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VSEPR MODEL

Valence Shell Electron Pair Repulsion VSEPR

used to predict the from the
around central atom (those with ore than one bonded atom)
electron pairs orient themselves in a way to and
between them

To form a atoms must be each other

Electrons form around atoms
single bond one pair one group
double bond two pair one group
triple bond three pairs one group
lone pair one pair one group
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PREDICTIING SHAPES OF MOLECULES

The following steps must be followed in order to decide the shape of a molecule

* the least electronegative atom is the central atom

e total number of electrons in the outermost shell of the central atom must be
counted

e total number of electrons in other atoms used to form bonds with the central
atom must be counted

 add these two values to obtain the number of valence shell electron pairs

* subtract an electron if the central atom has a positive charge; and add an electron
for a central atom with a negative charge

* halve the count to get the total electron pairs

* repulsive interaction of electron pairs is greatest between lone pairs and least

between bond pairs

bond pair — bond pair < lone pair — bond pair < lone pair — lone pair
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LEWIS STRUCTURES TO SHAPE

1 : :
Co, O:,\C/é O: or O:T‘: both fine Lewis structures
two groups of electrons O

C — central atom (O more electronegative ) m
2 groups of ele@

The best way for them to get as far apart as possible

:O:C:Q:

Electron Geometry Shape Angle (°)
Groups
2 Linear — 180
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VSEPR CHART

Electron
Groups
2
| m
=m—r ]

Geometry

Linear

Bond/LP

2/0

Shape

Linear

Angle (°)

180
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B - central atom

@s of ele@

1 - 1
502 O—S=—0

S - central atom

@s of ele@

The best way for them to get as far apart as possible

H
" o

S

N S

trigonal planar bent
Electron Geometry Shape Angle (°)
Groups
3 trigonal Y 120
planar
~ ri C
bent (angular) N <120 ’QYPD;X(?&,?JGWYSZ‘"T
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VSEPR CHART

Electron Geometry Bond/LP Shape Angle (°)
Groups
2 Linear — 2/0 — Linear 180
3 Trigonal 3/0 )\ Trigonal 120
planar planar
2/1 N bent (angular) <120
| m
=m—r ]
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CH, H-+C—H NH, H--N-—H
f :
H H

C — central atom N — central atom

@s of ele@ @s of eIe@

The best way fqr them to get as far apart as possible

H
| (1}
v C W N
H \ N H\ N
H J d H J
H H
tetrahedral trigonal pyramidal
Electron Geometry Shape Angle (°)
Groups |
4 tetrahedral AN 109.5
{
trigonal \‘7 N <109.5 b Prifysgol Cymru
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H,0 H-L-0--H

O — central atom
Electron Geometry Shape Angle (°)
Groups

4 groups of eIe@ 10 00

Q a4 bent N <109.5
) O o
AN
H H
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VSEPR CHART

Electron Geometry Bond/LP
Groups
2 linear —— 2/0
3 trigonal 3/0
planar
2/1
4 tetrahedral | 4/0
\\“/' N
3/1
2/2
o 1
/=
4

Shape Angle (°)
linear 180
trigonal 120
planar

bent (angular) <120

tetrahedral ks
trigonal !
pyramidal Sl

bent (angular) <109.5
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Molecular geometry!!?!
0 lone pairs

Molecular geometryl'l:413-414
1 lone pair

Molecular geometryl!l413-412
2 lone pairs

Molecular geometryl'l:413-414
3 lone pairs

90°,
120°

x-l'l;”'
x""'T X

X

Trigonal bipyramidal

90°,
E

X 90°
x”l”' tl.!-“x
X |"'~x

X
Octahedral

Xty b pan X
X A'*'x

E
Square pyramidal

Xtsigy b pan X
X A“'x

E

Square planar

Pentagonal bipyramidal

E 90°,
72°

ul“"'x
A

Fentagonal pyramidal

E 72°

nmmlx
'N-...-x

Pentagonal planar




Practice Problem 1: Using Lewis structures and VSEPR model, predict the
shape of each of the following molecules:

a) H,S

b) CS,

c) CF,ClI

d) Gal,
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POLAR MOLECULES

\ 4

Bonds can be polar — one end 6+ and the other &- electronegativity differences

v

Molecules can be polar —one end 6+ and the other &- sum of polar bonds

Cco, VS H,O
o- &+ & .8:
O—C=7—"0 O
y / \ y
non-polar O+ O+
polar
has a dipole

P Prifysgol Cymru
» Y Drindod Dewl Sant

" University of Wales
Trinity Saint David




POLAR MOLECULES: Vectors

Vectors - 6- ‘pulling’

Net ‘pull’
o s & \8/
«— QO—C=—0Q—
/ \
+

8 6+
cancel out
no dipole
horizontal will cancel
vertical will not:
o- S-
..O.. 8— ..O..
H / \ . ’ / \ ¥
o+ 5+ &+ 5+ S+

P Prifysgol Cymru
» Y Drindod Dewi Sant

" University of Wales
Trinity Saint David




POLAR MOLECULES: Centre of charge

o- o+  §-

centre of 0+ is the carbon atom

centre of 0- is in the middle of O’s
carbon atom

centres are same

no dipole

5

H/\H

6+ 8+

centre of o0+ is in the middle of the H’s

centre of 6- is O atom

centres are different

dipole
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TOUGHER EXAMPLE

H
]

oo 6+
SF—C—Fs
|
H

NOT SO FAST !!!

5- 5-

F \:'\

(‘:5+/ C_ s
H W' \F- H““I&I\F_

Non-polar?

Centre of 0+ is the C atom
Centre of 0- is between F’s

Centres are different

Dipole
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CHEATING METHOD

NO
1. Are there polar bonds in the molecule?* » NON-POLAR
YES
YES
2. Are there lone pairs on central atom that » POLAR
has a polar bonds?**
NO
YES
3. Are the atoms attached to at least one central . POLAR

atom different EN from each other?

NO

NON-POLAR
ON-PO *Hydrocarbons non-polar

o u **If lone pairs cancel out (linear,
square planar, count this as no)

I
cf?j —_—
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1. Are there polar bonds
in the molecule?

2. Are there lone pairs
on the central atom
that has polar bonds?

3. Are the atoms
attached to at least one
central atom different
EN from each other?

1. CO,
- O+ -
2.H,0
5-
..O..
' / \ ’
o+
5-
F
(‘:8+
e _
HA NP
H

Question 1.
Question 2.
Question 3.

Question 1.
Question 2.

Question 1.
Question 2.
Question 3.

Yes
No
No

Yes
Yes

Yes
No
Yes

NON-POLAR

POLAR

POLAR
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Practice problem 2: Write the Lewis Structure and predict whether the molecule is
polar or non-polar:
a) CCl,
b) PF,
c) SO,
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