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Abstract

ALS;/MoS; nanocomposite has been synthesized through electrochemical me-
thod and characterized by UV-Visible spectroscopy, XRD, SEM and EDAX
data. UV-Visible spectroscopy measurements reveal that the AL,S;/MoS, nano-
composite has maximum absorption at 353.04 nm and this peak position re-
flects the band gap of particles and it is found to be 2.51 eV which was calcu-
lated using Tauc plot. X-Ray diffraction (XRD) reveals crystaline size to be
49.85 nm which was calculated using Williamson-Hall (W-H) plot method.
Photocatalytic degradation of acetic acid, chloroacetic acid and trichloroacet-
ic acid has been studied by volumetric method using NaOH solution. Photo-
catalytic degradation of chloroacetic acid and acetic acid follows first order
kinetics. The photodegradation efficiency for Al,S;/MoS, nanocomposite was
found to be =97.8%. A Taft linear free energy relationship is noted for the
catalysed reaction with p* = 0.233 and indicating electron withdrawing groups
enhance the rate. An isokinetic relation is observed with = 358 K indicating
that enthalpy factor controls the reaction rate. The result of this paper suggests
the possibility of degradation of organic compounds, industrial effluants and
toxic organic compounds by photodegradation process by ecofriendly Al,S,/
MoS,. The antibacterial activity of ALSs/MoS, nanocomposite was investi-
gated. These particles were shown to have an effective bactericide.
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Antibacterial Activity

1. Introduction

In recent days, nanotechnology has become one of the encouraging tools for ex-
perimental modification. Metal nanocomposites have found many applications
in electronics, medicine and in many industries because of their electronic, cata-
lytic, optical and magnetic properties. Catalysis using metal sulphide nanocom-
posites is great activity being carried out to assure the biological applications.
Nanomaterial is the most intense research subject of material scientists due to
their good physical and chemical properties. Electrochemical methods were prov-
en to have some additional advantages over chemical methods in the synthesis of
various nanomaterial, especially metal nanocomposites [1] [2] [3]. Various types
of coagulants have shown potential applications in wastewater treatment. Na-
no-sized materials have attracted a great deal of interest over the years in scien-
tific societies due to their exceptional and interesting physical, chemical, and bi-
ological properties. Semiconducting materials, especially the metal chalcoge-
nides, have been studied due to their wide bandgap and their application in solar
cells, optoelectronics, optical sensor devices, photoluminescence, etc. Among
metal chalcogenides, metal sulphide has been studied and revealed significant
properties for unique diverse applications in electroluminescence, lasers, light-
emitting diodes (LEDs) and bio-devices. Several methods have been reported for
the synthesis of metal sulphide nanoparticles that include hydrothermal tech-
nique, microwave irradiation, solvo thermal and wet chemical or co-precipitation
methods. During the synthesis of nanomaterial, it is important to use chemical
processes that eliminate the use of toxic and harmful substances. Designing and
utilizing green chemistry approaches for the synthesis of nanomaterial can help
to protect the environment. The homogeneous precipitation method is regarded
as an alternative technique that eliminates the usage of non-hazardous sub-
stances [4] [5] [6] [7]. One of the most appealing aspects of metal sulphide na-
noparticles is their diverse chemical compositions, particle morphologies, size
and shape properties. As a result, changes in the chemical composition via dop-
ing, via the formation of solid solutions, or via the combination of multiple met-
als in a sulphide nanoparticle will provide access to a tremendous number of
different types of nanoparticles with very specific (electro) chemical and physical
properties. For example, metal sulphide nanoparticles have been studied for use
in batteries, catalysts, light emitting diodes, solar cells and many other fields.
Moreover, metal sulphides have also been studied as electron transport layers
(ETLs) in perovskite solar cells due to their availability, suitable energy-level and
room temperature process ability. However, these approaches use evaporated
thin films rather than nanoparticles [8] [9]. Two-dimensional (2D) and three-
dimensional (3D) functional nanostructured materials have received great atten-

