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4.3.1Types of Intermolecular Forces

Intermolecular Forces

= There are no covalentbonds betweenmoleculesinmolecularcovalent compounds.There are,
however,forces of attractionbetweenthese molecules, and itis these whichmust be overcome
whenthe substance is melted and boiled
= Theseforces are knownas intermolecularforces
= There are three maintypes of intermolecular forces:
= London(dispersion)forces
= Dipole-dipole attraction
= Hydrogenbonding

London (dispersion)forces

= Theelectronsinatoms are notstatic;theyareinastate of constantmotion
= |tis therefore likelythat at any given time the distribution of electrons willnot be exactly
symmetrical - there is likelyto be aslight surplus of electrons onone side of the atoms
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London (Dispersion) forces
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Thisis knownas atemporary dipole
= |tlasts foraveryshorttime as the electrons are constantlymoving
= Temporary dipoles are constantlyappearing and disappearing

Considernow anadjacentatom.The electrons onthis atomare repelled by the negative part of
the dipole and attracted to the positive part and move accordingly
Thisis atemporary induced dipole
= Thereis aresulting attractionbetweenthe two atoms, and this knownas London
(dispersion)forces, afterthe German chemist, Fritz London

London(dispersion)forces are presentbetweenallatoms and molecules, although theycanbe
veryweak

= Theyare thereasonallcompounds canbeliquefied and solidified

= London(dispersion)forces tend to have strengths between 1kJmol-'and 50 kJmol-.

The strengthof the London(dispersion)forcesinbetweenmolecules depends ontwo factors:
= the numberofelectronsinthe molecule
= Surface areaofthe molecules

Numberof electrons

The greaterthe numberofelectronsinamolecule, the greaterthe likelihood of adistortionand
thus the greaterthe frequencyand magnitude of the temporary dipoles

The dispersionforces betweenthe molecules are strongerand the meltingand boiling points are
larger

The enthalpies of vaporisationand boilingpoints of the noble gases illustrate this factor:
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As the number of electrons increases more energy is needed to overcome the forces of attraction
between the noble gases atoms

Surface area

= Thelargerthe surface areaof amolecule,the more contactit will have withadjacent molecules

= The greaterits abilityto induce adipole inanadjacent molecule, the greaterthe London
(dispersion)forces and the higherthe meltingand boiling points

= This pointcanbe illustrated by comparing differentisomers containing the same numberof
electrons:
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Boiling points of molecules with the same numbers of electrons but different surface areas
Dipole-dipole attractions

= Temporarydipoles existinallmolecules,butinsome molecules thereis also apermanent dipole
= |nadditionto the London(dispersion)forces caused bytemporarydipoles, molecules with
permanentdipoles are also attracted to each otherbypermanent dipole-dipole bonding

The delta negative end of one polar molecule will be attracted onwards the delta positive end of a
neighbouring polar molecule
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= Thisis anattractionbetweenapermanent dipole onone molecule and apermanent dipole on
another.
= Dipole-dipole bondingusuallyresultsinthe boiling points of the compounds being slightly
higherthanexpected fromtemporarydipoles alone
= jtslightlyincreases the strength of the intermolecularattractions

= The effectofdipole-dipole bonding canbe seenbycomparing the melting and boiling points of
different substances whichshould have London(dispersion)forces of similarstrength

Comparing butane and propanone

= Forsmallmolecules withthe same number of electrons, dipole-dipole attractions are
stronger thandispersionforces
= Butane and propanone have the same numberofelectrons
= Butaneis anonpolarmolecule and will have onlydispersionforces
= Propanoneis apolarmolecule and willhave dipole-dipole attractions and dispersionforces
= Therefore,more energyis required to break the intermolecularforces between propanone
molecules thanbetween butane molecules
= Theresultis that propanone has ahigherboiling point than butane

Comparing substances with permanent and temporary dipoles in smaller molecules with an equal
numberof electrons

