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4.1.1Forming lons

Forming lons

As ageneralrule, metals are onthe left of the Periodic Table and non-metals are on the right -
hand side
lonic bonds involve the transfer of electrons from ametallic element to anon-metallic element
Transferring electrons usuallyleaves the metal and the non-metal with afullouter shell
Metals lose electrons fromtheirvalence shell forming positively charged cations
Non-metal atoms gainelectrons forming negatively charged anions
Once the atoms becomeions, theirelectronic configurations are the same as anoble gas.
= Asodiumion(Na*) has the same electronic configurationas neon:[2,8]
= Achlorideion(CI)also has the same electronic configurationas argon:[2,8,8]

Forming cations by the removal of electrons from metals
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Forming anions by the addition of electrons to nonmetals

Cations and anions are oppositelycharged and therefore attracted to each other
Electrostatic attractions are formed between the oppositelychargedions to formionic
compounds
This formof attractionis verystrongand requires alotof energyto overcome

= This causes highmeltingpointsinionic compounds
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Cations and anions bond togetherusing strong electrostatic forces, which require a lot of energy to
overcome

O ExamTip

Metals usuallylose all electrons from theiroutervalence shellto become cations.You can make
use of the groups onthe periodic table to work out how manyelectrons anatomis likelyto lose
orgainbylooking at the group anatombelongs to.
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4.1.21lonic Compounds

lonic Lattices

Theions formalattice structure whichis anevenlydistributed crystalline structure

lonsinalattice are arranged inaregularrepeating patternso that positive charges cancel out
negative charges

= Therefore the finallattice is overall electricallyneutral
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Properties of lonic Compounds

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

lonic bonding & giant ionic lattice structures

lonic compounds are strong
= Thestrongelectrostatic forcesinionic compounds keeptheions held stronglytogether
= Theyare brittle asionic crystals cansplit apart
= |onic compounds have highmelting and boiling points
= Thestrongelectrostatic forces betweentheionsinthe lattice actinall directions and keep
themstronglytogether
= Meltingand boilingpointsincrease with the charge density of the ions due to the greater
electrostatic attractionof charges
= Mg?*O? has ahighermelting point than Na*ClI~
= |onic compounds are solubleinwateras theycanformion-dipole bonds
= |onic compounds onlyconduct electricity whenmoltenorinsolution
= Whenmoltenorinsolution,the ions canfreelymove around and conduct electricity
= Asasolid,theions are inafixed positionand unable to move around

Table comparing the characteristics of giant ionic lattices with other structure types

Giant ionic Giant metallic Simple covalent Giant covalent
Meltin Moderatelyhighto
felting / High SV Low Very high
boiling point high
Do notconduct
Electrical |Onlywhenmoltenor ) _ Do notconduct © ,_u
L ) ) Whensolid orliquid o electricity
conductivity insolution electricity .
(except graphite)
Insoluble butsome | Usuallyinsoluble
Solubility Soluble Hpie by ayinsoly Insoluble

mayreact unless theyare polar

Veryhard (diamond

Hardness Hard, brittle Hard, malleable Soft and silica) orsoft
(graphite)
Physicalstate Solid Solid Solid, liquid orgas Solid
atroom
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temperature
) ) Weak intermolecular )
Electrostatic Delocalised Electronsin
i ) forces and covalent
Forces attractionbetween [electrons attracting L covalentbonds
. o bonds withina
ions positive ions betweenatoms
molecule

. Positiveionsinasea
Particles lons Smallmolecules Atoms
ofelectrons

Graphite, silicon(lV)

Examples NaCl Copper Bry ,
oxide
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@ Worked example

The table below shows the physical properties of substances X,Y and Z.

Electrical

Substance Meltingpoint (°C) conductivity Solubility inwater
whenmolten

X 839 Good Soluble
Y 95 Verypoor Almostinsoluble
z 1389 Good Insoluble

Whichone of the following statements about X, Yand Zis completely true?

