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Abstract

New Zn (II) and Mn (III) porphyrins functionalized by one and four electropolymerizable pyrrole groups respectively have been synthesized
and their electrochemical behavior was characterized in acetonitrile electrolyte. The electrooxidation of these metallopolyfluoroporphyrins has
allowed the formation of N-substituted polypyrrole films. The latter exhibit electrochemical behaviors identical to those of the corresponding
monomers combined with the conventional electroactivity of the polypyrrole skeleton. Moreover, the potential electrocatalytic properties of Mn
(III)-based polypyrrole films in the presence of molecular oxygen and benzoic anhydride have been illustrated by cyclic voltammetry in organic
solution. In addition, preliminary experiments have also demonstrated the potentialities of such polymeric films for the electrochemical detection
of H2O2 in aqueous media.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

For the last four decades, there has been a growing interest in
the design of biosensors as portable and economical tools in
analytical chemistry. Among the various combinations of
biomolecule-transducer, electrochemical biosensors based on
the molecular recognition properties of enzymes, represent the
most common category [1]. However, most of these analytical
devices suffer from poor operational and storage stabilities due
to the fragility of the protein structure. In particular, inhibition
processes or denaturation due to protein unfolding, high
temperatures or harsh chemical conditions may rapidly
annihilate the activity of immobilized enzymes.

An attractive strategy consists of replacing the proteins by
electroactive synthetic complexes that mimic the structure and/
or the activity of the prosthetic groups of enzymes on an
electrode surface. These immobilized biomimetic compounds
should be more stable than enzymes in aqueous or organic
media, particularly in extreme pH or temperature. Furthermore,
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the immobilization of such model systems on electrode is a
convenient way for understanding the mechanism of enzyme-
catalyzed transformations. Since metalloporphyrins, chlorins,
bacteriochlorins, isobacteriochlorins, and corrins play important
roles in many vital biological processes implying an electron
transfer [2,3], the design of electrodes modified by coating
materials containing porphyrinic structures has been subject of
an intense effort last three decades. In particular synthetic
metalloporphyrins appear as one of the most promising classes
of enzyme analogs, owing to their functions as redox mediators,
catalysts or selective complexing centers via axial ligation
reactions. Moreover, the direct electron exchange between these
various metalloporphyrins and electrodes constitutes an elegant
approach to study enzyme reactions by excluding the
requirement of a chemical redox mediator to shuttle electrons
between enzyme and electrode. Among the conventional
methods of metalloporphyrin deposition, their immobilization
as electropolymerized films has been widely used [4–15]. The
main advantage of the electrochemical polymerization lies in
the non-manual electrochemical addressing of polymers and
hence in the reproducibility of the polymer formation and the
precision for the functionalization of conductive surfaces
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whatever their size and geometry are. Furthermore, the
electropolymerization of metalloporphyrins provides densely
packed monomer layers that facilitate the electron hopping
process between metalloporphyrin sites and allows the
formation of films of controlled thickness. Moreover, the
polymeric films are stable in aqueous and organic solvents
allowing thus the transfer of biomimetic activities in non-
aqueous media. Among the conducting polymers, functiona-
lized polypyrroles play the leading role as polymeric skeleton
for the elaboration of electropolymerized metalloporphyrin
films.With the aim to design electropolymerized metallopor-
phyrin films exhibiting an enhanced stability, the substitution of
the metalloporphyrin macrocycle by electron-withdrawing
pentafluorophenyl groups was previously reported for a series
nickel (II) tetrakis (polyfluorophenyl) porphyrins functionalized
by pyrrole groups [5]. Numerous studies have indeed dem-
onstrated that the stability of the metalloporphyrins as catalyst
for alkane hydroxylation or olefin epoxidation was markedly
improved if the macrocycle is polyhalogenated [16–19].

