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CHAPTER 1

ewed much attention in
, 5 high stereo-regularity,
PEDOT possessegtverydhigh Tuctiy P 350 S'emy in the electrochemical
doped state and remarkable stability 4 cunduclmg polymers. In
~not processible. This
: ‘ vater soluble counter-anion
poly(styrene  Sulfouste) = - (PSS). — 4 l} ferization  of  34-

ethylenedioxythiop S vields the well-known

commercial product “Hay P which i TIPSS composite in the form of
dispersion in water. However, PEDOT: mposite still possesses quite low
P P

conductivity of less than 1 f""‘l ),
i’ __'_r - '__ r’""

Hered™h o SSP) of 2,5-dibromo-3.4-

(o e opEnEtDBEDO YT : =t
ethyvlenedios ytine s ‘ ay to enhance the

processibility nf-r § ide range ol organic

solvents, it can be'homogeneously mixed a number of gommonly used polymers

such as pulyql}'mni« polybutadiene. After t emnval of the solvent, the crystal]mc

”E‘H THIW 180 Nﬁl’m‘i"‘“
conductive site. multancously take

place as result of entrapped bmnwle (Bra), a by- pm&ct generated dunn SSP.

9 W'lﬂ\‘lﬂﬁﬁu NM’]’JWEI']H d

. To prepare conductive polymer composites containing 3.4-polyethylenedioxy
thiophene (PEDOT) using solid state polymerization (SSP) of 2,5-dibromo-
3. 4-ethylenedioxythiophene (DBEDOT)



1.3 Scope of Investigation

The stepwise investigation was carried out as follows.

b
2. To synthesize sxythiophene (DBEDOT)
" ‘
T of processing
butadiene (PB)
polyeri
4. To cha ' _ Ims by Thermal gravimetric
anal:.;sis (A l‘-. & Spee
5. To determine the conduetivity of the PID 1 “palymer composite films
6. To charactefize e PEDOT exts om PEDOT/ polymer composite

ctroscopy, FT-IR spectroscopy
ductivity of the PEDOT/

films by x-ray diflri 1"-
7. To.investigate il

Wiak of the PEDOT/

IS COmpos |
;.I i |

AU INENTNGINS
ARIAIN TN INAE

polyi



CHAPTER 11

THEORY. / JTURE REVIEW

2.1 Introduction of eleciron [-4] c——
During thedas -.\ii‘u Hhas been paid to the filed of
organic electronic claeal deviges imade out of plastic materials provide great

rical vif.}r as compared with

standard semicenductom. Organid light emitting diodes (QLEDSs). plastic solar cells or

advantages due to

¢ new devices in this area.

Great progress has héen made 1o invesligatés understand, improve and utilize their

show the potential offthis new teehiolog oundation of the field of organic

e seventies it

organic feld efle 4l
he consumer markets and

unique physical feafi

electronics was establis the discovery that the

conductivity of polyacetVlene 4 an be. d over several orders of magnitude
by chemical doping. For their § ork in this area, MacDiarmid. Heeger
and Shirakawa were awardéd ‘the Nobe hemistry 2000, Excellent

introductionsg imto the field of organi : e Nabel lectures. Intrinsic
A L
conducting ‘,t"': v ‘(nq}-pe} and hole

transport (p-ty w be made. Since the

naterials with . uld@
early work, many innovative materials in pure form ha

characlerizcd for lh!.uﬂc in electronic appliéations. An overview of the conductivity

ol L o Y A A e

shown Wgure :

ARIAN TN INAE

been developed and



Conductivity Slcm vé:lnjugatad polymer
. insulators samlcanduclurs?

- I s

0" 10"

i
Copper
Iron silver

quartz

Figure 2.1 Conduc

structure can be plication. Especially
polymers have advan ar §inge (heir first appearance i Ecirl:'-' nineteen hundreds.
The success of thermaplagtics sap endurab al used widely in our

gsigned o be moldable o
e mractens!:cs and chemical
stability. By changing uluig_ the behavior of the matter can
be modified. For exam addmg-polar OH oups to a molecule will result in a
better solubility in water. Th e-approachean be used to adjust the properties of
organic electronic ma il and techniques to modify the
chemical strugt

out of this newels

“behavior of molecules

It ’ here are an almost

infinite number of 11@ seem to be wvirtually

unlimited. Thi5s*is an advantage of organic electronics™ over the established

microelectronic tedhnalagy. When inorgani@ gingle-crystals are used, the electrical

prop u ﬁlq % i g Wﬂqﬁ gﬁﬂselt‘ remains
0 0

unchan me examples where the versatil rganic ¢lectronic materials is

used can bc given out of the field of optoelectronies. For a full color display. the

VAR RARHARR T A A

other to achieve a higher pixel density.
Because plastics can be used as substrate material, the combination provides

an opportunity to build flexible devices, something that was not possible with silicon



based technology. The bases for the novel materials are known components in organic
chemistry. This makes them potentially low cost. at least if the fabrication process is

not too affording and the material can be mass-produced. Since the materials are

assembled out of organic buile ' can be made bio-compatible. Thus,
they can be implanted and ing immune reactions. Organic
layers are already used b u_electrodes to record neural
activity. More all-pl; bio-col ble scusois are dikely to be developed in the

near future moni ike local bl ssure or blood sugar

inherited. oy | ns due to humidity.
oxygen and light dn fagl. this is ‘ p ' ‘" ¢ that has to be overcome before
such products ¢an | i nk o L. The principal limitation of
organic materials i§'theifcoali linies Require : \ many applications are in
the range of several i hi ' ders of magnitude beyond

most numbers publist ctronic devices built with

organic materials no 518 fu mny ing with the established silicon

technology. But the idea is ot replacement but expansion of the application of
. _— Lidori )| 2 A

electronic devices into new low-cosulow pe parkets. One example could be

the so ofte s 10 sighplify logistics and

R Es
e

payment. B "ﬂf

endurable deviﬁcan be mass mportant as ﬁmmen’al itself are the
technologies to fabricate functional devices as will be explainéd in the next section.
¢

SR TN 27T

ﬂan}; of the new organic materials are soluble and can therefore be applied in

,--" ronce functional and

liquid form. When the side gmupﬁn[ the building blieks of a polymeric fhalerial are

A B S e
i many materials such as poly(phenylenevinylene) (PPV)-denvatives. Using this

material, the first organic LED based on a polymer was made by spin-casting a
solution processable precursor [15]. The polymerization process was carried out after

the thin film had been applied. If the electro-active molecules cannot be mixed with a



solvent to form a solution, dispersions may be available which still allow the
application of liquid-based processing technologies.

Different methods are used to form thin films. Spin-coating is one of them and

by setting the spin-speed and time. A dfawbach § the large amount of waste
considering the quantity.@ | liauthe one effectively making
up the thin film. or high volume fabrication.
Another tes nple is submerged into the
solution and pulled oul again N\ he solutio ' l(:- the substrate using a
rocessing, spraying is the most

' '+’x The ink-jet process is

adequatc method. sir '. —,. ‘ )\\""\.

highly analogous to graphical ink-jet pri iny droplets of polymer solution are
propelled onto the ; ullc atle !

