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Why the school magazine Intersections?

It would be far too obvious to
explain why two teachers should
be interested in carrying out a
project with their students focusing
on ‘“intersections”, although some

aspects are worth mentioning
anyway.

As all educators and teachers
know, intersections and

connections are not only at the
basis of reality and of our
experience of it, but they are also
key concepts at the core of
teaching and learning. Physics and
other fields of knowledge have well
revealed how reality itself is made
of intersections and connections,
starting with the basic structure of
matter at a subatomic level and
going up to all the complex
dynamics governing the world at
different levels (social, political,
economic, environmental, etc.),
especially in the globalised reality
of the 215t century, where every

attempt at creating barriers
inevitably  clashes  with  the
fundamental truth of the

interconnectedness of the various
phenomena regulating our life on
the planet.

by Ivana Foti and Mauro Franceschi

At the same time, an important
part of our project was also - and
obviously -  building up a
community of young learners
involved in reading, writing,
discussing, sharing ideas, and
experiencing forms of intersection
between different areas of
knowledge, making those areas
dialogue and interact in various
ways. Choosing English as the
language of the magazine was a
further opportunity to work on
intersections (of school subjects, of
‘languages’, of cultural
perspectives) and to create
learning experiences entailing the
activation and development of
skills and competences at different
levels.

With this project, our objective
was therefore twofold: to let our
students (and other students, as
readers) reflect on intersections as
the intimate nature of the reality
surrounding us and create learning
experiences in class where
cooperation, creativity, knowledge,
and skills development were all at
work, stimulating at the same time
critical thinking and curiosity
towards the wonders around us.



At this point, it is therefore clear
what the title of this magazine
refers to. It would be also
appropriate to explain what we
mean when we specify that the
approach of this magazine is
“interdisciplinary” and why this first
issue focuses on molecules.

The term finterdisciplinary’ is
obviously meant to identify every
attempt carried out in this
magazine to cross boundaries
between fields of study, showing
how different areas of knowledge
and reality relate. These relations
are sometimes discussed more
specifically and technically, other
times they are explored in a more
‘creative’ approach, as in the
article about the connections
between architecture and
molecules in this issue. Both ways
of conceiving interdisciplinarity are
used to open up possibilities of
discursive exploration of reality
and of knowledge in general. In
this conceptual frame, molecules
thus appeared as the most
appropriate topic for the first issue
of this magazine. As structural and
foundational elements of reality
resulting from processes of
connections between atoms, they
offer suitable ‘foundation’ for this
project, both as a metaphor and as
a topic allowing interesting initial
discussion.

We really hope that this issue and
the following ones will be a
stimulating experience for as many
readers as possible, as the work of
our students, whose commitment we
are both grateful for, is directed to all
the potential readers and young
learners willing to explore
intersections and connections with
them.

Ivana Foti (English teacher)
Mauro Franceschi (Science teacher)



Note on the Authors

The project and the work for the present issue were carried out and
developed in different phases, from January 2021 to the month of
December of the same year. Therefore, the students participating in the
project worked over two school years, first as class 2A and then as class
3A of the course Liceo Scientifico. Here are their names, in alphabetical

order:

Bianchi Adrian

Biroli Alessandro
Borra Ginevra
Brognoli Vittoria
Caresana Gianandrea
Carini Maeva
Debrova Davide
Garghetti Simone
Invernizzi Filippo
Lepera Noemi
Magnani Theo Andrea

Monte Riccardo

Pedrazzoli Alice

Perez Lara Bray Alexander
Porro Francesco

Puppato Lucrezia
Rahmoun Samia

Righi Gabriele

Sacchetto Matteo

Scavini Federica
Scroccaro Monica
Siccardi Riccardo

Vettorello Alice

Where not indicated with the names of specific students, the articles
have to be intended as resulting from the combined work of all the
students in the list above, cooperating in groups.
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The origins of
the concept of
molecule:

Philosophy and Chemistry

How did the concept of ‘molecule’ originate? The history of this concept
is a fascinating journey back in time, starting with ancient Greece, where
some philosophers began to theorise about the structure of matter.

A molecule is an aggregation of
two or more atoms joined together
by a covalent bond. In 600 B.C.
the ancient Greeks knew that by
rubbing a piece of amber with
wool, it was possible to attract
small light objects such as seeds,
hair or feathers. They believed that

this phenomenon was due to a
'fluid' contained in amber. This
force was absolutely not related to
a possible structure of matter.
Amber in Greek is known as
elektron.

