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	Unit 3:  Chemistry In Society

	TOPIC 5 : PLANT NUTRIENTS & FERTILISERS



	LEVEL
N4  N5
	AFTER COMPLETING THIS TOPIC YOU SHOULD BE ABLE TO:
	NOTES
(Page)
	How well I have understood  ()

	
	
	
	
	
	

	N4
	State that the increasing world population has led to a need for more efficient food production.
	3
	
	
	

	N4
	State that growing plants require nutrients, including compounds of phosphorus, potassium and nitrogen.
	3
	
	
	

	N4
	State that fertilisers are substances, which restore the essential elements for plant growth to the soil.
	4
	
	
	

	N4
	Explain the importance of the decomposition of plant and animal protein in the recycling of nitrogen.
	4
	
	
	

	N4
	Give examples of the effect of artificial fertilisers on lochs and rivers.
	8
	
	
	

	N4
	Explain why fertilisers are a mixture of different chemicals to provide a balance of nutrients.
	6
	
	
	

	N4
	State that nitrogen gas is not very reactive.
	8
	
	
	

	N4
	State that to produce nitrate fertilsers requires the production of nitrogen dioxide gas, which produces nitric acid when dissolved in water.
	5
	
	
	

	N4
	State that the production of nitric acid requires the production of ammonia.
	9
	
	
	

	N4
	State that ammonia can be prepared in the laboratory by the reaction of ammonium compound with an alkali / base. 
	9-10
	
	
	

	N4
	Describe the following properties of ammonia: appearance, smell, solubility and effect on damp pH paper / universal indicator.
	9-10
	
	
	

	N4
	Describe the industrial manufacture of ammonia from nitrogen and hydrogen (Haber Process).
	11
	
	
	

	N4
	Explain why all the nitrogen and hydrogen are not converted to ammonia.
	11
	
	
	

	N4
	Explain why the reaction is carried out at a high pressure and a moderately high temperature.
	11-12
	
	
	

	N5
	Describe the catalytic oxidation of ammonia to form nitrogen dioxide – a step in the industrial manufacture of nitric acid (Ostwald Process).
	13-15
	
	
	

	N5
	Explain why the reaction is carried out at a moderately high temperature
	14
	
	
	

	N4
	Prepare a fertiliser and name the nutrient elements present in the fertilisers.
	16-18
	
	
	

	N5
	Write the word and formula equation for the reaction used to prepare a fertiliser.
	16-18
	
	
	

	N5
	Write a balanced equation for the reaction used to prepare a fertiliser.
	16-18
	
	
	

	N5
	Calculate the percentage mass of an element in a compound.
(Notes on calculating percentage mass are in the Chemical Formulae & Reaction Quantities Notes page 33 – 34.)
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[image: http://www.umich.edu/~gs265/society/popgrowthhistory.gif]
WORLD POPULATION & FOOD
The population of the world showed a gradual increase for thousands of years until the end of the 19th century.

The world population has increased dramatically over the last 100 years, and continues to increase at an increasing rate.

This increase in the population is due to improvements in housing, sanitation, healthcare and food production.
[image: http://www.salvationarmysouth.org/spiritualformation/images/harvest.jpg]
Production of food has become very efficient resulting in better nutrition for a lot of people.


However, in many parts of the world people experience famine when their crops fail to grow, due to drought.



IMPORTANCE OF PLANTS
Plants are important to life on the planet as they make food.  Plants are eaten for food or animals are eaten which have eaten plants.

[image: ]As plants grow they make carbohydrates, proteins, vitamins and oils.

Plants need NUTRIENTS from the soil to grow.  There are three essential elements required for plant growth.  These elements are:

	nitrogen
	N
	Nitrogen is the main nutrient element required by plants as all proteins contain nitrogen. 


	phosphorus
	P
	

	potassium
	K
	



The nutrients are taken in through the roots of a plant along with water.  This means the nutrients must be soluble in water. 

THE NEED FOR FERTILISERS
[image: ] When plants grow nutrients are removed from the soil.  In autumn when a plant dies, it will rot and the nutrients go back into the soil.

In farming the crops (plants) are harvested and this means the nutrients are lost from the soil.



To replace the nutrients in the soil the farmer has to spread fertilisers on the soil.  This ensures there will be enough nutrients in the soil to give high yields of crops. 
[image: http://extension.usu.edu/waterquality/images/uploads/applyingmanure.jp1.jpg]
A natural way of replacing the nutrients is to spread plant and animal waste on the soil.

Bacteria in the soil, called nitrifying bacteria, convert the plant and animal protein into nitrates, which contain nitrogen, a very important nutrient.

Using waste plant and animal protein is much cheaper than fertilisers but it is not available in large enough quantities.


[image: ]LEGUMINOUS PLANTS
Some plants called leguminous plants contain little nodules on their roots, which contain nitrifying bacteria.   These bacteria can convert nitrogen in the air into nitrates.

