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Understanding Solutions

Objectives

Reading Preview

After this lesson, students will be able to
L.3.1.1 State the characteristics of solutions,
colloids, and suspensions.
L.3.1.2 Describe what happens to the
particles of a solute when a solution forms.
L.3.1.3 Explain how solutes affect the
freezing point and boiling point of a solvent.

Key Concepts

Target Reading Skill

Key Terms

Identifying Main Ideas Explain that
identifying main ideas helps students sort
facts and concepts into main ideas and
details.
Answer
Sample answer: The solvent is the substance
present in the largest amount. A solute is a
substance present in smaller amounts than
the solvent. A solution has the same
properties throughout. A solution contains
particles that are too small to see.

• solution • solvent • solute
• colloid • suspension

solutions, colloids, and
suspensions?

• What happens to the particles of
a solute when a solution forms?

• How do solutes affect the
freezing point and boiling point
of a solvent?

Target Reading Skill
Identifying Main Ideas As you
read the What is a Solution?
section, write the main idea in a
graphic organizer like the one
below. Then write supporting
details that further explain the
main idea.
Main Idea
A solution consists of at least
one solute in a well-mixed . . .

Teaching Resources

• Transparency L30

Detail

Preteach
Build Background
Knowledge

• What are the characteristics of

L2

Identifying Solutions
Have students imagine mixing a spoon of
sugar in a glass of water until the sugar
dissolves. Ask: Would you be able to see a
difference between the sugar water solution
and plain water? (No; they would appear the
same.) How could you tell the sugar water
from plain water? (Sample answer: By taste)
Tell students that in this section they will
learn more about solutions and how they
differ from pure substances.

Detail

Detail

What Makes a Mixture a Solution?
1. Put about 50 or 60 milliliters of water into a plastic cup. Add a
spoonful of pepper and stir well.
2. To a similar amount of water in a second cup, add a spoonful
of table salt. Stir well.
3. Compare the appearance of the two mixtures.
Think It Over
Observing What is the difference between the two mixtures?
What other mixtures have you seen that are similar to pepper
and water? That are similar to table salt and water?

Imagine a hot summer day. You’ve been outdoors and now
you’re really thirsty. A tall, cool glass of plain tap water would
taste great. But exactly what is tap water?
Tap water is more than just water. It’s a mixture of pure
water (H2O) and a variety of other substances, such as chloride, fluoride, and metallic ions. Gases, such as oxygen and carbon dioxide, are also dissolved in tap water. The dissolved
substances give tap water its taste.

What Is a Solution?
Tap water is one example of a mixture called a solution. A
solution is a well-mixed mixture that contains a solvent and at
least one solute. The solvent is the part of a solution present in
the largest amount. It dissolves the other substances. The
solute is the substance that is present in a solution in a smaller
amount and is dissolved by the solvent. A solution has the same
properties throughout. It contains solute particles (molecules
or ions) that are too small to see.
Solutions With Water In many common solutions, the
solvent is water. Sugar in water, for example, is the starting
solution for flavored soft drinks. Adding food coloring gives
the drink color. Dissolving carbon dioxide gas in the mixture
produces a fizzy soda. Water dissolves so many substances that
it is often called the “universal solvent.”
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Skills Focus Observing
Materials water, graduated cylinder,
2 plastic cups, small spoon, pepper,
table salt
Time 10 minutes
Tip Tell students to wash the spoon before
making their second mixture.
Expected Outcome The pepper will not
dissolve in the water, but the salt will.

Think It Over In the first mixture, the
pepper is visible. In the second mixture,
the salt dissolves and forms a clear
mixture. Students might say that sand and
water are similar to pepper and water and
that sugar and water are similar to salt
and water. Accept any other appropriate
responses.

