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method to produce sulfur nanoparticles using the
aqueous extract of Ziziphus-spina tree leaves and
hydrochloric acid. The prepared sulfur nanoparticles
were characterized using various techniques, including
X-ray diffraction (XRD), infrared spectroscopy (FT-
IR), scanning electron microscope (SEM), transmission
electron microscope (TEM), and atomic force
microscopy (AFM). XRD results showed that their
average diameter was 9.26 nm and the sulfur
nanoparticles were well-crystalline and highly pure.
SEM images revealed the formation of spherical
particles. FT-IR analysis showed a sharp peak for sulfur
nanoparticles at 460 cm™, indicating that their surface
contained a new chemical bond. This shows that the
carbonyl residue of amino acids found in the material
extracted from the Ziziphus spina tree may be a means
for linking it to sulfur molecules. This extract acts as a
stabilizer for the synthesized sulfur nanoparticles. The
antibacterial activity of the prepared SNPs was tested
against 2  species each of  gram-positive
(Staphylococcus aureus and Staphylococcus
epidermidis) and gram-negative (Escherichia coli and
Klebsiella pneumonia) bacteria using the agar well
diffusion method. The results show that the SNPs have
antibacterial activity.
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Introduction

Nanotechnology is a contemporary technology used in many industries, including
agriculture (11). The prefix “nano” comes from the ancient Greek word “dwarf,”
indicating small size. Nanotechnology is technically defined as the science and
engineering of reproducible materials, or nanomaterials technology (9). The smallest
unit of measurement in the metric system is the nanometer, which is a millionth of a
millimeter (4). Substances with diameters varying from 1-100 nm are known as
nanomaterials. Their unique properties are defined independently of their constituent
materials. These properties make them applicable to a variety of fields in life and
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industrial technology, such as electronics, medical biology, solar energy processes,
and catalysts (5). The Ziziphus spina is a well-known native tree found in most parts
of Africa and the tropical and subtropical regions of the world. Historically,
traditional medicine widely used Ziziphus plants to treat a wide range of diseases.
The Ziziphus spina-christi could represent a valuable tree of great importance for
many medicines in the future (3). Biofiltration processes (biological filters) are
among the important technologies that include sulfur, as is the case in the fertilizer
industry, the preparation of various medicines, rubber, and fiber industries, various
types of pesticides and antimicrobials, and fumigation processes (13).

Sulfur nanoparticles (SNPs) have unique properties such as distinct nano sizes and
large surface areas. These features enhance their appeal in pharmaceutical and carbon
nanotube development, compared to bulk sulfur particles (BSPs) and diverse non-
metallic nanoparticles (24). Several methods have been developed to manufacture
nanoparticles, including the biological method which is considered easy, fast, cheap,
and environmentally safe. In this method, chemical reactions (nanoparticle
manufacturing reactions) are catalyzed using microorganisms (bacteria or fungi) and
plant extracts. Particles produced this way have many applications in the medical,
electronic, and energy fields (17). The use of plants as raw materials in the processes
of manufacturing sulfur nanoparticles is one of the green technologies that reduces
the risks of preparing sulfur nanoparticles and their toxic wastes that are harmful to
the environment (8).

Various studies have demonstrated the feasibility of using plant extracts in the
preparation of nanoparticles, including the production of SNPs using Psidium guajava
tree leaf extract. The sulfur nanoparticles prepared in this way were characterized by
techniques such as ultraviolet-visible spectroscopy, self-conversion instantaneous
infrared spectroscopy, X-ray scanning electron microscopy, and high-resolution
transmission electron microscopy. The aqueous extract of the Psidium guajava leaves
acts as encapsulating and stabilizing agents for nanoparticle synthesis. Biosynthesized
sulfur nanoparticles were tested for their antimicrobial activity against Escherichia
coli and Bacillus subtilis using well diffusion methods. Its antifungal activity against
Candida albicans was also determined using the same method (7). This research
highlights the use of aqueous extracts from the leaves of the Ziziphus-spina tree to
prepare sulfur nanoparticles using an environmentally safe technique. To characterize
the prepared compounds, several techniques were used, namely XRD to determine
the crystalline structure, AFM to examine the surface topography, and SEM to
examine their surface characteristics in terms of size, shape, and distribution of
crystals.

