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WHY CLASSIFY MATTER?
There are so many different types of matter….it can get confusing!

Classifying matter helps us understand it better:
• Helps us understand similarities and differences
• Allows us to make predictions as to how matter will behave
• Can help us connect observations to the particle level

At the BROADEST LEVEL, matter is classified into 2 categories:

Pure 
Substances

Mixtures

• Made of only one type of 
substance

• Substance has only one 
chemical identity

• Proportions of the 
substance are fixed

• Cannot be separated 
into simpler substances 
by physical means 

• Made of two or more types of 
substances

• Each substance retains its 
chemical identity

• Proportions of the substances 
are not fixed 

• Can be separated into simpler 
substances by physical means



Can be determined WITHOUT performing 
any chemical reactions. 

Can only be determined by 
performing chemical reactions. 

CHEMICAL Properties PHYSICAL Properties

Mass, Volume, Density

Melting Point

Magnetism

Solubility

Boiling Point

Flammability

Reactivity

Oxidation
Stability

Toxicity

Descriptions are 
an important part 

of classification



Remember, physical reactions do not 
involve changing the composition of 
the substance, while chemical      
reactions do!

Click image to review

REACTIONS AND FORCES

I hate to admit it, but most of the  
 reasons behind the behavior of matter 
 has to do with FORCES (yes, physics!).

Chemical changes involve the making and/or 
breaking of forces between atoms that causes 
the substance composition to change. 

Physical changes involve the making and/or 
breaking of forces that do not cause the 
substance composition to change. 

Forces govern all 
properties of atoms 
and reactions that 

occur between them! 

BACK TO MATTER MAP

BACK TO 
MATTER MAP
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MIXTURES
2 or more different substances combined so that each substance 
retains their chemical composition and can be separated by 
physical means

Can vary in particle 
distribution

There are still forces that 
occur between the 

substances, but they can be 
broken without altering the 

composition of the 
substance (without 

breaking chemical bonds)

Can vary in particle size
Can have uniform OR 

non-uniform properties

Mixtures can be solids, 
liquids, gases, or a 

combination of these



YOU’RE RIGHT!TRY AGAINYOU’RE RIGHT!TRY AGAINTRY AGAINYOU’RE RIGHT!TRY AGAINYOU’RE RIGHT!

TRY AGAINYOU’RE RIGHT!TRY AGAINYOU’RE RIGHT!TRY AGAIN YOU’RE RIGHT!Pure Substance? Mixture? Pure Substance?

Pure Substance?

Pure Substance?

Pure Substance? Pure Substance? Pure Substance?

Mixture? Mixture?

Mixture?Mixture?Mixture?Mixture?

PURE SUBSTANCE OR MIXTURE?
Click to Choose

BACK TO MATTER MAP

BACK TO 

MATTER MAP



MIXTURES

Homogeneous Mixtures Heterogeneous Mixtures

Even particle distribution

Even particle size

One phase

Even distribution of physical 
and chemical properties 

Uneven particle distribution

Uneven particle size

Can be multiple phases

Uneven distribution of 
physical and chemical 

properties 

2 or more 
substances not 

chemically bonded

Can be 
separated by 

physical means



HOMOGENEOUS MIXTURES

Solutions: solute + solvent

Mixture with a 
uniform composition

Can be liquid or 
solid

Air
All solutions are 
homogeneous 

mixtures but not all 
homogeneous 
mixtures are 

solutions….ponder 
that mind-bender!

Solutions

Gas + Gas

Solid + Liquid

Gas + Liquid

Solid + Solid

Liquid + Liquid



HETEROGENEOUS MIXTURES

Settle over time

A solid, liquid or gas in a 
“dispersion medium”

Dispersed, NOT dissolved

Colloid

Suspension

Can test for a colloid 
using the Tyndall effect

Don’t settle; can appear 
homogenous but have 

larger particle sizes



BACK TO MATTER MAP

BACK TO 
MATTER MAP



SEPARATION OF MIXTURES
Evaporation Filtration Distillation

Chromatography Decanting Sieving
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ATOMS
the smallest unit of an element that retains 
the chemical properties of that element

If any piece of a block of iron is removed, it 
will behave chemically in the same way 

(they all have the same electron structure). 

