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Abstract: The electroconductive properties and photocurrent generation capabilities of self-assembled monolayers formed by
conformationally-constrained hexapeptides were studied by cyclic voltammetry, chronoamperometry, and photocurrent generation
experiments. Lipoic acid was covalently linked to the N-terminus of the peptides investigated to exploit the high affinity of
the disulfide group to the gold substrates. Smart functionalization of the peptide scaffold with a redox-active (TOAC) or a
photosensitizer (Trp) amino acid allowed us to study the efficiency of peptide-based self-assembled monolayers to mediate electron
transfer and photoinduced electron transfer processes on gold substrates. Interdigitated microelectrodes have shown higher film
stability under photoexcitation, lower dark currents, and higher sensitivity with respect to standard gold electrodes. Copyright 
2007 European Peptide Society and John Wiley & Sons, Ltd.

Supplementary electronic material for this paper is available in Wiley InterScience at http://www.interscience.wiley.com/jpages/
1075-2617/suppmat/
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INTRODUCTION

New bio-hybrid devices based on the integration of
biological molecules and metal substrates are currently
actively explored for potential applications in the
areas of molecular recognition, biological sensing, and
molecular electronics [1–3]. Biological materials such
as DNA, peptides, and proteins have been investigated
as potential elements of molecular electronic devices,
principally for their ability to self-assemble and to attain
structurally ordered conformations. In particular, their
self-assembling properties allow to precisely build
up nanostructures that are not currently achievable
with conventional silicon-based technologies (bottom-up
approach) [4].

Over the past few years, electrochemical studies
and photocurrent generation experiments on peptides
immobilized on surfaces have become a viable alterna-
tive for studying electron transfer (ET) processes [5].
Suitably functionalized peptides have been covalently
linked to gold surfaces making use of the strong Au–S
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interaction (≈40 kcal mol−1), forming highly ordered
self-assembled monolayers (SAMs) [6,7]. SAMs formed
by peptides functionalized with redox-active groups
have shown peculiar electronic conduction properties
in terms of long-range and directional ET [8,9]. The
introduction of conformationally-constrained residues
in the peptide chain [10,11], allowed to control the pep-
tide secondary structure, modulating the separation
between the active group and the gold surface.

In this work, we present experimental results con-
cerning two peptides specifically designed for elec-
trochemical and photocurrent generation studies.
The primary structure of the first, an hexapep-
tide denoted in the following as SSA4TA, comprises
three α-aminoisobutyric acid (Aib) residues, a non-
coded α-amino acid characterized by two methyl
groups on the Cα atom, two alanine residues
and a 2,2,6,6-tetramethylpiperidine-1-oxyl-4-amino-4-
carboxylic acid (TOAC) residue located at position 5
(Figure 1). TOAC is a redox-active amino acid [12],
widely used as a probe in ESR experiments [13,14]
or as a quencher of aromatic molecules in fluores-
cence studies [15,16]. X-ray photoelectron spectroscopy
(XPS), FT-IR absorption, and ESR measurements have
shown that this peptide is able to form stable SAMs on
gold substrates [17].
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2. X=Aib-Aib-Aib-Aib-Trp-Aib-OtBu   (SSA4WA)

Figure 1 Primary structures (and acronyms) of the lipoyl
peptides investigated (OtBu, tert-butoxy). The Au–S linkage
has been also schematically represented.

A second oligopeptide, denoted in the following as
SSA4WA, was specifically synthesized for photocurrent
generation studies. This peptide was shown to be able
to form a densely-packed SAM on gold surfaces, with
interesting growth dynamics and mobility properties
[6,18]. The primary structure of SSA4WA comprises
five Aib residues and a Trp unit located at position
5 (Figure 1). The latter amino acid is an intrinsic
fluorescent species with high absorption properties
in the near-UV region. SSA4WA has been covalently
linked to different gold electrodes to study the electron
conduction properties of the resulting SAM and its
ability to generate photocurrent upon UV irradiation.

Both peptides were functionalized at the N-terminus
with a lipoyl group to exploit the high Au–S affinity
for covalently linking the peptides on gold surfaces. It
has been shown that N-terminally bound peptides give
rise to more densely-packed SAMs on gold than those
obtained from C-terminally bound peptides [8], owing to
additional polarization effects arising from the electric
macrodipole associated to an helically ordered peptide.
The high content of the conformationally restricted Aib
residues [10] in both peptides is responsible for the rigid
helical structure adopted by SSA4TA and SSA4WA,
despite the shortness of their main chain [6,15].