tion due to their inherent physicochemical properties, such as high specific sur-
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face-to-volume ratio, anisotropy, chemical inertness, photocorrosion resistance,
and excellent tribological performance. Such materials are applicable in various
fields, including lubricants, energy storage, field-effect transistors and catalysis
[10] [11] [12]. The family of layered transition metal chalcogenides such as
MoS;, WS, NiS has aroused considerable interest during the past decade because
of their unique properties and potential applications in hydrodesulphurization,
Mg** and Li* batteries and solar photocells. Increasing attention is now being
focused on their potential applications as promising candidates for Pt, a co-catalyst
and as well as a catalyst in photocatalytic H, production. As it is well known,
MoS; is an indirect, narrow band gap semiconductor with high stability against
photo corrosion in solution. The band gap of MoS, depends on its crystallinity,
size and shape due to the quantum confinement effect. Therefore, considerable
effort has been made to the synthesis of MoS, nanomaterials with desired size
and morphology [13]-[18]. Nanosized ALS; in photocatalysts was considered as
an encouraging tool for appliance in the purification of wastewater and hydro-
gen energy production. ALS; is a colourless solid with a variety of crystalline
structures and sensitive to moisture and hydrolyzes readily in contact with water
and slowly in moist air, generating gaseous H,S. Many researchers reported the
incorporation of semiconductor AlLS; nanomaterials into polymers by chemical
methods [19] [20]. In the present study, ALS;/MoS, nanocomposite has been
synthesized by electrochemical method which is an environmental friendly me-
thod. ALLS;/MoS,; nanocomposite was used as a photocatalyst for the degradation
of carboxylic acids by volumetric method by using NaOH solution and the de-

gradation kinetics of carboxylic acids were studied.

2. Materials and Method

2.1. Experimental

All chemicals used to prepare AlLS;/MoS, nanocomposite were the analytical
grades of purity. Mo and Al wire was purchased from Alfa Aesar. trichloroacetic
acid, chloroacetic acid and acetic acid from lobachemie, Platinum electrode from
Elico Pvt. Ltd. All solutions were prepared in double distilled water. The optical
properties for prepared AlS;/MoS, nanoparticles were studied by UV-visible
spectrophotometer (shimadzu-1700 series). The X-ray crystallographic interpre-
tations were performed by X-ray diffractometer (panalytical x-pert) using Cu Ka
wavelength (1 = 1.54) scanning range from 0 to 700 nm. The morphological
feature for the prepared ALS;/MoS, study was determined by scanning electron
microscopy (SEM-EDAX) from quanta-200 FEI, Netherlands. The elemental
analysis for the prepared nanocomposite is confirmed from energy dispersive
X-ray analysis (EDAX).

2.2. Synthesis of Al,S3/MoS; Nanocomposite by Electrochemical
Method

The ALSs/MoS,; nanocomposite was synthesized by electrochemical method by
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using Al and Mo electrode in an aqueous system with Na,S, the Na,S acts as the
sulphur source. Mo and Al metal wire is used as an anode and platinum elec-
trode is used as cathode using 20 mA current and potential of 12 V. The experi-
ment was run for 2.5 hrs with continuous stirring. The experimental set up is as
shown in Figure 1. The electrolytic cell is consisting of 0.2 M of Na,S solution.
The distance of the anode and cathode during electrolysis was 2 cm. The result-
ing precipitates were filtered and washed several times with double-distilled wa-
ter. Washings were done to remove any organic part or any other impurity from
the particles. The wet powder was then dried at a temperature 750°C for dehy-
dration in muffle furnace for the removal of Na,S impurities to get ALS;/MoS,
nanocomposite. The synthesis takes place at the electrode-electrode interface or
close to the electrode within electrical double layer. The product is deposited on
the electrode in the form of thin film or coating and also it floats in the electrolyte
solution which is collected by filtration. The rate of electrochemical reaction is not
same for all the metals, as the redox potential of Mo (-0.854 V) and Al (-1.660 V)
is different. Since the dissolution potential for Al is more negative than Mo, it is
expected that the formation of ALS; takes place in competition with the formation
of MoS,. Hence the product would be AlS;/MoS, nanocomposite. The electro-
chemical reaction takes place according to the mechanism shown in Scheme 1.

