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V.

Lewis diagrams are used to show the arrangement of
electrons in covalent molecules
A carbon atom has 4 valence (outer shell) electrons. There are three ways we can reperesent its Lewis
structure:
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We can apply this theory to draw Lewis diagrams for covalent molecules:
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a+(1x4)=8

5+(1x3)=8
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If there are charges on the species you need to draw then when counting valence electrons:
« Add | fora negative charge
« Remove | for a positive charge

Draw a Lewis diagram for an OH- ion and the SO ion:
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In coordinate bonds both shared electrons come from
one atom

We can represent coordinate (dative covalent) bonds using an arrow as we saw in Topic 13:
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We will see the relevance of these

coordinate bonds in Topic 8 and 18.

H,O. + H" H3°+
co (‘©0 (C=0:

The octet rule is not always followed
Therearea b le. S

beryllium (Be) and boron (B) form stable molecules in which the central atom has
fewer thait eght electronST its va Thisis known as an i 1

For example,the structures of BeCl and BF, are shown below.

BeCl, valence electrons =2+ (7x2)= 16

BF, valence electrons =3+ (7x3)=24
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14 Draw the Lewis structures of:

() HF (b) CF.CI () CH, (d) PCly
(&) CH, (f) CH,

15 How many valence electrons are in the following molecules?
(a) BeCl, (b) BCI, () cal, (d) PH,
(e) sCI (f) NCIy

18 Use Lewis structures to show the formation of a coordinate bond between H,0 and H-.
Draw the Lewis structures of:
(a) NO5 (b) NO* (c) NO& (d) 05
() NoH.

< H#
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VSEPR theory: The shape of a molecule is determined
by repuision between electron domains
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Molecules with polar bonds are ;H_——) 5'
not always polar H |
—C
F cl
o=c=o g i
PN INa
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The molecules below are all polar because the dipoles do not cancel out.

cl net
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Exercises
21 Predict whether the following will be polar or non- polar molecules:
(a) PH, (b) CF, HCN Taeec,
(@) GH, () ar R (h) BF;
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Electrons in multiple bonds can sometimes spread
themselves between more than one bonding position

Delocalization is a characteristic of electrons in multiple

bonds when there is more than one possible position fora
double bond within a molecule. For example, let us look again at the Lewis structure of
ozone, O,, from page 159,

0—0:

We can see that adifferent Lewis structure would be equally valid:

What does this data suggest?

0-Osingle 0=0 double Oxygen-oxygen
bond bond bonds in O;

Bond length / pm 148 121 127
Bond enthalpy / 144 258 364
K mol-!

How could we represent this  hybrid structure? Isitavalid  Lewis diagram?

O. O\O Bul\)\"“u—’lg

To represent it correctly we must show the individual reasonance  structures. The actual structure

- reasonance hybrid

is a mixture of these structures and we call itaa

Worked example
Draw the resonance structures for the carbonate ion CO5*".

Solution
‘What is the bond order of
Count the number of valence electrons: 4 + (6 x 3) +2 = 24
each carbon-oxygen bond?
Draw the L noting that th hree possi the F3
double bond. This means there will be three resonance structures, as follows: Io) =

and formula  valence electrons
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Benzene is another interesting example: Ii [ o 1
C. C. C. C.
H/ \C‘é \H H/ \T/ \H
H H

Carbon~carbon
bonds In benzene

C=C double
bond

cCsingle
bond

Bond length / pm
Bond enthalpy / kJ mol-'

23 Put the follawing spedes in order of increasing carbon-axygen bond length:
co CO, o> CH;OH
24 By reference to their resonance structures, compare the nitrogen-axygen bond lengths in nitrate(V)
(NO5’) and nitric(V) acid (HNO,). 2% -
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Some covalent substances form giant molecular
crystalline solids

Some covalent substances exist as structures in which all atoms are bonded covalently to others forming a
giant covalent  structure instead of individual covalent molecules.

This has a large affect on their properties.

Allotropes are different forms of an element in the same physical state, such as
oxygen (O,) and ozone (O,) which both exist as gases. Different bonding within these
structures gives rise to distinct forms with different properties.

Tor caromn XS ose. [+ alewvpes -

Graphite Diamond Fullerene Cg Graphene

Structure

E@\ oo et
O N nr\)’?fr
Fuv; Lk __ Graphene

Gn duors etk 'Jj

The development of tiny (<100 nm)
structures involving graphite, graphene
and nanotubes is called ¢
nanotechnology =

__Stephen Fry - What is nano?
g

Si
I Silicon (also in Group 14) exists as a similar structure to
. diamond.
2a="" Sl S— - .. . .
Si- Si Silicon dioxide also exists as a giant covalent
- structure.
Si
@ silicon atoms
@ oxygen atoms
* strong;

« insoluble in water;
* high melting point;
+ non-conductor of electricity.


https://www.youtube.com/watch?v=dTSnnlITsVg
https://www.youtube.com/watch?v=W7fNKbCjhfE
https://www.youtube.com/watch?v=70ba1DByUmM
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Selectividad questions

Para las moléculas: agua, catién amonio y fosfina (trihidruro de fésforo):

a) Escribe las estructuras de Lewis. +
b) Razona cuil de estas moléculas tiene un mayor dngulo H—X—H NM
(X se refiere al heteroatomo). 4
O O “ *
oot O oot f’ N
\av‘y Q /}
H nv g
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6. | Alaluz de las teorias de enlace de valencia y Lewis, razone por qué dos
atomos de cloro tienden a juntarse para formar una molécula. Indique

ademds dos ejemplos de moléculas que no cumplen la regla del octeto.
Datos: niimero atémico cloro = 17.
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7. | Dibuje las estructuras de Lewis de las moléculas de nitrégeno y de oxigeno
e indique cudl de estas dos moléculas sera mas reactiva.
Razone su respuesta.
N Cz -
—
\W=NJ| WO —= O
8. Dadas las siguientes moléculas: F;, CS3, CoHs, CoH,, H20 y NH3.

Indique en cudl o cuéles: L

~ Todos los enlaces son simples. u

- Existe algin doble enlace. vo = ’

- Existe algin triple enlace. =C N-g = (_’_ H

Ve “u -

IF—F) 5:=¢=5

9. Indica razonadamente la geometria del tricloruro de boro y del tricloruro
de nitrégeno. Justifica las diferencias entre ambos compuestos.
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10. | La molécula de amoniaco N (Z=7); H(Z=1:(VoF) .. N\y|

a) Tiene una geometria plana triangular. F §c w7
b) Tiene una geometria piramidal con unos angulos de enlace préximos
a109°. -

¢) Tiene una geometria tetraédrica en la que los atomos ocupan
los vértices del tetraedro.
d) Presenta tres formas resonantes. F

13. | Sila molécula de agua es polar, ;podria tener una estructura lineal
en vez de angular como la tiene realmente? ;Por qué?

15. | Dadas las moléculas HCI, KF y CH,Cl,:
a) Razone el tipo de enlace presente en cada una de ellas utilizando
los datos de electronegatividad.
b) Escriba la estructura de Lewis y justifique la geometria
de las moléculas que tienen enlaces covalentes.
Valores de EN: K= 0,81; H=2,1; C= 2,5; Cl = 3,0; F = 4,0.
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