Available online at www.scholarsresearchlibrary.com

Scholars Research Library & P e
/"'~\ i e &Y
/ ) Scholars Research . . = S 4 8
/ / Archives of Physics Research, 2010, 1 (3):72-80 S N
(http://scholarsresearchlibrary.com/ar chive.html) & =

Library

ISSN 0976-0970

Optical and Electrical Transport Properties of Transition Metal
Dichalcogenide MoSe Thin Films

S. N. Gawale, R.M. Mane, S. R. Mane, R.R. Kharade 4. Patil and P.N. Bhosale*

Materials Research Laboratory, Department of Chemistry, Shivaji University, Kolhapur, India

ABSTRACT

The transition metal dichalcogenide, MoSe, thin films were deposited on glass and stainless steel
substrates by using Arrested Precipitation Technique. The reaction between MoO3, TEA, Sodium
dithionate and Sodium selenosul phate in an aqueous alkaline medium at 333 K has been used for
synthesis. The deposited thin films have been characterized by using optical absorption, x-ray
diffraction (XRD), scanning electron microscopy (SEM), energy dispersive x-ray analysis
(EDAX), atomic force microscopy (AFM),and electrical transport properties.The optical
absorption study shows direct transition having band gap of 1.76 eV. The x-ray diffraction study
reveals that the films are polycrystalline with hexagonal crystal structure. The electrical
transport property studies reveal ed that the temperature dependence of an electrical conductivity
has a distinct conduction region. The thermoelectric power measurements showed that the
thermally generated voltage was of the order of several microvolts and exhibited n-type
conduction. The surface morphology study by SEM and AFM shows that the grains are
uniformly distributed over the entire surface and the deposition is uniform, compact and pin hole
free. EDAX study reveals the stoichiometric nature of the films.

Keywords: Transition metal dichalcogenid&hin films, Chemical Synthesis, Optical propestie
Scanning Electron Microscopy, X-ray diffractiongElrical transport properties.

INTRODUCTION

The Transition Metal Dichalcogenides of %/group elements are promising candidates for
optoelectronic properties. The MaSies one of that, which is the important candidabe f
Photovoltaic conversion. The polycrystalline Me8en films are effective photoelectrodes for
Photoelectrochemical solar cells. These films amemically desirable for solar cells. The aim
of the present investigation is to prepare the Mo8an film and characterize it for its
optostructural, morphological, compositional andctical transport properties. It is important
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material because of its well matched band gap gneith the effective part of the solar
spectrum.

Like MoS,, MoSe also resembles graphite in appearance and hawiogllent lubricating
properties, hence it is used as a lubricant adddivd as a solid lubricant however Mg&enot
found in nature. It is grey black compound with @ent character [1]The VIE-VI* group metal
dichalcogenides are crystalline with layered stritect Their single crystals attract the attention of
researchers because of their potential electrod@mapplications. However, only few
experiments have been made on sputtered MilBes and these have dealt with the lubrication
properties of the material [2, 3]. Krishana C. lehave synthesized Semiconducting Mp8en

film chemically and characterized by various Phgisioethods [4]. Among the various methods
used for the preparation of metal chalcogenide ftilims, the most convenient arrested
precipitation technique was selected and emplogethe preparation of MoSthin films in the
present investigation. Because it has several adgas over the other methods such as low cost,
low processing temperature, ability of large aregasition, control over the qualitative and
guantitative nature of deposition [5]. In the prasawvestigation, preparative parameters are
optimized in order to obtain high-quality and wedproductive MoSghin films. The resulting
films were uniform, adherent and a crack free anchple free thin films.

MATERIALS AND METHODS

Molybdenumdiselenide thin films have been prepared by an arrestediptaton technique
[6,7] by allowing the Mo-TEA complex to react withSins, which are released slowly by the
dissociation of Ng5eSQin alkaline medium at pH 9.6 Microscope glassesiof dimensions
75 mm x 25 mm x1.35 mm and fluorine doped tin exiB:SnQ) coated glass slides as well as
stain less steel plates were used as substratesy were washed with detergent solution and
then with double distilled water followed by bailtj in chromic acid for 20 minutes and rinsed
with double distilled water,at last cleaned witretmne and dried. Thoroughly cleaned glass
substrates were mounted on a specially designestratd holder. The deposition bath was
prepared in 150 mL beaker by addition of 20 mL $M2 Mo-TEA complex,10 mL
(10%)ammonium acetate 5 mL (2M) acetic acid,10ndiwo dithionate solution,and 20 mL
(0.25M) solution of sodium selenosulphate the tgtdume of reaction mixture was made 100
ml adding double distilled water and final PH bétsolution was made 9.6 by adding ammonia
solution. The uniform well adherent reflecting tdamloured thin films with terminal growth of
thickness 900 nm have been deposited dC6@mperature and 50 rpm speed of substrate
rotation in 55 minutes.

