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Chapter 5, Lesson 1:  Water is a Polar Molecule
Key Concepts

The water molecule, as a whole, has 10 protons and 10 electrons, so it is neutral.•	
In a water molecule, the oxygen atom and hydrogen atoms share electrons in covalent •	
bonds, but the sharing is not equal.
In the covalent bond between oxygen and hydrogen, the oxygen atom attracts electrons a •	
bit more strongly than the hydrogen atoms. 
The unequal sharing of electrons gives the water molecule a slight negative charge near its •	
oxygen atom and a slight positive charge near its hydrogen atoms.
When a neutral molecule has a positive area at one end and a negative area at the other, it •	
is a polar molecule.
Water molecules attract one another based on the attraction between the positive end of •	
one water molecule and the negative end of another. 

Summary
Students will be introduced to the idea that water has a slight positive charge at one end of the 
molecule and a slight negative charge at the other (a polar molecule). Students view animations, 
make illustrations, and use their own water molecule models to develop an understanding of how 
the polar nature of water molecules can help explain some important characteristics of water. 

Objective
Students will be able to explain, on the molecular level, what makes water a polar molecule. 
Students will also be able to show in a drawing that the polar nature of water can explain some of 
water’s interesting characteristics and help explain its evaporation rate compared to a less polar 
liquid. 

Evaluation
The activity sheet will serve as the “Evaluate” component of each 5-E lesson plan. The activity 
sheets are formative assessments of student progress and understanding. A more formal summa-
tive assessment is included at the end of each chapter.

Safety
Be sure you and the students wear properly fitting goggles. Isopropyl alcohol is flammable. Keep 
it away from flames or spark sources. Read and follow all warnings on the label. Use in well-ven-
tilated room. Dispose of small amounts down the drain or according to local regulations. Have 
students wash hands after the activity.
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Materials for Each Group
Styrofoam water molecule models from Chapter 2, Lesson 2 (two per student)•	
Permanent markers (blue and red) •	
Isopropyl alcohol (70% or higher)•	
Water•	
Brown paper towel•	
Droppers•	

Note about the Materials
Students made molecular models of the water molecule using Styrofoam balls and toothpicks in 
Chapter 2, Lesson 2. Give each student two of these water molecule models for this activity. 

engage
show students examples of water molecules’ attraction for one another. 1. 

Remind students that in Chapters 1 and 2, they investigated the behavior of water at dif-
ferent temperatures and explored the state changes of water. Many of the explanations 
were based on the idea that water molecules are attracted to one another. Remind stu-
dents that in Chapter 4 they looked at the covalent bonding between oxygen and hydro-
gen, which creates the water molecule. Now students will look more closely at the details 
of the covalent bonds in a water molecule to understand why water molecules are attract-
ed to one another. 

Project the video Water Balloon. 
www.middleschoolchemistry.com/multimedia/chapter1/lesson1#water_balloon
This video was shown in Chapter 1, Lesson 1 to show that water molecules are attracted to 
one another. 

Project the video Water Fountain. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson1#water_fountain
Point out that the water is able to stay together in these arcs because water molecules are 
very attracted to each other. 
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explaIn
show molecular model animations that illustrate why 2. 
water molecules are attracted to each other.

Project the animation Polar Water Molecule. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson1#polar_water_molecule 

First Frame of the Animation
Electrons are shared between atoms in a covalent bond. •	  
Remind students how the shared electrons in a water molecule are attracted to the 
protons in both the oxygen and the hydrogen atoms. These attractions hold the 
atoms together. 
Water molecules are neutral. •	
Be sure students realize that no protons or electrons are gained or lost. The water 
molecule has a total of 10 protons and 10 electrons (8 from the oxygen atom and 1 
from each of the two hydrogen atoms). Since it has the same number of protons and 
electrons, the water molecule is neutral.  

Click “Play” 
The electron cloud model shows where electrons are in a molecule. •	
Tell students that another way to see the difference in where the electrons are is by 
using the electron cloud model. Remind students that it’s impossible to know the 
exact location of an electron, so sometimes the regions occupied by electrons are 
shown as “clouds” around the nucleus in an atom or molecule. 
Unequal sharing of electrons makes water a polar molecule. •	
Tell students that the oxygen atom attracts electrons a little more strongly than 
hydrogen does. So even though the electrons from each atom are attracted by both 
the oxygen and the hydrogen, the electrons are a bit more attracted to the oxygen. 
This means that electrons spend a bit more time at the oxygen end of the molecule. 
This makes the oxygen end of the molecule slightly negative. Since the electrons are 
not near the hydrogen end as much, that end is slightly positive. When a covalently 
bonded molecule has more electrons in one area than another, it is called a polar 
molecule. 
The electron cloud model can show an unequal sharing of electrons.  •	
Point out that the electron cloud around the oxygen is darker than the electron 
cloud around the hydrogen. This shows that electrons are more attracted to the oxy-
gen end of the molecule than the hydrogen end, making the water molecule polar. 
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Click “Next” 
Color can be added to an electron cloud model to show where electrons are •	
more or less likely to be.  
Tell students that this is another model of a water molecule. In this model, color is 
used to show the polar areas of the water molecule. The negative area near the oxy-
gen atom is red, and the positive area near the hydrogen atoms is blue. 

Project the animation Attraction between water molecules. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson1#attraction

Ask students:
What do you notice about the way water molecules orient themselves? •	
The red (oxygen) area of one water molecule is near the blue (hydrogen) end of 
another water molecule. 
Why do water molecules attract one another like this? •	
Since the oxygen end of a water molecule is slightly negative and the hydrogen end 
is slightly positive, it makes sense that water molecules attract one another. 

Give each student an activity sheet. 
Students will record their observations and answer questions about the 
activity on the activity sheet. The Explain It with Atoms & Molecules and 
Take It Further sections of the activity sheet will either be completed as 
a class, in groups, or individually, depending on your instructions. Look 
at the teacher version of the activity sheet to find the questions and 
answers. 

show students that the bonds between atoms in a molecule are different 3. 
from the polar attractions between molecules. 

Project the image Attractions on different levels 
www.middleschoolchemistry.com/chapter5/lesson1#attractions

Students may be confused about the bonds within a water molecule and the attractions 
between water molecules. 

The bonds within molecules and the polar attractions between molecules
Explain to students that the interaction between the oxygen of one water molecule and 
the hydrogen of another is different than the sharing of electrons between the oxygen and 
the hydrogens within the water molecule itself. 

It’s all about attractions between positive and negative.
Point out to students that attractions between positive and negative works on three differ-
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ent levels. 
A single 1. atom stays together because of the attraction between the positively charged 
protons and the negatively charged electrons.  
 
 
 
 
 
 
 
 
 
 

In a molecule, 2. two or more atoms stay together because of the mutual attraction 
between the positively charged protons from one atom and the negatively charged 
electrons from the other atom. This causes the covalent or ionic bonding that holds 
atoms or ions together.  
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Two or more water molecules3.  stay together because of the positive and negative parts of 
the molecules attracting each other.

have students mark the positive and negative areas on a water molecule by 4. 
color-coding their styrofoam ball models.  

Materials for Each Group
Styrofoam water molecule models from Chapter 2, Lesson 2 (two per student)•	
Permanent markers (blue and red) •	

Procedure
Draw a blue “+” on each of the hydrogen atoms.1. 
Draw two red “–” at the bottom of the oxygen atom.2. 
Repeat this for your other water molecule. 3. 
Position your water molecules so that opposite charges are near each other. 4. 

Ask students:
How do your Styrofoam ball models of water molecules relate to the color-    •	
coded charge density model shown in the animation?  
The different colors show that water is a polar molecule.
What do the red “–” signs on the oxygen atom represent?  •	
The red “–” signs represent the area where there are more electrons. 
What do the blue “+” signs on the hydrogen atoms represent?  •	
The blue “+” signs represent the area where there are fewer electrons. 
Because water molecules are polar, how do they arrange themselves in liquid •	
water? 
The positive area of one water molecule is attracted to the negative area of another 
water molecule.   
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explore
have students design a test to compare the rate of evaporation between 5. 
water and alcohol. 

Remind students that water molecules are very polar. The strong attractions between 
water molecules affect water’s surface tension, boiling point, and rate of evaporation. Tell 
students that they will do an experiment to compare the evaporation rates of water and 
another liquid that isn’t as polar.  

Ask students:
Do you think a substance like water with polar molecules would evaporate faster •	
or slower than a substance like alcohol with molecules that are not as polar?  
The more-polar molecules will stick together more and will probably evaporate 
more slowly than less polar molecules. Less-polar molecules should evaporate faster 
because they are not as attracted to each other.
How could you design a quick and easy evaporation test to compare the rate of •	
evaporation between water and alcohol?

What materials will you need?•	
Should you use the same amount of water and alcohol?•	
How will you know if one evaporates faster than the other?•	
Is there a way to do it so that it will not take a lot of time? •	

Students should say that they will need the same small amount of water and alcohol. 
These liquids should be placed at the same time on a surface like a brown paper towel so 
that students can tell when each liquid evaporates. 

have students follow the procedure below to compare 6. 
the rate of evaporation between water and alcohol.

Question to Investigate
Does water evaporate faster or slower than less-
polar alcohol?
 
Materials for Each Group

Isopropyl alcohol (70% or higher)•	
Water•	
Brown paper towel•	
Droppers•	

Procedure
At the same time, place 1 drop of water and 1 1. 
drop of alcohol on a brown paper towel. Observe. 
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Expected Results
The dark spot on the paper towel made by the alcohol will turn lighter faster than the dark 
spot made by the water. This indicates that the alcohol evaporates more quickly than the 
water.

Note: This test is fine for middle school students but there is something about the test that does 
not make it completely fair. There are many more water molecules in a drop of water than alco-
hol molecules in a drop of alcohol. The test would be more fair 
if the same number of water and alcohol molecules are placed 
on the paper towel. This requires a way to “count” molecules. 
Determining the number of particles in a sample is a basic 
concept in chemistry, but is beyond the scope of a middle 
school chemistry unit. Even if the same number of water and 
alcohol molecules were used in this activity, the alcohol would 
evaporate faster. 

explaIn
 7. discuss student observations and describe the differences in polarity 

between water and alcohol molecules. 

Ask students:
Which evaporated faster, water or alcohol? •	
The alcohol evaporated faster. 

Project the image Water and Alcohol Molecules. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson1#water_and_alcohol
Tell students that understanding about polarity can help explain why water evaporates 
more slowly than alcohol.

Remind students that the oxygen-hydrogen (O–H) bonds in water make it a polar mol-
ecule. This polarity makes water molecules attracted to each other. 

–
– –

++

+

Read more about 
counting molecules in 
the additional teacher 
background section at 
the end of this lesson.
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Explain that the oxygen–hydrogen (O–H) bond in the alcohol molecule is also polar. But, 
the carbon–hydrogen (C–H) bonds in the rest of the alcohol molecule are nonpolar. In 
these bonds, the electrons are shared more-or-less evenly. 

Because there are both polar and nonpolar areas on the alcohol molecule, they are some-
what less attracted to each other than water molecules are to each other. This makes it easi-
er for alcohol molecules to come apart and move into the air as a gas. This is why alcohol 
evaporates faster than water. 

extend
 8. have students consider how polarity might affect the temperature at which 

water and alcohol boil. 

You know that water and alcohol have different characteristics because of the molecules 
they are made of and how these molecules interact with each other. 

Project the image Water and Alcohol Boiling. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson1#water_and_alcohol_boil
This illustration shows that alcohol boils at a lower temperature than water. 

Water boils at 100 °C•	
Alcohol boils at 82.5 °C•	

Ask students:
Knowing what you do about the polarity of •	
water and alcohol, explain why alcohol boils 
at a lower temperature than water.  
The polar characteristic of water molecules 
causes them to attract each other well. The 
less polar alcohol molecules do not attract one 
another as strongly as water molecules do. It 
takes more energy to make water boil than 
it does to make alcohol boil. In other words, 
alcohol boils at a lower temperature than 
water. 
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Activity Sheet             Name ____________________
Chapter 5, Lesson 1    
Water is a Polar Molecule           Date _____________________

explAin it With Atoms & molecules 

This model of a water molecule shows the number of electrons that can be found 
in each energy level. It also shows that oxygen and hydrogen share electrons in 
a covalent bond. But it doesn’t show where electrons are most likely to be at any 
given moment. 

Do the shared electrons in the water molecule spend more time near the  1. 
oxygen atom or the hydrogen atoms? 

Why? 
 
 

What do the colors and positive and negative signs on the electron cloud 2. 
model represent?
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Why are water molecules so attracted to each other?3. 

Attractions are important in three different ways. Draw a line between the 4. 
picture and the description of the attractions. 

Within an atom

Between the atoms in a molecule

Between molecules

The electrons of each atom 
are attracted to the pro-
tons in the other atom. 
These mutual attractions 
keep two or more atoms 
together as a covalently 
bonded molecule. 

The positive areas of one 
molecule are attracted 
to the negative areas of 
another molecule. These 
mutual attractions keep a 
substance together

The electrons are attracted 
to the protons in an atom. 
These attractions keep an 
atom together. 
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Activity

Mark the positive and negative areas on a water molecule. 

Materials for Each Group
Styrofoam water molecule models from Chapter 2, Lesson 2 (two per student)•	
Permanent markers (blue and red) •	

Procedure
Draw a blue “+” on each of the hydrogen atoms.1. 
Draw two red “–” at the bottom of the oxygen 2. 
atom.
Repeat this for your other water molecule. 3. 
Position your water molecules so that opposite 4. 
charges are near each other. 

What do the red “–” signs on the oxygen atom represent?  5. 
 
 
 

What do the blue “+” signs on the hydrogen atoms represent?  6. 
 
 
 

Because water molecules are polar, how do they arrange themselves in liquid 7. 
water? 
 
 

How would you design an experiment to find out which evaporates faster, 8. 
alcohol or water? Be sure to explain how you would control variables. 
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Activity

Question to Investigate
Does water evaporate faster or slower than less-polar alcohol?
 
Materials for Each Group

Isopropyl alcohol (70% or higher)•	
Water•	
Brown paper towel•	
Droppers•	

Procedure
At the same time, place 1 drop of water and 1. 
1 drop of alcohol on a brown paper towel. 
Observe. 

 
 

 9. Which evaporated faster, water or alcohol? 
 
 

 10. The following molecular models show the polar regions of alcohol and water. 
Why does alcohol evaporate faster?

  –
– –

++

+
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tAke it further

 11. This illustration shows that alcohol boils at a 
lower temperature than water. Knowing what 
you do about the polarity of water and alco-
hol, explain why alcohol boils at a lower tem-
perature than water.
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Additional Teacher Background
Chapter 5, Lesson 1, p. 388

The idea of measuring an “equal amount” of two substances can have different meanings depend-
ing on how the amounts will be used. For example, let’s say you wanted an equal amount of car-
bon and calcium. If you measured out 5 grams of each, you would have the same amount of mat-
ter of each substance but you would not have the same number of atoms. Since carbon is lighter 
(lower atomic mass) than calcium, there would be more carbon atoms in 5 grams of carbon than 
calcium atoms in 5 grams of calcium.  

Counting atoms
But what if you needed to measure the same number of carbon and calcium atoms? There is a 
way of doing this but you need to know the atomic mass of carbon and calcium. You also need to 
apply a concept related to the mole or Avogadro’s number. 

A mole is a huge number used to count the enormous number of atoms or molecules in even a 
small sample of matter. A mole is equal to 6.02 × 1023. The mole concept and the atomic mass 
work together in an interesting way to allow you to count the atoms or molecules in a sample of a 
substance. 

Here’s how it works: Carbon has an atomic mass of 12. That means that 12 grams of carbon con-
tains 6.02 × 1023 carbon atoms. Another way of saying this is that one mole of carbon atoms has a 
mass of 12 grams. 

Calcium has an atomic mass of 40. This means that 40 grams of calcium contains 6.02 × 1023 cal-
cium atoms. Another way of saying this is that one mole of calcium atoms has a mass of 40 grams. 

So to get an equal number of carbon and calcium atoms, you could weigh out 12 grams of car-
bon and 40 grams of calcium. You could also weigh out ½ the amount of each such as 6 grams of 
carbon and 20 grams of calcium. As long as you use the same fraction or ratio for both, you could 
measure larger or smaller amounts and you would always have the same number of atoms.  

Counting molecules
This same process works for molecules just like it does for atoms but you add the atomic mass for 
each atom in the molecule. For example, water is made of one oxygen atom and two hydrogen 
atoms. The atomic mass for oxygen is 16. The atomic mass for hydrogen is 1. So the mass of the 
molecule is 16 + 1+ 1 = 18. This means that 18 grams of water contains 6.02 × 1023 water mol-
ecules. 
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How about isopropyl alcohol? Isopropyl alcohol is C3H8O. This means that the mass of the 
molecule is 3(12) + 8(1) + 16 = 36 + 8 + 16 = 60. This means that 60 grams of isopropyl alcohol 
contains 6.02 × 1023 isopropyl alcohol molecules. Another way of saying it is that one mole of 
isopropyl alcohol molecules has a mass of 60 grams.  

So you need 60 grams of isopropyl alcohol to have the same number of molecules as there are 
water molecules in only 18 grams of water. 

So if you wanted to do an evaporation test between water and isopropyl alcohol in which you 
compared the same number of molecules of each, you could do it. You would just need to use a 
mass of alcohol and a mass of water that are in a ratio of 60 to 18. The activity does not call for 
this but if you compared the evaporation of 6 grams of isopropyl alcohol to 1.8 grams of water, 
the evaporation of the alcohol would be faster.
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Chapter 5, Lesson 2—Surface Tension 

Key Concepts
The attraction of molecules at the surface of a liquid is called •	 surface tension. 
The polarity of water molecules can help explain why water has a strong surface tension.•	

Summary
Students will observe several phenomena related to the polarity of water molecules. They will 
observe a demonstration of a paper clip being placed on the surface of water. Students will place 
drops of water in an already-filled test tube and on the surface of a penny. They will compare the 
way water behaves with the less polar liquid isopropyl alcohol and will see how detergent affects 
water’s surface tension. Students will relate these observations to an explanation of surface ten-
sion at the molecular level.

Objective
Students will be able to explain, on the molecular level, the effects of polarity on water’s surface 
tension.

Evaluation
The activity sheet will serve as the “Evaluate” component of each 5-E lesson plan. The activity 
sheets are formative assessments of student progress and understanding. A more formal summa-
tive assessment is included at the end of each chapter.

Materials for the Demonstration
1 clear plastic cup•	
Water•	
1 standard size paper clip •	
1 large paper clip •	

Materials for Each Group
Water•	
Isopropyl alcohol (70% or higher)•	
Dish detergent in cup•	
Test tube•	
2 pennies•	
2 droppers•	
2 toothpicks•	
2 paper towels•	

 
 
 

Safety
Be sure you and the students wear properly •	
fitting goggles. Isopropyl alcohol is flam-
mable. Keep it away from flames or spark 
sources. Read and follow all warnings on 
the label. Use in a well-ventilated room. 

Paper towels wet with alchohol should be •	
allowed to evaporate. Dry paper towel can 
then be placed in the trash. 

Small amounts of isopropyl alcohol can be •	
disposed of down the drain or according to 
local regulations.

Have students wash hands after the activity.•	
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engage
do a demonstration to show water’s surface tension.   1. 

Either do the following demonstration for students or show them the 
video Water’s surface tension at www.middleschoolchemistry.com/multime-
dia/chapter5/lesson2#water_surface_tension

Materials
1 clear plastic cup•	
Water•	
1 standard size paper clip •	
1 large paper clip •	

Teacher Preparation
Unbend the large paper clip until it is straight. Then bend it into a “U” shape. Bend the 
bottom of each end out a little bit as shown. This will be your device for picking up and 
placing the smaller paper clip onto the surface of the water. It works like tweezers, but 
in reverse: allow it to spread it apart in order to pick up the paper clip and squeeze it to 
release the paper clip.

Procedure
Place water in one cup until it is about 3/4 full. 1. 
Use your device to pick up a paper clip. Do this by 2. 
squeezing the ends of the device together a bit and 
placing them inside the paper clip. Then allow the 
ends to spread apart so that the tension of the ends 
pushes against the inside of the paper clip and holds it 
in place. 
Very carefully lower the paper clip so that it lies flat 3. 
on the surface of the water. Slowly squeeze the device 
to release the paper clip. 

