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alCohols

Methanol and ethanol
The alcohols are a series (or family) of carbon compounds based on the alkane chain but with an –OH group 
attached to a carbon atom.
• The –OH group replaces a hydrogen atom.
• Alcohols can be represented by the general formula CnH2n+1OH

The first two alcohols are 1-carbon-long methanol, CH3OH, and 2-carbon-long ethanol, C2H5OH

Ethanol can also be represented as CH3CH2OH using a ‘condensed structural formula’.

Melting points and boiling points
Methanol and ethanol are colourless liquids at room temperature. (Their melting point is below room temperature 
and their boiling point is above room temperature.)
• Alcohols have higher melting points and boiling points compared with the same chain length alkanes – the 

attractive forces between alcohol molecules are stronger than those between alkane molecules, and thus 
more energy is required to separate the alcohol molecules.

• The boiling points of methanol and ethanol are both below 100 °C – these liquids are described as volatile 
(i.e. easily vaporised).

Name

Condensed 
structural 
formula Structural formula

Melting point 
(°C)

Boiling point 
(°C)

methanol CH3OH C

H

H

H O H –94 65

ethanol CH3CH2OH CC

HH

HH

H O H –117 79

Solubility in water
Methanol and ethanol are completely soluble in water because the –OH end has unequal charge distribution so 
is polar, thus the polar water molecules and alcohol molecules are strongly attracted to each other. In terms of 
solubility for polar or non-polar substances, use the term ‘like dissolves like’.
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28  Achievement Standard 90932 (Chemistry 1.3)

Combustion of methanol and ethanol
Both methanol and ethanol burn in air, so may be used as fuels.

The products of combustion depend on the amount of oxygen available.

The equations for the complete combustion of methanol, CH3OH, and ethanol, CH3CH2OH, are:

 methanol  +  oxygen  $  carbon dioxide  +  water

 2CH3OH  +  3O2 $  2CO2  +  4H2O

 ethanol  +  oxygen  $  carbon dioxide  +  water

 CH3CH2OH  +  3O2  $  2CO2  +  3H2O

The flame colour for complete combustion is blue and almost invisible.

Alcohols more easily undergo complete combustion than hydrocarbons of the same chain length. This is due to 
the presence of the ‘O’ atom in the alcohol, meaning less oxygen is required from the surrounding air to form the 
same complete combustion products.

If only limited oxygen is present, incomplete 
combustion occurs, forming carbon monoxide and/or 
carbon instead of carbon dioxide.

Alcohol burning

For incomplete combustion of methanol, CH3OH:

 CH3OH  +  O2  $  CO  +  2H2O
           carbon monoxide

or 2CH3OH  +  O2  $  2C  +  4H2O
       soot

For incomplete combustion of ethanol, CH3CH2OH:

 CH3CH2OH  +  2O2  $	 2CO  +  3H2O
        carbon monoxide

or CH3CH2OH  +  O2 $  2C  +  3H2O
           soot

The flame colour for incomplete combustion is yellow due to the presence of hot carbon particles.

L1 Carbon Chem LWB.indd   28 16/02/17   7:19 AM



 ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-25-5  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.
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Properties of alcohols
1. Give the molecular formula and structural formula of ethanol.

2. a.  If an alcohol has a melting point below room temperature (20 °C) and a boiling point above room 
temperature, state what its physical state at room temperature is.

b.  State which of ethane (mp = –183 °C, bp = –88 °C) and ethanol (mp = –117 °C, bp = 79 °C) has the 
stronger forces between its molecules. Explain your answer.

3. Explain why, when methanol and water are mixed, a uniform mixture is observed.

4. Name and give the formula of the products for the complete combustion of methanol.

5. Complete the following equations (do not change any formulae or numbers in front of formulae).

a. ethanol + oxygen $ carbon monoxide + 

b. CH3CH2OH +  O2	$ 2CO2 + 3H2O

c. CH3CH2OH + O2 $  + 

d. CH3OH +  $ CO + 
6. Hexane and ethanol are two colourless liquids. Describe a physical property you could use to distinguish 

between the two liquids.

