CHAPTER IV

RESULTS AND DISCUSSTION
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conducting polymer could

be prepared by . In this study,

chemical  polymeri o [, im, gSolatienywas used. The

chemical synt merization and
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The pro \ k: “conjugated carbon
backbone, which ‘ ‘_if'f- gen & sulphur (S) atows.

The dopant ion ( ion " that resides

between polymer cha ized the charge on the
polymer chain.  Seve si-drf fere perimental techniques

. ... "
has identifiddZ @8 at least two

e

i o
different speci-i in the polymer powder. THus, the C1” anion
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surface of the powder is easily removed by vacuum pumping at
room temperature. The experiment was achieved by pumping the
synthesized polymer powder in vacuum at room temperature
over night, thus, obtaining a sample composition with more

stable dopant concentration.
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4.2 Synthesis of Polypyrrole

In this research, reaction conditions for synthesized
high electrical conductivity polyrrole were studied in order
to select the optimum condition. The major conditions that

influence the quality of the conductive polymer which

1.00 ml of pyrrole monog ' 3% pf @rgl as follow:
NN n\df “"a

I

It has been _EGgpa polypyrrole can be simply

prepared by Fellg in methanol

-

i/ A
solution. A bl '! -qﬁ instantaneously

after the 1nject10n of vaccum—dxstlll G

sﬂ“wmﬂu&l’JWWﬁWU’]ﬂ‘i
QW’Iﬁﬁﬂ‘immﬂW’mmﬁH

pyrrole in the
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In synthesis of these polypyrrole the
concentrations of FeClg oxidant solutions are 1.5 M (PPy),
2.5 M (PPg) and 3.5 M (PP4q) in methanol, volume of FeCljy

solution 20.0 ml, volume of pyrrole 1.00 ml, reaction

a 20 min.
M

J

Arid d*-.kx.,,pyrrule powder, it

temperature 0 ©C and reast

ﬁft‘El‘ _. o o UL LIk -

wacuable die at 2-6

was pressed intg f’i:;
ton before measyu et J'/f :  h

of pressure is

ity. The effect

.\ux.g between pressing

1]‘

force (ton) and ele X r ¥8at-eond t¥ (Scm™
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CONDUCGTIVITY (Sem™)
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Figure 4.1 The disc polypyrroles
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4.2.2 The Study of Reaction Conditions
4.2.2.1 Effect of reaction temperature

Polypyrrole was prepared at various
reaction temperatures from 0-50 O¢c . Table 4.1 shows the

onductivity on the reaction

dependence of the electgile

temperature while_the otl _gers were kept constant,

. e — _ﬂ
i.e., the reactTOA tIOS : '“““ﬁizhlﬂ ml of 1.5 M, 2.5 M

or 3.5 M FeCl ~_.- rrole monomer.

Table 4.1 Ef

Conductivity

[5cm-1]

57.04

171 92014
Jgk:p

PP 50 0.16 13.36
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Sample Reaction Product Conductivity
No.* |temp. (°C)| vyield (g) (Sem™1)
2.5 M
PPg 0 0.80 133.02
PP7 59.35
PPg 47.29
PPg 40.16
PPqp 39.18
3.5 M
PP11 72.44
PP1g 37.15
PPq3 34.36
PP14 27.27
PPys., - 26.52

_:;—
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CONDUCTIVITY (Scm™)
140 -
120 jl\

100 - %

80 4
g0 ¢
40 m-i' \! o ————=* prg
: — 1
20 e
n -
0 50 80
Figure 4.2 of polypyrrole at
20.0 ml
1.00 ml
20 min

€ & The resulis from Table 4.1 suggest that

AT Vit A TR T A—
ISRV IR, .

at 0 °C.
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At each concentration of Fe(Cls
solution, polypyrrole obtained seemed to have lower
conductivity at higher temperature. This may be explained
that self-polymerization of pyrrole has occurred instead of
the oxidation polymerization of pyrrole by FeCls.
Therefore, less doped polypyrrole was formed which induced

lower conductivity. The & - a;ation could probably be

the short conjugaté ring formation which

- s i J
will be mentioned latgseon. | —

=
()

v

of FeClj

H |

AI 1]
711 12 L] L g
g LALNIIRLVEIUEALAT A

conclntration which will ion, it

should thus be recorded. This was performed by construction
the calibration curve as shown in Figure 4.3 . It is
apparent that the oxidation potential increases with

increasing concentration of FeClg.
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OXIDATION POTENTIAL (mV)

