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Deter mination and QSPR Study on the Electrochemical Reduction Cha
racteristics of Chlorinated Aromatic Compounds

Wei Dongbin1 , Hu Hongyingl , Kosei Hiramoto® , Koichi Fujiez(l. ESPC State Key Joint Laboratory, De-
part ment of Environmental Science and Engineering , Tsinghua University , Beijing 100084, China; 2. Department of
Ecological Engineering, Toyohashi University of Technology, Toyohashi, Japan)

Abstract : The relationship bet ween the reduction characteristics and molecular structure of 87 chlorinated aromatics in-
cluding naphthalenes, biphenyls, benzenes and phenols was studied by using quantitative structure-property relatiomr
ship technique . The result indicated that there was significant correlation bet ween reduction potential and the energy of
the lowest unoccupied molecular orbital and the number of chlorine atoms in molecule . The study threw more light on
the nature of reduction process, and provided valuable basic data for designing and optimizing treat ment process .
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Table 1  The tested che micals , molecular structural parameters and predicted results
. Ege . Erg
Che micals Eomo Erumo ng Che micals Eomo Eiumo Na
Exp. Pre . Exp. Pre .

Naphthalene 9.032 - 0.587 0 2.197 2.045 | 2,5 -9.122 -0.403 2 -1.942 - 2.065
1 8.804 - 0.620 1 1.940 1.968 | 2,6 -9.846 - 0.288 2 -2.107 -2.145
2 8.897 - 0.605 1 1.975 1.979 | 3 4 -8.921 -0.692 2 -1.871 -1.864
1,2 8.816 -0.779 2 1.726 1.804 |35 -9.160 -0.677 2 -1.897 -1.875
1.3 8.878 - 0.803 2 1.752 1.787 | 2,3 ,4 -9.886 -0.546 3 -1.852 -1.912
1.4 8.770 - 0.827 2 1.751 1.771 | 2,35 -9.173 -0.524 3 -1.783 -1.927
1,5 8.804 - 0.816 2 1.765 1.778 12,3 .,6 -9.170 -0.387 3 -1.937 -2.023
1.6 8.889 - 0.802 2 1.802 1.788 | 2.,4,5 -9.090 -0.585 3 -1.837 -1.885
1.7 8.861 - 0.799 2 1.793 1.790 | 2.,4.,6 -9.454 -0.382 3 -1.966 - 2.026
1.8 8.719 - 0.809 2 1.704 1.783 |3 .,4.,5 -8.990 -0.818 3 -1.696 -1.723
2,3 8.969 - 0.757 2 1.769 1.8192.,3,4.,5 -9.000 -0.930 4 -1.679 -1.592
2,6 8.910 - 0.791 2 1.844 1.796 | 2.,3,4.,6 -9.222 -0.551 4 -1.784 -1.855
2,7 9.004 - 0.784 2 1.838 1.801 | 2.,3,5.,6 -9.119 -0.577 4 -1.787 -1.837
1,23 8.888 - 0.922 3 1.554 1.651 12.,3,4,5,6 -9.880 -0.946 5 -1.566 -1.527
1.,2,4 8.796 - 0.971 3 1.565 1.617 2,2 -9.772 - 0.188 2 -2.126 - 2.214
1,25 8.835 - 0.961 3 1.581 1.624 | 3.3’ -9.129 -0.675 2 -2.030 -1.876
1,2,6 8.869 - 0.951 3 1.620 1.631 | 4.4 -8.846 -0.741 2 -2.000 -1.830
1,2,7 8.901 - 0.943 3 1.613 1.636 | 2.4 -9.116 -0.404 2 - 2.042 - 2.064
1,28 8.740 - 0.954 3 1.512 1.629 | 2,2 ,6.,6 -9.350 -0.209 4 -2.123 -2.092
1,35 8.865 - 0.982 3 1.578 1.609 | 2,2 ,5,5 -9.246 -0.384 4 -1.900 -1.971
1.,3,6 8.982 - 0.969 3 1.634 1.618 | 3,3 4.4 -8.956 -0.970 4 -1.764 -1.564
1,37 8.900 - 0.972 3 1.635 1.616 | 3,3 ,5.,5 -9.364 -0.947 4 -1.720 -1.580
1,38 8.810 - 0.977 3 1.541 1.613 2,27 4 ,5.,5 -9.244 -0.557 5 -1.771 - 1.797
1.,4.,5 8.715 -1.002 3 1.540 1.595 12,2 4.4 5.5 -10.013 -0.693 6 -1.764 - 1.649
1.,4.6 8.842 - 0.991 3 1.618 1.603 2,2 4,4 6,6 -9.567 -0.535 6 -1.908 -1.759
1,67 8.934 - 0.939 3 1.599 1.639 | deca -9.279 -0.843 10 -1.406 - 1.330
2,3.6 8.816 -1.082 3 1.657 1.540 | Phenol

