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STAGE 2 CHEMISTRY

Elemental and Environmental Chemistry
Unit 5
Cycles in Nature:   
carbon cycle, respiration, photosynthesis

nitrogen cycle, aerobic/anaerobic

decomposition, fertilisers

The Syllabus statement says:   
	Key Ideas
	Intended Student Learning

	The presence (aerobic conditions) or absence (anaerobic conditions) of oxygen affects the products of the decomposition of the organic compounds derived from living organisms. 
	State, for aerobic and anaerobic conditions, the products of the decomposition of organic matter containing carbon, nitrogen, phosphorus, or sulfur.



	Photosynthesis and respiration are important processes in the cycles of carbon and oxygen.
	Describe and write equations for the processes of photosynthesis and aerobic respiration involving glucose.



	Nitrogen may be converted into compounds by biological processes such as fixation or by reaction with oxygen during lightning discharges and at high temperatures such as occur in engines and furnaces.
	Describe and write equations for the formation of oxides of nitrogen by the reaction of nitrogen and oxygen at high temperatures.

	Nitrogen compounds are important in the chemistry of life processes.
	Describe how the nitrogen cycle operates by natural processes (e.g. lightning, nitrogen‑fixing bacteria, decay) and industrial processes (e.g. fertiliser manufacture, combustion engines).



	Plants require substantial amounts of nitrogen and phosphorus, which they obtain from the soil.
	Explain why fertilisers need to contain nutrients in soluble form.




The KEY IDEAS here are:

· The products of decomposition of organic material depends on the presence or absence of oxygen.

· The cycling of carbon and oxygen depends on the rates of photosynthesis and respiration.
· Nitrogen compounds are essential in the chemistry of life processes: and are cycled through nature by the nitrogen cycle.

· Nitrogen may be converted into useful compounds by biological processes such as fixation or from reaction with oxygen during lightning discharges and at high temperatures such as that in engines and furnaces.

· Fertilisers play an important role in supplying nitrogen and phosphorus to plants when the amounts in 
the soil are not adequate.

The PRODUCTS of PLANT and ANIMAL DECAY

Organic material can decay (breakdown) in the environment in two main ways:

In aerobic conditions:  Aerobic bacteria require oxygen to function. They breakdown complex organic compounds producing small useful molecules.

In anaerobic conditions: Anaerobic bacteria only function in the complete absence of oxygen to produce products that are toxic or poisonous to the environment.

Complete the table below:

	
	Products

	Element
	Aerobic Decomposition
	Anaerobic decomposition

	Carbon (C) 
	
	

	Nitrogen (N)
	
	

	Phosphorous (P)
	
	

	Sulfur (S)
	
	


Oxidation Numbers Review

The Key Rules are:
· Overall number is equivalent to its charge

· Hydrogen is +1

· Oxygen is -2

There are exceptions, but for most questions these are all you need. Some others that you may need occasionally:

· Halogens are -1

· Group I & II are +1 and +2 respectively

1.  Find the oxidation number of nitrogen in the following compounds

a. N2
b. NH3
c. NO

d. NO2
e. NO3-
2. Find the oxidation number of the bolded species in the following compounds

a. HCl
b. H2SO4
c. Al2O3
d. MnO4-
e. Cr2O72-
f. H2O2
3. The breakdown product of a particular organic substance is found to contain ammonia
a. What is the likely method of decomposition?

b. What is another likely product of this decomposition?

· The CARBON-OXYGEN CYCLE
The carbon–oxygen cycle describes the process by which carbon and oxygen are continuously produced and consumed in the biosphere. Imbalances can occur and these have environmental implications.
The carbon – oxygen cycle represents the cycling of matter in the environment that involves carbon and

oxygen. It includes the following two important processes:

The removal of carbon dioxide from the atmosphere

Photosynthesis uses carbon dioxide from the atmosphere and produces oxygen gas.

Photosynthesis takes place in green plants, with the green pigment chlorophyll acting as a catalyst.

                                   solar energy
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6CO2(g)   +    6H2O(l)                              6O2(g)   +   C6H12O6(aq)
                                    chlorophyll

Photosynthesis is the principal means by which carbon dioxide is removed from the atmosphere. However, its slight solubility in water provides another means.

