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ARTICLE INFO ABSTRACT

Keywords: Two-dimensional supramolecular networks obtained from the self-assembly of simple unit block called tectons
EC-STM draw a considerable interest as novel functional materials for various fields of application, such as sensing,
Cyclic triimidazole electrocatalysis and microelectronics. The key advantages of these systems concern the precise control over the
:elzllg-lalsic)embly local chemical environment by tecton design and the reversible response to external stimuli such as the applied
Electrochemistry voltage. Electrochemical Scanning Tunneling Microscopy (EC-STM) allows to characterize the supramolecular

geometry in real-world operating conditions and when combined with Cyclic Voltammetry analysis, it helps to
investigate the role of fundamental interactions in the supramolecular network behavior.

This study presents an EC-STM/CV/DFT analysis of cyclic triimidazole self-assembly on Au(111) at electrode/
electrolyte interphase. Cyclic Triimidazole (TT) is shown to form a self-assembled monolayer on Au(111) when
the substrate is interfaced with a 0.1 M HCIO4 + 0.1 mM TT electrolytic solution. The so-formed supramolecular
monolayer reveals a P6 group symmetry impressed by intermolecular N--H hydrogen bonds between TT tectons
and confirmed by DFT calculations. This adlayer retains the same geometry in a wide potential window, which is
limited, at 0.2 V vs RHE, by a potential-induced reversible phase transition and, at 0.95 V vs RHE, by an
oxidation process with the formation of a disordered layer with a passivating effect on the gold substrate. The key
advance is the identification of a cyclic triimidazole network at an electrified Au(111)/aqueous interface, with
remarkable structural stability across a wide potential range. Therefore, this work bridges UHV studies of TT self-
assembly with electrochemical conditions, offering a more realistic picture of interfacial supramolecular
organization.

1. Introduction

Molecular adsorption and self-assembly at metal surfaces is a nano-
technological tool that enables the synthesis of a plethora of novel
functional two-dimensional materials with various applications ranging
from electrochemical sensing [1], heterogeneous electrocatalysis [2-6],
corrosion protection [7,8] and microelectronics [9,10]. In the micro-
electronic field, self-assembled monolayers are gaining a renewed in-
terest, since they provide a further level of miniaturization if compared
with nanolithography techniques. Furthermore, they possess peculiar
optical properties exploitable in quantum computing devices and neu-
romorphic devices [11-13]. The interest for 2D molecular systems is
also growing in the heterogeneous electrocatalysis field, where they are
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employed not only as highly performing electrocatalysts, but also as
model systems helping to unravel the reactivity of different active sites
and rationalize it by building reactivity scales, while keeping the
authentic heterogeneous conditions [14,15].

A detailed knowledge of the interactions that guide the formation of
self-assembled monolayers over single crystalline surfaces is funda-
mental to fine tune the supramolecular adlayer in terms of geometry and
local chemical environment. Those interactions can be distinguished
into two main components: the vertical adsorbate-substrate interaction
and the lateral adsorbate-adsorbate one. They can be of different types,
ranging from more isotropic interactions such as van der Waals and
Coulomb ones, to more directional ones such as hydrogen bonds,
halogen bonds, metallo-ligand bonds, etc. [16]. The interplay between
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them determines the final geometry of the adlayer and its response to
external stimuli such as temperature, light, and voltage variations [17].
In particular, voltage variations can be rapidly applied and precisely
controlled by the imposed potential in an electrochemical system, which
then is suitable for the Electrochemical Scanning Tunneling Microscopy
(EC-STM) investigation. The high electric field building up at the
solid-liquid electrified interface as a function of the applied potential is
in the order of 10° V m™'. However, its influence on the molecular
adlayer ultimately depends on the net charge carried by the molecules;
indeed, it can become irrelevant in some cases, such as with neutral and
nonpolar molecules, resulting in the same geometry for electrolytic and
vacuum interfaces. In other cases, several potential-induced phenomena
can occur: electrocompression, electrorelaxation, phase changes, inter-
calation, desorption, adsorption and chemisorption [18].

