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ABSTRACT: Novel dendritic oligomers of [,3-dibromo-4-ethynylstyrene and formyl-4-ethynylstyrene were
electrochemically and theoretically studied in order to gain a better insight into their redox behavior. Correlations
between calculated ionization and experimental oxidation potentials (anodic peak potentials) were established. The
best correlation was obtained when two important effects are considered in the theoretical calculations, probing their
strong influence: (a) structural re-accommodation in the formed radical cation and (b) solvation effects. The effect of
dendritic terminal groups (dibromovinyl and formyl groups) was also analyzed. A different redox behavior was
observed for these two terminal groups, presumably due to a difference in their oxidation mechanisms. A global
chemical transformation for the oxidation of dibromovinyl-terminated oligomers was proposed, providing a
satisfactory explanation of the electrochemical behavior within this family of compounds (presence of adsorptive
phenomena). Taking these results into account, it is possible to explain how the cation-radical species formed in these
conjugated dendritic oligomers behave when cyclic voltammetry technique is applied. Copyright © 2004 John Wiley
& Sons, Ltd.
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INTRODUCTION

There has been increasing interest in hyperbranched and
dendritic compounds that incorporate some specific prop-
erties in their building blocks, it being possible to have
systems capable of showing interesting properties such as
the absorption of visible light, carrying out multielectron
redox processes or showing luminescent properties in a
controlled way.! The aforementioned properties could
potentially be applied in components for molecular elec-
tronics,2 photochemical molecular devices and information
storage.3 Electroactive dendrimers belong to such a class of
compounds with functional groups capable of carrying out
fast electron transfer reactions, leading to materials with
the mentioned properties. The electroactive groups in
dendrimers* can be localized at the periphery [e.g. tetra-
thiafulvalene (TTF) units’ or electroactive ferrocene sub-
units at the periphery®] or in the interior (an example is the
reported dendrimers using porphyrin cores’).
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Recently, the synthesis of well-defined conjugated
dendritic oligomers of [,3-dibromo-4-ethynylstyrene
was carried out® (see Fig. 1). Discrete, conjugated units
were included, resulting in a family of blue emitters with
an emission range of 440-500nm. According to the
classification mentioned above, these oligomers belong
to the group of dendrimers having internal electroactive
groups. The study of the electrochemical behavior of
these compounds is presented as an interesting issue,
considering their high electron delocalization.

Among the electrochemical techniques, cyclic voltam-
metry (CV) has gained considerable popularity since it
provides a quick and fairly straightforward assessment of
the redox behavior of molecular systems, which parallels
that of spectrophotometric techniques for luminescent
properties.” Several important parameters of CV, such as
peak potential (energetic parameter of formation of
species) and current function values (1,v~'/2C~"), pro-
vide useful information needed to obtain both coupled
processes and stoichiometry of the electrochemical reac-
tions.'? In the case of macromolecular systems, it is
known that electrochemical data offer unequivocal in-
formation on the chemical and topological structure
involved. Therefore, it was decided to apply this techni-
que in combination with theoretical calculations in order
to study the dendritic oligomers I-1V, seeking to establish
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Figure 1. Dendritic oligomers with ethynylstyryl conjugated
units

structure—property relationships, useful for the future
design of novel materials.

In the present study, CV parameters of the fully
conjugated dendritic oligomers I-IV were analyzed and
compared with theoretical results. A previous report gave
ionization potential theoretical data for these kinds of
dendritic oligomers in the gas phase.'' Here were carried
out theoretical calculations considering the solvation
effect and the structural relaxation effect (adiabatic con-
ditions) after the oxidation process. Very good correla-
tions were obtained with the experiment when such
effects are involved.

EXPERIMENTAL

Compounds I-IV (Fig. 1) were previously synthesized
and fully characterized.® The electrolytic media consisted
of a 3:1 mixture of anhydrous acetonitrile (Aldrich) and
dichloromethane (previously dried with CaH,), using as
support electrolyte 0.1 M tetrabutylammonium perchlo-
rate (TBAP) (dried at 80 °C overnight). A conventional
three-electrode cell was used for the electrochemical
experiments, employing a platinum, nickel microelec-
trode (BAS, surface area 0.033 cm?) and vitreous carbon
microelectrode (BAS, surface area 0.06 cm?) as working

Copyright © 2004 John Wiley & Sons, Ltd.