Al = = AP 43¢
+ 2-
3Na,S » 6Na +3S
+ -
6Na’+ 6e > 6Na (at Pt e de)
APT + 38 = = ALS;
4+ 2- -
+
Mo 28 — MOSZ
Scheme 1. Possible mechanism for the electrochemical synthesis of Al:S3/MoS:; nano-
composite.
®) ()
|
Al Electrode
Pt Electrode Mo Electrode

Figure 1. Experimental set up for the synthesis of Al.S;/MoS, nanocomposite.
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3. Result and Discussion
3.1. UV-Visible Spectra

It is confirmed that from the optical absorption spectra that the absorption band
of AL,S;/MoS; nanocomposite showed a blue shift, which is due to particle size in
the nano region [21]. Figure 2 shows that the synthesized AlLSs/MoS; nano-
composite has maximum intensity peak at 353.04 nm in the UV-region and
there is no absorption peak in the visible region. Further, the rate of degradation
of carboxylic acids in presence of sunlight is very slow as compared to UV light.
The UV-visible spectrum of Al,S;/MoS, nanocomposite over the range 200 - 700
nm showed that the synthesized nanoparticles were photoactive under ultravio-
let radiation. The band gap of synthesized ALSs/MoS, nanocomposite was cal-
culated using Tauc’s plot [22] by plotting (aAv) 1/2 versus Av (Figure 2), was
found to be 2.51 eV.
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Figure 2. UV-Visible spectra (a) and Tauc plot of Al:S3/MoS: nanocomposite (b).
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3.2. X-Ray Diffraction and Williamson-Hall (W-H) Plot Method

The XRD patterns of ApS;/MoS; nanocomposite Figure 3(a) exhibit tetragonal
crystal structure with similar peaks. The broadening of XRD peaks confirms
nanocrystalline nature of the as prepared samples. The diffracted peaks obtained
at diffraction angles 26 of 20.26, 22.14, 29.67, 37.28, 43.30 and 62.93 corresponds
to the (131), (200), (022), (211), (300) and (400) planes of AL,S;/MoS, peaks with
tetragonal phase. The crystallite size was calculated using Williamson-Hall
(W-H) plot method Figure 3(b). W-H method reported that the XRD pattern
broadening is attributed to both crystallite size and lattice strain. The XRD peak

broadening due to micro strain is given by

B, =4etand (1)

where £ is broadening due to strain, ¢is the strain and s the peak position in
radians.

160
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Figure 3. XRD patterns of Al,S;/MoS: nanocomposite (a) and Williamson-Hall plot (b).
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pcos@=kA/D+4esin@ (2)

From Equation (2) is Williamson-Hall equation and represents the uniform
deformation model (UDM) by plotting 4siné along the x-axis and Acos@ along
the y-axis and from the linear fit of the data, the crystalline size was estimated
from the Y-intercept and it was found to be 49.85 nm and the strain & was esti-
mated from the slope [23] [24] and it was found to be 1.547 x 1072

3.3. Field Emission Scanning Electron Microscopy (FE-SEM) and
EDAX of Al;S3;/MoS: Nanocomposite

Particle size and surface area contributes to a larger extent on the photocatalytic
activities of photocatalysts. The morphological studies of synthesized AlLS;/MoS,
nanocomposite from electrochemical method were analyzed by scanning elec-
tron microscopy as shown in Figure 4. SEM observation can reveal that the
samples consisted of agglomerated particles. The elemental analysis of the ALS;/
MoS; nanocomposite was carried out using EDAX (JOEL, JED-2300, Germany).
The EDAX analysis spectrum Figure 5 reveals elemental composition of Al,Ss/
MoS; nanocomposite. It is clear from the graph that the peaks corresponding to
Al S and Mo are present in the prepared samples. The elements present and
their relative proportions or quantitative results obtained by SEM-EDAX analy-
sis and the corresponding data are given in Table 1 (Table 2 and Schemes 2-4).

