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Chemistry / General Organic Chemistry

General Organic
Chemistry

This chapter is about an overview of organic chemistry. Here we’ll discuss the entire framework within which the
concepts of this subject will be built. A good feel of general organic chemistry is very necessary if you wish that the
myriad of information available in this field stays coherently connected in your mind. As we progress along the
study of organic chemistry, you’ll begin to understand that grasping a small number of guiding principles can be
used to explain a vast array of existing disparate information and also to make predictions about previously
unknown reactions and compounds.

Keeping this in mind, you should strive hard to really understand the underlying basic principles of organic
chemistry.

Since organic chemistry is all about the study of carbon compounds we should have a good understanding of the
chemistry of carbon atom.

Consider the ground state electronic configuration of the carbon atom.

We see that there are two half-filled orbitals in the 2p level. Thus, only two unpaired electrons might indicate that
carbon atom is divalent.

The following visual will help you form a mental picture of what the second level orbitals of carbon look like.
(Recall from the chapter on Atomic Structure that orbitals actually represent probability density distributions).

Section - 1 THE CARBON ATOM : HYBRIDISATION
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Coming back to the question of carbon’s valency, although the ground state configuration of carbon indicates that
carbon should be divalent, carbon is actually tetravalent in an overwhelming majority of its compounds (In fact,
compounds in which carbon is divalent exist but they are very unstable; an example of such a compound is CCl2).

[ METHANE ]

Consider one of the simplest possible compounds of carbon as an example : methane (CH4). The carbon atom
exhibits tetravalency in this compound. Not only that, each carbon-hydrogen bond length is precisely the same;
whereas if we have one 2s and three 2p orbitals in the valence shell of carbon, we should expect the four bond
lengths to be different. How do we explain all these facts about carbon’s bond formation ? The answer is
hybridisation.

It is clear that for the carbon atom to exhibit tetravalency, we can’t just do with two unpaired electrons; we need
four. This can happen if one of the 2s electrons can be excited to the empty 2p orbitals, which would result in four
unpaired electrons.

2s2 2p 2p 2s1

Ground state Excited state

Excite one of

the 2s electrons
1
x

1
y 2p1

x 2p 1
y 2p1

z

This is how the tetravalency is explained : carbon atom undergoes bond formation with other atoms not in its
ground state (where it has only two unpaired electrons) but in its excited state (where it has four unpaired electrons).
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But even now a problem remains. A carbon atom still cannot bond in the configuration 1 1 1 12 2 2 2x y zs p p p  of the
excited state even though it has four unpaired electrons. This is because if the carbon atom were to do so, it would
lead to the formation of three directed bonds with the three 2p orbitals (which would be mutually at right angles)
and one different non-directed bond with the spherical 2s orbital. However, as already stated earlier for the case
of methane, the four carbon-hydrogen bonds are of identical lengths and lie symmetrically; the angle between any
two bonds being 109°28' (the four hydrogen atoms lie at the four vertices of a regular tetrahedron). It is this
symmetry that hybridisation explains.
What hybridisation says is that before undergoing bond formation (in methane, for example) the 2s and the three
2p orbitals are hybridised (mixed) to yield four new identical orbitals which are capable of forming stronger bonds.
These four orbitals point towards the four vertices of a regular tetrahedron. These orbitals are referred to as sp3

hybrid orbitals.

2s1 Four new sp3 hybrid
orbitals

Hybridisation

2p1
x 2p 1

y 2p1
z

To form a visual picture in your mind, refer to the next figure which shows on the right hand side the four new sp3

hybrid orbitals that are identical in all respects. The angle between any two hybrid bonds in 109°28'.

Fig - 02
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The next figure shows these four hybrid orbitals in the same figure, which should make it clear how these bonds are
symmetrically oriented:

C
                      The four symmetrically oriented

                                sp3 hybrid orbitals

Fig - 03

Hybridisation is actually a mathematical process that is carried out on the electron - wave functions
(which represent the orbitals) and is not something that physically occurs like we have put it here. It is
a tool used to understand the behaviour of different atoms in bond formation. The full significance of 
these concepts will become clear in advanced courses at university level.

Once we have four sp3 hybrid orbitals at our disposal, we can easily explain bond formation in a molecule like
methane:
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Fig - 04

From the figure above, observe that each sp3 hybrid orbital of carbon overlap with the 1s orbital of a hydrogen
atom to form a sp3 – s carbon - hydrogen sigma bond (   bond), These four    bonds, being tetrahedrally placed
with respect to each other, explain the symmetric structure of methane. (The significance of the term   “   - bond”
is as follows : whenever the overlap of two atomic orbitals takes place along their major axis, the resulting (bonding
molecules) orbital is the  - bonding orbital. Any such bond will be referred to as a  - bond .)

[ ETHANE ]

Let us consider another simple compound of carbon : C2H6 called as ethane

Each carbon in ethane is sp3 - hybridised. The following figure depicts in detail the bond formation process in
ethane:
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Fig - 05

As depicted in the figure above, two sp3 hybrid orbitals, one from each carbon, undergo a “head - on” overlap to
form a carbon-carbon   - bond. The other six sp3 hybrid orbitals, three on each carbon, undergo  - bond
formation with the 1s orbitals of the hydrogen atoms. Note that both the carbon atoms are still in the tetrahedral
configuration.
It has been found that free rotation is possible about a carbon–carbon single bond. Thus, an infinite variety of
structures are possible according to the relative positions of the groups attached on the two carbon atoms. Such
structures which are obtainable by free rotation about a carbon–carbon –bond are called conformations. (In
other words, they are different arrangements of the same group of atoms that can be converted into one another
without the breaking of any bonds.) Consider ethane. We will discuss two extreme conformations of ethane: One
in which all the hydrogen atoms are aligned and one in which they are oppositely aligned.
These two conformations are known by the names “Eclipsed” and “Staggered” conformations.
There are two ways that we can use to represent conformations, as done in the following figure:

Fig - 06
The two extreme conformations of ethane
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Observe that in the staggered conformation, the hydrogen atoms are as far apart from each other as they can
possibly be, so this would be a minimum repulsion configuration. On the other hand, the eclipsed form is the
conformation with the maximum possible ‘crowding’ and hence the maximum repulsion. Hence the staggered form
should be the most stable while the eclipsed form is the least stable.
However, although there is a difference in stability since the hydrogen atoms are very small, this difference in
stability is negligible to an extent that even at room temperature conversion from one conformation to the other
easily takes place with the help of ordinary thermal motions.
Later on we will encounter molecules where such differences in stability of the conformations are more pronounced.
We’ll discuss the properties of   - bonds soon enough. Right now, let us see organic compounds containing
carbon atoms in a state of hybridisation different than sp3.

[ ETHENE ]

Ethene has the molecular formula C2H4. Each carbon is bonded to only three atoms: two hydrogens and the other
carbon atom. How can we use hybridisation to explain the structure of ethene?

This is how hybridisation takes place : only three orbitals undergo hybridisation (the 2s and two of the three 2p
orbitals) to yield three new identical sp2 hybrid orbitals placed symmetrically in a plane at 120° to each other, while
the remaining 2p orbital stays unhybridised.
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The next figure shows two views of how the three sp2 hybrid orbitals and the fourth unhybrid 2p orbital are placed
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The unshaded lobes, lying in the 
same plane correspond to the three 
sp2 hybrid orbitals while the 
fourth (shaded) orbital along the 
z-axis is the unhybridised 2p orbital.
(Minor lobes have not been shown)

The three hybridised sp2 orbitals
symmetrically placed at 120º to 
each other. The fourth unhybridised
2p orbital is perpendicular to the 
plane of paper (not shown here). z axis
is coming out of the plane of paper
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Fig - 08

The bond formation/structure of ethene can now be explained using two such sp2 hybridized carbon atoms
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                                                                          Fig - 09

Observe the following:
• Head-on overlap occurs between

two sp2 hybrid orbitals (one from
each of the two C-atoms) oriented
along the internuclear axis, thus,
forming a C—C bond (refer
Fig 09 below.

• Two sp2 hybrid orbitals of each
C-atom overlap with two 1s H
orbitals forming a total of 4 C—H

–bonds.
• The remaining p orbital on each

C-atom mutually overlap
side-ways to form a molecular
orbital representing the  bond.

-bond

-bond
-bond
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We thus see that two sp2 hybrid orbitals, one from each carbon, overlap head-on to form a C – C  - bond.
Similarly, the remaining four sp2 hybrid orbitals are used to form  - bonds with the four hydrogen atoms.

However, notice how the unhybridised 2p orbitals overlap. Since these two 2p orbitals are parallel to each other,
they overlap “side-ways” resulting in an (bonding) orbital that spreads over both the carbon atoms and is situated
above and below the plane containing the two carbon and the four hydorgen atoms. Such a bond is referred to as
a -bond (pi - bond).

Thus, from now on, we can visualise the ethene molecule as containing an electron cloud (due to the  - bond)
above and below the plane containing the six atoms.

We can represent an ethene molecule conveniently as

-cloud (bond)

H

CC

H H

H H

CC

H H

H

or

-bond              The double-line indicates a -bond
             and a -bond

Fig - 10

From Fig - 8, it should be intuitively obvious that this sideways overlap will be the maximum when the two
unhybridised 2p orbitals are exactly parallel to each other (or equivalently, when the six atoms of ethene are
coplanar)

If one tries to cause rotation about the carbon — carbon double bond, it is obvious that ethene will deviate from
its state of maximum overlap leading to a lesser stable configuration (a decrease in strength of the bond). Thus, any
such attempt to cause rotation about the double bond will be resisted.

Thus, in the ethene molecule (and any other molecule containing a double bond), free rotation about a carbon —
carbon double bond is not possible and thus the question of conformations as in ethane, does not arise.

Observe that due to the cloud , the carbon — carbon double bond is a spatial region of high negative charge
density so it will favour an attack on itself by electron-seeking reagents. We’ll have to say more about this later.

[ ETHYNE ]

Ethyne has the molecular formula C2H2. Each carbon is bonded to only two atoms : one hydrogen and the other
carbon atom.

Hybridisation in ethyne takes place as follows : only two orbitals undergo hybridisation ( the 2s and one of the
three 2p orbitals) resulting in two new sp hybrid orbitals placed symmetrically in a linear fashion, while the remaining
two 2p orbitals stay unhybridised
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The following figure shows two views of how the two sp hybrid orbitals and the remaining two unhybrid
2p orbitals are placed.
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The unshaded lobes, lying along the x-axis Two sp hybrid orbitals lie in a linear
correspond to the two sp hybrid orbitals fashion, at 180º to each other. The
while the two orbitals (shaded) lying along two unhybrid orbitals lie along the y
the y-axis and the z-axis are the two unhybrid and z axis (not shown here)
2p orbitals. (Minor lobes have not been shown)

Fig - 12
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The bond formation in ethyne takes place using two sp-hybridised carbon atoms:

Sideways overlapz

y

C

Head-on overlap

z

y

C HH +

Fig - 13
Observe carefully that two sp hybrid orbitals, one from each carbon, overlap head-on to form a C—C

