Examples Identification by physical properties is a
science that is easy to observe in the real world. Suppose

- to help your friend choose a family pet. While vis-
cal animal shelter, you spot a cute dog. The dog looks
Figure 11. You look at the sign on the cage. It says
is male, one to two years old, and its breed is
fou and your friend wonder what breed of dog he is.
of information do you and your friend need to figure
’s breed? First, you need a thorough description of the
properties of the dog. What does the dog look like?
ou need to know the descriptions of various breeds of
ou can match up the description of the dog with the
d. The dog you found is a white, medium-sized dog . ) e
black spots on his back. He also has black ears and a Figure 11 Phys1.ca;l desc.n-ptlo.ns
-around his eyes. The manager of the shelter tells you are wedy de.term!ne Ueliang-
s is close to full-grown. What breed is the dog? i things. .

~ _ : Observe What physical properties

i can be used to describe this dog?

the Options To find out, youmay need to research
breeds of dogs and their descriptions. Often, determin-

of something that is unknown is easiest by using
£ climination. You figure out all of the breeds the dog i
en your list of possible breeds is smaller. Upon looking :
stions of various breeds, you climinate small dogand
eeds. You also eliminate breeds that do not contain
th the remaining breeds, you might look at photos

es most resemble your dog. Scientists use similar
determine the identities of living and nonliving things.

1 review
ks Self Check
1. Identify the physical properties of this textbook.

2. List the four states of matter. Describe each and give an

example.
3. Explain how water might have two different densities.
4. Think Critically Which evaporates more quickly—
rubbing alcohol that has been refrigerated or
unrefrigerated?

s Applying Math
| 5. Solve One-Step Equations Nickel has a density of
9.8 g/cm?. Lead has a density of 11.3 g/am?. If both

samples have a volume of 4 cam’, what are the masses

of each?

w
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¥ Chemi c r0pei .
7 and Ch anges

Ability to Change
; - S It is time to celebrate. You and your coworkers have cooper
What You'll Learn i ated in classifying all of the products an
= Recognize chemical properties. m the new grocery store. Th¢ store manager agrees to a celebr
B Identify chemical changes. i tion party and campfire at the nearby park. Several large piec
B (lassify matter according to i of firewood and some small pieces of kindling are needed
chemical properties i start the campfire. After the campfire, all that remains of th
@ Describe the law of conservation 3 w04 is a small pile of ash. Where did the wood go? What proj
of mass. : i i ‘ S T :
i erty of the wood is responsible for this change?
W It’s Important All of the properties that you observed and used for classt
Knowing the chemical properties i cation in the first section were physical properties that you cot
will alow you to distinguish differ- : observe easily. Ipvadditio‘n,, even when those properties change
ences in matter. ¢ the identity of the object remained the same. Something diff
! ent seems to have happened in the bonfire example. :
Some properties do indicate a change of identity for the sul
stances involved. A-@ is any characteristic
gives a substance the ability to un ergo a change that results
a new substance. Figure 12 shows some properties of subst
that can_be_obs’eﬁed only as they undergo a chemical chang

ETRETTIETR bi‘does'd'h‘emi'cdlpropenygive a substanc
: Remg Check  the ability to do? by
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An untreated iron gate vl Silver dishes develop tarnish.

common Chemical Properties

You dor’t have to be in a laboratory to see the changes that
take place because of chemical properties. These are called chem-
ical changes. A chemical change is a change in the identity of a
substance due to the chemical properties of that substance. A new
substance or substances are formed as a result of such a change.
: The campfire you enjoyed to celebrate the opening of the
% grocery store resulted in chemical changes. The oxygen in the air
. reacted with the wood to form a new substance called ash. Wood
% can burn. This chemical property is called flammability. Some
| products have warnings on their labels about keeping them
: away from heat and flame because of the flammability of the
: materials. Sometimes after a campfire you see stones that didn’t
burn around the edge of the ashes. These stones have the chem-
ical property of being incombustible.

Common Reactions Anunpainted iron gate, such as the one
shown in Figure 13, will rust in time. The rust is a result of oxy-
gen in the air reacting with the iron and causing corrosion. The
corrosion produces a new substance called iron oxide, also
known as rust. Other chemical reactions occur when metals
interact with other elements. The middle photo shows tarnish,
the grayish-brown film that develops on silver when it reacts
‘_Nith sulfur in the air. The ability to react with oxygen or sulfur
is a chemical property. The photo on the right shows another
example of this chemical property.

