The Atmosphere
CFCs: Used as refrigerants, propellants in aerosols, and blowing agents for making expanded plastic and as cleaning solvents.
· Have low reactivities, low boiling points, low toxicity and high stability(this causes problem)
· They have a long lifetime in the troposphere.
· When they enter the stratosphere they undergo photo dissociation and produce chlorine radicals which then go on to remove ozone.
Discovering the hole in the ozone:
· 1974, sherry Rowland and Mario Molina predicted that CFCs damage ozone.
· Proved correct in 1985 when a team led by Joe Farman identified a hole in the ozone layer over the Antarctic using ultra violet spectroscopy.
· The computers for NASA had treated the very low ozone readings as anomalies.
· Conclusive proof that CFC’s were responsible for ozone depletion was obtained when an aircraft flew through the stratosphere over Antarctica. 
· ClO and O3 concentrations were measured.
· The rapid fall in O3 occurred at exactly the point where ClO concentrations rose.
Replacements for CFCs:
· Ozone Depletion Potential (ODP) – gives the effectiveness of the compound in destroying ozone. Replacements need to have a low ODP.
· Hydrocarbons (butane) don’t contain chlorine however are flammable + greenhouse gases.
· HCFCs: H-C bonds broken down in the troposphere before the compounds have chance to reach the stratosphere. Are greenhouse gases that contribute to global warming. 
Formation and Destruction of Ozone:
· Ozone’s presence in the stratosphere gives us valuable protection from harmful UV radiation from the sun.
it protects us by absorbing UV radiation which is used to split the ozone molecules thus:

1. O3 + hv → O + O2                                                      
2. ozone is produced in the following way:O2 + O → O3
3. the oxygen radicals/atoms are produced by UV radiation providing the energy to split the ozone molecule.                 O2 + hv → O + O         O3 + hv → O2 + O
4. therefore ozone is being made and destroyed all the time. Left to themselves the reactions would reach a point where rate of production of O3 = rate of destruction of O3
Problem:
· When CH3Cl and CH3Br reach the stratosphere the solar radiation causes Cl and Br radicals to form CH3Cl + suns radiation → CH3◦ + Cl◦
· When a Cl radical collides with O3 the following reaction takes place- Cl◦ + O3 → ClO◦ + O2
· If ClO then collides with Oxygen : ClO◦ + O → Cl◦ + O2
· The chlorine radical gets regenerated and is available to go on and react with more ozone. The chlorine radical is acting as a catalyst and the overall reaction is: O3 + O → 2O2
· We have a catalytic cycle and single chlorine radical can remove as many as 1 million chlorine radicals. 
· Other radicals can also destroy ozone, HO ( the hydroxyl radical)  and nitrogen monoxide. If we represent X as either in the reaction then:
X + O3 → XO + O2                                      XO + O → X + O2                                 overall: O + O3 → O2 + O2
The Greenhouse effect:
· High energy radiation from the sun reaches the earths surface and some frequencies are absorbed.
· The earths surface is warmed and re-emits lower energy infrared radiation.
· Greenhouses gases such as CH4 and CO2 absorb some of this radiation – the rest escapes into space.
· A steady state is reached where Earth radiates and absorbs energy at the same rate.
· The absorption of atmospheric radiation by green house gases can cause atmospheric warming in two ways.
· Some infrared radiation is re-emitted by the molecules in all directions. 
· Absorption of infrared radiation increases the vibrational energy of the molecules – their bonds vibrate more vigorously. Energy is transferred to other molecules in the atmosphere by collisions. This increases their kinetic energy and raises the average temperature of the atmosphere.
· CO2 and H2O absorb in two bands across the Earths radiation spectrum. Between these two bands is a window where infrared radiation can escape without being absorbed. About 70% escapes through this fixed range of frequencies. 
Is human activity responsible for global warming?
· Human activity increases the atmospheric concentrations of natural greenhouse gases and gases that are not natural present ( CFCs).
· Although only present in small amounts, each CFC molecule has a large ‘global warming potential’
· These gases absorb radiation in the window through which energy normally escapes into space. This leads to an enhanced green house effect.
· To reduce global warming:
- reduce consumption of fossil fuels                      - use alternative energy sources
- increases photosynthesis                                      - burying or reacting carbon dioxide.
What happens when radiation interacts with matter?
The atmosphere: Divided into three sections; the troposphere, the stratosphere and the ionosphere.
· Troposphere is closest to the earths surface (78% nitrogen, 21% oxygen, 1% mixture of other gases mainly argon and carbon dioxide).
·  (
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)Human activity alters proportions of naturally occurring gases which then become pollutants. These concentrations are usually quoted in ppm (parts per million)
 (
Increasing energy
)Energy interacts with matter:
· [image: http://www.4college.co.uk/as/atm/radiation3.gif]Translation- the molecule moving around as a whole. 
· Rotation- the rotation of the molecule as a whole. 
· Vibration- the vibration of the bonds. 
· Electronic- electrons moving from one energy level to another
· When the electrons are given energy, their electrons get promoted to a higher energy level. Energy required for promotion is specific- it is quantised. 
· All other energy is also quantised, i.e. it requires a certain amount of energy to vibrate an HCl molecule, the HCl molecule can have different vibrational energies. 
· When its vibrational energy changes, it moves to a new fixed energy level, in a similar way to how electrons are promoted. 
· We consider the translation energy as continuous as spacing is so small.
· The particular value of energy required depends upon the chemical involved. Different substances have different structures, and this gives them different energy levels. 
· A C-F bond is stronger than a C-Br bond, so more energy is needed to make it vibrate. 
Electronic changes due to UV:
· Increasing energy down this list
· Electrons become excited and so move from a lower energy level to a higher one.
· Two atoms break apart, dissociate, radicals are produced.
· Molecule may lose an electron, it becomes ionised.
Free Radicals: All reactions involve the breaking and reforming of bonds, breaking bonds-bond fission.
· Homolytic fission: One of the two electrons in a shared pair goes to each of the atoms. Both atoms now have one unpaired electron. Radicals have been formed. Have no overall electric charge.
· Heterolytic fission: Both electrons of shared pair go to just one of the atoms when the bond breaks, it forms ions.
· negatively charge=nucleophile                               positively charge=electrophile
Radical: An atom with one or more unpaired electron 
Mechanism of a radical chain reaction:
· Initiation – no radicals at beginning,  however they are formed by the end.
· Propagation – radicals at the start of this stage, and new radicals at the end.
· Termination – a reaction is terminated when two radicals collide.
Reactions of Alkanes with Halogens:
· Initiation (photodissociation of chlorine) (presence of UV light) Cl2 +uv → Cl◦ + Cl◦
· Propagation: CH4 + Cl◦ → CH3◦ +HCl                                         CH3◦ + Cl2 → CH3Cl + Cl◦
· Termination :CH3◦ + CH3◦ → C2H6                                                                                   CH3◦ + Cl◦ → CH3Cl
Chemical equilibrium
Dynamic equilibrium: When the rate of the forward reaction = rate of the backward reaction
· A chemical reaction has both a forward and backward reaction. 
· If backward reaction is significant that the reaction is considered reversible.  
· Example ( when carbon dioxide dissolves in water) CO2(aq) CO2(g) (physical change)
· The chemical change:  CO2(aq) + H2O(l)  HCO3-(aq) + H+(aq)
Steady state:
· Strictly speaking a chemical equilibrium can only be reached in a closed system.
· In an open system, a series of reactions can only come to a steady state.
· E.g for ozone, eventually the reactions will get to a point where ozone is being produced as fast as it is being used up so it’s concentration stays the same, so has reached a steady state.
Position of equilibrium:
· If most of the reactants become products before the reverse reaction increases, the position of the equilibrium is said to lie to the right. 
· If the little of the reactants have changed to products when the reverse reaction become equal to the rate of the forward reaction, we say the position of equilibrium lies to the left.
Le Chatalier’s principle: if a system is at equilibrium, and a change is made in any of the conditions, then the system responds to counteract the change as much as possible
Position of equilibrium can be altered by changing 3 things:
1)Concentration:
	Concentration change
	Equilibrium shift

	Increases reactants, decrease products
	To the right (decrease reactants/ increase products)

	Increase products, decrease reactants
	To the left (decrease products/ Increase reactants)



2)Pressure:

	Pressure change
	Equilibrium shift

	Increasing
	To the side with fewer gas molecules

	Decreasing
	To the side with more gas molecules



3) Temperature:
	Temperature change
	Equilibrium change
	Example

	Increase
	Shifts in the direction of the endothermic reaction. ( mixture becomes darker brown)
	exothermic→ ←Endothermic 
brown gas          colourless
2NO2(g) ⇌ N2O4(g)