MATERIALS AND METHODS

Materials

(S,R)-Lipoyl-(Aib)3-(S)-Ala-TOAC-(S)-Ala-OtBu (SSA4TA) was
synthesized by reacting (S,R)-α-lipoic acid (Fluka, Büchs,
Switzerland) with H-(Aib)3-(S)-Ala-TOAC-(S)-Ala-OtBu in met-
hylene chloride solution [17]. The TOAC residue was incorpo-
rated using the N-ethyl,N ′-(3-dimethylaminopropyl) carbodi-
imide (EDC)/1-hydroxy-7-aza-benzotriazole (HOAt) approach
[19], while the Aib residues were inserted via the symmetrical
anhydride method [20]. The sequence following TOAC was
built up using fluoren-9-ylmethoxycarbonyl Nα-protection.
(S,R)-Lipoyl-(Aib)4-(S)-Trp-Aib-OtBu (SSA4WA) was prepared by
reacting (S,R)-α-lipoic acid with H-(Aib)4-(S)-Trp-Aib-OtBu in
methylene chloride solution using the EDC/HOAt C-activation
method [6].

Spectrograde solvents were exclusively used (Carlo Erba,
Italy). Water was distilled and passed through a Milli-Q
purification system. Other chemicals, triethanolamine – TEOA
(Fluka), potassium chloride (Carlo Erba), sodium sulphate

(Carlo Erba), potassium ferricyanide (Aldrich), methylviologen
(Aldrich), and undecanethiol (Aldrich) were all of reagent grade
quality and used without further purification.

Gold interdigitated microelectrodes (IDEs) were prepared by
evaporating a 200 nm gold layer on a 100 nm thick layer of
Si3N4. IDEs were arranged in a series of parallel electrodes,
each one 20 µm wide and positioned at a distance of 20 µm,
the length of each finger being 1 mm. IDEs were etched for
15 min in a piraña solution (2 : 1 sulphuric acid : H2O2, v/v)
before immersion in a peptide solution for SAM preparation,
then rinsed with bidistilled water and ethanol.

Preparation of Self-Assembled Peptide Thin Films

SAM-coated electrodes were prepared by immersing a gold
electrode into a 1 mM ethanol solution of the peptide or
undecanethiol (C11H24S) in a N2 atmosphere. After 18 h of
immersion, the electrode was carefully rinsed with ethanol (to
remove physically adsorbed peptides from the SAM) and dried
under a gentle argon flow.

Methods. Cyclic voltammograms (CVs) were obtained by
using a PG-310 potentiostat (HEKA Elektronik, Lambrecht,
Germany) at room temperature. A standard three electrodes
configuration was used with a SAM-coated gold electrode as
the working electrode and a platinum wire as the auxiliary
electrode. In the case of photocurrent generation experiments
and blocking experiments with ferricyanide, the reference
electrode was Ag/AgCl, while for the electroactive SAM in
ethanol solution the reference electrode was a saturated
calomel electrode (SCE) with a junction. K3Fe(CN)6 0.5 mM

in 1 M KCl was used as the electroactive component in the
blocking experiment. For the latter measurements the sweep
rate was set at 50 mV s−1. CVs of the electroactive peptide
SAM were obtained in a 0.2 M NaClO4 ethanolic solution,
using a SAM-coated gold electrode as the working electrode.
Cyclic voltammetry experiments were carried out at sweep
rates ranging from 25 to 250 mV s−1. Chronoamperometry
experiments were carried out at room temperature using the
three-electrode set-up described above. The potential was
changed symmetrically with respect to the standard redox
potential: in the case of a standard redox potential of 0.6 V
and an overpotential of 0.04 V, the potential was applied from
0.56 to 0.64 V for the TOAC oxidation and then returned back
to 0.56 for the TOAC+ reduction.

Photocurrent measurements were carried out at room
temperature using the three-electrode set-up described above.
The supporting electrolyte was Na2SO4 (0.1 M). TEOA was
used as a sacrificial electron donor at 50 mM concentration.
The SAM-modified electrodes were irradiated with a Xe lamp
(150 W) equipped with a monochromator. The photocurrents
generated from the SAM-coated electrodes were detected by
the voltammetric analyzer described above. The intensity of
the incident light was evaluated by azobenzene actinometry
[21].