Life depends on water solutions. Nutrients used by plants
are dissolved in water in the soil. Sap is a solution that carries
sugar dissolved in water to tree cells. Water is the solvent in
blood, saliva, and tears. Reactions in cells take place in solution. To keep cells working, you must replace the water you lose
in sweat and urine—two other water solutions.
Solutions Without Water Many solutions are made with
solvents other than water, as you can see in Figure 1. For example, gasoline is a solution of several different liquid fuels. You
don’t even need a liquid solvent to make solutions. A solution
may be made of any combination of gases, liquids, or solids.

Instruct

What Is a Solution?
Acids, Bases, and
Solutions

Teach Key Concepts

Solutions, Solvents, and Solutes
Focus Define solution as a well-mixed
mixture that contains at least two substances.
Teach On the board, write solvent and
solute. Tell students that the terms apply to
substances in a solution. Explain that the
solvent is always the substance that there is
more of.
Apply Describe a solution of two liquids,
in which there are 10 mL of liquid A and
12 mL of liquid B. Ask: Which substance is
the solvent, and which is the solute?
(Substance B is the solvent, and A is the
solute.) learning modality: verbal

Video Preview
Video Field Trip
Video Assessment

What solvent is essential to living things?

Examples of Common Solutions
Solute

Solvent

Solution

Gas

Gas

Air (oxygen and other gases
in nitrogen)

Gas

Liquid

Soda water (carbon dioxide
in water)

Liquid

Liquid

Antifreeze (ethylene glycol
in water)

Solid

Liquid

Dental filling (silver in mercury)

Solid

Liquid

Ocean water (sodium chloride
and other compounds in water)

Solid

Solid

Brass (zinc and copper)
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FIGURE 1
Solutions can be made from any
combination of solids, liquids, and gases.
Interpreting Photos What are the solutes
and solvent for stainless steel?

Salt water is a solution of
sodium chloride and other
compounds in water.

The air in these gas bubbles
is a solution of oxygen and
other gases in nitrogen.

Acids, Bases, and Solutions
Show the Video Field Trip to give students
a chance to see how temperature affects
concentration. Discussion question: How
do syrup makers increase the sugar
concentration of maple syrup? (By boiling
it; most of the water evaporates.)

Stainless steel is a solution
of chromium, nickel, and
carbon in iron.

Independent Practice
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Teaching Resources

• Guided Reading and Study Worksheet:
Understanding Solutions
Student Edition on Audio CD

Differentiated Instruction
English Learners/Beginning
Comprehension: Modified Cloze
Rewrite the first paragraph under the
heading What Is a Solution? Leave blank the
terms solution, solvent, and solute. Show
students how to fill in the blanks with a
sample sentence on the board. Then, have
them fill in the blanks in the paragraph.
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learning modality: verbal

Monitor Progress
English Learners/Intermediate
Comprehension: Ask Questions Check
students’ comprehension of the most
important concepts on these two pages.
Change the boldface sentences and the
sentences containing boldface terms into
questions, and have students answer
them. learning modality: verbal
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L2

Oral Presentation Call on students to
define solution, solvent, and solute.
Answers
Figure 1 Solutes are chromium, nickel, and
carbon; the solvent is iron.
Water

Colloids and
Suspensions
Teach Key Concepts
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Colloids and Suspensions
Focus Tell students that not all mixtures are
solutions. Some are colloids or suspensions.
Teach Define colloids and suspensions. Ask:
What are some examples of colloids?
(Sample answers: Milk, gelatin) What are
some examples of suspensions? (Sample
answers: Pepper and water, “snow” and water
in a snow globe) Explain that particles in
suspensions are larger than particles in
colloid. Unlike the particles in a colloid,
particles in suspensions can be separated out
of the solvent.
Apply Ask: How could you separate pepper
from a suspension of pepper and water?
(Sample answer: Pour the suspension through
a filter.) learning modality: verbal

Use Visuals: Figure 2

FIGURE 2
Comparing Three Mixtures
Solutions are different from
colloids and suspensions.
Interpreting Photographs In
which mixture can you see
the particles?

Suspension
Suspended particles
of “snow” in water
are easy to see.

Solution
In a solution of glass
cleaner, particles are
uniformly distributed and
too small to scatter light.