 - bond. The remaining two sp hybrid orbitals are used to form - bonds with the two hydrogen atoms.
There are two pairs of unhybridised 2p orbitals, one pair parallel to the y-axis and one to the z-axis. These pairs
overlap sideways resulting in two  - bonds (these  - bonds lie in planes at right angles to each other)
Due to these two - bonds, the ethyne molecule can be effectively considered as having a cylindrical region of
negative charge along the carbon-carbon - bond.

bond

CH H

-bond

cloud of negative charge

An approximate
representation 
of ethyneC

Fig - 14
The ethyne molecule can be represented as

H C C H

A triple line indicates one
- bond and two -bonds

We have thus seen three valid ways in which the orbitals of carbon can be hybridised, resulting in the following
hybrid orbitals: sp3, sp2 or sp. (Other valid modes of hybridisation are also possible but we shall not discuss them
here.)  The following figure summarizes the structures, bond lengths and bond angles in ethane, ethene and ethyne.

C HH C

-cloud (bond) due to
overlap of pz orbitals

-cloud (bond) due to
overlap of py orbitals

-bonds
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You must understand why hybridisation takes place at all and what is the advantage gained out of it.
It is a universal law of nature that any natural system will tend to take up a configuration where its total instrinsic
energy is minimum. Hybridisation lets the molecule take up a minimum energy configuration because hybrid orbitals
can form stronger bonds; also, hybrid orbitals ensure that the other atoms bonded to the hybridised atom remain
as far apart from each other as possible. Thus, the process of hybridisation is energetically favoured.

BONDING CHARCTERISITICS

We know why atoms hybridize. Let us now see how hybridization affects various bond characters of molecule.
We will be discussing the following three characteristics:

(i) Bond length
(ii) Bond angle
(iii) Bond strength (energy)

Before that, let us first calculate the percentage s (or p) character in a hybrid orbital and after this calculation, we
will see its effect on the above characteristics of a bond.

Percent of s(or p) character = 
No. of s(or p) orbitals mixed 100
Total no. of orbitals mixed

Thus, % s character in:

3 1sp 100 25%
4

2 1sp 100 33.33%
3

1sp 100 50%
2

Percentage s-character has two effects on the bond characteristics:
I. Orbital containing more s-character is closer to the nucleus and hence, forms shorter bonds. We know

that, the shorter the bond, the stronger it is.
II. s-character also affects the electronegativity of carbon. Carbon atoms having hybrid orbitals which posses

high s-character are more electronegative.
Thus, increasing order of electronegativity of the hybrid orbitals is:

3 2sp sp sp
% s-character: 25 33.33 50



LOCUSLOCUSLOCUSLOCUSLOCUS 12

Chemistry / General Organic Chemistry

Thus, we can summarize:
More s character

Closer to nucleus + More electronegative

Shorter bond

Stronger bond

High bond energy

Now let us study the characters one by one.

(i) BOND LENGTH: Experimental measurements indicate that similar bonds have fairly constant bond
lengths. eg. carbon-carbon bond length in ethane, propane, cyclohexane, isobutane etc. is approximately
the same.
However, the bond length decreases as % s-character increases.

3 2Hybridization : spsp sp
% s character : 5025 33.33

1.18Bond length(Å) : 1.53 1.31

C – C C == C C C

Apart from increase in s-character, there is one more reason for shortening of bond as we move from
C— C to C== C and finally to C C. The reason is:

• C— C contains only one sigma bond.

• C== C contains one sigma bond and an additional  bond which shortens the distance between
the two carbon atoms.

• C C contains one sigma bond and two additional  bonds which further shorten the distance
between carbon atoms.

In molecules like C  CH  CH  C — — — , it has been observed that the C— C single bond length is

only 1.48Å. The shortening of bond length is because this single bond is formed between two sp² hybrid
carbon atoms (having more s-character than sp³).

Thus, for a molecule like C C C C ,—  the carbon-carbon single bond length is even shorter, 1.38Å
because here, the single bond is formed between two sp hybrid carbon atoms (50% s-character).
In addition to C—C bond, it has also been observed that C–H bond length depends on the hybridization
of carbon atom.

23Hybridization of Carbon spsp
% s-character 33.3325
C–H bond length 1.08Å1.09Å

3 3 2 2CH – CH CH = CH

Similar is the case for other bonds: C O, C N, C S, C X  etc.
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Example 1
Which has a shorter C = O bond length: formaldehyde or carbondioxide?

Solution: C

O

HH
O  C  O — —

Hybridization of carbon : sp2      sp
% s-character: 33.33      50

Thus, CO2 will have a shorter C = O and length than formaldehyde.

2Experimental values: Formaldehyde CO
C O bond length 1.21Å 1.16Å

(ii) BOND STRENGTH: The strength of a bond can be measured by measuring the energy of the bond. It
can be expressed in two ways:

• Dissociation energy (D).
• Bond energy (E).

D is the energy needed to cleave a bond to constituent radicals. Let us consider the example of a water
molecule. For the process,

2H O H OH, D 118 kcal/mol.
However, for the process,

OH H O, D 100 kcal/mol.

We can see that it has two different values of D for the same bond.

