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Abstract

A series of threemeso-tetra-alkyl porphyrins (H2TAPs) were synthesised and their electrochemical properties were studied in
dichloromethane containing either tetra-butyl ammonium perclorate (TBAP) or tetra-butyl ammonium hexafluorophosphate TBA(PF6) as
supporting electrolyte (SE) by cyclic voltammetry and in situ UV/vis spectroelectrochemistry. Values ofE1/2 for the recorded four redox
processes of these porphyrins and of themeso-tetra-phenyl porphyrin (H2TPP) on glassy carbon and platinum were measured and compared.
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he redox data collected on the first oxidation and the first reduction processes predict that the value of�(LUMO − HOMO) for the H2TAPs
s lower than formeso-tetra-phenyl porphyrin and, therefore, that the first Q band of the electronic spectra of the H2TAPs is red shifte
elatively to the same band in the spectrum of H2TPP; this shift was indeed found. The second oxidation process of the H2TAPs is influence
y the supporting electrolyte used and the dication then formed is consumed by an irreversible chemical reaction. The species prod
eaction is irreversibly reduced at a considerably lower potential. The electrochemical and spectroelectrochemical data collected art
ith the occurrence of structural distortion in the macrocycle rings of the H2TAPs.
2004 Elsevier Ltd. All rights reserved.
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. Introduction

Porphyrins are compounds with considerable importance
oth from a fundamental and an applied point of view. Their
biquity in nature is well known and their technological ap-
lications spread to a great diversity of areas from medicine

o materials science[1–5].
An important part of their interesting reactivity are ox-

dative processes that, after removal of one or two electrons
rom the porphyrin core, lead to the formation of the�-cation
nd dication radicals. These radicals are key intermediates in
eactions involving porphyrins and metalloporphyrins, both
n nature[6–8] and in the laboratory[9–11]. Therefore, a full
nowledge of those redox processes is of great importance
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in the understanding of the role of the porphyrin macro
cle in the natural or artificial processes of photosynth
membrane electron transport or oxygenation catalysis.
meso-Tetra-alkyl porphyrins are a class of porphyrins w

a substitution pattern that lies between the fullmeso-free
natural porphyrins and the fullmeso-phenyl-substituted po
phyrins of themeso-tetra-phenyl porphyrin (H2TPP) family.
Since themesopositions are very often involved in the radi
processes that are the base of a large number of porp
mediated reactions, and the substitutes at those position
a determinant role in determining the lifetime and reac
ity of the radical intermediates[12–13], themeso-tetra-alkyl
porphyrins (H2TAP) can, therefore, be very useful probes
the understanding of the structure/activity relationships o
porphyrin molecules.

With this context in mind, we prepared by the ac
acid/nitrobenzene method[14] the following meso-alkyl
porphyrins: themeso-tetra-(undecyl)- (P1), themeso-tetra-

013-4686/$ – see front matter © 2004 Elsevier Ltd. All rights reserved.
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(decyl-9-ene)- (P2) and themeso-tetra-(2,4,4-trimethyl-
pentyl)-porphyrin (P3). Porphyrins P2 and P3 are new com-
pounds.

The reports on the redox behaviour ofmeso-tetra-alkyl
porphyrins are rather scarce. Fonda et al. studied sevenmeso-
substituted porphyrins (two of them were themeso-tetra-
methyl and themeso-tetra-pentyl porphyrins)[15], but their
experimental work was mainly directed to the collection of
spectroscopic and photophysical data and very few redox po-
tential values were measured.

In this paper, we report and discuss much more extensive
d por-
p tro-
e those
o ns.
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meso-Tetra-(2,4,4-trimethyl-pentyl)-porphyrin (P3):
yield of 8%. Mass spectrum: FAB+, (M+H)+ atm/z 760.
Elemental analysis: expected for C52H78N4: (C: 82.27%;

H: 10.35%; N: 7.38%). Found: (C: 81.97%; H: 9.80%;
N: 6.97%). Melting point: 215–220◦C. UV/vis spectrum:
(CH2Cl2) (nm; % of Soret band) = (419; 100%), (521; 5%),
(556; 4%), (600; 2.4%), (660; 3%). UV/vis spectrum for the
dication: (CH2Cl2; TFA 5%) (nm; % of Soret band) = (427;
100%), (590; 8%), (634; 12%).1H RMN (CDCl3/TMS; ∂ in
ppm): (9.2; 8H; s;H�) (4.6; 8H; d; ring –CH2–CH–) (1.7–1.3;
12H; m; –CH2–(CH3)–CH–) (1.1; 12H; d; –CH3) (0.8; 36H;
s; –(CH ) ) (−2.8; 2H; s, NH).
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ata obtained on the electrochemical behaviour of these
hyrins and complement them with in situ UV/vis spec
lectrochemical data. Also, we compare these data with
btained for the H2TPP in the same experimental conditio