-

+
+

+

-

-

Made of subatomic particles: protons, neutrons, and electrons

Pure 
Substance



ATOMS
The number of protons gives an atom its identity!

Nitrogen: 7 protonsCarbon: 6 protons Oxygen: 8 protons

This is called the atomic number.



ATOMS

Mass Number: The number of protons and neutrons in an atom (basically the mass of 
the nucleus)

Subatomic Particle Symbol Mass Charge

Grams Atomic Mass units 
(amu/u)

Coulombs Charge

Proton p+ 1.67 x 10-24 1.007276 +1.602 x 10-19 +1 (nuclear charge)

Neutron n0 1.67 x 10-24 1.008665 0 0

Electron e- 9.11 x 10-28 0.0005486 -1.602 x 10-19 -1 (electronic charge)

How much matter is in a subatomic particle? This is measured by the MASS.
How much charge is in a subatomic particle? This is the source of the attraction or 
repulsion between objects. It is measured in Coulombs. 

If you need a refresher on scientific notation, please click HERE.

Atoms are naturally electrically neutral (p+ = e-)

https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Introductory_Chemistry_(CK-12)/03%3A_Measurements/3.03%3A_Scientific_Notation_in_Chemistry


ATOMS: Atomic mass unit
In chemistry, RELATIVE values are used to make many measurements. 
This is because we are dealing with EXTREMELY small values…so we just compare 
one value to another to make math much easier.

Here’s an example: 
Sulfur has 16 protons and 16 neutrons. What is the mass of the nucleus? 

Hard way: Doing the actual math
16(1.67 x 10-24 g) + 16(1.67 x 10-24 g). Who wants to do the math? 

Easy way: Using a “standard”
The International Union of Pure and Applied Chemistry (IUPAC) decided to make that 
standard exactly 1/12 the size of a carbon atom (has 6 protons and 6 neutrons), or 
1.66054 x 10-24 g. Dividing the mass of a proton or a neutron by this standard, gives a 
value of approximately 1 amu (atomic mass unit). 
So… all protons and neutrons have a relative mass of 1 amu. Electrons don’t really have 
a mass (it’s negligible).
The answer: 16 + 16 = 32 amu



ATOMS: Charge
In chemistry, RELATIVE values are used to make many measurements. 
This is because we are dealing with EXTREMELY small values…so we just compare 
one value to another to make math much easier.

Here’s another example: 
Chlorine has 17 electrons and 17 protons. What is the charge from each of                                     
the subatomic particles? 

Hard way: Doing the actual math
17(-1.602 x 10-19 C): for electrons                     17(1.602 x 10-19 C): for protons
Who wants to do the math? 

Easy way: Using a “standard”
The International Union of Pure and Applied Chemistry (IUPAC) decided to make that 
standard the magnitude of the charge carried by exactly 1 electron or proton, or 1.602 x 
10-19 C. Dividing the charge of an electron or proton by this standard, gives a value of -1 
(electron) or +1 (proton).
The answer:         electrons: -17 (no units for relative charge)             protons: +17
                                                                     Total electric charge: 0
                         



PROPERTIES of matter are determined by the mass of 
the nucleus, the nuclear charge, and the arrangement of 
electrons!

Sodium

Iodine

Electrons are held in place by the nuclear charge 
(remember, positive and negative attract). 

Higher nuclear charge = greater 
attraction to electrons     

Bigger nucleus,   
Less volume

Non-conductive
Lower nuclear charge = smaller 

attraction to electrons                 

Smaller nucleus, 
More volume 

Conductive

More electrons in 
outer shell

Less electrons in 
outer shell

Less likely to 
tarnish

More likely to 
tarnish

Electrons held 
more loosely Electrons held more 

tightly

Lower Density Higher Density



Forces within and between atoms (electrostatic 
interactions) that hold electrons in   
 place and allow them to move is what determines the  
 properties of atoms!

The presence and nature of 
chemical bonds are one factor 

that helps determine how 
matter is classified.

FORCES that occur between atoms

What are those? 

I’m so glad you 

asked…

Atoms naturally form bonds to 
increase stability!