Thus, the bond energy of O–H bond is taken to be the average of the two (D) values, which is called the
bond energy, E and is equal to 109 kcal/mol for H2O.
Obviously, for diatomic molecule, D = E.
We know, the shorter the bond, the stronger it is. Or we can say, larger amount of energy is required to
cleave a shorter bond.
Let us summarize it:

short bond

strong bond

High bond energy

Always keep in mind that in a given group of the periodic table, the bond weakens on moving down the
group. Thus, C–S bond is weaker than C–O bond.
Similarly, the carbon-halogen bond strength decreases in the order: C F C Cl C Br C I
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We have seen that C C  is a shorter and thus, a stronger bond than C=C and even more stronger than
C–C. But we should keep in mind that C=C is not twice as strong as C–C because C=C consists of 1
bond and 1   bond. We know that extent of overlap in  bond is less than that in  bond. Thus   bonds
stronger than  bonds. Hence, C=C is not twice as strong as C–C.
Hence, C—C bond dissociation energy will be maximum for ethyne.

(iii) BOND ANGLE: Bond angle depends upon the hybridization of the central atom.
When the central atom is sp³ hybridized, the bond angle is normally 109°28', where all the four groups
attached to the central atom are identical.
Similarly, when the central atom is sp² hybridized, the bond angle is 120° and for sp hybridized central
atoms, the bond angle is 180°.
However, the measure of angle deviates when different groups are attached to the central atom. eg.

Although carbon is sp³ hybridized, the C–C–Br bond angle in 3 3CH CH CH
|

Br

 is 114.2°

Hetero Bonds
Carbon-oxygen and carbon-nitrogen bonds: Carbon can bond to oxygen through single or double bonds.
Consider the electronic configuration of oxygen atom:

Hybridisation in the oxygen atom can take place in two ways: sp3 or sp2

Thus, observe that two of the four hybridised orbitals will be used to accomodate the two lone pairs on oxygen
while the other two can be used in bond formation with other groups. For example, consider a class of organic

compounds called ethers, which have a C — O — C —

:
:—  linkage. The oxygen atom here is sp3 hybridised.

There are two lone pairs accomodated in two of the four sp3 orbitals of oxygen while the other two hybrid orbitals
are used to form bonds  with the carbon atoms which are themselves sp3 hybridised. Oxygen atom can also

be sp2 hybridised. For example, we consider a class of organic compounds called ketones, which have a  C      O

:
:

linkage. Observe that the carbon atom is sp2 hybrdised. The oxygen atom is also sp2 hybridised:

sp2 hybridisation

1s2 2s2 1s2

Three new sp2

hybridised orbitals
Unhybridised
p orbital

2p2
x

2p1
y

2p1
z 2p1

z
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Observe that two of the three sp2 hybrid orbitals are used to accomodate the two lone pairs on oxygen. The third
half-filled hybrid orbital forms a bond  with the sp2 hybridised carbon. The unhybridised p orbital on oxygen
overlaps  sideways with the unhybridised p-orbital on carbon to form a carbon-oxygen bond

Sideways overlap
                                                   forming a  bond

C O OC

-bond Carbon-oxygen -bond
Fig - 16

An approximate sketch showing the carbon-oxygen double bond. is depicted in Fig 16  .Carbon can bond to
nitrogen using single, double and triple bonds. Consider the valence shell electronic configuration of nitrogen

2s2 2p1
x 2p1

y 2p1
z

Nitrogen can undergo hybridisation in three ways: sp3, sp2 or sp:

(i)

2s2 2p1
x 2p1

y 2p1
z

sp3 hybridisation Four new  hybridised orbitalssp3

The lone pair is accomodated into one of the sp3 hybrid orbitals while the remaining three orbitals can be
used in bond  formation. An example would be the following compound:

CH  — N — CH3 3

:

CH3

The nitrogen atom is
 hybridised and 

has a lone pair
sp3

(ii)

2s2 2p1
x 2p1

y 2p1
z

sp2 hybridisation

2p1
z

Three new  
hybridised orbitals

sp2 Unhybridised
 orbitalp

The lone pair is accomodated into one of the three sp2 hybrid orbitals. The remaining two sp2 hybrid orbitals
can be used in the formation of  bonds . The unhybridised 2p orbital will form a bond . An example
of this case is the following compound:
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C C

CH3

CH3 CH3

N

CH3

N

H
H

       The carbon and nitrogen atoms are both Carbon and nitrogen are bonded
       sp2 hybridised. The lone pair on nitrogen by a double bond.
       is accomodated into one of the sp2 hybrid
       orbitals. The unhybridised 2p orbitals on
       carbon and nitrogen form a p-bond.

Fig -17

(iii) We finally consider the case when nitrogen is sp hybridised.

2s2 2p1
x 2p1

y 2p1
z

sp hybridisation

2p1
z

Two new  
hybridised orbitals

sp

2p1
y

The lone pair is accomodated into one of the sp hybridised orbitals. The other hybrid orbital can be used to
form a bond . The two unhybridised 2p orbitals can form two bonds.  Let us consider an example:

C N NCH3
CH3

Lone pair

C

The carbon and nitrogen atoms are both sp         The drawing depicts an approximate
hybridised. The lone pair on nitrogen is         electronic charge distribution in the spatial
accomodated into one of the sp hybrid         region of the carbon nitrogen bond. As in
orbitals. The other hybrid orbital forms a         ethyne, here also a cylindrical region of

-bond with an sp hybrid orbital of carbon.         negative charge density will envelop the
The two unhybridised 2p orbitals on         carbon-nitrogen bond region
carbon and nitrogen each form two -bonds

Fig - 18
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On the basis of structure and the type of atoms present, different terms have been designated to organic compounds:
hydrocarbons, saturated, unsaturated, alicyclic, aromatic etc.
Let us see what these terms mean.

