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Chapter 
 

Hydrocarbons 
 

 

 

    What are hydrocarbons? 

 
The binary compounds consisting of carbon and 

hydrogen only are called hydrocarbons. 
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Classification of Hydrocarbons 

 

                              Hydrocarbons  

                                                                           
 

 

 

 Open Chain Hydrocarbons    Closed Chain Hydrocarbons 

  or        or 

   Acyclic Hydrocarbons          Cyclic Hydrocarbons  

  Or                (Hydrocarbons in which carbon atoms form rings) 

 Aliphatic Hydrocarbons        

(Hydrocarbons in which carbons are linked in straight or branched chains)    

 

 

 

Saturated  Unsaturated   Alicyclic          Aromatic 

Hydrocarbons  Hydrocarbons   Hydrocarbons   Hydrocarbons 

Or Alkanes or Paraffins  

(Hydrocarbons having only (Hydrocarbon having   (Cyclic hydrocarbon that have   (Cyclic hydrocarbon 

single bonds among carbons) at least one carbon   ring other than aromatic ring)    that have 4n+2  

General Formula CnH2n+2 carbon multiple bond)         π-electrons and 

              delocalized π-bond system)   

e.g CH3-CH2-CH3           e.g 

Propane                          Benzene 

            

 

   Alkenes or Oleffins    Alkynes or Acetylenes      Cyclic Alkanes      Cyclic Alkenes         Cyclic Alkynes 

General Formula CnH2n  CnH2n-2   CnH2n  CnH2n-2  CnH2n-4 

(Hydrocarbons having at least  (Hydrocarbon having at least  (Cyclic hydrocarbons   (Cyclic hydrocarbons        (Cyclic hydrocarbons  

one carbon-carbon      one carbo- carbon  Having only single   having at least one           having at least one     

double bond)  triple bond)  bonds among   carbon- carbon          carbon -carbon 
      carbons)           double bond)             triple bond) 

e.g CH2=CH-CH3  e.g CH≡C-CH3  e.g.   e.g.  e.g.   

Propene   Propyne     CH2     CH2     CH2 

           CH2               CH2           CH2                CH2    CH2                   CH2 

 

           CH2              CH2         CH             CH       C                 C 

            Cyclopentane       Cyclopentene         Cyclopentyne 
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Primary, Secondary and Tertiary Carbons and Hydrogens: 

 The carbon attached to one other carbon or no other 

carbon is called primary carbon, while hydrogens attached 

to primary carbon are called primary hydrogens e.g. in 

following compound Carbon No.1, 5 and carbon that of 

methyl group are primary carbons and their hydrogens are 

primary hydrogens. 
 
                    H 

                    │ 

              H─C─H (Methyl group) 

 

          CH3  (Methyl group)    H    H         H     H 

          │           ││  ││    

 CH3─CH2─CH─CH2─CH3  or      H─ C─C─C─ C─  C─H  

                               │   │   │    │    │ 

        H   H   H    H    H 

 3-Methyl pentane 

  

 The carbon attached to two other carbons is called 

secondary carbon, while hydrogens attached to secondary 

carbon are called secondary hydrogens e.g. in above mentioned 

compound Carbon No.2, 4 are secondary carbons and their 

hydrogens are secondary hydrogens. The carbon attached to 

three other carbons is called tertiary carbon, while hydrogen 

attached to tertiary carbon is called tertiary hydrogen e.g. in 

above mentioned compound Carbon No.3 is tertiary carbon and 

its hydrogen is tertiary hydrogen. 
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Alpha, Beta and Gamma Carbons: 
Carbon to which functional group is attached is called alpha carbon. Carbon next 

to alpha is beta carbon and Carbon next to beta is gamma carbon. 

 
     Functional group        Functional group    

              O           OH 

  Functional group     ║           │   

e.g CH3-CH2-CH2-Cl  CH3-CH2-C-OH  CH3-CH-CH3  CH3-CH2-CH2-OH 

 γ        β     α  β         α   β         α    β  γ         β     α   

 

 

 

                                    Alkanes 
  

Alkanes are saturated hydrocarbons having general formula CnH2n+2. 

They have no particular functional group. They are less reactive and 

hence are also called Paraffins.  

 

Nomenclature of Aliphatic Alkanes ad Cyclic (Alicyclic) Alkanes: 
 

(i) Common System: 
 

Name of first twelve Alkanes are: 
(1) CH4- Methane (4) C4H10-Butane  (7) C7H16-Heptane (10) C10H22-Decane 

(2) C2H6-Ethane  (5) C5H12-Pentane (8) C8H18-Octane  (11) C11H24-Undecane 

(3) C3H8-Propane  (6) C6H14-Hexane  (9) C9H20-Nonane (12) C12H26-Dudecane 

 

 

Names of alkanes having five carbons and more have 

Greek prefixes indicating number of carbons in the alkanes. 
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a) Isomerism starts in alkanes from butane so prefixes n, iso or neo is used 

with names of butane and higher alkanes. 

 

b) Prefix “n” is used with name of alkanes having all carbons in single line 

and no branch. 

 

 
e.g.  CH3 – CH2 – CH2– CH2 – CH3 n-Pentane  

 

c)  Prefix “iso” is used with name of alkanes having one carbon (methyl 

group) in branch attached to carbon next to the terminal carbon. 
 

   CH3 

       │ 

e.g.  CH3 – CH2 – CH2– CH – CH3 Isohexane 

 

 

d) Prefix “neo” is used with name of alkanes having two carbons (methyl 

groups) in branch attached to carbon next to the terminal carbon.  

 
   CH3 

       │ 

e.g.  CH3 – CH2 – CH2– C – CH3 Neoheptane 

       │ 

       CH3 

 

(ii) IUPAC System: 
 

       2  1  

     C2H5 

   6         5        4   3│   5           4        3  

e.g. (i)  CH3 – CH2 – CH2– C – CH3 e.g. (ii) CH3 – CH2 – CH– CH2 – CH3   

           │            │2      1 

           CH3               CH3 – CH – CH3   

   3,3-Dimethyl hexane   3-Ethyl-2-methyl pentane 
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 Prefix cyclo is used with cycloalkanes 

   CH2 

     or 

  CH2  CH2 

    Cyclopentane 

 Open chain (aliphatic) group is considered as substituent if it has less carbons and if alicyclic 

group has less carbons then it will be considered as substituent. 

 If only one group (substituent) is present on the ring then its position will not be mentioned. If 

more than one substituent are there then their locants will be written.  

CH3   CH3 

     1 CH3 

         5          2  

      1         2        3     4 5        6       7  

        4           3   CH3 – CH2 – CH – CH2 – CH2 – CH2 – CH3 

 Methyl cyclopentane 1,2-Dimethyl cyclopentane 3-Cyclopropyl heptane 

 

 

 

 

General Methods of Preparation of Aliphatic Alkanes: 

 

1) By Hydrogenation of unsaturated hydrocarbons (Sabatier Sendern’s 

reaction): 

 

Alkanes can be prepared by passing alkenes or alkynes over finely 

divided nickel or platinum or palladium catalyst. The catalyst changes 

molecular hydrogen to atomic hydrogen which can break pi-bonds of 

alkenes or alkynes and will be added to them. Addition of hydrogen to 

alkenes or alkynes is called hydrogenation and is also called Sabatier-

Sendern’s Reaction or S-S Reaction. 

While using Nickel, heating is required 250-300oC but in case of 

Platinum and palladium no heating is required. 

 
                  Ni (250-300oC)  

R ─ CH ═ CH2 + H2           R ─ CH2 ─ CH3   

Alkene               Pt or Pd (Room temp)  Alkane 

   

                  Ni (250-300oC)  

CH2 ═ CH2 + H2              CH3 ─ CH3   

                 Ethene      Pt or Pd (Room temp)  Ethane 



 

 

Free Online Chemistry Lectures    Digital Kemistry YouTube Channel 

Chemistry Notes     www.mydigitalkemistry.com 

Join Digital Kemistry Academy, WhatsApp number: +92-3336753424 (only text for details) 

 

 

84 

 

        

CH ≡ CH + 2H2   Ni (250-300oC)      CH3 ─ CH3   

                 Ethyne     Pt or Pd (Room temp) 

                                                                                               Ethane 

 

2) By Reduction of Alkyl Halides:  

 

Molecular hydrogen cannot reduce alkyl halides, however atomic hydrogen 

can reduce alkyl halides and gives alkanes. Therefore alkyl halides are 

treated with Zinc in presence of dil HCl, nascent hydrogen is produced 

which reduces alkyl halides to corresponding alkanes. LiAlH4 or NaBH4 

could also be used as reducing agent. 

       Zn/HCl (dil) or LiAlH4 

   R ─ X + 2[H]      R ─ H + HX 

  Alkyl halide             Alkane   

 

     Zn/HCl (dil) or LiAlH4 

   CH3I + 2[H]      CH4 + HI 

  Methyl iodide            Methane   

 

3) By Hydrolysis of Grignard Reagent: 

 

Alkyl Magnesium Halides (R ─ Mg ─ X) are called Grignard reagents. 

These are organo-metallic compounds.  

Hydrolysis of Grignard reagents produce corresponding alkanes. 

 
  δ-     δ+       δ+ δ-  

  R ─ Mg ─ X   +   H ─ OH    R ─ H   + HO Mg X 

  Grignard reagent     Alkane 

 

  δ-          δ+          δ+     δ-  

  CH3 ─ Mg ─ I   +   H ─ OH   CH4   +   HO Mg I 

  Methyl magnesium iodide    Methane 
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4) By Wurtz’s Reaction: 

 

Wurtz discovered this method in 1885. The reaction of alkyl halides with 

sodium metal in presence of anhydrous ether produces alkanes and is called 

Wurtz’s reaction. 

In this method higher alkanes are produced. 
       Anh Ether 

  R ─ X   +   Na    R ─ R   +   NaX 

  R ─ X   +   Na        NaX 

  Alkyl Halide       Sodium    Alkane 

 

           Anh  Ether 

  2CH3─CH2─I   +  2Na         CH3─CH2─CH2─CH3   +   2NaI 

  Ethyl iodide     n-Butane 

 

5) By Decarboxylation of Mono-carboxylic Acids: 

 

Removal of carboxylic group or CO2 is called decarboxylation. When 

carboxylic acids (or fatty acids) are treated with NaOH, corresponding 

sodium salt of the acid is produced. 
 

       O           O 

       ║           ║   

  R─C─OH + NaOH(aq)   R─C─O
-
Na

+
 + H2O  

 

The salt is called sodium carboxylate. This salt on heating with soda lime loses its carboxylic 

group and produces alkane which is one carbon less than the acid 

 

      O            

       ║     Heating 

  R─C─ONa + NaOH.CaO   R─H +   Na2CO3   + CaO 

  Sodium Carboxylate Soda lime   Alkane 

 

           O            

            ║     Heating 

  CH3─C─ONa + NaOH.CaO   CH4 +   Na2CO3   + CaO 
  Sodium acetate or Sodium ethanoate Soda lime    Methane 
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In this method alkane having one carbon less than the salt of carboxylic acid, is 

produced. 

 Soda lime is prepared by soaking quick lime in caustic soda solution and 

then drying. 
 

    CaO + NaOH   NaOH.CaO 

    Quick lime Caustic soda soln  Soda lime 

 

Kolbe’s Electrolysis: 
 

When electrolysis of aqueous solution of sodium or potassium salt of mono-

carboxylic acid is carried out, alkanes are produced. This method is used to prepare 

gaseous alkanes with even number of carbons. 

e.g. Ethane can be produced by electrolysis of sodium acetate (sodium ethanoate). 

 

 
           O                       O        

            ║             ║     _  

          2CH3─C─ONa             2CH3─C─O +      2Na+ 

 Sodium acetate 

 

Reaction at cathode:         

  2Na+ +  2e -    2Na 

2Na + 2H2O    2NaOH + H2 

 

Reaction at anode: 

           O                         O  

           ║     _              ║    .  _  

       2 CH3─C─O           2 CH3─C─O    +   2e 

           O                

           ║    .                    

       2 CH3─C─O            CH3─CH3 + 2 CO2 

Overall reaction: 2 CH3COONa + 2H2O → CH3─CH3+ 2 CO2 + 2NaOH + H2 
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The mixture of ethane and carbon dioxide obtained at anode is made to pass 

through KOH(aq) solution, CO2 will be absorbed by the solution while ethane will 

pass on and will then be collected over surface of water. 

 
         

 ⊖   ⊕    C2H6 , CO2 →    

         

        ↘C2H6        ← Ethane 

                     --------  

           °    ← Water  

                    ------------- °--------------    

           °      

 ------°---------------------                                 ° 

          °           ←Aqueous solution of ---------------------     

 °      °
°
   sodium acetate  °  °  ° 

°
         ← CO2 absorber (aqueous KOH) 

             

 

General Methods of Preparation of Cyclic Alkanes: 

 

1) By Hydrogenation of Cycloalkanes: 

 

Cycloalkanes react with hydrogen in presence of nickel or platinum catalyst 

and produce cycloalkanes. 
 

 

   + H2 →  

   

 

 Cyclohexene    Cyclohexane  

 

2) By Hydrogenation of Aromatic Compounds: 

 

 

   + 3H2 →  

   

 

 Benzene     Cyclohexane  
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Structure of Aliphatic Alkanes and Cyclic Alkanes: 

 

 Carbons in aliphatic alkanes and cycloalkanes are sp3 hybridized. 

 

sp3 Hybridization:  
 The hybridization in which one s-orbital and three p-orbitals are mixed to 

form four identical hybrid orbitals is called sp3 hybridization. The four sp3 hybrid 

orbitals are degenerated (have equal energy) and they are directed in space to four 

corners of tetrahedron having an angle of 109.5o. Each sp3 hybrid orbital has 25% 

s-character and 75% p-character. 

 

Structure of Methane (CH4): 

 

In methane and all other alkanes, carbon atoms are sp3 hybridized. The electronic 

configuration of carbon is 1s2, 2s2, 2p2. Its valence shell has 2 electrons in s-orbital 

and one electron in each of two p-orbitals while the third p-orbital is lying vacant. 
 

 Ground State   Excited State   Hybrid State  

        2Px        2Py   2Pz             2Px         2Py   2Pz        

                sp3      sp3     sp3    sp3 

  2p             2p        

 

 

 2s                    2s  

 

 

↑ ↑ ↑ 

⇅

⇅  

↑ ↑ 

↑ ↑ ↑ ↑ 

↑ 
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By absorption of energy one of electron of 2s promotes to vacant p-orbital and 

atom becomes in excited state, which is not stable state. Thus to gain a state of 

stability mixing of atomic orbitals take place and as a result four hybrid orbitals of 

equal  energy and similar shape are produced. Each hybrid orbital is oriented 

towards the corner of tetrahedron.  Each hybrid orbital has a single electron in it. 

So carbon is tetravalent and not divalent. 

Half filled s-orbitals of four hydrogen atoms overlap with half filled sp3 hybrid 

orbitals of carbon forming four C-H sigma-bonds. These bonds are formed due to 

sp3-s overlapping. As overlapping has taken place on bond axis so sigma bonds are 

formed. 

 

Shape of methane molecule is tetrahedral. Bond angle between any two C-H bonds 

is 109.5o. C-H bond length is 1.110-10 m or 1.1 Ao, while C-C bond length is 

1.5410-10 m or 1.54 Ao. 

 
 

Structure of Ethane (C2H6): 

 
 Both carbons in ethane are sp3 hybridized. Half filled s-orbitals of six hydrogen 

atoms overlap with half filled sp3 hybrid orbitals of two carbons forming six C-H 

sigma-bonds. These bonds are formed due to sp3-s overlapping. One C – C sigma 

bond is formed due to overlapping of half filled sp3 orbitals of the two carbons. 

