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Fig. S1 (a, b) C2H2 conversion and VCM selectivity of Cu catalysts. (c, d) C2H2 conversion and VCM selectivity of Cu-MMTB/AC with various MMTB additions. (T = 180°C, V(HCl)/V(C2H2) = 1.2 and GHSV(C2H2) = 180 h−1)


Fig. S2 The long-life test performance of Cu-MMTB/AC for acetylene hydrochlorination. (T = 180°C, V(HCl)/V(C2H2) = 1.2 and GHSV(C2H2) = 50 h−1)
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Fig. S3 XPS Cu 2p spectra of fresh Cu-ligand catalysts. (a)Cu-MMTB. (b) Cu-EMTB. (c) Cu-TMTB. (d) Cu-BMTB. (e) Cu-EETB. (f) Cu-EPTB.
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Fig. S4 XPS Cu LMM spectra of fresh Cu-ligand catalysts. (a)Cu-MMTB. (b) Cu-EMTB. (c) Cu-TMTB. (d) Cu-BMTB. (e) Cu-EETB. (f) Cu-EPTB.
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Fig. S5 C2H2 adsorption schematic structure of the catalysts. (a) Cu-MMTB. (b) Cu-EMTB. (c) Cu-TMTB. (d) Cu-BMTB. (e) Cu-EETB. (f) Cu-EPTB.
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[bookmark: _Hlk192936753]Fig. S6 EXAFS fitting of the first-shell for Cu foil.
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Fig. S7 EXAFS fitting of the first-shell for Cu/AC.
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Fig. S8 Coordination structure schematic between copper chloride and MMTB.
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Fig. S9 Energy barrier diagram of the catalysts catalyzed acetylene hydrochlorination reaction based on the Langmuir-Hinshelwood mechanism.
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[bookmark: _Hlk182168685]Fig. S10 HAADF-STEM image of Cu-MMTB/AC.


Fig. S11 The particle size distribution of the catalysts. (a) Cu/AC. (b) Cu/AC-used. (c) Cu-MMTB/AC. (d) Cu-MMTB/AC-used.



Fig. S12 EDS image of samples. (a) Cu/AC. (b) Cu-MMTB/AC-used.

[image: ]
Fig. S13 TG-DTG curve of Cu/AC and Cu/AC-used.

Table S1. The catalytic performance of Cu catalysts published in the last five years
	Catalysts
	Reaction Conditions
	Initial maximum C2H2 conversion
	During the time period

	Cu-MOMTPPC/SAC [1]
	T = 180°C, V(HCl)/V(C2H2) = 1.2, GHSV(C2H2) = 180 h−1
	92.2%
	48 h

	Cu/PC800 [2]
	T = 150°C, V(HCl)/V(C2H2) = 1.2, GHSV(C2H2) = 90 h−1
	83.1%
	10 h

	Cu-TPPO/AC [3]
	T = 180°C, V(HCl)/V(C2H2) = 1.2, GHSV(C2H2) = 180 h−1
	88.0%
	12 h

	Cu/O-FLP [4]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 360 h−1
	59.4%
	9 h

	Cu-iPr2PCl/AC [5]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 180 h−1
	93.7%
	24 h

	Cu-MPPO/AC [6]
	T = 180°C, V(HCl)/V(C2H2) = 1.2, GHSV(C2H2) = 180 h−1
	96.1%
	24 h

	Cu/NP-AC [7]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 180 h−1
	92.4%
	12 h

	Cu-NHP-AC/N [8]
	T = 150°C, V(HCl)/V(C2H2) = 1.08, GHSV(C2H2) = 90 h−1
	88.4%
	40 h

	Cu-Urea/USY [9]
	T = 160°C, V(HCl)/V(C2H2) = 1.25, GHSV(C2H2) = 120 h−1
	73.6%
	8 h

	Cu/O-FLP [10]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 180 h−1
	61.4%
	9 h

