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What are alkenes?
Formulae
Alkenes are a family of hydrocarbons (compounds containing carbon and hydrogen only) containing a carbon-carbon double bond. You can work out the formula of any of them using: CnH2n 
Physical properties of the alkenes
Boiling Points
The boiling point of each alkene is very similar to that of the alkane with the same number of carbon atoms. Ethene, propene and the various butenes are gases at room temperature. All the rest that you are likely to come across are liquids.

ISolubility
Alkenes are virtually insoluble in water, but dissolve in organic solvents.

Chemical Reactivity
The reactions of alkenes
Like any other hydrocarbons, alkenes burn in air or oxygen, but these reactions are unimportant. Alkenes are too valuable to waste in this way.

The important reactions all centre around the double bond. Typically, the pi bond breaks and the electrons from it are used to join the two carbon atoms to other things. Alkenes undergo addition reactions.

For example, using a general molecule X-Y . . .
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MAKING ALKENES IN THE LAB
Dehydration of alcohols using aluminium oxide as catalyst
The dehydration of ethanol to give ethene
This is a simple way of making gaseous alkenes like ethene. If ethanol vapour is passed over heated aluminium oxide powder, the ethanol is essentially cracked to give ethene and water vapour.[image: image2.png]



The dehydration of ethanol to give ethene
Ethanol is heated with an excess of concentrated sulphuric acid at a temperature of 170°C. The gases produced are passed through sodium hydroxide solution to remove the carbon dioxide and sulphur dioxide produced from side reactions.

THE HYDROGENATION OF ALKENES
The hydrogenation of ethene
Ethene reacts with hydrogen in the presence of a finely divided nickel catalyst at a temperature of about 150°C. 

THE HALOGENATION OF ALKENES
Reactions where the chlorine or bromine are in solution (for example, "bromine water") are slightly more complicated and are treated separately at the end.

Simple reactions involving halogens
In each case, we will look at ethene as typical of all of the alkenes. There are no complications as far as the basic facts are concerned as the alkenes get bigger.

Ethene and fluorine
Ethene reacts explosively with fluorine to give carbon and hydrogen fluoride gas. [image: image3.png]



Alkenes and bromine water
Using bromine water as a test for alkenes
If you shake an alkene with bromine water (or bubble a gaseous alkene through bromine water), the solution becomes colourless. Alkenes decolourise bromine water.

ALKENES and HYDROGEN HALIDES
Symmetrical alkenes (like ethene or but-2-ene) are dealt with first. These are alkenes where identical groups are attached to each end of the carbon-carbon double bond. 

Addition to symmetrical alkenes
What happens?
All alkenes undergo addition reactions with the hydrogen halides. A hydrogen atom joins to one of the carbon atoms originally in the double bond, and a halogen atom to the other.

For example, with ethene and hydrogen chloride, you get chloroethane:
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With but-2-ene you get 2-chlorobutane:
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What happens if you add the hydrogen to the carbon atom at the right-hand end of the double bond, and the chlorine to the left-hand end? You would still have the same product.

Reaction rates
Variation of rates when you change the halogen
Reaction rates increase in the order HF - HCl - HBr - HI. Hydrogen fluoride reacts much more slowly than the other three, and is normally ignored in talking about these reactions.

When the hydrogen halides react with alkenes, the hydrogen-halogen bond has to be broken. The bond strength falls as you go from HF to HI, and the hydrogen-fluorine bond is particularly strong. Because it is difficult to break the bond between the hydrogen and the fluorine, the addition of HF is bound to be slow.

Variation of rates when you change the alkene
This applies to unsymmetrical alkenes as well as to symmetrical ones. For simplicity the examples given below are all symmetrical ones- but they don't have to be.

Addition to unsymmetrical alkenes
Orientation of addition
If HCl adds to an unsymmetrical alkene like propene, there are two possible ways it could add. However, in practice, there is only one major product.
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This is in line with Markovnikov's Rule which says:

When a compound HX is added to an unsymmetrical alkene, the hydrogen becomes attached to the carbon with the most hydrogens attached to it already.

In this case, the hydrogen becomes attached to the CH2 group, because the CH2 group has more hydrogens than the CH group.

Notice that only the hydrogens directly attached to the carbon atoms at either end of the double bond count. The ones in the CH3 group are totally irrelevant.

If the hydrogen bromide and alkene are entirely pure
In this case, the hydrogen bromide adds on according to Markovnikov's Rule. For example, with propene you would get 2-bromopropane.
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That is exactly the same as the way the other hydrogen halides add.

If the hydrogen bromide and alkene contain traces of organic peroxides
Oxygen from the air tends to react slowly with alkenes to produce some organic peroxides, and so you don't necessarily have to add them separately. This is therefore the reaction that you will tend to get unless you take care to exclude all air from the system.

In this case, the addition is the other way around, and you get 1-bromopropane:
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This is sometimes described as an anti-Markovnikov addition or as the peroxide effect.

Organic peroxides are excellent sources of free radicals. In the presence of these, the hydrogen bromide reacts with alkenes using a different (faster) mechanism. For various reasons, this doesn't happen with the other hydrogen halides.

This reaction can also happen in this way in the presence of ultra-violet light of the right wavelength to break the hydrogen-bromine bond into hydrogen and bromine free radicals.
ALKENES and SULPHURIC ACID
The addition of sulphuric acid to alkenes
The reaction with ethene
Alkenes react with concentrated sulphuric acid in the cold to produce alkyl hydrogensulphates. Ethene reacts to give ethyl hydrogensulphate.
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The structure of the product molecule is sometimes written as CH3CH2HSO4, but the version in the equation is better because it shows how all the atoms are linked up. You may also find it written as CH3CH2OSO3H.

