Mr. Varner’s Scope and Sequence
May 11th
May 12th
May 13th
May 14th
May 15th

Use the 10-2 Reading to complete the assignment called Section 10.2 Review
Questions Worth 10 points due Friday May 15th
Attend the Live Meeting from 12:00 to 12:30
Use the reading and the internet to answer Quiz on section 10-2
Read the 10-3 Reading (The Phases of Matter) file
Complete the 10-3 Vocabulary Assignment.
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MATTER AND TEMPERATURE

10.2 Temperature
You have probably used a thermometer. However, did you ever stop to think about how it works?
In this section, you will learn what temperature is, how it is measured, and how the devices we use
to measure temperature work.

Temperature scales
Fahrenheit There are two common temperature scales. On the Fahrenheit scale, water

freezes at 32 degrees and boils at 212 degrees (Figure 10.6). There are
180 Fahrenheit degrees between the freezing point and the boiling point of
water. Temperature in the United States is commonly measured in
Fahrenheit; 72°F (72 degrees Fahrenheit) is a comfortable room temperature.
Celsius The Celsius scale divides the interval between the freezing and boiling

points of water into 100 degrees (instead of 180). Water freezes at 0°C
(0 degrees Celsius) and boils at 100°C. Most scientists and engineers use
Celsius because 0 and 100 are easier to work with than 32 and 212.
Converting between A weather report of 21°C in London, England predicts a pleasant day, good
the scales for shorts and a T-shirt. A weather report of 21°F in Minneapolis, Minnesota

means a heavy winter coat, gloves, and a hat will be needed. Because the
U.S. is one of only a few countries that use the Fahrenheit scale, it is useful
to know how to convert between Fahrenheit and Celsius.
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Solving Problems: Temperature Conversions
A friend in Paris sends you a recipe for a cake. The French recipe says to
bake the cake at a temperature of 200°C for 45 minutes. At what temperature
should you set your oven, which uses the Fahrenheit scale (Figure 10.7)?
1. Looking for:

You are asked for the temperature in degrees Fahrenheit.

2. Given:

You are given the temperature in degrees Celsius.

3. Relationships:

Use the conversion formula: TF = 9/5 TC + 32.

4. Solution:

TF = (9/5)(200) + 32 = 392°F
Your turn...

a. You are planning a trip to Iceland where the average July temperature is
11.2 °C. What is this temperature in Fahrenheit?
b. You are doing a science experiment with a Fahrenheit thermometer. Your
data must be in degrees Celsius. If you measure a temperature of 125°F,
what is this temperature in degrees Celsius?
c. The temperature on the Moon
varies from –230 °C, at night, to
120°C during the day. What is the
range in temperatures on the
Moon in degrees Fahrenheit?

a. 52.2°F
b. 51.7°C
c. –382°F to 248°F

10.2
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Defining temperature
Atoms are always in Imagine you had a microscope powerful enough to see individual molecules
motion in a compound (or atoms in the case of an element). You would see that the

molecules are in constant motion, even in a solid object. In a solid, the
molecules are not fixed in place, but act like they are connected by springs
(Figure 10.8). Each molecule stays in the same average place, but constantly
jiggles back and forth in all directions. As you might guess, the “jiggling”
means motion and motion means energy. The back-and-forth jiggling of
molecules is caused by thermal energy, which is a kind of kinetic energy.
Temperature and Thermal energy is proportional to temperature. When the temperature goes
energy up, the energy of motion increases. That means the molecules jiggle around

more vigorously. The higher the temperature, the more thermal energy
molecules have and the faster they move around. Temperature measures a
particular kind of kinetic energy per molecule.

Temperature measures the kinetic energy per
molecule due to random motion.
Random versus If you throw a rock, the rock gets more kinetic energy, but the temperature of
average motion the rock does not go up. How can temperature measure kinetic energy then?