Statement 1: X has a giantionic structure, Y has agiant molecularstructure,Z is ametal
Statement 2: Xis ametal, Y has asimple molecularstructure,Z has a giant molecularstructure
Statement 3: Xis ametal, Y has asimple molecularstructure,Z has a giantionic structure

Statement 4:Xhas agiantionic structure, Y has asimple molecularstructure,Z is a metal

Answer:

= Compound Xhas arelativelyhighmelting point,is soluble inwaterand conducts electricity
whenmolten
= This suggests that Xhas a giantionic structure

= Compound Y has alow melting point which suggests thatlittle energyis needed to break the

lattice
= This suggests thatYis asimple molecularstructure

= Thisis furthersupported byits low electrical conductivityand it beingalmostinsoluble in

water
= Compound Z has averyhighmelting point,whichis characteristic of eithermetallic, giant
ionic lattices orgiant covalent /molecularlattices
= Howeversinceitisinsoluble inwater,compound Z must be a metal
= Therefore,the correctansweris Statement 4
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4.1.3Formulae & Names of lonic Compounds

Formulae & Names of lonic Compounds

= lonic compounds are formed fromametal and anonmetalbonded together
= |onic compounds are electrically neutral; the positive charges equal the negative charges

Chargeson positiveions

= Allmetals formpositiveions
= There are some non-metal positive ions suchas ammonium,NH,*, and hydrogen, H*

= The metalsinGroup1,Group 2and Group 13 have acharge of 1+and 2+and 3+respectively

= The charge ontheions of the transition elements canvary whichis whyRomannumerals are
oftenused to indicate theircharge

= Thisis knownas Stocknotationafterthe German chemist Alfred Stock

= Romannumerals are used insome compounds formed from transition elements to show the
charge (oroxidationstate) of metalions
= Eg.incopper(ll) oxide, the copperionhas acharge of 2+ whereas incopper(l) nitrate, the

copperhas acharge of 1+

Non-metalions

= The non-metalsingroup15 to 17 have anegative charge and have the suffix ‘ide’
= Eg.nitride,chloride,bromide,iodide

= Elementsingroup17 gainlelectronso have al-charge,eg.Br

» Elementsingroup 16 gain2electrons so have a 2- charge, eg. 02"

= Elementsingroup15 gain3 electrons so have a 3- charge, eg. N*-

= There are also more polyatomic orcompound negative ions, which are negative ions made up of
more thanone type of atom

The charges of simple ions depend on their position in the Periodic Table
= There are sevenpolyatomicions youneed to know forlB Chemistry:

Formulae of Polyatomic lons Table
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@ Worked example
Determine the formulae of the followingionic compounds

1.magnesiumchloride
2.aluminiumoxide
3.ammonium sulfate

Answer:
Answer 1: Magnesiumchloride

= Magnesiumisingroup 2so has acharge of 2+

= Chlorineisingroup 17 so has acharge of 1-

= Magnesiumneeds two chlorine atoms foreach magnesiumatomto be balanced so the
formulais MgCh

Answer 2: Aluminiumoxide
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= Aluminumisingroup 13 so theionhas acharge of 3+

= Oxygenisingroup16 so has acharge of 2-

= The charges need to be equalso 2aluminiumto 3 oxygenatoms will balance electrically,so
the formulais Al,O3

Answer 3: Ammoniumsulfate

= Ammoniumis apolyatomicionwithacharge of 1+

Sulfateis apolyatomicionand has acharge of 2-

The polyatomicionneeds to be placed inabracketif more thanlis needed
The formula of ammonium nitrate is (NH4)2SO04

O Exam Tip

Remember:polyatomicions are ions that containmore than one type of element, suchas OH-

4.1.4 Covalent Bonds

Covalent Bonds

= Covalent bondingoccurs betweentwo non-metals

= Acovalentbondinvolves the electrostatic attractionbetweennucleiof two atoms and the
electrons of theiroutershells

= No electrons are transferred but only shared in this type of bonding

= Whenacovalentbondis formed,two atomic orbitals overlap and amolecular orbitalis formed

= Covalentbondinghappens because the electrons are more stable when attracted to two nuclei
thanwhenattracted to onlyone

The positive nucleus of each atom has an attraction for the bonding electrons shared in the covalent bond

= |nanormalcovalentbond,eachatomprovide one of the electrons inthe bond.Acovalentbond
isrepresented byashort straight line between the two atoms, H-H

= Covalentbonds should notberegarded as shared electron pairs inafixed position;the
electrons areinastate of constant motionand are bestregarded as charge clouds
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A representation of electron charge clouds. The electrons can be found anywhere in the charge clouds

