPIIG Al ELECTRICAL CONDUCTIVITY

Doping; was achieved by treating the polymer powder with solutions
of SoClg in CHCl3. The dopant concentretion was estimated frow the
weight uptake of the powder, after prolonged evacuation. On doping,
the black polymers show an IR new oroad band at 335 anl due to
Sb-Cl stretching mwode, sugpesting hexachloroantimonate(Vv) ion.

The conductivity was measured at room temperature on pressed
pellets (6000 kg/ome), using electrodag contacts. The pristine sub-
stances 1-4 are insulators with conductivities ranging from 10714
to 10716 S/ci. o values of doped saiples are given in Table II.

TADLE IT  Roow temperature conductivities (5/cm) of doped
CI'Cla-insoluble polymers.

Polylier Odopeu Odoped/Opristine ObClg/polymer
(wto/o)
1 5.5 x 10~% 3.4 x 10° 76
2 1.2 x 1075 2.5 x 10° 50
3 4.4 x 1075 6.5 x 10° 50
4 3.8 x 167 1.4 x 109 54

n stud, of the conductivity of the inost cyclized polyner 4 hus been
curried out as a function of dopant concentration. The electrical
conductivity increases sharply over Lany orders of wagnitude wut low
concentration, then saturates at higher dopaiit levels, ubove zopro-
xinmately 25-30 wt°/o, suggesting a change in trunsport behaviour.
Above this critical concentretion, . luuiting value of about 1070
S/cm is attained.

For couparison, the conductivity of SoClhg-heavily doped swu—
ples of the starting meaterials PPS and thiwnthrene’ is 4.7 x 1077
ang 3.3 x 10710 g/cu, respectively.
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