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This is an inventiogn by,Muthana Thevar Vijayan, Sethuraman

Pitchumani, and Venkatasubramanian Krishnan, all of*Central

Electrochemical Research Institute, Karaikudi-623006 (TN), India
. a Prowart {or

and all Indian citizens and relates to the electrosynthesis of

Polythienylene.

More particularly this invention relates to electropolypferizing

thienylene monomer using tetrabutyl ammonium tetrafluoro borate

or sodium perchlorate or potassium hexafluoro arsenate as
electrolyte on the stainless steel anode. The medium employed

may be acetonitilic,

The main objective of this invention is to.develop an
electrochemical route for synthesising not only p-type, but also
n—-type and neutrallmaterial, by taking into account of the
electrochemical reversabilif¢y of the system. The major advantage
is the product isolation which is simple as it is obtained on
electrode surface in the desired fofm. Further electrochemical
route is standardised in such a way that ohe can obtain the
conducting polythienylene at desired coonductivity. Thus the
overall control of the electrochemical route is achieved to

derive the desired level of conducting on the polymer.

Electropolymerization is carried out in"a single compartment
standard electrochemical cell. The electrolyte medium may be

composed of thienylene monomer and an electrolyte in purified

acetonitrile. The electrolyt=s can be either tetra butyl

ammonium tetrafluoro borate or sodium perchlorate or potassium

hexafluoro arsenate. The entire system is maintained under inert

=
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atmosvhere. A current density in the order of 3.5 - SmA/cm2 can
be imposed on the system through a norﬁal circuit depending on
the arca of anode. The polymer formation is observed as a film
or thick deposit on éhe anode. The polymer thus obtained is
ihsoluble in all common organic solve» 5, The éonductivity of
the polymer is measured uéing a standard method and found in the
range 25*100.0Hm_1cm’1. The time of polymerization can be in the

range of 10-20 minutes,

Synthesis of neutral Polythienylene:

In the same set up as described above, neutral Polythienylene can
be obtained by undoping'the polymer. After changing the
polarity of electrode, a current‘denéity in the region of 4 - 5
mA)cm2 is imposed on the system. The neutral film thus obtained
on the cathode can be peeled off easily and the conductivity is -
found to be in.the order.of 1 -2 x 108 ohm~lem~1l. rThe
electrolytes employed are the same as described earlier. The

time of dedoping can be of the order of 30 minutes.

“

Synthesis of n-type Polythienylene:

This can. be éynthesised by electrocheimical doping on the neutral
Polythienylene which is employed as cathode. A current density
in the region of 3.5mA - 5mA can be employed. The electrolytes

and their cooncentration are the same as described earlier., The

'conductivity of n-type thus obtained is found to be in the order’

of 0.1 - 0.2 Ohm-lcm'l. The times of doping process can be in

the range of 10 -~ 25 minutes.

\

The method leads to Polymer doped with different anions such as

BF4~ AsF¢ Clo,s” which imparts characteristic conductivity. The

* 3
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'procesigcah be achieved using a single campaﬁtment

'-electrochemical cell.

The polymer obtained can be used as electroactive material in the

fabrication of light weight recharggeable secondary battery.

Besides. it can be employed as electrochromic material or asg'

”

newer glectrode.

éolléwing are the advantages:

1) vpoljthienylene exhibiting n~type, p-type cohductivity can be
'synthesised in a single stroke. ‘ | |

i1) Cheaper anodes can be employed

i1i) ?he produét,is obtained in the desired shape.

iv) ‘Eléctrochemical compensation of n and p type conductivity is ‘

achieved.

»

vy Lesser time is required for all the reactions.

vi) Thickness, conductivity and composition aré npfedisely

*

controlled by the electrochemical parameters.

e

Dated this 29-{" day of /4.:,041986

X

~ 2 S M o e

(N. R, SUBBARAM)
JOINT ADVISER (PATENTS)
COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH
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This invention is developed by Muthanna Thé&ar'Vijayan,
Sethuraman Pitchumani, Venkatasubramanian Krishnan all of Central
Flectro Chemical Research Institute, Karaikudi., Tamilnadu, India
all Indlan citizens and relates to a procéss for the
electrosynthesis of cdnducting polythienylenes, | V
The conductihg polythienylene prepared can be used as
electroactive material in electrochemical devices. No method has
so far been known for the preparation of such polymer film. -
The process of this invention can be used for the synthesis of p~
type, n-type and neutral polythienylene. | »
Accordingly, the present invention provides a process for ihe
‘electrosynthesis of conducting polythienylenes which comprises

electropolymersing thienylene monomer in a supporting.electrolyte

selected from acetonitrile containing tetra butyl ammonium tetra

flucroborate, sodium perchlorate or potassium hexafluoro
arsenate, in an electro chemical cell having a stainless steel
anode and a cathode such as hereindescribed at a current density
of 3.5—5A/cm2.