Expected Results
The paper clip should rest on the surface of the water. This may take a couple of tries. 

Ask students:
Why do you think a paper clip, which is more dense than water, can stay on the •	
surface of water? 
Remind students that paper clips are more dense than water and would normally 
sink. Help students realize that the paper clip in the demo stayed on the surface of 
the water because of something having to do with the water molecules at the water’s 
surface, called surface tension.
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 2. have students relate their observations in the demo to a water strider   
standing on the surface of water.   

Project the image Water Strider and Molecule. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson2#water_strider
Point out how the surface of the water seems to bend but not break 
under the water strider’s legs. Tell students that what they see is 
another example of water’s surface tension. 

Ask students:
Why do you think water has such a strong surface tension?•	   
Encourage students to think about what they already know about the strong attrac-
tion between water molecules. Students should remember that water molecules are 
very attracted to each other and this attraction is the basis for surface tension. This 
will be explained in more detail later in this lesson. 

Give each student an activity sheet.
Students will record their observations and answer questions about the 
activity on the activity sheet. The Explain It with Atoms & Molecules and 
Take It Further sections of the activity sheet will either be completed as 
a class, in groups, or individually depending on your instructions. Look 
at the teacher version of the activity sheet to find the questions and 
answers. 

explore
 3. have students carefully add single drops of water to a filled test tube.

Tell students that there is another phenomenon that is caused by water’s surface tension. 
It is water’s ability to fill beyond the top of a container. 

Question to Investigate
How much water can you add to a full test tube? 
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Materials for Each Group
Water•	
Dropper•	
Test tube•	
Penny•	
2 paper towels•	

Procedure
Pour water into a test tube so that the water is 1. 
very near the top of the test tube. 
Hold the test tube up to eye level and use a 2. 
dropper to carefully add drops of water, one at 
a time, to the test tube.  
Watch the water at the top of the test tube 3. 
while you add the drops. Continue adding 
drops until the water spills. 
Place a penny on a paper towel. 4. 
While watching from the side, add single 5. 
drops of water to the penny. Continue adding 
drops until the water spills. 

Expected Results
While looking from the side, students will see that the water forms a dome on the top of 
the test tube and on the penny. 

Ask students:
What did the water look like as you added it to the top of the test tube and the •	
penny?  
The water makes a “dome” or “hill” of water above the top of the test tube and 
penny.

explaIn
 4. explain how attractions between water molecules give water its strong 

surface tension.

Project the image Why Water Beads. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson2#water_beads
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Explain to students that water’s surface tension is based on the attractions between water 
molecules at the surface and the water molecules in the rest of the water. A water molecule 
beneath the surface feels attractions from all the molecules around it. But the molecules at 
the surface only feel attractions from the molecules next to them and beneath them. These 
surface molecules are pulled together and inward by these attractions. This inward pull has 
the effect of compressing the surface molecules which form a tight arrangement over the 
water’s surface. This tight arrangement at the surface is called surface tension. 

The inward pull from the attractions of the molecules results in the smallest possible 
surface for a volume of water, which is a sphere. This is why water forms a round drop or 
dome at the top of the filled test tube and on the surface of a penny. 

explore
 5. have students compare the surface tension of water and alcohol.

Ask students: 
How could we compare the surface tension of water and alcohol? •	
Students may suggest placing an equal number of drops of each liquid on wax paper, 
overfilling a test tube, or comparing the number of drops that can be added to the 
top of a penny. 

Note: Even though there are many ways to compare the surface tension of water and alcohol, the 
procedure written below compares each liquid on the surface of a penny. In order to make this 
as fair a test as possible, students should place each liquid on two similar pennies that are either 
both “heads” or “tails.” They should also be sure to add single drops of each liquid slowly and 
carefully. 



402   Middle School Chemistry Unit ©2011 American Chemical Society

Question to Investigate
Which has a greater surface tension, water or alcohol? 

Materials for Each Group
2 pennies•	
2 droppers•	
Water•	
Isopropyl alcohol (70% or higher)•	
Paper towel•	

Procedure
Place two pennies on a paper towel.1. 
Use a dropper to add drops of water 2. 
to the surface of a penny. Count the 
drops until the water overflows.
Use a dropper to add drops of alcohol to the surface of the other penny. Count the 3. 
drops until the alcohol overflows. 

Expected Results
The water beads up on the penny and the alcohol spreads out flat. Many more drops of 
water can be added to the penny than drops of alcohol. 

explaIn
 6. discuss student observations and why students were not 

able to get as many drops of alcohol on a penny. 

Project the image Water and Alcohol. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson2#water_and_alcohol

Review that water molecules are polar and that they are very attracted to each other. Point 
out that alcohol molecules are polar in only one area, making them somewhat attracted to 
each other. They are not as attracted to other alcohol molecules as water is to other water 
molecules. 

–
+



©2011 American Chemical Society Middle School Chemistry Unit   403

Water and Alcohol on Pennies
Explain that water’s attraction pulls itself together into a tight arrangement. Explain that 
alcohol molecules don’t have a structure that is as good as water’s for attraction to itself. 
Alcohol molecules only have 1 O–H bond and they have some C–H bonds that are pretty 
non polar. There is not as strong an attraction between them as there is between water 
molecules.

The shape of the water molecule and its polarity at the top and the bottom give water mol-
ecules lots of opportunities to attract. Almost anywhere two water molecules meet they 
can be attracted to each other. 

But alcohol has a different size and shape and has its polar part on one end. Alcohol 
molecules can meet at areas where they would not attract as strongly. The water is more 
attracted to itself than to the metal of the penny. The alcohol is a bit less attracted to itself 
so it spreads more on the penny. 

explore
 7. have students add detergent to the water on a penny. 

Question to Investigate
How does detergent affect water’s surface tension?

Materials
Dish detergent in cup•	
2 pennies•	
Dropper•	
2 tooth picks•	
Paper towel•	

Procedure
Place 2 clean dry pennies on a flat surface 1. 
like a table or desk. 
Use a dropper to add water to both pen-2. 
nies. Add the same number of drops to 
each penny so that the water stacks up in 
a dome shape about the same height on 
both.
Gently touch the water on one penny with 3. 
a toothpick. Watch the surface of the water 
as you touch it.
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Dip the toothpick in liquid detergent and then touch the water on the other penny 4. 
with the toothpick.

Note: This activity works best if the dome of water on the pennies is pretty high. 

Expected Results
Touching the water with the toothpick causes the surface of the water to be pressed down 
and bend. Touching the water with the toothpick and detergent causes the water to col-
lapse and spill off the penny.

explaIn
 8. explain how detergent interferes with water’s surface 

tension. 

Project the image Water and Detergent. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson2#water_and_detergent

Explain that detergent is made from molecules that have a charged end and a longer 
uncharged end. The detergent molecules spread out over the surface of the water with the 
charged end in the water and the uncharged end sticking out. The water molecules at the 
surface are attracted to the charged end of the detergent molecules. As the surface water 
molecules are attracted outward, this acts against their inward attraction that was creat-
ing the surface tension. This reduces the surface tension, and the water does not hold its 
round shape and thus spills. 
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extend
 9. discuss how the polarity of the material that the water is placed on affects 

how the water absorbs or beads up. 

Ask students:
If water absorbs into a paper towel but does not absorb into wax paper, what •	
does that say about the polarity of paper and wax paper?   
The molecules that make up paper are probably polar, and the molecules that make 
up wax are probably nonpolar. 

Project the animation Water on Paper Towel. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson2#paper_towel
Explain that paper towel and other paper is made from cellulose. Cellulose is made from 
repeating molecules of glucose that are bonded together. The glucose molecule has many 
O–H bonds, which are polar. Polar water molecules are attracted to polar cellulose.

Project the animation Water on Wax Paper. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson2#wax_paper
Tell students that wax is made from paraffin, which is repeating carbon–hydrogen bonds. 
The C–H bond is not very polar, so water is more attracted to itself than to the wax. This 
causes the water to bead up on wax paper.
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Activity Sheet             Name ____________________
Chapter 5, Lesson 2    
Surface Tension             Date _____________________

explAin it With Atoms & molecules 

You saw a demonstration of a paper clip floating 1. 
at the surface of water. Paper clips are more dense 
than water and usually sink. Why do you think the 
paperclip was able to stay on the surface of the 
water?

Activity

Question to Investigate
How much water can you add to a full test tube? 

Materials for Each Group
Water•	
Dropper•	
Test tube•	
Penny•	
2 paper towels•	

Procedure
Pour water into a test tube so that the water is 1. 
very near the top of the test tube. 
Hold the test tube up to eye level and use a 2. 
dropper to carefully add drops of water, one at a time to the test tube.  
Watch the water at the top of the test tube while you add the drops. Continue adding 3. 
drops until the water spills. 
Place a penny on a paper towel. 4. 
While watching from the side, add single drops of water to the penny. Continue add-5. 
ing drops until the water spills. 
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 2. What did the water look like as you added it to the top of the test tube and 
the penny? 
 

 

 3. Use the illustration to explain why water has a strong surface tension.  

Activity

Question to Investigate
Which has a greater surface tension, water or alcohol? 

Materials for Each Group
2 pennies•	
2 droppers•	
Water•	
Isopropyl alcohol (70% or higher)•	
Paper towel•	

Procedure
Place two pennies on a paper towel.1. 
Use a dropper to add drops of water to the 2. 
surface of a penny. Count the drops until the water overflows.
Use a dropper to add drops of alcohol to the surface of the other penny. Count the 3. 
drops until the alcohol overflows. 
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How many drops of each liquid were you able to get on a penny?4. 

Alcohol    Water

________           ________

Does alcohol or water have a greater surface tension?  5. 
 
How do you know? 
 
 

How does the polarity of alcohol and water molecules affect the surface    6. 
tension of each liquid?

Activity

Question to Investigate
How does detergent affect water’s surface tension?

Materials
Dish detergent in cup•	
2 pennies•	
Dropper•	
2 tooth picks•	
Paper towel•	

Procedure
Place 2 clean, dry pennies on a flat surface 1. 
like a table or desk. 
Use a dropper to add water to both pennies. 2. 
Add the same number of drops to each 
penny so that the water stacks up in a dome 
shape about the same height on both.

–
+
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Gently touch the water on one penny with a toothpick. Watch the surface of the water 3. 
as you touch it.
Dip the toothpick in liquid detergent and then touch the water on the other penny 4. 
with the toothpick.

 7. What happens when you add a small amount of detergent to a large drop of 
water? 
 
 
 
 

 8. Use the illustration to explain how detergent interferes with water’s surface 
tension.

tAke it further

 9. If water absorbs into a paper towel but does not absorb into wax paper, what 
does that say about the polarity of paper and the polarity of wax paper?  
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Chapter 5, Lesson 3—Why Does Water Dissolve Salt?

Key Concepts
The polarity of water molecules enables water to dissolve many ionically bonded            •	
substances.
Salt (sodium chloride) is made from positive sodium ions bonded to negative chloride •	
ions. 
Water can dissolve salt because the positive part of water molecules attracts the negative •	
chloride ions and the negative part of water molecules attracts the positive sodium ions.
The amount of a substance that can dissolve in a liquid (at a particular temperature) is •	
called the solubility of the substance. 
The substance being dissolved is called the solute, and the substance doing the dissolving •	
is called the solvent.

Summary
Students will make a 2-D model of a salt crystal and use water molecule cut-outs to show how 
water dissolves salt. After seeing an animation of water dissolving salt, students will compare how 
well water and alcohol dissolve salt. They will relate their observations to the structure of salt, 
water, and alcohol on the molecular level.  

Objective
Students will be able to explain, on the molecular level, why water can dissolve salt. Students will 
be able to identify the variables in their experiment. Students will also be able to explain why a 
less polar liquid, such as alcohol, is not good at dissolving salt.

Evaluation
The activity sheet will serve as the “Evaluate” component of each 5-E lesson plan. The activity 
sheets are formative assessments of student progress and understanding. A more formal summa-
tive assessment is included at the end of each chapter.

Safety
Be sure you and the students wear properly fitting goggles. Isopropyl alcohol is flammable. Keep 
it away from flames or spark sources. Read and follow all warnings on the label. Alcohol should 
be disposed of according to local regulations. Have students wash hands after the activity.

Materials for Each Group
Construction paper, any color•	
Scissors•	
Tape or glue•	
Water•	
Isopropyl alcohol (70% or higher)•	

Salt•	
Balance•	
2 clear plastic cups•	
2 small plastic cups•	
Graduated cylinder•	



©2011 American Chemical Society Middle School Chemistry Unit   411

Materials Note: 
You may choose to laminate the water molecules, sodium ions, and chloride ions located on the last page 
of the activity sheet so that you can reuse them with your students next year. 

engage
Make a model of a salt crystal.1. 

Project the image Sodium Chloride Crystal. 
www.middleschoolchemistry.com/multimedia/chapter5/
lesson3#sodium_chloride_crystal
Remind students that the green balls represent negative chloride 
ions and the gray balls represent positive sodium ions.  

Ask students:
What is it about water molecules and the ions in salt that might make water able •	
to dissolve salt?  
The positive and negative polar ends of a water molecule are attracted to the        
negative chloride ions and positive sodium ions in the salt.

Give each student an activity sheet. 
Students will record their observations and answer questions about the activity on the 
activity sheet. The Explain It with Atoms & Molecules and Take It Further sections of the 
activity sheet will either be completed as a class, in groups, or individually, depending on 
your instructions. Look at the teacher version of the activity sheet to find the questions 
and answers. 

Question to Investigate
How does salt dissolve in water?

Materials 
Activity sheet with sodium and chloride ions and water •	
molecules
Construction paper, any color•	
Scissors•	
Tape or glue•	

Procedure
Make a model of a salt crystal

Cut out the ions and water molecules. 1. 
Arrange the ions on a piece of construction paper to rep-2. 
resent a 2-D salt crystal. Do not tape these pieces down 
yet.
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 2. project an image and have students model what happens when salt dissolves 
in water.  

Show students a series of four pictures to help explain the process of water dissolving salt. 

Project the image Sodium Chloride Dissolving in Water. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson3#sodium_chloride_dissolving
Point out that several water molecules can arrange themselves near an ion and help 
remove it from the crystal. Show students that the positive area of a water molecule will be 
attracted to the negative chloride ion and that the negative area of a water molecule will be 
attracted to the positive sodium ion. 

Model how water dissolves salt  
Look at the pictures showing how water molecules dissolve salt. Then arrange the 1. 
water molecules around the sodium and chloride ions in the correct orientation. The 
positive part of the water molecules should be near the negative chloride ion. The 
negative part of the water molecules should be near the positive sodium ion.
Move the water molecules and sodium and chloride ions to model how water            2. 
dissolves salt.  
Tape the molecules and ions to the paper to 3. 
represent water dissolving salt. 
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Project the animation Sodium Chloride Dissolving in Water.
www.middleschoolchemistry.com/multimedia/chapter5/lesson3#sodium_chloride_dissolving_video
Point out that the water molecules are attracted to the sodium and chloride ions of the salt 
crystal. Explain that the positive area of a water molecule is attracted to a negative chloride 
ion. The negative area water of a water molecule is attracted to a positive sodium ion. Dis-
solving happens when the attractions between the water molecules and the sodium and 
chloride ions overcome the attractions of the ions to each other. This causes the ions to 
separate from one another and become thoroughly mixed into the water. 

Tell students that the amount of a substance that can dissolve in a liquid (at a particular 
temperature) is called solubility. Point out the similarity in the words dissolve and solubil-
ity. Also tell them that the substance that is dissolved is called the solute. The substance 
that does the dissolving is called the solvent. 

explore
 3. have students conduct an experiment to find out whether water or isopropyl 

alcohol would be better at dissolving salt. 

Ask students to make a prediction:
Think about the polarity of water molecules and alcohol molecules. Do you •	
think alcohol would be just as good, better, or worse than water at dissolving 
salt? 

Discuss how to set up a test to compare how water and alcohol dissolve salt. Be sure      
students identify variables such as:

Amount of water and alcohol used•	
Amount of salt added to each liquid•	
Temperature of each liquid•	
Amount of stirring  •	

Question to Investigate
Is alcohol just as good, better, or worse than water at dissolving salt?

Materials for Each Group
Water•	
Isopropyl alcohol (70% or higher)•	
Salt•	
Balance•	
2 clear plastic cups•	
2 small plastic cups•	
Graduated cylinder•	
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Procedure
In separate cups, measure two samples of salt that weigh 5 g each.1. 
Place 15 mL of water and alcohol into separate cups.2. 
At the same time, add the water and alcohol to the samples of salt.3. 
Swirl both cups the same way for about 20 seconds and check for the amount of salt 4. 
dissolved.
Swirl for another 20 seconds and check. Swirl for the last 20 seconds and check. 5. 
Carefully pour off the water and alcohol from the cups and compare the amount of 6. 
undissolved salt left in each cup. 

Expected Results
There will be less undissolved salt in the cup with the water than the alcohol. This means 
that more salt dissolved in the water than in the alcohol. 

 

explaIn 
 4. discuss how differences in the polarity of alcohol and water explain why 

water dissolves salt better than alcohol. 

Ask students:
Is alcohol just as good, better, or worse than water •	
at dissolving salt?  
Alcohol does not dissolve salt as well as water does. 
How do you know?  •	
There was more salt left behind in the cup with the 
alcohol.
Think about the polarity of water and alcohol to •	
explain why water dissolves more salt than alcohol.  
Have students look at the models of water and alcohol molecules on their activity 
sheet.  
 
 

 
 
 
 
Remind students that isopropyl alcohol has an oxygen atom bonded to a hydrogen 
atom so it does have some polarity but not as much as water. Since water is more 
polar than alcohol, it attracts the positive sodium and negative chloride ions better 
than alcohol. This is why water dissolves more salt than alcohol does. Another way 
of saying this is that the solubility of salt is greater in water than in alcohol.

–
+

Read more about  
polarity in the addi-
tional teacher back-
ground section at the 
end of this lesson.
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extend
 5. have students compare the solubility of two different ionic substances in 

water. 

Compare the solubility of the ionic substances calcium carbonate (CaCO3) and sodium 
carbonate (Na2CO3) in water. 

Ask students: 
How could you compare the solubility of calcium chloride and calcium             •	
carbonate?  
Students should suggest measuring equal amounts of each substance and adding 
equal amounts of water at the same temperature. 

Question to Investigate
Do all ionic substances dissolve in water? 

Materials for Each Group
Sodium carbonate•	
Calcium carbonate•	
Water•	
2 clear plastic cups•	
2 small plastic cups•	
Balance•	

Procedure
Label two clear plastic cups Sodium Carbonate 1. 
and Calcium Carbonate.
Measure 2 g each of sodium carbonate and calcium 2. 
carbonate and put them in their labeled cups.
Measure 15 mL of water into each of two empty cups.3. 
At the same time, pour the water into the sodium carbonate and calcium carbonate 4. 
cups. 
Gently swirl both cups. 5. 

Expected Results
The sodium carbonate will dissolve, but the calcium carbonate will not. Explain that not 
all ionically bonded solids dissolve in water.
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discuss student observations.6. 

Ask students:
Do all ionic substances dissolve in water? How do you know? •	
Because calcium carbonate does not dissolve in water, students should realize that 
not all ionic substances dissolve in water. 

Explain that on the molecular level, the ions that make up calcium carbonate are attracted 
so strongly to each other that the attraction by water molecules cannot pull them apart. 
That is a good thing because calcium carbonate is the material that sea shells and bird eggs 
are made of. Calcium phosphate is another ionic solid that does not dissolve in water. This 
is also good because it is the material that bones and teeth are made of. 

Sodium carbonate breaks apart completely into ions that are incorporated throughout the 
water, forming a solution. The sodium and carbonate ions will not settle to the bottom 
and cannot be filtered out of the water. 

But calcium carbonate does not break up into its ions. Instead it is just mixed in with the 
water. If given enough time, the calcium carbonate will settle to the bottom or can be 
filtered out of the water. Sodium carbonate dissolved in water is a good example of a solu-
tion, and undissolved calcium carbonate is a mixture, not a solution. 

