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o Distinguish b

etween the

physical properties and

chemical prq

perties of matter.

@ Classify changes of matter as
physical or ghemical.

@ Explain the pas, liquid,
and solid states in terms

of particles.

@ Explain how
servation 0

the law of con-
energy applies to

changes ofjmatter.

o Distinguish between a mix-
ture and ajpure substance.

Matter and Its
Properties

L ook around you. You can see a variety of objects—books, desks,
chairs, and perhaps trees or buildings outside. All those things are made
up of matter, but exactly what is matter? What characteristics, or prop-
erties, make matter what it is? In this section, you will learn the answers
to these questions.

Explaining what matter is involves finding properties that all matter
has in common. That may seem difficult, given that matter takes so
many different forms. For the moment, just consider one example of
matter—a rock. The first thing you might notice is that the rock takes
up space. In other words, it has volume. Volume is the amount of three-
dimensional space an object occupies. All matter has volume. All mat-
ter also has a property called mass. Mass is a measure of the amount of
matter. Mass is the measurement you make using a balance. Matter can
thus be defined as anything that has mass and takes up space.These two
properties are the general properties of all matter.

\_Basic Building Blocks of Matter

Matter comes in many forms. The fundamental building blocks of mat-
ter are atoms and molecules. These particles make up elements and
compounds. An atom is the smallest unit of an element that maintains the
chemical identity of that element. An element is a pure substance that
cannot be broken down into simpler, stable substances and is made of
one type of atom. Carbon is an element and contains one kind of atom.

Hydrogen atom\

Oxygen atom Carbon atom

(b)

‘ FIGURE 3 Both elements and compounds are made of atoms, as shown in

these models of (a) diamond and (b) sucrose (table sugar).




A compound is a supstance that can be broken down into simple sta-
e substances. Each campound is made from the atoms of two or more
elements that are chemically bonded. Water is an example of a com-
pound. It is made of two elements, hydrogen and oxygen. The atoms of
hydrogen and oxygen gre chemically bonded to form a water molecule.
You will learn more about the particles that make up compounds when
you study chemical bopding in Chapter 6. For now, you can think of a
molecule as the smallegt unit of an element or compound that retains all
of the properties of that element or compound.

LProperties nd Changes in Matter

Every substance, whether it is an element or a compound, has charac-
teristic properties. Chemists use properties to distinguish between sub-
stances and to separate them. Most chemical investigations are related
to or depend on the properties of substances.

A property may be la characteristic that defines an entire set of sub-
stances. That property can be used to classify an unknown substance as
a member of that groyp. For example, many elements are classified as
metals. The distinguishiing property of metals is that they conduct elec-
tricity well. Therefore]if an unknown element is tested and found to

conduct electricity well, it is a metal.

Properties can hely

reveal the identity of an unknown substance.

However, conclusive identification usually cannot be made based on

only one property. C

pmparisons of several properties can be used

together to establish the identity of an unknown. Properties are either

intensive or extensive
matter that is present.
amount of energy in a
depend on the amoun,

Extensive properties depend on the amount of
Such properties include volume, mass, and the
substance. In contrast, intensive properties do not
¥ of matter present. Such properties include the

melting point, boiling point, density, and ability to conduct electricity and

to transfer energy as h|

substance regardless of how much of the substance is present. Properties -

can also be grouped
chemical properties.

Physical Proper
A physical property is
without changing the id
the substance itself, rat
substances. Examples g
point. Those points are

eat. Intensive properties are the same for a given

into two general types: physical properties and

ties and Physical Changes

a characteristic that can be observed or measured
entity of the substance. Physical properties describe
her than describing how it can change into other
f physical properties are melting point and boiling
respectively, the temperature at which a substance

melts from solid to liquid and the temperature at which it boils from lig-

uid to gas. For exampl
32°F). Liquid water bo|

A change in a subst
of the substance is ¢

e, water melts from ice to liquid at 0°C (273 K or
ils to vapor at 100°C (373 K or 212°F).

nnce that does not involve a change in the identity
plled a physical change. Examples of physical

FIGURE 4 Water boils at 100°C
no matter how much water is in the
container. Boiling point is an inten-
sive property.

MATTER AND CHANGE

7




changes include grinding, cutting, melting, and boiling a material. These
types of changes do not change the identity of the substance present.

Melting and boiling are part of an important class of physical
changes called changes of state. As the name suggests, a change of state
is a physical change of a substance from one state to another. The three
common states of matter are solid, liquid, and gas.

