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Chapter-15 
 

                                            Organic Compounds 
 

 

         

 Fundamental Principles of Organic Chemistry 
 

According to ‘Vital Force Theory’ organic compounds were believed 

to be the compounds prepared by living organisms. 
 

But later on, in 1828, Friedrick Wholer (a German chemist), prepared Urea (an organic 

compound) in laboratory by heating Ammonium cyanate. It proved the vital force theory to be 

wrong.                 O 

           ║   

  NH4CNO    H2N – C – NH2 (Urea or carbamide)  

 

Now-a-days organic compounds are defined as “Compounds of carbon with few exceptions are 

called organic compounds”. These exceptions are CO, CO2, CS2, Carbonates (CO3
2-), 

Bicarbonates (HCO3
-), Cyanides (CN-), Cyanates (CNO -), Metal Carbides C4-) etc.  

 

Organic Chemistry is defined as “The study of 

structure, properties, composition, reactions and 

preparations of hydrocarbons and their derivatives.” 

 

 All other organic compounds are believed to be 

derivatives of hydrocarbons. 
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Characteristics of Organic Compounds: 

Organic compounds have following common 

characteristics. 
 

 They must contain Carbon.   

 They have low melting and boiling points.  

 They decompose at low temperature.   

 They are mostly flammable.    

 They are covalent compounds.    

 Their reactions are usually slow. 

 They mostly show isomerism. 

 Organic compounds are usually non-ionic in nature. 
 Mostly organic compounds are soluble in non-polar 

solvents. 

 Mostly organic compounds have similar structures so 
they show similar chemical and physical properties. 

 

 

e.g. CO2 is not organic compound as it has some of the 

above mentioned characteristics but not all on the other 

hand sucrose (C12H22O11) is an organic compound as it 

possesses all of the above mentioned characteristics. 
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_Reasons for very large number of organic 

compounds: 
 Due to following reasons number of organic compounds is very 

large. 

 

1. Tetra valency of Carbon: As carbon has tetra valency so it 

can give various combinations with other atoms e.g. carbon gives 5 

combinations with H and Cl i.e. CH4, CH3Cl, CH2Cl2, CHCl3, 

CCl4.  

 

2. Catenation: Self linkage of atoms of an element is called 

catenation; this ability is maximum in carbon. Due to this reason 

carbon can form long chains, branched chains and rings. This 

ability is also a reason for large number of carbon compounds. 

 

 

3. Isomerism:  Organic compounds show isomerism e.g. (i) 

Pentane C5H12 shows 3 isomers i.e. n-pentane, iso pentane, neo 

pentane etc. e.g. (ii) molecular formula C2H6O represents two 

isomers CH3-O-CH3 & C2H5OH. Isomerism is also responsible for 

large number of carbon compounds. 

 

4. Multiple Bonds: Carbon is capable of forming multiple bonds 

among its own atoms as well as with other atoms. 

 e.g. CH3-CH3, CH2=CH2, CH≡CH etc. This ability is also a reason for 

large number of carbon compounds. 
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Importance or uses of Organic Compounds: 
 

 Organic compounds have great importance in our daily life 

e.g. 

i. Our body is made up of organic compounds. 

ii. Our food is mostly organic. 

iii. Clothes we wear are made up of organic compounds. 

iv. Leather we use is organic in nature. 

v. Paper we use for writing is organic in nature. 

vi. Fuels we use in automobiles are organic compounds 

vii. Woolen products, rubber, plastics, cosmetics, paints, 

medicines, shoe polish, and many other daily use items 

are mainly organic in nature. 

viii. Plastics are organic in nature and plastic have replaced 

wood, metal etc.  
  

Sources of Organic Compounds: 
 

The major sources of organic compounds are Plants, Coal, Petroleum and Natural 

Gas. 

(i) Plants: 

Plants are one of the important source of organic compounds. They 

absorb CO2 from air, water and minerals from soil and then prepare 

various organic compounds. They are actually factories of organic 

compounds. They produce Carbohydrates, Oils, Vitamins, Dyes, 

drugs, medicines, natural fibers (Cotton & Jute) etc. 

