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Section 8.1 The Covalent Bond
Objectives

« Apply the octet rule to atoms that form covalent
bonds.

Describe the formation of single, double, and triple
covalent bonds.

Contrast sigma and pi bonds.

Relate the strength of a covalent bond to its bond
length and bond dissociation energy.

Review Vocabulary
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chemical bond: the force that holds two atoms
together
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Section 8.1 The Covalent Bond (cont.)
New Vocabulary

covalent bond pi bond
molecule endothermic reaction
Lewis structure exothermic reaction

sigma bond
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Atoms gain stability when they share
electrons and form covalent bonds.
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Why do atoms bond?

« Atoms gain stability when they share
electrons and form covalent bonds.

Lower energy states make an atom more
stable.

Gaining or losing electrons makes atoms
more stable by forming ions with noble-gas
electron configurations.
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Sharing valence electrons with other atoms
also results in noble-gas electron
configurations.
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Why do atoms bond? (cont,)

« Atoms in non-ionic compounds share
electrons.

« The chemical bond that results from sharing
electrons is a covalent bond.

« A molecule is formed when two or more
atoms bond.
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Why do atoms bond? (cont,)

« Diatomic molecules (H2, F2 for example)
exist because two-atom molecules are
more stable than single atoms.

~<— Force of repulsion
— Force of attraction
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Why do atoms bond? (cont,)

 The most stable .F- “F:
arrangement of Fluorine Fluorine
atoms exists at the atom atom
point of maximum
net attraction,
where the atoms S

onding pair
bond covalently and C%thltite 1 ofelectrons

form a molecule. - FOF Lone
e pairs
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Fluorine
molecule
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Single Covalent Bonds

* When only one pair of electrons is shared,
the result is a single covalent bond.

* The figure shows two hydrogen atoms
forming a hydrogen molecule with a single
covalent bond, resulting in an electron
configuration like helium.

H. + "H H'H

Hydrogen Hydrogen Hydrogen
atom atom molecule

“
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Single Covalent Bonds (cont,)

 |In a Lewis structure dots or a line are
used to symbolize a single covalent bond.

* The halogens—the group 17 elements—have
[ valence electrons and form single covalent
bonds with atoms of other non-metals.
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Single Covalent Bonds (cont,)

* Atoms in group 16 can share two electrons
and form two covalent bonds.

« Water is formed from one oxygen with two
hydrogen atoms covalently bonded to it .

Water
’ ‘
2H. 4+ '0: = H—O:

|
H

Two Single Covalent Bonds
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Single Covalent Bonds (cont,)

« Atoms in group 15 form three single

covalent bonds, such as in ammonia.

Ammonia
i
3H. + °‘N: — H—N:

|
H

Three Single Covalent Bonds
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Single Covalent Bonds (cont,)

« Atoms of group 14 elements form four
single covalent bonds, such as in methane.

Methane
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4H + *C. — H—C—H
H

Four Single Covalent Bonds
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Single Covalent Bonds (cont,)
« Sigma bonds are single covalent bonds.

« Sigma bonds occur when the pair of shared
electrons is In an area centered between the
two atoms.
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Water (H,0) Ammonia (NH;) Methane (CH,)
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Multiple Covalent Bonds

* Double bonds form when two pairs of
electrons are shared between two atoms.

Two shared pairs
- - . . of electrons
©:5. + 9 > =0

* Triple bonds form when three pairs of
electrons are shared between two atoms.
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Three shared pairs
of electrons
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Multiple Covalent Bonds (cont,)

« A multiple covalent bond consists of one
sigma bond and at least one pi bond.

* The pi bond is formed when parallel orbitals
overlap and share electrons.
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The Strength of Covalent Bonds

* The strength depends on the distance
between the two nuclei, or bond length.

* As length increases, strength decreases.

Covalent Bond Type and
Table 8.1 Bond Length
ecie | bontpe | o

single covalent 143 x 107" m
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double covalent 1.21 x 10-"m

triple covalent 110 x 107" m
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The Strength of Covalent Bonds (cont,)

 The amount of energy required to break a
bond is called the bond dissociation
energy.

* The shorter the bond length, the greater the
energy required to break it.

