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In the Hindenberg, hydrogen explodes 
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In the middle of astronomy and physics, biology and anatomy, we find 

chemistry.   Some call it “the Central Science.”    

 

What is the main element of the Universe?  What fuels the explosions on stars?  
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How did the Earth’s atmosphere acquire oxygen?   Chemistry will surprise you.     

Of 118 elements we introduce eight.  Most articles below take just one page.
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HYDROGEN 

       Hydrogen is explosive. Hydrogen reactions 

provide the energy of the sun.  In clouds of 

hydrogen, called nebulae, new stars form.   

Hydrogen is the most basic element of 

the Universe.   Hydrogen constitutes about 75% 

of the Universe's chemical mass. 1 

Hydrogen composes 89.8 percent of 

Jupiter, 80 percent of Neptune, 93.6 percent 

of Saturn, and 82.5 percent of Neptune.   

Lavoisier named 

Lavoisier, a chemist, noted that when he 

burned hydrogen, the reaction produced water 

(H2O).  He gave the element the name 

hydrogen (from the Greek words “hydro” for 

water and “genes” meaning creator. 

Hydrogen is the lightest chemical 

element.  Its atomic number is 1.  Its chemical 

symbol is H.  

 

Bonds with other atoms 

The most common form of hydrogen 

consists of only one proton, one electron, and 

no neutron. 

 

 

 Hydrogen contains only contains only one electron on its valence shell.  Hydrogen can bond with an atom with available spaces on the other atom’s  shell. 

          When atoms bond, they share their 

electrons.  For example, when a carbon atom 

bonds with a hydrogen atom, the carbon atom 

gives away some of its electrons to the 

hydrogen atom. 

 

Carbon bonding with H 

Forms isotopes 

Atoms with the same number of protons 

as an element, but different numbers of 

neutrons are called “isotopes.”  Hydrogen  has 

two known isotopes: 

The isotope Deuterium has one proton 

and one neutron in its nucleus.  The isotope 

Tritium has one proton and two neutrons in 

its nucleus.  

These isotopes differ from Hydrogen in 

that they have higher atomic masses. The 

larger nuclei of these isotopes are unstable. 

The isotopes are radioactive.   

 

1   Most of the universe’s mass is not the 

chemical elements we know.  90 to 99 percent 

of the universe is unknown dark matter and 

dark energy.   Pallmer, D. (13/09/97).  

“Hydrogen in the Universe“. 

NASA.http://imagine.gsfc. nasa.gov/docs/ 

ask_astro/ answers/ 971113i.) 

 

 

0.9 percent of the mass of Earth. 

Surprisingly hydrogen comprises only 

    hydrogen.

http://en.wikipedia.org/wiki/Antoine_Lavoisier
http://en.wikipedia.org/wiki/NASA


 

 

HYDROGEN’S 
NUCLEAR POWER 
 

Nuclear fusion fuels the sun and the 

stars. In Nuclear fusion reactions, two or 

more elements fuse together to form a 

larger element, releasing energy.  

          For example, Hydrogen has three 

forms:  Protium (with one neutron), 

Deuterium (Hydrogen with two neutrons) 

and Tritium (Hydrogen with three 

neutrons).   Tritium does not occur 

naturally.  It is radioactive. 

 
            Three forms of Hydrogen 

Source:  google images. 

           Scientists accelerated hydrogen 

nuclei into lithium.  When a fast stream of 

positive ions hit the Lithium atoms, the 

Lithium nuclei broke up into Tritium and 

Deuterium and Hydrogen. 

 

Source:  Sir Mark Oliphant, Atomic reactions. 

 
http://www.asap.unimelb.edu.au/bsparcs/exhib/olipha
nt/reactions.htm 
 

          Tritium collided with deuterium to 

form a new particle, which immediately 

decayed into a helium nucleus (“called an 

alpha particle”) plus energy.     

  

Tritium fuses with deuterium 

creating helium and energy. 
 

