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Change In electron
density as two hydrogen
atoms approach each
other.




Energy of two hydrogen atoms as a function
of the distance between their nuclel

i Aftractive energies between oppositely charged
particles (electron-proton ) slightly exceed the
repulsive energies between particle of like charge
(electron-electron, proton- proton)

| (R EFIRAPIRA AN IBEF RN E RIS EHETAE)

i When two hydrogen atoms cone together to form a
molecule, the electrons are spread over the entire
volume of the molecule instead of being confined to a

particular atom.

i (§7 a3 h3gbdarFis m*&'&lwg&ﬁrlﬂ‘lﬂ\*%ﬁﬁi %
TRF o s T ISP T AR E A0 K ehA 3 M &

o
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Change in Potential Energy of Two H Atoms

A

) !

-
Distance of separation

Potential energy
=]




7.1 Lewis Structures: the Octet rule

Lewis pointed out that the electron configuration of the noble gases
appears to be a particularly stable one.

Nonmetal atoms, by sharing electrons to form an electron- pair bond , can
acquire a stable noble-gas

These structure (without the circles ) are referred to as Lewis structures.

e ()
e ()

Using dots to represent electrons; the circles emphasize that
the pair of electrons in the covalent bond can be considered
to occupy the 1s orbital of either hydrogen atom. in the H,,
molecule has the electronic structure of the noble gas helium.
With the electron configuration 1s?



7.1 Lewis Structures; the Octet rule
Valence electrons (i} & +)
are the outer shell electrons of an atom. The valence
electrons are the electrons that participate in chemical bonding

Group e- configuration # of valence e
1A nst 1
2A ns? 2
3A ns2np? 3
4A ns2np2 4
5A ns2np3 5
6A ns2np? 6
A ns2np® 7 6



1A

Lewis Dot Symbols

s a4 s & 7
3B 4B 5B 6B 7B

8

9
8B

10

11 12
1B 2B

13 14 15 16 17
3A 4A 5A BA TA

1
1

Sreues:

1}:] rﬁhﬂg‘ﬁb
f’ \ mamen




A covalent bond is a chemical bond in which two or more
electrons are shared by two atoms.

Why should two atoms share electrons?
" &) B — )

8e- 8e-

Lewis structure of F,

o0 o0
] £
single covalent bond lone pairs "o F .F.. lone pairs

| 1)
/\ /\ | single covalent bond

lone pairs—e «~— lone pairs

\J.\/



Lewis structure of water single covalent bonds

or H—(:Ci\—H

2e8e2e-

H® + .0° + «H

Double bond — two atoms share two pairs of electrons

@) o g=c=4

J8 B e double bonds

Triple bond — two atoms share three pairs of electrons

QNEEIND or ‘N=N:

trige8end . T
triple bond




octet rule( ~ '8 i£)

i The principle that atoms in covalently
bonded species tend to have noble-gas
electronic structures.

i (R PEREFHITF B o)

i Nonmetals, except for hydrogen, achieve a
noble- gas structure by sharing in an octet of
electrons (eight).

EWY }%—,..j.l!;%’j a3 e P‘Tﬁ‘ PR FEFEAEEF BRE A 7137%?,‘;“ °)

10



octet rule(~ *8 )i %

$23H Y AECN, O Ffn g =~k
FIE B EPB DB S8BT S

- FYB, Berf it &Y €7 /')%/‘\87[‘3"?;
e GET i 5 F BEAT R o
FZAH T ORFLN 4R LR
e ¥t B g oandirud kAZiE N ERE
FEH M- ATt LS § AR
FRF 2N HARR o F AN ERR SR
PR T o R E S OR s d

F oo
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Writing Lewis Structures pes
Count the number of valence electronsz* & % # % + #c o

2. Draw a skeleton structure for the species, Joining atoms
by single bonds.m + 2. & & #2182 Hggdd i & 4 B4

3. Determine the number of valence electrons still available
for distribution.

CERY PR EEF ST EE TES SRS N LS I TLES T

4. Determine the number of valence electrons required to fill
out an octet for each atom (except H)

1. If the number of electrons available is equal to the number
required , distribute the available electrons as unshared pairs,

satisfying the octet rule for each atom.## #3«+ &4 fe f + #r 24
TR IHAEE > BT BRI AL AEETHE N AELT I N