Colloids and Suspensions
Not all mixtures are solutions. Colloids and suspensions are
mixtures that have different properties than solutions.
Colloids Have you ever made a gelatin dessert? To do so, you
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Particles in Different Types
of Mixtures
Focus Use Figure 2 to compare and contrast
particles in solutions, colloids, and
suspensions.
Teach Call students’ attention to the figure,
and have them read the caption and labels.
Ask: Why can you see through glass cleaner
but not through milk? (Particles in glass
cleaner are too small to scatter light, whereas
particles in milk are large enough to scatter
light.) Why can you see particles in a snow
globe but not in milk? (Particles in a snow
globe are larger than particles in milk.)
Apply Call on a volunteer to go to the board
and write the names of the three different
types of mixtures in order of decreasing
particle size. (Suspensions, colloids,
solutions) learning modality: visual

Colloid
Fats and proteins in milk
form globular particles
that are big enough to
scatter light, but are
too small to be seen.

Scattered Light
1. Pour 50 mL of a gelatinand-water mixture into a
small, clean glass beaker.
2. Pour 50 mL of a saltwater
solution into another
clean beaker that is about
the same size.
3. Compare the appearance
of the two liquids.
4. In a darkened room, shine
a small ﬂashlight through
the side of the beaker that
contains gelatin. Repeat
this procedure with the
saltwater solution.
5. Compare the appearance
of the light inside the two
beakers.
Inferring What evidence tells
you that gelatin is a colloid?

stir powdered gelatin in hot water until the two substances are
uniformly mixed. The liquid looks like a solution, but it’s not.
Gelatin is a colloid. A colloid (KAHL oyd) is a mixture containing small, undissolved particles that do not settle out.
Solutions and colloids differ in the size of their particles
and how they affect the path of light. A colloid contains larger
particles than a solution. The particles are still too small to
be seen easily, but are large enough to scatter a light beam.
For example, fog—a colloid that consists of water droplets in
air—scatters the headlight beams of cars. In addition to gelatin
and fog, milk, mayonnaise, shaving cream, and whipped cream
are examples of colloids.
Suspensions If you did the Discover Activity, you noticed
that no matter how much you stir pepper and water, the two
never really seem to “mix” completely. When you stop stirring,
you can still see pepper flakes floating on the water’s surface
and collecting at the bottom of the cup. Pepper and water
make a suspension. A suspension(suh SPEN shun) is a mixture
in which particles can be seen and easily separated by settling
or filtration. Unlike a solution, a suspension does not have
the same properties throughout. It contains visible particles
that are larger than the particles in solutions or colloids.
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Skills Focus Inferring
Materials 50 mL gelatin-and-water
mixture, 2 beakers, 50 mL saltwater
solution, flashlight
Time 15 minutes
Tip Make sure students stir the mixtures
thoroughly to dissolve all the salt and
gelatin.

Which kind of mixture has the largest particles?

Expected Outcome Light will shine
through the saltwater solution but it will
be scattered by the larger particles in the
gelatin.
Extend Have students repeat the
procedure using other mixtures and decide
whether the other mixtures are solutions
or colloids based on whether or not they
scatter light. learning modality: visual

Particles in a Solution

Particles in a Solution

Why do solutes seem to disappear when you mix them with a
solvent? If you had a microscope powerful enough to look at
the mixture’s particles, what would you see? When a solution
forms, particles of the solute leave each other and become
surrounded by particles of the solvent.

Teach Key Concepts

Ionic and Molecular Solutes Figure 3 shows what happens when an ionic solid mixes with water. The positive and
negative ions are attracted to the polar water molecules. Water
molecules surround each ion as it leaves the surface of the crystal. As each layer of the solid is exposed, more ions can dissolve.
However, not every substance breaks into ions when it dissolves in water. A molecular solid, such as sugar, breaks up into
individual neutral molecules. The polar water molecules
attract the slightly polar sugar molecules. This causes the sugar
molecules to move away from each other. But covalent bonds
within the molecules are not broken.
Solutes and Conductivity You have a water solution, but

you don’t know if the solute is salt or sugar. How could you
find out? Think about what you learned about the electrical
conductivity of compounds. A solution of ionic compounds in
water conducts electricity, but a water solution of molecular
compounds may not. You could test the conductivity of the
solution. If no ions are present (as in a sugar solution), electricity will not flow.
Which kind of solution conducts electricity?