The principle of the thin film deposition is based the slow release of M@nd S& ions by
corresponding complexing agent and subsequentdgeteeous nucleation of MoSthin films
on the ordinary glass substrate.

The optical absorption was carried out in the eao§350 to 850 nm with Hitachi-350 UV-Vis-
NIR spectrophotometer.The absorption coefficiemicbggap and type of transition were
determined from these studies. The films were dtarsed for their structural properties by
using a Bruker AXS Model D-8 advacne X-ray diffiauieter for the @ ranging from 8to 100
with CuKa line used as a beam=(0.5418 A), SEM pictures and energy dispersive X-ray

73
Scholar Research Library



P.N. Bhosalest al Arch. Phy. Res., 2010, 1 (3):72-80

analysis were recorded on JEA-JSM-6360-A, scanning microscopEhe electrical transpo
properties of the film was studied by two poDC Probe method. Aé electrical concctivity
and TEP measurement was carried in the range of 30600. The AFM studies were carri
out by using JEAOLISM microscope to find the surface morphology efrésulting films

RESULTS AND DISCUSSION

3.1 Growth Mechanism
Molybdenum diselenidéhin films were deposited from an aqueous alkafireglium containing
Mo-TEA complex and Séions.

The deposition process based on simple ion by iechanism it involves three ste
) Dissociation of complex to free N** ions

ii) Formation of S& ions

lif) MoSe;, formation by ionic reactic

In this in the beginning, the -TEA complex dissociates and release*Mons.

pHO.6
(NH,),[Mo(N(CH,—CH,—O),),]+ 6H,0 — > Mo,* +2NH,OH +2N (CH,—CH,—OH),)+40H-

Similarly the Sodium Selenosulphite hydrolyses dorns S@ ions. It followed by the
formation of MoSe, it occurs bycondensation on ion by ion basis on the glass mtbstThe
formation of MoSg is possible when the ionic product of ** and ¢ ions exceeds the
solubility product of MoSg. In the present investigation, the formation of 34, involves
hydrolysis of sdium selenosulphite which releases the seleniums ierio the reaction bath.
an aqueous alkaline medium sodium selenosulphieohgsed to give < ions as

NaSeSQ +OH « NaSo+ HSe
HSeE+OH o S€ +H,0

It is clear from these reactions that the equilibriconstant of HS is predominant in the
solution. The concentration of ° ions can be increased by addition of the excesgrdeoxide
ions to facilitate forward reacti[11]. The reaction 3.3 and 3.4 reveal that** and S& ions
will condense ion by ion on the glass substrat

pH9.6
Mo** ag+2NaSeSQ+ 4 OH- ———————% MoSe + 2 NaSQ, +2H,0
60°% +2

3.2 Optical Absorption Study:
The optical absorption spectra of the deposited é2o08 films on FTO coated sustrate v
recorded in the wavelengtlange 350 to 850 nm at room temperatiThe optical absorptio
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coefficient of MoSe2 thin films was calculated ugithe absorbance value measured for a
perticalar wavelength and predetermined values of film thickness(thgshe relation

Absorption coefficientf) = Optical Density/Thickness(t)
The absorption coefficient was in the order ofch@'confirming the direct allowed transition.
Fig.1 shows a plot ofaw)?® versus k. It is linear at higher energies indicates dirggie of

transition. The extrapolation of straight line poantto zero absorptionE0) given the band gap
energy(Eg) of Molybdenum diselenide to be 1.76 V.
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Fig.1. The @hv)? Vs (i) plot for the MoSe; thin film

3.3 . X-ray Diffraction Studies (XRD):

Fig.2 is the XRD pattern of the MoSehin films on stain less steel substrate at opth
preparative parameters. The sharp peaks revegbdlyerystalline nature with the hexagonal
crystal structure. The observed ‘d’ values are caneg with JCPDS data (card No- 15-0029) to
determine the crystal structure the observed ‘tlies have been found to be in good agreement
with standard ‘d’ values. As shown in tablel.

Table .1. Comparison of observed d’ values with stadard ‘d’ values for Molybdenum diselenide thinfilms

Sr No. Standard ‘d’ value (A) Observed ‘d’ values hkIj
1 3.241 3.374 (004)
2 2.149 2.100 (006)
3 1.303 1.282 (204)
4 1.075 1.096 (0012)
5 1.044 1.049 (213)

The crystallite size was calculated from the fuitith at half-maximum (FWHM) measurement
for the prominent X-ray diffraction peaks using 8 formula[8].The crystallite size (grain
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diameter), D, of the deposits was calculated usiteg Scherrer formula for the (006) peak
assuming that microstrain can be neglected.

