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4.2.1Resonance Structures

Resonance Structures

= Thedelocalizationofelectrons canexplainthe structures of some species thatdon’'tseemto fit
with aLewis structure
= Delocalized electrons are electronsinamolecule,ionorsolid metal that are not associated with
asingleatomorone covalentbond
= The lLewis diagramforthe nitrate (V) ion gives amolecule withadouble and two single bonds
= There are three possible Lewis Structures
= These structures are called resonance structures
= However,studies of the electrondensityand bond lengthin the nitrate (V) ionindicate all the
bonds are equalinlength and the electron densityis spread evenly between the three oxygen
atoms
= Thebondlengthisintermediate betweenasingle and adouble bond
= The actualstructureis somethinginbetweentheresonance structures and is knownas a
resonance hybrid

Resonance structures of the nitrate (V)ion

= To determine the Lewis structure of the nitrate (V) ionfirst count the numberofvalence electrons
and thenadd one electronforthe negative charge ontheion

Numberofvalence electrons =N +30 +1
=5+(3x6)+1=24 electrons

= Three structures are possible,consistingofadouble bond and two singles:
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Resonance structures in the nitrate ion

= Dottedlines are used to show the positionof the delocalised electrons

Resonance hybrid nitrate (V) ion

= The criteriaforformingresonance hybrids structures is that molecules must have adouble bond
(pibond)thatis capable of migratingfromone part of amolecule to another

= This usuallyarises whenthere are adjacentatoms with equal electronegativityand lone pairs of
electrons that canre-arrange themselves and allow the double bonds to be indifferent
positions

= Otherexamples that youshould know about are the carbonateion,benzene,ozone and the
carboxylate anion

Resonance Hybrids Table

= Beloware some otherresonance structures and hybrids that youshould know:
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4.2.2 Shapes of Molecules

Shapes of Molecules

= Whenanatomforms acovalentbond withanotheratom,the electronsinthe differentbonds and
the non-bondingelectrons inthe outershell all behave as negatively charged clouds and repel
eachother

= [norderto minimise this repulsion, allthe outershellelectrons spread out as farapartinspace as
possible

= Molecularshapes and the angles betweenbonds canbe predicted bythe valence shellelectron
pairrepulsiontheory known by the abbreviation VSEPR theory

= VSEPRtheoryconsists of three basic rules:

1.Allelectronpairs and alllone pairs arrange themselves as far apartinspace asis possible.
2.Lone pairs repelmore strongly thanbonding pairs.
3.Multiple bonds behave like single bonds

= Thesethreerules canbe used to predictthe shape of anycovalent molecule orion,and the
angles betweenthe bonds

= Theregions of negative cloud charge are known as domains and can have one, two orthree pairs
electrons

Twoelectrondomains

= |fthere are two electrondomains onthe centralatom, the angle betweenthe bonds is 180°
= Molecules whichadopt this shape are said to be LINEAR

= Examples oflinearmoleculesinclude BeCl,, CO2, and HC=CH

Two electron domain molecules
Threeelectrondomains

= |fthere are three electrondomains onthe centralatom, the angle between the bonds is 120°
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= Molecules whichadoptthis shape are said to be TRIANGULARPLANAR or TRIGONAL PLANAR
= Examples of three electrons domains which are allbonding pairs include BFzand CH,CH»
and CH,O

Molecules with three electron domains

= |foneoftheseelectrondomainsis alone pair,the bond angle is slightlyless than120°due to the
strongerrepulsionfromlone pairs,forcing the bonding pairs closertogether.E.g.SO»
= The bond angleis approximately =118°

The shape of sulfurdioxide

= Sulfurdioxide is anexample of amolecule that 'expands the octet'as youwill see there are 10
electrons around the sulfuratomwhichis possible for3rd period elements and above

= This shapeis nolongercalled triangularplanaras the shape names are onlybased onthe atoms
present,this molecule is BENT LINEAR

Four electron domains
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= |fthere are fourelectrondomains onthe centralatom, the angle between the bonds is approx
109°.E.g. CH4, NH4*
= Molecules whichadopt this shape are said to be TETRAHEDRAL

