Standard Grade

Chemistry
Revision Booklet Part B 
covering Acids and Alkalis, Metals and Food and Polymers
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Topic 8
Acids and Alkalis
Meanings of words in Topic 8
	Acid -
	A substance that contains H+ ions.  Has a pH less than 7 e.g. hydrochloric acid H+Cl– 


	Alkali -
	A substance that dissolves in water to produce a solution with a pH more than 7.  contains OH– ions.  E.g. Sodium Hydroxide Na+OH-


	Neutral -
	A substance that has a pH of 7.  contains equal numbers of H+ and OH- ions.  E.g. water.


	pH -
	A number that shows how acid or alkali a solution is.


	Formula Mass -
	The mass of the molecular formula of a compound.



	Acid/Alkali
	Molecular Formula
	Ionic Formula

	Hydrochloric Acid
	HCl
	H+Cl-

	Nitric Acid
	HNO3
	H+NO3-

	Sulphuric Acid
	H2SO4
	H2+SO42-

	Sodium Hydroxide
	NaOH
	Na+OH–-

	Calcium Hydroxide
	Ca(OH) 2
	Ca2+(OH-)2

	Potassium Hydroxide
	KOH
	K+OH-


All the above conduct electricity in aqueous solutions.  

Water is a poor conductor as it contains very few H+ and OH- ions.
When acids are electrolysed, hydrogen gas is produced at the negative electrode.

When acids or alkalis are diluted their pH moves towards 7.

The test for hydrogen gas is - a lighted splint goes “pop”.

Examples of non-metal oxides are:- carbon dioxide (CO2), sulphur dioxide (SO2) and nitrogen dioxide (NO2).

When these non-metal oxides are dissolved in water an acidic solution is formed.

Sulphur dioxide is the main cause of acid rain.

This can:
wear away buildings


speed up corrosion of iron and steel


lower soil pH


damage trees


harm life in rivers, lakes etc.
Metal oxides dissolve in water to produce metal hydroxides, these are alkali solutions.
e.g
	
	Na2O  +  H2O
	(
	2NaOH

	
	sodium oxide + water
	(
	sodium hydroxide


The gram formula mass of a substance = the mass of 1 mole of that substance.

Masses, number of moles, concentration and volume of substances can be worked out using these triangles.

(See calculations booklet)
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Practice Questions
	1.



	A

more H+(aq) ions than 100cm³ of pure water
	B

the same number of H+ (aq) ions as 100cm³ of pure water
	C

more OH- (aq) ions than 100cm³ of pure water


	D

the same number of OH- (aq) ions as 100cm³ of pure water
	

	
	E

equal numbers of H+ (aq) and OH- (aq) ions
	F

more OH-(aq) ions than H+ (aq) ions


	G

more H+ (aq) ions than OH- (aq) ions


	
	


Which box (or boxes) above, shows a statement that applies to 100cm³ of:
b) Calcium hydroxide solution (lime-water)?

c) Dilute sulphuric acid?

	2.


	A

sodium hydroxide


	B

sulphuric 

acid
	C

potassium chloride

	
	D

sodium chloride


	E

nitric 

acid
	F

potassium hydroxide


a) Identify the two compounds in the grid above that produce hydrogen ions when they dissolve in water.
b) Identify the two compounds that could produce a solution with a pH value of 11 when dissolved in water.
3.
Calculate the mass of one mole of each of the following substances:
a) bromine, Br2
b) zinc carbonate, ZnCO3
c) magnesium hydrogencarbonate, Mg(HCO3)2
d) ammonium sulphate, (NH4) 2SO4.
4.
Calculate the mass of each of the following.
a) 1 mole of water

b) 2 moles of calcium carbonate

c) 0.5 mole of sulphuric acid

d) 0.1 mole of nitric acid

e) 2 moles of sodium hydroxide

5.
Calculate the number of moles in each of the following.

a) 10g of calcium carbonate

b) 8g of sulphur

c) 10.6g of sodium carbonate

d) 100cm³ of 1 mol/l of hydrochloric acid

e) 2 litres (2000cm³) of 2 mol/l of sulphuric acid.

Acids and Alkalis Topic 9
Reactions of Acids
Meanings of words in Topic 9
	Base -
	A substance that reacts (neutralises) an acid to form water.  A base reacts with the H+ ion in the acid.


	A salt -
	An ionic compound produced in neutralisation reactions between acids and bases.


	Spectator Ion -
	An ion that does not take part in a chemical reaction.


	Precipitate -
	An insoluble salt (solid) formed when two soluble salts react together. (see page 5 of your data book).


Reactions of Acids
	ACID + ALKALI
	(
	SALT + WATER

	ACID + METAL OXIDE
	(
	SALT + WATER

	ACID + METAL CARBONATE
	(
	SALT + WATER + CARBON DIOXIDE

	ACID + METAL
	(
	SALT + HYDROGEN


The name of the salt formed in these reactions depends on the acid and base used as the reactants.

The first part of the name is the metal in the base used.

The second part of the name depends on the acid used.