The C – C sigma bond is formed due to sp3-sp3 overlapping. As overlapping has 

taken place on bond axis so sigma bonds are formed. Bond angle between any two 

C-H bonds is 109.5o. C-H bond length is 1.110-10 m or 1.1 Ao, while C-C bond 

length is 1.5410-10 m or 1.54 Ao. 
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  Ethane       Ethane 

 

 

Structure of Cyclopropane (C3H6): 

 All the three carbons in cyclopropane are sp3 hybridized. The sp3-sp3 overlapping 

of C – C sigma bond in cyclopropane is less as compared to that in aliphatic 

alkanes. This is due to the fact that in cyclopropane C – C – C bond angle is 60o 

instead of 109.5o. Hence orbitals do not overlap exactly along their axis. The small 

bond angles of cyclopropane and other cycloalkanes indicate that the overlap of sp3 

orbitals of carbon of cycloalkanes is less than that of sp3 orbitals of carbon in 

aliphatic alkanes. The bonds are banana shaped.  

In cyclopropane the three carbon atoms are present at the three corners of and 

equilateral triangle, which result in  C–C–C bond angles to be 60o.  

 

“The decrease (deviation) in bond angle from 

normal tetrahedral bond angle (109.5o) due to less 

overlapping of sp3 hybrid orbitals is called Bond 

angle Strain.”  
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   Cyclopropane     Cyclopropane 

   
 

More is the departure (deviation) from normal tetrahedral angle 

(109.5o), the greater is strain. The greater the amount of strain, 

the greater would be the instability in the molecule. In other 

words more is the bond angle strain, less is the overlapping of 

orbitals and less is the stability. 
 
In cyclopropane C – C – C bond angle departs from ideal tetrahedral bond angle by 109.5o – 60o = 49.5o.  

In cyclobutane C – C – C bond angle departs from ideal tetrahedral bond angle by 109.5o – 88o = 49.5o = 21.5o. 

In cyclopentane C – C – C bond angle departs from ideal tetrahedral bond angle by 109.5o – 108o  = 1.5o. 

So bond angle strain order  Cyclopropane > cyclobutane > cyclopentane 

 

 

 

 

 



 

 

Free Online Chemistry Lectures    Digital Kemistry YouTube Channel 

Chemistry Notes     www.mydigitalkemistry.com 

Join Digital Kemistry Academy, WhatsApp number: +92-3336753424 (only text for details) 

 

 

92 

General Physical Properties of Aliphatic Alkanes: 
 

1. At room temperature and pressure 1st four alkanes (i.e. from C1 to 

C4) are colourless and odourless gases. Alkanes from C5 to C17 are 

colourless and odourless liquids while alkanes from C18 and 

onward are colourless and odourless wax like solids. 

2. The melting and boiling points of alkanes are lower than alcohols 

and other organic compounds of comparable molecular masses. 

3. The melting and boiling points of alkanes show gradual increase 

with increasing molecular masses. However the higher alkanes 

show no marked change in melting and boiling point. 

4. More is the number of branches in alkanes lower will be the 

boiling points. 

5. Alkanes are non-polar so are soluble in non-polar solvents like 

ether, acetone, benzene, carbon tetra chloride etc. 

6. Specific gravity, viscosity of alkanes increases with increasing 

molecular masses. 

 

General Physical Properties of Cyclic Alkanes: 

1) Cyclic alkanes start from three carbons i.e. cyclopropane. 

2) First two members i.e. cyclopropane and cyclobutane are gases at 

R.T.P and rest are liquid. 

3) They are insoluble in water but soluble in benzene, carbon 

tetrachloride and ether. 

4) Their melting and boiling points show gradual increase with 

increasing molecular masses. 

5) Their melting and boiling points are higher than corresponding 

aliphatic alkanes. 

6) Cyclopropane and cyclobutane are least stable while cyclohexane 

is most stable. 

7) Their general formula is CnH2n. 
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Reactivity of Aliphatic Alkanes: 

 

Alkanes are less reactive i.e. they are comparatively inert and are hence 

called paraffins. It is from Latin word parum meaning little and affin 

meaning affinity. 

The low reactivity of alkanes is due to 

(i) The reason that they are saturated compounds having strong 

covalent bonds which are difficult to break. 

(ii) The reason that they are non-polar so electrophile as well as 

nucleophile cannot attack them. 

Due to these reasons alkanes are inert towards acids, bases, oxidizing 

and reducing agents at ordinary conditions. However at elevated 

temperatures they react with these reagents. 

    

Alkanes being saturated compounds mostly show substitution reactions. 

Their oxidation is very difficult thus even strong oxidizing agents like 

KMnO4, K2Cr2O7 etc cannot oxidize them. 

 

Reactivity of Cyclic Alkanes: 

The strength of bond and thus the stability depends on the extent of 

overlap of orbitals. In the case of Cyclopropane and cyclobutane, the 

extent of overlap is less due to greater angle strains and hence they are 

unstable.  

Cyclopropane undergoes ring opening reactions with H2/Ni and HBr to 

give open chain addition products. While cyclobutane, having less angle 

strain than that of cyclopropane, is more stable and hence it undergoes 

ring opening reactions with H2/Ni and HBr to give open chain addition 

products only under severe conditions. 
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Substitution Reactions: 
 Substitution reactions are of three types. 

 

1.Free Radical Substitution Reactions: 
In this substitution the substituent is a free radical i.e. an 

atom or group of atoms from substrate is replaced by a free 

radical. A free radical is a species which has single 

electron. 

 

 e.g.   CH4  + ●Cl → CH3Cl  +  ●H 
 

In substitution two type of sigma bond fission takes place.  

(i) Homolytic fission or Homolysis: 

The bond fission in which each of the two bonded 

atoms acquires one of the bonding electrons, is called 

hemolytic fission or homolysis. 
 

 

  A  : A → ●A + ●A 

This type of bond fission takes place in free radical 

substitution reactions. 

 

(ii) Heterolytic fission or Heterolysis: 

 

The bond fission in which only one of the two bonded 

atoms acquires both of the bonding electrons, is called 
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heterolytic fission or heterolysis. In it positive and 

negative ions are formed. 
 

  A  : B → A+ + B- 

This type of bond fission takes place in nucleophilic of 

electrophilic substitution reactions. 

 

2.Electrophilic Substitution: 
The substitution in which an atom or group of atoms from 

substrate is replaced by an electrophile, is called 

electrophilic substitution reaction. 

Electrophile is electron loving species i.e it is electron 

deficient and it takes electrons. It is either positive ion or a 

neutral molecule which is electron deficient e.g. H+, Cl+, 

Br+, NO2
+, HSO3

+, R3C+, CH3
+, AlCl3, BF3.  

 

3.Nucleophilic Substitution: 
The substitution in which an atom or group of atoms from 

substrate is replaced by a nucleophile, is called nucleophilic 

substitution reaction. 

Nucleophile is electron donating species i.e it donates 

electrons. It is either negative ion or a neutral molecule 

which possesses lone pair of electrons e.g. Cl-, Br-, I-, CN-, 

OH-, NH3, R – NH2. 

 

 



 

 

Free Online Chemistry Lectures    Digital Kemistry YouTube Channel 

Chemistry Notes     www.mydigitalkemistry.com 

Join Digital Kemistry Academy, WhatsApp number: +92-3336753424 (only text for details) 

 

 

96 

Chemical Properties of Alkanes: 

Alkanes being saturated compounds mostly show 

substitution reactions. Their oxidation is very difficult 

thus even strong oxidizing agents like KMnO4, K2Cr2O7 

etc cannot oxidize them. 

 

1. Halogenation: 

Halogens replace hydrogen from alkanes and it is called 

halogenation of alkanes. The order of reactivity of halogens 

with alkanes is 

   F2>Cl2>Br2>I2 

 

Fluorine shows reaction with explosive violence. Reaction 

of iodine is slow and reversible. 

 

Halogenation is a substitution reaction and it proceeds 

through free radical mechanism.  

 

 

a) In dark no reaction occurs 
 

            CH4  + Cl2     Dark No reaction 
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b) In direct sunlight reaction occurs with explosive violence and 

carbon soot is produced. 

 
                                  Direct Sunlight 

             CH4  +     2Cl2                 C + 4 HCl 

 
c) In diffused sunlight a chain reaction occurs. 

d)  
CH4 + Cl2 U.V CH3Cl + HCl 

  Cloro methane (Methyl chloride) 

 

  CH3Cl + Cl2 U.V CH2Cl2 + HCl 
                 Dichloro methane (Methyl dichloride)     

  CH2Cl2 + Cl2 U.V CHCl3 + HCl 
      Trichloro methane (Methyl trichloride or Chloroform) 

CHCl3 + Cl2 U.V CCl4 + HCl 
      Tetrachloro methane (Methyl tetrachloride or Carbon tetrachloride)  

If Cl2 is taken in excess then tetra chloromethane will be major product. If 

methane is taken in excess then chloromethane will be the major product.   

 

Mechanism: 

 It is a free radical substitution reaction. Its steps are divided into three 

categories.  

 

Step-I Reaction Initiating Step: 
 

The step in which molecule splits and free radical is generated 

and due to which then reaction starts is called initiation step. 
      

    Diffused Sunlight    .       . 

Cl ─ Cl      Cl  +  Cl  

     hυ   Free radicals 
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Step-II Reaction Propagation Step: 
 

The step in which one free radical give birth to 

another free radical is called propagation. 

Following are reaction propagation steps. 

           H 

           │    .            .  

  (i) H ─ C ─ H + Cl   H ─ C ─ H    +   H ─ Cl 

           │              │    

           H              H  

                  Cl  

           .              │     .  

  (ii) H ─ C ─ H +   Cl─ Cl   H ─ C ─ H    +   Cl 

           │              │    

           H              H  

           Cl               Cl  

           │    .           │  

  (iii) H ─ C ─ H + Cl   H ─ C.    +   H ─ Cl 

           │              │    

           H              H  

           Cl                Cl  

           │              │      .  

  (iv) H ─ C . +   Cl─ Cl    H ─ C ─ Cl    +   Cl 

           │              │    

           H              H  

 

           Cl              Cl 

           │    .          │  

  (v) H ─ C ─ Cl + Cl        . C ─ Cl    +   H ─ Cl 

           │             │    

           H              H 

  

            Cl               Cl  

            │              │       .  

  (vi)       . C ─ Cl +   Cl─ Cl   Cl ─ C ─ Cl    +   Cl 

           │              │    

           H              H  

           Cl               Cl  

           │    .           │  

  (vii) Cl ─ C ─ Cl + Cl   Cl ─ C ─ Cl    +   H ─ Cl 

           │               ٠    

           H                
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  Step-III Reaction Terminating Step 

The step in which two free radicals combine to give a molecule is called 

termination step. 
           Cl               Cl  

           │     .           │  

   Cl ─ C ─ Cl + Cl   Cl ─ C ─ Cl  

           ٠              │     

                         Cl 

   Following are also termination steps 

     .    . 

    CH3 + Cl   CH3 ─ Cl 

     .    . 

    CH3 + CH3    CH3 ─ CH3     

 

        

2. Oxidation: 
 

(i) Combustion: 

Alkanes on heating strongly in air start burning. 

Combustion reaction is an oxidation reaction. 

Alkanes on burning in sufficient supply of air produce 

carbon dioxide and water vapours and heat is liberated. 

 
  CH4 + 2O2 → CO2 + 2H2O + 891kJ 

 

But in limited supply of air carbon monoxide and water vapours is produced 

and less heat is liberated. 

 
  2CH4 + 3O2 → 2CO + 4H2O + Heat 

 

And in very little supply of air carbon soot and water are produced and least 

heat is liberated. 

 
  CH4 + O2 → C + 2H2O + Heat  
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 Ethane or burning also produce same products. 

 
2C2H6 + 7O2 → 4CO2 + 6H2O          ΔH = - 3081 KJ   or  -1540.5 KJ/mol 

 

(ii) Catalytic Oxidation: 

Lower alkanes on heating in air in presence of copper catalyst and 

applying pressure, oxidize to mixture of useful products. 

Alkanes first oxidize to corresponding alcohols. 

 
           H               OH  

           │              │  

   H ─ C ─ H + O Cu  H ─ C ─ H 

           │         400oC, 200atm         │    

           H Methane             H Methanol (Methyl alcohol) 

 

    

 The alcohols then oxidize to corresponding aldehydes. 
 

           OH                     O  

           │              ║  

   H ─ C ─ H + O Cu  H ─ C ─ H    +   H2O 

           │         400oC, 200atm             

           H                

Methanol     Methanal (Formaldehyde) 

 

 The aldehydes in turn oxidize to corresponding carboxylic acids. 
 

           O              O  

           ║              ║  

   H ─ C ─ H + O Cu  H ─ C ─ OH 

                    400oC, 200atm             

Methanal     Methanoic acid (Formic acid) 

 

 

 

 

 

 



 

 

Free Online Chemistry Lectures    Digital Kemistry YouTube Channel 

Chemistry Notes     www.mydigitalkemistry.com 

Join Digital Kemistry Academy, WhatsApp number: +92-3336753424 (only text for details) 

 

 

101 

Carboxylic acids other than methanoic acid do not further oxidize, however 

methanoic acid further oxidizes to carbon dioxide.   

 
           O               

           ║             

   H ─ C ─ OH + O Cu  CO2 + H2O 

                    400oC, 200atm             

Methanoic acid 

 

 

Uses of Alkanes: 
 

(i) Alkanes are used as fuel. e.g. refinery gas, gasoline, 

kerosene oil, diesel oil all are mixture of alkanes and are 

used as fuel. 

(ii) By catalytic oxidation of alkanes fatty acids (carboxylic 

acids) are prepared which are used in soap and vegetable 

oils. 

(iii) By nitration of alkanes nitro alkanes are produced which 

are used as fuel and solvent. 

(iv) Alkanes are used in the synthesis of many valuable 

organic compounds like chloroform, carbon tetra 

chloride, methanol, formaldehyde etc. 

(v) When methane and steam is passed over nickel at 900oC 

water gas is produced which is used as fuel and also used 

in manufacture of methanol. 

(vi)  
CH4 (g)  + H2O (g)    Ni, 900oC CO (g) + 3H2 (g) 

             Water gas 

 

ZnO/Cr2O3 

CO + 2H2     CH3─OH 

   400-450oC, 200atm 
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  Water gas is also used in fertilizer industry for manufacturing 

of urea. 

 

(vii) Cracking of methane produce carbon soot and hydrogen. 

 
CH4      500-700oC  C + 2H2   

     Carbon soot 

 

  The carbon soot is used in automobile tyre industries for 

vulcanization of rubber. While hydrogen is used for hydrogenation of 

vegetable oil to get ghee and also for reduction of tungsten oxide to get 

tungsten. Tungsten filaments are used in electric bulbs. 

   
 

  

Alkenes 

 
 Alkenes are unsaturated hydrocarbons having general 

formula CnH2n. Their functional group is >C=C<. They have at 

least one carbon-carbon double bond. Lower members of alkene 

family on reaction with halogens produce oily products hence 

alkenes are also called olefins (meaning oil producing). 
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Nomenclature of alkenes: 
 

(i) Common System: 

The common system names of alkenes are derived from 

the names of corresponding alkyl groups by adding 

suffix “ene”. 

