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“La scienza è il capitano, e la pratica sono i soldati.

Studia prima la scienza, e poi séguita la pratica, nata da essa scienza.

Quelli che s’innamoran di pratica senza scienzia son come ’l nocchier ch’entra in
navilio senza timone o bussola, che mai ha certezza dove si vada.”

Leonardo Da Vinci in L’uomo e la natura
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Abstract

My PhD reasearch activity was mainly focused on two different fields: the
study of the formation of supramolecular architectures and the investigation
of the photophysical behaviour of different photocatalysts in organic reac-
tions.
The first supramolecular system shown in this thesis derives from a shape-
persistent molecule, featuring four bipyridinium units, that upon reduction
undergoes intermolecular pimerization because of the rigid architecture of
the molecule. The pimerization process has been investigated by a variety of
techniques, like electrochemistry, absorption measurements, electronic para-
magnetic resonance (EPR), gamma and pulse radiolysis, and compared with
the behavior of a model compound, one of the four identical subunits of the
tetramer. We demonstrated that there is an increase of the apparent pimer-
ization constant by increasing the concentration of reduced bipyridinium
units, due to the fact that pimerization is favored in the tetrahedrally shaped
molecule because of a cooperative mechanism.
The same tetramer, with non-methylated bipyridium units, is able to form
a supramolecular architecture upon complexation with four ruthenium por-
phyrins: the resulting multichromophoric system features a shape-persistent
arrangement of the chromophores. The system was fully characterized from
the photophysical point of view: when the supramolecular system is formed,
the quenching of both the tetramer’s fluorescence and porphyrin’s phospho-
rescence occurs. We hypothesize the presence of a CT state energetically lo-
cated under the triplet state of the porphyrin, and an electron transfer could
occur from the lowest singlet and the lowest triplet of the tetramer and por-
phyrin, respectively. Finally, the crystal structure of the assembly was re-
solved.
During my PhD, I spent four months at the ETH, in Zurich, working in the
group of Prof. Schlüter. Throughout my stay, I worked on the design, syn-
thesis and characterization of a 2D polymer obtained at the air-water inter-
face with Langmuir-Blodgett technique. The monomer used had a porphyrin
core, bipyridine moieties (necessary for the metal complexation with Ni(II)
and formation of polymeric structure) and hydrophilic chains (that should
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force the monomer to a planar conformation). The films obtained was then
characterized with atomic force microscopy, scanning electron microscopy
and UV-Vis measurements.

In the field of photocatalysis, I studied four photoredox reactions, two of
them photocatalyzed by a metal complex, and the other two by an organic
chromophore.
The first photoredox reaction studied provides an efficient access to indole
2- and 3-carboxylates in a single step (with good yields under mild reaction
conditions), i.e. the direct photocatalytic carboxylation with CBr4/MeOH,
visible light ad [Ru(bpy)3](PF6)2 as photocatalyst.
In the second reaction, the complex [Fe(bpy)3]Br2 is involved in the enan-
tioselective organocatalytic photoredox alkylation of aldehydes with various
�-bromo carbonyl compounds, in presence of visible light. The idea was to
replace the rare and expensive [Ru(bpy)3]2+ complex, already used as photo-
catalyst in the same reaction by MacMillan and co-workers, with the abun-
dant and cheap iron complex, with the results of high reaction yields of iso-
lated compounds and enantioselectivities.
Then, we moved toward the use of organic dyes as photocatalysts. We found
that a iodo-boron-dipyrromethene (iodo-BODIPY) dye derivate is able to
promote the atom-transfer radical addition (ATRA) between bromoderiva-
tives and alkenes, using ascorbate as sacrificial reductant. This finding ex-
pands the possibility to use BODIPY dyes to promote photocatalytic reac-
tions in efficient ways.
Finally, we investigated the mechanism of the reduction of aryl halides pro-
moted by a two-photon mechanism by perylenediimide derivate: this re-
action mechanism was proposed by König and co-workers in 2014, but we
found out that the hypothesis of two-photon mechanism was incorrect, since
during the irradiation, a degradation of the photocatalyst occurred, and the
photoproduct obtained was the photoactive species in the reaction.
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A Brief History of Light

