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Answer all the questions.

1 Chemical elements are arranged in groups and periods in the Periodic Table.

Table 1.1 shows some information about four elements W, X, Y and Z.

The letters W to Z are not the chemical symbols of the elements.

Table 1.1

Element Electronic 
structure

Group  
number Period Proton  

number

W 2,4 ................... ................... 6

X 2,8 ................... 2 ...................

Y ................... ................... ................... 16

Z 2,8,8,2 ................... ................... ...................

(a)   (i) Complete Table 1.1. [4]

(ii) Give the letters of the two elements in Table 1.1 that form a compound with a 
covalent bond.

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

(iii) Element Z reacts with chlorine to form an ionic compound.

Give the name of element Z and write the ionic half-equation to show how an atom of 
element Z becomes an ion.

Name of element Z ............................................................

Half-equation

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

(iv) Sodium has the electronic structure 2,8,1.

Give the formula of the ionic compound formed when sodium reacts with element Y.

formula ........................................................ [1]
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(b) The heaviest isotope of element W in Table 1.1 has an atomic mass number of 14.

(i) Determine the number of neutrons in one atom of this isotope.

number of neutrons  .................................... [1]

(ii) Calculate the nuclear radius, R, of this isotope using the equation:

   R = r0 A1/3

where A is the atomic mass number and r0 = 1.25 × 10−15 m.

Show your working and give your answer to 3 significant figures.

R =  ..........................................................m [2]

(c) Complete the following sentences about forces in the nucleus using words from this list:

attraction electromagnetic electrons long

neutrons protons repulsion short

stable strong unstable weak

You may use each word once, more than once or not at all.

(i) The .................................................. force is the force of ..................................................

between protons in the nucleus.
    [1]

(ii) Radioactive decay occurs when a nucleus is .................................................. .

In β decay, neutrons are converted into protons by the action of the 

.................................................. force within the nucleus.
 [1]

(iii) The .................................................. force is responsible for holding the protons and 

neutrons together in the nucleus.

It has a .................................................. range.
 [1]
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2 Fig. 2.1 shows two different routes for the synthesis of polyvinyl chloride (PVC).

Fig. 2.1

Route 1 Route 2

C2H4

C2H4Cl 2

polyvinyl chloride

C2H3Cl

C2H5Cl

C2H6

A

B

C

heat

D

(a) The starting molecules in Route 1 and Route 2 belong to different families of organic 
compounds.

Identify the family of organic compounds that each molecule belongs to.

Draw a straight line to link each molecule to its family of organic compounds.

Molecule Family of organic compounds

alcohols

C2H4 aldehydes

alkanes

C2H6 alkenes

alkynes

[2]
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(b)   (i) Identify the type of reaction labelled as A in Fig. 2.1.

Tick () one box.

addition

condensation

displacement

substitution

[1] 

(ii) Identify the type of reaction labelled as B in Fig. 2.1.

Tick () one box.

addition

condensation

displacement

substitution

[1] 

(c)   (i) In reaction C, C2H5Cl  reacts with chlorine to form C2H4Cl 2 and one other product.

Write the overall equation for this reaction.

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

(ii) Reaction C involves radicals.

Explain what radical means and how a chlorine radical is formed in reaction C.

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

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

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

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

 ................................................................................................................................. [3]
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(d) Complete the equation in Fig. 2.2 to show the formation of polyvinyl chloride (reaction D).

You must use structural formulae for the reactant and the product in the reaction.

Fig. 2.2

n

n
[2]

(e) Ethene, C2H4, can also be used to make a polymer.

(i) Give the name of the polymer made from ethene.

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

(ii) Deduce the empirical formula of the polymer.

 ................................................................................................................................. [1]
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(f) Fig. 2.3 shows the skeletal formulae of two different forms of the polymer made from 
C2H4.

Fig. 2.3

E

F

n

n

(i) The two polymers E and F shown in Fig. 2.3 are isomers. The value of n is the same 
in both polymers.

Circle  the type of isomerism shown by E and F.

geometric optical structural

[1]

(ii) One of the structures shown in Fig. 2.3 is the high density form of the polymer.

State and justify which structure is the high density form of the polymer.

