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W OE NWABRTA¥MLE HF/6-311+G(d) 1 BILYP/6-311+ G(d) i E T 16 # PAHs LR 8 F 4k
¥BH, WBMAMBEND FEMNERE, RAR/NZREX 16 # PAHs 9 LBEFTHHATES ETE
HERH, BBE A PAHs RFEFEWM QSAR R, BAEARBEWHLAR, TERLHEFHN
PAHs BTN ZREWH, HF FEFAERAE T BILYP A EHEE. MEBENSETEXLR
PM3 B389 QSAR BERIAH LA, HF AL BH BB QSAR BRI KE K PM3 B E R B, &%
BENEEBE P, P TBELGANBSIEME Eyue X PAHs XL BHREREER. BE, SHHEHERY
AT 3 # PAHs ML TFH.
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ZHFE (PAHs) B—RMRMFBETZLEY, A% PAHs 6BBEHNHRCHBRLHE" .
Smith %' Zepp %" #ifl T 13 i PAHs 7E 40°N fF ELIE/F R OB BN, X — A2 MBERIFZ
HEFTIR', Chen % H PM3 R 2R KK TiX 13 F PAHs B TS5, BT T PAHs X
R I E RSN (QSAR) MR AN, FH AT F PAHs JMIE # () QSAR
B XEERIERAEERARREREESE, HBHTRIFNER.

AR AR FALF K4 Gaussian98""" DI sk HF/6-311 + G (d) Fl B3LYP/6-311 + G(d) ki &
16 F# PAHs BT LS5, RBMEE PAHs SUME M A QSAR BIR, JH 8 BIM B R 55 ik o
FA2K PM3 BB S, TGS AT PAHs JMIE MR M B (7 .

1 ABREHYERRTFHESHNKE

MRS KM PAHs ;1. 2, 2, 1-HIRE 3. 2-FHEZE 4. 3, 5. &, 6. 0-FRE, 7.
9,10-—FER, 8. B, 9. M, 10. M, 11. T4, 12. ¥ (a)H&, 13. EH(a)iE, 14. JiE,
15. 2-#3E, 16. 36 (XHPAHs BS H5ZMA), K, § 13 F PAHs M F M cmm™ ™
WFE 1. RARFIEHME Gaussian98 7F HF/6-311+ G(d) #1 B3LYP/6-311+ G (d) HKFE T, Xt
% PAHs p Fit AT T HRAER G LM 2B, FRKSEESBEBRACEHE S FXHRE. X5
ATERBRTARMHENSEEREOAE S FRERERESH.

F1 137 PAHs PABETWY
Table 1 Photolysis half-lives of the PAHs

- _— t,,7h Igt, lgt, . Bl EH s - t,,2/h lgt, » lgt, , Bl&1HE

L& LB HF B3LYP LR{E ot (1 HF B3LYP
1 D,, 71 1. 851 1. 656 1.577 8 D,, 0.68 -0.167 -0.068 0. 107
2 Cs 22 1.342 1. 362 1.194 9 Cs 21 1.322 1.307 1. 489
3 Cs 54 1.732 1. 337 1.156 10 Co 4.4 0. 643 0. 655 0.723
4 C 8.4 0.924 1.350 1.398 11 D,, 0.034 -1.469 -1.360 -1.356
5 D,, 0.75 -0.125 -0.142 -0.189 12 Cs 0.54 -0.268 0.058 0. 105
6 Cs 0.13 -0.886 -0.461 -0.547 13 Cs 0.59 -0.229 -0.728 -0.574
7 Cs 0.35 -0.460 -0.757 -0.875
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2 AMEBEURINET

M Gaussian98 gt AR T EERBIUBRR S A RERMEME Euono, RINEPERMEME E ywo, 2T
BEERTE, BREp, RARKEFFRE ., RESERTHHRE Q) , A THHRE RS T RILH
%28 . QAR A MR BELZHEBEAFASEX HRHMA S M0Em, B, AHAXELE LR
BIAMERES KRB FHEE, TSI 16 1 PAHs I NMS I AL 2.

