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Self-assembled monolayer(SAM)E HEH & AZ 92 ZE|ujEo] A7 38 A% o2 58N AolX in-sim
EQCM (Electrochemical Quartz Crystal Microbalance)® ex-situ AFM (Atomic Force Microscopy)S ©]-&8t =&
A, 7 ASolA cyclic voltammetryZ AR Z2|vjo] &0 4k} AlgE A2 (anodic limiting potential) %k
off Wl EHIYom FAL ol olEFA] AUTh A AL AW} 08V (vs Agl AgC oD ) Zein)
9] A& A F7RINT. T8lal AL 34t ZrlsiEA k] vloldE Wil dEEiglst] o)A EuE
£9 rearrangement’} ¥)°)2}al AZH T}, 1-dodecanethiol SAM =3} thiophene SAMAZ o= Ea]wr} 33}
Yoz A58 BEQ] rearrangementE FHFSFYATE BPUS (Bis(w-(N-pyrrolyl)-n-undecyl)disulfide) SAM =
olME 2214391 layer-by-layer A& 313 WE9] rearrangements $EHA] @it} Eeivrt S48 A= Wo
2 AEHU AE 2 =z 2] ERjniE vEH, AR A o229 FEI8 i FRe] AdEE A
o] ¥xF 3 dulZ (Atomic Force Microscopy) ©|H| A2 #AZE )

Abstract: The growth of polypyrrole film has been investigated during electropolymerization in an aqueous solution
on bare and SAM modified gold electrodes by in-situ EQCM and ex-situ AFM. According to the result of cyclic
voltammetry measurements, in the case of a bare gold electrode, the electrochemical deposition of polypyrrole were
dependent on the limiting oxidative potential, but not on scan numbers. When the limiting potential higher than
0.8 V was applied on the electrode, the amount of polypyrrole deposited on a gold electrode was rapidly increased
and the abnormal mass change attributed to the rearrangement of polypyrrole films was observed as the scan number
increased. The polypyrrole film prepared on electrodes modified with 1-dodecanethiol SAM or thiophene SAM grew
3-dimensionally with the rearrangement of film. However, in the case of BPUS SAM, 2-dimensional layer-by-layer
growth of film was observed without the rearrangement of film. AFM images showed films with chain-shaped and/
or donut-shaped polymers when grown rapidly and a wrinkled film at the steady state condition.
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Table 1. Chronoamperometric mass responses of pyrrole
electropolymerization by applying two step potential.
Deposition Am/ug cm? Monomer/ B

potengal EYV EL HE B2 mopx  ClO«/mol
0.7 1.37 1.11 3.82X107  599x10*
0.8 12.41 9.96 342%107  5.69%107
09 29.93 26.06 895x102? 8.98x103
1.0 43.56 3896  1337x107  1.07x102

* Mole number of pyrrole monomer converted to polypyrrole.
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Fig. 1. Chronoamperometic responses of pyrrole electropolymeri-
zation on a gold electrode in a 0.07 M pyrrole solution containing
0.1 M LiClO, by applying two step potential of E1 = (A) 0.7, (B) 0.9
and E2=-0.9V.,
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Fig. 2. Cyclic voltammeric and frequency responses of pyrrole electropoymerization on a gold electrode in a 0.07M pyrrole solution
containing 0.1 M LiClO,. Positive potential limit : (A) 0.75 V, (B) and (C) 0.9 V, Negative potential limit : (A) and (B) -0.9 V, (C) -0.5 V, Scan

rate : 50 mV s
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Table 2. Net charge and mass change from Fig. 2 (B).

ol F9 19} M ETE) AIsh@de] dofe o
Holot. HollA AFE M 4kst FHE 0.9 VE FAsH
= AMS 1 o 99 me pryte] 89 B9 &
< A A9 Fgol iR MEge) V12 890] oFY)
7 ZEv] AEE0] $h AYAA rearrangementS PR
ek PPy B PPy™o 39l Whed Aoz Hz=tdd)

