“What’s the matter?” is a question you might hear when someone wants to know if everything is ok. But in
chemistry, we can literally ask “What is the matter?” Matter can describe the “stuff” that makes up everything
in the physical world – from the rocks and trees outside, to the air you breathe, and even you!
What makes up matter and how can the matter around you be so diverse? Normal matter is made up of atoms.
Those atoms can be mixed, combined with, and rearranged to form all the matter around you. For example,
carbon can be found as a pure substance in diamonds, graphite, or even nanotubes. When combined in the
right conditions, carbon can form carbon dioxide in the air, carbonates that make up sea shells, plastics that
hold your beverages, and even amino acids that make up you!

Of course, the universe would be a pretty boring place if all the matter stayed exactly the same. Thankfully,
this is not the case. Matter is constantly changing as energy is being added to or released from the matter.
Sometimes it just changes state or shape as atoms are rearranged. This happens when water boils, or plastic is
stretched. Other times, the matter is fundamentally changed as atoms chemically combine with different
atoms. This happens when fuel is burned, or plants undergo photosynthesis.
So, as you look around the world with a chemist’s eye, you should think to yourself, “What’s the matter …
and what’s happening to it?”
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Chapter 3 study guide
Atoms exist on the atomic scale, smaller than we have tools to see. They
are classified into elements with distinct properties based on their number
of protons or Atomic Number. The Periodic Table organizes all known
elements based on their properties and relationships with other elements.
Elements can combine to form compounds through the formation of
chemical bonds. The chemical formula notes the number and type of
elements in a compound. Pure substances are made up of one type of atom
or molecule and cannot be separated. Mixtures contain more than one pure
substance as either a homogenous or heterogeneous mixture. Substances
may undergo physical changes that change physical properties or chemical
changes that change the chemical composition of that substance.

By the end of this chapter you should be able to:
• describe the scale of an atom;
• identify basic ways elements are organized on the periodic table;
• distinguish among atoms, elements, and compounds;
• identify parts of a chemical formula;
• compare the kinds of information different types of molecular models
provide;
• distinguish between pure substances and mixtures; and
• use evidence to distinguish between physical and chemical changes.

3A: Chemical formula
3B: Pure substances and mixtures
3C: Physical or chemical change

scale
element symbol
period
macronutrients
chemical bond
pure substance
solution
distilled water
malleable
physical change
chemical reaction
intermolecular forces
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element
periodic table
group
trace elements
chemical formula
mixture
heterogeneous mixture
distillation
brittle
chemical change
reactivity
intramolecular forces
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Chapter review

atomic number (Z)
atomic mass
trace amount
compound
isomers
homogeneous mixture
tap water
physical property
ductile
chemical property
precipitate
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3.1 - Atoms and the Periodic Table
The variety we see in matter is truly staggering. Within ten meters of you there are examples of matter that is
hard, soft, clear, plastic, metal, liquid, solid, gas, hot, cold, alive, .... and the list goes on. How do we explain all
the different kinds of matter? After thousands of years of thinking and observing, we know the explanation is
that matter is made of combinations of atoms of different elements. Just as 26 letters in the alphabet can spell an
enormous number of words, the 92 different elements found on Earth can "spell" an enormous variety of matter.

The question of scale
The concept
of scale

To explain the diversity of matter we need the concept of
scale. In this context, scale means a typical "size" of
detail for a measurement. Consider the three
photographs of snow on the right. On a scale of ten
meters snow, looks smooth and featureless. But the
closer you zoom in, the more detail you see.
At a scale of ten centimeters, you can see snow contains
individual particles. On a scale of one millimeter, you
can see that each particle is a tiny crystal with a
characteristic six-fold symmetry. On a scale a million
times smaller than a snowflake, we find that ice is made
of water molecules in a hexagonal crystal that underlies
the six-fold symmetry of the snowflake.

The
description
of the
macroscopic
scale

Observations are on the macroscopic scale when they are
large enough for us to see, or measure directly in
experiments. In chemistry, the macroscopic scale
includes things the size of cells that you need a
microscope to see. Light microscopes can enlarge an
image around 1,000 times. The size of atoms is far
smaller than can be seen with the highest power light
microscope.

The
description
of the
microscopic
scale of
atoms

In chemistry (and physics) the microscopic scale refers
to details that are the size of atoms and smaller. Atoms
are so small, a single snowflake contains around 1018, or
one billion billion (1,000,000,000,000,000,000) atoms!
Matter as small as atoms is also sometimes referred to as
the atomic scale. In chemistry we traditionally will refer
to the atomic scale as the microscopic scale even though
this differs from how biologists would use the term.

One snowflake =
1,000,000,000,000,000,000 atoms!
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The microstructure of matter
Matter is
made of
particles

All of the matter you experience is made of atoms. Atoms are so small that we experience
only the collective average behavior of many trillions of them - completely washing out the
effects of individual particles. On the microscopic scale however, every property of matter
we experience from the slipperiness of oil to the hardness of steel, ultimately comes from
how the individual atoms behave. The following four central ideas define our fundamental
understanding of how ordinary matter is made.

The
arrangement
of particles
in matter

The actual particles of matter might be single atoms but more commonly they are groups of
atoms bonded together. For example, a single particle of water (molecule) is two hydrogen
atoms bonded with a single oxygen atom. The forms of matter we observe arise from the
way the particles of matter are connected to each other.
1. In a solid such as cubic zirconia, oxygen and zirconium atoms are bonded into a
crystal which locks the atoms in place.
2. In a liquid, such as water, the particles are still attracted to each other so they stay
close together, but individual particles have enough energy that they slide easily
around each other and exchange places.
3. In a gas the particles are no longer connected to each other; they move very fast, and
individual particles are relatively far away from each other.

Common
matter is a
mix

Many common substances are mixtures of solids, liquids, and gases as well as mixtures of
compounds and elements. A good example is food. Many foods contain solid, liquid, and
gas mixed together. More than a thousand different chemical compounds are in a typical
dinner ranging from simple substances such as water to complex substances such as
proteins, fats, and carbohydrates.
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The elements
Atoms and
elements

Atoms are the fundamental building blocks that make up matter. But, not all atoms are the
same. We find 92 naturally occurring types of atoms on Earth. Each unique type of atom is
an element. All atoms of the same element are similar to each other, but differ from atoms
of any other element. Oxygen, silicon and calcium are examples of elements. Oxygen
atoms have a different structure and properties compared to silicon atoms, calcium atoms,
or any other element.

The element
symbol and
atomic
number

Each element has a name and a one or two letter element symbol. For example, the element
oxygen has the symbol "O" and the element calcium has the symbol "Ca." The element
symbol is bold in the table below. Each element also has an atomic number (Z) which starts
at one for hydrogen, the lightest element, and runs to 92, for uranium, the heaviest naturally
occurring element. The elements past atomic number 92 were all created artificially in a
laboratory. The atomic number is a whole number and it is unique for each element. The
atomic number is the number to the left of the element name in the table below.

Abundance
of the
elements

The chart below shows the first 100 elements arranged by increasing atomic number along
with their abundance in Earth's crust. Notice that the most abundant element in Earth's crust
is oxygen! Most of us associate oxygen with the gas that makes up 21% of our atmosphere,
but oxygen and silicon make up the bulk of rocks in compounds called silicates such as
SiO2, silicon dioxide, which can form quartz, sand, and glass. After silicon, the most
abundant elements in the crust are aluminum, iron, calcium, magnesium, and sodium.
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The periodic table
The periodic
table

The periodic table of elements is a chart that lists all the natural and human-made types of
elements that are known to exist. The table is organized in a way that lets you predict each
element’s properties and chemical behaviors. The periodic table is a chemist’s most
important tool. You can find the full-size version of the periodic table on the inside cover of
the printed version of this textbook. There is an interactive periodic table on the toolbar of
the electronic version of Essential Chemistry. Early chemists did not have advanced
technology to help them distinguish one type of atom from another. They had to rely on
their observational skills to recognize patterns. Chemists noticed that oxygen atoms always
combined with the metals lithium, sodium, and potassium in a ratio of one oxygen atom to
two metal atoms. Lithium, sodium, and potassium were then grouped together. Scientists
arranged the periodic table of the elements based on careful observations.

