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8.1.1 Brønsted–Lowry Acids & Bases

Brønsted–Lowry Acids & Bases

T he Brø nsted-Lo wry T heo ry  defines acids and bases in terms o f pro to n transfer between

chemical co mpo unds

A Brø nsted-Lo wry acid  is a species that gives away  a pro to n (H )

A Brø nsted-Lo wry base is a species that accepts  a pro to n (H ) using its lo ne pair o f  electro ns

The diagram shows a Brønsted-Lowry acid which donates the proton to the Brønsted-Lowry base that

accepts the proton using its lone pair of electrons

The Brø nsted-Lo wry Theo ry is no t limited to  aqueo us so lutio ns o nly and can also  be applied to

reactio ns that o ccur in the gas phase

+

+
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Example of a Brønsted-Lowry acid and base reaction in the gas state

Worked example

Identify the co rrect ro le o f the species in the fo llo wing reactio n:

H PO (aq) + H O(l) → HPO (aq) + H O (aq)

Answer:

The co rrect o ptio n is A.

2 4
−

2 4
2−

3
+

H PO is do nating a pro to n to  H O, so  H PO  must be an acid and H O must be a base

Exam T ip

An ato m o f hydro gen co ntains 1 pro to n, 1 electro n and 0 neutro ns. When hydro gen lo ses an

electro n to  beco me H  o nly a pro to n remains, which is why a H  io n is also  called a pro to n.
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8.1.2 Conjugate Acid-Base Pairs

Conjugate Acid-Base Pairs

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

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

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

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

         acid                 base                    co njugate base             co njugate acid

The reactant CH COOH is linked to  the pro duct CH COO by the transfer o f a pro to n fro m the

acid to  the base

Similarly, the H O mo lecule is linked to  H O  io n by the transfer o f a pro to n

These pairs are therefo re called co njugate acid-base pairs

A co njugate acid-base pair is two  species that are different fro m each o ther by a H  io n

Co njugate here means related

In o ther wo rds, the acid and base are related to  each o ther by o ne pro to n difference

3 2 3
- 

3
+

3 3
- 

2 3
+

+

Amphiprotic Species

Species that can act bo th as pro to n do no rs and accepto rs are called amphipro tic

Eg. water as a Brø nsted-Lo wry acid

The diagram shows water acting as a Brønsted-Lowry acid by donating a proton to ammonia which

accepts the proton using its lone pair of electrons
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The Lewis diagram for the reaction of water with ammonia to show how water acts as a Brønsted-Lowry

acid and ammonia as a Brønsted-Lowry base

Eg. water as a Brø nsted-Lo wry base
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The diagram shows water acting as a Brønsted-Lowry base by accepting a proton from hydrochloric acid

proton using its lone pair of electrons

The Lewis diagram for the reaction of water with hydrochloric acid to show how water acts as a

Brønsted-Lowry base and ammonia as a Brønsted-Lowry acid
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What  is t he difference bet ween amphiprot ic and amphot eric?

A co mpo und that is ampho teric means it has bo th basic and acidic character

When the co mpo und reacts with an acid, it sho ws that it has basic character

When it reacts with a base, it sho ws that it's acidic

An example o f this is aluminum o xide which reacts with bo th hydro chlo ric acid and so dium

hydro xide:

Al O  (s) + 6HCl (aq) → 2AlCl   (aq) +   3H O (l)

Al O (s) + 2NaOH (aq) + 3H O (l) → 2NaAl(OH)  (aq)

When a co mpo und is amphipro tic, it means it can act as a pro to n do no r and as a pro to n

accepto r

Aluminium o xide is no t amphipro tic, even tho ugh it is ampho teric

Amphipro tic versus Ampho teric Table

2 3 3 2

2 3 2 4

Worked example

In the equilibrium reactio n sho wn belo w, which species are a co njugate acid-base pair?