(Source:  Stephen Compson, “From the Lab” 
http://www.scriptphd.com/from-the-lab/2010/10/03/) 

  

          An alpha particle consists of two 

protons and two neutrons bound together 

into a particle just like helium except it 

does not have a shell.  Radioactive nuclei 

commonly emit Alpha particles.  

CONCLUSION: 

 A nuclear reaction can change the 

number of protons and neutrons in an 

atom.  Scientists have succeeded to split 

the lithium atom into tritium and 

deuterium.   Tritium and deuterium then 

fused, giving off large amounts of energy. 

http://www.visionlearning.com/library/pop_glossary_term.php?oid=1510&l=
http://www.visionlearning.com/library/pop_glossary_term.php?oid=1497&l=
http://www.asap.unimelb.edu.au/bsparcs/exhib/oliphant/reactions.htm
http://www.asap.unimelb.edu.au/bsparcs/exhib/oliphant/reactions.htm
http://en.wikipedia.org/wiki/Deuterium
http://www.scriptphd.com/from-the-lab/2010/10/03/
http://en.wikipedia.org/wiki/Proton
http://en.wikipedia.org/wiki/Neutron
http://en.wikipedia.org/wiki/Radioactive


 

 

Helium – a noble gas 
Helium’s name originated from the 

Greek word hêlios meaning sun. 

Nearly all the matter in the universe 

that is not hydrogen is helium.   Helium 

makes up about 24% of the total 

elemental mass of the observable universe.  

 

The Earth’s gravitational pull does 

not prevent the Earth from losing helium 

into space.  As a result the Earth does not 

have much helium.   

 
Source:  http://www.chemicalelements.com 

 

The atomic number of helium is 2.   

“He has two protons and two electrons.  

Helium’s valence shell only has one shell. 1  

                                                           
 
1 An atom will not create another shell to bond.  

If atoms created extra shells to bond, then 

hydrogen could end up with hundreds of 

shells!   

 

Helium tends not to bond with any 

other element.  Its valence shell is full.           

  

Helium is a noble gas, which is an 

element with extremely low reactivity.2     

 

Helium’s stability gives it the lowest 

melting and boiling points of all elements.   

Its boiling point is -268.6 °C (4.549994 K, 

-451.48 °F).  Its melting point is -272.0 °C 

(1.15 K, -457.6 °F).   

       Engineers use helium as a coolant for 

rocket fuel and rocket engines.   Helium is 

more useful as a lifting gas for balloons 

and airships, than hydrogen, which is 

flammable and explosive.   

                                                                                                     
 
 
2 All noble gases have an octet of 8 electrons 
in the outer valence shell except Helium, 
which has two electrons. 

http://www.chemicalelements.com/


 

 

Lithium  
–  the lightest metal 

 
  Lithium is the third smallest 

element after hydrogen and helium. 

 
Atom (a) is Hydrogen, atom (b) is 

Helium, Atoms (c), (d), and (e) are 
Lithium.   
(Source:  Nick Strobel's Astronomy Notes.) 

 

Lithium is the lightest metal. It     

can float on water or oil.  The density       

of lithium resembles pine wood. 

 

Lithium floating in oil 

“Lithium” comes from      the 

Greek word lithios (stone). Lithium is 

soft enough to cut with a knife.    

Lithium has three protons, four 

neutrons and three electrons.    

 
 

Lithium Atom 
(source:  Nick Strobel’s Chemistry notes.) 
 

 Group 1 of the periodic table 
lists the alkali metals. Lithium holds 

two electrons on its s-shell and only 
one electron on its  P shell.   As an 

alkali metal, with only one valence 
election, Lithium is highly reactive. 

 

 Lithium behaves more similarly to 

hydrogen than to helium.  Lithium can 

form isotopes, atoms with different 

numbers of neutrons.   

 
Three isotopes of Lithium 

(Source: http://astronomy.swin.edu.) 

 

       Lithium-ion batteries power cell 

phones, notebook computers. 

