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Abstract; Ozonation rates of twenty-three phenols were measured. Their Quantitative Structure
Activity Relationship ( QSAR) models were developed by the method of genetic algorithm ( GA)
combining with Partial Least Squares ( PLS) and Artificial Neural Networks ( ANN) , respectively.
The degradation rate of phenols can be described by the pseudo-first-order reaction rate model. The
capacity of releasing or taking electron of the substitution group in the ring has obvious effect on the
ozonation rate of the phenols. The QSAR model developed by GA-PLS is lgk =3.439-0.206lgP (the
logarithm of octanol-water partition coefficients) +0.122xpK ( dissociation constant) —0.346°%X e ( four
order path/cluster molecular connectivity index) —0.0236¢C™ ( the maximum negative charge of
carbon atom). The QSAR model developed by GA-ANN model has the descriptors of lgP, X wes PK,
and a (molecular average polarizability ). Based on leave-one-out cross validation, the QSAR model
constructed by GA-ANN has better robustness than that by GA-PLS. The study of QSAR shows that
the ozonation rate of phenols has a close relationship with electron cloud distribution and the
properties of substitution groups in benzene ring. It also shows that the solvent effect of water
obviously influences the ozonation rate of phenols.
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B2l B W i A AE T T K CANBEAL TR ) AR AR B R GE Kb, i T BA B m 7
P, JF HR BTG K R BE AL BT 20 (IR BE IUTE G B A ) AR i 2 I A0 381 HE o v AL 7 Y FRAELA TS
WAITR A B8 T2 N0 DA B R R — P A 1 i A T2 BT 2 Tk e AR B R Y
Bt KA LA R R AL AL SRR AL S0 P A B, b SO AL T 5 R 4R T 5 R
] = 5 AR R R PR SR R RN, R AR, R R R T K BRI A
AN, REECEACE I BRECR, A BIFSE — BRAE D 4 SR G A 2 v Al e 1) R OK I P i
RGBT B R BE AR AY SR Tl — 98 S I R AR AL T B AR W 2 () 1Y) B S R R A
SEHME RN H., ASRFAFTEAT 2000 ZFP 246 & W), B — 2 EATHY R A E AL HE A IRFE TR
HIAY.

VTAESR | E BRI & (Quantitative structure activity relationship, QSAR) MR, 72 FRWF 584 HL
WA eI AL SRR K ) 1 B R AL R QSAR BRI ST 52 B 5CTE, Liu' ™
SEMN T 26 i R AR A, ] 12 MRS AL, it 2 e A ST T R AR AL R AR I Y
QSAR AL, SRR 5 3 1Bl 8 BUERE T 3450 T AL 3 43 b e B M R - A e v,
faf BN SE S50 2 %0 Sudhakaran £ Amym LT 40 PP (5 6 Pl A R A A ALREE QSAR R
AL, AR IR 1) 83 A A AN [] 0 SRR SRTT, AN [) SCRR e 8 52 9 2 AN T] SRR 30 5 A
PR ZE AR, 38R 25 52 e SIS A AR M AR Tl 1 5%k, Sy gt B 523k % D
1, AT BT SR MELL T80 e s AR BRI RSO R, ARSETT e R SR B AL R R 3 Y QSAR HE BRI SY
SR AAT AR B E L

A SCI T 23 By ) R AR AR AR R, R 27 R BT 2, 43 0 R A B /) - 3fe (Partial least
squares, PLS) FI A T2 M2 ( Artificial neural net, ANN) AP, 77 T R A AL FEMF B A9 QSAR
FRL, FEMCHERT b, R T R4S 1 22 8] (Y B SN AR S B 25 A ) O &Rl TS S s %,
SR 5 A5 5375 ( Genetic algorithm, GA) RAGYEAL B, BHE I (GA) & —Fh R 4F 728 B S £ 07 15
KM GA-PLS BEFIH GA HEBR 50 A1 & W A2 i, A AT F R 4 B0 7 HA 105 fE I BB GA-
ANN $52Z PRAGRY BP M2 46 24 ey e A 1, O FLAE o2 A4 2 ) B LA e bRt o T 42 Jmy e e 1%

