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The importance of CdS and ZnO-NPs in study anti-microbial activity
prepared by laser ablation and simple chemical method

H. A. Ahmed, M. Y. Ali, S. S. Hamood, A. N. Abd”
Department of Physics, College of Science, Mustansiriyah University, Iraq

As a potential substitute for antibiotics, cadmium sulfide and zinc oxide nano-particles
(CdS and ZnO NPs) were created using laser ablation and a straightforward chemical
process, respectively. Target of cadmium sulfide, deionized water, zinc nitrate, and sodium
hydroxide were used as precursors. Different characterization techniques were used to
characterize the CdS and ZnO NPs. X-ray diffraction was used to confirm that the CdS
and ZnO had polycrystalline structures with average crystalline sizes of 54.16 nm and
29.23 nm, respectively. The ZnO particles were densely packed 2D curved nanopetals
with a diameter of 51.65 nm, whereas the CdS particles were shown to consist of particle
agglomerates with spherical and semi-spherical morphologies with a diameter of 34.53 nm
from FE-SEM images. According to AFM, the average grain size of ZnO and CdS was
37.51 nm and 79.64 nm, respectively. The purity of the produced nano-particles was
validated by FTIR. ZnO has an estimated energy gap of 4.25 eV and CdS of 2.5 eV.
Regarding Gram-positive and Gram-negative bacterial strains and fungal strains, the CdS
and ZnO NPs exhibit pertinent anti-microbial sensitivity. Compared to S. epidermidis and
Klebsiella, the produced nano-particles were shown to have stronger anti-bacterial activity
against S. aureus and E. coli, with a larger zone of inhibition. The Candida, however,
recorded a higher value of 39mm.
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1. Introduction

Nano-particles (NPs) with a diameter of 1-100 nm have attracted a lot of attention in
recent years due to their various appealing optoelectronic, electrical, and anti-bacterial capabilities.
Because bacterial infectious illnesses have garnered global attention as a severe health concern that
can have an impact on social, economic, and medical aspects of human life . “Increased outbreaks
and infections of pathogenic strains, bacterial antibiotic resistance, the introduction of new
bacterial mutations, the lack of an adequate vaccination in poor nations, and hospital-associated
illnesses are among the global health risks to humans, particularly children” [1-5].The CdS NPs
are widely used in several biological application domains, including enhanced disease diagnostics,
biological imaging, and molecular histopathology. It is well known that when materials get
smaller—down to the nanoscale—their physical, chemical, and biological characteristics undergo
significant changes because of factors like their enormous surface area, the presence of
electrostatic force, the ensuing quantum size effects, etc. [6—8]. The literature has thorough reports
on the preparation and characterization of several significant semiconducting nano-materials
including CdO, ZnS, CdS, CdSe, and CdTe NPs [7, 8]. Because of their great photosensitivity and
broad band gap energy of 2.43 eV in the bulk state, CdS NPs are among the most researched
binary chalcogenides among II-IV groups in this regard [9].Zinc oxide is semiconductor with a
large band-gap 3.37 eV . Zinc oxide nano-particles (ZnO NPs) are interesting prospects for a range
of biological applications due to their outstanding stability, bio-compatibility, and low toxicity.
ZnO nano-particles are very effective against a wide range of micro-organisms, including bacteria,
viruses, and fungi, because of their special physicochemical characteristics. [10, 12]. Surprisingly,
a number of investigations have found that ZnO-NPs do not damage human cells. Because of this
characteristic, they are effective antibacterial agents, inhospitable to microorganisms, and have a
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high degree of biocompatibility with human cells [13—15]. ZnO formulations in both micro and
nano-scales are now being researched as antibacterial agents. ZnO particles exhibit noteworthy
antibacterial capabilities when lowered to the nanoscale range. When the nanosized ZnO enters the
cell, it can interact with the bacterial core or surface, and as a result, the bacteria exhibit special
bactericidal activities [10]. Investigating CdS and ZnO-NPs as well as the composite of CdS+ZnO
as anti-microbial agents is the aim of this investigation.

