Module 2812 Chains and Rings


Alkenes
Saturation of a hydrocarbon refers to the amount of hydrogen that is bonded to the chain. A saturated hydrocarbon has the maximum possible amount of hydrogen and is therefore an alkane.
Alkenes are unsaturated, they contain a double covalent bond between two carbon atoms.
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Double bonding in ethene
Bonding in Ethene is actually much more interesting than 

Remember electronic structures from “Foundation”? Ethene is built from hydrogen atoms (1s1) and carbon atoms (1s22s22px12py1).

The carbon atom doesn't have enough unpaired electrons to form the required number of bonds, so it needs to promote one of the 2s2 pair into the empty 2pz orbital. This is exactly the same as happens whenever carbon forms bonds - whatever else it ends up joined to.


Now there's a difference, because each carbon is only joining to three other atoms rather than four - as in methane or ethane. When the carbon atoms hybridise their outer orbitals before forming bonds, this time they only hybridise three of the orbitals rather than all four. They use the 2s electron and two of the 2p electrons, but leave [image: image2.png]


the other 2p electron unchanged.

The new orbitals formed are called sp2 hybrids, because they are made by an s orbital and two p orbitals reorganising themselves. sp2 orbitals look rather like sp3 orbitals that you have already come across in the bonding in methane, except that they are shorter and fatter. The three sp2 hybrid orbitals arrange themselves as far apart as possible - which is at 120° to each other in a plane. The remaining p orbital is at right angles to them.
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The two carbon atoms and four hydrogen atoms would look like this before they joined together.
The various atomic orbitals which are pointing towards each other now merge to give molecular orbitals, each containing a bonding pair of electrons. These are sigma bonds - just like those formed by end-to-end [image: image4.png]


overlap of atomic orbitals in ethane.


Notice that the p orbitals are so close that they are overlapping sideways?
This sideways overlap also creates a molecular orbital, but of a different kind. In this one the electrons aren't held on the line between the two nuclei, but above and below the plane of the molecule. A bond formed in [image: image5.png]


this way is called a pi bond.
The sigma bonds are shown using lines - each line representing one pair of shared electrons. 
Task;

Summarise these notes on bonding into 5 or 6 concise bullet points.

So, now you know what they look like, what do they actually do?

Alkenes can form cis and trans isomers. 

Draw cis-but-2-ene and trans-but-2-ene.

The physical properties of alkenes are similar to those of alkanes.

Reactions

The double bond makes alkenes much more reactive than alkanes. The bond is relatively easy to break and new atoms can easily be added to the molecule. It is clear from the earlier diagrams that the double bond is an electron rich area. This means it is susceptible to attack by _________.
Questions about alkanes;

Dichlorodifluoromethane, CCl2F2, is an example of a CFC that was 
commonly used as a propellent in aerosols. Nowadays CFCs have 
limited use because of the damage they cause to the ozone layer.
i) Draw a 3D structure to represent the shape of CCl2F2
ii) When CFCs are exposed to strong UV radiation in the upper atmosphere, homolytic fission takes place to produce free radicals. Explain the terms in italics.

iii) Identify two free radicals which could be formed by CCl2F2
iv) Explain what is meant by an electrophile.

v) Explain what is meant by a nucleophile

vi) The fractions of Crude oil can be processed by cracking, reforming and isomerisation, outline each of these processes with suitable examples and equations.
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