1B

1.1 RAE AR B 04 5250 7k

AR S A A7 Ty 1) S B0 7 B B S 0 o (5 250 mm, E14% 40 mm) HVEA TSGR g A 490 mL
EBE T K, ERIZIBEFE AT (500 r-min™"), Ff R E K 2% (EXT120, Longevity Resources Inc.,
Canada) J*AE B9 A MR ER A W 2%, FREWREMW MG (2 120 min), F A 10 mL B B K
(10 mg-L™") , SIS (5= 1oE A G4, PRAE SO A 2 rf i e i 1) S e T i e i 1, O
7 pH=7.0 FIRKFR EFR W B2 100 wmol - L™ B S50 AT, B B@— 2 B[R] IBORE 3t 7K v B 460 R 1Y
1.2 Syhrrik

TS SR PR A A A0 T A R SR R SO AH (3% HPLC ( Shimadzu, LC-10AD, Japan) 43
M, 3544 Inertsil ODS-3(5 pm, 250 mmx4.6 mm i.d.), Wi zhAH K B EEF 19% 0 vk s iR TR 4 7 Tk
(V/V=50:50), Y 1.0 mLemin™", ¥ 40 °C, R KARYE 28 e 2240 0] W43 Y66 11 ( Hach,
DR/4000U, USA ) 14 5 R IR S0 A 2
1.3 QSAR R 7k

Ve 23 By, WAL TR Y 27 RIS A (R 1) S RE- K ST BE R BOVMEUE 1gP (TR HN) 50+
Yrif 25 MR (m™mol ™) f# B A pK, (TG ) A w( Debye) SEHrFHRAL R a(a.u.) FHIRT
BRSO (acow.) , ST SIRHUERE E, . (eV) S TFEACE SEPLERE E, (eV) T it
HEFRfE CCR(eV) L TFHEEE(eV) T MAER TE(eV) A F C B F i KA B ¢C (a.cou.)
FA I HOF (eV) AT RT3 IP(TEH) 40 F i Mw( Ew4) 5T K Dimen (nm) DL K43+
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Table 1 Descriptors of QSAR model for the ozonation of phenols

