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Have you ever wondered where all the matter around us comes from? It must have been created
somewhere in this universe. In this exercise you will learn where and how matter is created. You’ll be
surprised to find out where all the stuff that humans are made of comes from...

Most of the matter around us is made out of molecules. It was known since antiquity that mixing
different types of liquids, gases and solids could produce other matter with different characteristics. So
how does matter transform and how do we understand this? It was only about 200 years ago, that John
Dalton, an English chemist, suggested that all compounds and molecules are made out of atoms, and that
new molecules are formed when those atoms are rearranged. Molecules are basically clusters of atoms
that are bound together by electromagnetic forces. (For example, water is a cluster of three atoms, one
oxygen atom, and two hydrogen atoms. Similarly, sugar is an arrangement of 6 carbon, 12 hydrogen,
and 6 oxygen atoms.) Atoms and molecules may undergo chemical reactions, forming yet other types of
molecules.

About 130 years ago, Dmitri Mendeleev, a Russian scientist arranged the different types of atoms in a
particular fashion, He ordered them by increasing mass, but he placed atoms with similar chemical
properties in the same columns. This was the first periodic table, and the atoms were referred to as
elements, presumably because it was believed that these are the most elementary things matter is made
of. In any case, at the time, this periodic table contained empty spaces, suggesting that other types of
elements still needed to be discovered. The properties of undiscovered elements could be predicted
from their positions in this table, and thus additional elements such as gallium, scandium, and
germanium were discovered.

So then, what are atoms? Are they really the smallest objects in the universe? If not, what are they
made of? Around the turn of the century, Thompson discovered the electron and its association with
atoms. In the early 20" century, Rutherford discovered that the atoms are made mostly of “empty
space,” but that they have a positively charged small nucleus. This gave rise to the model of protons
surrounded by a swarm of electrons, equal in number to the amount of protons. Electromagnetic forces
hold these together, with the electrons being negatively, and the protons being positively charged.

In the 1930’s Chadwick discovered an additional particle in the nucleus, whose function was to “dilute”
the repulsive effects between the protons in the nucleus and make the nucleus heavier. Since this
particle does not have a charge, it was called a neutron. Thus it was shown that atoms are made out of
electrons, protons and neutrons. They where called “elementary particles,” presumably because they are
the smallest and most fundamental particles in the universe.

As far as the structure of the atom is concerned, electrons occupy the outer regions of the atom and are
equal in number to the protons in the nucleus. The simplest model was proposed by Bohr, who made
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further statements about possible orbits of the electron in the atom, which he was able to couple to the
energy state of the atom. Heavier elements are more complicated. Each element in the periodic table
was identified by the number of protons in the atom’s nucleus, ranging from 1 for hydrogen through 92
for uranium. Today we also know of trans-uranium elements, which have been created in nuclear
laboratories.

While the number of protons in the nucleus identifies an element, the number of neutrons that also
occupy the nucleus identifies different isotopes of that element. Each element has a number of isotopes;
for example, hydrogen exists as hydrogen-1, hydrogen-2 (called deuterium), and hydrogen-3 (called
trittum). Deuterium has a neutron in the nucleus along with its proton, while hydrogen-1 only has a
proton in its nucleus. Tritium has two neutrons in its nucleus. The relative abundances of these isotopes
on Earth are 99.985% hydrogen-1, 0.015% hydrogen-2, and only traces of hydrogen-3. Similarly,
uranium-238 has 92 protons and 146 neutrons, while uranium-240 has 92 protons and 148 neutrons.

Generally, only one of the isotopes of each element is stable. The others decay — emitting radiation.
This is called radioactive decay. All elements have radioactive isotopes, and only two elements
(technetium and promethium) behave like trans-uranium elements that have only radioactive isotopes.

Radioactive isotopes possess a quantity called half-life. There is a certain probability associated with
radioactive decay. We refer to the time it takes for half of all isotopes of an element to decay as its half-
life. Some of the radioactive isotopes of an element may decay very rapidly, while others may have
half-lives of millions of years (ever hear of radio-active dating commonly used in geology?).

