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Learning Objective: 
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Physical Properties  

Chemical Properties 

Materials Needed: 

Packet with section 2.1-2.3 and Ch. 
Assessment 

Instruction: Monday: Write and Define all vocabulary words in science notebook then read section 2.1 
and complete questions 1-5 In reviewing concepts 

Tuesday: Write and Define all vocabulary words In science notebook then read section 2.2 and complete 
questions 1-6 In reviewing concepts. 

Wednesday: Write and Define all vocabulary words In science notebook then read section 3.3 and 
complete questions 1-5 In reviewing concepts 

Thursday: Complete Assessment questions 1-22 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessment:  Ch. 2 Assessment  

Notes:  Label all questions with section number and your name.     

 



2.1 Classifying Matter 

•; t4iit• 
Key Concepts 

Why are elements and 
compounds classified as 
pure substances? 
How do mixtures differ 
from pure substances? 
What is the main 
difference among 
solutions, suspensions, 
and colloids? 
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Vocabulary 
• pure substance 
• element 
• atom 
• compound 
• heterogeneous 

mixture 
• homogeneous 

mixture 
• solution 
• suspension 
• colloid 

Reading Strategy 
S rnarlzlng Copy the diagram. below. A 

urn h I 'fl . 5 
ead complete t e c ass1 cation of matt you r , er. 

Each piece of clothing sold has a care label, which lists recommended 
cleaning methods for the clothing. For a sweater, the instructions 
might say to machine wash the sweater using a gentle cycle, and then 
tumble dry at a low temperature. They might say to hand wash the 
sweater in cold water and lay the sweater flat to dry. The label might 

"D 1 1" even say, ry c ean on y . 
Why is it necessary to put care instructions on a label? The same 

cleaning method will not work for all materials. For example, a shirt 
made from 100 percent cotton may need to be ironed after washing. 
But a shirt made from a cotton and polyester blend may come out of 
the dryer wrinkle free. A wool jacket often needs to be dry cleaned 
because wool can shrink when washed in water. 

The tendency to wrinkle when washed is a property of cotton. 
The tendency not to wrinkle when washed is a property of 
polyester. The tendency to shrink when washed is a property 
of ~ool. Cotton, wool, and polyester have different proper-

ties beca_u,se they have different compositions. The w~rd 
compo5itton comes from a Latin word meaning "a putting 
togeth~r," or the combining of parts into a whole. Based 
on the1r compositions, materials can be divided into pure 
substances and mixtures. 

Figure 1 You can use the care labels on clothing 
~o sort laundry into batches for cleaning. The care 
abel shown is for a wool sweater that needs to be 
dry cleaned or washed by hand. 



pure Substances 
that always has exactly the sam · · · • t,,1atter . e composition is classified as a 

ure substance, or simply a substance. Table salt and table sugar are 
~wo examples of pure substances. Every pinch of salt tastes equally 
saltr· Every spoonful of sugar tastes equally sweet. ~ Every sample of 
a given su~stance has th~ ~ame properties because a substance has 
a fixed, uniform composition. Substances can be classified into two 
categories-elements and compounds. 

Elements 
Although there are millions of known substances, there are only about 
JOO elements. An element is a substance that cannot be broken down 
into simpler substances. Imagine cutting a copper wire into smaller 
and smaller pieces. Eventually you would end up with extremely tiny 
particles called copper atoms. An atom is the smallest particle of an 
element. ~ An element has a fixed composition because it contains 
only one type of atom. 

No two elements contain the same type of atom. In Chapter 4, you 
will find out more about atoms, including how the atoms of one ele-
ment differ from the atoms of every other element. 

Examples of Elements At room temperature (20°C, or 68°F), 
most elements are solids, including the elements aluminum and 
carbon. You have seen aluminum foil used to wrap food. Most soft 
drink cans are made from aluminum. Carbon is the main element in 
the marks you make with a pencil on a piece of paper. Some elements 
are gases at room temperature. The elements oxygen and nitrogen are 
the main gases in the air you breathe. Only two elements are liquids at 
room temperature, bromine and mercury, both of which are extremely 
poisonous. Figure 2 shows four elements and their symbols. 

figure 2 Aluminum, carbon, and 
gold are elements that you can 
see in common objects, such as 
cans, pencils, and rings. Mixtures 
containing iodine are used to 
prevent and treat infections. 
Analyzing Data Which of these 
elements has a symbol that is not 
related to its name in English? 

e 

Iodine (I) \ .· \ 
' '\ ( . 
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Oxygen 

Figure 3 Elements have different 
properties than their compounds. 
Silicon is a gray solid and oxygen 
is a colorless gas, which can be 
stored in a metal tank. Silicon and 
oxygen combine to form silicon 
dioxide-a colorless, transparent 
solid found in most grains of sand. 
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ts In 1813, Jons Berzelius, a Swed· 
syrnbols for Elern~n se symbols to represent elerne Ish che" 

h 
chenusts u . 1 nts ~, ·•i-

ist suggested t at . d to elements are stil used. Each sy · w1an 
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Sometimes an e eme es. For 

h drogen comes from the Greek words hydr 
example, the name Y . ,, 

0 
and 

· " t " and "forming. genes, meanmg wa er 

Compounds 
Water is composed of the elements hydrogen and oxygen. When elec. 
tricity passes through water, bubbles of oxygen and hydrogen gai 
fi rm and rise to the surface of the water. If the gases are collected m· 

o h . a container and a flame is brought near t e mixture, the hydrogen 
and oxygen react and form water. Water is classified as a compound. 
A compound is a substance that is made from two or more simpler 
substances and can be broken down into those simpler substances. The 
simpler substances are either elements or other compounds. 

