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€Cause atoms zre Very tiny, it ca
they join to form compounds.

== understand what happens at ¢
can be made from Common matey;
software,

N be hard to imagine how
Models can hel

he atomic level.
als or Made with

To complete the project You must
® select materiajs that can be used to represant atoms of
different elements
# design ways to s

how the ionic and Covalent bonds that form

Pare models of Compounds that Contain ionjc
and covalent bonds

contain coval

Present Your Project

At the end of the ¢
present and explain

hapter (page 133), you will
your models to th
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How Do lons Form?

to the larger group.

in each group.

seespGoGEORBERERRRROO0RRERORORCBSAERRORER

¢ How does an atom become
an ion?

1 4% What are the properties of
ionic compounds?

% How are the ions in an fonic
compound held together?

Reading Tip As you read,
make an outline describing the
characteristics of compounds
containing ionic bonds.

CEeCT R RCRGISDRORARREC OB BEERDECROIROET T RO G,

1. Place three pairs of checkers (three red and
three black) on your desk. The red represent
electrons and the black represent protons.

2. Place nine pairs of checkers (nine red and
nine black) in a separate group on your desk.

3. Move a red checker from the smalter group

Think it Qver

4. Count the number of positive charges Making Models What is the total charge on
(protons) and negative charges (electrons)

“each group before you moved the red checkers
(electrons)? What is the charge on each group

Now sort the checkers into a group of four _after you moved the checkers? Based on this . -
pairs and a group of elght pairs. Repeat Steps 3 activity, what do you think happens tothe -0
and 4, this time moving two red checkers from  charge of an atom when |t Ioses eiectrons?

- the smaller group to the Iarger group. When it gams electrons7 DS R

magine you are walking down the street with your best
friend. A market has a bin of apples for sale. A sign says that
they cost 40 cents each. You both want an apple, but your
friend has only 35 cents while you have 45 cents. What can you
do? It doesn’t take you long to figure out that if you give your
friend a nickel, you can each buy an apple. Transferring the nickel
to your friend gets both of you what you want. Your actions
model, in a simple way, what can happen between atoms.

Electron Transfer

Like your friend with not quite enough money to buy an apple,
an atom with five, six, or seven valence electrons has not quite
enough to total the more stable number of eight. On the other
hand, an atom with one, two, or three valence electrons can lose
a few and become stable. When atoms have fewer than four
valence electrons, they can transfer these to other atoms
' that have more than four. In this way,
atoms either gain electrons or lose
electrons, becoming more stable.



7 T ustlost $
\an efectron’
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An ion (EYE ahn) is an atom or group of atoms that has
become electrically charged. When an atom loses an electron,
it loses a negative charge and becomes a positive ion. When
an atom gains an electron, it gains a negative charge and
becomes a negative ion.

Forming an lonic Bond
Consider what can happen to sodium and chlorine atoms. Note
how many valence electrons each atom has. Suppose sodium’s

valence electron is transferred to chlorine. The transfer changes.

both atoms into ions. The sodium atom becomes a positive ion
(Na*). The chlorine atom becomes a negative ion (CI7).
Negative and positive electric charges attract each other, so the
oppositely charged Na™ and CI™ ions come together. They form
sodium chloride, which you know as table salt.

Nae + CI — -Na“:.c.ﬁ."

An ionic bond is the attraction between two oppositely
charged ions. This attraction is similar to the attraction
between the opposite poles of two magnets. When the two 1ons
come together, the opposite charges cancel out. Every sodium
ion (with a charge written as 1+) is balanced by a chloride ion
(with a charge written as 1-). The formula for sodium chlo-
ride, NaCl, shows you this 1 : 1 ratio.

Compounds are electrically neutral. When ions come
together, they do so in a way that balances out the charges on
the ions. Figure 2 lists some common ions. Look at the charge
of the magnesium ion. How many chloride ions would be
needed to cancel out the 2+ charge of magnesium in the com-
pound magnesium chloride? The formula for magnesium
chloride, MgCl,, tells you the answer is two. Exploring Ionic
Bonds on page 116 reviews how ionic bonds are formed.

Figure 1 When an atomn loses one
of its negatively charged electrons,
it becomes a positively charged ion.

Figure 2 Positively charged ions

- have lost one or more electrons.
Negatively charged ions have
gained one or more electrons.
Classifying Which ions in the table
are pasitively charged and which are
negatively charged?