“To perform my late promise to you, I shall without further ceremony acquaint you,
that in the beginning of the Year 1666 I procured me a Triangular glass-Prisme, to
try therewith the celebrated Phaenomena of Colours. And in order thereto having
darkened my chamber, and made a small hole in my window-shuts, to let in a conve-
nient quantity of the Suns light, I placed my Prisme at his entrance, that it might be
thereby refracted to the opposite wall. It was at first a very pleasing divertisement,
to view the vivid and intense colours produced thereby.”1 With these words, Isaac
Newton in the 1671-72 started off his famous letter to the Royal Society pub-
lisher about his new theory about light and colours. He wanted to disprove
French natural philosopher Rene Descartes0 theory of light. Indeed Descartes
believed that an invisible substance, which he called the plenum, permeated
the universe. Much like Aristotle, Descartes believed that light was a pertur-
bation of the plenum, like a wave that travels through water.
Newton, with his famous experiment described in the letter, observed that
when a beam of white light strikes a prism with a particular angle, a beam0s
portion is reflected while the remainder passes through the prism surface
and comes out broken down in different colour. He supposed that light is
composed of coloured particles (corpuscolar theory), that combine to appear
white, and each colour moves with a different speed: the consequence is
that each colour undergoes refraction in a different way, changing trajectory
and coming out separate from the others. He divided the spectrum (New-
ton used this term the first time in print in 1671, describing his experiments
in optics) in seven different colours: red, orange, yellow, green, blue, indigo
and violet. He choose seven colours not for scientific reason, but out of a
belief, derived from the ancient Greek sophists, of there being a connection
between the colours, the known objects in the solar system, and the days
of the week. Newton’s theory remained in force for more than 100 years.
When the corpuscular theory failed to adequately explain the diffraction,
interference, and polarization of light it was abandoned in favour of Huy-
gens’ wave theory. Indeed the 1690, the Dutch mathematician, astronomer
and physicist Christiaan Huygens assumed the existence of some invisible
medium (luminiferous aether) filling all empty space between objects. He
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FIGURE 1: Schematic representation of Newton’s crucial experiment.

further speculated that light forms when a luminous body causes a series
of waves or vibrations in this aether. Those waves then advance forward
until they encounter an object. If that object is an eye, the waves stimulate
vision. This wave theory of light was first comunicated in 1678 to the Paris
Académie des Sciences and published in 1690 in his Traité de la lumière, mak-
ing it the first mathematical theory of light.2 Another important discovery
dates back to 1800. Sir William Herschel, a British astronomer and composer
of German origin, wanted to know how much heat was passed through the
different coloured filters he used to observe sunlight. He had noted that fil-
ters of different colours seemed to pass different amounts of heat. Herschel
thought that the colours themselves might be of varying temperatures and
so he devised a clever experiment to investigate his hypothesis. He directed
sunlight through a glass prism to create a spectrum and then measured the
temperature of each colour, placing a thermometer in a visible colour while
other two were placed beyond the spectrum as control samples. As he mea-
sured the individual temperatures of the each visible colour, he noticed that
all the colours had temperatures higher than the controls. In addition, he
found that the temperatures of the colours increased from the violet to the
red part of the spectrum. That0s why he decided to measure the temperature
just beyond the red portion (the colour with higher temperature) of the spec-
trum, in a region where no sunlight was visible. This region had the highest
temperature of all: he had discovered the infrared radiation. A year later, in
1801, Johann Wilhelm Ritter, a German chemist, physicist and philosopher,
discovered ultraviolet light. He was working with silver chloride, a salt that
turns black when exposed to sunlight. He knew that exposure to blue light
caused a greater reaction in silver chloride than exposure to red light. There-
fore, he decided to measure the rate at which silver chloride reacted when
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exposed to different colours of light. With a glass prism he created a spec-
trum and he placed silver chloride in front of each colour of the spectrum,
and he observed that the salt increasingly darkened toward the violet end of
the spectrum. Similarly to what Herschel had done, he placed silver chloride
in the area just beyond the violet of the sunlight spectrum, in a region where
no light was visible. In that condition, the silver chloride displayed an in-
tense reaction: this showed that an invisible form of light, which Ritter called
“Chemical Rays”, existed beyond the violet end of the spectrum.