850
630

[
510+ aga

580+ 587

L S

570+

H
i - i

. 3 35 4
THANOL (M)

550

0

Figure 4.3 Afial of FeCly in

Tesearch, polypyrrole
was synthesized VATiBUS /i ations of FeClg, from

0.3 M to 3.5 Pechuse when the

concentration g ter it "reCls not completely
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Table 4.2 Effect of concentration of FeCljy solution

Conc. Initial
Sample | of FeCljy oxidation Product | Conductivity
No.* |solution potential yield (Sem™1)
PP16 >
PP17 -
PP1g 22.45
PP4 57.04
PP1g 79.98
PPg 133.02
PPy 85,87
PPqq 3 72.44
CE;T--—

]

L TN NENT
1]
€ i e
AN TS IR o
concentration (Figure &. ‘. it clearly exhibit ﬁ higher
conductivity was obtained as the concentration was
increasing. However, when the concentration was higher than

2.5 M, the conductivity suddenly decreased. This must be

associated with the oxidation potential of FeClgy solution.
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40 CONDUCTIVITY (S Cm™)

120

100

BO

&0

201

Figure 4.4 The elgg f polypyrrole at
va;vi 5 A frat ‘, olutmn

: 20.0 ml
1.00 ml
min
°c

. P e “—\";' onding in the

five-membered "'.'-v‘ e gccup (through the o«- or
a ) 4P |

-position. In thHes, pyrrole rigpg the reactivity of the

-pus:.tll:ﬂ u Elllg mﬂﬂﬁnﬂqm?ﬂ”lﬁﬂtinn S0

of the nirmle unés to form @@olymer is
A f AN e TaE
thisrcasﬁ polypyrrole was synthesized with 2.5 M FeClg
(oxidation potential 608 mV) to obtain with a fully

conjugate backbone. Which capable of supporting bipolarons,

the main form of charge carrier in polypyrrole.
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At high concentration , the oxidation
potential of the solution was too high . Normally the
polymer should occur at ae-position, but at high oxidation
potential the B-linkage polymerization can be induced,
as studied and determined by elemental analysis (see section

4.4.1). This phenomenon defect the polymer backbone that can

destroy the cnnjugating‘yz‘;i i ghgws as follows:

o ——

|
|
L

| ;
e RTINS e
= RTRRINI I a Y

In summary, the optimum concentration
for synthesis of high conductivity polypyrrole was 2.5 M

FeCly (initial oxidation potential 608 mV versus SCE).
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4.2.2.3 , Effect of Volume of FeClg Solution

The polymerization reaction was carried
out by various volume of 2.5 M FeCl3 solution from 15-50 ml.
Table 4.3 shows the dependence of the electrical

conductivity on amount of 2.5 M FeClj solution while the

other parameters were & wtant, i.e., the reaction

temperature 0 ©C, he ™ 420 min and 1.00 ml of

pyrrole monomer.

Table 4.3 Effeg

Sample

¥ 3See experiment 3.2.1.4
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CONDUCTIVITY (Scm™)
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-
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Figure 4.5 The ¢ ; sfypolypyrrole at
varia_L -  me S~ Fela%solution
1.00 ml

20 min

0 o

!

mditians it could be

iF¥ |

compared the cofiductivity ofy,the products obtained from

i varﬂu&? AN iﬂoﬁnﬂﬁ coupared. By
pl mf volume ofeReCly soluti@s (Figure
a.ﬁﬁ’iﬁ,iiﬁj ST, v

solution was about 20 ml. At smaller volume than 20 ml, it
was observed that the solution became very viscous once
pyrrole was added into the solution which made it difficult
to stir. At large volume of FeCly solution, the pyrrole

radical cations could also react more difficultly as the
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volume was increasing. Although the product yields at each
condition was nearly the same but their conductivities were
quite different. This could be due to the formation of the
shorter conjugating chain of the product comparing to the

one when FeClg solution was 20 ml the reaction.

