C7 Further Chemistry 
Topic 1: Green Industry
Brief Intro












Natural resources are converted into useful products. 
Bulk chemicals produced on a large scale b/c there is a larger demand for them. 
Fine chemical are produced on a smaller scale. 

They’re used as feedstock’s (reactants bought by other manufacturers).

How to achieve a greener industry

· Renewable sources
· Fewer use of hazardous chemicals
· Increased energy efficiency

· Reduce waste + pollution

· Higher yield

The work of the chemical industry 1A
Jobs
Maintenance worker: Fixes problems with machines
Transport workers: Brings materials into the plant

Research chemists: Investigate the best method

Production chemists: “Scale up” the methods
Analytical chemists: Test the purity of samples and see if it measure up to standards.

Technical team: Monitor data + conditions
Chemical process
1) These raw materials are converted into chemicals and purified into feedstocks after being heated and compressed.
· Crude oil

2)Air

3) Water
2) The synthesis takes place in the reactor and is converted into the product ( Energy is released. 

-  Some CR’s take place in high temp. so need heat energy

· Uses catalyst
3) The mixture of chemicals is separated into: Product, by-products, unchanged material (recycled). 
· Heat energy is produced as a by-product b/c so it is used to make steam in the exchanger ( saves money + energy
4) The product is analysed to monitor purity.
Products made from synthesis
· Basic organics
· Petrochemicals

· Pigments, paint, dyes

· Pharmaceutical

· Speciality chemicals
Innovations in green chemistry 1B
Regulations are put in place for the storing and transporting of chemicals. Hazard symbols and sealed containers prevent harm from coming to people + environment.
Preventing pollution: 
1) New method
2) Use renewable + cost effective resources
Green chemistry benefits:

1) Increases efficiency

2) Reduces cost

3) Avoid risks
Reducing use of petrochemicals, e.g. crude oil, will be more sustainable.
Rather, you should ferment renewable plant material using bacteria ( produces MALANIC ACID ( produces sorona ( used for clothes

	Advantages
	Disadvantages

	Renewable
	Takes up land meant for food

	Less energy used
	Energy needed to produce more fertilisers + for harvesting

	Fewer emissions
	

	Saves crude oil
	


Yields
Yield – efficiency of method
· Compares quality with predicted quality

High yield = good but doesn’t mean that process is “green”.
Working out percentage yield
E.g. 10g of CaCO3 is heated for 20mins. The product is 4.8g of CaO. What is the percentage yield?
1. Formula:
 CaCO3 (s) ( CaO (s) + CO2 (g)

· Atoms that end up in the product are referred to as green. Waste products are brown.

2. Find RFM:
 CaCO3 = 40 + 12 + (16 x 3) = 100

CaO = 40 + 16 = 56
So, 100g of CaCO3 produces 56g of CaO.
3. Theoretical yield:
56/100 x 10 = 5.6g [from 10g of CaCO3 ]
4. % yield: Actual yield / theoretical yield

4.8 / 5.6 x 100 = 85.7%
Atom economy
= the efficiency ( how much product ends up as reactant
Formula: RAM of product / RAM of reactant x 100 
E.g. 
CaCO3 (s) 
( CaO (s)   +
CO2 (g)

RAM =100
RAM=56
RAM=44
Atom economy: 56 / 100 x 100 = 5.6%
Avoiding hazardous chemicals
Need to replace toxic reactant with safer alternatives.
Copper catalyst means that process runs under milder conditions = save energy + costs.

Energy efficiency
Heat energy is used for: 1) drying
2) reactions
3) process waste
4) separate + purify
To prevent energy loss, must: Install efficient insulation in pipes + stop steam from escaping leaking valves

Exothermic reactions release energy which is used to make steam to generate electricity = NO BILLS for extra energy

Catalyst
Catalysts speed up CR’s for the DESIRED product NOT the unwanted product.
PROs of catalysts

· Reduces waste

· Lower temp. required ( good for environment
· Saves energy

Need to find ways to lower energy demand.

Biocatalyst – enzymes produced by microorganisms
· Operates within limited temp. + pH range ( any higher = denatured
Petrochemical route has more steps = more energy + money spent

Heat exchangers have two materials flowing in opposite directions. The hot material is cooled by the colder one.

Recycling
Install distillation units to separate desired chemicals from waste gases. This will reduce waste.
Convert old polymer to monomer ( re-polymerise pure monomer ( fresh feedstock ( new polymer.
Use by-products to make another product.

Need to remove harmful chemicals from air / water / landfills.