Note: The carbonate ion is different from the single-atom ions such as sodium (Na+) and chlo-
ride (Cl–) that students have seen so far.  The carbonate ion (CO3

2–) is composed of more than 
one atom. These types of ions, called polyatomic ions, are made up of a group of covalently 
bonded atoms that act as a unit. They commonly gain or lose one or more electrons and act as 
an ion. Another common polyatomic ion is the sulfate ion (SO4

2–). This ion is part of Epsom 
salt as magnesium sulfate (MgSO4) and many fertilizers as potassium sulfate (K2SO4). You can 
decide if you would like to introduce students to these two common polyatomic ions.
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Activity Sheet             Name ____________________
Chapter 5, Lesson 3    
Why Does Water Dissolve Salt?          Date _____________________

introduction

What is it about water molecules and the ions in salt that 1. 
might make water able to dissolve salt?

Question to Investigate
How does salt dissolve in water?

Materials 
Activity sheet with sodium and chloride ions and water molecules•	
Construction paper, any color•	
Scissors•	
Tape or glue•	

Procedure
Make a model of a salt crystal

Cut out the ions and water molecules. 1. 
Arrange the ions on a piece of construction paper to represent a 2-dimensional salt 2. 
crystal. Do not tape these pieces down yet.

Model how water dissolves salt  
Look at an image and animation showing how water molecules dissolve salt. Then 1. 
arrange the water molecules around the 
sodium and chloride ions in the correct 
orientation. The positive part of the water 
molecules should be near the negative 
chloride ion. The negative part of the 
water molecules should be near the posi-
tive sodium ion.
Move the water molecules and sodium 2. 
and chloride ions to model how water    
dissolves salt.  
Tape the molecules and ions to the paper 3. 
to represent water dissolving salt. 
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 2. Describe what happens when water dissolves salt. 

Activity 

Question to Investigate
Is alcohol just as good, better, or worse than water at dissolving salt?

Materials for Each Group
Water•	
Isopropyl alcohol (70% or higher)•	
Salt•	
Balance•	
2 clear plastic cups•	
2 small plastic cups•	
Graduated cylinder•	

Procedure
In separate cups, measure two samples of salt that weigh 5 grams each.1. 
Place 15 mL of water and alcohol into separate cups.2. 
At the same time, add the water and alcohol to 3. 
the samples of salt.
Swirl both cups the same way for about 20 4. 
seconds and check for the amount of salt  
dissolved.
Swirl for another 20 seconds and check. 5. 
Swirl for the last 20 seconds and check. 
Carefully pour off the water and alcohol 6. 
from the cups and compare the amount of 
undissolved salt left in each cup. 
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 3. Select two variables and explain how they are controlled in this procedure.

 4. Is alcohol just as good, better, or worse than water at dissolving salt?  
 
How do you know?

explAin it With Atoms & molecules

 5. Think about the polarity of water and alcohol to explain why water dissolves 
salt better than alcohol does. 

–
+
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tAke it further

Question to Investigate
Do all ionic substances dissolve in water? 

Materials for Each Group
Sodium carbonate•	
Calcium carbonate•	
Water•	
2 clear plastic cups•	
2 small plastic cups•	
Balance•	

Procedure
Label two clear plastic cups sodium carbonate and 1. 
calcium carbonate.
Measure 2 g each of sodium carbonate and calcium car-2. 
bonate and put them in their labeled cups.
Measure 15 mL of water into each of two empty cups.3. 
At the same time, pour the water into the sodium carbonate and calcium carbonate 4. 
cups. 
Gently swirl both cups. 5. 

Do all ionic substances dissolve in water?  6. 
 
How do you know?
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Chapter 5, Lesson 3
Teacher Background, p. 414

Non-polar molecules can attract each other 

Lessons 1–3 focus on the principle that molecules attract one another based on their polarity. 
This principle is true but polarity is not the only cause of attraction between molecules. It may 
seem strange but even non-polar molecules attract one another. Non-polar molecules such as 
the molecules in mineral oil or gasoline attract each other and stay together as a liquid. The non-
polar molecules of paraffin attract each other and stay together as solid wax. 

Non-polar molecules can attract each other based on the movement of electrons within their 
atoms. The negatively charged electrons are in constant motion in regions around the positively 
charged protons. But at any given instant, there can be a slight and fleeting imbalance in the elec-
trons on one side of an atom than another. This makes one side of an atom temporarily slightly 
positive and the other side temporarily slightly negative. 

The slightly negative side can repel electrons from a nearby atom in another molecule creating 
a temporary positive area in that atom. These negative and positive areas attract each other and 
help hold the molecules together. These types of attractions are called dispersion forces. Non-
polar molecules containing a greater number of atoms tend to be held together more strongly 
than non-polar molecules with fewer atoms. This is because there are more opportunities for 
dispersion forces to attract the molecules.  
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Chapter 5, Lesson 4:  Why Does Water Dissolve Sugar?

Key Concepts
For a liquid to dissolve a solid, the molecules of the liquid and solid must attract one •	
another.
The bond between the oxygen and hydrogen atoms (O–H bond) in sugar (sucrose) gives •	
the oxygen a slight negative charge and the hydrogen a slight positive charge. Sucrose is a 
polar molecule.
The polar water molecules attract the negative and positive areas on the polar sucrose  •	
molecules which makes sucrose dissolve in water. 
A nonpolar substance like mineral oil does not dissolve a polar substance like sucrose.•	

Summary
Students will observe the dissolving of the sugar coating from an M&M when it is placed in 
water. Students will then help design an experiment to see if the type of liquid the M&M is 
placed in affects how much of the coating dissolves.  

Objective
Students will be able to explain, on the molecular level, how the polar characteristic of water 
and sugar interact so that water dissolves sugar. Students will be able to identify and control the 
variables in their experiment. Students will also be able to explain why a nonpolar liquid, such as 
mineral oil, is not good at dissolving sugar.

Evaluation
The activity sheet will serve as the “Evaluate” component of each 5-E lesson plan. The activity 
sheets are formative assessments of student progress and understanding. A more formal summa-
tive assessment is included at the end of each chapter.

Safety
Be sure you and the students wear properly fitting goggles. Isopropyl alcohol is flammable. 
Keep it away from flames or spark sources. Read and follow all warnings on the label. Dispose 
of isopropyl alcohol and mineral oil according to local regulations. Warn studens not to eat the 
M&M’s. Have students wash hands after the activity.

Materials for Each Group
M&M’s•	
Water•	
Mineral oil•	
Isopropyl alcohol (70%)•	
Small white plastic plate•	
3 clear plastic cups•	
White paper•	
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engage 
help students realize that the candy coating of an M&M is made mostly of 1. 
sugar and a bit of coloring. 

Distribute M&M’s to students and have them look at the outside candy coating. Then 
have students break an M&M to look closely at the coating from the inside.

Ask students:
What do you think the coating of an M&M is made from? •	
Students will see the layer of color with a layer of white beneath it and suggest that 
the coating is made of sugar and coloring. Explain that the coating is mostly sugar.  
Have you ever noticed what happens to the coating of an M&M when it gets wet? •	
The color comes off and if it gets wet enough, the entire coating comes off, leaving 
the chocolate behind.

Tell students that in this activity, they will see what happens to the sugar and color coating 
of an M&M when it is placed in water. 

Give each student an activity sheet. 
Students will record their observations and answer questions about the activity on the 
activity sheet. The Explain It with Atoms & Molecules and Take It Further sections of the 
activity sheet will either be completed as a class, in groups, or individually, depending on 
your instructions. Look at the teacher version of the activity sheet to find the questions 
and answers. 

have students place an M&M in a cup of water and observe. 2. 

Question to Investigate
What happens to the sugar and color coating of an 
M&M when it is placed in water?

Materials
Clear plastic cup•	
Water•	
M&M•	
White paper•	

Procedure
Pour enough room-temperature water into 1. 
clear plastic cup so that the water is deep 
enough to completely cover an M&M and place this cup on a piece of white paper.
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Once the water has settled, place 1 M&M in the center of the cup. Be careful to keep 2. 
the water and M&M as still as possible. Observe for about 1 minute. 

Expected Results
The coating will dissolve from the M&M, revealing a white layer under the color and then 
the brown chocolate underneath. The colored coating of the M&Ms will collect in a cir-
cular pattern around the M&M. Students may also mention the white streaks in the water 
from the sugar coating. 

discuss student observations. 3. 

Ask students:
What do you notice about the M&M and the water?   •	
The color comes off and moves through the water in a circular pattern. 
What do you think is happening when the color and sugar come off the M&M?  •	
Point out to students that because the water makes the colored coating come off the 
M&M and mix into the water, the water is dissolving the sugar and color. 

Note: There are actually two processes happening in this activity. The color and sugar are dis-
solving in the water but they are also diffusing. In order to focus on the amount that dissolves 
from an M&M, students should look at the amount of coating missing from the M&M, instead 
of the size of the circle of color in the water.  

Knowing what you do about the polarity of water, why do you think water       •	
dissolves sugar? 
Students may think that sugar is made of ionic bonds like salt. Or they might think 
that sugar has positive and negative areas and this is why water is attracted to it. 

explaIn
show students how the polar areas of a sucrose molecule cause it to dissolve 4. 
in water.

Explain to students that sugar is made of large molecules called sucrose. Each sucrose 
molecule is made of atoms that are covalently bonded. 

Ask students:
The chemical formula for sucrose is C•	 12H22O11. What do these letters and num-
bers mean? 
Sucrose is made up of 12 carbon atoms, 22 hydrogen atoms, and 11 oxygen atoms. 
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Project the image Sucrose. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson4#sucrose
Explain that the first picture is a ball-and-stick model of a single 
sucrose molecule. The next picture is a space-filling model of a single 
sucrose molecule. The last picture is two sucrose molecules attracted 
to each other. These two molecules will separate from each other 
when sugar dissolves. Point out that in the areas on a sucrose molecule 
where oxygen is bonded to hydrogen (O–H bond), the oxygen is slightly negative and the 
hydrogen is slightly positive. This makes sucrose a polar molecule. 

Project the image Water Dissolves Sucrose. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson4#water_dissolves_sucrose
Explain that a sugar cube (about a half a teaspoon of sugar) is made up of at least one 
billion trillion sucrose molecules. When sugar dissolves, these whole sucrose molecules 
separate from one another. The molecule itself doesn’t come apart: The atoms that make 
up each molecule stay together as a sucrose molecule. 

Sucrose ball-and-
stick model

Sucrose space-filling 
model Two sucrose molecules 

closely associated due 
to oppositely charged 
polar areas

+

+

+
+

+
+

+

+

+
+

+
–
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–

–
–

–

–

–
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Project the animation Sucrose. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson4#sucrose_animation
Explain that sucrose has polar areas caused by the same type of oxygen–hydrogen cova-
lent bonds as in the water molecule. Point out the O–H bonds on the outer edges of the 
molecule. Point out that the bonding of the oxygen and hydrogen in the sucrose makes 
parts of the sucrose molecule polar in a similar way as in a water molecule. The area near 
the hydrogen is positive (blue) and the area near the oxygen is negative (red). 

Project the animation Water Dissolves Sucrose. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson4#water_dissolves_sucrose_video
Tell students that sugar molecules are attracted to each other and held together by the 
attraction between these polar areas of the molecules. 

Help students notice how the positive (blue) area of a water molecule is attracted to the 
negative (red) area of a sucrose molecule. It also works the other way around. The nega-
tive (red) area of a water molecule is attracted to the positive (blue) area of the sucrose 
molecule.  

Explain that the positive and negative areas on water molecules interact with these nega-
tive and positive parts of sucrose molecules. When the attraction between water mole-
cules and sucrose molecules overcomes the attraction the sucrose molecules have to other 
sucrose molecules, they will separate from one another and dissolve. 

Point out that one whole sucrose molecule breaks away from another whole sucrose mol-
ecule. The molecule itself does not come apart into individual atoms. 

Note: Although the focus is on dissolving the polar sugar molecules, the food coloring used         
to color the M&M is also made from polar molecules. This helps explain why the coloring also 
dissolves. 

explore
have students conduct an experiment to compare how well water, alcohol, 5. 
and oil dissolve the sugar and color coating of an M&M.

Ask students to make a prediction:
Do you think water, alcohol, or oil would be better at dissolving the sugar and •	
color coating of an M&M?
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Discuss with students how to design an experiment to compare how well water, alcohol, 
and vegetable oil dissolve the color and sugar coating from an M&M. Be sure students 
identify variables such as:

Amount of water, alcohol, and oil used•	
Temperature of each liquid•	
Same color of M&M•	
Time and location the M&M’s are placed in each liquid  •	

Question to Investigate
Is water, alcohol, or oil better at dissolving the color and sugar coating from an M&M?

Materials
3 M&Ms (same color)•	
Water•	
Mineral oil•	
Isopropyl alcohol (70%)•	
3 clear plastic cups•	
White paper •	

Procedure
Label 3 cups Water, Alcohol, and Oil. Add 15 mL of water, alcohol, and mineral oil to 1. 
their labeled cups.
Place the three cups on a white sheet of paper. 2. 
At the same time, add 1 M&M to each liquid. Then gently swirl the liquid and M&M 3. 
in each cup for about 30 seconds.

Expected Results
Water—The sugar and color dissolve from the M&M. 
Alcohol—The color dissolves only slightly and the sugar coating doesn’t seem to dissolve.
Oil—Neither the color nor the sugar dissolves

explaIn
 6. show students the molecular structures for water, alcohol, and oil and 

discuss how this relates to their observations.

Project the image Polarity of Water, Alcohol, and Oil. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson4#polarity 
Show students the polar areas on a water molecule, isopropyl alcohol 
molecule, and an oil molecule. 
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Water 
Water molecules are polar. The polar water dissolves the polar coloring 
and the polar sugar.

Isopropyl Alcohol (70%)
The alcohol is 30% water and 70% alcohol and is not a good dissolv-
er. Alcohol molecules have only one polar area and also have a larger 
nonpolar area. This makes alcohol not a good dissolver of polar sub-
stances. Also, the water and alcohol interact, which means the water 
doesn’t even dissolve the sugar or color as well as it normally would. 

Oil
Oil molecules are not polar so they cannot dissolve either 
the coloring or the sugar.

extend
Have students explain on the molecular level why citric acid dissolves 
so well in water.

Project the image Citric Acid. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson4#citric_acid
Explain that the projected image is a model of a citric acid molecule. Tell students that cit-
ric acid is the substance that gives lemons, limes, grapefruit, and oranges their tangy sour 
taste. Citric acid is very soluble in water and is dissolved in the water in the fruit. 

–
+

––

+ +
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Ask students:
Why do you think citric acid is so soluble in water? •	
HINT: The chemical formula for citric acid is C6H8O7. 
Every place there is an O–H bond, there is an uneven sharing of electrons. The oxy-
gen atoms in an O–H bond have a slightly negative charge and the hydrogen atoms 
in the bond have a slightly positive charge. Because water molecules are also polar, 
the positive ends of water molecules are attracted to the negative areas of the citric 
acid molecules. The negative ends of water molecules are attracted to the positive 
areas of the citric acid molecules. These mutual attractions will overcome the attrac-
tions citric acid molecules have for other citric acid molecules, causing them to mix 
thoroughly in the water and dissolve. 
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Activity Sheet             Name ____________________
Chapter 5, Lesson 4    
Why Does Water dissolve sugar?          Date _____________________

introduction

Question to Investigate
What happens to the sugar and color coating of an M&M when it 
is placed in water?

Materials
Clear plastic cup•	
Water•	
M&M•	
White paper•	

Procedure
Pour enough room-temperature water into 1. 
a clear plastic cup so that the water is deep 
enough to completely cover an M&M and 
place this cup on a piece of white paper.
Once the water has settled, place 1 M&M in 2. 
the center of the cup. Be careful to keep the 
water and M&M as still as possible. Observe for about 1 minute. 

What happens to the sugar and color coating when an M&M is placed in 1. 
water?   
 
 
 

Knowing what you do about the polarity of water, why do you think water 2. 
dissolves sugar? 
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explAin it With Atoms & molecules

Sucrose makes up the sugar we commonly use. The chemical formula for 3. 
sucrose is C12H22O11. What do these letters and numbers mean?

What do the + and – signs around certain parts of the sucrose molecule 4. 
mean? 

Sucrose ball-and-stick model Sucrose space-filling model
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Look at the pictures below and describe what happens when water dissolves 5. 
sucrose. Be sure to discuss the polarity of both water and sucrose. 

Activity 

Question to Investigate
Is water, alcohol, or oil better at dissolving the color and sugar coating from an M&M?

Materials
3 M&M’s (same color)•	
Water•	
Mineral oil•	
Isopropyl alcohol (70%)•	
3 clear plastic cups•	
White paper •	

Procedure
Label 3 cups Water, Alcohol, and Oil. Add 15 mL of water, alcohol, and mineral oil to 1. 
their labeled cups.
Place the three cups on a white sheet of paper. 2. 
At the same time, add 1 M&M to each liquid. Then gently swirl the liquid and M&M 3. 
in each cup for about 30 seconds.
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 6. Draw a line from the solvent to the description to show how well each        
solvent dissolves the sugar and color coating of an M&M.

Water    doesn’t dissolve the sugar and color at all.

Isopropyl alcohol   dissolves the sugar and color very well.

Mineral oil    dissolves a small amount of the sugar and color.

explAin it With Atoms & molecules

The polarity of a solvent and how well sucrose dissolves in it

Solvent How polar is the solvent?
nonpolar / slightly polar / very polar

How does the polarity of 
the solvent affect how well 

sucrose dissolves in it?

Water

Isopropyl alcohol

Oil
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tAke it further

 7. Citric acid occurs naturally in fruits like oranges, lemons, and limes. It is dis-
solved in the water within the fruit and contributes to the fruit’s sour taste. 
When it isn’t dissolved in water, citric acid molecules are attracted to other 
citric acid molecules within a crystal.  
 
The chemical formula for citric acid is C6H8O7 and it is very soluble in water. 
Why do you think citric acid is so soluble in water? 

Ball-and-stick model of a citric acid molecule
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Chapter 5, Lesson 5—Using Dissolving to Identify an Unknown

Key Concepts
Different substances are made from different atoms, ions, or molecules, which interact •	
with water in different ways. 
Since dissolving depends on the interaction between water and the substance being       •	
dissolved, each substance has a characteristic solubility. 

Summary
Students will observe a solubility test between salt and sugar. They will then be presented with 
four known crystals and an unknown. Based on the solubility demonstration, the class will 
design a solubility test to discover the identity of the unknown.  

Objective
Students will be able to identify and control variables when designing a solubility test. Students 
will be able to explain why different substances dissolve to different extents in water. 

Evaluation
The activity sheet will serve as the “Evaluate” component of each 5-E lesson plan. The activity 
sheets are formative assessments of student progress and understanding. A more formal summa-
tive assessment is included at the end of each chapter.

Safety
Be sure you and the students wear properly fitting goggles. 

Materials for the Demonstrations
Gram balance•	
Simple balance•	
Graduated cylinder•	
Water•	
4 clear plastic cups•	
2 small plastic cups•	
Salt •	
Sugar •	
Cereal balls (Kix work well)•	
Zip-closing plastic bag (quart-size, storage-grade)•	

About this Lesson
This lesson will take two or three class periods.

Materials for Each Group
Salt (sodium chloride)•	
Epsom salt (magnesium sulfate)•	
MSG (monosodium glutamate)•	
Sugar (sucrose)•	
Coarse kosher salt (sodium chloride) •	
Water•	
Black construction paper •	
Masking tape•	
Pen or permanent marker•	
Magnifier•	
Gram balance•	
5 small plastic cups •	
5 clear plastic cups•	
Graduated cylinder•	
Paper towel•	
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Materials for Each Group
Salt (sodium chloride)•	
Epsom salt (magnesium sulfate)•	
MSG (monosodium glutamate)•	
Sugar (sucrose)•	
Coarse kosher salt (sodium chloride) •	
Water•	
Black construction paper •	
Masking tape•	
Pen or permanent marker•	
Magnifier•	
Gram balance•	
5 small plastic cups •	
5 clear plastic cups•	
Graduated cylinder•	
Paper towel•	

engage
do a demonstration to show that different substances have different        1. 
solubilities.

