




ethanoate ion hydronium ion 

CH3COOH(aq) + H2O(l) ⇌ CH3COO-
(aq) + H3O+

(aq)

A Bronsted–Lowry acid is a proton (H+) donor.
A Bronsted–Lowry base is a proton (H+) acceptor. 



H3O+
(aq) / H+

(aq)

CH3COOH(aq) + H2O(l) ⇌ CH3COO-
(aq) + H3O+

(aq)

CH3COOH(aq) ⇌ CH3COO-
(aq) + H+

(aq) 

A proton in solution can be represented as either 
H3O+

(aq) or H+
(aq)



HCl(g) + H2O(l) → H3O+
(aq) + Cl-

(aq) 

HCl(aq) → H+
(aq) + Cl-

(aq)



ammonium ion hydroxide ion 

NH3(aq) + H2O(l) ⇌ NH4
+

(aq) + OH-
(aq)



A Bronsted–Lowry acid is a proton (H+) donor.
A Bronsted–Lowry acid must contain hydrogen.
A Bronsted–Lowry base is a proton (H+) acceptor. 
A Bronsted–Lowry base must have a lone pair of 
electrons to accept a proton.
Two species that differ by a proton are called 
conjugate acid-base pairs. 





acid1 + base2 ⇌ base1 + acid2

Every Bronsted-Lowry acid-base reaction has two 
conjugate acid-base pairs.

An acid and base react together to form their 
conjugate base and conjugate acid. 
Certain species can behave as both a BL acid and 
a BL base – known as amphiprotic species.



acid1 + base2 ⇌ base1 + acid2

Every Bronsted-Lowry acid-base reaction has two 
conjugate acid-base pairs.

Conjugate acid-base pair

Conjugate acid-base pair

A conjugate acid-base pair differ by a proton (H+).



H+ H+H+ H+

H+ H+



Conjugate acid-base pairs differ by a proton (H+)



Conjugate acid-base pairs differ by a proton (H+)



HF(aq) + H2O(l) ⇌ F-
(aq) + H3O+

(aq)

HCOOH(aq) + CN-
(aq) ⇌ HCOO-

(aq) + HCN(aq)

HPO4
2-

(aq) + SO3
2-

(aq) ⇌ PO4
3-

(aq) + HSO3
-
(aq)



HF(aq) + H2O(l) ⇌ F-
(aq) + H3O+

(aq)
Conjugate acid-base pairs: HF/F- and H2O/H3O+

HCOOH(aq) + CN-
(aq) ⇌ HCOO-

(aq) + HCN(aq)

HPO4
2-

(aq) + SO3
2-

(aq) ⇌ PO4
3-

(aq) + HSO3
-
(aq)

Conjugate acid-base pairs: HPO4
2-/PO4

3- and SO3
2-/HSO3

-

Conjugate acid-base pairs: HCOOH/HCOO- and CN-/HCN 





An amphiprotic species is a species that can act as both 
a Bronsted-Lowry acid and a Bronsted-Lowry base.

An amphiprotic species must be able to donate a 
proton (H+) and also be able to accept a proton (H+).

CH3COOH(aq) + H2O(l) ⇌ CH3COO-
(aq) + H3O+

(aq)

NH3(aq) + H2O(l) ⇌ NH4
+

(aq) + OH-
(aq)



The hydrogen carbonate ion (HCO3
-) is also 

amphiprotic.  

Hydrogen sulfate ion (HSO4
-)

Dihydrogen phosphate ion (H2PO4
-)



HSO4
-
(aq) + H3O+

(aq) ⇌ H2SO4(aq) + H2O(l)

HSO4
-
(aq) + OH-

(aq) ⇌ SO4
2-

(aq) + H2O(l)

H2PO4
-
(aq) + H3O+

(aq) ⇌ H3PO4(aq) + H2O(l)

H2PO4
-
(aq) + OH-

(aq) ⇌ HPO4
2-

(aq) + H2O(l)

HCO3
-
(aq) + H3O+ 

(aq) ⇌ H2CO3(aq) + H2O(l)

HCO3
-
(aq) + OH-

aq) ⇌ CO3
2-

(aq) + H2O(l)



Amphiprotic refers to any species that can both 
accept and donate a proton (Bronsted-Lowry 
theory).
Amphoteric refers to any species that can act as 
an acid and a base.
All amphiprotic species are also amphoteric.
The term amphoteric can be applied to different 
theories of acids and bases (Lewis theory). 





