Atomes et molecules

Antoine JOLLY
Enseignant - Chercheur au LISA
P3 - 315

Université Paris Est Creteil, Créteil, France

2019-2020







Chapter 8 — Index

1 —The VSEPR method

2- Molecular geometry

3- Bond length

H

104.45°

0.9584 A

v

il
-l

T
P




Chapter 8 — 1.The VSEPR method
1-1. Introduction

 Lewis structures are only planar representations of
molecular bonds. No information about the geometry.

* The valence shell electron pair repulsion (VSEPR)
theory is a model used, in chemistry, to predict the
geometry of individual molecules from their Lewis
structure.

* This theory predicts the direction in space of all bonds
around a central atom.
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1-2) Theory
VSEPR theory proposes that the geometric arrangement of
atoms about a central atom 1s determined solely by the
repulsion between electron pairs present in the valence shell of
the central atom.
The geometry of the molecule depends on the number of
bonding groups (pairs of electrons) and the number of non-
bonding electrons around the central atom.
The most stable configuration is obtained for:

<==) minimum electrostatic repulsion.

<=y Maximum distance between electron pairs

3

N N — . 1 Non bonding pair on atom
.p C Q. "~y | A changes the geometry



Chapter 8 — 1.The VSEPR method
1-3) The method

 Establish the Lewis structure

* Determine the number N of bonding and lone pairs.

* All electron pairs are situated at the same distance from
the central atom (thus with a spheric geometry around
the central atom).

* Electron pairs are positioned in a way to minimize
the electrostatic repulsion between the electron
pairs.

Multiple bonds are accounted as simple bonds.
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mmm) Depending on the value of N: total number of
bonding and lone pairs, the electronic geometry

Linear o = 180°
i3 N

IS:
Electrostatic repulsion between the
electron pairs is minimized
@‘AN

Trigonal planar a = 120°
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- Depending on the value of N: total number of
bonding and lone pairs, the electronic geometry
IS:

Tetrahedral o =109,5°

Electrostatic repulsion between the
electron pairs is minimized
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- Depending on the value of N: total number of
bonding and lone pairs, the electronic geometry

is: a
N=5
Trigonal
Bipyramidal
o =120°
B=90° e g

Electrostatic repulsion between the
electron pairs is minimized
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- Depending on the value of N: total number of
bonding and lone pairs, the electronic geometry

is:

N=6
Octahedral
o =90°

Electrostatic repulsion between the
electron pairs is minimized
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Possible electronic geometries

Molecule Type Shape Electron arrangement’ Examples

AX5E, Linear BeClz, HgCly, CO,

AXsE; Trigonal planar BF5, COZ™, NO3, SO5

AX.E; Tetrahedral CHg4, PO}, SOZ™, CIO;, TICl,, XeO,

AXsE,  Trigonal bipyramidal PCls

AXgEg Octahedral SFg, WClg

ottt o o At
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Chapter 8 — 2. Molecular geometry

The geometrical molecular type 1s given by

AX, E,

A: central atom
X: other atoms (m: number of other atoms)
E: number of lone pairs =p

with (m +p)=N

Let’s distinguish two cases :
* p=0, no lone pairs are present
* pnot 0, at least one lone pair 1s present.
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Chapter 8 — 2. Molecular geometry

2-1) Molecules without lone pairs (p=0)

The geometry of the molecule 1s

identical to the electronic geometry.

A X

N=m=2

Linear

AX,

&

He
BeCl,
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—=0
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HCN
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Chapter 8 — 2. Molecular geometry

i
N=m =3, (p=0)
Trigonal planar molecule with angles = 120°
X X
AX3
Examples : "C| ] ' Cli_
B (Z =5) TN v
[He] 2s? 2p1
N
Molecule with single bonds: . C| .
S(Z=16)
[Ne] 3s? 3p4 / S \
: O = \ 0"
Molecule with double bonds: . .




Chapter 8 — 2. Molecular geometry
N=m =4, (on) AX4

Tetrahedral molecule with angles a = 109,5°

Examples :

Molecule with single bonds:

109. 50

Cn P
N CI N

Molecule with double bonds:
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N=m=5, (P:O) ?|{ AX5
a = 1200 B= 900 X_T\;:i Trigﬂnali?{;yramidal
X

Exemples :
Molecule with single bonds: Molecule with double bonds:

Cl F
CI ‘e, ‘

Illl/ H“lilF

P—:Cl O0=——=S
c1”” |\|=
Cl F




Chapter 8 — 2. Molecular geometry

N=m=6,p=0 AX6 X
Octahedral, a =90° p=90° |
XIHr..A..nIIX AXe
X | ) Octahedral
X
Examples :
Molecule with single bonds: Molecule with double bonds:
F
N 0 0

F Fun, | F Fi.,. ” F
DS<7 F-"'"""'T"""-F P e

= .
F .
- |OF; XeOF
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Chapter 8 — 2. Molecular geometry

/N

The repulsion of a multiple bond is stronger than for a single
bond.

