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4.3.1 Types of Intermolecular Forces

Intermolecular Forces

There are no  co valent bo nds between mo lecules in mo lecular co valent co mpo unds. There are,

ho wever, fo rces o f attractio n between these mo lecules, and it is these which must be o verco me

when the substance is melted and bo iled

These fo rces are kno wn as intermo lecular f o rces

There are three main types o f intermo lecular f o rces:

Lo ndo n(dispersio n) fo rces

Dipo le-dipo le attractio n

Hydro gen bo nding

London (dispersion) f orces

The electro ns in ato ms are no t static; they are in a state o f co nstant mo tio n

It is therefo re likely that at any given time the distributio n o f electro ns will no t be exactly

symmetrical - there is likely to  be a slight surplus o f electro ns o n o ne side o f the ato ms
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London (Dispersion) forces
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This is kno wn as a tempo rary dipo le

It lasts fo r a very sho rt time as the electro ns are co nstantly mo ving

Tempo rary dipo les  are co nstantly appearing and disappearing

Co nsider no w an adjacent ato m. The electro ns o n this ato m are repelled by the negative part o f

the dipo le and attracted to  the po sitive part and mo ve acco rdingly

This is a tempo rary induced dipo le

There is a resulting attractio n between the two  ato ms, and this kno wn as Lo ndo n

(dispersio n) f o rces, after the German chemist, Fritz  Lo ndo n

Lo ndo n (dispersio n) f o rces  are present between all ato ms and mo lecules, altho ugh they can be

very weak

They are the reaso n all co mpo unds can be lique�ed and so lidi�ed

Lo ndo n (dispersio n) f o rces  tend to  have strengths between 1 kJmo l  and 50 kJmo l .

The strength o f the Lo ndo n( dispersio n) f o rces  in between mo lecules depends o n two  facto rs:

the number o f electro ns in the mo lecule

Surface area o f the mo lecules

Number o f  electro ns

The greater the number o f electro ns in a mo lecule, the greater the likeliho o d o f a disto rtio n and

thus the greater the frequency and magnitude o f the tempo rary dipo les

The dispersio n fo rces between the mo lecules are stro nger and the melting and bo iling po ints are

larger

The enthalpies o f vapo risatio n and bo iling po ints o f the no ble gases illustrate this facto r:

-1 -1
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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

Surf ace area

The larger the surface area o f a mo lecule, the mo re co ntact it will have with adjacent mo lecules

The greater its ability to  induce a dipo le in an adjacent mo lecule, the greater the Lo ndo n

(dispersio n) f o rces  and the higher the melting and bo iling po ints

This po int can be illustrated by co mparing di�erent iso mers co ntaining the same number o f

electro ns:
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Boiling points of molecules with the same numbers of electrons but di�erent surface areas

Dipole-dipole at t ract ions

Tempo rary dipo les exist in all mo lecules, but in so me mo lecules there is also  a permanent dipo le

In additio n to  the Lo ndo n (dispersio n) f o rces  caused by tempo rary dipo les, mo lecules with

permanent dipo les are also  attracted to  each o ther by permanent dipo le-dipo le bo nding

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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This is an attractio n between a permanent dipo le  o n o ne mo lecule and a permanent dipo le  o n

ano ther.

Dipo le-dipo le bo nding usually results in the bo iling po ints o f the co mpo unds being slightly

higher than expected fro m tempo rary dipo les alo ne

it slightly increases the strength o f the intermo lecular attractio ns

The e�ect o f dipo le-dipo le bo nding can be seen by co mparing the melting and bo iling po ints o f

di�erent substances which sho uld have Lo ndo n(dispersio n) f o rces  o f similar strength

Co mparing butane and pro pano ne

Fo r small mo lecules with the same number o f  electro ns, dipo le-dipo le attractio ns are

stro nger than dispersio n f o rces

Butane and pro pano ne have the same number o f electro ns

Butane is a no npo lar mo lecule and will have o nly dispersio n fo rces

Pro pano ne is a po lar mo lecule and will have dipo le-dipo le attractio ns and dispersio n fo rces

Therefo re, mo re energy is required to  break the intermo lecular fo rces between pro pano ne

mo lecules than between butane mo lecules

The result is that pro pano ne has a higher bo iling po int than butane

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

number of electrons

Hydrogen bonding

Hydro gen bo nding is the stro ngest type o f intermo lecular f o rce

Hydro gen bo nding is a special type o f permanent dipo le – permanent dipo le bo nding