Metals, nonmetals, and
metalloids

The primary grouping on the periodic table is metals, non-metals, and metalloids. Metals
tend to be shiny, dense and solid at room temperature. Some metals like mercury are liquid
at or just above room temperature. Metals like copper or zinc are good conductors of heat
and electricity. Non-metals include solids like carbon and liquids like bromine. Most
nonmetals are gases at room temperature, such as oxygen. Non-metals tend to be good
insulators because they are usually poor conductors of heat and electricity. Metalloids like
silicon have properties of both metals and nonmetals.

The metal/
non-metal
line

This periodic table above shows a thin dotted line running though the metalloids. Notice
how elements that touch the line are metalloids (except for aluminum, Al). Metals are to
the left except for hydrogen, H, and nonmetals are to the right. Remember where this line
belongs on the periodic table. Knowing whether an element is a metal, nonmetal, or
metalloid is important for a number of concepts in chemistry.

Section 3.1: Atoms and the Periodic Table
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Information on the periodic table
Element
symbols

Each element in the periodic table is represented by a one or two-letter symbol. For
example, C is the element symbol for the element carbon and Ca is the symbol for calcium.
The first letter in the element symbol is always capitalized and the second letter is always
lower-case. In word form, element names do not need to be capitalized. Note that the
element symbols do not always correspond to English letters in the element name. Gold has
the symbol Au which is the first two letters of aurum, the Latin word for gold.

Atomic
number

Elements are arranged in the periodic table in order of increasing atomic number starting
with atomic number 1 for the element hydrogen. The atomic number is the identification
number for each element. If the atomic number is 6, the element is carbon. If the atomic
number is 20, it is calcium. The atomic number is also the number of protons in the
nucleus. Hydrogen has 1 proton, helium has 2 protons, and lithium has 3 protons.

Protons
equal
electrons

In a neutral atom, the number of negative electrons is equal to the number of positive
protons. Lithium has three protons and therefore, three electrons. Beryllium has four
protons and four electrons. The atomic number of a neutral atom tells you the number of
protons and also the number of electrons.

Solved
problem

How many protons and electrons are in a neutral atom of sulfur, S?
Relationships According to the periodic table, sulfur's atomic number is 16
Solve If atomic number is 16, then there are 16 protons. If the atom is neutral, then
there are also 16 electrons to cancel the positive charge.
Answer A neutral atom of sulfur has 16 protons and 16 electrons.

Atomic mass

The number beneath each element symbol is the atomic mass. Atomic mass gives the
average mass of protons and neutrons in the nucleus of an element. Only particles found in
the nucleus are included in the atomic mass; the mass of electrons is not included.

Horizontal
periods and
vertical
groups

A horizontal row on the periodic table is called a period. A vertical column is called a
group. Period 1 has only two elements: hydrogen is in group 1, and helium is in group 18.
Elements with similar characteristics are placed together in the same group. For example,
oxygen and sulfur are chemically similar and are both in group 16. Some 6th and 7th period
elements have no group number and are found below the main table.

64

Chapter 3: Classifying Matter

Elements and life on Earth
You are
made mostly
of CHON

Here is an amazing fact: take any living animal or plant on Earth, including any human,
and you would find that 96% of the mass of the plant or animal is only four elements! The
four elements are hydrogen, carbon, oxygen, and nitrogen. Sometimes abbreviated CHON,
these four elements form the majority of all biological molecules from cell membranes to
DNA. There is a small, but critically important number of other elements. For example,
calcium gives strength to your bones and your red blood cells cannot do their job without
iron. In fact, most of the elements on the periodic table exist in your body in a trace
amount.

The human
body

The average human body is 60% water - which is made of hydrogen and oxygen. Of the
remaining 40%, the largest fraction are proteins. Proteins are very large molecules that
make up muscles, hormones, antibodies, skin, and virtually every other part of the body.
Proteins are made of simpler building blocks called amino acids. All life on Earth, plant
and animal, contains the same 20 amino acids, of which three are shown in the diagram
below. Can you see how these molecules are made of mostly carbon (gray), hydrogen
(white), oxygen (red), and nitrogen (blue)?

Why carbon?

The chemistry of living things always involves plenty of carbon because it is the lightest
element that can connect to four other atoms. Carbon atoms are also found everywhere and
are very stable. Notice that the gray carbon atoms are the backbone of the amino acid
molecules in the diagram. Because of carbon's ability to make four connections to other
atoms, virtually all the molecules in living organisms, apart from water, are built around
carbon. The differences in the estimated 50,000 different proteins in the human body come
from the many different ways the carbon atoms are arranged. Can you see the difference in
the amino molecules above? Can you see how some parts are the same?

Section 3.1: Atoms and the Periodic Table
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Macronutrients and trace elements
Elements in
small
amounts

Eleven of the top fifteen elements in the human body are considered macronutrients.
Potassium, K, and calcium, Ca, are among these eleven. Both elements are used in many
body functions, from nerve signaling to bone structure. There are also fifteen trace
elements which are beneficial in very small amounts but toxic in large quantities. For
example, a tiny bit of arsenic, As, is a normal trace element in the body but too much is
extremely toxic. You only need about 0.00001 g (1 x 10-5 g) of arsenic each day to be
healthy. At higher levels of arsenic exposure, a human may experience short term
discomfort similar to food poisoning. Very high levels of exposure to arsenic can cause
cancer or death.

The
important
role of trace
elements

Trace elements often have specialized functions in specific biological molecules. You
might be surprised to see iron, Fe, identified as a trace element. Very small amounts of iron
are needed in your body to support hundreds of normal body functions such as cell growth,
healing, proper functioning of the immune system and transporting oxygen in your blood.
Special proteins, called enzymes, depend on trace elements like iron to help them perform
the biological functions that keep your body systems working properly. You would not be
able to stay alive for very long if your enzymes didn’t work. As you probably know, it is
important to consume iron-rich foods yet low iron is the most common nutrient deficiency
in the United States. How can this be true when popular foods like cereal boast they are
"fortified with iron?" Iron deficiency can be avoided by eating a balanced diet that includes
fresh, unprocessed foods.

Roles of
macronutrients

Macronutrients are used to build molecules and structures in
your body. For example, you need countless carbon,
hydrogen, oxygen, nitrogen, and other atoms to make
carbohydrates, fats, DNA, and proteins. You need calcium to
build strong teeth and bones. Sodium, magnesium,
potassium, and chlorine have important roles such as
sending electrical and chemical signals to fire nerves that
help you sense your surroundings (shown to the right) and
regulating substances that enter and leave your cells.
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Section 1 review

3

Atoms exist at the atomic scale meaning that they are too small to be seen with even the most advanced
microscopes. Even at the atomic scale atoms are mostly empty space. Neutral atoms have the same number of
protons and electrons. The number of protons or atomic number is what distinguishes different elements. The
number of protons plus the number of neutrons determines the atomic mass of an element.
The elements are organized into the periodic table, which organizes all the known elements into rows (called
periods) and columns (called groups) based on their properties and behaviors. Hydrogen is the most prevalent
element in the universe and in our bodies. Living things are primarily made up of a relatively small number of
elements along with many trace elements that exist in very small amounts.
Vocabulary
words

scale, element, atomic number (Z), element symbol, periodic table, atomic mass, period, group,
trace amount, macronutrients, trace elements

Key
relationships

Review problems and questions
1. Write the symbol for an element that has 2 protons in its nucleus.
2. Find bromine on the periodic table (atomic number = 35). Is bromine a metal, non-metal, or metalloid?