For: Salt Dissolving in Water activity
Visit: PHSchool.com
Web Code: cgp-2031
FIGURE 3
Salt Dissolving in Water
When an ionic solid—like table
salt—dissolves, water molecules
surround and separate the positive
and negative ions. Notice that the
sodium ions attract the oxygen
ends of the water molecules.
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Ionic vs. Molecular Compounds
in Solution
Focus Compare and contrast solutions
of ionic compounds and molecular
compounds.
Teach Review differences between ionic and
molecular compounds. Remind students
that salt is an ionic compound. Have
students look at Figure 3 to observe what
happens when salt dissolves in water. Point
out that the ionic bonds between sodium
and chloride are broken due to the attraction
of the polar water molecules for the
oppositely charged ions. Then, tell students
that sugar is a molecular compound. Explain
that when sugar dissolves in water, the sugar
molecules move away from each other, but
the individual sugar molecules do not break
apart.
Apply Ask: Why do sugar molecules not
break apart as salt ions do when they are
dissolved in water? (Sample answer: because
sugar’s covalent bonds do not break; and the
nearly neutral sugar molecules are less
attracted by the polar water molecules)
learning modality: verbal

Cl–
Na+

Cl–

For: Salt Dissolving in Water activity
Visit: PHSchool.com
Web Code: cgp-2031

Cl–

Na+

Students can investigate solutes and
solutions in an activity online.

Na+

Water

Water

Water

Teaching Resources

• Transparency L31

Monitor Progress
Differentiated Instruction
L1
Special Needs
Suggest
that
Observing Solutions
students make or obtain at home some of
the solutions described in the text, such as
glass cleaner, milk, gelatin, mayonnaise,
sugar water, and salt water. Tell students to
examine each solution and write a brief
description of it. learning modality:

visual

L3
Gifted and Talented
Challenge
Making Models of Solutions
students to use Legos® or other small
objects to create models of saltwater and
sugar water solutions to show the chemical
differences between ionic and molecular
solutes dissolved in water. Encourage
students to share their models with the
class. learning modality: kinesthetic
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Skills Check Have students make a Venn
diagram comparing and contrasting colloids
and suspensions.
Answers
Figure 2 In the suspension
A suspension

A solution of ionic
compounds in water

Effects of Solutes
on Solvents
Teach Key Concepts

Effects of Solutes on Solvents
Designing Experiments
L2

How Solutes Affect Solvents
Focus Use differences in taste to introduce
the concept that solutes affect the properties
of solvents.
Teach Ask: How does the taste of sugar
water compare with the taste of plain
water? (Sugar water tastes sweet; plain water
has little or no taste.)
Apply Ask: What are some other nonvisible properties, besides taste, that might
change when you add a solute to a solvent?
(Students might list properties such as freezing
and boiling points and ability to conduct
electricity.) learning modality: verbal

How does the mass of a solute
affect the boiling temperature of a given volume of
water? Design an experiment
using a solute, water, a balance, a hot plate, and a thermometer.
What variables should remain
constant in your experiment?
What is the manipulated
variable? What will be the
responding variable?
With approval from your
teacher, do the experiment.

