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Families of Elements

VESTIGA

Students compare physical and chemical properties of 13 elements and sort them
into groups based on common properties. They then compare their classifications
with groups—or families—of elements as defined by scientists and displayed in the
Periodic Table of the Elements.

KEY CONCEPTS AND PROCESS SKILLS
(with correlation to NSE 5–8 Content Standards)
1.

Elements have characteristic physical and chemical properties. Substances often
are placed in categories or groups if they react in similar ways; metals are an
example of such a group. (PhysSci: 1)

2.

Scientists classify elements into families, based on their properties. (PhysSci: 1)

3.

Students develop descriptions based on evidence. (Inquiry: 1)

KEY VOCABULARY
atom
atomic mass
element
family (of elements)
metal
Periodic Table of the Elements
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Activity 15 • Families of Elements

MATERIALS AND ADVANCE PREPARATION
For the teacher
aluminum, iron, copper, and carbon samples from Activity 14,
“Physical and Chemical Properties of Materials”

*

1

Transparency 15.1, “Information on Element Cards”

8

sets of 4 Element Family Cards

1

transparency of Student Sheet 16.1, “Periodic Table of the
Elements”

1

overhead projector

*

various samples of elements, such as sulfur, silver, and tin (optional)
1

Scoring Guide: UNDERSTANDING CONCEPTS (UC) and/or

1

Scoring Guide: GROUP INTERACTION (GI)

For each group of four students
*

1

set of 14 Element Cards

4

half-sheets of paper of various colors

*

chart paper (optional)

*

markers (optional)

For each student
1

copy of Scoring Guide: UNDERSTANDING CONCEPTS (UC) (optional)

1

copy of Scoring Guide: GROUP INTERACTION (GI) (optional)

1

copy of Group Interaction Student Sheet 2, “Developing
Communication Skills”
*Not supplied in kit

You may wish to collect samples of elements such as sulfur, silver, and tin for display in
Teaching Suggestion 1.
Prepare the half-sheets of paper. Students will place the Element Cards on these in
Teaching Suggestion 2 as they group them according to physical and chemical properties. In Teaching Suggestion 2, consider asking groups to write their sorts on chart
paper for display around the classroom.
Group Interaction Sheets are in Teacher Resources II: Diverse Learners. Masters for
Scoring Guides are in Teacher Resources III: Assessment.
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TEACHING SUMMARY
Getting Started
1.

Introduce elements as the building blocks of matter.

Doing the Activity
2.

(GI ASSESSMENT) Students sort elements based on characteristic physical and
chemical properties.

Follow-Up
3.

Introduce the the Periodic Table of the Elements.

4.

(UC ASSESSMENT) Students compare classification systems and examine the
periodic table.if this works)

BACKGROUND INFORMATION
Properties of the Elements
The Element Cards contain information about fourteen of the more simple elements
(lowest atomic number and weight) from four columns on the periodic table. The
properties chosen for the element cards are both physical and chemical. Atomic numbers are not included because this property of the elements, which depends on the
number of protons in an atom of the element, was not known to the Russian scientist
Dmitri Mendeleev when he grouped the elements to create the first periodic table.
Were this information included on the cards, students would be likely to use it to sort
the elements, rather than looking at the other properties. Students can usually best
conceptualize the significance of the atomic number when they are introduced to the
subatomic particles in the atom at the high school level.
Atomic mass is a physical property, but it is difficult for students to understand the
idea of a particle of such small mass. The atomic masses given on the periodic table
are relative masses based on the mass of carbon 12, which is defined as exactly 12.00.
The atomic masses on the periodic table also take into account the abundance of different isotopes of an element. Isotopes have various numbers of neutrons, and are not
discussed in the student materials. The atomic masses given on the Element Cards are
the most common isotopes rounded to the nearest whole number. These are technically called mass numbers.
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TEACHING SUGGESTIONS
GETTING STARTED
1.

Introduce elements as the building blocks
of matter.

Remind students that in the last activity, they
grouped materials and sorted them into categories
based on their properties. Tell them that efforts of
scientists and philosophers to classify matter go far
back in history. More than 2,000 years ago, the
Greeks introduced the idea that there were some
basic building blocks of matter, called elements.
Today‘s scientists know that there are 90 naturally
occurring elements—substances that cannot be broken down by any normal chemical means, such as
heating, reacting them with acids or other chemicals, or exposing them to electrical currents. Each
visible sample of an element is made of many billions of small particles called atoms. Introduce the
idea that each kind of element is made of a particular kind of atom. One way in which the atoms vary
is in their mass. Students will learn more about
atoms in Activities 16–19.
Display the aluminum, iron, copper, and carbon
samples from Activity 14, “Physical and Chemical
Properties of Substances.” Tell students that, of the
materials they tested in Activity 14, these four are
elements. In fact, they were among some of the first
elements early scientists identified. You may wish to
display any other element samples you have.
Tell students that in this activity, they will view data
on 14 elements and investigate how these can be
divided into subgroups based on their properties.

DOING THE ACTIVIT Y
2.

(GI ASSESSMENT) Students sort elements
based on characteristic physical and
chemical properties.