FeClj solution for %

4.24

gaction was carried

out by various reagtigh Mo 60 min.Table 4.4

showed the dependence fal conductivity on the

reaction time while were kept constant,

i.e., the repgt G20 vl of 2.5 M FeCls

g
i

solution and 1.00 ml pyrrol& mONOME

iF

AULINENINYINT
RINNIUUNININY
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Table 4.4 Effect of reaction time

Sample Reaction Product Conductivity
No¥ time yield (sem™1)
(min) (g)

PPs5

PP26
PPg | 7\ R, 133.02
PPy7
PP2g

PPag

* See experime ~‘

‘ Vg = ) \\-.d

.J B: plotting 0 -uci:-ity and reaction
time (Fi ﬁ uﬂfﬁ it nlea%' exh;bited ‘that maximum
electricaﬂo i tﬂ EJ %I 1“ ﬂl:lfl)ﬁd previously

. . ¢ . )
s UGN RTE O mieh i)
the fxidation potential of the s lutio reased.
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CONDUCTIVITY (Scm™)
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Figure 4.6 The of, polypyrrole at
varig

plution 20,0 ml

1.00 ml
0 9
i ]
Thus, at longey reactior s, 'shorteér conjugated chain
polymer be? #sbtained an@/ lead to low electrical
cunductivﬁuﬂlg wxﬂumﬁw EJ’]n ihe fact that

M, MG RL ) el )T

not complete thus resulted in the shorter conjugate chain

length and lower product yield.
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4.2.2.5 Effect of Solvent

The polymerization reactions were
carried out by various ratios of mix-solvents (MeOH:CH3C1).
Table 4.5 showed the dependence of the electrical

conductivity on the ratios of MeOH:CHCl3 mixture while the

ant, i.e., 20 ml of 2.5 M
FeClq solution, the ?ui i 0 tedpfsdure 0° C, the reaction
time 20 min and™WOOZA1 Bf gyrroresonomer. Since the
oxidation potent igd® 0 of oliit ion "was. different at each

ratio of MeOH:Cd@El - h Wo n%i e polymerization,

Figure &4.JFshow “:% shi tﬁeen the oxidation
potential of Feclll {BEaEion § SCE) and ratio of
methanol to chlorofer / It was apparent that
the uxidati:f;: “;-Tfi;;sing ratio of

2 b «TH s
mixture snlve.j AQdTITIO *H ratipl of solution must

UHINENINEINT
RIAINTUNRINYINE

read the ﬁitial ®xidation poteapial. (shows in Table 4.5)
U
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OXIDATION POTENTIAL (mV)
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Figure 4.7 i‘ ‘ 1 %potential of FeClg in

thtib of MeOH:CHCl3
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Table 4.5 Effect of solvent

Initial
Sample Ratio oxidation Product |Conductivity
No.* MeOH:CHCl43| potential yield {Scm’1}

- (g)

PPg 133.02
PP3p 37.70
PP3q 5.69
PP32 2.51
FPa3 o
PP3g -
PP35 -
* See experime'ﬁ 3.2, T

AU TNINTHENDT s
ML MU TR nieh 11N

oxidation potential of the solution was higher than the
oxidation potential of solution which synthesizing
polypyrrole, 608 mV, as can be seen in section 4.1.2.2. It
seemed that this reaction required the FeCly solution
which had the oxidation potential of 608 mV no matter what

type of solvent was.



120

140 CONDUCTIVITY (Scmr)

Figure 4.8 : Vi of polypyrrole at
x‘}l“‘n in solution

: ¢Cl3 solution 20.0 ml
1.00 ml

‘v : {.‘"[ 0 op
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4.2.3 Time-Decay Conductivity of Polymer Disc

After stored polypyrrole disc in open air at
room temperature for a period of time and repeatedly
measured its conductivity, it was found that conductivity

decreased as the time went by. The decreasing rate of

conductivity also decreas time. As expected, the

experiment showed ol peached some constant
“"'é
value. _

From it was quite

possible that 7 J ‘ \\“% the polymer disc
‘ ~Qvuer matrix than
-henumenun could be
explained that th -f:: 7” t b- nishes rapidly within
the first perigd o her slowly thereafter.
This suggested FHEE EHEFe WaS A EHBGEEONdjct ivity to which

:::‘:m:ruﬂ mﬂﬂi‘ﬁﬁa"ﬁ%ﬁ: e
“W“m\mim mn'rmma ¢
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Table 4.6 Time-decay conductivity of disc polypyrrole

Conductivity {Scn'1}

Days

115
119 17
146

210 36.05 —

240 35.96 -
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Figure 4.9 Tim@-dfcs G - ";\ »f polypyrrole disc
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ﬁiz-& i i n i n'
The stability of conductivity of synthesised
conducting polymer powder was studied in various conditions,

as discussed as follows;

4.2,

4.10, the thers g ol '-]r of ‘polvpgrrole powder was

studied by mes ivity measurment.