HYDROCARBONS:
The term hydrocarbon refers to compounds containing only carbon and hydrogen atoms. These include alkane,
alkene, alkynes and aromatic hydrocarbons.
Alkanes: are hydrocarbons that contain only single bond and no multiple bonds. They are also referred to as
saturated compounds because they contain maximum number of hydrogen atoms that the carbon compound can
possess.

eg. 
3

3 3 3 3 2

3 3

CH
|

CH ,CH CH ,CH C CH
| |

CH CH

Alkenes are the hydrocarbons that contain carbon-carbon double bond. eg.  2 2 2 2,CH CH CH CH CH—

Alkynes are the carbon-carbon triple bond containing hydrocarbons. eg. 3,HC CH CH C CH—

Aromatic compounds are organic compounds containing multiple bonds and possessing special ring structure.
Benzene and its derivations are called benzenoid.

eg, ,

CH3

,
  hydrocarbons which do not contain a benzene ring are called non-

benzenoid compounds.

e.g. 

In aromatic compounds , if atoms, other than carbon (eg O, N, S etc.) constitute the ring, then aromatic compounds
are not classified as hydrocarbons. They are called heterocylic aromatic compounds.

e.g. 

N N
H

O
, ,

Alkenes, alkynes and aromatic compounds are referred to as unsaturated compounds (compounds containing
multiple bonds) because they have fewer number of hydrogen atoms than the maximum number the carbon compound
can possess. Thus, they can react with hydrogen under suitable conditions.

S

Section - 02 CLASSIFICATION OF ORGANIC COMPOUNDS
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ACYLIC COMPOUNDS:
Organic compounds may exist as long chain or branched chain. These compounds are referred to as acyclic or
open chain or aliphatic compounds.

e.g. 3 3CH CH— ,  CH CH CH3 2— — — CH3

CH3

,  CH C OH3 — —

O

 etc.

ALICYCLIC COMPOUNDS:
Sometimes the long chain organic compounds may form a loop and arrange to form a ring-like structure. These
compounds are referred to as alicyclic or closed chain or ring compounds.
If only carbon atoms constitute the ring, it is called homocyclic.

eg.
,

If atoms other than carbon (heteroatoms eg. O, S, N etc.) form the ring, the cyclic compounds are called heterocyclic.
[Heteroatoms are atoms that form covalent bonds and have unshared electron pairs].

eg. ,
O N

H
We will study each of these class of compounds in later chapter. Let us now try to summarize.

ORGANIC COMPOUND

Acyclic Cyclic
or or

Open chain or Aliphatic compounds Closed chain or Ring compounds
_

Homocyclic Heterocyclic

_______________|______________

____________|_____________

______|_______ ______|

Alicyclic Aromatic Alicyclic Aromatic

Benzenoid Non Benzenoid

_______

_________|________

MAJOR FUNCTIONAL GROUPS
Most of the organic compounds concerning us also contain atoms such as oxygen, nitrogen, etc. Such an atom or
group of atoms or an exclusive kind of chemical bond gives exclusive properties to the carbon compound. In other
words, it determines the structure and properties of a family of organic compounds. Such an atom or group of
atoms or special kind of bond is called a functional group as it determines the overall function of the organic
compound.
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Now, let us consider an example. In the following compound:
CH3 — Cl

the halogen atom, here chlorine, is the functional group as it determines the overall chemical properties of the
compound. It should be noted here that the carbon portion, i.e. CH3— , of the molecule, under suitable conditions,
undergoes the reactions typical of the class of compounds with C — C single bonds ( called as alkanes - details
would be covered later). However, the set of  reactions that characteristically determine the family of compounds
R — X  (here X is a halogen atom and R is an alkyl group) are the reactions that occur at the halogen atom. Let us
take another example:

CH3 — OH
Here, — OH (read as ‘hydroxyl’ group) determines the characteristics of the family of compounds represented as
R — OH. Hence ‘— OH’ is the functional group.
Let us now go on to examine a few very important functional groups that we will frequently encounter in the rest of
organic chemistry. What you are expected to do while going through the following discussion is to learn to identify
the functional groups wherever they appear in molecular or structural formulae of organic  compounds. Also, your
job would be to learn their names. This would ease your  understanding of assigning names to organic  compounds
which we would discuss later. Apart from the names of functional groups, sometimes special names are assigned
to classes of compounds containing particular functional groups. For example, functional group —OR (where R is
a hydrocarbon framework or can be called as an alkyl group) called as alkoxy functional group when present in a
class of compounds R1—O—R2 (R1, R2 may be two different alkyl groups) gives it the general class name ‘ether’.
Now, we move on to discuss the major functional groups as follows:

(1) C — C— double bond in alkenes
Alkenes, sometimes also called as ‘olefins’, contain carbon-carbon double bonds imparting exclusive reactivity to
the alkene molecule. Hence, the double bonds are treated as functional groups. In case you are finding it awkward
to classify a kind of bond (here , C — C—  double bond) as a function group, please recall the definition of ‘functional
group’. An atom or group of atoms or any special feature of an organic molecule that imparts it a characteristic
reactivity has been discussed as a functional group. Since C — C—  double bond too attributes special reactive
nature to the organic compound in which it is present, hence this too is treated as a functional group.

Example 2

H C — H C — HC — CH — CH3 2 3
— C      C double bond is a functional group and the class of 

compounds in which it is present is called as alkenes
——

(2) C — C——  triple bonds in alkynes
Carbon-carbon triple bonds also impart special kind of reactivity to the compounds in which they are present.
Hence, such  triple bonds are considered as functional groups and the corresponding class of compounds are
called as alkynes.