Closed loop – use waste material to manufacture the same product + there is no loss in quality

Open loop – waste is recovered to manufacture lower quality product
· Not as good value but cuts down on the amount of fresh feedstock required

Designing new catalysts
Wrap organic structure around metal ion to make a new catalyst.
Catalyst for making polyester:

Wrap citrate ions around titanium ions to produce a polymer. This titanium can be used as antimony to replace toxic metals.
You need to think about the size+ shape of the molecules, as well as the interaction with electrons.
PRO’s of new catalysts
· More efficient b/c less catalyst is needed to make a fixed amount of polymer
· The new catalyst metals aren’t toxic
· New catalyst ( new polymers

Sustainable development – meeting needs of present without compromising needs of future

Green chemistry – long term sustainability + short term impacts on health + environment

Topic 2: The chemistry of chemical compounds
The Alkanes – a family of hydrocarbons 2A
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Physical properties
1) Oily
     2) insoluble
    3) less dense than H2O, mainly gasses
4) Insoluble - doesn’t mix with H2O
States:
Gas: 4 carbon atoms

Liquid: 4 – 17 carbon atoms

Solid: 17+ carbon atoms
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Combustion

Hydrocarbons + burning ( Carbon dioxide + water
When there is a lack of oxygen:
Hydrocarbons + burning ( Carbon monoxide + soot

Alkanes don’t react with aqueous reagents e.g. acids or alkali’s. 
This is because they are saturated – their C – H and C – C bonds are difficult to break = highly un-reactive.
The formula CnH (2n+2), where n = no of carbon atoms, can be used to determine the formula for each alkane. E.g. To find propane: C3H (2x3 +2) = C3H8
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The Alkenes
The alkenes are unsaturated and are more reactive b/c of the C =C double bond. 
The double bond allows them to melt and form into different things e.g. plastic
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The Alcohols – OH group 2B

Alcohols have similar properties b/c they have the OH at the end. 
The formula CnH (2n+1) OH, where n = no of carbon atoms, can be used to determine the formula for each alcohol.
Alcohol (contains hydrocarbons) + burning ( Carbon dioxide + water
Properties
· Good solvent – Can dissolve in compounds that water can’t
· Soluble in water

· Liquid at room temp. – evaporate + volatile (give of fumes).
· Intermolecular forces are stronger with the–OH functional group; other molecules can join to the alcohol easily. Alkanes are gasses so their intermolecular forces are less strong.
· Flammable – catches a clean flame. 
· b/c it is pure, can be used as fuel

· High boiling point
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An alcohol can become a water molecule or an alkane when you replace the – H atom.

Alcohols are liquids whereas Alkanes are gasses. This shows that attractive forces between alcohol molecules (intermolecular) are stronger than the forces in Alkanes.
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This is b/c the – OH group gives the molecules a greater tendency to cling together – like water. 
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The C – O + O – H are more reactive than the C – C + C – H in Alkanes. 
However, ethanol boiling point is lower than water. This is because ethanol molecules have a greater mass than water molecules BUT the attraction between the hydrocarbon parts is weak.
Ethanol molecules have more tendencies to stick to each other than Alkanes but fewer tendencies to stick to each other compared to water. 

B/c the – OH group allows other molecules to cling together; alcohol and water can mix together.
· But if hydrocarbon length is too long the oiliness of the alcohol will dominate and it will be too difficult to mix.

Reaction with sodium
Only the hydrogen atom in the – OH is involved in the reaction. The hydrogen atoms linked to the carbon 

(C –H) are inert or un-reactive. 
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Na + H2O ( NaOH + H2 (+ squeaky pop)



Na + C2H5OH ( NaO + H2
An ionic bond is formed between the positive sodium and negative oxygen.
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E.g.  2C2H5OH + Na ( 2C2H5ONa + H2
The production of ethanol 2B
Uses: fuel, solvent, feedstock.
Principles of green chemistry must be applied to the process + modifications must be made if necessary.

Fermentation
PRO’s of fermentation

· Renewable feedstock - e.g. waste plant material – maize, sugar cane.

· Un-fermented parts used as animal food

· 21st century = further developments ( more parts CAN be fermented

· Agricultural waste / sludge can be fermented

CON’s of fermentation

· Lots of land needed
· May need the space for human foods

· Some parts can’t be fermented

Reaction

Cellulose polymers from feedstock are heated with acid to break it down into simple sugars.
Glucose ( Ethanol + Carbon dioxide
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Optimum conditions
Opt. Temp: 30 degrees

· Too high ( denatured enzymes

· Too low ( Rate of Reaction too slow b/c enzymes working slow

Opt. pH: pH4
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Changes in pH ( breaks bonds within / between enzymes ( changes shape ( less effective b/c denatured
· Prevent oxygen b/c it converts ethanol to ethanoic acid, which in turn lowers the pH. 

Limited conc. of ethanol is produced (14/15%) b/c if the ethanol production is any higher, the yeast gets killed and the fermentation gets stopped.
Distillation
Distillation – separating chemicals based on boiling points
· This is used to obtain higher conc. of ethanol.
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Is fermentation sustainable?
Analyse the data and think about:
· Raw materials e.g. renewable feedstock

· Atom economy ( waste = low AE

· Waste ( released? Recycled?
· Energy costs e.g. for opt. temp.

· Environment e.g. GHG
· Health + safety

· Profit

· Benefits / risks

Energy balance
Energy balance - Energy output needs to be greater than energy input 

· Higher EB = greener process.
· Different feedstock release different EB
Biotechnology
GM of microorganisms + biomass
PRO’s 
· Bacteria breaks down wide range of sugars into ethanol
· Fungi breaks down biomass into glucose ( ethanol
· Yeast converts glucose into ethanol

· Yeats withstands high concs. of ethanol ( more profit
· Biomass used = less waste

PRO’s of GM

· Waste biomass can’t be fermented normally b/c contains cellulose; cellulose can’t be converted by yeast, into ethanol.

