[image: image1.jpg]gateway
science



[image: image2.jpg]


[image: image3.jpg]


[image: image4.jpg]




Acids and bases
1
The diagram shows the pH of various solutions.
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(a)
Which solution is neutral?

(b)
Which solution is only very slightly acidic?

(c)
Which solutions are alkaline?

(d)
Which solution is most alkaline?

2
Give two uses of sulfuric acid.

3
Sugar beet needs a soil pH of 7.0 to 7.5 for best growth.
A farmer tests his soil and finds that its pH is 8.

(a)
Suggest how the farmer could test the pH of his soil.
(b)
Suggest the name of a chemical that the farmer could add to the soil to make it suitable to grow sugar beet.
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(c)
The farmer adds some manure to the soil as a liquid spray. The graph shows how the pH of the soil changes as more and more of the liquid spray is added. Explain the change in pH as more and more liquid spray is added to the soil.
4
State the name of the salt formed when:
(a)
sulfuric acid reacts with sodium carbonate

(b)
nitric acid reacts with potassium hydroxide

(c)
hydrochloric acid reacts with calcium oxide.

Acids and bases
1
A scientist tests some pond water to find its pH.

Describe how she can use universal indicator to find the pH of the pond water.

2
State whether the following are acids, bases or salts.

(a) NaOH      (b) KNO3       (c) CaO      (d) NH4NO3      (e) H2SO4      (f) CaSO4
3
When an acid is added to a base, a salt is formed.

Copy and complete the following table.
	Acid
	Base
	Salt

	sulfuric acid
	potassium hydroxide
	A

	B
	sodium carbonate
	sodium nitrate

	hydrochloric acid
	C or D or E
	magnesium chloride


4
Alkalis have particular properties.

(a)
What do you understand by the term alkali?

(b)
Calcium carbonate is insoluble in water but reacts with hydrochloric acid.
Is calcium carbonate:
(i) a base       (ii) an alkali?
Explain your answers.

5
Write balanced symbol equations for:

(a)
the reaction of sulfuric acid with ammonia

(b)
the reaction of sodium hydroxide with hydrochloric acid

(c)
the reaction of calcium carbonate with nitric acid

(d)
the reaction of copper oxide with warm sulfuric acid.

6
Describe in detail what happens to the pH when hydrochloric acid is added to a solution of sodium hydroxide until the hydrochloric acid is in slight excess. In your answer include:

· a discussion of the chemical reaction involved

· the specific ions which react together
· the ionic equation for the reaction.

Reacting masses
1
Use your Periodic Table to calculate the relative formula masses of the following.

(a) CaCl2        (b) Na2CO3        (c) C2H5OH        (d) I2
2
Use your Periodic Table to calculate the relative formula masses of the following.

(a) Sr(NO3)2        (b) Ca(OH)2        (c) (NH4)2SO4
3
A student made some copper sulfate crystals from copper oxide and sulfuric acid using the following instructions.

· Add an excess of copper oxide to a known amount of sulfuric acid.

· Heat the mixture for 15 minutes – be careful because sulfuric acid gives off fumes when heated.
· Filter off the excess copper oxide then transfer the solution (filtrate) to an evaporating basin.
· Evaporate off the water then scrape the copper sulphate crystals from the evaporating basin and weigh them.

· Calculate the percentage yield of copper sulfate.

(a)
What do you understand by the term percentage yield?

(b)
Suggest four possible reasons why the percentage yield of copper sulphate is less than 100%.

(c)
The student repeated the experiment twice using excess sulfuric acid. In the second experiment he reacted 7.9 g of copper oxide with excess acid. In the third experiment he reacted 15.8 g of copper oxide with excess acid.

How does the amount of copper sulfate formed in the third experiment compare with the amount formed in the second experiment? Explain your answer.

4
When calcium sulphate is made by reacting sulfuric acid with calcium oxide, the predicted yield of 15.4 g. The actual yield was found to be 10.7 g.

Calculate the percentage yield of calcium sulphate.
Reacting masses
1
Use your Periodic Table to calculate the relative formula masses of the following.

(a) Fe(OH)3         (b) (NH4)2CO3         (c) Mg3(PO4)2         (d) (CH3CO2)2Mg
2
Iron(II) chloride reacts with sodium hydroxide to form iron(II) hydroxide.

FeCl2 + 2NaOH → Fe(OH)2
When a student reacted 12.7 g of iron chloride with excess sodium hydroxide, 9.0 g of iron(II) hydroxide were formed.

Calculate how many grams of iron(II) chloride are needed to make 1.5 g of iron(II) hydroxide.
3
Lina adds 2.0 g of magnesium oxide to excess sulfuric acid. She uses relative formula masses to work out that the predicted yield of magnesium sulphate is 6.0 g. She finds that the mass of magnesium sulphate she has made is 5.7 g.

Calculate the percentage yield in her experiment.

4
(a)
Explain why the total mass of reactants in a chemical reaction should be equal to the total mass of the products if there is no loss of materials during the reaction.

(b)
Explain why the actual percentage yield of a product obtained in a chemical reaction is often not the same as the predicted yield.

5
When iron is heated in oxygen iron oxide is formed.
3Fe + 2O2 → Fe3O4 
Calculate the amount of iron required to make 29 g of iron oxide, Fe3O4.

Relative atomic masses: Fe = 56    O = 16

6
When propane burns in excess air, carbon dioxide and water are formed as products.

C3H8 + 5O2 → 3CO2 + 4H2O

(a)
Calculate the mass of carbon dioxide formed when 2.2 g of propane are burnt.

(b)
Calculate the mass of propane that needs to be burnt in order to form 180 g of water.

Relative atomic masses: H = 1    C = 12    O = 16

Fertilisers and crop yield
1
The table shows the mass of the three essential elements removed from the soil by three different crops.

	
	Mass of element removed (kg per hectare)

	Plant
	Nitrogen
	Phosphorus
	Potassium

	wheat
	115
	22
	26

	potato
	109
	14
	133

	sugar beet
	86
	14
	302


(a)
Which plant removed most nitrogen from the soil?

(b)
Which plant removed the greatest quantity of essential elements from the soil?

(c)
Which essential element was removed in the lowest quantity from the soil.
(d)
Which plant would benefit most by adding a fertiliser containing potassium nitrate? Give a reason for your answer.

(e)
Which plant would benefit most by adding a fertiliser containing ammonium phosphate? Give a reason for your answer.

2
Calculate the relative formula masses of the following fertilisers.

(a)
ammonium nitrate, NH4NO3
(b)
potassium phosphate, K3PO4.
Relative atomic masses: H =1    N =14    O =16    P = 31    K = 39
3
Copy out and complete the following table showing the acids and alkalis needed to make different fertilisers.

	Acid
	Alkali
	Fertiliser

	phosphoric acid
	ammonia
	A

	B
	ammonia
	ammonium sulfate

	C
	D
	potassium nitrate


4
(a)
Explain the purpose of adding fertilisers to the soil.

(b)
Explain how the minerals present in a solid fertiliser get into the plant.
Fertilisers and crop yield
1
(a)
What is the purpose of adding fertilisers to the soil?

(b)
Which part of the plant absorbs the minerals in fertilisers?
2
Calculate the relative formula masses of the following fertilisers.

(a)
CO(NH2)2.

(b)
(NH4)3PO4.

3
(a)
Calculate the percentage by mass of nitrogen in the fertiliser ammonium sulphate (NH4)2SO4.

(b)
Calculate the percentage by mass of (i) nitrogen and (ii) potassium in the fertiliser potassium nitrate, KNO3.

(c)
Which of these two fertilisers, ammonium sulphate or potassium nitrate, contains the greatest percentage of the elements which are essential for plant growth?
4
Ammonium phosphate is a fertiliser made by the reaction of an acid with an alkali. Describe how you can make a sample of solid ammonium phosphate starting with a suitable acid and alkali. Give details of the experimental method and how a neutral solution is obtained.

5
The data shows the results of an experiment in conducted in the same fields over a period of 140 years. Wheat and potatoes were grown each year using fixed amounts of nitrogen, phosphorus and potassium added to the soil. The fixed amounts of fertiliser were added to the soil each year after harvesting the crops. The table also shows the yield of wheat and potatoes harvested in 1980–1982.

	Elements added over the past 140 years
(kg per hectare)
	Yield 1980–1982
(tonnes per hectare)

	Nitrogen
	Phosphorus
	Potassium
	Wheat
	Potatoes

	0
	0
	0
	1.69
	8.47

	96
	0
	0
	3.68
	8.30

	0
	77
	107
	2.04
	16.63

	96
	77
	107
	6.60
	38.57


Compare the effect of the various combinations of nitrogen, phosphorus and potassium on the yields of wheat and potatoes and suggest which elements if any have most effect on these yields.
Making ammonia – Haber Process and cost
1
Explain why ammonia is important in world food production.
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2
The graph shows the yield of ammonia obtained 
by the Haber Process at different temperatures 
and pressures.

(a)
What is the yield of ammonia if the pressure 
is 300 atmospheres and the temperature is 450°C?

(b)
What affect does increase in pressure have on the 
yield of ammonia if the temperature is kept constant?

(c)
What effect does an increase in temperature have on the yield of ammonia if the pressure is kept constant?

