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1. Introduction develop green and sustainable processes for chemical reaction,

the use of solar energy to drive chemical transformations has

The construction of C-S bonds is important in synthetic or-
ganic chemistry since a large amount of natural products and
pharmaceuticals contain C-S bonds in their structures and
sulfur-containing products are receiving increasing attention in
polymer and material chemistry [1]. Among the various strate-
gies developed, the hydrothiolations of unsaturated hydrocar-
bons with thiols is an atom-economic and thus attractive strat-
egy forthe construction of C-S bonds [2,3]. The met-
al-catalyzed hydrothiolations of unsaturated hydrocarbons
with thiols can proceed with good to excellent regio- and ste-
reoselectivity to sulfur containing molecules [4-6]. Recently, to

attracted extensive research interest [7-10]. Semiconductors,
in particular narrow-band-gap metal sulfides [11], have shown
great potential in visible light induced organics transformations
under mild conditions [12,13]. Specifically, the development of
photoredox systems to realize the hydrothiolation reactions
under visible light has also been demonstrated [14-16]. Ho-
mogeneous photocatalysts like Ru (II) complexes [17,18], dyes
(Eosin Y) [19] as well as heterogeneous semiconducting TiO2
[20] and ZnIn2S4[21] have all been reported to realize the hy-
drothiolation reactions under visible light. In these photoredox
systems, thiyls, the synthetically useful radicals generated in
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the photoredox cycle, attack the unsaturated hydrocarbons
(alkenes or alkynes) to generate the hydrothiolated products
via a radical addition cycle. As compared with the direct
addition of thiols to unsaturated hydrocarbons, in which the
thiyls are generated by thermal/UV activation of a radical
initiator or by direct irradiation with UV light [22,23], which
usually requires harsh reaction conditions and leads to low
selectivity with the possible formation of by-products as well as
limited application to only simple systems [24-26], the
hydrothiolations over these photoredox systems are more
selective since the reactions can be carried out under mild
conditions and no special UV equipments was required. In
addtion, these reactions protocols can be applied to expaned
substrate scopes.

Among the already reported photoredox systems for light
initiated hydrothiolation reactions, Znln:Ss, a promising
semiconductor which has been widely used in a variety of
photocatalytic applications [27-29], is in particular appealing
since the hydrothiolations over ZnInzS4can be carried out in a
green solvent (methanol), with only stoichiometric thiols
required and applicable to a broad substrate scope, which
makes it a green, sustainable and cost-effectively strategy for
the synthesis of thiolated products [21]. In addition, ZnInzS4is
cheap and non-toxic [30,31]. However, the light initiated
hydrothiolation reactions for some bulky substrates over bare
ZnInzSsare still not so high. Considering that the light initiated
hydrothiolation reactions over ZnlnzSs is a coupling of the
photoredox generation of the thiyl radicals and the successive
radical addition to produce the desired hydrothiolated
products [21], it is therefore proposed that an improved
efficiency in the photogeneration of the thiyl radicals would be
beneficial to the whole hydrothiolation reactions [32,33].
Cocatalysts have been widely used in photocatalysis to
promote a variety of photocatalytic reactions since they can
improve the separation of the photogenerated charge carriers
and promote their transportation [34-43].

In this manuscript, to improve the performance of ZnInzSs
for light initiated hydrothiolation, Ir2Ss was loaded on the
surface of ZnInzSsvia a one-step solvothermal method and the
as-obtained Ir2S3/ZnInzS4 nanocomposites was used in the
visible light initiated thiol-ene and thiol-yne coupling reactions.
It was found that loading of Ir2S3 on the surface of ZnIn2S4 did
promote the hydrothiolations of alkenes and alkynes, with an
optimum performance observed over 0.5 mol% Ir2S3/ZnInzSs
nanocomposite. The superior performance over Ir2S3/ZnIn2S4
nanocomposites can be ascribed to an improved efficiency on
the photogeneration of the thiyl radicals by loading Ir2S3 as well
as its inactivity for photocatalytic hydrogen evolution, a side
reaction in the light initiated hydrothiolations over ZnInzSs.
This work provides an efficient and green strategy to
synthesize thiolated products based on semiconductor
photocatalysis.

