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DATA & OBSERVATIONS:

	Reaction
	Observations

	A. Combustion
	

	    Appearance of flame
	Orange

	    Sootiness
	Little sooty

	B. Action in Bromine (in 1,1,1-trichloromethane)
	

	     1. in dark
	Remained brown

	     2. in light
	Became colorless

	     Identification of gas
	HBr(g)
Tested by NH3(g):

HBr(g)+NH3(g)( NH4Br(s), 

	C. Action of Bromine Water
	2 immisible layers, the upper layer is orange, and the lower is pale yellow

	D. Action of acidified postassium permanganate(VII)
	No reaction

	E. Action of concentrated sulphuric acid
	No reaction


DISCUSSIONS:
Introduction


Alkanes are saturated (with no multiple bonds) hydrocarbon (with C and H atoms only). They have the general forumlae CnH2n+2 for acyclic; CnH2n for cyclic. All carbon atoms in alkanes are sp3 hybridized. The C-C bond is σsp3-sp3, C-H is σsp3-s (σ is formed by head-on overlap of two orbitals). The bond angles of C-C-C, H-C-H, C-C-H are 109.50,as electron clouds are tetrahedarlly arranged to minimize replusion between electrons. Alkanes are considered chemically inert since it has no unsaturated bonds.
Physical Properties

Physical states under standard conditions (298K, 1 atm, 1 moldm-3):
C1-C4:

gasesous state

C5-C17:

liquid state

C18-above:
solid state

1. The boiling point of straight-chain alkanes increases as number of carbon atoms increases.

2. The melting point generally increases as numbers of carbon atoms increases. But for the even numbers, due to its symmetrical shape, they have a lower increase in melting point. (Except pentane, it has the lowest melting point, which may due to special symmetry or compact package in its crystal lattice, i.e. high packing efficiency.)
3. They are less dense than water.

4. They are insoluble in water. Since alkanes are non-polar (C-C bond is non-polar, and C-H bond is just slightly polar due to electronegativity difference C:2.5, H: 2.1 according to Pauling Scale). By ‘like-dissolve-like’, it dissolves in non-polar solvent like 1,1,1-trichloromethane. 

Synthesis of Alkanes
(1) Hydrogenation of alkenes (Ni as catalyst)

CH3CH=CH2 +H2 ( CH3CH2CH3
(2) Reducton of alkyl halide (LiAlH4, ether as catalyst)


CH3CH2CH2CH2Br ( CH3CH2CH2CH3
(3) Wurtz reaction (for symmetrical alkanes only, Na as catalyst)

Double the number of carbon atoms of an alkane


2RX ( R-R

(4) Kolbe synthesis (for symmetrical alkanes only)


Electrolyis of the salt of fatty acid


2RCOO-Na ( R-R +2CO2 + 2NaOH + H2
                    (cathode)      (anode)

Chemical Properties

Substitution


In substitution, an atom or a group of atoms of reactant molecules is replaced by another atom or group of atom. Bromination is the substitution of bromine from hydrogen atom. Under UV light, it favours the reaction, since it starts the homolytic fission of bromine which starts the reaction. Example: cyclohexane and bromine
Bromination of Methane (Free radical substitution)

Mechanism:

Chain initiation:

Chain proparation:

Chain termination:

By having different possible chain propagation, possible products are 

Bromomethane

Dibromomethane

Tribromomethane

Tetrabromomethane
Industrial aspects of Alkane
Petrolchemical industry

Introduction


Alkanes are commonly used as fuels. The source of these fuels is either crude petroleum oil or natural gas. Deposits of crude oil and natural gas usually occur together as they are formed by the same slow decay of marine animals and plants. Apart from fuels, petrolchemical industry also manufactured a wide range of products: plastics, paints, solvents, rubbers, detergents, and many medicines.


There are 2 important porcesses in petrochemical industry: fractional distillation and cracking.

