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HOMOLYSIS

Homolytic fission is a type of bond fission that
involves the dissociation of a given molecule
wherein one electron is retained by each of
the original fragments of the molecule.
Therefore, when a neutrally charged molecule
is subjected to homolytic fission, two free
radicals are obtained as the product
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HETEROLYSIS

Heterolytic fission is a type of bond fission in
which a covalent bond between two chemical
species is broken in an unequal manner,
resulting in the bond pair of electrons being
retained by one of the chemical species
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Large amount of energy is required to spark the
homolytic fission of a molecule.

• When the molecule is subjected to ultraviolet radiation
• When the molecule is subjected to the required

amount of heat in order to overcome the
required bond dissociation energy for the homolytic
fission

• When carbon compounds are subjected to extremely
high temperatures in the absence of oxygen in order to
facilitate the pyrolysis of the molecule

Heterolytic fission usually requires a lower bond
dissociation energy than homolytic fission.
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Homolytic fission usually occurs only in homonuclear
diatomic molecules but heterolytic fission can take
place in any singly bonded covalent molecule.Lovely Jacob A,Asst, Profe.in 
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Electrophile and 
Nucleophile

A nucleophile is a chemical species which, in relation to a 
response, gives an electron pair to form a chemical bond. 
A nucleophile is usually charged negatively or neutral with 
a lone couple of donable electrons. H2O, -OMe or -OtBu
are some of the examples. Overall, the electron-rich is a 
nucleophile.
Any molecule, ion or atom that is in some manner 
deficient in electron can act as an electrophile.
Electrophiles are generally charged positively or are 
neutral species with empty orbitals attracted to a centre 
wealthy in electrons.



What is Electrophile?
Positively loaded or neutral species are called electrophiles that are 
deficient in electrons and can accept a couple of electrons. These are also 
called species that love electron (philic).
•The term electrophile can be split into “electro” derived from electron and 
“phile” which means loving.
•They are electron deficient and hence electrons loving.
•They are positively charged or neutrally charged.
•They attract electrons. Movement of electrons depends on the density.
•They move from high-density area to low density area.
•They undergo electrophilic addition and electrophilic
substitution reactions.
•An electrophile is also called as Lewis acid.(Acid is a proton donor or 
electron acceptor)
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• What is Nucleophile?
• A nucleophile is a reagent comprising an unparalleled or lone 

electron pair atom. As a nucleophile is wealthy in electron, it looks 
for deficient electron locations, i.e. nucleus means loving nucleus. 
Nucleophiles act as Lewis bases, according to Lewis ‘ notion of acids 
and bases.

• The term nucleophile can be split into “nucleo” derived from the 
nucleus and “phile” which means loving.

• They are electron rich and hence nucleus loving. They are negatively 
charged or neutrally charged.

• They donate electrons.
• Movement of electrons depends on the density.
• They move from low-density area to high-density area.
• They undergo nucleophilic addition and nucleophilic substitution 

reactions.
• A nucleophile is also called as Lewis base. (Base is is a proton 

acceptor or electron donor)
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What are reagents in chemistry?
• A reagent is a compound or mixture added to a system to cause a

chemical reaction or test if a reaction occurs. A reagent may be used
to tell whether or not a specific chemical substance is present by
causing a reaction to occur with it.

• It may be atomic,molecular,cationic,anionic or free radical species.

Types of Organic Reagents
Organic reagents are categorized into three sections 

according to their charge 
as electrophile ,nucleophile and free radicals.

• Electrophiles have less electrons density
• Nucleophiles have high electrons density
• Free radicals don't have special charge. But free 

radicals are very reactive and react very fast.
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1. Electrophilic Reagents
• They are also called as electrophile.

• Electrophile has electron deficient atom or vacant orbital or incomplete octate at the 
valence shell.

• These species carry either positive charge or electron deficient molecules. So a reagent 
which can accept an electron pair in a reaction is called an electrophile. Generally these 
contain two electrons less than the octet. These attack regions of high electron density 
in the substrate molecule to complete the octet. These are represented by E+.

• Electrophiles are lewis acid (A Lewis acid is therefore any substance, such as the H+ ion, 
that can accept a pair of nonbonding electrons. In other words, a Lewis acid is an 
electron-pair acceptor.)

• An electrophile is a species that accepts a pair of electrons to form a new covalent bond

• There are 2 types of electrophiles.