111X : ¥ 3 Bond-Dissociation Energy

m Bond-Dissociation Energy

159 kJ/mol
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498 kJ/mol

945 kJ/mol
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The Strength of Covalent Bonds (cont,)

* An endothermic reaction is one where a
greater amount of energy is required to
break a bond in reactants than is released
when the new bonds form in the products.

 An exothermic reaction is one where more
energy is released than is required to break
the bonds Iin the initial reactants.
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Section 8.1 Assessment

What does a triple bond consists of?
A.three sigma bonds

B.three pi bonds

C.two sigma bonds and one pi bond
wo pi bonds and one sigma bond
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Section 8.1 Assessment

Covalent bonds are different from ionic
bonds because:

A.atoms in a covalent bond lose
electrons to another atom

B.atoms in a covalent bond do not have
noble-gas electron configurations

@Patoms In a covalent bond share
electrons with another atom

N
n
!
=
N
3
pe
=
(]
h
i)
2
(=
=
W
th
n
2
(=]
=
-
()
n
2
(=]
>
W

D.atoms in covalent bonds gain
electrons from another atom
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Section 8.2 Naming Molecules
Objectives Review Vocabulary

» Translate molecular oxyanion: a polyatomic
formulas into binary lon in which an element

molecular compound (usually a nonmetal) is
P bonded to one or more
names.

oxygen atoms
« Name acidic solutions. New Vocabulary

oxyacid
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Specific rules are used when naming
binary molecular compounds, binary
acids, and oxyacids.
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Naming Binary Molecular Compounds

* The first element is always named first
using the entire element name.

* The second element is named using its root
and adding the suffix —ide.
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Naming Binary Molecular Compounds (cont.)

* Prefixes are used to indicate the number of
atoms of each element in a compound.

Table 8.3 Prefixes in Covalent Compounds

1 6

monao- hexa- |
di- 7 hepta-

tri- 8 octa-
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9 nona-

10 deca-

cooncepts In| Mgt_""""-i‘bn

Click here to view an animated
version of this graphic.
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Naming Binary Molecular Compounds (cont.)

 Many compounds were discovered and
given common names long before the
present naming system was developed
(water, ammonia, hydrazine, nitric oxide).
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Naming Acids

* The first word has the prefix hydro-
followed by the root of the element plus the
suffix —ic.

* The second word is always acid (hydrochloric
acid is HCI in water).
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Naming Acids (cont.)

* An oxyacid is an acid that contains both a
nydrogen atom and an oxyanion.

* |dentify the oxyanion present.

* The first word is the root of the oxyanion and
the prefix per- or hypo- if it is part of the
name, plus the suffix -ic if the anion ends in
-ate or -ous if the oxyanion ends in -ite.
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Naming Acids (cont,)

| Wooas

The second word is always acid.

Table 8.4 Naming Oxyacids

N T T TR T

HCIO; chlorate chloric acid
HCIO, chlorite chlorous acid

HNO; nitrate ' nitric acid

S WHOIS FWHOIS ¢ WHO3S 7 wouoas

HNO, nitrite nitrous acid
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Naming Acids (cont,)

| WoHoas

* An acid, whether a binary acid or an
oxyacid, can have a common name In
addition to its compound name.

Table 8.5 Formulas and Names of
- Some Covalent Compounds

H,0 water dihydrogen monoxide

NH; ammonia nitrogen trihydride

S WHOIS FWHOIS ¢ WHO3S 7 wouoas

N,H,4 hydrazine dinitrogen tetrahydride
HCl muriatic acid hydrochloric acid

CgHg04 aspirin 2-(acetyloxy)benzoic acid

cooncepts In| Mgt_""""-i‘bn

Click here to view an animated
version of this graphic.
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Naming Acids (cont,)

 The name of a molecular compound
reveals its composition and is important in
communicating the nature of the
compound.
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Naming Acids (cont,)

| wooas

Look at the Examples:
formula of HBr, H,S0;,
the molecule. and NO,

l

Does the compound
form an acidic
aqueous solution?

Yes
(H,S0; and HBr)

Name the first element in the
molecule. Use a prefix if the number
of atoms is greater than one. To

name the second element, indicate the
number present by using a prefix +
root of second element + —ide.

Name as an acid.
Is there an oxygen
present in the
compound?