The properties of a compound differ from those of the substances 
from which it is made. For example, oxygen and hydrogen are gases at 
room temperature, but water is a liquid. Hydrogen can fuel a fire, and 
oxygen can keep a fire burning, but water does not burn or help other 
substances to burn. In fact, water is one of the substances commonly 
used to put out fires. 

Figure 3 shows another example of how properties change when 
elements join and form compounds. Silicon dioxide is a compound 
found in most light-colored grains of sand. It is a colorless, transparent 
solid. Yet, silicon dioxide is made from a colorless gas ( oxygen) and a 
gray solid (silicon). Silicon is used to make chips for computers. 

A compound always contains two or more elements joined in 
a fixed proportion. For example, in silicon dioxide, there are always two 
oxygen atoms for each silicon atom. (Di- means "two.") In water, there 
are always two hydrogen atoms for each oxygen atom . 

. .I Reading ) 1 
Checkpoint What happens if electricity passes through water, 



Mixtures 
Suppose you are making salsa using the ingredients shown in Figure 4. 
you have a choice. You can use exactly the amounts listed in the recipe, 
or you can adjust the ingredients according to your own taste. You 
might have to prepare the recipe a few times before deciding if you 
have just the right amount of each ingredient. 

Mixtures tend to retain some of the properties of their individ-
ual substances. But the properties of a mixture are less constant than 
the properties of a substance. 0 The properties of a mixture can 
vary because the composition of a mixture is not fixed. The type of 
pepper and the quantity of pepper used in a salsa recipe determine 
the "hotness" of a ba tch of salsa. Chili peppers contain a compound 
called capsaicin (kap SAY uh sin) that can cause a burning sensation 
in your mouth. The amount of capsaicin varies among types of pep-
pers. Cayenne peppers, for example, contain more capsaicin than do 
jalapefio peppers. 

No matter how well you stir a batch of salsa, the ingredients 
will not be evenly distributed. There may, for example, be more 
onion in one portion of the salsa than another. Mixtures can 
be classified by how well the parts of the mixture are dis-
tributed throughout the mixture. 

Heterogeneous Mixtures If you look at a handful 
of sand from a beach, the sand appears to be all the same 
material. However, if you use a hand lens, you will notice that the 
sample of sand is not the same throughout. Figure 5 shows that grains 
of sand vary in size. Also, some grains are light in color and some are 
dark. Sand is an example of a heterogeneous mixture. Heterogeneous 
(het uh roh GEE nee us) comes from the Greek words hetero and genus, 
meaning "different" and "kind." In a heterogeneous mixture, the parts 
of the mixture are noticeably different from one another. 

. 4 The ingredients shown Figure · d f 
d to make one kin o are use f 

salsa which is an example o a 
hete~ogeneous mixture. 

Figure 5 Sand is a hetero-
geneous mixture. The spoon 
is stainless steel, wh,ch 1s a 
homogeneous mixture. 
Interpreting Photographs 
Explain how viewing sand 
through a hand lens helps show 
that sand is a heterogeneous 
mixt11re. 
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191.969 

------ I ----- ~ J 
Do the Contents of Two cans 
of Mixed Nuts Meet FDA 
Regulations? 

peanut ----Alrnond - ---arazil nut --cashew ---
47,02 g I 31.18 g ----57,88 g 19.60 g 

73.78 g 46.20 g .________ 
19,90 g 16.90 g 

The Food and Drug Administration (FDA) has two 
main areas of concern about food. First, and most 
important, the FDA ensures that food sold in the 
United States is safe to eat. Second, the FDA 
ensures that the information on a food label 
accurately describes a food product. 

What can you assume when you see the label 
"mixed nuts" on a can of nuts? According to the 
FDA regulations, a can labeled mixed nuts must 
contain at least four types of shelled nuts other 
than peanuts. The mass of each type of nut must 
be not less than 2 percent of the total mass and 
not more than 80 percent of the total mass. 

Hazelnut ----- 21.40 g 16.90 g 
pecan 

1
. comparing and Contrasting How are 

the two brands of mixed nuts alike? How 
are they different? 