In that context, we describe here the electrochemical
characterization of new Zn (II) and Mn (III) tetrakis(penta-
fluorophenyl)porphyrins substituted by electropolymerizable
pyrrole groups (Fig. 1) and their electropolymerization. Their
electro-oxidation in organic solvent has allowed the formation
of stable conducting polypyrrole films exhibiting electrochem-
ical behaviors identical to those of the corresponding
monomers as well as that due to the polypyrrole matrix. In
addition, the potential electrocatalytic properties of Mn (III)-
based polypyrrole films in the presence of oxygen and benzoic
anhydride or H2O2 were evaluated in organic and aqueous
media.
Fig. 1. Structure of the momomers ZnTPFPy (II) and Mn
2. Experimental part

2.1. Reagents

Tetrachloro-1,4-benzoquinone (para-chloranil), 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (DDQ), pentafluorobenzalde-
hyde, boron trifluoride etherate (BF3&middot;Et2O), ZnCl2,
MnCl2, cyclohexane, DMF, 3-amino-1-propanol, 2,5-dimethox-
ytetrahydrofuran, 1-methylimidazole were used as received from
Aldrich. Acetonitrile (CH3CN, Rathburn, HPLC grade) was
used as received and stored under an argon atmosphere in a
glove box. Dichloromethane (CH2Cl2) was dried over neutral
alumina for at least 6 days. Tetra-n-butylammonium per-
chlorate (TBAP, Fluka) was recrystallised from ethyl acetate+
cyclohexane and dried under vacuum at 80 °C for 3 days.
Tetrahydrofuran (THF, analytical grade) were purchased from
Riedel-de Haën and distilled under an argon atmosphere.

1-(3-hydroxypropyl)pyrrole was synthesized as previously
reported by Carpio and coworkers [20].

H2TPFP: 5, 10, 15, 20-tetrakis(pentafluorophenylporphyrinwas
synthesized and purified as previously described [5]. The H2TPFP
was characterized by 19F NMR spectroscopy (Table 1). UV-visible
data [λmax, nm (10−4 ɛ M−1 cm−1)], CH2Cl2: 410 (26.2), 504
(18.3), 582 (0.56), 636 (0.09). IR (KBr): 1064, 1080 cm−1.

ZnTPFP: The zinc(II) [5, 10, 15, 20-tetrakis(pentafluorophe-
nyl)porphyrin] was prepared following the method reported
by Kadish [21] and characterized by 19F NMR spectroscopy
(Table 1). Mass spectral data (C44H8F20N4Zn): calculated
MW 1037.92; m/z of the parent peak at 1036. UV–visible
data [λmax, nm (10−4 ɛ M−1 cm−1)], CH2Cl2: 412 (47.2), 542
(2.04), 578 (0.52). IR (KBr): 1064, 1080 cm−1.
(III) MnTPFPy tetrakis(pentafluorophenyl)porphyrins.



Table 1
19F NMR data recorded in CDCl3 a

Compound 19F NMRb

o-F′ o-F″ p-F m-F′ m-F″

H2TPFP −136.95(m) – −151.67(t) −161.77(m) –
ZnTPFP −137.40(m) – −152.50(t) −162.30(m) –
ZnTPFPy – −138.96(t) – – −157.86(m)
MnTPFPCl −149.81(1s) – −156.97(1s) −158.08(1s) –
MNTPFPPy −156.00(1s) −158.1(1s) −158.58(1s) −159.78(1s) −160.19(1s)
a In ppm, 19F NMR vs CFCl3; d = doublet; t = triplet; m = multiplet.
b F′ are in unsubstituted pentafluorophenyl groups, and F″ are in substituted

pentafluorophenyl groups.
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ZnTPFPPy: The zinc(II) complex functionalized by four 3-
(pyrrol-1-yl)propyloxy groups via the substitution of the para-F
atoms of ZnTPFP was synthesized by the following procedure:
1-(3hydroxypropyl)pyrrole (1.7×10−3 mol) was refluxed in
THF (10 ml) with Na (1.7×10−2 mol) for 6 h under an argon
atmosphere. After cooling to 25 °C, ZnTPFP (3.4×10−4 mol in
10 ml of THF) was added to the preceding mixture and refluxed
for 24 h under an argon atmosphere. The solvent was evap-
orated and then the product was washed with H2O and extracted
with CH2Cl2. The organic phase was dried over anhydrous
Na2SO4. After filtration and evaporation of the solvent under
reduced pressure, the resulting red product was purified by
chromatography (silica gel column eluted with a 2:1 cyclohex-
ane/dichloromethane). ZnTPFPPy (80% yield) was character-
ized by 19F NMR spectroscopy (Table 1). Mass spectral data
(C72H48F16N8O4Zn): calculated MW 1456.28; m/z from the
parent peak at 1456. UV–visible data [λmax, nm (10−4 ɛ M−1

