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Introduction

As a child, I was always amazed by Aladdin’s
magic lamp. What fueled my curiosity was the idea that
such a great genie, who made the impossible a reality
for the everyday person, emerged from such a small
object. I always asked whether what was said about
the lamp was a reality or an illusion. I later found out
that science is the great lamp and because of it our way
of life and thought have become so enlightened that
scientists’ achievements appear to be miracles made
possible. Scientific reasoning became the norm and with
it, observation and experimentation gradually took the
place of myth and metaphysics which is based on self
behavior. With this shift in the way of thought, we were
able to understand the laws of nature. Lightning was no
longer a divine anger , instead it is light brought about
by the crashing together of one positively charged and
another negatively charged cloud.
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With respect to astrology, Copernicus was able to
present a theory which shook to the base all known
concepts and turned the universal gravity equation
upside down. His theory was able to prove that the Earth
rotates around the sun, in clear opposition to what people
had previously believed. Also, with the advancement of
medicine, people’s attitudes towards certain diseases
changed. This could be seen with hysteria which had
been regarded a touch from the devil. Patients were
exposed to a variety of torture methods, as it was thought
that such processes would cast away the evil spirits, until
psychological analysis came to be and discovered the
sub-consciousness. By this, doctors were able to cure the
“sick” gradually using a process called psychological
discharge.

Today, by science, we are doing things our ancestors
found impossible to achieve; however, there were times
when our genie strayed off the righteous path: we
produced the deadliest types of weapons possible, we
tried to tame nature instead of living in harmony with
it. Some scientists were aware of this matter such as
Max Perutz who discovered the molecular structure
of hemoglobin which led him to win the Nobel Prize in
Chemistry. But despite his belief that science is a victory
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of the mind, he thoughtfully added, “But the mind is
not enough”. In the same context, the twelfth-century
French philosopher Peter Abelard said, “Science
without conscience is death of the soul”.

In Max Perutz’s discussion of the dangers of atomic
energy and the ability of an atomic bomb to kill several
millions of people he said, “ Every person with a sound
sense of mind should participate in the prevention of
this disaster. Those young men who are protesting now
at atomic power plants are doing well, and it would be
even better if they focused their protests against the
physicians who keep forcing new weapons on the army,
and against the manufacturers who compete in making
them, and against the strategists who devise new targets
for them, and against the politicians who believe that
these weapons reinforce their power. For this purpose,
we must apply science for peace and strive to distribute
the benefits of this peace fairly over all mankind”.

Another scientist who was aware of the ethical
side of science was the 1960 Nobel prize laureate Peter
Medawar. He begins his book “The Threat and the
Glory” with the idea that science’s massive glory is just
as much as its massive danger, and basically everything
can be achieved if there is enough will to achieve it.

11
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This idea has many deep and dangerous indications,
especially since it was said by such a great scientific
researcher. Its importance lies on the fact that it poses so
many questions:

1. Where is the danger in science?

2. Does science have a human role in leading
mankind in the right direction, or will it lead to our
decline?

3. What must we do to improve science?

In the midst of this dilemma and on the long
journey of seeking solutions for the dangers posed by
science and all the attempts to correctly direct its path,
American biologist Linda Jean Shepherd appeared on
the scene with her book “Lifting the Veil: The Feminine
Face of Science”. In the introduction to her book, she
distinguishes between the original typical feminine
principle and the superficial visualization of feminism,
as well as feminism as a scientific term and as such
being a power that attracts and joins people together.
For this purpose, she formulated 8 elements that
contribute to the return of spirit to science and they are
feelings, receptivity, subjectivity, pluralism, nurturing,
cooperation, intuition and association. All of these, in

12
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integration with the male elements, build new values
and create a balance in science whereby it is no longer
rough and neutral but is really attractive and exciting.
Since Linda Shepherd studied Jungian psychology, she
adopted the definition that Jung presented for feminism
and masculinity whereby he describes two different
human behavioral patterns: EROS which is the female
associative principleand LOGOS which is the masculine
objective nurturing principle. Jung believed that our
primary task in life - the process of psychological growth
towards completeness - demands the integration of both
feminine and masculine principles. In turn, he focused on
the idea that an individual can only reach completeness
by evolution and integration of both principles. This
bestows the individual with wider choices and resources
for interaction with science. It is very interesting to see
that the more men evolve associatively such as in care
and receptivity, the less they display “feminine”. Quite
oppositely, they appear much more masculine without
needing the violent defense of masculinity. In the same
way, when women summon the qualities of distinction
and clear thought, they are able to do so in such a feminine
way which lessens the sharpness of the masculine mind.

Therefore, for science to be better, it is inevitable
that we show its hidden side. In the face of thinking,

13
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which is the task of logical distinction and impersonal/
objective experimentation that tries to organize facts in
a series or a pyramidal hierarchy, it is feeling with its
task of creating warmth where there is coldness of mind
and creating beauty where there is ugliness. In all its
deductiveness, this leads to social skills of induction and
persuasion and builds bridges between people in such
a way that science is no longer based on the separation
between the self and the subject. On the contrary, it
becomes based on their unity and as such our search
becomes driven by love of nature instead of a desire to
control it.

After Linda Jean Shepherd’s quest for the
importance of every element, and her smooth movement
from one idea to the next surprisingly taking her reader
to new levels of consciousness and giving her readers
subconscious perceptions that shake to the foundations
all previous accumulations, she ends by saying that
every individual must think deeply to reevaluate his/
her values so that we can gain a better understanding
of ourselves and to develop our emotions and intuition
so that our thinking and feeling complete each other
and we as humankind can come closer to the complete
whole. She goes on to say that at such a time, each one
of us would be able to plant science in his/her heart and

14
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body and be able to reach out to colleagues and build a
window for cooperative work based on love, confidence
and passion. She believes that if we do this, we would
become the live building blocks of philosophers. It seems
to Shepherd that whomever we touch with our life spirit
will be able to see the value of this method of practicing
science and she believes in the strength of small things,
the accumulative power of individuals which leads to
awareness and finally a moral life.

Based upon what these great people have written
about their passion to know and about their enjoyment
of the aesthetic side of science, and in an attempt to
understand the eight hidden elements while preserving
the contextual spirit of the meaning, I have at times,
beginning from this introduction, excerpted phrases
from Shepherd’s book. Then I have set out to write texts
in which I link chemistry to some of these elements. On
the one hand, I aimed to impart an emotional aspect to
science. On the other hand, I related between scientific
topics and their logical order with our everyday issues.
Science is no longer an external shell under which we
hide our mythical outlook towards events; it has become
integrated into our personalities, it penetrates our deepest
existence and reflects on the structure of our thought.

15
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Since the texts are related to chemistry, it is necessary
to review the story of the atom, the development of
our understanding of it over time and to showcase the
contributions of the scientists who, with their taking apart
of the smallest particles of matter, made our journey in
this universe less vague and more beautiful.

16
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The Story of the Atom

Have you ever asked yourself what the things
around you are made of? Perhaps the Greek philosophers
were the first to ask this question and hastened to find
answers in rational and logical ways despite only using
observation without experimentation. They believed in
the existence of a primary matter which natural things
were made of. For instance, Thales Miletus believed that
water was the basis of all beings, whereas Anaximenes
claimed that air and fog were the base of all things. After
these two, came Empedocles who considered that nature
had four basic elements which were soil, water, air and
fire. All the changes in nature that we see are merely a
mixture of or a separation of these four elements.

In 640 B.C., the Greek philosopher Democritus
was born, and he believed that everything is made up of
very small particles, and each particle is permanent and
eternal, whereby if we keep splitting any material we
will end up with a particle that is “indivisible”. He called

17
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this particle an “atomos”. Despite the aesthetic value of
this idea, it differs from the atomic concepts we reached
later on in history.

Aristotle (384 B.C. - 322 B.C.) refused the idea
that material was made of atoms and void, and instead he
revived the theory of the four basic elements and added
a sensory characteristic to each element: hot and dry
accompanied with fire, hot and wet accompanied with
air, cold and wet accompanied with water, and cold and
dry accompanied with soil. Aristotle believed that the
elements interchanged into one another by the reaction
of the two active forces which were hot and cold, and
the two passive forces which were humid and dry. It is
surprising how widely this theory of the four elements
was known, and it remained so until the chemical
revolution of the seventeenth century. Aristotle actually
added a fifth element which he called “aether” which
remained a debatable issue until the twentieth century
when the Michelson-Morley experiment proved that the
aether doesn’t exist.

Robert Boyle (1627-1691) was an Irish scientist
whose comfortable financial situation helped him to
perform some important scientific experiments. He was
famous for experimenting with gas, and was able to
prove that the volume of gas decreases with an increase

18
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of pressure put on it. In his book “The Skeptic Chemist”
he published in 1661, he revived the theory of the atom
and gave a whole new meaning to the word element. He
defined it as the simplest pure substance which could not
be divided to anything simpler using known chemical
methods.

