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Abstract

In this work, a modified hydrothermal method has been developed and employed for synthesis of nanostructured MoS, particles. The modification
denotes to some changes which were applied with respect to the normal hydrothermal method. Using of a surface-active agent, changing in raw
materials and reaction temperature were the main changes which were applied in the modified method with respect to the orginal procedure. Several
tools of investigation including XRD, TEM, SEM, and EDXA were used in order to characterize the products and also comparison of the two
methods. The results showed a morphology best known as “rag” morphology for the products obtained by both of the methods. In both methods,
XRD studies confirmed a semicrystalline state for the particles with slightly lower degree of crystallinity for the modified method. Particle sizes
were detected to be in smaller and more uniform state in size and shape for the modified procedure as showed by SEM. Photo-catalytic activity
of the particles was checked as MoS,/TiO, hybrids in photo-oxidative removal of phenol as a selected organic compound. Results showed and
enhanced photo-catalytic activity for the hybrids with respect to the pure TiO, under UV irradiation. MoS, nanoparticles also verified to have an

enhancement effect on the photo-catalytic activity of TiO, under illumination of visible light.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Molybdenum disulfide MoS,, has a layered structure like
graphite and because of its unique properties, has been known
and used in chemical reactions for several years. Among these
properties, anisotropy, chemically inertness, photo-corrosion
resistance and specific optical properties are included as the
superior properties. As a catalyst, MoS, carry the advantage of
being resistive to poisoning with sulfur and still remain relatively
high reactive. MoS; is an indirect band gap semiconductor with
1.23 and 1.69 eV band gap energies [1]. Electronic properties
of MoS; such as position of conductance and valance band has
been shown are size dependent due to the quantum size effect
with a blue shift in absorption edge upon reduction of particle
sizes. Adoption on solar radiation is so that the absorption edge
shifts from >1040 to ~550 nm for a reduction in particle sizes
from bulk to 4.5 nm, respectively [2]. So far, three main methods
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have been developed for the synthesis of MoS; nanoparticles:
solvothermal [3], hydrothermal [4] and inverse micelle method
[5]. Some other different methods include: sonolysis [6], arc [7],
plasma microwave [8] and electrochemical/chemical methods
[9,10]. In the inverse micelle method, particles are grown inside
water containing micelles dispersed in a non-aqueous media.
Reaction precursors are usually a molybdenum halide such as
MoCly and a sulfiding agent such as NaS. The advantage is
the ability of tuning the particle sizes through controlling the
micelle sizes which can be achieved easily by alternation the
emulsifier/water ratio. Particles as small as 2.5 nm can be syn-
thesized by this method [5]. Unfortunately, the major drawback
for this method is that Mo(IV) halides are not stable compounds
and they are not available from chemical supplier companies.
Nevertheless, when possible, it can be considered as the best
method for the synthesis of semiconducting and other types of
nanoparticles. Solvothermal method uses molybdenum trioxide,
MoOs and elemental sulfur as the starting materials and reaction
takes place in a high pressure autoclave at 300 °C in the presence
of a reducing agent, hydrazine monohydrate for example. The
solvent of the reaction is pyridine. Investigation of the reaction
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product by starting different MoO3/S molar ratios has revealed
that crystalline MoS; is produced when sulfur content in the
reaction mixture is twice or more than that of Mo [3]. Hydrother-
mal method starts with MoOj3 and NaS, in Mo/S molar ratio of
1/3 as the precursor materials and the reaction media is diluted
HCI solution. Reaction takes place in an autoclave at temper-
atures between 200 and 300 °C. It was shown previously that
the reaction conditions including temperature, concentration of
HCl and presence of some additives are effective on the reaction
final product, sizes and morphology of the particles [4]. In the
present work, MoS, nanoparticles have been synthesized and
characterized by a modified hydrothermal method and are com-
pared with the products obtained by the normal hydrothermal
method.

