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Fig. 1. Optimized structure of the TCDD molecule.
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Table 1. The convergent standard of Gaussian09 software.

Maximum RMS Maximum RMS
force force displacement displacement
0.000450 0.000300 0.001800 0.001200

3 A FE 4 EF TTCDD 4 F 8 JL A
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KH DFT 7 iERAA R S35 /E T~ TCDD

oy TR JL S50, 13 300 )L S8, %R
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L7 () JR S A% 48145 2C-14H, 12C-19C1 H14C-210
Z 1A L Mg R, T B K /. 2C-14H
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WfmFe (15 2C 17 b 7 1R Faey, Bl 4% IR 3 5,
2C F 14H 2 [a] B4 I 7Bk ke bk 55, AT B2 K 39,
mFE 2 MK 3FF]. 52, MM EIGEIIN, B
F 1) JR 48 7% i 45 11C-20C1 A1 3C-220 2 [8] Y H,
Y5, MBI n; (B S g g o,
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#2 A F TCDD 4 F sk R/ A
Table 2. Optimized bond lengths (unit: A) for the

ground states of the TCDD molecule under different

external electric fields.

F  R(2,14) R(11,20) R(12,19) R(3,22) R(4,21)

0 1.0837  1.7445 1.7445 1.3795 1.3795
0.005 1.0835 1.7503 1.7397 1.3817 1.3776
0.010 1.0849  1.7348 1.7566  1.3758 1.3837
0.015 1.0860  1.7303 1.7628 1.3738 1.3860
0.020 1.0875  1.7259 1.7701  1.3721 1.3882
0.025 1.0891 1.7216 1.7789  1.3705 1.3903

#3 ARREHEZTERT 2C M 14H KA Q/a.u.
Table 3. The charges of 2C and 14H (unit: a.u.) of the TCDD molecule under different

external electric fields.

F 0 0.005 0.010 0.015 0.020 0.025
2C —0.087057 —0.131662 0.027937 0.061744 0.086288 0.102688
14H 0.163823 0.143131 0.204204 0.224375 0.244410 0.264266

F4 AL E/au HAY F/au BIOKE

Table 4. Variation of total energies (unit: a.u.) of TCDD molecule with electric field intensities (unit: a.u.).

F 0 0.005 0.010

0.015 0.020 0.025

E  —2450.921034  —2450.923557

—2450.930929

—2450.943274  —2450.960684  —2450.983302

1.090 1.78
—=— R(11,20)
—=— R(2,14) —e— R(12,19)
1.088 A
1.76 1
i Py
[aof ~
1.086 - <
1.744
1.084 T
. . . . . . 1724 . . . \'
0 0.005 0.010 0.015 0.020 0.025 0 0.005 0.010 0.015 0.020 0.025
F/a.u. F/a.u.
1.390
—=— R(3,22)
—e— R(4,21)
1.385
T 13804
~
1.375
1370 : . . \'
0 0.005 0.010 0.015 0.020 0.025
F/a.u.

2 TCDD % ¥ F##K RS
Fig. 2. Relationship between the main bond lengths of TCDD molecule and electric field intensities.
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TCDD 47 F I 2 45 B e R B 5 41 H 37 [ 38 5
M/, R AME 3R, F =0 au. B, &S
A F = —2450.921034 a.u., H¥ F = 0.025 a.u.
i, RS Re R E /N T —2450.983302 a.u., H
NEE SR, X EH TINS5 NS
IAE A3 5 7 JUT S5 R A2 T 84k, i 2 s, 6
RIS, TSRS, BEAS BB, (HEE
FHHNIGHIG5R, o 1A AR A, A
AR R, RS RE (1)Ll — 5
1. T LA 5 R 28 Ak, HAE1S 5 7 r B Cap,
AN Cs.

—2450.92 1w

—2450.94 4

E/a.u.

—2450.96 1

—2450.98 1

0 0.005 0.010 0.015 0.020 0.025
F/a.u.

K3 ¥ EBeE E BN
Fig. 3. Relationship between the total energies of

TCDD molecule and electric field intensities.
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K221 nm. BRI RN 54064 Lomol ~!-cm ™!
[ B W i 0, b TR, B R IEHE R = A 2
W AR R P I — o T ERE R A
Bt AL, TEVE K N 296 nm Ab A — BRI R BN
6234 L-mol~l-em ' ) JH I, BT HEIRNLEY)
T — T T ERE FIRRIE R U, AT B4, Koshiok
26 [29) ) Fj Shimadzu UV-240 Y634, W& T BL1,
4- " INHONEE S W EE N 50 ppm ) TCDD ¥
1F 260—400 nm ¥ K 6 [ 1) 5 4 a1, 45 R B
£ 305 nm &bA — AR, 5 SOk ) O T

bE, THELHR IR KA 9 nm KRS, B EI G
TR WO AR JR IR, T LA Y, BRATH TSRS
B B AL TAE (9, I HLBATE T 5 X SCERAR 4 1
#hFE.

0 a.u.
0.005 a.u.

0.01 a.u.

0.015 a.u.

Epsilon/10*
0

14 0.025 a.u.

150 200 250 300 350 400 450
Wavelength/nm

K4 TCDD 4 FfEAREAMUIZER T UV-Vis IO
Fig. 4. UV-vis absorption spectra of TCDD molecule un-

der different external electric fields.
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Fig. 5. Excited state frontier orbital diagram of TCDD

molecule under different external electric fields.
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Abstract

Various environmental poisons have caused damage to human production and life, and dioxin has seriously harmed
human health. The C12H4Cl402(2, 3, 7, 8-tetrachlorodibenzo-p-dioxin, TCDD) is currently the most toxic compound. In
order to study the influence of external electrical field on molecular structure and spectrum, herein the density functional
theory (DFT) at a B3LYP/6-31+g (d,p) level is employed to calculate the geometrical parameters of the ground state of
TCDD molecule under external electric fields ranging from 0 to 0.025 a.u. (0-1.2856x 10'° V/m). Based on the optimized
structure, time-dependent DFT at the same level as the above is adopted to calculate the absorption wavelengths and the
molar absorption coefficients for the first twenty-six excited states of TCDD molecule under external electric fields. The
results show that the most absorption band located at 221 nm with a molar absorption coefficient of 54064 L-mol™*-cm™*
in the UV-Vis absorption spectrum appears in the E belt, which originates from the benzene electronic transition from
T to T*. In addition, a shoulder peak at 296 nm appears in the B belt, which is the characteristic absorption of aromatic
compounds’ electron transition from 1 to m*. Compared with the data in the literature, the wavelength of the shoulder
is blue-shifted only 9 nm. The molecular geometry parameters are strongly dependent on the external field intensity, and
the total energy decreases with external field intensity increasing. With the enhancement of external electric field, the
electrons in the molecule have an overall transfer, which makes the big bond of benzene ring weakened, the energy of the
transition decreases, and the wavelength of the transition increases, that is, the absorption peak is red-shifted. When
the external electric field increases to 0.02 a.u., the electron cloud migration phenomenon of occupied and transition
orbits of TCDD molecule are obvious, and the absorption peak red shift phenomenon is also very significant. With
the enhancement of external electric field, the overall transfer of electrons in the molecule also reduces the density of
the benzene rings and the surrounding electron cloud, reduces the number of electrons in the transition from 7 to ™",
and also reduces the molar absorption coefficient. When the external electric field is enhanced to 0.02 a.u., the molar
absorption coefficient decreases significantly. This work provides a theoretical basis for studying the TCDD detection and
degradation method, and also has implications for other environmental pollutants detection methods and degradation

mechanisms.
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