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Abstract. Molybdenum trioxide, Mo@ thin films have been several others. Each method provides various advantages
deposited on glass substrates by Spin-coating method using and disadvantages. In this work, thin films of MoO
ammonium heptamolybdate tetrahydrate ((NM0,0,4H,0 ) were deposited at atmospheric pressure on glass

as a single source precursor of Mo and O and. They were substrates, by Sol-Gel method using a Spin Coating
subjected to atmospheric heat treatment at different temperatures process, which is a low cost technique and it could
(200°C, 400°C and 500°C). MaChin films obtained, were produce large area thin films as well.

characterized using X-ray diffraction techniqueeRD),
Scanning Electron Microscopy (SEM), Energy Dispersed

Spectroscopy (EDS) and integrating sphere. The XRD patterns of 2 Experimental procedure
annealed films show the formation MfoO5 in a polycrystalline '

phase, formation of Mo9was also confirmed by EDS. The SEM 2.1. Materials used
photographs show that the thin films obtained are in layer-type

Annealing temperatures. The measurement resus of miegraing 102 i fims were prepared on glass substrates, using

sphere sgr]low tEat the Mg@hin film prepared at 500°C transr%it 9 ammonium m0|ybdate tetrahydrate ((Ié)l;Mo7024.4I_-|20 .

about 72% and reflect about 12% of the visible spectrum. ) precursor as a single source of Mo and O ,d|s§oIV|ng
into de-ionized water at 0.15g/ml mass concentration. To

Key words obtain homogeneous solution we used a magnetic stirrer
and add some catalysts.

Material, MoQ, oxide, lamellar, photovoltaic 2.2. Deposition of MoOs thin films

1. Introduction By using a nozzle an excess amount of the prepared
solution is placed on the glass substrate (Fig.1), which is
then rotated at a controlled rotational speed of about1000
rpm for a period of 5min in order to spread the fluid by
centrifugal force and evaporate the solvent. Before
removing the coated substrate, the rotational speed had
been increased to 3000 rpm to eliminate any grain of
undissolved precursor. After that, it was transferred to a
high temperature furnace under atmospheric conditions
for heat treatments. The chemicals reacted on the
substrate and form the desired solid thin film. The
deposition was performed on several substrates at
different heat treatment temperatures (200°C, 400°C and
(500°C) for 30 min heat treatment time.

Molybdenum trioxide, Mo@ is a transition metal oxide
with a layer-type structure, composed of layers of distorted
MoQg octahedra in an orthorhombic crystal [1, 2]. Because
of its layered structure, MoQis primarily studied in
relation to its electrochromic and photochromic properties,
for application as smart windows and display devices [3,
4]. It also used in gas sensing and catalytic research
fields[5].However this material has band gap value (1,7eV
) well-matched to the solar spectrum [6], which makes it
interesting to be an active element in a solar cell(absorber
layer).In order to elaborate M@@n thin films shape, a
number of methods have been used, including
Atmospheric Pressure Chemical Vapor Deposition (
APCVD) method[6], Thermal Spray method [7],
Electrosynthesis method [2], chemical vapor transport
method (CVT) [ 8,9] ,magnetron sputtering method [5] and
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Fig.1.Stapes of dip- coating method

In order to study the properties of the thin films obtained,
They were characterized wusing X-ray diffraction
techniquegXRD), Scanning Electron Microscopy (SEM),
Energy Dispersed Spectroscopy (EDS) and integrating
sphere.

3. Results
3.1. Crystallographic Structure
A. X-ray powder diffraction results

The X-ray diffraction spectra of the thin films prepared at
different baking temperatures (200°C,400°C and 500°C)
are shown in Fig.2 (a, b, c). From the XRD spectra we
observed that the film prepared at 200°C (a) is completely
amorphous in nature but films prepared at 400°C (b) and
500°C (c) are crystalline. It was also observed from the
XRD spectra that the film prepared at 500°C is more
crystalline than that at 400°C.Comparison of the prominent

peak positions @-values) of the XRD spectra with the
ASTM data file for MoQ (file n°00-035-0609 from
published crystal structure data of Kihiborg (1963))
revealed that the product is phase Mo@hich crystallizes

in the orthorhombic system with space group Pbnm (62)

Jattice parameters a= 3,96300, b=13,8600, c=3,660.Seen

from Fig.2.c.The planes of the thin film prepared at 500°C

shows in Fig.3b and Fig.3bat MoG,; films obtained at
400°C and 500°C are crystalline and consist of
rectangular crystallites having a lamellar structure,
characteristic feature of the Molybdenum trioxide thin
films. The crystallites are randomly oriented.

