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Theory study on chemical reactivity of 2-mercaptobenzothiazole,
2-mercaptobenzoxazole and 2-mercaptobenzimidazole in solution
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(School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: The molecular structures of 2-mercaptobenzothiazole (MBT), 2-mercaptobenzoxazole (MBO),
2-mercaptobenzimidazole (MBI) were fully optimized at the B3LYP/6-31+G(d, p) level in the vacuum phase. The
integral equation formalism for the polarizable continuum model (IEF-PCM) was employed to optimize the structures of
the three agents and their ions in water with dielectric constant of 78.39. The effects of the O, N and S atoms on the
chemical reactivities of MBO, MBI and MBT molecules were inferred by the energies of frontier molecular orbital and
the atomic charges which were related to the reactive behavior of them. The results of the calculation indicate that their
thione forms of MBO, MBI and MBT are more stable and have stronger reactivities than their thiol forms, both in the
vacuum and aqueous phases. But in aqueous phase, there are three forms of thione—thiol—ion tautomerizations for MBO,
MBI and MBT, and the ion forms have the strongest reactivities. As collectors for the flotation of sulfide minerals, the
following collecting ability order form high to low is theoretically obtained as MBT, MBI, MBO, and their selectivity
against pyrite is followed as the order from low to high as MBT, MBI, MBO.
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Fig.1 Schematic representation of thione-thiol-ion tautomerism of MBT, MBO and MBI and numbering of some atoms



2250

hEA R R

2010 4 11 H

&1 MBT. MBO Ml MBI AL &5 H Ja L £ 108 03 L 45 2 54
Table 1 Selected optimized geometrical parameters for MBT, MBO and MBI

Bond angle
Medium ) H(C2-S1Y/A  r(C2-N4)/A  r(C2-S3)/A  r(S3-C)/A r(N4-C)/A £ 7(H5-S1-C2-S3)/(°)
species (N4-C2-S3)/(°)
Thione 1.654 1.368 1.783 1.766 1.391 107.82 -
Vacuum
Thiol 1.767 1.293 1.780 1.759 1.390 116.41 179.97
Thione 1.683 1.351 1.768 1.766 1.393 109.11 -
Solution  Thiol 1.765 1.297 1.777 1.759 1.393 116.17 179.99
Ton 1.728 1.313 1.813 1.756 1.388 112.95 -
MBO Bond angle of
Medium ) r(C2-S1)/A  HC2-N4)/A rC2-03)/A r03-C)/A r(N4-C)/A 7(H5-S1-C2-03)/(°)
species (N4-C2-03)/(°)
Thione 1.644 1.371 1.378 1.380 1.392 106.44 -
Vacuum
Thiol 1.755 1.294 1.372 1.382 1.401 116.40 180.00
Thione 1.671 1.351 1.369 1.387 1.394 107.80 -
Solution  Thiol 1.752 1.298 1.372 1.384 1.403 115.88 0.15
Ion 1.716 1.318 1.407 1.374 1.393 112.47 -
) MBI Bond angle of
Medium ~ A(C2-S1YA  H(C2-N4)Y/A #C2-N3YA r(N3-C)A r(N4-C)yA 7(H5-S1-C2-N3)/(°)
species (N4-C2-N3)/(°)
Thione 1.667 1.378 1.378 1.391 1.391 104.56 -
Vacuum
Thiol 1.767 1.309 1.379 1.390 1.393 113.69 179.91
Thione 1.701 1.364 1.364 1.391 1.391 106.17 -
Solution  Thiol 1.766 1.319 1.370 1.387 1.395 113.56 179.83
Ion 1.741 1.338 1.386 1.382 1.389 110.93 -
Note: Numbering of atoms see Fig.1.
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Table 2  Calculated dipole moments(x), HOMO and LUMO energies, Et and AEt

Medium MBT species wD E(HOMO)/eV E(LUMO)/eV Er/eV AE/eV
Thione 5.11 -0.222°5 —0.059 2 —1120.925 -
Vacuum
Thiol 0.91 —0.236 4 —0.048 1 -1120.911 0.014
Thione 8.46 -0.224 8 —0.058 8 —1120.946 -
Solution Thiol 1.14 -0.2343 —0.047 2 —1120.924 0.022
Ton 13.58 —0.198 3 -0.029 9 —1120.479
Medium MBO species /D EHOMO)/eV E(LUMO)/eV Et/eV AEr/eV
Thione 541 -0.226 7 -0.053 1 =797.950 -
Vacuum
Thiol 0.59 -0.2375 —0.040 2 =797.936 0.014
Thione 8.71 -0.229 4 —-0.050 0 —797.973 -
Solution Thiol 0.64 -0.2357 —-0.0390 —797.950 0.023
Ton 13.20 -0.199 9 -0.024 7 =797.508
Medium MBI species /D EHOMO)/eV E(LUMO)/eV Et/eV AEr/eV
Thione 4.72 -0.2107 —0.044 5 —778.105 -
Vacuum
Thiol 2.39 -0.224 6 —0.028 5 —778.083 0.022
Thione 7.69 -0.216 1 -0.038 7 —778.134 -
Solution Thiol 3.78 -0.2235 —0.028 0 —778.107 0.027
Ton 13.47 -0.190 1 -0.016 4 =777.657