Lithium ion may soon power cars. 

http://www.astronomynotes.com/
http://astronomy.swin.edu/


 

 

IONS 
          A normal atom is an atom with a 
number of electrons equal to the atomic 
number.  A normal atom is called a 
neutral atom. 

An atom with a different number 
of electrons to protons is an ion. Ions 
are atoms with either extra electrons or 
missing electrons. An ion has chemical 
properties very different from the atom. 

When an ion is created, the 
number of the protons has not changed. 
The atomic number of the atom does 
not change.  Ions form when one or 
more electrons transfers from one 
neutral atom to another.    

When an atom becomes an ion, 
it receives a net charge. The net charge 
is the difference of the protons and 
electrons.  If there are more electrons 
than protons, you write a plus sign at 
the end of the number.  If there are 
more protons than electrons, you write 
a negative sign at the end of the 
number.    

For example, the sodium atom 
(Na) has 11 protons and 11 electrons.  
This atom easily loses its one outer 
electron, thereby forming a sodium ion 
Na+. 

 
Source:  www.BBC.co.uk 

 

        Chlorine (Cl) is a poisonous, 
greenish-yellow gas.   Chlorine has 17 
protons and 17 electrons.  Chlorine can 
gain one electron, thereby producing 
the CL- ion.   When sodium reacts 
with chlorine, one electron transfers 
from a sodium atom to a chlorine 
atom, creating an NA+  ion and a CL- 

ion. 

 

Objects of opposite charge 

attract.  The NA+ and the CL- bond 
together to become sodium chloride 
(NaCl) which is table salt, an example of 
ionic bonding. 

 

Sodium chloride compound 
(source post by 
Holy123,scienceworld11.blogspot.com) 

http://www.bbc.co.uk/


 

 

Beryllium  

                        Beryllium's chemical symbol 
is Be.  Its atomic number is 4.  The 

Periodic Table classifies beryllium as 
an alkaline-earth metal of Main 
Group II.  

 
      The oxides of this group melt at  
such high temperatures that they 

remain solids ("earths") in fires. 
 

 

          Beryllium does not occur 
freely in nature, except in 
combination with other elements in 

minerals. Beryllium   is a relatively 
rare element in both the Earth and 

the universe. Stars create isotopes 
of beryllium. These forms of 
beryllium do not last long. 

 
 Beryllium has four protons 

four electrons and 5 neutrons. 
Beryllium's inner shell is full, 
holding two electrons.  Beryllium 

has two electrons on its valence 
shell.  Beryllium's pair of valence 
electrons form ionic and covalent 

bonds  with other elements. 
Beryllium easily forms complex ions. 

Beryllium bonds with carbon to 
form several compounds. 
 
 

 
source: www.green-planet-solar-energy.com  

 

 

    What is Beryllium used for? 
 
         As a low-percentage 

component of alloys, Beryllium 
produces hardening when mixed 

with copper or nickel.        
   
 Beryllium is extremely light. 

The nucleus of a beryllium atom 
contains only nine nuclear particles. 
By contrast iron contains about 56 

nuclear particles. The density of 
beryllium is only 1.85 times that of 

water.   

 
 

Beryllium Copper Adjustable 

Wrench.      
Source:  Wickipedia. 

 

 

http://www.green-planet-solar-energy.com/
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Boron absorbs radiation 

          In the  Periodic Table, Boron 

appears in Period 2 and Group 13.  In 
Group 13 Boron is the only element not  

a metal. 

          The chemical symbol of Boron is 

B.   Its atomic number is 5. 

         Boran has three electrons on its 

outer shell.  Chemically it is not very 
reactive. 

 

        Uncombined with other elements, 

Boron is not found naturally on Earth.    

 

 

Borax based washing detergent 

           Naturally occuring Boron has two 

stable isotopes Boron 10 and Boron 11.1 

 Boron 10 absorbs neutrons. 
Nuclear reactors use Boran 10 to 

capture neutrons.  On spaceships of   
the future Boron may serve as a 
radiation shield to absorb neutrons.         

