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Text S1: 

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

indicated below: 

 

 

log �
k

X‐Ar

k
H‐Ar

� = σρ          (1) 

where X is the functional group substituted on aromatic compounds (Ar), kX and kH are the rate 

constants for substituted and unsubstituted benzene derivatives, respectively, and ρ is the reaction 

constant which depends on the type of reaction [1]. Both � and ρ are obtained from a reference 

reaction, and can quantitatively describe chemical reactivities of substituents [1‐3]. 

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

ionization of para−substituted phenols [4]. The equation for σ− is: 

 

log �
�X‐C6H4OH

�H‐C6H4OH

� = �X
�� 

 The σ+ 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 σ+ is: 

 

 

log �
�X‐C6H4CH2Cl

�H‐C6H4CH2Cl

� = �X
�� 
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Table S1: The Hammett constants (σ, σ−, σ+) values 

substituents −Cl 

σo 0.4 

σm 0.37 

σp 0.23 

��
� 0.073* 

��
� 0.4 

��
� 0.11 

��
� 0.19** 

��
� 0.37 

��
� 0.19 

* The ��
� values were calculated from the relationship ��

� = 0.66��
�, which accounts for the ortho 

effects. [5] 

** ��
� values were sometimes obtained from the relationship ��

� = ��
� 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 

μ molecular dipole moment debye 

EA electron affinity eV 

EHOMO energy of the highest occupied molecular orbital eV 

EHOMO−1 energy of the second HOMO eV 

ELUMO energy of the lowest unoccupied molecular orbital eV 

ELUMO ‒ EHOMO gap of ELUMO and EHOMO eV 

ELUMO+1 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 

Qzz quadrupole moment tensors long the z axis debye 

S softness, S = 1/(IP ‒ EA) eV ‐1 

α mean polarizability of the molecule Bohr3 

ζ electronegativity, ζ = (IP + EA)/2 eV 

η hardness, η = (IP ‒ EA)/2 eV 

ω electrophilicity index, ω =ζ2/2η eV 
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Table S3: The structure of PCBs. 

 