HYDROCHLORIC ACID gives CHLORIDE salts

SULPHURIC ACID gives SULPHATE salts

NITRIC ACID gives NITRATE salts
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e.g. Zinc oxide + Nitric Acid ( Zinc Nitrate + water
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Precipitation Reactions - (use page 5 of the data book)

Two soluble salts react together to produce one soluble salt and one insoluble salt (a solid).  The insoluble salt is called the PRECIPITATE.

	e.g
	Copper nitrate
	+
	sodium oxide
	(
	sodium nitrate
	+
	copper oxide

	
	(very soluble)
	
	(very soluble)
	
	(very soluble)
	
	(insoluble)

	
	
	
	
	
	
	
	

	
	Cu(NO3) 2 (aq)
	+
	Na2O(aq)
	(
	2NaNO3(aq)
	+
	CuO(s)


Spectator Ions

Ionic Equation:-

H+(aq)Cl - (aq)  +  Na+(aq)OH- (aq) (  Na+ (aq)Cl - (aq)  + H2O(l)

The Na+(aq) ion and Cl- (aq) ion can be crossed out, as they are on both sides of the equation, so DO NOT ACTUALLY TAKE PART IN THE REACTION.  They are spectator ions.
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H+(aq)Cl- (aq)  +  Na+(aq)OH- (aq) (  Na+(aq)Cl - (aq)  + H2O(l)

The chemical reaction taking place is:-


H+(aq)  +  OH- (aq) (  H2O(l)

Titration Calculations - see the calculations booklet.

C1 x V1 x P1   =   C2 x V2  x P2
Practice Questions

1. Gases form in many chemical reactions.
Which two of the following boxes represent reactions in which a gas forms?

	A
	Reaction of zinc and hydrochloric acid.

	B
	Reaction of hydrochloric acid and sodium hydroxide solution.

	C
	Reaction of sodium sulphate solution and barium chloride solution.

	D
	Reaction of calcium carbonate and hydrochloric acid.


2. Name the neutralisation product (salt) formed when each of the following substances react.
a) Zinc and sulphuric acid
b) Sodium hydroxide and hydrochloric acid
c) Copper(ll) carbonate and sulphuric acid
d) Copper(ll) oxide and hydrochloric acid

e) Potassium hydroxide and nitric acid.

3. a) Write balanced, state equations for each of the following reactions.  Do not show charges.
i) magnesium and hydrochloric acid

ii) sulphuric acid and copper(ll) oxide

iii) nitric acid and sodium hydroxide

iv) hydrochloric acid and calcium carbonate.

b) Rewrite the above equations as ionic equations, omitting the spectator ions.

4. Use the table of solubilities to state the name of any insoluble salts formed when the following solutions are mixed.  (Not all of the mixtures of solutions give a precipitate.)

e) sodium sulphate and copper(ll) chloride
f) barium nitrate and copper(ll) sulphate

g) sodium hydroxide and ammonium nitrate

h) copper(ll) chloride and sodium carbonate

i) potassium iodide and lead(ll) nitrate

	5.
	a) What volume of 2 mol/l hydrochloric acid will neutralise 20cm³ of 1 mol/l sodium hydroxide?

b) What volume of 1 mol/l sulphuric acid will neutralise 20cm³of 1 mol/l potassium hydroxide?

c) 25cm³ of 1 mol/l sodium hydroxide neutralises 50cm³ of nitric acid.  What is the concentration of the nitric acid?

d) 50cm³ of sulphuric acid neutralises 25cm³ of 4 mol/l potassium hydroxide.  What is the concentration of the sulphuric acid?


Metals Topic 10
Making Electricity
Meanings of words in Topic 10
	A Chemical cell -
	Changes chemical energy into electrical energy during a chemical reaction 


	Battery -
	Consists of 2 or more chemical cells


	Electrolyte -
	A substance that allows ions to flow through it and therefore completes a circuit.


	Oxidation -
	A chemical reaction in which electrons are lost.


	Reduction -
	A chemical reaction in which electrons are gained.


	Redox -
	A chemical reaction in which electrons are lost by one substance (oxidation) and gained by another substance (reduction).


	Displacement -
	A chemical reaction where a metal is formed from a solution containing its ions by reacting with a metal higher up the electro chemical series.



Using the Electrochemical Series (page 7 in the data book).
· In a chemical cell the FURTHER APART the two metal electrodes are in the electrochemical series the HIGHER the voltage produced.
· In a chemical cell ELECTRONS will flow from the metal highest in the electrochemical series to the metal lower in the electrochemical series.  THROUGH THE WIRES.
· A displacement reaction will only take place if the metal added to a solution is HIGHER in the electrochemical series than the metal ions in that solution.
· If a metal is HIGHER THAN HYDROGEN in the electrochemical series it will react with an acid and hydrogen gas will be displaced (formed).
· In a cell with no metals in it.  The electrons flow from the half cell where oxidation is taking place to the half cell where reduction takes place.  i.e. O.I.L.  (   R.I.G.