The pH scale is used to measure how acidic or 
basic a substance is. 

pH = -log[H+] [H+] = 10-pH



The pH scale is an inverse scale; a high [H+] corresponds 
to a low pH value.



The pH scale is a logarithmic scale; a change in one 
pH unit represents a ten-times change in [H+]. 

×10 increase [H+] ×10 decrease [H+]



Black coffee has a pH of 5 and toothpaste has a pH of 
8. Identify which is more acidic and deduce how many 
times the [H+] is greater in the more acidic product.

Black coffee pH = 5
[H+] = 10-5

[H+] = 1×10-5 mol dm-3

Toothpaste pH = 8
[H+] = 10-8

[H+] = 1×10-8 mol dm-3

Black coffee is 1000 times more acidic than toothpaste.  



The pH scale is an inverse scale; a high [H+] corresponds 
to a low pH value.

Acidic, basic or neutral pH at 298 K 
[H+] = [OH-] neutral 7
[H+] > [OH-] acidic <7
[OH-] > [H+] basic >7





Types of reactions that acids undergo:
• Neutralisation reactions with bases such as metal 

hydroxides, metal oxides and ammonia
• Reactions with metal carbonates and metal 

hydrogen carbonates
• Reactions with active metals such as magnesium 

or zinc (metals above hydrogen on the activity 
series)



Neutralisation reactions with metal hydroxides:

acid + metal hydroxide→ salt + water
HCl(aq) + NaOH(aq) → NaCl(aq) + H2O(l)

CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(l)

H2SO4(aq) + 2KOH(s) → K2SO4(aq) + 2H2O(l)

2HNO3(aq) + Ba(OH)2(s) → Ba(NO3)2(aq) + 2H2O(l)



Neutralisation reactions with metal oxides:

acid + metal oxide→ salt + water
2HCl(aq) + MgO(s) → MgCl2(aq) + H2O(l)

H2SO4(aq) + Na2O(s) → Na2SO4(aq) + H2O(l)

Neutralisation reactions with ammonia:

HCl(aq) + NH3(aq) → NH4Cl(aq) 
CH3COOH(aq) + NH3(aq) → CH3COONH4 (aq)



Reactions with metal carbonates:
acid + metal carbonate→ salt + water + carbon dioxide

2HCl(aq) + Na2CO3(s) → 2NaCl(aq) + H2O(l) + CO2(g)

H2SO4(aq) + MgCO3(s) → MgSO4(aq) + H2O(l) + CO2(g)

Reactions with metal hydrogen carbonates:

acid + metal hydrogen carbonate→ salt + water + carbon dioxide
HCl(aq) + NaHCO3(s) → NaCl(aq) + H2O(l) + CO2(g)



Acids react with active metals (those above hydrogen 
on the activity series) to produce a salt and hydrogen.

acid + metal → salt + hydrogen 
2HCl(aq) + Mg(s) → MgCl2(aq) + H2(g)

H2SO4(aq) + Zn(s) → ZnSO4(aq) + H2(g)

2HNO3(aq) + Ca(s) → Ca(NO3)2(aq) + H2(g)





The terms strong and weak refer to the degree of  
the ionisation, or dissociation of an acid or base.

HCl(g) + H2O(l)  → H3O+
(aq) + Cl-

(aq)

NaOH(aq) → Na+
(aq) + OH-

(aq)



Strong acids completely dissociate (or ionise) in solution.

HA (g or l) + H2O (l) → H3O+
(aq) + A-

(aq)



Weak acids partially dissociate (or ionise) in solution.

HA (aq) + H2O (l) ⇌ H3O+
(aq) + A-

(aq)



HCl(g) + H2O(l) → H3O+
(aq) + Cl-(aq)

For a strong acid, the position of equilibrium lies to the right.

1 mol dm-3 1 mol dm-3

For a weak acid, the position of equilibrium lies to the left.

CH3COOH(aq) + H2O(l) ⇌ H3O+
(aq) + CH3COO-

(aq) 

1 mol dm-3 0.004
mol dm-3



Strong bases completely dissociate (ionise) in solution.

