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18.1.1 Lewis Theory

Lewis Theory of Acids & Bases

A mo re general definitio n o f acids and bases was given by G.N. Lewis who  defined them as:

A Lewis acid  is an electro n pair accepto r

A Lewis base  is an electro n pair do no r

General mechanism for Lewis acids and bases

This enabled a wider range o f substances to  be classed as acids o r bases

This can be sho wn in the fo llo wing examples in which a hydro xide io n, OH , and ammo nia, NH ,

do nate a pair o f electro ns to  a hydro gen io n

The OH ion and ammonia act as Lewis bases in both examples by donating an electron pair

Brønst ed-Lowry Acids and Bases

A Brø nsted-Lo wry acid is a species that can do nate a pro to n

Fo r example, hydro gen chlo ride (HCl) is a Brø nsted-Lo wry acid as it can lo se a pro to n to  fo rm

a hydro gen (H ) and chlo ride (Cl ) io n

HCl (aq) → H  (aq) + Cl (aq)

A Brø nsted-Lo wry base is a species that can accept a pro to n

Fo r example, a hydro xide (OH ) io n is a Brø nsted-Lo wry base as it can accept a pro to n to

fo rm water

OH  (aq) + H  (aq) → H O (l)
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Weak acids disso ciating

In an equilibrium reactio n, the pro ducts are fo rmed at the same rate as the reactants are used

This means that at equilibrium, bo th reactants and pro ducts are present in the so lutio n

Fo r example, ethano ic acid (CH COOH) is a weak acid that partially disso ciates in so lutio n

When equilibrium is established there are CH COOH, H O, CH COO  and H O io ns present in the

so lutio n

Lewis Acid, Lewis Base, Brønst ed-Lowry acid or Brønst ed-Lowry base

A po int to  co nsider when thinking abo ut Lewis acids and bases as well as Brø nsted-Lo wry acids and

bases is the do nating and accepting o f pro to ns

Brø nsted-Lo wry acid and base theo ry co nsiders acids as pro to n do no rs o nly

This do es no t o f co urse o ccur in every reactio n

Fo r example:

The lo ne pair o n the nitro gen ato m in ammo nia, NH , can be do nated to  the bo ro n ato m in

bo ro n trifluo ride, BF , creating a mo lecule o f NH BF

In this case, neither co mpo und reacts as an Brø nsted-Lo wry acid o r Brø nsted-Lo wry base as

no  pro to ns (H  io ns) are being do nated o r accepted

Only electro n pairs are being do nated and accepted

Ammonia donates a lone pair of electrons to form a coordinate bond 

Here bo ro n fo rms three sp  hybridised o rbitals leaving a vacant 2p  o rbital which allo ws the lo ne

pair o n the nitro gen ato m to  fo rm a dative co valent bo nd
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Hybridisation of the boron atom 

The fo llo wing mo lecules can behave as either Lewis bases and Brø nsted-Lo wry bases

Lewis bases as they can do nate an electro n pair

Brø nsted-Lo wry base as they can accept a pro to n

Examples of molecules that can behave both as Lewis bases and Brønsted-Lowry base
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Identifying Lewis Acids & Bases

In the case o f a co mplex io n, such as hexaaquaco pper(II), the water mo lecule is acting as a Lewis

base and the metal io n is acting as a Lewis acid

Co pper(II), like o ther transitio n metals, can fo rm a co mplex due to  a partially o ccupied d

subshell

Cu  (aq) + 6H O (l) → [Cu(H O) ]  (aq)

Hexaaquacopper(II) complex 

Given that Lewis acids can accept a pair o f electro ns, they can be classed as electro philes

An electro phile is a electro n-deficient species that can accept a lo ne pair fro m a

nucleo phile, in the same way the Cu  io n accepts electro n pairs fro m water

The cyanide io n, CN , water, H O , ammo nia , NH  , are examples o f Lewis bases and they can also

act as nucleo philes

Nucleo philes are electro n rich species with at least o n pair o f lo ne electro ns

2+
2 2 6

2+

2+

-
2 3

Page 4 of 21
For more help visit our website www.exampaperspractice.co.uk



Worked example

Identify the Lewis acid and Lewis base in the fo llo wing reactio n

Methanoate ion reacting with water

Answer

The Lewis acid is water, H O

The hydro gen in the water mo lecule is accepting a pair o f electro ns leaving an OH  io n

