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What we will cover

1 | Electronegativity

2 | lonic & metallic bonding

3 | Covalent & coordinate bonds

4 | Sigma & pi bonds J

molecules in 3-D

5 | Shapes of molecules

6 | Intermolecular forces

Bonding types
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Electronegativity

Electronegativity E 1% is the power of an atom to attract bonding electrons
towards itself.

nuclear charge atomic radius shielding
more protons pull the closer to the nucleus inner shells
pair more strongly = stronger pull weaken the pull

It rises across a period and falls down a group. Fluorine is the most electronega-
tive element. A large difference = ionic; a small difference = covalent.
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lonic bonding

lonic bonding = 4 is the electrostatic
attraction between oppositely charged
ions % . A metal gives electrons to a Na — Nat

non-metal. The ions pack into a giant
lattice 54%& held in every direction.
. . Cl — CI—
NaCl: sodium transfers its outer electron
to chlorine — Na™ and a full-octet CI~.
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Metallic bonding

Metallic bonding 4 JE$# is the attraction between positive metal ions and a sea of
delocalised electrons =ifjFE 7. The free electrons explain why metals conduct and

are strong.
‘e :L ¢ n * positiv.e
° o metal ions
+ o + '+ sea of delocalised
) ® o
D O a electrons (free to move)
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Covalent and coordinate bonds

coordinate bond

oo T

+
N+ H N
| H™ | H
H (no H
electrons)

ammonia, NH3

A covalent bond #{)4E is a
shared pair of electrons.

In a coordinate

bond Fi{iéE (dative) both
electrons come from one
atom — e.g. N's lone pair
makes NHI.
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Sigma and pi bonds

o bond:

head-on overlap™ bond: sideways overlap

of p orbitals

m a sigma bond o § —
head-on overlap ==

m a pi bond 7 § — sideways
p-orbital overlap
Double = 10 + 1; triple
= lo + 2x. Hybridisation Z:{}:
sp, sp2, sp>.
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Shapes of molecules

10050 . VSEPR
& j\ \q @7 theoy EEFNEREA:
10 electron pairs push apart as far as
linear trigonal planar tetrahedral pyramidal p055|b|e.
CO, BFJ CH4 NH;
e A lone pair [ %] F re-
_d,PA? ;é;: pels harder than a bonding
Hoas “\3 ’ T pair, squeezing the bond an-
bent trig. blpyramldal octahedral gle %Eﬁ (’\; 25 eaCh) _o =C
H,0 PF;, 120°&90°  SFg, 90° NH3 is 107°, HoO 104.5°.

Intermolecular forces
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Intermolecular forces

A bond is polar 1% if the atoms differ in electronegativity (a dipole {&1%).
m London forces {£% 5171 — between all molecules; stronger with more electrons

m permanent dipole forces — between polar molecules

attract

instantaneous induced
dipole dipole
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Hydrogen bonding

O is §— (lone pairs),

6@\ hydrogen /,H—" o His 0+

H -
e
-

H

Hydrogen bonding 54 forms
when H is bonded to N, O or F
and meets a lone pair on N, O or
F.

It gives water a high boil-
ing point j# =, high sur-
face tension 5 77, and
makes ice less dense (so it
floats).
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Worked example — shape of a molecule

Predict the shape and bond angle of NHj;.

m N has 5 outer electrons: 3 bond pairs + 1
lone pair 7 %1E F = 4 electron pairs.

m 4 pairs repel to a tetrahedral arrangement
(109.5°).

m A lone pair repels more than a bond pair,
so the angle closes.

m Name the shape from the atoms only:
pyramidal, ~ 107°.

Count electron pairs for
the arrangement, then
name the shape from the
atoms. Each lone pair
closes the angle by about
2.5°.
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Topic 3 — key takeaways

0 Bond types e Sigma & pi

ionic, metallic, covalent (& single 1o; double lol7; triple
coordinate) lo2w

e Shapes o Forces

VSEPR; lone pairs squeeze the London, dipole, hydrogen bonding
angle
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Check yourself

Which is the most electronegative ele-
ment?

In a coordinate bond, where do both
electrons come from?

How many sigma and pi bonds in a triple
bond?

Why does ice float on water?

Answers 1. fluorine 2. one atom (a lone pair) 3. one o and two © 4. hydrogen
bonds hold an open structure (less dense)