In the XIX century, the introduction of Maxwell0s equations gave to the
world one of the most fundamental pieces of scientific research ever under-
taken, that played a key role in the formulation and the development of
Einstein0s special theory of relativity: light is an electromagnetic wave; the
visible light is just a tiny part of the whole electromagnetic spectrum. The
development of the theory took place starting from basic experimental ob-
servations, and leading to the formulations of numerous mathematical equa-
tions, notably by Charles-Augustin de Coulomb, Hans Christian Ørsted, Carl
Friedrich Gauss, Jean-Baptiste Biot, Félix Savart, André-Marie Ampère, and
Michael Faraday. Indeed, in 1847 Michael Faraday suggested light is a high-
frequency electromagnetic vibration, which can propagate even in the ab-
sence of a medium such as the aether. Faraday had an amazing physical intu-
ition that guided him through his experiments to successfully create a nearly
complete model of electromagnetic phenomena. Since he was not at all a
mathematician, he was only able to describe this model in words and did not
unify his results into a theory. However, his work inspired James C. Maxwell,
who discovered that self-propagating electromagnetic waves travel through
space at a constant speed, which is equal to the previously measured speed
of light. From this, Maxwell in 1862 concluded that light was a form of elec-
tromagnetic radiation and in 1873 he published A Treatise on Electricity and
Magnetism,3 which contained a full mathematical description of the behavior
of electric and magnetic fields, still known as Maxwell0s equations. He was
actually able to translate Faraday0s ideas into mathematics, with vectors that
describe the main players of electromagnetism. To understand how Maxwell
developed his theory, is necessary to analyze three fundamental papers, pub-
lished between 1856 and 1864. In the first paper “On Faraday0s Lines of Force”4

(in two parts, presented to the Cambridge Society, the 10th of December 1955
and the 11th of February 1956) he introduced the flow lines of which could
be taken as a geometrical representation of the electric or magnetic field, or
the current flow. In his next paper “On Physical Lines of Force”5 (in four parts
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FIGURE 2: Schematic representation of “vortices” drawn by Maxwell in the paper
On physical lines of force (1861).

1861-1862), he incorporated the known rotational properties of the magnetic
field into his model, introducing his famous “vortices”. He imagined the
magnetic field as a consequence of vortices whose speed was proportional to
the magnetic field itself. The orientation of the magnetic field was given by
the vortices0 axis direction. He postulated that the vortices rotate in paral-
lel in opposite direction (figure 2): to allow that, he introduced spheres that
rotate, without slithering, with the same speed, avoiding slipping. With a
mathematical analysis, he was able to demonstrate the relation between the
rotation speed of the vortices (the magnetic field) and the speed whereby the
spheres move (how many spheres cross the surface in unit time). Consider-
ing the motion of the spheres as electric current, he obtained the Ampère’s
circuital law. Later on, he supposed to perturbate the system, and since it
was free to evolve, he observed what happened after the perturbation. The
vortices are elastic, so they tend to move to equilibrium position. The move-
ment of the spheres produces a magnetic field: this means that displacement
currents bring out magnetic effects. He calculated the propagation speed of
perturbation and the value he obtained was rather close to the experimen-
tally accepted value of the speed of light. At this stage he declared that light
was an electromagnetic phenomenon. In the third paper, A Dynamical Theory
of the Electromagnetic Field6 (presented to Royal Society the 8th of December
1864 and published an year later), Maxwell attempted to remove from his
theory some of the appeals to models and analogies and to lay out a coherent
mathematical theory of electromagnetism and an electromagnetic theory of
light. He developed also the four famous equations, written in differential
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form as followed:
r � E =

�

�0

(1)

r � B = 0 (2)

r� E = �@B
@t

(3)

r� B = �0

�
J + �0

@E
@t

�
(4)

