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Combining Atoms 
and Molecules

This is a computer-generated image of the molecular structure of diamonds. 
The blue spheres are carbon atoms. The carbon atoms are joined to other 
carbon atoms. Diamonds are made from carbon atoms that have been sub-
jected to extreme heat and pressure. They are the hardest known natural 
substance.

 Write three questions you have about solids.

The Hardest Known Natural SubstanceThe Hardest Known Natural Substance

Atoms of two or more 
elements can combine to 
form compounds that have 
different properties from 
those of the elements that 
formed them.

LESSON 1 
How Atoms Form 
Compounds

 Com-
pounds are chemical 
combinations of ele-
ments that have proper-
ties different from the 
elements that formed 
them.

LESSON 2

Forming Solids
 Atoms, 

ions, and molecules 
can link together to 
form large, repeating 
structures such as 
solid metals, ionic 
and molecular crystals, 
and polymers.

3.b, 3.c, 7.c, 9.a, 9.e

3.a, 3.b, 3.f
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Start-Up Activities
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What do structures made 
of atoms look like?

Atoms make up every-
thing in your world. What 
makes plastic different 
from cotton or steel? 

Procedure  
1. Complete a lab safety form.

2. Build a model of a two-atom molecule 
using two gumdrops and one toothpick.

3. Build a model of a chain.

4. Build a model of connected cubes using 
16 gumdrops and 32 toothpicks.

5. Build a model of three  hexagons con-
nected along two sides.

Think About This  
• Evaluate How rigid is the structure? Is 

the model rigid in one direction, but less 
rigid in another direction? 

• Consider Are your models able to flow or 
slide easily past one another? Is the model 
able to bend easily?

Visit        to:

▶ ▶ view

▶ ▶ explore Virtual Labs

▶ ▶ access content-related Web links

▶ ▶ take the Standards Check

Compounds and 
Bonds Make the following 
Foldable to explain the ways 
compounds form.

 STEP 1 Fold  a sheet of paper in half 
lengthwise. Make the back edge about 2 cm 
longer than the front edge.

 STEP 2 Fold  into thirds.

 STEP 3 Unfold  and cut along the folds 
of the top flap to make three flaps.

 STEP 4 Label  the flaps as shown.

Visualizing As you read this chapter, 
describe how each type of bond forms, list 
the properties of the compounds formed, 
and give examples of each.

ca8.msscience.com
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Learn It! Visualize by forming mental 
images of the text as you read. Imagine how the text 
descriptions look, sound, feel, smell, or taste. Look for 
any pictures or diagrams on the page that may help you 
add to your understanding. 

Practice It! Read the following para-
graph. As you read, use the underlined details to form a 
picture in your mind.

Sodium chloride, NaCl, is an ionic crystal. Even a 
tiny grain of sodium chloride contains billions of 
sodium ions and chloride ions. Crystals of sodium 
chloride have a regular, cubic structure. The patterns 
in the sodium chloride crystal are simple. Sodium 
ions (Na+) alternate with chloride ions (Cl−) in a 
three-dimensional pattern.

—from page 233

Visualize

Apply It! Read the chapter and 
list three subjects you were able to visualize. 
Make a rough sketch showing what you 
visualized.

Based on the description above, try to visualize a sodium chloride 
crystal. Now look at the photo on page 19. 

• How closely does it match your mental picture?

• Reread the passage and look at the picture again. Did your 
ideas change?

• Compare your image with what others in your class visualized.
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 1  Compounds have properties very similar to the 
properties of the elements they contain.

 2  A given compound always has the same formula 
showing the same elements in the same ratios.

 3 All elements can form both covalent and ionic bonds.

 4  An atom that loses an electron becomes a negative 
ion.

 5 Covalent bonds can be single, double, or triple.

 6  Some of the electrons in metals are free to move 
from atom to atom.

 7 All crystals are held together with ionic bonds.

 8  In a sodium chloride crystal, sodium ions surround 
chloride ions.

 9  A polymer is a stringlike compound made of repeat-
ing units.

Before You Read
A or D

Statement After You Read
A or D

Target Your Reading
Use this to focus on the main ideas as you read the chapter.

1  Before you read the chapter, respond to the statements 
below on your worksheet or on a numbered sheet of paper.

• Write an A if you agree with the statement.

• Write a D if you disagree with the statement.

2  After you read the chapter, look back to this page to see if 
you’ve changed your mind about any of the statements.

• If any of your answers changed, explain why.

• Change any false statements into true statements.

• Use your revised statements as a study guide.

Forming your own mental 

images will help you 

remember what you read.

Print a worksheet of
this page at
 .ca8.msscience.com

http://ca8.msscience.com
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Reading Guide

What You’ll Learn

▼ Describe how a compound 
differs from its component 
elements.

▼ Explain the differences 
between ionic and covalent 
bonding.

▼ Explain how atoms can 
become stable by forming 
chemical bonds.

Why It’s Important
Learning how atoms combine 
helps explain how new 
compounds are made.

Vocabulary
compound
chemical formula 
molecule
chemical bond 
ionic bond
valence 
covalent bond 

Review Vocabulary
ion: a charged particle that 
forms from an atom that has 
gained or lost electrons 
(p. 200)

How Atoms Form 
Compounds

Compounds are chemical combinations of 
elements with properties that are different from the elements 
that formed them.

Real-World Reading Connection To make corn tortillas, 
you mix together water, salt, and masa harina (a type of corn-
meal) to make dough. Then, you roll or press pieces of the 
dough into thin circles and cook them on a griddle. The cooked 
tortillas are not at all like the ingredients you mixed. Like torti-
llas, compounds are combinations of elements that have chemi-
cal and physical properties different from the elements that 
make them up.

What is a compound?
Think about all the different kinds of materials you see and 

use every day. The world is made up of far more substances than 
the approximately 100 known elements. This wide variety of 
materials exists because atoms of different elements combine to 
form compounds. A compound is a pure substance that con-
tains two or more elements. Most of the matter around you is 
made of compounds. Figure 1 shows examples of elements and 
compounds that you may recognize. 

Figure 1 Elements, such as helium, gold, and carbon 
(diamond) are less common than compounds such as water, 
sucrose (table sugar), and sodium chloride (table salt).

CompoundsElements

  Science Content 
Standards

3.a Students know the structure of the 
atom and know it is composed of protons, 
neutrons, and electrons.
3.b Students know that compounds 

are formed by combining two or more 
different elements and that compounds 
have properties different from their 
constituent elements.

3.f Students know how to use the 
periodic table to identify elements in 
simple compounds. 
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Chemical Formulas for Compounds 
Gold is an element, so it contains only gold atoms. Water and 

sugar are compounds. How can you tell what elements make up a 
compound? An ingredient list would help. Such a list would name 
all the elements contained in a compound. It also would tell how 
much of each element is present. An ingredient list for a com-
pound is called its chemical formula. A chemical formula contains 
atomic symbols and subscripts to show the elements and the num-
ber of atoms of each element that combine to form a compound. 