· G.M E.Coli converts cellulose into ethanol
· Yeast only breaks down glucose NOT other types of sugars available in plant feedstock’s

· GM E.Coli converts all types of plant sugars into ethanol

Equation: All sugars ( ethanol + carbon dioxide

Opt temp: 35 degrees

Opt pH: pH6
Chemical synthesis
Fermentation is too slow for making ethanol on a large scale. 
Using ethane to produce high quality ethanol is quicker on an industrial scale = profitable
Crude oil/natural gas (non-renewable) contains ethane, which is cracked to form ethane.
Natural gas ( ethane ( [cracked] ( ethene + hydrogen released
Crude oil ( Naphtha ([cracked] ( ethene + hydrogen released
Ethane ( Ethene + hydrogen 
Ethene + steam [+ phosphoric acid catalyst]( ethanol
Catalyst: Phosphoric acid

Temperature: 300 degrees Celsius

Pressure: 60-70atm.
Atom economy: 100% (all atoms are used up)
Energy costs: High temp + pressure required
Yield: 95% (b/c by-products are produced)

Environment: oil spills
Un-reacted molecules are recycled.


Health + safety: High temp + pressure be controlled
Purifying
Difficult to remove water and obtain 100% ethanol. Zeolites are used as a dehydrating agent, which absorbs small water molecules and leave ethanol remaining.
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Carboxylic acids – organic acids – COOH group 2D
They belong to – COOH group so all have similar properties.
Name ends in “anoic”.
General formula: CnH (2n+1) COOH
They have strong smells b/c of the breakdown of fats.
· More carbon atom s = stronger smells

Oxidation of ethanol produces ethanoic acid e.g. acetic acid.
Ethanol + Oxygen ( Ethanoic acid + Water
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Acidity
Strong acids: hydrogen ionises completely when dissolved in water.

Weak acids: Carboxylic acids are weak b/c they aren’t very reactive (only the – OH part is reactive)
· Not all the molecules ionise the hydrogen are released as ions into the solution.
The O in – OH has a negative charge whilst the H has a positive charge. This makes them both reactive.
Ethanoic acid + water ( Ethanoate (salt) + hydrogen
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Esters – COO group 2E
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Properties

· Fruity smell b/c organic
· Low molecular mass + B.P = high volatility (molecules evaporate quickly ) ( good for solvents
· Highly flammable

· Some can hydrolyse back to original reactants

· Acetate is a colourless liquid at room temp.

Uses
· Perfumes
· Plasticisers

· Solvents

· Flood flavourings

Extracting natural esters is too expensive. Instead you can make synthetic “nature identical” esters. 

Alcohol + Carboxylic acid [+sulphuric ester catalyst]( Ester
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Ethanol + Ethanoic acid [+ Conc. Sulfuric acid (catalyst)] (Ethyl Ethanoate
Making an ester
· Refluxing

· Ethanol + Ethanoic acid + conc. Sulfuric acid is in the flask
· Heating speeds up the reaction, although gently so that the ethanol doesn’t evaporate/ catch on fire
· The flask is fitted with a condenser
· The condenser catches the ethanol vapour and recycles it back into the flask
· This enables the chemicals to react

· Distillation (separating ester from waste chemicals)
· Reacted mixture is heated below a fractionating column (FC)
· As mixture boils, vapour goes up FC
· When temp. at top of the FC reaches boiling point of ethyl ethanoate, it become a liquid
· The liquid flows through condenser and is collected in a container
· The liquid is impure ethyl ethanoate

· Purification
· The distillate ( liquid collected) is poured into a tap funnel
· First part
· The mixture is shaken with the aqueous reagent,  sodium carbonate (Na2SO3),  to remove acidic impurities
· The mixture separates into two layers b/c the ethyl ethanoate doesn’t mix with the water in the sodium carbonate solution
· The top layer is ethyl ethanoate. The lower layer is sodium carbonate solution.

· The lower layer can be tapped off
· Second part
· The remaining upper layer is shaken with conc. calcium chloride (CaCl2).
· The CaCl2 removes any remaining ethanol
· The lower layer is tapped off again

· Only ethyl ethanoate and some water in the solution remains

· Drying
· Water still remains in the solution
· Anhydrous granules of calcium chloride (a drying agent) can absorb the water.
· Filtration
· The granules/ lumps of calcium chloride can be filtered
· Only pure ethyl ethanoate remains

Fats & Oils 2F
Fats + oils have more than one ester link.
Fats/oils + oxygen ( lots of energy (stored) [can be used later].
Fatty acids are carboxylic acids with long hydrocarbons chains.
Fatty acids [carboxylic acids] + glycerol [alcohol] ( fats /oils

Un/saturated fats
Animal fats: saturated hydrocarbon chains which mainly contain single C – C bonds
· The molecule has as much hydrogen as it can take.

