How many different words C
keyboard? The English alph
lists hundreds of thousands
only about 118 different elements make

all kinds of Matter,
* How do so few elements form SO many different kinds of matter?




What do you think?

Before you read, decide if you agree or disagree with each of
these statements. As you read this chapter, see if you change
your mind about any of the statements.

o Elements rarely exist in pure form. Instead, combinations
elements make up most of the matter around you.

Chemical bonds that form between atoms invoive electrons.

The atoms in a water molecule are more chemically stable th
they would be as individual atoms.

Many substances dissolve easily in water because opposite
ends of a water molecule have opposite charges.

Losing electrons can make some atoms more chemically stable.

Metals are good electrical conductors because they tend to
hold onto their valence electrons very tightly.
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Key Concepts £ ==
ESSENTIAL QUESTIONS

* How is an electron’s
energy related to its
distance from the nucleus?

* Why do atoms gain, lose,
or share electrons?

Vocabulary

chemical bond p. 382

valence electron p. 384

electron dot diagram p. 385

o
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Rowing can be hard work, especially if you are part of a
racing team. The job Is made easier because the

each pull on the water with a pair of oars. How do pairs
make the boat more stable?

rowers
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the names beryilium, sodium, iron, Zinc,

About This

blocks?

Periodic Table

books were unorganized. Books are
ized in a library to help you easily find
information you need. The periodic table
2 library of information about all chemi-

ents.

copy of the periodic table is on the inside
k cover of this book. The table has more
100 blocks—one for each known element.
h block on the periodic table includes
c properties of each element such as the
nent’s state of matter at room temperature
its atomic number. The atomic number is
umber of protons in each atom of the
tent. Each block also lists an element’s
lic mass, or the average mass of all the dif-
nt isotopes of that element.

s the periodic table Organized;
you begin to put together 3 Puzzie of 5
d pieces? You first sort similar pieces into
Al edge piec?s might go into one pile. All
eces might go into another pile. Similany SCi-
& the elements into groups based <'3n
-pla 2 ﬂ ties. They created the periodic table
organizes information about all the eleme‘nts
pptain six index cards from your teacher
ng one card for each element name. \;vrite

gluminum, and oxygen at the top of a card.

.
A Open your textbook to the periodic table printed on insi
th
alement key for each element written on iy € inside back cover. Locate the

e?Ch element, ﬁnq the following information and write it on the index card: symbol,
atomic number, atomic mass, state of matter, and element type

at do the elements in the blue blocks have in common? In the green blocks? In the

, == Key Concfept Each 9l§m«e.nt.in a column on the periodic table has similar chemical
pmperﬁes and forms bonds in similar ways. Based on this, for each element you listed on a
card, name another element on the periodic table that has similar chemical properties.

20 minutes

. Periods and Groups
nagine trying to find a book in a library if :

You can learn about some properties of an

element from its position on the periodic
: table. Elements are organized in periods (rows)
: and groups (columns). The periodic table lists
. elements in order of atomic number. The
{ atomic number increases from left to right as
you move across a period. Elements in each
group have similar chemical properties and
i react with other elements in similar ways. In
this lesson, you will read more about how an
element’s position on the periodic table can
© be used to predict its properties.

a Reading Check How is the periodic table

organized?
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A Figure 1 Elements on
the periodic table are
classified as metals,
nonmetals, or metalloids.

3 Animation

REVIEW VOCABULARY -+

compound :
matter that is made up of two or
more different kinds of atoms
joined together by chemical

bonds

Figure 2 Protons and
neutrons are in an atom'’s
nucleus. Electrons move
around the nucleus. V¥

Nucleus

Lithium Atom
Chapter 11

EXPLAIN

Period Group
number number
Ny e
2
3 3 4 S & 7

conductors of electricity apg
thermal energy; easily py|jeq
into wires and hammereg into
sheets

13 W 15 16 17

9 10 1N 12

Metalloids Have propertje in
common with both metals g
nonmetals; often used as semi-
conductors in electronic device

Nonmetals Poor conductors

of thermal energy and electn(ity.
most are gases at room '
temperature; solid form tends

to be brittle

Metals, Nonmetals, and Metalloids

The three main regions of elements on the periodic table are
shown in Figure 1. Except for hydrogen, elements on the left side
of the table are metals. Nonmetals are on the right side of the
table. Metalloids form the narrow stair-step region between mer.
als and nonmetals.