Weak bases partially dissociate (ionise) in solution.

1 mol dm-3 1 mol dm-3

1 mol dm-3 0.004
mol dm-3



Acid Base
HCl Cl-

HNO3 NO3
-

H3PO4 H2PO4
-

CH3COOH CH3COO-

NH4
+ NH3

HCO3
- CO3

2-

H2O OH-In
cr

ea
si

ng
 a

ci
d 

st
re

ng
th

 Increasing base strength 



Degree of dissociation/ 
ionisation 

Strength of conjugate 
acid or base 

Strong acid Complete dissociation / 
ionisation 

Weak conjugate base 

Weak acid Partial dissociation / 
ionisation 

Stronger conjugate base

Strong base Complete dissociation / 
ionisation 

Weak conjugate acid 

Weak base Partial dissociation / 
ionisation 

Stronger conjugate acid 





Three methods to distinguish between 
weak and strong acids and bases:
• Measure electrical conductivity (acids 

and bases) 
• React with an active metal or metal 

carbonate (acids only)
• Measure the pH (acids and bases)



Strong acids and bases have a higher concentration 
of mobile ions in solution, therefore, they have 
higher electrical conductivity than weak acids and 
bases (of equal concentration). 

1 mol dm-3 

CH3COOH(aq) 

1 mol dm-3  

HCl(aq) 



Mg(s) + 2HCl(aq) → MgCl2(aq) + H2(g)
Mg(s) + 2CH3COOH(aq) → Mg(CH3COO)2(aq) + H2(g)

Strong acids have a faster rate of reaction than 
weak acids (of equal concentration) because 
they have a higher concentration of H+ ions in 
solution.

CaCO3(s) + 2HCl(aq) → CaCl2(aq) + H2O(l) + CO2(g)
CaCO3(s) + 2CH3COOH(aq) → Ca(CH3COO)2(aq) + H2O(l) + CO2(g)



Solution pH 
1 mol dm-3 CH3COOH 2.4
1 mol dm-3  HCl 0
1 mol dm-3  NH3 11.6
1 mol dm-3  NaOH 14

Strong acids have lower pH than weak acids (of 
equal concentration).
Strong bases have higher pH than weak bases (of 
equal concentration).



1.0 mol dm-3

solutions 
Electrical 

conductivity 
Rate of reaction 

with active metals 
pH 

Strong acid high fast low

Weak acid low
slower than strong 

acids
higher than 
strong acids 

Strong base high
no reaction with 

active metals
high 

Weak base low
no reaction with 

active metals
lower than 

strong bases 





Strong acids completely dissociate (ionise) 
in solution. 

HCl(aq) → H+
(aq) + Cl-(aq)

HNO3(aq) → H+
(aq) + NO3

-
(aq)

H2SO4(aq) → 2H+
(aq) + SO4

2-
(aq)



Calculate the pH of a 0.100 mol dm-3 solution 
of hydrochloric acid, HCl. 

pH = -log[H+]
pH = -log(0.100)
pH = 1.00

HCl(aq) → H+
(aq) + Cl-(aq)



Calculate the pH of a 1.00 mol dm-3 solution 
of nitric acid, HNO3. 

pH = -log[H+]
pH = -log(1.00)
pH = 0

HNO3(aq) → H+
(aq) + NO3

-
(aq)



Calculate the pH of a 0.25 mol dm-3 solution 
of sulfuric acid, H2SO4. 

pH = -log [H+]
pH = -log(0.50)
pH = 0.30

H2SO4 (aq) → 2H+
(aq) + SO4

2-
(aq)



Calculate the pH of a 0.500 mol dm-3 solution 
of sodium hydroxide, NaOH. 

pOH = -log[OH-]
pOH = -log(0.500)
pOH = 0.301

At 298 K, pH + pOH = 14.00
pH = 14.00 – 0.301 = 13.69



Calculate the pH of a 0.25 mol dm-3 solution 
of barium hydroxide, Ba(OH)2. 

pOH = -log [OH-]
pOH = -log(0.500)
pOH = 0.301

At 298 K, pH + pOH = 14.00
pH = 14.00 – 0.301 = 13.69





H2O(l) + H2O(l) ⇌ H3O+
(aq) + OH-

(aq)

H2O(l) ⇌ H+
(aq) + OH-

(aq)

Autoionisation of water – water dissociates to 
form hydronium and hydroxide ions.