· The saturate molecules are straight and in a regular shape ( solid at room temp.
· [image: image25.jpg]


It tastes quite bitter

Vegetable oils: unsaturated hydrocarbon chains with lots of C = C double bonds. 
· The double bond means that there are carbon atoms that don’t form four bonds with other atoms and thus they are highly reactive ( unsaturated.
· The double bond means that the molecule isn’t straight and it in a more irregular shape. It is difficult to pack it into an ordered pattern ( liquid at room temp.
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Topic 3: Energy changes
Brief intro

Reactions take place(atoms rearranged + bonds broken/made(energy is given out (exothermic) or taken in (endothermic).
It is important to understand energy changes so that chemists can control how fast a reaction happens:
· Too fast= hazardous( explosions

· Too slow= time consuming( loss of profit

Thus, catalysts are used to control reactions.
Molecular models help to develop theories on behaviour of atoms.
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Energy changes 3A

Exothermic: Releases energy to surroundings e.g. respiration, burning
· The energy of products is less than energy of reactants, b/c the product releases energy (shown by the energy level diagram)
Example of exothermic reaction 
Magnesium + Chlorine( Magnesium Chloride (+ energy released)
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Mg + Cl2 (MgCl2 + energy released
Endothermic: Takes in energy from surroundings

· The energy of products is more than energy of reactants b/c the product takes in energy (shown by the energy level diagram) 
Example of endothermic reaction

Sodium HydrogenCarbonate + Citric acid( Sodium Citrate (+ energy taken in)
NaHCO3 + C6H8O7 (Na3C6H5O7 (+ energy taken in)
Hydrogen as a fuel
Interests in hydrogen as fuel because it is an exothermic reaction and there are no toxic waste products:
H2 + O2 (H2O (+ energy released)
It is an exothermic reaction because more energy is given out when bonds form, than energy given out when bonds break. 
· The energy given out keeps the mixture hot so that the reaction can continue (the heat is used to break the bonds between the atoms which allow the atoms to recombine and make new bonds).
However, at room temperature, H2 + O2 don’t react. This is because the intra-molecular forces/ bonds are not broken and thus the atoms are not free to form new bonds with each other. 
Hence heat is required to break these intra-molecular bonds and free the atoms.

Spring theory
1. Chemical bonds are springs
2. The springs need to be stretched in order to snap

3. Energy from your body is required to snap the springs in half- this refers to adding heat energy
4. If you abruptly let go of the spring, the energy makes the spring snap back to normal- this refers to energy released during bond formation
Determining reactions
The amount of energy required for bonds to break, and, the amount of energy released from bond formation, determines the overall energy changes, and whether the reactions are endo/exothermic.
Energy change calculations
	Bond
	Energy changes for the formula masses (KJ)

	H-H
	434

	O=O
	498

	O-H
	464


Bonds broken (reactants):

There are two H-H bonds are broken (2H2)
There is one O=O bond broken (O2)

Bond formation (products):

There are four O-H bonds (2H2O)
1. Energy needed to BREAK bonds:
(2 x 434) + 498= 1366 KJ
2. Energy GIVEN OUT in bond formation:

4 x 464= 1856 KJ

3. Energy CHANGE: (energy needed- energy released)

1366-1856= -490 KJ
If it shows a negative sign, the bond is exothermic.
If it shows a positive sign, the bond is endothermic
How fast? 3B

Molecular collisions

H2O and O2 gas molecules are constantly colliding – but not all the collisions lead to reactions. This is because the molecules only have enough energy to merely bump into each other; they don’t have enough energy for the collisions to break bonds. Bonds between atoms (intra-molecular) must be broken before new bonds can be formed.
· If every collision lead to a reaction(explosive reaction
Activation energies
Bonds cannot break though weak collisions. Thus, an external source of energy needs to be provided (activation energy) to the molecules so that they gain enough energy to break the bonds.
Activation energy (AE) - the minimum amount of energy required for the collision to break the bonds between atoms, and start the reaction.

· Low AE means molecules need less energy to break bonds
· High AE means molecules need more energy to break bonds

· If the energy provided is lower than AE, the reaction won’t start; nothing will happen

‘High-jump bar’ Theory
If the high-jump bar (HJB) is low, many athletes will be successful in jumping over it.
Likewise, if the AE is low, a high proportion of collisions will release enough energy to break bonds.
· The reaction will be fast despite low temps. This is b/c the low temp. provides more than enough energy to surpass the AE boundary

If the HJB is high, fewer athletes will be successful in jumping over it.

Likewise, if the AE is high, a lower proportion of collisions will release enough energy to break bonds.