The other three sources are also plant in origin.  

(ii) Coal: 

It is a black color mineral found under earth crust. Plants, which were 

buried under, earth crust millions of years ago, they due to different 
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bacterial and chemical reactions first converted into coal precursor 

called peat which under high temperature and pressure was slowly 

converted to coal.  

Coal is an important solid fossil fuel. Coal is used as domestic as well 

as industrial fuel. It is also used as fuel to generate electricity.   

                

                Coal on the basis of its carbon contents is divided into four types. 

 

(a) Anthracite: 
Its carbon contents are 92-98%. It has high calorific values. 

 

(b) Bituminous Coal: 
 Its carbon contents are 80-90%. It is the most abundant form of 

coal. It is used as domestic fuel and to obtain organic compounds. 

 

(c) Sub-bituminous Coal: 

 Its carbon contents are 65-80%. It is used as commercial fuel. 

 

(d) Lignite or Peat:  

Its carbon contents are 50-60%. It is soft and is of brown colour. 

Its calorific values are very low so it is not used as fuel. 
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Destructive distillation of Coal: 

    When coal is heated in absence of air, its destructive 

distillation or carbonization occurs.  

 

 

 

 

 

 

 

Destructive distillation of coal produces following products. 

             Coal 

      (Destructive Distillation) 

 

 

Crude Coal Gas Ammoniacal Liquor Coal tar        Coke                  Gas Carbon 

 

 

          Aromatic Compounds 

 

Benzole       Coal Gas Cyanides    Sulphur 

        Compounds     Light oil      Middle oil      Heavy oil      Antracene oil  

         Or crude oil    or carbolic oil   or cresole oil   

           

H2 (50%) CH4 (35%) CO (8%)   Benzene        Phenol    Cresol          Anthracene  

        Toluene         Naphthlene             Phenanthrene 

        Aniline 

        Pyridine 

 

Heat 

Powered coal 
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Coal gas: 
 The coal gas is also called town gas. It is mixture of H2, CO, CH4. Hydrogen 

and carbon monoxide (water gas) obtained from coal gas is converted to 

petroleum by Fischer-Tropsch (FT) process. 

     

(2n+1) H2 + n CO → CnH2n+2 + n H2O where n = number of carbon atoms in the alkane. 

This reaction is catalyzed by transition metals like Cobalt, Iron, Ruthenium and 

Nickel. The mixture is heated to 150-300oC.  

 

Ammoniacal Liquor: 
Ammoniacal Liquor is ammonia solution which is used for making 

fertilizers like ammonium sulphate, ammonium super phosphate. 

 

Coal Tar: 
Coal tar is mixture of aromatic compounds. The compounds obtain from 

coal tar are used in making soaps, fats, dyes, plastics, perfumes, drugs, 

pesticides, explosives etc. 

 

Coke:  
Coke is used as domestic and industrial fuel. Coke is also used as reducing 

agent in industries to obtain metals from their ores. 

  

(iii) Petroleum: 
 

 Petr means rock and oleum means oil. So petroleum is also called 

rock oil. It is thick viscous liquid of brown or greenish black colour. It is 

produced by the decay of living organisms buried in the earth crust millions 

of years ago. Petroleum in unrefined form is called crude oil.  
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Refining of Petroleum: 
Suspended solids, sulphur impurities and gases are first removed from crude oil 

and it is then subjected to fractional distillation. Various fractions of hydrocarbons 

are obtained at different boiling ranges. 

 

S,No Fraction Boiling Range Composition Uses 

1 Refinery Gas 
Below 20

o
C 

C1-C4 Fuel, making other organic 

compounds 

2 Petroleum ether 
30-70

 o
C 

C5-C6 Solvent for fats, oil for 

varnish 

3 Petrol or Gasoline 
70-120

 o
C 

C6-C8 Fuel for automobiles 

4 Benzine 
120-150

 o
C 

C9-C10 Dry cleaning, solvent for 

varnish and fats 

5 Kerosene oil or 

Paraffin oil or jet oil 
150-250

 o
C 

C11-C12 Fuel in oil stoves, illuminant 

in lamps and lantern, jet fuel  

6 Diesel oil or Gas oil 

or Heavy oil 
250-400

 o
C 

C13-C18 Fuel in Diesel engines 

7 Residue 
Above 400

 o
C 

C17 and higher Its vacuum distillation Gives 

following fractions. 

