
ALKYL HALIDES

BY

A.CAROLINE GRACE



INTRODUCTION
 Alkyl halides (also known as haloalkanes)

are compounds in which one or more

hydrogen atoms in an alkane have been

replaced by halogen atoms (fluorine,

chlorine, bromine or iodine).

 Alkyl halides are organic molecules

containing a halogen atom bonded to an

sp3 hybridized carbon atom and exhibits a

tetrahedral shape



HYBRADIZATION

Hybridization is defined as the concept of mixing two 

atomic orbitals with the same energy levels to give a 

degenerated new type of orbitals. 

Redistribution of the energy of orbitals of individual atoms 

to give orbitals of equivalent energy happens when two 

atomic orbitals combine together to form hybrid orbital in a 

molecule. This process is called hybridization. 

During the process of hybridization, the atomic orbitals of 

similar energy are mixed together such as the mixing of 

two ‘s’ orbitals or two ‘p’ orbital’s or mixing of an ‘s’ orbital 

with a ‘p’ orbital or ‘s’ orbital with a ‘d’ orbital.

Based on the types of orbitals involved in mixing, the 

hybridization can be classified as sp3, sp2, sp, sp3d, 

sp3d2, sp3d3

https://byjus.com/chemistry/energy-of-orbitals/
https://byjus.com/chemistry/shapes-of-orbitals/


TYPES OF sp HYBRADIZATION
Mixing of one ‘s’ orbital and one ‘p’ orbital 

of equal energy to give a new hybrid orbital 

known as an sp hybridized orbital. 

sp hybridization is also called diagonal 

hybridization.

sp2 hybridization is observed when one s

and two p orbitals of the same shell of an 

atom mix to form 3 equivalent orbital. The 

new orbitals formed are called sp2 hybrid 

orbitals.

sp2 hybridization is also called trigonal 

hybridization.



Tetrahedral shape of alkyl halide
When one ‘s’ orbital and 3 ‘p’ orbitals belonging to 

the same shell of an atom mix together to form four 

new equivalent orbital, the type of hybridization is 

called a tetrahedral hybridization or sp3. 



Due to electronegativity differences between the carbon

and halogen atoms, the σ covalent bond between these

atoms is polarized, with the carbon atom becoming

slightly positive and the halogen atom partially negative.

The measure of the polarity of a bond is the bond moment 

or dipole moment. 

Hydrogen and carbon atoms have similar electronegativity

values and because the dipole moment small and  bond 

length is short. C-H is polar covalent bond. 

Due to the change in electronegativity of the C—Cl,  the 

dipole moment is greater and the bond length is large.

https://www.sciencedirect.com/topics/chemistry/polarity
https://www.sciencedirect.com/topics/chemistry/dipole-moment
https://www.sciencedirect.com/topics/chemistry/hydrogen-atom
https://www.sciencedirect.com/topics/chemistry/electronegativity










CLASSIFICATION OF ALKYL HALIDES

Based on number of halogen atom present

 classified as mono, di, or polyhalogen (tri-,tetra-, etc.) 

compounds depending on whether they contain one, 

two or more halogen atoms in their structures. For 

example,

Ethyl chloride Trichloropropane



CLASSIFICATION OF ALKYL HALIDES

Based on number of alkyl groups attached



Primary alkyl halide Secondary alkyl halide

Tertiary alkyl halide













MCQ QUESTIONS

 Why alkyl halides are considered to be very 

reactive compounds towards nucleophile?

a) they have an electrophilic carbon & a 

bad leaving group

b) they have a nucleophilic carbon & a 

good leaving group

c) they have an electrophilic carbon

d) they have an electrophilic carbon & a 

good leaving group



ANSWER: they have an electrophilic 

carbon & a good leaving group (d)



 The functional group in alkyl halide is _____

a) Hydroxyl group

b) Halogen atom

c) Inert gas

d) All of the mentioned



ANSWER:    Halogen atom  (b)



 When the nucleophile :OR attacks the RX, 

the resultant product will be ___________

a) R – OH

b) ROR

c) R:CN

d) RNHR



ANSWER:    ROR    (b)



 Which of the following is the tertiary alkyl 

halide

a) CH3-X

b) (CH3)2CH-X

c) (CH3)3C-X

d) (CH3)3C-CH2-X



ANSWER:     (CH3)3C-X (c)



 SN2  reaction is a

a) Unimolecular reaction

b) Bimolecular reaction

c) Both a and b

d) None of the above



ANSWER:    Bimolecular reaction (b)
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Stereochemistry model















Stereochemistry of SN1 reaction





KINETICS OF SN2 AND SN1 REACTIONS



KINETICS OF SN2 AND SN1 REACTIONS









(Alkyl halides)





REARRANGEMENT OF CARBOCATION IN SN1 

REACTION









MCQ QUESTIONS

Select the correct statement from the following 

option.

a) SN2 reaction follows second order kinetics

b) No intermediate is involved in SN2 

mechanism

c) SN2 reactions are one-step reaction

d) All of the above



ANSWER:  All of the above   (d)