Phlogiston - A step backwards

By the seventeenth century, chemists realized that it
was essential to let go of Aristotle’s ideas related to the
nature of matter, but before these were disposed of for
good, they went through a final awakening with the help
of the phlogiston theory. However, the experimention of
this theory and its refusal only took about one hundred
years, and not two thousands. This theory arose because
of a person called Johan Joachim Becher who added
to the air and water three forms of earth: terra lapidea,
terra fluida and terra pinguis. He believed that during the
process of combustion terra pinguis was released which
was later renamed phlogiston.

Joseph Priestley (1733-1804) and Antoine-Laurent
de Lavoisier (1743-1794).

® Air is not an element and is mainly made up of
two different gases

19
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® Water also is not an element

Priestley (English clergyman and chemist)
performed many successful scientific experiments. For
instance, he was able to discover hydrogen chloride gas
(HCL), ammonia gas (NH,), and invented soda water
(CO, + H,0) which is considered the basic ingredient in
soft drinks today. However, by far, his most important
success was in the isolation of a very important gas
(named later oxygen). He did this by heating mercuric
oxide, he noticed that this new gas increased the flame of
a candle and contributed to the increased incandescence
of heated coal. By this, he had discovered a new gas that
aided combustion more than normal air, and he named it
“dephlogisticated air”.

Lavoisier (French scientist) was born in a bourgeois
family. His father was a successful lawyer who left him
a large inheritance. Lavoisier got the best education
possible but despite passing the bar examination of the
sixteenth century he decided - due to his passion for
chemistry - to become a member of the science academy
instead of being a lawyer and succeeded. From that time
on, he made amazing achievements which contributed
to the development of the world of chemistry. His
laboratory was larger than and more complex than any
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of those preceding the nineteenth century. It contained
a large number of tools whereby Lavoisier could
precisely make measurements surpassing the abilities
of his contemporaries, in a world where weight and
measurement were half the secret of his discoveries.
Because of this ability, he changed chemistry from
qualitative theory to quantitative science. Using precise
weight measurements, he was able to prove that
phlogiston was merely a myth. On the first of November,
1772, Lavoisier presented the Science Academy with
a note in which he reported that eight days earlier he
discovered that with the combustion of sulfur no weight
was lost, contrarily it was gained. He said that he had
gained more than a pound of sulfuric acid (H,SO,) from
a pound of sulfur taking into account the humidity of
the air. Lavoisier added that this would also happen
with phosphorous. Evidently, the increase in weight was
because of the large amount of air which was combining
during combustion with the sulfur or the phosphorous.
Lavoisier said that he was convinced by his decisive
experiments that “what is observed in the combustion of
sulfur and phosphorous may well take place in the case
of all substances that gain in weight by combustion” and
that combustible material does not give air anything:
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quite the opposite as it takes something from it, but what
is this “something”?

In the autumn of 1774, Lavoisier published
descriptions of more experiments where he put measured
amount of tin in a measured bottle that could hold a large
amount of air. He then sealed the bottle, warmed it until
the tin was oxidized. After giving the apparatus time to
cool, he found that the weight remained unchanged, but
after he broke the seal he noticed the flow of air inside
the bottle which pointed to the fact that a partial void had
occurred in the bottle. Why was this? Lavoisier found no
other explanation than the combusted tin had combined
with a part of the air, but what was this part?

In October of 1774, Lavoisier met Priestley in
London. Priestley told him of the experiments he had
carried out in August and which he continued to explain
as proof that phlogiston came from the combustible
material and entered the air. On April 26th of 1775,
Lavoisier read a note to the Academy of Science in which
he described the experiments which led him to consider
that combustion was the absorption by the combustible
material of an unknown element from the air which he
temporarily called “nothing else than the healthiest and
purest part of the air”. He had discovered oxygen as

22



When Chemistry Speaks...

had Priestley, but he differed from Priestley in that he
refuted the myth of phlogiston. In 1777, he published a
research paper entitled “The Breathing of Animals” in
which he said that five sixths of the air that is breathed
is incapable of supporting the breathing of an animal,
or combustion... only one fifth of the air is valid for
breathing. The term “oxygen” as the combusting element
of air was not coined until 1779, which he derived from
two Greek words meaning “acid producer” because he
mistakenly thought that all acids required oxygen in
their composition. It was experimentally proven that air
1s not an element, but what about water?

Henry Cavendish (1731-1810) was a British
chemist and physicist who discovered a combustible
gas (later named hydrogen) which he made from the
reaction between metals and acids and which later led
him, Priestley and James Watt (famous for his steam
engine) to discover that water is formed when hydrogen
and oxygen are burnt together.

In 1783, Cavendish’s assistant, Charles Blagden,
visited Paris and generally presented information about
this experiment to Lavoisier, who, in turn, repeated the
experiment in his own private laboratory but went one
step further. He decomposed water by passing water
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steam through the barrel of a gun which had been heated
to redness. He brought about hydrogen and iron oxide.
Lavoisier did not hesitate, and declared that water was not
an element but a compound of oxygen and “inflammable
air” which he called hydrogen (from the Greek meaning
water-former).

These discoveries reformulated the entire
understanding of chemistry, whereby the names of
compounds were derived from their components. Lavoisier
drew up a table of the thirty-two then known elements
which we still use today (today there are more than one
hundred and twelve known elements). Unfortunately,
Lavoisier’s scientific journey was short lived. As many
of his contemporaries, he had to finance his chemical
experiments personally, and so invested his money in a tax
collection scheme for the King. However, after the French
Revolution, tax collectors were much hated and Lavoisier
was arrested by revolutionaries and his trial took place
on the morning of the eighth of May 1794. His scientific
accomplishments did nothing to forward his case and
was guillotined on the same day. With this, science lost
a person whose achievements were a revolution and who
was able to destroy the theory of the four elements, and
by which release Aristotle’s hold on European thought.
chemistry was no longer as it used to be.
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John Dalton (1766-1844) was born in a small
English town of Eaglesfield, Cumberland and was
brought up in a poor family. His father was a weaver and
two of his siblings died of hunger and cold, but from the
very beginning of his academic life he was a very bright
student.

From the elements of Lavoisier, Dalton formulated
his atomic theory and suggested that known elements
such as oxygen , carbon and hydrogen contained small,
permanent particles which were invisible by the naked
eye and which he called atoms. Dalton’s atoms were
not abstract but had real atomic weight, and combined
in simple whole-numbered ratios to form the assorted
chemical compounds. He published his discoveries in
1808 in his book “New System of Chemical Philosophy”
and the main points of his theory were:

1. Elements are made up of extremely small
particles called atoms. These can combine to create
molecules.

2. Atoms of a given element are identical in size,
mass, and other properties; atoms of different elements
differ in size, mass and other properties. For instance,
all iron atoms are similar but are different from oxygen
atoms.

25



When Chemistry Speaks...

3. Atoms cannot be subdivided during chemical
reactions.

Dalton’s theory had some flaws. For example, he
mistakenly believed that the formula for water was HO
(in reality, it is H,0), and that similar atoms repelled, and
that the oxygen in air was made of one atom. However,
it did not take long to correct these mistakes. The Italian
scientist Amedeo Avagadro (1776-1856) suggested in
1811 that the elements hydrogen, nitrogen, and oxygen
were present in nature in the form of diatomic molecules
(H,, N,, O,). Accordingly, the knowledge of how
atoms reorganize themselves to create molecules was
a revolutionary step which allowed scientists to create
compounds in a systematic way. A question does present
itself here, however: What are the forces that hold these
atoms together? The answer came: The discovery of
electricity helped scientists in figuring out this puzzle, as
we will shortly see.

William Crookes (1832-1919) and J.J. Thompson
(1856-1940)

The Discovery of the Electron

In 1861, the British chemist and physicist Crookes
discovered a previously unknown element with a bright
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green emission line in its spectrum and named the
element “thallium” from the Greek word meaning “a
green shoot”. In 1879, he designed what were later to
be known as the “Crookes tubes (the predecessor of the
television screen), which are glass emptying tubes joined
at both ends from the inside with metals. These metals
- a negative pole (cathode) and a positive pole (anode) -
are joined to high voltage after the air has partially been
taken out of the tube. Then the beautiful surprise occurs,
a ray of light is emitted at the cathode.

