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cHAPTER 18| States of Matter )

Changes of State

After you read this section, you should be able to answer
these questions: '

* What is a change of state?
e What happens during a change of state?

» What can happen when a substance loses or gains
energy?

How Ate Changes of State and Energy Related?
It can be tricky to eat a frozen juice bar outside on a
hot day. In just minutes, the juice bar begins to melt, As
it melts, the juice bar changes its state from a solid to a
liquid. A GHAREE (até happens when matter changes
from one physical form to another. A change of state is
always a physical change. Remember that in a physical
change, the substance does not change into a new substance,
Energy must be added or removed in order for a sub-
stance to change its physical state, It is important to
reraember that the particles of every substance move dif-
ferently. This movement of particles depends on the state
of the substance (solid, liquid, or gas). W
For example, the particles in frozen water or ice (a
solid) only vibrate. The particles in iquid water move
faster and have more energy than particles in ice. To
change ice into liquid water, energy must be added. To
change liquid water into ice, energy must be removed.
The figure below shows changes of state that water
can undergo.

Changes of state involving
water are shown here.
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National Science
Education Standards

PS5 1a, 3a

Compare As you read the
chapter, complete a table
with the following headings:
* name of change

¢ states that are changing

* energy (added or removed),

1. ldentify What must be
added or removed when a
substance changes state?

E.nerqu
~J

TAKE A LOOK

2. Describe What happens
to water in a puddle before it
forms droplets of liquid water
in a cloud?

“The wonder
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Changes of State continved

HIANDARDS cHECK
P§ 3a Energy is a property of
many substances and is associ-
ated with heat, light, electricity,
mechanical motion, sound,
nuclei, and the nature of a
chemical. Energy is transferred
in many ways.

Word Help: chemical

of or having to do with the
properties or actions of
substances '

3. Identify What must be
added to melt a substance?

Enerou
-

4. Describe What is the
melting point of a substance?
The ternperatuce.
at whieh i gees {ram

SOl((‘l to lfthjtcx
¥

5. Identify If the freezing
point of a substance is 68°C,
what is its melting point?

(3L

What Is Melting?

When energy is added to a solid, it can melt. Me&lGing
is the change of state from a solid to a liquid. For exam-
ple, an ice cube in a glass of lemonade melts as it absorbs

heat from the lemonade.

=

MELTING POINT AND ENERGY

The melting point of the substance is the temperature
in which it changes from a solid to a liquid. As the tem-
perature of the solid becomes greater, its particles move
faster. When a certain temperature is reached, the solid
will melt. The melting point of a substance is a physical
property of the substance. o

Melting point depends on the composition of; or mate-
rial that makes up, the substance. It can be used to help
identify a substance. For example, copper has a melting
point of 420.7°C. Other substances may look like copper,
but they will likely have different melting points,

For a solid to melt, particles must absorb energy. The
energy makes the particles move faster and have less
attraction to each other. This allows the particles to move
past each other. The solid melts and becomes a liquid.

Gallium is a metal that can melt in your hand.
Even though gallium is a metal, it would not
be very useful as jewelry!

What Are Freezing and Freezing Point?

The freezing point is the temperature at which a sub-
stance changes from a liquid to a solid state. When a
liquid freezes, its particles have less energy and become
closely locked in position. Energy is removed from the
substance during freezing.

Freezing is the exact opposite of melting. The freezing
point of a substance is exactly the same as the melting
point of the substance. They both happen at the same tem-
perature. For example, liquid water freezes and becomes
solid ice at temperatures below 0°C. Solid ice melts and
becomes liquid water at temperatures above 0°C. &)

Copyright © by Holt, Rinehart and Winston, All rights reserved,

Interactive Textbook

314 States of Matter

RN



N

Name Class

Date

1 Changes of State continued

What Is the Process of Evaporation?

When you get out of a swimming pool on a windy day,
your body sometimes feels cold Why? The water on your
skin is evaporating. BVa; 011 is the change of state
from the Hquid state to the cfas state The reason you feel
cold is because evaporation requires energy. The energy
in this case goes from your body into the liquid water.
The liquid water changes state to a gas called water VAPOT.