In pure water [H+] = [OH-]



Kc = 𝐇𝐇
+ [𝐎𝐎𝐇𝐇−]
[𝐇𝐇𝟐𝟐𝐎𝐎]

Kw = [H+][OH-]
Kw = 1.00 × 10-14 mol2 dm-6 at 298 K

H2O(l) ⇌ H+
(aq) + OH-

(aq)



Acidic, basic or neutral pH at 298 K 
[H+] = [OH-] neutral 7
[H+] > [OH-] acidic <7
[OH-] > [H+] basic >7

[𝐇𝐇+] =
𝑲𝑲𝐰𝐰

[𝐎𝐎𝐇𝐇−]
[𝐎𝐎𝐇𝐇−] =

𝑲𝑲𝐰𝐰
[𝐇𝐇+]

Kw = [H+][OH-]



A solution at 298 K has a [H+] of 4.60 × 10-8 mol dm-3

Calculate the [OH-] and determine if the solution is 
acidic, neutral or basic.  

Kw = [H+][OH-]
1.00 × 10-14 = 4.60 × 10-8 [OH-]

[OH-] = 1.00 × 10-14 / 4.60 × 10-8

[OH-] =  2.17 × 10-7 mol dm-3 

[OH-] > [H+] solution is basic (pH = 7.34)



Kw = [H+][OH-]
Kw = 1.00 × 10-14 mol2 dm-6 at 298 K

The Kw is temperature dependent. 
It can be used to find the [H+] or [OH-] 
in solution and therefore the pH (or 
pOH) value of a solution.





Rainwater is naturally acidic with a pH of 5.6

CO2(g) + H2O(l) ⇌ H2CO3(aq)

Dry deposition Wet deposition 
Acidic gases and 
particles

Acid rain, fog and 
snow

Acid deposition has a pH of less than 5.0



Power 
stations

SO2 Transport 
NOx

H2SO3 H2SO4
HNO2 HNO3

Volcanoes
SO2

Lightning
NOx



S(s) + O2(g) → SO2(g)

SO2(g) + H2O(l) → H2SO3(aq)

2SO2(g) + O2(g) → 2SO3(g)
SO3(g) + H2O(l) → H2SO4(aq)



N2(g) + O2(g) → 2NO(g)

2NO(g) + O2(g) → 2NO2(g)

2NO2(g) + H2O(l) → HNO3(aq) + HNO2(aq)

4NO2(g) + O2(g) + 2H2O(l) → 4HNO3(aq) 



Acidic gas Sources Acids formed 

SO2

Combustion of coal that 
contains sulfur
Volcanic eruptions 

H2SO3
H2SO4

NOx
Internal combustion engines 
Lightning 

HNO2
HNO3





Effects on materials (CaCO3)

CaCO3(s) + H2SO4(aq) → CaSO4(aq) + CO2(g) + H2O(l)

CaCO3(s) + 2HNO3(aq) → Ca(NO3)2(aq) + CO2(g) + H2O(l)



Effects on reactive metals (Fe and Zn)

Fe(s) + H2SO4(aq)  → FeSO4(aq) + H2(g)

Fe(s) + 2HNO3(aq)  → Fe(NO3)2(aq) + H2(g)

Zn(s) + H2SO4(aq)  → ZnSO4(aq) + H2(g)
Zn(s) + 2HNO3(aq)  → Zn(NO3)2(aq) + H2(g)



Pre-combustion
(remove sulfur before 

combustion)

Post-combustion
(remove acidic gases after

combustion)
Hydrodesulfurisation;
a chemical process which 
removes sulfur from 
petroleum products 
before combustion 

Flue gas desulfurisation; 
SO2 is removed from the 
exhaust emissions of power 
stations by reacting with a 
base 



Bases such as CaO and 
Ca(OH)2 are used to 
neutralise acidic water.

CaO(s) + H2SO4(aq) → CaSO4(aq) + H2O(l)

Ca(OH)2(s) + 2HNO3(aq)→ Ca(NO3)2 (aq) + 2H2O(l)
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