[} lgP CMR HOF TE EE CCR IP Mw Dimen Ey Eyw w0 qC™
2,4- AW 2.97 3.82 -147.4 -1891.10 -6992.13 5101.03 9.27 163.00 6.28 -0.10 0.82 0.40 -0.24 -0.14
of 7 1y 0.81 2.99 -275.1 —1491.51 -5747.48 4255.97 8.73 110.11 6.22 -8.73 0.23 227 -0.25 -0.18
o 2 1.85 3.45 -82.37 -2001.84 -8166.18 6164.34 10.1 139.11 6.83 -0.42 0.52 5.27 -0.36 -0.23
Xof TR 1y 2.63 3.62 —74.00 -1510.56 -5574.19 4063.63 9.19 173.01 6.43 -9.19 0.02 1.59 -0.25 -0.22
IR 0.62 3.21 -96.25 -1391.94 -5722.90 4330.96 8.64 109.13 581 -8.64 0.41 133 -0.27 -0.17
X SR 0.25 3.21 -96.39 —1391.94 -5646.74 4254.80 8.27 109.13 6.57 -827 0.44 2.10 -0.25 -0.18
X GAR 248 3.33 —123.0 -1531.05 -5640.58 4109.54 9.12 128.56 6.25 -9.12 0.09 1.48 -0.25 -0.21
LRAE SR 1.85 3.45 -66.62 —2001.68 -8355.48 6353.80 9.95 139.11 6.08 -0.34 0.66 6.34 -0.38 -0.23
Vi) 2 2% 1y 0.25 3.21 -101.0 -1391.99 -5662.85 4270.87 8.53 109.13 5.83 -8.53 0.52 246 -0.25 -0.28
2,3- IR} 2.37 3.77 -149.7 —1482.60 -6901.19 5418.59 8.93 122.17 5.93 -8.93 0.37 1.70 -0.26 -0.18
Vi) FH 2 Py 1.97 3.31 -125.2 -1326.81 -5573.55 4246.74 9.03 108.14 5.90 -9.03 0.39 1.53 -0.25 =-0.22
& H SR 1.92  3.31 -123.6 —1326.79 -5634.86 4308.07 9.00 108.14 5.88 -9.00 0.37 1.42 -025 -0.16
2-H LR 1y 132 3.46 -251.3 —1646.80 -7092.01 544521 8.79 124.14 7.11 -8.79 0.39 241 -025 -0.16
1-Z5 1 2.65 4.53 -9.602 —1710.29 -8344.51 6634.22 8.49 144.17 7.23 -0.37 0.0l 146 -0.25 -0.17
LRI 1 0.88 2.99 -277.9 -1492.54 -5829.94 4337.41 8.89 110.11 5.68 -8.89 0.30 2.13 -0.27 -0.17
1,2,4- %=1 0.21 3.15 -459.7 -1812.10 -7223.42 5411.32 8.62 126.11 6.23 -8.62 0.13 2.80 -0.25 -0.26
AR 471 530 -187.7 -2971.92 -11706.51 8735.59 9.57 266.34 6.28 -0.75 0.22 1.24 -0.22 -0.15
RERUCT H 2R Ty 3.56  4.70 -248.7 —1646.77 -6972.34 5325.56 8.65 124.14 7.68 -8.65 0.31 2.41 -0.25 -0.18
EN ) 1.48 2.84 -93.43 -1170.94 -4456.22 3285.28 9.11 94.11 5.66 -9.11 0.40 1.23 -0.38 -0.21
Mo R HEOR H R 1.56  3.49 -206.9 -1794.27 -9180.74 7386.47 8.91 150.22 10.25 -8.91 0.43 1.30 -0.25 -0.21
4-F SR By 1.57 3.46 -248.7 -1646.77 -6972.34 5325.56 8.65 124.14 7.68 -8.65 0.31 2.41 -0.25 -0.25
X} B 2R 1.97 3.31 -125.0 -1326.81 -5560.10 4233.29 8.88 108.14 6.67 -8.88 0.43 1.36 -0.25 -0.17
2-Z8 1 2.65 4.53 -15.9 -1710.36 -8253.07 6542.71 8.64 144.17 7.75 -0.35 0.14 0.98 -0.25 -0.22
sy a pK, %, X, X, X, XN, %, X X, X, %,
2,4- AW 68.74 7.85 594  3.09 2.44 145  0.89 046 0.18 042 060 0.68 0.68
I 59.49 9.91 420 227 1.52 0.85 045 029 0.05 0.15 0.17 0.14 0.15
X A S T 71.59 7.15 498  2.58 1.73 1.03 056 034 0.10 0.18 0.26 023 0.22
X IR AT 6429 934 572  3.03 2.39 135 071 054 0.13 040 0.46 0.37 0.46
IR 62.58 9.28 4.33 234 1.56 0.94 049 0.27 0.06 0.15 025 021 0.18
X B 64.21 8.50 4.33 2.33 1.59 089 0.47 031 0.06 0.17 020 0.16 0.17
X SR 61.51 9.43 489 261 1.91 1.08  0.57 040 0.09 026 030 024 0.29
RHTE SR 70.63 7.22 498  2.59 1.70 1.04 0.60 0.32 0.08 0.16 028 031 027
(i) 2 B 1y 63.25 9.83 433  2.33 1.60 0.87 0.52 0.27 0.07 0.17 0.18 020 0.16
2,3- I} 72,53 105 5.68  2.97 2.22 158 074 037 0.14 0.33 0.76 0.77 0.67
Vi) FH 3 1y 63.49 100 4.76  2.55 1.84 1.00 0.63 031 0.10 024 026 029 0.24
A H SR By 63.21 103 476  2.55 1.79 1.12 056 032 0.08 0.21 037 032 027
2-FH A SR Iy 69.17 9.99 5.16  2.66 1.67 1.09 0.63 033 0.09 0.12 0.25 029 026
1-Z50 94.64 9.30 599  3.55 2.50 1.77 121 0.78 0.33 022 049 0.69 0.82
LI 58.74 9.36 4.20  2.27 1.49 0.88 046 0.26 0.05 0.13 021 0.18 0.15
1,2, 4- 7=} 64.39 11.82 4.57  2.41 1.67 0.96 0.51 0.29 0.07 020 028 026 025
AR 92.32 475 9.11  4.55 3.80 344 172 0.86 0.38 0.76 230 3.25 3.91
AT 2R 70.16 10.39 6.88  4.11 2.77 1.76 1.04 0.74 033 0.19 031 033 042
g~ 53.88 10 3.83  2.13 1.34 0.76  0.43 0.24 0.03 0.07 0.09 0.07 0.06
POEZE S 1) 88.94 4.75 5.11 2.72 1.85 1.11  0.60 0.37 0.13 020 031 027 027
4-H AR 70.16 10.4 5.16  2.66 1.70 1.07 0.58 0.35 0.12 0.14 023 021 021
X B 2R 63.99 10.26 4.76  2.55 1.84 1.03  0.54 0.38 0.08 024 028 022 026