3. How many protons does a neutral bromine atom have in its nucleus? How many electrons does the atom
have?
4. What group is calcium, Ca, in?

5. An element has 33 protons. What group and period is it in?
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3.2 - Compounds and Molecules
The element sodium, Na is highly reactive when it is found by itself as a single atom. In fact, it is so chemically
reactive that it bursts into flame when it touches water! When a sodium atom is combined with one or more
other elements, it becomes much more stable. Table salt is a substance called sodium chloride. Sodium chloride
certainly does not burst into flame when it touches water. Elements transform their properties when they
combine with other elements to form compounds.

Compounds
Compounds
are made of
elements

You will rarely come across pure elements in nature. Most matter exists as compounds. A
compound is a substance that contains atoms of two or more different elements that are
chemically bound together. Water, H2O is a compound but oxygen gas, O2 is not. A chemical
bond is a strong attraction between atoms that hold the elements in a compound together. A
chemical bond is formed when electrons are shared or exchanged between atoms. With a few
notable exceptions like helium and platinum, elements quickly form bonds with other
elements to make compounds. Almost everything you eat and everything you interact with is
a chemical made of a compound or mixture of compounds.

Written
chemical
formulas

The chemical formula of a compound tells you the number of atoms of each element in the
compound. The chemical formula for water is H2O because each particle of water is made of
two hydrogen atoms and one oxygen atom. A subscript is a small number that appears at the
bottom right of an element symbol. The subscript 2 is what tells you there are two hydrogen
atoms in water. When there is no subscript the number 1 is assumed - such as with the
oxygen in H2O. The number 1 is never written as a subscript in a chemical formula.

Reading a
chemical
formula

Drawings of
formulas
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In drawings, atoms are in their elemental or atomic form if they are separated and there are
no lines connecting them. If atoms overlap with each other, or they are connected with a
solid line, then they are combined as a compound. Overlapping atoms or solid lines represent
chemical bonds. As shown below, only the compound H2O has chemical bonds which are
shown as lines that connect atoms and also as overlapping atoms.
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Chemical formulas
All matter is
chemical

If you tried to avoid chemicals in the food you eat, it would be impossible because all
matter is made from chemicals! Everything that exists has at least one chemical formula
listing the elements that make it up, such as the chemical called water, H2O.

Chemicals
are neither
“good” nor
“bad”

There is no such thing as a good chemical or a bad chemical. Generally, chemicals that
provide just enough energy and the right kinds of elements to keep systems functioning are
good. But even good chemicals can be unhealthy in large amounts. Unhealthy chemicals
are those that provide too much or not enough energy or atoms of a particular kind.
Unhealthy chemicals cause harm when they interfere with normal living or nonliving
systems.

Chemical
formulas

Vinegar is a common chemical used to make salad dressing, ketchup, and other foods. The
main ingredients of vinegar are 95% water and 5% acetic acid. Both ingredients are
compounds. Water has the chemical formula H2O meaning each particle (molecule) of
water has one oxygen (O) atom connected to two hydrogen (H) atoms. Acetic acid has the
chemical formula C2H4O2 meaning each particle of acetic acid is composed of two carbon
(C) atoms, the oxygen (O) atoms and four hydrogen (H) atoms connected in the specific
way shown in the diagram above. There are no spaces between the atoms in the formula
C2H4O2. If you see spaces or extra words, that means there is more than one chemical. For
example, H2O & C2H4O2 indicates two chemicals are present: water and acetic acid.

Formulas
may hint at
structure

CH3OH is the chemical formula for methanol, or wood
alcohol. But why write the formula as CH3OH instead of
writing it as CH4O? Formulas can be written to reflect how
atoms are arranged in three-dimensional space. CH3OH is
written to show that one carbon and three hydrogen atoms
are bound together, followed by oxygen and hydrogen.

Solved
problem

Write a chemical formula for calcium carbonate, commonly called limestone, which has
one atom of calcium, one atom of carbon and three atoms of oxygen.
Given 1 calcium atom, Ca; 1 carbon atom, C; 3 oxygen atoms, O
Relationships Add a subscript after the element to tell the number of each element in the
compound. The number one does not need to be written.
Answer CaCO3

Solved
problem

Count the total number of each type of atom in ethanol, C2H5OH.
Given C2H5OH
Relationships Subscripts indicate the number of atoms. The number one is implied in the
formula.
Answer 2 carbon atoms, C; 6 hydrogen atoms, H; 1 oxygen atom, O
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Representing molecules
Structure

The chemical composition (elements) and the structure determine the properties of a
compound. In chemistry, "structure" means "how the atoms are connected to each other." In
the acetic acid molecule three hydrogen atoms are attached to one carbon atom and the
fourth hydrogen atom is attached to an oxygen atom. The simple chemical formula C2H4O2
cannot show these connections. Chemists would write the formula for acetic acid as
CH3COOH. This tells you that the atoms are connected in a CH3 structure attached to a
COOH structure. Both are common structures and chemists recognize that the COOH
structure means the compound is an organic acid.

Limitations
of the
chemical
formula

A chemical formula such as C2H4O2 gives information about which atoms are in a
molecule but it does not tell you how they are arranged. Writing the formula as CH3COOH
tells you the structure for acetic acid but this strategy does not work for larger molecules.

Structural
diagram

A structural diagram is the most simple way to show the bonds between atoms in a
molecule. Atoms are identified by their element symbols. Notice the double line between
one of the oxygen atoms and carbon atoms in the drawing below. A double line means
there are two bonds between those atoms instead of one bond.

Ball and
stick model

The ball and stick model helps you see where atoms are placed in a molecule in three
dimensional space. The balls represent the centers of the atoms and the sticks represent
bonds between atoms. The double bond is represented by two parallel "sticks."

Space filling
model

Atoms are much closer together when they are bonded to each other than shown in a ball
and stick model. In fact, atoms overlap when they form bonds. The space filling model
gives you an idea of how atoms in a molecule overlap one another. The large surfaces give
a better sense of how much space atoms take up compared to the ball and stick model.

Molecular
surface
model

When you combine the ball and stick model with the space filling model, you get the
molecular surface model. The gray shading in the diagram gives you an idea of how the
outer surface of the molecule is shaped. Atoms in are often modeled as hard and shiny
spheres in molecules, but in reality the outer surface of a molecule is not sharply defined.
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Isomerism
Pure
elements and
compounds

A large fraction of people drink caffeinated beverages such as coffee and tea. Among other
biological effects, caffeine stimulates the central nervous system by blocking the action of
adenosine, which is linked to feeling drowsy. The caffeine molecule has the chemical
formula C8H10N4O2. However, the chemical formula really does not tell you what the
compound is because there are more than 700 different compounds known that have the
exact same chemical formula as caffeine!

Isomers

The biological effects of caffeine come from the way the atoms are arranged in the caffeine
molecule. Even if one single oxygen atom trades places with a carbon or hydrogen atom,
the result is a new molecule with new properties. The same 24 atoms in caffeine can be
rearranged into other compounds. Isomers are compounds that have the same chemical
formula but different structures. Even though isomers contain the same atoms, they are
different compounds and have very different properties.

Isomers are
different
compounds

Three isomers of C8H10N4O2 are shown above. Can you see the structural differences?
Enprofylline is a medication that is used to open the air passages in the lungs of asthma
patients. Because the chemical structure is different, enprofylline does not interfere with
adenosine and therefore does not have the same stimulant effect of caffeine.