S WHOIS FWHOIS ¢ WHO3S 7 wouoas

-

NO, is nitrogen dioxide.
No Yes

{H Bi’} (stoa}

Hydro + root of second Root of oxyanion present + —ic
element + —ic, then acid. if the anion ends in —ate, or + —ous

if the anion ends in —ite, then acid.
HBr (aq) is hydrobromic acid. : -
H,S0, is sulfurous acid.
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Section 8.2 Assessment

Give the binary molecular name for water
(H20).

A.dihydrogen oxide
B.dihydroxide

C.hydrogen monoxide

ihydrogen monoxide
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Section 8.2 Assessment

Give the name for the molecule HCIO,.
@})erchloric acid

B.chloric acid

C.chlorous acid

D.hydrochloric acid
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Section 8.3 Molecular Structures
Objectives

List the basic steps used to draw Lewis structures.

Explain why resonance occurs, and identify
resonance structures.

Identify three exceptions to the octet rule, and
name molecules in which these exceptions occur.

Review Vocabulary
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ionic bond: the electrostatic force that holds
oppositely charged particles together in an ionic
compound
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Section 8.3 Molecular Structures (cont.)
New Vocabulary

structural formula
resonance

coordinate covalent bond

L WSS Structural formulas show the relative
positions of atoms within a molecule.
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Structural Formulas

* A structural formula uses letter symbols
and bonds to show relative positions of
atoms.

PH, H—P—H
Molecular formula |1|

0 Lewis structure

Space-filling
molecular model

H—P—H
H

Structural formula Ballapidatii

molecular model

“
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Structural Formulas (cont)

* Drawing Lewis Structures

Predict the location of certain atoms.

Determine the number of electrons available for
bonding.

Determine the number of bonding pairs.

Place the bonding pairs.
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Determine the number of bonding pairs remaining.

Determine whether the central atom satisfies the

octet rule.
«>
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Structural Formulas (cont)

» Atoms within a polyatomic ion are
covalently bonded.
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Resonance Structures

« Resonance is a condition that occurs when
more than one valid Lewis structure can be
written for a molecule or ion.

* This figure shows
three correct ways to
draw the structure for
(NO3)'.
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Resonance Structures (cont)

« Two or more correct Lewis structures that
represent a single ion or molecule are
resonance structures.

* The molecule behaves as though it has only
one structure.

« The bond lengths are identical to
each other and intermediate
between single and double
covalent bonds.
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Exceptions to the Octet Rule
« Some molecules do not obey the octet rule.

« A small group of molecules might have an
odd number of valence electrons.

* NO:; has five valence electrons from nitrogen
and 12 from oxygen and cannot form an
exact number of electron pairs.

Incomplete octet
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Exceptions to the Octet Rule (cont,

« Afew compounds form stable
configurations with less than 8 electrons
around the atom—a suboctet.

A coordinate covalent bond forms when
one atom donates both of the electrons to be
shared with an atom or ion that needs two

electrons.
g b
H—I|3 + :I\ll—H
H H H H
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The boron atom has no electrons The nitrogen atom shares

to share, whereas the nitrogen both electrons to form the
atom has two electrons to share. coordinate covalent bond. »
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Exceptions to the Octet Rule (cont,

A third group of compounds has central
atoms with more than eight valence
electrons, called an expanded octet.

* Elements in period 3 or higher have a
d-orbital and can form more than four
covalent bonds.
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Expanded octet
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Section 8.3 Assessment

What is it called when one or more correct
Lewis structures can be drawn for a
molecule?

A.suboctet
B.expanded octet

C.expanded structure

esonance
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Section 8.3 Assessment

Where do atoms with expanded octets
occur?

A.transition metals

B.noble gases

@Iements in period 3 or higher

D.elements in group 3 or higher
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Section 8.4 Molecular Shapes
Objectives Review Vocabulary

+ Summarize the VSEPR ~ atomic orbital: the
bonding theory. region around an atom’s

nucleus that defines an
* Predict the shape of, electron’s probable
and the bond angles in, location
a molecule. New Vocabulary

SWHOIS $WHISS ¢ WHOIS Zwooas | wWHoas

* Define hybridization. VSEPR model
hybridization

The VSEPR model is used to determine
molecular shape.
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VSEPR Model

* The shape of a molecule determines many
of its physical and chemical properties.