2-Z5M 95.36 9.51 5.99 3.54 2.53 1.73 1.18 0.80 0.34 024 046 0.61 0.74
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43R GA-PLS Il GA-ANN PP J7 8 7 QSAR 57 | GA BISHUN . WITA R LR 80, L &%k
0.5, ZFFRE0.1, EfCKREL 500.PLS F27 H1 128 B 3G UE R ECK T 0.5 BIWT, 2R 1 B AR R 1) o ]
fE S FRSE MRS ANN SR A BP #ZE4%, S A 21 S8 GA i il N8, i 200 508K
W1, BREENEBHEEFE, WA PRECRH tansig, i PRECKH pureline, YIZ5ERECK ] traingdm.

2 AR 55He

2.1 RES B HAR R E R

TE R A SE AR IR B B S b, 0K R SRR FE | e B B A AR AN AR T Wy 4 e 2 Lk
IR S8 h G AR A A%, TSI TOT R AS UM IRSZH (LA -2 2,4- 50 IR By 2, 3- — BT
By gt ge) | KB AR B L B 284k, Ul WX 7K Hp 53 25 BR 9 52 M Ll A2 AT R,
RAEFPE pH MR R A BRI ER AL N AT, A i ZE A K A B L BR 9 Sk /N Rk, K
TP A 2 R o B A B Y B SR R R BR Y.

H1 T S e LSRR R DR AN A, BT I Y B SR S L R T D — S O R Ty e R
7R AR B R AR N ) DG 2R LT 3R AG — R Ak, PRIy R UGB i 19 10 e R 8 R
P AR EEARAT T 23 b 5 S 4 A i 1) 3 DL 3 3 0, e ed S L T e A 1 ) 3 L 5 A K
R R R SR EE (AR AR AN ) | T UTH IR S S Wy 4 S A S T 1 4 o o 3 i, JHE O B f DL
%= 2.

F 2 QSAR B gk T L5 AL
Table 2 Comparison of predicated values of lgk by QSAR models

- AT F5T A — R R UE

) ﬁ;{)ﬁ GA-PLS GA-ANN GA-PLS GA-ANN

T % 2% O & B2 R % 2% O & B2
2,4- —5 4.02 3.99 -0.03 3.91 0.11 3.96 -0.06 3.87 0.15
X 2K 4.21 4.54 0.33 4.02 0.19 4.47 0.26 431 -0.10
X i B 3.84 4.02 0.18 3.91 -0.07 4.03 0.19 3.84 0.00
X TR A 3.91 4.20 0.29 3.90 0.01 4.25 0.34 4.02 -0.11
PRI 4.22 4.53 0.31 4.05 0.17 4.47 0.25 4.30 -0.08
X BEAR 4.23 4.50 0.27 4.07 0.16 4.43 0.20 4.25 -0.02
X R 3.96 4.19 0.23 3.82 0.14 4.16 0.20 4.00 -0.04
KA 3.81 4.04 0.23 3.95 -0.14 4,04 0.23 3.85 -0.04
Vi) 2 A 1y 4.23 4.66 0.43 4.09 0.14 4.61 0.38 4.44 -0.21
2,3- R 4.39 4.50 0.11 4.28 0.11 4.54 0.15 4.36 0.03
[HEET 4.12 4.35 0.23 3.94 0.18 4.26 0.14 4.08 0.04
A LA 4.23 4.43 0.20 4.00 0.23 4.33 0.10 4.16 0.07
pRULE=E = i/ 4.24 4.48 0.24 4.17 0.07 4.40 0.16 4.24 0.00
-8 3.97 4.20 0.23 4.13 -0.16 4.19 0.22 4.13 -0.16
ARK 4.09 4.48 0.39 3.89 0.20 4.40 0.31 4.23 -0.14
1,2,4- % =" 4.82 4,94 0.12 4.67 0.15 5.26 0.44 5.01 -0.19
FA A 4.87 3.85 -1.02 4.68 0.19 3.91 -0.96 4.21 0.66
X AT HEIR My 3.61 4.08 0.47 3.78 -0.17 4.61 1.00 4.08 -0.47
R 3.99 4.39 0.40 3.80 0.19 4.35 0.36 4.19 -0.20
Xof FREEOR T R 3.87 3.81 -0.06 4.10 -0.23 3.85 -0.02 3.55 0.32
4- AR 4.25 4.47 0.22 4.20 0.05 4.37 0.12 4.20 0.05
Xof RO iy 4.09 4.38 0.29 3.97 0.12 4.30 0.21 4.13 -0.04
2-Z5 1 4.40 4.22 -0.18 4.56 -0.16 4.11 -0.29 3.85 0.55