Answers
p.  55

L1 Carbon Chem LWB.indd   29 16/02/17   7:19 AM



 ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-25-5  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

30  Achievement Standard 90932 (Chemistry 1.3)

7. Complete the following table:

Systematic name Molecular formula Structural formula

 C C
H

H

H

CH3

pentane

methanol

C4H10

ethene

CC

HH

HH

H O H

CH4

8. a. Complete the table for the molecular and structural formula of ethanol.

Molecular formula

Structural formula

b. Name the type of bonding that occurs within the ethanol molecule, and explain your answer.
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Demonstrate understanding of aspects of carbon chemistry  31

9. a. Write a balanced chemical equation for the complete combustion of methanol and of ethanol.
  Methanol:

  Ethanol:

b. Use the equations from a. to decide whether methanol or ethanol more readily undergoes complete 
combustion in air. Explain your choice with reference to information in the equations.

Uses of alcohols
Methanol, CH3OH, and ethanol, CH3CH2OH, are excellent 
fuels. Methanol and ethanol:
• evaporate easily (i.e. have low volatility) and readily 

undergo complete combustion, so they are clean-burning 
fuels – sometimes used in high-performance cars

• are used as starter chemicals to make many other carbon-
containing compounds

• are found as components (90% ethanol and 9.5% 
methanol) of methylated spirits, a very useful solvent 
and fuel.

Ethanol is used as the ‘alcohol’ in alcoholic drinks. 
In moderation, it has no lasting toxic effects on the 
human system. In excess, it is a poison.

Methanol is highly toxic in humans; quantities 
as small as 10 mL may cause blindness.
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Methanol from natural gas
In New Zealand, methanol is produced 
from natural gas at the Methanex plant 
in North Taranaki.

Natural gas is steam-reformed to make 
synthesis gas (a mixture of hydrogen 
and carbon monoxide).

Methanex plant at Motunui
Methanol, CH3OH, is made from methane (natural gas) in a series of three reactions.
• Steam reforming – to make syngas:
  CH4 + H2O $ CO + 3H2 (using a nickel catalyst and 800 °C)
• Water shift reaction – to remove some carbon monoxide:
  CO + H2O $ CO2 + H2

• Synthesis – to make methanol from the remaining carbon monoxide and hydrogen in a 2:1 ratio:
  2H2 + CO $ CH3OH (using a copper/zinc catalyst)

Ethanol production by fermentation
Ethanol, CH3CH2OH, commonly called ‘alcohol’, is made by a natural process of fermentation. Fermentation 
is a complex, enzyme-controlled batch process, which takes place between room temperature and 45 °C, under 
anaerobic (‘no oxygen’) conditions and in the presence of yeast, which acts as a catalyst. Fermentation involves 
converting carbohydrate (usually sugars, such as glucose) to ethanol:

 Enzymes 
 (found in yeast)
C6H12O6   2C2H5OH  +  2CO2

glucose   ethanol  +  carbon dioxide

• The final product in all cases of fermentation is a 
dilute solution (up to 15%) of ethanol in water. 
Above 15% concentration, ethanol poisons the 
enzymes used in the process.

• Wine is produced by fermenting the glucose found 
in fruit juice (most often grape juice).

• Beer is produced by fermenting starch found in 
grains (such as barley, rice, maize).

• Higher concentrations of ethanol can be achieved 
by distilling the liquor to produce ‘spirits’.
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Methanol and ethanol – commercial production
1. Complete (and balance if necessary) the following equations:

a. methane + steam $ carbon monoxide + 

b. CO + 2H2$ 

c. glucose  $ ethanol + 

d. C6H12O6 +  $	C2H5OH + 
2. Ethanol fermentation

air bubble lock

flask

water bath maintained at 25 °C

a. In the diagram of the ethanol fermentation reaction, explain the purpose of the following.

 Air bubble lock:

 Water bath:

b. Outline the process that is occurring in the flask, including the conditions required for successful 
fermentation.

