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Abstract ; Tonogenic organic chemicals (IOCs) are organic compounds with one or more ionizable function groups
in their molecular structures. A large fraction of artificial chemicals or unintentional production chemicals are I0Cs.
Under the environmental, physiological and experimental pH condition, the IOCs may dissociate and exist as a
mixture of neutral and ionized forms. It had been well documented that the neutral and ionized species of IOCs in-
deed had distinct physicochemical properties, environmental fate and behavior, ecological and health toxic effects.
The observed parameters, properties, or endpoints influenced by ionization include but not limited to partition coef-
ficients, photolysis rate constant, rate constants of hydroxyl radical, the adsorption capability to zeolite, bioconcen-

tration, aquatic toxicity on fish, Daphnia magna, algae, Tetrahymena pyriformis, protein binding interaction, and so
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on. In addition, the previous studies also implied that both forms of IOCs may contribute to their observed aforemen-
tioned apparent parameters. Thus, ionization should not be ignored in the related experimental and theoretical research
of I0Cs. Hitherto, how to correct the influence of ionization is one of the critical issues in deriving the predictive
models (e.g. (quantitative) structure-activity/property relationship ((Q)SA/PR)) for I0Cs. In this work, the available
descriptors could be used to describe the effect of ionization for IOCs in the modeling were reviewed and summa-
rized. Those descriptors include acid dissociation constant (pK,) and derived parameters (the fractions of the neutral
(6y) and ionized species (§,) at a given pH), distribution coefficient (the n-octanol/water distribution coefficient

(logD,,,(pH)) and speciation-corrected liposome-water distribution ratios (logD, .. (pH))), ionic descriptors in polypa-

ip/w
rameter linear free energy relationship (pp-LFER) equation (ionic descriptors J * and J ~), chemical form adjusted
quantum chemical descriptors. Further investigations in correcting the ionization of IOCs were further discussed.

Keywords: ionogenic organic chemicals (IOCs); ionization; ionized form; neutral form; partition coefficients;

aquatic toxicity; descriptors; quantum chemical descriptor; (quantitative) structure-activity/property relationship
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Note: HA and A~ are the neutral and anionic forms, respectively;

the pK, values of those compounds were obtained

from PhysProp Database in EPI Suit 4.1 ™0,
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PEREPE BN | 2R H pK, /1095 2 AT A2
T (@) F(S)), B Y PR AL (R 0) AL 0.783
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Fig. 2 Correlation between logK,,,, logD,(pH) and -logEC,

Note: logK,,, is n-octanol/water partition coefficient, and logD,,, is n-octanol/water distribution coefficient; the acute toxicity data (—logECs,, 24 h)

of ionizable organic chemicals (IOCs) to Daphnia magna, corresponding logK values were obtained from Li et al®*!, and log Dy (pH) values of

those I0Cs were predicted employing MarvinSketch 15.6.29.0, 2015 (ChemAxon, http://www.chemaxon.com).
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~logEC,,(pH=7.8)=157-959¢H", . ~9.127 .+
474V, 4337256 Eyono. 7 21)

Ay~ 48, Ry = 0.705, = 0622,
RMSE j44.4. =0.569, P<0.0001

Agig =15, Qg =0.651, RMSE ;4. 0497

—1logEC,, (pH =7.8) = - 0.906 +0.426logD,,, —
4.87gD . H0.014polar g - =32 911 4 (22)

My~ 48, Ry = 0875, Qy, = 0840,
RMSE 4.4 -0.370, P<0.0001

Ny =15, Qg =0.851, RMSE 4. =0.336
2R gH A TS AU T R B E L 75 7y
T AR ESEG VR TR TR
1L O 31 5 Eyono. 5 i 20 T2 T e 5
PRHERE ; gD 2 TE BB TE M 73 7 b i 7 R4 i
T-HLT s polar g SRTE BB IE M 73 FIRALHE IT .
T SABIE 1Y 732 THI L 80 0 HURE

R 1 T 18 BB IE R = AR AT
BT SR AT I T 10Cs 5 Niz
ARBRZR A I (WTTR) 5 F L P8O0 A iy 3 1 8 1 -
VG LES Y G Y TR N & VGl I NIV E =
PEREPES SR AL, Mg U, B TR S
BIERM RS EEA 2 AT TR . (1) T LU A%
HAE 10Cs 1973 BB F 845 a2 )l
VL) s 2% 83 A A7 1 Z2 R 8 25 A 5Tk

Q?‘OO
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®1 ETHEEEN(Q)SA/PRIZHENSH
Table 1 Proposed chemical form adjusted quantum chemical descriptors used in the (Q)SA/PR modeling