cm− )], CH2Cl2: 414 (42.9), 548 (1.86), 628 (0.47). IR (KBr):
1066, 1082, 1281 cm−1.

MnTPFCl: Mn (III) [5, 10, 20-tetrakis(pentafluorophenyl)
porphyrin]chloride was prepared according to the general
procedure described for Ni (II) tetrakis(polyfluorophenyl)
porphyrin [5].

H2TPFP (5.13×10−5 mol) was dissolved in anhydrous DMF
(50 mL). Anhydrous manganese (II) chloride (4.0×10−4) was
added and the mixture was refluxed under argon for 5 h. The
solvent was evaporated and then the product was washed with
water and extracted with CH2Cl2. The organic phase was dried
over anhydrous Na2SO4, concentrated and filtered and then the
solvent was evaporated. The residue was then chromatographed
on silica gel column eluting with CH2Cl2/methanol (95/5) to
give Mn TPFPCl as a brown solid (40% yield). The manganese
(III) complex was characterized by 19 F NMR spectroscopy
(Table 1). Mass spectral data (C44H8F20N4MnCl): calculated
MW 1062; m/z of the parent peak at m/z = 1027
(C44H8F20N4Mn+). UV–visible data [λmax, nm], CH3CN:
360, 470, 566.

MnTPFPPy: Mn (III) [5, 10, 20-tetrakis(pentafluorophenyl)
porphyrin]chloride functionalized by one 3-(pyrrol-1-yl)propy-
loxy group via the substitution of one para-F atom ofMnTPFPCl
was synthesized according to the general procedure described
for Zn TPFP. A MnTPFPCl solution (4.42×10−5 mol) in THF
(10 mL) was mixed with one equivalent of the activated pyrrole
derivative and the reaction mixture was mixed with one
equivalent of the activated pyrrole derivative and the reaction
mixture was refluxed for 24 h under an argon atmosphere. The
solvent was evaporated and then the product was washed with
water and extracted with CH2Cl2. The organic phase was dried
over anhydrous Na2SO4, filtered, concentrated and then the
residue was chromatographed on silica gel column eluted with
dichloromethane/methanol (95/5). MnTPFPPy (40% yield) was
characterized by 19FNMR spectroscopy (Table 1).Mass spectral
data (MnC51H18F19N5OCl): calculated MW 1168 ; m/z from the
parent peak at 1132 (MnC51H18F19N5O

+). UV–visible data
[λmax, nm], CH3CN: 363, 471, 569.

2.2. Apparatus

All electrochemical experiments were performed using a
Priceton Applied Research model 173 (PAR 173) equipped with
a model 179 digital coulometer and a model 175 universal
programmer in conjunction with a Sefram TGM 164, X–Y/t
recorder.

The electrochemical characterization of the monomers, their
electrochemical polymerization and the characterization of the
resulting modified electrodes were run at room temperature
under an argon atmosphere using a conventional three-electrode
cell.

An Ag/10 mM Ag+ in CH3CN+0.1 M TBAP electrolyte
electrode was used as the reference in CH3CN. The electro-
chemical experiments in CH2Cl2 were performed with a Ag/
AgCl/LiCl salt in EtOH electrode as reference electrode. A Pt
wire, placed in a separate compartment containing the
supporting electrolyte, was used as a counter electrode. All
the potentials are reported to the Ag/10 mM Ag+ reference
electrode. The working electrodes were glassy carbon or
platinum disks (diameter respectively 3 or 5 mm). Both were
systematically polished with 1 μm diamond paste (MECA-
PREX Press PM).

In aqueous solutions, all the potentials are reported to Ag/
AgCl/KCl sat electrode.

