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“®his 18 invantion»by ﬁinesh Cﬁandra Trived
Venkatasuhramanian Kriahnan,‘ Kodnthoor Shrzvara Udupa and
fVummattithidal Santhanan Rajagopalan, Scientists of Central
;Flectrochemical Researoh Institute, Karaikudi, Tamil Nadu, lﬁdia,
. all Indian Citizena. '

~The inventipn‘relates ﬁo‘¥he‘electrochemical preparﬁtion of
polypyrrole frdm pyrrole in an electrolyte of either‘écetohitrile‘
lor'dimethyl formamidelcontalning eifherlaﬁhydrous godium '
perchloréte or lithium percﬁlorate, usingistainless étéelvas the
anode and the cathode. | | | - |
-This conducting polymer of ﬁolypyrrole can be used as aﬁ anode
and cathbde material in highlenergy‘density 6rg;nic battefy.
. They alsp’find & place in storage of electronic components such
ag IC Chipé. Thts polymerisation could be carried out eithar in

an undivided cell or in a divided cell.

Hitherto the electrochémical polymerisation of'pyrrole and thé
subsequent preparation of polypyrrole was done on anodes such as

P, Au, S9n0, and In203, in an Argon atmoaphere.

v'Tﬁe chemical method of“polymerisation of pyrrolélleads to the
;formation bf'polymer of very low conductivity (22 10“9,to 10,‘7',
ohm ~1 cm ‘1)::}Moreover various side products of pyrrole'

are also formed during the chemical reaction which cannot be

,.avoided.
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Hence the main object of this invention i8 to deVelop an

electrochemical method for the preparation of polypyrrole without}‘

any aide ptoducts having high conductivity.i"

To these ends, the invention broadly consists of the following»

details. In a 200 ml glags beaker a stainless steel cathode andf’

4

an anode of either a platinum or nickel or stainlese steel were
fixed at an intet electrode distance of 1=3 cm. Anhydrtus stdium
perchlorate of-streﬂgth 11M - 1M or Lithium perchlorate of:
strength »IM =w1M Qas used as the electrolyte in eitherj
aqettnitrile (100.mi) or dimethyl‘formamide (1b0.ml} or
tetrahydrofuran (190 ml). aAll experimentsAwereicarried out £n

anhydrous condition under the nittogen Atmoéphére. Thavwate:

= 1

=2 mole 1 « Even traces of oxygen

content of the medium is 10
lehﬁs to polymers of low conductance. Other solvents such - -as .
and supporting electrolyte such as N(Bu),BF, can be uséd{ 

A currpnt of .02 to b.SIampéres (cd= O.OOTA/cm2

CH2é12
to 0.012A/¢m?2)
éepenaing on the anode area was passed.  Fof'ﬁ,charge dentity qf
.24 i'nc'/r:m-2 the‘thickness'is.1 mic;ot; .Thiébpolymer black 1n{
colour, is highly q:oiublé in‘tommon organic solvetts. -Thé?
faradaic yield for conversion has been calculated to- be about'

0.45 to 0.55 molar per mola of electrcna. The.anode potential’

duringvelectr01951s ig 0.8V vs SCE and this ig maintained.

The éxidation pqtential of ﬁohomerbpyrro;e reﬁains ﬁnchanged with
différent sal&ents and supporting electrolytes indicating gpl
\dntform éolfmer formation on the anodg surfaqg. Atan anode
?potehtigl of 0.8V vs SCE the current increéses sharply andlgets:

stabilised after a few minutes. On passing the current the anode

3

3



surface beéémes‘black"due to polyp;riole formatiom.v‘Thi
“conductance of polymer ‘allows the fast growth of a film of many

micro meters thickness. The conductivity was measured by ?our

point probe technique and the couductivity Ur*4 of polypyrrole
was found to be 0.5 to 10 ? cm "1. Thn conductinq polymer thus
: » >

formed is adhesive on ‘the anode surface and it can be eqsil?;
peeled oft’ after buildinq up sufficient thickness (1 micrdn).

This polymer is quite stable upto 150°c.