0 Reading Check Where are metals, nonmetals, and
metalloids on the periodic table?

Atoms Bond

In nature, pure elements are rare. Instead, atoms of different
elements chemically combine and form compounds. Compounds
make up most of the matter around you, including living and
nonliving things. There are only about 118 elements, but these
elements combine and form millions of compounds. Chemical
bonds hold them together. A chemical bond is a force that holds
two or more atoms together.

Electron Number and Arrangement

Recall that atoms contain protons, neutrons, and electrons, as
shown in Figure 2. Each proton has a positive charge: each neu:
tron has no charge; and each electron has a negative charge. The
atomic number of an element is the number of protons in each

atom of that element. In a neutral (uncharged) atom, the number
of protons equals the number of electrons.

The exact position of electrons in an atom cannot be deter
mined. This is because electrons are in constant motion around
the nucleus. However, each electron is usually in a certain area
of space around the nucleus. Some are in areas close to the
nucleus, and some are in areas farther away.
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2 s and Energy Dilfferent electrons jn an atom have differ- @ :
unts of energy. An electron moves around the nucleus at a L ] FOLDABLES' N

ce that corresponds 1o its amount of ene

Igy. Areas of space in  © | M
: move ar " k ; ake two quarter-
Gle‘:tl:;::t g zt'l“ld ‘i“e nucleus are called energy levels. = | sheet note cards from
ons € : cleus have the least amount of energy. a sheet of paper. Use
are in the lowest energy level. Electron © | them to organize your
BN et « : s farthest from the A gl |
ave st amount of energy. They are i , | notes on valence elec-
. re $
yare in the highest | 515 and electron dot

level. The energy levels of an atom are shown in Figure 3
that only two electrons can be in the lowest energy level

dlagrams.

Key Concept Check How is an electron’s
en
to its position in an atom? ergy related

s and Bonding Imagine two magnets. The closer they are
h other, the stronger the attraction of their opposite ends.
\ ly charged electrons have a similar attraction to the posi- -
harged nucleus of an atom. The electrons in energy levels i

) the nucleus of the same atom have a strong attraction to : i
ucleus. However, electrons farther from that nucleus are
: attracted to it. These outermost electrons can easily be
d to the nucleus of other atoms. This attraction between
itive nucleus of one atom and the negative electrons of

her is what causes a chemical bond. ¢ Figure 3 Electrons are in
certain energy levels
within an atom. ot

] !
ron Energy Levels &= a"e’“"a' P i

The positively charged nucleus attracts t
the negatively charged electrons.

Electrons in energy levels dosest
to the nucleus are strongly k:
attracted to it, similar to the way |
a paper clip is strongly attracted
1o a nearby magnet. The lowest
energy level can hold only two
electrons.

Electrons in energy levels farthest p=——
from the nucleus have a weak i
attraction to the nucleus, similar

sy to the way a paper clip is weakly
Fluorine

attracted to a magnet farther
9 protons away. The outermost electrons
10 neutrons are nvolved in chemical bonds.

9 electrons
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Valence Electrons

You have read that electrons farthest from their nucleyg "
easily attracted to the nuclei of nearby ato.ms. The.se outermgyg,
. electrons are the only electrons involved in chemical bondip '
WORD ORIGIN -+ v--+: . Even atoms that have only few electrons, such as hydrogep,
valence © 1 lithium, can form chemical bonds. This is because these electrqp,
from Latin valentia, means : are still the outermost electrons and are exposed to the nuclej of
“strength, capﬂc“‘ © other atoms. A valence electron is an outermost electron of g,
atom that participates in chemical bonding. Valence electrons hay,

the most energy of all electrons in an atom.

The number of valence electrons in each atom of an elemep,
can help determine the type and the number of bonds it 3y
form. How do you know how many valence electrons an atom
has? The periodic table can tell you. Except for helium, elements

© in certain groups have the same number of valence electrons.
Figure 4 @= You can Figure 4 illustrates how to use the periodic table to determine
use the group numbers at  : the number of valence electrons in the atoms of groups 1, 2, and
the top of the columnsto  © 13-18. Determining the number of valence electrons for ele-
determine the number of  : mens in groups 3-12 is more complicated. You will learn abour

valence electrons in atoms 7 ;
oups in later chemistry courses.
of groups 1, 2, and 13-18. these group ry

The total number of Groups 1,2,13-18 Helium (He) is 18
electrons ina neutral The number of valence an exception to
=1 atom is the same as electrons in an atom the rule. Atoms — ¢
: the atomic number. equals the ones digit of of helium have 2 2 i

the group number. valence electrons. —x e |

..