To locate the position of double bonds Greek letters α, β, 

γ , δ etc are used. 
                 CH3 

     α          β       γ          δ         │ 

e.g. (i) CH2 = CH2 e.g. (ii) CH2 = CH – CH2 – CH3 e.g. (iii) CH2 = CH – CH – CH3  

  Ethylene   α – Butylene    Iso pentylene 

 

(ii) IUPAC System: 

 

Rules of IUPAC System: 
IUPAC System involves following steps: 

 

 Step-I Chain selection: 

 Select the longest possible continuous carbon chain containing the carbon 

of functional group and if functional group has no carbon in it then the 

carbon to which functional group is attached should be included in the 

selected chain. 

 If more than one longest chains of equal number of carbons are there then 

the one which has more branches or substituents or side chains, is selected.  

 

 

 Step-II Numbering: 

 

 Carbon atoms of the selected chain (parent chain) are numbered from one 

end to other end such that the locant or sum of locants of the functional 

group(s) should be smaller. 
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 If the locant or sum of locants of the functional group(s) is same for both 

ends then numbering is carried out from that end which gives smallest 

locant to the first substituent.  

 If the locant of first substituent is same for both ends then numbering is 

carried out from that end which gives smaller sum of locants of all the 

substituents. 

 If sum of locants of all substituents is also same for both ends 

then numbering is carried out from that end which gives smaller 

locant to more electronegative group(s) like halogen, NH2 etc. 

 If locant of more electronegative group is also same for both 

ends then last preference is given to larger alkyl group. 

 

 Step-III Naming: 

 Names of substituents are written before parent name and 

names of substituents are preceded by their locants. At end 

parent name is written according to carbons in the selected 

chain and the parent name is preceded by locant(s) of functional 

group(s). 

 If same substituent is occurring more than one time then 

prefixes di, tri, tetra, penta etc are used with its name and locant 

of each is written each time. 

 If substituents of more than one kind are there then their names 

are written in alphabetical order. 

 Two numbers are separated by comma between them; a number 

and a name are separated by a hyphen between them while two 

names are separated by a space between them.    

 

 

Name of alkenes are derived from name of 

corresponding alkanes by replacing Last three letters 

with new suffix “ene”. 

If double bonds are more than one then last two letters 

are dropped and suffix diene, triene etc is added.  
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        5  6  

           C2H5 

   1         2        3   4│   1          2        3  

e.g. (i)  CH2 = CH – CH2– C – CH3 e.g. (ii) CH2 = CH – CH– CH2 – CH3   

           │            │4      5 

           CH3                CH3 – CH – CH3   

   4,4-Dimethyl-1- hexene   3-Ethyl-4-methyl-1- pentene 

  1 2     3    4 5       6     7   

e.g. (iii) CH2 = CH – CH2 – CH = CH – CH2 – CH3 

   1,4- Heptadiene 

  

 

General Methods of Preparation of Alkenes: 
1. By Dehydration of Alcohols: 

Removal of water is called dehydration. Alcohols when heated 

with dehydrating agents like H2SO4 or Al2O3 or P4O10 (also 

written as P2O5) they lose water so they are dehydrated to 

corresponding alkenes. 

 

The ease of dehydration in alcohols is in the order of 

          Tertiary alcohols > Secondary alcohols > Primary alcohols 

 

Thus primary-alcohols on dehydration gives their corresponding 1-

alkenes (terminal alkenes). Primary-alcohols are less reactive so they 

need high concentration of acid and also more heating. 

 
CH3 ─ CH2 ─CH2 ─ OH  75% H2SO4 (in excess)  CH3 ─ CH ═ CH2   +   H2O 

1-Propanol  170-180oC   Propene 

(Primary-alcohol)  

 

CH3 ─ CH2 ─CH2 ─ OH   Al2O3    CH3 ─ CH ═ CH2   +   H2O 

Primary-alcohol   350-450oC  Propene 

  

 

3CH3 ─ CH2 ─CH2 ─ OH   +  P2O5    Warm gently        3 CH3 ─ CH ═ CH2 + 2H3PO4 

Primary-alcohol      Propene 
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Secondary-alcohols are comparatively more reactive so they need lower concentration of acid and also 

less heating.  

  

CH3─CH─CH2─ CH3   60% H2SO4 (in excess)        CH3─CH ═ CH─CH3 + H2O 

      │    100oC 

      OH    2-Butanol (Secondary-alcohol)    2-Butene 

 

 

 

 

Tertiary-alcohols are most reactive among alcohols so they need 

still lower concentration of acid and also least heating. 
 

      CH3                          CH3 

      │                   │    

  CH3─C─CH2─ CH3   20% H2SO4 (in excess)  CH3 ─ C ═ CH─ CH3   +   H2O 

      │    85oC 

      OH   2-Methyl-2-butanol (Ter-alcohol)  2-methyl-2-butene 

 

 

Dehydration of alcohols having more than one un-symmetric β-

carbons, follow Saytzeff’s rule. 
 

Saytzeff’s rule:         

 The rule states, 

“If more than one un-symmetric β-carbons are their then hydrogen 

is eliminated from that β-carbon which has less hydrogens.”  

 OR 

“When alternative un-symmetric β-carbons exist, hydrogen is 

preferentially eliminated from the β- carbon atom with fewer 

number of hydrogen atoms.” 

 

2. Dehydrohalogenation of Alkyl Halides: 

           Removal of hydrogen and halogen is called dehydrohalogenation.  
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When alkyl halides are heated with alcoholic solution of KOH, 

hydrogen and halogen atoms are removed from adjacent 

carbons and alkenes are produced. 

 

 
  X 

  │ 

R ─ CH ─ CH2 ─ R + KOH (alcoholic)        heating      R ─ CH ═ CH2 ─ R + KX + H2O   

Alkyl halide       Alkene 

 

      heating 

CH3 ─ CH2 ─ Br + KOH (alcoholic)              CH2 ═ CH2  + KBr + H2O 

Ethyl bromide          Ethene 

 

Dehydrohalogenation of alkyl halides having more 

than one un-symmetric β-carbons, follow Saytzeff’s rule. 

 

3. Dehalogenation of vicinal dihalides: 

 

Removal of halogens is called dehalogenation. 

 

 Vicinal means adjacent.  

 

When alkyl halides having two halogens on adjacent 

(vicinal) carbons (known as vicinal dihalides or vicinal 

dihaloakanes) are heated with zinc dust in anhydrous 

alcohol, dehalogenation occurs and alkenes are obtained. 

 
         X       X 

         │       │    CH3OH 

 R ─ CH ─ CH2 + Zn    R ─ CH ═ CH2   +   ZnX2 

 Vicinal dihaloakane     Alkene 
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     Br      Br 

            │        │       CH3OH 

 CH3 ─CH─CH ─CH3   +   Zn           CH3─CH═CH─CH3   +   ZnBr2 

 1,2- Dibromo butane     2- Butene 

 

 

 

4. By Hydrogenation of Alkynes: 
 

Controlled addition of hydrogen to alkynes produces alkenes. When 

alkynes are heated with hydrogen in presence of palladium catalyst 

poisoned by heavy metal salts like BaSO4 , partial hydrogenation occurs 

and alkenes are produced. 

 

 

 R ─ C ≡ C ─ R + H2      Pd (poisoned) ,  200oC R ─ CH ═ CH ─ R  

 Alkyne        Alkene 

 

 

 CH3 ─ C ≡ CH + H2      Pd (poisoned) ,  200oC CH3 ─ CH ═ CH2 

 Propyne        Propene 

 

 

5. Kolbe’s Electrolysis: 
When electrolysis of aqueous solution of sodium or potassium salt of a 

dicarboxylic acid is carried out, alkenes are produced. This method is 

used to prepare gaseous alkenes with even number of carbons. 

Electrolysis of di sodium succinate produces ethane. 

 
           O                          O        

            ║                          ║     _  

         H2C─C─ONa            H2C─C─O +      2 Na+ 

     │               │     _  

 H2C─C─ONa    H2C─C─O 

           ║                         ║   

           O                         O  

 

Di sodium succinate    succinate ion 
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Reaction at cathode: 
 

  2   Na+ + 2e -    2Na 

 2   Na + 2H2O    2NaOH + H2 

 

Reaction at anode: 
 

           O                         O        

            ║     _              ║     .  _ 

         H2C─C─O            H2C─C─O +      2e 

     │           _        │    .  

 H2C─C─O    H2C─C─O 

           ║                         ║   

           O                         O  

 

           O                               

            ║    .         H2C          

         H2C─C─O                 ║ + 2CO2  

     │          .    H2C      

 H2C─C─O    Ethene 

           ║              

           O                 

Overall reaction: CH2COONa + 2H2O → CH2═CH2  + 2 CO2 + 2NaOH + H2 

  │ 

  CH2COONa 

 

The mixture of ethene and carbon dioxide obtained at anode is made to pass 

through KOH(aq) solution, CO2 will be absorbed by the solution while ethene will 

pass on and will then be collected over surface of water. 
         

 ⊖   ⊕    C2H4 , CO2 →    

         

        ↘C2H4       ← Ethene 

                     --------  

           °  ← Water  

                    ------------- °--------------    

           °      

 ------°---------------------                                 ° 

          °           ←Aqueous solution of ---------------------     

 °      °
°
   disodium succinate  °  °  ° 

°
         ← CO2 absorber (aqueous KOH) 
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Structure of alkenes: 
  

sp2 Hybridization:  

 The hybridization in which one s-orbital and two p-orbitals 

are mixed to form three identical hybrid orbitals is called sp2 

hybridization. The three sp2 hybrid orbitals are degenerated 

(have equal energy) and they are directed in space to three 

corners of a trigonal planar structure having an angle of 120o. 

They are coplanar i.e. lying in same plane. While the third un-

hybridized p-orbital is perpendicular to the plane of hybridized 

orbitals. Each sp2 hybrid orbital has 33% s-character and 67% p-

character. 
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Ethylene or Ethene (C2H4): 

 

In ethene the doubly bonded carbon atoms are sp2 hybridized. 

The electronic configuration of carbon is 1s2, 2s2, 2p2. Its 

valence shell has 2 electrons in s-orbital and one electron in each 

of two p-orbitals while the third p-orbital is lying vacant. 

 
 

 Ground State   Excited State   Hybrid State  

        2Px   2Py   2Pz         2Px   2Py   2Pz            P 

                     

  2p             2p                 sp2      sp2     sp2  

 

2s              2s  

 

 

 

 

By absorption of energy one of electron of 2s promotes to vacant p-

orbital and atom becomes in excited state, which is not stable state. Thus 

to gain a state of stability mixing of atomic orbitals take place and 

energy is lowered. One s-orbital and two p-orbitals are mixed together 

and gives three sp2 hybridized orbitals. These three sp2 hybrid orbitals 

are identical in shape and energy and each has a single electron in it. 

Also the unhybridized p-orbital has single electron. So carbon is 

tetravalent and not divalent. 

Two half filled s-orbitals of two hydrogen atoms overlap with half filled 

sp2 hybrid orbitals of one carbon while half filled s-orbitals of two other 

hydrogen atoms overlap with half filled sp2 hybrid orbitals of second 

carbon forming total four C-H sigma-bonds, two with each carbon. As 

overlapping have taken place on bond axis so four C-H sigma bonds are 

produced. These bonds are formed due to sp2-s overlapping. 

↑ ↑ ↑ ↑ 

⇅

⇅  

↑ ↑ 

↑ ↑ ↑ 

↑ 
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The remaining third sp2 hybrid orbital of one carbon overlaps with the 

third sp2 hybrid orbital of other carbon on bond axis thus forming C-C 

sigma bond. This bond is formed due to sp2-sp2 overlapping.  

The un-hybridized p-orbitals (one of each carbon) are parallel to each 

other so they overlap side wisely (i.e. laterally) and form pi-bond. Pi-

bond is a weak bond and is easy to break hence ethene is reactive.     
 

 

Bond angle between any two C-H bonds is 116.7o. Bond angle between 

C=C and C-H bond is 121.6o. The C-H bond length is 1.1010-10 m or 

1.10 Ao. While C=C bond length is 1.3410-10m or 1.34 Ao.    

 

 

General Physical Properties of Alkenes: 

 

1. At room temperature and pressure 1st three alkenes (i.e. from C2 to 

C4) are colourless gases. Alkenes from C5 to C18 are colourless 

liquids while alkenes from C18 and onward are colourless solids. 

2. All alkenes are odourless except ethene which has pleasant smell.  

3. The melting and boiling points of alkenes increase with increase of 

molecular weight. 
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4. They are less volatile than corresponding alkanes. 

5. More is the number of branches in alkenes lower will be the 

boiling points. 

6. Alkenes are insoluble in water but dissolve freely in organic 

solvents.  

 

 

Relative Stability of Alkenes: 

 

Stability of alkenes depends upon following factors: 

 

(i) Position of double bond:  
 1-Butene is less stable than 2-butene which is evident from 

their heats of combustions. 1-butene being least stable liberates 

more heat on combustion. 

 
CH2 = CH – CH2 – CH3 + 6O2 → 4CO2 + 4 H2O  ∆H = -2719 kJ.mol-1 

1-Butene 

 

CH3 – CH = CH – CH3 + 6O2 → 4CO2 + 4 H2O  ∆H = -2712 kJ.mol-1 

2-Butene 

 

 

 

 

(ii) Number and nature of substituent: 

 

 More is the number of substituents on doubly bonded carbons 

more is the stability of alkenes. e.g. stability order in following 

is: 
    CH3 CH3    CH3 

    │ │    │ 

CH3 – C   =   C – CH3  >  CH3 – C   =   CH – CH3   >  CH3 – CH   =   CH – CH3   
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If electronegative group is attached to double bonded 

carbon it decreases the stability, while alkyl groups 

increases the stability.  

 
    CH3                Cl 

    │                │ 

CH3 – C   =   CH – CH3  >  CH3 – CH   =   CH – CH3   > CH3 – C   =   CH – CH3   

 

(iii) Orientation of substituents on double bonded carbon: 

Trans form is more stable than cis form. 
 

CH3              H  CH3              CH3 

 CH = CH     >  CH = CH 

   H            CH3  H            H 

Trans-2-butene (∆Hc = -2707kJ)   Cis-2-butene (∆Hc = -2712kJ) 

 

 

 

Reactivity of alkenes: 

 

  Alkenes are more reactive than alkanes. Alkenes 

have a double bond which consists of a strong sigma (δ) 

bond (bond energy = 83 Kcal/mol) and a weak pi (π )-

bond (bond energy = 63 Kcal/mol). The density of π-

electrons is high above and below the bond axis. In other 

words π-electrons are away from the nuclei of the carbon 

atoms so hold of nuclei is less on them. Thus they are 

exposed to electrophilic attack. So an electrophile can 
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easily attack and can break pi-bond by using less energy 

and therefore alkenes are more reactive.   

Alkenes being unsaturated compounds, mostly shows 

addition reactions. Beside addition reactions they also 

show oxidation reactions. An oxidizing agent can remove 

their loosely bound π-electrons. 

 

The reactivity order of aliphatic hydrocarbons is 

 
  Alkenes  > Alkynes  > Alkanes 

 

It means that alkenes are most reactive in this series. Alkynes also have 

π-bonds but their π-bonds are comparatively stronger than that of 

alkenes due to shorter distance from carbons nuclei.  

 

Chemical Properties of Alkenes: 

The reactions of alkenes can be divided into three categories. 

 

A. Addition Reactions: 

 Alkenes being unsaturated compounds mostly show addition 

reactions and the addition is electrophilic addition. 

 

Mechanism: 

 A polar or temporarily polarized molecule approaches to alkene 

and +ve end of the molecule pulls its π-electrons as a result reagent 
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molecule breaks up and its +ve ion (electrophile) forms a temporary 

bond with two multiple bonded carbons. 
                                A 

                 + 

  Aδ+ ─ Bδ- + C ═ C        C   C + B – 

 

The elecrophile makes permanent bond with one of the carbon and leaving +ve charge on other carbon. 