2. Experimental

2.1. Preparation

All the reagents were commercially available and used
without further purifications. For the synthesis of Ir2S3/ZnIn,Ss,
different amounts of IrCls was dispersed in a mixed solution
containing 30 mL of N,N-dimethylformamide (DMF) and 30 mL
of ethylene glycol (EG). ZnClz (0.136 g, 1mmol), InCl3-4H20
(0.586 g, 2mmol) and thioacetamide (TAA) (0.3 g, 4 mmol)
were added under vigorous stirring. The resultant suspension
was transferred to a 100 mL Teflon liner, sealed and heated at
180 °C for 18 h. After the reaction, the autoclave was cooled,
and the product was collected and washed with deionized wa-
ter and ethanol for several times and dried overnight at 60 °C.
The IrzSs3/ZnlnzSs+ nanocomposites with different amount of
Ir2Ss were denoted as x mol% Ir2S3/ZnlInzSs. Bare ZnInzSs was
synthesized similarly in a reaction without the introduction of
IrCls.

2.2. Catalytic reactions

The visible light induced hydrothiolation reactions were
carried out in a sealed reaction tube irradiated with an LED
lamp (Beijing Perfect Light, PCX50B). The catalyst (10 mg),
thiol (0.1 mmol) and alkynes/styrene (0.12 mmol) were sus-
pended in a Schlenk tube containing methanol (4 ml). Before
the reaction, the suspension was degassed and saturated with
Nz to remove any dissolved O2z. The reaction was performed
under irradiation for 15 h with an LED lamp (65 mW cm-2)
irradiated from bottom, with the reaction suspension continu-
ously stirring during the whole reaction. A photograph of the
experimental set-up has been provided in Supporting Fig. S5.
After reaction, the mixture was filtered through a porous
membrane (20 pm in diameter) and the filtrate was analyzed
by GC-MS and GC-FID (Shimadzu GC-2014) equipped with an
HP-5 capillary column.

3. Results and discussion

Similar to that for the preparation of bare ZnlnSs [27,44],
Ir2S3/ZnInzSs nanocomposites with different loading amount of
Ir2Ss were obtained by one-pot solvothermal method from
ZnClz, InClz and TAA in a mixed solvent of DMF and EG, with the
presence of different amounts of IrCls. The XRD patterns of the
products show 26 peaks at values of 14.3°, 21.2°, 27.7°, 30.4°,
39.3°, 47.5°, 52.1°, 55.8° and 76.4°, which can be assigned to
(004), (006), (102), (104), (108), (110), (116), (022) and (123)
crystallographic planes of hexagonal ZnInzSs phase (JCPDS
65-2023) [31], indicating that the introduction of Ir species
does not influence the formation of hexagonal ZnIn2Ss (Fig. 1).
No diffraction peak corresponding to either metallic Ir or
Ir-containing compound was observed in the XRD patterns,
probably due to the low amount of Ir introduced in the prod-
ucts. However, the presence of Ir in the as-obtained products
was evidenced from the XPS. As shown in Fig. 2(a), the XPS
spectrum of the product with 0.5 mol% Ir loaded in Ir 4f region
shows peaks at binding energy of 61.68 eV for Ir 4f7/2 and 64.91
eV for Ir 4fs/2 respectively, suggesting that Ir exists as Ir3+[45].
The XPS spectrum in S 2p region can be deconvoluted into two
sets of peaks, indicating that S exists in two different chemical
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Fig. 1. XRD patterns of different samples. (a) ZnIn:Ss; (b) 0.5 mol%
Ir2S3/ZnIn2S4; (c) 1 mol% Ir2S3/ZnInzSs; (d) 2 mol% Ir2Ss/Znln,Ss.

