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“this is an invention by Dinesh Chandra Trivedi, Venkata
Subramani&n Krishnan, Kodethoor Shrivara Udupa and Kumgettithidal

Santhanan Rajagopalan scientists of Central Eleé¢trochemical

Research Ihatitute, Karaikudi,'all Indian citizens.

'Tﬁe invention relates to the electrochemical preparation of poly

indole from indole in a supporting eléctrolyte of either
_écgtonitrile or dimethyl formemide containing eitﬁer anhydrous
sodium perchlorate or iithium perchlorate, using stainless steei’

ag the anode and cathode.

~This condﬁcting polymer of Indole can be used as material fot'
organic batteries and for the storage of IC chips. ?he
polymerisation could be carried out.either in an undivided cell
or in a divided eelllwithout affecting thé effié&ency of

polymerisation.

' Hitherto the electrochemical polymersation of Indole and the
subsequent preparation of poly indole was done on the anodes such

ags Platinum, Au, Sn02 and In203 in en Argon gtmosphere.

The Chemical method of polymerisation of Indole leads to the
. formation of polymer of very low conductivity (10"H to 10~8 ohm
cml). Moreover various oxygenated side products of Indole are

also formed during the chemical reaction which cannot avoided.

Hence the main object of this invention is to develop an
electrochemical method for the pfeparation of poly indole,
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. without aﬁy_side products;'having high conductivity.

To these ends, the invention broadly consists of the following

details.‘ In a 200 ml glass beakér a- stainleee eteel éathode and

A -

a platinum anode or nickel anode or a stainlees eteel anode vere'

v E

fixed at an inter electrode distance of 1 = 3 cm. Anhydtoue
Enodium perchlorate of strength 0 M - 1M or Lithiun perchlorate

I

. of strength 0.1M = 1M was, used as the electrolyte in either'
ecetoniprile (100 ml) or dimethyl f;rmemide (100 m1) or
ieirehydrofurn'(16b’ml). all experiments were carried out 1n

f enh§drens cbndition’under~the nitrogen etmoephere. The water
content ot the medium is 10 ﬁole 1'1 Even traces of oxygen
leads to polymera of low conduatence. Qtﬁet solvents seoh as
CHZC'Z and eupporeinq electrolyte such as N(Bu)‘Br4-ceh be used.
A current of .02 to 0.5 amperes (c& = 0.001A/cm? to 0.012a/cm?)

' depending on‘the enede area wvas ﬁeeaed. For a charge of 24
'mc/cuz the thickness of 1 mm is obtained. Thie polymer black in
eolonr, ks highly ineoluhle in common organic solvents. The

.te:ede;c yielg for conversion has been calculated to be about

0.45 to 0.55 molar per mole of electrons. The anode potential

during electrolysis is 0.9V ve.scz and this is maintained.

-

The oxieation'poeentielvof mononer Ind61e.teneine unchanged with
" different loiventﬁvand eupportieg electrolytes indicating eﬁ
'f}niform poiymer formation on the anode uuriace. ‘Af an anode
petentlal of 0.9V vs BCE the current ihcreesee sharply and gets
stabilised after e‘tew mihutea. Onlpaasing the curtent the anode

surface becomes bleck due to poly 1ndole !o:netion.' The

conductance of polymer ellows the feat growth of a film of mary
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"lﬁraﬂﬁctirl‘thieknifa. The conductivity was measured by four

point ‘probe technigque and the conductivity of poly 1ndolo {0) was
.fo"mlto be 10 -5 to 10" m" cm". The conducting@olyner thus
°formed is adhesive on the anode surface and it oan be Qalily

?melod otf after building up of sufficient thicknest (0o 1mm)a

BEN

)
Tﬁls-poly-or is quite -table. 

Following Are the examplest
: !::amgl lent . o .
ngpétting g1octto1yt; | r Anhydxou- ;odihﬁ POtchlbrate
o | itu) in 100 ml of accﬁonitrile
(Double distilled). The-olccti&
rély#o ' flu dggor;t.dv by -

" passing nitrogen

Indole _ o a ‘\‘o m . |

iA;on ito;zﬁ - Stninlell steel of 30 om? areg
Cathode area , S I Stainlesl steel of 30 en? area
*oﬁp;zitur¢’  . ‘ : ;i< Room Touperaturo (30-35°c)
‘c.d. onployod N e .o.oosa/cm

c.11 vql;ago | ' y . 28V

ouration o! oloct:olyoil vn;' 36 minutes |

!hichnoas obtained 0.5 mm v

c;:. o »jt»>60\;. . .

conducttvitx | 1 ilibfarohﬁffbcgyf:
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» M
Supporting electrolyte

.Inéule

Anode area

cithodo area

Temperature

Ce«d. ermployed
callvéoltaqq

Dﬁrction of elecéroiylll
Thickness obtained

C.E, ;

COnductivigy

Example=3
Supporting elec;tbljte

Ihdole

‘Anode area

Cathode area
Tchperature

C.d, employed

Cell voitagg'

161413

Stainless steel of 30 om

Anhydrous lithium perchlorate

(1) 40100 ml of acettonitrile

\

(Double Aaistilled). The

electrolyte was deaerated by

paasing nitrogen

0,1

2 area

2

Btainless steel of 30 cm” area

Room Temperature (30m35°C)

' 0,006A/cm?