(d)
The Haber Process is not usually run at pressures above 300 atmospheres. Suggest one economic and one chemical plant engineering reason why the Haber Process is not run at these pressures.
[image: image8.jpg]


3
The diagram shows a flow chart for the manufacture of ammonia by the Haber Process.
(a)
State the source of the nitrogen used in the Haber Process.

(b)
State a source of the hydrogen used in the Haber Process.

(c)
What conditions of pressure and temperature are needed in the reactor vessel?

(d)
The reaction between nitrogen and hydrogen is reversible. What do you understand by the term reversible reaction?

(e)
Explain the importance of the loop marked A in the flow chart.

4
State four factors that affect the cost of making a new chemical and describe how the costs of making a chemical may be minimised.

Making ammonia – Haber Process and costs
1
Write a balanced equation for the synthesis of ammonia from nitrogen and hydrogen.
2
In the Haber Process not all the hydrogen and nitrogen is converted to ammonia. Explain what happens to the unreacted hydrogen and nitrogen and how this affects costs.

3
In the 1950s a factory producing ammonia employed many people. Today fewer people are employed. Suggest reasons for this change and comment on how this affects the cost of making ammonia.
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4
The graph shows the how the yield of ammonia 
in the Haber Process is influenced by the 
temperature and the pressure.

 (a)
Describe how temperature and pressure 
affect the yield of ammonia in the 
Haber Process.

(b)
The Haber Process usually operates at 
temperatures between 350–450°C and 
pressures of between 150–300 atmospheres. 
Suggest why these conditions are chosen as a 
compromise in order to produce ammonia cheaply.

5
Different plants producing ammonia by the Haber Process may operate using different sources of hydrogen or different catalysts. The table shows the conditions used in three different plants.

	Plant
	Cost of hydrogen 
	Type of catalyst
	Cost of catalyst
	Temperature used (°C)
	% conversion to ammonia

	A
	expensive
	iron
	cheap
	400–500
	24

	B
	cheap
	iron
	cheap
	400–500
	24

	C
	cheap
	ruthenium mixture
	expensive
	350–400
	30


(a)
Suggest why hydrogen made from steam and natural gas is cheaper than hydrogen made by electrolysis.

(b)
Describe the advantages and disadvantages of each of the processes A, B and C.
Detergents
1
Soap powders used for washing clothes contain many different ingredients such as bleaches, optical whiteners and detergents. Explain the function of each of these ingredients.

2
Mario compares the effect of three different washing powders in removing food stains from pieces of cotton cloth. He washes the pieces cloth at three different temperatures. All other conditions are kept the same. He scores how well each cloth has been cleaned on a scale of 1 (very dirty) to 10 (very clean). The results are shown in the table.

	
	Temperature (°C)

	Washing powder
	25°C
	50°C
	75°C

	A
	8
	6
	4

	B
	6
	8
	9

	C
	7
	9
	10


(a)
For washing powder C, how does temperature affect the removal of the stain from the cloth?
(b)
Which is the best washing powder to use for removing food stains at 50°C?
(c)
Which detergent is most likely to contain enzymes to aid the cleaning? Give a reason for your answer. 

(d)
State one advantage of washing clothes at a low temperature.
3
A student adds either water or alcohol or dry cleaning fluid to three test tubes containing equal amounts of sugar. She then shakes the test tubes for two minutes and observes how much sugar is left. Her results are shown below.
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Use the information in the diagram to describe the solubility of sugar in water, alcohol and dry cleaning fluid. Explain your answer using the following terms.

dissolves       insoluble       soluble       solute       solution       solvent

4
Washing up liquids contain water softeners and rinse agents. Explain why each of these ingredients is added to washing up liquid.

Detergents
1
Dry cleaning can be used to remove the dirt from particular types of cloth.

(a)
How does the process of dry cleaning differ from cleaning with a washing powder?

(b)
What are the reasons for using dry cleaning instead of a washing powder?

(c)
The solvents used in dry cleaning evaporate easily and are poisonous. Suggest what precautions should be taken by people who work in a dry cleaning company.

2
Three different washing up liquids were tested to see how well they remove grease from plates. After washing, the plates were dusted with a powder which shows up any remaining grease as black patches. The experiment was repeated using three identical plates. The results are shown in the table.

	
	% area of the plate which is blackened 

	Washing-up liquid
	Plate 1
	Plate 2
	Plate 3

	A
	12
	15
	10

	B
	13
	14
	18

	C
	10
	10
	12


(a)
Suggest how this experiment can be carried out, giving details of what you would keep constant and what you would change.

(b)
Which washing up liquid is most efficient at removing grease? Explain your answer and comment on (i) how sure you are that the answer is correct and (ii) what you can do to confirm the results.
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3
The diagrams show a molecule of a soapy detergent and a molecule of a synthetic detergent.

(a)
Describe two similarities and two differences between theses two detergents.

(b)
Which end of the synthetic detergent molecule is hydrophilic? Give a 
reason for your answer.

4
Describe the essential features of a detergent molecule. How do these features help a detergent molecule remove grease from clothes when they are washed and prevent the grease sticking back onto the clothes? Use ideas about intermolecular forces in your answer.
Batch or continuous
[image: image12.jpg]


1
The flow chart shows the steps in the development of a new drug. Two of the steps are missing.

(a)
What are the missing steps which should be written in boxes A and B?

(b)
In the discovery and development step, hundreds of different chemicals may be tested. However, only one or two of these are marketed as new drugs. Suggest reasons for this.

(c)
The discovery and development step is the most expensive of all the steps. Suggest why the costs involved in this step are so high.

2
The flow chart shows how a drug can be extracted from plant sources.
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(a)
Explain the purpose of the filtration stage.
(b)
What is the purpose of evaporating the solvent?
(c)
What method is used to test the purity of the drug?
3
New pharmaceutical drugs are usually more expensive to make than bulk chemicals such as ammonia.

(a)
What do you understand by the term bulk chemical?

(b)
Describe three factors that make the cost of producing a new drug more expensive than the cost of producing a bulk chemical.

4
It often takes ten years or more to produce a new pharmaceutical drug from the research and development stage to the marketing stage. Explain why it takes so long to produce a new pharmaceutical drug.

5
Chemicals can be manufactured by a batch process or a continuous process. Explain the difference between a batch process and a continuous process.

Batch or continuous
1
The flow chart shows the stages in extracting a drug from plant material.

[image: image14.jpg]Bl

Bl




(a)
What are stages A and B?

(b)
After the drug has been extracted, how is it tested for purity?

(c)
What is the purpose of crushing the plants in the first stage of the process?

(d)
Why is an organic solvent, rather than water, used to extract the drug?

2
Pharmaceutical companies often spend a lot of money on marketing a new drug. Explain why pharmaceutical companies carry out market research and conduct advertising campaigns when they produce a new drug.

3
A pharmaceutical company has developed a new drug. The expected costs are shown in the table.

	Total cost of development of the drug
	£ 300 000 000

	Cost of production of the drug per kg
	£800

	Selling price of drug per kg
	£5800

	Expected annual sales in kg
	12 000


(a)
How long will it take before the company gets back the cost of developing the drug?

(b)
In reality it may take longer to get back the costs of developing the drug. Suggest two reasons why it might take longer.

(c)
Both continuous and batch processes are available for making this particular drug. Suggest two advantages of using the batch process over the continuous process.

4
The drug TGN1412 was developed to treat the blood disease, leukaemia. Trials of the drug were abandoned in March 2006 after six volunteers became critically ill. The results from animal testing indicated that there were no problems with the drug at this stage. Suggest three reasons why problems with the drug arose when human volunteers were tested.
Nanochemistry
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1
The diagrams below how the structures of buckminsterfullerene, diamond and graphite.

(a)
Which structure is buckminsterfullerene, which is diamond and which is graphite?

(b)
Describe two differences between structure A and structure C.

(c)
Describe two differences between structure A and structure B.

2
Describe four physical properties of graphite.

3
Explain why graphite is used in pencil leads.

4
Ron says that a pencil lead can be used as an electrode. Sally says that this cannot be correct because graphite is a non-metal. Who is right? Explain your answer.

5
State two uses of nanotubes.

6
What do you understand by the term nanoparticles?

7
Some scientists have suggested that the soot particles found in ordinary flames contain spheres of carbon molecules packed inside each other rather like Russian dolls. The diagram shows these spheres of carbon and the number of carbon atoms in each sphere.
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(a)
Buckminsterfullerene is also a spherical molecule. What is the formula of buckminsterfullerene?

(b)
Suggest a relationship between the formula of buckminsterfullerene and the formulae of the spheres of carbon atoms found in the soot particles.

Nanochemistry
1
Describe the structure of nanotubes and explain how they can be used to increase the effectiveness of catalysts.

2
Explain by referring to structure and bonding why:

(a)
graphite and diamond both have a high melting point

(b)
graphite conducts electricity but diamond does not conduct.
3
What do you understand by the term allotrope?

4
Describe the structure of buckminsterfullerene and explain two possible uses which are related to its structure.
5
In recent years, scientists have made small clusters of atoms in regular geometrical arrangements. These clusters are stable because there are no isolated atoms sticking out. The clusters of atoms combine with each other very readily but can be stabilised by joining them to an inert surface or stabilising them by surrounding them with other chemicals. When they are stabilised like this, they can be moved around on the inert surface.
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(a)
Scientists have called these clusters of atoms nanoclusters. Suggest why they have been called nanoclusters.

