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Table 1 Data for CH, — CHCN adsorbed on Cu(111) surface

Cu cluster

Adsorption sites Free AN Top Bridge Jfee 3-fold hep 3-fold
E,./ (k] + mol 1) — -34.75 -40. 16 -23.47 -39.86
Ry surface”/ M — 0.2017 0. 1191 0. 1161 0. 0928
Ry —x/nm 0. 1164 0.1163 0. 1181 0.1182 0. 1190
Ry 3/nm 0. 1431 0. 1426 0. 1409 0. 1411 0. 1404
Rez—cq/nm 0. 1338 0. 1341 0. 1350 0. 1349 0. 1354
Ry_ps/nm 0. 1085 0. 1085 0. 1084 0. 1084 0. 1084
Ry_ye/nm 0. 1085 0. 1085 0. 1085 0. 1085 0. 1085
R3_y7/nm 0. 1087 0. 1087 0. 1087 0. 1089 0. 1088
£NIC2C3/(°) 178.8 179.0 179.0 177.4 179.8
£C2C3C4/(°) 123.0 122.3 122.1 123.0 121.9
£N1C2C3H5/(°) 0.0 40.1 12.3 -29.2 -5.9
£ N1C2C3C4/(°) 180.0 -139.4 -167.3 150.7 173. 4
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Fig.3 Comparison between calculated infrared vibrational frequencies of free acrylonitrile( A) and
adsorbed acrylonitrile(B) at bridge site in the[ Cu,,—AN] complex

Calculated frequency error factor is 0. 9613.
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Table 2 Natural population analysis of free and adsorbed AN molecule

Atom Free AN Top Bridge Jfee 3-fold hep 3-fold

N1 -0.4611 -0.2730 -0.6512 -0.6355 -0.6978

c2 0.3054 0.2252 0. 4228 0.4243 0.4302

C3 -0. 0666 -0.0936 -0.3931 -0.3858 -0.4078

C4 -0.1910 -0.0053 -0.3112 -0.3231 -0.3084

H5 0. 1302 0. 0898 0.2430 0.2428 0.2451

H6 0. 1368 0. 0872 0.2420 0.2389 0.2479

H7 0. 1463 0. 1137 0. 2850 0. 2855 0.2895
Total charge 0. 0000 0. 1439 -0.1627 -0. 1529 -0.2013
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Table 3 Occupancies and hybridization of natural bond orbitals( NBOs) of
free AN and adsorbed AN on bridge site

@=cyhy(n), +cghg(n)y

Adsorption site BD* Occupancy
cy cg ny ng

Free AN BDIN1I—C2 1. 996 0.76 0.65 1. 19 1.12
BD2N1—C2 1.987 0.74 0.68 1.00 1.00

BD3N1—C2 1. 956 0.74 0.68 1. 00 1.00

BD1C2—C3 1. 986 0.71 0.71 0.89 2.31

BD1C3—C4 1. 985 0.71 0. 69 1.53 1. 60

BD2C3—C4 1.928 0.73 0.68 1. 00 1. 00

[Cuy4(10,6)—AN] bridge BDINI—C2 1.993 0.77 0.64 1.02 1.20
BD2N1—C2 1.983 0.77 0.63 1. 00 1.00

BD3N1—C2 1.951 0.80 0.61 1.00 1.00

BD1C2—C3 1. 980 0.71 0.70 0.84 2.29

BD1C3—C4 1. 981 0.72 0.69 1.57 1.64

BD2C3—C4 1.873 0.75 0. 66 1. 00 1.00

BD * . bonding orbital; 1 and 2, 3: o orbital and 7 orbital respectively.
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Table 4 Electronic donor/acceptor of NBO and the corresponding stable energy of bridge adsorption

Donor NBO( i) Acceptor NBO(j) E/(kJ + mol™") Donor NBO( i) Acceptor NBO(j) E/(kJ - mol™")
BD2 C3—C4 BD "3 N1—C2 115.3 LP1 N1 BD*1 C2—C3 35.7
LP1 NI LP*6 Cul 52.6 BD1 C2—C3 BD*1 N1—C2 33.8
LP1 N1 LP*6 Cu2 51.2 CRI N1 RY "1 C2 31.5
LP1 N1 RY "1 C2 50. 4 BD1 C3—H7 BD *2 N1—C(C2 28.6

BD * : Bonding orbital; LP” ; lone-pain electrons; RY * : empty atomic orbital out of valance orbital.
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DFT Study and NBO Analysis of Chemisorption of Acrylonitile on Cu(111)

XIA Shu-Wei' *, XU Xiang'”, YU Hong', ZHANG Hui-Ling'
(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China,
Qingdao 266003, China; 2. College of Science, Qingdao Agricultural University, Qingdao 266109, China)

Abstract Adsorption of acrylonitrile( AN) on different sites of Cu(111) surface was studied by using model
copper cluster Cu, with density functional theory (DFT). AN adsorbed perpendicularly to the surface and
bonded to the metal sites via a nitrogen-metal interaction, i. e. , a weak chemisorption. Such chemisorption led
to electron transfer between the AN molecule and the cluster. In complexes Cu,—AN, the o-binding via the
lone-pair electrons of N atom and Cu atom was observed. Adsorption on bridge site was preferred with binding
energy of 40. 16 kJ/mol. The backbone of AN changes a lot due to adsorption, which can be indicated by the
variety of bond lengths, bond orders, bond angles, IR spectroscopy and hybridization of chemical bonds. NBO
analysis was uesed to explain these changes and why AN was activated by the chemisorption.

Keywords Density functional theory; Acrylonitrile; Cu(111) surface; Chemisorption; NBO
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