2. Experimental

Nd:YAG laser , 1064 nanometer and 8 Hz was used to produce CdS NPs; 480 mJ and 300
laser pulses were used for the ablation process. The laser beam diameter was 2.3 mm. CdS target
(1.8 mm) ablation in a glass tank with 6 mL of deionized water without the need for a surfactant.
The water's color varied as the ablation process progressed, and as figure 1(S1) shows, a yellow
CdS suspension was produced in 6 milliliters of deionized water. During the experiment, a speed
magnetic stirrer was utilized to obtain a homogenous solution. A straightforward chemical process
is used to create ZnO nano-particles . First, 18 g of zinc nitrate / 100 ml of deionized water and
heated to 60 °C for 45 minutes. In the meantime, 100 ml of deionized water was used to dissolve 4
g of sodium hydroxide. Drop by drop added to the solution was added to the zinc nitrate solution
and stirred continuously at 70 °C for 30 to 60 minutes, until a white precipitate was visible, as
seen in figure 1(S2). The white precipitate washed with distilled water three to four times to get rid
of the salts. . Subsequently, CdS NPs, synthesized by the above step (by PLAL), were mixed with
different ratios with ZnO NPs (CdS5%+Zn025%(S3) CdS50%+Zn050%(S4) and
(CdS25%+Zn0O75%(S5), see figure 1.

Fig. 1. Schematic of preparation steps of pure (S1(CdS) and S2(ZnO) NPs) and different ratios (S3
(CdSs0,+7Zn0:59;) S4(CdS500,+2Zn050;) S5(CAS1505+7Zn0759,)).

3. Results and discussion

XRD patterns were used to study the structure of CdS nano-particles that were generated
using the laser ablation method. According to JCPDF card nos. 89-0440 and 77-2306,
respectively, the synthesized product has hexagonal and cubic CdS nanocrystals, as validated by
the XRD patterns shown in Fig. 2a. These broad peaks' presence suggested that the particles are
either semicrystalline in nature or have very small crystallite sizes. [43]. According to JCPDS
card No. 84-1767, the monoclinic phase of cadmium hydroxide is indexed to the diffraction peak
at 18. 2[16—19]. The crystalline structure of the ZnONPs was verified by XRD, Fig. 2b shows the
diffraction pattern of ZnO produced by chemical method . Figure 1(b) shows two sets of XRD
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peaks; and the other one can be corresponded to Zn (JCPDS card: No. 04-0831 and 04-007-9804).
this demonstrating dual components of the Zn: ZnO. The diffraction peak at 32.8 can be indexed to
the orthorhombic structure of Zn(OH)2.[20-25].”The average crystalline size “D” of nano-particles
is estimated using Debye—Scherrer’s formula (D=0.92/BcosO , where 0 is the diffraction angle and
B is the full width at half maxima (FWHM) in radians.)” was (54.16)nm. ZnO was (29.23) nm.
Table 1 summary of XRD for both samples.
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Fig. 2. XRD spectra of a CdS and ZnO film.
Table 1. Summary of XRD for pure CdS and ZnO.
Sample 2Theta(deg) FWHM(deg) hkl D(nm)
18.2 0.41 Cd(OH (110) 19.67
24.90 0.36 CdS(100) 22.65
CdS 26.65 0.36 CdS(111) 22.73
28.35 3.05 CdS(101) 2.69
43.05 0.39 CdS(220) 21.94
48.10 0.10 CdS(103) 87.17
52.25 0.12 CdS(311) 88.65
31.8 0.30 Zn0O(100) 27.60
32.82 0.33 Zn(OH)2 (211) 25.15
33.50 0.34 Zn0(002) 2445
ZnO 37.95 0.36 ZnO (101) 23.38
39.58 0.23 Zn-(100) 36.79
48.83 0.37 Zn0(102) 23.53
54.11 0.86 Zn-(102) 10.39
62.01 0.75 Zn0O(103) 12.37
69.43 0.55 Zn0O(112) 17.59
77.40 0.33 Zn-(004) 30.87
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As seen in Figure 3(a,b), the surface morphology of the CdS and ZnO nanostructure was
investigated using Field Emission Scanning Electron Microscopy (FESEM) at scales of 10 um and
200 nm. The picture displays a sample of CdS made up of 34.53 nm-diameter particle
agglomerates with spherical and semi-spherical morphologies. Images of a chemically produced
ZnO nanostructure are displayed in Figure 3b. 2D curved nanopetals packed densely and
measuring 51.65 nm in diameter. That these highly staggered 2D nanopetals have the capacity to
develop perpendicularly toward the surface and eventually form the spherical shape.

