Saturated and Unsaturated Hydrocarbons
The simplest organic compounds made up of only carbon and Hydrogen, are known as hydrocarbons

Those having an open chain of carbon atoms are known as aliphatic hydrocarbons. They are classified into two groups. The type in which all the four valences of carbon atoms are saturated by single bonds to four hydrogen or carbon atoms are known as saturated hydrocarbons.

The other type in which carbon atoms are linked together by multiple bonds (at least one double bond or triple bond) are known as saturated hydrocarbons. The saturated hydrocarbons are also paraffin’s because they are inert to usual chemical reagents (parum - little, affirms, affinity) 
Occurrences of Alkanes 

Alkanes are the main constitutes of natural gas and petroleum. Petroleum is a complex mixture of mixture of alkanes and others hydrocarbons. It usually contains alkanes having up to forty carbon atoms in their molecules. Natural gas from petroleum well contain only the lower gaseous alkanes like methane, ethane, propane and butane. 
General method of formation

Since members of a homologous series resemble each other very closely, they can be prepared by similar general methods 

1.
From unsaturated hydrocarbon

Hydrogenation of alkenes or alkynes in the presence of nickel or platinum catalyst result in the formation of alkanes
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R    CH    CH + H2 
       RCH2.CH2.R

       Alkene

            Alkane

R   C    C    R + 2H2
         RCH2CH2R


Alkyne
CH2     CH2 + H2
        CH3CH3
        Ethene

        Ethane

CH   CH + 2H2

CH3CH3
When platinum or palladium is used catalyst the hydrogenation takes place at room temperature but with nickel higher temperature 250oC to 300oC is required and the reaction is known as sabatier - senderens reaction

Note: Methane cannot be prepared through the method

2.
From Alkyl Halides: 
(a) Alkyl halides are converted to their corresponding alkanes when reduced with zinc and hydrochloric acid.

R-X   +   2H

RH    +   HX


Alkylhalide 

     Alkane

C2H5I  +  2H

    C2H6  + HI


Ethyiodide

     Ethane

(b)
Alkyl halides also react with sodium metal in ether solution to produce alkanes. This process is called wurt reaction 

2Rx   +   2Na
           R - R     +    2NaX

2CH3I    +  2Na 
  CH3 - CH3    + 2NaI

Limitations of Wurt reaction 

i.
Halogen compounds containing their reactive functional groups like - OH, COOH cannot be use 

ii.
The method is suitable for preparing alkanes with even numbers of carbon atoms 

iii.
Methane cannot be prepared - though this method

iv.
The reaction is fails in case of tetra alkyl halide
c.
Franklend’s Method: if alkyl halides are heated with Zinc in an inert solvent, higher alkanes are formed 

RX   +    Zn    +    RX

R - R   +   ZnX2
C2H5I    +   Zn   +   C2H5I  
        C2H5C2H5   +   ZnI2
This reaction involves the formation of an intermediate organozinc compound 

RX   +  Zn                RZnX

Methane cannot be prepared either by Wurt synthesis or Frankland’s method 

3.
From carboxylic acid salt

i.
Decarboxylation of monocarboxylic acids 

Alkanes are formed when carboxylic acid salts of sodium are heated with soda lime 

RCOONa   +   NaOH
           RH     + Na2CO3
Note: Soda lime is prepared by soaking quick lime (CaO) with caustic soda solution and drying the product. It is generally written as NaOH (CaO) but it is represented as NaOH in chemical equations 
Eg.
C2H5COONa   +   NaOH
    C2H6    +   Na2CO3
4.
From Grignard Reagent: Grignard reagents (alkyl magnesium halides) when treated with compounds containing active hydrogen like water, amines, alcohol, etc. produce pure alkanes 

RMgX   + HOH
                RH   +   Mg(x)OH

C2H5MgBr    +   HOH                 C2H6   +   Mg(Br)OH

Ethyl magnesium bromide
  Ethane

C2H5MgI      +    CH3OH
   C2H6  +  Mg(I) OCH3
Physical Properties 

1.
Alkanes containing up to four carbon atom are colourless, odourless gases while others are colourless & odourless liquid or solid.
2.
Alkanes are non-polar molecules and almost insoluble in polar solvents like water. 

3.
The boiling point if alkane having branched chain structure is lower than its isomeric normal chain alkane.
Chemical reactions of alkanes
1.
Halogenation: Alkanes reacts with halogen in the presence of UV or sunlight or at high temperature resulting in succinic replacement of H2
CH4   +  Cl2

HCl   +    CH3Cl

CH3Cl  +  Cl2
              HCl   +   CH2Cl2
CH2Cl  +  Cl2
 
 HCl   +   CHCl3
CHCl2   +   Cl2
               HCl   + CCl4
2.
Nitration: This is the replacement of hydrogen by nitro - NO2 group in heating with HNO3