The freezing point of water is 0°C, and the boiling point is
100°C. These statements are true enough for pure water under
everyday conditions, but the addition of solutes to water can
change these properties. Solutes lower the freezing point and
raise the boiling point of a solvent.
Lower Freezing Points Solutes lower the freezing point of
a solvent. When liquid water freezes, water molecules join
together to form crystals of solid ice. Pure water is made only of
water molecules that freeze at 0C. In a salt solution, solute particles are present in the water when it freezes. The solute particles make it harder for the water molecules to form crystals. The
temperature must drop lower than 0°C for the solution to
freeze. Figure 4 shows how solutes can affect the freezing point
of water.
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Making Inferences About Antifreeze
Focus Have students read the last paragraph
under the subheading Higher Boiling Points,
describing the boiling point and freezing
points of water and antifreeze.
Teach Ask: Would a car be better protected
by pure antifreeze or a mixture of half
antifreeze and half water? Why? (Half
antifreeze and half water, because the mixture
has a lower freezing point and a higher boiling
point than either water or antifreeze alone)

Freshwater lake 

Solute
particles

learning modality: logical/mathematical
Saltwater bay 
FIGURE 4
Salt’s Effect on Freezing Point
Fresh water on the surface of a lake
is frozen. At the same temperature,
salt water is not frozen.
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Skills Focus Designing experiments
Materials table salt or other solute, water,
balance, hot plate, thermometer
Time 15 minutes
Tip Check students’ designs before they
begin.

Expected Outcome Sample design: Make
two samples of solution that differ only in
mass of solute; bring them to a boil;
measure the temperature when boiling
begins. Quantity of water, type of solute,
and amount of heat should remain
constant. The manipulated variable is mass
of solute. The responding variable is

boiling point. Increasing the mass of the
solute will raise the boiling point.
Extend Have students design an
experiment to determine the effect of the
solute on the freezing point of water.
learning modality: logical/mathematical

Higher Boiling Points Solutes raise the boiling point of a
solvent. To see why, think about the difference between the
molecules of a liquid and those of a gas of the same substance.
In a liquid, molecules are moving close to each other. In a gas,
they are far apart and moving more rapidly. As the temperature of a liquid rises, the molecules gain energy and escape
into the air. In pure water, all the molecules are water. But in
a solution, some of the particles are water molecules and others are particles of solute. The presence of the solute makes it
harder for the water molecules to escape, so more energy is
needed. The temperature must go higher than 100°C for the
water to boil.
Car manufacturers make use of the effects of solutes to
protect engines from heat and cold. The coolant in a car radiator is a solution of water and another liquid called antifreeze.
(Often the antifreeze is ethylene glycol.) The mixture of the two
liquids has a higher boiling point and lower freezing point
than water alone. Because this solution can absorb more of
the heat given off by the running engine, risk of damage to
the car from overheating is greatly reduced. The risk of damage from freezing in very cold weather is also reduced.

Monitor Progress

Answers
Figure 5 Coolant works by raising the
boiling point and lowering the freezing point
of water.

Lower

FIGURE 5
Calling Solutes to the Rescue?
This couple might have prevented
their car from overheating by using
the proper coolant in the radiator.
Relating Cause and Effect Explain
how coolant works.

Does salt water have a lower or higher freezing
point than pure water?
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Section 1 Assessment

Target Reading Skill Identifying Main Ideas
Use your graphic organizer to help you answer
Question 1 below.
Reviewing Key Concepts
1. a. Deﬁning What is a solution?
b. Comparing and Contrasting How are

solutions different from colloids and
suspensions?
c. Inferring Suppose you mix food coloring in
water to make it blue. Have you made a
solution or a suspension? Explain.
2. a. Reviewing What happens to the solute
particles when a solution forms?
b. Sequencing Describe as a series of steps
what happens to sugar molecules when they
dissolve in water.
3. a. Summarizing What effects do solutes have
on a solvent’s freezing and boiling points?

L2

b. Relating Cause and Effect Why is the

temperature needed to freeze ocean water lower
than the temperature needed to freeze the
surface of a freshwater lake?
c. Applying Concepts Why does salt sprinkled on
icy roads cause the ice to melt?

Passing Through With a family member, mix
together a spoonful each of sugar and pepper
in about 100 mL of warm water in a plastic
container. Pour the mixture through a coffee
ﬁlter into a second container. Ask your family
member what happened to the sugar. Let the
water evaporate overnight. Describe the
difference between a solution and a suspension.