Examples of leguminous plants are peas, beans and clover.

Farmers used to rotate which crop was grown in a field each year.  In the rotation they would plant peas, bean or clover. This would return the nitrogen to the soil and ensure that the crops grown in the field the following year would have a high yield.


NITROGEN FIXATION

Nitrogen in the air is called “FREE NITROGEN”.


Nitrogen atoms, which are found in compounds, are called “FIXED NITROGEN”, as the nitrogen atoms are fixed in a formula.

Converting free nitrogen into compounds containing nitrogen is called “NITROGEN FIXATION”.

Production of fertilisers requires the conversion of free nitrogen in to fixed nitrogen.


Since all plants take in their nitrogen as nitrates, NO3-, the production of nitric acid is a very important industrial process. 



nitrate ion (NO3- )
Nitrate compounds are the salts of NITRIC ACID.












FERTILISERS
The main compounds found in fertilisers are ammonium salts, potassium salts, nitrates and phosphates. 

EXAMPLES OF FERTILISERS
ammonium sulfate
(NH4)2SO4
ammonium phosphate
(NH4)3PO4
ammonium nitrate
NH4NO3
potassium nitrate
KNO3
potassium phosphate
K3PO4
essential nutrient elements
N       P       K















Fertilisers need to be soluble in water so they can be taken into the plant through the roots.  Most fertilisers are a mixture of chemicals to provide the correct amount of nutrients for a particular crop.  Farmers normally have their soil tested to ensure they are adding the correct amount of nutrients.


THE NITROGEN CYCLE
The nitrogen cycle shows how nitrogen circulates in nature.

Plants take in their nitrogen in the form of nitrates.   All nitrogen containing compounds are converted to nitrates by nitrifying bacteria in the soil. 

[image: ]



POLLUTION PROBLEMS
[image: ]
The chemicals in fertilisers have to be soluble in water to be of use to plants.

Fertilisers are easily washed out of the soil by rain into streams, rivers and lochs.







[image: ]
The fertilisers then cause the water plants to grow rapidly. This results in these stretches of water becoming choked with plants and rapid growing microscopic plants called algae.

When these plants and algae die, their decay removes dissolved oxygen in the water, which deprives the fish of oxygen, so many of the fish get killed off. 
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NITROGEN AND NITRATESnitrogen dioxide gas (NO2)


Nitrate fertilisers are salts of NITRIC ACID (HNO3). Making nitric acid requires the production of nitrogen dioxide gas (NO2).

Nitric acid is made when nitrogen dioxide gas (NO2) is dissolved in water. 

Nitrogen is a very unreactive gas.  This is due to the bonding in the nitrogen molecule (N2).

	
N






	

N





N

	N
N

	Triple covalent bond requires a large amount of energy to break to allow nitrogen atoms to bond to other atoms.

	nitrogen atom
2,5
	nitrogen molecule
N2

	
	


Reacting nitrogen with oxygen to produce nitrogen dioxide is not an economic method as the reaction requires a huge amount of energy and is very slow.  Another route to producing nitrogen dioxide was found using ammonia (NH3) as the starting chemical.


AMMONIA
Ammonia, (or nitrogen hydride) formula = NH3.

	



H
N
H


H


	[image: ]
	N
H
H
H


	
	
	PYRAMIDAL


Ammonia has covalent bonding and has a molecular structure. 

	Ammonia takes it name from the worshippers of the Egyptian god Amun - the Ammonians, because they used ammonium chloride (NH4Cl) in their rites.
	[image: ]



LABORATORY PREPARATION OF AMMONIA
Ammonia can be prepared by heating any ammonium salt with an alkali.
ammonium chloride + sodium hydroxide
wet pH paper
HEAT

This experiment detects the presence of the ammonium ion (NH4+) in a compound.












RESULTS









	PROPERTIES OF AMMONIA (NH3)

	PROPERTY TESTED
	OBSERVATION

	Appearance
(colour and state)
	

	Smell
	

	Solubility in water
	

	pH
(acidic /  neutral / alkaline)
	






When ammonium chloride is heated with sodium hydroxide the products are sodium chloride, water and ammonia gas. 

	ammonium chloride
	+
	sodium hydroxide
	
	sodium chloride
	+
	water
	+
	ammonia

	
	
	
	
	
	
	
	
	

	NH4Cl
	+
	NaOH
	
	NaCl
	+
	H2O
	+
	NH3




SOLUBILITY OF AMMONIA – THE FOUNTAIN EXPERIMENT
Ammonia is very soluble in water producing an alkaline solution.  The following experiment demonstrates the solubility of ammonia. 
Dry flask containing ammonia.
Water in syringe to start dissolving.
Water with universal indicator.