The results shoj anction of time at

difference tempg (PPg) of initial

conductivity 13306 sating period, it was

found that conductivik olé decreased with time.

'lF -
Polypyrrole 1 stor 'QEL”“"“”

decreasing rale

eratures had higher
f*J-r temperatures,

a5 chown in Esure o SFigurl) it was suggested
- ;:wtimiﬁmﬁﬁ;::;:::
“fam“awmwﬁ Ry

in the lower conductivity.
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Table 4.7 Effect of temperature to stability conductivity

of polypyrrole

Conductivity (Scm™1)

132.04
130.10
90.67
69.75
35.46

AULINENINYINg
ARIANTAUUNINGIAY
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CONDUCTIVITY (Scm )

140
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a0
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Figure 4.10 . b ‘He polypyrrole after

)

of |thermal treatment
¥ |

were exhibited &neythe Figureg4.11. After the exposure at
high mpf‘luﬂﬂ'ﬂﬂ YL W& A orstion bana

Afindicated

m SRRk LI YT
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(a)

IT

(b)

ﬂuﬁﬁwﬂw%Wﬂﬂns
Figure 4. W FTIR (KBr) of polypyrrgle after temperature

qmamsmuwrmmaﬂ

(a) PPg at 4 °C : 132.04 Scn™!

(b) PPg at 100°C : 35.46 Scm™]
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4.2.4.2 Acid/Base solution

Experimental results on the treatment
of the polymer powder which has initial conductivity of
85.87 Scm~1 (PPpg) with various concentration of HyS0, and

NaOH from 0.25 M to 1.00 M at room temperature for 7 days,

was reported in table 4.8 apd Figure 4.12.

Table 4.8 Effect wotesaedd/ b to stability

canduct‘"‘ﬁﬂfgfvr‘

Concentrai
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o CONDUCTIVITY (scm™

1.2

Figure 4.12 'he polypyrrole after

a'q-

seen L,n Table 4.8 and

‘:;i::;;,xruﬁﬁ mﬁm Toj v g
“IRTRN PLOpY NNt .

studied . From the result hat the

treatment of polypyrrole with acid and base solution led to
a decrease of conductivity. When it was treated with NaOH,
it was expected that there was also reversible deprotonation
at the nitrogen atoms in the polymer. This will affect the

electronic structure of the polymer, by leaving a single
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electron on the polymer backbone during deprotonation[. The
deprotonation may also lead to a decrease of polaron or
bipolaron of the conjugated chain length of the polymer.

as proposed in Figure below.

(b)

Deprotonation at nitrogen atom in the polymer

(a) polaron (b) bipolaron
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Treatment of polypyrrole with H9S0,,
the conductivity -uf this sample was slightly reduced, as
compared to the NaOH treatment. It probably resulted in
the exchange of sulfateion for chlorideions, as studied and
determined by spectra in Figure 4.13. Consequuently, its

mechanism may then partially account for a slight decrease

- acid/base treated
polypyrrole powde D o f e‘{ O wﬁ' Mgure 4.13 (a), (b)

and (c). The Airee ‘eases showed a long

—about | 2000 “en 1.
‘, \\\ \\\
o @.\ fokbe the tail of OH
%

absorption These long

absorption tails

covalent bond fg | L \ ole. The FTIR spectra

of HpSO4/NaOH trea bands characteristic

of pyrrole rings in thé-poliuer
bl

. V; |-r'

4 ra af] polypyrrole when
treated ﬁh HoS6,eshow absorption bands at 1110- 610 cn™!
£LUE

ANLIINLNI
RINNIUUNIIN Y

which we
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acid/base treatment

| I T T
1&g - o]
2004

64.47 Sem™ !

e

(a) PPyg treatment with Ho0
(b) PP, treatment with 1.0 M HpSO, : 32.28 Sem™!

(c) PPyg treatment with 1.0 M NaOH : 20.29 Sem™ !
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4.2.4.3 The Effect of Atmosphere on Conductivity

The decreasing of conductivity of
polypyrrole has been tested by storing the polymer powder in
different atmospheres , namely , Og , Np gas and dry air

(in desiccator) for one month. After one month the

in Table 4.9.