Crookes could not identify this ray, and it remained
a puzzle to scientists until Thomson repeated the
experiment in 1897 and noticed that the cathode rays
were moving in straight lines. But when he exposed these
rays to a magnet, they bent. Since we know that light is
not affected by magnetic fields, Thomson deduced that
the ray was made up of a negatively charged particles
because it exited from the negative pole. After several
hours of observation and measurement, he was able to
measure the electric charge relative to the mass, thereby
showing that it was very small. He found it to be about
1/2000 of the mass of the lightest atom, the hydrogen
atom. Thomson realized that he had found the first
particle smaller than an atom (which would later be
called an electron). With this discovery, the old concept

27



When Chemistry Speaks...

of the atom which circled around the idea that an atom
is an indivisible entity was brought to an end (We will
later discover the principal role of electrons in holding
molecules together).

In 1900, in light of the little available information
about atoms, Thomson tried to create a model of the
atom based on the following idea: since atoms contain
negatively charged particles (electrons), they must also
contain positively charged particles which keep the atom
neutral. He suggested that an atom was solid sphere and
positively charged with negatively charged electrons
embedded inside it. It was similar to a ball of dough
which had raisins dispersed inside it known as “plum
pudding”. This model had many flaws, how could they
be discovered? The answer was quick to arrive since
chemistry discovered radiation which was to lighten the
way.

Ernest Rutherford (1871-1937)
The Discovery of the Nucleus

Rutherford was an experimental scientist by all
means. He realized that observation needed to be
freed from the influence of known theories so that
our predetermined ideas would not lead us to wrong
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deductions. Through observation, the researcher may
change his mind about what he believed and so follow
any unexpected result.

Rutherford was born in Brightwater, Nelson in
New Zealand where he went to school. He later studied
chemistry and physics at Wellington university. In
1896, Henri Becquerel discovered the radioactivity of
uranium, which Marie Curie and her husband Pierre
Curie studied and also discovered two other radioactive
elements: radium and polonium. Rutherford was
interested in the radioactivity of certain elements and
found that these go through a naturally-occuring process
of disintegration during which they emit unstable energy
particles having the ability to penetrate substances. He
called these energy particles alpha, beta and gamma (a,
B and ¥).

In 1909, with the help of two of his associates, Hans
Geiger and Ernest Marsden, Rutherford carried out an
experiment to discover something about alpha particles
and this experiment can be summarized as follows: In
a vacuum, a beam of alpha (a) particles was aimed at
a piece of gold foil (0,00004 cm thick). A zinc sulfide
(ZnS) coated screen was placed behind the foil to act as
a backdrop for the alpha particles to appear upon. ZnS
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was chosen because it is a substance which emits light
when alpha particles hit into it. The results, which were
unforeseen, were the following:

1. Most of the alpha particles passed right through
the gold foil with no deviation.

2. Some alpha particles deflected slightly from the
straight path.

3. Some alpha particles deflected right back to the
source.

After witnessing this unique presentation,
Rutherford diligently studied the findings and in eighteen
months reached the following conclusions:

1. Most of the bulk of an atom is empty space with
electrons scattered in it, the proof of which was the most
of alpha particles that were not deflected upon hitting the
gold foil.

2. Atoms contain heavy, positively charged particles
which were the reason behind the slight deflection of
some of the alpha particles.

3. Atoms contain a small nucleus which contains
positively charged particles, the proof of which was the
complete deflection of few of the alpha particles(coming
backwards).

30



When Chemistry Speaks...

Therefore, an atom is empty space which means that
everything we imagine to be solid - even this book you
are reading now - is mainly empty space filled with an
electromagnetic network that links positive and negative
charges together.

An atom is electrically neutral because the number
of positive charges in the nucleus is equal to the number
of negative charges orbiting around it. Based on this, the
model suggested by Rutherford is similar to the solar
system where most of the mass is in the small bulk of the
positively-charged sun (nucleus), which is surrounded by
negatively-charged, almost mass-less planets (electrons)
orbiting it - the nucleus - in fixed orbits. Because of this
orbiting, the centrifugation force of the center is equal
to the attraction force between the positive nucleus and
the negative electrons thereby holding everything in its
place.

Rutherford’s discovery of the nucleus of the atom
is considered a significant scientific event; however, the
Scottish scientist Maxwell strongly opposed the idea of
fixed electron orbits and proved his opposition based on
Newton’s classical laws of physics which were dominant
at the time. These laws considered that any body would
lose its energy if it moved, and since electrons were
bodies, therefore by their circular motion around the

31



When Chemistry Speaks...

nucleus, they would continually lose energy and their
paths would gradually get closer to the nucleus until they
crashed into it. At such a point, the atom would collapse
and therefore the model would collapse.

How would scientists find a solution for this
discrepancy between Rutherford’s model and Newton’s
physics? The answer was not late in appearing because
a new type of physics was about to reformulate the laws
that regulated things and would prove that Newton’s laws
could be applied to relatively large objects. However, for
small objects such as atoms and electrons, a new physics
controlled them which was called “quantum physics”.
With quantum physics, scientists would become able to
successfully explain the movement of electrons around
the nucleus and the first step toward this was with Niels
Bohr.

Niels Bohr (1885-1962)

Niels Bohr was a Danish physicist born in
Copenhagen who graduated from its university in 1911
with a doctorate degree in physics. In the same year,
he left for Cambridge and worked for a year under the
supervision of J.J. Thomson. After that, he moved to
Manchester to study at the hands of the scientist Ernest
Rutherford. In 1912, he came back to Denmark where
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he began his own research experiments on the structure
of the atom.

In the context of scientific progress, scientists
had invented a technique for analyzing the identity of
elements called the spectrometer. This was the systematic
study of the interference of light with the matter. We
know that visible light (white) emitted from the sun or
from an electrical source is made of waves of different
lengths. If we analyze this light through a prism which is
then reflected on a white screen, we will get a rainbow of
colors where each color represents a wavelength. These
colors are called the continuous spectrum since there
are no separate areas between the colors. This is with
respect to light, so what about atoms?

By the study of the spectra, something very
important was observed: when gases or vapors are
extremely heated, they begin to glow. When they were
analyzed with spectrometer, it was found that these gases
or vapors were made up of a limited number of colored
lines called a linear spectrum . It was determined that
the linear spectrum of any element was characteristic and
unique to that element only, similar to the human finger
print. By a spectral analysis of the rays of the sun, it was
determined that the sun is mainly made up of hydrogen
and helium gas.
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In 1913, with a study of the linear emission
spectrum of hydrogen, Bohr was able to present his
atomic model: he took the Rutherford model and added
to it that electrons orbit the nucleus in seven circular
orbits where each orbit is of a fixed and specific energy,
and the areas between the orbits were forbidden for
electrons. During electrons’ orbiting around the nucleus
in stable state they did not emit energy, thereby, did not
fall into the nucleus. However, in excited state such as
when the atom was given energy by heating or electrical
discharging, electrons temporarily jumped to higher
energy levels until they emptied themselves of the extra
amount of energy that had gained. The atom would
automatically return from an excited to a stable state and
the energy lost would present itself in the form of a light
wave with a specific wavelength and frequency, which
would produce a unique linear spectrum.

Advantages of Bohr’s Theory

1. For the first time, this theory used quantum ideas
in identifying the energy of electrons at different energy
levels.

2. It proved that during electrons’ orbit around the
nucleus in a stable state, they do not emit energy and
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therefore do not collapse into the nucleus (areconciliation
between Rutherford and Maxwell).

Disadvantages of the Atomic Model
1. It could not explain the spectra of other atoms.

2. It assumed that electrons were physical particles
without taking into consideration their wave nature.

3. It assumed that the place and speed of an electron
could be specified at the same time, which was later
scientifically proven to be impossible.

The Modern Theory of the Atom

In 1924, the French scientist Louis de Broglie
suggested that electrons have wave properties, and his
hypothesis stated that any moving particle (for example,
electron) has an associated wave, which is different
from electromagnetic waves (light), whereby it would
not separate from the moving body and its speed did not
equal the speed of light. His prediction was proven by
two separate and independent experiments. The first was
conducted by the scientists Clinton Davisson and Lester
Germer, and the second by the son of J. J. Thomson.
They all received Nobel prizes for their discoveries. What
is interesting in the matter is that Thomson (the father)
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received a Nobel prize for discovering the electron and
for proving that it was a particle, and his son received
the same prize for proving that an electron was a wave!

In 1926, the Austrian scientist Erwin Schrodinger
(1887-1961) published a model of the atom built entirely
on the wave idea, and in which he opposed what Bohr
had suggested about forbidden areas for electrons
between the orbits. He eliminated the word “orbit”
and exchanged it with the word “orbitals” which is all
the emptiness around the nucleus inside the atom. The
electrons move without any forbidden areas. However,
less than a year later and based on the wave-particle
duality of the electron, the German scientist Werner
Heisenberg (1901-1976) published his “uncertainty
principle” which states that the more precisely the
position of a particle is determined, the less precisely
its momentum can be known, and the opposite is also
true. It is scientifically impossible to determine both the
position and the momentum at the same time. With this,
Heisenberg brought the concept of probability onto the
scene, where we came to say that there is a small or large
probability of finding an electron in a certain position.

