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4.2.1 Resonance Structures

Resonance Structures

The delo caliz atio n o f electro ns can explain the structures o f so me species that do n’t seem to  fit

with a Lewis structure

Delo caliz ed electro ns are electro ns in a mo lecule, io n o r so lid metal that are no t asso ciated with

a single ato m o r o ne co valent bo nd

The Lewis diagram fo r the nitrate (V) io n gives a mo lecule with a do uble and two  single bo nds

There are three po ssible Lewis Structures

These structures are called reso nance structures

Ho wever, studies o f the electro n density and bo nd length in the nitrate (V) io n indicate all the

bo nds are equal in length and the electro n density is spread evenly between the three o xygen

ato ms

The bo nd length is intermediate between a single and a do uble bo nd

The actual structure is so mething in between the reso nance structures and is kno wn as a

reso nance hybrid

Reso nance structures o f  the nitrate (V) io n

To  determine the Lewis structure o f the nitrate (V) io n first co unt the number o f valence electro ns

and then add o ne electro n fo r the negative charge o n the io n

Number o f valence electro ns  = N + 3O +1

            = 5 + ( 3 x 6) + 1 = 24  electro ns

Three structures are po ssible, co nsisting o f a do uble bo nd and two  singles:
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Resonance structures in the nitrate ion

Do tted lines are used to  sho w the po sitio n o f the delo calised electro ns

Resonance hybrid nitrate (V) ion

The criteria fo r fo rming reso nance hybrids structures is that mo lecules must have a do uble bo nd

(pi bo nd) that is capable o f migrating fro m o ne part o f a mo lecule to  ano ther

This usually arises when there are adjacent ato ms with equal electro negativity and lo ne pairs o f

electro ns that can re-arrange themselves and allo w the do uble bo nds to  be in different

po sitio ns

Other examples that yo u sho uld kno w abo ut are the carbo nate io n, benz ene, o z o ne and the

carbo xylate anio n

Reso nance Hybrids Table

Belo w are so me o ther reso nance structures and hybrids that yo u sho uld kno w:
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4.2.2 Shapes of Molecules

Shapes of Molecules

When an ato m fo rms a co valent bo nd with ano ther ato m, the electro ns in the different bo nds and

the no n-bo nding electro ns in the o uter shell all behave as negatively charged clo uds and repel

each o ther

In o rder to  minimise this repulsio n, all the o uter shell electro ns spread o ut as far apart in space as

po ssible

Mo lecular shapes and the angles between bo nds can be predicted by the valence shell electro n

pair repulsio n theo ry  kno wn by the abbreviatio n VSEPR theo ry

VSEPR theo ry co nsists o f three basic rules:

1. All electro n pairs and all lo ne pairs arrange themselves as f ar apart in space as is po ssible.

2. Lo ne pairs repel mo re stro ngly than bo nding pairs.

3. Multiple bo nds behave like single bo nds

These three rules can be used to  predict the shape o f any co valent mo lecule o r io n, and the

angles between the bo nds

The regio ns o f negative clo ud charge are kno wn as do mains  and can have o ne, two  o r three pairs

electro ns

Two elect ron domains

If there are two  electro n do mains o n the central ato m, the angle between the bo nds is 180

Mo lecules which ado pt this shape are said to  be LINEAR

Examples o f linear mo lecules include BeCl , CO , and HC≡CH

Two electron domain molecules

T hree elect ron domains

If there are three electro n do mains o n the central ato m, the angle between the bo nds is 120

o

2 2

o
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Mo lecules which ado pt this shape are said to  be T RIANGULAR PLANAR o r T RIGONAL PLANAR

Examples o f three electro ns do mains which are all bo nding pairs include BF and CH CH

and CH O

Molecules with three electron domains

If o ne o f these electro n do mains is a lo ne pair, the bo nd angle is slightly less than 120  due to  the

stro nger repulsio n fro m lo ne pairs, fo rcing the bo nding pairs clo ser to gether. E.g. SO

The bo nd angle is appro ximately = 118

The shape of sulfur dioxide

Sulfur dio xide is an example o f a mo lecule that 'expands the o ctet ' as yo u will see there are 10

electro ns aro und the sulfur ato m which is po ssible fo r 3rd perio d elements and abo ve

This shape is no  lo nger called triangular planar as the shape names are o nly based o n the ato ms

present, this mo lecule is BENT  LINEAR

Four elect ron domains

3 2 2

2

o

2

o
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If there are fo ur electro n do mains o n the central ato m, the angle between the bo nds is appro x