Potassium T+ Kt

Calcium 2+ Ca’t

Aluminum 3+ AR+

Chloride 1-

Bicarbonate 1- HCO3™

Oxide 2 0%

Carbonate 2 CO32‘

Phosphate - 1 PO,

Chapter 4 115
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Polyatomic lons

Some ions are made of more than one atom. Ions that are made
of more than one atom are examples of polyatomic ions (pahl
ee tth TAHM 1k). The prefix poly means “many,” so the word poly-
atomic means “many atoms.” You can think of a polyatomic ion
as a group of atoms that react as one. Each polyatomic ion has an
overall positive or negative charge. If a polyatomic ion combines
with another ion of opposite charge, an ionic compound forms.
Think, for example, about the carbonate ion (CO32_). It is made
of one carbon atom and three oxygen atoms and has an overall
charge of 2—. This ion can combine with a calcium ion (Ca®") to
form calcium carbonate (CaCOs). Calcium carbonate is the
main compound in limestone.

Naming lonic Compounds

Calcium chloride, potassium iodide, sodium oxide—where do
these names come from? For an ionic compound, the name of the
positive ion comes first, followed by the name of the negative ion.
The name of the positive ion is usually the name of a metal. It may
also be the name of a positive polyatomic ion, such as ammonium.
If the negative ion is an element, the end of its name changes to
-ide. For example, MgO is magnesium oxide. If the negative ion is
polyatomic, its name is unchanged. For example, the chemical
name for washing soda {Na,COj3) is sodium carbonate.

wf Checkpacat What kind of atom has a name change when it

becomes an ion?

Figure 3 What do seashells, chalk,
limestone, and eggshells have in
commen? They all contain calcium
carbonate, which is an ionic
compound made of Ca®* and
CO5% ions.

Interpreting Dater -
Look at the list i
of compounds -~ .‘M,gs«&w-fy
below. Use the periodic table -
and Figure 2 to’ identify the.-
charges of the ions in.each -
compound ‘Then write the
formula for each compound

& sodlum ﬂuor:de _
@ lithium oxide =10
& magnesium 's'uh‘ide e
& boron chloride

0 alumlnum sulflde

How did you know how many
of each atom to wrtte in the '
formula?
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Compare the -~ g
shapesof ..
crystals of dif‘ferent
_lonlc compounds

1. Use a spoon to place a sm_" EI_

““amount of halite cwstals :

~(NaChona plece of black "; '

- paper.

2 W;th a hand Iens carefully_ﬁ'_

examlne the structu re of
the crystals :

3 On a separate plece of

- paper, draw and label a

. plCtU]‘E‘ of what you see

crystals prowded by your
teacher. . -

: Observmg Do the shapes
of the crystals vary within a
'samp!e7 Do the shapes vary’

from one sample to another?

Wlth samples of other" 2

Properties of lonic Compounds

Do you think tabie salt, iron rust, baking soda, and limestone are
very much alike? If you answer no, you're right. If you answer
ves, you're right, too! You wouldn’t want to season your food
with rust, or construct a building out of baking soda. But despite
their differences, these compounds share some similarities
because they all contain ionic bonds. The characteristic prop-
erties of ionic compounds include crystal shape, high melting

points, and electrical conductivity.

Crystal Shape The object in Figure 4 that looks like a glass sculp-
ture is really a chunk of halite, or table salt. Halite is an ionic com-
pound. All halite samples have sharp edges, corners, and flat
surfaces. These properties result from how the ions are arranged.
In solid sodium chloride, the Na™ and CI” ions come together in an
alternating pattern, as shown in the diagram. The ions form an
orderly, three-dimensional arrangement called a crystal.

In an ionic compound, every ion is attracted to ions near it

that have an opposite charge. Positive ions tend to be near neg-

ative jons and farther from other positive ions. As a result, a pos-
itive sodium ion doesn’t bond with just one negative chloride
ion. It bonds with ions above, below, and to all sides. Because
chloride ions bond with sodium ions in the same way, a crystal
torms. This pattern continues no matter what the size of the
crystal. In a single grain of salt, the crystal can extend for millions
of ions in every direction. The number of sodium ions and chlo-
ride ions in the crystal is equal. The formula for sodium chloride,
NaCl, represents this 1 : 1 ratio.

Figure 4 A halite crystal contains
sodium and chleride ions in an

afternating pattern.

Making Generalizations What general
characteristics of crystals can you
observe in the photograph of halite?




High Melting Points What happens when you
heat an ionic compound such as table salt?
Remember, the ions are held together in a crystal
by attractions between oppositely charged parti-
cles. When the particles have enough energy to
overcome the attractive forces between them, they
break away from each other. It takes a temperature
of 801°C to reach this energy for table salt. Ionic
bonds are strong enough to cause all ionic com-
pounds to be solids at room temperature.

