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1. Introduction

From the moment we’re born, each of us is on a quest to figure out our world. It’s essential to
our survival that we understand the way the world works. Even babies develop surprisingly
sophisticated understandings based on such experiences as holding objects and putting them in
their mouths, watching a ball drop, observing plants and animals, playing peekaboo, and
interacting with hot and cold things. In trying to understand and influence the world around
them, children develop ideas about how the world works and their role in it. Consequently, they
begin school with their own set of ideas about the physical world. By paying attention to our
students, taking their ideas seriously, and seeking to understand their thinking, we as teachers
can build on what they already know. We can use these initial ideas as a foundation for
developing remarkable understandings, even in the earliest grades.

In this document, we’ll focus on two fundamental questions in physical science: What is
everything made of? and How do things in the world change? By answering these core questions,
we can develop concepts that explain and predict a wide variety of phenomena in the world
around us, such as evaporating water puddles, rusting metal, and growing bodies. Making
predictions and constructing explanations require a basic understanding of matter and energy, so
being able to grasp the interactions between them is central to our students’ science education.

@

STOP AND THINK

How would you answer these questions:
What is everything made of? How do things in the world change?

Did your answer to the Stop and Think questions include your ideas about how matter and
energy interact? Did the states of matter—solid, liquid, and gas—come to mind? Did you think
about how heating and cooling a substance can cause physical changes? Did you think of
chemical changes to matter, such as burning, rusting, baking, growing, and rotting? Did atoms
and molecules come to mind?

Matter is the stuff that makes up the entire universe. Scientists use the word matter to describe
anything that takes up space and has mass. In the observable world, matter can be described as
anything that is a solid, a liquid, a gas, or plasma. Plasma is a state of higher energy found in
lightning or the sparks that arc from one wire to another. In science, matter includes everything
that is made up of atoms and molecules.

A Framework for K—12 Science Education (NRC, 2012, p. 108) states that by the end of 2nd
grade, students should understand the following:
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¢ Different kinds of matter exist (e.g., wood, metal, water), and many of them can
be either solid or liquid, depending on temperature.

e Matter can be described and classified by its observable properties (e.g., visual,
aural, textural), by its uses, and by whether it occurs naturally or is manufactured.

¢ Different properties are suited to different purposes. A great variety of objects can
be built up from a small set of pieces (e.g., blocks, construction sets).

e Objects or samples of a substance can be weighed, and their size can be described
and measured.

The framework goes on to describe what students should know about changes to matter by the
end of 2nd grade (p. 110):

e Heating or cooling a substance may cause changes that can be observed.
e Sometimes these changes are reversible (e.g., melting and freezing), and
sometimes they are not (e.g., baking a cake, burning fuel).

To help you develop deeper understandings of these topics, this document is organized around
some fundamental science questions:

What is matter?

What are the properties of matter?

What is matter made of?

How do energy and matter interact?

How do substances change into a completely different substance?
Can matter be created or destroyed?

The content that follows will challenge you to broaden and deepen your understandings of matter
and its properties. This document has been written to support and further your own content
learning about how scientists define, measure, and explain phenomena in the world related to
matter and energy. The goal is for you to develop deeper conceptual understandings of these
ideas so you’ll be able to more effectively teach elementary students about matter and its
properties. The concepts we discuss will help you answer our core questions, What is everything
made of? How do things in the world change?

This content was written with you, the teacher, in mind. The subject matter is tied to the science
lessons you’ll be teaching, but the concepts are presented at a level higher to equip you with the
tools and background you’ll need to guide student learning. After all, teachers should know more
about the science content than their students!

2. What Is Matter?

If you look up the word matter in a dictionary, you’ll find several definitions. For example,
matter can mean “the focus of concern,” such as a personal matter, a family matter, or a foreign-
policy matter. It can also mean “related to” or “concerning,” as in “It doesn’t matter to me!” or
“As a matter of fact ....” It can even refer to something wrong, as in “What’s the matter with
you?” These are common, everyday uses of the term, but they aren’t scientific definitions.
Scientists define matter in a very specific way:

©2017 CPP and BSCS 2 RESPeCT
Grade 2 Properties of Matter Module



Matter is anything that takes up space and has mass.

Most of us can picture something that takes up space—a desk, a glass of water, a person—but
mass is more difficult to visualize. Although we might not know the precise meaning of the
word, most of us know that mass is related to weight. When we think of matter, we may picture
an object that’s heavy or light, or something we can touch, taste, see, or hold in our hands. But
matter also includes things we can’t touch, taste, or see, such as the air.