Tell students that in this demonstration, you will pour salt and sugar into water to find out 
which dissolves better. In order to make this test fair, you will use the same amount (mass) 
of salt and sugar, the same amount of water at the same temperature, and you will swirl 
each in the same way for the same length of time. 

Question to Investigate
Which dissolves in water better, salt or sugar?

Materials for the Demonstration
Balance that measures in grams•	
Graduated cylinder•	
Water•	
2 clear plastic cups•	
2 small plastic cups•	
Salt •	
Sugar•	

Teacher Preparation
Label 1 clear plastic cup and 1 small •	
cup Salt.
Label the other clear plastic cup and •	
another small cup Sugar.
Measure 5 grams of salt and 5 grams •	
of sugar and place them in the pair of 
small labeled cups. 
Pour 5 mL of room-temperature water •	
into the pair of larger empty cups. 

Procedure
At the same time, pour the salt and sugar 1. 
into the water in the corresponding cups. 
Swirl each cup at the same time and in the same way for about 20 seconds. 
Walk around the room to show students the amount of salt and sugar left in the bot-2. 
tom of each cup. If you have an overhead projector, place the cups on the projector 
so that the entire class can compare what is left undissolved in each cup. Ask students 
whether one substance seems to dissolve better than the other. 
Swirl again for 20 seconds and observe. Then swirl for 20 more seconds and have 3. 
students make their final observations. 
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Slowly and carefully pour the solution from each cup back into its empty labeled cup. 4. 
Try not to let any undissolved crystal go into these cups. Show students the cups so 
that they can compare the amount of undissolved crystal remaining.

Expected Results
Much more sugar will dissolve than salt. There will be more undissolved salt than sugar 
left in the cups. 

Note: Solubility is normally measured by the number of grams of a substance that dissolves in 
a certain volume of water at a given temperature. The previous 
demonstration uses this conventional way to measure solubility. 
Another approach could be to compare the number of molecules 
or ions of each substance that dissolves in water. This would 
require a way to “count” the molecules or ions in each substance.  

 2. discuss the results of the demonstration and intro-
duce the idea that each substance has its own char-
acteristic solubility.

Ask students:
Was more salt or sugar left in the bottom of the cup? •	
There was more salt left undissolved in the bottom of the cup. 
Which dissolved better, salt or sugar? •	
Because there was little to no sugar in the bottom of the cup, more of it must have 
dissolved in the water. 
Do you think we would get similar results if we tried dissolving salt and sugar •	
again?  
We probably would get similar results because the amount of salt or sugar that dis-
solves has something to do with how each substance interacts with water. 
How well a substance dissolves in water is called its •	 solubility. Would you expect 
different substances to have the same or different solubility? 
Each substance is made up of its own kind of molecules that will interact with water 
differently. Different substances should have different solubilities.

Tell students that they will compare the solubility of four different household crystals—
salt (sodium chloride), Epsom salt (magnesium sulfate), MSG (monosodium glutamate), 
and sugar (sucrose). Explain that they will also test an unknown crystal that is chemically 
the same as one of the other crystals. Because it is chemically the same, it should have 
the same solubility as one of the crystals they will test. By the end of the activity, students 
should be able to identify the unknown. 

Read more about 
counting molecules or 
ions in the additional 
teacher background 
on page 369.
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Give each student an activity sheet. 
Students will record their observations and answer questions about the 
activity on the activity sheet. The Explain It with Atoms & Molecules and 
Take It Further sections of the activity sheet will either be completed as 
a class, in groups, or individually, depending on your instructions. Look 
at the teacher version of the activity sheet to find the questions and 
answers. 

explore
 3. have students try to identify the unknown based on appearance.

Let students know that before doing a solubility test, they will look closely at the crys-
tals to see if they might be able to get some clues about the identity of the unknown by 
appearance alone. Have students follow the procedure below and record their observa-
tions about the crystals on the activity sheet. Let students know that they can look at the 
crystals and touch them but they should not taste them.

Question to Investigate
Can you identify the unknown crystal by the way it looks?

Materials for Each Group
Black construction paper•	
Masking tape•	
Pen or permanent marker•	
5 small plastic cups•	
Salt•	
Epsom salt•	
MSG•	
Sugar•	
Unknown (Coarse kosher salt)•	
Magnifier•	

Teacher Preparation
Label the 5 small plastic cups •	 Salt, Epsom salt, MSG, Sugar, and Unknown. 
Add at least two teaspoons of each crystal to its labeled cup. •	

Procedure
Use masking tape and a pen to label four corners of a piece of black construction 1. 
paper Sugar, Salt, Epsom salt, and MSG. Label the center Unknown.
Place small samples of Epsom salt, table salt, sugar, MSG, and the unknown on the 2. 
labeled areas of the construction paper.
Use a magnifier to look carefully at each type of crystal. 3. 
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Expected Results
All of the crystals are white, but some are more trans-
parent or opaque than others. Each type of crystal is 
also a different size and shape. 

discuss student observations and have groups 4. 
plan how they might conduct a solubility test 
to identify the unknown. 

Ask students: 
What do you notice about each crystal? Include any similarities or differences •	
you notice among them.  
Students should describe physical properties such as the size, shape, color and tex-
ture. They should also describe whether the crystals are shiny, dull, transparent, or 
opaque.
Can you identify the unknown yet?  •	
Students should not have enough evidence to correctly identify the unknown at 
this point. Don’t tell students yet that the unknown is coarse kosher salt. They will 
discover this by the end of this lesson.

Explain that looking at the crystals is not enough to identify the unknown. But a solubil-
ity test will provide useful information, if it controls variables well. Ask students to think 
about how they might conduct a solubility test on salt, Epsom salt, MSG, sugar, and the 
unknown. Have students work in groups to discuss their ideas and record a simple plan on 
their activity sheet.   

have student groups share their ideas for a solubility test and 5. 
consider how each plan controls variables. 

As each group presents their plans, have the class identify how each 
solubility test controls variables. All groups will likely suggest that 
they use the same volume of water at the same temperature in the same type of contain-
ers, and the same amount of each crystal. But there may be some disagreement in how to 
measure the same amount of each crystal. Some students may suggest they use the same 
volume of each crystal while others may suggest the same mass of each crystal. If no one 
suggests using mass, explain that in the demonstration, you used an equal mass of salt and 
sugar—5 g of each. 
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Ask students:
Is it better to use the same volume (like a teaspoon or 5 mL) or the same mass •	
(like 5 g) of each crystal? Why?  
Tell students that you will do a demonstration that will help them see whether they 
should use a volume or mass measure so that they can dissolve the same amount of 
each crystal in water.

do a demonstration to show that mass is better than volume in measuring 6. 
equal amounts for a solubility test.

Question to Investigate
Is it better to measure the same volume or same mass of each crystal when conducting a 
solubility test to identify an unknown?

Materials for the Demonstration
2 clear plastic cups•	
Cereal balls (Kix work well)•	
Zip-closing plastic bag (quart-size storage-grade)•	
Balance•	

Teacher Preparation
Fill two clear plastic cups completely with cereal balls. Both cups should be identical and 
contain the same amount of cereal balls. Test these cups on a balance to make sure that 
these cups have the same mass. 

Procedure
Hold the cups filled with cereal up so that students can see that both have about the 1. 
same amount of cereal in them. 
Place the cups in the center of each end of a simple balance to prove to your students 2. 
that both contain the same amount of cereal. 

Ask students to make a prediction:
I am going to crush the cereal balls in one cup. Do you expect the height of •	
cereal in this cup to be higher, lower, or the same as in the other cup?  
Students will probably say that the crushed cereal will not take up as much room in 
the cup.

Pour the cereal from one of the cups into a storage-grade, zip-closing plastic bag. Get 3. 
as much air out as possible and seal the bag. 
Place the bag on the ground, and crush the cereal thoroughly with your foot. Once 4. 
the cereal is pulverized, open the bag, and pour the crushed cereal back into the cup. 
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Ask students:
Which cup contains more cereal? •	
Students will realize that both cups contain the same amount of cereal, but some 
may have an urge to say that the cup with the cereal balls contains more cereal.
Was any cereal added or removed from either cup? •	
Point out that even though the crushed cereal 
takes up less space, it is still the same amount 
of matter (cereal) as was in the cup before it 
was crushed.
How could you prove that these two cups •	
contain the same amount of matter?  
Students should suggest placing the cups on a 
balance as you did before.

Place the cups on opposite ends of a balance to 5. 
prove that the mass of cereal in each cup is the same. 

Expected Results
Even though the volume of cereal balls is greater than the volume of crushed cereal balls, 
the cups will balance on the scale.

 7. relate student observations in the demonstration to the five crystals they 
will dissolve in water. 

Tell students to imagine that the large cereal balls represent large crystals and the crushed 
cereal represents small crystals. Explain that the size and shape of the crystals may be dif-
ferent, but the balance shows that their mass is the same. Remind students that mass is a 
measure of the amount of matter. Because the large and small crystals (cereal) have the 
same mass, both cups contain the same amount of matter. Conclude that, in order to mea-
sure equal amounts, it is better to measure the mass of substances than the volume.

Ask students:
In the solubility test you will do, you will need to measure equal amounts of the •	
five crystals. How will you measure equal amounts?  
After this demonstration, students should realize that measuring mass for a solubil-
ity test is better than measuring by volume. 

 
Based on what students observed when they looked closely at the different crystals along 
with evidence from the demonstration, they should realize that different crystals have a 
slightly different size or shape. This will cause them to pack differently in the spoon so that 
more granules of one will be in the spoon than the other. 
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Note: The following explanation may be too difficult for students but is included here for you to 
think about and discuss with students if you think it is appropriate. Even if salt and sugar gran-
ules were exactly the same size and shape and packed exactly the same way in a spoon, it still 
would not be a good idea to use a teaspoon to measure equal amounts for a solubility test. Here’s 
why: Salt is about 25% more dense than sugar. Therefore a teaspoon of salt weighs more than a 
teaspoon of sugar by almost 25%. Your dissolving test would not be accurate because you would 
be starting out with a larger mass of salt than sugar. 

 8. have students weigh five grams of each of the crystals for the solubility test.

Materials for Each Group
Gram balance•	
5 small plastic cups •	
5 clear plastic cups•	
Masking tape and pen or permanent marker•	
Salt•	
Epsom salt•	
MSG•	
Sugar•	
Unknown (coarse kosher salt)•	
Water•	

Procedure
Use masking tape and a pen to label the 5 small plastic cups Salt, Epsom salt, MSG, 1. 
Sugar, and Unknown. 
Label the 5 larger clear plastic cups the same way.  2. 
Weigh 5 g of each crystal and place each in its small labeled cup.3. 

If you do not have enough time, you can stop here and have students store the crystals  
and conduct the test another day. If you do have time to conduct the test, the procedure 
follows.

 9. have students dissolve the four known crystals and the unknown in room-
temperature water. 

The amount of water used in the procedure is specific and should be used because it gives 
clear results. Swirling the crystals in water is a good way of mixing them to help them dis-
solve. Lead the class so that all groups pour their crystal samples into the water at the same 
time. Also tell students when to swirl the water and crystals and when to stop and observe. 
There will be three 20-second intervals. 
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Question to Investigate 
Can you identify an unknown using a solubility test?

Materials for Each Group
Graduated cylinder•	
5 g each of salt, Epsom salt, MSG, sugar, and unknown (coarse kosher salt)•	
5 clear plastic cups•	
Water•	

Procedure
Use a graduated cylinder to 1. 
add 5 mL of room tempera-
ture water to each empty clear 
plastic cup. 
Match up each pair of labeled 2. 
cups so that each cup of crystal 
is near its corresponding cup 
of water. 
When your teacher tells you to, work with your lab partners to pour the weighed 3. 
amount of each crystal into its cup of water at the same time. 
With the help of your lab partners, swirl each cup at the same time and in the same 4. 
way for about 20 seconds and observe. Swirl again for another 20 seconds and 
observe. Swirl again for the last 20 seconds and make your final observations. 
Slowly and carefully pour the 5. 
solution from each cup back into 
its small empty cup. Try not to 
let any undissolved crystal go 
into the small cup. Compare the 
amount of crystal remaining in 
each clear plastic cup.

Expected Results
Results may vary. However, sugar should dissolve the most, followed by Epsom salt. 
MSG should appear to dissolve a bit more than salt and the unknown. The salt and the 
unknown should appear to dissolve to a similar degree.
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 10. discuss student observations and the possible identity of the unknown. 

Ask students:
Are there any crystals that you could rule out as probably not the unknown?  •	
Based on their observations, students are most likely to eliminate sugar and Epsom 
salt as the unknown.
Which cup or cups seem to have about the same amount of crystal left undis-•	
solved as the unknown? 
The unknown, salt, and MSG appear to have similar amounts of crystal that did not 
dissolve. 
What do you think is the identity of the unknown?  •	
Students might conclude that the unknown is salt, but in some cases might think it 
could also be MSG.
What evidence do you have to support your conclusion? •	
Students should cite the amount of crystal left behind in each cup as evidence that 
the unknown is either salt or MSG.  
If someone in the class had a very different conclusion and had very different •	
observations, what do you think may have led to these differences?  
Students should mention possible errors in weighing the crystals, in measuring the 
amount of water used, stirring in a different way, or accidentally pouring the crystals 
into the wrong cups.

 
Tell students that their test showed that different substances have different solubilities. In 
fact, solubility is a characteristic property of a substance. Explain to students that this type 
of solubility test can help eliminate some of the crystals, but may not be accurate enough 
to identify the unknown. Since they may have some doubt about the identity of the 
unknown, students will do a recrystallization test with the crystal solutions made during 
the solubility test. 

 11. have students conduct another test to confirm the identity of the unknown. 

Explain to students that they might be able to get more clues about the identity of the 
unknown if they allow the solutions of the dissolved crystals to recrystallize. Allowing the 
substances to recrystallize from their solutions might show similarities and differences 
that were not as easily seen in the original crystals. 

Materials notes: The recrystallization test should be done immediately after the solubility test 
with the solutions made during the solubility test. Students will reuse the large clear plastic cups 
and solutions from the dissolving part of the activity, according to the procedure.
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Question to Investigate
Will the crystals that form when the solutions evaporate help identify the unknown?

Materials for Each Group
Five solutions made in the activity, each in a small plastic cup•	
5 clear plastic cups from the activity•	
Magnifier•	
Water•	
Paper towel•	

Procedure
Rinse each large, clear plastic cup with water to remove any remaining crystal. Dry 1. 
each with a paper towel. 
Carefully pour the solution from each small cup into its corresponding large, clear 2. 
plastic cup. 
Allow the solutions to sit overnight. 3. 
The next day, use a magnifier to carefully observe the crystals from both the top and 4. 
bottom of the cup.

Expected Results
Salt and the unknown look very similar. Epsom salt, MSG, and sugar look different from 
each other and different from salt and the unknown. The sugar may not have recrystallized 
yet, but given more time it will form crystals.

Ask students:
Describe the crystals in each cup. What do you think is the identity of the •	
unknown?  
Students should discuss the shape and size of the different crystals and notice that 
both salt and the unknown look very similar. 

Tell students that the unknown is coarse kosher salt. It is chemically the same as regular 
salt, but the process for making ordinary table salt and kosher salt is different and this is 
why they look different.

explaIn
 12. show molecular models of salt, epsom salt, sugar, and Msg. 

Project the image All Four Crystals. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson5#all_four_crystals
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Explain that because these substances are made up of different atoms and ions bonded 
together differently, they interact with water differently, giving them each their own     
characteristic solubility.  

Salt•	  
Remind students that sodium chloride is an ionic compound. There is a positive 
sodium ion (Na+) and a negative chloride ion (Cl–). Polar water interacts with these 
oppositely charged ions to dissolve the salt. 

Epsom salt •	
Tell students that Epsom salt is an ionic compound. There is a positive magnesium 
ion (Mg2+) and a negative sulfate ion (SO4

2–). Polar water interacts with these oppo-
sitely charged ions to dissolve the Epsom salt.   

MSG•	   
MSG is made of a positive sodium ion (Na+) and a negative glutamate ion, which 
has the molecular formula (C5H8NO4

–). Polar water interacts with these oppositely 
charged ions to dissolve the MSG.   

Sugar•	  
Sucrose is not an ionic compound. Sucrose has many O–H bonds, which give it 
positive and negative polar areas. These areas attract other sucrose molecules and 
hold them together in a crystal. These polar areas interact with water and cause 
entire sucrose molecules to separate from one another and dissolve. 

Sodium chloride

Monosodium glutamate

Magnesium sulfate

Sucrose
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extend
 13. help students review the similarities and differences in the way salt and 

sugar dissolve in water. 

Tell students that depending on the substance being dissolved, ions are separated from 
each other, or molecules are separated from each other. Salt and sugar are common exam-
ples of dissolving both types of solids.

Project the image Water Dissolves Salt. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson3#sodium_chloride_dissolving

Ask students:
When salt dissolves, why are water molecules attracted to the sodium and     •	
chloride ions? 
Sodium chloride is an ionic compound with a positive sodium 
ion (Na+) and a negative chloride ion (Cl–). Polar water inter-
acts with these oppositely charged ions to get it to dissolve.

Project the image Water Dissolves Sugar. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson4#water_dissolves_sucrose



©2011 American Chemical Society Middle School Chemistry Unit   449

Ask students:
When sugar dissolves, why are water molecules attracted to sucrose molecules?  •	
Sucrose has many O–H bonds, which give it positive and negative polar areas. These 
areas attract other sucrose molecules and hold them together in a crystal. These 
polar areas interact with water and cause entire sucrose molecules to separate from 
one another and dissolve.
What are the similarities and differences between water dissolving salt and •	
water dissolving sugar?  
The sodium and chloride ions separate from one another and become surrounded 
by water molecules as they dissolve. Entire sucrose molecules separate from other 
sucrose molecules. The covalent bonds holding the atoms in the sucrose molecule 
do not come apart. 
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Activity Sheet             Name ____________________
Chapter 5, Lesson 5    
Using Dissolving to Identify an Unknown         Date _____________________

demonstrAtion

Your teacher did a demonstration comparing the amount of salt and sugar 1. 
that dissolved in a small amount of water.  

Was more salt or sugar left in the 
bottom of the cup? 
 
 

Which dissolved better, salt or sug-
ar?

How well a substance dissolves in 2. 
water is called its solubility. Would 
you expect different substances to 
have the same or different solubility?  
 
Why?

Activity

Question to Investigate
Can you identify the unknown crystal by the way it looks?

Materials for Each Group
Black construction paper•	
Masking tape•	
Pen or permanent marker•	
5 small plastic cups•	
Salt•	
Epsom salt•	
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MSG•	
Sugar•	
Unknown•	
Magnifier•	

Procedure
Use masking tape and a pen to label four cor-1. 
ners of a piece of black construction paper 
Sugar, Salt, Epsom salt, and MSG. Label the 
center unknown.
Place small samples of Epsom salt, table salt, 2. 
sugar, MSG, and the unknown on the labeled 
areas of the construction paper.
Use a magnifier to look carefully at each type of 3. 
crystal. 

 3. What do you notice about each crystal? Include any similarities or differences 
you notice among them.  
 
 
 
 
 

What do you think might be the identity of the unknown from what you have 4. 
seen so far?   
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Your teacher did a demonstration with cereal 5. 
balls. Look at the cups of cereal on the bal-
ance in the picture. Which cup contains more 
cereal? 
 
Why?

In the solubility test you will do, you will need to measure equal amounts of 6. 
the five crystals. How will you measure equal amounts?  

Get reAdy for the next Activity 

Materials for Each Group
Gram balance•	
5 small plastic cups •	
5 clear plastic cups•	
Masking tape and pen or permanent marker•	
Salt•	
Epsom salt•	
MSG•	
Sugar•	
Uknown•	
Water•	

Procedure
Use masking tape and a pen to label the 5 small plastic cups Salt, Epsom Salt, MSG, 1. 
Sugar, and Unknown. 
Label the 5 larger clear plastic cups the same way.  2. 
Weigh 5 g of each crystal and place each in its small labeled cup.3. 
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Activity 

Question to Investigate 
Can you identify an unknown using a solubility test?