Ammonia reacts with water to form a solution of ammonium hydroxide, an alkali.





	ammonia
	+
	water
	
	ammonium hydroxide

	NH3(g)
	+
	H2O(l)
	
	NH4OH(aq)


MANUFACTURE OF AMMONIA – THE HABER PROCESS
Ammonia (NH3) is made in industry by reacting nitrogen (N2) and hydrogen (H2).

	nitrogen
	+
	hydrogen
	[image: ]
	ammonia

	N2(g)
	+
	3 H2(g)
	[image: ]
	2 NH3(g)







[image: ]
The               symbol indicates the reaction is REVERSIBLE.

[image: Fritz Haber]This means as the nitrogen (N2) and hydrogen (H2) react to produce ammonia (NH3), some of the ammonia (NH3) breaks down to make nitrogen (N2) and hydrogen (H2).  The reaction goes in both a forward and backward direction.  Therefore, it is impossible to get 100 % conversion of reactants into products.

The process for the production of ammonia by reacting nitrogen and hydrogen was invented by Fritz Haber (1868-1934). He was awarded the Nobel Prize for chemistry in 1918.

Fritz Haber studied how changing the temperature and pressure affects the rate of the reaction.  This enabled him to work out the optimum reaction conditions for making ammonia.

REACTION CONDITIONS FOR MAKING AMMONIA
The following graphs show how the yield of ammonia is affected by altering the  temperature and pressure of the reaction between nitrogen and hydrogen.
CONCLUSIONPercentage yield of ammonia / %
70
Temperature / oC
60
50
40
30
20
10
350
450
550
650
500 atmospheres
400 atmospheres
300 atmospheres
200 atmospheres


As the temperature increases the yield of ammonia decreases.

As the pressure increases the yield of ammonia increases

A high yield of ammonia can be obtained with a HIGH PRESSURE and a LOW TEMPERATURE.



THE HABER PROCESS
In industry a pressure of about 200 atmospheres and a temperature of 450 oC is used.

Higher pressures are very costly to achieve, and construction of the plant is more expensive, as thicker walled pipes and reaction chambers are needed.

The temperature is a compromise to ensure the rate of the reaction is fast enough to give a reasonable yield of ammonia.

A catalyst made of the metal iron is used. The iron catalyst is made of small lumps to give a large surface area.
This increases the rate of the reaction.
These conditions result in an average yield of 25 % in a single run.  The unreacted nitrogen and hydrogen are recycled which increases the yield to 98 %. 


SOURCES OF THE REACTANTS
Hydrogen (H2) is obtained from natural gas (methane, CH4) in a process called steam reforming. 
Nitrogen (N2) is obtained from low-temperature distillation of liquid air.
The natural gas and air are the feedstock molecules for the Haber Process.hydrogen
(H2)
nitrogen
(N2)
compressor
Liquid NH3 to storage.  
The gases from the ammonia converter are cooled.  Ammonia, NH3 bp -33 oC condenses and separates from the unreacted N2 and H2. 
The unreacted N2 bp -210 oC and H2 bp -259 oC remain gaseous. 
Unreacted N2 and H2 recycled.  
Ammonia converter
Temp = 450 oC
Press = 200 atm
Layers of iron catalyst.
cooling
chamber
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CATALYTIC OXIDATION OF AMMONIA
Ammonia is the feedstock for the manufacture of nitric acid.  The first stage is to react ammonia with oxygen from the air to produce nitrogen dioxide gas (NO2).

The reaction requires a catalyst made of platinum.  

ammonia solution
heated platinum wire

When the heated platinum wire is placed in the flask the wire glows bright red.

This shows the oxidation of ammonia is an EXOTHERMIC REACTION.

The oxidation reaction of ammonia, which takes place on the surface of the platinum catalyst, produces nitrogen monoxide (NO) and water.




	ammonia
	+
	oxygen
	
	nitrogen monoxide
	+
	water

	4 NH3(g)
	+
	5 O2(g)
	
	4 NO(g)
	+
	6 H2O(g)

	
	
	
	
	colourless
	
	



The nitrogen monoxide (NO), a colourless gas, reacts with more oxygen from the air to produce brown nitrogen dioxide (NO2) .

	nitrogen monoxide
	+
	oxygen
	
	nitrogen dioxide

	2 NO(g)
	+
	 O2(g)
	
	2 NO2 (g)

	colourless
	
	
	
	brown



The brown nitrogen dioxide (NO2) is not seen in this experiment as the alkaline ammonia gas reacts with the acidic nitrogen dioxide.


THE INDUSTRIAL MANUFACTURE OF NITRIC ACID
(THE OSTWALD PROCESS)

The production of nitric acid by oxidising ammonia was invented by Wilhelm Ostwald (1853–1932) a German chemist in 1900.

Ammonia is reacted with oxygen from the air in the presence of a platinum / rhodium catalyst. 