Specific forces called chemical bonds affect 
the structure and composition of substances

BACK TO MATTER MAP

BACK TO 
MATTER MAP
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ELEMENTS
a substance made up of only one type 
of atom – 118 known elements

Confusing 
Element Symbols 

Explained

Element symbols are 
abbreviations (usually based on 
Greek or Latin names). 

Pure 
Substance

If you capitalize the 
second letter of an 
element, Dr. Green 

will be a SAD PANDA

An element can actually 
refer to a singular atom 
or a group of the same 

atoms.



AVERAGE ATOMIC MASS/WEIGHT
This is NOT the same as mass number

Mass numbers (p+ + n0) are 
whole numbers. 

Average atomic mass (aka atomic 
weight) is the average WEIGHTED 
mass of all isotopes of an element. 

Have the same number of PROTONS, but different 
numbers of NEUTRONS. ELECTRONS are not 
affected.  

ISOTOPES

Isotopes are why elements can have DIFFERENT physical properties (e.g. mass and density) but 
the SAME chemical properties (involve movement of electrons).



STATES OF MATTER

Most elements are solid
Gases are on the right side (except 
hydrogen)

Only 2 liquids (mercury and bromine)
WHY?

Again, FORCES between atoms in an 
element as well as the size of the 
atoms determines the state of matter. 

Solids
Stronger forces

Greater atomic 
weight

Gases
Weaker forces

Smaller atomic 
weight

Liquids

The
In-Betweeners

Plasma (occurs when atoms                               
lose their electrons at high 
temperatures) is mainly found                                     
in stars and in space. 



KINETIC MOLECULAR THEORY
SOLID LIQUID GAS

SOLID LIQUID GAS

MELTING
EVAPORATION/BOILING

SUBLIMATION

CONDENSATION

CONDENSATION
FREEZING

FREEZING

DEPOSITION

DEPOSITION

ENERGY INCREASES ENERGY INCREASES

ENERGY INCREASES

ENERGY DECREASES ENERGY DECREASES

ENERGY DECREASES



KINETIC MOLECULAR THEORY
Forces between particles 

in solids are stronger 
than those in liquids, 

which are stronger than 
those in gases. 

Since forces between 
gas particles are so 

weak, the particles can 
move faster and have 
more kinetic energy. 

Carbon, Aluminum, 
Iodine,                 

Sodium Chloride

Bromine, Mercury, 
Water

Oxygen, Nitrogen, 
Helium



METALS, NONMETALS, METALLOIDS

Scientists haven’t really 
decided about Astatine (At)…



METALS, NONMETALS, METALLOIDS

METALS

Malleable ductile

NONMETALS METALLOIDS

M
ET

A
LS • High melting/boiling 

points

• High 
thermal/electrical 
conductivity

• Hard, durable (some 
can be soft)

• Shiny, reflective

• High density

• Solid at room 
temperature

• Malleable, ductile

N
O

N
M

ET
A

LS • Low melting/boiling 
points

• Low 
thermal/electrical 
conductivity

• Soft, brittle

• Dull, nonreflective

• Low density

• Solid, liquid, or gas at 
room temperature

• Nonmalleable, 
nonductile

M
ET

A
LL

O
ID

S • Intermediate 
melting/boiling points

• Intermediate 
thermal/electrical 
conductivity

• Soft, brittle

• Dull, nonreflective OR 
shiny, reflective

• Intermediate 
densities

• Solid at room 
temperature but 
easily converted to 
liquid or gas upon 
heating

• Nonmalleable, 
nonductile

Click to read a good article about their properties!

Click to read 
a good 

article about 
their 

properties!