Describing Compounds Maybe you have referred to water as “H 
two O.” That’s how you would read the chemical formula for 
water, which is H2O. The subscript 2 after the hydrogen symbol 
means that a molecule of water contains two hydrogen atoms. A 
molecule is a neutral particle that forms as a result of electron 
sharing. The element oxygen (O) has no subscript, which means 
that a molecule of water contains only one oxygen atom. The 
chemical formula for table sugar is C12H22O11. Carbon’s subscript, 
12, shows that one molecule of sugar contains 12 carbon atoms. 
How many hydrogen atoms are in one sugar molecule? 

Formulas and the Law of Definite Proportions Table sugar 
always contains 12 carbon atoms, 22 hydrogen atoms, and 11 oxy-
gen atoms. Water always contains two hydrogen atoms and one 
oxygen atom. Recall that the law of definite proportions states that 
a pure compound will always contain the same elements in the 
same proportion by mass. Figure 2 shows models of how the atoms 
in water and sugar are arranged.  

What is the law of definite proportions?

WORD ORIGIN
molecule
 from Latin moles; means mass 

Figure 2 Count the number 
of carbon, hydrogen, and oxygen 
atoms.

Check that the chemical formula for 
sugar, C12H22O11, includes all the atoms 
in one molecule. 




Figure 3 Lithium and 
fluorine attract each other 
like two charged balloons.

Explain how lithium becomes 
positively charged and fluorine 
becomes negatively charged.
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Compounds and Their Elements 
Compounds have different properties than those of the elements 

that make them up. Sodium chloride is an example. Sodium is a 
soft, shiny metal. Chlorine is a greenish-yellow gas at room tem-
perature. When sodium and chlorine combine to form a com-
pound, the product is the familiar white table salt, sodium 
chloride. What holds sodium chloride together?

Ionic Bonds and Ionic Compounds
Suppose you blow up two balloons. You rub one with wool 

and the other with plastic wrap. You find that the balloons stick 
together. The balloon rubbed with wool becomes negatively 
charged. The balloon rubbed with plastic wrap becomes positively 
charged. Opposite charges attract, so the balloons are attracted to 
each other. The force that holds the balloons together is similar to 
the force that holds atoms together in a compound. A chemical 
bond is a force that holds atoms together in a compound. Each of 
the connections between the atoms in Figure 2 represents a chemi-
cal bond. 

Ionic Bonds—Transferring Electrons
Just as the balloons became charged by rubbing, an atom of an 

element can become charged by transferring one or more electrons 
to a different atom. Both atoms become charged particles, or ions. 
A positive ion has fewer electrons than protons. A negative ion has 
more electrons than protons. The atom that gives up the electron 
becomes positively charged. The atom that receives the electron 
becomes negatively charged. In Figure 3, a lithium (LIH thee um) 
atom transfers an electron to a fluorine (FLOOR een) atom. Lith-
ium becomes a positively charged ion. Fluorine becomes a nega-
tively charged ion. Like the balloons, the two ions attract each 
other and stick together. They form a chemical bond. A bond 
between oppositely charged ions is called an ionic bond. An ionic 
bond is an electrical attraction between positively and negatively 
charged ions in an ionic compound. 

SCIENCE USE V. COMMON USE
bond 
Science Use a force that holds 
atoms together in a 
compound. Two types of 
chemical bonds are ionic and 
covalent.

Common Use a close personal 
relationship between people. 
A strong bond of friendship 
developed between the two girls.




Figure 4 Potatoes and 
bananas are rich in sodium and 
potassium. Table salt contains 
chlorine. These elements from 
Groups 1 and 17 are essential in 
your diet.
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Ionic compounds 
In Figure 3, you saw how a lithium ion and a flouride ion attract 

one another and form an ionic bond. The compound lithium flou-
ride is formed. Lithium flouride is an example of the simplest 
ionic compound—one that contains ions of two elements. Usually, 
the positive ion is a metal. The negative ion is a nonmetal. An 
ionic compound with only two different ions is called a binary 
compound. Binary describes anything that consists of two parts. 
The charges of the ions in a compound always balance. When the 
charges are balanced, the overall charge of the compound is zero 
and the compound is neutral. 

Positive Ions How can you tell whether the ions that an atom 
forms will be positive or negative? The periodic table can help. Ele-
ments in the same column of the periodic table are a group. The 
groups are identified by a number at the top of the column. A 
metal in Group 1, such as sodium, can transfer one electron. In 
doing so, it becomes an ion with a +1 charge. The symbol for the 
sodium ion is Na+. 

 
Potassium is in Group 1. What is the symbol for the 
potassium ion?

Negative Ions The Group 17 elements are nonmetals. A Group 17 
element can gain an electron to form an ion with a –1 charge. The 
symbol for the chloride ion is Cl–. When a positive ion from 
Group 1 combines with a negative ion from Group 17, the result is 
a salt such as sodium chloride (NaCl). Figure 4 highlights the ele-
ments in Groups 1 and 17 and the important role that some of 
these elements play in your life. What about neighboring Groups 2 
and 16? Can the elements from these groups form binary ionic 
compounds?

ACADEMIC VOCABULARY
symbol (SIHM bul)
(noun) something that stands 
for or suggests something else 
The stars and stripes are a sym-
bol for the United States.
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Figure 5 Magnesium 
loses two electrons. Each 
fluorine atom gains one 
electron as magnesium 
fluoride is formed. Other Binary Ionic Compounds 

Salts formed from Group 1 and Group 17 elements are not the 
only common ionic compounds. Group 2 elements, such as mag-
nesium and calcium, are also metals. They often lose two electrons 
and form ions with +2 charges (Mg2+ and Ca2+). Elements in 
Group 16, such as oxygen and sulfur, are nonmetals. These ele-
ments can gain electrons to form ions with –2 charges (O2– and 
S2–). Ionic compounds can form when elements in Group 2 trans-
fer electrons to elements in either Group 16 or Group 17. Magne-
sium transfers two electrons to oxygen to form magnesium oxide, 
MgO. Magnesium can also transfer electrons to fluorine atoms to 
form magnesium fluoride, MgF2. Figure 5 illustrates how a mag-
nesium atom transfers one electron to each of two fluorine atoms. 
The new compound that forms has different properties from either 
magnesium or fluorine.

 Figure 5 Why are there two fluoride ions in magnesium 
fluoride but only one fluoride ion in lithium fluoride?

