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UNIT 2 CHEMISTRY AOS1-ACIDS AND BASES 

AREA 1: WATER 
 

Chapter 6 
ACIDS AND BASES 

 

 

6.1 Properties of acids and bases 
 

Acids are: 

• Sour 

• May be corrosive 

• Dissolve in water to produce an electrolyte, 

• Turn blue litmus red  

• Neutralised by bases.  

 

Bases are: 

• Bitter 

• Feel slippery 

• May be corrosive 

• Turn red litmus blue  

 
6.2 Indicators- weak acids which change colour under different ph conditions. 
Indicators are chemicals that are used to roughly establish the pH of a solution. They change colour depending 

upon the pH. Different indicators show a different range of pH values. If accuracy is required a pH probe is 

used instead of, or as well as an indicator. Indicators are often used to determine the end point in a titration. 

Left: acidic 

Right: base 

 

 
 

Figure 6.1 Indicators – universal indicator 
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6.3 Theory of acids and bases 
6.3.1 Arrhenius’ Theory – not comprehensive enough. Doesn’t explain all properties of acids and bases. 

• Acids ionise to produce hydrogen ions in solution and; 

• Bases dissociate to produce hydroxide ions in solution. 

  

Although this idea works for many acids and bases there are some that it does not work for e.g. sodium 

carbonate is a base but it cannot produce a hydroxide group.  

6.3.2 Bronsted – Lowry theory of acids and bases 

• Acids are proton donors 

• Bases are proton acceptors.  

 

The proton referred to in this theory is an H+ ion. It may also be represented as H3O
+ (Which is also called 

hydronium). 

 

 
Figure 6.2 Bronsted-Lowry theory 

 

 

6.4 Common reactions involving acids 
Acids react with a range of substances and it is necessary to be familiar with these reactions. 

6.4.1 Acids reacting with metals 

 

Acid  +  Metal   Salt + Hydrogen gas 

 

2HCl (aq) + 2Na (s)   2NaCl (aq)  + H2 (g) 

Repeat with Mg: 

 

 

The hydrogen gas can be detected by using the pop test as hydrogen is flammable. 

6.4.2 Acids reacting with metal hydroxides 

 

Acid  + Metal hydroxide  Salt + Water 

 

HCl (aq) + NaOH (aq)  NaCl (aq)  + H2O (l) 
Repeat with Ca(OH)2: 

 

6.4.3 Acids reacting with metal oxides 
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Acid  + Metal oxide  Salt  + Water 

 

2HCl  +  Na2O    2NaCl  + H2O 

Repeat with  CuO 

 

 

6.4.4 Acids reacting with metal carbonates 

 

Acid + Metal carbonate  Salt + Water  +  Carbon dioxide 

 

2HCl  + MgCO3  MgCl2  + H2O  + CO2 

Repeat with Na2CO3 

 

 

The carbon dioxide can be detected by bubbling the carbon dioxide through lime water (Calcium hydroxide: 

Ca (OH)2).  A milky precipitate of calcium carbonate will form if the gas is carbon dioxide. 

6.4.5 Acids reacting with metal sulphides 

 

Acid + Metal sulphide   Salt + Hydrogen sulphide 

 

2HCl (aq) + MgS (s)   MgCl2 (aq) + H2S (g) 

Repeat with Na2S 

 

6.4.6 Acids reacting with bases 

 

Acid + Base   Salt + Water 

 

HCl (aq) + NaOH (s)   NaCl (aq) + H2O (l) 

Reacting an acid with a base is also known as a neutralisation reaction. The salt can be retrieved by boiling 

off the water. 

 
6.5 Conjugate pairs 
 

Conjugate pairs differ by 1 proton (H+). 

 

• Acids have a conjugate base which has 1 less proton than the acid 

• Bases have a conjugate acid which has 1 more proton than the base. 
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Figure 3.3 showing how conjugate pairs form 

 

 

 

Examples of conjugate pairs are shown in the table below: 

 

 
 

Figure 6.3 Examples of conjugate pairs. 

6.6 Amphiprotic substances 
Amphiprotic substances can act as either acids or bases, depending upon the identity of the other reactant/s. 