· Heating gives the reaction more energy(increases no. of successful collisions


Catalysts
Catalysts have three jobs: 
1) Speed up reactions (not used up in process)
2) Lowers the AE
3) Provides alternative routes in energy graphs (dotted red line)
The overall energy change of the product doesn’t change but the AE is lowered so that there is an increase in the no. of successful collisions to break the bonds.
Explosives
Primary explosives have a low AE ( more sensitive to heat/ energy stimulus( more dangerous
Secondary explosives have a higher AE( less sensitive(less dangerous

Detonators used to be used with electric current, but not anymore b/c electromagnetic radiation makes it unsafe to handle. As a result, fibre optic cables with lasers have been introduced (safer).
Topic 4: Reversible reactions and equilibrium
Brief intro
Changing the temp. of tubes containing nitrogen compounds:

· Heating( nitrogen dioxide (NO2) gas forms(Colour of solution changes to dark brown
· Cooling( nitrogen tetroxide (N2O4) gas forms(Colour of solution gets paler
Water and ice are at a dynamic equilibrium because the rate of freezing = rate of melting. They are also reversible reactions.
Controlling the PH of shampoo protects skin and eyes.

Reversible changes 4A
Molecular collisions

Irreversible change- products can’t form back into the original products

E.g. methane( (combustion) (Carbon dioxide + water = irreversible
Reversible- when products can react to produce the original reactants e.g.  Evaporation, melting
· Depends upon conditions; concentration, temperature, concentration
Example of RR
1) Heating ice( liquid
2) Water cools to below 0 degrees Celsius

3) Ice reforms

Forwards reaction= reactants make more products
Backwards reaction= products make more reactants

Temperature and concentration affects direction of change:
· When the concentration of REACTANTS is higher, it is more likely for the reactants to collide (as there are more of them), and produce lots of products. Thus the FORWARDS reaction is more likely. 
· When the concentration of PRODUCTS is higher, it is more likely that the products will collide with each other and decompose to produce lots of the original reactants. Thus the BACKWARDS reaction is more likely.
· When heat is added to the reactants, they have an advantage and will thus produce products at a higher rate than the products are producing reactants. This is the forwards reaction.
· When heat is added to the products, the products have the advantage and will thus produce reactants at a higher rate than the reactants are producing the products at. This is the backwards reaction.
Equilibrium 4B
Water and ice are at equilibrium (balanced) at 0 degrees Celsius.  E.g. H2O (l) = H2O (s) [the equilibrium point is at any point between these two extremes]
The number of water molecules freezing is at the same rate as the number of water molecules melting.
When a reversible reaction takes place in a closed loop system (no reactants/ products lost), a state of equilibrium can be reached.
Reaching equilibrium-Iodine example:

1) Iodine = soluble in potassium iodide
2) The iodine is dissolved in hexane before it is dropped into the test tube with the potassium iodide (aq)
3) 2 layers form: one layer of hexane + iodine, other layer with potassium iodide. 

· The aqueous potassium iodide and organic solvent of hexane do not mix together
4) Shake tube( some of the iodine transfers to the potassium iodide, changing the colourless potassium iodide into a pale colour
5) Shaking again( more iodine transfers(the colour gets darker

6) Continue shaking(the distribution of iodine is equal between the hexane and the potassium iodide( equilibrium has been reached
Rules of equilibrium

· At equilibrium, the concentration of reactant and products doesn’t change; none of the particle are lost/ gained- only the distribution of particles changes.
· Equilibrium state can occur from the products or the reactants. E.g. if you put the iodine in the hexane, it will eventually lead to equilibrium of both solutions; likewise, if you place the iodine in the potassium iodide, it will also lead to equilibrium in both solutions.
Dynamic equilibrium
When the solution of iodine in hexane was shaken, the movement was in one direction- the iodine particles were all moving from the hexane to the potassium iodide in the forwards direction.
However, when the potassium iodide started to increase too much in iodine concentration, the iodine particles began to head in the backwards direction (back to the hexane).

The forwards reaction is originally faster, but it gradually starts to slow, and then the backwards reaction starts to take precedence. 

The rate becomes equal when the backwards and forwards reaction continue BUT there is no overall change because each layer is gaining and losing iodine at the same rate. The reactions cancel each other out. This is known as dynamic equilibrium.
Ammonia and green chemistry 4C
Ammonia is used in fertilisers and explosives. There is a high demand for these stocks. This means that many industries have to ‘fix’ nitrogen into nitrogen compounds, in order to make the fertilisers and explosives.

Benefits of fertilisers
· Less land is needed to grow crops ( food is manmade)( supports towns + cities
Costs of fertilisers

· Overuse of fertilisers(Nitrogen is washed into seas(algae is formed(damaged ecosystems
The Haber process







Industrial conditions required:
· Catalyst- Iron
· Pressure: x200
· Temperature: 450 degrees Celsius
· Atom economy= 100% (all atoms are used up, there are no by-products).
· Yield= 15%    BUT   yield can be increased by recycling un-reacted hydrogen and nitrogen. This way, more ammonia is produced using the same amount of reactants.
The reaction is reversible, but that doesn’t mean that all the hydrogen and nitrogen will be converted to ammonia- the gases don’t stay long enough in the vessel to reach equilibrium.
Synthesis of ammonia

1) Air and natural gas are obtained
2) - Air is processed(nitrogen

- Natural gas is cracked(hydrogen (+ CO, CO2 waste products)

       3)   Hydrogen and nitrogen go into the reactor; 450 degrees Celsius, catalyst, x200 pressure