(i) Lubricating oil  C17-C20 Lubrications 

(ii) Paraffin wax  C20-C30 Candles, boot polish, wax 

paper, Ointments, Vaseline 

(iii) Pitch or Asphalt  C30-C40 Road surfacing 
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Fractions of hydrocarbons: 

 
 
 

Refinery Gas (B.R = below 20oC)              Gas   

 

 

 

Petroleum ether (B.R = 30-70oC) 

 

Petrol or Gasoline (B.R = 70-120oC) 

 

 

Benzine (B.R = 120-150oC) 

 

Kerosene oil or Paraffin oil or Jet oil (B.R = 150-250oC) 

 

 

Diesel oil or Gas oil or Heavy oil (B.R = 250-400oC) 

 

 

 

Residue (B.R = Above 400oC) 

 

 

 

 

(iv) Natural Gas: 

 
Natural gas is mixture of methane, ethane, propane and butane. 

But mainly it is methane (85%). 
Natural gas is usually found above the petroleum reservoirs.  
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Classification of Organic Compounds: 
            Organic compounds are usually divided on two basis. 

 
(i) Classification on the basis of arrangement of carbon atoms or structure basis: 

 

     Organic compounds 

 

 

 

 Open Chain Compounds               Closed Chain Compounds 

 (Acyclic Compounds)        (Cyclic Compounds) 

 or Aliphatic Compounds     (the compounds in which carbon atoms form rings)  

  (the compounds in which carbons are linked       
         in straight or branched chains)      

 

 

 

Straight Chain  Branch Chain   Homocyclic   Heterocyclic 

Compounds   Compounds    or Carbocyclic Compounds Compounds 

(Carbons attached  (Carbons attached   (Cyclic comp having   (Cyclic comp 
 in straight chain)  in branched chains)   only carbon in the    having atoms 

e.g   e.g     CH3   ring)    other than  

CH3-CH2-CH2-CH3           │        carbon also in  

n-butane   CH3-CH-CH3       the ring) 

   Isobutane 

    Alicyclic Comp   Aromatic Comp             CH      

   (Carbocyclic comp having   (Carbocyclic comp 

   rings other than aromatic   having 4n + 2   CH       CH 

   rings and properties    π-electrons and              

   similar to aliphatic comp)   conjugate double   CH       CH 

      CH2    bond system)    

            CH2  CH2                  N 

                     

        CH2  CH2     

  

                                                    Cyclopentane                                         Benzene                          Pyridine 
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(ii) Classification on the basis of functional groups: 

 

An atom or a group of atoms in a molecule that is 

responsible for chemical behaviour of the molecule 

is called functional group. 

Organic compound basically consists of two parts. 
 

 

 

 

 

 

 

 

 

 
 

Hydrocarbon portion + Functional group 

 R 

OH 

Alkyl group 
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Alkane and Alkyl group (R) List: 
 

 

 

 

On the basis of functional groups, organic compounds are divided into 

various families.  

 

A few families are: 
 

Family  Functional Group  Family   Functional Group   

 

1.Alkane Nil, just has -C-C-  2.Alkene            >C = C<  

3.Alkyne        -C≡C-   4.Arene (Aromatic comp) 

 

5.Alkyl halide        -X    6.Alcohol  -OH (attached to aliphatic carbon)  

7.Phenol              -OH (attached to aromatic carbon) 8.Ether   C-O-C 

            O 

            ║ 

9.Amine      -NH2(pri), NH(sec), N(ter)  10.Ketone  ─C─ 

     O          O 

     ║          ║ 

11.Aldehyde ─C─H    12.Carboxylic acid ─C─OH 

        O          O 

     ║          ║ 

13.Ester  ─C─O─R   14.Acid halide  ─C─X 

     O 

     ║ 

15.Amide ─C─NH2 

 