Have students read the introduction and Challenge. Review the definition of an element, a substance that cannot be broken down into simpler
substances by heating it or causing it to react with
other chemicals. Project Transparency 15.1, “Information on Element Cards,” and explain the infor-
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mation shown on each card. If necessary review the
distinction between chemical and physical properties, as both are included on the Element Cards. Distribute the Element Cards.
Make sure students understand that each card
begins with the one- or two-letter symbol for each
element and its name. Next come two physical
properties: whether the element is metal or nonmetal, and is a solid, liquid, or gas at room temperature. The next line tells the color of the most
common form(s) of the element. The atomic mass
refers to the mass of one atom (the smallest bit of
each element) as based on hydrogen, which has the
lightest atom of all the elements. Hydrogen’s
atomic mass is 1, and the masses of the other atoms
are expressed as multiples of the mass of hydrogen.
To further explain the concept of atomic mass, tell
students that scientists have been able to figure out
the mass of each type of atom, even though they
can’t weigh them directly. Point out that there are
no units given on the cards: atomic masses are
given in relative units called atomic mass units
(amu). This is because atoms are so extremely
small that it doesn’t make sense to express their
masses in grams, or even milligrams or micrograms.
The last two lines refer to chemical properties. Reactivity refers to how likely the element is to interact
chemically, or react, with other elements. Students
may know, for example, that pure oxygen is very
reactive, so its reactivity is listed as high. The last
line shows the number of bonds to hydrogen. The
reason for using the formula with hydrogen on the
cards, rather than some other element, is that it is
the simplest element and can only make one bond.
Students are likely to know that oxygen and hydrogen are the elements in water: H2O. This formula is
based on the fact that oxygen bonds to two hydrogens, as noted on the oxygen Element Card.
Distribute the element cards. Have student groups
complete the Procedure. Before they begin working,
consider incorporating some of the sentence
starters from Group Interaction Student Sheet 2,
“Developing Communication Skills.” Encourage

Families of Elements • Activity 15
them to use these as they work. Consider providing
feedback on student work using the GROUP INTERACTION (GI) Scoring Guide. Groups should work
together to organize the various Element Cards and
record the groupings they have formed. Their goal
is to form at least three categories, with two similar
characteristics within each. Most importantly, students should record the characteristics they chose
for forming each of the categories. If students are
having problems, suggest that they choose only one
criterion to begin their sorting, but allow them to
work as independently as possible. Students are
likely to sort the elements based on the number of
bonds each forms with hydrogen, the state at room
temperature, and the element’s reactivity.
For Procedure Step 5, hold a brief class discussion
about how students classified the elements. Allow
members of each group to briefly show their system
and describe the choices they made. You could also
provide chart paper and markers for students to display their systems. Highlight the similarities and
differences between the systems that the student
groups used by listing them on the board or overhead.
n Teacher’s Note: Students are likely to group

hydrogen with the Halogen Family of Elements
based on the physical and chemical properties of
hydrogen shown on its element card. This is a reasonable classification with the information they are
provided. Scientists also incorporate information
about valence electrons when grouping elements.
For this reason hydrogen is placed on top of Group 1
because it has one valence electron in an s orbital,
similar to the other elements of Group 1. This information is beyond the scope of this activity, but will
become apparent when students see the Periodic
Table of Elements in Teaching Step 3.
Do not hand out the sets of Element Family Cards to
each group until Procedure Step 6. Explain that scientists look for patterns in their observations and
use the same data students used plus additional
data to categorize the elements into groups called
families. Students have investigated elements in
four families, and now they will compare their clas-

sification schemes to scientists’ schemes. (Note that
the four family names are not included as key
vocabulary. Students will use them in this activity,
but are not expected to memorize them unless that
is a local or state requirement.) The activity stresses
that there are families of elements and that they
are based on chemical and physical properties.
Before students begin this step, it may be helpful to
review with them the names and characteristics of
each family shown on the Element Family Cards.
Then hand out the Element Family Cards to each
group.

FOLLOW-UP
3.

Introduce the Periodic Table of the
Elements.

Make sure students understand that the cards show
only 14 of the more than 100 known elements. Tell
them that scientists have taken a similar approach
to classify and organize all of the elements onto a
table called the Periodic Table of the Elements.
Explain to students that the categories for the Element Family Cards are four of the accepted scientific classifications. Display the transparency of
Student Sheet 16.1, “Periodic Table of the Elements,”
and point out the four families (alkali metals, alkaline earth metals, halogens, and noble gases)
included in this activity. You may want to tell students that the term noble gases refers to the fact
that these elements only very rarely react, or “associate,” with other elements. They were once called
inert gases, but this name was discarded because
they do react under some circumstances.
Lead students to notice that the periodic table
organizes a large number of elements into columns
and rows and provides atomic numbers and atomic
masses for each. Do not go into too much detail
now; the next activity provides more information
about the periodic table.
Emphasize the importance of systems for classification and organization, such as the periodic table.
They allow scientists to organize and make sense of
vast amounts of data. They also allow scientists
from all over the world to communicate with each
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other and exchange information in a common scientific vocabulary. As scientists gather more data, a
classification system will develop further. This has
happened with the periodic table: as new elements
have been discovered, new rows have been added
and other modifications have been made.

SUGGESTED ANSWERS TO QUESTIONS
1. Which of the properties listed on the Element Cards
are:
a. physical properties?
The color, atomic mass, whether the subSample responses removed
stance is a metal or nonmetal, and whether it
for preview
is solid, liquid, or gas are physical properties.