       4)  - Gas is cooled in the condenser(ammonia liquid
             - Un-reacted hydrogen and nitrogen is recycled
Le Chateliers’ Principle
· A+B(C+D = an equilibrium reaction

· When you stress one side of an equilibrium reaction, the reaction will favour the side to relieve that stress.
· 4A + 4B( C+ D = reaction is stressed on the A+B side because there is a higher conc. of it
· Le Chatelier’s principle states that the opposing side (C +D) will relive that stress in order to maintain equilibrium
· So, C+ D will take some of the A and the B in order to balance the reaction:

2A + 2B( 2C + 2D = an equilibrium has been reached
· The concentration remains the same, but the distribution has changed. 
· It has taken some of the reactants (A+B) and made it into products (C+D).
Pressure
There are four molecules of gas on the reactants side (x 1 nitrogen, x3 hydrogen’s).There are two molecules of gas on the products side (x2 ammonia)
The reactant side has a higher pressure because there are more molecules, and thus less space to move.

The product side has lower pressure because there are fewer gas molecules, so more space to move.

Le Chatelier’s principle states that the product side must do something to counteract the high pressure in the reactant side. So, the product side starts producing more Ammonia by using up the nitrogen and hydrogen in the reactant side. This means that the numbers of hydrogen and nitrogen molecules in the reactant side starts to decrease. When the number of molecules decreases, the pressure also decreases, until it reaches a balanced pressure.
Temperature
The reaction of Nitrogen and Hydrogen is EXOTHERMIC.
· Favoured by higher pressure and lower temperatures
The decomposition of Ammonia is ENDOTHERMIC
· Favoured by lower pressures and higher temperatures
Le Chatelier’s principle states that if the temperature of the equilibrium reaction rises in the surroundings, it needs to be counteracted by something that takes in energy to lower the temperature.

1. Hydrogen + nitrogen reacts and releases energy and forms ammonia = exothermic reaction.
2. There is lots of heat energy present in the surroundings. Too much heat/ high temp.(explosions
3. This reaction is counteracted by the ammonia which takes in the energy released from the exothermic reaction.
4. Because it takes in the energy, this lowers the temperature of the surroundings, but not too much.
5. The ammonia uses the energy to break down to form hydrogen and nitrogen.
Conditions in the industry

The conditions for the process are a compromise that balances efficiency with safety + cost.
Higher pressure= higher yield of ammonia

· BUT high pressure plants are expensive to build, thus the pressure is set as high as feasible, at x200 pressures are used.

Low temperatures=higher yield of ammonia

· BUT lower temperature means a slow rate of reaction
Nitrogen fixation
Nitrogen fixing- the process of turning nitrogen from air into nitrogen compounds e.g. ammonia- used for pharmaceuticals, fertilisers

Nitrogen can be a limiting factor in some areas (e.g. third world)( no crops

Nitrogen’s triple bond makes it very stable and thus it is very difficult to simply take nitrogen from air.

For this reason, we need to ‘fix’ nitrogen to meet demands.

There are biological + non-biological ways of fixing nitrogen. E.g. industry, combustion, agriculture.
Biological ways

Nitrogen-fixing bacteria can fix nitrogen at room temperatures and pressures.
The enzyme, and therefore catalyst, Nitrogenase converts nitrogen into ammonia. (Contains Fe/Mo/S)

Other nitrogen fixing bacteria are found in rood nodules, legume plants, clovers.

Non-biological ways

Industrial nitrogen fixation(increases amount of fixed nitrogen in the environment(the natural Nitrogen Cycle is destroyed.
· Environmental: nitrate flows to sea(algal bloom(eutrophication + damaged ecosystems
· Health: nitrogen pollutes water(humans drink polluted water(serious health issues

Restoring the balance in the nitrogen cycle is vital for sustainable development.

Production 

Ammonia production is a clean process b/c all reactants are used, atom economy=100%, recycled reactants.
· Mainly produces CO2 and nitrogen oxides, which are taken in by plants and levels are reduced.
Future feedstocks
Hydrogen is extracted from methane via steam forming.
Methane fossil fuel sources are non-renewable (will run out), thus alternative ways of producing hydrogen should be thought about.

· E.g. electrolysis of water= cheap + renewable electrical supply (solar panels)( reduces GHG’s
Catalysts 
More efficient catalysts are being discovered, which allow reactions to take place at lower temperatures and pressures(money + energy saved.
E.g. Ruthenium catalyst: 
1) Yield: 20%

2) x40 pressure         (more expensive BUT benefits outweigh
Chemists study nitrogen fixing from nature e.g. study Nitrogenase structure( make artificial ‘enzymes’ that mimic natural enzymes- this allows them find out more data to use artificial enzyme at room temperature and pressure = cheaper, efficient, less time consuming, less energy used.
Topic 5: Chemicals in analysis

Stages in analysis 5A
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Qualitative: Type of chemicals present in sample