2. calculating What is the percent by mass f 

lii::ti. ' 

(Go • .12!n~ 
. 5Cf1NKS 

For: Links on mixtures 
Visit: www.SciLinks.org 
Web Code: ccn-1021 
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each type of nut in each can? 
0 

3. Drawing Conclusions Do the contents of 
each can meet the FDA regulations? Explain. 

4. Inferring On the Brand A label, the nuts 
are listed in this order: peanuts, Brazil nuts 
almonds, cashews, pecans, and hazelnuts.' 
What do you think determines the order? 

Homogeneous Mixtures If you c_ollect water from both the 
shallow end and the deep end of a swimming pool, ~he water samples 
will appear the same. The water in a swimming pool IS a hom~geneo~ 
(hoh moh GEE nee us) mixture of water and substances that dissolvem 
water. In a homogeneous mixture, the substances are so evenly dis-
tributed that it is difficult to distinguish one substance in the mixture 
from another. A homogeneous mixture appears to contain only one 
substance. The serving spoon in Figure 5 is made of stainless steel-a 
homogeneous mixture of iron, chromium, and nickel. 

Solutions, Suspensions, and ,Colloids 
It isn't always easy to tell a homogeneous mixture from a heterogeneous 
mixture. You may need to observe the properties of a mixture before you 
decide. The size of the particles in a mixture has an effect on the prop-
erties of the mixture. Based on the size of its largest particles, a 
mixture can he classified as a solution, a suspension, or a colloid 

Solu!ions If you place a spoonful of sugar in a glass of hot water 
and stir, the sugar dissolves in the water. The result is a homogeneous 
mixture of sugar and water. When substances dissolve and form a 
homo~eneo_us mixture, the mixture that forms is called a solution, 
The wmdsh1eld wiper flu'd · p· . . 1 m 1gure 6 IS a solution. So 1s tap water. 

• 



Figure 6 The liquids shown represent 
three categories of mixtures. A Windshield 
wiper fluid is a solution. B Muddy water 
collected from a swamp is a suspension. 
C Milk is a colloid . 
Comparing and Contrasting Based on 
appearance, how are a solution and a 
colloid similar? 

Liquid solutions are easy to recognize. They do not separate into 
distinct layers over time. If you pour a liquid solution through a filter, 
none of the substances in the solution are trapped in the filter. You can 
see through solutions that are liquids because light passes through 
them without being scattered in all directions. These three properties 
of liquid solutions can be traced to the size of the particles in a solu-
tion. The particles in a solution are too small to settle out of the 
solution, be trapped by a filter, or scatter light. 

Suspensions Have you ever seen the instruction "Shake well 
before using" on a bottle? This instruction is a clue that the material in 
the bottle is a suspension. A suspension is a heterogeneous mixture 
that separates into layers over time. For example, if you shake up a con-
tainer of sand and water, the sand mixes with the water and forms a 
suspension. Over time, the suspended particles of sand settle to the 
bottom of the container. 

You could use a filter to separate the sand from the water. The water 
would pass through the filter, but the sand would remain in the filter 
paper. Suspended particles settle out of a mixture or are trapped by a 
filter because they are larger than the particles in a solution. The 
worker in Figure 7 is using a mask to filter out particles of plastic foam 
that are suspended in air. Because larger particles can scatter light in all 
directions, suspensions are cloudy. 

rl Reading J What happens to suspended particles over time? Checkpoint 

Figure 7 When a surfboard is 
sanded, particles of plastic 
become suspended in air. The 
worker wears a mask to keep 
from breathing in the particles. 

Properties of Matter 43 



Figure 8 The photograph shows 
how water droplets in fog scatter 
the light from high beams. The 
drawing compares the areas lit 
by high beams and low beams. 
Interpreting Diagrams Which 
beams normally make a larger 
area of a road visible? 

Reviewing Concepts 

Colloids Milk is a mixture of substances including water, sugar, pro. 
teins, and fats. When fresh cow's milk is allowed to stand, a layer of 
cream rises to the top. This layer contains much of the fat in the milk. In 
the milk you buy at the store, the cream does not form a separate layer. 
The milk has been processed so that the fat remains dispersed through-
out the milk. The result is homogenized milk, which is a colloid. 

A colloid contains some particles that are intermediate in size 
between the small particles in a solution and the larger particles in 
a suspension. Like solutions, colloids do not separate into layers. You 
cannot use a filter to separate the parts of a colloid. 

Fog is a colloid of water droplets in air. Figure 8 shows how fog 
affects which headlights a driver uses. Automobiles have headlights 
with low beams for normal driving conditions and high beams for 
roads that are poorly lit. With the high beams, a driver can see a bend 
in the road or an obstacle sooner. But the high beams are not useful 
on a foggy night because the water droplets scatter light back toward 
the driver and reduce visibility. With the low beams, much less light 
is scattered. The scattering of light is a property that can be used to 
distinguish colloids and suspensions from so:utions. 

1. Why does every sample of a given 
substance have the same properties? 

7. Interpreting Visuals Explain why silicon 
dioxide cannot be the only compound in the 
sample of sand shown in Figure 5. 