                 A       A 

          +        │ + 

    C    C           ── C ──  C ──  

         │         │ 

            Carbonium ion 

The –ve ion (nucleophile) attacks carbonium ion and offers its electrons to positively charged carbon and makes 

bond with it. 

  A       A B    

    │ +      │ │ 

      ── C ──  C ── + B –          ── C    ──  C ── 

  │         │      │ │ 

 

 

Some addition reactions of alkenes are following. 

 

1. Hydrogenation: 

 

Addition of hydrogen is called hydrogenation. 

Molecular hydrogen cannot break π-bond however 

atomic hydrogen can break it. Therefore to 

dissociate molecular hydrogen into atomic 

hydrogen either heating (from 240-300oC) is 

carried out in presence of Nickel catalyst. If 
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platinum catalyst is used then without heating 

hydrogen dissociates. 

 
 

         H      H                  H        H  

              Ni 240-300oC    

   C ═ C      + H ─ H      H C ── C           H   

      Pt (Room Temp)        

         H     H              H        H 

  Ethene       Ethane 

 

 

Generally we can write  

                                                                  Ni 240-300oC  

 R ─ CH ═ CH2 + H2        R ─ CH2 ─ CH3 

  Alkene          Pt (Room Temp)  Alkane 

 

Hydrogenation is an exothermic process. 

 

 

 

2. Halogenation: 

Addition of halogens is called halogenation. It is carried 

out in presence of inert solvent like CCl4. Halogenation 

of alkenes produces vicinal dihaloalkanes. 

 
                X        X   

      CCl4         │        │    

 R ─ CH ═ CH2 + X2        R ─ CH ─ CH2 

  Alkene      Dihaloalkane 
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Halogenation of alkenes with chlorine and bromine 

is carried out but not with fluorine because it is too 

reactive to control while iodine does not react. 

 

Bromine water (bromine dissolved in water) is 

used to detect presence of carbon-carbon multiple 

bond (i.e double or triple bond). Bromine adds to 

multiple bonded carbons thus reddish colour of 

solution disappears. This test is called bromine 

water test. 
                Br        Br   

               │        │    

  CH2 ═ CH2 + Br2(aq)                     CH2 ─ CH2 

  Ethene  (Reddish brown)    1,2-Dibromo ethane (colourless) 

 

 

 

Mechanism: 
When halogen molecule approaches to alkene it is 

polarized. The +ve end of the halogen molecule pulls π-

electrons and as a result halogen molecule breaks up and  +ve 

halogen ion (chloronium or bromonium acts as electrophile) 

forms a temporary bond with two multiple bonded carbons. 

 

 

 

          H      H         H       Br      H  

                 + 

  Brδ+ ─ Brδ- + C ═ C        C ──  C  + Br – 

 



 

 

Free Online Chemistry Lectures    Digital Kemistry YouTube Channel 

Chemistry Notes     www.mydigitalkemistry.com 

Join Digital Kemistry Academy, WhatsApp number: +92-3336753424 (only text for details) 

 

 

119 

         H      H       H          H 

The electrophile (Bromonium) makes permanent bond with one 

of the carbon and leaving +ve charge on other carbon. 
       H       Br      H      Br   

          +        │ + 

    C ──  C        H ── C ──  C ── H  

         │         │ 

    H        H      H         H  

            Carbonium ion 

The –ve ion (nucleophile i.e bromide ion) attacks carbonium ion and 

offers its electrons to positively charged carbon and makes bond with it. 

 

 

  Br       Br Br    

    │ +      │ │ 

 H   ── C ──  C ── + Br –      H ── C    ──  C ── H 

  │         │      │ │ 

  H         H      H H 

 

 

 

3. Hydrohalogenation: 

 

Addition of hydrogen and halogen is called 

hydrohalogenation.  

When alkenes are treated with halogen acids 

hydrohalogenation take place. 

 

The order of reactivity of halogen acids towards 

this reaction is 

  HI > HBr > HCl > HF 
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               X       H   

      CCl4         │       │    

 R ─ CH ═ CH2 + HX        R ─ CH ─ CH2 

  Alkene      Haloalkane 

 

If alkene is unsymmetrical then addition takes 

place according to Markovnikov’s rule. If alkene is 

symmetric then only one addition product is 

possible. 
 

        CH3 ─ CH2 ─ Cl  

        Chloroethae 

  CH2 ═ CH2 + Hδ+ ─ Clδ-        

        Cl ─ CH2 ─ CH3 

        Chloroethane 

 

 

Both possibilities gave same product. 

But if alkene is asymmetric then two addition products are 

possible. 

 
           CH3 ─ CH2 ─ CH2 ─ Cl (Case-I) 

        1- Chloropropane 

 CH3 ─ CH ═ CH2 + Hδ+ ─ Clδ-        

           CH3 ─ CH ─ CH3 (Case-II) 

                      │ 

         Cl 

        2- Chloropropane 

 

But actually only 2-haloalkane will be obtained as major 

product. This shows that when alkene is unsymmetrical 

then addition take place according to Markovnikov’s 

rule.  
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Markovnikov’s rule: 

 
 “When an unsymmetrical reagent adds to an unsymmetrical 

alkene or alkyne, the positive part of the reagent becomes 

attached to the double or triple bonded carbon which bears the 

greatest number of hydrogen atoms and vice versa.” 

     OR 

“When an asymmetric molecule is added to an asymmetric 

alkene or alkyne then the negative part of the molecule to be 

added goes to that multiple bonded carbon which has less 

number of hydrogen atoms and vice versa.” 

 

In above mentioned later case (propene) addition took place 

according to Markovnikov’s rule.  

In case-I primary carbonium ion will be formed while in later 

case secondary carbonium ion will be formed. The stability of 

carbonium ions is: 

 

Ter-carbonium ion > Sec-carbonium ion > Pri-carbonium ion 

 

As in case-II stable carbonium ion is formed so addition takes 

place according to Markownikoff’s rule. 
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Mechanism:  
 When halogen acid molecule approaches to alkene its +ve end 

pulls π-electrons and as a result halogen acid molecule breaks up and 

+ve hydrogen ion (acts as electrophile) forms a temporary bond with two 

multiple bonded carbons. 
 

 

          H      H         H       H      H  

                 + 

  Hδ+ ─ Brδ- + C ═ C        C ──  C  + Br – 

 

         H      H       H          H 

 

The electrophile (Hydrogen) makes permanent bond with one of the carbon and leaving +ve 

charge on other carbon. 

       H       H      H      H   

          +        │ + 

    C ──  C        H ── C ──  C ── H  

         │         │ 

    H        H      H         H  

            Carbonium ion 

The –ve ion (nucleophile i.e bromide) attacks carbonium ion and 

offers its electrons to positively charged carbon and makes bond 

with it. 

  H       H Br    

    │ +      │ │ 

 H   ── C ──  C ── + Br –      H ── C ──     C ── H 

  │         │      │ │ 

  H         H      H H 

        Bromo ethane 

 

4. Addition of Hypohalous Acid or Halo hydroxylation: 
 

When alkenes are treated with aqueous solution of hypohalous 

acids HOX addition reaction take place to give halohydrins 

(haloalcohols). 
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            The order of reactivity of halogen acids towards this reaction is: 

 

  HOCl  >           HOBr  > HOI 

  Hypoclorous acid     Hypobromous acid         Hypoiodous acid 

 

Hypoiodous acid is nonreactive in this reaction and will not 

show this reaction. 
                      OH      X   

                       │       │    

 R ─ CH ═ CH2    +    HOδ- ─ Xδ+        R ─ CH ─ CH2 

  Alkene  Hypohalous acid  Halohydrin (Haloalcohol) 

 

If alkene is unsymmetrical then addition takes place according to Markownikoff’s 

rule. If alkene is symmetric then only one addition product is possible. 

 

         HO─CH2 ─ CH2 ─ Cl  

         Ethylene chlorohydrin 

  CH2 ═ CH2 + HOδ- ─ Clδ+         (2-chloro ethanol) 

        Cl ─ CH2 ─ CH2 ─ OH 

        Ethylene chlorohydrin  

                           Both possibilities gave same product.         (2-chloro ethanol) 

 

But if alkene is asymmetric then two addition 

products are possible. 
         Cl 

         │ 

           CH3 ─ CH ─ CH2 ─ OH (Case-I) 

        Propylene chloro hydrine 

 CH3 ─ CH ═ CH2 + HOδ- ─ Clδ+         2- Chloro-1-propanol 

           CH3 ─ CH ─ CH2 ─ Cl (Case-II) 

                      │ 

         OH 

        Propylene chloro hydrine 
         1- Chloro-2-propanol 

But actually only 1- Chloro-2-propanol will be obtained as 

major product. This shows that when alkene is unsymmetrical 

then addition take place according to Markownikoff’s rule. 
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Mechanism:  
 

 The +ve end of the hypohalous molecule pulls π-electrons and as a result 

+ve halogen ion (chloronium or bromonium acts as electrophile) forms a 

temporary bond with the two multiple bonded carbons.  
 

 

 

 

          H      H         H        Cl         H  

                 + 

  Clδ+ ─ OHδ- + C ═ C        C ──  C  + OH – 

             H      H       H          H 

 

The electrophile (chlorine) makes permanent bond with one of the carbon and leaving +ve 

charge on other carbon. 

 

       H        Cl          H      Cl  

          +        │ + 

    C ──  C        H ── C ──  C ── H  

         │         │ 

    H        H      H         H  

            Carbonium ion 

 

The –ve ion (nucleophile i.e hydroxide) attacks carbonium ion and offers its 

electrons to positively charged carbon and makes bond with it. 
  Cl       Cl OH    

    │ +      │ │ 

 H   ── C ──  C ── + OH –      H ── C ──     C ── H 

  │         │      │ │ 

  H         H      H H 2-chloro ethanol 

         

 

5. Addition of Sulphuric Acid: 

When alkenes are treated with cold concentrated H2SO4 addition 

of acid take place.  
      

                              OSO2OHδ-  

                            │          

 R ─ CH ═ CH2    +    Hδ+ ─ OSO2OHδ-        R ─ CH ─ CH3 

  Alkene  Sulphuric acid    Alkyl hydrogen sulphate 
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 In asymmetric alkenes addition takes place according to 

Markownikoff’s rule. 

The alkyl hydrogen sulphates on dilution with water and 

boiling give alcohols. 

 
   OSO2OHδ-             OH  

   │              │  

R ─ CH ─ CH3   +   Hδ+ ─ OHδ-       100oC R ─ CH ─ CH3   +  HOSO2OH 

Alkyl hydrogen sulphate    Alcohol 

 

 

As acid is replaced by water so actually addition of water has 

taken place, therefore, the reaction is called Hydration of 

alkenes. 

 

6. Reaction with dilute Sulphuric acid (Hydration): 

 
When ethene is treated with dilute (10%) H2SO4 in presence of mercuric 

sulphate hydration occurs. 
       10%H2SO4      

CH2 ═ CH2  +  Hδ+ ─ OHδ-      CH3 ─ CH2 ─ OH   

Hg SO4 

 

B. Oxidation Reactions: 
 

 The π-bond in alkenes is a weak bond and π.-electrons are loosely 

bound to carbon nuclei hence are susceptible for the attack of oxidizing 

agents. Therefore oxidizing agents can easily oxidize alkenes. Some 

oxidation reactions of alkenes are following. 
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1. Combustion: 

Alkenes on burning produce CO2 and H2O vapours along with 

liberation of heat.  

This is oxidation reaction. 

 
C2H4 + 3O2   2CO2 + 2H2O ΔH = -1410 KJ/mol   

 

 

2. Ozonolysis: 

 

Ozone is highly reactive so it reacts vigorously with alkenes and 

produce corresponding alkylene ozonide. This is oxidation 

reaction. Alkylene ozonide then on reaction with Zinc dust in 

presence of water reduces to some aldehyde or ketone or 

mixture of the two. 

 
                 O 

 H  H         H          H 

           C ═ C   + O3    C C 

 H  H         H        │ │    H 

                        O ──  O 

               Ethylene ozonide  

 

        O                   O  

          H         H                  ║  

                 C C      +     H2O   2 H ── C ── H   +  H2O2 

   H  │ │    H     Formaldehyde 

   O ──  O 

 

    

H2O2 + Zn   ZnO + H2O 

 

As water is recovered so it is acting as catalyst. 

 

This reaction is used to locate position of double bond in 

alkenes and also to identify alkenes e.g. if ozonolysis of an 
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alkene ‘X’ followed by reduction with zinc produces 

actetaldehyde (ethanal) and 2-butanone then alkene is 3-methyl-

2-pentene. 

   

3. Epoxide Formation: 

When a mixture of alkene and air is passed over heated silver 

oxide catalyst, an atom of oxygen adds to alkene molecule and 

alkylene epoxide is formed. This is oxidation reaction. 

 
        Ag2O,   300oC 

 H2C ═ CH2 + ½ O2    CH2 ── CH2 

 Ethylene         

                 O 

         Ethylene epoxide or Ethylene oxide 

 

 

 

         Ag2O,   300oC 

CH3 ─HC ═ CH2 + ½ O2        CH3 ─ CH ──    CH2 

 Propylene         

                     O 

         Propylene epoxide or Propylene oxide 

 

From these epoxides glycols can be prepared. 

 

4. Hydroxylation (Baeyer’s test): 

When alkenes are treated with dilute alkaline KMnO4 solution 

hydroxylation of alkenes occurs and as a result vicinal glycols 

(Vicinal dihydroxy alcohols) are produced. This is also an 

oxidation reaction. This reaction could be used as identification 

test for presence of carbon-carbon multiple bonds and is known 

as Baeyer’s test.  

 

 



 

 

Free Online Chemistry Lectures    Digital Kemistry YouTube Channel 

Chemistry Notes     www.mydigitalkemistry.com 

Join Digital Kemistry Academy, WhatsApp number: +92-3336753424 (only text for details) 

 

 

128 

Baeyer’s test:  

The test which indicates the presence of carbon-carbon double 

or triple bond by the decolourization of pink colour of alkaline 

aqueous solution of KMnO4 is called Baeyer’s test. 

 
3 H2C ═ CH2 + 2 KMnO4 + 4 H2O    3 H2C ─ CH2 +  2MnO2 + 2 KOH 

Ethene                 │    │ 

              OH  OH    

       Ethylene glycol (1,2-Ethae diol) 

   Pink colour     Colourless 

  

C. Polymerization: 

When ethene is subjected to a pressure of 1000 atm it liquefies. Then on 

heating liquid ethane to a temperature of 100-300oC it polymerizes to 

polyethylene or polythene. If catalysts like aluminium triethyl Al(C2H5)3 

or titanium tetrachloride TiCl4 are used a good quality polythene is 

obtained. 
    100-300oC 

  CH2 ═ CH2               [ CH2      CH2  ]n    

     1000 atm, traces of O2  Polythene (It is a plastic.) 

 

Conjugation in Alkenes: 
 

“The existence of alternate double and single 

bonds among carbon atoms is called conjugation.” 
 

e.g. 1,3-butadiene CH2 = CH – CH = CH2 is a conjugated compound. In it all 

the four carbons are sp2 hybridized. Also all carbons and hydrogens in this 

compound are in same plane. All the four carbons have un-hybridized p-orbital 

which is perpendicular to the plane of δ-bonds. The p-orbitals of carbon 2 and 3 

overlap on either side so π-electrons are not restricted to two carbons rather they 

are attracted by all the four carbons. Thus delocalized π-bonds are formed in 

such conjugated compounds.  
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The delocalization of π-electrons is responsible for greater stability of 1,3-

butadiene. The C – C single bond length is 1.48Ao which is shorter than normal 

C – C single bond length (1.54 Ao). Similarly C = C double bond length is 1.37 Ao 

which is longer than normal C = C double bond  (1.34Ao). 

