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Abstract The reaction mechanism of BrO with CH3SH has been investigated by density function theory
(DFT) and electronic density topological analysis method. Geometries of the stationary points on the poten-
tial energy surface have been optimized at B3LYP/6-311g (d, p) level. Vibration analysis and intrinsic reac-
tion coordinate (IRC) calculation at the same level have been applied to validate the connection of the sta-
tionary points. The reaction barriers with zero point energy correction have also been calculated. The calcu-
lated results show that there are seven pathways on the reaction surface of BrO with CH3SH, and those in the
formations of CH3S+HOBr and CH3SO+HBr are dominant. The non-planar four-member-ring structure
transition state (STS), which was firstly found in this paper, extended the concept of ring STS.
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Tablel Theenergiesof the reactants, intermediates, transition states and products

Species Egelau. ZPE/au. El/au. BSSE AE(/kJmol 1)
CH3SH+Bro —3088.0176 0.0475 —3087.9701 0.0
CH3S+HOBr —3088.0366 0.0488 —3087.9885 —483
CH,SH+HOBr —3088.0154 0.0441 —3087.9713 —32
CH,S+HOBr+H —3087.9413 0.0374 —3087.9039 173.8
CH3S(O)H+Br —3088.0284 0.0502 —3087.9782 —21.2
CH3SO~+HBr —3088.0858 0.0459 —3088.0400 —183.4
COM1 —3088.0212 0.0485 —3087.9728 0.0022 —13
COM2 —3088.0233 0.0486 —3087.9747 0.0026 —5.0
IM5-2+H —3087.8970 0.0405 —3087.8565 0.0040 298.3
COM6 —3088.0234 0.0488 —3087.9746 0.0026 —47
IM7-2 —3088.0506 0.0512 —3087.9994 0.0032 —68.4
TS1 —3088.0157 0.0454 —3087.9703 —05
TS2 —3088.0162 0.0454 —3087.9708 —19
TS3 —3088.0099 0.0432 —3087.9667 8.8
TSA —3088.0091 0.0431 —3087.9660 10.8
TS5-1 —3087.8960 0.0422 —3087.8538 305.3
TS5-24+H —3087.8945 0.0381 —3087.8564 298.4
TS6 —3088.0078 0.0484 —3087.9594 28.0
TS7-1 —3088.0124 0.0488 —3087.9636 169
TS7-2 —3088.0412 0.0484 —3087.9928 —59.6
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R 2 IRC [PEAR(L) A PR R OCHE s F 5T 2
Table2 Topological properties at the critical points of molecules on IRC reaction pathway (1) COM1—-TS1—P1
S CoOM1 —2.40 —1.20 —0.30 —0.10 0.00(TS1)) +0.10 +0.30 +0.40 +0.80
S(2)—H(3) bond
p 0.2177 0.2177 0.2165 0.1977 0.1799 0.1676 0.1538 0.1222 0.1077 0.0666
A —04359 —04397 —04463 —0.4235 —0.3816 —0.3537 —0.3159 —0.2361 —0.2003 —0.1057
A2 —0.3977 —0.4003 —0.4094 —0.3951 —0.3574 —0.3328 —0.2972 —0.2229 —0.1893 —0.0995
A3 0.1867 0.1949 0.2243 0.3149 0.3325 0.3436 0.3342 0.3202 0.3102 0.2620
V2(r) —0.6470 —0.6451 —0.6314 —0.5037 —0.4065 —0.3429 —0.2789 —0.1388 —0.0794 0.0568
£ 0.0961 0.0984 0.0901 0.0719 0.0677 0.0628 0.0629 0.0592 0.0581 0.0623
H(3)—O(7) bond
p 0.0239 0.0195 0.0314 0.0751 0.0947 0.1070 0.1219 0.1653 0.1927 0.3220
A —0.0227 —0.0200 —0.0421 —0.1485 —0.2095 —0.2543 —0.3094 —0.5033 —0.6447 —15273
A2 —0.0172 —0.0053 —0.0315 —0.1346 —0.1926 —0.2356 —0.2885 —0.4758 —0.6130 —1.4754
A3 0.1106 0.0947 0.1858 0.4514 0.5494 0.6081 0.6716 0.8187 0.8750 0.9954
V2(r) 0.0707 0.0694 0.1122 0.1683 0.1473 0.1182 0.0737 —0.1604 —0.3827 —2.0073
£ 2.7736 0.3198 0.3365 0.1033 0.0877 0.0794 0.0724 0.0578 0.0517 0.0352
O(7)—Br(8) bond
p 0.1680 0.1713 0.1721 0.1664 0.1638 0.1630 0.1615 0.1594 0.1585 0.1552
M —0.2270 —0.2318 —0.2326 —0.2230 —0.2187 —0.2172 —0.2157 —0.2136 —0.2127 —0.2097
A2 —0.2254 —0.2311 —02325 —0.2217 —0.2169 —0.2153 —0.2127 —0.2087 —0.2068 —0.2007
A3 0.5753 0.5876 0.5932 0.5750 0.5659 0.5613 0.5588 0.5521 0.5490 0.5356
V2(r) 0.1230 0.1247 0.1281 0.1303 0.1303 0.1288 0.1304 0.1298 0.1295 0.1252
£ 0.0071 0.0030 0.0004 0.0059 0.0083 0.0088 0.0141 0.0235 0.0285 0.0448