EC-STM is one of the most suitable techniques to investigate mo-
lecular adlayers at the electrified interface for its single atom resolution
combined with in situ and operando measurements. The supramolecular
geometry of the adlayer and its dynamic response to the applied po-
tential can be discerned [19]. The precise orientation of the adsorbed
molecules within the self-assembled adlayer and with respect to the
substrate can be directly determined, while the chemical composition of
the adlayer can be indirectly inferred [20,21].

In this work, we employ the insightful EC-STM characterization tool
to explore the self-assembly of Cyclic Triimidazole (TT, Fig. 1) on Au
(111) single crystal in 0.1 M HCIO4 electrolyte, where Au(111) serves as
the electrode support and enables precise control of the electrode po-
tential. This class of organic compounds and its derivatives have a recent
story since TT was firstly isolated in 1973 [22], but a convenient syn-
thetic procedure was developed only in 2011 [23]. For this reason,
studies on TTs are still limited even though Forni et al., highlighted their
intriguing properties and potential as versatile tectons for the bottom-up
synthesis of new materials [24]. It should be noted that the STM
investigation of this system is limited to the TT self-assembled adlayer
on Ag(111) in Ultra-High Vacuum (UHV) conditions [25]. However,
UHV is an extreme condition that is far from real-world applications. In
fact, exposing the molecular monolayer to atmospheric pressure and
interfacing it with other materials is a necessary step to fabricate sen-
sors, catalysts, or microelectronic devices. This step, however, does not
guarantee the preservation of the monolayer, as external perturbations,
such as competitive adsorption of interfaced species or interfacial po-
tentials, can disrupt the equilibrium of the adlayer. This is why we
consider the challenging possibility of studying TT at the
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Fig. 1. Cyclic triimidazole molecular structure.
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electrode-electrolyte interface particularly valuable: it allows us to
explore a more realistic scenario in which the two-dimensional adlayer
can be utilized and to gain a better understanding of the interactions
responsible for the formation of this supramolecular layer. Therefore,
the novelty of this work lies not simply in the self-assembly of TT, but in
the direct resolution of a cyclic triimidazole network at an electrified Au
(111)/aqueous interface, demonstrating its structural persistence over a
broad potential window. By bridging previous UHV-based supramolec-
ular studies of TT with realistic electrochemical environments, this study
provides a more application-relevant understanding of interfacial
self-assembly and refines the current conceptual framework.

2. Experimental
2.1. Chemicals, materials, and procedures

TT was prepared as described in the literature [23], and purified by
recrystallization. N,N-dimethylformamide (HPLC grade, Sigma-Aldrich)
was used to prepare a 0.1 mM TT solution. Perchloric acid (TraceSELECT
Ultra, Fluka) was diluted with Millipore Milli-Q water (resistivity > 18.2
MQ-cm, TOC < 5 ppb) to obtain a 0.1 M solution, and TT was added to
the resulting electrolyte to a final concentration of 0.1 mM. Hat-shaped
Au(111) single crystal with orientational accuracy <0.1° and 99.999%
purity was purchased from MaTeck. The flame annealing of the single
crystal, 3 min with a butane air torch, was performed every day to
restore the substrate surface before the functionalization step. The
functionalization of Au(111) was carried out with two alternative
methods. In the first, the crystal surface was brought into contact with a
hanging meniscus of a 0.1 mM TT solution in DMF, followed by rinsing
with water and subsequent immersion in the 0.1 M HClO4 electrolyte in
the electrochemical cell. In the second method, TT powder was dissolved
directly in the electrolyte to a final concentration of 0.1 mM. The lab-
oratory glassware was always accurately cleaned with Piranha solution
(H2S04/H502 1/1) and washed three times with Milli-Q water in the
ultrasonic bath prior to use.

