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Abstract

One of the major challenges that the human beirgg$aaing is the shortage of
the fossil fuels. Hydrogen is considered as the tnatisactive renewable energy
because of its abundant high energy density. Semiaior photocatalytic
technology for water decomposition is a promisingtimd for converting sunlight
into hydrogen energy, which has attracted consideratention. Compared with bulk
materials, two-dimensional (2D) materials exhibiemiarkable photocatalytic
properties. In this work, the pristine high-qualltgxagonal molybdenum disulfide
(MoS;) nanosheets and Ag-doped MoShanosheets were synthesized by
hydrothermal method, and the thickness of nanosiveas ranged from 0.9 to 1.1 nm.
In addition, the absorption spectra of Ag-doped Mon&nosheets increased with the
increase of Ag content. What's more, the photogttaproperties of Ag-doped MoS
nanosheets were tested, and the results show tirdbped Mo% nanosheets have
good stability, high hydrogen production efficieranyd strong photocatalytic activity.
It is worth mentioning that the photocatalytic hygen production rate of Ag-doped
MoS, nanosheets can reach 2695 umiblgt. Meanwhile, density functional theory
was used to calculate the optical properties, &eit structure of pristine and
Ag-doped monolayer MaS These calculated results indicate that the alisorp
intensity of Ag-doped MoSin the ultraviolet-visible and visible light regioncreases
significantly, and the conduction band of Ag-dopadnolayer Mo$% is downshift

compared with pristine MaS Therefore, Ag-doped MgScan optimize the band



structure and promote the absorption of visiblehtligthereby improving the

photocatalytic activity.
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1 Introduction

Hydrogen is a new energy source that is clean,remvientally friendly and
efficient. Although hydrogen prepared by electrimlytater method is highly purified,
environmentally friendly and renewable, the slowekic process of electrocatalytic
hydrogen production greatly limits its energy casuen efficiency [1-6]. The
disadvantage of high energy consumption of hydragethat noble metal catalysts
(such as Pt/Pd) are usually needed to reduce thepaiential of electrocatalytic
reaction. However, the high cost and scarcity @&séncatalysts greatly limit their

industrial application.

Since the discovery in 1970s that water can berdposed by using titanium
dioxide (TiQ) electrodes under ultraviolet radiation to produngdrogen, and
semiconductor materials have been rapidly developetie field of photocatalytic
decomposition of water [7-10]. In recent years,r#idomaterials have attracted much
attention and have been researched in many fialdstal their special optical and
electrical properties. This studies show that tHges of 2D layered nanocrystals
catalytic materials have the characteristics of fatemic sites and unsaturated
coordination. They are easy to become active cemkratalysis. They have good
catalytic activities in the fields of catalytic defsirization, oxygen reduction and
photocatalytic hydrogen production. Among variousparted catalysts of 2D

nanomaterials, 2D transition metal dichalcogenid@@dDs) are attracting more and



more researchers to study them. Compared with quecmetals, TMDs have

attracted much attention due to their excellerdlgtt activity and low cost.

MoS,, as a typical TMDs, has good catalytic hydrogeal@ion performance,
resulting scientists’ great attention. Comparedhwte common bulk MoS the
nano-sized Moghas superior performance, mainly showing a laspexcific surface
area, stronger adsorption capacity and higher ixégctThere are many factors that
affect the catalytic activity of MgS These factors include the number of layers of
MoS,, the dispersion and the number of active sitediffgrent positions. Therefore,
when the size of MoSsheet is reduced to the nanometer scale, theahtle active
sites would increase, and the catalytic efficiemweyn be remarkably improved. In
order to improve the catalytic activity and enempnversion efficiency of MoS it
can be combined with other materials in order ttaiobexcellent catalytic effects. A
large number of studies have shown that althoughntlonolayer Mog photolytic
water catalyst has good theoretical catalytic ifficy and light absorption
performance, it is still difficult to obtain idedlydrogen conversion rate, partly
because it is easy to hard agglomerate during pagpa, making it difficult to fully
exert its performance. Increasing the efficiency MbS, photocatalytic solar
hydrogen production by doping, binary and multipiaergies has been a research

hotpot in recent years.

