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ABSTRACT

BCF is an important parameter in environment assessment. The objective of
the paper was to propose new QSAR models for BCF prediction, applicable
to a wide range of organic compounds of different chemical structure. For
this we have used quantum chemical parameters for quantitative structure-
activity relationship (QSAR). For QSAR prediction, the 3D modeling and
geometry optimization of all the compounds have been done with the help
of PCMODEL software using PM3 hamiltonian. The MOPAC calculations
have been performed with WINMOPAC 7.21 software, by applying key-
words PM3 Charge = 0 Gnorm = 0.1, Bonds, Geo-OK, Vectors density. Best
QSAR model has correlation coefficient (0.871134) and cross validation
coefficient (0.856376). One can used it to predict the bioconcentration fac-
tor of any compounds before its synthesis.
 2010 Trade Science Inc. - INDIA

INTRODUCTION

The tendency of a waterborne substance to
bioconcentrate in aquatic organisms is usually expressed
as its bioconcentration factor (BCF), which is formally
defined as the equilibrium ratio of the concentration of
the substance in the exposed organism to the concen-
tration of the dissolved substance in the surrounding en-
vironment[1]. Thus BCF is an important parameter in
environment assessment. Bioconcentration emerged as
an ecological concern more than 50 year ago when stud-
ies demonstrated that accumulation of pesticide resi-
dues in fish had led to reproduce failure in piscivorous
birds[2]. Humans are also consumers of fish and shell-
fish, and exposure assessments now routinely consider
fish ingestion as potential route of human exposure to

chemicals in the environment[3-6]. Fish are the principal
target organisms of BCF assessment due to their rel-
evance as food for many species including humans and
to the availability of standardized testing protocols[7-10].
Standaredized protocols for determining BCFs exist for
several aquatic species as summarized by the European
Centre for Ecotoxicology and Toxicology of Chemi-
cals (ECETOC). In general, however, experimental
determination of the BCF is expensive and demanding
if performed correctly[11-13]. Because of this, measuring
the BCFs of the many thousands of chemical substances
that are of potential regulatory interest simply is not
possibly. There is thus a need to establish reliable pro-
cedures for predicting the bioconcentration potential of
chemicals in fish from knowledge of molecular struc-
ture or from readily measurable properties of the sub-
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stance that is by the quantitative structure activity rela-
tionship (QSAR) approach[14-34]. Survey of the litera-
ture shows that quantitative relationship between BCF
and molecular structure of series of organic compounds
have been studied in detail[35-42]. Gramatica and Papa
(2003) have made study on 238 non-ionic organic com-
pounds[43]. Log BCF was modelled by multiple regres-
sion model, using theoretical structure descriptors of
different kind (1D, 2D, 3D) selected by the Genetic
Alogorithm procedure. Hundred thirty-one compounds
of that series alongwith log BCF have been used to
study quantitative relationship between BCF and mo-
lecular structure. In order to find a correlation between
BCF and the molecular structure, we have planed to
explore those quantum chemical parameters[44-51], which
have hitherto not been attempted. The objective of the
paper is to propose new QSAR models for BCF pre-
diction, applicable to a wide range of organic com-
pounds of different chemical structure. The survey of
the literatures also indicates that no QSAR model for
BCF prediction has been made with the following quan-
tum mechanical parameters.
Heat of formation (H

f
)

Molecular weight (Mw)
Total energy (E

T
)

HOMO energy ( HOMO)
LUMO energy (LUMO)
Absolute hardness ()
Electronegativity ()

Based on above parameters, the QSAR model of
131 organic compounds of different structure is
presented in this paper.

MATERIAL AND METHODS

The study materials of this paper are 131 organic
compounds of different structure and are presented in
TABLE 1. For QSAR prediction, the 3D modeling and
geometry optimization of all the compounds have been
done with the help of PCMODEL software using PM3
hamiltonian. The MOPAC calculations have been per-
formed with WINMOPAC 7.21 software, by applying
keywords PM3 Charge = 0 Gnorm = 0.1, Bonds, Geo-
OK, Vectors density. The values of above descryptors
have been obtained from this software by solving the
equations given below and the results are included in

TABLE 2.
The heat of formation is defined as,

H
f
 = E

elect.
+E

nuc.
-E

isol.
+E

atom
(1)

where E
elect.

 is the electronic energy, E
nuc.

 is the nuclear-
nuclear repulsion energy, E

isol.
 is the energy required to

strip all the valence electrons of all the atoms in the
system, and E

atom
 is the total heat of atomization of all

the atoms in the system.
Total energy (E

T
) of a molecular system is the sum

of the total electronic energy, E
ee

 and the energy of in-
ternuclear repulsion, E

nr
. The total electronic energy of

the system is given by[52],
E = P (H +F) /2 (2)

where P is the density matrix and H is the one-electron
matrix.

Parr et al.[2,53] defined electronegativity as the nega-
tive of chemical potential:
 = -  

r
(3)

The absolute hardness,  is defined as[54],
/N)

(r)
 = 1/2(2E

T
/N

2
)

n(r)
(4)

where E
T
 is the total energy, N the number of electrons

of the chemical species, and v(r) the external potential.
The operational definition of absolute hardness and

electronegativity[55] is defined as:
= (IP-EA)/2 (5)

= -= (IP+EA)/2 (6)

where IP and EA are the ionization potential and elec-
tron affinity respectively, of the chemical species.