2. |If the number of electrons available is less than the number

required , the skeleton structure must be modified by changing

single to multiple bonds. = # %377 &2 ez T+ e o4 HAF KT+ ¥y,
B RTINS S EaE o S £ L §RC N, O, SEr B R -



Ex:7.1 Draw Lewis structures of

(a) The Hypochlorite ion,= s gag+ OCIl—
(1) The number of valence electrons is , 5. % & &+ &
6+/7+1=14 65. ¢l

e e

(2) The skeleton structureis [O—CI] —
B)F kst +ik 12 —2=10
(4) BE*- R+ P ENBHTTZ R T I

6+6=12 olici !



(b) Methanol :CH,O

(1) valence electrons 4 +1 4+6=14
H

(2) =+ % H—cI:—o—H
|
RB)F stk 14 —10=4
(A) B EEF - R+ 8L B2 T 384

14



Ex:7.2 Draw Lewis structures of

(a) SO,

(1) valence electrons 6" 2 + 6 = 18

(2) » 3 4 [0-S—O]

(3) 7 A ez T ook — 4= 14

(A BES-RIPE BT
276+4=16

(5) v Lt—/\ ﬁj‘cﬂ?\ ';F::d)— E;:/’) A %’:}. é’ A K%'Eg’f%% ?;ﬁ{
SOl e

15



(b) N,

(1) valence electrons 2" 5 =10

(2) »+ %4 N—N

(3) 7 A fez T 5 #0040 — 2 =8

(4) % &= - R

-

—

BE NG E 2 B3 ]2

B) ¥z TFHCEENAEBRETE RS B

16



Write the Lewis structure of nitrogen trifluoride (NF5).

<

Step 1 — N is less electronegative than F, put N in center
Step 2 — Count valence electrons N - 5 (2s22p3) and F - 7 (2s%2p°®)

5+ (3 x7) =26 valence electrons

Step 3 — Draw single bonds between N and F atoms and complete
octets on N and F atoms.

Step 4 - Check, are # of e in structure equal to number of valence e ?

3 single bonds (3x2) + 10 lone pairs (10x2) = 26 valence electrons




Write the Lewis structure of the carbonate ion (CO3;%).

Step 1 — C is less electronegative than O, put C in center

Step 2 — Count valence electrons C - 4 (2s22p?) and O - 6 (2s%2p%)
-2 charge — 2e-

4 + (3 x 6) + 2 = 24 valence electrons

Step 3 — Draw single bonds between C and O atoms and complete
octet on C and O atoms.

Step 4 - Check, are # of e in structure equal to number of valence e ?
3 single bonds (3x2) + 10 lone pairs (10x2) = 26 valence electrons

Step 5 - Too many electrons, form double bond and re-check # of e
| 2 single bonds (2x2) = 4 .
@ 1 double bond = 4 I
N 8 lone pairs (8x2) = 16 .

Total=24 (@

18



A resonance structure Is one of two or more Lewis structures for

a single molecule that cannot be represented accurately by only
one Lewis structure.

1.Resonance forms do not imply different kinds of molecules with electrons
shifting eternally between them.

2.Resonace can be anticipated when it is possible to write two or more Lewis
structures that are about equally plausible.

3.Resonance forms differ only in the distribution of electrons, not in the
arrangement of atoms -

1Q



oot oo.' ‘ '.o +oo
— (00—, > O — (O =
) °

What are the resonance structures of the .
carbonate (CO;%-) ion? &

Fog—@ gmo—@  W—o=D
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Formal Charge
Two possible skeletal structures of formaldehyde (CH,O)

H
H—C—O—H ~c—o0

An atom’s formal charge is the difference between the
number of valence electrons in an isolated atom and the
number of electrons assigned to that atom in a Lewis
structure.C;, =X — (Y +Z,72)

formal charge total number
) total number 1 total number
onanatomin _ of valence . :
. = . of nonbonding - — { of bonding
a Lewis electrons in
electrons electrons
structure the free atom

The sum of the formal charges of the atoms in a molecule
or ion must equal the charge on the molecule or ion.