Materials for Each Group
Graduated cylinder•	
5 g each of salt, Epsom salt, MSG, sugar, and unknown•	
5 clear plastic cups•	
Water•	

Procedure
Use a graduated cylinder to add 5 mL of room-temperature water to each empty clear 1. 
plastic cup. 
Match up each pair of labeled cups so that each cup of crystal is near its correspond-2. 
ing cup of water. 
When your teacher tells you to, work with your lab partners to pour the weighed 3. 
amount of each crystal into its cup of water at the same time.  
 
 
 
 
 
 
 

With the help of your lab partners, swirl each cup at the same time and in the same 4. 
way for about 20 seconds and observe. Swirl again for another 20 seconds and 
observe. Swirl again for the last 20 seconds and make your final observations. 
Slowly and carefully pour the solution from each cup back into its small empty cup. 5. 
Try not to let any undissolved crystal go into the small cup. Compare the amount of 
crystal remaining in each clear plastic cup.
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What did you learn about the unknown from the solubility test?

Unknown might be: Unknown is probably not:

What evidence do you have to support your 
conclusion?

What evidence do you have to support your 
conclusion?

Question to Investigate
Will the crystals that form when the solutions evaporate help 
identify the unknown?

Materials for Each Group
Five solutions made in the activity, each in a small plastic cup•	
5 clear plastic cups from the activity•	
Magnifier•	
Water•	
Paper towel•	

Procedure
Rinse each large clear plastic cup with water to remove any remaining crystal. Dry 1. 
each with a paper towel. 
Carefully pour the solution from each small cup into its corresponding large clear 2. 
plastic cup. 
Allow the solutions to sit overnight. 3. 
The next day, use a magnifier to carefully observe the crystals from both the top and 4. 
bottom of the cup.
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Describe each type of re-crystalized crystal.
Circle the one that you think is the unknown.

Salt Epsom Salt

MSG Sugar

explAin it With Atoms & molecules 

 7. On the molecular level, why do different substances have different                
solubilities? 
 
 
 
 
 
 
 
 
 

 8. Why does the solubility test help you identify the unknown?



456   Middle School Chemistry Unit ©2011 American Chemical Society

tAke it further

Sodium Chloride dissolving in water

Sucrose dissolving in water

 9. What are the similarities and differences between salt dissolving in water 
and sugar dissolving in water?  
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Chapter 5, Lesson 6—Does Temperature Affect Dissolving?

Key Concepts
Adding energy (heating) increases molecular motion.•	
Increased molecular motion competes with the attraction between solute molecules and •	
tends to make them come apart more easily.
Increased molecular motion causes more solvent molecules to contact solute molecules •	
and pull on them with more force, usually resulting in more dissolving.  
Since different substances are made from different atoms, ions, or molecules, increased •	
temperature will affect their dissolving to different extents.  

Summary
Students revisit the dissolving M&M activity from Lesson 4. They will design an experiment to 
see if temperature affects the amount of dissolving of the sugar coating of an M&M. 

Objective
Students will be able to identify and control variables to design an experiment to see whether 
the temperature of a solvent affects the speed at which a solute dissolves. Students will be able to 
explain, on the molecular level, why increasing temperature increases the rate of dissolving.  

Evaluation
The activity sheet will serve as the “Evaluate” component of each 5-E lesson plan. The activity 
sheets are formative assessments of student progress and understanding. A more formal summa-
tive assessment is included at the end of each chapter.

Safety
Use caution when handling hot water.

Materials for Each Group
M&M’s (3 same color)•	
3 clear plastic cups•	
1 sheet of white paper•	
Room-temperature water•	
Hot water (about 50 °C)•	
Cold water (about 5 °C)•	

Materials for the Demonstration
4 graduated cylinders (50 mL)•	
Hot water (about 50 °C)•	
Cold water (about 5 °C)•	
Salt•	
Sugar•	
Tablespoon•	
2 small cups•	
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engage
have students work in groups to design an experiment to investigate 1. 
whether the temperature of water affects the amount of M&M coating that 
dissolves.

Remind students of the experiment they did in Lesson 4 in which they placed an M&M in 
water and watched the colored sugar coating dissolve. In that experiment, students used 
water and then alcohol and oil to see if the solvent used affects the dissolving of the M&M 
coating. 

Ask students:
What could you investigate about M&M’s dissolving in water?   •	
If students do not suggest changing the temperature of the water, ask whether they 
think the temperature of the water affects the amount of coating that dissolves.  

Give each student an activity sheet.
Students will describe their experimental design, record their observa-
tions, and answer questions about the activity on the activity sheet. The 
Explain It with Atoms & Molecules and Take It Further sections of the 
activity sheet will either be completed as a class, in groups, or individu-
ally, depending on your instructions. Look at the teacher version of the activity sheet to 
find the questions and answers. 

Have student groups discuss the following questions:
How could you investigate whether the temperature of water affects the amount •	
of coating that dissolves from an M&M? 
What are the variables in this experiment, and how will you control them? •	

As you visit the groups and listen to their discussions, check to see if students are thinking 
about variables such as: 

Kind of container•	
Amount of water •	
Color of the M&M’s•	
When the M&M’s are placed in the water•	
Location of the M&M’s in each cup•	

All these variables should be kept the same. Students should realize that the only variable 
that should be changed is the temperature of the water. 
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have student groups share their ideas for comparing the effect of tempera-2. 
ture on dissolving and consider how each plan controls variables.

As each group presents their plans, have the class identify how each plan controls vari-
ables. Some groups may have planned to test M&M’s in hot and cold water but didn’t 
consider using room-temperature water, too. Encourage all groups to test an M&M in all 
three temperatures of water. The room-temperature water serves as a control and can help 
students see the difference in how temperature affects dissolving. 

explore
have groups place an M&M in cold, room-temperature, and hot water at the 3. 
same time to investigate the effect of temperature on dissolving. 

Question to Investigate
Does the temperature of water affect the amount of coating that dissolves from an M&M?

Materials for Each Group
3 same-colored M&M’s •	
3 clear plastic cups•	
1 sheet of white paper•	
Room-temperature water•	
Hot water (about 50 °C)•	
Cold water (about 5 °C)•	

Procedure
Pour cold, room-temperature, and hot water into the cups so that the water is deep 1. 
enough to cover an M&M. 
Place the three cups on the white paper. Write Cold, Room-temp, and Hot near its 2. 
cup. 
With the help of your partners, place a same-colored M&M in the center of each cup 3. 
at the same time. Observe for about 1 minute.

Expected Results
More color and sugar dissolve from the M&M in the hot water and less in the room-
temperature and cold water. This means there is more chocolate visible on the M&M in 
the hot water than there is in the room-temperature and cold water. The color and sugar in 
the room-temperature water dissolve somewhere between the cold and hot water, but are 
more similar to the cold than the hot.

Note: There are actually two processes happening in this activity. The color and sugar are dis-
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solving in the water but they are also diffusing in the water. The temperature of the water affects 
the amount of dissolving but it also affects the rate of diffusion. Students should focus on the 
surface of the M&M to judge the amount of color and sugar that dissolves. 

record and discuss student observations. 4. 

Ask students:
Does the temperature of the water affect the amount of colored coating that   •	
dissolves from an M&M? How do you know?  
Based on their observations, students should conclude that the hotter water causes 
more dissolving. Students may have noticed a greater difference in the amount 
of dissolving between the hot and the room-temperature water than between the 
room-temperature and the cold water. If no one comments on this, suggest that 
there is a difference. 

explaIn
discuss how differences in molecular motion caused more of the sugar    5. 
coating to dissolve in hot than in cold water. 

Ask students:
What are the differences in the way water molecules move in cold, room-        •	
temperature, and hot water? 
Students should remember that water molecules move faster in hot water than in 
cold. 
Why do you think sugar dissolves better in hot water than in cold water? •	
The reason why sugar dissolves at a faster rate in hot water has to do with increased 
molecular motion. The added energy in the hot water causes water molecules to 
move faster and sucrose molecules to vibrate faster. This added movement tends 
to make the bonds between sucrose molecules easier to overcome. When faster-
moving water molecules attach to sucrose molecules, a higher proportion of these 
sucrose–water interactions have enough energy to pull sucrose molecules away from 
other sucrose molecules, so the rate of dissolving increases.
Why do you think there is a greater difference in the amount of dissolving •	
between the hot and room-temperature water than between the room-tempera-
ture and cold water? 
There is a greater difference in the rate of dissolving because there is a greater differ-
ence in temperature between hot and room-temperature water (about 30 degrees) 
than between room-temperature and cold water (about 15 degrees). 
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explore
either do a demonstration or show a video to investigate whether all 6. 
substances dissolve much better in hot water than in cold water. 

Ask students to make a prediction:
In the activity, you have seen that hot water dissolves sugar better than cold •	
water. Do you think that salt will dissolve much better in hot water than in cold, 
like sugar does? 

Project the image Hot and Cold Water Dissolve Salt vs. Sugar. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson6#dissolving_temperature

If you choose to do the demonstration, follow the procedure below.

Question to Investigate
Will salt dissolve much better in hot water than in cold, like sugar does? 

Materials for the Demonstration
4 graduated cylinders (50 or 100 mL)•	
Hot water (about 50 °C)•	
Cold water (about 5 °C)•	
Salt•	
Sugar•	
Tablespoon•	
4 small cups•	

Teacher Preparation
Label two small cups salt and two cups sugar. •	
Place 1 tablespoon of salt and 1 tablespoon of sugar in each of their labeled cups.•	

Procedure
Salt in Hot and Cold Water

Place 25 mL of hot water and 25 mL of cold water in two separate graduated            1. 
cylinders. 
At the same time, pour one tablespoon of salt into each graduated cylinder. Do        2. 
not swirl, shake, or stir. Set these graduated cylinders aside.
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Sugar in Hot and Cold Water
Place 25 mL of hot water and 25 mL of cold 3. 
water in two separate graduated cylinders.
At the same time, pour one tablespoon of sugar 4. 
into each graduated cylinder. Do not swirl, 
shake, or stir. Set these graduated cylinders 
aside.

Compare the amounts of salt and sugar left undissolved
Show students the graduated cylinders with the 5. 
salt. 
Show students the graduated cylinders with the sugar.6. 

Expected Results
Less sugar is visible in the hot water than in the cold, meaning that more sugar dissolves in 
the hot water than in the cold water. There is no obvious difference between the amount 
of salt that dissolves in the hot water compared to the cold water. This shows that tempera-
ture affects the dissolving of sugar more than it affects the dissolving 
of salt.

show students the table and graph for the solubility of 7. 
sugar and salt at different temperatures.  

Project the graph Solubility of Salt and Sugar.
www.middleschoolchemistry.com/multimedia/chapter5/lesson6#solubility_curve
Help students understand that the graph shows that more sugar dissolves in water as the 
temperature of the water increases. Also help them to see that the dissolving of salt also 
increases as the temperature of the water increases. But the dissolving of salt does not 
increase nearly as much as sugar. 

Comparing the solubility of sodium chloride and sucrose
Measured in grams of solute dissolved in 100 mL of water

Temperature °C 0 20 40 60 80 100

Sodium chloride 35.5 36 36.5 37.5 38 39

Sucrose 179 204 241 288 363 487
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Note: Students may ask why so much more sugar dissolves at higher temperatures compared 
to salt. This is not easy to explain on the molecular level at a middle school, high school, or 
even college level. Tell students that since substances are composed of different atoms, ions, and 
molecules, they are held together differently and interact with water differently. Changing tem-
perature also affects the motion of the atoms, ions, or molecules of the substance and affects the 
interaction between water molecules and the particles of the substance. There are so many factors 
involved that it is difficult to explain why the solubility of one substance is affected more than 
another by an increase in temperature.  

Ask students:
The demonstration showed that temperature affects the dissolving of sugar •	
more than it affects the dissolving of salt. Explain how the graph shows this.  
As the temperature increases, more and more sugar can be dissolved, but only 
slightly more salt can be dissolved.  
How much sugar dissolves in 100 mL of water at 50 •	 °C?  
About 260 g of sugar will dissolve.
How much salt dissolves in 100 mL of water at 50 •	 °C? 

Solubility of salt and sugar
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About 37 g of salt will dissolve. 

extend
plot a solubility curve for potassium chloride and compare it to the solubility 8. 
of sugar and salt.

Tell students that they will plot the solubility of potassium chloride on a graph provided 
on the activity sheet. Explain that potassium chloride is used as a salt substitute for people 
who should not eat regular salt (sodium chloride.) 

Ask students:
At what temperature would you say that the solubility of sodium chloride and •	
potassium chloride are about the same?
At 0 °C, which substance is the least soluble? •	
At 0 °C, which substance is the most soluble? •	

The solubility of potassium chloride
Measured in grams of solute dissolved in 100 mL of water

Temperature °C 0 20 40 60 80 100

Potassium chloride 28 33 38 44 50 55

Solubility of sodium chloride, 
sucrose, and potassium chloride
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Activity Sheet             Name ____________________
Chapter 5, Lesson 6    
Does Temperature Affect Dissolving?         Date _____________________

introduction

Does the temperature of water affect the amount of coating that dissolves 1. 
from an M&M? Talk with your group and design an experiment to find out. 

List three variables and how you will control them. 
 
 
 
 
 
 
 

What is the only variable that should be changed? 
 

Activity 

Question to Investigate
Does the temperature of water affect the amount of coating that dissolves from an M&M?

Materials for Each Group
3 same-colored M&Ms •	
3 clear plastic cups•	
1 sheet of white paper•	
Room-temperature water•	
Hot water (about 50 °C)•	
Cold water (about 5 °C)•	
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Procedure
Pour cold, room-temperature, and hot water 1. 
into the cups so that the water is deep 
enough to cover an M&M. 
Place the three cups on the white paper. 2. 
Write cold, room-temp, and hot near its cup. 
With the help of your partners, place a 3. 
same-colored M&M in the center of 
each cup at the same time. Observe for 
about 1 minute.

 2. Does the temperature of the water affect the amount of coating that           
dissolves from an M&M?  
 
How do you know? 

 
 

explAin it With Atoms & molecules

 3. What are the differences in the way water molecules move in cold,           
room-temperature, and hot water? 
 
 
 
 
 

On the molecular level, why do you think sugar dissolves better in hot water 4. 
than in cold water? 
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Why do you think there is a greater difference in the amount of dissolving 5. 
between the hot and room-temperature water than between the room-    
temperature and cold water? 
 
 
 

demonstrAtion

Your teacher showed you an activ-6. 
ity comparing the amount of salt 
that can dissolve in hot and cold 
water and the amount of sugar 
that can dissolve in hot and cold 
water. Just like in your M&M exper-
iment, much more sugar dissolved 
in hot water. Does much more salt 
dissolve in hot water than in cold?  
 
How do you know? 
 
 
 

The following data table and graph compare how much sugar and salt can 7. 
dissolve in water over the temperature range 0 °C to 100 °C. Use the table and 
graph to answer the following questions. 

Comparing the solubility of sodium chloride and sucrose
Measured in grams of solute dissolved in 100 mL of water

Temperature °C 0 20 40 60 80 100

Sodium chloride 35.5 36 36.5 37.5 38 39

Sucrose 179 204 241 288 363 487
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The activity showed that temperature affects the dissolving of sugar more 
than it affects the dissolving of salt. Explain how the graph shows this.   
 
 
 

 

How much sugar dissolves in 100 mL of water at 50 °C?  
 
 

How much salt dissolves in 100 mL of water at 50 °C? 
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tAke it further

Potassium chloride is a salt substitute sold in grocery stores for people who 8. 
should limit their intake of table salt (sodium chloride). Use the data table to 
plot the solubility curve for potassium chloride on the graph below. Then use 
the graph to answer the following questions. 

At what temperature would you say that the solubility of sodium chloride 
and potassium chloride are about the same?

 
 
 

At 0 °C, which substance is 
the least soluble?  
 

 
 

At 0 °C, which substance is 
the most soluble? 

Solubility of sodium chloride, 
sucrose, and potassium chloride
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The solubility of potassium chloride
Measured in grams of solute dissolved in 100 mL of water

Temperature °C 0 20 40 60 80 100

Potassium chloride 28 33 38 44 50 55
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Chapter 5, Lesson 7—Can Liquids Dissolve in Water?

Key Concepts
Liquids have characteristic properties based on the molecules they are made of.•	
The properties of liquids depend on the attractions the molecules of the liquid have for each •	
other and for other substances.
Liquids can dissolve certain other liquids, depending on the attractions between the mol-•	
ecules of both liquids. 
Polar liquids, like water, dissolve other liquids which are polar or somewhat polar.•	
Polar liquids, like water, do not dissolve nonpolar liquids like oil.•	

Summary
Students will place isopropyl alcohol, mineral oil, and corn syrup in water to see if any of these 
liquids dissolve in water. Students will extend their understanding and definition of “dissolving” 
and see that certain, but not all, liquids can dissolve in water.  

Objective
Students will identify and control variables to help design a solubility test for different liquids 
in water. Students will be able to explain, on the molecular level, why certain liquids, but not all, 
will dissolve in water. They will also be able to explain that the solubility of a liquid is a character-
istic property of that liquid.

Evaluation
The activity sheet will serve as the “Evaluate” component of each 5-E lesson plan. The activity 
sheets are formative assessments of student progress and understanding. A more formal summa-
tive assessment is included at the end of each chapter.

Safety
Be sure you and the students wear properly fitting goggles. Isopropyl alcohol is flammable. Keep 
it away from flames or spark sources. Read and follow all warnings on the label. Isopropyl alcohol 
and mineral oil should be disposed of according to local regulations. Have students wash hands 
after the activity.

Materials for the Demonstrations
Clear plastic cup•	
Water•	
Food coloring •	
Straw or popsicle stick•	
Isopropyl alcohol (70% or higher)•	
2 identical 100-mL graduated cylinders•	
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Materials for Each Group
Water•	
Mineral oil •	
Isopropyl alcohol (70% or higher)•	
Corn syrup•	
3 clear plastic cups•	
5 small cups•	
Permanent marker or masking tape and a pen for labeling cups•	
3 straws or popsicle sticks (for stirring)•	
Laminated index card or card covered with wax paper •	
Blue water •	
Yellow isopropyl alcohol (70% or higher) •	
2 droppers•	
Toothpick or popsicle stick•	

engage
do a demonstration to introduce the idea that solids aren’t the only 1. 
substances that can dissolve—liquids can also dissolve in liquids.

Ask students to make a prediction: 
Solids, like salt or sugar, can dissolve in water. Do you •	
think that liquids can dissolve in water?

Question to Investigate
Does liquid food coloring dissolve in water?

Materials for the Demonstration
Clear plastic cup•	
Water•	
Food coloring•	
Straw or popsicle stick•	

Note: A similar demonstration was conducted back in Chapter 1 as evidence that molecules are 
in motion. Here, the demonstration is used to show the attraction between water molecules and 
the liquid coloring molecules that allows the color to dissolve in the water.  
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Procedure
Hold up a clear plastic cup or other clear container of 1. 
room-temperature water. Add 1 or 2 drops of food 
coloring and allow the coloring to drift and spread 
in the water a bit.
Stir with a straw or popsicle stick.  2. 

Expected results
The food coloring will drift and slowly mix throughout 
the water. When stirred, the water will be evenly colored 
throughout.

Ask students: 
Does food coloring dissolve in water? •	
Yes. 
How do you know when a solute, like food coloring, has dissolved in a solvent, •	
like water?  
As part of the answer to this question, review the definition of dissolving using the 
food coloring and water as an example. The solute (food coloring) is dissolved in 
the solvent (water) when the molecules of the solute are so thoroughly intermixed 
within the molecules of the solvent that they do not settle out or separate.
This demonstration showed that food coloring can dissolve in water. Describe •	
an experiment you could do to compare how isopropyl alcohol, mineral oil, and 
corn syrup dissolve in water. 
Students should agree that they will need three cups filled with the same amount of 
water. They should also realize that it’s important that the same temperature water is 
used in each cup and that the temperature of each of the three liquids being tested is 
the same, too. 