 

Sometimes you will need to demonstrate proof that a substance is amphiprotic. The only way of showing this 

is to write 2 equations showing water as the other reactant.  

 

Focus on one possibility at a time e.g. focus on the substance being a base and write that equation, then focus 

on the substance being and acid and write that equation. 

 

Sample question 

Demonstrate that the Hydrogen sulphate ion is amphiprotic. 

Very strong acids 
Very weak bases (neutral) ph7 

Weak acids 

Conjugates are weak – weak 

bases 

 

Very weak acids pair with very 

strong bases 

H+ - strongest acid 

OH- - strongest base 

Approx ph of NaCL in 

water- na acts as a 

spectator ion – has no acid 

base properties, Cl Is very 

weak, it’ll be 7ph 

Approx. ph of NH4CL -  

Weak acid – NH4, CL is 

very weak ph of below 7. 

Will be very acidic.  
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Step 1:  think of hydrogen sulphate as a base which will accept a proton becoming H2SO4 

HSO4
-    +    H2O        H2SO4    +    OH- 

  

Step 2: think of hydrogen sulphate as an acid which will donate a proton becoming SO4
2- 

HSO4
-    +    H2O        SO4

2-    +    H3O
+ 

  

These 2 equations together demonstrate that hydrogen sulphate is amphiprotic - as it is shown acting as an 

acid or a base. Water is also amphiprotic as it can self -ionise. 

 

6.7 How many protons can be donated?  
 

Some acids have more hydrogen atoms than others and can undergo more than 1 ionisation (from earlier 

remember ionisation refers to a covalent substance dissolving in water resulting in the production of ions). 

6.7.1 Monoprotic acids 

 

Monoprotic acids such as hydrochloric acid (HCl) can only donate 1 proton to a base. They only undergo 1 

ionisation. 

e.g.    HCl(l)  +  H2O(l)  H3O
+(aq)  + Cl-(aq) 

 

6.7.2 Diprotic and Triprotic acids 

 

Some acids are able to donate more than 1 proton. 

• Diprotic acids such as sulphuric acid (H2SO4) can donate 2 protons to a base. 

• Triprotic acids such as phosphoric acid (H3PO4) can donate 3 protons to a base. 

 

Diprotic and triprotic acids can go through several ionisations and their intermediate forms are amphiprotic. 

 

The following example shows phosphoric acid going through 3 ionisations: 

 
Figure 6.4 Ionisations of phosphoric acid 

Repeat with H2SO4 WITH WATER: 

 

 

 

 
6.8 Strength of acids and bases  
 

The strength of an acid or a base is shown by the extent of dissociation or ionisation that occurs in water. 

 

• Strong acids and bases completely ionise. 

• Weak acids and bases do not completely ionise.  
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Examples of strong acids include: hydrochloric acid, nitric acid, hydrobromic acid, sulphuric acid and 

perchloric acid.  

 

Examples of strong bases: sodium hydroxide, lithium hydroxide and potassium hydroxide. 

 

 

  
 

Figure 6.5 Dissociation of a strong base (NaOH) and a weak base (NH4OH) 

 

6.9 Strength vs. concentration 
 

Strength only describes the extent to which an acid will ionise. Concentration is only used to describe the 

number of particles in a specific volume. So it is possible for strong acids or bases to be in a dilute solution 

and it is also possible for a weak acid or base to be in a concentrated solution. 

 

6.10 Why do some reactions occur at a greater rate? 
 

The rate of the reaction will depend on the strength of the acid or base. 

 

For example a common experiment involves placing magnesium into an acid and observing the result.  

 

In this case assume that the magnesium is placed into nitric acid and acetic (ethanoic) acid. Vigourous bubbling 

is observed in the tube containing the nitric acid, but less bubbling is observed in the tube containing the acetic 

acid. 

 

Nitric acid is a strong acid and completely ionises meaning that more hydrogen ions are available in solution 

to react with the magnesium.   

 

Acetic acid is a weak acid and does not fully ionise, so there are fewer hydrogen ions available to react with 

the magnesium so the rate of the reaction will be slower.  
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ACIDS AND BASES WORKSHEET 
Acids were originally defined as a substance with a ______________taste. 

