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MATERIALS SCIENCE AND TECHNOLOGY:
PAST, PRESENT AND THE FUTURE

B ABSTRACT

There are many questions ask, but not all can be answered (precisely) about matter, its
diversity, our existence in this universe and also our relationship with technology. Research
shows that matter comes from big explosion, called The Big Bang that produced building
blocks particles, and later formed lightest atom. At the centers of big galaxies, heavy
atoms were formed and distributed in the universe through explosions of stars and
collisions of galaxies. All these atoms, when combined to form molecules or compounds,
are called materials. The existence of “Man” through the eyes of science, were made from
materials in the universe through evolution process. Since, survival is the keyword for
human existence, man needs materials to interact with its surrounding, and this is called
technology. Many civilizations use different type of materials and technology but the most
significance civilization is in the era of the twentieth century, called the golden era of the
century, where the amount of scientifically gained knowledge is at an exponential rate.
Many new materials were found and applied to the relevant technology. To survive further
in the future, man not only walk on the planet, he needs to go up, “outerspace”, to seek
new frontier of knowledge and materials that is impossible to acquire on earth. New and
future materials, to be produced, need new environment (sophisticated laboratory,
laboratory in outerspace or deep in the ocean floor or on other planets) and that will demand
superior technology. The needs to be in outerspace, materials that can overcome the harsh
and violent environment were needed. All these need scientifically technique/method
called research, which will keep man busy playing with the gift from god, matter. Several
current researches done on materials science are also highlighted.

The objectives of this presentation are to highlight the source of matter or the materials in
the universe, man interaction with materials in its surrounding, the technology, and also
looking for the type of materials and technology that is possible for human being to survive
in the future.
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R INTRODUCTION

e What is a matter?

¢  What is the relationship between matter, man and technology?

e What will be the future materials and future technology look like?

e Why is future materials and future technology important to man?

e Probably, we cannot precisely answers all the questions, but by looking back at the
history of our past and current state of the universe, perhaps we could understand
much better about our existence and the materials that related to our technology, and
also perhaps we could predict the type of future materials and future technology that
is important FOR MAN TO SURVIVE for his future generation in this violent universe.

B MATTER

All matters (entity with mass and volume) came from the main source event called the Big
Bang (Big Explosion) about 13-15 billion years ago in the early process of universe formation.

Quark, formed from photon, are the fundamental building blocks of proton, neutrons and
other sub-atomic particles, held together in pairs and triplets by mysterious particles called
gluon, whose attractive force is so overwhelming that neither quarks nor gluons have
ever been seen separated from one another in nature. Electron comes from other sub-
atomic particle called lepton.

(Quarks, leptons, gauge and scalar particles cannot be broken into smaller pieces because
they are the smallest building blocks of nature).
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Moments after the big bang, all these exotic particles formed sub-atomic particles (proton,
neutron and electron) and then later formed lightest atom called hydrogen.

Heavy Atoms

Through expansion of the universe, period billion of years, many new heavy atoms were
formed by nucleosynthesis process at the center (crucibles of the universe) of big galaxies
(which contains billion of stars or giant stars).

The Sun’s outer visible layer is called the photosphere and has a temperature of 6,000°C
(11,000°F). This layer has a mottled appearance due to the turbulent eruptions of energy at
the surface. Solar energy is created deep within the core of the Sun. It is here that the

temperature reaches 15,000,000° C (27,000,000° F).

OUR SUN - Crucible of the universe
The first reaction is the proton-proton chain or the hydrogen “burning” stage. This involves

the transformation of hydrogen into helium in the core of the star via a three-step process
MECHANISM REACTION:

Step 1: H + H = 2H + neutrino [This is the proton-proton chain reaction]
Step 2: H + 2H = 3He

Step 3:3He + 3He=4He + H+ H

OUR SUN-Crucible of the universe

NUCLEOSYNTHESIS
Number of known elements to exist (natural and by synthesis) up to year 2005 is 111.

This last and latest Element of 111 is Roentgenium albeit Rg (Atomic Weight from 272 to
280).
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Only three atoms of it have been created (all 272Rg), by the fusion of bismuth-209 and
nickel-64 in a linear accelerator.

This element was discovered in Germany, Europe on December 8, 1994 and the name was
given by IUPAC (2005) to honor the discoverer scientist called Wilhelm Roentgen.

However, there are still many orbitals yet to be filled in by electrons and this atomic number
can go up to 218 if we could make those elements in NUCLEAR REACTOR as how few
elements have been successfully produced and characterized lately.

Perhaps, in other big crucibles in certain galaxies, those elements might have already been
formed by nucleosynthesis process.
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THOSE HEAVY ATOMS WERE DISTRIBUTED INTO OUR THREE
DIMENSIONAL UNIVERSE WHEN THEY EXPLODED OR COLLIDED

The “Antennae” galaxies (NGC4038, 39) are probably in the act of colliding, or at least
experiencing a close encounter, thereby rearranging their galactic contents and inducing
bursts of stars formation. They display extended tails as well as double galactic centers in
yellow-orange) separated by only ~1000 light years; the bluishness (in the arm) is caused
by myriad young, hot stars, many perhaps recently formed in the aftermath of this
interaction of cosmic proportions. (STScl)

Our galaxy called “Milky Way” contains billion of stars and one of them is called “Sun”,
which has planets orbiting around it. It is our own solar system with planets and this is
also the nearest star to our home planet called earth.

