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  Photocatalysis	is	regarded	as	an	ideal	technology	for	solving	the	urgent	environmental	and	energy	
issues	that	we	face	today.	Among	the	reported	photocatalysts,	molybdenum	disulfide	(MoS2)	is	very	
promising	 for	applications	 in	hydrogen	production	and	pollutant	photodegradation.	However,	 its	
lack	of	active	sites	and	the	difficulty	of	recovering	catalysts	in	powder	form	have	hindered	its	wide	
application.	Here,	we	 report	 the	 successful	 preparation	 of	 a	macroscopic	 visible‐light	 responsive	
MoS2/reduced	graphene	oxide	(MoS2/RGO)	aerogel.	The	obtained	MoS2/RGO	aerogel	exhibits	en‐
hanced	photocatalytic	activity	towards	hydrogen	production	and	photoreduction	of	Cr(VI)	in	com‐
parison	with	the	MoS2	powder.	In	addition,	the	low	density	(56.1	mg/cm3)	of	the	MoS2/RGO	aerogel	
enables	it	to	be	used	as	an	efficient	adsorption	material	for	organic	pollutants.	Our	results	demon‐
strate	that	this	very	promising	multifunctional	aerogel	has	potential	applications	in	environmental	
remediation	and	clean	energy	production.	
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1.	 	 Introduction	

Serious	environmental	pollution	and	the	depletion	of	energy	
resources	are	two	of	the	most	urgent	issues	that	we	face	today.	
Recently,	 two‐dimensional	 layered	 materials	 have	 attracted	
worldwide	 attention	 in	 the	 environmental	 and	 energy	 fields	
owing	 to	 their	 unique	properties	 and	numerous	potential	 ap‐
plications	 [1].	 Among	 them,	 MoS2	 is	 a	 semiconductor	 with	 a	
tunable	bandgap	 that	depends	on	 the	number	of	MoS2	 layers.	
Theoretically,	the	bandgap	of	bulk	MoS2	is	1.2	eV,	whereas	that	
of	monolayer	MoS2	 is	 1.9	 eV	 [2].	MoS2	 can	 be	 used	 in	 a	 very	
wide	range	of	applications,	such	as	solid	lubricants	[3],	electro‐
catalysts	 for	 hydrogen	 evolution	 [4],	 and	 energy	 storage	 for	

batteries	 and	 supercapacitors	 [5].	 Each	 layer	 of	 MoS2	 has	 a	
sandwich	structure	with	strong	covalent	bonding	between	the	
Mo	and	S	atoms.	However,	the	weak	inter‐layer	binding	allows	
other	molecules	to	insert	between	the	MoS2	layers,	resulting	in	
materials	with	 fascinating	 properties	 [6].	MoS2	 has	 also	 been	
considered	 as	 an	 alternative	 co‐catalyst	 to	 the	 noble	 metal	
platinum	 because	 of	 its	 low	 cost	 and	 conduction	 band	 (CB)	
edge	 potential	 (−0.1	 eV)	 that	 allows	 electrons	 from	 another	
semiconductor	to	be	transferred	to	MoS2	and	enhance	electrical	
transport	 [7].	Nevertheless,	both	 theory	and	experiment	have	
demonstrated	that	only	the	edge	sites	of	MoS2	are	catalytically	
active.	 In	addition,	 the	 fast	recombination	of	 the	photo‐	gener‐
ated	charge	carriers	 in	MoS2	 further	 limits	 its	application	as	a	
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photocatalyst	 [8].	Many	studies	have	been	conducted	 to	over‐
come	these	bottlenecks,	for	example	through	the	fabrication	of	
defect‐rich	MoS2	ultrathin	nanosheets	[9]	and	hybrids	of	MoS2	
with	platinum	[10],	graphene	[11],	polyaniline	(PANI)	[12],	or	
other	 highly	 conductive	 materials.	 Gao	 et	 al.	 [12]	 developed	
PANI‐modified	three‐dimensional	(3D)	flower‐like	MoS2,	which	
exhibited	 enhanced	 adsorption	 and	 photoreduction	 of	 Cr(VI).	
Chang	et	al.	[13]	demonstrated	that	the	S	atoms	on	the	exposed	
edge	sites	played	an	important	role	in	the	adsorption	of	H+,	and	
allowed	the	reduction	from	H+	to	H2.	However,	these	improve‐
ments	are	primarily	applied	to	MoS2	in	powder	form,	which	is	
not	only	difficult	to	recover,	but	also	has	a	strong	tendency	to	
agglomerate	[14].	Hence,	the	fabrication	of	a	macroscopic	MoS2	
photocatalyst	remains	a	great	challenge.	