1,2,3.,4 9.191  -1.269 4 1.393 1.356 )2 -9.210 -0.023 1 -2.500 - 2.383
1,2,3,5 8.887 -1.092 4 1.411 1.479 )2 .4 -9.093 -0.243 2 -2.350 -2.176
1,2,3,7 8.939 -1.080 4 1.445 1.488 | 2.,4.,5 -9.093 -0.488 3 -2.200 -1.952
1.,2,4,6 8.846 -1.128 4 1.445 1.45412.,3,4.,6 -9.077 -0.625 4 -1.950 -1.804
1.,3,5,7 8.899 -1.139 4 1.444 1.44712.,3,4,5,6 -9.136 -0.789 5 -1.700 -1.636
1,3,5,8 8.790 -1.155 4 1.373 1.436 | Benzene - 9.388 0.063 1 - 2.440 - 2.442
1.,3,6,7 8.985 -1.100 4 1.490 1.474 |12 -9.295 -0.168 2 - 2.220 - 2.228
1,458 8.652 -1.180 4 1.345 1.418 |13 -9.420 -0.191 2 -2.200 -2.212
1.,4,6,7 8.895 -1.118 4 1.431 1.461 |1 .4 -9.235 -0.243 2 - 2.200 -2.176
1,2,3,5,7 8.937 -1.239 5 1.340 1.324 11,23 -9.379 -0.333 3 -1.960 - 2.060
octa 8.769 - 1.583 8 0.940 0.924 | 1,2,4 -9.241 -0.435 3 -2.000 -1.989
Biphenyl 9.273 - 0.434 0 2.410 2.151 | 1,3,5 -9.588 -0.381 3 -1.990 - 2.027
2 9.166 - 0.222 1 2.097 2.245 11,2.,3,4 -9.281 -0.556 4 -1.760 - 1.852
3 9.030 - 0.524 1 2.108 2.035)1.,2,3.,5 -9.298 -0.592 4 -1.790 - 1.827
4 8.867 - 0.561 1 2.056 2.009 | 1.,2,4.,5 -9.190 -0.635 4 -1.810 -1.797
2.3 9.244 - 0.352 2 1.956 2.101 | penta -9.251 -0.737 5 -1.570 -1.672
2.4 9.141 - 0.433 2 1.983 2.044 | hexa -9.967 -1.059 6 -1.320 -1.395

1) 1 -
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Table 2 The statistical test results of frequency
distribution of residuals of eq. (3)
Estimated KOLMOGOROYV Statistic
K-S 0.045
DPLUS
Estimated KOLMOGOROYV Statistic
0.079
DMINUS
Estimated Overall Statistic DN 0.079
Approximate Significance Level 0.649
Chr Chi- Square Value 4.572
Significance Level 0.600
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Table 3 Correlation matrix and VIF of eq. (3)
Erumo nq VIF
Erumo 1.000 1.257
nq 0.482 1.000 1.257
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Fig.1  The predicted result of eq. (3)
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The residual distribution of eq. (3)
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