electrodes. A platinum mesh was used as counter elec-
trode (surface area 0.66 cmz). The values of potential
were obtained against the pseudo-reference of Ag/0.01 M
AgNOj3, 0.1M TBAP in acetonitrile (BAS), separated
from the medium by a Vycor membrane. The potentials
reported in this work are referred to the ferricinium/
ferrocene couple (Fc'/Fc), according to the TUPAC
recommendation.'? The potential of the Fc*/Fc couple
against this reference electrode was 0.25 V. The solution
was deoxygenated for 15 min and the cell was kept under
a nitrogen atmosphere (grade 5, Praxair) throughout the
voltammetric experiments. CV was performed with an
Autolab PGSTAT 30 potentiostat/galvanostat, and data
were analyzed using GPES software version 4.9 available
from the manufacturer. /R drop correction was applied
after data acquisition in order to evaluate the kinetic
functions.

THORETICAL METHODOLOGY

All calculations of ionization potentials considering the
solvation effects and adiabatic conditions were per-
formed using Jaguar version 4.2, release 73.'% Initial
geometries were generated by Chem3D and optimized
using PM3. Solvation energies were obtained at the
B3LYP/6-311%* level of theory, using a LACVP* basis
set for bromine atoms. A continuum dielectric constant of
38 and a solvent probe molecule radius of 2.18 A were
considered for acetonitrile. The interactions between the
molecules and the solvent were evaluated by Jaguar’s
Poisson—Boltzmann solver, in which the field produced
by the solvent dielectric continuum was fitted to the
solvent point charges. These solvent point charges are
fed backed into the SCF (self-consistent-field), which
performs a new calculation of the wavefunction for the
molecules in the field produced by the solvent. Adiabatic
ionization potentials in the gas phase were computed
using Gaussian 98.'* After geometry optimization with
PM3, single point calculations were carried out at the
B3LYP/3-21G(d) level of theory. Frequency calculations
including thermochemical analysis were carried out at the
B3LYP/LACVP** level of theory in order to obtain
Gibbs free energy data (Gror) at standard temperature
and pressure, for molecules A, B, C, D and E (see
Figure 11).

Atomic charges were derived from the electrostatic
potential computation. The electrostatic potential is cal-
culated creating an electrostatic potential grid. The point
charges are derived from such a grid.

RESULTS AND DISCUSSION

In the CV experiments, it could be observed that the shape
of the voltammograms was dependent on the terminal
groups present in the analyzed oligomers (Fig. 2).
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Figure 2. Typical cyclic voltammogram of oligomers Il and
IV (0.7mm), obtained with a platinum microelectrode
(0.033cm?) in 0.1M TBAP in acetonitrile—dichloromethane
(3:1). The potential scan was initiated from —0.25V vs Fc/
Fc™ towards the positive direction (100 mV s™"). (a) Electro-
analysis medium; (b) oligomer Il present; (c) oligomer IV
present

Compound IV, with terminal formyl groups, showed a
completely different behavior to the other oligomers,
screening a single irreversible oxidation signal. On the
other hand, the family of compounds (I-III) with dibro-
movinyl terminal groups showed two irreversible oxida-
tion signals. In the cathodic region, two very close
irreversible signals were found for all compounds show-
ing no association with the anodic signals. This behavior
was observed over the entire range of scan rates studied
(up to 2Vs~ ') and was confirmed by a study of the
inversion potential scan towards the positive direction
(E). Electrochemical data for the studied compounds
are presented in Table 1.

The difference in redox behavior depending on the
terminal groups, containing the same conjugated back-
bone, demonstrates that those groups determine the
direction of oxidation processes, following different
mechanisms. In order to make a systematic correlation
between electrochemical data from the same redox pro-
cesses with the accurate theoretical data, the formyl
oligomer IV was excluded from the subsequent electro-
chemical analysis. This criterion was also applied to the
theoretical study and will be discussed later.