environments (Fig. 2(b)). Considering that Ir exists as Ir3+ and
by comparison with the XPS of bare ZnlnzS4, the peaks with
binding energy at 161.38 and 162.62 eV can be assigned to S
2p3/2 and S 2p1/2 in ZnlnzSs, while the other two peaks with
binding energy at 161.77 and 162.89 eV can be attributed to S
2p3/2 and S 2p12 in Ir2Ss, respectively. The formation of Ir2Ss on
the surface of hexagonal ZnIn2Ss is not unexpected since pre-
vious studies also demonstrated that the surface deposited PtS
was obtained via a photoreduction of PtCle2- over ZnlInzS4[46].
Both Zn 2p, with binding energies located at 1021.52 and
1044.55 eV for Zn 2p3/2 and 2p1/2, and In 3d, located at 444.83
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and 452.34 eV, in the as-obtained Ir2S3/ZnInzS4, slightly shift to
higher binding energies as compared with those in bare
Znln2S4, indicating the existence of the interaction between the
surface of deposited Ir2S3 and ZnIn2Ss (Figs. 2(c), (d)). The SEM
image of 0.5 mol% Ir2S3/ZnIn2S4 shows that it consists of flow-
er-like microspheres with dimension of ca. 2-3 um (Fig. 3(a)).
The TEM image shows that each microsphere is assembled by
very thin nanosheets (Fig. 3(b)). As compared with bare
ZnlnzSs, it is obvious that the deposition of Ir2S3 on the surface
of ZnInzS4+ does not change its morphology. The HRTEM image
shows that Ir2Ss nanoparticles of ca. 6 nm, were deposited on
the nanosheet of ZnIn;Ss. Clear lattice fringes of 0.291 nm, cor-
responding to (102) crystallographic plane of Ir2Ss, can be ob-
served. In addition, lattice fringes of 0.322 nm, which belongs to
(102) crystallographic plane of hexagonal ZnInzSs, are also
observed, which again confirms the deposition of Ir2S3 in hex-
agonal ZnInzSs4. The EDX mapping of 0.5 mol% Ir2S3/ZnIn2S4
nanocomposite also confirms the presence of Ir and its even
distribution on the surface of ZnIn2S4 (Fig. S1).

The UV-vis DRS of IrzS3/ZnInzSs nanocomposites with
different amount of Ir2S3 were displayed in Fig. 4. All the
Ir2S3/ZnIn2Ss nanocomposites show light absorption in the
visible light region, with an absorption edge extending to 550
nm, in accordance with their yellow color. As compared with
bare ZnlnzS4, the deposition of Ir2Ss on the surface of ZnInz2Ss
does not influence its light absorption.

To study the performance of Ir2Ss3/Znln2Ss for visible light
initiated hydrothiolation reactions, the reaction between
phenylacetylene (1a) and benzyl mercaptan (2a) was first
selected as the model reaction. The reaction was initially
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Fig. 2. XPS spectra of 0.5 mol% Ir2S3/ZnInSs nanocomposite. (a) Ir 4f; (b) S 2p; (c) Zn 2p; (d) In 3d.
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Fig. 3. SEM (a), TEM (b) and HRTEM (c) image 0.5 mol% Ir.S3/ZnIn2S4
nanocomposite.