109 . E.g. CH , NH

Mo lecules which ado pt this shape are said to  be T ET RAHEDRAL

Molecules with four electron domains

If o ne o f the electro n do mains is a lo ne pair, the bo nd angle is slightly less than 109 , due to  the

extra lo ne pair repulsio n which pushes the bo nds clo ser to gether (appro x 107 ). E.g. NH

The shape of ammonia

o
4 4

+

o

o
3,
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Mo lecules which ado pt this shape are said to  be T RIANGULAR PYRAMIDAL o r T RIGONAL

PYRAMIDAL

If two  o f the electro n do mains are lo ne pairs, the bo nd angle is also  slightly less than 109 , due to

the extra lo ne pair repulsio n (appro x 104 ). E.g. H O

Mo lecules which ado pt this shape are said to  be BENT  o r ANGULAR o r BENT  LINEAR o r V-shaped

(when viewed upside do wn)

The shape of water

Lo ne pairs are pulled mo re clo sely to  the central ato ms so  they exert a greater repulsive fo rce

than bo nding pairs

Different types of electron pairs have different repulsive forces

o

o
2
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Summary table o f  electro n do mains and mo lecular shapes

These are the do mains and mo lecular geo metries yo u need to  kno w fo r Standard Level:

Exam T ip

Be careful to  distinguish between mo lecular shape and electro n do main shape as it can be easy

to  co nfuse the two . So metimes they are the same as is the case o f methane, but o ther times they

can be different like ammo nia which has a tetrahedral do main shape, but triangular pyramid

mo lecular shape. Always draw the Lewis structure befo re yo u attempt to  deduce the shape and

bo nd angle as yo u co uld easily miss so me lo ne pairs
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4.2.3 Predicting Molecular Shapes

Predicting Shapes & Bond Angles

Befo re yo u predict the shape o f any mo lecule wo rk o ut the Lewis structure to  determine the

number o f bo nding and lo ne pairs

Apply the VSEPR rules and yo u sho uld be successful in deducing the co rrect shape and bo nd

angle

Worked example

Predict the do main geo metry, shape and bo nd angle in the fo llo wing mo lecules o r io ns:

1. H S

2. NH Cl

3. NO

4. ClF

Answers:

Answer 1: The to tal number o f valence electro ns in H S is = 1 + 1 + 6 = 8, so  there are fo ur pairs o f

electro ns aro und S

Hydro gen o nly fo rms o ne bo nd, so  there are two  bo nding pairs and two  lo ne pairs:

Answer 2: The to tal number o f valence electro ns in NH Cl is = 5 + 1 + 1 + 7 = 14

2

2

2
+

2
+

2

2
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Answer 3: The to tal number o f valence electro ns in NO = 5 + 6 + 6 -1 = 16  (subtracting o ne fo r

the po sitive charge)

Answer 4 : The to tal number o f valence electro ns in ClF = 7 + 7 + 7 -1 = 20  (subtracting o ne fo r

the po sitive charge)

2
+

2
+

Exam T ip

Fo r Standard Level Chemistry yo u are o nly required to  kno w the shape o f mo lecules up to  fo ur

electro n do mains.
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4.2.4 Molecular Polarity

Molecular Polarity

Assigning polarit y t o molecules

There is a difference between bo nd po larity  and mo lecular po larity 

To  determine whether a mo lecule is po lar, the fo llo wing things have to  be taken into

co nsideratio n:

The po larity o f each bo nd

Ho w the bo nds are arranged in the mo lecule

So me mo lecules have po lar bo nds but are o verall no t po lar because the po lar bo nds in the

mo lecule are arranged in such way that the individual dipo le mo ments cancel each o ther o ut

There are four polar covalent bonds in CH Cl which do not cancel each other out causing CH Cl to be a

polar molecule; the overall dipole is towards the electronegative chlorine atom
3 3
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Though CCl  has four polar covalent bonds, the individual dipole moments cancel each other out causing

CCl  to be a nonpolar molecule

Further examples o f mo lecules with no  net dipo le:

4

4
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Carbon dioxide and boron trifluoride have polar bonds but no net dipole

Try yo ur hand at this po larity questio n:

Worked example

Which mo lecule is no n-po lar?

A. NH

B. CO

C. SO

D. AlBr

Answer:

The co rrect o ptio n is D.