The suppor;ing electrolyﬁe ma§ be acetonitrile containing
tetrabutyl ammonium, tetra fluoroborate, sodium perchlorate or
potassium hexa fluoro arsenate.

This invention broadly consists of the following details :-

‘Synthesis of p-type polythienylene: Electropolymerization may be

carried out in a single compartment standard electrochemical
cell. The electrolyte medium is composed of thienylene monomer
and an electrolyte in purified acetonitrile. The electrolytes

can he either tetra butyl ammonium tetra fluoro borate pteferably

0.1M - 0.45M, or sodium perchlorate perferably 0.1M - 0.35M, or

€
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potasaium hexafiuro arsénate preferably 0.05M -~ 0.25M. The
entire system is maintained under nitrogen atmosphere. - A current

density in the order of 3.5 - 5mA/cm? can be imposed on the

 system thirough a normal circuit depending on the area of anode.

‘The polymer formation is observed as a film or thick deposit on

the anode. The polymer thus obtained is insoluble in all common
organic solventg. The conductivity of the polymer i3 measured
ugsing a standard method and found in the range 25-%00 ohn~Ycun=t.

The time of polymerization can be in the range of ¥0-20 minutes.

Synthesis of neutral golythienilene : In the same get up as

"described "above, neutrallpolythienyiene can be obtained by

undoping the polymer. After changing the polarity of electrode,
a current density in the region of 4-5 mA/cm2 is imposed on the
system. The neutral film thus obtained on the cathode can be
peeled off easily and the conductivity is found to be in the
order of ¥-2 x %0~80hm~Ycm=%. The electrolytes employed are the

same a8 described earlier. The time of dedoping can be of the

order of 30 minutes.

Synthesis of n-type polythienylene : This can be synthesised by

electrochemical doping on the neutral polythienylene which is
employed as cathode. A current density in the region of 3.5 mA -
5mA can be émployed. The electrolytes and their conceﬁtration
are the same ag described eérlier. The conductivity of n-type .
thus obtained is found to be in the order of 0.% -0.2 Ohm~Ycm—¥,

The time of dopihg process can be in the range of 410-25 minutes.

.
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The invention is illustrated by the,follovingvexsmplea which

ghould not however be construed to limit the scope of the

1nventidn.

counter ion.
Anode

Cathode

Cell

Electrolyte
'Cdnoentration of
monomer

ACell voltagé
“Area of anode
Thickness of film
Time of polymerization
Conductivity

- Composition of Polymer

Anode
Cathode
Cell

Electrolyte

Concentration of
monomer

Cell. voltage

‘Example %
Synthesis of p-type polythienylene with tetrafluoro borate

(23

e

o

oo

.o

Stainless steel

Stainless steel

Undivided

0.4M tetra butyl‘ammonium tetrﬁ

fluoro borate in acetonitrile

0.2M thienylene
2V

5 cm?

30

45 minutes

%00 Ohm~Yom~%

[(CyHy8) BF4p,08T] X

Example 2
Synthesis of p-polythienylene with perchlorate counter ion.

.
.

Stainless steel

Stainless steel

Undivided

0.3M of sodium perchlorate in

acetonitrile

0.2M thienylene
1.8V

-3

3
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Conductivity

yArea of ahode -
Current dengity
Thickness of film
‘Time.of polymerigation
Conductivity

Composition of polymer

ion.
Anode ‘ . :

Cathode

Cell

e

Blectrolyte

Concentration of monomer :
Aiea of the anode H

Cell voltage

..

Current density

Thickness of the film

se

Time of polymerization H

Compogition of polymer :

e

s

23
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5 cm2
AmA/ on2
30
10 minutes

60 Ohm‘*cm'*

Exampie 3

Synthesis of p~polythienylene with hexofluoro arsenate ocounter

Stainless steel
Stainless steel
Undivided

0.2M potaasium hexa

fluoro
arsenate in acetonitrile

0.2M thienylene
5 cm? '

2.2 V

4 mA/cm2

25

20 minutes

50 Ohn~¥cm~"

[(cyHys) AsFg (0,22)]X

Example 4
Synthesis of neutral polythienylene

Anode

Cathode

Cell

Stainléss ateel

L(cyHy) 8 (BFY)g. 081X -

Undivided

q‘




0.4M tetrabutyl ammonium tetra

Y A Y EXEXXEXX

Electrdl&te : ;
: fluoro borate in acetonitrile
fEfféctive‘area of the >
film on cathode : 5 ¢m
Turrent density : 4 mA/cm?
Thickness of thne film : 30 |
Time of dedoping : 30 minutes

1.2 x 40~8 Ohm“*ém’*

Conductivity :
Example 5

Symthesis of neutral‘polythienylene | |

Anode L Stainless steel

‘Cathode | Cod [(CyHy) 8 (0104)0.24jx
| Cell o oo Undivided

Electrolyte : 0.3M sodium perchlorate

Medium : Acetonitrile

Effective area of the '

film on cathode : 5 cm?