(b)

D1 = 51.65 nm

Fig. 3. Image of FE-SEM (a) CdS thin film and (b)ZnO thin film.

3D AFM images of CdS and ZnO nano-particles produced by pulse laser ablation and
simple chemical synthesis respectively, are displayed in Fig. 4a, b. The surface is equally coated
with very small, well-ordered, with shape spherical and half-sphere, tapered, and evenly
distributed CdS and ZnO nano-particles , along with some monopod rods. It was noted that some
tiny particles aggregated to form larger particles. Software determined the average grain sizes for
CdS and ZnO to be 79.64 and 37.51 nm, respectively. ZnO had an average roughness of 3.68 nm
and CdS had an average roughness of 5.63 nm. This roughness's ZnO was 5.17 nm, and its root
mean square (CdS) was 7.56 nm.
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Fig. 4. AFM images of (a) CdS thin film and(b) ZnO thin film.

To determine kind of organic bonding deposited on the surface of the samples (CdS and
ZnO) FT-IR spectroscopy used as shown in Figure 5. Three major CdS peaks found at 3473, 1690,
and 686 cm—1. The large peak, which emerged at 3,4703,3434 cm-1, indicated O—H bending and
stretching modes as a result of CdS and ZnO interacting with water [30]. The Cd-S stretching is
typically found below 700 cm—1, in the lower wave number area. A medium high absorption peak
at 686.62 cm—1 associated with Cd—S stretching has been detected in our CdS nano-particles. It's
possible that secondary amides are what caused the vibration at 1645 cm-1. The existence of Zn-O
in the sample is confirmed by the peaks at 731 cm—1. The tris-amine C-N stretch, which is shared
with C-O stretching, is represented by the peak at 1373.13 cm—1[26-31].
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Fig. 5. FTIR of CdS and ZnO colloidal.

In the UV-visible range, the absorption spectra of CdS and ZnO, which were generated by
laser ablation and a straightforward chemical process, respectively, are examined as a function of
wavelength. From figure 6a. From 300 nm to 1100 nm in the spectrum, the CdS sample is
transparent and exhibits good optical transmittance of between 80 and 86 percent. The ZnO NPs'
peaks of excitonic absorption, which are located much below the 359 nm band gap wavelength, are
around 300 nm in wavelength. Using UV-visible spectroscopy, the energy gap of cadmium sulfide
and zinc oxide nano-particles was determined. According Fig. 6 b,c by the Tauc formula [(ahv) =
C(hv — Eg)*, where a, hv absorption coefficient and the incident photon energy, C constant and x
depends on the type of transition] [32,33], For CdS, the predicted band gap energies were 2.5 eV,
while ZnO was 4.25 eV[34]. Due to the quantum size effects on semiconductors' electrical energy
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bands, the energy gap widened as the particle size shrank. When the size of the nano-crystallites is
smaller than the Bohr radius, this becomes more noticeable. In nanoscale materials, the coulombic
interactions between electrons and holes are very important. Semiconductors' valence and
conduction bands are altered by the quantum confinement of charge carriers [35, 36].
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Fig. 6. Optical properties of CdS and ZnO colloidal.

