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Due to the increasing environmental and energy issues, hydro-
gen, as a clean and non-carbon energy source, has received more
and more attention in the past decades. Photocatalysis has been
known as a promising approach for hydrogen generation and a
key measure in solving serious environmental problems. Different
from traditional catalysts, such as ZnO and TiO2, two-dimensional
(2D) materials display unique advantages to hydrogen production
due to their large specific surface area, high charge migration rate,
tunable electronic structure and ultra-lightweight [1]. Especially,
2D materials show short migration distance for the generated
electrons and holes, leading to the reduction of electron-hole
recombination, which is one of the key factors affecting photocat-
alytic efficiency [2–4]. MoS2 [5], 1T-WS2 and 2H-WS2 nanosheets
[6] have been reported as efficient co-catalysis for hydrogen evo-
lution, which means the integration of 2D nanosheets with other
catalysts such as TiO2 is still needed. Therefore, developing new
photocatalysts is a pressing need for efficient hydrogen
generation.

Layered metal phosphorous trichalcogenides (MPX3, M = Ni, Fe,
Cd, Mn, Cu, Zn, etc; X = S, Se, Te) is a new type 2D material with
tunable composition and electronic structure. Recently, layered
MPX3 has been considered as a promising candidate for efficient
hydrogen evolution due to their suitable band gaps range from
1.77 to 3.94 eV [7]. The calculated locations of valence band max-
imum (VBM) and conduction band minimum (CBM) of MPX3

monolayer indicate that most of MPX3 are suitable for photocat-
alytic hydrogen generation (Fig. 1a) [7]. Most of MPX3 (MnPS3,
FePS3, CoPS3, NiPS3, ZnPS3, CdPS3, SnPS3) have been synthesized
by chemical vapor transport (CVT), and exhibit superior magnetic
and electrochemical properties [8]. Later, FePS3 nanosheets with
good photocatalytic activity and photostability are synthesized
by a sulfurphosphidation method [9]. However, monolayered
MPX3 is still difficult to obtain. Recently, we reported that mono-
layered FePS3 quantum sheets with diameters range from 4 to
8 nm can be obtained via exfoliation of the corresponding bulk
materials in hydrazine solution (Fig. 1b) [10]. These monolayered
FePS3 quantum sheets exhibit a bandgap of 2.18 eV. Due to the
monolayer feature, FePS3 quantum sheets display a photocatalytic
H2 generation rate of 290 mmol h�1 g�1, three times higher than the
corresponding bulk materials. This study presents a facile approach
of producing uniform monolayer FePS3 quantum sheets and pro-
vides a new way to designing other photocatalysis based on mono-
layered MPX3.

The band structures near Fermi level for MPX3 were also calcu-
lated. MnPSe3 monolayer is calculated as a direct band gap semi-
conductor and has strong absorption in the visible-light region
[7]. The high carrier mobility of MnPSe3 monolayer could be com-
parable to or even higher than those of many other 2D materials,
indicating that the transfer of carriers to reactive sites would be
easier in the photocatalytic process. Few layer MnPS3 photodetec-
tors have been reported to have high photo-responsivity
(288 AW�1) and photogain at a wavelength of 365 nm [11]. All
these indicate that MnPX3 is a promising photohydrolytic catalyst
with great visible-light absorption and high carrier mobility. Exfo-
liated layered MnPX3 has also been studied as electrocatalysts for
hydrogen evolution [12]. However, compared with the CVT
method, chemical vapor deposition (CVD) is more suitable and
easily to obtain the large-scale MPX3. Here we report a designed
novel way of synthesizing layered MnPX3. MnPS3 and MnPSe3
nanosheets are successfully grown on flexible carbon cloth sub-
strate through a two-steps CVD method (Fig. 1c). Two growth
routes were carried out, and the desired MnPX3 can be obtained
by temperature regulation. After the theoretically speculated pho-
tocatalytic activity of direct band gap MnPX3 nanosheets, sunlight-
driven catalytic activity is measured. Both MnPSe3 and MnPS3
exhibit promising photocatalytic activities of H2 production with
a rate of 6.5 and 3.1 lmol h�1, respectively [13]. This work demon-
strates that MnPX3 monolayer would be a promising photocatalyst
for water splitting under visible light.

In summary, metal trichalcogenophosphite (MPX3) layered
materials were considered a promising candidate for efficient
hydrogen evolution. Among these layered materials, we reported
the synthesis of monolayered FePS3 quantum sheets. And then, a
more facile CVD growth method for layered MnPX3 was developed.
All of these materials show great photocatalytic activity for hydro-
gen evolution, providing a significant step in exploring new photo-
catalysts for efficient hydrogen generation.
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Fig. 1. (Color online) (a) The locations of VBM and CBM of MPX3 monolayer [7]. (b) The schematic of CVT method [10]. (c) Temperature profiles of chemical vapor deposition
routes leading to mixed phase (route-I) and pure phase (route-II) products along with schematic of their chemical structures [13].
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