S

. - . . . Figure 5 A conductivity tester
Electrical Conductivity When ionic compounds dissolvein . i1t a sotution of salt in

“InTEGRATiNG: water, the solution conducts electricity.  water conducts electricity. The bulb
lights up because the ions in the

o Prysics Electricity is the flow of electric charge, and
ions have electric charges. However, if you connect wires froma 21t solution complete the circuit for
. ) . the flow of electricity.

salt crystal to a battery and a light bulb, don’t expect anything to

happen. A sofid ionic compound does not conduct electricity very

well. The ions in the crystal are tightly bound to each other. If the

charged particles do not move, electricity does not flow. But what

if the ions are broken apart? When ionic compounds dissolve in

water, the ions separate. These ions then move freely, and the

solution conducts electricity.

Melting ionic compounds also allows them to conduct elec-

tricity. Can you figure out why? Think about the difference

between the particles in a solid and a liquid. In a solid, the parti-

cles do not move from place to place. But in a liquid, the particles

slip and slide past each other. As long as the ions can move

around, electricity can flow.

.
o-un--ouw.u--uoa-o--.---
.

Check Your
Progress

: Use your materials to

: make models of com pounds
i containing ionic bonds, such
ioas _sodium chloride (NaCh,

1. How does an ion form from an atom?

2. What properties may be used to identify ionic
compounds? -

3. Why are ions in an ionic compound attracted to
each other?

4. Name these compounds: NaF, Bel,, K,50,, CaQ0,
st, MgCO3

5. Solid table salt does not conduct electricity. How
does dissolving salt in water allow electricity to flow?

6. Thinking Critically Problem 3olving The metal
scandium (Sc) has three valence electrons. What is
the formula of the ionic compound formed when
scandium reacts with iodine?

magnesium chioride (MgCl,)
Or potassium oxide (K;0). ’
(Hint: Figure out whether each
atom forms a positive or
negative ion. Then yse
combinations that result in a
neutral compound. )

Chapter 4 119
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§ an ionic solid, table salt—sodium
chloride—is a crystal. In this lab, you will
ainvestigate the structure of that crystal.

Problem
What is the structure of sedium chieride crystals?

Materials

sodium chloride 100-mL graduated cylinder
plastic spoon, small  250-ml beaker

Petri dishes, 2 water (80°C)

black paper hand lens

Procedure

. Read the procedure, and write a prediction
about the appearance of the crystals in Step 7.
Then create a data table like the one ahove.
Your teacher will give you a sample of
sodium chloride. Use a spoon to sprinkle
some grains of the salt in a Petri dish. Put
the dish on black paper. Observe the salt
with a hand lens. Record your observations,
and draw what you see.

. Pour 100 mL of hot water (80°C) into a
250-mL beaker. Add about haif a spoonful of
salt to the water and stir until it dissolves.
Observe the solution, and record your
observations.

Add the rest of the salt and stir well. Let any
undissolved salt particles settle at the bottom
of the beaker.

Carefully pour off 50 ml. of the solution into a
Petri dish labeled with your name.

Let the uncovered Petri dish sit overnight, or
until all the water has evaporated.

Put the Petri dish on black paper and observe
the new crystals with a hand lens. Record
your observations, and draw what you see.

Anaiyze and Conclude

1. How did the appearance of the sodium
chioride change between Steps 2 and 37
Explain that change in terms of the ions that
make up the compound.

. Describe the shapes of the crystals you
observed in Step 7, along with any patterns
you see within any of the crystals.

Compare and contrast the crystals you
observed in Step 2 and Step 7.

Use what you know about ionic compounds
to explain the shapes of the new crystals.
Would you expect all sodium chloride
crystals to have the same shapes? Explain.

. Think About i¥ Could you use the results of
this experiment to draw conclusions about the
crystals formed by other ionic compounds?
Explain.

Does the original temperature of the sodium
chloride solution affect crystal formation? Design a
safe experiment comparing solutions of ice water,
tap water, and hot water. Obtain your teacher’s
approval before trying this experiment.




Why Don’t Water and Oif Mix?
1. Pour water mto asmallj jar that has a tlght—
fitting top until the | jaris about a third full

2. Add an equal amount of vegetable 01I to
the water and cover the jar tightly. =~

3. Shake the jar with vigor for about 15—20
seconds. Observe.
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4. Allow the | jar to sit undlsturbed for about
1 minute. Observe again.” .~

emember the market with apples selling for 40 cents each?
On another day, the apples are put on sale at two for 70
cents. You and your friend check your pockets and find 35
cents each. What can you do? You could give your friend a nickel
to make enough money for one apple. Then you would have only
30 cents, not enough to get one for yourself. But if you share your
money, together you can buy two apples.

Electron Sharing

Just as you and your friend can buy apples by sharing money,
atoms can become more stable by sharing valence electrons. A
chemical bond formed when two atoms share electrons is called
a covalent bond.