. Experimental

.1. Synthesis of porphyrins

The meso-tetra-(undecyl)-porphyrin, P1, and themeso-
etra-phenyl porphyrin were prepared and isolated by li
ure methods[16–17], giving physical data in full agreeme
o the published values.

The meso-tetra-(9-ene-decyl)-porphyrin, P2, and
eso-tetra-(2,4,4-trimetil-pentyl)-porphyrin, P3, althou
ade by the same method as that of porphyrin, P1, are

ompounds, with the following physical characteristics:
meso-Tetra-(decyl-9-ene)-porphyrin (P2): yield of 6

ass spectrum: FAB+, M+ atm/z 863. Elemental analy
is: expected for C60H86N4: (C: 83.47%; H: 10.04%; N
.49%). Found: (C: 83.54%; H: 9.29%; N: 6.30%). Melt
oint: 79–80◦C. UV/vis spectrum: (CH2Cl2) (nm; % of Sore
and) = (417; 100%), (520; 5.3%), (555; 4.3%), (598; 2.8
658; 3.6%). UV/vis spectrum for the dication: (CH2Cl2; TFA
%) (nm; % of Soret band) = (424; 100%), (589; 7.5%), (6
1%).1H RMN (CDCl3/TMS; ∂ in ppm): (9.1; 8H; s;H�),
5.7; 4H; m; –CH CH2), (4.9; 8H; m; –CH CH2), (4.8; 8H; t;
ing –CH2–CH2–), (1.1–2.1; 56H: m; –CH2–(CH2)7–CH–),
−2.7; 2H; s, NH).
3 3

.2. Solvents and materials

Dichloromethane was chosen as the porphyrins sol
t was distilled from CaCl2 and stored over 3̊A molecular
ieves. The amount of the solvent necessary for the p
ation of the solutions were passed through a column o
lumina (Fluka, chromatographic grade) with a thin laye
2CO3 (Merck, purissimum) under an argon (99.99%,
iquide) atmosphere.

In the experiments, electrochemical grade tetra-butyl
onium salts (Fluka), either perclorate (TBAP) or hexa
rophosphate (TBA(PF6)), were used as supporting el

rolytes (SE) without further purification. Ferrocene (Mer
as added to the porphyrin solution in the end of the ex
ents to use its potential of oxidation as an internal pote

tandard. Solutions of Ag+ in acetonitrile were prepared fro
nalar AgNO3 (BDH) and chromatographic grade aceto

rile (Merck). All the solid reagents were dried and kep
n excicator under reduced pressured before use.

.3. Electrochemical experiments

Cyclic voltammetric measurements were made by u
PAR 273A potentiostat (controlled by PAR M270 s
are) and a Metrohm electrochemical cell with a thermos

acket; this cell was placed in a Faraday cage. Experim
ere performed at 20◦C. Either a Pt ring or a glassy carb

GC) disc was used as the working electrode (WE) and
esh was the auxiliary electrode (AE). An Ag wire dipp



C. Paliteiro, A. Sobral / Electrochimica Acta 50 (2005) 2445–2451 2447

in a 0.01 M Ag+ acetonitrile solution also 0.1 M in the SE,
served as the reference electrode (RE). Both the RE and the
AE were separated from the porphyrin solution by a glass
bridge with a Vycor tip containing a 0.1 M solution of the SE
in dichloromethane. Although the potential was measured rel-
atively to an Ag|0.01 M Ag+, 0.1 M SE, CH3CN||reference
system, they are referred to the potential of the ferrocinium
ion/ferrocene (Fc+/Fc) couple used as an internal standard.
The measured value of theE1/2 of this couple relatively to the
Ag/Ag+ reference system was 228 mV (E1/2 represents half
the sum of the potentials of the oxidation and the reduction
peaks correspondent to a given redox process).