# Name structure # Name structure # Name structure 

biphen

yl 
biphenyl 

 
PCB18 

2,2’,5-Trichlo

robiphenyl  
PCB36 

3,3’,5-Trichlor

obiphenyl  

PCB1 
2-Chlorobiphe

nyl 
 

PCB19 
2,2’,6-Trichlo

robiphenyl  
PCB37 

3,4,4’-Trichlor

obiphenyl  

PCB2 
3-Chlorobiphe

nyl 
 

PCB20 
2,3,3’-Trichlo

robiphenyl 
 

PCB38 
3,4,5-Trichloro

biphenyl  

PCB3 
4-Chlorobiphe

nyl 
 

PCB21 
2,3,4-Trichlor

obiphenyl  
PCB39 

3,4’,5-Trichlor

obiphenyl  

PCB4 
2,2’-Dichlorob

iphenyl 
 

PCB22 
2,3,4’-Trichlo

robiphenyl  
PCB40 

2,2’,3,3’-Tetrac

hlorobiphenyl 
 

PCB5 
2,3-Dichlorobi

phenyl 
 

PCB23 
2,3,5-Trichlor

obiphenyl 
  

PCB41 
2,2’,3,4-Tetrac

hlorobiphenyl  

PCB6 
2,3’-Dichlorob

iphenyl 
 

PCB24 
2,3,6-Trichlor

obiphenyl  
PCB42 

2,2’,3,4’-Tetrac

hlorobiphenyl 
 

PCB7 
2,4-Dichlorobi

phenyl 
 

PCB25 
2,3’,4-Trichlo

robiphenyl  
PCB43 

2,2’,3,5-Tetrac

hlorobiphenyl 
 

PCB8 
2,4’-Dichlorob

iphenyl 
 

PCB26 
2,3’,5-Trichlo

robiphenyl  
PCB44 

2,2’,3,5’-Tetrac

hlorobiphenyl 
 

PCB9 
2,5-Dichlorobi

phenyl 
 

PCB27 
2,3’,6-Trichlo

robiphenyl 
 

PCB45 
2,2’,3,6-Tetrac

hlorobiphenyl 
 

PCB10 
2,6-Dichlorobi

phenyl 
 

PCB28 
2,4,4’-Trichlo

robiphenyl 
 

PCB46 
2,2’,3,6’-Tetrac

hlorobiphenyl 
 

PCB11 
3,3’-Dichlorob

iphenyl  
PCB29 

2,4,5-Trichlor

obiphenyl   
PCB47 

2,2’,4,4’-Tetrac

hlorobiphenyl  

PCB12 
3,4-Dichlorobi

phenyl  
PCB30 

2,4,6-Trichlor

obiphenyl  
PCB48 

2,2’,4,5-Tetrac

hlorobiphenyl  

PCB13 
3,4’-Dichlorob

iphenyl  
PCB31 

2,4’,5-Trichlo

robiphenyl  

PCB49 
2,2’,4,5’-Tetrac

hlorobiphenyl  

PCB14 
3,5-Dichlorobi

phenyl 
 

PCB32 
2,4’,6-Trichlo

robiphenyl 
  

PCB50 
2,2’,4,6-Tetrac

hlorobiphenyl 
 

PCB15 
4,4’-Dichlorob

iphenyl 
 PCB33 

2’,3,4-Trichlo

robiphenyl 
 

PCB51 
2,2’,4,6’-Tetrac

hlorobiphenyl  

PCB16 
2,2’,3-Trichlor

obiphenyl 
 

PCB34 
2’,3,5-Trichlo

robiphenyl 
 

PCB52 
2,2’,5,5’-Tetrac

hlorobiphenyl  

PCB17 
2,2’,4-Trichlor

obiphenyl 
 

PCB35 
3,3’,4-Trichlo

robiphenyl 
 

PCB53 
2,2’,5,6’-Tetrac

hlorobiphenyl  
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# Name structure # Name structure # Name structure 