Which step in SN1 reaction is a slow rate 

determining step?

a) Attack of nucleophile

b) Formation of a racemic mixture

c) Formation of a transition state

d) All of the mentioned



ANSWER: Formation of a transition 

state   (c)



Why alkyl halides are considered to be very 

reactive compounds towards nucleophile?

a) they have an electrophilic carbon & a bad 

leaving group

b) they have a nucleophilic carbon & a good 

leaving group

c) they have an electrophilic carbon

d) they have an electrophilic carbon & a 

good leaving group



ANSWER: they have an electrophilic 

carbon & a good leaving group  (d)



 The reaction which has two transition 

states

a) Elimination reaction

b) SN1 reaction

c) SN2 reaction

d) Both b and c 



ANSWER: SN1 reaction   (b)



In the stereochemistry of SN1 reaction 

recemaisation refers to 

a) 50% inversion of configuration of 

reactant 

b) 50% retention of configuration of reactant

c) Both a and b

d) None of the above



ANSWER:    Both a and b   (c)



FACTORS AFFECTING SN1 

AND SN2 REACTIONS 



FACTORS AFFECTING SN REACTIONS

Nature of Nucleophile

Nature of Leaving group

Alkyl substituent

Solvents 



Nucleophile strength (SN2 reaction)

 The rate of the SN2 reaction strongly depends on 

the nature of the nucleophile – a good 

nucleophile gives faster rates than a worse 

nucleophile. 

 Consider methanol (CH3OH) and methoxide 

(CH3O¯) reacting with CH3I. 

 It is found that methoxide reacts about a million 

times faster in SN2 reactions than methanol. 

 Generally, negatively charged species are much 

better nucleophiles than analogous neutral 

species. 

Effect of Nucleophile



The two transition states are different energetically.



NUCLEOPHILICITY AND BASICITY













EFFECT OF LEAVING GROUP





EFFECT OF ALKYL SUBSTRATE IN SN2 REACTION





EFFECT OF ALKYL SUBSTRATE IN SN1 REACTION



EFFECT OF SOLVENT ON SN2 REACTION





EFFECT OF SOLVENT ON SN1 REACTION







Not



ETHYL CHLORIDE
Chloroethane or monochloroethane, commonly 

known by its common name ethyl chloride 





PREPARATION OF ETHYL CHLORIDE



The double bond in ethene is a site of high electron 

density (4 electrons in all). During the reaction, 

electrons in this site are pulled towards the partially 

positive H atom in HCl causing a pair of electrons to 

attack the hydrogen atom. This is shown by the curly 

full arrow beginning from the double bond and 

ending on the H atom. This also causes the bond 

between C and Cl to break by heterolytic fission.



USES OF ETHYL CHLORIDE

 The major use of Chloroethane was to produce tetra 

ethyl lead. 

 TEL: It is a petro-fuel additive, an anti-knock

additive for gasoline.

 Gasoline or petrol is a transparent, petroleum-

derived liquid that is used primarily as a fuel in

internal combustion engines.

 - Chloroethane has been used as a refrigerant, an

aerosol spray propellant, an anesthetic, and a

blowing agent for foam packaging.



 In dentistry, Chloroethane is used as one of the 

means of diagnosing a 'dead tooth', i.e. one in 

which the pulp has died. 

 A small amount of the substance is placed on the 

suspect tooth using a cotton wad. 

 Chloroethane's low boiling point creates a localized 

chilling effect. 

 If the tooth is still alive this should be sensed by the 

patient as mild discomfort that subsides when the 

wad is removed. 



CHLOROFORM

 Chloroform, or trichloromethane, is an 

organic compound with formula CHCl3. It 

is a colorless, sweet-smelling, dense 

liquid 







USES OF CHLOROFORM
 The hydrogen attached to carbon in chloroform 

participates in hydrogen bonding.

 Worldwide, chloroform is also used in pesticide 

formulations 

 Used as a solvent for fats, oils, rubber, waxes, gutta-

percha, and resins 

 Used as a cleansing agent, grain fumigant, in fire 

extinguishers, and in the rubber industry.. 

 Chloroform is also used to extract and purify 

penicillin. 

 Chloroform used for extraction and purification of 

Alkaloids. 

 It was previously Used as anaesthetic.



TRICHLOROETHYLENE

 Trichloroethylene is a halocarbon commonly used 

as an industrial solvent. 

 It is a clear non-flammable liquid with a sweet 

smell. 

 Trichloroethylene is not a persistent chemical in 

the atmosphere 





PREPARATION OF 

TRICHLOROETHYLENE
is produced by two steps



USES OF TRICHLOROETHYLENE

 The main use of trichloroethylene is vapor 

degreasing of metal parts. 

 Trichloroethylene is also used as an extraction 

solvent for greases, oils, fats, waxes, and tars 

 Used as a chemical intermediate in the production of 

other chemicals 

 Used as a refrigerant. 

 Trichloroethylene is used in consumer products 

such as typewriter correction fluids, paint 

removers/strippers, adhesives, spot removers, and 

rug (floor covering carpets)-cleaning fluids. 

