e

Lessdﬁg /_ T .\ |

Reading Guide |

Key Concepts e
ESSENTIAL QUESTIONS

» What is an ionic
- compound?
"« How do metallic bonds

~ differ from covalent and
~ jonic bonds?
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pound that forms when elements form bonds by
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< Launch Lab

How can atoms form compounds by gaining

and losing electrons? n E

Metals often lose electrons when forming stable com
J Nonmetals often gain electrons.

©) Read and complete a lab safety form.

€©) Make two model atoms of sodium, and one rr?odel'atom -
each of calcium, chiorine, and sulfur. To do this, write eac
element’s chemical symbol with a marker on a paper
plate. Surround the symbol with small balls of clay to : o
represent valence electrons. Use one color of clay for the metals (19; :’p 1
elements) and another color of clay for nonmetals (groups 16 and 17 elements).

e To model sodium sulfide (Na,S), place the two sodium atoms next to the sulfur atom. To
form a stable compound, move each sodium atom’s valence electron to the sulfur atom.

© Form as many other compound models as you can by removing valence electrons from
the groups 1and 2 plates and placing them on the groups 16 and 17 plates.

pounds.

Think About This
1. What other compounds were you able to form?

2. @=» Key Concept How do you think your models are different from covalent
compounds?

Understanding lons

As you read in Lesson 2, the atoms of two or more nonmetzls
form compounds by sharing valence electrons. However, when a

FoLbaBLEs |

Make two quarter-
sheet note cards as

shown. Use the cards : metal and a nonmetal bond, they do not share electrons. Instead.
to summarize informa- | : one or more valence electrons transfers from the metal atom t©
tion about ionic and : the nonmetal atom. After electrons transfer, the atoms bond and

metallic compounds.

form a chemically stable compound. Transferring valence elec
trons results in atoms with the same number of valence electrons
as a noble gas.

When an atom loses or gains a valence electron, it becomes 2
ion. An jon is an atom that is no longer electrically neutral becaus: i
has lost or gained valence electrons. Because electrons have a negai+¢
charge, losing or gaining an electron changes the overall charge o
an atom. An atom that loses valence electrons becomes an ion *

a positive charge. This is because the number of electrons is 7

WORD ORIGIN -+ : ¢ less than the number of protons in the atom. An atom that |
ion : S valence electrons becomes an ion with a negative charge 1!
from Greek ienai, means “to go i because the numbe : 8

NORAI ST B mber of electrons is now greater than the nu’
. of protons,

0 Regding Check Why do atoms that a gain electrons bec
an ion with a negative charge?
% Chapter 11




7 Valence Electrons
at the periodic table on the inside
over of this book. What informatign
sodium (Na) can you infer from the
¢ table? Sodium is a metal. It atomic
is 11. This means each sodium atom
ﬂﬁ, 11 protons and 11 electrons. Sodium is in
gmuP 1 on the periodic table. Therefore,
sodium atoms have one valence electron, and
they are chemically unstable.

Metal atoms, such as sodium, become more
stable when they lose valence electrons and
form a chemical bond with a nonmetal. If a
sodium atom loses its one valence electron, it
would have a total of ten electrons. Which ele-
ment on the periodic table has atoms with ten
electrons? Neon (Ne) atoms have a total of ten
electrons. Eight of these are valence electrons.
When a sodium atom loses one valence elec-
tron, the electrons in the next lower energy
level are now the new valence electrons. The
sodium ion then has eight valence electrons,
the same as the noble gas neon and is chemi-
cally stable.

Losing and Gaining Electrons

T

Gaining Valence Electrons

In Lesson 2, you read that nonmetal atoms
can share valence electrons with other non-
metal atoms. Nonmetal atoms can also gain
valence electrons from metal atoms. Either

: way, they achieve the electron arrangement of

a noble gas. Find the nonmetal chlorine (Cl) on
the periodic table. Its atomic number is 17.
Atoms of chlorine have seven valence elec-
trons. If a chlorine atom gains one valence

. electron, it will have eight valence electrons.