8. Inferring Fresh milk is a suspension. After 
fresh milk is homogenized, it is a colloid. What 
happens to the size of the drops of fat in milk 
when milk is homogenized? 

2. Explain why the composition of an 
element is fixed. 

3. Describe the composition of a compound. 
4. Why can the properties of a mixture vary? 
S. On what basis can mixtures be classified as 

solutions, suspensions, or colloids? 

Critical Thinking 
6. Predicting If you added salt instead of sugar 

to a pitcher of lemonade, how would this 
change the properties of the lemonade? 
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in Scienc~ ,__ __ _ 

Writing Instructions Pick a cereal that is 
an obvious mixture. Write rules that could be 
used to control the cereal's composition. Use 
the FDA rules for mixed nuts as a model. 
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Physical Properties 2.2 

1;f¥\· 
Key Concepts 

What are some examples 
of physical properties? 

Vocabulary Reading Strategy 

How can knowing the 
physical properties of 
matter be useful? 

• physical property 
• viscosity 

Building Vocabulary Copy the table. As 
you read, write a definition for each property. 

• conductivity 
• malleability Physical Property Definition 
• melting point 
• boiling point 

Viscosity What processes are used 
to separate mixtures? 

• filtration Malleability 

• distillation Melting point 
• physical change 

14 

If there are pitchers of ice water and lemonade on a picnic table, how 
do you know which liquid is in each pitcher? It's easy! The lemonade 
is yellow. Lemonade also has a tart taste that is hard to miss. A yellow 
color and a tart taste are two properties of lemonade. 

Examples of Physical Properties 
A physical property is any characteristic of a material that can be 
observed or measured without changing the composition of the sub-
stances in the material. Viscosity, conductivity, malleability, 
hardness, melting point, boiling point, and density are examples 
of physical properties. 

Viscosity Suppose you knock over an open bottle of vinegar and 
an open jar of honey at exactly the same time. In the time it takes for 
the vinegar bottle to empty, the honey will scarcely start to flow. The 
tendency of a liquid to keep from flowing-its resistance to flowing-
is called its viscosity. The greater the viscosity, the slower the liquid 
moves. Thick liquids, such as corn syrup and the honey in Figure 9, have 
a high viscosity. Thin liquids, such as vinegar, have a low viscosity. 

The viscosity of a liquid usually decreases when it is heated. For 
example, a spoonful of cooking oil will spread more quickly across the 
bottom of a heated frying pan than across the bottom of a cold pan. 

Why is the viscosity of a liquid important? Consider the motor oil 
used to keep the parts of an automobile engine from wearing away as 
they move past one another. The motor oil must not be too thick in cold 
weather or too thin in hot weather. 

£& 

a. 7 

b. 7 

c. 7 

Figure 9 The object in the 
photograph is called a honey 
dipper. Honey is an example of 
a liquid with a high 
viscosity. 
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Comparing Heat Conductors 

Materials 
2 plastic foam cups, scissors, metric ruler, metal 
rod, wooden rod, 2 liquid crystal thermometers, 
hot water, clock or watch with second hand 

Procedure nn la s_t ii 
1. Make a data table with a column for time and a 

column to record the temperature of each rod. 
2. Cut 3 cm off the top of one cup. Turn the cup 

upside down. Use the metal rod to make two 
holes about 3 cm apart in the bottom. 

3. Attach a thermometer to each rod as shown. 
4. Insert both rods so they will just touch the 

bottom of the second cup. Lay the cup with 
the rods on the table. Do not touch the rods 
and thermometers during the experiment. 

5. Ask your teacher to add hot water to the 
intact cup until it is about three fourths full. 

Mquid crystal · 
thermometer 

Metal rod 
Wooden rod l 
Foam cups"f.. 

""" 
6. Hold the cup with the hot water firmly as 

you place the cup with the rods on top of it. 
CAUTION Be careful not to overturn the cup. 

7. Observe and record the temperatures every 
minute for five minutes. 

Analyze and Conclude 
1. Comparing and Contrasting Is metal or 

wood a better conductor of heat? Explain. 
2. Applying Concepts Is a metal cup a good 

container for keeping a drink hot for as long as 
possible? Give a reason for your answer. 

3. Evaluatlng Describe any variables, other 
than the type of material, that were not 
controlled in this lab. 

Conductivity Which spoon should you choose for stirring a pot 
of soup heating on the stove-a metal spoon or a wooden spoon? If 
one end of a metal object is heated, the other end will soon feel hot. A 
material's ability to allow heat to flow is called conductivity. 

Figure 10 Because gold is both 
malleable and beautiful, it is 
often used to make jewelry. These 
ancient gold medallions were 
made to form a necklace. 
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Materials that have a high conductivity, such as metals, are called 
conductors. If a material is a good conductor of heat, it is usually also a 
good conductor of electricity. Wood is not a good conductor of heat. You 
can stir hot soup with a wooden spoon without worrying about burning 
your hand because the wooden spoon stays cool to the touch. 

