The Polymer revolution:
Alkenes: CnH2n  
· Basic hydrocarbon units of many polymers.
· Contain one or more carbon-carbon double bonds-Unsaturated.
· All angles at the C=C bond are 120 degrees since there are 3 groups of electrons
Naming Alkenes:
· Number which precedes the –ene indicates the position of the double bond.
· Can be cyclic compounds.
· An alkene with two double bonds is called a diene. 
Reactions of alkenes:
· [image: ]An electrophile is a +ive ion/ molecule with a partial +ive charge (attracted to a -ively charged region and react by accepting a lone pair of electrons to form a covalent bond.
· Undergo electrophilic addition.
· E.g 4 electrons in the double bond of ethene, so a high -ive charge density.
· Elcrophiles attracted to this negatively charged region so they’ll accept a pair of electons from this region.
· When a bromine molecule approaches the ethene it becomes polarised.
· Electrons in the bromine are repelled back so electron density is unevenly distributed.
· Bromine atom nearest the ethene becomes partially positively charged (electrophile)
· A pair of electrons moves from ethene to the slightly charged bromine atom and C-Br bond is formed.
· This leaves a carbocation and a negatively charged bromine atom, other bromine now moves rapidly to make another bond.
	Electrophile
	Conditions
	Product

	Br2
	Room temperature and pressure
	CH2BrCH2Br
1,2-dibromoethane

	Br2(aq)
	Room temperature and pressure
	CH2BrCH2OH
2-bromoethanol

	HBr(aq)
	Aqueous solution, room temperature and pressure
	CH3CH2Br
Bromoethane

	H2O (H-OH)
	Phosphoric acid/silica at 300 degrees/60atm
or with conc H2SO4, then H2O at 1atm
	CH3CH2OH
Ethanol

	H2
	Pt catalyst. Room temperature and pressure
or Ni catalyst at 150 degrees/5atm.
	CH3CH3
Ethane


Structure and properties of polymers:
[image: ][image: ]Addition Polymerisation: Small unsaturated monomers join together for a long chain saturated polymer.
· No other product is formed.
· Same basic unit is repeated over and over again. 

Co-polymerisation: when two different monomers become incorporated into a polymer chain.
Properties of polymers:
Chain length: the longer the chain, the stronger the polymer.
· Tensile strength is a measure of how much force needs to be applied before a polymer snaps.
· Tensile strength increases with chain length because longer chains become more entangled and they have stronger intermolecular bonds and therefore are more difficult to pull apart.
Side groups: more polar side group= stronger bonds between the polymer chains = stronger
Branching: Straight chain polymers can pack closer together allowing stronger bonds between the chains.
Chain flexibility: The more rigid the chain the stronger the polymer.                                                                 .                              Hydrocarbon chains are flexible.                                                                                                                       .                              Incorporating benzene rings makes the polymer chain stiffer.
Cross linking: More extensive cross linking makes the polymer harder to melt.
Stereoregularity: more regular orientation of the side groups + closer the packing= stronger
 (
Thermosets
:
 
e.g
 
bakelite
Extensive cross-linking.
Strong bonds.
Covalent bonds cannot be broken by warming.
Chains cannot move relative to one another.
Cannot change shape.
Continued heating leads to chars and burns.
)Elastomers and Plastics: Elastomers are soft and springy; they can be stretched but will return to their original shape. Plastics are easily moulded.
Thermoplastics: e.g Polyethene + nylon
· No cross-links.
· Intermolecular bonds are weak.
· Attractive forces can be overcome by warming.
· Chains can slide over each other.
· Can be deformed.
· On cooling the weak bonds reform-will hold its new shape.

Uses and properties of polymers:
	Polymer
	Properties
	Examples of uses

	LDPE
	Low density; flexible
	Carrier bags

	HDPE
	Higher density; less flexible
	Buckets, food storage, car petrol tanks

	PEX(HDPE with cross-linking)
	Can withstand higher temperatures than HDPE; good chemical resistance
	Water and gas pipes

	PTFE
	Hydrophobic; slippery non-stick surface; resistant to chemical attack.
	‘Gore-tex’ clothing, ‘Teflon’ non-stick pans

	ETFE(ethene/PTFE co-polymer)
	Highly transparent; low density; shatterproof; resistant to stains and UV radiation.
	Structural roofing material, such as used on the Eden project biomes.

	Neoprene
	Elastomer; non-porous; very tough; resistant to heat, light and chemical attack.
	Wetsuits, cases for MP3 players and mobile phones.



