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	 7.	 Carbon-14 is a radioactive isotope of  carbon.

It is produced in the upper atmosphere when nitrogen-14 atoms are bombarded 
by neutrons from space.  If  a neutron is captured by a nitrogen-14 nucleus, a 
carbon-14 isotope is produced along with one other particle.

(a)	 Complete the nuclear equation for the formation of  carbon-14.

14
7N       +       10n       →       14

6C       +

(b)	 Carbon-14 decays by beta emission.  Why does the atomic number increase by 
one unit when a carbon-14 nucleus decays?

(c)	 Carbon dating can be used to estimate the age of  wood found in archaeological 
sites.

The decay curve shows the decrease in the percentage of  carbon-14 against the 
number of  half-lives.
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	 7.	 (c)	 continued

	 (i)	 A piece of  wood was found to contain 5% of  the original carbon-14 
content.  The half-life of  carbon-14 is 5700 years.  Calculate the age of  
the wood, in years.

	 (ii)	 Suggest a reason why carbon-14 is unsuitable for dating samples that are 
more than 50 000 years old.
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	 8.	 Self-heating cans may be used to warm drinks such as coffee.

When the button on the can is pushed, a seal is broken allowing water and calcium 
oxide to mix and react.

The reaction produces solid calcium hydroxide and releases heat.

ring pull

insulation

foil separator

button

coffee (210 cm3)

calcium oxide

water

The equation for this reaction is:

CaO(s) + H2O() → Ca(OH)2(s)              ∆H = − 65 kJ mol−1

(a)	 Calculate the mass, in grams, of  calcium oxide required to raise the temperature 
of  210 cm3 of  coffee from 20 °C to 70 °C.

Show your working clearly.
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	 8.	 continued

(b)	 If  more water is used the calcium hydroxide is produced as a solution instead 
of  as a solid.

The equation for the reaction is:

CaO(s) + H2O() → Ca(OH)2(aq)

Using the following data, calculate the enthalpy change, in kJ mol−1, for this 
reaction.  

	 Ca(s) + ½O2(g)	 →	 CaO(s)	 ∆H = −635 kJ mol−1

	 H2(g) + ½O2(g)	 →	 H2O()	 ∆H = −286 kJ mol−1

	 Ca(s) + O2(g) + H2(g)	 →	 Ca(OH)2(s)	 ∆H = −986 kJ mol−1

	 Ca(OH)2(s)	 →	 Ca(OH)2(aq)	 ∆H =   −82 kJ mol−1

Show your working clearly.

[Turn over
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	 9.	 (a)	 An ester can be prepared from a mixture of  ethanol and methanoic acid.

elastic band

water bath

damp paper towel

ethanol and methanoic acid mixture

	 (i)	 Name another substance that should be added to the mixture.

	 (ii)	 Why should the reaction mixture be heated using a water bath and not a 
Bunsen burner?

	(iii)	 Draw a structural formula for the ester that would be produced in this 
reaction.

(b)	 Sodium methanoate is a food additive (E237).  It can be prepared by reacting 
chloroform, CHCl3, with sodium hydroxide.

CHCl3()    +     NaOH(aq)    →    HCOONa(aq)    +    NaCl(aq)    +    H2O()

Balance this equation.
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	10.	 Ammonia is produced by the Haber process from nitrogen and hydrogen in the 
presence of  an iron catalyst.

N2(g) + 3H2(g)  2NH3(g)                            ∆H = −92 kJ mol−1

(a)	 Name the type of  catalysis taking place in the Haber process.

(b)	 The source of  hydrogen gas for the Haber process is methane.  Methane is 
steam-reformed to produce carbon monoxide and hydrogen.

CH4(g) + H2O(g) → CO(g) + 3H2(g)

The carbon monoxide is further reacted with steam to produce carbon dioxide 
and hydrogen.

CO(g) + H2O(g) → CO2(g) + H2(g)

Write the overall equation for the reforming process.

(c)	 An alternative source of  hydrogen involves the electrolysis of  water.

