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Abstract
In the few decades use of nanostructured material have received a
considerable importance because of its effective biological application,
therefore nanostructured CdS/CuS nanocomposite photocatalyst synthesized
by electrochemical method, which is a simple and an inexpensive method. The
characterization techniques include are UV-visible spectroscopy, SEM-
EDAX, and X-ray diffraction techniques. From UV-visible spectroscopy and
by using tauc plot the band gap energy of CdS/CuS nanocomposite is
calculated and is found to be 2.71eV. The SEM results shows surface of
CdS/CuS includes some nano rod with cluster-like structure was observed.
The EDAX spectra showed that the presence of cadmium, Sulphur and copper
in the synthesized nanocomposite. From the XRD data and with the help of
debye-scherrers formula the crystalline size is calculated and it is found to be
38.94nm. The photocatalytic activity of the synthesized CdS/CuS
nanocomposite was examined by the Kinetics of photodegradation of
Indigocarmine dye. The degradation efficiency was found to be<97%. The
antimicrobial and anticancer activities were evaluated for the synthesized
CdS/CusS nanocomposite against the control.

Keywords: Electrochemical method; CdS/CuS nanocomposite; Indigocarmine
dye; antibacterial activity.

Introduction

Due to the potential to degrade environmental pollutants in an environmentally
friendly way, heterogeneous photocatalysis has attracted considerable attention in
recent years. Metal chalcogenides are promising candidates to be used as
photocatalysts, since they possess excellent catalytic activity. Coupling CdS
nanoparticles with other materials to form heterojunction structures is an effective
method to promote the effective separation of photo generated electron-hole pairs and
achieve high photocatalytic activity. Therefore, it is reasonable to deduce that
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constructing CdS-CuS heterojunction could result in enhanced photocatalytic
performance [1-3]. Semiconductor nanoparticles (NPs) are receiving extensive
attention owing to their tunable chemical, optical, physical, and electrical properties.
Semiconductor NPs with tunable bandgap, structure, and linear and nonlinear optical
characteristics are excellent candidates for use in diverse applications ranging from
energy harvesting, communication and information technology, biology, medicine,
sensors, displays, illumination, and cameras [4-6].Semiconductor photocatalysis as a
green technology for wastewater/organic contaminants treatment and green energy
production has attracted considerable attention since Fujishima and Honda realized
water splitting to generate hydrogen by using TiO2 . Since then, various
photocatalysts, such as transition metal oxides, metal sulphides, heterojunctions,
doping materials, composite structures, have been synthesized to improve the
photocatalytic activities. Among them, metal chalcogenides were considered to be
promising photocatalytic candidates due to their unique properties, such as suitable
band gap, ideal electronic band position and thus exhibiting excellent catalytic
activities. [7-10]. Rapid industrial growth and urbanization of the population are
causing pollution of the aquatic environment that needs to be addressed worldwide.
Effluents from different industries, including textile, agriculture, leather, printing and
paint, pharmaceutical, seafood, agrochemical, etc., Metal sulphides such as BiSg,
CuS, ZnS, ISz, CdS, Co3Ss, Ag.S have paid more attention due to their excellent
photocatalytic performance under visible light irradiation and it is widely used for the
wastewater treatment process. Among them, cadmium sulphide (CdS) is one of the
emerging material and not only a visible light active photocatalyst, it is used in many
fields such as optoelectronic devices, laser light emitting diodes, solar cells and photo
detectors. However, the photocatalytic activity of CdS alone is limited, due to the fast
recombination of photo induced charge carriers [11-15]. CdS has attracted much
attention due to its conduction band position and band gaps being suitable for energy
conversion under visible light. As is known, CdS is an important visible light
photocatalyst because of its sensitivity to visible light irradiation and efficient
photoexciton generation, which are excellent qualities for a photocatalyst. However,
CdS has some disadvantages for further application. First, CdS nanostructures can
easily aggregate during photocatalytic reactions, which can reduce the surface area.
Second, the photoexciton recombination is ultrafast, and there is a lack of reactive
sites [16-19]. Copper sulphide (hexagonal covellite, CuS) is a p-type semiconductor,
that enables it to absorb a large fraction of the solar spectrum. In addition, a high
concentration of charge carriers due to copper vacancies leads to plasmonic
absorption in the infrared region. Thus, CuS nanostructures are of interest for
photovoltaic and photocatalytic applications. The morphology, size, and surface area
of CuS nanostructures control its photocatalytic efficiency. Porous nanostructures
with a large active surface area are highly desired for catalytic applications [20-24].
Industrial effluents containing dyes pose a serious environmental hazard since their
dumping into natural water bodies frequently results in environmental contamination,
functioning as a source of non-aesthetic pollution, eutrophication, and so causing
harm to aquatic life. The removal or degradation of stubborn synthetic dyes is a major
ecological issue that is difficult to solve. Advanced oxidation processes (AOPS), a
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promising technique, have recently been widely used for decolourization and
degradation of textile dyes. The heterogeneous photocatalytic oxidation method is a
technology that uses photocatalysts that is currently being investigated [25].