o TR R AR S G REAE 6.67 pmol - L1, FLAY TG A o B S0k B ZE R AE 20 pumol - 171

Xof b SRS B B SR SO A 2 0 AR R, AT LA BRIA R R A B A
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e, BRSO TEPEITUY A 1,2, 4-28 = Ey > 02K > 2K . 5546, & F i TR B R AR A AR T
FrW R TS T, BOXT T A A R R EE A, 5L S SRR 3R Sy %o 2 DR 1 > Xof 2R 1 > Xof
FH 53 > XF SR B > Xof YA T > X i SR . W] DAL, B TR P ) L 55 T 2 ) ) 2 S oy R A AR
SN, X E R RN O A S W SRR A B R B R N AT, RO AR — 2D R TP B LE
B, O DR B A MR E RS — BT, 20 0 SN RS R IR R R 1)
BR AL BRI B A Re e MR, 23 RIS R Y B R s —R  —OH FI—NH, {8 i) T B il 7
PR B E B TR RRE PR, D4R 35 AR B B M s A L, —CL,—Br FI—NO, {5 ] T3R5 HL -, BEARAR
IEETHRaENE , M FAR AR S0 35 M 5 i T—OH B B0 25 o, i), IR R4 SRR R 8
FEEART A R R, T H—OH ZUH M2, Ak HR b, Rtk ZRER /Y FL 2 40 A % B 1) B
AR A R IS ).
2.2 T GA-PLS B kpyin

TR 23 iy, DAM 55 5L 4 B 1 S0 S ) SR RO B R AR f DL 23 AR S 80 A AR
K GA-PLS Sk 37 B4R 5 1y =22 1) B 42 4804k RO R 5 40 QSAR ALt T 2 Fh i i O~ i AH 223k
HN, BRI RER R PR i g0~ 3T GA-PLS B EE T 1 QSAR AN . 1gk = 3.439-0.2061gP +
0.122pK,+ 0.346%  -0.0236¢C~, RFARMEREL 02, =0.587, KT PLS ZR 1 Q*F/ME(0.5) AL
23 FhI Y 1gk FUMAE S T3 2.3 1845 3] GA-PLS #i8f) R* SSE 1 RMSE /3 %4 0.904 . 2.67 1 0.348 ,
S5 AL TN 5 SEIAE AR G 2, BRI T R ) .
2.3 T GA-ANN Bl

VEH 23 Fhiy, DLy 5 S B 1 SO A0 R BOG B o R AR B DA 23 Rl S 80 AR &, R
FH GA-ANN 5503 3 37 BLA 55 22 ) 1 422 48U S R 2R 400 QSAR BE7Y B GA-PLA #AEML, 7ER(H
o g R IR AR 5 qO SRS HEAT B A8 2 (B A A OGP 43 A, 45 2 19 Pk 0T 2 80 Z 0] B AH DGR 3R 3,
FAREERT 0.9 WP m Rz —, AR T EE X, X, X X, X A CR M 8RR L
PEREAY, RRESRAT I EH M B0F RIA R, BT GA-ANN FEILdE T (1) QSAR #EAIE A 1gP X pK, il a %
AAERSE, MR B 4, BEET SR 4, F )2 580 1, BUERACE Nk 4 458
23 F Y 1k TIUAES F3% 2.7 15545 1) GA-ANN £ R* SSE 1 RMSE 43 %124 0.955 .2.18 #10.315,
25 SR B TN A 5 S e 8, AR T R ) A
2.4 BEARUGSE RN

