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Molybdenum oxodithiocarbamate was prepared as a single solid source precursor for molybdenum oxysulphide
thin films which were deposited on sodalime glass substrates using metal organic chemical vapour deposition
(MOCVD) technique at a temperature of 420◦C. Rutherford backscattering spectroscopy (RBS) was used
to determine the elemental composition of the film which showed that the films contained large amounts
of oxygen. The large amount of oxygen was attributed to the large abundance of oxygen in the starting
material. A direct optical energy gap of 3.31 eV was obtained from the analysis of the absorption spectrum.
The scanning electron microscopy (SEM) micrographs of the films showed that the films were continuous and
porous. An estimated average size of the grains was below 5 µm. X-ray diffraction (XRD) showed that the
deposited films were crystalline in nature.
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1. Introduction

The technological applications of transition-metal
chalcogenides are extensive and this is the pri-
mary driving force behind most of the interests in
these solid-state compounds. Layered molybdenum
dichalcogenides are especially versatile in most of the
applications[1–4]. The electrical, optical, electrochem-
ical and mechanical properties as well as the weak
van der Waals bonding between the layers of these
compounds make them useful for such diverse ap-
plications as solar cells[5,6], high density batteries[7],
solid lubricants[8–10] and hydrogenation catalysts[11].
Molybdenum oxides also show a wide variety of op-
tical, electrical and magnetic properties because of
their wide range of stoichiometry with rather in-
teresting behavior. This makes them prime candi-
dates for the exploration of structure-property rela-
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tionship in solids and provides ample opportunities
for technological applications, such as electrochromic
display devices and smart windows[12], gasochromic
switching[13] and optical disc memories[14]. In ad-
dition, catalytic MoO3 has also been used as par-
tial oxidants, including the oxidation of methanol
and ethanol, propylene and butane, and dimethyl
ether[15]. Furthermore, MoO3 has appreciable sens-
ing capability for gases such as CO and NH3

[16,17].

Molybdenum oxide exists in various crystalline
polymorphs, thermodynamically stable orthorhombic
and metastable monoclinic modifications. A neces-
sary bias for the electrochromic effect is films with
disordered and sufficient structure. Catalytic and
sensitive activities of MoO3 correlate with the grain
morphology as well as crystallographic orientation of
the surface to the gaseous species. It has been ob-
served that sensitivity of MoO3 to NH3 is reduced
if the MoO3 sensing film consists of both α- and β-
polymorphs, which is explained by the fact that the
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β-MoO3 structure is closely related to the structure
of WO3 which is not sensitive to NH3

[17].
Yufit et al.[18] deposited molybdenum sulphide as

a cathode using electrochemical method for lithium
battery cell, but various characterization indicated
that the nominally expected molybdenum sulphide
were found to include significant amount of oxy-
gen and was in fact molybdenum oxysulphide. Fur-
ther characterization reveals that the stoichiome-
try of the film varies with depth with the pres-
ence of large amount of molybdenum oxide and a
small concentration of sulphide on the surface. In
contrast, in the bulk of the electrodeposited com-
pound, the concentration of MoS2 is close to that
of MoO2. Deposits of molybdenum oxysulphide thin
films have been produced as powder and compact
films[19] which are also promising for lithium recharge-
able batteries. Low oxygen content thin film of
molybdenum oxysulphide has been shown to have
the best electrical conductivity[20] but can only in-
tercalate less amount of lithium than the film with
high oxygen content used in lithium power source.
Strong and Zabinski[21] have suggested that cesium
oxythiomolybdate (Cs2MoOS3) films are lubricious at
different temperatures, hence the compound may pro-
vide lubrication from 300 to 800◦C.

In this work, the feasibility of using molybdenum
oxodithiocarbamate as a single solid source precursor
for the deposition of molybdenum oxysulphide thin
films is demonstrated contrary to the claims of Taka-
hashi et al[22]. Other methods of preparation have
been reported[18–20]. All these methods have the com-
mon fact that film deposition proceeds via two or
more separate precursor sources in which stoichiome-
tries of the films are controlled by various parame-
ters. The use of a single solid source precursor pro-
vides a novel approach with benefits to reduce the
number of parameters determining the stoichiometric
ratio of the elements in the film and avoid the use
of hazardous metal alkyls, H2S, or alkyl sulphides.
The properties of the thin films deposited on sodal-
ime glass substrate by metal organic chemical vapour
deposition (MOCVD) technique are reported. It is
a preparative method well-suited to large scale con-
tinuous production which is simple and cost effective
when compared with other deposition methods. We
have used this method in the past for the prepara-
tion of a number of binary and ternary oxides[23,24]

and sulphides[25,26]. Absorbance measurement, com-
positional study and morphology of the films are also
reported.

