
CHAPTER i n
EXPERIMENTAL

3.1 Materials and Instruments

3.1.1 M aterials
3-th iopheneacetic acid, 3T A A  (A R  grade, F luka) w as used as the 

m onom er. A nhydrous ferric chloride, FeC l3 (A R  grade, R iedel-delFIean) w as used 
as the oxidant. C hloroform , CHCI3 (A R  grade, Lab-Scan), m ethanol, CH 3OH (AR 
grade, L ab-Scan) and D im ethyl sulfoxide (D M SO ) are dried over C aH 2 for 24 hours 
under the n itrogen atm osphere and then distilled, w ere used as solvents. The 
perch loric  acid dopant, H CIO 4 (A R grade, A nalaR ) w as used as received. Sulfuric 
acid, H 2 SO 4 w as used to protect the ox idative decom position  o f  m onom er. Diethyl 
ether and deionized w ater w ere used to  ex tract and w ash m aterials. Sodium 
hydroxide, N aO H  w as used as the hydro lyzing  agent. Polyisoprene, PI (Mw = 
40,000, v iscosity  =  400 poise, A ldrich), w as used as the polym er m atrix. Dicumyl 
peroxide (A R  grade, F luka) w as used as the crosslink ing  agent.

3.1 .2  Instrum ents
A F ourier T ransform  Infrared Spectrom eter (T herm o N icolet, Nexus 

670) w ith  num ber o f  scans o f  32, A U V -V isib le absorp tion  spectrom eter (Perkin 
E lm er, L am bda 10), Therm al gravim etric analyzer (D uPont, m odel T G A  2950) with 
the tem peratu re  scan from  30 to 8 0 0 °c  w ith  a heating  rate  o f  10°c/m in  under O2 

atm osphere w ere  used to  characterize the synthesized  polyth iophene and 
po ly th iophene/poly isoprene blends. A  M ettler-T oledo  D SC 822 differential scanning 
calorim eter (D SC ) w as used to record the nonisotherm al exotherm s as well as the 
subsequent m elting  endotherm s for crosslinked po ly isoprene (PI 03), undoped 
po ly th iophene (P th_บ), and po ly th iophene/poly isoprene b lends (Pth_U/PI_03). 
Scanning electron  m icroscope (JO EL, m odel JS M -5200-2A E ) w as used to  determine 
the m orphological structure o f  the synthesized polym ers and polym er blends with the 
m agnifications o f  350,750 and 1500 tim es at 20 k v .  C ustom -bu ilt tw o-point probe 
e lectrom eter (K eithley, M odel 6517A ) w as used to m easure electrical conductivity o f
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3.2 Experimental Methods

3.2.1 Polym erization  Procedure
3 .2 .1 .1  P r e p a r a t io n  o f  3 -T h io p h e n e  M e th y l  A c e ta te  (T M A )

The reaction w as by oxidative-coupling  polym erization 
according to the m ethod o f  Kim  e t  a l. (1999). 10.0 g o f  3-th iopheneacetic  acid was 
refluxed for 24 hours in 50 ml o f  dry m ethanol w ith 1 drop o f  concentrated  H2 SO4  in 
order to protect the oxidative decom position o f the carboxylic  acid group of 
m onom er during oxidative-coupling polym erization. The m ethanol w as evaporated, 
and the residue w as extracted w ith  fresh diethyl ether. The extract w as w ashed with 
deionized w ater, dried w ith  anhydrous MgSC>4 and then filtered. The diethyl ether 
w as evaporated  from  the filtrate by rotating evaporator. TM A  product w as obtained.

3 .2 .1 .2  S y n th e s is  o f  P o ly  (3 -T h io p h e n e  M e th y l  A c e ta te )  (P 3 T M A )
In a 100 ml three-necked flask, a solution o f  10 m m ol of 

protected  m onom er in 2 0  ml o f  chloroform  w as added dropw ise to  a solution o f 
40 m m ol o f  ferric chloride w as dissolved in 30 ml o f  dry ch loroform  under nitrogen 
atm osphere. The m olar ratio o f  the oxidant to m onom er is 4:1 in  all cases The 
reaction  w as carefully  m aintained at 0 °c  (± 0.5°C) fo r 24 hours. The reaction 
m ixture w as precipitated, by pouring into a large excess am ount o f  m ethanol (1 L) to 
obtain  P3TM A . The product w as repeatedly w ashed w ith  m ethanol and deionized 
w ater.