Materials and Methods

Equipment and Materials: The main compounds used in this study included
aqueous sodium thiosulfate (Na2S203.5H20), hydrochloric acid (HCI), deionized
water, DMSO, Mueller Hinton agar plate, and ethanol (C2HsOH). The diagnostic
techniques included using infrared spectroscopy (FT-IR) according to the company
Bruker, Germany, atomic force microscopy (AFM) (CSPM, USA), X-ray diffraction
(XRD) (Inspect S50, Japan), scanning electron microscope (SEM) (Hitachi-S 4160,
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Japan) and transmission electron microscope (TEM) (JEM 1400 Plus — HC FC,
Japan).

Ziziphus-spina tree leaves extract preparation: First, distilled water was used to
wash the leaves collected from the Ziziphus-spina tree. The leaves were dried in an
oven and then crushed using a mortar to obtain a powder. A sieve was used to remove
any adhering particles, and the powder was stored in the shade until use. A 500-mL
glass beaker was filled with 400 mL of deionized water and 20 grams of powdered
ziziphus spina, boiled for thirty minutes, and allowed to cool at room temperature.
The filtered solution was then stored in a refrigerator at 4° C (6).

Preparation of SNPs: One hundred milliliters of aqueous Ziziphus-spina leaf
extract was mixed with 1.2 grams of sodium bisulfate (Na2S203.5H20) and shaken at
room temperature. The sodium bisulphate solution was then shaken and single drops
of 10% hydrochloric acid added to facilitate even crystallization of the sulpur.
Centrifugation was used to concentrate the resulting sulfur suspension particles for 20
min at room temperature at 1000 rpm. To eliminate any biological material, the
sediment was cleaned repeatedly with distilled water and absolute ethanol. After
removing the upper liquids, the product was vacuum dried at 60° C for 4 hours. The
resulting color was light yellow (16).

Antibacterial activity of prepared SNPs: The antibacterial activity of the prepared
SNPs was tested against 2 species each of gram-positive (Staphylococcus aureus and
Staphylococcus epidermidis) and gram-negative (Escherichia coli and Klebsiella
pneumonia) bacteria using the agar well diffusion method. As the initial stock
solution prepared with low concentrations of SNPs did not produce any results, the
concentration was increased to 4 mg of SNPs dissolved in 1 ml 10% (v/v) DMSO and
filtered (0.45 um Millipore). Briefly, 100 pl of the particular bacterial suspension was
inoculated on Muller Hinton agar and swabbed. Six-mm wells were made in the agar
using a sterile cork borer and then loaded with 25 pl of SNPs. Moreover, 10% v/v
DMSO was used as a negative control. The plates were incubated at 37° C for 24 hrs.
The antibacterial activity was identified by a clearing zone around the wells (22).

Results and Discussion

This research employed the green synthesis method which is considered a safe,
environmentally friendly, and cost-effective approach compared to other methods.
The SNPs were prepared using an aqueous extract of the Ziziphus-spina tree leaves
and sodium thiosulfate. The formed particles were determined by XRD, FT-IR, SEM,
TEM, and AFM techniques. Plant extracts have the ability to act as an easy-to-use,
inexpensive, and environmentally friendly biomaterial to stabilize and distribute
sulfur nanoparticles during their installation (14). This work is similar to that
conducted by many researchers who also used the green method to prepare sulfur
nanoparticles, but from different plant extracts. For instance, (15) prepared SNPs
using the aqueous extract of basil leaves (Ocimum basilicum) and characterized the
formed particles using UV-vis, FT-IR, TEM, and XRD techniques where the particle
size was found to be 23 nm with a spherical shape and crystalline nature. On the other
hand, (12) used the aqueous extract of garlic (Allium sativum) to prepare sulfur
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nanoparticles. Using FT-IR, XRD, and SEM-EDX spectroscopy, gSNP was
described. The results show that gSNPs had an average particle size of approximately
54.73 nm, exhibited high purity, and had a spherical presence. Various sulfur
particles were synthesized using Bengalensis leaves and characterized by XRD, FT-
IR, SEM, HR-TEM, XED and AFM by (21). Transmission electron microscope
images showed that the zero-valent sulfur nanoparticles were 2-15 nm in size and
had irregular shapes with low agglomeration.

