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INTRODUCTION TO MATTER TRANSPARENCIES 

 
 
CONTENT:  This is one of a series of transparencies in the sciences designed to aid teachers in grades 
4-8.  The visuals and supporting information can be used as a stand-alone curriculum or to illustrate
concepts introduced in textbooks and lectures.  The descriptions and images focus on atoms and 
molecules—their properties, behaviors and interactions.  The overheads progress from the more basic 
principles to increasingly complex concepts and theories.  Each page of information corresponds to 
one of the overheads: 
 
1.  The atom:  the parts of the smallest unit of matter 
 
2.  Elements:  the characteristics of the basic forms that matter can take 
 
3.  Periodic table of the elements:  the classification of the elements 
 
4.  Chemical bonds:  the forces of attraction that bind atoms 
 
5.  Atoms forming compounds:  the types of combinations of atoms 
 
6.  Chemical reactions:  the recombining of atoms and molecules in some basic processes 
 
7.  Phases of matter:  the characteristics of solids, liquids, and gases 
 
8.  Properties of gases and water:  the principles and behaviors of gases and water 
 
9.  Electromagnetic radiation:  the types of energy released by atoms 
 
10.  Nuclear reactions:  the changes and energy releases in fission and fusion 
 
 
SOURCES:  While some of the images were created especially for this packet, most came from the 
internet.  Almost all of the latter are in the public domain.  For the others, permission was received 
from the photographer, artist, or agency.  Credit is given along with the picture itself, and the internet 
addresses on the back pages list the locations of the images and the information used in preparing this 
packet.  (Especially helpful were the websites of different NASA agencies.) 
 
USE:  There is a collection of images on each transparency.  This arrangement allows related topics to 
be conveniently grouped and allows costs to be minimized.  (A simple way to display only a few of the 
images at a time is to cover the other images with a sheet of paper.)  The descriptions are intended to 
assist teachers in presenting information…This is one of the ten sets in the science transparency 
series,—Animals, Astronomy, Ecology, Energy Resources, Geology, Human Body, Matter, 
Oceanography, Weather, and Work, Force, and Motion.  These and other offerings can be viewed at 
www.k8resources.com. 
 
Text:  © 2008, Michael Berkowitz, k8resources, Saco, Maine 
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1.  THE  ATOM

Orbitals (3); sodium atom and ion; chlorine atom and ion; lightning
Credit: © Los Alamos National Security (3)                     Source: Vision Learning                      Credit:  C. Clark, OAR, NSSL, NOAA

Rutherford’s gold foil experiment; solar system model; Bohr model; electron cloud; orbital shells
Source:  Brookhaven National Lab      Credit: NASA     Sources: EnergyQuest; Brookhaven NL; Wikipedia
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1.  THE  ATOM  
 
 
The first model:  In 1911, Ernest Rutherford’s experiment provided the first evidence of atomic 
structure.  He directed a stream of positively charged (alpha) particles at gold foil and noticed that most 
moved uninterrupted,—straight through empty space.  A relatively small number of alpha particles were 
repulsed by minute concentrated locations—cores called nuclei. 
 
The nucleus:  For the alpha particles to be repelled, the nucleus had to contain positively charged 
matter—in units called protons.  Similarly sized neutrons also occupy the nucleus, but they have no 
charge.  (More recent research has shown that neutrons have 2 “down” quarks each with a -1/3 charge and 
1 “up” quark with a +2/3 charge.  Neutrons thus have no net charge.  Conversely, the proton has 2 “up” 
quarks with a + 2/3 charge and 1 “down” quark with a -1/3 charge.)  With a net charge of +1, protons 
would push each other away were it not for the “strong nuclear force.”  It is by exchanging gluon particles 
that the nucleons (protons and neutrons) are held together. 
 
Electrons:  According to Rutherford and Niels Bohr, the atom also contained smaller electrons that 
orbited around the central nucleus, much as the planets orbit around the Sun.  Later research findings 
progressively refined this model:   The electrons could only occupy discrete orbits; each orbit could only 
hold a certain number of electrons; exact paths or orbits were replaced by more general probability areas.  
Erwin Schroedinger traced these “electron cloud” areas to the wave function of electrons.  Electrons are 
now conceived of as packets of energy, because their behavior and energy levels paradoxically exhibit
properties of both particles and waves. 
 