SPOTLIGHT ON...WORDS

The term molecule comes from Modern Latin
molecula, which is the diminutive of Latin moles
(“mass”) and means “small quantity of

something”. The word molecule has acquired
more specific meaning over the centuries as a

consequence of
chemistry.

increasing knowledge in




The origins of the concept of molecule: Philosophy and Chemistry

In the fifth century B.C. two
philosophers, Leucippus and
Democritus, formulated a
philosophical theory about the
structure of creation. Wondering
how many times matter could be
split in half, they came to call this
elementary particle forming all
matter atom, which in Greek means
“indivisible”.

The role of Democritus

Democritus thought that matter
was made up of smaller parts, but
he did not actually know what they
looked like. Democritus was an
important Greek philosopher. He is
also known as one of the first
atomists in the fifth century. In his
life he was also interested in
chemistry. Indeed, he tried to
explain chemical reactions with a
revolutionary idea, that is the first
atomic model.

Democritus thought that matter
could be divided into smaller and
smaller pieces until you reached the
point where matter could not be
divided into  smaller pieces
anymore. He called these pieces
uncuttable pieces or afomos in
ancient Greek. He also believed
that atoms were surrounded by
empty space and constantly moving
at random.

Aristotle’s idea

Aristotle disagreed with Democritus’
theory and decided to offer his own
idea of the composition of matter.
Aristotle  was an ancient Greek

philosopher, scientist and logician. He
did not believe in the atomic theory. In
fact, he thought that every material on
Earth was made of four fundamental
elements — earth, fire, water, and air —,
plus one that he added, that is ether,
and not of atoms.

SPOTLIGHT ON...ARISTOTLE

Avristotle is considered as one of the
most influential minds of all times. His
fields of knowledge were varied and

included also the scientific one. He was
born in 384 (or 383) B.C. in Greece,
more precisely in Stagira.




The origins of the concept of molecule: Philosophy and Chemistry

Actually, Democritus’ theory was
supported by better explanations,
but at the time Aristotle’'s ideas
were considered as more reliable
because he was more influential.
Consequently, his thoughts
prevailed over Democritus’ ones.

Empedocles’ ideas

Before Democritus, the theory of
the four fundamental elements had
been developed by Empedocles.
He thought that matter was one
continuous substance, not
composed of tiny, indivisible
particles or fundamental units. He
strongly opposed Democritus’ idea
of atoms, which was actually the
correct one, and since he was very
respected by his contemporaries
because of his scientific
discoveries, what he said was
considered the truth.

The 19" century: Dalton

In the 19" century John Dalton
theorised that elements were small
spheres and that there were
specific combinations between
atoms that could form distinct
molecules. He also discovered that
the weight of atoms is peculiar to
every single element, although two
different atoms, such as C and Si,
are essentially chemically identical,
being their nucleuses made up of
neutrons and protons.

DID YOU KNOW?

Even these days we do
not really know what

atoms look like. We know
they are spherical, but
there is no appropriate
technology to verify their
composition.




The origins of the concept of molecule: Philosophy and Chemistry

Dalton classified 20 different
elements and the possible
combinations were from binary
(which means that 2 atoms bonded
together) to septenary (7 atoms).

Nowadays, we know 118 elements:
94 of them occur naturally, on earth,
while the other ones were generated
in a lab. Some of those lab generated
elements are still produced and
widely used for  commercial
purposes. Obviously, it is still
possible to discover new elements.

The atomic models of Thomson
and Rutherford

Joseph John Thomson is credited
for discovering electrons in 1902 with
his physical model of an atom.
Thompson carried out an experiment
which  consisted in electrically
charging two metal plates at opposite
poles of a vacuum tube.

Thomson proposed the plum
pudding model of atoms before the
discovery of the nucleus. In this
model, the atom was a sphere of
positive charge with electrons
embedded in it and balancing the
total positive charge with their
negative charge. In this model, the
electrons were similar to plums in a
pudding.

However, Thomson’s model was
rejected when Rutherford proposed
a new representation of the atom
after performing the famous alpha

particle  scattering  experiment.
According to Rutherford, electrons
revolved around a positively

charged and dense nucleus, in a
way that was similar to the structure
of our solar system.