At the end of XIX, the gap between theoretical prediction and experimental
evidences challenged the classical physics, especially when “light” was con-
sidered. An idealised model that was considered is the blackbody at thermal
equilibrium, an object which absorbs all incident radiation and then emits
all this energy again. We can think of the radiating energy as standing waves
inside our blackbody cavity. The energy of the radiating waves at a given fre-
quency �, should be proportional to the number of modes at this frequency.
Classical physics states that all these modes have the same energy kT and as
the number of modes is proportional to �2:

E / �2kT (5)

This implies that we would expect most of the energy at higher frequency,
and this energy diverges with frequency. By calculating the total amount
of radiated energy, (i.e., the sum of emissions in all frequency ranges), it
can be shown that a blackbody would release an infinite amount of energy,
contradicting the principles of conservation of energy and indicating that a
new model for the behaviour of blackbodies was needed. This paradox was
called the “ultraviolet catastrophe”. Max Planck, the famous German theoreti-
cal physicist, trying to explain the blackbody radiation problem, gave birth to
the “Quantum Theory”. Indeed, Planck derived the correct form for the in-
tensity spectral distribution function by making some strange (for the time)
assumptions. He realized that light and other electromagnetic waves were
emitted in discrete packets of energy, that he called “quanta”, which could
only take on certain discrete values. Although, quantization was a purely
formal assumption in Planck0s work at this time, it0s necessary to wait Albert
Einstein0s interpretations in 1905 to fully understand its radical implications.
Indeed Einstein was the first scientist who realize that light was made up
of photons to explain of the so-called “photoelectric effect”.7 The name pho-
ton would have been coined later, by Gilbert Lewis, in an article published
in 1926.8 He wrote “We are dealing here with a new type of atom, an identifiable
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FIGURE 3: Blackbody radiation curves showing peak wavelengths at various tem-
peratures: Planck0s law (coloured curves) accurately described blackbody radiation
and resolved the ultraviolet catastrophe derived from a classical treatment (black
curve).

entity, uncreatable and indestructable, which acts as the carrier of radiant energy
and, after absorption, persist as an essential constituent of the absorbing atom until
it is later sent out again bearing a new amount of Energy”, and he continues “it
would cause confusion to call it merely a quantum [. . . ] I therefore take the liberty
of proposing for this hypothetical new atom, which is not light but plays an essential
part in every process of radiation, the name photon.” The concept of a photon al-
lowed photochemistry to emerge from its empirical stage. When it was clear
that absorption of light corresponds to the capture of a photon by an atom
or a molecule, Johannes Stark and Albert Einstein between 1908 and 1913 in-
dependently formulated the photoequivalence law, which is nowadays de-
scribed in the first chapter of any photochemistry book. I0ll end this brief
“History of light” mentioning the brilliant contribute given in 1933 by the
Polish physicist Aleksander Jabłoński. He was a pioneer of molecular photo-
physics, creating the concept of the “luminescent centre” and his own theo-
ries of concentrational quenching and depolarization of photoluminescence.
In 1933 he published a paper in which he proposed a metastable electronic
state for the long-lived emission of some dyes. In other words, he described
the phosphorescence mechanism and illustrated schematically, with the clas-
sical diagram that nowadays we commonly use, the absorption and emission
of light. “We can assume therefore that in such molecules there must be at least one
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FIGURE 4: Jabłoński diagram of a generic dye, taken from the Nature paper 1933.

metastable energy level M, situated lower than the level F reached immediately af-
ter absorption. From the state F the molecules can pass either to a normal state N,
emitting the band FN (fluorescence), or to the metastable state M. The probability
of the transition M-N is very small. Therefore when the temperature is sufficiently
high, a great majority of molecules will be raised thermally from the level M to F
and will be able to emit the band F-N (phosphorescence at room temperature). At
low temperatures, direct transitions M-N take place.” At the beginning, this dia-
gram was discredited,9 but to understand how important and innovative it
became, still indispensable nowadays to illustrates the electronic states of a
molecule and the transitions between them, I0ll mention Lewis0 words about
it, published in 1941: “This simple scheme of Jabłoński has been criticized on sev-
eral grounds by Pringsheim and Vogels. In their experiments on trypaflavine in
silica gel the phosphorescence phenomena cannot be explained without assuming
more than one phosphorescent state. Their experiments do not show whether these
two states are excited by the same frequency. In our experiments on crystal violet
dissolved in glucose we have found two phosphorescent states, but one is produced
by blue light, the other by orange. It seems to us that the scheme of Jabłoński is
sufficiently flexible to take care of such complexities as they arise.”10
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Chapter 1