3. Results and discussion

3.1. Redox behavior of the ZnTPFPPy and MnTPFPPy
monomers

The electrochemical behavior of ZnTPFPPy and MnTPFPPy
was investigated by cyclic voltammetry at a glassy carbon
electrode. Fig. 2A shows the cyclic voltammogram of
ZnTPFPPy (2 mM) in CH3CN+0.1 M TBAP. Upon reductive
scanning the voltammogram presents two reversible peak
systems at E1/2=−1.41 and −1.77 V, attributed to the two
successive one-electron reduction of the porphyrin ring into its
radical anion and dianion forms respectively. The potential
values of these two redox processes are less negative than those
(−1.58 and −1.98 V) previously reported for Zn (II)
tetraphenylporphyrin illustrating the influence of the macro-
cycle substitution, namely the electron-withdrawing effect of
the tetrafluorophenyl groups. It should be noted that the
difference between the first and second reduction potential



Fig. 3. Cyclic voltammograms recorded at a carbon electrode (5 mm disc) of
1 mM ZnTPPyr in CH3CN+0.1 M TBAP between −2.16 V and +0.80 V; scan
rate: 100 mV/s. Potential measured vs Ag/Ag+ 10 mM in CH3CN+0.1 M TBAP.

Fig. 2. Cyclic voltammograms recorded at a carbon electrode (5 mm disc) of 1 mM ZnTPFPyr (A) and MnTPFPyr (B) at a scan rate of 100 mV/s in CH3CN+0.1 M
TBAP. Potential measured vs Ag/Ag+ 10 mM in CH3CN+0.1 M TBAP.
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values (ΔE1/2=0.36 V) is similar to the separation value
(ΔE1/2=0.44±0.04V) already described for the two electron
reduction of metalloporphyrin [22]. Upon oxidative scanning,
the cyclic voltammogram of ZnTPFPPy exhibits two merged
irreversible anodic peaks at 0.98 and 1.10 V. By analogy with
the electrochemical behavior of a nickel (II) tetrakis
(polyfluorophenyl) porphyrin [5], the first anodic peak was
assigned to the mediated oxidation of the pyrrole groups by
the electrogenerated radical cation form of the Zn porphyrin.
The second peak was attributed to the dication formation of
the porphyrin ring. The comparison of the intensity of the first
irreversible anodic peak with that of the one-electron
reduction of the macrocycle, is around 10. This ratio is in
good accordance with the theoretical number of electrons
involved in the oxidation of the macrocycle and four pyrrole
groups, namely 10.32. In addition to the one-electron
oxidation of the porphyrin, this value corresponds to the
number of electrons involved in the electropolymerization of
each pyrrole group (2 electrons molecule−1) plus that for the
electro-oxidation of the generated polypyrrolic chain (0.33
electron molecule−1) [23].
Fig.2B shows the electrochemical behaviour of MnTPFPPy
(2 mM) in CH3CN+0.1 M TBAP at 0.1 V s−1. Upon reductive
scanning, the cyclic voltammogram exhibits a reversible peak



Fig. 4. Cyclic voltammograms recorded at a carbon electrode (5 mm disc) of poly[ZnTPPyr] transferred in a solution of CH3CN+0.1 M TBAP free of monomer; scan
rate: 100 mV/s. Potential measured vs Ag/Ag+ 10 mM in CH3CN+0.1 M TBAP. A: Scanning the positive region first, B: Scanning the negative region first.