Hydrogenbonding

= Hydrogenbondingis the strongest type of intermolecularforce
= Hydrogenbondingis aspecial type of permanent dipole - permanent dipole bonding

= Forhydrogenbondingto take place the followingis needed:
= AspecieswhichhasanOorNorF (veryelectronegative) atomwith an available lone pair of
electrons
= Ahydrogenattached tothe O,NorF

= Whenhydrogenis covalentlybonded to anelectronegative atom,suchas O orN, the bond
becomes veryhighlypolarised
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= The Hbecomes so &* charged thatitcanformabond withthe lone pairofanO orNatomin
anothermolecule

The electronegative atoms O or N have a stronger pull on the electrons in the covalent bond with
hydrogen, causing the bond to become polarised

= Hydrogenbonds arerepresented bydots ordashes betweenH and the N/O/F element
= The numberofhydrogenbonds depends on:

= The numberofhydrogenatoms attached to O orNinthe molecule

= The numberoflone pairsonthe OorN

Ammonia can form a maximum of one hydrogen bond permolecule
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Water can form a maximum of two hydrogen bonds per molecule

The polar covalent bonds between O and H atoms are intramolecular forces and the permanent dipole -
permanent dipole forces between the molecules are intermolecular forces as they are a type of van der
Waals’ force

O ExamTip

The term “London(dispersion) forces” refers to instantaneous induced dipole induced dipole
forces that existbetweenanyatoms orgroups of atoms and should be used fornon-polar
species.Youmaybe wonderingabout the term “vanderWaals” forces:itis aninclusive termand
refers to dipole-dipole,dipole-induced dipole and London (dispersion) forces
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4.3.2 Deducing Intermolecular Forces

Deducing Intermolecular Forces

= |norderto deduce the types ofintermolecularforces presentinmolecules youneed
informationabout the structure and chemical formula of the molecules
= The chemicalformulawilltellyouaboutthe presence of electronegative elements presentin the

molecule
= Anypotential polarbonds canbeidentified
= |fN,OorFispresentthenhydrogenbonds are potentiallypossible

= The structure and symmetry of the molecule will enable you to determine if the molecule is polar
followingthe principles laid outin 4.1.10 Molecular Polarity

@ Worked example

Which ofthe compounds below canformintermolecularhydrogenbonds inthe liquid state?
A.(CH3CH2)3N
B.CHzOCHS3
c.cCly

D.CyHsOH

Answer:
The correctoptionisD.

= Draw the displayed structures of the molecules:
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= Molecules Aand B formdipole-dipole attractions as theyare polarmolecules
= Molecule C forms dispersionforces as the dipoles cancelout so thereis no overall polarity
= Molecule Dis the onlyone capable of forming hydrogenbonds

O ExamTip

Sometimes aquestionwillask you to name all the IMFs presentinmolecules and students
frequentlyforget to include dispersionforces which are presentinallmolecules, since
everythingcontainelectrons!
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4.3.3Properties of Covalent Compounds

Properties of Covalent Compounds

= The physical properties of molecular covalent compounds are largelyinfluenced by their
intermolecularforces

If youknow the type of intermolecular forces present youcanpredict the physical properties
like melting and boiling point, solubility,and conductivity

Melting and boiling point

= Whencovalentmolecularsubstances change state you are overcoming the intermolecular
forces

= The strongerthe forces the more energyneed to break the attraction

Intermolecular forces are much weakerthancovalentbonds,so manycovalent substances are
liquid orgases atroomtemperature

= Substance withalow meltingand boiling point are said to be veryvolatile
= The strengthof theintermolecularforcesincreases with

= thesize ofthe molecule

= theincreaseinthe polarity of the molecule

= Drawingthe structure of the molecule helps identifyand rank molecules accordingto boiling
pointas the following example shows:

@ Worked example

Place these three moleculesinthe correct orderfromlowestto highest boiling point and explain
yourreasoning:

CHsCH,CH,OH CHsCOCHs;  CHsCH,CH,CH;

Answer:

Step 1: The first thing to do is find the approximate relative molecularmass:
CHsCH,CH,OH =60
CHsCOCH; =58
CHsCH,CH,CHz =58

This tells youthe molecules are approximately the same size so the dispersionforces will be
similar
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Step 2:Draw the structures of the molecules and identify the intermolecularforces present

So,the orderofboilingfromlowestto highestis:

CHsCH,CH,CHs - CH;COCH3-CH3CH,CH,OH
Solubility

The general principle is that 'like dissolves like'so non-polarsubstances mostlydissolve innon-
polarsolvents,like hydrocarbons and theyform dispersionforces between the solvent and the
solute

Polarcovalent substances generallydissolve inpolarsolvents as aresult of dipole-dipole
interactions orthe formationof hydrogenbonds between the solute and the solvent

Agood example of thisis seeninorganic molecules suchas alcohols and water:

Hydrogen bonds form between ethanol and water

= Ascovalentmolecules become largertheirsolubilitycandecrease as the polarpart of the
moleculeis onlyasmallerpart of the overall structure

= Thiseffectisseeninalcohols forexample where ethanol, CoH50H, is readily soluble but
hexanol, C¢H1z0H,is not
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= Polarcovalentsubstances are unable to dissolve wellinnon-polarsolvents as theirdipole-ipole
attractions are unable to interact well with the solvent

= Giantcovalentsubstances generallydon'tdissolve inanysolvents as the energyneeded to
overcome the strongcovalentbonds inthe lattice structuresis too great

Conductivity

= Ascovalentsubstances do notcontainanyfreelymoving charged particles theyare unable to
conductelectricityineitherthe solid orliquid state

= However,undercertainconditions some polarcovalent molecules canionise and willconduct
electricity

= Some giantcovalentstructures are capable of conductingelectricitydue to delocalised
electrons,as seeninSection4.1.11 Giant Covalent Structures, but theyare exceptions to the
generalrule

Comparingthe Properties of Covalent Compounds Table
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@ Worked example

Compound Xhas the following properties:

Whatis the most probable structure of X?
A.Network covalent
B.Polarcovalentmolecule
C.lonic lattice

D.Metallic lattice

Answer:
The correctoptionis A

= Ahighmelting pointis characteristic of a giant structure, which could be metallic,ionic or
covalent

= The poorconductivityas aliquid and solid would match a giant covalent ornetwork covalent
structure

4.3.4 Metallic Bonding

Metallic Bonding

= Metalatoms are tightlypacked togetherinlattice structures

= Whenthe metalatoms areinlattice structures, the electrons intheiroutershells are free to move
throughout the structure

= The free-movingelectrons are called ‘delocalised' electrons and theyare notbound to their
atom

= Whenthe electrons are delocalised, the metal atoms become positively charged

= The positive chargesrepeleachotherand keep the neatlyarranged lattice inplace

= There are verystrongelectrostatic forces betweenthe positive metal centres and the ‘sea’ of
delocalised electrons
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The positive metal centres are suspendedin a ‘sea’ of delocalised electrons
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Properties of Metals

= Metallic compounds are malleable
= Whenaforceis applied,the metallayers canslide
= The attractive forces betweenthe metalions and electrons actinall directions
= So whenthe layers slide, the metallic bonds are re-formed
= Thelatticeis notbrokenand has changed shape

= Metallic compounds are strong and hard
= Dueto the strongattractive forces betweenthe metalions and delocalised electrons

= Metals have highmelting and boiling points

Conductivity

= Metals canconduct electricity wheninthe solid orliquid state
= Asbothinthe solid and liquid state there are mobile electrons which can freelymove around

and conductelectricity

= Since the bondinginmetals is non-directional,it does notreallymatterhow the cations are

oriented relative to each other
= The metalcations canbe moved around and there will stillbe delocalised electrons available to

hold the cations together

Metallic Bonding Summary Table
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Strength of Metallic Bonds
Notallmetallic bonds are equal. There are several factors that affect the strength of a metallic bond:
The charge onthe metalion