Discuss some of the additional properties shown on
the Element Family Cards. These include the physical properties of density and melting point and specific examples of chemical reactivity, such as the
vigorous reactions of alkali metals with water. Students can refer to these properties to characterize
elements.
Prompt students to compare their sorts with the
Periodic Table of Elements shown on the transparency of Student Sheet 16.1. Ask them to identify
similarities between their sorts and the accepted
convention of sorting the elements as shown in the
Periodic Table.

b. chemical properties?
The substance’s reactivity and number of
bonds with hydrogen are chemical properties because they involve reactions with other
substances.
2.

Answers will vary, and should be based on students’ recognition of differences between their
systems and the system provided on the Element
Family Cards. For example, students may have
put all gases together, divided the materials into
only two groups (metals and nonmetals), or put
the alkaline earth metals with the halogens
because both groups bond with one hydrogen.

4. (UC ASSESSMENT) Students compare
classification systems and examine the
periodic table.
You may score Analysis Question 5 with the UNDERSTANDING CONCEPTS (UC) Scoring Guide to assess
whether students understand the main idea of the
activity. Here students must apply the characteristics of a family to an additional element—strontium. This element is in the same family as calcium
and magnesium, so students should predict that it
is likely to be a solid, silvery white metal that makes
two bonds with hydrogen. Its reactivity is likely to
be very high, since it is closer to calcium than magnesium. Students who look closely should predict a
mass greater than 80, since they would see that the
element will come after bromine, which has a mass
of 80.
Analysis Question 5 focuses on the characteristics of
the families. Review with your students your expectations for their responses, and let them know that
you will use the UC Scoring Guide to give them feedback. If appropriate, distribute copies of the UC
Scoring Guide to students. For more information
about scoring guides, see Teacher Resources III:
Assessment.
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How did your first classification system
compare to the second classification with
the Element Family Cards?

3.

In what ways could grouping elements
help scientists understand their properties?
Grouping elements into families helps scientists
because they can remember the properties of a
few families, rather than for each separate element, and because it helps them to organize a
large amount of data. They can then look for
comparisons within and between groups.

4. Use the table of elements you constructed to find the
family or families of elements that are:
a. not usually reactive. noble gases
b. highly reactive.

alkali metals, halogens
(alkaline earth metals
are also acceptable)

c. all metals.

alkali metals and alkaline
earth metals

d. all solids.

alkali metals and alkaline
earth metals

e. all gases.

noble gases

Families of Elements • Activity 15
5.

(UC ASSESSMENT) The element strontium (Sr) is
below calcium (Ca) in Column 2 on the periodic
table. Design an Element Card that shows the properties you predict for strontium.
Sr
Strontium
metal
solid
silvery white
Atomic mass: over 80
reactivity: high
# of bonds to hydrogen: 2
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Information on Element Cards

Element symbol
Element name

Physical characteristics

Hydrogen
non-metal
gas
colorless
Atomic mass: 1
Reactivity: high
Number of bonds to hydrogen: 1

©2015 The Regents of the University of California

Chemical characteristics

H

Issues and Physical Science • Transparency 15.1
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TEACHER RESOURCES • ASSESSMENT III

4. UNDERSTANDING CONCEPTS (UC)
What to look for:
• Student’s response identifies and describes scientific concepts relevant to a particular
problem or issue.

Scoring Guide
LEVEL

DESCRIPTION

Level 4
Above and beyond

Student accomplishes Level 3 AND goes beyond
in some significant way, such as:
• using relevant information not provided in
class to elaborate on your responsee.
• using a diagram to clarify scientific concepts.
• relating the response to other scientific
concepts.

Level 3
Complete and
correct

Student accurately and completely explains or
uses relevant scientific concepts.

Level 2
Almost there

Student explains or uses scientific concepts
BUT has some omissions or errors.

Level 1
On your way

Student incorrectly explains or uses scientific
concepts.

Level 0

Student’s response is missing, illegible, or
irrelevant.

X

Student had no opportunity to respond.

123

ISSUES AND PHYSICAL SCIENCE

9. GROUP INTERACTION (GI)
What to look for:
• Group members work together as a team and the ideas of all members were valued
and weighed in working toward the common goal.

Scoring Guide
LEVEL

DESCRIPTION

Level 4
Above and beyond

Group members accomplish Level 3 and go
beyond in some significant way, such as:
• actively asking questions about each others’
ideas.
• actively helping each other accomplish the
task.
• building on each other’s ideas.

Level 3
Complete and
correct

All group members participate and respectfully
consider each others’ ideas.

Level 2
Almost there

Unequal group participation
OR group respectfully considered some, but not
all, ideas.

Level 1
On your way

Significantly unequal group participation
OR group totally disregarded some members’
comments and ideas.

Level 0

Members do not work together
OR single individual does entire task.

X

Student had no opportunity to respond.

126

NAME _ ___________________________________________________________________________________

DATE___________________________

Developing Communication Skills
SENTENCE STARTERS

To better understand

One point that was not clear to me was . . .
Are you saying that . . .
Can you please clarify . . .

To share an idea

Another idea is to . . .
What if we tried . . .
I have an idea. We could try . . .

To disagree

I see your point, but what about . . .
Another way of looking at it is . . .
I’m still not convinced that . . .

To challenge

How did you reach the conclusion that . . .
What makes you think that . . .
How does it explain . . .

To look for feedback

What would help me improve . . .
Does it make sense, what I said about . . .

To provide positive feedback

One strength of your idea is . . .
Your idea is good because . . .

To provide constructive
feedback

The argument would be stronger if . . .
Another way to do it would be . . .
What if you said it like this . . .