®2 16HPAHs WETH¥BH

Table 2 Quantum chemical descriptors for the PAHs

R HF/6-311+ G(d) ik B3LYP/6-311+G (d) K&
5 Eyomo Eyumo TE I Q¢ Q5 Eyomo Eyymo TE " Q¢ 481

-0.29402 0.06449 -383.4237 0.0000 -0.418100 0.248699 -0.22496 -0.05018 -385.9748 0.0000 -0.371131 0.220722

—

2 -0.28927 0.06627 -422.4661 0.3321 —1.385189 0.274217 -0.22044 -0.04895 -425.2991 0.3414 -1.306419 0.266529
3 -0.28886 0.06506 —-422.4666 0.4646  -1.359249 0.273589 -0.21999 -0.04855 -425.2997 0.4873 ~-1. 189698 0. 266646
4 ~-0.28907 0.06252 -536.1041 0.0016 -1.323710 0.258344 -0.22285 -0.05059 -539.6508 0.0235 -1.107888 0.224642
5 -0.26491 0,05545 -536.0934 0.0000 -0.576405 0.257441 -0.20411 -0.07340 -539.6428 0.0000 -0.496125 0.225919
6 -0.25975 0.05514 -3575.1291 0.3406  -2.026799 0.279121 -0.19989 -0.07248 -578.9618 0. 3431 -1.245747 0.270356
7 -0.25496 0.05440 -614.1630 0.0011 -0.884297 0.274596 -0.19602 -0.07195 -618.2796 0.0007 ~-0.865780 0.263181

8 -0.26612 0.06056 -611.8742 0.0000 -0.778244 0.254724 -0.20761 -0.06743 -615.8986 0.0000 -0.755283 0.224869
9 -0.28838 0.04809 -611.8521 0.1769  -0.765461 0.256238 -0.22392 -0.07821 -615.8761 0.3533  -0.615530 0.228924
10 -0.27782 0.06170 -688.7811 0.0000 -1.735108 0.261936 -0.21488 -0.05980 -693.3244 0.0000 -1.421544 0.226517
11 -0.24519 0.03563 -688.7592 0.0000 -0.898488 0.257285 -0.19034 -0.08912 -693.3083 0.0000 -0.751565 0.225812
12 -0.26816 0.05698 -688.7767 0.0286  —1.066880 0.264758 -0.20759 -0.07052 -~-693.3211 0.0431 -0.910568 0.227055
13 -0.25542  0.04998 -764.5471 0.0043 -0.942349 0.257223 -0.19957 -0.07641 -769.5689 0.0228  -0.890260 0.226629
14 -0.28044 0.06888 -460.3412 0.9714  -1.831464 0.285163 -0.21228 -0.04251 -463.4107 0.9376 -1.406802 0.272172
15 -0.28714 0.06448 -575.1470 0.5102  -1.806596 0.267615 -0.22063 -0.04899 -578.9759 0.5482 -1.453957 0.261743

16 -0.24889 0.03827 -764.5376 0.0000 -0.563907 0.257022 -0.19363 -0.08368 -769.5610 0.0000 -0.441664 0.223698

lgt , hEHZR, ERANBFA¥SRNAER, RARNFREH#HTES ZTEERRP S
r, BvxEAFE, FiITERBEKRLENHETER, BB QSAR BA .

St F HF/6-311+ G(d) F k.

lgt,,, = —61. 7668E 0y, — 16. 5049 (1)
He, R=0.9605, R, =0.9154, SE =0.3050, F=130.923, p=1.89x107".
%t F B3LYP/6-311+G(d) F ¥k
lgt,,, = —84.7308E ,,,, - 17. 4838 (2)
He, R=0.9485, R, =0.8905, SE=0.3471, F=98.548, p=7.95x10".

AN TEBERARRHOHXRE (R) MAFER (F). 8/ A EREIRE (SE) fR
MR BEEKF (p), BHEHAXESHETELN QSAR A EWRY, HAUAAREHHNES
(£1). WEIWMLUEY, lg, HEMESHUSEZRFSRE, FEHAM T ENTUNEREF—
B HAEIHMMEUFANFTETNS, TRBTEMRERBER HF FEER T BILYP i, Hit,
LB AR, PLHF 53R E, BILYP b, MEASA SR THRE MNENTREE.