2.2. Electrochemical methods

A home-built Wandelt type EC—STM was employed [26]. The
custom EC-STM electrochemical cell was machined from a PEEK tube.
The working electrode (WE) was sealed to the cell by pressing it against
an O-ring, while both the counter electrode (CE) and the pseudorefer-
ence electrode (RE) were platinum wires. The pseudoreference electrode
was calibrated against the reversible hydrogen electrode (RHE) in 0.1 M
HCIO4 aqueous electrolyte and the following conversion value was
measured: Ep; = 0.85 V vs RHE. The electrochemical cell was placed
inside the EC-STM Faraday cage, with a sealed enclosure to maintain a
controlled atmosphere. Images were acquired by recording the topo-
graphical signal in constant-current mode, in which a defined tunneling
current setpoint (It) was maintained. Additionally, a fixed bias voltage
between the tip and the working electrode (Up) and a controlled po-
tential between the working and reference electrodes (Ewg) were
applied using the EC-STM bipotentiostat. Acquired images were filtered
with a python-based automated procedure [27] and analyzed with the
WSxM software [28]. Potentiodynamic EC-STM experiments were
mainly performed by manually sweeping the potential in the time in-
terval between consecutive images. In few specified cases the potential
was changed during the image acquisition, a manual sweep was per-
formed to produce an EC-STM image where the upper part is at the
initial potential, the middle part is the potential variation zone, and the
bottom part is at the final potential. These regions were not outlined in
the image reported here because the surface microscopic phenomena,
related to the presented potential variations, produce sharp image var-
iations, hence becoming an internal label of the imposed potential
variation. The rate of the potential sweep performed manually was
approximately 20 mV/s in the time frame between images and 60 mV/s
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when varied during the image acquisition. EC-STM tips were fabricated
from 0.25 mm straight tungsten wire and etched using the drop-off
method in 2 M KOH. The tips were then rinsed with Milli-Q water and
ethanol and dried in air. Finally, the upper portion of each tip was coated
with hot-melt glue to form an electrically insulating layer, preventing
the occurrence of faradaic currents when the tip was immersed in the
electrolyte.

Cyclic voltammetry (CV) was performed either in situ, using the EC-
STM cell, or ex situ, in a standard three-electrode glass cell. The in situ
configuration allows electrochemical characterization of the sample
during STM image acquisition, albeit with a less precise reference
electrode (RE) and a longer preparation procedure. In contrast, the ex
situ setup requires shorter preparation times and allows the use of a
stable reversible hydrogen electrode (RHE) as RE. The RHE was con-
structed from a spiral of Pt wire mounted at the closed end of a glass
capillary; prior to each experiment, the electrode was filled with elec-
trolyte and Hp was generated electrochemically at the Pt wire via
chronoamperometry until approximately half of the spiral was filled
with gas. In situ measurements were performed using the EC-STM
bipotentiostat coupled with a Wenking MVS 98 scan generator, while
ex situ measurements were carried out with a Gamry Interface 1010E
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potentiostat.

2.3. Computational modelling

Density Functional Theory (DFT) calculations were performed using
Quantum-Espresso (QE) [29]. Wavefunctions were expanded over a
plane-wave basis set with 40 Ry cutoff, while the cutoff in density was
400 Ry. Ultrasoft pesudopotentials of the GBRV library [30] were
employed. The PBE [31] approximation to the exchange-correlation
functional was used and corrected for dispersion interactions using the
DFT-D2 formula [32], as implemented in QE [33]. The overlayer
structure was optimized using a variable-cell algorithm until the stress
was lower than 0.5 kbar and forces acting on atoms were lower than
10-3 Ry/bohr. The distance between replicas along the z direction was
20 A.