AW R B —12% (leave-one-out) 28 SURIERAS 30 T LA QSAR BEAL AR g, 73 5 A GA-PLS
F1 GA-ANN B B —FP 3 9 1k (ELAEAT TR0, 38 SCHRAIE () TN 25 551 138 2 wh, J22 ) B0 (B 5 5
DIE ARG, 1 R B 1 (a) JEH GA-PLS HETARALAY 1ok FUNE -5 ST A AR DG, 1% R
Bk T BN R R PRI e Ty, At 17 Py R 4 40 3 23 T N {1 5 S [ ) A OGP B 3, IR 223
/N [ B 32 P s 8 s R ) F 0 (S A D 5. P 1 (b) & GA-ANN ST AR 1Y gk FH0I B -5 S5 00 {8 1Y)
FHOCIE, 2 P b 7R T A 1 1 R AR AR A o 3 5 5 T 1 55 S ) P R DGk 3, IR 25D

60 (a) GA-PLSHEA 60 (b) GA-ANN# I
551 55k
- -
g S0F o S0k L]
= L = L
E 45 . . " B 45| .
5 1y € .
e - L. . ) 3 T
40 ~ 40k
- L} L ] ]
35k 35k .
3.0 Il 1 1 1 1 | 1 1 L 1 1 1 3.0 L 1 1 1 1 1 L 1 ! 1 1 |
30 35 40 45 50 55 60 30 35 40 45 50 55 60
Ly S IAE LBy S AE

B R R R (i AR BN 2 ] 956 AR

Fig.1 Comparison of the measured rate constants and the predicated rate constants from the QSAR models
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Table 4 Parameters for the standardized QSAR model based on GA-ANN method

B fE
lgP a pK, K,
-1.98 0.01 -1.56 1.08 0.55
AT 2 0.66 -0.11 1.59 1.18 0.07
-0.66 -1.28 0.06 0.64 1.37
1.97 -1.37 -1.19 0.51 -1.4
Ko J2 B )2 -0.83 0.60 -0.09 -0.14 0.65

XTLLE 1 (a) FIE 1 (b) ATLAE Y, B GA-ANN N7 A9 QSAR AR SN AT 50N AE A DGR B AT 55
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(Double bond equivalence, DBE) \IP Fl1H T3l 7] ( Electron-affinity, EA ) %5 Y40 3¢, 13X 86 SCHR H #2115 1Y
RIS EEA G, K S5B T a0 MK (UWX a.q" \DBE #11P) , 7 —2& 57> T BB REMH K
(AN E,,,, 1 E,,., ) . FLT23 53 A5 52 Wi 35 FUIIBUS 0L 56— 20 AR O B 1E 15 - IO RRUE M, T SR g T4 2k v
FHIREST, Jr FHUE BB ] RO W B A iU RE T, I 5 2R AR B e 4801 S vy 1) LA sz vy AL 1
SRR AU N, PR, X PSSR R SR R 5 W 1Y) AR R B T OC FEAR IS, 22T GA-
PLS FRIEAST Y QSAR BB G HAF ¢C7, J5T GA-ANN S AT (1 QSAR BB S H AT o, XS
B S A BHADG, P EAT 5 B 09 R AU A e A G