= Non-metals are able to share pairs of electrons to formdifferent types of covalentbonds
= Sharingelectronsinthe covalentbond allows eachofthe 2atoms to achieve anelectron
configurationsimilarto anoble gas
= This makes eachatommore stable

= |Insomeinstances,the centralatomofacovalentlybonded molecule canaccommodate more

orlessthan8electronsinits outershell
= Beingable to accommodate more than 8 electrons inthe outershellis known as ‘expanding

theoctetrule’
= Accommodatingless than8electronsinthe outershellmeans thanthe centralatomis

‘electrondeficient’
= Some examples of this canbe found inthe sectiononlLewis structures

O ExamTip

Covalentbonding takes place betweentwo nonmetalatoms.Rememberto use the periodic
table to decide howmanyelectrons areinthe outershellof anonmetalatom.

Predicting Covalent Bonding

= ThedifferencesinPauling electronegativity values canbe used to predict whetherabondis
covalent orionic incharacter

Electronegativity &covalent bonds

= |ndiatomic molecules the electrondensityis shared equallybetween the two atoms
L] Eg H2, OZ and C|2

= Bothatoms willhave the same electronegativity value and have anequal attractionforthe
bondingpairof electrons leadingto formationof acovalent bond

= Adifference of less thanaround 1.0 inelectronegativity values willbe associated with covalent
bonds, althoughbetween1.0and 2.0 canbe considered polarcovalent:

Youcanuse the Paulingscale to decide whetherabond is polarornonpolar:
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Coordinate Bonds

= |nsimple covalent bonds the two atoms involved share electrons
= Some molecules have alone pairofelectrons that canbe donated to formabond withan
electron-deficient atom
= Anelectron-deficientatomis anatomthat has anunfilled outerorbital

= Sobothelectrons are fromthe same atom
= This type of bondingis called dative covalent bonding orcoordinate bond
= Anexample of adative bond isinanammoniumion
= The hydrogenion,H"is electron-deficient and has space fortwo electrons inits shell
= Thenitrogenatominammoniahas alone pairof electrons whichitcandonate to the
hydrogenionto formadative covalentbond

Ammonia (NH3) can donate a lone pair to an electron-deficient proton (H*) to form a charged ammonium
ion (NH4*)

= More examples of coordinate bonding canbe found inthe sectiononLewis Structures
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Multiple Bonds

= Non-metals are able to share more thanone pairof electrons to formdifferent types of covalent
bonds
= Sharingelectronsinthe covalentbond allows eachof the 2atoms to achieve anelectron
configurationsimilarto anoble gas
= This makes eachatommore stable

= |tisnotpossible to formaquadruple bond as the repulsionfromhaving 8 electrons inthe same
regionbetweenthe two nucleiis too great

Covalent Bonds & Shared Electrons Table
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Bond Length & Strength
Bond energy

= The bond energy is the energyrequired to break one mole of aparticularcovalentbond inthe
gaseous states
= Bond energyhas units of kJ mol™

= Thelargerthe bond energy, the stronger the covalentbond is

Bondlength

= Thebondlengthisinternucleardistance of two covalently bonded atoms
= |tisthe distance fromthe nucleus of one atomto anotheratomwhichforms the covalent
bond

= The greaterthe forces of attractionbetweenelectrons and nuclei,the more the atoms are
pulled closerto eachother

= Thisdecreases thebondlengthofamolecule andincreases the strengthof the covalentbond

= Triple bonds are the shortest and strongest covalentbonds due to the large electrondensity
betweenthe nucleiof the two atoms

= Thisincrease the forces of attractionbetweenthe electrons and nucleiof the atoms

= Asaresultofthis,the atoms are pulled closertogethercausingashorterbond length

= Theincreased forces of attractionalso means that the covalentbond is stronger

Triple bonds are the shortest covalent bonds and therefore the strongest ones

= Testyourknowledge of covalentbonding:
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@ Worked example

Whichmoleculesreacttogetherto formadative covalentbond?
A.Cl, andHF
B.C2H2 and C|2

C.NHzand HF

D.CH, and NH;

Answer:
The correctoptionis C.