An ion bridge allows ions to flow through it to complete the circuit.
When electricity flows through an ionic solution the positive metal ions move to the negative electrode where they gain electrons to form solid metal atoms.

This is REDUCTION.


e.g.   Cu2+(aq)   +   2e-  (  Cu(s)

The negative non-metal ions move to the positive electrode where they loose electrons, to form molecules. The electrons lost flow through the wires.
This is OXIDATION.


e.g.   2Cl-(aq)    (    Cl2(g)  +  2e-
The half equations for these reactions are on page 7 in the data book.

A redox equation is made by combining the two half equations.

	e.g.
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Cu(s)
	REDUCTION

	
	2Cl-(aq)
	(
	Cl2(g)  +  2e-
	OXIDATON

	
	Cu2+(aq)   +   2Cl-(aq)
	(
	Cu(s)  +  Cl2(g)  
	REDOX EQUATION


You also need to be able to work out how much substance will form in a chemical reaction, given a balanced equation - see the calculations booklet.
Practice Questions

1. Which box represents a statement about a cell which is untrue?
	A
	A chemical reaction inside a cell produces electricity.

	B
	A cell goes dead when the reactants inside are used up.

	C
	Electricity passing along wires from a cell is a flow of ions.

	D
	Lead-sulphuric acid batteries are rechargeable.


2. Which box represents the pair of metals which will give the greatest voltage when connected together in the cell illustrated?.

	
	Metal 1
	Metal 2

	A
	Zinc
	Magnesium

	B
	Zinc
	Copper

	C
	Zinc
	Iron

	D
	Magnesium
	Copper


3. In this question the element symbol ‘X’ does not refer to an actual symbol in the periodic table.
Here is some information about a metal ‘X’.

	X reacts with a solution of copper(ll) sulphate.

X reacts with a solution of zinc sulphate.

Aluminium reacts with a solution of X sulphate.

Tin does not react with a solution of X sulphate,


	From the information above which letter indicates the position of X in the reactivity series of metals?
	
	sodium
	

	
	
	magnesium
	

	
	
	A
	

	
	
	aluminium
	

	
	
	B
	

	
	
	zinc
	

	
	
	iron
	

	
	
	C
	

	
	
	Tin
	

	
	
	lead
	

	
	
	hydrogen
	

	
	
	D
	

	
	
	copper
	

	
	
	silver
	


4. In which of the following reactions is redox occurring?
	A
	CH4(g)  + Br2(g)  (  CH3Br(l)  +  HBr(g)

	B
	Ag+(aq)  +  Cl-(aq)  (  Ag+Cl-(s)

	C
	Cu(s)  +  2Ag+(aq)  (  Cu2+(aq)  +  2Ag(s)

	D
	Al3+(l)  +  3e  (  Al(s)


5. Which box (or boxes) could contain information which is true about the cell illustrated?
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	A
	Electrons flow from zinc to copper through the meter.

	B
	Electrons flow through the salt bridge from X to Y.

	C
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Cu2+ ions gain electrons in beaker Y.

	D
	The blue colour in beaker Y will become more intense.

	E
	The salt bridge completes the circuit.


[image: image33.wmf][image: image34.wmf]
6. Here is the chemical equation showing how iron(ll) chloride solution reacts with potassium iodide solution in a redox reaction.



2FeCl3  +  2Kl  (  I2  + 2KCl  + 2FeCl2
	Which one of the following represents the reduction step?
	
	A
	Fe3+ (aq)  +  e  (  Fe2+(aq)

	
	
	B
	I2(aq)  +  2e  (  2I-(aq)

	
	
	C
	K+(aq)  + e  (   K(s)

	
	
	D
	Cl2(g)  +  2e  (  2Cl-(aq)


7.


	In which box (or boxes) is a metal atom being oxidised?
	
	A
	Fe3+ (aq)  +  e  (  Fe2+(aq)

	
	
	B
	2Cl-(aq)  +  2e  (  Cl2(g)  +  2e  

	
	
	C
	Mg(s)   (   Mg2+(aq)  + 2e

	
	
	D
	Cu+(aq)  (  Cu2+(aq)  +  e

	
	
	E
	Ag+(aq)  +  e  (  Ag(s)

	
	
	F
	Zn(s)  (  Zn2+(aq)  +  2e


6. Rewrite each of the following equations to show the reduction and oxidation steps.

a)
Mg  +  Cu2+(Cl-)2    (    Mg2+(Cl-)2  +  Cu

b)
Zn  +  2H+Cl-    (    Zn2+(Cl-)2  +  H2
c)
Zn  +  Cu2+SO42-    (    Zn2+SO42-  +  Cu

d)
2Fe3+(Cl-)3 +  2K+l-    (    l2  +  2K+Cl-  +  2Fe2+(Cl-)2
e)
Cl2  +  2K+Br-    (    2K+Cl-  + Br2
Topic 11
Metals
Meanings of words for Topic 11
	Ore -
	Compounds of metals and other elements found in the earth’s crust.

	Alloy -
	A metal mixed with other metals or non-metals.  This changes the properties of the original metal elements.  Alloys can be stronger, harder wearing or even rust resistant compared to the metals on their own.


