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Quantum chemistry investigation-on influence regularity of the external

energy fields to the organic sulfur structural characteristics in coal

ZHANG Ming-xu' ,DU Chuan-mei’ , MIN Fan-fei' ,GE Tao',CAI Chuan-chuan',MA Xiang-mei',LIU Song'

(1. School of Materials Science and Engineering sAnhui University of Science and Technology . Huainan 232001,China;2. School of Civil En-

gineering and Architecture , Anhui University of Seience and Technology s Huainan 232001,China)

Abstract:In order to analyze the response regularity of the organic sulfur structure in coal to microwave, the
change rule and bond broken characteristics of the sulfur bond in several typical sulfur model compounds in
coal were studied under the different external energy fields using the density functional theory simulation,
thus it can make us understand the removal mechanism furtherly. The results show that the total energy of
the system increases with the electric field from 0 to 0. 054 4 eV,the highest occupied orbital energy Ey ,the
lowest empty orbital energy E| and the energy gap E¢ all decrease with the increase of the electric field,it in-
dicates that the molecular activity and polarity increase with the electric field increasing for the electric dipole
moment increasing with the electric field. The bond length of S—S in molecular and the charge of S atom in-
crease with the electric field heightening, the resonance frequency of the each group decreases with the in-
crease of applied electric field, the vibration spectrum intensity also change. It need to consider the changing

influence of the molecular activity and polarity which the external electron fields lead to during the microwave
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desulfurization process as the organic sulfur structure in coal.
Key words: sulfur model compounds;external energy;molecular activity and polarity; microwave
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Fig 3 Bond length distribution of p-tolyl disulfide and

dibenzothiophene under different external electric field

Fig 4 Bond length distribution of p-tolyl disulfide and

dibenzothiophene under different external electric field
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1

Mulliken

Table 1 Changes of Mulliken charge of each atom in p-tolyl disulfide under different external electric field

/eV
0 0. 008 16 0. 013 60 0. 027 20 0. 040 80 0. 054 40

C(D 0. 156 0. 162 0. 160 0. 157 0. 157 0. 141
C(2) —0. 211 —0. 205 —0. 204 —0. 202 —0. 202 —0. 196
C(3) —0. 198 —0. 187 —0. 188 —0. 187 —0. 181 —0. 174
C4) 0. 130 0. 122 0. 122 0. 122 0. 123 0. 149
C(5) —0. 203 —0. 200 —0. 200 —0. 199 —0. 200 —0. 181
C(6) —0. 211 —0. 206 —0. 205 —0. 203 —0. 194 —0. 194
S(7) —0. 085 —0. 093 —0. 098 —0. 106 —0. 119 —0. 195
S(8) —0. 089 —0. 098 —0. 108 —0. 133 —0. 146 —0. 207
C9 0. 127 0. 120 0. 124 0. 129 0. 125 0. 162
C(10) —0. 206 —0. 203 —0. 202 —0. 195 —0. 182 —0. 177
Can —0. 209 —0. 204 —0. 205 —0. 204 —0. 199 —0. 194
C(12) 0. 154 0. 162 0. 163 0. 164 0. 166 0. 157
C(13) —0. 210 —0. 205 —0. 206 —0. 206 —0. 206 —0. 202
C1D —0. 202 —0. 185 —0. 183 —0. 181 —0. 176 —0. 179
C(15 —0. 632 —0. 606 —0. 606 —0. 606 —0. 609 —0. 581
H(16) 0. 193 0. 185 0. 184 0. 184 0. 190 0. 189
H7) 0. 201 0. 191 0. 191 0. 190, 0. 176 0. 142
H(18) 0. 194 0. 185 0. 185 0.7185 0. 185 0. 192
C19 —0. 631 —0. 607 —0. 607 =0. 608 —0. 615 —0. 612
H(20) 0. 200 0. 190 0. 190 0. 190 0. 189 0. 189
HZD 0. 191 0. 184 0,183 0. 184 0. 186 0. 192
H(22) 0. 195 0. 187 0..188 0. 189 0. 189 0. 184
H(23) 0. 167 0. 157 0. 157 0. 158 0. 160 0. 168
H(24) 0. 175 0. 162 0. 162 0. 162 0. 164 0. 179
H(25) 0. 196 0. 187 0. 184 0. 181 0. 179 0. 180
H(26) 0. 167 0:,158 0. 158 0. 158 0. 160 0. 172
H@27) 0. 189 0..185 0. 183 0. 177 0. 169 0. 179
H(28) 0. 167 0. 158 0. 158 0. 159 0. 160 0. 170
H(29) 0. 166 0. 156 0. 156 0. 156 0. 158 0. 169
H(30) 0. 174 0. 162 0. 163 0. 164 0. 166 0. 178
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2 . JHOMO  LUMO
Table 2 The total energy, binding energy,energy gap of p-tolyl disulfide and dibenzothiophene change with
different external electric field
/eV /eV / /eV /
eV /eV /eV (C+m)
0 —36 401. 107 —149. 747 —3. 548 —1 637 1 911 5. 470 410730
0. 008 16 —36 401 134 —149. 774 —3. 641 —1. 787 1. 854 5. 508 1 X103
0. 013 60 —36 401 270 —149. 895 —3. 643 —1 873 1L 770 5. 520 4X10 30
0. 027 20 —36 407. 390 —156. 018 —3. 654 —2. 090 1. 564 5. 530 8 X 1030
0. 040 80 —36 407. 472 —156. 110 —3. 690 —2. 530 1. 160 5. 532 8 X103
0. 054 40 —36 407. 608 —156. 224 —4. 019 —2.929 1. 090 5. 533 8 X103
0 —23 399. 562 —116. 008 —5. 228 —1. 826 3,402 1. 722 9X103%
0. 008 16 —23 399. 534 —115. 981 —5. 227 —1 831 3. 396 1. 725 2X103%
0. 013 60 —23 399. 507 —115. 954 —5. 226 —1. 844 3. 383 1. 727 2X10%°
0. 027 20 —23 399. 480 —115. 926 —5. 225 —1. 869 3. 356 1. 727 5X10%
0. 040 80 —23 399. 398 —115. 872 —25. 225 —1 908 3. 317 1. 728 9X103%
0. 054 40 —233 99. 262 —115. 701 —5. 224 —1. 968 3261 1. 732 2X10—%
43:123—128.
3 [3] N o1,
,2012519(1) .43 —46.
(L ’ Lei Jiali, Zhou Min, Yan Dong,et al. Research progress of desul-
° furization from coal with microwave technology [ J]. Chemical
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