Supporting Information

Computational Details

The geometric structures of the metals (M=Zn, Cd, Hg), HF, transition states, intermediates and products were optimized using the M06-L functional,1[, 2]
 and the 6-311++G(2d,2p) basis set was used for the H and F atoms while the SDD basis set3[]
 was used for the metals (M=Zn, Cd, Hg). Vibrational frequency calculations were conducted at the same level of theory to ensure that the optimized reactants, intermediates and products have no imaginary frequencies while the transition state has only one imaginary frequency. Intrinsic reaction coordinate (IRC)4[]
 calculations at the above level of theory were carried out to confirm the transition state obtained was true. All the calculations were performed via the Gaussian16 program.
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   The reaction occurs between each metal M (M=Zn, Cd, Hg) and HF at the different temperatures from room temperature to 1000K was investigated, which involves the following reactions (i.e., reaction formulas 1 and 2):
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In terms of transition state theory, the parameters including the reaction rate constant k, pre-exponential factor A and activation energy Ea were calculated to understand the reaction tendency.
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For equations 3 and 4, n is the temperature index, R is the gas constant, T is the temperature, kB is Boltzmann’s constant, h is Planck’s constant, Q≠ is the partition function of the transition state, ΠQB is the continued product of the partition functions (QB) of all reaction species B. The KiSThelP6[]
 software was used for the data processing and analysis.
References
[1] Y. Zhao, D.G. Truhlar, J. Chem. Phys., 125 (2006) 194101.

[2] Y. Zhao, D.G. Truhlar, Theor. Chem. Acc., 120 (2008) 215-241.

[3] M. Dolg, U. Wedig, H. Stoll, H. Preuss, J. Chem. Phys., 86 (1987) 866-872.

[4] K. Fukui, Acc. Chem. Res., 14 (1981) 363-368.

[5] M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R. Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G.A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H.P. Hratchian, A.F. Izmaylov, J. Bloino, G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. J. A. Montgomery, J.E. Peralta, F. Ogliaro, M. Bearpark, J.J. Heyd, E. Brothers, K.N. Kudin, V.N. Staroverov, T. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J.C. Burant, S.S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J.M. Millam, M. Klene, J.E. Knox, J.B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R.E. Stratmann, O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, J.W. Ochterski, R.L. Martin, K. Morokuma, V.G. Zakrzewski, G.A. Voth, P. Salvador, J.J. Dannenberg, S. Dapprich, A.D. Daniels, O. Farkas, J.B. Foresman, J.V. Ortiz, J. Cioslowski, D.J. Fox, Gaussian 16, Revision A.03, Gaussian, Inc., Wallingford, CT, 2016.

[6] S. Canneaux, F. Bohr, E. Henon, J. Comput. Chem., 35 (2014) 82-93.



S3