Since Karunadasa et al [11] found that M@8n be photohydrolyzed to produce
hydrogen, various MgSnanophotocatalysts have been developed one aftehex.
In order to improve its photohydrolysis performantoS, has been compounded
with various functional nanomaterials (such as semductors, metals, carbon
materials, metal oxides, etc.). Yin et al discodetigat Mo$ was chemically loaded
on CdS. The photocatalytic activity of,ldan be significantly improved by loading
MoS; as a catalyst promoter, and the photocatalytiedgeh production performance
in lactic acid solution even exceeds the precioatatrpromoter such as Pt loaded on
CdS [12]. Xiang et al reported a Mg@aphene-TiQ composite. It was found that
the new composite exhibited a high photocatalyyidrbgen production rate (0.16



mmol hY), while MoS/graphene-CdS composite exhibited a hydrogen ptamurate

of 2.0 mmol i in lactic acid system[13-14]. Guo et al synthedikpS, nanosheets
with different layers, and they systematically staldthe position of valence band,
conduction band and even band gap of Ma8d the relationship between the
corresponding photocatalytic HER activity and theenber of layers of MoS It was
found that the lower the number of layers of MoBe stronger the photocatalytic
hydrogen production activity [15]. Li and Fu et 8lccessfully synthesized
MoS,/g-C3N4 binary compounds by two-step method, that istlfirg-CsN4 powder
was synthesized by combustion method, then, the &SN, binary promoter was
synthesized by hydrothermal method. The hydrogeodymtion experiment of
photolysis water showed that the binary compourdid@od photo-generated carrier
separation efficiency. When the mass fraction ofSMdas 0.5%, the hydrogen
evolution rate reaches 23inol h*, which is 11.3 times than that of pure g\G
[16-17]. Wang et al reported that transition metal doping edso significantly
improve the photohydrolysis performance of Md$8]. This shows that the
combination of Mo% and other materials can greatly improve its phattagtic
hydrogen production characteristics. Recently, MaBmposites with some new
carbon materials have attracted wide attentionniypaising second-phase carbon
materials with good conductivity to accelerate ieartransport, such as graphene,

carbon nanotubes, carbon fibers and so on.

As a typical 2D layered TMDs, the successful coration of MoS and metal
can provide more effective catalytic sites for mattalytic decomposition of water,
and promote electron transfer and further enhamogopatalytic decomposition of
water. In this paper, we focus on the catalyticfggarance of a Ag-doped M@S

nanosheet and the hydrothermal method to prepamltis-based composite.
2. Experimental section

2.1 Chemicals



The chemicals used in this work were of analyticehgent grade. Sodium
molybdate dihydrate (N®o0O,-2H0), thioacetamide (CH#SNH,), tungstosilicic
acid hydrate (E[Si(W3010)4]-XH20), silver nitrate (AgN@), deionized water and

ethanol were purchased from Sinopharm.
2.2 Preparation of pristine and Ag-doped Mo&nosheets

In a typical synthesis process, the first step waadd sodium molybdate and
thioacetamide to deionized water in turn, and tstming for 10~30 min to obtain
solution A. The second step was to add silicotuogstid to solution A, stirring for
10~30min to obtain solution B. The third step was ttansfer solution B to
Teflon-lined stainless steel autoclave with a tatalume of 50 mL. Hydrothermal
synthesis was carried out in a muffle furnace &-260 (1 for 18-48 hours. The
fourth step, after cooling down to room temperatthie obtained product was washed
with deionized water and absolute ethanol, andas Viltered to obtain a precipitate,
and the obtained precipitate was dried, and themptbduct obtained after drying was

ground into powders to obtain Mg8anosheets.

