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4.1.1 Forming Ions

Forming Ions

As a general rule, metals  are o n the lef t  o f the Perio dic Table and no n-metals  are o n the right-

hand  side

Io nic bo nds  invo lve the transf er o f electro ns fro m a metallic  element to  a no n-metallic  element

Transferring electro ns usually leaves the metal and the no n-metal with a f ull o uter shell

Metals lo se  electro ns fro m their valence shell fo rming po sitively charged  catio ns

No n-metal ato ms gain electro ns fo rming negatively charged  anio ns

Once the ato ms beco me io ns, their electro nic co n�guratio ns are the same as a no ble gas.

A so dium io n (Na ) has the same electro nic co n�guratio n as neo n: [2,8]

A chlo ride io n (Cl ) also  has the same electro nic co n�guratio n as argo n: [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

Catio ns  and anio ns  are o ppo sitely charged and therefo re attracted to  each o ther

Electro static attractio ns  are fo rmed between the o ppo sitely charged io ns to  fo rm io nic

co mpo unds

This fo rm o f attractio n is very stro ng and requires a lo t o f energy to  o verco me

This causes high melting po ints in io nic co mpo unds
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Cations and anions bond together using strong electrostatic forces, which require a lot of energy to

overcome

Exam T ip

Metals  usually lo se  all electro ns fro m their o uter valence shell to  beco me catio ns.Yo u can make

use o f the gro ups o n the perio dic table to  wo rk o ut ho w many electro ns an ato m is likely to  lo se

o r gain by lo o king at the gro up  an ato m belo ngs to .
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4.1.2 Ionic Compounds

Ionic Lattices

The io ns fo rm a lattice structure  which is an evenly distributed crystalline structure

Io ns in a lattice are arranged in a regular repeating pattern so  that po sitive charges cancel o ut

negative charges

Therefo re the �nal lattice is o verall electrically neutral
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Properties of Ionic Compounds

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

Ionic bonding & giant ionic lattice structures

Io nic co mpo unds are stro ng

The stro ng electro static f o rces  in io nic co mpo unds keep the io ns held stro ngly to gether

They are brittle as io nic crystals can split apart

Io nic co mpo unds have high melting and bo iling po ints

The stro ng electro static fo rces between the io ns in the lattice act in all directio ns and keep

them stro ngly to gether

Melting and bo iling po ints increase with the charge density o f the io ns due to  the greater

electro static attractio n o f charges

Mg O  has a higher melting po int than Na Cl

Io nic co mpo unds are so luble in water as they can fo rm io n-dipo le bo nds

Io nic co mpo unds o nly co nduct electricity  when mo lten o r in so lutio n

When mo lten o r in so lutio n, the io ns can freely mo ve aro und and co nduct electricity

As a so lid, the io ns are in a �xed po sitio n and unable to  mo ve aro und

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

Giant io nic Giant metallic Simple co valent Giant co valent

Melting /

bo iling po int
High

Mo derately high to

high
Lo w Very high

Electrical

co nductivity 

Only when mo lten o r

in so lutio n
When so lid o r liquid

Do  no t co nduct

electricity

Do  no t co nduct

electricity

(except graphite)

So lubility So luble
Inso luble but so me

may react

Usually inso luble

unless they are po lar
Inso luble

Hardness Hard, brittle Hard, malleable So ft

Very hard (diamo nd

and silica) o r so ft

(graphite)

Physical state

at ro o m

So lid So lid So lid, liquid o r gas So lid

2+ 2– + –
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temperature

Fo rces

Electro static

attractio n between

io ns

Delo calised

electro ns attracting

po sitive io ns

Weak intermo lecular

fo rces and co valent

bo nds within a

mo lecule

Electro ns in

co valent bo nds

between ato ms 

Particles Io ns
Po sitive io ns in a sea

o f electro ns
Small mo lecules Ato ms

Examples NaCl Co pper  Br
Graphite, silico n(IV)

o xide
2
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Worked example

The table belo w sho ws the physical pro perties o f substances X, Y and Z .