TEAWEFE T, JT GA-PLS 5 37 (A AU FIEE T GA-ANN G303k 57 i A58 AL 35 5 Rl A ) B34
X, pK F 1P X S DUB AR/ 35 5 T He R 8, SRR R A 8 K BRI AL 06, B A1)
LIRSS 1 ARER b IO EE 0 M B0 SR A4 TR B 1) B 3G S WA 19 52 . Sudhakaran AT Amy BIF5 1Y)
40 FA B (BR T &4 6 Rl , A pifUe B i RIRSFA DY), FhREZ, A5 REAAI R
7R AR A AR A B T s AT ST T R AL G WUHR 21y, AL RN EA S —, Wy R A )Y S i 46
ylﬂﬁ?@@ﬁ?émﬂi[ﬁ, Sudhakaran Fll Amy (A5, B BE AT AN IR (451 a0 S0 24 550 J& S 8O VLTE
Yy 5 B SN ARAEAERRN [R] 0 2 R AR 58 b, R AN 7 8 A AN [R) 2 S g
A BUAAE 22 0 1) B R X R AW e A R S A S0 1R

pK, 5 AR K W b B B AR B A OC. 5 SCHR[ 8 ] AN 12 ] i 5 i R 2 80 DL W] i A [ i) 2
PRTEAKIVREAT B B B, AN/ SR b 34 4 S A AL TE 7K b o B 2 S e 5 R A0 ) Y e )i 3
20 Qiu B ZEW AT SE A TR A AT SO rh LA ORGSR T ORI SR, R K
SRR 5 R R SN A SR 43 i A R 5 ORI B I AL R R, R
BT R A A A ] 20 B L B S TR N B 1, RS T A R AR B R, SR RO R
SR AW O | XU I S BRI AR IS, TEKAGTE TR A= oA el s, HAR R HL T i
TIBBERE M, RS FEUR A AL BUR B A MR R, pK W R E AL B 1 SR A A B e,
SLY QSAR B S AT B4 pK B B

lgP 2= P-7K 3 e 2R B0 BUE, = Bk o3 E AR B0 T MR BE AR G, TIT VA A J3E 32 1 990 (UK ) R I
() Z 6] WA BAE F 32 . Sudhakaran A1 Amy EE57 19 B AL A LY QSAR Y Hr 5 SRV A FRAE 7 57
X BAE I SE, B, TS B B B A DL QSAR AR 7 ¥ 57 T B 3 T AR 1) 53 1
PE2H 435 0 H AR VIR OE T AT L, W AR P 2 Xt B A SR AR I 1 o 36 7 A gk S R .



10 4] W - 2 o S SR SR A R Ak 1A A RO 1939

(1) TESL BRI B AIET, i S S MR b, & 7 v 7 3 AT 1) 5 5 4R 22 ) N )kt
R T W HL R A 1

(2) RAEEACREMER Y QSAR MR IR, SN R AL HLF 2 40 A DA SR BR 1 B 3 1 1 2% 1)
FHSE, AR TR A A Pt 2%k B AU S A AR i 1 1) 3 7= 2 5

(3) 2T GA-PLS Bk A9 QSAR BRI EA T AY 7 220, 2£T GA-ANN B3k 857 A9 QSAR 14
RS g R T AT

2 % x #t

[ 1] FOCKEDEY E, VAN LIERDE A. Coupling of anodic and cathodic reactions for phenol electro-oxidation using three-dimensional electrodes
[J]. Water Research, 2002, 36(16) :4169-4175

[ 2] HAN W, ZHU W, ZHANG P, et al. Photocatalytic degradation of phenols in aqueous solution under irradiation of 254 and 185nm UV light
[J]. Catalysis Today, 2004, 90(3-4) :319-324

[ 3] FERNANDO J B, BELTRaN F J. Ozone reaction kinetics for water and wastewater systems[ M]. New York: Lewis Publishers, 2004 .6-12
HOIGNé J, BADER H. Rate constants of reactions of ozone with organic and inorganic compounds in water- Il : Dissociating organic
compounds[ J]. Water Research, 1983, 17(2) ;185-194

[ 5] HOIGNé J, BADER H. Rate constants of reactions of ozone with organic and inorganic compounds in water-I; Non—dissociating organic
compounds[ J]. Water Research, 1983, 17(2) :173-183

[ 6] HUST, YUY H. Preozonation of chlorophenolic wastewater for subsequent biological treatment[ J]. Ozone Science & Engineering, 1994,
16(1):13-28

[ 71 KUO C H, HUANG C H. Aqueous phase ozonation of chlorophenols[ J]. Journal of Hazardous Materials, 1995, 41(1) ;31-45