Give each student an activity sheet. 
Students will describe their experimental design, record their obser-
vations, and answer questions about the activity on the activity 
sheet. The Explain It with Atoms & Molecules and Take It Further 
sections of the activity sheet will either be completed as a class, in 
groups, or individually depending on your instructions. Look at 
the teacher version of the activity sheet to find the questions and 
answers. 
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explore 
 2. have students conduct an activity to see how well isopropyl alcohol, mineral 

oil, and corn syrup dissolve in water.

Question to Investigate 
Do isopropyl alcohol, mineral oil, and corn syrup dissolve in water? 

Teacher Preparation for Each Group
Label 3 small cups Alcohol, Oil, and Syrup for each group. •	
Pour about 1 tablespoon of isopropyl alcohol, mineral oil, and corn syrup into their •	
labeled cups. 

Materials for Each Group
Water•	
Isopropyl alcohol (70% or higher) in small labeled cup•	
Mineral oil in small labeled cup•	
Corn syrup in small labeled cup•	
3 clear plastic cups•	
Permanent marker or masking tape and a pen for labeling cups•	
3 straws or popsicle sticks for stirring•	

Procedure
Label 3 clear plastic cups Alcohol, Oil, and Syrup. 1. 
Pour water into all three labeled 2. 
cups until each is about half-full. 
While looking at the water from 3. 
the side, slowly pour the alcohol 
into its labeled cup.
Without stirring, watch to see 4. 
if the alcohol dissolves in the 
water on its own. Record your 
observations in the chart.
After waiting about 10 seconds, 5. 
stir to see if the alcohol dis-
solves. Record your observa-
tions. 
Repeat Steps 2–5 for oil and 6. 
corn syrup.
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Expected Results
The alcohol looks kind of gray and swirly as it goes into the water. The alcohol tends •	
to stay on the surface of the water because it is less dense than water. It does not 
seem to dissolve immediately but dissolves when stirred. 
The oil stays on the surface of the water because it is less dense than water but it •	
does not appear to mix much at all with the water. When stirred, the oil breaks apart 
a bit and then forms a layer again on the surface of the water. The oil does not dis-
solve. 
The corn syrup sinks in the water because it is more dense than water.  It seems to •	
stay there without much initial dissolving. After stirring, the corn syrup dissolves 
into the water and the solution turns clear. 

 3. discuss student observations.

Have students describe what the alcohol, oil, and corn syrup looked like in the water and 
whether or not they dissolved.

Ask students: 
Can a liquid dissolve another liquid?  •	
Students should realize that some liquids, but not all, can dissolve in water. 
Based on your observations of the way isopropyl alcohol, mineral oil, and corn •	
syrup dissolve in water, would you say that solubility is a characteristic property 
of a liquid? Why? 
Yes. Solubility is a characteristic property because each liquid interacted with the 
water differently. 

explaIn
 4. discuss how the molecular structure of isopropyl alcohol, mineral oil, and 

glucose (in corn syrup) determines whether or not each liquid will dissolve in 
water.

Project the image Isopropyl Alcohol.
www.middleschoolchemistry.com/multimedia/chapter5/lesson7#isopropyl_alcohol
Point out the bond between oxygen and hydrogen in one area of the alcohol molecule.

Ask students: 
What do you already know about the O–H bond? •	
It is polar. The oxygen has a slight negative charge, and the 
hydrogen has a slight positive charge. 
 

–
+
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How do you think this polar part of the molecule affects the solubility of        •	
alcohol? 
Even though alcohol has one polar area (O–H bond) and a larger nonpolar area 
(C–H bonds), polar water molecules and the polar area on alcohol molecules are 
attracted to each other, causing alcohol to dissolve in water. 

Project the image Mineral Oil.
www.middleschoolchemistry.com/multimedia/chapter5/lesson7#mineral_oil
Remind students that the carbon (darker gray) and hydrogen atoms share electrons rather 
evenly. This means that the bonds in mineral oil are nonpolar, so water molecules and 
mineral oil molecules are not attracted to each other. 

Why do you think the oil does not dissolve in water? •	
The mineral oil molecule is made of carbon atoms bonded to 
hydrogen atoms. The bond between these atoms creates very 
little polarity. Water is not very attracted to the oil and so does 
not dissolve it. 
In some salad dressings a layer of oil, like canola or olive oil, •	
floats on top of a layer of vinegar, which is mostly water. If you 
shake a bottle of this kind of salad dressing, the liquids will 
temporarily combine. But the oil and vinegar do not dissolve in one another 
because eventually the two liquids will separate out again. Knowing what you 
do about molecules and dissolving, why doesn’t the oil in these salad dressings 
dissolve in vinegar?  
Oil is nonpolar and is not attracted to the water in vinegar, so it will not dissolve. 

Note: Students should understand that polar molecules, like water, attract other polar molecules 
but they do not attract nonpolar molecules, like oil. At the middle school level, this understand-
ing is sufficient but could lead to the impression that nonpolar molecules have no attractions at 
all. This is not true. 

Read more about the attractions between nonpolar molecules in the additional teacher 
background section at the end of this lesson.    

Project the image Glucose.
www.middleschoolchemistry.com/multimedia/chapter5/lesson7#glucose
Explain to students that corn syrup is mostly glucose but also      
contains a similar sugar, fructose. Show students the glucose       
molecule and point out the bonds between oxygen and hydrogen. 

–
–

–

–
–

+

+

++

+
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Note: Students may have heard of “high fructose corn syrup” used in carbonated beverages and 
some prepared foods. This type of corn syrup contains a higher percentage of fructose than the 
corn syrup commonly sold in the baking aisle at grocery stores.  

Ask students:
Why do you think glucose molecules dissolve well in water? •	
Glucose has many areas where oxygen is bonded to hydrogen. These O–H bonds 
are polar. Polar water molecules and the polar areas of glucose molecules are attract-
ed to each other, causing the corn syrup to dissolve. 
Some people with diabetes may accidentally let their sugar level get too low. •	
There are glucose tablets to help them with this problem. When a person eats 
one, do you think it will act quickly to increase his/her blood sugar level? Why 
or why not?  
Yes. The tablet will act quickly because the water in a person’s saliva and stomach 
will easily dissolve the glucose. 

extend
 5. look more closely at the way water and alcohol mix.

Water and alcohol do some pretty interesting things when they mix. Tell students that you 
colored water blue and isopropyl alcohol yellow so that they can see the mixing better.

Question to Investigate
What happens as drops of water and alcohol combine?

Teacher Preparation 
Either laminate an index card for each group or cover an index card with a piece of •	
wax paper and secure the wax paper with tape.
Place about ¼ cup water in 1 cup•	
Add 2 drops of blue food coloring to the water. •	
Place ¼ cup isopropyl alcohol in another cup. •	
Add 2 drops of yellow color food coloring to the alcohol.•	
Label 2 small cups water and alcohol for each group. You may reuse the small cup •	
labeled alcohol from the activity in this lesson.  
Place about 1 teaspoon of each colored liquid into its pair of labeled cups for each •	
group. 

Materials for Each Group
Water (colored blue)•	
Isopropyl alcohol (70% or higher and colored yellow)•	
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Laminated index card or card covered with wax paper•	
2 droppers•	
Toothpick or popsicle stick •	

Procedure
Use a dropper to place about 5 drops of blue water 1. 
together to make 1 large drop on your index card.
Use another dropper to make a similar large drop of 2. 
yellow alcohol close to, but not touching, the blue 
drop.
Use a toothpick to drag the blue water toward the 3. 
yellow alcohol until they touch. As soon as the 
drops touch, lift the toothpick away and do not stir. 
Watch closely as the alcohol and water mix.4. 

Expected Results
The alcohol and water will kind of “shake” or “jiggle” right at the area where they are     
mixing.  

 6. discuss student observations.

Ask students:
What do you observe when the drop of alcohol and drop of water combine?  •	
Students will notice that the alcohol and water seem to shake at the area where they 
are mixing. As the liquids mix, the yellow and blue colors combine to make green. 

Tell students that the mixing of alcohol and water is not completely understood on the 
molecular level. One reason for the shaky appearance might be that alcohol is less dense 
than water so as it mixes with water, the density of the overall liquid changes. Alcohol 
(which alone floats on water) sinks as it mixes. Maybe lots of little “sinkings” make the 
mixing look shaky. It could be that the changing density causes light to refract differently 
to cause the shaky look. Maybe the alcohol interferes with water’s surface tension and 
causes a shaky look on the surface. It is also true that when water and alcohol are mixed, 
the solution gets warmer. Maybe the heat increases molecular motion at the surface, 
which somehow contributes to the shaky look. 

 7. do a demonstration to show that when water and alcohol combine, the 
volume of the resulting solution is less than expected.

Tell students that the characteristic way water and alcohol interact with each other causes 
another interesting phenomenon.
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Materials for the Demonstration
Isopropyl alcohol (90% or higher)•	
Water•	
2 identical 100-mL graduated cylinders•	

Procedure
Measure 50 mL of isopropyl alcohol and pour 1. 
it into a 100-mL graduated cylinder. 
Measure 50 mL of water and add it to the   2. 
alcohol in the 100-mL graduated cylinder. 

Expected Results
The total volume of the liquid will be about 97 or 
98 mL. This is surprising because 50 mL of water + 
50 mL of water equals 100 mL. 

Explain to students that when the water and alco-
hol molecules interact, they rearrange and actually 
take up less room than if you add up their individu-
al volumes. 

Note: You may have heard the explanation that the water molecules are in the spaces between 
the alcohol molecules or the alcohol molecules are in the spaces between the water molecules. 
This is too passive an explanation. It’s not like marbles falling in the spaces between golf balls. 
There is an active rearranging of molecules that are attracted to one another that results in the 
final volume. In fact, adding any two liquids that can dissolve in one another will result in a 
volume that’s different from the sum of the separate liquid volumes. Alcohol and water are often 
used as an example of this phenomenon because they are easy to get and show a particularly big 
difference.    
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Activity Sheet                        Name ____________________
Chapter 5, Lesson 7    
Can Liquids Dissolve in Water?           Date _____________________

demonstrAtion 

Your teacher placed some food coloring in water.  1. 
Did the food coloring dissolve in the water? 

 
 

 
How do you know when a solute, like food color-
ing, has dissolved in a solvent, like water? 

Activity

Question to Investigate 
Do isopropyl alcohol, mineral oil, and corn syrup dissolve in water? 

Materials for Each Group
Water•	
Isopropyl alcohol (70% or higher) in small labeled cup•	
Mineral oil in small labeled cup•	
Corn syrup in small labeled cup•	
3 clear plastic cups•	
Permanent marker or masking tape and a •	
pen for labeling cups
3 straws or popsicle sticks for stirring•	

Procedure
Label 3 clear plastic cups Alcohol, Oil, and 1. 
Syrup. 
Pour water into all three labeled cups until 2. 
each is about half-full. 
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While looking at the water from the side, slowly pour the alcohol into its labeled cup.3. 
Without stirring, watch to see if the alcohol dissolves in the water on its own. Record 4. 
your observations in the chart.
After waiting about 10 seconds, stir to see if the alcohol dissolves. Record your obser-5. 
vations. 
Repeat Steps 2–5 for oil and corn syrup.6. 

Do alcohol, oil, and syrup dissolve in water?

Liquid
What does this liquid 

do when you first place 
it in water?

Does this liquid dissolve 
in water after you stir?

How do you know 
whether this liquid 

dissolves or does not 
dissolve in water?

Isopropyl alcohol

Mineral oil

Corn syrup

 2. Based on your observations of the way isopropyl alcohol, mineral oil and 
corn syrup dissolve in water, would you say that solubility is a characteristic     
property of a liquid? Why?
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explAin it With Atoms & molecules

Look at the structure of the molecules in isopropyl alcohol, corn syrup, and mineral 
oil. Explain why either dissolves or does not dissolve in water.

Isopropyl alcohol

Mineral oil

Glucose in corn syrup

 3. In some salad dressings a layer of oil, like canola or olive oil, floats on top of a 
layer of vinegar, which is mostly water. If you shake the bottle of salad dress-
ing, the liquids will temporarily combine. The oil and vinegar do not dissolve 
in one another because eventually the two liquids will separate out again. 
Knowing what you do about molecules and dissolving, why doesn’t the oil in 
these salad dressings dissolve in vinegar?  
 
 
 
 

–

–
–

–

+

+

+

++

+



482   Middle School Chemistry Unit ©2011 American Chemical Society

 4. Some people with diabetes may accidentally let their sugar level get too low. 
There are glucose tablets to help them with this problem. When a person eats 
one, do you think it will act quickly to increase his/her blood sugar level? Why 
or why not? 

tAke it further
Question to Investigate
What happens as drops of water and alcohol combine?
 
Materials for Each Group

Water (colored blue)•	
Isopropyl alcohol (70% or higher and colored yellow)•	
Laminated index card or card covered with wax paper•	
2 droppers•	
Toothpick or popsicle stick •	

Procedure
Use a dropper to place about 5 drops of blue water 1. 
together to make 1 large drop on your index card.
Use another dropper to make a similar large drop of 2. 
yellow alcohol close to, but not touching, the blue 
drop.
Use a toothpick to drag the blue water toward the 3. 
yellow alcohol until they touch. As soon as the drops 
touch, lift the toothpick away and do not stir. 
Watch closely as the alcohol and water mix. 4. 
 

What do you observe when the drop of alcohol and drop of water combine? 5. 
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Your teacher combined 50 mL of isopropyl 6. 
alcohol and 50 mL of water. What is surprising 
about the result? 
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Chapter 5, Lesson 8—Can Gases Dissolve in Water?

Key Concepts
Gases can dissolve in water. •	
The dissolving of a gas in water depends on the interaction between the molecules of the •	
gas and the water molecules. 
The amount of gas that can be dissolved in water depends on the temperature of the water.•	
More gas can dissolve in cold water than in hot water. •	

Summary
Students will observe the dissolved carbon dioxide (CO2) in a bottle of club soda. They will help 
design an experiment to compare the amount of CO2 that stays in cold club soda compared to 
warmer club soda.  

Objective
Students will be able to explain, on the molecular level, how a gas dissolves in water. They will 
also be able to explain why the gas comes out of solution faster in warm water than in cold water.

Evaluation
The activity sheet will serve as the “Evaluate” component of each 5-E lesson plan. The activity 
sheets are formative assessments of student progress and understanding. A more formal summa-
tive assessment is included at the end of each chapter.

Safety
Be sure you and the students wear properly fitting goggles. Warn students not to eat the M&M. 
Use caution when handling hot water.

Materials for the Demonstration
Unopened 1-liter bottle of club soda, which will also be used in the activity. 

Materials for each group
Club soda •	
3 clear plastic cups•	
1 M&M•	
Pipe cleaner •	
Hot water•	
Cold water•	
2 deli containers (that cups easily fit inside)•	
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engage
show students the bubbles that appear when a new bottle of soda is 1. 
opened. 

Remind students that they have seen that some solids and liquids can dissolve in water 
(Chapter 5, Lessons 5 and 7). 

Ask students: 
Do you think that gases can dissolve in water?  •	
The idea of a gas dissolving may seem strange to students, but this demonstration 
will help them realize that gases can dissolve in water.

Materials
Unopened 1-liter bottle of club soda

Teacher Preparation
Remove the label from a 1-liter bottle of carbonated water. 

Ask students:
How is a bottle of carbonated water different from a regular bottle of water? •	
Students will probably say that carbonated water has bubbles. 
Do you see any bubbles in the carbonated water? •	
They shouldn’t see any, yet.

Procedure
Very slowly unscrew the bottle cap.1. 
Wait a few seconds to allow students to observe the       2. 
bubbles.
Tighten the cap on the bottle. 3. 

Expected Results
When the cap is loosened, many bubbles will appear through-
out the soda and rise up through the water to the surface, where 
they pop. When the cap is tightened, fewer bubbles will form. 

Ask students:
What did you observe when I opened and then closed the bottle of soda? •	
Bubbles appeared only when the bottle was opened. The bubbles stopped forming 
when the bottle cap was tightened.
What is the gas that makes these bubbles? •	
Carbon dioxide (CO2)
Where was the CO•	 2 before the bottle was opened? 
The carbon dioxide was dissolved in the water. 



486   Middle School Chemistry Unit ©2011 American Chemical Society

explain that carbonated water is made of carbon dioxide gas dissolved in 4. 
water.

Tell students that at a soda factory, carbon dioxide gas is added to 
cold water under high pressure to make carbonated water. The pres-
sure forces more gas to dissolve than ordinarily would. 

Project the image CO2 Molecule.
www.middleschoolchemistry.com/multimedia/chapter5/lesson8#carbon_dioxide
Point out that a molecule of carbon dioxide has a slight negative 
charge near the oxygen and a slight positive charge near the 
carbon. CO2 is soluble because water molecules are attracted 
to these polar areas. The bond between carbon and oxygen is 
not as polar as the bond between hydrogen and oxygen, but it 
is polar enough that carbon dioxide can dissolve in water.

Project the image CO2 Dissolved in Water.
www.middleschoolchemistry.com/multimedia/chapter5/lesson8#carbon_dioxide_dissolved_
in_water
Explain that in carbonated water, molecules of carbon 
dioxide are thoroughly mixed and dissolved in water. This 
is similar to molecules of sucrose, sodium and chloride 
ions from salt, or the molecules of isopropyl alcohol, 
which students dissolved in water in previous activities in 
this chapter. Point out that when dissolved, the molecules 
of CO2 are not like tiny little bubbles of gas mixed in the 
water. Instead single molecules of CO2 are surrounded by 
water molecules. 

Let students know that although the CO2 dissolves, the molecules are not attracted as 
strongly by the water molecules as substances like salt or sugar. Due to these weaker 
attractions, the molecules of CO2 come out of solution relatively easily. This is why soda 
becomes flat if it is left uncapped for too long.

Give each student an activity sheet. 
Students will describe their experimental design, record their observa-
tions, and answer questions about the activity on the activity sheet. The 
Explain It with Atoms & Molecules and Take It Further sections of the 
activity sheet will either be completed as a class, in groups, or individu-
ally, depending on your instructions. Look at the teacher version of the 
activity sheet to find the questions and answers. 

––

+

+
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explore
have students add objects to carbonated water to see if they can get carbon 5. 
dioxide gas to come out of solution.

Ask students:
Aside from shaking soda, or leaving it uncovered, are there other ways to make •	
carbon dioxide gas come out of carbonated water? 
Tell students that objects can be placed in the soda that can cause the carbon diox-
ide to bubble out of the soda.

Question to Investigate
How can you make carbon dioxide gas come out of solution?

Materials for Each Group
Club soda in clear plastic cup•	
2 clear plastic cups•	
M&M•	
Pipe cleaner•	

Teacher Preparation
Immediately before the activity, use the bottle of carbonated 
water from the demonstration to pour about ¾ cup of carbon-
ated water into a clear plastic cup for each group.

Procedure
Evenly divide the club soda among the 3 clear plastic cups. 1. 
Push two of these cups aside to use later.
Place a pipe cleaner in the soda and observe. 2. 
Place an M&M in the soda and observe.3. 

Expected Results
Bubbles form on the pipe cleaner. Bubbles also form on the 
M&M and rise to the surface. 

Ask students:
Where did the gas bubbles that you observed come from? •	
There were molecules of carbon dioxide dissolved in the water.
Where did the carbon dioxide gas that was dissolved in the water go? •	
The carbon dioxide bubbles rose to the surface and popped, releasing carbon     
dioxide into the air. 
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Explain that the objects placed in the soda had tiny bumpy areas where the carbon dioxide 
molecules collected. When enough of the molecules were together in a certain area, they 
became a bubble. When this bubble, which is less dense than the water around it, became 
big enough, it floated to the surface and popped, releasing carbon dioxide gas into the air. 

Ask students: 
While drinking soda pop with a straw, you may have noticed that bubbles form •	
on the outside of the straw. Now that you have done this activity, why do you 
think these bubbles form on the straw? 
Even though the straw looks smooth, it also has tiny bumpy areas, where molecules 
of carbon dioxide collect. When enough of them collect in an area, they become a 
bubble of carbon dioxide gas.  

discuss how to find out whether temperature affects how quickly gas 4. 
escapes from carbonated water.