All the techng ‘ e I '\ wperature processes. [his
allows using substeites that would not v itlis and high témperatures such as most
plastic materials. Flexible, al “elecls vices can be built with the novel

organic conductive and semi=conductive materials and using the fabrication

technologies explained above

e -
24 Cnnjugi' ": _ 1"‘

Conjugated pa : . onnrs. These polymers
consist of altermting single and double bonds. creating an extended p-network.
Electron mnw:menf within this p-framewdfk/is the source of conductivity, with
r:speﬁ %t %I%‘H Wlﬁilﬂ I@ ﬂrﬁc seémiconductors.
Both m their electrons organized in bands rather than in discrete levels and their

ground state energy bands are eilh‘ completely filledor completely emptgeThe band

AR R SRR
qlhe repeating units throughout the chain. Figure 2.2 shows commonly known

conjugated polymers that are conductive.



nd (originating from the
! ice band, while the lowest
unoccupied band i iting fio (@ single n phene unit) is called the
: v band levels is called
[}' speaking, because
conducting polymers jposses alized ¢ trofs ,!’ jugaled system along the
r than that of other polymers
with no conjugated syste ated polymers are usually known

to be insulators.

t'lf’, — N

s

1 Conduction
‘ ' Bmu
isil- I - '-'-".-"'?
Band

Figure 2.3 Energy band gaps in materials



The different between n-conjugated polymers and metals is that in metals, the

orbitals of the atoms overlap with the equivalent orbitals of their neighboring atoms in

all directions to form molecular orbitals similar to those of isolated molecules, With N

ould be N molecular orbitals. In the
melals or any continuous solic ¢ st 8. N will be a very large number
(typically 1022 for | em® metal piece). h ~molecular orbitals spaced

rently continuous band of

',f AP

together in a given sau

energies
In insulatorsgthe clections in the va ' ‘are separated by a large gap
from the conductiongbz ! However, in onductors elals, the valence band

overlaps with = ; re is a small enough

gap between the hi - "u" other excilations can

bridge the gap."With sich@ small -‘! i \r small percentage of a doping
y. §

material can incre; ndugtivity dearnatieall

An important parameteér banid theory is the Fermi level. the top of the
W Lemy turei\., he position of the Fermi level

properties. The conductivity 6F the metal is due either to partly-filled valence or

&

or in determining electrical
conduction band, or 1 p.that with any weak electric
field the electrops easily redistribute. Electrons are excited to e figher energy bands
and leave u 1' d | ™ ,nducling polymers
exhibit opposite directio ras a funetion of temperature for

metallic materials, (some of which become superconducting below certain critical

temperature, T) wﬁlﬁgcnuraﬂ decreas:”lh lowered temperature for polymeric
oot o £ 3 W E) 1119

I@ru:.u: n-conjugated polymers allow virtually endless manipulation of their

chemical structures, the control nfqh band gap of theSe semiconductors iyrq:-:carch

0 TR ot Ak by ot e b
) desired clectrical and optical properties. Reduction of the band gap to approximately

zero is expected to afford an intrinsic conductor like metal.



2.5 Poly (3,4-ethylenedioxythiophen) (PEDOT) [22-27]
Chemical modifications of polythiophene have been widely carried out in
recenl years to satisfy different application requirements. The most familiar and

important one is regioregular poly(3.4-ethylenedioxythiophene) (PEDOT). PEDOT is

also one of the few examples w =s.. n the ¢ zated polymer family which is both p-
and n-dopable. It i; well kr ' H0Y cetrochemical p-doping (n-doping)
‘ the polymer backbone
resulting not only ity but also in structural

transitions which gi

5 5(2)
Q8771
Figure 2.4 EDOT (a) gnd BEDOT (b)

4 | oy
M

PEDOT has begn developed o e most successful materials from
Py et : '

both fundamental and practical—perspeet possesses several advantageous
i #. en r

properties as compared with-Othe :'.F;'a_;.-lj‘_ | derivatives: it combines a low

oxidation palentia
Also, by bl '{L"-
linkages {iurinl:.,r ing in ore regiochemically
defined material~In addition to a higli conductivity (550 Sa’a:ml-‘:'; the electrochemical

doped state). PED®T ds.found to be highly@gansparent in thin. oxidized films. As a

ic.coatin drp otographic filin . electrode miferial in’solid-State capacitors,

substrates for electroless metal deposition in printedsgircuit boards, indium fin oxide

R AR THE AR o
conducting material in organi mér-based light-emtting diodes ( 5 PEEDs).

3.4-Ethylenedioxythiophene (EDOT) is a commercially available, oxidatively

¥in the oxidized state.

.\.g'f - formation of o-f3

=

polymerizable monomer which polymerizes at relatively low applied potentials (+1.0
V vs Ag/Ag+t). Jonas and Heywang [24] first polymerized EDOT to poly(3.4-



10

ethylenedioxythiophene), (PEDOT), and found the polymer to be useful for antistatic
coatings. Inganas and co-workers [26] showed the usefulness of PEDOT as a potential
material for electrochromic devices due to its ability to cycle between an opaque blue-
black in the reduced (undoped) s |

(doped) state. Conductivities ref I prepared electrochemically range

tgansmissive sky blue in the oxidized

‘merization with FeCl;

in organic solvents gives an s :",-‘:'-- 1 ek polymer.powder. The limitations of
traditional poly an ni t an . a rious probl r PEDOT applications
as well as for in-dep stigation of moleetlar order in this conducting polymer. It

is generally not ible : , ,_m dl-defir l rostructure, unless the
synthesis of conducting ors 15 carmied \,, chemical polymerization
routes, without add sn!_ in for this lies in a solid-state
polymerization of a st alline monomer.
The advantages nf’ ion (S5P) include low operating
temperaturesswhichos in side reactions a legradation of the product,
while requiring inexpensive cquipment, _and uncomplicatedeand environmentally
sound procedtisés, 50 by-pi e:k-" lication of vacuum
or through con on caused b

[n 2003, Meng et al. [29-30] reported that the solid-state polymerization (S5P)

RIS HETHS

transfoffided into a black blue matenal without apparent change of morphology.

q R EaE e kAL iaak 1 1taF Y I

was not known in organic chemistry, indeed, the most likely explanation for the

of DE (2 years) of

T. with ume,

observed transformation was polymerization with formation ol bromine-doped
PEDOT. The following characterizations unequivocally confirmed the proposed

structure (see below).



I

L3, L8,
Br S Br 5 n

measured by the four p vint p obe migt  lable . The highest conductivity
belongs to the polymei prepired e _and longest reaction time.
which may reflect achievement of ;;'-_ degree of org dccd heating above the
monomer’s me onductivity (0.1 S/em).
which rises up i ching the value of an
FeCly-synthesized § ‘but certain increase in
conductivity of#SSP-RED@T about; 2 Einy as found on exposing a sample to
iodine vapor. "

From the expeg Ahey gonc uded that heating DBEDOT in the solid state
resulted in an unpre ve highly conduction and
relatively well-ordered ‘m' ; od T . Furthermore. heating DBEDOT
above its melting point led 10 polymer wi T conductivity.