21



g /’j‘ ,q:,.)—-'a-; _‘.:FF, «l-'r
g+ AN T R E E oW
\” ’j‘ ,q:, 2 % - /'q:,_;,.',-
3 0 HAS SN AT B e s B PR dm oo

Lewis structures # m *t35 3% 7 J7 i 4 % -

¥R AT WA R et f N T R

B R+ oo

Which is the most likely Lewis structure for CH,O?

22



C-4e 2 single bonds (2x2) = 4
SESTSH O-6e 1 double bond = 4
2H — 2x1 e- 2 lone pairs (2x2) = 4
12 e Total = 12
formal charge total number total number 1 total number
onanatomin _ of valence . )
. = . = of nonbonding - — { of bonding
a Lewis electrons iIn
electrons electrons
structure the free atom

formal charge _ ’ _
on C =4-2-%x6=-1

formal charge _ ’ R
on O =6-2-%2x6=+1

23



formal charge
on an atom in
a Lewis
structure

formal charge
on C

formal charge
on O

C-4e 2 single bonds (2x2) = 4

O-6e¢e 1 double bond = 4
2H —2x1l e 2 lone pairs (2x2) = 4
12 e Total = 12

total number

total number 1 total number
of valence . .
. = of nonbonding - — { of bonding
electrons in
electrons electrons
the free atom

=4-0-%2x8=0

=6-4-/2%x4=0

C . 0O

24



Exceptions to the Octet Rule

Odd-Electron Molecules

N o 5e- [ N ) (N )
NO O — 6e- I\.I Q
1lle-

The Expanded Octet (central atom with principal quantum number n > 2)

.. .. :F: .. ..
F oFeo

S —6e ’ 6 single bonds (6x2) = 12
Sk, 6F — 42e- 18 lone pairs (18x2) = 36
48e- Total =48

SRt

25



Exceptions to the Octet Rule

The Incomplete Octet

Be — 2e-

BeH, 2H-2xlee HK—B&—H

" 6.0.-6

B — 3e- ,‘F‘ /_B\ ‘F‘. 3 single bonds (3x2) = 6
BF, 3F — 3x7¢e ‘e e \\|_/ oo’ 9 lone pairs (9x2) = 18
. 24e- T Total = 24

Molecule

.0. 3



Exception to the Octet Rule: Expanded Octets

Largest class of molecules to violate the octet rule consists of
species in which the central atom is surroundedy more
than four pairs of valence electrons.

o ﬁ': -

.c:/‘

(N ] .Cl: ..

AT



[ — 2 Molecular Geometry

i The geometry
(1) Diatomic molecule
i Cl, CI-Cl (simply, Two points define a straight line.)

(2) Molecules containing three or more atoms , the
geometry is not so obvious . The angles between
bonds , called bond angles.

i YX,
i Linear , bond angle of 1809 X-Y-X
i Bent, bond angle less than 180°

28



[ — 2 Molecular Geometry
Valence shell electron pair repulsion (VSEPR) model:

The valence electron pairs surrounding an atom repulsion one another.

Consequently, the orbitals containing those electron pairs are oriented to be as
far apart as possible

s RS R 3 s S N
m+%mg?wﬁ%’9 ?
TR

EOBRCEIHIFOETETAS S FHE T AR L
R HARe R T4 R e > IR S R B EER g

w + AR H 4
LR GHEHBVSEPRIE* izl - A7 o ¥

29




Valence shell electron pair repulsion (VSEPR) model:

30



Valence shell electron pair repulsion (VSEPR) model:

# of atoms # lone

bonded to pairs on Arrangement of Molecular
Class  central atom central atom electron pairs Geometry
AX, 2 0 linear linear

180° 180°

LA 5 LN

3l



Beryllium Chloride

180°

B IR
i
..-“_'..-.u-.‘..-'.-'.-' B e
SR T B ol o
R R oy
B ..|.|.-'l'.|"-'.. ! FR=EN
) .