FT-IR spectrum: The analysis of the Ziziphus-spina tree leaves extract is displayed
in Figure 1. The stretching vibrations of alcohol and phenol amino (-NH) and
hydroxyl (-OH) groups are responsible for the strong and wide absorption bands
observed at 3282 cm™. The asymmetric and symmetric stretching vibrations of -CH.
and -CH3 functional groups of aliphatic compounds are responsible for the
absorption peaks at 2919 cm™ and 2852 cm™. The shoulder peak, located at 1729 cm-
! is associated with the carboxyl groups' stretching vibrations. The carbonyl amide
group in the first and second amides is what distinguishes the band at 1619 cm™. The
protein methylene group’s scissoring vibrations are responsible for the range at 1443
cm™. The vibrations of carboxylic acids and aromatic amines' C-N bonds result in the
formation of a band at 1371 cm™. The band at 1033 cm is related to the stretching
vibrations of alcohols' second carbon dioxide. Compounds that are aromatic can be
identified by the peaks located at 516 and 559 cm™. Throughout the synthesis
process, these functional groups serve as agents for coating, distributing, and
stabilizing S-NPs.
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Figure 1: FT-IR analysis of Ziziphus-spina tree extract.

The FT-IR spectrum of the sulfur nanoparticles (S-NPs) in Figure 2 reveals the
existence of a novel chemical bond on their surface. This implies that the application
of seder leaf extract may aid in the dispersion and stability of sulfur nanoparticles.
The process of stopping particle agglomeration was achieved by taking advantage of
interactions between amino acid residues of the protein and sulfur nanoparticles. At
460 cm™ a prominent peak appears in the FT-IR spectrum, clearly showing the effect
of seder leaf extract on sulfur nanoparticles. The fruit extract of the Albizia julibrissin
and sodium thiosulfate were used by (6) in preparing SNPs, and the results were
consistent with this research. (16) Used citric acid and an aqueous extract of the
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leaves of the Melia azedrach plant. SEM, FT-IR, and XRD characterizations of the
results demonstrated that the extract stabilizes the formation of the SNPs.
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Figure 2: FT-IR analysis of synthesized sulfur nanoparticles.

Scanning electron microscopy: SEM is an imaging technique that projects a beam
of electrons into the area to be studied. The electrons interact with the surface atoms,
generating three types of rays, i.e., secondary electrons, back-scattered electrons, and
X-rays, where the magnification range reaches 25-250,000 times to determine the
surface (1). SEM pictures of sulfur nanoparticles produced in the Ziziphus spina tree
leaves extract are displayed in Figure 3. These pictures demonstrate how the
nanoparticles made using the method outlined are uniform in size and nearly
spherical in shape. According to the SEM results the sulfur crystals agglomerated
during processing, and the SNPs were approximately 97.65 nm in size.

Figure 3: SEM pictures of sulfur nanoparticles in various contexts (500 nm, 10
MM, 5 pm).

Atomic force microscopy: Atomic force microscopy (AFM) was used to examine
fine details of the surface topography and crystal structure of nanomaterials. The
capacity to magnify an image up to a million times is what makes this microscope
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unique, and more capable of imaging fine details compared to other electron
microscopes (10). Figure 4 shows two- and three-dimensional images of the surface
of nano-sulfur particles prepared in the laboratory using the green method. As shown,
the grain size of the prepared particles has a diameter of about 40 nanometers.
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Figure 4: 2D and 3D AFM images of sulfur nanoparticles tested by the green

synthesis method.

X-ray diffraction: The crystalline structure of the green-produced sulfur
nanoparticles was ascertained through the use of XRD analysis. The positions of the
peaks are seen at different angles when the X-rays were directed to the identified
samples. The XRD data of the SNPs are displayed in Figure 5 beside the typical
reference pattern for sulfur (JCPDS 4: 8-0247). The diffraction peaks at 113, 220,
222, 040, 313, 044, 422, 319, 515, and 266 were associated with the corresponding
angles of 15.3°, 22.9°, 24.3°, 26.3", 27.3", 28.6°, 31.0°, 42.9°, 55.4°, and 65.1,
respectively. These results indicate and confirm that the sulfur nanoparticles exhibit a
well-defined crystalline structure. The nanoparticle size was calculated using the
Debye-Scherrer equation:

kA

D =
B cosf

Where A is the X-ray wavelength, equal to 1.504 A°, (B) is the greater half of the
full width maximum (FWHM) and (K) is the shape factor, which is equal to 0.94
(20). The size of the SNPs determined by the Debye-Scherrer equation was 9.26 nm.
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Figure 5: Synthetic sulfur nanoparticles’ XRD pattern.
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This is consistent with the findings of (2) who synthesized sulfur nanoparticles
using an aqueous extract of Rosmarinus officinalis leaves and sodium thiosulphate.
They also used techniques such as XRD, SEM, TEM, and FT-IR spectroscopy. The
average size of the crystalline sulfur nanoparticles was 40 nm (2). The sulfur
nanoparticles generated in this study utilizing the aqueous extract of Ziziphus spina
tree leaves showed good correlation between the diffraction peaks of the sulfur
nanoparticles synthesized by (2).