4.5 v

30 minutes
0.5 mm
62%

-1

10“2’ohm'1 Qr.

Anhydrous socdium perchlorate
(M) in 100 ml dimethyl formw
amide (Double distilled). The

electfolyte was deaerated by

passing nitrogen

0,1 M

2

Stainless stesl of 30 cm® area

Stainless asteel of 30 cmz area
Room Temperature (30 35°C)

0.0065/cn\2

4.5 Vv

G
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thckﬁeea obtained

«Ee

0

Cconductivity

161412

3 0.5 mm
: _55!
=1 on™!

& 104 ohm

»

Dated this 13th January 1984.

0 Lo

{S. CHAKRAVARTY)
PATENTS OFFICER

‘COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH
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THE PATENTS ACT. 1970

COMPLETE SPECIFICATION
( Section—10) .

% IMPROVEMENTS IN OR RELATING TO ELECTROCHEMICAL SYNTHESIS .
‘OF POLYINDOLE®Y,

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH,Rafi Marg,
New Delhi-110001, India, an Indian registered body incorporate
~ under the Registration of Societies Act ( Act XI of 1860).

The following specification particularly descridbes and :wemins the nature of this inveation
and tho manner in which it is to be performed :—
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Thia invention 1is developed by Dinesh Chandra. Trivedi, .
Venkatasub:amanian Krishuan, Kodithoor Shrivara Udupa, and
kﬁmmattithidal Santhaﬁam Rajagopalan, all of CECRI, Karaikudi
Tamnil Nadu, India, all Indian citizensvand7relates to pelyindole
can been used as an electrode material in high energy density
erganic batteries and also find place in storage of electronic

componentg 'such as IC chips.

Hltherto the electrochemical polymerization of 1indole and.
subeequent preparation of polyindole was done on the anodes such

as_Platinum, Au, Sn02 and In203 in an argon atmosphere.

,The chemical method of polymerization of indole leads to the -
‘formationfof polymer of Vefy loﬁ conductivity(fO‘H to 10-8 ohm~
1_cm"). Moreover; vgrious oxygenated side products of indole
aré-also‘formed during-therchemical reaction‘ﬁhich cgnnot be.

avoided.

fhe main dbject of this invention is to develop an
electrochemical method for the preparatlon of polyindole without

any side products, and having high conductivity.

Accordingl}, the invention relates to the electrochemical

preparatlon of poly indole from,lndoﬂe in an electrolyte
containing a8 supporting electrolyte in a solvent the anode and

the cathode being stainless steel and having an area of 30cm2.

By way of supporting electrolyte anhydrous sodium perchlorate and

lithium perchlorate may be employed. The examples of the

g; .



16 1412

,;}eolvente which cen be employed. it may be uentioned aoetonttrile’
;;ana dimethyl formamide and tetrahydro furane;,rgw--,

-;An enbodiment ot the 1nvention is described below witp reference a
:ito the flov eheet ehown 1n the dravings acoompanying this
."hpeoifioation. ' '  ' ' |

:‘In a8 200 ml glase beaker a stainleae eteel osthode and e;
-;etainleee eteel anode were fixed at an inter electrode dietanoe‘
* of ¥ -3 om. Anhydrous sodium perohlorate of etrength o.tu - tHL
,or Lithium perchlorate of strength 0.4M - au was used as the;
elegtrolyte in elther acetonitrile (400 ml). The experimente was
oarriedleﬁt in anhydroue ceﬁdition under the‘nitregen etmoephere.‘
. The vater oontent of the medium 18 ¥0~2 mole =Y. Bven traces of |

3 oxygen leade to polynere of low conduotanoe.

