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% 1 AuCl, #1 AuCL(i’-C,H,), AuCl #1 AuCl(5’-C,H,), AuCN #1 AuCN (7°-C,H,) (] NPA B i 5 2"
Table 1 NPA population analysis of AuCl;, AuCly(7°-C,H,), AuCl, AuCl(57’-C,H,), AuCN and AuCN(5’-C,H,)"
6s 6p, 6p, 6p.  5d, Sd. 5d. 54, , 5d, Nat. electron config. g(Au)
AuCl, 0.656 0.173 0.141 0.090 1.995 1.997 1998 1.368 1.948 65(0.66)5d(9.31)6p(0.40) +0.608
AuCL(7-C;H))  0.670 0232 0.193 0.127 1996 1.995 1930 1400 1.952 65(0.67)5d(9.27)6p(0.55) +0.473
AuCl 0.683 0.019 0.012 0.019 1995 2.000 1.995 1.877 1.959 6s(0.68)5d(9.83)6p(0.05) +0.433
AuCl(7-C,Hy)  0.818 0.038 0.075 0.047 1.996 1.987 1.793 1.840 1.960 65(0.82)5d(9.58)6p(0.16) +0.438
AuCN 0.865 0.002 0.005 0.002 1960 2.000 1965 1.838 1.973 6s(0.87)5d(9.71)6p(0.01) +0.422
AuCN(7-C;H,) 0907 0.013 0.074 0.013 1970 1990 1.833 1.832 1969 65(0.91)5d(9.58)6p(0.10) +0.416

% 2 C,H,.AuCl,AuCl (1P-C,H,) . AuCl,. AuCL(1-C,H,) . AuCN F1 AuCN (1P-C,H,) it #5545
Table 2 Most relevant geometric parameters of C,H,, AuCl, AuCl(nz—Csz), AuCl,, AuCl3(772—C2H2), AuCN and AuCN(nZ—CzHZ)[ﬁ]

‘Au—CH Au—Cl Au—Cl; AuCN C=N <ZCll—Au—CI2 Au—C" C—C LH—C—C Au—C=C

AuCl, 02274 02254 - - 166.2 - - - -
AuClL(y-CHy) 02323 0.2269 - - 178.6 0.2322 0.1215 171.9 0.224 1
AuCl - - 0.2254 - - - - - - -
AuCl(7-C,H,, - - 0.2279 - - - 0.2158 0.1230 163.8 02114
AuCN - - - 0.1929 0.1156 - - - - -
AuCN(y*-C,H,, - - - 0.1979 0.1156 - 0.2215 0.1221 167.5 0.2129

a. All bond distances are in nm, all angles in degrees;

b. Refers to C atoms in C,H, if there is no other special instruction
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Table 3 Optimized energy of Au clusters, HOMO and LUMO as well as adsorption energym

[41]

Cluster Energy (a.u.) Energy of HOMO (a.u.) Energy of LUMO (a.u.) Adsorption Energy ;' / eV
Au, —407.532 —0.221 —0.144 1.281
Au, —543.422 —0.210 -0.174 1.259
Aug, —679.303 —0.201 —0.145 0.810
Aug —815.215 —0.224 —0.145 0.519
Au, —951.073 —0.197 -0.151 0.968
Aug —1086.976 -0.221 —0.165 0.615
Au, —1222.843 —0.197 —0.166 0.633
Au,, —1358.746 —0.216 -0.167 0.470
a. Adsorption energy refers to that between acetylene and Au,
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Aug —6.09 —4.46 1.63 —5.83 -5.30 —2.66 -3.43
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Table 5 The optimal adsorption energies of C,H, and HCl and

the energy barrier onto Au,/(N-)graphene and other calculated

Au-based catalysts (kJ-mol ")

C,H, HCl Co-adsorption Energy barrier
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Research Progress of the DFT Study on the Acetylene
Hydrochlorination over Gold Catalyst

XU Cheng-yul’z, LI Xiao-yuel’z, LI Sheng-nanl’z, DONG Yang1’2, SUN En-qi1’2, FAN Tian-bo'?,
ZHANG Fu-qun', LIU Yun-yi'?, GUO Hong-fan"*’
(1. Liaoning Provincial Key Laboratory of Chemical Application Technology, College of Chemical Engineering ,
Shenyang University of Chemical Technology , Shenyang 110142, China, 2. Liaoning Engineering Research
Center for Magnesium and Calcium Inorganic Functional Materials, Shenyang 110142, China)

Abstract: Acetylene hydrochlorination (AH) is one of the primary ways for producing vinyl chloride. AH
traditionally uses highly toxic mercury catalysts, so the development of mercury-free catalysts is urgent. Gold
(Au) catalyst is one of the most promising alternative catalysts. However, the catalytic mechanism like the active
Au species, the activation process of the reactants or the transition state in the reaction system is not very clear yet.
Density functional theory (DFT) has played a highly important role in studying the reaction mechanism of Au
catalyzed AH. This work reviews the research progress of the DFT study on the active sites, the adsorption
properties of reactants on the Au catalysts, and the reaction mechanism. The DFT simulation of the catalytic AH
reaction process over cationic Au and Au clusters is emphatically discussed, including the simulation for the
effects of the electron state of Au, the doping by other metals, as well as the size and shape of Au cluster on the
catalytic AH reaction. The results indicate that DFT calculations have played a crucial role in studying the
adsorption, reaction intermediates, and transition state at the molecular scale, which significantly contributes to
understanding the mechanism of Au-catalyzed AH reactions.

Key words: density functional theory; gold catalyst; noble metal catalyst; carbon support; support effect
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