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The electrooxidation behavior of 4-aminoquinaldine (AQ) in H,SO4 was investigated by sweep
potential method. The resulting polymeric film has poor redox response in NaCl aqueous electrolytic
solution. After soaking the polymeric film in CuCl, aqueous solution for 45 minutes, the resulting
loaded polymer film has a dramatic waves when tested in the same electrolytic solution. A well
defined redox response was obtained and exhibited a thin layer behavior. The electrocatalytic activity
of the modified electrode for the oxidation of methanol, propanol and formaldehyde in aqueous acidic
solution was studied by using cyclic voltammetry. Results showed that, poly AQ/Pt modified electrode
can improve the activity of Pt towards the oxidation of these small organic molecules, showing the
possibility of attaining good electrocatalytic anodes for fuel cells.
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1. INTRODUCTION

Modifying electrode surfaces with polymer containing species is an extremely attractive
method for controlling the chemical and electronic properties of electrodes [1-5], in addition to
possible application to electrocatalysis, sensors, ect. [6-13]. A redox polymer film which would allow
both diffusion of the reactants and charge propagation through the film with reasonable rates is
expected to be a much better mediation catalyst than the soluble mediator itself on bare electrodes.
Another strategy for redox polymer film formation is to deposit polymer films having the ability to fix
the redox species from solution via electrostatic attraction or complexation [4,5], to improve the redox
response, electrocatalytic activity and stability of the polymer film. On the basis of the preliminary
studies reported previously [14], we report here the electropolymerization of AQ in aqueous medium,
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and study the experimental condition, the catalytic behavior of the polymer film formed and a probable
mechanism of charge transport for charging and discharging process is advanced. Moreover, the
electrocatalytic properties of poly AQ/Pt modified electrodes will be considered.

2. EXPERIMENTAL PART

4 - aminoquinalidine, lithium per chlorate, acetonitrile, methanol, propanol, formaldehyde,
sodium chloride and sulfuric acid were analytical grade chemicals (Aldrich) and used without
further Purification. Aqueous solution was prepared from bidistilled water. Electrochemical
measurements were carried out using the EG&G PAR computer measuring system (model 250) and
potentiostate CV 50w and X-Y Hewlett-Packarad recorder (model 7440). A three electrode
electrocatalytic cell (bioanalytical system, model C-1A) with a platinum disc electrode (Pt) 3.0 mm
diameter was used as working electrode, a platinum sheet as a counter electrode and formation.

3. RESULTS AND DISCUSSION

3.1. Electrooxidation of 4-aminoquinaldine and film formation

Cyclic voltammograms of the synthesis of poly AQ recorded in a potential range between —0.3
and 0.8 V using sweep rate 0.1 Vs™' on Pt electrode, from aqueous solution containing 10° M AQ and
0.2 M H,SO,4 was shown in Fig.1 .The first cycle shows an irreversible oxidation anodic peak at
0.22 V. On repeating the potential scan after the first cycle, the height of the oxidation peak
decreased which suggest that during the first cycle the electrode is coated with an insulating film.
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Figure 1. Consecutive cyclic voltammograms pf poly 4-aminoquinaldine (AQ) film growth on a
platinum electrode in 0.2 H,SO4 at a scan rate of 0.1 V/s. Concentration of AQ=10"M and potential
range =-0.3 to 0.8V.
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3.2. The redox response of the polymeric film

Examination of the electrode surface after its potential cycling showed the formation of
polymeric film with interference colors. In the absence of AQ, the platinum electrode covered
by poly AQ films, shows noredox response in electrolytic aqueous medium. Fig. 2a
shows the voltammetric response of the polymer film in 0.2 M NaCl. The electrodes covered by
polymer films were immersed in 0.7 M CuCl; solution for 45 minutes then washed thoroughly with
H,O and tested in 0.2 M NaCl (Fig. 2b), which shows the activity of the loaded polymer film of poly
AQ on Pt electrode. The loaded polymeric film shows a pair of redox response peak at 0.2 and 0.0 V
for anodic and cathodic peaks respectively. It is noticed that the surface — immobilized redox species
binds Cu (IT) ions films. The electrode exposed to the copper solution shows a pair of redox peaks. The
cyclic voltammogram of surface — bound Cu*? is similar to that of free Cu*?, which shows a broad
cathodic and a sharp anodic wave characteristic of metal deposition and stripping respectively
[1,15,16].
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Figure 2. Cyclic voltammogram of poly AQ/pt electrode in 0.2 M NaCl aqueous at scan rate 0.1V/s,
the film formed as mentioned in Fig. 1 a) - - - activity of the modified electrode in 0.2 M NaCl without
soaking and b) — activity of the modified electrode in 0.2 M NaCl after soaking in 0.7M CuCl, for
45 minutes.

