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Fig.1 Six possible reaction pathways of the title reaction and the least activation energies(kJ-mol™) of

specific elementary reactions by MP2/3-21G ™ *
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Table 1 Total energies of the reaction complexes, transition states and product complexes calculated by MP2/3-21G ™ *(Ey, Ers and Ejp)

Reaction and serial number Ex/Hartree Transition state E.s/Hartree E/Hartree

(1) CL+HI—HCI+ICI —7803.6328 TS(1a) —7803.5870 —7803.6470
TS(1b) —7803.5551

(2) ICI+HI—I+HCI -14234.1547 TS(2a) —-14234.0914 —14234.1968
TS(2b) —-14234.1042

(3) CI+HI—HCI+I —7346.0857 TS(3) —7346.0777 —7346.1308

(4) HI+I—H+I, -13776.6014 TS(4) —-13776.5326 -13776.5577

(5) H+Cl,—HCI+Cl -915.5199 TS(5) —915.5086 -915.6131

(6) I+CL—ICI+Cl —7803.0196 TS(6) —7803.0192 —7803.0265
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Table 2 Calculated energies barrier of reactions(E; and E,) and zero-point vibrational energies of

the transition states and reactant [(E,)rs and (E,)z] by MP2/3-21G " * method

Reaction and serial number Transition state E;/kJ+mol™ (Ey)rs /kJ*mol™ (E)r /KJ+mol™ E, /kJ+mol™
(1) Clu+HI—=HCI+ICl1 TS(1a) 120.31 16.16 18.83 117.64
TS(1b) 204.01 16.58 18.83 201.76
(2) ICI+HI—+HCl TS(2a) 166.27 13.45 19.25 160.46
TS(2b) 132.80 16.66 19.25 130.21
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(4) HI+I—H+I, TS(4) 180.77 2.94 16.97 166.74
(5) H+Cl,—HCI+Cl TS(5) 29.61 4.50 3.58 30.53
(6) I+CL—ICI+Cl TS(6) 1.13 3.41 3.54 1.00
(7) IC1I—1+C1 185.52
(8) Cl,—CI+Cl1 170.44
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(10) I+I—1, no barrier
(11) H+CIl—HC1 no barrier
(12) Cl+I—IC1 no barrier
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Fig.2 Transition states of the reaction (1) and the reaction (2) by MP2/3-21G"*

net charge of atom in parenthesis (e); distance between atoms in nm; Arrow and its length indicate vibrational orientation and density, respectively.
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Fig.3 The structures of transition states TS(3), TS(4) and TS(5) and TS(6) by MP2/3-21G**

The meaning of numbers in the figure is the same as in Fig.2.
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Fig.5 Six possible reaction pathways of the title reaction and the least activation energies(kJ-mol™) of specific
elementary reactions by CCSD(T)/3-21G * *//MP2/3-21G**
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Theoretical Study on the Reaction Mechanism of Cl+2HI=2HCI+I,*

LIU, Hong-Yan' WANG, Zun-Yao** LIU, Shu-Shen"?

(*"Department of Material and Chemical Engineering, Guilin Institute of Technology, Guilin ~ 541004; *School of the Environment,
Nanjing University, Nanjing 210093; * Department of Chemical Engineering, Yancheng Institute of Technology,

Yancheng 224003)

Abstract The gas phase reaction mechanism of Cl,+2HI=2HCIl+], has been investigated by MP2/3-21G * *,
CCSD(T) /3-21G " *//IMP2/3-21G* * and B3LYP/3-21G* * levels respectively, and a series of four-centred and three-
centred transition states have been obtained. The following result is achieved by comparing the activation energies
of six reaction paths. The activation energies of the bimolecular elementary reactions Cl,+HI— HCI+ICI and ICI+
HI—I,+HCI are lower than the dissociation energies of Cl,, HI, and ICI. It is thus theoretically proved that the
titled reaction occurs more easily in the bimolecular form with two intermediate steps. And finally the transition
state calculated from MP2/3-21G ™ * method is validated by intrinsic reaction coordinate(IRC).
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