	Decrease
	Position of equilibrium shifts in the direction of the exothermic reaction. (mixture becomes lighter brown)
	



 (
Intensity of radiation
Surface area
)Rates of Reaction can be affected by:
·  (
A catalyst
Temperature
)Concentration       
· Pressure
Collision theory:
· At higher concentrations and higher pressures, the particles are in close proximity to each other encouraging more frequent collisions.
· At higher temperature, a much higher proportion of colliding particles have sufficient energy to react and more particles are able to overcome the activation enthalpy barrier.
· [image: https://encrypted-tbn0.google.com/images?q=tbn:ANd9GcQLdoB2hseSRKIWgEwY2LLovG8twRxCssBcDRQKpX7AYqMJiACYIQ]With smaller particles of reactant there is a large surface area on which the reactions can take place, so there is a greater chance of successful collisions.

Activation enthalpy: Minimum kinetic energy required by a pair of colliding atoms or molecules before a reaction will occur.
· An enthalpy profile shows how the enthalpy changes as a reaction proceeds. 
The effect of temperature on rate:
· Reactions occur when molecules collide with the activation enthalpy.
· The energy needed to overcome the energy barrier is called the activation energy barrier.
· As the temperature increases, the rate of a chemical reaction does as well.
· This is because of the distribution of energies among the reacting particles.
· This is known as the Maxwell-Boltzmann distribution.

· There needs to be enough molecules with sufficient energy for a reaction to take place.
· [image: https://encrypted-tbn1.google.com/images?q=tbn:ANd9GcR5u-sjbsud0jL0e8W1K9BFu0P9fD0wgcECZoPLnQCZBsqdpQNUaA]They need to have combined kinetic energy higher than the activation enthalpy.
· Reactions go faster at higher temperatures because a larger proportion of the colliding molecules have the minimum activation enthalpy to react.
 (
The peak of the number of collisions at T1 is at a lower energy value that the peak at T2.
On average when the temperature 
rises
 by 10K the rate of the reaction doubles.
)A closer look at the diagram:
[image: https://encrypted-tbn2.google.com/images?q=tbn:ANd9GcRe1h4c8dpE1gmE9ZNhKP-9TxbKNOr6v58onoat4jEf58OpLflB]How do Catalysts work?
· Catalysts work by Providing an alternative reaction pathway for the breaking and remaking of bonds. The activation energy for this new pathway is often less than the activation energy of the normal pathway. 
· With a catalyst successful collisions can take place at a lower energy.
· Catalysts do not affect the position of equilibrium.
· The intermediate may also be called the transition state.
Heterogeneous catalysts: catalyst and reactant different physical state
· Provide a surface on which a reaction may take place, thus lowering the energy needed for successful collisions- lowering the activation energy barriers. 
Homogeneous catalysts: same state
· Works by forming an intermediate compound with the reactants. The diagram above has two humps on the catalysed pathway. 
· In the first step the activation energy barrier is overcome and an intermediate is formed.
· In the second step this intermediate breaks down to give a product and reform the catalyst. 
Molecules and Networks:
Diamond: Made up of carbon atoms joined tetrahedrally to four other carbon atoms by strong covalent bonds. Strong c-c bonds and highly symmetrical network make diamond the hardest naturally occurring structure. 
Silicon (IV) Oxide: Quartz is a pure form of this.
· Silicon bonds covalently to four oxygen atoms.
· It is an extended network of a SiO4 unit. 
· Each silicon atom has a half share in four oxygen atoms. 
Differences between CO2 and SO2:
· CO2 has a molecular structure with three atoms bonded in a linear arrangement.
· Weak intermolecular bonds.
· Little energy is needed to pull the molecules apart, so solid carbon dioxide sublimes at a low temperature.
· [bookmark: _GoBack]Intramolecular bonds are polar, so it dissolves easily in water.

· Silicon atoms are larger than carbon atoms and have more electrons. 
· Unable to make double bonds, therefore discrete molecules are not formed.
· Silicon (IV) oxide has a giant network structure.
· Requires a lot of energy to overcome these Intramolecular bonds.
· Consequently it has a high melting point and high boiling point and does not dissolve in water. 
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