 

 

 

Methane 

CH4 

Ethane 

C2H6 

Propane 

C3H8 

Butane 

C4H10 

Pentane 

C5H12 

Hexane 

C6H14 

Heptane 

C7H16 

 Octane 

C8H18 

Nonane 

C9H20 

Decane 

C10H22 

Methyl 

CH3 

Ethyl 

C2H5 

Propyl 

C3H7 

Butyl 

C4H9 

Pentyl 

C5H11 

Hexyl 

C6H13 

Heptyl 

C7H15 

 octyl 

C8H17 

nonyl 

C9H19 

decyl 

C1OH21 

alkane 

R 
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Bucky Ball (Fullerene): 

 

Fullerenes are molecules composed entirely of carbon atoms. They 

resemble with graphite but they beside hexagonal carbon rings also have 

pentagonal carbon rings. Fullerenes are hollow spheres, ellipsoid, tubes 

(nano-tube) etc. The spherical fullerenes are called Bucky Balls. The 

name is given to honour Richard Buckminster Fuller (an architecture) 

who developed geodesic domes and the shape of C60 Bucky Ball is 

similar to that sort of dome.     

The first fullerene was discovered  

in 1885 by Herold Kroto, James Heath,  

Sean O’Brion, Robert Curl and 

 Richard Smalley for which they 

 were awarded Noble prize.  

Smallest Bucky Ball is C20,  

higher members include C60, C70, C76,  

C84, but most common is C60. 

C60 consists of 12 pentagons and 20 hexagons and its shape is of 

football. C70 has shape of rugby ball.  Recently it is discovered that they 

are also present in outer space. 

Thus now we can say carbon has four allotropes i.e. 

Graphite, Diamond, Bucky ball and amorphous carbon. 

Fullerenes are organic in nature because  
(i)  They have functional group of alkenes (ii) They are combustible. 

(iii) They are soluble in organic solvents. 

The double bonds in Bucky balls are localized and no conjugation in 

them. If Bucky balls are doped with potassium or cesium they become 

super conductors. 
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Homologous Series: 
 A series of compounds in which there is a constant difference of 

methylene (-CH2-) group between any two successive members of the 

family. e.g. 
 

 

Alkanes   Alkynes        Alcohols 
 

CH4    C2H2    CH3OH 

      CH2         CH2     CH2  

C2H6    C3H4    C2H5OH 

       CH2         CH2     CH2 

C3H8    C4H6    C3H7OH 

          CH2     CH2 

C4H10       CH2   C5H8           C4H9OH   

 

 

General characteristics of Homologous Series: 

1. There is a constant difference of methylene (-CH2-) group 

between any two successive members of a homologous 

series. 

2. All the members of a homologous series can be represented 

by a general formula e.g. general formulae for alkanes, 

alkenes, alkynes, alcohols, alkyl halides are CnH2n+2, CnH2n, 

CnH2n-2, CnH2n+1OH, CnH2n+1X respectively. 

3. All the members of a homologous series have same 

functional group. 

4. All the members of a homologous series have same general 

chemical properties. 
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5. There is a gradual change in physical properties in a 

homologous series from lower members to higher 

members. 

6. All the members of a homologous series can be prepared by 

same general methods of preparations. 

7. All families of organic compounds form a homologous 

series. 
 

Detection of Elements in the Organic compounds: 
100% Organic compounds have carbon. Beside carbon they also have hydrogen, oxygen, 

nitrogen, sulphur and halogens. For detections of these elements chemical test are performed as 

follows: 

 

I) Detection of Carbon:-   

 
 Take a little amount of organic compound and comparatively larger amount 

of dry CuO in a test tube. 

Heat the test tube strongly. The gas produced as a result of heating is passed 

through the lime water taken in a test tube. If lime water turns milky then 

carbon is present in the compound.   
 