According to the Koopman�s theorem, the IP is
simply the eigen value of the HOMO with change of
sign[56] and the EA is the eigen value of the LUMO with
change of sign hence the equations 5 and 6 can be writ-
ten as,
= (LUMO HOMO/2) (7)

= (LUMO HOMO/2) (8)

Finally a more general but important property of a
molecular system is the molecular weight (Mw) that has
been tested as descriptor.

RESULT AND DISCUSSION

Gramatica and Papa made QSAR modeling of
bioconcentration factor to a wide range of organic com-
pounds of different chemical structures. They used a
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TABLE 1 : Organic compound of various structure with observed bioconcentration factor (OBCF)

S.No. Compound OBCF S.No. Compound OBCF 

1 1,2-dichloroethane 0.300 42 1,3,5-trichlorobenzene 3.380 

2 trichloromethane 0.780 43 1,2,4,5-tetrachlorobenzene 3.760 

3 1,1,2,2-tetrachloroethane 0.900 44 1,2,3,4-tetrachlorobenzene 3.770 

4 trichloroethylene 1.590 45 pentachlorobenzene 3.860 

5 1,1,1-trichloroethane 0.950 46 2,4,5-trichlorotoluene 3.870 

6 tetrachloroethylene 1.740 47 hexachlorobenzene 4.260 

7 tetrachloromethane 1.480 48 bromobenzene 1.700 

8 pentachloroethane 1.830 49 1,3-dibromobenzene 2.800 

9 hexachloroethane 2.920 50 1,4-dibromobenzene 2.830 

10 1,1,2,3,4,4-hexachlorobutadiene-1,3 3.830 51 1,2-dibromobenzene 3.100 

11 benzene 0.640 52 1,2,4-tribromobenzene 3.660 

12 toluene 1.120 53 1,2,4,5-tetrabromobenzene 3.790 

13 styrene 1.130 54 1,3,5-tribromobenzene 3.850 

14 ethylbenzene 1.190 55 1,4-dichloronaphtalene 3.560 

15 o-xylene 1.240 56 2-monochloronaphtalene 3.630 

16 m-xylene 1.270 57 1,8-dichloronaphtalene 3.790 

17 p-xylene 1.270 58 2,3-dichloronaphtalene 4.040 

18 p-methlstyrene 1.500 59 2,7-dichloronaphtalene 4.040 

19 m-methlstyrene 1.550 60 1,2,3,4-tetrachloronaphtalene 4.100 

20 isopropylbenzene 1.550 61 1,3,5,8-tetrachloronaphtalene 4.400 

21 octachlorostyrene 4.520 62 1,3,7-trichloronaphtalene 4.430 

22 naphtalene 1.640 63 1,3,5,7-tetrachloronaphtalene 4.530 

23 acenaphtylene 2.580 64 4-chlorobiphenyl 2.690 

24 acenaphtalene 2.590 65 2,2'-dichlorobiphenyl 3.260 

25 biphenyl 2.640 66 4,4'-dichlorobiphenyl 3.280 

26 anthracene 2.830 67 2,4'-dichlorobiphenyl 3.550 

27 2-methylnaphtalene 3.200 68 2,4',5-trichlorobiphenyl 3.750 

28 fluorene 3.230 69 3,5-dichlorobiphenyl 3.780 

29 phenanthrene 3.420 70 2,2',6,6'-tetrachlorobiphenyl 3.850 

30 pyrene 3.430 71 3,3',4,4'-tetrachlorobiphenyl 3.900 

31 2-methylphenanthrene 3.480 72 2,2',4,4'-tetrachlorobiphenyl 4.020 

32 2-chlorophenanthrene 3.630 73 2,4,5-trichlorobiphenyl 4.020 

33 9-methylphenanthrene 3.660 74 2,5-dichlorobiphenyl 4.200 

34 benzo[a]anthracene 4.000 75 2,2',3,3'-tetrachlorobiphenyl 4.230 

35 chlorobenzene 1.850 76 2,3-dichlorobiphenyl 4.250 

36 1,2-dichlorobenzene 2.480 77 2,2',5-trichlorobiphenyl 4.270 

37 1,4-dichlorobenzene 2.520 78 2,4,4'-trichlorobiphenyl 4.630 

38 1,3-dichlorobenzene 2.650 79 2,3',4',5-tetrachlorobiphenyl 4.770 

39 1,2,3-trichlorobenzene 3.110 80 2,2',4,4',5,5'-hexachlorobiphenyl 4.830 

40 1,2,4-trichlorobenzene 3.260 81 2,2',3,5'-tetrachlorobiphenyl 4.840 

41 1,2,3,5-tetrachlorobenzene 3.360 82 2,2',4,5'-tetrachlorobiphenyl 4.840 
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S.No. Compound OBCF S.No. Compound OBCF 

