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What do I need to 

know and 

understand about 

acids, bases and 

salts?



Acids and bases

(a) Describe the meanings of the terms acid and alkali in terms of the ions they produce in 

aqueous solution and their effects on Universal Indicator.

(b) Describe how to test hydrogen ion concentration and hence relative acidity using Universal 

Indicator and the pH scale.

(c) Describe qualitatively the difference between strong and weak acids in terms of the extent of 

ionisation.

(d) Describe the characteristic properties of acids as in reactions with metals, bases and 

carbonates.

(e) State the uses of sulfuric acid in the manufacture of detergents and fertilisers; and as a 

battery acid.

(f) Describe the reaction between hydrogen ions and hydroxide ions to produce water,

H+(aq)  +  OHï(aq)  ­ H2O(l)

as neutralisation.

(g) Describe the importance of controlling the pH in soils and how excess acidity can be treated 

using calcium hydroxide.

(h) Describe the characteristic properties of bases in reactions with acids and with ammonium 

salts.

(i) Classify oxides as acidic, basic, amphoteric or neutral based on metallic/non-metallic 

character.

(j) Classify sulfur dioxide as an acidic oxide and state its uses as a bleach, in the manufacture of 

wood pulp for paper and as a food preservative (by killing bacteria).
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1. Could I please 

have a brief 

summary of what we 

are going to study for 

this unit?
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Overview of Acids and Bases
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2. What are some 

common examples

of acids?
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¶Hydrochloric

Acid, HCl(aq)

¶Sulfuric Acid, 

H2SO4(aq)

¶Nitric Acid, 

HNO3(aq)
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¶Note: the labels on these bottles are a little misleading:

­ HCl(aq) actually contains H+(aq) and Clï(aq) ions.

­ HNO3(aq) actually contains H+(aq) and NO3
ï(aq) ions.

­ H2SO4(aq) actually contains 2H+(aq) and SO4
2ï(aq) ions.
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Other examples include:

¶Phosphoric acid, H3PO4(aq)

¶Ethanoic acid, CH3COOH(aq)

¶Citric acid, C6H8O7(aq)
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2. What property

must a chemical 

have in order to be 

classified as an 

acid?
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¶Historically, acids were identified by their sharp and / or 

sour taste.

¶The carbonic acid is formed when 

carbon dioxide gas (responsible for 

making the drink fizzy) dissolves in 

water. The phosphoric acid is used 

as a preservative.

¶Fizzy drinks have a sharp taste to 

them because they contain two 

different  acids;

carbonic acid, H2CO3(aq), and 

phosphoric acid, H3PO4(aq).
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¶Historically, acids were identified by their sharp and / or 

sour taste.

¶Vinegar tastes sour due to 

the ethanoic acid, 

CH3COOH(aq), that it 

contains.
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¶Historically, acids were identified by their sharp and / or 

sour taste.

¶Lemons and limes taste 

sour due to the citric acid, 

C6H8O7(aq), that they 

contain. Lemons and limes 

are known as citrus fruits.
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¶Historically, Chemists also believed that all acids 

contained the chemical element oxygen.

­ Nitric acid ïHNO3(aq).

­ Sulfuric acid ïH2SO4(aq).

­ Phosphoric acid ïH3PO4(aq).

­ Ethanoic acid ïCH3COOH(aq).

¶Oxygen actually takes its name from the Greek oxys

meaning ñacidò and genesmeaning ñproducerò. So 

oxygen literally means ñacid producerò.
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¶Historically, Chemists also believed that all acids 

contained the chemical element oxygen.

­ Nitric acid ïHNO3(aq).

­ Sulfuric acid ïH2SO4(aq).

­ Phosphoric acid ïH3PO4(aq).

­ Ethanoic acid ïCH3COOH(aq).

¶Buté énot all acids contain oxygen!

­ Hydrochloric acid ïHCl(aq).

¶Oxygen actually takes its name from the Greek oxys

meaning ñacidò and genesmeaning ñproducerò. So 

oxygen literally means ñacid producerò.
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2.But itôs dangerous 

to taste chemicals in 

the laboratory! Is 

there a modern 

definition of acid?
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¶Consider what the 

following acids all 

have in common.