Properties of Ionic Compounds 
What are some of the properties of ionic compounds, such as 

magnesium fluoride and sodium chloride? These compounds are 
usually solids at room temperature. They are brittle, which means 
they easily break apart. They have relatively high melting points 
and high boiling points. Like sodium chloride, many ionic com-
pounds dissolve in water. Water that contains dissolved ionic com-
pounds is a good conductor of electricity. The charges of the ions 
and the forces that hold them together in the compound are 
responsible for the properties of ionic compounds. 
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Table 1 Valence and 
Lewis Dot Diagrams 

Group 
Number

Typical 
Element

Valence 
Electrons

Lewis Dot 
Diagram

1 Lithium 1

2 Beryllium 2

13 Boron 3

14 Carbon 4

15 Nitrogen 5

16 Oxygen 6

17 Fluorine 7

18 Neon 8* 
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*except helium, which has only 2 electrons

Diagramming Electrons—Lewis Dot Diagrams
American chemist Gilbert Lewis developed Lewis dot diagrams 

in 1923 to represent atoms and their electrons. To construct a 
Lewis dot diagram for an atom, you need to know the number of 
valence electrons an atom has. An atom’s valence is the number of 
electrons in its outermost energy level. Only valence electrons are 
shown in a Lewis dot diagram. Table 1 lists the valence and Lewis 
dot diagrams for typical elements of eight of the groups in the 
periodic table. All members of a group have the same number of 
valence electrons. A maximum of eight electrons fits around the 
atomic symbol, in four pairs.

One method to make a Lewis dot diagram is to first write the 
element’s atomic symbol. Use a dot for each valence electron. Place 
dots one by one on the top, right, bottom, and left. If an atom has 
more than four electrons, continue adding dots, making pairs of 
electrons. Follow in the same direction as the first four electrons 
until you have placed a dot for each valence electron.

 
Phosphorus is a Group 15 element with five valence 
electrons. Draw its electron dot diagram.

WORD ORIGIN
valence
 from Latin valentia; means 
strength, capacity

Interactive Table To organize elements and their 
Lewis dot diagrams, visit ca8.msscience.com . 

http://ca8.msscience.com
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Ions and Noble Gases 
Table 1 excludes Groups 3–12 of the periodic table. These ele-

ments are metals and have valences that can vary. Notice that for 
the remaining groups, the number of valence electrons increases 
from one to eight across the table. Elements in Group 18, called 
the noble gases, each have eight valence electrons. Group 18 ele-
ments are stable because their outer energy levels are filled. Ele-
ments that are stable rarely react to form compounds. 

Noble Gas Structure by Gaining Electrons Some atoms can 
achieve the same filled outer energy levels of the noble gases if they 
gain or lose electrons. Figure 6 shows the electron structures and 
Lewis dot diagrams for chlorine and argon. Argon is the noble gas 
nearest to chlorine. Compare the diagrams of the two elements. 
Notice that chlorine can become more stable by gaining one elec-
tron to form a negative chloride ion (Cl–). Both argon and the 
chloride ion have the same electron structure.

Noble Gas Structure by Losing Electrons Magnesium is another 
element that can achieve the electron structure of a noble gas. The 
nearest noble gas to magnesium is neon. In Figure 6, compare the 
Lewis dot diagrams for magnesium and neon. Magnesium has 
12 electrons; neon has 10. Magnesium can have the same stable 
electron structure as neon if it loses two electrons to form the 
magnesium ion (Mg2+). 

Figure 6 If chlorine 
gains an electron, its 
electron structure 
becomes the same as 
argon’s. Magnesium’s 
electron structure is 
the same as neon’s 
when magnesium 
loses two electrons.
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Covalent Bonds—Sharing Electrons
You have read that ionic bonds form when electrons are trans-

ferred from a metal atom to a nonmetal atom. Atoms lose or gain 
the number of electrons that will give them the atomic structure of 
a noble gas. Ionic compounds, called salts, are formed when posi-
tive and negative ions attract each other. However, to form ions, 
some atoms would have to gain or lose too many electrons. As you 
can see in Figure 7, carbon has four valence electrons. It is equally 
close to two noble gases, helium and neon. To become an ion with 
the noble gas structure of neon or helium, carbon would have to 
either gain or lose four electrons. Too much energy is needed for 
this to happen easily. Nevertheless, carbon forms millions of com-
pounds, not by transferring electrons, but by sharing electrons. 

 Figure 7 Explain how C4� has the same electron 
structure as neon.

Covalent Compounds 
Atoms that do not transfer electrons often can form compounds 

by sharing electrons in a covalent bond. A covalent bond is a 
chemical bond formed when atoms share electrons. Elements that 
are close together on the periodic table are more likely to share 
electrons in a covalent bond than to transfer electrons. Recall that 
molecules are neutral particles formed when atoms share electrons. 
Covalent compounds are made from molecules. Covalent carbon 
compounds are especially important in living organisms because 
they include cell molecules such as DNA, proteins, and sugars. 
These molecules are examples of an enormous number of organic 
compounds that make up the materials of the living world. 
Organic compounds are covalent compounds containing carbon 
atoms.

What is a covalent bond?

Figure 7 Carbon would have to lose four electrons to have the 
same number of electrons as helium. Or, it would have to gain four 
electrons to have the same number of electrons as neon.




226 Chapter 5 • Combining Atoms and Molecules

Properties of Covalent Compounds 
Recall that ionic compounds usually are solids at room temper-

ature. In contrast, covalent compounds can be solids, liquids, or 
gases at room temperature. Covalent compounds usually have 
lower melting points and boiling points than do ionic compounds. 
The atoms in covalent compounds do not separate in water, as the 
atoms in ionic compounds do. Solutions of most covalent com-
pounds do not conduct electricity. For example, a solution of the 
ionic compound sodium chloride conducts electricity. A similar 
solution of the covalent compound sugar does not.

Single Covalent Bonds 
To help you understand the sharing of electrons, think about 

this situation. You and a friend decide to go to the movies. The 
price of a ticket is $5.00, or two tickets for $8.00. You  each have 
$4.00. You can’t buy your tickets individually, but if you and your 
friend put your money together, you can buy tickets for both of 
you. Similarly, atoms that have unpaired electrons can form com-
pounds if they share electrons. A compound held together by one 
or more covalent bonds is called a covalent compound. 

How does electron sharing happen? Follow Figure 8 as you 
read. Hydrogen, H, has one unpaired electron. Two hydrogen 
atoms can share their single electrons to form one pair of shared 
electrons. A shared pair of electrons is a covalent bond. In this 
case, the covalent bond holds the molecule H2 together. Carbon 
has four unpaired electrons. By combining its four electrons with 
the electrons of four hydrogen atoms, carbon can form four cova-
lent bonds. The compound methane, CH4, is formed. Nitrogen 
has three unpaired electrons. How many covalent bonds can a 
nitrogen atom form with hydrogen atoms?

Why can carbon bond with four other elements?

Figure 8 The hydrogen molecule has one single covalent bond.

Determine how many single bonds methane has.




Figure 9 It’s harder to pull two friends 
apart when they are holding on to each 
other with two hands. In a similar way, 
double bonds are stronger than single 
bonds.
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Double and Triple Bonds 
Sometimes two atoms may form a stronger bond by sharing 

more than one pair of electrons. In Figure 9, a single bond is rep-
resented by two friends, each joining one of their hands. One pair 
of electrons is being shared. A double bond is represented by the 
two friends joining both of their hands. A double bond consists of 
two shared pairs of electrons. Double bonds are stronger than sin-
gle bonds. It takes more energy to pull the two friends apart when 
both of their hands are joined. 