Structure
determines
function

Throughout chemistry we will find that the structure of a molecule determines its function.
In this context "function" means both how the compound interacts with other compounds,
its chemical properties, and how the compound interacts with the environment, or its
physical properties. Different isomers might be solid or liquid at the same temperature.
Some might dissolve in water and others may not.
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Section 2 review

Pure elements have certain known properties but elements can combine by forming chemical bonds, and the
resulting compounds can have very different properties than the elements they are made up of. Compounds
have a chemical formula that identifies which atoms constitute the compound. A subscript tells us how many
of each type of atom is in the compound or molecule when that number is greater than one. The chemical
formula hints at a compound’s structure and together they determine that compound’s properties. Since the
structure of a molecule is important we have developed several ways of representing the arrangement of
atoms including the chemical formula, structural models, ball-and-stick models, space filling models, and
molecular surface models.
Vocabulary
words

compound, chemical bond, chemical formula, isomers

Key
relationships

Review problems and questions
1. Suppose you read ahead to Chapter 8 and come across a formula that looks like this: 3SO42-. Which
number (or numbers) is a subscript?
2. Does methane (CH4) have chemical bonds? How can you tell?
3. Identify which elements are present in CH4 and give the number of each type of atom.
4. If you want to know what shape a molecule’s surface makes in “real life,” which type of model would be
best to look at? Explain your choice.
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3.3 - Pure Substances and Mixtures
You are surrounded by millions of different kinds of matter. Think about every different element and compound
in the air, soil, your body, classroom, and everything else. How do we make sense of such variety?

Categorizing Pure Substances
Substances
are elements
or
compounds

The first step in categorizing types of matter is to search for pure substances. A pure
substance is made of only one element or compound. Helium gas is a pure substance
because it is made of one element, He. Carbon dioxide is a pure substance because it is made
of only one compound, CO2. Vanilla ice cream is not a pure substance because it contains
milk, sugar, vanilla flavor, and other substances that can be easily separated. Pure substances
cannot be physically separated into different kinds of matter by sorting, filtering, drying,
dissolving, heating or cooling. Every particle of a pure substance is identical to its neighbor.

Mixtures
have more
than one
substance

The word “pure” appears on all kinds of labels such as “pure olive oil”. To a chemist, olive
oil is not pure because it can be separated into fats, vitamins, pigments and other chemicals.
A mixture is made of more than one element or compound. Hand sanitizer is a mixture.
Many pure substances can be separated from it including water, alcohol, oils, and other
chemicals. Chemists always assume pure means made of only one element or compound.

Mixtures can
be separated

Mixtures are made of more than one pure substance. They can be physically separated into
their components by sorting, filtering, heating or cooling. For example, you could separate
chili into its ingredients by using different-sized strainers and filters. Then you could boil the
liquid solution left behind to separate water from dissolved solids floating around in the
liquid. Separation does not change the properties of each substance. After being separated,
you still have the same water, spices, salt, fats, meat and beans. You could easily re-create
the chili from the separate substances by mixing them together.

Solved
problem

Classify each as either a pure substance or mixture:
a) pudding; b) orange juice; c) mercury; d) water; e) ketchup
Asked Distinguish between pure substances (elements & compounds) and mixtures.
Relationships Pure substances are either elements or compounds. Mixtures are made of two
or more kinds of elements or compounds.
Solve Think of what each substance is made of: Pudding is made of milk,
flavorings, sugar, etc. Orange juice can be strained and evaporated to dry
ingredients. Mercury is found as Hg on the periodic table. Water is H2O.
Ketchup is made of tomato paste, salt, sugar, vinegar, etc.
Answer a, b, and e are mixtures; c and d are pure substances
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Homogeneous mixtures
Substances
vs. mixtures

Sometimes it isn’t easy to tell the difference between a pure
substance and a mixture just by looking at it. "Pure" water is
almost always chemically a mixture. Small amounts of
dissolved minerals are usually present. You need more
information about what each sample is made of in order to
know whether it is a pure substance or mixture. Think about
zooming in to the matter at the molecular scale. How many
different kinds of elements or compounds make up the
sample of matter? Is there more than one element? Are the
elements combined in more than one kind of chemical
formula, or are they found in only one compound?

Parts of a
mixture
retain their
identity

A mixture contains two or more elements or compounds that
are not chemically bound together. The name gasoline was
first used in 1864 to describe a flammable product used to
light lanterns. Gasoline is a complex mixture often
containing more than 100 different compounds. Refining
separates some of the compounds in gasoline by molecular
weight and boiling point. Others can be separated by
chemical processing. Being a mixture of many compounds,
there is no such thing as chemically "pure" gasoline.

Solutions are
homogeneous
mixtures

Gasoline is a homogeneous mixture because all of the individual molecules are evenly
mixed on the molecular level. For example, there are not "clumps" of benzene floating in a
sea of octane. Each different kind of molecule bumps around all the other kinds until all
types of molecules are evenly spread out. A homogeneous mixture in which all components
are evenly mixed on the molecular level is called a solution.

Air is a
solution

Solutions can be any phase of matter, including solids and gases. Air is a gaseous solution
of nitrogen, oxygen, argon, water vapor, carbon dioxide, and other trace gases. Our
atmosphere however, is also a mixture because it contains dust particles, pollen, water
droplets, and other matter that is "clumped" in aggregates larger than one molecule.

Alloys are
metal
solutions

Gold is a solid solution of silver and gold. If you look at gold at the atomic level, you can
see that the atoms are evenly mixed no matter where you look. The "carat" of gold refers to
the percentage of the element gold in the solution. 24 carat gold is pure. 14 carat gold is 14
parts out of 24 (58.3%) gold and 10 parts out of 24 (41.7%) silver. Pure, 24 carat gold is too
soft a metal even for most jewelry. The addition of silver greatly increases the hardness and
durability without detracting from gold's chemical ability to resist tarnishing.
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Heterogeneous mixtures
Heterogeneous
mixtures
have an
uneven
distribution

A mixture whose components have an uneven distribution is called a heterogeneous
mixture. The pure substances that make up heterogeneous mixtures show clumping which
may or may not be visible to the naked eye. You can understand why beef stew is a
heterogeneous mixture and the different components in pudding stone are equally obvious.
But blood is also a heterogeneous mixture even though it looks uniform to the eye because
white blood cells, platelets, and other solids are unevenly clumped within liquid plasma.
Many solid and liquid heterogeneous mixtures can be easily separated by filtration. For
example, you can use a strainer to remove pulp from fresh-squeezed orange juice, and you
can use a sifter to remove rocks and pebbles from soil.

Flow chart to
classify
matter

Use the flow chart below to help you classify different types of matter as an element,
compound, homogeneous mixture (solution), or heterogeneous mixture.
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Tap water vs. pure water
"Pure" tap
water is a
solution

Water from a faucet tastes different than bottled water. Why
do different sources of water taste different if water is
supposed to be a flavorless pure substance with uniform
composition? The reason is that "pure" tap water is not pure
H2O in the chemical sense but is actually a solution with
many dissolved salts and minerals. Most tap water comes
from water supplies that are also treated with chloride to kill
bacteria and fluoride to improve dental health.

Drinking
water is not
pure

You might have wondered why water, a compound that is supposed to be tasteless, has
different "flavors" depending on where the water comes from. Minerals that are important
to our health such as iron, calcium, and magnesium may be present in “pure” bottled
water, spring water and tap water. The ratio of these minerals is what gives drinking water
its "flavor." Keep in mind, "pure" bottled water is not "pure" because it contains water
with other substances mixed in it.

Distilled water
is pure

If you want truly pure water as defined by chemists, you will need distilled water. Distilled
water has been boiled in order to separate dissolved impurities from pure water, H2O. We
use distilled or deionized water when we make solutions in the chemistry lab. Dissolved
substances like minerals can interfere with the normal behavior of chemicals or systems.
For example, when adding antifreeze and tap water to your car, you may introduce
chemicals into your car's cooling system that will cause solids to build up and reduce its
efficiency.

