2.] Properties of Matter

Q: Why are windows made of glass? You look through windows every
day at home or at school. Most windows arc made of glass. Glass is
transparcnt, meaning you can scc through it. Glass is smooth and hard.

It is also casy to shatter. ‘Iransparency, smoothness, and hardness are
propertics of glass. In this lesson, you will learn how propertics can be

used to classify and identify matter.

Describing Matter

Key Questions

W,lydoa'sampbsd What propertics do you observe when you examine matter? Is a solid

a substance have the same hard or soft? Is a liquid clear or doudy? Does a gas have an odor or not?

intensive properties? ‘The propertics used to describe matter can be dassified as cither

What are three stafes extensive or intensive propertics.

of matter? Extensive Properties Matter is anything that has mass and takes up

Hawcmphysnoldmngos spacc. Mass is a measurc of the amount of matter in an object. The
classified ?

mass the amount of matter in
an object

watering can in the picture below has more matter than the soda can
docs. So the mass of the watering can is greater than the mass of the soda
can. The volume of an object is a measure of the space the object takes
up. The watering can takes up more space than the soda can does. So the
watcring can has a greater volume. Mass and volume are both examples

of extensive propertics. An extensive property is a property that
depends on the amount of matter in a sample.

niensive s The watering can and the can arc o
volume the amount of space ! ive Properties ‘Th ng d the soda made of
an object fokes up diffcrent materials. The soda can is mostly aluminum. The watering can
5 is mostly copper. Each of these materials has different propertics.
.mmvt.h:ml | (:m the Aluminum is silver in color. Copper is reddish-yellow. Color is an
mll nt,of matter cxample of an intensive property. An intensive property is a property
2 = that depends on the type of matter in a sample. An intensive property
mﬁhat dsaon e does not depend on the amount of matter in the sample.
type of matter, not the amount
‘RELATED WORD
FORMS oy
The word exfent means Intensive Properties
“a range.” You can think of The soda can and
extensive properties as havi watering can have
a range of values that d extensive properties that
on the amount of maffer. include mass and volume.
. - Their infensive rlies

indude color, hardness,

and shininess.




Identifying a Substance The soda can and the watering can have different
chemical makeups, or compaositions. Matter that has a uniform and definite
composition is called a substance. Aluminum and copper are cxamples of

substances. Substances are sometimes called pure substances. Every sample of subsioncs matier that has o

a substance has the same intensive propertics. For cxample, a copper watcering uniform and definite

can has the same intensive propertics as a picce of copper wire. composition

Aluminum and copper share some propertics. They arc both malleable, which ical property o property

micans they can be hammered into sheets without breaking, They are also both at can be chserved ar

shiny. Aluminum and copper have some different properties. They are ﬁs_urel;i{ ‘ﬁ"ﬁ*ﬁd‘ﬂnﬂ'"ﬂ the

different in color. Pure copper is harder than pure alominum. Copper isa bty sunshance

better conductor of heat and electricity than aluminum. Malleability, ‘WGRD ORIGINS _

shininess, color, hardness, and conductivity are physical propertics. The word subsfance comes

A phiysical property is a quality or condition of a substance that can be from a Lafin word that means

observed or measured without changing the substances composition. :rr"nuud.’r?i;d.' A 51.|:||5h:|nn:e is
material.

The table below lists some physical propertics for a few substances. The table
shows the state of cach substance at room temperature, the color of each
substance, and the melting and boiling points. Physical propertics can help
you to identify substances. Notice that water is a colorless liquid at room
temperature that boils at 1007 and melts at 0°C. Could a liquid that boils at
78°C and mclts at —117°C be water? Mo, it has different propertics from water.
According to the table, this substance is ethanol.

Key Queshion Why do all samples of a substance have the same
intcnsive propertics? Every sample of a given substance has identical
intensive properties because every sample has the same composition.

Identifying Substances This fable shows properfies that can

be used to help identify substances.

Go to your Chemistry Skills and Math Workbook fo practice
ing fables.

