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ABSTRACT 
We have studied the dipole moment and net dipole moment of a series of phenols. The dipole 
moment of each compound of phenol at x, y and z-axes, and the net dipole moment have been 
evaluated by the semi-empirical MINDO/3 method. The study has concluded that the magnitude 
of dipole moment is increased by adding ethyl, isopropyl and methyl alcohol group at ortho 
position while that of methyl alcohol and azo group at para position and the magnitude of dipole 
moment decrease by adding methyl alcohol at ortho position of phenol. Thus the substitutions of 
various groups as well as its position affect the magnitude of dipole moment along the various 
coordinates. 
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INTRODUCTION 
 
The magnitude of the dipole moment or the polarity of bond depends primarily on the relative 
electron attracting tendencies of the two atoms concerned and varies from one element to 
another. Dipole moments [1, 2] have both the magnitude and the direction. Phenol and its few 
derivatives have been used to study the effect of substituent and it position on the magnitude of 
the dipole moment [3]. Firstly we have studied the above effects along the x, y and z-axes. 
Finally net dipole moment has been study. 
 

EXPERIMENTAL SECTION 
 
The study materials of this paper are phenol and its derivatives (Figure 1). For the present study 
the 3D structures of all the above compounds are drawn and their geometries [4-5] have been 
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optimized by PCMODEL software. The dipole moment of each compound with respect to x, y 
and z-co-ordinates has been evaluated by the semi-empirical MINDO/3 method [6-11]. The net 
dipole moment may be regarded as equal to vector sum of the individual bond moments. The net 
dipole moment of each compound has also been evaluated by the same method.   
 
 

 
RESULTS AND DISCUSSION 

 
The dipole moment of phenol at x-axis is 0.50015 D. The substitution of phenol at ortho- 
position by ethyl group increases its dipole moment from 0.50015 to 3.99059 D (o- ethyl 
phenol). Further replacement of this ethyl group by isopropyl group decreases its dipole moment 
from 3.99059 to 1.08538 D (o- isopropyl phenol). Replacement of this isopropyl group by 
methyl alcohol group also decreases its dipole moment from 1.08535 to 0.29609 D (o- hydroxyl 

 

 

 
phenol  o-ethyl phenol 

 

 

 
o-isopropyl phenol  o-hydroxyl benzyl alcohol 

 

 

 
p-hydroxyl benzyl benzene  p-hydroxyl azobenzene 

 
Figure 1. Coordinates of phenol and its derivatives 
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benzyl alcohol). In case of methyl alcohol derivatives of phenol (o- hydroxyl benzyl alcohol) 
have the dipole moment 0.29609 D while its positional isomer   (p- hydroxyl benzyl benzene) 
has dipole moment 1.40567 D. Replacement of methyl alcohol group from p- hydroxyl benzyl 
benzene by azo group also decreases dipole moment from 1.40567 to 0.34625 D. The trend of 
dipole moment along x-axis is shown in below Figure 2. 
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Figure 2. Trend of dipole moment along x-axis 

 
The dipole moment of phenol at y-axis is 1.37468 D. The substitution of phenol at ortho- 
position by ethyl group increases its dipole moment from 1.37468 to 3.54926 D (o- ethyl 
phenol). Replacement of the ethyl group by isopropyl group decreases its dipole moment from 
3.54926 to 1.16945 D (o- isopropyl phenol). In case of methyl alcohol derivatives of phenol, the 
o- hydroxyl benzyl alcohol have dipole moment is 0.22683 D while its positional isomer has 
dipole moment 0.10686 D. Replacement of methyl alcohol group from p- hydroxyl benzyl 
benzene alcohol by azo group increases the dipole moment from 0.10686 to 1.44644 D. The 
trend of dipole moment along y-axis is shown below Figure 3. 
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Figure 3. Trend of dipole moment along y-axis 
 
The dipole moment of phenol at z-axis is 0.00665 D. The substitution of phenol at ortho- 
position by ethyl group increases its dipole moment from 0.00665 to 0.57154 D (o- ethyl 
phenol). Further replacement of this ethyl group by isopropyl group decreases its dipole moment 
from 0.57154 to 0.01263 D (o- isopropyl phenol). Replacement of this isopropyl group by 
methyl alcohol group increases its dipole moment from 0.01263 to 0.09645 D (o- hydroxyl 
benzyl alcohol).  o-Hydroxyl benzyl alcohol have dipole moment is 0.09645 D while its 
positional isomer has dipole moment 0.18066 D. Replacement of methyl alcohol group from p- 
hydroxyl benzyl benzene alcohol by azo group increases the dipole moment from 0.18066 to 
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11.31096 D. The trend of dipole moment along z-axis is shown in below Figure 4. Thus the 
substitutions of various groups as well as its position affect the magnitude of dipole moment 
along the various coordinates. 
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Figure 4. Trend of dipole moment along z-axis 

 
The net dipole moment of phenol is 1.375591 D. Substitution of phenol at ortho position by ethyl 
group i.e. o- ethyl phenol increases its magnitude from 1.375591 to 1.386731 D. Replacement of 
ethyl group by isopropyl group increases its magnitude from 1.386731 to 1.595573 D (o- 
isopropyl phenol). Further replacement of isopropyl group by methyl alcohol group decreases its 
magnitude from 1.595573 to 0.38529 D (o- hydroxyl benzyl alcohol). In case of methyl alcohol 
derivatives of phenol the net dipole moment is 0.385369 D (o- hydroxyl benzyl alcohol) while is 
positional isomer has the dipole moment 1.421507 D (p- hydroxyl benzyl benzene). Replacement 
of methyl alcohol group from p-hydroxyl benzyl benzene by azo group increases its magnitude 
of dipole moment from 1.421507 to 1.876817 D (p-Hydroxyl azo benzene). The trend of net 
dipole moment is shown in below Figure 5. 
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Figure 5. Trend of net dipole moment  

 
CONCLUSION 

 
The study has concluded that the magnitude of dipole moment is increased by adding ethyl, 
isopropyl and methyl alcohol group ortho position while that of methyl alcohol and azo group at 
para position and the magnitude of dipole moment decrease by adding methyl alcohol at ortho 
position of phenol.   
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