©2015 The Regents of the University of California

COMMUNICATING

ISSUES AND PHYSICAL SCIENCE

GROUP INTERACTION STUDENT SHEET 2
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Elements and the Periodic Table

ACTIVITY OVERVIEW

READI

N

Students read about the history and organization of the Periodic Table of the Elements and are introduced to the difference between elements and compounds. The
reading also introduces atoms, molecules, and chemical formulas. Students use the
Stopping to Think literacy strategy while reading to improve their reading comprehension.

KEY CONCEPTS AND PROCESS SKILLS
(with correlation to NSE 5–8 Content Standards)
1.

Elements do not break down under ordinary laboratory reactions involving such
treatments as heating, exposure to electrical current, or reaction with acids.
(PhysSci: 1)

2.

There are more than 115 chemical elements that combine in a multitude of ways
to produce compounds. (PhysSci: 1)

3.

Elements combine with each other in characteristic ways to form new substances
(compounds) with different characteristic properties. (PhysSci: 1)

4.

Substances are often placed in categories or groups if they have similar properties. Metals are an example of such a group. (PhysSci: 1)

5.

Scientists communicate their findings and build on each other’s work. (HistSci: 2, 3)

6.

Studying Mendeleev provides insights into scientific inquiry and the nature of
science. (HistSci: 3)

KEY VOCABULARY
atom
atomic mass
chemical formula
compound
element
family
molecule
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Activity 16 • Elements and the Periodic Table

MATERIALS AND ADVANCE PREPARATION
For the teacher

*

1

transparency of Student Sheet 16.1, “Periodic Table of the
Elements”

4

different colored transparency markers (optional)

For each group of four students
1

set of 4 Element Family Cards (optional for Getting Started review)

For each student
1

Student Sheet 16.1, “Periodic Table of the Elements”
*Not supplied in kit

TEACHING SUMMARY
Getting Started
1.

Review element families and the Periodic Table of the Elements.

Doing the Activity
2.

(LITERACY) Students read the text and answer Stopping to Think questions.

Follow-Up
3.

(UC ASSESSMENT) The class applies concepts from the reading to their use of the
periodic table and chemical formulas.

BACKGROUND INFORMATION
The Elements
Elements 1 (hydrogen) through 92 (uranium) are generally referred to as the natural
elements, although two of these elements—43 (technetium) and 84 (polonium)—are
not actually found naturally on earth. Elements 43, 84, and all elements beyond 92
are referred to as artificial, or synthetic, elements. They have been produced through
nuclear reactions in laboratory settings. Since nuclear reactions are generally a part
of high school science curriculum, this course focuses on the 90 natural elements that
are the building blocks for matter on earth. At the time of this writing, elements 93
through 111 have been verified by the International Union of Pure and Applied
Chemistry (IUPAC) and named by the laboratories that first synthesized them. Evidence for the synthesis of elements 112, 113, 114, 115, 116, and 118 has also been
reported, and it is expected that most or all of these will eventually be verified by
IUPAC. Since the status of these elements makes it difficult to give an exact number,
we indicate in the student materials that more than 115 elements are known. Recent
versions of the periodic table differ slightly depending on what reports of elements
they choose to accept. Although additional elements may be synthesized in nuclear
laboratories, the basic number of elements found naturally stays the same.
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When two or more elements are held together by chemical forces, or bonds, they form
a compound. These bonds can be ionic, which occurs when electrons are transferred
from one atom to another, or covalent, which occurs when atoms share electrons.
Compounds have none of the characteristics of the original elements. Hydrogen (H)
for example is a colorless, odorless gas that is very light and highly explosive when it
meets air, and oxygen (O) is also a clear, colorless gas that is very flammable. However, when these two elements bond and form a molecule, that compound is a nonflammable liquid—water (H2O). Water illustrates another defining characteristic of
compounds: the elements in a compound are in a fixed ratio. In water this ratio is 2
hydrogens to 1 oxygen, as expressed in the formula H2O. Water cannot be separated
into hydrogen and oxygen by physical methods—only a chemical reaction can separate it.
Mixtures are combinations of two or more substances (elements and/or compounds)
that are held together by physical forces. They can be separated by physical methods,
such as filtering or evaporation. A solution of solids in water, for example, is a mixture. In a saltwater solution, the water can be evaporated, leaving the salt. The ratio
of substances in a mixture can vary greatly because they are not chemically bonded
and can combine in various proportions.
n Teacher’s Note: This activity continues a discussion on the nature of elements,

atoms, compounds, molecules, and mixtures to build students’ understanding of the
Particulate Theory of Matter. Understand that the treatment of these topics in this
unit is very basic and does not explore ions and subatomic particles. This will be take
place in greater detail in Unit C, “Water,” of Issues and Physical Science.
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TEACHING SUGGESTIONS
GETTING STARTED
1.

Review element families and the Periodic
Table of the Elements.