	Cu-MMTB/ACThis work
	T = 180°C, V(HCl)/V(C2H2) = 1.2, GHSV(C2H2) = 180 h−1
	88.5%
	24 h




[bookmark: _Hlk192879364]Table S2. The long-life performance of Cu catalysts published in the last five years
	Catalysts
	Long-Life Reaction Conditions
	Final C2H2 Conversion
	Longevity

	Cu-MOMTPPC/SAC [1]
	T = 180°C, V(HCl)/V(C2H2) = 1.20, GHSV(C2H2) = 36 h−1
	98.7%
	360 h

	Cu/PC800 [2]
	T = 150°C, V(HCl)/V(C2H2) = 1.20, GHSV(C2H2) = 90 h−1
	83.1%
	10 h

	Cu-TPPO/AC [3]
	T = 180°C, V(HCl)/V(C2H2) = 1.20, GHSV(C2H2) = 50−1
	94.0%
	327 h

	Cu/O-FLP [4]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 360 h−1
	59.4%
	9 h

	Cu-iPr2PCl/AC [5]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 40 h−1
	95.0%
	400 h

	Cu-MPPO/AC [6]
	T = 180°C, V(HCl)/V(C2H2) = 1.20, GHSV(C2H2) = 50 h−1
	90.0%
	600 h

	Cu/NP-AC [7]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 180 h−1
	92.4%
	12 h

	Cu-NHP-AC/N [8]
	T = 150°C, V(HCl)/V(C2H2) = 1.08, GHSV(C2H2) = 90 h−1
	88.4%
	40 h

	Cu-Urea/USY [9]
	T = 160°C, V(HCl)/V(C2H2) = 1.25, GHSV(C2H2) = 120 h−1
	73.6%
	8 h

	Cu/O-FLP [10]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 180 h−1
	61.4%
	9 h

	Cu-MMTB/ACThis work
	T = 180°C, V(HCl)/V(C2H2) = 1.20, GHSV(C2H2) = 50 h−1
	97.5%
	308 h




[bookmark: _Hlk192879387]Table S3. The catalytic performance of Au, Ru and Hg catalysts published
	Catalysts
	Reaction Conditions
	C2H2 conversion
	During the time period

	[AuCl2(phen)]Cl/AC [11]
	T = 180°C, V(HCl)/V(C2H2) = 1.20, GHSV(C2H2) = 280 h−1
	96.0%
	40 h

	Au NCS/AC [12]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 160 h−1
	88.0%
	8 h

	Au/MCN [13]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 220 h−1
	93.1%
	7 h

	AuPPh3Cl/AC [14]
	T = 170°C, V(HCl)/V(C2H2) = 1.10, GHSV(C2H2) = 360 h−1
	96.3%
	48 h

	[Prmim]AuCl4/AC [15]
	T = 180°C, V(HCl)/V(C2H2) = 1.20, GHSV(C2H2) = 370 h−1
	77.1%
	50 h

	Ru/AC [16]
	T = 170°C, V(HCl)/V(C2H2) = 1.10, GHSV(C2H2) = 180 h−1
	78.8%
	48 h

	Ru(NH4)2Cl6/AC [16]
	T = 170°C, V(HCl)/V(C2H2) = 1.10, GHSV(C2H2) = 180 h−1
	90.5%
	48 h

	Ru/AC-N2 [17]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 180 h−1
	84.4 %
	24 h

	Ru-L1/AC [18]
	T = 180°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 180 h−1
	96.5%
	24 h

	Hg-Cs/AC [19]
	T = 170°C, V(HCl)/V(C2H2) = 1.20, GHSV(C2H2) = 180 h−1
	51.2%
	24 h

	HgCl2-4KCl/AC[20]
	T = 220°C, V(HCl)/V(C2H2) = 1.20, GHSV(C2H2) = 180 h−1
	70.0%
	50 h

	Se–HgCl2/AC [21]
	T = 170°C, V(HCl)/V(C2H2) = 1.15, GHSV(C2H2) = 200 h−1
	83.0%
	12 h