Therefore, the angles formed by the bonds in the case of a
multiple bond is different than in the presence of only single

bonds.
Example: Stronger repulsion
0 H
\ (<)
SN N /
C=o0 16° & = g

7’

H /

H
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Different than 120°




Chapter 8 — 2. Molecular geometry
2-2) Molecules with lone pairs (pz0)

AX, E,

AX, E

Example : Sn Cl, (Sn; Z = 50) Bent

N =3 mm) planar trigonal geometry

Presence of one lone pair

il
The molecule is bent. 1T T

$nCl, 19




Chapter 8 — 2. Molecular geometry

/1\

The repulsion of a lone pair is stronger than for a bonding pair.

Therefore, the angles formed by the bonds in the case of a lone
pair is different than in the presence of only bonding pairs.

Cl Stronger repulsion

\\e\
<120° ¢ n@
/ Ci

Angles are differents from 120°




AX, E
Example : NH;

N =4 mm) tetrahedral geometry

c but with ONE lone pair

the molecular geometry becomes
a trigonal pyramid

Repulsive effect of the nitrogen
lone pair:
* angles <109,5° (107.3°)

Ammonia




AX,E,

Exemple : H,O

N=4 mmp

but with TWO lone pairs

The molecular geometry 1s bent
Repulsive effect of both oxygen

lone pairs:
« angles <109,5° (104.5°)

tetrahedral geometry

N =4 : tetrahedral geometry

AXE,

H

Conn,
H™ M

Methane

AX,E,

H

N..,,
H N H

Ammonia

H _'_f_f" \. .".j L

Water

AX,E,
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AX, E T
Exemple : SF, e

F

N=om= SF,

trigonal bipyramidal geometry

But one lone pair exists which
will take one position in the triangular

base of the pyramid.

the molecular geometry
is a seesaw (BASCULE)




AX,E,
Example : CIF;

N =5 mm

trigonal bipyramidal geometry

C But two lone pairs exist which
take positions in the triangular base

of the pyramid.

The molecular geometry
is a T-shape.




AX: E X

. Al Al X AXsE,
Example . BrFs }{F"f ﬁ"ﬁ}( Square pyramidal

N = 6 mmp octahedric geometry
(square base bipyramide)

c But one lone pair will take the place of
a summit of the pyramid.




AX,E,

Xt Ao X AXE,
X | N
Exemple : XeF, -

Square planar

N = 6 mm) octahedric geometry

(square base bipyramide)

But two lone pairs will take the place of
both summit of the pyramid.

C the molecular geometry 90

1s planar square. F\O / 1 (l I\F
L
Xe

N AN

XeF,

3 Flh‘h
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Chapter 8 — 3. Bond length

The bond length depends :

Average Single Bond Lengths (Picometers)

* on the species
* on the bond type
(simple, double ...)
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Limits to the repulsion VSEPR method

« The VSEPR method is very efficient to predict the geometry of a
molecule when the central atom can be chosen without any doubts.

 The VSEPR method 1s less efficient to predict the global geometry
of complex molecules.

 In particular, 1t 1s not possible to explain why the CH2 termination
in the allene molecule are perpendicular to each other.

< It can be explained by the quantum model.



Z =53, méme
famille que Br,
ClL F

CM 14 Soit la molécule : . Se
° I 4 =0

C1

Dans le formalisme VSEPR cette molécule SeOCly
(Zo =8, Zop = 1T et Zge = 34) est du type :

a. AXj5

b. AX3E

C. AX3E,
AXy
e. AXLE

-

QCM 16 On considere la molécule ICl3 (Zg = 17
et Zpr = 35). Quelle(s) est (sont) la (les) proposi-
tion(s) exacte(s) :

a. La formule VSEPR de la molécule ICl5 est

AX5
b. La formule VSEPR de la molécule ICl5 est
AX3E,

c. La figure de répulsion de la molécule ICI
est une bipyramide a base triangulaire

d. La géométrie de ICly3 est un triangle
équilatéral plan

e. La géometrie de ICl3 est en forme de T.
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