






Fig. 8.
A typical Gaussian interrelation between the intensities of incoming and outgoing signals in
a spectrometric analysis. Note that the optimum set of conditions for measurements aimed to
attain the best possible resolution sacrifices both the area of maximal sensitivity and the area
of maximal intensity, and instead finds the way between. Thus, among many other balances
that science implicitly teaches us, the one between sensitivity and powerfulness occupies an
important place in each experimental observation
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Fig. 9.
Different vibrational spectra of water in bulk conditions (left), and in droplets of 2.5
(middle) and 7.5 nanometers (right) in size. Many properties of water including diffusivity,
viscosity, dielectric permittivity, polarity and acidification gradients have been shown to
change depending on the size of aqueous droplets, implying that different environmental
contexts trigger different physicochemical behavior of water confined to nanosized spaces,
such as in biological environments. Reprinted with permission from Ref. Crupi et al. 2007
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Fig. 10.
The active site of arabinose binding protein with the essential structural role of hydrogen
bonds and water molecules (left), and water molecules depicted as V-shaped entities playing
a similarly active role in the binding site of oligopeptide binding protein (right). Even
though molecular biologists have traditionally drawn their models against uniformly colored
backgrounds, the scientific understanding is nowadays getting in line with Paracelsus’
conception that “water is the matrix of the world and all of its creatures”, in which an active
role of water is implicitly acknowledged. The active volume of macromolecules is thus,
more and more, drawn so as to extend beyond its formal boundaries, although at the cost of
limiting the timescales and conformational spaces that can be assessed in molecular
dynamics simulations. As Philip Ball, a co-editor of Nature magazine, asserts, “the structure
and dynamics of this hydration shell seem to feed back onto those aspects of the protein
themselves so that biological function depends on a delicate interplay between what we have
previously regarded as distinct entities: the molecule and its environment”. The fact that the
hydrogen-bonded network in the hydration layer of a peptide molecule or water dynamics in
the cellular environment are different in comparison with those of bulk water, clearly
indicates a feedback, co-assembly interaction possibly within every “self-assembly” process
in Nature. The question of where the system ends and where the environment begins will
turn out to be increasingly crucial and harder to define as the experimental settings and
human interference with physical systems become more complex and sensitive. Reprinted
with permission from Ref. Whitehead (1928)
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Fig. 11.
The essential concept of statistical thermodynamics is that the probability of finding the
system in a given state can be represented as the product of two separate probability terms: a
Boltzmann factor, according to which the higher the energy of the state, the less probable it
is; and b degeneracy factor, according to which the higher the energy of the state, the more
ways there is by which that state could be reached, and therefore the higher the probability
of settling of the system into that state would be. As a result, the most probable state of the
system does not correspond to the lowest energetic state, but there is a finite width of energy
probability distribution peaking at energies above the ground level (Cooper 1999)
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Fig. 12.
Aragonite crystals obtained: by the reaction between calcium chloride and urea at 90°C
(left); by the same reaction carried out in magnetic stirring conditions (middle); by
preheating the precursor solutions to 90°C and then rapidly mixing them (right). Reprinted
with permission from Ref. Wang et al. 1999
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Fig. 13.
Ever since Isaac Newton wrote that “I do not know what I may appear to the world, but to
myself I seem to have been only like a boy playing on the seashore, and diverting myself in
now and then finding a smoother pebble or a prettier shell than ordinary, whilst the great
ocean of truth lay all undiscovered before me” (Brewster 1885), the metaphor of the coast of
solid knowledge and the ocean of unknown meeting at the seashore of human mind has been
one of the most beautiful ones in depicting the quest for knowledge. The current interest for
nanoscale physical phenomena presents a natural consequence of the continually improving
scientific mastery of “playing” with the planetary matter at ever smaller size scales. This is
why a boy facing downward while being immersed in the beauty and secret meanings of
small and negligible seashore pebbles may present a symbol of the curiosity that drives the
voyage towards new discoveries in the field of nanosciences and nanotechnologies
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Fig. 14.
Morse curve representing the potential energy of an anharmonic oscillator as a function of
distance between the oscillating entities (the scale herein corresponds to atoms in a hydrogen
molecule). Had the shape of this curve been symmetrical (i.e. harmonic oscillator),
numerous effects, including the finite thermal conductance of solid bodies, thermal
expansion, molecular dissociation and the appearance of combination bands and overtones,
could not have been explained
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