25

Table 2.1 Cond duc

'F_:_' —

II
]
¥

amﬁi@hm 3@1 'j“*’j fim o3

N/A = Not available



2.7 Processibility
Poly(3.4-ethylenedioxythiophene) (PEDOT) and other conductive polymer are
convenient for oxidative polymerization by using oxidizing agents such as iodine and

I'eCl; and other way by electrochemigal polymerization. These methods yielded non

processible polymers praduet with hardy brugle sinsoluble in most solvent and
nonfusible even by heatir 3 up to the decontl Siienemperature.

Out of this iy 51 explotatonypalymerizations by Bayer and
AGFA of PEDO L with'the intetikof applying it fields of antistatic coatings and
photographic films@heniedl po \':"\ DL ispersions of PEDOT: PSS,

Baytron® synthesizet stully used and the fabrication

volume of coaie " Poly(styrenesulfonate)

(PSS) is used as adopant fof PE ) The doping pragess of the conjugated polymer
15 done by acid- rather e idopi L 5. the PEDOT does not act as an
electron donor bugceepls &'y i ' ' ' | [ anate \' ) of the PSS dopant. A
C=C nt-bond of the ERO T @ vand A1 * bonds to an I &nlmled by the acid. As
a result, there is a det paSitive ¢Harge on 1 lﬁ‘.\ ain that will strongly attract

the negative charge left oy the aci -l?_rn‘ kppens at many points along the

lertwined. An unpaired n- electron

remains on the PEDO the conjugated backbone

and leads 1o high conductivity Other dopants reported-in-tHeiatur include Tosylate

and inorgani ‘ (i

F’J]u ﬁm iﬂww g
WIS SU P T &

Figure 2.5 Poly(3.4-ethylenedioxythiophene)/polystyrene sulfonic acid (PEDOT/PSS)

17
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However, PEDOT:PSS also suflers from low conductivity of less than 1 S/cm. which
is lower than that of some good conducting polymers by one 1o two orders of

magnitude. Also, it is typically laid down in an acidic water-based solution whose

ay to overcome the mechanical
properties of PEDOT is terblend it with another polymer. Composites have
been formed by direct ' : polymer, DBEDOT, into an
insulating polymeg.s e then transformed into
PEDOT/polymer by thermalire :nt or solid state migrization. Polymer matrix,
polystyrene and palybtitad e as  matr cause they are readily
¢ the mechanical integrity
of the matrix. Mosi I they ¢ | - easil) vith D D'[' in organic solvent.
The following 45 o polymer composite
based on polystyre

In 2002, Cosy ! produced v conductive composile material,

polystyrene/polypyefole feolating system in  this

composite by the electri€al gnd dielec ies. The electrical conductivity of

PS/PPy particles was obsery 1 percolation threshold at a volume
e [ .-""'" .-"Jl- J : : :

concentration about 2% AL Lhe ation, true dielectric response

of polvmer ¢ould b
onset of the *"‘_’_;
dielectric respmﬁd a m

In 1998, Roichman and coworkers [33] developed PS/TPANI-DBSA composite
by synthesized PA‘I“ ﬁnmﬂcr then dé«flope and re-dope with functionalized

H n% WD ’]e lw y, in order to
1

induce wm:uhly n xylcne and compatibility with PS. The best blend integration was

:...-"* indicates that the
i"" well as in the true

proto c

ohserved at high qua!n}f of the P‘NI-DB'-?A dihmn and the hlgheaMuum of

qsym emze it wou dvamagc:uus 0 prewn the urmal;mn ul‘a

dense cnmp]ex structure by using condition, namely, high oxidant addition rate, an
excess of oxidant, relatively high polymerization temperature and short synthesis

duration.
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2.8 Effect of doping [34]
The doping is an addition of an agent into the polymer and is expected to

improve the conductivity of the polymer. Reversible “doping”™ of conducting

polymers, with associated cont ical conductivity over the full range
from insulator to metal either by chemical doping or by
electrical doping. Con ochemical potential is moved
either by a redox reactionoranacid base plisiie.agegion of energy where there

is a high densiyeetf™Elecuonie statés: charge newtrality is maintained by the

introduction of coj 104 allic polymers are, therefore, salts. Consequently,

ucture.  Since every
d polvmers can be doped

ey high density of charge

lyme Y (15)y )
[(Na')y((r-polymer)™] ,
+ (paphtha

W E'r:_;;__t_iJl_!-‘ﬁlﬁj_-;-&l‘_lJlmﬂlLlI‘!r’ﬁ_ﬂ-_;_-l:::;::_ L ""* C structure evolves

2. The &ctmn § o the nu¢lei in the neighboring
units leads to carrier delocalization along the polymer chain and to charge

AW TS

surdcr however, limits the carrier mobility and in the metallic state, limits

A RS TR I

Sin the field. Charge anectmn onto conjugated, semi-conducting macromolecular

chains, or “doping”, leads to the wide variety of interesting and important phenomena
which define the field. The doping can be accomplished in a number of ways;

chemically or electrochemically dope.
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2.9 Theoretical Aspects of Charge Transfer |35]
Electron or charge transfer in conjugated polymers determines whether the

polymer is conductive or insulating. How the charge is transported determines the

performance of the devices fabricated 1 the polymer. Oxidation or reduction of a

conjugated polymer leads to the in ilive or negative charges into the

polymer chain, giving ¥ se 10 an increas I et Wity. The term doping can be
misleading as what QccuEs is Best view ﬁss The insulating neutral
polymer is converied into yeation (or polyanion) and

counterions, which_g iy ing. agent (or the oxidized

forms of the reducing w, the “doped” polymers

"“\k"‘m

are actually newseo “the original compound.

on corresponds o p-lype

Using solidsState ph o

doping and redtictiopto #-type, doping %. : \: ith a positive applied
voltage, under whigh' conditions the polive ¢ oxidized. Llectrons move from
" \ jelocalized radical cations:

second c on removed) in the chain,

the chain to the electrgde g '- 15010 DO
see Figure 2.6) and Bipoldfons (pelarc
Polarons and bipolarons' may be-yiewed as i holes, which can move along the
chain to produce an electrical eument. Anic ecome incorporated into the polymer
matrix o compensale the posHively _ backbone. N-doping occurs
when a negative applied potential is applied to the polymer, uhder which conditions

T —— -
negative char, ‘_:{ fro w‘“ the electrode to the

polymer. Cﬂnsﬁnt V', m become incorporated into the
polymer structur® to compensate for the negatively chargéd polymer backbone.
Ilectrons serve as c‘aﬂcarner& in this cascll’

ﬂﬂEl’J‘l’lWl‘ﬁWEl']ﬂ‘i
mm&wmcu UAIINYIAY
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a)

b)

Figure 2.6 Depictions ron, and ¢) bipolaron

Overall gonductivitg iné polymer is determined by both its intramolecular and
intermolecular  copductiyitis in : ngth plays the most important role in
intramolecular condugtivit ,E ¢ 10 n-system. the greater the
conductivity will bet Inig | 5 to the electron/hopping
discussion which first a elween redox and conjugated
polymers. Intermolecular conductivi same phenomenon as one linds in
redox polymers (hopping}:-B ers are normally constructed of
layered planag.€on ; ofis, between m-clectron

clouds enhane el Thopping be iBEch labeled n-dimeri-

zation.
The doping level is a measure of 1o what degree thé"polymer is oxidized or
reduced. The ¢Ie¢1r£a.h:unducling form isfabtained when the polymer is doped. FFor

examﬂ l%ﬂe@n%l&}aﬁ% ﬂnﬂﬁ},ﬂ:ﬁmnﬂ in it
undupaqg'urm while achieving conductivities of 10° Q'em™ and higher in the doped

form. The electrical qanduclivit};"s strongly dependént upon the polym€rs doping
AR

Rt e
level is normally higher for electrochemically doped polymers than for chemically

doped polymers. With chemical doping, electron acceptors (p-doping) or electron
donors (n-doping) need to be added to the solution in order to make the doping

reaction take place. Some examples are oxygen, I; and arsenic pentafluoride. A
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polymer can be doped electrochemically by simply applying an appropriate potential
across the film in the presence of counterions.

