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ABSTRACT: The monomer NN -bis(3-pyrrol-1-yl-propyl)-4,4’-bipyridinium (PFg), was
electrochemically polymerized on glassy carbon electrode surface. This polymer film electrode
has electroactive sites on its bipyridinium ions distributed at the polymer strands. The formal
potentials of the electrodes were -0.41 V and -0.81 V (vs. SSCE ) for each step at phosphate
buffer (pH=5.70). The diffusion ooefficients of the dopants ions into the polymer matrix were
1.57x107* and 4.35x 1075 cm™ for first and second redox couple, respectively. The rate con-
stants of electron transfer at V¥*/* of the first step was a 57.53s"), which was 22 times
higher than V*/? one having 2.63s™ in the solution. The charge transfer resistance of the
polymer film was influenced by the dopant ion of the electrolyte. Thus the resistances were
22.63, 1681, 1244 and 11.36kQ for LiClO,, NaClO,, KCIO,, and phosphate buffer,
respectively. The reaction order of the electropolymerization was first order and the rate con-
stant of the polymerization was 1.31x10 s! as determined by EQCM method. The G.C./p-
BPB type electrode doped with phosphate ions showed a stability and reproducibility in CV
procedure over 20 cycles.

Keywords: N,N'-bis(3-pyrrol- 1-yl-propyl)-4,4" -bipyridine, electropolymerization, electrochems-
cal quartz crystal microbalance(EQCM).
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Figure 1. Electropolymerization profile of p-BPB on
glassy carbon in 0.1 M TBAP/CHCN vs. Ag/AgCl,
scan rate: 0.1 V/s.
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Figure 2. Cycdlic voltammograms of p-BPB on glassy
carbon in phosphate buffer (pH=5.7) vs. SSCE, scan
rate : 50 mV/s.
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Figure 3. Chronoamperograms of p-BPB on glassy
carbon in phosphate buffer (pH=5.7) vs. SSCE, scan
rate: 50 mV/s.
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Figure §. Kotecky-Levich plots of p-BPB on glassy
carbon in phosphate buffer (pH=5.7) and 0.1 M aq.
LiCIO,.
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Table 1. The Impedance Data of Gr/Poly-N,N'-
bis(3-pyrrol-1-yl-propyl)-4,4 -bipyridinium Ion
Electrodes at Various Electrolyte Solutions

electrolyte R(Q Ry (kQ) Cy(x10*F)

LiC10, 393.7 22.63 0.794
NaClo, 216.0 1681 1.020
KCIO, 1836 12.44 2512
phos. buff. 192.0 11.36 1.259
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Figure 8. Impedance spectra in Niquist presentation
obtained from the voltammograms of p-BPB on glassy
carbon in (a) phosphate buffer (pH=5.7), (b) 0.1 M aq.
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€& Tl Yol 9] YY& B Y3l AxAo]
#& THE o2 H{YPLAY ol&E FHoleoz
 LiCI0,, NaClO, R KCIO,& 493t &7
of i 23 A= Table 13} 2} 249 A
(R)#} AAAS A% (RS Fol29 =279 e
A Zag ol s¥E=R g3 Cl0, o))
A3-89 ¥A vigte] iz} sl £¥E A
713813 @Al ¥y o 21 P p-BPBH
----- ClO—-Liteg AfHH9 PolLo| ¥R
sjute] F& 71F ol FE3A B F UolA 2ol
9] AFHE A2AFIA € F Atk WM ol 29
27|17 A1 AEErt & €22 §99 ANgxn A

12

900.0 T T T T T T

_896.0}

N

L coaol

& 894
892.0

890.0-

1 L 1 I

888.0 4 1
260.0 220.0 180.0 140.0 100.0 600 200 -20.0

t(s) )
Figure 9. Time dependence of the frequency chang-
es of a quartz crystal resonator for the electro-
polymerization of p-BPB on Au.

AARAY Fol A Uepd olEse) g3 K
oled w7l 748 & golth. of el sgtERo|
4% =k o nER LR SrANE War

burgd & ¥@stn I Y= - 2.

I

Ra

LiCIO,& Asd= AM43%l& 99 G.C./p-BPB
AZe] B3] 713 ad. dIA HSANE §

AT} oA HI, o2 A% & AUYE ¥

71 7 emz AN Fuld g8 2
¥t} o] Figure 4(b)e] Azelx YX ¢t
Quartz Crystal Microbalance. Figure 9= p-BPB
o]2& quartz/Ti/AuZ ¥ ¥ 99 A7|gHoz
ZUY wo] Agro] W (4 F(Hz))E A (s)dl
dis Yepd Azelr}. o] of FYEAL P 5=
£ 20mM =2 33 AsALAE 0.1 M TBAP/
CHLCNoJ9o®, 0~+150V (vs Ag/AgCl)e] A
4HA 33 CVE 37 Aol Y 2P
Aol e WF4el zo] 10.1 Hzolth. watd 28
€ p-BPBe] & (4)4dA A4sn, 220 F¢
d %" 4L 2458go|: ol 3.70x1073Md]
2@t o] Y CVel sz 1 ¥ 28
7} Utk Table 2= Figure 99] A& A7t (s)ol
A AJAs (Am)E YePd Aot o] ARE 1
g &xad) uet APF SRS 2] 6%

Polymer(Korea) Vol 25, No. 1, January 2001



NN’ -bis(3-pyrrol-1-yl-propyl)-4,4" -bipyridiniumo] £ 9] 3-8 nE A vute] f§ A7 2%

Table 2. The Profile of Mass Changes vs. Time (g)
for Polymerization of N,N’-bis(3-pyrrol-1-yl-pro-
pyl)-4,4' -Bipyridinium Ion

time(s) F(Hz) A4F(f-f) 4dm log(dm)
0 899.1
3.9 898.5 0.6 0.1475  -0.8312
537 898.0 11 02704  -0.5680
715 8975 1.6 03933 -0.4053
10.36 897.0 2.1 05162 -0.2872
14.27 896.5 26 0.6391 -0.1944
16.40 896.0 31 0.7620  -0.1180
19.61 895.5 36 0.8849 -0.0531

21.74 895.0 41 1.0078  0.0034
26.37 8945 46 11307  0.0533
3597 894.0 5.1 12536  0.0982
47.00 8935 5.6 13765  0.1388
56.97 893.0 6.1 14994  0.1759
71.55 8925 6.6 16223 02101
86.85 892.0 7.1 1.7452 0.2418
105.4 8915 76 1.8681 0.2714
1299 891.0 81 19910  0.2991
1541 890.5 86 21139 03251
1719 590.0 9.1 22368  0.3496
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Figure 10. The frequency changes vs. potential
curves of the p-BPB on Au in phosphate buffer (pH=
$.7) vs..SSCE, scan rate : 50 mV/s.
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