Heisenberg was directly followed by other
scientists such as Max Born (1882-1970), Pascual
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Jordan (1902-1980) and Paul Dirac (1902-1984) who
all helped to lay the modern atomic theory which was
based on several modifications of Bohr’s model with
one basic exception: electrons do not move in fixed and
stable orbits, instead they are free to move in all the area
surrounding the nucleus. Also, all we could know about
the electron was a “possible” position, as if the space
around the nucleus were a “cloud” of varying density,
increasing where electrons were more probably present.

In 1932, James Chadwick (1891-1974) discovered
the neutron which had no electrical charge and was
present in the atomic nucleus with the protons. After
this, came the discovery of new and elementary
particles. Scientists of the second half of the twentieth
century probed into the depths of the nucleus and in
1964 “quarks” were discovered by Murray Gell-Mann
(1929- ) and George Zweig (1937- ) independently.
When they bombarded protons with neutrons, they both
noticed that the properties of these particles could be
explained by treating them as triplets. Gell-Mann named
them quarks in reference to the novel Finnegans Wake
by James Joyce.

At the beginning of the twenty-first century, much
talk began about the “Superstring Theory” in which the
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breaking-down of the particle does not end with quarks.
The new idea says that if we probe deep enough into
atomic particles, we will find strings of energy which
vibrate and which appear as vibrating strings, thus the
name. As with the strings of musical instruments which
vibrate differently to produce music, superstrings vibrate
differently energy-wise and thus produce the particles
that all the universe around us is made of.

There remains one question: Are these superstrings
the smallest particle known in nature? Passionate
researchers will surely present us with an answer to this
question in a future filled with surprises!
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Chemical Stories

1- Theextremely thin gold foil tells the alpha radiations:
Pass through me peacefully

my atoms consist of great emptiness.
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2- Be like water, whoever looks at you shall see
themselves.

I heard the grain of sugar saying to the water:
“contain me so that my taste becomes sweeter.”
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3- Sodium says: yes my fellow potassium. We have
similar characteristics, but the bonds we make with
the other elements put us in a state of stability.
Whenever I meet an atom of chlorine we hug each
other. I kiss it with one electron on its front; suddenly
a big light beams everywhere. Some call this love,
maybe it is... all I can say that we live in a kind of
harmony I have never experienced before.
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“My language is colors”, says the litmus. I am red
in an acidic solution, blue in an alkaline solution,
which means that others reveal themselves through
me. That is why I am a great painter that I reflect
the reality of things by changing my color since it is
impossible for two different states to have the same
color..
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5- The electron says: during my circular dancing I feel
a big attraction toward the nucleus. Only my great
speed of turning around it saves us from a destructive
clash. If this attraction hadn’t been there, I would
have been lost in the darkness of emptiness. This is
what we can describe as the balance of fear between
the force that attracts us to the other, and the one that
makes us run away from them.
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6- The passion of electron to travel created the light.

The copper says: the negative pole misses the
positive pole, thus it sends through me the electrons
of love, an intimate current flows in my body.

44



When Chemistry Speaks...

7- released from the core of water, the hydrogen says:
excuse me mom, I can no longer stay with you. The
space is capacious and I love flying. Don’t be sad
because I am leaving. Be happy as a new life has
emerged from another One.
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8- Boasting about itself in front of the oxygen (O,),
the ozone (O,) stood and said: I have an atom more
than you and I live above you and without me, the
ultraviolet rays would have destroyed all creatures.
I am, my friend, the guardian angel of planet earth.

The oxygen smiled and replied humbly like someone
who is knowledgeable: what you are saying is right,
your molecules include one atom more than mine,
but my dear friend, this increase turned you into a
deadly poison if inhaled by any human being, that’s
why you live so far away; whereas I live among
people because of my loving nature. I travel inside
the arteries, and accompany every pulsation.

At the end, there is no difference between us my
brother. You keep the death away from the creatures
and I safeguard their lives.
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9- One evening, at Lavoisier’s laboratory, three atoms
met. The first one said: how beautiful it is to travel
from one molecule to another. The second said: the
relationships we make among one another have
created this great variety of compounds, the third one
said as an expert: we are immortal creatures, and all
of these transformations happening in this universe
are no more than a rearranging of our bonds.

Lavoisier heard this conversation. Taken by
surprise, he started observing, experimenting, and
contemplating. He remarked that the combustion of
Hydrogen with oxygen produces water. And when
we decompose the water, we get these two gases.
And in this eternal reccurrence lies a fascinating fact,
which is the timeless nature of atoms where nothing
is lost, nothing is created, everything is transformed:
in other words; between birth and death, death and
birth lies the eternal life.
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10- A gold atom approaches a carbon atom, and boasts:
you, the black one, what do you feel when I get near
you? Don’t you feel jealous of me, the daughter of
the metals’ king that fascinates kings and sultans?

The carbon atom replied: first, I am not ashamed
of my blackness, for it is one of my various colors,
while you look bored with your one and only color.
You don’t know how to interact with the other
elements. You have no idea about the passion of
relationships. conversely, I work hard on myself
to become diamond. And as we, the carbon atoms,
don’t tolerate the stagnancy, and as life lies in
motion and not in inactivity, we created long, short,
and branched chains between us and some other
atoms... and we came up so far with more than 10
million compounds and the number is increasing.

Finally, you, the beautiful yellow one, we are not
great for what we are; we are great for creating
everyday a new dimension to our life.
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11- One origin

In the garden of Einstein’s house, where he was
sitting and observing the light with an incomparable
passion, an international conference of chemical
elements was held. The uranium initiated the
conversation: you all know that the chemical
reactions that take place among the compounds
don’t change the nature of atoms. Nonetheless, I
will reveal to you a new kind of transformations,
which are the nuclear reactions: I am made of
atoms able to perform spontaneous fission and to
transform into smaller atoms, accompanied with
an amazing radioactive activity. Still, with neutron
bombardment the nuclear fission is greater.

The hydrogen, the smallest among the elements,
interrupted it: contrary to what happens with the
uranium ,it happens with me according to certain
conditions where a fusion happens between my
nucleus and one of my isotopes so that the helium
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nucleus is created, with tremendous quantities of
energy. For your information, you all were created
from successive fusions, and the sun is the center of
these reactions.

Most elements were surprised, and a lot of questions
started to flow: why do atoms split? Why do they
fuse? And where does this huge energy come
from?

Then Einstein interfered to quell them, and said:
when one big atom splits into a smaller one or
when two atoms merge together, a part of the matter
disappears, which is converted into great energy, for
every gram that goes missing, 20 million kilowatt/
hour is produced, according to the equation E=mc?
. And he continued: dear friends, know that energy
is the other face of the matter, for energy is a soft
matter, and matter is a condensed energy, and all
creatures stem from one origin.
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12- A wise man who broke the rules: in the chemistry
laboratory....

N,+3H, — 2NH,

Le Chatelier, the scientist, liked to joke with the
molecules, especially when they are in reversible
reaction (which takes place in the forward and
reverse direction). For example, he used to mix the
nitrogen gas (N,) with Hydrogen gas. And since
gases are characterized by motion, shocks occur
between them and produce the ammonia gas NH,.
Once the NH, is produced, the two other gases start
to be reproduced but at slower rate. a time comes
where the rate of the forward reaction is equal to the
rate of the reverse reaction. At this point, the three
gases exist in a constant percentage composition,
and there is equilibrium between the two reactions
(forward and reverse). Nevertheless, Le Chatelier,
knowing that if a stress (outer influence) is applied
to a system in equilibrium, then the equilibrium
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readjusts itself by shifting in a way to absorb the
effect of the stress, he destabilizes this equilibrium,
by adding more nitrogen, and then the equilibrium
readjust its self by shifting in the direction that
lowers the amount of nitrogen.

Le Chatelier enjoyed watching all these reactions,
and playing with factors like temperature and
pressure to see. their effect on the position of
equilibrium. It is an endless game; we think that
we are living in a perpetual system of concepts and
traditions, then one day a philosopher comes up
with a new idea and disturbs our stagnant system
lake. We might get angry with this newcomer, we
might expel them, crucify them, and we might live
in a dilemma between our old and ne _w concepts
until we reach ultimately a state of equilibrium and
new awareness of ourselves.
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13- Who am 1?

One evening, water contemplated , and wondered:
Who am 1?

It continued: sometimes strange things happen to me,
and cause me to be shocked positively. Naturally,
my freezing point is 0°C, and my boiling point is
100°C at atmospheric pressure of 76 cm of mercury.
Nonetheless, whenever I exist in solutions, playing
the role of solvent to another dissolved substance
called the solute, I feel as if an odd energy was
added to me, and my behavior changes dramatically,
it becomes a lot different from when I am all alone.
For example: when I am saline water, my freezing
point decreases below zero, and I become a good
conductor of electricity.