Example 3

H C — C — C — CH  3 3
—— triple bond as a functional groups.
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Note :  Alkanes (simplest class of organic compounds) do not contain any functional group. They simply consists
of C — C single bonds and attached hydrogen atoms as shown below. Hence, they are extremely unreactive.

Example 4

CH3 — CH2 — CH2 — CH3    }      no functional group, hence very less reactive

(3) Hydroxyl (—OH) group in alcohols
The functional group represented as ‘—OH’ attached to a carbon atom is known as ‘hydroxyl’ group. The class
of organic compounds containing this group is called as ‘alcohols’. They are usually represented as R — OH
where R is the hydrocarbon (alkyl) group.

Example 5

CH  —OH3 'hydroxyl' functional group

(4) Alkoxy (—OR) group in ethers
Ether is a class of compound consisting of two alkyl groups (usually denoted as R', R2, etc.) mutually connected
through an oxygen atom. The functional group here is —OR (called as alkoxy) where R is smaller of the two alkyl
groups.

Example 6

CH  — O — C H3 2 5
alkoxy functional group 
(here  of —  is ' —' group)R OR CH3

(5) Nitro group (—NO2) in nitro compounds
The functional group nitro (—NO2) is present in a class of compounds represented as R—NO2 and called as nitro
compounds.

Example 7

CH  —NO3 2 nitro functional group

Note: Observe the following structural representation of the nitro group. It will assume major significance as we
move into organic reactions later.

R
N

O

O

correct structural formula 
of group —NO  2

R
N

O

O

incorrect structural formula as
nitrogen cannot have five bonds
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(6) Halogen functional groups present in alkyl halides
Atoms such as fluoro, chloro, bromo and iodo are present as functional groups in R — F, R — Cl, R — Br and
R — I respectively. The class of such compounds R — X (where X denotes a halogen atom) is called as alkyl
halide.
Example 8

CH CH  — Cl3 2

functional 
group: chloro

CH  — F3

functional 
group: fluoro

CH  — Br3CH2

functional 
group: bromo

(7) Carbonyl group ( C  O— ) in aldehydes and ketones

The presence of carbonyl functional group, structurally represented as C  O— ,  gives rise to the following two
classes of compounds:

(i)   aldehydes, structurally represented as C  O—
H

R

(ii)   ketones, structurally represented as C  O—
R1

R2

Note: The only difference between the above two structural representations is that aldehyde always has at least
one hydrogen atom attached to the carbonyl carbon atom, while ketone has alkyl groups (R1 and R2, say) as the
two substituents on the carbonyl carbon.
Example 9

C  O—
CH3

CH3

C  O—
C H2 5

CH3

two alkyl groups (and no  atom) on 
carbonyl carbon, hence ketone

H

C  O—
H

H
C  O—

H

CH3

at least one  atom on carboxyl 
carbon, hence aldehyde

H

Carbonyl functional group

(8) Carboxyl group (—COOH) in carboxylic acids
The carboxyl functional group imparts to its class of compounds, carboxylic acids the special reactivity of acids as
the name ‘carboxylic acids’ itself  suggests. Structurally, the functional group is represented as follows:

R  C—
O  H—

Carboxyl functional 
group

is the acidic proton that imparts acidic nature to 
the functional group and hence to the compound 
(note that ' ' could be  atom too).R H—

O
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Example 10

H — C
OH

O
CH  — C3

Carboxyl functional group

OH

O

(9) Carboxyl group with an additional alkyl group (—COOR) in esters.
This functional groups is written by replacing H atom ( of carboxylic —OH) with alkyl group ‘R’.  Structurally, the
functional group being discussed here is represented as (note that R1 is not a part of the ester functional group):

functional group (obtained from carboxyl 
group) characteristic of esters 

alkyl group replacing the acidic  atom of the 
corresponding carboxyl functional group.

HR   C  O  R1 — — —

O

Example 11

functional group characterising esters 

CH   C  O  3 — — — CH3

O

alkyl group replacing the acidic  atom 
of the carboxyl functional group.

H

(10) Functional group (—COCl) present in acyl chlorides.
Structurally, the functional group is represented as

functional group in acyl chlorides.R  C —
O

Cl

It is written by replacing the ‘—OH’ in carboxylic acid with the chloro group‘—Cl’.

Example 12

carboxyl 
functional group

CH   C 3 —
O

OH

replace 

by 

—

—

OH

Cl

functional group 
in acyl chlorides

CH   C 3 —
O

Cl
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(11) —CONH2, —CONHR or —CONR1R2 functional groups in amides.
The class of compounds called as amides may contain any of the following functional groups.

R  C —
O

N
H

H

R   C 2 —
O

N
H

R1

possible functional groups

R   C 3 —
O

N
R1

R2

or or

These are written by replacing the ‘—OH’ of the carboxyl group by the following respective groups:

R  C—
O

OH

replace 
by 

' OH'
' NH '

—
— 2

or R   C2 —
O

OH

replace 
by 

' OH'
' NHR '

—
— 1

or R   C3 —
O

OH

replace 
by 

' OH'
' NR '

—
— 1R2

R  C —
O

NH2

R   C 2 —
O

NH R1

R   C 3 —
O

N R1R2

The dashed region shows the possible functional groups present in amides.

Example 13

CH   C 3 —
O functional group

alkyl group on  atom is not 
a part of the functional group.