3. Results and discussions
3.1. EC-STM investigation

The Au(111) surface prior to functionalization exhibits the typical

b)

Fig. 2. a) EC—STM image of bare Au(111) in Air with a topographic profile b) traced perpendicular to the herringbone reconstruction stripes; tunneling conditions: I;
= 1.6 nA, Uy, = —400 mV; c-d) EC—STM images in aqueous electrolyte saturated with Ar: ¢) TT@Au(111) in contact with 0.1 M HClO4 electrolyte, tunneling
conditions: I; = 1 nA, Up = —200 mV, Ewg = —350 mV; d) Au(111) in contact with 0.1 M HClO4 + 0.1 mM TT electrolyte, tunneling conditions: I; = 1.6 nA, U, =
—300 mV, Ewg = —350 mV, the dashed lines follow the herringbone reconstruction pattern extending underneath the TT monolayer.
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herringbone reconstruction (Fig. 2a). The topographic dimensions of the
reconstruction agree with previous studies [34,35]; the elbow internal
angle is (122 + 5)°, the height of the roughened striped pattern is
around 20 pm and the distance between repeating stripes is 7 nm
(Fig. 2b). The functionalization with TT results in a self-assembled
molecular monolayer exhibiting a hexagonal geometry. As reported in
literature [25], under UHV conditions, TT produces a triangular-shaped
contrast in STM images and organizes into hexagonal supramolecular
domains. However, in an electrochemical environment, the stability of
the layer is influenced by additional factors, including temperature,
pressure, and, last but not least, the electrolyte. In fact, continuous
dissolution of the adsorbate affects the stability of the adlayer, leading to
a rapid transition from a fully covered surface to one exhibiting only
small, fragmented domains. Fig. 2c shows a small, isolated domain
outlined with a dashed red line. The adjacent region, outlined in orange,
corresponds to a fragment of the domain undergoing desorption, which
appears as a cloudy area in the EC-STM image. This desorption process
could be promoted by the slight solubility of TT in water [36]. There-
fore, to improve the stability of the adlayer, a small concentration of TT
(0.1 mM) was also added to the electrolyte, allowing the spontaneous
formation of a self-assembled monolayer on the Au(111) surface
(Fig. 2d). In this condition it is possible to distinguish the herringbone
reconstruction pattern extending beneath the TT monolayer (yellow
dashed lines in Fig. 2d). Compared to the bare Au(111), where the
herringbone reconstruction stripes in the STM image are densely packed
together, the stripes are more straggled in the presence of the TT adlayer
(dashed lines in Fig. 2d). The perturbation of the herringbone recon-
struction can be an index of the vertical interaction strength between the
adsorbed molecule and the Au(111) substrate [37]. In the case of TT, the
three aromatic cycles provide a source of n-metal vertical interactions.
The partial lifting of the herringbone together with the spontaneous
desorption of TTs could be motivated by a not strong enough interaction
with the gold substrate.
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High resolution EC—STM images, such as the one displayed in
Fig. 3a, reveal in detail the structure of the self-assembled TT adlayer.
The individual molecular unit adsorbs in a planar configuration on the
Au(111) giving a triangular shaped response, where the bright dots at
the triangle vertices corresponds to a local increase of the tunneling
signal provided by the aromatic imidazole centers. The primitive unit
cell, outlined in Fig. 3b, pertains to the P6 space group, where the TT
units are centered on the threefold axes, the hydrogen bonds on the
twofold axes and the empty spaces on the sixfold axes. The primitive unit
base vectors were measured to be a = b = (1.28 4 0.06) nm and internal
angle a = (120 + 2)°. Therefore, the surface concentration of TT is
estimated to be oty = 1.41-10'* molecules cm™. An interesting aspect is
the similarity between this adlayer and previous results obtained by
Ahsan et al. for TT self-assembly on Ag(111) in UHV. In their study, the
authors have observed not only the same triangular shaped response for
the TT molecule but also similar values for the primitive unit cell, only
smaller by ~0.1 nm [25]. This similarity between adlayers on different
substrates underlines the key role of lateral interactions between TT
molecules, provided by hydrogen bonds, to determine the final
self-assembly geometry. Nevertheless, the simultaneous presence of
n-metal interactions cannot be discarded, and they are also a driving
force in the adlayer formation, even if with a minor contribution.

