CHAPTER III

CYCLIC VOLTAMMETRY OF POLYPYRROLE SYNTHESIZED
BY ELECTROCHEMICAL AND CHEMICAL METHODS

Introduction ”y/

It was known that elcclioehe ~syathesized polypyrrole (Eppy) can be

very well used as an electioflc of sritli ':' able batte %[2]. In this work it is aimed
to investigate the possibulity 6 fising c synthesized polypyrrole (Cppy),
which prepared by a diffaft d-as of rechargeable battery. The
first investigation is to st shé £ t 1s Cppy. This experiment
will re .| whether the’ l

d Ses of Cppy can be performed
and for how many cycles. al:u ‘ -

1s electrochemical reaction is

CEL
basic requirement for a good eletirode of rechargeable battery.
Instrumentation V— ' -3 7
Cyclic vultamn‘p Béf‘“t using the instruments set up in

o 1. ALY 4] S, e,

potentiostat (626\Polarcord, Metrohm), X-Y recorder (Gmphlc Corporation) and
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Reagents
Reagents used in the experiments are listed below:

1. Platinum metal Aldrich
2. Propylene carbonate Fluka

3. Tetrab ., Ilm,f' y Fluka

4. Methanol e J.T.Baker
5. Anhydrols Feme chlofide Fluka

6. Anhydzous CafCaton cilonde Fluka
Fluka

TIG

8. Nitrog: 3 9% p LR
9. Pyrrole / LW e ’ x‘x_‘ . Fluka
Cyrrole gmanamec. was disti -:\a‘ der reduced pressure. The
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Experimental
Polypyrrole from Electrochemical Synthesis

Polypyrrole synthesized by electrochemical method could be
performed in the one-compartment elegtrochemical cell [15] illustrated in Figure

The slectrochemical polymefiZanon out by using 4 V power
supply. The darkenin / j i\ de“eould be observed when
polypyrrole film graduw _ » . Since the film thickness
increased with reactiondfimé __- p \\\,\\ ould then be prepared by

Figure 3.2 The one-compartment electrochemical cell for the synthesis of
polypyrrole



Table 3.1 The electrochemical cell current

of polypyrrole synthesis

Wy
Table 3.1 showed

current was almost co L- ant with reacuon time, it mcmd that the film being

st o gt SR B N 2414 i b

polypyrrole shofed high elecmcal cnndumwty of s approxlmately 102

e TARGETRISR VA

rrent in the synthesis. The
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n+zQ _FM.F”“&]WHZMHE (3.1)
i, SR

() “ / B + [zn+2 JHY+ 2n#2+0x)e (3.3)
._“..'_!.'II_ / ‘

the stoichiometry for the

“\
%\‘ \'r alues of n (Equation 3.1),

formation of the pnl 18 - larg
\ \ \"'-.E '\k \\

plus the charge associatec quation 3.2). The level

of oxidation of polyp

unit, corresponding to o ‘
The structure of polypyrrolé was hown i platt

, ‘-»,% terion was 0.30 per pyrrole

ole, in this case x = 1/3.

u
Figure 3.3 Structure ngp‘olypyrmle symtheslzed by electrochemical method
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Polypyrrole from Chemical Synthesis

It was found that polypyrrole could be simply prepared by the
oxidation of pyrrole with ferric chloride (FeCl3) in methanol solution ([17]. The

e.perimental is proceeded as follows.

Ferric chloride sol 'Wn methanol was added into three-neck

i ith a_me gas inlet tube for bubbling the
nitrogen, calcium chloride tube and | )gen gas was passed through

E—
imerization was started by
injecting a pyrrole mo ouf: \ \ ge into the solution with

continuous stirring.

reaction progressed the g¢
polymerization reaction W

stantaneously, and as the

usty orange to green. The

us amount of methanol in

Hen potymer powder was filtered and washed with
et :

methanol until the filtrate i rw]ﬁ"-:p!- ital ed no Fﬂn, as indicated hf

order to dilute FeCl3 solutig

testing with potassiumthio =r_.i!“"' = . powder was then washed with
acetone and vacuum dried in the desiccator at room lempers

LY
opdition for the synthesis of

polypyrrole with the hn est eletrical conductivity when'd 1 ml pyrrole monomer is

=i aAnenIngns
awmﬂ‘ﬁﬁﬁfﬁmﬁﬁmaa

reaction temperature
The net reaction of pyrrole with FeCl3 in Equation 3.4 was

considered.



