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Materials

Commercially available reagents (such as the metal precursor HAuCly-4H,O from
Aladdin, assay: 49.7%) were used without purification unless specified. AR-grade
iodohydrocarbons, including tritodomethane (CHIs), iodomethane (CHsl), n-iodopropane (n-
C;H;I), n-iodobutane (n-C4Hol), iodobenzene (C¢Hsl), and n-iodopentane (n-CsHjl), were
obtained from Aladdin and used without further purification. Distilled deionized water,
hexane, ethanol, and acetone (AR grade) were used as indicated. Nitrogen, hydrogen chloride,

and acetylene (99.999% purity) were purchased from Linde AG.

Catalyst preparation and redispersion procedure

Au/C (1.0 wt%) catalysts were prepared through an incipient wetness impregnation
technique as previously described.['*] Carbon (40—60 mesh) was initially washed with diluted
aqueous HNOjs (2.0 mol L) solution at 80 °C for 5 h to remove Na, Fe, and Cu, which are
contaminants for the hydrochlorination reaction. Carbon was filtered and washed with
distilled water and dried at 150 °C for 12 h. Requisite amounts of HAuCl,-4H,O solution in
aqua regia (6.3 mL) was added dropwise to the acid-washed carbon (40—60 mesh, 5 g) while
stirring. The product was then dried at 110 °C for 12 h and used as a fresh catalyst. Various
aging protocols were employed on the supported noble catalysts.5-81 Selection was conducted
to facilitate detection analyses and emphasize the chemical features attributed to sintering of
the aged samples. Thus, the physical or chemical properties of the samples are clearly stated
when describing the characterization technique used. The fresh catalyst was hydrothermally
aged for 5 h at 350 °C in a tubular oven in a flow of dry N, (40 mL min™!) with an initial
heating ramp of 10 °C min~!. The aged catalysts were then obtained and designated as Au/C.
Redispersion treatments of sintered catalysts were carried out in a sealed glass vial. In a
typical treatment, 4 mL 30 wt% iodohydrocarbon-acetone solution was first mixed in a sealed
sample vial. To it, 200 mg of the sintered catalyst was added to the mixed solution. The
samples were vigorously stirred with a magnetic stirrer at a designed temperature under
ambient pressure for a fixed time. After treatment, the samples were filtered, washed with
hexane, and dried at 110 °C for 12 h. The dried samples were then stored in sealed sample

vials.
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Catalytic activity evaluation

The catalytic performance of acetylene hydrochlorination was evaluated in a fixed-bed
glass microreactor (i.d. of 8 mm) under 0.1 MPa.ll:3%19] The temperature of the reactor was
regulated using a CKW 1100 temperature controller. The reactor was purged with nitrogen for
12 h before the reaction to remove water and air in the system. Hydrogen chloride gas was
passed through the reactor at a flow rate of 20 mL min! to activate the catalyst. After the
reactor was heated to 180 °C, (5 mL min!) hydrogen chloride (5.5 mL min!') was fed
through the heated reactor containing 0.5 mL of the catalyst at a gas hourly space velocity of
C,H, (GHSV) of 600 h'!. The reaction products were analyzed using an on-line gas
chromatography (GC-2060). Product distribution was determined under the following
conditions: chromatographic column, type 2 m x & 4 mm; stuffing, GDX-301; column
temperature, 120 °C; FID detector; and detector and vaporizer temperature, 150 °C. Given
that the individual substance present a high-boiling point and low content, the products of
acetylene hydrochlorination were quantified through the peak area normalization method. The
conversion of acetylene (X,) and the selectivity to Vey (Syc) were used as criteria to
determine the catalytic performance. As hydrogen chloride was absorbed after the reaction,
the volume of the reaction system was set constant during calculation. If the total volume was

regarded as a volume unit, X, and Sy were calculated as follows:
Xa=(1—0a1) x 100% (1)
Sve =gve/ (1= @ar) x 100% ()

where @4, is the volume fraction of the remaining acetylene and ¢y is the volume fraction of
vinyl chloride. To distinguish catalytic performance, we employed a gas hourly space velocity
(GHSV) of C,H, as high as 600 h™'; this velocity is higher than the velocity used for

evaluation of conventional HgCl, catalyst.[11-13]

Catalyst characterization

X-ray diffraction (XRD) patterns of the catalysts were recorded using a PANalytical
X’pert Pro Super X-ray diffractometer with Cu K, radiation (4 = 0.15418 nm) and a scanning
angle (260) range of 10° to 90°. The tube voltage and current were 40 kV and 30 mA,
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respectively. The Au crystallite size was calculated using the Scherrer equation with the full
width at half-maximum (FWHM) of the Au (111) diffraction peak at 260 = 38.4°.
Transmission electron microscopy (TEM) images were obtained using a TECNAI F[130
transmission electron microscope operated at an acceleration voltage of 300 kV. The selected
area electron diffraction (SAED) pattern was recorded by aligning the electron beam
perpendicular to one of the square faces of an individual Au NP. To prepare an appropriate
sample for TEM observation, we ultrasonically dispersed the catalyst powder in ethanol at RT
for 30 min. The dispersed sample was then transferred onto carbon-coated copper or
molybdenum grid through dipping. Particle size distribution was evaluated based on
measurements from the full TEM images. The actual gold content of the sample was analyzed
through X-ray fluorescence (XRF) spectrometry using a PANalytical AXIOS PW4400
sequential spectrophotometer with an Rh tube as radiation source. Measurements were
performed with pressed pellets containing 6 wt.% wax. Characterization was conducted
through X-ray photoelectron spectroscopy (XPS) using a Quantum 2000 Scanning ESCA
Microprobe instrument (Physical Electronics) equipped with an Al K, X-ray radiation source
(hv = 1486.6 eV). The activated catalyst was carefully collected and sealed under Ar
atmosphere. The collected sample was compressed into a thin disk in a glove box, and the
compressed sample was then transferred to the XPS apparatus analysis chamber. Binding
energies were calibrated using the Si 2p peak at 103.7 eV as a reference. Experimental errors

were set within + 0.2 eV.