Molecular geometry (shape) can be
determined with the Valence Shell Electron
Pair Repulsion model, or VSEPR model
which minimizes the repulsion of shared and
unshared atoms around the central atom.
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VSEPR Model (cont.)

* Electron pairs repel each other and cause
molecules to be in fixed positions relative to
each other.

« Unshared electron pairs also determine the
shape of a molecule.

« Electron pairs are located in a molecule as far
apart as they can be.
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Hybridization

* Hybridization is a process in which atomic
orbitals mix and form new, identical hybrid
orbitals.

« Carbon often undergoes hybridization, which
forms an sp?® orbital formed from one s orbital
and three p orbitals.

* Lone pairs also occupy hybrid orbitals.
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Hybridization (cont.)

« Single, double, and triple
bonds occupy only one hybrid
orbital (CO2 with two double
bonds forms an sp hybrid
orbital).

SWHOIS $WHISS ¢ WHOIS Zwooas | wWHoas
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Hybridization (cont.)

| Wooas

1IEL R A8 Molecular Shapes

Total | Shared | Lone | Hybrid Molecillai Shabe®
Pairs Pairs Pairs | Orbitals P .
The BeCl; molecule contains only

two pairs of electrons shared with
the central Be atom. These bonding
electrons have the maximum
separation, a bond angle of 1807,
and the molecular shape is linear.

BeCl,

rThe three bonding electron pairs in
AlCl5 have maximum separation in a
trigonal planar shape with 120° bond
angles.

A

N
When the central atom in a molecule
has four pairs of bonding electrons,

s wHOIS| FWIHOSS ¢ WHO3S 7 woroas

as CH, does, the shape is tetrahedral.
The bond angles are 109.5°.

J

Tetrahedral

concepts II‘I—MQt‘ ibn
Click here to view an animated @:\ @
version of this graphic.




Cﬂgﬁﬂ Chapter Menu i Chapter Outline Resources

Hybridization (cont.)

1IEL R A8 Molecular Shapes

Total | Shared | Lone Hybrid Molecular Shape*
Pairs Pairs Pairs | Orbitals P 2 . G
PH; has three single covalent bonds

and one lone pair. The lone pair takes
up a greater amount of space than
the shared pairs. There is stronger
repulsion between the lone pair and
the bonding pairs than between two
bonding pairs. The resulting geometry
is trigonal pyramidal, with 107.3°
bond angles.

-
107.3°
Trigonal pyramidal

Water has two covalent bonds and
two lone pairs. Repulsion between
the lone pairs causes the angle to be
104.5°, less than both tetrahedral
and trigonal pyramid. As a result,
water molecules have a bent shape.

concepts II‘I—MQt‘ ibn
Click here to view an animated @:\ @
version of this graphic.
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Hybridization (cont.)

| Wooas

1IEL R A8 Molecular Shapes

Total | Shared | Lone Hybrid Molecular Shape*
Pairs | Pairs | Pairs | Orbitals ;

( The NbBrs molecule has five pairs
of bonding electrons. The trigonal
bipyramidal shape minimizes the

repulsion of these shared electron
L pairs.

rAs with NbBrs, SF; has no unshared i
electron pairs on the central atom.
However, six shared pairs arranged
<= 3hout the central atom result in an

90° octahedral shape.
\
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Octahedral
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Click here to view an animated @:\ @
version of this graphic.
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Section 8.4 Assessment

The two lone pairs of electrons on a water
molecule do what to the bond angle between
the hydrogen atoms and the oxygen atom?

A.They attract the hydrogen atoms and
increase the angle greater than 109.5°.

hey occupy more space and squeeze
the hydrogen atoms closer together.

N
n
)
=
N
3
pe
=
(]
h
i)
2
(=
=
e
th
n
2
(=]
=
-
()
n
2
(=]
>
W

C.They do no affect the bond angle.

D.They create resonance structures
with more than one correct angle.
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Section 8.4 Assessment

The sp?® hybrid orbital in CH4 has what
shape?

A.linear

B.trigonal planar

@etrahed ral

D.octahedral
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Section 8.5 Electronegativity and Polarity
Objectives

 Describe how electronegativity is used to determine
bond type.

« Compare and contrast polar and nonpolar covalent
bonds and polar and nonpolar molecules.