Review the four chemical families that
students explored in Activity 15, “Families of Elements.” To each group, pass
out a set of Element Family cards used in Activity 15.
Help students locate each of the families on Student
Sheet 16.1, “Periodic Table of the Elements.” You
might also outline each of the four families – alkaline metals, alkaline earth metals, halogens, noble
gases – using different colored transparency markers on a transparency of Student Sheet 16.1. To
review the properties of each group prompt students with such questions as, Of the four families
you investigated, which two seem the most alike?
Which one seems most different from the others?
What kinds of properties can you use to distinguish
groups of elements? Also review some of the properties used to categorize the elements: such physical
properties as their color, whether they are metals or
not, whether they are solid, liquid, or gas at room
temperature; and such chemical properties as their
reactivity and the number of bonds they form with
hydrogen.
Point out to students that although color is not a
characteristic of such mixtures as plastic products,
which can have coloring agents added, color is a
characteristic of pure elements, such as the characteristic yellow of sulfur or the characteristic colors of
copper and gold.
Have students read the introduction and Challenge. Review, as introduced in Activity 15, “Families of Elements,” the fact that everything on earth
is made of elements, either in pure form or in chemical combinations of the elements, which are called
compounds. Also reiterate that all elements are
made of smaller particles, or bits of matter. The
smallest particle that is characteristic of an element
is an atom.
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DOING THE ACTIVIT Y
2.

(LITERACY) Students read the text and
answer Stopping to Think questions.

This activity is supported by a Directed Activities
Related to Text (DART) strategy called Stopping to
Think. The Stopping to Think questions prompt students to think about what they are reading and in
some cases to apply what they have read. These
questions do not require a written response, and are
different from the Analysis Questions found at the
end of the activity. Stopping to Think questions are
intended to focus students’ attention on important
ideas in the text as they read. They may require students to identify the main idea of a previous paragraph or to synthesize ideas presented in two or
more preceding paragraphs. Sample responses to
the questions are listed below. For more information on this strategy, see the Literacy section of
Teacher Resources II: Diverse Learners.
Stopping to Think 1
In what way were the ancient Greek philosophers right
about elements?
The early Greeks were
rightresponses
in that they
thought
Sample
removed
everything was made
of elements.
for preview
In what way were the ancient Greek philosophers
wrong?
They thought the elements were earth, air,
water, and fire.
Stopping to Think 2
How did Mendeleev build on other scientists’ work?
He analyzed the data other scientists collected
about the properties of the 63 elements that
were known at the time.
How did other scientists build on Mendeleev’s work?
They predicted and found other elements based
on the periodic table and revised the arrangement of the table to fit new discoveries. Scientists
still use the table first arranged by Mendeleev to
predict the properties and existence of newly
created elements.

Elements and the Periodic Table • Activity 16
Stopping to Think 3
Use the Periodic Table of the Elements on the next page
to decide whether each of the following is a metal or
nonmetal: lithium (Li), carbon (C), sulfur (S), calcium
(Ca), titanium (Ti), and bromine (Br).
Li, metal; C, nonmetal; S, nonmetal; Ca, metal;
Ti, metal; Br, nonmetal
Stopping to Think 4
Find magnesium on the periodic table.
What is magnesium’s chemical symbol?
Mg
What family does magnesium belong to?
Group 2, alkaline earth metals.
Is magnesium a solid, a liquid, or a gas?
A solid
Based on its family, would you expect magnesium to be
very reactive, somewhat reactive, or not reactive at all?
Very reactive since it is in the alkaline earth
metal family.
Stopping to Think 5
What are two ways that compounds are different from
the elements that form them?
First, elements are made of one kind of atom,
while compounds are made of molecules that
contain more than one kind of atom. Second,
compounds have different chemical and physical properties from the elements that make
them.
Stopping to Think 6
The chemical formula for baking soda is NaHCO3.
What elements are in baking soda? How many of each
type of atom is represented by the formula for baking
soda?

FOLLOW-UP
3.

(UC ASSESSMENT) The class applies concepts
from the reading to use of the periodic
table and chemical formulas.

Begin by discussing what students have learned
about the organization of the periodic table. Review
the symbols and key for the periodic table in the
Student Book. Refer students to Student Sheet 16.1,
“Periodic Table of the Elements.” Stress that groups
of similar elements are often found in columns in
the periodic table, and that these comprise families
in that their physical and chemical properties are
similar. The Periodic Table of the Elements is be
helpful in that it helps to us predict or categorize an
element’s properties based on its position on the
table. Review the changes that take place as you go
from left to right across the table, from metals to
nonmetals.
It is key that students understand that the Periodic
Table of Elements is a reference tool used to describe
and help understand elements and interactions
with each other. To this end, analysis Question 2
emphasizes the difference in properties of the compound NaCl (table salt) from its constituent elements, sodium and chlorine. Explain that it is often
the case that compounds are not at all like the elements that make them. For example, sugar contains: carbon, the solid that forms coal and
diamonds; oxygen, necessary for human respiration; and hydrogen, an explosive odorless gas. Yet
sugar is a white, crystalline, edible solid. Analysis
Question 3 lets students apply information from the
reading—that water and salt are compounds—to
conclude that seawater must be a mixture.

3Analysis Question 4 is an opportunity to check
students’ understanding of the
between an atom and a molecule.

relationship

Baking soda contains 1 sodium, 1 hydrogen, 1
carbon, and 3 oxygens.
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SUGGESTED ANSWERS TO QUESTIONS
1.