 

 

 

 

    
 

1,3- Butadiene   1,3-Butadiene                   2,4,6- Octatriene   

 

 

 

Chirality:  
 

“The property of non-identity of an object with its mirror image is called 

chirality.” 

 And 

“A structural feature within molecule that is responsible for its chirality is 

called chiral centre of the molecule.”  

 

“The carbon to which four different atoms or groups are attached is called 

chiral carbon or asymmetric carbon.” 
     e.g. (i)                        H 

         │ 

            H2N –  C* – CO2H  In this amino acid carbons with asterisk are chiral carbons    

        

H – C* – CH3    e.g. (ii)           OH  

       │              │ 

H – C – H  CH3 – C* – COOH     

       │              │ 

         H – C – H              H  

            │   Lactic acid (Carbon with asterisk is chiral carbon)  

          H 
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However a chiral atom is not necessary condition for chirality. A molecule may not 

have a chiral atom but still be chiral. On other hand a molecule may have more 

than one chiral atoms but still it may be achiral.  

 

Uses of Ethene: 
 Ethene is an important member of alkene family and it has many uses. 

1. On burning mixed with oxygen gives oxyethylene flame which is used for 

welding and cutting metals 

2. It is used for artificial ripening of green fruits. 

3. It is used for making mustard gas which is used in chemical weapons. It was 

used in First World War. 
CH2 ─ CH2 ─ Cl 

2  CH2 ═ CH2 + S2Cl2    S    +  S 

       CH2 ─ CH2 ─ Cl 

Ethene  Sulphur monochloride  Mustard gas 

      (β, β/ - Dichloro ethyl sulphide)  

Actually it is not gas but liquid that disperses as mist in air. It has 

mustard like odour. It is a powerful vesicant i.e. causes blisters.  

4. It is used as general anesthetic. 

5. It is used for manufacturing polythene, a plastic used for bags, 

boxes, cables, toys etc. 

6. It is used for making ethylene glycol which is used as antifreeze. 

7. It is used for making ethylene dichloride used as solvent. 

8. It is used for making ethylene oxide used as fumigant. 

9. It is used for making ethyl alcohol. 
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Alkynes 
 

Alkynes are unsaturated hydrocarbons which have at least one carbon-

carbon triple bond and a general molecular formula CnH2n-2.  Their 

functional group is – C ≡ C –. 

 

Nomenclature: 

 

(i) Common System: 

In common system alkynes are considered as alkyl derivatives 

of acetylene (the smallest member of the family).  

 First names of alkyl groups present around acetylenic 

group are written and then suffix acetylene is added. 

 Prefix n, iso, neo etc is used with names of propyl and 

higher alkyl groups as isomerism occurs in these groups. 

 Names of different alkyl groups are written in alphabetical 

order. 

 If alkyl groups have equal number of carbons then the one 

with no branch or less branch is written first.   

 
e.g. (i) CH ≡ CH e.g. (ii) CH3 – C ≡ C – CH2 – CH3  e.g. (iii) CH3 – C ≡ CH 

  Acetylene  Ethyl methyl acetylene  Methyl acetylene 

 

                  CH3  

                  │ 

e.g. (iv) CH3 – CH – C ≡ C – CH2 – CH2 – CH3 e.g. (v) CH3– CH2 – CH2 – C ≡ C – CH2 – CH2 – CH3    

  n-Propyl isopropyl acetylene  Di n-propyl acetylene 
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(ii) IUPAC System: 

 

Rules of IUPAC System: 
IUPAC System involves following steps: 

 

 Step-I Chain selection: 

 Select the longest possible continuous carbon chain containing the carbon 

of functional group and if functional group has no carbon in it then the 

carbon to which functional group is attached should be included in the 

selected chain. 

 If more than one longest chains of equal number of carbons are there then 

the one which has more branches or substituents or side chains, is selected.  

 

 

 Step-II Numbering: 

 

 Carbon atoms of the selected chain (parent chain) are numbered from one 

end to other end such that the locant or sum of locants of the functional 

group(s) should be smaller. 

 If the locant or sum of locants of the functional group(s) is same for both 

ends then numbering is carried out from that end which gives smallest 

locant to the first substituent.  

 If the locant of first substituent is same for both ends then numbering is 

carried out from that end which gives smaller sum of locants of all the 

substituents. 

 If sum of locants of all substituents is also same for both ends 

then numbering is carried out from that end which gives smaller 

locant to more electronegative group(s) like halogen, NH2 etc. 

 If locant of more electronegative group is also same for both 

ends then last preference is given to larger alkyl group. 

 

 Step-III Naming: 

 Names of substituents are written before parent name and 

names of substituents are preceded by their locants. At end 

parent name is written according to carbons in the selected 
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chain and the parent name is preceded by locant(s) of functional 

group(s). 

 If same substituent is occurring more than one time then 

prefixes di, tri, tetra, penta etc are used with its name and locant 

of each is written each time. 

 If substituents of more than one kind are there then their names 

are written in alphabetical order. 

 Two numbers are separated by comma between them; a number 

and a name are separated by a hyphen between them while two 

names are separated by a space between them.    

 

 

Name of alkynes are derived from name of corresponding 

alkanes by replacing last three letters with new suffix “yne”. 

If triple bonds are more than one then last two letters are 

dropped and suffix diyne, triyne etc is added.  

 
        5  6  

           C2H5 

   1         2        3   4│   1          2        3  

e.g. (i)  CH  ≡  C –  CH2 – C – CH3 e.g. (ii) CH  ≡ C  –  CH – CH2 – CH3   

           │            │4      5 

           CH3                CH3 – CH – CH3   

   4,4-Dimethyl-1- hexyne   3-Ethyl-4-methyl-1- pentyne 

  1         2     3       4      5      6       7   

e.g. (iii) CH ≡ C – CH2 – C ≡ C – CH2 – CH3 

   1,4- Heptadiyne 

 

 

 

General Methods of Preparation of Alkynes: 

 

1. By dehydrohalogenation of vicinal dihaloalkanes: 

Removal of hydrogen and halogen is called 

dehydrohalogenation. When vicinal dihalides are heated 
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with alcoholic solution of KOH,  hydrogen and halogen 

atoms are removed from adjacent carbons and in two 

steps alkynes are produced. 

 
  X X 

  │ │ 

R ─ CH ─ CH ─ R + 2KOH (alcoholic)      heating       R ─ C ≡ C ─ R + 2KX + 2H2O     

Vicinal dihalide      Alkyne 

 

   Br Br              Br  

               │ │          │   

CH2 ─ CH2 + KOH (alcoholic)         heating      CH ═ CH2   + KBr + H2O 

1,2-dibromo ethane         Bromo Ethene 

 

  Br                 

               │              

CH ─ CH2 + KOH (alcoholic)         heating      CH ≡ CH   + KBr + H2O 

Bromo ethene               Ethyne 

 

 

2. Dehalogenation of Tetrahaloalkanes: 

 

Tetrahaloalkanes on treating with active metals produce alkynes. 

Usually Zinc dust is used for dehalogenation. 
 

  Cl Cl           

    │ │        

 CH3──C   ──     C ── H    + Zn    CH3──C ══ C ── H + ZnCl2 

  │ │      │       │ 

  Cl Cl      Cl      Cl 

       1, 2-Dichloro-1- propene 

CH3──C  ══  C ── H    + Zn      CH3──C           C ── H + ZnCl2 

  │         │        

  Cl       Cl      1- propyne  
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3. Kolbe’s Electrolysis: 

When electrolysis of aqueous solution of sodium or 

potassium salt of a unsaturated dicarboxylic acid is 

carried out, alkynes are produced. This method is 

used to prepare gaseous alkynes with even number 

of carbons. 
           O                         O        

            ║                         ║     _  

          HC─C─ONa             HC─C─O +      2 Na+ 

     ║                  ║           _  

  HC─C─ONa     HC─C─O 

           ║                         ║   

           O                         O  

Di sodium fumarate    fumarate ion 

 

Reaction at cathode: 

 

  2   Na+ + 2e -    2Na 

 2   Na + 2H2O    2NaOH + H2 

 

Reaction at anode: 

 

           O                         O        

            ║     _              ║    .  _ 

          HC─C─O             HC─C─O +      2e 

     ║           _        ║    .  

  HC─C─O     HC─C─O 

           ║                         ║   

           O                         O 

           O                   

            ║    .           

          HC─C─O          H ─ C ≡ C ─ H + 2CO2  

     ║          .          

  HC─C─O    Ethyne 

           ║              

           O                 

Overall reaction: CHCOONa + 2H2O → CH≡CH  + 2 CO2 + 2NaOH + H2 

  ║ 

  CHCOONa 
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The mixture of ethyne and carbon dioxide obtained at anode is 

made to pass through KOH(aq) solution, CO2 will be absorbed by 

the solution while ethyne will pass on and will then be collected 

over surface of water. 

 
 ⊖   ⊕    C2H2 , CO2 →    

         

        ↘C2H2       ← Ethyne 

                     --------  

           °  ← Water  

                    ------------- °--------------    

           °      

 ------°---------------------                                 ° 

          °           ←Aqueous solution of ---------------------     

 °      °
°
   disodium fumarate  °  °  ° 

°
         ← CO2 absorber (aqueous KOH) 

 

 

 

  

4. Commercial preparation of Acetylene: 

 

By hydrolysis of Calcium carbide: 

Acetylene is commercially prepared by hydrolysis of calcium 

carbide. For this purpose calcium carbide is added to water. 

 
    Ca 

 

  C       C + 2 H ─ OH  H ─ C ≡ C ─ H   +   Ca(OH)2 

Calcium carbide 

 

Calcium carbide is produced by heating quick lime (CaO) with coke at 3000oC in 

electric furnance. 

 

  CaO +     3C  3000oC  CaC2 + CO 

 

 



 

 

Free Online Chemistry Lectures    Digital Kemistry YouTube Channel 

Chemistry Notes     www.mydigitalkemistry.com 

Join Digital Kemistry Academy, WhatsApp number: +92-3336753424 (only text for details) 

 

 

137 

Structure of Ethyne: 
 

sp Hybridization:  

 The hybridization in which one s-orbital and one p-orbital are 

mixed to form two identical hybrid orbitals is called sp hybridization. 

The two sp hybrid orbitals are degenerated (have equal energy) and they 

are at an angle of 180o. The remaining two un-hybridized p-orbitals are 

perpendicular to each other as well as to the sp hybridized orbitals. Each 

sp hybrid orbital has 50% s-character and 50% p-character. 

 

Acetylene or Ethyne (C2H2): 

In ethyne the triply bonded carbon atoms are sp hybridized. The 

electronic configuration of carbon is 1s2, 2s2, 2p2. Its valence 

shell has 2 electrons in s-orbital and one electron in each of two 

p-orbitals while the third p-orbital is lying vacant. 

 
 

 Ground State   Excited State   Hybrid State  

        2Px      2Py      2Pz         2Px       2Py    2Pz             Py Pz 

                     

  2p             2p                 sp        sp      

 

2s              2s  

 

 

 

 

↑ ↑ ↑ 

⇅

⇅  

↑ ↑ ↑ ↑ 

↑ ↑ 
↑ 
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By absorption of energy one of electron of 2s promotes to vacant p-orbital and 

atom becomes in excited state, which is not stable state. Thus to gain a state of 

stability mixing of atomic orbitals take place and energy is lowered. One s-orbital 

and one p-orbital are mixed together and give two sp hybridized orbitals. These 

two sp hybrid orbitals are identical in shape and energy and each has a single 

electron in it. Also two un-hybridized p-orbitals each have single electrons in it. So 

carbon is tetravalent and not divalent. 

The half filled s-orbitals of one hydrogen atom overlap with half filled sp hybrid 

orbital of one carbon while half filled s-orbitals of  other hydrogen atom overlap 

with half filled sp hybrid orbital of second carbon forming total two C-H sigma-

bonds, one with each carbon. As overlapping have taken place on bond axis so two 

C-H sigma bonds are produced. The two C-H sigma bonds are formed due to sp-s 

overlapping. 

The remaining one sp hybrid orbital of each carbon overlaps among them on bond 

axis thus forming C-C sigma bond. This bond is formed due to sp-sp overlapping.   

The two un-hybridized p-orbitals (one of each carbon) are parallel to each other so 

they overlap side wisely (i.e. laterally) and form pi-bond. Similarly the other two 

un-hybridized p-orbitals (one of each carbon) are also parallel to each other so they 

also overlap side wisely (i.e. laterally) and form another pi-bond. The two pi-bonds 

are formed due to p-p overlapping. Pi-bonds are week bonds and are easy to break 

hence ethyne is reactive. 

     
   

Bond angle between C≡C and C-H bond is 180o. The C-H bond length is 1.08x10 -10m or 1.08 

Ao. While C≡C bond length is 1.2010 -10m or 1.20 Ao.    
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Relative Stability of Alkynes: 

 

Stability of alkynes depends upon following factors: 

(i) Position of triple bond:  1-Butyne is less stable than 2-butyne. 

Stabilities of various alkynes can be compared by their heats of 

hydration or heats of combustion. 

(ii) Number and nature of substituent: More is the number of 

substituents more is the stability of alkynes.  

If ectronegative group is attached it decreases the stability, 

while alkyl groups increases the stability.  

 

General Physical Properties of Alkynes: 

 

1. At room temperature and pressure 1st three alkynes (i.e. from C2 to 

C4) are colourless gases next eight members i.e from C5 to C12 are 

colourless liquids while alkynes from C13 and onward are 

colourless solids. 

2. They are odourless except ethyne which has garlic like smell.  

3. Their boiling points are comparatively higher than corresponding 

alkenes and alkanes. 

4. The boiling points of alkynes increase with increase of molecular 

weight. However their melting points irregularly varies with 

increasing molecular masses. 

5. More is the number of branches in alkynes lower will be the 

boiling points. 

6. Alkynes are insoluble in water but dissolve freely in organic 

solvents like ether, benzene, carbon tetrachloride etc.  
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Reactivity of alkenes: 

 

The reactivity order of aliphatic hydrocarbons is: 

 Alkenes  > Alkynes  > Alkanes 

 

Alkynes have π-bonds which are weak bonds so they are more 

reactive than alkanes as alkanes have strong δ-bonds only. 

 But alkynes are less reactive than alkenes because π-bonds of 

alkynes are comparatively stronger than that of alkenes due to 

shorter distance from carbons nuclei. So alkynes are less reactive 

than alkenes. In alkynes electron density between two triply 

bonded carbon nuclei is more than that in doubly bonded carbons 

in alkene so triple bond is shorter than double bond and hold of 

carbons nuclei on pi-electrons is more in alkynes and thus alkynes 

are less reactive than alkenes. Also in alkynes there is sp 

hybridization while in alkenes there is sp2 hybridization. In sp 

hybridization there is more s-character which gives stability to 

alkynes so they are less reactive than alkenes.  

     

Chemical Properties of Alkynes: 

 

The reactions of alkynes can be divided into four categories. 

 

A. Addition Reactions: 

 Alkynes being unsaturated compounds mostly show addition 

reactions and the addition is electrophilic addition. 

Mechanism: 

 A polar or temporarily polarized molecule approaches to alkyne 

and +ve end of the molecule pulls its π-electrons as a result reagent 
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molecule breaks up and its +ve ion (electrophile) forms a temporary 

bond with two multiple bonded carbons. 
               A  

                 + 

  Aδ+ ─ Bδ- +    ─ C ≡ C ─                            ─ C   ══  C ─ + B – 

 

The electrophile makes permanent bond with one of the carbon and leaving +ve 

charge on other carbon.               A      

 A 

         +        │ + 

            ─C   ══   C ─           ── C ══  C ──    

            Carbonium ion 

The –ve ion (nucleophile) attacks carbonium ion and offers its electrons to 

positively charged carbon and makes bond with it. 