Matter in the solid state has definite volume and definite shape. For
example, a piece of quartz or coal keeps its size and its shape, regardless
of the container it is in. Solids have this characteristic because the par-
ticles in them are packed together in relatively fixed positions. The par-
ticles are held close together by the strong attractive forces between
them, and only vibrate about fixed points.

Matter in the liquid state has a definite volume but an indefinite shape;
a liquid assumes the shape of its container. For example, a given quan-
tity of liquid water takes up a definite amount of space, but the water
takes the shape of its container. Liquids have this characteristic because

SC[ the particles in them are close together but can move past one another.
INKS. The particles-in a liquid move more rapidly than those in a solid. This
p q pidly
www.scilinks.org causes them to overcome temporarily the strong attractive forces
Topic: Physiqal/Chemical between them, allowing the liquid to flow.
Changes . . . ,
Code: HC6 11145 Matter in the gas state has neither definite volume nor definite shape.

For example, a given quantity of helium expands to fill any size contain-
er and takes the shape of the container. All gases have this characteristic
because they are composed of particles that move very rapidly and are
at great distances from one another compared with the particles of lig-
uids and solids. At these great distances, the attractive forces between gas
particles have less of an effect than they do at the small distances
between particles of liquids and solids.

An important fourth state of matter is plasma. Plasma is a
high-temperature physical state of matter in which atoms lose
most of their electrons, particles that make up atoms. Plasma is
found in fluorescent bulbs.

Melting, the change from solid to liquid, is an example of
a change of state. Boiling is a change of state from liquid to
gas. Freezing, the opposite of melting, is the change from a
liquid to a solid. A change of state does not affect the identi-
ty of the substance. For example, when ice melts to liquid
water or when liquid water boils to form water vapor, the
same substance, water, is still present, as shown in Figure 6.
The water has simply changed state, but it has not turned into
a different compound. Only the distances and interactions
between the particles that make up water have changed.

Chemical Properties and Chemical Changes
. . o - Physical properties can be observed without changing the

properties, a test strip containing Benedict’s solu- dentity of the subst but rties of the nd t
tion is used toftest for the presence of sugar in 1den 1 y ot the su. stance, but prope l_es second type—
; urine. The tes{ strip is dipped into the sample. The chemical properties—cannot. A chemical property relates to a
test strip is thén matched to a color scale to deter- substance’s ability to undergo changes that transform it into dif-
mine the sugaF level in the urine. ferent substances. Chemical properties are easiest to see when

FIGURE 5 Because it possesses certain chemical
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substances react to form new substances. For example, the ability of

charcoal (carbon) to burn
burns, it combines with oxy

in air is a chemical property. When charcoal
gen in air to become a new substance, carbon

dioxide gas. After the chemical change, the amounts of the original sub-
stanees, emebon and oxygen, are less than before. A different substance
with different properties has been formed. Other examples of chemical
properties include the ability of iron to rust by combining with oxygen in

air and the ability of silver
A change in which one d

to tarnish by combining with sulfur.
r more substances are converted into different

substances is called a chemical change or chemical reaction. The sub-

stances that react in a chem
stances that are formed by 1
the case of burning charcq
combustion, or burning, r¢
chemical change can be de

Carbon plus oxyg,

Arrows and plus signs can
respectively:

carbon +

ical change are called the reactants. The sub-
he chemical change are called the products. In
al, carbon and oxygen are the reactants in a
taction. Carbon dioxide is the product. The
scribed as follows;

en yields (or forms) carbon dioxide.

be substituted for the words yields and plus,

pxygen —> carbon dioxide

FIGURE 6 Models for water
in three states. The molecules are
close together in the solid and liquid
states but far apart in the gas state.
The molecules in the solid state are
relatively fixed in position, but those
in the liquid and gas states can flow

around each other.
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Mercury

Physical properti
liquid metal; in the|
is ductile and mall¢
cut with a knife

es: silver-white,
solid state, mercury
rable and can be

Chemical properties: forms alloys

with most metals ¢
bines readily with
temperatures; reac
and hot sulfuric ac
form mercury(ll) ox

xcept iron; com-
ulfur at normal

s with nitric acid
d: oxidizes to
ide upon heating

0

oxide is heated, it

FIGURE 7 When mercury(Il)

decomposes to

form oxygen gas &nd mercury

(which can be seq

n on the side of

the test tube). Decomposition is a

chemical change

hat can be

observed by comparing the proper-

ties of mercury(1]
and oxygen.
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8 Oxygen
Physical properties: colorless,
odorless gas, soluble in water
Chemical properties: supports
combustion; reacts with many
metals