Reminder! These physical and 
chemical properties are 

determined by strength of 
forces between atoms as well as 

the nuclear size and charge.

https://www.meadmetals.com/blog/whats-the-difference-between-metals-nonmetals-and-metalloids


ELEMENTS LIKE TO FORM IONS

Nonmetals form anionsMetals form cations

Ions are more stable!Atoms that are charged (no longer neutral)

Lose electrons and become 
more positive

Gain electrons and become 
more negative

+ Fluorine: Atomic Number 9



DIATOMIC ELEMENTS
Fluorine

Chlorine

Bromine

Iodine

Oxygen

Nitrogen

“2 atoms”

Some nonmetals 
cannot exist 
individually
2 of the SAME atoms bond 
together to form diatomics

The 
Diatomic 7

H2
N2
O2
F2
Cl2
Br2
I2

Hydrogen

BACK TO MATTER MAP

BACK TO 
MATTER MAP
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MOLECULES
A group of 2 or more atoms held 
together by chemical bonds

Feature Elements Molecules
Type of Substance Pure Substance Pure Substance

Basic Unit Atom Group of atoms (can be the 
same or different)

Can be diatomic? Yes Yes

Chemical composition One type of atom only Can be one or more types 
of atoms

Chemical 
Representation

Symbol listed on the 
periodic table (except 

diatomics)

Not listed on the periodic 
table. Consist of multiple 

symbols with subscripts to 
represent the number of 
atoms (e.g. H2O, CO2, H2)

What’s The Difference?

Carbon Dioxide

The diatomic 7 are 
classified as both 

elements and 
molecules!

Elements
Molecules

Vitamin C

BACK TO MATTER MAP

BACK TO 
MATTER MAP
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COMPOUNDS
Different atoms or ions that are held together by chemical bonds. 

Pure 
Substance

Chemical bonds in ionic compounds: 
electrostatic forces occur between 
oppositely charged ions

Two Types

This is a 
particular type of 

FORCE

Held together by 
electrostatic interactions

Chemical bonds in covalent (aka 
molecular) compounds: electrostatic 
forces occur between electrons and 
nuclei on adjacent atoms

All covalent compounds are also classified as molecules

metal + nonmetal

Ionic Covalent
nonmetal + nonmetal

Molecules can 
have the same or 
different atoms  

metalloid + nonmetal

Chemical bonds are 
electrostatic 

interactions between 
atoms/ions in 
compounds



TYPES OF COMPOUNDS

Ionic

Covalent

(Molecular)

• Formed when metals and nonmetals (as ions)                                                    
form a chemical bond

• High melting and boiling points (chemical                                              
bonds are broken)

• Easily dissolve in water

• Conduct electricity when dissolved in water (not in their solid state)                               

• Solid at room temperature

Ionic

• Formed when nonmetals (or metalloids and                                     
nonmetals) form a chemical bond

• Low melting and boiling points (forces between                                            
covalent compounds are broken)

• Do not easily dissolve in water

• Do not conduct electricity well

• Usually liquids or gases at room temperature

Covalent 
(Molecular)

Its smallest 
unit is a 

molecule

Its smallest unit 
is  called a 

formula unit



How many water molecules are in the beaker?
How Can We Measure Matter?

What do we need to know to 
figure this out?

MOLE

mass

• How much mass does the water have?

• Put the beaker on a balance to measure 
the mass.

?

• We need a way to link the mass of the 
water to the number of water 
molecules!

molecules

• How many molecules of water are in 
the beaker?

• Use the MOLE as a conversion factor

250 mL
PYREX ® 

not this mole



A balance 
can’t measure 

in moles

1
• Identify the unit we want (moles)

2
• Identify the unit we can measure/the 

unit the problem gives us (grams)

3
• Use conversion factors to get from 

Step 1 to Step 3

How can we connect 
grams to moles?

How many moles of water are in the beaker?
How Can We Measure Matter?

g



The Periodic Table to the Rescue!

• 1 amu = 1/12 of a 
carbon-12 atom

• 1 amu = 1.66 x 10-24 g

Define amu

• 1 Na atom = 22.99 amu

Mass of an element 
in amu

• 1 mol = 6.02 x 1023 atoms

Avogadro’s Number 
(relates to moles)

Relate  grams to moles

1.66 x 10-24 g     22.99 amu     6.02 x 1023 Na atoms       22.99 g Na 
     1 amu              1 Na atom        1 mole Na atoms              mol

× × =

Molar Mass aka another 
conversion factor

Comparison Atomic Mass Molar Mass

Definition Mass of individual atom Mass of one mole of particles

Particles Protons, neutrons, electrons (negligible) 6.02 x 1023 particles

Units amu g/mol

Known as Atomic weight Molar weight

Used as Atomic scale Macroscopic scale

Isotopic Values Included Included

Example Na = 22.99 amu Na = 22.99 g/mol



HOW BIG IS A MOLE?
You can find the molar 
mass of compounds as 
well by adding up the 

molar masses of all the 
atoms in the 
compound!