In Figure 2.7, UV-VIS spectroelectrochemical curves recorded for different

prepared using  the thod of Kvarp$trom oand coworkers [36]. Cyclic
; - ‘ unambiguously indicate that

gnon since two overlapping
redox couples arc.ule s0 manifested in UV-vis
spectroclectrochemigal” studies: The spectra recorded for increasing doping levels
show gradual bleaching o it “1“- growth of two peaks

at 580 nm and 200 n laron sub-gap states.

Abzorbance

T R 7 Y . S ¥ ¥ - S !'Eﬂ':.r

)

Figure 2.7 U\fﬁ absorpti ) m on
process in 0.1 M TBAPFs-acetonitrile. The potential range

“BusAINYNITNYINS

2.10 E%ti\'e conjugation length (ECL)

deally, a conducting polyfher would have #w electrons in the Sffaturated
A AR T

% due to the following:

15 -1.0-+0.6 V, scan rate

i) FFormation of defects in polymer

i) Twisting of plans structures out of conjugation in the polymer.
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Examples of the two reasons above are shown in Figure 2.8. Formation of a
defect in polyacetylene as a saturated sp’-hybridized methylene caused the disruptive

effect in the flow of electrons on polymer chain. In another case, the steric incumbent

between adjacent R groups on in irregular poly(3-alkylthiophene)
brought about the twisti out of coplanarity, causing an
increase in the energy ng electrons through the polymer

l=alk vIthiophene)

Figure 2.8 A de
alkylthiphene)

ure twisting in poly(3-

ng of polymer chain, which occurs
randomly at the smgle bonds - olymer into separated sections with
their own co planarit oure 2.9), Twisti chain avould also cause the

£
AY |

rﬂduc[iﬂﬂ 0] € .j::ﬂ'i‘-ﬁ'lliibl.lillll-llllll‘iIliq

)y Iy
MW

AUEIVIENINEING

Figureqp Twisting of pal}dhluphene

RRLE0, (LEn NBAINREAR Y

The four point probe, as depicted schematically in Figure 2.10, contains four
lhm collinear tungsten wires which are made 10 contact the sample under test. Current
I is made to flow between the outer probes, and voltage V is measured between the

two inner probes, ideally without drawing any current. If the sample is of semi-
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infinite volume and if the interprobe spacings are ;= s; = s3 = s, then it can be shown

that the resistivity of the semi-infinite volume is given by

Vi) 2.1

The subscriptl i tes the measured value of the

resistivity and is aple is of semi-infinite
volume. Practical s: ence, in general, p is not

equal to py. Correction configurations have been

derived by Valdes'. These s "r : -- \: the distance from any probe to the
nearesl buundar}- is at ]e 51 ﬁw 8 required. For the cases when the

[rom

sample thicknes
; LY
where a is the thlc ess correction factor w!uch is plotted on page GT-2. From an

Ny H"’Iﬂ»ﬂmiﬂﬂﬂ?ﬂ pvaige

s:urrcclm factor is needed. 'l ﬂJIEH| robe spacings are 25-60 mils and the wafers used

YR ST

strmghl line for values of t/s <= 0.5. Since it is a log-log plot the equation for the line

(2.2)

must be of the form



a=K (t/s)" (2.3)

where K is the value of a at (V/s) = 1, and m is the slope. Inspection of the plot shows

(2.4)

. S .. \
,@} N

(2.5)

All samplg ationship so the above

1
deternti ' ?m"‘ ents will be performed on

abtained will be referred to

as the bulk resistivity, d the ‘unit f are. & ‘both sides of Equation (2.5) are

& #11 A8 '-."I

F &7 X '

the case for a dﬂ:{!ﬂ layer, tlus is lhe prei‘erred measurnme e:[mmm;,r Note that Rs

is mde ndent of (ﬁ cometrical d:mﬂnM and is therefore a function of the
ma

b =P o o e

refer I:oﬂe end-to-end resistance of a rectangular sample.

formula can be used

the starting material for gach exptsi i ent,”

=

divided by t we get

which we refer S5 1 i3 l" ry small. as would be

Therefore, R, may be interpreted as the resisfafice of a square sampleé, and for

o Wiy i

q this is the same as €, but

s per 0| .:q-]l arally,
1S nolation serves as a convenient remmder ol the

geometrical significance of sheet resistance.



CHAPTER HI

3.1 Materials

All reagents and maierials ) aﬁlhuul further purification

1. Acetone

FEthanol

Hexane

W N e W e W N

N-bromosuc€inin ol Merck
10. n-butanol : Lab-scan
11. Sodium hyvdrogen cark -;—;‘"—' : Lab-scan
12. Toluene Bl i : Merck

13. Polystyr “Dow.Chemical
14. a‘.!’f"’;_. d No: Chemical

M
)
3.2 Equipments

AN TSR TTNS w e

was dis§olved in CDCl; and nperalcd at 399.84 MHz for 'H and 100.54 MHz for ¢

QW'\MH?’G’U UAIINYA Y

3.2.2 UV-visible Spectrophotometer

UV-visible spectrophotometer model UV-2550 SHIMADZU was used 1o
investigate surface absorption spectrum of PEDOT/polymer composite film and
extracted PEDOT powder.



22

3.2.3 Mass Spectrometry (MS)
Molecular weight of DBEDOT was analyzed by Mass spectrometry

(Micromass Quattro micro API) using chloroform as the solvent. The instrument was

operated by using CP-sil 8 column (30m * 0.25mm). injection volumn = 1 L., split

ratio = 200, column flow = 2 ml min " : ' en =250 °C at 10 °C min™".

3.2.4 Fourier<l
IR spect
PEDOT/polymer ¢

meter (FT-1R)
" extracted from the

I-IR'madel Nicolet Impact 410,

NOT/p "ﬁ{";_,&” te films were determined
ieler \ [ KEITHLEY  Semiconductor

\

Characterization . ‘Lhe reported conduetivity is an average value

4

measured {rom four ; whe 00" measurements for each area were

\

performed.
#
' i -
3.2.6 X-ray Diffractomete; 3 D)
F
Diffractograms of standard PEI d_from_the PEDOT/polymer
composile *-TL'J:_‘;.'—‘-_'-__——“.':".':‘ Rigaku DSO00 using-a-scan tange of 5.00-50.00
degrcc.asra‘_ !1"  degree.

g

3.2.7 Thermogravimetric Analysis (TGA)

e mmbus*l.c\ﬂ‘a ¢ and meltin pﬂ were investigated by a Mettler Toledo
IEAKNETRARIEAL! GRS ta byt S——"

i
was anﬂ]zed by heating from 30 °C to 600 °C using 20 °C min” heating rate under

AW AN I INgaE

3.2.8 Optical Microscopy (OM)
The surface morphology of PEDOT/polymer composite {ilm was visualized at

a magnification of x40 by reflection mode of Optical Microscopy model National
DC4-156-S with sunlight lamp.