83 2,2',4,4',6,6'-hexachlorobiphenyl 4.930 108 2,4-dichlorophenol 1.500 

84 2,2',4,5-tetrachlorobiphenyl 5.220 109 4-bromophenol 1.560 

85 2,2',3,3',4,4',5,5'-octachlorobiphenyl 5.080 110 p-sec-butylphenol 1.570 

86 2,2',3,4,5'-pentachlorobiphenyl 5.380 111 2,6-dibromo-4-cyanophenol 1.670 

87 2,2',4,5,5'-pentachlorobiphenyl 5.400 112 4-t-butylophenol 1.860 

88 2,2',3',4,5,-pentachlorobiphenyl 5.430 113 2,4-dimethylphenol 2.180 

89 2,2',3,3',6,6'-pentachlorobiphenyl 5.430 114 2-chlorophenol 2.330 

90 2,2',3,5,5',6'-hexachlorobiphenyl 5.540 115 2,4,6-trichlorophenol 2.430 

91 2,2',3,3',4,4',5,5',6-nonachlorobiphenyl 5.710 116 2,4,6-tribromophenol 2.710 

92 2,2',3,3',4,4'-hexachlorobiphenyl 5.770 117 pentachlorophenol 2.740 

93 3,3',4,4',5-pentachlorobiphenyl 5.810 118 4-chloroaniline 0.230 

94 2,2',3,4,5,5'-hexachlorobiphenyl 5.810 119 3-chloroaniline 0.340 

95 2,2',3,3',5,5',6,6'-octachlorobiphenyl 5.820 120 aniline 0.410 

96 2,2',3,4,4',5',6-heptechlorobiphenyl 5.840 121 2-chloroaniline 0.570 

97 2,2',3,4,4',5-hexachlorobiphenyl 5.880 122 3,4-dichloroaniline 1.480 

98 2,2',3,3',4,5,5',6-octachlorobiphenyl 5.880 123 2,4-dichloroaniline 1.980 

99 2,2',3,3',4,4',5,6-octachlorobiphenyl 5.920 124 2,3,4-trichloroaniline 2.310 

100 2,2',3,4,5,5',6'-heptachlorobiphenyl 5.930 125 2,4,5-trichloroaniline 2.610 

101 3,3',4,4',5,5'-hexachlorobiphenyl 5.970 126 2,3,4,5-tetrachloroaniline 2.690 

102 2,4,6-tribromobiphenyl 3.930 127 3,4,5-trichloroaniline 2.700 

103 4,4'-dibromobiphenyl 4.190 128 2,4,6-trichloroaniline 2.730 

104 2,2',5,5'-tetrabromobiphenyl 4.800 129 2,3,5,6-tetrachloroaniline 3.030 

105 2-methylphenol 1.030 130 pentachloroaniline 3.170 

106 phenol 1.240 131 ethylacetate 1.480 

107 3-chlorophenol 1.250    

big starting set of theoretical molecular descriptors of
different kinds (except that quantum chemical descrip-
tors used by us) and apply the genetic Alogorithm as
the variable subset selection method to obtain multilinear
regression models (MLR) with few variables really cor-
related with BCF. Based on above quantum chemical
descriptors, the QSAR model of 131 organic com-
pounds of different structure has been presented in this
chapter. We have made 90 QSAR models using MLR
analysis with the help of various combinations of the
descriptors, but only best QSAR models are selected
and have been presented below. The predicted
bioconcentration factors as obtained from these best
models have been presented in TABLE 3. Best QSAR
models are obtained when multilinear regression analy-
sis were done by taking (i) molecular weight, total en-
ergy, HOMO energy, elactronegativity as descriptors,
(ii) molecular weight, total energy, HOMO energy, hard-

ness as descriptors, (iii) molecular weight, total energy,
LUMO energy, elactronegativity as descriptors, (iv) mo-
lecular weight, total energy, LUMO energy, hardness
as descriptors, (v) molecular weight, total energy,
elactronegativity, hardness as descriptors. Predicted
bioconcentration factors obtained from above combi-
nation of descriptors are BCF68, BCF69, BCF70,
BCF71, and BCF72, TABLE 3. The regression equa-
tions have given below:
BCF68 = 0.00250227* MW -0.0723952* TE -1.106*HOMO
-1.78496* -2.58291

rCV2 = 0.856376

r2 = 0.871134 68

BCF69 = 0.00250227*MW-0.0723952*TE+0.678961
*HOMO -1.78496*-2.58291
rCV2 = 0.856376
r2 = 0.871134 69

BCF70 = 0.00250227* MW -0.0723952* TE -1.106* LUMO
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TABLE 2 : Calculation of various quantum chemical descriptors of the compounds with OBCF

S.No. ÄHf MW TE HOMO LUMO ÷ ç OBCF S.No. ÄHf MW TE HOMO LUMO ÷ ç OBCF 

1 -24.716 98.960 -16.921 -10.676 0.535 5.606 -5.070 0.300 43 -0.510 215.894 -35.104 -9.190 -0.635 4.277 -4.913 3.760 

2 -20.898 119.378 -16.919 -10.839 -0.117 5.361 -5.478 0.780 44 0.314 215.894 -35.097 -9.281 -0.556 4.363 -4.919 3.770 