2.But itôs dangerous 

to taste chemicals in 

the laboratory! Is 

there a modern 

definition of acid?
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¶Pure sulfuric acid:

Properties of Acids

H2SO4(l)
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¶Sulfuric acid dissolved in water:

Properties of Acids

H2SO4(aq)
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¶Pure nitric acid:

Properties of Acids

HNO3(l)
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¶Nitric acid dissolved in water:

Properties of Acids

HNO3(aq)



Acids, Bases and Salts

¶Pure ethanoic acid:

Properties of Acids

CH3COOH(l)
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¶Ethanoic acid dissolved in water:

Properties of Acids

CH3COOH(aq)



Acids, Bases and Salts

¶Pure hydrogen chloride:

Properties of Acids

HCl(g)
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¶Hydrogen chloride dissolved in water

(hydrochloric acid):

Properties of Acids

HCl(aq)
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¶In summary, all four chemicals dissolved in water.

¶In what way(s) are they similar?

Properties of Acids
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¶An acid is a chemical that will ionize when dissolved in water 

to produce hydrogen ions (H+(aq)) as the only positive ion.

¶For example, sulfuric acid:

sulfuric acid ­ sulfate ions + hydrogen ions

H2SO4(l) ­ SO4
2ï(aq) + 2H+(aq)

¶For example, nitric acid:

nitric acid ­ nitrate ions + hydrogen ions

HNO3(l) ­ NO3
ï(aq) + H+(aq)

¶For example, hydrochloric acid:

hydrogen chloride ­ chloride ions + hydrogen ions

HCl(g) ­ Clï(aq) + H+(aq)

Properties of Acids
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¶Test your understanding. Which of the following 

chemicals would you classify as an acid?

¶NaCl:

NaCl(s) ­ Na+(aq) + Clï(aq)

¶CH3COOH
CH3COOH(l) Ý CH3COOï(aq) + H+(aq)

¶NaHSO4:

NaHSO4(s) ­ Na+(aq) + H+(aq) + SO4
2ï(aq)

¶H2O:

H2O(l) ­ H+(aq) + OHï(aq)

Properties of Acids
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¶Test your understanding. Which of the following 

chemicals would you classify as an acid?

¶NaCl:

NaCl(s) ­ Na+(aq) + Clï(aq)

¶CH3COOH
CH3COOH(l) Ý CH3COOï(aq) + H+(aq)

¶NaHSO4:

NaHSO4(s) ­ Na+(aq) + H+(aq) + SO4
2ï(aq)

¶H2O:

H2O(l) ­ H+(aq) + OHï(aq)

U

V

U

?

Properties of Acids
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¶At room temperature and pressure, water molecules 

spontaneously ionise to form hydrogen ions (H+) and 

hydroxide ions (OHï). This change is reversible:

H2O(l)  Ý H+(aq)  +  OHï(aq)

A Brief Note about Water

¶The concentrations of the hydrogen ions and hydroxide 

ions are both very low at 1 ³10ï7 mol/dm3.

¶Because of the ionisation of water, acidic solutions 

actually contain a very low concentration of hydroxide 

ions and alkaline solutions actually contain a very low 

concentration of hydrogen ions.
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2. So all acids contain 

hydrogen. But is every 

compound that 

contains hydrogen an 

acid?
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2. So all acids contain 

hydrogen. But is every 

compound that 

contains hydrogen an 

acid?

¶No. For example, 

methane (CH4) and 

ammonia (NH3) are 

not acids.
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2. Why is it important 

for the chemical to 

be dissolved in water

before it exhibits its 

acidic properties?
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¶In reality, hydrogen ions are too unstable to exist on their 

own. A hydrogen ion will only be lost from an acid if a water 

molecule is available to accept it:

H+(aq) + H2O(l) ­ H3O
+(aq)

The polyatomic cation, H3O
+(aq), is known as the 

hydroxonium ion. It is stable in aqueous solution.

¶For example, sulfuric acid:

sulfuric acid + water ­ sulfate ions + hydroxonium ions

H2SO4(l) + 2H2O(l) ­ SO4
2ï(aq) + 2H3O

+(aq)

¶For example, nitric acid:

nitric acid + water ­ nitrate ions + hydroxonium ions

HNO3(l) + H2O(l) ­ NO3
ï(aq) + H3O

+(aq)
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¶Draw a dot and cross diagram to show the arrangement 

of the electrons, and hence the bonding, in the 

hydroxonium ion.
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¶Draw a dot and cross diagram to show the arrangement 

of the electrons, and hence the bonding, in the 

hydroxonium ion.
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3. What are 

monobasic acids, 

dibasic acids and 

tribasic acids?
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¶Monobasic Acid: One molecule of the acid can 

produce / donate / replace a maximum of one

hydrogen ion, e.g. nitric acid:

HNO3(l)  ­ H+(aq)  +  NO3
ï(aq)

¶Dibasic Acid: One molecule of the acid can 

produce / donate / replace a maximum of two

hydrogen ions, e.g. sulfuric acid:

H2SO4(l)  ­ 2H+(aq)  +  SO4
2ï(aq)

¶Tribasic Acid: One molecule of the acid can 

produce / donate / replace a maximum of three

hydrogen ions, e.g. phosphoric acid:
H3PO4(l)  Ý 3H+(aq)  +  PO4

3ï(aq)
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3. What are strong

acids, weak acids, 

concentrated acids 

and dilute acids?
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¶A dilute,

strong acid:

Acid Strength
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¶A concentrated,

strong acid:

Acid Strength
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¶A dilute,

weak acid:

Acid Strength
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¶A concentrated,

weak acid:

Acid Strength
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¶A strong acid will completely ionize when dissolved in 

water to produce hydrogen ions as the only positive ion.

¶Examples of strong acids include hydrochloric acid, 

nitric acid and sulfuric acid.

Acid Strength ïSummary ïStrong Acid
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¶A weak acid will partially ionize when dissolved in water 

to produce hydrogen ions as the only positive ion.

¶Examples of weak acids include ethanoic acid and

citric acid (Note: these are both organic acids that 

contain the element carbon).

Acid Strength ïSummary ïWeak Acid
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¶Note: When writing equations to show weak acids

ionising in water, the ñ Ý ò symbol is used in preference 

to the usual ñ­ò symbol.

Acid Strength

¶The ñ Ý ò symbol means that the reaction is reversible, 

meaning that once a hydrogen ion has been removed 

from a molecule of an acid, it can return to reform the 

acid once again.

CH3COOH(aq)  Ý CH3COOï(aq)  +  H+(aq)

¶This indicates that the acid is never fully ionised when 

dissolved in water and is therefore a weak acid.
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Acid Strength ïSummary ïWeak Acid

¶Vinegar contains the 

weak acid ethanoic acid, 

formula CH3COOH.

¶Lemons and limes contain 

the weak acid citric acid, 

formula C6H8O7.
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Acid Strength ïSummary ïWeak Acid

¶Vinegar contains the 

weak acid ethanoic acid, 

formula CH3COOH.

¶Lemons and limes contain 

the weak acid citric acid, 

formula C6H8O7.
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¶For a strong acid and a weak acid of the same 

concentration, e.g. 1.00 mol/dm3 hydrochloric acid (strong 

acid) and 1.00 mol/dm3 ethanoic acid (weak acid):

­ Both acids will have pH values less than 7, but the pH 

value of the strong acid will be lower than the pH value of 

the weak acid, e.g. the pH value of the strong acid will be 

approximately 1 - 3 whereas the pH value of the weak 

acid will be approximately 4 - 6.

­ Both acids will react with bases, metal carbonates and 

metals, but the strong acid will have a greater rate of 

reaction (will react faster) than the weak acid.

Acid Strength
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Acid Strength

¶For example, both hydrochloric acid (a strong acid) and ethanoic 

acid (a weak acid) react with magnesium to produce hydrogen gas:

2HCl(aq)  +  Mg(s)  ­ MgCl2(aq)  +  H2(g)

2CH3COOH(aq)  +  Mg(s)  ­ Mg(CH3COO)2(aq)  +  H2(g)

Assuming that Mg(s) is the limiting reagent, for the same mass of 

Mg(s), both reactions will produce the same volume of H2(g).



Acids, Bases and Salts

Acid Strength

¶For the same volume and concentration of each acid reacting with 

the same mass of magnesium, the reaction between hydrochloric 

acid and magnesium will be faster (producing a larger volume of 

hydrogen gas per unit time) than the reaction between ethanoic acid 

and magnesium. 

¶Ethanoic acid (weak acid)

¶Hydrochloric acid (strong acid)
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3. Is it possible for a 

weak acid to have a 

greater H+ ion 

concentration than a 

strong acid?
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3. Is it possible for a 

weak acid to have a 

greater H+ ion 

concentration than a 

strong acid?

¶Yes, if the strong 

acid is very dilute, 

and the weak acid is 

very concentrated.
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3. How far apart are 

the hydrogen ions in 

an aqueous solution 

of dilute acid?
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¶Consider a 1.00 mol/dm3 aqueous solution of 

hydrochloric acid, HCl(aq).