83400 5.00KV 5.9mm x3.00k SE

Figure 4. FE-SEM micrographs of Al:S3/MoS, nanocomposite.

Table 1. Quantitative results.

Element line Weight % Weight % error Atom %

OK 54.94 +1.21 77.35

AlK 16.40 +0.38 13.69
SK 4.76 +1.07 3.35
SL - - -

Mo L 23.90 +2.20 5.61

Mo M - - -

Total 100.00 100.00
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Table 2. Properties of carboxylic acids.

Chemical
Carboxylic acids emica Molar mass Appearance Structure
formula
Colourless to o
. . . CL Il
Trlchlor.oacetlc CLCCOOH 163.38 Whlt? C|<C/C\OH
acid g-mol™’ crystalline |
solid cl
Chloroacetic 94.49 Colourless or 0
: CICH.COOH : Cl\)}\
acid g-mol™! white crystals
OH
Ho o
. . Colourless |
Acetic acid CH;COOH  60.052 g:-mol™ o —C—C
liquid [ \
H OH
Full scale counts: 328 Base (474)
Al
300{ ©
S
Mo
200 A
100 A S
S
O = - T T T T T T T
1 2 3 4 5 6 7 9 10
keV
Figure 5. EDAX of Al:S;/MoS: nanocomposite.
o} (0} .
|+ on —>A§|| — > &n, T oo, M Ho—ocH,
c C_
H30/ o He” 0 ]
OH
.OH OH
H20 + H—C=0 -«——— O=CH2 + HZO - '_D_O_CHZ - OH HO E:Hg
. Formaldehyde
OH
0 I
(e} .
| : OH g0l — > o+ 10
Formic acid

Scheme 2. Degradation mechanism of acetic acid.
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Ho H,C—COOH p0f  H.C—COO 0, I
ClI—C —COOH —> | — . 2y, H,C——CHy
H,C—COOH H,C—CO0O0
20H
-2H,0 H H 20H H H 20H H, H,
0=C-C=0 «— r—C— - e C—— -«——— HO—C —C -OH
Y HQT C—OH HO—C—C—OH =715
_ (OH OH
20H
2H,0
OHOH _ 00
. . 20H | | 20H o
0o=C-C=0 —/8>» O=C-C=0 > 0=C-C=0 —_— H

2H,0

Scheme 3. Degradation mechanism of chloroacetic acid.

T 7 /! 20H
CI—C|2—COOH —_— CI—(!‘,—CO(.)H + H,0 —> cI—C- + €0, == 2HOCCl
cl cl Cl hv

T 20H . 20H fon
0=C-C=0 < 07C-C=0 =—"-- 0=C—C=0 <——= 3CL+ HO—C=C—OH
2H, .
. oxalaldehyde ethyne-1,2-diol
20H
2H,0
00

0=¢-C=0 —» 2CO,

Scheme 4. Degradation mechanism of trichloroacetic acid.