* S—IR LR, p— S 5

Bl 3 s 8 (1) OGBS

o FRFHEEL AT

Figure3 Gradient path of the electronic density for the main points on the reaction path (1)
e denotes bond critical points
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Table3 Topological properties at the critical points of molecules on reaction pathway (7)

NP —>TS7-1—IM7-2

S S N —200 —0.30 —0.20 —0.10 0.00 (TS8-1) +010 +020 +060 +300 +IM7-2
S(2)—O(7) bond
P 0.0577 0.0987 0.1020 0.1054 0.1122 0.1195 0.1236 0.1413 0.2545 0.2551
\ 2,o(r) 0.1653 0.1969 0.1939 0.1898 0.1784 0.1627 0.1528 0.0957 0.2643 0.2704
Br(8)—O(7) bond
P 0.1624 0.1522 0.1203 0.1178 0.1154 0.1107 0.1061 0.1036 0.0942 0.0524 0.0374
v 2,o(r) 0.1205 0.1264 0.1564  0.1597 0.163 0.1701 0.1772 01806 0.1941 0.1601 0.1054
S(2)—H(3) bond
P 0.2160 0.2174 0.2197 0.2198 0.2199 0.2202 0.2202 0.2203 0.2204 0.2151 0.2164
Vzp(r) —0.6373 —0.6450 —0.6591 —0.6596 —0.6606 —0.6625 —0.6629 —0.6633 —0.6646 —0.6362 —0.6438
IM7-2—TS7-2—P5
S IM8&2 —290 —0.70 —0.10 —0.04 0.00(TS8-2) +0.10 +020 +050 +0.60 +550
S(2)—O(7) bond
p 02551 0.2543 0.2547 0.2552 0.2553 0.2554 02555 0.2556 0.2556 0.2553 0.2492
1 —0.3759 —0.3759 —0.3777 —0.3795 —0.3801 —0.3805 —0.3813 —0.3823 —0.3854 —0.3862 —0.3821
Ao —0.3650 —0.3627 —0.3638 —0.3637 —0.3636 —0.3636 —0.3629 —0.3617 —0.3546 —0.3515 —0.3201
A3 1.0113 0.9959 1.0433 1.0924 1.1027 1.1097 11270 11446 11944 12087 1.1943
\ 2,o(r) 0.2704 0.2573 0.3018 0.3492 0.3590 0.3656 0.3828 0.4006 0.4544 0.4709 0.4920
Br(8)—O(7) bond
P 0.0374 0.0289 0.0187 0.0169 0.0168 0.0166 0.0163 0.0159 0.0147
Al —0.0357 —0.0261 —0.0143 —0.0126 —0.0124 —0.0123 —0.0120 —0.0117 —0.0106
Ao —0.0329 —0.0240 —0.0141 —0.0114 —0.0110 —0.0107 —0.0099 —0.0089 —0.0013
A3 0.1740 0.1267 0.0781 0.0731 0.0729 0.0726 0.0722 0.0719 0.0707
v 2p(r) 0.1054 0.0766  0.0497 0.0492 0.0495 0.0496 0.0504 0.0513 0.0587
Br(8)—H(3) bond
P 0.0132 0.0259 0.0363 0.0382 0.0396 0.0434 0.0478 0.0665 0.0746 0.1951
A —0.0104 —0.0265 —0.0416 —0.0444 —0.0466 —0.0528 —0.0599 —0.0913 —0.1057 —0.3500
Ao —0.0031 —0.0245 —0.0407 —0.0436 —0.0458 —0.0520 —0.0589 —0.0899 —0.1043 —0.3498
A3 0.0617 01141 0.1474 0.1521 0.1557 0.1643 01727 01988 0.2080 0.3251
V20(r) 0.0483 0.0631 0.0652 0.0641 0.0633 0.0596 0.0539 0.0175 —0.0020 —0.3747
RCP
0.0131 0.0154 0.0155 0.0155 0.0155 0.0154 0.0153 0.0147
1 —0.0098 —0.0112 —0.01135 —0.0113 —0.0114 —0.0113 —0.0113 —0.0106