3 -30.146 167.850 -24.700 -10.703 -0.098 5.303 -5.400 0.900 45 -4.863 250.339 -38.989 -9.251 -0.737 4.257 -4.994 3.860 

4 -2.365 131.389 -19.529 -9.376 -0.043 4.667 -4.710 1.590 46 -4.163 195.476 -35.090 -9.147 -0.403 4.372 -4.775 3.870 

5 -31.949 133.405 -20.788 -10.751 -0.072 5.339 -5.412 0.950 47 -9.197 284.784 -42.871 -9.309 -0.832 4.239 -5.071 4.260 

6 -8.117 165.834 -23.407 -9.222 -0.320 4.451 -4.771 1.740 48 30.971 157.010 -22.934 -9.806 -0.051 4.878 -4.928 1.700 

7 -25.987 153.823 -20.781 -10.987 -0.629 5.179 -5.808 1.480 49 39.195 235.906 -26.367 -9.945 -0.428 4.758 -5.187 2.800 

8 -33.451 202.295 -28.575 -10.765 -0.375 5.195 -5.570 1.830 50 38.916 235.906 -26.366 -9.869 -0.318 4.775 -5.094 2.830 

9 -36.522 236.740 -32.442 -10.842 -0.564 5.139 -5.703 2.920 51 39.418 235.906 -26.365 -9.863 -0.448 4.707 -5.156 3.100 

10 -2.625 260.762 -37.562 -9.117 -0.898 4.109 -5.008 3.830 52 47.723 314.802 -29.797 -9.937 -0.656 4.640 -5.296 3.660 

11 23.386 78.113 -19.501 -9.751 0.396 5.074 -4.678 0.640 53 56.408 393.698 -33.227 -9.962 -0.871 4.545 -5.416 3.790 

12 14.031 92.140 -23.386 -9.442 0.376 4.909 -4.533 1.120 54 47.952 314.802 -29.800 -10.137 -0.756 4.691 -5.447 3.850 

13 39.090 104.151 -25.969 -9.131 -0.122 4.504 -4.626 1.130 55 28.698 197.063 -38.959 -8.770 -0.827 3.972 -4.799 3.560 

14 10.478 106.167 -27.272 -9.403 0.393 4.898 -4.505 1.190 56 33.785 162.618 -35.064 -8.897 -0.605 4.146 -4.751 3.630 

15 5.359 106.167 -27.269 -9.284 0.401 4.843 -4.442 1.240 57 27.906 197.063 -38.965 -8.861 -0.799 4.031 -4.830 3.790 

16 4.709 106.167 -27.272 -9.306 0.391 4.849 -4.458 1.270 58 28.319 197.063 -38.964 -8.969 -0.757 4.106 -4.863 4.040 

17 4.686 106.167 -27.272 -9.182 0.358 4.770 -4.412 1.270 59 27.906 197.063 -38.965 -8.861 -0.799 4.031 -4.830 4.040 

18 29.684 118.178 -29.855 -8.941 -0.120 4.411 -4.530 1.500 60 18.803 265.954 -46.739 -8.816 -1.082 3.867 -4.949 4.100 

19 29.780 118.178 -29.855 -9.064 -0.093 4.486 -4.578 1.550 61 19.492 265.954 -46.726 -8.790 -1.155 3.818 -4.972 4.400 

20 4.644 120.194 -31.159 -9.532 0.379 4.956 -4.576 1.550 62 21.512 231.509 -42.869 -8.900 -0.972 3.964 -4.936 4.430 

21 -1.742 379.712 -57.121 -9.294 -0.892 4.201 -5.093 4.520 63 16.020 265.954 -46.768 -8.899 -1.139 3.880 -5.019 4.530 

22 40.559 128.173 -31.159 -8.836 -0.408 4.214 -4.622 1.640 64 40.664 188.656 -41.571 -8.867 -0.561 4.153 -4.714 2.690 

23 72.985 152.195 -36.263 -9.056 -1.062 3.997 -5.059 2.580 65 37.929 223.101 -45.467 -9.323 -0.068 4.627 -4.695 3.260 

24 38.697 154.211 -37.594 -8.590 -0.352 4.119 -4.471 2.590 66 33.958 223.101 -45.476 -8.846 -0.741 4.053 -4.794 3.280 

25 47.441 154.211 -37.665 -8.918 -0.361 4.279 -4.639 2.640 67 36.285 223.101 -45.468 -9.116 -0.404 4.356 -4.760 3.550 

26 61.501 178.233 -42.813 -8.248 -0.970 3.639 -4.609 2.830 68 29.831 257.546 -49.370 -9.134 -0.556 4.289 -4.845 3.750 

27 31.099 142.200 -35.045 -8.760 -0.373 4.193 -4.566 3.200 69 34.322 223.101 -45.474 -9.160 -0.677 4.242 -4.918 3.780 

28 48.868 166.222 -40.217 -8.842 -0.335 4.254 -4.589 3.230 70 28.179 291.991 -53.269 -9.350 -0.209 4.571 -4.780 3.850 

29 54.864 178.233 -42.821 -8.741 -0.535 4.103 -4.638 3.420 71 23.162 291.991 -53.275 -8.955 -0.969 3.993 -4.962 3.900 