The answer is the difference between random motion of the molecules, and
average motion of the object. For a collection of many molecules (like a
rock), the kinetic energy of has two parts. The kinetic energy of the thrown
rock comes from the average motion of the whole collection; the whole rock.
This kinetic energy is not what temperature measures.
Random motion Each molecule in the rock is also jiggling back and forth independently of

the other molecules in the rock. This jiggling motion is random motion.
Random motion is motion that is scattered equally in all directions. On
average, there are as many molecules moving one way as there are moving
the opposite way. Temperature measures the kinetic energy of the random
motion. Temperature is not affected by any kinetic energy associated with
average motion. That is why throwing a rock does not make it hotter
(Figure 10.9).
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Thermometers
Thermometers If you touch an object, you can sense whether it is hot or cold, but you cannot
tell the exact temperature. A thermometer is an instrument that measures the

thermometer

exact temperature. The most common thermometers contain either a red fluid,
which is alcohol containing a small amount of red dye, or a silvery fluid,
which is mercury. You may have also used a thermometer with a digital
readout.
Using a liquid to Thermometers can detect the physical changes in materials due to change in
sense the temperature. Different types of thermometers measure different physical
temperature changes. In a thermometer that uses a liquid to sense temperature, the

expansion of the liquid is directly proportional to increase in temperature. As
the temperature increases, the liquid expands and rises up a long, thin tube
(Figure 10.10). You tell the temperature by the height the liquid rises. The
tube is long and thin so a small change in volume makes a large change in the
height.
Digital thermometers Another physical property that changes with temperature is electrical

resistance. The resistance of a metal wire will increase with temperature.
Since the metal is hotter, and the metal atoms are shaking more, there is more
resistance to electrons passing through the wire. A thermistor is a device that
changes its electrical resistance as the temperature changes. Some digital
thermometers sense temperature by measuring the resistance of a thermistor.
Liquid-crystal Some thermometers, often used on the outside of aquariums, contain liquid
thermometers crystals that change color based on temperature. As temperature increases, the

molecules of the liquid crystal bump into each other more and more. This
causes a change in the structure of the crystals, which in turn affects their
color. These thermometers are able to accurately determine the temperature
between 65°F and 85°F.

10.2
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Absolute zero and the Kelvin temperature scale
Absolute zero There is a limit to how cold matter can get. As the temperature is reduced,

molecules move more and more slowly. When the temperature gets down to
absolute zero, molecules have the lowest energy they can have and the
temperature cannot get any lower. You can think of absolute zero as the
temperature where molecules are completely frozen, with no motion.
Technically, molecules never become absolutely motionless, but the kinetic
energy is so small it might as well be zero. Absolute zero occurs at minus
273°C (–459°F).

You cannot have a temperature lower than
absolute zero.
The Kelvin scale A temperature in Celsius measures only relative thermal energy, relative to
zero Celsius. The Kelvin scale is useful in science because it starts at

absolute zero. A temperature in Kelvins measures the actual energy of
molecules relative to zero energy.
Converting to Kelvin The Kelvin (K) unit of temperature is the same size as the Celsius degree.

However, water freezes at 273K and boils at 373K. Most of the outer planets
and moons have temperatures closer to absolute zero than to the freezing
point of water (Figure 10.11). To convert from Celsius to Kelvins you add
273 to the temperature in Celsius. For example, a temperature of 21°C is
equal to 294K (21 + 273).
High temperatures While absolute zero is the lower limit for temperature, there is no practical

upper limit. Temperature can go up almost indefinitely. As the temperature
increases, exotic forms of matter appear. For example, at 10,000°C, atoms
start to come apart and become a plasma. In a plasma, atoms are broken
apart into separate positive ions and negative electrons. Plasma conducts
electricity and is formed in lightning and inside stars. You’ll read more about
plasma in the next section.

238

UNIT 4

absolute zero

°
Kelvin scale

MATTER AND TEMPERATURE

Chapter 10

Section 10.2 Review
1. People in the United States know that water boils at 212°F. In Europe,
people know that water boils at 100°C. Is the water in the U.S. different
than the water in Europe? What explains the two different temperatures?
2. A comfortable room temperature is 20°C. What is this temperature in
degrees Fahrenheit?
3. Which is colder, 0°C or 20°F?
4. Explain the scientific meaning of the word random.
5. Temperature measures:
a. The kinetic energy of the random motion of molecules in an object.
b. The kinetic energy of the average motion of molecules in an object.
c. The potential energy of an object.
d. The motion of an object.
6. A thermometer that uses a liquid to measure temperature works because:
a. The electrical resistance in the liquid changes with temperature.
b. The liquid changes color as temperature changes.
c. The expansion of the liquid is directly proportional to increase in
temperature.
7. Which statement best describes the relationship between temperature and
thermal energy?
a. Temperature is inversely related to thermal energy.
b. Temperature is directly proportional to thermal energy.
c. As temperature goes up, thermal energy goes down.
d. Thermal energy is not related to temperature.
8. Would thermal energy be greater at 0°C or 48°F? Explain your answer.
9. Why can’t there be a temperature lower than absolute zero?