List some substances you believe to be acids o the basis of this definition: 

___________________________________________________________________ 

This theory was modified to include the idea that acids react with metals to produce hydrogen. 

Q. Write a balanced chemical equation showing the reaction between a metal and an acid- (say Zn and 
HCl)  
 
___________________________________________________________________ 

A (strong) acid reacts with a (strong) base to produce a _____________ and _____________. 

 Write a balanced equation showing the reaction between an acid and a base. 

___________________________________________________________________ 

These types of reactions are commonly known as neutralization reactions. These reactions involve the 
association of ions and therefore can only take place in _______________ solutions. 

e.g. HCl(aq)       +           NaOH (aq)                NaCl(aq)    + H2O(l)              

Write an ionic equation for the above. 

BASIC REACTION TYPES 

• Acid + metal  salt + hydrogen 

e.g._____________________________________________________________ 

NOTE:  THIS TYPE IS NOT AN ACID BASE REACTION-IT IS REDOX (DONE LATER) 

• Acid + alkali  salt + ______ 

e.g._____________________________________________________________ 

• Acid + carbonate  salt + ____________+________________ 

e.g._____________________________________________________________ 

• Acid + metal oxide salt + __________________ 

e.g.____________________________________________________________ 

ARRHENIUS THEORY 

An Acid is a substance that produces H3O+ (H+) when it is dissolved in water. 

HA (aq)   +  H2O(l)    H3O+(aq)  +  A-(aq) 
Acid          water                               hydronium ion          base 

 e.g.HCl   +     H2O(l)                ________   + _________ 

http://library.thinkquest.org/3659/reference/glossary.html
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Hence an aqueous solution of HCl is acidic because hydronium ions are formed.  

A Base is a substance that produces an OH- when it is dissolved in water. 

B(aq)  +  H2O(l)      BH+      + OH-(aq) 

NH3
 (aq)  +  H2O(l)                ⇌ ______   +   ________ 

 
hence an aqueous solution of NaOH is basic  as hydroxide ions are produced. 

LOWRY BRONSTED THEORY 
An acid is a proton donor. 
A base is a proton acceptor.  
 
This is more general than, but does not contradict the Arrhenius definition. When HCl is placed in solution, 
it donates H+ and is therefore a proton donor. When NaOH is placed in solution, is supplies OH-. The effect 
of adding OH- is to decrease the concentration of H+. In other words it removes H+ from solution. NaOH is a 
proton acceptor.  

    HCl   +   NaOH       NaCl + H2O 
    acid         base 
   proton     proton  
   donor     acceptor 

• An ACID is a proton donor (H3O+ OR H+). 
For example: HCl, NH4

+, H2SO4 

 

• A BASE is proton acceptor.   
For example: NaOH, KOH, NH3.  
 
Acids and bases were first identified as specific types of compounds because of their behaviour in 
aqueous solutions.  
 

HA(aq)  +  H2O(l)    H3O+(aq) +  A-(aq) 
 

e.g. HCl +  H2O            ________ +   _______ 

 
 

CONJUGATE ACID BASE PAIRS 

The acid, HCl, which has given up the proton becomes NaCl, a conjugate base (for the reverse reaction it 
would be accepting the proton).  

Thus NaCl is a conjugate base. The base, NaOH, which accepts the proton, becomes H2O, a conjugate acid 
(it is now capable of donating a proton). 

    HCl   +   NaOH           NaCl    +           H2O 
    acid         base              conjugate       conjugate 
   proton     proton               base                  acid   
   donor     acceptor 

http://library.thinkquest.org/3659/reference/glossary.html#base
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However the Lowry-Bronsted Theory greatly expands our definition of acids and bases. In the reaction 
below, NH3 is now defined as a base.                                                            

                                                          CONUGATE PAIR 

                               HCl          +     NH3                    NH4
+      +     Cl-  

 

                                                                 CONUGATE PAIR 

                                                  acid 1        base 2                                                       acid 2              base1 

Another example: 

CH3COOH  +    H2O     ⇌     H3O+      +     ___________________ 
     acid               base          conjugate          conjugate 
                                                acid                      base 
 

STRENGTH OF ACIDS AND BASES 

 
Electrolytes are compounds that ionize in water to produce aqueous solutions that conduct an electric 
current. Non electrolytes are substances that do not ionize, remain as molecules, and do not conduct an 
electric current.  