Make a copy the table below into your
science notebook. Use the Periodic Table of
Elements to find out which atoms make up a molecule for each of the substances listed. The first row
has been completed for you.
Chemical Formulas of Common Substances

Substance

Chemical
formula

Atoms that make
up the molecule

Water

H2O

2 hydrogen atoms
1 oxygen atom

Hydrogen

H2O2

2 hydrogen atoms
2 oxygen atoms

Carbon
dioxide

CO2

1 carbon atom
2 oxygen atoms

Sucrose
(table
sugar)

C12H22O11

12 carbon atoms
22 hydrogen atoms
11 oxygen atoms

Alanine (an
amino acid)

C3H7O2N

3 carbon atoms
7 hydrogen atoms
2 oxygen atoms
1 nitrogen atom

Oleic acid
(a fat)

C12H24O2

12 carbon atoms
24 hydrogen atoms
2 oxygen atoms

peroxide

2. Sodium is a metallic solid, and chlorine is a poisonous yellow-green gas. Sodium and chlorine react to
form sodium chloride, which is common table salt.
a. Is table salt an element or a compound? Explain.
It is a compound, because it contains more
than one element.
b. Describe the physical properties of table salt.
It is a white solid that you can eat.
c. How do the properties of table salt compare with
those of sodium and chlorine?
They are very different. Table salt has a different color from both sodium and chlorine.
It is neither a metal nor a gas. Unlike chlorine, it isn’t poisonous. And unlike sodium, it
does not form a corrosive solution in water.
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3. Is seawater an element, compound, or mixture?
Explain your answer.
Seawater is a mixture. It contains more than one
compound—water and salt (and other compounds, which students may or may not know).
4.

3 Explain the relationship between an atom

and a molecule.

Students’ answers will vary. A correct answer
will explain that molecules are composed of two
or more atoms held together with chemical
bonds.
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Modeling Molecules

ACTIVITY OVERVIEW

MODEL

I

Students continue their exploration of the organization of atoms and molecules
as they use models to investigate atoms, elements, chemical bonds, molecules, and
compounds.

KEY CONCEPTS AND PROCESS SKILLS
(with correlation to NSE 5–8 Content Standards)
1.

There are more than 115 known elements that react in a multitude of ways to produce compounds, which account for the living and nonliving substances that we
encounter. (PhysSci: 1)

2.

An element is a substance made up of only a single type of atom. (PhysSci: 1)

3.

Molecules are combinations of atoms held together by forces of attraction called
bonds. (PhysSci: 1)

4.

A compound is a substance made up of atoms of more than one kind of element,
bonded together to form molecules. (PhysSci: 1)

5.

Scientists often use models to demonstrate scientific concepts. (Inquiry: 2)

KEY VOCABULARY
atom
chemical bond
chemical formula
compound
element
molecule
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MATERIALS AND ADVANCE PREPARATION
For the teacher
1

transparency of Student Sheet 16.1, “Periodic Table of the
Elements”

1

Literacy Transparency 3, “Reading Scientific Procedures”

1

Scoring Guide: UNDERSTANDING CONCEPTS (UC)

*

overhead projector

For each pair of students
1

molecular model set containing:
32 white “atoms”
18 black “atoms”
14 red “atoms”
4 blue “atoms”
54 white “bonds”

*

1

set of red, blue, and black pencils (optional)

For each student
1

Student Sheet 16.1, “Periodic Table of the Elements”

1

copy of Scoring Guide: UNDERSTANDING CONCEPTS (UC) (optional)
*Not supplied in kit

Provide colored pencils if you would like students to use them when they draw their
models of molecules. Prepare Literacy Transparency 3 which can be found in the
Literacy section of Teacher Resources II: Diverse Learners.

TEACHING SUMMARY
Getting Started
1.

Introduce the molecular model set as a tool for studying atoms and molecules.

Doing the Activity
2.

Introduce strategies for reading scientific procedures

3.

Students build models of molecules.

Follow-Up
4.

(UC ASSESSMENT) The class discusses the principles illustrated by the model-building experience.is)

BACKGROUND INFORMATION
Chemical Bonding
In this unit, there is no discussion of subatomic particles and only a brief mention of
the nucleus, as these concepts are usually taught in depth in high schools. The following background is provided in case your local standards require you to go into more
depth in middle school.
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Atoms consist of a nucleus, which contains positively charged protons and uncharged
neutrons, and a cloud of negatively charged electrons. The number of protons is the
atomic number and determines the identity of the element. In a neutral atom, the
number of positively charged protons and negatively charged electrons is equal. The
number of neutrons, however, can vary, forming different isotopes of the atom.
The atoms of most elements, except the noble gases found in Column 18 of the periodic table, are chemically unstable because their outer electron orbital is not full. As a
result, most atoms tend to bond with other atoms to form compounds. Bonding causes
each atom involved to have a filled outer orbital, making each atom more stable in
the bonded state.
Chemical bonds are typically categorized as covalent or ionic. In this unit, only covalent bonds are modeled. In general, a covalent bond is formed when two atoms share
the same electrons. Groups of atoms held together by covalent bonds tend to form
molecules. The resulting compounds are called molecular compounds. An example of
this is water. Covalent bonds can be single, double, or triple, referring to the number
of electrons that are shared between the atoms. In single bonds, two electrons (one
from each atom) are shared. Double bonds have four shared electrons. Triple bonds
have six shared electrons.
In ionic compounds, electrons are transferred from one atom to another. The resulting
positively and negatively charged particles, called ions, are held together by the
attraction between their opposite charges. However, they do not form distinct molecules. For example, a crystal of table salt has positive sodium ions and negative chloride ions in a 1:1 ratio. Atoms held together by ionic bonds tend to form matrices, and
the resulting compounds are generally referred to as nonmolecular compounds. A
common example is NaCl, table salt.
Ionic bonds are formed when one atom “borrows” one or more electrons from another
atom, forming two ions, each having an electrical charge opposite to the other. These
opposing charges cause the ions to be attracted to each other.
“Sharing” and “borrowing” of electrons between atoms can be more accurately
described using the concept of electronegativity. Electronegativity is a measure of the
attraction between an atom’s nucleus and bonded electrons. This property determines the type of bond formed between atoms. If the difference in electronegativity
between two atoms is great, the bond they form is ionic, which means that the electrons involved in the bond spend more of their time orbiting the more electronegative
atom. If the difference in electronegativity is not so great, the bond is considered covalent, because the electrons spend approximately equal amounts of time orbiting each
atom.
In this activity, the atomic models are presented as spheres with spikes representing
their bonding sites. At a more sophisticated level, students would view the models as
the spherical center representing the nucleus and the spikes as unpaired electrons.
They would see covalent bonding as the sharing of previously unpaired electrons with
each bonding tube representing a pair of electrons.
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TEACHING SUGGESTIONS
GETTING STARTED
1.