Orbitals:   Electrons are now understood to occupy particular orbitals.  These regions are characterized by 
their size (distance from the nucleus), shape (spherical, polar, or clover-shaped) and orientation (along the 
x-, y-, or z-axis).  There can be two electrons in the innermost orbital shell, eight in the second orbital 
shell, eighteen in the third, thirty two in the fourth, thirty two in the fifth, eighteen in the sixth, and eight 
in the seventh.  Electrons in an atom’s outermost orbitals, the valence electrons, are critical in the 
interactions with neighboring atoms.  These interactions lead to bonding and chemical reactions. 
 
Ions:  Under ordinary conditions, the number of protons and the number of electrons in an atom are 
equal.  Thus the positive charges equal the negative charges, and the unit is electrically neutral.  Under 
some circumstances, the “metals” will loose their outermost one, two or three electrons, giving the atom a 
positive charge.  Sodium (Na) atoms have a single electron in their third shell.  After giving that one up, 
its net charge is minus one (Na+)…“Nonmetals” can take in extra electrons, giving them a negative 
charge.  Chlorine (Cl) atoms are missing one electron in their valence shell and will easily accept an extra 
electron, developing a charge of minus one (Cl-).  Ions, the resulting electrically charged atoms, can be 
strongly bound to particles of the opposite charge, as in the case of Na+Cl-, sodium chloride (table salt). 
  
Electricity:   The movement of electrons from one atom to the next can result in the flow of charge called 
electricity.  Metals such as copper and steel are good conductors because they easily relinquish outer 
electrons to neighboring atoms.  Rubber and glass are examples of good insulators because they resist this 
process of passing along electrons…In some circumstances, an imbalance in electrons can cause an 
electrostatic charge.  An inflated balloon rubbed with cloth, a person shuffling across a carpet on a winter 
day, or the rubbing of ice crystals in a thundercloud can each build a static charge.  If the charge becomes 
great enough in these examples, the balloon will adhere to a surface, a spark will pass from an extended 
finger, or a lightning bolt will form. 
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2.  ELEMENTS
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Sources:  Yinon Bentor, Chemical Elements

Allotropes (graphite, fullerene, diamonds); nitrogen nucleus bombarded by neutron; carbon-14; nitrogen
Credits:  Marv Rich, Math Mol, NYU (3);                     Sources:  PBS, NOVA
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2.  ELEMENTS 
 
 
Traits of elements:  An element is a substance all of whose atoms are the same.  The number assigned 
to the element is equal to the number of protons in the nucleus of each atom.  The number of protons 
determines the element’s characteristics.  In its normal state, the number of electrons equals the 
number of protons—resulting in no net charge.  Since only protons and neutrons have any significant 
mass (approximately one anatomical mass unit each), an atom’s weight is equal to the sum of the 
protons and neutrons.  The number of neutrons in an atom equals the weight minus the number of 
protons.  For smaller atoms, the number of neutrons equals the number of protons, but there are more 
neutrons than protons in the larger atoms.  While many atoms exist as single units, many such as 
oxygen, nitrogen, and chlorine, generally form molecules of two atoms sharing electrons (O2, N2, and 
Cl2). 
 
Some elements:   

·  Hydrogen (H) is the lightest element.  A colorless gas, it is used in balloons and mining.   
·  Helium (He), with its only electron shell filled, is a stable, non-reactive gas used in scuba tanks. 
·  Carbon (C) is a black residue acquired by burning organic matter.  It is used in steel and filters. 
·  Nitrogen (N) is a colorless gas that comprises 77% of our atmosphere. 
·  Oxygen (O), a gas that supports life, makes up 21% of our atmosphere. 
·  Sodium (Na) is a silver solid whose single electron in its outer orbit lets it bind in salts. 
·  Chlorine (Cl), because it lacks a single electron in its outer shell, combines easily to form a salt. 
·  Gold (Au) is malleable and a good conductor,—used for coins, jewelry, and electronics. 
·  Uranium (U) is silver and found in such rocks as pitchblende and carnotite.   

 
Allotropes:  Variations in the alignment of the atoms in a substance can alter the appearance of the 
element.  Carbon has a wide range of allotropes.   (1) Graphite has carbon atoms joined by hexagonal 
bonds in planes.   It is used as a lubricant, a conductor, and the misnamed “lead” in pencils.  (2)  
“Buckyballs” are spherical fullerenes named after R. Buckminster Fuller, the designer of the geodesic 
dome.  Their pentagonal rings offer binding sites that may yield medicinal applications.  (3)  Diamonds 
have such strong tetrahedronal bonds that they are the strongest mineral known.  They are used for 
jewelry and industry. 
 