One reason for a great interest toward semiconductor metal
oxides is their photo-catalytic activity in photo-oxidation reac-
tions especially in the field of water and air treatments [11]. Upon
interaction with light, photo-catalysts produce one of the most
powerful oxidizing agent OH®, which is able to destroy most
of organic compounds in aqueous solutions through oxidation-
reduction reactions [12]. The advantage of the photo-catalytic
oxidative reactions is the ability of the reaction to be carried out
under ambient conditions and that usually lead to total mineral-
ization of the organic contaminants. However, they suffer from
the drawback of being slow reactions and that photo-oxidation
processes took actually long time to be completed result in high
costs. Therefore, a large number of works are currently running
to improve the efficiency and to adopt the reaction condition to
use the advantages of the process [13—15]. Among the several
types of semiconductors, TiO, has been the most studied com-
pound for its photo-catalytic activity in removal of unwanted
organic compounds. TiO; is a photostable, non-toxic and cheap
white powder which is available easily from many suppliers.
In Addition, it has also been shown that TiO, has the abil-
ity of destruction of a wide range of organic chemicals, which
is usually accompanied by total mineralization. However, the
principle deficiency of TiO; is its absorption edge which falls
in UV region at 385nm (band gap energy 3.0-3.2eV) [16].
Wavelengths equal or less than this critical value consists only
3% of the sunlight spectrum. For improvement purposes, one
approach is the use of hybrid catalysts [17-19]. In this case,
two types of semiconductors are used with one of them acting
as the supporting material. The combination of two different
semiconductors leads to synergic effect and possible electron or
hole transfer between electronic states of the two semiconduc-
tors. The process prevents the fast electron—hole recombination
reaction and therefore, providing additional time for electron or
hole to reach to the surface of the photo-catalyst. As a result, the
rate of redox reactions increases via the electron-hole lifetime
enhancement.

In this work, as is mentioned earlier, nano-sized MoS,
particles have been synthesized by two different methods, a
hydrothermal [4] and a modified hydrothermal method. The
latter was a surface-active agent assisted procedure which has
been developed in this work. The products of these two meth-
ods were characterized and compared by using several means
of investigation including XRD, TEM, SEM, and EDAX. After

synthesis, and in order to check their photo-catalytic activity,
MoS; nanoparticles were used as MoS,/TiO, hybrid nano-
photo-catalysts in photo-oxidative removal of phenol from
aqueous solution. Previously, the effect of crystalline MoS, nan-
oclusters obtained by the inverse micelle technique has been
investigated by Wilcoxon et al. [17-19] in pure and also in
the form of MoS,/TiO; hybrids in photo-oxidative removal
of several water organic pollutants. However, in the present
work, the photo-catalytic activity of the MoS,/TiO, hybrids
has been investigated by using MoS, nanoparticles prepared
in this work and compared with Wicoxon’s results whenever
possible.

2. Experimental
2.1. Materials

Molybdenum trioxide (MoO3, 99.5%), ammonium hepta-
molybdate ((NH4)¢Mo07024-4H70, 99.5%), elemental sulfur
(99.9%), hydrazine (N,Hy4, 80%), sodium lauryl sulfate (99%),
1-octanol (99.5%), methanol (99.9%) and phenol (99.5%) were
purchased from Merck chemical company. Compounds pyri-
dine (99.5%), sodium sulfide (NaS, 99.5%) and thiourea
(H,NCSNH3, 99%) were purchased from Fluka, BDH and
Aldrich chemical companies, respectively. Two types of TiO»
were used in this study which were TiO; (P-25) 99.5% from
Degussa and TiO; (Tiona) 99% from Millenium chemical com-
panies. TiO, (P25) is consisted of 80% anatase and 20% of
rutile form while TiO, (Tiona) is almost completely rutile
form.

2.2. Characterization, measurements and the photo-reactor

Powder XRD analysis were performed by using a Simens
Kristallflex instrument by scan rate of 0.04° s~ ! and with Cu Ka
(A =0.154178 nm) radiation source. TEM analyses were carried
out by using a Philips DM200 electron microscope and the spec-
imens were prepared by sonolysis of the particles in ethanol and
drying a drop on a carbon coated copper grid. Analyses of SEM
were performed by using a LEO 440i scanning electron micro-
scope equipped with energy-dispersive X-ray analysis (EDXA).
Hitachi (D-7000) with UV-vis detector was used for HPLC
analyses with a column packed with RP-8 (5 wm).