Properties of Metals
· conduct electricity
· conduct heat

· malleable (can be shaped)

· ductile (can be stretched)

· shiny

· strong

Reactions of Metals
· With water - all metals above aluminium (see page 7 of the Data book)

	METAL
	+
	WATER
	(
	METAL HYDROXIDE
	+
	HYDROGEN

	2Na
	+
	2H2O
	(
	2NaOH
	+
	H2


· With Oxygen  - all metals above mercury (see page 7 of the Data book)

	METAL
	+
	OXYGEN
	(
	METAL OXIDE
	
	

	2Mg
	+
	O2
	(
	2MgO
	
	


· With Acids - all metals above hydrogen (see page 7 of the Data book)

	METAL
	+
	ACID
	(
	A SALT
	+
	HYDROGEN GAS

	Zn
	+
	2HCl
	(
	ZnCl2
	+
	H2


Extraction of Metals
The higher up the Reactivity Series (see page 7) the harder it is to extract (remove) the metal from it’s ore.

	Metal in the Ore
	Method of Extraction

	Potassium
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	Electrolysis of molten ore

	
	

	Aluminium
	

	Zinc
	

	
	Heat ore with carbon (or carbon monoxide)

	
	

	
	

	Copper
	

	Mercury
	Heat the metal ore on its own

	Silver

Gold
	

	
	Found uncombined in the earth’s crust

	
	


The extraction of a metal from it’s ore is a reduction reaction (R.I.G.).
The metal ion gains electrons to form metal atoms.

Iron is extracted from iron ore in a BLAST FURNACE.  The 3 raw materials are, iron ore, coke and limestone.  Most of the iron produced is made into steel.

Reasons for Re-Cycling Metals
· To stop them running out.  They are a ‘finite’ resource.

· Saves energy and money.

· Reduces the amount of carbon dioxide added to the atmosphere.

You also need to be able to do Percentage Composition and Empirical Formula Calculations.  See the Calculations Booklet.

Practice Questions
1. Metals are some of the most useful and versatile materials used today.

	
	A 

brass


	B

copper

	C

mercury

	

	
	D

aluminium

	E

zinc

	F

tin

	

	
	G

gold

	H

magnesium

	I

sodium

	


Which metal:

a) Is used to galvanise steel?

b) Is a liquid at room temperature?

c) Occurs uncombined in the earth?

d) Is an alloy?

e) Is stored under oil?

2. Metals and their compounds react with a wide range of substances.

	
	A 

zinc

	B

sodium

	C

potassium oxide

	

	
	D

hydrogen

	E

carbon monoxide

	F

carbon dioxide

	

	
	G

potassium hydroxide

	H

potassium carbonate

	I

oxygen

	


Which box refers to:
a) a reducing agent which is used in the blast furnace?

b) the compound formed when potassium reacts with water?

c) the gas formed when magnesium reacts with dilute sulphuric acid?

d) a metal which reacts with cold water?

3. Metals occur naturally as ores.  Many of these ores are oxides.

	
	A 

aluminium oxide


	B

iron(lll) oxide

	C

potassium oxide

	

	
	D

mercury(ll) oxide

	E

silver oxide


	F

copper(ll) oxide

	


Which box (or boxes) could refer to metal oxides which are normally reduced to the metal by:

a) electrolysis when molten?

b) heat alone?

c) heating with carbon?

4. Give (i) word equations and (ii) equations using the chemical formulae (not necessarily balanced) for the reactions between:

a) potassium and oxygen

b) lithium and water

c) magnesium and dilute hydrochloric acid.

5. Calculate the percentage by mass of:

a) Sodium in sodium chloride (NaCl)

b) Lead in lead(ll) bromide (PbBr2)

c) Calcium in calcium phosphate (Ca3(PO4) 2)

6. A compound of calcium has the following composition:  40% calcium; 48% oxygen; 12% carbon.

Calculate its empirical formula.

7. A compound of sodium has the following composition:  57.5% sodium; 40% oxygen; 2.5% hydrogen.

Calculate its empirical formula.

Metals Topic 12
Corrosion
Meanings of words in Topic 12
	Corrosion -
	The process by which the surface of a metal changes from an element into a compound.


	Rusting - 
	The word used for the corrosion of iron (or steel).


	Rust -
	The common name of iron oxide.


	Electroplating -
	The process of coating one metal with a different metal.


	Galvanising -

	The process of coating steel with a layer of zinc metal.

	Tin-plating - 
	The process of coating steel cans with a layer of tin.



Metals corrode at different rates.  The higher up the electrochemical series the quicker the metal corrodes.  Gold and silver do not corrode.
The two substances needed for a metal to corrode are oxygen and water.

Corrosion is an example of an oxidation reaction (O.I.L.).

	1st STAGE
	
	Fe(s)
	(
	Fe2+(aq)
	+
	2e-

	2nd STAGE
	
	Fe2+(aq)
	(
	Fe3+(aq)
	+
	e-


The Fe2+ ion can be detected using FERROXYL INDICATOR, it will turn deep blue.
The electrons lost by the iron are gained by the water to form OH- ions.   This is a reduction reaction (R.I.G.).  The OH- ion turns ferroxyl indicator pink.