In the meantime, the formation process of Ag-dopéalS, nanosheets was
introduced. Usually, silver nitrate is used as laesisource at a concentration of
0.1006 moal/L. In the first step, Me®anosheets obtained under the optimum process
conditions were added to silver nitrate solutiord amansferred to Teflon-lined
stainless steel autoclave with a total volume ofn®l0 In the steel autoclave, the
hydrothermal reaction time was set to 48 h and¢hetion temperature was 200 °C.
In the second step, after the reaction was conhléte obtained product was washed
several times with deionized water and absolutareth and then it was filtered, and
later the obtained precipitate was dried at 60 6C12 h, and the obtained black
product was ground into powders, and the Ag-dope&Mhanosheets photocatalyst
were obtained. In the third step, Ag-doped WMoBanosheets of different

concentrations were prepared by controlling the mattsilver nitrate.

2.3 Characterization of the materials



The products were characterized accordingly. Thephwogy of the samples
was studied by scanning electron microscopy (SEME crystalline phases of the
products were characterized by using X-ray difimact (XRD). And X-ray
photoelectron spectroscopy (XPS) was performed. TileRfes were conducted on a
JEM-3010 transmission electron microscope operate800 kV. High resolution
transmission electron microscopy (HRTEM) imagesenearried out. The UV-visble
diffuse reflectance spectra (DRS) were tested w&itbV-visble spectrophotometer

(UV-3101, Shimadzu).
2.4 Evaluation of photocatalytic performannce

In the experiment, pristine Mg@Sand Ag-doped MoS nanomaterials were
selected for research. The light source used imaben temperature environment was
a 300W xenon lamp, equipped with an ultraviolet fdtegr (A>420 nm) to eliminate
ultraviolet light and water filter to remove infeat light, and the sacrificial agent was
triethanolamine (TEOA), using 0.4 mM eosin Y as Srer , and the catalyst was 50
mg, and the gas was detected by gas chromatograpeyanalyzer was equipped
with a thermal conductivity detector (TCD) for gakromatography (SP-6890,
nitrogen as a carrier gas) to measure hydrogetheAsame time, we conducted three
cycles of hydrogen production experiments to vetife stability of hydrogen

production of the catalyst.
3. Resultsand discussion

The pristine Mogand Ag-doped MoSnanosheets composites were prepared by
two-step hydrothermal process, and the morpholdghe product was observed by
SEM. As shown in Fig. 1, the pristine Mp$anosheets and Ag-doped MoS
nanosheets have very smooth and uniform surfades.tAickness of pristine M@S
nanosheets and Ag-doped Matnosheets were ranged from 0.9 tol1.1 nm. Figb)L(a
are SEM images of the pristine Mo&anosheets prepared by this work under optimal
process conditions, which are high and low magaiiocy images, respectively. Fig.

1(c-h) are SEM images of Ag-doped MoBanosheets with Ag content ratios of



1.95%, 4.27%, and 7.37%, respectively. It also loarseen from Fig. 1 that a large
number of nanosheets are produced, and the nanssreethinner and smaller, and
the layer-to-layer dispersion is good. The suriacemooth and the thickness is about
1 nm. This structure tends to possess a largefgpsuarface area. The large specific
surface area directly determines the existence akenactive sites in the structure,

which will undoubtedly show the advantages in pbatalytic experiments.

Fig. 1 (a-b) The SEM images of high and low magaifion of pristine Moghanosheets. (c-d)

SEM images of high and low magnification of Ag-ddpdoS, nanosheets with Ag content of
1.95%. (e-f) The SEM images of high and low magatfion of Ag-doped Moghanosheets with
Ag content of 4.27%. (g-h) The SEM images of higd bbw magnification of Ag-doped MgS

nanosheets with Ag content of 7.37%.

