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1 
(a) There are four fundamental forces. 

Draw one straight line from each fundamental force to indicate what it is responsible for.

Fundamental force What it is responsible for

Electromagnetic force Attraction between masses

Gravitational force Keeping nuclei stable

Strong nuclear force Radioactive decay

Weak nuclear force Repulsion between electrons

[3]

(b)        Po is an isotope of polonium. 

(i) How many neutrons are in the nucleus of this isotope?  

Number of neutrons =  ............................................. [1]

(ii) How many electrons are there in an atom of this isotope?

Number of electrons =  ............................................. [1]

(iii)        Po emits four nucleons as a result of radioactive decay. 

An isotope of lead is formed with a mass number of 205. 

Complete the nuclear notation of this isotope of lead.

..................

 Pb
..................

[2]

(iv) Use the Periodic Table to find the group number and period of lead.

• group number   .................. 

• period               .................. 
[2]

84
209

84
209
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(c) Lead nitrate is soluble in water.

Aqueous lead ions, Pb2+ (aq), and nitrate ions, NO3 

_  (aq) are formed in the solution.

(i) Use the charges on the ions to work out the formula of lead nitrate and explain your answer.

• formula of lead nitrate 

......................................................

• explanation

 ...............................................................................................................................................

 ...............................................................................................................................................

 ...............................................................................................................................................

 ...............................................................................................................................................
[2]

(ii) Magnesium reacts with lead nitrate to form magnesium nitrate and lead.

Complete the ionic half equation to show how lead ions becomes atoms.

Pb2+ (aq)  +  .................. → .................. (s)                                                                           
             [2]

(iii) Chemical reactions can be classified according to the type of reaction.

Tick () two boxes which apply to the reaction between lead nitrate and magnesium.

addition

displacement

redox

substitution

[1]
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(d) Dot-and-cross diagrams are used to indicate the bonding in molecules and ions. Only the 
outer shell of each atom is shown.

The dot-and-cross diagram shows the electron arrangement in a nitrate ion. 

The diagram is incomplete because only two of the bonds are shown.

(i) Draw the electron arrangement in the third bond between nitrogen and oxygen.

[1]

(ii) What type of covalent bond is the bond labelled V?

 ................................................................................................................................................ [1]

o

oo N

x

x
x

_

V

Key:

x

*

*

Oxygen electron
Nitrogen electron
Electron donated by
lead
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2 Metals such as titanium and iron have many uses.

(a) Titanium dioxide (TiO2) is used as a catalyst in the manufacture of polyethene from ethene. 

Suggest how the catalyst affects the activation energy, the rate of reaction and the yield of 
polyethene. 

Tick () one box in each row.

Decrease No change Increase

Activation energy

Rate of reaction

Yield of polyethene

[3]

(b) 
(i) Titanium alloys are used to manufacture aircraft. They contain small amounts of elements 

other than titanium.

Identify one other element that is used in many titanium alloys.

Put a tick () in the correct box.

aluminium

calcium

carbon

potassium

[1]

(ii) Both pure titanium and titanium alloys have a high strength-to-weight ratio and are corrosion 
resistant. 

Describe one advantage of using a titanium alloy rather than pure titanium to make aircraft 
turbines.

 .....................................................................................................................................................

 ................................................................................................................................................ [1]
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(c) Iron alloys are used widely in the construction industry and in manufacturing. 

Pure iron has a tendency to rust because it reacts with air and water. 

The figure below shows some iron nails and an iron block of the same mass.

 
                Iron nails                                                    Iron block

Explain why the iron nails rust more quickly than the iron block. 

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 ................................................................................................................................................ [3]
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3 Organic compounds range in size from small molecules with only a few atoms, to 
macromolecules which can have hundreds or thousands of atoms.

(a) The table below shows molecular formulae of types of organic compound that have three 
carbon atoms per molecule.

Molecular formula C3H4 C3H6 C3H8 C3H8O

Type of organic  
compound Alkyne Alkene Alkane Alcohol

(i) Identify the molecular formula of a saturated hydrocarbon.

Tick () one box.

C3H4

C3H6

C3H8

C3H8O
[1]

(ii) Draw the structural formula of the alkyne C3H4. 

Clearly show the bonds between the carbon atoms.

[2]

(iii) Draw a skeletal formula of an alcohol with the molecular formula C3H8O.

[2]

(iv) Propan-2-ol can be oxidised to a ketone, C3H6O.

State the name of this ketone.

 ................................................................................................................................................ [1]
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(b) The figure below shows a section of each of two polymers that contain carbon, hydrogen and 
oxygen.

polylactate

polysaccharide

(i) Deduce the empirical formula of polylactate from the formula shown in the figure above.

 ................................................................................................................................................ [1]

(ii) The figure above shows a section of the polysaccharide, starch.

Identify the main function of starch.

Tick () one box.

Component of cell walls

Regulation of biological reactions 
within cells

Storage of molecules needed in  
respiration

Transcription of genetic sequences in 
DNA

[1]
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(iii) Glycogen has a similar structure to starch.

State three differences between glycogen and starch.