Have you ever sliced an apple or banana and left it sitting on
the table? The brownish coloring that you notice is a chemical
change that occurs between the fruit and the oxygen in the air.
Those who work in the produce department at the grocery store
must be careful with any fruit they slice to use as samples.
Although nothing is wrong with brown apples, they don’t
look appetizing.

Figure 13 Many kinds of inter-
actions with oxygen can occur.
Copper sculptures develop a green
patina, which is a mixture of cop-
per compounds.

Enzyme Research
Researchers have discov-
ered an enzyme in fruit
that is involved in the
browning process. They are
doing experiments to try to
grow grapevines in which
the level of this enzyme,
polyphenol oxidase (PPO),
is reduced. This could
result in grapes that do not
brown as quickly. Write a
paragraph in your Science
Journal about why this
would be helpful to fruit
growers, store Owners, and
customers.
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Heat and Light Vitamins often are dispensed in dark-brow
bottles. Do you know why? Many vitamins will change w
exposed to light. This is a chemical property. They are prote
in those colored bottles from undergoing a chemical chan
with light. ; :

Some substances are sensitive to heat and will un
a chemical change only when heated or cooled. One ex
is limestone. Limestone is generally thought of as
reactive. Some limestone formations have been around f
centuries without changing. However, if limestone is heated,
goes through a chemical change and produces carbon dioxids
and lime, a chemical used in many industrial processes. Th
chemical property in this case s the ability to change whe
heated. '

Another chemical property is the ability to change with ele
trical contact. Electricity can cause a change in some substanc
and decompose some compounds. Water is one of those ¢
pounds that can be broken down with electricity.

CivesviveRssonsesseTsEupiS RSO

something New

The important difference in a chemical change is tha
change occurs and a new sub- new substance i formed. Because of chemical changes, ¥
stance forms. During this reaction, can enjoy many things in life that you would not have expe!
the mixture foams and a toxic gas ¢ enced without them. What about that perfect, browned mar:
mallow you roasted at the campfire? A chemical cha
occurred as a result of the fire to make the taste and t

Figure 14 When sugar and
sulfuric acid combine, a chemical

is released, leaving only water and
air-filled carbon behind.

ove00a00

crystalline substance, but
you heat it over aflame, it t
to a dark-brown caramel.
new substance has be
formed. Sugar also can und:
go a chemical change when 8
furic acid is added to it. ¥
new substance has obviou:
different properties from
original, as shown n ;Fig;u'rev
If eggs, sugar flour, an
other ingredients didn’t change
chemically through baking,
couldn’t enjoy birthday caki
Cake begins as liquid and en
as solid. The baked cake cle
has different properties.

82 CHAPTER3 Matter and its Changes



ange How do you know that you have a
e2 Is it just because it looks different? You
<alad in a blender and it would look differ-
hemical change would not have occurred.
uld have lettuce, carrots, and any other veg-
ere there to begin with.
ook for signs when evaluating whether you-
tance as a result of a chemical change.
« of birthday cake in Figure 15. When a
yubbles form and grow within the ingre- -
s are a sign that a chemical change has
When you look closely at a piece of cake,
¢ airholes left from the bubbles.
ns of change include the production of heat, light,
- in color, and sound. Which of these signs of change
 seen or heard during the campfire? o
jle? One other way fo determine whether a
or a chemical change has occurred is to decide

al changes usually can be reversed easily. For
ted butter can become solid again if it is placed in
A figure made of modeling clay, like the one in
be smashed to fit backinto a container. However,
ges can't be reversed using physical means. For
es in a fireplace cannot be put back together to
t you had to start with. Can you find the eggin

e white flour?

Che What_kind'ofrhdnge can be reversed easily?

you can reverse the change by simple physical’

SECTION 2 Chemical Properties and Changes

Figure 15 The evidence ofa
chemical change in the cake is the
holes left by the air bubbles that
were produced during baking.
Identify other examples of a
chemical change.