(b)
Very small wires called nanowires can be made from nanoclusters.

(i)
Suggest how nanowires can be formed from these nanoclusters.

(ii)
Suggest a use for nanowires.

(c)
Making nanowires from nanoclusters is an example of positional chemistry.

(i)
What do you understand by the term positional chemistry?

(ii)
Apart from adding nanoclusters together to make larger units, what other method could be used to make specifically-shaped nanoscale structures.
How pure is our water?
1
A sample of river water was tested with barium chloride solution. The water remained colourless and transparent. A second sample of the same river water was tested with silver nitrate solution. The water turned a cloudy white colour.

(a)
What do the results of these two tests tell you about the composition of the water in the river?

(b)
What type of reaction is occurring in the test using silver nitrate solution?
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2
The diagram shows a water treatment plant.

(a)
State the name of two types of material 
found in water before it is purified.
(b)
What is the purpose of


(i)
tank A
(ii)
tank B?
(c)
What is the purpose of chlorinating the water?

(d)
Pollutants that may be found in domestic water supplies include nitrate ions and lead. State the origin of each of these pollutants.
3
Write word equations for:

(a)
the reaction of silver nitrate with sodium bromide

(b)
the reaction of magnesium sulfate with barium chloride.

4
The table shows some data about the ions found in three samples of water, A, B and C.

	
	Concentration in mg/dm3
	
	Concentration in mg/dm3

	Ion
	A
	B
	C
	Ion
	A
	B
	C

	bicarbonate, HCO3(
	206
	104
	150
	nitrate, NO3(
	4
	0
	1

	calcium, Ca2+
	45
	23
	8
	potassium, K+
	0.4
	0.5
	0.2

	chloride, Cl(
	9
	10
	8
	sodium, Na+
	6
	6
	8

	magnesium, Mg2+
	15
	10
	20
	sulfate, SO42(
	9
	5
	10


(a)
Which positive ion has the greatest concentration in sample B?

(b)
Which ion is present in the greatest concentration in each sample.

(c)
Which ion gives a white precipitate with barium chloride?

(d)
Which sample A, B or C will produce the greatest amount of solid when the water is evaporated? Give a reason for your answer.

How pure is our water?
1
Explain the processes involved in the different stages of water purification, giving reasons why each of these processes is carried out.
2
A sample of pond water was tested with barium chloride solution. The water turned a cloudy white colour. A second sample of the same pond water was tested with silver nitrate solution. The water turned a cloudy cream colour.

(a)
What do the results of these two tests tell you about the composition of the water in the pond?

(b)
What type of reaction is occurring in the test using barium chloride solution?

(c)
The water was then tested for nitrate ions. A positive result was obtained. What is the most likely source of these nitrate ions?

3
Write balanced symbol equations for:

(a)
the reaction of barium chloride, BaCl2 with sodium sulfate, Na2SO4
(b)
the reaction of magnesium chloride, MgCl2 with silver nitrate, AgNO3.

4
A farmer puts a pesticide solution on his fields to kill insects which may eat his crops. Explain how this pesticide may eventually get into drinking water.

5
In recent years, a large number of houses have been built in the southeast of Britain.

In March 2006 a hosepipe ban was put on the use of water for gardening and washing cars in parts of southern Britain. Although parts of Britain have enough rainfall to fill reservoirs, some parts of southern and southwest Britain have experienced less rainfall than usual and now have reservoirs which are only 50-60% full. In 2004, these reservoirs were 80% full. By contrast, the reservoirs in East Anglia were 80% full in both 2004 and 2006.
(a)
Explain why it is important to conserve water.

(b)
Suggest why southern Britain has such a severe water problem.

(c)
What can the public do to conserve water resources?

(d)
Some people have suggested that East Anglia should pump water through a pipeline to southern England. Give two points for and two points against this suggestion.

C4a acids and bases
Foundation
1
(a)
sugar solution
[1]

(b)
milk
[1]

(c)
baking soda, ammonia, washing soda
[1]

(d)
washing soda
[1]

2
(Any 2 of) preparation of metal surfaces; manufacture of fertilisers; car battery acid; other suitable
[2]

3
(a)
Add water, shake and filter; to filtrate add universal indicator solution/paper; compare colour with pH colour chart.
[3]

(b)
Any acid e.g. sulphuric acid
[1]

(c)
pH decreases as spray added; so spray must be acidic; the acid spray neutralises; the alkaline soil; excess spray added makes the soil slightly acidic; the spray is only weakly acidic since after a time the pH does not change/spray has pH of just under 6
[6]

4
(a)
sodium sulfate
[1]

(b)
potassium nitrate
[1]

(c)
calcium chloride
[1]

Higher

1
Add universal indicator solution/paper; compare colour with pH colour chart.
[2]

2
(a) base; (b) salt; (c) base; (d) salt; (e) acid; (f) salt 
[6]

3
A potassium sulphate; B nitric acid; C/D/E magnesium oxide; magnesium carbonate; magnesium hydroxide
[5]

4
(a)
Base ; which is soluble in water
[2]

(b)
(i)
Yes – it reacts with an acid OR no – it does not form hydroxide ions in water
[1]

(ii)
No – is not soluble in water
[1]

5
(a)
H2SO4 + 2NH3 → (NH4)2SO4
(1 for reactant formulae, 1 for product formula, 1 for balance)
[3]

(b)
NaOH + HCl → NaCl + H2O
(1 for reactant formulae, 1 for product formulae, -1 if balance incorrect)
[2]

(c)
CaCO3 + 2HNO3 → Ca(NO3)2 + H2O
(1 for reactant formulae, 1 for product formulae, 1 for balance)
[3]

(d)
CuO + H2SO4 → CuSO4 + H2O
(1 for reactant formulae, 1 for product formulae, -1 if balance incorrect)
[2]

6
(10 of) pH of sodium hydroxide is high/ quoted figure; as acid is added pH falls; because acid neutralises the sodium hydroxide; falls below pH 7; because acid is in excess; hydrogen ions in acid; H+ ; react with hydroxide ions in alkali; OH-; equation NaOH + HCl → NaCl + H2O; ionic equation H+ + OH- → H2O 
[10]


C4b Reacting masses
Foundation

1
(a) 111; (b) 106; (c) 46; (d) 254
[4]

2
(a) 212; (b) 74; (c) 132
[3]

3
(a)
Actual yield × 100/ predicted yield (actual yield compared with predicted yield = 1)
[2]

(b)
Loss in filtration; loss (of sulfuric acid) on heating; loss in transfer from beaker to filter funnel; loss of solid on side of evaporating basin 
[4]

(c)
Should be greater; twice as much; increasing the amount of reactants increases the amount of products
[3]

4
10.7 × 100/15.4; = 69.5% (69.48%)
 [2]

Higher

1
(a) 107; (b) 96; (c) 262; (d) 142
[4]

(b)
12.7 × 1.5/9; 2.12 (2.117)
[2]

2
12.7 ×1.5/9; 2.12 (2.117)
[2]

3
5.7 × 100/6; 95%
[2]

4
(a)
The products have the same number of atoms as the reactants (just differently arranged); atoms can’t be destroyed/ created
[2]

(b)
Losses in filtration; losses in evaporation; losses in transferring liquids; losses in heating 
[4]

5
168 g of iron; in 232 g iron oxide; so in 29 g iron oxide there are 29 × 168/232 g; = 21 g
[4]

6
(a)
44 g propane; produce 3; × 44 g carbon dioxide; 132 g carbon dioxide; so 2.2 g propane produce 2.2 × 132/44; = 6.6 g 
[6]

(b)
44 g propane (no marks); produce 4; × 18 g water; = 72 g water; so 180 g of water produced from 44 x 180/72; = 110 g
[5]
C4c Fertilisers and crop yield

Foundation
1
(a)
wheat
[1]

(b)
sugar beet
[1]

(c)
phosphorus
[1]

(d)
Sugar beet; it removes takes up the most potassium; and roughly the same amount of nitrate as the other plants
[3]

(e)
Wheat; it removes most phosphorus; and most nitrogen from the soil
[3]

2
(a) 80; (b) 212
[2]

3
A ammonium phosphate; B sulfuric acid; C nitric acid; D potassium hydroxide
[4]

4
(a)
To make crops grow bigger/faster/increase yield; replace the nitrogen; and other essential elements; taken from the soil by plants
[4]

(b)
Fertiliser dissolves in water; absorbed into plants; through roots
[3]

Higher

1
(a)
To make crops grow bigger/faster/increase yield; replace the nitrogen; and other essential elements; taken from the soil by plants
[4]

(b)
roots
[1]

2
(a) 60; (b) 149
[2]

3
(a)
2N = 28; (NH4)2SO4 = 132;
100 × 28/132; = 21.2%
[4]

(b)
KNO3 = 101; N = 14 K =39;
100 × 14/101; %N = 13.9% (13.86);
100 × 39/101; %K = 38.6%
[6]

(c)
Potassium nitrate; both K and N are essential elements; % N+K in ammonium sulphate less than % N+K in potassium nitrate.
[3]

4
(12 from) add phosphoric acid solution; stepwise/gradually; from burette; to ammonia solution; in flask/beaker; take drop of the ammonia solution from time to time; and test with litmus/pH indicator paper; if litmus blue/indicator paper indicates pH over 7; add more acid until litmus/pH indicator just turns red/pH falls just below 7; the ammonia solution has then been neutralised; evaporate off some of the water from the neutralised solution; leave to crystallise; pick out crystal/pour off mother liquor; dry on filter paper. (give credit for titration method using indicator in flask and retitrating)
[12]

