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Answer all the questions.

1 	 The nuclear notations for two of the isotopes of calcium are:

(a)	 State the number of protons and electrons in one atom of calcium.

Protons ……………………….

Electrons ……………………..

[2]

(b)	 Explain what is meant by the term isotope.

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

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

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

(c)	 The nucleus of calcium-40 is stable.

The nucleus of calcium-51 disintegrates in 10 s.

Explain why the nucleus of calcium-40 does not disintegrate. 

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

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

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

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

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

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

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

...........................................................................................................................................[4]

40
20Ca 51

20Ca
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(d)	 Fig. 1.1 shows the relationship between the atomic number and the atomic radius for 
some of the elements in the Periodic Table.

Fig. 1.1 

Use Fig. 1.1 to determine the atomic radius of calcium. 

Show your working by drawing suitable lines on Fig. 1.1.

Give your answer in standard form and include units. 

					     atomic radius = .……………	 units = .……………[3]

(e)   (i)	 Calcium is in Group 2 of the Periodic Table.

Put a   ring   around the correct number of valence electrons in a calcium atom. 

	 2	 4	 20	 40
[1]

(ii)	 The formula of calcium phosphate is Ca3(PO4)2 .

The calcium ion is Ca2+.

Put a   ring   around the correct formula of the phosphate ion. 

PO4
3+               PO4

4+               PO4
3-               PO4

4-    
[1]
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(iii)	 Describe the type of bonding in a calcium phosphate molecule.

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

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

...................................................................................................................................[2]
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2 	 The biomass produced by the growth of algae, Chlorella kessleri (C. kessleri), contains lipids.

The lipids are suitable for biodiesel production.

The biomass of the alga is a product of the reaction photosynthesis.

Light intensity is one of the factors known to affect the rate of photosynthesis. 

(a)	 Scientists investigated the effect of light intensity on biomass production of the algae.

The results of one investigation are shown in Fig. 2.1.

Fig. 2.1

(i)	 Describe the effect of light intensity on the rate of biomass production by the algae.

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

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

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

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

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

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

...................................................................................................................................[4]

(ii)	 Name four other factors known to affect the rate of reactions.

1 ……………………………….

2 ……………………………….

3 ……………………………….

4 ……………………………….
[4]
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(b)	 A by-product of the biodiesel industry is glycerol.

The first stage of the process is the conversion of glycerol into dihydroxyacetone. This is 
shown in Fig. 2.2.

Fig. 2.2

(i)	 Describe the chemical reaction involved.

You can annotate the equation in Fig. 2.2 to help with your answer.

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

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

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

CH2OH

C=O

CH2OH
dihydroxyacetone

CH2OH

CHOH

CH2OH
   glycerol 
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(ii)	 More complex reactions may lead to the formation of synthetic material such as 
plastic. One important biodegradable plastic, polylactic acid (PLA), is made by the 
condensation polymerisation of lactic acid.

The structure of lactic acid is shown in Fig. 2.3.

Fig. 2.3

Use the space below to show how this is polymerised to produce PLA.

Include two molecules of lactic acid in your diagram. 

[3]

          CH3

HO    C    C    OH

           H    O
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3 	 John is a technician in the pathology department of a hospital. 

He examines samples of human cervical tissue for signs of cancer.

(a)	 The cervix contains different types of epithelia.

Describe the structure of epithelial tissues in humans and relate this structure to the 
different functions of these tissues. 

You may use diagrams to support your answer.

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

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

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

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

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

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

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

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

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

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

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

...........................................................................................................................................[6]
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(b) Fig. 3.1 is an electron micrograph of an epithelial cell.

Fig. 3.1

(i) Identify the structures labelled A and B in Fig. 3.1.

Draw straight lines to join A and B to the correct name for the labelled parts.

cell wall

A plasma membrane

cytoplasm

mitochondrion

B chloroplast

Golgi apparatus

[2]

(ii) Identify the dense parts of the nucleus labelled C.

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

A

C

B
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(iii)	 For each structure, summarise its role in the cell.

A ....................................................................................................................................

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

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

B ....................................................................................................................................

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

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

C ....................................................................................................................................

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

.......................................................................................................................................
[6]

(c)	 Fig. 3.2 shows two light micrographs:

•	 one with normal cervical epithelial cells

•	 one with cells showing the first signs of transformation into cancer cells.