Assess
Reviewing Key Concepts
1. a. A solution is a well-mixed mixture that
contains a solvent and at least one solute.
b. Solutions have the smallest particles, and
the particles are uniformly distributed and
too small to scatter light. Colloids have larger
particles that scatter light but do not settle
out. Suspensions have the largest particles.
The particles are large enough to be seen and
easily separated by settling or filtration. c. If
the mixture of food coloring and water is
uniform throughout, you have made a
solution. Particles of food coloring are too
small to be seen or to be easily separated.
2. a. When a solution forms, the solute
particles leave each other and become
surrounded by solvent particles. b. Step 1:
Polar water molecules attract and separate
the slightly polar sugar molecules. Step 2:
Water molecules surround the individual
sugar molecules.
3. a. Solutes lower the freezing point and
raise the boiling point of a solvent. b. One
reason is the lower freezing point of salt
water. c. Adding salt to ice makes a saltwater
solution that has a lower freezing point than
water alone.

Reteach

L1

Use the headings to make an outline of the
section on an overhead transparency, and
call on students to fill in details.

Performance Assessment
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Writing Have students write four important
facts about solutions that they learned in this
section.

Passing Through L2 The pepper,
but not the sugar, will be filtered out.
After the water evaporates, the sugar
will remain. Students can explain that a
solution contains small particles that
cannot be seen or easily separated,
whereas a suspension contains larger
particles that can be seen and easily
separated.

Teaching Resources
Keep Students on Track Make sure
• Section Summary: Understanding
students have properly tested and selected
Solutions
workable acid-base indicators. Check that
they have correctly prepared the indicators • Review and Reinforce: Understanding
by extracting the dye. Tell them to keep their
Solutions
prepared indicators refrigerated. Encourage • Enrich: Understanding Solutions
them to start testing the pH of a variety of
substances.

Speedy Solutions
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Speedy Solutions

Prepare for Inquiry
Key Concept
The speed at which salt dissolves in water
depends on several variables. Students will
design an experiment to find out how a
chosen variable affects this speed.
Skills Objective
After this lab, students will be able to
• design an experiment to determine how a
chosen variable affects the speed of salt
dissolving in water
• control other variables that also might
affect this speed
• draw conclusions about how the chosen
variable affects the speed of salt dissolving
Prep Time 20 minutes
Class Time 40 minutes

Safety
Caution students to be
careful working around the
hot plate. Remind them that the test tubes
and thermometers are fragile. Review the
safety guidelines in Appendix A.
Teaching Resources

• Lab Worksheet: Speedy Solutions

Guide Inquiry
Invitation
Show students a test tube containing some
water. Drop a few grains of salt into the tube
and swirl. Ask: How do you know when the
salt is completely dissolved? (No more
crystals are visible in the bottom of the tube.)
Ask: How could you make the salt dissolve
faster? (Sample answers: Increase the
temperature or volume of water, use smaller
grains of salt, shake the test tube faster) Lead
a discussion of how these changes could be
measured. For example, ask: How could you
measure the speed at which you shake the
test tube? (Sample answer: By counting the
number of shakes per second)

Problem
How can you control the rate at which certain
salts dissolve in water?

Skills Focus
controlling variables, drawing conclusions,
designing experiments

Materials
• spoon
• solid stoppers, #4
• thermometers
• hot plate
• balance
• stirring rods
• ice
• timer or watch
• test tube rack
• test tubes, 25 × 150 mm
• coarse, rock, and table salt
• graduated cylinders and beakers, various sizes

Design a Plan
1. Make a list of all the variables you can think
of that could affect the speed at which
sodium chloride dissolves in water.
2. Compare your list with your classmates’ lists,
and add other variables.

6. Plan at least three tests for whichever variable you choose. Remember to control all
other variables.
7. Write down a series of steps for your procedure and safety guidelines for your experiment. Be quite detailed in your plan.
8. As part of your procedure, prepare a data
table in which to record your results. Fill in
the headings on your table that identify the
manipulated variable and the responding
variable. (Hint: Remember to include units.)