Arab caravans 

     The name “boron” originates from an 

Arabic word buraq or the Persian word 
burah.  Both are names for the mineral 

borax, first found in the dried beds of 
Tibetan lakes. Borax is a white powder 
consisting of soft colorless crystals that 

dissolve easily in water. People used 
borax as a glaze on pottery.  From Tibet 
to Europe. Arab caravans carried borax.   

  

Boron could protect intergalactic 
spaceships from radiation.

                                                           
1 Isotopes share the same number of proton as 
the element.  Isotopes differ in their numbers of 

neutrons. 
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Carbon

 

 

          On Earth, Carbon is essential to 

life.  Living things consume carbon and 
return it to the environment.   

           Carbon comprises 18% of all the 

matter of living things, and 18% of the 
human body. 

           In the air carbon appears as 
carbon dioxide.  All natural water 
contains carbon dissolved in it.   

            Diamonds are carbon in its 
purest form.   Graphite is a soft black 
mineral of pure carbon.   Charcoal is 

an impure form of carbon.  Carbon 
occurs in rocks such as marble, 

limestone and chalk.  Carbon is 
present in hydrocarbons such as coal, 
oil and natural gas. 

 

 
 

Properties of Carbon   
   

          Carbon has 2 electrons on its first 

energy level, on its s shell. Generally an 
atom’s second energy shell contains up 

to 8 electrons.   Carbon's second shell 
has 2 electrons on it's “s” shell and 2 
electrons on it's “p” shell.   Four open 

spaces remain for Carbon to bond. 

   

         99% of carbon is the isotope 

Carbon 12, consisting of 6 protons, 6 
neutrons and 6 electrons.  Carbon 12 as 
the standard by which scientists 

measure the atomic numbers of all other 
elements.  A “mole” is the amount of 

substance which contains as many 
elementary entities as there are atoms in 
12 grams of carbon

 

Carbon’s outer shell has four empty spaces 

source:  protondecay@blogspot.com 

 

electron sharing in a diamond 

source http://itc.gsw.edu/faculty 

mailto:protondecay@blogspot.com
http://itc.gsw.edu/faculty
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Hydrocarbons   

     Generally an atom's outer shell has space for eight electrons. An unfilled outer shell is unstable.  

 

          The carbon atom's outer shell contains only four electrons.  As a result, carbon is a friendly 

element.  To achieve stability, carbon bonds with other atoms including hydrogen.   Hydrocarbons are 

the simplest organic compounds.  Hydrocarbons are compounds containing only hydrogen and carbon.   

      

Light hydrogen contains no neutrons.                 Carbon has only four electrons on its outer shell. 
source: www.greenplanet.com  

              Carbon atoms form chains. The properties of each hydrocarbon compound differ depending 

on the length of the chain of carbon atoms.  Hydrocarbons form countless compounds, each with 

different properties. 

 

Methane is C1                                                   H4 Ethane is C2                             H6 Propane is C3H8  

             Alcanes are hydrocarbon compounds, pictured above, which have a single bond between the 

carbon atoms. Each alcane has a name that ends in “ane.” For instance, the last three letters in methane, 

ethane, and propane all end in “ane”.  

http://www.greenplanet.com/
http://4.bp.blogspot.com/-9PVMGfTXO6s/Ty_bvGWgLKI/AAAAAAAADrk/-zs70iyaPOI/s1600/hydrogen_1.gif
http://www.google.com/imgres?q=carbon+atom&um=1&hl=en&rlz=1W1ADRA_enUS475&biw=1280&bih=653&tbm=isch&tbnid=vuxUSksqlRA1nM:&imgrefurl=http://www.universetoday.com/56469/atom-diagram/&docid=pLFhEw4LPin0gM&imgurl=http://www.universetoday.com/wp-content/uploads/2010/02/c-atom_e.gif&w=300&h=250&ei=idHUT7nRKI-x0QGv8ZiWAw&zoom=1&iact=hc&vpx=176&vpy=178&dur=203&hovh=200&hovw=240&tx=127&ty=111&sig=101996254421047960033&page=1&tbnh=129&tbnw=155&start=0&ndsp=21&ved=1t:429,r:0,s:0,i:138
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              Gasolene and kerosene consist mostly of alcanes.  Polyethylene is an alkane containing a 

chain of tens of thousands of carbon atoms.  From polyethylene factories produce thousands of 

different plastic products such as plastic bags, food containers. 