 
What is the difference between a single bond and a 
double bond?

A triple covalent bond is three shared pairs of electrons. As you 
might predict, triple bonds are stronger than double or single 
bonds. Acetylene (uh SEE tul een), a gas that welders use, is a 
covalent compound with a triple bond. The atoms in the nitrogen 
molecule, N2, are also held together by a triple bond. A nitrogen 
molecule forms when two nitrogen atoms share their three 
unpaired electrons in a triple bond. The strength of the triple bond 
makes the nitrogen molecule unreactive. Nitrogen gas, N2, makes 
up almost 80 percent of the air you breathe.

Single Bond

Double Bond

C OO




LESSON 1 Review

Science nline
For more practice, visit Standards 
Check at  .

Standards Check
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What do you know about 
compounds?

An enormous number of substances exist in the world because 
atoms form compounds. Compounds can be either ionic or cova-
lent. Ionic compounds are formed when atoms transfer electrons. 
Covalent compounds result from the sharing of electrons. Chemi-
cal bonds hold atoms together in molecules and compounds. 
Chemical formulas show the number and type of each atom in a 
molecule or compound. The number of bonds an atom can form 
is equal to the number of unpaired valence electrons the atom has. 

Summarize
Create your own lesson 
summary as you design a 
visual aid.

1. Write the lesson title, 
number, and page num-
bers at the top of your 
poster. 

2. Scan the lesson to find 
the red main headings. 
Organize these headings 
on your poster, leaving 
space between each.

3. Design an information 
box beneath each red 
heading. In the box, list 
2–3 details, key terms, 
and definitions from each 
blue subheading.

4. Illustrate your poster with 
diagrams of important 
structures or processes 
next to each information 
box.

Using Vocabulary

1. Explain the difference 
between an ionic bond and 
a covalent bond. 3.b

2. Define valence in your own 
words. 3.a

Understanding Main Ideas

3. What element can form a 
positive ion? 3.a

A. magnesium

B. carbon

C. oxygen

D. bromine

4. Explain why chlorine forms 
a –1 ion, but sulfur forms a 
–2 ion. 3.a

5. Compare Copy and fill in the 
graphic organizer below to 
describe the properties of 
sodium, chlorine, and sodium 
chloride. 3.c

 
Sodium

Chlorine

Sodium chloride

 

6. Predict the number of cova-
lent bonds an oxygen atom 
can make with other atoms.
 3.a

 

Applying Science

7. Construct a model to show 
what type of bond silicon is 
most likely to form with oxy-
gen. Silicon and oxygen are in 
the same group of the peri-
odic table.  3.b

8. Decide whether the bond 
joining two chlorine atoms 
together in the chlorine 
molecule, Cl2, is an ionic or 
covalent bond. Justify your 
answer. 3.b

ELA8: R 2.3

ca8.msscience.com

http://ca8.msscience.com
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How can you 
model molecules?

Many atoms bond to one, two, three, or four other atoms. Use 
your hands and feet as bonds to act like an atom.

Procedure 
1. Read and complete a lab safety form.

2. Clear a space in which to move around. Make sure there are no 
objects anyone can trip over or bump into.

3. In your Science Journal, create a chart in which to draw Lewis 
dot diagrams for the first 18 elements. Determine the number 
of bonds each atom can form.

4. Sort the first 18 elements into a Venn diagram similar to the 
one below. Write elements that do not form compounds 
below the diagram.

5. Make a chart that lists the elements that form one, two, three, 
four and zero bonds.

6. Brainstorm how to model covalent bonds and ionic bonds. 
Choose the best way to model both types of bonds.

7. Choose one element. As an atom of that element, form bonds 
with students representing other atoms. 

Analysis 
1. Describe  how the ionic bonds behaved differently from the 

covalent bonds.

2. Describe  any problems you had with this modeling activity.

Form covalent bonds Form ionic bondsForm
both

 
Science Content Standards

3.b  Students know that compounds are formed by combining two or more different elements and 
that compounds have properties that are different from their constituent elements.



LESSON 2
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Reading Guide

What You’ll Learn

▼ Explain the bonding in 
metals.

▼ Describe how solids form 
in repeating patterns of 
atoms, ions, or molecules.

▼ Describe the crystal 
structure of sodium 
chloride.

Why It’s Important
Knowing how atoms and 
molecules are arranged in 
solids will help you 
understand how particles 
undergo change.

Vocabulary
metal
metallic bond
malleability
ductility
crystal 
unit cell
polymer
monomer

Review Vocabulary 
element: a pure substance 
that can be identified by the 
number of protons in the 
nucleus of its atoms. (p. 195)

Forming Solids
Atoms, ions, and molecules can link together to 

form large, repeating structures such as solid metals, ionic and 
molecular crystals, and polymers.

Real-World Reading Connection Imagine you pour a sack 
of identical round beads into a box. Each bead touches as many 
other beads as possible. The pattern of the beads in the box is 
similar to the way metal atoms pack together in a solid. Now 
think of a different pattern. The beads are strung together into a 
chain. The chain pattern is a lot like a polymer. 

Metals
What do coins, beverage cans, bridges, and airplanes have in 

common? They are all made from metals. Metals are elements 
that are usually shiny, good conductors of heat and electricity, 
and solid at room temperature. They are located on the left and 
in the center of the periodic table. About two-thirds of all the 
elements are metals. Examples of common metals are gold, cop-
per, aluminum, zinc, and iron. Metals are used to make jewelry, 
electrical wiring, and the skeletons of tall buildings, as shown in 
Figure 10. The properties of metals make them ideal for all of 
these uses and thousands more.

Where are metals located on the periodic table?

Figure 10 Gold is malleable. 
Copper is ductile and conducts 
electricity. Steel, which is mostly 
iron, is strong.

Copper

Gold

Steel

  Science Content 
Standards

3.c Students know atoms and molecules 
form solids by building up repeating 
patterns, such as the crystal structure of 
NaCl or long-chain polymers.
Also Covers: 3.b, 7.c, 9.a, 9.e
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Metallic Bonds 
How are the atoms in a metal bonded? Metals have some fea-

tures in common with ionic compounds. Like the atoms in ionic 
compounds, individual metal atoms lose electrons to become posi-
tive ions. Metals also have some features that resemble covalent 
compounds. Like covalent compounds, the atoms in metals share 
electrons. A metallic bond is a bond formed when many metal 
atoms share their pooled electrons. Metal atoms can bond to 
atoms of the same element, or they can bond with other metals. 
However, in metals, the electrons are not transferred directly to 
another atom. Instead, they move freely throughout the piece of 
metal. The electrons are not attached to any particular atom. They 
are a “sea of electrons.” You can see in Figure 11 how a sea of elec-
trons surrounds an array of positive ions in a solid metal.

Bonding and Properties Metallic bonding explains many of the 
properties of metals. Metals are good conductors of heat and elec-
tricity because their electrons are free to move. When a metal is 
hammered into a sheet or pulled into a wire, it does not break 
because the ions are in layers. The layers can slide past one another 
without losing their attraction to their pooled electrons. 