RESULTS AND DISCUSSION

Electrochemical Studies on SSA4TA

SSA4TA has been covalently linked to a gold electrode
for studying the electron conduction properties of the
resulting SAM.
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Cyclic voltammetry experiments. A typical CV of the
SSA4TA SAM is shown in Figure 2, where reversible
redox peaks at potential values characteristic of the
TOAC group (0.596 V vs SCE) are readily observed.

At sufficiently slow scan rates, typically 0.1 V s−1

or slower, reversible conditions are attained and ideal
CVs are obtained, in that the observed peak splittings
(�Ep) and peak half-widths are both very small (0 ± 4
and 90 mV, respectively) [22,23]. This result indicates
that all the redox centers are in a rather uniform
environment, as that provided by an ordered film.
On the contrary, a disordered electroactive monolayer
should have exhibited a set of formal potentials
generated by locally varying dielectric constant with
significant broadening of the peaks observed.

CVs of the SSA4TA SAM performed at different
sweep rates showed that the oxidative peak current
linearly increases with the scan rate (Supplementary
Information), indicating that the observed CV peaks
arise from surface-bound TOAC groups [24]. In agree-
ment with these considerations, sweep-rate dependent
cyclic voltammetry experiments performed on the sim-
ple amino acid derivative Boc-TOAC-OH (Boc, tert-
butoxycarbonyl) in solution showed that the oxidation
peak linearly depends on the square root of the scan
rate. In this case, a standard redox potential very simi-
lar to that measured in the peptide SAM (0.60 V vs SCE)
was obtained, confirming the view that the interfacial
potential drop of adsorbed molecules is quite small.

The electrode surface coverage of the peptide SAM
can be obtained from cyclic voltammetry experiments
by integrating the oxidative peak after subtraction of

-2

0

2

4

6

8

0.3 0.4 0.5 0.6 0.7 0.8

C
ur

re
nt

 (
µA

)

Voltage (V)

Figure 2 Typical cyclic voltammogram of a gold electrode
modified with a SSA4TA SAM at 25 °C (scan rate 0.025 V s−1).
Inset: electrochemical reaction of the TOAC group.

the background current (Figure 2):

Ip(υ) = N · n2 · F2

4 · R · T
υ

In the above equation Ip is the anodic (cathodic) peak
current, υ the voltage scan rate, N the number of redox-
active sites on the surface, n the number of electrons
transferred, F the Faraday constant, R the universal
gas constant, and T the temperature. From the slope
of Ip versus υ (n = 1) we estimate a surface coverage of
14.4 × 10−11 mol cm−2. This value agrees very well with
that theoretically obtained by assuming closely packed
helical peptide chains, i.e. 16.6 × 10−11 mol cm−2 [25].

Chronoamperometry experiments. The along-the-
molecule distance between the TOAC group and the
gold surface can be roughly estimated to be 17 Å. This
value is obtained by summing the molecular length of
the peptide backbone in a rigid 310-helix arrangement
(≈2.0 Å rise per residue) [10] to the lipoyl chain in
an all-trans conformation (7.3 Å) [26]. At this distance,
a super-exchange mechanism, which is characterized
by an exponential dependence of the ET rate constant
on the distance and by a strong dependence on the
overpotential, most likely takes place.

Chronoamperometry experiments were carried out
for characterizing the ET process from TOAC to the
gold electrode through the peptide SAM. In interfacial
ET reactions between surface-bound redox groups and
metal electrodes, the current I is expected to decay
exponentially with time, according to the equation:

I = Ioe−kET ·t

where I0 is the current at t = 0 and kET is the ET rate
constant. Experimental I − t curves for SSA4TA in the
2–200 µs time region were analyzed by this equation
to determine kET at different positive overpotentials, i.e.
the difference between the applied potential and the
standard redox potential of TOAC (a typical I − t decay
of SSA4TA is reported as Supplementary Information).

The ET rate constants for the TOAC oxidation at
different positive overpotentials and those for the
TOAC+ reduction at different negative overpotentials
(Tafel plot) are shown in Figure 3. A strong dependence
of the ET rate constants on the applied potential was
observed, similar to that found in the case of SAMs
composed of alkanethiols or other sulfur-terminated
compounds [23,27]. This finding confirms the view that
a super-exchange mechanism takes place in the short
peptide investigated.

