Mr. Varner’s Scope and Sequence for April 27 to May 1.
April 27th
April 28th
April 29th
April 30th
May 1st

Read Section 10-1 The Nature of Matter
Watch the Classification of Matter video before completing this assignment.
Attend the Live Meeting on our Teams Site between 12:00 and 12:30
Use Section 10-1 to answer the Section 10-1 Review Questions.
Read Section 10-2 Temperature
Watch the Video called 10-2 Vocabulary Instructions and then complete the
10-2 Vocabulary Assignment.
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MATTER AND TEMPERATURE

10.1 The Nature of Matter
From a distance, a sugar cube looks like a single piece of matter. But up close, you can see it is
made up of tiny, individual crystals of sugar fused together. Can those sugar crystals be broken
into even smaller particles? What is the smallest particle of sugar that is still sugar (Figure 10.1)?

Matter is made of tiny particles in constant motion
The idea of atoms Matter is a term used to describe anything that has mass and takes up space.

The idea that matter is made of tiny particles goes back to 430 BC. The
Greek philosophers Democritus and Leucippus proposed that matter is made
of tiny particles called atoms. For 2,300 years few people believed this
theory. In 1803, John Dalton revived the idea of atoms, but he lacked proof.
Brownian motion In 1827, Robert Brown, a Scottish botanist, was looking through a
provides evidence microscope at tiny grains of pollen in water. He saw that the grains moved in
for particles an irregular, jerky manner. After observing the same motion in tiny dust

particles, he theorized that all tiny particles move in the same way. The
irregular, jerky motion was named Brownian motion in Brown’s honor.
A human-sized Imagine throwing marbles at a tire tube floating in the water. The impact of
comparison any single marble is too small to make the tire tube move. If you throw

enough marbles, the tube will start moving slowly. The motion of the tire
tube will appear smooth because the mass of a single marble is tiny
compared to the mass of the tire tube (Figure 10.2).
Why Brownian Now imagine throwing marbles at a foam cup floating in water. The motion
motion is jerky, not is jerky, and the impact of individual marbles can be seen. The mass of the
smooth cup is not huge compared to the mass of a marble. A pollen grain in water

moves around in a jerky manner much like the foam cup. That motion is
caused by the impact of individual water molecules on the pollen grain. Like
the cup, the mass of the pollen grain, while larger than a water molecule, is
not so much larger that impacts are completely smoothed out.
Matter is made of In 1905, Albert Einstein proposed that Brownian motion is caused by
atoms collisions between visible particles like pollen grains, and smaller, invisible

particles. This was strong evidence that matter was indeed made of atoms.
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Classifying matter
Pure substances Matter can be divided into two categories: pure substances and mixtures. A
pure substance cannot be separated into different kinds of matter by

physical means such as sorting, filtering, heating, or cooling. Elements and
compounds are pure substances. Examples include water, table salt, gold, and
oxygen.
Mixtures contain A mixture contains a combination of different elements and/or compounds.
more than one kind All mixtures share one common property: They can be separated into
of matter different types of matter by physical means such as sorting, filtering, heating,

pure substance

mixture

or cooling. For example, cola is a mixture that can be separated into
carbonated water, corn syrup, caramel color, phosphoric acid, natural flavors,
and caffeine.

homogeneous mixture

Homogeneous
mixture is the same
throughout

A homogeneous mixture is the same
throughout. In other words, all samples of a
homogeneous mixture are the same. For
example, an unopened can of cola is a
homogeneous mixture. The cola in the top of
the unopened can is the same as the cola at the
bottom. Once you open the can, however,
carbon dioxide will escape from the cola
making the first sip a little different from your
last sip. Brass is another example of a
homogeneous mixture. It is made of 70 percent copper and 30 percent zinc. If
you cut a brass candlestick into ten pieces, each piece would contain the same
percentage of copper and zinc.

heterogeneous mixture

Two samples of a
heterogeneous
mixture could be
different

A heterogeneous mixture is one in which different samples are not
necessarily made up of exactly the same proportions of matter. One common
heterogeneous mixture is chicken noodle soup (Figure 10.5). One spoonful
might contain broth, noodles, and chicken, while another contains only broth.
Can you think of a way to separate this mixture?

10.1
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Section 10.1 Review
1. Explain why Brownian motion provides evidence for the existence of
atoms and molecules.
2. Describe the difference between elements, compounds, and mixtures.
3. Which would be easier to separate, a mixture or a compound? Explain
your answer.
4. Give an example of each: element, compound, and mixture.
5. Identify each of the following as element, compound, homogeneous
mixture, or heterogeneous mixture. Explain your reasoning for each.
a. milk
b. iron nail
c. glass
d. sugar
e. bottled spring water
f. distilled water
g. air
h. alloy bicycle frame
i. propane
j. baking soda
6. Most things you use every day are:
a. compounds
b. elements
c. mixtures
7. Your teacher has mixed salt, pepper, and water. Describe a procedure that
you could use to separate this mixture. Be sure to list all of the materials
you would need, your set up, and your expected results.

10.1

Edouard Benedictus

cellulose nitrate
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Section 10.1 Review Pages 228-233
Directions: Review the information from the reading. Answer the following questions in the space below each
question.

1. Explain why Brownian motion provides evidence for the existence of
atoms and molecules.

2. Describe the difference between elements, compounds, and mixtures.

3. Which would be easier to separate, a mixture or a compound? Explain
your answer.

4. Give an example of each: element, compound, and mixture.

5. Identify each of the following as element, compound, homogeneous
mixture, or heterogeneous mixture.
a. milk
b. iron nail
c. glass
d. sugar
e. bottled spring water
f. distilled water
g. air
h. alloy bicycle frame
i. propane
j. baking soda
6. Most things you use every day are:
a. compounds
b. elements
c. mixtures
7. Your teacher has mixed salt, pepper, and water. Describe a procedure that
you could use to separate this mixture.
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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).

236

UNIT 4

thermal energy
temperature

MATTER AND TEMPERATURE

Chapter 10

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.
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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?
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