SPOTLIGHT ON...
RUTHERFORD

Ernest Rutherford was a
physicist from New Zealand

and in 1899 he discovered
that some elements give off
positively charged particles.
He named them alpha
particles and with those he
studied atoms.




John Dalton, molecules

and the birth of

chemical physics

A chemist and a physicist, John Dalton had a fundamental role in the
transition from the philosophical atomic theories of the Greeks to a
scientific theory of the atom. Here is an insight into his work Foundations of
Atomic Theory, where he combined chemistry and physics to theorise

about the structure of matter.

John Dalton was a British chemist
who lived in the 19th century. At
that time, scientists were not
aware of the existence of atoms,
and they thought that compounds
were made of the same continuous
substance.

Dalton did not agree with this
idea as he thought that
compounds were made of different
groups of identical, indivisible
units, called atoms, in constant
ratios. To prove his hypothesis, he
carried out numerous experiments
and he published a book called
Foundations of Atomic Theory that
contains the explanations, the
results, and the conclusions of
those experiments.

We can take the study Dalton
conducted about the composition
of the atmosphere as an example
of the various experiments that
provided evidence of the existence
of atoms.

Dalton’'s two targets were
calculating what part of the total
weight of the atmosphere is due to
each gas and the relative weight
percentage of those gases in a
given volume.

The first gas of which Dalton
calculated the weight in an air
column and its percentage of
incidence on the total weight of the
atmosphere was oxygen.



John Dalton, molecules and the birth of chemical physics

In order to do that, various
processes were used, such as:

- exposing the air to liquid
sulphuret of potash with or without
agitation

- exploding hydrogen gas and air
by means of electricity

- exposing the air to a solution of
green sulphate.

By means of those methods,
Dalton managed to reduce the
weight of a known quantity of air
by 21%. In other words, he came
to the conclusion that the
atmosphere was made up of 21%
oxygen, a percentage which is
almost identical to the actual one.

Physics is the basis of chemistry
and it is the key that allows us to
objectively understand things we
cannot study directly or even see
with the naked eye. Dalton used
physical techniques to modify the
state of matter in order to discover
its true structure (which is the aim
of chemistry), thus showing the
correlation between physics and
chemistry.

Filippo Invernizzi



What is a molecule?

What is a molecule? How do molecules combine? What types of bonds
are there? Let’s explore these fundamental components of matter!

Every time you breathe you
inhale some air in your lungs, but
what is air? As Dalton
hypothesised in his theory, the “air”
of the atmosphere is nothing else
than a mixture of more elements,
that is the molecules which are
different from each other.

A molecule is made of atoms
which are held together by bonds
and it can be defined as the
smallest identifiable unit of a
chemical compound that has the
compound’s properties itself.

Chemical bonds are the result of
the sharing of electrons between
two or more atoms. There are two
types of bonds: intermolecular (or
weak bonds) and intramolecular
(or strong bonds).

Intramolecular bonds

Intramolecular bonds keep two
or more atoms together and
depend on a particular
characteristic of the atoms, that is
electronegativity, which is the
ability to attract electrons.

For example, two atoms of oxygen
(O) that form a molecule of oxygen
(O,) are held together by a pure
covalent bond which is a particular
type of strong bond that is created
when two identical atoms are
connected to each other.

Other types of intramolecular
bonds are ionic and polar covalent
bonds.



Types of molecules

There are two different types of
molecules, depending on another
feature called polarity. A molecule
that has a partial positive charge
on one side and a partial negative
charge on the opposite side is
called polar and two or more of
them can cause weak bonds, such
as hydrogen bonds. A molecule
that does not have this feature is
called apolar. A typical example of
a polar molecule is water, while
oxygen is an example of an apolar
one.

Molecules can have different
shapes and sizes, depending on
the quantity of atoms — which is
always predetermined — and also
on the kind of bonds they created
with each other.

The molecule formula of a
compound shows which atoms and
how many of them compose the
molecule. For example, a molecule
of carbon dioxide (CO,) is a
compound made of one atom of
carbon and two atoms of oxygen.
The chemical interactions of
molecules

Two or more molecules can
chemically interact with each other
and break the bonds between their

What is a molecule?

atoms to form new ones, changing
their chemical composition but
without losing any mass.