Notice that only the hydrogens directly attached to the carbon atoms at either end of the double bond count. The ones in the CH3 group are totally irrelevant.
Using these reactions to make alcohols
Making ethanol
Ethene is passed into concentrated sulphuric acid to make ethyl hydrogensulphate (as above). The product is diluted with water and then distilled.

The water reacts with the ethyl hydrogensulphate to produce ethanol which distils off.
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Using these reactions
These reactions were originally used as a way of manufacturing alcohols from alkenes in the petrochemical industry. These days, alcohols like ethanol or propan-2-ol tend to be manufactured by direct hydration of the alkene because it is cheaper and easier.
ALKENES and POTASSIUM MANGANATE(VII)
Oxidation of alkenes
Chemistry of the reaction
We'll look at the reaction with ethene. Other alkenes react in just the same way.

Manganate(VII) ions are a strong oxidising agent, and in the first instance oxidise ethene to ethane-1,2-diol (old name: ethylene glycol).

Looking at the equation purely from the point of view of the organic reaction:
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THE DIRECT HYDRATION OF ALKENES
Manufacturing ethanol
Ethanol is manufactured by reacting ethene with steam. The reaction is reversible.
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Only 5% of the ethene is converted into ethanol at each pass through the reactor. By removing the ethanol from the equilibrium mixture and recycling the ethene, it is possible to achieve an overall 95% conversion.

THE POLYMERISATION OF ALKENES
Poly(ethene) (polythene or polyethylene)
Low density poly(ethene): LDPE
Manufacture
In common with everything else on this page, this is an example of addition polymerisation.

An addition reaction is one in which two or more molecules join together to give a single product. During the polymerisation of ethene, thousands of ethene molecules join together to make poly(ethene) - commonly called polythene.
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The number of molecules joining up is very variable, but is in the region of 2000 to 20000.

Conditions
	Temperature:
	about 200°C

	Pressure:
	about 2000 atmospheres

	Initiator:
	a small amount of oxygen as an impurity


Low density poly(ethene) is used for familiar things like plastic carrier bags and other similar low strength and flexible sheet materials.

High density poly(ethene): HDPE
Manufacture
This is made under quite different conditions from low density poly(ethene).

Conditions
	Temperature:
	about 60°C

	Pressure:
	low - a few atmospheres

	Catalyst:
	Ziegler-Natta catalysts or other metal compounds


Ziegler-Natta catalysts are mixtures of titanium compounds like titanium(III) chloride, TiCl3, or titanium(IV) chloride, TiCl4, and compounds of aluminium like aluminium triethyl, Al(C2H5)3. There are all sorts of other catalysts constantly being developed.

These catalysts work by totally different mechanisms from the high pressure process used to make low density poly(ethene). The chains grow in a much more controlled - much less random - way.

Properties and uses
High density poly(ethene) has very little branching along the hydrocarbon chains - the crystallinity is 95% or better. This better packing means that van der Waals attractions between the chains are greater and so the plastic is stronger and has a higher melting point. Its density is also higher because of the better packing and smaller amount of wasted space in the structure.

High density poly(ethene) is used to make things like plastic milk bottles and similar containers, washing up bowls, plastic pipes and so on. Look for the letters HDPE near the recycling symbol.

Poly(propene) (polypropylene): PP
Poly(propene) is manufactured using Ziegler-Natta and other modern catalysts. There are three variants on the structure of poly(propene) which you may need to know about, but we'll start from the beginning with a general structure which fits all of them.

The general structure
If your syllabus simply mentions the structure of poly(propene) with no more detail, this is adequate.

The trick is to think about the shape of the propene in the right way:
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Now line lots of them up in a row and join them together. Notice that the double bonds are all replaced by single bonds in the process.

In a simple equation form, this is normally written as:
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Poly(chloroethene) (polyvinyl chloride): PVC
Poly(chloroethene) is commonly known by the initials of its old name, PVC.

Structure
Poly(chloroethene) is made by polymerising chloroethene, CH2=CHCl. Working out its structure is no different from working out the structure of poly(propene) (see above). As long as you draw the chloroethene molecule in the right way, the structure is pretty obvious.

The equation is usually written:
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It doesn't matter which carbon you attach the chlorine to in the original molecule. Just be consistent on both sides of the equation.

The polymerisation process produces mainly atactic polymer molecules - with the chlorines orientated randomly along the chain. The structure is no different from atactic poly(propene) - just replace the CH3 groups by chlorine atoms.

Because of the way the chlorine atoms stick out from the chain at random, and because ot their large size, it is difficult for the chains to lie close together. Poly(chloroethene) is mainly amorphous with only small areas of crystallinity.

Poly(tetrafluoroethene): PTFE
You may have come across this under the brand names of Teflon or Fluon.

Structure
Structurally, PTFE is just like poly(ethene) except that each hydrogen in the structure is replaced by a fluorine atom.

The PTFE chains tend to pack well and PTFE is fairly crystalline. Because of the fluorine atoms, the chains also contain more electrons (for an equal length) than a corresponding poly(ethene) chain. Taken together (the good packing and the extra electrons) that means that the van der Waals dispersion forces will be stronger than in even high density poly(ethene).

Properties and uses
PTFE has a relatively high melting point (due to the strength of the attractions between the chains) and is very resistant to chemical attack. The carbon chain is so wrapped up in fluorine atoms that nothing can get at it to react with it. This makes it useful in the chemical and food industries to coat vessels and make them resistant to almost everything which might otherwise corrode them.

Equally important is that PTFE has remarkable non-stick properties - which is the basis for its most familiar uses in non-stick kitchen and garden utensils. For the same reason, it can also be used in things like low-friction bearings
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