Distillation
can separate
homogeneous
mixtures

How can tap water or drinking water be purified? The
drawing to the right is a diagram from an old chemistry
textbook that shows you how to set up a distillation
apparatus for water purification. Modern systems are very
similar. To purify water by distillation, water is heated to its
boiling point in the flasks. Water as steam rises and moves
into the sealed tube while impurities stay behind in the
flask. The coiled portion of tubing is surrounded by cool running water. The cool
temperature outside the tube causes steam inside the tube to condense into liquid water.
The purified water is then collected and stored in a perfectly clean, sealed bottle until it is
ready to use.
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Substances are said to be chemically “pure” when they are made up of either one type of element or one type
of compound and cannot be physically separated further. On the other hand, mixtures contain more than one
pure substance and can be separated by physical means such as filtering or heating.
A homogeneous mixture or solution is one in which the different atoms and/or molecules are evenly mixed,
giving the mixture a uniform distribution. Mixtures with uneven distribution are known as heterogeneous
mixtures.
Vocabulary
words

pure substance, mixture, homogeneous mixture, solution, heterogeneous mixture, tap water,
distilled water, distillation

Key
relationships

Review problems and questions
1. Classify each of the substances shown below as a pure substance or a mixture. Use the matter
classification scheme found in this section for help.

2. Further classify each of the substances above as an element, compound, homogeneous mixture or
heterogeneous mixture.
3. Classify each substance below as an element, compound, homogeneous mixture or heterogeneous
mixture.
a. cotton candy
b. methane, CH4
c. rocky road ice cream
d. carbon
e. dirt
f. hand sanitizer
g. bottled water
h. salt water (NaCl and H2O)
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3.4 - Physical and Chemical Changes
Chemistry describes and explains how matter changes. Some changes are reversible; a bent wire can be made
straight again. Ice that has been melted can be re-frozen back into ice again. Other changes are not so easy to
reverse; iron that is exposed to water rusts and no amount of drying will make the rusty metal revert back to its
original shiny state. This section discusses the differences between physical changes such as melting, and
chemical changes such as iron turning to rust.

Physical properties and changes
Physical
properties

A property you can measure with tools or your senses is called a physical property. For
example, you can see that water is a colorless liquid at room temperature. Color is a physical
property. So is temperature. You can measure temperature with a thermometer. The
temperature at which steel melts is another physical property. The temperature at which any
substance melts, freezes and boils are all physical properties because all can be measured
without changing a substance's chemical identity.

Malleability
and
brittleness

Copper is a relatively soft metal that is malleable which means it can be bent into a shape
without breaking. The opposite of malleable is brittle. Brittle materials like glass break
instead of bending. Copper is also ductile because it can be stretched into a thin wire without
breaking. Malleability, ductility and brittleness are examples of physical properties of solid
materials.

A physical
change can
be reversed

A physical change occurs when there is a change in the physical properties of matter.
Physical changes can be reversed without changing the chemical identity of a substance.
Examples of physical changes include bending, heating, cooling, dissolving, melting,
freezing, boiling and breaking. When solid iron melts, it undergoes a physical change from
solid iron to liquid iron. This does not change the iron into a new substance because the iron
is still iron when it is melted. Physical changes are reversible, which means they can be
changed back though physical means (not chemical). For example, changing iron from solid
to liquid and back to solid requires only a change in temperature.

Volume is a
physical
property

Volume is a physical property of matter. When water freezes, the change in volume is a
physical change. Water's mass does not change during freezing because you still have the
same number of water molecules as before, they are just arranged in a more organized
fashion. The change can easily be reversed by melting the water. Some physical changes are
easy to observe first-hand. It is easy to see when a phase change from solid to liquid happens.
Other physical changes are not as easily seen. You usually cannot directly observe the
volume and density of matter change as a result of a temperature change unless there is a
phase change.
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Thinking about physical changes
Physical
changes

How can you tell if a change is a physical change?
Fundamentally, if a compound does not turn into different
compound, then the change is physical. For example
changing the shape of a substance is usually a physical
change. Twisting, slicing and deforming are physical
changes. It also means crushing or grinding into powder is a
physical change. For example, rock salt, table salt and fine
grain salt are all made of the same chemical substance. The
only difference between them is their different crystal sizes.

Dissolving
and mixing
do not
change
identity

Mixing food color into water evenly spreads dye molecules
through the water. The dissolved dye molecules have not
changed into different molecules. This is evidence that
dissolving is a physical change. No matter how thoroughly
you mix, creating a mixture is still a physical change.
Sometimes mixtures stay dissolved until the water
evaporates from them. Other mixtures only last for a short
time. For example, you can force a temporary oil-and-water
mixture to form with a blender that looks "smooth." Under a
microscope however, you still see a heterogeneous mixture
of water and oil. The oil droplets become very small, but
each droplet still has millions of atoms. Changing the size of
the oil droplets is a physical change.

Reversible
color
changes are
physical
changes

Color can indicate physical or chemical change. A crayon
adds color to paper by shedding a layer of colored wax on
the paper's surface. The paper is still paper and the crayon is
still crayon. Coloring is a reversible physical change.
Removing color from clothes with bleach however, is
irreversible so it is not a physical change. Bleaching is a
chemical change because it causes a permanent color
change. Hair coloring can be either physical or chemical
depending on the type of color and the process used.

Drying is
usually a
physical
change

Drying is another change that can be physical or chemical.
When you dry wet clothes the water is removed from the
cloth and this is a physical change. In chemistry, “drying”
refers to the purely physical process of removing a particular
liquid from a mixture without changing any of the
molecules.

When drying
is NOT a
physical
change

Drying paint is different from drying clothing! When paint dries, the paint chemically
changes and dry paint does not become liquid again when you add water. This type of
drying is not a physical process because it is not easily reversible. For example, some
paints combine with oxygen to make new, permanently-dry molecules. This is a chemical
change and is not easily reversible.

Section 3.4: Physical and Chemical Changes

79

Chemical changes are not easily reversed
Physical
changes

A marshmallow is an edible foam made of a sugar called sucrose and other chemicals. The
chemical formula for sucrose is C12H22O11. Each sucrose molecule has 12 carbon, 22
hydrogen and 11 oxygen atoms. No matter how hard you squeeze, you cannot change the
C:H:O atom ratio in the sucrose molecules. That is why squeezing is a physical change.
Squeezing does not rearrange the atoms that make up the substance. Physical changes are
easily reversible because the substance does not change its chemical makeup.

Chemical
changes

Physical and chemical changes are fundamentally different, but they can occur together. All
of the changes that occur when you toast a marshmallow can be classified as either a
physical or chemical change. A physical change in a substance does not change what the
substance is made of. A chemical reaction occurs during a chemical change. Atoms are
rearranged to make a new substance. Energy is either given off or absorbed.

Chemical
and physical
changes can
occur
together

Roasting a marshmallow over fire changes many of its properties. Why? When you heat a
marshmallow, a physical change occurs as sugar melts. If the marshmallow begins to toast,
something new is created. The flavor, color and smell permanently change on the toasted
part because it is chemically different from the non-toasted part. Toasting is a chemical
change because it rearranges sugar molecules into different molecules with different C:H:O
ratios. When heated enough, atoms in sucrose molecules interact with water molecules in
the marshmallow. The result is new sugars with different atom arrangements called fructose
and glucose, more water vapor (H2O), and caramelin (C125H188O80). This process is known
as caramelization. A chemical change occurs when molecules change their structure. As
you can see below, the types of atoms you start with are the same as the atoms you end
with. The atoms are just arranged differently.

Matter is
conserved in
physical and
chemical
changes

The toasted part of a marshmallow has a different chemical makeup than the non-toasted
part. A chemical change starts when heat causes a water molecule to break sucrose apart
into fructose and glucose sugars. These sugars then rearrange into a larger molecule called
caramelin and water molecules. A toasted marshmallow weighs less than an non-toasted
one because some atoms leave the marshmallow when water vapor floats into the air as
steam. Matter is conserved as atoms get rearranged into new structures during the chemical
change. If you counted the number of C, H and O atoms before and after the chemical
change, they would be equal. The picture does not show all of the molecules involved
because there is not enough space to show them. Still, physical and chemical changes
always obey the law of conservation of matter.