Quantitative: How much of each chemical is present in the sample

Standard procedure = agreed method of working 

· Safe 

-     Effective

-     Accurate

1. Sample taken (represents bulk material)

· Replicate samples ensure reliability ( find average

· Easier to analyse when chemicals are in liquid
2. Accurately measure mass of samples and chemicals in it
3. Find a property to measure e.g. how much acid is needed to neutralise the alkali
4. Equation + conc. of acid is needed to find out ( volume of alkali needed to neutralise acid
5. Compare values from replicate samples

· Closer values = more repeatable = more confidence
Sampling 5B
Representative samples give an accurate reflection of the material as a whole
Homogenous – composition is uniform

Heterogeneous – composition varies

Considerations
1) No of samples + Mass of sample

2)   No of sample repeats (ensures reliability

3) Storage (prevents tampering with)
         4)   Transport (prevents contamination)

Analysing water

Bottled water = homogenous b/c clear

· Single sample needed ( straightforward procedure

Stream water = heterogeneous b/c may be: cloudy; contain organisms; samples vary in different parts/ times of year.

· Lots of samples need to be stored ( complex procedure 

Soil samples
Take the sample: 
· Where there is a change in the soil

· Where you can’t see a change in the soil

· Anywhere there is a risk of damaged/contaminated soil

Sports sample
1) Athletes pee in x2 bottles with witness watching to ensure no cheating

2) Bottles are sealed and labelled with code (don’t want any influences if the name is revealed)

3) Packaged in polystyrene

4) One bottle analysed. The other is put in a freezer as backup.

Paper Chromatography 5C 
Chromatography is used to separate and then identify chemicals in a mixture.

Mobile phase is where the molecules can move, so in this case it is the solvent.

Stationary phase is where the molecules can’t move, so in this case it is the chromatography paper.
The type of solvent is important because some chemicals are more/less soluble in different solvents. The solubility enables you to separate the chemicals and identify them.

Types of solvents

Aqueous: Water (the chemicals only dissolve in water)

Non-aqueous: Not water (the chemicals dissolve in something other than water e.g. ethanol)

Process (qualitative)

1)  Mixture/ substance is placed in a concentrated spot on the baseline of the paper

2) The paper is placed in a beaker containing a solvent. This is the mobile phase.

· The spot must be above the solvent, only the end of the paper can touch the solvent

3) Solvent moves up the chromatography paper (stationary phase) and hits the sample spot
4) The chemicals in the sample spot dissolve in the solvent.

· Some chemicals dissolve more = more soluble = less attracted to paper (SP) and more attracted to solvent (MP). They spend more time in the MP so they travel faster up the paper (SP).

· Some chemicals dissolve less = less soluble = more attracted to paper and less attracted to solvent. So they travel slower up the paper.

5) When the molecules are moving at an equal rate between the SP and MP, they are at a dynamic equilibrium. This doesn’t mean that they are moving at equal speeds. It means that an equal number of molecules are transferring from either phase.

6) Each chemical is moving at a different speed so some may be travelling faster/ slower. This means that they have reached separate spots on the paper. 

7) The colours have separated. You can identify the chemicals present but not the quantity of each. 
Thin layer chromatography (TLC)
In TLC, The stationary phase is an absorbent layer of solid.
The mobile phase is a solvent.

Pros of TLC

· Quick 
 




-    Small volume of solution required



· Lots of samples run at once


-    Cheap
Preparation of chromatogram
Reference materials: the known sample is run alongside the unknown sample.

· If the two unknown sample has the same colour spots as the known sample, this means that they have the same chemicals present. 

1) Sample is dissolved in a solvent that is not used as the MP

2) A small, concentrated drop of the sample is placed on the baseline and left to dry

· If dilute, squeeze further drops on the spot

· If sample spreads ( won’t separate properly b/c chemicals will mix

3) The MP solvent is placed in a tank which is covered with a lid. This lid makes the atmosphere inside saturated with a solvent vapour.
4) Place the chromatography paper in the tank. The spots must be above the level of the solvent.

5) The lid is closed again to prevent evaporation of the MP on the SP.

6) The molecules move between the MP and SP in dynamic equilibrium. The chemicals separate.

7) The paper is taken out before the solvent reaches the top of it.

8) The position that the last chemical travelled up is marked as the Solvent Front.
9) Mark the centre of the spots of colours with a pencil b/c the colours may fade.

Locating agents
Some spots may be colourless or faded. To locate them you need to use a:

· Locating agent: reacts with substances and forms coloured compounds.

· UV lamp used on fluorescent TLC plates, makes the spots appear violet.
Interpreting the chromatogram
The Retardation Factor (R.F) can be used to identify a chemical.

R.F = Distance moved by chemical (on the paper) / Distance moved by solvent (on the paper)



OR:
  C/S
Gas chromatography 5D
· Separates complex mixtures

· Measures how much of the chemical is present (quantitative) 

· Detects chemicals that are present in the mixture, but in small quantities

the harmful chemical is a contaminant. 


In this case the:

· MP = un-reactive gas aka. Carrier gas

· SP = viscous liquid e.g. oil

Process 
1) Carrier gas supplies the MP which travels through a column.

2) Down the column there is an oven. Part of the column is placed in the oven. The hole where you insert the mixture (via a syringe) is located in the oven section.