Photo-catalytic activity of the prepared MoS,/TiO, hybrid
catalysts was evaluated according to the photo-oxidative concen-
tration decay of phenol in an aqueous solution. This was carried
out in a photo-reactor under irradiation of different light sources,
UV and visible. The photo-reactor was consisted of a cylindrical
glass batch reactor with a total volume of about 100 ml. Forty
millilitre of the total volume was being used in each experiment.
It was equipped with a heat exchanger to ensure the solution
temperature being constant and a sampling side arm. During the
reaction, aliquots of 0.6 ml were being sampled at various irradi-
ation times for phenol concentration analysis. Each sample was
filtered using PTFE 0.2 um syringe filter in order to remove the
suspended catalysts; before injection to HPLC. Osram® 400 W
xenon lamp was used for experiments under visible light and a
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125 W HPK medium-pressure mercury lamp (Philips) for exper-
iments under UV illuminations. The lamp was positioned 6 cm
above the top of the reactor and when using visible light, there
was a glass placed between top of the reactor and the lamp to
work as UV cutoff filter. To prevent catalyst precipitation, all
the experiments were carried out under continuous magnetic
stirring.

2.3. Preparation of MoS> nanoparticles by hydrothermal
method

MoOs3 (0.36¢g) and Na,S (1.8 g) were added to 70ml of
0.4 mol/l HCI aqueous solution in a 100 ml Teflon® lined auto-
clave reactor. The reaction carried out at 300°C for 12h.
The black powder product was filtered, washed with ethanol
and distilled water and dried at 80°C under reduced pres-
sure. The products were characterized by using several tools
of investigation which are discussed in the following sec-
tions. The procedure was adapted to the method describe in
Ref. [4].

2.4. Preparation of MoS> nanoparticles by the modified
hydrothermal method

An aqueous solution of ammonium heptamolybdate,
((NHg)6Mo07024-4H70, 1 g) and thiourea (H,NCSNH, 0.9 g),
was prepared by dissolving in 50 ml distilled water. 1-Octanol
(1.5ml) and sodium lauryl sulfate (SDS, 0.7 g) was add into
a 50 ml Teflon® lined autoclave reaction vessel. The autoclave
filled with the aqueous solution up to 75% of its total volume.
The autoclave was sealed for annealing under continuous stirring
during 5h at 180 °C. The autoclave was then gradually cooled
down to room temperature; and the black precipitate was sep-
arated by filtration, washed with ethanol and then by distilled
water several times. Finally, it was dried for 6 h at 80 °C under
reduced pressure. The products were characterized by several
tools of investigation which is discussed in following sections
in the text.

2.5. Preparation of MoS»/TiO; hybrid photo-catalysts

Appropriate weights of MoS, were dispersed in 300 ml
ethanol by using a high speed homogenizer for 20 min in order
to disagglomeration and uniform dispersion of the particles in
the mixture. TiO, (10g) was then added and homogenizing
was continued for additional 15 min. The relative amount of
MoS; to TiO, was adjusted so that the loading level of MoS;
to be 2, 3 and 5 wt% with respect to the total composition. The
suspension was transferred to a rotary evaporator and the sol-
vent was evaporated at 40 °C under reduced pressure. The gray
colored precipitates were collected and washed several times
with distilled water and then dried for 2h at 60 °C under vac-
uum. Two series of MoS,/TiO; hybrid catalysts were prepared
by the mentioned procedure by using two types of TiO> com-
mercial products: Degussa’s TiO» (P25) and TiO; (Tiona) from
Millenium chemical company.

3. Results and discussion
3.1. MoS> nanoparticles

3.1.1. Synthesis of MoS> nanoparticles

Synthesis of MoS; nanoparticles by the hydrothermal method
was investigated in different conditions and temperatures
between 200 and 300 °C starting by MoO3 and NaS; in Mo/S
molar ratio of 1/3. Only the general results are provided here
without detailed discussions. Pure crystalline MoS, particles
were obtained at temperatures between 260 and 300 °C. Increas-
ing HCI concentration from 0.4 to 0.8 mol/l has led to products
being contaminated with some other compounds such as MoO;.
Reaction carried out in 0.2 mol/l HCI solution also did not lead
to any detectable reaction product. Therefore, 300 °C reaction
temperature and 0.4 mol/l HCl concentration was selected for the
synthesis of MoS; nanoparticles by the hydrothermal method.