R - H    +   HONO2 
         RNO3   +   H2O

3.
Thermal decomposition (Pyrolysis in cracking)

e.g.
C8H18


C8H16  +  H2

Octane

                                                                         ALKENES
The members of this class of compound have two hydrogen atom less than the corresponding saturated hydrocarbons. They are represented by the general formula CnH2n. They are characterized by carbon - carbon double bonds. 

e.g C2H4 - Ethene

      C3H6 - Propene

Method of preparing alkenes 
1.
Dehydration of Alcohols: Alcohols when dehydrated in the presence of catalysts give alkenes. The best procedure is to pass the vapours of alcohol over heated alumina. H2SO4
RCH2.CH2.OH

            RCH     CH2  + H2O

Conc. H2SO4 can also be used as follows

RCH2OH2OH

            RCH     CH2   +   H2O
e.g. CH3CH2OH
             CH2     CH2  Alkane

2.
Dehydrohalogenation of Alkylhalide. Alkyl halides, alcoholic potassium hydroxide solution reacts with alkyl halides to form alkenes 

RCH2CH2X

     RCH    CH2    +   KX   +   H2O

X = Cl, Br or I 
e.g. CH3CH2CH3Br  +  KOH

      CH3CH = CH2  + KBr  + H2O 

CH3CHCH2CH3  

 CH3CH=CHCH3 (80%) + CH2=CHCH2CH3


3.
Partial hydrogenation of Alkynes: Alkene can also be produced through controlled hydrogenation of alkynes by passing equimolar quantities of alkynes and hydrogen over heated catalyst like finely divided Ni, Pt and Pd. 
General Physical Characteristics

1.
The first three members are gas at pt. room temperature while those having fire to fifteen carbon atoms - pentene to pentadecene - are liquids and the higher members are solids 

2.
They are insoluble in water  

3.
They have characteristics smell and burn with luminous flames

Reaction of alkenes 

A.
Addition reactions 

i.
Addition of hydrogen (Hydrogenation)

Hydrogenation of alkenes in the presence s of heat and catalysts like N, Pd, Pt, etc. yields alkanes 

-RCH2=CH2 + H2

      RCH2CH3
CH2=CH2

  CH3CH2CH3

Propene



ii.
Addition of halogens: Alkenes react with halogens to form dihalogen derivatives 
i.e. RCH=CH2 + X2
          
      RCXHCH2X  

CH2=CH2 + Cl2

            CH3ClCH2Cl

CH3CH=CH2  +  Br2

      CH2CHBrCH2Br
iii.
Addition of halogen acids: Alkenes react with aqueous solution of halogen acids to form alkyl halides

RCH=CH2  + HX

 RCHX.CH3
CH2=CH2  + HCl

  CH3CH2Cl

CH3CH=CH2  + HBr

      CH3CHBr.CH3




 2-bromo propane

Note: 1-bromo propane cannot be formed because Markonikoff rule must be obeyed. 

Markonikoff rule: States that in the addition reaction of unsymmetrical alkenes the negative part of the reagent goes to the double bond carbon with less number of hydrogen 
B.
Oxidation

i.
Oxidation with mild oxidizing agent like dilute (17%) alkaline KMNO4 at low temperature hydroxylation of double bond occurs.
R-CH2=CH2  +   H2O + [O]

   RCH(OH)  CH2OH

CH3CH=CH2  + H2O + [O]

   CH3CHOHCH2OH

ii.
Oxidation with acid KMnO4  Firstly gives glycols which are further oxidized to adehydes, ketones and acid
RCH=CH2 + H2O

       RCHOHCH2OH


RCHO + HCHO







RCOOH  + HCOOH

CH3CH=CH2  +  H2O  + O

           CH3CHOHCH2OH








CH3CHO + HCHO






CH3COOH  +  HCOOH

iv.
Combustion: Alkene when burnt in air, are completely oxidized to form CO2 & H2O

CnH2n  +  3nO2

     nCO2  +  nH2O

C2H4  +  3O2


2CO2  +  2H2O
ALKYNES
The alkynes possess the triple bonded group. The first and most important member of the group is acetylene and most often, the members of the group are simply called acetylene hydrocarbons. The general formula for them is CnH2n-2. 

Isomerism & Nomenclature: 

Branching of carbon on the chain of an alkyne and different positions of the triple bond lead to chain and position isomers. The diene also is functional group isomer of the alkyne since they share the same general formula CnH2n-2. There cannot be stereoisomerism as experienced in alkenes because the two σ bonds are at a straight line, the molecule is linear.


For proper naming, the appropriate chain which include the triple bond is chosen, the beginning of numeration is determined by the position of the triple. The name then is made to end in-yne. For example butyne has two isomers; 

CH3 CH2 C   CH






CH3 C 
[image: image15.png]


 C-CH3
Butyne 







2 butyne or But -2-yne 

The position of the triple determines the numbering


         CH2 – CH3 


CH3-CH – C 
[image: image2] C – CH3 

 4-Methyl – 2 – hexyne or 4 – Methyl herx-2-yne 

When a double bond exists alongside that of a triple bond the numbering of the double take precedence over the triple bond. 