  C +    2CuO  △  CO2  +     2Cu 

 

             

 Ca (OH)2 (aq) +  CO2     CaCO3 ↓  +     H2O 
 Aqueous calcium hydroxide (lime water)     Calcium carbonate (white ppt) 

 

 

 On heating strongly the compound burns and carbon changes to 

carbon dioxide which on passing through lime water reacts and 

produce white precipitate of calcium carbonate.   
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II) Detection of Hydrogen:- 

 

 Take a little amount of organic compound and comparatively larger amount 

of dry CuO in a test tube. 

Heat the test tube strongly. The gas and vapours produced as a result of 

heating are passed over anhydrous copper sulphate. If water drops appeared 

on cooler parts of the test tube or if anhydrous copper sulphate turned blue 

then hydrogen is present in the compound. 

 

 CuO  +  2H   H2O + Cu   

 Cupric oxide              Organic compound  

  

 CuSO4  + 5H2O   CuSO4.5H2 O 

  Anhydrous copper sulphate     hydrated copper sulphate (Blue vitriol)  

         (white)                        (blue) 

 

On heating strongly the compound burns and hydrogen of the compound 

changes to water which on passing over anhydrous copper sulphate is 

absorbed and converts anhydrous copper sulphate to hydrated copper 

sulphate which has blue color. 

 

III) Detection of Nitrogen, Sulphur and Halogens:- 
  

To detect nitrogen, sulphur and halogens in the given organic compound 

first Lassaigne’s solution is prepared. 

 

Preparation of Lassaigne’s solution: 
 It is based upon the fact that when organic compound containing 

nitrogen, sulphur and halogen is strongly heated with metallic sodium, 

its nitrogen converts to ionic NaCN (sodium cyanide), sulphur to ionic 

NaS (sodium sulphide) and halogen to ionic NaX (sodium halide) if they 

are present. 
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A small piece of sodium metal is taken in a fusion tube and is melted. A 

pinch of organic compound is dropped on molten sodium in the fusion 

tube and the tube is heated to red hotness. The red hot tube is broken in 

distilled water contained in a china dish. The mixture is boiled and then 

filtered. The filtrate is called Lassaigne’s solution. 

 

Carbon and nitrogen from organic compound react with sodium to form 

sodium cyanide. 
                                                Δ 
  Na + C +   N                NaCN 

        Sodium cyanide (ionic)  

 

Sulphur from organic compound reacts with sodium to form sodium sulphide. 

                                                           Δ 

  Na + S    NaS 

       Sodium sulphide (ionic) 

 

Halogen from organic compound reacts with sodium to form sodium halide. 

 

 Na + X  Δ   NaX       Where X = (Cl, Br, I) 

      Sodium halide (ionic) 

 

(A) Detection of Nitrogen: 
A few mls of Lassaigne’s solution are taken in a test tube. Then a few drops 

of NaOH solution and few mls of freshly prepared FeSO4 are added to 

Lassaigne’s solution. The solution is boiled and cooled. Now a few drops of 

FeCl3 solution and little HCl is added. Formation of Prussian blue or green 

coloration or precipitate confirms presence of Nitrogen. 

 

  Na  +  C  +  N   NaCN 
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  FeSO4  +  2NaOH   Na2SO4  +  Fe(OH)2 

 

  Fe(OH) 2  + 6NaCN     Na4[Fe(CN)6]  +  2NaOH 

       Sodium Ferro cyanide 

       Sodium hexa cyano ferrate (II)  

 

   3Na4[Fe (CN)6] +4FeCl3   Fe4[Fe(CN)6]3  + 12NaCl 

       Ferri ferrocyanide 

       (Prussian blue or green) 

 
(B) Detection of sulphur: 

 

A few mls of Lassaigne’s solution are taken in a 

test tube and acetic acid is added to it. Then lead 

acetate is added to the solution. Appearance of 

black precipitate of lead sulphide indicates 

presence of sulphur in the compound. 