Figure 16 A change
molding clay can




Table 1 Comparing Properties

Classifying According - to Chemical Propertie
Classifying according to physical properties is often easier th:
classifying according to chemical properties. Table 1 sumr
rizes the two kinds of properties. The physical properties |
substance are easily observed, but the chemical properties ¢
be observed without changing the substance. However, once y¢
know the chemical properties, you can classify and identify
ter based on those properties. For example, if you try to b
what looks like a piece of wood but find that it won't burn;
can rule out the possibility that it is wood. v
In a grocery store, the products sometimes are separat
according to their flammability or sensitivity to light or h
You dor’t often see the produce section in front of big windo
where heat and light come in. The fruit and vegetables wot
undergo a chemical change and ripen to0 quickly. You al
won’t find the lighter fluid and rubbing alcohol near the bake
or other places where heat and flame could be present.
Architects and product designers have to take into acc
the chemical properties of materials when they design buildin
and merchandise. For example, children’s sleepwear and.
ding can’t be made of a flammable fabric. Also, some of t
architects designing the most modern buildings are choosin
materials like titanium because it does not react with oxygen
many other metals do. '

. The Law of Conservation of Mass

1 It was so convenient to turn the firewood into the small pi
of ash left after the campfire. You began with many kilograms
flammable substances but ended up with justa few kilograms-
ash. Could this bé # solutiomrto the problems with landfills ar
garbage dumps? Why not burn all the trash? If you could ma
such a reduction without creating undesirable materials, th
would be a great solution. ’
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Mass Is Not Destroyed Before you celebrate your discov-
ry, think this through. Did mass really disappear during the
fire? It appears that way when you compare the mass of the pile :
of ashes to the mass of the firewood you started with. The law of :
canservation of mass states that the mass of what you end with :
s always the same as the mass of what you start with. )
 This law-was firstinvestigated about 200 years ago, and many
investigations since then have proven it to be true. One experi-
ment done by French scientist Antoine Lavoisier was a small ver-
sion of a campfire. He determined that a fire does not make
mass disappear or truly get rid of anything. The question, how- :
ever, remains. Where did the mass go? The ashes aren't heavy :
enough to account for the mass of all of the pieces of firewood.

Where did the mass go? If you look at the campfire exam-
ple more closely, you see that the law of conservation of mass is
true. When flammable materials burn, they combine with oxygen.
Ash, smoke, and gases are produced. The smoke and gases escape  :
into the air. If jou could measure the mass of the oxygen and all :
of the origimél firewood that was burned and compare it to the :
remaining mass of the ash, smoke, and gas, they would be equal.

e

Applying Scienc

‘| Do light sticks conserve mass?

ight sticks often are used on

_ BmHalloween to light the way for trick-
_or-treaters. They make children visible
 to drivers. They also are used as toys,

-~ for camping, marking trails, emergency
- traffic problems, by the military, and
 they work well underwater. A light stick
| contains two chemicals in separate
 tubes. When you break the inner tube,
 the two chemicals react producing 2

_ greenish light. The chemicals are not
 toxic, and they will not catch fire.

 Identifying the Problem Solving the Problem

~ Inallreactions that occur in the Describe how you could show thata
~ world, mass is never lost or gained. light stick does not gain or lose mass
4This is the law of conservation of mass. ~ when you allow the reaction to take

An example of this phenomenon is the place. Is this reaction a chemical or

- light stick. How can you prove this? physical change? What is your evidence?

-
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Before and After Mass is not destroyed or created dur
any chemical change. The law of conservation of mass
demonstrated in Figure 17. In the first photo, you see one suk
stance in the flask and a different substance contained in a
tube inside the flask. The total mass is 16.150 g. In the secon
photo, the flask is turned upside down. This allows the two sut
stances to mix and react. Because the flask is sealed, nothmg
allowed to escape. In the third photo, the flask is placed on
balance again and the total mass is determined to be 16.150 g.
no mass is lost or gained, what happens in a reaction? Instead
d1sappea ing -or appearing, the particles in the substanc
' ifferent combmauons with different properti

Figure 17 This reaction demon-
strates the law of conservation of
mass. Although a chemical change
has occurred and new substances
were made, the mass remained
constant.
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Self Check
1. Define What is a chemical property? Give four
- examples.
2. Identify some of the signs that a chemical change has
occurred.
3. Think Critically Youseea bright flash and then flames
during a class demenstration. Is this an example of a
physical change ora chemical change? Explain.

_ Api’)lviﬁg Math .
4, Solving One-Step Equations A student heats 4.00 g of

a blue compound, which reacts completely to produce
2.56g of a white compound and an unknown amount
of colorless gas. What is the mass of this gas?

smﬂiiﬂe red.msscience.com/self_check quiz
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