Bonds between molecules; hydrogen bonding:
Hydrogen bonding: Strongest type of intermolecular bonds.
· Large dipole between small hydrogen atom and a highly electronegative atom.
· Small H atom is able to approach close to other atoms to form hydrogen bond.
· There needs to be a lone pair of electrons on an O, F or N atom for which the hydrogen can line up with. 
· In hydrogen fluoride there are hydrogen bonds between the molecules.
· Each hydrogen atom acquires a partially positive charge because it is bonded to a highly electronegative fluorine atom.
· The hydrogen atoms then align up with a lone pair of electrons on a fluorine atom in another HF.
Hydrogen bonding in water and ice:
· A water molecule consists of two hydrogen atoms covalently bonded to one oxygen atom.
· The oxygen atom therefore has two bonding pairs and two lone pairs of electrons.
· Each water molecule can form twice as many hydrogen bonds as HF.
· Water is unique in this respect.
· When water freezes the solid ice that forms has a very open structure.
· This is because all the oxygen atoms are arranged tetrahedrally with two covalent bonds to hydrogen atoms and two hydrogen bonds to neighbouring water molecules.
Effects of hydrogen bonding:
· Compounds with hydrogen bonding have high boiling points.
· Ethanol has a higher boiling point than propane because more energy is needed to overcome the hydrogen bonds between the ethanol molecules than the instantaneous dipole induced dipole bonds between propane molecules. 
· Hydrogen bonding accounts for the solubility of ethanol in water as ethanol is able to from hydrogen bonds with the water molecules.
· Effects viscosity of liquids e.g. Glycerol is a viscous liquid, flows slower than ethanol
· Each molecule has three –OH groups and this allows lots of hydrogen bonding to occur. 
Dissolving Polymers:
· Poly(ethanol) can form hydrogen bonds with water which is why it can dissolve in it.
· The solubility can be altered by changing the proportion of the –OH groups in the polymer.
· If the proportion of –OH groups decrease then so does the solubility.
· If the proportion is too large, the molecule with undergo lots of intermolecular hydrogen bonding and it will  take so much energy to pull the molecules apart that the polymer becomes virtually insoluble in water. 
· Poly(ethanol) is therefore useful for making soluble laundry bags for use in hospitals.
Alcohols: Contain the –OH functional group, Name ends in –ol.
· Can be classified as primary, secondary or tertiary.
· If there are two or more hydrogen’s on the carbon carrying the functional group then it is a primary alcohol.
· If there is only one hydrogen on the carbon carrying the functional group then it is a secondary alcohol.
· If there are no hydrogen’s on the carbon carrying the functional group then it is a tertiary alcohol.
Oxidation Alcohols: The –OH is oxidised to the carbonyl group.
· The reagent would be acidified potassium dichromate.
· At the same time the dichromate ion which is orange is reduced to the Cr3+(aq) which is green.
· You have to heat under reflux.
Products of oxidation:
· With a primary alcohol an aldehyde is produced which can oxidise further into a carboxylic acid.
· [image: ]If the aldehyde is required in situ it can be distilled out. 
· With a secondary alcohol a ketone is produced and no further oxidation occurs. 
· [image: ]The colour of the reaction mixture changes from orange to green.


· Tertiary alcohols do not undergo oxidation because they do not have a hydrogen atom on the carbon to which the –OH group is on. 
Dehydration of alcohols: e.g. of elimination reaction
· Can lose a molecule of water to produce an alkene.
· Conditions are an Al2O3 catalyst at 300 degrees at 1 atm.
· Or refluxing with conc. sulphuric acid.
Infrared spectroscopy
Why do molecules absorb IR radiation?
· Bonds between atoms= vibrating springs, each bond has it’s own frequency of vibration dependant on type of atoms and type of bond.
· When exposed to IR radiation each bond absorbs energy at a particular frequency causing it to vibrate more vigorously. 
A typical IR spectrum:
· X-axis shows wavenumber in cm-1
· Y-axis shows percentage transmittance. 
· Absorptions are described as strong, medium or hydrogen bonded.
· Below 1500 cm-1 is the fingerprint region.
E/Z isomerism: A type of stereoisomerism. 
· Atoms bonded in the same order but are arranged differently in space.
· The reason why two isomers exist is that to turn one form into the other you need to break one of the bonds in the carbon carbon double bond. There is not enough energy to do this at room temperature to enable this to occur. As a result, interconversion of the two isomers does not occur. 
· Two groups on the same side of the double bond is (Z)
· Groups on opposite sides of the bond are (E).
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