@

STOP AND THINK

What different examples of matter can you think of?
Can you think of something that is not matter?

To better understand what matter is, let’s consider the definition more carefully. What does it
mean when something takes up space and has mass?

2.1 Things That Take Up Space

If you take up space, something else can’t occupy the space you’re in. Taking up space means
you have volume. Volume is a measure of how much space you’re taking up. For example, you
can figure out the volume of a solid, rectangular object by measuring its height, width, and depth
and multiplying those dimensions to come up with a certain number of cubic inches or cubic
meters.

For a solid with a more irregular shape, you might determine the volume by dunking the object
in water and measuring how much liquid was displaced (i.e., how much higher the water rose in
the container). In this case, you would measure volume in units like liters.

The volume of a solid remains fairly constant even if the shape changes. If you have a lump of
playdough, it will take up the same amount of space no matter what shape it’s molded into. If
you form it into a ball and dunk it under water, it will make the water rise a certain amount. If
you shape the playdough into a long noodle and dunk it under water again, it will make the water
rise exactly the same amount. If you create a playdough dinosaur and dunk it under water, once
again it will take up the same amount of space because the playdough has a constant volume.

Similarly, you can measure the volume of a liquid, or the space it takes up, by placing it in a
graduated cylinder, a measuring cup, a liter bottle, or a gallon jug. The volume of a liquid also
stays fairly constant even though liquids change shape easily, conforming to whatever container
they’re in.

Measuring the volume of a gas is a little trickier. Gases expand to fill, or take the shape of, the
container they’re in, but they don’t have a specific volume. Their volume changes depending on
temperature and pressure.
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Take an empty syringe (without a needle) and use the plunger to fill the syringe
halfway with water. Then place your thumb over the tip of the syringe and press
down on the plunger. Are you able to change the volume of the liquid? By
pushing or pulling on the plunger, will the liquid take up less space, or more
space?
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Now fill the syringe halfway with air. Again, cover the tip of the syringe with
your thumb and press down on the plunger. Are you able to change the volume
of the air by pressing the gas into a smaller space? Pull up on the plunger. Will
the gas fill a larger space than it did initially? Will its volume increase? What
happens when you stop pressing or pulling on the plunger. Does the air return to
its original volume?

This example may help to clarify the difference between the volumes of a liquid and a gas. A
liquid has a constant volume, but the volume of a gas can change based on pressure. You may
have experienced a similar phenomenon when traveling at different elevations. If you start at sea
level with a sealed bag of potato chips and drive to the top of a mountain, the bag will puff out.
With less air pressure pushing on the outside of the bag, the gas inside the bag will expand to
take up more space, which increases volume.

2.2 Things That Have Mass

Mass is a measure of how much “stuff” there is. Stuff'is a nonscientific word for matter. It’s
nearly impossible to measure how much matter there is of something without comparing it to
something else. In the early days of scientific exploration, scientists developed an arbitrary
system of determining the mass of objects by comparing them with a known quantity. A certain
volume of a pure substance, such as gold or water, always has a specific mass. For example, 1
milliliter of pure water is 1 gram. This is how we determine what a single gram is as a metric
unit of mass. It’s constant. You can determine the mass of something else by comparing it to the
mass of a certain volume of water. Mass is measured in grams.

Mass and weight are frequently confused. Mass tells you how much matter there is, and weight
tells you how much gravity is pulling on that matter. You might have heard that objects weigh
less on the Moon. If you went to the Moon, you would weigh a fraction of what you weigh on
Earth. That’s because the Moon has significantly less gravity than Earth. You would still have
the same mass or amount of “stuff” that comprises your body, but with less gravity pulling on
your body, you would weigh less. Let’s say you weigh 50 kilograms (about 110 pounds) on
Earth. If you were to take a spring scale to the Moon and weigh yourself, you would weigh only
about 18 pounds. But if you took 50 kilograms of water to the Moon and placed it on one side of
a balance and yourself on the other side, gravity would pull equally on both you and the water.
The amount of “stuff” you’re made of would equal the amount of “stuff” that comprises 50
kilograms of water. Your mass would be the same whether you’re on Earth or the Moon! It all
depends on how much matter is there.