Graphene	aerogel	(GA),	which	has	a	low	density,	 large	sur‐
face	area,	and	high	porosity,	has	received	enormous	attention	
as	 a	 supercapacitor,	 catalyst	 support,	 and	 adsorbent	material	
[15,16].	Importantly,	GA	could	act	as	an	ideal	scaffold	for	cata‐
lysts	 owing	 to	 its	 porous	 3D	 network	 structure	 and	 mul‐
ti‐dimensional	 electron	 transport	 pathways	 [8].	 Considerably	
enhanced	photocatalytic	activity	has	been	observed	after	cou‐
pling	 photocatalysts	 with	 GA	 or	 its	 derivatives,	 reduced	 gra‐
phene	oxide	(RGO)	and	graphene	oxide	(GO)	aerogels.	Liu	et	al.	
[17]	reported	a	facile	hydrothermal	method	for	the	preparation	
of	TiO2/GA,	which	can	photocatalytically	degrade	various	pol‐
lutants.	Fan	and	co‐workers	[18]	demonstrated	that	AgBr	and	
AgCl	 showed	 an	 enhanced	 photocatalytic	 performance	 when	
grown	on	the	surface	of	GA.	In	our	previous	work,	we	revealed	
that	macroscopic	C3N4/GO	aerogel	photocatalysts	with	various	
sizes	 and	 shapes	 could	 be	 fabricated	 through	 a	 cost‐effective	
freeze‐casting	 process	 [19].	 Nevertheless,	 to	 the	 best	 of	 our	
knowledge,	 there	 is	 no	 research	 reporting	 photocatalytic	 H2	
production	and	photoreduction	of	Cr(VI)	using	a	macroscopic	
MoS2	aerogel	photocatalyst.	 	

In	the	present	work,	we	report	a	facile	method	for	the	fabri‐
cation	of	a	macroscopic	MoS2/RGO	aerogel	photocatalyst	using	
a	 hydrothermal	 method	 followed	 by	 freeze‐drying.	 The	 ob‐
tained	 MoS2/RGO	 aerogel	 exhibited	 considerably	 enhanced	
photocatalytic	activity	towards	both	photocatalytic	H2	produc‐
tion	 and	 photoreduction	 of	 Cr(VI)	 compared	 with	 the	 MoS2	
powder.	In	addition,	owing	to	the	low	density	(56.1	mg/cm3)	of	
the	 MoS2/RGO	 aerogel,	 adsorption	 capacities	 of	 10–20	 times	
the	weight	of	the	aerogel	sample	could	be	achieved,	depending	
on	the	density	of	the	adsorbed	organics.	

2.	 	 Experimental	

2.1.	 	 Materials	

Natural	 graphite	 flakes	 (32	 mesh)	 were	 purchased	 from	
Qingdao	Jin	Ri	Lai	Graphite	Co.,	Ltd.	Other	reagents	were	pur‐
chased	 from	 Chengdu	 Kelong	 Chemical	 Co.,	 Ltd.	 All	 reagents	
were	of	analytical	grade	and	used	without	further	purification.	

2.2.	 	 Preparation	

MoS2	powder	was	prepared	via	a	hydrothermal	method.	In	a	

typical	 synthesis,	 106	 mg	 ammonium	 molybdate	
((NH4)6Mo7O24·4H2O)	and	1	g	thiourea	(CS(NH2)2)	were	placed	
in	a	25	mL	Teflon‐lined	stainless	steel	autoclave	containing	15	
mL	 deionized	 water.	 After	 stirring	 for	 30	 min,	 the	 autoclave	
was	 heated	 at	 180	 °C	 for	 24	 h	 and	 then	 cooled	 naturally	 to	
room	temperature.	The	final	black	powder	was	washed	several	
times	with	deionized	water	and	ethanol	and	dried	at	60	°C.	GO	
was	prepared	using	a	modified	Hummers	method	as	described	
in	our	previous	work	[15,16].	The	final	concentration	of	the	GO	
solution	was	3	mg/mL.	