Table 4.9 Conducka®s vh lypyrrol&safter stored in

Sample

No.

Open air

ﬁ i ’319 76.90
B RN ERREE

* Result from section 4.2.2
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CONDUCTIVITY (Sem™)

140
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Figure ﬁl‘- 1 ‘:'
V.

ypyrrole after

] |
AULINENINYINT
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As can be seen from Table 4.9, a one
month, the conductivities of polymer powder which stroed in
the seal package under Og, No gas or dry air (in desicecator)
were higher than that stored in open air. It is quite
possible that for the polymer which stored under open air

circulation, the charge decay was accelelated. This can be

expected that the moistud / | air might interfere with
the interaction for g chain with doping
anion, as studied age armi weepectra in Figure 4.15.

Thus the conductd

he polypyrrole
stroaged in O Wlesiccator at room
temperature for g significant change
in the FTIR spectré a & see Figure 4.15). But
in open air‘ e ahsorption band at
2500-3500 cn Uz

il
|

#ldnt bond in the

polymer chains.:

ﬂUEl’JVIEWIiWEI'Iﬂ‘i
Qﬁﬂﬁﬂﬂimﬁ‘iﬂﬂﬂmﬂﬂ
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§:8)

OH

(b)

(c)

(d)

ﬂ‘L!El’J‘VlEWﬁWEI’]ﬂ'i

| & o wm

ﬁmmmmmwmaﬂ

Figure 4.15 FTIR (KBr) spectrum of polypyrrole storaged in
various atmosphere
(a) PPyg in open air : 66.01 Scm™
(b) PPpg in dry air : 78.58 Sem™ !
(c) PPyg in Op gas : 81.20 Scm™

(d) PPZD In No gas : 75.62 Sem™!
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4.3 Synthesis of Polythiophene

4.3.1 si Po o i

From experimental result, polythiophene can not

be prepared by chemical polymerization with FeClg in

methanol solution. It was, ex@ectdd that the solution had too
low oxidation potentig . ] -_;ﬂ;,' fegreaction,because , as
mentioned in SEPT b - --';‘*-na;;_ highest oxidation
potential of » 614 mV in the
concentration n methanol. Thus,
it was obvious solution was not

suitable for the &%
4.3.2 esis of polvin Jl chloroform

g $hloroform, as a
solvent and Ehlﬁﬂfiﬂ: ar ec A‘tr;isnns of FeCly. The

cnn:entra ions w lﬂnranged fraw 0.5 M- 4.0 M, which had

da FLANENANWEAR Y. sivce te
L GNPV ieh 1T

polymerization and thus should be investigated. This was
performed by construction the calibration curve as shown
in Figure 4.12. It is apparent that the oxidation potential

increases with increasing concentration of FeCl3
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Additionally for each reaction the initial oxidation

potential of solution must be recorded (shows in Table 4.10).

OXIDATION POTENTIAL (mV)

1400

1200

1000 -

800

ﬁuu R

I3 (M)

Figure 4.16 The Cly in chloroform

at varfi

FROG - g _.;‘:" )lythiophene was

prepared by “ FeClg pform sol u, ion. The prepared

1;«:«l},rth:i,«:qjéTiJ gmd insulat&Mbehaviour (conductivity

below 1075 Ly, «imﬁ 1&:1111; 0.6- 0.7 g)
. ¢ :

Wa w.nl qm dﬁﬁﬁ Wa ,.]n .{aurufom

mai‘on ha? enough g tion tential"fo §1 erizing

polythiophene but this is not optimum oxidation potential
for synthesised conducting polythiophene. It was posible that
oxidation potential in the range of 950-1220 mV produced

mostly shorten conjugated chain of polythiophene.
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Table 4.10 Synthesis of polythiophene in chloroform solution

Initial

Sample Oxidation Product | Conductivity

No. * | potential yield (Sem™1)
(VieRA b ) 42)
(vers
—
PTqq <1072
PToq <1073
PT94 <1072
PTo9 ¥ <1075
PTy3 0 #1440 <1073
PTy,, 0 D <1073
PTos5 1 did 1 <1073
PTo 2 <1073
P L7 <1075
PTog <1073

* See experiment 3.2.3.2
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4.3.3 Synthesis of Polythiophene in Acetonitrile