In later grades, students will learn to distinguish mass (the amount of “stuff” there is) and

weight (the pull of gravity on a substance), but since 2nd graders often have a difficult time
differentiating these concepts, we’ve used the word weight in the lessons even though mass is
scientifically accurate. Including learning goals related to mass would only distract students from

© 2017 CPP and BSCS 4 RESPeCT
Grade 2 Properties of Matter Module



the core science idea that all matter—solid, liquid, or gas—is made up of small particles that can
be combined in new ways to make a variety of things.

3. What Are the Properties of Matter?

The word properties means “characteristics.” We can describe the physical properties of matter
by listing the characteristics of a particular material. The properties of any substance can be
observed without changing the substance itself. We can also identify unknown substances by
their properties because they’re always the same. For example, if we were to describe the
properties of a copper penny, we might say that it’s copper colored, round, shiny, and rigid (but
can be reshaped with a hammer). We might also say it conducts electricity if connected to a
battery, it melts at high temperatures, and it doesn’t dissolve in water. These are some of the
properties of copper metal. But the properties of sugar are very different. Sugar is a solid, white
crystal that has a sweet taste. It also dissolves in water, but neither plain sugar nor sugar
dissolved in water conducts electricity.

Another physical property of matter is density. Density is a measure of mass per unit volume.
Has anyone ever asked you, “Which weighs more: a pound of lead or a pound of feathers?”
Though many people might say that a pound of lead is heavier, the lead and the feathers both
weigh a pound. However, a pound of lead takes up a very small space, and a pound of feathers
takes up much more space. If you take a gram of lead and divide it by the space it takes up (its
volume in cubic centimeters), you would get a number representing its density: 11.34 grams per
cubic centimeter (g/cm?). On the other hand, if you were to take a gram of chicken feathers and
make the same calculation, you would find that the feathers have a much smaller density: 0.8
g/cm®. Therefore, a gram of lead has a greater density than a gram of chicken feathers, even
though the feathers take up more space (have a greater volume).

Density is a very useful property to understand. Water has a density of 1 g/cm>. As mentioned
earlier, 1 milliliter (the same volume as 1 cm®) of pure water is exactly 1 gram. Divide the mass
of a substance by its volume, and you get its density. So the density of pure water is 1 gram + 1
cm® = 1 g/cm®. Anything with a density greater than 1 g/cm? (like lead) will sink in water.
Anything with a density less than 1 g/cm® (like feathers) will float in water.

@

STOP AND THINK

Liquids, like water, have a specific density. Different liquids have different densities.
Would you predict that the density of olive oil is more or less than 1? Does olive oil
float on water or sink?

Gases have density too. But the density varies because the volume of a gas can change
based on temperature and pressure. Particles of gas that are packed closely together have
a greater density than particles of gas that are spread out in the air. Can you use density
to explain why hot air rises? What do you predict might happen to the density of air if
it’s heated?
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In addition to describing the physical properties of matter, we can also describe chemical
properties. Substances can change into entirely new substances with different properties. For
example, when a piece of paper burns, it turns into ash and carbon dioxide because the paper is
flammable. Flammability is a chemical property of matter because it describes one way paper
can change into other substances. Iron isn’t flammable, so it wouldn’t catch fire and burn. But it
can rust (corrode), which is another way a substance can change chemically.

When iron reacts with oxygen, the chemical properties are very different from the chemical
properties of the carbon in paper when it reacts with oxygen. Paper burns in the presence of
oxygen because it’s composed of carbon, but iron is a metal, so it corrodes or rusts in the
presence of oxygen.

We can observe and measure the physical properties of matter without changing a substance into
a new substance. For example, dissolving sugar in a cup of water doesn’t change the sugar into a
new substance. However, the chemical properties of matter can be observed only when
molecules recombine and change into a new substance or substances with different properties,
such as when paper burns or metal rusts.

4. What Is Matter Made Of?

As we discussed earlier, all matter is made up of small particles. The word particles doesn’t
sound very scientific, but if we think of matter as small bits or particles that react in predictable
ways in certain situations, we can explain most of the ways matter behaves.

Scientifically, the particles that make up matter are called either atoms or molecules. Did you
know there are only 118 different atoms in the world? Each of these atoms, or elements, is
represented on the Periodic Table of Elements. (See the carbon example in figure 1.)

/ An Atom of Carbon Carbon on the Periodic Table | o 7c o+ omic \

number is 6 because
Electrons orbit it has 6 protons in its

around the 6 e nucleus and 6

nucleus electrons orbiting the
nucleus.

