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3. Free radicals 

3.0 Introduction: 

Chemical species which formed in the reaction as intermediate having one or more unpaired 

nonbonding electrons are called free radicals (radicals). Thus free radicals are odd electron 

molecules. The radical are represented by a dot. These are formed by homolytic fission of 

covalent bonds Free radicals are highly reactive due to the presence of unpaired electron which 

gets paired easily with another electron to fill their outer shell. 

For example: 

 

Free radicals are paramagnetic in nature i.e. it possess small amount of magnetic moment due to 

presence of unpaired electron. 

The triphenylmethyl radical was the first organic radical which was identified by Moses 

Gomberg in 1900.It can be obtained by the treatment of triphenylmethyl chloride (trityl chloride) 

with silver. The presence of the trityl radical in solution can be detected by electron spin 

resonance.  

 

3.1 Generation of Free radicals: 

Free radicals are formed by homolytic fission of a covalent bond, when molecules are supplied 

with a sufficient amount of energy. 

(i) Thermal cleavage: Free radicals may be generated by thermal cleavage. Most of the covalent 

bonds are stable in solution up to 200
0
C.In the gaseous phase some covalent bonds are cleaved 
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homolytically at high temperature. However few groups of compound are available which 

undergo homolytic cleavage at below 200
 0

C. 

 

(ii) Photochemical cleavage: It is general methods for generation of free radicals. 

 

 

(iii) Chemical method: 

 

(iv)Decomposition method: Radical undergoes decomposition to form a radical. 

 

(v) Redox reaction:  In the redox reaction one electron transfer to generate the free radical. The 

metal ion like Cu
+
, Fe

2+
, Zn

2+
 etc are used for electron transfer. 

 

Decomposition of diazonium salts. In this reaction the free radical, aryl radical is formed as 

intermediate. It is an example of Sandmayer reaction.                                   
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Fe
2+ 

and H2O2 is known as Fenton`s reagent. Here the oxidizing agent is the hydroxy radical 

and reaction is known as Fenton`s reaction.
 

 

 

3.2 Structure of free radicals: 

The actual structure of free radical is very diffcult tio predict. There are two possibilities: 

 The unpaired electron or odd electron also may be either in sp
2
 hybridised state, the 

structure would be triangular planar or hybridization is sp
2
.  

 

 If unpaired electron or odd electron may be either in p orbital or in the sp
3
 hybrid orbital, the 

structure would be pyramidal (non-planar) and hybridization is sp
3
. 

 

 There is no evidences which support either a planar or pyramidal structure for normal free 

radicals. On the basis of spectroscopic method like ESR, UV and IR, it is belived that free 

radicals have planar structure. 

 The available evidence indicates that alkyl free radicals has  a planar shape. 

  Free radical in which the carbn atom is substitutedwith highly electronegative atom for 

example CF3 prefera pyramidal shape. 
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 If unpaired electron is present on the bridgehed of a bicyclic system, an sp
2 

hybridization is 

cmpletely prevented due to geometry requirements and pyramidal structure become occurs. for 

example, the bridged radical (A) and (B) are pyramidal. 

 

 Bridged radicals 

3.3 Stability of free radicals: The stability of free radical explined by the following factors. 

 Hyperconjugation 

 Resonance effect 

(i) Stability of Alkyl radicals: The stability order of alkyl free radicals is of following order. 

 

 

 The stability order of above free radicals can be  explained by hyperconjugation theory.  

According to hyperconjuation theory ơ electrons of α C-H bond can be delocalised with the odd 

electron bearing carbon atom thus delocalised the odd electron over all such bonds and stablising 

the alkylm radicals.  

 The tertiary butyl radical shows ninehyperconjugative structures is more stable than isopropyl 

radical with six hyperconjugative structures which in turn more stable than ethyl radicaal with 

only three hyperconjugative structures. The methyl radical is least stable beacuse the odd 

electron does not show hyperconjugation with α C-H bond.      
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(ii) Stability of Aryl radicals: 

 The relative stabilities of the following four radicals are explained on the basis of resonance 

theory.   

  When odd electron bearing carbon atom conjugated with a multiple bond, the odd electron 

delocalized with pi electron of multiple bond with consequent stabilization occurs. The stability 

is increased due to increasing the number of resonating structure. 

 The odd electron is spread over whole molecule instead of being concentrated on one atom. 

 The nine resonating structure can be written for triphenymethyl radical. 
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Resonating structure of triphenymethyl radical 

Diphenymethyl radical can also shows six resonating structures, while benzyl carbanion shows 

three resonating structure. 

 

Resonating structure of diphenymethyl radical 

 

Resonating structure of benzyl radical 

The allyl radical shows two resonating structure and both resonating form are equivalent. 

Because of this the allyl radical has similar stability to benzyl radical. 
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3.4 Reactions of Radicals: 

The most common types of free radical reaction are as follows. 

(i) Halogenation of alkane in presence of sunlight. 

 

(ii) Addition to multiple bonds. 

 

(iii) Radical reduction. 

 

 (iv) Disproportionation reaction. 

 

(v) Rearrangement reaction. The free radical undergo rearrangement involving 1, 2- shift of aryl 

group via bridged intermediate. 

 The Me3CO abstract a has radical to form CHO group to yield an acyl radical. 

 The acyl radical losses a CO to form an alkyl radical. 

 This radical rearranged to form a stable radical and this rearrangement involves the migration    

of Ph (instead of Me) via bridged radical intermediate. 
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(iv) Reaction with metal: The alkyl radical combine with metal to form alkyl derivatives. 
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