	Cu-MMTB/ACThis work
	T = 180°C, V(HCl)/V(C2H2) = 1.20, GHSV(C2H2) = 180 h−1
	88.5%
	24 h




[bookmark: _Hlk192939317]Table S4. EXAFS fitting parameters at the Cu K-edge for various samples
	Sample
	Path
	Distance (Å)
	C.N.
	σ2 (Å2)
	ΔE0 (eV)
	R factor

	Cu foil
	Cu−Cu
	2.55
	12
	0.009
	4.9
	0.002

	Cu/AC
	Cu−Cl
	2.20
	4.7
	0.015
	−9.9
	0.017

	Cu-MMTB/AC
	Cu−Cl
	2.21
	4.3
	0.016
	−9.0
	0.012


Note: aCN, coordination number; bR, the distance to the neighboring atom; cσ2, the mean square relative displacement (MSRD); dΔE0, inner potential correction. R factor indicates the goodness of the fit. S02 was fixed to 0.933, according to the experimental EXAFS fit of Cu foil by fixing CN as the known crystallographic value. A reasonable range of EXAFS fitting parameters: 0.700 < S02 < 1.000; CN > 0; σ 2 > 0 Å2; |ΔE0| < 10 eV, R factor < 0.020. 

[bookmark: _Hlk192934325]Table S5. Mulliken charges of copper chloride and MMTB pre- and after-coordination.
	Atom
	Pre-Coordination
	After-Coordination

	Copper Chloride
	1#Cu
	0.442
	0.389

	
	2#Cu
	0.433
	0.386

	
	3#Cu
	0.455
	0.441

	
	1#Cl
	−0.184
	−0.243

	
	2#Cl
	−0.222
	−0.235

	
	3#Cl
	−0.269
	−0.307

	
	4#Cl
	−0.174
	−0.264

	
	5#Cl
	−0.208
	−0.191

	
	6#Cl
	−0.273
	−0.317

	
	Sum Cu
	1.33
	1.22

	
	Sum Cl
	−1.33
	−1.56

	
	Sum Cu+Cl
	0.00
	−0.341

	MMTB
	Oxygen
	−0.347
	−0.324

	
	Sum MMTB
	0.00
	0.341





Table S6. Energy based on the Eley-Rideal mechanism (kcal·mol−1)
	Paths
	Cu-MMTB
	Cu-EMTB
	Cu-EETB

	Cat
	0
	0
	0

	[bookmark: _Hlk195878908]C2H2*
	−8.46
	−10.8
	−11.6

	TS1
	1.63
	1.26
	1.18

	C2H2Cl*
	−13.7
	−12.6
	−13.0

	HCl*
	−18.4
	−18.1
	−18.4

	TS2
	−16.8
	−15.7
	−15.9

	VCM*
	−47.9
	−45.4
	−52.3

	VCM
	−39.5
	−39.5
	−39.5



Table S7. Energy based on the Langmuir-Hinshelwood mechanism (kcal·mol−1)
	Paths
	Cu-MMTB
	Cu-EMTB
	Cu-EETB

	co-ads
	0
	0
	0

	TS
	13.2
	15.9
	14.3

	VCM*
	−33.6
	−28.4
	−29.4




Table S8. Cu and P content of Cu catalysts in terms of the total mass.
	Sample
	Cu (wt.%)
	P (wt.%)

	Cu/AC
	10.4 
	-

	Cu/AC-used
	10.3 
	-

	Cu-MMTB/AC
	10.3 
	0.577 

	Cu-MMTB/AC-used
	10.9 
	0.586 



Table S9. TG-DTG results for Cu catalysts
	Sample
	150°C (%)
	290°C (%)
	Δ (%)
	Coke (%)

	Cu/AC
	95.0
	89.7
	5.34
	5.72

	Cu/AC-used
	97.4
	86.7
	10.8
	

	Cu-MMTB/AC
	95.9
	89.6
	6.29
	5.05

	Cu-MMTB/AC-used
	97.2
	86.2
	11.0
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