Fig. 5. Cyclic voltammograms recorded at a carbon electrode (5 mm disc) of
1 mM MnTPFPyr in CH3CN+0.1 M TBAP between −1.70 Vand 1.07 V; scan
rate: 100 mV/s. Potential measured vs Ag/Ag+ 10 mM in CH3CN+0.1 M TBAP.
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system at −0.34 V corresponding to the MnIII/Mn II redox
couple. The comparison with the electrochemical behavior of
conventional or pyrrole-substituted Mn (III) tetraphenylpor-
phyrins clearly indicates a marked positive shift of the MnIII/
MnII redox couple, namely −0.34 V instead of −0.58 V
or −0.64 V [25,24]; This phenomenon illustrates the influence
of the macrocycle halogenation. The reduction of the metal
center was followed by two reversible peak systems due to the
successive one-electron reduction of the porphyrin ring into its
radical anion and dianions forms at −1.46 V and −1.87 V
respectively. It should be noted that the difference between the
first and the second reduction potentials (ΔE1/2=0.40 V) is
similar to the separation value previously reported for the two
electron reduction of ZnTPFPPyr. In the positive part, two
merged irreversible anodic peaks appear at 1.00 V and 1.20 V
assigned to the one-electron oxidation of MnTPFPy and the
two-electron oxidation of the pyrrole group respectively.

3.2. Electrochemical generation and characterization of
polypyrrole films of polyfluorinated Zn(II) and Mn(III)
porphyrins

The electropolymerization properties of Zn and Mn
porphyrins (2 mM) were investigated by cyclic voltammetry
in CH3CN+0.1 M TBAP. Repeatedly scanning the potential
over the range −2.20 to +0.80 V for ZnTPFPPyr (Fig. 3) results
in the appearance and the continuous growth of the reversible
oxidation wave of the polypyrrolic film. In addition, a
continuous increase in the height of the peak systems due to
two successive one-electron reduction of the metalloporphyrin
occurs in conjunction with the appearance and the increase of a
characteristic cathodic pre-peak related to the polypyrrole



Fig. 6. Cyclic voltammogram recorded at a carbon electrode (5 mm disc) of poly
[MnTPPyr] transferred in a solution of CH3CN+0.1 M TBAP free of monomer
in the negative region; scan rate: 100 mV/s. Potential measured vs Ag/Ag+

10 mM in CH3CN+0.1 M TBAP.
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skeleton [26]. This clearly indicates the formation of an
electrogenerated film on the electrode surface as a consequence
of the oxidation of the pyrrole groups. After a period of
Fig. 7. (A) Cyclic voltammograms recorded in a solution of CH2Cl2+0.1 M TBAP o
benzoic anhydre (10 mM) and 1-methylimidazole (5 mM) without O2. Scan rate: 10
presence of benzoic anhydre (10 mM) and 1-methylimidazole (5 mM) in presence o
(10 mM) and 1-methylimidazole (5 mM) and O2. Scan rate: 10 mV/s, (B) Cyclic volta
presence of 1-methylimidazole (5 mM) and O2. Scan rate: 10 mV/s, (a) without ben
scanning (e.g. 12 cycles at 0.1 Vs−1), the glassy carbon
electrode was covered by a dark blue and adherent thin
polymeric film of poly-(ZnTPFPPy). The latter was thoroughly
rinsed and transferred into a CH3CN+0.1 M TBAP solution
free of monomer. The cyclic voltammogram scanning the
potential over the range −1.60 to +0.60 V of the modified
electrode clearly shows the reversible oxidation of the
polypyrrole matrix (E1/2=0.28 V with an anodic-cathodic
peak separation, ΔEp=0.06 V, v=0.1 Vs−1) (Fig. 4A). In
addition, the polypyrrolic film presents the regular electro-
activity of the immobilized Zn (II) porphyrin as illustrated by
the reversible peak system at −1.42 V. As previously described
for other polypyrrole metalloporphyrin films [9], the pre-peak
initiating the polypyrrole oxidation wave was totally vanished if
the potential scanning was restricted to the potential range of the
polypyrrole electroactivity (Fig. 4). In the same vein, the cyclic
voltammogram shows an intense prepeak at the foot of the
macrocycle reduction wave that disappears on the second scan
if the potential scan range is restricted to the negative region. It
should be noted that these prepeaks could be fully restored after
a sweep in the positive or negative region for the cathodic or the
anodic prepeak, respectively. The latter are a characteristic
feature of the electrochemical behavior of the functionalized
polypyrrole films and reflect their low conductivity compared to
f (a) a carbon modified electrode of poly[MnTPPyr] (5 mm disc) in presence of
mV/s, (b) GC (5 mm disc) modified electrode of poly[MnTPPyr] (5 mm disc) in
f O2. Scan rate : 10 mV/s, (c) GC (5 mm disc) in presence of benzoic anhydre
mmograms of poly[MnTPPyr] recorded in a solution of CH2Cl2+0.1 M TBAP in
zoic anhydre, (b) in presence of benzoic anhydre (10 mM).



