
Section

2 Concentration 
and Solubility

Objectives
After this lesson, students will be able to
L.3.2.1 Describe how concentration is 
measured.
L.3.2.2 Explain why solubility is useful 
in identifying substances.
L.3.2.3 Identify factors that affect the 
solubility of a substance.

Target Reading Skill
Building Vocabulary Explain that 
knowing the definitions of key terms helps 
students understand what they read.

Answers
Sample sentences: A dilute solution is 
a mixture that has only a little solute 
dissolved in a certain amount of solvent. A 
concentrated solution is one that has a lot 
of solute dissolved in the same amount of 
solvent. Solubility is a measure of how much 
solute can dissolve in a solvent at a given 
temperature. A saturated solution contains 
so much solute that no more dissolves. 
An unsaturated solution can continue to 
dissolve more solute. A supersaturated 
solution has more dissolved solute than is 
predicted by its solubility at the given 
temperature.

Preteach

Build Background 
Knowledge
Concentration
Use a familiar example to help students 
recall what they already know about 
concentration. Call on a volunteer to 
describe how to make orange juice by adding 
water to frozen concentrate. Point out that 
the amount of orange juice relative to the 
amount of water decreases as more water is 
added. In other words, the concentration of 
orange juice decreases. Ask: How does the 
appearance of the orange juice change as it 
becomes less concentrated? (Sample answer: 
It becomes more watery and lighter in color.)

L2

Skills Focus Drawing conclusions

Materials spoon, small plastic cup, water, 
soap flakes, salt, sugar, vinegar, pepper, 
powdered chalk, vegetable oil

Time 15 minutes

Tips Put chalk peices in a plastic bag and 
crush them. Label and set out the 
materials for the students.

Expected Outcome Soap flakes, salt, 
sugar, and vinegar dissolve easily. Pepper, 
chalk, and vegetable oil do not.

Think It Over The ability to dissolve is 
not related to whether a substance is 
solid or liquid. Some solids and liquids 
dissolved readily, but other solids and 
liquids did not.

2 Concentration and 
Solubility

Does It Dissolve?
1. Put half a spoonful of soap flakes into a small plastic cup. 

Add about 50 mL of water and stir. Observe whether the 
soap flakes dissolve.

2. Clean out the cup. Repeat the test for a few other solids and 
liquids provided by your teacher.

3. Classify the items you tested into two groups: those that 
dissolved easily and those that did not.

Think It Over
Drawing Conclusions  Based on your observations, does the 
physical state (solid or liquid) of a substance affect whether or 
not it dissolves in water? Explain.

Reading Preview
Key Concepts
• How is concentration measured?

• Why is solubility useful in 
identifying substances?

• What factors affect the solubility 
of a substance?

Key Terms
• dilute solution
• concentrated solution
• solubility
• saturated solution
• unsaturated solution
• supersaturated solution

Target Reading Skill
Building Vocabulary  As you read, 
carefully note the definition of each 
Key Term. Also note other details in 
the paragraph that contains the 
definition. Use all this information 
to write a meaningful sentence 
using the Key Term.

Have you ever had syrup on your pancakes? You probably
know that it’s made from the sap of maple trees. Is something
that sweet really made in a tree? Well, not exactly.

Concentration
The sap of a maple tree and pancake syrup differ in their con-
centrations. That is, they differ in the amount of solute (sugar)
dissolved in a certain amount of solvent (water). The sap is a
dilute solution, a mixture that has only a little solute dissolved

in a certain amount of solvent. The syrup, on the other
hand, is a concentrated solution—one that has a lot
of solute dissolved in the same amount of solvent.

Making Maple Syrup   � 

Syrup  

Boiling sap  

Collecting sap  
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Differentiated Instruction

Instruct

Concentration

Teach Key Concepts
Amounts of Solvent and Solute
Focus Define and discuss concentration.

Teach Read the definitions of dilute and 
concentrated solutions. Ask: How can you 
increase the concentration of a solution 
without changing the amount of solvent? 
(Add more solute.)

Apply Ask: How can two solutions have 
the same concentration if one solution has 
twice as much solvent? (That solution must 
also have twice as much solute.) learning 
modality: logical/mathematical

Math Skill Calculating concentration

Focus Students can calculate concentration.

Teach The ratio is multiplied by 100% to 
change it from a decimal to a percentage.

Answer 33%

Solubility

Teach Key Concepts
Solubility
Focus Introduce and explain solubility.

Teach Say that solubility is a measure of 
how much solute can dissolve in a solvent 
at a given temperature.