A galaxy showing similar shape of our Milky Way Galaxy and the approximate position of our
Sun (top view). Right-our solar system.
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B MATERIALS

¢ MATERIAL IS A GENERAL TERM USED TO DESCRIBE MATTER

e ALLMATERIALS THAT ARE BUILT FROM THE SUB-ATOMIC PARTICLES such as
man, stars and galaxies, ARE CALLED BRYONIC MATTER (MATTER THAT CAN
BE SEEN about 5% and NON BRYONIC MATTER, matter that cannot be seen, MAKE
UP about 95% OF OUR UNIVERSE).

Bryonic matter can exist in many forms (elements, substances and compounds or molecules)
and in difference phases (plasma, gas, liquid and solid)

In chemistry, all these bryonic matters or simply matters made from atoms or elements (as
shown in the periodic table) or the combination of those elements are called material
sciences or materials chemistry that have many applications in our daily activities.

Composstson
of the .
Cosmos

Chart showing Distribution of Bryomc Matter (Ordmary Matter) and Non Bryonic Matter (Dark
Energy and Dark Matter or WIMP (Weakly Interacting Massive Particle)).

Bl MAN AND TECHNOLOGY

SINCE MATERIALS HAVE BEEN IN EXISTENCE BILLION OF YEARS AGO, THEIR
USEFULLNESS FOR SPECIES CALLED HUMAN WAS RECENTLY ACKNOWLEDGED
ABOUT FEW MILLION YEARS AGO WHEN EVOLUTION IN THE EYES OF SCIENCE
CREATED “MAN".
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Since survival is part of evolution process, “man” uses materials that exist in the
surrounding to interact with nature and it’s surrounding.
This interaction (skill) and the used of materials is called “technology”.

There is no doubt that about 400 thousand years ago, man acquired this so-called primitive
technology to survive.

They used many existing materials such as stone, minerals, leather and woods that plenty
around at the time for their need to interact with it’s surrounding and to survive.
About 50,000 years ago, man started to migrate due to the weather changes of the globe.

They moved from African continent and spread around the globe to middle east, center of
Asia then splitted to Europe to the west, south Asia to the south and china and Japan to
the east.

These new places and habitats need new skill and new materials for survival.

In cold places, they need material to warm themselves and in watery areas, transportation
called “boat” is important.

Through time, man, by observation through nature already mastered many skills
(technology) and used of many newly found materials around them such as iron, bronze,

clay and etc.

These changes were observed through many civilizations and known as middle age
civilizations.

Complex molecule of DNA-the building block of life formed.

A three dimensional model of the
double stranded DNA molecule.
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MATERIALS SCIENCE AND THE GOLDEN ERA OF
TECHNOLOGY

About 200 years ago, man started to understand phenomena (scientifically) that occurring
in nature and the materials that they interacted (technology) with at a phenomenal
(exponential) rate.

Golden era

WHY IS THE LAST 200 YEARS????

Why not say 1000 years or before that (since man had been on the moved around 50,000
years ago or more)?

This is a big question mark (???). That has puzzled scientists and has become one of the
debates of the century.

What is the catalyst that really causing this phenomenon?

Do really “aliens” (???) teach us about scientific ideas without our knowledge or
consciousness?

Scientifically based
gained knowledge

Relative gained knowledge
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This understanding through observation, experimental and rational explanation or so-
called “knowledge through science” has brought tremendous or exponential changes in
human civilization and technology.

Many natural phenomena already understood and scientifically explained and those have
opened up many new windows of technologies.

These new technologies need new materials that again, like a domino, will open up more
areas of new materials that some cannot be obtained naturally in the surrounding.

Man with new materials, can go into outerspace or dive into deep ocean that is impossible
previously thought.

The era, the combination of these new obtained materials (through synthetic or natural,
for example polymers, liquid crystal, ceramics and new conducting materials) for new
technology acquired is called the golden era of human technology and a triumph for science
of the 21st century.

B CURRENT MATERIALS
Without materials there is no PRODUCT and without man there is no technology.

As mentioned previously, past materials used depends on the ability of man to obtain or
acquire the natural materials directly from its surrounding, example copper and sulfur
from volcanic sites or mining, leather from animals skin and some organics substances
and wood from tree.

These materials have been in applied in wood structures, corten steel, oxidized copper,
zinc, washed brick and unfinished concrete etc.

However, this development is coming to an end.

Current development among researches, technologies, engineers, designers and future
materials people show an increased interest in different kinds of “new, cross-discipline
and surprising materials and techniques” with which future ideas and concepts can be

formed and realized.

“An understanding of materials science allows us to not only analyze existing materials,
but also design on an atomic or molecular level to produce entirely new materials.”

These ideas and concepts always find their origin in economical and social circumstances
and of course in open up a new frontier of knowledge.
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