Fig. 8. Cyclic voltammogram at a carbon electrode recorded in a solution of
tampon phosphate 0.1 M pH=7 in a presence of 1-methylimidazole (5 mM).
Scan rate: 10 mV/s, (a) poly[MnTPPyr] (GC 5 mm) without O2 and H2O2, (b)
poly[MnTPPyr] (GC 5 mm) in presence of O2 and H2O2 (1 mM), (c) bare
electrode (GC 5 mm) in presence of O2 and H2O2 (1 mM).
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redox systems immobilized on these films [13,26]. If the
potential scan range is extended to −2.2 V, the cyclic
voltamogram presents an electrochemical behavior identical to
that of the corresponding monomer, namely two reversible peak
systems corresponding to the successive one-electron reduction
of the macrocycle (Fig. 4B). The apparent surface coverage of
poly (Zn TPFPPy) was estimated from the charge recorded
under two different electrochemical systems: the one-electron
reduction peak of Zn TPFPPy and the polypyrrole oxidation
wave (each polymerized pyrrole group being oxidized by 0.33
electron). The amount of electropolymerized metalloporphyrin
was evaluated from the latter signal by taking into account that
theoretically four pyrrole units were polymerized for each
porphyrinic monomer. The good accordance between the
amounts of poly (Zn TPFPPy) (2.9 nmol cm−2 from the
polypyrrolic backbone and 3.1 nmol cm−2 from the metallo-
porphyrin itself) seems to indicate that, for each monomer, four
pyrrole groups were electropolymerized leading thus to a highly
cross-linked structure. If the potential scan range is extended to
1.6 V (not shown), an overoxidation of the polypyrrolic chains
occurs inducing their chemical transformation and the loss of
the electroactivity of the polypyrrole backbone [26]. The
resulting modified electrode exhibits two reversible peak
systems at E1/2=0.98 and 1.14 V attributed to the two suc-
cessive one-electron oxidation of poly(ZnTPFPPy) [27] in ac-
cordance with the behaviour observed for a non perfluorated
poly (ZnTPPy). Although the polypyrrole conductivity was
destroyed, the loss of metalloporphyrin electroactivity was es-
timated to be 28% after 65 scans in the potential range
from −1.60 V to 1.20 V illustrating the robustness of the
polymeric film and ZnTPFPPy.

As previously described for the electropolymerization of
ZnTPFPPy, repeatedly scanning the potential over the range
from −1.70 to 1.07 V for MnTPFPPy, results in the slow
continuous growth of the cyclic voltammetric peaks of the one-
electron reduction of the porphyrin ring and the appearance and
growth of its cathodic prepeak reflecting the formation of the
polypyrrole skeleton (Fig. 5). Although the functionalization of
the Mn porphyrin by one pyrrole group instead of four for Zn
porphyrin, allows the electrochemical film formation, the
conventional polypyrrole electroactivity was not observed. It
should be noted that the intensity of the peak system
corresponding to the MnIII/II redox couple, drastically decreases
with the growth of the polymer film reflecting a weak charge
transfer between the electrode and the polymerized metal sites
[24]. Fig. 6 shows the cyclic voltammogram of the resulting
electrode transferred with thorough rinsing in CH3CN+0.1 M
TBAP solution free of monomer. Upon negative scanning, three
redox systems are observed at E1/2=−0.32 V, −1.47 V
and −1.88 V. Owing to the similarity in shape and potential
values with those recorded for the monomer, these redox
processes were attributed to the MnIII/II couple followed by two
successive one-electron reduction of the porphyrin ring. The
small cathodic prepeak arising at the foot of the first reduction
peak of the porphyrin ring disappears on the second scan if the
potential scan range is restricted to the negative region
corroborating its polypyrrolic origin.
3.3. Potential electrocatalytic properties of polypyrrole films of
polyfluorinated Mn(III) porphyrin in the presence of oxygen
and benzoic anhydride or H2O2 in organic and aqueous media