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

A.    CH CH CH COOH and H O

B.    H O and H O

C.    H O and CH CH CH COO

D.   CH CH CH COO and H O

Answer

The co rrect o ptio n in B

A co njugate acid-base pair di�er o nly by an H  io n

3 2 2 2 3 2 2
- 

3
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8.1.3 Characteristic Reactions of Acids

Characteristic Reactions of Acids

Met als and acids

The typical reactio n o f a metal and an acid can be summariz ed as

acid + metal  →  salt  + hydro gen

Fo r example:

2HCl (aq)       +      Zn (s)  →    ZnCl (aq) +   H  (g)

hydro chlo ric acid + z inc    →  z inc chlo ride + hydro gen

Clearly, the extent o f reactio n depends o n the reactivity  o f the metal and the strength o f the

acid

Very reactive metals wo uld react dangero usly with acids and these reactio ns are no t usually

carried o ut

Metals lo w in reactivity  do  no t react at all, fo r instance co pper do es no t react with dilute acids

Stro nger acids  will react mo re vigo ro usly  with metals than weak acids. What signs o f reactio n

wo uld be expected to  be different between the two ?

Faster reactio n, seen as

mo re effervescence

the metal disso lves faster

Mo re exo thermic

Met als and oxides

The reactio n o f an acid with a metal o xide fo rms two  pro ducts:

acid + metal o xide →  salt  + water

Fo r example:

2HCl (aq)  +      CaO (s)     →        CaCl  (aq)      +    H O (l)

  hydro chlo ric acid + calcium o xide →  calcium chlo ride + water

Met als and hydroxides

The reactio n with a metal hydro xide and an acid fo llo ws the same pattern as an o xide:

acid + metal hydro xide →  salt  + water

2 2

2 2

Page 7 of 11
For more help visit our website www.exampaperspractice.co.uk



A suitable example might be:

H SO (aq) +  Mg(OH)  (s)  →     MgSO (aq)  +    2H O (l)

 sulfuric acid  + magnesium hydro xide →  magnesium sulfate + water

Met als and carbonat es

The reactio n between a metal carbo nate and an acid pro duces three pro ducts:

acid + metal carbo nate → salt  + water + carbo n dio xide

Fo r example:

    2HNO (aq) + CuCO (s)   →    Cu(NO )  (aq) + H O (l) + CO  (g)

nitric acid + co pper carbo nate → co pper nitrate + water + carbo n dio xide

Met als and hydrogencarbonat es

The reactio n between a metal hydro gencarbo nate and an acid is the same as the carbo nate

reactio n with a slight difference in sto ichio metry:

acid + metal hydro gencarbo nate → salt  + water + carbo n dio xide

An example o f this wo uld be:

HCl (aq)   +     NaHCO  (s)     →    NaCl (aq) + H O (l) + CO  (g)

hydro chlo ric acid  + so dium hydro gencarbo nate  → so dium chlo ride + water + carbo n dio xide

Exam T ip

Make sure yo u learn the fo rmulae o f the co mmo n acids and bases and that yo u can write

examples o f balanced equatio ns o f their characteristic reactio ns

2 4 2 4 2

3 3 3 2 2 2

3 2 2
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Making Salts

The acids and bases needed to  make different salts can be deduced using the principles

co vered in the previo us sectio n

The table belo w summarises these reactio ns

Making Salts Table

No te that altho ugh so me metals can be used to  make salts, they are no t classified as bases as

water is no t a pro duct o f the reactio n

Worked example

Which are the pro ducts o f the reactio n between z inc o xide and hydro chlo ric acid?

A. z inc chlo ride and carbo n dio xide

B. z inc chlo ride, hydro gen gas and water

C. z inc, hydro gen gas and water

D. z inc chlo ride and water

Answer:

The co rrect o ptio n is D.

Metal o xides when reacting with acids pro duce a salt and water as the o nly pro ducts
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8.1.4 Neutralization

Neutralization

A neutralisatio n reactio n is o ne in which an acid (pH <7) and a base/alkali (pH >7) react to gether to

fo rm water (pH = 7) and a salt

The pro to n o f the acid reacts with the hydro xide o f the base to  fo rm water

The spectato r io ns which are no t invo lved in the fo rmatio n o f water, fo rm the salt

The diagram shows a neutralisation reaction of HCl and NaOH and the two individual reactions that take

place to form the water and salt

The name o f the salt pro duced can be predicted fro m the acid that has reacted

Acid Reacted & Salt Table
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Exam T ip

The enthalpy o f neutralisatio n is the enthalpy change that o ccurs when an acid reacts with a base

to  fo rm o ne mo le o f water. Since the reactio n between stro ng acids and stro ng bases is the

same regardless o f the acid o r base, it sho uld be no  surprise the enthalpy change is the same and

is appro ximately -57 kJ mo l-1
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