The standard rate constant for ET, i.e. the rate con-
stant at the standard redox potential, was determined
by extrapolating the data in Figure 3 to a null overpo-
tential. As a result, kET from TOAC to gold was found
to be 9.2 s−1, while for the back ET from gold to TOAC+

the standard rate constant was 9.3 s−1.
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Figure 3 Dependence of the ET rate constant (kET) on the
applied overpotential (V ) for TOAC oxidation (filled squares)
and TOAC+ reduction (filled circles) at the gold electrode
through the SSA4TA SAM.

Interestingly, the Tafel plot shows a marked asym-
metry of the kET values versus overpotential curves for
oxidative and reductive conditions. This effect is proba-
bly ascribable to the electrostatic field generated by the
electric macrodipole associated with the helical peptide
chain. At positive overpotentials electrons are trans-
ferred from TOAC to the gold electrode (ka), i.e. from
the C-terminus to the N-terminus, while for negative
overpotentials ET occurs in the opposite direction (kc),
i.e. from the N-terminus to the C-terminus.

As the electric macrodipole is directed from the
C-terminus (δ−) to the N-terminus (δ+), ka at a given
overpotential is expected to be higher than kc. From the
data reported in Figure 3, ka/kc is 1.19 ± 0.05.

This value is definitely smaller than that observed
in α-helical peptides [7], suggesting that the electric
field effect on the ET process in 310-helical peptides
is less important, probably because of the distortion
of the hydrogen-bond network with respect to the
helical axis. This result is fully consistent with that
obtained by time-resolved fluorescence measurements
for photoinduced ET in 310-helical peptides in solution
[28].

The reported electrochemical experiments indicate
that the electroactive groups are embedded in a
rather homogeneous environment, which suggests the
formation of an ordered peptide film. From previously
reported FT-IR reflectance spectroscopy measurements
on the same peptide [17], it was possible to determine
the orientation of the peptide helical axis with respect
to the normal to the surface, with the hypothesis of an
homogeneous orientation of the peptide helices. This

value was found to be about 40°, in good agreement with
literature values for vertically-oriented peptide SAMs
[7,25]. From XPS measurements the film thickness was
estimated to be 15 ± 2 Å [17]. Assuming a chain length
of 22.4 Å for SSA4TA, it is possible to calculate the
tilt angle, which was found to be about 48°. The good
agreement between the two values of the tilt angles,
obtained from independent experiments and molecular
modeling, supports the view of an almost homogeneous
SAM, vertically oriented with respect to the gold surface
and quite densely packed.

Photocurrent Generation Experiments on SSA4WA

Despite the superior electron conductive properties of
peptide spacers with respect to saturated hydrocar-
bon chains [29,30], photoinduced properties have been
investigated much more extensively using alkanethiol
SAMs [31,32] rather than peptide-based SAMs [8,33].
SSA4WA has been covalently linked to a gold electrode
or to an interdigitated gold microelectrode for studying
the photocurrent generation properties of the result-
ing SAM.

Photocurrent Generation by a SSA4WA SAM

The electronic current generated upon photoirradiation
of the SSA4WA SAM on a gold electrode was investigated
in the presence of an electron donor, such as TEOA.
The photocurrents measured during repeated 30 s long
on–off cycles of photoexcitation at different wavelengths
are reported in Figure 4, where anodic signals almost
instantaneously triggered by photoexcitation, can be
clearly observed. The mechanism of anodic photocur-
rent generation by the peptide SAM is schematically
presented in Figure 5. When the peptide layer is irra-
diated in the 260–320 nm UV range, the photoexcited
Trp gives rise to an ET process from its singlet excited
state to the surface Fermi level of the Au electrode.
Subsequently, TEOA transfers an electron to the indole
radical cation, and then the oxidized TEOA diffuses to
the auxiliary electrode, taking an electron and giving
rise to a net anodic electronic current.

The action spectrum of the SSA4WA SAM shows that
the modified gold electrode has a photocurrent signal
at the Trp absorption wavelengths larger than that of
the bare gold electrode, emphasizing the role of Trp as
a photosensitizer (Supplementary Information).