The Lewis base is the methano ate io n, HCOO

The lo ne pair o f electro ns in the methano ate io n fo rms a co o rdinate bo nd with o ne o f the

hydro gens fro m the water mo lecule

We have seen previo usly that water can act as a Brø nsted-Lo wry acid o r base, so  it sho uld be no

surprise that water can act as bo th a Lewis acid o r base depending o n ho w it is interacting with o ther

species
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18.1.2 pH Curves

pH Curves

During a titratio n, a pH meter can be used and a pH curve plo tted

A pH curve is a graph sho wing ho w the pH o f a so lutio n changes as the acid (o r base) is added

The features of a pH curve

All pH curves sho w an s-shape curve

pH curves yield useful info rmatio n abo ut ho w the acid and alkali react to gether with

sto ichio metric info rmatio n

The midpo int o f the inflectio n is called the equivalence  o r sto ichio metric po int

Fro m the curves yo u can:

Determine the pH o f the acid by lo o king where the curve starts o n the y-axis

Find the pH at the equivalence po int

Find vo lume o f base at the equivalence po int
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Obtain the range o f pH at the vertical sectio n o f the curve

Four Types of  Acid-Base T it rat ions

There are fo ur co mbinatio ns o f acids and alkalis that yo u sho uld kno w abo ut:

stro ng acid + stro ng base

weak acid + stro ng base

weak base + stro ng acid

weak acid + weak base

St rong Acid + St rong Base

In this example, so dium hydro xide, NaOH (aq), is being added to  hydro chlo ric acid, HCl (aq)

HCl (aq) + NaOH (aq) → NaCl (aq) + H O (l)

The pH intercept o n the y axis starts at a lo w pH, ro ughly 1, due to  the relative strength o f the

hydro chlo ric acid

As the NaOH (aq) is added, there is a gradual rise in pH until the titratio n appro aches the

equivalence po int

In this case, the pH at equivalence is 7

The equivalence po int is in the middle o f the vertical sectio n o f the pH curve

Once all o f the acid has been neutralised, the curve flattens o ut and co ntinues to  rise gradually

At the end o f the titratio n, the pH will be high due to  the relative strength o f the so dium hydro xide

2
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Strong acid - strong base pH curve 

Weak Acid + St rong Base

In this example, stro ng so dium hydro xide, NaOH (aq), is being added to  weak ethano ic acid,

CH COOH (aq)

NaOH (aq) + CH COOH (aq) → CH COONa (aq) + H O (l)

The pH o n the intercept o n the y axis starts at ro ughly 3 due to  the relative strength o f the ethano ic

acid

The initial rise in pH is steep as the neutralisatio n o f the weak acid by the stro ng base is rapid

Ethano ate io ns (co njugate base to  ethano ic acid) are fo rmed which then creates a buffer

A buffer co nsists o f a weak acid and its co njugate base o r a weak base and its co njugate

acid

At this po int, the buffer fo rmed will resist changes in pH so  the pH rises gradually as sho wn in the

buffer regio n

The half  equivalence po int  is the stage o f the titratio n at which exactly half the amo unt o f weak

acid has been neutralised

[CH COOH (aq)] = [CH COO  (aq)]

At this po int, it is impo rtant to  no te that the pK  o f the acid is equal to  the pH

pK  = pH at half  equivalence 
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The equivalence po int in a weak acid - stro ng base titratio n is abo ve 7

Weak acid - strong base pH curve 

Weak Base + St rong Acid

In this example, stro ng hydro chlo ric acid, HCl (aq), is being added to  weak ammo nia, NH  (aq)

NH  (aq) + HCl (aq) → NH Cl (aq)

The pH o n the intercept o n the y axis starts at ro ughly 11 due to  the relative strength o f the

ammo nia

The pH will fall as the ammo nia begins to  be neutralised and the co njugate acid, NH  (aq), is

pro duced

This again creates a buffer regio n so  the pH will o nly fall gradually

The half  equivalence po int  is the stage o f the titratio n at which exactly half the amo unt o f weak

base has been neutralised

[NH  (aq)] = [NH  (aq)]

At this po int it is impo rtant to  no te that the pK  o f the base is equal to  the pOH

pK  = pOH at half  equivalence 

The pH at equivalence fo r a weak base-stro ng acid is belo w 7

3

3 4

4
+

3 4
+

b

b

Page 9 of 21
For more help visit our website www.exampaperspractice.co.uk



Weak base - strong acid pH curve 

Weak Acid + Weak Base

In this example, weak ethano ic acid, CH COOH (aq), is being added to  weak ammo nia, NH  (aq)

NH  (aq) + CH COOH (aq)→ CH COONH  (aq)