Malleability The ancient gold objects in Figure 10 were found in 
a tomb in Greece. A goldsmith made the medallions by tapping gold 
with a small hammer and punch. Gold can be shaped in this way 
because it is malleable. Malleability (mal ee uh BIL uh tee) is the ability 
of a solid to be hammered without shattering. Most metals are mal-
leable. By contrast, an ice cube breaks into small pieces when struck 
with a hammer. So does ordinary glass when hit by a fast-moving 
object such as a baseball. Solids that shatter when struck are brittle. 



Hardness One way to compare the hardness of two materials is to 
see which of the materials can scratch the other. The blade of a typical 
kitchen knife, for example, can scratch a copper sheet because stainless 
steel is harder than copper. The stainless steel in a knife blade is a hard 
solid that can be shaped into a sharp cutting edge. The material used 
to sharpen the blade must be harder than stainless steel. Diamond is 
the hardest know~ material. Some of the grinding wheels used to 
sharpen steel contain small grains of diamond. The man in Figure 11 
is carving a canoe from a soft wood-Western red cedar. 

Melting and Boiling Points If you leave a tray of ice cubes 
on your kitchen counter, the ice cubes will melt. The temperature at 
which a substance changes from solid to liquid is its melting point. 
For water, this change normally occurs at 0°C. If you heat water to cook 
pasta at sea level, the Water will start to boil at 100°C. The temperature 
at which a substance boils is its boiling point. Figure 12 shows the 
melting point and the boiling point for some substances. 

Density Density can be used to test the purity of a substance. Recall 
that density is the ratio of the mass of a substance to its volume. At 
room temperature, silver has a density of 10.5 g/cm3. If a coin has a 
density of 9.9 g/cm

3 
at room temperature, either the coin is not made 

from silver or the coin contains substances in addition to silver. 
Density can be used to test the purity of methanol. Methanol is a 

fuel burned in some racing motorcycles. The American Motorcycle 
Association (AMA) requires racers to use fuel that is at least 99.65 per-
cent pure. Race officials may collect a sample of fuel and measu_re its 
temperature and density. Then they compare the measured density to 
the expected density of methanol at that temperature. Thes_e s~ot 
checks keep racers from adding substances to the fuel that will give 
them an unfair advantage in a race. 

Melting and Boiling Points of Some Substances 
Substance Melting Point 

-259.3°c -2s2.9°c 
Hydrogen --
Nitrogen -210.o·c -19s.a·c 
Ammonia -n.1°c -33.3°c 

-s6.a0c 125.6°( Octane (found in gasoline) 
---------

o.o•c 100.o·c Water 

117.9°c Acetic a~id(fuund in vinegar) 16.6°( 

Table salt aoo.1°c 1465°c 
Gold 1064.2°c 2856°( 

I 
I I 
I 

I I 

. l,,~'_IJ-. I 
. , I 

' 

, 
I 
: I 

Figure 11 This Tlingit carver is 
using an adze to carve a canoe 
from Western red cedar. Red 
cedar is a relatively soft wood. 

Figure 12 The table lists the 
melting points and boiling points 
for several substances. 
Analyzing Data Which of these 
substances are liquids at room 
temperature (200C, or 6lJOF)? 
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figure 14 These Americor~s 
students are looking for artifacts 
at the San Diego Presidio-a fort 
that was built in 1769. As the 
students sift dirt through a 
screen, small objects buried in the 
dirt collect on the screen. 
Applying Concepts How cou~d 
changing the size of the holes m 
a screen change the number of 
objects found? 

cGo , nline 
- -m<Etl\'6· 

For: Articles on properties 
of matter 

Visit: PHSchool.com 
Web Code: cce-1 022 
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Using Properties to Separate Mixtures 
Some properties can be used to separate mixtures. Filtration and 
distillation are two common separation methods. 

Filtration One way to make a pot of tea is to pour hot water over 
loose tea leaves. Some compounds in the tea leaves, such as caffeine, dis-
solve in the water. You can separate the hot tea from the loose leaves by 
pouring the mixture through a strainer. Using a strainer is a type of fil-
tration. Filtration is a process that separates materials based on the size 
. of their particles. Particles of the compounds that dissolve are sma]] 
enough to pass through the strainer, but the tea leaves themselves are 
too large to pass through the strainer. The drip method of brewing coffee 
also uses a filter to separate the brewed coffee from the coffee grounds. 

The students in Figure 14 are using a wire screen to locate small 
objects buried in the sand at an archaeological site. Particles of dirt are 
small enough to pass through the holes in the ss::reen, but objects such 
as broken bits of pottery are too large to pass th:·ough the screen. 

Distillation How can you separate the parts of a solution when all 
the particles in a solution are small enough to pass through a filter? 
Sometimes distillation can work. Distillation is a process that sepa-
rates the substances in a solution based on their boiling points. 

