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ABSTRACT In this study, we synthesized novel thiophene derivatives by the protection
of the carboxyl group of 3—thiophene acetic acid with differently substituted benzyl
groups. While 3—thiophene acetic acid is not electro—polymerizable, the modified
monomers can be easily electro—oxidized to form stable electroactive polymers.
The protecting groups can be easily removed in the solid state and the desired reactive
carboxyl group can be introduced on the polymer surface. SEM observations show that
obtained polymer films show a very good film surface and homogeneous morphology on
the Pt electrode. After introduction of macromonomer, FT—IR spectrum shows new
absorption bands at 1650 and 1550 cm™, which is consistent with the formation of an
amide bond. Electroactivity measurements were examined by cyclic voltammogram(CV).
These polymers showed the characteristic electrochemical behavior of poly(3—
alkylthiophene)s with reversible redox transition in the range of 0.7—-0.9 V.

Keywords  Electrochemical polymerization, polythiophene derivatives, electroactivity, polyelectrolyte,
biointerface, a,u-bifunctional macromonomer.
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. 3—thiophene acetic
acid 4—nitrobenzyl alcohol  Aldrich
USA) ligroin

. Benzyl alcohol

(Milwaukee,
ethanol

CH.Cl»
1,3—dicyclohexylcarbodiimide(DCC)  Aldrich
(Milwaukee, USA) 1

tetrabutylammonium hexafluorophosphate (TBAPFs)

methylacetate 72
. Acetonitrile(Aldrich  Chemical Co.,
Milwaukee, USA) 0.3 nm molecular
sieve
. Macromonomer tert—

butyl acrylate(tBA, Adrich Chemical Co., Milwaukee,
USA) 5 .
Bis(4—aminophenyl) disulfide (BAPD, Aldrich
Chemical Co., Milwaukee, USA)
2,2—azobisisobutyronitrile(AIBN, Aldrich

Chemical Co., Milwaukee, USA) methanol/
chloroform(1:5, vol%)

(cyclic
voltammetry : CV) Pine(Grove

City, PA, USA) AFRDE-5 potentiostat

(working electrode, 1 cmx 1 cm)
(counter electrode, 1 cm x 1 cm)
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Figure 1. (A) Synthesis of thiophene derivatives
with different protecting groups and their elec—
tropolymerization scheme and (B) removal of
substituted benzyl groups from polymer(3a, 3b).
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5000, Wisconsin, USA), *H—NMR(Varian Unity

Inova, 500 MHz, Germany) ESCA(ESCA

2000, VG Microtech, UK) .
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Figure 1(A)

DCC 3—thiophene acetic acid

benzyl alcohol
1 3—thiophene acetic acid 0.1 mol
benzyl alcohol 0.1 mol
0.02 mol pyridine 50
mL CHCl, 0 20

DCC 24

4% HCI 8% NaHCOs

MgSO.
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Figure 2. Synthesis of amino—terminated ptBA-—
bAPS.

(eluent: hexane/ethyl acetate (5:1 v/v))
NMR

Benzyl thiophene—3—acetate ( , m.p.
32-33 ), 'H-NMR (CDCls): 5 =7.32 (m; 6H),
7.20 (s; 1H), 7.12 (d; 1H), 5.12 (s; 2H), 3.64 (s; 2H).

4—Nitrobenzyl thiophene—3—acetate(

, mp. 57-58 ), '"H-NMR (CDCls): 5 =8.16
(d; 2H), 740 (d; 2H), 7.28 (m; 1H), 7.16 (d; 1H),
7.04 (d; 1H), 5.20 (s; 2H), 3.72 (s; 2H)
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Table 1. Molecular Weight Distribution of Poly(tert-butyl acrylate) in the Presence of BAPD (0.205 M)

[BAPD]" M Ma — — sulfur content® y
x 10° M 2 Mo/ Muw 1% 4
x 1072 g/mol x 1072 g/mol wie
205 26 45 1.7 0.28 2.2
“Initial concentration in moles per liter of tert—butylacrylate. *Calibrated from GPC data using PEG standard.
‘Determined by elemental analysis. “Average number of amine terminal group per polymer chain.
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Figure 3. The introduction of ptBA—bAPS to the obtained polythiophene film.
Na,S/THF 1
,1 N HCI 5
Polythiophene ptBA-bAPS
ptBA-bAPS (poly(tert-butyl acrylate)-bis(4-amino- thiophene , DCC
phenyl sulfide)) . Macromonomer ptBA—bAPS  polythiophene
Figure 2 . Figure 3
30 . tert— ,
butyl acrylate 100 mL ptBA—-bAPS DCC
chain transfer agent termination 5 . , ptBA—bAPS
agent BAPS (0.205 mol) 1IN  NaOH
AIBN (2.7 mmol) 5 1IN HCI
(Table 1). —COOH .
90 3 . ,
ptBA—bAPS
Ccv
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Figure 4. Cyclic voltammograms in acetonitrile solution
containing 0.2 mol/L  corresponding monomer and 0.1
mol/L TBAP by a potentiodynamic method (scan rate of
50 mV/s). (A) benzyl thiophene—3—acetate and (B) 4—
nitrobenzyl thiophene—3—acetate.
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Figure 5. Cyclic voltammograms of polymer film(3b) on

Pt electrode recorded in a 0.1 mol/L TBAP/CH:CN
monomer free solution (scan rate of 50 mV/s).
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Figure 6. FT—IR spectra of 3b sample coated on
electrode. Before (A) and after (B) soaking in
Na,S solution of THF/H,O for 30 min and then
rinsing with 0.1 N HCI.

SEM . Figure 7 ptBA—bAPS
SEM

(2a, 2b)

3—thiophene acetic acid

Polythiophene Complex  ptBA-bAPS
ptBA—bAPS
ESCA Figure 8
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Figure 7. SEM photographs of the obtained
polymeric fims on Pt electrode. (A) polymer 3a
and (B) polymer 3b.
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Figure 8. ESCA spectra of polymer 3b. (A) freshly

deposited on Pt, (B) after removal of benzyl

group, and (C) introduction of ptBA—bAPS onto
the surface of film.
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Figure 9. Cyclic voltammograms of polymer 3b
modified with ptBA—bAPS onto the film surface in
a 0.1 mol/L TBAP/CH3CN monomer—free solution
at scan rate of 50 mV/s.
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