Strength: Strong electrolytes are molecules that ionize 100% (or nearly so) and conduct an electric current 
well. Weak electrolytes barely or partially ionize; most molecules remaining un-ionized, and conduct an 
electric current poorly. 

Strong acids ionize completely in water, and so produce many ions and are therefore strong electrolytes -
good conductors. 

Example: Nitric acid (HNO3) is a strong electrolyte. 

 HNO3         
+ 

    H2O                      __________   +   ___________ 

Weak acids ionize partially in water, and so produce few ions and are therefore weak electrolytes -poor 
conductors. 

Example: ethanoic acid (CH3COOH) is a WEAK electrolyte. 

    CH3COOH(aq) + 
    H2O(l)                     ⇌   __________   +   ___________  

To determine the strength of an acid or base conjugate pairs area useful tool. 
 Very strong acids have very weak conjugate bases, a weak acid has a weak conjugate base a very weak 
acid has a very strong conjugate base. 
 
ACID/BASE   CONJUGATES AND RELATIVE STRENGTHS  
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Complete the table by filling in the conjugate bases. 

 

 ACID CONJUGATE 
BASE 

 

VERY STRONG ACID 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VERY WEAK ACID 

HClO4    VERY WEAK BASE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
VERY STRONG BASE 

HCl  

HNO3  

HSO4
-  

HSO3
-  

NH4
+  

HCN  

HCO3
-  

CH3COOH  

HNO2  

HS-  

H2O  

 
 

AMPHIPROTIC SUBSTANCES 
 
An amphiprotic substance can act as either an acid or a base depending what it is reacted with. 
Examples of amphiprotic substances: H2O, HCO3

-, HSO4
-, HPO4

-, H2PO4
-, HSO4-. 

 

H2O    +  HCl            ____________   +   __________ 
base      acid 
H2O   +    NH3        ⇌ ___________    + ___________ 
acid       base 
 
Q. Write the two equations showing how HCO3

-can act as either an acid or a base. 
_______________________________________________________________________________________
_______________________________________________ 

POLYPROTIC ACIDS 
 
Most acids can donate only one proton and are said to be mono_________. But some can donate more 
than one and are said to be poly_________. 
Some examples of polypro tic acids include sulfuric acid and phosphoric acid. 
Sulfuric acid: 
 

1.  H2SO4  +   H2O            ____________   +   __________ 

2.  HSO4
-    +  H2O           ____________    +   __________ 
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overall equation:______________________________________________ 
 

Phosphoric acid: 

1. H3PO4   +   H2O           ____________   +   __________ 

2. H2PO4
-  +  H2O           ____________   +   __________ 

3. HPO4 
2- +  H2O           ____________    +   __________ 

    

 
overall equation:_____________________________________________ 
 
  The above equations are called successive ionization reactions. 

 
 
QUESTIONS 
 
1. State the formula of the conjugate ACID of: 

a. NH3  
b. H2O 
c. OH- 
d. HPO4

- 
e. CO3

2- 
 

2. State the conjugate BASE of: 
a. HNO3 
b. H2O 
c. HS- 
d. H2S 

 
3. In the following equations identify the acid and the base. States are omitted for simplicity. 

a. HCl  + CO3
2-    Cl- + HCO3

- 

b. OH  + NH4
+    H2O + NH3 

c. HS-  + H3PO4
    H2S + H2PO4

- 

d. HSO3
 +  CO3

2-      SO3
2-   + HCO3

- 
 
4. When the oxide CO2 dissolves in water it forms the weak acid carbonic acid,H2CO3 

 
CO2(g)       + H2O(l)      H2CO3(aq) 

 
Complete the following ionizations for carbonic acid: 
H2CO3(aq)  + H2O(l)   ⇌  ____________+______________ 
HCO3