« Generalize about the characteristics of covalently
bonded compounds.

SWHOIS | $WIHOSS ¢ WHOIS Zwooas | WHoas

Review Vocabulary

electronegativity: the relative ability of an atom to
attract electrons in a chemical bond
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Section 8.5 Electronegativity and Polarity (cont,
New Vocabulary

polar covalent bond

UL A chemical bond’s character is related
to each atom’s attraction for the
electrons in the bond.
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Electron Affinity, Electronegativity, and
Bond Character

 Electron affinity measures the tendency of
an atom to accept an electron.

Electronegativity Values for Selected Elements

Metal
Metalloid
Nonmetal

21
Sc
1.36
39
Y
1.22 33 1.6

57
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La
1.10
89

Ra Ac
1.1

* Noble gases are not listed because they
generally do not form compounds. @-j §>
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Electron Affinity, Electronegativity, and
Bond Character (cont.,)

 This table lists the character and type of
chemical bond that forms with differences
In electronegativity.

EN Difference
Table 8.7 and Bond Character

Electronegativity Difference Bond Character

>1.7 mostly ionic
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Electron Affinity, Electronegativity, and
Bond Character (cont.,)

« Unequal sharing of electrons results in a
polar covalent bond.

* Bonding is often not clearly ionic or covalent.
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Electron Affinity, Electronegativity, and
Bond Character (cont.,)

* This graph summarizes the range of
chemical bonds between two atoms.

Electronegativity and Bond Character

N
m
%
)
m
z
L=]
o~
(]
(/)]
m
E&}
W
(4]
M
2
=
e
()
i)
2
S
)

Percent ionic character

HCl

1.0 2.0

Electronegativity difference \lﬁj‘ f|>|




Eﬂgﬁﬂ Chapter quuT Chapter Outline .. | Resources

Polar Covalent Bonds

* Polar covalent bonds form when atoms pull
on electrons in a molecule unequally.

* Electrons spend more time around one atom
than another resulting in partial charges at the
ends of the bond called a dipole.

ElectronegativityCl = 3.16
ElectronegativityH = 2.20

Difference = 0.96

h
m
%
()]
m
z
L=]
&
(]
(/)]
m
%
W
(4]
M
2
=
e
()
i)
2
S
)

concepts In Méfi’on

Click here to view an animated
version of this graphic.
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Polar Covalent Bonds (cont)

« Covalently bonded molecules are either
polar or non-polar.

* Non-polar molecules are not attracted by an
electric field.

« Polar molecules align with an electric field.
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Polar Covalent Bonds (cont.)
 Compare water and CCl..

* Both bonds are polar, but only water is a polar
molecule because of the shape of the
molecule.
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Polar Covalent Bonds (cont)

* The electric charge on a CCls molecule
measured at any distance from the center
of the molecule is identical to the charge
measured at the same distance on the
opposite side.

e Cl §-
5+ |

SWHOIS | $WIHOSS ¢ WHOIS Zwooas | WHoas

The bent shape of The symmetry of a CCl, The asymmetric shape of an
a water molecule molecule results in an equal ammonia molecule results in an
makes it polar. distribution of charge, and  unequal charge distribution and

the molecule is nonpolar. the molecule is polar. i: :|>'
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Polar Covalent Bonds (cont)

« Solubility is the property of a substance’s
ability to dissolve in another substance.

 Polar molecules and ionic substances are
usually soluble in polar substances.

* Non-polar molecules dissolve only in non-
polar substances.
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Properties of Covalent Compounds

« Covalent bonds between atoms are strong,
but attraction forces between molecules
are weak.

« The weak attraction forces are known as van
der Waals forces.

* The forces vary in strength but are weaker
than the bonds in a molecule or ions in an
lonic compound.
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Properties of Covalent Compounds (cont.)

* Non-polar molecules exhibit a weak
dispersion force, or induced dipole.

The force between two oppositely charged
ends of two polar molecules is a dipole-dipole
force.

* A hydrogen bond is an especially strong
dipole-dipole force between a hydrogen end
of one dipole and a fluorine, oxygen, or
nitrogen atom on another dipole.
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Properties of Covalent Compounds (cont.)

« Many physical properties are due to
iIntermolecular forces.