10.2
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Section 10.2 Review Questions
1. People in the United States know that water boils at 212°F. In Europe, people know that water
boils at 100°C. Is the water in the U.S. different than the water in Europe? What explains the two
different temperatures?

2. A comfortable room temperature is 20°C. What is this temperature in degrees Fahrenheit?

3. Which is colder, 0°C or 20°F?

4. Explain the scientific meaning of the word random.

5. Temperature measures: Choose One
a. The kinetic energy of the random motion of molecules in an object.
b. The kinetic energy of the average motion of molecules in an object.
c. The potential energy of an object.
d. The motion of an object.
6. A thermometer that uses a liquid to measure temperature works because: Choose One
a. The electrical resistance in the liquid changes with temperature.
b. The liquid changes color as temperature changes.
c. The expansion of the liquid is directly proportional to increase in
temperature.
7. Which statement best describes the relationship between temperature and
thermal energy? Choose One
a. Temperature is inversely related to thermal energy.
b. Temperature is directly proportional to thermal energy.
c. As temperature goes up, thermal energy goes down.
d. Thermal energy is not related to temperature.
8. Would thermal energy be greater at 0°C or 48°F? Explain your answer.

9. Why can’t there be a temperature lower than absolute zero?
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10.3 The Phases of Matter
You will notice that on a hot day, a glass of iced tea (or any cold beverage) has liquid water on the
outside (Figure 10.12). The water does not come from inside the glass. The ice (the solid form of
water) and cold liquid inside make the outside of the glass cold, too. This “outside” cold
temperature causes water vapor in the air—a gas—to condense into liquid water on the exterior of
the glass. What is happening at the level of atoms and molecules? Why can water take the form of
solid, liquid, or gas?

Solid, liquid, and gas
Phases of matter On Earth, pure substances are usually found as solids,

liquids, or gases. These are called phases of matter.
Another phase of matter called plasma is discussed
later in the section.
Solids A solid holds its shape and does not flow. The

molecules in a solid vibrate in place, but, on average,
don’t move far from their places.
Liquids A liquid holds its volume, but does not hold its

shape—it flows. The molecules in a liquid are about
as close together as they are in a solid. But they have
enough energy to change positions with their
neighbors. Liquids flow because the molecules can
move around.
Gases A gas flows like a liquid, but can also expand or

contract to fill a container. A gas does not hold its
volume. The molecules in a gas have enough energy
to completely break away from each other and are
much farther apart than molecules in a liquid or a
solid.
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Intermolecular forces
Intermolecular When they are close together, molecules are attracted through
forces intermolecular forces. These forces are not as strong as the chemical bonds

intermolecular forces

between atoms, but are strong enough to attach neighboring molecules to each
other. Intermolecular forces have different strengths in different elements and
compounds. Iron is a solid at room temperature. Water is a liquid at room
temperature. This tells you that the intermolecular forces between iron atoms
are stronger than those between water molecules.

Temperature vs. Within all matter, there is a constant competition between temperature and
intermolecular intermolecular forces. The kinetic energy from temperature tends to push
forces atoms and molecules apart. When temperature wins the competition,

molecules break away from each other and you have a gas. Intermolecular
forces tend to bring molecules together. When intermolecular forces win the
competition, molecules clump tightly together and you have a solid. Liquid is
somewhere in the middle. Molecules in a liquid are not stuck firmly together,
nor can they escape and break away from each other (Figure 10.13).