“A plurality of examples are given below to {l1lustrate tﬁ&

o vehfion =

‘Example 1

VSQpporting électroly:oewr'knhydrous'sodium berchidréfé-(JK).ip

o ’ L 100 ml of acetonitrile  (Double

'distilled).; The. electrolyte was
deaerated by passing nitrogen. N

- bPyrrole 0.1M

/Bnode'lfgé o ‘.i'St&inless steellof‘30 cmz'araé
.Caihbde-é:ea {"~ ' "x Stainléss steel of 30 cm?varﬁa
;Tempexéiure; s . i‘Room Temperature (30*35°c)

- . LB .
"Ceds empioyed  “ "§ 0.00GA/gm o - 'ﬁff%f~ ,
Cell voltage : | ; 2.4v -

.Duration of electrblysis: 30 minutes

.Thickness obtained  = 0.1‘mm_mf .o : ;
C.E. R . : 55% » .
fcdnductivity" e 4 1.5 ohm;"’em =1

4



Example 2 l 6 1 o 5 5

Sdpporting é;ectrbiyﬁé‘;;jknhydtous lithium perchlorate (1M) in
R T 0100 ml of acetonitrile (Double‘distiw
- lled)s The electrolyta wag: demerated

by pasaing nitroqen. N

¥;§161;T v_,' ‘1} 0 ™

gnéde areﬁ | ﬂ:-Stainless stge{lot 30vcn2 area
éatﬁdd§‘éiéa -is_Stainless cteel of 30 cmzAnrea
f;mpéfA£;ré’ ﬂ' f § Room Temperature (30~3S°c) ‘
c.11 voltaqe l1; :_g 4;5? '

current Density »>';~0.006A/cm2

Duration of electrol}sis:_30 ﬁiﬁutes

:Thicknesg'obtained o  :_0,1 mm

euE. | o 7y sse

iéénducf}V}fy ’  ’~,f‘ » §41.s,§hm " em ™1

- Example 3

shpporting;éléctroiyte '{ Anhydrous sodium perchlorate (1M)
TV R in 100 ml dimethyl formamide
A U "‘- (Double ‘distilled). ~The electrolyte
U ' T R was deaerated by passing nitrogena
'j?tholéiﬁ ’ L ‘ i ' i‘Q.1 Mo _
;hnbdqiaréa- ', S :"Staihiess“ateél of'ichhzuérié"

Staihless steel of 3é'¢m2 éféaf

.-

- Cathode area

T Qemperatgre 'Robm temperature (30‘35°C)

TC;H;temployed*

0.0DGA/cm
(¢11 voltage'q; S t 4.5V

Thickness obtainedv

=

N
e

8

! Conductivity ~— . 1 0.8 ¢hm "1 om 1

S



Egaﬁéle ﬁ

Supporting electroiytq"s

Pyrrole :
Anode area ' :
Cathéde area . . S
Temperature ‘vA B
Cod.‘employad'. R
Cell voltage ‘ . ot

Duration of electrolysia:

Thickness obtained t
CvoEo . $
Conductivify ‘ RS B

1610556

Anhydrous iithium perchlorate (1M)

in 100 mi dimethyl formaumide .
{bouble dimtilled)s The electrolyte
wag deaerated by passing nitrogen.

Ga-! M-
Stainlese steel of 30 chz arsa

Stainless steel of 30 em? area
Room Temperature (30435°¢)‘1"f
0.006a/cm? |
4.5 VvV

30 minutes

0.2 mm

55%

0.8 ohm =1 cm =1

<



Example §°

Supporting electrolyte H

Pyrrole Ty
Anode area o _vi }
Catﬁodg areé. v R
Teﬁperaturé ,A:'. 3

C.4. employed
Cell}voitaée : . t

Duration of electrolysis:

Thickness obtained . :
C.B. ' Sy
Conductivity - 1

161055
Anhydroug lithium perchlorate (1 M)
in 190 =l dimethyl foruamide
{Dovple distilled). The electrolyta
was deserated by passing nitrogen.
0.1 M

Stainless stsel of 39 em? area

2

‘Stainless steel of 30 cm? area

Room Temperature (39-3560)
0.006A/cm2

5.0 v

30 minutes

0;1 mm

55%‘

L ]
0.9 ohm cm

D&t&d this-oﬁ&“cooday of. R?n.nt’gd4

)

(BUSHIL KUMAR(/
ASSISTANT PATENTS OFFICER

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARRCH
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161055
THE PATEMTE ACY. WN

'COMPLET® SPBEOIFICATION
{ Section~10) '

“IMPROVED PROCESS FOR ELECTROCHEMICAL SYNTHESIS OF
POLYPYRROLE" . '

4

COWNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH Rafi Marg,
‘New Delhi-110001,India, an Indian registered body -~
incorporated under the Registration of Societies Act
(Act XXI of 1860). B ’ '

Thoﬁuuiduiup&ﬂ&idonﬁmukuhdythdiﬂiiauiaununhnnh@iuuunglﬂiltmn-nul
and the masner in which it is to be porformed :— ,



161055
Thle {nventinn is developed by Dineeh Chandra TrivediQ'
AVenkataeubramanian Krishnan,‘ Kodethoor Shrivara Udupa and;
Kummattithidal Santhanam Rajagopalan, Soientiete of Central?v
Eleotrochemical Research Inetitute, Karaikudi, Tamil Nadu, India;
ell Indian citizens and relatee %o, an improved process fon

electrochemical evnthesie of Polypyrrole."