Materials and Methods

All chemicals were used to prepare CdS/CuS nanocomposite were the analytical
grades of purity. Cd and Cu wire were purchased from Alfa Aesar. Indigocarmine dye
from lobachemie, Platinum electrode from Elico pvt.ltd. All solutions were prepared
in double distilled water. The optical properties for prepared CdS/CuS nanocomposite
were studied by uv-visible spectrophotometer (shimadzu-1700 series). The Xx-ray
crystallographic interpretations were performed by x-ray diffractometer (panalytical
x-pert) using Cu Ka wavelength (A=1.54 A°) scanning range from 0 to 70° The
morphological feature for the prepared CdS/CuS nanocomposite study had
determined by scanning electron microscopy (SEM-EDEX) from quanta-200 FEI,
Netherlands. The elemental analysis for the conformation of prepared Cd, Cu and S is
confirmed from energy dispersive X-ray analysis (EDAX).

Synthesis of CdS/CuS Nanocomposite by Electrochemical Method

Nanoscaled CdS/CuS nanocomposite was synthesized by an electrochemical process
using Cd and Cu electrodes in an aqueous system with sodium sulphide as a
conductive salt. The sodium sulphide was employed as the sulphur source. An
electrochemical process based on an electrolytic cell was used. Platinum, Cd and
Cu were used as electrodes with a lateral distance of 1.5 cm. They were fixed in a
holder so that they were completely enclosed by the electrolyte. The Cd and Cu wires
are used as anode and platinum electrode is used as cathode using 20mA current and
potential of 15V the experiment was run for 2hrs with continuous stirring. The
electrolytic cell is consisting of 0.2M of NaxS solution. The electrochemically

generated 52 species reacted with Cd?* and Cu?" in the electrolyte to produce
CdS/CuS nanocomposite shown in scheme-1. Finally, thus formed nanocomposite
was washed repeatedly with distilled water until sodium sulphide is completely
removed, centrifuged and calcinated at 750°C for 2 hr to remove sodium and
hydroxide impurities which has formed due to electrolysis and atmospheric oxidation.

Cd and Cu Pt Electrode as
wire as anode \ /'/ Cathode ()
)
—————P» CdS/CuS nanocomposites
NazS L Nazd 750°C
SRl CdS/CuS nanocomposites (Pure)

Figure 1. Experimental set up for the electrochemical synthesis of CdS/CuS
nanocomposites



4 K. M. Chaithra, H. S. Sindhushre et al

Cd =—= Cd? +2e-

Na,S——= 2Na* + S*

2Na* + 2e-——= 2Na (at Pt electrode)
Cd* +8* ——=CdS

Cu =—= Cu? +2e

Na,S— 2Na* + $*

2Na* + 2e-—= 2Na (at Pt electrode)
Cu* +S* —=Cus

The overall reaction is, Cd% Cds / Cus
a, nanocomposites
Scheme-1

Results and Discussion

UV-Visible Spectra

UV-Visible spectrum Figure 2(A) of CdS/CuS nanocomposites over the range 200-
700 nm showed photoabsorption properties no longer than 349.68 nm, which
suggest that the catalyst is photo active under UV light irradiation. Assuming the
CdS/CusS solid as direct semiconductor and it is possible to calculate the band gap
of CdS/CusS by constructing a Tauc plot [26,27]. The Tauc plot of nanocomposite is
displayed in Figure 2(B). The energy of the band gap of CdS/CuS nanocomposite
could be thus estimated to be 2.71 eV. It is reported that Cd loading results in
enlarge surface area of the CdS/CuS photocatalyst. However, the increase of
surface area is likely not the main factor affecting the photocatalytic activity of
CdS/Cus.
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Figure 2. UV-Visible spectra (A) and Tauc plot (B) of CdS/CuS nanocomposite

