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THE DEVELOPMENT OF THEORIES 
One of the most important types of 
reaction in chemistry is between 
substances called acids and bases. 
These compounds have been 
extensively studied by many famous 
scientists, and each theory to describe 
them built on the memory of past 
experiments and investigations. The 
questions in this paper will ask you to 
identify issues and improvements for 
each theory, as well as several 
experimental features required in 
investigating these compounds.  

In the 1600’s, Robert Boyle formulated 
the first working definition of acids and 
bases (or alkalis) by conducting 

various experiments to observe rudimentary physical properties. He tasted several 
substances and also reacted them with a vegetable dye known as litmus. Each substance 
was classified based on how sour the substance was, which was a well-known indicator of 
an acid, and what colour the litmus changed in the presence of that substance. Acids tended 
to change litmus into a deep red colour, whereas bases turned litmus blue. 

Next, in the 1700’s, Antoine Lavoisier termed the element “oxygen”, and postulated that it 
was responsible for all the acidic properties that Boyle had investigated. Many of his 
reactions involving acids and bases produced oxygen gas. 

In the early 1800’s, Sir Humphry Davy challenged Lavoisier’s conclusions, as several of his 
reactions with acids and metals did not produce oxygen gas as Lavoisier expected. He 
proposed instead that hydrogen was the important element in determining acidity. 

At a similar time to Davy, Justus Liebig investigated reactions of metals with acids, and 
proposed that metals replace the hydrogen atoms of acids, to form familiar salts from these 
reactions. 

Next, in the early 1900’s, Svante Arrhenius was investigating conductivity of solutions, and 
had developed a theory of substances known as electrolytes which break up into charged 
particles in water. All the acids and bases he tested were electrolytes as well, so he defined 
an acid as a substance that releases hydrogen (H+) ions in solution, and bases as those that 
release hydroxide (OH-) ions into solution. 

Next, a bit later in the 1900’s, Johannes Bronsted and Thomas Lowry independently 
developed a stronger theory of acids and bases involving protons, or hydrogen ions. Acids 
were substances that could donate protons to a base, now known as a proton acceptor. 

At a similar time, Gilbert Lewis instead looked at the interaction of electron pairs between 
molecules. An acid under this definition could accept electron pairs from a base, now known 
as an electron pair donor. 
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1. Using the stimulus material on page 2, draw up a timeline of the various acid-base 
theories, and provide concise definitions of acids and bases in each theory in the space 
provided (7 marks) 

Theory Boyle Lavoisier Davy Liebig Arrhenius Bronsted 
Lowry 

Lewis 

Time 1600’s 1700’s 1800’s 1800’s Early 
1900’s 

Late 
1900’s 

Late 
1900’s 

Acid 
Definition 

Sour, 
turned 
litmus 
red 

Contained 
oxygen 

Contained 
hydrogen 

Contained 
hydrogen 

Released 
H+ ions 
into 
solution 

Proton 
Donor 

Electron 
Pair 
Donor 

Base 
Definition 

Not 
sour, 
turned 
litmus 
blue 

Didn’t 
contain 
oxygen 

Didn’t 
contain 
hydrogen 

Didn’t 
contain 
hydrogen 

Released 
OH- ions 
into 
solution 

Proton 
Acceptor 

Electron 
Pair 
Acceptor 

 

1 mark per theory  
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2. For any of the theories, identify safety issues with their experimentation that would have 
limited their application in more complicated chemical investigations. (4 marks) 

 

__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
 

3. Why is the reaction of hydrogen chloride (HCl) and ammonia gases (NH3) an issue 
under the Arrhenius theory? (3 marks) 

 

__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
 

 

1 mark for each correct safety issue identified 
For example: 

- Lavoisier would be handling explosive 
oxygen gas in many of his reactions 

- Boyle would be ingesting corrosive acids 
frequently 

- Arrhenius would be handling electric 
equipment frequently 

- Liebig would be handling toxic metals in 
order to prove his theory 

Arrhenius Definition: acids release H+ ions in 
solution and bases release OH- ions in solution. 
Hence, this theory is only applicable in solutions 
with water as a solvent, not with free gases. Also, as 
ammonia does not contain any oxygen, this would 
be even more difficult to explain under the Arrhenius 
theory. 
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4. Once Lavoisier had produced his oxygen gas in various reactions, he needed to prove to 
others that it was the same gas. Describe a suitable test that would identify the presence 
of oxygen gas that Lavoisier could have used. Include relevant equipment and a 
stepwise method. (4 marks) 

 