R
L F:'l:rl
[
e B
LS e )
Ao b '.':':"‘:' 1
e
LT W ko |-:|.'-.-'-|+-|"'J'I-'
'q.}".--.l.l'-.'.‘.'\-.'.'\-.-.".l'"'"""
PR Jm.in.!."q-'-rqr.i'- LR R
5 ,_.1...-"1-5.'-.-.'1'.'.* *-.'
e
S R

Chn e e

:§I— Be—§2:I:
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VSEPR

# of atoms # lone
bonded to pairs on Arrangement of
Class  central atom central atom electron pairs
AX, 2 0 linear
triangular
AX, 3 0 J
planar

Molecular
Geometry

linear

triangular
plapar

A
B B

33



Boron Trifluoride

Planar




VSEPR

# of atoms # lone
bonded to pairs on Arrangement of Molecular
Class  central atom central atom electron pairs Geometry
AX, 2 0 linear linear
trigonal trigonal
AX, 3 0 J J
planar planar
AX, 4 0 tetrahedral tetrahedral

109.5° ‘!
A { Y~ B

35



Tetrahedral

Methane

36



VSEPR

# of atoms # lone
bonded to pairs on Arrangement of Molecular
Class central atom central atom electron pairs Geometry
AX, 2 0 linear linear
trigonal trigonal
AX, 3 0 J J
planar planar
AX, 4 0 tetrahedral  tetrahedral
triangular triangular
AX. 5 J J

bipyramid bipyramid

:: | A |

3/



Phosphorus Pentachloride

Trigonal
bipyramidal

38



# of atoms

bonded to
Class central atom
AX, 2
AX, 3
AX, 4
AX; 5
AXq 6

VSEPR

# lone
pairs on Arrangement of Molecular
central atom electron pairs Geometry
0 linear linear
0 trigonal trigonal
planar planar
0 tetrahedral tetrahedral
trigonal trigonal
bipyramidal bipyramidal
0 octahedral octahedral
e B

& &




Sulfur Hexafluoride

Octahedral

40



Arrangement of Electron Pairs About a Central Atom (A) in a Molecule

and Geometry of Some Simple Molecules and lons in Which the Central
Atom Has No Lone Pairs

Number of Arrangement
Electron of Electron Molecular
Pairs Pairs* Geometry® Examples
180
2 ; BeCls, HgCl,
:—i.ﬂ:l— * B—A—B
Linear Linear
s B
120¢ BF;
3
- L B B
Trigonal planar Trigonal planar

- B

Tetrahedral Tetrahedral

B

e . ]
5 = ‘V PCls
120° “
Trigonal bipyramidal
i SFs

41

Octahedral Octahedral



Effect of Unshared Pairs on Molecular geometry

(a)

lone-pair vs. lone pair = lone-pair vs. bonding 3 bonding-pair vs. bonding
repulsion pair repulsion pair repulsion 42



# of atoms

bonded to
Class central atom
AX, 3
AX,E 2

VSEPR

# lone
pairs on Arrangement of
central atom electron pairs
0 triangular
planar
1 triangular
planar
(N ]
A
B B

Molecular
Geometry

triangular
planar

bent

C
® ¢

43



VSEPR

# of atoms # lone
bonded to pairs on Arrangement of Molecular
Class  central atom central atom electron pairs Geometry
AX, 4 0 tetrahedral tetrahedral
AX,E 3 1 triangular triangular
Nnvraminal pyramldal

/L uQ

1!

o

44



VSEPR

# of atoms # lone

bonded to pairs on Arrangement of Molecular

Class  central atom central atom electron pairs Geometry
AX, 4 0 tetrahedral  tetrahedral
riangular

AX;E 3 1 tetrahedral trangta
pyramidal

AX,E, 2 2 tetrahedral bent

.'O°.

74N

pltp—=—1 H H

45



VSEPR

# of atoms # lone
bonded to pairs on Arrangement of Molecular
Class  central atom central atom electron pairs Geometry
trigonal trigonal
AXc 5 0 rgone rgone
bipyramidal bipyramidal
trigonal distorted
AX,E 4 1 J

bipyramidal tetrahedron

46



Fig7.8 Molecular geometries for molecules with expanded octets
and unshared electron pairs. VSEPR

# of atoms # lone
bonded to pairs on Arrangement of Molecular
Class  central atom central atom electron pairs Geometry
trigonal trigonal
AXs > 0 bipyramidal  bipyramidal
trigonal distorted
AXE 4 L bipyramidal tetrahedron
trigonal
. . T-shaped
AXSE2 3 2 bipyramidal P
; F