Fig. 2 presents the corresponding energy disperspattira (EDS) of pristine
MoS, nanosheets and Ag-doped Masanosheets with Ag content ratios of 1.95%,
4.27%, and 7.37%, respectively. According to trst tesults shown in Fig. 2 (a), we



can see that the sample consists of elements adridd, and no other elements have
been observed. In addition, the quantification he# peak indicates that the atomic
ratio between Mo and S is about 1:2.2, which iy wbose to stoichiometric MeSso
the product is undoubtedly MeSFrom the test results of Fig. 2 (b-d), it cansken
that the products obtained have Ag element andther ompurity peaks, and the
atomic number ratios of Mo to S of nanomateriakpared with different Ag doping
concentration are about 1:1.9, 1:1.7 and 1:1.8,clvlare basically close to the
stoichiometric ratios of MoSIn addition, from the test results of Fig. 2 (b-i)can

be seen that the Ag content ratios are 1.95%, 4 &784/.37%, respectively.
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Fig. 2. (a) The EDS image of pristine Matanosheets. (b) The EDS image of Ag-doped MoS
nanosheets with Ag content ratios of 1.95%.(c) EB&S image of Ag-doped Mg8anosheets
with Ag content ratios of 4.27%, (d) The EDS imafé\g-doped Mo$ nanosheets with Ag

content ratios of 7.37%.

In order to further identify the crystal structuvéthe prepared samples, XRD
tests of different products were carried out. Bigs the XRD spectra of pristine MpS
nanosheets and Ag-doped Mafnosheets prepared by this work. The correspgndin
crystal planes at diffraction angle of 13.9, 333.5 and 58.9 degrees are (002), (100),



(103) and (110) respectively. After comparison andlysis by professional software
Jade, it is found that, (002), (100), (103), (1diGjraction peaks are consistent with
those of classical 2H-Mg@Sstandard cards (JCPDS cards (37-1492)). No additio
peaks were observed in the XRD diagram, indicatiweghigh purity of Mogsamples.
Pristine Mo$ nanomaterials with hexagonal system were prepfi8 And Ag

atoms have been doped into the preparedJviaSosheets.
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Fig. 3. The XRD image of pristine Mg&anosheets and Ag-doped Matanosheets with Ag

content ratios of 1.95% and 4.27% and 7.37%, respéc

XPS is used to further determine the elemental amtipn and elemental
valence of the prepared samples, as is shown indEighe 0~1200 eV full spectrum
scanning results of the sample are shown in Fig). 4[he elements detected by
full-spectrum scanning mainly include molybdenunifig, oxygen, carbon and silver.
It is mainly derived from carbon in the air. It:8ing energy is around 288.0 eV, and
the oxygen binding energy is generally around 5&}.0The main source of oxygen
is from the air or the exposure of Mo® air to form molybdenum trioxide. Oxygen,
Mo 3d, S 2p and Ag 3d were subjected to peak stpar&reatment by the peak
software. It can be seen from Fig. 4(b) that thetpélectron peak of molybdenum is
composed of five peaks, and the binding energy 38.2 eV and 231.1 eV,
respectively, corresponding to molybdenum two pezk®o 3d;, and Mo 3d; of
(4%) ions. It is mainly composed of molybdenum iongminlybdenum disulfide and

molybdenum ions in a small amount of molybdenunxidi®, and the binding energy



is 233.3 eV, 234.6 eV and 236.6 eV, respectivadyresponding to Mo 3g and Mo
3052 of molybdenum (6 ions. It is possible that the molybdenum dioxitteoduced

by the side reaction is exposed to molybdenum iotreduced by the oxidation of
molybdenum trioxide in the air. From the above gsial it can be inferred that the
main compositions of the prepared Mo&nosheets are MgSa small amount of
molybdenum dioxide and molybdenum trioxide. Thedimg energy of Fig. 4(c) is
378.4 eV and 372.4 eV, respectively, correspontbnigvo peaks of Ag 3¢ and Ag
305, of Ag (1") ions. The binding energy of Fig. 4(d) is 163.2 ahd 166.4 eV,
corresponding to two peaks of Szgmnd S 3p- of sulfur (2) ions, respectively. It
can be inferred from the above analysis that tlepamed nanosheets are Ag-doped

MoS, nanosheets.
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Fig. 4. The X-ray photoelectron spectroscopy (Xir&)ge of an Ag-doped Mg®ianosheet with
an Ag content of 7.37%. (a) The Ag-doped Mo&@nosheet XPS master. (b) The XPS spectrum of

the Mo 3d element. (c) The XPS map of Ag 3d elesmdid) The XPS map of S 2p elements.

