CHEMICAL BONDING
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°INTRODUCTION
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Non-metal elements exist as molecules (e.g. 2 same atoms joined

together)
All halogens, oxygen (Q), nitrogen(N,), hydrogen (H,)

We never find O, N, H, single atoms in nature
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*Chemical bonding (attraction)

Metallic bonding In|c bonding

Forms between

metals and nonmetals

Covalent bonding

\*J
5]

N9Ilana3s



COVALENT BOND L)

COVALENTBOND is the strong directional electrostatic attraction
betweenthe sharedelectrons(negativelycharged)and the two nuclei
(positivelycharged)of the bondedatoms

A covalentbond is formed by the sharingof outermost shell electrons
betweentwo atoms

A sharedpair of electrons(or bond pair) makesa singlecovalentbond.
Soa chlorine moleculeCl, canbe written as CI Cl Cl, is the molecular
formula of chlorine,while C} Clisthe structural formula of chlorine
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Directional
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eLewis Dot Diagrams for Hydrogen and Chlorine Gas
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°Multiple Bonds

ADouble and triple bonds can form between
atoms in order to fill the outer energy level

AThis occurs when two atoms share more than
one pair of electrons




°Multiple Lewis Structures

ASome molecules can have more than one
possible Lewis structure, usually when one
single bond and one double bond can be
exchanged within the rules of drawing Lewis
structures

AExample of S(AQ)
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L)
Sketch of shape Balland-stick model Skeletal atomic model Spacefilling model

Methane

Ammonia




Molecule  Sketch of shape Balland-stick model Skeletal atomic model Spaceilling model a

Water

Carbon O=C=0

. ORI I
dioxide

H H
Ethene cC=C

H H
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|ONICBOND

IONICBOND:Is the strong non-directional electrostatic
force of attraction betweenoppositelychargedions

An ionic bond is formed by the transfer of one or more
electronsfrom one atom (or group of atoms)to another




AThe reaction of sodium and chlorine .

3
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sodium metal chlorine gas table salt
Sodium Chloride

+
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sodium atom (Na) 2, 8, 1 I

Nat

ion
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chlorine atom (Cl) 2, 8, 7 I

Cl

ion
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Whena sodiumatom and a chlorineatom react, the sodiumatom loses
electronto the chlorineatom. Asa resultof this :
two ionsare formed.

Sodium Chloride (Salt)
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lonic Bonds: One Big Greedy Thief

lonic Bonding

' =000 1C50
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Monoatomic ion
(consists of 1 atom

only)

Polyatomic ion
(consists of 2 or more
atoms )

Na* OH-"
K* NO,
Ag* SO,
Hg™
-
Cl-

Br-
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Cations and Anions

1) Allsimple (single) metal ions acations

2a) All simple (single) nemetal ions are anions (except)H
2b) All polyatomic ions are anions (except,NH

3) Theras only one common polyatomaation- NH,*

4) Whena metal forms only one cation, the ion has the same
name as the metal.

5) Transitiormetals are rather unusualhe same metal can form
more than one simpleationwith different charges. To name
each ion, a Roman numeral indicating the charge is written in
brackets after the name of the metal.
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/) Simple (single) anion names endingiae
8) Polyatomic anions containing oxygefter have
names ending liqate or¢ite. The polyatomic anion

with more oxygen is named ggate, and that with less
oxygen agite.

9) lonswith 4+ or 4 are uncommon. (unstable)
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°Energetics of lonic Bonding

Na"(g) +e™ + Cl(g)
A

By accounting for all
three energies
(lonization energy,

o | electron affinity, and
lattice energy), we can
get a good idea of the
energetics involved In
such a process.

E(CI)

Na'(g) + Cl™ ()

i
g

AHICUD Nagg) + L clyte)

i
._\Hf"[Na(g)] Na(s) + %Clz(g)

—Lattice energy of NaCl
Lattice energy of NaCl

AH, [NaCl(s)]




AThese phenomena also Bl
KSt LA SELX I A Jw
NXzf S ¢ |

w Metals, for instance, tend to stop losing electrons
once they attain a noble gas configuration because
energy would be expended that cannot be overcome
by lattice energies
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METALLIC BOND

Bond found in metals; holds metal
atoms together very strongly
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Metallic Bond
AFormed between atoms of metallic elements
AElectron cloud around atoms

AGood conductors at all states, lustrous, very
high melting points

AExamples; Na, Fe, Al, Au, Co




VSEPR THEORY
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ANote that the repulsion force Is strongest
petween two lone pairs and the weakest
netween two bonded pairs, and the repulsion
netween a lone pair and a bonded pair is
iIntermediate

AWe apply the VSEPR theory to a central atom
that has an octet of electrons In its valence
shell.

Aln VSEPR, an electron group is a bond (single
multiple) or a lone pair

Alp-lp>lp-bp>bp-bp
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lone pair + bond pair = 2
Linear

AForms when a central atom has two electron groups

AThe shape Is linear because the electron groups try to
arrange themselves as far apart as possible

AThe bond angle between the electron groups is®1.80

AThe central atom is bonded to two other atoms by
two double bonds or a combination of a single bond
and a triple bond




Lone pair + bond pair =2
Linear Geometry

Bonding
Groups
2
Nonbonding
Pairs
0

Examples;
BeH,
CG
HCN
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Lone pair + bond pair =3
Trigonal Planar
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AA central atom with three electron groups has a
trigonal planar shape

AThe bonding angle between the electron
groups is 129

AThe central atom Is either bonded to three
atomsgrigonalplanar), or two atoms and a
lone pair(bent or Yshaped)