Unlike ionic bonds, which form between metals and
nonmetals, covalent bonds often form between two or more
nonmetals. Oxygen, carbon, nitrogen, and the halogens are
examples of elements that frequently bond to other nonmetals
by sharing electrons.

The element fluorine forms molecules made of two fluorine
atoms. Each fluorine atom shares one of its seven valence elec-
trons with the other atom. When you
count the number of electrons on one
atom, you count the shared pair each

time. By sharing, both atoms have eight M F R F s

valence electrons. In a covalent bond, both
atoms attract the two shared electrons
at the same time.

PSRV L VORI CIREIIOOOITOP ROV PIDREIT RO RED 7?@90

5 Remove the top and add 2—3 drops of Itquud
' soap Repeat Steps 3 and 4

_ E@m@& Et @%F@E‘ & s :
o lnferrmg Descrlbe how addmg soap atfected
- 'the mixing of the oil and water. How might
~.. what you observed depend on chemical bonds b
- in the soap, oil, and water molecules’ BT

4 What happens to electrons in
a covalent bond?

4 Why do some atoms in
covaient bonds have slight
negative or positive charges?

4 How are polar and nonpolar
compounds different?

Reading Tip Before you read,
preview the illustrations in the
section. Predict how covalent

bonds differ from ionic bonds.

Figure & The shared pair of
electrons in a molecule of fluorine
is a single covalent bond.

B SS

e o\ o
— FQF:

@9 | &9

Shared pair
of electrons

Chapter 4 121



Hydrogen

Figure 7 The electron dot diagrams

for hydrogen, carbon, nitrogen, and
oxygen (left) show the number of
valence electrons for each. The
diagrams of molecules (right} show
how the electrons are shared in
covalent bonds.

Interpreting Diagrams How marny
bonds does each nitrogen atom form?

Figure 8 Molecular compounds
have much lower melting points
than ionic compounds.

— . —78.6*

-89.5 82.4

Water Ammonia

@
2 % & %
@ & @ @
289

Carbon dioxide

@

LX)

Nitrogen

How Many Bonds?

Look at the electron dot diagrams for oxygen, nitrogen, and
carbon atoms in Figure 7. Count the dots on each atom. The
number -of bonds these atoms can form equals the number of
valence electrons needed to make a total of eight.

For example, oxygen has six valence electrons, so it can form
two covalent bonds. In a water molecule, oxygen forms one cova-
lent bond with each hydrogen atom. Since nitrogen has five
valence electrons, it can form three bonds. In ammonia (NHs),
a nitrogen atom bonds with three hydrogen atoms.

Next, compare water to a molecule of oxygen. Can you find
the two covalent bonds? This time two pairs of electrons are
shared between the oxygen atoms, forming a double bond. In a
carbon dioxide molecule, carbon forms a double bond with each
oxygen atom. Elements such as nitrogen and carbon can even
form triple bonds in which three pairs of electrons are shared.

Count the electrons around any atom in the molecules in
Figure 7. Remember that shared pairs count for both atoms form-
ing a bond. You'll find that each atom has
eight valence electrons. The exception is
hydrogen, which can have no more than
two electrons and forms one bond.

Properties of Molecular
Compounds

Molecular compounds consist of mol-
ecules having covalently bonded atoms.
Such compounds have very different prop-
erties from ionic compounds.

Look at Figure 8, which lists the melt-
ing and boiling points for some molecular

compounds. Quite a difference from the




801°C and 1,413°C described for table salt! In molecular solids, the
molecules are held close to each other. But the forces holding them
are much weaker than those holding ions together in an ionic solid.
Less heat is needed to separate molecules than is needed to separate
ions. Some molecular compounds, such as sugar and water, do

form crystals. But these compounds, like other molecular solids,

melt and boil at much lower temperatures than ionic com-
pounds do.

Most molecular compounds are poor conductors of electric-
ity. No charged particles are available to move, and electricity does
not flow. That’s why molecular compounds, such as plastic and
rubber, are used to insulate electric wires. Even as liquids, mol-
ecular compounds are poor conductors. Pure water, for example,
does not conduct electricity. Neither does water with sugar dis-
solved in it. '

f Clhechpacut Why are molecular compounds poor conductors?

Unequal Sharing of tlectrons

Have you ever played tug of war? If you have, you know that if
both teams have equal strength, the contest is a tie. But what if the
teams pull on the rope with unequal force? Then the rope moves
closer to one side or the other. The same is true of electrons in a
covalent bond. Some atoms pull more strongly on the shared
electrons than other atoms do. As a result, the electrons move
closer to one atom, causing the atoms to have slight electrical
charges. These charges are not as strong as the charges on ions.
But the unequal sharing is enough to make one atom slightly neg-
ative and the other atom slightly positive. A covalent bond in
which electrons are shared unequally is polar.

