
OBJECTIVES:  

To review basic physical 
concepts of matter and some 
key ways matter and energy 
interact.

☺

Topic #4 
MATTER, ENERGY & 
HOW THEY RELATE

CLASS NOTES: pp 25 - 33



“Science shows us that the 
visible world is neither 

matter nor spirit; 

the visible world is the invisible 
organization of energy.”

Heinz R. Pagels (b. 1939), U.S. Physicist

p 25



Matter:

Whatever occupies 
space & is perceptible to the 
senses; made up of atoms; 
matter can be in form of 
solids, liquids, or gases

p 25



Element:

A chemical substance (material) made from a 
single type of atom that cannot be broken 
down any further – and still maintain its 
identity as that element

. . . as in the  Periodic Table of the Elements

Atom:

-- Fundamental building blocks 
for all matter 
-- the smallest representative 
sample of an element.

H

p 25



Molecule:

-- Any collection of two or more atoms 
bound together
-- a cluster of atoms bound together

MOLECULES are the basic constituent of 
different kinds of materials.

-- the smallest part of any substance 
that has all the chemical properties of 
the substance
e.g., a water molecule = H2O

p 25



STATES OF MATTER

Solid:

-- a substance that resists changes of 
shape and volume

-- characterized by structure in the 
particular order and bonding of 
atoms that make up the material

Example = a crystal in which the molecules 
are locked into a strict geometrical order.

p 25



Various Representations of Molecules
arranged in a SOLID

3-D view 
of a solid 

crystal 
structure

“top down” view of 
a Neon crystal

“top down” view of 
water (H2O) arranged 

in solid (ice) form



Liquid: 

-- a substance that flows freely in 
response to unbalanced forces 

-- molecules more or less move freely past 
one another as individuals or small groups
-- are not confined to fixed positions (as in 
solids)

-- LIQUIDS CAN EXHIBIT PRESSURE 
(pressure = a force per unit area)

. . .  and will take the shape of the 
container they are in.

p 25



Various Representations of Molecules
arranged in a LIQUID



Gas:

-- a substance that expands (and 
contracts) easily, rapidly, and 
indefinitely

-- fills all space available to it

-- takes the shape of its container 
-- the distance between molecules is such that

no cohesive forces exist
-- atoms or molecules are in high speed motion
-- many collisions and rebounds occur

-- GASES ALSO EXHIBIT PRESSURE

p 25



Various Representations of Molecules
arranged in a GAS



COLD
WARM

HOT

Volume increases 
& Density decreasesÎ with 

increasing Temperature

ONE WAY IN WHICH MATTER & 
ENERGY INTERACT:

☺



At lower air temperatures as air 
gets more dense, H2O molecules 
are more likely to bond so that a 
phase change to liquid water or 
even solid ice can occur.

At higher air temperatures, H2O 
molecules collide & rebound 
more frequently, leading to 
expansion of the air & the water 
vapor in the air.

☺



SUMMARY:

SOLID LIQUID GAS



KEY CONCEPT #1: 

ENERGY & MATTER INTERACT

The change in the state of a substance
- from a solid to a liquid form, or 
- from a liquid to a gaseous form, 

(or vice versa) 

is called a CHANGE OF STATE or
PHASE CHANGE.  

Thermal energy is involved in phase changes.
p 25



ICE WATER

PHASE CHANGES IN 
H2O

☺

(more on this later in the semester)



H2O’s UNIQUE EXCEPTION at ~ 0º- 4 ºC
to the rule of heating Î expansion

cooling Î contraction

PHASE 
CHANGE

☺

0 - 4 ºC > 4 ºC

Increasing T Increasing TIncreasing T



WHAT DOES THIS HAVE TO DO WITH 
MY DAILY LIFE ?????

ANIMATION / DEMO. . . . .

☺



FEDERAL STANDARD:

Fuel at gas pump should be dispensed into a 
vehicle’s tank at a temperature of 60 º F

If temperature is not 60 º F, the cost of a gallon 
should be adjusted to reflect the volume of 
fuel at 60 º F

THE
GC-SAVVY 
COMSUMER!

Today’s newspaper!

☺



FEDERAL 
STANDARD:

Fuel at gas pump 
should be dispensed 
into a vehicle’s tank at 
a temperature 
of 60 º F

☺



It works this way: 

As a liquid, gasoline expands and 
contracts depending on temperature. 
At the 60-degree standard, the 231-
cubic-inch American gallon puts out a 
certain amount of energy. But that 
same amount of gas expands to more 
than 235 cubic inches at 90 degrees, 
even though consumers still only get 
231 cubic inches at the pump. 

Put simply, every degree over the 60-
degree standard diminishes the energy 
a 231-cubic-inch gallon delivers to the 
nation's fleet of vehicles — and forces 
drivers to use more fuel and pay more. 

Basic physics rules mean that, 
depending on the temperature, the 
difference can amount to just a few 
cents per gallon. But it adds up to big 
money — coming straight out of 
consumers' pockets. 

Rules of physics cost us money !!

☺



Now let’s focus on the 
atoms themselves and their 
internal structure . . .

p 26



☺



ATOMIC STRUCTURE:

Electron
Nucleus
Proton

Neutron

p 26



ELECTRON:

Tiny negatively charged particles that 
circle in orbits around a positively charged 
nucleus of an atom.   