43

H H
N N
n + 233nFeCly —— + 0.33Cl- |+ 2.33nFeCl2 + 2nHC
§ Z o n

(3.4)

From this reaction one chlorine atom accepted one electron from
: | ant anion. Possible structure of
polypyrrole synthesized in this met] ; _in Figure 3.4.

Figure 3.4 Possible strutuge of. oy ole synthésized by chemical method

Cyclic Voltammetry of flank with Platinum Electrode

SBIGNK fvith platinum electrode
was carried out for @jng backg
occurred from cyclic veltammetry of Cppy and Eppy. Procedure for cyclic

voltammetric mﬁ ‘H:&H W@Wﬂ "ﬁ""’-"*

Twn clean platipum platas mounted -as workmg and

Y o A DSl >+ o

Ag/AgCl feference electrode. Electrolyte solution was a 1 M BugNCIO4 in PC.

to ampare with the current

During this experiment, nitrogen gas was continuously passed through the
electrochemical cell. Cyclic voltammetric measurement of blank solution was
started after nitrogen gas passed through this cell for 30 min.



tube

ﬂET@Cl ;
‘ outlet gas

mi ;//)

///l = ﬂ\

SR /;i’\\

electrolyte ‘gf \\

ric measurement of the

When the e f,“i---:_' arted, the instrument produced the
potential between we sking uxiliary el anging with time for making
the potential be .;_,.— (ng vs. referen 5des s varied. The result was

stown as the cyclic rs nog! .6, @indicawd that when the
potential between workigng.and referenceyelectrodes was varied linearly from

L0 upto 1.0 ﬁn‘u@lf@ ﬂ&]%@ﬂ%}wm it was found that

the current was zeto. This means thg electrochemical reaction was;not occurred.

ARIANN I lﬁﬂﬂﬂiﬂﬂ d
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Cyclic Voltammetry of Electrochemically Synthesized Polypyrrole

Polypyrrole was electrochemically polymerized with reaction
time of 10 sec in thin film of about 20 nm thick on platinum electrode. After the
polymerization, polypyrrole was rinsed with PC and mounted as working electrode
in electrochemical cell illustrated in Figure 3.7 using platinum plate as auxiliary

electrode and Ag/AgCl referencelelectfolld Electrolyte solution was a 0.5 M
BugNCIOy4 in PC. During this.experimen €n gas was continuously passed
through the electrochem ' measurement was started
after nitrogen gas p
X
.mr;"..
s
iAo
inlet gas || Z42L Aloife:
tube o e

t 0.5 M Bu,NCIO,

] ImeAns
‘ ¢ .n‘ UI_!

L |
Figure 3.7 The electrochemical cell for cyclic voltammetric measurement of Eppy.
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Table 3.2 The electrochemical cell current

of polypyrrole synthesis

polypyrrole with thickness
s on anodic and cathodic
pure 3.8, it indicated that

is measurement. When the

of 20 nm was Irenurdud,

swzep can be repeated|
electrochemical reactions ¢
potential between working & s varied linearly from -1.3 up to
0.8 V and then do {‘FzEE'-,_—- --'—'-:-:-g ‘ /s=1 an oxidation peak
eduction peak at -0.02 V

on the cathodic sweep a Feared The redox reaction aommpamed by a movement

o AN ARG oer
ARAINTAUUNINYINY

ERERRA

Conducting form Nonconducting form

of polypyrrole film at t‘ir



48

From the equation 3.5, the redox reaction involved doped and
undoped processes of polypyrrole film. When the potential of working electrode

 was negative compared with the auxiliary electrode, the ClO4~ was released from
Eppy to electrolyte and conducting Eppy was changed to insulator. This could be

observed from very small current on the left side of Figure 3.8. When the potential

of the electrode was swept to positive sidg the doped process or oxidation reaction

“electrolyte to associate with Eppy.
The insulating form of Eppy theﬁg form and the current was

increased. H
n*, \ rntmﬂleﬁrstcyclenfﬂm
AL ANNS

| percentage of ClO4 was

of Eppy occurred. The ClO4~ move d

potential sweep was s :
released from polypyrrole . ered itito, poly y ole in the cathodic sweep

and anodic sweep, respeCtive o process was incomplete at

the beginning,

In other sWesp ra esult obtained from cyclic
vultammogram in Figure 3.9 shiowed asymn aves. At the faster sweep rate,
the peak current -; """“m"“:'i and out movement of

these ClO4~ situated .-.4 ather ﬂﬁcult compared to those
located near the surface. Margover, when Eppy was doped and undoped with faster
ovep rae, i USANEATNHANT. v ot

undoped m-cess was incompleted iff rather fast swee ﬁrate as o ed by a small

curen bl bk b g 8|2 V1))
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using Ag"ﬁgC!refqem:e electrod with various sweep rates.
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Cyclic Voltammetry of Chemically Synthesized Polypyrrole