@essgwmg %xgwwm&mg
.Suppose you . - Gy
have samples .
of two colorless, odorless

gases. You are told that one .

gas is methane (CH,) and the -

‘other is carbon dioxide. (COZ)
How could you use the =

information in Flgure 8 to.find
out which gas is which? ="
Describe the experiment you
would set up. Tell what:

conditions you would control

and what you would change.
What result. would you look -
for to get an answer?

Figure 9 The unequal sharing of
the electrons in a polar covalent
bond is like a tug of war in which
one atom is slightly stronger than
the other atom.




Figure 10 [n the nonpolar bond in F,,
the two fluorine atoms pull equally on the

) 8% @9 LY
shargd electrons. In the polar bond in HF, ® ® % n e ()
fluorine pulls more strongly on the shared & ® & 2 K ®
electrons than hydrogen does. 8 BH o3

B mmae: oo s
Equal pull Unequal puli

If two atoms pull equally on the electrons, neither atom
becomes charged. This is the case when the two atoms are iden-
tical, as in fluorine gas (F,). The valence electrons are shared
equally and the bond is nonpolar, Compare the bond in T, with
the polar bond in hydrogen fluoride (HF) in Figure 10.

MNonpolar Molecules Keep tug of war in mind as you look at
the carbon dioxide (CO,) molecule in Figure 11. Oxygen attracts
electrons much more strongly than carbon, so bonds between
oxygen and carbon are polar. But the two oxygen atoms are
pulling with equal strength in opposite directions. In a sense,
they cancel each other out. Overall, a carbon dioxide molecule is
nonpolar even though it has polar bonds. A molecule is non-
polar if it contains polar bonds that cancel each other. As you
might guess, molecules that contain only nonpolar bonds are
also nonpolar.

Polar Molecules Water molecules are polar. As you can see in
Figure 11, the shape of the molecule leaves the two hydrogen
atoms more to one end and the oxygen atom toward the other.
The oxygen atom pulls electrons closer to it from both hydro-
: ; . gen atoms. Overall, the molecule is polar. It has a slightly nega-
“electrons.” So- valence . . s

* electrons together” can’ tive charge at the oxygen end and a slightly positive charge near

-_.remmd you that ina cov_alent ';': the hydrogen atoms.

if Chectpocat What makes a covalent bond polar?

Attractions Between Molecules

If you could shrink small enough to move among a bunch of
water molecules, what would you find? The negatively charged
oxygen ends and positively charged hydrogen ends behave like
poles of a bar magnet. They attract the opposite ends of other
water molecules. These attractions between positive and negative
ends pull water molecules toward each other.

What about carbon dioxide? There is no pulling between these
molecules. Remember, carbon dioxide molecules are nonpolar.
No oppositely charged ends means there are no strong attractions
between the molecules

~comes from *
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COz molecule (nonpolar) H20 molecule (polar) Figure 11 CO, molecules are nonpolar, and
H,0O molecules are polar. Attractions between

(+) the slightly positive and slightly negative ends of
water molecules pull the molecules toward each
other (below).

(=) (+) )
Opposite pulling Electrons pulled
cancels towards oxygen

Differences in the aftractions between molecules lead
to different properties in polar and nonpolar compounds.
For example, water and vegetable oil don’t mix. Oil is nonpolar,
and nonpolar compounds do not dissolve well in water. The polar
water molecules are attracted more strongly to each other than to
the molecules of oil. Water stays with water and oil stays with oil.
ireciamivg -+ These differences in attractions come in
Tecunoio6Y  handy when you wash laundry. Many kinds
of dirt—for example, grease —are nonpolar compounds. Their
molecules won't mix with plain water. So how can you wash dirt
out of your clothes?

As you found if you did the Discover activity, adding soap
helped the oil and water to mix, When you do laundry, detergent
causes the nonpolar dirt to mix with the polar water. Soaps and
detergents have long molecules. One end of a soap molecule is
polar, and the other end is nonpolar. Soaps and detergents dis-
solve in water because the polar ends of their molecules are
attracted to water molecules. Meanwhile, their nonpolar ends
mix easily with the dirt. When the water washes down the drain,

the soap and the dirt go with it.

| - i Chedk Your Progress
1. How are valence electrons involved in the -1 Use your materials to builg
formation of a covalent bond? il m?_.'eCU_I.S":‘.S_fWi_th"$ih gl oc di?a'lé:rit-.
2. How do atoms in covalent bonds become bonds, _A[s'_c':_"make-_m'o:dels' o.f"moi.éc:u.ie‘ o
slightly negative or slightly positive? eontaining double or triple bonds (H,f,t |
3. Explain how attractions between molecules A-ﬁef')_’QU;.-.ma'kf?'bonds',--eachéfom-shbu{;j

could cause water to have a higher boiling -j__ha_v_e__ .a;_ﬁ;.t-d_té_.i@f'eigh_’t_ valence electrons or
point than carbon dioxide. 3 Inthe case of hydrogen, two valence
“ioelectrons,) oo T T

4. Thinking Critically Comparing and :
Contrasting In terms of electrons, how is a
covalent bond different from an ionic bond?

