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What is Matter?

What are the 4 
Physical States of 
Matter?

• Anything that has mass 
and takes up space

• Solids:
• Definite shape and 

volume
• Close packing of 

molecules
• Strong molecular 

forces
• Liquids:

• Definite volume but 
not definite shape 
(assumes shape of 
container)

• Slightly weaker 
molecular forces 
than solids (this is 
what allows liquids 
to flow)

• Gas:
• No definite shape or 

volume
• Very weak molecular 

forces (which allows 
gasses to be greatly 
compressed)

• Plasma:
• No definite shape or 

volume
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What are 
Properties?

• Characteristics and 
behaviors we use to 
describe matter

• There are 2 types of 
properties:

• Physical
• Chemical

What are 
Physical 

Properties:

• Can be observed or 
measured without 
changing the identity 
of the matter

• Properties you notice 
when using one of your 
five senses or 
measurement tools

• Feel – mass, 
volume, texture, 
malleability

• Sight – color, luster, 
mass, volume, 
density

• Hear
• Smell
• Taste
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Physical Properties
• Density: The 

amount of matter 
in a given volume.

• D=m/v(mass/
volume) 

• Ice cubes float in 
water because 
they are less dense 
than liquid water

http://www.stevespanglerscience.com/img/cache/bcb9b8db117ee64376aedaf7af3595ca/sevenlayer-2-51908.jpg
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Physical Properties
• Ductility :The ability to be pulled into a thin 

strand.
•  Wire, Paper clip, Copper wire.

http://www.msm.cam.ac.uk/phase-trans/2001/adi/SGiron.jpg
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• Malleability: The ability to be pressed or 
pounded into a thin sheet

•Tin foil

Physical Properties

http://upload.wikimedia.org/wikipedia/en/2/27/Aluminumfoil.jpg
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• Boiling Point: The 
temperature at 
which a substance 
changes from a 
liquid to a gas.

• Water to steam.

Physical Properties
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• Melting point: The 
temperature at 
which a substance 
changes from a solid 
to a liquid

• Ice cube melts to a 
puddle of water

Physical Properties



10

• Electrical 
conductivity: How 
well a substance 
allows electricity to 
flow through it

• Water conducts 
electricity so never 
swim during a 
lightning storm 

Physical Properties
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• Solubility: The ability to dissolve in another 
substance.

• Adding sugar to coffee.

Physical Properties
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What are 
Chemical 

Properties?

• A substances ability to 
combine with or change 
into a new substance

• Common chemical 
properties:

• Reactivity – how likely 
a substance it to 
react with another 
substance to create 
something new
• Reactive to oxygen
• Reactive to air
• Reactive to water

• Flamability – how 
likely a substance is 
to catch fire

If it CHanges, it’s CHemical
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What is a 
Chemical 
Change? 

• Changes  to a 
substance that 
results in an entirely 
 new substance 
forming.

• Chemical changes 
are often much more 
obvious than 
physical changes.

• Examples:
• Color change
• Light, heat or 

energy released 
(burning)
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Chemical Changes
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5 Signs of a Chemical Change
• The only sure way to know there has 

been a chemical change is the 
observance of a new substance 
formed.

1. Odor Production 
- this is an odor far 
different from what it 
should smell like

Ex: Rotting eggs, 
decomposing flesh
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2. Change in Temperature

a. Exothermic - When 
energy is released do 
during the chemical 
change 

• ex: wood burning

b. Endothermic - Energy is 
absorbed causing a 
decrease in temperature 
of the reactant material.

• ex: cold pack in first aid kit
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3. Change in Color:
•Ex: fruit changing color 
when it ripens, leaves 
changing color in the 
Autumn, dying your hair.

4. Formation of 
Bubbles:

• This can indicate the 
presence of a gas.  