¶For every 55 molecules of water, there will be

one hydrogen ion, H+(aq), and one chloride ion, Clï(aq).

¶Put another way, a cube of the solution measuring 

approximately 4 ³4 ³4 water molecules will contain

one hydrogen ion, H+(aq), and one chloride ion Clï(aq).
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¶A model representing the approximate distribution of 

ions in 1.00 mol/dm3 hydrochloric acid, HCl(aq).

¶On average, there are 2 ï4 water molecules

in between the H+(aq) and Clï(aq) ions.
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4. What is pH and 

what information 

does it tell me about 

a solution?

H Main Menu



Acids, Bases and Salts

¶pH is a numeric scale that is used to specify the acidity 

or alkalinity of an aqueous solution. Acidic solutions have 

pH values less than 7 and alkaline solutions have pH 

values greater than 7. A chemical with a pH value of 

exactly 7 is neutral, being neither acidic nor alkaline.

¶In general, the pH scale runs from 1 to 14, although pH 

values less than 1 (for strong, concentrated acids) and 

greater than 14 (for strong, concentrated alkalis) are 

possible.
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¶pH values of some everyday chemicals.



Acids, Bases and Salts

¶Many toiletries  

and skin-care 

products mention 

pH in their labelling 

and marketing.
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¶The pH of a solution can be determined by testing the 

solution with Universal Indicator paper or solution. The 

resulting colour indicates the pH of the solution:

1 ª 6 acidic,   7 neutral,   8 ª 14 alkaline.
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¶Which of the above solutions is acidic, neutral, alkaline?
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¶Which of the above solutions is acidic, neutral, alkaline?

OrangeïAcidic (maybe a dilute, strong acid or a 

concentrated weak acid).

YellowïAcidic (maybe a dilute, weak acid).

GreenïNeutral (maybe pure water).

RedïAcidic (maybe a concentrated, strong acid).

Blue or PurpleïAlkaline.
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¶In addition to Universal Indicator paper, there are many 

other indicators available.
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¶Digital pH meters 

can give very 

accurate readings 

to two decimal 

places.
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Question: Lemon juice has a pH value of 3. Explain this 

observation.
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Question: Lemon juice has a pH value of 3. Explain this 

observation.

Answer: A pH value less than 7 indicates that lemon juice is 

acidic. Furthermore, the pH value of 3 indicates that the lemon 

juice contains either a relatively concentrated weak acid, or a 

relatively dilute strong acid. Lemon juice actually contains 

citric acid, which is a weak acid.
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Exact definition of pH:

pH = ïlog10[H+]
Where [H+] is the hydrogen ion concentration in mol/dm3

¶In simple terms, the greater the H+(aq) concentration, the 

lower the pH value of the solution. The lower the H+(aq) 

concentration, the higher the pH value of the solution.

¶What is the pH of a solution in which the hydrogen ion 

concentration is 0.01 mol/dm3?
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Exact definition of pH:

pH = ïlog10[H+]
Where [H+] is the hydrogen ion concentration in mol/dm3

¶In simple terms, the greater the H+(aq) concentration, the 

lower the pH value of the solution. The lower the H+(aq) 

concentration, the higher the pH value of the solution.

¶What is the pH of a solution in which the hydrogen ion 

concentration is 0.01 mol/dm3?

¶pH = ïlog10[H
+]

pH = ïlog10[0.01]

pH = ï(ï2)

pH = 2.00
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5. Are acids 

electrical conductors

or electrical 

insulators?

H Main Menu

Remember:

Electricity is the 

flow / movement of 

charged particles.
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¶A pure acid, one that 

has not dissolved in 

water, will be 

composed only of 

simple covalent 

molecules. There are 

no mobile ions to 

serve as charge 

carrying particles. The 

pure acid is an 

electrical insulator.

Electrical Conductivity
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¶Once dissolved in 

water, the acid will 

ionize to form 

positively charged 

hydrogen ions and 

anions. The ions are 

free to move 

throughout the 

solution and therefore 

serve as mobile 

charge carrying 

particles.

Electrical Conductivity
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¶When electrodes are 

inserted into the acidic 

solution, the positively 

charged hydrogen 

ions are attracted 

towards the cathode, 

while the anions are 

attracted towards the 

anode. The movement 

of ions towards the 

electrode of opposite 

charge constitutes the 

flow of electricity.