Isotopes:  While the number of protons in an atom determines its traits, there can be some variation in 
the number of neutrons the atoms of an element may contain.  Deuterium, an isotope of hydrogen, is 
found in heavy water.  The nuclei of the hydrogen atoms in heavy water contain a neutron along with 
its typical proton.  As it is heavier, an ice cube made with heavy water will sink.  (Heavy water can be 
used to process unenriched uranium into plutonium)…Carbon-14 is an isotope used to date ancient 
objects.  It is created when a neutron from cosmic radiation collides with a nitrogen nucleus and expels 
one of its protons.  The original nitrogen nucleus had seven protons and seven neutrons.  Since the 
nucleus now has six protons, it is actually a carbon atom.  Yet it has eight neutrons instead of carbon’s
typical six.  With the extra neutrons, it is unstable and decays with a predictable half-life.  After each 
5730 years, half the carbon-14 atoms present will revert to nitrogen atoms as a neutron will change to a 
proton (and emit an electron). As a certain proportion of the carbon in carbon dioxide in the air is C-
14, plants take in a known amount for photosynthesis, and animals will ingest that same proportion via
the food chain.  Once the plant or animal dies, it will not take in any additional carbon-14, and that
amount will slowly decrease.  Knowing the amount in the atmosphere and the amount in the remaining 
material, archaeologists are able to determine the age of plants and animals through “carbon-dating”. 
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3.  PERIODIC  TABLE  OF  THE  ELEMENTS
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3.  PERIODIC  TABLE  OF  THE  ELEMENTS 
 
 
The table:  Because of the systematic nature of the properties of the elements, they can be arranged in a 
“periodic table.”  Generally speaking, as one progresses across the rows and down the columns, the 
elements get heavier, larger, and more complex.  The elements are numbered based on the number of 
protons each has.  As an atom’s electrical charge is balanced, the array also indicates the number of 
electrons.   
 
Rows:  The first row, containing only hydrogen and helium, has only one electron orbital shell.  The 
second row has two shells; the third, three shells; up until the seventh row, with seven.  The characteristic 
behavior of an element depends largely on its number of valence electrons.  This number of electrons in 
its outermost shell determines its tendencies to interact with and bond with other atoms or 
molecules…Each row, or “period,” in the table includes the set of elements with the same number of 
shells, and the shell is filled from left to right in a period.  Thus lithium (Li) has only one electron in its 
second shell, and neon (Ne) has all eight in that shell. 
 
Columns:  The vertical columns in the table are the “families”—elements sharing similar properties.  
Because filled outer shells are more stable, an element in the first column will readily give up its 
outermost electron, (and an element in the second column will readily give up its two outermost 
electrons).  Elements in the last column, having a full outermost shell, are stable and react little with 
others.  An element in the second to last column will readily accept an extra electron to complete its outer 
shell.   
 
Groups of elements:  Groups of elements that behave similarly can be identified easily in the table, with 
the clearest commonalities found in columns, and, to a lesser extent, in rows: 

·  Alkali metals (first column, except hydrogen):  Shedding their single loosely bound electron in the 
outer shell, they bond easily.  As true for other but denser metals, they are soft, malleable and 
good conductors of heat and electricity. 

·  Alkaline earth metals (second column):  These too bond fairly easily, releasing the two electrons 
in their outer shell.  These metals also are soft, malleable and good conductors of heat and 
electricity. 

·  Transition metals (from third column to tenth columns, except for La and Ac):  They have a range 
of numbers of electrons in their outer shell or shells.  The transition metals are often excellent 
conductors because of the looseness of their electrons.  

·  Rare earth metals (bottom two rows):  The lanthanide series starts with La and includes the second 
to last row; the actinide series starts with Ac and includes the bottom row.  “Rare” may be an 
understatement as all lanthanides and several actinides are not found in nature, but only have been 
created in the lab. 

·  Other metals (in a triangle from Al to Tl toBi):  These are malleable, but are solid and dense. 
·  Metalloids (on a diagonal approximately from boron to polonium):  On the boundary between 

metals and non-metals, these have properties akin to both. 
·  Other non-metals (H, C, N, O P, S, and Se):  These are poor conductors. 
·  Halogens (second to last column): These “salt-formers” are one electron shy of a full outer shell.  