30 63.956 202.255 -47.987 -8.249 -1.010 3.619 -4.630 3.430 72 25.034 291.991 -53.274 -9.369 -0.416 4.476 -4.893 4.020 

31 46.945 192.260 -46.705 -8.658 -0.530 4.064 -4.594 3.480 73 31.167 257.546 -49.365 -9.090 -0.585 4.253 -4.838 4.020 

32 48.944 212.678 -46.723 -8.749 -0.693 4.028 -4.721 3.630 74 40.903 223.101 -45.466 -9.121 -0.403 4.359 -4.762 4.200 

33 66.385 194.276 -47.936 -8.907 -0.108 4.399 -4.507 3.660 75 26.941 291.991 -53.264 -9.313 -0.292 4.511 -4.802 4.230 

34 74.255 228.293 -54.476 -8.328 -0.934 3.697 -4.631 4.000 76 41.983 223.101 -45.462 -9.244 -0.352 4.446 -4.798 4.250 

35 16.597 112.559 -23.406 -9.388 0.063 4.725 -4.663 1.850 77 31.443 257.546 -49.369 -9.193 -0.277 4.458 -4.735 4.270 

36 11.059 147.004 -27.306 -9.295 -0.168 4.563 -4.731 2.480 78 34.236 257.546 -49.372 -9.116 -0.585 4.266 -4.851 4.630 

37 10.036 147.004 -27.308 -9.235 -0.243 4.496 -4.739 2.520 79 28.646 291.991 -53.270 -9.161 -0.667 4.247 -4.914 4.770 

38 10.119 147.004 -27.311 -9.421 -0.191 4.615 -4.806 2.650 80 14.462 360.882 -61.066 -9.269 -0.647 4.311 -4.958 4.830 

39 5.641 181.449 -31.203 -9.379 -0.333 4.523 -4.856 3.110 81 25.981 291.991 -53.268 -9.246 -0.351 4.447 -4.798 4.840 

40 4.722 181.449 -31.207 -9.241 -0.435 4.403 -4.838 3.260 82 25.025 291.991 -53.272 -9.255 -0.397 4.429 -4.826 4.840 

41 -0.499 215.894 -35.104 -9.298 -0.592 4.353 -4.945 3.360 83 15.762 360.882 -61.075 -9.567 -0.534 4.516 -5.051 4.930 

42 3.902 181.449 -31.215 -9.588 -0.381 4.603 -4.984 3.380 84 26.115 291.991 -53.267 -9.189 -0.477 4.356 -4.833 5.220 
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S.No. ÄHf MW TE HOMO LUMO ÷ ç OBCF S.No. ÄHf MW TE HOMO LUMO ÷ ç OBCF 

85 5.764 429.772 -68.842 -9.347 -0.779 4.284 -5.063 5.080 109 -14.208 173.009 -27.553 -9.313 -0.027 4.643 -4.670 1.560 

86 20.592 326.436 -57.163 -9.288 -0.494 4.397 -4.891 5.380 110 -46.503 150.220 -39.666 -8.984 0.332 4.658 -4.326 1.570 

87 19.729 326.436 -57.169 -9.245 -0.556 4.344 -4.900 5.400 111 32.074 276.915 -36.528 -9.789 -0.920 4.435 -5.355 1.670 

88 20.684 326.436 -57.165 -9.240 -0.544 4.348 -4.892 5.430 112 -44.850 150.220 -39.658 -8.989 0.356 4.673 -4.316 1.860 

89 17.456 360.882 -61.059 -9.220 -0.478 4.371 -4.849 5.430 113 -40.204 122.166 -31.891 -8.858 0.302 4.580 -4.278 2.180 

90 15.973 360.882 -61.064 -9.248 -0.521 4.364 -4.885 5.540 114 -28.240 128.558 -28.026 -9.210 -0.023 4.594 -4.617 2.330 

91 2.068 464.217 -72.728 -9.298 -0.826 4.236 -5.062 5.710 115 -39.519 197.448 -35.831 -9.125 -0.442 4.342 -4.783 2.430 

92 16.177 360.882 -61.055 -9.421 -0.576 4.423 -4.999 5.770 116 4.633 330.801 -34.419 -9.562 -0.796 4.383 -5.179 2.710 

93 17.872 326.436 -57.172 -9.015 -1.076 3.970 -5.046 5.810 117 -48.392 266.338 -43.606 -9.136 -0.789 4.173 -4.963 2.740 

94 15.356 360.882 -61.056 -9.285 -0.652 4.316 -4.968 5.810 118 18.543 127.573 -27.559 -8.109 0.378 4.243 -3.865 0.230 

95 7.102 429.772 -68.849 -9.200 -0.696 4.252 -4.948 5.820 119 18.497 127.573 -27.564 -8.255 0.300 4.277 -3.977 0.340 

96 10.736 395.327 -64.958 -9.291 -0.697 4.297 -4.994 5.840 120 25.683 93.128 -23.659 -8.067 0.615 4.341 -3.726 0.410 

97 15.354 360.882 -61.057 -9.288 -0.655 4.317 -4.972 5.880 121 18.701 127.573 -27.560 -8.175 0.310 4.243 -3.932 0.570 