 Trichloroethylene was used in the past as a general 

anesthetic 



TETRACHLOROETHYLENE

 Tetrachloroethylene is a volatile chlorinated 

organic hydrocarbon that is widely used as a 

solvent 

 Chemical formula C2Cl4. 

 It is non-flammable liquid at room temperature

 Other name– Tetrachloroethene,  

Perchlorethylene

https://byjus.com/jee/hydrocarbons/






PREPARATION OF 

TETRACHLOROETHYLENE

 carbon disulfide react with chloride to 

obtain tetrachloroethylene

http://en.wikipedia.org/wiki/Tetrachloroethylene


USES OF TETRACHLOROETHYLENE
 Tetrachloroethylene is used primarily as a dry 

cleaning solvent, a degreasing solvent, a drying 

agent for metals.

 as a chemical precursor for fluorocarbons.

 It is an anthelmintic used chiefly in the treatment of 

hookworm infestation.

 Used in transformers, paint removers, inks, adhesive 

formulations, paper coatings and leather treatments 

as an insulating fluid (reduce or regulate the 

temperature of a system) 

 cooling gas in aerosol (spray) formulations.

 Used commercially important chlorinated 

hydrocarbon solvent and chemical intermediate in 

the production of chlorofluorocarbons.



DICHLOROMETHANE
 Dichloromethane (DCM, or methylene chloride) is an 

organic compound with the formula CH2Cl2. 

 This colorless, volatile liquid with a moderately sweet 

aroma is widely used as a solvent. 

 Although it is not miscible with water, it is miscible 

with many organic solvents. 

 Natural sources of dichloromethane include oceanic 

sources (deep ocean), macroalgae, wetlands, and 

volcanoes. 

 Macroalgae are Seaweed refers to several species of 

macroscopic, multicellular, marine algae 





PREPARATION OF 

DICHLOROMETHANE



USES OF DICHLOROMETHANE

 DCM's volatility and ability to dissolve a wide 

range of organic compounds makes it a 

useful solvent for many chemical processes. 

 It is widely used as a paint stripper and a 

degreaser. 

 In the food industry, it has been used to 

decaffeinate coffee and tea.

 Its volatility has led to its use as an aerosol 

spray propellant and as a blowing agent for 

polyurethane foams. 



TETRACHLOROMETHANE
 Tetrachloromethane also known by other name 

Carbon tetrachloride.

 It is a colourless liquid with a "sweet" smell that 

can be detected at low levels.







USES OF TETRACHLOROMETHANE
 Carbon tetrachloride was used to produce the 

chlorofluorocarbon refrigerants R-11 

(trichlorofluoromethane) and R-12 

(dichlorodifluoromethane). 

 Carbon tetrachloride has also been used in the 

detection of neutrinos (neutrinos are subatomic 

particles produced by the decay of radioactive 

elements able to pass through great distances and 

convey astronomical information from the edge of the 

universe). 

 It is a useful solvent for halogenations. 

 Carbon tetrachloride was widely used as a dry 

cleaning solvent. 



IODOFORM
 Iodoform is the organoiodine compound with the 

formula CHI3. 

 A pale yellow, crystalline, volatile substance, it has a 

penetrating and distinctive odor and, analogous to 

chloroform, sweetish taste. 

 It is also known as tri-iodomethane, carbon triiodide, 

and methyl triiodide 





PREPARATION OF IODOFORM

 Iodoform can be produced by the exhaustive 

halogenation of a methyl ketone. 

 Any compound containing CH3CO− or CH3CH(OH)− 

group, when heated with iodine and aqueous NaOH 

gives yellow precipitate of iodoform.The reaction is 

known as iodoforin reaction.



USES OF IODOFORM
 The compound finds small-scale use as a 

disinfectant. 

 It was used in medicine as a healing and 

antiseptic dressing for wounds and sores.

 It is the active ingredient in many ear 

powders for dogs and cats, along with zinc 

oxide and propanoic acid, which are used to 

prevent infection and facilitate removal of 

ear hair. 



MCQ QUESTIONS

The number of molecules taking part in the 

rate determining step is called

a) Order of reaction 

b) Rate of reaction 

c) Mole of a reaction 

d) Extent of a reaction



Answer: Order of reaction    (a)



Nuclephile has more effect in the 

modification of rate of reaction of

a) SN1

b) SN2

c) Both SN1 & SN2

d) None of the above 



Answer:        SN2    (b)



Increase in number of R groups in SN2 

reaction

a) Increase the rate of reaction

b) Decrease the rate of reaction

c) No effect on the rate of reaction



Answer:  Decrease the rate of reaction  (b)



Rearrangement of carbocation 

observed in

a) SN1

b) SN2

c) Both

d) None of the above



Answer:        SN1    (a)



Protic solvents

a) Enhances the rate of SN1 reaction

b) Decreases the rate of SN1 reaction

c) Enhances the rate of SN2 reaction

d) None of the above



Answer:  Enhances the rate of SN1 

reaction   (a)