Molecules with four electron domains

= |foneofthe electrondomainsis alone pair,the bond angleis slightlyless than109°,due to the
extralone pairrepulsionwhich pushes the bonds closertogether(approx1079).E.g.NH3z,

The shape of ammonia
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= Molecules whichadopt this shape are said to be TRIANGULAR PYRAMIDAL or TRIGONAL
PYRAMIDAL

= |ftwo of the electrondomains are lone pairs, the bond angleis also slightlyless than109°,due to

the extralone pairrepulsion (approx104°).E.g.H,O
= Molecules whichadopt this shape are said to be BENT orANGULAR orBENT LINEARorV-shaped

(whenviewed upside down)

The shape of water

= | one pairs are pulled more closelyto the centralatoms so theyexert agreaterrepulsive force
thanbonding pairs

Different types of electron pairs have different repulsive forces
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Summary table of electrondomains and molecular shapes

= These are the domains and moleculargeometries youneed to know forStandard Level:

O ExamTip

Be carefulto distinguishbetweenmolecularshape and electrondomain shape as it canbe easy
to confuse the two.Sometimes theyare the same as is the case of methane, but othertimes they
canbe different like ammonia which has atetrahedral domain shape, but triangular pyramid
molecularshape.Always draw the Lewis structure before you attempt to deduce the shape and
bond angle as you could easily miss some lone pairs
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4.2.3Predicting Molecular Shapes

Predicting Shapes & Bond Angles

= Beforeyoupredictthe shape of anymolecule work out the Lewis structure to determine the
numberofbondingand lone pairs

= Applythe VSEPRrules and youshould be successfulindeducing the correct shape and bond
angle

@ Worked example

Predict the domaingeometry,shape and bond angle inthe followingmolecules orions:

1.H,S

2.NH,Cl
3.NO,*
4. CIF,*

Answers:

Answer1:The totalnumberofvalence electronsinH,;Sis =1+1+6 =8,s0 there are four pairs of
electrons around S

Hydrogenonlyforms one bond, so there are two bonding pairs and two lone pairs:

Answer 2:The totalnumberofvalence electronsinNH,Clis =5 +1+1+7 =14
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Answer 3:The totalnumberofvalence electronsinNO,*=5+6 +6 -1=16 (subtractingone for
the positive charge)

Answer 4:The totalnumberofvalence electronsin CIF,*=7 +7 +7 -1=20 (subtractingone for
the positive charge)

O Exam Tip

ForStandard Level Chemistryyouare onlyrequired to know the shape of molecules upto four
electrondomains.
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4.2.4 Molecular Polarity

Molecular Polarity
Assignhing polaritytomolecules

= Thereis adifference betweenbond polarity and molecular polarity
= To determine whetheramoleculeis polar,the following things have to be takeninto
consideration:
= The polarityofeachbond
= Howthe bonds are arranged inthe molecule

= Some molecules have polarbonds but are overallnot polar because the polarbondsinthe
molecule are arranged in such way that the individual dipole moments canceleachotherout

There are four polar covalent bonds in CH3Cl which do not cancel each otherout causing CHsCl to be a
polarmolecule; the overall dipole is towards the electronegative chlorine atom
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Though CCl4 has fourpolar covalent bonds, the individual dipole moments cancel each otherout causing
CCl, to be a nonpolarmolecule

= Furtherexamples of molecules withno netdipole:
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| NON POLAR

| NON POLAR

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

= Tryyourhand at this polarityquestion:

@ Worked example

Whichmolecule is non-polar?
A.NH3z
B.CO
C.S0O,

D.AlBrs

Answer:
The correctoptionis D.

