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Introduction 

 
Antioxidants are chemical compounds that can quench reactive radical intermediates 

formed during the oxidative reaction [1]. Oxidation reaction is the major cause of the 

irreversible deterioration of biological systems and synthetic polymers. Thermal 

oxidation of polymers generally corresponds to a free radical chain reaction. Small 

amounts of antioxidants are added into most synthetic polymers to prevent or retard 

oxidation and to increase the service lifetime of the products[2]. Phenolic compounds 

such as phenol acids and some of vitamins are well known as powerful antioxidants[3]. 

Phenolic antioxidants such as vitamin E, C and caffeic acid are extremely important 

peroxy radical-trapping agents in human blood plasma and in cells. Free radical 

scavenging plays an important role in the antioxidant activity of such compounds[4]. 

Radicals are necessary intermediates in a variety of normal biochemical reaction. Rdical 

species can cause severe damage to a broad rang of macromolecules. Some of the radicals 

that are most abundantly produced in biochemical reactions are the so-called reactive 

oxygen species (ROS)[5]. ROS (·OH, ·OOH,·O2¯) are constantly formed in the human 

body and must be removed by antioxidant. There are two proposed mechanisms by which 

antioxidants can play their protective role: hydrogen atom transfer (HAT) and proton-

coupled electron transfer (PCET). In fact, both HAT and PCET mechanisms must always 

occur in parallel, but at different rate [3]. In the HAT pathway, a whole hydrogen atom 

(H·) is abstracted from a phenol (Ar-OH) by the oxygen of a radical (RO·) using the same 

sets of orbitals [6]. 

RO + Ar-OH ROH + Ar-O (1) 
 

Thus, it was logical to examine the bond dissociation enthalpy (BDE) of the phenol 

bond [BDE(Ar-OH)][6]as a good primary indicator of phenol reactivity via HAT 
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Ar-O-H Ar-O + H (2) 
 

Keywords: BDE; Antioxidant, phenols, HAT, PCET, ROS 

 

 

 
Computational Details 

 
The purpose of the present study is to investigate various types of antioxidant such as 

acids and vitamins comparing the molecular structure and bonding dissociation energy. 

The molecular bond dissociation energy has been investigated by calculation of BDE and 

some other characteristics. 

The BDE of molecules has been calculated by a combined method labeled as 

UB3LYP/6-31G(d,p) and B3LYP/6-31G(d,p). All calculations were performed by using 

the Gaussian 98 program[7]. BDE, is defined as 

BDE(ArO-H)=E(elec)  + ZPE + E(elec)   - E(elec)  - ZPE +1.4812 kcal/mol 
ArO ArO H ArOH ArOH 

where E(ArO·) is the energy formation of radical, E(H·) is the abstracted hydrogen 

atom energy, and E(ArOH) is the energy formation of the molecule. 

 

 
Results and discussions 

 
The purpose of the present investigation is to explore important factors for prediction 

of antioxidant activity. The energetic and mechanisms for the reaction of hydroxyl radical 

with some selected antioxidants have been studied. 

The selected antioxidants were classified into vitamins and carboxylic acids. In both 

groups, the molecules contain phenolic, five or six-membered heterocylics with different 

substitution such as –OCH3, -OH, -COOH and CH2=CHCOOH. The computed BDE 

values are given in Table 1. Note that for some molecules which contain more than one 

O—H, the BDE was calculated for all of them, but the reported value in Table 1 

corresponds to the less value of BDE or most reactive O—H. A comparison between 

BDEs, shows that among vitamins, vitamin C is the highest reactive one. 

Although the BDE is frequently used for comparing the antioxidant reactivity, it is not 

the sole factor. In order to provide deeper insight into the antioxidant reactivity, the 

mechanisms for the reaction of hydroxy radical with our investigated molecules have 

been studied in the density functional theory framework. 
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Table 1. Calculated values of the BDE 
 

BDE(kcal/mol) 
 

Vitamin C 70.486 

Caffeic acid 71.645 

3,4-dihydroxy benzoic 74.833 

Sinapic acid 76.520 

Ferulic acid 76.73 

Vitamin E 77.108 

Vanillic acid 78.223 

Syringic acid 79.936 

p-coumaric acid 81.335 

p-h ydroxy benzoic 85.235 

Vitamin B3 104.048 

Vitamin B6 115.511 
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