Therefore, with the aim of understanding the redox
behavior of the dibromovinyl-terminated oligomer

Table 1. Electrochemical data for dendritic oligomers I-IV®
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Figure 3. Voltammetric response with different electrode
materials of the anodic region for oligomer Il (0.7 mm) in
0.1m TBAP in acetonitrile—dichloromethane (3:1). The po-
tential scan was initiated from —0.25V vs Fc/Fc™ towards
the positive direction (100mVs~"). (a) Nickel electrode
(0.033cm?); (b) Vitreous carbon electrode (0.066 cm?): (c)
platinum electrode (0.033 cm?)

family I-III, a deeper voltammetric study of the anodic
reactions for a model compound of the family (II) was
carried out. The shape of the observed signals for this
oligomer shows a strong dependence on the electrode
material used (platinum, vitreous carbon and nickel,
Fig. 3). This result represents a qualitative test of an
inner-sphere redox mechanism'> where adsorption—des-
orption processes are very important. It can also be
observed that by using platinum surfaces, a well-defined
voltammogram can be obtained, so the analysis was
continued with this electrode material. The electrode
was gently polished with an absorbent paper and acetone
to acquire reproducible signals. The small cathodic signal
at 0.1V was assigned to the reduction of the medium,
probably from the residual water.

An important decrease in the current signal was clearly
observed when consecutive cyclic voltammograms of the
anodic region were carried out (Fig. 4). Another impor-
tant feature of the curves was their shape when the
potential scan was reversed. A fast decay without the
classical diffusion shoulder in the wave was observed,
this result being a qualitative indication of an irreversible
adsorption process.16 These observations indicate the
presence of an important adsorption process mixed with
the electron transfer that diminishes the electroactive
surface of the electrode.

Oligomer Epa(V vs Fe/Fe ) Epna(V vs Fc/Fc™) Epic(V vs Fc/Fc*)b
1 1.01 1.425 —2.203
1I 1.003 1.325 —1.929
111 1.015 1.296 —2.023
v — 1.190 —1.992

# Obtained from the CV experiments (100 m V s~ 1) carried out in anhydrous acetonitrile—dichloromethane (3:1). TBAP, 0.1 M-Egcp, Ag/Ag"; Eaux> Pt; Eg, PL.

® The second cathodic peak is observed as a shoulder.

Copyright © 2004 John Wiley & Sons, Ltd.
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Figure 4. Five consecutive cyclic voltammograms of the
anodic region of oligomer II (0.7 mm) obtained with a
platinum microelectrode (0.033cm?) in 0.1m TBAP in
acetonitrile-dichloromethane (3:1). The potential scan was
initiated from —0.25V vs Fc/Fc™ towards the positive
direction (100 mVs™")
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Figure 5. Variation of the potential of the oxidation peaks
of 0.7mm oligomer Il with logarithm of the scan rate
potential: (M) peak 1A; (O) peak lIA; (A) Fc 0.7 mm at the
onset. Slope values for the indicated regions are 19, 20 and
2mV per decade, respectively

The analysis of the peak potential (Ep,) versus the
logarithm of the scan rate (Fig. 5) for peaks I, and I, for
oligomer II shows that the E,,, values shift anodically for
both signals, with slopes of ~20mV per decade each
(2.0mV per decade for the ferrocene/ferricinium couple).
This behavior indicates that the ratio between the relative
amounts of oxidized and reduced species at the electrode
surface increases with the scan rate. This means that, at
higher scan rates, the electrochemical reaction sequence
approaches a mechanism with lower stoichiometry, as
reported for an EC process (chemical reaction following
the electronic transfer).!” It is known from literature that
the slope value is dependent on the ratio of the homo-
geneous and heterogeneous constants, and comparison
with the theoretical ideal value (30 mV/n for a 10-fold

Copyright © 2004 John Wiley & Sons, Ltd.

16 4
OO
O.' [
—_ []
” []
~ 13 e 50" P
Q [}
M Q
1) I
o []
"5 10 -
« Q o
=
Q
7 1 o o
4 T
0 0.5 1 1.5 2 25
-1
v(Vs™)

Figure 6. Variation of the voltammetric current function
(lav~"/2C~") with scan rate potential (V s~ ") for both peaks
of oligomer II: (M) peak I, (O) peak Il

increase in v for a fast electron transfer coupled with a
fast chemical reaction) is difficult because these condi-
tions were not confirmed in our case and the adsorption
process could complicate the overall mechanism, affect-
ing the slope value. Even so, the tendency of the curve
clearly indicates a coupled reaction with the electron
transfer.