Fractional disstiallation
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It is the process to separate crude oil into dtfferent fractions according to their volatility (boiling points).
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                     Laboratory set-up:
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Fractionating tower

Cracking

Since we have a greater demand in lighter fractions than heavier fractions, cracking is used to solve this problem. It is the process of breaking heavier fractions into lighter fractions in the absence of air. It is subdivided into catalytic cracking (i.e. in the presence of catalyst) and thermal cracking (i.e. in the absence of the catalyst.

Catalytic Cracking

[image: image4.jpg]Heat Reflected
from Heat
Sun

Trapped
Heat Warms
Earth




Alkanes are passed over a catalyst (chemically unchanged after the reaction, speed up the rate of reaction by providing an alernate pathway with lower activation energy), usually aluminium oxide mixed with silica, at a temperature between 4000C~ 5000C. The product usually is highly branched hydrocarbon.
                   Catalysts used in catalytic cracking or reforming
Laboratory Set-up:

Thermal Cracking

The alkanes are heated to 4500C or above. The C-C bonds undergo homolytic fission, forming free radicals. The products tend to have unbranched chain.
Mechanism (take hexane as example)
Chain initiation:

Chain proparation:

Chain termination:

Combustion
The most important reaction of the alkanes is combustion. They burn in sufficient oxygen with the release of heat to form harmless products, carbon dioxide and water.
The general equation for the combustion of an alkane is
CnH2n+2(g) + (3n+1)/2 O2(g) ( nCO2(g) + (n+1)H2O(l)
Combustion of methane:


Combustion of ethane:


Combustion of propane:


Problems:

1. However, if the supply of oxygen is insufficient, incomplete combustion will take place with poisonous carbon monoxide formed. Since it is odourless, it gives no warning of its presence. It combines with haemoglobin, the red pigment in blood, to form a very stable complex, carboxyhaemoglobin. This cannot combine with oxygen, and haemoglobin is unable to do its job of transporting oxygen around the body, which is fatal to human beings.

2. In the internal combustion engine, compression of petrol vapour and air can lead to auto ignition which causes knocking. Tetraethyllead, Pb(C2H5)4 was once used in Hong Kong as an antiknock. However, since it has too many side-effects, including carcinogenic, it was banned in Hong Kong. The solution is by reforming, to convert straight alkanes into highly branched alkanes by heating under pressure in the presence of platinum as catalyst, which is called reforming or platforming.
Alkanes used as Energy
ENVIRONMENTAL BENEFITS 
Coal mine methane (CMM) is recognised as one of the major components of greenhouse gas emissions to atmosphere. The US Environmental Protection agency is setting up a world wide programme of monitoring and abatement to reduce CMM's influence on global warming.
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The Department of Environment Transport and the Regions (DETR) in their publication ‘Planning for Sustainable Development: Towards Better Practice’ recognised climate change as ‘one of the greatest environmental threats facing the world today with potentially far reaching disruptive effects on human society, the global economy, human health and the natural environment’. In order to address this national problem, the UK Government has committed to reducing greenhouse emissions to 20% below 1990 levels by 2010. 
CMM is a waste gas consisting of approximately 70% methane, 15% nitrogen and [image: image6.jpg]


15% carbon dioxide. It escapes to atmosphere from operating and abandoned mines and is estimated by the Intergovernmental Panel on Climate Change (IPCC) to have a global warming effect almost 21 times that of carbon dioxide.
The pioneering work carried out by Alkane Energy in the UK has proven that this hazardous industrial waste product can be captured and utilised as a valuable Green Energy resource. Alkane believes that CMM has many of the benefits of ‘renewable’ energy and that the process is sustainable as the primary fuel, coal, is left in place for exploitation by future generations. 
Key Environmental Benefits
· Conversion of CMM to Green Energy reduces its global warming effect by 87%. 
· The gas is a clean, low emissions fuel, which emits virtually no particulates. 
· CMM could provide more than 5% of the UK’s energy requirements by 2010, thus greatly assisting the Government to achieve its 10% targets for generation by new and renewables by that date. 
· CMM projects will assist the UK Government to achieve its domestic goal of a 20% reduction in carbon dioxide emissions by 2010. 
· CMM projects assist in the economic regeneration of Coalfield Communities. 
· Alkane technology could be exported to many countries where the deep coal mining industry is in decline.
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