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QSPR Study on the Lipid-Water Partition Coefficients of Dioxins Based on DFT

GU Cheng-gang, JIANG Xin, BIAN Yong-rong, YU Gui-fen

(State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Sciences Chinese Academy of Sciences; Nanjing 210008, China)
Abstract: With computational method of density functional theory ( DFT), quantified model study of equilibrium partitioning properties of
polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans ( PCDFs) between lipid phase of organism ( Poecilia reticulata) and water phase
was carried out based on quantum chemical and further calculated parameters, namely frontier orbital energies, entropies, traceless quadrupole
moments as well as molecular absolute hardness; electronegativities and electrophilicity indices, which all were derived from full geometry
optimization of PCDD/Fs. Through multiple linear regression ( MLR) analyses, quantitative structure-property relationship ( QSPR) was
successfully proposed in the form of multi-parameter quadratic function: lgK,, = 5.343 — 0.001( S — 125.480)° — 0.355(w - 3.239)* +
0.006( Q. - 2.950)° — 22.728¢ n - 2.365 )*. Tt was shown that the obtained QSPR had higher goodness of fitting and robustness,
determination coefficient and cross-validated correlation coefficient being 0.943 and 0.908 respectively, and it was also provided with ideal
interior and exterior predictive abilities so that it could be used for prediction of unknown lipid-water partitioning properties. By comparison,
QSPR in this research was superior to that from previous SOFA Csolubility parameter for fate analysis) method on the whole. Lipid-water
partitioning properties (coefficients) of PCDD/Fs should be mainly related to molecular volume and aryl hydrocarbon molecular interactions
determined by charge distribution. To a certain degrees they also might be influenced by potential biotransformation and molecular reactivity.
Key words: dioxins; Poecilia reticulata: lipid-water partition coefficients; density functional theory ( DFT): quantitative structure-property
relationship (QSPR)
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Table 1  Lipid-water partition coefficients and DFT-calculated structural parameters of PCDD/Fs
leK,,  lek, E E S 0 0 0
PCDD/Fs o0 j bw g‘ bw T2 HOMO LUMO % 4.1868 o wo z Ui @ X
s Rad SERE BN feV leV _, /DebyerA  /Debye*A  /Debye*A leV IV eV
/J*Cmol* KD
DD 449 448 0.01 -5.608 —0.688 97.347 8.349 1.043 9392  2.460 2.014 3.148
1 517 5.12  0.05 -5.833 -0.932 104.533 8.276 0.540 -8.816 2.450 2.334 3.382
2" 5.09 4.95 0.14 -5.813 -0.955 104.807 1.469 5.055 -6.524  2.429 2.357 3.384
LH % 2378 524 534 -0.10 -6.279 —1.549 125.480 - 14.640 11.690 2.950 2.365 3.239 3.914
ot 1,2,3,7,8 527 526 0.01 -6.401 —1.699 132.292 -11.655 9.134 2.521  2.351 3.489 4.050
e 1,2,3,4,7,8" 501 5.00 0.01 -6.515 —1.851 138.948 —8.061 5.623 2,438 2.332 3.752 4.183
(PCDDs)  1,2,3,6,7,8 4.94 5.01 -0.07 -6.523 -1.841 139.237 -8.993 6.485 2.507  2.341 3.735 4.182
1,2,3,7,8,9 493 5.03 -0.10 -6.514 —-1.832 138.905 -9.083 7.326 1.757  2.341 3.720 4.173
1,2:3:4,6,7,8° 4.68 4.61 0.07 -6.628 —1.974 145.84 —-5.702 3.678 2.024  2.327 3.976 4.302
1,2,3,4,6,7,8,9 4.13 4.06 0.07 -6.734 -2.099 152.477 -2.500 0.651 1.849  2.317 4.200 4.417
DF 3.68 3.63 0.05 -6.018 —0.938 90.762 6.569 1.996 -8.565 2.540 2.382 3.478
1 433 4.46 -0.13 -6.185 —1.158 97.749 8.354  -0.286 -8.068 2.514 2.681 3.671
2 437 445 -0.08 -6.211 -1.234 98.017 0.976 5.126 -6.102  2.489 2.784 3.722
3 435 4.55 -0.20 -6.128 —1.204 98.000 0.106 5.930 -6.036  2.462 2.729 3.666
4" 444 439 0.05 -6.230 -1.181 97.9% 4.730 3.188 -7.917 2.525 2.719 3.705
., La 499 508 -0.09 -6.319 —1.388 105.021 8.208 -1.616 -6.592 2.466 3.012 3.854
ii%”‘ 1,8 4.99 5.14 -0.15 -6.308 —-1.434 104.956 5.185 0.851 -6.036 2.437 3.074 3.871
)'{-
(pepre 27" 5.02 4.86 0.16 -6.33 -1.480 105.211 -8.992  10.683 -1.692  2.427 3.145 3.907
2,8 5.04 4.86 0.18 -6.406 -1.509 105.215 —-2.636 5.399 -2.764 2.449 3.198 3.958
4,6 511 4.97 0.14 -6.416 —-1.401 105.171 6.432 1.004 -7.526  2.507 3.047 3.909
2,3:4,7,8" 514 5.09 0.05 -6.697 —-2.017 125.690 -10.785 8.183 2.602 2.340 4.057 4.357
1,2:3:6:7,8 495 4.8 0.06 -6.794 -2.131 132.179 -7.828 5.676 2,151  2.331 4.272 4.463
1,2,3,4,6,7,8  4.46 4.47 -0.01 -6.871 -2.256 138.985 —5.048 2.636 2,413 2.308 4.513 4.564
1,2:3,4:6,7,8,9% 3.90 4.01 -0.11 -6.914 —-2.38 140.068 -2.563 0.593 1.970  2.263 4.780 4.651
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Table 2 Partial correlation coefficientss variance inflation factors and ¢ values of variables and constant
I R’
THU A% - - - - VIF t
S w Q.. 7
N 1 0.060 0.387 0.484 2.865 -9.370
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