Substance  Melting po int ( C)

Electrical

co nductivity

when mo lten

So lubility in water

X 839 Go o d So luble

Y 95 Very po o r Almo st inso luble

Z 1389 Go o d Inso luble

Which o ne o f the fo llo wing statements abo ut X, Y and Z  is co mpletely true?

Statement 1: X has a giant io nic structure, Y has a giant mo lecular structure, Z  is a metal

Statement 2: X is a metal, Y has a simple mo lecular structure, Z  has a giant mo lecular structure

Statement 3: X is a metal, Y has a simple mo lecular structure, Z  has a giant io nic structure

Statement 4 : X has a giant io nic structure, Y has a simple mo lecular structure, Z  is a metal

Answer:

Co mpo und X has a relatively high melting po int, is so luble in water and co nducts electricity

when mo lten

This suggests that X has a giant io nic structure

Co mpo und Y has a lo w melting po int which suggests that little energy is needed to  break the

lattice

This suggests that Y is a simple mo lecular structure

This is further suppo rted by its lo w electrical co nductivity and it being almo st inso luble in

water

Co mpo und Z  has a very high melting po int, which is characteristic o f either metallic, giant

io nic lattices o r giant co valent / mo lecular lattices

Ho wever since it is inso luble in water, co mpo und Z  must be a metal

Therefo re, the co rrect answer is Statement 4

o
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4.1.3 Formulae & Names of Ionic Compounds

Formulae & Names of Ionic Compounds

Io nic co mpo unds  are fo rmed fro m a metal and a no nmetal bo nded to gether

Io nic co mpo unds are electrically neutral; the po sitive charges equal the negative charges

Charges on posit ive ions

All metals fo rm po sitive  io ns

There are so me no n-metal po sitive io ns such as ammo nium, NH , and hydro gen, H

The metals  in Gro up 1, Gro up 2 and Gro up 13 have a charge o f 1+ and 2+ and 3+ respectively

The charge o n the io ns o f the transitio n elements can vary  which is why Ro man numerals are

o ften used to  indicate their charge

This is kno wn as Sto ck no tatio n after the German chemist Alfred Sto ck

Ro man numerals  are used in so me co mpo unds fo rmed fro m transitio n elements to  sho w the

charge  (o r o xidatio n state) o f metal io ns

Eg. in co pper (II) o xide, the co pper io n has a charge o f 2+ whereas in co pper (I) nitrate, the

co pper has a charge o f 1+

Non-met al ions

The no n-metals  in gro up 15 to  17 have a negative charge and have the su�x ‘ide’

Eg. nitride, chlo ride, bro mide, io dide

Elements in gro up 17 gain 1 electro n so  have a 1− charge, eg. Br

Elements in gro up 16 gain 2 electro ns so  have a 2− charge, eg. O

Elements in gro up 15 gain 3 electro ns so  have a 3− charge, eg. N

There are also  mo re po lyato mic  o r co mpo und negative io ns, which are negative io ns made up o f

mo re than o ne type o f ato m

4
+ +

-

2−

3−

The charges of simple ions depend on their position in the Periodic Table

There are seven po lyato mic io ns yo u need to  kno w fo r IB Chemistry:

Fo rmulae o f  Po lyato mic Io ns Table
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Worked example

Determine the fo rmulae o f the fo llo wing io nic co mpo unds

�. magnesium chlo ride

�. aluminium o xide

�. ammo nium sulfate

Answer:

Answer 1: Magnesium chlo ride

Magnesium is in gro up 2 so  has a charge o f 2+

Chlo rine is in gro up 17 so  has a charge o f 1−

Magnesium needs two  chlo rine ato ms fo r each magnesium ato m to  be balanced so  the

fo rmula is MgCl

Answer 2: Aluminium o xide

2
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Aluminum is in gro up 13 so  the io n has a charge o f 3+