(@)

(b)

Bl o o e s . gm0 it
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Fig.2. X-ray diffraction spectra of Mo@hin films prepared at
different baking temperatures (200°C,400°C et 500°C®)

Tab.1. Peak positions €, Intensity (I) anchkl index

heat treatment are indicated in the XRD spectra. The Peak ©0f MoO;

positions (2e), their Intensity () andhkl index of MoQ
are listed in table 1.

3.2. Morphological and chemical characterization
A. SEM results

The obtained thin films were gray in color and their
thickness was estimated from 0.2 to 0.4 micrometer. Fig.3

display the

SEM pictures with two different

magnifications for each pattern,

prepared by sol-gel

Peak position| Intensity (I hkl
(20)
12.78( 3€ 02C
23.34( 77 11C
25.70( 38 04C
25.88( 31 12(
38.98( 21 06C
55.20( 1C 117
58.84( 11 081

method and air-annealed in a muffle furnace at different Comparing Fig.3b and Fig.3c we deduce that the
heat treatment temperatures ( 200°C,400°C and 500°C) for o_btalned films for the same annealing t|me (30min) at
30 min. In Fig.3a it shows that the surface morphology of Nigher temperature have a larger size and more
MoO; thin film prepared at 200°C , exhibits a relatively ~Symmetrical — morphology ~than those at lower
smooth and completely covered surface , characteristic €mperature. Thoe crystallites average size of film
feature of an amorphous film. In this pattern the lamellar annealed at 400°C is estm;lat_ed_ at 0.6p micrometer and
aspect of Mo@is not observed which is certainly due to  for the film annealed at 500°C it is of about 2 p.

the low annealing temperature. The powder XRD pattern

verifies that this product is amorphous in nature (Fig.2a).It
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B. EDSresults Tab.2 display mass concentration (Wt %) and atomic

) ] . concentration (At %) of constituents of the film prepared
Fig.4 shows EDS spectrum of film prepared at 500°C, The at 500°C. It observed that the atomic concentration ratio

peaks present in this figure are those characteristics of \1 / O is of about 1 / 3, confirming the formation of thin
oxygen (O K), molybdenum (Mo L) and sodium (Na K)  fjim of MoO,. The presence of Na peak is certainly due
WhICh_COI’reSpond to the constituents of the thin film to the presence of impurities in the annealing furnace
deposited. during heat treatments.

EHT = 6.00kV Signal A = InLens Date 112 Juil 2011 e EHT = 6.00kV Signal A= InLens
WD = 4.3mm Grand. = 6940 KX = — WD = 43mm Grand. = 11196 KX
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Fig.3.SEM picturesvith two different magnifications for each pattern, prepared by sol-gel method and air-annealed at different heat
treatment temperatures (200°C, 400°C and 500°C) for 30 min

Tab.2. Mass concentration (Wt %) and atomic concentration
(At %) of constituents of the film prepared at 500°C.

Element Wit % At %

OK 35.89 70.72
NaK 05.29 07.26
MoL 54.69 17.97

Fig.4. EDS spectrum of film prepared at 500°C
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3.3. Optical characterization
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Fig.5. Transmittance and reflectance spectra of film prepared
at 500°C

Fig.5 shows the transmission and reflection spectra of the
MoO; film prepared at 500°C heat treatment temperature.
It observes that the transmittance of this film in the visible
range spectrum is within the range 60-72 %, while the
reflectance is around 12%.This results is consistent with
works of K.A.Gesheva et al. [6] and K. A. Gesheva et
al.[10].

4. Conclusion

MoG; thin films have been successfully deposited by Spin-
coating method which is a low cost technique, using
((NH4)s Mo, O,4,4H,0) as a single source precursor of Mo
and O. The deposited films showed good adherence
towards the substrates. The XRD patterns of film prepared
at 500°C show the formation of M@@vhich crystallizes

in the orthorhombic system. Using EDS technique, it
observed that the atomic concentration ratio Mo / O of film
prepared at 500°C is of about 1 / 3, confirming the
formation of the Mo@ thin film. It is also found that the
reaction temperature is very important for the formation
and morphology of the prepared Mp@in films. The
transmittance of Mo@ thin film annealed at 500°C is
within the range 60-72 % in the visible range spectrum;
while the reflectance is around 12%.The results obtained
in this work demonstrate the potential of the sol-gel
method for preparation of MaCthin films that may be
useful for photovoltaic applications.
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