2.4. Spectroelectrochemical experiments

The spectroelectrochemical cell was a commercial spec-
trophotometric cell (Hewlett-Packard) with a 1 mm optical
pathlength that was modified in its top in order to accommo-
date the WE, the RE and the AE electrodes, in an arrange-
ment very similar to that used in Anson’s lab[18]. The WE
was a Pt mesh placed in the optical path and was, therefore,
crossed by the light beam; the RE was an Ag wire dipped
in a 0.01 M Ag+ acetonitrile solution which was also 0.1 M
in the supporting electrolyte (always TBA(PF6)) separated
from the porphyrin solution by a glass bridge with a Vycor
t lyte
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Fig. 1. CVs obtained on Pt in an argon-saturated CH2Cl2 solution about
1 mM in the porphyrin and 0.1 M in TBA(PF6). Scan rate: 50 mV s−1.

summarises the electrochemical information obtained in this
work.

The data reported inTable 1support the following con-
clusions:

(a) The values of the�E1/21-2 and 3-1 measured for the
H2TAPs studied in this work fall, respectively, in the
range 0.42± 0.05 V and 2.25± 0.15 V, whereas the value
of �E1/24-3measured in a TBAP solution with a Pt WE
is very close to the upper limit of the 0.29± 0.05 V range.
These potential ranges are characteristic of processes oc-
curring in the porphyrin ring[20], and were also verified
in the experiments on H2TPP.

(b) TheE1/2 of the oxidation process of the H2TAPs are about
200 mV more cathodic than that of H2TPP. They are,
therefore, more easily oxidised than the H2TPP, which
was expected considering the donor versus the acceptor
character of, respectively, the alkyl and the phenyl groups.

(c) As also expected, therefore, theE1/2 of the reduction pro-
cess of the H2TAPs are about 100 mV more cathodic than
that of H2TPP; they are then less reducible than H2TPP.

(d) Relatively to theE1/2 of the same processes in the H2TPP,
the cathodic shift of theE1/2 for the first reduction pro-
cess,1, of the H2TAPs studied is, therefore, smaller than
the observed cathodic shift of theE1/2 for their first oxida-
tion process,3. As the�E 3-1 is a good estimate of the
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ip containing a 0.1 M solution of the supporting electro
n dichloromethane; the AE was a platinum spiral place
his same solution of the supporting electrolyte containe
glass bridge with a Vycor tip. The cell was installed in

ell holder of a Hitachi model 124 UV/vis spectrophotom
er and the absorbance versus wavelength data were col
nd stored in a computer with the help of a PCI-GPIB bo
nd LabView 5.0 software both from National Instrume

n these experiments, the potential applied to the WE
ontrolled by a PAR 263 potentiostat.

. Results and discussion

.1. Electrochemical experiments

.1.1. Redox processes: general data
Fig. 1shows the cyclic voltammograms (CV) of the al

orphyrin P1 in CH2Cl2 (the CVs for P2 and P3 are similar
hat recorded for P1), and compares it with the CV reco
or H2TPP in the same experimental conditions which i
greement with that reported in the literature[19]. All the
Vs in Fig. 1 are net CVs obtained after subtraction of
Vs recorded in the absence of the porphyrin.
The H2TAPs show a very similar electrochemical

aviour, which differs from that recorded for the H2TPP. Fou
lectrochemical reversible processes involving one ele
er porphyrin molecule are observed in all cases, corresp

ng to the oxidation of the porphyrin followed by the oxidat
f the�-cation formed and to the reduction of the porphy

ollowed by the reduction of the�-anion formed.Table 1
1/2
energy separation between the HOMO and the LUM
the reacting molecule[21], we expect that such sepa
tion in the H2TAPs is smaller than in H2TPP and tha
therefore, the first Q band of the visible spectra of th
porphyrins is shifted to the red relatively to the same b
of the H2TPP visible spectrum. As shown in Section3.2,
such shift was indeed observed in this work and als
work done by other workers onmeso-H2TAPs[15].

e) The considerable cathodic shift (≈200 mV) of the pea
potential of the second oxidation process of the H2TAPs
relatively to the peak potential of the same process
H2TPP points to the destabilization of their�-cations
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Table 1
E1/2 measured at 20 mV s−1 for the redox processes of porphyrins P1, P2, P3 and H2TPP in a CH2Cl2/ES solution