In

...... U
Substance State  Color Meling | Boiling
| poin (€] | point [
Meon Gas | Coloress 249 245
Onxygen Gas | Colorless | 218 | 183
Chlorine Gas  Greenishyellow 101 34
Ethanol | Liquid _ Colorless | 117 _ 78
Mercury liquid = Silvery-white 0 357
Bromine Lliquid = Reddish-brown 7 59
Water liquid | Colorless | o | 100
Subfur Solid | Yellow | 115 | 445
Alurminum Solid  Silver &40 2519
Sodium chloride  Solid ~ White | B0l 1413
Gold Solid  Yellow 1064 2855
Copper Solid | Reddishyellow | 1084 | 2562




solid matter that has o definite
shupe and volume

krﬂ matter that has a definite
volume but not a definite ihupa

matter that does not have a
inite shope or volume

vapor the gaseous sfofe afa
substance that is a ||'1:|ui|:| or solid
at room femperature

ical change o change
in the properfies of a substance
that deoes nat -:hunga the

compaosition of the substance
I‘-M.LII.TIF'I.E MEAMNINGS

In chemistry, the word siate refers
to the form of matter. In

States of Matter

What words can you use to describe water? Yoo might use ice, water, and
steam. These words describe three different physical states of water. loc

is solid watcr. Water that flows and fecls wet is a liquid. Stcam is
vaporized water. It is produced when water boils. Like water, most
substances can be in three states. ‘These three states of matter have
certain characteristics. ‘The figure to the right shows a model of cach
state of matter.

Solids A solid is a form of matter that has a definite shape and volume.
Its shape does not depend on the shape of its container. The particles in
a solid are packed together tightly, often in an orderly way. As a resalt,
solids are almost incompressible. They cannot be casily squecsed into a
smaller volume. Solids also cxpand only slightly when heated.

Liquids The partides in a liquid arc in close contact with onc another.
However, they are not held together in a rigid or orderly way. Particles in
a liquid flow from one place to another: This is why a liquid takes the
shape of its container. The volume of the liquid does not change as its
shape changes. A liquid isa form of matter that has a definite volume

life, you by think of a shate but not a definite shape. Liquids are almost incompressible. Most liquids
as one of the areas that make vp cxpand slightly when heated.
the United States.

" Gases Like a liquid, a gas takes the shape of its container. However, a
gas can cxpand to fill any volume. A gas is a form of matter that docs
not have a definite shape or volume. The particles in a gas arc often
much farther apart than the particles in a liquid. Because of the space
between particles, gases are casily compressed into a smaller volume.
The table below compares the three states of matter.

The word vapor is somctimes used to mean gas. But these two words
have different meanings. The term gas s used for substances like ocygen
that cxist in the gascous state at room temperature. (Ciascous is the
adjective form of gas.) Vapor describes the gascous state of a substance
that is usually a solid or a liquid at room temperature, like water vapor.
Key Question What are three states of matter? Three states of
matter are solid, liquid, and gas.
Properties of Solids, Liquids, and Gases
Fixed shope Yes Mo Mo
Fixed volume Yes Yes Mo
Spoce between particles Touching | Small Large
Partide movement Fixed Flowing Free
o malter
I anfing. Compressible Mo Mo | Yes
Expands when heated Slightly Slightly Yes




Solid Particles are packed
closely er so that they
form a mﬁe shape.

Liquid Particles are close

together, but they can flow
freely past one another.

Physical Changes
‘T'he state of ice changes when ice melts, but ice and water are the same
substance. Mclting is a physical change. A physical change  alters some

propertics of a material, but it docs not change the composition of
the material.

Physical changes can be classified as reversible or irreversible. Words
such as frecze, melt, and condense are used to describe reversible
physical changes. If you cool liquid water below its melting point, it will
turn into ice. If you warm the ice above its melting point, it will change
back into a liquid. Changes of state are physical changes that are
reversible. Words such as tear, break, cut, and crush describe
irreversible physical changes. When you break an egg or a window, you
can't put it back together.

Gas Particles are far apart
and can move freely.

8 l-\n

conﬂ‘ _. 1S

'veproblﬁseen r breath
Quupawi ield. this can
happen easily if it's cold outside.
Water vapor in
condenses and changes fo water
droplets. If the air inside the car is
warm, the droplets quickly change
back fo water vapor.

=8 Key Question How can physical changes be classified? They

can be classified as reversible or irreversible.

‘ 2,] LessonCheck

Key Concept Check

CHEMISTRY .. YOU )

1. (58 Review Explain why all samples of a given
substance have the same intensive propertics.

2, (=3 ldentify Mame three states of matter.

3. (23 Deseribe Diescribe the two categories nsed
to classify physical changes.

Think Crifically

4. Compare and Confrast In what way arc liquids
and gases alike? In what way are liquids and solids
different from one another?

3. Cilass is used to make windows. Copper is used to
make clectrical wires. What properties of glass
make it uscful for windows? Why wouldn't you use
copper to make windows? (Hint: Sec page 29.)