Natural waters (oceans, lakes, rivers and even rainwater) contain dissolved carbon dioxide. The dissolved carbon dioxide is very important to aquatic life.

It allows water plants to photosynthesise, and is used by crustaceans to build their shells.

Starch, a carbohydrate, is made from the glucose produced during photosynthesis. It is a form of stored energy. 

The return of carbon dioxide to the atmosphere
Several processes exist that return carbon dioxide to the atmosphere.

Respiration releases the energy stored in carbohydrates in plants and animals. This process uses

oxygen and produces carbon dioxide.

                                          enzymes

C6H12O6(aq)     +     6O2(g)                         6CO2(g)    +    6H2O(1)  +  energy
Decay of animal and plant matter

Decay bacteria and fungi, by putrefaction and fermentation, can break down the carbon compounds in dead animals and plants and convert the carbon to carbon dioxide. The chemical equation for fermentation is:

Combustion

Some dead organisms, when compressed under land or water for long periods, undergo chemical changes and become fossilised. These processes tie up large quantities of carbon in the ground in the form of oil, gas, peat and coal.

The carbon is removed from the cycle only temporarily — eventually either geological changes or mining and drilling bring the coal and oil to the surface to be burnt. Carbon dioxide is then released and returned to the cycle. Combustion releases carbon dioxide into the atmosphere.

The carbon cycle is summarized in the diagram on the next page.


SUPPORTING QUESTIONS

1
Write formulae for the following chemical species:

	Chemical Species
	Formula

	carbon
	

	carbon dioxide
	

	calcium carbonate
	

	carbonic acid
	

	hydrogen carbonate ions
	

	glucose
	


2
State three ways carbon dioxide is returned to the atmosphere.


_________________________________________________________________________________


_________________________________________________________________________________

3
Write a balanced equation for aerobic respiration.

4
Write a balanced equation for photosynthesis.

The NITROGEN CYCLE

Nitrogen comprises 78% by volume of the atmosphere. It exists as stable triple covalently bonded N2 molecules and is chemically very stable.

Physical and chemical properties of nitrogen

Nitrogen is a colourless, odourless, tasteless, non-toxic, diatomic gas. It dissolves only slightly in water (1.7 mL for every 100 mL at 25°C). Its melting point is –210°C and its boiling point is –196°C.

The major chemical property of nitrogen is that it is relatively unreactive.

This lack of reactivity is due to the strong, triple covalent bonding within a nitrogen molecule. It requires a great deal of energy to break this bond.

The nitrogen cycle

Nitrogen compounds are essential for living things. We directly rely on plants for much of our food, and we also eat animals that feed on plants in order to obtain some of the carbohydrates and proteins we need for a balanced diet.

Proteins are used for the growth and repair of plant and animal tissues. Plants produce all the amino acids and proteins they require. Animals cannot do this so they rely on plants as a source of several amino acids. These amino acids can then be metabolised and synthesised by the animal to meet its own protein needs. Nitrogen is used by plants to produce the amino acids and proteins required for growth. However, plants cannot use nitrogen directly from the air.

They need soluble nitrogen compounds, such as nitrates and ammonium salts, which can be taken in from the soil through their roots. As plants use up the soluble nitrates and ammonium salts in the soil, the supply must be replaced if the nitrogen needs of plants and animals are to continue to be met. This occurs through the nitrogen cycle.

Loss of nitrogen from the soil

Soluble nitrogen compounds in the soil are removed in the following three ways:


1 
absorption by the roots of green plants


2 
loss in drainage water

3 denitrification. Certain bacteria in the soil called denitrifying bacteria can convert nitrates into 

nitrogen (or, less commonly, dinitrogen oxide, N2O), which subsequently escapes into the air. These bacteria are active in the absence of oxygen, so in poorly aerated soil, large quantities of nitrates may be lost through this process.

Return of nitrogen to the soil

Nitrogen is returned to the soil in the following two ways:

1 Nitrification. The remains of plants and animals in the soil decay and, under the action of 


putrefying bacteria and fungi, are changed into amino compounds. (Amino compounds contain an 


–NH2 group.) Theamino compounds are converted by Pseudomonas bacteria to ammonium



(NH4+) compounds. Ammonium compounds may also be formed from the nitrogenous waste 



products of animals. The ammonium compounds present in the soil may be changed to nitrites by 



Nitrosomonas bacteria and then to nitrates by Nitrobacter bacteria.