* Weak forces result in the relatively low
melting and boiling points of molecular
substances.

Many covalent molecules are relatively soft
solids.

SWHOIS | $WIHOSS ¢ WHOIS Zwooas | WHoas

Molecules can align in a crystal lattice, similar
to ionic solids but with less attraction between

particles.
«
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Properties of Covalent Compounds (cont.,)

« Solids composed of only atoms
interconnected by a network of covalent
bonds are called covalent network solids.

e Quartz and diamonds are two common
examples of network solids.
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Section 8.5 Assessment

The force between water molecules is
what kind of intermolecular force?

A.induced dipole

ydrogen bond

C.sigma bond
D.partial dipole

SWHOIS | $WIHOSS ¢ WHOIS Zwooas | WHoas
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Section 8.5 Assessment

What kind of bond occurs within a
molecule with unequal sharing of electron
pairs?

A.ionic bond
B.sigma bond

C.non-polar covalent bond

olar covalent bond
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Resources

Study Guide gscction 8.1 The Covalent Bond

Key Concepts

« Covalent bonds form when atoms share one or more
pairs of electrons.

Sharing one pair, two pairs, and three pairs of electrons
forms single, double, and triple covalent bonds,
respectively.

Orbitals overlap directly in sigma bonds. Parallel
orbitals overlap in pi bonds. A single covalent bond is a
sigma bond but multiple covalent bonds are made of
both sigma and pi bonds.

Bond length is measured nucleus-to-nucleus.
Bond dissociation energy is needed to break Q—:\ ;—>
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A Study Guide Section 8.2 Naming Molecules

Key Concepts

 Names of covalent molecular compounds include
prefixes for the number of each atom present. The final
letter of the prefix is dropped if the element name begins
with a vowel.

Molecules that produce H* in solution are acids. Binary
acids contain hydrogen and one other element.
Oxyacids contain hydrogen and an oxyanion.
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A Study Guide Section 8.3 Molecular Structures
Key Concepts

 Different models can be used to represent
molecules.

Resonance occurs when more than one valid Lewis
structure exists for the same molecule.

Exceptions to the octet rule occur in some molecules.




Resources
A Study Guide g. tion 8.4 Molecular Shapes
Key Concepts
« VSEPR model theory states that electron pairs repel

each other and determine both the shape of and
bond angles in a molecule.

 Hybridization explains the observed shapes of

molecules by the presence of equivalent hybrid orbitals.
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and Polarity
Key Concepts

* The electronegativity difference determines the
character of a bond between atoms.

Polar bonds occur when electrons are not shared
equally forming a dipole.

The spatial arrangement of polar bonds in a molecule
determines the overall polarity of a molecule.

Molecules attract each other by weak intermolecular
forces. In a covalent network solid, each atom is
covalently bonded to many other atoms.
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What type of bond results from two atoms
sharing electrons?

A.hydrogen bond

ovalent bond

C.ionic bond
D.dipole bond
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Give the correct name for the molecule
HSO, in water solution.

A.hydrosulfuric acid

ulfuric acid

C.sulfurous acid

D.hydrogen sulfate
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What molecule is an example of the
expanded octet rule?

A.HO
B.BF3
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What is the molecular shape of a
compound with the hybrid sp orbital?

@inear

B.trigonal planar
C.tetrahedral

D.spherical
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Which of the following is a polar
molecule?

A.CCl4
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What is the molecular name for hydrazine
(N2H4)?

A.nitrogen tetrahydride

initrogen tetrahydride

C.dinitrogen hydride

D.dinitrogen tetrachloride
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In general, electronegativity increases as:
@ou move up a group
B.you move down a group

C.you move from right to left
across a period

D.none of the above
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” | standardized Test Practice FHteckcroin

Which technique would you use to

separate mixtures with different boiling
points?

A filtration
B.chromatography

@istination

D.sublimation
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? | standardized Test Practice Fhneckeoin

Which of the following contains an ionic
bond?