Salt and acid speed up the rusting of iron.

Protecting Iron from rusting:

· Connect iron to the negative terminal of a battery.  Electrons flow onto the iron.  This is used in cars.

· Attach a more reactive metal to the iron.  This will lose electrons rather than the iron.  This is called SACRIFICIAL PROTECTION.  Magnesium is used to protect underground steel pipes.

· Cover the surface of the iron with paint, grease, plastic, zinc (galvanising) or another metal (electroplating).

If iron is coated in tin and the surface scratched the iron will rust because iron is higher in the electrochemical series than tin so it will lose electrons.

If iron is coated in zinc and the surface scratched the iron will not rust because zinc is higher in the electrochemical series than iron so it will lose electrons.

Practice Questions
1. The rusting of iron involves a redox reaction.
	A
	Fe2+ (aq)  +  2e  (  Fe(s)

	B
	Fe(s)  (  Fe2+(aq)   +  2e  

	C
	Fe(s)  (  Fe3+(aq)   +  3e  

	D
	Fe2+(aq)  (  Fe3+(aq)   +  e  

	E
	2H2O(l)  +  O2(g)  +  4e  (   4OH-(aq)


a) Which one of the above half reactions forms ions which turn ferroxyl indicator blue?

b) Which one of the above half equations forms ions which turn ferroxyl indicator pink?

c) In which box (or boxes) is reduction occurring?

2.
The rusting of iron costs the nation dearly, and preventing rusting is an important process.  In the following experiments the rate of rusting of an iron nail is being investigated.
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a) In which box (or boxes) will there be no rusting of the iron nail?

b) Which three boxes are needed to demonstrate that ‘both water and oxygen are required for iron to rust’?

c) Which box (or boxes) shows iron being protected by sacrificial protection?

d) In which box (or boxes) will iron rust at a greater rate than A?

Food and Polymers Topic 13
Plastics and Synthetic Fibres (Polymers)
Meanings of words in Topic 13
	Monomer - 
	A small molecule which, for addition polymerisation, contains a C = C (mono = one.)


	Polymer -
	Very large molecule formed by lots of monomers joining together.  

(Poly = many)


	Polymerisation -
	The process of monomers joining together to form polymers.


	Synthetic -
	Something that is man-made.


	Biodegradable -
	Something that can be broken down naturally by the action of micro-organisms.


	Toxic -
	Something that is poisonous.


	Thermoplastic -
	One which can be softened by heating and reshaped. e.g. P.V.C. - rainwear.


	Thermosetting -
	A Plastic that once shaped it cannot be changed.  e.g. urea-methanol for electric plugs.




Oil is the raw material for polymers.
Plastics are:- 
light 
some can conduct electricity


flexible
shatterproof


easily shaped
strong


durable - last a long time.

Polyethene , what we call polythene, is one of the most widely used plastics.  It is made from ethene monomers, by the process of ADDITION POLYMERISATION.
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	ethene
	
	ethene
	
	ethene
	


Monomers are drawn in an ‘H’ shape.  The C = C forms the across line.

e.g. propene


as a monomer
is drawn as 

The double bond breaks open and the ethene monomers add onto each other to make poly(ethene).



poly(ethene)

In the same way propene monomers can join together to make the plastic poly (propene) used for car bumpers.
A group of atoms in the structure of a polymer that is repeated over and over again is called the REPEATING UNIT.

The structure of the monomer for the plastic can be worked out from the repeating unit.

e.g.  




repeating unit



monomer

When they are burnt plastics produce toxic gases.
All plastics produce carbon monoxide gas.

Polyurethane plastics produce hydrogen cyanide gas.

Polychloroethene produces hydrogen chloride gas.

Practice Questions

1. Polymers are compounds which are made from monomers.  The grid below includes some examples of monomers.
	
	A


	B


	C


	

	
	
	
	
	

	
	ethane
	ethane
	carbon dioxide
	

	
	D


	E


	F


	

	
	
	
	
	

	
	monochlorethene

(vinyl chloride
	hydrogen chloride
	methane
	


a) Which box (or boxes) contains compounds which will polymerise?
b) Which two boxes contain compounds which are produced when PVC, poly(monochloroethene), burns?

c) Which box (or boxes) could contain hydrocarbons which do not polymerise?

2. The chemical name of the polymer Perspex is poly(methyl methacrylate).  It is a thermoplastic polymer made from the monomer with the structure.





methyl methacrylate
a) Explain what ‘thermoplastic’ means.

b) To which series of compounds does the monomer shown above belong?

c) What is the formula mass of methyl methacrylate?

d) Draw the polymer Perspex showing three monomers poylmerised.

3. When superglue sets a polymer is formed.  The polymer has the following structure.


b) Draw the structural formula for the monomer in superglue.

c) Name a toxic gas given off when superglue burns.