For	the	preparation	of	the	MoS2/RGO	aerogel,	106	mg	am‐
monium	molybdate	 and	1	g	 thiourea	were	dispersed	 in	5	mL	
deionized	water	 in	 a	 25	mL	 Teflon‐lined	 stainless	 steel	 auto‐
clave	under	stirring.	Then,	10	mL	GO	solution	(3	mg/mL)	and	
40	μL	ammonia	were	added.	After	stirring	for	1	h,	the	autoclave	
was	 heated	 at	 180	 °C	 for	 24	 h	 and	 cooled	 naturally	 to	 room	
temperature.	 The	 obtained	 hydrogels	 were	 washed	 with	 de‐
ionized	water	and	then	frozen	at	−80	°C	for	2	h.	The	MoS2/RGO	
aerogel	was	produced	after	freeze‐drying	for	48	h.	The	weight	
ratio	of	MoS2	to	RGO	was	7:3.	

2.3.	 	 Characterization	

Powder	X‐ray	diffraction	(XRD)	was	performed	on	a	PANa‐
lytical	X’pert	diffractometer	operated	at	40	kV	and	40	mA	with	
Cu	 Kα	 radiation.	 The	 morphology	 and	 microstructure	 of	 the	
prepared	 samples	were	 investigated	by	scanning	electron	mi‐
croscopy	 (SEM)	 using	 a	 ZEISS	 EVO	 MA15	 microscope	 and	
transmission	electron	microscopy	 (TEM)	was	performed	on	a	
FEI	 tecnai	 G2	 F30	 microscope.	 UV‐vis‐near	 infrared	 (NIR)	
spectroscopy	was	performed	on	a	Shimadzu	UV‐2600	spectro‐
photometer.	 Fourier	 transform	 infrared	 spectra	 (FTIR)	 were	
recorded	on	a	Thermo	Nicolet	6700	spectrometer.	X‐ray	pho‐
toelectron	spectroscopy	(XPS)	was	carried	out	using	a	Thermo	
Scientific	Escalab	250Xi	 spectrometer	 and	 the	binding	 energy	
shifts	were	corrected	using	the	C	1s	signal	at	284.6	eV.	The	spe‐
cific	 surface	 area	 (SSA)	 was	 measured	 in	 suspension	 using	
UV‐vis	 spectroscopy	 (UV‐5100,	 Anhui	Wanyi)	with	 the	meth‐
ylene	blue	(MB)	staining	method	[20]	and	calculated	using	the	
following	equation:	

SSA	=	NAAMB(C0	−	Ce)V/(MMBms)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 (1)	
where	NA	is	Avogadro’s	number	(6.02		1023	mol–1),	AMB	is	the	
surface	 coverage	 per	molecule	 of	MB	 (typically	 1.35	 nm2),	C0	
and	 Ce	 are	 the	 initial	 and	 equilibrium	 concentrations	 of	 MB,	
respectively,	V	is	the	volume	of	the	MB	solution,	MMB	is	the	mo‐
lecular	mass	of	MB,	and	ms	is	the	mass	of	the	sample.	

2.4.	 	 Photocatalytic	activity	and	adsorption	capacity	
measurements	

Photocatalytic	hydrogen	evolution	was	determined	using	a	
500	 W	 high	 pressure	 Hg	 lamp	 (15.7	 mW/cm2)	 as	 the	 light	
source	with	a	visible	light	filter	(>	420	nm).	The	samples	(5	mg)	
were	dispersed	in	10	mL	of	a	mixed	solution	of	sodium	sulfide	
(0.1	mol/L)	and	sodium	sulfite	(0.6	mol/L)	as	a	sacrificial	agent	
system	in	a	Pyrex	tube.	Ar	was	bubbled	for	30	min	to	remove	
O2	and	1	mL	CH4	gas	was	injected	as	an	internal	standard,	and	
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