Supramolecular Chemistry

Supramolecular Chemistry, the chemistry of intermolecular bond or the “chem-
istry beyond the molecule”, involves the investigation of the structures and
functions of complex systems formed by molecular units bonded via non-
covalent interactions. Such a definition can be extended to a system contain-
ing covalently-linked components which satisfy specific conditions: when
the intrinsic properties of molecular subunits can be easily identify, it is pos-
sible to consider a system with covalently-linked components a supramolec-
ular structure. Supramolecular systems should not be confused with large
molecules, but the distinction between them is not straightforward. In a
supramolecular system, the essential properties of each component can be
known from the study of the separated components (or of suitable model
molecules), while in a large molecules, upon fragmentation, the components
will completely lose their chemical identity. The degree of interaction be-

FIGURE 1.1: Covalently linked supramolecule (a) and its molecular components (b).

tween the electronic subsystems of the component units is the key to de-
fine a “supramolecule” or “large molecule”: provided that this interaction is
small with respect to other energy parameters, any multicomponent system
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approaches the ideal concept of a supramolecule. The non-covalent interac-
tions that may be involved the formation of supramolecular architectures are
electrostatic forces (dipole-dipole or ion-dipole), hydrogen bonding, metal
coordination, van der Waals and �-� interactions. These molecular interac-
tions are weak, but if there is cooperation between them, the molecular as-
sociation will be efficient. One of the goals in supramolecular chemistry is
to design the system in order to obtain the right combination of intermolec-
ular interactions between individual components. The study of how non-
covalent forces can lead to the association of two or more molecules is the
embodiment of supramolecular chemistry. Most non-covalent interactions
are relatively weak (figure1.3) and form and break without significant acti-
vation barriers.
The simplest supramolecular systems therefore involve two molecules inter-
acting with each other, and frequently these are defined as host and guest.
The host, the larger of the two chemical entities, has curvature or concavity

FIGURE 1.2: Schematization of supramolecular “host-guest” complex formation.

(the recognition motif), that define the binding site. In contrast, the smaller
guest possesses a convex array of complementary structure which is recog-
nized by the binding site. Many supramolecular systems are under thermo-
dynamic control, so they can be studied as systems at equilibrium: however,
self-assembly processes that are governed by kinetics, are becoming topi-
cal.11 12 If the molecular components are photoactive, the formation of the
supramolecular structure could perturb the ground and the excited states of
the individual species, giving rise to new properties. In this contest, we talk
about Supramolecular Photochemistry.13 With the formation of the supramolec-
ular architecture, many processes may take place within the components, like
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FIGURE 1.3: Supramolecular recognition interactions. Adapted from Goshe et al.,
PNAS 2002, 99, 4824

photo-induced energy/electron transfer, cooperative effects and photochem-
ical reactions. As already mentioned, in a supramolecular system the molec-
ular components have well defined individual properties. If the component
plays a relevant role in the photophysical behaviour of the supramolecule,
its properties must be considered. Active components may partecipate in
various acts such as light absorption and/or emission, intercomponent en-
ergy or electron transfer, isomerization, complexation of molecular species
or ions, photodeprotonation. The photophysical behaviour of the compo-
nent A is schematically represented in the figure 1.4: the first process is the
light absorption, that gives the first excited state **A; then non-radiative de-
cay to a lowest “active” state *A and finally the decay to ground-state via
radiatiave (kr), radiationless (knr) and reactive (kp) pathways. It0s also im-
portant to define � and �, the frequency and the molar absorption coefficient
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FIGURE 1.4: Photophysical and photochemical processes of a generic molecular
component A.