Apply Ask: How can you tell when you 
reach the solubility of salt in water? (No 
more salt will dissolve.) learning modality: 
verbal

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Concentration and Solubility

 

Student Edition on Audio CD
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English Learners/Beginning
Vocabulary: Word Analysis On the 
board, write the key terms saturated, 
unsaturated, and supersaturated. Explain 
what saturated means. Then, tell students 
that un- means “not,” so unsaturated 
means “not saturated.” Also, tell them 
that super- means “more than,” so 
supersaturated means “more than 
saturated.” learning modality: verbal

L1 English Learners/Intermediate
Vocabulary: Writing Have students write 
the key terms for this section in sentences. 
First model how to do this with a sample 
sentence on the board. Call on students 
to read their sentences aloud. learning 
modality: verbal

L2

Monitor Progress L2

Answers
Figure 6 Solubility

By changing the amount of 
solute or solvent

Changing Concentration  You can change the concentra-
tion of a solution by adding more solute. You can also change it
by adding or removing solvent. For example, fruit juices are
sometimes packaged as concentrates, which are concentrated
solutions. In making the concentrate, water was removed from
the natural juice. When you make juice from the concentrate,
you add water, making a dilute solution.

Measuring Concentration  You know that maple syrup is
more concentrated than maple sap. But you probably do not
know the actual concentration of either solution. To measure
concentration, you compare the amount of solute to the
amount of solvent or to the total amount of solution.

Often, the method used to describe concentration depends
on the type of solution. For example, you might measure the
mass of a solute or solvent in grams. Or you might measure the
volume of a solute or solvent in milliliters or liters. You can
report concentration as the percent of solute in solution by
volume or mass.

How can you change the concentration of a 
solution?

Solubility
If a substance dissolves in water, a question you might ask is,
“How much can dissolve?” Suppose you add sugar to a glass of
iced tea. Is there a limit to how “sweet” you can make the tea?
The answer is yes. At the temperature of iced tea, several
spoonfuls of sugar are about all you can add. At some point,
no matter how much you stir the tea, no more sugar will dis-
solve. Solubility is a measure of how much solute can dis-
solve in a solvent at a given temperature.

When you’ve added so much solute that no more
dissolves, you have a saturated solution. If you
add more sugar to a saturated solution of iced
tea, the extra sugar just settles to the bottom of
the glass. On the other hand, if you can con-
tinue to dissolve more solute, you still have
an unsaturated solution.

Calculating a 
Concentration
To calculate the concentra-
tion of a solution, compare 
the amount of solute to the 
amount of solution and 
multiply by 100 percent.

For example, if a solution 
contains 10 grams of solute 
dissolved in 100 grams of 
solution, then its 
concentration can be 
reported as 10 percent.

Practice Problem  A solution 
contains 12 grams of solute 
dissolved in 36 grams of solu-
tion. What is the concentra-
tion of the solution?

10 g
100 g
--------------- 100% � 10%=

FIGURE 6
Dissolving Sugar in Tea  
At some point, this boy will not be able 
to dissolve any more sugar in his tea.  
Applying Concepts  What term describes 
how much sugar can dissolve in a solvent?
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Use Visuals: Figure 7
Solubility of Compounds
Focus Use Figure 7 to help students 
visualize the concept of solubility and to 
compare the solubility of some common 
compounds.

Teach Have students look at the solubility 
values listed in the table in Figure 7. Explain 
that the values refer to the maximum mass of 
solute that can dissolve in 100 grams of water 
at 0° Celsius. Point out the solubility of 
baking soda (6.9 g) and sugar (180 g). Then, 
call students’ attention to the piles of baking 
soda and sugar pictured on the left. Explain 
that the piles represent the amounts given in 
the table.

Apply Ask: How large a pile of table salt 
would dissolve in 100 g of water at 0°°°°C? 
Explain. (Sample answer: The solubility of 
table salt is greater than that of baking soda, 
but less than that of sugar. Therefore, the pile 
of table salt would be larger than the pile of 
baking soda but smaller than the pile of 
sugar.) learning modality: visual

Factors Affecting 
Solubility

Teach Key Concepts
Conditions That Affect Solubility
Focus State that the solubility of a substance 
is a characteristic property of the substance. 
Add, however, that solubility may be affected 
by such factors as pressure, type of solvent, 
and temperature.

Teach Describe how pressure affects the 
solubility of a gas: the more pressure a gas is 
under, the more of it that dissolves. Explain 
how the nature of the solvent affects how 
well a solute dissolves. For example, explain 
why vinegar is soluble in water but not in oil. 
Ask: How do you think temperature affects 
solubility? (Students are likely to predict 
correctly that increasing temperature increases 
solubility.) Explain how the effect of 
temperature varies with different materials.

