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Molecular Orbital Calculations of Polychlorinated Dibenzo-p-dioxins

Summary

FRIRE >

Yasuji Thara

Ab initio, DFT, and semi-empirical calculations served to investigate the relationship of chemical structures

and biological toxicity of polychlorinated dibenzo-p-dioxins (PCDDs). Calculated values of absolute hard-

ness(#) and absolute electronegativity(x) on 75 PCDDs based on MO calculations showed the linear relation-

ships between chlorinated positions of PCDDs. The most stable isomer of the tertachlorodibennzo-p-dioxins
(TCDDs) calculated by ab initio and DFT methods was 1,3,6,8 ~TCDD. On the other hand, the lowest-energy
isomer calculated by semi-empirical methods was most toxic 2,3,7,8 ~TCDD. The results of the present MO

calculations were discussed and compared with chemical structures and the biological toxicity of PCDDs.
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Figure 1 Numbering of atoms in dibenzo-p-dioxin.
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Figure 2 : Relationship between Values of Absolute Hardness(#) and Absolute Electronegativity (x) Calculated by BSLYP/6-31G*
and MP2/6-31G* for PCDDs.
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Figure 3 : Relationship between Values of Absolute Hardness() and Absolute Electronegativity (x) Calculated by HF/6-31G*
and HF/STO-3G for PCDDs.
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Figure 4 : Relationship between Values of Absolute Hardness(z) and Absolute Electronegativity(x) Calculated by AM1 and
PM3 for PCDDs.
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Table 1, Calculated HOMO, LUMO energies and values
polychlorinated dibenzo-p-dioxins(PeCDDs)

of

absolute hardness(z)and absolute electronegativity (x)for

B3LYP/6-31G* MP2/6-31G*

Chlorination TEF HOMO (V) LUMO(eV) x 7 HOMO (eV) LUMO(eV) X 7
2,3,7,8 1 —6.0326 —1.2823 3.657 2.375 —8.5859 2.4251 3.080 5.505
1,2,3,7,8 1 —6.1591 —1.4364 3.798 2.361 —8.7312 2.2455 3.243 5.488
1,2,3,4,7,8 0.1 —6.2757 —1.5900 3.933 2.343 —8.8616 2.0627 3.399 5.462
1,2,3,6,7,8 0.1 —6.2842 —1.5804 3.932 2.352 —8.8789 2.0792 3.400 5.479
1,2,3,7,8,9 0.1 —6.2762 —1.5717 3.924 2.352 —8.8717 2.0880 3.392 5.480
1,2,3,4,6,7,8 0.01 —6.3923 —1.7165 4.054 2.338 —9.0057 1.9182 3.544 5.462
1,2,3,4,6,7,8,9 0.0001 —6.5006 —1.8442 4.172  2.328 —9.1365 1.7684 3.684 5.452

HF/6-31G* HF/STO-3G

Chlorination TEF HOMO(eV) LUMO(eV) x 7 HOMO (eV) LUMO(eV) X 7
2,3,7,8 1 —8.5386 2.5088 3.015 5.524 —7.0689 4.9119 1.078 5.990
1,2,3,7,8 1 —8.6827 2.3206 3.181 5.502 —7.3080 4.6192 1.344 5.964
1,2,3,4,7,8 0.1 —8.8132 2.1287 3.342  5.471 —7.5337 4.3250 1.604 5.929
1,2,3,6,7,8 0.1 —8.8288 2.1456 3.342 5.487 —7.5577 4.3613 1.598 5.960
1,2,3,7,8,9 0.1 —8.8205 2.1538 3.333 5.487 —7.5491 4.3712 1.589 5.960
1,2,3,4,6,7,8 0.01 —8.9538 1.9761 3.489 5.465 —7.7778 4.1036 1.837 5.941
1,2,3,4,6,7,8,9 0.0001 —9.0809 1.8194 3.631 5.450 —7.9916 3.8737 2.059 5.933

AM1 PM3

Chlorination TEF HOMO (eV) LUMO(eV) X Vi HOMO(eV) LUMO(eV) x i
2,3,7,8 1 —8.9970 -0.9097 4.953 4.044 —8.7984 —0.7842 4.791 4.007
1,2,3,7,8 1 —9.0827 —1.0172 5.050 4.033 —8.8527 —0.8543 4.854 3.999
1,2,3,4,7,8 0.1 —9.1611 —1.1249 5.143 4.018 —8.9038 —0.9230 4.913  3.990
1,2,3,6,7,8 0.1 —9.1709 —1.1153 5.143 4.028 —8.9076 —0.9198 4.914 3.994
1,2,3,7,8,9 0.1 —9.1654 —1.1111 5.138 4.027 —8.9036 —0.9160 4.910 3.994
1,2,3,4,6,7,8 0.01 —9.2464 —1.2102 5.228 4.018 —8.9557 —0.9804 4.968 3.988
1,2,3,4,6,7,8,9 0.0001 —9.3242 —1.'2973 5.311 4.013 —9.0049 —1.0371 5.021 3.984
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Figure 5 : Activity Diagrams between Absolute Hardness(») and Absolute Electronegativity (x) Calculated by B3LYP/6-31G*
and MP2/6-31G* for Selected PCDDs.
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Figure 7 : Activity Diagrams between Absolute Hardness(z) and Absolute Electronegativity (x) Calculated by AM1 and PM3
for Selected PCDDs.
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Table 2, Calculated relative energies of tetrachlorodibenzo-p-dioxins (TCDDs).®