Porphyrins ES E1/2/V vs. Fc+/Fc �E1/2/V

1 2 3 4 1–2 4–3 3–1

Glassy carbon
P1 TBAP −1.79 −2.18 0.32 0.74 0.39 0.42 2.11

TBA(PF6) −1.80 −2.19 0.33 0.80 0.39 0.47 2.12

P2 TBA(PF6) −1.80 −2.19 0.33 0.80 0.39 0.47 2.13
P3 TBA(PF6) −1.81 −2.20 0.34 0.81 0.39 0.47 2.15
H2TPP TBA(PF6) −1.69 −2.01 0.53 0.87 0.32 0.34 2.22

Platinum
P1 TBAP −1.79 −2.18 0.32 0.68 0.39 0.36 2.11

TBA(PF6) −1.80 −2.19 0.33 0.79 0.39 0.46 2.13

P3 TBAP −1.81 −2.19 0.34 0.69 0.37 0.35 2.15
TBA(PF6) −1.82 −2.20 0.33 0.80 0.38 0.47 2.15

H2TPP TBA(PF6) −1.69 2.02 0.53 0.86 0.33 0.33 2.22

(1–4) Indicate the redox processes: 1, porphyrin/�-anion; 2,�-anion/�-dianion; 3, porphyrin/�-cation; 4,�-cation/�-dication.

(i.e., points to a higher energy of their HOMO). A de-
crease of the�(LUMO − HOMO) of a porphyrin to-
gether with a destabilization of its�-cation, was corre-
lated with structural data on the deformation of the por-
phyrin ring from a planar to a saddle configuration[22].
It is then probable that the alkyl porphyrins P1, P2 and
P3 studied in this work are structurally deformed. Fonda
et al. [15] arrived at the same conclusion in their study
of meso-substituted porphyrins (tetra-methyl- and tetra-
pentyl-).

(f) TheE1/2 of the different redox processes of the H2TAPs
are practically the same for the same ES. Changing from
solution CH2Cl2/TBA(PF6) to solution CH2Cl2/TBAP
does not alter processes 1, 2 and 3 but significantly af-
fects the oxidation of their�-monocations, both on GC
and on Pt (cf.Fig. 2a and b). As a consequence, the value
of the�E1/24-3 decreases about 120 mV when the ES is
changed from TBA(PF6) to TBAP. Such a dependence
from the ES anion was also observed before by other
workers with ZnTPP in CH2Cl2 solutions of the same ES
[23,24]and by us with H2TPP in CH2Cl2/TBA(PF6) and
CH2Cl2/TBA(tetra-fluoroborate) solutions[25]. Chang
et al. justify this dependence with “differences in adsorp-
tion characteristics of the complexes between the two SE
systems”[Reference 24, p. 819]. This explanation is dif-
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{ of

the{P+(PF6
−)} species, i.e., the stabilization of P+ through

ion-pairing increases when the SE anion is changed from
ClO4

− to PF6
−.

The new species adsorbs on the WE surface giving rise to
a stabilized surface species; as a consequence, the first oxi-

Fig. 2. CVs obtained on (a) GC and (b) Pt in an argon-saturated CH2Cl2 so-
lution 1 mM in P1 and 0.1 M in TBAP or in TBA(PF6). Scan rate: 50 mV s−1.
ficult to understand. In fact, if the porphyrin adsorbs
this adsorption is SE dependent, we would eventually
serve instead a separation between the values of thE1/2
of thefirstoxidation of the porphyrin measured in the
lutions of each SE. However, these values are practi
the same.

We propose instead the following explanation: (i)
-cation formed in the first oxidation process intera
ith the SE anion and forms a new species, the ion-
P+(ClO4

−)} or {P+(PF6
−)}, where P represents the neu

orphyrin molecule, and (ii) the energy of the HOMO of
P+(ClO4

−)} species is higher than that of the HOMO
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Fig. 3. CVs recorded on GC or Pt in an argon-saturated CH2Cl2 solution
1 mM in P1 and 0.1 M in TBA(PF6). Scan rate: 20 mV s−1.

dation peak Ox1 is preceded by the prewave 1 and followed
by the postwave 2 shown inFig. 2a and b; the adsorption
of {P+(ClO4

−)} is stronger than that of{P+(PF6
−)} both

on GC and on Pt (cf.Fig. 2a and b) and the two adsorption
processes are stronger on Pt than on GC (cf.Fig. 3). If the
HOMO of {P+(ClO4