Fig. 3.2

Cervical smear with 
normal cells only

Cervical smear that includes
cancerous cells
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Describe the differences, other than size, between the normal and cancerous cells. 

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

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

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

..................................................................................................................................................[2]
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4 	 Carbohydrates, including starches and sugars, are important biochemicals in biological 
systems.

(a)	 The molecule in Fig. 4.1 is a hexose, or six-carbon sugar.

Fig. 4.1

(i)	 Name the functional group on carbon atom 1.

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

(ii)	 How many optical isomers will this molecule have? Explain your answer.

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

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

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

(iii)	 Draw two of these isomers.

[2]

          O

         1C    H

   H    
2C    OH

   H    
3C    OH

   H    
4C    OH

   H    
5C    OH

   H    
6C    OH

           H
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(iv)	 When dissolved in water, this type of hexose forms an oxygen bridge between 
carbon atoms 1 and 5  (Fig. 4.2).

         H     OH

            1C    

     H     
2C    OH

     H     
3C    OH     O

     H     
4C    OH

     H     
5C    

     H     
6C    OH

             H
Fig. 4.2

How many isomers will this new hexose have? Explain your answer.

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

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

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

(b)	 Waxy maize starch is one of the most recent ‘sports carbohydrates’ to be sold to athletes. 
The product claims to help fuel training and sporting events carried out by endurance 
athletes.

Waxy maize starch consists of a polymer of α-glucose. The structure of α-glucose is 
shown in Fig. 4.3.

Fig. 4.3

                  6
       HOCH2

           5C             O

 OH

3C

 H

H

C1

OH H

2C

 OH

   H

   4C

HO

H
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(i)	 In waxy maize starch, the glucose molecules are linked with α1→4 and α1→6 	
linkages (bonds).

Using the formula of glucose in Fig. 4.3, show how two glucose molecules form an 
α1→4 linkage.

[4]

(ii)	 Using the formula of glucose in Fig. 4.3, show how two glucose molecules form an 
α1→6 linkage.

[4]
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(iii)	 Which polymer of glucose is similar in structure to waxy maize starch and is found in 
animals?

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

(c)	 In the past ten years, esters of glucose have become increasingly important chemicals.

They are used widely in the cosmetics industry, and in the food industry as surfactants 
and foam producers.

One ester bond is formed between the –OH group on carbon atom 6 of a glucose 
molecule, and the fatty acid, stearic (octadecanoic) acid.

Fig. 4.4 shows stearic acid and a glucose molecule. 

                  6
       HOCH2

           5C             O

 OH

3C

 H

H

C1

OH H

2C

 OH

   H

   4C

HO

H

CH3(CH2)16COOH

	
             stearic acid	                                                  glucose

Fig. 4.4

Using the formulae in Fig. 4.4, draw the structure of the ester formed.

[1]
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5 	 Hydroponics is a method of cultivating plants. It uses a liquid growing medium instead of soil. 

The use of hydroponics makes it easier to:

•	 control levels of nutrients given to plants 

•	 vary these levels to meet the requirements of different plant species, and at various times 
during their development.

(a)	 The nutrient requirements for tomato plants at two different stages of development are 
shown in Table 5.1.

Element Recommended concentration in hydroponic medium 
(parts per million)

Newly-transplanted 
tomato plant seedlings

Older tomato plants 
(forming their fifth cluster 

of fruit)

Nitrogen 70.00 150.00

Phosphorus 50.00 50.00

Potassium 120.00 200.00

Calcium 150.00 150.00

Magnesium 40.00 50.00

Iron 2.80 2.80

Copper 0.20 0.20

Manganese 0.80 0.80

Table 5.1

(i)	 In what form is nitrogen available to plants?

...................................................................................................................................[1]
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(ii)	 Give two uses of nitrogen in plants.

Put a tick () next to the two correct answers.

component of glucose

component of DNA

component of cellulose cell wall

helps the transport of glucose

helps the transport of water

used in protein synthesis

[2]

(iii)	 Compare the requirements for the different elements of newly-transplanted seedlings 
and plants forming their fifth cluster of tomatoes. 

Use the information in Table 5.1 in your answer.

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

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

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

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

(iv)	 Suggest which two elements are most important for the development of fruit clusters. 

Justify your answer.

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

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

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

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

(v)	 Give two reasons why the element manganese is essential for plant growth.	