5
No N,P or K – very low yields of both wheat and potatoes/lowest yields;
no P or K – yields higher in wheat than without N; but lower in potatoes;
P and K only – wheat has lower yield than with N only; but potatoes have higher yield;
N,P,K present – yield of both wheat and potatoes are significantly higher;
2 additional marks for use of figures on two occasions e.g. absence of N in presence of P and K decreases wheat yield 3 fold/nitrogen alone doubles wheat yield.
[8]


C4d Making ammonia
Foundation

1
Ammonia used to manufacture fertilisers; fertilisers used to replace nitrogen lost; when plants remove it during growth
[3]

2
(a)
35%
[1]

(b)
Increase in pressure increases yield
[1]

(c)
Increase in temperature decreases yield
[1]

(d)
Requires more energy to produce higher pressures; so more expensive; cost of high pressure vessels higher if higher pressures required/higher plant cost
[3]

3
(a)
air
[1]

(b)
natural gas/water
[1]

(c)
high pressure; 450oC
[2]

(d)
Reaction which goes backwards as well as forwards
[1]

(e)
Unreacted nitrogen and hydrogen recycled; so costs reduced
[2]

4
(Any 4 of) price of energy; cost of starting materials; wages; equipment/plant; how quickly the product can be made; + two ideas about minimising costs e.g. automation of plant/recycling waste energy (heat exchangers )/buying materials in bulk etc
 [6]

Higher

1
N2 + 3H2 ( 2NH3
(1 for formulae, 1 for balance, 1 for equilibrium sign) 
[3]

2
Unreacted hydrogen and nitrogen recycled; so this decreases costs
[2]

3
Process is more automated; so labour costs are reduced
[2]

4
(a)
The higher the pressure, the greater the yield; the higher the temperature the lower the yield
[2]

(b)
Rate higher at higher temperature; but yield less at higher temperature; higher pressure gives higher yield; but too high a pressure leads to greater expense percentage yield must be high enough to give sufficient daily yield of product; optimum conditions used to give lowest cost rather than fastest reaction/highest percentage yield; 
[6]

5
(a)
Electrolysis requires a lot of (electrical) energy; which is very expensive
[2]

(b)
A: advantage – catalyst cheap; disadvantages  – hydrogen expensive; higher temperature used; % yield lower
[4]

B: advantages – catalyst cheap; hydrogen cheap; disadvantages – high temperature used; % yield lower
[4]

C: advantages – hydrogen cheap; temperature lower; % yield higher disadvantage – catalyst expensive
[4]

C4e Detergents

Foundation
1
Bleaches remove coloured stains; brighteners give the cloth a ‘white’ appearance/intensify the colours; detergents remove the dirt/grease/do the cleaning
[3]

2
(a)
The higher the temperature, the more effective the stain removal
[1]
(b)
C
[1]

(c)
A; enzymes inactivated at higher temperatures; so do not clean well at higher temperatures
[3]

(d)
Saves energy
[1]
3
Sugar is the solute; sugar is soluble in water; as a solvent (here or elsewhere); because all the sugar dissolves; to form sugar solution; sugar is only slightly soluble in alcohol; because only a little has dissolved; sugar is insoluble in dry cleaning fluid; because none of it dissolves; 
[9]

4
Water softeners makes hard water softer; rinse agents help drain water off the crockery
[2]


Higher

1
(a)
Uses solvent that is not water
[1]

(b)
Removes stains that can’t be removed using water; prevents shrinkage of materials which might shrink in water 
[2]
(c)
Wear protective clothing when dealing with the liquid; make sure that no solvent is breathed in/carry out process in well ventilated place/isolated vessels
[2]
2
(a)
(Any 6 of) put same amount of grease; to same thickness; on identical plates; wash in same amount; of different washing up liquids; for the same time; using same amount of agitation; rinse plates for same time; with same amount of water; use same amount of dusting powder
[8]
(b)
C; has least % area blackened
[2]

(i)
Sure – because the average % area blackened is least in C; by about 13% compared with A which is considerable amount
OR
Unsure – because plate 3 has higher % blackening than plate A; 13% in average not sufficient difference to be certain 
[2]

(ii)
Repeat experiment/use greater number of plates
[1]
3
(a)
Both have hydrocarbon tail; both have negatively charged head; both have sodium as + ion; soap molecule has CO2- group; synthetic molecule has SO3- group; synthetic molecule has ring structure; soap has longer carbon chain (2 similarities and 2 differences)
[4]

(b)
The SO3-Na+ end /right hand side; it is ionic; therefore water soluble/hydrophilic means water loving
[3]  
4
(Any 10 of) hydrocarbon/uncharged tail; which is fat loving/hydrophobic; ionic/charged head; which is water loving/hydrophilic; tails stick into grease; as they have similar types of intermolecular forces; heads attracted to water molecules; since they have similar types of intermolecular forces/forces involving charges; force of attraction between heads and water molecules pulls grease off clothes; detergent molecules surround the grease droplets; grease droplets completely surrounded by detergent with the heads sticking out; so can’t stick back onto the clothing fibres 
[10]
C4f Batch or continuous

Foundation

1
(a) A – testing on animals; B – marketing
[2]
(b)
(Any 2 of) many may not be effective; some may have side effects; some may be difficult/too expensive to produce compared with others
[2]

(c)
(Any 3 of) may take a long time/a lot of people may be involved in discovering best drug; so wages bill very high; methods used for extraction/development of drug are expensive/may not lead to good results; takes time and money to develop methods for making a new material.
[3]
2
(a)
Filtration removes insoluble plant materials
[1]
(b)
So that the solid drug can be obtained/solvent could be harmful/drug must be pure
[1]

(c)
chromatography
[1]

3
(a)
A chemical which is made in very large quantities
[1]
(b)
(Any 3 of) more time taken for development of drug; more stages in purification/has to be purer; starting materials not available in bulk; more labour intensive
[3]
4
(Any 4 of) takes a long time to develop and select a useful drug; has to be tested on animals; then on human volunteers; takes a long time to analyse the results; licensing may take a long time 
[4]

5
Batch process uses (relatively) small amounts of reactants; chemical made according to demand; continuous process uses (relatively) larger amounts of chemicals; runs all the time/night and day.
[4]


Higher

1
(a)
A – mix with solvent; B – evaporate solvent
[2]

(b)
By chromatography
[1]

(c)
To break down the cells/cell walls of the plant; and liberate the drug which is inside the cells
 [2]

(d)
Many drug materials from plants are insoluble in water 
[1]

2
Need to make the drug known to doctors; need to be able to gain advantage over their competitors
[2]

3
(a)
Actual price of drug £5800 – £800 = £5000 per kg; sales per yr = £5000 × 12 000 = £60 000 000; time to get money back = £300m/60m; 5years
[4]

(b)
(Any 2 of) sales may fall below estimated;  competition with other drug companies producing alternative drug may force company to lower prices; energy prices/raw material prices may increase etc 
[2]
(c)
(Any 2 of) drug can be made when required/on demand; company can control the amount produced; does not waste expensive biological material
[2]
4
Drug functions differently in humans than in animals; contamination of a batch of the drug; method of administering drug may need to be different/different dosage required in humans compared with animals
[3]

C4g Nanochemistry

Foundation
1
(a)
A graphite; B diamond; C buckminsterfullerene
[3]

(b)
(Any 2 pairs of) A has layered structure; C is a ball like structure; A has is composed of hexagonally arranged atoms; C has hexagonally and pentagonally arranged; A is a giant structure; C is a molecule
[4]

(c)
A has layered structure; B is arranged in pyramid like structures/tetrahedrally; in A each carbon joined to 3 other carbons; in B each carbon joined to 4 other carbons;
[4]

2
(Any 4 of) black/lustrous/opaque/
slippery/insoluble in water/conducts electricity
[4]

3
Graphite is slippery so rubs off easily; graphite is black in colour
[2]

4
Ron; electrodes must be able to conduct electricity; graphite does conduct
[3]

5
(Any 2 of) semiconductors/industrial catalysts/reinforce graphite in tennis rackets
[2]

6
Very tiny particles/particles on an atomic scale 
[1]

7
(a)
C60
[1]

(b)
960, 540 and 240 are all multiples of 60/you can divide 60 into all these numbers
[1]

Higher

1
Hexagonally arranged atoms; arranged in very small tubes/cylinders; individual catalyst particles can be attached to the outside of the tubes; so large surface area of catalyst exposed
[4]

2
(a)
Many strong bonds; covalent bonds; throughout the whole structure
[3]

(b)
Graphite has delocalised electrons; which can move and conduct; diamond has no delocalised electrons
[3]

3
Forms of the same element with different structures
[1]

4
(Any 5 of) spherical; molecule; of carbon atoms; covalently bonded; arranged in hexagons and pentagons; formula C60
[5]

Delivering drugs to specific organs of the body; drugs trapped inside the C60 cage; to increase effectiveness of catalysts; catalyst particles attached to outside to increase surface area
[4]
5
(a)
Because they are tiny groups of atoms/idea of very small sized clusters
[1]

(b)
(i)
Move individual clusters around on inert surface; and join them together to form joined lines of clusters
OR
Add clusters one by one; to fill a nanotube of inert chemicals
[2]

(ii)
(Nano)electrical circuits/microelectronics
[1]

(c)
(i)
Chemistry in which individual groups of atoms can be moved around/joined etc.
[1]

(ii)
Remove clusters of atoms from larger scale structures
[1]


C4h How pure is our water?

