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DFT Study of the Chemisorption of Acrylonitrile on
the Cu(100) Surface
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Abstract The adsorption of acrylonitrile (AN) on the different sites of Cu(100) surface has been studied
theoretically by means of model copper cluster Cuy4(9,4,1) with density functional theory (DFT). AN stand-
ing up and adsorbed perpendicularly to the surface and bonded to the metal sites via a nitrogen-metal inter-
action took a weak chemisorption. Such chemisorption led to electron transfer from the AN molecule to the
cluster. In the metal complexes of Cui4-AN, the 6-bonding via the lone pair electrons on the N atom was
observed. Chemisorption on top site was preferred with the adsorption energy of 40.7391 kJmol * and the
equilibrium N-surface distance of 0.2279 nm, while both bridge and hole sites were less stable than the top
one, with their adsorption energies of 36.2513 and 30.2158 kJmol *, N-surface distances of 0.2194 and 0.2886
nm respectively. AN was activated by the chemisorption, which made the decrease of the strength of C=N.
The magjor contributions to the entropy decrease came from rotations and translations of AN, since these mo-
tions were |ost upon chemisorption.
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Figure 1 The structure and adsorption site of cluster Cuy4 and
the adsorption of AN on top site

T: top site; B: bridge site; H: hole site
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Tablel Datafor CH,=CHCN adsorpted on Cu(100) surface

Site Top Bridge Hole Free AN
Ep/(kJmol 1) 40.7391 36.2513 30.2158 —
Ru-surface /M 0.22790 0.21944 0.28860 —
Re()=ne/nm 0.11623 0.11672 0.11643 0.11635
Re() c@/nm 0.14288 0.14242 0.14305 0.14309
Re(3)-cay/nm 0.13393 0.13429 0.13396 0.13381
Ry H(/NM 0.10845 0.10844 0.10845 0.10846
ReayH(s)/NM 0.10851 0.10850 0.10850 0.10847
Re@)(zy/Nm 0.10873 0.10869 0.10869 0.10869
ZN(1)—C(2—C(3)/(°) 178.4839 179.2644 177.7856 178.7748
ZC(2—C(3)—C(A)/(°) 122.7370 122.6062 122.8691 122.9785
ZN(1)—C(2—C@R)—H(7)/(°) 7.5156 18.8171 4.3544 0.0000
ZN(1)—C(2—C(()—C(4)/(°) 172.4265 161.4190 175.4604 180.0000

2 Je PP ) 1, ° Rysurtace 1 N 531 Cu(100) i ) 26 1456 25
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Table2 The calculated vibration frequencies of free and adsorbed acrylonitrile on the Cu(100) surface (cm %)

Calculated vibrational frequency of

Raman f.requency IR frequency Calculated vibrational adsorbed AN
(AN inliquid phasd®) (AN ingasphase'”)  frequehcy of free AN .
Top Bridge Hole

0ir(C—C=N) 242 226.363 229.096 231.075 224.0611
Joop(C—C=N) 362 339.351 326.388 339.421 335.226
0if(C=C—C) 570 550.769 550.681 553.069 5485912
Joop(C=C—C) 688 683 681.169 672.806 662.688 675.7322
v(C—C) 871 869 848.524 853.579 856.175 848.3399
0ip(C—C=N) 970 954 937.999 953.725 935.815 944.2056
ow(C—Hy) 970 972 962.439 954.913 945.848 955.9264
0if(CH=CH,) 1094 1096 1062.705 1062.075 1061.635  1061.416
Joop(CH=CH,) 1286 1282 1263.713 1260.304 1161.834  1260.657
0{(C—Hy) 1412 1416 1388.169 1386.631 1384.435  1385.514
v(C=C) 1607 1615 1616.891 1610.025 1591.317  1609.738
v(C=N) 2228 2239 2243.849 2230.899 2174.688  2223.307
v(C—Hy) 3032 3042 3032.689 2988.424  3036.146  3035.362
v(C—H) 3068 3078 3047.109 3049.697 3051.970  3051.874
Vas(C—Hy) 3116 3125 3124.244 3128972  3129.048  2172.778

v(N—Cu) — — — 128.044

2 Calculated frequency error factor is 0.955, dip: bend in plane, doop: bend out of plane, dy: wage, ds: scissors.
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Table3 Electric population analysis of free and adsorbed AN molecules

Atom Free AN Mulliken charge
NBO charge Mulliken charge Top Bri Hol

N(1) —0.2990 —0.4611 —0.2320 —0.3023 —0.3416
C(2) 0.2557 0.3054 0.2158 0.2754 0.2820
C(3) —0.3498 —0.0666 —0.0642 —0.0756 —0.0731
C(4) —0.3439 —0.1910 —0.1822 —0.1878 —0.1877
H(5) 0.2339 0.1302 0.1449 0.1402 0.1372
H(6) 0.2359 0.1368 0.1572 0.1549 0.1492
H(7) 0.2672 0.1463 0.1668 0.1611 0.1565
Total charge 0 0 0.2063 0.1659 0.1225
Dipole moment /Debye — 3.8768 8.0691 6.7080 5.9701
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