Metal Atoms and Patterns Metal atoms combine in regular pat-
terns in which some electrons are free to move from atom to atom. 
Each layer of metal atoms is arranged in a definite pattern. Recall 
the beads in the box. Like the beads, metal atoms in solids pack 
together as closely as possible in a regular, three-dimensional pat-
tern. In Figure 12, you can see the pattern in which gold atoms 
pack together to make solid gold. 

Figure 11 Electrons 
are free to move among 
all the metal ions, but 
the overall charge of the 
metal is zero.

Figure 12 The atoms in 
this naturally crystallized 
gold are arranged in a 
regular cubic pattern.

Describe the arrangement of 
the gold atoms on a surface of 
the cube.

���������	
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Physical Properties of Metals 
Think of the metal in a shiny new cooking pot. Like most met-

als, it has good electrical conductivity and thermal conductivity. 
The metal in the pot has a high melting point and a high boiling 
point. It is tough and strong. These properties are important in a 
material used for cooking pots.

The physical properties of metals make them valuable for many 
uses. Gold’s color and shine make it a good material for jewelry. 
Gold also is one of the most malleable metals. Malleability is the 
ability of a material to be hammered or rolled into sheets. Another 
property of metals is ductility. Ductility is the ability of a sub-
stance to be pulled into wires. Metals also are good conductors of 
heat and electricity. Copper wire often is used as a conductor of 
electricity. Aluminum is used for aircraft bodies because it is 
tough and strong, and also light.

Crystals 
The particles of different substances arrange themselves into 

different patterns when they solidify into crystals. A crystal is a 
regular, repeating arrangement of atoms, ions, or molecules. A 
snowflake, such as the one in Figure 13, is one of nature’s most 
beautiful crystals. In a snowflake, water molecules freeze to form a 
six-sided pattern. A snowflake is an example of a molecular crystal. 

In another type of crystal, the solid is held together by ionic 
bonds. Sodium chloride is an example of this type of crystal, 
which is called an ionic crystal. Diamond and quartz are examples 
of a third type of crystal in which particles are held together by 
covalent bonds. A crystal’s structure is important because it helps 
scientists understand the crystal’s physical properties. Figure 14 
shows examples of ionic crystals.

 
Identify one molecular crystal, one ionic crystal, and 
one crystal held together with covalent bonds.

WORD ORIGIN
ductile
 from Latin ductilis; means that 
may be led or drawn

Figure 14 Aragonite, barite, and beryl are examples of minerals 
that are ionic compounds.

Figure 13 The six-
sided shape of a 
snowflake reflects the 
pattern in which water 
molecules are 
arranged in the solid.
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To see a 3-D animation of the cubic arrangement of gold, 
sodium, and chloride atoms, visit . 
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Crystal Patterns
Think of a page of stamps. The stamps are arranged next to 

each other in a pattern. The pattern might be five stamps across 
and four down. Except for the stamps along the edges, each stamp 
has four neighboring stamps, to the right, left, top, and bottom. 
Now think of a book of stamps. Every page has the same pattern. 
But now, each stamp also has one stamp above it and one below it. 
Like the pages and books of stamps, crystals are formed from 
repeating patterns of smaller parts. A unit cell is the smallest 
repeating pattern that shows how the atoms, ions, or molecules are 
arranged in a crystal. The unit cell for sodium chloride is shown 
in Figure 15, with a microscopic view of the crystalline surface. 
Figure 16 shows photos of crystals created by atoms, ions, and 
molecules, and the regular patterns that form their crystal struc-
tures. 

Sodium Chloride 
Sodium chloride, NaCl, is an ionic crystal. Even a tiny grain of 

sodium chloride contains billions of sodium ions and chloride 
ions. Crystals of sodium chloride have a regular, cubic structure. 
The pattern in the sodium chloride crystal is simple. Sodium ions 
(Na+) alternate with chloride ions (Cl–) in a three-dimensional 
pattern. Ionic bonds hold the ions together. You can see this pat-
tern in Figure 15. Unlike solid metals, ionic crystals are brittle. 
Only a small amount of pressure is needed to make a sodium chlo-
ride crystal crumble.

 Figure 15 In the sodium chloride unit cell, which ion, 
sodium or chloride, is at each corner? 

ACADEMIC VOCABULARY
alternate (ALL tuhr nayte)
(verb) to perform by turns or 
in succession
The students alternate reading 
from the text and answering the 
questions. 

Figure 15 Sodium and chlorine ions alternate in the 
unit cell.

Infer how the arrangement of the ions in the cubic unit 
cell is reflected in the shape of the magnified crystal.

ca8.msscience.com
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Visualizing Crystal Structure

Figure 16 Many solids exist as crystals. Whether 
it is a tiny grain of table salt or a big block of 
quartz, a crystal’s shape often is a reflection of 
the arrangement of its particles. Knowing a sol-
id’s crystal structure helps scientists understand 
its physical properties. 

HEXAGONAL Quartz crystals are six-sided, 
just as a snowflake is. This is because the 
molecules that make up both quartz and 
snowflakes arrange themselves into hexa-
gonal patterns.

CUBIC Fluorite, above, and sodium 
chloride form cube-shaped crystals. 
This shape is a reflection of the 
cube-shaped arrangement of the 
ions in the crystal. 

O Si

Cl�Na�

F�

Ca2�

Water

Contributed by National Geographic
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What is a polymer?
Just as a crystal can be compared to the pattern of stamps in a 

book of stamps, a polymer can be compared to the pattern in a 
roll of stamps. In a roll of stamps, individual stamps are joined 
together to form a long chain. A polymer is a covalent compound 
made up of many small, repeating units linked together in a chain. 
The word polymer means “many parts.” DNA is a polymer. So 
are plastics, synthetic fibers, many paints, and synthetic elastic 
compounds. 

Stringlike Molecules 
If a polymer is similar to a roll of stamps, a monomer is like a 

single stamp. A monomer is a small molecule that forms a link in 
a polymer chain. Often, the monomer is a gas at room tempera-
ture. Many hundreds of these small molecules link up by means of 
covalent bonds to form a solid polymer. 

Synthetic Polymers
In Figure 17, you can see how the monomer ethene (EH theen), 

links together to form polyethylene (pah lee EH thuh leen). Each 
line connecting the atoms in the monomer and polymer represents 
one pair of shared electrons. Polyethylene is a synthetic, or manu-
factured, polymer. It is used for grocery bags and food wrap 
because it is lightweight and flexible. Many different synthetic 
polymers are made from monomers that are variations of the eth-
ene monomer. For example, if fluorine atoms are substituted for 
each of the hydrogen atoms in ethene, an entirely different poly-
mer is formed. This polymer has properties that make it useful as 
a nonstick coating for pots and pans.

 
What kind of chemical bond holds polymers 
together?

Figure 17 Like a single stamp in a roll of stamps, the 
monomer ethene (C2H2) links together in the polymer chain 
polyethylene.