Synthesis of polythiophene with FeClgy in
acetonitrile solution was done in various concentrations
of FeClg range from 0.3 M - 4.0 M. The oxidation potential

of these solutions vs SCE increases with increasing

Figure 4.17. Additionally

Aﬁtlt}n potential of

11), the oxidation

concentration of FeClg a:“:aa-
for each reaction
solution must be reag

potential in the

OXIDATIO

16800

14001 ‘ % //,);;EO—/',‘

1200 -
1000
‘a 'Y
FUL IR NEIRT
a : i
ql
¢

QA SRR RN S

Figure 4.17 The oxidation potential of FeCly in

acetonitrile at various concentrations
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Table &.11 Conductivity of polythiophene synthesis in

acetonitrile solution

Initial

Sample Oxidation Product Conductivity

No.* potential vield (Scm™ 1)
{ I

\] \W/
:;f"

< 1073
< 1073
< 1073
< 1072

1073

M

< 1073
< 107

< 1073

1.17%10°3

5.20%107>

1350 a4  0.59 2.83%1073

ﬂmiw anﬁ 1.22%1070
ansnIafdnn Wwnd.

48

PT49 1360 0.77 < 1073
PT50 1360 0.64 <107
PT51 1430 0.72 < 107
PT52 1430 0.68 < 107

% See experiment 3.2.3.3
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Table &4.11 shows that 2.8 M FeClj in
acetonitrile which oxidation potential vs SCE is 1350 mV is
the most suitable solution for preparing conducting
polythiophene .  With other solution concentration ,
polythiophene could be produced but would have only very low

conductivity (insulating, conductivity< 107 sem™1). It is

expected that this solubidrp ould be used to prepare

ﬂmtivities obtained

were much lower that® D ole, as compared

1)
g

conducting polythiapnﬁlé.“

with the resul s, synthesis of
polythiophene R : i o ‘“‘.1 range, from
insulator to sdsilv controlled by

changing the the

has been synth@sized Mective of obtaining a
¥

L

conduct in ﬁymérﬂ.nf lower qenergy band gap and high
"

GANENINYINT
RINNTUUNININY

conducti



143

Similar to the synthesis of polythiophene
mentioned in section 4.3.1, poly(3-methylthiophene) ecan
not be prepared by chemical polymerization with FeClg in

methanol solution . It was expected that the solution had

$ @V versus SCE) for the

ol thylthiophene) .

too low oxidation potent ial \ L

polymerization n*."_'_"'-,:'._;_ ;
4.4.2 Synthes¥®€ of LOIV(3 in Chloroform

\Fés ks of synthesis of
polythiophene w plution by various
concentration offf e Ar ) \ M- 1.2 M (oxidation
potential 925-1010% my{L 7 se'calibration curve in

section 4.3. thgsis is shown in

.A
-t

A J
¥

Table 4.12.

] U
AULINENINYINS
ARIANTUNIINGIAE



Table 4.12 Conductivity of poly (3-methylthiophene )}

svnthesized in chloroform solution

144

Initial
Sample Oxidation Product Conductivity
potential yield
No.* (A% <Ny e (Seam™1)
FJersus QRN | ,

! P3MIqq : )ES 10- 3% 7 4.12%1072
PIMTy0 | .78%1073
PIMT1 : ' .60%107%

| 3Ty i .50%107%

L p3MTas i W7 .32¢107%

| P3MTyg | 6.72%107%
P3MT95 ‘i 2.00%107%

| P3MTog ;, . 93%107

| Py . _.ii 23%1072

} P3MTog ‘i | 143.20%10°2

* See expeﬂlment ..

ﬂﬁ’]aﬂﬂ‘imﬂﬁﬂﬂmﬁﬂ

prepared with FeCly in chlorofrom solution
concentration of FeClq was used, thehigher conductivity of
polymer was obtained. From this result, it can be expected
that conducting poly(3-methylthiophene) can be prepared in

the solution, which oxidation potential is as high as 935 mV

versus SCE.