Introduce the molecular model set as a tool
for studying atoms and molecules.

Ask students to recall that an atom is the smallest
building block of matter, and an element is composed of only one type of atom. Familiarize students
with the molecular model that they will first use in
this activity. Distribute a molecular model set to
each pair of students. A complete set should contain
4 elements (black, white, blue, and red) and 64
atoms (32 white, 18 black, 14 red, 4 blue). The set
also contains 54 white “bonds.” Once they begin
the activity, students will see in their Student Books
that white represents hydrogen, black represents
carbon, red represents oxygen, and blue represents
nitrogen. Impress on students that the colors do not
correspond to actual physical properties of the
atoms, and so should not be viewed as important.
In this unit they are only used to distinguish
between atoms having different numbers of bonding sites.
Tell students that the spherical center of each model
represents the center of the atom, while the protruding “sticks” represent the bonding sites. If your
students are familiar with nuclei and electrons, you
can explain that the center of the model represents
the nucleus and the protruding sticks represent
electrons that can be shared with another atom to
produce a bond. The white tubes, which connect, or
bond, atoms together, fit over the “sticks” of the
atoms.
n Teacher’s Note: The holes in the atoms are arti-

facts of the manufacturing process and are not to be
used when making molecules.
Be sure to point out that the models represent some
aspects of the structure and behavior of atoms, but
that they are not at all to scale in their representation of the size of the center and bonding sites of an
atom or in showing the differences between atoms
of different elements, other than the usual number
of bonding sites. Also stress that a bond is not an
object, but a force of attraction that holds atoms
together to form a molecule.
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DOING THE ACTIVIT Y
2.

Introduce Strategies for Reading Scientific
Procedures

Reading scientific procedures is a genre of reading
unique from other types of reading in that its goal is
to complete a series of steps in a specific order to
complete a task. The most frequent obstacle that
arises when student read a scientific procedure is
that they do no understand what the procedure
step is asking him or her to do. This impedes their
ability to complete the investigation. To strengthen
their ability to read and understand procedures,
introduce the strategies shown on Literacy Transparency 3, “Reading Scientific Procedures.” Model
how these reading strategies, if used frequently, will
increase students’ ability to read and work independently.
In introducing these strategies is it important that
you model how they can be used. Act them out. Find
a complicated scientific procedure that you are not
familiar with and show students how you might get
stuck, and then model how you might use the
strategies to independently determine what to do
next. Show them how you would use the strategies
to figure out what to do. Provide many opportunities for students to practice the strategies. Reinforce
the use of the strategies when students are working
with procedures that are challenging. Most importantly, continue to reinforce student use of the
strategies to foster independent reading skills.
3. Students build models of molecules.
For Procedure Step 3 review with students the notation for writing chemical formulas. Students will
need to understand that elements are written using
the capitalized chemical symbols shown on the
periodic table. The number of atoms in one molecule is noted by writing the number as subscript
after the atomic symbol. Point out that when there
is one atom in a molecule, such as the one oxygen
molecule in H2O, the one is not written, it is implied.
This activity is exploratory in nature and will help
students realize that each type of atom can be
joined to others only in certain ways. In some cases,
atoms of the same element can form single or multiple bonds with each other. It is all right if students
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come up with combinations that do not take place
in nature. Here it is important for them to see the
bonding possibilities and to discover that double
and triple bonds can form. At this point, allow students to build all possible molecules when combining different atoms according to the rules provided.
Students may come up with actual compounds,
such as HNO3 (nitric acid) and H2O2 (hydrogen
peroxide).
You may wish to stop after students have completed
Procedure Part A , “Making Simple Molecules,” and
discuss what they have discovered so far. Encourage
greater independence as they move on to Part B,
“Making More Complex Molecules.”
Sample student diagrams and answers to the procedure steps follow.
Procedure Steps 2 and 3

H

H
O

Water, H2O
Procedure Step 5

H
C

N H

H

H

H

H

Ammonia, NH3

Methane, CH4
Procedure Step 6

O

O

Oxygen, O2
Procedure Step 7

Procedure Step 15

O

C

H

O

Carbon Dioxide, CO2

FOLLOW-UP
4.

(UC ASSESSMENT) The class discusses the
principles illustrated by the model-building
experience.