3.4. Photo Catalytic Degradation of Carboxylic Acid and COD
Measurements

3.4.1. Effect of Concentration of Carboxylic Acids

The photodegradation with different concentration of carboxylic acids solution
(0.5 x 107 to 3 x 107> M) with constant weight of Al,S;/MoS, nanocomposite as
a photocatalyst was carried out. The change in concentration of the carboxylic
acids was recorded with the help of appearance of color using NaOH solution by
volumetric method. A plot of log V/V, versus time in min was linear up to 65%
of the reaction illustrate the disappearance of carboxylic acid follows 1st order
kinetics (Figure 6). As the rate constant values show that, the degradation of
carboxylic acids at high concentration becomes more incompetent. In general, as
the initial concentration of carboxylic acid increases, the rate of degradation de-
creases (Table 3). The possible reason is that as initial concentration of acids is
increased; more acid molecules are adsorbed onto the surface of the catalyst. But
the adsorbed acid molecules are not degraded immediately because the intensity
of the light and the catalyst amount is constant and also the light penetration is
less. Also with the increase in the acid concentration, the solution becomes more

intense colored and the path length of the photons entering the solution is
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Figure 6. Effect of concentration of Carboxylic acids on the rate of degradation under UV
light (a) Cl,CCOOH, (b) CICH.COOH, (c¢) CH;COOH.
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Table 3. Effect of Photodegradation at different concentration of carboxylic acids under UV light (AL:Ss/MoS: = 0.02 g; Tempera-

ture = 308 K).
10° k COD Values in mg/L
Catalyst Carboxvlic acid Conc. of acids . Photodegradation
arboxylic acids in
0.02g ¥ in 10> M y Before After Efficiency %
sec degradation degradation
0.5 2.594 512 16 96.87
1.0 2.283 992 24 96.58
Cl1:CCOOH
2.0 0.379 1216 48 96.05
% 3.0 0.138 1296 64 95.06
3
E‘ 0.5 2.210 416 32 96.15
S
g 1.0 1.443 704 16 97.72
8 CICH,COOH
& 2.0 0.318 816 48 96.07
S
= 3.0 0.122 992 64 95.16
A3
'i 0.5 1.243 352 16 90.90
1.0 0.629 544 16 97.05
CH5;COOH
2.0 0.161 592 32 91.89
3.0 0.088 672 48 95.23

decreased thereby few photons reached the catalyst surface. Hence there will be
reduction in production of species like hydroxyl and superoxide radicals. The
rate constant values are given in Table 3. The COD for before and after degra-
dation of acid solutions were measured and are given in Table 3 and Figure 7.
To account for the mineralization of acids solutions COD was examined at dif-
ferent stages. The carboxylic acid solution was found to have mineralized into
H,0, CO, and simpler inorganic salts [25]. The photodegradation efficiency of
the photo catalyst was calculated by the following formula:
Initial COD — Final COD x100

Photodegradation efficiency = —
Initial COD

3.4.2. Effect of Catalyst Loading

The experiment was carried out with different amount of catalyst varying from
0.005 g to 0.03 g keeping acid concentration constant in order to study the effect
of catalyst loading. The study showed that the degradation rate initially increases
with addition of ALS;/MoS, nanocomposite and then decreases at higher weight
of nanocomposites, because of light scattering and screening effects. Agglomera-
tion (particle-particle interaction) also increases at high solids concentration,
which results in a reduction in surface area available for light absorption and
hence a drop in photocatalytic degradation rate. Although the number of active
sites in solution will increase with catalyst loading, a point appears to be reached
where light penetration is compromised because of excessive particle concentra-

tion. A further increase in catalyst loading beyond the optimum will result in
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Figure 7. Effect of concentration of Carboxylic acid on COD values under UV light (a)
CLCCOOH, (b) CICH.COOH, (c) CH;COOH.
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non-uniform light intensity distribution, so that the reaction rate would indeed
be lower with increased catalyst dosage. Further, the present study indicated,
from economic point of view, the optimized photocatalyst loading is 0.02 g/20ml.
The velocity constant and COD values of catalyst loading is reported in Figure
8, Figure 9 and Table 4.

3.4.3. Effect of Temperature

Temperature is one of the essential factors which effect the rate of photodegra-
dation. It is clear that the increase in temperature increases the degradation effe-
ciency. However, the reaction is more significantly influenced at high tempera-
ture since the diffusion rate increased with temperature, an increase of tempera-
ture could bring about an increase in the degradation rate. The rate constant and
COD values are reported in Table 5, Figure 10 and Figure 11 and also thermo-
dynamic parameters were calculated and are reported in Table 6.