Mercury(ll) oxide
Physical properties: bright red or
orange-red, odorless crystalline solid,
almost insoluble in water

Chemical properties: decomposes
when exposed to light or at 500°C
to form mercury and oxygen gas

The decomposition of the mercury compound shown in Figure 7 can
be expressed as follows:

mercury(II) oxide —— mercury + oxygen

Chemical changes and reactions, such as combustion and decomposi-
tion, form products whose properties differ greatly from those of the
reactants. However, chemical changes do not affect the total amount of
matter present before and after a reaction. The amount of matter, and
therefore the total mass, remains the same.

Energy and Changes in Matter

When physical or chemical changes occur, energy is always involved.
The energy can take several different forms, such as heat or light.
Sometimes heat provides enough energy to cause a physical change, as
in the melting of ice, and sometimes heat provides enough energy to
cause a chemical change, as in the decomposition of water vapor to
form oxygen gas and hydrogen gas. But the boundary between physical
and chemical changes isn’t always so clear. For example, while most
chemists would consider the dissolving of sucrose in water to be a phys-
ical change, many chemists would consider the dissolving of table salt in
water to be a chemical change. As you learn more about the structure
of matter, you will better understand why the boundaries between
chemical and physical changes can be confusing.




Accounting for all the energy present before and after a change is
not a simple process. But scientists who have done such experimenta-

tion are confident tha

the total amount of energy remains the same.

Although energy can |be absorbed or released in a change, it is not
destroyed or created. If simply assumes a different form. This is the law

of conservation of enet

gy.

LCIassificatiom of Matter

Matter exists in an endrmous variety of forms. Any sample of matter,
however, can be classified either as a pure substance or as a mixture.

The composition of a p

ure substance is the same throughout and does

not vary from sample to sample. A pure substance can be an element or

a compound. Mixtures|

in contrast, contain more than one substance.

They can vary in composition and properties from sample to sample

and sometimes from o1
sample. All matter, whq
classified in terms of
given sample. Figure 8§ i
elements, compounds, a

Mixtures
You deal with mixture
including most things y
is a mixture. A mixture

ixtures

)e part of a sample to another part of the same
ther it is a pure substance or a mixture, can be
Iniformity of composition and properties of a
lustrates the overall classification of matter into
nd mixtures.

8 every day. Nearly every object around you,
bu eat and drink and even the air you breathe,
is a blend of two or more kinds of matter, each

Matter

Yes Can it be separated?

j
|

FIGURE 8 This classification
scheme for matter shows the
relationships among mixtures,
compounds, and elements.

Pure substances

i

¥

Is|the Can it be decom-
composition posed by ordinary
uniform? " Ne chemical meams®ss No
X p"
Hom?geneous Heter_ogeneous Compounds Elements
. mlxtlfres m!Xtures (water, sodium (gold, aluminum,
(air, sugar in water, (grargltgéé‘)'wd' chloride, sucrose) oxygen, chlorine)

stainless steel)
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FIGURE 9 (a) Barium chromate can be separated from the solution in the
beaker using filtration. (b) A centrifuge can be used to separate certain solid
components, The centrifuge spins rapidly, which causes the solids to settle to the
bottom of the test tube. {c) The components of an ink can be separated using
paper chromatography.

of which retains its own identity and properties. The parts, or compo-
nents, of a mixture are simply mixed together physically and can usually
be separated. As a result, the properties of a mixture are a combination
of the properties of its components. Because mixtures can contain vari-
ous amounts of different substances, a mixture’s composition must be
specified. This is often done in terms of percentage by mass or by vol-
ume. For example, a mixture might be 5% sodium chloride and 95%
water by mass.

Some mixtures are uniform in composition; that is, they are said to be
homogeneous. They have the same proportion of components through-
out. Homogeneous mixtures are also called solutions. A salt-water solu-
tion is an example of such a mixture. Other mixtures are not uniform
throughout; that is, they are heterogeneous. For example, in a mixture
of clay and water, heavier clay particles concentrate near the bottom of
the container.