Carbon’s atomic mass is

Nucleus containing 12 O 1 16— 12.011 because it has 6

protons and neutrons
protons and can have

different numbers of
neutrons. Electrons are

so small, they have very
little mass.

Figure 1. A model of a carbon atom, and the configuration and properties of carbon from the Periodic Table of
Elements
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Each element, such as carbon, hydrogen, or oxygen, has a unique atomic number, which
represents how many protons (positively charged particles) and electrons (negatively charged
particles) are in the atom. Each atom also has a unique atomic mass, which represents the
average mass of the protons and neutrons in the nucleus of the atom.

Remember, mass determines how much “stuff” there is, and measuring mass is arbitrary. This
system also applies to measuring atomic mass. Scientists created an atomic mass unit (amu) to
measure the very small mass of a single proton in an atom. Each proton and neutron has a mass
of 1 amu. The mass shown on the periodic table is the average mass of an atom of a particular
element. It can vary in mass because each atom of an element can have a slightly different
number of neutrons.

Of the 118 different kinds of atoms in the world, only about 90 of them occur naturally. It’s kind
of cool that most of the universe is made from only 90 types of atoms in varying combinations.

Matter can be made of individual atoms; one example is a pure substance like gold. Matter can
also be made of molecules. Molecules are combinations of atoms bound together to form a stable
substance. Even some pure substances are made of molecules. For example, oxygen doesn’t exist
in the atmosphere as individual atoms but as two oxygen atoms bound together as a molecule.
That’s why oxygen is sometimes represented atomically as O».

Some molecules, like oxygen, are structurally simple. Other molecules are much more complex.
Proteins or plastic, for example, have hundreds of atoms bound together as a single molecule.
Each molecule (atoms bound together in a particular configuration) makes a different substance
with unique properties. In fact, the particular type and configuration of atoms in a molecule are
what gives each substance its unique physical and chemical properties.

@

STOP AND THINK

How comfortable are you with the terms atom, molecule, or element?
Could you define each?

As teachers, we rarely talk about atoms and molecules with 2nd graders. We’re more likely to
describe matter as the pieces or particles a substance is made of. But since the focus of this
module is on the different ways matter can change, we introduce the terms atoms and molecules
in lesson 3 so that students can differentiate what is happening when substances melt or freeze
(different states of matter but the same substance; also known as physical changes) and when
they bake, burn, rust, or fizz (atoms in molecules rearranging to form new substances; also
known as chemical changes). To help students connect these words to the unseen particles
moving and rearranging in different ways as matter changes, a Lego-brick model is used in
which single Lego bricks represent atoms, different-colored Lego bricks represent different kinds
of atoms, and combinations of Lego bricks represent molecules (see figure 2).
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One Lego brick = One atom

Carbon Hydrogen “ Oxygen
Different-colored Lego bricks = Different kinds of atoms

H20 = Water
More than one Lego brick = One molecule

Different combinations of bricks make different kinds of matter.

Fhotographs courtesy of BSCS

Figure 2. The Lego-brick model of atoms and molecules

One of the molecules we’ll focus on in this lesson series is water in liquid and solid (ice) forms.
(Water in its gaseous form (water vapor) will be introduced in later grades.) A molecule of water
is made up of two hydrogen atoms and one oxygen atom, or H>O. (The atomic symbol H on the
period table with a subscript 2 is used to represent two hydrogen atoms, and O represents

oxygen.)

A water molecule can be made using two white Lego bricks representing hydrogen and one red
Lego brick representing oxygen. Throughout this unit, students will learn about other materials

in their solid and liquid forms, including butter, chocolate, rock, and copper, but the Lego-brick
model will only be used to represent water.

In later lessons on matter, students will use preassembled Lego bricks to represent the more
complicated molecules in baking soda and vinegar and rearrange them to show how chemical
reactions create new substances. In real life, when baking soda and vinegar molecules join
together, a chemical reaction recombines them, creating a fizzing, foamy new substance
composed of carbon dioxide, water, and sodium acetate.

5. Molecules in Motion

All molecules move, whether they’re in the solid, liquid, or gaseous state. The slower molecules
move, the easier it is for them to attract one another and arrange themselves in rigid, highly
organized patterns. The faster molecules move, the harder it is for them to attract one another and
arrange themselves in an ordered pattern. Instead, they repel each other and spread out.
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Figure 3 shows how water molecules are organized in solid, liquid, and gaseous states. What do
you notice about the molecules in each state of matter? How are they arranged? How do they

move as a solid, liquid, or gas?