3.3 Methods

3.3.1 Synthesis of 2,5-dibromo-3 4-ethylenedioxythiophene (DBEDOT)

To a stirged'Solution of 3 4-ethylenedioxythiophene (EROT) (1.14 g, 8 mmol)
dissolved ina 2:1 (it Fehloratorth 8 ml.) and glacial acetic acid (9 ml.)
| A R

.' g.

reaction was carri | -5 “Conder en atmosphere for 8 h. Then the

16.2 mmol). The

mixture was qu nd washed with 1,52 sodium hydrogen carbonate solution
i I-'F"- i 4
(100 ml. = 3 times) Th anie Jayer was separated and the aqueous layer was

iy

extracted with chlorofo 'he  combir orofarm extract was dried with

anhydrous magnesium sulfafe.] removal by rotary evaporator, 3 mlL
of ethanol were added to the eviaparating ml. of the chloroform solution
was lefl. l_ 0 : wpé, n 1.9 g (80%) was

3.3.2 P'nmratinn of PEDOT/polymer composite l@

A toluene ﬁlﬂ'@n of 0.075 g of DBEDOT and 0,025 g of polystyrene or

9 (07341 108 i R 0280

solvent was removed under reduced pressure for ]ﬂ in. The glass suhstrﬂ’.cnvered

ETRNDS SN Ta L Lo

PEDDT:‘putymer composite film was then characterized by OM, TGA, UV-Visible
spectroscopy. Conductivity of the PEDOT/polymer composite film was determined

by a four-point probe conductometer. The average percentage yield of the PEDOT
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formed in the PEDOT/polymer composite film was calculated from the weight of the
PEDOT obtained after the polymer matrix was removed by soxhlet extraction with

toluene overnight (=3 times).

Br

Scheme 3.2 Solid state polymerization

3.3.3 Doping wi

After beu ]
PEDOT/polymer caffiposite il \was placed in. an. iodine chamber for 2 h. The

mth. in a dessicator, a

conductivity offthe ed by four-point probe

conductometer.

AU INENTNYINS
AR ITUNN NGNS Y



CHAPTER IV

3 4-ethylenedioxythiophes ( YBEDOT) in (e malrix of commercially available

polymer i.c. polystyrened(PS)r polybutadiene (PB). 'hapter is divided into 3

parts, The firs by bromination of
ethylenedioxythig Y . second \k 1o the preparation of
PEDOT/polymer campogite films. - *ﬂ* \1 AL iat can affect physical

ratio, DBEDOT concentration,

_the ? “:)\‘\ _r nvestigated including

time and temperaty Fization (SSP). The last

part investigates thesefl {" the composite film and

4.1 Synthesis of 2,5-dil

DBEDOT is the monomer to be used fo
PEDOT. DBED@T can be synthesi
4.1.

ene (DBEDOT)

dlymerization to form

31 as shown in Scheme

T s :
| d b g o
f 2.1 eq NBS u
.- : o T
4 .
Schien &1 Bromination 6EEDOT

ARIAIN TN INAE
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The mechanism of bromination on EDOT was purposed into 2 possible path

ways

Scheme 4.2 Bro

AT Mﬂﬁaﬂ mn centnst

fulluwe‘l:y aromatic suhsmutmn

A AR UBIINH AL

CEDOT using N-bromosuccinimide (NBS) in this work is a one step process. The
quenching and neutralization were done simultaneously by washing the chloroform

laver with 1.5% NallCO; solution (100 mL = 3 times). The crystallization of
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DBEDOT product was then induced by an addition of a small amount of ethanol (3
mL.) to a concentrated chloroform solution (containing ~ 2 mL of chloroform) alter
most of chloroform was removed under reduced pressure using a rotary evaporator,

White needle-like crystals with -',;ﬂill s wieldl were recovered after all the solvent (both

durther purification by column
I-NMR, "C-NMR and MS,

id EDOT were shown in

the protons of EDOT at

chloroform and ethanol)

chromatography. The produet s
'H-NMR speetr

Figure 4.1. The abse

o position to sulfus bromination by NBS.

"‘*'\ synthesized DBEDOT

sarbons at the ethylene

There are 3 signals a
shown in Fig
bridge. The signg

position in thiopheng

ned to two carbons at (-0

ition, respectively.

x4
A

1 b b

Ay ey ey

|
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?\\\“
he fsvnthesize ERC wi in Figure 4.3. The
o \

DB DOT and exhibits the

et 1

Figure 4.2 " C-NME

M5 spé&Clru
spectrum gives 1l

characteristic 1:2:1 wripler Mol
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4.2 Solubility tests of DBEDOT

It was found that DBEDO'T was highly soluble in all common organic solvents
tested. The result is shown in Table 4.1 and its solution was stable when heated above
solvent boiling point. DBEDOT melting tempegature is 105-106°C.

Table 4.1 Solubility of DBE o1 ’/_/J

B0 Ubility test

soluble
Soluble

oluble

(slow)
S _luhie
Soluble

(with slightly heat)

2/ 0\
ey o Pt
—_— .. """‘j - :
4.3 Preparation of PEDOT/polymer composite fils

The preparation of polyinge compo containing 3.4-polyethylenedioxy
thiophene (PEDOT) was per. "‘*';_"— e polymerization (SSP) of DBEDOT
(Scheme 4.4).in the matrix of commerciall: mers which are polystyrene
(PS) or polybitladiene (PB). PS was selected as a representalive’ of semi-crystalline
polymer havi _ glass transit 'mperature which is
100 °C. PB wﬂhme norphous polymer 'avin_ Ty well below room
temperature which is -100 °C.