2. Experimental

2.1 Preparation of precursor

The single solid source precursor was prepared us-
ing the procedure reported earlier by Ajayi et al[27].
This method has also been extended to cover ternary
and quaternary sulphides[28].

The intermediate complex, ammonium

morpholino-dithiocarbamate was prepared as follows:
morpholine (8.7 cm3, 0.1 mol) was introduced into
ethanol (25 cm3) with stirring and cooled to 0◦C
in an ice bath. While stirring, carbon disulphide
(7.6 cm3, 0.1 mol) was added dropwise ensuring that
the temperature did not rise above 5◦C. When the
addition of carbon disulphide was complete, ammo-
nia solution (75 cm3) was immediately added to the
reaction mixture. The product was then filtered off,
washed with sodium hydroxide solution (0.1 mol/L)
and later dried in a dessicator to yield ammonium
morpholino-dithiocarbamate (9.62 g, 53.4% yield).
The reaction scheme has been reported in an earlier
paper[27].

Molybdic acid was heated for several hours to re-
move water leaving molybdenum (VI) oxide,

H2MoO4 → MoO3 + H2O (1)

The dried molybdenum (VI) oxide (68.8 g, 0.48 mol)
was digested in concentrated HCl acid (150 cm3) by
heating gently on a hot plate (making sure that the
temperature does not exceed 80◦C) with vigorous stir-
ring to obtain a greenish yellow clear solution. The
solution was further heated for 3 h on a hot plate to
give a purple solid. The purple solid was tested for
chloride ion by adding silver nitrate to its solution.
This gave a white precipitate which was insoluble in
HNO3 confirming the presence of chloride ion.

Ammonium morpholino-dithiocarbamate (10.73 g,
0.06 mol) was dissolved in warm methanol (60 cm3)
at 50◦C. The dried molybdenum oxychloride (5.4 g)
was also dissolved in methanol (50 cm3) heated in
a water bath kept at 50◦C. This was then added
dropwise to the solution of ammonium morpholino-
dithiocarbamate in methanol on a hot plate and vig-
orously stirred while adding. The product obtained
as a precipitate was filtered off, then washed with
methanol and later dried in a desiccator, (8.4 g,
79.04% yield).

The preparation of the precursor is represented in
the scheme below:

2.2 Film deposition

The precursor was pyrolysed on sodalime glass
substrate using a previously reported MOCVD
technique[29]. The fine powder of the precursor was
poured in an unheated receptacle and nitrogen gas
(dried by passing it through calcium chloride) was
blown through the fine powder precursor at the rate
of 2.5 dm3/min. The nitrogen borne precursor was
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transported into the working chamber which was
maintained at 420◦C by an electrically heated fur-
nace. The substrate was supported on stainless steel
blocks to ensure good and uniform thermal contact.
The time of deposition was two hours. In the hot
zone, the precursor was first sublimed before ther-
mal decomposition, resulting in the formation of the
films. This method does not require a pump to re-
move the by-products as they are swept out by the
carrier gas. It has the added advantage that heat-
ing of the source material is unnecessary. The whole
process was carried out inside a fume hood. Prior to
the deposition, the substrate, the stainless blocks, and
the reaction chamber were scrubbed with detergent,
distilled water, trichloroethylene, acetone, methanol,
and distilled water, respectively.

2.3 Characterization of the precursor and films

The precursor was characterized by infrared (IR)
spectroscopy using a PYE-Unicam SP3-300 spec-
trophotometer (Pye-Unicam Ltd., Cambridge, UK) to
obtain the IR spectrum as a nujol mull.

Rutherford backscattering spectroscopy (RBS, us-
ing a 2MV Tandetron accelerator from the University
of Surrey Ion Beam Centre, Surrey, UK,) was used
to determine the elemental composition, stoichiome-
try and depth profile of the film. This was done using
a 2 MV Tandetron accelerator which involves the use
of 1.557 MeV helium particles. The detector scatter-
ing angle was 147.7 deg. with solid angle 3.5 msr.
The spectrum was obtained under normal condition
(angle of incidence θ1=0 and the angle of emergence
θ2=180 deg.). The beam current was less than 15 nA
with nominal beam size (normal incidence) 1 mm.
Depth profile was extracted automatically from RBS
spectrum using the IBA DataFurnace software devel-
oped at the University of Surrey, Surrey, UK.