Foundation

1
(a)
It contained no sulfate ions; it contained chloride ions
[2]

(b)
precipitation
[1]

2
(a)
(Any 2 of) dissolved salts and minerals /microbes/pollutants/insoluble materials
[2]

(b)
(i)
To sediment/idea of sedimentation; (heavy/large) solid material/sand/soil particles
[2]

(ii)
To filter off; fine solid particles/suspended material/clay etc
[2]

(c)
To kill bacteria/germs/microbes
[1]

(d)
Nitrate ions – from fertilisers; running off from fields; lead from old lead pipes; water pipes
[4]

3
(a)
silver nitrate + sodium bromide → silver bromide + sodium nitrate
(1 for each product)
[2]

(b)
magnesium sulfate + barium chloride → magnesium chloride + barium sulfate
(1 for each product)
[2]

4
(a)
calcium
[1]

(b)
bicarbonate
[1]

(c)
sulfate
[1]

(d)
A; it contains the greatest concentration/amount of dissolved ions
[2]

Higher

1
Sedimentation; removes large solid materials; filtration; to remove suspended solids, e.g. clay; chlorination; to kill bacteria/microbes
[6]

2
(a)
The pond contains sulphate ions; and bromide ions
[2]

(b)
precipitation
[1]

(c)
fertilisers; running off from fields
[2]

3
(a)
BaCl2 + Na2SO4 → BaSO4 + 2NaCl
(1 for formula of each product)
[2]

(b)
MgCl2 + 2AgNO3 → Mg(NO3)2 + 2AgCl
(1 for each product, 1 for balance)
[3]

4
Pesticide runs off field in rivers, etc; pesticide soluble in water; so not removed in water treatment
[3]

5
(a)
It is becoming a scarce resource in some places; so that it can be used for essential purposes, e.g. drinking/cooking
[2]

(b)
More households; so more water used; not enough rain to fill reservoirs
[3]

(c)
(Any 3 ways of reducing water use, e.g.) use less water in flushing toilets/not cleaning cars so often/not watering garden/taking shower instead of bath/reusing water for garden, etc
[3]

(d)
Advantages – overcomes water shortage in South; water company in East Anglia makes money, etc.
Disadvantages – expensive to construct pipeline; water companies in the South have to pay/water may be more expensive, etc.
[4]

Acids and bases
1
Solve the clues across. The word in the shaded column is a substance with a pH of less than 7.  

[F]
	
	
	1
	
	
	
	
	
	
	
	
	
	

	
	
	2
	
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	
	


1
A soluble base.

2
These neutralise an acid to give a salt, water and carbon dioxide.
3
An acid which contains nitrogen.
4
Universal  
 can be used to estimate the pH of a solution.
2
True or false? Put T or F in the boxes.
[F]

	When an acid is neutralised by an alkali, the pH decreases.
	

	
	

	A solution of pH 7 is neutral.
	

	
	

	Sulfuric acid is used to manufacture some fertilisers.
	

	
	

	Metal oxides and hydroxides are acidic.
	


3
Write down the name of the salts formed when the following acids and bases react.
[F/H]
sulphuric acid + magnesium oxide →  


nitric acid + sodium hydroxide →  

hydrochloric acid + potassium carbonate  

4
Fill in the gaps using four different words from the list:
[H]
acid      decomposition      hydrogen      hydroxide      neutralisation      oxide      water

Acids in solution contain  
 ions. Alkalis in solution contain  

ions. During  
, these ions react to form  
.
5
Complete the balanced symbol equations for the following neutralisation reactions.
[H]
	(a)
	H2SO4 +
	
	NaOH → Na2SO4 +
	
	


	(b)
	HCl +
	
	→
	NH4Cl
	
	(c)
	CuO + H2SO4 →
	
	+
	


	(d)
	CaCO3 + 2
	
	→
	Ca(NO3)2 +
	
	+
	


Reacting masses
1
Complete the following sentences.
[F]

(a)
The greater the amount of reactants used, the  
 the amount of products formed.

(b)
In theory, the mass of the  
 at the start of a reaction is equal to the mass of products formed.

(c)
100% yield means that no  
 has been lost.

(d)
Relative molecular mass is calculated by adding together the  

 
.
2
Use the following relative atomic masses to calculate the relative formula mass of the compounds (a) to (d).
[F]

H =1     N = 14     O = 16     Na = 23     Mg = 24     Cl = 35.5

(a) H2O
 

(b) NH3
 

(c) NaCl
 

(d) MgCl2
 


3
True or false? Put T or F in the boxes.
[F/H]
	Actual yield is measured by experiment. 
	

	
	

	Predicted yield is calculated by theory.
	

	
	

	Actual yield is always more than predicted yield.
	


4
Use the following relative atomic masses to calculate the relative formula mass of the compounds (a) to (d).
[H]

H =1     N = 14     O = 16     Mg = 24     Al = 27     S = 32

(a) (NH4)2SO4
 

(b) Al2S3
 

(c) Mg(OH)2
 

5
Magnesium reacts with oxygen to form magnesium oxide.
[H]

2Mg + O2   → 2MgO

The relative atomic mass of Mg = 24 and of O = 16. Calculate:

(a)
The predicted yield of magnesium oxide when 6 grams of magnesium is burnt.
Answer =  

(b)
How many grams of oxygen are needed to react with 12 grams of magnesium?
Answer =  

Fertilisers and crop yield
1
Label the following apparatus and chemicals used to make the fertiliser ammonium chloride.
[F]

[image: image19.jpg]



2
Fill in the gaps using four different words from the list:
[F]
compounds      elements      growth      phosphorus      sodium      urea      
Many fertilizers such as  
 are manufactured from ammonia. Fertilisers are

chemicals that provide plants with the essential chemical  
 nitrogen,

 
 and potassium. These elements are needed for plant  
.

3
In the boxes, write down the names of the acid and alkali needed to make the following fertilisers.
[F/H]

	Fertiliser
	
	Acid needed
	Alkali needed

	ammonium phosphate
	
	
	

	potassium nitrate
	
	
	

	ammonium sulphate
	
	
	


4
Calculate the relative formula mass of the fertiliser ammonium phosphate, (NH4)3PO4.
[H]

Relative atomic masses: N =14     O = 16     P =31

Answer =  

5
Put these statements about eutrophication in the correct order.
[H]

A Algal growth is greatly increased
B Other water plants die

C Fertiliser runs off from the fields
D The algae block off sunlight to other plants

E The concentration of nitrates and phosphates in the river water increases

The order is:  
 →  
 →  
 →  
→  

Making ammonia – Haber process and costs
1
Solve the clues across. The word in the shaded column is an acid which is manufactured from ammonia.  

[F]
	
	
	1
	
	
	
	
	
	
	
	

	
	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	
	

	
	5
	
	
	
	
	
	
	
	
	

	
	
	6
	
	
	
	
	
	
	
	


1
One of the gases from which ammonia is made.

2
One of the starting materials used to manufacture ammonia.

3
The Haber Process uses an iron  
.

4
One of the conditions used in the Haber Process is high  
.

5
A substance which is cracked to make the hydrogen needed for the Haber Process. 

6
The higher the temperature in the Haber Process, the higher the energy  
.

2
True or false? Put T or F in the boxes.
[F]

	The sign ⇌ means that the reaction is reversible.
	

	
	

	A catalyst has no effect on the cost of making chemicals.
	

	
	

	The Haber Process uses a nickel catalyst.
	

	
	

	Ammonia is used to make cleaning fluids.
	


3
Fill in the gaps using words from the list:
[F/H]
catalyst     high     increased     pressurised     recycling     reduced
Various factors affect the cost of making a chemical. Vessels which have to be

 
 and  
 temperatures are responsible for  
 the

costs. Costs are  
 by  
 the reactants or by using a  
.

4
Link the conditions used in the Haber Process on the left to the phrases on the right by putting A, B or C in the boxes on the right.
[H]
	High pressure …
	A … does not change the percentage yield.
	

	
	
	

	Low temperature…
	B … gives a low rate of reaction.
	

	
	
	

	A catalyst…
	C … increases the percentage yield of ammonia.
	


5
Complete the symbol equation for the manufacture of ammonia.
[H]

	
	H2 + N
	
	⇌ 2
	

	
	
	
	
	


Detergents
1
Solve the clues across. The word in the shaded column is a substance that dissolves in a solvent.  

[F]
	
	
	
	1
	
	
	
	
	
	
	

	
	
	2
	
	
	
	
	
	
	
	

	
	
	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	

	
	
	
	6
	
	
	
	
	
	
	


1
A substance which dissolves another substance.
2
Enzymes are used in low temperature washes to remove  
 stains.
3
These remove coloured stains and decolourise substances.

4
If a substance dissolves in a liquid, it is said to be  
 in that liquid.
5
Many detergents are  
 formed when certain acids react with alkalis.
6
Using a low temperature wash saves  
.

2
State the names of ingredients used in washing up liquids which do the following jobs.
[F]

(a)
It helps water to drain off crockery.
 