Every time, I make a relation with a chemical
compound, I am out of my narrow belonging toward
new vast spaces, and one new dimension is added
to my identity. the Identity cannot be imprisoned in
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ready -made molds, its varied belongings interact
and change with every new experience, and all we
have to do is listening, receiving. In other words,
to trust the value of what we are receiving, and let
it interact with what we already have, so that new
transformations happen in ourselves, and make
us always prepared to accept the new, and instead
of rejecting it, to have the courage of scarifying
our prejudices. Thus, the knowledge of ourselves
deepens, we move off our confinement, and we
become more tolerant and open towards others,
recognizing that being different from us doesn’t
make us invalid but adds a new value to our being.
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14- negative- positive

An oxygen atom comes close to two hydrogen
atoms, and says: [ am in an unstable state.  need two
electrons to be relieved, and every atom of both of
you needs one electron to become stable, why then
don’t we share electrons with each other? Come
closer to me.

Willingly and eagerly like a lover, the two hydrogen
atoms advance and the outer shells of the three
atoms merge together: where one single electron
of each hydrogen atom forms with another single
electron of oxygen atom a pair of electrons attracting
the nuclei of both atoms at the same time where a
covalent bond takes place which gives rise to the
water molecule.

However, why is there this huge quantity of water
in its liquid state on planet earth? (Because if it only
existed in its gaseous state, life wouldn’t exist). The
answer is that the nucleus of oxygen atom is the
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strongest, and that is why the covalent bonding pair
is more attached to it than to hydrogen. This produces
different electric poles, and a group of bipolar,
where the oxygen is the negative pole. This polarity
gives rise to the so called “hydrogen bonding”
between the water molecules, characterized by an
attraction between hydrogen of one water molecule
and oxygen of another molecule, but this attraction
is much weaker than the covalent bond inside the
molecule. However, without it the water would be
sheer gas, and its molecules would be distant. Thus
no life would have taken place on our blue planet.

Therefore, the complementarity between the positive
and negative poles inside the water molecule, created
the energy which brought together its molecules.
Likewise, the duality of feeling and thinking,
emotion and mind, intuition and knowledge which
exists in us all- is in a complementary interaction,
and together they create equilibrium and harmony.
In spite of being opposite, they don’t contradict each
other, but interact in a communicative wavelike
movement which creates inside ourselves the
complete human .
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15- Where do we go?

Hydrogen gas and ethene gas C,H, were struggling
to react with each other, but their reaction was very
slow. The platinum heard their story, so it came
over and said: “I own the solution of your problem, I
will accelerate your reaction”. They replied happily:
“but how?” It smiled and said: all you have to do is
passing on my surface. And so they did. And not so
long after that, they were transformed into a third
gas that is the ethane C,H,. All of this happened and
the platinum metal hasn’t changed. That is why we
call it a catalyst, which means it makes reactions go
faster without undergoing a permanent change.

The story of catalysts is echoed in other reactions.
In the car exhausts, the rhodium metal plays this
role, contributing to transforming the molecules
of poisonous gases, like carbon monoxide (causes
suffocation), and nitrogen oxides (cause the acid
rain) to harmless molecules like carbon dioxide
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and nitrogen. Similarly, the enzymes play the role
of catalyst in biological reaction of human beings.
Every catalyst has a specificity, which means a
catalyst that is needed for one reaction is not needed
for another, and sometimes changing the catalyst
changes the reaction’s path.

In our lives, there are also different paths. We
meet someone by chance, we encounter a book, a
slight event occurs and we think it is meaningless
to turn out to have great influence, adding to this
other things that might be catalysts that put us on
a road we never thought of treading, take us to a
future we never contemplated. And on this path, we
always wonder: where are we going? And a voice
that comes from deep down of oneself says: it is the
journey of looking for the light. Many are the paths,
and sometimes we pass through the darkest periods,
and get lost in the confusion of questions. Still, the
thirsty heart is going to shine with truth one day, just
like the lotus flower.
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16- Circumambulation

In the beginning, at the moment of the big bang, the
electrons came into existence. These tiny particles
are negatively charged, and the mass of the electron
is:

m. = 9,1X10"kg (it means the mass of 1,1X10?77
electrons = 1 gram)

Still, the spectacular thing about these electrons
is that they have been practicing a beautiful ritual
since the beginning: that is moving around the
nucleus (made up of protons and neutrons, and
positively charged) forever and ever. Moving and
moving around it, they create by this movement a
great magnetic field, leading to the creation of a well
coherent atom together with the nucleus.

How fantastic! Everything spins around the One, the
Truth. The Truth that holds many faces. And looking
at this truth from a specific one angle provides us
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with limited incomplete knowledge. That is why

the whirl enables us to see its different facets and
deepens our knowledge.
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17- The Beautiful Universe

In amoment of ecstasy lived by Rutherford, one atom
revealed its three fundamental constituents. The
physicist heard the proton whispering: [ am a very
small particle. I carry a positive charge, whereas the
electron carries a negative charge. However the two
types of charge are equal. furthermore an atom has
an equal number of protons and electrons, therefore
its net charge is zero. On the other hand, my mass is
1836 times heavier than an electron.

It continued: we the protons with the assistance of
neutrons (electrically neutral particle) constitute the
nucleus of the atom, which is a tiny massive entity at
the center of an atom (1000 trillion grams per cubic
centimeter, and you can recognize this by imagining
all the cars of the world massed in a thimble). The
electrons move around this nucleus at large distance,
so the greater part of the atom can be considered as
emptiness. In other words, the electrons have tiny
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mass and are composed mostly of empty space,
whereas the mass of the proton is greater but it
occupies a very little space in emptiness. Supposing
the orbit of the electrons is equal to a football
stadium, the size of the nucleus would be equal to
the size of a tennis ball.

Not out of boasting, the proton added: I alone give
the atom (and the elements) its identity. For the
number of protons in the atom nucleus is called the
atomic number, and it is able to specify to which
element belongs this atom. For instance: the nucleus
of a hydrogen atom is made of just one proton,
while the helium atom is made of 2 protons, and
the carbon atom is made of 6 protons. And this goes
on to the rest of the elements that exceed the one
hundred. (Carbon as an element is made of all the
uncountable carbon atoms in the universe...)

And before elaborating, the electron interrupted it
saying: let me approach the issue from my point
of view; everything you said my friend was right,
but I have an important role as well. My permanent
motion resulted in bonding among the atoms, and
their union, where some electrons of one atom
merge together with electrons of another atom, thus
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an entanglement happens between the outer shells
of atoms, and the molecules come into being. These
molecules give rise to a huge number of compounds.
That’s why my dear friend, the bond between the
atoms made this woven fabric, called the beautiful
universe that should be considered as a combined
and well-connected whole.
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18- Avogadro makes the difference.

In a meeting on weights evaluation held in
Avogadro‘s laboratory at 6,02 a.m., attended by a
number of atoms, it was agreed that the total number
of protons and neutrons in the nucleus of an atom is
called the Mass number and is represented by the
letter A.

Since electrons have very light weight, over 99,9%
of the atom’s mass is in the nucleus. The total
weight of protons and neutrons= 1,67X10-**g. This
is a very tiny weight measured by the atomic mass
unit. So it is defined that both protons and neutrons
have a mass of 1 a.m.u. Thus, the mass of a nucleus
(made of protons and neutrons) in a.m.u is equal to
the number of nucleons it contains. For example,
sodium is made up of 11 protons and 12 neutrons,
its atomic mass is then 23 a.m.u, and the atomic
mass of hydrogen with one proton is 1 a.m.u, and of
oxygen, whose mass number is 16, is 16 a.m.u.
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Before the ending of the meeting, one atom declared:
dear sisters, our weights are extremely small, so for
us to make a difference, we must rally.

At that moment, Avogadro interfered and said: I will
divide you into groups called (mol). All atoms of the
same element should come together until they reach
the number 6,02,10?® (i.e. more than 602 thousand
billion billion ). The large numbers of atoms started
to flow and to gather: sodium with sodium, oxygen
with oxygen. However, the surprise that shocked all
the participants is that every mol, that is every 602
thousand billion billion atoms of sodium, has a mass
of 23 grams (same as the atomic mass with one
difference that the measure unit became the gram).
Likewise , mass of one mol of oxygen atoms is 16
grams.