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

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

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

.......................................................................................................................................
[2]
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(b)	 A different method, aquaponics, involves the growth of plants in a liquid medium.

This technique utilises the waste water and organic matter from a fish farm. 

The waste water provides an excellent source of nitrogen, and other elements, for 
growing plants. 

Fig. 5.1 shows a typical aquaponics system.

Step 4 
Plants use water as primary 
source of nutrients to grow

Stage 1
Feed fish

Step 5
Cleaned water removed 
from hydroponics tank

Step 6
Clean water pumped to
fish culture tank

Step 3
Bacteria in the system 
converts ammonia into 
nitrites and nitrites into 
nitrates 

Step 2
Pump circulated water.
Water filtered and
pumped to hydroponics
tank

Step 4 
Plants use water as primary 
source of nutrients to grow

Stage 1
Feed fish

Step 5
Cleaned water removed 
from hydroponics tank

Step 6
Clean water pumped to
fish culture tank

Step 3
Bacteria in the system 
converts ammonia into 
nitrites and nitrites into 
nitrates 

Step 2
Pump circulated water.
Water filtered and
pumped to hydroponics
tank

Fig. 5.1

(i)	 Ammonia produced by the fish is converted to nitrite, then nitrate, by bacteria in the 	
aquaponics system.

The two reactions are shown below. The equations are unbalanced.

Balance the chemical equations.

…NH4
+ + …O2 → …NO2

– + …H2O

…NO2
– +  O2 → …NO3

–

[2]
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2.0                                   5.0                                   8.0                                   
density of fish used to produce lettuce-growing medium (kg m–3)

mean lettuce 
dry mass (g)

0.00                                   

1.00                                   

2.00                                   

3.00                                   

4.00                                   

5.00                                   

6.00                                   

7.00                                   

8.00                                   

(ii)	 An aquaponics company is researching the use of waste matter from the Nile tilapia 
fish, Oreochromis niloticus, to grow lettuce plants.

The bar chart in Fig. 5.2 shows the dry mass of the lettuce plants, harvested after 35 
days.

The lettuce plants have been grown in the waste matter produced by rearing the fish 
at three different densities (kg of fish per m2 of water).

Fig. 5.2

Describe the effect of fish density on the growth of the lettuce plants.

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

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

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

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

...................................................................................................................................[2]
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6 	 Fig. 6.1 shows a treadmill used by athletes to keep fit.

The athlete runs on a moving belt which is a composite made from layers of polymer 
materials. 

The top layer of the belt is made from polyurethane and is in contact with the athlete’s 
footwear. 

The bottom layer of the belt is made from polyester fabric. It is in contact with steel rollers and 
an internal deck.

Both of the polymer materials, polyurethane and polyester, have very high wear resistance.

 
Fig. 6.1

(a)	 Suggest, two other similar and two other different properties of each polymer, 
polyurethane and polyester, that makes the composite material suitable for use as a 
treadmill belt.

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

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

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

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

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

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

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

...........................................................................................................................................[4]

polyurethane layer

steel roller

polyester layer
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(b)	 How can the arrangement of molecules in a polymer be changed to alter its mechanical 
properties? 

Put a tick () next to the two correct answers.

addition of metals

addition of plasticizers

cross-linking

ploymerisation

ionic bonding

covalent bonding

[2]
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7    (a)	 A charge of 0.04 C moves from point A to point B in a time of 0.02 s.

10 J of work is done in transferring this charge. 

(i)	 Calculate the potential difference between point A and point B.

Show your working.

	 potential difference = …………………V
[2]

(ii)	 Calculate the current between point A and point B.

Show your working.

current = ………………… A
[2]

(iii)	 Calculate the power produced in moving the charge.

Show your working.

power = ………………… W
[2]
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8 	 Three resistors, R1 = 5.00 Ω, R2 = 10.00 Ω and R3 = 15.06 Ω are joined together in series and 
parallel arrangements to produce different combined resistances.

The combined resistances they produce are 11.00 Ω, 13.75 Ω and 18.30 Ω, respectively.

Describe the series and parallel arrangements of R1, R2 and R3 that produce 11.0 Ω, 13.75 Ω 
and 18.3 Ω

11.0 Ω............................................................................................................................................

13.75 Ω.........................................................................................................................................

18.3 Ω...........................................................................................................................................
[3]

END OF QUESTION PAPER
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