BIGIDEA

CHEMISTRY AS THE CENTRAL SCIEMNCE

6. How is understanding the propertics of
helpful in ficlds other than chemistry?

Matier and Change 31




2.2 Mixtures

Q: Why aren't there coffee grounds in a cup of coffee? Coffec is
often brewed by mixing hot water with ground coffee beans. But
how are grounds kept out of a coffee cup? In this lesson, you will
learn how to classify and scparate mixtures.

Classifying Mixtures

Key Questions You can find lettuce, tomatocs, cheese, green peppers, and many
.Howcannmos other items at a salad bar like the one below. You can choose which
foods you want in your salad and how much of cach food to add.
When complete, your salad mixture will probably have several
diffcrent types and amounts of food. A mixture  isa physical blend
of two or more components, or parts.

Mast types of matter that you see are mixtures. Some mixtures are

casier to recognize than others. It is casy to sce that chicken noodle
soup is a mixture of chicken, noodles, and broth. It is harder to sce

wiidure : that air is a mixturc of gases. Chicken noodle soup and air

PG:PhYSICd Hanc ofiwa or represent two different types of mixtures—heterogencous mixtures
and homogencous mixtures.

heterogeneous mixture o mixture

that has a composition that is Heterogeneous Mixtures The ingredicnts in the chicken noodle

not uniform soup are not cvenly distributed throughout the mixture. There are

mixture a mixture usually different amounts of chicken and noodles in cach spoonful.

that has a uniform composition A mixture that docs not have a uniform composition throughout is

solution o homogeneous mixture a heterogeneous mixture.

ﬂluu the ofoso with a

uniform port = Salads Are Mixtures You can choose the amount of each item you

‘PREFIXES want from a salod bar. Your salad is unlikely to have the same

composifion as other salads conlaining the same items.

The prefix hetero- means “different.”

| fm.d a s mixture
is di er part of the
mixture. The preﬁx homeo- means “the

same.” Eve of a homogeneous
mixture is I'Z E;“me as every other
part of the mixture.




Olive oil

Olive oil and vinegar

Two Types of Mixtures
Olive oil and vinegar are
s mixtures. Mixing
olive oil and vinegar forms a
neous mixiure with fwo

—— > distinct phases.

s Mixtures The olive oil in the figure above does not look
like a mixture, but it is. It is made of substances that are cvenly spread
throughout the mixture. The same is truc for the vinegar. Olive oil and
vinegar are homogencous mixtures. A homogeneous mixture is a mixture
that has a uniform composition throughout. Another name fora
homogencous mixture is a solution. Many solutions are liquids. Some are
gases, like air. Others are solids, like stecl.

‘The term phase is used to describe any part of a sample with uniform

composition and propertics. A homogencous mixture has a single phasc.
A heterogencous mixture has at least two phases. Each layer in the
heterogencous oil and vinegar mixture is a phase.

Key Question How can mixtures be classified ? Mixtures can be
classified as heterogeneous mixtures or as homogeneous mixtures
based on the distribution of their components.

filkration o process that

separates a solid from a |i-:|ui-::|
ina halemgalua-uus mixture
distillation a process that
separates a liquid from a
mixture by boiling
$worp oriGINS

The word distill comes from the
Lafin word distiflare, meaning
“io trickle down in small drops.”

- L
Separahng Mixtures
You can use a fork to remove the parts you do not like in a salad. Many
mixturcs anc not as casy to Consider a mixture of oil and vinegar.
You might have noticed that oil fleats on vinegar. To scparate this mixture, you
can carcfully pour off the oil layer. You can also scparate the parts by cooling
the mixture. Since oil and vinegar freeze at difierent temperatures, you can
remawve the frozen part from the guid part.

Filtration A coffee filter separates ground coffec beans from brewed coffiec.
The liquid coffec passes through the paper filter. The solid coffee grounds stay
in the filter becanse they are too big to pass through. The filter paper used to
scparate mixtures in laboratorics is like a coffec filter. A mixture is poured into
a funncl lined with filter paper. Solid particles that are too big to go through
the filter stay in the funnel. The liquid passes through the filter paper. The
process that scparates a solid from a liquid in a heterogeneous mixture is
called filtration.

Distillation ‘lap water is a homogeneous mixture of water and dissobved
substances. Distillation is onc way to the water from these other
substances. During a distillation, a liquid is boiled to produce a vapor that is
then condensed back into a liquid. The figure below shows a distillation. Tap
water is heated to make water vapor. Pure water is collected at the end. The
substances dissobved in tap water have much higher boiling points than the
watcr itsclf ‘These substances are left behind in the distillation flask.