To investigate the ability of the peptide SAM to medi-
ate the ET process from TEOA to gold, the dependence
of the efficiency of anodic photocurrent generation on
the applied electric potential was analyzed at the Trp
maximum absorption wavelength (λmax = 280 nm). For
the peptide-modified gold electrode, a decrease in the
anodic photocurrent with an increase of the negative
bias to the working electrode was observed measuring
a null photocurrent at a given characteristic potential
(zero-current potential). A voltage negative bias reduces
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Figure 4 Time course of the photocurrent generated by a
SSA4WA SAM in an aqueous TEOA solution at 0 V, upon
photoirradiation at different wavelengths (room temperature).
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Figure 5 Energy diagram for anodic photocurrent generation
in the presence of TEOA.

the energy gap between the oxidation potential of the
excited Trp group and the gold Fermi level, result-
ing in a decrease of the anodic photocurrent. Notably,
the anodic photocurrent changes to a cathodic pho-
tocurrent by applying a negative bias larger than the
zero-current potential. It was suggested that, in this
case, an electron acceptor group (H+) in solution may
accept an electron from the photoexcited Trp group
to generate a cathodic photocurrent [8]. At the zero-
current potential, cathodic and anodic photocurrents
cancel each other out, apparently leading to a no cur-
rent state. Interestingly, the SSA4WA SAM shows a
negative zero-current potential value (−0.05 V). This

value is most likely determined by the negative poten-
tial around the indole group generated by the helix
dipole. The negative shift of the zero-current potential
results in a larger driving force for photocurrent gen-
eration, accelerating the ET from the indole group to
the gold surface. The expected potential shift induced
by the dipole moment of the peptide helix (φ) can be
calculated by the equation:

φ = m · na cos γ

ε0εm(1 + 9αn3/2
a )

where m, na, γ , ε0, εm and α represent the helix dipole
moment, the number of peptide molecules per unit area,
the tilt angle of the helix axis from the surface normal,
the vacuum dielectric permittivity, the relative dielectric
constant of the monolayer, and the polarizability of
the peptide molecule, respectively [34]. However, the
potential generated by the helix dipole is reduced by
the charge transfer from gold to the peptide layer
associated to the partial ionic character of the Au+S−

linkage [26]. On the contrary, peptides covalently linked
to a gold surface at the C-terminus show a positive
potential shift with respect to the potential measured
for an alkanethiol SAM. By irradiation in the far-UV
region (λexc < 250 nm), an anodic photocurrent was also
measured for a bare gold electrode in contact with a
TEOA solution. Photoelectrochemical studies on gold
electrodes showed that anodic photocurrents can be
ascribed to the presence of a thin oxide layer on the gold
surface, in which Au2O3, having a fairly high absorption
coefficient in the UV region [35], predominates. In
addition, direct photoelectric effects on gold (the gold
work function is 5.1 eV, corresponding to 243 nm)
and TEOA absorbance (leading to TEOA∗ → Au electron
transfer) may contribute to the high photocurrent signal
below 250 nm.

Photocurrent Generation by a Peptide SAM on
Interdigitated Array Microelectrodes

Interdigitated array microelectrodes (IDEs) allowed us
to perform cyclic voltammetry experiments with a better
signal-to-noise ratio, because this type of electrodes can
afford charge transport under steady-state conditions
with much higher sensitivity and lower background
dark current than standard gold electrodes [36,37].
IDEs were modified by a SAM formed from SSA4WA
chemisorption on the gold surface. For comparison,
IDEs modified by deposition of an undecanethiol SAM
were also investigated. Cyclic voltammetry experiments
confirmed that both SSA4WA and undecanethiol form
densely-packed SAMs on the IDE, inhibiting almost
completely the K3[Fe(CN)6] electrolyte discharge (Sup-
plementary Information). Photocurrent experiments in
the Trp absorption region were performed on both the
undecanethiol and the peptide-modified IDEs using
TEOA as a sacrificial electron donor. In Figure 6 typ-
ical photocurrent intensities upon photoirradiation at
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280 nm of both alkanethiol- and peptide-modified IDEs
are reported for comparison. The anodic photocurrent
measured for the peptide-modified IDE is clearly seen,
as opposed to the null response of the undecanethiol
modified gold electrode.

The observed photocurrent intensity follows rever-
sibly the on–off photoexcitation cycles, without appar-
ent degradation of the anodic signal.

Photocurrent intensity versus applied potential volt-
age (P/V ) experiments were also carried out at the
Trp maximum absorption wavelength (λmax = 280 nm).
From the data reported in Figure 7, one may note the
peculiar P/V dependence of the peptide-modified IDE,
as opposed to the null P/V curve of the undecanethiol
IDE. For the peptide-modified IDE, a decrease in the
anodic photocurrent with an increase of the negative
bias to the working electrode was observed, measuring
a null photocurrent at a given, characteristic potential
(zero-current potential = −0.150 V).