• (a) Neutral electrophile: These species carry neither positive charge nor negative 
charge

• Example: AlCl3, BF3, Carbene, Nitrene, free radicals SO3, , Acid chlorides etc.

• (b) Positive electrophile: they are also called Positively charged Electrophile

• Examples: H+, H3O+, Cl+, Br+, NO2
+, NO+, Carbonium ion, nitrosonium ion, diazonium ion

• Note: cation of IA group and IIA group like Na+, Mg++, Ca++ and also NH4
+ are not Positive 
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2. Nucleophilic reagents
• They are also called as nucleophile

• A nucleophile is a chemical species that donates an electron pair to an electrophile to form a 
chemical bond in relation to a reaction.

• All molecules or ions with a free pair of electrons or at least one pi bond can act 
as nucleophiles. Because nucleophiles donate electrons, they are by definition Lewis bases.

• They have electron rich atoms and lone pairs of electron so they are negatively charged 
species

• Nucleophiles are from “nucleus loving”, or “positive-charge loving

• A nucleophile is a reactant that provides a pair of electrons to form a new covalent bond.

• There are 2 types nucleophiles.

• (a) Neutral nucleophile:

• NH3, RNH2, H–O–H , R–OH , R–O–R , R–S–R.

• Important Note:

• LiAlH4: it can donate H ion with a lone pair of electron

• LiBH4 : it can donate H ion with a lone pair of electron

• RMgX: Grignard Reagent: here R acts as a nucleophile but Mg++ is not an electrophile

• (b) Negative nucleophile:

• Examples: Cl– (chloride ion), Br– ( Bromide ion), I– (Iodide ion), OH– , CN– Carbanions like 
CH3

–, CH3CH2
– etc. Lovely Jacob A,Asst, Profe.in 
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Amphiphile &   3.Free radical

• 1. Amphiphile: they behave as electrophile as well as nucleophile.

Examples: H2O, HCHO, R-CN

3. Free radical

A radical is an atom, molecule, or ion that has an unpaired valence 
electron.With some exceptions, these unpaired electrons make 
radicals highly chemically reactive.

A notable example of a radical is the hydroxyl radical (HO•), a molecule 
that has one unpaired electron on the oxygen atom. Two other 
examples are triplet oxygen and triplet carbene (:CH2) which have 
two unpaired electrons.
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Reaction intermediates
• A reaction intermediate or an intermediate is a molecular entity 

that is formed from the reactants (or preceding intermediates) 
and reacts further to give the directly observed products of a 
chemical reaction. Most chemical reactions are stepwise, that is 
they take more than one elementary step to complete.

• An intermediate is a short-lived, high-energy, highly 
reactive molecule. When generated in a chemical reaction, it will 
quickly convert into a more stable molecule.

• When their existence is indicated, reactive intermediates can 
help to explain how a chemical reaction takes place.
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Electron displacement Effects

• An electron displacement occurs
when electrons move toward one side or part of a
molecule. Electronic displacements are often
responsible for the chemical reactivity of some
molecules and the relative inertness of others.
There are four different types of electron
displacements operates in covalent bonds.

• Inductive effect

• Mesomeric and Resonance effect

• Electromeric effects

• Hyperconjugation
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Inductive Effect

• In a covalent bond between the two dissimilar 
atoms, the electron pair forming the bond is never 
shared absolutely equally between the two atoms 
but is attracted a little more towards the more 
electronegative atom of the two. 

• eg. The electron pair forming the C–X bond is 
somewhat more attracted towards the atom X 
with the result – it attains a partial negative 
charge (–) while the carbon atoms attain a partial 
positive charge (+)
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Resonance & Mesomeric Effect

There are many organic molecules which can not be
represented by a single lewis structure. In turn,
they are assigned more than one structure called
canonical forms or contributing of resonating
structures. The phenomenon exhibited by such
compounds is called resonance. For example, 1, 3
– butadiene has following resonance structure.
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Electromeric Effect
• It is a temporary effect in which a shared pair of electron

(p - electron pair) is completely transferred from a
double bond or triple bond to one of the atoms joined by
the bond at the requirement of attacking reagent.