The shapes and po larity o f the mo lecules are as fo llo ws:

3

2

3
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Altho ugh the Al-Br bo nds are po lar, the trigo nal planar mo lecule is symmetrical so  the

dipo les cancel o ut leaving a no n-po lar mo lecule

Exam T ip

One o f the clues abo ut mo lecular po larity is to  lo o k at the symmetry o f the mo lecule

Mo lecules which are symmetrical are unlikely to  be po lar

4.2.5 Giant Covalent Structures

Giant Covalent Structures

Covalent  lat t ices

Co valent bo nds are bo nds between no nmetals in which electro ns are shared between the

ato ms

In so me cases, it is no t po ssible to  satisfy the bo nding capacity o f a substance in the fo rm o f a

mo lecule; the bo nds between ato ms co ntinue inde�nitely, and a large lattice is fo rmed. There are

no  individual mo lecules and co valent bo nding exists between all adjacent ato ms

Such substances are called  giant co valent substances, and the mo st impo rtant examples are C

and SiO

Graphite, diamo nd, buckminsterfullerene and graphene are allo tro pes o f carbo n

Giant Covalent Structures Examples

Diamond

Diamo nd is a giant lattice o f carbo n ato ms

Each carbo n is co valently bo nded to  fo ur o thers in a tetrahedral arrangement with a bo nd angle

o f 109.5

The result is a giant lattice with stro ng bo nds in all directio ns

Diamo nd is the hardest substance kno wn

Fo r this reaso n it is used in drills and glass-cutting to o ls

2

o
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The structure of diamondGraphit e

In graphite, each carbo n ato m is bo nded to  three o thers in a layered structure

The layers are made o f hexago ns with a bo nd angle o f 120

The spare electro n is delo calised and o ccupies the space in between the layers

All ato ms in the same layer are held to gether by stro ng co valent bo nds, and the different layers

are held to gether by weak intermo lecular fo rces

o

The structure of graphiteBuckminst erf ullerene

Buckminsterf ullerene is o ne type o f fullerene, named after Buckminster Fuller, the American

architect who  designed do mes like the Epco t Centre in Flo rida

It co ntains 60 carbo n ato ms, each o f which is bo nded to  three o thers by single co valent bo nds

The fo urth electro n is delo calised so  the electro ns can migrate thro ugho ut the structure making

the buckyball a semi-co nducto r

It has exactly the same shape as a so ccer ball, hence the nickname the fo o tball mo lecule
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The structure of buckminsterfullerene

Graphene

So me substances co ntain an infinite lattice o f co valently bo nded ato ms in two  dimensio ns o nly

to  fo rm layers. Graphene is an example

Graphene is made o f a single layer o f carbo n ato ms that are bo nded to gether in a repeating

pattern o f hexago ns

Graphene is o ne millio n times thinner than paper; so  thin that it is actually co nsidered two

dimensio nal

The structure of graphene

Silicon(IV)oxide

Silico n(IV)o xide is also  kno wn as silico n dio xide, but yo u will be mo re familiar with it as the white

stu� o n beaches!

Silico n(IV)o xide ado pts the same structure as diamo nd -  a giant structure made o f tetrahedral

units all bo nded by stro ng co valent bo nds

Each silico n is shared by fo ur o xygens and each o xygen is shared by two  silico ns

This gives an empirical fo rmula o f SiO2
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The structure of silicon dioxide

Properties of Giant Covalent Structures

Di�erent types o f structure and bo nding have di�erent e�ects o n the physical pro perties o f

substances such as their melting and  bo iling po ints, electrical co nductivity and so lubility

Covalent  bonding & giant  covalent  lat t ice st ruct ures

Giant co valent lattices have very high melting and bo iling po ints

These co mpo unds have a large number o f co valent bo nds linking the who le structure

A lo t o f energy is required to  break the lattice

The co mpo unds can be hard o r so f t

Graphite is so f t  as the fo rces between the carbo n layers are weak

Diamo nd and silico n(IV) o xide are hard  as it is di�cult to  break their 3D netwo rk o f stro ng

co valent bo nds

Graphene is stro ng, �exible and transparent which it makes it po tentially a very useful material

Mo st co mpo unds are inso luble with water

Mo st co mpo unds do  no t co nduct electricity ho wever so me do

Graphite has delo calised electro ns between the carbo n layers which can mo ve alo ng the

layers when a vo ltage is applied

Graphene is an excellent co nducto rs o f electricity due to  the delo calised  electro ns

Buckminsterfullerene is a semi-co nducto r

Diamo nd and silico n(IV) o xide do  no t co nduct electricity as all fo ur o uter electro ns o n every

carbo n ato m is invo lved in a co valent bo nd  so  there are no  free electro ns available

Characteristics o f  Giant Co valent Structures Table
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Exam T ip

Altho ugh buckminsterfullerene is included in this sectio n it is no t classified as a giant structure as

it has a fixed fo rmula, C60
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