X-Ray Diffraction

The XRD patterns of CdS/CuS 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
20 of 18.25, 25.73, 27.80, 33.87, 35.49 41.88 and 48.71 corresponds to the (111),
(102), (103), (006), (104), (004) and (110) planes of CdS/CuS peaks with cubic
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structure. The crystallite size was calculated using Williamson-Hall (W-H) plot 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:=detand (1)

Where B¢ is broadening due to strain, € is the strain and 0 is the peak position in
radians.

Becos = k{/D + 4esinf (2)|

From equation (2) is Williamson-Hall equation and represents the uniform
deformation model (UDM) by plotting 4sin6 along the x-axis and BcosO 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 38..94nm, and the strain ‘e’ was estimated from the
slope [28,29] and it was found to be 4.1563 x 10,
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Figure 3. XRD patterns of CdS/CuS nanocomposite (A) and Williamson-Hall plot
(B)

Scanning Electron Microscopy (SEM):

The morphology of CdS/CuS nanocomposite was investigated by FE-SEM shown in
(Fig. 4). It can be found from the figure. 4 that the surface of CdS/CusS includes some
nano rod with cluster-like structure were observed. From the EDAX analysis fig.5
The presence of Cd, Cu and sulphur were confirmed. Tablel indicates Quantitative
Results for: Base (476)
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Figure 4.SEM images of electrochemically synthesized CdS/CuS nanocomposite

Full scale counts: 160 Base(476)

Cd
150+

100+

1 2 3 4 5 6 7 8 92 10
keV

Figure 5: Energy dispersive X-ray analysis spectrum of electrochemically
synthesized CdS/CuS nanocomposite

Tablel: Quantitative Results for: Base (476)

Element Weight % Weight % Atom %

Line Error

OK 39.60 + 1.67 74.38
SK 12.79 +0.51 11.99
SL
CuK 441 +1.26 2.08
CulL
CdL 43.20 +2.17 11.55
CdM -

Total 100.00
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FT-IR Spectra

The use of Fourier-transform infrared spectroscopy (FT-IR) to analyse the functional
groups in CdS/CuS nanocomposites is a valuable technique for understanding the
chemical composition of material. It's interesting to note the variations in vibration
bands as the composition of the nanocomposites changes. Specifically, the absorption
bands around 650 cm™ are associated with CdS stretch vibrations, and their intensity
decreases as the amount of CuS in the matrix increases. On the other hand, the bands
between 530-683 cm™, typically present in CuS samples, correspond to Cu-S
stretching bonds within the CusS lattice, and their intensity also decreases with higher
CusS content in the CdS/CuS composites. Additionally, the band observed at 520-541
cm™ is likely related to S-S bonds, and its intensity varies with the alloying
parameter, suggesting changes in the nanocomposite's structure. Furthermore, you've
identified the bending and stretching vibrations of sulphide molecules at 1098 and
1428cm™. This information from the FT-IR analysis contributes to a comprehensive
characterization of your CdS/CuS nanocomposites.
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Figure 6: FTIR spectrum of CdS/CuS nanocomposites

Photodegradation Kinetics and COD Measurements

Effect of Concentration of Dye:

Degradation is carried out in different concentrations of dye (Table. 2). As the
optimum catalyst concentration for CdS/CuS nanocomposite is 0.02g, keeping this
as standard the same amount of CdS/CuS nanocomposite is taken for comparison in
the further work. As the initial concentration of dye increases, the degradation
efficiency reduces (Fig.7A). The possible reason is that, as initial concentration of
dye is increased; more dye molecules are adsorbed onto the surface of the catalyst.
but the adsorbed dye 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 dye concentration, the solution becomes more intense
coloured and the path length of the photons entering the solution is decreased thereby
fewer photons reached the catalyst surface. Hence the production of hydroxyl and
superoxide radicals are reduced. The COD for indigocarmine solution before and after
degradation were measured (Fig.7B) and are given in Table 2. The pH before and
after degradation has been reported. It is observed that after degradation the pH of the
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dye solution is slightly decreased. The indigocarmine dye was found to have
mineralized into H20, CO. and simpler inorganic salts (Scheme-2 and 3) [36], after
being irradiated for 5 hrs using CdS/CuS photo catalysts. The Photodegradation
efficiency of the photo catalyst was calculated by the following formula,

Initial COD — Final COD x100
Initial COD

Photodegradation efficiency —

Np+hy —— ¢ +h"
h*+H.0 —— OH +h*
h*+ OH — OH’
e +0, — HO; +OH-
HO2" + HHO — OH" + H,0
H.O, —> 2 OH’
OH"+ IC —— Intermediate products
02"+ IC — Degradation products
— CO2, H20, NHz and other products
Scheme-2

Table 2. Effect of concentration of Indigocarmine dye on rate of photodegradation
under UV light
[CdS/CuS] =0.02gm/20ml, Temperature = 308K

10° | 10* k | Time taken Effect of pH COD Values in mg/L
[IC] | Sec® | for 95% Before After Before After
Degradation | degradation | degradation | degradatio | degradat
in min n ion
1.0 |4.030 |20 10.09 9.01 420 32
20 |1.995 | 60 9.45 9.16 512 16
3.0 |1.151 | 150 9.21 9.09 560 24
40 |0.767 | 240 9.11 8.85 576 48
21 [A] . gzgzgm 700 [B] 'ﬁﬁé’fi-;';f:ﬁ:i‘iﬁﬁ“
1.9 /ﬁ. 0:00004M
H Y L:T'JSOO
= £ 400
217 =
—_— = 300
16 8 200
15 \ 100
1.4 ‘ T T 1
0 S0 100 150 0 0.00001  0.00002  0.00003 0.00004
Time in min Concentration of Dye in M

Figure 7: Effect of Concentration of Indigocarmine dye on rate of degradation(A) and
COD Values of dye solution under UV light(B).
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Effect of Catalyst Loading

Table 3 shows the rate constant of degradation with respect to different concentration
of catalyst. Several studies have indicated that the photocatalytic rate initially
increases with catalyst loading and then decreases at high values because of light
scattering and screening effects. The tendency toward agglomeration (particle-
particle interaction) also increases at high solids concentration, resulting in a
reduction in surface area available for light absorption and hence a drop in
photocatalytic degradation rate [37]. 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 concentration. A further
increase in catalyst loading beyond the optimum will result in 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/20 ml (Fig.8(A) and Table 3). The COD
effect has been reported in Fig.8(B).

Table 3. Effect of catalyst loading on the photodegradation of Indigocarmine under

UV light
[IC]=2x10° M, Temperature = 308K
Catalyst Effect of pH COD Values in mg/L
CdS/CuS | 10k | Before After Before After
ing Sec! | degradation | degradation | degradation | degradation
0.01 1573 | 9.61 9.46 512 32
0.02 1.995 | 9.45 9.16 512 16
0.03 2.840 | 9.32 8.86 512 16
== [A] —0.01g &00 B] = Before degradation = After degradation
2.3 0.02g 200 -
0.03g
= =
= s = 300
1.9 — =)
74 - S 200
17 100
1.5 (1]
0 20 40 60 80 100 0.01g 0.02g 0.03g

. . . Effect of catalyst
Time in min

Figure 8: Effect of catalyst loading on the rate of degradation (A) and COD values of
dye solution under UV light (B).
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Effect of pH

The pH of the solution is one of the important factors in evaluating the Photo
degradation reaction in aqueous medium. In the present study, the pH of the solution
was adjusted by adding 0.01 M HCI solution and 0.01 M NaOH. The effect of pH was
studied at pH 5.0, pH 7.30 and pH 9.5 by keeping all other experimental conditions
constant. The results are reported in Fig.9(A) and Table 4. From the results it is
observed that the rate of photodegradation increases from pH 5.0 to pH 9.5, the rate of
degradation increases with increasing pH. Also, the amount of catalyst recovered after
the experiment was lowered at lower pH because of the dissolution of the
semiconductor sulphides at very low pH values. COD effects are reported in Fig.9(B).
The optimum pH selected is 7.30 at which photodegradation is high.