3 A ¥l Aurd (1) E9Ee HE 2 A4
A7 S48 FAE A7 Lol E9jog M FHoM &
Zo] S7RIE 2 (2) EE9Ee) 23l vk & v
B9 A71A 24 A8 st olEe] Yl 93 2
F s} gt BEel 2B W AE A 23S A9 &
olgo] Sol7hd Aggo] Fylstn Yoleo] e Azo] 7
2%t dEo] 3E mols vHIE g Zo)gh 3 arjm P
£l PPy Xl Q7] whiel] EYHE 2ol &
deol &Y & PPy he ¥k WEHTE: A wapl =
Al vrERg Aol

Table 2 Fig. 2(BYE 7 cycled 2 ANE A$ Ho|h.
7} cycled® A3} AskaF Q7 B M3 (QoE Akl
Qa- Qe #& T3l £ PE9) A sl A9

Am/At(pig cm s y*

AmJA(pg cm? g7yxx

CN* Qua(HC cm™?) Ame{ug cm’?) n-value

a b c d
1 2767.16 0.959 2.004 0.234 - - -
2 4159.83 1.834 1.575 0.341 - - -
3 4535.75 2.561 1.230 0.536 - - -
4 4816.36 7.249 0461 0.467 2.400 - -1.658
5 4908.28 12.469 0.273 2.050 3710 - -2.526
6 4812.09 11.789 0.283 3.890 1.520 0.274 -3.182
7 4702.47 9.516 0.343 3,940 -0.337 1.591 -3.831
8 4641.99 8.312 0.388 3.540 -0.751 2.063 -2.873
9 4594.30 7.461 0.428 2.740 -0.354 2.462 -2.357
10 - - - 2.150 -1.380 2.696 -1.503

*Slope of mass change from +0.4 to +0.9 V, ** slope of mass change from -0.4 to -0.9 V
“Potential cycle number
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Fig. 3. Plots of mass change vs. various positive potential limit.
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3.2. Self-Assembled Monolayer (SAM) ™=

5mM 1-dodecanethiol + EtOH, 5 mM thiophene + EtOH, 5
mM BPUS + hexane £ ZojA] 2447t 5 44 227 F
S Sl samE FA o filE A Hae vl &
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Fig. 4. AFM images of polypyrrole on a gold electrode. The films were prepared by cyclic voltammetric polymerization in a 0.07 M pyrrole
solution containing 0.1 M LiClO,. Potential limit : -0.9~ + 0.9 V. Scan rate : 50 mV s™. (A) I** cycle and line profile, (B) 4" cycle, (C) 10" cycle.
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LiClO, by applying two step potential, E1=0.9V and E2=-0.9 V.
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Fig. 6(A). Cyclic voltammetry and (B) frequency response of
pyrrole electropoymerization on thiophene SAM in a 0.07M
pyrrole solution containing 0.1 M LiCl0. Scan rate : 50 mV s
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Fig. 7(A). Cyclic voltammogram and (B) frequency response of
pyrrole electropoymerization on 1-dodecanethiol SAM in a 0.07 M
pyrrole solution containing 0.1 M LiClO,. Scan rate : 50 mV s
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Fig. 8(A). Plots of mass change vs. number of cycle for cyclic
voltammetric polymerization of pyrrole from Fig. 2(A), (B), Fig.
6(B), (C) and Fig. 7(A), (B).

Fig. 8(B), (C). AFM images of PPy/SAM from Fig. 6 and Fig. 7,
respectively.
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Fig. 9(A). Cyclic voltammogram and (B) frequency response of pyrrole electropoymerization on BPUS SAM in a 0.07 M pyrrole solution

containing 0.1 M LiClO,. Scan rate: 50 mV s,
Fig. 9(C). Plots of mass change vs. charge from (A), (B).

Fig. 9(D). AFM image of a bare gold electrode, (E) and (F) AFM images of PPy/BPUS SAM.
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