98 6.455 429.772 -68.841 -9.273 -0.794 4.239 -5.034 5.880 122 12.691 162.018 -31.459 -8.227 0.104 4.165 -4.061 1.480 

99 7.255 429.772 -68.835 -9.270 -0.782 4.244 -5.026 5.920 123 8.018 162.018 -31.459 -8.648 -0.121 4.263 -4.385 1.980 

100 11.564 395.327 -64.950 -9.281 -0.656 4.313 -4.969 5.930 124 7.141 196.463 -35.350 -8.287 -0.104 4.091 -4.195 2.310 

101 12.629 360.882 -61.069 -9.071 -1.175 3.948 -5.123 5.970 125 6.193 196.463 -35.356 -8.705 -0.351 4.177 -4.528 2.610 

102 76.456 390.899 -47.957 -9.456 -0.697 4.379 -5.076 3.930 126 1.520 230.908 -39.244 -8.381 -0.318 4.032 -4.350 2.690 

103 62.978 312.003 -44.531 -9.187 -0.805 4.191 -4.996 4.190 127 6.970 196.463 -35.356 -8.337 -0.092 4.122 -4.215 2.700 

104 79.422 469.795 -51.390 -9.664 -0.785 4.439 -5.225 4.800 128 5.490 196.463 -35.358 -8.303 -0.157 4.073 -4.230 2.730 

105 -30.977 108.140 -28.006 -9.062 0.272 4.667 -4.395 1.030 129 0.688 230.908 -39.249 -8.504 -0.405 4.050 -4.454 3.030 

106 -21.751 94.113 -24.121 -9.175 0.291 4.733 -4.442 1.240 130 -3.799 265.354 -43.129 -8.431 -0.519 3.956 -4.475 3.170 

107 -28.523 128.558 -28.026 -9.236 -0.005 4.615 -4.621 1.250 131 -106.380 74.079 -20.988 -11.350 0.970 6.160 -5.190 1.480 

108 -34.656 163.003 -31.928 -9.093 -0.243 4.425 -4.668 1.500          

+0.42704* -2.58291
rCV2 = 0.856376
r2 = 0.871134 70

BCF71 = 0.00250227* MW -0.0723952* TE -0.678961*
LUMO -0.42704* -2.58291
rCV2 = 0.856376
r2 = 0.871134 71

BCF72 = 0.00250227* MW -0.0723952* TE -0.678961* -
1.106* -2.58291
rCV2 = 0.856376
r2 = 0.871134 72

Second best QSAR models were obtained when
multilinear regression analysis are done by taking (i) heat
of formation, total energy, LUMO energy, hardness as
descriptors, (ii) heat of formation, total energy, HOMO
energy, LUMO energy as descriptors, (iii) heat of for-
mation, total energy, HOMO energy, elactronegativity
as descriptors, (iv) heat of formation, total energy,
LUMO energy, elactronegativity as descriptors, (v) heat

of formation, total energy, LUMO energy, hardness as
descriptors. The regression equations have given be-
low:

BCF52 = 0.00231006*H
f
 -0.0859727* TE +0.61533*

HOMO -1.94228*-3.93838
rCV2 = 0.855019
r2 = 0.868408 52

BCF77 = 0.00231006*H
f
-0.0859727*TE-0.355811*

HOMO-0.971141*LUMO-3.93838
rCV2 = 0.855019
r2 = 0.868408 77

BCF78 = 0.00231006*H
f
-0.0859727*TE-.32695*

HOMO -1.94228*-3.93838
rCV2 = 0.855019
r2 = 0.868408 78

BCF80 = 0.00231006*H
f
 -0.0859727* TE -1.32695*

LUMO +0.711622*-3.93838
rCV2 = 0.855019
r2 = 0.868408 80

BCF81 = 0.00231006*H
f
-0.0859727*TE-0.61533*
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TABLE 3 : Predicted bioconcentration factors as evaluated by QSAR models BCF68, BCF69, BCF70, BCF71 and BCF72

