Available online at website: https://journal.bcrec.id/index.php/bcrec

=
=
()

Bulletin of Chemical Reaction Engineering & Catalysis, 20 (4) 2025, 709-722

PUBLISHING GROUP

Original Research Article

Effect of Surface Stabilizers on the Optical Properties of
ZnSe/ZnS:Mn/ZnS Nanocrystals

Thi Diem Buil*, Quang Liem Nguyen2, Nguyen Van Cuongl, Trong Tang Nguyen!

1Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City, Ho Chi Minh City 70000, Vietnam
2Institute of Materials Science, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet, Hanoi 10000,

Vietnam.
Received: 26t July 2025; Revised: 8h October 2025; Accepted: 9h October 2025 .
Available online: 12th October 2025; Published regularly: December 2025 | Check for
updates
Abstract

In this study, we produced nano-sized, spherical ZnSe/ZnS:Mn/ZnS in a non-toxic aqueous solvent with surface
stabilizers such as 3-mercaptopropionic acid (MPA), polyethylene glycol (PEG), and starch. These surface stabilizers
aid to prevent agglomeration and passivation, thereby stabilizing the nanoparticle surface. ZnSe/ZnS:Mn/ZnS
nanocrystals (NCs) are cubic in structure. Changing the surface stabilizer and doping Mn metal does not alter the
structure of the ZnSe base material, but it boosts fluorescence efficiency by 2.2 - 3.9 times. The fluorescence efficiency
of ZnSe/ZnS:Mn/ZnS MPA NCs using MPA stabilizer is 73.95%, which is higher than the fluorescence efficiency of
ZnSe/ZnS:Mn/ZnS Starch NCs (57.35%) using Starch stabilizer and higher than the fluorescence efficiency of
ZnSe/ZnS:Mn/ZnS PEG NCs (41.72%) using PEG stabilizer. ZnSe/ZnS:Mn/ZnS MPA NCs are originally assessed for
their potential use in biomedical applications.
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1. Introduction

Scientists have focused their research on
semiconductor nanocrystals (NCs) in recent
decades because to their distinct features when
compared to bulk semiconductors [1,2].
Specifically, group II-VI semiconductor NCs are
high quantum efficiency semiconductors with a
straight band gap [1,3]. ZnSe NCs are one of the
least hazardous (Cd-free) and chemically stable II-
VI semiconductors [4]. ZnSe possesses exceptional
optical and electrical properties [5—7], making it
suitable for a wide range of applications such as
light-emitting devices, solar cells, chemical
sensors, biomedicine, photocatalysis, and energy
storage [8-10]. However, because to the
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difference in configuration between Zn and Se,
there are certain flaws in ZnSe (Zn belongs to
group IIB, Se belongs to group VIA), resulting in
a low fluorescence efficiency. Furthermore, the
suspension bonds on the surface of NCs produce
trap states, influencing the fluorescence and
quantum efficiency of NCs [11,12].

Additionally, II-VI semiconductor NCs are
unstable aggregates or can aggregate exceedingly
quickly due to the lack of a trapping medium,
some sort of packing, or the particles' uncontrolled
development [13,14]. Surface passivation has a
substantial influence on nanocrystals'
optoelectronic capabilities. These surface states
are 1improved by connecting stabilizers to
nanocrystals [15,16]. In general, electrostatic
stabilization and steric hindrances can inhibit
nanoparticle aggregation.
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As a result, stabilizers are utilized in the
synthesis of NCs to keep their form and nano size
while also assisting NCs in increasing their
volume and surface area [17,18]. To retain the
structural features of the generated NCs,
numerous capping agents, such as thiophenol,
thiourea [19], glutathione (GSH) [20], and
thioglycolic acid (TGA) [21], have been explored
for semiconductor fabrication [22,23]. However,
they are toxic, harmful to the environment, and
have structures that are unsuitable for
nanocrystals synthesis. For example, a 3-
mercaptopropionic Acid (MPA) molecule can bind
with a metal atom site to produce the optimal
hexagonal configuration, increasing the colloidal
stability of the resultant NCs. TGA is one
methylene unit shorter than MPA; nonetheless, in
order to produce the desired hexagonal structure,
a TGA molecule must cover two metal atom sites
with its carboxylate group. This coordination
ability causes TGA to adsorb free metal ions in the
surrounding medium and thus accelerates the
crystal growth, which is not beneficial to the
optical properties of the NCs.