Ask students, What information do the models show
about atoms, elements, and molecules? The model
set includes models of the atoms for four elements.
Students should comment that each model atom
shows the number of bonds that a particular atom
can make. From this information students can predict the molecules the atom can form and the formulas of compounds that will result. Ask them to
choose one of the atoms and describe what the
model shows about its chemical properties and its
bonding to hydrogen. For example, nitrogen tends
to make three bonds and hydrogen tends to make
one bond. Thus one nitrogen atom will combine
with three hydrogen atoms, and the formula of the
resulting compound is NH3. Relate these to the formulas given on the Element Cards students used in
Activity 15, “Families of Elements.”
Point out that some elements, such as oxygen and
nitrogen, can also form molecules. The oxygen and
nitrogen in air are elements, but they are present as
molecules with two atoms. Even though they are
elements, their formulas as they exist in nature are
O2 and N2. Hydrogen also exists as a molecule (H2).
Project the transparency of Student Sheet 16.1,
“Periodic Table of the Elements,” and ask students
to consult their copies of the periodic table either on
Student Sheet 16.1, or in the Student Book. Note the
placement of the elements that the students have
been working with. Remind them that each column
contains elements that have similar chemical properties. Point out that these chemical properties are
related to the ability of an atom to form bonds with
other atoms. Ask, Given that nitrogen forms three
bonds with hydrogen to make NH3, how many hydrogen atoms do you think will bond with an atom of
phosphorus? Students should be able to predict that
phosphorus would bond with three hydrogen
atoms to form PH3. Based on observations they
made when using the molecular model sets, and
because phosphorus is in column 15 underneath
the element nitrogen, a phosphorus atom, like
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nitrogen, would bond with three hydrogen atoms.
Similarly, and using the same thinking, students
should also predict that sulfur, like oxygen, would
bond with two hydrogen atoms; and sodium, like
hydrogen, with one. Use this line of questioning to
reinforce that the Periodic Table is a tool that can be
used to predict and describe the properties of elements and the bonds that form between elements.
Analysis Question 6 presents an opportunity for students to show their understanding of the relationship between an atom and a molecule by making a
drawing. Encourage them to include labels and an
explanatory written description of what their
answer shows about the relationship. Let students
know that you will be scoring this with the UNDERSTANDING CONCEPTS (UC) Scoring Guide. Review with
students your expectations for this assessment item.
You might have partners review each other’s diagrams for clarity and accuracy, and allow them to
improve their diagrams based on that feedback
before you collect and score them.
Analysis Question 7 asks students to think about the
strengths of a molecular drawing versus a structural formula. To stress the point that each
describes stresses different information, ask several
students to share their sketches with the class. Point
out variations among students’ sketches. Explain
that scientists have agreed on a standardized
method of representing molecules called a “structural formula.” Using a standardized approach
helps scientists avoid miscommunication.

3. Was it possible for an atom to make more than one
bond? Explain, and give an example.
All of the atoms except hydrogen could make
more than one bond. For example, oxygen could
make two bonds because it had two projections.
(Nitrogen could make 3 bonds, and carbon
could make 4.)
4. How many bonds could each of the following to
make with hydrogen? Copy the table below into your
science notebook. Use the atomic numbers to help
you find the elements on the periodic table.

5.

a. Si (Atomic # 14)

4

b. Se (Atomic # 34)

2

c. I (Atomic #53)

1

d. As (Atomic # 33)

3

If you had two oxygen atoms and one hydrogen
atom, could you form a molecule? Explain.
No. If you had two oxygen atoms and one hydrogen atom, you could join the two oxygens and
have a hydrogen at the end, but one of the oxygens would have an unbonded site. There is no
way to put them together so that all bonding
sites are bonded.

6.

(UC ASSESSMENT) Make a drawing of the models
to show the difference between an atom and a molecule.
A complete and correct answer will show an
atom as a part of a molecule as shown in the figure below.
Level 3 Response

SUGGESTED ANSWERS TO QUESTIONS
1.

How many different elements were you
working with?
We were working with four different elements
(carbon, hydrogen, oxygen, and nitrogen).

2.

What was the role of the “sticks” on each
atom model?
Each stick represented a site that could make a
chemical bond.

B-62

H

H

Atom

O
Molecule
A molecule is made of more than one atom. It
can be more than one of the same atom, like a
molecule of oxygen contains two oxygen atoms.
Or, it can be composed of more than one. Like a
molecule of water is made up of two different
types of atoms, hydrogen and oxygen.

Modeling Molecules • Activity 17
7. Which model provides more information—a chemical formula or a sketch of the molecule?
It depends on the information you need about a
compound. In general, a sketch provides more
information about what a molecule looks like,
because the bonds between each atom are
shown clearly. A chemical formula is useful if
you need to know what type of atoms and their
amounts are contained in a molecule.
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TEACHER RESOURCES • ASSESSMENT III

4. UNDERSTANDING CONCEPTS (UC)
What to look for:
• Student’s response identifies and describes scientific concepts relevant to a particular
problem or issue.

Scoring Guide
LEVEL

DESCRIPTION

Level 4
Above and beyond

Student accomplishes Level 3 AND goes beyond
in some significant way, such as:
• using relevant information not provided in
class to elaborate on your responsee.
• using a diagram to clarify scientific concepts.
• relating the response to other scientific
concepts.

Level 3
Complete and
correct

Student accurately and completely explains or
uses relevant scientific concepts.

Level 2
Almost there

Student explains or uses scientific concepts
BUT has some omissions or errors.

Level 1
On your way

Student incorrectly explains or uses scientific
concepts.

Level 0

Student’s response is missing, illegible, or
irrelevant.

X

Student had no opportunity to respond.
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