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Bayesian Regularized BP Neural Network Model for Quantitative Relationship Be-
tween the Electrochemical Reduction Potential and Molecular Structures of Chlo

rinated Aromatic Compounds
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(1 .Department of Environmental Science & Engineering, Hunan University , Changsha 410082, China; 2. School of Che mistry and
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Abstract :Bayesian regularized BP neural network ( BRBPNN) technique was applied in QSPR model in environmental field. The
BRBPNN model for quantitative relationship between the electroche mical reduction potential ( ERP) and che mical structures of 87
chlorinated aromatic compounds was established. The structure descriptor pool is consisted of Cl number( Cl) , molecular weight
( MW) and 6 quantum che mistry parameters which are calculated by MOPAC2000 built in Che m Office2004 , including energy of the
highest occupied molecular orbital ( Eyomo) » energy of the lowest occupied molecular orbital ( Epymo) , heat of formation( HF) ,
dipole( DIP) , electronic energy( EE) , core-core repulsion( CCR) . The achieved optimal network structure was 6-20-1 , which pos-
sessed stronger fitting and prediction capacity than that of the stepwise linear regression and with the correlation coefficients square
and the mean square error for the training set and the test set as 0. 999 and 0. 000105, 0. 965 and 0. 00159 respectively . The sum of
square weights between each input neuron and the hidden layer of BRBPNN( 6-20-1) indicate the effect of descriptor on the electric
potential declining in the order of Eymo> Enomo > HF > CCR> EE > DIP. The scatter diagrams show that the EE descriptors had
positive effect on ERP, and E yyo, HF, DIP had negative effects, and Eyomo and CCR showed ambiguous effects . Results show
that Bayesian regularized BP neural network is of automated regularization parameter selection capability and thus may ensure the ex-
cellent generation ability and robustness . This study threw more light on the applicability of electroche mical treat ment for the chlori-
nated aromatic compounds and the analysis on electroche mical reduction mechanism .
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Table 1 ~ Names ,descriptors and electroche mical reduction potentials of the tested che micals

2)