The typical TEM images and HRTEM image of Ag-dopgddS, nanosheets
with doping concentration of 7.37% are shown in. BigAs they are exhibited in the
images of Fig. 5(a-c), under the preferred preparatonditions, the prepared
Ag-doped Mo$% nanosheets have the characteristics of nanosheeatore, layer

spacing, lack of position and interlayer misaligmterelatively good length and



structural order, and the length of the sheet tevéen 20 and 60 nm. What's more,
we can see from Fig. 5 (d) that the lattice spaahthe neatly arranged regions is
0.66 nm, corresponding to the (002) crystal plan2tbtype MoS (JCPDS 75-1539)
[20]. The crystallinity of the sample was in agrestwith the XRD results.

Fig. 5. (a-c) The TEM image of an Ag-doped Maf@nosheets with an Ag content ratio of 7.37%.

(d) The HRTEM image of an Ag-doped Mosanosheets with an Ag content ratio of 7.37%.

The structure of Ag-doped Me®&anosheets with doping concentration of 7.37%
composites is further studied by the EDS-mapping.nide results are shown in
Fig.6. The distribution of S, Mo and Ag elementdhe selected region can be clearly
seen. And the samples are in full contact witheddht components. Similarly, the
element distribution also shows that there is & liggree of hybridization between

them, which can provide more catalytic sites.

Fig. 6. EDS-mapping spectrum of element distributd Ag-doped Mognanosheets with Ag

content ratio of 7.37%.



Fig. 7 exhibits the UV-visible absorption spectfdahe pristine Mog nanosheets
and Ag-doped Mognanosheets. The strong absorption of pristine Agdioped
MoS, nanosheets in the near-ultraviolet region (fror@ 89450 nm) is attributed to
the high UV absorption of M@®ianosheets. At the same time, in the visible region
(450-800 nm), the Ag-doped Mg®anosheets composite shows more strong visble
absorbance. For Ag-doped MpSamples, the absorption wavelength of UV-visible
spectra at 305 and 582 nm shows a slight blue ahiftpared with the pristine MgS
samples. In addition, with the increase of Ag copteéhe absorption of samples
becomes stronger and stronger. This result confirthat Ag-doped MoSsamples
absorb both visible and ultraviolet light stronghyhich indicates that Ag-doped MgS
composites have potential photodegradation of pails, such as Rhodamine B

(RhB).
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Fig. 7. The UV-visible absorption spectrum of pristand Ag-doped MaoShanosheets.

Fig. 8. shows the photocatalytic performance ofghstine and Ag-doped MeS
nanosheets with 7.37% doping concentration, whielnewn 15 ml TEOA aqueous
solution (pH = 7) under visible light irradiatioh £ 420 nm). It can be seen from Fig.
8(a) that the pristine phase Moé&xhibits relatively weak photocatalytic activignd

the hydrogen production rate is 17@&ol h' g™

It is worth noting that the
photocatalytic hydrogen production rate of the pred Ag-doped MoSnanosheets

can reach 269mmol h* g Furthermore, compared with noble metal catalysts,



MoS,-based complexes have significant advantages gshaimcatalysts for p
production (Table 1). Therefore, the results testdicate that the prepared Ag-doped
MoS, nanosheets can significantly improve the photdgatahydrogen production
efficiency. At the same time, as it is shown in.Rgg (b), in order to research the
hydrogen production activity and stability of theg-8oped Mo$% catalyst, we
performed three cycles for 18 hours, collectingobihts every 6 hours, and passing 6
hours of light each time. Thereafter, the catalgifstem was centrifuged and dried.
After the catalyst was obtained, it was again dispein a new reaction solution for a
new round of cycle experiments. With the increasecyxle times, the hydrogen
production rate of the system remained at the dawed, indicating that the catalytic
activity of the composite photocatalyst did not rdp@ significantly. This shows that

the catalyst has excellent stability.