������������
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Natural Polymers
Did you notice in Figure 17 that the polyethylene chain consists 

of carbon atoms? Recall that compounds based on carbon are 
called organic compounds. Organic compounds are the materials 
of life. Cells must contain three important kinds of natural 
organic polymers. These are proteins, carbohydrates, and nucleic 
acids, such as DNA. DNA is present in every living cell, and con-
tains all the information needed for building and maintaining a 
living creature. 

What element is found in all organic compounds?

Proteins and carbohydrates, which are made or used by your 
body, are also natural organic polymers. Proteins make up your 
hair, your skin, and your muscles. A protein’s monomer is an 
amino acid, which includes carbon, nitrogen, and oxygen atoms. 
In carbohydrates, the monomer is a sugar molecule called a mono-
saccharide. Monosaccharides link up to form starches and cellu-
lose. These long chains, called polysaccharides, include carbon, 
hydrogen, and oxygen atoms. Figure 18 shows protein and carbo-
hydrate polymers with their monomers. 

Natural polymers are giant molecules. Nevertheless, the same 
kind of chemical bond holds these giant molecules together as 
binds together even a small molecule such as water. Both synthetic 
and natural organic polymers play important roles in your life.

ACADEMIC VOCABULARY
consist (kuhn SIHST)
(verb) to be composed or 
made up 
Some lunches consist of sand-
wiches and fruit.

Figure 18 Amino acid monomers join together to form a protein.

Identify the monomer that forms the starch polymer.
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What do you know about metals, 
crystals, and polymers?

Metal atoms are bound together in a solid by a sea of shared 
electrons. These electrons are free to move throughout the solid. 
They are responsible for the properties of metals, such as mallea-
bility, ductility, and conductivity. Crystals are solid substances in 
which atoms, ions, or molecules are arranged in a regular pattern 
called a unit cell. In sodium chloride, sodium ions and chloride 
ions alternate in rows and layers. Natural and synthetic polymers 
are stringlike molecules made up of repeating units of small mole-
cules called monomers. In the next chapter, you will read more 
about solids, as well as the liquid and gas states of matter.

LESSON 2 Review

Science nline
For more practice, visit Standards 
Check at  .ca8.msscience.com

Standards Check

Using Vocabulary

1. A(n)       is made up of 
repeating unit cells. 3.c

2. Two properties of metals are 
     and     . 7.c

Understanding Main Ideas

3. What holds sodium chloride 
crystals together? 3.b

A. covalent bonds

B. ionic bonds

C. a sea of electrons

D. metallic bonds

4. Identify each material as a 
metal, crystal, or polymer.

A. a brittle solid with a high 
melting point

B. a shiny, thin sheet that con-
ducts heat 

C. a thin, clear, lightweight, 
and flexible wrap 3.c

5. Explain what is meant by a 
sea of electrons. 3.b

6. Describe how a monomer is 
related to a polymer. 3.c

7. Compare and Contrast Copy 
and fill in the graphic orga-
nizer below to compare and 
contrast ionic crystals and 
solid metals, including the 
chemical bonds they form. 3.c

[topic] Similarities Differences

Applying Science

8. Create a drawing showing 
how eight chloride ions and 
seven sodium ions might be 
arranged in a single layer of a 
crystal.  3.c

9. Design an experiment to 
determine whether an 
unknown substance is a metal 
or an ionic crystal. 3.c

Summarize
Create your own lesson 
summary as you design a 
study web.

1. Write the lesson title, 
number, and page num-
bers at the top of a sheet 
of paper. 

2. Scan the lesson to find 
the red main headings.

3. Organize these headings 
clockwise on branches 
around the lesson title.

4. Review the information 
under each red heading 
to design a branch for 
each blue subheading.

5. List 2–3 details, key terms, 
and definitions from each 
blue subheading on 
branches extending 
from the main heading 
branches.

ELA8: R 2.3

http://ca8.msscience.com
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Formula Units
A formula unit is the base molecule that is used to build a com-
pound. Use multiplication to find how many atoms are in a molecule.

Example
How many hydrogen (H) atoms, sulfur (S) atoms, and oxygen (O) 
atoms are in 3 molecules of sulfuric acid (H2SO4)?

1   Find the number of hydrogen atoms in one molecule of H2SO4. 
H2SO4 is made of:

2 hydrogen atoms–H2
1 sulfur atom–S
4 oxygen atoms–O4

One molecule of H2SO4 contains 2 hydrogen atoms, 1 sulfur atom, 
and 4 oxygen atoms.

2  Now find the number of sulfur, hydrogen, and oxygen atoms in 
3 molecules of H2SO4. Multiply each number of atoms by 3.

3 molecules  � 2 hydrogen atoms each � 6 hydrogen atoms
3 molecules  � 1 sulfur atom each � 3 sulfur atoms
3 molecules  � 4 oxygen atoms each � 12 oxygen atoms

Answer: Three molecules of sulfuric acid contain 6 hydrogen atoms, 
3 sulfur atoms, and 12 oxygen atoms.

Practice Problems
Use the following formula to answer questions 1 and 2.

 Ca(OH)2

1.  How many atoms of hydrogen are in this compound?

2.  How many atoms of calcium and oxygen are in 2 formula units 
of this compound?

Elements in Formula Unit Number of Atoms
Sulfur (S) 1

Hydrogen (H) 2

Oxygen (O) 4

3.b, 3.f

MA8: ALG 1.0

Science nline
For more math practice, 
visit Math Practice at 
ca8.msscience.com.

http://ca8.msscience.com
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 Lattice Energies

Salt Energy 
(kJ/mol)

LiF 1,036

NaF 923

KF 821

LiCl 853

NaCl 786

KCl 715

LiBr 807

NaBr

KBr 682

LiI 757

NaI 704

KI 649

How are ionic radii and lattice 
energies of salts related?

The lattice energy of a crystal tells how strong the bonds in the 
crystal are. How do you think lattice energy is related to the dis-
tance between the atoms in the crystal? 

Data 
 Atomic Radii (pm)

Li Na K F Cl Br I

152 186 227 72 100 114 133

Data Analysis 
1. Calculate For each ionic compound in the table, add the radii 

of its two elements. This is the distance between the atoms in 
each crystal.

2. Create a graph with “Distance between atoms” on the x-axis 
and “Lattice energy” on the y-axis.

3. Determine the relationship between distance and lattice 
energy.

4. Predict the approximate lattice energy for NaBr.

 
Science Content Standards

3.b  Students know that compounds are formed by combining two or more different elements and 
that compounds have properties that are different from their constituent elements.
9.e  Construct appropriate graphs from data and develop quantitative statements about the 

relationships between variables.

MA8: ALG 6.0
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Growing Crystals
Problem 
Crystals of ionic compounds can be made to grow from super-
saturated solutions.

Form a Hypothesis
Read the procedure. What conditions do you think will produce 
the best crystals? Write a hypothesis to explain your prediction.