Not easily
reversed

The marshmallow undergoes a chemical change. Carbon, hydrogen and oxygen atoms in
sucrose molecules combine with water to form caramelin and new water molecules.
Caramelin cannot revert to sucrose unless another series of chemical changes occurs.
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Chemical properties and chemical change
Chemical
properties

A property that can be observed when a substance is transformed into a different substance
is called a chemical property. When you leave something made of metal outdoors for some
time, a chemical reaction causes rust to form on the metal. Metals contain iron atoms. A
chemical property of iron is that it combines with oxygen in the air to form rust. Iron reacts
with oxygen gas and makes a new substance. Iron, Fe, is a different substance than rust,
Fe2O3. Rust has different physical and chemical properties than the iron and oxygen that
produced it. Matter is conserved because the same number of oxygen and iron atoms are
present before and after rusting. Count the number of iron and oxygen atoms on either side
of the arrow in the picture to verify matter is conserved during rusting.

Chemical
changes

When a substance changes into a different substance, a
chemical change has occurred. When iron forms rust, the
iron has chemically changed in a way that is not reversible
by physical means. For example, rusted iron will not turn
shiny again if you take oxygen away. Even if you used
sandpaper to remove rust from the nail, you cannot easily
turn the rust that is stuck on sandpaper back to solid Fe and
O2 gas. When iron is combined in the new substance, Fe2O3,
it does not have the same reactivity with oxygen as the pure element Fe does.
Fe2O3 does not react with oxygen gas. In other words, the chemical properties of elemental
Fe are different from the chemical properties of iron when it is in the compound Fe2O3. The
chemical properties of chemical formula as well as reactivity have both change as a result
of a chemical reaction.

We depend
on chemical
changes

We depend on chemical changes to create useful products or
to produce energy. On a cold day, you might burn wood in a
fireplace to warm up. Burning is a chemical change that
releases energy. Baking relies on chemical change. Dough
rises when baking soda contacts an acid and forms carbon
dioxide gas bubbles. When meat is cooked, proteins and
other substances are changed into new substances that look,
taste, and smell completely different. Bleach is a good
disinfectant because it changes bacterial cells and kills them.
Bleach removes stains because it changes the properties of
molecules that produce stains. Plastics that surround you are
all artificially created in a factory through a series of
chemical changes.
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Clues for chemical change
Chemical
change
results in
one or more
new
substances

If you are asked to judge whether a chemical change happened or not, pay close attention to
the substances involved in the change. For instance, if you are told water and salt were
changed into salt water, no chemical change occurred because the starting substances still
have the same chemical identity after the change. Water, H2O, and salt, NaCl, have the
same chemical formulas—H2O and NaCl—when they form salt water. When methane,
CH4, combines with oxygen in the air, O2, carbon dioxide and water are formed. Carbon
dioxide is CO2 and water is H2O. New substances are formed with a new molecular
composition, so a chemical change has occurred.

Identifying
chemical
change

A chemical change occurs during a chemical reaction. A chemical reaction is any process
in which one substance changes into a different substance. The ability of a substance to
undergo a chemical change and become rearranged into a different substance is called
reactivity. Reactivity also describes how easily one substance combines with another. But
how do you know when one substance changes into another if you can’t see molecules,
especially when the substances look the same before and after a chemical reaction? The
key is to make careful observations during the chemical reaction.

Chemical
change is
accompanied
by evidence

A trained eye can spot clues to distinguish a chemical change from a physical change.
Chemical reactions are always accompanied by one or more signs of chemical change. The
reaction of clear silver nitrate and solid copper is very visible. The chemical reaction
between silver nitrate and copper is written below.

2AgNO3&Xĺ&X 1O3)2 + 2Ag
clear

solid

blue

solid

The liquid changes from colorless to blue. Fuzzy crystals appear in the place where solid
copper used to be, and some crystals fall off to the bottom of the flask. The copper does not
disappear; it is rearranged. It is now part of the solution, giving it its blue color. The blue
solution is copper(II) nitrate and the crystals are solid silver. If you touch the flask, you will
notice a temperature change. It is warmer while the reaction is taking place. Once the
reaction is finished, the flask returns to room temperature.
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Signs of a chemical change
Color change

Color change is a sign of a chemical change when it cannot
be easily reversed by ordinary physical means. Permanent
hair dye chemically changes your hair, but temporary color
washes out because it only coats your hair. A tattoo is a
seemingly permanent skin color change, but tattoos only
physically change the skin. Tattoo pens work by inserting ink
below the surface of the skin. Skin remains skin, and ink
remains ink so no chemical change has occurred.

Bubble
formation

New bubbles that appear during a reaction that have a new
chemical formula signal chemical change. When solid
magnesium is added to hydrochloric acid, new hydrogen gas
is released and is visible as bubbles:

0J+&OĺH2 + MgCl2
Sometimes you see bubbles in a glass of water. These
bubbles came from air that dissolved into the water. The air
is not newly formed, so this is not a sign of chemical change.
Bubbles that you see during boiling are a newly formed gas,
however, the gas does not have a different chemical formula.
When a substance boils, the “new” gas is actually the same
substance in the gas phase. When water boils, the bubbles
are made of water vapor, gaseous H2O. That’s why boiling
is always a physical change.
Odor change

Change in odor or flavor signals chemical change. Rotten
food definitely smells and tastes different than fresh food!
Raw food also smells and tastes different than cooked food.
Cooking and rotting both produce new substances through
chemical changes. When a batch of cookies bakes in an
oven, you can easily smell the evidence of chemical change!

Precipitate
formation

When clear liquid from the flask contacts the clear liquid in
the beaker on the right, the liquid turns yellow. Did you also
notice that the yellow substance is cloudy? That’s because
the cloudy yellow substance is made of tiny solid crystals. If
two liquids form a solid on contact, a chemical reaction has
taken place. The term precipitate refers to a solid that forms
from two liquids as a result of a chemical change.

Energy
change

A chemical change always involves a change in energy.
Some chemical reactions, such as burning release energy,
causing temperature to rise. Others absorb energy, such as
the reaction in an instant ice pack, causing a temperature
drop. Glow sticks and fireworks release energy as light! The
color of the light depends on the identity of the chemicals
that are reacting.
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Energy and change
Energy is
needed to
change matter

Any change in matter requires an exchange of energy.
Think about crushing a can. The more energy you add, the
more change you will cause. You can easily put a dent in an
aluminum can, but with a little more effort, you can crush it.
If you add enough energy to heat the can to 1,221 °F or
(660.3 °C), the can will change from solid to liquid. Energy
is needed because forces at the molecular level must be
overcome to cause change.

Energy is
central to
chemistry

One obvious physical property of matter is its state of being
solid, liquid, or gas. Every substance has a temperature at
which it changes state. For example, when water absorbs
energy it turns from solid to liquid (melts) at 0 °C and from
liquid to gas (boils) at 100 °C. The interactive simulation
allows you to change the temperature and see what happens
to the atoms as they transition through the three phases.

The forces
acting
between
molecules

Chemical and physical changes happen because matter
constantly seeks the lowest possible energy arrangement.
The forces that hold particles together in solids and liquids
are called intermolecular forces (IMFs). Substances that are
solid at room temperature have slightly stronger IMFs than
substances that are liquid. Room temperature gases have
very small IMFs. That’s why gases can spread out to fit
their container. Physical phase changes involve only
intermolecular forces. When you melt a solid such as
chocolate, you are adding enough energy to partially
overcome the IMFs and allow the molecules to slide around
past each other and become liquid.

The forces
acting within
molecules

Much stronger intramolecular forces called chemical bonds
hold the atoms together within a molecule. Chemical
changes that rearrange chemical bonds involve higher
energy because intramolecular forces are so much stronger.
For example, it takes more than 100 times as much energy
to separate the hydrogen and oxygen atoms in water
molecules than it does to melt ice into liquid.