3 .2 .1 .3  S y n th e s is  o f  P o l y  (3 -T h io p h e n e a c e t ic  a c id )  (P 3 T A A )
PTM A  w as hydrolyzed as follow ; 0.5 g o f  P3T M A  was 

d issolved in 50 ml o f  2 .0  M  N aO H  solution and heated for 24 hours at 100°c. The 
m ixture w as filtered, neutralized  and precipitated w ith  a dilute HC1 solution (~0.5 M) 
to obtain  po lym er product. The PTA A  w as w ashed several tim es w ith deionized 
w ater before vacuum  drying at room  tem perature for 2  days.

the conductive polymer. Melt rheometer (Rheometric Scientific, ARES) was used to
measure electrorheological properties. DC power supply (Instek, GFG 8216A),
which can deliver electric field strength to 2 kv/mm.
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R eflux 10 g o f  TA A  in 50 ml o f  C H 3O H  and 1 drop o f  cone. H 2 SO 4 for 24 h.

1โ
E vaporate CH 3OH, extract w ith fresh die 

deionized w ater and dry พ
thyl ether, w ash TM A  product with 
Ith anhydrous MgSC>4

D issolve 40 m m ol o f  F eC b  in 30 ml o f  dry C H C lj

U nder N 2

A dd solution o f 10 m m ol o f  TM A  in 20 ml o f  C H C I3 as dropw ise

Stirring for 24 h. at 0 °c  under N 2

Precipitate P3T M A  w ith excess CH3 OH and w ash the product 
w ith  fresh CH3 OH and deionized w ater

▼

D issolve 0.5 g o f P3TM A  in 50 ml o f  2.0 M  N aO H

ไ H eat fo r 24 h. at 100°c

F ilter and neutralize the filtrate  w ith  d ilu te  HC1

' '
W ash ing  the solid product w ith  deionized w ater and vacuum  dry for 2 days

Figure 3.1 Synthesis route o f  poly(3-th iophene acetic acid).
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3.2.2 D oping o f  Polythiophene
To exam ine the effect o f  particle conductiv ity  on the 

electrorheological properties, P3TA A  had different conductiv ity  values were 
prepared by doping w ith  perchloric acid (K im  e t  a i ,  2000). The 2.0 M  H CIO 4 doped 
P3T A A  w as prepared by im m ersing P3TA A  particles in 2.0 M  H C IO 4 solution at 
room  tem perature for 3 days. The doping level was varied by varying the m ole ratio 
o f  dopant to the m onom er, H CIO 4/P 3 TA A  (doping ratio equal 1:1, 10:1 and 200:1). 
A fter the doping process, their electrical conductivity  w as studied by using custom- 
built tw o-point probe electrom eter (K eithley, M odel 6517A ).

3 .2.3 Preparation o f  Pure Polyisoprene
The electrorheological properties o f  pure po ly isoprene were 

investigated  in term s o f  electric field strength and crosslinking ratio. To study the 
effect o f  crosslinking, an appropriate am ount o f  dicum yl peroxide w as m ixed with 
polyisoprene and cast on a m old (diam eter 25 m m ). W e rem oved bubbles in a 
vacuum  atm osphere at 2 5 °c  for 2 h. V arious am ounts o f  dicum yl peroxide were 
used to vary the degree o f  crosslinking (crosslinking ratios, 2, 3, 5 and 7). The 
fabrication  o f  the crosslinked polyisoprenes w as by com pression m old ing  at 175°c 
and 5 M Pa for 7 m in (Faez e t  a i ,  1999).

3.2.4 P reparation  o f  the P 3T A A /Polyisoprene B lends
The polyth iophene pow der w as sieved w ith  a m esh particle  size o f 

38 pm  and dried at room  tem perature fo r 24 hours p rio r to their uses. T he blends 
w ere prepared by m echanical blending o f  doped and undoped  synthesized 
polyth iophene particles, at various particle concentrations (5, 10, 20, and 30% vol.) 
w ith  polyisoprene. W e rem oved bubbles in a vacuum  atm osphere at 2 5 °c  for 2 h. 
The optim um  degree o f  crosslinking, having the highest rheological sensitiv ity , was 
used, (crosslinking ratio  o f  about 3). The fabrication  o f  the P3TA A /crosslinked 
polyisoprene blends w as by com pression m olding at 175°c and 5 M Pa for 7 min 
(Faez e t  a l ,  1999).
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3.2.5 C haracterization  and Testing
3 .2 .5 .1 F o n r ie r -T r a n s fo r m  I n f r a r e d  S p e c tr o m e te r  (F T -IR )