It will also have the same electron arrange-
ment as the noble gas argon (Ar).

When a sodium atom loses a valence elec-
tron, it becomes a positively charged ion. This
is shown by a plus (+) sign. When a chlorine

. atom gains a valence electron, it becomes a
. negatively charged ion. This is shown by a

negative (—) sign. Figure 11 illustrates the pro-

¢ cess of a sodium atom losing an electron and a

chlorine atom gaining an electron.

Reading Check Are atoms of a group 16
element more likely to gain or lose
valence electrons?

Animation

Figure 11 Sodium atoms have a tendency to lose a valence electron. Chlorine atoms have a

_ tendency to gain a valence electron.

m has 1 valence electron. Ifit
ence electron, its next outer
e 8 electrons.

Unstable Atom

has 7 valence electrons. Ifit

-

Losing 1 valence electron gives sodium a
positive charge. It now has the electron
arrangement of neon (Ne) and is stable.
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Gaining 1 electron gives the chlorine atom
a negative charge. It now has the electron
arrangement of argon (Ar) and is stable.
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1 electron
% 8 electrons
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Na WQ
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| one valence electron and becomes stable. A chlorine
=litom gains one valence electron and becomes stable.

| Sodium and chlorine atoms are stable when they
: have eight valence electrons. A sodiumn atoms loses
|

The positively charged sodium ion and the
negatively charged chlorine ion attract
each other. Together they form a strong
jonic bond.

Figure 12 An ionic bond forms between Na and Cl when an electron transfers from Na to ¢

Use Percentage

An atom'’s radius is mea-
sured in picometers (pm),

1 trillion times smaller than
a meter. When an atom
becomes an ion, its radius
increases or decreases. For
example, a Na atom has a
radius of 186 pm. A Na* ion
has a radius of 102 pm. By
what percentage does the
radius change?

Subtract the atom’s radius
from the ion’s radius.

102 pm — 186 pm = —84 pm
Divide the difference by
the atom’s radius.
—84 pm = 186 pm = —0.45
Muitiply the answer by 100
and add a % sign.

—045 x 100 = —45%
A negative value is a

decrease in size. A posi-
tive value is an increase.

Practice

The radius of an oxygen (O)
atom is 73 pm. The radius of
an oxygen ion (O?~) is 140
pm. By what percentage
does the radius change?

Math Practice

i Animation
Determining an lon’s Charge
Atoms are electrically neutral because they have the same
number of protons and electrons. Once an atom gains or loses
electrons, it becomes a charged ion. For example, the atomic
number for nitrogen (N) is 7. Each N atom has 7 protons ang
7 electrons and is electrically neutral. However, an N atom ofter,
gains 3 electrons when forming an ion. The N ion then ha
10 electrons. To determine the charge, subtract the number of
electrons in the ion from the number of protons.

7 protons — 10 electrons = —3 charge

A nitrogen ion has a —3 charge. This is written as N>~

lonic Bonds—Electron Transferring

Recall that metal atoms typically lose valence electrons and non-
metal atoms typically gain valence electrons. When forming a chemi-
cal bond, the nonmetal atoms gain the electrons lost by the meul
atoms. Take a look at Figure 12. In NaCl, or table salt, a sodium atom
loses a valence electron. The electron is transferred to a chlorine atom
The sodium atom becomes a positively charged ion. The chlorine
atom becomes a negatively charged ion. These ions attract each other
and form a stable ionic compound. The attraction between positively
and negatively charged ions in an ionic compound is an ionic bond.

% Key Concept Check What hol

‘ s ds ionic compounds
ogether?

lonic Compounds

Ionic compounds are usually solid and brittle at room tem

perature. They also have relatively high melting and boilin?



comparing lonic and Covalent
c°mpoum:ls

Recall that in a covalent bond, two or more
ponmetal atoms share electrons and form a
unit, OF molecule. Covalent compounds, such
45 water, are made up of many molecules.
However, when nonmetal ions bond to meral
jons in an ionic compound, there are no mol-
ecules. Instead, there is a large collection of
oppositely charged ions. All of the ions attract
each other and are held together by ionic
bonds.