Chlorination B3LYP/6-31G* MP2/6-31G* HF/6-31G* HF/STO-3G AM1 PM3
1,3,6,8 0.00 0.00 0.00 0.00 2.85 '1.03
1,3,7,9 0.30 0.19 0.33 0.48 2.98 1.05
1,3,7,8 0.42 0.36 0.70 0.76 1.44 0.51
2,3,7,8 0.83 0.71 1.38 1.56 0.00 0.00
1,3,6,9 1.81 1.14 2.10 1.72 5.20 2.38
1,4,7,8 1.93 1.45 2.48 2.01 3.68 1.84
1,2,6,8 2.14 1.47 2.70 2.16 3.81 1.82
1,2,4,7 2.42 1.66 3.06 2.77 4.07 1.85
1,2,4,8 2.44 1.67 3.08 2.78 4.07 1.85
1,2,7,9 2.49 1.70 3.11 2.75 3.98 1.85
1,2,7,8 2.60 1.87 3.46 2.99 2.43 1.31
1,2,3,7 3.22 2.30 4.29 3.80 2.84 1.34
1,2,3,8 3.25 2.35 4.35 3.88 2.86 1.35
1,4,6,9 3.65 2.56 4.22 3.62 7.54 3.73
1,2,6,9 3.97 2.60 4.83 3.93 6.18 3.17
1,2,6,7 4.24 2.92 5.38 4.30 4.76 2.61
1,2,4,6 4.46 3.11 5.42 4.82 6.54 3.29
1,2,4,9 4,51 3.13 5.47 4.88 6.57 3.30
1,2,8,9 4.74 3.25 5.93 5.05 5.00 2.66
1,2,3,6 4.96 3.47 6.32 5.39 5.20 2.76
1,2,3,9 5.33 3.81 6.75 5.99 5.39 2.80
1,2,3,4 8.74 6.22 11.13 10.11 7.30 3.77

a) kcal/mol
Table 3. Calculated relative energies of pentachlorodibenzo-p-dioxins(PeCDDs).?

Chliorination B3LYP/6-31G* MP2/6-31G* HF/6-31G* HF/STO-3G AM1 PM3
1,2,4,6,8 0.00 0.00 0.00 0.00 2.72 1.04
1,2,4,7,9 0.03 0.01 0.03 0.05 2.73 1.04
1,2,4,7,8 0.13 0.18 0.41 0.31 1.22 0.50
1,2,3,6,8 0.48 0.45 0.92 0.59 1.39 0.52
1,2,3,7,9 0.80 0.64 1.27 1.09 1.54 0.54
1,2,3,7,8 0.90 0.81 1.63 1.34 0.00 0.00
1,2,4,6,9 1.83 1.27 2.10 1.72 5.03 2.39
1,2,4,6,7 2.11 1.44 2.69 2.17 3.68 1.83
1,2,4,8,9 2.16 1.47 2.75 2.23 3.70 1.83
1,2,3,6,9 2.30 1.71 3.02 2.31 3.74 1.85
1,2,3,6,7 2.60 1.89 3.59 2.71 2.34 1.30
1,2,3,8,9 2.96 2.14 4.04 3.34 2.54 1.33
1,2,3,4,7 3.59 2.60 4.9 4.14 3.06 1.35
1,2,3,4,6 5.63 4.03 7.29 6.20 5.53 2.79

a) * kcal/mol
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Table4. Calculated relative energies of hexachlorodibenzo-p-dioxins (HxCDDs) .2

Chlorination B3LYP/6-31G* MP2/6-31G* HF/6-31G* HF/STO-3G AM1 PM3
1,2,4,6,7,9 0.00 0.00 0.00 0.00 2.61 1.05
1,2,4,6,8,9 0.00 0.01 0.01 0.01 2.61 1.06
1,2,3,6,7,9 0.46 0.64 0.91 0.56 1.32 0.53
1,2,4,7,8,9 0.47 0.66 0.95 0.61 1.34 0.53
1,2,3,6,7,8 0.92 1.09 1.81 1.12 0.00 0.00
1,2,3,4,6,8 1.14 1.15 1.88 1.38 1.77 0.55
1,2,3,7,8,9 1.22 1.28 2.19 1.65 0.16 0.02
1,2,3,4,7,8 1.26 1.33 2.28 1.66 0.28 0.01
1,2,3,4,6,9 2.95 2.39 3.94 3.07 4.67 1.88
1,2,3,4,6,7 3.24 2.57 4.55 3.53 2.73 1.33

a) kcal/mol

F234ADEREET 522D TCDODIEDFER %R 3—3 # =

LTw53, B3LYP/6-31G*, MP2/6-31G*, HF/6-31
G*, HF/STO-3GhEE Tl3Wang H D #E5R & [IkEC,
O EELEMEMRIIL,3,6,8-TCDDTH Y, KT,
1,3,7,9-, 1,3,7,8-TCDDDJETH - 72, 72, AM 1
EPM 3 DETETI32,3,7,8-TCDDA B b % e Bk
HTHY, OIXEAER LS L,

