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Four transition states of the reaction (1)Br. + HI-HBr + IBr

net charge of atom in parenthesis(e); distance between atoms initalic(nm); bond angle in normal font(°);

arrow and its length indicate vibrational orientation and density, respectively
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Table 1  Calculated energy barrier of reaction (E{ and E.) and zero-point vibrational energy of transition state
and reactant( E)rs and( E\)x
Reaction and serial number Transition state © EY/XJ * mol~! (E)rs/kJ * mol™"  (Ey)r/kJ * mol™! E./kJ * mol ™!
(1)Br: + HI>HBr + IBr TS(la) 81. 82 15. 04 15. 84 81.02

TS(1b) 153. 69 12. 68 15. 84 150. 53
TS(1c) 185. 67 14. 44 15. 84 184. 26
TS(1d) 214.95 17. 49 15. 84 216. 60
(2)IBr + HI—1, + HBr TS(2a) 124. 35 12. 21 15.48 121. 08
TS(2b) 178. 08 19. 63 15.48 182. 23
(3)Br + HI>HBr +1 TS(3a) 34. 39 7.51 16. 16 25. 74
TS(3b) 15. 14 12. 02 16. 16 11.00
(4)HI +I—H + L TS(4) 209. 04 3.49 14. 56 220. 11
(5)H + Br—HBr + Br TS(5) 25. 35 4.85 1.87 28. 33
(6)I + Bra—IBr + Br
(6. 1)I + Bro—IBr: ~0
(6. 2)IBra—1Br + Br 70. 88
(7)IBr—1I + Br 232.42
(8)Br>—Br + Br 249. 21
(9)HI—>H +1 320. 16
(101 +1—1 =0
(11)H + Br—HBr =0
(12)Br +I—IBr ~(0
(D Structure of corresponding transition state can be seen in Fig. 2 to Fig. 5.
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The meaning of the numbers in the figure is the same as in Fig. 2.
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Structures of transition states TS(4) and TS(5) and IBr:

The meaning of the numbers in the figure is the same as in Fig. 2.
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The Reaction Mechanism of Br. + 2HI =2HBr + |. by Density Functional Theory *

Zhai Zhi-Cai"* Bai Yun-Shan® Wang Zun-Yao'"* Wang Lian-Sheng'
('School of the Environment, Nanjing University, Nanjing — 210093; ‘Department of Chemical Engineering, Yancheng Institute
of Technology, Yancheng — 224003 )

Abstract The mechanism of reaction Br,+2HI =2HBr +1, has been carefully investigated with density
functional theory (DFT) at B3LYP/3-21G"* * level, and a series of four-centred and three-centred transition states
have been obtained. The activation energies of the bimolecular elementary reactions Br: + HI—HBr + IBr and
IBr + HI—L; + HBr(81. 02 and 121. 08 kJ - mol ™', respectively) are less than the dissociation energy of Br,, HI
and IBr(249. 21, 320. 16, and 232.42 kJ*mol~") . It is thus theoretically proved that the title reaction occurs
more easily in the bimolecular form with two medium steps. And it was also found that the reaction of I atom and
Br; to form stable IBr. molecule is a process without energy barrier, and the energy barrier for decomposition of
IBr into IBr and Br atom is 70. 88 kJ - mol "'

Keywords: Bromine, Hydrogen iodide, Density functional theory (DFT) method,  Reaction
mechanism, Bimolicular reaction

Received: October 27, 2003; Revised: December 16, 2003. Correspondent: Wang Zun-Yao (E-mail: wangzun315¢n @ sina. com; Tel:
13179321060). “The Project Supported by the Natural Science Research Fund of University in Jiangsu Province (02KJB150004) and the China
Post Doctoral Research Fund (2003033486 )