N

(12) Amino (—NH2)  group in amines.
Here, the amino functional group ‘—NH2’  is present on a carbon atom of the hydrocarbon framework, R. It is
represented as R — NH2  and the  ‘—NH2’ group imparts a basic (contrary to acidic nature of carboxyl functional
groups) character to the compound.
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Example 14

CH3CH  NH2 2— amino functional group

hydrocarbon framework,
represented above as ' 'R—

Note: Compare the slight difference in the names of the two classes of compounds ‘amides’ (in discussion (11)
above) and amines (in discussion (12) above). The structural difference between the two classes of compounds,
as you must have noticed by now, is that the amide class of compounds have carbonyl functional group present in
them, while amines do not have any carbonyl group.

(13) Cyano group (— C  N)———  in cyanides.

Cyanide compounds are also called as nitriles or nitrile compounds. This class of compounds is represented as
R — CN.

Example 15

CH   C  N3 — — cyano functional group.

(14) Acetal class of compounds

Acetals are those compounds that have two oxygen atoms singly bonded to the same carbon atom of the organic
compound.  Structurally, we can represent it as follows:

 C
functional group characterising the 
class of compounds called as acetals

CH3

C2H5

O

O

R1

R2

Example 16

 C
characteristic functional group.CH3

CH3

O

O

CH3

CH3

the carbon atom to which the two 
oxygen atoms are singly bonded

The following table enlists a general formula for various classes of compounds and corresponding functional
groups. Note that subscript ‘n’ stands  for number of carbon atoms present in the compound.
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Table – 1 : Functional groups and general formula

  Class of compound Functional group                    General formula ( n = no. of C–atoms)

  Alkenes   C  C——  double bond 2n nC H

  Alkynes   C  C———  triple bond 2 2n nC H

  Alcohols    — OH   (hydroxyl) 2 2n nC H O

  Ethers     — OR  (alkoxy) 2 2n nC H O

  Aldehydes   ——O   (carbonyl) 2n nC H O

  Ketones   ——O   (carbonyl) 2n nC H O

  Carboxylic acids    — COOH  (carboxyl) 2 2n nC H O

  Esters   — — — C  O 
O

(carboxyl with an additional 2 2n nC H O

 alkyl group on saturated oxygen atom)

Let us now devise a method to conveniently represent organic molecules on paper. This would improve our
approach to deal with those organic molecules whose structures appear complex. We will here focus upon the
central chain of carbon atoms that runs through  the entire molecule. This may even form a ring structure. Observe
the following compounds:

C  C  C— —

H

H

HHH

CH  CH  CH   C H3 2 3 8or 3

(1)

C      C

C  C

H     H

| |
—

| |

C

H

H
H

HH

H
H

H

(2)

C H5 10

H

H

H

Note that with increasing number of carbon atoms, it becomes increasingly inconvenient to draw the structures.
Also, the C-atoms forming the skeleton practically do not exist in straight lines. On the other hand, let us draw
them in a zig - zag fashion to realise their practical way of existence and also increase our comfort at drawing the
molecules. Study the following example.

Section - 3 REPRESENTATION OF ORGANIC COMPOUNDS
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C
C

C
C

H
H

H

H
H

H
H

simple 

(4)(3)

H
H

H

representation

Here, the zig - zag pattern (4) is very clear to comprehend and it eliminates any confusion between the hydrogen
atoms attached to the various carbon atoms. However, the following aspects of arriving at diagram (4) from
diagram (3) should be kept in mind.

(i) Every kink in representation (4) and the two ends of the line show a C-atom.

(ii) Hydrogen atoms bonded to C-atoms are not shown; not even the bonds between hydrogen and carbon
atoms. Even without drawing them their presence is implied. Any carbon atom in representation (4) whose
four bonds are not explicitly shown is assumed to have as many hydrogen atoms as needed to satisfy the
valency of carbon which is 4.

(iii) Most important is the rule that C atoms are not shown explicitly by writing ‘C’.

Study the following figure for complete understanding of the above stated rules:

this atom must 
also carry 3   
because only 1 bond
is shown attached 
to it

C-
H-atoms

these 2 atoms
should also carry 
1 atom because 
only 3 bonds are 
shown for each 

atom

C-

H-

C-

each of these 2
atoms have two 

bonds shown, hence 
each should also 
carry 2 atoms

C-

H-

this atom has all
its 4 bonds shown,
hence no atoms
are implied

C-

H-

OH
this atom is shown 
because it is bonded 
to oxygen: a hetero atom 
(atom other than or )

H-

 C  H

end of line represents 
a atomC-

O

every kink in the chain (bond-line diagram)
represents a atomC-

Fig - 19

Here, it is noteworthy that all hetero atoms are explicitly shown; even  H atom(s) bonded to such hetero atoms are
shown. We will now consider some examples.

Example 17

         H      H      H     H

H  C  C  C  C  H

        H                        H

|        |        |       |
— — — — —

|                         |

represented
as

these atoms carry
1  atom each

C-
H

—



LOCUSLOCUSLOCUSLOCUSLOCUS 27

Chemistry / General Organic Chemistry

Example 18

CH   CH  CH  COOH3 — — —— represented
as

OH

O
C-

H
atom has 

3  atoms

C
H

 atom has 
no  atom

Example 19

OH

CH
|

C

O
||

OH

CH3

represented
as

OH

COOH

sometimes, atom, being part of the 
functional group, may be clearly shown

C-

Example 20

represented
as

O

OHCH3

O

OH

Example 21

represented
asCH3 NH2

CH2
NH2

H atoms bonded to hetero 
(here, nitrogen)atom is shown

Example 22

represented
as

CH2

CH2CH2

CHCH2
N N

lone pair of electrons on 
atom is shown hereN-

From the above examples we can conclude that the basic purpose of highlighting the functional group(s) should be
served. At times, we may even show hydrogen atom(s) bonded to the carbon skeleton or we may even show a
lone pair of electrons (a pair of electrons not involved in a chemical bond). The core idea is that any molecular site
which is participating in a given reaction should be explicitly shown.
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Also, you can draw the bond-line diagrams in any other convenient orientation. For example:

Example 23

represented
asCH3 COOH

CH

OH
|

COOH

OH

OH

O

OH
or

For further convenience and to focus our attention only on the reactive part of the organic compound, we put a
curvy line which is nothing but a pictorial indication of an incomplete structure. Observe the following representation:

represented

as

O H

O

curvy (wiggy) line to indicate 
rest of the compound

O

O

H

The curvy line within the dashed space above simply denotes that we are, for the time being, not concerned with
the non-carboxylic part of the molecule. This approach not only reduces our efforts to repeatedly draw irrelevant
molecular portion but also prevents us from unnecessarily thinking about it.
Note: If we want to represent the three dimensional (spatial) orientation of organic molecules on paper, we
proceed as follows:
(i) Show one of the substituents on the carbon atom as coming out of the plane of the paper towards us, and

the other substituent going away from us, into the plane of the paper.
(ii) The ‘coming-out-of-the-paper’ bond can be shown using a bold-wedged diagram: COOH

(iii) The ‘going-into-the-paper’ bond can be shown using a dashed-wedged (or non-wedged) diagram fading
away from us:  dashed-wedged dashed (not wedged)or

(iv) The other bonds attached to the carbon atom can be depicted using straight lines as if in the plane of the
paper.

Observe the following representation:

CO H2

NH2

three-dimensionally
H

CO H2
H2N

other two bonds in 
the plane of the paper

bond coming out 
of the paper

bond going into 
the paper

 represented as

While drawing such diagrams, prefer showing the functional groups as ‘coming-out-from’ or ‘going-into’ the plane
of the paper but retain the basic carbon skeleton in the plane of the paper.
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Example 24

I
OH

H

—  and —  are respectively
shown 'coming-out' and 'going-into' 
the plane of the paper

I OH

OH I
drawn

as

Let us now study the various types of carbon atoms on the basis of number of neighbouring carbon atoms to which
it is bonded. Following five types of carbon atoms can be arrived at:

(1) Methyl carbon CH OH3 — 

Here, the carbon atom is not bonded to any other carbon atom.

(2)
OCH3

neighbouring
-atomC

Primary carbon or 1º carbon.

Here, the carbon  atom is attached to only one neighbouring carbon atom.

(3) Secondary carbon or 2° carbon 
O

OH

two neighbouring -atoms.C

The carbon atom is attached to two neighbouring carbon atoms.

(4) Tertiary carbon or 3° carbon 
Cl

3 neighbouring
C-atoms.

Here, the carbon atom is attached to three neighbouring carbon atoms.

(5) Quaternary carbon or 4° carbon OH

The carbon atom is attached to four neighbouring carbon atoms.

Certain organic compounds exhibit conjugation which we’ll discuss in this section. Conjugated systems are of so
much importance to organic chemistry that they merit a separate section for their discussion.

Section - 4 CONJUGATED SYSTEMS



LOCUSLOCUSLOCUSLOCUSLOCUS 30

Chemistry / General Organic Chemistry

A system is said to be conjugated if it contains alternate single and multiple bonds. For example, the following
compounds are conjugated:

CH  — CH — CH — CH2 2
— — CH  — CH — CH — CH — CH — CH — CH — CH3 3

— — —

Such compounds in which the bonds are conjugated are found to be slightly more stable than the compounds in
which these bonds are isolated. For example, consider the following two compounds which have the same molecular
formula.

CH  — CH — CH — CH — CH3 2
— —

(i)
CH  — CH — CH  — CH — CH2 22

— —
(ii)

Even though these two compounds appear to be the same except for the positioning of one of the double bonds,
it is found that compound (i) is thermodynamically more stable than compound (ii).
The fact that conjugated compounds are slightly more stable than their corresponding non-conjugated counterparts
is experimentally provable:

(i) Conjugated molecules exhibit a lower heat of combustion
(ii) They exhibit a lower heat of hydrogenation
(iii) It is found that isolated double bonds can be made to migrate under certain conditions quite easily to form

conjugated system. This shows that conjugated systems are more stable.
As an example, consider the following reaction which takes place easily under alkaline conditions. Observe how
the double bond migrates to form a conjugated system which is stabler:

                                        |
— CH — CH — CH  — C — O2

— —
Non-conjugated system

Base                                         |
— CH  — CH — CH — C — O2

— —
Conjugated system

Now the question that arises is: Why should conjugated systems be more stable?

In organic chemistry, a very powerful rule of thumb can be used to explain a lot of phenomenon regarding stability
of molecules : the greater the delocalisation (spread) of charge on the molecule’s surface (or surroundings), the
more stable that molecule tends to be. This is intuitively appealing:  if we try to localise charge on some region of
the molecule, that region would tend to get destablised because of the high concentration of charge in a small
region. However, spreading the charge will result in lower local charge density and hence more stability. A complete
justification of this rule has its basis in Molecular Orbital Theory which we will not delve into here.

We can now use this rule to explain why conjugated systems are stabler. In particular, we’ll discuss why compound
(i) above is stabler than compound (ii). First visualise the orbital picture for compound (ii), and observe that it has
two ‘localised’ bonds , these being at the two ends of the carbon chain:

H C — CH — CH — CH—CH2 2 2

In this figure, only the uhybridised 
2  orbitals used in the -bond
formation are being emphasised
p

Orbital picture of compound (ii)
Fig - 20