10.3
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Changing phase
Melting and freezing The melting point is the temperature at which a substance changes from

solid to liquid (melting) or from liquid to solid (freezing). Different
substances have different melting points because intermolecular forces vary.
When these forces are strong, it takes more energy to separate molecules
from each other. Water melts at 0°C. Iron melts at a much higher
temperature, about 1,500°C. The difference in melting points tells us the
intermolecular forces between iron atoms are stronger than between water
molecules.
Boiling and
condensing

When enough energy is added, the
intermolecular forces are completely
pulled apart and a liquid becomes a
gas. The boiling point is the
temperature at which a substance
changes from liquid to gas (boiling)
or from gas to liquid (condensation).
When water boils, you can easily see
the change within the liquid as
bubbles of water vapor (gas) form and rise to the surface. The bubbles in
boiling water are not air, they are water vapor.

Changes in phase It takes energy to break the intermolecular forces between particles. This
require energy explains a peculiar thing that happens when you heat an ice cube. As you add

heat energy, the temperature increases. Once it reaches 0°C, the temperature
stops increasing as ice starts to melt and form liquid water (Figure 10.14).
As you add more heat energy, more ice becomes liquid but the temperature
stays the same. This is because the energy you are adding is being used to
break the intermolecular forces and change solid into liquid. Once all the ice
has become liquid, the temperature starts to rise again as more energy is
added. Figure 10.14 shows the temperature change in an experiment. When
heat energy is added or subtracted from matter, either the temperature
changes, or the phase changes, but usually not both at the same time.
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Melting and boiling points, sublimation, and plasmas
Substance

All substances can On Earth, elements and compounds are usually found as solids, liquids, or
exist as a solid, gases. Each substance can exist in each of the three phases, and each
liquid, or gas substance has a characteristic temperature and pressure at which it will

undergo a phase change. Figure 10.15 lists some examples.
Sublimation and Sometimes a solid can change directly to a gas with no liquid phase when heat
deposition energy is added. This process is called sublimation. Solid iodine is a

substance that readily undergoes sublimation at room temperature. This is
evident by the formation of a purple cloud above the crystals (Figure 10.16).
A more common example is the shrinking of ice cubes (solid water) over time
in the freezer. The opposite of sublimation is called deposition. One example
of deposition is when water vapor
changes directly into a solid—such as
frost on a window on a cold winter
night.

helium
oxygen
mercury
water
lead
aluminum
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Melting
point

Boiling
point

–272°C
–218°C
–39°C

–269°C
–183°C

0°C
327°C
660°C

357°C
100°C
1749°C
2519°C

Plasma is a fourth At temperatures greater than
phase of matter 10,000 °C, the atoms in a gas start to

break apart. In the plasma phase,
matter becomes ionized as electrons
are broken loose from atoms. Because
the electrons are free to move
independently, plasma can conduct
electricity. The Sun is made of plasma,
as is most of the universe, including
the Orion nebula (shown right).
Where else do you A type of plasma is used to make neon and fluorescent lights. Instead of
find plasma? heating the gases to an extremely high temperature, an electrical current is

passed through them. The current strips the electrons off the atoms, producing
plasma. You also see plasma every time you see lightning!
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Summarizing the phases of matter
Evaporation

Evaporation

average

244

UNIT 4

MATTER AND TEMPERATURE

Chapter 10

Section 10.3 Review
1. Identify the phase or phases of matter (solids, liquids, and gases) that
apply to each statement. More than one phase of matter may apply to each
statement.
a. Molecules do not move around, but vibrate in place
b. Has volume but no particular shape
c. Flows
d. Molecules break free of intermolecular forces
e. Does not have a volume or shape
f. Molecules can move around and switch places, but remain close
together
2. Explain why particles in a gas are free to move far away from each other.
3. Explain why liquids flow but solids do not.
4. Would you expect a substance to be a solid, liquid, or gas at absolute
zero? Explain your answer.
5. Describe what happens at the molecular level during melting.
6. Describe what happens, at the molecular level, when a substance boils.
7. What is the most common phase of matter in the universe?
8. What is plasma? Where can you find plasma?
9. Matter has four phases that we experience. List the four phases in order of
increasing temperature (lowest to highest).
10. Put the following terms in order from greatest intermolecular forces, to
weakest intermolecular forces: liquid, gas, solid.
11. Which would you expect to have stronger intermolecular forces:
a. Hydrogen, which exists as a gas at room temperature
b. Iron, which exists as a solid at room temperature
12. Identify the segment of the graph (A, B, C, D, E) in Figure 10.17 where a
phase change is occurring. There could be more than one place. Explain
your reasoning.
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