In Fig. 3c the modelling of the molecular overlayer is represented. A
hexagonal cell with P6 symmetry was employed. The DFT-optimized
structure has a cohesion energy of —0.43 eV per TT unit and is charac-
terized by a N--H distance of 2.22 A, compatible with the formation of
the hydrogen bond network. This leads to a cell parameter of 1.34 nm,
which is consistent with the experimental value. The density of the
HOMO is delocalized over the whole TT and is characterized by a
threefold symmetric nodal structure at the central ring, compatible with
the dimmer contrast of the molecular core observed at the EC—STM.

ot b

.A.ﬁ-..ﬁ

Fig. 3. a) High resolution EC—STM image of the TT@Au(111) adlayer, tunneling conditions: I = 2.3 nA, U, = —200 mV, Ewg = —350 mV; b) adlayer structure model
with the primitive cell outlined in red and the symmetry elements of the P6 space group reported in black; ¢) optimized adlayer geometry obtained from DFT
calculations with the HOMO density on the left side exhibiting a threefold symmetric nodal structure at the central ring. Color code in atomic models: C dark gray, N

blue, H white.
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3.2. Cyclic voltammetry investigation

The electrochemical response of the self-assembled adlayer is
investigated in Fig. 4. A comparison of the voltammograms of Au(111)
recorded in deaerated 0.1 M HClOs before and after the addition of 0.1
mM TT to the supporting electrolyte (Fig. 4a,b) reveals several notable
changes. In Fig. 4a) a reversible redox couple emerges at 0.2 V vs RHE,
the herringbone lifting redox couple (=~ 0.8 V vs RHE) exhibits an
approximately one-third decrease in peak intensity and a cathodic shift
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of 50 mV and the interfacial capacitance is reduced by roughly one-half.
In Fig. 4b) the Au(111) oxidation wave is markedly attenuated and
shifted toward more positive potentials, and the gold reduction peak is
correspondingly diminished in the reverse scan. The redox properties of
TT were previously investigated by Magni et al. under homogeneous
conditions at a glassy carbon electrode and in dimethylformamide and
tetrabutylammonium hexafluorophosphate as the supporting electrolyte
[38]. In that study, the electrochemical response of TT reveals sluggish
redox activity: both the reduction and oxidation peaks occur near the

a) b)
Au(111)in 0.1 M HCIO, ——Au(111)in 0.1 M HCIO,
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Fig. 4. CV investigation; a,b) comparison of the CV response in deaerated atmosphere of Au(111) in 0.1 M HCIO4 (black line) and Au(111) in 0.1 M HClO4 + 0.1 mM
TT (red line); ¢) CVs at different scan rates of Au(111) in 0.1 M HClO4 + 0.1 mM TT; d) linear fit of the reduction and oxidation peak currents versus the scan rate; e)
CVs at different pH values of Au(111) in 0.1 M NaClO4 + 0.1 mM TT; f) linear fit of the reduction peak current versus the pH; g) proposed mechanism for the