Current density : 4 mA/cm? \

Thickness of film : 30

Time of dedopi/hg~ : 30 minutes

Conductivity 2.2 x %0-80num~Ycu—H

) Example §
Synthesis of neutral polythienylene
Anode . : Stainless steel l
Cathode | : [ (cyily 5 (MsFg) (g.22))%X
Cell | : Undivided
) 'Elgctrolyte : C0.2M potassium hexafluoro arsenate

in acetonitrile.
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Bffective area of the

film : 5 om? .

Current density : 4 mA/cn?

Time of dedeoping H 30 minute

Conductivity : 1.8 x 10~Bohme~Yem"
Example 7

Synthesis of n~-type polythienylene with (Bu4N)+ counter ion.

Anode H p-polythienylene with BF4
’ counter ion film

Cathode H Neutral polythienylene film
Cell : Undivided ‘
Blectrolyte : 0.4 tetra butyl ammonium tetra

fiuoro borate in mcetonitrile

Area of the electrode : 5 cn?
Cell voltage H 2V
Current dengity : 4 mA/cm

Time of doping

%S minutes

e

Conductivity 0.% Ohm=Y*om—%

Composition of the

polymer : [(C4H4) 8. (BuyN)g 45X
txamnle 8
Synthesis of n-type polythienylene with Na' counter ion.
Anode : -p-type pqut@@enylene with CIO4
counter ion film
Cathode : Neutral polythienylense
Cell ” : Undivided
Electrolyte 0.3M sodium perchlorate jn
, acetonitrile
Area of the electrode : 5 cm? | v
Current density B ‘4.5 mA/c;ﬁ2

\
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.Time doping : ﬁQ minutes
Conduotivity 4 0.42 Onm-Hom~"
o mienyLens Eiﬁii’zed; [(0yH,) 8 (Na)g, )X
Exanple 9
‘Synthesis of n-type polythienylene with K* counter ion.
' Anode ' : ~ p-type polythienylene with AsF6 B
v ~counter ion film
. Cathode s _ Neutral polythienylene
Cell t° Undivided |
‘Eled%rolyte : Sy ‘  v O.éM potassium hexafluoro arsenate
: . L in acetonitrile
: Afeé'of tbe.el;ctrode. : 5 om? |
Currant dénsity : f‘ 4.5 mA/cm?
Time of doping T 25 minutes

Conductivity 0.4 Ohm~Yom=*

" Composition of the
‘n-type polythienyle
obtained

[(c4ly) 8 (K)g, 47X

The'main‘advantagés of this invention are :

_.8) Polythienylene exhibiting n-type, p—type'conduot1Viﬁy can be
syﬁthesised in a single stroke.
b) Cheaper anodes can be'émployed,

c) Lesser time is required for all the reactions.

d) Thickness, conductivity and compositions -are precisely

controlled by the electrochemical parameters.

2

Oocoootoic"“ﬁoonooo-ooc-oom-:-obo‘n




166853

1. A process for the electrosynthesis of conducting

We claim

polythlenylenes which comprises electropolymersing thienylene
monomer in a supporting electrolyte selected from acetonitrile
containing tetra butyl ammonium tetra fluoroborate, sodium
perchlorate or potassium hexafluoro arsenate, in an electro
chemical cell having a stainless steel anode and a cathode such

as hereindescribed at a current'dens'ity of 3.5-5A/cm2.

*

: 2. A process as claimed in claim 1 wherein the concentration of

the monomer is 0.2M.

j. A process as claimed inclaims 1 & 2 wherein the concentration
of tetra butyl ammonium tetrafluoro borate ranges from 0.1M to

0.454.

4, A process as claimed in claims 1-3 wherein the concentration

of sodium perchlorate ranges from 0.1M - 0.35M.

5. A process as claimed in claims 1-4 wherein Lhe concentration

of potassium hexafluoro arsenate ranges from 0.18 - 0.25M.

6. A process as claimed in claims 1-5 wherein the electro

polymerization is effected under nitrogen atmosphere.

7. ‘A process as claimed in plaims 1-6 wherein the reaction is

effected for a period ranging from 10-30 minutes.

’

8. A process as claimed in claims 1-7 wherein the cathode .

employed is alse of stainless steel.

-‘_\3,
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9. A process as claimed inclaims 1-8 wherein the cathode used is

10. A process as claimed in claims 1-9 wherein the cathode used

is [(C4fy) S (CI04)q,241% E£ilm,

11, A process as claiﬁed in claims 1-10 wherein the cathode used

f#s T1C4Hy) S (ASFglg.9) 1% £ilm.

12. A process as claimed in claims 1-11 wherein the cathode is

neufral polythienylene film.

13. A process as claimed in claims 1-12 wherein the area of
cathode and anode is 5 cm?.
14. ‘A process ‘for the electrosynthesis of conducting

polythienylene substantially as here in described with reference

to the Examples,

Dated this 1st day of June .1987

- AY
"". (jA L J PO TS SR L

gl 4

77 ( N R. SUBBARAHM )
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