Polypyrrole powder was transformed into a thin disc by pressing
under two tons of hydraulic force in evacuable die for 10 minutes (® = 1.2
cm,.thickness = 0.15 mm). After that the polypyrrole sample was mounted as
working electrode in the etec:trnph al cell illustrated in Figure 3.10, using

centinuously passed rochemieabaeell. Cyclic voltammetric
measurement was sta ; ‘mitrogen. ga ough this cell for 30

minutes.

e |l

A e HIRISAENS

P8lypyrrole LOM BuNCIO,  ,

ARANT[IAMNR AT

Figure 3.10 Electrochemical cell for cyclic voltammetric measurement of Cppy
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Cyclic voltammetric measurement of polypyrrole synthesized
from chemical method was measured. The result showed by cyclic voltammogram
in Figure 3.11 indicated that some electrochemical reactions were occurred in this
measurement. When the potential between working electrode and reference
electrode varied linearly from -1.0 up to 0.8 V and down to -1.0 V with sweep rate

of 10 mVs-1, the oxidation peak of p

anodic sweep. In the cathodic swee ;\“' o)
N7

ole film occurred at 0.25 V on the
ion peak at -0.35 V appeared. The

early redox reaction accompas ment of the anions ClO4~ in

and chloride (CI) out ofpolypferule dis compensate the cationic
charge in the oxidized Polymér \\- oblably participated in the

redox process. These reéfict: .6-3.8.

+ o (3.6)

III .I'| +
( Ncor 4= (3.7)

+ ClOg- (3.8)

ﬂﬂﬂ’l'ﬂﬂﬂ‘ﬁ‘ﬂﬁ?ﬂ‘i

YFrom the equatiop 3.6, the red X reaction iny ved doped and

wﬂm@rﬁ%aw@wmw o v

appre:mah negative compared with auxiliary electrode, Cl- was released from
Cppy. The conducting form of Cppy was changed to insulator, it could be observed
from the very small current on the left side of Figure 3.11. When the potential
increased, the doped process or oxidation reaction of Cppy was occurred. Large

quantity of ClO4~ and some small quantity of Cl- moved from the electrolyte into

Cppy. The insulating form changed to the conducting form, the current was
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Figure 3.11 mmmuw&mmmm ﬁ Enll BuNCIO; in PC using

Ag/AgCl referenée electrode with a sweep rate of 10 mVs™

£



mwm@ o BuNCIOL in PC using

Figure 3.12 Cyclic vuhmnnarﬁ W
Ag/AgCl referencg electrode with -
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increased. When the potential was decreased again, the current was then negative
since the undoped process or reduction reaction of Cppy occurred. The ClO4™ and
CI* were released from Cppy to electrolyte. The conducting form changed again to
the insulating form, and so on. During the multiple sweep, the I-V loop was

gradually enlarged. This indicated that at early state the doped and undoped
processes were rather difficult to i \K“

With the s

e 1 3
SN

csy'the result obtained from cyclic
voltammogram in Figure waves. At the faster sweep
rate, the peak current occurge

ClO4 or CI to move in ag

nce it is more difficult for inner
d electrolyte. Moreover, when
Cppy was undoped with j#istg ; nf ClO4™ and CI- released
was smaller. The undopgé as was observed from the

small current on the lef side

Conclusion

For the st .; rrofe  synthes ized=fiom chemical method as
electrode material bﬂ ing 0 "catechnique, it 15 found
that the chemically gynﬂlemzed pnlyﬂrrole showed more symmetrical

i vt ) W53 44508 in showed v

reversibility thdtl the electrode reamnn nf eluctmchemmalbr synthesized
e TN B A4 363 i o s
propertiesf They can be repeatedly driven between nonconducting and conducting
states by doped and undoped processes without loss of activity. The application of
polypyrrole synthesized from chemical method as electrode material in
rechargeable battery is possible.
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