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ABSTRACT: The monomer N,N -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 coefficients of the dopants ions into the polymer matrix were
1.57x10™* and 4.35% 107° cm?™! for first and second redox couple, respectively. The rate con-
stants of electron transfer at VZ*/* 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
2263, 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 1.31 107! 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-yi-propyl)-4,4' -bipyridine, electropolymerization, electrochemi-
cal quartz crystal microbalance(EQCM).
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Figure 1. Electropolymerization profile of p-BPB on
glassy carbon in 0.1 M TBAP/CH;CN vs. Ag/AgCl
scan rate: 0.1 V/s.
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Figure 2, Cyclic voltammograms of p-BPB on glassy
carhon 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 4. Rotating disk voltammograms of p-BPB on
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(b) 0.1 M LiClO, aq. vs. SSCE, rotating rate : 500, 1000,
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Figure 5. Kotecky-Levich plots of p-BPB on glassy

carbon in phosphate buffer (pH=5.7) and 0.1 M aq.
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Figure 7. Plot of (E” -E,) vs log sweep rate(V/s)
(Laviron plot) for p-BPB on glassy carbon in phos-
phate buffer (pH=5.7).
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Table 2. The Profile of Mass Changes vs. Time (s)
for Polymerization of N,N’-bis(3-pyrrol-1-yl-pro-
pyl)-4,4'-Bipyridinium Ion

time(s) F(Hz) AF(f-9) dm log(dm)
0 899.1
395 898.5 0.6 0.1475 -0.8312
5.37 898.0 1.1 02704 -0.5680
7.15 8975 16 0.3933  -0.4053
10.36 897.0 2.1 05162 -0.2872
14.27 896.5 2.6 06391 -0.1944
16.40 896.0 31 0.7620 -0.1180
19.61 895.5 3.6 0.8849 -0.0531
21.74 895.0 4.1 1.0078 0.0034
26.37 8945 46 1.1307 0.0533
35.97 894.0 5.1 1.2536 0.0982
47.00 893.5 5.6 1.3765 0.1388
56.97 893.0 6.1 1.4994 0.1759
71.55 892.5 6.6 1.6223 0.2101
86.85 892.0 71 1.7452 0.2418

105.4 8915 7.6 1.8681 0.2714
129.9 891.0 81 1.9910 0.2991
1541 890.5 8.6 2.1139 0.3251
1719 590.0 9.1 2.2368 0.3496

Eelo] &5 A4E 1.31x10 s o)z 1 o]F 20%
HAE 2.59 x102s o}, oj9} o] 7|9} VgL
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¥ BPB ¥R o9 3o ¥ AxAC 2sd
AYgEe] 7t HY o2 A WEEHEd
Za7t doixteis ¥} Figure 10& Au/p-BPB,
0.1M NaClO,, CHCN/Pt ¥9] QCM#& 4= p-
BPB s#gte] EQCM& AN Faz 339 CVE
Qo AFe Wsg £ Aol Z Gttt AE
49 Aol= 22 107, 6.8 ¥ 7.0Hzolx o) § 2
gisle JAEPA ZZ} 2.63, 1.67 9 1.72 go] @
th. ol p-BPB ¥uhyje] A7|siaty @4 Aeld)
A CiO o129 =94/E54 R4 ¥ o]
o R GAA T ddje) wel =3/9mgE
€ Clo ol 29] 429 AL thia gt

Adm =10.7Hzx9.10x 104 gHz'cm™?
=9.737 x 10" gem™? 4)
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Figure 10. The frequency changes vs. potential
curves of the p-BPB on Au in phosphate buffer (pH=
5.7) vs. SSCE, scan rate : 50 mV/s.

ojlmz 2996x10%g - mol'9 o]&o] =P/gx
Ao dddiict. ol FH¥E p-BPB 2.63g, F,
3.96 x10 M9 a&A MUy gojus Aol
. w72 EA9 AR M= 47 1.904
x 10%7} 1.96 x10%g - mol'¢} o] o] o] 3}3ir}.

4 B

¢l p-BPB ¢]29] PFy & #4312 ol&
AR oz fejes AFEHY A/Pe =3
3o 3~4FAE FPAMTE o AT As-FY
B& nEA shAe] viologend] 2)3js] VI
s} Vo2 A 9349 (pH=5.7)dA Zze
WAAQ] E° 7} -0.41Ve} -0.81 V (vs. SSCE)o)
t}. o] p-BPB 3%} oA R [UsH(VFH/H)o) o
T JATAFHAM AAEY, 194 2 294
Agte]l Zz} -0.35, -0.40 ¥ -060 VL o At
AE 157x104 em%o]3, £ WAz} (V%))
Al Zt dAe AYe A7 -0.75, -0.80 & -0.95V
Qov M+ 4.35x10ems o)) A}
N% Weld ARG SEAFE Ve VG
ANA 2zt 57.533} 2.63 s 0.2 NAYA 7} 22601}
2 @& Bolx U o] g& phosphate/NaClO, 2
HE pH=5.7¢ {34 guhs FH& Fhol
ot a8y 2eAA 9] redox§A & Bt} Holytt}
o] Fute}] AAAE AL H4E A dio]L
od A 9%& werth F, ClO, oj2g FFoT 3
£ LiClIO,, NaClO, R KCIO2} Q14+ ¢h3-8-944)