Electrical Conductivity
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¶Which one of the following solutions is a good 

conductor of electricity, and which one is a poor 

conductor of electricity?

­ A concentrated strong acid.

­ A concentrated weak acid.

­ A dilute weak acid.

­ A dilute strong acid.
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¶Which one of the following solutions is a good 

conductor of electricity, and which one is a poor 

conductor of electricity?

­ A concentrated strong acid.

­ A concentrated weak acid.

­ A dilute weak acid.

­ A dilute strong acid.

¶The concentrated strong acid is a good conductor of 

electricity because it has a large number of mobile ions 

per unit volume of the solution.

¶The dilute weak acid is a poor conductor of electricity 

because it has a small number of mobile ions per unit 

volume of the solution.
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6. What are the 

typical reactions of 

acids?
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acid + metal ­ salt + hydrogen
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hydrochloric acid + zinc ­ zinc chloride + hydrogen

acid + metal ­ salt + hydrogen



Acids, Bases and Salts

hydrochloric acid + zinc ­ zinc chloride + hydrogen

acid + metal ­ salt + hydrogen
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hydrochloric acid + zinc ­ zinc chloride + hydrogen

2HCl(aq) + Zn(s) ­ ZnCl2(aq) + H2(g)

acid + metal ­ salt + hydrogen
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hydrochloric acid + zinc ­ zinc chloride + hydrogen

nitric acid + calcium ­ calcium nitrate + hydrogen

2HCl(aq) + Zn(s) ­ ZnCl2(aq) + H2(g)

acid + metal ­ salt + hydrogen



Acids, Bases and Salts

hydrochloric acid + zinc ­ zinc chloride + hydrogen

nitric acid + calcium ­ calcium nitrate + hydrogen

2HCl(aq) + Zn(s) ­ ZnCl2(aq) + H2(g)

acid + metal ­ salt + hydrogen
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hydrochloric acid + zinc ­ zinc chloride + hydrogen

nitric acid + calcium ­ calcium nitrate + hydrogen

2HCl(aq) + Zn(s) ­ ZnCl2(aq) + H2(g)

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

acid + metal ­ salt + hydrogen
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hydrochloric acid + zinc ­ zinc chloride + hydrogen

nitric acid + calcium ­ calcium nitrate + hydrogen

sulfuric acid + magnesium ­ magnesium sulfate + hydrogen

2HCl(aq) + Zn(s) ­ ZnCl2(aq) + H2(g)

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

acid + metal ­ salt + hydrogen
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hydrochloric acid + zinc ­ zinc chloride + hydrogen

nitric acid + calcium ­ calcium nitrate + hydrogen

sulfuric acid + magnesium ­ magnesium sulfate + hydrogen

2HCl(aq) + Zn(s) ­ ZnCl2(aq) + H2(g)

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

acid + metal ­ salt + hydrogen
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hydrochloric acid + zinc ­ zinc chloride + hydrogen

nitric acid + calcium ­ calcium nitrate + hydrogen

sulfuric acid + magnesium ­ magnesium sulfate + hydrogen

2HCl(aq) + Zn(s) ­ ZnCl2(aq) + H2(g)

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

H2SO4(aq) + Mg(s) ­ MgSO4(aq) + H2(g)

acid + metal ­ salt + hydrogen
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hydrochloric acid + zinc ­ zinc chloride + hydrogen

nitric acid + calcium ­ calcium nitrate + hydrogen

sulfuric acid + magnesium ­ magnesium sulfate + hydrogen

2HCl(aq) + Zn(s) ­ ZnCl2(aq) + H2(g)

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

H2SO4(aq) + Mg(s) ­ MgSO4(aq) + H2(g)

¶Note: The salt is formed when the hydrogen of the acid is 

replaced by a metal.

acid + metal ­ salt + hydrogen
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¶Most, but not all metals 

react with acids.

¶Metals below hydrogen in 

the reactivity series do not

react with acids.

Potassium

Sodium

Calcium

Magnesium

Aluminium

Zinc

Iron

­ Hydrogen«

Copper

Silver U

V

acid + metal ­ salt + hydrogen

¶Copper ore.
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acid + metal ­ salt + hydrogen
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acid + metal ­ salt + hydrogen



Hydrogen gas will extinguish a burning splint with a 

squeaky ñpopò sound.