Table 4. Effect of pH on photo degradation of Indigocarmine under UV light
[IC dye] = 2x10° M, [NP] = 0.02gm/20ml, Temperature = 308K

COD Values in mg/L Photodegradation
P 10"k Before After degradation | Efficiency %
Sec? degradation
5.0 1.189 512 24 95.31
7.30 1.995 512 16 96.87
9.5 2.379 512 48 90.62
e [A] 600 [B] = Before degrdation
= pH 5.0 o0 After degradation
pH 7.30 )
22 pH 9.5 fyoo
S =
é‘* s B gsuu
- 8200
18 — ~ 100
1.6 0 5.0 7.30 9.5

0 'I'??nc in min 100 150 Effect of pH
Figure 9: Effect of pH on the rate of degradation (A) and COD values of dye solution
under UV light (B).

Effect of Temperature:

Temperature is one of the essential factors which effect on the rate of photo
degradation. It is clear that the increase in temperature increases the degradation
efficiency. Increase of temperature indicates increase in the rate of photodegradation
as raise in temperature results in increase of number of effective collisions
leading to higher rate of reaction (Fig.10A). However, the photodegradation
efficiency is not much affected (Table 5). The rate constant and COD values are
reported in table 5 and figure 10(B) and thermodynamic parameters were calculated
and are reported in table 6.
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Table 5. Effect of temperature on photo degradation of Indigocarmine under UV light
[IC dye] = 2x10° M, [NP] = 0.02gm/20ml

COD Values in mg/L Photodegradation
4 .
?I'er}zperature éo _1k Before After Efficiency %
In ec degradation degradation
298 1.151 | 512 16 96.87
308 1.995 | 512 16 96.87
318 3.070 | 512 48 95.31
2 [A] . 208K = Before degradation After degradation
308K 600 - [B]
5;":1'3 1 / | En.soo
Y 74 2
1.7 / Ej 0
e 0 50 100 150 Efzf?ct of 'l‘efl?;erature sllns K

Time in min

Figure 10: Effect of temperature on the rate of degradation (A) and COD values of
dye solution under UV light (B).
Table 6: Thermodynamic parameters for indigocarmine dye

Temperature | AH# ASH# AGH# Ea

in K kJ/mol J/K/mol kJ/mol kJ/mol
298 36.40 -198.19 95.46

308 36.32 -198.11 97.33

318 36.24 -198.78 99.45 38.88

Effect of Light Intensity

The photodegradation rate for the degradation of IC with UV light is compared with
sunlight. It is observed that the photodegradation rate is high in UV light for prepared
photocatalyst compared to sunlight (Table 8). The reason is that, the inclusion of Cu?*
in CdS matrix caused an increase in the band gap of CdS from 2.39 eV to 3.26 eV,
indicating that these semiconductor nanoparticles absorb UV light. This can
subsequently activate these modified metal sulphide photocatalysts upon UV light
irradiation. When a photon incident on a semiconductor (CdS/CuS) has energy that
matches or exceeds the band gap energy of the semiconductor, an e is promoted from
the valence band (VB) into the conduction band (CB), leaving a hole in the VB.
Excited-state CB electrons and VB holes can recombine and dissipate the input
energy as heat, get trapped in metastable surface states, or react, respectively, with
electron acceptors and donors that happen to be adsorbed on the semiconductor
surface or within the surrounding electrical double layer of the charged nanoparticles.
In the absence of suitable e—/h+ scavengers the stored energy is dissipated within a
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few nanoseconds by recombination. If a suitable scavenger or surface defect state is
available to trap the electron or hole, recombination is prevented and subsequent
redox reactions may occur. As the number of defects in CdS/CuS nanocomposite,
electron or hole recombination is prevented and therefore the CdS/CusS is very active
under UV light compared to sunlight.