3= Key Question How can mixtures be scparated ? Differences in
physical properties can be used to separate mixtures.

nes Cold water

o { cotmced snine.

i
MINE, -5 ), gt

-

- snese

+—————Receiver

N e

m .
Distilled
water

@ The flask is heated. © Steam rises out of the flask © The steam condenses on
Liquid water changes info and flows info a glass fube in the the inside of the glass fube.
water vapor. The other oondmseerdwubnspl This liquid water drips info the
substances in the fap water into the condenser around receiver flask. The water is
stay in the flask. tube fo cool the steam. now distilled.

Sample Problem 2.1

Separating a Heterogeneous Mixture

How could a mixture of aluminum nails and iron nails be separated?

'ﬁl‘ﬂﬂa ldentify the relevant concepts. You need to know propertics of both
aluminum and iron to find a way to scparate the nails.

@ Solve Apply concepts to this situation.

[mhm of each m-..)
the: mixture.

Alurrinem Iron

= metal * s bl

= gray color = gray color

» doesn't dissohe inwatar = doesn't dissolve in water
= hot attractsd to maghet = attracted to maghet

Iron is attractsd to a magnet. Aluminum is not attracted to a

magnet. fou could use a magnet to remove The iren nails from a
mixturs of iren and aluminwm.

Practice Problem

7. Air is mainly a mixture of nitrogen and oxygen, with small
amounts of other gasces such as argon and carbon dioxide.
What property could you use to scparate the gases in air?



22 LessonCheck

Key Concept Check Think Crifically
8. (3 Identify How arc mixturcs 11. Compare and Contrast How arc a substance and a
classified? solution similar? How are they different?
9, (3 List What type of propertics can ' CHEMIS] "m
be used to scparate mixtures? o<t
) 12. What process is used to separate ground coffee beans
Vocabulary Check Choose a highlighted from brewed coffee? (Hint: Sec page 34.)

word from the lesson to complete the sentence

correctly.

10. A mixturc with an uneven distribution

of parts is a(n)

BIGIDEA CHEMISTRY AS THE CENTRAL SCIENCE

13. Give three examples of mixtures you have separated at
home and explain how you separated them.

Matter and Change 35

23 _E|emen’rs and Compounds

Key Questions
(& How are elements and
compounds different ?

(= How can substances and
mixtures be distinguished ?

element the simplest form of

matter that has a unique set of
properties

compound osubstonoeﬂ\cl

confains fwo or more

that are chemically oombmed

chemical change o ch
that results in a substonc:,vg:h
a different composition

Q: Why does burned toast taste so bad? Bread that is toasted to a nice
golden brown color can be a tasty part of breakfast. But most people
would agrece that bread that is burned and black tastes bad. There is a fine
line between toasting or grilling food and burning it. Adding intensc heat
causcs some compounds in foods to break down to their simpler
chemical building blocks.

Distinguishing
Elements and Compounds

Substances can be classified as clements or compounds. Anelement is
the simplest form of matter that has a unique sct of properties. Oxygen
and hydrogen are two of more than 100 known clements. Elements
cannot be broken down into simpler substances. Compounds, however,
can be broken down into simpler substances.

Compounds A compound is a substance that contains two or more
clements that are chemically combined. The elements in a compound are
combined in a fixed proportion. Onc example of a compound is sucrose,
or table sugar. Carbon, oxygen, and hydrogen are chemically combined in
table sugar. Every sample of table sugar contains twice as much hydrogen
as oxygen. This means that the proportion of hydrogen to oxygen is fixed.

Chemical Change Physical methods cannot break compounds into
simpler substances. For example, the act of boiling water cannot break the
water into oxygen and hydrogen. Physical methods cannot causc a
chemical change. A chemical change is a change that produces matter
with a different composition than that of the original matter.

Chemical Change



‘MULTIPLE MEANINGS

fory it gkt

P i, bl 03
oo vordnade
e, e
more elements.

@ Adding too much heat fo
table sugar causes a chemical

change.

When a compound breaks into simpler substances, a chemical
change takes place. Heating can break down some compounds
into simpler substances. The pictures on the previous page
show how you can heat a kayer of sugar in a pan until the sugar
breaks down into solid carbon, carbon dioodde, and water
vapar. Can these now substances also be broken down?

{arbon cannot break down any further because it is an
clement. Heat will not cause water to break down, but
clectricity will. When clectricity passes through water, oxygen
and hydrogen are produced.