	 (i)	 Calculate the volume, in litres, of  hydrogen produced when a current of  
200 A is passed through acidified water for 30 minutes.

		  (Take the volume of  1 mole of  hydrogen to be 24 litres)

		  The ion-electron equation for the process is:

2H+(aq) + 2e− → H2(g)

	 (ii)	 In terms of  the products, suggest an advantage of  producing hydrogen 
by electrolysis of  water rather than by steam reforming of  methane.

[Turn over
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	11.	 The active chemical in CS spray was developed by two chemists, Corson and 
Stoughton, after whom it is named.

(a)	 The active “CS” chemical has the structure shown.

Cl H

C C
C

C

N

N

The molecular formula for this compound can be written as CwHxNyClz.

Give the values for w, x, y and z.

w = x = y = z =

(b)	 The solvent used in CS spray is commonly known as MiBK and has the 
structure shown.

H OH

C CC

CH H

CH3H C3

3

Give the systematic name for this solvent.

(c)	 The propellant gas in a CS canister is nitrogen.

Previously, CFCs were widely used as the propellant gases for many sprays.

Why was the use of  CFCs discontinued?
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	11.	 (continued)

(d)	 The MiBK solvent is manufactured from propanone as shown in the following 
reaction sequence.

Step 1 Two molecules of  propanone react

O

+

C CH3H C3

O

C CH3H C3

CH

C CH3H C3

O

C CH3

In this reaction the carbon to carbon double bond forms between the carbonyl 
group of  one molecule and the α-carbon of  the second molecule (the α-carbon 
is the carbon adjacent to the carbonyl group).

Step 2

CH

C CH3H C3

O

C CH3 CH

C CH3H C3

OH

H

C CH3

MiBK

	 (i)	 What is the name for the type of  addition reaction taking place in Step 2?

	 (ii)	 Draw the product formed at the end of  Step 1 when a molecule of  
propanone reacts with a molecule of  methanal.

O

C CH3H C3

O

C HH

propanone methanal

[Turn over
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	12.	 Proteins are made from monomers called amino acids.

Human hair is composed of  long strands of  a protein called keratin.

(a)	 What type of  protein is keratin?

(b)	 Part of  the structure of  a keratin molecule is shown.

H

CN

H

NC

HH O O

O S

C

CC CN

OH HH

HHC HH

C

H H

Circle a peptide link in the structure.

(c)	 Hair products contain a large variety of  different chemicals.

Chemicals called hydantoins are used as preservatives in shampoos to kill any 
bacteria.

A typical hydantoin is shown.

HO

O

O

C

N

C

N

C 2CH

3CH
3H C

2CH

OH

Name the functional group circled.
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	12.	 (continued)

(d)	 Some hair conditioners contain the fatty acid behenic acid, CH3(CH2)19CH2COOH.

Behenic acid is produced by hydrolysing the edible oil, ben oil.

	 (i)	 Name the compound, other than fatty acids, which is produced by 
hydrolysing ben oil.

	 (ii)	 When conditioner containing behenic acid is applied to hair, the behenic 
acid molecules make intermolecular hydrogen bonds to the keratin 
protein molecules.

		�  On the diagram below use a dotted line to show one hydrogen bond that 
could be made between a behenic acid molecule and the keratin.

H

CN NC

HH HO

O S

HH C C

CC CN

OH HH

HH

C

O

H H

H H

CH C(CH  )

H H

OC H

O

2 19

H H

CH C(CH  )

H H

OC H

O

2 19

H H

CH C(CH  )

H H

OC H

O

2 19
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	13.	 The vitamin C content in a fruit drink can be determined by titrating it with iodine.

C6H8O6(aq)    +    I2(aq)    →    C6H6O6(aq)    +    2H+(aq)    +    2I−(aq)

vitamin C

To determine the vitamin C content in a 1·0 litre carton of  orange juice, three 
separate 20 cm3 samples of  the juice were titrated with a 0·00125 mol l−1 iodine 
solution.  Starch indicator was used to determine the endpoint.

(a)	 The iodine solution is dark brown in colour which makes reading the scale on 
the burette difficult.