proceeded in methanol over 1.0 mol% Ir2S3/ZnInzSs since
previous study revealed that methanol was the best solvent for
the light initiated hydrothiolation reaction over ZnInzSs. Similar
to bare ZnInzSs, 1.0 mol% Ir2S3/Znln2Ss is also active for the
reaction between phenylacetylene (1a) and benzyl mercaptan
(2a) to produce benzyl styryl sulfide (3a). 99 % of benzyl
mercaptane was converted after irradiated for 15 h, with a
yield of 94% to benzyl styryl sulfide (3a), a performance
superior to that over bare ZnInzSs (Table 1, entry 1). The
amount of Ir2Ss loaded influences the performance of
Ir2S3/ZnInzSs (Table 1, entries 2 and 3). Among the three
Ir2S3/ZnInz2Ss nanocomposites (0.5, 1.0 and 2.0 mol%)
investigated, Ir2S3/ZnIn2S4 nanocomposite with 0.5 mol% IrzS3
loaded exhibited an optimum performance, with 97% of
phenylacetylene converted and a yield of 95% to the desired
product benzyl styryl sulfide (3a). Therefore, the following
investigations were carried out over 0.5 mol% Ir2S3/ZnIn2S4
nanocomposite.

Similar to the reactions over bare ZnIn:Ss, the visible light
initiated thiol-yne reactions over 0.5 mol% Ir2S3/ZnInzSs
nanocomposite can also be applied to a wide range of substrate
scopes (Table 2). The hydrothiolation reactions between
phenylacetylenes with different substituents and different
thiols, including both aliphatic and aromatic thiols as well as
thiophenols, led to desirable thiolated products with yields
ranged in 70%-96%. As compared with bare ZnIn2S4, 0.5 mol%
Ir2S3/ZnIn2S4 nanocomposite showed superior performance for
all the thiol-yne reactions (Table 2, 3b-3l). In particular, obvi-
ous improvement in the activity was observed over those bulky
substrates. For example, the reactions of 1a and
4-tert-butylbenzylthiol, 1a and dodecyl mercaptan as well as
1a and 2-naphthyl mercaptans gave yields of 89%, 76% and

—2mol% hrst/ZnInzs4

— 1lmol% erSJ/annzS4

—0.5mol% lr2S3/annZS4
Znln,S,

FR)

300 400 500 600 700 800
Wavelength/nm

Fig. 4. UV-visible diffuse reflectance spectra of ZnIn;Ss, 0.5 mol%
Ir2S3/Znln2Ss, 1 mol% Ir2S3/ZnIn2Ss, 2 mol% Ir2S3/ZnInzSa.

Table 1
Light initiated hydrothiolation between benzyl mercaptane and phe-

nylacetylene over Ir2Ss/ZnInzSs under different conditions.
s\/@

hv,solvent,rt

1a 2a 3a
Entry Catalyst Conva (%) Yield of 3a® (%)
1 1 mol% Ir2S3/ZnlIn2Ss 99 94
2 2 mol% Ir2S3/ZnIn,Ss 91 85
3 0.5 mol% Ir2S3/ZnInzS4 97 95
4 Znln,Ss 94 90
5¢ — 0 0
64 0.5 mol% Ir2S3/ZnInzS4 trace trace
7t 0.5 mol% Ir2S3/ZnInzS4 5 5

Reaction conditions: 1a (0.12 mmol), 2a (0.1 mmol), cat. (10 mg),
CH30H (4 ml), visible light irradiation for 15 h. 2Calculated based on 2a.
bBased on GC analyses. ¢No catalyst. ¢Without light. ' TEMPO was added
in the reaction.

70% respectively to desirable hydrothiolated products 3f, 3h
and 3j over IrzS3/Znln2S4, as compared with yields of 61%,
56% and 51% respectively over bare ZnIn2Ss4. In addition to the

Table 2
Investigations of the substrate scope of visible-light-initiated hydrothi-
olations of alkynes and alkenes over 0.5 mol% Ir2S3/ZnIn;Sa.

