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Text S1:

Hammett constant, o, is a reflection of the electronic nature and position of substituent, as

indicated below:

OH o +

k -Ar
log (é{:) =op D

where X is the functional group substituted on aromatic compounds (Ar), kx and ku are the rate
constants for substituted and unsubstituted benzene derivatives, respectively, and p is the reaction
constant which depends on the type of reaction [1]. Both ¢ and p are obtained from a reference
reaction, and can quantitatively describe chemical reactivities of substituents [1-3].

The o~ is one for groups that stabilize negative charges via resonance, o~ scale is based upon the

ionization of para—substituted phenols [4]. The equation for o-is:
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The ¢+ is one for groups that stabilized positive charges via resonance, based upon the
heterolysis reaction of para-substituted cumyl chlorides (phenyldimethyl chloromethanes). The
equation for o+ is:
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Table S1: The Hammett constants (o, 0-, ¢*) values

substituents -Cl
Oo 0.4
Om 0.37
op 0.23
o 0.073*
o 0.4
oy 0.11
o5 0.19**
Om 0.37
oy 0.19

* The g4 values were calculated from the relationship o5 = 0.660,, which accounts for the ortho
effects. [5]

** 0, values were sometimes obtained from the relationship g, = o, when they are not available
in literature. [4, 6]
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Table S2: The nineteen molecular descriptors from quantum chemistry in this study.

descriptor comment unit
u molecular dipole moment debye
EA electron affinity eV
Enomo energy of the highest occupied molecular orbital eV
Enomo-1 energy of the second HOMO eV
Erumo energy of the lowest unoccupied molecular orbital eV
Erumo— Exomo gap of Erumoand Erxomo ev
Erumon energy of the second LUMO eV
Ip ionization potential eV
Qxx quadrupole moment tensor along the x axis debye
Qyy quadrupole moment tensors along the y axis debye
Qz quadrupole moment tensors long the z axis debye
S softness, S =1/(IP — EA) eV
a mean polarizability of the molecule Bohr?
C electronegativity, C = (IP + EA)/2 eV
n hardness, 1= (IP - EA)/2 eV
w electrophilicity index, w =C?/2n eV
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Table S3: The structure of PCBs.

# Name structure # Name structure # Name structure
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Table S4: The structure of PCDDs.
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Table S5: The structure of PCNs.

# Name structure # Name structure # Name structure
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Table S6: Comparison of Ink values of *OH oxidation of PCBs congeners (test set compounds)

between observed and predicted values.

PCBO 0 -25.61 -25.86 0.253 PCB13 1 -26.89 -27.00 0.111
PCB1 0 -26.60 -26.29 -0.306 PCB14 2 -26.57 -26.93 0.361
PCB2 1 -26.02 -26.44 0.416 PCB15 0 -27.10 -27.10 -0.002
PCB3 0 -26.30 -26.52 0.226 PCB20 2 -27.37 -27.22 -0.149
PCB4 0 -26.85 -26.57 -0.287 PCB28 0 -27.54 -27.41 -0.129
PCB5 1 -27.04 -26.75 -0.294 PCB29 1 -27.37 -27.34 -0.033
PCB6 1 -26.68 -26.76 0.082 PCB31 1 -27.41 -27.34 -0.070
PCB7 0 -26.71 -26.85 0.133 PCB33 1 -27.63 -27.29 -0.338
PCB8 0 -27.18 -26.83 -0.347 PCB44 2 -27.77 -27.53 -0.249
PCB9 1 -27.04 -26.79 -0.249 PCB47 0 -27.48 -27.64 0.166
PCB10 0 -27.04 -26.61 -0.430 PCB95 2 -27.99 -27.93 -0.059
PCB11 2 -26.64 -26.90 0.265 PCB110 2 -28.14 -28.08 -0.066
PCB12 1 -27.04 -26.99 -0.056 | PCB116 2 -27.74 -28.12 0.381

a. The observed Ink values obtained from Anderson [7], Atkinson[8, 9] and Kwok [10] studies.
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Table S7: Comparison of logKow and logSw of PCDDs (test set compounds) between observed and
predicted values.