R FHIRFT i
No. Descriptors Description

BB IER 7T f SR T A

1 9O 9Oaq
feik S The chemical form adjusted most negative net atomic charge on an oxygen atom
5 . B IERY 31 B 7 R 7L A
AR BT 9RAg . . . .
feik S The chemical form adjusted most negative net atomic charge on a halogen atom
N D aD- B IERY 31 B AR 7 A
APiprE qPag . . . .
i Ad The chemical form adjusted most negative net atomic charge on an electron donor atom
s v v BB IER T TR IERFHL
s, max f&1F s, max-Adj . . . .
i A The chemical form adjusted most positive values of the molecular surface potential
S v v BB IER T R S 3
s, min f&1IE Vs, min-Adj . . . .
st Ad The chemical form adjusted most negative values of the molecular surface potential
. b T A 945 T4 0 1 ol 3 P (8
SBIE Tead The chemical form adjusted averages of the positive potentials on the molecular surface
; Vo v- TEME IE YT 0 51 L A ) 2
S Tead The chemical form adjusted averages of the negative potentials on the molecular surface
g v v BB IER 7T Fm e S
ssaver B1E Y soaver-Adj . . .
! Ad The chemical form adjusted average potentials on the molecular surface
0 oo MG TE R 531 THI T oL B0 20 EE
! Ad The chemical form adjusted average deviation of surface potential
0 o B IE R B 25
& 1E j . . .
! Ad The chemical form adjusted balance parameter of the surface potential
" dipole, dipole LB IR /T
BIE j . . .
k Ad The chemical form adjusted molecular dipolemoment and its descriptor
12 polar polar JEBMEIER o TR
& 1E j
k Ad The chemical form adjusted molecular polarizability
. 5 5 BB IER T T i G PLE RE
fEEIE -Adj
HONOJEIE THOMOAY The chemical form adjusted highest occupied molecular orbital energy and its descriptor
BB IER > TR SR PUE Ak
14 Erumo iz ErLumo-adj The chemical form adjusted lowest unoccupied molecular
orbital energy and its chemical form adjusted descriptor
s I NP R R
w it W A gi
Pk g The chemical form adjusted electrophilicity index
6 TESBIEM L
Mg Had
Pl ad The chemical form adjusted chemical potential
. BB LR E i B
NigiE M adj
: Ad The chemical form adjusted chemical hardness
S E R 53 F I
18 Vf@m VAdj

The chemical form adjusted molecular volume

T : (Q)SA/PR F/R(E EDA TR /IR MR 2R
Note: (Q)SA/PR is (quantitative) structure-activity/property relationship.

5 R4 5REZ(Conclusion and prospect) ik, TEJTE 10Cs AH ¢ 8256 FBLS W28 B, AN Z
10Cs [A43F AR A% Hy i fb2s SHE5H ML I0Cs B AL ry i, Bk H A, #1758 A 0181 XF
RETNAT Ay AR AR B B 1 50 S 803 BAG AN TR ot TE AR QA] %5 JE T0Cs B T4k 52 W 1 [l 8, 42
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T 4 FhA] HTRRAE 10Cs BTk s ma iR 17, B R
R fitp 5 H RO AT HE S 75 SRR T AR W Y 23 TG
R FIEETSHNZ S A MRECR T
JE A1 A SR, O A5 3L 1T T 10Cs 4
Fh o c 2 50 K A= F 1 R 1 25 B 00 % S 50
(Q)SA/PR HALfHHE

BEXF A BIFSEHE I X4 J5 TOCs AR AIE 9 4
TR (1) TR bR 7 T . 7 S 2R
A MRS H 37 B AL 52 5 (2) F R4 I 1 < 7
B ST ] B A SR IO SR AT . AR ATIA, 7R
AR 2 R A R e, A% O R R B pK, |
10gDOW(pH)\10ngip/w(pH) SR T AR SRR R
HERAT, (HJE  FEPAT T0Cs H {4 B AT mT &R Y
pK, Jog Doy (pH)Fl log Dy, (pH) 35 2 KUY S 90 504
Bilan AL AR 10Cs FA log Dy (pH) S 50 £ 45 ™
JLTH10Cs A pK, LRI, Kk, 7 2k —
A5E 10Cs 1 pK, \log Doy, (pH) 1Ongip/w(pH)%§
B S0 E ; TR A W] DA T 2 R A0 o 1 T
RSB T H, X280, 29A T
18 Fr S BUH T B, A4 Mamy U [ A 5 45
B, BATSCER T E R IE 1 AL S E T 38 248 B, T
B — PR T AT H A B AL S HGE & H Tt
IESBIEI I THEL.(3) (QSA/PR B H J7
T < B0 52 18 - A S Wi 1 280, g 2 O 2 T D A A
[Fi) bsf 255 P A2 I3 BT B T 2P BT R R Y 4K
T H .(4) AE(Q)SA/PR J5 ik iy A& 5 1 1T« 75 B
PREHAMIE 5 T RAE & 15w 9 E (Q) SA/PR
Jiidi. 10Cs 1 — 26 J M 53 MR 800 2 8008 SNy
THAY R 7 YRR E ) A B AR
WI5rFRHE Sy 7 12 M G & 127150 ¥ 1%
(QM/MM)35 43 F 14D 7 ¥ T 98 /oy 7 5 2k
YRS FHIAHEAE N . 2 AT LR T vk
HKFRAE 10Cs & F AL py 2w We? 783X J7 i, & A &6
RIS TR, )0, Bittermann 255" R ] COS-
MOmic J5 3k P T 10Cs A= Py fi-7K 53Tt 7 %5
AR QMMM J5 0158 T 26 595 hTTR
AR EAE T, 2 B0 52 56 00 22 19 13 25 A6 &) 5 hTTR
AT IEE (logRP) 5 3 T Wy KL G W v 7B E
E‘J%%ﬁg(ﬁ'ﬁﬁﬁg_ﬁ;ﬁ)zmj TG 3 PR 2t AH DGk
B RHTESME ENES B BB (B aip - s )5, He
55 logRP WIFALE i 2 PR L M AH DCHERY DRI TR 2
i — L IRFE R4 A R (Q) SA/PR Jr v R Tl
W TOCs AHC @ M B FE S E vl A

BIEEE N0 24(1985—), 4, M4+, sl ¥ £ 2R
75 6] A A B RAF ARG BEL L5 B AL ke 3R
AT AL HRFRBAR HIFT R AESHFRA BT
IR,
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