The first molecule

According to the chemical
evolution theory, the first organic
molecule originated thanks to a
particular  condition on the
primordial Earth. In 1950 Stanley
Miller and Harold Urey from the
University of Chicago created an
“‘experimental atmosphere” that
contained the gases which were
present in the primordial Earth. In
the experiment a solution of water,
oxygen, hydrogen, ammonia and
methane was heated to recreate
the prebiotic atmospheric
conditions. The compound was
then treated with energy so as to
simulate lightnings. After that, the
gases were cooled with a
condenser and collected in a
container to analyse them. The
analysis revealed that the liquid of
condensation had formed organic
compounds, including amino acids,
which were isolated by means of
the technique of TLC (Thin Layer
Chromatography). The experiment
demonstrated that it was possible
to obtain organic molecules from
an inorganic atmosphere.



How big is a molecule?

To answer this question, we have
to perform some calculations, but
to make things easier we can also
make a comparison.

For example, if a water molecule

What is a molecule?

were as big as a grain of sand, a
single gram of water would be as
big as a cube with a side of 16,1
km or would fit in 1,67 billion
Olympic swimming pools.



Molecules In
3D

Click the molecule or the
LINK


https://drive.google.com/file/d/18o7ijH_ontAF7HWNvWqJkOStLeIvhaIm/view?usp=sharing
https://docs.google.com/file/d/18o7ijH_ontAF7HWNvWqJkOStLeIvhaIm/preview

Carbon dioxide

Click the molecule or the
LINK

Pictures and 3D animation by Riccardo Monte


https://drive.google.com/file/d/1fukGeQTemX4XjzSxdREEYB-IYkaEcRry/view?usp=sharing
https://docs.google.com/file/d/1fukGeQTemX4XjzSxdREEYB-IYkaEcRry/preview

Video interview to Dr Elisa Galliano, from
the University of Cambridge

Dr Elisa Galliano is a researcher and a Lecturer at the Department of
Physiology, Development and Neuroscience at the University of
Cambridge. She is also Fellow and Director of Studies in Natural
Sciences (Biological) at Fitzwilliam College. She kindly accepted to talk
with us in an online interview and answer some questions about her
career, her research activity, and her work as a neurobiologist.

In the interview, which took place on 14 June 2021, she explains what her
work focuses on and also recounts the steps of her career as an ltalian
student who, after graduating at the University of Pavia, successfully
managed to hold a position as a scientist in one of the most famous
universities of the world.




Some excerpts from the interview before watching...

Dr. Galliano:

First of all it’s a pleasure to be talking to you guys, so thank you very much
for being interested in research and specifically in what | am working on
and | have been working on these past 16 years, which is neuroscience. |
am fascinated by the brain, in particular | am fascinated by how
mechanistically we are able to learn new things and remember them or
eventually forget them. [...]

It all started when | was studying in Pavia with your esteemed teacher Mr
Franceschi, learning this technique called “electrophysiology”, which is a
technique that allows you to record from individual brain cells their
electrical currents. And by doing this we are able to link - from a molecule
mechanistic physical perspective - what happens to the brain to how
happens at the level of the whole organism. And | use animals to do this
because they provide experimental access and they are just clever,
especially mice, in what they do. [...]

Yes, molecules are central to what | do, because, as | mentioned, | really
want to understand the how and the details of how things happen, so I'm
gonna just give you two examples: to understand how neurons — that is
brain cells - function, we really need to know how they generate electricity,
which is what they use to communicate, and the key molecules in this
process are called ion channels...

WATCH THE INTERVIEW HERE:
LINK



https://drive.google.com/file/d/1pbBtqVtI64zB-y7mpJroTqT9-rlE_sar/view?usp=sharing

Listening to the

sounds of matter:

molecules and music

What is the connection between molecules and music? Music,
something we all experience and enjoy in everyday life, is a clear
example of how what we perceive is always the (changeable) product

of a series of interactions.

Why is it necessary to specify
that our perception of music is
not "absolute” but that it is
linked to the context in which a
piece of music is being
produced?

Waves have to propagate
through a medium, which on earth
is air. Therefore, in space sound
cannot propagate because it is all
void. This does not actually mean
that sound cannot exist there, but
if it does, it is surely for a short
duration.