The starting pH o f ro ughly 11 fo r the weak base will fall as it begins to  neutralise

The change in pH fo r this titratio n is very gradual

No te the that the vertical sectio n o f this pH curve is no t steep as with o ther three so  the

equivalence po int is difficult to  determine

Therefo re this titratio n is no t perfo rmed

The pH at equivalence fo r a weak acid -weak base is ro ughly 7  but is difficult to  determine

3 3
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Page 10 of 21
For more help visit our website www.exampaperspractice.co.uk



Weak acid - weak base pH curve 
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18.1.3 Indicators

Indicators

An acid-base indicato r is a weak acid which disso ciates to  give an anio n o f a different co lo ur

Co nsider a weak acid, HIn:

HIn (aq)  + H O (l)  ⇌ H O  (aq) + In (aq)

co lo ur 1                   ⇌                    co lo ur 2

HIn and its co njugate base In  are different co lo urs

The co lo ur o f the so lutio n depends o n the relative co ncentratio ns o f the two  species

If the so lutio n is acidic, the abo ve equilibrium will be shifted to  the left and mo re HIn will be

present

Co lo ur 1 will do minate

If the so lutio n is alkaline, the abo ve equilibrium will shift to  the right and mo re In  will be present

Co lo ur 2 will do minate

The co lo ur o f the indicato r depends o n the pH o f the so lutio n

The co lo ur do es no t change suddenly at a certain pH, but changes gradually o ver a pH range

The co lo ur o f the indicato r depends o n the ratio  o f [HIn] to  [In ]

The pH at which these transitio ns will o ccur depends o n the K o f the indicato r

The endpo int o f the reactio n is where there is a balance between [HIn] and [In ]. At this po int these

two  co ncentratio ns are equal:

Taking negative lo gs o f bo th sides:

pK = pH

This means the pK o f an indicato r is the same as the pH o f its endpo int

The co lo ur change fo r mo st indicato rs takes place o ver a range o f pH = pK ± 1
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Weak bases as indicat ors

An indicato r can also  be a weak base:

BOH (aq) ⇌ B  (aq) + OH  (aq) 

                                                           co lo ur 1    ⇌     co lo ur 2

Fo r such indicato rs:

Co lo ur 1 is o bserved in alkaline co nditio ns

Co lo ur 2 is o bserved in acidic co nditio ns

Choosing a suit able indicat or

Aro und the equivalence po int o f a titratio n, the pH changes very rapidly

Indicato rs  change co lo ur o ver a narro w pH range, appro ximately centred aro und the pK  o f the

indicato r

An indicato r will be appro priate fo r a titratio n if the pH range o f the indicato r falls within the rapid

pH change fo r that titratio n

Co mmo n Indicato rs and their co lo urs table

Stro ng acid - stro ng base

In stro ng acid – stro ng base titratio ns, the pH changes fro m 4 to  10 at the end-po int so  a suitable

indicato r must change co lo ur within this range

Methyl red  and pheno lphthalein are suitable indicato rs fo r these titratio ns

+ -

a

Page 13 of 21
For more help visit our website www.exampaperspractice.co.uk



Methyl o range  is no t ideal but it sho ws a significant eno ugh co lo ur change at the end po int

so  is widely used

Weak acid - stro ng base

In weak acid – stro ng base titratio ns, the pH changes fro m 7 to  10 at the end-po int so  a suitable

indicato r must change co lo ur within this range

Pheno lphthalein is the o nly suitable indicato r fo r weak acid – stro ng base titratio ns that is

widely available

Stro ng acid - weak base

In stro ng acid – weak base titratio ns, the pH changes fro m 4 to  7 at the end-po int so  a suitable

indicato r must change co lo ur within this range

Methyl red  is the mo st suitable indicato r fo r these titratio ns

Ho wever, methyl o range  is o ften used since it sho ws a significant eno ugh co lo ur change at

the end-po int and is mo re widely available than methyl red

Weak acid - weak base

In weak acid - weak alkali titratio ns, there is no  sudden pH change  at the end-po int and thus there

are no  suitable indicato rs  fo r these titratio ns

The end-po ints o f these titratio ns canno t be easily determined

The overlay on the graph shows that both phenolphthalein and methyl orange would change colour

outside the point of in�ection in a weak acid-weak base titration so they would not be able to show the

equivalence point of the titration
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18.1.4 Buffers

Buffers

A buffer so lutio n is a so lutio n which resists changes in pH when small amo unts o f acid o r base

are added

A buffer so lutio n is used to  keep the pH almo st co nstant

A buffer can co nsist o f weak acid – co njugate base o r weak base – co njugate acid