“Oh Avogadro, how great is your number!” hailed
the atoms. “You made our weights valuable”. The
great chemist smiled and said to himself: science
is magic, it solves riddles. I gathered you atoms
because I know very well that an atom all alone
has no efficacy; but the bonds among you led to the
creation of the universe. That is the invisible story of
the universe that became visible, thanks to science
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and scientists. It is a history of an ongoing struggle
and strife for knowledge, in which thousands of
scientists contributed, making one orchestra that
plays music similar to the cosmic music in its
veracity and harmony.
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19- Consciousness

Inside the nucleus of one atom, James Chadwick,
the scientist who discovered the neutron, heard this
quarrel between proton and neutron. First, the proton
said: you electrically neutral particle, my mass is
very close to your mass, but [ am positively charged.
It is out of my favor that an electrostatic attraction
occurs between the nucleus and the electrons, which
gives the atom its cohesion. So what do you say
about this my dear neighbor?

Softly and quietly, the neutron replied:

My dear charged friend, your positive charges make
you push each other, and repel in an unfriendly way.
Hence, without neutrons, a nucleus will be ripped.
And I represent its consciousness for its unity
and stability. In other words, I am that wonderful
combination that makes the nucleus coherent and
my presence mitigates your repulsion.
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My dear friend, keep in your mind that consciousness
is that magic thread that sews the components of any
gathering together, no matter how much discordant
they are, and protects them from shattering.
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20- You Are Better Than You Think You Are

“I never knew why I am the only one among all
metals that stays liquid at room temperature, and only
freezes at -38,9 degrees Celsius”, said mercury to
some other elements. It continued: “I am, as a metal,
a good conductor of electricity. I allow the flow of
an electric current, which is due to the circulation
of a set of electrons through me. However, there
are ions and impurities that constitute an obstacle
to electrons circulation, and result in the electrical
resistance of a conductor and the loss of energy.

Mercury sighed deeply, as if it were a moment
separating two different times, and continued:
“until 1911, I was happy for being a liquid metal,
but something weird happened to me when the
physicist Onnes put me in liquid helium at -269°C
(4 degrees over absolute zero). Under this very low
temperature, new for me, I became superconductor,
which means my electrical resistance vanishes
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because when cooled to nearly absolute zero, my
atoms come to a standstill allowing the electrons to
pass through me easily without loss of energy.

After Onnes’ discovery, scientists started to study
this odd phenomenon. But the liquefaction of helium
is costly, so they tried to find new materials that don’t
need to be cooled to nearly absolute zero, and they
were able in 1987 to invent a type of ceramic able to
be a superconductor at 138 over absolute zero, for it
could be cooled in inexpensive liquid Nitrogen.

One of the elements felt curious, and asked it: what
does it mean for a body to be superconductor, and
what are its characteristics? It replied:

Superconductors have many characteristics. One of
them is called the repulsion of superconductors with
the magnetic field. If a magnet is placed above a
superconductor, it can be levitated by this repulsive
force. Levitation currents in the superconductor
produce effective magnetic poles that repel and
support the magnet. The significant thing about this is
the possibility of applying this characteristic in order
to make trains move over the rails. Indeed, there is a
sample of these high-speed trains that, compared to
conventional trains, consume less energy. Therefore,
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scientists might be able to manufacture magnetic
cars that move without touching the ground, and
that barely consume any kind of fuel, because
thanks to this technique, any friction responsible of
the consumption of most of the gasoline in the car
is reduced by a great extent. Hence, any emission of
carbon dioxide in the atmosphere will be reduced,
and we will be able to protect our environment from
the destructive pollution.

Just like children who feel amazed by any event or
new experience, mercury concludes: this experience
changed my own vision of myself, and I realized
that [ am better than I think I am, and that everyone
of us has a certain potential he/she might not be
aware of, as if it 1s a well concealed treasure. So we
have to learn the technique of examining ourselves
and exploring our depths to discover our splendid
truth. That’s how we break the familiar, we abandon
our stereotyped thinking, we become open to
new experiences, and we realize things we never
imagined we would be able to achieve.
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21- In many places at the same time

An unexpected visitor entered my room. And before
recognizing it, it started to conglobate and spin at
high speed, appearing to me in the form of a cloud.
I tried, to no avail, to locate it. I asked: who are
you? “The electron”, it replied. I said angrily: “no
way, electron is extremely small and we can’t see
it”. It laughed saying: “you are dreaming now and
your imagination magnified my size to this extent.
I visited you last night in your dream to tell you
the story of my discovery. “I am all ears”, I said.
“In 1897, Thomson discovered me, and since
then scientists have been working hard to know
the secret of my motion. In 1911, Rutherford
invented a model in which he said that the atom,
consisted almost entirely of empty space, was like
a miniature solar system: The electrons circled the
nucleus in wide fixed orbits just like planets orbit
the sun”. I interrupted it: explain please. “That is
equivalent in scale to a tennis ball (nucleus) in the
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middle of a football stadium (emptiness)”. I asked
it: was Rutherford right in his suggestion? “He was
right that we move around the nucleus, but wrong
regarding the fixed orbits”.

Still in doubt, I posed this question: if we are made
up of atoms, consisting almost entirely of empty
space, why cannot we penetrate the walls?

Quietly, it said: be patient and hear the whole story:

Two years after Rutherford, Bohr came to propose
that we move around the nucleus in seven circular
restricted orbits, but the regions between the orbits
are forbidden to the electrons. Then, in 1924
came Louis de Broglie and suggested that we, as
electrons, can act like both particles and waves.
This led Schrodinger to reject Bohr model, refusing
the existence of forbidden regions for the electrons.
He says that the atom is the electrons’ home and
electrons are not restricted from entering any of
these rooms, so he exchanged the word Orbits to
become “orbitals” and to describe it he used a new
term: “the electron cloud”, which is a region that
surrounds the nucleus and where electrons are most
likely to be found in a given region of space at a
given time.
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The word “Orbital” confused me. I said: please tell
me more. So he said: we move like fan blades very
quickly, and you can never tell exactly where we
are.

Thus in 1927, Heisenberg came up with the
uncertainty principle, based on the wave- particle
duality of the electron. This principle states that it
is impossible to determine the position and speed
of the electron at the same time. Heisenberg was
right since due to my extremely high speed and
small mass, every time a scientist tries to locate
me by emitting a radiation toward me, I absorb the
radiation and change my direction and speed and
appear to them in a cloud-like form, as if I exist in
different places at the same time.

I was astonished by his explanation. How would
something exist in many places at the same time?
Nevertheless, I hid my confusion until it continued:
we are close to answer your question about our
capacity to get through the walls. Scientists came to
give every electron four numbers, called quantum
numbers that can be considered as an identity card
distinguishing every electron from the other, and
Pauli proposed the Exclusion Principle, which
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dictates that in an atom, no two electrons can be at
the same time in the same state of configuration, in
other words, no two electrons can have the same
four electric quantum numbers.

Thus, according to MichioKaku, “when two quasi-
identical electrons come close to each other, they
repel”. And this is why things look solid, though
this solidity is sheer illusion. Matter in principle is
emptiness.

When we sit on a seat, we think that we are touching
it, whereas in fact we are flying over it, at less than
one nanometer of distance, by the repulsion of
electrical and quantum forces. This means, when we
touch something, we are not really touching it, for
this miniature atomic force is separating us from it”.

At this point, the freak visitor left me with my
bundle of unresolved questions: will we be able
one day of improving our techniques so that we can
determine the velocity and location of the electron
and therefore predict its conduct? Will we be able
by science to move ourselves from one place to
another? Will we be able to move things remotely?
Only the sound of the alarm woke me up from all
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these questions, to find myself holding a book I have
been reading before falling asleep, in which there
was one expression for Einstein saying: if at first the
idea is not absurd, then there is no hope for it.
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A Conclusion Inspired by the Book
“Lifting the Veil: The Feminine Face of Science”

In this chapter, using paragraphs from “Lifting
the Veil: The Feminine Face of Science”, I will try to
discuss four elements considered feminine in the context
of common scientific categorization and they are

1. intuition

2. association

3. pluralism

4. cooperation

I will also try to integrate them into chemical topics.
Dream Trilogy

(Intuition)

Dr. Linda Jean Shepherd, author of “Lifting the
Veil: The Feminine Face of Science” says that intuition,
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that is foresight or knowledge that comes with no proven
rational thought, seems vague and irrational so has
become associated with feminine in our societies. Dr.
Shepherd also considers intuition another path towards
knowledge, a path that is defined by Carl Jung, the
famous psychiatrist and psychotherapist, as the task that
unconsciously mediates perception ... With intuition,
the content is seen as a complete whole without us being
able to explain what it is or how it came to be.

Dr. Shepherd continues to say that Albert Einstein
is an example of an intuitive scientist. He used to forget
his keys and gloves and usually forgot to wear his jacket
or comb his hair. He once said that while strolling in the
streets of his town Princetown, he forgot where he lived.