Ask students: 
Would you expect carbon dioxide to stay dissolved better in hot or cold water? •	
Hint: Soda pop is kept in the refrigerator after it is opened. 
Students will discover the answer to this question as they do the following activity. 
How could you set up an experiment to find out whether carbon dioxide stays •	
dissolved better in water that is warmed or water that is cooled? 
Students should realize that they will need two cups of carbonated water. They will 
then need to heat one and cool the other. One simple way to heat and cool the cups 
is to use a hot or cold water bath like the one described in the procedure. 
If more carbon dioxide gas escapes from the soda, will there be more or fewer •	
bubbles popping at the surface? 
There will be more bubbles popping at the surface.
If more carbon dioxide gas stays dissolved, will there be more or fewer bubbles •	
popping at the surface? 
There will be fewer bubbles popping at the surface. •	

Conclude that students can compare how fast carbon dioxide gas escapes or stays in 
solution by comparing the quantity of bubbles they see rise to the surface and pop. More 
bubbles rising and popping means more gas is escaping from the solution. Fewer bubbles 
rising and popping means more gas is remaining in the solution. 

have students warm and cool 2 cups of carbonated water to find out if 5. 
temperature affects the solubility of carbon dioxide.

Question to Investigate
Does carbon dioxide stay dissolved better in water that is warmed or water that is cooled?
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Materials for Each Group
Carbonated water in 2 clear plastic cups•	
Hot water (about 50 °C)•	
Cold water (about 5 °C)•	
2 deli containers (that cups easily fit in)•	

Procedure
Get the two cups of carbonated water that you moved aside earlier. 1. 
Fill one empty deli container about ⅓ of the way with ice cold water and another 2. 
about ⅓ of the way with hot tap water.
Place each of the cups of carbonated water into the cold and hot water, as shown.  3. 
Watch the surface of the soda in 4. 
each cup of carbonated water. 

Expected Results
More bubbles form and rise to the 
surface in the carbonated water that is 
placed in hot water. 

 6. discuss student observations. 

Students should realize that dissolved gas 
comes out of solution faster when soda is warm than when it is cold. The reverse is also 
true: Dissolved gas tends to stay dissolved better in cold soda. 

Ask students:
Does carbon dioxide stay dissolved better in hot water or in cold water?  •	
Carbon dioxide stays dissolve better in cold water. 
How do you know? 
More gas escapes from the soda placed in hot water.
Based on what you observed in this experiment, why do you think people store •	
soda pop that has been opened in the refrigerator? 
Since less carbon dioxide escapes when soda is colder, keeping soda in the refrigera-
tor prevents the soda from going flat. 
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explaIn
 7. explain why carbon dioxide gas escapes from hot water faster than it does 

from cold water.

Remind students that carbon dioxide gas is ready to come out of carbonated water no 
matter the temperature of the water. This is because gas molecules and water molecules 
are somewhat attracted to each other, but not very much. All you have to do is leave a bot-
tle of soda pop open and the carbon dioxide will come out on its own, making your soda 
pop flat. Warming the soda increases the motion of the water and carbon dioxide mol-
ecules, making their attachments even looser and allowing the gas to escape even faster.   

Note: Even a soda that we call “flat” has a little carbon dioxide in it because some CO2 from the 
air dissolves into the water. 

 8. help students relate their observations to the graph of the solubility of 
carbon dioxide in water.

Project the image Solubility Graph for CO2.
www.middleschoolchemistry.com/multimedia/chapter5/lesson8#solubility_curve_carbon_
dioxide 
Look at the graph to see how the concentration of carbon dioxide in 
water changes with temperature.
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Ask students: 
As the temperature increases, is carbon dioxide more soluble in water or less •	
soluble in water? 
Carbon dioxide is less soluble as the temperature of the water increases.
Does this graph match or not match your observations? Explain.  •	
This graph matches student observations in the activity. As the carbonated water 
was warmed, more CO2 left the solution. Since more gas left, less was dissolved in 
the warmer water. 
What do the graphs tell you about the solubility of carbon dioxide compared to •	
sucrose, as temperature increases? 
The curve showing the solubility of carbon dioxide goes down as the temperature of 
the water increases, while the curve showing the solubility of sucrose goes up as the 
temperature of the water increases. More sucrose can dissolve in hot water than in 
cold. But for carbon dioxide, more can dissolve in cold water than in hot. 

extend
 9. relate students’ experiences with the solubility of carbon dioxide to the 

solubility of oxygen. 

Tell students that there is another common example of a gas dissolved in water. The water 
in which fish and other aquatic creatures live contains dissolved oxygen gas. These crea-
tures use their gills to get the oxygen from the water in order to stay alive. Like the solu-
bility of carbon dioxide in water, the solubility of oxygen decreases as the temperature 
increases.  
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Ask students:
During a long hot summer, you may notice fish gulping air at the surface of a •	
pond. Why do you think the fish come to the surface like this, instead of breath-
ing dissolved oxygen in the water the way they normally do?  
Like carbon dioxide, the concentration of dissolved oxygen is also affected by tem-
perature. Cold water can hold more dissolved oxygen than warm water. In winter 
and early spring, when the water temperature is low, the dissolved oxygen concen-
tration is high. In summer and early fall, when the water temperature is high, the 
dissolved-oxygen concentration is lower.
Coal-burning power plants heat water to turn turbines to make electricity. After •	
using the water, it is cooled and then returned to the river or lake it came from. 
Why is it important to cool the water before returning it to the river?   
Dissolved gases, like oxygen for fish and carbon dioxide for aquatic plants, would 
escape if the returned water were hot. Cool water helps keep gases dissolved, which 
fish, other aquatic creatures, and underwater plants need.

 10. have students observe and explain what happens when 
Mentos candies are dropped in a bottle of diet coke. 

Ask students:
Has anyone ever seen the Diet Coke and Mentos demonstration?  •	
If students have seen it, ask them to describe the activity. An entire packet of Men-
tos mints is dropped into a 2-liter bottle of carbonated beverage, usually Diet Coke. 
The soda pop shoots out of the bottle with a lot of force and goes high into the air.

Project the video Mentos and Diet Coke Demo. 
www.middleschoolchemistry.com/multimedia/chapter5/lesson8#mentos
If you are willing to do this demonstration, it must be done outside. Instructions can be 
found at http://crazysciencedemos.com.

Remind students that the pipe cleaner and the M&M they added to carbonated water 
caused CO2 to escape from the solution. Mentos and Diet Coke work in the same way.  
On the microscopic level, the surface of the mint is rough with many tiny bumps and pits. 
When the candy is added to the soda pop, carbon dioxide molecules adhere to these tiny 
spots called nucleation points. More carbon dioxide molecules collect in these areas, form-
ing bubbles. The bubbles of carbon dioxide form quickly and grow in all directions but 
can only escape from the top of the bottle. Because many bubbles are forming and rising 
to the surface all at once, they bring a large amount of the soda pop with them as they 
come out of the soda, creating a “fountain” of soda.   
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Activity Sheet             Name ____________________
Chapter 5, Lesson 8    
Can Gases Dissolve in Water?            Date _____________________

demonstrAtion 

What gas is inside the bubbles you saw when your 1. 
teacher opened a bottle of carbonated water?  
 
 

Where was this gas before the bottle was opened?2. 

explAin it With Atoms & molecules

 

Why does carbon dioxide dissolve in 3. 
water?  
 
 
 
 

Why does carbon dioxide gas come out of solution (opposite of dissolving) so 4. 
easily?

––

+

+
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Activity

Question to Investigate
How can you make carbon dioxide gas come out of solution?

Materials for Each Group
Club soda in clear plastic cup•	
2 clear plastic cups•	
M&M•	
Pipe cleaner•	

Procedure
Evenly divide the club soda among the 3 clear plastic cups. 1. 
Push two of these cups aside to use later.
Place a pipe cleaner in the soda and observe. 2. 
Place an M&M in the soda and observe. 3. 
 
 
 

 5. What was it about the pipe cleaner and M&M that 
caused bubbles to form? 
 
 
 
 
 
 

 6. While drinking soda pop with a straw, you may have noticed that bubbles 
form on the outside of the straw. Now that you have done this activity, why 
do you think these bubbles form on the straw?
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Activity

Question to Investigate
Does carbon dioxide stay dissolved better in water that is warmed or 
water that is cooled?

Materials for Each Group
Carbonated water in 2 clear plastic cups•	
Hot water (about 50 °C)•	
Cold water (about 5 °C)•	
2 deli containers (that cups easily fit in)•	

Procedure
Get the two cups of carbonated water that you moved aside earlier. 1. 
Fill one empty deli container about ⅓ of the way with ice cold water and another 2. 
about ⅓ of the way with hot tap water.
Place each of the cups of carbonated water into the cold and hot water, as shown.  3. 
Watch the surface of the soda in each cup of carbonated water. 4. 

 

 7. Does carbon dioxide stay dissolved better in hot water or in cold water?  
 
How do you know? 
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 8. Based on what you observed in this experiment, why do you think people 
store soda pop in the refrigerator after the bottle has been opened?

explAin it With Atoms & molecules

 9. Why does warming carbonated water make it easier for carbon dioxide to 
come out of solution?  
 
 
 

 10. Look at the graph showing the solubility of carbon dioxide in water to answer 
the following questions.  

As the temperature increases, is carbon dioxide more soluble in water or less 
soluble in water? 
 

Does this graph match or 
not match your observa-
tions? Explain.  
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 11. What do the graphs below tell you about the solubility of carbon dioxide 
compared to sucrose, as temperature increases?

 
 
 

 
 
 
 
 
 

tAke it further

 12. During a long hot summer, you may notice fish gulping air at the surface of 
a pond. Why do you think the fish come to the surface like this, instead of 
breathing dissolved oxygen in the water the way that they normally do?  
 
 
 
 
 
 

 13. Coal-burning power plants heat water to turn turbines to make electric-
ity. After using the water, it is cooled and then returned to the river or lake it 
came from. Why is it important to cool the water before returning it to the 
river?   
 
 
 
 

Solubility of salt and sugar
500

450

400

350

300

250

200

150

100

50

0 20 40 60 80 100

Temperature (°C)

G
ra

m
s 

of
 s

al
t o

r s
ug

ar
di

ss
ol

ve
d 

in
 1

00
 m

l w
at

er Sugar

Salt

0 0.32
10 0.24
20 0.17
30 0.13
40 0.1
50 0.08
60 0.06

Carbon dioxide solubility in water

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 10 20 30 40 50 60

Temperature (C)

So
lu

bi
lit

y 
(g

/1
00

 g
 w

at
er

)



498   Middle School Chemistry Unit ©2011 American Chemical Society

 14. What causes the fantastic “fountain” when a roll of Mentos mints is dropped 
in a bottle of Diet Coke? 
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Chapter 5, Lesson 9—Temperature Changes in Dissolving
Key Concepts

The process of dissolving can be •	 endothermic (temperature goes down) or exothermic 
(temperature goes up).
When water dissolves a substance, the water molecules attract and “bond” to the particles •	
(molecules or ions) of the substance causing the particles to separate from each other. 
The “bond” that a water molecule makes is not a covalent or ionic bond. It is a strong •	
attraction caused by water’s polarity.
It takes energy to break the bonds between the molecules or ions of the solute. •	
Energy is released when water molecules bond the solute molecules or ions.•	
If it takes more energy to separate the particles of the solute than is released when the •	
water molecules bond to the particles, then the temperature goes down (endothermic). 
If it takes less energy to separate the particles of the solute than is released when the water •	
molecules bond to the particles, then the temperature goes up (exothermic). 

Summary
Students will feel the temperature change that occurs when a cold pack and a hot pack are acti-
vated. They will see that these temperature changes are due to a solid substance dissolving in 
water. Students will then compare the temperature changes that occur as four different solutes 
dissolve in water and classify these as either endothermic or exothermic. Students will be intro-
duced to the concept that it takes energy to break bonds and energy is released when bonds are 
formed during the process of dissolving. 

Objective
Students will be able to identify variables in an experiment to find out how much the tempera-
ture increases or decreases as each of four solutes dissolves in water. Students will be able to cor-
rectly classify the process of dissolving as either exothermic or endothermic for each solute. Stu-
dents will be able to explain that the temperature changes in dissolving are a result of the amount 
of energy released compared to the amount of energy used as “bonds” are formed and broken.    

Evaluation
The activity sheet will serve as the “Evaluate” component of each 5-E lesson plan. The activity 
sheets are formative assessments of student progress and understanding. A more formal summa-
tive assessment is included at the end of each chapter.

Safety
Be sure you and the students wear properly fitting goggles. Excess dry material from the hot and 
cold packs can be placed in the trash. Sodium carbonate may be a skin irritant. Have students 
wash hands after the activity.
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Materials for the Demonstrations
2 disposable cold packs•	
2 disposable hot packs•	
Graduated cylinder•	
Water (room temperature)•	
2 clear plastic cups•	
2 thermometers•	

Materials for Each Group
Potassium chloride•	
Calcium chloride•	
Sodium carbonate•	
Sodium bicarbonate•	
Water•	
5 small cups•	
Graduated cylinder•	
Thermometer•	
Gram balance•	

Notes about the Materials
The •	 cold and hot packs used in this lesson contain urea (cold pack) and magnesium 
sulfate (hot pack) sealed in a bag with a water-filled bag inside. The hot packs (Rapid Aid 
Instant Warm Pack) can be purchased by the case (24) or singly from Lab Safety and Sup-
ply (product #144707). The urea-based cold pack (Morrison Medical Insta-Cold Com-
press) is available by the case (24) from Quick Medical Equipment and Supplies (product 
#6601). If you only need 2 urea-based cold packs, please visit www.middleschoolchemistry.
com/contactus and drop us a line. We’ll send you two.   
The •	 hand warmer shown in the video in the Extend contains a super-saturated solution of 
sodium acetate with a small metal disk inside a clear plastic bag. This warmer is activated 
by bending the metal disk slightly. These hand warmers, called The Heat Solution, are 
available from Flinn Scientific, product number AP1933, and a variety of other vendors. 
Potassium chloride•	  may be purchased at a grocery store under the brand name Nu-Salt 
Salt Substitute or from Flinn Scientific, product number P0042.
Calcium chloride•	  may be purchased at a hardware store under the brand name Damp-
Rid or order calcium chloride, anhydrous product number C0016 from Flinn Scientific.
Sodium carbonate, anhydrous•	  may be purchased from Flinn Scientific, product number 
S0052. 
Sodium bicarbonate•	  is baking soda. It may also be purchased from Flinn Scientific, prod-
uct number S0043. 
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Note: This activity deals with a concept that is not often ad-
dressed in middle school—that a temperature change occurs 
during the process of dissolving. Most middle school textbooks 
and curricula associate a change in temperature only with chem-
ical change. Dissolving is usually considered a physical change 
but also can result in a change in temperature. This change in 
temperature is based on the energy changes involved in breaking 
and making “bonds” in the process of dissolving. 

engage
allow students to feel the temperature change in an activated cold pack and 1. 
an activated hot pack. 

Tell students that they will explore how some hot and cold packs work. Give them a hint 
that it has to do with dissolving, which they have been studying in this chapter. 

Materials for the Demonstration
1 disposable cold pack•	
1 disposable hot pack•	

Procedure
Select two student volunteers—one to 1. 
activate one cold pack and another to 
activate one hot pack. 
Have each student feel each bag and 2. 
guess what is inside each. They should 
notice a dry pellet-like solid and a fluid-
filled bag. Point out that the bags do 
not feel cold or hot yet. 
Direct the students to activate their 3. 
packs by following the instructions 
on the package. Have them shake the 
packs to get the fluid to spread through-
out the bag.
Pass the cold and hot packs around the 4. 
room.

Expected Results 
The cold pack quickly becomes cold while the hot pack quickly becomes hot.

Read more about the 
energy changes in 
making and breaking 
bonds in the context 
of dissolving in the 
additional teacher 
background section at 
the end of the lesson.
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 2. do a demonstration to show how cold and hot packs work.

Note: In this demonstration, 1 teaspoon of each substance is dissolved in 10 mL of water. Since 
the purpose of this demonstration is to show whether the temperature simply goes up or down, 
this type of volume measure is fine. But to compare which substance is more or less exothermic 
or endothermic than another, as students will do in the activity, the solute will be measured in 
grams. 

Materials for the Demonstration
1 disposable cold pack•	
1 disposable hot pack•	
Graduated cylinder, 50 mL or smaller•	
Water (room temperature)•	
2 clear plastic cups•	
2 thermometers•	
1 teaspoon•	

Procedure
Carefully cut open one cold pack and one hot pack. Show students the contents, but 1. 
do not handle or allow students to handle the solid substance inside the packs. 
Tell students that the liquid inside the fluid-filled bags in both the cold and hot packs 2. 
is water. Pour about 10 mL of room-temperature water in two separate clear plastic 
cups. 
Place a thermometer in each cup and select two student 3. 
volunteers to tell the class the starting temperature of 
the water in each cup. 
With the thermometer still in the cup, add about 1 4. 
teaspoon of the solid substance from the cold pack to 
the water in one cup. Gently swirl the cup to help the 
substance dissolve. Have the class watch the thermom-
eter and then ask a student to tell the class the lowest 
temperature of the solution.
With the thermometer still in the cup, place about 1 teaspoon of the substance from 5. 
the hot pack in the water in the other cup. Gently swirl the cup to help the substance 
dissolve. Have the class watch the thermometer and then ask a student to tell the class 
the highest temperature of the solution.

Expected Results
Dissolving the substance from the cold pack will cause the temperature to decrease to 
less than 10 °C (endothermic). Dissolving the substance from the hot pack will cause the 
temperature to increase to over 40 °C (exothermic). Results may vary.
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 3. Introduce the terms endothermic and exothermic. 

Tell students that scientists describe temperature changes that occur when substances 
interact as either endothermic or exothermic. When the temperature decreases, as it does in 
the cold pack, the process is endothermic. When the temperature increases, as it does in 
the hot pack, the process is exothermic.  

explore
 4. Introduce the dissolving activity students will do and help students identify 

the variables. 

Tell students that they will compare how much the temperature changes when four 
household substances dissolve in water. Introduce the crystals students will dissolve:

Potassium chloride is a common salt substitute.•	
Calcium chloride is used to absorb moisture from the air. It is also included in some •	
ice-melt mixtures to treat icy sidewalks during winter.  
Sodium carbonate is a common ingredient in detergents for dishwashing machines.•	
Sodium bicarbonate, also known as baking soda, is used in baking, in toothpaste, •	
and numerous other applications.  

Ask students:
How can we set up a fair comparison to find out which solute is the most      •	
endothermic and which is most exothermic when dissolved in water? 
Be sure students know to use the same amount of each solute. Based on what they 
learned in Chapter 5, lesson 5, students should realize that each crystal should be 
weighed in grams. Students should also remember that they must use the same 
amount of water at the same temperature. Tell students that in this activity, they will 
need to swirl the solutes in the water to help them dissolve faster. They should be 
careful to swirl each cup in the same way for each test. 

Note: Comparing the amount of temperature change for         
different substances by dissolving the same mass of each sub-
stance in the same amount of water is fine at the middle school 
level. However, a more rigorous approach is to dissolve the same 
number of particles (molecules or ionic units) of each substance 
in the same amount of water. 

Read more about 
counting molecules in 
the additonal teacher 
background section at 
the end of the lesson.
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 5. have students monitor changes in temperature as they 
dissolve four different household solutes in water. 

Question to Investigate
Which solute dissolves the most endothermically and which dissolves 
the most exothermically in water?

Materials for Each Group
Potassium chloride•	
Calcium chloride•	
Sodium carbonate•	
Sodium bicarbonate•	
Water•	
5 small cups•	
Permanent marker or masking tape and pen•	
Graduated cylinder•	
Thermometer•	
Gram balance•	

Procedure
Label the small plastic cups Potassium 1. 
Chloride, Calcium chloride, Sodium car-
bonate, and Sodium bicarbonate.
Weigh 2 g of each solute and place them 2. 
in their labeled cups. 
Add 10 mL of water to the small unla-3. 
beled cup and place a thermometer in the 
water. Record this initial temperature in 
the chart on the activity sheet. 
Pour the potassium chloride into the water and swirl the cup. Watch the thermom-4. 
eter.
When the temperature stops changing, record the final temperature. 5. 
Repeat steps 3–5 for each solute. 6. 