 
 2Na + S   Na2S 

 

 Na2S       +    (CH3COO)2Pb  PbS  +  2CH3COONa 
 Sodium sulphide          Lead acetate             Lead sulphide       sodium acetate 

                             (Black ppt) 
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(C)  Detection of Halogens: 

 
 A few mls of Lassaigne’s solution are taken in a test tube and 1-2 

drops of conc HNO3 are added to it. The solution is boiled and 

cooled. Now silver nitrate is added to the solution. 

(i) Appearance of white precipitate of silver chloride soluble in 

NH4OH solution indicates presence of chlorine in the 

compound. 

  Na  +  Cl   NaCl 

  NaCl  +  AgNO3   AgCl  +  NaNO3 

      Silver chloride 

           (White precipitate) 

 

(ii) Appearance of pale yellow precipitate of silver bromide 

partially soluble in NH4OH solution indicates presence of 

bromine in the compound. 

 

  Na  +  Br   NaBr 

  NaBr  +  AgNO3   AgBr  +  NaSNO3 

      Silver bromide 

     (Pale yellow precipitate) 

 

(iii) Appearance of yellow precipitate of silver iodide insoluble in 

NH4OH solution indicates presence of iodide in the 

compound. 

  Na  +  I   NaI 

  NaI  +  AgNO3   AgI  +  NaNO3 

          Silver iodide (Yellow precipitate) 
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IV) Detection of Oxygen:- 
 Method-I: 

 The compound is heated in a dry test tube in atmosphere of 

nitrogen. Formation of water droplets on the cooler part of the test 

tube indicates presence of oxygen in the compound. 

 Method-II: 

All other elements are detected and estimated. If sum of 

percentages of elements is not equal to 100 then remaining amount 

is of oxygen. 

 

Isomerism: 
 
 It is a Greek word, ‘Iso’ means same and ‘mer’ means molecular unit.  

“The phenomenon of existence of different compounds with same 

molecular formula but different structural formulae or different 

arrangements of atoms or groups in space is called isomerism 

and the compounds are called isomers.” 

Isomers differ in physical or chemical or in both properties. 

 
                CH3  

                │  

e.g.(i) CH3─CH2─CH2─CH3   and CH3─CH─CH3 differ in physical properties      

n-butane     Isobutane 

 

e.g. (ii)  CH3─CH2─OH and CH3─O─CH3 differ in both properties 

  Ethyl alcohol  Di methyl ether 
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Types of Isomerism: 

 
     IsomerismS 

 

 

  Structural Isomerism    Stereo Isomerism  

 

 

Chain    Position      Functional group Metamerism    Tautomerism  Geometric  Optical 

Isomerism    Isomerism   Isomerism      Isomerism  Isomerism 

 

 

‘There are two major types of isomerism. 

 

A) Structural Isomerism: 
 

“The phenomenon of existence of different compounds with same molecular 

formula but different structural formulae is called structural isomerism and the 

compounds are called structural isomers.” 

 

It is further divided into four types. 

 

(i) Chain Isomerism or Skeletal Isomerism: 
“The phenomenon of existence of different compounds with same molecular 

formula but different carbon chains or skeletons is called chain isomerism and the 

compounds are called chain isomers.” 
e.g (i)       CH3            CH3 

       │             │ 

 CH3─CH2─CH2─CH2─CH3  CH3─CH─CH2─CH3  CH3─C─CH3 

 n-pentane    Isopentane             │  Neopentane 

                    CH3 

e.g (ii)                  CH3             

                │             

 CH3─CH2─CH2─CH2─CH2─OH  CH3─CH─CH2─CH─OH   

 n-pentyl alcohol    iso pentyl alcohol  

    

 Alkanes usually show chain isomerism. Lower alkanes having 3 or less carbon do not show isomerism 
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(ii) Position Isomerism: 
 

“The phenomenon of existence of different compounds with same molecular 

formula but different positions of the functional groups is called position 

isomerism and the compounds are called position isomers.” 

 
e.g (i)                OH 

                │ 

 CH3─CH2─CH2─CH2─OH and CH3─CH─CH2─CH3 

  1-butanol    2-butanol 

 

e.g.(ii)  CH≡C─CH2─CH2─CH3 and CH3─C≡C─CH2─CH3 

  1-pentyne   2-pentyne 

 