Acids, Bases and Salts

acid + metal ­ salt + hydrogen



acid + base (alkali) ­ salt + water
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hydrochloric acid + sodium hydroxide ­ sodium chloride + water

acid + base (alkali) ­ salt + water
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hydrochloric acid + sodium hydroxide ­ sodium chloride + water

acid + base (alkali) ­ salt + water
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hydrochloric acid + sodium hydroxide ­ sodium chloride + water

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

acid + base (alkali) ­ salt + water



Acids, Bases and Salts

hydrochloric acid + sodium hydroxide ­ sodium chloride + water

nitric acid + calcium hydroxide ­ calcium nitrate + water

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

acid + base (alkali) ­ salt + water
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hydrochloric acid + sodium hydroxide ­ sodium chloride + water

nitric acid + calcium hydroxide ­ calcium nitrate + water

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

acid + base (alkali) ­ salt + water
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hydrochloric acid + sodium hydroxide ­ sodium chloride + water

nitric acid + calcium hydroxide ­ calcium nitrate + water

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

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

acid + base (alkali) ­ salt + water
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hydrochloric acid + sodium hydroxide ­ sodium chloride + water

nitric acid + calcium hydroxide ­ calcium nitrate + water

sulfuric acid + copper(II ) oxide ­ copper(II ) sulfate + water

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

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

acid + base (alkali) ­ salt + water
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hydrochloric acid + sodium hydroxide ­ sodium chloride + water

nitric acid + calcium hydroxide ­ calcium nitrate + water

sulfuric acid + copper(II ) oxide ­ copper(II ) sulfate + water

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

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

acid + base (alkali) ­ salt + water
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hydrochloric acid + sodium hydroxide ­ sodium chloride + water

nitric acid + calcium hydroxide ­ calcium nitrate + water

sulfuric acid + copper(II ) oxide ­ copper(II ) sulfate + water

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

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

H2SO4(aq) + CuO(s) ­ CuSO4(aq) + H2O(l)

acid + base (alkali) ­ salt + water
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hydrochloric acid + sodium hydroxide ­ sodium chloride + water

nitric acid + calcium hydroxide ­ calcium nitrate + water

sulfuric acid + copper(II ) oxide ­ copper(II ) sulfate + water

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

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

H2SO4(aq) + CuO(s) ­ CuSO4(aq) + H2O(l)

¶Note: The salt is formed when the hydrogen of the acid is 

replaced by a metal.

¶Note: All bases / alkalis will react with an acid.

acid + base (alkali) ­ salt + water
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¶What does an acid-base reaction look like at a 

molecular level?

¶Essentially, acid-base reactions involve the 

movement / transfer of hydrogen ions, H+(aq).
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¶The reaction between the hydrogen ions of an 

acid and the hydroxide ions of an alkali to form 

water is called neutralisation.

¶The ionic equation for this reaction is:

H+(aq)  +  OHï(aq)  ­ H2O(l)
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acid + base (alkali) ­ salt + water
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acid + base (alkali) ­ salt + water
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acid + base (alkali) ­ salt + water
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nitric acid + sodium hydroxide ­ sodium nitrate + water

HNO3(aq) + NaOH(aq) ­ NaNO3(aq) + H2O(l)

H+(aq) + OHï(aq) ­ H2O(l)

acid + base (alkali) ­ salt + water



acid + carbonate ­ salt + water + carbon dioxide

Acids, Bases and Salts
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hydrochloric acid + sodium carbonate

®

sodium chloride + water + carbon dioxide

acid + carbonate ­ salt + water + carbon dioxide
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hydrochloric acid + sodium carbonate

®

sodium chloride + water + carbon dioxide

acid + carbonate ­ salt + water + carbon dioxide
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hydrochloric acid + sodium carbonate

®

sodium chloride + water + carbon dioxide

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

acid + carbonate ­ salt + water + carbon dioxide
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hydrochloric acid + sodium carbonate

®

sodium chloride + water + carbon dioxide

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

nitric acid + copper(II ) carbonate

®

Copper(II ) nitrate + water + carbon dioxide

acid + carbonate ­ salt + water + carbon dioxide
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hydrochloric acid + sodium carbonate

®

sodium chloride + water + carbon dioxide

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

nitric acid + copper(II ) carbonate

®

copper(II ) nitrate + water + carbon dioxide

acid + carbonate ­ salt + water + carbon dioxide
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hydrochloric acid + sodium carbonate

®

sodium chloride + water + carbon dioxide

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

nitric acid + copper(II ) carbonate

®

copper(II ) nitrate + water + carbon dioxide

2HNO3(aq) + CuCO3(s) ­ Cu(NO3)2(aq) + H2O(l) + CO2(g)

acid + carbonate ­ salt + water + carbon dioxide
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hydrochloric acid + sodium carbonate

®

sodium chloride + water + carbon dioxide

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

nitric acid + copper(II ) carbonate

®

copper(II ) nitrate + water + carbon dioxide

2HNO3(aq) + CuCO3(s) ­ Cu(NO3)2(aq) + H2O(l) + CO2(g)

¶Note: The salt is formed when the hydrogen of the acid is 

replaced by a metal.