Answers
p.  56
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3. An outline of the process for methanol production is shown.

Reformer
Shift 

reactor
Syngas 
reactor

Methanol

Steam Carbon dioxide

Methane

a. Write a balanced chemical equation for the reactions that are occurring in the following.
  Reformer:

  Syngas reactor:

b. Explain the reaction that is occurring in the Shift reactor, and why this is needed.

c. Methanol can be used directly as a fuel in racing cars because of its ease of combustion. Write the 
balanced symbol equation for the complete combustion of methanol

Balanced symbol equation:

4. Ethanol is sometimes added to petrol to make a ‘cleaner-burning’ fuel for vehicles.
a. What is meant by the phrase ‘cleaner burning’?

b. Explain why fuels made of a mixture of hydrocarbons and ethanol can be considered to be more ‘cleaner 
burning’ than those fuels that are made up of only hydrocarbons.
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Practice Assessment Task 2: Alcohols
a. Commercially, ethanol can be produced from glucose, C6H12O6, by the process of fermentation in the 

following reaction:

           yeast
     C6H12O6  →  2C2H5OH + 2CO2

i. Outline the conditions needed for this fermentation reaction to occur.

ii. If the ethanol produced in this way is mixed with petrol it is known as a biofuel additive. Discuss why 
this practice is considered to make a cleaner-burning and more renewable fuel for petrol vehicles. Include 
a balanced chemical equation for the complete combustion of ethanol.

Equation:

Answers
p.  56
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b. Methanol can be made from the methane gas released from the decomposing of biomass in rubbish landfills 
and waste-water ponds by the process outlined following.

Methanol

Catalyst 
and heat

CO:H2
1:2 ratio

Remove carbon dioxide, adjust 
remaining gas proportions

Synthesis gas 
(‘syngas’)

CO
H2

Steam, heat 
and pressure

Biomass

Producing methanol 
from biomass

i. Draw the structural formula of methanol:

ii. Write a balanced chemical equation for the final synthesis reaction – i.e. the reaction that uses carbon 
monoxide and hydrogen to make methanol.

iii. Discuss why it may be preferred to produce methanol in this way from waste biomass, rather than 
making methanol from the methane present in fossil fuel gas fields.
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Covalent bonding (page 4)
1.

H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca

   Elements which have a complete outer energy level of electrons

   Elements which form covalent bonds

2. Hydrogen is an element with one electron in its outer energy level. By sharing this electron with another hydrogen atom, both atoms obtain a stable outer 
energy level containing two electrons. The particle formed is called a molecule. All atoms involved in forming a covalent bond have a complete outer 
energy level once the bond is formed.

3. a.

C HH

H

H b. 

 C C
H

H

H

H
C C

H

HH

H
c. 

 C C HHC C HH

4. a.  SF2    b.  SiCl4    c.  BH3

 d. CSF2    e. HF    f. PHO

5. a. PCl3
b.

Si

H

H

H H

c.

O
HH

d. CH3F  CFH3 is also correct.

e. CH2S  CSH2 is also correct.

6. a. Valency of element a: 2

  Valency of element b: 1

b. The compound is a molecule made up of strong covalent bonds that hold the atoms together. These bonds would require a large amount of energy 
to break and so the compound can be considered a stable substance. Between molecules there will be comparatively weak attractions – these 
require much less energy to overcome (compared with the bonds within the compound) so the compound will have a relatively low melting point.

7. Carbon atoms have 4 outer-shell electrons (valency of 4) and can form 4 bonds with another element (or elements) to then have 4 pairs of electrons. The 
bonded carbon atom will have a full outer shell of 8 outer electrons and become stable. Oxygen atoms have 6 outer-shell electrons and so only require 
an additional 2 bonds (valency of 2) to gain the 8 outer-shell electrons required for stability. Once stable with 8 outer electrons, a bonded oxygen atom 
will not form any more bonds, so its valency remains at 2.