       CH3 


CH3 = CH – C – CH2 – C = CH 



3-Methyl – 1- hexen-5-yne or 3-Methy hex – 1- en- 5-yne 

Preparations of alkynes: 

1.
Dihaloalkanes eliminate hydrogen halide molecules under the action of an alcoholic potassium hydroxide or sodamide. The original dihalide could be (a gem dihalide) having the halide groups on the same carbon atom or on adjacent carbon atoms (vicinal).

       H
     Br 

CH3 CH2 – C  
C – H KOH/EtOH   CH3CH2 – C 
[image: image3] C – H + 2HBr 
    Br 
       H
                  
An alkene can be turned to an alkyne if the alkene is first halogenated and then treated/ with alcohol potassium hydroxide. 

2.
Longer chain alkynes are produced from alkyl halides and acetylides of sodium or magnesium. 


CH
[image: image4] CNa + C2H5I 
   CH
[image: image5]  C – CH2 – CH3 + NaI. 


CH = CMgBr + BrC2H5
CH
[image: image6] C – CH2 – CH3 + MgBr2. 

3.
In the laboratory and industry, acetylene which is the most important member of the group is produced from reaction of water on calcium carbide. 




CaC2 + 2H2O
         Ca(OH)2 + C2H2. 

This method is specific for acetylene and not other members of the group

4.
Acetylene can be manufactured from the elements when hydrogen is passed into the flame of an electric arc between carbon electrodes. 


2C + H2
[image: image7]C2H2. 


By heating a haloform with silver powder acetylene is produced.


2CHI3 + 6 Ag 

[image: image8]C2H2 + 6AgI. 

5.
Instead of preparing acetylene from calcium carbide whose preparation is quite expensive, a more convenient method in the industry converts methane to acetylene by thermal cracking or electro-cracking. 


2CH4 1500OC C2H2 + 3H2 


Acetylene is formed from methane homologues at a lower temperature. 

Natural gas serves as a raw material thus making the production of acetylene much cheaper.  

                                          Physical properties 

From C2 – C4, alkynes are gases at room temperature while C5 – C15 are liquids, higher members are solids. The boiling points of alkanes and alkanes with same number of carbon atoms are much lower than those of corresponding alkynes, e.g. 

                                                                                    bp0C. 



C2H4



-103 



C2H2



-83.6 

They
are more soluble also in water, than other hydrocarbons.


Chemical properties 

1.
Addition reactions: 

Halogenations of alkynes occur less readily than in alkenes, all the same, a rapid decoloration of bromine or chlorine is a test for a multiple bond. The complete reaction is in two stages. 

CH  SHAPE  \* MERGEFORMAT 


CH + Br 
        CH Br = CHBr. 

CHBr = CHBr + Br2
      CHBr2 CHBr2 

The addition of hydrogen halides is also with greater difficulty than in alkenes. 

CH  SHAPE  \* MERGEFORMAT 


 CH + HCl 
CHCl = CH2 + HCl 
  CHCl2 – CH3 





Vinyl chloride 

The addition obeys the Markovnikov’s rule. 

2.
Hydrogenation: Use is made of the nascent hydrogen, sodium in liquid ammonia, or use can be made of molecular hydrogen over palladised charcoal. This is an indication that the triple bond is readily hydrogenated more than the double bond which is not reduced under the conditions mentioned above. The hydrogenation can be stopped at the olefin stage. Lindlar’s catalyst which consists of Pd – CaCO3 partially poisoned with lead acetate, or better. Pd – BaSO4 poisoned with quinolone stops hydrogenation at the alkene stage, thus the alkene intermediate can be isolated with ease.

3.
Hydration: Mercury sulphate in sulphuric acid acts as catalyst for the hydration of acetylene. Vinyl alcohol is the intermediate product which isomerizes into aldehyde.


HC  SHAPE  \* MERGEFORMAT 


 CH + H2O Hg2+/H2SO4 [H2C = CHOH]
       CH3 – C


ethyne 



intermediate 



ethanol 

4.
Addition of hydrogen cyanide is the industrial method of producing acrylonitirile


CH  SHAPE  \* MERGEFORMAT 


CH + HCN     Cu2 (CN)2 HC = CHCN 






     acrylonitrile


Uses of Acetylenes: 

1.
Large heat is evolved when acetylene is burnt. When mixed with equal amount of oxygen one mole of acetylene burns to release about 1300kJ of energy-acetylene flames are used for welding and cutting metals since the flame can attain a temperature of 3000C. 

2.
Acetylene is a good tool in the hands of the organic chemist and many branches of organic synthesis industry depend upon acetylene e.g one mole of acetylene reacts with one mole of hydrogen chloride to produce vinyl chloride. 


CH SHAPE  \* MERGEFORMAT 


  CH + HCl
       CH2 = CHCl. 

Vinyl chloride polymerises to give polyvinyl chloride (PVC)
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