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

Catalyst Concentratio | Sun Time taken | UV light 10* | Time taken for

0.02g n of | Light | for  95% | k Sec! 95%
Indigocarmin | 10* k | degradation degradation in
einM Sec-1 | in min min

CdS/CuS 2x10° 0.191 | 480 1.995 60

nanocompos

ite

Degradation Pathway of Indigocarmine Dye

[0}
NH SO3 . NH .
HO HO + -
O — | _Ho . 0 —=—=>C0, + H,0 +NH,* + NO, + SO,
058 NH 05's \
(0] 0

Isatin Sulphonate

Scheme-3

Reusability and Regeneration

The re-use sample has shown almost same degradation efficiency compared to the
fresh samples. This indicates the nano samples can be regenerated and re-used with
very low or insignificant change in the efficiency. While an obviously decrease in rate
of reaction was noticed with the second use of catalyst (Table.4). Reuse cycles might
cause the aggregation of photo catalyst and the decrease in specific surface area and
the losses of catalyst, resulting in a loss of catalytic activity.

Antibacterial Assay

Antibacterial Activity by Disc Diffusion Method

The test strain Bacillus subtilis (MTCC 441), Lactobacillus acidophilus (MTCC 447)
and Staphylococcus aureus (MTCC 96) was obtained from The Microbial Type
Culture Collection and Gene Bank (MTCC), Institute of Microbial Technology
(IMTECH), Chandigarh, India. The antimicrobial activity was determined by disc
diffusion methods (Kirby et al., 1966) in accordance with CLSI (2012) with slight
modifications. About 25 mL of molten Mueller Hinton Agar was poured into a sterile
Petri plate (Himedia, Mumbai, India). The plates were allowed to solidify, after which
18 h grown (OD adjusted 0.6)100 ul of above said type strains were transferred onto
plate and made culture lawn by using sterile cotton swabs spreader. After five min
setting of the test strains, test samples loaded onto with different concentrations
(Opg/ml, 250pg/ml, 500ug/ml and 750ug/ml and 1000ug/ml) of test drug. The
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azithromycin (30 pg/ml) served as a positive control. Discs were placed onto the plate
between 24 mm diameter. The plain disc and commercial drug loaded (30 pg/mL)
served as negative and positive controls, respectively. The plates were incubated at
37°C in a bacteriological incubator for 24 h. The antibacterial activity was determined
by measuring the diameter of the zone of inhibition around the well using antibiotic
zone scale (Himedia, Mumbai, India).

Lactobacillus acidophilus ~ Staphylococcus aureus
a: 0 ug/mL; b: 250 pg/mL; c: 500 pg/mL; d: 750 pg/mL; e: 1000 ug/mL; f:
Azithromycin (30 pg/mL)

Figure 11: Antibacterial activity of sample CdS/CuS

Table 8: Antibacterial activity of CdS/CuS nanocomposites

Name of the Zone of Inhibition (mm) ZOI(mm)

Sample Standard*
0 250 500 750 1000 30 pg/well
pg/mL | pg/mL | pg/mL | pg/mL | pg/mL

Bacillus subtilis | - 7 8 9 11 25

Lactobacillus - 9 10 11 12 27

acidophilus

Staphylococcus | - 10 12 14 15 24

Aureus

Conclusion

Electrochemical method has shown good prospects in the controllable synthesis of
small-sized Nano materials. Moreover, the obtained particles have highly enhanced
photocatalytic activity. Therefore, the simple, cost-effective, and eco-friendly
synthetic method allows for its application in large scale production. The Kkinetics of
photo degradation of dye shows that at 0.02g of catalyst, CdS/Cu$S acts as an efficient
photo catalyst in UV light. Kinetics of photodegradation of indigocarmine
recommended that the degradation follows 1% order kinetics. The photodegradation
rate is low in sunlight when compare to UV light, hence the synthesized CdS/CuS
nanocomposite acts as a very good photocatalyst and is active under UV light. The
complete degradation of dye solution was confirmed by COD measurement. The
COD values revealed that 96% of the acid had been degraded. The synthesized
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nanoparticles show appreciably good inactivation of different strains of bacteria.
CdS/CuS Nanocomposite can be used for industrial waste water treatment and as an
antibacterial powder.
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