Helium, for example, has two stable isotopes, helium-3 and helium-4. Helium-6 decays with a half-life
of less than one second, so after a few minutes, none of the helium-6 remains.

A basic question about elements is, “Are the types of elements found on Earth equally common in the
universe?” It turns out that spectroscopic studies of the Sun revealed 67 elements. Other spectroscopic
studies demonstrate that these elements are widely distributed in the universe.

Most of the spectra of stars show roughly 2% of elements other than hydrogen. When this is less, the
stars are identified as metal-poor population II stars. These are the oldest that were formed when
“heavier elements” had not yet been produced.

Most elements are produced in the hot cores of stars. This process is called thermo-nuclear fusion. All
elements up to iron are produced in stellar interiors. When a high mass star (or low mass binary) comes
to the end of its evolution and explodes as a supernova, these elements (up to iron) are dispersed into the
interstellar medium. During this explosion, the heavier elements are formed. Some isotopes of those
elements survive, while others get destroyed through fission (opposite of fusion) or radioactive decay.

In this exercise, you will learn how the elements are produced in the cores of stars and during supernova

— just imagine, that these elements may then form molecules, and eventually human beings. Did you
know that our bodies are made out of the debris of stars?
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“Lnderstanding the Rrriodic Cuble

Below are some guidelines that may help you understand the periodic table. The elements are all
arranged in a particular fashion, so that regularities can be seen. Once arranged this way, the properties
of each elements can be predicted. In fact, this table helped chemists discover any missing elements.

Study the Periodic Table.

Number of electrons per shell:

In the first shell there is space for two electrons.
Hydrogen has one electron in its first shell,
Helium has two electrons. The maximum
number of electrons in the first shell is two.

\

1% shell:
2 electrons

2™ shell

Number of protons in the nucleus:

Hydrogen has one proton, Helium has two, Lithium has three,
Beryllium has four, Boron, five, carbon six, etc. The number
of protons increases from left to right, and from the first to
the second to the third row.

Boron is the third
element in the second
shell. It has 5 protons

8 electrons

Ti|V |CrMnFe|Co|Ni|CulZn

3 shell
8 electrons

Zr NbMo|Tc|RulRh|Pd|Ag|Cd

TN\

4" ghell

Hf  Ta|W [RelOs| Ir [Pt Ftu Hg

18 electrons

RfDb|Sg|Bh|Hs| Mt UunlU

uulUub

N

La|Ce|Pr[NdPmiSm|Eu|Gc

| Th|Dy

7" shell
33 electrons

|Ac|Th|Pa| U |Np

PulAmCn

1Bk | Cf

Silver (Ag): It is in the 5™ row,
thus the 1%, 2", 3 and 4" shells

are filled to the rim. In the 5™ Chlorine (Cl): It has its first and

row it is the 11" element, so in second shells filled, and in the third Inert gases:

total it has 2+8+8+18+11=47 shell there are seven electrons (it is These are in the last

electrons. This means it also has the seventh element of the third row). column. In these gasses

47 protons in its nucleus. All in all it has two in the first shell, each of the shells is
eight in the second and seven in the filled totally, so they
third. This means that it has a total of will not undergo
2+8+7=17 electrons. This also means chemical reactions —
that it has 17 protons in its nucleus. thus they are inert.

2" and 3" shell elements:

The maximum number of electrons in the first
shell is two, the maximum number of electrons
in the 2™ and 3" shell is eight electrons.
(Actually, the second can have a maximum of
eight electrons of which two electrons are in
the “s”-shell, and six in the “p” shell. The third
shell also has s, and p shells.)
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4™ and 5" shell elements:

The maximum number of electrons in the
forth and fifth shell is 18. (In that shell there
are three sub-shells, the s-level, the p-level
and the d-level. The s-level can harbor two
electrons, the p-shell six, and the d-shell 10,
giving a total of 28 electrons.)
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