One practical use of distillation is to provide fresh water for sub-
marines. Most submarines can store only enough fresh water to last about 
ten days. Each submarine has equipment that can convert seawater into 
fresh water. The water is heated until it changes from a liquid to a gas. The 
gas is cooled until it changes back to a liquid, which is collected in a sep-
arate container. Boiling can separate fresh water from seawater because 
water has a much lower boiling point than the compounds dissolved in 
seawater. These compounds are left behind in the original container. 

".:f Reading ) How can loose tea leaves be removed from a pot of 
Checkpoint brewed tea? 



Recognizing Physical Changes 
The change of water from a liquid to a gas during boiling is 
a physical change. A physical change occurs when some of 
the properties of a material change, but the substances in 
the material remain the same. For example, if you slowly 
heat butter in a pan, it changes from a solid to a liquid, but 
the substances in the butter do not change. Two other exam-
ples of physical changes are crumpling a piece of paper and 
slicing a tomato. Crumpling and slicing are actions that 
change the size and shape of a material, but 
not its composition. 

Some physical changes can be reversed. 
You can freeze water, melt the ice that forms, 
and then freeze the water again. You can use 
an iron to remove the wrinkles from a cotton 
shirt. You can braid hair, unbraid the hair, 
and then braid it again. Some physical 
changes cannot be reversed. You would not 
expect to reconstruct a whole tomato from 
tomato slices or to replace the peel on a 
peeled orange. Figure 15 shows one physical 
change that can be reversed and one that 
cannot be reversed. 

Section 2.2 Assessment 

Reviewing Concepts 
1. List seven examples of physical properties. 
2. Describe three uses of physical properties. 
3. Name two processes that are used to 

separate mixtures. 
4. When you ~escribe a_ liquid as thic~, ar~ y~u 

saying that 1t has a high or a low v1scos1ty. 
5. Explain why sharpening a pencil is an example 

of a physical change. 
6. What allows a mixture to be separated 

by distillation? 

Critical Thinking 
7. Designing Experiments How could you 

find out whether copper is harder or softer 
than the plastic used in a plastic cup? 

. ',t 
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Figure 15 Braiding hair and 
cutting hair are examples of 
physical changes. Braiding is a 
reversible change. Cutting cannot 
be reversed . 

8. Inferring Why would you expect the 
materials used to make pot holders to be 
poor conductors of heat? 

9. Applying Concepts Silicon dioxide is a 
solid at room temperature and methanol 
is a liquid. Which substance has the higher 
melting point? 

Organizing Data In what order are the 
substances arranged in Figure 12? Use 
what you studied about organizing data in 
Section 1 .4 to explain why this order is 
useful. Explain why you might choose a 
different order if you had similar data for 
500 substances. 
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Key Concepts 
When can chemical 
properties be observed? 
What observations might 
indicate that a chemical 
change has occurred? 
What is the difference 
between chemical and 
physical changes? 

Figure 16 When candles burn, 
new substances form. The ability 
to burn is a chemical property. 

Vocabulary 
• chemical property 
• flammability 
• reactivity 
• chemical change 
• precipitate 

Reading Strategy 
Relating Text and Visuals Copy the tabl 
Find examples of the clues for recognizing e. 
chemical changes in Figures 19 and 20. 

Clue Example 
Change in color 

Production of gas b.----1_ 

Formation of precipitate c.----L_ 

How would you describe candles like the ones in Figure 16? You 
might describe their color or their hardness. Or, you might observe 
that the candles float on water, and conclude that the density of candle 
wax is less than that of water. Color, hardness, and density are physi-
cal properties. But there is something else about the candles that may 
seem even more obvious to you: the fact that the candles are burn-
ing. The ability to burn is not a physical property because you cannot 
observe burning without changing the composition of the material 
that is burning. As a candle burns, new substances form. 

Observing Chemical Properties 
Most candles are made from paraffin, which is a mixture of com-
pounds containing carbon and hydrogen. As a candle burns, the 
compounds combine with oxygen in the air to form water and carbon 
dioxide. (Carbon dioxide is the gas that gives a carbonated beverage 
its fizz.) The ability to burn is a chemical property. A chemical property 
is any ability to produce a change in the composition of matter. 

Chemical properties can be observed only when the substances 
in a sample of matter are changing into different substances. 
Flammability and reactivity are two examples of chemical properties. 

Flammability Materials that burn can be used as fuel. Sometimes, 
people use burning newspapers to start a fire in a fireplace. Gasoline 
is the fuel burned in most automobiles. The chemical property that 
paper and gasoline share is their flammability. Flammability is a 
material's ability to burn in the presence of oxygen. 



Sometimes flammability is not a desirable property. For example, 
there are laws that regulate the flammability of fabrics. The fabrics used 
in children's sleepwear must have a low flammability. These fabrics are 
described as flame-resistant because they are difficult to ignite. If they 
do ignite, they burn slowly. 

Reactivity The property that describes how readily a substance 
combines chemically with other substances is reactivity. Nitrogen and 
oxygen are the main gases in air. Oxygen is a highly reactive element. 
Nitrogen has an extremely low reactivity. 