In order to establish the suitability of the molyb-
denum oxysulphide thin film for device applications,
the absorbance in the region 300 to 800 nm was in-
vestigated at room temperature by UV-visible spec-
trophotometry (Pye-Unicam Ltd., Cambridge, UK).
All measurements were made with blank sodalime
glass substrate in the reference beam.

A Zeiss DSM 940 scanning electron microscope
(Zeiss, Oberkochem, Germany) with digital imaging
and X-ray detection capabilities was used to obtain
the micrograph. X-ray diffractometry (XRD) of the
film was performed with MD-10 model X-ray mini dif-
fractometer (Bourevestnik Inc., Russia) using CuKα
radiation (λ=0.15418 nm).

3. Results and Discussion

The IR spectrum of the precursor is shown in
Fig. 1. The spectrum shows that the precursor ex-
hibits the basic absorption bands between 4000 and
500 cm−1. The major peaks are: C-H vibration at
2925 cm−1, carbonyl stretching (C=O) at 1624 cm−1,

Fig. 1 IR spectrum of the thin film precursor

Fig. 2 RBS spectrum of sodalime glass substrate

C-C stretching at 1460, 1380 and 1107 cm−1, δC-H at
931 cm−1, Mo-O and Mo-S bands are below 700 cm−1.

It has been reported that molybdenum oxy-
sulphide thin film can be deposited by other
methods[18–20]. In such cases, the precursor is multi
source and the precursor has to be heated to prevent
the condensation of the precursor during transporta-
tion. In this work, we have been able to demon-
strate that by using a single solid source precursor,
the MOCVD technique is capable of producing films
that are comparable with those produced via other
methods.

It has been observed that the film deposition on
substrate occurs at a temperature of 420◦C. The use
of a single solid source precursor has reduced the num-
ber of parameters determining the stoichiometric ra-
tio of the elements in the film. The ratio is therefore
controlled by the design variables, the deposition tem-
perature and the flow rate of the carrier gas. The use
of mechanically mixed precursors is not easy as other
variables like vapour pressures, and aerosol properties
of the individual precursor may not be the same.

IBA DataFurnace was used to fit the RBS data
with elemental depth profiles. Where the fit is good
and the fitted profiles are valid. Figure 2 shows the
RBS analysis of the sodalime glass substrate. The
glass substrate is fitted by O, 60; Si, 25; Na, 10; Ca,
3; Mg, 1; Al, 1 (at. pct).

Figure 3(a) shows a fit that assumes no substrate
signal at the surface (excluded to 500 TFU) and that
the material is MoSx. The figure shows clearly that
this is a false assumption. The fit has also used an ar-
bitrary offset to account for the charging effect which
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Fig. 3 RBS spectrum of the thin film: (a) substrate excluded and assuming MoSx, (b) substrate excluded and
assuming MoOx, (c) substrate included assuming MoOxSy giving a good fit, (d) depth profile of the thin
film

can be seen in the step in the Mo signal at channel 300.
Also in the figure, the oxygen signal is not matched,
suggesting that oxygen exists at the surface.

Figure 3(b) shows a fit that assumes substrate ex-
cluded to 500 thin film unit (TFU) and pure MoOx.
Also, the figure shows that this is a false assumption.
Figure 3(c) shows a fit which assumes a sulphide and
allows glass to be part of the surface. The fit corre-
sponds to the spectrum with some mismatch which
is due to charging artifacts and gives a stoichiome-
try of Mo:S:O to be 21:2:76, while Fig. 3(d) shows
the depth profiling. This also gives an estimate of
about 400 nm for the thickness of the film. Our ex-
perience has shown that slight variation in thickness
estimation does not affect the band edge calculation
significantly[30].

In fitting the spectrum, we have allowed the glass
substrate (which contains large amounts of oxygen) to
be part of the surface in order to get a good fit. This
can be the source of the large amount of oxygen in
our film. The large amount of oxygen in the film can
also be traced to the starting material, i.e., molybde-
num oxychloride contains appreciable amount of oxy-
gen and the chloride ion can not displace all oxygen
in MoO3 since the Mo-O bond energy is greater than
that of Mo-Cl. Furthermore, the Mo-O bond is also
stronger than Mo-S, therefore, it is virtually impos-
sible to exclude oxygen from the film. It has been
shown that even metal sulphides are easily attacked
by atmospheric oxygen[31].