 

Carbon to carbon double bond. 
         Alkenes are hydrocarbons which have a double bond between the carbon atoms. Alkenes usually 

have the suffix “ene” at the end of the word.  Alkenes are the raw materials for plastics such as 

polyethylene, PVC, polypropylene, and polystyrene Ethene provides an example of two carbon atoms 

sharing a double bond. A total of four electrons are hold the two carbons atoms together.  

 

                             

In ethene carbon atoms     Ethene's two carbon atoms 

share a double bond      share four electrons. 

 

Hydrocarbon series 

 
             Chemists classify and group hydrocarbons by the type of bond between carbon atoms and by 

the number of carbon atoms in a molecule. Single, double, or triple bonds can link the carbon atoms  

 

The chart below lists some hydrocarbons, according to the number of bonds between carbon 

atoms and number of carbon atoms. 

.  

Number of     One bond  Two bonds  Three bonds 

carbon atoms   Prefix  - ane  - ene   - yne 
1     meth -  methane  methene   mathayne 
2     eth -   ethane  ethene   ethayne 
3     prop -  propane  propene   propyne 
4     but -   butane  butene   butyne 
5     pent -  pentane  pentene   pentyne 
6     hex -   hexane  hexene   hexyne 
7     hept -  heptane  heptene   heptyne 
8     oct -   octane  octene   octyne 
9     non -   nothane  nonene   nonyne 
10     dec -   decane  decene   decyne 



 

 

 

              

Nitrogen
 

At number 7 in the periodic table, nitrogen has 7 electrons.  Scientists estimate 

nitrogen is the seventh most abundant chemical element by mass in the universe.     

Nitrogen is the largest part of the atmosphere we breathe.  Only 21% of the air is 

oxygen.  78% of the air is N2, a nitrogen molecule.    

Nitrogen occurs in all living organisms.  A plant contains about 4% Nitrogen, the 

human body about 3% by weight of nitrogen.   

Plants, with special bacteria, take nitrogen from the air and convert it into fertilizer. 

Chemical Structure 

 The nitrogen atom contains two electrons on the inner shell and 5 electrons in the 

outer shells.   

With 5 electrons in the outer shells, nitrogen has space for 3 more electrons. For 

this reason, Nitrogen atoms are never found on their own.  

      

       Nitrogen atom        Nitogen’s unusual trivalent bond 
http://wellnessadvocate.com    Source: http://need-media.smugmug.com  

          

http://need-media.smugmug.com/


 

 

           The most common nitrogen molecule is N2.  It consists of two nitrogen atoms.  

Two nitrogen atoms join together.   Each shares 3 electrons with the other.   

     Because it has 5 electrons in its outer shell, Nitrogen is often trivalent.  In a 

triple bond, 2 atoms share 3 pairs of electrons (6 electrons).   Each nitrogen atom 

will donate 3 electrons to the covalent bond.  

In molecular nitrogen (N2), the triple bond is exceptionally strong.  As a result, 

N2 is unusually difficult to combine with other elements. 

Nitrogen’s Physical Properties 

At room temperature, Nitrogen is a colorless, odorless gas.  

Liquid nitrogen is a very cold state of nitrogen.  Its temperature must be under 

-195.8 degrees.   Like dry ice, liquid nitrogen serves as a coolant. 

      
   Liquid nitrogen condenses water vapor                     Liquid Nitrogen Flask                                                                     
   from the surrounding air.  
 http://2.imimg.com      Source: http://labflasksshop 

   To preserve packaged foods, and to prevent oxidation, Nitrogen gas serves as a   

replacement for air.   