Oxygen reacts easily with most other elements. Figure 17 shows 
the rust that forms when oxygen reacts with iron and water. Rust is a 
brittle, reddish-brown compound. A rusty chain or bolt is more likely 
to break than a new chain or bolt because rust is weaker than iron. 
Because iron is highly reactive, you would not choose iron to make 
decorative objects, such as jewelry or coins. 

Many uses of nitrogen depend on its low reactivity. For example, 
seawater is often stored in steel tanks located below the lowest deck of 
a ship. The seawater helps to keep the ship stable in the water. Over 
time, rust forms in the tanks because iron in the steel reacts with 
oxygen dissolved in the water. Researchers in Japan have developed a 
way to reduce the amount of rust produced. They pump nitrogen gas 
into the tanks, and the nitrogen displaces the dissolved oxygen. 

. f Reading Which element is more reactive-oxygen or nitrogen? .!!) Checkpoin!._.,,1 

' 
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For: Links on chemical and 
physical changes 
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Figure 17 This automobile must 
have been exposed to air and 
water for many years. 
Drawing Conclusions What 
evidence is there that parts of the 
automobile contained iron? 
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Identifying a Chemical Change 
Materials 4. Add 5 ml of calcium chloride solution to te t 

tube A. Add 5 ml of sodium chloride soluti~n 
to test tube B. Add 5 ml of copper sulfate 
solution to test tube C. 

3 test tubes; test-tube rack; glass-marking pencil; 
3 10-ml graduated cylinders; solutions of copper 
sulfate, calcium chloride, and sodium chloride 

ll'tllOICIIJl\"I~ Procedure a:J Lal 
1. Construct a data table with columns labeled 

Test Tube, Contents, and Observations. 
2. Label the test tubes A, B, and C. 
3. Pour 5 ml of copper sulfate solution into test 

tube A. Pour 5 ml of calcium chloride solution 
into test tube B. Pour 5 ml of sodium chloride 
solution into test tube C. CAUTION Do not 
allow the solutions to touch your skin. They may 
cause irritation. 

5. Examine the test tubes for evidence of a 
chemical change. Record your observations. 

6. Pour the contents of the test tubes into the 
sink. Rinse out the test tubes and flush the 
contents down the drain. CAUTION Wash 
your hands thoroughly with soap or detergent 
before leaving the laboratory. 

Analyze and Conclude 
1. Inferring In which test tube(s) did a 

chemical change occur? Explain your answer. 
2. Evaluating Can you be sure that a chemical 

change occurred? Explain your answer. 

Recognizing Chemical Changes 

Figure 18 As a banana ripens, 
chemical changes cause the peel 
to change color from green to 
yellow. In a banana that is overly 
ripe, different chemical changes 
cause the peel to turn brown. 
Observing Based on your 
experience, what other 
properties of a banana change 
as it ripens? 

Chapter 2 

Figure 18 shows what happens to banana peels as bananas ripen. The 
color change in a banana peel is caused by chemical changes that are 
taking place in the cells of the banana. A chemical change occurs when 
a substance reacts and forms one or more new substances. Chemical 
changes occur when a cake bakes in an oven, leaves on trees change 
color, and food is digested in your stomach. 

How can you recognize a chemical change? You have to look for 
clues. For example, when food spoils, it often gives off an unpleasant 
odor. Three common types of evidence for a chemical change 
are a change in color, the production of a gas, and the formation of 
a precipitate. 



A Change in Color Over time, a shiny silver bracelet that is 
exposed to air will darken. As a match burns, it shrivels up and turns 
black. The new copper roof and the old copper roof in Figure 19 have 
different colors. In each of these examples, a change in color is a clue 
that a chemical change has produced at least one new substance. 

Production of a Gas Figure 20A shows what happens when 
you mix vinegar with baking soda. Bubbles of carbon dioxide form 
immediately. A similar chemical change happens when you use baking 
powder as an ingredient in a cake recipe. Baking powder is a mixture 
of baking soda and one or more acids that react when wet. As the cake 
bakes, the bubbles of carbon dioxide expand and cause the cake to rise. 

Formation of a Precipitate Another chemical change you 
can observe in the kitchen is the curdling of milk. If you add lemon 
juice or vinegar to milk, small bits of white solid will separate from 
the liquid. Any solid that forms and separates from a liquid mixture is 
called a precipitate. When an acid is added to milk, proteins in the milk 
undergo a chemical change that alters their structure, causing them to 
stick together in clumps. They form the precipitate shown in Figure 20B. 

_ L Reading ) What happens when you add vinegar to 
Checkpoint baking soda? 

Figure 20 The formation of a gas ?r 
a precipitate can be a clue to chemical 
change. A Carbon dioxide gas f?rms 
when vinegar is mixed with baking 
soda. B The curds in cottage cheese 
form when an acid is added to milk. 