 

 

  A       A B    

    │ +      │ │ 

      ── C ══  C ── + B –         ── C   ══   C ── 

 

Similarly addition of second molecule talk place. 
 

Some addition reactions of alkynes are following. 

1. Hydrogenation: 

Addition of hydrogen is called hydrogenation. Molecular 

hydrogen cannot break π-bond however atomic hydrogen 

can break it. Therefore to dissociate molecular hydrogen 

into atomic hydrogen either heating (from 240-300oC) is 

carried out in presence of Nickel catalyst. If platinum 

catalyst is used then without heating hydrogen 

dissociates.  
 

 H ─ C ≡ C ─ H + H2      Ni ,  240-300oC   CH2 ═ CH2  

 Ethyne           or Pt (room temp)  Ethene 
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  CH2 ═ CH2 +   H2            Ni ,  240-300oC   CH3 ─ CH3  

 Ethene            or Pt (room temp)  Ethane 

 

But if palladium poisoned by heavy metal salt is used as catalyst its catalytic 

ability is less hence concentration of atomic hydrogen will be less and 

hydrogenation will be stopped at production of alkene. 
 

 R ─ C ≡ C ─ R + H2     Pd (poisoned) ,  200oC R ─ CH ═ CH ─ R  

 Alkyne        Alkene 

 

 

 CH3 ─ C ≡ CH + H2     Pd (poisoned) ,  200oC CH3 ─ CH ═ CH2 

 Propyne       Propene 

 

2. Halogenation: 

Addition of halogens is called halogenation. It is carried out in 

presence of Ferric chloride catalyst. Halogenation of alkynes 

produces vicinal tetrahaloalkanes. 
                     Cl   Cl   

                     │    │   

CH3 ─ C ≡ C ─ CH3 + Cl2         FeCl3   CH3 ─ C ═ C ─ CH3  

 2-butyne                2,3- dichloro-2- butene  

 

 

             Cl    Cl                  Cl    Cl  

             │     │                          │     │  

 CH3 ─ C ═ C ─ CH3 + Cl2     FeCl3   CH3 ─ C ─ C ─ CH3  

                     │     │ 

                     Cl    Cl  

2,3- dichloro-2- butene          2,2,3,3- tetrachloro butane 

 

 

If Cl2 is taken in excess than 2,2,3,3- tetrachloro butane will be major 

product but if 2-butyne is in excess then 2,3- dichloro-2- butene will be 

major product. 

 

Chlorine and bromine add readily while iodine reacts slowly. 
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Mechanism:  

 Ferric chloride (catalyst) polarizes halogen i.e. chlorine or bromine. 

 
  Clδ+ ─ Clδ-  FeCl3  Cl+ + Cl- 

         Chloronium ion  Chloride ion  

The +ve end of the halogen molecule pulls π-electrons and as a result halogen molecule breaks 

up and  +ve halogen ion (chloronium or bromonium acts as electrophile) forms a temporary bond 

with two multiple bonded carbons. 

                           Cl  

                    + 

Clδ+ + CH3 ─ C ≡ C ─ CH3                    CH3─ C   ══  C ─ CH3   

 

The electrophile (halonium ion) makes permanent bond with one of the 

carbon and leaving +ve charge on other carbon. 

 
      Cl                 Cl 

        +                 │        +  

CH3─ C   ══    C ─ CH3    CH3─ C ══  C ─ CH3 

          Carbonium ion 

 

The –ve ion (nucleophile i.e halide ion) attacks carbonium ion and offers 

its electrons to positively charged carbon and makes bond with it. 
 

            Cl                Cl        Cl  

            │          +                      │        │  

CH3─ C ══  C ─ CH3  +  Cl-    CH3─ C ══  C ─ CH3 

Similarly further halogenation occurs. 
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3. Hydrohalogenation: 

Addition of hydrogen and halogen is called 

hydrohalogenation.  

When alkynes are treated with halogen acids 

hydrohalogenation take place. In case of asymmetric 

alkynes addition follows Markovnikov’s rule. However 

in case of symmetric alkynes only second addition is 

according to Markownikoff’s rule.   

 

The order of reactivity of halogen acids towards this 

reaction is 

  HI > HBr > HCl > HF 

 
               Br   H   

               │  │    

 H ─ C ≡ C ─ H + HBr        H ─ C ═ C ─ H 

 Ethyne       Bromo ethene 

        Br     H                  Br     H  

        │     │                         │     │  

 H ─ C ═ C ─ H + HBr             H ─ C ─ C ─ H  

                    │     │ 

                    Br     H  

        1,1- dibromo ethane 

 

Mechanism:  

 It follows same mechanism as in other addition reactions of 

alkynes. 
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4. Addition of Water (Hydration): 

 

When ethyne is treated with dilute (10%) H2SO4 in presence of 

mercuric sulphate hydration occurs. Addition of water take 

place at about 80oC. In asymmetric alkynes Markovnikov’s rule 

is followed.  
                H  O ─ H   

       10%H2SO4              │  │  

CH ≡ CH  +  Hδ+ ─ OHδ-      H ─ C ═ C ─ H   

Hg SO4, 80oC   Vinyl alcohol 

          

Vinyl alcohol is unstable so it undergoes rearrangement to form aldehyde. 

 

        H    O  ─ H             H   O  

        │    │              │  ║  

H ─ C ═ C ─ H       H ─ C ─ C ─ H 

          │  

                H 

         Acetaldehyde 

 

Ethyne on hydration gives aldehyde (Acetaldehyde) while Alkynes other 

than ethyne on hydration give ketones.  
                 H    O  ─ H   

       10%H2SO4               │ │  

H ─ C ≡ C ─ R  +  Hδ+ ─ OHδ-      H ─ C ═ C ─ R   

Hg SO4, 80oC  

          

The unsaturated alcohol is unstable so it undergoes rearrangement to 

form ketone. 

 
        H     O ─ H                              H    O 

        │ │                         │    ║      

H ─ C ═ C ─ R         H ─ C ─ C ─ R 

                          │  

                               H 

             Ketone 
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B. Oxidation Reactions: 

 

 The π-bond in alkynes is a weak bond and π.-electrons are loosely 

bound to carbon nuclei hence are susceptible for the attack of oxidizing 

agents. Therefore oxidizing agents can easily oxidize alkynes. Some 

oxidation reactions of alkynes are following. 

 

1. Combustion: 

 

Alkynes on burning produce CO2 and H2O vapours along with 

liberation of heat.  

 

This is oxidation reaction. 

 
2 C2H2    +   5 O2   4 CO2 +   2 H2O ΔH = -1302 KJ/mol   

 

2. Oxidation by KMnO4: 

 

When alkynes are treated with dilute alkaline KMnO4 solution 

hydroxylation of alkynes occurs and as a result polyhydric 

alcohol is produced. This is an oxidation reaction. 
 

                OH  OH  

                │     │   

3 H─C ≡ C─H + 4 KMnO4 + 8 H2O    3 H─C ─ C─H +  4MnO2 + 4 KOH 

Ethene                  │     │ 

                OH  OH    

       A polyhydric alcohol 

 

This polyhydric alcohol is not stable so it undergoes 

dehydration to produce aldehyde. 
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    OH  OH              O    O  

    │    │                       ║    ║   

3 H─C ─ C─H       3 H─C ─ C─H +  6 H2O 

     │    │           Glyoxal          

    OH  OH      (an aldehyde)         

 

                     KMnO4 further oxidizes aldehyde to carboxylic acid. 

 

    O    O                 O    O  

    ║    ║                ║    ║   

        3 H─C ─ C─H + 4 KMnO4 + 2 H2O             3 HO─C ─ C─OH + 4MnO2 + 4KOH 

 

                     O    O   

Overall reaction                    ║    ║  

   3 H─C ≡ C─H + 8KMnO4 + 4H2O             3 HO─C ─ C─OH + 8MnO2 + 8KOH 

           Oxalic acid 

 

This reaction could be used as identification test for 

presence of carbon-carbon multiple bonds and is known 

as Baeyer’s test. Decolourization of pink colour of 

KMnO4 indicates the presence of double or triple bond. 

 

3. Ozonolysis: 

 

Alkynes on reaction with ozone, oxidize to ozonides. 

Ozonides are reduced by water to ketones which in turn 

oxidized by hydrogen peroxide to carboxylic acids. 
                O   O   

     

CH3 – C ≡ C – CH2 – CH3 + O3   CH3 – C   C – CH2 – CH3   
H2O 

 

            O  Ozonide 

            O         O               O    O  

            ║         ║               ║    ║  

 CH3 – C – OH + CH3 – CH2 – C – OH    CH3 – C – C – CH2 – CH3 + H2O2 

 Ethanoic acid Propanoic acid    2,3- Pentane dione 

 



 

 

Free Online Chemistry Lectures    Digital Kemistry YouTube Channel 

Chemistry Notes     www.mydigitalkemistry.com 

Join Digital Kemistry Academy, WhatsApp number: +92-3336753424 (only text for details) 

 

 

148 

C. Polymerization: 

Alkynes polymerize to give linear or cyclic compounds 

depending upon temperature and catalyst used. 

 

1. When acetylene is passed through acidic solution of 

cuprous chloride ammonium chloride at room 

temperature vinyl acetylene and divinyl acetylene are 

produced. 

 
 2 H─ C ≡ C ─ H  Cu2Cl2 , NH4Cl  H2C ═ CH ─ C ≡ CH 

       Vinyl acetylene 

 

  Vinyl acetylene further polymerizes 

 
 

H2C ═ CH ─ C ≡ CH + H─ C ≡ C ─ H      Cu2Cl2 , NH4Cl   H2C ═ CH ─ C ≡ C─ CH ═ CH2 

        Divinyl acetylene 

 

Vinyl acetylene on reaction with hydrogen chloride produces chloroprene. 

  
                 Cl  

                 │   

H2C ═ CH ─ C ≡ CH  +  Hδ+─ Cl δ-    H2C ═ CH ─ C ═ CH2  

  

Chloroprene in turn on polymerization produces synthetic rubber. 

 

2. When acetylene is passed through copper tube at 300oC it 

polymerizes to benzene. 

 
 

 3 H─ C ≡ C ─ H  Cu-tube , 300ol  

Acetylene         Benzene 
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D. Acidic Reactions: 

 

All the terminal alkynes (1-alkynes) show acidic behaviour. 

In these alkynes Hydrogen is bonded to triply bonded carbon 

due to sp-s overlapping. The sp-hybrid orbital has more s-

character as compared to sp2 and sp3 hybrid orbitals. sp hybrid 

orbital is shorter and thus shared pair of electrons is shifted 

more towards carbon rendering more –ve charge on it and 

consequently more +ve charge on hydrogen as compared to 

that in alkenes and alkanes. Therefore terminal alkynes are 

capable of donating H+ ion (proton) and are acidic in nature. 

Alkynes other than terminal alkynes have no hydrogen 

attached to sp-hybridized carbon so they are not acidic. 

 
  

C               C             C  

  sp3    s             sp2    s           sp    s  

C 
δ-

───── H δ+
    C δ-

 ─── H δ+
  C δ- ── H δ+ 

 Alkanes     Alkenes                   Alkynes 

 

So terminal alkynes acting as acid donates proton (s) and react 

with strong bases. 

Alkynes are very weak acids, which is clear from acidic 

strength order given below 

 

               RCOOH > C6H5OH  >  HC≡CH  >  NH3  

 
 

 

H H H 
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Some of the acidic reactions of alkynes are 
(i) When terminal alkynes are treated with sodium amide or 

potassium amide (strong bases) alkynes donate proton and form 

acetylide or alkynides. 

 
R ─ C ≡ Cδ-─ H δ+ + NaNH2   R ─ C ≡ C

-
 Na

+
  + NH3 

Alkyne    Sodium amide  Sodium acetylide  

   

R ─ C ≡ Cδ-─ H δ+ + KNH2   R ─ C ≡ C
-
 K

+
  + NH3 

Alkyne    Potassium amide  Potassium acetylide 

 

 Acetylides can be used for making higher alkynes. 

 

   R ─ C ≡ C Na  + CH3I   R ─ C ≡ C ─ CH3   +   NaI 

 

(ii) On passing terminal alkynes over molten sodium acid base reaction 

occurs and acetylides or alkynides are produced. 

 

H δ+ ─ C δ- ≡ C δ-─ H δ+ + 2Na    Na
+

 C
-
 ≡ C

-
 Na

+
  + H2 

        Disodium acetylide 

(iii) Terminal alkynes show acidic reaction with ammonical silver 

nitrate and produces white precipitate of disilver acetylide.  

(iv)  
H ─ C ≡ C─ H  +  2AgNO3  +  2NH4OH    Ag─C ≡ C─Ag + 2NH4NO3+ 2H2O 

       Disilver acetylide 

       (White precipitate) 

 

(v) Terminal alkynes show acidic reaction with ammonical cuprous chloride 

and produces reddish brown precipitate of dicopper acetylide.  

 
H ─ C ≡ C─ H  +  Cu2Cl2  +  2NH4OH     Cu+C- ≡ C-Cu+  + 2NH4Cl + 2H2O 

       Dicopper acetylide 

        (Reddish brown precipitate) 

 

All metal acetylides are ionic except silver acetylide which is a covalent 

compound. 
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Copper and silver acetylides on reaction with dilute mineral acids 

reproduce alkynes. 

 
   Ag C ≡ C Ag  + H2SO4 (dil)   HC ≡ CH  + Ag2SO4 

 

   Ag C ≡ C Ag  + 2HNO3 (dil)  HC ≡ CH  + 2 AgNO3 

 

The reaction of terminal alkynes with ammonical cuprous chloride and 

ammonical silver nitrate could be used for identification of these alkynes. 

  

Uses of Ethyne: 

 Ethyne is an important member of alkyne family and it has many uses. 

1. On burning mixed with oxygen gives oxyacetylene flame which is used for 

welding and cutting metals 

2. It is used for artificial ripening of fruits. 

3. It is used for manufacturing of alcohol, acetic acid and acetaldehyde.   

4. It is used for manufacture of polymers like poly vinyl chloride (PVC), poly 

vinyl acetate (PVA), polyvinyl ethers etc. 

5. It is used for preparing acetylene tetra chloride which is a solvent for 

varnishes, resins and rubber. 

6. It is used for making vinyl acetylene which in turn is used for preparing 

synthetic rubber. 

 

Identification Tests for Alkenes and Alkynes: 

 

a. Baeyer’s Test: 

 

“The test which is used to identify alkenes and alkynes by the 

decolourization of pink colour of alkaline aqueous solution of KMnO4 

is called Baeyer’s test.” 

     OR 

“The test which indicates the presence of carbon-carbon double or 

triple bond by the decolourization of pink colour of alkaline aqueous 

solution of KMnO4 is called Baeyer’s test.” 
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e.g (i) alkenes give this test i.e alkenes decolourize pink colour of 

alkaline aqueous KMnO4. 

 
3 H2C ═ CH2 + 2 KMnO4 + 4 H2O    3 H2C ─ CH2 +  2MnO2 + 2 KOH 

Ethene                 │ │ 

              OH  OH    

       Ethylene glycol 

   Pink colour     Colourless 

 

e.g (ii) alkynes give this test i.e alkynes decolourize pink colour of alkaline aqueous KMnO4. 