The arguments listed above suggest that we
should investigate green techniques for
manufacturing NCs utilizing non-toxic,
structurally distinct surfactants. The first
ingredient is starch [24]. Starch is a branching
substance made up of two major components:
Amylose and Amylopectin. Amylose and
Amylopectin ratios have a significant impact on
starch characteristics [25,26]. Amylose is a linear
polysaccharide made of glucose units connected by
a-1,4-glycosidic linkages. Several research have
also shown that this polysaccharide has
biomedical applications, such as a substrate for
cell spreading, a structure for tissue engineering,
a mechanism for medication administration, and
implants. Amylopectin shares the same backbone
structure as amylose but contains more a-1,6
branch points. This polymer 1is extremely
biocompatible and rapidly biodegradable [27].
Starch is widely used in many biomedical
applications, ranging from topical skin release
[28] to degradable drug microsphere carriers [29].

The second is PEG, a long linear polyether
chain that can absorb water and form hydrogen
bonds, allowing it to dissolve in polar solvents and
stable the colloid in acidic or basic pH settings
[30]. PEG 1is a low-toxicity polymer [31],
biocompatible, and can be used for medical
applications. Excellent water solubility [88],
exceptionally low immunogenicity and
antigenicity [32]. PEG is a non-biodegradable
polymer that is rapidly excreted by biological
beings. Its presence in aqueous solution has no
negative impact on protein structure or enzyme
activity [33]. When injected into animals, PEG
maintains excellent stability in the blood
compartment while accumulating minimally in

the liver and spleen. Furthermore, PEG possesses
conformational flexibility and good water binding
properties [34,35]. As a result, this polymer has
gained widespread acceptance for biomedical
applications.

Finally, mercaptopropionic acid (MPA) has a
short linear chain structure, making it an ideal
surface stabilizer since its structure allows it to
establish bonds with nanoparticle surface atoms
and complexes with doped metal ions.
Furthermore, the hydrophilic carboxylic groups
on the outer surface of the NCs provide good water
solubility once the thiol groups connect with the
zinc and manganese ions on their surfaces [36].
Because of this capacity, MPA is frequently used
as a capping ligand in the synthesis of ZnSe or
other II-VI semiconductor NCs in aqueous
solvents [37,38].

In this study, we investigated the green
synthesis of ZnSe/ZnS:Mn/ZnS NCs based on non-
toxic Zn, using water as solvent, low temperature
synthesis (80-100 °C), and using low-toxic surface
stabilizers with different structures such as MPA
(short linear chain substance), PEG (long linear
chain substance), and Starch (straight and
branched chain substance) to investigate the
influence of surface stabilizers on the properties
and applicability of NCs in the bio.

2. Materials and Methods
2.1 Materials

High-purity chemical reagents are used for
the synthesis of ZnSe/ZnS:Mn/ZnS NCs and their
doped counterparts. Zinc acetate dihydrate
(Zn(CH3;COO0), 2H,0, Merck) was used as the Zn
precursor, Mangan acetat (Mn(CH3COO)2.4H20,
Merck) served as the Mn source, Sodium sulfide
nonahydrate (Na2S.9H20, Merck) served as the S
source, Selenium powder (Se, Merck) and Natri
borohydride (NaBH4, Merck) served as the Se
source. 3-Mercaptopropionic acid (MPA, Merck),
polyethylene glycol (PEG, Merck), Starch (Merck)
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 (DI) water was used
throughout the synthesis process to maintain the
purity of the samples.

2.2. Synthesis of ZnSe/ZnS:Mn/ZnS NCs with
MPA (or PEG, Starch) Surface Stabilizer

Stage 1: The core of ZnSe synthesis: In a 250
mL flask, mix 50 mL of 0.1 N MPA (or PEG,
Starch) surface stabilizer, 90 mL of water, and 10
mL of 0.1 M Zn?*. For fifteen minutes, whisk the
mixture. Next, 2 M NH4OH was used to raise the
pH to 7. After adding the combined solution to the
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NaHSe (In a vacuum, Se powder, NaBH4, and
water are combined to form NaHSe. Weigh 0.084
g of Se and 0.086 g of NaBH4 in the reaction vessel,
then remove all of the air. Quickly inject 3.0 ml of
distilled water into the reaction vessel, the
reaction occurs promptly to form a clear solution,
and we obtain NaHSe solution), the solution
maintained a temperature of 90 °C for three
hours. Throughout the synthesis process, N2 gas
is supplied into the reaction system on a
continuous basis to remove Oz from the vessel.

Stage 2: Coating process of ZnS:Mn buffer
shell and ZnS shell for ZnSe core: After the ZnSe
core was synthesized, 7 mL of 0.1 M Zn2?* solution
and 5 mL of 0.01 M Mn2+ solution were added at a
drip rate of 1 drop per second to create the buffer
shell (ZnS:Mn), which is coated on the outside of
the core layer (ZnSe). Then, 7 mL of 0.1 M S#
solution was gradually added to the reaction
system. For one and a half hours, the system was
heated to 80 °C while being stirred. We added 7
milliliters of 0.1 M Zn2* solution and 7 milliliters
of 0.1 M SZsolution while stirring the reaction
system for the next sixty minutes. Following the
reaction, the system was cooled to complete it. The
product was incubated for 24 hours before being
rinsed with acetone 2-3 times, dried naturally,
and prepared for analysis

2.3. Characterization of Materials

The structure of NCs was studied using X-ray
diffraction (XRD) patterns (D8 ADVANCE,
Germany) and high-resolution transmission
electron microscopy (HRTEM) (JEM-2100,
Japan). Optical NC characteristics including as
UV-Vis absorption spectrum, PL, and Fourier-
transform infrared spectroscopy (FTIR) were
measured using a Cary 3500 Multicell UV-Vis
Spectrophotometer, Cary Eclipse Fluorescence
Spectrometer, and Bruker Tensor 27. EDS and
STEM were used to identify the element. The
chemical bonding of NCs was recorded using an X-
ray photoelectron spectroscopy (XPS) spectrum
(ESCALab250XI, Thermo Fisher Scientific). All
measurements were done at room temperature.

2.4. Applications of Nanocrystals in Biomedicine

By affixing protein A and antibodies to
luminous nanocrystals, the substance was
examined for toxicity against the bacteria E.coli
0O157:H7. The bacteria were cultivated on liquid-
specific media for an entire night before being
diluted in physiological saline to progressively
lower concentrations. The bacterial strains were
placed at various concentrations in 6mm-diameter
holes on the agar plate. Fill the well with 20 mm
of NCs solution and incubate it at 37 °C for 24
hours. To ensure sensitivity, samples of NCs that
are harmful to E. coli O157:H7 bacteria were
chosen for additional testing. The bacterial

solution (100 pl) was treated with 20 ul of
complexes incorporating EDC (1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide
hydrochloride), Protein A, and NCs beads and
incubated at 4 °C for 5 hours. E. coli O157:H7 was
diluted. The entire system was incubated at 4 °C
overnight. The capacity of protein A and bacteria
to attach to the material beads was then assessed
using light [39,40].

3. Results and Discussion
3.1. Structured Research

XRD analysis of ZnSe/ZnS:Mn/ZnS MPA NCs,
ZnSe/ZnS:Mn/ZnS PEG NCs, and
ZnSe/ZnS:Mn/ZnS Starch NCs synthesized
employing different surface stabilizers all have
cubic crystal structure (zinc blende) because they
show diffraction peaks at 27.47°, 45.11°, and
53.97° corresponding to planes (111), (220), and
(811), respectively, in line with standard card
JCPDS 012-6803. Using alternative surface
stabilizers and Mn doping under the examined
conditions with a 5% Mn2*/Zn2* concentration had
no effect on the crystalline phase composition.
These results are highly consistent with those of
other published Investigations [41-43].
Interestingly, when Mn was added to ZnSe, the
diffraction peaks migrated somewhat towards a
lower 2-theta angle (Figure 1). Mn?* has a greater
ionic radius (0.8 A) than Zn2?* (0.74 A), suggesting
that Mn?* ions were used instead of Zn?2" ions
during sample synthesis [44,45]. XRD results
indicated no diffraction peaks for Mn metals or
other compounds. As a result, it may be believed
that Mn was successfully doped into ZnSe without
causing structural changes. In which Mn?* ions
replaced Zn%* ions or passed through lattice
defects.

In addition, the XRD results of
ZnSe/ZnS:Mn/ZnS MPA NCs showed sharper and
higher diffraction peaks than those of
ZnSe/ZnS:Mn/ZnS Starch NCs and
ZnSe/ZnS:Mn/ZnS PEG NCs. The Full Width at
Half Maximum peak width of ZnSe/ZnS:Mn/ZnS
MPA NCs was narrower than that of
ZnSe/ZnS:Mn/ZnS Starch NCs and
ZnSe/ZnS:Mn/ZnS PEG NCs. This demonstrates
that ZnSe/ZnS:Mn/ZnS MPA NCs have a stable,
flawless crystal structure with few flaws, which is
more uniform, compact, and uniform than
ZnSe/ZnS:Mn/ZnS Starch NCs and
ZmSe/ZnS:Mn/ZnS PEG NCs. The selected area
electron diffraction (SEAD) pattern indicates that
ZnSe is a polycrystallin with high crystallinity
(Figure 1).

3.2. Compositional Studies

This To determine the presence and ratio of
elements in the samples, we examined their EDX
spectrum (Figure 2). The presence of Zn, Se, S and
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the doped metal Mn in the samples is plainly
visible, with recognizable peaks at the appropriate
energies. MPA. PEG, Starch contains the
elements C and O, which have been bound to the
surface of the NCs. However, the actual value of
the Mn2+/Zn2* 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/ZnS:Mn/ZnS NCs.

To identify the functional groups in the NCs,
FT-IR spectra were collected. FT-IR spectrum of
MPA and ZnSe/ZnS:Mn/ZnS MPA NCs samples
Figure 3a shows PEG and ZnSe/ZnS:Mn/ZnS PEG
NCs  Figure 3b  shows  Starch and
ZnSe/ZnS:Mn/ZnS  Starch NCs Figure 3c,
synthesized with a reaction time of 3 hours,
demonstrates that the vibrational peaks
corresponding to wavenumbers 3430 cm and
3120 cm-! are characteristic vibrations of O-H
bonds and water adsorbed on the material surface.
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ZnSe/ZnS:Mn/ZnS PEG
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[46]. The peak at 2880 cm! corresponds to the
vibration of the -CHsz group bond. The peaks at
1623 cm?! and 1710 cm! correspond to the
vibration of the carboxyl group bond (-C=0) of
PEG and MPA. The peaks at 1370 cm! and 990
cm! correspond to the vibrations of Starch's
carboxyl group (-C-O) and C-C bonds in neutral
medium, and they shift to 1730 cm-! in alkaline
media. The peaks at 2650 cm! and 2690 cm!
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Figure 2. EDX spectra of ZnSe/ZnS:Mn/ZnS MPA
NCs a), ZnSe/ZnS:Mn/ZnS PEG NCs b),
ZnSe/ZnS:Mn/ZnS Starch NCs c¢) synthesized
using different surface stabilizers.
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(111) (220) (311)
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Figure 1. The XRD results of ZnSe/ZnS:Mn/ZnS MPA, ZnSe/ZnS:Mn/ZnS PEG, ZnSe/ZnS:Mn/ZnS Starch
NCs with Mn2*/Zn?* ratio 5% and SEAD of ZnSe/ZnS:Mn/ZnS MPA: a), ZnSe/ZnS:Mn/ZnS PEG; b),
ZnSe/ZnS:Mn/ZnS Starch; ¢) NCs synthesized using different surface stabilizers.
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represent the distinctive vibrations of the S-H
bond [47,48]. The peaks at 1110 cm-! to 475 cm-?!
represent the distinctive vibrations of the Zn-S
bond [49,50].

To identify the functional groups in the NCs,
FT-IR spectra were collected. FT-IR spectrum of
MPA and ZnSe/ZnS:Mn/ZnS MPA NCs samples
Figure 3a shows PEG and ZnSe/ZnS:Mn/ZnS PEG
NCs Figure 3b shows Starch and
ZnSe/ZnS:Mn/ZnS  Starch NCs Figure 3c,
synthesized with a reaction time of 3 hours,
demonstrates that the vibrational peaks
corresponding to wavenumbers 3430 cm and
3120 cm are characteristic vibrations of O-H
bonds and water adsorbed on the material surface.
[46]. The peak at 2880 cm™ corresponds to the
vibration of the -CHsz group bond. The peaks at
1623 cm?! and 1710 cm! correspond to the
vibration of the carboxyl group bond (-C=0) of
PEG and MPA. The peaks at 1370 cm! and 990
cm! correspond to the vibrations of Starch's
carboxyl group (-C-O) and C-C bonds in neutral
medium, and they shift to 1730 ¢cm-! in alkaline
media. The peaks at 2650 cm! and 2690 cm!
represent the distinctive vibrations of the S-H
bond [47,48]. The peaks at 1110 cm! to 475 cm'?
represent the distinctive vibrations of the Zn-S
bond [49,50].

As a result, the -S-H functional group of MPA
i1s no longer present, but the -OH and -C=0
vibration peaks of the -COOH group of MPA
remain, indicating that MPA has linked to NCs
and -SH has formed bonds on their surfaces.
PEG's -OH, -CH, -C-O-C, and -C=0 peaks remain
unchanged. It is demonstrated that there is a bond
formation between NCs and PEG, but the -OH, C-
C, -CHzg, and -CO vibration peaks of starch are still
present, showing that there is a bond formation on
the surface between NCs and starch. These bonds
increase the dispersibility of NCs in water,
allowing them to be used in a variety of
applications, including biology.

The single HrTEM images of
ZnSe/ZnS:Mn/ZnS particles synthesized using
MPA, PEG, and Starch surface stabilizers are
observed in Figure 4a, d, and g, respectively, and
the high-resolution TEM images of the shell are
observed in Figure 4b-c, Figure 4e-f, and Figure
4h-1, respectively, which clearly show the (220)
atomic plane of ZnS and the (111) atomic plane of
ZnSe with lattice spacing of 0.23 nm and 0.32 nm
for ZnSe/ZnS:Mn/Zn. Nanocrystals are spherical
in form.

Figure 5 depicts the energy dispersive X-ray
(EDX) spectra obtained using scanning
transmission electron microscopy (STEM) of an
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Figure 5. EDX-STEM of ZnSe/ZnS:Mn/ZnS NCs produced with MPA surface stabilizers.
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example ZnSe/ZnS:Mn/ZnS MPA sample. Zinc
(Zn), sulfur, and selenium (Se) atoms were found
throughout the particle. Additionally, the
presence of Mn, O, and C in ZnSe/ZnS:Mn/ZnS
was established. The absence of extraneous
components suggests that the nanocrystals were
manufactured with great purity.

The XPS spectrum of ZnSe/ZnS:Mn/ZnS MPA
NCs (Figure 6) reveals the presence of components
in the representative sample, including Zn, Mn, O,
C, S, and Se. The chemical states of these
elements were resolved using an XPS spectrum in
high resolution scan mode (Figure 6). This
spectrum exhibits peaks at 1021.6 eV and 1044.8
eV, which indicate the binding energies of Zn 2ps

3
2
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B

IER
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»

b5,

EREEE

and Zn 2pi2, respectively, representing the
binding energy of Zn in the +2 oxidation state
[561,52]. The peak at 527.3 eV is the binding energy
of O 1s. The C 1s state found at binding energies
289.6 and 285.6 eV is associated with C-OH and
0-(C=0) bonds. The peaks here are associated to
C-0 and O-(C=0) bonds in the lattice, therefore it
can be anticipated that Zn is chemically bonded to
C-0O and C-OH [53]. The binding energies of 161.4
eV and 162.6 eV characterize the binding energies
of S 2ps2 and 2p1e, which characterize the binding
energy of S with state oxidizing 2, respectively,
and the S-2p peak situated at 161.2 eV is
attributable to the Zn-S bond [54], proving the
successful formation of ZnS shell. The binding
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Figure 4. a) HrTEM of single of the ZnSe/ZnS:Mn/ZnS MPA particle, d) HrTEM of single of the
ZnSe/ZnS:Mn/ZnS PEG particle, g) HrTEM of single of the ZnSe/ZnS:5%Mn/ZnS Starch particle, b,c) TEM of
the ZnSe/ZnS:Mn/ZnS MPA NCs, ef) TEM of the ZnSe/ZnS:Mn/ZnS PEG NCs, h,i)) TEM of the
ZnSe/ZnS:Mn/ZnS Starch NCs.
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energy level of 640.6 eV characterizes the binding
energy of Mn-2pss for the +2 oxidation state of Mn
[55]. The intensity of the modest Mn-2ps2 spectral
peak indicated that the sample contained little
Mn2*. Thus, Zn2* 1ons existed 1n the
ZnSe/ZnS:Mn/ZnS  sample, indicating that
manganese was successfully doped into the ZnS
lattice. The Se 3d peaks in Figure 6(d) can be
separated into two overlapping peaks, Se 3ds2 and
Se 3dss2, at binding energies of 53.6 eV and 54.5
eV, respectively, reflecting Se 3d in Zn-Se. Thus,
the representative sample contains Mn2* ions, and
Mn2+ has been successfully doped into the ZnSe
crystal lattice. Mn2* and Zn?* ions have the same
charge and similar radii, therefore Mn2* ions can
easily replace ZnZ?* ion sites or occupy cation holes
in the crystal lattice.

3.3. Optical Properties

UV-Vis absorption spectroscopy is a powerful
method for studying the effect of doping on the
optical properties of ZnSe/ZnS:Mn/ZnS NCs.
Figure 7 depicts the absorption spectrum of
ZnSe/ZnS:Mn/ZnS NCs. The UV-Vis spectra of
ZnSe/ZnS:Mn/ZnS MPA NCs, ZnSe/ZnS:Mn/ZnS
PEG NCs, and ZnSe/ZnS:Mn/ZnS starch NCs
(Figure 7) revealed that the absorption edge of
ZnSe/ZnS:Mn/ZnS starch NCs was slightly shifted

Absorbance

ZnSe/ZnS:Mn/ZnS MPA NCs synthesized under
the same conditions. This showed that
ZnSe/ZnS:Mn/ZnS starch NCs were larger than
ZnSe/ZnS:Mn/ZnS PEG NCs and
ZnSe/ZnS:Mn/ZnS MPA NCs.

When exposed to UV light at 365 nm, the
ZnSe/ZnS:Mn/ZnS NCs doped with Mn metal at a
molar ratio of 5% Mn2*/Zn2* and utilizing different
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stabilizers produced the colors shown in Figures
8a, b, and c, respectively. When exposed to UV
light at 365 nm, the ZnSe/ZnS:Mn/ZnS NCs
emitted distinct orange-yellow light based on CIE
chromaticity coordinates (Figure 8d). When tested
under UV light, the MPA ZnSe/ZnS:Mn/ZnS NCs

e ZNSe/ZNS:MNVZNS PEG
ZnSe/ZnS:Mn/ZnS Starch
e ZNSE/ZNS:MNVZNS MPA
e ZNS

—ZNSE

a) 594 nm

600 nm___
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T T
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‘
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ZnS
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Figure 9. a) PL spectrum of ZnSe, ZnS,
ZnSe/ZnS:Mn/ZnS MPA, ZnSe/ZnS:Mn/ZnS
PEG, ZnSe/ZnS:Mn/ZnS Starch NCs and b)
Schematic representation of the transition from
the Mn2+ 4T state to the 6A; state, which results
in the orange-yellow light emission of

ZnSe/ZnS:Mn/ZnS NCs.

I

Figure 8. Image of ZnSe/ZnS:Mn/ZnS MPA NCs a), ZnSe/ZnS:Mn/ZnS PEG NCs b), ZnSe/ZnS:Mn/ZnS
Starch NCs c¢) and CIE color coordinate of NCs synthesized using different surface stabilizers.

demonstrated the highest luminescence intensity
in the series (Figure 8a).

In general, the maximum fluorescence
efficiency is exactly proportional to the minimum
density of surface-trap states on NCs [56,57].
Overgrowth with a shell that has a wider band
gap than the core is an essential approach for
improving the surface passivation of NCs [58] As
a result, both electrons and holes are trapped in
the core, which improves radiative recombination
(Figure 9b). The PL spectrum of
ZmSe/ZnS:Mn/ZnS NCs produced using different
surface stabilizers (Figure 9) displays three peaks:
the peak at 420 nm is the bangap of ZnSe [59],
the peak at 488 nm is the babgap of ZnS [60], and
the peak at 595 nm is the 4T; - 6A; shift of the
luminous center of Mn2*.

The luminescence intensity at the Mn2*+ core
at 595 nm influences the luminescent properties
of NCs. The fluorescence efficiency of
7ZmSe/ZnS:Mn/ZnS NCs exceeds that of ZnSe and
ZnS. This can be explained by the following
factors: The fluorescence efficiency of these NCs is
low due to configurational aberrations in ZnSe
and ZnS (Zn belongs to group IIB, S and Se belong
to group VIA), as well as structural flaws. When
doping Mn metal, adding a ZnS shell or buffer
layer boosts the fluorescence intensity of NCs.
Because 7ZnS acts as a Dbuffer layer in
ZnSe/ZnS:Mn/ZnS NCs, the effect of the ZnS
buffer layer is to reduce the difference in lattice
constant between the core and the shell, thereby
reducing stress at the interface between the core
and the shell, resulting in the reduction of surface
defects of NCs caused by stress, and will
significantly increase the fluorescence efficiency
[61]. Furthermore, NCs will not be ionized, the
ZnS shell barrier surrounding the NCs core will
limit the trapped carriers on the surface, and
adding a shell of a semiconductor with a larger
band gap (such as ZnS with a band gap of ZnSe)
can increase quantum efficiency and improve
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their stability [61,62]. The ZnSe/ZnS:Mn/ZnS
MPA NCs with core/shell/spacer structures
outperformed ZnSe/ZnS:Mn/ZnS Starch NCs and
ZnSe/ZnS:Mn/ZnS PEG NCs in terms of
fluorescence performance. Because of its short
linear chain structure, MPA 1is well-suited to
forming bonds with NCs surface atoms and
complexes with doped metal ions [63,64]. One
MPA molecule can connect with a metal atom site
to form the best hexagonal configuration and
increase the colloidal stability of the generated
NCs, which improves fluorescence performance
over PEG and starch.

In nano ZnSe/ZnS:Mn/ZnS PEG, 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 [30]. 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 [65,66]. As a
result, when we add a ZnS shell to the NCs, we
mistakenly add a second shell (the first shell is the
PEG itself) (Scheme 1). This thick shell reduces
the fluorescence intensity of the NCs by blocking
the excitation energy of the Mn2* luminescent
core.

Amylose is a linear polysaccharide made of
glucose units connected by a-1,4-glycosidic
linkages. Amylose molecules contain one reducing
and one non-reducing end. Amylose molecular
chains twist in a coiled pattern. The coiled shape
is caused by the creation of hydrogen bonds
between glucose units. Each helix contains six
glucose units and is held together by hydrogen
connections to adjacent helices. The space
between the helices is large enough to bind to a
variety of different molecules. Amylose only takes
on its helical form in solution at ambient
temperature. At high temperatures, the helix

ZnSe/ZnS:Mn/ZnS MPA

straightens and becomes unable to attach to other
molecules [26,67].

Amylopectin 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. From
the first level branch chain, a second level branch
chain is generated, and so forth. Amylopectin
molecules branch at multiple levels [68] and
contain nanocrystals, which reduces the
excitation energy of the Mn2+* luminous center
compared to MPA. The fluorescence quantum
efficiency (Table 1) of NCs synthesized using
surface stabilizers MPA, PEG, and Starch when
using Rhodamine B as a standard with a
fluorescence efficiency of 65% changed in the

order: ZnSe/ZnS:Mn/ZnS MPA (73.95%) >
ZnSe/ZnS:Mn/ZnS Starch (567.35%) >
ZnSe/ZnS:Mn/ZnS-PEG  (41.72%) >  ZnSe
(18.96%).