The study of the current function (I,v~'/>C~') for
peaks I, and II, showed different behavior with the
scan rate (Fig. 6). For peak 14, the function increases
for scan rates up to 0.6 Vs~ ' and then decreases. For the
second anodic peak, I, this function decreases over
the entire scan rate range. The linear increment on the
current function values for peak I, is characteristic of an
adsorption reaction'® and it could be associated with the
chemical composition of the molecule (presence of
silicon on the backbone of the structures) or its high
electron delocalization, as has been reported previously
for electrode preparation.19 This adsorption process is
present in all the tested electrode materials for all
the oligomers, leading to partial or total passivation of
the surface, affecting the presence of peak II,. Particu-
larly for IV in all the materials, after the first cycle
in the CV experiment, it was impossible to observe the
oxidation signal again. The fact that the adsorption
peak appears before the Faradaic process has been
reported to be associated with strong adsorption of the
electron transfer product.'® The change in the relative
intensities vis-a-vis the peak I, when the concentration
of electroactive species was increased, reinforced the
proposal of an adsorption process as an explanation for
peak I4.

The behavior of the current function for peak I, can be
associated with a mechanism of type EC. This mechan-
ism shows, at low scan rates, higher currents owing to a
decrease in the relative stoichiometry in the transforma-
tion sequence.’

J. Phys. Org. Chem. 2004; 17: 439-447
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Table 2. Adiabatic and vertical calculated ionization potentials, total energies and frontier orbital HOMO energies
Molecule IP, (eV) 1P, (eV) IP, (eV) IP (eV) Et (Ha) Enomo (Ha)

(gas phase) (solution phase) (Koopman) (solution phase) (solution phase)
I 7.25 5.68 7.66 8.46 —819.56 —-0.227
= —819.35
I 6.27 5.07 6.72 7.66 —1614.28 —0.213
o+ —1613.67
1II 5.67 4.85 5.94 5.44 —2409.17 —0.200
m" —2408.99
v 6.02 5.05 6.57 8.99 —3245.82 —0.203
v —3245.63

# Solvation energies were obtained at the B3LYP/6-311%* level of theory, using the LACVP* basis set for bromine atoms (geometries were obtained at the

PM3 level).

With these experimental data for the oxidation peak
114, the following mechanistic route is proposed for this
family of oligomers:

A—e — BT
BT —C
C — C (ads)

From a theoretical point of view, some calculation
using quantum mechanics methods were carried out
with the aim of describing the electronic behavior of
these systems in the presence of a solvent. One of the
issues to analyze is the fact that, as stated before, terminal
groups (—HC=—=CBr, and —CHO) showed a different
behavior in the oxidation processes. There are several
factors that affect the oxidation processes and some
information can be obtained from the ionization potential
values and from the charge distribution. According to
previous calculations,'! the general tendency showed that
ionization potentials, both vertical and adiabatic, are
higher for oligomers with formyl terminal groups in
comparison with those with dibromovinyl terminal
groups, for the same dendritic generation. This was
attributed to the high polarizability of bromine atoms
facilitating the electron subtraction. Considering now the
acetonitrile solvent (see Theoretical methodology), the
same theoretical behavior can be observed (Table 2). It is
noticeable that adiabatic ionization potentials are always
lower than vertical ionization potentials and such a
difference in energy should come from the molecular
geometry relaxation and subsequent electronic redistri-
bution after the ionization in an adiabatic process.

The experimentally observed differences in the elec-
trochemical behavior of molecules bearing dibromovinyl
or formyl terminal groups was also confirmed theoreti-
cally by the correlation between oxidation electrode
potentials and ionization potentials. Several of these
correlations have been reported previously for other
systems.”! When the correlation between oxidation po-
tentials and calculated ionization potentials was carried
out, in both the gaseous and solution phases, the expected
linear tendency was not observed when molecule IV

Copyright © 2004 John Wiley & Sons, Ltd.
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Figure 7. Experimental oxidation potentials vs. /P, (adia-
batic ionization potentials) in the solution phase (calculated
at the B3LYP/6-311** level of theory)

(with formyl terminal groups, open square) is included.
Figure 7 clearly illustrates this fact in the solution phase.

Once the same family of molecules is considered (I-
III), it is possible to obtain a very good correlation
between experimental and theoretical data when two
factors are included in the calculations: first, the con-
sideration of adiabatic conditions leading to the re-
accommodation of molecular structures after an oxida-
tion process, and second, the solvation effect, involving
acetonitrile as solvent. The closed squares in Fig. 7 show
the good linear fitting (R =0.99) for molecules I, II and
III. This result is indicative that the solvent interactions
play an important role in the ionization processes. The
same correlation but in the absence of solvent resulted in
a worse linear fitting.