Transmission electron microscopy: TEM is a crucial instrument for use in
researching layer growth and structure. Though it employs electrons rather than light,
it operates on the same fundamental concepts as optical microscopy and produces
much higher resolution images. Thus, TEM can reveal fine details of internal
structures, even in instances as small as individual atoms (23). The morphology of the
sulfur nanoparticles synthesized by the green method was analyzed using TEM
(Figure 6) and showed mean sizes of 50 — 100 nm and spherical-like shapes. This
again confirms the formation of lower size particles.

Figure 6: TEM micrographs of sulfur nanoparticles.

Antibacterial activity: The results show the prepared SNPs having antibacterial
activity against gram-negative and gram-positive tested bacteria. Its activities varied
according to the tested bacteria with inhibition zone diameters ranging from 7 mm to
22 mm. Meanwhile, the negative control of the 10% DMSO solvent did not inhibit all
the bacteria tested. The highest inhibition zones were 22, 18, 11, and 7 mm against
Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, and Klebsiella
pneumonia, respectively for the nanoparticles at the 4 mg/ml concentration (Figure
7). The synthesized SNPs appeared the best antibacterial agent against gram-positive
bacteria and its strong activity against Staphylococcus aureus is of critical importance
considering that it is an emerging human pathogen. The antibacterial mode of action
of nanoparticles is generally described as relating to one of the following
mechanisms: cell plasma membrane damage, generation of reactive oxygen species,
and penetration of bacterial cytoplasmic membrane, as well as leading to intracellular
effects such as interacting with deoxyribonucleic acid (DNA) and cell protein (18 and
19).
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Staphylococcus aureus

Escherichia coli Klebsiella pneumonia
Figure 7: Antibacterial activity of SNPs against tested bacteria. A: 4 mg/ml; B:
10% DMSO.
Conclusions

Ziziphus-spina tree leaves were successfully used to prepare sulfur nanoparticles
from the aqueous extract of its leaves. FT-IR analysis showed a strong peak at 460
cm?, indicating the formation of the nanoparticles. X-ray diffraction results displayed
the presence of nanoparticles sized 9.26 nm, indicating their high crystalline purity,
while transmission electron microscopy revealed their spherical shapes. Meanwhile,
atomic force microscopy showed that the grain size of the prepared particles was
approximately 40 nm. The prepared sulfur nanoparticles possessed antibacterial
activity especially against Staphylococcus aureus.

Supplementary Materials:
No Supplementary Materials.

Author Contributions:
This work is the collaboration of three authors. Rand Malallah Hasan diagnosed the case
for study, collected the samples, did the investigation, and wrote the original draft. M. M,

1320




Anbar J. Agric. Sci., Vol. (22) No. (2), 2024. ISSN: 1992-7479 E-ISSN: 2617-6211

Sirhan reviewed and edited the manuscript and supported it with resources for drafting.
Hameed Khalid Ali analysed the data and reviewed the manuscript.

Funding:
This research received no external funding.

Institutional Review Board Statement:

This study was conducted in accordance with the protocol authorized by the Ministry of
Water Resources, Head of the Central Drinking Water, Ethics Committee, Syrian Arab
Republic.

Informed Consent Statement:
No Informed Consent Statement.

Data Availability Statement:
No Data Availability Statement.

Conflicts of Interest:
The authors declare no conflict of interest.

Acknowledgments:
The researchers wish to thank the Department of Chemistry at College of Education for
Pure Sciences, University of Anbar.

Disclaimer/Journal’s Note:

The statements, opinions, and data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of AJAS and/or the editor(s). AJAS and/or the
editor(s) disclaim responsibility for any injury to people or property resulting from any ideas,
methods, instructions, or products referred to in the content.

References

1. Akhtar, K., Khan, S. A., Khan, S. B., and Asiri, A. M. (2018). Scanning electron
microscopy: Principle and applications in nanomaterials characterization, 113-
145. https://doi.org/10.1007/978-3-319-92955-2_4.