3.4. Research Into the Use of Materials for
Bacterial Detection

3.4.1. Experimental results of the effect of NCs on
bacterial growth

After manufacturing luminous nanoparticles
and investigating the impact of surface stabilizers

Table 1. Fluorescence quantum efficiency of
nanoparticles produced with various surface

stabilizers ZnSe/ZnS:Mn/ZnS MPA;
ZnSe/ZnS:Mn/ZnS  PEG;  ZnSe/ZnS:Mn/ZnS
Starch and ZnSe.
Sample Fluorescence quantum
efficiency (%)
ZnSe/ZnS:Mn/ZnS MPA 73.95
ZnSe/ZnS:Mn/ZnS PEG 41.72
ZnSe/ZnS:Mn/ZnS 57.35
Starch
ZnSe 18.96

ZnSe/ZnS:Mn/ZnS PEG

5
’{’/()?3&\‘

ZnSe/ZnS:Mn/ZnS Starch

Scheme 1. Schematic representation of ZnSe/ZnS:Mn/ZnS nanoparticles synthesized using different

surface stabilizers.
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on material characteristics. We chose a
representative sample with the highest
fluorescence efficiency, ZnSe/ZnS:Mn/ZnS MPA,
synthesized in an aqueous environment using
MPA surface stabilizer, with a cubic crystal
structure (zinc blende), spherical shape, and well
dispersed in water, to test the applicability of NCs
to quickly detect E. coli O157:H7 bacteria.

Bacteria were dispersed on an agar plate with
agar pores of 6 mm in diameter. Incubate the well
with 20 mL of NCs solution for 24 hours at 37 °C.
Figure 9a depicts the diffusion phenomenon on
the agar medium. We can see that at the initial
concentration of 10° (sample 5) and the diluted
NCs solution of 102 (sample 7), 10-3 (sample 8) has
very little effect on the growth of E.coli O157:H7
bacteria (Figure 9b), whereas the concentration of
10-1 has almost no effect on the growth of E.coli
0157:H7 bacteria. As a result, the sample with a
concentration of 10-1 (sample 6) was chosen to
determine the reaction's sensitivity and
specificity.

3.4.2. Evaluation of NCs' ability in bacterial
detection on E.coli O157:H7 trains.

After assessing the toxicity of NCs against the
E. coli O157:H7 strain. These data suggested that
NCs had little influence on the results of the
subsequent investigation. Thus, NCs can be used
to distinguish E. coli OI157:H7 strains. The
compatibility of NCs with E. coli O157:H7
bacteria was further assessed using fluorescence
microscopy, with the findings shown in Figure 10.
The complexes' morphology was recorded using
fluorescence microscopy.

Fluorescence microscopy was used to capture
the TEM imaging data and complicated structure
(Figure 11). This image demonstrates that when

\‘“‘* €5 (¥

..
Figure 10. Results of interaction between NCs
and E. coli O157:H7 bacteria at a concentration

of 105 CFU/mL at various concentrations of
(100, 101, 102, 10-3), named 5, 6, 7, 8 samples.

NCs are linked to bacteria, they make the bacteria
glow. Nanocrystals that do not adhere to bacteria
will seem brighter than NCs that do. The findings
indicate that NCs cling well to bacteria. As a
result, they can be used to detect E. coli O157:H7
bacterium.

4. Conclusions

We effectively generated ZnSe/ZnS:Mn/ZnS
nanocrystals in an aqueous media with surface
stabilizers MPA (short linear chain), PEG (long
chain), and Stacrh (linear and branched chain).
ZnSe/ZnS:Mn/ZnS NCs are spherical in shape,
well dispersed in water, and nontoxic. When
exposed to 365 nm UV light, ZnSe/ZnS:Mn/ZnS
NCs appear orange-yellow. Changing the surface
stabilizer and metal doping does not alter the
structure of the ZnSe substrate material, but does
improve its fluorescence performance.
ZnSe/ZnS:Mn/ZnS MPA NCs exhibits better
fluorescence performance than ZnSe/ZnS:Mn/ZnS
PEG NCs and ZnSe/ZnS:Mn/ZnS Starch NCs. The
ZnSe/ZnS:Mn/ZnS MPA NCs were evaluated and
shown to be non-toxic to E. coli O157:H7 bacteria,
making them useful for detecting the intestinal
pathogen. The study's findings may be valuable in
the manufacturing of nanomaterials using green
synthesis, which uses low-cost, non-toxic, and
environmentally friendly raw materials, as well as
in expanding the variety of nanomaterial
applications in biomedicine.
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