Einstein’s great, early discoveries are all based on
direct physical intuition. At the age of sixty, he reached
the idea that caused a revolution in the world of physics.
He said that the optics of movement came to him
intuitively: as a child his parents had forced him to study
the violin at the age of six, and that his new discovery
was a result of his musical perception.

What happened with Einstein moves us to ask
whether our negligence to learn music has caused our
regression? On the other hand, has teaching music
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to Western children contributed to their scientific
renaissance?

The sparkle of intuition tends to emerge during times
of repose or dreaming or strolling in the park or when
the eyes yearn for the stars through the window. This has
happened with many a scientist, whereby intuition had
an important role in their achievements. Three chemistry
scientists had a precognition of what they were studying
in a dream. Niels Bohr dreamt of the solar system as an
atomic model which ultimately led to the Bohr model
of atomic structure and a Nobel prize. I will discuss two
other dreams of two other scientists to shed more light on
the intuitive aspect of the creative process to more fully
understand that intuition takes us straight into the heart
of the future and can act as a bridge to overcome the
boundaries that separate between us, others and nature.

Those who develop their psychological abilities
usually feel a need for union with the natural world ,
they feel a personal need for inner communication as
shown by physics on a quantum level. Harmony with the
world around them is not a theory but a real experience
they live through intuition. They know there is still more
out there to conquer, something deep in our selves, deep
in the structure of the universe.
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The First Dream
The Snake Catches Its Tail

Atoms unite according to fixed ratios to create
molecules, then chemical compounds. However, this
union depends on what may be called valency which is
the ability of the atoms of a certain element to unite with
other atoms, more specifically valency is the number
of electrons that an atom needs to form a molecule.
Electrons can be given to other atoms, taken from them
or shared.

Some atoms always have the same valency, for
example, the valency of hydrogen is 1, oxygen is 2,
carbon is 4. To make things clearer, let us assume that
a hydrogen atom has one hand, so it can only unite with
one other atom. But an oxygen atom has a tendency to
unite with two other atoms since it has two “hands”.
This is what we see in a water molecule where an
oxygen atom is united to two hydrogen atoms. It is the
same case with carbon which has a valency of 4 (as if it
has four hands), so it has the ability to unite with four
other atoms. Valency, the discussion into which began
in 1850, made it possible for scientists to explain the
structure of molecules, especially organic compounds
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like hydrocarbons which are made from carbon atoms
united together with hydrogen atoms by means of
covalent bonds.

However, there was one dilemma that continued to
baffle scientists for a while which was how to explain
the structure of the benzene molecule C6H6 (not car
fuel). Scientists began to ask: How can a chain of six
carbon atoms with six hydrogen atoms be formed where
the valency of carbon remains four? The answer did not
take long to arrive because benzene revealed its structure
to the scientist August Kekule (18929-1896) who
narrated: One lovely, summer evening as I was coming
home on the bus from visiting a friend, I napped but as
if I was in a waking dream. I could see atoms jumping
all around in front of my eyes but I could not specify the
nature of their movement. Then, I could see each two
small atoms unite repeatedly to form couples, and then
a larger atom come to embrace the two smaller ones,
then even larger atoms would come to embrace three or
four small atoms ... all were in a spontaneous dance. |
could see how the larger atoms formed a chain pulling
behind it the smaller atoms ... I was awoken by the yell
of the bus attendant. I spent most of the rest of that night
drawing what I had seen, and that is how the theory of
chemical structure began.
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Another time, the same scientist fell asleep in a
seat next to the heater and had another dream which
he describes: Once again, atoms were jumping around
in front of my eyes but this time the smaller ones were
disappearing into the background ... long lines were
filing next to each other, associating with each other
and spiraling in a snake-like motion. I saw one of the
“snakes” catch its own tail and turn around as if in a
challenge. I woke up as if a bright light had shone on my
face, and this time I spent the rest of the night working
on the hypothesis.

This is how Kekule came to understand the cyclic
molecular structure of benzene; the chain was no longer
open as others had believed, rather a closed ring in which
the carbons are arranged in a hexagon. Kekule suggested
alternating double and single bonds between them with
each carbon atom having a hydrogen atom attached to it.

It was, thus, intuition, which gave Kekule the
flexibility and ability to spontaneously respond to
change. The creative leap overstepped all existing
information and added something new. This scientist
is merited with developing organic chemistry; his
discoveries contributed in the production of drugs and
medicines and even more importantly, he shared with
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us the source of his inspiration. Kekule taught us a new
light in which to see science, and in a lecture which he
gave towards the end of his scientific days he advised his
listeners - members of the Academy of Chemistry - to
“learn to dream”.

The Second Dream

Elements Take Their Places

His name is Dmitri Ivanovich Mendeleev. He
was born in 1834 in Siberia and was the youngest son
in a family of fourteen children. His father became blind
when he was still a child and so his mother took care
of the family. Before Mendeleev was fourteen years
old, his father died. Since his older siblings had become
independent, and because she had noticed a rare genius
spark in him, Mendeleev’s mother took him to Moscow
to get a better education. However, since he was from
Siberia, he was refused admission to the University of
Moscow due to its discrimination against poor students
from the provinces. This forced the two to go to St.
Petersburg where he entered the Main Pedagogical
Institute to become a teacher. Mendeleev did not suffice
with this job, but continued his studies and gained a
doctorate degree in 1865. He also wrote many books,
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one of which was a two-volume text book entitled
Principles of Chemistry. In an attempt to facilitate his
students’ learning of the properties of the 63 then known
elements, Mendeleev invented a table categorizing them
in 1869: On separate cards, he wrote the name of each
element, its melting point, color, atomic mass, valence,
similarities with other elements. He then repeatedly tried
to organize these cards in some way. He stuck them up
on the library wall and gazed at them and began to see
a pattern emerge. One evening after retiring to bed after
a long and stressful day’s work of trying to figure out a
scheme for the elements in a table, he saw the solution
in a dream, of which he has said, “ I saw in a dream
a table where all elements fell into place as required.
Awakening, I immediately wrote it down on a piece of
paper, only in one place a necessary correction took
place later .” In the table that Mendeleev designed, he
arranged the elements according to their atomic masses,
placing elements with similar chemical and physical
properties directly under each other in columns inside the
table. When he found that the arrangement was not exact
at times, he left empty spaces for elements he considered
were missing. He correctly and accurately predicted
the existence and qualities of three elements that were
discovered later: germanium, gallium and scandium.
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This “Periodic Table” changed the way elements
are explained, and in honor of Mendeleev, element 101
was named after him. His name will always be linked
to the modern Periodic Table in which mistakes were
corrected, and the elements were distributed according
to increasing atomic number and not increasing atomic
mass.

Association - Pluralism - Cooperation

One Being

The environmentalist James Lovelock liked to
call Earth Gaia just as the mythical Greek goddess
personifying Earth had been. His theory basically states
that all parts of this planet work together in harmony to
form one living being. If we don’t all intuitively feel that
Earth is a living system and understand that we are a part
of it, then we will fail in any direct interaction to protect
it and at the end to protect ourselves.

This theory which brings to life a mythical symbol
makes us wonder: Why did Lovelock seek help from
this symbol? Was it because the symbol awakens in a
person a spiritual aspect and takes him/her far from the
expected to be open to universal pluralism, and then be
able to preserve the living pulse of the planet Earth? To
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be able to answer these questions, it is enough to look
at our planet from the point of view of the astronaut
Edgar Mitchell who was amazed by the blueness
and whiteness of the Earth during Apollo mission to
the moon. He described his feelings saying, “On the
return trip home, gazing through 240000 miles of space
toward the stars and the planet from which I had come, I
suddenly experienced the universe as intelligent, loving,
harmonious.” Unexpectedly, he had a flash: he and the
universe were one being - an extension of himself, and
that each one was a complementary part of existence.
Mitchell says that this experience turned my head, it was
exciting, funny, confusing and that it appeared to me that
1. was looking at an organic being.

It is association, says Jean Shepherd, who is
interested in the relationships among things, seeing things
in their true contexts and preconceiving the relationships
among things. To better understand the principle of
association, and discover how it affected budding
sciences such as environmental sciences, it would be
best to go back to a time when we considered nature
to be a mechanical machine, and how this vision led us
to feelings of separatism and because of which we took
advantage of the Earth’s sources. As humans, we did not
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realize the spirit of cooperation and association as part
of its content. We depended on methods that wreaked
havoc on the environmental system, for example, to
fight what we called pests, we created D.D.T. that kills
all types of insects and we used it widely in agriculture.
This chemical temporarily succeeded in killing malaria
by killing the bug that transmitted the disease, but we
later discovered how deadly D.D.T. was to nature.
Because of it, the thickness of bald eagle eggs decreased
which led to a decrease in the species’ number. Also,
because of D.D.T., large numbers of beneficial insects
such as bees were killed. D.D.T. seeped with rain water
into rivers and seas killing fish, and leaked into the food
chain, ultimately killing people.

