
. REvrEw 5
Physicol Properties of Motter
You may not realize this, but you and your pencil have a lot in common. Does this sound

ridiculous? It may not be such a strange statement if you think about the elements of which you
and your pencil are composed. Pencil lead is made of the element carbon, and it turns out that
your body is l8.5%o carbon. The wood around the carbon in your pencil contains more carbon,
along with hydrogen, nitrogen, calcium, potassium, and magnesium. It turns out that your body
contains these exact same elements.

In this review, you will learn exactly what an element is and how atoms are the building blocks
of matter. In addition, you will learn how scientists measure the physical properties of matter,

and how physical changes do (and do not) influence these properties.

Mqtter
All matter on Earth is made up of one or more of the elements. An element is any material that
is made up of a single type of atom. There are more than 100 known elements. Matter can exist
in four different states, called phases. When matter changes from one phase to another, the
transformation is called a physical change. When an ice cube melts, it undergoes a physical
change from the solid phase to the liquid phase. The chemical composition of the matter is the

same in each phase, but the mgtter changes in appearance. The three main phases of matter are

as follows:

. solid, in which matter has a definite shape and volume

. liquid, in which matter has definite volume but no definite shape

. g&s, in which matter has neither a definite shape nor volume
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The fourth phase, plasma, is an extremely hot, electrically charged, gaseous material. Although
plasma makes up 99Vo of the visible matter in the universe, it is rare on Earth, found mainly in
lightning, fluorescent bulbs, and laboratories.

All particles are always in motion-even those that make up solid objects. (We are using the
term "particle" for any tiny bit of matter-an atom, a molecule, and so on.) Heat is the energy
that causes the particles of a substance to move faster. The more heat that is put into a
substance, the faster the particles of that substance will move. The faster the particles move, the
higher the temperature of the substance becomes. Temperature is the measure of the average
kinetic energy-or energy of motion-of all the particles in a substance. The relationship
between particles, heat, and temperature is imporlant for understanding phase changes.

Why do you think temperature is the measure of the "average" energy of motion of all the
particles within a substance?

Let's examine phase changes at the atomic level. In a solid, the force of attraction between the
particles is stronger than the kinetic energy of those particles. The particles vibrate, but their
attraction to each other keeps them locked in the same place and tightly packed together.

Solid Liquid Gas
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If heat energy is put into a solid, the particles start vibrating faster. Eventually, the vibrations are

strong enough to overcome the force of attraction between the particles, and the solid melts.

The particles are still attracted to each other, but they have enough energy of motion to move

around easily. If we continue to add heat to the liquid substance, the particles move even faster

and the temperature rises even more. Eventually, the particles move so fast that they escape from

the liquid and form a gas. The phase change from liquid to gas is called vaporization. In the

gaseous state, there is virtually no attraction between particles. Each particle has so much

energy that it moves independently of the other particles. The particles move so quickly in all

directions that they bounce around, occupying all the space available.

All phase changes are reversible. A gas can turn into liquid, which can then turn into a solid.

The phase change from a gas to a liquid is called condensation. For example, water vapor will
condense on the surface of a glass holding a cold drink. When water vapor in the atmosphere

condenses, it forms clouds and precipitation. Another phase change, called sublimation, occurs

when a substance changes from a solid to a gas without going through the liquid phase.

Sublimation is uncommon, but it can be seen with blocks of "dry ice," the common term for
frozen carbon dioxide. When a block of frozen carbon dioxide warms up, a vapor starts swirling

around it. The vapor is produced when the solid carbon dioxide changes directly to a gas.

Deposition is the opposite of sublimation: Gas particles become a solid without going through

the liquid stage. .

Write the term that refers to each change of phase.

A pot of water boils away on a heated stove.

Water vapor forms frost on a window.

Water vapor in a cloud turns into rain.

Ice in Antarctica goes directly into the atmosphere.

During phase changes, the mass of a substance stays constant but its volume may change. Most

solids and liquids increase in volume as they heat up, an effect called thermal expansion.
(Water is an important exception: It decreases in volume as it goes from the solid to the liquid
phase, reaches its minimum volume at 4" C, and then expands at temperatures above 4' C.)

When a substance vaporizes from a liquid to a gas, its volume increases tremendously.

Describe what happens to the density of a substance when its volume increases and its

mass stays the same.
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Review 5: Physicol Properlies of Motter

One way to classify substances is by comparing the temperatures at which they change phase.

The melting point is the temperature at which a solid becomes a liquid. You know that water
has a melting point of 0' C. Iron has a melting point of 1,538' C. Nitrogen, on the other hand,

melts at -210'C and boils at -I95" C, which is why on Earth you find solid or liquid nitrogen
only in artificial situations such as science laboratories.

Review the description of how particles act during the phase change from solid to liquid.
Suggest why iron's melting point is so much higher than water's, and why nitrogen's is so

much lower than either of them.