Other eo1vents euoh»ae,CHzcﬂz'and eupportiné slectrolyte such as
lﬁ(ﬁ&)43?4 can be ueed."'A'eurrent of .02 to 0.5 amperes
(02=0.004A/ on2 to ‘o 042A/om2) For a ohargeof 24 mo/om? the
I'thiokneee of fum is obtained. This polyner;;blaok in oolour, is
| highly 1neoluble in common organic eol#enta. »The-taradeio‘yield’f
for conrereion has been calculated te be about 0.45 £640.55 molar
ber ﬁoie of eleetrone. The anode potential during eleotrolysis
18 0.9V ve SOE and this is maintained. |

The oxidation potential of monomer indole remains uaohanged with~f
different solvents and supporting_electrolytes indicating an
uniform polymer forqarion on the anode surface. At an anode

‘potential of 0.9V vs SCE the'current inoreaeee.eherply and gets
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stabilised after a few minutes. On passing the current the ancde
surfécé becomes black due %o poiy indole fdrmétiop., The
condﬁctance of polymer allows the fast grgwth of a fi;h of'many.
micro film of many micro meters thickness. The condu;tivity was
‘measured by four point probe technigue and the conductivity df
poly indole was found to0 be 10=2 to 10~2 cohm =' cm~t. The
conducting polymer thus formed is adhesive on the anode surface

and it can be easily peeled off after building up of suffiéienﬁ
thickness (0.tmm). This polymer is quite stable.

The invention is,furthér illustrated by the following
examples which should not be considered as limiting the scope of
. the invention. | |

| Example -t

Supporting electrolyte : Anhydfous sodium peréhlorate (1M)

: a ' in 100 ml of acetonitrile (Double

" distilled). The electrolyte was
deaerated by passing nitrogen.

Indole O0.tM o
Anode area Stainless steel of 30 cm2 area
Cathode area Stainless steel of 30 cm< area

Temperature

Room tempgrature (30-35°C)
c.d. employed

0.0064/cm

@e 80 ae 00 e 96 sa s se e

Cell voltage 2.4V

Duration of electrolysais 30 minutes
Thickness obtained 0.5 mm
Conductivity 10~2 ohm~! cm~

\o
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Ex ple=2

Supporting electrolyte : Anhydrous sodium perchlorate (ﬂM)
W _ in %00 nl of acetonitrile (Double
v : distilled). The electrolyte was
deaerated by passing nitrogen.

Indole

- Anode area
Cathode area
Temperature
c.d. employed

0.4M
Stainless steel of 30 cm? area
Stainless steel of 30 cm¢ ares
Room tempgrature (30- 5°C)
0.006A/cm

" 00 69 se 4% ee *6 so @e os oo .

Cell voltage 4.5V
Duration of electrolysis 30 minutes
Thiokness obtained 0.5 mm
‘Un . o 62%
Conductivity #0~2 ohm~¥ cm~¥
" Example=3
Supporting electrolyte = : Anhydrous sodium perchlorate (4M)
' ' in %00 ml of acetonitrile (Double
distilled). The electrolyte was
denserated by passing nitrogen.
Indols 0.4M

Stainless steel of 30 cmg aresa
Stainless steel of 30 cm® ares
Room tempfrature (30-35°C)

Anode area
‘Cathode area
Temperature

€0 4c P% g0 ¢ g0 3% ee 3>

c.d. employed 0.006A/cm

Cell voltage 4.5V

Thickness obtained 0.5 mm

C.E. 55% . oy
Conductivity 104 ohm™' cm -

The main advantages of the invention are:

(1) No side products are obtained

(ii) A polymer of good and uniform cohductivity is obtained

(1ii) This electrochemical polymerization leads to a clean and an

elegant method of polyindole preparatdon
1
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)

_} An improved process for the preparation of polyindole which
'comprisea electrochemical polymerization of indole in an
:electrolyte bath oontaining a supporting eleotrolyte in a solvent
fthe anode and the cathode boing stainless steel and haVing an area,l
;of 30em2C.
w2. A process a8 claimed in claim % vhefein‘thé supporting
:eiootrolyte used is selected from anhydrous sodium perchlorite or

glithium perchlorate. . | . | l ,

3. A process a® claimed in claims t and 2 ‘wherein the aolvont uaedr

,is~seleoted from acetonitrile, dimethyl formamide and tetrahydro

furan, ' ) a ' '

4. A proéeéa as olaimed in any one of fh§ preceeding ciaime wherin

the current density ueed rangee from 0.00tA om? to 0.0?2A/cm

5 A procese as olaimed in “any of the preoeeding claim wherein

;t‘h.o.ia:v_o_ell voltage. ro.nges from 2.4V to 4.5 V.
fG;:A'process as claimed in any one of ‘the preceeding olaimq
' wherein the eleatrolysis is carried out for a period of 30
" minutes. | ,
| Ts A prooese as claimed in claims t to6 wherein the temperature

of eleotrolysis is maintained between 30-35°¢C,

‘8. An improved prooesa for the preparation of polyindole'

substantially as hereindescribed with reference to the Examples.

Dated this t1th day of June 1985.
—T¥R. SUBBARAM)

 JOINT ADVISER (PATENTS)
COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH
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