= The greaterthe charge onthe metalion,the greaterthe numberofelectronsinthe seaof
delocalised electrons and the greaterthe charge difference betweentheions and the
electrons

= Agreatercharge differenceleads to astrongerelectrostatic attraction,and therefore a
strongermetallic bond

= Thiseffectcanbe seeninmeltingpointdataacross aperiod, as the charge onthe metalion
increases without asignificant change inionic radius:

Metal Sodium Magnesium Aluminium

Meltingpoint /K 371 923 933

The radius of the metalion

= Metalions with smallerionic radiiexerta greaterattractiononthe seaofdelocalised electrons

= This greaterattractionmeans astronger metallic bond, requiringmore energyto break

= Thiscanbe seenindatafrommetals,descendingagroup,where the charge onthe ionremains
constant but theionic radius increases:

Metal Sodium Potassium Rubidium

Meltingpoint /K 371 336 312
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4.3.5Trends inMelting Points of Metals

Trendsin Melting Points of Metals

= Thestrengthofelectrostatic attractioncanbeincreased by:
= Increasing the numberofdelocalised electrons permetalatom
= Increasing the positive charges onthe metal centresinthe lattice
= Decreasingthe size of the metalions

= Thesefactorscanbeseeninthe trends across aperiod and downagroup

Melting points of metals across a period

= |f youcompare the electron configuration of sodium, magnesiumand aluminiumyou cansee the
numberofvalence electrons increases
= Na=1s22522p63s!
= Mg=1s22522p%3s?
= Al =1522s522p63s23p!

= Aluminiumions are also asmallersize thanmagnesiumions orsodiumions and these two factors
lead to stronger metallic bonding which canbe seeninthe melting points
= The stronger the metallic bonding,the more energy is need to break the metallic lattice and so
the higher the melting point
= Aswe go across period 3we cansee the effect of strongermetallic bonding onthe metals
= Rememberonlythe first three elements have metallic bondingin this graph
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Melting points as you go across aperiod.The metallic bonding gets stronger fromNato Al
Melting pointsof metalsdown a group

= Asyougo downthe group the size of the cationincreases so this decreases the attraction
betweenthe valence electrons and the metallic lattice,leadingto areduction of the melting
point
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Melting points as you go down a group of metals. The metallic bonding gets weakerfromLito Cs

O Exam Tip

Yousee fromthe graph that the melting pont of aluminiumis not that much higherthan
magnesium. Itis areminderto us that these are trends and not rules about melting points and
sometimes there are otherfactors which canresultinsubtle differences fromwhatwas
expected.One factorhereis the metal packing structure - this canalso influence the melting
point,butitis beyond whatis required inthe IB Chemistrysyllabus.Youjustneed to learnand
explain the broad trends
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4.3.6 Alloys & their Properties

Alloys

= Alloys are mixtures of metals, where the metals are mixed togetherphysicallybut are not
chemicallycombined

= Theycanalso be made frommetals mixed withnonmetals such as carbon

= |ons of the different metals are spread throughout the lattice and are bound togetherbythe
delocalized electrons

= |tis possible to formalloys because of the non-directional nature of the metallic bonds

In a metallic lattice the regular structure of metal cations (shown by Element Y) is disrupted by the
presence of another element (Element X)

= Alloys have distinct properties due to the different packing of the cations inthe lattice

= Alloys oftenhave properties that canbe verydifferent to the metals theycontain,forexample
theycanhave greaterstrength, hardness orresistance to corrosionorextreme temperatures

= Alloys containatoms of different sizes, whichdistorts the regulararrangements of cations

= This makes it more difficult forthe layers to slide overeach other,so theyare usuallymuchharder
than the pure metal
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= Belowis atable of some commonalloys and theiruses:

CommonAlloys and their Uses Table

O Exam Tip

Youdon'tneed to learnthe specific alloys, but youshould be able to use examples youknow to
explain why alloys have the properties theydo compared to pure metals
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