S.No. OBCF PBCF68 PBCF69 PBCF70 PBCF71 PBCF72 S.No. OBCF PBCF68 PBCF69 PBCF70 PBCF71 PBCF72 

1 0.300 0.691 0.691 0.691 0.691 0.691 45 3.860 3.499 3.499 3.499 3.499 3.499 

2 0.780 1.360 1.360 1.360 1.360 1.360 46 3.870 2.760 2.760 2.760 2.760 2.760 

3 0.900 1.998 1.998 1.998 1.998 1.998 47 4.260 3.964 3.964 3.964 3.964 3.964 

4 1.590 1.201 1.201 1.201 1.201 1.201 48 1.700 1.609 1.609 1.609 1.609 1.609 

5 0.950 1.616 1.616 1.616 1.616 1.616 49 2.800 2.422 2.422 2.422 2.422 2.422 

6 1.740 1.781 1.781 1.781 1.781 1.781 50 2.830 2.308 2.308 2.308 2.308 2.308 

7 1.480 2.213 2.213 2.213 2.213 2.213 51 3.100 2.422 2.422 2.422 2.422 2.422 

8 1.830 2.625 2.625 2.625 2.625 2.625 52 3.660 3.069 3.069 3.069 3.069 3.069 

9 2.920 3.176 3.176 3.176 3.176 3.176 53 3.790 3.712 3.712 3.712 3.712 3.712 

10 3.830 3.537 3.537 3.537 3.537 3.537 54 3.850 3.202 3.202 3.202 3.202 3.202 

11 0.640 0.753 0.753 0.753 0.753 0.753 55 3.560 3.341 3.341 3.341 3.341 3.341 

12 1.120 1.021 1.021 1.021 1.021 1.021 56 3.630 2.802 2.802 2.802 2.802 2.802 

13 1.130 1.616 1.616 1.616 1.616 1.616 57 3.790 3.336 3.336 3.336 3.336 3.336 

14 1.190 1.314 1.314 1.314 1.314 1.314 58 4.040 3.322 3.322 3.322 3.322 3.322 

15 1.240 1.281 1.281 1.281 1.281 1.281 59 4.040 3.336 3.336 3.336 3.336 3.336 

16 1.270 1.295 1.295 1.295 1.295 1.295 60 4.100 4.314 4.314 4.314 4.314 4.314 

17 1.270 1.298 1.298 1.298 1.298 1.298 61 4.400 4.373 4.373 4.373 4.373 4.373 

18 1.500 1.890 1.890 1.890 1.890 1.890 62 4.430 3.867 3.867 3.867 3.867 3.867 

19 1.550 1.892 1.892 1.892 1.892 1.892 63 4.530 4.386 4.386 4.386 4.386 4.386 

20 1.550 1.670 1.670 1.670 1.670 1.670 64 2.690 3.293 3.293 3.293 3.293 3.293 

21 4.520 5.283 5.283 5.283 5.283 5.283 65 3.260 3.318 3.318 3.318 3.318 3.318 

22 1.640 2.244 2.244 2.244 2.244 2.244 66 3.280 3.818 3.818 3.818 3.818 3.818 

23 2.580 3.304 3.304 3.304 3.304 3.304 67 3.550 3.574 3.574 3.574 3.574 3.574 

24 2.590 2.673 2.673 2.673 2.673 2.673 68 3.750 4.082 4.082 4.082 4.082 4.082 

25 2.640 2.756 2.756 2.756 2.756 2.756 69 3.780 3.827 3.827 3.827 3.827 3.827 

26 2.830 3.589 3.589 3.589 3.589 3.589 70 3.850 4.187 4.187 4.187 4.187 4.187 

27 3.200 2.513 2.513 2.513 2.513 2.513 71 3.900 4.782 4.782 4.782 4.782 4.782 

28 3.230 2.932 2.932 2.932 2.932 2.932 72 4.020 4.377 4.377 4.377 4.377 4.377 

29 3.420 3.307 3.307 3.307 3.307 3.307 73 4.020 4.098 4.098 4.098 4.098 4.098 

30 3.430 4.060 4.060 4.060 4.060 4.060 74 4.200 3.574 3.574 3.574 3.574 3.574 

31 3.480 3.601 3.601 3.601 3.601 3.601 75 4.230 4.253 4.253 4.253 4.253 4.253 

32 3.630 3.818 3.818 3.818 3.818 3.818 76 4.250 3.555 3.555 3.555 3.555 3.555 

33 3.660 3.372 3.372 3.372 3.372 3.372 77 4.270 3.846 3.846 3.846 3.846 3.846 

34 4.000 4.544 4.544 4.544 4.544 4.544 78 4.630 4.104 4.104 4.104 4.104 4.104 

35 1.850 1.342 1.342 1.342 1.342 1.342 79 4.770 4.556 4.556 4.556 4.556 4.556 

36 2.480 1.896 1.896 1.896 1.896 1.896 80 4.830 5.298 5.298 5.298 5.298 5.298 

37 2.520 1.951 1.951 1.951 1.951 1.951 81 4.840 4.292 4.292 4.292 4.292 4.292 

38 2.650 1.944 1.944 1.944 1.944 1.944 82 4.840 4.335 4.335 4.335 4.335 4.335 

39 3.110 2.430 2.430 2.430 2.430 2.430 83 4.930 5.261 5.261 5.261 5.261 5.261 

40 3.260 2.491 2.491 2.491 2.491 2.491 84 5.220 4.391 4.391 4.391 4.391 4.391 

41 3.360 3.012 3.012 3.012 3.012 3.012 85 5.080 6.167 6.167 6.167 6.167 6.167 

42 3.380 2.518 2.518 2.518 2.518 2.518 86 5.380 4.796 4.796 4.796 4.796 4.796 

43 3.760 3.028 3.028 3.028 3.028 3.028 87 5.400 4.843 4.843 4.843 4.843 4.843 

44 3.770 2.976 2.976 2.976 2.976 2.976 88 5.430 4.831 4.831 4.831 4.831 4.831 
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S.No. OBCF PBCF68 PBCF69 PBCF70 PBCF71 PBCF72 S.No. OBCF PBCF68 PBCF69 PBCF70 PBCF71 PBCF72 