In order to reach smaller particles, a modified hydrothermal
method of synthesis has been developed in this work. The main
applied modification with respect to the normal hydrothermal
method was using a surface-active agent in the procedure. The
surface-active agent system used in this method was sodium
lauryl sulfate (SDS) with 1-octanol as the co-surfactant. Using
surface-active agent applied some other changes also with
respect to the original procedure. Our early experiments showed
that starting from insoluble MoO3 and Na;S do not lead to any
desired product. Reactions starting with hexacarbonylmolyb-
date, Mo(CO)g and elemental sulfur was also frustrated. Finally,
soluble ammonium heptamolybdate, (NH4)¢Mo07024-4H,O
and thiourea were used as successful starting materials in an
neutral reaction media. The reaction took place in an autoclave
and examined at temperatures between 170 and 210 °C. Below
170 °C no product was obtained. From the other hand, due to
thermal decomposition of thiourea, it was impossible to rise
the reaction temperature above 210 °C. The products obtained
between 170 and 210 °C was determined to be a semicrystalline
products. However; the size of the particles investigated to be
slightly temperature dependent. By taking all the results into
consideration, reaction temperature of 180°C was concluded
to be the optimum reaction temperature in order to obtain pure
and uniform nanoparticles of MoS,.

Characterization and comparison between the products
obtained by different methods has been discussed in the fol-
lowing section.

3.1.2. Comparison of MoS, nanoparticles obtained by the
hydrothermal and modified hydrothermal methods

The SEM micrographs for the products obtained by the
hydrothermal method, products of the modified method and the
SEM image for the product obtained by the latter method with-
out using surface-active agent are shown in Fig. la—c. Particle
sizes around 150-200 nm can be estimated from the micrograph
for the hydrothermal method while they are smaller (around
100 nm) and more uniform in size and shape for particles of the
modified hydrothermal method. It is clear, from Fig. 1c, that the
particles are too much bigger and they differ in size and shape
extensively. Therefore, it can be concluded that surfactant pre-
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100 nm H

Fig. 1. The SEM micrographs for MoS, nanoparticles: (a) obtained by the
hydrothermal method, (b) obtained by the modified hydrothermal method and
(c) obtained by the hydrothermal method without using surface-active agent.

vents growth of the initially created particles to become larger
during the modified hydrothermal method.

Investigation and comparison of the particles by TEM
afforded interesting results. The TEM results for the particles
obtained by the normal hydrothermal method are shown in Fig. 2
by two magnifications. Ribbon like stacking of S—-Mo-S layers
are detectable inside the particles. These are completely dis-
ordered especially at the corners however, accumulations are
seen in core regions of the particles. This describes the mor-
phology mostly known as “rag” morphology. The ribbons have
thicknesses approximately 2—3 nm and width of around 100 nm
in this morphology. The observed morphology is in complete
agreement with results obtained from XRD studies which are
discussed in later section. The TEM images of the particles
obtained by the modified procedure are shown in Fig. 3. The
rag morphology is again the observed morphology for the parti-
cles. The main difference, in comparison to Fig. 2, is obviously
that the ribbons are much smaller. Very tiny stacks by width of
20-30nm are seen in the micrographs. This can be attributed to
the roll played by the surfactant in reducing the sizes. These are
very important properties for particles with catalytic or photo-
catalytic activities. The first effect is obviously the increase in
surface area however, for inorganic semiconductors, the next and
maybe the more important is the effect of particle size reduc-
tion on electronic and optical properties. The latter for MoS;
nanoclusters has been discussed in Ref. [4].

The X-ray diffraction pattern, shown in Fig. 4a, is for bulk
MoS; in its most stable hexagonal crystalline structure [20]. The
most important XRD feature which provides a proof for exis-
tence of the hexagonal unit cells is the observation of diffraction
peaks due to 002 planes. This is the most prominent peak in
Fig. 4a while diffractions from 100, 101, and 110 planes are
appeared in smaller intensities. The X-ray diffraction pattern for
MoS, particles prepared by the normal hydrothermal method is
shown in Fig. 4b. Peak 002 is appeared in its characteristic
region 26 =14.5 as a broad peak. Other detectable peaks are
100, 103 and 1 10. This combination of the peaks reveals the
hexagonal structure for the prepared particles and the broaden-
ing of the peaks is in complete agreement with morphological
studies and results obtained by TEM. Therefore, and in com-
parison to the bulk state (Fig. 4a) a semicrystalline structure is
assigned for the particles. X-ray diffraction pattern for MoS,
nanoparticles prepared by the modified hydrothermal method is
shown in Fig. 4c. The peak 002 around 26 =14.5 is appeared
and some peaks due to diffractions from 100 and 110 planes
are detectable in smaller intensities. In comparison to Fig. 4b,
the peaks are broader in some extent, i.e. less crystallinity. This
is consistent with the results obtained by TEM. In general, the
modified hydrothermal method is accompanied with particles
which are smaller and less crystalline in comparison to products
obtained by the hydrothermal method.