1  ..................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

2  ..................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

3  ..................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................
[3]

(iv) Polylactate and starch are formed from their monomers by the same type of reaction. 

Explain how the polymers are formed from their monomers.

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 ................................................................................................................................................ [3]
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4 Organic compounds containing chlorine have many uses.

(a) PVC is a type of chlorinated organic compound, used to make plastic gutters. This compound 
is useful because it is hardwearing and takes many years to break down.

PVC is a polymer formed from monomers of chloroethene.

Draw the structural formula of PVC showing two repeat units.

[2]

(b) The compound 2-bromo-2-chloro-1,1,1-trifl uoroethane (CF3CHBrCl) is another chlorinated 
organic compound. It is used as an anaesthetic.

CF3CHBrCl has two optical isomers because it has a chiral centre.

(i) Explain what chiral centre means.

 .....................................................................................................................................................

 .....................................................................................................................................................

 ................................................................................................................................................ [1]

(ii) Draw a   circle  around the chiral centre on the structure below.

[1]

(iii) The two optical isomers are non-superimposable mirror images.

Complete the diagram below to show the two optical isomers of CF3CHBrCl.

[2]

C

Cl

C

HH

H

F

C ClC

Br

H

F

F

C C

mirror
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(c) Chlorofluorocarbons (CFCs) were used as a component of aerosols, some cleaning agents 
and in refrigerators.

They are now banned because they are responsible for depleting the ozone layer in the 
Earth’s atmosphere. 

The reaction with ozone occurs in two steps.

(i) When the CFC compound trichlorofluoromethane reaches the ozone layer, a C_Cl bond 
breaks and a chlorine free radical (Cl•) is formed.

State the condition needed to break the C_Cl bond.

 ................................................................................................................................................ [1]

(ii) The chlorine free radicals react with ozone (O3) as shown below.

Equation 1 Cl• + O3 → X + O2

Equation 2 X + O → Y + Cl•

Deduce the formulae of X and Y.

X =  ..............................................

Y =  ..............................................
[2]

(iii) Studies indicate that one chlorine free radical can destroy over 100 000 molecules of O3. 

Use Equations 1 and 2 to explain why just one chlorine radical can react with so many 
molecules of O3.

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 ................................................................................................................................................ [2]

Cl

CF

Cl

Cl CF Cl

Cl

Cl

+
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5 
(a) Fig. 5.1 shows a prokaryotic cell.

Fig. 5.1

capsule cell wall plasma membrane
plasmid

flagellum

nucleotide (DNA)cytoplasmribosomes

pili

(i) Identify the structure shown in the prokaryotic cell which is not found in the eukaryotic cell of a 
plant.

Tick () one box.

cell wall

cytoplasm

plasmid

ribosome

[1]

(ii) Identify the structure that is not found in a prokaryotic cell or an animal cell but is found in a 
plant cell.

Tick () one box.

chloroplast

endoplasmic reticulum

golgi apparatus

mitochondrion 

[1]
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(iii) Describe the purpose of the flagellum in the prokaryotic cell and identify a type of eukaryotic 
cell that has a similar structure.

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 ................................................................................................................................................ [2]

(iv) State one difference between the location of DNA in a prokaryotic cell and the location of DNA 
in a eukaryotic cell.

 .....................................................................................................................................................

 ................................................................................................................................................ [1]

Turn over for the next question
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(b) A plasma membrane is found in prokaryotic and eukaryotic cells.

Fig. 5.2 shows a diagram of a plasma membrane. 

Fig. 5.2

(i) The membrane contains a ‘fluid’ bilayer of molecules.

The appearance of each molecule is shown in Fig. 5.3.

Fig. 5.3

Identify the type of molecule.

Tick () one box.

disaccharide

phospholipid

protein

triglyceride 

[1]

Carbohydrate chainA B C

Ion channel Carrier protein

D

E
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(ii) The molecule in Fig. 5.3 has two distinct regions, labelled D and E. 

Identify the characteristic properties of the two regions.

Tick () one box.

Region D Region E

hydrophilic hydrophilic

hydrophilic hydrophobic

hydrophobic hydrophilic

hydrophobic hydrophobic
[1]

(iii) Describe two functions of the carbohydrate chain on the outer surface of the plasma 
membrane in Fig. 5.2.

1  ..................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

2  ..................................................................................................................................................

 .....................................................................................................................................................  

 .....................................................................................................................................................
[2]

(iv) A, B and C represent different ways in which particles can travel through the plasma 
membrane in Fig. 5.2.

The formulae of three different particles that travel through the plasma membrane are:

C6H12O6 O2 Na+ 

The particles follow different routes through the plasma membrane. 

State which particle travels through at routes A, B and C.

A =  ..............................................

B =  ..............................................

C =  ..............................................
[2]
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(v) When Na+ ions move into a cell across the plasma membrane, they cause an imbalance in the 
water distribution between the cell cytoplasm and the surrounding tissue fluid. 

The cell and tissue fluid are no longer in an isotonic state.

Describe the events that take place to return the cell to the isotonic state.