Importantly, the peptide SAM packing and homo-
geneity are not perturbed by photoirradiation, as shown
by CV measurements on the same sample before and
after the photocurrent experiment.

The incident photon-to-current efficiency (IPCE%) as
a function of the excitation wavelength is reported in
Figure 8 for the bare IDE, and for the IDE modified by
deposition of the SSA4WA or the undecanethiol SAM.
IPCE% is defined as the ratio of the electrons injected in
the external circuit to the number of incident photons,
and can be evaluated from the equation:

ICPE% = 100 · 1240 · isc

Iinc · λ

where isc is the short circuit photocurrent (A cm−2),
Iinc the incident light intensity (W cm−2), and λ the

Figure 6 Time course of photocurrent intensity for IDEs
modified by SSA4WA and undecanethiol SAMs. Applied
potential versus Ag/AgCl: 0 V; λexc = 280 nm.

Figure 7 Photocurrent intensity of SAM-modified IDEs for
different applied potentials (V ) at λexc = 280 nm.

excitation wavelength (nm) [38]. As can be seen from
the data reported in Figure 8, in the case of the bare IDE
in an aqueous TEOA solution a cathodic photocurrent
was observed. Vigorous cleaning of the IDE with piraña
solution before each measurement leads us to rule
out the hypothesis that such cathodic signal could
arise from impurities absorbed on the gold surface [36].
Direct gold photoelectric events or photoinduced ET
prompted by TEOA excitation are possibly responsible
for such an effect.

On the contrary, the peptide-modified microelectrode,
under the same experimental conditions, exhibits an
intense anodic photocurrent signal (Figure 8). Figure 9
shows the ICPE% dependence on the applied potential
voltage (P/V ) at 240 nm for the bare gold microelec-
trode, and for IDEs modified by the peptide or by the
undecanethiol SAM, respectively. The P/V curves indi-
cate that the peptide SAM exhibits important rectifying

Figure 8 Photocurrent action spectrum of bare and
SAM-modified interdigitated gold microelectrodes. Applied
potential: 0 V versus Ag/AgCl, room temperature.
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Figure 9 Incident photon-to-current efficiency (IPCE%) of
bare and SAM-modified IDEs for different applied potentials
(V ) at λexc = 240 nm.

properties and contribute positively to the photocurrent
generation efficiency also at this wavelength.

Interestingly, the zero photocurrent potential mea-
sured for the peptide-modified IDE is sensibly shifted to
a more negative value with respect to the bare IDE. This
effect is clearly ascribable to the electrostatic poten-
tial generated by the helix dipole, that stabilizes the
Auδ+ · · · Sδ− bonding, making necessary higher negative
potential to achieve cathodic photocurrent conditions.
This finding emphasizes the role of the helix dipole effect
in determining the electroconductive properties at the
gold/SAM interface. Similar results were obtained at
λexc = 280 nm.

CONCLUSIONS

Rectifying properties at the gold/peptide interface of
an hexapeptide containing electroactive TOAC or Trp
groups have been investigated by both electrochemi-
cal and photocurrent generation experiments. Cyclic
voltammetry and chronoamperometry reveal that long-
range ET occurs according to a super-exchange mech-
anism from TOAC to the gold surface through the
peptide spacer. The peptide dipole moment does not
affect the redox potential of the TOAC moiety, but
it strongly influences the ET rate toward the gold
substrate. The capability of a SAM composed of a heli-
cal peptide carrying a Trp group to sensitize anodic
photocurrent by photoexcitation was investigated for
a standard gold electrode and an interdigitated gold
microelectrode. Cyclic voltammetry and photocurrent
generation experiments indicate that the peptide forms
a densely-packed and homogeneous SAM on the gold
electrodes. Photocurrent experiments on IDEs demon-
strated superior performances with respect to conven-
tional gold electrodes in terms of response, sensitivity

and reproducible results. Notably, applied potentials in
the −0.3 ÷ +0.3 V range and repeated UV photoirradi-
ation cycles did not damage the peptide SAM on IDE,
confirming the SAM stability under the above experi-
mental conditions.

These results show the good properties of helical
peptides as mediators for long-range ET and their ability
to control the direction of the current flow, paving the
way for the development of molecular devices based on
peptide molecular wires.

Supplementary Material

Supplementary electronic material for this paper is avail-

able in Wiley InterScience at: http://www.interscience.wiley.

com/jpages/1075-2617/suppmat/
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