Nitrogen is also an explosive. Nitroglycerin is the dangerously unstable 

explosive ingredient of dynamite.  Scientists use trinitrotoluene (TNT) as the 

standard explosive against which the powers of nuclear explosions are measured.  

In the Early 19th century, Scientists discovered Nitrous oxide (N2O) as a partial 

anesthetic.  Doctors later used it as a surgical anesthetic.  Called "laughing gas", it 

reduced inhibitions and produced a state resembling drunkenness. 

Conclusion: 

All of your life you have been breathing N2.   Nitrogen is one of the basic building 

blocks of our world.   

 

 

 

http://en.wikipedia.org/wiki/Nitroglycerin
http://en.wikipedia.org/wiki/Dynamite
http://en.wikipedia.org/wiki/Trinitrotoluene
http://en.wikipedia.org/wiki/Nitrous_oxide
http://en.wikipedia.org/wiki/Nitrous_oxide


 

 

Oxygen – Earth’s exceptional element  
 

After hydrogen and helium, oxygen is the third most abundant chemical             
element in the universe.    

By mass, oxygen is the most abundant chemical element on Earth.  Oxygen 
constitutes 49.2% of the mass of the Earth's crust, 88.8% of the oceans, 21% of air. 

All land animals depend on oxygen to breathe.  In water oxygen is essential                

to sea creatures. 

Bacteria produce Oxygen. 

In our Solar System, the Earth is the only planet with a high concentration               
of oxygen in its atmosphere.   

The Earth formed 4.5 billion years ago.  At that time there was little oxygen 

on Earth.   The atmosphere contained much more carbon dioxide than today.   
Early in the history of life, all life on Earth was microorganisms.  Blue green algae 

called cyanobacteria appeared around three billion years ago.   On Earth 
cyanobacteria are the oldest known fossils, more than 3.5 billion years old. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cyanobacteria live in water.  They are small and usually unicellular.  They 
manufacture their own food from sunlight.  Often they grow in colonies large enough 
to see.   



 

 

Beginning about 2.4 billion years ago, the cypanobacteria began to produce 

oxygen.  By producing oxygen this blue green algae tranformed life on earth.  The 
next time you see some green slime or algae on a lake, consider:  we could not live 

without it.    

Bacteria produced our atmophere. 

Instead of eating other organisms, most plants produce their food directly from 
Sunlight.   Algae and cyanobacteria take in sunlight, water and carbon dioxide.  By 
the process of photosynthesis they produce food.   

The photosynthesis reaction releases oxygen and sugar.   In water, green algae 
and cyanobacteria provide about 70% of earth’s oxygen.   Plants on land produce the 
rest 

Chemical Properties of Oxygen 

 Oxygen contains 8 electrons.  On its outer shell oxygen contains two empty 
spaces to fill with electrons.  As a result of the two empty spaces on its outer shell, 

oxygen forms many compounds with other elements.  An oxygen atom can complete 
its eight spaces for electrons either by picking up two electrons or by sharing two 

electrons.   
 

      

 

Oxygen's shell has two spaces.                 Dioxygen is the air we breath 
             source:  historyforkids.org                          source:  gcsescience.com   
 

 

O2 is dioxygen, the major part of the Earth's atmosphere, and the air we breathe.  
  

O3 is ozone.  In the Earth’s upper atmosphere the ozone layer prevents harmful   
ultraviolet light from reaching the Earth's surface. 



 

 

IONIC & COVALENT  

BONDING       

          Atoms and molecules bond in order 

to create matter.   Two ways atoms and 

molecules can combine are called ionic 

and covalent bonding.  

Ionic bonding   

         In Ionic bonding one atom passes an 

electron to another element.   

         These atoms which gain or lose 

electrons are called “ions.”  The atoms of 

ions acquire positive or negaltive charges.   

The atoms then bond together by the 

attraction between oppositely charges. 