Figure 19 When copper is 
exposed to moist air, it forms a 
thin coating called a patina. 
A new copper roof has a reddish 
color. The green patina on an 
old copper roof is a mixture of 
copper compounds. 
Predicting Would a patina form 
faster in a rainy climate or in a 
dry climate? 
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Figure 21 A blacksmith uses a 
hammer to shape a horseshoe 
that has been heated. Although 
the color of the iron horseshoe 
changes, no chemical change is 
occurring. Inferring Other than 
color, what physical property of 
iron is affected by heating? 

Is a Change Chemical or Physical? 
It is not always easy to distinguish a chemical change from a physical 
change. Even if you observe a color change, a gas, or a precipitate, You 
cannot be sure that a chemical change has taken place. When the iron 
horseshoe in Figure 21 is heated, its color changes from gray to red. 
Despite this change in color, the iron is still iron. When water boils on 
a stove, the bubbles of gas that rise to the surface are still water. 

Before you decide whether or not a chemical change has occurred 
ask yourself this question: Are different substances present after th~ 
change takes place? If not, then the change is physical, not chemical. 

When matter undergoes a chemical change, the composition of 
the matter changes. When matter undergoes a physical change, the 
composition of the matter remains the same. 

, •. ,-'ff,(> •• ' 

Section 2.3 Assessment .·;,:.~,)f;; . . -~~"": ~;-_:-•', ... ~" llf'.' ' 

Reviewing Concepts 
1. Under what conditions can chemical 

properties be observed? 
2. List three common types of evidence for a 

chemical change. 
3. How do chemical changes differ from 

physical changes? 
4. Explain why the rusting of an iron bar 

decreases the strength of the bar. 
5. A pat of butter melts and then burns in a hot 

frying pan. Which of these changes is physical 
and which is chemical? 

Critical Thinking 
6. Comparing and Contrasting Compare 

the properties of a raw egg to those of a 
hard-boiled egg. 
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7. Classifying If you spi ll household bleach on 
denim jeans, you will observe that the area of 
the spill no longer has a blue color. Is this 
change chemical or physical? Give a reason for 
your answer. 

8. Inferring Gold and platinum are often used 
to make jewelry. What can you infer about the 
reactivity of these elements? 

Scientific Methods Section 1.2 listed 
typical steps scientists use. Which steps 
might you use to decide whether a change 
is physical or chemical? Explain. 



CHAPTER 

2 Assessment 
Reviewing Content 

Choose the letter that best answers the question or 
completes the statement. 

1. Which of these substances is not an element? 
a. water b. hydrogen 
c. aluminum d. iron 

2. Tap water is 
a. an element. 
c. a substance. 

b. a compound. 
d. a mixture. 

3. When a homemade oil-and-vinegar salad 
dressing is left standing, it separates into layers. 
The salad dressing is a 

a. solution. b. suspension. 
c. colloid . d. compound. 

4. Which of the following is not an example of a 
physical property? 

a. density 
c. hardness 

b. flammability 
d. melting point 

5. Which material is a poor conductor of heat? 
a. iron b. silver 
c. wood d. copper 

6. A material that can be hit without shattering is 
a. viscous. b. flammable. 
c. malleable. d. hard. 

7. At room temperature, a substance with a melting 
point of 40°C is a 

a. solid . 
c. gas. 

b. liquid. 
d. mixture. 

8. Which action involves a chemical change? 
a. making ice cubes 
b. adding sugar to tea 
c. cutting wrapping paper 
d. baking a cake 

9. A substance that has little tendency to change 
into other substances is said to have low 

a. reactivity. b. density. 
c. viscosity. d. conductivity. 

10. Formation of a precipitate is usually evidence of 
a. the separation of a mixture. 
b. a chemical change. 
c. the formation of a mixture. 
d. a physical change. 

Interactive Textbook with __ -~~ l 
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Understanding Concepts 
11 . Explain why the properties of a pure substance 

do not vary from sample to sample. 

12. What is the difference between an element and 
a compound? 

13. How does the composition of a mixture of 
hydrogen and oxygen differ from t_h~ 
composition of a compound containing 
hydrogen and oxygen? 

14. Suppose all the grains in a sample of sand _were 
exactly the same size. Could the sample still be 
a heterogeneous mixture? Explain your answer. 

15. What allows a mixture to be separated 
by filtration? 

16. Explain why viscosity is classified as a 
physical property. 

17. Based on these pieces of pottery found in Grand 
Canyon National Park, would you describe 
pottery as a malleable or brittle material? 

18. A sample of copper can be drawn into a thin 
wire. Is this property of copper a physical 
property or a chemical property? Explain. 

19. Name one physical property and one chemical 
property of wood. 

20. Why is breaking down a compound into its 
elements considered a chemical change? 

21. List one physical change and one chemical 
change that occur when a candle burns. 

22. Suppose you need to identify the material in an 
object without changing the object in any way. 
Should you use physical or chemical properties 
to identify the material? Explain your choice. 
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