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 ................................................................................................................................................ [3]
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6 Group 2 ions and compounds have important biological functions and medical uses.

(a) Complete the sentences using the words in the list.

The words can be used once, more than once or not at all.

blood bone gamete

muscle nerve testis

Calcium ions are an important component of the matrix in .............................................
tissue.

These important ions also enable ............................................. cells to contract.

Calcium ions control the release of chemical transmitters from ...........................................
cells.

[3]

(b) Magnesium hydroxide is the main ingredient of Milk of Magnesia which is used to treat 
heartburn. Heartburn occurs when acid escapes from the stomach into the oesophagus.  

A bottle of Milk of Magnesia is shown in the image below.

(i) Magnesium hydroxide is not very soluble in water and settles at the bottom of the bottle. 

The bottle must be shaken before use.

Identify the type of mixture found in Milk of Magnesia. 

Tick () one box.

aerosol

emulsion

gel

suspension 

[1]
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(ii) Milk of Magnesia has a concentration of 84 mg cm–3.

Typically, 60 cm3 of stomach acid can be neutralised by a 5 cm3 dose of Milk of Magnesia.

Calculate the mass of magnesium hydroxide that is needed to neutralise 150 cm3 of stomach 
acid.

Mass of magnesium hydroxide =  ...............................................  mg [2]

(iii) It is recommended that an adult should not consume more than 5.04 g of magnesium 
hydroxide in a 24-hour period.

Calculate the maximum number of 5 cm3 doses of Milk of Magnesia that an adult should 
consume within a 24-hour period.

Maximum number of doses =  ...............................................  [2]
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(c) An alternative treatment for heartburn contains a mixture of carbonates and sodium alginate, a 
substance derived from seaweed.

(i) Sodium alginate reacts with stomach acid forming an insoluble cross-linked polymer. 

The strands of the polymer are held together by an ion that is also responsible for cell 
adhesion. 

Identify the ion.

Tick () one box.

Ca2+

Cu2+

Fe2+

Pt2+

[1]

(ii) The carbonates neutralise the stomach acid and the reaction produces carbon dioxide.

As the carbon dioxide is released, the polymer in (c)(i) floats to the top of the stomach 
contents. This acts as a barrier to stop acid entering the oesophagus and causing pain.

Any gas would work to float the polymer. 

Suggest why carbon dioxide is suitable for this purpose.  

 .....................................................................................................................................................

 ................................................................................................................................................ [1]
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(d) Gastric ulcers develop when the stomach acid damages the lining of the stomach.

To detect gastric ulcers in the stomach lining, patients are given a barium meal followed by an 
X-ray scan. 

A barium meal contains a compound that coats the stomach and is opaque to X-rays.

Some information about the solubility of three barium compounds is shown in the table.

Compound Solubility (g per 100 g of water at 20 ˚C)

BaCO3 2.4 ˟ 10
_3

BaCl2 35.8

BaSO4 2.4 ˟ 10
_ 4

Aqueous barium ions are toxic to humans. 

Explain which one of the three compounds of barium is safe to use as a barium meal. 

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 ................................................................................................................................................ [2]
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7 The three states of matter are solid, liquid and gas. 

The phase diagram for a typical pure substance, Z, is shown below. When the temperature 
of solid Z is increased at one atmosphere pressure (room pressure), it changes from solid to 
liquid to gas.

A few substances, such as solid carbon dioxide, change directly from solid to gas when 
heated at one atmosphere pressure.

•  State the significance of temperatures T1 and T2, and the point marked X on the diagram.
•  Use the diagram to explain the effect on the temperature at which liquid Z vaporises of 

increasing the pressure. 
•  Explain why solid carbon dioxide sublimes at room temperature and pressure.

[6]

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

Pressure 
(atm)

1 atm

X

Solid

Liquid

Gas

T1 T2
Temperature (°C)
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 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

Turn over for the next question
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8 The circuit diagram shows a small electric motor, M, in series with a resistor and connected to 
a power supply with a potential difference of 4.5 V.

(a) 
(i) When the switch is closed the reading on the voltmeter is 2.5 V and the reading on the 

ammeter is 0.14 A.

Calculate the input power P to the motor and state the unit. 

Use the equation: P = V I 

                                            P = ............................................. unit = ............................................. [2]

(ii) Show that the potential difference across the 10 Ω resistor is 2.0 V.

 ................................................................................................................................................ [1]

(iii) Show that the resistance of the motor and the resistance of the resistor have a combined total 
resistance, RT

 of approximately 28 Ω.

Use the equation: V = I R in your calculation.

 .....................................................................................................................................................

 ................................................................................................................................................ [2]

A

M

4.5 V

10 Ω

V
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(iv) Theory suggests that the current, I in the circuit can be calculated using the potential 
difference of the supply and the total resistance of the circuit, RT.

Calculate I.

I =  .............................................. A [1]

(b) There is a difference between the reading on the ammeter and the current calculated in  
(a)(iv). 

Explain why there is a difference.

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 .....................................................................................................................................................

 ................................................................................................................................................ [3]

END OF QUESTION PAPER
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