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Abstract: The structure of some substituted phenolic compounds was characterized by the non-hydrogen atoms
and the relationship between them in the compounds. The relationship between compound structure and toxicity
was established by multiple linear regression (MLR) and partial least squares regression (PLS). The effects of struc-
tural parameters on the toxicity of the compounds were analyzed and the results were compared with the literature’ s
results. The correlation coefficients of the two models are 0.984 and 0.988, respectively. The models have good fit-
ting ability and predictive ability. The compound with more substituents on the benzene ring has the larger toxicity
value. The results obtained in this paper are obviously better than the results of the literature. This paper has certain
reference value for the study of the relationship between structure and biological toxicity of organic pollutants in
the environment.
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1 # #1575 % (Materials and methods)
1.1 SEmprel

P25 MR AL S W AT R AR LS
BEPE DL FLAF 0 I 28 0 R PR (B Y SN B (pO) R
7R HRBR IR A SCHR[9], 25 AR 1 TR, pC 1Y

K F TR A A PRI ) R | I 2 A
1.2 SEE A

WEMERI S AR A S YA SRR

EN Sl PSS/ S IS K A k7 L VR IRV A N E |2

R BAofEE, ARG TUA YA Fgighity AT AR SE RN E Y B A YRR EAT R T
1 WEDRESEBTEEMNGXIE(pO)
Table 1 Compounds and their negative logarithm of toxic activity (pC)
REE(E HRE 1 WE 1 TR 2 W22
Fre EY (Exp.) (Cal.l) (Err.l) (Cal2) (Err2)
No. Compounds Toxicity value Calculated value 1  Error 1  Calculated value 2 Error 2
(Exp.) (Cal.l) (Err.l) (Cal2) (Err2)
1 #E Phenol 1.80 1.72 -0.08 1.72 -0.08
2 4-5A 7KW} 4-chlorophenol 2.70 2.86 0.16 295 025
3 2 4- TS F W} 2 4-dichlorophenol 340 368 028 3.66 026
4 2,4.6- =5 KM} 2,4,6-trichlorophenol 450 448 -0.02 442 -0.08
5 2,4,5- =4 KW 2,4,5-trichlorophenol 5.10 465 -045 471 -039
6 2,34.6-MUE AR 2,3,4,6-tetrachlorophenol 5.60 534 -026 535 -025
7 LKW Pentachlorophenol 620 6.17 -0.03 6.33 0.13
8 4-58-2-FF HE B 4-chloro-2-methylphenol 320 3.09 -0.11 324 0.04
9 2- 1 3-6-5 7K 2-methyl-6-chlorophenol 2.40 2779 039 267 027
10 4-5-3-F FL KB 4-chloro-3-methylphenol 320 325 0.05 325 0.05
11 2,6- 54 -4-F IR W 2,6-dichloro-4-methylphenol 340 393 0.53 3.70 030
12 2.4.,6-—5A-3-H FLIE W 2 4,6-trichloro-3-methylphenol 470 472 0.02 452 -0.18
13 24.,5,6-PU%-3-H ZEF W} 24,5 6-tetrachloro-3-methylphenol 540 555 0.15 549 0.09
14 2-FH LK) 2-methylphenol 220 197 -023 198 -022
15 2,6- " FELHE ) 2,6-dimethylphenol 240 220 -0.20 226 -0.14
16 2.4- " H HEHE 2 4-dimethylphenol 2.60 254 -0.06 254 -0.06
17 2,5- — HI ZEHH 2,5-dimethylphenol 2.60 252 -0.08 249 -0.11
18 3,5- " HIILIEE 3,5-dimethylphenol 270 2.80 0.10 2.73 0.03
19 2,4,6- = HI HHEF 2.4,6-trimethylphenol 2.80 275 -0.05 2.84 0.04
20 2.3,5- = HHIKE; 2.3 ,5-trimethylphenol 2.80 2.86 0.06 280 0.00
21 3-F3k-5- 2, F K W 3-methyl-5-ethylphenol 3.10 3.10 0.00 297 -0.13
22 4-4-3,5- I 3K 4-chloro-3,5-dimethylphenol 3.60 3.62 0.02 3.56 -0.04
23 4-5-2,5- I B 4-chloro-2,5-dimethylphenol 3.60 349 -0.11 3.55 -0.05
24 4-F-2,6- W} 4-chloro-2,6-dimethylphenol 340 331 -0.09 355 0.15
25 4-54-3-F%L-5-Z KW} 4-chloro-3-methyl-5-ethylphenol 4.00 401 0.01 413 0.13
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Q)i AT 2,

xk:%Zi (k=1,2,3,4) 2)
Ak RoaRFEA T PR T Z e ()T
o MRS T2 X TS Yo
T2 A 4 LARA T, HNIRA 153 4 4
EEURT A B X & WA W R I, ] x|
X, X, Al x, IR,