Apply Refer students to the values in the 
table in Figure 7. Ask: What might the 
solubility of table sugar be in 100 g of water 
at 50°°°°C? (Accept any answer greater than 
180 g, which is the solubility of table sugar 
at 0°C.) learning modality: logical/
mathematical

L2
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Skills Focus Predicting

Materials baking soda, cool water, small 
spoon, graduated cylinder, beaker, warm 
water

Time 15 minutes

Tip Tell students to add a small amount of 
baking soda at a time so they can make a 
more accurate estimate of solubility.

Expected Outcome Students are likely to 
predict that more baking soda will dissolve 
in warm water than in cool water.

Extend Let students test their predictions 
by measuring how much baking soda 
dissolves in warm water and comparing 
it to the amount that dissolved in cool 
water. learning modality: kinesthetic

Working With Solubility  The solubility of a substance
tells you how much solute you can dissolve before a solution
becomes saturated. Solubility is given for a specific solvent
(such as water) under certain conditions (such as tempera-
ture). Look at the table in Figure 7. It compares the solubility
of some familiar compounds. In this case, the solvent is water
and the temperature is 0°C. From the table, you can see that
6.9 grams of baking soda will dissolve in 100 grams of water at
0°C. But the same mass of water at the same temperature will
dissolve 180 grams of table sugar!

Using Solubility  Solubility can be used to help identify a
substance because it is a characteristic property of matter.
Suppose you had a white powder that looked like table salt or
sugar. You wouldn’t know for sure whether the powder is salt
or sugar. And you wouldn’t use taste to identify it. Instead, you
could measure its solubility in water at 0°C and compare the
results to the data in Figure 7.

What does the solubility of a substance tell you?

Factors Affecting Solubility
Which dissolves more sugar: iced tea or hot tea? You have
already read that there is a limit to solubility. An iced tea and
sugar solution quickly becomes saturated. Yet a hot, steaming
cup of the same tea can dissolve much more sugar before the
limit is reached. The solubilities of solutes change when condi-
tions change. Factors that affect the solubility of a substance
include pressure, the type of solvent, and temperature.

FIGURE 7
Each compound listed in the table dissolves 
in water, but in different amounts.
Interpreting Tables Which compound is the 
most soluble? Which is the least soluble?

Predicting
Make a saturated solution of 
baking soda in water. Add 
one small spoonful of baking 
soda to about 250 mL of cool 
water. Stir until the baking 
soda dissolves. Continue 
adding baking soda until no 
more dissolves. Keep track of 
how much baking soda you 
use. Then predict what 
would happen if you used 
warm water instead. Make a 
plan to test your prediction. 
With approval from your 
teacher, carry out your plan. 
Did your results confirm your 
prediction? Explain.

Compound Solubility (g)

Carbon dioxide
(CO2)

Baking soda
(NaHCO3)

Table salt
(NaCl)

Table sugar
(C12H22O11)

Solubility in
100 g of Water at 0ºC

0.348

6.9

35.7

180.

Baking Soda  
6.9 g  

Sugar  
180 g  
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Observing Effects of Pressure 
on Solubility

Materials bottle of room-temperature 
carbonated beverage

Time 5 minutes

Focus Demonstrate how decreasing the 
pressure of a dissolved gas reduces its 
solubility.

Teach Point out that the higher the pressure 
of a gas over a solvent, the more gas that can 
dissolve. Show students the bottled beverage, 
and explain that it contains dissolved carbon 
dioxide. State that carbon dioxide was added 
to the liquid under high pressure to increase 
its solubility. Ask: What do you think will 
happen when I open the bottle and release 
the pressure? (Students may say that some of 
the gas will rush out.) Open the bottle, and, 
as you do, call students’ attention to evidence 
of the escaping gas.

Apply Ask: How can you explain what you 
just observed? (The gas comes out of solution 
when the pressure is reduced because its 
solubility is lower at the lower pressure.) 
learning modality: visual

Monitor Progress L2

Oral Presentation Call on students to 
identify factors that affect solubility. Call on 
other students to state how the factors affect 
solubility.

Answers
Figure 7 Table sugar is the most soluble. 
Carbon dioxide is the least soluble.

Solubility can be used to
help identify a substance 

because it is a characteristic property 
of matter.

Pressure  Pressure affects the solubility of gases. The higher
the pressure of the gas over the solvent, the more gas can dis-
solve. To increase the carbon dioxide concentration in soft
drinks, the gas is added under high pressure. Opening the bot-
tle or can reduces the pressure. The escaping gas makes the
sound you hear.