D= ki /p Cos®

Where, D is the crystallite size
k Constant varies with hkl amgstallite shape but usually
nearly equal to 0.94
A Wavelength of source radiation.
B Full-width at half maximum of the peak, in radi

0 Bragg's angle.
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Fig.2.-XRD pattern of the MoSe thin film

3.4 The Scanning Electron Microscopy (SEM):
The scanning electron micrograph of Mg#an film given bellow shows well adherent uniform

deposition of the material over substrate. The g¢maad uniform, adherent film surface without
cracks feature observed in low magnification obagow it has shown high mechanical stability
of the films [9]. The top view showing scanningaten micrograph of the thin film of materials
MoSe is shows in Fig.3.It shows typical SEM micrographMoSe thin films. The SEM of

MoSe shows a typical morphology looks like beads. Thisragraph is taken at magnification
10,000X, the compactness of the film itself indec#tat it is suitable for the absorption of the

solar radiations considerably.
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F‘ig.3. SEM micrograp of MoSe thin fil»m
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Fig.4. The EDS scanning pattern of the MoSehin films

3.5 . Energy Dispersive Spectroscopy (EDS):
The Binary transition metal dichalcogenide thimfsl synthesized by chemosynthesis route were

analyzed using EDS technique. The quantitativeyaiglfor energy dispersive X-ray analysis
was performed on a JEAOL-JSM-6360A scanning miapsc The films were cut into 1ém
pieces and mounted on the sample holder with camdypaste. The samples were coated with a
thin layer of platinum to prevent charging of tlemples. For comparative studies, the electron
beam was kept constant while analyzing the samfles. EDS spectrum obtained with an
accelerating voltage of 20KV, acquisition time ofminute on a film within the precision of the
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energy dispersive Xay analysis, i.e. £ 2%. The EDS spectrum of N, sample is shown in
Fig.4.From EDS data it is observed that the atomic péacenof Mo and Se is in the ratio of 1:2

499 % 499 % 202 nm

Fig.5. AFM Micrographs MoSe thin film i) Two Dimensional a ii) Three Dimensiond b

3.6. Atomic Force Microscopy (AFM):

AFM studies weresarried out using JEAC-JSM microscope to find the surface morpholog
the resulting films. The micrograph of the surfat¢ained by AFM shows the good adhesiol
the films to the substrate. It shows that the fiBns uniform and p-hole-free as seen in the Fig.
5 twodimensional and three dimensional micrographs e@fitm surface. The grain size is fou
to be in the range of 10BB0nm. This is in good agreement with the graie sialues observe
from the SEM studies.
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Fig.6. In ¢ Vs 1000/T (K plot for chemically deposited MoSethin film
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Fig. 7. Temperature dependence of the thermoeleatrpower for chemically deposited MoSgthin film

3.7 Electrical transport Studies:

The study of electrical conductivity was carried by using two point D.C.probe technique by
varying the temperature from 300K to 500K. The tleal conductivity of MoSgfilm at room
temperature was found to be of the order 6t @'cm™. The low value of electrical conductivity
may be attributed to nanocrystallinity of film, pesce of surface states, small thickness of the
film etc. The electrical conductivity increases empntially with increasing temperature Fig. 6,
hence follows the typical trend for semiconductdccording to Arrhenius law for thermally
activated conductiofio = g, exp(-AEJ/ksT), whereAE;, is the activation energyi.e., plotting

In o with 1/T results in a linear curve with a slope-aE/ks. Here we obtained activation
energy of 0.6EV.

The nature of charge carriers in these materials wabed with thermolelectric power
measurements as a function of temperature. Theetatyse dependence of Seebeck coefficient
of MoSe film is shown in Fig.7.The Seebeck coefficient (thepower) of thin film was
determine from the plot of the measured seebectag®lversus the temperature difference
across the specimen(8%/AT) [10-12]. The Seebeck coefficients are negativeadlue and this
indicates electrons as main carriers. The smootiatian of Seebeck coefficient at low
temperatures can be attributing to the high caceeicentration [13].

CONCLUSION

The transition metal dichalcoginide MaS#in films were prepared APT and characterised for
optostructural, morphological and electrical stadiehe UV-Vis-spectra of the films gave band
gap values Eg=1.76 eV. The SEM and AFM microgragdee surface morphology of the films.
It revealed that films are compact uniform and aedhtewith pin-hole-free nature. The EDS
studies revealed composition of the films is stminfetric. The compositions found were in
proportion as 1:2.
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