potential-induced desorption of the TT adlayer.
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limits of the accessible potential window and are associated with irre-
versible redox processes leading to the formation of a radical anion and a
radical cation, respectively. Therefore, the redox couple observed at 0.2
V vs RHE is unlikely to originate from the formation of the TT radical
anion due to the mild potential at which the redox process occurs.
Moreover, in acidic aqueous electrolyte, the pyridine-like nitrogen of the
TT molecule is expected to be partially protonated at the pH employed in
Fig. 4a, given its reported pKa of 1.5 [39]. To further investigate this
redox process from the CV point of view, the effect of pH on the po-
tentials of the TT reduction and oxidation peaks was evaluated over the
pH range 1-5. The results reveal a clear pH dependence of the peak
potential, with an approximate slope of 51 mV per pH unit, indicative of
proton-coupled electron-transfer (PCET) behavior (Fig. 4e,f), which
could be assigned to the reductive protonation of the sp® nitrogen in the
TT. At the same time, from the EC-STM potentiodynamic measurements,
that will be discussed below, the redox couple at 0.2 V vs RHE shows to
be directly linked to a desorption/readsorption process of the TT
adlayer. The presented evidence can be combined in a single mecha-
nistic interpretation (Fig. 4g) considering that the PCET assumes the role
of triggering step and then the resulting protonation of the sp? nitrogen
will disrupt the hydrogen bond network leading to the desorption of the
TT adlayer. This proposed mechanism is in close analogy to the behavior
reported for trimesic acid adlayers [40].

The reversible peak couple that emerges in the presence of the TT
adlayer exhibits the characteristic behavior of a surface-confined redox
process. Specifically, upon systematic variation of the scan rate (Fig. 4c),
both the anodic and cathodic peak currents display a linear dependence
on the scan rate (Fig. 4d). The peak potentials vary with the scan rate,
which, for a Faradaic process, would be indicative of a non-Nernstian
response arising from sluggish electron-transfer kinetics. Notably, the
reduction peak is the only feature that shifts appreciably, by approxi-
mately 20 mV when the scan rate is increased from 5mVs'to1 Vs
(Figure S3). Moreover, the magnitude of the shift is more pronounced at
lower scan rates than at higher ones. A similar behavior was reported by
Li et al. for the redox couple of a paracyclophane monolayer formed on
HOPG. In that study, the deviation from ideal Nernstian behavior was
attributed to an additional chemical step following the electrochemical
oxidation, leading to a transition from an adsorbed molecular mono-
layer to a gas-like adsorption layer [41].

3.3. Potentiodynamic investigation of TT adlayer

The influence of the TT adlayer on the herringbone reconstruction of
Au(111) was investigated by combining EC-STM and CV measurements.
Upon TT adsorption, EC-STM images reveal a partial lifting of the
herringbone reconstruction (Fig. 2d), consistent with the decreased in-
tensity of the peaks associated with potential-induced lifting in the CV.
Moreover, the cathodic shift of these peak potentials indicates that the
molecule-substrate interaction facilitates the potential-induced lifting
process. The observed decrease in overall capacitance is a common ef-
fect, attributable to the formation of a molecular adlayer covering the
bare Au(111) surface, as previously reported for porphyrin monolayers
[42,43].

The stability of the self-assembled TT monolayer was investigated
using potentiodynamic EC-STM imaging. Images were acquired while
the applied potential was swept in either the cathodic or anodic direc-
tion and then returned to the starting potential. In Fig. 5, the cathodic
sweep is shown alongside the cyclic voltammetry of the system, with a
series of EC-STM images capturing the key events of the potential-
induced phase transition. Therefore, the sequence is not intended to
be an identical location experiment whereas it captures the average
microscopic behavior which can then be correlated to the average
macroscopic CV response. At the starting potential, chosen before the
onset of the reduction peak in the CV, the TT monolayer is observed in its
equilibrium state (Fig. 5b). Upon sweeping the potential beyond the
reduction peak, the monolayer undergoes instantaneous desorption
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Fig. 5. EC—STM potentiodynamic image sequence (cathodic direction) of the
TT@Au(111) adlayer in the electrolytic solution of 0.1 M HCIO4 + 0.1 mM TT
saturated with Ar; a) in situ CV of the system in the potential window of in-
terest; the sequence starts from image b) and ends with image h), the tunneling
conditions I; = 1.6 nA and U, = —100 mV are kept constant along the entire
series except for Ewg which is reported in the white box at the bottom corner for
every image.