PCDD Nova observed | predicted Alogk.,, observed | predicted AdlogS,
conger logKow* | logKow logSw P logSw
PCDDO 0 4.30 4.46 -0.157 -5.34 -4.78 -0.558
PCDD1 0 5.05 4.79 0.259 -5.72 -5.47 -0.247
PCDD2 1 5.00 4.84 0.156 -5.90 -5.58 -0.317
PCDD10 2 5.60 5.24 0.360 -7.23 -6.40 -0.827
PCDD11 2 5.75 5.24 0.510 -7.83 -6.40 -1.427
PBDD12 2 5.60 5.24 0.360 -7.18 -6.40 -0.777
PCDD14 1 6.35 5.53 0.824 -7.53 -6.99 -0.534
PCDD27 2 6.48 5.92 0.558 -8.71 -7.82 -0.894
PCDD29 3 6.48 5.99 0.492 -8.88 -7.95 -0.927
PCDD33 2 6.20 5.92 0.278 / / /
PCDD42 2 6.29 5.92 0.368 -9.00 -7.82 -1.184
PCDD48 4 6.42 6.05 0.365 -9.01 -8.09 -0.919
PCDD50 3 6.64 6.33 0.311 -9.48 -8.66 -0.821
PCDD54 4 6.60 6.40 0.205 / / /
PCDD66 4 7.80 6.74 1.064 -10.95 -9.50 -1.448
PCDD73 4 8.00 7.08 0.924 -11.25 -10.20 -1.042
PCDD75 4 8.20 742 0.783 -12.79 -10.91 -1.877
AlogK,,, 0.451 A-logS,, -0.920

a. The observed logKow values obtained from [11, 12]; b. The observed logSw values obtained from [13]
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Table S8: The fitted linear equations of Y05 , , With Qwyy/z, a and Exovo for PCDDs

congeners.
= + +
4 20';, m, p Ox= A x 20'0, m, p B Oyy= A x 20.;, m p+ B Q= A % 20-0*, m, p+ B
range A B R? A B R? A B R?

Nimc1 =0 0~0.29 -151.43 -74.87 0.712 | -232.70  -66.96 0.848 | -161.95 -82.22 0.778
Nmci1=1 0.4~0.69  -157.11 -26.70  0.868 | -225.69 7.46 0.957 | -162.95 -31.75 0.999
Nan-c1=2 0.8~1.09  -15843 17.68 0.778 | -201.56  61.44  0.878 | -169.24  27.44 0.958
Nm-c1=3 1.2~149  -126.98 1630 0969 | -223.37 159.27 0977 | -161.87  73.73 0.999
Nm-c1=4 1.6~2.89  -117.85 39.84 0.513 | -217.60 219.15 0.820 | -161.88 124.10  0.825

) Son e a=Ax 20'«; mpt B Enomo= A % 20';, m,pt B
range A B R2 B A R?
N1 =0 0~0.29 137.38 121.56 0.999 -3.38 563 0.999
Nmca=1 0.4~0.69 140.41 76.96 0.998 -3.01 -4.68 0.992
Nm-c1=2 0.8~1.09 140.49 32.56 0.998 -2.68 -3.97 0.982
Nmci=3 1.2~1.49 140.26 -11.17 0.999 -2.40 -3.43 0.989
Nim-ci=4 1.6~2.89 140.23 -55.05 0.999 -2.14 3.06 0999

Molecules 2018, 23, 2935; doi: 10.3390/molecules23112935 www.mdpi.com/journal/molecules
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Table S9: The fitted linear equations of }0¢ m p With Qwyy/zz, @ and Enomo for PCNs

congeners.
= + +
" Y65 m, p Ox=A X Y0 mp+ B Ow=A X Y6}t B Q=A% Y6! n ot B
range A B R2 A B R2

Nm-c1 =0 0~0.29 -240.02 -49.66 0987 | -216.10 -45.02 0.887 | -162.41 -63.93 0.998
Nmc1=1 0.4~0.69  -219.32 2456 0950 | -182.29 1034 0941 | -162.11 -10.85 0.999
Nm-c1=2 0.8~1.09  -164.29 4291 0.883 | -205.62  90.70 0943 | -162.10  42.65 0.970
Nm-c1=3 1.2~1.49  -139.30 58.61 0982 | -215.12 171.84 0970 | -162.36  95.65 0.999
Nim-c1=4 1.6~2.89  -114.93 49.67 0.782 | -210.79  236.67 0.996 | -162.75 149.49  0.997