Table 1. Summary of photocatalytic activity of Md&sed materials.

Samples H. yield References
p-MoS,/n-rGO 160.6pmol h* g* [21]

0.5 Wt.% MoS$-g-CsNy4 23.1umol h' g* [22]

5 wt.% MSQD-CN 577umol h* g* [23]

1.0 wt.% MoS/TiO, 119.5pmol h* g* [24]
CdS-graphene-MaS 125umol ht ¢! [25]
MoS,/CdS 1800umol h' g* [26]
TiO,/MoS,/graphene 165.8mol h' g* [27]
MoS,-NH; 190umol h' ¢! [28]
MoS,-coated ZnO 1410mol h' g* [29]

0.01 g CdSe/Mo$s 900umol h* g* [30]

0.05 g MoS/CdS 384Qqumol h' g* [31]

Mo$S, nanosheets 17Q8nol ' g* this article
Ag-doped Mo$ nanosheets 2698mol h' g* this article
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Fig. 8 (a) The hydrogen production effect diagrdrpristine phase Moghanosheets and
Ag-doped Mo$ nanosheets with Ag content of 7.37%. (b) The cyeditalytic hydrogen
production effect test chart of pristine phase Mo&osheets and Ag-doped Matanosheets

with Ag content of 7.37%.
4. Theoretical ssmulation calculation section

The simulation has made a great contribution to dbep understanding and
design of the new type of 2D photocatalyst. Theotbical study of 2D materials
began in the early 1940s [32]. Many 2D materialsgshsas graphene [33-37], GaN
[38-40], SnSe [41], silicon [42], and borophthalide [43],nche synthesized or
observed experimentally only after theoretical prgoh. In order to reveal the
mechanism that the photocatalytic hydrogen produoatifficiency of Ag-doped MoS
is obviously improved, the optical properties atectonic structure of pristine and

Ag-doped MoSwere investigated by density functional theory.

MoS, belongs to the hexagonal dense packing structudecansists of three
atomic layers. The object of the calculation is@olayer structure of Mg rystals,
in the doping system, and we replace the positibMo with an Ag atom for
substitutional doping of monolayer Mg&s exhibits in Fig. 9 (a). In addition, Fig. 9
(b) reveals the absorption coefficient for bothspmne and Ag-doped MoS
Absorption coefficient af) reflects the change in the transitions producgdhe
increase in energy after the material absorbs pisoterom Fig. 9 (b), it can be seen

that MoS and Ag-doped MoShave strong absorption in the near ultravioleiaeg



(from 150 to 400 nm), which is attributed to th@tiUV absorption of MoS In
addition, in the visible region (480-750 nm), thg-doped Mo$% composite shows
more strong visble absorbance. In short, after gy, the absorption spectrum of
MoS, becomes wider and the absorption intensity inegabviously. It can also be
seen from Fig. 9. (b) that the absorption intensfy Ag-doped Mo$ in the
UV-visible region increases significantly. It isteavorthy that the simulation results
are basically consistent with the experimental ltesieanwhile, in order to analyze
the effect of Ag substitution doping on the elestcostructure of monolayer MgS
the band structures of pristine Mo&hd Ag-doped monolayer Mg&re calculated.
As it is shown in Fig. 9 (c-d), the pink triangkgpresents the contribution of Mo atom,
the blue diamond represents the contribution of t&na and the green circle
represents the contribution of Ag atom. From FigcPwe can see that the pristine
MoS, is a direct bandgap semiconductor with a banddag.@8 eV, while the
impurity band appears in the forbidden band of Agetl Mo$ system as exhibited
in Figure 9 (d). Compared with pristine Mg$he conduction band moves downward
near the low energy region, while the valence barw/es upward near the high
energy region, and the bandgap width decreases7t €V. Therefore, Ag-doped
MoS, can optimize the energy band structure to prontiméeabsorption of visible
light and the effective separation of photogeneragéectron hole pairs, thereby