4. Polyvinylidene chloride is an addition polymer.  It is added to carpet fabrics to reduce flammability.  It is made from the monomer vinylidene chloride.

a) What is meant by an addition polymer?

b) Draw the full structural formula of the vinylidene chloride monomer.

c) State a problem associated with the burning of polymers.

d) Many polymers are not biodegradable.  Why might this be an advantage?

Food and Polymers Topic 14

Fertilisers

Meanings of words in Topic 14

	Essential elements - 
	Elements needed for plants to grow



	Natural fertilisers -
	Made from animal or plant waste e.g. manure.



	Artificial fertilisers - 
	Man-made fertilisers.




Fertilisers are needed to maintain or increase the essential elements in soil.
The essential elements for plant growth are nitrogen, phosphorus and potassium.

Plants such as peas, beans and clover have root nodules that contain nitrifying bacteria.  These bacteria convert nitrogen from the air into nitrates in the soil.  Nitrates contain nitrogen so the soil fertility increases.

The nitrogen cycle is a way of showing how the element nitrogen is recycled naturally in nature.  (You need to know the nitrogen cycle).

Fertilisers must be soluble in water so that the plants can take in the nutrients.

If too much nitrogen fertiliser is washed into rivers and lakes, algae and microscopic plants grow very quickly using up most of the oxygen.  This affects other living things in the lakes.

Ammonium Nitrate (NH4NO3) is a widely used fertiliser.

The Haber process is an industrial process that makes ammonia.  (You need to know the Haber process).
A fairly high temperature is used to produce as much ammonia as possible.  The catalyst used is iron.

The ammonia can be converted to ammonium for using in fertilisers.
The Ostwald process is an industrial process that makes nitric acid.  (You need to know the Ostwald process).  The catalyst used is platinum.  This only needs to be heated at the start because the reaction between the ammonia and air is exothermic.  The heat produced by this reaction keeps the platinum catalyst hot.

The nitric acid can be used to make nitrates for using in fertilisers.


	N2
nitrogen
	
	
	
	
	air
	
	
	

	
	
	Haber

Process
	
	NH3
ammonia
	
	Ostwald Process
	
	HNO3
Nitric acid

	H2
hydrogen
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	fertilisers
	
	


Ammonia gas can be made in the lab by reacting ammonium compounds with an alkali.

Properties of ammonia:-
colourless


a very pungent smell


very soluble in water (fountain experiment)



turns damp pH paper purple.  It is an alkaline gas.

Nitric acid can made in the lab by dissolving nitrogen dioxide in water (with air present).

Nitrogen gas is very unreactive.

At very high temperatures nitrogen and oxygen will react to form nitrogen dioxide.  e.g. during lightening storms or round the spark plugs in a car engine.

Nitrogen dioxide gas contributes to acid rain.
Practice Questions
1.


	
	A 

Na+

	B

H2

	C

K+

	

	
	D

N2

	E

NO2

	F

NH3

	

	
	G

O2

	H

Ca2+

	I

H2O

	



Which box (or boxes) contains a substance which:

a) is taken in by nitrifying bacteria?

b) forms an acid solution?

c) gives a lilac flame colour?

d) forms an alkaline solution?

e) is formed in the Haber process?

f) is a reactant in the Ostwald process?

2. The chemical industry produces large quantities of nitric acid by the catalytic oxidation of ammonia:
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a) State the name of this industrial process.

b) Name the catalyst used to speed up the reaction.

c) The nitric acid can be used to make potassium nitrate fertiliser.  Write the formula for potassium nitrate.

3.
As the world population increases, the demand for food grows.  In order to meet this demand, farmers are using more and more synthetic fertilisers to improve crop yields.  One of these synthetic fertilisers is Nitram.  The following flow diagram shows how Nitram can be made industrially.
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a) (i) Name the reactant A.
(ii) Name industrial process X.

b) In process X, the percentage conversion of nitrogen to ammonia decreases as the temperature increases.  Why, then, is process X carried out at the relatively high temperature of 450°C?

c) What is the chemical name for Nitram?

d) Nitram is very soluble in water and this allows essential elements to be taken in by the roots of crop plants very quickly.  Suggest why Nitram’s high solubility can also be a disadvantage in its use as a fertiliser.

Food and Polymers Topic 15

Carbohydrates

Meanings of words in Topic 15

	Carbohydrate - 
	A group of food consisting of starches and sugars.  Provides the body with energy.



	Photosynthesis -
	The process by which plats use sunlight to produce their carbohydrate food source.



	Respiration -
	The chemical reaction that takes place in living cells.  Energy is produced.



	Fermentation -
	A type of chemical reaction which produces ethanol (alcohol) from sugars using yeast as the catalyst.



	Colloid -
	The name given to the substance formed when starch particles are suspended in water.  Light can be seen passing through a colloid.



	Monosaccharide -
	Single molecules of carbohydrates.  The formula is C6H12O6.  Examples are glucose and fructose.  They are isomers.



	Disaccharide -
	Formed by joining two monosaccharide molecules together.  The molecular formula is C12H22O11  Examples are maltose and sucrose.  They are isomers.   