ﬂﬂﬁl%&lm‘ﬁﬁ’mi

Q;mmmmﬂmmﬂma d



30

The mechanism of SSP of DBEDOT has been proposed by Meng and er al. [30].
DBEDOT molecules in the form of crystal pack closely in parallel fashion which

facilitates polymerization process in solid state. Most likely, the polymerization

condensation during heattreatment. The initlatinnvolves oxidation of DBEDOT by
. In the propagation step,
] form DBEDOT dimer,

bromine (Br;) and genciat
this radical carbocati
also in the form g ion-of bromine then yields

DBEDOT dimer whi

p and eventually forms
PEDOT. The pfesenceof bromine in the reaction. in fact, fagilitates polymerization

in the initiation ste

In orde fﬁ and PEDOT can be

formed in the may :-‘+"- eriment by using PS

as a matrix and toluene as a solvent for dissolving PS. Toluene was chosen for several

imporiant reasons: *1) it can readily deﬂ]v&Bulh DBEDOT and the polymer matrix
o Fﬂl NI WEAn T
form polar solventiso there should

be no cﬂrn about the mleract?n between DBEDDT and the suluenWt might

4 RSN TIINEIAT

ﬂ 225 mg m/L. The physical appearance of the resulting PEDOT/PS composite film
was characterized. The PEDOT extracted from PEDOT/PS composite film was also

characterized by UV-Visible spectroscopy and FT-IR spectroscopy.
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As illustrated in Figure 4.4, upon heating, the color of the composite [ilm cast
from the mixture of PS and DBEDOT on a glass substrate gradually changed from

colorless to dark green and cumplr:lf:I} turned dark blue within 7 h. The blue color can

be used as an indication of the it - . DETDDT to PEDOT. If the SSP was
performed in a closed vial, broy mmne can also be observed.

pr.:'l'»'mcr matrix. which will bﬁﬁf ,;:'. lled PEDOT™ (a) and PEDOT extracted

_.-.n'; %

exhibits the s DO tonfirms the success

of SSP in the P#ﬂrit T b@d on the literatures are

given as follows |3E] The peaks at 1510.9 and 1410.0 e¢m ' originate from the

SEMpb et e

anhsylﬂclm stretching can be seen at 978.6 cm . The peak at 901.1 em '

her i bl e aian oL
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Abzorbance

Figure 4.5 I'T- cted PEDOT.

To con

e composite films, the

characterization by'TGA was simed: Fig ays TGA chromatograms of

PEDOT/PS composiie films (2« DBEDOTIPS aweight ratios: 1:1 and 3:1), PS and

5
controlled PEDOT.

composite films. The
gas while those at ~200 °C afd—=—

sight loss in the PS/PEDOT
5 1o the removal of bromine

> assigned to the loss of [ragments of

o '
PEDOT and_PS, res Fez yeight Joss at ~200 °C is

proportional |

weight loss, |

ﬂ‘lJEl’WIEWI‘ﬁWEI’]ﬂ‘i
Q‘W']Mﬂ‘if”ﬂﬁ']’mmﬁﬂ

micaning the greater the
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R

v Weght loss

Figure 4.6 TGA | DrAms © mposite film prepared using
DBEDOT/PS weighufatioof (b)4:1. kc) 34 ,and (d) controlled PEDOT

UV-Vis spectra 1eco e&tfﬂ | state of t
extracted PEDOT, and the contfotted PEDOT dre sh in Figure 4.7, The extracted
PEDOT and the PEDOT/P et '

I'/PS composite film, the

1ibit one absorption band with a
maximum at ~350 nm, co ﬁ:"" ansition of the conjugated main

chain, at neutr saker and broader at

350 nm, corresponding to-the = transition "T# with inter-chain

Y

interaction and m=stack ars dusing the doping process
of conjugated --$
PEDOT (b), on lhfu&r hand, shows uniwle broad absurptiun band at 580 nm
indic titl is band (from
they were pﬁl}'mﬂnztd in solid sgdte in the absen [ the polymer mw In the

3 mmmmmmﬂm A4

state suggests that a part of the PEDOT in the extracted PEDOT and the PEDOT/PS

composite film was undoped. This can be explained as a result of bromine (acts as

ers and is ascribed to polaron type ca u s [39]. The controlled

dopants) loss during extraction process in the case of the extracted PEDOT. The
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toluene solution which became slightly yellow implies that there was bromine
extracted out with the polymer. The same loss was also observed during SSP of
DBEDOT in the matrix of PS, as described earlier.

Absorbance

Figure 4.7 UV-Visible Spectra 0f {a) eximdted P Q1. (b) PEDOT/PS composite

film, and (c) controlled PEROT otk

}{ra rac g al th€ crystalline structure
of the ex :, T- b PEDOT trom PEDOT “-"""“"“"";«'1-" omposite {ilms in
comparison with 1 XRD pattern of PEDOT
previously repol |l!= by others [40], the diffraction peaks of ,: PEDOT appearing at

scattering angle Eﬂr 6.1°, 12.1° and 25.8° a be assigned to the (100), (200), and

i-flﬁ]"uﬂ TREmIwe 4 >

the stru re of controlled P[‘.DD} 1s more nrdered and its crystallinity is h:gher in

o MY TRy TR D"
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Figure 4.8 XRD spectfa of (dyesntrolled PEDBEExiracted PEDOT from (b)

PEDOT/PS composite HI'WE I ¥ r mposite film.
S e i '.I'?:;J_

and conductivities til- the composite films.

egumm BRENAINT. ..

0.3 ml (DBEDOT concentration =¢0.225 g m/L), DEEDTa’pcri}*mer wmguuu was

IR AT AN IR D,

}'leld higher than 80% can be obtained in both PEDOT/PS and PEDOT/PB composite
films when the ratio of 3:1 and 4:1 were used. In the case of low DBEDOT/polymer

weight ratio, especially 1:1 of which DBEDOT quantity is the lowest, the DBEDOT
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crystals were so far apart that they cannot lead to efficient SSP. The extremely low
%oyield (-3%) of PEDOT was obtained using the ratio of 1:1. Heterogenous
distribution of PEDOT throughout the composite films can be casily observed. The

composite films were not entirely dark blge Some area was translucent. Although the
ratio of 4:1 gave the high %yie 1 - \f; ) /"Jy sical and mechanical integrity of
the composite films ares nferior t those“Gbtaiped from the 3:1 ratio. Extensive

were observed on the surface

agglomeration and excess quantity of dark blu

posite :|Im_ s also britle, especially in the case of

of the composite
PEDOT/PS composi

natrix ratio

Figure 4.9 Perée RATL/PS and PEDOT/PB

composite -"ﬁb",.- ! “w"ﬁ i0. The SSP was

conducted at Sﬂﬁ for 8 h. _m

The cunduc‘vhdala shown in Figdig®. 10 evidently are in good agreement

with {ie %ﬂ%m}q i%?“pﬁi’tfi}nﬂhe 1 PEDOT/PS
compogite [ilm exhibited the highest conductivity of 12 S/em. Apparently, the

composite {ilms with low %yield @nd inhomogeneous, distribution of PEROT in the

Sfem was detected on the 4:1 PEDOT/PB composite film, Despite their similar
%yield of PEDOT in the 3:1 composite film (~80%). the PEDOT/PS composite film
possesses significantly higher conductivity than that of the PEDOT/PB composite
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film. It is suspected that the physical properties of the polymer matrix (T, surface
morphology) may play a role in the structure of PEDOT and conductivity. This issue

will later be addressed. Due to the fact that the 3:1 DBEDOT/polymer weight ratio

Figure 4.10 Conductivity sof -PEDOT/PS DOT/PB composite films as a

function of DBEDOT/polymer « was conducted at 50 °C for 8 h.

4.4. 28 ‘j_’r;.;iiTi-.-ﬂ'rhui’u-.nii'-’-sin.n '

. o
- L - J‘l
Figure 4.1 i b i@ C extracted from the

PEDOT/polymer ¢omposite film as a function of DBEDOT l ncentration, By using
the DBEDOT/polymer,_ weight ratio of J:Uhe concentration of DBEDOT was

reodle 18 Gl ol LI A Tl L s g

0.225 L (3 times higher). It ?ould be noted 1 t the concemmlm cannot be

A IREITS mm:rimmﬁ gl

eﬂ'ect of the DBEDOT:polymer weight ratio on the SSP efficiency can also be applied
here. The greater the quantity of DBEDOT in the mixture, the closer the DBEDOT

molecules, This gives DBEDOT more chance to polymerize. The suitable distribution

chan
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and arrangement of DBEDOT in the polymer matrix is very critical to the success of
SSP because DBEDOT is not allowed to move in the solid state.