This change of state also happens when you sweat.
Sweat is mostly water. When sweat appears on your skin,
the water absorbs heat (energy) from your skin, This .
causes the water to evaporate, and you feel cooler. M -

EVAPORATION AND BOILING
Evaporation can occur at low temperatures. Water can

" evaporate at temperatures near 0°C, but it will evaporate

very slowly. For water to evaporate quickly in an open
container, it must be heated. If the water is heated to a.
hlgh enough temperature, it will boil,

BOiling occurs when a liquid evaporates quickly. The
pa.rtlcles leave the liquid state and change to vapor (gas)
particles. This change creates a vapor pressure. A liquid
boils when the vapor pressure equals the air pressure
in the room. The teraperature at which boiling occurs is
known as the boiling point of the substance. ¥

Like melting point, boiling point can help identify
a substance. For example, the normal boiling point, of
water is about 100°C, Many liquids that look like Watel
boil at different temperatures.

The figure below shows water evaporating at room
temperature and water boiling.

T
mxsl)-}as
an =

- 7

Bmtmg happens in a liquid at its boiling paint.
its boiling point. Some particles at the surfface  As energy Is added to the liquid, particles
of the liguid move fast enough 1o break away throughaut the liquid move faster, When they

Evaparatiorl can happen in a liquid below

from the particles arcund them. When they

move fast enough to break away from other
break away, they become a gas {or vapor).

particles, they evaporate. The bubbles you see
when water boils contain water vapor.

Copyright © by Holt, Rinehart and Winston. All vights reserved,

Z9=_ Say It

Investigate People usually
feel warmer on a warm, humid
day than on a warm, dry day.
Investigate why most people
feel warmer on humid days
and report to the class,

6. Describe Why does
sweating help cool your
body?

_Ihe sweod oj)SorA.S

hm‘f‘ from 'Hﬂe SLm
ﬂhgn r% eMa{)orcc{'e.s.

7. ldentify When the vapor
pressure of a E:qu:d equals
the air pressure in the room,
what will the liquid do?

ol

TAKE A LOOK

8. Identify Are there more
water vapor molecules above
a beaker of water at room
temperature or a beaker of
water at its boiling point?

Ahgye the l’)@i‘?na
J

\AJOCI’@I .
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Changes of State continued

Crutiond Thinkt

9, Describe How does
water from a lake become
part of a cloud in the sky?

The wr&k’ [ By Q,Vo.almrajres
and then when it codls
o0d condeses f foroms
Q\omcl okropke:{'s-

10. Identify Which process
requires energy, condensation
or evaporation?

E:\m {x or al‘ch\

11. Explain As the day gets
warmer, the water droplets
on a spider web are no
longer seen. Why?

The wermaf our

Vo m}eb ‘H'\e- dews

Cifo"ﬂle}s.,

What Is the Process of Condensation?

On a hot day in the summer, a glass of ice water might
look like it is sweating. The water drops on the out-
side of the glass have formed because of condensation.
COHdETgation is the change of state from a gas to a lig-
uid. The water vapor in the air (sometimes called humid-
ity) hits the cold glass. The particles of water vapor lose
energy and change into the liquid state.

Condensation happens when a gas is cooled. When
the gas cools, the particles lose energy, move slower, and
have a greater attraction for each other. The particles
begin to clump together. Condensation and evaporation
are the opposites of each other. When condensation hap-
pens, the particles of gas lose energy and move more
slowly. For evaporation to occur, the particles of a liquid
must gain energy, and move faster. ¥

The condensation point of a substance is the tem-
perature at which a gas becomes a liguid. Under most
conditions, the condensation point of a substance is the
same temperature as the boiling point of the substance,
Condensation can occur when the temperature of a sur-
face is below the condensation point of the gas.

For example, water drops form a haze on a bathroom
mirror when you take a shower. The water drops con-
dense from the water vapor in the air. The mirror is at
a temperature well below water vapor’s condensation
point, 100°C.