Collect Data and Make Observations 

1. Read and complete a safety form.
2. Thoroughly clean and rinse all equipment with distilled water 

before starting. Impurities from dirty equipment might prevent 
the crystals from growing.

3. Use a pencil with a 7-cm string attached as the framework for 
growing crystals. Dangle the framework into the supersatu-
rated solution. You may want to put a seed crystal, a small 
crystal of the same chemical, on the string. Make sure that you 
do not use metal, which could react with the crystal com-
pound. Make sure the framework is very clean.

4. A supersaturated solution can be made by stirring as much sol-
ute, or dissolving substance as possible into boiling water. Add 
solute spoonful by spoonful to 100 mL of boiling water until it 
no longer dissolves. If undissolved solute settles on the bot-
tom, carefully pour your solution into a clean beaker.

Materials
alum  
distilled water
salt
sugar
filter paper 
string 
hot plate
beaker
spatula
hand lens

Safety Precautions
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5. When growing the crystals, it is best to leave them undis-
turbed in an area with no vibrations. Cover the beaker to 
protect the growing crystals from dust. You may choose to 
grow your crystals at room temperature or in a refrigerator 
or freezer.

6. Leave your crystal setup for several hours or overnight. When 
you return to the lab, record observations about your own 
crystals and those of other lab groups.

Analyze and Conclude 

1. Identify the compound that grew the best crystals.
2. Describe which condition grew the best crystals.
3. Describe your experiment and those of your classmates. Make 

note of similarities and differences in procedures and results. 
Explain how you think that each of the changes in procedure 
affected the product.

4. Infer Do you think there is a difference in the way crystals in 
the sugar (molecular compound) and the salts (ionic com-
pounds) grew? Explain, using your observations.

5. Draw a diagram on how you think the crystals grow on a 
molecular level.

6. Describe the errors that were made. How could the proce-
dures have been improved?

Communicate

Write a procedure  for growing crystals of rock 
candy at home. Imagine that your procedure 
would be part of a book of fun experiments to be 
done in the kitchen.

 
Science Content Standards

3.c  Students know atoms and molecules form solids by building up repeating patterns, such as 
the crystal structure of NaCl or long-chain polymers.
9.a  Plan and conduct a scientific investigation to test a hypothesis.

ELA8: W 2.6
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Mario J. Molina was born in Mexico. He conducted 
research on chlorofluorocarbon at the University of 
California–Berkeley in the 1970s. Molina, along with 
two colleagues, discovered that CFCs were deplet-
ing the ozone layer. In 1995, he was awarded the 
Nobel Prize in Chemistry for his work on the 
formation and decomposition of ozone in the 
atmosphere. 

CFCs and the Ozone Layer

Sweeter Than Sugar
Sucralose is a molecule made by combining sucrose 
(sugar) and chlorine atoms. This molecule, which 
was first synthesized in 1976, is approximately 
500–600 times sweeter than sugar. 
Aspartame is another sugar substitute; it is made 
from the amino acid phenylalanine. This molecule 
was discovered in 1965 by accident. It is 
approximately 180 times sweeter than sugar. 

Mario J. Molina Visit CareersCareers at 
ca8.msscience.com to reasearch Molina’s 
accomplishments. Write a 400–500-word bio-
graphy of Mario J. Molina’s life. Include facts 
about his childhood, education, and research 
background. 

ELA8: W 2.1

Sugar Substitutes Go to TechnologyTechnology at 
ca8.msscience.com to gather information 
about sucralose and aspartame. Create a table 
on the uses, properties, and side effects of each 
molecule.

(t)Robin Laurance/Photo Researchers, (b)IFA Bilderteam/eStock Photo

http://ca8.msscience.com
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Discovering DNA’s 
Structure

The Human Genome Project
A genome is all the genetic information 
of an organism. The human genome 
project set out to identify the nucleo-
tide sequences of every gene on every 
human chromosome. The project was 
started in 1986 and completed in 2003.

In the early 1950s, Rosalind Franklin, Francis Crick, and 
James Watson were trying to discover the shape of the 
DNA molecule. Using X-ray crystallography Rosalind 
Franklin determined that DNA had a double-helix structure, 
meaning that it contains two strands that are intertwined. 
James Watson and Francis Crick used this information to 
construct the first model of DNA. 

The Future of Medicine How do 
you think the human genome 
project will be used to diagnose 
and treat diseases in the future? 
Write a futuristic newspaper article 
about the potential benefits of the 
human genome project.

ELA8: W 2.1

The History of DNA Create a time line of the impor-
tant DNA discoveries in the past 200 years. Visit 
HistoryHistory at ca8.msscience.com to find information 
about important DNA advancements. 

(t)Dr. Tim Evans/Photo Researchers, (b)Anna Clopet/CORBIS

http://ca8.msscience.com
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CHAPTER

Interactive Tutor 

 
Atoms of two or more elements can combine to form compounds that have 
different properties from those of the elements that formed them.

ca8.msscience.com

Standards Study Guide

Lesson 1 How Atoms Form Compounds

Compounds are chemical combinations of elements 
that have properties different from the elements that formed 
them.
• Atoms of different elements can combine to form compounds.

• The properties of a compound usually are different from the properties of the 
elements that make it up.

• Ionic bonds usually involve the transfer of electrons from a metal atom to a 
nonmetal atom.

• Ionic compounds are usually solid at room temperature. They have relatively 
high melting and boiling points. They are soluble in water and their solutions 
conduct electricity. 

• A pair of electrons is shared in a covalent bond.   

• Two pairs of electrons are shared in a double covalent bond. In a triple 
covalent bond, three pairs of electrons are shared.

• chemical bond  (p. 220) 
• chemical formula  (p. 219)
• compound  (p. 218)
• covalent bond  (p. 225)
• ionic bond  (p. 220)
• molecule  (p. 219)
• valence  (p. 223)

Lesson 2 Forming Solids

Atoms, ions, and molecules can link together to form 
large, repeating structures such as solid metals, ionic and molecu-
lar crystals, and polymers.
• Solid metals are held together by metallic bonds.

• Metallic bonds account for many of the properties of solid metals.

• A single crystal has billions of atoms, ions, or molecules held together in a 
regular pattern.

• Crystals can be held together by either ionic bonds or covalent bonds. 

• Polymers are long, stringlike molecules made up of small monomers linked 
together in a chain.

• Natural polymers such as proteins and carbohydrates contain the element 
carbon.

• crystal  (p. 232)
• ductility  (p. 232)
• malleability  (p.232)
• metal  (p. 230)
• metallic bond  (p. 231)
• monomer  (p. 235)
• polymer  (p. 235)
• unit cell  (p. 233)

3.a, 3.b, 3.f

3.b, 3.c, 7.c, 9.a, 9.e

Download quizzes, key 
terms, and flash cards from 
ca8.msscience.com.

http://ca8.msscience.com
http://ca8.msscience.com
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CHAPTER

Linking Vocabulary and Main Ideas
Use vocabulary terms from page 30 to complete this concept map. 

Using Vocabulary
Describe the relationship between each pair 
of terms.