Scuba divers are aware of the effect of pressure on gases. Air
is about 80 percent nitrogen. When divers breathe from tanks
of compressed air, nitrogen from the air dissolves in their
blood in greater amounts as they descend. This occurs because
the pressure underwater increases with depth. If divers return
to the surface too quickly, nitrogen bubbles come out of solu-
tion and block blood flow. Divers double over in pain, which is
why this condition is sometimes called “the bends.”

Solvents  Sometimes you just can’t make a solution because
the solute and solvent are not compatible. Have you ever tried to
mix oil and vinegar, which is mostly water, to make salad dress-
ing? If you have, you’ve seen how the dressing quickly separates
into layers after you stop shaking it. Oil and water separate
because water is a polar compound and oil is nonpolar. Polar
compounds and nonpolar compounds do not mix very well.

For liquid solutions, the solvent affects how well a solute
dissolves. The expression “like dissolves like” gives you a clue to
which solutes are soluble in which solvents. Ionic and polar
compounds usually dissolve in polar solvents. Nonpolar com-
pounds do not usually dissolve in polar solvents. If you work
with paints, you know that water-based (latex) paints can be
cleaned up with just soap and water. But cleaning up oil-based
paints may require a nonpolar solvent, such as turpentine.

FIGURE 8
Pressure Changes Solubility  
Opening a shaken bottle of soda 
water may produce quite a spray 
as dissolved gas comes out of 
solution.

FIGURE 9
Solvents and Solubility  
Try as she might, this girl cannot 
get oil and vinegar to stay mixed. 
Nonpolar and polar compounds 
don’t form solutions with each other.  

Just after 
shaking...  

...a little 
while later  

 �  � 

L1



Math Skill Making and interpreting graphs

Focus Remind students that solids have 
greater solubility in water at higher 
temperatures.

Teach Call students’ attention to the graph, 
and have them read the labels on the axes. 
Inform students that potassium nitrate is a 
crystalline salt that is used in fertilizer and 
gunpowder.

Answers
1. KNO3 is least soluble at 0°C.
2. Approximately 65 g of KNO3 are needed 
to saturate a water solution at 40°C.
3. KNO3 is about twice as soluble at 40°C as 
it is at 20°C.
4. No; the curve shows that solubility 
increases more with each 20°C increase in 
temperature.

Teaching Resources

• Transparency L32

Effect of Temperature on 
Solubility of Gas

Materials 2 bottles of carbonated beverages, 
1 at room temperature and 1 chilled

Time 10 minutes

Focus Have students predict the effect of 
temperature on the solubility of carbon 
dioxide in a bottled beverage.

Teach Tell students that one of the bottles of 
carbonated beverage is cold and the other is 
warm. Give students a chance to feel the 
difference in temperature between the two 
bottles. Then, ask: Which bottle will lose 
less gas when I open it? (Students are likely 
to predict accurately that the chilled bottle 
will lose less gas than the bottle at room 
temperature.) Have students watch while you 
open the bottles. They will notice the fizz of 
escaping gas from the room temperature 
bottle and little or no fizz from the chilled 
bottle. Explain that, unlike solids, gases 
become less soluble at higher temperatures.

Apply Have students look at the graph in 
the Math Analyzing Data feature. Then, ask: 
If you made a graph for the solubility of 
carbon dioxide in water at different 

L2

temperatures, what would the curve look 
like? (Students should describe a curve 
showing the solubility of carbon dioxide 
decreasing with increasing temperature.) 
learning modality: logical/mathematical

Temperature  For most solids, solubility increases as the
temperature increases. That is why the temperature is reported
when solubilities are listed. For example, the solubility of table
sugar in 100 grams of water changes from 180 grams at 0°C to
231 grams at 25°C to 487 grams at 100°C.

Cooks use this increased solubility of sugar when they make
desserts such as rock candy, fudge, or peanut brittle. To make
peanut brittle, you start with a mixture of sugar, corn syrup, and
water. At room temperature, not enough of the required sugar
can dissolve in the water. The mixture must be heated until it
begins to boil. Nuts and other ingredients are added before the
mixture cools. Some recipes call for temperatures above 100°C.
Because the exact temperature can affect the result, cooks use a
candy thermometer to check the temperature.

Unlike most solids, gases become less soluble when the
temperature goes up. For example, more carbon dioxide will
dissolve in cold water than in hot water. Carbon dioxide makes
soda water fizzy when you pour it into a glass. If you open a
warm bottle of soda water, carbon dioxide escapes the liquid in
greater amounts than if the soda water had been chilled. Why
does warm soda taste “flat”? It contains less gas. If you like soda
water that’s very fizzy, open it when it’s cold!