2. AlBanna, L. S., Salem, N. M., Jaleel, G. A., and Awwad, A. M. (2020). Green
synthesis of sulfur nanoparticles using Rosmarinus officinalis leaves extract and
nematicidal activity against Meloidogyne javanica. Chemistry International, 6(3):
137-143. https://doi.org/10.5281/zenodo.3528019.

3. Aldhanhani, A. R., Ahmed, Z. F., Tzortzakis, N., and Singh, Z. (2022). Maturity
stage at harvest influences antioxidant phytochemicals and antibacterial activity
of jujube fruit (Ziziphus mauritiana Lamk. and Ziziphus spina-christi L.). Annals
of Agricultural Sciences, 67(2): 196-203.
https://doi.org/10.1016/j.a0as.2022.12.003.

4. Al-Obeidi, D. M., W., H. Ali, L., & F. Al-Rawi, Dh. (2024). The Effects Of
Single Cell Oil (Sco) Produced From Bacillus Subtilus On Certain Histological
And Physiological Changes In Laboratory Rats. Anbar Journal Of Agricultural
Sciences, 22(1), 429-454. https://doi.org/10.32649/ajas.2024.183744.

5. Attia, T. S., and Elsheery, N. I. (2020). Nanomaterials: scope, applications, and
challenges in agriculture and soil reclamation. Sustainable Agriculture Reviews
41: Nanotechnology for Plant Growth and Development, 1-39.
https://doi.org/10.1007/978-3-030-33996-8 1.

1321


https://doi.org/10.1007/978-3-319-92955-2_4
https://doi.org/10.5281/zenodo.3528019
https://doi.org/10.1016/j.aoas.2022.12.003
https://doi.org/10.32649/ajas.2024.183744
https://doi.org/10.1007/978-3-030-33996-8_1

Anbar J. Agric. Sci., Vol. (22) No. (2), 2024. ISSN: 1992-7479 E-ISSN: 2617-6211

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Awwad, A. M., Salem, N. M., and Abdeen, A. O. (2015). Noval approach for
synthesis sulfur (S-NPs) nanoparticles using Albizia julibrissin fruits extract.
Adv. Mater. Lett, 6(5): 432-435. http://dx.doi.org/10.5185/amlett.2015.5792.
Ghodke, V., and Athare, A. (2023). Green synthesis of sulphur nanoparticles via
Psidium Guajava leaf aqueous extract and study of their antimicrobial activity
and antifungal activity. https://doi.org/10.21203/rs.3.rs-3334704/v1.

Ghotekar, S., Pagar, T., Pansambal, S., and Oza, R. (2020). A review on green
synthesis of sulfur nanoparticles via plant extract, characterization and its
applications. Advanced Journal of Chemistry-Section B, 2(3): 128-143. DOI:
10.33945/SAMI/AJCB.2020.3.5.

Gupta, P. K. (2023). Introduction and historical background. In Nanotoxicology
in Nanobiomedicine, 1-22. https://doi.org/10.1007/978-3-031-24287-8 1.
Johnson, D., Oatley-Radcliffe, D. L., and Hilal, N. (2017). Atomic force
microscopy (AFM). In Membrane characterization, 115-144.
https://doi.org/10.1016/B978-0-444-63776-5.00007-3.

Joshi, H., Choudhary, P., and Mundra, S. L. (2019). Future prospects of
nanotechnology in agriculture. Int J Chem Stud, 7(2): 957-963.

Khairan, K., Aryati, F., Suhayla, P. D., Sriwati, R., and Awang, K. (2023). Green
synthesis of sulfur nanoparticles using garlic (Allium sativum): Fungicidal
activity and plant growth effects on chili plants (Capsicum annum L.). In AIP
Conference Proceedings, 2480(1). https://doi.org/10.1063/5.0121749.

Najafi, S., Razavi, S. M., Khoshkam, M., and Asadi, A. (2020). Effects of green
synthesis of sulfur nanoparticles from Cinnamomum zeylanicum barks on
physiological and biochemical factors of Lettuce (Lactuca sativa). Physiology
and molecular biology of plants, 26: 1055-1066. https://doi.org/10.1007/s12298-
020-00793-3.

Najafi, S., Razavi, S. M., Khoshkam, M., and Asadi, A. (2022). Green
synthesized of sulfur nanoparticles and its application on lettuce plants metabolic
profiling. BioNanoScience, 12(1): 116-127. https://doi.org/10.1007/s12668-021-
00918-2.