Ir,S;/Znln,S
1 2_ 293 294 S
RI—== + R™-HS CH,OH, rt R‘/\"’\ “R?
3
Ir,S;/ZnlIn,S
2_ 293 294 S
or R + R-HS CH,OH, rt RSN g2
R! or R3=Aryl, Alkyl R?=Aryl, Alkyl 4
X S\)@ mS\Q S
SO o o0
3b, 95 (92) 3¢, 92 (81) 3d,93 (93)
cl
USRS s
o oM o0
3e,90 (82) 3£,89 (61) 3g, 96 (95)
. S
m SNty ©/\’ \©\ @/\/S
3h, 76 (56) 34,81 (70) 3j,70(51)

P ol
\k\,s O/\/ ©/\/ \/\©
3k, 70 (58) 31,76 (60) 4a, 80(58)

S M o0
o s
4b, 62 (49) 4c, 74 (55) 4d, 82 (63)
©/\’ SN(cHy, cH, ©/\’ S\©\ O/SVQ
4f, 69 (50) 4g,77 (61) 4h, 42 (30)

Reaction conditions: alkynes or styrene (0.12 mmol), thiols (0.1 mmol),
Ir2S3/Znln2Ss (10 mg), CH3OH (4 mL), visible light irradiation for 15 h.
Conversion was calculated based on thiols; The amount of the products
was calculated based on GC and GC-MS; The content in parentheses was
the yields of the reaction over bare ZnlIn,Ss according to Ref. [21].



Xinglin Wang et al. / Chinese Journal of Catalysis 42 (2021) 409-416 413

<100 100
R

8

@ 804 80

: s
g S
S 60 L 60 E
g 5
§ 40 40 %
8 S
g 20- 120
>

8

8 oA )
m

Cycling times

(b)

M

Intensity

2

20 40 60 80
201(°)

Fig. 5. (a) Cycling of the hydrothiolation reaction between phenylacetylene and benzyl mercaptane over Ir2Ss3/Znln.Ss under visible light irradiation;
(b) XRD patterns of (a) used Ir2S3/ZnlIn2S4 after three cycling reactions (1) and fresh Ir2Ss/ZnIn2S4 (2).

thiol-yne reactions, the introduction of Ir2S3 also promoted all
the investigated thiol-ene reactions. 0.5 mol% Ir2S3/ZnlIn2S4
showed superior performance for all the light initiated hyrothi-
olation reactions between styrene and different thiols, with
better yields of 42%-82% to the desirable products, as com-
pared with yields of 49%-63% over bare ZnInzSs (Table 2,
4a-4h). Similar to that observed over the thiol-yne reactions,
the degree of improvement on the performance of thiol-ene
reactions is more obvious in those bulky thiols. For example,
the reactions between styrene and 4-tert-butylbenzylthiol
ordodecyl mercaptan gave yields of 74% and 69% to the de-
sired products (4c and 4f) over Ir2S3/ZnlnzSs4, as compared
with 55% and 50% respectively over bare ZnInzSa. It is obvious
that the loading of Ir2S3 as a cocatalyst can promote the light
initiated hydrothiolation reactions between unsaturated hy-
drocarbons with different thiols over ZnlInzSs. Ir2S3/Znln2Ss
also shows high stability during the reactions. No obvious loss
of the activity was observed after three cycling tests (Fig. 5(A))
and the catalyst after three runs showed almost unchanged
XRD patterns (Fig. 5(B)).

Light initiated hydrothiolation reactions over ZnInzSs has
been proposed to be a coupling of a photoredox cycle and a
radical addition cycle, in which the first step involves the attack
on the thiols by the photogenerated holes on ZnIn2S4 to gener-
ate the thiyl radicals. To investigate whether radicals are also
involved in the hydrothiolation reactions over Ir2S3/ZnInzSs,
controlled experiment was carried out by addition of TEMPO, a
radical trapping agent, into the reaction system. It was found
that the introduction of TEMPO led to an almost complete
quench of the hydrothiolation reaction, with the yield to the
benzyl styryl sulfide significantly decreased to 5% under oth-
erwise similar conditions (Table 1), indicating that radicals are
also involved in the light initiated hydrothiolation reactions
over Ir2S3/ZnInzSs nanocomposites. It is therefore proposed
that the promoting effect on the light initiated hydrothiolation
reaction by loading Ir2S3 on ZnInzS4 should be ascribed to an
improved efficiency in the photogeneration of the thiyl radicals,
due to the introduction of IrzS3 as a cocatalyst to improve the
separation and transportation of the photogenerated charge

carriers. This assumption was confirmed by the EIS results. As
shown in Figs. 6(a) and 6(e), EIS Nyquist plot of Ir2S3/ZnIn2S4
nanocomposite shows a smaller radius as compared with that
of bare ZnIn2Ss4, indicating that the loading of Ir2Ss enhances the
charge separation and transportation in ZnInzSa.