PCB54 
2,2’,6,6’-Tetra

chlorobiphenyl  
PCB73 

2,3’,5’,6-Tetrac

hlorobiphenyl 
 

PCB92 
2,2’,3,5,5’-Penta

chlorobiphenyl  

PCB55 
2,3,3’,4-Tetrac

hlorobiphenyl  
PCB74 

2,4,4’,5-Tetrach

lorobiphenyl  
PCB93 

2,2’,3,5,6-Penta

chlorobiphenyl 
 

PCB56 
2,3,3’,4’-Tetra

chlorobiphenyl  
PCB75 

2,4,4’,6-Tetrach

lorobiphenyl  
PCB94 

2,2’,3,5,6’-Penta

chlorobiphenyl 
 

PCB57 
2,3,3’,5-Tetrac

hlorobiphenyl 
 

PCB76 
2’,3,4,5-Tetrach

lorobiphenyl  
PCB95 

2,2’,3,5’,6-Penta

chlorobiphenyl  

PCB58 
2,3,3’,5’-Tetra

chlorobiphenyl 
 

PCB77 
3,3’,4,4’-Tetrac

hlorobiphenyl  
PCB96 

2,2’,3,6,6’-Penta

chlorobiphenyl  

PCB59 
2,3,3’,6-Tetrac

hlorobiphenyl 
 

PCB78 
3,3’,4,5-Tetrach

lorobiphenyl 
 

PCB97 
2,2’,3’,4,5-Penta

chlorobiphenyl 
 

PCB60 
2,3,4,4’-Tetrac

hlorobiphenyl  
PCB79 

3,3’,4,5’-Tetrac

hlorobiphenyl  

PCB98 
2,2’,3’,4,6-Penta

chlorobiphenyl 
 

PCB61 
2,3,4,5-Tetrach

lorobiphenyl  
PCB80 

3,3’,5,5’-Tetrac

hlorobiphenyl  
PCB99 

2,2’,4,4’,5-Penta

chlorobiphenyl  

PCB62 
2,3,4,6-Tetrach

lorobiphenyl  
PCB81 

3,4,4’,5-Tetrach

lorobiphenyl  
PCB100 

2,2’,4,4’,6-Penta

chlorobiphenyl  

PCB63 
2,3,4’,5-Tetrac

hlorobiphenyl 
 

PCB82 
2,2’,3,3’,4-Penta

chlorobiphenyl 
 

PCB101 
2,2’,4,5,5’-Penta

chlorobiphenyl  

PCB64 
2,3,4’,6-Tetrac

hlorobiphenyl  
PCB83 

2,2’,3,3’,5-Penta

chlorobiphenyl 
 

PCB102 
2,2’,4,5,6’-Penta

chlorobiphenyl  

PCB65 
2,3,5,6-Tetrach

lorobiphenyl  
PCB84 

2,2’,3,3’,6-Penta

chlorobiphenyl  
PCB103 

2,2’,4,5’,6-Penta

chlorobiphenyl 
 

PCB66 
2,3’,4,4’-Tetra

chlorobiphenyl  
PCB85 

2,2’,3,4,4’-Penta

chlorobiphenyl  
PCB104 

2,2’,4,6,6’-Penta

chlorobiphenyl  

PCB67 
2,3’,4,5-Tetrac

hlorobiphenyl  
PCB86 

2,2’,3,4,5-Penta

chlorobiphenyl  
PCB105 

2,3,3’,4,4’-Penta

chlorobiphenyl  

PCB68 
2,3’,4,5’-Tetra

chlorobiphenyl  

PCB87 
2,2’,3,4,5’-Penta

chlorobiphenyl 
 

PCB106 
2,3,3’,4,5-Penta

chlorobiphenyl  

PCB69 
2,3’,4,6-Tetrac

hlorobiphenyl  
PCB88 

2,2’,3,4,6-Penta

chlorobiphenyl  
PCB107 

2,3,3’,4,5’-Penta

chlorobiphenyl 
 

PCB70 
2,3’,4’,5-Tetra

chlorobiphenyl  
PCB89 

2,2’,3,4,6’-Penta

chlorobiphenyl 
 

PCB108 
2,3,3’,4,6-Penta

chlorobiphenyl 
 

PCB71 
2,3’,4’,6-Tetra

chlorobiphenyl  
PCB90 

2,2’,3,4’,5-Penta

chlorobiphenyl  

PCB109 
2,3,3’,4’,5-Penta

chlorobiphenyl  

PCB72 
2,3’,5,5’-Tetra

chlorobiphenyl 
 

PCB91 
2,2’,3,4’,6-Penta

chlorobiphenyl  
PCB110 

2,3,3’,4’,6-Penta

chlorobiphenyl 
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# Name structure # Name structure # Name structure 