3.4.4. Linear Free Energy Relation (LFER)

Structural modification of a reactant molecule may influence the rate or equili-
brium constant of a reaction through polar, steric and resonance effects. Out of a
number of empirical models for the description of relationships between struc-
tures and reactivity the most successful and intensively used are the liner free
energy relationships. The experiment was made to arrive at a linear free energy
relation for the oxidation photodegradation of carboxylic acids by using ALS;/MoS,
nanocomposite. Test of Taft equation was obtained for plot of logk v/s o*. The

following Regression equation was obtained.

Table 4. Effect of catalyst loading on the photodegradation of Carboxylic acids under UV
light (Acids = 1.0 x 10> M; Temperature = 308 K).

10°k  COD Values in mg/L
Carboxylic ~ Al:Ss/MoS: Photodegradation

in
acids nanocomposite Before After Efficiency %
sec

degradation degradation

0.005 g 0.226 992 16 98.38
ClL,CCOOH 0.01g 0.794 992 16 96.77
1.0x 107 0.02¢g 2.283 992 32 95.16
0.03 g 0.491 992 48 96.77
0.005 g 0.218 704 16 95.45
CICH,COOH 0.01g 0.525 704 16 97.72
1.0 x 107 0.02g 1.443 704 24 93.18
0.03 g 0.230 704 32 97.72
0.005 g 0.161 544 32 94.11
CH;COOH 0.01g 0.322 544 16 91.17
1.0 x 107 0.02g 0.629 544 16 94.11
0.03 g 0.230 544 32 97.05

DOI: 10.4236/mrc.2023.121001 13 Modern Research in Catalysis


https://doi.org/10.4236/mrc.2023.121001

H. S. Sindhushree et al.

g —=—0.005g

0 10 20 30 40 50 60 70 80

Time in min
(a)
3.0 4 —=—0.005¢g
—e—0.01g
o5 ——0.02¢g
] —v—0.03¢g

log VIV,

80
Time in min
(b)
—=— 0.005¢
1.2 —e—0.01g
——0.02g
1.0 4 —v—0.03g
80
Time in min
(©)

Figure 8. Effect of catalyst loading on the rate of degradation of carboxylic acids under
UV light (a) CbCCOOH, (b) CICH.COOH, (c) CH;COOH.
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Figure 9. Effect of catalyst on the rate of degradation of carboxylic acids and COD values
under UV light (a) Cl;.CCOOH, (b) CICH.COOH, (c) CH;COOH.
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Figure 10. Effect of temperature on the rate of degradation of carboxylic acids under UV
light (a) C1;CCOOH, (b) CI,CCOOH, (c) CH;COOH.
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Figure 11. Effect of temperature of carboxylic acids on COD values under UV light (a)
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Table 5. Effect of temperature on the photodegradation of Carboxylic acids under UV light (AL.S;/MoS: = 0.02 g; Acids = 1.0 x
107 M).

COD Values in mg/L
Catalyst Photodegradati
Carboxylic acids Oa.()zygs Temperature in K 10* k in sec™ Before After (1; f;lcfeg;:yi/:on
degradation degradation
298 0.391 992 16 98.38
1 H
Chccoo 308 2.283 992 16 96.77
1.0x 1073 8
'z 318 2.644 992 32 98.38
&
g 298 0.211 704 48 95.45
CICH.COOH g
< 308 1.443 704 16 97.72
1.0x 1073 S
92}
E" 318 1.581 704 32 97.72
2: 298 0.287 544 16 94.11
CH:;COOH =
B 308 0.629 544 16 97.05
1.0x 107
318 1.481 544 32 91.17
Table 6. Thermodynamic parameters for Carboxylic acids.
AH? AS* AG*
Carboxylic acids Ea
kJ/mol J/IK kJ/mol
CLCCOOH 43.38 15096 9242 45.95 kj/mol
’ ' ' ' (10.983 x 10° Cal/mol)
59.35k 1
CICH,CCOOH 5679  -111.80 9378 Jfmo
(14.187 x 10° Cal/mol)
69.92 k 1
CH:COOH 67.36 ~87.43 95.62 Jfmo

(16.713 x 10° Cal/mol)

logk =0.23¢" —3.19 (r=0.993)

The positive value of polar constant p* although small indicates that electron
donating capacity decreases the rate of degradation. The rate of degradation of

carboxylic acids by using AL,S;/MoS, nanocomposite decreases in the order.
Trichloroacetic acid > Chloroacetic acid > Acetic acid

The activation energy value is highest for the slowest reaction and vice-versa,
indicating that the reaction is enthalpy controlled. The activation enthalpies
(AH?) and entropies (AS*) for the degradation of carboxylic acids through oxida-
tion are linearly related. From the slope of the plot of AH* v/s AS* (r= 0.993) the
isokinetic temperature (f) was calculated and it is found to be 375 K. This is
further verified by employing the Exner criterion [26] with a plot of logk 318 K
v/s logk; 298 K which is linear. From the Exner’s slope  was calculated by using
following expression [27] and it is found to be 358 K.

B=T,T,(b-1)/(bT,T,)
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where, k and 4 are the rate constants at the temperature 7; and 7] respectively
and 7; > T,, bis the slope of logk; against logk;.

The value of fB1is higher than the temperature range employed in the present
work, supporting the fact that the oxidation of carboxylic acids is enthalpy con-
trolled. The fairly high negative values of entropy of activation point towards the
formation of fairly rigid activated state. The constancy of AG* values indicates
that the carboxylic acids undergo oxidation degradation via an identical me-

chanism [28].

3.4.5. Effect of Light Intensity

The photodegradation rate constant is compared with UV light and sunlight. It
is clear that the photodegradation rate constant is increased in UV light com-
pared to sunlight for synthesized Al,S;/MoS, nanocomposite. The reason beyond
that is when a photon interacts on a semiconductor (AlLS;/MoS,) energy that
overtake the band gap energy of the semiconductor. An electron is jump up
from the valence band to the conduction band leaving a hole in the valence
band. The excited state conduction band electrons and valence band hole can
recombine and dissipate energy in the form of heat and get trapped into the me-
tastable surface states, respectively with electron acceptors and donors that hap-
pened to be adsorbed on the semiconductor surface. The stored energy is dis-
patched within a few nanoseconds by recombination in the absence of suitable
e—/h+ scavengers. If a suitable scavenger is available to trap the electron recom-
bination is prevented ie., subsequent redox reaction may occur. Therefore, the
ALS;/MoS, nanocomposite acts as a very good photocatalyst and is active under
UV light compared to sunlight. The rate constant for degradation in sunlight is
given in Table 7. This also supports the observed energy band gap 2.39 eV in the
UV visible spectral study.

3.4.6. Reusability and Regeneration

The fresh powder has shown =96% degradation of carboxylic acids, while an ob-
viously decrease in photoactivity was noticed with the reuse cycles. Reuse cycles
might cause the aggregation of photocatalyst and the decrease in specific surface
area, resulting in loss of catalytic activity. Moreover, carboxylic acids tend to ag-
gregate in aqueous and organic solutions leading to dimer formation on the sur-

face of catalyst blocking the surface of catalyst from exposure of UV light resulting

Table 7. Effect of rate of degradation in sunlight and UV light.