The electron is an atomic particle with a 
negative charge and very low mass.  

NUCLEUS:

The small, massive central part of an 
atom; it is made up of elementary particles 
that are even smaller  Î

p 26



PROTON: Positively charged nuclear particle.  

The atomic number of an atom is the number of 
protons, or units of positive charge, in the nucleus.   
If the atom is neutral -- the atomic number  is also 
equivalent to the number of electrons.  

NEUTRON:    Electrically neutral nuclear 
particle, approximately equal in mass to a 
proton.  

(Both protons and neutrons have much greater 
relative mass than electrons. )

The mass number of an atom is the total number of 
protons and neutrons in the nucleus of the atom. 

p 26



Schematic “dot” diagram of 
an oxygen atom Fill in blanks on 

p 26

A = ELECTRON

B = NUCLEUS

# electrons = 8

# protons = 8

# neutrons = 8

atomic # = 8

p 26



Another 
schematic 
“dot” 
diagram 
depiction of 
an Oxygen 
atom 

☺

“shells” or energy levels



One Model of the 
Atom: THE 

PLANETARY 
MODEL

p 26

• Familiar representation / compares an atom to solar system

• Neutrons & protons occupy dense central region = nucleus

• Electrons orbit the nucleus like planets orbiting the Sun 
(but orbits are not confined to a plane as in Solar System). 

• In an actual atom the radius of the nucleus is about 100,000 
times smaller than the radius of the entire atom

• In an actual atom, electrons have little mass; are really more
like "point" particles without a physical extent



On models and theories of atoms:

A nucleus with orbiting electrons (the 
planetary model of the atom) is a 
useful theory that explains a lot of 
observed behavior of matter at 
microscopic and smaller scales.  

☺



More recent experiments require the planetary 
model to be replaced by the QUANTUM 
THEORY of the atom. 

The term “quantum” means “a small, discrete 
quantity” and the theory of quantum mechanics 
describes the behavior of matter on a microscopic 
scale – molecules and smaller.

The ENERGY state of the particles  (electrons) is 
restricted to certain discrete values

-- certain orbits are allowed 
-- other orbits don’t exist.

p 27

Not only is the universe stranger than we imagine, 
it is stranger than we can imagine.

~Arthur Eddington



-- According to Neils Bohr's model of the 
atom, electrons circling the nucleus cannot 
maintain their orbits at just any distance 
from the center of the atom (the early 
planetary model).

-- There are only certain "allowed orbits"
(shells)  in which an electron can exist for 
long periods of time without giving off 
radiation.

-- As long as the electron remains at one of 
these distances, its energy is fixed.

p 27

THE BOHR MODEL OF THE ATOM:



• These fixed energy states are 
designated by numbers (quantum 
numbers) n = 1,2,3, etc.

• An electron in the lowest available 
energy level is said to be in the n = 1 
state called the ground state

• All energy levels above the ground 
state ( n = 2 or higher)  are called 
excited states.  
(1st excited state, 2nd excited state, etc.)

p 27



-- Each electron energy level can accommodate 
only a limited number of electrons, then it is 
“full”

-- The electrons at a given energy level make 
up an “electron shell”

-- The higher the shell number (n) the more 
distant are its electrons from the nucleus and 
the greater the energy of the electrons.  
(The electrons that can be separated most easily from 
its atom is therefore an electron in the highest shell.)

p 27



SCHEMATIC DIAGRAMS REPRESENTING 
ELECTRON ENERGY STATES (SHELLS)  
for Hydrogen H  in the Bohr Model:

Electron “cloud”          Electron “cloud”      Electron “cloud”
in GROUND State in Excited State 1       in Excited State 2 

p 27

Probability of finding the
H atom’s electron is HIGH

Probability of finding the
H atom’s electron is LOW



-- The “empty” spaces represent areas 
with little likelihood of finding an electron

-- Dark areas represent places (or energy 
levels)  where electrons are “allowed” to 
be

. . . but how do they get from one level to another???

The electrons move -- NOT according to Newtonian 
laws of motion 

-- but according to quantum mechanics.  

p 28



-- Electrons can make transitions between 
the orbits allowed by quantum mechanics by 
absorbing or emitting (giving off) EXACTLY 
the energy difference between the two orbits

--- The energy that is absorbed or emitted 
during the quantum leaps is called 
electromagnetic energy – which can be 
viewed as pulses of energy traveling in 
waves or as bundles of particle-like energy 
called PHOTONS.

p 28



G-2 ORGANIZING THE 
PERIODIC TABLE ACTIVITY

• Worth 5 GROUP points for a perfect paper!

• Within your group, you’ll work first in 
subgroups of 2  – then prepare one final 
GROUP ANSWER FORM

• One envelope per subgroup (contains 
cutouts of atoms on p 145)

• PLEASE DO NOT WRITE ON THE ATOM 
CUTOUTS IN THE ENVELOPES  !!!!    

Dr H recycles ☺

Class Notes Appendix
p 141-145



Have a great Labor Day  
weekend

and come back refreshed
and ready to learn 

all about the very exciting
RADIATION LAWS !

Whoppee!


	ATOMIC STRUCTURE:

