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In this work, we used surface stabilizers such thioglycolic acid (TGA), polyethylene glycol (PEG), and starch to
create nano-sized ZnSe:Ag particles in a non-toxic aqueous solvent. These surface stabilizers aid in stabilizing
the nanoparticles' surface by preventing agglomeration and passivation. The structure of ZnSe:5%Ag
nanocrystals (NCs) is cubic. Changing the surface stabilizer and doping with Ag metal does not change the
structure of the ZnSe substrate material, but it does enhance the fluorescence efficiency by 1.7% to 2.4%. The
fluorescence efficiency of ZnSe:5%Ag NCs using PEG stabilizer (ZnSe:5%Ag PEG) was higher than (41,81%)
that of NCs using starch stabilizer (33,27%) and higher than that of Ncs using TGA stabilizer (30,54%). Initial
assessment of ZnSe:5%Ag PEG NCs for possible biomedical uses.

1. Introduction

Scientists have focused their research on semiconductor nanocrystals in recent decades because to their
distinct features when compared to bulk semiconductors (Van et al., 2020). Specifically, group II-VI
semiconductor Ncs are high quantum efficiency semiconductors with a straight band gap (Van et al., 2020).
One of the most chemically stable and non-toxic (Cd-free) II-VI semiconductors is ZnSe NCs. Because of its
exceptional optical and electrical characteristics (Vempuluru et al., 2024), (Zhao et al., 2024), ZnSe offers a
wide range of possible uses, such as energy storage, chemical sensors (Mao, 2018), light-emitting devices,
solar cells, biomedicine, and photocatalysis.(El-assar et al., 2023; Zahra et al., 2024). However, due to
differences in configuration between Zn and Se, ZnSe has defects (Zn belongs to group IIB, Se to group VIA),
resulting in low fluorescence efficiency. Furthermore, the suspension bonds on the surface of NCs produce trap
states, which alter the fluorescence and quantum efficiency of nanoparticles (Yu et al., 2019). Furthermore, II-
VI semiconductor NCs are unstable aggregates or can aggregate extremely quickly due to the lack of a trapping
medium, some type of packing, or the particles' uncontrolled development (Winiarz et al., 1999). Surface
passivation has a significant impact on nanoparticle optoelectronic properties, and stabilizer binding enhances

surface state (Lee et al., 2006). In general, steric hindrances and electrostatic stability can keep nanoparticles
from aggregating. As a result, stabilizers are used during nanocrystal manufacturing to maintain particle shape
and size while also allowing nanocrystals to expand in volume and surface area. To retain the structural features
of the generated NCs, numerous capping agents such as thiophenol, thiourea (Huamg et al., 2006) and
glutathione (GSH) (Raievska et al., 2020) have been explored for semiconductor fabrication (Operamolla et al.,
2017). However, they are poisonous and hazardous to the environment.

Therefore, it is vital to develop green methods. In this study, we studied nontoxic surface stabilizers with diverse
structures: The first ingredient is starch (Castro et al., 2005). Starch is a branched-chain structure made up of
two basic components: Amylose and Amylopectin. The ratio of Amylose to Amylopectin has a substantial impact
on starch properties. Amylose is a linear polysaccharide made up of glucose units held together by a-1,4-
glycosidic linkages. Furthermore, several studies have revealed that this polysaccharide has biomedical
applications, such as a substrate for cell spreading, a structure for tissue engineering, a drug delivery system,
and an implant. Amylopectin shares the same backbone structure as amylose, but has more a-1,6-linked branch
points. This polymer is highly biocompatible and readily biodegradable (Villwock and BeMiller, 2022). Because
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of these properties, starch is frequently employed in a variety of biomedical applications, including topical skin
administration (Lane, 2011) and degradable drug microspheres. The second option is PEG. PEG is a long linear
polyether chain that can absorb water and establish hydrogen bonds, allowing for solubility in polar solvents and
stabilizing the colloid under acidic or basic pH conditions (Gamucci et al., 2014). PEG is a low-toxicity polymer,
with biocompatibility suitable for medical applications, good water solubility, and exceptionally low
immunogenicity and antigenicity (Dreborg and Akerblom, 1990), PEG is a non-biodegradable polymer that is
easily removed when exposed to living beings. Its presence in aqueous solution has no adverse effect on protein
structure or enzyme activity (Yamaoka et al., 1994). When injected into animals, PEG maintains excellent blood
compartment stability while collecting minimally in the liver and spleen. Furthermore, PEG has form flexibility
and high water binding properties (Torchilin et al., 1994). As a result, this type of polymer is generally accepted
for biological applications. Finally, thioglycolic acid (TGA) has a short linear chain structure, and the hydrophilic
carboxylic groups on the outer surface provide good water solubility for NCs after the thiol groups interact with
the nanoparticles on their surface.

In this study, we investigated the green synthesis of ZnSe:5%Ag NCs using water as a solvent and non-toxic
Zn at low temperature (80-100°C). We used low-toxicity surfactants with different structures such as TGA (short
linear chain), PEG (long linear chain), and Starch (linear and branched chain) to investigate the influence of
surfactants on the properties and applicability of NCs for detecting E.coli O157:H7 and Methicillin-resistant
Staphylococcus aureus (MRSA) bacteria.

2. Experiment
2.1 Materials

High-purity chemical reagents are used for the synthesis of ZnSe NCs and their doped counterparts. Zinc
acetate dihydrate (Zn(CH3;COO),-2H,0, Merck) was used as the Zn precursor, and sodium borohydride
(NaBH4, Merck) serves to synthesize. The doping metals silver nitrate (AgNO;, Merck) were introduced in
controlled amounts to achieve the desired doping concentration, thioglycolic acid (TGA, Sigma-Aldrich),
polyethylene glycol (PEG, Sigma-Aldrich), Starch (Sigma-Aldrich) was employed as a stabilizing agent to
enhance the solubility and stability of NCs in aqueous media. Ammonium hydroxide (NH4OH, Merck) was used
to adjust the pH of the reaction mixture to ensure the optimal conditions for NCs formation. Deionized (Dl) water
was used throughout the synthesis process to maintain the purity of the samples.

2.2 Synthesis of ZnSe:5%Ag NCs with TGA (or PEG, Starch) surface stabilizer

In a 250-mL flask, combine 50 mL of 0.1 N TGA (or PEG, Starch) surface stabilizer, 90 mL of water, 10 mL of
0.1 M Zn?* and 5 mL of 0.01 M Ag*. Whisk the mixture for fifteen minutes. Next, 2 M NH4OH was added to
increase the pH to 7. After adding the combined solution to the NaHSe (which is made from Se powder, NaBHa,
and water under vacuum). Weigh 0.40 g of Se and 0.45 g of NaBHj4 into the reaction vessel, then remove all air
from the flask. Quickly add 5 mL of distilled water to the reaction vessel. The reaction happens instantly,
generating a clear solution that yields the NaHSe solution. The solution was kept at 90°C for three hours.
Throughout the synthesis process, N2 gas is continuously introduced into the reaction system to remove Oz from
the vessel. The mixture was cooled, matured for a full day at room temperature, and stored for future research.

2.3 Applications of ZnSe:5%Ag in Biomedicine

The toxicity of ZnSe:5%Ag was studied on E.coli O157:H7 and MRSA. Bacteria were grown overnight on a
specified liquid medium before being diluted in saline to gradually diminish the concentration. Bacterial strains
were distributed at varying doses in 6mm diameter holes on agar plates. 20mm of NCs solution was placed into
each well and incubated at 37°C for 24 hours.

3. Results and discussion
3.1 Structured research and Optical properties

The XRD analysis (Figure 3.1a) of ZnSe: 5%Ag TGA, ZnSe: 5%Ag PEG, and ZnSe: 5%Ag NC starch
synthesized with different surface stabilizers and doping with Ag metal reveals a cubic crystal structure (zinc
blende) when compared to the standard spectrum (Qiao et al., 2019). The diffraction peaks at positions 27.35°,
45.27°, and 54.05° correspond to planes (111), (220), and (311) in accordance with the standard card JCPDS
012-6803. The XRD data show no diffraction patterns for Ag metals or silver compounds. As a result, it is
reasonable to believe that Ag was successfully absorbed into ZnSe without causing structural changes. Ag*
ions can partially replace Zn?* ions or flow through network cracks. The entire breadth at half maximum peak
width of ZnSe:5%Ag PEG results in sharper, taller, and narrower XRD peaks than ZnSe:5%Ag TGA and
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ZnSe:5%Ag Starch. This demonstrates that ZnSe:5%Ag PEG has a stable, flawless crystal structure with fewer
flaws, more regular, tidy, and uniform crystals than ZnSe:5%Ag TGA and ZnSe:5%Ag Starch
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Figure 3.1: a) The XRD results, b) UV-Vis spectra and c) PL spectrum of ZnSe, ZnSe:5%Ag TGA, ZnSe:5%Ag
PEG, ZnSe:5%Ag Starch NCs synthesized using different surface stabilizers

The UV-Vis spectra of ZnSe:5%Ag TGA NCs, ZnSe:5%Ag PEG NCs, and ZnSe:5%Ag Starch NCs (Figure 3.1b)
revealed that the absorption edge of ZnSe:5%Ag PEG NCs was slightly shifted to longer wavelengths when
compared to ZnSe:5%Ag TGA NCs and ZnSe:5%Ag Starch NCs synthesized under the same conditions. This
showed that ZnSe:5%Ag PEG NCs were larger than ZnSe:5%Ag TGA and ZnSe:5%Ag Starch nanocrystals.
Figure 3.1c shows the PL spectrum of ZnSe:5%Ag nanocrystals synthesized using different surface stabilizers.
The peak at 421 nm is the bangap of ZnSe (Califano et al., 2005), whereas the 'So — 3D+ transition of the Ag*
bright center is the peak at roughly 493 nm.

The luminescence intensity at the Ag* core at around 490 nm has a significant impact on the luminescence
properties of NCs. The fluorescence efficiency of ZnSe:5%Ag NCs exceeds that of ZnSe. This can be explained
by the following factors: Because of configurational deviations in ZnSe (Zn belongs to group 1IB, Se to group
VIA), the structure contains certain flaws, resulting in a low fluorescence effectiveness for these nanoparticles.
Doping with Ag metal improves the fluorescence intensity of NCs. The fluorescence efficiency of ZnSe:5%Ag
PEG NCs exceeds that of ZnSe:5%Ag Starch NCs and ZnSe:5%Ag TGA NCs. Because TGA has a short linear
structure, it must cover two metal atom sites with its carboxylate group in order to achieve a desirable hexagonal
shape. This coordinating capacity allows TGA to absorb free metal ions in the surrounding environment,
accelerating crystal formation and negatively impacting nanoparticle optical characteristics. In ZnSe:5%Ag PEG
NCs, PEG is a polyether chain that can absorb water and establish hydrogen bonds, allowing for solubility in
polar solvents and stabilizing the colloid in acidic or basic pH conditions (Gamucci et al., 2014). PEG molecules
are long, straight chains (zigzags). However, when PEG dissolves in water, it forms pentacyclic rings (denutural
geometry). A significant quantity of activated oxygen resides in the PEG molecular chain, resulting in strong
contacts between PEG molecules and metal ions, particularly transition metal ions, PEG functions as a shell
(He et al., 2008). Because of the unique structure of PEG, it functions as a shell, a barrier encircling the
nanocrystalline core that limits the carriers trapped on the surface, potentially increasing quantum efficiency.
Starch forms a straight chain with lengthy branches. Amylopectin in starch is a branching polysaccharide. The
main chain has a-1,4-glycosidic links, while branch chains are linked by a-1,6-glycosidic linkages. Amylopectin's
complicated structure includes a-1,6-glycosidic bonds every 20-30 glucose units, resulting in a branch chain.
The second level branch chain is generated from the first level branch chain. The Amylopectin molecule
branches at several levels (Peng and Perlin, 1987) and surrounds the nanoparticle, reducing the excitation
energy of the Ag* luminous center. The fluorescence efficiency of NCs synthesized using surface stabilizers
when using Rhodamine B as a standard with a fluorescence efficiency of 65% changed in the order: ZnSe:5%Ag
PEG (41,81%) > ZnSe:5%Ag Starch (33,27%) > ZnSe:5%Ag TGA (30,54%) > ZnSe (17,73%).

3.2 Study of composition and shape

The presence of PEG on the nanoparticle crystals' surface was determined using FT-IR spectroscopy. Figure
3.3.a depicts the FT-IR spectra of PEG and the representative sample ZnSe:5%Ag PEG NCs, which reveal that
the stretching vibration peaks around 3400 cm™! are characteristic of the O-H bond. The vibration peaks at the
wave number and 1600 cm™" are typical vibrations of the H-O-H bond of water molecules adsorbed on the
material surface (Chmangui et al., 2019). The vibration peaks at 2850 cm™' and 1460 cm™" are typical vibrations
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of the -C-H bond in the polyethylene section. The vibration peaks at wave numbers 1100 cm™ and 1150 cm’
are characteristic of the -C-O-C bond. The vibration maxima at 930 cm-! and 825 cm™' are indicative of the -C-
O-C bond. The vibration peak at 1700 cm™ is indicative of the carbonyl group (-C=0) (Damiani et al., 2012).
The vibration peak at 500 cm™' is characteristic of the Zn-O bond, indicating that there is a connection between
Zn in the nanoparticle and oxygen in PEG (Nagaraju et al., 2017). At the same time, PEG has peaks -OH, -CH,
-C-0O-C, and -C=0. This demonstrates that there is a link between NCs and PEG. This allows NCs to spread
well in water, making them more suitable for biological applications. We conclude that PEG was coated on the
surface of NCs particles (Tavakkoli Yaraki ef al., 2017).
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Figure 3.2: a) FT-IR spectrum, b) EDX spectra and ¢) TEM of ZnSe:5%Ag PEG NCs produced with PEG surface
stabilizers.

To determine the presence and ratio of elements in the samples, we examined their EDX spectrum (Figure
3.2b). The presence of Zn, Se, and the doped metal Ag in the samples is plainly visible, with recognizable peaks
at the appropriate energies. PEG contains the elements C and O, which have been bound to the surface of the
NCs. However, the actual value of the Ag*/Zn?* element ratio is always less than the theoretical value, indicating
that there are still a significant number of metal ions that cannot replace Zn?* ions and are removed during
sample cleaning. Furthermore, several extraneous elements do not appear in the spectrum image,
demonstrating the great purity of the produced ZnSe:5%Ag PEG NCs. The shape of ZnSe:5%Ag PEG NCs is
shown in Figure 3.2c. The nanoparticles are nearly spherical in shape with high uniformity. The particle size is
relatively uniform, estimated at about 10 nm. The particle size distribution is quite narrow, indicating that the
synthesis process is well controlled. No agglomeration was observed, the particles were well dispersed. There
was no sign of contamination or unwanted crystallization.

3.3 Study of composition and shape

After synthesizing luminous nanoparticles and examining the effect of surface stabilizers on NC properties, we
selected the sample with the best optical properties, ZnSe:5%Ag PEG NCs, to assess the usefulness of NCs in
biomedicine. Bacteria were used to distribute the test concentration on agar plates with 6 mm diameter pores.
Incubate the well with 20 ml of NCs solution for 24 hours at 37°C. The antibacterial efficacy of ZnSe:5%Ag NCs
was evaluated on E.coli (Gram-negative) and MRSA (Methicillin-resistant Staphylococcus aureus, Gram-
positive) bacteria, as shown in Figure 3.3.

Figure 3.3: Interaction results between NC and E. coli O157:H7 bacteria a), MRSA bacterium b) at doses of 10°
CFU/mI (10°, 1077, 102, 10°%), named 1, 2, 3, 4 samples
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Both bacterial strains did not exhibit any visible inhibition zones around the four wells marked 1, 2, 3, 4
corresponding to the initial concentrations of ZnSe:5%Ag NCs at 10° (sample 1) and diluted NC solutions at 10
" (sample 2), 102 (sample 3), and 10 (sample 4). Bacteria filled the entire agar surface. At the four locations
where the four-well sample containing ZnSe:5%Ag NCs was placed, no sterile zones were formed, no halos or
reduction in surrounding bacterial density were observed, no repulsion was observed, and the uniform growth
of bacteria on the agar surface demonstrated that, under the current experimental conditions, ZnSe:5%Ag NCs
had very little effect on the growth of E.coli (Figure 3.3a) and MRSA (Figure 3.3b). These data show that PEG
ZnSe:5%Ag NCs could be useful in biomedical applications.

4. Conclusion

We effectively manufactured ZnSe:5%Ag nanoparticles using surface stabilizers such as TGA (short linear
chain), PEG (long chain), and Stacrh (linear and branched chains). ZnSe:5%Ag NCs have a zinc-blend
structure, are spherical in shape, well diffused in water, and do not contain toxic group A elements (Cd, Hg, and
Pb). Changing surface stabilizers does not alter the topology of the ZnSe network, but it does increase the
fluorescence efficiency of the nanoparticles. The fluorescence efficiency of ZnSe: 5%Ag PEG was higher than
that of ZnSe: 5%Ag Starch and higher than that of ZnSe: 5%Ag TGA. The ZnSe:5%Ag PEG particles were
initially tested and shown to be non-toxic to E.coli and MRSA bacteria. The study's findings could be useful in
the production of nanomaterials with non-toxic materials, in environmentally friendly and clean manufacturing
techniques, and in expanding the range of applications for nanomaterials in the biomedical industry.
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