(b)
It reduces the hardness of the water.
 

(c)
It removes the grease from the plates.
 

(d)
They give the product a pleasant smell.
 

3
True or false? Put T or F in the boxes.
[F/H]

	Dry cleaning does not involve the use of water.
	

	
	

	Water softeners are added to detergents to help bleach the cloth.
	

	
	

	Detergents which wash at low temperatures are unlikely to damage fabrics.
	

	
	

	Organic solvents are often used to remove stains that do not dissolve in water.
	


4
Fill in the gaps using words from the list:
[H]
attracted     charges     dry     intermolecular     organic     uncharged     water

Water molecules have small + and –  
. Grease contains compounds with

 
 molecules so are not  
 to the charges on  

molecules.  
 cleaning solvents have uncharged molecules. The

 
 forces of attraction formed between the uncharged grease and

uncharged  
 solvent allow the solvent to remove and dissolve the grease.
Batch or continuous?
1
Solve the clues across. The word in the shaded column applies to the basic natural starting material used for making a chemical.  

[F]
	
	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	
	
	
	
	


1
One of the factors that affects the cost of a medicine is  
 into how to make (synthesise) the medicine.

2
A process of manufacturing a chemical by making small amounts of it as and when required.

3
An everyday solvent which may be used extract materials from plant sources.
2
Aspirin, ammonia, penicillin and sulphuric acid are all manufactured by chemical companies.
[F]

(a)
Which two of these chemicals are made by a batch process?  

(b)
Which two of these chemicals are speciality chemicals?  

(c)
State the general name given to the process used to make bulk chemicals.
 

3
Fill in the gaps using words from the list.
[F/H]
chromatography     crushed     filtration     plants     purified     solvent
Many drugs can be extracted from  
. The root, stem or leaves are  


and mixed with a suitable  
. Unwanted solids are removed by

 
. The solution may be  
 by solvent extraction.

 
 is also used to test the purity of the drug.

4
True or false? Put T or F in the boxes.
[H]

	Future demand is not an important factor when companies consider developing a new drug.
	

	
	

	Many new drugs are expensive only because companies want to make a lot of money.
	

	
	

	It takes at least a year for a proven useful drug to be licensed.
	

	
	

	The clinical trials for a drug may last up to five years or more.
	


5
Put the following statements about the development of a new drug in the correct order.
[H]

A Testing on human volunteers
B Testing on animals
C Marketing
D Discovery
E Clinical trials

The order is:  
 →  
 →  
 →  
→  


Nanochemistry
1
Solve the clues across. The word in the shaded column is a solvent in which buckminsterfullerene dissolves to form a red solution.  
 
[F]
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	2
	
	
	
	
	
	
	
	
	

	
	
	
	
	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	5
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	6
	
	
	
	
	
	
	
	


1
A form of carbon.

2
Graphite is used in  
 leads.

3
Scientists have suggested that nanotubes can be used for supporting wires because they are very  
.

4
Important parts of electrolysis equipment that are often made of graphite.

5
Nanochemistry works with materials at the  
 level.

6
Because diamonds reflect light well, they are said to be  
.

2
Link the forms of carbon on the left with the phrases on the right by putting A, B, C or D in the boxes on the right.
[F]
	Graphite …
	A … is colourless and transparent.
	

	
	
	

	Diamond …
	B … can be formed by joining fullerenes together.
	

	
	
	

	Buckminsterfullerene…
	C … is a slippery black solid.
	

	
	
	

	Nanotubes …
	D … is a molecule with the formula C60.
	


3
Fill in the gaps using four different words from the list:
[F/H]
electrical    graphite    insulators    large    semiconductors    small    wooden
Catalyst atoms or molecules can be attached to nanotubes. This allows a  

surface area of the catalyst to be exposed. Nanotubes may also be used as

 
 in  
 circuits and to reinforce  

in tennis rackets.

4
True or false? Put T or F in the boxes.
[H]

	There are only two allotropes of carbon.
	

	
	

	Graphite is slippery because there are strong bonds between the layers of carbon atoms.
	

	
	

	Diamond has a high melting point because there are many strong covalent bonds to break.
	

	
	

	Fullerenes can be used to ‘cage’ other molecules.
	

	
	

	Graphite can conduct electricity because of it has delocalised electrons.
	

	
	

	Each atom in diamond is joined to three others by covalent bonds.
	


How pure is our water?
1
Solve the clues across. The word in the shaded column is one of the sources of water in the United Kingdom.  

[F]
	
	
	1
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	2
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	4
	
	
	
	
	
	
	
	
	

	
	5
	
	
	
	
	
	
	
	
	
	
	
	


1
A nitrogen-containing pollutant which is sometimes found in water supplies.

2
Group of organisms often found in water before it is purified.
3
A water resource and storage area for water.
4
Compounds of this element from old water pipes may pollute drinking water.

5
During water purification, this process kills bacteria and other micro-organisms.
2
Link the halide ions on the left with the colour of the precipitate obtained by adding aqueous silver nitrate. Put A, B or C in the boxes on the right.
[F/H]
	Bromide ions …
	A … give a white precipitate.
	

	
	
	

	Chloride ions…
	B … give a pale yellow precipitate.
	

	
	
	

	iodide ions …
	C … give a cream precipitate.
	


3
Label the diagram to show the processes which take place in a water treatment plant.
[F/H]
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4
Fill in the gaps using six different words from the list:
[H]
cheap   costly   dissolved   distilled   electrolysed   energy   potassium   salts   sodium
In some countries, sea water is  
 to obtain drinking water. Sea water

contains about 3% of  
 solids, mainly  
 chloride. When sea

water is distilled, these  
 are left behind. This process needs a lot of

 
 and so is  
.
5
Complete the symbol equations for the reactions of (a) barium chloride with sodium sulphate and (b) silver nitrate with magnesium chloride.
[H]
	(a)
	BaCl2 + Na2SO4 →
	
	+
	
	NaCl


	(b)
	
	AgNO3 + MgCl2 →
	
	
	
	+
	Mg(NO3)2


Acids and bases
1
Solve the clues across. The word in the shaded column is a substance with a pH of less than 7.  acid

[F]
	
	
	1
	A
	L
	K
	A
	L
	I
	
	
	
	

	
	
	2
	C
	A
	R
	B
	O
	N
	A
	T
	E
	S

	
	3
	N
	I
	T
	R
	I
	C
	
	
	
	
	

	4
	I
	N
	D
	I
	C
	A
	T
	O
	R
	
	
	


1
A soluble base.

2
These neutralise an acid to give a salt, water and carbon dioxide.
3
An acid which contains nitrogen.
4
Universal  indicator
 can be used to estimate the pH of a solution.
2
True or false? Put T or F in the boxes.
[F]

	When an acid is neutralised by an alkali, the pH decreases.
	F

	
	

	A solution of pH 7 is neutral.
	T

	
	

	Sulfuric acid is used to manufacture some fertilisers.
	T

	
	

	Metal oxides and hydroxides are acidic.
	F


3
Write down the name of the salts formed when the following acids and bases react.
[F/H]
sulfuric acid + magnesium oxide →  magnesium sulfate 


nitric acid + sodium hydroxide →  sodium nitrate

hydrochloric acid + potassium carbonate  → potassium chloride

4
Fill in the gaps using four different words from the list:
[H]
acid      decomposition      hydrogen      hydroxide      neutralisation      oxide      water

Acids in solution contain  hydrogen
 ions. Alkalis in solution contain  hydroxide

ions. During  neutralisation
, these ions react to form  water
.
5
Complete the balanced symbol equations for the following neutralisation reactions.
[H]
	(a)
	H2SO4 +
	2
	NaOH → Na2SO4 +
	2
	H2O


	(b)
	HCl +
	NH3
	→
	NH4Cl
	
	(c)
	CuO + H2SO4 →
	CuSO4
	+
	H2O


	(d)
	CaCO3 + 2
	HNO3
	→
	Ca(NO3)2 +
	CO2
	+
	H2O


Reacting masses
1
Complete the following sentences.
[F]

(a)
The greater the amount of reactants used, the  greater
 the amount of products formed.

(b)
In theory, the mass of the  reactants
 at the start of a reaction is equal to the mass of products formed.

(c)
100% yield means that no  mass or material
 has been lost.

(d)
Relative molecular mass is calculated by adding together the  relative atomic

 masses
.
2
Use the following relative atomic masses to calculate the relative formula mass of the compounds (a) to (d).
[F]

H =1     N = 14     O = 16     Na = 23     Mg = 24     Cl = 35.5

(a) H2O
 (2 x 1) + 16 = 18

(b) NH3
 14 + (3 x 1) = 17

(c) NaCl
 23 + 35.5 = 58.5

(d) MgCl2
 24 + (2 x 35.5) = 95


3
True or false? Put T or F in the boxes.
[F/H]
	Actual yield is measured by experiment. 
	T

	
	

	Predicted yield is calculated by theory.
	T

	
	

	Actual yield is always more than predicted yield.
	F


4
Use the following relative atomic masses to calculate the relative formula mass of the compounds (a) to (d).
[H]

H =1     N = 14     O = 16     Mg = 24     Al = 27     S = 32

(a) (NH4)2SO4
 = 132

(b) Al2S3
 = 150

(c) Mg(OH)2
 = 58

5
Magnesium reacts with oxygen to form magnesium oxide.
[H]

2Mg + O2   → 2MgO

The relative atomic mass of Mg = 24 and of O = 16. Calculate:

(a)
The predicted yield of magnesium oxide when 6 grams of magnesium is burnt.
Answer =  10g
 (24 g Mg → 40 g MgO, so 6 g gives 10 g MgO)
(b)
How many grams of oxygen are needed to react with 12 grams of magnesium?
Answer =  8g
 (2 x 24 g Mg reacts with 2 x 16 g O2 , so 12 g reacts with 8 g)
Fertilisers and crop yield
1
Label the following apparatus and chemicals used to make the fertiliser ammonium chloride.
[F]
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2
Fill in the gaps using four different words from the list:
[F]
compounds      elements      growth      phosphorus      sodium      urea      
Many fertilizers such as  urea
 are manufactured from ammonia. Fertilisers are

chemicals that provide plants with the essential chemical  elements
 nitrogen,

 phosphorus
 and potassium. These elements are needed for plant  growth
.