 

Source:  www.chm.bris.ac.uk/pt/harvey/gcse/ionic.html 

         In the example above the sodium 

atom gives up one electron.   The chlorine 

atom acquires the electron.   By giving up 

an electron the sodium atom (NA+) 

becomes positively charged.   By acquiring 

an electron the chlorine atom (CL-) 

becomes negatively charged.    Two 

oppositely charged ions attract each other.  

      In a grain of salt the attraction 

between NA+ and CL- produces the 

regular arrangement shown below. 

 

(Source:  Wickipedia) 

         In Ionic bonding the atoms 

themselves attract each other. 

Covalent Bonding 

         In covalent bonding, the atoms do 

not gain or lose electrons.   In covalent 

bonding atoms with unfilled outer shells 

share electrons with one to another.   

 

         The electrons in the outer shell of an 

atom are called valence electrons.   In the 

first orbit or shell an atom can have a 

maximum of two electrons.    

 

a.  Example of hydrogen  

         One example of covalent bonding 

occurs with hydrogen.  Hydrogen is the 

simplest element.    Hydrogen has only 

one electron on its shell or orbit.



 

 

         By covalent bonding two hydrogen 

atoms share their electrons. 

  

 An oxygen atom therefore has two empty 

spaces on its valence shell.    

         The two hydrogen atoms above 
share one pair of valence electrons.    This 
covalent bond permits each hydrogen 

atom to seem to fill its outer shell with the 
maximum of two electrons.   

 
b.  Example of oxygen + hydrogen 

         A second example of covalent 

bonding occurs with oxygen and hydrogen.    

 

        Oxygen is number 8 on the Periodic 

Table.  Oxygen has 8 protons and 8 

electrons.   It has two electrons on its 

  
(Source:  www.daviddarling.info encyclopedia 

 

         Oxygen can fill its two empty spaces 

 by covalent bonding with hydrogen. 

 

          Water is formed by two hydrogen 

atoms, each sharing an electron with an 

oxygen atom.  The two hydrogen atoms 

form covalent bonds with oxygen.   The 

bond with hydrogen transforms oxygen 

into the stable element of water.

inner shell.  It has six electrons on its 

second shell.    On an atom’s second shell 

there are a total of eight potential spaces. 

 

 

CONCLUSION: 

           The outer electron orbits or shells 

determine which elements or molecules 

bond and how well they combine together. 

 

 In ionic bonding, atoms exchange 

electrons.   The exchange 

transforms the atoms into ions.   

The ions attract each other by the 

attraction of opposite charges.   

 

 Covalent bonds form when atoms 

share electrons.   

(Source:  www.nuclear darkness.org/nuclear/physics      

   

http://www.daviddarling/
http://www.nuclear/


 

 

 
Ball-and-stick model of a unit cell of silicon 
(element Si, atomic number 14).  Silicon 
atoms can bond together to form a crystal 
of pure silicon. 
 

AVOGADRO’S NUMBER 

In chemistry a “mole” measures an 
amount of atoms or molecules.  A mole is not 
a weight, but a number.  

Avogadro was a 19th Century Italian 
scientist. Chemists named the number of 
molecules in one mole “Avogadro’s number.” 

Avogadro's number = 6.02 × 1023. 

 

Avogadro’s number is 

602,200,000,000,000,000,000,000 or 

six hundred and two thousand, two 
hundred billion billion. 

The atomic weight of an element is the 
weight of one mole of atoms.  The atomic 
weight of an element corresponds to its 
number of protons and neutrons.   

For example, a mole of hydrogen and a 
mole of water contain the same number of 
molecules. The atomic weight of a mole of 
hydrogen with one proton is nearly one gram.   

 

 

The atomic weight of oxygen (number 8 on the 
periodic table) is about 16.  A mole of oxygen 
weighs about 16 grams. 

The atomic weight of water, H2O, with 2 H 
+ 1 O = 18.  A mole of water weighs about 18 
grams.  

     Atoms are very small. Therefore Avogadro’s 
number is extremely large. 