Oxygen is in gro up 16 so  has a charge o f 2−

The charges need to  be equal so  2 aluminium to  3 o xygen ato ms will balance electrically, so

the fo rmula is Al O

Answer 3: Ammo nium sulf ate

Ammo nium is a po lyato mic io n with a charge o f 1+

Sulfate is a po lyato mic io n and has a charge o f 2−

The po lyato mic io n needs to  be placed in a bracket if mo re than 1 is needed

The fo rmula o f ammo nium nitrate is (NH ) SO

Exam T ip

Remember: po lyato mic io ns are io ns that co ntain mo re than o ne type o f element, such as OH

2 3

4 2 4

-

4.1.4 Covalent Bonds

Covalent Bonds

Co valent  bo nding o ccurs between two  no n-metals

A co valent bo nd invo lves the electro static attractio n between nuclei o f two  ato ms and the

electro ns o f their o uter shells

No electro ns  are transf erred  but o nly shared in this type o f bo nding

When a co valent bo nd is fo rmed, two  ato mic o rbitals  o verlap and a mo lecular o rbital is fo rmed

Co valent bo nding happens because the electro ns are mo re stable when attracted to  two  nuclei

than when attracted to  o nly o ne

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

In a no rmal co valent bo nd, each ato m pro vide o ne o f the electro ns in the bo nd. A co valent bo nd

is represented by a sho rt straight line between the two  ato ms, H-H

Co valent bo nds sho uld no t be regarded as shared electro n pairs in a �xed po sitio n; the

electro ns are in a state o f co nstant mo tio n and are best regarded as charge clo uds
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A representation of electron charge clouds. The electrons can be found anywhere in the charge clouds

No n-metals  are able to  share  pairs o f electro ns to  fo rm di�erent types o f co valent bo nds

Sharing electro ns in the co valent bo nd allo ws each o f the 2 ato ms to  achieve an electro n

co n�guratio n similar to  a no ble gas

This makes each ato m mo re stable

In so me instances, the central ato m o f a co valently bo nded mo lecule can acco mmo date mo re

o r less  than 8 electro ns in its o uter shell

Being able to  acco mmo date mo re  than 8 electro ns in the o uter shell is kno wn as ‘expanding

the o ctet rule’

Acco mmo dating less  than 8 electro ns in the o uter shell means than the central ato m is

‘electro n de�cient’

So me examples o f this can be fo und in the sectio n o n Lewis structures

Exam T ip

Co valent bo nding takes place between two  no nmetal ato ms.Remember to  use the perio dic

table to  decide ho w many electro ns are in the o uter shell o f a no nmetal ato m.

Predicting Covalent Bonding

The di�erences in Pauling electro negativity values can be used to  predict whether a bo nd is

co valent o r io nic in character

Elect ronegat ivit y & covalent  bonds

In diato mic mo lecules  the electro n density is shared equally between the two  ato ms

Eg. H , O  and Cl

Bo th ato ms will have the same electro negativity value and have an equal attractio n fo r the

bo nding pair o f electro ns leading to  fo rmatio n o f a co valent bo nd

A di�erence o f less than aro und 1.0 in electro negativity values will be asso ciated with co valent

bo nds, altho ugh between 1.0 and 2.0 can be co nsidered po lar co valent:

Yo u can use the Pauling scale to  decide whether a bo nd is po lar o r no npo lar:

2 2 2
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Coordinate Bonds

In simple co valent bo nds  the two  ato ms invo lved share electro ns

So me mo lecules have a lo ne  pair o f electro ns that can be do nated to  fo rm a bo nd with an

electro n-de�cient  ato m

An electro n-de�cient ato m is an ato m that has an un�lled o uter o rbital

So  bo th electro ns  are fro m the same ato m

This type o f bo nding is called dative co valent bo nding o r co o rdinate bo nd