Note: Numbering of atoms see Fig.1.
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Table 3 Calculated Mulliken and natural charges(electrons)

e RN IF I v 8 K 7 MBT. MBO #1 MBI
et ST iy, ffif$ MBT. MBO il MBI
TR RNV IL ST R F 3R AL T IR Ty 3 — 2D 1 i
SR, W MBT. MBO il MBI ({5 7+ S1
AIN4 A i, JF HIC SR 4 R T
Yt MBT. MBO Hil MBI {IRRETEF S1 H1 N4
M5 A 2 E . I, %9 MBT. MBO fi
MBI UL 7T S0 ) ST s 2 1 s vl i i 4
J& B T R AEAGE RN IR AT B PR K

MBT [#] C2 Jii-FIfHifi 5 MBO #1 MBI H[#) C2
JE A B2, £E MBO A1 MBI [T ER . i B2 A
BB C2 AT IEME, TfiE MBT 6. i
A ES U C2 119 A 51 S (B F 2R e far) o MBT
53 F-(-N4-C2=S1) T Ge A1 h 4 A Jg 1o is i ey, 3L
T RE AT AE KT MBO Al MBI 4r 1 1 i
(—N4—C2=S1)FF HERI 11 . IX A g & MBT X ALh ™ 14
W Ry e, TR IR PERS KT MBO Al MBI
s A Be S R 5 IRE 45

MBT Mulliken charge Natural charge
Medium .
species S1 C2 S3 N4 S1 C2 S3 N4
Thione -0.0717 -0.3355 0.3850 —0.154 8 -0.1017  —0.1651 04510 -0.592 3
Vacuum
Thiol 0.1392 -0.004 3 0.158 1 —0.069 5 0.074 2 —0.1180 04130 —0.484 3
Thione -0.2532 -0.293 8 0.383 1 —0.140 3 -0.2824  -0.1278 0.470 6 -0.577 1
Solution Thiol 0.0423 0.0380 0.173 9 —0.162 3 0.034 5 —0.118 8 0.424 5 —0.520 1
ITon —0.396 8 -0.1533 0.1292 -0.226 7 —0.496 1 —0.1119 03319 —0.583 5
) MBO Mulliken charge Natural charge
Medium )
Species S1 C2 03 N4 S1 C2 03 N4
Thione —0.020 3 0.2759 -0.2750 —-0.439 6 —0.120 5 03233 -0.4696  —0.604 1
Vacuum
Thiol 0.133 4 0.5377 -0.3157 -0.270 9 0.075 8 03592 -0.4780  —0.5023
Thione —0.186 3 0.3570 -0.301 7 —0.4111 —0.291 4 03726 —0.476 4  —0.5856
Solution Thiol 0.061 4 0.576 3 -0.323 6 —0.3613 0.036 8 0.367 8 —0.4852  —-0.5412
Ion —0.388 0 0.3690 —0.357 8 —0.456 6 —0.499 5 0.329 8 —0.5170  —0.604 7
) MBI Mulliken charge Natural charge
Medium )
Species S1 C2 N3 N4 S1 C2 N3 N4
Thione —-0.061 5 0.2530 -0.397 1 -0.397 1 -0.211 4 02121 -0.5927 -0.5927
Vacuum
Thiol 0.107 1 0.499 0 —0.393 3 —0.294 0 0.0318 0.233 6 -0.5999  -0.5160
Thione —0.260 6 0.3455 -0.399 1 -0.399 1 —0.408 0 02575 —0.5838 —0.5838
Solution Thiol 0.051 6 0.5142 —0.391 4 —0.426 0 0.001 2 0.2379 —0.5978 —-0.5786
Ion —0.439 8 0.360 3 —0.440 3 —-0.497 9 —0.580 3 0.226 4 -0.6177  —0.6312

Note: Numbering of atoms see Fig.1.
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