» oa BRBPNN

- 8.836 - 0.408 0 169.701 - 6640.176 5 332.869 0.000 128.173 -2.197 -2.198

1 - 8.804 - 0.620 1 144. 495 - 8 018.957 6 410.270 0.905 162.618 - 1.940 -1.942
2h - 8.897 - 0.605 1 141.357 - 7927.915 6 319.195 1.066 162.618 -1.975 -1.993
1,2 - 8.816 -0.779 2 120.824 -9 466.378 7 556.326 1.453 197.063 -1.726 -1.736
1.3 - 8.878 - 0.803 2 117.317 - 9400.432 7 490.343 1.145 197.063 -1.752 -1.777
1.4 - 8.770 - 0.827 2 120.074 - 9479.967 7 569.907 0.371 197.063 - 1.751 -1.747
1.5 - 8.804 -0.816 2 119.973 - 9473.893 7 563.832 0.000 197.063 -1.765 -1.776
1,6 - 8.889 - 0.802 2 116.717 - 9379.608 7 469.513 0.829 197.063 -1.802 - 1.802
1,7 - 8.861 - 0.799 2 116.758 - 9399.714 7 489.619 1.480 197.063 -1.793 -1.747
1,80 - 8.719 - 0.809 2 131.043 - 9551.786 7 641.839 1.590 197.063 -1.704 - 1.652
2.3 - 8.969 - 0.757 2 118.488 - 9375.104 7 465.028 1.602 197.063 -1.769 -1.791
2,6 - 8.910 - 0.791 2 113.522 -9276.419 7 366. 291 0.000 197.063 - 1.844 -1.834
2,7 - 9.004 - 0.764 2 113.571 - 9 280.706 7 370.579 0.908 197.063 - 1.838 - 1.828
1,23 - 8.888 - 0.922 3 98.404 - 11 007.431 8 796.027 1.675 231.509 -1.554 -1.577
1.,2.,4 - 8.796 -0.971 3 97.287 - 11 021.141 8 809.725 1.100 231.509 - 1.565 - 1.568
1,2,59 - 8.835 - 0.961 3 96.707 - 10 994.327 8 782.905 0.758 231.509 - 1.581 - 1.600
1.,2,6 - 8.869 - 0.951 3 93.399 -10887.720 8 676.265 0.614 231.509 -1.620 -1.621
1.,2,7 - 8.901 - 0.943 3 96.444 -10912.030 8 700.575 1.483 231.509 -1.613 -1.591
1.,2.8 - 8.740 - 0.954 3 107.658 - 11 092.664 8 881.357 1.908 231.509 -1.512 -1.516
1.,3,5 - 8.865 - 0.982 3 93.325 -10948.586 8 737.130 0.966 231.509 -1.578 -1.593
1.,3.,6 - 8.982 - 0.969 3 90.024 - 10 826.181 8 614.691 0.183 231.509 -1.634 -1.657
1.,3,7 - 8.900 -0.972 3 90.005 - 10 841.951 8 630. 460 0.795 231.509 - 1.635 - 1.615
1.,3.8 - 8.810 -0.977 3 104.391 - 11 005.535 8 794.193 1.358 231.509 - 1.541 - 1.546
1.,4,5 - 8.715 -1.002 3 107.754 - 11 089.804 8 878.497 0.725 231.509 - 1.540 -1.532
1.,4.,6 - 8.842 - 0.991 3 92.828 -10933.846 8 722.384 0.665 231.509 - 1.618 -1.591
1,6,7" - 8.934 - 0.939 3 94.263 -100919.697 8 708.250 1.567 231.509 -1.599 - 1.591
2.,3,6 - 9.006 - 0.929 3 91.052 - 10 788.599 8 577.119 0.779 231.509 - 1.657 - 1.651
1,2,3.,4 - 8.816 -1.082 4 78.673 - 12722.121 10 209.394 1.523 265.954  -1.393 -1.383
1,2,3,5 - 8.887 -1.092 4 74.657 - 12628.506 10115.737 1.323 265.954 - 1.411 -1.417
1,2,3,7 - 8.939 -1.080 4 71.325 -12513.795 10 000.992 1.176 265.954 - 1.445 - 1.450
1,2,4,6 - 8.846 -1.128 4 70.334 -12535.702 10 022.888 0.247 265.954 - 1.445 - 1.439
1,3,5,79 - 8.899 -1.139 4 67.028 - 12 484.023 9 971.175 0.000 265.954 - 1.444 - 1.481
1,3,5.,8 - 8.790 -1.155 4 81.553 -12637.581 10124.883 0.685 265.954 - 1.373 - 1.386
1.,3,6,7 - 8.985 -1.100 4 67.855 - 12 426.963 9914.123 0.556 265.954 - 1.490 - 1.486
1.,4,5.,8 - 8.652 -1.180 4 98.873 - 12782.287 10 269.769 0.000 265.954 - 1.345 -1.344
1.,4.,6.,7 - 8.895 -1.118 4 70.689 -12546.912 10 034.102 1.096 265.954 - 1.431 - 1.430
1,2,3,5,7, - 8.937 - 1.239 5 48.555 - 14228.831 11 414.672 0.494 300.399 - 1.340 -1.336
octa - 8.769 - 1.583 8 18.912 - 20189.254 16 471.430 0.000 403.734 - 0.940 - 0.941
- 8.918 - 0.361 0 198.493 - 8700.176 7125.222 0.000 154.211 - 2.410 - 2.407