Bond energy analysis

The most fundamental concepts in organic chemistry include structure, energetics, and
reactivity and their interrelationships. The experimental and theoretical values for bond
dissociation energies (BDEs) are essential for chemical kinetics, free radical chemistry,
organic thermochemistry, and physical organic chemistry. Nevertheless, obtaining reliable
data regarding BDEs or strengths of chemical bonds could be complicated and frustrating.!'4
16]

The BDE for homolysis of R—X bond is defined as the enthalpy change in the following

fission:
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R-X —» R +X 3)

The BDE, DH%R-X), of an R—X bond is derived from the heats of formation of the

species involved in the above reaction:
DH(R—-X) = A¢H(R) + AHO(X) — AfHO(RX) 4)

In this case, A¢HO represents the heats of formation of the respective species in the ideal
gas state at standard pressure and reference temperature of 298.15 K. Therefore, BDE is also
called the bond dissociation enthalpy. Here, the species R—X represents molecules, radicals,
ions, complexes, and clusters. BDEs are commonly referred as bond energies, bond strengths,
binding energies, or bond disruption energies (enthalpies). A variety of methods are available
for determining BDE values. The experimental BDE values of many important compounds
have been measured many times. For instance, the C—H BDE in methane has been determined
about 50 times since the 1930s. The BDE values continue to be a source of controversy
among scientists. Obtaining data for BDE is only performed experimental studies.!-16
Although we collected experimental data, including all these information is difficult because
most users are concerned with reliable experimental values only.

The present work aims to collect recent experimental data for the given bonds of C-I
within iodohydrocarbons, such as CHs—I, I,CH-I, and C;H;—1. As reliable data for BDEs is
difficult to achieve, recent measurements tend to be more generally reliable. The BDEs have
been tabulated based on the center atom in the radicals, ions, clusters, and complexes. Table

S1 collects the experimental results for BDEs in all evaluated iodohydrocarbons.[14-1€]
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Table S1 Summary of the C—I BDEs of iodohydrocarbons and iodides.

The broken bonds BDEs (most recent data; recommended
(bold character = dissociated atom) data)

AH'(R)/kJ mol™! kJ mol™! references
CHs-1 238.9£2.1 15

LCH-I 203.5+33 15

L,C-I 192 £ 50 15

C,Hs-1 2335+6.3 15

CsH-1 236.8 4.2 15

C4Ho-1 226.8 £4.2 15

CsHy -1 235.7 16

CeHs-1 272 +4.2 16

Au-1 276 16

Au-Au 225.6 16
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Table S2  Changes in the Au content as analyzed through XRF and Au NP mean size and

full width at half-maximum (FWHM) estimated through XRD/TEM of the sintered Au/C

catalyst treated with CHI; at 40 °C as a function of time.

Time / min Au/ wt% Time / min Mean size / nm FWHM"
0 0.94 0 334 0.358

60 0.73 3 12.6 0.592
180 0.80 5 8.7 0.639
300 0.81 10 54 -

720 0.80 30 1.44 -

1440 0.82 60 0.79 -

10080 0.83 10080 0.72 -
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Fig. S1 Schematic of the supported Au NP redispersion in a spherical model with the radius
Rs (sintered Au NPs) and R) (dispersed Au NPs) of curvature. The redispersion rate At is

indicated in the following equation:
At= (RS — RD)/AI (5)

where At is the treatment time of contact with iodohydrocarbons.
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Fig. S2 TEM image and average particle size distribution of as-prepared Au/C catalyst.
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Fig. S3  Average size distribution of Au NPs as indicated in Fig.1a.

S10



Fig. S4 a) and b) TEM images and corresponding Au particle size distribution of sintered
catalyst after treatment with CHI; at 40 °C for 10 min and 30 min, respectively.
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Fig. S5 a) XRD patterns of the Au/C catalysts as a function of temperature in treatment with
CsHyyI for 12 h. b) Corresponding Au average particle size of sintered Au/C before and after

redispersion indicated in a).
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Fig. S6 Typical DF-STEM images of different randomly selected areas of the Au/C catalyst:
a) sintered and b—e) sintered catalyst after treatment with CHI; at 40 °C for 5, 10, 30, and 60

min, respectively.
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Fig. S7 XRD patterns of the redispered Au/C catalysts after treatment with CsHj;I with
addition of t-butylhydroperoxide (TBHP) at 40 °C for 3 h.
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Fig. S8 XRD patterns of the redispered Au/C catalysts after long-term treatment with CHI;,
C;H7I and C¢Hsl at 40 °C for 72 h and 168 h, respectively.
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Fig. S9 a—c) and d—f) HRTEM images of sintered Au/C after treatment with C¢Hsl, CsH/I,
and CHI; at 40 °C for 72 and 168 h with their corresponding mean size distributions,

respectively.
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Fig. S10 Corresponding Au particle size distribution histogram in observed TEM images in

Fig. S9a—f.
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Fig. S11 Durability and activity of acetylene hydrochlorination over the fresh Au/C catalyst
and the sintered Au/C catalyst regenerated with CHI; treatment for 5 cycles. Reaction

conditions: P = 0.1 MPa, T = 180 °C, HCI/C,H,= 1.1, GHSV (C,H,) = 600 h-'.
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