Concentration . Time taken . Time taken
. Sunlight UV light
of carboxylic i for 95% > for 95%
Catalyst 0.02 g o 10°k in . 10°k in .
acids in _ Degradation _ Degradation
Sec™! o Sec™! L
0.001 M in min in min
CIz:CCOOH 0.65 145 2.283 50
AlS3/MoS
IRIO% T CICH,COOH  0.43 220 1.443 70
nanocomposite
CH;COOH 0.19 270 0.629 90
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in the loss of activity of catalyst. The 1st and 2nd re-use sample has shown al-
most same degradation efficiency but with lesser reaction rate compared to the
fresh samples. This indicates that the nano samples can be regenerated and re-

used with very low or insignificant change in the efficiency.

4. Antibacterial Assay

Electrochemically synthesised Al,S;/MoS, nanocomposite was used for antibac-
terial activity by Well diffusion method in Muller Hilton Agar plate [29] against
gram-positive Staphylococcus aureus (MTCC 7443) and gram-negative Pseu-
domonas aeruginosa (MTCC1036) bacteria. The nutrient agar media was used
for pure bacterial subculture for antibacterial activity assay.

Petri dishes were prepared by pouring 20 ml of sterilized nutrient agar media
under aseptic condition and allowed to solidify. After solidification of the media,
100 pl of standardized test microbial inoculums of Gram positive bacteria and
Gram-negative bacteria were spread uniformly using glass loop. Nanocomposite
of concentration 1 mg/ml were tested, diluting the sample with DMSO was added
to plates for diffusion of antibacterial compounds. There after plates were incu-
bated at 37°C for 24 hours. The comparative stability of well containing Genta-
mycin was considered as standard. The antibacterial efficiency of nanocompsite
was determined by measuring the diameter of the zone of inhibition around the
well.

Results: The antibacterial susceptibility of Al,S;/MoS, sample was investigated
by zone of inhibition by Kirby-Bauer well diffusion method [30]. Disposable
plates were inoculated with the gram-positive Staphylococcus aureus (MTCC
7443) and gram-negative Pseudomonas aeruginosa (MTCC 1036) bacteria.

Figure 12 shows plates to which a bacterial suspension was applied, the bacte-
ria grew to form a confluent lawn, the growth inhibition could be measured as
the expansion of the clear zones surrounding the well on the petri dish. Nano-
composite inhibited bacterial growth by the clear inhibition zones (in millime-

ters) around the nanocomposite against test strain is as shown in Table 8.

(@ (b)

Figure 12. Zone of inhibition against (a) Staphylococcus aureus (b) Pseudomonas aero-

ginosabacteria.
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Table 8. Antibacterial effect of Al:S3/MoS: by zone of inhibition (mm) against test strains.

. Al:S3/MoS: Positive control
Test Bacteria . .
nanocomposite Gentamycin (10 pg)
Staphylococcus aureus 13.01 £ 0.12 32.01 £0.14
Pseudomonas aeruginosa 10.05 + 0.56 30.31 £ 0.08

Note: values are the mean + SE of triplicate experiments.

From the above microbiological study result, the synthesized nanocomposite
shows very good inhibition against positive and negative control and can be used

as an antibacterial and antifungal agent.

5. Conclusions

In the present study, the AL,S;/MoS, nanocomposite was synthesized successfully
by electrochemical method. The photocatalytic activity of synthesized nano-
composite Al,S;/MoS, was investigated by the kinetic study of photodegradation
of carboxylic acids by the volumetric method using NaOH solution. Kinetics of
photodegradation of carboxylic acids recommended that dematerialization of
acids follows 1st order kinetics. The photodegradation was carried out in UV light
and sunlight. The study shows the rate is low in sunlight when we compare it to
UV light; hence the synthesized AlS;/MoS, nanocomposite acts as a very good
photocatalyst and is active under UV light. The complete degradation of acid so-
lution was confirmed by COD measurement. The COD values revealed that
=96% of the acid had been degraded. The synthesized nanoparticles show appre-
ciably good inactivation of different strains of bacteria.

The photodegradation of carboxylic acid using this nanocomposite offers a
green technology for removal of colorless organic compounds one of the main

classes of environmental pollutants.
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