Some mixtures can be separated by filtration or vaporized to sepa-
rate the different components. Fiitration can be used to separate a mix-
ture of solid barium chromate from the other substances, as shown in
the beaker in Figure 9a. The yellow barium compound is trapped by the
filter paper, but the solution passes through. If the solid in a liquid-solid
mixture settles to the bottom of the container, the liquid can be care-
fully poured off (decanted). A centrifuge (Figure 9b) can be used to sep-
arate some solid-liquid mixtures, such as those in blood. Another
technique, called paper chromatography, can be used to separate mix-
tures of dyes or pigments because the different substances move at dif-
ferent rates on the paper (Figure 9c).




Pure Substances
Any sample of a pure subs|
a fixed composition and di
1. Every sample of a given,
teristic properties. All s
characteristic physical a
so specific that they can
the properties of a mix
mixture’s components.
2. Every sample of a given
sition. Unlike mixture
same makeup. For exa
and 88.8% oxygen by m

Pure substances are eith
be decomposed, or broken
or elements by a chemical ¢
gen and oxygen chemicall
can be broken down into|
reaction called electrolysis

Sucrose is made of car
down to form the other sul
heating, sucrose breaks do

ance is homogeneous. A pure substance has
ffers from a mixture in the following ways:
pure substance has exactly the same charac-
amples of a pure substance have the same
d chemical properties. These properties are
be used to identify the substance. In contrast,
ure depend on the relative amounts of the

pure substance has exactly the same compo-

all samples of a pure substance have the
ple, pure water is always 11.2% hydrogen
ass.

er compounds or elements. A compound can
down, into two or more simpler compounds
thange. Water is a compound made of hydro-
y bonded to form a single substance. Water
hydrogen and oxygen through a chemical
as shown in Figure 10a.
bon, hydrogen, and oxygen. Sucrose breaks
bstances shown in Figure 10b. Under intense
wn to produce carbon and water.

Hydrogen |
molecule, H, |

(a)

Oxygen
molecule, O,

molecule, H,0

FIGURE 10 (a) Passing an

electric current through water
causes the compound to break
down into the elements hydrogen
and oxygen, which differ in compo-
sition from water. (b) When sucrose
is heated, it caramelizes. When it

is heated to a high enough tempera-
ture, it breaks down completely into
carbon and water.
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In(NOa)oo6H,0 F.W. 297.47
Cerificate of Actual Lot Analysis

f Acidity (as HNO,) 0.008%
1 Alkalies and Earths 0.02%

Chioride (Cl) 0.005%

ingoluble Matter 0.001%

Iron (Fe) 0.0002%

Lead (Ph) 0.001%

Phosphate (P0,) 0.0002%

Suifate (S04) 0.002%

Store separately from and avoid contact
with combustible materials. Keep con-
tainer closed and in a cool, dry place.

Avoid contact with skin, eyes and
clothing.

LOT NO. 917356

] FL-02-0588 CAS 10196-18-6

TABLE 1 Some Gades
of Chemical Purity

Primary standard reagents

ACS (Amerlf:a}n Chemical ‘ FIGURE 11 The labeling on a reagent bottle lists the grade of the reagent
Society-spetified and the percentages of impurities for that grade. What grade is this chemical?
reagents)

USP (United States . .

Pharmacopdeia Laboratory Chemicals and Purity

standards) The chemicals in laboratories are generally treated as if they are pure.

However, all chemicals have some impurities. Chemical grades of puri-

I‘ncreasing purity

CP (chemically pure; ) ) . .

purer than technical ty are listed in Table 1. The purity ranking of the grades can vary when
grade) agencies differ in their standards. For some chemicals, the USP grade
NF (Nationhl Formular may specify higher purity than the CP grade. For other chemicals, the
specificatiogs) y opposite may be true. However, the primary standard reagent grade is

always purer than the technical grade for the same chemical. Chemists
need to be aware of the kinds of impurities in a reagent because these
impurities could affect the results of a reaction. For example, the chem-
Technical (ipdustrial ical label shown in Figure 11 shows the impurities for that grade. The
chemicals) chemical manufacturer must ensure that the standards set for that
reagent by the American Chemical Society are met.

FCC (Food Chemical
Code specifications)

m 3. How do you decide whether a sample of matter is

1. a.What is the main difference between physical a solid, liquid, or gas?
properties|and chemical properties? 4. Contrast mixtures with pure substances.
b. Give an e{ample of each.

2. Classify each|of the following as either a physical
change or a ¢hemical change.
a. tearing a sheet of paper
b. melting a piece of wax
¢. burning a og

Critical Thinking

5. ANALYZING INFORMATION Compare the composi-
tion of sucrose purified from sugar cane with the
composition of sucrose purified from sugar beets.
Explain your answer.
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