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Fig. 2 Contour maps of CoOMFA model, electrostatic

fields (a); steric fields (b)
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Table 1 Prediction of combined effect values and change rate of PBB-153 derivatives for double spectral properties
No. PBBs derivatives douﬁ:fﬁifﬁafifz;:Iilizjs((ljcng) Change rate of F/%
0 PBB-153 1. 98
1 4-NO-5-OCHO-PBB-153 2.09 29.12
2 4-NO-5-ONO;-PBB-153 2.04 15. 88
3 4,5-SO3 H-PBB-153 2.03 12. 46
4 4-OCN-5-NO-PBB-153 2.05 18. 58
5 4-OCHO-5-NO-PBB-153 2.02 10. 15
6 4-COOH-5-NO-PBB-153 2.09 30. 62
7 4-COOH-5-ONO-PBB-153 2.04 15.61
& 2 PBB-153 fiT &M E MM I BE M IEMN
Table 2 Stability and functional evaluation of PBB-153 derivatives
No. PBBs derivatives AG/(a. u.) Frequency eng;:;{?ycﬁzéz' ) i}:z;lf/:
0 PBB-153 20. 27 83. 37
1 4-NO-5-OCHO-PBB-153 —0.18 16. 31 82.75 —0.75
2 4-NO-5-ONO,-PBB-153 —0.17 12.10 82. 81 —0.68
3 4,5-SO3 H-PBB-153 —0.17 16. 60 83. 24 —0.16
4 4-OCN-5-NO-PBB-153 —0.15 15. 48 82.72 —0.78
5 4-OCHO-5-NO-PBB-153 —0.19 17. 56 83.51 0. 16
6 4-COOH-5-NO-PBB-153 —0.19 15. 41 83.21 —0.20
7 4-COOH-5-ONO-PBB-153 —0.21 16. 05 83. 24 —0.16
* 3 PBB-IS3 fTEMHERXFEITNSH
Table 3 Environmental friendliness parameters of PBB-153 derivatives
Chagerate log(t1,2) Chagerate Chagerate Biodegradation Chagerate
No. PBBs derivatives logK o LogLCs
/% (air) /% /% value /%
0 PBB-153 9.10 1.92 —3. 66 1. 00
1 4-NO-5-OCHO-PBB-153 6. 24 —31.43 0.71 —63.24 —0.61 83.27 1. 60 60. 59
2 4-NO-5-ONO,-PBB-153 7.69 —15.49 1. 40 —26.93 —2.40 34.51 1. 42 42.53
3 4,5-SO3 H-PBB-153 3.21 —64.73 1. 39 —27.56 2.63 171.71 1. 55 55.58
4 4-OCN-5-NO-PBB-153 5. 80 —36. 26 0. 69 —64.22 —0.76 79.12 1. 46 46. 54
5 4-OCHO-5-NO-PBB-153 6. 24 —31.43 0. 69 —64.22 —0.61 83. 27 1. 28 28.48
6 4-COOH-5-NO-PBB-153 6.73 —26. 04 0. 89 —53.50 —0. 60 83.75 1. 54 54.57
7 4-COOH-5-ONO-PBB-153 6.73 —26.04 0.72 —62.29 —0.07 97.97 1.51 51. 56
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F 4 PBB {7 &= ¥ B9 4L SR 3h 0 28 S IR U B EREHILE
Table 4 The highest IR vibration and UV absorption intensity and their change ratio for PBB derivatives
Highest IR . Highest UV . The ratio of
L . . Change . Change
No. PBB derivatives vibration absorption two spectral
. . rate/ % . . rate/ %
intensity intensity changes
0 PBEB-153 688. 69 5 019. 07
1 4-NO-5-OCHO-PBB-153 1981.53 187.72 6 792. 04 35.32 5.31
2 4-NO-5-ONO;-PBB-153 1 241. 65 80. 29 15 275. 66 204. 35 0. 39
3 4,5-SO; H-PBB-153 1 725.84 150. 60 8 336. 81 66. 10 2.28
4 4-OCN-5-NO-PBB-153 1 218.99 77.00 9 885.53 96. 96 0.79
5 4-OCHO-5-NO-PBB-153 1 081. 43 57.03 5 164.16 2. 89 19.73
6 4-COOH-5-NO-PBB-153 1 990. 67 189. 05 2 3442. 29 367.06 0.52
7 4-COOH-5-ONO-PBB-153 1 406. 05 104. 16 5 610. 48 11. 78 8. 84
RS AHMRED. MR U S I R AN S i W CoMFA 58 = 4 S B E
Table 5 The contour maps of COMFA models of single activity and double
activities of the IR vibration and UV absorption spectra
CoMFA model of CoMFA model of IR CoMFA model of UV
double activities vibration spectrum absorption spectrum
- o
B\
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b w
44. 8% 44.1%
L 2
\ / - / N—g
Electrostatic —( /\ 3 = <L -\‘\_‘
< sta . ‘\ <
55.2% 55. 9% 60. 2%

BB, I IR L T 7 A ROGIE A T
3 %5 B ek R G ] i PR3 A P i3 9 PBB-153 Rl £ ﬁﬂ?
PBBs 1k th REBE, 15 3 W 22 0 15 4 DU A1 4 18 i B it
P T BTSN S . S A RO AN 9 CoMFA  BF 5 JEL % .