Temperature and Solubility
The solubility of the compound potassium nitrate 
(KNO3) varies in water at different temperatures.

1. Reading Graphs  At which temperature shown in 
the graph is KNO3 least soluble in water?

2. Reading Graphs  Approximately what mass of 
KNO3 is needed to saturate a water solution at 
40ºC?

3. Calculating  About how much more soluble is 
KNO3 at 40°C than at 20°C?

4. Interpreting Data Does solubility increase at the 
same rate with every 20°C increase in 
temperature? Explain.

FIGURE 10
Temperature Changes Solubility
Some hard candy is made by cooling a sugar water 
solution.  Interpreting Photographs  Why does sugar 
precipitate on the string when the solution is cooled?

Solubility of KNO3
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For: Links on solubility
Visit: www.SciLinks.org
Web Code: scn-1232

Download a worksheet that will guide students’ review 
of Internet sources on solubility.

Monitor Progress L2

Answers
Figure 10 Sugar precipitates because sugar 
is less soluble at lower temperatures.

 It  decreases.

Assess

Reviewing Key Concepts
1.  a. The amount of solute dissolved in a 
certain amount of solvent or solution  
b. The amount of solute is compared to the 
amount of solvent or the total amount of 
solution.  c. No, because you do not know 
the amount of solvent or the total amount of 
solution
2.  a. Solubility is a measure of how much 
solute can dissolve in a solvent at a given 
temperature.  b. Because solubility is a 
characteristic property of matter, you may be 
able to identify an unknown substance by 
comparing its solubility with the solubility of 
known substances.  c. Sugar is about five 
times more soluble.
3.  a. Three factors that affect solubility are 
pressure, type of solvent, and temperature.  
b. The solubility of most solids is greater 
at higher temperatures.  c. At a lower 
temperature, sugar has lower solubility, so 
some of the sugar comes out of solution.

Reteach
Read the sentences containing key terms, but 
leave the key terms blank. Call on students to 
fill in the blanks.

Performance Assessment
Writing Have students explain how they 
could dissolve more salt in a saturated salt 
solution.

Teaching Resources

• Section Summary: Concentration and 
Solubility

• Review and Reinforce: Concentration and 
Solubility

• Enrich: Concentration and Solubility

L1
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Math Skill Calculating percentage

Answers
4. 9%
5. 350 g

Keep Students on Track As students 
use their own acid-base indicators and also 
pH papers to test a variety of substances, 
remind them to record their test results. 
Advise them to make a data table for this 
purpose.

Section 2 Assessment

Target Reading Skill Building Vocabulary  
Use your sentences about the Key Terms to help 
answer the questions.

Reviewing Key Concepts
1. a. Reviewing  What is concentration?

b. Describing  What quantities are compared 
when the concentration of a solution is 
measured?

c. Applying Concepts  Solution A contains 
50 g of sugar. Solution B contains 100 g of 
sugar. Can you tell which solution has a 
higher sugar concentration? Explain.

2. a. Defining  What is solubility?
b. Explaining  How can solubility help you 

identify a substance?
c. Calculating  Look back at the table in 

Figure 7. At 0°C, about how many times 
more soluble in water is sugar than salt?

3. a. Listing  What are three factors that affect 
solubility?

b. Summarizing  How does temperature affect 
the solubility of most solids?

c. Relating Cause and Effect  When you heat 
water and add sugar, all of the sugar 
dissolves. When you cool the solution, some 
sugar comes out of solution. Explain.

For: Links on solubility
Visit: www.SciLinks.org
Web Code: scn-1232

2

4. Calculating a Concentration  What is the 
concentration of a solution that contains 
45 grams of sugar in 500 grams of solution?

5. Calculating a Concentration  How much 
sugar is dissolved in 500 grams of a solution 
if the solution is 70 percent sugar by mass?

When heated, a solution can dissolve more solute than it
can at cooler temperatures. If a heated, saturated solution cools
slowly, sometimes the extra solute will remain dissolved. A
supersaturated solution has more dissolved solute than is pre-
dicted by its solubility at the given temperature. When you dis-
turb a supersaturated solution by dropping in a crystal of the
solute, the extra solute will come out of solution.

As temperature increases, what happens to the 
solubility of a gas?

FIGURE 11
A Supersaturated Solution
Dropping a crystal of solute into 
a supersaturated solution (left) 
causes the excess solute to 
rapidly come out of solution 
(center). Soon, the precipitation 
is complete (right).  
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