@.iBr
B.H.O
C.F,
D.CO;
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Standardized Test Practice

What are van der Waals forces?
A.forces between two ions
B.forces between two electrons

C.forces within a molecule
orces between two molecules
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Image Bank

~— Force of repulsion
— Force of attraction

Two shared pairs
of electrons

IO, Three shared pairs

of electrons

Formulas and Names of

Naming Oxyaci
Table laming Oxyacids Some Covalent Compounds

HCIOs chlorate e
HCIO, chlorite

chloric acid Ha0 water

chlorous acid L) ammonia

5 NaHg hydrazine
HNO; nitrate nitric acid
Hal muaic acd

HNO, nitite nitrous acid C0e e

H H
H—B—N—H
Hoh
The boron atom has no electrons

to share, whereas the nitrogen
atom has two electrons to share.

The nitrogen atom shares
both electrons to form the
coordinate covalent bond

Electronegativity Values for Selected Elements

Metal
Metalloid
Nonmetal

Table 8.7 EN Difference

mostly ionic

polar covalent

mostly covalent

and Bond Character

nonpolar covalent

Fluorine Fluorine
atom atom

Bonding pair
of electrons
Lone
pairs

Complete
octets

Fluorine
molecule

L Bond Length

Bond Type Bond Length

single covalent
double covalent

triple covalent

I T S N T
dihydrogen monoide

nitrogen trhydride

dinitrogen tetrahydride

hydrochloric acid

2-(acetylony)benzoic acid

Expanded octet

Covalent Bond Type and

Percent ionic character

Resources

Mo+ o H—E‘i:
H
o Single Cowalent Bonds

Ammonia

i
i =

;
- @ -
‘H

H o+ —  H:H

Hydrogen Hydrogen
atom atom

"
r !
Hydrogen dhe i BocHl

molecule Water (H,0)

Four Singe Covalet 8onds

LCLICR: % 3 Bond-Dissociation Energy

m Bond-Dissociation Energy
F2

159 kJ/mol o
o

143 x10"m

121 x 10-m 0, 498 kJ/mol

0

110 x 10 “m N, 945 kl/mol L

Examples:
181450,

PH,
Molecular formula
Lewis structure

®

Spacedfilling
molecular model

H=P—H
H
Structural formula Ball-and-stick

50, s sultrous aci. molecular model

-_

XY ot shapes
[} ? -

Wotecarshapes
EEEEE

ElectronegativityCl = 3.16
ElectronegativityH = 2.20

Difference = 0.96

Ammonia (NH;)

The bent shape of

Methane (CH)

Prefixes i Covalant Compaunds

hexa
hepta

octa

Molecular Shapes

H*
o as NH,

The symmetry of a CCl,  The asymmetrc shape of an

10

mabes it polar.

inan
disrbution of charge, and  unequal charge distrbution and
the molecule s nonpolar.  the molecule s polar

20
Electronegativity difference

Click on an image to enlarge.
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~— Force of repulsion
— Force of attraction
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Image Bank

i ‘F:
Fluorine Fluorine
atom atom

Bonding pair
of electrons

Lone
pairs

Complete
octets

Fluorine
molecule
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H.

Hydrogen
atom

Resources

¢
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Hydrogen
molecule
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Hydrogen
atom
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2H. + '0: — H_E?:
H

Two Single Covalent Bonds

Ammonia

H

: |
3H- + N = H-N:
H

Three Single Covalent Bonds

Methane

)
4H + C. — H—C—H
H

Four Single Covalent Bonds
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Water (H,0) Ammonia (NH;) Methane (CH,)
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Two shared pairs
“ of electrons

\G./\)Z Three shared pairs

of electrons
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Covalent Bond Type and

Table 8.1 Bond Length

T T T

single covalent 143 x 10-"m
double covalent 1.21 x 107" m

triple covalent 110 x 107" m
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Table 8.2

Molecule

Resources

Bond-Dissociation Energy

Bond-Dissociation Energy
159 kJ/mol
498 kJ/mol
945 kJ/mol
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Table 8.3 Prefixes in Covalent Compounds

mono- hexa-
di- hepta-
octa-

nona-

deca-
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Table 8.4 Naming Oxyacids

HCIO; chlorate chloric acid

HCIO, chlorite chlorous acid

HNO; nitrate ' nitric acid

HNO, nitrite nitrous acid
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Table 8.5 Formulas and Names of
" Some Covalent Compounds

H,0 water dihydrogen monoxide

NH; ammonia nitrogen trihydride

N,H,4 hydrazine dinitrogen tetrahydride
muriatic acid hydrochloric acid

aspirin 2-(acetyloxy)benzoic acid
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Look at the Examples:
formula of HBr, H,S0;,
the molecule. and NO,

l

Does the compound
form an acidic
aqueous solution?