How can this difficulty be overcome?

(b)	 What colour indicates the endpoint of  the titration?

(c)	 The following results were obtained from titration of  the three 20 cm3 samples 
of  orange juice.

Titration
Volume of  0·00125 mol l−1 
iodine solution used/cm3

1 26·3

2 25·5

3 25·3

Average volume of  iodine solution used = 25·4 cm3

Suggest why the volume of  iodine solution added in the first titration was 
higher than that added in the other two titrations.
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	13.	 (continued)

(d)	 C6H8O6(aq)     +     I2(aq)     →     C6H6O6(aq)     +     2H+(aq)     +     2I−(aq)

vitamin C

1 mol		  1 mol

Calculate the mass, in grams, of  vitamin C, in the 1·0 litre carton of  orange 
juice.

(mass of  1 mole vitamin C = 176 g)

Show your working clearly.

[Turn over
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	14.	 A chemical explosion is the result of  a very rapid reaction that generates a large 
quantity of  heat energy and, usually, a large quantity of  gas.

(a)	 The explosive RDX, C3H6N6O6, is used in the controlled demolition of  
disused buildings.

During the explosion it decomposes as shown.

C3H6N6O6(s)       →       3CO(g)       +       3H2O(g)       +       3N2(g)

Calculate the volume of  gas released when 1·0 g of  RDX decomposes.

(Take the molar volume to be 24 litres mol−1)

Show your working clearly
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	14.	 (continued)

(b)	 The products formed when an explosive substance decomposes can be 
predicted by applying the Kistiakowsky-Wilson rules.  These rules use the 
number of  oxygen atoms in the molecular formula to predict the products.

In the example below these rules are applied to the decomposition of  the 
explosive RDX, C3H6N6O6

Rule 
Number

Rule
Atoms 

available in 
C3H6N6O6

Apply Rule to 
show products

1

Using oxygen atoms from the 
formula convert any carbon 
atoms in the formula to 
carbon monoxide

3 × C 3CO formed

2
If  any oxygen atoms remain 
convert H atoms in the 
formula to water

3 × O remain 3H2O formed

3
If  any oxygen atoms still 
remain then convert CO 
formed to CO2

No more 
oxygen left

No CO2 formed

4 Convert any nitrogen atoms 
in the formula to N2

6 × N 3N2 formed

Decomposition equation:

 C3H6N6O6(s)       →       3CO(g)       +       3H2O(g)       +       3N2(g)

By applying the same set of  rules, complete the equation for the 
decomposition of  the explosive PETN, C5H8N4O12.

C5H8N4O12(s)       →

[Turn over
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	15.	 In solution, amino acid molecules can form zwitterions when a hydrogen ion moves 
from the carboxyl group onto the amino group.

For example,

H

CH  N OHC

H O

2

H

CH  N OC

H O

3

+ _

glycine	 glycine zwitterion

(a)	 Draw the zwitterion produced by the amino acid serine.

NH

CHO CC OH

O H H

H2

serine	 serine zwitterion

(b)	 Having both positive and negative charges, an amino acid zwitterion is 
electrically neutral and will not move if  placed between oppositely charged 
electrodes.

amino acid

filter paper soaked 
in electrolyte

Zwitterions only exist at a specific pH, which varies for each amino acid.  This 
specific pH is called the isoelectric point (IEP).  At pH’s higher than the IEP, 
amino acids in solution exist as negative ions and move towards the positive 
electrode.  At pH’s lower than the IEP, they exist as positive ions and move 
towards the negative electrode.
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	15.	 (b)	 continued

For example,

H

CH  N OHC

H O

3

+ _

H

CH  N OC

H O

3

+ _

H

CH  N OC

H O

2

pH lower 
than

IEP

positive ion	 glycine zwitterion	 negative ion

Lysine is an amino acid with an IEP of  pH 9·7.

Explain clearly whether lysine would be attracted to the positive or negative 
electrode in a 1·0 × 10−5 mol l−1 sodium hydroxide solution.

[END OF QUESTION PAPER]
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