The conductivity of the PEDOT/PS composite film (shown in Figure 4.12)

arrangement and dist bution of | varied as a function of
DBEDOT/PS weightoratic

effect 1s,

s employed. The same
EDOT/PB composite. The
conductivity canno BFDGT concentration

was raised fron015040 0,225 ¢ ey -s [have something to do

A\

DBEDD'] cone. (g/ml.)

~AUBAN rm:a‘ nenaes

conducted at 50 °C for 8 h.

QW']Nﬂ‘iﬂJﬂJWI'mEI’lﬁEI

with the physical p

d of PEDOT

.| iel

¥l
|
,

<
|
|

eai --
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)
= o

£

—— PEDOT/PS

—
=

=]

onductivity (S/em

Figure 4.12 Condug it ol P OTPSand | RDOT/PB eomposite film as a function
of DBEDOT ceficentgdtions using 3:1 DBEDOTIpc \‘ weight ratio. The SSP was

conducted at 50 °Clor §

4.4.3 Effect of te iid rection time used for SSP
Originally, a temp "Fi"'"" ¢ Of ‘was chosen to be used for SSP
mainly because it is below mehmgtempera PSS (T ol PS=350°C, Tof PB=
50 °C) and DBEDOT ound that heating above 80 °C
lfor more thanl h made the composite film turned dark brown and black. This
— e -
.‘- 'ergaing SSP. For

this reason, theﬁcs em) Ning iﬁsligatiun was 70°C. It
should be note t all SSP experiments described previolisly were performed at

50°C. ‘a /s
--.xunﬂ lﬁﬂm}}t ' w@Wn ; ﬂiﬂ%ﬁ SSP so that
ol PEDOT is

enoug ﬂ”‘"m}' ormed and the conductivity of the composite {ilm
becomes measurable. It is also obvous that it is thisame 6 h that the comfipésite film

A E S SRR
q highest conductivity was achieved after 8 h of reaction. Evidently, 50°C seems 1o give

the composite films with higher conductivity than 70°C both in the case of

outcome suggests

PEDOT/PS and PEDOT/PB composites. We proposed 2 possible explanations for this

outcome: (1) the higher temperature allows the polymer matrix to vibrate much more
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especially in the case of PS whose T, is about 100°C. The higher the temperature, the
closer 1o the Ty, For this reason, the PEDOT conformation may slightly be changed.

This causes adverse effect on the packing of the PEDOT chain as well as the

can move much more freel 1y acking of the PEDOT in the PB
matrix is much less efficient. The conjug gth should be quite short. This is
probably the reasor | conductivily d always low regardless of’
the content of the OT e compasite film (see "ovield of extracted PEDOT). (2)

The residual toluenesthal may exist ir he PED Tipe Ve omposite film may start
to vaporize upon healingsThis may dissolve s "‘\ [ the DBEDOT during SSP
process. Thus, ‘ 11 e and yields PEDOT

with less ordered

Another reasén ak < PRDOT/PS composite more conductive than
<ehain int \, setween PS and PEDOT

than those between and PEDO ] —Stacking between aromatic ring of PS and

thiophene ring of DOT towether with the rigidity of PS may help locking the

DBEDOT in place du ng SSP -f i -yii"l' P with extended conformation and
well-packed chain, Having. ‘,‘F ‘l‘l" fimation. the neighboring thiophene

rings in the BEDO sagie plane so that the
conjugated rtrelEetrons-could-be-delocalized-c i which leads to high
W -"‘"ﬂ

I

charge-carrier mob s

effects prevent 'onnatiuna change of PEDOT upon storage; This can be realize

sible that these same

In the case of PEDOT/PB composite film of which conductivity is much lower

- L AR IR DT

PEDOT chain to move and rotafe freely during palymerization. Thlwvemcm

RN A2 A B

lhc plan of its neighboring thiophene ring, so that the C,- C, bond between the two

thiophene ring is more like a o bond and has a low density of conjugated n-electrons
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The electrons are not completely delocalized over the whole PEDOT chain resulting
in low conductivity.

This speculation agrees well with the XRD data. In general, the system

defects, leading to a dras! decrease in the cGndticlivity as is the case for the extracted
PEDOT from PEDQEEB.composite filih whe erns are broader and lower
in intensity in comp : n PEDOT/PS composite

{ilm and the contr

18 ;
— 16 |
E
9 14
v
=12
L] - -
=10 #— PEDOT/PS 50°C
S 8 - —e— PEDOT/PS 70°C
-:E 6 —8— PEDOT/PR $0°C
=]
S 4 —&— PEDOT/PB 70°C
2
0

quﬁs,l{jt

4 : =
Figure 4.13.Con \Eomposite films as a

function of reacm tim BED Cﬁ)«:lymer weight ratio.
Sur ¢ I ‘polymer co ite fil
et 1t o 9 i § e

film cahlfeach as high as 58 Sfcm il it was measured on the bottom side (in contact

s) eh oot n_cont air).
R A T
“ smoother than the bottom one. The surface morphologies of the composite films

visualized under optical microscope are shown in Figure 4.14. This suggests that the

surface roughness has a strong influence on the measured conductivity value.



P
YI(PS ‘compasite film. top side, (b)
TYPB composite film, top side, (d)
N

Figure 4.14 5
PEDOT/PS compasite
PEDOT/PB con
| A

The data showh in I’ duid 4151 I- “the eonductivity of PEDOT/PS
composite films on'1l ere z2m greater than the top side at

both 50 °C and 70 °C

T/PB composite films. The

conductivity on the bottom uﬁﬂl Sf; ¥
et b AN S

the top side. The smoother Side of the' PEDO" pol ompasite film, apparently.

results in ngher conduetivit

method of fous ie four probes of the
conductometer ‘Gj be in good col he surface uf‘{;'t'lic composite film (see

Figure 4.16). In principle, the distance between the probes and the surface should be

equal sult ffa lationshi urgen voltage. The resistance
whic v sE]pr mlﬂll onducti rglhe rectlyand accurately

dclemlq#.:l from the slope of the 1&V curve shown on the right hand side of Figure

the other hand, the distance between ea id, the surfate_cannot
Y TR

1 a result, the slope of the 1&V curve is not exactly linear. The resistance can only be

estimated from the initial part of the slope which is presumably linear, Evidently, the

value does not well represent the actual resistivity of the composite film.
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Figure 4.15 Conduetivity of PEDOT/PS and PEDOT/PB composite films, measured

on the bottom"sidegas @ (unction of feaglion time and temperature, using 3:1
DBEDOT/polymegiweight ratio.