3.3. Factors influencing the electrochemical response of poly AQ/Pt modified electrodes.

3.3.1 Effect of monomer concentration during polymerization process.

The redox response of the loaded poly AQ/Pt modified electrode in 0.2 M NaCl was found to
be dependent on monomer concentration during film formation, and the relationship between the
current response and AQ monomer concentration is shown in Fig. 3a. With the increment of AQ
concentration, the response current Ipa increased, when the AQ concentration is less than 10° M,
but it decreased gradually when AQ Concentration is higher than 10~ M. Fig. 3b. This illustrates
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that too high AQ concentration may result in thick and compact films, which don't facilitate the
redox process. Therefore, in this work, a moderate AQ concentration 10° M was selected for
preparation of poly AQ/Pt modified electrode [17-20].

140 .00 : | | |
100.00 |- _;""'”m“”“”””“' |
60.00 I,f E
20.00 |-

.00 —

I C(uAd
I
]
=

-100.00 - o ; -

~140.00 B g -

—180 .00 | | | | | |
900.0 TO0.0 500.0 300.0 100.0 -100.0 -300.0

E (nl)
Figure 3a. Effect of monomer concentration during film formation on electrochemical response of
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Figure 3b. Effect of 4- aminoquinaldine concentration on anodic peak current Ipa.
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3.3.2. Effect of sulfuric acid concentration during polymerization process.

It was found that the redox response of the loaded poly AQ/Pt modified electrodes, depends
on H,SO4 concentration during film formation. The study was carried out at different acid
concentration containing 107 M of monomer. The electrode was swept in potential range from -0.3 to
0.8 V at scan rate 0.1 Vs™ for 20 cycles. Fig. 4 shows the redox response of the loaded poly AQ/Pt
modified electrode prepared in different acid concentrations, in 0.2 M NaCl. It was found that the
current response increases as the acid concentration increase in polymerization bath upto 0.2 M,
further increase in acid concentration was followed by a marked drop in the redox response of
modified electrode. This could be attributed to the partial degradation of the film in presence of high
acid concentration [20,21].
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Figure 4. Effect of H2SO4 concentration during film formation, — 1M, - - - - 1.5M,
0.1M,
______ - 0.7M and 0.5M and 0.2M

3.3.3. Effect of film thickness

The effect of film thickness, determined by the number of polymerization scans, on the electro
activity and stability of the loaded poly AQ/Pt modified electrode, was studied on film electrodes
prepared in an aqueous acidic solution containing 0.2 M HSO4 and 10°M of AQ monomer, by
different number of cycles ranging from 5 to 30 . Fig. 5a shows cyclic voltammetric response of the
loaded poly AQ/Pt electrode in 0.2 M NaCl. The relation between the anodic peak current Ipa of
loaded poly AQ/Pt modified Electrode and the number of cycles used in the polymer formation,
can be seen in Fig. 5b. Ipa increases with the increasing the number of cycles up to 20, further increase
in the cycles the current decrease. This behavior indicates the diminishing of the polymerization
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process as the polymer film increases, most probably due to the retardation of the electron transfer
through the barrier — type polymer films, thus, thick polymer films can't be prepared [3,21].
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Figure 5a. Effect of film thickness of the loaded poly AQ/Pt electrode in 0.2 M NaCl; — 35
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Figure 5b. Effect of film thickness on anodic peak current Ipa.
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3.3.4. Effect of potential limits during film formation.