The catalyst is in the form of fine gauze to give it a large surface area.  Several layers of catalyst are used in the reaction chamber.

The catalyst is heated to between 600–800 oC.

The reaction is exothermic.  Once the catalyst is heated it remains at a high temperature, and no further heating is required.  The high temperature ensures a high reaction rate.

The products of the oxidation reaction are nitrogen monoxide (NO) and water.


	ammonia
	+
	oxygen
	
	nitrogen monoxide
	+
	water

	4 NH3(g)
	+
	5 O2(g)
	
	4 NO(g)
	+
	6 H2O(g)




After the oxidation stage, air is introduced and the nitrogen monoxide (NO) reacts with oxygen to produce nitrogen dioxide gas (NO2).


	nitrogen monoxide
	+
	oxygen
	
	nitrogen dioxide

	2 NO(g)
	+
	 O2(g)
	
	2 NO2 (g)




In the final stage, nitrogen dioxide gas (NO2) is reacted with water and more oxygen to produce nitric acid.


platinum / rhodium catalyst
600–800 oC
ammonia
(NH3)
oxygen
(O2)
oxygen
(O2)
oxygen
(O2)
water
(H2O)
nitric acid
(HNO3)
nitrogen
dioxide
(NO2) 
ABSORPTION TOWER
nitrogen
monoxide
(NO) 
OXIDATION
CHAMBER

































	REACTION IN THE ABSORPTION TOWER

	nitrogen dioxide
	+
	water
	+
	oxygen
	
	nitric acid

	4 NO2 (g)
	+
	2 H2O(g)
	+
	O2(g)
	
	4 HNO3 (aq)




When nitric acid (HNO3) reacts, nitrate salts are produced. Nitrate salts are fertilisers.


SUMMARY NITROGEN TO NITRIC ACID

[image: ]

MAKING FERTILISERS
The main compounds found in fertilisers are ammonium salts, potassium salts, nitrates and phosphates.  Making a fertiliser requires the appropriate reactants.

	FERTILISER CHEMICAL (SALT)
	REACTANTS

	ammonium phosphate
(NH4)3PO4
	ammonia
NH3
	phosphoric acid
H3PO4

	ammonium nitrate
NH4NO3
	ammonia
NH3
	nitric acid
HNO3

	potassium nitrate
KNO3
	potassium hydroxide
KOH
	nitric acid
HNO3

	FERTILISER CHEMICAL (SALT)
	REACTANTS

	potassium phosphate
K3PO4
	potassium hydroxide
KOH
	phosphoric acid
H3PO4

	ammonium sulfate
(NH4)2SO4
	ammonia
NH3
	sulfuric acid
H2SO4




MAKING FERTILISERS – THE REACTIONS
The main compounds found in fertilisers are ammonium salts, potassium salts, nitrates and phosphates.  Making a fertiliser requires the appropriate reactants.
[bookmark: _GoBack]
	ammonia
	+
	phosphoric acid
	
	ammonium phosphate

	3 NH3(g)
	+
	 H3PO4(l)
	
	(NH4)3PO4(s)



	ammonia
	+
	nitric
acid
	
	ammonium nitrate

	NH3(g)
	+
	 HNO3(l)
	
	NH4NO3(s)



	potassium hydroxide
	+
	nitric
acid
	
	potassium nitrate
	+
	water

	KOH(aq)
	+
	 HNO3(l)
	
	KNO3(aq)
	+
	H2O(l)



	potassium hydroxide
	+
	phosphoric
acid
	
	potassium phosphate
	+
	water

	3 KOH(aq)
	+
	 H3PO4(l)
	
	K3PO4 (aq)
	+
	3 H2O(l)





	ammonia
	+
	sulfuric
acid
	
	ammonium sulfate

	2 NH3(g)
	+
	 H2SO4(l)
	
	(NH4)2 SO4(s)



These fertilisers can be prepared in the laboratory by carrying out a titration.

PREPARING POTASSIUM NITRATE (KNO3)
[image: ]Potassium nitrate is a salt, which is used as a fertiliser.  It can be made by reacting potassium carbonate solution, or potassium hydroxide solution with nitric acid..

A titration can be used to carry out the reaction between the potassium carbonate solution or potassium hydroxide solution and nitric acid to determine the volume of nitric acid required for the reaction. 

Finally the titration is repeated without the use of indicator to ensure the potassium nitrate is not coloured by the indicator.

The water from the potassium nitrate solution can be evaporated.







Potassium nitrate (KNO3) provides two nutrient elements, potassium (K) and nitrogen (N). 

Ammonium nitrate (NH4NO3) is another salt which is used as a fertiliser which only provides nitrogen (N).

Ammonium nitrate can be made by reacting ammonia solution with nitric acid. 
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| Fertilisers in water run-off from fields.
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