PCB111 
2,3,3’,5,5’-Pentac

hlorobiphenyl 
 

PCB130 
2,2’,3,3’,4,5’-Hexac

hlorobiphenyl 
 

PCB149 
2,2’,3,4’,5’,6-He

xachlorobiphenyl  

PCB112 
2,3,3’,5,6-Pentach

lorobiphenyl  
PCB131 

2,2’,3,3’,4,6-Hexach

lorobiphenyl  
PCB150 

2,2’,3,4’,6,6’-He

xachlorobiphenyl 
 

PCB113 
2,3,3’,5’,6-Pentac

hlorobiphenyl 
 

PCB132 
2,2’,3,3’,4,6’-Hexac

hlorobiphenyl  
PCB151 

2,2’,3,5,5’,6-Hex

achlorobiphenyl 
 

PCB114 
2,3,4,4’,5-Pentach

lorobiphenyl  

PCB133 
2,2’,3,3’,5,5’-Hexac

hlorobiphenyl 
 

PCB152 
2,2’,3,5,6,6’-Hex

achlorobiphenyl 
 

PCB115 
2,3,4,4’,6-Pentach

lorobiphenyl  
PCB134 

2,2’,3,3’,5,6-Hexach

lorobiphenyl  

PCB153 
2,2’,4,4’,5,5’-He

xachlorobiphenyl  

PCB116 
2,3,4,5,6-Pentachl

orobiphenyl 
 

PCB135 
2,2’,3,3’,5,6’-Hexac

hlorobiphenyl 
 

PCB154 
2,2’,4,4’,5,6’-He

xachlorobiphenyl  

PCB117 
2,3,4’,5,6-Pentach

lorobiphenyl  

PCB136 
2,2’,3,3’,6,6’-Hexac

hlorobiphenyl  
PCB155 

2,2’,4,4’,6,6’-He

xachlorobiphenyl  

PCB118 
2,3’,4,4’,5-Pentac

hlorobiphenyl  
PCB137 

2,2’,3,4,4’,5-Hexach

lorobiphenyl  
PCB156 

2,3,3’,4,4’,5-Hex

achlorobiphenyl 
 

PCB119 
2,3’,4,4’,6-Pentac

hlorobiphenyl  
PCB138 

2,2’,3,4,4’,5’-Hexac

hlorobiphenyl  

PCB157 
2,3,3’,4,4’,5’-He

xachlorobiphenyl 
 

PCB120 
2,3’,4,5,5’-Pentac

hlorobiphenyl  

PCB139 
2,2’,3,4,4’,6-Hexach

lorobiphenyl  
PCB158 

2,3,3’,4,4’,6-Hex

achlorobiphenyl  

PCB121 
2,3’,4,5’,6-Pentac

hlorobiphenyl  
PCB140 

2,2’,3,4,4’,6’-Hexac

hlorobiphenyl 
 

PCB159 
2,3,3’,4,5,5’-Hex

achlorobiphenyl 
 

PCB122 
2’,3,3’,4,5-Pentac

hlorobiphenyl 
 

PCB141 
2,2’,3,4,5,5’-Hexach

lorobiphenyl  
PCB160 

2,3,3’,4,5,6-Hexa

chlorobiphenyl  

PCB123 
2’,3,4,4’,5-Pentac

hlorobiphenyl  
PCB142 

2,2’,3,4,5,6-Hexachl

orobiphenyl  
PCB161 

2,3,3’,4,5’,6-Hex

achlorobiphenyl 
 

PCB124 
2’,3,4,5,5’-Pentac

hlorobiphenyl 
 

PCB143 
2,2’,3,4,5,6’-Hexach

lorobiphenyl 
 

PCB162 
2,3,3’,4’,5,5’-He

xachlorobiphenyl 
 

PCB125 
2’,3,4,5,6’-Pentac

hlorobiphenyl 
 

PCB144 
2,2’,3,4,5’,6-Hexach

lorobiphenyl  
PCB163 

2,3,3’,4’,5,6-Hex

achlorobiphenyl 
 

PCB126 
3,3’,4,4’,5-Penta

chlorobiphenyl  
PCB145 

2,2’,3,4,6,6’-Hexach

lorobiphenyl  

PCB164 
2,3,3’,4’,5’,6-He

xachlorobiphenyl  

PCB127 
3,3’,4,5,5’-Penta

chlorobiphenyl 
 

PCB146 
2,2’,3,4’,5,5’-Hexac

hlorobiphenyl 
 

PCB165 
2,3,3’,5,5’,6-Hex

achlorobiphenyl 
 

PCB128 
2,2’,3,3’,4,4’-Hex

achlorobiphenyl 
 

PCB147 
2,2’,3,4’,5,6-Hexach

lorobiphenyl 
 

PCB166 
2,3,4,4’,5,6-Hexa

chlorobiphenyl  

PCB129 
2,2’,3,3’,4,5-Hex

achlorobiphenyl 
 

PCB148 
2,2’,3,4’,5,6’-Hexac

hlorobiphenyl 
 

PCB167 
2,3’,4,4’,5,5’-He

xachlorobiphenyl 
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# Name structure # Name structure # Name structure 

PCB168 
2,3’,4,4’,5’,6-Hex

achlorobiphenyl 
 

PCB182 
2,2’,3,4,4’,5,6’-Hept

achlorobiphenyl 
 

PCB196 

2,2’,3,3’,4,4’,5,6’

-Octachlorobiphe

nyl  

PCB169 
3,3’,4,4’,5,5’-Hex

achlorobiphenyl 
 

PCB183 
2,2’,3,4,4’,5’,6-Hept

achlorobiphenyl  
PCB197 

2,2’,3,3’,4,4’,6,6’

-Octachlorobiphe

nyl 
 

PCB170 
2,2’,3,3’,4,4’,5-He

ptachlorobiphenyl 
 

PCB184 
2,2’,3,4,4’,6,6’-Hept

achlorobiphenyl  

PCB198 

2,2’,3,3’,4,5,5’,6-

Octachlorobiphe

nyl  

PCB171 
2,2’,3,3’,4,4’,6-He

ptachlorobiphenyl  
PCB185 

2,2’,3,4,5,5’,6-Hepta

chlorobiphenyl 
 

PCB199 

2,2’,3,3’,4,5,5’,6’

-Octachlorobiphe

nyl  

PCB172 
2,2’,3,3’,4,5,5’-He

ptachlorobiphenyl 
 

PCB186 
2,2’,3,4,5,6,6’-Hepta

chlorobiphenyl 
 

PCB200 

2,2’,3,3’,4,5,6,6’-

Octachlorobiphe

nyl  

PCB173 
2,2’,3,3’,4,5,6-He

ptachlorobiphenyl 
 

PCB187 
2,2’,3,4’,5,5’,6-Hept

achlorobiphenyl 
 

PCB201 

2,2’,3,3’,4,5’,6,6’

-Octachlorobiphe

nyl  

PCB174 
2,2’,3,3’,4,5,6’-He

ptachlorobiphenyl 

 

PCB188 
2,2’,3,4’,5,6,6’-Hept

achlorobiphenyl 
 

PCB202 

2,2’,3,3’,5,5’,6,6’

-Octachlorobiphe

nyl  

PCB175 
2,2’,3,3’,4,5’,6-He

ptachlorobiphenyl 
 

PCB189 
2,3,3’,4,4’,5,5’-Hept

achlorobiphenyl 
 

PCB203 

2,2’,3,4,4’,5,5’,6-

Octachlorobiphe

nyl  

PCB176 
2,2’,3,3’,4,6,6’-He

ptachlorobiphenyl  
PCB190 

2,3,3’,4,4’,5,6-Hepta

chlorobiphenyl 
 

PCB204 

2,2’,3,4,4’,5,6,6’-

Octachlorobiphe

nyl  

PCB177 
2,2’,3,3’,4’,5,6-He

ptachlorobiphenyl 
 

PCB191 
2,3,3’,4,4’,5’,6-Hept

achlorobiphenyl 
 

PCB205 

2,3,3’,4,4’,5,5’,6-

Octachlorobiphe

nyl  

PCB178 
2,2’,3,3’,5,5’,6-He

ptachlorobiphenyl 
 

PCB192 
2,3,3’,4,5,5’,6-Hepta

chlorobiphenyl 
 

PCB206 

2,2’,3,3’,4,4’,5,5’

