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A Theoretical Investigation of Acetylene Hydrochlorination Catalyzed by AuCls; -
anchored by Carboxylic Group on Activated Carbon

ZHANG Guanru, NING Lichao, TAN Kai, LU Xin*

(College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract By means of first-principle density functional theory and molecular models, we have explored theoretically the possible
structures and stability of active catalytic center(s) on AuClx catalyst supported on the carboxylic group-containing activated
carbon (AC) and the catalyzed mechanism of acetylene hydrochlorination. Single-atomic-level dispersion of Au(Ill) catalyst
can be achieved by coordinating to carboxylic group (-COOH) available on AC, forming such surface species as AC-COOH-
AuCls with very low tendency of AuCls aggregation. Such surface species can react with acetylene by following a concerted
addition mechanism to release vinyl chloride (VCM) and to form another surface species AC-CO2>AuClz, in which the Au(Ill )
center is chelated by the carboxylic group. The AC-CO2>AuCl: is quite active in catalyzing acetylene hydrochlorination by
following the stepwise/asynchronous addition mechanism, i.e., activated chemisorption of acetylene onto the Au(Ill ) center,
nucleophilic addition of chlorine to acetylene with protonation of carboxylic group, intramolecular proton transfer to form
Au(Ill )-VCM d-m complex, and finally release of VCM with resumption of the AC-CO2>AuCl: species. In addition, the
computations disclosed that the tendency for reduction of Au(Ill ) to Au(I) by acetylene is lower in AC-COOH-AuCl3 than in
AuxCle.

Key words acetylene hydrochlorination; activated carbon; carboxylic group; AuCls
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Fig. 1 Different molecular models of activated carbon and the structure of model complex 1 (bond length in pm)
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Fig. 2 Free energy profile for the one-step mechanism and key structures (bond length in pm)
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Fig. 3 Stepwise mechanism of acetylene hydrochlorination and key structures (bond length in pm)

AR 5 2 IER TS3 (EILE AL 17.6 kI/mol) BE 20, RN — M R i
LRGSR 6, BRI RIRAR[-COL] B A [AuCL] (AC-CO>AuCL). 6 A LI 3R B AR 2 1l S i i
B HCl (LI 3 454 77) , i JE 4 TS4” (Re22 4 38.1 kl/mol, W 3 PN KE RiEtE
SERY 1, UL SE U N IR o DRIZ S NG IR R A 20 A2 DU B[R I e d =RA8 21, BT DK s SR a5
SN B TR IR AL ZEATL ) s AR BRI R S R O 2 R R S AL I U R I P IR, TEAL E AR AR A
109.8 kJ/mol CAHXFTHIIRAA 4) o FHAh, ERWLEIH HC1 4G 3] 6 BIRE R 1 i e, BIh%
25 1 BP9 25 HCL B R S50 6 Bt & vd 1k H B g 2208 108.1 kJ/mol, 7E =il R AT AR AE .
BRI MESE R 6 187 LLGILIR I 2k, 1X A B FEA—FEM LA EANLH . 82 F Rk 18 AR TH 45
) 6 R S v (1A (1) 2325 OB (1) 57 55 T BT L i o



et Qs MR R AR T AuCl3 Ak £ B OB R B 7T 5

B 4 S EA S5 I S E R REAE L (298 KD
Fig. 4 Free energy profile for the stepwise mechanism of acetylene hydrochlorination (298 K)
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Fig. 5 The energy surface for the reduction of Au([!) to Au(I) in AC-COOH-AuCl; (black), AC-CO,>AuCl, (blue) and Au, Clg (red)
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