47



. 1.20F, 18(F

90, 1 20°, 180

Wr, 1807

Teshaped

Linear




# of atoms

bonded to
Class central atom
AX; 5
AX,E 4
AX,E, 3
AX,E., 2

VSEPR

# lone
pairs on
central atom

Arrangement of

electron pairs

trigonal
bipyramidal

trigonal
bipyramidal

trigonal
bipyramidal

trigonal
bipyramidal

® o
L A L

Molecular
Geometry

trigonal
bipyramidal

distorted
tetrahedron

T-shaped

liInear

“
"
*



VSEPR

# of atoms # lone
bonded to pairs on Arrangement of Molecular
Class  central atom central atom electron pairs Geometry
AXq 6 0 octahedral  octahedral
AX:E 5 1 octahedral 2
. pyramidal
B/ . F
F | F
B% B \ /
N Br
F/ | N

50



VSEPR

# of atoms # lone
bonded to pairs on Arrangement of Molecular
Class  central atom central atom electron pairs Geometry
AXq 6 0 octahedral  octahedral
AX:E 5 1 octahedral i
pyramidal
AX,E, 4 2 octahedral 7 A e

planar

é& M1
P : Xe
Vv - NF

Sl



f ELECTRON PATRS

AX, Octahedral 5K, W, 1RO
Squane ap
Sjuane
AX,E, Sfanks XeF, o, 1R
P B o | n ™ n

52



Geometry of Simple Molecules and lons in Which the Central Atom Has One or More Lone Pairs

Class of

Timal memdbser of

MNumber of

MNumber of Arrangement of

Otz hisdirsl

malecule ehectron pairs bonding pairs bome pairs clectnon pairs® Crometry Exainples
ABLE 3 2 1 A Hent
5 ~p
Trigoanl plioar
AR E i a 1 g5 Trigomnal
.II pyramidal
B
Tetrabhedral
ABLE, 4 2 z X Bemt
e w | g
B
Tetrahednd
R"_?I__l
" Distorted
ABRLE 3 + 1 S "?‘\_u_\ﬁ tetrabedron
J B (O SEexaw )
1
Trigonal bipyrambdal
B .
ABLE, 5 3 2 H-—A\\ T-shaped
= !
Trigonal bipyramidsl
B .
AB.E, 5 2 3 _a_\ Lincar
B %
Trigonal bipyramidal
.B.
: Bl T Sq
ABGE L 5 1 L w N mvramidal
B i. o :
Owctahedrl
“q i;-_' B
ARES 1] 4 s { Square planar
o~ e T
B | g

513



<

Predicting Molecular Geometry

1.
2.

Draw Lewis structure for molecule.

Count number of lone pairs on the central atom and
number of atoms bonded to the central atom.

Use VSEPR to predict the geometry of the molecule.

What are the molecular geometries of SO, and SF,?

._:O::

AX,E

b

A=

AX,E

- | 7 See- saw

o4



Ex:7.5 Predict the geometry of

(@) NH,

(b) GeF,

(c) PF;

95



Multiple Bonds

Insofar as molecular geometry Is concerned, a
multiple bond behaves like a single bond.

the means that the electron pair in a multiple
bond must occupy the same region of space
as those In a single bond. the extra electron
pairs in a multiple bond have no effect on
geometry.

56



EX:7.6 Predict the geometry of the ClIO;Ion,
the NO;~ 1on% N,O molecule, Which have the
Lewis structures?

Solution:

(a) The central atom , Cl, is bonded to three oxygen atoms, it
has one unshared pair. The CIO; ion Is of the type AX;E.
It is a triangular pyramid

(b) AX; It has The geometry of an equilateral triangle,the bond
angle is 1209 .The ion is triangular planar.

(c) Type AX,, is linear , with a bond angle of 180°

=



/-3 Polarity of Molecules
Polar and Nonpolar covalent Bonds

© 2004 Thomson - Brooks Cole
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Behavior of Polar Molecules




Dipole Moments—The extent to which molecules tend to
orient themselves in an electrical field is a measure.

m=QXr

Q Is the charge

r is the distance between charges

1D=3.36x103°0Cm g



Polar covalent bond or polar bond is a covalent
bond with greater electron density around one of the
two atoms

e poor e rich
H ([
et

62



Polar and nonpolar Molecules

i Bond polarity
i Molecular geometry

If the polar A-X bonds in a molecule AX_E, are arranged
symmetrically around the central atom A, the molecule is
nonpolar.