,6-Nonachlorobip

henyl  

PCB179 
2,2’,3,3’,5,6,6’-He

ptachlorobiphenyl 
 

PCB193 
2,3,3’,4’,5,5’,6-Hept

achlorobiphenyl 
 

PCB207 

2,2’,3,3’,4,4’,5,6,

6’-Nonachlorobi

phenyl  

PCB180 
2,2’,3,4,4’,5,5’-He

ptachlorobiphenyl 
 

PCB194 
2,2’,3,3’,4,4’,5,5’-O

ctachlorobiphenyl 
 

PCB208 

2,2’,3,3’,4,5,5’,6,

6’-Nonachlorobi

phenyl  

PCB181 
2,2’,3,4,4’,5,6-He

ptachlorobiphenyl 
 

PCB195 
2,2’,3,3’,4,4’,5,6-Oct

achlorobiphenyl 
 

PCB209 

2,2’,3,3’,4,4’,5,5’

,6,6’-Decachloro

biphenyl  
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Table S4: The structure of PCDDs. 

# Name structure # Name structure # Name structure 

Dibenzo-
1,4-dioxi
n 

Dibenzo-1,4-dio

xin 
 
PCDD18 

1,2,9-Trichlorodib

enzodioxin  
PCDD36 

1,2,6,7-Tetrachlor

odibenzo-p-dioxin 
 

PCDD1 
1-Chlorodibenzo

-p-dioxin 
 

PCDD19 
1,3,6-Trichlorodib

enzodioxin 
 

PCDD37 
1,2,6,8-Tetrachlor

odibenzo-p-dioxin 
 

PCDD2 
2-Chlorodibenzo

-p-dioxin PCDD20 
1,3,7-Trichlorodib

enzodioxin  PCDD38 
1,2,6,9-Tetrachlor

odibenzo-p-dioxin 
 

PCDD3 
1,2-Dichlorodibe

nzo-p-dioxin 
 

PCDD21 
1,3,8-Trichlorodib

enzodioxin  
PCDD39 

1,2,7,8-Tetrachlor

odibenzo-p-dioxin 

 

PCDD4 
1,3-Dichlorodibe

nzo-p-dioxin 
 

PCDD22 
1,3,9-Trichlorodib

enzodioxin  
PCDD40 

1,2,7,9-Tetrachlor

odibenzodioxin 
 

PCDD5 
1,4-Dichlorodibe

nzo-p-dioxin 
 

PCDD23 
1,4,6-trichlorodibe

nzo-p-dioxin 
 

PCDD41 
1,2,8,9-Tetrachlor

odibenzo-p-dioxin  

PCDD6 
1,6-Dichlorodibe

nzo-p-dioxin 
 

PCDD24 
1,4,7-trichlorodibe

nzo-p-dioxin 
 
PCDD42 

1,3,6,8-Tetrachlor

obenzo-p-dioxin 
 

PCDD7 
1,7-Dichlorodibe

nzo-p-dioxin  
PCDD25 

2,3,6-Trichlorodib

enzo-p-dioxin  
PCDD43 

1,3,6,9-Tetrachlor

obenzo-p-dioxin 
 

PCDD8 
1,8-Dichlorodibe

nzo-p-dioxin 
 
PCDD26 

2,3,7-Trichlorodib

enzo-p-dioxin  PCDD44 
1,3,7,8-Tetrachlor

obenzo-p-dioxin  

PCDD9 
1,9-dichlorodibe

nzo-p-dioxin 
 

PCDD27 
1,2,3,4-Tetrachlor

odibenzo-p-dioxin 
 

PCDD45 
1,3,7,9-Tetrachlor

odibenzo-p-dioxin  

PCDD10 
2,3-Dichlorodibe

nzo-p-dioxin  
PCDD28 

1,2,3,6-Tetrachlor

odibenzo-p-dioxin  
PCDD46 

1,4,6,9-tetrachloro

dibenzo-p-dioxin 

 

PCDD11 
2,7-Dichlorodibe

nzo-p-dioxin  
PCDD29 

1,2,3,7-Tetrachlor

odibenzo-p-dioxin  
PCDD47 

1,4,7,8-tetrachloro

dibenzo-p-dioxin 

 

PCDD12 
2,8-Dichlorodibe

nzo-p-dioxin PCDD30 
1,2,3,8-Tetrachlor

odibenzo-p-dioxin  PCDD48 
2,3,7,8-tetrachloro

dibenzo-p-dioxin  

PCDD13 
1,2,3-Trichlorod

ibenzo-p-dioxin  
PCDD31 

1,2,3,9-Tetrachlor

odibenzo-p-dioxin  
PCDD49 

Pentachlorodibenz

o-p-dioxin 

 

PCDD14 
1,2,4-Trichlorod

ibenzo-p-dioxin 
 

PCDD32 
1,2,4,6-Tetrachlor

odibenzo-p-dioxin  
PCDD50 

1,2,3,4,7-Pentachl

orodibenzo-p-diox

in  

PCDD15 
1,2,6-Trichlorod

ibenzodioxin; 
 