ATFIZER AR SR T R RS P a0 A W 7
PERYFEZ I ] REAN ], A ] 28 B A AR U 2 T3] A9 56
FAAE R R R BAT A, R T2 (8]
190G ZR I AR A BRI AR B T, X A OC R BE A 3R
U 22 TR AR B 1 5 T el s, B A R U T
B T g s, G T LA X — 2K,

X,:m”,:l_enz_dZ,XZleXp(—adej)

(n=1,é,3,4;n$1$4) 3)
Ao Z ()R d, RARRUR T 1 Z IR AR X
SRS (RIVBE I 22 R 5 ek B B SR A LU A, R £
Z I8 Z Ak B4 W LA B ) s o F01 OR I
JEERL,a=05, 4 FARA T Z [ A LIA 10 FfA
I A, B my omy o omy, TTE N X5 X
Xy, myy R 1 BRI T 553 KA TZ
A E R, DI . i XHE—2k X T — e ah s
BRAFEIR G 2 1T 14 D8 (SR A, B
ReHAR A& B AE &R 5 K OH 5 & (non-hydrogen
atoms and their relationship, NATR),

iz 22 748 P 8] I (MLR) K fi 5 /)y — 3Fe [1] 19

(PLS)HEATHAEE B — 17 MR R e A T A2 FLAGL 5

2 R 5178 (Results and discussion)
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pC=6385-3853xx,+2.401xx,-0.293xx, (4)
AR, N=25,r=0.984,SD=0.216, F=219.822; 5%C h.
K . N=25 1., =0.979,SD., =0.248 , F.,=165.810,

B rEik 0,984 LI AL LA R AF LA
RETT B —15" SR AR B0 A & R B (1 ) R334 0.979,
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Fig. 1 Changes of correlation coefficient (r) in

stepwise regression



5 BUROR I 2616 5 W A W 2t P (DL T 257

o552 1 B
0.6
0.5 \
‘ \
0.4k
a \
\ Step=3
03 \
N
0.2 ¥ . e
i ) 3 7 5 3
Step

E2 #rERE(SD) EZRS ORI TALFR
Fig. 2 Changes of standard deviation (SD) in

stepwise regression

SD, 1t K A AR AL ok SD S Al 2 th b F
10% JEIE PN, ARSCRTEEE ALY SD A 0.216, T4k &
YRR K AE - e /ME =6.20-1.80 =4.40,0.216/
440=491% ,TE<10% , 1 BB BRI AL & W 1) A W) 7
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PLS HRI(M2)HY T 8(A) 2l 6, r 29 0.988,SD Ny
0.174 1., ]9 0.980, M r.r., M SD {HKF, KR
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Fig. 3 Distribution of the top 2 principal component

scores of the sample
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RILZ ZI AP PT REAE B K W R, A% SCHL
PRI EE R B A T SCEREE S . A SO AL &)
SERRERFF R By 1 O, X TR A
LIS G EsH 5 EBE L R A — 2 S
A, (HEEF T R AT B AFAEASBE X A3 s 5744
e A PIR | 3X B e 5 S ST PRNE T LA B R

7 0.8
o Cal.l I Cal. 1
cb ©Cal2 0.7 EEECal.2
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No.
Exp.
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Fig. 5 Correlation diagram between model predicted ) o .
) Fig. 6 Model prediction error of samples’ toxicity
values and experimental values .
Note: SD stands for standard deviation.
x2 HEILLE
Table 2 Model comparison
s SERFAE DT Rk IS B LR LB (0] LHAGEH R R B (rey) ikt 2 (SD)
T
N Characterization Modeling Number of variables/ Correlation Cross-check correlation Standard
0.
method method principal component coefficient (r) coefficient (1) deviation (SD)
101 DFT-B3LYP MLR 2 0972 0965 0283
2" NATR MLR 3 0984 0979 0216
3" NATR PLS 6 0.988 0.980 0.174
T % SRR AR SCRAS 925 28 s DFT-B3 LY P 387K % BEVZ bR B ; ATR 3RS AR EUR T S H OG5 s MLR K78 2 S0 P 01 U3 5 PLS 387 i d5e /> —

T,

Note: “means the results are obtained in this study; DFT-B3LYP is density functional theory; NATR is non-hydrogen atoms and their relationship; MLR

is multiple linear regression; PLS is partial least squares regression.
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