13



A EREQ ClO g POFolgjd ol Lit,
Nat 3 K*e] d3gx ol I ghe] 2427} 22.63,
16.81, 12.44 2 11.36kQoz =A Jehygrh wet
A POS ol E35HUE W7} ClIO, Y Afun Az
Hgo] o gojth. EQCMyo 2 3% ZEky &
TSRS 1.31x107 7191 gxpybgoln}. o9} 3
o] G.C./p-BPB¥¢] d3o] PO 2 =€ A$71
ClO, ¢ PO 9 A9rt} CVAAAA A3 20
3] ol 4} Aol 7hEdtrt.

i 1

B

Ao

1. M-C. Pham, P.-C. Lacaze, and J-E. Dubois, [
Electroanal. Chem., 99, 91 (1979).

2. A. F. Diaz and J. A. Logan, J. Electroanal. Chem., 111,
111 (1980).

3. K. K. Kanazawa, A. F. Diaz, R H. Geiss, W. D. Gill, J.
F. Kwak, J. A. Logan, J. F. Rabolt, and G. B. Street, /.
Chem. Soc. Chem. Commumn., 854 (1979).

4. P. Denisevich, H. D. Abruna, C. R. Leidner, T. J.
Meyer, and R. W. Murray, norg. Chem., 21, 2135
(1982).

5. P. ). Peerce and A. J. Bard, J. Electroanal. Chem., 114,
6641 (1980).

6. S. K. Cha and H. D. Abruna, Anal. Chem., 62, 274
(1990); S. K. Cha, B. K Ahn, Jung-Ui Hwang, and H.
D. Abruna, Anal. Chem., 85, 1564 (1993).

7. C. Degrand and L. L. Miller, ). Electroanal. Chem., 1117,
267 (1981).

8. C. Degrand and L. L. Miller, . Am. Chem. Soc., 102,
5728 (1980).

9. C. Degrand and E. Laviron, J. Electroanal. Chem., 1117,

14

244

o A
)

10.

11

12.

13.

14.

15

16.

17.

18.

19.

20.

283 (1981).

W. J. Albery, M. ]. Eddowes, K. J. Hall, and A. R. Hill-
man, J. Electrochem. Soc., 127, 654 (1980).

D. C. Bookbinder and M. S. Wrighton, J. Am. Chem.
Soc, 102, 5123 (1980); W. A. Bruce and M S.
Wrighton, J. Am. Chem. Soc., 104, 74 (1982).

P. Burgmayer and R. W. Murray, J. Electroanal. Chem.,
135, 335 (1982).

H. D. Abruna and A. J. Bard, / Am. Chem. Soc., 103,
6898 (1981).

D. C. Bocasly, J. A. Bruce, R. N. Dominy, N. S. Lewis,
and M. S. Wrighton, Proc. Natl. Acad. Sci., 17, 6280
(1980).

K W. Willman and R. W. Murray, /. Electroanal.
Chem., 188, 211 (1982).

T. Ikeda, C. W. Leidner, and R. W. Murray, /. Am.
Chem. Soc., 108, 7422 (1981).

S. K. Cha, J. Polymer Sci., Part B, 85, 165 (1997); T. A.
Skotheim, “Handbook of Conducting Polymer”, vol. 1,
chp. 3, Mercel Dekker Inc, 1986; S. K Cha, J. J.
Chung, E. H. Park, C. K Cha, and H. D. Abruna, J.
Mat. Sci., 28, 6115 (1993).

E. F. Dalton and R. W. Murray, /. Phys. Chem., 95,
6383 (1991); Q. Wu, G. D. Storrier, F. Pariente, Y.
Wang, J. P. Shapleigh, and H. D. Abruna, Anal. Chem.,
69, 4856 (1997).

D. T. Sawyer and J. L. Roberts, Jr, "Experimental Elec-
trochemistry for Chemists“, chp. 4, John Wiley & Sons,
1974.

V. G. Levich, “Physicochemical Hydrodynamics”, chp.
4, Prantice Hall, 1962; S. K. Cha, Polymer(Korea), 22
(3), 400 (1998).

. E. J. Laviron, J. Electroanal. Chem., 101, 19 (1979).

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