¶Note: All metal carbonates will react with an acid.

acid + carbonate ­ salt + water + carbon dioxide
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acid + carbonate ­ salt + water + carbon dioxide



Ca(OH)2(aq)  +  CO2(g)  ­ CaCO3(s)  +  H2O(l)

Ca2+(aq) + 2OHï(aq) + CO2(g) ­ CaCO3(s) + H2O(l)

Calcium Hydroxide + Carbon Dioxide ­ Calcium Carbonate + Water

Acids, Bases and Salts

acid + carbonate ­ salt + water + carbon dioxide
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Note: When a dibasic or tribasic acid reacts, it is possible 

for the hydrogen ions of the acid to be replaced by metal 

ions one-at-a-time, i.e. the hydrogen ions of a dibasic or 

tribasic acid do not need to be replaced all-at-once.

¶Example, phosphoric acid reacting with sodium hydroxide:

¶The overall reaction is:

H3PO4(aq) + 3NaOH(aq) ­ Na3PO4(aq) + 3H2O(l)

H3PO4(aq)  +  NaOH(aq)  ­ NaH2PO4(aq)  +  H2O(l)
monosodium dihydrogen phosphate

an acid salt

NaH2PO4(aq)  +  NaOH(aq)  ­ Na2HPO4(aq)  +  H2O(l)
disodium monohydrogen phosphate

an acid salt

Na2HPO4(aq)  +  NaOH(aq)  ­ Na3PO4(aq)  +  H2O(l)
trisodium phosphate (sodium phosphate)
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6. Given an unknown 

solution, what 

chemical tests can I 

perform to determine 

if it is an acid?
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¶Using blue litmus paper (blue­ red) is not considered 

as a chemical test for an acid.

¶Adding a reactive metal, e.g. magnesium or zinc, to the 

acid, observing effervescence, and then testing the gas 

with a burning splint (it should be extinguished with a 

ñpopò sound) is considered as a chemical test for an acid.

¶Using universal indicator solution (green­ red / orange

/ yellow) is not considered as a chemical test for an acid.

¶Adding a metal carbonate, e.g. sodium carbonate, to 

the acid, observing effervescence, and then testing the 

gas with limewater (a white precipitate should be 

produced) is considered as a chemical test for an acid.
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7. The reactions of 

acids all produce salts. 

How do I know which 

salts are soluble (aq) 

and insoluble (s) in 

water?

H Main Menu



¶All sodium salts* are _______ in water.

¶All potassium salts* are _______ in water.

¶All ammonium salts are _______ in water.

¶All nitrates are _______ in water.

¶All chlorides* are _______ in water, except __________________

¶All sulfates are _______ in water, except ___________________

¶All carbonates are _______ in water, except ___________________

¶All hydroxides are _______ in water, except __________________

Acids, Bases and Salts

Solubility Rules

¶All ethanoates (CH3COOï) are _______ in water.

¶All phosphates are _______ in water, except __________________



¶All sodium salts* are _______ in water.

¶All potassium salts* are _______ in water.

¶All ammonium salts are _______ in water.

¶All nitrates are _______ in water.

¶All chlorides* are _______ in water, except __________________

¶All sulfates are _______ in water, except ___________________

¶All carbonates are _______ in water, except ___________________

¶All hydroxides are _______ in water, except __________________

soluble

soluble

soluble

insoluble

insoluble

soluble

soluble

soluble

Na2CO3, K2CO3, (NH4)2CO3

AgCl, PbCl2

NaOH, KOH, NH4OH

BaSO4, CaSO4, PbSO4

Acids, Bases and Salts

Solubility Rules

*Assume that the salts of all Group 1 metals are soluble in water.

¶All ethanoates (CH3COOï) are _______ in water.soluble

*Assume that bromides and iodides follow the same rule.