Properties of Compounds 'The propertics of a compound
arc often very different from those of the clements that make it
up. For cxample, sugar is a sweet-tasting white solid made of
carhon, hydrogen, and oxcypen. Carbon is a black solid that has
no taste. Hydrogen is a gas that burns in the presence of
oocygren. {nacygen is a colorless gas that you breathe. The figure
below shows some propertics of the clements sodium and
chlorine. You would not want to handle cither clement. Sodiom
is a soft, gray metal that reacts violently with water. Chlorine is
a pale, yellow-green, poisonous gas. However, when combined,
these clements make table salt, a white solid you can cat.

Key Question How are clements and compounds
different ¥ Compounds can be broken down into simpler
substances by chemical means, but elements cammat.

Comparing Properties of Elements and Compounds

© The table sugar reacts with
oxygen in air to form carbon
dioxide, water, and solid carbon.

Understanding

TChart Make a T-chart for
elements and compounds. In the
left column, write Elements. In the
right column, write Compounds.
U?e this chart o compare thesa
bwo classes of substances.

The vapor of this element produces This element can be used fo kill harmful
the light in some sireet lamps. organisms in swimming pools.

This compound is used to season
and preserve food.



Distinguishing Substances and Mixtures

Can you tell if a sample of matter is a substance or a mixture based only on
how it looks? That could be difficult. After all, homogeneous mixtures and
subatances both appear to be made of only one kind of matter. Sometimes you
can decide by thinking about whether there is more than one kind of the
material in question. For example, you can buy whole milk, low fat milk,

skim milk, light cream, or heavy cream. You could conclude that milk and
cream are mixtures becanse there are many different kinds. You might infer

that these mixtures are different bocause they contain different amounts of fat.

You can use the general characteristics of substances and mixtures to tell
them apart. The flowchart below shows how to tell if matter is an dement,

compound, or mixture.

Key Queshion How can substances and mixtures be distinguished 7
If the composition of a material is fixed, the material is a substance.

If the composition of a material may vary, the material is a mixture.

you can decide whether
matter is an element,
compound, or mixiure.

Heterogeneous
mixture

Noauniform;
distinct phases




Sample Problem2.2

Classifying Materials
When a blue-groen solid is heated, a colorless gas and a black solid form.

All three materials are substances. 1s it possible to dassify these substances
as clements or compounds?

D Andlyze Identify the relevant concepts. A compound can be
broken down into simpler substances by a chemical change, but an
clement cannot. Heating can canse a chemical change.

@ Solve Apply concepts to this situation.

[ldh-hmnfndsnﬂ ] AL colid is heated
smporiont concepls. = & colorless gas and a black solid appear.
Determine if the substonces are

Blug-green solid: Two substances wers produced by heating one
[m"ﬂm“l’* substance. It is likely the blus-green solid was broksn down.

It i= a compound.

Colorless gas and black solid: They could be slements or
compounds. Mors tests are nesded.

Practice Problems

14, Liguid & and Liguid B are clear liquids. They are

—

placed in open containers and are allowed to —

L o ———
evaporate. When evaporation is complete, there | H'I"t‘: Evaporation is 5 ]
is a white solid in Container B. There is no solid Physically Mpam”"gm:f
in Container A. What can you infer about the —— o

twer liguids?

15. A clear liquid in an open container is allowed to
evaporate. After three days, a solid is left in the
conibaiver. Was the clear liquid an element, a
compound, or a mixture? How do you know?




Symbols and Formulas

The names water and table salt do not tell you anything about the chemical
compasition of these substances. Words are not the best way to show what
happens to matter during a chemical change. Chemists use chemical symbaols
to show the dements that make up matter.

People have used symbols to represent different kinds of matter for thousands
of years. Today, cach clement has a chemical symbol that is made of one or
two letters. The first letter of a chemical symbaol is abways capitalized. If there is
a sccond letter, it is lowercase. Jons Jacob Bersclins (1779-1848) thought of
using letters from the Latin names of clements as symbals. The table below
shows some symbaols that do not match the English names of the dements.

Symbols and Lotin Names for Some Elements

Sodium Ma natrium
Pofassium . K kalium
Anftimony Sk shibium
Copper . Cu cuprum
Gold . Au aurum
Silver _ Ag argenium
Iron Fe | fomum
Lead _ Pb plumbum
Tin an stgnnum

Chemical symbols are a quick way to write the chemical formulas of
compounds. The symbals for carbon and hydrogen are CC and H. The symbal
for axygen is () The formula shown below is for sucrose, or table sugar. The
subscripts tell you how many atoms of cach type of clement are in cach unit of
the compound. The formula for a given compound is always the same.

r 5 1
.