2 -9.166 - 0.222 1 180.032 - 10 298.979 8 422.714 0.820 188.656 - 2.097 -2.100
3D - 9.030 - 0.524 1 170.456 - 10108.643 8 232.278 1.038 188.656 -2.108 - 2.155
4 - 8.867 - 0.561 1 170.140 - 10 061.051 8 184.684 1.062 188.656 - 2.056 - 2.063
2.3 - 9.244 - 0.352 2 156.879 - 11 864.309 9 686.684 1.339 223.101 -1.956 -1.957
2,4 -9.141 - 0.433 2 152.847 - 11 754.644 9 576.977 1.020 223.101 -1.983 -1.972
2,5 -9.122 - 0.402 2 152.755 -11 788.974 9 611.306 0.321 223.101 - 1.942 -2.010
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2,6 - 9.341 - 0.147 2 159.634 - 11992.261 9814.665  0.498 223.101 -2.107 - 2.103
3,4 - 8.921 - 0.692 2 147.207 - 11 627.799 9 450.074  1.567 223.101 - 1.871 -1.858
3.5 - 9.160 - 0.677 2 143.602 - 11 610.622 9 432.859  1.209 223.101 -1.897 - 1.894
23,4 - 9.188 - 0.537 3 134.101 - 13 478.483 10999.503  1.535 257.546 - 1.852 - 1.849
23,5 -9.173 - 0.525 3 130.496 - 13 447.912 10 968.894  0.954  257.546 - 1.783 - 1.808
2,3,6" - 9.170 - 0.387 3 136.900 - 13639.853 11160.902  0.538  257.546 - 1.937  -1.925
2,45 -9.090 - 0.585 3 130.401 - 13 402.860 10923.842  1.043  257.546 - 1.837 - 1.838
2,4.,6 - 9.454 - 0.382 3 133.413 - 13541.985 11 062.998  0.464  257.546 - 1.966 - 1.968
3,45 - 8.990 -0.818 3 124.721 - 13287.966 10808.888  1.728  257.546 -1.696 - 1.701
2,3,4.5 - 9.151 - 0.680 4 111.929  -15220.287 12439.958  1.394 291.991 -1.679  -1.678
2.,3,4.,6 -9.222 - 0.551 4 114.873 - 15347.910 12567.611  0.863 291.991 -1.784  -1.772
2,3,5,6 -9.119 -0.577 4 114.854 - 15381.068 12600.769  0.542 291.991 -1.787  -1.790
2,3,4.,5,6" -9.179 - 0.676 5 96.495 - 17 247.495 14165.886  1.019  326.436 - 1.566 - 1.633
2,2 -9.322 -0.070 2 158.695 -12008.602 9830.996  1.030 223.101 -2.126 - 2.127
3.3 -9.129 - 0.675 2 142.750 - 11 572.980 9395.209  0.000 223.101 - 2.030 - 2.032
4.4 - 8.846 - 0.741 2 142.082 - 11 470.871  9293.093  0.000 223.101 - 2.000 - 1.995
2.4 -9.116 - 0.405 2 151.817 - 11 738.902 9561.225  1.497 223.101 - 2.042 - 2.041
2,2 ,6,6 -9.350 - 0.209 4 117.900 - 15786.874 13 006.607  0.000 291.991 -2.123 - 2.121
2,2 5,8 - 9.246 - 0.384 4 104.683 - 15227.078 12 446.673  0.065 291.991 -1.900 - 1.903
3,3 4.4 - 8.957 -0.970 4 96.838 - 14769.943 11 989.457  0.000 291.991 - 1.764  -1.762
3,3 ,5,5 - 9.364 - 0.948 4 90.060 - 14771.369 11 990.813  0.000 291.991 -1.720  -1.717
2,2 .4 5,5 - 9.245 - 0.556 5 82.547 - 16974.829 13 893.075  0.702 326.436 - 1.771 - 1.771
2,2 4.4 5,50 9.268 - 0.649 6 60.508 - 18 771.616 15388.515  0.041 360.882 -1.764  -1.712
2,2 4.4 6,6 - 9.567 - 0.534 6 65.949 - 19250.670 15867.625  0.000 360.882 -1.908 - 1.909
deca -9.279 -0.843 10 - 6.695 -27831.062 23242.787  0.000 498.662 - 1.406 - 1.406
2, - 9.041 0.028 1 - 113.261 -5551.084 4153.027  1.918 128.558 - 2.500 - 2.499
2,4 -9.007 - 0.184 2 - 140.267 - 6773.920 5074.464 1.841 163.003 - 2.350 - 2.35I
2,45 - 8.986 - 0.429 3 -162.956  -8156.530 6155.720  1.331 197.448 -2.200 - 2.200
2.,3,4,6" -9.077 - 0.625 4 -183.964  -9707.799 7405.651  0.683 231.893 -1.950 - 1.969
2.,3,4.,5,6 -9.136 - 0.789 5 -202.472 - 11343.159 8739.700  1.104 266.338 -1.700 - 1.699