"t

A substance's boiling point is the temperature at which a substance changes phase from liquid
to gas. As more heat is put into a liquid, the particles move faster and exert a pressure called
vapor pressure. When the vapor pressure is equal to the air pressure, the liquid starts boiling
and the particles escape from liquid into gas. As with the melting point, a substance's boiling
point depends on the strength of attraction between the particles of the substance. The stronger
the attraction between the particles, the higher the boiling point.

At sea level, water boils at 100o C. On top of Mount Everest, water boils at 71" C.

Explain the difference. (Hint: How does air pressure change with altitude?)

Some properties of matter can be measured exactly. Two such properties are volume and mass.

Volume is the amount of space a substance occupies; scientists measure it in cubic centimeters
(cm3), milliliters (mL), or liters (L). Mass is the amount of matter that makes up a substance;

scientists usually measure it in grams (g) or kilograms (kg). An object's mass depends on the

number and types of atoms it contains. If you have two blocks of aluminum with different
masses, for example, then the block with the larger mass is the one with more aluminum
particles.

55



Weight is a word with a scientific meaning that differs from its everyday meaning. Usually, if
p"opl" ask you how much you weigh, they really mean to ask what your mass is. An object's

welgtrt is ditermined by two factors: the mass of the object and the gravitational force acting on

the object. For example, astronauts walking on the Moon have the same mass that they have on

Earth, but their weight is much lower because the Moon's gravity is weaker than Earth's. If you

went aboar d the International Space Station, your mass would be the same but you would be

practically weightless. Because weight changes with location, it is not considered to be a

property of an object.

What two factors determine the weight of any object?

Describe the difference between mass and weight.

The density of an object depends on two of its properties: its mass and its volume' The

following equation shows how density (@ equals the mass (m) contained in a given volume (v):

density : ffi. or d: u

What is the density of a gold cube with sides of 4 cm and a mass of 1,235 g''!

A lead bar 12 cm long, 2 cm wide, and 2 cm high has a density of 1 I.3 glcrrf .If you cut

the bar in half, what is the density of one of the halves?
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Imagine two objects, A and B. Both objects have the same volume, but object A has more

mass than object B. Which object has the greater density? Explain your answer.

Matter has other qualities that can be described more easily than measured. For example, you

are familiar with different sorts of textures: Sandpaper is rough and scratchY, wax paper is

smooth, chewed gum is sticky, and so on. As you will see in Review J , the texture of an object

affects how the force of friction acts on it. Different sorts of matter also interact differently with

light, a quality you will explore in Review 8'

Meosuring motter
There are various instruments $at can be used to measure the various properties of

matter. You have already learned about many of these instruments in Review 1 and

have undoubtedly used many of them already. For example, thermometers measure

temperature, rulers measure length, and balances measure weight. Some instruments

may be less familiar to you. For example, the gram spring scale can be used to

measure weight or force (you will learn what force is and how it is measured in

Review 7). This type of scale, as shown to the right, is similar to the scales in the

produce section of the grocery store. It relies on the weight of an object pulling

downward against a spring.

There are properties of matter that cannot be seen with the naked eye. Microscopes

can be used to examine some of these properties. For example, a cork may look and

feel just like a light piece of wood, but if you examine it with a microscope, you

rvill notice that it is full of holes, or porous.

Physicol chonges
Ali matter can undergo physical changes. A physical change is one in which matter changes

shape, volume, or density. Most importantly, the elements that make up the matter do not

change the chemical nature of a substance during a physical change (you will learn about

chemical changes in Review 6). For example, when you are sanding a piece of wood, tiny wood

shavings fall off the wood. In this case, the wood has undergone a physical change. The wood

shavings are still made of the same elements that make up wood, they are just in smaller pieces'

During this physical change, no matter was created or destroyed, it was just rearranged.
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ice melts inside the glass, it changes phases from solid to liquid. The shape. r-olume. and densi*
of water change, but the elements that make up water (hydrogen and oxygenl *rr"i" ;; ,";'A water molecule is still a water molecule whether it's in the form or *ut", vapor or ice.

Is evaporation a physical change? Why or why not?

Imagine you have abag of potato chips that weighs 50 grams. If you crush the chips into
the smallest pieces possible and reweigh the bag, how much will it weigh?

Jf 
you flatten an object and the density doubles, what happens to the mass of the object?

whv?

Mixtures s

A mixture is a combination of two or more types of matter in which the physical properties of
the different substances are retained. For 

"*u-pl", 
if you place rice anO flour in a bowl, you

have made a mixture of rice and flour. The rice and flour do not combine to make something
new, hence, the physical properties of the rice and flour are retained. The mixture can be
separated by sifting out the flour. Mixtures can be purely solids, purely liquids, purely gases, or
a combination of all three.

List two examples of mixtures.