13 1415 1617
AT FERETDLN

101
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@ Visual Check How many valence electrons does an atom of phosphorous (P) have?
Chapter 11 .
384
EXPLAIN




writing and Using Electron Dot Diagrams

figure 5 Electron dot diagrams show the number of valence electrons in an atom.

A T e
steps for writing a dot diagram

| o Beryllium Carbon Nitrogen Argon
identify the element’s group number on the
periodic table. 2 14 15 8
fopemt e .
\dentify the number of valence electrons.
- This equals the ones digit of the group number 2 . 5 2
L :
o Draw the electron dot diagram.
- Place one dot at a time on each side of the .
symbol (top, right, bottom, left). Repeat until s £ o A
all dots are used.
@ Determineif the atom is chemically stable. Chemically | Chemically | Chemically | Chemically
« An atom is chemically stable if all dots on the U g ¥
electron dot diagram are paired. nstable Unstable Unstable Stable
o Determine how many bonds this atom can form.
» Count the dots that are unpaired. : 2 : 0

1 2
Li | Be-
Na | Mg

Electron Dot Diagrams

In 1916 an American Chemist named

Gilbert Lewis developed a method to show an

element’s valence electrons. He developed the : every element in a group has the same number

electron dot diagram, a model that represents
valence electrons in an atom as dots around the :
. has eight valence electrons, or four pairs of

Electron dot diagrams can help you predict dots, in the diagram. There are no unpaired
how an atom will bond with other atoms. . dots. Atoms with eight valence electrons do
Dots, representing valence electrons, are not easily react with other atoms. They are
placed one-by-one on each side of an element’s chemically stable. Atoms that have between
chemical symbol until all the dots are used. ; one and seven valence electrons are reactive,
Some dots will be paired up, others will not. : or chemically unstable. These atoms easily
© pond with other atoms and form chemically

number of bonds an atom can form. The steps - stable compounds.

for writing dot diagrams are shown in Figure 5.
- one energy level. These atoms are chemically

© stable with two valence electrons.

element’s chemical symbol.

The number of unpaired dots is often the

’ Reading Check Why are electron dot
diagrams useful?

Al-| Si- | -B- | -8t |-G |:Ar:

Recall that each element in a group has the
same number of valence electrons. As a result,

of dots in its electron dot diagram.

Notice in Figure 5 that an argon atom, Ar,

Atoms of hvdrogen and helium have only

Lesson 1
EXPLAIN
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Noble Gases
The elements in Group 18 are calleq Nobe

gases. with the exception of helium, hobje
gases have eight valence electrons apq -
chemically stable. Chemically stable aiop,, 4
not easily react, or form bonds, with Othe;
atoms. The electron structures of two bl
gases neor and helium-are shown in Figye 6
Notice that all dots are paired in the dot g;,
grams of these atoms.

Stable and Unstable Atoms

Atoms with unpaired dots in their electrgy,
dot diagrams are reactive, or chemically ung,
ble. For example, nitrogen, shown in Figure g
has three unpaired dots in its electron g
diagram, and it is reactive. Nitrogen, like mapy
other atoms, becomes more stable by formin,
chemical bonds with other atoms.

<" MiniLab

How does an electron’s energy
relate to its position in an atom? E
Electrons in energy

levels closest to the

nucleus are strongly

attracted to it. You can

use paper clips and a

magnet to model a

similar attraction. 1

© Read and complete -
a lab safety form,

0 Pick up a paper clip with a magnet. Use
the first paper clip to pick up another one.

20 minutes

o Continue picking up paper clips in this
way until you have a chain of paper clips
and no more will attach,

o Gently pull off the paper clips one by one.

When an atom forms a bond, it gains, Joses
or shares valence electrons with other atoms gy
forming bonds, atoms become more chemically
stable. Recall that atoms are most stable with
eight valence electrons. Therefore, atoms with
less than eight valence electrons form chemical
bonds and become stable. In Lessons 2 and 3,
you will read which atoms gain, lose, or share
electrons when forming stable compounds.

