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H I G H L I G H T S

• Silicon nanowires synthesis by metal
assisted chemical etching

• Simple method for MoS2 hydrothermal
synthesis and uniform deposition on
silicon nanowires

• Compositematerial for photodegradation
of rhodamine B under visible light

• Increase kinetic constant (Kapp) for
rhodamine degradation
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In this paper, we report on a simple, low cost and environmentally friendly method for the synthesis of 3D hier-
archical molybdenum disulfide (MoS2) nano-sheets on TiO2 coated Si nanowires (SiNW). The synthetic method
has several advantages such as low temperature, short reaction time and does not require any additives or sur-
factants. Characterization of the obtained composite material was performed by using scanning electronmicros-
copy (SEM), Raman spectroscopy, energy-dispersive X-ray spectroscopy (EDX), X-ray photoelectron
spectroscopy (XPS), X-ray diffraction (XRD) patterns and high resolution transmission electron microscopy
(HR-TEM). The photocatalytic activity of the as-preparedMoS2 nanosheets was investigated for the degradation
of Rhodamine B (RhB) under visible light irradiation. We found that MoS2/TiO2/SiNW interface exhibited stable
and good catalytic activity as compared to other MoS2-based photocatalytic materials. The photocatalytic mech-
anism is believed to occur through photocatalytic and photosensitization processes.
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1. Introduction

Molybdenum disulfide (MoS2), a transition metal dichalcogenide,
gained a lot of attention due to its great chemical, electrical and optical
properties offering great potential for many applications [1].

Among the various methods existing for the preparation of MoS2
and MoS2-based composites, the hydrothermal synthesis is becoming
one of the most important and straightforward approach [1,2]. Indeed,
many different MoS2 structures or heterostructures (ZnO, TiO2) have
been obtained via thismethod such as nanospheres, nanoribbons, nano-
particles, nanosheets, nanoflowers, nanoplates, nanowalls, hollow cubic
cage, nanopolyhedron [3–9]. The hydrothermal and solvothermal
methods consist of mixing different precursors together (e.g. sodium
molybdate and thiourea) at a certain temperature for a given time.

Nowadays several photocatalysts for the degradation of a wide
range of contaminants inwater under visible light have been developed.
Among them, silicon nanowire (SiNW) substrates decorated or not by
metallic or metal oxide particles have been successfully used for the
degradation of organic dyes and toxic pollutants thanks to their high
surface area, optical and electronic properties, low toxicity, surface
tailorability and multifunctionality [10,11]. Recent studies described
the use of MoS2 particles decorating TiO2 nanobelts or nanotubes, or
other composite materials such asMoS2/Bi2O2CO3 andMoS2/C3N4 com-
posites and MoS2 on Bi2S3 discoids [9,12,13] for photocatalytic
purposes.

To date, only very limited studies have reported the deposition of
MoS2 on silicon nanowires. For example, Tran et al. reported a novel
procedure to decorate SiNW (prepared via electroless method) by
MoS2 using a photo-assisted electrodeposition process to obtain
SiNW@MoS2 acting as a photocathode for H2 generation [14].

In our present work, we report, for the first time, the deposition of
MoS2 sheets on TiO2 coated SiNWusing a simple hydrothermalmethod.
The SiNW were fabricated by metal-assisted chemical etching (MACE)
process of crystalline silicon in HF/AgNO3 aqueous solution and then
coated with a thin TiO2 layer by atomic layer deposition. The structure
and morphology of the samples were investigated using scanning elec-
tronmicroscopy (SEM), transmission electronmicroscopy (TEM), X-ray
diffraction (XRD), Raman spectroscopy, energy-dispersive X-ray spec-
troscopy (EDX), X-ray photoelectron spectroscopy (XPS) and UV–vis
spectroscopy. Then, we assessed the photocatalytic activity of MoS2
nanosheets deposited on SiNW covered by TiO2 layer for the degrada-
tion of rhodamine B (RhB) under visible light irradiation.

2. Experimental section

2.1. Materials and methods

Silicon wafers were purchased from Sil'tronix Silicon Technologies
(Archamps, France). All cleaning and etching reagents were of VLSI
grade. Sulphuric acid, 96% (H2SO4) from Technic (France), hydrogen
peroxide 30% (H2O2) and nitric acid 65% (HNO3) from Carlo Erba,
hydrofluoric acid 50% (HF) was supplied by BASF. All chemicals were
of reagent grade or higher and were used as received unless otherwise
specified. Silver nitrate (AgNO3), Rhodamine B (RhB), sodium molyb-
date (Na2MoO4), L-cysteine (L-Cys), ammonium oxalate (AO), benzo-
quinone (BQ), acetone, dichloromethane (CH2Cl2), methanol (MeOH),
isopropyl alcohol (IPA) and ethanol (EtOH) were purchased from
Sigma-Aldrich. Ultrapure water (Milli-Q, 18 MΩ·cm) was used for the
preparation of the solutions and for all rinsing steps.

2.2. Preparation of silicon nanowires (SiNW)

The SiNW surfaces were synthesized by chemical etching of p-type
⟨100⟩ crystalline silicon wafer (with a resistivity of 0.009–0.010 Ω·cm)
in HF/AgNO3 aqueous solution. The silicon surface was first degreased
in acetone and isopropyl alcohol, rinsed with MilliQ water, and then

cleaned in a piranha solution (3/1 concentrated H2SO4/30% H2O2) for
20 min at 80 °C, followed by copious rinsing with Milli-Q water. The
clean surface was placed in a sealed Teflon beaker containing HF
(5 M)/AgNO3 (0.035 M) aqueous solution and heated up to 55 °C for
30 min. The resulting surface was further dipped 3 times in HNO3 for
5 min at room temperature to remove the electroplated metal. Finally,
the surface was rinsed copiously with deionized water and dried
under a gentle stream of nitrogen.

2.2.1. Safety considerations
Themixture H2SO4/H2O2 (piranha) solution is a strong oxidant. It re-

acts violently with organic materials. It can cause severe skin burns. It
must be handled with extreme care in a well-ventilated fume hood
while wearing appropriate chemical safety protection.

HF is a hazardous acid which can result in serious tissue damage if
burns were not appropriately treated. Etching of silicon should be per-
formed in a well-ventilated fume hood with appropriate safety consid-
erations: face shield and double layered nitrile gloves.

2.3. Preparation of TiO2/SiNW

TiO2 films were deposited by atomic layer deposition (ALD). ALD al-
lows the production of conformal coatings on substrates even on 1D
objet such as SiNW. TiO2 was deposited from TiCl4 as the titanium
source and H2O vapor as the oxygen source. Nitrogen gas was used as
the purge gas and the chamber temperature and pressure were 260 °C
and 2.8 mbars, respectively. TiCl4 and H2O pulse durations were
250 ms for both precursors separated by 2 s of N2 purge. Several thick-
nesses of TiO2 were deposited: 5, 10, 20 and 30 nm by controlling the
number of cycles.

2.4. Deposition of MoS2 on TiO2/SiNW

For the synthesis ofmolybdenumdisulfide nanosheets, 0.035 g of so-
dium molybdate (Na2MoO4) and 0.07 g of L-cysteine (C3H7NO2S) were
used as Mo and S sources, respectively, and were dissolved together in
50mL of deionized (DI)water at room temperature. After that, themix-
ture was ultra-sonicated for 15 min until a homogeneous solution was
obtained. After sonication, 0.1 M of HCl was added to the mixture to
acidify the solution, and then was transferred in a Teflon-lined stainless
steel autoclave (100 mL) and heated-up at 180 °C in an electric oven.
The duration of the hydrothermal reactionwas varied from 3 to 24 h. Fi-
nally, the mixture was allowed to cool-down and the substrate was
thoroughly washed several times with water and dried at 55 °C for
10 h in an oven.

2.5. Characterization

2.5.1. Scanning electron microscopy (SEM)
SEM images were obtained using an electron microscope ULTRA 55

(Zeiss) equipped with a thermal field emission emitter, three different
detectors (EsB detector with filter grid, high efficiency In-lens SE detec-
tor, Everhart-Thornley Secondary Electron Detector) and an energy dis-
persive X-ray analysis device (EDX analysis).

2.5.2. Reflectivity measurements
The reflectancemeasurementswere performed using aUV–vis spec-

trophotometer (Perkin-Elmer Lambda UV/vis 950 spectrophotometer)
equipped with an integrating sphere. The scans were measured for
wavelengths ranging from 250 to 800 nm at an incident light angle of
45° and at different locations on each scanned surface.

2.5.3. X-ray photoelectron spectroscopy (XPS)
For X-ray photoelectron spectroscopy (XPS) measurements (Type

5600, Physical Electronics Inc., Chanhassen, MN, USA), we used amono-
chromatic Al Kα X-ray source and an analyzer pass energy of 12 eV.

635A. Hamdi et al. / Materials and Design 109 (2016) 634–643



Download English Version:

https://daneshyari.com/en/article/827736

Download Persian Version:

https://daneshyari.com/article/827736

Daneshyari.com

https://daneshyari.com/en/article/827736
https://daneshyari.com/article/827736
https://daneshyari.com