Intramolecular
forces are
involved in
chemical
changes

The graph shows the types of changes that occur in
water as you add energy to it. It takes 333 J of energy to
melt one gram of solid ice into liquid water at 0 °C.
Melting is a physical change. By comparison, it takes
51,000 J of energy to cause a chemical change and break
the intramolecular bonds in one gram of water. When
you break the chemical bonds in water, you end up with
separate hydrogen and oxygen atoms!
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Elements and compounds have physical properties that we can observe or measure, such as the phase it is in
(solid, liquid or gas), as well as temperature, malleability, ductility, density and more. A physical change is
one that changes physical properties but does not change what the substance is. Physical changes include
heating or cooling, dissolving, splitting or grinding a substance, and such changes are reversible.
A chemical change is a change in which substances are changed chemically into a different substance.
Chemical changes that occur during chemical reactions are not easily reversed. Some signs that a change is
chemical rather than physical are a permanent color change, bubble or gas formation, odor production, a
precipitate being formed, and energy being absorbed or given off. Physical changes do not affect the bonds
that hold molecules together while chemical changes alter those bonds, converting one substance into
something completely different.
Vocabulary
words

physical property, malleable, brittle, ductile, physical change, chemical change, chemical
property, chemical reaction, reactivity, precipitate, intermolecular forces, intramolecular forces

Review problems and questions
1. Classify each property as either physical or chemical.
a. conducts electricity
b. reacts
c. chemical formula
d. volume
e. mass
f. length
2. Classify each change as either a physical or chemical.
a. rearranged its formula
b. bent when pushed
c. broke when pulled
d. bubbled violently on contact
e. turned from clear to bright pink
f. boiled
3. What are the 5 signs of a chemical change you can see or measure in the lab?
4. Each of the following diagrams are marked with at least one red ‘x’. For each diagram, determine
whether the ‘x’ is pointing out an intermolecular force or an intramolecular force.
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Magical Chemical Reactions

Did you ever see a performer turn a magic wand into a bouquet of flowers, or turn a pigeon into a rabbit? Of
course this performance is a carefully constructed illusion. But, real transformations of matter happen all the
time. These transformations can be explained by science, but they are no less magical!
Would you believe it if I told you that simply by adding some energy to a small sample of matter, you can
make its volume expand to over 1000x greater than it started? It sounds like magic, but this is exactly what
happens to a sample of water when it is boiled. When you add energy to a cup of water in a pot on the stove,
those water molecules now have the ability to escape each other. They can spread out from that cup and fill
the entire room, and you don’t even have to say abracadabra!
Just like magicians seem to be able to sort and select individual items from a deck of cards, scientists can sort
and select individual substances out of a complex mixture. Instead of using sleight of hand, scientists use the
physical and chemical properties of the individual components to separate the substance. Distillation is a
process by which mixtures are separated by taking advantage of a substance’s boiling point. The simplest
example of this is distilled water. An impure water-based homogeneous mixture is heated to boiling, and the
evaporated water is cooled and condensed into a different container. Voilà. Pure water is pulled from the air,
just like an ace is pulled from the middle of a deck of cards!

Molecules can also be separated by size, or by attraction to a particular substance. This is how
chromatography works. Have you ever seen paper with black ink that gets wet? The black ink spreads out into
a rainbow of colors. This happens because some of the dyes in the ink mixture are very attracted to the water,
and other dyes in the ink are very attracted to the paper. The color of the dyes, and attraction of the dyes to
water or paper is based on the properties of the molecules that make up the dyes. Chemists can separate those
dyes even more by taking advantage of these properties—no sorting hat needed!
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Magical Chemical Reactions - 2
What if I told you there was a wand that would attract metal to itself? Does this sound like magic? Nobody
put a spell on the wand, it simply has a metal magnet on the end, and that metal is iron. Being strongly
attracted to a magnet is one of the physical properties of iron. In fact, the term for being strongly attracted to a
magnet is ferromagnetic because ferrum is Latin for iron.
Chemical changes can be even more transformative than physical changes. There is a metal that is so reactive
that it creates a fire when placed in water! It sounds like a magic trick, but it can be explained by the chemical
properties of the metal and the changes it goes through during a reaction. This metal loses electrons easily and
reacts rapidly. If it comes in contact with water, it produces hydrogen, a combustible gas. If there is enough
energy in the system, the hydrogen will combust creating a flame around the dancing piece of metal on the
surface of the water. This metal is sodium, atomic number 11 on the periodic table. In the laboratory it is
stored in a glass jar and covered with oil. The oil coats the surface of the metal so that it cannot react with any
moisture in the air.

Sodium metal can react with other substances besides water. There is a yellow greenish gas that is toxic to
ingest and hazardous to both animals and humans. This gas is chlorine, atomic number 17, and it is so
dangerous that is has been used as a weapon in war! Do you know what happens if reactive sodium metal
comes into contact with this dangerous gas? Table salt, technically called sodium chloride, is “magically”
produced! When combined, these two toxic substances react to form something that is not only safe, but is
also necessary. The body needs sodium chloride for maintaining the correct concentrations of fluids in your
tissues, transmitting nerve signals, and helping muscles contract.
Matter is amazingly diverse, and the physical and chemical changes that matter can undergo appear to be
magical, but it can all be explained by science.
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Vocabulary

Vocabulary

Match each word to the sentence where it best fits.

Match each word to the sentence where it best fits.

Section 3.1

Section 3.3

atomic mass
element
group
period
scale
trace elements

atomic number (Z)
element symbol
macronutrients
periodic table
trace amount

distillation
heterogeneous mixture
mixture
solution

distilled water
homogeneous mixture
pure substance
tap water

15. Water that has been boiled into steam and condensed back
into liquid again is called ______.

1. A unit of measure that shows a particular amount of detail
is called a(n) _____.
2. The _____ shows how many protons are in the nucleus.
3. A horizontal row of the periodic table is called a(n)
_____.
4. A(n) _____ is a vertical column on the periodic table.

16. _____ is a process used to purify water.
17. Another word for a homogeneous mixture is a(n) _____.
18. A(n) _____ contains an irregular distribution of particles.
19. Since _____ contains dissolved minerals, it is actually a
solution.

5. K is the ______ for potassium.

20. A sample containing only one kind of atom or compound
is classified as a(n) _____.

6. _____ are elements that are needed by living organisms
which are obtained from food.

21. A(n) _____ is matter that can be separated by physical
means into more than one pure substance.

7. Even though tiny amounts are present in living organisms,
too much of many of the _____ can be deadly.

22. A(n) _____ contains more than one substance but is
uniformly mixed at the molecular level.

8. A(n) _____ of almost every element on the periodic table
can be found in our bodies.
9. A(n) _____ is a substance that cannot be broken down
through chemical means into simpler substances.
10. The _____ organizes the elements into rows and columns.
11. The _____ is an average mass of an atom's protons and
neutrons.

Section 3.2
chemical formula
isomers

compound

Section 3.4
brittle
chemical property
ductile
intramolecular forces
physical change
precipitate

chemical change
chemical reaction
intermolecular forces
malleable
physical property
reactivity

23. A(n) _____ is the process by which a chemical change
occurs.
24. A(n) _____ can be determined directly from the substance.

12. While a(n) _____ shows the ratio of the different elements
in a compound, it does not show how the individual atoms
are connected.
13. Two or more different elements bound together
chemically form a(n) _____.
14. ______ are compounds that have the same chemical
formula but different structures.