As a solid, water molecules are
arranged close together in a rigid,
lattice-like structure and vibrate
in place.

As a liquid, water molecules are still
relatively close together but aren’t in
a rigid structure. They attract one
another, but they can also slide past

SOLID (Ice) LIQUID (Water) GAS (Water Vapor)
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As a gas or water vapor, water
molecules spread out in the air as
individual molecules and are free to
move in any direction.

each other as they move around.

Figure 3. The motion and arrangement of water molecules in solid, liquid, and gaseous states

As a solid, water molecules are arranged close together in a rigid, lattice-like structure with some
space between molecules. In this state, the molecules vibrate in fixed positions. It’s important to
note that the space between the molecules allows water to expand when it freezes, which makes
it an unusual substance. Have you ever frozen a bottle of water or a can of soda? As water
freezes, the increase in volume causes the plastic bottle or aluminum can to expand and even
break! Other liquids shrink when they freeze because molecules line up more closely in the solid
phase than they do when they’re moving around in the liquid phase.

Now look at how water molecules are arranged in the liquid state. Notice that they’re closer
together and can attract one another, but they aren’t in a rigid structure like ice. Like a liquid
swishing around in a cup, water molecules in the liquid state can actually slide past one another
and change their positions in a fluid manner.

Finally, look at how gas molecules are arranged in figure 3. Water molecules as a gas are called
water vapor. Rather than being attracted to one another, they exist as individual water molecules
that move all over the place. Imagine water vapor in a sealed container. The water molecules
aren’t at the bottom of the container. Instead, they disperse evenly throughout the container.

@

STOP AND THINK

When ice (solid water) changes to liquid water,
what happens to the water molecules?
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STOP AND THINK

Temperature is a measure of the average movement or speed of particles (molecules) in
a substance. Can you explain why cooler molecules exist in a solid form? Why might
adding heat cause a change of state to a liquid or a gas?

6. How Do Energy and Matter Interact?

At the beginning of this document, you were challenged to think of something that is not matter.
What did you think of? Did light, heat, or sound come to mind? All of these are ways we
experience energy. Energy is different from matter because it doesn’t have mass or take up
space. But this term is difficult to define. If you look up the word energy in a dictionary, you’ll
find many different definitions. Energy can refer to vitality, vigor, or pep. That’s the meaning
you may have in mind when you buy an energy drink at the grocery store. The energy in the
drink can keep you wide awake or make you jittery even if the drink contains no dietary
Calories. (Calories are one way scientists measure energy.)

Some days as a teacher, you may find yourself thinking, My students have way too much energy
today! Or you may think, / just don’t have enough energy to keep up with these children today!
But these aren’t scientific references to energy. Just like the word matter, scientists have a very
specific way of defining this term:

Energy is the ability to do work.

To most of us, that definition isn’t very helpful. It doesn’t exactly match our experience of the
energy we sense when we turn on the radio or see the flash of a lightning bolt. One of the things
that makes energy so hard to understand is that it isn’t a thing; it’s a characteristic of an object or
a system. We can’t hold energy, but we can detect its presence by the way it causes something to
happen (or has the potential to cause something to happen). Energy is observable in several
different forms, including sound, light, heat, and motion. Each of these forms is simply revealed
in different ways.

Energy is the key to understanding why things change. Things change when matter absorbs or
releases energy. In this reading, we’ll focus on two forms of energy—heat and motion. In science
lingo, heat and motion are referred to as thermal energy and kinetic energy. Keep in mind that
energy is energy is energy! Light can cause something to warm up, or sound can make
something (like your eardrum) move. But both are energy. Energy simply reveals itself in the
world in different ways or forms.

First, let’s consider how matter can gain or lose energy even though the combinations of atoms
remain the same. For example, gaining or losing energy can cause matter to change state from a
liquid to a solid or a solid to a liquid. These processes are called freezing and melting. Melting
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and freezing occur when a substance gains or loses thermal energy. Gaining thermal energy is
more commonly referred to as warming, and losing thermal energy is often called cooling.

Why do scientists talk about something “gaining thermal energy” instead of simply saying that
something is “heating up”? For scientists, heating (used as a verb) refers to a process in which
thermal energy (heat energy) is transferred from an object with a higher temperature to an object
with a lower temperature. When a substance gains thermal energy, the molecules move faster,
and as long as the substance isn’t changing state, its temperature rises. If a substance gains
enough heat (such as heating a solid to its melting point), the thermal energy causes the
molecules speed up, break away from their rigid structure, and move around more freely.

