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Abstract Adopting quantum chemical parameters of phenols computed with quantum chemica PM3 algorithm,
quantitative structure-property relationship (QSPR) model which could predict photodegradation quantum yields (YY) of
phenols was established using partial least squares (PLS) agorithm. It was considered that main factors affecting logY of
phenols were the energy of the highest occupied molecular orbital (Eome) and the heat of formation (HOF). The logY
values increased with the increase of Ej,,, and decreased with the increase of HOF. Besides, element electronegativity
and (Ejymo-Enomo)? @S0 affected definitily the logY value; the smaller the former, the grester the latter.

Key words quantitative structure-property relationship (QSPR) photodegradation quantum yield phenols partial least
squares (PLS)
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1
Tablel The phenol compounds under study and their quantum yields
Y logY logY " Y
SE-pred. **
() ) i C
1 011 -0.959 -0.956 +0.029 -0.003 011
2 2- 0.13 -0.886 -0.793 +0.018 -0.093 0.16
3 3 0.14 -0.854 -0.806 +0.019 -0.048 0.16
4 4 0.18 -0.745 -0.707 +0.018 -0.038 0.20
5 2,3 0.22 -0.658 -0.649 +0.021 -0.009 0.22
6 2,4 0.30 -0.523 -0.555 +0.027 0.032 0.28
7 2,5 0.25 -0.602 -0.634 +0.021 0.032 0.23
8 2,6- 0.33 -0.481 -0.627 +0.022 0.146 0.24
9 34 0.28 -0.553 -0.568 +0.026 0.015 0.27
10 35 0.18 -0.745 -0.673 +0.019 -0.072 021
11 2,35 0.31 -0.509 -0.491 +0.033 -0.018 0.32
12 2 0.13 -0.886 -0.992 +0.032 0.106 0.10
13 3 011 -0.959 -1.005 +0.033 0.046 0.10
14 4 0.13 -0.886 -0.845 +0.020 -0.041 0.14
15 2,4 011 -0.959 -0.904 +0.024 -0.055 0.12
16 35- -1.127 +0.045 0.07
17 245 -0.907 +0.025 0.12
18 -0.852 +0.021 0.14
¥ [5]; # SE-Pred: ;** =logY ( ) -logY ( )
1.2 . PLS
MOPAC(6.0 ) PM3 Q( RS
MOPAC )
:PM3 ESP POLAR DIPOLE (0.097)
PRECISE NOINTER. 11 chum( PLS
) 05
, (Mw) . PLS (A
(HOF) (@) (W) Qaum (R
(Ehomo) (p) . PLS
(BEiumo) (CCR (SE-Pred.)
(EE) (TE) C (SB)
(ac) H SE ;
(@) - QsPR®
: Etumo~Enomo allogy(  )-logy( )P
(Elumo— Ehomo)2 EiumotEnomo SE == n- A-1 (l)

3

, Eiumo— Enomo Eiumo+Enomo

5

1.3
SIMCA(6.0) PLS PLS VIP
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, VIP  10gY=3.906-5.653x10*HOF+4.569x10 °CCR+
, 0.3479Enomo*0.1462( EjumotEnomo) -
15 logY 8.134x10"*(Ejumo-Enomo)
, 1.2 2
. SIMCA(6.0 ) PLS n = 15, Q%um = 0.839,R = 0.931, P< 0.000001
VIP ,
PLS D). PLS 2 ® VIP
Table2 The VIPs and pseudo-regression coefficients
’ ’ (@or) in Model (1)
(R) , (P) - VIP a b -
homo 1.051 0.2243 3.479x10
PLS QSPR (1) ' HOF 1011 -0.2157 -5.653x10°
1), n=15,A=1,Q2cum=O.839, EiumoEnomo 0.9806 0.2093 1.462x10™
R=0.931,P <4.775 10—7. (1) CCR , 0.9802 0.2092 4.569><10:2
(Esumo=Enomo) 0.9753 -0.2081 -8.134x10
Rz)((ajj)(cum) =0.679, RZY(ajj)(cum) =0.856, Ei g=3. 809,Q2(;u _4.174 3.906
m= 0.839, SE=0.065,  Rvayam Rxai)am) ‘a b
X Y Eig PLS Eroo HOF  VIP : 1,
, 1 RS logY
67.9%, logY
85.6%. Enomo , HOF
D 15 : , logY
R 0.931, Eromo  HOF ;Enomo
P<0.000001, 1) ,
QSPR 1 , PAH QSPR
: [ PAH Enomo
. chum ,Ehomo '
0.50, , , PAH
3 logY Ebomo M,
) ,
1) viP 2, " Eiumo+Eromo  CCR
2 PLS (Eiumo-Eromo)”  VIP 1,
logY
) 3 ,CCR HOF
) ,CCR HOF , logY
) logY  EBEumotEnomo
PLS y (Elumo— Ehomo)2
(Y) (2) Elur'r1o+Ehomo . ]- y
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3

PAH QSPR
PAH |
(Elumo— Ehomo)2

QSPR

-TiOy

Table3 Correlation coefficients between some quantum

chemical descriptors

Mw  HOF  TE EE CCR a
Mw 1,000
HOF  -0406  1.000
TE  -0980 0578 1000
EE  -0598 0968 0745 1.000
CCR 0505 -0986 -0.666 -0.994 1.000
a 068l -0942 -0812 -0.990 0971  1.000
:P<0.05
3
PLS

QSR

logY = 3.906-5.653x10*HOF+4.569x10 °CCR+
0. 3479 Ehomo+0 1462( EI un'[)+ Ehomo) -
8.134%10% (Eiumo-Eromo)

PLS

logY

logY

) logY
Q%um 0.839,

(Ehomo) (HOF).

Enomo , HOF
y (EI umo~— Ehomo) 2
y (Elumo— Ehomo)2

, logY
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