25. The molecules of the substance do not change during a(n)
_____.
26. Chemical bonds are broken and reformed to create new
substances during a(n) _____.
27. The forces between molecules are called _____.
28. A(n) ____ substance can be pulled and stretched without
breaking.
29. _____ are the forces between atoms within a molecule.
30. A(n) _____ is an insoluble compound that forms from a
reacting solution.
31. ______ describes how easily one substance combines with
another.
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brittle
chemical property
ductile
intramolecular forces
physical change
precipitate

chemical change
chemical reaction
intermolecular forces
malleable
physical property
reactivity

47.

What is the most useful number for identifying an
element on the periodic table? Defend your choice.

48.

What is the most abundant element in Earth's crust?
What type of compounds in the crust is it found in?

49.

What neutral atom has 35 electrons?

50.

What element has 43 protons?

51.

What element has an atomic mass of 44.956 amu?

52.
33. Glass is ______ because it breaks instead of bending.
34. A(n) _____ substance is one that can be flattened and
pressed without breaking.

a. iodine
b. xenon
c. copper
d. barium

35. The ability to react with water is an example of a(n)
_____.

Conceptual questions

53.

Section 3.1
36.

Would you expect phosphorous to be a good conductor
of electricity? Why or why not?

37.

The Big Bang theory explains the formation of the
universe. Go online to identify at least two elements that
were not created in any substantial amount in the at the
beginning of the universe.

54.

41.

42.
43.

55.

Research the Big Bang theory online. In your own
words, briefly describe how elements heavier than lithium
were formed.

56.

46.

The average human body contains 4 × 1028 atoms.
4 × 1023 of them are copper - the same as the copper in
wires. Why is copper considered a trace element even
though there are 400 trillion, billion copper atoms in the
average body?
Mercury thermometers, once common in science
classrooms, have been largely replaced due to safety
concerns. The “fire diamond” and the global
harmonization system (GHS) are two methods used to
label a mercury hazard. Locate and reproduce images of
both labels and evaluate their relative strengths and
weaknesses.

Section 3.6: Chapter Review

Use the periodic table to determine the following
quantities for the element silver:
a. group number
b. period number
c. element symbol
d. number of protons

44. How would you find out how many electrons are in a
particular type of neutral element?
45.

For the neutral element nitrogen, use the periodic table
to determine the following quantities:
a. number of protons
b. group number
c. period number
d. number of electrons

What is the role of trace elements in your body?
Even though multivitamins can help provide you with
necessary trace elements, why would it not be good to take
too many multivitamins at one time?

Determine the following properties for the element
argon by using a periodic table.
a. group number
b. atomic mass
c. period number
d. number of protons

39. What does it mean for an atom to be electrically neutral?
Explain the different characteristics of metals, nonmetals
and metalloids on the periodic table.

Determine the following properties for the element zinc
by using a periodic table.
a. group number
b. period number
c. number of protons
d. atomic mass

38. The universe is mostly composed of which element?

40.

For each of the following elements give a different
element that has similar characteristics and explain why
they are similar:

57.

Choose a vitamin to research. Read at least 2 articles,
one written by a scientist and one posted on a healthrelated website.
a. Write a 1-page summary of your research. Cite your
sources according to your teacher's directions.
b. Does this vitamin improve health? If so, how?
Present arguments made by both authors.
c. Share evidence each author used to back up their
statement.
d. Comment on the reliability of each source.
e. Do not use direct quotes. Your 1-page paper must
be in your own words.
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58.

Identify the element that has 22 protons in its nucleus.

59.

Use the periodic table to determine how many electrons
are in a neutral cesium atom.

Section 3.2

67. What is the chemical formula of sodium sulfate, a
compound with two sodium atoms, one sulfur atom, and
four oxygen atoms?
68. If you wanted to represent a molecule that showed how
atoms are connected to each other, but you do not care
about how the atoms are arranged in space, which model
is best?
69.

What are the two things that result in a compound’s
chemical and physical properties?

70.

How can two compounds with the same chemical
formula have different chemical and physical properties?

71. What is the difference between an atom and a compound?

60. For the molecule in the above picture:

72. Which type of model is the simplest representation of a
molecule?

a. Write the chemical formula of the compound.

73.

Is N2 an element or a compound? Explain your answer.

b. Which type of model is being used to represent the
molecule?

74.

Lactic acid is found in milk. This compound has 3
carbons, 6 hydrogens, and 3 oxygens. Write the chemical
formula for lactic acid.

Section 3.3
75. What is the difference between a heterogeneous mixture
and a homogeneous one?
76.

Classify each of the following as either a pure
substance or mixture. Reference a periodic table if
necessary.
a. granite, a type of rock
b. neon gas

61. What is the chemical formula for the molecule above?
62. For the compound sodium bicarbonate, NaHCO3:

c. benzene (C6H6)
77.

a. Write the names of each element in the compound.
b. How many atoms of each element are in the
compound?

a. air sample
b. distilled water

63. For the compound ammonium acetate, NH4CH3CO2:

c. fruit juice

a. Write the names of each element in the compound.
b. How many atoms of each element are in the
compound?

78.

64. An unknown compound has a chemical formula of
C8H16O3:
a. Write the names of each element in the compound.

b. sodium

b. How many atoms of each element are in the
compound?

c. sugar water
79.

Further classify each substance in question 76 as an
element, compound, homogeneous mixture, or
heterogeneous mixture.

80.

Further classify each substance in question 77 as an
element, compound, homogeneous mixture, or
heterogeneous mixture.

81.

Further classify each substance in question 78 as an
element, compound, homogeneous mixture, or
heterogeneous mixture.

a. Write the names of each element in the compound.
b. How many atoms of each element are in the
compound?
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Classify each of the following as either a pure
substance or mixture. Reference a periodic table if
necessary.
a. tap water

65. Aluminum oxide has a chemical formula of Al2O3:

66.

Classify each of the following as either a pure
substance or mixture. Reference a periodic table if
necessary.

Which atomic particle is responsible for chemical
bonds?
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82.

83.

90.

Give two different examples of how a homogeneous
mixture can be physically separated in a lab setting, and
two different examples of how a heterogeneous mixture
can be physically separated in a lab.

Decide if the following phenomena are chemical or
physical changes:
a. fruit growing
b. condensation
c. molten iron solidifies

Describe one difference between solid sugar and sugar
dissolved in water in two or more sentences.

91.

Decide if the following breakfast time events are
chemical or physical changes:
a. frying an egg

84.

Research the tap water near your home or school. See
if you can determine the following information.

b. the egg cools down

a. List the concentrations of any dissolved minerals
such as calcium, or sodium.

d. the egg is digested

c. chewing the egg

b. Does the water contain fluoride and if so, how
much?

92.

Intramolecular and intermolecular forces are different in
what ways? Use a drawing to support your answer.

c. How often is the water tested?

93.

An unbroken glow stick has a mass of 80 g. When you
bend it, a glass vial inside the glow stick breaks open and
releases a chemical that mixes with the surrounding liquid.

d. What is the source of the water? Well? Reservoir?

a. Which sign(s) of a chemical change do you to see as
a result of the reaction ?

Section 3.4
85.
86.
87.

88.

Are physical changes reversible? Why or why not?
For what reason are chemical changes difficult to
reverse?

b. What is the mass of the glow stick once the reaction
is over? Explain your answer.
94.

Provide your own example of a change that is not easy
to reverse. Classify this change as either chemical or
physical.
Provide your own example of a change that is easy to
reverse. Classify this change as either chemical or
physical.

Are each of the following observations chemical or
physical properties?
a. the substance boils at -75 °C
b. the substance corrodes with acid
c. the substance rusts with moisture

95.

Are each of the following observations chemical or
physical properties?
a. the substance is transparent
b. the substance does not react with bases
c. the substance is light blue

96.

A compound is observed to have the following
properties. Designate each one as either chemical or
physical.
a. brittle
b. ignites at 225 °C

89. You are trying to determine whether or not a certain
compound will react with water. After you mix the
compound in water, what signs will look you for to see if a
chemical change took place?

Section 3.6: Chapter Review

c. is at room temperature
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