[ 8] SUDHAKARAN S, AMY G L. QSAR models for oxidation of organic micropollutants in water based on ozone and hydroxyl radical rate
constants and their chemical classification[ J]. Water Research, 2013, 47(3) :1111-1122

[ 9] HUANGJ, YU G, YANG X, et al. Predicting physico-chemical properties of polychlorinated diphenyl ethers (PCDEs) : Potential organic
pollutants (POPs) [J]. Journal of Environmental Science, 2004, 16(2) :204-207

[10] KUslé H, RASULEV B, LESZCZYNSKA D, et al. Prediction of rate constants for radical degradation of aromatic pollutants in water
matrix; A QSAR study[ J]. Chemosphere, 2009, 75(8) :128-134

[11] LEIH, SNYDER S A. 3D QSPR models for the removal of trace organic contaminants by ozone and free chlorine[ J]. Water Research,
2007, 41(18) :4051-4060

[12] HUJY, MORITA, MAGARA Y, et al. Evaluation of reactivity of pesticides with ozone in water using the energies of frontier molecular
orbitals[ J]. Water Research, 2000, 34(8) :2215-2222

[13] LIU H, TAN J, YU H X, et al. Determination of the apparent reaction rate constants for ozone degradation of substituted phenols and
QSPR/QSAR analysis[ J]. International Journal of Environmental Research, 2010 4(3) :507-512

[14] LI'T, MEI H, CONG P. Combining nonlinear PLS with the numeric genetic algorithm for QSAR [ J]. Chemometrics and Intelligent
Laboratory Systems, 1999, 45(1/2) :177-184

[15] DAREN Z. QSPR studies of PCBs by the combination of genetic algorithms and PLS analysis[ J ]. Computers & Chemistry, 2001, 25(2) ;
197-204

[16] GUPTA V K, KHANI H, AHMADI-ROUDI B, et al. Prediction of capillary gas chromatographic retention times of fatty acid methyl esters
in human blood using MLR, PLS and back-propagation artificial neural networks[ J]. Talanta, 2001, 83(3) :1014-1022

[17] SAVORY N, ABE K, SODE K, et al. Selection of DNA aptamer against prostate specific antigen using a genetic algorithm and application
to sensing[ J]. Biosensors & Bioelectronics, 2010, 26(4) :1386-1391

[18] TONG D L, SCHIERZ A C. Hybrid genetic algorithm-neural network ; Feature extraction for unpreprocessed microarray data[ J]. Artificial
Intelligence Review, 2011, 53(1) :47-56

[19] WANGJ, ZHOU Y, ZHU W, et al. Catalytic ozonation of dimethyl phthalate and chlorination disinfection by-product precursors over Ru/
AC[J]. Journal of Hazardous Materials, 2009, 166(1) ;502-507

[20] BADER H, Hoigné J. Determination of ozone in water by the indigo method[ J]. Water Research, 1981, 15(4) ;449-456

[21] BAHNICK D A, DOUCETTE W J. Use of molecular connectivity indices to estimate soil sorption coefficients for organic chemicals[ J].
Chemosphere, 1988, 17(9) :1703-1715

[22] KIER L B, MURRAY W J, Hall L H. Molecular connectivity. 4. Relations to biological activities[ J], Journal of Medicinal Chemistry,
1975, 18(12) :1272-1274

[23] NIU J, YU G. Molecular structural characteristics governing biocatalytic chlorination of PAHs by chloroperoxidase from Caldariomyces
fumago[ J]. SAR and QSAR in Environmental Research, 2004, 15(3) ;159-167

[24] NIU J, HUANG L, CHEN J, et al. Quantitative structure-property relationships on photolysis of PCDD/Fs adsorbed to spruce ( Picea abies
(L) Karst) needle surfaces under sunlight irradiation[ J]. Chemosphere, 2005, 58(7) :917-924

[25] YAZDANMEHR M, ANIJDAN S H, BAHRAMI A. Using GA-ANN algorithm to optimize soft magnetic properties of nanocrystalline
mechanically alloyed Fe-Si powders[ J]. Computational Materials Science, 2009, 44(4) .1218-1221

[26] QIUY Q, KUO C H, ZAPPI M E. Performance and simulation of ozone absorption and reactions in a stirred-tank reactor [ J].
Environmental Science & Technology, 2001, 35(1) :209-215