5 Chen %" 2% PM3 Hik B T /9 QSAR A (R=0.955) #th, HF FkUHA—1 258
BERBITFPMIBERAZ M SHEBIMER. XE HF ALBFERENEMERSHITELT
RTRS, RRTEERHESERABKBSIHFRATNRAREREERIRBROHBBFAH R
AR
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MERATBRABEATURE, EuonoS et AR, W E o BERKULREENRE, XA
ARTRELSAYEERAR, HETFTRARTSZIAWLTRELE, 2 FRAREHRENR. B
BOMHABTHERMARZLHEENEAEAY, Bk, EHAKMINZEELEHTE
WA, BFAEERIAN, ELWARER I TREEBIKIE TRAMERES; TE WX
R RWEEA REFNEHXME, MR EASFEETE TE RRUXRHEERRE; p B—1TE
ENYBELFESH, ES2TFHEROMBERNEX; T 0 M Qq MR T 54 F 8 i 5 L% H
EERAMARAD. AEEXLSHIOLHEENL R, HHBHIIA QSAR KA 7B, R4 SPSS12.0
RS, FSHEELTEATEFHRERTIMES3 IFn.

£3 SBPHELETEAFTERPHIRERY

Table 3 Standardized coefficients of each descriptor in the multivariate regression equation

R T® Enomo Evumo TE u Q¢ Qn
HF/6 -311 +G (d) ~0.917 0.133 -0.153 0. 188 0. 264 0.025
B3LYP/6 -311 + G (d) ~0.702 0. 548 -0.321 0.182 0.389 0. 169

HERIALUEN, Ewwo TE 5 lgt, AMX, MERSHEIYE lgt,, X . EXWMHT &S
Eyomo X lgt, ,EMB K, T Qu, BME/A, BEHI Eqouo X PAHs DL EHREREEMER, X5k
MBI BRNEVNFRERT SANE KNS TRICETFERERIEBRMASEH X

4 AREHRBYEA

RERBNERHHE, AREENERET SEATHREHNE, SFESHK 2-PEIENLT
AATLKEWKIER 3 HESHEXR (4] 0 (5] FRFBECHFEFEH R PAHs HFTHN, HA
(1) WTMER5 5k 6.6h, 17h #10.074h, A (2) HWWE RS H0 3.2h, 16h F10.084h. B
MELMSRLE -, TTUABHIFN AR PAHs ZEEBEEMH KD HWERER, 2-FEIE
b BEEHLIENTUE (8.4h) BERK, REFFATENPREATYHENREEEENIR
GRU. MR, HEBT PAH ABIEHAEHITH, THEFTELTNKRNE - S RENLR
W2 TER#— B IR,

ZER, BHAMKE HF/6-311+ G(d) f1 B3LYP/6-311+ G(d) FEE V.M B PAHs ¥ F
WP E, HXRESTH0 0.9605 71 0.9485, HRMARFKRHMMEES. HF/6-311+G(d) AKE
WU SHERELELTEEREES I SHNERTE, BRTAKETEE QSAR IR TR
B FWKHERASTBEGH N ERLE Eyono ¥ PAHs BOLBEEREREWENER, Euon RIE
TATRELAFRELETRHANERSRE, HREAAN PAHs XML E.
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QUANTUM CHEMISTRY STUDY ON PHOTOLYSIS ACTIVITY
OF POLYCYCLIC AROMATIC HYDROCARBONS

LU Gui-ning' DANG Zhi' TAO Xue-gin' ZHANG De-cong’

(1 College of Environmental Science and Engineering, South China University of Technology, Guangzhou, 510640;
2 College of Chemical Science, South China University of Technology, Guangzhou, 510640)

ABSTRACT

Based on some quantum chemical descriptors computed at the HF/6-311+ G(d)and B3LYP/6-311+ G(d)
level with the ab initio method of quantum chemistry, by the use of least squares analysis of six descriptors,
two quantitative structure-activity relationship ( QSAR) models for photolysis half-lives of selected 13 polycy-
clic aromatic hydrocarbons ( PAHs) were obtained through stepwise multivariate linear regression. The correla-
tion coefficients of the obtained models are significant. The results showed the HF theory is better than B3LYP
theory in developing a QSAR model for photolysis half-lives of PAHs. The comparison of the obtained models
in this study with the QSAR model based on the descriptors computed from PM3 Hamiltonian showed that the
HF model derived from ab initio method was better than the PM3 one. The eigenvalue of the highest occupied
molecular orbital plays a decisive role on the photolysis half - lives of PAHs in all descriptors studied in this
work. Photolysis half-lives of three other PAHs without reported values were predicted at the end of this study.

Keywords: polycyclic aromatic hydrocarbons; photolysis activity, quantum chemistry.



