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SYNTAESIS AND PHYSICAL PRIPERTIES OF TRANSITION Ml?I'AL 
TETRATHIOLRTE MAcwmLEcuLEs 

G.E. HOLDCXOFl' d A.E.  UNDEFWILL 
Depa-nt of Chemistry, University College of North Wales, 
Bangor, Gwynedd, U . K .  

Abstract 
of transition metal tetrathiolate macromolecules are 
described. 
copper ccnnpounde is shown to increase the electrical 
conductivity. 

The preparation and electrical conduction properties 

The introduction of partial oxidation into the 

There is much current interest in the preparation of polymers 

which e*ibit high electrical conductivity. 

describe the preparation and propertiee of a class of these 

compounds made by the combination of divalent tramition metal 

ions and the sulphur containing tetrathiolate ligand C Z S ~ ~ ,  (TP), 

see Figure. 

polymers of the tetrathiolate ligand with nickel and of the 

related ligand tetrathiafulvalene-tetrathiolate, TPP-TT, with a 
variety of metal cations. 

to prevent the ligand, pzepared tn ettu, from being oxidised. 

However, in the preparation of one-dimensional metallic complexes, 

it has been shown that controlled oxidation of the stacked anions 

resulting in non-integral oxidation states for the anion can 

produce a very large enhancement of the electrical conduction 

properties of the cornpounde. Therefore, in this work it wae 

hoped to prepare polymeric complexes with increased electrical 

conductivities by producing a 'partially oxidised' polymer. 

In this paper we 

Engler and his c o r ~ r k e r s ~ - ~  have investigated 

Every effort was made by these workers 
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366 G. E. HOLDCROFT AND A. E. UNDERHILL 

EXPERI- 

1,3,4,6Jretrathiapentalene--2,5dione (m) w a s  synthesieed b~ the 

method of Engler and Schumake$ and w a s  recrystallised from 
ace toni t r i le  to  y ie ld  pale yellow needles. 

The polymeric complexes of lT  w i t h  t r a n s i t i o n  metal ions were 
all prepared by the 8- general procedure. 

var ia t ions i n  the detail@ of the method w e r e  undertaken to  

determine the reaction conditiona neceesary to give products w i t h  

the highest electrical conductivify. 

However, 

The method for the preparation of an unoxidised polymer is aa 
follows. An excess of base i n  a solvent, typ ica l ly  NaOEt i n  100% 

EtOE, waa refluxed and degassed w i t h  N2.  

a yellow eolution w a s  formed aa the TT anion wae generated. 

After a few minutes a stoichicmetric (based on two m e t a l  ions to 

one l igand) quantity of an appropriate m e t a l  ealt, preferably the 

acetate, wan added. A f i n e  black prec ip i ta te  was lrmnediately 
fonmd b u t  the mixture waa digested for a couple of hours to 

coagulate the precipitate and aid f i l t r a t i o n .  me precipitate 

w a s  filtered of f ,  washed w i t h  hot water, acetone and again w i t h  

hot water. The black powder waa then wamhed w i t h  d i l u t e  (10%) 

hydrochloric acid to diseolve any m e t a l  oxide or hydroxide formed 

by reaction w i t h  the excees base and after a f i n a l  w a s h  w i t h  water 
the m e t a l  t e t ra th io la tes  were dried overnight t n  uacuo at 50%. 

TED waa then added and 

In the preparation of the oxidieed polymers the oxidant was 

added to the reaction m i x t u r e  imarediately the tetra-anion w a s  

forued. 

the oxidant. The f i n a l  colour varied fram light green to 

green-brown w i t h  the formation of a precipitate, depending on the 

m u n t  and strength of the owidislng agent. 
additon of the m e t a l  salt was assumed to quench further 

oxidation. The oxidants used w e r e  air, hydrogan perioxide, 

chlorine and iodine. 

The yel low solut ion changed co lour  on the addition of 

The subeequent 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
43

 2
0 

Fe
br

ua
ry

 2
01

3 



TRANSITION METAL TETRATHIOLATE MACROMOLECULES 361 

The polymers were characterised by C, H 6 N analyeis. The 

metal content  of ~ o m e  of the polymers was determined by 

gravimet r ic  analysis and from theee r e e u l t e  the degree of partial 

oxida t ion  of the polymers could be ca lcu la t ed .  

Four probe d.c. electrical conduc t iv i t i e s  of the 

tetrathiolate canplexes were made on compressed pellets ueing 

Agdag aa a contac t  material, as described p r e v i o u ~ l y . ~  The 

temperature dependencies of the conduc t iv i t i e s  were measured 

between 20 and 310 K. 

RESULTS AND DISCUSSION 

The elemental  analyses of the un-oxidieed ccmplexes clearly shaw 

that the metal to  ligand ratio is 211 aa might be expected from 
the reac t ion  of a tetra-anion w i t h  a d i v a l e n t  cation. It is 

pos tu la ted  that the genera l  s t r u c t u r e  of the polymers is aa e h m  

below i n  the Figure. 

E i t h e r  one or two water molecules of c r y s t a l l i e a t i o n ,  

depending on the ca t ion  involved, a m  kesociated w i t h  the meta l  

c a t i o n  sited ou t s ide  the polymer chain.  
The mom temperature conduc t iv i t i ee  of the unoxidieed 

complexes appear unaffected by the na tu re  of the metal) 
the Ni, cu and P t  conta in ing  polymers are 5.4, 5.2 and 3.1 s epr-1 

respec t ive ly .  

s i g n i f i c a n t  i nc rease  i n  conduct iv i ty .  

conduct iv i ty  w i t h  the stoichiometry of the CuxlT polymer r e s u l t i n g  

from oxida t ion  of the ligand, is sham i n  the Table. 

art for 

Oxidation of t h e  polymers however does r e e u l t  i n  a 
The change i n  electrical D
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368 G. E. HOLDCROFT AND A. E. UNDERHILL 

It can be Been that a smml1 amount of oxidation can increase 

the conductivity by a factor of 10. Xwever, fuurther oxidation 

reduces the conductivity back to t h a t  de rved  i n  t he  unoxidieed 

polymer. 

TAELE Oependence of m e  on x i n  Cu,n complexes. 

2.000 

1.945 

1.903 

1. a55 

1.794 

1.674 

1.611 

1.514 

1.487 

5.2 

14.0 

42.0 

27.7 

15.6 

5 .O 

4.5 

4.5 

3.9 

The presence of the net negative charge on the polymer chain  

may assist electron hopping along the polymer backbone. 

add i t ion  to  electrical conduction along the  polymer chain it is 

poeeible to  envieage stacking of t he  h a i n e  to facilitate intra  
staclr conduction aa i n  U-Pt(mnt).+ U n d e r  these circumstances 
the polymere could behave an a 2-D conductor. 

ln(u/md) veraus lF3 i e  l i n e a r  aa expected for a 2-D ~ o n d u c t o r . ~  

I n  

A plot of 
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