8.  a.  H
C

H

H
H       b.  C CH H

c.  C

H

HH

H

HH

CC
CC

H

H
H

H

    d.  H
C

F

H
H
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Formulae and structures of alkanes (page 9)
1. a. C3H8   b. C7H16   c. C5H12   d. C2H6   e. C8H18

2. a. butane  b. hexane  c. pentane  d. butane  e. methane

3. a. CH4   b. C5H12   c. C8H18   d. C2H6

4. Name Molecular formula Structural formula

ethane C2H6 C C

H H

H H

H H

propane C3H8 C C C

H H H

H H H

H H

pentane C5H12 C C C C C

H H H H H

H H H H H

H H

heptane C7H16 C C C C C C C

H H H H H H H

H H H H H H H

H H

butane C4H10 C C C C

H H H H

H H H H

H H

Properties of  alkanes (page 11)
1. As the number of carbon atoms increases, the melting points and boiling points also increase.

2. 4 carbon atoms: gas  
7 carbon atoms: liquid

3. As the number of carbon atoms in the molecule increases, the mass of the molecule increases. The increase in mass means that more energy is required 
to change its state from solid to liquid and from liquid to gas. This increase in energy required causes the melting points and boiling points to rise.

4. a. Liquid.

b. During heating, the particles in the liquid state heat up and gain enough energy to overcome the forces holding them together as a liquid 
substance. The particles are then able to move away from each other and spread out separately as a gas.

c. A 10-carbon-long chain alkane will have a higher boiling point and a higher melting point than that of pentane because a 10-carbon-long alkane 
has more carbons (twice as many) and a greater mass than pentane. This means that the 10-carbon-long chain will have a greater number of 
attractions between adjacent molecules. A greater amount of energy is required to overcome the increased number of forces between molecules 
and to separate the molecules from each other, and so the boiling and melting points of the 10-carbon-long alkane are higher.

5. Boiling point is the temperature at which the particles of a liquid substance have enough energy to be able to break free and separate from the liquid 
to become a gas. Out of ethane and heptane, the ethane will have the lowest boiling point. This is because the boiling points of alkanes increase with 
an increase to the chain length, due to requiring a greater amount of energy to overcome the increased attractions between the bigger molecules. The 
7-carbon-long heptane is a bigger chain than 2-carbon-long ethane so the ethane will have the lower boiling point of the two.

6. For hexane to dissolve in another liquid, the hexane needs to be able to form attraction forces between itself and the molecules of the other liquid. Both 
water and ethanoic acid are polar molecules as they have charged sides, but hexane is a non-polar molecule because it does not have any charged sides. 
This means hexane molecules are unable to form attractions to either water or ethanoic acid molecules and so will not dissolve in either. 
However, when water and ethanoic acid are mixed, the positive and negative sides of one water molecule are able to attract to an ethanoic acid 
molecule and so water and ethanoic acid will mix.

7. There are two layers because petrol and water do not mix. The weak force of attraction between water molecules and petrol molecules is not sufficiently 
high to overcome the strong forces of attraction between the water molecules, so molecules of petrol are unable to mix with the molecules of water.

Alkenes and polymerisation (page 14)
1. CnH2n

2. The molecular formula (which is C2H4 for ethene) gives the number and types of atoms in each molecule.

 The structural formula (which is CH2=CH2 for ethene) shows the arrangement of atoms and bonding in the molecule.

3. An unsaturated carbon compound contains a double (or triple) bond between two carbon atoms.

4. Alkenes are able to form polymers because they contain a double bond between two carbon atoms. Under certain conditions, this double bond can 
break and the alkene molecule can link up to another alkene molecule. This process continues until a long-chain molecule (a polymer) is formed. Alkanes 
do not contain double bonds, so are not able to link up and form polymers.

5.    about the same as

 Both ethene and ethane are non-polar molecules. This means that there will be effectively no attractions between ethene or ethane and polar water 
molecules. Both will be insoluble in water and so have the same (i.e. not soluble) level of solubility as each other.
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