(Fig. 5c¢). Subsequently, upon returning to the initial potential, an
instantaneous reabsorption of TT takes place. The reconstructed adlayer
appears fragmented into multiple orientational domains (Fig. 5d-h),
with no observable variation in the periodicity of the TT molecules
within individual domains. Although multiple orientational domains
form even upon adsorption at the open-circuit potential (OCP) (Fig. 2d),
the ones forming after the potential-induced desorption/readsorption
appear smaller in size. This could be an effect of the faster adsorption
dynamic which triggered by the potential sweep.

Fig. 6 presents the potentiodynamic series for the TT@Au(111)
adlayer, obtained by sweeping the potential across the region of the CV
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Fig. 6. EC—STM potentiodynamic image sequence (anodic direction) of the
TT@Au(111) adlayer in the electrolytic solution of 0.1 M HCIO4 + 0.1 mM TT
purged with Ar; a) in situ CV of the system in the potential window of interest;
the sequence starts from image b) and ends with image 1), Ewg, is reported in the
white box at the bottom corner for every image, while the tunneling conditions
are the following: b) I; = 1.6 nA and U, = —300 mV, c-d) I; = 2.8 nA and Uy, =
—500 mV, e-]) I; = 4.1 nA and U, = —500 mV.

shown in Fig. 6a. The voltammogram includes multiple cycles recorded
at a scan rate of 10 mV s. The peak observed only in the first cycle can
be attributed to passivation of the electrode due to the formation of a
disordered film of molecular aggregates visible at the EC-STM. The same
voltammetric response was observed by Bardini et al. for the
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electrochemical polymerization of allylamine copolymers and associ-
ated to the passivation of the electrode [44]. Additionally, the
hampering of the Au(111) dissolution/redeposition peaks and the onset
shift of the gold oxidation wave to more positive values (Fig. 4b), are
both related to electrode passivation [40,45]. Fig. 6b shows the TT
adlayer in its initial ordered state at -0.2 V vs Pt, near the OCP. In
Fig. 6¢, the potential is increased by 100 mV, approaching the onset of
the oxidation wave. Here, ordered TT domains are still visible (one
outlined in yellow), while aggregates begin to form at the domain
boundaries (circled in red). In Fig. 6d-e, the potential surpasses the
onset, and the surface becomes completely covered by a disordered
pattern of aggregates. Nonetheless, by returning to the starting potential
and changing the probed location, it was still possible to find ordered TT
domains with small dimensions and separated by disordered aggregates
(Fig. 6f-h). Finally, a larger potential sweep from —-0.2 V to +0.1 V vs Pt
(Fig. 6i) results in a corresponding irreversible morphological change
from the ordered TT monolayer to fully disordered aggregates. The
potentiodynamic EC-STM sequence allows to correlate the formation of
a disordered layer of aggregates, starting from the TT monolayer, to the
oxidative peak in the related CV.

4. Conclusions

The novel cyclic triimidazole compound has proven to be a prom-
ising tecton for the formation of two-dimensional molecular monolayers
at the electrode-electrolyte interface. The assembly of this supramolec-
ular structure on Au(111) is primarily directed by intermolecular
hydrogen bonding, which enforces the final P6 hexagonal geometry,
rather than by n-metal interactions between the aromatic imidazole
moieties and the substrate. Nonetheless, these 7 interactions are present
and contribute to the partial lifting of the herringbone reconstruction.
The resulting adlayer is stable in contact with an aqueous solution of 0.1
mM TT in 0.1 M HCIO4 over a broad potential range, from 0.2 V to 0.95
V vs RHE. At the cathodic limit, a potential-induced desorption and
readsorption process occurs, corresponding to a reversible peak couple
in the CV output. At the anodic limit, oxidation of the TT monolayer
leads to the formation of a passivating, disordered layer of aggregates on
the gold surface. The spontaneous self-assembly exhibited by these
novel aromatic compounds offers a versatile platform for designing new
supramolecular structures through controlled functionalization of TT
tectons.
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