An example o f a dative bo nd is in an ammo nium io n

The hydro gen io n, H is electro n-de�cient and has space fo r two  electro ns in its shell

The nitro gen ato m in ammo nia has a lo ne pair o f electro ns which it can do nate to  the

hydro gen io n to  fo rm a dative co valent bo nd

Ammonia (NH ) can donate a lone pair to an electron-de�cient proton (H ) to form a charged ammonium

ion (NH )

Mo re examples o f co o rdinate bo nding can be fo und in the sectio n o n Lewis Structures

+ 

3
+

4
+
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Multiple Bonds

No n-metals  are able to  share  mo re than o ne pair o f electro ns to  fo rm di�erent types o f co valent

bo nds

Sharing electro ns in the co valent bo nd allo ws each o f the 2 ato ms to  achieve an electro n

co n�guratio n similar to  a no ble gas

This makes each ato m mo re stable

It is no t po ssible to  fo rm a quadruple bo nd as the repulsio n fro m having 8 electro ns in the same

regio n between the two  nuclei is to o  great

Co valent Bo nds & Shared Electro ns Table
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Bond Length & Strength

Bond energy

The bo nd energy is the energy required to  break o ne mo le o f a particular co valent bo nd in the

gaseo us states

Bo nd energy has units o f kJ mo l

The larger the bo nd energy, the stro nger the co valent bo nd is

Bond lengt h

The bo nd length is internuclear distance o f  two  co valently bo nded ato ms

It is the distance fro m the nucleus o f o ne ato m to  ano ther ato m which fo rms the co valent

bo nd

The greater the fo rces o f attractio n between electro ns and nuclei, the mo re the ato ms are

pulled clo ser to  each o ther

This decreases the bo nd length o f a mo lecule and increases the strength o f the co valent bo nd

Triple bo nds are the sho rtest  and stro ngest  co valent bo nds due to  the large electro n density

between the nuclei o f the two  ato ms

This increase the fo rces o f attractio n between the electro ns and nuclei o f the ato ms

As a result o f this, the ato ms are pulled clo ser to gether causing a sho rter bo nd length

The increased fo rces o f attractio n also  means that the co valent bo nd is stro nger

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

Test yo ur kno wledge o f co valent bo nding:

-1

Page 14 of 21
For more help visit our website www.exampaperspractice.co.uk



Worked example

Which mo lecules react to gether to  fo rm a dative co valent bo nd?

A. Cl and HF

B. C H and Cl

C. NH  and HF

D. CH and NH

Answer:

The co rrect o ptio n is C.

To  fo rm a dative co valent bo nd o ne species must have a lo ne pair o f electro ns and the o ther

must be electro n de�cient.

NH has a lo ne pair and HF splits into  H  (electro n de�cient) and F

 NH  +  HF → NH  F

2

2 2 2

3

4 3

3 
+ -

3 4
+ -

4.1.5 Bond Polarity

Bond Polarity

When two  ato ms in a co valent bo nd have the same electro negativity the co valent bo nd is

no npo lar

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

between the two atoms

When two  ato ms in a co valent bo nd have di�erent electro negativities the co valent bo nd is

po lar and the electro ns will be drawn to wards the mo re electro negative ato m

As a result o f this:

The negative charge centre and po sitive charge centre do  no t co incide with each o ther

This means that the electro n distributio n is asymmetric

The less electro negative  ato m gets a partial charge o f δ+ (delta po sitive)

The mo re electro negative  ato m gets a partial charge o f δ- (delta negative)

The greater the di�erence in electro negativity  the mo re po lar the bo nd beco mes
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Dipole moment

The dipo le mo ment is a measure o f ho w po lar a bo nd is

The directio n o f the dipo le mo ment is sho wn by the fo llo wing sign in which the arro w po ints to

the partially negatively charged end o f the dipo le:

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

dipole

Worked example

The electro negativity values o f fo ur elements are given.

