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Changes of State

what Happens When You
Breathe on a Mirror?

1.Obtain hand miror Ciean twith a
ary clth. Descrbe the irors surfce.

2. Hold the mirror about 15 cm away
from your face. Ty tobreathe sgainst
he mimors surface.
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3. Reduce the istance unti bresthing on ...gm.,.um;x 2
Viblechange. Record what you bsenve.

Think t Over

Developing Hypotheses What did you oberve when you

breathd on the mirror hed cos 1o your mouth? How can you

‘explain that observtion? Why didyou get diferent rsuls

when the mirrorwas 3t greater distances from your face?
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Changes Between Solid and Liquid
How does the physical siate of asubstance reate to s thermal
energy? Partcies of a liquid have more thermal energy than
particles of the same substance i sold form. As g, he par-
ticesof this same substance have even more thermal energy. A
substance changes sate when its thermal energy Increases or
decreases suficiently A change from solid to liquid involvs an
increase in thermal energy. As you can guess, a change from
liquid to solid s us the opposite: It nvolves 2 decrease in
thermal energy.

Melting The change n sate from 2 olid 102 liquid i called
melting, In most pure substances, meltng occurs at a specfic
temperaiure, calle the melting point. Becanse meltng point
i3 characteristic roperty of a substance,chemists often com-
pare melting points when trying toidentify an unknown mate-
al The meltng point of pure wate, for example is0°C.

‘What happens to the particles of 2 substance as It melis?
“Think of an ice cube taken from the freezer. The energy to melt
the ice comes mosty from the air in the room. AL fist, the
added thermal energy makes the water molecules vibrate
fster, rasing ther temperature. At its melting point, the
particles of a solid substance are vibrating so fast that they
break free from ther ixed positions. At 0°C, the temperature
of the ice stops increasing. Any added energy continues to
change the arrangement of the water molecules from ice crys-
alsnto liquid water, The ice mels.
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Try This Acti

Keeping Cool
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Using ubting
siconal ratnr than
water, repeat tep 3 with
the second thermometar
5. Read the temperatures on
the two thermometer or
Cevers minutes.
Interpreting Data Which
Viquid evaporates faser?
Explain your answer

Froezing The change of state from liguid to soid s caled
freezing, It s Just the reverse of meling. At its freczing
temperature,the partcles of a liquid are moving so slowly
that they begin to form regular patierns.

‘When you put liquid water nto 2 freeer, for example, the
ate loses energy o the cold i i the freezr. The water mol-
ecules move more and mre slowly a they lose energy. Over
time, the water becomes solid ice. When water begins 10 freze,
ts temperature remains at °C until frcezing is complet. The.
frezing point o water, 0°C i the same as it meling point.
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Changes Between Liquid and Gas
Have you ever wondered how clouds form, or why rain falls
from clouds? And why do puddles dry up afer 3 ain shower?
“To answer these questions,you need {0 look at what happens.
‘when changes occu between the liquid and gas states.

“The change from a liquid o 2 gas i caled vaporization
(v2y pubt ih 74 shun). Vaporization takes place when the
partcles in a liquid gain enough energy to form a gas. There.
are two main types o vaporization—evaporation and bolling.

Evaporation Vaporizaton that takes place only on the sur-
face of 2 liquid s called evaporation (e vap uh RaY shun). A
shrinking puddle is an example. Water in the puddle gains
energy fom the ground, theai,or the sun. The added energy
enablessome of the water molecules o the surface of the pud-
dleto escape into the i, or evaporate
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Boiling Another kind of vaporization is caled bolling.
Boiling occurs when a liquid changes to g below is surfice
as well 25 a the surface. You see theresuls ofthis process when
the boiling lquid bubbles. The temperature at which 2 liquid
boils s called s boiling poiat. As with melting points, chem-
st use oiling points o help identfy an unknown substance.

Boiling Point and Air Pressure The boling point of a
substance depends on the pressure of the ai above It. The
lower the pressue,the less energy nceded for the partces of
the liquid to escape into the ai. I places close tosea levl, the
bailing point of water i 100°C. In the mountains, however, air
pressure is ower and 5o is water’s boiling point. In Denver,
Colorado, whete the elevation is 1,600 mefers above sea level
water boils at 95°C.
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Temperature and Changes
of state

Abesker of iceat ~10° was siowy hested
0 110° The changesin e temperature of
he wateraver tinewer recorded. e data
were ploted on the gaph shown here.

1.Reading Graphs What two vaiables are
plotied onthe aragh?

2. Rasding Graphs What s happening tothe
temperstue of the water during seament
Cofthegraph?

3. Interprting Data What doss the
tempersture value fo segment &
represent?For segmen 07

4 Drawing Conchsions What change of tate
s occuring during segment B of the graph?
Duringsegment D7

T (minutes)

5 Infering I which segment, Aor £, do the
Wt ol e more thermal energy?
Explain your rezsoning
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Condensation of Water

Water vapor from 3 ot shower
Contacsth cool uface o1 5
Bathroom mror and candenses nta
e

Condensation The opposite of vaporiztion
s clled condensation. One way you can
observe condensation s by breathing onto 3
mifor. When warm water vapor in your breath
reaches the cooler surface of the mircor, the
water vapor condenses into liquid droplts.

Condensation occurs when partcles in a gas
lose cnough thermal cnergy to form  liqui
For example, clouds typially form when water
vapor in the atmosphere condenses into liquid
droplets. When the droplets get heavy enough,
they fall o the ground as rain.

You cannol see water vapor. Water vapor 13
colorless gas tht s impossble o see. The steam
you sce above 2 kettle of boling waler is not
water vapor, and neither are clouds or fog, What
‘you s in those casesare tiny droplet of liquid
ater suspended inar
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Changes Between Solid and Gas
1fyou lve where the winters ae cold, you may have noticed
thatsnow seemsto disappear even when the temperature says
well below feering. This change i the result of sblimation.
Sublimation oceurs when the surfice paricls of a solid gain
enough energy that they form 2 gas. During sublimation,
particlesof a solid do not pass through the liquid state a5
they form a gas.

‘One example of sublimation occurs with ry ce. Dry ce s
the common name for solid carbon dioxide. At ordinary
atmospheric pressures, carbon dioxide cannot exist as 3
liquid. So instead of meltng, solid carbon dioxide changes
directly into a gas. As it changes state, the carbon dioride
asorbs thermal energy. This property helps Keep materils
near dry ice cold and dry. For tis reason, sing dry ice is 2
Way o keep temperature low when a efrgeraor s not avail-
able. When dry ice becomes a gas it cools watr vapor in the
nearby air. The water vapar then condenses nto 2 liquid,
forming fog around the dry ice.
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