PCDD33 
1,2,4,7-Tetrachlor

odibenzo-p-dioxin  
PCDD51 

1,2,3,6,7-Pentachl

orodibenzo-p-diox

in  

PCDD16 
1,2,7-trichlorodi

benzo-p-dioxin  
PCDD34 

1,2,4,8-Tetrachlor

odibenzodioxin  
PCDD52 

1,2,3,6,8-Pentachl

orodibenzo-p-diox

in  
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PCDD17 
1,2,8-Trichlorod

ibenzodioxin  
PCDD35 

1,2,4,9-Tetrachlor

odibenzodioxin  
PCDD53 

1,2,3,6,9-Pentachl

orodibenzo-p-diox

in  
   

# Name structure # Name structure # Name structure 

PCDD54 

1,2,3,7,8-Pent

achlorodiben

zo-p-dioxin  
PCDD62 

1,2,4,8,9-Pentachlo

rodibenzo-p-dioxin 
 

PCDD70 

1,2,3,7,8,9-Hexac

hlorodibenzo-p-di

oxin  

PCDD55 

1,2,3,7,9-Pent

achlorodiben

zo-p-dioxin  
PCDD63 

1,2,3,4,6,7-Hexachl

orodibenzo-p-dioxi

n 
 

PCDD71 

1,2,4,6,7,9-Hexac

hlorodibenzo-p-di

oxin  

PCDD56 

1,2,3,8,9-Pent

achlorodiben

zo-p-dioxin  
PCDD64 

1,2,3,4,6,8-Hexachl

orodibenzo-p-dioxi

n  

PCDD72 

1,2,4,6,8,9-Hexac

hlorodibenzo-p-di

oxin  

PCDD57 

1,2,4,6,7-Pent

achlorodiben

zodioxin  
PCDD65 

1,2,3,4,6,9-Hexachl

orodibenzo-p-dioxi

n  

PCDD73 

1,2,3,4,6,7,8-Hept

achlorodibenzo-p-

dioxin  

PCDD58 

1,2,4,6,8-Pent

achlorodiben

zo-p-dioxin  
PCDD66 

1,2,3,4,7,8-Hexachl

orodibenzo-p-dioxi

n  
PCDD74 

1,2,3,4,6,7,9-Hept

achlorodibenzo-p-

dioxin  

PCDD59 

1,2,4,6,9-Pent

achlorodiben

zo-p-dioxin  
PCDD67 

1,2,3,6,7,8-Hexachl

orodibenzo-p-dioxi

n  
PCDD75 

1,2,3,4,6,7,8,9-Oct

achlorodibenzo-p-

dioxin  

PCDD60 

1,2,4,7,8-Pent

achlorodiben

zo-p-dioxin  
PCDD68 

1,2,3,6,7,9-Hexachl

orodibenzo-p-dioxi

n  
   

PCDD61 

1,2,4,7,9-Pent

achlorodiben

zo-p-dioxin 

PCDD69 

1,2,3,6,8,9-hexachl

orodibenzo-p-dioxi

n  
   

 

 



 

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

Table S5: The structure of PCNs. 

# Name structure # Name structure # Name structure 

naphthal
ene 

naphthalene 

 

PCN17 
1,2,7-Trichlorona
phthalene 

 

PCN34 
1,2,4,7-Tetrachlor
onaphthalene 

 

PCN1 
1-Chloronaph
thalene 

 

PCN18 
1,2,8-Trichlorona
phthalene 

 

PCN35 
1,2,4,8-Tetrachlor
onaphthalene 

 

PCN2 
2-Chloronaph
thalene 

 
PCN19 

1,3,5-Trichlorona
phthalene 

 

PCN36 
1,2,5,6-Tetrachlor
onaphthalene 

 

PCN3 
1,2-Dichloron
aphthalene 

 

PCN20 
1,3,6-Trichlorona
phthalene 

 

PCN37 
1,2,5,7-Tetrachlor
onaphthalene 

 

PCN4 
1,3-Dichloron
aphthalene 

 

PCN21 
1,3,7-Trichlorona
phthalene 

 

PCN38 
1,2,5,8-Tetrachlor
onaphthalene 

 

PCN5 
1,4-Dichloron
aphthalene 

 

PCN22 
1,3,8-Trichlorona
phthalene 

 

PCN39 
1,2,6,7-Tetrachlor
onaphthalene 

 

PCN6 
1,5-Dichloron
aphthalene 

 

PCN23 
1,4,5-Trichlorona
phthalene 

 

PCN40 
1,2,6,8-Tetrachlor
onaphthalene 

 

PCN7 
1,6-Dichloron
aphthalene 

 

PCN24 
1,4,6-Trichlorona
phthalene 

 

PCN41 
1,2,7,8-Tetrachlor
onaphthalene 

 

PCN8 
1,7-Dichloron
aphthalene 

 