58.44 g

1 mol NaCl

Molecular mass/weight is the mass of ONE molecule, 
similar to how atomic mass is the mass of ONE atom. 



What is the molar 
mass of water?

16.00 g/mol

1.01 g/mol 1.01 g/mol 16.00 g/mol + 1.01g/mol + 1.01 g/mol = 18.02 g/mol

1
• Identify the unit we want (moles)

2
• Identify the unit we can measure/the 

unit the problem gives us (grams)

3
• Use conversion factors to get from 1 

to 3

2 decimals

How many moles of water are in the beaker?
How Can We Measure Matter?

g



How many moles of 
water are in 40.0 g?

40.0 g H2O x =
18.02 g H2O

1 mol H2O

1
• Identify the unit we want (moles)

2
• Identify the unit we can measure/the 

unit the problem gives us (grams)

3
• Use conversion factors to get from 1 

to 3

2.22 mol H2O

3 Sig Figs

NOTE: Conversion factors don’t count 
towards sig. fig. rules

How many moles of water are in the beaker?
How Can We Measure Matter?

g BACK TO TABLE 
OF CONTENTS



How many molecules 
are in 2.22 moles?

1
• Identify the unit we want (molecules)

2
• Identify the unit we can measure/the 

unit the problem gives us (grams)

3
• Use conversion factors to get from 1 

to 3
2.22 mol H2O x =

1 mol H2O

6.02 x 1023 molecules H2O

1.34 x 1024 molecules H2O

3 Sig Figs

NOTE: Conversion factors don’t count 
towards sig. fig. rules

How many water molecules are in the beaker?
How Can We Measure Matter?

g



The Importance of Molar Mass
Used to measure the number of moles of a substance

Can be applied to many different types of matter (elements, 
molecules, compounds, ions, etc.)

Practical way to determine the mass of a substance needed for 
reactions or to make solutions

×

÷ ÷



Summary mole map

Mass Moles Particles

Divide by molar mass
Multiply by 

Avogadro’s Number

Multiply by molar 
mass

Divide by 
Avogadro’s Number

Volume 
(gases)

Multiply 
by 22.7 L

Divide by 
22.7 L



HOW DO CONVERSIONS RELATE TO THE BIG THREE?

Conversions are 
used to 

determine 
amounts/masses 

of reacting 
products

Atoms combine 
in fixed 

proportions to 
make 

compounds

Chemical 
reactions occur 

spontaneously to 
form compounds

Atoms can’t be 
created or 

destroyed in 
reactions, they 

just change form

Avogadro’s Number/ 
Molar Mass

Law of Definite 
Proportions

Second Law of 
Thermodynamics

Law of 
Conservation of 
Mass



HOW TO NAME COMPOUNDS

mono……….….1

di…………….…..2

tri………….…….3

tetra……………4

penta…………..5

hexa……….……6

hepta…………..7

octa……………..8

nona……….……9

deca……………10

Greek 
prefixes

Ionic

No Greek Prefixes

Name of metal + base of 
nonmetal + “ide”

Covalent
Greek prefixes +

name of nonmetals + “ide”
• Usually, nonmetal (or metalloid) 

more to the left in the periodic table 
is listed first (but oxygen and 
hydrogen are always listed last)

• “mono” is not ever required for first 
nonmetal and only in the second 
nonmetal when there is more than 
one compound with those two atoms 
(e.g. CO, CO2).

• If two vowels in a row (oo or ao as in 
“monoxide or “hexaoxide”), drop the 
first vowel

Nomenclature: Rules of naming substances

NH3

Nitrogen 
trihydride

CaCl2
Calcium 
chloride

K2O
Potassium 

oxide

NaBr
Sodium 
bromide

I2O4

Diiodine 
tetroxide

SF6

Sulfur 
hexafluoride
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