Lone pair + bond pair=3
Trigonal Planar Geometry

Bonding
Groups

3
Nonbonding
Pairs

0

Examples;
BF;

CO2
cocy
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Lone pair + bond pair=3
Bent Geometry

Bonding
Groups

2
Nonbonding
Pairs

1

Examples;
NO,

SO

03
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Lone pair + bond pair = 4
Tetrahedral

AA central atom with four electron groups has a
tetrahedral shape

AThe bonding angles between the electron
groups is 1095

AThe central atom can be bonded to four atoms
(tetrahedral), three atoms and a lone pair
(trigonal pyramidal), or two atoms and two
lone pairs (bent or \dhaped)
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Lone pair + bond pair=4

Tetrahedral Geometry
Bonding

Groups

4
Nonbonding
Pairs

0

Examples;

CH
cCl

SO~
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Lone pair + bond pair =4
Trigonal Pyramidal Geometry

Bonding
Groups

3
Nonbonding
Pairs

1

Examples;
NH,
NF;
PCl
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Lone pair + bond pair=4
Bent Geometry

Bonding
Groups

2
Nonbonding
Pairs

2

Examples;
H,O

clo
OF,
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Lone pair + bond pair=5
Trigonal Bipyramidal Geometry

Bonding
Groups

5
Nonbonding
Pairs

0

Examples;
PF5
PCI5
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Lone pair + bond pair=5
Seesaw Geometry

Bonding
Groups

4
Nonbonding
Pairs

1

Examples;
SF4
BrF4
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Lone pair + bond pair=5
T-shaped Geometry

Bonding
Groups

3
Nonbonding
Pairs

2

Examples;
Clk

Brk;

SeQ”*
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Lone pair + bond pair=5

Linear Geometry

Bonding
Groups

2
Nonbonding
Pairs

3

Examples;
Xek
ICL;

5
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Lone pair + bond pair =6
Octahedral Geometry

Bonding
Groups

6
Nonbonding
Pairs

0

Examples;
Sk

Sik>

Sik>
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Lone pair + bond pair=6
Square Pyramidal Geometry

Bonding
Groups

5
Nonbonding
Pairs

1

Examples;
Brik
I
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Lone pair + bond pair =6
Square Planar Geometry

Bonding
Groups

4
Nonbonding
Pairs

2

Examples;
Xek
ICl,
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# of

lone e rboounogng Electron-pair Molecular
pair g P Geometry Geometry
0 2 linear linear :
0 3 trigonal planar | trigonal planar ||
1 2 trigonal planar bent
0 4 tetrahedral tetrahedral
1 3 tetrahedral ”—'qLa'
pyramidal
2 2 tetrahedral bent
0 5 Trigonal Trigonal
bipyramidal bipyramidal
1 4 _Trlgon_al See-saw
bipyramidal
Trigonal
2 . bipyramidal Lol el
3 2 _Trlgon_al Linear
bipyramidal
0 6 Octahedral Octahedral
1 5 Octahedral Squa_re
pyramidal
2 4 Octahedral Square planar
0 v Pentagonal Pentagonal
bipyramidal bipyramidal
S -
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Electronegativity

AThe abllity of atoms In a
molecule to attract
electrons to Iitself.

AOnN the periodic chart,

electronegativity

AYONBIFasa |
AXFNRY f ST
a row. 3.0- 4.0

| 20-29
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top of a column.




ePolar Covalent Bonds

AWhen two atoms share electrons
unequally, a bond dipole results.

AThe dipole moment produced

by two equal but opposite O+ =
charges separated by a distanc ' .
r, IS calculated:

m=Qr e — ——

Alt Is measured Imebyes(D).




*Writing Lewis Structures L)

PCL

1.

Find the sum of
valence electrons of all
atoms in the
polyatomic ion or
molecule.

A If It 1S an anion, add one

electron for each
negative charge.

A Ifitis a cation, subtract
one electron for each
positive charge.
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*Writing Lewis Structures

2. The central atom is the
leastelectronegative
St SYSyad GKI
hydrogen. Connect the
outer atoms to It by
single bonds.

Keep track of the electrons:

26- 6 = 20
—




*Writing Lewis Structures

3.
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Fill the octets of the
outer atoms.

Keep track of the electrons

26- 6 =20- 18=2
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*Writing Lewis Structures

4. Fill the octet of the
central atom.

Keep track of the electrons:

26-6=20-18=2-2=0
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*Writing Lewis Structures

5. If you run out of electrons
pefore thq C,enAtrqI atom has
-y 200S0X

XT2NY Ydzt A LI
It does.

H—C—@\:I: s H—C=N:




e Resonance
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ABut this iIs at odds with
the true, observed
structure of ozone, In
g KA OKX

AX 0 2 UtKO bbnds are
the same length.

AX 0 2 (I K o®/gisS NJ
have a charge ofl/2.




°Resonance

AOne Lewis structure
cannot accurately depict
a molecule such as 0zonegy—"

AWe use multiple structure
structures, resonance : O/O\ :
structures, to describe ¥
the molecule.

O; O’

Resonance
structure

Ox

O:
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e Resonance

Primary color Primary color

% Yellow

|

Resonance
structure

Resonance
structure

O_ . s
07 O o7
\'/..--/‘

|

Ozone molecule

O:
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Just as green Is a synthesis of

0 f dzS

X21 2yS A&

Y R

@Stf2g

I oady

two resonance structures.




°Exceptions to the Octet Rule L)

AThere are three types of ions or molecules that
do not follow the octet rule:

Alons or molecules with an odd number of
electrons.

Alons or molecules with less than an octet.

Alons or molecules with more than eight valence
electrons (an expanded octet).