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

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

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

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

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

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

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

 ................................................................................................................................. [4]
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3     (a) Eukaryotic cells contain endoplasmic reticulum but prokaryotic cells do not.

Name two other organelles present in a eukaryotic cell which are not present in a 
prokaryotic cell.

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

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

(b) Smooth endoplasmic reticulum is responsible for production and storage of compounds 
required by the eukaryotic cell.

Identify the two compounds produced and stored by the smooth endoplasmic reticulum.

Tick () two boxes.

carbohydrate

chlorophyll

lipid

protein

RNA

[2] 
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(c) The figure below shows a highly magnified image of rough endoplasmic reticulum.

The surface of rough endoplasmic reticulum is covered in black dots.

(i) Identify the black dots in the figure.

Tick () one box.

chromosome

lysosome

mesosome

ribosome

[1] 

(ii) Describe the function of rough endoplasmic reticulum in a cell.

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

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

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

 ................................................................................................................................. [2]
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(d) Rough endoplasmic reticulum is found in large quantities in some types of epithelial 
tissue.

The diagram below shows ciliated epithelial tissue lining the inner surface of the trachea 
(windpipe), leading to the lungs of the human body.

cilia on free surface
of trachea wall

mucus

goblet cell

trachea wall

Use the features shown in the diagram to explain how the ciliated epithelial tissue 
protects the lungs.

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

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

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

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

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

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

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

 ......................................................................................................................................... [4]
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4 The melting point of a substance depends mainly on the strength of the forces between the 
particles: the stronger the forces, the higher is the melting point.

(a) On Fig. 4.1 draw a straight line from each substance to its lattice structure and a 
straight line from each lattice structure to the type of lattice.

Fig. 4.1

copper

silicon dioxide

iodine

giant covalent

metallic

simple molecular

Substance Lattice structure Type of lattice

[3]
(b) The melting points of the three substances are shown in Table 4.1.

Table 4.1

Substance Melting point / °C

Copper 1085

Silicon dioxide 1713

Iodine 114

Identify the types of forces present in the three substances shown in Fig. 4.1 and explain 
why the substances have different melting points.

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

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

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

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

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

 ......................................................................................................................................... [3]
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5 Manganese is an important trace metal for the functioning of the human body.

(a) One important biological role of manganese ions is the normal functioning of the liver.

(i) Identify the role of manganese in supporting the liver.

Tick () one box.

biosynthesis of choline

breakdown of unwanted amino acids

maintenance of an isotonic balance

transportation of oxygen

[1] 

(ii) One of the functions of the liver is to store glucose as glycogen.

The fi gure below shows part of the glycogen molecule, which is formed from glucose.

C O

C
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C

O
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CH2OH

C O
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C H
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H OH
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C H
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C O
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C H
H

H
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CH2OH
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H

O

O

CH2

Use the fi gure to explain how glycogen is formed.

Your answer should include reference to the reaction and the type of link formed.

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

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

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

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

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

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

 ................................................................................................................................. [3]
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(iii) Glucose is a monosaccharide but when two molecules combine a disaccharide is 
formed.

Circle  the disaccharide formed from two glucose molecules.

lactose maltose sucrose

[1]

(iv) The polysaccharide, glycogen, acts as an energy source in the human body.

Give the name of a different polysaccharide found in plants, which also acts as an 
energy source.

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

(b) Manganese is important for the maintenance of bones.

(i) Give two functions of bone within the human body.

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

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

(ii) Describe the composition of bone and the role of manganese in the formation of 
bone.

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

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

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

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

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

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

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

 ................................................................................................................................. [4]
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(c) Metals are only required in trace amounts by the human body.

The intake of manganese for an adult should not exceed 10 mg per day.

The table below shows a range of food types that contain manganese.

Food type Mass of one portion / g Manganese content in 
one portion / mg

Almonds 95 2.2

Brown rice 195 1.8

Pinto beans 171 0.8

Spinach 30 0.3

Of the four food types shown in the table, almonds have the highest percentage by mass 
of manganese per portion.

(i) If an adult were to eat 500 g of almonds in a day, they would consume more than  
10 mg of manganese.

Use the data in the table to calculate the mass in mg of manganese that would be 
consumed from eating 500 g of almonds.