of the absorption band respectively, the efficiency of formation of the active
excited state (�), the lifetime of the active excited state (� = 1/(kr+knr+kp)), fi-
nally the quantum yields of emission (�r = kr� ) and photoreaction (�p = kp� ).
Many other properties can be considered to characterize the molecular com-
ponents, like redox and acid-base properties of the ground and excited state
and the coordinative ability towards other species. Since connectors are not
active components of the supramolecular system, their main properties are
structural, like the degree of rigidity, conformational behaviour or end-to-
end distance. It’s important to keep in mind that even if the connectors don’t
have low-lying excited state and low energy levels, they have the important
role of connecting the active components in an electronic sense: indeed a large
part of photophysical processes that take place in a supramolecular array are
electron- or energy transfer processes, so a certain degree of electronic inter-
action between active components is required. It is now evident how im-
portant is to attach active components into electronic communication. In the
design of a supramolecular system, is important to consider all the above-
listed properties of the components: in that contest has an important role the
study of isolated components or of some suitable model molecules.

The behaviour of a supramolecule A.B, where the dot represents any type
of linking interaction, usually differs from the superimposition of those of
the single components A and B, because of the occurrence of intercomponent
processes. I0ll briefly show below the principal types of intercomponent pro-
cesses and their characteristic features.
The absorption spectrum of supramolecular system can differ from the sum
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of the separate components. It0s possible to observe a shift due to perturba-
tion of the single components spectra or new bands can appear: these bands
can correspond to the optical electron-transfer process (1.1),

A:B
h�! A+:B� (1.1)

This process differs from photoinduced electron transfer, that corresponds to
thermal electron transfer following electronic excitation of a single compo-
nent: in that case light absorption populates an excited state localized on a
single component, and electron transfer occurs as a subsequent radiationless
process (reaction 1.2).

A:B
h�! A�:B

kel! A+:B� (1.2)

However, in a supramolecule A.B, thermal electron transfer to give A+.B� is
thermodynamically unfavorable. It is possible to have spontaneous thermal
electron in the reverse sense (reaction 1.3): this process is called back electron-
transfer or charge recombination.

A+:B�!A:B (1.3)

The relationship between optical, thermal and photoinduced electron trans-
fer is illustrated in figure 1.5: The photophysical behaviour of the A.B system

FIGURE 1.5: Relationship between optical (1), photoinduced (2 and 3) and thermal
(4) electron transfer processes in a supramolecular system
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may differ from the components because of the occurrence of intercompo-
nent electronic energy transfer (1.4)

A:B
h�! A�:B

ken! A:B� (1.4)

If the energy transfer process occurs, A is quenched and the excited state
properties of B can be observed. These two phenomena can be described
as quenching and sensitization respectively. A necessary requirement for the
energy transfer process is that B* must be equal or lower in energy than A*
(energy conservation). For more details, see the book Supramolecular photo-
chemistry, by Vincenzo Balzani and Franco Scandola.13

In this chapter three different supramolecular systems will be presented:

� a shape-persistent tetramer (18+), that bears four bipyridium units, that
under one-electron reduction, give rise to the formation of the supramolec-
ular aggregate;

� multichromophoric systems with a shape-persistent arrangement of the
chromophores was obtained from the assembly of the same tetramer,
with non-methylated bipyridium units (1’4+) and four fluorinated ruthe-
nium phorphyrins;

� a porphyrin-based 2D polymer obtained at the air-water interface with
Langmuir-Blodgett technique.