¶All phosphates are _______ in water, except __________________insoluble Na3PO4, K3PO4, (NH4)3PO4



Acids, Bases and Salts

8. What is an

acid salt ?

H Main Menu
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¶Acid salt is the name given to a group of salts that are 

formed by the partial neutralisation of a dibasic or tribasic 

(polybasic) acid.

¶Because the polybasic acid has only been partially 

neutralised, one or more replaceable hydrogen atoms

remain.

¶Typical acid salts contain one or more metal ions and 

one or more hydrogen atoms.

¶Typical examples include sodium hydrogen carbonate, 

NaHCO3, and sodium hydrogen sulfate, NaHSO4.

¶Acid salts can be either acidic or alkaline in nature and 

are often used as buffers (chemicals that maintain / 

regulate the pH of a solution).
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H2SO4(aq)  +  NaOH(aq)  ­ NaHSO4(aq)  +  H2O(l)

H2CO3(aq)  +  NaOH(aq)  ­ NaHCO3(aq)  +  H2O(l)

H3PO4(aq)  +  NaOH(aq)  ­ NaH2PO4(aq)  +  H2O(l)

¶Formation of the acid salt, sodium hydrogen sulfate:

¶Formation of the acid salt, sodium hydrogen carbonate:

¶Formation of the acid salt, sodium hydrogen phosphate:

¶Note: Acid salts are not true acids because they do not

dissolve in water to produce hydrogen ions as the only 

positive ion, e.g.

NaHSO4(s)  ­ Na+(aq)  +  H+(aq)  +  SO4
2ï(aq)
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NaHSO4(aq)  +  NaOH(aq)  ­ Na2SO4(aq)  +  H2O(l)

NaHSO4(aq)  +  HCl(aq)  ­ H2SO4(aq)  +  NaCl(aq)

¶Acid salts contain hydrogen that can be replaced by a 

metal, allowing the acid salt to react like an acid to form a 

salt and water, e.g.

¶Acid salts contain a metal that can be replaced by 

hydrogen, allowing the acid salt to react like a base, e.g.

¶Because acid salts can remove both H+ and OHïfrom 

aqueous solution, they are able to regulate the pH of a 

solution. Chemicals that are able to maintain / regulate 

the pH of a solution are referred to as buffers.



Acids, Bases and Salts

9. How are bases

and metal

carbonates used in 

everyday medicine?
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¶Acid reflux is a painful condition that 

occurs when hydrochloric acid in the 

stomach passes through the 

esophageal sphincter and irritates the 

delicate lining of the esophagus.
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2HCl(aq)  +  CaCO3(s)

®

CaCl2(aq)  +  H2O(l)  +  CO2(g)

¶Antacids that contain calcium 

carbonate react with and neutralise 

the hydrochloric acid, easing the 

discomfort.
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2HCl(aq)  +  Mg(OH)2(s)

®

MgCl2(aq)  +  2H2O(l)

¶Antacids that contain magnesium 

hydroxide react with and neutralise 

the hydrochloric acid, easing the 

discomfort.



Acids, Bases and Salts

10. What are acids

typically used for?
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Acids, Bases and Salts

¶Sulfuric acid is used to 

manufacture detergents.
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¶Detergents are used to 

remove non-polar

chemicals, such as oil and 

grease, from clothing and 

dirty dishes.

¶The detergent molecule 

will have a non-polar region

to attract the oil and 

grease, and a polar region

to attract water.
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water
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¶The non-polar region (~) of the detergent does not 

dissolve in polar solvents such as water, but does dissolve 

in other non-polar chemicals such as oil. The non-polar

region of the detergent molecule therefore binds to oil.
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water

¶The polar region (¶) of the detergent does not dissolve in 

non-polar solvents such as oil, but does dissolve in other 

polar chemicals such as water. The polar region of the 

detergent molecule therefore binds to water.
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water

¶This combination of a non-polar hydrophobic region 

(literally ñdoes not like waterò) and a polar hydrophilic

region (literally ñlikes waterò) in the same molecule allows 

detergents to dissolve oil and grease from fabrics.
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¶Sulfuric acid is used to 

manufacture fertilizers, 

e.g. ammonium sulfate 

(formula, (NH4)2SO4).

¶Fertilizers contain 

nutrients that are 

essential for the healthy 

growth of plants, such as 

potassium, nitrogen and 

phosphorus.
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¶Sulfuric acid is used as 

the electrolyte in car 

batteries.


























































































































































































































