This process by which ammonium compounds are converted to nitrates is known as nitrification.


2 
Nitrogen fixation. Although nitrogen makes up 80% by volume (75% by mass) of the earth’s 



atmosphere, it cannot be used directly by plants or animals in this form since it is relatively 



unreactive. Nitrogen is converted to nitrogen compounds that plants and animals can use in a 



process known as nitrogen fixation. This occurs in four ways:



(a) Free-living (that is, not attached to another living organism) nitrogen-fixing bacteria, such as 



Azotobacter, in the presence of oxygen (that is, in a well-aerated soil) can convert atmospheric 



nitrogen into amino compounds. Some of these amino compounds are used by the



bacteria to build their own protoplasm but some are released into the soil, where they are 



eventually changed to nitrates by nitrification.


(b) Nitrogen-fixing bacteria such as Rhizobium are found in the root nodules of leguminous plants 

(plants belonging to the pea family, such as beans, clover and alfalfa). Like the free-living bacteria, nodule bacteria can fix nitrogen in the soil to amino compounds. Although the amino compounds are largely utilised by the bacteria themselves, some are made available to the leguminous plant, which therefore benefits from the association. When the plants or the bacteria in the nodules die, the nitrogenous compounds in them are returned to the soil where they can be subsequently changed into nitrates.



(c) In the presence of lightning, the nitrogen and oxygen in the air react to form nitrogen 



monoxide:






N2(g)    +    O2(g)                       2NO(g)


Lightning flashes can supply sufficient energy to split the strong triple bond within nitrogen 



molecules and so bring about the formation of nitrogen monoxide. The nitrogen monoxide formed 



reacts rapidly with oxygen to form nitrogen dioxide:






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


The nitrogen dioxide may react with water to form nitric acid:






2NO2(g)    +     H2O(l)                      HNO3(aq)    +    HNO2(aq)


(d) Although natural fertilisers such as manure and compost are effective, they can take time to 



break down and there is not enough of them for all crops. Because of this, we need large 



quantities of inorganic fertilisers such as ammonium nitrate to add to the soil. Fertilisers are



usually ammonium compounds made by following the Haber process.



In the Haber process nitrogen is fixed to form ammonia by synthetic processes rather than by the 



action of bacteria:






N2(g)      +     3H2(g)                           2NH3(g)
HENCE:

The nitrogen cycle represents the cycling of matter in the environment that involves nitrogen.

Denitrification is the process whereby bacteria convert nitrogen in the soil into gases which means nitrogen escapes into the atmosphere.

Nitrification is the process whereby nitrogen is returned to the soil by the conversion of

ammonium compounds to nitrates.

Nitrogen fixation is the process whereby relatively unreactive nitrogen is converted into a useable

form by plants and animals. This can occur in four ways: 

1. by the action of free-living nitrogen-fixing bacteria; 

2. by nitrogen-fixing bacteria present in root nodules of plants; 

3. in the presence of lightning;

4. and by fertilisers being added to the soil.

The Nitrogen Cycle is summarised on the next page.


FERTILISERS
Plants require substantial amounts of nitrogen and phosphorous, which they obtain from the soil. These nutrients are primarily absorbed as NO3- and H2PO4-
Dihydrogenphosphate is known as ‘available phosphate’, it can be formed from reaction of ‘fixed phosphates’ by reaction with acid

They are absorbed by plants in aqueous solutions through their roots.

Therefore fertilisers need to contain water-soluble forms of these nutrients

SUPPORTING QUESTIONS

1
Write formulae for the following chemical species:

	Chemical Species
	Formula

	nitrogen
	

	nitrate ion
	

	phosphate ion
	

	nitrogen dioxide
	

	methane
	

	ammonia
	


2
In your own words describe the meaning of the term nitrogen fixation.


_________________________________________________________________________________


_________________________________________________________________________________

3
Draw the structural formula for a nitrogen molecule and name the shape.


Why is nitrogen relatively unreactive?  _________________________________________________

4
At high temperatures, nitrogen reacts with oxygen to form nitrogen oxides.


i
Write the formulae for three nitrogen oxides:  _____________________________________


ii
Besides in the motors of internal combustion engines, where can the formation of oxides of 



nitrogen also occur?