1.1 Viologen Based Supramolecular Structures

Viologens, formed by the diquaternarization of 4,4’-bipyridine, have relatively
diverse ranges of properties in terms of their redox chemistry, the electron-
poor nature of the viologen dication and the way electrons are delocalized
within the radical cation.14 Knowing that, it is easy to understand why they
play a prominent role in contemporary research: they find a variety of ap-
plications due to their redox and electrochromic properties and their ability
to form intra- and intermolecular charge-transfer complexes. Indeed they
can be considered as key components of supramolecular systems, since they
are widely employed as electron acceptor recognition sites and redox switch-
ing units in supramolecular systems such as dendrimers,15 rotaxanes, and in
electrochromic devices.16 Methyl Viologen, i.e. 1,10-dimethyl-4,40-bipyridinium
ion, is a representative of this class of compounds.14 Is well known that
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Methyl Viologen can undergo two reversible one-electron reduction processes
at accessible potentials; the first process lead to the formation of the radi-
cal cation, and the second one, occurring at more negative potential affords
the neutral quinoidal form. The radical cation exists in aqueous solution in
equilibrium with the dimer:17 the formation of �-bonded dimers obtained by
spontaneous and reversible association of �-radicals has been named pimer-
ization. This process can be evidenced by a change in colour from blue,
typical of the monoreduced monomeric form, to violet, typical of the pimer
species and responsible for the name “viologens” attributed to this bipyridinium-
based class of compounds (figure 1.6). This equilibrium between the two

FIGURE 1.6: Comparison between absorption spectrum of Methyl Viologen cation
radical monomer and dimer in water. Taken from E.M. Kosower, J.L. Cotter, JACS,
1971, 86, 5524.

monoreduced forms, can be used to built a system that can be reversible
cycled between diamagnetic (pimer species) and paramagnetic form (non-
pimerized species) using non-covalent chemistry. Indeed viologen cation
radicals are a well-characterized class of spin-unpaired organic species. Buck
and coworkers18 synthesized a propyl-tethered bis-viologen cation radical
that could be switched between paramagnetic and diamagnetic form using
the complexation with the macrocycle CB[7] (figure 1.7).19 The bis-viologen
cation was obtained by reduction using sodium dithionite in buffered water:
in that condition just a weak EPR signal was detected, attributed to small
thermal population of the dissociated paramagnetic diradical. Then varying
amounts of the macrocycle are added while the changes in the EPR spec-
trum were monitored: after addition of 9 equivalents of CB[7] (solubility
limit of CB[7] in water), the EPR signal increases significantly. A Job plot
was performed to estimate the stoichimetry of the system: they observed the
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FIGURE 1.7: Reversible cycling between diamagnetic and paramagnetic forms of
bis-viologen cation radicalusing noncovalent chemistry. Adapted from Buck et al.,
JACS, 2013, 135, 10594-10597.

formation of the ternary complex 1:2 bis-viologen:CB[7]. To test if the param-
agnetic complex could be switched back to the diamagnetic form, they used
the trimethylaminomethylferrocenyl iodide. Indeed it is well know that this
compound is able to form a tight complex to CB[7] in water: it is able to dis-
place the weaker binding with the bis-viologen cation.

1.1.1 Supramolecular Structures Driven by Pimerization of

Tetrahedrally Arranged Bipyridinium Units

The pimerization constant of Methyl Viologen in aqueous solution is quite
low (385 M�1),17 so that highly concentrated solution are necessary (>0.1
M) to form a significant amount of �-dimer (pimer). The presence of N-
benzyl or N-phenyl units instead of the methyl ones enhances the pimer-
ization constant (5�104 M�1 20 and 3.5�103 M�1,21 respectively) in aqueous
solution because of a more favorable stacking of the aromatic rings and a
more hydrophobic character that prevents a good solubility of the monore-
duced bipyridinium unit. The stability of the pimer has been enhanced by
exploiting different approaches:22 (i) use of a micelle23 or a proper host, such
as cucurbit[8]uril,24 or �-cyclodextrin25 to stabilize the pimer; (ii) mechanical
bonding in interlocked systems;26 (iii) preorganization of two14 or multiple27

viologen units in the same scaffold to favor intramolecular pimerization.
In this contest we synthesized a shape-persistent molecule featuring four
bipyridinium units (18+ in figure 1.8) The photophysical properties of 18+

have been investigated in comparison with the model compound 22+ in aque-
ous solution (both compounds as chloride salts). 18+ shows the lowest-energy
absorption band with maximum at 317 nm and a fluorescence band with
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