Et hanoic acid & sodium et hanoat e as a buffer

A co mmo n buffer so lutio n is an aqueo us mixture o f ethano ic acid and so dium ethano ate

Ethano ic acid is a weak acid and partially io nises in so lutio n to  fo rm a relatively lo w co ncentratio n

o f ethano ate io ns

CH COOH (aq) ⇌ H (aq) + CH COO (aq) 

ethano ic acid        ⇌                ethano ate

high co nc              ⇌                 lo w co nc

So dium ethano ate is a salt  which fully io nises in so lutio n

CH COONa + aq → Na  (aq) + CH COO (aq) 

so dium ethano ate      →                 ethano ate io n

lo w co nc.          →                   high conc.

There are reserve supplies o f the acid (CH COOH) and its co njugate base (CH COO )

The buffer so lutio n co ntains relatively high co ncentratio ns o f CH COOH (due to  the partial

io nisatio n o f ethano ic acid) and CH COO  (due to  the full io nisatio n o f so dium ethano ate)

In the buffer so lutio n, the ethano ic acid is in equilibrium with hydro gen and ethano ate io ns

CH COOH (aq) ⇌ H (aq) + CH COO (aq) 

high co nc.                               high co nc.

Adding H  io ns to  a buffer so lutio n:

The equilibrium po sitio n shifts to  the lef t  as H io ns react with CH COO  io ns to  fo rm mo re

CH COOH until equilibrium is re-established

As there is a large reserve supply o f CH COO , the co ncentratio n o f CH COO  in so lutio n do esn’t

change much as it reacts with the added H io ns
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As there is a large reserve supply o f CH COOH, the co ncentratio n o f CH COOH in so lutio n

do esn’t change much as CH COOH is fo rmed fro m the reactio n o f CH COO  with H

As a result, the pH remains reaso nably co nstant

When hydrogen ions are added to the solution the pH of the solution would decrease. However, the

ethanoate ions in the buffer solution react with the hydrogen ions to prevent this and keep the pH

constant

Adding OH  io ns to  a buffer so lutio n:

The OH  reacts with H  to  fo rm water

OH  (aq) + H (aq) → H O (l)

The H  co ncentratio n decreases

The equilibrium po sitio n shifts to  the right  and mo re CH COOH mo lecules io nise to  fo rm mo re

H  and CH COO  until equilibrium is re-established

CH COOH (aq) ⇌ H  (aq) + CH COO  (aq)

As there is a large reserve supply o f CH COOH, the co ncentratio n o f CH COOH in so lutio n

do esn’t change much when CH COOH disso ciates to  fo rm mo re H io ns

As there is a large reserve supply o f CH COO , the co ncentratio n o f CH COO  in so lutio n do esn’t

change much

As a result, the pH remains reaso nably co nstant

3 3
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When hydroxide ions are added to the solution, the hydrogen ions react with them to form water; The

decrease in hydrogen ions would mean that the pH would increase however the equilibrium moves to the

right to replace the removed hydrogen ions and keep the pH constant
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Exam T ip

Remember that buffer so lutio ns canno t co pe with excessive additio n o f acids o r alkalis as their

pH will change significantly.The pH will o nly remain relatively co nstant if small amo unts o f acids o r

alkalis are added.

T he Buffer Region

These are seen o n a pH curve and represent the regio n where small additio ns in acid o r base

result in little change in the o verall pH o f the so lutio n

Fo r a weak acid - stro ng base titratio n between so dium hydro xide, NaOH (aq) , and ethano ic acid,

CH COOH (aq)

NaOH (aq) + CH COOH (aq) → CH COONa (aq) + H O (l)

The initial rise in pH is steep as the neutralisatio n o f the weak acid by the stro ng base is rapid

So dium ethano ate is then fo rmed which creates a buffer that will resist changes in pH so  the pH

rises gradually

A buffer co nsists o f a weak acid and its co njugate salt

This sectio n o f the curve is kno wn as the buffer regio n

Only small increases in pH are seen when the stro ng base is added in this part o f the titratio n curve

At this po int, the acid is in equilibrium with the salt io n

CH COOH (aq) + H O (l) ⇌ CH COO + H O  (aq)

Co ntinuing to  add the stro ng base will 'use up' all o f the acid so  the fo rward reactio n will then be

favo ured

3

3 3 2

3 2 3
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Bu�er region shown is a weak acid - strong base titration curve 
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A buffer regio n is also  o bserved during a weak base - stro ng acid titratio n