Let's hypothesise that we are on
a planet, not necessarily the earth.

In that case, sound would
propagate in a different way. It
could become more acute
depending on the gas it
propagates through. The lighter
the gas is, the more acute the
sound will become. The effect is
the opposite when the gas is
heavier. Consequently, we can
say that our perception of music
depends on the context in which it
is being played.

Of course, the perception of
sounds also depends on the
species or, more precisely, on the
auditory system or on the
individual, who could have a
hearing problem and could hear
sounds as distorted.



Listening to the sounds of matter: molecules and music

Why can we say that the origin
of the perception of sound is
both mechanical and chemical?

Sound is a complex movement
of air molecules usually called
waves. Waves reach the ear canal
and then hit the eardrum, which
moves depending on the
frequency of the waves. The
eardrum in turn hits three little
bones called malleus, incus, and
stapes. The last bone, the stapes,
hits the cochlea, which has the
shape of a snail, increasing this
vibration. Inside the cochlea there
is a particular fluid, which produces
waves.

On the inner surface of the
cochlea there are stereocilia, that
is hair cells bundles which are
similar to spatulas that follow this
wave movement. Stereocilia
interpret this movement making
ions rush down their structure and
making neurotransmitters emit
electrical signals thus received by
the brain.

Why does the sound of our
voice change with different
noble gases?

Noble gases are called like that
because they do not bond to other
substances since their last electron
ring is full. Therefore, they

do not bond to each other either. You
can make them bond together only by
using ionisation, but the compounds
generated are not many. Having said
that, using a noble gas makes it
easier for scientists to understand
how sound propagates and is
perceived. As already said, depending
on the density of the substance, the
sound waves move in different ways,
so if we take krypton, whose
molecular mass is 84 g/mol, we will
have a completely different perception
of sound, because we would hear it
as creepy and very severe. The MM
(molecular mass) of air is smaller,
about 29 g/mol.

To sum up, what is the relation
between music and molecules?

Music is a sequence of harmonic
waves that propagate through air,
which is composed of molecules.
Therefore, the connection between
the waves and the molecules
composing air is like the one that we
can all experience when we move
from a place to another! If we move
on a street, with a car for example, we
can go fast, while if we move on or
through water, for example with a
boat, we will go more slowly because
water is denser than air. In that
perspective (and according to De
Broglie...) we are also waves!

Francesco Porro
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Molecules, atoms
and... architecture
The Atomium and Muse HZO

Can molecules and atoms inspire also architecture? Read the article
about two projects where the structure of matter was the inspiration for
fabulous architectural ideas!

A great idea...made real
THE ATOMIUM IN
BRUSSELS

&

An impressive architectural project
that has become the symbol of
Brussels. With its unique shape,
the Atomium attracts thousands of
visitors a year, letting them enjoy
the cultural activities its shining
steel structure offers.

R B

The Atomium w riginall ilt
€ Atomiu as originally bu The drawing above reproduces an

as a temporary pavilion for the iron unit cell, whose structure
event of Expo 58. It was then inspired the architectural shape of

the Atomium.
restored and became a permanent



monument displaying an
architectural  uniqueness  that
makes it an international symbol of
Belgium and the most popular
tourist attraction in Brussels. Its
stunning shape was planned by
the engineer André Waterkyn
(supported by the architects Jean
and André Polak) and was chosen
to celebrate the atom and suggest
the idea that scientific progress
could better the life of mankind.
Science was indeed the theme
chosen for Expo 58.

Still a great idea...
MUSE H,O IN TRENTO

A planetarium with the shape of a
molecule of water: that is what
MUSE - the museum of science
in Trento - was supposed to be
enriched with in 2019.
Unfortunately, the project, called
Muse H,O, never turned real, but
it still remains a great idea worth
mentioning and a possible
inspiration for future projects.

In 2019, MUSE, the museum of
science in Trento, nearly had the
opportunity to be enriched with
MUSE H,O, a planetarium to be
situated in its east garden and
shaped like a water molecule.

Molecules, atoms and...architecture

This futuristic iconic monument
consists in a cubic steel structure
with nine spheres representing the
nine atoms of an iron unit cell
magnified 165 billion times. Some of
the spheres are open to visitors and
house a permanent exhibition about
Expo 58, temporary exhibitions, a
restaurant, and bars. The Atomium
obviously allows visitors to enjoy a
breathtaking view of Brussels.