-
(aq)  + H2O(l)   ⇌   ____________+______________ 

 
5.  When ammonia gas is bubbled into water a small percentage of the molecules react with the water. Write the equation 
for this reaction. 
_____________________________________________________________________________________________________ 

 
6. Nitric acid, HNO3, and perchloric acid, HClO4, ionise completely when added to water.  Write the equation for each 

ionisation and indicate the species that display(s) acidic properties. 
 _________________________________________________________________________________________________ 

 
      7. Show the conjugate acid-base pairs for the following reactions: 

  (a) HCl  +  NH3               NH4
+  +  Cl- 
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 ____________________________________________________________ 
 

  (b) HCN  +  H2O               CN-  +  H3O+ 

 ____________________________________________________________ 
 

  (c)  H2SO4  +  HClO4       H3SO4
-  +  ClO4

- 

 ____________________________________________________________ 

 

 
      8. From the following list of properties determine which belong to (i) acids, (ii) bases, (iii) both.  
   
(a)  electrical conductors 

_________________________________________________________ 

 
(b)  react with some metals to form H2(g) 

________________________________________________________ 

 
(c)  turn red litmus blue 

________________________________________________________ 
(d)  taste sour 

 ________________________________________________________ 

 
(e)  frequently corrosive to the skin 

________________________________________________________ 

 
(f)  taste bitter 

________________________________________________________ 

 
9. Assign the following acids from strongest to weakest. 

 CH3COOH, H2SO4, HCl,  H2O,  NH4
+ 

 _________________________________________________________________________________________________

_______________________ 

 

 
10. (a) When sodium carbonate metal reacts with hydrochloric acid , a gas, a salt and water are formed. 

Write a balanced equation for this reaction. 
 __________________________________________________________ 

 
(b)  Write an ionic equation for the reaction between lithium hydroxide solution and hydrogen bromide 

solution. 
  

  ________________________________________________________ 
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6.11 The pH scale 
 

The pH scale is used to calculate the concentration of an acid. The equation used is: 

 

pH = -log10 [H
+ concentration] 

 

The H+ concentration is determined by dissociating the compound. 

 

e.g. In a 0.001M solution of HCl 

 

HCl  H+  + Cl- 

Molar ratio HCl : H+ is 1:1 

Therefore [H+] = 0.001M 

 

 

6.12 Working out pH from concentration 
 

If the pH value of an acid is X then the [H+] will be 10-xM.  

 

For example if the pH is 3 then the H+ concentration is 10-3M 

 

This information is useful when working out the pH of a solution after dilution as the formula C1V1 = C2V2 is 

used. 

 
6.13 Calculating pH 
When calculating the pH of an acid based upon a concentration it is necessary to complete an ionic equation 

and work out the concentration using molar ratios, particularly if the acid is diprotic or triprotic because these 

acids will donate more protons than monoprotic acids. 

6.13.1 Calculating pH of a monoprotic acid 

 

Calculate the pH of a 0.1M solution of nitric acid 

Step 1  

Dissociate the acid 

HNO3 H+  + NO3
- 

  

Step 2 

Complete a molar ratio to work out the concentration of the H+ ions. 

Molar ratio HNO3 : H
+ is 1:1 therefore the concentration of H+ ions is also 0.1M 

  

Step 3 

Use the formula to calculate the pH 

pH = -log10 [acid concentration] 

  

pH = -log10 [0.1] 

pH = 1 
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6.13.2 Calculating pH of a polyprotic acid 

 

Calculate the pH of 0.1M phosphoric acid. 

  

It is not a simple procedure to determine the pH of polyprotic acids such as phosphoric acid because the steps 

in the ionization are reversible. Questions such as this can be answered once acidity constants are covered in 

Unit 4 Chemistry. 

 

6.13.3 Calculating the [OH-] of an acid 

If the pH of hydrochloric acid is 4, what is the concentration of OH- ions in the solution? 