improving the photocatalytic activity.
5. Photocatalytic hydrogen production mechanism

Fig. 10 exhibits a schematic diagram of the phaedgac hydrogen production
process. They include the absorption of light freemiconductor photocatalysts, the
generation of electron carriers (electrons and d)pldne recombination of electrons
and holes, the migration of electrons and holed, the trapping of charge carriers
[44-45]. When we irradiate the catalyst with a beafnlight of sufficient energy, the
electrons in the valence band (VB) of the semicotwhyphotocatalyst absorb photons
to the conduction band (CB), and holes are formadtle valence band, thus

generating electron-hole pairs inside the semicotmluAfter the electron-hole pair is



generated, the electron hole separation and recatitn occurring inside the
semiconductor are two important competitive proesssvhich greatly affect the
efficiency of photocatalytic decomposition of wateaction [46]. If the electron-hole
pairs are separated, the photogenerated electrifinsewtransferred to the cocatalyst
and will undergo a reduction reaction with the wat®lecules to generate hydrogen
gas. If electrons and holes recombine, the proedsde divided into inactivation
processes. Effective charge separation and rapgahsfEer of carriers avoid
semiconductor internal/surface charge recombinatwamch is very important for
photocatalysis to produce hydrogen by decomposiatenw In this work, element
doping modification is mainly to introduce metah#into the semiconductor lattice,
so that the semiconductor crystal generates detecthanges the lattice structure,
after the introduction of Ag, the conduction bandved down, which promoted the
generation of hydrogen and improved the photocttabctivity of the band gap

semiconductor.

(a) (b)
DQ 12F — Prigting Mo,
Kf | DQ Ag-doped s,
oQ b4 pq ")
So-Q ,oq"g’o’q POMo _os
Q@ p¢ po
o4 po L
D'{j 304
QPP LAL LR i
OO T S———
oovu [+ S0+ S+ 100 200 300 400 500 800 700 800

Wavelength (nm)

Energy/eV
(=]
Energy/eV

Fig. 9. (a) The top view and the side view modgbrastine Mo$ and Ag-doped Mog(b) The
absorption coefficient of pristine Mg@8nd Ag-doped Mos (c) The energy band structure of

pristine MoS. (d) The energy band structure of Ag-doped MoS
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Fig. 10. The photocatalytic hydrogen production haedsm diagram
6. Conclusion

In this work, the pristine high-quality hexagontausture Mo$ and Ag-doped
MoS, nanosheets were prepared by hydrothermal methoel.a$-prepared samples
were carefully characterized by different charaz&ion methods. Meanwhile, we
used density functional theory to calculate theicaptproperties and electronic
structure of pristine and Ag-doped MoShe following conclusions can be drawn, (1)
The thickness of pristine Mg@$ianosheets and Ag-doped MoB8anosheets was
ranged from 0.9 to 1.1 nm. (2) The absorption speut Ag-doped Mognanosheets
increased with the increase of Ag content, andatbsorption intensity of Ag-doped
MoS; in the ultraviolet-visible region increased sigeahtly. (3) The Ag-doped MaS
nanosheets had excellent photocatalytic hydrogedygation performance. (4) The
impurity Ag element can optimize the energy bandcstire of pristine Mog and
make the conduction band moved down, and prom@&elisorption of visible light
and the effective separation of photogeneratedreletiole pairs, thereby improving

photocatalytic activity.
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