Give your answer to 2 decimal places.

mass =  ..................................................mg [2]

(ii) Identify the food type that contains the lowest percentage by mass of manganese in 
one portion.

You must show your calculation of the percentage of manganese in each food type 
to support your answer.

Brown rice Pinto beans Spinach

Food type with lowest percentage by mass of manganese in one portion:

 .................................................................... [3]
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6     (a) Copper, iron and platinum ions are all components of compounds which are important in 
living systems.

(i) Draw a straight line to link each metal ion to the compound that it is found in.

Metal ion Compound

Cu2+ cisplatin

Fe3+ haemocyanin

Pt2+ myoglobin
[2]

(ii) Name one function of cisplatin.

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

(iii) Haemocyanin carries oxygen in some organisms.

Identify the type of organism which can use haemocyanin for this purpose.

Circle  the correct answer.

fungus human invertebrate plant
[1]

(b) Metal ions are also essential components of some enzymes.

(i) Give the general name for a component that is required for an enzyme to function.

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

(ii) Nickel (II), Ni2+, is one type of metal ion needed for enzyme function.

Identify the nickel-containing enzyme from the list below.

Tick () one box.

amylase

cellulase

hydrogenase

lipase

[1] 
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(iii) Enzymes have many different functions.

The equation below shows one reaction that is catalysed by the enzyme oxidase.

oxidase
+   Y   +   Z +   H2O2

C

C
N

C

N
C

O

O

HN

C

N

H

H

H

C

C
N

C

N
C

O

O

HN

C

N

H

O

H

H

Write the formulae of the two molecules that are represented by Y and Z in the 
equation. 

Y =  ...................................................................

Z =  ...................................................................
[2]

(iv) The enzyme, catalase, has a very different function in living things. It catalyses the 
decomposition of hydrogen peroxide to produce water and oxygen.

A biology student is investigating the effect of temperature on the decomposition of 
hydrogen peroxide in the presence of catalase.

• The student measures the time taken to collect 20 cm3 of oxygen at 20 °C.

• They repeat the experiment at different temperatures ranging from 20 °C to 
50 °C.

• They then plot a graph of time taken to collect 20 cm3 of oxygen against 
temperature. The graph is shown below.

0
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20
30
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60
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80
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100

20 22.5 25 27.5 30 32.5 35 37.5 40 42.5 45 47.5 50

Time taken to 
produce 20 cm3

of oxygen / s

Temperature / °C

Effect of temperature on the decomposition of H2O2 in the 
presence of catalase
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Describe and explain the data shown in the graph.

You should refer to the shape of the graph in your answer.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ................................................................................................................................. [6]
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7 Metals are good electrical conductors because they have high charge carrier densities.

In a metal, the charge carrier density, n, is the number of free electrons per m3. The value of n 
can be calculated using the equation:

where I  is the current, A is the area of a cross-section of the conductor, v is the drift velocity of 
the electrons in the conductor and q is the charge on an electron.

The current I  in a 1.0 m length of wire made from silver is 2.0 A.

The cross-sectional area A of the wire is 5.0 × 10−7 m2.

The drift velocity v of the electrons in the wire is 4.3 × 10−4 m s−1.

The charge q on an electron is 1.6 × 10−19 C.

(a) Calculate the value of n.

n =  ................................................... per m3 [2]

(b) The silver wire is attached to a metre rule and connected in series with a power supply, a 
switch and a resistor X as shown in the circuit below.

The jockey is a sliding contact which may be connected at different points along the 
length of the silver wire.

When the switch is closed there is a reading of 4.0 V on the voltmeter.

(i) Calculate the resistance of the resistor X.

Resistance of X =  ....................................Ω [2]

n
Avq

� I

X
power supply

V

0 cm 100 cm

jockey
metre rule

silver wire
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(ii) Calculate the power dissipated in the resistor X.

Power dissipated =  ................................. W [2]

(iii) The jockey is detached from the silver wire and re-attached at the 50 cm mark on the 
metre rule.

Explain why the drift velocity of the electrons in the wire increases.

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

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

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

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

END OF QUESTION PAPER
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If additional answer space is required, you should use the following lined pages. The question 
numbers must be clearly shown in the margin – for example, 3(d) or 5(b)(ii).
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