−)} is higher than that of the HOMO
of {P+(PF6

−)}, the oxidation of the�-cation will occur, as
observed, at a less anodic potential with TBAP than with
TBA(PF6). A lower oxidation potential was also observed on
Pt than on GC, cf.Fig. 3, which points to a different interac-
tion between each of these WE surfaces and the{P+(ES−)}
species. Additionally, as the first Q band of the visible spec-
trum of the�-cation of the H2TAPs shows a shift to the blue
relatively to the same band of the H2TPP (cf. Section3.2), we
can predict that the difference�(LUMO − HOMO) of the�-
cation of the H2TAPs is greater than the�(LUMO − HOMO)
of the�-cation of H2TPP. This would be consistent with the
higher ability of the aromatic system of the H2TPP to accom-
modate the positive charge of the�-cation, since its extension
is greater than that of the H2TAPs.

3.1.2. The oxidation processes
Fig. 4 a and b shows more clearly the prewave 1 and the

postwave 2 associated to the adsorption of the�-cation. When
the reverse potential of the anodic scan is fixed in the potential
r
p s
a up
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a f the
� sity
o e
c
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m

e of a
c uces
a -

Fig. 4. (a) CVs recorded on Pt in an argon-saturated CH2Cl2 solution 1 mM
in P1 and 0.1 M in TBA(PF6). Scan rate: 50 mV s−1.Einitial : −730 mV;Efinal:
several values between 172 and 922 mV. (b) Enlargement of (a) between
−730 and 175 mV.

tio [(Ip)4]red/[(Ip)4]ox is less than 1 and increases to 1 when
the scan rate,v, increases from 20 to 200 mV s−1; addi-
tionally, the ratio [(Ip)4]ox/v0.5 is independent ofv in the
20–100 mV s−1 range. These facts are consistent with the
occurrence of an irreversible chemical reaction following the
formation of the dication.

To the peak 3 related to the reduction of the species pro-
duced in this chemical process, does not correspond any oxi-
dation peak (cf.Fig. 5), i.e., the process is totally irreversible.

It appears to us that this process may be either a dimer-
ization or the degradation of the dication radical macrocycle.
Since the use of free base porphyrins rules out the forma-
tion of a �–oxo dimer, so frequent in the metalloporphyrin
chemistry, peak 3 might be related to a dimer due the for-
mation of a new�–�′ bond or of a newmeso-carbon–carbon
bond between the dication radical and the free base porphyrin
present, as noted by Fuhrhop et al.[27]. However, we cannot
exclude the hypothesis of a quick degradation of the dication
macrocyle to a reducible biliar pigment analog. Some por-
phyrin radicals from hindered porphyrins are stable for hours
but those from unsubstituted porphyrins, like porphine, are
ange where this cation is oxidised to the�-dication (or, more
robably, the{P2+2(PF6

−)} ion-pair), a new peak, 3, form
t about−350 mV. The intensity of this peak increases

o a maximum as the reverse potential becomes more a
nd, simultaneously, the intensity of the reduction peak o
-cation decreases. Additionally, the peak current inten
f the dication reduction, [(Ip)4]red, is lower than that of th
orresponding monocation oxidation peak, [(Ip)4]ox, and this
urrent intensity corresponds to less than one electro
onocation.
Together, these observations suggest the occurrenc

hemical reaction that consumes the dication and prod
species that is then reduced at about−350 mV. The ra



2450 C. Paliteiro, A. Sobral / Electrochimica Acta 50 (2005) 2445–2451

Fig. 5. CVs recorded on GC in an argon-saturated CH2Cl2 solution 1 mM
in P1 and 0.1 M in TBA(PF6). Scan rate: 50 mV s−1.

strong electrophyles that react with any available electron
source (namely the porphyrin free base) to produce black
precipitates[28]. That may be the case of themeso-alkyl por-
phyrins, whose oxidised species should be less stable than
those derived from themeso-phenyl porphyrins like TPP.

3.2. In situ spectroelectrochemical experiments

The UV/vis spectra of the porphyrins P1, P2 and P3 show,
like that of the H2TPP, one Soret (S) band and four Q bands
(Q1–Q4) (cf.Fig. 6).

The S bands of the H2TPP and of P1 and P2, (cf.Fig. 6a),
have a maximum at 416 nm and a shoulder at 398 nm; the S
band of P3 is thinner and both the maximum and the shoulder
show a shift, small (about 2 nm) but reproducible, to the red.