No. 5 BELLHAS: BrO 5 CHaSH I NAHLEE ) & T 1h 2 K dh HMiF 5% 401

RCP
Ja 000338 00170 00157  0.0153 0.0150 00138 00122 00014
Ja 00603 00611 00633  0.0639 0.0642 0.0653 00664 00703
V2(r) 00538 00669 00677  0.0679 0.0678 00677 00673 00611
S(2)—H(3) bond
P 02164 02174 02130 02001  0.1969 0.1944 01869 01781 01432 01308 00122
h —0.4636 —04702 —0.4674 —04379 —04297  —04233 —04031 —0.3795 —0.2848 —0.2522 —0.0109
o —0.4379 —04461 —0.4463 —04203 —04127  —04068 —0.3880 —0.3656 —0.2750 —0.2437 —0.0088
Ja 02577 02714 03053 03309  0.3338 0.3356 03384 03389 032142 03111 00557
V) —0.6438 —0.6449 —0.6084 —05274 —05085  —0.4945 —04527 —0.4062 —0.2385 —0.1849  0.0360
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Figure4 Gradient path of the electronic density for the main points on the reaction path (7)
e denotes bond critical points

& 3T LLEH, RN Y—TST-1-IM7-2 J Wit IHIIL RCP, RCP Y ILbR &G VU TSR TE R, G
i, S(2—O(7) 8 BCP Ab i p(re) i i 84 K, [7] i H(3)—Br(8)## BCP ALl RCP b o(r JMEAH [H], BEE
O(7)—Br(8) 8 i p(r) 530 H & Wi/ k%, 15 BAE R FIEELT, H(3)—Br(8)% BCP AL io(ro) i Wit K, i
SRV IEFEF S(2)—O(7) Bz #i 3 5ik, O(7)—Br(8) B2 i B REH R, RCP AL o(ro) e 3 K, 7 S=—0.70 piJ5
WIS, 1F IM7-2-TS7-2—P5 Wit Fi, S(2)—O0(7) % RCP 4b i1 o(r)iZ i N, 78 S=-+0.50 i, BRI R
I p(ro) % I B AR L, S2—HEB)8ER or) M 0.2164 O(7)—Br(8)% BCP &b o(r ) FEIHKEIH ) RCP 1)
BTk 20,0122, Ui W] S(2)—H(3) B 1) 3% W ik 59 ; O )EAR, X — 2 )5, O(7)—Br(8)# k%4, RCP 4t
O(7)—Br(8) st It p(r o) & #i ik 1>, I HARIEAS TST-2 )5, 1 o(r o) T 2.

Fik S=40.60 W, Uil O7)—Br(8)kZ#i{H, N —TST-1-IM7-2 & Fi v, H(3)—O(7) %t
HAEWR, £ S=—2.90 i, HR)—Br(8)# I iH T /i, [F BCP &bV 2p(r) iz i A, HARAARFR LA, i1t
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B B PRI G 5. fE IM7-2—>TS7-2—P5 1 %
H, HR)—O7) B OPp(ro) (HIE WA K, T2 R FF IE A1,
Ut L b 2% B 0 B 1 R T A A, S(2)—H(3) B 11
O2p(r o)t i —0.6438 & %] 0.0360, 1427 54 ¥
SE A R AR h B T E, O(7)—Br(8) B 1) O%p(re)
0.0483 s K #] 0.0652, 4K 9% /N3 —0.3747, HiH]
A7 S A A A

1E IM7-2—TS7-2—P5 L f v LY JoER kI 254
AR GEMIAFAE I X Sk K S=—2.90-S=+0.50, FATFK
WG I A I e IR R PR 5 R I I AR 2 TR 2],
M S=—2.90——0.50 [X [i] i, RCP ] Hessian % 4 A1k
{8 2o B K, fE S=—0.50 &bik Bk, b5 Lz
D, X BAE AR A5 frl S=—0.50
X 5508 SCRZ N ) S5 R I AT (AT R A S
Mt S(2), H(3), O(7), Br(8) PUANE T IF kA 44
ST (S BT HaO-Brg “Ffi 5 KM BE R 20.1°), JiF
DA FRAT R R i) BRAR S5 M P A7 1 e SO —ANF 1
P R BT PG Dl 6 T — ANV s B 11 i
M ERAR S R X, BT SO0 T HAT e K A ARIE
H X — SO AR G5 M I P

3 g

(1) #3177 CHsSH 5 BrO [ M () 7 4 Jx M. #F
RN, WIEQ), (QWZ KL, W), 4), (RS K
A EEA RGN CH3S+HOBr Al CH;SO+HBr. 5
S I E] HBrO, CHS il CH3SO A7 7E 4516 — K.

(2) CH3SO [IZE it C—SH kK h 1.3487 A
Rk 15290 A, C—S #MKA R T C—S Wi,
1M 7 368 T T TR R T PRI 9 A T B ) L

(3) IS T AN AT R B, EIE (7) P AR AR
AP DY TR SRS, $h TIRRE M P e X
(1438 FH T
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