For

'.‘w'urt'.fm 0 eaniac
with air

Gilass

— :
PEDOT/polymer
composite

Four point probe

Surface in contact
with glass substrate

ﬁlassf

L'
PEDO Fpolymer
composite

Figure 4.16 Schematic representation of four point probe in contact with smooth and

roughssurfage
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. A\

PEDOT/pelymer composi ’ 1 3 \-u d vials under nitrogen
atmosphere and stog """-:.= T ‘he conductivity values of
PEDOT/PS and PEDOT ‘omposite \\ efore and after storage are

displayed in Table 4.2 ant viously, the conductivities of all

composite films decrease af 'gg; nonil is can be explained as a result of

Br; loss duri u

\7

Table 4.2 C{mﬂivi y of | e fil ﬁ re and after 1 month
storage

= (2 * > Se—
Tﬁﬂﬂﬁ“; |

Topside Bunumg Top side Wm side

QW@MQ?W’SJ?HTWEQRH

70 °C 0.225 3.52 38.30 5.36%10" 16.54
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Table 4.3 Conductivity of PEDOT/PB composite films before and afier I month

slorage

Temperature  DBEDOT Conductivity (S/em)

°C) After storage
Topside  Botiom side
N/A
50.°C
N/A
70 °C N/A

N/A = Not available

4.6 Doping with

It is ob mposite films can be
oped film are closely resemble those
) 5‘ ,H- ants. This outcome also
implies that there were go si .-j ant cor ormation changes of PEDOT in the PS
f all PEDOT/PB composite

ust be some conformation changes

completely recoveped.

of the freshly prepa

matrix during storage.
films cannot be recovered suggesting t
of PEDOT in the PB_matris-upon Storag

ce is no doubt induced by the
consistent mayen I perature.

X

Table 4.4 Cun@ivily of PEDOT/PB and PEDOT/PS cnn@it: films afier doping

with |5

qw.

(Ef mL} Top side Bottom & Tﬂp side Wt}m side

70 °C 0.225 16.17 40.50 2.09x10" N/A

N/A = Not available



CHAPTER YV

“‘\1‘3‘“ | ycﬁsnom

cor pcm ——TT containing  poly(3.4-
- prepared through solid state
of 288-¢ . \‘.\Q’{“\ﬂ ene (DBEDOT) in the
an Dl *B) martrix. The percentage
; !r d . \ that FT-IR and XRD

CON

Conducting
ethylenedioxythiophe:

polymerization (S8
presence of either,

yield of up to 8 % off

spectra of the extracted PEDOT exhibit the same fingerprints as those of the
controlled PEDO"I" '_r s thesucéess of & T -tencc of PEDOT and PS

in the compositetili he appearance of two

-I‘ A . ‘_

absorption bands in HIV-Vi: ﬁ@-l;p

3 A ; ‘.
PEDOT exist in both daped amf indo d implying that the Br; released
during SSP can act as dopantsi- s <
The PEDOT/PS composite |
=
than the PEDQT/PE 1posite {1

posite suggests that the

significantly higher conductivities

ed tothe better inter-chain

interactions ‘beween PS_and PEDOT and the motdity of the PSfallowing the more
_— LY
ordered and exeend PSSPB does not have any

H T, also leads to chain

specific interac ons with cither (Y 1 . Its lan
movement during SSP of DBEDOT. The formed PEDOT mnfnmmtmn should be less

i b ﬁsﬁTW‘l %’Wﬁl"fﬁ e

DBED :PS weight ratio, 0.225 gme of DBEDOT and conducting the SSP at 50°C

q AR SN B TR S

“| storage due to the loss of Bra. The conductivity can be completely recovered after re-
doping with I; in the case of PEDOT/PS composite films. The recovery was not
possible for the PEDOT/PB composite films suggesting that there was some
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irreversible conformational change of PEDOT chains in the PB matrix whose chains
consistently moved as a result of T, being lower than ambient temperature.
It is interesting to investigate the effects of polymer matrix molecular weight

hy: i | properties and the conductivity of PEDOT
1Ty,

conductin lymer compesite from other DBED@T derivatives. Using spin casting
g po e A ) g sp

as well as %crystallinity on the p

polymer composite. It 0 misethe method of SSP for making

instead of drop casting.maylielp improviig the-composite film uniformity and
smoothness whichh of the composite film.

All of these issues g arch work.
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Percentage vield extraction of SSP PEDOT

Table A-1 Percentage yield of PEDOT recovered from PEDOT/PS and PEDOT/PB

composite films obtained after solvent extraction as a function of DBEDOT: polymer

weight ratio. The SSP was condueted

" PEDOTIPS PEDOT/PB
DBEDOT : PONIEE i el s

3
78
85
88
Table A-2 Pefeentage yield of PED n 31 PEDOT/PS and
PEDOT/PB compaSite Miln ) '- raction as a function of
DBEDOT concentratigh. "H\’a' 8 h.
DBEDOT cot \ PEDOT/PB
(g/mL) (% yield)
0.075 83

% A 55

B
- - -
-3 o T " o
=¥
L]

- =

i

B e
™

.,I
i

ﬂ'L!El’JVIEWI‘ﬁWEI’]ﬂ‘i
Qﬁ']ﬁﬁﬂ‘imﬂ‘iﬂ']’mﬂ'lﬁﬂ
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Conductivity measured by Four peint probe technigue

Bl T ey o ]

Figure A-1 & - pint probe technique

(A-1)
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Table A-4 Conductivity of PEDOT/PS and PEDOT/PB composite films measured on
the front side as function of DBEDOT concentration (g/mlL), using 3:1 DBEDOT:
polymer weight ratio. The SSP was conducted at 50°C for 8 h.

PEDOT/PB
Conduetivity (S em™)

; 0.05 + 0.50
29 + FT T — 2494120

2 t‘t‘f?'% 255+ 1.80

osites measured on the
U the SSP, using 3:1
entgation of 0.225 g/mL..

""l

Table A-5 Conducti
front side as a
DBEDOT: polymer stei

‘! ~ PEDOT/PB
Reaction time e '_'j A5 em Conductivity (S em™)
— SO 70°C
4 A N/A

6 N/A 004 1 0+130  54x107£2x107

o ‘ o

7 0 #5.6<107+5=]10

8 .:_—lrﬂr‘--:-m _iﬁlz;i‘;ﬁ:;i;—:ﬂ'-r-: _'ﬁklﬂ']':lz"}!lﬂ'}

12 v_ 5.6<107 £ 3x107

16§27 _ L F."Z 5.7x107 £ 2107

e ]
24 1226 £2.0 1.34+1.32 352:!:]2 572107 + 4x10™

MN/A =Nat avmlﬂh“
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Table A-6 Conductivity of PEDOT/PS composite {ilms measured on the back side (in
contact with glass substrate), using 3:1 DBEDOT: polvmer weight ratio and the
DBEDOT concentration of 0.225 g/ml.. The SSP was conducted at 50 °C for § h.

PEDOT/PB

Reaction time Conductivity (S em™)

70°C
4 N/A
6 0.06 £ 0,05
7 0.06 + 0.02
8 0.06 + 0.07
12 0.07 £ 0.04
16 0.07 £ 0.02
24 0.07 £ 0.04

N/A = Not availahl

LV-VIS absorption
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Front side PEDOT/PB

Absorbance

Figure A-3 UV-Vis :“ PEDOT/PB composite film

on glass slide.
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