Since two decades, the development of efficient biomimetic
systems for alkane oxidation and alkene epoxidation, for
instance to mimic the behavior of cytochrome P450, was mainly
based on Fe or Mn porphyrins as catalysts via the generation of
high valent metal-oxo intermediate. In this regard, special
attention has been devoted to electropolymerized Mn porphyrin
films as catalytic electrode materials for biomimetic oxidations
with oxygen. Recently, Albin and Bedioui have electrochem-
ically demonstrated the existence of an oxomanganese (V)
porphyrin as catalytical active species in the reduction of
oxygen and H2O2 [28]. Consequently, the electrochemical
behavior of the poly MnTPFPPy electrode for the biocatalytic
activation of oxygen in the presence of benzoic anhydride was
examined in CH2Cl2+0.1 M TBAP.

Fig. 7A shows the cyclic voltammograms of a thin poly
MnTPFPPy electrode (ΓMn=7.810

−10 mol cm−2) recorded in
the presence of benzoic anhydride (100 mM) and 1-methylimi-
dazole (5 mM) as axial base (Fig. 7A, a). In the presence of
dissolved oxygen, the reduction reaction is illustrated by the
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increase in the cathodic peak current intensity of the MnIII/II

couple (Fig. 7A, b). In comparison with the bare glassy carbon
electrode (Fig. 7A c), a strong catalytic wave is observed at less
negative potential. This phenomenon was attributed to the
activation of oxygen via the formation of high valent
manganese oxo-porphyrin species (MnV=O). This chemically
generated species are immediately reduced into Mn II porphyrin
at the potential value corresponding to the MnIII reduction. To
corroborate the activator role of benzoic anhydride on the
electrocatalytic activity of the poly Mn porphyrin film, cyclic
voltamograms were collected in aerated CH2Cl2 with and
without benzoic anhydride (Fig. 7B). It clearly appears that the
addition benzoic anhydride induces a marked enhancement of
the cathodic wave in the presence of oxygen (Fig. 7B, b). This
confirms that the observed catalytic phenomenon is not due to
the mediated reduction of oxygen.

Since the generation of MnV=O in aqueous media was
reported in the reaction of Mn(III) porphyrin with H2O2 or
oxygen in the presence of anhydride [28,29], the potential
electrocatalytic properties of the poly MnTPFPPy electrode
towards the detection of H2O2 in the presence of oxygen were
investigated by cyclic voltammetry in phosphate buffer 0.1 M
(pH 7). Under argon and without H2O2, the modified electrode
exhibits a reversible MnIII/II peak system at −0.17 V (Fig. 8a). It
should be noted that an axial base (1-methylimidazole) was
added to observe a well-defined MnIII/II redox process in water.
As expected, in the presence of O2 and H2O2, a strong cathodic
current appears reflecting the electrochemical reduction of the
chemically generated MnV=O species (Fig. 8b). Compared to
the electrochemical behavior of a bare electrode in the presence
of O2 and H2O2, these preliminary experiments clearly indicate
the catalytic reduction of H2O2 by the poly MnTPFPPy
electrode at a potential of −0.20 V corresponding to the
reduction potential of the MnIII/II redox process (Fig. 8b,c).

4. Conclusion

In this report, we have described the synthesis of new
polyfluorinated Zn(II) and Mn(III) porphyrins and their
electrochemical characterization, highlighting the marked
influence of polyfluorophenyl substituting groups. The elec-
tro-oxidation of such metalloporphyrins functionalized by one
or four pyrrole groups leads to the successful electrogeneration
of polypyrrole films with retention of the electrochemical
behaviour of the polyfluorinated Zn(II) and Mn(III) porphyrins.
Owing to the potential catalytic properties of such polymerized
units associated with the advantages conferred by the
electrochemical addressing, it is expected that this approach
will be a convenient way for the elaboration of new oxidase-
based biosensors involving a reductive detection of H2O2.
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