References

[1] LIU Guo-rui, LI Li, SUN Su-fang, et al(X|[E®i, 25 Wi, #NEJF, %), Progress in Chemistry(fb 2 HEfE), 2014, 1(8) . 1434,

[ 2] ZHENG Xiao-yan, YU Jian-zhao, XU Xiu-yan, et al (iSIéHE, T 240, 55 #1. %). Chinese Journal of Chromatography({4%), 2015,
3(10): 1071.

[ 3] Daso AP, Fatoki O S, Odendaal J P. Environmental Science and Pollution Research, 2013, 20(8): 5168.

[47] YANG Yan, WEN Xin, PENG Ming-guo, et al(f E. & %, &WEH, 4). China Environmental Science( 1 [EH 5 Rl 2%), 2017, 37
(12) . 4781.

[5] Yang QY, Qiu X H, Li R, et al. Chemosphere, 2013, 91(2); 205.

[ 6] Jacobson M H, Darrow L. A, Barr D B, et al. Environmental Health Perspectives, 2017, 125(9); 1

[7] SunY X, Luo X ], Ling M, et al. Environmental Pollution, 2011, 162; 381.

[ 8] Chokwe T B, Okonkwo J O, Sibali L. L. et al. Environ. Sci. Pollut. Res. Int., 2015, 22(15); 11922.

[9] QuRJ, Liu HX, Feng MB, et al. J. Chem. Eng. Data, 2012, 57 2442.

[10] RenZ X, Wang Y W, Xu H L, et al. Int. J. Environ. Res. Public Health, 2019, 16 1.

[11] Tong L D, Guo L X, Lv X J, et al. Journal of Molecular Graphics and Modelling, 2017, 71 1.

[12] Silakari O, Chand S, Bahia M' S. Molecular Informatics, 2012, 31: 659.

[13] Zhao Y S, Zhao J] H, Huang Y, et al. Journal of Hazardous Materials, 2014, 278 320.

[14] Lin Hui, Li Shengrong, Li Shiyao, et al. Letters in Drug Design &. Discovery, 2017, 14(3); 306.

[15] Kuramochi H, Takigami H, Scheringer M, et al. Science of The Total Environment, 2014, 491-493. 108.



434 S 5 6 M Al %

[16] LI Yan-ying. LI Xue-hua. YANG Xian-hai, et al(#Z %, 2 F 46, #61F. %). Asian Journal of Ecotoxicology (/57 # 22 4)) . 2012,
7(5); 549.

Construction of a 3D-QSAR Model With Dual Spectral Effects and Its
Application in Molecular Modification of Environmentally Friendly
PBBs

YANG Lu-ze, LIU Miao”
College of New Energy and Environment, Jilin University, Changchun 130012, China

Abstract As a kind of additive flame retardant, polybrominated biphenyls (PBBs) will be released from the product slowly and
enriched in environmental media and organisms to cause harm. Infrared and ultraviolet spectra can detect PBBs, which have the
advantages of rapid detection, no secondary pollution and simple operation, etc. In this paper, the efficacy coefficient method
was used to synthesize the two spectral effects of infrared vibration and ultraviolet absorption of PBBs and a CoMFA model with
dual spectral effects was established. PBB-153 Derivatives with increased infrared and ultraviolet spectral intensity are designed
according to the contour maps of the model. The stability, functionality and environmentally friendliness of derivatives were
evaluated. The results showed that the main component n of the COMFA model is 3, and the cross-validation coefficient ¢* was
0.532 (>>0.5). indicating that the model has a good prediction ability; SEE was 0.013 (<{0.95), F was 38.281, and
non-cross-validation coefficient R* was 0. 935 (>>0. 9), which indicates that the model has the good fitting ability; the scrambling
stability test parameters Q°, ¢SDEP and dq¢’/dr’yy were 0.51, 0.04, and 0.95 (<C1.2), respectively, the model has good
robustness. External verification was constructed through the test set, SEP was 0. 03, 7. was 0. 73 (=>0.6), indicating that
the model has a good external prediction ability, and the steric and electrostatic field”s contribution rates are 44. 8% and 55. 2% ,
respectively. According to the contour maps’ information of the model, 7 PBB-153 derivatives were designed, the change rates
of comprehensive values of the dual spectral increased ranged 10. 15% ~29. 12%. The Gaussian calculation results showed that
the Gibbs free energy value of the derivative was less than 0 and the frequency was greater than 0. The C-Br bond dissociation
enthalpy changeds lightly, indicating that the derivatives have good environmental stability and function. In addition, the
environmental persistence, long-distance transmission, toxicity and bioenrichment of all derivatives were reduced, and the
environmental friendliness was improved. Model validation results showed that the derivatives’ single effects of infrared and
ultraviolet were rising, and two spectral intensities changed the ratio of derivative No. 4 (4-OCN-5-NO-PBB-153) was 0. 79,
close to the set proportion of 1 ¢ 1, and the contour maps of dual effects basically contained the information of that of the single
spectra effects model, indicating that the established CoMFA model has a certain accuracy and reliability. The established
CoMFA model can accomplish the modification and comprehensive analysis of two single spectral effects simultaneously,

providing the idea for the comprehensive evaluation of the spectral detection of other pollutants.

Keywords Polybrominated biphenyls; Infrared/Ultraviolet spectrum; 3D-QSAR; Efficacy coefficient method; Molecule

modification
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