Molecules of the type AX,(linear),AX;(triangular
planar),and AX,(tetrahedral)are nonpolar .Ex CO, BF;

Molecules of the type AX,E(bent) ,AX,E,(bent),and AX;E
(triangular pyramid) are polar. Ex SO,,H,0O

63



. Resultant dipole
I moment =1.46 D

v, v

A NI
Tl

6

Resultant dipole
mnment 0.24D

i




<

GO
\e\/ oo\,s,

dipole moment
polar molecule

P [
< »

I
=C=0

no dipole moment
nonpolar molecule

Which of the following molecules have a dipole moment?
H,0O, CO,, SO,, and CH,

dipole moment
polar molecule

]‘H
| ———
H=1 G55
)
H
no dipole moment

nonpolar molecule
65



BeF, H,O

© 2004 Thomson - Brooks Cole

oel,



Ex:7.7 Determine whether each of
the following Is polar or nonpolar?

i SO,
i  AX,E Itisbent, soitis Ploar
i BF;
AX; ltis triangle ; It Is nonpolar.
CO,

AX, Itis alinear It Is nonpolar

67



§ Does CH,CI, have
a dipole moment?

68



Dipole Moments of Some Polar Molecules

Molecule Geometry Dipole Moment (D)
HF Linear 1.92
HCl Linear 1.08
HBr Linear 0.78
HI Linear 0.38
H,O Bent 1.87
H,S Bent 1.10
NH; Trigonal pyramidal 1.46
SO, Bent 1.60

69



7-4 Atomic orbitals; Hybridization

1. Mix at least 2 nonequivalent atomic orbitals (e.g. s
and p). Hybrid orbitals have very different shape
from original atomic orbitals.

2. Number of hybrid orbitals is equal to number of
pure atomic orbitals used in the hybridization
process.

3. Covalent bonds are formed by:
a. Overlap of hybrid orbitals with atomic orbitals

b. Overlap of hybrid orbitals with other hybrid
orbitals 70






Hybridization -




How do | predict the hybridization of the central atom?

g Count the number of lone pairs AND the number
of atoms bonded to the central atom

# of Lone Pairs
+

# of Bonded Atoms

2

3

Hybridization

Sp

Sp?

Sk
spsd
sp3d?

Examples

BeCl,
BF,
CH,, NH;, H,O
PCl
SF,

73



BN e e -

Important Hybrid Orbitals and Their Shapes

Pure Atomic Hybridiza-
Orbitals of tion of the Number Shape
the Central Central of Hybrid of Hybrid
Atom Atom Orbitals Orbitals Examples
'IE}'
5 p sp 2 6% BeCl,
Lincar
—
P p sp” 3 \\ \\:J} BF;
120°
Trigonal planar
( F~109.5°
PP s = - (-.._"'- — CH.. NH}
. -
!
Tetrahedral
S d \-P-‘d ] k PCI
120° g
Trigonal bipyramidal
somomopd d - SF,

spd” 6 K{"""’ r;.#'ﬁi—

Octahedral

74



sp? Hybridization of a Carbon Atom

tate Ay e

25 2p
Promotion
of electron + + T +
2s 2p

sp*-

Hybridized + * +
state

sp? orbitals




2p_ Orbital Is Perpendicular to the Plane
of the Hybrid Orbitals

/‘

90

‘o

120°




Valence Bond Theory and NH,

N — 1522522p3 _u_ _u_ I_ I_ I_

3 H-1st

If the bonds form from overlap of 3 2p orbitals on nitrogen
§ with the 1s orbital on each hydrogen atom, what would

the molecular geometry of NH; be?
If use the

3 2p orbitals
predict 909

% /5{ Actual H-N-H
x x . bond angle is
2p, 2p,

4

y

107.3°

2p, 77



_/

L

Formation of sp’ Hybrid Orbitals

//

Hyhrldlzatmn

Yy
B /-—r

/
/




Formation of Covalent Bonds




sp®- Hybridized N Atom in NH,

Predict correct
bond angle






sp Hybridization of a Carbon Atom

Ground
state

Promotion
of electron

sp-
Hybridized
state

N A

A p 4[4
p [ 4 p[ 4]