They therefore form compounds easily with metals (electron donors). 
·  Noble gases (last column): With full outer shells, they are very stable, rarely combining with other 

elements. Having low boiling points, they are all gases at room temperatures. 
·  (Elements # 113-118 are extremely rare or only have been fleetingly created in the laboratory. 

Little is known for sure about them.) 
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4.  CHEMICAL  BONDS

Low
Liquid
Or gas

Weak between 
molecules

Shared
Equally

Identical 
non-metals

NON-POLAR
COVALENT

Low
Liquid 
Or gas

Weak between 
molecules

Shared 
Unequally

Different 
non-metals

POLAR 
COVALENT

HighSolid
Strong with 

electrons
Pooled

Metal and 
metal

METALLIC

HighSolid
Strong between 

atoms
Transferred

Metal and 
non-metal

IONIC

MeltingStateAttractionElectronsBetweenType

Ionic bonding in salt              Metallic bonding of aluminum ions

Nonpolar covalent bonding               Polar covalent bonding
Sources:  Dept. of Materials Science and Engineering, Cornell University; Dept. of Physics and Astronomy, Georgia State University;  Charles      
Ophardt, Elmhusrt University

Water                               Ammonia

Hydrogen chlorideethane

SAMPLE

(ONLY  FOR

PREVIEW)

Go to www.k8resources.com



4.  CHEMICAL  BONDS  
 
 
Bonding:  Atoms are bound to other atoms in a variety of ways, but in each of them the electrons play 
a crucial role.  In ionic bonds, electrons are transferred; in metallic bonds, electrons are loosely shared; 
in covalent bonds, electrons are tightly shared. 
 
Ionic bonds:  Gilbert Newton Lewis noted that atoms with full electron valence shells are stable.  The 
first row of elements in the periodic table can hold only two electrons in their single electron shell.  All 
other rows have the capacity for eight valence electrons.  The alkali metals have only one electron in 
their outermost shell, and the alkali earth metals have two.  They give up those electrons very easily, 
and in doing so, have a net positive charge (as the protons then outnumber the electrons).  Conversely, 
the halogens are missing only one of the eight electrons in their valence shells.  They thus have a 
strong affinity for electrons, and, in adding one, they have a net negative charge (as the electrons then 
outnumber the protons).  There is a strong attraction between atoms that are positively charged 
(cations) and those that are negatively charged (anions).  Ions then become surrounded by oppositely 
charged ions in a lattice structure.  The alternating configuration of atoms results in arrays without 
clearly defined individual molecules.  The atoms in these crystals are so strongly bound together that 
they form solids with very high melting and boiling points.  The crystals dissolve relatively easily in 
water, but not in nonpolar liquids. 
 
Metallic bonds:  The outer electrons of a mass of atoms can form a “sea of electrons” which binds 
together the individual atoms.  Because the attraction between the positive nuclei and the pooled 
electrons is very strong, substances with these metallic bonds have very high melting points. (Many 
transition metals, in fact, have extremely high melting points due to their increased numbers of 
common electrons.)  The relatively free-flowing electrons make these materials excellent conductors. 
 
Covalent bonds:  Atoms nearer the center of the periodic table do not give up or take in electrons 
easily as they are not as close to a full shell of valence electrons.  They end up sharing electrons.  In 
sharing electrons they are able to indirectly fill their outer shells.  There are two types of covalent 
bonding,—depending on whether or not there is an imbalance of the shared electrons. 

—In nonpolar covalent bonds, the sharing is equal, so that there is a perfect balance of the 
electric charges.  This is easiest to see when two identical atoms are bound together.  Each of two 
hydrogen atoms shares their only electron evenly in a single covalent bond.  Each of two oxygen 
atoms shares two electrons in a double bond; each nitrogen, three, in a triple bond.  In many 
organic compounds hydrogen atoms are evenly positioned around carbon atoms. The shared
electrons are so balanced in space that there is no unevenness in charge. 
—In polar covalent bonds, two non-metal atoms differ in their tendency to give up or take in 
electrons.  The shared electrons spend more time with the atom with the higher electron affinity 
(elements to the right and top of the periodic table).  This leaves that end of the molecule slightly 
negatively charged. 

Although there are relatively strong covalent bonds within the molecules, there is very little attraction 
between the molecules.  They thus have such low melting and boiling points that many are liquids or 
gases under normal conditions. 
 