Conducting poly(3-methylthiophene) can

. When The higher
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4.4.3 Synthesis of Poly (3-methylthiophene) in

et ril

The result of the synthesis of poly (3-methyl
thiophene with FeClg in acetonitrile solution at various

concentrations of FeClg; from 0.3 M-4.0 M [ oxidation

FeCly in acetopdfr ¥on ((oxridat ig potential 1100~
1350 mV versus | ' fa ¥ brat 00 | :l‘-‘!"x o in section 4.3.3).
But at higher _ "%.0M) there are more
oxidation potenti | 7 7 » V ' E sised polythiophene
as an insulator. ‘ = eX hat conducting poly

(3-methylthiophene solution which has

oxidation (;- : .J

"I i
1 |
W

i¥
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Table 4.13 Conductivity of poly(3-methylthiophene)

*

synthesised in acetonitrile solution

Uy e

Initial
Sample Oxidation Product Conductivity
No.® | potential yield (Sem™ 1)
(V) )
{(versus :f."h
P3MT99 1.15%1073
P3MT3g 1.37%1073
P3MT1 .29%1073
PIMT3, W W 2. 78%1073
P3MT134 1% 3.76%10°3
P3MT3, .24%10™3
P3MT35 .23%1073
P3MT36 () .19%1073
P3MT37 {7 .77%1073
P3MI3g 2.40%1072

10-2

AR TIRINNa

RN mum'mmzm

lﬁ'rmnz 1350 | 0.61 | 5.19%10°
P3MT,3 1360 0.72 <1073
P3IMT,, 1360 0.68 <1075
P3MT,5 1430 0.63 <10-5
P3MT4¢ 1430 0.67 <10-5

See experiment 3.2.4.3

146
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4.4 Product Characterization
4.4.1 Elemental Analysis

The results of the elemental analysis of
polypyrrole (PP), polythiophene (PT) and poly

(3-methylthiophene) (P3MT), Ak

summarized in Table 4.14.

Z,

Table &.14 Elementadwana

sample % Cl 20
ppg | 55.12 f #9258 14.13 | 9.87
PP9o 13.10 | 10.32
PT9¢ 4.76 -
PTo7 3.92 -

P3MT44 ‘ 4,89 -

P3MTq9 31.41 5.58 -

1 WeINNS
. o111 0

AU INYAE
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Table 4.15 Empirical formular of polymer

sample empirical formular conductivity*
Ho* {SC““1}
PPg 133.02
PP9y 72.44
PT2¢ 5.20%1072
PTp7 2.83%1072
P3MT34 2.62%1072
P3MT3 5.19%1072

®

For polypyrrole ¥BRg and PP{fisthey could be calculated
for its@ﬂﬁ%ﬂ ‘ ﬂﬂgﬂﬁa]. That for
YNNIV Uieb L
nne‘QCEunter ‘anion , CI = Ioh". ver 7=th lation

cleary indicated that oxygen must be involved in the
structure. Similar result was also reported by Machida et al.
[14]. They proposed that the oxygen in polypyrrole was
mainly present in the form a charge-transfer complex between

the oxygen molecule and the pyrrole units. In case of PPy,
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it was found that number of hydrogen incorporated in the
empirical formular was less than it should be. This meant
that there should be some substitution in the pyrrole ring,

possibly, the 2,3-coupling shown below.

formular of the

polythiophene and ~ ~poiy(3- iophepe) could be

calculated fdf’d

was expected 0

?fg*trhinphene, it

at 1 are, her u s one Cl1™ ion in

every ten FII; E?%ﬂ:ﬁ ?w ﬁ formular :spr:::z
wna NPT} 'fmf”“

there are seven units of 3-methylthiophene per one Cl™

as presented in Scheme 4.18 (c), where only «,« —linkage

was assumed to be present in this ideal structure.
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It should be noted that these three types of
conducting polymers had different conductivity values which
were consistent with the length of the conjugated polymer
chain in one repeating or with one counteranion. The longer

the conjugation was, the higher the conductivity would be.
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Due to the insolubility of the solid products.
FTIR is the significant method for characterize these
products, The assignment of the principal absorption bands
for three polymers (polypyrrole, PP; polythiophene, PT and

poly(3-methylthiophene), )f jage given in Figure 4.18,

I
4.19 and 4.20 respectis ' é

Figure 4.18 FTIR (KBr) spectra of polypyrrole
(a) PPyg @ 9.95 Scm_q

(b) PPg : 133.02 Sem™!
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Table 4.16 The assignment for the IR spectrum of polypyrrole

Wavenumber Assignment

Y (en 1)

WH stretching

AuEINENINeIns
ARIAINTANMINGIAE



153

ﬂUEJ’JVIEmﬁWEJ’]ﬂﬁ

AR NN Y

(a) PP43 : <1075 Scm™!