The limits of potential cycling applied for film formation affected greatly the redox response of
the resulting modified electrode. Fig. 6 shows the cyclic voltammetric responses of the loaded poly
AQ/Pt modified electrodes prepared by sweeping the working electrode for 20 cycles between
different potential limits. Comparison of the redox current response reveals that the film electrode
prepared by potential sweeping from -0.3 to 0.8 V is the most electro active one. Therefore, increasing
the positive potential up to 0.8 V reduces both the film stability and the current of its response as
shown in Fig. 6. On the other hand, lower positive potential than 0.8 V is not suitable for the
preparation of stable electro active films [20-23].
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Figure 6. Effect of potential range during the film formation; — -0.1 to 0.8V, -0.2t0 0.8V
-----03t00.8Vv, -..—._. - -0.3t0 0.9V and -0.3t0 0.7V

3.3.5. Effect of scan rate

The effect of scan rate potential on the electrochemical behavior of the loaded poly AQ/Pt
modified electrode was studied in 0.2 M NaCl aqueous solution by cyclic voltammetry (Fig. 7a).
The plot of the anodic peak current, Ipa, against the scan rate (Fig. 7b) showed that, the Ipa values
was linearly dependent on scan rate. The ratio of Ipa / Ipc remains almost equal unity. This typical
behavior of a strongly attached, electrochemically active site and was intensively reported for thin
layer film of conducting and redox polymers [18,22-24]. Fig. 7c illustrates the relation between the
peak separation (AEp= Epa-Epc) and scan rate, as expected, AEp increases with scan rate, due to both
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the polymer film resistance and the uncompensated electrolyte resistance [3,25]. On the other hand, at
higher or fast scan rate (starting from 150 mV™), the peak currents are proportional to the square root
of the scan rate [20,26], indicating that the reaction is diffusion —limited (Fig.7d). The excellent
stability of the modified electrode over 200 continuous cycling between-0.2 and 0.8 V in 0.2 M NaCl

solution, should be emphasized. Only a slight decrease of about 10% of both anodic and cathodic peak
currents of the redox system.
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Figure 7b. Effect of scan rate v on anodic peak current Ipa.
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Figure 7d. Effect of high scan rate after film formation; — ) 150 mV/s, ) 200 mV/s, — ) 300
mV/s, — ) 500 mV/s, — ) 700 mV/s and — ) 1000 mV/s.
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Figure 8. Effect of cations of electrolyte on the response of the film; — 0.2 M NaCl, — 0.2 M
CsCl, — 0.2 M KCl and —— 0.2 M LiCl, the inset shows the effect of supporting electrolyte scan

rate v on anodic peak current Ipa.

3.3.6. Effect of supporting electrolyte.

As expected, the cation of the supporting electrolyte is involved in the redox response. Fig.
8 presents comparative cyclic voltammograms for the loaded poly AQ/Pt modified electrode in 0.2 M
supporting electrolytes containing various alkali metal cations, LiCl, NaCl,CeCl and KCI. It is well
known that the counter ions influence the voltammetric behavior of the electrode, and the redox
couple were cation dependent. The investigation of the cyclic voltammetric characteristics of the
loaded poly AQ/Pt modified electrode in different supporting electrolyte suggested the following
permeability of cations Na*>Ce* >K* >Li* except for Na® the trend follows the increment in
solvated ionic radii [26-28]. Indeed, the insertion process can't be exactly explained in accordance
with the hydrated ionic. In other words, although, the relationship of the hydrated ionic radii and the
lattice channel size is of importance to understand the electrochemical behavior of the system under
investigation in the presence of various supporting electrolyte, however other factors may also
involved [24]. The inset, shows the relation between supporting electrolyte concentration and the
anodic peak current (Ipa) in each case at different scan rate.
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On the basis of the above experimental results, the proposed structure of the polymer and

polymerization mechanism is given in scheme 1. The polymerization can proceed via either

radical/radical coupling or radical cation/monomer coupling followed by further oxidation of the

dimmer, trimer,...ect., and deprotonation. This mechanism is confirmed with their spectrum of the
obtained film, so absorption peaks at 3300 — 3500 cm™ (NH stretching), 1670 -1680 cm™ (C=N bonds)
and 1300, 1720 cm™ (secondary aromatic amines), this agrees that the polymerization occurs via the
formation of C-N=C and C-NH-C. [3,4,14,21,29]. Moreover the electropolymerization of AQ was
carried out in presence of Cu*?in polymerization bath and the redox response of the resulting polymer

film was measured in 0.2 M NaCl. The film give poor redox response which reflect that Cu*? can't
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inter in the polymer matrix, and it can be immobilized on the surface of the polymer film after
soaking it in CuCl; solution. This coincides with the presence of a lone pair of electron on the
nitrogen atom of the hetero ring and also the presence of —CHjs group in ortho position which is a
releasing group enhancing the electron density on this nitrogen atom to bind Cu*%.