= Toformadative covalentbond one species musthave alone pairof electrons and the other
must be electrondeficient.
= NHzhas alone pairand HF splits into H* (electron deficient) and F-

NHz+ HF = NH4*F-

4.1.5Bond Polarity

Bond Polarity

= Whentwo atoms inacovalentbond have the same electronegativity the covalentbond is
nonpolar

The two chlorine atoms have identical electronegativities so the bonding electrons are shared equally
between the two atoms

= Whentwo atoms inacovalentbond have different electronegativities the covalentbond is
polarand the electrons willbe drawntowards the more electronegative atom
= Asaresultofthis:
= The negative charge centre and positive charge centre do not coincide witheach other
= This means that the electrondistributionis asymmetric
= Thelesselectronegative atomgets a partial charge of 6+ (deltapositive)
= The more electronegative atom gets a partial charge of 6- (deltanegative)

= The greaterthe difference inelectronegativity the more polarthe bond becomes
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Dipole moment

= The dipole momentis ameasure of how polarabondis

= Thedirectionofthe dipole momentis shownbythe followingsigninwhichthe arrow points to
the partially negatively charged end of the dipole:

The sign shows the direction of the dipole moment and the arrow points to the delta negative end of the
dipole

@ Worked example
The electronegativity values of fourelements are given.
C=2.6 N=3.0 0=34 F=4.0

Whatis the orderofincreasing polarityofthe bonds in the followingcompounds?

A.CO <OF, <NO <CFy4
B.NO <OF, <CO <CFy4
C.CF4<CO <0OF7<NO

D.CF4<NO <OF,<CO

Answer:

The correctoptionis B.

= Youhave to calculate the difference inelectronegativityforthe bonds and thenrank them
fromsmallestto largest:

NO (3.4-3.0=0.4)
OF2(4.0-3.4=0.6)
CO (3.4-26=0.8)

CF4(4.0-26=14)
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4.1.6 Lewis Structures

Lewis Structures

= Lewis structures are simplified electronshelldiagrams and show pairs of electrons around

atoms.
= Apairofelectrons canberepresented bydots,crosses,acombinationofdots and crossesor

byaline.Forexample, chlorine canbe shown as:

Different Lewis Structures for chlorine molecules

= Note:Cl-Clisnotalewis structure,sinceitdoesnotshowallthe electronpairs.
= The “octetrule’refers to the tendencyofatomsto gainavalence shellwithatotalof 8 electrons

Stepsfordrawing Lewis Structures

1.Countthe totalnumberofvalence

2.Draw the skeletal structure to show how manyatoms are linked to each other.

3.Use apairofcrossesordot/cross to putanelectronpairineachbond betweenthe atoms.
4.Add more electron pairs to complete the octets around the atoms (except Hwhich has 2

electrons)
5.1f there are notenoughelectrons to complete the octets,form double/triple bonds.

6.Checkthe totalnumberofelectronsinthe finished structure is equal to the total numberof
valence electrons

@ Worked example

Draw a Lewis structure forCCly

Answer:
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Steps in drawing the Lewis Structure for CCly
Further examplesof Lewisstructures

= Followthe steps fordrawing Lewis structures forthese commonmolecules
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Incomplete Octets

= Forelements below atomic number20 the octet rule states that the atoms tryto achieve 8
electronsintheirvalence shells,so theyhave the same electronconfigurationas anoble gas
= However, there are some elements that are exceptions to the octetrule,suchaH,Li,Be,Band Al
= Hcanachieve astable arrangement by gaininganelectronto become 1s2, the same structure
as the noble gas helium
= Lidoesthesame,butlosinganelectronand goingfroml1s22s'to 1s2to become alition
= Befromgroup2,has two valence electrons and forms stable compounds withjustfour
electronsinthe valence shell
= BandAlingroup 13 have 3valence electrons and canform stable compounds withonly 6
valence electrons

= There are two examples of Lewis structures withincomplete octets youshould know,BeCl,
and BFs:

Incomplete Octets Examples

= TestyourunderstandingofLewis diagrams in the following example:
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@ Worked example

How manyelectrons are inthe 2-aminoethanoic acid molecule?

A. 18
B. 20
C.28

D. 30

Answer:
The correct optionis D.

= Youmustcountthe lone pairsonNand O as well as the bonding pairs. There are 5 ‘hidden’
pairs of bonding electrons inthe OH, CH, and NH; groups.Hydrogendoes notfollow the
octetrule.
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