 9. monomer and polymer

10. covalent bond and valence

11. ductility and maleability

12. chemical bond and ionic bond

Match a vocabulary term to each definition below.

13. a bond formed when many metal atoms share 
their pooled electrons

14. a regular, repeating arrangement of atoms, ions, 
or molecules

15. uses atomic symbols and subscripts to show the 
elements and the number of atoms of each ele-
ment that combine to form a compound

Standards Review

1. 

can be

form

7. 

Chemical Bonds

made from

ionic 2. 

Visit ca8.msscience.com for:
 ▶  ▶ Vocabulary PuzzleMaker
 ▶  ▶ Vocabulary eFlashcards
 ▶  ▶ Multilingual Glossary

3. 

4. 

represented by

solids

can be

monomers

6. 

have properties 
which are

built from

5. 

crystals

malleability 8. 

http://ca8.msscience.com
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CHAPTER

Standards Review 

Standards Review

ca8.msscience.com

Understanding Main Ideas
Choose the word or phrase that best completes the 
statement.

1. What does an ionic compound usually contain 
besides a positively charged metal ion?
A. a negatively charged nonmetal ion
B. a positively charged nonmetal ion
C. a negatively charged metal ion
D. a positively charged metal ion 3.b

2. What is most of the matter around you made of?
A. pure elements
B. mixture of pure elements
C. compounds
D. crystals   3.b

3. The illustration below shows the electronic struc-
ture for carbon. 

  Determine the number of valence electrons car-
bon has.
A. zero
B. two
C. four
D. six   3.a

4. State the number of dots in a Lewis dot diagram 
for the Group 17 element fluorine.
A. 2 dots
B. 3 dots
C. 7 dots
D. 8 dots   3.a

5. Name the type of bond that carbon will NOT 
form.
A. single bond
B. ionic bond
C. double bond
D. triple bond   3.b

6. What is an example of a synthetic polymer?
A. polyethylene
B. polysaccharide
C. carbohydrate
D. protein   3.b

7. Which does the illustration represent?

A. an ionic crystal
B. a covalent crystal
C. a metallic solid
D. a synthetic polymer   3.c

8. When an atom is chemically stable, how many 
electrons are in its outer energy level?
A. 8
B. 7
C. 4
D. 1   3.a

9. On the periodic table, which groups of elements 
tend to form positive ions?
A. Group 1 and Group 2
B. Group 16 and Group 17
C. Group13 and Group 14 
D. Group 16 and Group18  3.b

10. What structure will atoms have after losing or 
gaining electrons? 
A. a crystal
B. a polymer
C. a binary compound
D. a noble gas   3.a

http://ca8.msscience.com
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Applying Science
11. Compare the ways in which the elements 

sodium and carbon form chemical bonds.  3.b

12. Predict whether an element with a valence of 8 
is most likely form ionic bonds, covalent bonds, 
or no chemical bonds with other atoms. 
Explain. 3.b

13. Propose an explanation for why the element 
carbon, rather than sodium, is important in 
forming natural polymers. 3.c

14. Classify the unknown substance described in the 
table of properties as a solid metal, ionic crystal, 
covalent crystal, or polymer. 3.c

 Properties of an Unknown Solid

Hardness brittle

Melting point very high

Water solubilty very soluble

Electrical conductivity 
in a water solution

yes

15. Design an experiment to compare the properties 
of sodium chloride and sand. 3.c

16. Propose an explanation for why chlorine does 
not form double bonds. 3.b

17. Explain why Groups 1 and 2 form many 
compounds with Groups 16 and 17. 3.f

18. Think Critically Silicon has four electrons in its 
outer energy level. What type of bond is silicon 
most likely to form with other elements? Explain.  
  3.b

19. Write rules for a new game that you and your 
classmates could play to increase your under-
standing of chemical bonds. ELA8: W 2.6

Cumulative Review
20. Describe the location of the neutrons and 

protons in an atom. 3.a

21. Explain why Rutherford’s model of the atom is 
called the nuclear atom. 3.a

22. Explain what is meant by the electron cloud 
atom. 3.a

Applying Math

Use the following formulas to answer 
questions 23–27.

Formula Table

Chemical 
Formula

C6H6 H2O NaCl

Chemical 
Name

Benzene Water Sodium 
chloride

23. How many atoms of hydrogen are in 
2 molecules of benzene? MA8: ALG 1.0

24. How many atoms of carbon are in 
3 molecules of benzene? MA8: ALG 1.0

25. How many atoms of oxygen are in 
3 molecules of water? MA8: ALG 1.0

26. How many atoms of chloride are in 
6 molecules of sodium chloride? MA8: ALG 1.0
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CHAPTER

Standards Assessment ca8.msscience.com

Standards Assessment

1  Sodium combines with fluorine to produce 
sodium fluoride (NaF), an active ingredient in 
toothpaste. In this form, sodium has the elec-
tron configuration of which other element?

A neon

B magnesium 

C lithium

D chlorine 3.b

2  The illustration below shows the electron con-
figuration for potassium.

 How many electrons does potassium need to 
gain or lose to become stable?

A gain 1

B gain 2

C lose 1

D lose 2 3.a

3  What are the small units that make up 
polymers?

A monomers

B crystal

C unit cell

D chain 3.c

4  Which elements are least likely to react with 
other elements? 

A metals 

B noble gases 

C nonmetals 

D semimetals 3.b

5  What type of bond connects the atoms in a mol-
ecule of nitrogen gas (N2)?

A ionic

B single

C double

D triple 3.b

Use the illustration below to answer questions 6 and 7.

6  Which term best describes the type of bonding 
in magnesium chloride?

A ionic

B pooling

C metallic

D covalent 3.b

7  How many electrons did magnesium give to 
each chlorine atom?

A 0

B 1

C 2

D 3 3.a

http://ca8.msscience.com


Chapter 5 • Standards Assessment 249

CHAPTER

8  What is the number of the group in which the 
elements have a stable outer energy level?

A 1

B 13 

C 16

D 18 tk

9  Why are metals good conductors of heat and 
electricity?

A They have loosely bound electrons within the 
atom.

B They have luster and malleability.

C They are composed of mixtures

D They have a shiny appearance. tk

10  The illustration below shows a sodium chloride 
crystal.

 What type of crystal is sodium chloride?

A ionic

B covalent

C metallic

D molecular 3.c

11  What property allows metals to be shaped into a 
musical instrument?

A conductivity

B ductility

C luster

D malleability 7.c

12  Which molecule is a synthetic polymer?

A DNA

B polyethylene

C carbohydrates

D proteins 3.c

13  What is the electron diagram for the ionic com-
pound sodium fluoride (NaF)? 

A 

B 

C 

D 3.b

14  Which describes what is represented by the 
symbol Cl�?

A an ionic compound

B a polar molecule

C a negative ion

D a positive ion 3.b

15  When magnesium loses its valence electrons, it 
has the atomic structure of what element?

A neon

B fluorine

C argon

D sodium 3.a
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