3.5. Electrocatalytic behavior

The electrochemical oxidation of small organic molecules is of fundamental importance in
electrocatalysis, and it is also a key factor understanding alcohol oxidation for fuel cell applications
[30-33].

3.5.1. Electrocatalytic oxidation of methanol

Fig. 9 shows the voltammograme for the electrooxidation of 0.2 M methanol at a bare and
unloaded and loaded modified Pt electrodes in 0.2 M HCI1 aqueous solution. The figure illustrates that,
there is an appearance of anodic peak at .18V and coressponding cathodic peak at .1 V in case of
loaded modified electrode compared to unloaded modified and bare electrodes.

3.5.2. Electrooxidation of propanol

The electrooxidation of propanol in 0.2 M HCI on bare ,unloaded modified and modified Pt
electrodes was shown in Fig. 10. We can observe that ,in case of loaded modified electrode an anodic
peak appear at.2 V and a broad cathodic peak appear at .l V .While there's no response in case of
unloaded modified and bare Pt. electrodes.

3.5.3. Electrooxidation of formaldehyde

Fig. 11 illustrates the improvement in the electrooxidation process on the loded modified
electrode with respect to the unloaded modified and bare Pt.electrodes for the formaldehyde acid in 0.2
M HCI aqueous solution.The Fig.shows that the electrooxidation of formaldehyde on unloaded and
bare electrode give no response,while on loaded modified electrode ,two anodic peak appear first at

.2 V and the second at .5 V and one broad cathodic peak at .95 V .

The obtained results clearly show that loaded poly AQ/Pt modified electrode presented good
improvement for electrocatalytic oxidation of small organic molecules e.g methanol, propanol and
formaldehyde compared to bare electrode. The electroactivity of such an electrode towards the
oxidation of these small organic molecules is very encouraging, showing the possibility of attaining
good electrocatalytic anodes for fuel cells [34].
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Figure 9. . Catalytic behavior of 0.04 M methanol in 0.2 M HCI, — — loaded poly AQ/Pt modified,
unloaded poly AQ/Pt modified and bare Pt electrodes. The other details as in Fig. 1.
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Figure 11. Catalytic behavior of 0.04 M formaldehyde in 0.2 M HCI, loaded poly AQ/Pt
modified , ------- unloaded poly AQ/Pt modified and ———— bare Pt electrodes. The other details as
in Fig. 1.

4. CONCLUSIONS

The oxidative polymerization of 4-aminoquinaldine in sulfuric acid aqueous solution has been
successfully performed by electrochemical method. It should be noted that the condition for preparing
the film do influence its properties. The best quality films are produced in 10° M monomer
concentration, 0.2 M sulfuric acid concentration, in potential range from -0.3 to 0.8 V at scan rate 0.1
Vs and soaking in 0.7 M CuCl; for about 45 minutes. Therefore, the unloaded film exhibits a poor
redox response, but after loading, a well defined redox response appeared in 0.2 M NaCl. It was found
that the voltammetric response of poly AQ/Pt modified electrode is affected by the type and the
concentration of the supporting electrolyte. Poly AQ/Pt modified electrode presented a good
catalytic activity towards the oxidation of small organic molecules e.g methanol, propanol
and formaldehyde showing the possibility of attaining good electroacatalytic anodes for fuel cells.

ACKNOWLEDGEMENTS
The authors would like to acknowledge Alexander Von Homboldt (AvH) foundation for providing
the equipment in this work.



Int. J. Electrochem. Sci., Vol. 4, 2009 222

References

Do =

22.

23.
24.
25.
26.
27.

28.
29.

30.
31.
32.
33.
34.

T. Komura, S. Isogai, T. Yamaguchi and K. Takahashi, J. Electroanal. Chem. 490 (2000) 70.

V. Tsakova, D. Borissov, B. Ranguelov, Ch. Stromberg, and J.W. Schultze, Electrochim. Acta 46
(2001) 4213.

A.A. Hathoot, Eur. Polym. J. 36 (2000) 1063.

H.A. Abd El-Rahman, and J.W. Schultze, J. Electroanal. Chem. 416 (1996) 67.