Since cocatalysts have been widely used to promote the
separation and transportation of the photogenerated charge
carriers in photocatalysis, several other generally used cocata-
lysts, including MoSz, NiS and Pd NPs, were also deposited on
ZnlnzS+ and was denoted as MoSz/ZnlInzS4, NiS/ZnInzSs and
Pd/ZnlnzS4, respectively. The preparations of MoSz/ZnInzSs,
NiS/ZnInzSsand Pd/ZnlIn2S4 followed the procedures reported
previously [27,31,37], with their XRD patterns showed in the
supporting information Figs. S2-S4. The performance of the
as-obtained ZnInzS4 nanocomposites for light initiated hy-
drothiolation reaction was investigated. As shown in Figs. 6(b),
6(c) and 6(d), the loading of all three cocatalysts on ZnInzSs
also improves the separation of photogenerated charge carriers

3000
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7 o,

2 ToAE AT AL 4 InS/ZninSa
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Fig. 6. Nyquist plots of experimental impedance data for bare ZnInzSs,
Ir2S3/ZnlnzSs, MoSz2/ZnInzSs, NiS/ZnlnzSs and Pd/ZnInSs in the fre-
quency range of 0.1-1.0x105 Hz using an ac bias of 0 V vs Ag/AgCl
without visible light irradiations in an aqueous solution containing
Ks[Fe(CN)e] (1 mmol/L), Ks[Fe(CN)s] (1 mmol/L) and KCl (0.1 mol/L).
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Table 3
Light initiated hydrothiolation between phenylacetylene and
1-dodecanethiol over Ir;S3/ZnlnzSs, MoSz/ZnInzSs, Pd/ZnlIn,Ss,

NiS/ZnIn;Ss+ and bare ZnInzSa.
— NV
cat. ety cH,
+ CHyCHy)SH ——— 3
hv, solvent, rt

Entry Catalyst Conversion? Yield? (%) Ha (umol)
1 0.5 mol% Ir2S3/ZnIn,Sa 79 76 0.7

2 0.5 mol% MoSz/ZnIn,Ss 55 54 13.2

3 0.5 mol% Pd/ZnIn2Ss 60 59 1.9

4 0.5 mol% NiS/ZnIn2Sa 41 39 39

5 ZnInzSs 58 56 —

Reaction conditions: phenylacetylene (0.12 mmol), 1-dodecanethiol
(0.1 mmol), cat. (10 mg), CH3OH (4 mL), visible light irradiation for 15 h;
aConversion was calculated based on phenylacetylene. > The amount of
the products was calculated based on GC and GC-MS analyses.

as evidenced from the smaller radius on their EIS Nyquist plots
as compared with bare Znln2Ss, although NiS is not as efficient
as the other three cocatalysts (Ir2Ss, MoSz and Pd) (Fig. 6).
However, all the three cocatalysts (MoSz, Pd and NiS) loaded do
not promote the hydrothiolation reaction between phenyla-
cetylene and 1-dodecanethiol. Among them, MoSz/ZnIn2Ss and
Pd/ZnInz2Ss show comparable performance as that over bare
ZnIn2S4, while the loading of NiS even lower the activity for
light initiated hydrothiolation reaction (Table 3). The obvious
inconsistent between the catalytic performance and the results
from the EIS Nyquist plots clearly indicated that, in addition to
the improved efficiency in the generation of thiyl radicals, there
is other factors influencing the performance of light initiated
hydrothiolation reaction over these cocatalysts loaded ZnIn2S4
nanocomposites.