 

 

                    O    O   

                     ║    ║  

   3 H─C ≡ C─H + 8KMnO4 + 4H2O             3 HO─C ─ C─OH + 8MnO2 + 8KOH 

           Oxalic acid 

    Pink colour     Colourless 

 

b. Bromine Water Test: 

 

“The test which is used to identify alkenes and alkynes by the decolourization of reddish colour of 

bromine water is called Bromine water test.” 

Both alkenes and alkynes give this test. 

 H2C ═ CH2 + Br2(aq)       H2C ─ CH2  

Ethene             │    │ 

           Br    Br    

      1,2-dibromo ethane 

   Reddish colour   Colourless 

 

           Br   Br   

          │     │  

    H─C ≡ C─H + 2Br2(aq)             H─C ─ C─ H  

 Ethyne       │      │  1,1,2,2- tetra bromo ethane 

        Br     Br  

    Reddish colour  Colourless 

 

c. Ammonical Cuprous Chloride Test: 

 

“The test which is used to identify alkynes by formation of reddish precipitate of copper acetylide 

by the reaction of ammonical cuprous chloride with alkynes is called ammonical cuprous chloride 

test.” 
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Only alkynes (terminal alkynes) give this test so alkynes could be distinguished from alkenes by 

this test. 

H ─ C ≡ C─ H  +  Cu2Cl2  +  2NH4OH     Cu+C- ≡ C-Cu+  + 2NH4Cl + 2H2O 

       Copper acetylide 

      (Reddish brown precipitate) 

d. Ammonical Silver Nitrate Test: 

 

“The test which is used to identify alkynes by formation of white precipitate of silver acetylide by 

the reaction of ammonical silver nitrate with alkynes is called ammonical silver nitrate test.” 

Only alkynes (terminal alkynes) give this test so alkynes could be distinguished from alkenes by 

this test. 

H ─ C ≡ C─ H  +  2AgNO3  +  2NH4OH    Ag─C ≡ C─Ag + 2NH4NO3+ 2H2O 

       Silver acetylide 

       (White precipitate) 

 

 

 

  

Aromatic Compounds 
 
Aromatic is from Aroma (Greek word) meaning fragrance. In past compounds having good smell were known as 

aromatic compounds but now it has lost its original meaning. 

 

Compounds will be aromatic compounds if: 

(i) They are cyclic compounds. 

(ii) They have 4n + 2 π-electrons (Huckel theory). 

(iii) They have delocalized π-electrons. 

 

Nomenclature: 

 

For aromatic compounds names in common system and in IUPAC system are same. 

 Position of one substituent or functional group is not mentioned; however position of two or more groups 

will be mentioned. 

 Position of two groups will be represented by numbers as well as using Greek words ortho, para and meta. 

If groups are present on adjacent Carbons (i.e. 1,2 position then it is called ortho (o), if groups are present 

on alternate Carbons (i.e. 1,3 position then it is called meta (m) and if groups are present on opposite 

Carbons (i.e. 1,4 position then it is called para(p). 

 Position of three or more groups is mentioned by numbering. 

 Numbering is started from the carbon of the ring to which functional group is attached and then proceed 

clockwise or anticlockwise which ever gives smaller sum of locants.  
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1.         2.       OH  3.     NH2  4.         CH3 

 

         

 

 

Benzene   Phenol   Aniline   Toluene 

 

 

5.            COOH 6.       CHO 7.     COCH3 8.        SO3H 

 

 

 

         

Benzoic acid  Benzaldehyde  Acetophenone  Benzene sulphonic acid 

 

9.            CH2 – OH 10.       CH3  11.     CH3  12.        CH3 

         CH3 

 

  

              CH3 

 Benzyl alcohol  o-xylene   m-xylene        p-xelene  

                  CH3 

13.            CH2Cl 14.       CHCl2 15.     CCl3  16.        CH3 

 

 

 

           CH3          CH3  

Benzyl chloride  Benzal dichloride  Benzo trichloride  Mesitylene 

 

17.              18.                 19.               20.         

                 CH3          CH3  

 

 

                  CH3          CH3  

Naphthalene  Anthracene  Phenanthrene   Durene 

 

21.      OH       22.        OH      23.     OH  24.        OH          

      OH                  CH3 

 

 

     OH         

 Catechol   Resorcinol   Hydroquinone         o-Cresol 

1,2-dihydroxy benzene 1,3-dihydroxy benzene     OH 1,4-dihydroxy benzene o-methyl phenol         
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Structure of Benzene: 
 

 Molecular formula of Benzene has been found to be C6H6 further it has three π-bonds as on addition of 

three H2 molecules it become saturated .  

 These facts led Kekule, a German chemist in 1865 to give cyclic structure for benzene.    

    
          

    

He suggested a hexagonal ring for benzene with alternate double and single bonds between carbons. But objections 

were raised against this structure also. Now once again Kekule tried to solve the problem and he suggested two 

structures for benzene 

Considering that half the time benzene molecules show one structure and half the time other structure. 

 

Then many other scientists also tried to solve problem by giving structures for benzene which are following: 

 
 

But all these structures were rejected due to one objection or the other.  

Later on many other characteristics of benzene were studied which cannot be explained by above mentioned 

structures. These characteristics are 

 

1. Benzene is highly unsaturated but still it undergoes electrophilic substitution reaction instead of 

addition reaction. 

2. Though Benzene is unsaturated compound but it cannot decolourize KMnO4, thus it is very much 

stable towards oxidizing agents. 

3. All Carbon-Carbon bonds in benzene have equal length i.e. 1.39 Ao which is less than C-C bond length 

(1.54 Ao) and is greater than C=C bond length (1.34 Ao) 

4. Heats of hydrogenation and combustion of benzene have lower values than the calculated values on the 

basis of Kekule’s structure. 

5. Hydroxy derivative (Phenol) and amino derivative (Analine) of benzene have different properties from 

hydroxyl derivative (Alcohol) and amino derivative (Amine) of alkanes respectively. 
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Above mentioned characteristics are shown by all aromatic compounds. These are distinguishing characteristics 

of aromatic compounds, which differ from that of aliphatic and alicyclic compounds. These characteristics cannot be 

explained by Kekule’s structures or that given by other scientists. It is further found that if one of double bond of 

benzene is broken then resulting compound behaves like ordinary alicyclic diene. It means that aromaticity of 

benzene is due to special arrangement of π-electrons. 

 

 Two modern concepts are given to explain the aromaticity of benzene. These are: 

I- Resonance Theory: 

 

According to this theory some molecules are represented by two or more structures and the actual 

structure is hybrid and weighed average of these. 

There are certain molecules which cannot be represented by single structure, so we write various 

possible structures for such molecules. These possible structures are called resonating structures. The 

real structure is weight average of these resonating structures and is called resonance hybrid. 

Each resonating structure contributes to real structure. Some structures contribute more (Major 

contributors) and other contributes less (Minor contributors). More is the stability of a resonating 

structure more is its contribution to resonance hybrid (real structure).  

All structures proposed for benzene by different people contributes but Kekule’s structures are major 

contributing structures for resonance hybrid of benzene. Kekule’s structures contribute about 80% to 

resonance hybrid. 

 

 

   ↔      ↔              ↔              ↔  

  

 

 

Kekule’s Structures    Dewar’s Structures 

  80% contribution     20% contribution 

It should be clear in mind that neither half benzene molecules have one Kekule’s structure and half 

have other nor benzene molecules have for some time one structure and for some time other structure. 

But in fact all benzene molecules have only one structure for all the time and that is resonance hybrid. 

The resonance hybrid is imaginary structure which is obtained by mental combination of resonating 

structures. Greater is the contribution of resonating structure more is its resemblance with resonance 

hybrid. 

The resonance hybrid is always lower in energy than resonating structures, therefore, it is stable. The 

difference in energy of resonance hybrid and that of most stable resonating structures (Kekule’s 

structures) is called resonance energy. This resonance energy is the same as is delocalization energy in 

Molecular orbital theory. Resonance energy of benzene is 36 k cal/mol or 151 kJ/mol, which is high 

and thus benzene is stable compound.    
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II- Molecular Orbital Theory: 
According to this theory each carbon in benzene is sp2 hybridized. So each carbon has three sp2 hybrid 

orbitals and one un-hybridized p-orbital. The sp2 hybrid orbitals are coplanar having an angle of 120o 

between them. Whereas un-hybridized p-orbital is perpendicular to the plane of hybridized orbitals. 

Each of sp2 hybrid as well as un-hybridized p-orbital has single electron in it.  

 One sp2 hybrid orbital of each carbon overlaps with s-orbital of hydrogen, on bond axis forming C-H 

sigma bond while other two sp2 hybrid orbitals overlap with sp2 hybrid orbitals of two neighbouring 

carbons on the bond axis forming C-C sigma bond with each carbon. Thus six carbons and six 

hydrogen atoms form a coplanar hexagonal ring.  Bond angle between any two sigma bonds is 120o.  

 
Each carbon has an un-hybridized p-orbital which is at right angle to plane of hexagonal ring having 

one lobe above the plane and other below the Plane. The p-orbitals are parallel to each other so each p-

orbital overlaps equally to the p-orbitals of two neighbouring carbons forming a special π-bond system. 

The overlapping is laterally i.e. π-overlapping. Each π-electron is attracted equally by six carbon 

nuclei, therefore π-bond in benzene is delocalized π-bond. As the lobe of p-orbitals are above and 

below the plane of hexagonal ring so two electron clouds are formed above and below the ring. Thus 

benzene molecule resembles a sandwich, the two electronic clouds are like two slices of bread and 

hexagonal ring is like meat etc between slices. 
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Molecular orbital picture of benzene can explain all the properties of benzene which otherwise could not be 

explained on the basis of Kekule or other structures. As each π-electron is attracted by six carbon nuclei so it is very 

much resistant to oxidizing agents and same is the reason for not occurrence of addition reactions in benzene. 

Further according to this picture all carbons are equivalent and bond length of any C-C bond is 1.39Ao. This picture 

also account for lower energy than the one calculated by Kekule structure. The difference between energy of 

molecular orbital structure of benzene and Kekule’s structure is called delocalization energy and it is 36kcal/mol or 

151kJ/mol. It is same as is resonance energy. As delocalization energy is high so benzene is stable. In short 

molecular orbital picture is best description of benzene’s structure. 

 

Stability of Benzene: 

 
 Benzene has extraordinary stability and it is due to delocalization of pi-bonds.  

Cyclohexane  is when hydrogenated to get cyclohexane, 28.6 kcal/mol or 119.5 kJ/mol heat is liberated. 

  CH2     CH2 

 

 CH2  CH   CH2  CH2 

  

            +  H2     ∆H = -28.6kCal or -119kJ/mole 

           

 CH2  CH   CH2  CH2 

 

  CH2     CH2  

 

 

1, 3-Cyclohexadiene  is when hydrogenated to get cyclohexane, double amount of heat is liberated. 

  CH     CH2 

 

 CH2  CH   CH2  CH2 

 

          + 2H2     ∆H = -54.4kCal or -239kJ/mole 

 

 CH2  CH   CH2  CH2 

 

  CH     CH2  

1,3,5-Cyclohexatriene  is when hydrogenated to get cyclohexane, triple amount of heat is liberated. 

  CH     CH2 

 

 CH2  CH   CH2  CH2 

 

          + 3H2     ∆H = -85.8kCal or -358kJ/mole 

 

 CH2  CH   CH2  CH2 

 

  CH     CH2  
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But when Benzene is hydrogenated, 49.8 k cal/mol or 208 kJ/mol heat is liberated. It means that benzene shows 36 

kcal/mol or 150 kJ/mol less energy than expected. The lower heat of hydrogenation of benzene than the calculated 

one is the cause of stability of benzene and is called resonance energy 

 

       CH2 

 

      CH2  CH2 

 

          + 3H2     ∆H = -49.8kCal or -208kJ/mole 

 

      CH2  CH2 

 

      Benzene     CH2  

 

Furthermore high resonance energy and high delocalization energy of benzene also explain stability of benzene.  

 

Physical Properties of Benzene: 
(i) Benzene is a colourless liquid. 

(ii) It has a characteristic smell. 

(iii) Its boiling point is 80oC and melting point is 5.5oC. 

(iv) Its density is 0.879 g/cm3. 

(v) It is immiscible with water. 

(vi) It is highly flammable. 

(vii) It is a good organic solvent. 

 

  

Chemical Properties of Benzene:  
 Benzene like alkanes is less reactive. It is difficult to break its pi bond system. Mostly reactions of benzene 

like that of alkanes are electrophilic substitution reactions. Also its oxidation at ordinary conditions is very difficult.  

 

In electrophilic substitution reactions its aromaticity is retained however in oxidation, reduction and addition 

reactions its aromaticity is lost. 

 

Reactions of benzene are divided into four categories. 

 

(A) Electrophilic Substitution reactions: 
 

 Electron loving species or reagent is called electrophile. It could be some cation or a molecule which is 

electron deficient e.g. H+, NO2
+, R+, R3C

+, HSO3
+, CH3CO+, AlCl3 etc. 

 Electron donating species or reagent is called nucleophile e.g. CN
-
, X

-
, OH

-
, 

-
OR, 

-
SR, H – C ≡ C

-
, NH3, 

H2O etc.  
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Benzene and other aromatic compounds mostly shows electrophilic substitution reactions. Electrophilic substitution 

reactions in benzene take place through following mechanism involving three steps. 

 

Step-I Generation of strong electrophile: 

Only strong electrophile can attack the π-electrons of benzene and cations are strong electrophiles. 

Therefore catalysts are used to dissociate reagent molecules for producing cations. 

 

  E – Nu  + C → E
+

 + C – Nu
-
 

     

Step-II Attack of Electrophile on Aromatic Ring: 

 In this step electrophile attacks the aromatic ring producing phenonium ion. The positive charge on 

phenonium ion is delocalized over the benzene ring thus the ion is stable. However this ion is less stable than 

aromatic ring.  Furthermore this ion is non aromatic.  

            E        H     E        H          E        H   

               +                    +    

    + E
+

 →              ↔           ↔              

                  +   

                

Step-III: Approach of Nucleophile to the ring 

 

 When nucleophile approaches phenonium ion then there are two possibilities of giving final product. 

 

(a) One possibility is that nucleophile gets attached to phenonium ion and gives addition product which is 

non aromatic compound. 

 E       H         E      H  

                 +   H            H 

             +   C – Nu
- 

         Nu  + C 
 

   
 

(b) Second possibility is that phenonium give a proton and form a substituted aromatic compound. 

E        H                  E 

       +              

            +   C – Nu
-
      +   Nu – H + C  

   

Conclusion: For phenonium ion, it is energetically more preferable to lose proton to give an aromatic 

substitution product than to give a non aromatic addition product. Thus substitution reaction will occur. 

 

(i) Nitration: 

 

Benzene on reaction with concentrated HNO3 at 50-60
o

C in presence of sulphuric acid produces Nitro 

benzene. 

                   NO2    

              

        50-60
o

C 
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  +  HONO2 (conc)             H2SO4     + H2O   

   

      Nitro benzene      

  

 Nitration of benzene gives mono substituted product. 

 

Mechanism:    

Step-I Generation of strong electrophile: 

Nitric acid on reaction with sulphuric acid produces nitronium ion which act as strong electrophile.  

  HO
δ-

 – NO2

δ+ 
+ H

δ+
– 

δ-
OSO2OH    → NO2

+
 + 

-
OSO2OH + H2O 

     

Step-II Attack of Electrophile on Aromatic Ring: 

 In this step electrophile (NO2
+

) attacks the aromatic ring producing phenonium ion. The positive charge on 

phenonium ion is delocalized over the benzene ring thus the ion is stable. However this ion is less stable than 

aromatic ring.  Furthermore this ion is non aromatic.  