FKIDSEEREHRKEET 51480 PeCDDE D
A, B3LYP/6-31G*, MP2/6-31G*, HF/6-31G*,
HF/STO-3GOFHHE T, #& b RE T RMEMHIIL,2 4,
6,8-PeCDDTH Y, KT, 1,2,4,7,9-, 1,2,4,7,8-
PeCDDDJETH - 72, T OFEFRIIER 2 DR L FHOME
#RL, TCODHEETII1,3-DLE, PeCDDEETIIL,2,
4-DALEBITIER D B 5 F PR EBEDEE T X L
TWwbbDEBbiLs, /2, AMIEPM3DFETIE
1,2,3,7,8-PeCDD iR EMBEEZRL.

KIS, RADGMAREZTEREZF T 210N
HxCDD#E»#HA 1L, B3LYP/6-31G*, MP2/6-31G*,
HF/6-31G*, HF/STO-3GOFIE TI, BRI KBRELER
H4K131,2,4,6,7,9-HxCDDTH 0, K\T, 1,2,4,6,
8,9-, 1,2,3,6,7,9-HxCDD®DJETH ), L LEL -
TREREPRLL, 72, AMLEPM3IOFETIZL,2,3,
6,7,8-HxCDDW B L ET2,3,7,8- B2 F¥ 5Bk
R 4,5, 6MHDEREHT 5 RERICIBOERE
L7,

B 51T, BIZIITRL Twihwny, EREHRK2 KV
3D BREFRNBILYP/6-31G*, MP2/6-31G*, HF/
6-31G*, HF/STO-3GOFHE T, 2 @D BEERDE;
A, TEMEEZ 2,7- > 2,8- > 1,7-BHIF, 3
fHoBiERDBA, 1,3,7- > 1,3,8- > 2,3, 7 &
HKDIETH Y, 72, AMIEPM 3 DFE TR 248D
BEEROBEA, 2,7 -> 2,8 > 2, 3-BHE, 3ED
BERDEA, 2,3,7- > 1,3,7- > 1,3,8-EED
NETH -7z,

751N PCDDEH D & -FiEE RV EFIRED L% H
EREICARET LSRR, R &9 ZaR g s i,
1) & THUERHEIC & Y, 75188 PCDD#E Absolute
hardness (¥t~ — F & X 5) KX U, Absolute
electroegativity (Mt BRIEMEE | x) 2EH L2 L
Zh, MR FRRADORETIE, REmMED N N—F
T, TH&EIRY7+ThHY, BENHEIELNL. 2
o DFERD &, PCODMEDEE 3 ¢ 8 & pIEIIKTET
5 DR LN,
2) EUEMRK(TER) Db h» > TwbRENL
PCDDHHIZDWT, &EIHEERY» 6, —MICTEFE
BT HI2on T, HOMO, LUMObLEA L, 20
FER, yMEEHML, METES T EmERL. &
EOFHEKRTIIREDOR 2 FABI2B3LYP/6-31G*
BRUPMID#ERP 6E 6N, TheBlicHEENHmS
En—xEMT AT 75 LORERITEEICE EE D
Ao, PCODEOEEZ INLDEEZHWH I &
CEDHEETH L TAFETH LI b7z,
3) 4MADEREZ2ET 522N TCDDEE D ab initio&
U'DETETH 5 B3LYP/6-31G*, MP2/6-31G*, HF/
6-31G*, HF/STO-3GHFIE TIIWang b D #5E & [H]
kic, RLEELBEBMMRIZL,3,6,8-TCDDTH Y, X
W, 1,3,7,9-, 1,3,7,8-TCDDDWETH -~ 7z, F7z,
AM1 L PM 3 mFFE TI32,3,7,8-TCDD# % b K E
TRMEETH -7 SMEREREEZET 214H4ED
PeCDDFE D413, ab initio X UDFTkIC & 251HE T
12, D LELBEMMEILL,2,4,6,8-PeCDDTH Y, XK
W, 1,2,4,7,9-, 1,2,4,7,8-PeCDDDJET & - 72,
F72, AM1:PM3DFHE TI41,2,3,7,8-PeCDDo5%
REMBRERLL, EEREREEFT 510D
HxCDDFE DA 12, ab initioXUDFTE:IZ & 551E
T, &IDEELEMMKEIZL,2,4,6,7,9-HxCDDT &
D, kT, 1,2,4,6,8,9-, 1,2,3,6,7,9-HxCDDDJE
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THY, 72, AM1EPM3DEHE Ti31,2,3,6,7,8
HxCDD?» BB ET2,3,7,8- B2 68T 5 2% &N
4,5, 6lDER2ET LRERICEBEDERERL
7z,

RFFDOHEITICH2), ERICHALTTE o725
HAEDTHEEFRICECBHEL T, RIFZITTR
134EE L 1SR AT FRANEE S BR B R I L V1T
bz,
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