• Bubbles produced 
when boiling water is 
not a chemical change.
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5. Formation of 
a Precipitate:

• When two 
liquids are 
combined and a 
solid is 
produced
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Physical: properties of a 
pure substance, we can see 
without changing it into a 
new substance. Examples 
include:

Chemical: properties of a 
pure substance that 
describe its ability to 
combine with or change into 
a new substance. Examples:1.Physical state: solid, liquid, gas

2.Color 
3.Shape 
4.Mass 
5.Texture 
6.Melting (00C) & boiling point (1000C)
7.Density 
8.Solubility in water – the ability to 

dissolve in water
9.Odor 
10. Luster – shine
11. Malleability – ability to be 

hammered into thin sheets

1. Flammability
2. Reactivity to water
3. Reactivity to air
4. Reactivity to oxygen

***Notice that Chemical 
Properties are not as easy to 
notice as Physical Properties.

Generally, Physical & Chemical Properties
Properties can be broken down into two types - physical 
and chemical properties. What’s the difference?
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Intensive and Extensive 
Properties of Matter

Intensive property- One that 
DOES NOT depend on the amount of 
the substance present.

Extensive property- One that 
DOES depend on the amount of the 
substance present.
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Intensive properties are determined 
by the chemical composition of the 
particles and their structure 
(arrangement).  
Intensive ~ Internal
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• Extensive properties: Depend only 
on the number of particles, not on their 
composition or internal arrangement.

• Extensive ~ External
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Classifying Matter:

Pure Substances and 
Mixtures
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Classifying Matter by 
Composition

• Another way to classify matter is to 
examine its composition.

• Composition includes:
– Types of particles 
– Arrangement of the particles
– Attractions  and attachments between 

the particles

25
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Classifying Matter
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Pure Substances
• A sample of matter that has definite 

chemical and physical properties.

Elements Atoms

CompoundsMolecules
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Elements
• Pure substance that cannot be 

separated into simpler substance by 
physical or chemical means. 
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Compounds

Pure substance composed of two or 
more different elements joined by 
chemical bonds.

 
Made of elements in a specific ratio that 
is always the same
Has a chemical formula
Can only be separated by chemical 
means, not physically 

H2O

CO2

NaCl
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Mixtures
A combination of two or more pure 
substances that are not chemically combined.
Substances held together by physical forces, 
not chemical .
No chemical change takes place 
Each item retains its properties in the mixture 
They can be separated physically 
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MIXTURES
A mixture is something that CAN be 
broken down into simpler materials 
using physical methods.

There are 3 possible types of 
mixtures:

Element + Another Element
Compound + Another Compound
Element + Compound
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Types of Mixtures

There are THREE types of mixtures:

a. Solutions
b.Suspensions
c. Colloids
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Tyndall Effect
The scattering of 
light by particles 
in a mixture.
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a. Solutions

A solution is a mixture that appears to be a 
single substance, but it is actually composed 
of 2 or more substances that are 
distributed evenly amongst each other.

Examples: Salt dissolved in water, sugar 
dissolved in water, apple juice, tea, copper 
(II) sulfate solution in water, alloys, carbon 
dioxide is dissolved in water, rubbing alcohol 
(ethyl alcohol and water), Air (nitrogen and 
oxygen).
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SOLUTIONS ARE:

HOMOGENEOUS
No  Tyndall effect
Very  small particles
Particles  don’t settle
Well-mixed (uniform) – single 
phase
Transparent
Cannot  be separated by filter
Do not separate on standing
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b. Suspensions

A suspension is a mixture in which particles of a 
material are dispersed throughout a liquid or gas, but 
are large enough that they settle out.

SUSPENSIONS ARE:
HETEROGENEOUS
Tyndall effect
Large particles
Does NOT have uniform properties

Examples: muddy water, Sand water, oil and 
water, sulfur and iron, granite, blood, fresh-
squeezed lemonade…
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c. Colloids

A colloid is a mixture in which the particles are 
dispersed throughout but are not heavy enough to 
settle out.
Colloids have properties of both solutions & 
suspensions.
COLLOIDS ARE:

HOMOGENEOUS
Tyndall effect
Medium-sized particles
Particles don’t settle
Non transparent, non uniform, cloudy (milky) but 
stable system.