Chcrpfer 4 125
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lectricity is the flow of electric charges. In

this fab, you will interpret data about

which compounds conduct electricity in
order to determine the nature of their bonds.

Problem

How can you use a conductivity tester to
determine whether a compound contains ionic
or covalent bonds?

Materials

2 dry cells, 1.5-V
smali light bulb and socket | or
4 lengths of wire with conductivity
~insulation scraped off probe
the ends
small beaker
small plastic spoon
sodium chloride
100-mL graduated cylinder
additional substances supplied by your teacher

Make a conductivity tester as described

below or, if you are using a conductivity
probe, see your teacher for instructions. Then
make a data table in your notebook similar to
the one above.

2. Pour about 50 mL of water into a small

beaker. Place the free ends of the two wires of
the conductivity tester into the water. Be sure
the ends are close but not touching each
other. Record your observations.




3. Remove the conductivity tester and add a 3. Explain why one substance is a better
small sample (about 3 spoonfuls) of sodium conductor of electricity than another.
chloride to the water in the small beaker. Stir 4. Did all the substances that conducted
with the spoon until mixed. electricity show the same amount of
conductivity? How do you know?
observations in your data table. - 5. Think Abowt i How might varying the
5. Rinse the beaker, spoon, and wire ends with amount of each substance added to the water
clear water. Then repeat Steps 3 and 4 for have affected your results? How could you
each substance provided by your teacher. better control the amount of each substance?
4 If the substance is a solid, mix 1 to 3
spoonfuls of it with about 50 mL of fresh
water. Test the resulting mixture. Design another experiment to compare a
@ If the substance is a liquid, simply pour - different property of compounds containing ionic
about 50 mL info the beaker. Test itasyou  and covalent bonds. You might want to examine
did the solutions. properties such as the ability o dissolve in water
' or in some other liquid. Present your experimental
Analyze and Conclude plan to your teacher before proceeding.
1. Why did you test plain water first?
2. Based on your abservations, add a column to
your chart indicating whether each

substance tested contained ionic or
covalent bonds.




INTEGRATING Eants SCisnecE
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2 How S@mﬂ! Be They Gel?

1. Place a piece of rock salt on a hard surface. Make = 4. Crush a few of these smailer plec s.wrth
a rough sketch of the shape of your sample, - the spoon Repeat Step 3 '

2. Put on your goggles Cover the salt with a paper o
towel. Then break the salt sample into'several 'eﬂmﬁ( ” ﬁwer

smaller pieces with the back of a metal spoon. - Predicting What Would the crystals look Izke

if you crushed them into such-small pieces”

3. Look at these smaller pieces with a handlens. - - that you needed a mlcroscope to see them!
Then draw a picture of the shapes you see. B

LR N NN EXNENEE-EXNNEEY]

class of earth science students gathers rock samples on a
field trip. They want to know whether the rocks contain
hany of the minerals they have been studying. The teacher

% How are the propetties of
a mineral related to chemical

bonds? takes a hammer and strikes one rock. It cracks open to reveal a
Reading Tip As you read, few small crystals peeking out of the new surface. The crystals
make a list of the ways in are mostly the same shape and have a metallic shine. The teacher

which a mineral can be
described or identified.

tries to scratch one crystal, first with her fingernail and then with
a copper penny. Only the penny leaves a mark. By now, the stu-
dents have ehough information to make an inference about the
identity of the crystals. They’ll do more tests back in their class-
room to be sure their inference is correct.

Mineral Properties

Amineral is a naturally occurring solid that has a crystal structure
and a definite chemical composition. A few minerals, such as sulfur
and gold, are elements. But most minerals are compounds.
Mineralogists; scientists who study minerals, identify minerals
by looking at certain properties. These properties include color,
shininess, density, crystal shape, hardness, and magnetism. Color
and shininess can be seen just by looking
at a mineral. Other properties, however,
require measurements or testing. For
example, scientists rate a mineral’s hard-
ness by comparing it with something
harder or softer. You can scratch the soft-
est mineral, talc, with your fingernail.
Diamond is the hardest mineral. Other
minerals are somewhere in between.