 

This crystal ball is the roundest man-made 
object on earth.  To define the weight of a 
kilogram, scientists propose to use an 
Avogadro’s number of atoms.    As a standard 
for measurement, scientists are calculating 
the precise number of atoms in this near 
perfect ball of pure silicon crystal. 

http://en.wikipedia.org/wiki/Ball-and-stick_model
http://en.wikipedia.org/wiki/Unit_cell
http://en.wikipedia.org/wiki/Silicon
http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Amount_of_substance
http://en.wikipedia.org/wiki/File:Silicon-unit-cell-labelled-3D-balls.png


 

 

Quanta and Photons 
 

Electromagnetic radiation (“EMR”) is a 

form of energy that exhibits wave-like behavior 

as it travels through space.   

Gamma-rays and x-rays are 
electromagnetic radiation of high frequency 
(very short waves.) 
Radio waves are long waves with the least 
energy. 

 

 The human eye can detect EMR with a 

wavelength between approximately 400 nm 

and 700 nm as light.  Light is only a narrow 

sliver of the spectrum of EMR. To humans, 

most wavelengths of EMR are invisible.  

 Around 1900 scientists experimented 
that the EMR came not in a continuous 
stream, but in little packets of energy.   
 

Max Planck, a German physicist, 
proposed to call each little packet of energy a 
quantum.  The plural of quantum is quanta. 

 
The quanta in different wavelengths 

carry different amounts of energy.  For this 
reason, different forms of EMR affect things 
differently.  For example, we feel infrared 
waves as heat, ultraviolent rays as sunburn 

 

Source:  Google Image 

 Einstein suggested that the quanta in a 
wave of light resemble particles with zero 
mass. He named these particles “photons.” 
The quanta of light are photons. Photons are 
the basic unit of light. Photons have properties 
of both waves and particles. 
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Faster Than Light? 

A neutrino is an electrically neutral, subatomic particle. It has a mass greater than 

zero. 

“Neutrino” in Italian means “the little one.” On Earth,every second, 65,000,000,000 

solar neutrinos pass through every square centimeter perpendicular to the sun. 

A neutrino can pass through ordinary matter without being affected. 

Scientists at the Large Hadron Collider, in Geneva, Switzerland, inserted 15,000 
neutrinos into ahuge accelerator tunnel. 

The speed of light is 186,282 miles per second. That is 299,792,458 meters per second!  

The neutrinos broke the speed of light. Scientists had never seen any particle, object, 

plant, or animal break the speed of light. According to some tests the smallest thing on earth, 

the neutrino, broke the speed of light. 

from google 

 

 

 
 



 

 

Black Holes 

In 1054, Chinese astronomers and 
American Indians recorded a stellar explosion 
called the Crab Nebula.  

The Crab Nebula became brighter than 

everything in the night sky except the Moon. ① 

 
Four EMR images of the Crab Nebula 

Supernova 

When the nuclear fuel of a star is 
exhausted, the core cools and contracts and 
collapses under the enormous weight of the 
outer layers.  The collapse of the core of a star  
causes a huge explosion, called a supernova. 
For a few weeks a supernova can shine as 
brightly as a galaxy. * 

Neutron star 

The cores of supernovae of mass less 
than two suns are crushed into neutron stars, 
composed almost entirely of neutrons.   

A typical neutron star has a radius of 
only 12 km and a mass between 1.35 and about 
2.0 times the sun.  By contrast, the Sun's 
radius is about 60,000 times that. 

 

Quarks 

If the core of the collapsing star has a 
mass more than twice the Sun, its gravity will 
crush it beyond a neutron star, into a black 
hole. ** 

 
      Quarks are fundamental components of 
particles such as protons and neutrons, the 
components of atoms.  In a black hole the 
neutrons are broken up into quarks. 

 
Quarks are components of protons and 
neutrons 

  Epsilon Aurigae is a black hole. It has 23 
times the mass of the sun.  It emits no visible 
light.***    

No one knows what is at the center of a 
black hole.  Light cannot escape it.  A black hole 
has the strongest force of gravity in the universe. 
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