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A DFT Study on the Adsorption and Dissociation of Cl, on CuCl(111) Surface
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Abstract: The adsorption of Cl, molecule on CuCl(111) surface has been studied with periodic slab model by
Perdew-Burke-Ernzerh (PBE) approach of the generalized gradient approximation (GGA) within the framework of
density functional theory (DFT). The adsorption models under different coverage of CuCl (111) surface and the
adsorption over various adsorption sites (top, hollow, bridge, parallel, and Cl site) have been considered. The
optimized results indicate that the adsorption is very stable when the coverage is set to 0.50 monolayer and the
most stable site is parallel. The CI-Cl stretching vibrational frequencies are significantly red-shifted. The
population analysis indicates that the charges transfer from Cu atoms to Cl, molecule. The favorite adsorption

occurs at the hollow site for Cl atoms adsorption on CuCl(111) surface.
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Fig.2  Optimized structure for Cl, adsorbed on CuCl(111) surface
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Table 1 Adsorption energy and stretching vibrational frequency for Cl, adsorption on CuCl(111) surface

Mono-layer coverage 0.25 0.33 0.50 0.67 1.00
E. ! (kJ-mol™) 137.0 119.7 229.2 94.0 57.7
vaa ! em™ 127 157 73 284 353
Vac, | em™ 286 270 318 226 181
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Table 2 Predicted geometrical parameter, the
adsorption energy and the stretching

vibrational frequency on the different
adsorption sites

Sites Raa/pm  Eu/(kJ-mol™) vga/em™  woe/cem?
Top 246.0 119.7 270 157
Bridge 384.0 320.3 115 197
Hollow 259.2 145.2 207 163
Parallel 382.2 364.5 92 206
Cl-site 235.1 922 291 82
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Fig.3  Adsorption of Cl, on different sites of CuCl(111) surface
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Table 3 Mulliken population analysis for Cl,/CuCl
(111) adsorption system (a.u.)

CL Adsorption sites
(free) Top Bridge Hollow Parallel Cl-site
qa 0.00  -0.202 -0.256 -0.245 -0.298 -0.177
qa 0.00  -0.150 -0.256 -0.162 -0.297 -0.192
qa, 0.00  -0.352 -0.512 -0.407 -0.595 -0.369

Parallel Cl-site
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Table 4 Predicted geometrical parameter, the
adsorption energy and the Mulliken
charges for Cl atoms on the different

adsorption sites

Sites R / pm E./ (kJ-mol™) qa
Top 218.8 305.9 -0.353
Bridge 269.1 335.8 -0.359
Hollow 269.3 335.8 -0.359
Cl 302.3 253.6 -0.237
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