3
In the boxes, write down the names of the acid and alkali needed to make the following fertilisers.
[F/H]

	Fertiliser
	
	Acid needed
	Alkali needed

	ammonium phosphate
	
	phosphoric acid
	ammonia

	potassium nitrate
	
	nitric acid
	potassium hydroxide

	ammonium sulphate
	
	sulfuric acid
	ammonia


4
Calculate the relative formula mass of the fertiliser ammonium phosphate, (NH4)3PO4.
[H]

Relative atomic masses: N =14     O = 16     P =31

Answer =  149
 (18 x 3) + 31 + (4 x 16)

5
Put these statements about eutrophication in the correct order.
[H]

A Algal growth is greatly increased
B Other water plants die

C Fertiliser runs off from the fields
D The algae block off sunlight to other plants

E The concentration of nitrates and phosphates in the river water increases

The order is:  C
 →  E
 →  A
 →  D
→  B

Making ammonia – Haber process and costs
1
Solve the clues across. The word in the shaded column is an acid which is manufactured from ammonia.  nitric

[F]
	
	
	1
	N
	I
	T
	R
	O
	G
	E
	N

	
	2
	A
	I
	R
	
	
	
	
	
	

	3
	C
	A
	T
	A
	L
	Y
	S
	T
	
	

	
	4
	P
	R
	E
	S
	S
	U
	R
	E
	

	
	5
	O
	I
	L
	
	
	
	
	
	

	
	
	6
	C
	O
	S
	T
	
	
	
	


1
One of the gases from which ammonia is made.

2
One of the starting materials used to manufacture ammonia.

3
The Haber Process uses an iron  catalyst
.

4
One of the conditions used in the Haber Process is high  pressure
.

5
A substance which is cracked to make the hydrogen needed for the Haber Process. 

6
The higher the temperature in the Haber Process, the higher the energy  cost
.

2
True or false? Put T or F in the boxes.
[F]

	The sign ⇌means that the reaction is reversible.
	T

	
	

	A catalyst has no effect on the cost of making chemicals.
	F

	
	

	The Haber Process uses a nickel catalyst.
	F

	
	

	Ammonia is used to make cleaning fluids.
	T


3
Fill in the gaps using words from the list:
[F/H]
catalyst     high     increased     pressurised     recycling     reduced
Various factors affect the cost of making a chemical. Vessels which have to be

 pressurised
 and  high
 temperatures are responsible for  increased
 the

costs. Costs are  reduced
 by  recycling
 the reactants or by using a  catalyst
.

4
Link the conditions used in the Haber Process on the left to the phrases on the right by putting A, B or C in the boxes on the right.
[H]
	High pressure …
	A … does not change the percentage yield.
	C

	
	
	

	Low temperature…
	B … gives a low rate of reaction.
	B

	
	
	

	A catalyst…
	C … increases the percentage yield of ammonia.
	A


5
Complete the symbol equation for the manufacture of ammonia.
[H]

	3
	H2 + N
	
	⇌ 2
	NH3

	
	
	2
	
	


Detergents 
1
Solve the clues across. The word in the shaded column is a substance that dissolves in a solvent.  solute

[F]
	
	
	
	1
	S
	O
	L
	V
	E
	N
	T

	
	
	2
	F
	O
	O
	D
	
	
	
	

	
	
	3
	B
	L
	E
	A
	C
	H
	E
	S

	4
	S
	O
	L
	U
	B
	L
	E
	
	
	

	5
	S
	A
	L
	T
	S
	
	
	
	
	

	
	
	
	6
	E
	N
	E
	R
	G
	Y
	


1
A substance which dissolves another substance.
2
Enzymes are used in low temperature washes to remove  food
 stains.
3
These remove coloured stains and decolourise substances.

4
If a substance dissolves in a liquid, it is said to be  soluble
 in that liquid.
5
Many detergents are  salts
 formed when certain acids react with alkalis.
6
Using a low temperature wash saves  energy
.

2
State the names of ingredients used in washing up liquids which do the following jobs.
[F]

(a)
It helps water to drain off crockery.
 rinse agent

(b)
It reduces the hardness of the water.
 water softener

(c)
It removes the grease from the plates.
 detergent

(d)
They give the product a pleasant smell.
 fragrances

3
True or false? Put T or F in the boxes.
[F/H]

	Dry cleaning does not involve the use of water.
	T

	
	

	Water softeners are added to detergents to help bleach the cloth.
	F

	
	

	Detergents which wash at low temperatures are unlikely to damage fabrics.
	T

	
	

	Organic solvents are often used to remove stains that do not dissolve in water.
	T


4
Fill in the gaps using words from the list:
[H]
attracted     charges     dry     intermolecular     organic     uncharged     water

Water molecules have small + and –  charges
. Grease contains compounds with

 uncharged
 molecules so are not  attracted
 to the charges on  water

molecules.  Dry
 cleaning solvents have uncharged molecules. The

 intermolecular
 forces of attraction formed between the uncharged grease and

uncharged  organic
 solvent allow the solvent to remove and dissolve the grease.
Batch or continuous?
1
Solve the clues across. The word in the shaded column applies to the basic natural starting material used for making a chemical.  raw

[F]
	
	1
	R
	E
	S
	E
	A
	R
	C
	H

	2
	B
	A
	T
	C
	H
	
	
	
	

	
	3
	W
	A
	T
	E
	R
	
	
	


1
One of the factors that affects the cost of a medicine is  research
 into how to make (synthesise) the medicine.

2
A process of manufacturing a chemical by making small amounts of it as and when required.

3
An everyday solvent which may be used extract materials from plant sources.
2
Aspirin, ammonia, penicillin and sulfuric acid are all manufactured by chemical companies.
[F]

(a)
Which two of these chemicals are made by a batch process?  aspirin, penicillin

(b)
Which two of these chemicals are speciality chemicals?  aspirin, penicillin

(c)
State the general name given to the process used to make bulk chemicals.
 continuous


3
Fill in the gaps using words from the list.
[F/H]
chromatography     crushed     filtration     plants     purified     solvent
Many drugs can be extracted from  plants
. The root, stem or leaves are  crushed


and mixed with a suitable  solvent
. Unwanted solids are removed by

 filtration
. The solution may be  purified
 by solvent extraction.

 Chromatography
 is also used to test the purity of the drug.

4
True or false? Put T or F in the boxes.
[H]

	Future demand is not an important factor when companies consider developing a new drug.
	F

	
	

	Many new drugs are expensive only because companies want to make a lot of money.
	F

	
	

	It takes at least a year for a proven useful drug to be licensed.
	T

	
	

	The clinical trials for a drug may last up to five years or more.
	T


5
Put the following statements about the development of a new drug in the correct order.
[H]

A Testing on human volunteers
B Testing on animals
C Marketing
D Discovery
E Clinical trials

The order is:  D
 →  B
 →  A
 →  E
→  C

Nanochemistry
1
Solve the clues across. The word in the shaded column is a solvent in which buckminsterfullerene dissolves to form a red solution.  petrol
 
[F]
	
	
	1
	G
	R
	A
	P
	H
	I
	T
	E
	
	
	

	
	
	
	
	2
	P
	E
	N
	C
	I
	L
	
	
	

	
	
	
	
	3
	S
	T
	R
	O
	N
	G
	
	
	

	4
	E
	L
	E
	C
	T
	R
	O
	D
	E
	s
	
	
	

	
	
	
	5
	A
	T
	O
	M
	I
	C
	
	
	
	

	
	
	
	
	
	6
	L
	U
	S
	T
	R
	O
	U
	S


1
A form of carbon.

2
Graphite is used in  pencil
 leads.

3
Scientists have suggested that nanotubes can be used for supporting wires because they are very  strong
.

4
Important parts of electrolysis equipment that are often made of graphite.

5
Nanochemistry works with materials at the  atomic
 level.

6
Because diamonds reflect light well, they are said to be  lustrous
.

2
Link the forms of carbon on the left with the phrases on the right by putting A, B, C or D in the boxes on the right.
[F]
	Graphite …
	A … is colourless and transparent.
	C

	
	
	

	Diamond …
	B … can be formed by joining fullerenes together.
	A

	
	
	

	Buckminsterfullerene…
	C … is a slippery black solid.
	D

	
	
	

	Nanotubes …
	D … is a molecule with the formula C60.
	B


3
Fill in the gaps using four different words from the list:
[F/H]
electrical    graphite    insulators    large    semiconductors    small    wooden
Catalyst atoms or molecules can be attached to nanotubes. This allows a  large

surface area of the catalyst to be exposed. Nanotubes may also be used as

 semiconductors
 in  electrical
 circuits and to reinforce  graphite

in tennis rackets.