Because of this association, and proceeding from
her understanding that both the natural and human
environments permeate one another, marine biologist
Rachel Carson published her book Silent Springin 1962,
at a time when nobody had yet realized the magnitude
of sustainable damage to nature. She discussed several
biological and environmental principles which explained
the resulting damage of pesticides and guided readers
rebuild their vision of the world. This book led to a
nationwide ban on D.D.T. as a pesticide.
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Another principle is cooperation and we must learn
it from nature. However, to do so, we must understand
first another feminine principle which is association.
If it entered into science, association would emit a
gentleness of spirit after long ages of drought, masculine
supremacy and near-total feminine exclusion. For us,
to better comprehend the reason behind the exclusion
and its repercussions, we must delve deep into history to
see how the image of the female changed in the human
consciousness. For this purpose, Dr. Shepherd takes
us back to the time of the Greek philosopher Aristotle
whose writings dominated western thought for about
two thousand years, being one of the greatest minds in
the ancient world to collect and categorize knowledge.
However, his image of the female was far from elevated.
According to his vision taken from cosmology that
was based on observation and reason, he believed that
universal order existed in pyramidal levels increasing
in complexity and intelligence. Of these levels were
masculinity and femininity, which Aristotle applied
to nature. He described the universe in both feminine
and masculine terms, nature was described to be
feminine by referring to it as “mother”, and the sky and
sun were “father”. Aristotle believed that everything
supreme should be separated from everything less, and
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accordingly he looked at the relationship between males
and females and considered women to be “incomplete
men”, and that male’s relationship with female was one
of superior with inferior similar to relationships between
the governor and the governed.

With heavenly religions, the story of Adam and Eve
took the place of Aristotle’s cosmology, but the basic
concepts about male’s superiority over female remained
the same.

In this way, male consciousness was reflected in
science and it became a purely male structure which
excluded women. This in turn caused an exclusion of the
female and a devaluation of her. This pattern of thought
considered women only as beings for reproduction where
they symbolized nature, disorganization and irrationality.
They were unable to use clear, specific, and efficient
thought. For men, to pave their way in the world, they
projected many historically-considered undesired traits
onto women and denied having any of them. Similarly,
they projected these “undesired” characteristics onto
people of other ethnicities, nationalities and religious
beliefs. Science remained characterized with traits such
as objectivity, rationality and neutrality until the physics
crisis of 1905 when scientists found themselves unable to
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specify the position and speed of an electron at the same
time. The new principle of uncertainty - because of which
we could only speak in the language of probabilities - put
cold, classical, mechanical physics (which depended on
inevitability, clarity and a separation of the self and tools,
from experimental results) in an embarrassing situation.
“Uncertainty”, which is similar to the typical image of
the female who continually changes her mind, was the
base of the new “quantum” physics. The best scientists
could hope to carefully specify the limits of uncertainty,
and to admit their uncertainty, leading them to tend more
to an openness towards other methods. It made them
more flexibly respond to each situation as a unique one,
modify their processes with a lenient disposition, and
negotiate with the association of variables. They did this
just as explorers do in unknown lands.

For us, to understand association further, Dr.
Shepherd continues that in Egyptian mythology, the
colored veil of the goddess Isis represents the creative
soul and that she wore a variety of textiles. This was
nature’s continually changing quality. However, Western
science tended toward pyramidal hierarchy and linear
progress and thus attributed circular strengths to the
female identity and linear progress to the male identity.
Accordingly, Western female organizations tended to
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be more circularly structured like rings, whereas male
organizations tended towards pyramidal hierarchy like
ladders. Western science, since it was formed by males,
reflects this discrimination which obliges us to choose
between one thing and another, and with this it limits
association and causes us to lose a fortune worth of
differences because of its labeling higher and lower
levels and reducing Isis’ beautiful, colored veil to merely
black and white. However, when we do understand the
importance of association, then do our perspectives
combine and integrate and grow. Each point of view
shows a different face of the same truth, a different face
of reality. Each point of view adds a new and kind color
to life. As Jung said, that the final truth, if it exists in
the first place, needs a whole chorus of different voices.
Consequently, we have the male, direct, written approach
to a problem as opposed to the female drifting approach.
In her drifting, she sees all sides of the problem and all
its connections.

Shepherd continues by saying that in the masculine
pyramidal hierarchy, someone must be omitted so that
someone else who longs to reach the peak can take his
place. In the feminine circular structure, people meet
each other at the same level. Because of this, the circle
in the above-mentioned structure is able to expand and
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include others without having to exclude anyone. It is
true that a circle only has one level and that action within
it increases the possibility of repetition and decreases the
opportunities of exhibiting individual abilities; however,
it also brings about group harmony, preserves pluralism
as well as moving everything forward. Shepherd sees
that feminine, which perceives science as a round and
interactive processes instead of a linear and pyramidal
one, encourages us to develop a different system of
values, to appreciate the journey instead of the final
result only. In this sense, the way science is executed is
as important as what this science finally achieves.

Going back to the principle of cooperation, we have
wandered very far from it in our scientific behavior.
Because of the male pyramidal hierarchy culture, we
have projected our way of thought onto nature and
for example have categorized plants as either pests or
beneficial. In modern agriculture, we consider that weeds
(pest plants) pose a threat to crop production and so are
removed with weed killers. In this way, we have greatly
damaged the soil. Recently, scientists at the University
of California in Santa Cruz discovered a traditional
practice by Mexican farmers of pruning a certain weed
that usually grows with corn crops instead of pulling
it out of the ground. Scientists found that the roots of

92



When Chemistry Speaks...

these weeds excrete compounds deadly to fungi and
nematodes that destroy corn crops. The Mexican farmers
only prune the weeds fifteen days after the emergence
of the corn seedling, then every thirty days after that.
Instead of weeds’ entering into a competition with
the corn, it controls the pests without taking anything
beneficial from the soil from the path of the corn.

This wonderful discovery of coexistence in nature
motivates us to the following conclusion: weeds are
only plants whose advantages haven’t been discovered
yet. Dutch biologist Fritz Went noticed that there
is no bad struggle among plants, nor is there mutual
fighting as in war. There is harmonious growth based
on mutual colleague-ship. Went believed that the
principle of cooperation was stronger than the principle
of competition.

Unfortunately, however, we still resort to the
method of competition in our dealings with each other
which has led us to ugly wars time and time again. What
is more dangerous is that we neglect the real dangers
with deliberate indifference. This is evident with the
global warming phenomenon which was a result of
the incredible increase in carbon dioxide in the Earth’s
atmosphere and which foretold danger. Throughresearch,
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it appeared that the Earth’s increasing temperature was
directly proportional to the increase in carbon dioxide
levels. Before industrial development, air contained
carbon dioxide at a rate of 270 parts per million, but
today that ratio has increased drastically to become 387
parts per million which led to a rise in the temperature of
the Earth. What 1s more, in 2008, the amount of carbon
dioxide emitted into the air reached 9,4 billion tons as
a result of the combustion of petroleum products and
wrong logging. Only 5 billion tons of this were recycled
in ocean waters, the soil and plant life. The remaining
quantity will remain in the air for decades to come in
addition to the amounts we are still continually emitting,
to this minute. With this in mind, we should also know that
the existence of carbon dioxide in the atmosphere with
all the other greenhouse gases contributes to moderating
temperatures and without these gases the temperature
of the Earth’s surface would reach 18 degrees below
zero. The atmosphere allows the rays of the sun to pass
through to the Earth, which then absorbs when reaches
it and heats up. The Earth radiates its heat back towards
the atmosphere in the form of long-wave heat rays (infra-
red) where the gases absorb a part of these infra-red rays
and keep them in the atmosphere to keep the temperature
of the Earth’s surface constant at a normal average of
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around 15 degrees. The increase in carbon dioxide levels
in the atmosphere has led to a retention of larger amounts
of energy and thus the Earth’s surface temperature is
increasing. Large industrial countries, behind economic
excuses, are still impeding the application of technical
procedures to lessen the amount of carbon dioxide in the
atmosphere.

Due to this continual frivolity, Gaia will stand up for
herself, in spite of being “giving” ,she - like the ancient
goddesses - is sometimes cruel . She will make us pay
a high price on her journey of self-renewal: melting of
glaciers, floods, the extinction of species, agricultural
disasters, fires, epidemics and a large possibility that
the oceans will inundate several coastal cities making
millions of people homeless.

The problem is critical and we are at a crossroads
where we must choose: we can either continue to approach
science from a single-minded point of view which cares
about nothing and does not mind if everyone goes to hell,
in which the dangers are the end of human life on Earth,
or we can combine between male and female elements
within ourselves and make them integrate thereby to
avoid the danger of our own demise.
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