Ragab, G. A. and Saad-Allah, K. M. (2020). Green synthesis of sulfur
nanoparticles using Ocimum basilicum leaves and its prospective effect on
manganese-stressed Helianthus annuus (L.) seedlings. Ecotoxicology and
Environmental Safety, 191: 110242.
https://doi.org/10.1016/j.ecoenv.2020.110242.

Salem, N. M., Albanna, L. S., Awwad, A. M., Ibrahim, Q. M., and Abdeen, A. O.
(2016). Green synthesis of nano-sized sulfur and its effect on plant growth. J.
Agric. Sci, 8(1): 188. http://dx.doi.org/10.5539/jas.v8n1p188.

Salem, S. S., and Fouda, A. (2021). Green synthesis of metallic nanoparticles and
their prospective biotechnological applications: an overview. Biological trace
element research, 199(1): 344-370. https://doi.org/10.1007/s12011-020-02138-3.
Slavin, Y. N., Asnis, J., Hafeli, U. O., and Bach, H. (2017). Metal nanoparticles:
understanding the mechanisms behind antibacterial activity. Journal of
nanobiotechnology, 15: 1-20. https://doi.org/10.1186/s12951-017-0308-z.

1322


http://dx.doi.org/10.5185/amlett.2015.5792
https://doi.org/10.21203/rs.3.rs-3334704/v1
https://doi.org/10.1007/978-3-031-24287-8_1
https://doi.org/10.1016/B978-0-444-63776-5.00007-3
https://doi.org/10.1063/5.0121749
https://doi.org/10.1007/s12298-020-00793-3
https://doi.org/10.1007/s12298-020-00793-3
https://doi.org/10.1007/s12668-021-00918-2
https://doi.org/10.1007/s12668-021-00918-2
https://doi.org/10.1016/j.ecoenv.2020.110242
http://dx.doi.org/10.5539/jas.v8n1p188
https://doi.org/10.1007/s12011-020-02138-3
https://doi.org/10.1186/s12951-017-0308-z

Anbar J. Agric. Sci., Vol. (22) No. (2), 2024. ISSN: 1992-7479 E-ISSN: 2617-6211

19.

20.

21.

22.

23.

24,

Suleiman, M., Al-Masri, M., Al Ali, A., Aref, D., Hussein, A., Saadeddin, 1., and
Warad, . (2015). Synthesis of nano-sized sulfur nanoparticles and their
antibacterial activities. J Mater Environ Sci, 6(2): 513-518.

Thakar, M. A., Jha, S. S., Phasinam, K., Manne, R., Qureshi, Y., and Babu, V. H.
(2022). X ray diffraction (XRD) analysis and evaluation of antioxidant activity of
copper oxide nanoparticles synthesized from leaf extract of Cissus vitiginea.
Materials Today: Proceedings, 51: 319-324.
https://doi.org/10.1016/j.matpr.2021.05.410.

Tripathi, R. M., Rao, R. P., and Tsuzuki, T. (2018). Green synthesis of sulfur
nanoparticles and evaluation of their catalytic detoxification of hexavalent
chromium in water. RSC advances, 8(63): 36345-36352.
https://doi.org/10.1039/C8RAQ7845A.

Urnukhsaikhan, E., Bold, B. E., Gunbileg, A., Sukhbaatar, N., and Mishig-Ochir,
T. (2021). Antibacterial activity and characteristics of silver nanoparticles
biosynthesized from Carduus crispus. Scientific Reports, 11(1): 21047.
https://doi.org/10.1038/s41598-021-00520-2.

Winey, M., Meehl, J. B., OToole, E. T., and Giddings Jr, T. H. (2014).
Conventional transmission electron microscopy. Molecular biology of the cell,
25(3): 319-323. https://doi.org/10.1091/mbc.e12-12-0863.

Yuan, H., Liu, Q., Guo, Z., Fu, J., Sun, Y., Gu, C,, ... and Dhankher, O. P.
(2021). Sulfur nanoparticles improved plant growth and reduced mercury toxicity
via mitigating the oxidative stress in Brassica napus L. Journal of Cleaner
Production, 318: 128589. https://doi.org/10.1016/j.jclepro.2021.128589.

1323


https://doi.org/10.1016/j.matpr.2021.05.410
https://doi.org/10.1039/C8RA07845A
https://doi.org/10.1038/s41598-021-00520-2
https://doi.org/10.1091/mbc.e12-12-0863
https://doi.org/10.1016/j.jclepro.2021.128589