C = 2.6        N = 3.0       O = 3.4        F = 4 .0

What is the o rder o f increasing po larity o f the bo nds  in the fo llo wing co mpo unds?

A. CO < OF  < NO < CF

B. NO < OF  < CO < CF

C. CF  < CO < OF  < NO

D. CF  < NO < OF  < CO

Answer:

The co rrect o ptio n is B.

Yo u have to  calculate the di�erence in electro negativity fo r the bo nds and then rank them

fro m smallest to  largest:

NO  (3.4 - 3.0 = 0.4 )

OF (4.0 - 3.4 = 0.6)

CO   (3.4 - 2.6 = 0.8)

CF   (4.0 - 2.6 = 1.4 )

2 4

2 4

4 2

4 2

2 

4
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4.1.6 Lewis Structures

Lewis Structures

Lewis structures  are simpli�ed electro n shell diagrams and sho w pairs o f electro ns aro und

ato ms.

A pair o f electro ns can be represented by do ts, cro sses, a co mbinatio n o f do ts and cro sses o r

by a line. Fo r example, chlo rine can be sho wn as:

Di�erent Lewis Structures for chlorine molecules

No te: Cl–Cl is no t a Lewis structure, since it do es no t sho w all the electro n pairs.

The “o ctet rule” refers to  the tendency o f ato ms to  gain a valence shell with a to tal o f 8 electro ns

St eps f or drawing Lewis St ruct ures

�. Co unt the to tal number o f valence

�. Draw the skeletal structure  to  sho w ho w many ato ms are linked to  each o ther.

�. Use a pair o f cro sses o r do t/cro ss to  put an electro n pair in each bo nd between the ato ms.

�. Add mo re electro n pairs to  co mplete the o ctets aro und the ato ms ( except H which has 2

electro ns)

�. If there are no t eno ugh electro ns to  co mplete the o ctets, fo rm do uble/triple bo nds.

�. Check the to tal number o f electro ns in the �nished structure is equal to  the to tal number o f

valence  electro ns

Worked example

Draw a Lewis structure fo r CCl

Answer:

4
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Steps in drawing the Lewis Structure for CCl

Furt her examples of  Lewis st ruct ures

Fo llo w the steps fo r drawing Lewis structures fo r these co mmo n mo lecules

4
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Incomplete Octets

Fo r elements belo w ato mic number 20 the o ctet rule  states that the ato ms try to  achieve 8

electro ns in their valence shells, so  they have the same electro n co n�guratio n as a no ble gas

Ho wever, there are so me elements that are exceptio ns to  the o ctet rule, such a H, Li, Be, B and Al

H can achieve a stable arrangement by gaining an electro n to  beco me 1s , the same structure

as the no ble gas helium

Li do es the same, but lo sing an electro n and go ing fro m 1s 2s to  1s  to  beco me a Li  io n

Be fro m gro up 2, has two  valence electro ns and fo rms stable co mpo unds with just fo ur

electro ns in the valence shell

B and Al in gro up 13 have 3 valence electro ns and can fo rm stable co mpo unds with o nly 6

valence electro ns

There are two  examples o f Lewis structures  with inco mplete o ctets yo u sho uld kno w, BeCl

and BF :

Inco mplete Octets Examples

Test yo ur understanding o f Lewis diagrams in the fo llo wing example:

2

2 1 2 +

2

3
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Worked example

Ho w many electro ns are in the 2−amino ethano ic acid mo lecule?

A.  18

B.  20

C.  28

D.  30

Answer:

The co rrect o ptio n is D.

Yo u must co unt the lo ne pairs o n N and O as well as the bo nding pairs. There are 5 ‘hidden’

pairs o f bo nding electro ns in the OH, CH  and NH gro ups. Hydro gen do es no t fo llo w the

o ctet rule.

2 2 
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