Expected Results
Potassium chloride dissolved the most endothermically, and calcium chloride dissolved 
the most exothermically. Student temperature readings will vary, but will likely be similar 
to the following: 
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 6. discuss student observations. 

Ask students: 
Which solutes dissolved endothermically?  •	
Potassium chloride and sodium bicarbonate
Which solute dissolved the most endothermically? •	
Potassium chloride
Which solutes dissolved exothermically? •	
Calcium chloride and sodium carbonate
Which solute dissolved the most exothermically?  •	
Calcium chloride

explaIn
show students an animation of dissolving and explain 7. 
that the energy of making and breaking “bonds” during 
dissolving causes a change in temperature.  

Project the animation Breaking and Making Bonds.
www.middleschoolchemistry.com/multimedia/chapter5/lesson9#breaking_and_making_
bonds

Tell students that there is an important rule in chemistry: Energy is required to pull apart 
atoms, ions, or molecules that are attracted to each other. But when atoms, ions, or mol-
ecules come together, energy is released. One way to say it is, “It takes energy to break 
bonds, and energy is released when bonds are formed.”

Project the animation Energy and Dissolving.
www.middleschoolchemistry.com/multimedia/chapter5/lesson9#energy_and_dissolving
Press the “next” button and explain that this happens in dissolving. When water molecules 
are attracted to and bond to the molecules or ions of a substance, some energy is released 
as shown by the arrow going out. Then the water molecules pull ions or molecules of the 
substance apart, which takes energy, as shown by the arrow going in.  

Solute dissolved in room- 
temperature water (22 °C)

Maximum or minimum 
temperature achieved 

during dissolving
Endothermic or exothermic?

potassium chloride 14 °C endothermic

calcium chloride 45 °C exothermic

sodium chloride 32 °C exothermic

sodium bicarbonate 18 °C endothermic
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Project the image Exothermic Dissolving.
www.middleschoolchemistry.com/multimedia/chapter5/lesson9#exothermic_dissolving
The process of dissolving is exothermic when more energy is released when water mol-
ecules “bond” to the solute than is used to pull the solute apart. Because more energy is 
released than is used, the molecules of the solution move faster, making the temperature 
increase.

Project the image Endothermic Dissolving.
www.middleschoolchemistry.com/multimedia/chapter5/lesson9#endothermic_dissolving
The process of dissolving is endothermic when less energy is released when water mol-
ecules “bond” to the solute than is used to pull the solute apart. Because less energy is 
released than is used, the molecules of the solution move more slowly, making the tem-
perature decrease.

Energy released as water         
molecules “bond” to the solute.

Energy released as water         
molecules “bond” to the solute.

Energy used when the solute 
is pulled apart.

Energy used when the solute 
is pulled apart.
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extend 
explore whether the process of crystallization can cause a 8. 
change in temperature. 

Project the video Hand Warmer.
www.middleschoolchemistry.com/multimedia/chapter5/lesson9#hand_warmer
In the hand warmer, the water molecules and the ions of the solute come together to form 
a crystal. Bending the metal disk creates tiny scratches, which act as nucleation points 
where the sodium acetate crystal forms. As the water molecules and ions bond together in 
the growing crystal, energy is released. This results in an increase in temperature.  

liquids dissolving in a liquid can also cause a temperature change. 9. 

Project the video Temperature Change Alcohol in Water.
www.middleschoolchemistry.com/multimedia/chapter5/lesson9#temperature_change_alcohol
Explain that the “bonding” of water molecules to alcohol molecules releases more energy 
than it takes to separate the alcohol molecules from each other. This results in an increase 
in temperature.
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Activity Sheet             Name ____________________
Chapter 5, Lesson 9    
Temperature Changes in Dissolving                       Date _____________________
 
demonstrAtion 

The cold and hot packs you saw each contain a 1. 
solid substance and water. What is the process 
that happens inside a cold or hot pack when it 
is activated?  
 
 
 
 

Your teacher opened the cold and hot packs and showed you what was inside 2. 
each. Then your teacher mixed a small amount of the solid substance from 
each pack with water.  
 
 
 

What happened as each solid substance dissolved in water?

Substance from the ... Did the temperature of the    
solution increase or decrease?

Is this process endothermic 
or exothermic?

Cold pack

Hot pack
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In this activity, you will place a thermometer in water and then add potas-3. 
sium chloride, calcium chloride, sodium carbonate, and sodium bicarbonate 
to find out which is most endothermic and which is most exothermic as it 
dissolves.  
 
List three variables and how you might control them. 
 
 
 
 
What is the only variable that should be changed? 

Activity

Question to Investigate
Which solute dissolves the most endothermically, and which dissolves the most exother-
mically in water?

Materials for Each Group
Potassium chloride•	
Calcium chloride•	
Sodium carbonate•	
Sodium bicarbonate•	
Water•	
5 small cups•	
Permanent marker or masking tape and pen•	
Graduated cylinder•	
Thermometer•	
Gram balance•	

Procedure
Label the small plastic cups Potassium chloride, Calcium chloride, Sodium carbonate, 1. 
and Sodium bicarbonate.
Weigh 2 g of each solute and place them in their labeled cups. 2. 
Add 10 mL of water to the small unlabeled cup and place a thermometer in the water. 3. 
Record this initial temperature in the chart on the activity sheet. 
Pour the potassium chloride into the water and swirl the cup. Watch the thermom-4. 
eter.
When the temperature stops changing, record the final temperature. 5. 
Repeat steps 3–5 for each solute. 6. 
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Substance dissolved 
in water Initial temp °C Final temp °C Change in temp °C Endothermic 

or exothermic?
potassium chloride

calcium chloride

sodium carbonate

sodium bicarbonate

 4. Which solute dissolves the most endothermically in water? 
 
 
 
 

 5. Which solute dissolves the most exothermically in water?  
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explAin it With Atom & molecules

 6. The two sets of illustrations below and on the next page show the energy 
changes that may occur during the process of dissolving. Title each either 
endothermic or exothermic and answer the question beneath each.  

Title: ___________________________

How does the size of the arrows relate to the change in temperature of the 
solution?

 

Energy released as water         
molecules “bond” to the solute.

Energy used when the solute 
is pulled apart.
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Title: ____________________________

How does the size of the arrows relate to the change in temperature of the 
solution?

tAke it further

The hand warmer shown in the video heats up as molecules and ions come 7. 
together to form a crystal. Does the process of making bonds to form a crystal 
use or release energy?

 
 
 
 
 

If you think about the energy of making and breaking “bonds,” why do you 8. 
think there is an increase in temperature when isopropyl alcohol dissolves in 
water?

Energy released as water         
molecules “bond” to the solute.

Energy used when the solute 
is pulled apart.
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Additional Teacher Background
Chapter 5, Lesson 9, p. 503

The additional teacher background in Chapter 2 on evaporation and condensation discussed the 
concept that it takes energy to break bonds and that energy is released when bonds are formed. 
In the context of evaporation, “breaking bonds” refers to overcoming the attractions between 
water molecules as they change from a liquid to a gas. In the context of condensation, “making 
bonds” refers to the attractions of water vapor molecules bringing them together as they change 
from a gas to a liquid. 

It was also explained that the energy “used” in breaking bonds is actually an energy conversion 
from kinetic to potential energy. The energy “released” in making bonds is an energy conversion 
from potential to kinetic energy.

Since evaporation is only a bond-breaking process, it only uses energy, resulting in a temperature 
decrease. Therefore, evaporation is endothermic. Since condensation is only a bond-making 
process, it only releases energy, resulting in a temperature increase. Therefore, condensation is 
exothermic.

But the process of dissolving involves both bond-making and bond-breaking. In the context of 
dissolving, “making bonds” refers to water molecules attracting and bonding to the ions or mol-
ecules of the solute. “Breaking bonds” refers to the action of the water molecules in separating 
the ions or molecules of the solute from one another as they go into solution. The energy conver-
sions in bond-making and bond-breaking in dissolving are the same as in evaporation and con-
densation. Energy is released as water molecules bond to the solute and energy is used as the ions 
or molecules of the solute are separated. 

The dissolving process is exothermic if more energy is released when water molecules bond to 
the ions or molecules of the solute than is used to break the bonds holding the solute together.

The dissolving process is endothermic if less energy is released when water molecules bond to 
the ions or molecules of the solute than is used to break the bonds holding the solute together.
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Additional Teacher Background
Chapter 5, Lesson 9, p. 484 

The idea of counting molecules was discussed in the Additional Teacher Background section in 
lesson 1. There, the question was whether it was fair to do an evaporation test between water and 
alcohol using one drop of each when these drops contain a different number of molecules. It was 
explained that there is a way to “count” molecules using the atomic mass and the mole concept. 
In this way, if needed, an evaporation test could be conducted using the same number of mol-
ecules of alcohol and water. 

Here, the question is whether it is fair to compare the temperature change when equal masses of 
two different substances are dissolved. Again, since substances are composed of different atoms, 
they have different masses. So comparing the same mass of two different substances means that 
each sample contains a different number of particles.

For example, an equal mass of calcium chloride and potassium chloride must have a different 
number of units of each substance. Calcium chloride is CaCl2 with a mass of 40 + 2(35.5) = 111. 
This means that 111 grams of calcium chloride contain one mole or 6.02 × 1023 calcium chloride 
units. 

Potassium chloride is KCl with a mass of 39 + 35.5 = 74.5. This means that 74.5 grams of potas-
sium chloride contains one mole or 6.02 × 1023 potassium chloride units. So it takes fewer grams 
of potassium chloride to have the same number of units as calcium chloride. This means that if 
you dissolve equal masses of these substances, you are actually using more units of potassium 
chloride than calcium chloride. 

If you wanted to use the same number of units of each, you would need to use masses that are 
in the same ratio as 111 grams calcium chloride / 74.5 grams potassium chloride which is very 
close to 1.5/1. 
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Chapter 5—Student Reading

the polArity of the WAter molecule 

Wonderful water

Water is an amazing substance. We drink it, cook and wash with it, swim and play in it, and use it 
for lots of other purposes. The water in our bodies helps keep us cool and the water in the oceans 
helps regulate the temperature and weather on Earth. 

To understand what makes water so special, you need to look at the atoms that a water molecule 
is made from and how these atoms are bonded together. After you understand the characteristics 
of a single water molecule, it is easier to see why many water molecules together makes water 
act the way it does. 

A molecular view of water

You already know that a water molecule is made up of two hydrogen 
atoms bonded to one oxygen atom. That’s why the chemical formula 
for water is H2O. 

The hydrogen atoms and oxygen atom are bonded by covalent 
bonds. In a covalent bond, an electron from each atom is attracted 
to the protons of the other atom. If the attraction is strong enough in both directions and there is 
room for the electron in the outer energy level, the electrons end up being attracted and shared 
by both atoms. 

PHOTOS.COM PHOTOS.COM PHOTOS.COM
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Water is a polar molecule

Even though electrons are shared in the covalent bonds in a water molecule, the electrons are not 
shared equally. The oxygen atom has a stronger attraction for electrons than the hydrogen atoms. 
Therefore, the electrons tend to spend a little more time at the oxygen end of the molecule than 
at the hydrogen end. Since electrons are negative, this makes the oxygen end a bit negative. Since 
the electrons are not at the hydrogen end of the molecule as much, the hydrogen end is a bit 
positive. 

The water molecule hasn’t gained or lost any electrons, but the electrons are just spending more 
time in one area of the molecule than another. When electrons do this in a molecule, it is called 
a polar molecule. The positive and negative polar areas of the water molecule attract each other. 
This gives water many of its characteristic properties. 

Polar molecules and evaporation

The polar characteristics of molecules of a liquid can affect how quickly the liquid evaporates. For 
instance, alcohol molecules evaporate at a faster rate than water molecules. One reason for this 
is that the attraction between alcohol molecules is not as strong as the attraction between water 
molecules. 

Look at the models of the water and alcohol molecules. Water has two oxygen-hydrogen (O–H) 
bonds which are pretty polar. Alcohol only has one O–H bond and a few carbon-hydrogen (C–H) 
bonds which are not very polar. Because of this difference in polarity, the attraction between alco-
hol molecules is not as strong as the attraction between water molecules. This allows alcohol to 
evaporate more quickly than water.
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Water’s surface tension

You have probably seen drops of water “bead up” on a piece of wax paper or on a newly-waxed 
car or other clean hard surface. The strong attraction that water molecules have for each other 
also helps explain why water beads up the way it does. Inside a drop of water, the water mol-
ecules are being attracted in every direction. 

But the molecules at the surface only feel attractions from the molecules next to them and 
beneath them. These surface molecules are pulled together and inward by these attractions. This 
inward pull has results in a tight arrangement of molecules over the water’s surface. This tight 
arrangement at the surface is called surface tension. The inward pull from the attractions of the 
molecules results in the smallest possible surface for a volume of water, which is a sphere. 

Why water dissolves salt

A sodium chloride crystal is made up of positively charged sodium ions and negatively charged 
chloride ions. The positive and negative ends of the polar water molecules can arrange them-
selves near an ion and help remove it from the crystal. The positive area of a water molecule is 
attracted to the negative chloride ion. The negative area of a water molecule is attracted to the 
positive sodium ion. 

Dissolving happens when the attractions between the water molecules and the sodium and chlo-
ride ions overcome the attractions of the ions to each other. This causes the ions to separate from 
one another and become thoroughly mixed into the water. 
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Mixtures and solutions

When talking about dissolving, the substance being dissolved is called the solute. The substance 
doing the dissolving is called the solvent. A solute is dissolved in a solvent when the particles 
of the solute are so thoroughly intermingled with the particles of the solvent that they will not 
settle out. When a solute is dissolved in a solvent, the combination is called a solution. A solution 
is a type of mixture. Some mixtures are not solutions. An example of a mixture that is not a solu-
tion is a suspension like a teaspoon of flour mixed in a cup of water. In a suspension, the particles 
are not as completely associated with the molecules of the solvent as they are in a solution. In a 
suspension, the solute particles will eventually settle to the bottom.  

Why water dissolves sugar

Sucrose is a pretty big molecule. It is C12H22O11. Sucrose has lots of oxygen-hydrogen (O–H) cova-
lent bonds like the ones in a water molecule. The area near the hydrogen is positive and the area 
near the oxygen is negative. 

When sucrose is placed in water, the positive area of a water molecule is attracted to the negative 
area of a sucrose molecule. And the negative area of a water molecule is attracted to the positive 
area of the sucrose molecule. 

When the attraction between water molecules and sucrose molecules overcomes the attraction 
the sucrose molecules have to other sucrose molecules, they will separate from one another and 
dissolve. Notice how one whole sucrose molecule breaks away from another whole sucrose mol-
ecule. The molecule itself does not come apart into individual atoms. 

Another solvent like mineral oil which has only carbon-hydrogen (C–H) bonds is not polar and 
does not dissolve salt or sugar as well as water does.

Solubility is a characteristic property of a substance

Each substance dissolves in water to a different extent. Another way of saying this is that each 
substance has its own characteristic solubility. Solubility is usually measured by the number of 
grams of a substance that dissolves in 100 mL of water at a particular temperature. 

It should make sense that different substances would have different solubilities. Since substances 
are made up of different atoms and ions bonded together differently, they interact with water dif-
ferently giving them each their own characteristic solubility.  
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Common substances like sodium chloride (table salt), magnesium sulfate (Epsom salt), mono-
sodium glutamate (MSG), and sucrose (sugar) all are made up of different ions or atoms bonded 
together differently. Since water interacts with each of these substances differently, they each 
have their own characteristic solubility.

Temperature affects dissolving

Temperature affects dissolving but it doesn’t have the same effect on all substances. Look at the 
table and graph below. They show that as the temperature increases, more sodium chloride and 
more sucrose dissolve in water. They also show that the dissolving of sugar increases with tem-
perature much more than the dissolving of salt. 

Sodium chloride

Monosodium glutamate

Magnesium sulfate

Sucrose

Comparing the solubility of sodium chloride and sucrose
Measured in grams of solute dissolved in 100 mL of water

Temperature °C 0 20 40 60 80 100

Sodium chloride 35.5 36 36.5 37.5 38 39

Sucrose 179 204 241 288 363 487
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Liquids can dissolve in liquids
Solids aren’t the only substances that can dissolve. Liquids can also dissolve in other liquids. For 
example, alcohol and corn syrup dissolve in water but mineral oil does not. The polarity of mol-
ecules can help explain this. 

Even though alcohol has one polar area (O–H bond) and a larger nonpolar area 
(C–H bonds), polar water molecules and the polar area on alcohol molecules are 
attracted to each other, causing alcohol to dissolve in water. 

Glucose has many areas where oxygen is bonded to hydrogen. These O–H bonds 
are polar. Polar water molecules and the polar areas of glucose molecules are 
attracted to each other, causing the corn syrup to dissolve. 

The mineral oil molecule is made of carbon atoms bonded to hydrogen atoms. The 
bond between these atoms creates very little polarity. Water is not very attracted to 
the oil and so does not dissolve it. 

Solubility of salt and sugar
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Gases can dissolve in liquids

Gases can also dissolve in liquids. A good example is the gas in soda pop. This gas is carbon diox-
ide (CO2). In soda pop, molecules of carbon dioxide are thoroughly mixed and dissolved in water. 
When dissolved, the molecules of CO2 are not like tiny little bubbles of gas mixed in the water. 
Instead single molecules of CO2 are surrounded by water molecules.

A molecule of carbon dioxide has a slight negative charge near the oxygen 
and a slight positive charge near the carbon. CO2 is soluble because water 
molecules are attracted to these polar areas. The bond between carbon and 
oxygen is not as polar as the bond between hydrogen and oxygen, but it is 
polar enough that carbon dioxide can dissolve in water. 

Although the CO2 dissolves, the molecules are not attracted as 
strongly by the water molecules as substances like salt or sugar. 
Due to these weaker attractions, the molecules of CO2 come out 
of solution relatively easily. This is why soda becomes flat if it is 
left uncapped for too long.

Heating and cooling affect how much gas stays in a liquid 

As you have read, carbon dioxide molecules and water molecules 
are somewhat attracted to each other, but the attraction is not 
very strong. Carbon dioxide readily leaves an open container of soda pop. Increasing the tempera-
ture of the soda increases this effect. Warming the soda increases the motion of the water and 
carbon dioxide molecules making their attachments even looser and allowing the gas to escape 
even faster.   

Look at the graph to see how the concentration of carbon dioxide in water changes with tempera-
ture.

You can see that at the lowest tempera-
ture, the concentration of CO2 is the 
highest. At the highest temperature, 
the concentration of CO2 is the lowest. 

If you compare the solubility graph for 
carbon dioxide with the solubility graph 
for sucrose, you can see that the line 
moves in the opposite direction. The 
curve showing the solubility of carbon 
dioxide goes down as the temperature 
of the water increases, while the curve 
showing the solubility of sucrose goes 
up as the temperature of the water increases. More sucrose can dissolve in hot water than in cold. 
But for carbon dioxide, more can dissolve in cold water than in hot. 
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Dissolving can cause a change in temperature

You have seen that the temperature of the solvent affects how much solute dissolves. But it is 
also true that the actual process of dissolving can cause a change in temperature. There is a prin-
ciple in chemistry that states:

It takes energy to break bonds, and energy is released when bonds are formed

Normally these concepts are used when talking about chemical reactions which will be discussed 
in Chapter 6. But the same principles apply in a related way to the process of dissolving. When 
water molecules are attracted to and attach to the solute, energy is released. And when the 
movement of the molecules causes the solute to come apart, energy is absorbed. The absorbing 
and releasing of energy in dissolving can help explain why the temperature goes up when some 
solutes are dissolved and goes down when others are dissolved. 

Exothermic Dissolving

If dissolving is exothermic, that means that it takes less energy for water molecules to break apart 
the solute than is released when the water molecules attract and attach to the solute. Overall, 
the temperature increases.

Endothermic Dissolving

If dissolving is endothermic, it takes more energy for water molecules to break apart the solute 
than is released when the water molecules attract and attach to the solute. Overall, the tempera-
ture decreases.