(iii) Functional Group Isomerism: 
 

“The phenomenon of existence of different compounds with same 

molecular formula but different functional groups is called functional 

group isomerism and the compounds are called functional group 

isomers.” 

 
e.g (i)  CH3─CH2─OH and CH3─O─CH3  e.g (ii)  Glucose    and  Fructose 

  Ethyl alcohol  Dimethyl ether 

 

 

(iv) Metamerism 
 

“The phenomenon of existence of different compounds with same 

molecular formula but having unequal number of carbons (different 

alkyl groups) on two side of functional group is called metamerism and 

the compounds are called metamers.” 

 
e.g (i) CH3─CH2─O─CH2─CH3 and CH3─O─CH2─CH2─CH3 

 Diethyl ether    Methyl n-propyl ether 
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e.g (ii)         O              O   

         ║              ║   

 CH3─CH2─C─CH2─CH2─CH3 and CH3─C─CH2─CH2─CH2─CH3 

  Ethyl n-propyl ketone   methyl n-butyl ketone 

 

Ethers, ketones and amines often show metamerism. 

 

(v) Tautomerism: 

 

“A special type of functional group isomerism in which 

proton transfer occurs and two inter convertible isomers are 

formed which exist in equilibrium with each other is called 

tautomerism.” 

 
             O               OH  

             ║               │  

e.g. (i)  CH3 – C – CH3 ⇌ CH2 = C – CH3 

 Propanone (Keto form) Propenol ( Enol form) 

 

             O  O                          OH O 

             ║  ║              │  ║ 

e.g. (ii)  CH3 – C – CH2 – C – O – C2H5 ⇌ CH3 – C = CH –  C – O – C2H5 

    (Keto form)     ( Enol form) 

 

 

B) Stereo Isomerism: 

 
“The phenomenon of existence of different compounds with same 

molecular formula and same structural formula but differ only in 

orientation of atoms or groups in the molecules.” 
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It is further of two types: 
 

(i) Geometric Isomerism (Cis-trans isomerism): 
  

 “The phenomenon of existence of different compounds with same molecular 

formula and same structural formula but differ only in orientation of identical 

nature groups in space around double bond is called geometric isomerism or cis-

trans isomerism and the compounds are called geometric isomers or cis-trans 

isomers.” 
 

Carbon atoms joined by single bond are capable of free rotation about the bond. But carbon 

atoms joined by double bond are not capable of free rotation about double bond as it needs first 

to break pi-bond which requires energy comparable to that which needs in chemical reactions. 

This lack of rotation about double bond gives rise to geometric isomerism. When identical nature 

groups are on same side of double bond then it is cis-form and if identical nature groups are on 

opposite side of double bond then it is trans-form.  

Geometric isomerism in alkenes is possible only when each double bonded carbon atom is 

attached to two different atoms or group of atoms.   

e.g (i)  CH3         CH3       H        CH3  

 

   CH = CH     CH = CH 

 

     H           H       CH3           H 

          Cis 2-butene     Trans 2-butene 

   (B.P 3.7oC)     (B.P 0.9oC) 

    

e.g (ii)    CH3-CH2         CH3       H        CH3  

 

   CH = CH     CH = CH 

 

     H           H      CH3-CH2           H 

          Cis 2-pentene     Trans 2-pentene 

 

e.g (iii)    CH3-CH2         CH3       Cl        CH3  

 

   CH = CH     CH = CH 

 

     Cl           Br    CH3-CH2           Br 

 Cis-2-bromo-3-chloro-2-pentene   Trans-2-bromo-3-chloro-2-pentene 
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(ii) Optical Isomerism: 
 

Optical Activity: 
 

“The property of compounds due to which they rotate plane-polarized 

light either towards left or towards right, is called optical activity.” 

 

The compounds which have chiral (asymmetric) carbon show optical 

activity. They either rotate plane polarized light towards right and are 

called dextrorotatory or they rotate plane polarized light towards left and 

are called laevorotatory. The carbon to which four different atoms or 

groups are attached is called chiral or asymmetric carbon. 