In the light initiated hydrothiolation reactions over these
cocatalysts loaded ZnIn2Ss nanocomposites, we also notice that
varied amount of hydrogen were generated, although no de-
tectable hydrogen evolved over bare Znln2S4, indicating that
the loading of all the cocatalysts also promotes the hydrogen
evolution. In addition, the amount of hydrogen evolved follows
an order of MoSz/ZnInzSs> NiS/ZnInzS4> Pd/ZnInzSs>
Ir2S3/ZnlInzSs, a result not unexpected since both MoSz and NiS
have been previously demonstrated to be good cocatalysts for
photocatalytic hydrogen evolution over ZnlnzSs. As previously

e S e
p g e Radical .
ZnlIn,S, ‘ Rsni— RS- Addition RS\WR
\ Cycle ) :

h* h* h*

' RSH

RSH

RSN R

Scheme 1. Promoting mechanism by loading Ir:Ss for visi-
ble-light-initiated hydrothiolations over ZnInzSa.

proposed in the light initiated hydrothiolation reactions over
ZnIn2Ss4, the reduction of the protons by the photogenerated
electrons to produce the hydrogen consumes the protons
[47,48], which is a detrimental side reaction to the light initiat-
ed hydrothiolation reactions and should be suppressed. There-
fore, the loading of the cocatalysts on the surface ZnIn,Ss have
dual functions. First, the loading of the cocatalyst can improve
the efficiency on the photogeneration of the thiyl radicals, due
to enhanced separation and transportation of the pho-
togenrated charge carriers, which is beneficial for the light ini-
tiated hydrothiolation reaction. On the contrary, the loading of
the the cocatalyst also promotes the photocatalytic hydrogen
evolution, which is detrimental to the light initiated hydrothio-
lation reaction. Therefore, a suitable cocatalyst to promote the
light initiated hydrothiolations over ZnIn2S4 should be able to
improve the separation and transportation of the photogener-
ated charge carriers in ZnIn,Ss, but itself cannot act as the ac-
tive sites for hydrogen evolution, as that observed over Ir:Ss, as
shown in Scheme 1.

3. Conclusions

In conclusion, the loading of Ir2S3 on the surface of ZnInzSs
was found to promote the light initiated thiol-ene and thiol-yne
reactions. The superior performance of Ir2S3/Znln2Ss
nanocomposite for the light initiated hydrothiolation reactions
can be ascribed to an improved efficiency on the
photogeneration of the thiyl radicals by loading of Ir2S3 as well
as its inactivity for photocatalytic hydrogen evolution, a side
reaction to the light initiated hydrothiolation reaction over
ZnIn2S4. This study provides an efficient and green strategy to
synthesize thiolated products via the hydrothiolation of
unsaturated hydrocarbons (alkenes and alkynes) with thiols
over a semiconductor-based photocatalyst under visible light.
This study also provides some guidances for the design and
development of photocatalytic systems for light induced
organic syntheses.
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Ir,Sy/ZnIn, S, N TR WAIFEF & E RIHR/IRIEH SR R R : Ir,S;HIER
TEM, FRIE, FHE

BMAFMFEFR, RRESHRAECERERAEZREABRUATE, BEAREN350116

WEE: C-SHERMELE A b B B R L. P BRI AR o/ B B A R R R A HE C-S B — Pl i, P Rp4E
AU 1) J57%. AR SCRAZnCly, InCly, fiAX 2 BRIV T BRI, 7ER R IrCLAZE 440 T, i — B I R A & A 8] 7 &A A
[E]IrBE 7R LK (0.5 mol%, 1 mol%FH2 mol%)HIr,Ss/ZnIn, S UK A1 KL, H5 52 17 e 78 v] W6 T i T e/ iR &4k = B
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