PCN25 
1,6,7-Trichlorona
phthalene 

 

PCN42 
1,3,5,7-Tetrachlor
onaphthalene 

 

PCN9 
1,8-Dichloron
aphthalene 

 

PCN26 
2,3,6-Trichlorona
phthalene  

PCN43 
1,3,5,8-Tetrachlor
onaphthalene 

 

PCN10 
2,3-Dichloron
aphthalene 

 

PCN27 
1,2,3,4-Tetrachlor
onaphthalene 

 

PCN44 
1,3,6,7-Tetrachlor
onaphthalene 

 

PCN11 
2,6-Dichloron
aphthalene  

PCN28 
1,2,3,5-Tetrachlor
onaphthalene 

 

PCN45 
1,3,6,8-Tetrachlor
onaphthalene 

 

PCN12 
2,7-Dichloron
aphthalene 

 

PCN29 
1,2,3,6-Tetrachlor
onaphthalene 

 

PCN46 
1,4,5,8-Tetrachlor
onaphthalene 

 

PCN13 
trichloro-Nap
hthalene 

 

PCN30 
1,2,3,7-Tetrachlor
onaphthalene 

 

PCN47 
1,4,6,7-Tetrachlor
onaphthalene 

 

PCN14 
1,2,4-Trichlor
onaphthalene 

 

PCN31 
1,2,3,8-Tetrachlor
onaphthalene 

 

PCN48 
2,3,6,7-Tetrachlor
onaphthalene  

PCN15 
1,2,5-Trichlor
onaphthalene 

 

PCN32 
1,2,4,5-Tetrachlor
onaphthalene 

 

PCN49 
1,2,3,4,5-pentachl
oronaphthalene 

 

PCN16 
1,2,6-Trichlor
onaphthalene 

 
PCN33 

1,2,4,6-Tetrachlor
onaphthalene 

 

PCN50 
1,2,3,4,6-pentachl
oronaphthalene 
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# Name structure # Name structure # Name structure 

PCN51 1,2,3,5,6-Pent
achloronapht
halene 

 

PCN60 

1,2,4,6,7-Pentachlo
ronaphthalene 

 

PCN69 

1,2,3,5,7,8-Hexac
hloronaphthalene 

 

PCN52 

1,2,3,5,7-Pent
achloronapht
halene 

 

PCN61 

1,2,4,6,8-Pentachlo
ronaphthalene 

 

PCN70 

1,2,3,6,7,8-Hexac
hloronaphthalene 

 

PCN53 

1,2,3,5,8-Pent
achloronapht
halene 

 

PCN62 

1,2,4,7,8-Pentachlo
ronaphthalene 

 

PCN71 

Naphthalene,1,2,4,
5,6,7-hexachloro- 

 

PCN54 

1,2,3,6,7-Pent
achloronapht
halene 

 

PCN63 

1,2,3,4,5,6-Hexachl
oronaphthalene 

 

PCN72 

1,2,4,5,7,8-Hexac
hloronaphthalene 

 

PCN55 

1,2,3,6,8-Pent
achloronapht
halene 

 

PCN64 

1,2,3,4,5,7-Hexachl
oronaphthalene 

 

PCN73 

1,2,3,4,5,6,7-Hept
achloronaphthalen
e 

 

PCN56 

1,2,3,7,8-Pent
achloronapht
halene 

 

PCN65 

1,2,3,4,5,8-Hexachl
oronaphthalene 

 

PCN74 

1,2,3,4,5,6,8-Hept
achloronaphthalen
e 

 

PCN57 

1,2,4,5,6-Pent
achloronapht
halene 

 

PCN66 

1,2,3,4,6,7-Hexachl
oronaphthalene 

 

PCN75 

1,2,3,4,5,6,7,8-Oct
achloronaphthalen
e 

 

PCN58 

1,2,4,5,7-Pent
achloronapht
halene 

 

PCN67 

1,2,3,5,6,7-Hexachl
oronaphthalene 

 

   

PCN59 

1,2,4,5,8-Pent
achloronapht
halene 

 

PCN68 

1,2,3,5,6,8-Hexachl
oronaphthalene 
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Table S6: Comparison of lnk values of •OH oxidation of PCBs congeners (test set compounds) 

between observed and predicted values. 

PCB 

conger 
Nm_cl 

observed 

lnk a 

predicted 

lnk 
Δlnk 

PCB 

conger 
Nm_cl 

observed 

lnk a 

predicted 

lnk 
Δlnk 

PCB0 0 ‐25.61 ‐25.86 0.253 PCB13 1 ‐26.89 ‐27.00 0.111 

PCB 1 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 lnk 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 

conger 
Nm_cl 

observed 

logKOW a 

predicted 

logKOW 
ΔlogKOW 

observed 

logSW b 

predicted 

logSW 
Δ-logSW 

PCDD0 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 7.42 0.783 ‐12.79 ‐10.91 ‐1.877 

  ΔlogKOW
����������� 0.451 Δ‐logSW

���������� −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 ∑σo, m, p
+  with Qxx/yy/zz, α and EHOMO for PCDDs 

congeners. 