The UV-visible spectrum shows that the optical
absorbance of the film increases slowly from 800 to

Fig. 4 UV-visible spectrum of absorbance against wave-
length obtained for the thin film

300 nm indicating that the film is highly absorbing
in the UV region (Fig. 4). The high absorption indi-
cates high amount of defect. It may also be the result
of light scattering from the micrometer sized grains
of the film. Ivanova et al.[32] have already attributed
similar observation in the MoO3 thin films deposited
via chemical vapour deposition (CVD) to the defects
in the film.

The absorption coefficient α is calculated from the
relationship,

α =
1
d

ln
1
T

(2)

where d is the thickness of the film and T is the trans-
mittance.

For a direct band gap material, the absorption co-
efficient is related to the energy of the photon by the
expression as follows:

α = K(hν − Eg)1/2 (3)
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Fig. 5 Square of absorption coefficient vs photon energy
for the thin film

Fig. 6 SEM micrograph of the thin film

where K is a constant of proportionality, hν is the
energy of the photon and Eg is the band gap energy.

From both the absorbance and the estimated
thickness of the film, square of the absorption coef-
ficient α2 was calculated. Figure 5 shows the plot of
α2 against the energy of the photon. The extrapola-
tion of the straight region of the graph to the energy
axis gives the value of 3.31 eV which is the direct
band gap energy for the thin films. This falls between
the values of the band gaps reported for molybdenum
sulphide[33] and molybdenum oxide[34]. The value re-
ported here is very close to that of molybdenum oxide
thin film, which is as a result of the large amount of
oxygen in our films.

The scanning electron microscopy (SEM) micro-
graph of the films is shown in Fig. 6(a) and (b). The

Fig. 7 XRD pattern of the thin film

films consist of closely packed granules. Upon closer
inspection at high magnification (Fig. 6(b)), it is ap-
parent that the films are porous and continuous. The
average grain sizes are estimated below 5 µm.

Chemical phase identification was performed using
a computer based system with the standard powder
diffraction file (PDF) embedded in the diffractomoter.
A data base from the International Center for Diffrac-
tion Data was also used in comparing the XRD pat-
tern of the films. The XRD diffraction pattern of the
films is shown in Fig. 7. Intense peaks occur at dif-
fraction angles, 2θ=16.28, 24.99, 25.88, 27.33, 29.66,
30.16, 31.52 and 32.67 deg. This confirms the crys-
talline nature of the films. The diffraction pattern
indicated three possible compounds Mo8O23 (No. 05-
0339), Mo9O26 (No. 05-04441) and Mo2S3 (No. 40-
0972). However, this ambiguity was resolved through
RBS which confirmed a single compound. A similar
feature which showed peaks corresponding to MoS2

and MoO3 was also observed by Schmidt et al.[35]

and was attributed to the partial substitution of sul-
phur by oxygen. Yufit et al.[18] have also reported the
same observation with the presence of large amount
of molybdenum oxide and a small concentration of
molybdenum sulphide on the surface. It is believed
that a single solid phase of molybdenum oxysulphide
thin film has been produced since the precursor is a
single solid source. This was also confirmed from the
result of the RBS which indicated a single compound.
Bott et al.[36] have also confirmed (using XRD) that
a solid solution can be formed by co-crystallization of
two solids.

4. Conclusions

(1) It is believed that the deposition of molybde-
num oxysulphide thin films from single solid precursor
using MOCVD technique provides another method of
depositing molybdenum oxysulphide thin film, with
the advantage of large area deposition. A simple and
cost effective method that is well suitable for large
scale production of thin solid films of molybdenum
oxysulphide is established.

(2) Optical absorption measurement indicates a
material that is highly absorbing in the UV part of
spectrum with a direct optical energy band gap of
3.31 eV. The high absorption property and energy
band gap value can be employed in areas like solar
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heat mirrors and gas sensors, anti-reflection coatings
and electro-optical heat shielding devices.

(3) The morphology of the films shows that the
grains are continuous and uniformly distributed with
the average grain size less than 5 µm. XRD shows the
crystalline nature of the films while RBS gives the sto-
ichiometry and also confirms that the film is a single
solid phase.
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