The purity of the product was determined by quantitative
energy dispersive X-ray analysis (EDXA), whose results are
shown in Fig. 5a for the products of the modified hydrothermal
method. Peaks appeared at 2.2 and 17 keV are due to Mo. The
sulfur peak is overlapping with Ko peak of Mo and is not resolv-
able in the figure. The ratio of Mo/S was detected as 1/1.98 which
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Fig. 2. The TEM images for MoS, particles obtained by the normal hydrothermal method, in two magnifications.

is in complete agreement with the chemical formula of MoS;
showing that no any significant residue of the starting materials
or the surfactant is remained in the product.

3.2. MoS»/TiO> hybrids and photo-catalytic activity

3.2.1. The hybrid photo-catalysts

Table 1 describes the compositions of the photo-catalysts
prepared in this work and the encoding system. The X-ray
diffraction pattern for P25/MH/2 hybrid catalyst is shown in
Fig. 5b. The peaks due to MoS; are indicated with * mark in the
figure. These are in lower intensities due to the low loading level
(2%, w/w) of MoS; present in the sample and are located in 20
scale at 15° (002), 32° (100), 34° (102) and 58° (1 10). The
SEM micrograph for the same sample (P25/MH/2) is presented
in Fig. 6. Particles of MoS; are appeared as white spots on the
surface. Dispersion of these particles is almost uniform and no
any significant agglomeration is detectable in the micrograph.

The same results were obtained for all other hybrid catalysts
prepared in this work.

3.2.2. Photo-catalytic activity of the hybrids

The results obtained for photo-oxidation removal of phenol
under visible light illumination are summarized in Fig. 7. It is
clear that neither Tiona nor P25 was active in removal of phenol
under the applied conditions even after 240 min of reaction time.
The result is not surprising because, as mentioned earlier, 3.2 eV
band gap energy of TiO; fall into the UV region of light spectrum
(385 nm) and therefore, it is not expected for TiO, to be an active
photo-catalyst in visible wavelengths. On the other hand, it was
known and has been accepted generally that rutile form of TiO»
does not show any remarkable photo-catalytic activity. How-
ever, Fig. 7 shows that hybrid catalysts P25/MH/2 and T/MH/2
were able to activate the photo-oxidation decomposition of phe-
nol under illumination of visible light. This reveals the synergic
effect of MoS; and TiO; in photo-activity of the hybrid catalysts

50 M p—

Fig. 3. The TEM images for the particles obtained by the modified hydrothermal method in two magnifications.
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Fig. 4. X-ray diffraction patterns for (a) bulk MoS,, (b) particles obtained by the
hydrothermal method and (c) particles obtained by the modified hydrothermal

method.
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Table 1

Encoding system for the compounds used or prepared in this work

Sample Type of TiO, Type of MoS; MoS; loading
level (Wt%)

P25 p252 - 0

T Tiona® - 0

P25/MH/2 P25 MH¢ 2

P25/MH/3 P25 MH 3

P25/MH/5 P25 MH 5

P25/H/2 P25 Hd 2

P25/H/3 P25 H 3

P25/H/5 P25 H 5

T/MH/2 Tiona MH 2

T/MH/3 Tiona MH 3

T/MH/5 Tiona MH 5

T/H/2 Tiona H 2

T/H/3 Tiona H 3

T/H/5 Tiona H 5

2 TiO, P25, from Degussa 80% anatase and 20% rutile.
b TiO;, Tiona from Millenium > 99% rutile.

¢ Prepared by the modified hydrothermal method.
4 Prepared by the normal hydrothermal method.

Fig. 6. The SEM micrograph for P25/MH/2 hybrid catalyst.
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Fig. 7. Concentration-irradiation time diagrams for photo-oxidative removal of phenol under illumination of visible light, (a) in the case of using P25 and P25/MH/2
hybrid catalyst, and (b) in the case of using Tiona and Tiona/MH/2.
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Fig. 8. Photo-oxidative decline of phenol concentration under UV illumination of light. (a) Photo-catalytic activity for P25, P25/MH/2 and P25/H/2, and (b) the

effect of TiO, type.

clearly. It is an amazing result that not only P25 but also Tiona
based hybrid has acquired a photo-catalytic activity due to pres-
ence of MoS; in the composition. It has been shown previously
by Wilcoxon [17,18] that 4.5 nm nanoclusters of MoS; to be
an active photo-catalyst in removal of phenol even under visi-
ble wavelengths of light. Our results show that not only in pure
form but also in hybrid with TiO,, MoS; has the visible light
photo-catalytic activity. It is worthy to note that, MoS; particles
in this work were different in synthesis and characteristics with
those employed by Wilcoxon. We also used particles without
further purification or partitionation into narrow width particle
size distribution.