            NO2       H     NO2     H          NO2      H   

               +                    +    

    + NO2
+

 →              ↔           ↔              

                  +    

  

                

Step-III: Approach of Nucleophile or Removal of proton  

 When nucleophile (
-
OSO2OH) approaches phenonium ion it gives a proton and form 

nitrobenzene. While sulphuric acid i.e. catalyst is reproduced.        

 

NO2   H          NO2 

       +              

            + 
-
OSO2OH     +   HOSO2OH   

   

 

(ii) Halogenation: 

 

Benzene reacts with halogens in two different ways under two different conditions i.e. in presence of direct 

sunlight and in diffused sunlight using catalyst. 

 

When benzene is treated with halogens in presence of FeBr3 or AlCl3 it gives substitution product i.e. 

halo benzene.  

                       Cl    

              

         δ+      δ-     AlCl3 

  +  Cl
 
 – Cl       + HCl   

   

       Chloro benzene     
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 Halogenation of benzene gives mono substituted product. 

 

Mechanism:    

 

Step-I Generation of strong electrophile: 

Chlorine on reaction with AlCl3 produces Chloronium ion which act as strong electrophile.  

  
δ+

Cl – Cl
δ- 

+ AlCl3 → Cl
+

 + AlCl4
-
 

     

Step-II Attack of Electrophile on Aromatic Ring: 

 

 In this step electrophile (Cl
+

) attacks the aromatic ring producing phenonium ion. The positive charge on 

phenonium ion is delocalized over the benzene ring thus the ion is stable. However this ion is less stable than 

aromatic ring.  Furthermore this ion is non aromatic.  

            Cl        H     Cl       H          Cl        H   

               +                    +    

    + Cl
+

 →              ↔           ↔              

                  +    

       

Step-III: Approach of Nucleophile 

 When nucleophile (AlCl4
-
) approaches phenonium ion it gives a proton and form Chloro benzene. 

While AlCl3 i.e. catalyst is reproduced.  

Cl      H          Cl 

       +              

            + AlCl4
-  

     +   HCl + AlCl3   

   

   

 

 

(iii) Sulphonation: 

Benzene reacts with fuming sulphuric acid and gives benzene sulphonic acid, the process is called 

sulphonation. 

                   SO2OH    

              

          δ-  δ+       H2SO4 

  +  HO – SO2OH      + H2O   

  

             Benzene Sulphonic Acid   

 

 Sulphonation of benzene gives mono substituted product. 

 

Mechanism:    

 

Step-I Generation of strong electrophile: 
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Sulphuric acid molecule dissociates in presence of other molecule to produce cation which act as strong 

electrophile.  

  HO
δ-

–
δ+

SO2OH
 
+ H

 δ+
–

δ-
OSO2OH → HOSO2

+
 + 

-
OSO2OH + H2O 

 

Step-II Attack of Electrophile on Aromatic Ring: 

 In this step electrophile (HOSO2
+

) attacks the aromatic ring producing phenonium ion. The positive charge 

on phenonium ion is delocalized over the benzene ring thus the ion is stable. However this ion is less stable than 

aromatic ring.  Furthermore this ion is non aromatic.  

         HOSO2       H  HOSO2   H     HOSO2      H   

               +                    +    

    + HOSO2
+

 →              ↔           ↔              

                  +    

       

Step-III: Approach of Nucleophile 

 When nucleophile (HOSO2O
- 

) approaches phenonium ion it gives a proton and form benzene 

sulphonic acid.  

   SO2OH   H         SO2OH    

       +              

            + 
-
OSO2OH      +   HOSO2OH   

   

(iv)  Friedel-Crafts Reactions:  

 

The alkylation and acylation of benzene are called Friedel Crafts reactions. 

 

(a) Alkylation: 

 

When benzene is treated with alkyl halide in presence of FeBr3 or AlCl3 it gives substitution product 

i.e. alkyl benzene.  

 

 

                   CH3    

              

           δ+     δ-     AlCl3 

  +  CH3

 
 – Cl       + HCl   

   

       Toluene       

 Alkylation of benzene does not stop at the stage of mono alkylation rather further alkylation will occur. 

 

Mechanism:    

 

Step-I Generation of strong electrophile: 

Alkyl halide on reaction with AlCl3 produces Carbonium ion which act as strong electrophile.  

  CH3

δ+
 – Cl

δ- 
+ AlCl3 → CH3

+
 + AlCl4

-
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Step-II Attack of Electrophile on Aromatic Ring: 

 In this step electrophile (CH3
+

) attacks the aromatic ring producing phenonium ion. The positive charge on 

phenonium ion is delocalized over the benzene ring thus the ion is stable. However this ion is less stable than 

aromatic ring.  Furthermore this ion is non aromatic.  

            CH3       H     CH3     H          CH3      H   

               +                    +    

    + CH3
+

 →              ↔           ↔              

                  +    

       

Step-III: Approach of Nucleophile 

 When nucleophile (AlCl4
-
) approaches phenonium ion it gives a proton and form Alkyl benzene. 

While AlCl3 i.e. catalyst is reproduced.  

CH3   H          CH3 

       +              

            + AlCl4
-
        +  HCl  + AlCl3   

   

(b) Acylation: 

 

When benzene is treated with acyl halide in presence of FeBr3 or AlCl3 it gives substitution product i.e. 

aromatic ketone.  

        O 

        ║  

         C – CH3    

       O            

                ║       δ- AlCl3 

  +  CH3

 
 – C – Cl       + HCl   

        δ+ 

       Acetophenone (Methyl phenyl ketone)  

     

 Acylation of benzene gives mono substituted product. 

 

Mechanism:    

 

Step-I Generation of strong electrophile: 

Acyl halide on reaction with AlCl3 produces acylium ion which act as strong electrophile.  

             O               O 

             ║               ║  

  CH3 – C
δ+

 – Cl
δ- 

+ AlCl3 → CH3 – C
 +

 + AlCl4
-
 

     

Step-II Attack of Electrophile on Aromatic Ring: 

 In this step electrophile (CH3CO
+

) attacks the aromatic ring producing phenonium ion. The positive charge 

on phenonium ion is delocalized over the benzene ring thus the ion is stable. However this ion is less stable than 

aromatic ring.  Furthermore this ion is non aromatic. 
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           O       O            O  

           ║      ║            ║   

              O    H3-C        H          CH3-C            H   CH3-C       H   

              ║             +                    +    

  + CH3-C
+

 →              ↔           ↔              

                +   

                

Step-III: Approach of Nucleophile 

 When nucleophile (AlCl4
-
) approaches phenonium ion it gives a proton and form Aromatic 

ketone. While AlCl3 i.e. catalyst is reproduced. 

       O           O 

       ║           ║  

       CH3-C        H                    CH3-C 

       +              

            + AlCl4
-
        +  HCl  + AlCl3   

   

 

(B) Oxidation Reactions: 

 
The π- bond system of benzene is very strong so it is quite resistant to oxidizing agents. However at 

higher temperatures it may oxidize. 

 

(i) Combustion: 

When benzene is burnt in air, it burns with smoky flame producing carbon dioxide water vapours.  

  2C6H6 + 15O2  → 12CO2 + 6H2O 

 

(ii) Oxidation by Strong Oxidizing Agent: 

 

Benzene cannot be oxidized by strong oxidizing agents like KMnO4 or K2Cr2O7. However carbon of 

side can be oxidized to carboxylic acid by these oxidizing agents. Whatever is the length of alkyl group 

of alkyl benzene the oxidation product will be benzoic acid.   

 

e.g. (i)   CH3        COOH 

 

      KMnO4 or K2Cr2O7 

   + 3[O]         + H2O 

 

   

                Toluene           Benzoic acid 

 

 

 

 



 

 

Free Online Chemistry Lectures    Digital Kemistry YouTube Channel 

Chemistry Notes     www.mydigitalkemistry.com 

Join Digital Kemistry Academy, WhatsApp number: +92-3336753424 (only text for details) 

 

 

166 

 

e.g. (ii)   CH2 – CH3      COOH 

 

      KMnO4 or K2Cr2O7 

   + 6[O]         + 2H2O + CO2 

 

   

              Ethyl benzene           Benzoic acid 

 

(iii) Catalytic Oxidation: 

When benzene is strongly heated with air in presence of vanadium oxide catalyst it oxidizes to maleic 

anhydride. In this reaction aromatic ring is destroyed.  

                     O 

                     ║     

          V2O5                 H –  C   ─  C        

     2  + 9O2              2         ║   O + 4H2O + 4CO2 

       450oC                    H – C  ─  C 

                       ║ 

                       O 

       Maleic anhydride  

The maleic anhydride on reaction with water produces maleic acid. 

 

(C) Addition Reactions: 
 

Benzene shows only few addition reactions. 

 (i) Hydrogenation: 

When benzene is treated with hydrogen addition of hydrogen takes place and aromaticity is lost.  

        CH2 

         CH2  CH2  

               Pt          

     + 3H2 Ni [200
o

C] CH2  CH2  

          CH2    

          Cyclohexane 

 (ii) Halogenation: 

When benzene is treated with Cl2 or Br2 in presence of direct sunlight addition of these halogens 

take place and aromaticity is lost.  

        CHCl 

         ClCH  CHCl  

         Sunlight          

     + 3Cl2   ClCH  CHCl  

             

              CHCl 

         Hexa chloro Cyclohexane 
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(D) Reduction: 

 
When benzene is treated with hydrogen its reduction occurs due to addition of hydrogen and 

aromaticity is lost.  

        CH2 

         CH2  CH2  

               Pt          

     + 3H2 Ni [200
o

C] CH2  CH2  

          CH2 

          Cyclohexane 

Effect of a Substituent on further Substitution: 

 A substituent present on aromatic ring influences further substitution in two ways 

(1) Orienting effect (2) Effect on reactivity of benzene ring 

 

1. Orienting Effect or Directive Influence: 

If a substituent is already present on benzene ring, then it directs the next coming group to a particular 

position on the aromatic ring. It could be proved by an experiment. 

If we perform nitration of benzene first and then chlorination then we get m-Chloro Nitro Benzene. 

       NO2 

Step-1      H2SO4 

   + HONO2     + H2O       

      50-60oC   

        Nitro benzene 

  NO2      NO2 

 

Step-2   + Cl2  AlCl3   + HCl 

 

         Cl 

       m-Chloro Nitro Benzene 

 On other hand if we perform chlorination of benzene first and then nitration we get o-Chloro Nitro Benzene 

and p-Chloro Nitro Benzene. 

        Cl 

Step-I      AlCl3 

   + Cl2     + HCl       

 

        Chloro benzene 

 

  Cl      Cl  Cl 

           NO2 

Step-II   2  +       2 HONO2  H2SO4   +  +       2H2O 

 

         

NO2 

       p-Chloro Nitro Benzene o-Chloro Nitro Benzene 
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This experiment shows Nitro group sends the next group to meta position while Chloro group sends the next group 

to ortho and para positions. Thus we can divide the substituent of benzene into two categories meta –orienting 

groups and ortho-para orienting groups   

               O 

Ortho-Para Orienting Groups   Meta-Orienting Groups           ║ 

1. -OH (activating group)   1. –NO2 (deactivating group)   ─ N ─ O 

                   O  

                   ║  

2. -R (activating group)   2. –COOH (deactivating group)      ─ C ─ OH 

                   O  

                   ║  

3. -OR (activating group)   3. –CHO (deactivating group)          ─ C ─ H 

4. -NH2 (activating group)   4. –CN  (deactivating group)        ─ C ≡ N 

                  O 

                   ║  

5. -C6H5 (activating group)   5. –COR (deactivating group)        ─ C ─ H 

6. -NR2 (activating group)   6. –NH4

+
 (deactivating group) 

7. -X (deactivating group)*  7. –HSO3

+
 (deactivating group) 

 

Usually in meta-orienting groups the key atom is either multiple bonded to another atom or it is positively charged. 

 

2. Effect on Reactivity Of Benzene Ring: 

 

The reactivity of benzene ring is affected by presence of a substituent on the ring. Usually ortho-para 

orienting groups except halogens increase the reactivity of the ring and are hence called activating groups. 

On other hand meta –orienting groups decrease the reactivity of the ring so they are termed as deactivating 

groups. 

This can be proved by a simple experiment. If we perform nitration of benzene it occurs at 50-60oC. 

 

        NO2 

 

   + HONO2  H2SO4    + H2O 

      50-60
o

C       

       Nitro Benzene   

 

Second nitro group can only be introduced on very strong heating because the already present nitro group 

being deactivating group decreases the reactivity of ring so introduction of second nitro group become 

difficult. 

  NO2      NO2 

 

   + HONO2  H2SO4   + H2O 

      high temp       

         NO2 

      m-dinitro benzene  
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To introduce third nitro group is very difficult. 

 

On other hand nitration of Toluene occurs at 30-40oC, at 60-70oC two nitro groups get attached to the ring 

and at 100oC even three nitro groups get attached to the ring. So nitration of toluene is easier than that of 

benzene.   

 

  CH3      CH3  CH3 

         NO2 

 2  + 2 HONO2 H2SO4    +  +   2H2O 

      30-40
o

C       

        

         NO2 

      o-Nitro Toluene       p-Nitro Toluene  

 

  CH3      CH3  CH3 

          NO2  NO2  NO2 

 2  + 4 HONO2 H2SO4     +       +      4H2O 

      60-70
o

C       

        

         NO2 

      2,6-Di nitro toluene  2,4-Di nitro toluene 

 

  CH3      CH3   

          NO2  NO2  

   + 3 HONO2 H2SO4    + 3 H2O 

      100
o

C       

        

       NO2 

      2,4,6-Tri nitro toluene 

These reactions show that nitration of toluene is even easier than benzene. This is due to the reason that 

already present methyl group being activating group increases the reactivity of ring so nitration of toluene 

become easier. 

 

Explanation: 

 

Ortho-Para Orienting Groups: 

Ortho-para orienting groups are electron sending groups, so they send electrons to the aromatic ring due to 

which negative charge appears on ortho and para positions as shown below. 

                 .. 

 O-H            + O-H           + O-H           + O-H  O-H  

         -             -           - 

  ↔  ↔  ↔  ↔ 

 

     
-  
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Due to appearance of negative charge on ortho and para positions, the availability of electrons on these 

position become more than that on meta position. Definitely electrophile attacks where availability of 

electrons is more thus it attacks on ortho and para positions. 

Furthermore ortho-para orienting groups increase the reactivity of aromatic ring. The reactivity of the ring 

increases due to two reasons. 

(i) Ortho-para orienting groups being electron sending groups send electrons to the ring and increase 

the availability of electrons on the ring so the approach of electrophile to ring becomes easy and 

hence reactivity increases. 

(ii) Presence of ortho-para orienting groups on the ring increase the stability of intermediate 

phenonium ion thus reactivity increases. 

 

Meta Orienting Groups: 

Meta orienting groups are electron puling groups, so they pull electrons from the aromatic ring due to 

which positive charge appears on ortho and para positions as shown below. 

          O         O  O           O -          O          O -         O           O -          O          O   

  

  N              N               N               N               N 

   

  ↔         + ↔             ↔  +  ↔ 

 

     + 

Due to appearance of positive charge on ortho and para positions, the availability of electrons on these 

position become less than that on meta position. Definitely electrophile attacks where availability of 

electrons is more thus it attacks on meta position. 

Furthermore meta orienting groups decrease the reactivity of aromatic ring. The reactivity of the ring 

decreases due to two reasons. 

(i) Meta orienting groups being electron pulling groups pull electrons from the ring and decrease the 

availability of electrons on the ring so the approach of electrophile to ring becomes difficult and 

hence reactivity decreases. 

(ii) Presence of meta orienting groups on the ring decreases the stability of intermediate phenonium 

ion thus reactivity decreases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