R.J. Mortimer In: RG Compton, G. Hancock, editors. Dynamic Processes in Polymer Modified
Electrodes, Vol 2. A masterdam: Elsevier, 1994. P. 261 - 311.

E. Bustos, J. Manriquez, G. Orozcol, and L.A. Godinez, Langmuir 21 (2005) 3013.

K.C. Pan, C.S. Chuang, S.H. Cheng, and Y.O. Su, J. Electroanal. Chem. 501 (2001) 160.

M.F. Oliveira, R.J. Mortimer, and N.R. Stradiotto, Microchem. J. 64 (2000) 155.

F. Ricci, F. Arduini, A. Amine, D. Moscone, and G. Palleschi, J. Electroanal. Chem. 563 (2004)
229.

. A.A. Karyakin, E.E. Karyakina, and L. Gorton, J. Electroanal. Chem. 456 (1998) 97.

. A. Walcarius, D. Mandler, J.A. Cox, M. Collinson, and O. Lev, J. Mater, Chem. 15 (2005) 3663.

. W.J. Doherty, N.R. Armstrong, and S.S. Saavedra, Chem. Mater. 17 (2005) 3652.

. S. Neves, and C.P. Fonseca, J. Braz. Chem. Soc. 15 (2004) 395.

. M. Abdel Azzem, Eur. Polym. J. 31 (1995) 205.

.J.J. Zhang, A.B.P. Lever, and W.J. Pietro, Inorg. Chem. 33 (1994) 1392.

. V.E.M. Filho, A.L.B. Marques, J.J. Zhang, and G.O. Chierice, Electroanalysis 11 (1999) 1130.

.J. Zeng, X. Gao, W. Wei, X. Zhai, J. Yin, L. Wu, X. Liu, K. Liu, and S. Gong, Sensors and

Actuators B 120 (2007) 595.

. A. Cihaner, and A.M. Onal, J. Electroanal. Chem. 601 (2007) 68.

. B. Ballarin, M. Lanzi, and L. Paganin, G. Cesari, Electrochim. Acta 52 (2007) 4087.

. U.S. Yousef, A.A. Hathoot, and M. Abdel Azzem, Eur. Pol. J. 37 (2001) 1267.

. H.A. Abd El-Rahman, A.A. Hathoot, M. El-bagoury, and M. Abdel Azzem, J. Electrochem. Soc.

147 (2000) 242.

S. Asavapiriyanont, G.K. Chandler, G.A. gunawardena and D. Pleteher, J. Electroanal. Chem. 177
(1984) 229.

Y.H. Xiao, C.Li, S. Yu, Q. Zhou, V.S. Lee, and S.M. Moochhala, Talanta 72 (2007) 532.

A. Eftekari, Electroanalysis 16 (2004) 16.

A.S. Diab, A.A. Hathoot, M. Abdel Azzem and A. Merz. Eur. Pol. 36 (2000) 1959.

A. Eftekari, J. Electroanal. Chem. 437 (2002) 59.

P.J. Kulesza, M.A. Malik, R. Schmidt, A. Smolinska, K. Miecznikowski, S. Zamponi, A.
Czerwinski, M. Berrettoni and R. Marassi, J. Electroanal. Chem. 487 (2000) 57.

S.M. Chen, and C-M. Chan, J. Electroanal. Chem. 543 (2003) 161.

KM. Ismail, Z.M. Khalifa, M. Abdel Azzem, and W.A. Badway, Electrochim. Acta, 47
(2002)1867.

T-C. Wen, Yi-H. Chen, and A. Gopalan, Materials Chemistry and Physics 77 (2005) 559.

A. Karantois, D. Koutsaftis, and N. Kouloumbi. Chemical Physical Letters 422 (2006) 78.

H. Heli, M. Jafarian, M.G. Mahjani, and F. Gobal, Electrochim. Acta 49 (2004) 4999.

Y.M. Wu, W.S. Li, J. Lu, J.H. Du, D.S. Lu, and J.M. Fu, J. Power Sources 145 (2005) 286.

B. Rajesh, K.R. Thampi, J.-M. Bonard, H.J. Mathieu, N. Xanthopoulos, and B. Viswanathan, J.
Power Sources 141 (2005) 35.

© 2009 by ESG (www.electrochemsci.org)