_________________________________________________________________________


iii
Write the balanced equation for the reaction of nitrogen with oxygen at high temperatures.



Why are high temperatures needed for this reaction to occur?



____________________________________________________________________


iv
Write the balanced equation for the reaction of nitrogen (II) oxide (NO) with oxygen.


v
Write the balanced equation for the reaction of nitrogen dioxide with water.

5
In your own words describe three ways nitrogen is lost from the soil.


_________________________________________________________________________________


_________________________________________________________________________________

6
For each of the following situations, state whether aerobic or anaerobic decomposition is occurring.


i
fermentation is occurring         _______________________________


ii
methane is formed      ______________________


iii
nitrates and sulfates are formed     ________________________


iv
products which could be harmful to human health are formed    _________________________

7
Di-ammonium hydrogen phosphate, (NH4)2HPO4 is a common nitrogen/phosphorus fertiliser. It is 


soluble in water, is easily synthesised and is relatively non-toxic.


When diammonium hydrogen phosphate dissolves in water, it releases ammonium ions and 


hydrogen phosphate ions into the soil water. Describe how plants obtain these nutrients.



_______________________________________________________________________



_______________________________________________________________________

SUPPORTING QUESTIONS:  Solutions

1
Write formulae for the following chemical species:

	Chemical Species
	Formula

	nitrogen
	N2

	nitrate ion
	NO3-

	phosphate ion
	PO43-

	nitrogen dioxide
	NO2

	methane
	CH4

	ammonia
	NH3


2
In your own words describe the meaning of the term nitrogen fixation.

Is the term used to describe any process that converts nitrogen from the atmosphere into a from that can be used by plants. For example by the action of lightning in the atmosphere.
3
Draw the structural formula for a nitrogen molecule and name the shape.




N         N

Why is nitrogen relatively unreactive?     Nitrogen is a non-polar, strongly triple-bonded 








molecule.
4
At high temperatures, nitrogen reacts with oxygen to form nitrogen oxides.


i
Write the formulae for three nitrogen oxides:    NO,  NO2,  N2O

ii
Besides in the motors of internal combustion engines, where can the formation of oxides of 



nitrogen also occur?



In the atmosphere as a result of lightning strikes.

iii
Write the balanced equation for the reaction of nitrogen with oxygen at high temperatures.





N2       +       O2                           2NO


Why are high temperatures needed for this reaction to occur?



They are needed to break the strong bond between the nitrogen atoms in 


nitrogen gas.

iv
Write the balanced equation for the reaction of nitrogen (II) oxide (NO) with oxygen.




2NO      +      O2                        2NO2

v
Write the balanced equation for the reaction of nitrogen dioxide with water.




NO2        +       H2O                          HNO3      +      HNO2      
5
In your own words describe three ways nitrogen is lost from the soil.


Nitrogen is lost through:
· De-nitrifying bacteria which convert soil nitrates to nitrogen,

· Loss through the death and decay of plants and animals,

· Washed out of the soil through drainage
6
For each of the following situations, state whether aerobic or anaerobic decomposition is occurring.


i
fermentation is occurring         anaerobic

ii
methane is formed      anaerobic

iii
nitrates and sulfates are formed     aerobic

iv
products which could be harmful to human health are formed    anaerobic
7
Di-ammonium hydrogen phosphate, (NH4)2HPO4 is a common nitrogen/phosphorus fertiliser. It is 


soluble in water, is easily synthesised and is relatively non-toxic.


i
Calculate the percentage composition of nitrogen in di-ammonium hydrogen phosphate.




%N   =    (2 x 14.01)/(2 x 14.01 + 9 x 1.008 + 4 x 16 + 30.97)  x  100



        =     21.2%

ii
When diammonium hydrogen phosphate dissolves in water, it releases ammonium ions and 



hydrogen phosphate ions into the soil water. Describe how plants obtain these nutrients.



These two ions are soluble in water and form an aqueous solution that 


can be absorbed through the roots of the plant.
READING








The Essentials book pg 37-42


Q 2.11
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