Thie polymer of pyrrole can'be uaed ae an electrode materiallin
high energy density organic batteriee and also find place in
storage cf elecronic componente euch ae IC chipe. N

Hitherto the electrochemical polymerieation of pyrrole waa doneg

on anodes euch asiPt,iAu, Sn02 and In203, in an Argon atmosphereﬁf

The chemical method of polymerisation of pyrrole leade to the
;fcrmabion of polymer of very low conductivity ("J 10‘9 to 10‘7§_
iohm ‘* om. 1. Moreover varioue eide prcducte of pyrrole ared

(aleo formed during the chemical reaction which cannot be avoidedu’

.Hence the main object of thie invention ie to deveIOp an%
electrochemical method for the preparation of polypyrrole without

‘any side producte and having High conductivity.

The invention relatee to the electrochemical preparation of
polypyrrole from pyrrole in an electrolyte containing a’
supporting electrolyte in a solvent, wherein the anode and the;
cathode being- stainlese steel and having an area of 30cm¢ -

1
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sy way ot supporting eleﬂtroljte, anhvdroua so&ium percnlorate_
and lithium perchlorate may be employed. The~exampTes of the
soivents which can. be employed it may be mentibned acetonitrile

and dimethyl formamide, tetrahydro furan.

A embodiment of the invention is described below with reference

"t0 the flow sheet shown in the drawings aocompanying thias

specification.

The invention broadly'conaiste of the following details. In a
200 ml glass beaker a stainless steel cathode and an'anodé of
stainless steel were fixed at an inter electrode distance of #-3
cm. Anhydrous sodlum perchlorate of strength MM - 4M or lithium
erchlorate of strength .4M <~iM was used as the electrolyte in
either acetonitrile (&OO ml) or djmethyl formamide (#00 ml) or
tetrahydrofuran (mOO'ml).' The experiment was carried out in,
'anhydroue condition under the nitrogen atmosphefa. Thé water.
content of the medium is %0 “Z,mole m'"m. Even traces of 6xygen
leads to polymers of low ccnductance{ ther aolvent&lsuch as
CHyChy and supporting elactrolyté such as N(Bu)4BF4 can be used.
A current of .02 to 0.5 amperes (cd— 0. OO?A/cmd to 0. Oh°A/cm2)
was passed. For a charge dengsity of 24 mc/cm2 the thickness is #
wicron. This polymer black in coleur, is hlghly solublevln
common o;yanic solvents. The faradaic yield for conversion haé
peen calculated to be about 0.45 to 0.55 molar per mole of
electrons. .The anode potential during electroly91s is 0.8V vs

SCE and this is malnua;ned.
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The oxidation potential of monomer pyrrole remains un‘pangbd with
different sdivents and supportihg electrolytes indicating an
uniform polymer fqrmation on the ancde surface. . Atan anode
potential of Oﬁav ve SCE the current increases sharply and géts.
atabilised after é few minutes. On passing the current the anode
surface becbmes black due to polypyrrole fOrmatibn.‘ The
conductance of polymer allows the fast growth of a film of many
‘micro meters thicknéss. The conductivity was measured bj Four
point érobe.technique and the conductivity { g ) of polypyrrole
was found to be 0.5 to 10 =Y cn =1, The conducting polymer thus
farmed is adhesive on_the anode surface and it can be easily
peéled off after buildinguup suffiéient thickness (1 micron).

This polymer is quite stable upto 150°C.

Accordingly, the present invention consiats an improveﬁ process
'fdrbthe preparation of polypyrroule wﬁich comprises
'electrbchemical polymerisation of pyrrole in an electrolyte.
containing a supporting electrolyte in & solvent the anode andA

the cathode bsing stainless steel and having an area 3Ocm2

The invention is further illustrated by the following exaﬁples
which should not be considered as limiting the scope of the-

invention.



Supporting electrolyte

 txample 1 161065
‘Anhydrcus aodium perchlorate {1M) in

100 ml of acetonitrile. - (Double

© distilled). 'The electrolyte was

Pyrrole

Anode area
Cathode area
Temperature
C.d. employed
Cell voltage
- Duration of electrolysis
Thickness obtained
C.E.
Conductivity

Bupporting electrclyte

deaerated by passing nitrogen.