Fo r hydro gen bo nding to  take place the fo llo wing is needed:

A species which has an O o r N o r F (very electro negative) ato m with an available lo ne pair o f

electro ns

A hydro gen attached to  the O, N o r F

When hydro gen is co valently bo nded to  an electro negative ato m, such as O o r N, the bo nd

beco mes very highly po larised
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The H beco mes so  δ  charged that it can fo rm a bo nd with the lo ne pair o f an O o r N ato m in

ano ther mo lecule

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

Hydro gen bo nds are represented by do ts o r dashes between H and the N/O/F element

The number o f hydro gen bo nds depends o n:

The number o f hydro gen ato ms attached to  O o r N in the mo lecule

The number o f lo ne pairs  o n the O o r N

Ammonia can form a maximum of one hydrogen bond per molecule

+
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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

Exam T ip

The term “Lo ndo n (dispersio n) fo rces” refers to  instantaneo us induced dipo le induced dipo le

fo rces that exist between any ato ms o r gro ups o f ato ms and sho uld be used fo r no n-po lar

species. Yo u may be wo ndering abo ut the term “van der Waals” fo rces: it is an inclusive term and

refers to  dipo le–dipo le, dipo le-induced dipo le and Lo ndo n (dispersio n) fo rces
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4.3.2 Deducing Intermolecular Forces

Deducing Intermolecular Forces

In o rder to  deduce the types o f intermo lecular f o rces  present in mo lecules yo u need

info rmatio n abo ut the structure and chemical fo rmula o f the mo lecules

The chemical fo rmula will tell yo u abo ut the presence o f electro negative elements present in the

mo lecule

Any po tential po lar bo nds can be identi�ed

If N, O o r F is present then hydro gen bo nds are po tentially po ssible

The structure and symmetry o f the mo lecule will enable yo u to  determine if the mo lecule is po lar

fo llo wing the principles laid o ut in 4 .1.10 Mo lecular Po larity

Worked example

Which o f the co mpo unds belo w can fo rm intermo lecular hydro gen bo nds in the liquid state?

A. (CH CH ) N

B. CH OCH

C. CCl4

D. C H OH

Answer:

The co rrect o ptio n is D.

Draw the displayed structures o f the mo lecules:

3 2 3

3 3

2 5
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Mo lecules A and B  fo rm dipo le-dipo le attractio ns as they are po lar mo lecules

Mo lecule C  fo rms dispersio n fo rces as the dipo les cancel o ut so  there is no  o verall po larity

Mo lecule D is the o nly o ne capable o f fo rming hydro gen bo nds

Exam T ip

So metimes a questio n will ask yo u to  name all the IMFs present in mo lecules and students

frequently fo rget to  include dispersio n fo rces which are present in all mo lecules, since

everything co ntain electro ns!
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4.3.3 Properties of Covalent Compounds

Properties of Covalent Compounds

The physical pro perties o f mo lecular co valent co mpo unds  are largely in�uenced by their

intermo lecular f o rces

If yo u kno w the type o f intermo lecular f o rces  present yo u can predict the physical pro perties

like melting and bo iling po int , so lubility, and co nductivity

Melt ing and boiling point

When co valent mo lecular substances change state yo u are o verco ming the intermo lecular

f o rces

The stro nger the fo rces the mo re energy need to  break the attractio n

Intermo lecular f o rces  are much weaker than co valent bo nds, so  many co valent substances are

liquid o r gases at ro o m temperature

Substance with a lo w melting and bo iling po int are said to  be very vo latile

The strength o f the intermo lecular fo rces increases with

the siz e  o f the mo lecule

the increase in the po larity  o f the mo lecule

Drawing the structure o f the mo lecule helps identify and rank mo lecules acco rding to  bo iling

po int as the fo llo wing example sho ws:

Worked example

Place these three mo lecules in the co rrect o rder fro m lo west to  highest bo iling po int and explain

yo ur reaso ning:

             CH CH CH OH                 CH COCH           CH CH CH CH

Answer:

Step 1: The �rst thing to  do  is �nd the appro ximate relative mo lecular mass:

CH CH CH OH   = 60

CH COCH            = 58

CH CH CH CH   = 58

This tells yo u the mo lecules are appro ximately the same siz e so  the dispersio n fo rces will be

similar

3 2 2 3 3 3 2 2 3

3 2 2

3 3

3 2 2 3
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Step 2: Draw the structures o f the mo lecules and identify the intermo lecular fo rces present

So , the o rder o f bo iling fro m lo west to  highest is:

CH CH CH CH ˂ CH COCH    ˂CH CH CH OH

Solubilit y

The general principle is that 'like disso lves like' so  no n-po lar substances mo stly disso lve in no n-

po lar so lvents, like hydro carbo ns and they fo rm dispersio n fo rces between the so lvent and the

so lute

Po lar co valent substances generally disso lve in po lar so lvents as a result o f dipo le-dipo le

interactio ns o r the fo rmatio n o f hydro gen bo nds between the so lute and the so lvent

A go o d example o f this is seen in o rganic mo lecules such as alco ho ls and water:

Hydrogen bonds form between ethanol and water

As co valent mo lecules beco me larger their so lubility can decrease as the po lar part o f the

mo lecule is o nly a smaller part o f the o verall structure

This e�ect is seen in alco ho ls fo r example where ethano l, C H OH, is readily so luble but

hexano l, C H OH, is no t

3 2 2 3   3 3 3 2 2

2 5

6 13
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Po lar co valent substances are unable to  disso lve well in no n-po lar so lvents as their dipo le-ipo le

attractio ns are unable to  interact well with the so lvent

Giant co valent substances generally do n't disso lve in any so lvents as the energy needed to

o verco me the stro ng co valent bo nds in the lattice structures is to o  great

Conduct ivit y

As co valent substances do  no t co ntain any freely mo ving charged particles they are unable to

co nduct electricity in either the so lid o r liquid state

Ho wever, under certain co nditio ns so me po lar co valent mo lecules can io nise and will co nduct

electricity

So me giant co valent structures are capable o f co nducting electricity due to  delo calised

electro ns, as seen in Sectio n 4 .1.11 Giant Co valent Structures, but they are exceptio ns to  the

general rule

Co mparing the Pro perties o f  Co valent Co mpo unds Table
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Worked example

Co mpo und X has the fo llo wing pro perties:

What is the mo st pro bable structure o f X?

A. Netwo rk co valent

B. Po lar co valent mo lecule

C. Io nic lattice

D. Metallic lattice

Answer:

The co rrect o ptio n is A

A high melting po int is characteristic o f a giant structure, which co uld be metallic, io nic o r

co valent

The po o r co nductivity as a liquid and so lid wo uld match a giant co valent o r netwo rk co valent

structure

4.3.4 Metallic Bonding

Metallic Bonding

Metal ato ms are tightly packed to gether in lattice  structures

When the metal ato ms are in lattice  structures, the electro ns in their o uter shells are free to  mo ve

thro ugho ut the structure

The free-mo ving electro ns  are called ‘delo calised' electro ns and they are no t bo und to  their

ato m

When the electro ns are delo calised, the metal ato ms beco me po sitively  charged

The po sitive charges repel each o ther and keep the neatly arranged lattice in place

There are very stro ng electro static f o rces  between the po sitive metal centres and the ‘sea’ o f

delo calised electro ns
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The positive metal centres are suspended in a ‘sea’ of delocalised electrons
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Properties of Metals

Metallic co mpo unds are malleable

When a fo rce is applied, the metal layers can slide

The attractive f o rces between the metal io ns and electro ns act in all directio ns

So  when the layers slide, the metallic bo nds are re-fo rmed

The lattice is no t bro ken and has changed shape

Metallic co mpo unds are stro ng and hard

Due to  the stro ng attractive fo rces between the metal io ns and delo calised electro ns

Metals have high melting and bo iling po ints

Conduct ivit y

Metals can co nduct electricity when in the so lid  o r liquid  state

As bo th in the so lid and liquid state there are mo bile electro ns which can freely mo ve aro und

and co nduct electricity

Since the bo nding in metals is no n-directio nal, it do es no t really matter ho w the catio ns  are

o riented relative to  each o ther

The metal catio ns  can be mo ved aro und and there will still be delo calised electro ns available to

ho ld the catio ns  to gether

Metallic Bo nding Summary Table
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Strength of Metallic Bonds

No t all metallic bo nds are equal. There are several facto rs that a�ect the strength o f a metallic bo nd:

T he charge o n the metal io n

The greater the charge  o n the metal io n, the greater the number o f electro ns in the sea o f

delo calised electro ns and the greater the charge di�erence  between the io ns and the

electro ns

A greater charge di�erence leads to  a stro nger electro static attractio n, and therefo re a

stro nger metallic bo nd

This e�ect can be seen in melting po int data acro ss a perio d, as the charge o n the metal io n

increases  witho ut a signi�cant change in io nic radius:

Gro up 1 2 3 (13)

Metal So dium Magnesium Aluminium

Melting po int / K 371 923 933

T he radius o f  the metal io n

Metal io ns with smaller io nic radii exert a greater attractio n o n the sea o f delo calised electro ns

This greater attractio n means a stro nger metallic bo nd, requiring mo re energy to  break

This can be seen in data fro m metals, descending a gro up, where the charge o n the io n remains

co nstant but the io nic radius increases:

Perio d 3 4 5 

Metal So dium Po tassium Rubidium

Melting po int / K 371 336 312
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4.3.5 Trends in Melting Points of Metals

Trends in Melting Points of Metals

The strength o f electro static attractio n can be increased by:

Increasing the number o f delo calised electro ns  per metal ato m

Increasing the po sitive charges  o n the metal centres in the lattice

Decreasing the siz e  o f the metal io ns

These facto rs can be seen in the trends acro ss a perio d and do wn a gro up

Melting points of  metals across a period

If yo u co mpare the electro n co n�guratio n o f so dium, magnesium and aluminium yo u can see the

number o f valence electro ns increases

Na = 1s 2s 2p 3s

Mg = 1s 2s 2p 3s

Al  = 1s 2s 2p 3s 3p

Aluminium io ns are also  a smaller siz e than magnesium io ns o r so dium io ns and these two  facto rs

lead to  stro nger metallic bo nding which can be seen in the melting po ints

The stro nger the metallic bo nding, the mo re energy  is need to  break the metallic lattice and so

the higher the melting po int

As we go  acro ss perio d 3 we can see the e�ect o f stro nger metallic bo nding o n the metals

Remember o nly the �rst three elements have metallic bo nding in this graph

2 2 6 1

2 2 6 2

2 2 6 2 1
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Melting po ints as yo u go  acro ss a perio d. T he metallic bo nding gets stro nger f ro m Na to  Al

Melt ing point s of  met als down a group

As yo u go  do wn the gro up  the siz e o f the catio n increases so  this decreases the attractio n

between the valence electro ns and the metallic lattice, leading to  a reductio n o f the melting

po int
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Melting points as you go down a group of metals. The metallic bonding gets weaker from Li to Cs

Exam T ip

Yo u see fro m the graph that the melting po nt o f aluminium is no t that much higher than

magnesium. It is a reminder to  us that these are trends and no t rules abo ut melting po ints and

so metimes there are o ther facto rs which can result in subtle di�erences fro m what was

expected.One facto r here is the metal packing structure - this can also  in�uence the melting

po int, but it is beyo nd what is required in the IB Chemistry syllabus. Yo u just need to  learn and

explain the bro ad trends
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4.3.6 Alloys & their Properties

Alloys

Allo ys are mixtures o f metals, where the metals are mixed to gether physically but are no t

chemically co mbined

They can also  be made fro m metals mixed with no nmetals such as carbo n

Io ns o f the di�erent metals are spread thro ugho ut the lattice  and are bo und to gether by the

delo caliz ed  electro ns

It is po ssible to  fo rm allo ys because o f the no n-directio nal nature o f the metallic bo nds

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

presence of another element (Element X)

Allo ys have distinct pro perties due to  the di�erent packing o f the catio ns in the lattice

Allo ys o ften have pro perties that can be very di�erent  to  the metals they co ntain, fo r example

they can have greater strength, hardness  o r resistance  to  co rro sio n o r extreme temperatures

Allo ys co ntain ato ms o f di�erent  siz es, which disto rts  the regular arrangements o f catio ns

This makes it mo re di�cult fo r the layers to  slide o ver each o ther, so  they are usually much harder

than the pure metal
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Belo w is a table o f so me co mmo n allo ys and their uses:

Co mmo n Allo ys and their Uses Table

Exam T ip

Yo u do n't need to  learn the speci�c allo ys, but yo u sho uld be able to  use examples yo u kno w to

explain why allo ys have the pro perties they do  co mpared to  pure metals
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