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Electrodes modified by a poly(pyrro1e-phenothiazine) film are obtained by anodic polymerization of 
N-(3-pyrrol-l -ylpropyl)phenothiazine; they act as photoelectrodes via their charge transfer complex with an electron 
acceptor in solution. 

It has recently been established that the electrochemical 
polymerization of N-substituted pyrroles is an attractive 
means for the elaboration of polymer modified electrodes 
containing a specific redox centre. Using that method the 
preparation and behaviour of polypyrrole films covalently 
bonded to electroactive centres such as polypyridyl complexes 
of ruthenium(II),l rhenium(I),2 and copper(r1),3 or organic 
molecules like viologens,4 nitroxides,5 and anthraquinones6 
have been reported. This communication describes the 
modification of metallic electrodes by poly(pyrro1e-pheno- 
thiazine) films upon anodic polymerization of the monomer 
PPyr, and their utilization as photoelectrodes via irradiation of 
a charge transfer complex with an electron acceptor such as 
the tropylium cation. 

PPyr-t was synthesized in 95% yield by addition of 1 equiv. 
of pyrrolyl potassium to a tetrahydrofuran (THF) solution of 
N-(3-~hloropropyl)phenothiazine. The latter was obtained in 
30% yield by addition of a large excess of l-bromo-3- 
chloropropane to a solution of the phenothiazine anion7 in 
dimethyl sulphoxide (DMSO). 

The cyclic voltammogram of PPyr (2 x l o - 3 ~ )  in 0 . 1 ~  
Bu4NC104-MeCN at a platinum electrode shows initially a 
reversible one-electron oxidation process corresponding to 
formation of the radical cation l$yr (Et  0.40 V)$ as for a 

i. All new compounds exhibited spectroscopic and analytical data 
consistent with the assigned structure; lH n.m.r. of PPyr (CDC13): 6 
2.08 (m, 2 H), 3.71 (t, 2 H, J 6 Hz), 3.90 (t, 2 H, J 6 Hz), 6.01 (t, 2 H, J 
3 Hz), 6.43 (t, 2 H, J 3 Hz), and 6.56-7.23 (m, 8 H). 

regular N-alkylphenothiazines (Figure 1, curve a). On exten- 
sion of the scan to 1.1 V two combined irreversible anodic 
peaks with poor reproducibility emerge (Figure 1, curve b), 
which are due to the oxidation of PPyr and of the pyrrole unit. 
However their assignment is uncertain since the N-alkyl- 
phenothiazinium radical cation8 and N-alkylpyrroleg are both 
oxidized around 1 V. 

Repeatedly scanning the potential over the range -0.25 to 
0.90 V results in a continuous increase in the size of cyclic 
voltammetric PPyr/PPyr peaks, as shown in Figure 2a, 
indicating the growth of a poly(pyrro1e-phenothiazine) 
(PPPyr) film on the electrode. The anodic limit of the scanning 
is a crucial point. Increasing the limit of the potential beyond 
0.95 V leads to a lower increase in the PPyr/PPyr peak system 
while no PPPyr film is obtained on scanning beyond 1.1 V. 
PPPyr films can also be obtained by controlled-potential 
oxidation at 0.85 V. If the modified electrode is transferred to 
clean electrolyte and cycled between -0.2 and 0.8 V the 
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PPyr 
f All potentials were measured vs. an A g / 1 0 - * ~  Ag+ reference 
electrode. 
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(a) 

Figure 1. Cyclic voltammograms at a Pt disk electrode (diam. 5 mm) of 
PPyr (2 x M) in 0.1 M Bu4NC104-MeCN; sweep rate v = 0.1 V 
s-1; (a) (full line), between -0.2 and 0.6 V; (b) (broken line), 
between -0.2 and 1.1 V. 

PPyr/P$yr peak (Ep ,  0.51 V; Epc 0.42 Vat 0.05 V s-1) persists 
proving the stability of the film (Figure 2, curve b). However 
the reversibility of the redox system disappears on extension 
of the cycling up to 1.2 V. At this potential, transformation of 
PPyr to its corresponding sulphoxide as for the N-methylphe- 
nothiazinium radical cations probably occurs in the film. On 
the other hand the weak pre-peak (Ep ,  -0.25 V) at the foot of 
the PPyr/PPyr peak system describes the electroactivity of the 
polypyrrolic chain itself. The absorption exhibited (hmax. 515 
nm) by the film deposited on an optically transparent doped 
In02 electrode after oxidation at 0.7 V is quite similar to that 
for the N-methylphenothiazinium radical cation species in 
solution.* This absorption is fully restored when the film is 
reduced back and reoxidized proving the stability of its 
oxidized form P&r. 

It has recently been demonstrated that a photocurrent 
response can be obtained by visible irradiation of a donor- 
acceptor charge transfer complex in solution in a photoelec- 
trochemical cell.10 In that context we have investigated the 
capability of the PPPyr modified electrode to act as a 
photoelectrode. 9 The presence of the tropylium cation, Tr+ 

.+ 

.+ 

Q A previous attempt11 using an electrode modified by plasma 
polymerized vinylferrocene film complexed with CC14 showed the 
value of this type of design as photoelectrode, despite its short lifetime 
( 2 M  min). 

(b) 

Figure 2. (a) Oxidative electropolymerization of PPyr (2 X 10-3 M) by 
repeated potential scans at a Pt disk electrode (diam. 5 mm) in 0.1 M 
Bu4NCI04-MeCN; sweep rate Y = 0.05 V s-1. (b) Cyclic voltammo- 
gram of a PtPPPyr electrode (r = 3.4 x 10-8 mol cm-2) in 0.1 M 
Bu4NC104-MeCN; sweep rate Y = 0.05 V s-1. The electroactivity has 
a 6% drop after 50 cycles between -0.2 and 0.7 V. 
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Figure 3. Spectral change accompanying the complexation of a PPPyr 
film (r = 6.5 x 10-9 mol cm-2) by Tr+ in 0.1 M Bu4NC104-MeCN. (a) 
no Tr+; (b) 5 x 10-ZM Tr+; (c) 1 0 - 1 ~  Tr+; (d) charge-transfer 
complex in 0.1 M Bu4NC104-MeCN solution between N-methyl- 
phenothiazine (2 x l o - 3 ~ )  and Tr+ (10-1~) .  
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(0.1 M), in 0.1 M Bu4NC104-MeCN induces a strong increase 
in the film absorption resulting from the formation at the 
interface of a charge transfer complex between the pheno- 
thiazinyl group and Tr+. The charge transfer transition 
extends from 700 nm to the U.V. region with a shoulder at 
around 525 nmg (Figure 3). Irradiation by visible light of the 
PPPyr-Tr+ system induces quite a stable photocurrent 1, (no 
loss after 20 min of irradiation) if the modified electrode is 
potentiostated at -0.2 V. I I  = 0.54 pA cm-2 for an apparent 
surface concentration of electroactive species of 3.6 x 10-8 
mol cm-2. The mechanism for this cathodic photocurrent 
generation can be represented as in Scheme 1. 

Photoexcitation induces the electron transfer leading to 
Pfi6yr and Tr*, the latter dimerizing rapidly to give bitropyl.12 

7 The charge transfer complex in 0.1 M Bu4NC104-MeCN solution 
between N-methylphenothiazine (2 X 10-3 M) and Tr+ (10-l M) 
exhibits a band centred around 520 nm (see Figure 3, broken line). 

PPyr regenerated by the electrode is complexed again by the 
excess of Tr+ and is ready for participation in another 
photoredox cycle. 

The authors are grateful to Professor G .  Cauquis for his 
interest in this work. 
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