Each undoped and doped poly(3-th iophene acetic acid) 
sam ples w as identified for functional groups by a FT -IR  spectrom eter (Thermo 
N icolet, N exus 670) operated in the absorption m ode w ith 32 scans and a resolution 
o f  ±4 c m '1, covering a w avenum ber range o f 4000-400 cm ' 1 using a deuterated 
trig lycine sulfate detector. Optical grade K B r (C arlo  E rba R eagent) w as used as the 
background m aterial. The synthesized P3TA A  w as intim ately  m ixed w ith  dried KBr 
at a ratio o f  P 3T A A :K B r = 1:20. Sam ples w ere grounded w ith a m ortar, m ixed with 
K B r and m olded into pellets under the pressure o f  8  tons.

3 .2 .5 .2  u v - V is ib le  S p e c t r o s c o p y
U V -V is spectra w ere recorded w ith a U V -V is absorption 

spectrom eter (Perkin-E lm er, Lam bda 10). M easurem ents w ere taken in the 
absorbance m ode in the w avelength  range o f  200-800 nm. Synthesized P3TA A  and 
doped P3T A A  w ere grinded into a fine pow der, dissolved in D M SO  at the 
concentration  o f  6 .0 x l0 ' 5 M  and pipetted into the sam ple holder. Scan speed was 
240 m m /m in, and a slit w idth  o f  2.0 nm using a deuterium  lam p as the light source.

3 .2 .5 .3  T h e r m o g r a v im e tr ic  A  n a ly is  ( TG A )
A therm al gravim etric analyzer (D uPont, m odel TG A  2950) 

w as used to determ ine am ount o f  m oisture conten t and dopant, and decom position 
tem perature o f  undoped and doped poly(3-th iophene acetic acid) (P3T A A ) at various 
m ole ratios o f  dopant, crosslinked polyisoprene (PI_03) and 
polyth iophene/poly isoprene b lends (P th_U /PI_03) w ith  the tem perature scan from 30 
to 8 0 0 °c  w ith  a heating  rate o f  10°c/m in. The sam ples w ere w eighted in the range 
o f  5-10 m g and loaded into  a platinum  pan, and then heated it under an oxygen gas 
flow.

3 .2 .5 .4  S c a n n ig  E le c tr o n  M ic r o s c o p e  (S E M )
Scanning electron m icrographs w ere taken w ith  a JEOL, 

m odel JSM -5200 scanning electron m icroscope to determ ine the m orphology and 
surface appearance o f  poly(3-th iophene acetic acid) in pow der form s and to identify 
m orphology o f  undoped  polyth iophene/poly isoprene blend film s at various particle 
concentrations. A piece o f  sam ple was placed on the ho lder w ith  an adhesive carbon
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tape and coated w ith  a layer o f  gold by using JFC -1100E  ion-sputtering  device for 4 
seconds before m easurem ents w ere taken. The scanning electron m icrographs of 
po ly th iophene pow der and polym er blends w ere obtained by using an acceleration 
voltage o f  20 k v  w ith a m agnification o f  1,500 and 350 times.

3 .2 .5 .5  P a r t ic le  S iz e  A n a ly z e r
The particle sizes o f  poly(3-th iophene acetic acid) were 

determ ined by using  a particle size analyzer (M alvern Instrum ents Ltd. M asterizer X 
V ersion 2.15). T he lenses used in this experim ent w ere 45 mm. The sam ple was 
placed in a sam ple cell across a laser beam . This instrum ent m easured the average 
particle  size and the standard size distribution. C onsequently, the specific surface 
area w as calculated  from  the particle diam eter w ith  the assum ption o f  being a 
spherical particle.

3 .2 .5 .6  C o n d u c tiv i ty  M e a s u r e m e n t:  T w o -P o in t P r o b e  M e te r  
Electrical conductivity  is the inversion o f  specific resistivity

(p) w hich indicates the ability o f m aterial to transport electrical charge. The meter 
consists o f  tw o probes, m aking contact on a surface o f  film  sam ple. T hese probes 
w ere connected  to  a source m eter (K eithley, M odel 6517A ) for a constant voltage 
source and for reading current. The applied voltage w as plotted versus the current 
change to  determ ine the linear ohm ic regim e o f  each sam ple. The applied voltage 
and the curren t change in the linear ohm ic regim e w ere converted to the electrical 
conductiv ity  o f  po lym er using equation (3.1) as follow :

p  R s x t  K x V  x t

W here G is specific conductiv ity  (S/cm ), p is specific 
resistiv ity  ( f lc m ) ,  Rs is sheet resistiv ity  (£>), I is m easure current (A), K is 
geom etric  correction  factor, V  is applied vo ltage (voltage drop) (V), and t is pellet 
th ickness (cm).