Metallic Bonds—
Electron Pooling

Recall that metal atoms typically lose
valence electrons when forming compounds.
what happens when metal atoms bond to
other metal atoms? Metal atoms form com-
pounds with one another by combining, or
pooling, their valence electrons. A metallic
bond is a bond formed when many metal atoms
share their pooled valence electrons.

The pooling of valence electrons in alumi-
num is shown in Figure 13. The aluminum
atoms lose their valence electrons and become
positive ions, indicated by the plus (+) signs.
The negative (-) signs indicate the valence
electrons, which move from ion to ion. Valence
electrons in metals are not bonded to one
atom. Instead, a “sea of electrons” surrounds
the positive ions.

% Key Concept Check How do metal
atoms bond with one another?

Figure 13 Valence electrons move among all
the aluminum (Al) ions.

'aa MiniLab 20 minutes

How many ionic compounds
can you make?

You have read that in ionic bonding, metal
atoms transfer electrons to nonmetal atoms.

o Copy the table below into your Science
Journal.

Dot
Diagram
Li, Na, K | Metal X

Be, Mg,
ca

C Nonmetal

Elements Type

Metal

N, P Nonmetal

16 ;| ©:5 Nonmetal

n |Fd Nonmetal

9 Fill in the last column with the correct
dot diagram for each group. Color the
dots of the metal atoms with a red
marker and the dots of the nonmetal
atoms with a blue marker.

e Using the information in your table,
create five different ionic bonds. Write
(a) the equation for the electron transfer
and (b) the formula for each compound.
For example:

a. I\ia + N.a + O——’ Nat + Na* + 3¢12_
b. Na,0

Analyze and Conclude

1. Explain What happens to the metal and
nonmetal ions after the electrons have
been transferred?

: Key Concept Describe the ionic
bonds that hold the ions together in your
compounds.

Lesson 3

EXPLAIN
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. Compounds
ACUEMIC VOUKBOIRRIE: | Thropiiiea o1 Metz:::fors of thermal energy and electriciy,
M ood con : 4 Y-
conduct g o b Metals are g lectrons can move from ion to lon, they cap
(verh) to serve as a medium Because the valence ele

through which something can ;@ p dnct ot electric charge. When a metal is hammered
flow : i easily con does not break. The mery

R into a wire, it
......................... * © into a sheet or drawn 1 ;
" © jons can slide past one another in the electronI sea an;j move 1q
; S : :

e , : itions. Metals are shiny because the valence electrons y,
i Interactive Table . new positions. | interact with light. Table 1 compares the

. the surface of a metal In mpar .
covalent, fonic, and metallic bonds that you studied in thjg

chapter.

Table 1 Bonds can form
when atoms share
valence electrons, transfer
valence electrons, or

; Reading Check How does valence electron pooling explain
pool valence electrons. 0

why metals can be hammered into a sheet?

Table 1 Covalent, lonic, and Metallic Bonds
Type of Bond

What Is bonding? ~ Properties of Compounds

Covalent

|
i
i
|

* gas, liquid, or solid

‘ * low melting and boiling points
|
{

nonmetal + dissolves in water if covalent
atoms; bonds are polar

nonmetal + do not dissolve in water if
atoms

covalent bonds are nonpolar
| * poor conductors of thermal
; energy and electricity
- * dull appearance

! . * solid crystats
* high melting and boiling

points
: * dissolves in water
no:::tea;ailo':sns‘ * solids are poor conductors
1 \ of thermal energy and
electricity

* tonic compounds in

| water solutions conduct
{ electricity

Metallic

* usually solid at room
temperature
* high melting and boiling
points
i * do not dissolve in water
* good conductors of therma
| energy and electricity
¢ * shiny surface
- | * can be hammered into shee
Aluminum and pulled into wires

metal ions:
metal ions

Chapter 11 e ———
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Metal atoms lose
(+)  electrons and non.
metal atoms gain
electrons and form
stable compounds.
An atom that has
gained or lost an
electron is an ion.