Data Table
Manipulated
Variable

Test 1

Dissolving Time
Test 2
Test 3

3. Choose one variable from your list to test.
4. Write a hypothesis predicting the effect
of your chosen variable on the speed of
dissolving.
5. Decide how to work with your choice.
• If you choose temperature, you might
perform tests at 10°C, 20°C, 30°C, 40°C,
and 50°C.
• If you choose stirring, you might stir for
various amounts of time.

Introduce the Procedure
Have students read through the procedure,
and answer any questions they may have.
Tell them to select just one variable to test.
Guide them in formulating hypotheses
regarding their variables. For example,
if students choose to test rate of stirring,
ask: What do you think will happen if you
do not stir or if you stir at a rate of three
times per second? Have students express
their hypotheses as “If…then…” statements.

9. Have your teacher approve your procedure,
safety guidelines, and data table.
10. Perform the experiment.

Expected Outcome
Results will vary, but most students will find
that salt dissolves more quickly with higher
water temperature, greater water volume,
finer grains of salt, or faster stirring or
shaking.

Analyze and Conclude
1. Controlling Variables Which is the manipulated variable in your experiment? Which is
the responding variable? How do you know
which is which?
2. Controlling Variables List three variables you
held constant in your procedure. Explain why
controlling these variables makes your data
more meaningful.
3. Graphing Make a line graph of your data.
Label the horizontal axis with the manipulated variable. Label the vertical axis with the
responding variable. Use an appropriate
scale for each axis and label the units.
4. Drawing Conclusions Study the shape of
your graph. Write a conclusion about the
effect of the variable you tested on the
speed at which salt dissolves in water.

5. Drawing Conclusions Does your conclusion
support the hypothesis you wrote in Step 4
of your Plan? Explain.
6. Designing Experiments What advantage
would there be in running your tests a second or third time?
7. Predicting If you switched procedures with
another student who tested the same variable as you, do you think you would get the
same results? Explain why or why not.
8. Communicating Write an e-mail to a friend
explaining how your results relate to what you
have learned about particles and solubility.

More to Explore
Choose another variable from the list you made
in Steps 1 and 2 of your Plan. Repeat the process
with that variable. Of the two variables you
chose, which was easier to work with? Explain.

Analyze and Conclude
1. Manipulated variables will vary. The
responding variable is the time it takes the
salt to dissolve. The manipulated variable
is the variable that is changed by the
experimenter. The responding variable is the
variable that is changed as a result.
2. Students should correctly identify at least
three variables that are held constant and
explain that controlling them avoids
confusion about which variable causes the
observed effect.
3. Students’ graphs should accurately reflect
the data collected. All graphs should have the
time required for the salt to dissolve on the
y-axis and the chosen variable on the x-axis.
4. Answers will vary depending on the
variables students chose. Sample answer:
Decreasing the grain size of salt increases the
rate at which salt dissolves in water.
5. Students’ answers will depend on their
hypotheses. Make sure students correctly
interpret their conclusions with respect to
their hypotheses.
6. More than one trial would provide
evidence that the data are accurate and that
procedures are being followed consistently.
7. Sample answer: Valid procedures, even if
different, should produce data that support
the same conclusions.
8. Sample answer: Smaller grains of salt have
greater surface area, so more solute ions are
in contact with water molecules at any given
time.

Extend Inquiry
More to Explore Answers will vary
depending on which variables were chosen.
For example, if students chose temperature
and grain size, they may say that they found
it easier to measure water temperature than
size of salt grains. Accept all logical
explanations.

Troubleshooting the Experiment
• Evaluate all student designs for safety.
Also, make sure the designs control all but
the manipulated variable. In addition,
check that designs describe how the
manipulated and responding variables will
be measured.
• No more than 36 g of salt per 100 mL of
water should be used, because this is the
solubility of salt in water at 0°C.