Photo credit:
https://www.ufficiostampa.provincia.tn.it' Comunicati/MU
SE-H20-un-planetario-di-rilievo-planetario

MUSE H,O was indeed the
project of a structure made of three
spheres representing the atom of



oxygen and the atoms of hydrogen
of the water molecule. In the
planetarium, visitors could have
enjoyed the projection of
documentaries and other
educational activities.

The structure of Muse H,O
In the project, the largest sphere,

representing the oxygen atom, was
planned to be the seat of an

innovative  digital theatre for
beautiful  spherical projections
about astronomy and of

documentaries on themes like
nature or the environment.

The two hydrogen atoms were
instead planned to be used as
multifunctional spaces for
educational and training activities,
such as labs and small exhibitions.
The topics to explore were
expected to revolve around the
STE(A)M disciplines (Science,
Technology, Engineering, Arts,
Maths), with particular attention to
research and technology for
sustainable development.

Molecules, atoms and...architecture

The message of MUSE H,O

The "water molecule" shape of
the planetarium MUSE H,O was
intended to carry a message
referring to the survival of the
planet, underlying the fundamental
issue of environmental
sustainability and the primary
importance of water.

With its unique shape, MUSE
H,O could have contributed
effectively to remind people of
what a precious resource water is.



Literature matters:
molecules and poetry

Can chemistry and poetry intersect? Roald Hoffmann’s work clearly
demonstrates that this is not only possible, but somehow welcomed.

Roald Hoffmann is definitely a
clear example of the connections
we can find (and create) between
science and literature.

A chemist and a poet, Hoffmann
was born in 1937 in Zloczow,
Poland (now Ukraine). After
surviving the Nazi occupation and
even the experience in a
concentration camp, in 1946 he
moved to Czechoslovakia, Austria
and Germany. He was able to
continue his studies in the U.S.A,,
where he attended Columbia
College and received his B.A,
summa cum laude, majoring in
chemistry. In 1958 he began
graduate study at Harvard
University where he obtained a
M.A. in physics just two years later,

followed by a Ph.D. in chemical
physics in 1962. He then started
an academic career  with
outstanding achievements.

Among other awards, he shared
the Nobel Prize in Chemistry with
Kenichi Fukui for their theories
concerning the course of chemical
reactions.

His love for organic chemistry
was nurtured during his
collaboration with R.B. Woodward,
who made him realise its beauty.
In  Hoffmann’s view, making
molecules, which implies hard
work, is very similar to art. Indeed,
sometimes chemists create new
molecules that have never been
seen before on Earth, and then
they study their properties and the



Literature matters: molecules and poetry

relationships  between  them.
According to Hoffmann, the whole
process, with its various phases, is
very similar to the one of artistic
creation, although there are some
differences.

During an interview he was
asked about his research style
and he explained that his method
is to go into details keeping his
eyes open for possible links,
without worrying about a general
goal, since it is often possible to
spot interesting connections.

Hoffmann’s love for chemistry
led to his teaching experience,
where he tried to teach his
students important notions, like
the idea that chemistry is about
change, but that there is also an
equilibrium which, in his words,
can be disturbed.

However, Hoffmann’s life is not
only about science. During his
stay at Columbia he was indeed
introduced to his other major
passion, that is poetry, the form of
art which led him to learn more
about literature.

As already mentioned, Hoffmann
has a particular conception of
beauty in chemistry which refers to
the subtle symmetries and
asymmetries of electron orbitals in
complex molecules. His goal was

to share this beauty with others,
therefore he decided to do it
through the language of poetry.
Some of his most important
publications in poetry are The
Metamict State (1987), Memory
Effects (1999), and Constants of
the motion (2020). Scientific ideas
and concepts frequently nourish
the metaphors and the images in
his poems.

As a scientist, Hoffman has
published an enormous variety of
articles and two important books,
The Conservation of Orbital
Symmetry published in 1970 and
Solids and Surfaces: A Chemist’s
View of Bonding in Extended
Structures published in 1988. In
his interviews, he never fails to
show his passion for science and
art, revealing “the poetry of
molecules” and how his work also
results from the awareness of the
aesthetics science and poetry
seem to share.

Samia Rahmoun
Gianandrea Caresana