In Figures (7and 8) The anti-microbial properties of synthesized pure CdS and ZnO NPs
and composite (at different ratios (CdS+ZnO) were inspected against clinical pathogenic micro-
organisms by agar well diffusion assay against four bacterial species. Two species positive (8.
epidermidis, S. aureus) and other Two species negative (Klebsiella sp., Escherichia coli) as well as
one species of fungi(Candida). The inhibitory for composite and pure CdS and ZnO NPs
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(CdS+ZnO)at different ratios(CdS75%+Zn025%(S3), CdS50%+Zn050%(S4) and
CdS25%+Zn075%(S5) investigated in relation to the bacteria, fungus, and Gram-positive and
Gram-negative micro-organisms listed in Table 2. Significant anti-bacterial capability of the
produced nano-particles were demonstrated, due to the CdS and ZnO have nano dimensional

compared their counterparts of bulk, they have a larger surface/volume and high constriction [37—
40].
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Fig. 7. Inhibitory zones of pure CdS and ZnO.

As the ZnO ratio in the composite CdS+ZnO increases, it has been found that there is a
greater chance of interaction between the very small nanoparticles and the bacterial and fungal
cells due to their high constriction. From the results of this paper, it was found that ZnO nano-
particles are smaller than CdS NPs, whereby bacteria will interact with nano-particles smaller than
10 nm in order to produce electrical effects that raise the reactivity of the nano-particles [33]; thus,
the increase in the area of influence is actually due to the concentration of carriers for zinc oxide
nanoparticles. Bacteria classified as Gram-positive and negative have different cell walls. Gram-
positive bacteria have a thick layer of linear polysaccharide chain membrane, whereas Gram-
negative bacteria have a thin layer [1-42].The interaction between the positive electrostatic charge
of CdS and ZnO NPs and the negative charges of the proteins found in micro-organisms
determines how much of an inhibitory effect they have on a particular strain of bacteria. When a
protein's thiol group interacts with Cd2+ and Zn+2 ions in nanoparticle form, it releases reactive
oxygen species that cause cell disruption. The enzymatic activity, dehydrogenase, and active
transport disruption that results from the nanoparticles attaching to the protein layer impede the
production of proteins, RNA, and DNA, which ultimately results in cell death [41-43]. Thus,
Compared to S. epidermidis and Klebsiella, S. aureus and E. coli have superior antibacterial
activity with a wider zone of inhibition. The Candida, however, recorded a higher value of 39 mm.
The fungal strains cause cell death by stressing out fungal hyphae in reaction to CdS and ZnO
NPs, which results in an overabundance of nucleic acid being produced [44, 45].



19




20

Fig. 8. Inhibitory Zones no.2 (CdSsoy+7Zn0:s9;) no.3(CdS590,+2Zn050;) no.4(CdSzs50,+7Zn0759).

Table 2. Summary of the IZ values for pure CdS and ZnO and with different ratios.

Types S1 S2 S3 S4 S5
Cds ZnO (CdS7504+Zn02s0) (CdSs0%+Zn0Os0) (CdSz5%+tZn07s0,)

S. epidermidis 18 32 20 22 25

S. aureus 21 35 28 29 30

Klebsiella sp. 15 30 23 24 28

E- coli 24 36 32 33 34

Candida 33 40 35 38 39

4. Conclusions

This work is supported by a simple and affordable method for creating ZnO and CdS NPs.
In conclusion, the different morphologies of CdS and ZnONPs have a considerable impact on their
toxicity. More so than the nanopetals-shaped CdS-NPs, the spherical and semispherical shape of
ZnO nanostructures can affect their internalization mechanism. Controlling variables like solvents,
precursor types, and physicochemical conditions could result in the ideal synthesized nanoparticle
shapes for the greatest anti-bacterial response. According to our findings, pure ZnO exhibited
greater antimicrobial activity than pure CdS. This is because ZnO-NPs, which have a larger
interfacial area and a smaller size of 29.23 nm, are more effective against bacteria because they
can more readily permeate bacterial membranes. It observed in composite (CdS+ZnO) that the
ZnO combinations with CdS-NPs used supporter for anti-bacterial agents.
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