Take a close look at; the spider web in the figure below.
Notice the beads of water that have formed on it. This
happens because water vapor (a gas) has condensed to
form liquid water.

Beads of water form
when water vapor in
the air contacts a cool
surface, such as this
spider web,
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Changes of State continved

What Is the Process of Sublimation?

The electric company in your community sometimes
hands out dry ice when a storm knocks out power. Dry
ice keeps groceries cold, but does not melt like ice, Dry
ice can change directly from a solid state to a gas state.

This process in known as Siibilifiatios.

Dry ice is frozen carbon dioxide. Its temperature is
~78.5°C or lower. When it sublimes, it pulls energy from
substances around it. This makes substances around it
become cold. The energy it pulls weakens the attraction
of the particles in the solid dry ice. When the attraction
weakens enough, the solid changes into a gas. It does not

melt into a liquid.

Dry ice is a substance that will
change directly from a solid to
a gas at atmospheric pressure.

How Are Changes of State and Temperature
Related?

Two things can happen to a substance when it gains
or loses energy. Either the temperature of the substance
changes, or the state of the substance changes. During a
change of state, the temperature of a substance will not
change until the change of state is complete.

Take a close loolk at the figure helow. The figure shows
the effects and state changes that happen when energy is
added to ice. .

Changing the State of Water

A
Beiling point

=1
=3

Mehi i
ol elling point

Temperature (°C)

Copyright © by HHolt, Rinehart and Winston. All rights reserved.

12. Describe What occurs
when a substance sublimes?

T‘{' nnc’S"Fl"nM SC'I\(J
J

—to ges.

A= Say It

Demonstrate Put an ice cube
in the freezer compartment

,of a refrigerator. Allow it to sit,

undisturbed, for about two
weeks. Report to the class on .
how its size changed,

TAKE A LOOK

13. Describe What is the
shape of the graph at the
melting and freezing points
of water? What does this
shape tell you about the
temperature?

Thp arafn}\ I‘S ‘pid'{'é'
-H‘\Q m@.t)'{'l\ M/'Fre,azy nﬂS P(‘.‘u'd'

1
Dic
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J
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Section 3 Review NSES o5 1a, 58

SEne

%‘*egé&ggfaiin%

1. Describe How do the motions of the particles differ between the states of matter?

Leost mO%fon in sobds and masl n Jm.mg /@u,-b/ /2% m;f/z/éj

2. Describe What happens to energy during a change of state? Why is it a physical
change?

The e,ﬂefgu i5 Sl'orefi (f)O}an H.l. eﬂerqu or /QJZM7ZMJ
T Dl’\USMnj hecauze -H'\e lcle_xx%r{'q cloe,sr\“‘ CJLW&

J
3. Describe What are the differences between freezing and melting? How are they
similar?

\Oree:z.r\q loses e_{\e,mun \sa\-ué JYO sa(cl /P%Prma ?jcuf\s enexﬁu SGM "'c ]JGLU&

th\ hﬁmn@x\ (ﬂ —H\e m%wajfw*l

4, Explain How are evaporation and boiling the same? How do they differ?
"’he,q iaoJrL\ Qe aqmés becorming (\}3&5 and Bo‘H\ rec,mre_ added emﬁ

E)a\urm rm; A0S O nmjﬁmor ermnpgroé(uw e,\faﬁorc&aoﬁ |$ o:\‘ anq‘temoua+u!¢

5. Descr:be and Compare- What is needed for a solid to subhme and what cha:nge of
state occurs? How does sublimation differ from condensation?

“The Sohg ﬁeﬁrls Eﬁe;rau CTY cheaes r\\\realt\n»\ Yo o ans.
" v) - )

Cﬂnclmso&;or\ r g ,\oss ey é ;Jc
7 s T, . Sa} +o i‘wq/ A,

6. Complete Fill in the missing boxes in the table below.

Property Solid Liquid Gas

attraction between 5{faﬂ3a5 weakerthanin 2 | Weakest

particles solid

distance between | close ‘close Fov RPOHC

particles '

movement of They are locked they can move past { They Conmeve

particles T Place each other o where
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