	Polysaccharide -
	A large polymer formed by many molecules joining together.  Starch is an example.



	Hydrolysis -
	A type of chemical reaction in which a large molecule reacts with water to form two (or more) smaller molecules.




Photosynthesis

	
	Sunlight

Chlorophyll
	

	Carbon dioxide + water
	
	Glucose + oxygen

	
	
	


	
	Sunlight

Chlorophyll
	

	6CO2 + 6H2O
	
	C6H12O6 + 602

	
	
	


Any glucose not used by the plant is stored as starch.  Chlorophyll is the green coloured substance inside the leaves that captures the sunlight.

Respiration


Glucose  +  oxygen  (   carbon dioxide  +  water  +  energy


C6H12O6 + 602        (      6CO2   +   6H2O + energy

The energy can be used to produce heat, for movement, for chemical reacts and to produce sound.

The Photosynthesis and Respiration chemical reactions are the opposite of each other.  This keeps the gas balance in our atmosphere constant.

As more trees are cut down the gas balance alters.  Less carbon dioxide is taken in by photosynthesis.

Carbohydrates contain the elements carbon, hydrogen and oxygen.

Iodine solution is used to test for starch.  A blue/black colour shows starch is present.

Benedict’s solution is used to rest for (reducing) sugars.
The colour changes from blue to orange/red.

Glucose, maltose and fructose do this.

Sucrose does not change the colour.  It is a (non-reducing) sugar.

Starch is a large polymer formed from lots of glucose monomers joining together.  Water is also formed.  This process is called CONDENSATION POLYMERISATION.

During digestion starch is broken down into glucose.  This can be done by the enzyme amylase or hydrochloric acid.  Water is added back into the starch molecule.  This is a HYDROLYSIS REACTION.





Enzymes have a pH and temperature at which they are most active.  These are the OPTIMUM CONDITIONS for that particular enzyme.  Enzymes are biological catalysts.

Ethanol is widely used in the chemical industry.  So it is also made industrially to meet the demand.

Practice Questions

1. Photosynthesis is a process which takes place in plants.  Respiration takes place in both plants and animals and is the opposite process to photosynthesis.  The grid shows some of the substances which are involved in these processes.

	
	A 

water


	B

oxygen

	C

carbon dioxide

	D

light
	

	
	E

glucose

	F

chlorophyll

	G

heat

	H

starch
	


a) Which two boxes contain the products of photosynthesis?
b) Which box contains a chemical which traps light energy?

c) Which box contains a polymer?

d) Which two boxes contain the products of respiration?

2. Carbohydrates are naturally occurring compounds which are also called saccharides.

	
	A 

glucose


	B

chlorophyll

	C

maltose

	D

sucrose
	

	
	E

starch

	F

fructose

	G

iodine

	H

water
	


a) which box (or boxes) could refer to monosaccharides?
b) Which two boxes refer to substances which form when glucose polymerises?

c) Which two substances react to give a black colour?

d) Which substance has a sweet taste but does not react with Benedict’s reagent?

3. Carbohydrates are formed in plants.

	A
	fructose

	B
	glucose

	C
	maltose

	D
	starch

	E
	sucrose


a) Identify the carbohydrate which does not dissolve well in water.

b) Identify the two carbohydrates with the formula C12H22O11
c) Identify the carbohydrate which is a condensation polymer.

d) Identify the two carbohydrates which cannot be hydrolysed.

Answers

Topic 8

	1.
	a) C, F
	2.
	a) B, E
	3.
	a) 160g
	b) 180g

	
	b) A, G
	
	b) A, F
	
	c) 146(5g
	d) 132g

	
	
	
	
	
	
	


	4.
	a) 18g
	b) 200g
	c) 49g
	d) 6(3g
	e) 80g


	5.
	a) 0(1 mole
	b) 0(25 mole
	c) 0(1 mole
	d) 0(1 mole
	e) 4 moles


Topic 9
1. A, D

2. a)
zinc sulphate

b) sodium chloride

c) copper(ll) sulphate

d) copper(ll) chloride

e) potassium nitrate

3. a)
(i) Mg(s)  +  2HCl(aq)  (  H2(g)  +  MgCl2(aq)


(ii) H2SO4(aq)  +  CuO(s)  (  CuSO4(aq)  + H2O(l)


(iii) HNO3(aq)  +  NaOH(aq)  (  H2O(l)  +  NaNO3(aq)


(iv) 2HCl(aq)  +  CaCO3(s)  (  CaCl2(aq)  +  H2O(l)  + CO2(g)

b)
(i) Mg(s)  +  2H+(aq)  (  Mg2+(aq)  +  H2(g)


(ii) 2H+(aq)  +  O2-(s)  (  H2O(l)


(iii) H+(aq)  +  OH- (aq)  (   H2O(l)


(iv) 2H+(aq)   +  CO32- (s)  (   H2O(l)  +  CO2 (g)