4
True or false? Put T or F in the boxes.
[H]

	There are only two allotropes of carbon.
	F

	
	

	Graphite is slippery because there are strong bonds between the layers of carbon atoms.
	F

	
	

	Diamond has a high melting point because there are many strong covalent bonds to break.
	T

	
	

	Fullerenes can be used to ‘cage’ other molecules.
	T

	
	

	Graphite can conduct electricity because of it has delocalised electrons.
	T

	
	

	Each atom in diamond is joined to three others by covalent bonds.
	F


How pure is our water?
1
Solve the clues across. The word in the shaded column is one of the sources of water in the United Kingdom.  river

[F]
	
	
	1
	N
	I
	T
	R
	A
	T
	E
	
	
	
	

	
	
	
	
	2
	M
	I
	C
	R
	O
	B
	E
	S
	

	3
	R
	E
	S
	E
	R
	V
	O
	I
	R
	
	
	
	

	
	
	
	
	4
	L
	E
	A
	D
	
	
	
	
	

	
	5
	C
	H
	L
	O
	R
	I
	N
	A
	T
	I
	O
	N


1
A nitrogen-containing pollutant which is sometimes found in water supplies.

2
Group of organisms often found in water before it is purified.
3
A water resource and storage area for water.
4
Compounds of this element from old water pipes may pollute drinking water.

5
During water purification, this process kills bacteria and other micro-organisms.
2
Link the halide ions on the left with the colour of the precipitate obtained by adding aqueous silver nitrate. Put A, B or C in the boxes on the right.
[F/H]
	Bromide ions …
	A … give a white precipitate.
	C

	
	
	

	Chloride ions…
	B … give a pale yellow precipitate.
	A

	
	
	

	iodide ions …
	C … give a cream precipitate.
	B


3
Label the diagram to show the processes which take place in a water treatment plant.
[F/H]
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4
Fill in the gaps using six different words from the list:
[H]
cheap   costly   dissolved   distilled   electrolysed   energy   potassium   salts   sodium
In some countries, sea water is  distilled
 to obtain drinking water. Sea water

contains about 3% of  dissolved
 solids, mainly  sodium
 chloride. When sea

water is distilled, these  salts
 are left behind. This process needs a lot of

 energy
 and so is  costly
.
5
Complete the symbol equations for the reactions of (a) barium chloride with sodium sulphate and (b) silver nitrate with magnesium chloride.
[H]
	(a)
	BaCl2 + Na2SO4 →
	BaSO4
	+
	2
	NaCl


	(b)
	2
	AgNO3 + MgCl2 →
	2
	
	AgCl
	+
	Mg(NO3)2


C4 – Chemical Economics

Tick (() column: A when you have covered the statement in class.

Tick (() column B if you need to do more work on it.
Tick (() column C when you are confident you can answer any questions on it.
In your revision for your end-of-block test or final examinations, concentrate most time on those statements not ticked.
Statements in bold can only appear on the Higher tier paper.

	I can:
	A
	B
	C

	1
	Describe the pH scale and understand the use of Universal Indicator.
	
	
	

	
	Explain that acids react with metal oxides, carbonates and hydroxides.
	
	
	

	
	Write word equations for the above reactions.
	
	
	

	
	Describe neutralisation reactions between acids and bases.
	
	
	

	
	Describe how salts are formed during neutralisation reactions.
	
	
	

	
	Write symbol equations for the reactions between acids and metal oxides, carbonates and hydroxides.
	
	
	

	
	Write the simplest ionic equation for an acid-base reaction.
	
	
	

	2
	Understand how to work out relative formula mass.
	
	
	

	
	Understand how to work out reacting masses and product masses for a reaction.
	
	
	

	
	Understand how to work out percentage yield.
	
	
	

	
	Explain why percentage yield is not usually 100%.
	
	
	

	
	Explain why mass is conserved in a chemical reaction.
	
	
	

	
	Understand how to interpret chemical equations quantitatively.
	
	
	

	3
	Explain how the minerals needed for plant growth enter the plant.
	
	
	

	
	Describe how fertilisers can be made by neutralisation reactions.
	
	
	

	
	State the essential elements needed for plant growth.
	
	
	

	
	Calculate the relative formula mass of a fertiliser.
	
	
	

	
	Explain how fertilisers increase crop yield.
	
	
	

	
	Calculate the percentage by mass of an element in a fertiliser.
	
	
	

	
	Describe the process of eutrophication.
	
	
	

	4
	State some uses of ammonia.
	
	
	

	
	Describe how ammonia is made using the Haber Process.
	
	
	

	
	Explain the factors involved in the cost of making a new substance.
	
	
	

	
	Understand that some reactions are reversible.
	
	
	

	
	Explain how the conditions used in the Haber Process affect the cost of the product.
	
	
	

	
	Explain that economic factors affect the conditions used in the manufacture of chemicals.
	
	
	


	I can:
	A
	B
	C

	5
	Describe the job of each ingredient in a washing powder and a washing up liquid.
	
	
	

	
	State that many detergents are salts, often made by neutralisation reactions.
	
	
	

	
	Describe how dry cleaning works.
	
	
	

	
	Understand the terms solvent, solute, solution, soluble and insoluble.
	
	
	

	
	Explain the advantages of low temperature washes.
	
	
	

	
	Explain how detergents work in terms of intermolecular forces.
	
	
	

	
	Explain how dry cleaning solvents work in terms of intermolecular forces.
	
	
	

	6
	Understand the terms batch process and continuous process.
	
	
	

	
	Describe the things that affect the cost of developing a new medicine.
	
	
	

	
	State that the raw materials for speciality chemical can be extracted from plants or made synthetically.
	
	
	

	
	Describe how chemicals are extracted from plants.
	
	
	

	
	Understand the advantages and disadvantages of batch and continuous processes.
	
	
	

	
	Explain the effect of different factors on the cost of developing a new medicine.
	
	
	

	7
	Recognise the structures of diamond, graphite and buckminsterfullerene and state that they are all forms of carbon.
	
	
	

	
	Describe the physical properties of these three forms of carbon.
	
	
	

	
	Explain why diamond and graphite are used for particular jobs.
	
	
	

	
	Describe nanochemistry and nanoparticles.
	
	
	

	
	Describe some uses of nanotubes.
	
	
	

	
	Understand the term allotrope and explain the properties of diamond and graphite in terms of their structure.
	
	
	

	
	Describe the uses of fullerenes.
	
	
	

	
	Explain the terms molecular manufacturing and positional chemistry.
	
	
	

	8
	Describe where our water comes from and how it is purified.
	
	
	

	
	Explain the importance of clean water in developing countries.
	
	
	

	
	State the common pollutants in water and the sources of these.
	
	
	

	
	Describe tests for sulfate and halide ions.
	
	
	

	
	Write word equations for the reactions in the above tests.
	
	
	

	
	Explain the processes used in water purification.
	
	
	

	
	Write symbol equations for the tests for sulfate and halide ions.
	
	
	


dilute hydrochloric acid





vinegar





milk





sugar solution





baking soda





ammonia





washing soda





	1	2	3	4	5	6	7	8	9	10	11	12	13	14





amount of liquid spray added (litres)





8


7


6


5





pH





0	100	200	300	400


pressure in atmospheres





70


60


50


40


30


20


10


0





% yield of ammonia





350°C





450°C





550°C





ammonia





reactor vessel





nitrogen, N2





hydrogen, H2





A





N2


H2





pressure





400 atmospheres


200 atmospheres


100 atmospheres


25 atmospheres





100	200	300	400	500


temperature (°C)





100


90


80


70


60


50


40


30


20


10


0





% yield of ammonia





sugar





	before shaking	after shaking


	A	B	C	A	B	C





key:





water


alcohol


dry cleaning fluid





H	H	H	H	H	H	H	H	H	H	H	H	H	H	H	H	H	H





H	H	H	H	H	H	H	H	H	H	H	H	H	H	H	H	H	H


a soap molecule





H	C	C	C	C	C	C	C	C	C	C	C	C	C	C	C	C	C	C	C





O








O(Na(





H	H	H	H	H	H	H	H	H	H	H	H	O(Na(





H	C	C	C	C	C	C	C	C	C	C	C	C	S	O





H	H	H	H	H	H	H	H	H	H	H	H	O


a synthetic detergent molecule





discovery�and�development








A








phase 2:�testing on human�volunteers





phase 3:�clinical�trials








B





crush plant





mix with solvent





filter





purify





evaporate solvent





drug





testing�for�purity





crush plant





A





filter





purify





B





drug





	A	B	C





sphere of 960 carbon atoms





sphere of 540 carbon atoms





sphere of 240 carbon atoms





small clusters of atoms





inert surface





tube of stabilizing chemicals





small clusters of atoms





from�reservoir





chlorination





to homes





A





B





acid





solution





from





to





hydrochloric acid





filter�funnel





burette





measuring�cylinder





flask





ammonia solution





from reservoir





sedimentation





filtration





chlorination





to homes








1 of 1
© Harcourt Education 2006, OCR Gateway Science

This document may have been altered from the original.