• When multiple bond is present between two similar
atom (symmetric alkenes or alkynes) electronic shift can
take place in any direction
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Hyperconjugation

• It is the delocalisation of sigma electron. Also 
known as sigma-pi conjugation or no bond 
resonance

• Occurrence: Alkene, alkynes,Free radicals 
(saturated type) , carbonium ions (saturated type)

• Condition: Presence of alpha –H with respect to 
double bond, triple bond carbon containing 
positive charge (in carbonium ion)
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1.INDUCTIVE EFFECT-a detailed study

When an electron-releasing or an electron-withdrawing
species is introduced to a chain of atoms (generally a
carbon chain), the corresponding negative or positive
charge is relayed through the carbon chain through the
C-C σ - bond by the atoms belonging to it. This causes a
permanent dipole to arise in the molecule and is referred
to as the inductive effect.
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1. Negative inductive effect or -I effect
2. Positive inductive effect +I effect

-I Effect (Negative Inductive Effect)
• When an electronegative atom, such as a halogen, is introduced to a 

chain of atoms (generally carbon atoms), the resulting unequal sharing 
of electrons generates a positive charge which is transmitted through 
the chain.

• This causes a permanent dipole to arise in the molecule wherein the 
electronegative atom holds a negative charge and the corresponding 
effect is called the electron withdrawing inductive effect, or the -I 
effect.

+I Effect (Positive Inductive Effect)
• When a chemical species with the tendency to release or donate 

electrons, such as an alkyl group, is introduced to a carbon chain, the 
charge is relayed through the chain and this effect is called the Positive 
Inductive Effect or the +I Effect

Types of Inductive Effect
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Applications of Inductive effect
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Inductive Effect on Acidity and Basicity
• Using the inductive effect, we can predict the acidity and basicity of compounds.

• Electron withdrawing groups  increase the acidity of a compound.
• Electron donating groups  decrease the acidity of a compound.

• Dispersal of the charge –Stabilize the ion
• Intensification  of the charge –Destabilize the ion

Thus it can be said that,
+I groups decrease acidity (or increase basicity)
–I groups increase acidity (or decrease basicity) of compounds.
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• For Example, formic acid ( HCOOH) is more acidic 
than Acetic acid (CH3COOH).Why?

• Due to the +I inductive effect of the methyl group 
attached to the carboxylic acid group.

• Note: If Ka of acid is high, it is a Strong acid, but if PKa
of acid is high, it is said to be a weak acid 

• [pka = -log(ka)] Same logic applies to bases.

Lovely Jacob A,Asst, Profe.in 
Chemistry,Little flower College, Guruvayoor



• Consider, the acidity of mono-, di- and trichloroacetic
acid. Which is more Acidic?Why?

It can be said that the presence of three Cl atoms make oxygen highly
electron deficient and thereby, polarising the O-H bond the most. Therefore
the acidity order for the above compounds would be, III > II > I.
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Which is more acidic? Why?
Try to find out

• Formic acid,acetic acid,propionic acid

• Fluroacetic acid,Chloroacetic acid,Bromoacetic
acid,Iodoacetic acid

• 2-chloropropanoic acid,3-chloropropanoic 
acid
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Resonance or Mesomeric Effect-a detailed study

The Mesomeric effect is a property of substituents or functional
groups in a chemical compound. It is defined as the polarity
produced in the molecule by the interaction of two pi bonds or
between a pi bond and lone pair of electrons present on an
adjacent atom.
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Electromeric Effect – a detailed study

•The instantaneous formation of a dipole in the molecule of an
organic compound due to the complete transfer of shared
pielecron pairs to one of the atoms under the influence of an
attacking reagent is referred to as the Electrometric effect.

•This effect can be observed in organic compounds that contain at
least one multiple bond.

• When the atoms participating in this multiple bond come under the
influence of an attacking reagent, one pi bonding pair of electrons is
completely transferred to one of the two atoms.

•The electrometric effect is a temporary effect that remains as long
as the attacking reagent is present and exposed to the organic
compound. Once this attacking reagent is removed from the system,
the molecule that was polarized goes back to its original state.Lovely Jacob A,Asst, Profe.in 
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Types of Electromeric Effects :  +E effect and the -E effect.
This classification is done based on the direction in which the electron pair is 
transferred.

+E Effect
This effect occurs when the electron pair of the pi bond is moved towards the attacking
reagent. The +E effect can be observed in the addition of acid to alkenes. The attacking
reagent attaches itself to the atom which obtained an electron pair in the transfer.
The +E effect is generally observed when the attacking reagent is an electrophile and
the pi electrons are transferred towards the positively charged atom.