What we want students to understand is that the higher the temperature of a substance is, the
faster the molecules in that substance will move. If we heat an ice cube, the solid water will melt
and change state to liquid water because the molecules are moving fast enough to break away
from their rigid structure. If we take away thermal energy (cooling), the molecules will slow
down, return to their rigid shape, and simply vibrate in place.

Most substances have a unique temperature at which they change from a solid to a liquid. This
temperature is called a melting point. The melting points of substances vary widely. For
example, the melting point of water is 0 degrees Celsius (C), or 32 degrees Fahrenheit (F). The
melting point of most metals is relatively high, but the metal gallium melts at 30 °C (about 86
°F). This means that gallium is a solid at room temperature, but if you were to make jewelry out
of it and wear it next to your skin at 37 °C (about 98 °F), it would melt! Common table salt has a
melting point of 801 °C (about 1490 °F).

Freezing is the reverse process of melting, so the freezing point of a substance is the same as its
melting point.

Melting and freezing are called physical changes, as are evaporation and condensation. We
learned earlier that physical properties are characteristics of a substance that can be observed
without changing the substance itself. Similarly, physical changes occur without changing the
molecular structure of a substance. A molecule of solid water (H2O) is exactly the same as a
molecule of liquid water (H20); the molecules are just rearranged and move differently.

7. How Do Substances Change into a Completely Different Substance?

When substances change into a completely different substance (or substances), this is called a
chemical change. Chemical changes occur when the atoms of one or more molecules recombine
in new ways to produce one or more different substances. Another way to say this is that a
chemical reaction has occurred.

As we discussed earlier, in the lessons on matter, students will experience the chemical reaction
that happens when baking soda and vinegar are combined. Baking soda is a stable molecule, and
so is vinegar. But when the molecules are joined together, the atoms recombine in a chemical
reaction to create a fizzing, foamy new substance composed of carbon dioxide, water, and
sodium acetate.
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Baking Soda + Vinegar Water and Carbon Dioxide Sodium Acetate
(NaHCO3) (CH3COOH) (H20) (COy) (NaC;H;0.)

Figure 4. Lego-brick model of the chemical reaction between baking soda and vinegar

Every day we encounter many kinds of chemical reactions. For example, when you bake

cookies, the heat energy of the oven causes the molecules in the dough to gain kinetic energy,
resulting in collisions that cause the atoms to rearrange and recombine to form an entirely new
substance or substances. The same thing happens when you fry an egg. The runny, raw egg is
transformed into a solid, fried egg as its molecules recombine to form new substances. When you
burn a log in the fireplace or when gas combusts in your car engine, the solid and liquid
molecules that make up the initial fuel recombine to form gas molecules, and in the process,
energy is released that results in work. When you pour bleach into your washing machine, it
reacts with the stains and colored dyes in your laundry, causing the original colors to lighten.

8. Can Matter Be Created or Destroyed?

The ancient Greek philosophers believed that nothing comes from nothing. Another way of
saying this is that what exists now has always existed. No new matter can come into existence
where there was none before. In the 1700s, a French chemist, Antoine Lavoisier, carefully
measured and compared the mass of the substances involved in chemical reactions—much like
your students will compare the mass of baking soda and vinegar before and after they chemically
react. Lavoisier determined that the total mass of these substances never changed. As a result of
Lavoisier’s work, the law of conservation of mass was discovered. This law states that in
ordinary chemical and physical changes, matter is neither created nor destroyed; it is conserved.
The number of atoms doesn’t change, and their mass doesn’t change. Atoms are simply
rearranged.

That’s why you learned in chemistry class how to balance chemical equations so that the number
of atoms on one side of the arrow equals the number of atoms on the other side. Do you recall
the chemical reaction that occurs in photosynthesis? In photosynthesis, plants use carbon dioxide
and water to produce glucose and oxygen:

Carbon Dioxide + Water ——> Glucose + Oxygen
The equation would look like this:
CO: + H, 0O —> C¢H1206 + O

If you add the molecules on each side of the arrow, you’ll find they aren’t equal. There is only
one carbon atom on the left side, but there are six carbon atoms on the right side of the equation.
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The law of conservation of mass says that can’t happen. So chemists balance the equation to
show the same number of atoms of each type on both sides of the equation. No matter is created;
no matter is destroyed.