= The shapes and polarityofthe molecules are as follows:
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Although the Al-Brbonds are polar, the trigonal planarmolecule is symmetrical so the
dipoles canceloutleavinganon-polarmolecule

O ExamTip
One of the clues about molecularpolarityis to look at the symmetryof the molecule

Molecules which are symmetrical are unlikely to be polar

4.2.5Giant Covalent Structures

Giant Covalent Structures

Covalentlattices

G
Di

Covalent bonds are bonds betweennonmetals inwhich electrons are shared between the
atoms

Insome cases,itisnotpossible to satisfythe bondingcapacityof asubstance inthe formofa
molecule;the bonds betweenatoms continue indefinitely,and alarge lattice is formed.There are
noindividual molecules and covalentbonding exists betweenalladjacent atoms
Suchsubstances are called giant covalent substances, and the mostimportant examples are C
and SiO,

Graphite,diamond, buckminsterfullerene and graphene are allotropes of carbon

iant Covalent Structures Examples

amond

Diamond is agiantlattice of carbonatoms
Eachcarbonis covalentlybonded to fourothersinatetrahedral arrangement withabond angle
0f109.5°
Theresultis agiantlattice withstrongbonds inalldirections
Diamond is the hardest substance known
= Forthisreasonitis used indrills and glass-cuttingtools
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Graphite The structure of diamond

= |ngraphite,eachcarbonatomis bonded to three othersinalayered structure

= Thelayers are made of hexagons withabond angle of 120°

= Thespare electronis delocalised and occupies the space inbetween the layers

= Allatomsinthe same layerare held togetherbystrongcovalentbonds, and the different layers
are held togetherbyweakintermolecularforces

Buckminsterfullerene The structure of graphite

= Buckminsterfullereneis one type of fullerene,named after BuckminsterFuller,the American
architect who designed domes like the Epcot Centre inFlorida

= |tcontains 60 carbonatoms,eachofwhichis bonded to three others by single covalent bonds

= Thefourthelectronis delocalised so the electrons can migrate throughout the structure making

the buckyballasemi-conductor
= |thas exactlythe same shape as asoccerball,hence the nickname the footballmolecule
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The structure of buckminsterfullerene
Graphene

= Some substances containaninfinite lattice of covalentlybonded atoms intwo dimensions only
to formlayers. Graphene is an example

= Grapheneis made of asingle layerof carbonatoms that are bonded togetherinarepeating
patternof hexagons

= Grapheneis one milliontimes thinnerthan paper;so thinthatitis actuallyconsidered two
dimensional

The structure of graphene
Silicon(IV)oxide

= Silicon(lV)oxide is also known as silicondioxide, but you will be more familiarwith it as the white
stuff onbeaches!

= Silicon(lV)oxide adopts the same structure as diamond - a giant structure made of tetrahedral
units allbonded bystrongcovalentbonds

= Eachsiliconis shared byfouroxygens and each oxygenis shared by two silicons

= This gives anempirical formulaof SiO,
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The structure of silicon dioxide

Properties of Giant Covalent Structures

= Differenttypes of structure and bonding have different effects onthe physicalproperties of
substances suchas theirmelting and boiling points, electrical conductivity and solubility

Covalentbonding &giant covalentlattice structures

= Giant covalent lattices have veryhigh melting and boiling points
= These compounds have alarge numberof covalent bonds linking the whole structure
= Alotofenergyisrequired to break the lattice

= The compounds canbe hard orsoft
= Graphiteissoft as the forces betweenthe carbonlayers are weak
= Diamond and silicon(lV) oxide are hard as itis difficult to break their3D network of strong
covalentbonds
= Grapheneis strong, flexible and transparent which it makes it potentially a veryuseful material

= Mostcompounds areinsoluble withwater
= Mostcompounds do notconduct electricity howeversome do
= Graphite has delocalised electrons betweenthe carbon layers whichcanmove along the
layers whenavoltageis applied
= Grapheneis anexcellentconductors of electricitydue to the delocalised electrons
= Buckminsterfullereneis asemi-conductor
= Diamond and silicon(lV) oxide do notconduct electricityas allfourouterelectrons onevery
carbonatomisinvolvedinacovalent bond so there are no free electrons available

Characteristics of Giant Covalent Structures Table
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O ExamTip

Although buckminsterfullereneisincluded inthis sectionitis not classified as a giant structure as
it has afixed formula, C¢o
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