Weaker bonding:  Two much very weak bonds are hydrogen bonding (seen in water) and Van der 
Waals bonding (seen in cooled noble gases). 
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5.  ATOMS  FORMING  COMPOUNDS

methane           ethane            ethanol     benzene
Sources:  Dr. Michael Pidwirny, Univ. British Columbia; April Holladay, Wonderquest; João Paiva, Nautilis

water       hydrogen peroxide     carbon dioxide      carbon monoxide

carbon     nitrogen       hydrogen       oxygen         sodium  chlorine

glucose                        DNA molecule                     salt
Source:  Chemcase, Kennesaw State U.                            Credits:     NASA; Michael Gregory, Clinton Community College 
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5.  ATOMS  FORMING  COMPOUNDS 
 
 
Atoms, molecules, compounds, and mixtures:  Most elements contain single atoms, but some (such as 
hydrogen, oxygen, and nitrogen) exist only in pairs of identical atoms.  These two-atom combinations are 
molecules.  Molecules can also be made up of the chemically bound atoms of different elements.  Water 
molecules have one oxygen atom linked to two hydrogen atoms.  Water and other compounds have 
properties distinctly different from the properties of their two (or more) elements.  With the atoms 
chemically bound, compounds cannot be easily separated into their components.  Mixtures, on the other 
hand, contain units that can be separated because they are not chemically joined. 
 
Valence electrons:  The joining of elements is determined by their valence electrons.  Atoms have a strong 
propensity to have their outermost electron shell filled.  To achieve this stable base, some give up electrons, 
some take them in, and others share them.  The arrangement of the elements in the periodic table indicates
these tendencies: 
Noble gases (last column) have a full complement of eight valence electrons.  They rarely bind with other 
atoms to form compounds. 
Alkali metals (first column, except hydrogen) quickly give up their only valence electron to form an ion that 
will bind with non-metals. 
Alkaline earth metals (second column) quickly give up their two valence electrons to form an ion that will 
bind with non-metals. 
Halogens (second to last column) lack only one electron in its outer shell.  They readily accept a metal’s 
electrons to form an ionic bound compound. 
Other non-metals (most significantly H, C, N, and O) share electrons to achieve stable outer shells. 
 
Covalent bond compounds:  Hydrogen needs only one electron to fill its two electron outer shell.  To 
achieve stability, other atoms need enough electrons to have a total of eight valence electrons in their outer 
shells.  As the periodic table columns suggest, carbon needs four additional electrons; nitrogen needs three; 
oxygen, two; fluorine, one; neon, none.  In a water molecule each of two hydrogen atoms and one oxygen 
atom share an electron to attain full outer shells.  These single bonds (mutual sharing of one electron pair per 
bond) also occur in hydrogen peroxide.  Double bonds join the carbon atom, which shares two electrons with 
each of the two oxygen atoms, which share two of their own.  A triple bond (sharing of three electron pairs) 
is needed for carbon monoxide (as carbon shares two and oxygen four)… Methane, ethane, and ethanol all 
have single bonds to attain full shells.  Benzene’s bonds are less clear: To arrive at eight electrons in its outer 
shell, each carbon atom starts with four of its own electrons and shares one from the adjacent hydrogen.  It 
therefore must share three with the two neighboring carbon atoms.  (Scientists think this occurs via partial 
double bonds, resonance bonds, and/or short double bonds.)   
 
Organic compounds:  There are four types of compounds needed by living organisms.  Lipids (fats and 
oils) are nonpolar covalent compounds which will not dissolve in water (a polar covalent).  Carbohydrates
(glucose and more complex sugars, starch, and cellulose) have carbon, oxygen, hydrogen, and nitrogen.  
Proteins include twenty different amino acids.  Nucleic acids include DNA, a double helix arrangement of
thousands of atoms carrying the blueprints for the cells of life. 
 
Ionic compounds:  Ionic compounds are lattice-structure arrays of ions.  Metals easily give up their valence 
electrons to achieve stability.  In doing so, the atoms become positively charged.  The non-metal atom that 
receives the electron becomes negatively charged.  The resulting attraction binds the atoms in a crystal.  This 
occurs between the atoms sodium and chlorine in salt, or between atomic calcium and larger molecular ionic 
carbonates (CO3

-2).  Limestone, chalk, and marble are examples of calcium carbonate. 
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