: Y08 m, p a=AX Yo, mptB Enomo=A x Yoy m pt B
range A B R? B A R?
Nm-c1=0 0~0.29 144.24 94.35 0.997 -1.54 -6.33 0.674
Nm-c1=1 0.4~0.69 146.42 46.57 0.996 -1.32 -6.04 0.677
Nm-c1=2 0.8~1.09 147.19 -0.66 0.995 -0.97 -6.02 0.576
Nm-c1=3 1.2~1.49 146.79 -46.67 0.997 -0.65 -6.24 0.466
Nm-c1=4 1.6~2.89 146.54 -92.20 0.998 -0.43 -6.51 0.438
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o: ortho- (2—-, 2'-, 6-, 6'-)
4 4'  m: meta- (3-,3-,5-,5-)
/ p: para- (4-,4'-)
6

& 5 Cl

(b) 9 o 1
8¢ XX X2 o ortho-(1-, 4-, 6-, 9-)
‘ ‘ m: meta- (2-, 3-, 7-, 8-)
7 G /\3 p: null
c! & 0 4 Cly

(c) 9
8~ X2 o: ortho- (1-, 4—, 6-, 9-)
‘ m: meta- (2-, 3-, 7-, 8-)
S 3 .
~ P p: null
CIX/G \

4 Cly

Figure S1: General molecular structures of the PCBs (a), PCDDs (b) and PCNss (c).
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Figure S4: The relationship of Qyy/z and Y05 m,, for PCBs congeners.

Molecules 2018, 23, 2935; doi: 10.3390/molecules23112935 www.mdpi.com/journal/molecules



molecules @Py

-60

Qyy (debye)

)
>
o]
()
Z
N
N
G
-210 ] , ] , ] , ] , ] ,
120 140 160 180 200 220
a (Bohr?)

Figure S5: The relationship of a and Qyy.z for PCBs congeners.
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Np_c1 =0 PCB15

o8hdde

Nm ci =1 PCB37

Nin c1 =2 PCB81

Nm_c1 =2

PCB123
No_c1 =1

*8hdbo

Nm c1 =3 PCB126

Nm c1 =3
No_c1 =1

Ny ci =4
No ¢ =1

No_c1 =2 PCB47

No c1 =3 PCB100

Figure S6: The HOMO distribution of a series of PCBs congeners with different Nm_ct numbers at
meta position (0—4) and No_ci at ortho position (0—4) for Cl substitutes. The entire left column

referred to our previous study [14].
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Figure S7: The relationship of Y07, m, , and Qxxyyizz, o and Enowmo for PCDDs congeners. The Y05 m p

and a referred to our previous study [14].

Molecules 2018, 23, 2935; doi: 10.3390/molecules23112935 www.mdpi.com/journal/molecules



molecules @y

-40 - re=0.087 | oo -
RP=0.941 R?=0.999
r Re=0.950 r R?=0.943 r R?=0.999
° -80 L N oL R?=0.970 oL Ri=070
'§ R2=0.982 'GD>; Ri-0.9% '§ Reco.09
= o 2 z
§-120 - N [m] N
o L o | o |
-160 - -
| , | . | . | , | ,
0 0 1 2 0 1 2
200 6.0
Ri=0.998 R?=0.674
L R?=0.998 L
2 O N, =0
— R*=0.996 < RLO 677 m-Cl
- 160 - R?=0.997 %) 651 O Npo=1
< ~ R2=0.576 _
[e) R?=0.997 o Nm—cl‘2
m r = [ =
\U/ Q 20 R2=0466 <V> N =3
L -7.0 L N =4
120 W o % ;R2:0.438 el
80 I L I L I ) -7.5 I . I | I )
0 1 2 0 1 2
+
L mp

Figure S8: The relationship of }.07 ., P and Qxvyy/zz, a and Enomo for PCNs congeners.
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