__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
 

5. Write a risk assessment for one risk related to your test in question 4, including details 
on how you would fix this issue. (3 marks) 

 

__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
 

 

Oxygen gas is very flammable and would cause 
burning things to burn brighter, or could reignite a 
splint. Any method related to this concept can be 
awarded full marks. 
2 marks for a reasonable experiment laid out in a 
stepwise manner 

2 marks for relevant equipment in each step 

1 mark for identifying a risk, 1 mark for describing 
why it could be a risk and 1 mark for providing ways 
to reduce the risk. 
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6. Hydrogen chloride, HCl, dissolves in water to produce a positively charged hydrogen ion, 
H+, and a negatively charged chloride ion, Cl-. Write a chemical equation to represent 
this reaction (not including water in the equation) and then draw a diagram to 
demonstrate this reaction using a beaker of water. (3 marks) 

 

 

 

 

 

 

 

 

 

 

 

7. For each of the following substances, identify whether they could be considered an acid, 
base, both or neither under each of the named theories by observing the given reaction 
(1 mark each – must have classification (1/2 mark) and reasoning (1/2 mark) 

a. Ammonia, NH3- 

Reaction: 𝑁𝑁𝐻𝐻3 (𝑎𝑎𝑎𝑎) + 𝐻𝐻2𝑂𝑂(𝑙𝑙) → 𝑁𝑁𝐻𝐻4 (𝑎𝑎𝑎𝑎)
+ + 𝑂𝑂𝐻𝐻(𝑎𝑎𝑎𝑎)

−  

THEORY CLASSIFICATION  REASONING 

Lavoisier Neither Doesn’t contain oxygen, and Lavoisier didn’t 
provide a definition for bases 

Davy Acid Contains hydrogen 

Liebig Acid Contains hydrogen 

Arrhenius Base Releases hydroxide ions into a water solution 

Bronsted-Lowry Base Accepts a proton from water 

HCl -> H++ Cl- 
1 mark for the above equation, 2 marks for a 
reasonable, labelled diagram of the reaction. 
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b. Carbonic Acid, H2CO3 

Reaction: 𝐻𝐻2𝐶𝐶𝑂𝑂3 (𝑎𝑎𝑎𝑎) →  𝐻𝐻(𝑎𝑎𝑎𝑎)
+ + 𝐻𝐻𝐶𝐶𝑂𝑂3 (𝑎𝑎𝑎𝑎)

−  

THEORY CLASSIFICATION REASONING 

Lavoisier Acid Contains oxygen 

Davy Acid Contains hydrogen 

Liebig Acid Contains hydrogen 

Arrhenius Acid Release hydrogen ions into a water solution 

Bronsted-Lowry Acid Donates a proton to some other substance 

 

c. Water, H2O 

Reaction: 𝐻𝐻2𝑂𝑂(𝑙𝑙) + 𝐻𝐻2𝑂𝑂(𝑙𝑙) → 𝐻𝐻3𝑂𝑂(𝑎𝑎𝑎𝑎)
+ + 𝑂𝑂𝐻𝐻(𝑎𝑎𝑎𝑎)

−  (𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑎𝑎 𝑠𝑠𝑠𝑠𝑎𝑎𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑜𝑜𝑝𝑝𝑜𝑜𝑝𝑝𝑝𝑝𝑝𝑝𝑜𝑜𝑜𝑜 𝑜𝑜𝑜𝑜 𝑤𝑤𝑎𝑎𝑝𝑝𝑤𝑤𝑝𝑝 𝑠𝑠𝑜𝑜𝑜𝑜𝑤𝑤𝑐𝑐𝑐𝑐𝑜𝑜𝑤𝑤𝑠𝑠) 

THEORY CLASSIFICATION REASONING 

Lavoisier Acid Contains oxygen 

Davy Acid Contains hydrogen 

Liebig Acid Contains hydrogen 

Arrhenius Neither, Neutral, or 
both 

Generally doesn’t react, but can ionize to give 
hydrogen ions and hydroxide ions 

Bronsted-Lowry Both Can donate or accept a proton 
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d. Sodium Carbonate, Na2CO3 

Reaction: 𝑁𝑁𝑎𝑎2𝐶𝐶𝑂𝑂3 (𝑎𝑎𝑎𝑎) + 2𝐻𝐻2𝑂𝑂(𝑙𝑙) →  𝐻𝐻2𝐶𝐶𝑂𝑂3 (𝑎𝑎𝑎𝑎) + 2𝑁𝑁𝑎𝑎(𝑎𝑎𝑎𝑎)
+ + 2𝑂𝑂𝐻𝐻(𝑎𝑎𝑎𝑎)