The bands Q1–Q4 of the H2TPP, (cf.Fig. 6b), show max-
ima, respectively, at 645, 588, 548 and 513 nm. Together with
the respective S band, these Q bands give a H2TPP spectrum
with a shape entirely similar to that reported by Fonda et al.
[15], which was recorded in benzene and shows values of the
λmax of the S and Q bands also practically the same as those
found in this work.

Relatively to the Q bands of H2TPP, those of the H2TAPs
(practically independent of the porphyrin) shift to the red. The
value of this shift for the Q1 and Q2 bands (13 and 16 nm, re-
s bout
5 tent
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i nm
c lder of
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P ding

Fig. 6. UV/vis spectra of the alkyl porphyrins P1–P3 and of H2TPP dissolved
(10�M) in an argon-saturated 0.1 M solution of TBA(PF6) in CH2Cl2. (a)
Soret bands; (b) Q bands.

neutral porphyrin, but the intensity of this maximum con-
siderably decreases (specially for P3) and a new shoulder
develops at 430 nm (cf.Fig. 7a).

Relatively to those of the original porphyrin, the intensity
of the Q2–Q4 bands of the monocations spectra consider-
ably decrease (specially those of the monocation of P3) but
the values ofλmax are the same (cf.Fig. 7b with Fig. 6a).
The corresponding Q1 bands, (i) increase in intensity for all
porphyrins (especially for H2TPP); (ii) show maxima shifted
between 20 and 25 nm to the blue in the H2TAPs and about
9 nm to the red in the H2TPP.

On the other hand, compared to the same band of H2TPP,
the Q1 bands of the monocations of the H2TAPs are shifted to
the blue by about 25 nm. The electrochemical data collected,
cf. Section3.1, appear to show that the monocation of the
porphyrins P1–P3 is destabilized relatively to that of H2TPP,
i.e., the energy level of its HOMO is raised due to a defor-
mation of its porphyrin ring. As the energy of the Q1 band
of the monocation of the H2TAPs is higher than the energy
of the same band for H2TPP, it is predictable that the LUMO
of the porphyrins P1–P3 is also greater than the LUMO of
the H2TPP, so that the difference�(LUMO − HOMO) in the
monocation of the H2TAPs is greater than that in the mono-
cation of the H2TPP.
pectively) is greater than that for the Q3 and Q4 bands (a
nm). The red shift of the Q1 band of P1–P3 (i) is consis
ith the different colour of the solutions of these porphyr
ink for P1–P3, purple for H2TPP; (ii) confirms the conclu
ion reached in Section3.1 that the difference between t
UMO and the HOMO would be greater for H2TPP than fo

he alkyl porphyrins.
When the H2TPP is oxidised to produce the correspo

ng monocation, the intensity of the original S band at 416
onsiderably decreases and this band becomes a shou
new band with a maximum at 436 nm (cf.Fig. 7a). On the
ther hand, the S bands of the monocations of the porph
1–P3 show a maximum at 416 nm, like the correspon
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Fig. 7. UV/vis spectra of the�-cation of the alkyl porphyrins P1–P3 and of
H2TPP dissolved (10�M) in an argon-saturated 0.1 M solution of TBA(PF6)
in CH2Cl2. (a) Soret bands; (b) Q bands. Applied potentials: H2TPP:
750 mV; alkyl porphyrins: 520 mV.* Experimental artefact from the spec-
trophotometer.

4. Conclusions

As expected from the inductive electron donor behaviour
of the alkyl groups in contrast with the acceptor nature of
the phenyl groups, the H2TAPs studied in this work are
more easily oxidised and more difficult to reduce than the
H2TPP. The electrochemical data collected on the first oxida-
tion and the first reduction processes predict a lower value of
�(LUMO − HOMO) for the H2TAPs than for H2TPP and,
therefore, a shift to the red of the first Q band of the elec-
tronic spectra of the H2TAPs relatively to the same band in
the spectrum of H2TPP; this shift was indeed found. The
second oxidation process of the H2TAPs is SE dependent,
which points to the formation of a P+(ES)− species, with
{P+(ClO4

−)} more easily oxidised (higher HOMO energy)
than{P+(PF6

−)}. The H2TAPs dication is consumed by an
irreversible chemical reaction that produces a species (ei-
ther a dimer or a product of the dication degradation) then
irreversibly reduced at a considerably lower potential. The
electrochemical and spectroelectrochemical data collected
are consistent with the occurrence of structural distortion of
the macrocycle rings of the H2TAPs.
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