10.5
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multiple bond

i Insofar as molecular geometry is concerned , a
multiple bond behaves like a single bond.

i The number of terminal atoms ,X, bonded to the
central atom , Irrespective of whether the bonds

are single , double, or triple.
CLETTREVES SCIESE EERES VS ESS SN -2 F ¥ 2

i The number of unshared pairs, E ,around the
central AlOM (s~ s crisenes g = ERELS B LR )
The extra electron pairs in a multiple bond ( one
pair in a double bond, two pairs in a triple bond)
are not located in hybrid orbital.

84



Sigma (s) and Pi Bonds (p)

Single bond 1 sigma bond
Double bond 1 sigma bond and 1 pi bond
Triple bond 1 sigma bond and 2 pi bonds

How many s and p bonds are in the acetic acid
g (vinegar) molecule CH;COOH?

H Oe

@ (ID oo S bonds=6+1=7
H@é@C@@H e
H

85



Bonding in Ethylene

H 1s H 1s
C C
H 1s H 1s
(a)
2p, 2p,

- Q,
% o e o G}

/ N Vo €

Sigma bond (s) — electron density between the 2 atoms



Oner bond
A second m bond

One 7 bond

Ethylene Acetylene
© 2004 Thomson - Brooks Cole
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H H

© 2004 Thomson - Brooks Cole
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H—C=C—H

© 2004 Thomson - Brooks Cole
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Energy

Energy levels of bonding and antibonding molecular
orbitals in hydrogen (H,).

Molecule

A Destructive Antibonding sigma

* ; : :
O, Interaction molecular orbital
Atom / \ Atom . . - > .
/
\
I P \ Is
£ A
+ \ / + Constructive R(;r.“.i";,g.ﬂﬁ?-“,ll
% O i interaction molecular orbita
\ /
!
++ . . I~

(a) (h)

A bonding molecular orbital has lower energy and greater
stablility than the atomic orbitals from which it was formed.

An antibonding molecular orbital has higher energy and
lower stability than the atomic orbitals from which it was
formed. 7



Energy

- Molecule

*
O2s

*
Oqs
P
M N




Two Possible Interactions between Two Equivalent p
Orbitals and the Corresponding Molecular Orbitals

Molecule Antibonding sigma
T ;ﬂ Destructive interaction molecular orbital
+ = ——
Atom Atom
E 2p 2p
2 i Bonding sigma
L Constructive interaction molecular orbital
O2p + i —
H
(a)
Antibonding pi
Molecule Destructive interaction molecular orbital
T3p
Atom Atom + : —
=
3| 2p 2p
@
c ‘—
m Tap + { I
i
Constructive interaction Bonding pi

(b) molecular orbital
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Molecular Orbital (MO) Configurations

1.

The number of molecular orbitals (MOs) formed is always
equal to the number of atomic orbitals combined.

. The more stable the bonding MO, the less stable the

corresponding antibonding MO.
The filling of MOs proceeds from low to high energies.
Each MO can accommodate up to two electrons.

Use Hund’s rule when adding electrons to MOs of the
same energy.

The number of electrons in the MOs is equal to the sum of
all the electrons on the bonding atoms.
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TABLE [10.5

Properties of Homonuclear Diatomic Molecules of the Second-Period Elements*

Lig Bg CQ Nz 02 F 2

oy, o3,
oy Ty T(1 NN =37,
o, N NN [ 7
Mapy Top; T NN NN } N T2p.
o N N N N N o3
02 N N N N N N 025

Bond order | 1 2 3 2 I

Bond length (pm) 267 159 131 110 121 142

Bond energy 104.6 288.7 627.6 941.4 498.7 156.9

(kJ/mol)
Magnetic properties Diamagnetic Paramagnetic Diamagnetic Diamagnetic |Paramagnetic Diamagnetic
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Delocalized molecular orbitals are not confined between
two adjacent bonding atoms, but actually extend over three

Oor more atoms. !
¢
H{ L J “]H
€ &
¢ I
H& J { Jy
v
H
Top view Side view

s
N7



Electron density above and below the plane of the
benzene molecule.
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Bonding in the Carbonate lon
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Two sp orbitals
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