−  

THEORY CLASSIFICATION REASONING 

Lavoisier Acid Contains oxygen 

Davy Base Doesn’t contain hydrogen 

Liebig Base Doesn’t contain hydrogen 

Arrhenius Base Release hydroxide ions into a water solution 

Bronsted-Lowry Base Accepts protons from water 
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8. Lewis theory often uses arrows to identify the movement of a pair of electrons in an acid-
base reaction mechanism. Below are a series of molecular diagrams that represent 
different chemical reactions. In a molecular diagram, electron pairs are either 
represented by two dots next to each other or as a line. If a point between two lines is 
not marked with an element symbol, then it represents a carbon atom. Every carbon 
must have exactly 4 bonds, or 4 pairs of electrons around it. 

 

During a chemical reaction, pairs of electrons move between different chemical compounds. 
In our acid-base reactions explored above, electrons will be donated and accepted using the 
Lewis theory. This means a diagram representing this reaction would show an arrow moving 
the electrons from a donor to the acceptor.  

 

Add arrows to the following reaction diagrams to show how the electrons move and provide 
a brief explanation alongside your diagram. Note that where an element has a negative sign 
above it, the species is a negative ion, so has two electrons it wants to donate. A positive 
sign means the species needs two electrons. It will help to first look at the products on the 
right of each arrow to deduce the directions electrons must move on the left-hand side!  

Note: for this question you do not need to know what the chemical compounds are or how 
many electrons each element may need. Focus only on the representations of electrons in 
the diagrams and illustrating the movements of these to explain how the reactants become 
the products.  

 

3 marks each  

a.  

 

 

 

1 arrow connecting the negative charge to the hydrogen atom to produce HOCH3 

1 arrow connecting the leftover bond from the hydrogen atom to the double bond in the 
product 

1 arrow connecting the bond to chlorine to the atom itself to produce a chloride ion (Cl-) 

Note: all arrows should be curved not straight. 

 

b.  

 
 
1 arrow from the negative charge to the hydrogen atom 

1 arrow from the leftover bond from the hydrogen atom to the positively charged oxygen 
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c.  

 
 
 
1 arrow from the pair of electrons on the oxygen to the hydrogen on the other molecule 

1 arrow from the leftover bond from the hydrogen atom to the oxygen atom 

 
 
 

d.  

 
 
 
 
1 arrow from the double bond to the positively charged nitrogen 
 
 
 

e.  

 
 
 
 
 
1 arrow from the chloride ion to the CH3 group 
1 arrow from the leftover bond to the S-O bond to make a double bond in the product 
1 arrow from the S-Cl bond to the chlorine atom, to make the chloride ion 
 
 
 
 
 
 
 

f.  

 
 
 
 
1 arrow from the NH3 pair to the hydrogen to make NH4

+ 
1 arrow from the leftover O-H bond to the C-O bond to make the double bond in the product 
1 arrow from the original C=O bond to make the negatively charged oxygen atom 
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9. For each part of question 8, identify which substance was acting as the acid, and which 
as the base, using the Lewis theory of acids and bases. (6 marks) 

QUESTION 
PART 

ACID (ELECTRON PAIR 
ACCEPTOR) 

BASE (ELECTRON PAIR DONOR) 

a The hexagonal compound OCH3- 

b H3O+ OH- 

c Water Water 

d The hexagonal compound NO2
+ 

e Cl- The sulfur/chlorine compound 

f The CH3COOH compound NH3 

 

 

 

10. Would all of these substances have been identified under the Bronsted-Lowry theory? (3 
marks) 

__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 
__________________________________________________________________________________ 

Under Bronsted Lowry, acids donate protons and 
bases accept protons. (1 mark) 
 
Hence in question 8 parts d and e, the compounds 
are not exchanging a hydrogen ion between them (1 
mark), so Bronsted-Lowry would not have identified 
them as acids or bases (1 mark) 
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11. Predict the products of the following reactions given the curly arrows. (2 marks each) 

a.  

 

 

The product should simply switch the Br for an I in a substitution reaction, leaving behind a 
Br- ion. (1 mark for each product) 

 

 

 

 

b.  

 

 

The product will have the C-N molecule bonded to the carbon with a line, and then a single 
C-O bond with a negative charge on the oxygen. (1 mark for each product) 

 

 

 

 

 

 

c.  

 

 

The product will have a single bond from the C to the O, with a positive charge on the O as it 
has donated it’s electron pair to the carbon. (1 mark for each product)  
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