 

6.13.3.1 Using pOH 

pH + pOH = 14 

Since pH = 4 

pOH = 14 – 4 = 10 

Therefore [OH-] = 10 -10 

 

 

6.13.3.2 Using indices 

[H+] x [OH-] = 10 -14 

 

10 -4 x [OH-] = 10 -14 

 

So [OH-] = 10 -14  ÷ 10 -4 

 

[OH-] = 10 -10 M 

 

6.13.3 Calculating the pH of a base 

There are several ways this can be done but this is the easiest. 

  

Calculate the pH of a 0.1M solution of NaOH 

NaOH  Na+  +  OH- so OH- concentration is 0.1M 

  

pOH = -log10 [base concentration] 

pOH = -log10 [0.1] 

pOH = 1 

  

pH + pOH = 14 

pH = 14 - pOH 

pH = 14 - 1 

pH = 13 
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6.14 Problems involving dilutions 
In laboratory we often use solutions of low concentration; these are made by diluting a small volume of a 

concentrated solution (also called a stock solution) with water. It is important to remember that these solutions 

are made by adding acid to water, not water to acid. 

 

These problems come in 2 forms 

• Working out the pH of a dilute solution given 2 volumes and a concentration. 

• Working out how much water is added given 2 concentrations (directly or indirectly) and a volume. 

 

In both cases the formula C1V1 = C2V2 is used. In addition to this you are usually supplied with the 

concentration indirectly in the form of a pH value, which you then need to convert to [H+] concentration.  

6.14.1  pH of dilute solutions 

In this type of problem the final [H+] needs to be calculated. This is then used to calculate pH using the 

formula:  

 

pH = -log10 [H
+ ] 

 

Any volumes must be converted to litres because the [H+] concentration is expressed in moles/litre. 

 

 

Sample question 

10mL of a solution has a pH of 2 what will the pH of the solution be if the volume is made up to 100mL 

  

Step 1 

First work out the concentration as above.  

V1 = 0.01L 

V2 = 0.1L 

C1 = 10-2M 

C2 = ? 

C2 = C1V1/ V2 

C2 = (10-2M x 0.01L)/0.1L 

    = 0.001M 

  

Now the concentration can be used to work out the pH 

pH = -log 0.001M 

      = 3 

 
Sample question 

500mL of a solution has a pH of 4, if 100mL of water is added, what will the final pH be? 

V1 = 0.5L 

V2 = 0.6L 

C1 = 10-4M 

C2 = x 

C2 = C1V1/ V2 

C2 = (10-4M x 0.5L) / 0.6L 

C2 = 8.33 x 10-5M 

 

pH = -log 8.33 x 10-5M 

pH = 4.08 
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Note that this kind of question can be written in 2 slightly different ways. 

 

The first sample question used the term “made up to” which means that the final volume is identified e.g. in 

the sample question provided the final volume was 100mL. 

 

The second sample question used the term “added”. This means that the final volume is both volumes added 

together. 

 

This is sometimes a subtle difference but you need to pay attention to these questions as students frequently 

misread them. 

 

6.15 Using pH to work out the volume of water added 
In this type of problem you will also be given 3 pieces of information and the formula C1V1 = C2V2 is used to 

work out the final volume.  

 

Most students think they have solved the problem when they have calculated V2; however, V2 is the final 

volume so you have to subtract the initial volume to work out how much water was added. 

 

Sample question 

50mL of a solution has a pH of 3. Some water was added and the pH of the final solution was 4.5. How much 

water was added? 

  

C1 = 10-3M 

C2 = 10-4.5M 

V1 = 0.05L 

V2 = ? 

  

V2 = C1V1/ C2 

V2 = (10-3 x 0.5) / 10-4.5 

V2
 = 1.58L 

  

So volume added = 1.58L - 0.05L = 1.53L 

 

6.16 Comparing the pH of 2 solutions. 
The pH scale is logarithmic. An increase in value by 1 point e.g. pH 4 to pH 5 means that the concentration 

of the acid has altered by a factor of 10. 

 

 

Sample question: 

A solution was found to have a pH of 2 and a second solution had a pH of 4.3. How many times more acidic 

is the first solution compared to the second solution? 

C1 = 10-2 M  C2 = 10-4.5 M 

 

10-2 ÷10-4.5 = 316 

 So the first solution is 316 times more acidic than the second solution. 
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