Examples: milk, clouds, smoke…
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Methods of Mixture 
Separation

1.Mechanical Separation: (often by 
hand) takes advantage of physical 
properties such as color and shape.

Example:  Recycling Plastic, Paper, Metal
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2. Magnetic Separation: takes advantage 
of the physical property of magnetism.

Example:  Separating Metals in a Scrap Yard
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3. Filtration: takes advantage of the 
physical property of the state of 
matter. 
A screen lets the liquid particles 
through, but traps the solid particles.
A filter can also be used to 
separate solid particles of 
different sizes.   

Example:  
Filtering Coffee, 
Spaghetti, a 
window screen, 
an air filter, a 
sand sieve
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4. Decanting: To pour off a liquid, 
leaving another liquid or solid behind.  
Takes advantage of differences in 
density.

Example:  To 
decant a 
liquid from a 
precipitate or 
water from 
rice.
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5. Distillation: The separation of a 
mixture of liquids based on the 
physical property of boiling point.

Example:  the 
distillation of 
alcohol or oil
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6. Evaporation: Vaporizing a liquid 
and leaving the dissolved solid(s) 
behind.
Used to separate salt solutions.

Example:  Obtaining 
sea salt from sea 
water
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7. Density 
Separation: More 
dense components 
sink to the bottom 
and less dense 
components float.
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8. Centrifuge: Circular motion helps denser 
components sink to the bottom faster.

Examples:  The 
separation of 
blood or DNA from 
blood
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9. Paper chromatography:  Uses the 
property of molecular attraction to 
separate a mixture. 
Different molecules have different 
attractions for the paper (the stationary 
phase) vs. the solvent (the mobile phase).

Example:  the 
separation of 
plant pigments 
and dyes
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10. Fractional Crystallization: 
Dissolved substances crystallize out 
of a solution once their solubility 
limit is reached as the solution 
cools.

Examples:  
Growing Rock 
Candy or the 
Crystallization of a 
Magma Chamber
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Mixtures vs. Compounds
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Review:

An element contains just one type of 
atom. 
A compound contains two or more 
different atoms joined together. 
A mixture contains two or more 
different substances that are only 
physically joined together, not 
chemically.

A mixture can contain both elements 
and compounds. 
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Measurements 
and 
Units
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Scientific Notation and Units

Objectives 

1. To show how very large or very small 
numbers can be expressed in scientific 
notation 

2. To learn the English, metric, and SI 
systems of measurement 

3. To use the metric system to measure 
length, volume and mass 
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Measurement

A quantitative 
observation 
Consists of 2 parts 

Number   
Unit – tells the scale 
being used 
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A. Scientific Notation 

Very large or very small numbers can be 
expressed using scientific notation. 

The number is written as a number 
between 1 and 10 multiplied by 10 
raised to a power. 
The power of 10 depends on

The number of places the decimal point is 
moved. 
The direction the decimal point is moved.

Left   Positive exponent
Right   Negative exponent
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Representing Large Numbers 

Representing Small Numbers
To obtain a number between 1 and 
10 we must move the decimal 
point. 

    i.e: 0.000167 = 1.67  10−4 
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B. Units

Units provide a scale on which to represent 
the results of a measurement. 
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There are THREE commonly used unit 
systems. 

English 
Metric (uses prefixes to change the size 
of the unit)  
SI (uses prefixes to change the size of the 
unit)
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C. Measurements of Length, Volume and 
Mass 

Length
Fundamental unit is meter 
1 meter = 39.37 inches
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Volume 
 Amount of 3-D space occupied by a 

substance 
 Fundamental unit is meter3 (m3) 
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Mass  
 Quantity of matter in an object 
 Fundamental unit is kilogram 
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C. Measurements of Length, Volume 
and Mass

commonly used 
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Uncertainty in Measurement and 
Significant Figures 

Objectives
1. To learn how uncertainty in a 

measurement arises 
2. To learn to indicate a measurement’s 

uncertainty by using significant figures 
3. To learn to determine the number of 

significant figures in a calculated result 
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A. Uncertainty in Measurement 

A measurement always has some degree of 
uncertainty. 
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Different people estimate differently. 