Figure 12 The mineral
sulfur (above) is a pure
element. The mineral
galena (right) is a
compound of sulfur
and lead.
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Another key property is the way a mineral breaks apart. Some
minerals break into regular shapes. Mica, for example, splits
easily along flat surfaces and at sharp angles. Crystals also grow
in characteristic shapes. All the properties of a mineral depend
on its chemical composition. Since each mineral has a different
composition, its properties will not be exactly like those of any
other mineral.

@f Clieckpaint What is a mineral ?

Bonding in Mineral Crystals

Every mineral has a crystal structure. The repeating pattern of
particles creates a shape that may be visible to your eye. Or, you
may have to look under a microscope to see it. Either way, the
structure of the crystal is a characteristic property of the mineral.

Mineral crystals may be made of ions, or they may contain
atoms that are covalently bonded together. The arrangement of
particles in a mineral and the kind of bonds holding them
together determine properties such as crystal shape, hardness,
and the way the crystal breaks apart.

An lonic Crystal In Section 1, you read about halite, a mineral
made of sodium chloride (NaCl). You can easily scratch halite with
a steel knife. If you put a crystal of halite into water, it would dis-
~ solve. The oppositely charged sodium and chloride ions in a halite
crystal alternate in every direction, making a pattern something
like a three-dimensional checkerboard. This arrangement affects
the shape into which halite crystals grow.

If you break a piece of halite, the smaller
pieces of halite have the same shape as the
bigger piece. When bonds in an ionic crystal
break, they break along a face of ions. A blow
or crushing action shifts the ions slightly so
that positive ions are next to other positive
ions and negative ions are next to other nega-
tive ions. The effect is the same as bringing the

lons shift

Figure 13 Mica’s flakes (A) are a
result of how the mineral splits
when it breaks. The crystals of
fluorite (B) and tourmaline (C)
grew into the shapes you see.
Observing How do the shapes of
fluorite crystals and tourmaline
crystals differ?

Figure 14 The particles in an ionic
crystal such as halite can shift
because of a blow or pressure.

lonic
crystal

Crystal splits
along face of
like charges
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north ends of two magnets together. It creates a weakness in the
crystal. The ions push each other away, breaking bonds along a
flat surface or face. The result is that the smaller crystals retain
the cube shape that is characteristic of halite.

A Covalent Crystal [f you picked up a handful of sand,
most likely you would be holding some quartz. Quartz is a
compound made of silicon and oxygen atoms covalently
bonded together to form the compound silicon dioxide (SiO,).
The covalent bonds in quartz are much stronger than the ionic
bonds in halite. Quartz won’t dissolve in water. You can’t scratch
it with a knife. In fact, you could use quartz to scratch steell
‘Because of its strong bonds, a quartz crystal doesn’t have clear

Figure 15 The uneven surfaces lines of weakness. You can’t crush it into predictable shapes with |
E?OT::; o ;ﬁ_are typicalof a hammer. Instead, it breaks into smaller pieces with irregular
quar shapes. The broken surfaces have shell-like ridges similar to

Comparing and Conlrasling
How does the way quartz breaks
compare to the way mica breaks?

chipped glass. These features help identify the mineral as quartz.
Lomparing Crystals
Not all mineral crystals made of ions have the same properties as
halite. Similarly, not all minerals made of covalently bonded
atoms are like quartz. Properties such as hardness, for example,
depend on the strength of the bonds in a crystal. The stronger
bonds of quartz make it harder than halite. But other crystals
with covalently bonded atoms are stronger than quartz. Still
others have weaknesses in their bonds that cause the minerals to
break apart the same way every time.

Experienced mineralogists can usually identify a mineral just
by looking at it. But when there is a question, they test the sample
for characteristics such as hardness and the way the crystals

break. The results give the answer,
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lonic Bonds

Key ideas

€ When atoms lose or gain electrons, they become
positively or negatively charged ions.

4 In an ionic compound, the ions are arranged in
a three-dimensional structure called a crystal.
Each ion in the crystal is attracted to nearby ions
of opposite charge. -

% Characteristic properties of ionic compounds
include crystal shape, high meltmg pomts and
electrical conductivity.

Key Terms
ion

ionic bond
polyatomic ion
crystal

Lovalent Bonds

Key ldeas

¢ In covalent bonds, pairs of electrons are shared
between atoms.

# In polar covalent bonds, the shared electrons
are attracted more to one atom than the other.

% Attractions between polar molecules are
stronger than attractions between nonpolar
molecules, leading to differences in properties.

Key Terms

covalent bond

double bond
molecular compound
polar

nonpolar

Crystal Chemistry

INTEGRATING EARTH SCimmge @

Key Ideas

4 Minerals have characteristic propertles such as
‘hardness, density, color, crystal shape, and the
way the crystal breaks.