Ammo nia, NH  (aq), and hydro chlo ric acid, HCl (aq), is a co mmo n example

NH  (aq) + HCl (aq) → NH Cl (aq)

The starting pH o f the weak base will fall as it begins to  be neutralised and the co njugate acid,

NH  (aq), will be pro duced

This results in a buffer that resists change in pH

Due to  this, the pH will o nly fall gradually

3
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Bu�er region shown is a weak base - strong acid titration curve 
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18.1.5 Salt Hydrolysis

Salt Hydrolysis

An io nic salt is fo rmed fro m the neutralisatio n reactio n o f an acid and base

Neutralisation 

The io nic salt, MA, fo rmed will disso ciate in water

Hydro lysis  is where water is used to  break a bo nd within a co mpo und, which results in the

aqueo us io ns fo r an io nic salt

The reactio n o f the salt will vary depending o n the strength o f the acids and bases used in the

neutralisatio n reactio n

The use o f the differing strengths o f the acids and bases will directly influence the type o f salt

hydro lysis and the pH o f the final so lutio n

St rong Acids and St rong Bases

A co mmo n example o f this is the reactio n between hydro chlo ric acid, HCl (aq), and so dium

hydro xide (aq):

HCl (aq) + NaOH (aq) → NaCl (aq) + H O

The Na  and Cl  io ns do  no t act as Brø nsted-Lo wry acids or bases as they can not

release or accept H  ions

T herefore, they do not affect the pH

St rong Acid and Weak Base

The salt fo rmed by a stro ng acid such as hydro chlo ric acid, HCl (aq), and a weak base such as

ammo nia, NH  (aq), will fo rm an acidic so lutio n:

HCl (aq) + NH  (aq) → NH Cl (aq)

In this reactio n, the co njugate acid o f ammo nia is fo rmed, NH , and can react with water to

pro duce H O
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NH  (aq) + H O (l) → H O  (aq) + NH (aq) 

Therefo re, the so lutio n beco mes mo re acidic

The hydro lysis o f this salt demo nstrates why the equivalence po int o f a stro ng acid - weak base

pH curve is belo w 7

St rong Base and Weak Acid

The salt fo rmed by a stro ng base such as so dium hydro xide, NaOH (aq), and a weak acid such as

ethano ic acid, CH COOH (aq), will fo rm an alkaline so lutio n:

NaOH (aq) + CH COOH (aq) → CH COONa (aq) + H O (l)

In this reactio n, the co njugate base o f ethano ic acid is pro duced, CH COO  (aq), and this will

react with water to  fo rm hydro xide io ns, OH  (aq)

CH COO  (aq) + H O (l) → CH COOH (aq) + OH (aq)

Therefo re, the so lutio n beco mes mo re basic

The hydro lysis o f this salt demo nstrates why the equivalence po int o f a stro ng base - weak acid

pH curve is abo ve 7

Weak Acid and Weak Base

In o rder to  determine the pH o f the resulting so lutio n o f a reactio n between a weak acid and

weak base we must take into  acco unt the K  and K  values

Using the reactio n between ammo nia, NH  (aq), and ethano ic acid, CH COOH (aq), as an example:

NH  (aq) + CH COOH (aq)→ CH COONH  (aq)

Bo th the catio n (po sitive io n) and anio n io n (negative) pro duced will have acid-base pro perties

CH COO  (aq) + H O (l) → CH COOH (aq) + OH (aq)

NH  (aq) + H O (l) → H O  (aq) + NH (aq) 

How to calculate the vales for the values of K (cation) and K (anion)
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If the K is larger, the so lutio n will be acidic

If the K is larger the so lutio n will be basic

If K = K , then the pH will be 7

Met als

Small metal io ns that have a high charge will exhibit a high charge density

An example is Al

This makes the highly charged metal io ns ideal fo r fo rming co mplexes as they can co o rdinately

bo nd with ligands

The co mplex fo rmed can then act as a weak acid by releasing hydro gen io ns when hydro lysed, H

The high charge density o f the metal io n increases the po larity o f the water mo lecule pulling the

electro ns to wards itself, until the O-H bo nd finally breaks

[Al(H O) ]  (aq) → [Al(H O) (OH)]  (aq) + H  (aq)

The metal io n must have a high eno ugh charge and small radius fo r this to  o ccur, co nsequently, 1+

and 2+ io ns will no t release H  io ns and therefo re decrease the pH o f a so lutio n

The [Al(H O) ]  (aq) releases an H+ ion decreasing the pH of the solution 
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