(b) PPy, : 5.2%107> Sco-l
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Table 4.17 The assignment for the IR spectrum of

polythiophene

Wavenumber Assignment

Y (em™ 1)

1 ’, stretching

gt - L ching

&84 mode

ﬂ‘LIEJ’J‘VIEW]iWH’Iﬂ?
QW’]Mﬂimqu‘?ﬂH’lﬁﬂ



(a)

- (b)

ﬂﬂEl’JVIEWI‘iWEJ'Iﬂ‘i

ammﬂmumaﬂmaﬂ

F1gu e 4.20 FTIR spectra of poly (3-methylthiophene)
(a) P3MT43 @ < 107 Sem™!

(b) P3MT  : 2.26%¥102 Scm™!
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Table 4.18 The assignment for the IR spectrum of

poly (3-methylthiophene)

Wavenumber Assignment

Y (em™ 1)

nduced mode

plane

i¥

" -
QUEJ’J'VIHﬂWIEHﬂ‘S
ARSI

thiophene) have nearly identical organic backbone structures
and all of them consist of mostly unalternate monomer units.
But they might differ in the polymer backbone and ratio of

dopant content thus resulting in difference in conductivity.
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4.4.3 Thermogravimetric Analysis

In a thermogravimetric analysis (TGA), the
mass of sample is recorded continuously as its temperature
is increased linearly from ambient to as high as 1000 ac.

The most important applications of thermogravimetric method

information about _~Ql;;.N“J"'v fleghanisms for wvarious
polymers. In this artin thermatestability of polymers

were studied by nes

100
80O
60 ) (a}
4 (b)
40 ;I i H-"’--n..
] “', g | (c)
20) f’lﬂﬂ')'ﬂﬂﬂiﬂﬂqrﬁ
e e
q 106\ 206 | 3¢ -.!]‘Y:-' b L?&ﬂnﬁ 1000

Figure 4.21 TGA of polymers
a) polythiophene
b) poly (3-methylthiophene)

c) polypyrrole
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Table 4.19 Weight loss (%) of polymers by TGA

Sample decomposition Temp. weight at
No. temp. (°C) |at 50% weight| 1000 °C (%)
loss (°C)

PPg 10
PTag 50
P3MT 31 30

The in nitrogen of

\\\ hylthiophene) are

shown in Figure 4.21%, f-ﬁ-u § = ) polypyrrole suffer

about 90% lns o “9 ' ~~"-" ioht when heated from

3

room temperat@i®

polypyrrole , polythfog

‘;l" as 1000 ©°cC.

Polypyrrole I exhil Hermal ‘tahility helow

125 ©C. nj bility@df the present polypyrrole
differs ulﬂ )ﬂ Ejm ihw EJ;JI] ‘ﬁhavit}ur of
pol grleaa,ql ﬁmﬁcﬁe :- wtuch @re stable
up ﬂE decnmpasﬂun Ell EJcmever.

they are thermal stable more than polyacetylene which
shows a rather poor thermal stability and suffers a weight

loss immediately upon heating at room temperature [41].
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However, among all the polymers studied , they
suffer the w%%ght loss when exposed to higher temperature
(>100 9C). The results from Table 4.23, we can conclud that
polythiophene and poly (3-methylthiophene) have better

thermal stability than polyacetylene.

in Figure 4.22.
It shows clus space in between.
These apparent ure of polymers,

since there rklike structure -

throughout. of polythiophene
which large spac ﬂ}*'j ; hi 5 ture disintegrates
into granules. The 7 thiophene) shown in
Figure &4.24 mainly

of several mi-ﬁﬂ‘ 3

ely- packed granules
i bid space larger

H "
than void spac:i!n polypyrrole. -M

AUEANENINAINT,
QWA FUN A O TR ™

hetefocyclic polymers may be due to the size of void space
(insulating gaps) between conducting powder particles in the

pressed disc.
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1400

(b)

Figure 4.22 Scaning electron micrographs of polypyrrole
(a) PPy : 133.02 Scm™’

(b) PPyy : 85.87 Scm™
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' - B

ak U1 BaAE JFangt
e - £‘—f [, ! ]

(b)

Figure 4.23 Scaning electron micrographs of polythiophene

(a) PT4y 5.2%¥107> Scm™!

(b) PTy3 : {1G_5 Sem™ )
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(b)

Figure 4.24 Scaning electron micrographs of
poly(3-methylthiophene)
(a) P3MT4q @ 2.26%¥1072 Scm™!

(b) P3MT43 : <107>  Scm™!
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