The geom etrical correction  factor w as taken into account o f 
geom etric  effects, depending on the configuration  and probe tip spacing and was 
determ ined by using  standard m aterialร w here specific resistiv ity  values w ere known;
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w e used silicon w afer chips (SiC>2). In our case, the sheet resistiv ity  was m easured 
by using the tw o-point probe and then the geom etric correction  factor w as calculated 
by equation (3 .2) as follow:

K =  J L .  =
R x t  V x l ( 3 . 2 )

W here K is geom etric  correction factor, p is know n resistivity 
o f  standard silicon w afer ( f lc m ) , t is film  thickness (cm ), R is film  resistance (£!), 
and I is m easure current (A).

3 .2 .5 .7  C r o s s l in k  D e n s i ty  D e te r m in a tio n
The crosslink density can be determ ined by m easurem ent o f 

M e  the so called equilibrium  sw elling. W e can determ ine M e  by know ing the sw elling 
ability o f  certain solvents in a crosslinked netw ork. The procedure o f the crosslink 
density  m easurem ent w as as follow ; initially  the sam ples w ere cut to a dim ension o f 
~  10 X 10 mm. W eight o f  each specim en w as then m easured. Then w e placed each 
specim en in a vial containing to luene for 3 days and the w eight o f  the sw ollen 
sam ple w as m easured again. The crosslink density w as calculated  from  the equations 
(3 .3-3 .7) (P ain ter e t  a i ,  1997, Choi, 1999, B oochathum  e t  a i ,  2001). E xperim ent o f 
each crosslink ing  ratio w as carried out using  three sam ples and data w ere averaged.

M .  =
- [ l n ( l - v 2m) + v2m + Z ^ 2m2 ]

(3.3)

=  H'° (3.4)
v eqนแ X p 2

พ ' พ ',  -  พ 'กV -  0 +  f  0v equil (3.5)
P i  P\

X  =  0 3 4  +  ^ ( ร 1 - ร 2 ) 2 (3.6)
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and
Crosslink density = [2A/J-1 (3.7)

Where Vi is the molar volume of solvent, Mw/density, p2 is 
polymer density, polyisoprene ~ 0.92 g/cm3, Pi is solvent density, toluene ~ 0.867 
g/cm3, v̂ o is original polymer weight, พร is swollen polymer weight, X is 
polymer-solvent interaction parameter, R is Gas constant, 8.29 N.m/mol.K, 
T is temperature 298 K, 5i is solubility parmeter of polymer, polyisoprene ~ 17.02 
(MPa)1/2, and ร2 is solubility parmeter of solvent, toluene ~ 18.20 (MPa)1/2.

3.2 .5 .8  E lectrorheological P roperties M easurement
A melt rheometer (Rheometric Scientific, ARES) was used to 

measure rheological properties. It is fitted with a custom-built copper parallel plates 
fixture (diameter of 25 mm). A DC voltage was applied with a DC power supply 
(Instek, GFG 8216A), which can deliver electric field strength to 2 kv/mm. A 
digital multimeter was used to monitor voltage input. In these experiments, the 
oscillatory shear strain was applied and the dynamic moduli (G1 and G") were 
measured as functions of frequency and electric field strength. Strain sweep tests 
were first carried out to determine the suitable strain to measure G' and G" in the 
linear viscoelastic regime. The appropriate strain was determined to be 220% for 
pure polyisoprene fluid and doped polythiophene suspend in polyisoprene fluid 
(doping ratio 1:1, 10:1 and 200:1). For the crosslinked polyisoprene (PI 02, PI03, 
PI_05 and PI_07) and undoped polythiophene/crosslinked polyisoprene blends 
(blends ratio 5, 10, 20, and 30%vol.) the appropriate strain was 1%. Then frequency 
sweep tests were carried out to measure G' and G" of each sample as functions of 
frequency. The deformation frequency was varied from 0.1 to 100 rad/s. Prior to 
each measurement, each polyisoprene and polythiophene/polyisoprene blends 
samples were presheared at a low frequency (0.039811 rad/s), and then the electric 
field was applied for 1 0  minutes to ensure the formation of equilibrium polarization 
before each measurement was taken. Each measurement was carried out at the 
temperature of 27°c and repeated at least two or three times.


	CHAPTER III EXPERIMENTAL
	3.1 Materials and Instruments
	3.2 Experimental Methods