# 
∑σo, m, p

+  

range 

Qxx= A × ∑σo, m, p
+ + B 

Qyy= A × ∑σo, m, p
+ + B Qzz= A × ∑σo, m, p

+ + B 
A B R2 A B R2 A B R2 

Nm-Cl =0 0~0.29 -151.43  -74.87  0.712  -232.70 -66.96 0.848 -161.95 -82.22 0.778 

Nm-Cl =1 0.4~0.69 -157.11  -26.70  0.868  -225.69 7.46 0.957 -162.95 -31.75 0.999 

Nm-Cl =2 0.8~1.09 -158.43  17.68  0.778  -201.56 61.44 0.878 -169.24 27.44 0.958 

Nm-Cl =3 1.2~1.49 -126.98  16.30  0.969  -223.37 159.27 0.977 -161.87 73.73 0.999 

Nm-Cl =4 1.6~2.89 -117.85  39.84  0.513  -217.60 219.15 0.820 -161.88 124.10 0.825 

# 
∑σo, m, p

+  

range 

α = A × ∑σo, m, p
+ + B EHOMO = A × ∑σo, m, p

+ + B 

A B R2 B A R2 

Nm‐Cl =0 0~0.29 137.38 121.56 0.999 -3.38  -5.63  0.999  

Nm‐Cl =1 0.4~0.69 140.41 76.96 0.998 -3.01  -4.68  0.992  

Nm‐Cl =2 0.8~1.09 140.49 32.56 0.998 -2.68  -3.97  0.982  

Nm‐Cl =3 1.2~1.49 140.26 -11.17 0.999 -2.40  -3.43  0.989  

Nm‐Cl =4 1.6~2.89 140.23 -55.05 0.999 -2.14  -3.06  0.999  
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Table S9: The fitted linear equations of ∑σo, m, p
+  with Qxx/yy/zz, α and EHOMO for PCNs 

congeners. 

# 
∑σo, m, p

+  

range 

Qxx= A × ∑σo, m, p
+ + B 

Qyy= A × ∑σo, m, p
+ + B Qzz= A × ∑σo, m, p

+ + B 
A B R2   A B R2  

Nm-Cl =0 0~0.29 -240.02  -49.66  0.987  -216.10 -45.02 0.887 -162.41 -63.93 0.998 

Nm-Cl =1 0.4~0.69 -219.32  24.56  0.950  -182.29 10.34 0.941 -162.11 -10.85 0.999 

Nm-Cl =2 0.8~1.09 -164.29  42.91  0.883  -205.62 90.70 0.943 -162.10 42.65 0.970 

Nm-Cl =3 1.2~1.49 -139.30  58.61  0.982  -215.12 171.84 0.970 -162.36 95.65 0.999 

Nm-Cl =4 1.6~2.89 -114.93  49.67  0.782  -210.79 236.67 0.996 -162.75 149.49 0.997 

# 
∑σo, m, p

+  

range 

α = A × ∑σo, m, p
+ + B EHOMO = A × ∑σo, m, p

+ + B 

A B R2 B A R2 

Nm‐Cl =0 0~0.29 144.24 94.35 0.997 -1.54  -6.33  0.674  

Nm‐Cl =1 0.4~0.69 146.42 46.57 0.996 -1.32  -6.04  0.677  

Nm‐Cl =2 0.8~1.09 147.19 -0.66 0.995 -0.97  -6.02  0.576  

Nm‐Cl =3 1.2~1.49 146.79 -46.67 0.997 -0.65  -6.24  0.466  

Nm‐Cl =4 1.6~2.89 146.54 -92.20 0.998 -0.43  -6.51  0.438  
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Figure S1: General molecular structures of the PCBs (a), PCDDs (b) and PCNs (c). 
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Figure S2: The relationship of 16 quantum chemical descriptors and ∑σo, m, p
  for PCBs 

congeners. 
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Figure S3: The relationship of 16 quantum chemical descriptors and ∑σo, m, p
�  for PCBs 

congeners. 
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Figure S4: The relationship of Qyy/zz and ∑σo, m, p
+  for PCBs congeners. 
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Figure S5: The relationship of α and Qyy/zz for PCBs congeners.
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Figure S6: The HOMO distribution of a series of PCBs congeners with different Nm_Cl numbers at 

meta position (0‒4) and No_Cl 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 ∑σo, m, p
+  and Qxx/yy/zz, α and EHOMO for PCDDs congeners. The ∑σo, m, p

+  

and α referred to our previous study [14]. 
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Figure S8: The relationship of ∑σo, m, p
+  and Qxx/yy/zz, α and EHOMO for PCNs congeners.
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