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SYDITHESIS AND CONDUCTIVITY OF TFIIANTFIRENE-TYPE POLYMERS 

PAOM COSTA BIZZARRI and CARL0 DELLA CASA 
I s t i t u to  di  Chimica degli Intermedi, Universith, 
40136 Bologna, ITALY 

Abstract 
vatives of thianthrene-type with cyclic chain structure are 
described. The pr i s t ine  cmpounds are insulators. Values i n  
the semiconductors range can be achived by dopiw the samples 
with SbC15. The conductivity increases up to  about 10-5 S/cm. 

Different methods t o  obtain ol igxler ic  sulfur  deri- 

U.JTRODUCTIO1 J 

Over the past few years extensive research has been carried out on 
the synthesis and conductivity of sulfbr-containir& conjqa ted  po- 
lymers. The liiost representative anon& these are PPS and poly(2,5- 
thienylene). The sulfur atoms of PPS interact  with the arcmatic sys- 
t e m  and account fo r  the conduction d o r y  the polymer chain.' Poly(2, 
5-thienylene) has an-conjugation system s i m i l a r  to  that of polyace- 
tylene, but with B chain structure s tabi l ized by sulf'ur.* In t h i s  
pqjer, we sumarize the synthesis m d  conductivity of oligonieric 
sulfur  derivatives, in  which sulfw bridges give rise to a par t ia l ly  
ri.gid 'UxAcborie. 

It is !mown that  the reaction of diptienyl.sulfide, DPS,  wi.th A1C13 at 
h J  !.)I temperature (225OC) resu l t s  i n  an olii;orieric laddeer. polymer with 
11 sCructurY consisting of intraniolecula? cyclic sulf ide of 
thianttirenc?-;~e .3 We obtain s i r i  l m  palper by the following me- 
thods: a)backbone rnodi.fication of poly(rn-phenylene disulf ide)  ,4 
R-VDS, and PPS, by my of E: l ikely iliolecular rearran3. ,e i1t ;~ b)Frie- 
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246 P. COSTA BIZZARRI AND C. DELLA CASA 

d e l x r a f t s  polymerization of thianthrene. 

cal experiment PMPDS together with sulfur  and A1C13 was heated at 
8OoC in  n-heptane fo r  3.5 hr.  After decomposition of the reaction 
mixture, the resjdue was f ract iomted by acetone and CHCl3  extrac- 
tj.ons. Results are given in  Table I. 

The reactions were carried out i n  mild conditions. In a -1- 

TAELE I Preparation of thianthrene-type po lye r s .  

Polymr Starting material Yield( O / o  ( a) CHCl .-soluble - 

1 F9iPDS 27 52/48 
2 PPS 14 77/23 
3 THLWTHRENE 25(b) 16/54 
4 DPS 3 4 ( 4  4/96 

CHClg-insoluble 

(a)Insoluble in  acetone. 
(b)Reaction time 48 hr. 
(c)Reaction carried out i n  a way s i m i l a r  t o  Ref.3. 

Fmii elemental analysis, If3 spectra, and canparison with polyiier 4,  
synthesized i n  a way similar t o  the literature, yde conclude that  
the structures of our polymers are best represented by a iliixt- of 
the followirg fra&.ients 

R qualitative measure of the cyclization can be obtained fmil the 
intensity ra t io  between the peaks at 875 and 805 cm-l, a s s i g e d  tc 
to  the out of plane bendiw of isolated and adjacent hydm&ens, re- 
spectively. As the cyclization increases, this ra t io  becanes 1- 
ger. 

sence of chain teniiinations constituted by thianthreiie units are i n  
atreerrtent with the experinlental l o w  imlecular weiQit of the poly- 

C/fI atanic ra t ios  from elerriental analysis a s  w e l l  as the pry- D
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SYNTHESIS AND CONDUCTIVITY OF THIANTHRENE-TYPE POLYMERS 247 

iliers. These are p x t i a l l y  cryst;llj.ne a5 detenliined by X-ray dif- 
fraction.o 

DOPIlrG Aid ELECTRICAL C013UCTIVITY 

Dohiin[, w a s  achieved by treatiy; tlie polymer powder with solutions 
of SbCls in  C I I c l 3 .  The dopant concentr&ti.on w a s  estimated fmli the 
w e i & t  uptake of the powder, a f t e r  prolonged evacuation. On dogin&, 
the black polymers show an I€? new [)road band at 335 cir l  due to  
Sb-C1 stretchin:; illode, suggestin5 hexachloroantimonate ( V )  ion. 

p l l e t s  (6000 & / a n 2 )  , using electrodq; contacts. The pr i s t ine  sub- 
stances 1-4 are insulators with conductivities raqying fmii 

'LO 

The conductivity w a s  measured at rooni temperature on p-essed 

S/ciai. u values of doped saiples are [;,iven i n  Table 11. 

1 5.5 x lo-; 3.4 x 109 

2 1.2 10-5 2.5 x 10' 

3 4.4 10-5 6.5 x lo9 
4 3.8 x 1Gw6 1.4 109 

76 

5G 

50 

54 

f L  stQtiJ- of the conductivity of t11e illost cyclized polymer 4 t;r; been 
c u r l e d  out as a fuiction of dopant concentration. The e lec t r ica l  
conductivity increases sharply over imny orders of mppi.tude ;t low 
concentrztion, then saturates at hl.t;her d o p i t  levels ,  a o v e  +him- 
xirliatcly 25-30 w t 0 / o  , suggestin& a clrq;e i n  trmsi>or-t behavlour. 
Lbove th i s  c r i t i c a l  concentr;tiori, . 1Ll i i t i% vi-ilue of &out 1c-S 
S/cni is attained. 

For cotiiparison, the conductivity of SbClS-heavilj do,)eti stul~- 
p1t.S: or tlie startin;; il;Lterj.ds ws and thj.ait1rene7 j.5 4.7 x 10-7 
an~l 3.3 x 10-16 :;/ctIi, rEes;.,ectively. 
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