An ionic bond forms
between positively
and negatively
charged ions.

A metallic bond
forms when
many metal
atoms share
their pooled
valence
electrons.

ORI,

t do you think 0

d the statements below at the
the chapter.

g electrons can make some atoms
emically stable.

re good electrical conductors
 they tend to hold onto their
ectrons very tightly.

ge your mind about whether you
disagree with the statements? Rewrite
tements to make them true.

Online Quiz

Use Vocabulary

o Define ionic bond in your own words.

o An atom that changes so that it has an
electrical charge is a(n)

9 Use the term metallic bond in a sentence.

Understand Key Concepts

O Recall What holds ionic compounds together?

e Which element would most likely bond with
lithium and form an ionic compound?

A. beryllium C. fluorine
B. calcium D. sodium

e Contrast Why are metals good conductors of
electricity while covalent compounds are poor
conductors?

interpret Graphics

o Organize Copy and fill in the graphic
organizer below. In each oval, list a common
property of an ionic compound.

Critical Thinking

0 Design a poster to illustrate how tonic
compounds form.

o Evaluate What tvpe of bonding does a
material most likely have if it has a high melting
point, is solid at room temperature, and easily
dissolves in water?

Math Skills Math Practice

@ The radius of the aluminum (Al) atom is
143 pmi. The radius of the aluminum ion (A1)
is 54 pm. By what percentage did the radius
change as the ion formed?

Lesson 3
EVALUATE
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Materials

250-mL
beaker

plastic spoon

£

dull pennies
(20)

A

stopwatch

r ]

white vinegar
table salt
\\;:
iron nails (2)

sandpaper

lons in Solution

You know that jons can combine and form stable ioniF compounds. 1o,
can also separate in a compound and dissolve in soh.mon, For example.
pennies become dull over time because the copper ions on the SUrface of
the pennies react with oxygen in the air and form c_opper(ll) oxide.
When you place dull pennies in a vinegar-salt solut.lon, the copper Yo
separate from the oxygen ions. These ions dissolve in the solution

Question

How do elements join together to make chemical
compounds?

Procedure
o Read and complete a lab safety form.

Q Pour 50 mL of white vinegar into a 250-mL beaker. Using a plastic
spoon, add a spoonful of table salt to the vinegar. Stir the mixture with
the spoon until the salt dissolves.

o Add 20 duil pennies to the vinegar-salt solution. Leave the pennies in
the solution for 10 minutes. Use a stopwatch or a clock with a second
hand to measure the time.

o After 10 minutes, use the plastic spoon to remove the pennies from the
solution. Rinse the pennies in tap water, Place them on paper towels to
dry. Record the change to the pennies in your Science Journal.

Chapter 11
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sothesis

» an iron nail in the vinegar-salt
predict what changes will occur to

3

Hypothesis
paper to clean two nails. Place one
vinegar-salt solution, and place
ar nail on a clean paper towel. You
apare the dry nail to the one in the
and observe changes as they occur.

minutes observe the nail in the

and record your observations in
Science Journal. Remember to use the
ail to help detect changes in the wet

& Be sure the pennies are separated
when they are in the vinegar-salt

e a stopwatch or a clock with a solution. You may need to stir them with
hand to measure the time. Keep the the plasiic spoonyv
‘the solution for 25 minutes. & ;
: ‘ Use the plastic spoon to bring the :
minutes, use a plastic spoon to nail out of the solution when checking :

2 the nail from the solution. Dispose of for.changes:

jals as directed by your teacher.

and Conclude
» and Contrast What changes

when you placed the dull pennies
egar-salt solution?

ze Cause and Effect What changes
to the nail in the leftover solution?
these changes occurred.

,Blg Idea Give two examples of how
ts chemically combine and form

ds in this lab.

nicate Your Results
suitable for display summarizing

Extension

Liberty is made of copper. Research
e is green.