Analyze and Conclude

1. Observe Which paper clip was the easiest
to remove? Which was the most difficult?

. Use Models In what way do the magnet
and the paper clips act as a model for an

& w2 Key Concept How does an
electron’s position in an atom affect its

ability to take part in chemical bonding? % Key Concept Check Why do atoms

gain, lose, or share electrons?

Figure 6 @#=> Atoms gain, lose, or share valence electrons and become chemically stable.

gL — B electrons |
: Q g 2 electrons &, 7—- 2 electrons
e He

Neon has 10 electrons:

2 inner electrons and 8 valence
electrons. A neon atom is chemically
stable because it has 8 valence
electrons. All dots in the dot
diagram are paired,

Chapter 11
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Helium has 2 electrons.
Because an atom's lowest energy

Nitrogen has 7 electrons: 2 innet
electrons and 5 valence electrons. Its

level can hold only 2 electrons, dot diagram has 1 pair of dots and
the 2 dots in the dot diagram 3 unpaired dots. Nitrogen atorms
are paired, Helium is chemically become more stable by forming
stable. chemical bonds.

o A e B g e e A A NS e



fisust Summary
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Electrons are less
strongly attracted to
3 nucleus the far-
ther they are from it
similar to the way

3 magnet attracté

a paper clip.

Electrons in atoms
are in energy levels
around the nucleus.
« Valence electrons
are the outermost
electrons.

All noble gases,
except He, have four
<] pairs of dots in their
L electron dot dia-
grams. Noble gases
are chemically stable.

Use your lesson Foldable to review the
lesson. Save your Foldable for the project
at the end of the chapter

{ Youfirst read the statements below at the

{4 beginning of the chapter.

4. Elements rarely exist in pure form.
Instead, combinations of elements make
up most of the matter around you.

2. Chemical bonds that form between atoms

) involve electrons.

} Didyou change your mind about whether you

 agree or disagree with the statements? Rewrite

eview

 any false statements to make them true.

Online Quiz

Use Vocabulary

o Use the term chemical bond in a complete
sentence

e Define electron dot diagram in your own words.
e The electrons of an atom that participate in
chemical bonding are called
(e
Understand Key Concepts (=

o Identify the number of valence electrons in
each atom: calcium, carbon, and sulfur.

e Which part of the atom is shared, gained, or
lost when forming a chemical bond?

C. nucleus

D. proton

A. electron
B. neutron

e Draw electron dot diagrams for oxygen,
potassium, iodine, nitrogen, and beryilium.
Interpret Graphics

o Determine the number of valence electrons in
each diagram shown below.

o Organize Information Copy and Al in the
graphic organizer below to describe one or
more details for each concept: electron energy,
valence electrons, stable atoms.

Concept Description

Critical Thinking

o Compare krypton and bromine in terms of
chemical stability.

Decide An atom of nitrogen has five valence
electrons. How could a nitrogen atom become
more chemically stable?

Lesson 1
I o nnd BEREE, |
EVALUATE
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Faster than ocean liners and safer géan b
airplanes, airships used to be the best B - \ (
way to travel. The largest, the Hindenburg, was B ifference of £ &0
nearly the size of the Titanic. To this day, no dalence Elect(gn

larger aircraft has ever flown. So, what happened ¢ i :

to the giant airship? The answer lies in a valence :
electron. L

The builders of the Hindenburg filled it with a
lighter-than-air gas, hydrogen, so that it would
float. Their plan was to use helium, a noble gas.
However, helium was scarce. They knew hydrogen
was explosive, but it was easier to get. For nine
years, hydrogen airships floated safely back and
forth across the Atlantic. But in 1937, disaster struck.
Just before it landed, the Hindenburg exploded in
flames. The age of the airship was over.

Since the Hindenburg, airplanes have become the *#
main type of air transportation. A big airplane uses
hundreds of gallons of fuel to take off and fly. As a
result, it releases large amounts of pollutants into the
atmosphere. Some people are looking for other types
of air transportation that will be less harmful to the
environment. Airships may be the answer. An airship
floats and needs very little fuel to take off and stay
airborne. Airships also produce far less pollution than
other aircraft.

Today, however, airships use helium not hydrogen. With two valence
electrons instead of one, as hydrogen has, helium is unreactive. Thanks to
helium's chemical stability, someday you might be a passenger on a new, 3
luxurious, but not explosive, version of the Hindenburg.
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A A new generation of big alrships
might soon be hauling freight and {helr surfaces rea
carrying passengers, Find out how out

{ate by noble gases.
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