3) The oven makes the chemicals in the mixture/sample turn into gas b/c of the high heat.
· If you alter the oven temperature, you can separate your compounds because they have different boiling points.

4) The carrier gas is now travelling to the oven section where it mixes with the sample.

5) The gases travel to the column which is packed with SP.
· The column is long, thin, coiled and sealed

6) The chemicals in the gas are distributed between the phases
7) The chemicals travel up the column and go through the detector
8) The detector sends signals to a recorder/computer every time a compound is identified

Interpreting chromatograms

Retention time: How long it takes the compound to pass the column

Peak height: Shows how much of the compound was present
Titrations 5E
Titration is quantitative b/c measured volume, concentration and quantity of solutions that react with each other.

· Usually used for neutralisation of acid with alkali.
1) Add known volume of alkali to a conical flask.

2) Add indicator to the flask. This will change the solution’s colour at neutralisation, which will indicate the end point.
3) Fill a fixed volume of acid into the burette (more precise)

4) Use the burette to add the acid to the alkali drop by drop.
5) Swirl regularly to mix acid and alkali.

6) When you’re nearing the end point, add smaller drops.

7) The end point is reached when the colour changes and solution has neutralised
8) Record the volume of acid needed. (Starting volume of acid – remaining acid = acid needed)

9) Repeat titration x3 ( repeatable ( more confidence

Calculations

Concentration (g/dm3) = Mass (g) x Volume (dm3)

E.g. what mass of NaCl is in 8000cm3 of solution with concentration 9dm3?

1)   Rearrange: Mass = Volume x Concentration     2)    28000 / 1000 = 0.8 dm3        3)  9 X 0.8 = 7.2g
Interpreting results
1) Find the mass of the acid and alkali using M = V x C
· Remember to covert scales

2) Find the RFM of the known solute

3) Find the RFM of the unknown solute using the formula:

Mass of known solute/ RFM of known solute = Mass of unknown solute = RFM of unknown solute


OR:

Known Mass/ Known RFM = Unknown Mass/ Unknown RFM
4) Once you have the answer to the equation, find the RAM that matches it on the periodic table.
Worked example
E.g. 25cm3 of unknown MOH is at a concentration of 192 g/dm3 has been titrated with 40cm3 of HCL acid at a concentration of 182.5g/dm3. Determine what the metal hydroxide is.

1) 192g of MOH per dm3.  So in 0.025 dm3 (25cm3 / 1000) there is: 0.025 x 192 = 4.8g MOH

182.4G of HCL per dm3.  So in 0.04 dm3 (40/1000) there is: 0.04 x 182.g = 7.3g of HCL

2) RFM of HCL (known): 1 + 35.5 = 36.5

3) RFM of MOH (Unknown) ( use the equation (above): 7.3 / 36.5 = 4.5 / RFM of MOH

Rearrange: MOH = 24

4) You know the RFM of the OH part: 16 + 1 = 17.

So, 24 – 17 = 7. In the periodic table lithium has an RAM of 7.

5) So the unknown metal hydroxide in lithium hydroxide
Standard Solutions
Standard solution = accurate concentration of solution

1) Accurately weigh the mass of solute (remember M = V x C)

2) Dissolve solute in a small amount of solvent e.g. distilled water

3) Using a funnel, transfer the dissolved solution to a graduated flask and stir it.

4) Rinse the beaker with the solution with more solvent. Make sure that no solvent is clinging to it.

5) Add solvent drop by drop with pipette to reach the top of the mark on the flask.

6) Place a stopper and shake the flask to ensure all the particles are mixed up.

Evaluating results 5F
Results are given in a range b/c measurements have uncertainties.
E.g. 90 +/- 0.1 ( 90 is the average value but the true value lies between 89.9 and 90.1

Outliers are caused by human error or faulty equipments.

Random error – Repeated measurement gives different values

Systematic error – Repeated measurements give too high/low results than the true value

Accuracy: How close to the true value

Precision: Spread between measured values

Valid: Techniques and procedures fit for the experiment

Justifiable: Conclusion is backed by reliable evidence.[image: image1.jpg]
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Remember state symbols + balancing the equation





These two reactions with sodium are similar b/c the ethanol + water both have the – OH group.





Ethanol solution


The solution is boiling at a temperature higher than ethanol’s B.P (79 degrees) but lower than water’s B.P (100 degrees). The ethanol has a lower boiling point than water so it evaporates first. Most of the water remains.





Ethanol vapour


Some water vaporises but then goes back down again b/c the boiling hasn’t reached 100 degrees yet. Only pure ethanol vapour travels up the column.





Condenser


The pure ethanol is cooled and liquidises. It is then collected in a container. 





Fractionating column


The ethanol vapour is cooled down as it goes up the column. Only pure ethanol reaches the top of the column. 





Rules


Acid + metal ( salt + hydrogen


Acid + soluble OH ( salt + water


Acid + metal carbonate ( salt + water + carbon dioxide





RR Symbol





Equilibrium Symbol





1 litre= 1000cm3 = 1dm3