89 5.430 5.136 5.136 5.136 5.136 5.136 111 1.670 3.666 3.666 3.666 3.666 3.666 

90 5.540 5.181 5.181 5.181 5.181 5.181 112 1.860 2.266 2.266 2.266 2.266 2.266 

91 5.710 6.566 6.566 6.566 6.566 6.566 113 2.180 1.654 1.654 1.654 1.654 1.654 

92 5.770 5.266 5.266 5.266 5.266 5.266 114 2.330 1.755 1.755 1.755 1.755 1.755 

93 5.810 5.258 5.258 5.258 5.258 5.258 115 2.430 2.848 2.848 2.848 2.848 2.848 

94 5.810 5.305 5.305 5.305 5.305 5.305 116 2.710 3.489 3.489 3.489 3.489 3.489 

95 5.820 6.063 6.063 6.063 6.063 6.063 117 2.740 3.895 3.895 3.895 3.895 3.895 

96 5.840 5.714 5.714 5.714 5.714 5.714 118 0.230 1.126 1.126 1.126 1.126 1.126 

97 5.880 5.308 5.308 5.308 5.308 5.308 119 0.340 1.227 1.227 1.227 1.227 1.227 

98 5.880 6.165 6.165 6.165 6.165 6.165 120 0.410 0.536 0.536 0.536 0.536 0.536 

99 5.920 6.153 6.153 6.153 6.153 6.153 121 0.570 1.200 1.200 1.200 1.200 1.200 

100 5.930 5.676 5.676 5.676 5.676 5.676 122 1.480 1.764 1.764 1.764 1.764 1.764 

101 5.970 5.727 5.727 5.727 5.727 5.727 123 1.980 2.055 2.055 2.055 2.055 2.055 

102 3.930 4.508 4.508 4.508 4.508 4.508 124 2.310 2.330 2.330 2.330 2.330 2.330 

103 4.190 4.101 4.101 4.101 4.101 4.101 125 2.610 2.641 2.641 2.641 2.641 2.641 

104 4.800 5.077 5.077 5.077 5.077 5.077 126 2.690 2.909 2.909 2.909 2.909 2.909 

105 1.030 1.408 1.408 1.408 1.408 1.408 127 2.700 2.331 2.331 2.331 2.331 2.331 

106 1.240 1.098 1.098 1.098 1.098 1.098 128 2.730 2.381 2.381 2.381 2.381 2.381 

107 1.250 1.745 1.745 1.745 1.745 1.745 129 3.030 3.013 3.013 3.013 3.013 3.013 

108 1.500 2.295 2.295 2.295 2.295 2.295 130 3.170 3.467 3.467 3.467 3.467 3.467 

109 1.560 1.857 1.857 1.857 1.857 1.857 131 1.480 0.680 0.680 0.680 0.680 0.680 

110 1.570 2.287 2.287 2.287 2.287 2.287        

LUMO-0.711622*-3.93838
rCV2 = 0.855019
r2 = 0.868408 81

Third best QSAR models were obtained when
multilinear regression analysis are done by taking (i) total
energy, HOMO energy and LUMO energy as descrip-
tors, (ii) total energy, HOMO energy and electronega-
tivity as descriptors, (iii) total energy, HOMO energy
absolute hardness as descriptors, (iv) total energy,
LUMO energy and electronegativity as descriptors, (v)
total energy, LUMO energy and absolute hardness as
descriptors, (vi) total energy, electronegativity and ab-
solute hardness as descriptors. The regression equa-
tions have given below:
BCF31 = -0.0857551*TE-0.318017*HOMO-.03452*
LUMO -3.57179
rCV2 = 0.856916
r2 = 0.867022 31

BCF32 = -0.0857551* TE -1.35254*HOMO -2.06904*-
3.57179
rCV2 = 0.856916
r2 = 0.867022 32

BCF33 = -0.0857551* TE +0.716504*HOMO -2.06904*-

3.57179
rCV2 = 0.856916
r2 = 0.867022 33

BCF43 = -0.0857551* TE -1.35254*LUMO +0.636034*-
3.57179
rCV2 = 0.856916
r2 = 0.867022 43

BCF44 = -0.0857551* TE -0.716504*LUMO -0.636034*-
3.57179
rCV2 = 0.856916
r2 = 0.867022 44

BCF45 = -0.0857551* TE -0.716504*-1.35254*-3.57179
rCV2 = 0.856916
r2 = 0.867022 45

CONCLUSION

A comparative study of the above QSAR models
has concluded the following points:
(i) Molecular weight provides best QSAR models in

combination with other descriptors.
(ii) Second best QSAR models have given by heat of

formation in combination with other descriptors.
(iii) Third best QSAR models have given by total en-
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ergy, HOMO energy, LUMO energy, electrone-
gativity and absolute hardness.

(iv) Molecular weight has provided better result than
heat of formation.

(v) QSAR model �BCF72 = 0.00250227* MW -
0.0723952*TE-0.678961*-1.106*-2.58291�
has selected as best model on the basis of corre-
lation coefficient (0.871134) and cross validation
coefficient (0.856376). One can used it to predict
the bioconcentration factor of any compounds
before its synthesis.
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