-
, H, and O are symbels The subscripts 12, 22, and 11
for carbon, hydrogen, tell you how many atoms of each
and oxygen. k_el-emenl are In the compound.

Key Question What do chemists use to represent clements and
compounds? Chemists use chemical symbols to represent elements and
chemical formulas to represent compounds.



The Periodic Table—A Preview

All the known clements are organized in a spedial table called
the perindic table. A perindic table  is an arranpement of
clements in which the clements are placed into groups based on
their propertics. You can use the periodic table to compare the
propertics of clements.

The figure below shows the modern periodic table. The symbal
for cach clement is placed in a square. The atomic number for
cach clement is placed at the top of cach square. You can find
that number ahove the symbaol. The clements are listed in order
of their atomic number. You can sec that these numbers increase
from left to right across a nowe They also increase from the top to
the bottom of a column. You will learn more about atomic
numbers in Chapter 4. Hydrogen (H) has an atomic nomber of
1. This clement is at the top left corner of the table. Helium (He)
has an atomic number of 2 It is at the top right. You can use the
atomic number or symbaol to find any dement in the table.

Elements are organized into periods and groups in the periodic
table. Each row is a period. Each column is a group. Periods are
numbered 1-7. Groups are numbcered 1A-8A or 18-85,

The Periodic Table Elements are arranged by
atomic number in the periodic fable.

Hydrogen
14 Symbol: H
;X Alomic numbear: 1
H A
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chemical

periodic table an organized grouping

af the elements

‘ USING PRIOR KNOWLEDGE

You have pn:nb-::H}r heard the words
chemical and symbol wsed

The word chemica

one or two leffers
used to represent an element

separately.
| is used to refer o
substances. The ward symbal is used fo

refer bo something that
something else. A chemical symbal is cne

or two leffers that represent an element.
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Fﬂ'icd a row in the periodic fable
group a column in the periodic table

% MULTIPLE MEANINGS

You probably think of a period as the
amcunt of fime you have to spend in

dass. It can mean “o block of fime.”

In chmisfr:,r, p&ri-::d refers fo rows in
the pariudic table. These rows have

repeating, or pericdic, properties.

‘ 23 LessonCheck

Key Concept Check

'Iﬁ.ﬂ:ﬂ'.q:l'a How is a compound
different from an element?

17. £33 Compare How can you distinguish a
substance from a mixture?

18. (3 Identity What arc chemical symbols
and chemical formulas used for?

19. (3 Explain What makes the periodic
table such a useful tool?

Vocabulary Check Choose a highlighted word
[rom the lesson o complete the semtence correcily.

20. Afn)— can be broken down into
simpler substances.

21. Each column of the periodic table is called
alm)

Periods and Groups in the Periodic Table
Each row of the pericdic table is called a period.
Each column is called a group.

= =
Group Period —| [ N
1

Penods Each row of the periodic table is called a period.
The propertics of the dlements change as you move across
cach period.

Groups Each column of the perindic table is called a group.
or family. Elements in the same group have similar chemical and
physical propertics. You will learn more about trends in the
perindic table in Chapter 6.

Key Question Why is the periodic table uscful ? The
periodic table allows you to compare the properties of one
element {or group of elements) to another element (or group
of elements).

Think 'I:ri'l'iﬂ:lly

22. Uassify Classify cach of the following as an element,
compound, or mixture.
a. tahle sugar b. tap water

23. Mentify Write the chemical symbaol for cach of the
following clements:

24. dentify Name two clements that have propertics
similar to those of the clement calciom (Ca).

:- = .'I j&ll‘li

25. ‘l'lrhatlmwm;amﬂ:tmnpnurdsinhmﬂwﬁnitia
overconked? Why docs this change the taste of the
bread? (Hint: Sec page 37.)




2.4 Chemical Reactions

Q: What happened to the match? Matches arc often used to light
candles on a birthday cake. A match is lit at the tip, and the fire burns
down the match. A lit match is different from an unlit match. In this
lesson, you will lcarn whether burning a match is a chemical change or
a physical change.

