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Abstract: With DFT method of quantum chemistry, the electronic structures of all polychlorinated dibenzo-p-dioxins ( PCDDs) and
dibenzofurans (PCDFs) were fully optimized at the level of BBLYP/6-311G™ ", and the corresponding quantum parameters, viz. the mean
polarizability(a ), entropy( S) as well as the tensor components of polarizability and quadrupole moment (., , a,, a,and Q. , Q,, 0..)
and so on were used to the study on quantitative structure-property relationship ( QSPR) of water solubility. And three QSPRs were successfully
proposed on the basis of the internally consistent experimental values. The determination coefficients are 0.977, 0.968 and 0.961 respectively
and the cross-validated correlation coefficients are 0.968, 0.959 and 0.946 respectively. It is indicated that water solubility of PCDD/Fs
should mainly be related to the molecular volume, but much less influenced by the molecular interactions. And the differences of predicted
values of QSPRs for the whole dioxins are probably related to the limited available experimental values and the characteristics of introduced
variables. In comparison with the newly developed QSPR, the performance of QSPRs in this study is improved, which may attribute to both the
precise calculations of electronic properties of PCDD/Fs by B3LYP/6-311G™ * and the introduction of tensor components of quadrupole moment
into models.
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Table 1  Quantum chemical parameters of (PC)DD/Fs

1{ /a\flﬁ@ )23 Enovo Eruvo a QA xx Qyy Ay Q Xx Q ¥y Qn S
DD 0.00 -5.61 -0.69 133.09 209.93 135.35 54.00 8.3 1.04 -9.39  406.92
DF 0.70 -6.02 -0.94 124.49 204.80 127.83 40.85 6.57 2.00 -8.56  379.38
-PCDD

1 1.74 -5.83 -0.93 144.80 214.11 163.34 56.96 8.28 0.54 -8.82  436.94
2 2.23 -5.81 -0.96 147.24 241.68 142.95 57.10 1.47 5.05 -6.52  438.11
2,3 3.39 -5.97 -1.15 160.80 265.63 156.58 60.19 2.07 3.71 -5.78 465.82
2,7 0.00 -6.01 -1.20 161.88 276.88 148.55 60.22 -9.96 11.58 -1.62  467.78
2,8 1.88 -6.00 -1.20 161.72 271.12 153.82 60.21 -6.79 8.91 -2.12  467.45
12,4 2.59 -6.16 -1.37 171.33 252.10 198.84 63.06 8.97 -2.59 -6.39  496.04
1,2,3,4 3.53 -6.24 -1.50 184.55 275.71 211.73 66.21 9.65 -3.12 -6.53  522.25
1,2,3,7 1.49 -6.28 -1.54 187.48 305.13 190.99 66.33 -7.74 7.89 -0.15  525.09
1,3,6,8 0.00 -6.38 -1.60 186.50 281.98 211.32 66.20 -0.57 0.91 -0.33  526.68
2,3,7,8 0.00 -6.28 -1.55 189.94 325.44 177.94 66.44 -14.64 11.69 2.95 524.51
1,2,3,4,7 1.79 -6.40 -1.70 199.63 310.34 219.20 69.35 -3.72 4.31 -0.60 553.32
1,2,3,4,7,8 0.22 -6.51 -1.85 213.99 336.41 233.08 72.48 -8.06 5.62 2.44  580.81
1,2,3,4,6,7:8 0.97 -6.63 -1.97 225.32 341.96 258.50 75.50 -5.70 3.68 2.02  609.53
1,2,3,4,6,7,8,9 0.00 -6.73 -2.10 237.23 347.64 285.55 78.51 -2.50 0.65 1.85  637.37
-PCDF

2,8 1.89 -6.41 -1.51 151.53 250.24 154.35 50.00 -2.64 5.40 -2.76  439.82
2,3,7,8 0.62 -6.56 -1.87 183.07 321.74 168.61 58.86 -12.98 10.67 2.31  496.96
2,3:4,7,8 0.68 -6.70 -2.02 195.44 328.34 194.82 63.17 -10.79 8.18 2.60 525.38
1,2,3,4,7,8 0.47 -6.75 -2.13 206.94 336.10 217.35 67.36 -7.38 5.21 2.17  552.43
1,2,3,6,7,8 0.82 -6.79 -2.13 206.45 335.00 216.98 67.36 -7.83 5.68 2.15 552.51
1,2,3,4,6,7,8 0.70 -6.87 -2.26 219.00 341.43 243.94 71.62 -5.05 2.64 2.41  580.98
1,2,3,4,6,7,8,9 0.19 -6.91 -2.39 230.79 349.45 267.06 75.85 -2.56 0.59 1.97 585.49
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Table 2 Comparisons between the experimental and the predicted 1gS,, of (PC)DD/Fs by three QSPRs

IgS,

lgS, lgS,

i SR B e B e B3 E
DD -5.328 -5.136 -0.192 -5.091 -0.237 -5.224 -0.104
DF -4.549 -4.621 0.072 -4.339 -0.210 - 4.868 0.319
-PCDD

1 -5.720 -5.909 0.189 -6.005 0.285 —5.483 -0.237
2 -5.870 -6.264 0.394 -6.351 0.481 -6.275 0.405
2,3 -7.230 -7.138 -0.092 -7.163 -0.067 -7.577 0.347
2,7 -7.829 -7.553 -0.276 -7.773 -0.056 -7.198 -0.631
2,8 -7.196 -7.451 0.255 -7.619 0.423 -7.234 0.038
1,2,4 -7.534 -7.634 0.100 -7.763 0.229 —7.664 0.130
1,2,3,4 -8.767 —8.485 -0.282 -8.525 -0.242 - 8.855 0.088
1,2,3,7 — 8.885 -9.174 0.289 -9.408 0.523 -8.979 0.09%4
1,3,6,8 -9.003 - 8.905 —-0.098 -9.128 0.125 - 8.686 -0.317
2,3,7,8 -10.220 -9.532 —-0.688 -9.706 -0.514 -9.507 -0.713
1,2,3,4,7 —9.480 -9.858 0.378 -10.076 0.596 -9.645 0.165
1,2,3,4,7,8 —-10.947 -10.927 -0.020 —-11.111 0.164 -10.739 -0.208
1,2,3,4,6,7,8 —11.248 - 11.605 0.357 -11.873 0.625 -11.231 -0.017
1,2,3,4,6,7,8,9 -12.793 -12.297 —0.496 -12.569 -0.224 -11.856 -0.937
-PCDF

2,8 -7.214 - 6.663 -0.551 -6.591 -0.623 -6.644 -0.570
2,3,7,8 - 8.863 -9.033 0.170 - 8.796 -0.067 -9.449 0.586
2:3,4,7,8 -9.159 -9.784 0.625 -9.556 0.397 —-10.055 0.896
1,2,3,4,7,8 -10.657 —-10.443 -0.214 -10.219 -0.438 -10.773 0.116
1,2,3,6,7,8 -10.326 -10.424 0.098 -10.243 -0.083 - 10.665 0.339
1,2,3,4,6,7,8 —11.482 -11.170 -0.312 -10.977 -0.505 -11.327 -0.155
1,2,3,4,6,7,8,9 -11.583 -11.875 0.292 -11.011 -0.582 —11.949 0.366
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Fig.1 Plot of the observed and the predicted water solubility
(1gS,,) of PCDD/Fs by three different models
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