A schematic picture of resonant structures for the
cation-radical precursor of the first dendritic generation
with formyl terminal groups was proposed (Fig. 8). The
formation of an acyl radical is feasible*? and can explain
the Faradaic oxidation process. This radical can react
with the solvent, as has been reported for carbon center
radicals in the presence of nitrile functions to give neutral
species.23

A similar schematic representation is presented for
cero-dendritic generation with the dibromovinyl terminal

J. Phys. Org. Chem. 2004; 17: 439-447
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Figure 9. Resonant structures for cation-radical oligomer with dibromovinyl terminal groups
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Figure 10. Atomic charges from electrostatic potential for molecules I and Il. In parentheses are the values corresponding to

cation-radical species

group, describing the possible mechanism for the stabiliza-
tion of the oxidized species (Fig. 9). Atomic charges
calculated from the electrostatic potential are in agreement
with the proposed chemical route. Charges corresponding
toneutral and cation-radical species (values in parentheses,
Fig. 10) show that the vinylic group is involved in
the formation of the cation-radical, considering its

Copyright © 2004 John Wiley & Sons, Ltd.

participation in terms of the charge difference between
neutral and cation-radical species; however, once this
cation-radical is formed, the delocalization takes place as
shown in the scheme. On the other hand, the low negative
density charge on bromine terminal atoms, in combination
with their inherent polarizability, turns them into feasible
leaving groups as radical species. In this way, bromine

J. Phys. Org. Chem. 2004; 17: 439-447
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atoms participate in the stabilization of positive charge in
the oxidation process, allowing the possible formation of
the bromoethynyl moiety attached to the benzene ring
(final structure in Fig. 9).

There are some chemical criteria to be mentioned in
order to support the proposed mechanism over other
possible chemical processes such as polymerization or
even some kind of cyclizations. The reason why a new
mechanism is being proposed is because experimentally it
was observed that, depending on the terminal dendritic
group, formyl or dibromovinyl, a different electrochemi-
cal behavior is found. In molecule I, if any polymerization
process is taking place, the disubstituted styryl moiety
will not be participating, considering its low reactivity
towards polymerization (either radical or cationic) due to
steric hindrance. It is known that, in terms of reactivity, to
facilitate polymerization reactions, the maximum number
of substituents at a styrenic carbon—carbon double bond is
one per carbon atom, that is, PA\CHX=—CHX, otherwise
polymerization reactions are not observed. This was
reconfirmed by evaluating the formation of a dimer
from two molecules of compound I by calculations of
Gibbs free energy values at the B3LYP/LACVP* level
of theory, resulting in an unfavorable process [AG =
85.3kcalmol) ' (1kcal = 4.184kJ)].

The other possible active site to initiate a polymeriza-
tion process is the ethynyl group. Such an ethynyl group
is also present in the dendritic oligomers with formyl-
terminal groups, such as IV, and no experimental evi-
dence of polymerization processes was observed at all
in that case. Another important argument against the
polymerization reactions is the low concentration
used to carry out the electrochemical experiments
(1.25 x 10~ °mol cm_3). On the other hand, cyclization
reactions appear very improbable owing to the high
rigidity found in this aromatic dendritic oligomers.

Br

Br

=

O \
+ CHON ——» | +
B =

R S

A
A B
Gror (Ha)  .814.760782  -131.907310

1Ha=627.51 Kcal/mol

Experimentally, the differences discussed so far be-
tween molecules I, II and III and molecule IV are
presumably due to the presence of an adsorptive process
when dibromovinyl terminal groups are present.

Considering the electrochemical medium, specifically
acetonitrile as a solvent, a chemical reaction describing
the transformation of molecule I is proposed as shown in
Fig. 11, leading to the formation of monobromine mole-
cule C. Frequency calculations including thermochemi-
cal analysis were carried out at the B3LYP/LACVP**
level of theory in order to obtain Gibbs free energy data
(Gtor) at standard temperature and pressure for mole-
cules A, B, C, D and E.

According to the energetic criteria, the formation of the
monobromine molecule C, accompanied by the forma-
tion of the protonated form of acetonitrile (D) and a
bromo radical (E), provides the driving force for the
process to occur. Reasonable negative Gibbs free energy
for this process is achieved (AG = —47.46kcal mol ")
when this mechanism is considered. The formation of
small species, such as D and E, in the scheme also favors
the proposed chemical reaction in terms of the enthalpic
and entropic contributions.