Chemical Changes

Key Questions Iron forms a new substance when it rusts. That substance is iron oxide,
What always happens or Fe,0,. You have heard words such as rust, burn, rot, bubble, and
during a chemical change? explode. ‘These words often mean that a chemical change is happening.
= What are four possible ‘The ability of a substance to undergo a specific chemical change is

clves that a chemical change has calleda chemical property.  For example, when iron comes in contact
taken place? with oxygen, a chemical reaction occurs that forms rust. The ability to
How are the mass of form rust is a chemical property of iron. Chemical properties can be

the reactants and the mass used to identify a substance. But chemical propertics can be observed

of the products of a chemical only when a chemical change happens.

reaction related ?

Physical Versus Chemical Changes ‘The figurc below compares a
physical change and a chemical change. Breaking charcoal into smaller
picces is a physical change. ‘The smaller picces of charcoal are made of
the same substances as the larger picces. The compeosition of matter

. during a physical change. ‘The composition of matter

i I bhe never changes ng, : g :

ability of opsm o always changes during a chemical change. A chemical change happens
undergo a chemical change when the charcoal is heated and burned. The substances in the charcoal
‘ SING o react with oxygen in the air to form other substances.

USING PRIOR

‘US'NG mlon LAl Wi \JA’&‘II BA0 LA GER AT AR VRAILE DUASDLARIALD.

KNOWLEDGE

Properties describe the

cl;‘orod(ejis'ics of mois:scolsbe

Chemical properfies descri

the chemical characteristics

of substances.

‘@) Learn more about \ Physical Change Breaking Chemical Change Burning
'y chemicol changes online. charcoal into smaller pieces is charcoal is a chemical change.

a physical change.



Chemical Reaction
Salid sibver chloride forms when

YOU mix solufions of silver nitrate
and sodivm chlaride.

Transfer of
Energy fransferred from burning fuel causes
these eggs to undergo a chemical change.

Chemical Reactions A chemical change is also called a
chemical reaction. One or more substances change into onc or
mare new substances during a chemical reaction. A substance
that is present at the start of the reaction is called a reactant.
Reactants change during the reaction. A substance that is
produced during the reaction is called a product. ‘The figure to
the left shows a chemical reaction. A white solid forms when two
clear liguids are mixed together. The liguids are solutions of silver
nitrate and sodium chloride. These are the reactants. The solid is
silver chloride. It is a product of the reaction.

Key Quesfion What always happens during a chemical
change? The composition of matter always changes.

Recognizing Chemical Changes

How can you tell whether a chemical change has taken place?
There are four clues that can serve as a guide. These clues indude
a transfer of energy. a change in color, the formation of a
precipitate, or the production of a gas.

Energy Transfer Every chemical change involves a transfer of
encrgy. Think of what happens when you cook food. Encrgy
stored in fuel is used to cook the food. The fuel chemically
combincs with oxygen in the air when the burner is lit. 'This
reaction gives off cnergy as heat and light, as shown in the figure
below: The food absorbs some of the heat. The energy causes
chemical changes to take place in the food.




Signs of a Chemical Change

Change Formation of a Precipitate
A fest sirip is dipped in a solution. A reaction during cheese maki
The color change is used to causes milk fo separate info soll;g

determine if the solufion is acidic. curds and liquid whey.

Color Change Food may change color and brown as it cooks. A color
change is another sign that chemical changes are happening. ‘The above
left figure shows a color change. A substance on the paper changes
from blue to red when it is placed in the solution. It reacts with the acid
im the solution.

Formation of a Pratipih‘h You can soc other clues of a chemical
change when you dean a bathtub. The ring of soap scum that forms in
a hathtuh is a precipitate. A precipitate is a solid that forms when teo
liquids react. "The above center figure shows a procipitate that forms
when checse is made.

Production of a Gas You can also sec another clue when YOI USC &
hathroom cleaner to remove soap soum. Many cleaners start to bubble
when you spray them on the scum. The bubbles are produced becanse a
gas is released by the chemical change that is happening. The above
right figure of the antacid tablets also shows a reaction that forms a gas.

You need to be carcful when you sec cues of a chemical change. Just
because you sec one of the dues docs not mean that a chemical change
has taken place. The due may be the result of a physical change. For
cxample, cnergy is transferred when matter changes state. Bubbles form
when you boil water or open a soda bottle. 'The onby way to be sure that
a chemical change has happened is to test the composition of a sample
hefore and after the change.

Key Question What are four clues that a chemical change has
taken place? Clues to a chemical change include a transfer of
energy. a change in color, the formation of a precipitate, or the
production of a gas.