6CO, + 6 HHO—> C¢Hi20s + 602
6 Carbon-Dioxide Molecules + 6 Water Molecules — 1 Glucose Molecule + 6 Oxygen Molecules
This important concept helps us understand many different phenomena in the real world.

Look carefully at the photosynthesis equation above. If a tree grows
because of photosynthesis, then based on this equation, we know that
most of the matter that forms the tree comes from thin air—carbon
dioxide and water. Atoms in the molecules of carbon dioxide
recombine with atoms in the water molecules using energy from the
Sun, which is absorbed by the leaves. The eventual product
(cellulose) that makes the wood of a tree is composed of long strings
of glucose. This might lead us to conclude that the mass of the tree—
the matter that the tree is made of—came from the dirt it’s growing
in. But if that were the case, wouldn’t there have to be a hole in the
ground as big as the tree itself? Nothing comes from nothing. The
matter that made up the tree must have come from somewhere else,
and this equation tells us that much of it comes from the air and
water.

Consider another example. If you burn a candle, the candle wax seems to
disappear. But it doesn’t really disappear. The burning process chemically
changes the wax by recombining the molecules into carbon-dioxide gas (CO>)
and water (H20), plus a small amount of ash you might see as smoke rising into
the air.

messcOMMONS,

Likewise, when water evaporates, it might seem to disappear. But the molecules are still there;
they’re just moving around in the air as water vapor, individual molecules we can no longer see
that still have mass.

Your students will experience conservation of matter in one of the lessons when they place solid
material and melted material on either side of a balance and observe that their mass hasn’t
changed. (Remember that mass is called weight in the lessons.) Students will also place the
uncombined baking soda and vinegar (before the chemical reaction) on one side of the balance
and the combined substances (after the chemical reaction) on the other side and observe that their
mass hasn’t changed.

Understanding conservation of matter is an important step in understanding our world. Child-
development researchers have found that up until about the age of 7, children have a hard time
recognizing that physical properties of substances don’t change, even when they look different.
These lessons will help students experience conservation of matter in ways that will support
scientific reasoning throughout their lives.
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9. Back to the Beginning

In the introduction of this document, we considered two fundamental questions in physical
science: What is everything made of? and How do things in the world change?

How has your understanding of matter changed based on this discussion? Have you developed
new ideas and connections that can help you make sense of everyday phenomena in the world?
Do you have a better understanding of what happens when you see a puddle of water
evaporating, metal rusting, or your students’ bodies growing? Can you categorize these everyday
occurrences into physical and chemical changes? Can you picture the atoms and molecules that
make up the solid, liquid, and gaseous substances in your world moving and recombining, such
as when baking soda and vinegar combine to form carbon dioxide, water, and sodium acetate?
Can you apply ideas about matter and energy to the substances and processes you see in your
everyday life?

What new questions do you have about matter in the world around you? Keep track of these
questions and discuss them with your colleagues and PD leaders to broaden, deepen, and enrich
your knowledge of matter throughout this year in the RESPeCT program.

10. Summarizing the Big Ideas

As we wrap up this discussion of matter and its properties, let’s summarize the big ideas we
explored:

1. All matter is made up of small particles called atoms or molecules.
. There are 118 different atoms in the world, each represented on the Periodic Table of
Elements.

. Molecules are stable combinations of two or more atoms.

. Matter exists as a solid, a liquid, a gas, or plasma.

. Particles (molecules) in a solid are in a rigid, lattice-like arrangement and vibrate in place.

. Particles (molecules) in a liquid are attracted to one another but are able to move around

more freely in relation to one another.

. Particles (molecules) in a gas move in all directions as individual molecules.

8. Adding heat energy increases the motion of particles (molecules). Conversely, removing
heat energy decreases the motion of particles.

9. Temperature is a measure of the average movement or speed of particles (molecules) in a
substance.

10. Substances have a unique or characteristic temperature at which they melt or freeze,
evaporate or condense.

11. Physical changes, such as melting, freezing, evaporation, and condensation, occur without
changing the molecular structure of a substance. Only the arrangement and motion of the
molecules change.

12. Chemical changes occur when the atoms of one or more molecules rearrange and
recombine to create new substances with different properties than the original substances.

13. During physical or chemical changes, matter is neither created nor destroyed. Atoms and
mass are conserved.
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