4.
a)
none


b)
barium sulphate


c)
none


d)
copper(ll) carbonate


e)
lead(ll) iodide

5.
a)  Acid HCl    
Alkali NaOH



volume x concentration x no of H+ ions = volume x concentrate x no of OH- ions



volume x 2 x 1 = 20 x 1 x 1



volume of hydrochloric acid = 10cm³


b)
Acid H2SO4
Alkali KOH



volume x 1 x 2 = 20 x 1 x 1



volume of sulphuric acid = 10cm³


c) 
Acid HNO3
Alkali NaOH



50 x concentration x 1 = 25 x 1 x 1



concentration of nitric acid = 0(5mol/l


d)
Acid H2SO4
Alkali KOH



50 x concentration x 2 x 4 x 1

	
	25 x 4
50 x 2
	

	Concentration =
	
	= 1 mol/l

	
	
	


Topic 10
1. C  
Electrons (not ions) flow along a metal wire.

2. D
Consult the electrochemical series.  The greatest voltage is given by the metals which are furthest apart.

3. B
‘X’ is more reactive that all the metals except aluminium which displaces it.
4. C
(A neither, B neither, D reduction only)

5. A, C and E

6. A

7. C and F

8. a)
Reduction
Cu2+(aq)  +  2e  (  Cu(s)

Oxidation
Mg(s)  (  Mg2+(aq)  +  2e

b)
Reduction
2H+(aq)  +  2e  (  H2(g)


Oxidation
Zn(s)  (  Zn2+(aq)  +  2e
c)
Reduction
Cu2+(aq)  +  2e  (  Cu(s)


Oxidation
Zn(s)  (  Zn2+(aq)   +  2e

d)
Reduction
Fe3+(aq)  +  e  (  Fe2+(aq)


Oxidation
2l-(aq)  (  l2(s)  +2e

e)
Reduction
Cl2(g)  +  2e  (  2Cl-(aq)


Oxidation
2Br-(aq)  (  Br2 (l)  +  2e

Topic 11
1.
a) E
b) C
c) G
d) A
e) I
2.
a) E
b) G
c) D
d) B

3.
a) A and C
b)D and E
c) B and F

4.
(i)
a) potassium + oxygen    (    potassium oxide



b) lithium + water    (    lithium hydroxide + hydrogen



c) magnesium = hydrochloric acid    (    magnesium chloride + hydrogen


(ii)
a) 4K  +  O2   (    2K2O



b) 2Li  +  2H2O    (    2LiOH  + H2


c) Mg  +  2HCl    (    MgCl2 + H2
5. a) NaCl



Na = 1 x 23 = 23
% of Na =   23   x 100



Cl  = 1 x35.5 =   35(5 
                 58(5



                          58(5





= 39(3%

b) PbBr2
Pb = 1 x 207 =   207 


% of lead =  207  x 100

Br  = 2 x 80   =  160 


                    367
      


  367










= 56(4%

c) Ca3(PO4)

Ca = 3 x 40 =  120

P = 2 x 31   =    62

%Ca =  120  x 100

O = 8 x 16   =  128  

             310

                       310







= 38(7%

6. CaCO3
7. NaOH
Topic 12

1.
a) B
b) E 
c) A, E

2.
a) C, F, G, I
b) A, C, G 
c) I
d) B, D, E, H

Topic 13
1. a)  A and D (alkenes)

b)  C and E  (water will also form)


c)  B and F

2.
a)
Thermoplastic means that the polymer will soften and melt when heated.


b)
Alkene

c)
The molecular formula of methyl methacrylate is C5H8O2.  This is written by examining the structural formula which is given.



C5H8O2


carbon
5 
x
 12 
=
 60



hydrogen
8 
x
 1 
= 
8



oxygen
2 
x
 16
=
 32



formula mass
        

= 
100

It may seem unfair to be asked a question about formula mass in a topic concerning plastics!  You must be ready to deal with any questions in exams.



d)


3. a) 
d) hydrogen cyanide (also carbon monoxide).
4. a) Joining together monomers that contain a C = C bond.
b)  
c) Burning polymers produce toxic gases.

d) Do not wear away easily.  Long lasting

Topic 14

1.
a) D


b) E (produces nitric acid)


c) C (see table of flame colours in data book)


d) F (gives ammonium hydroxide)

e) F


f) F and G
2.
a) Ostwald process


b) platinum


c) KNO3
3.
a)
(i) Hydrogen



(ii) Haber process

b) To increase the speed of the reaction.  It is too slow at lower temperatures.

c) Ammonium nitrate

d) ( 
Fertiliser is washed out of the soil quickly.


( 
Pollutes rivers and lakes causing microscopic plants to grow much quicker using up the oxygen in the river or lake.

Topic 15
1.
a)
B and E
b) F 
c) H
d) A and C

2.
a)
A and F
b) E and H
c) E and G
d) D

3.
a)
D
b) C and E
d) D
d) A and B (they are monosaccharides).



copper(ll) sulphate solution








zinc sulphate solution











STARCH  +  WATER





HYDROLYSIS
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Number of moles
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Number of moles
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Volume


(in litres)





 copper





zinc
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