Production of a Gas

Bubbles of carbon dioxide gas
form when antacid tablets are

dropped info a glass of water.

chemical reaction when one or
more substances change into one

ar mare new substances

reaclant o substance present at
the start of a readion

F‘Iﬂl:l a subsionce plu:hl:ﬂd
during a readicn

PﬂﬂFiﬂ* a solid that forms
when two liquids react

% roOT WORDS

The root word in readianf is reoct
To react means o undergo a
dmg&.'hre-uch:n’riiim
substance that changes during a

chemical readion.




Conservation of Mass

When wood burns, substances in the wood combine with oxygen from the
air. You can scc the ash pile that forms during this reaction, and it scems
smaller than the wood. ‘The reaction seems to reduce the amount of matter. It
actually does not. You cannot sec the carbon dioxide and water vapor that are

luw of conservation of
mass states that matter is
conserved in any physical or

chemical change rclcased into the air when wood burns. 'The mass of these gases plus the mass
of the ashes is the same as the mass of the wood and oxygen. In other words,

‘ ROOT WORDS . - the total mass of the products is always the same as the total mass of the

The root word in conservation reactants. ‘The law of conservation of mass states that mass is conserved in

is conserve. The verb conserve any physical change or chemical change. So mass is neither created nor

means 1o stayfcons&ont. So destroyed. 'The photos below show how conservation of mass can be

:ﬁ:’ﬁm; Zlar;swzson":et::ts observed for chemical changes in a closed container.

or the same.

Key Quesfion How arc the mass of the rcactants and the mass of the
products of a chemical reaction related? During any chemical reaction,
the mass of the products is always equal to the mass of the reactants.

Conservation of Mass During a Chemical Reaction

@ The mass of the reactants O Mass does not change when

is measured. products form.
a 2.4 |cssonCheck

Key Concept Check Think Critically

26. -Eq?l.um How docs a chemical change affect the 30. Classify Classify the following changes as
compaosition of matter? physical or chemical changes.

7. List Mame four possible chues that a chemical a. Water boils. b, A metal rusts.

change has taken place. 31. Explain When is mass conserved according

28, Compare In a chemical reaction, how docs the to the law of conservation of mass?

mass of the reactants compare with the mass of the

products? —&_ T

Vocabulary Check Choose a highlighted word from the 32. Are the changes that happen to a burning
lessom fo complete (he sentence correctly match chemical or physical changes? How

29. Aln) forms during a chemical reaction. do you know? (Hint: Sec page 44.)

- =l _ -~
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BIGIDEA
CHEMISTRY AS THE CENTRAL SCIENCE

Physical and chemical properties are used to describe
matter. Physical properties indude melting point and
boiling point. Chemical properties include the ability
to burn or rust. Matter may be made of elements or
compounds. Elements and compounds ate pure
substances but can be physically combined to make
heterogeneous or homogeneous mixtures. These
different forms of matter may undergo physical or

chemical changes. 4/

-

Every sample of a given substance bas identical
intensive properties because every sample has the

same composition.
Three states of matter are solid, liquid, and gas.
Physical changes can be classified as reversible

or irreversible.

«mass (28) «solid [30)

*volume [28) «liquid [30)

= extensive property (28]  -gas [30)

*infensive property {78) *vapor (30}

« substance [29) «physical change (31}

* physical property (29

2.2 Mixiures

(== Mixiures can be classified as heterogenesus

mixiures or as homogeneous mixtures based on the
distribution of their components.

(== Differences in physical properties can be used to
separate mixiures.

« mixture [37)

* haterogenecus mixture (37|
« homogenecus mixure [33]
= solufion [33]

« phase [33]

= disfillafion |34)

ATNDOUTNN

Compounds can be broken down into simpler
substances by dhemical means, but elements cannot.
{3 If the composition of 3 material is fixed, the
material is a substance. If the composition may vary,
the material is a mixture.

Chemists use chemical symbols to

represent elements and chemical formulas to
represent compounds.

The periodic table allows you to easily compare
the properties of one element (or group of elements) to
another element (or group of elements).

« element [36)

« compound (34)

« chemical change (36}
« chemical symbol (40}
« periodic able (41]

« period 142)

- group {47)

= il ol Rl

& During a chemical change, the composition of

matler always changes.

Four possilile clues to chemical dange include a
transfer of energy, a change in color, the formation of a
precipitate, or the production of a gas.

Dhuring any chemical reaction, the mass of the
products is always equal to the mass of the reactanis

» chemical property (43|

= chemical reaction [44]

= reaciank |44)

- produd |44)

- precipitale (45|

* low of conservafion of mass [44]