 

Optical activity is checked by polarimeter. 

Ordinary light is an electromagnetic radiation consisting of waves 

vibrating in different planes and having different wave lengths. The 

planes are perpendicular to the direction of propagation of waves. When 

these radiations are passed through monochromator, the radiation 

become monochromatic i.e. radiations of single wave length but still it 

has waves in all planes. When these radiations are passed through 

polarizer (Nicol prism-1), the radiation (light) vibrates only in one plane 

and is called plane polarized light. The plane polarized light is then 

passed through the sample. After passing through sample the light is 

passed through second Nicol prism-2 (Analyzer). After passing through 

second Nicol prism if light is seen to the observer then sample will be 

optically inactive as it has not rotated plane polarized light. On other 

hand if light is not seen to the observer then sample is optically active as 

it has rotated the plane polarized light. The second Nicol prism can be 

rotated. If light is seen by rotating second Nicol prism towards right then 
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sample is dextrorotatory or (+) isomer and if light is seen by rotating 

second Nicol prism towards left then sample is laevorotatory or (-) 

isomer. 
 

 

 

 

 
Light  Light   Plane         Sample tube  

different λ single λ     Nicol prism-1    polarized light   Nicol prism-2 Observer  
   (Polarizer)     (Analyzer) (Rotatable) 

As light is seen so substance is optically inactive 
 

 

 

 

 

 
Light  Light   Plane         Sample tube  

different λ single λ     Nicol prism-1    polarized light   Nicol prism-2  Observer  

        (Polarizer)     (Analyzer) (Rotatable) 
 

As light is not seen however light seen on rotating Nicol-2 prism to the right so substance is optically active and is 

dextrorotatory 
 

 

 

 

 
Light  Light   Plane         Sample tube  

different λ single λ     Nicol prism-1    polarized light   Nicol prism-2 Observer 

        (Polarizer)     (Analyzer) (Rotatable)  
 

As light is not seen however light seen on rotating Nicol prism-2 to the left so substance is 

optically active and is laevorotatory 

    
“The phenomenon of existence of different compounds with same molecular 

formula and same structural formula but differ only in their interaction towards 

plane polarized light is called optical isomerism and the compounds are called 

optical isomers or enantiomers of each other.” 
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A compound having asymmetric or chiral carbon can show optical activity and 

thus optical isomerism. A chiral molecule has defined as one that is not 

superposable on its mirror image. Chiral molecules can be represented by two 

spatial arrangements, such that one is the mirror image of the other, but cannot be 

superimposed on one another. Such molecules do not have mirror symmetry.        
 

 

COOH    COOH   

  

HO C*    C*          OH  Carbon with asterisk is chiral carbon 

  

    H           CH3  CH3             H 

         Mirror  

Levorotatory   Dextrorotatory 

  Lactic Acid     

        

Optical isomers are two i.e. dextrorotatory which rotates plane polarized 

light towards right and levorotatory which rotates plane polarized light 

towards left.  

 

Nomenclature: 

 There are two systems of naming organic compounds. 

 

(i) Common system or Trivial Names: 

 

In this system names are derived from source or their 

property or their structure etc. 

e.g. Urea from urine (source), Citric acid from citrus 

plant (source).Glucose from the Greek word meaning 

sweet (property, Valyric acid from Greek word valyr 

meaning powerful (property). 
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The name pentane is from Greek word penta meaning 

five. The common system failed to name every 

compound as it is not systematic. 

   

(ii) IUPAC System: 

To develop a systematic system of naming compounds 

International Chemical congress met in Geneva in 1892 

and formulated a system of naming called Geneva 

System. 

Geneva System was revised by International Union of 

Chemistry at Liege in 1930 and is known as IUC 

System. 

IUC later change its name to IUPAC i.e. International 

Union of Pure and Applied Chemistry and modified the 

rules in 1957 and revised in 1967. This system now 

called 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.  

 

 



 

 

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) 

 

 

75 

 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 

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.    

 

 

 
 

 

 