Molecule C is presumably the most likely species to be
adsorbed on the electrode surface. It has been reported
that 7-electron-rich organic molecules are more easily
adsorbed than other organic molecules over metallic
electrodes.”® This has been explained by the favored
overlap of the d orbitals of the electrode transition metals
with the m-electrons of the organic molecules. This
property has also been observed in other surfaces such
as highly oriented pyrolytic graphite (HOPG), where the
aromatic groups are always adsorbed parallel to the
surface, as observed in atomic force microscopic visua-
lizations of isophthalic and terephthalic acid derivative
monolayers.” Thus, molecule C, owing to the presence

Br

@
CHCNH  + Bre

D E
Si—
C
C D E
-801.465371  -132.181092  -12.917213

AG=-0.07564 Ha = - 47.46 Kcal/mol

Figure 11. Oxidation reaction proposed for Il. Gibbs free energies calculated at the B3LYP/LACVP** level of theory in the

solution phase at standard temperature and pressure

Copyright © 2004 John Wiley & Sons, Ltd.
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Figure 12. HOMO energies in the solution phase vs experi-
mental oxidation potentials for molecules I, Il and IV

of the m-electron system and also the presence of polar-
izable bromine atoms, in addition to the planar shape
adopted, becomes suitable to undergo adsorption on the
electrode surface.

To complete the description of these systems, total
energies were calculated within the density functional
theory (DFT). Table 2 gives the total energies and frontier
orbital energies, all of them calculated in solution. The
total energy values are in agreement with the growth in
the size of delocalized systems from molecule I to
molecule IV, being more negative for those molecules
with major conjugation. This trend is retained in the case
of cation-radical molecules.

With respect to frontier orbitals, there is a known
correlation between the molecular orbital HOMO energy
and oxidation potentials. Less positive oxidation poten-
tials are to be expected for compounds with higher
HOMO energies. The energy and shape of the HOMOs
depend on the electron density distribution in the mole-
cules. In the specific case of highly delocalized mole-
cules, the extension of the m-systems is directly related
to the energetic level of such orbitals. According to this,
the calculated HOMO energies in solution phase of I, II
and IV, all with the same delocalized backbone pattern,
were correlated with their oxidation potentials obtained
experimentally, showing a good linear correlation (see
Fig. 12). This result again confirms that the electroactive
compounds are the monomeric species, since the HOMO
energies for extended delocalized polymeric structures
should be very different, and no correlation with mono-
meric compound IV could be possible.

It is noticeable that, even when the intrinsic limita-
tions of the theoretical models are actually present, the
correlation observed between the experiment and calcu-
lations is acceptable. Thus, the use of CV in conjunction
with theoretical calculations provided interesting in-
sights into the behavior of dendritic oligomers with
ethynylstyryl discrete conjugated units and different
terminal groups.

Copyright © 2004 John Wiley & Sons, Ltd.

CONCLUSIONS

A series of conjugated dendritic oligomers (I-IV) was
studied by the CV and theoretical calculations were
carried out in order to propose an explanation of the
irreversible behavior observed experimentally for these
compounds. In CV, two oxidation signals were observed
for the family of compounds I-III (bearing dibromovinyl
terminal groups), one of them being attributed presum-
ably to a specific adsorption on the electrode surface via
coupled chemical phenomena after the electron transfer
(EC reaction).

Considering the voltammetric results for dibromovinyl-
terminated dendritic oligomers, a global chemical trans-
formation was proposed and thermochemical data for
total Gibbs energies were calculated in order to support
such a transformation scheme (Fig. 11). These calcula-
tions, in combination with some other good correlations
between experimental and theoretical data make the
scheme reliable. The value of the Gibbs free energy obta-
ined by frequency calculations at the B3LYP/LACVP**
level of theory was AG = —47.46kcal mol_l, which
energetically supports the formation of molecule C in
addition to the formation of small species D and E, which
contribute in terms of enthalpy and entropy. Hence,
molecule C was suggested to be the one adsorbed on
the electrode surface.

All the results obtained demonstrate that CV is a
convenient technique for the study of dendritic systems.
Furthermore, these experimental results validate the the-
oretical methods used.

The correlations between experimental and theoretical
data indicate that both the re-accommodation (adiabatic
conditions) and solvation factors are very important and
should be considered in the theoretical models since there
is a better coincidence between theory and experiments
when they are included. Such a coincidence between
experiments and the computational methods used in the
present study leaves a door open for further multidisci-
plinary work.
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