- 9.751 0.396 1 97.846  -3171.560 2368.735  0.000  78.113 - 2.440 - 2.441
1,2 - 9.295 - 0.168 2 46.269 - 5418.492  4012.894  1.351 147.004 - 2.220 - 2.219
1.3 - 9.421 - 0.191 2 42.337 - 5353.315 3947.676  0.880 147.004 - 2.200 - 2.200
1,4 - 9.235 - 0.243 2 41.990 - 5341.558 3935.916  0.000 147.004 - 2.200 - 2.200
1,2,39 -9.379 - 0.333 3 23.604 - 6714.628 5007.676  1.350 181.449 -1.960 - 1.986
1,2,4 - 9.241 - 0.435 3 19.755 - 6637.759 4930.767  0.666 181.449 -2.000 - 2.001
13,5 - 9.588 - 0.381 3 16.328 - 6584.448 4877.420  0.000 181.449 -1.990 - 1.990
1,2,3.,4 - 9.281 - 0.556 4 1.312  -8092.412 6084.110  0.995 215.894 -1.760 - 1.764
1,2,3,5 - 9.298 -0.592 4 -2.088  -8027.411 6019.073  0.462 215.894 -1.790  -1.782
1,2,4,59 - 9.190 - 0.635 4 -2.135  -8015.556 6007.217  0.000 215.894 - 1.810 - 1.804
penta - 9.251 - 0.737 5 -20.349 - 9563.672 7254.026  0.432 250.339 -1.570 - 1.575
hexa - 9.309 - 0.832 6 -38.482 -11193.383 8582.430  0.000 284.784 -1.320  -1.32I
1) 2) (71 3 [7] ,
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Table 2 Coefficients of stepwise linear regression model based on standardized training data

B 95%
t Sig.
B VIF
- 0.100 0.022 - 4.520 0.000 -0.144 - 0.056
Erumo - 0.734 0.034 -0.670 - 21.514 0.000 - 0.802 - 0.666 0.661 1.513
cl 0.993 0.084 0.830 11.842 0.000 0.825 1.160 0.130 7.670
HF 0.367 0.046 0.361 8. 061 0.000 0.276 0.458 0.319 3.132
CCR - 0.499 0.072 -0.394 - 6.930 0.000 - 0.642 - 0.355 0.198 5.039
DIP 0.093 0.017 0.152 5.412 0.000 0.059 0.127 0.815 1.227
3
Table 3 Results comparison among the representative models
n (74) (74) (13)
Ep Ey R MSE R MSE
23467 0.956 0.00378 0.882 0.00459
BRBPNN(5-8-1) 23467 0.0412 32.960 0.996 0.000339 0.931 0.00270 57 36.406
BRBPNN(5-13-1) 23467 0.0379 31.678 0.996 0.000312 0.940 0.00238 92 38.084
BRBPNN(5-19-1) 23467 0.0365 33.503 0.997 0.000300 0.927 0.00326 134 37.470
BRBPNN(6-8-1) 124567 0.0263 30.965 0.998 0.000216 0.910 0.00362 65 43.799
BRBPNN(6-10-1) 124567 0.0179 34.045 0.998 0.000147 0.965 0.00154 81 49.194
BRBPNN( 6-20-1) 124567 0.0128 40.942 0.999 0.000105 0.965 0.00159 161 51.446
BRBPNN(8-8-1) 12345678 0.0405 15.304 0.996 0.000333 0.915 0.00342 81 37.739
BRBPNN(8-19-1) 12345678 0.0127 28.665 0.999 0.000105 0.969 0.00119 191 48.416
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Table 4 Sum of square weights from input neurons to hidden layer and their percentage

BRBPNN Enomo Erumo a HF EE CCR DIP MW
(6-20-1) 5.4299 7.0512 4.6975 3.2248 3.2807 2.1624
/% 21.0 27.3 18.2 12.5 12.7 8. 4
3 2 b
, EE .MW.Cl : ;
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