The experimental results for the photo-oxidative decline of
phenol concentration under UV illumination can be seen in
Fig. 8. The photo-catalytic activity of P25, P25/MH/2 and
P25/H/2 are compared in Fig. 8a. A relatively high photo-
catalytic activity is seen for both of the photo-catalysts so that
phenol has been removed almost completely after 70 min from
60 ppm initial concentration. Meanwhile, higher initial rates of
decomposition are seen for the hybrid catalysts with a slightly
higher activity for P25/MH/2 in comparison to P25/H/2. The
effect of TiO, type on the photo-oxidative decay of phenol
under UV illumination is shown in Fig. 8b. Neither Tiona nor
T/H/2 has shown a significant photo-catalytic activity under UV
condition for removal of phenol. However, the phenol concen-
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Fig. 9. The effect of MoS; loading level on the photo-catalytic activity of the
hybrids with respect to pure P25 (UV illumination).

tration is declined from 20 ppm initial concentration to almost
zero after 25 min by using P25 or P25/H/2. A higher rate of
photo-oxidation is observed for P25/H/2 in comparison to pure
P25. The photo-catalytic activity in the prepared hybrid catalysts
was observed to be dependent to the loading level of MoS; in the
hybrids. The photo-catalytic activity of the hybrids with different
loading level of MoS; are compared with pure P25 (UV illumi-
nation) in Fig. 9. As can be seen, the photo-catalytic activity is

I
.
©

0 min

120 min

140 min

0 1 2 3 4 5 6 7 8
Retention Time (min)

Fig. 10. HPLC elution peaks between 0 and 145 min of irradiation time for the
case ofusing P25/MH/2 as the photo-catalyst under irradiation of UV light.
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decreased in the hybrid series by increasing the weight percent
loading of MoS; from 2 to 5 wt%. Higher initial photo-oxidation
rates for the hybrids in comparison to P25 are in descending order
with increasing MoS; content. As reaction proceeds, these rates
slow down leading to a higher phenol residual concentration
after 70 min elapsed reaction time. For hybrids P25/H/3 and
P25/H/5 the residual concentration finally reaches to a higher
amount accompanied with pure P25. The same behavior also
observed and reported by Wilcoxon suggesting the electron or
hole transfer occurring between TiO, and MoS, nanoparticles.
This leads to an improved charge separation which helps photo-
oxidation process. Therefore, this synergic effect reaches to a
maximum around 2.5% loading of MoS; in the hybrids.

HPLC chromatograms provided evidences for the complete
mineralization of phenol during the photo-oxidation reaction.
The HPLC elution peaks are shown in Fig. 10 between 0 and
145 min of irradiation time which was being carried out by using
P25/MH/2 for a 60 ppm aqueous solution of phenol under irra-
diation of UV light. The peak at 6.6 min retention time is due
to phenol and as can be seen its area is reducing with reaction
time. As reaction proceeds, some new peaks are appeared in the
HPLC chromatograms mainly at 2.1, 4 and 5.1 elution times.
These are attributed to the photo-oxidation reaction interme-
diate compounds of phenol. The chromatogram after 145 min
shows the complete removal of all the organic compounds and
that the total mineralization is occurred.

4. Conclusion

Synthesis of MoS; nanoparticles is of interest because of its
photo-catalytic activity in photo-oxidation removal of organic
compounds. In the modified hydrothermal method of synthesis,
the surface-active agent prevents further growth of the particles
and helps to obtain particles with more uniform shapes and size.
The rag morphology remain unchanged however, the ribbons
are much smaller in the case of the modified hydrothermal
method. The photo-catalytic investigations showed that both
types of MoS, nanoparticles obtained by the two methods
show a synergic effect in photo-catalytic activity of the TiO;
hybrids. In experiments, slightly higher rates of photo-oxidation
reactions were observed for the MoS; particles obtained by the
modified method.

In comparison to previous works, the results showed that
MoS; nanoparticles retain their photo-catalytic activity even if
there are not purified or separated into narrow width of particle
sizes.
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