Solutions are special types of mixtures. In a solution, a solute (substance that is mixed in) is
dissolved in a solvent (the substance doing the dissolving). Think about adding salt to water. In
this solution, the salt solute dissolves in the water, whicliacts as a solvent. A solution cannot be
separated as easily as a mixture of rice and flour, but it can still be separated. The physical
properties of the components of any mixture can be used to separate the substances in a mixture.
Believe it or not, you can even separate the solute from the solvent in a solution. Can you think
of how to separate salt from a solution of salt water? How this is done is not immediately
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obvious, but if the water evaporates, the salt will be left on the bottom of the container the
solution was in. The result is the separation of the salt from the water it was in. Dissolving a

liquid to separate out the solute in this manner is called distillation.

Contents
. water
. glass marbles
. iron marbles

,|

The picture above contains three mixtures. How can you use the physical properties of the
substances to separate them from each other? Come up with a creative way to separate the
glass marbles from the iron marbles (by doing something other than just picking them out).

A.

Contents
. water
'glass marbles

Contents
. salt water
. glass marbles
. iron marbles

B.
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Keys fo Keep
€= All motter hos physicol properties thol con be meosured.

€= There ore vorious tools thot cqn be used to meosure chonges in physicol properiies.

fu Physicol chonges do not olter the chemicol noture of o subsfonce.

fu Chonges in shope do not chonge ihe moss of on obiect. '

€= M*tures con be seporoted into the originol substonces bosed on physicol properties.
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Explore lt Yourself
The inks in your pens are not just liquids, but solutions. Because inks are solutions, you canseparate them by a physical method called paper chromatography.For this activity, you willneed a tall glass, a piece of filter paper, scissors, a pencil, u r"tr-rip pen, water, and a metric ruler.

Step 1: Find the internal height of the beaker or tall glass in centimeters.

lnternal height:

Step 2: cut out a strip of filter paper that is 2 cm wide and has a length roughly equal to theinternal height of the beaker or glass.

Step 3: Put about 2 cm of water in the glass.

Step 4: Draw a pencil rine about +t * t o* one end of the filter paper.

Step 5: use the black felt-tip pen to make a black ink dot in the middle of the pencil line. Letthe ink dry' Repeat this process three times until the dot has a lot of ink in it.

step 6: use the pencil to punch a hole through the other end of the filter paper. The filter papershould be able to hang freely from the pencil.

step 7: Place the pencil across the mouth of the beaker so that the filter paper dips into thewater' Make certain that the ink dot does not go into the water. The water should startrising up into the filter paper.

Step 8: wait until the water produces a long streak in the filter paper. Then remove the paperfrom the water and set it on a paper towel to dry.
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Whot Does lt Meon?
I ' In the space below, draw what your paper chromatograph looks like after the g,ater passes

through it. Label any areas or bands of color.

2' Each pigment in a black pen is made of a different type of particle. Each type of particle
has different physical characteristics, such as size, *urr, and solubility. paper
chromatography separates molecules based on their physical characteristics.

Make an inference: Based on the chromatograph, which color pigment is made of . . .

the most massive type of particle?

the least massive type of particle?
I

3' An inference is a less-than-certain claim based on limited observations and knowledge.
Explain why your answers to Number 2 arc inferences instead of absolute conclusions.
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4. You are a private investigator investigating patent thefts related to black pens. Two black
pens of the same brand will produce the same chromatograph. Two black pens of different
brands will produce different chromatographs.

How could you use paper chromatography to figure out whether one pen company is
stealing the formula of another company?
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Dr. Boltzmann wants to find the
average energy of motion of the
atoms within a block of steel. Dr.
Boltzmann is trying to find the
block of steel's

A density.

B volume.

C mass.

D temperature.

How is sublimation different from
vaporization, condensation, and
melting?

A Vaporization, condensation, and
melting all include a solid phase.

B Sublimation takes place at much
higher temperatures than the other
three.

C Sublimation generates its own
heat.

D Sublimation does not include a
liquid phase.

Review 5: OCCI Procfice
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Why is it that the components of a
mixture can be separated into the
original substances?

A Because the physical properties of
substances in a mixture change.

B Mixtures cannot be separated.

C Because substances in a mixture
retain their physical properties.

D Because the components of a
mixture change into new
substances.

Estella investigated the properties
of a grayish, shiny metal with a
volume of 85 cubic centimeters
(cm3) and a mass of 212.5 g. What
is the density of the substance in
glcm3?

A 2.5

B 0.4

c 18062.5

D 212.5
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Imagine you are making pizza dough in your kitchen. Your ball of dough is 15 cm
in diameter. You measure the mass of the ball of dough and find it to be 11052 g.

After you measure the mixture, you flatten it to a thickness of 1.5 cm for your
pizza crust. What do you know about the mass of the flattened dough?

A Its mass is greater than 1,052 g.

B lts mass is 1.052/1.5 g.

C Its mass is less than 1,052 g.

D Its mass is I,052 g.

The following three objects have the same volume, but different masses.

Masses of.Three 1-Liter Spheres
il

ice, 0.9 kg aluminum, 2.7 kg lead, 11.3 kg

Which object has the greatest density?

A the ball of ice

B the ball of aluminum

C the ball of lead

D All three objects have the same density.
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