¥ The properties of a mineral depend on its | _
chemlcal composition and its bonding. Mmeral
crystals may contain ions or covalently bonded
molecules.

- ® The stronger the chemical bonds ina rnmeral

crystal the harder the crystal is.

| : Key Term

mineral

Venn Diagram Copy the Venn diagram
comparing ionic and molecular compounds onto
a separate sheet of paper. Then complete the
diagram and add a title. (For more on Venn
diagrams, see the Skills Handbook.)

lomic Molecular
Compounds

Compounds

Conduct
electricity

7 Low melting

peints

d_?2_

b.
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For more review of key concepls, see the
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Moultiple Choice _
Choose the letter of the best answer.

1.

When an atom loses-an eleetron, it
a. becomes a negative 1on.

b. becomes a positive ion.

c. forms a covalent bond.

d. gains protons, |

- Which of theseis a property of an ionic

compound? _

a. low melting point

b. poor conductor of electnaty
c. crystal Shape

d. shared electrons

.. A bond in which a pair of electrons is

" shared between two atoms is called -

b. covalent.
- d. triple.

a. lonic.
c. polyatomic.

. Fluorine atoms cannot form a double or
* triple bond because ﬂuorme a

© a. is a nonmetal.
"+ b. strongly attracts electrons.

&5,

¢. unlike charges.

¢. has 7 valence electrons. -
d. is a gas at room temperature.

An ionic crystat splits along a face of = -

b. molecules.
d. random ions.

a. like charges.

True or False

If the statement is true, write true. If it is false,
change the underlined word or words to make the
statement true.

6.
7.

8.

&9
£.10.
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When a chlorine atom gains an electron, 1t
becomes a positive ion.

When atoms share electrons unequaﬂy,
polar bond forms.

The attractions between polar molecules
are weaker than those between nonpolar
molecules.

Hardness is determined by how easily a
mineral can be scratched.

The bonds in halite are weaker than the
bonds in quartz.

N Checking Conceptis

AR

2.

3.

4.

Explain how the number of valence
electrons an element has affects the type
and number of bonds it can form.

Use the periodic table to identify what type
of chemical bond is involved in each of
these compounds: Nali, NO,, CBr4, MgS.
Explain your reasoning. . .
How is a covalent bond between two atoms '
affected when each atom attracts electrons
equally? : '

Of all the elements, ﬂuorme atoms attract
electrons most strongly. When fluorine
atoms form covalent bonds with other
kinds of atoms, are the bonds polar or.
nonpolar? . :

. Writing to Learn Imagme you are a

chlorine atom. Write a first-person

.description of the changes you undergo )

*when forming an ionic bond with sodium. =

‘Compare these with what happens when

- youforma covalent bond w1th another =

'chlorme atom

"i’hmkmg @rmmiiv

16

17.

8.

& 19.

Applyzng Concepts Use the penochc table
" to find the number of valence electrons for
calcium (Ca), aluminum {Al), rubidium (Rb),
oxygen (O), sulfur {S}, and iodine (I}.Then
use that information to predict the formula
for each of the following compounds:
calcium oxide, aluminum iodide, rubidium
sulfide, and aluminum oxide.

inferring Element 7 is a yellow solid that
melts at about 100°C and does not conduct
electricity. What type of bond holds the
element’s atoms together? Explain the
reasoning for your answer.

Relating Cause and Effect Explain why
a solid ionic compound does not conduct
electricity, but the compound will do so
when melted or dissolved in water.
Problem Solving Suppose you were
given two mineral crystals that looked
alike. How would you determine the
identity of each?




Applying Skilis

Element X exists as a nonpolar molecule made

of two identical atoms. When individual atoms of
element X react with sodium, they form ions with
a 2— charge. Use the periodic table in Appendix D
to answer Questions 20-24.

20. Classifying 'To what group of e¢lements
does element X belong?

21. Inferring How many valence electrons
does an atom of element X have?

22. Predicting Sodium can react with
element X to form a compound. How
many atoms of sodium are needed for each
atom of element X? Write the formula for
the compound.

23. Calculating How many covalent bonds
can element X form?

24, Posing Questions [n order to identify
element X, what additional questions
would you need to ask?
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Present Your Project Before you present
your models to the class, use an index card for
each model to make a key telling what each
part of the model represents. Explain why you
chose particular items to model the atoms and
the chemical bonds. How are your models
alike or different from models of the same
compounds made by other students?

Reflect and Record In your journal,
compare .your models containing ionic bonds
with those containing covalent bonds. Which
were easier to show? Why? What more would
you like to know about bonding that could
help improve your models? ‘

NesmEmEnEa .

HakdvazsasassaEamenaNATALe

Sodium

.él:

Chlorine

Hydrogen

Nitrogen