Yes
(H,S0; and HBr)

Name the first element in the

; molecule. Use a prefix if the number
Name as an acid. of atoms is greater than one. To

Is there BT name the second element, indicate the
present in the number present by using a prefix +

7 :
compound? root of second element + —ide.
S

NO, is nitrogen dioxide.
No Yes

(HB!’) (stog)

if the anion ends in —ate, or + —ous

element + —ic, then adid. I I In —3 .
if the anion ends in —ite, then acid.

[Hydm + root of second J Root of oxyanion present + —ic

HBr (aq) is hydrobromic acid. : -
H,S0, is sulfurous acid.
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PH, H—T—H

Molecular formula H

9 Lewis structure

Space-filling
molecular model
H—P—H

|
H

Structural formula sl -t

molecular model
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Incomplete octet

RO
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The boron atom has no electrons The nitrogen atom shares
to share, whereas the nitrogen both electrons to form the
atom has two electrons to share. coordinate covalent bond.
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Expanded octet
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111 R: XA Molecular Shapes

Total | Shared | Lone | Hybrid -
The BeCl; molecule contains only

180° two pairs of electrons shared with
/f:‘\' the central Be atom. These bonding
; electrons have the maximum
separation, a bond angle of 180°,

and the molecular shape is linear.
\ J

BeCl;

g ~
The three bonding electron pairs in

AlCl; have maximum separation in a
<= trigonal planar shape with 120° bond

angles.
k_ .

[ When the central atom in a molecule 1
has four pairs of bonding electrons,

as CH, does, the shape is tetrahedral.
The bond angles are 109.5°.

\

Tetrahedral
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111 R: XA Molecular Shapes

Total | Shared | Lone | Hybrid -
PH; has three single covalent bonds

and one lone pair. The lone pair takes
up a greater amount of space than
the shared pairs. There is stronger
repulsion between the lone pair and
the bonding pairs than between two
bonding pairs. The resulting geometry
is trigonal pyramidal, with 107.3°
bond angles.

-
107.3°
Trigonal pyramidal

( Water has two covalent bonds and
two lone pairs. Repulsion between
the lone pairs causes the angle to be
104.5%, less than both tetrahedral
and trigonal pyramid. As a result,
water molecules have a bent shape.

=
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111 R: XA Molecular Shapes

Total | Shared | Lone | Hybrid -

Trigonal bipyramidal

O\l

-
The NbBrs molecule has five pairs

of bonding electrons. The trigonal
bipyramidal shape minimizes the
repulsion of these shared electron

pairs.
\

-
As with NbBrs, SF¢ has no unshared

electron pairs on the central atom.
However, six shared pairs arranged
about the central atom result in an

ap°
f"l\‘j*_

90°

Octahedral

octahedral shape.
\
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Electronegativity Values for Selected Elements

Metal
Metalloid
Nonmetal
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EN Difference
and Bond Character

Electronegativity Difference Bond Character

>1.7 mostly ionic

Table 8.7

04—-1.7 polar covalent
<04 mostly covalent

0 nonpolar covalent
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Electronegativity and Bond Character
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HCl Covale

1.0 2.0
Electronegativity difference
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ElectronegativityCl = 3.16
ElectronegativityH = 2.20

Difference = 0.96
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2/

5t
H— 0%
\ o
H,0
The bent shape of

a water molecule
makes it polar.

Resources

o ds&

- P o
CCI4 C| 0”

The symmetry of a CCl,
molecule results in an equal
distribution of charge, and
the molecule is nonpolar.

HO"

The asymmetric shape of an
ammonia molecule results in an
unequal charge distribution and
the molecule is polar.
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Figure 8.9 Sigma and Pi Bonding
Table 8.3 Prefixes in Covalent Compounds

Table 8.5 Formulas and Names of Some Covalent
Compounds

Figure 8.19 Molecular Shapes

Table 8.6 Molecular Shapes
Figure 8.22 Bond Types
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1 Within the Chapter Outline, clicking a section
ot Saen ™ I AImoaptiere . tab on the right side of the screen will bring you
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