-E Effect
This effect occurs when the electron pair of the pi bond is moved away from the
attacking reagent. The attacking reagent attaches itself to the positively charged atom in
the molecule, i.e. the atom which lost the electron pair in the transfer.
The -E effect is generally observed when the attacking reagent is a nucleophile and the pi
electrons are transferred to the atom which the attacking reagent will not bond with.
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• Hyperconjugation is the stabilising interaction that results from the 
interaction of the electrons in a σ-bond (usually C-H or C-C) with an 
adjacent empty or partially filled p-orbital or a π-orbital to give an 
extended molecular orbital that increases the stability of the system.

• Based on the valence bond model of bonding, hyperconjugation can 
be described as "double bond - no bond resonance" but it is not what 
we would "normally" call resonance.

• What is the key difference between hyperconjugation and resonance ?
Hyperconjugation involves a sigma orbital component, usually a
C-C or C-H bond.Resonance involves pi orbitals
• Hyperconjugation is a factor in explaining why increasing the number 

of alkyl substituents on a carbocation or radical centre leads to an 
increase in stability.

Hyper Cojugation-a detailed study

Baker  - Nathan Effect
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Let's consider how a methyl group is involved in 
hyperconjugation with a carbocation centre.

First we need to draw it to show the C-H σ-bonds.
Note that, the empty p orbital associated with the positive charge at 
the carbocation centre is in the same plane (i.e. coplanar) with one of 
the C-H σ-bonds (shown in blue.)

This geometry means the electrons in the σ-bond can be stabilised by 
an interaction with the empty p-orbital of the carbocation centre.

(this diagram shows the similarity with resonance 
and the structure on the right has the "double bond -
no bond" character)

The stabilisation arises because the orbital interaction leads to the electrons being in 

a lower energy orbital.
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• The C-C σ-bond is free to rotate, and as it does so, each of 
the C-H σ-bonds in turn undergoes the stabilising interaction.

• The ethyl cation has 3 C-H σ-bonds that can be involved in 
hyperconjugation.

• The more hyperconjuagtion there is, the greater the 
stabilisation of the system.

• For example, the t-butyl cation has 9 C-H σ-bonds that can be 
involved in hyperconjugation.

• Hence (CH3)3C+ is more stable than CH3CH2+

• The effect is not limited to C-H σ-bonds, appropriate C-C σ-
bonds can also be involved in hyperconjugation.
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Steric Effect

Using steric factors, we can conclude that trans-2-butene is more 
stable than cis-2-butene.

Steric hindrance is a consequence of steric effects. Steric
hindrance is the slowing of chemical reactions due to steric bulk.
Steric hindrance is often exploited to control selectivity, such as
slowing unwanted side-reactions. It arises because of inter-
electronic repulsions due to spatial crowding amongst bulky
groups.

Steric effects are nonbonding interactions that influence the
shape and reactivity of ions and molecules. Steric effects result
from repulsive forces between overlapping electron clouds.
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Applications
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› ›

Acidity of benzoic acid        O-dimethyl benzoic acid              O-t-But benzoic acid
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REACTION INTERMEDIATES
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1.ADDITION REACTION
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2.ELIMINATION  REACTION
An elimination reaction is a type of organic reaction in which two
substituents are removed from a molecule in either one or two-
step mechanism. The one-step mechanism is known as the E2
reaction, and the two-step mechanism is known as the E1 reaction.
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3.SUBSTITUTION REACTION  REACTION
A substitution reaction is a chemical reaction during which one
functional group in a chemical compound is replaced by another
functional group. There are two types of substitution reactions:
nucleophilic and electrophilic.
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4.REARRANGEMENT REACTION
A rearrangement reaction is a broad class of organic reactions where the carbon 
skeleton of a molecule is rearranged to give a structural isomer of the original 
molecule. Often a substituent moves from one atom to another atom in the same 
molecule.
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5.REDOX REACTION
An oxidation-reduction (redox) reaction is a type of chemical reaction that
involves a transfer of electrons between two species. An oxidation-
reduction reaction is any chemical reaction in which the oxidation number
of a molecule, atom, or ion changes by gaining or losing an electron



THANK YOU
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