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Chemical bond activation is the first important step in studies of chemical reaction mechanisms. A
good guess for TS or product is key point for obtaining important paths by traditional methods.
However, there is no guarantee to get the most important path even for small systems. Take H,
dissociation reactions on small gold cluster as an example. H, dissociation has attracted lots of interest
because of its wide industrial applications. The number of isomers for chemical and physical
adsorption of H, on gold clusters increases a lot with the increasing number of gold atoms. It is
difficult to get all the possible TSs and products only by conventional geometry optimizations.
Consequently, even for this simple single-bond activation reaction, there is still controversy about the
factors that influence the catalytic activity of gold clusters.

In the present work, a global reaction route mapping

901 E%ﬁj (GRRM) strategy is introduced to find chemical bond
g 0l L& activation pathways catalyzed by metal cluster with the use
% w0l Ez of anharmonic downward distortion following (ADDF) and
= artificial force induced reaction (AFIR) methods [Phys.
2 " Chem. Chem. Phys. 2013, 15, 3683]. We applied them to the
&% pathways searching for H, dissociation on Au, (n=1 - 11).
-60

The calculations were done by the following steps: (1)

AugH, TS HoAuH
automated searching for isomers of free gold cluster by
s i -~ ADDF method; (2) physical and chemical adsorption of H,
' ' o ' [ on the obtained gold clusters by AIFR method; (3) refining
6 : 7 the obtained AFIR paths to find H-H bond dissociation TSs.

N ) A Many pathways were found for H, dissociation on gold
Fig. 1 Energy profiles for H, dissociation on  ClUSters. H, molecule prefers to bind to the low-coordinated
Zliﬁi@ihfiffﬁes(lfﬁrtf<c§fd%?fifea§ﬁoinﬁ gold atoms. However, in that case, the barrier for H,
dissociation becomes relatively high. In the case of Aug, 23
dissociation paths were found, which include 8 main paths shown in Fig. 1 occurred on planar Aug
cluster. The 1% and 6" paths start from the global and the sixth lowest minimum separately. Although
the low coordinated Au atoms in the 1% path can stabilize the H, molecule adsorption, it does not lower
the dissociation energy of H,. Interestingly, the high coordinated Au atom in the 6™ path was found to
be the best site for the H, dissociation. The present strategy identified the lowest TS with a systematic
procedure. Thus, it can be a promising tool to predict reactivity of various metal clusters. The size
dependence of the reactivity will be discussed in the presentation.
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