Record all certain numbers and one 
estimated number. 
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B. Significant Figures 

Numbers recorded in a measurement. 
All the certain numbers plus first estimated 
number.

Rules for Counting Significant Figures 

1.Nonzero integers always count as significant 
figures

Example:-1457 4 significant figures 
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2. Zeros

a. Leading zeros – never count
Example:- 0.25       2 significant figures 

b. Captive zeros – always count
Example:- 1.08       3 significant figures
c. Trailing zeros – count only if the number is 

written with a decimal point
 Example:- 100       1 significant figure

100.      3 significant figures
120.0    4 significant figures
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3. Exact numbers – unlimited significant 
figures

Not obtained by measurement 
Determined by counting

Example:- 3 apples  
Determined by definition

Example:- 1 in.  =  2.54 cm, exactly 
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Rules for Multiplication and 
Division 

The number of significant figures in the 
result is the same as in the measurement 
with the smallest number of significant 
figures. 
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Rules for Addition and Subtraction 
• The number of significant figures in the 

result is the same as in the measurement 
with the smallest number of decimal 
places. 
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Problem solving and Unit Conversions

Objectives

1. To learn how dimensional analysis can be used to 
solve problems 

2. To learn the three temperature scales 
3. To learn to convert from one temperature scale to 

another 
4. To practice using problem solving techniques 
5. To define density and its units 



72

A. Tools for Problem Solving 

Be systematic 
Ask yourself these questions 

Where do we want to go? 
What do we know? 
How do we get there?
Does it make sense? 
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Converting Units of Measurement 

We can convert from one system of units to 
another by a method called dimensional 
analysis using conversion factors. 

Unit1  conversion factor = Unit2 

Conversion factors are ratios of the two 
parts of the equivalence statement that 
relate the two units.
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Conversion 
factors are built 
from an 
equivalence 
statement which 
shows the 
relationship 
between the units 
in different 
systems.

 lb means Pound
qt means Quarts
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2.85 cm  =  ? in.

Converting Units of Measure

Does this answer make sense?

2.85 cm    conversion factor  =  ?  in. 

Possible conversion factors 

Equivalence statement 2.54 cm = 1 in.
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Tools for Converting from One 
Unit to Another 

Step 1: Find an equivalence statement that 
relates the two units.

Step 2: Choose the conversion factor by 
looking at the direction of the required 
change (cancel the unwanted units).

Step 3: Multiply the original quantity by the 
conversion factor.

Step 4: Make sure you have the correct 
number of significant figures. 



77

Example 1: A golfer putted a golf ball 
6.8 ft across a green. How many 
inches does this represent? 

To convert from one unit to another, 
use the equivalence statement that 
relates the two units.

1 ft = 12 in
The two conversion factors are:
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Derive the appropriate conversion factor by 
looking at the direction of the required change (to 
cancel the unwanted units).

Multiply the quantity to be converted by the 
conversion factor to give the quantity with the 
desired units.

-----
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B. Temperature Conversions
 

There are three commonly used temperature 
scales, Fahrenheit, Celsius and Kelvin. 
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Converting between the Kelvin and 
Celsius Scales 

Note that:
The temperature unit is the same size. 
The zero points are different. 

To convert from Celsius to Kelvin, we need to adjust for 
the difference in zero points. 
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Converting between the Kelvin and 
Celsius Scales 
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Converting between the 
Fahrenheit and Celsius Scales 

Note:
The different size units
The zero points are different 

To convert between Fahrenheit and 
Celsius, we need to make 2 adjustments. 
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Exercise

 At what temperature does C 
= F? 
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C. Density

• Density is the amount of matter present in a 
given volume of substance. 

• Common units are g/cm3 or g/mL.
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Exercise 1:- A certain mineral has a 
mass of 17.8 g and a volume of 2.35 
cm3.  What is the density of this 
mineral?
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