0.1M-

Stainless ﬂteel of 30 cm§ area
Stainless ateel of 38 ¢ area
1om Tempirature {(30-35%C)
0.006A/cm . '

2.4V :

30 minutes

0.1 mm

55% ,

1.5 ohm -1 cm ~1

Examgle 2

Anhydrous’ lithium perchlorate (1M) in
100 ml of- acetonitrile (Double disti-~

" 1led). The electrolyte was deaerated

Pyrrole _
Anode area
Cathode area
Temperature
.Cell voltage
Current Density .
.Duration oF electrolysis
Thickness obtained
C En .
'Conductivity

‘Supporting electrolyte i

4 L -

by passing nitrogen.

“0.1M

Stainless'steel of 30 cm2 area_

Stainless steel of 30 cm2 area
Room Temperature (39-35° C) -
4.5V ’ ,

0.006A/cm?

30, minutes . -

0.1 mm

558 ~
1.8 ohm "1 em "1

Examgle 3

Anhydrous sodium perchlorate (1M)

in 100 ml dimethyl formamide

~ (Double distilled). The electrolyte

Pyrrole -

Anode area

Cathode area
Temperature
C.d. employed

Cell wvoltage - »
‘Thickness obtained‘
COE.' . '
*Conduat&vzty

0.1 M

8% g0 88 g¢ 0 ge n~..‘u

~was deaerated by passing»nitrogen.

Stainlese steel of 30 ‘om? area .

Stainless steel of 30 cm2 area’

. Room tempirature (30 -35°C)

0.006A/cm
4.5 V

0.2 mm
55%

‘0.8 ohm 1 em- ‘l'

|I—
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Anhydroue lithium perchlorate (1M)
in 100 ml1 dimethyl formamide -
(Double distilled). The elactrolyte
was deaerated by paesing nitrogen.

0. 1,M o
Stainleas ateal of 30'cm2’aréa'
Stainless steel of 30 cm2 area
Room Tempgrature (30»35°C)

;Bupporting electrolyte

f.Pyrrole !
Anode area
Cathode area
Temperature

V-..-..nnnooo.nq

- Ce.d. employed 0.006A/ci
. Cell voltage 4.5 V
Duration of eleotrolysis‘ 30 minutes-
Thickness obtained v 0.2 mm
;;Conductivity 0-8 ona “"cm'f?

.Tho main advantaages of the 1nvenion are:
1) No side products are obtained
"2) A polymen of high conductivity is obtained

-3) This electrochemical polymerisation 1eads to a clean and

'elegant method of polypyrrole preparation

S

(L



Yo clatn: 161055
. A ﬁroceaa for the preparation of polypyrrole which comprices
électrdchemical polymerisation of pyrrole in an electrolyte
containing & supporting eiectrolyte ine edlvent the nnode and
tha cathode being stainless steel and having an area 30em?,

2+ A process as claimed in olaim 1 wherein the suppcrtinq
electrolyte is seleooted from arhydrous sodium perohlarabw or

lithiud perchlorata. o . ’ |

‘,,‘3,,. A process ss claimed in olaiw f and 2 wherein the aolvént uged

is selacted from acetonitrite and dimethyl formamide a&nd
tetrahydro furan.

.& 4.“A process & 88 claimed in any orne of the precesding claime
wherein the current density employed ranges from O. OOTA/nm to
0.0t2 Afem?, -+ o | '

;5} A process aw cléimad in QAy one of the preaead;ng olaims -
‘whérain thel}oltage ranges from 2.4V to 4.5V.

_ﬂ6. A process as oclaimed in any one of the praoéeding‘olaima,

qwherein the electrclyasis 1s_éonductad for a ﬁeriod of 30 minutes.
T. A process as claimed in cleims § wherein the temporaﬁurq of

x;he electrolyeis is maintained between 30—3500. '

ﬁe An improved process for the preparation of polypy*role

substentially as hereindescribed with reference to the Examples.

Deted this t1th day of Juns. 1985,

I~ /e ® CMLLM:“' eram

y (N.R. SUBBARAM)
© JOINT ADVISER (PATENTS)
GOUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARTH

e
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| PROCESS FLOW SHEET FOR POLYPYRRDLE

Awnhydrous
CH3a CN or DMF| . o
Containing SR * . PYRROLE
 Anhydrous | o |
NaCioger LiCIQ)

 BLECTROLYTIC C!LL

POLY PYRROLE

Skt K|



