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Abstract
The synthesis of phyto-extract-assisted nanomaterials is very popularity as the process is simple and inexpensive. Euphor-
bia thymifolia L. belongs to family Euphorbiaceae and it is well-known herb species. The aim of the present research is a 
green synthesis of silica nanomaterials using the aqueous extract of E. thymifolia. The synthesized silica nanoparticles were 
characterized by Ultraviolet-visible (UV-Vis) spectrophotometer, Fourier Transform Infrared Spectroscopy (FTIR), X-Ray 
diffraction analysis (XRD), Scanning Electron Microscope (SEM) with Energy Dispersive X-ray Analysis (EDAX), Dynamic 
Light Scattering (DLS) and Thermogravimetric analysis (TGA). These results confirmed the successful formation of nanopar-
ticles, which are spherical and amorphous in nature. EDAX analysis determined the purity of the silica nanoparticles, which 
are composed of Si and O elements with no other impurities. XRD spectroscopy illustrates that characteristic diffraction 
peaks for silica nanoparticles were observed at 2ϴ range 20° corresponding to 101 planes. The average size of synthesized 
silica nanoparticles is 17 nm. The surface charge and stability of silica nanomaterials were analysed using dynamic light 
scattering (DLS), which revealed that the synthesized nanomaterials have a negative charge (-2.00 mV). The results obtained 
from this investigation confirm that the aqueous extract of E. thymifolia can play a vital role in the capping and stabilization 
of Tetra Ethyl Ortho Silicate to silica nanoparticles. In addition, the effect of bio-synthesized silica nanoparticles on the 
germination of Sorghum bicolor was determined, and it was concluded that silica nanoparticles improved the percentage of 
seed germination and that it would be useful for agricultural application.
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1 Introduction

Nanotechnology signifies an innovative route to technical 
progress that concerns the administration of material at 
the nano-scale level. Nanotechnology aims to design and 
characterize the particles by controlling their structure and 

size at the nanometre level. Nanotechnology is primarily 
concerned with fabrication into various sizes and shapes 
and their potential use for humans [1]. During the past few 
years, nanomaterials have been utilized in various applica-
tions such as medicine, pharmaceuticals, cancer diagnosis, 
cosmetics, and food and textile industries, etc. Even though 
physical and chemical methods are utilized for the synthesis 
of nanoparticles, these methods are expensive and release 
more toxic materials into the environment. Hence, currently, 
the green chemistry approach i.e. usage of biological materi-
als like plant extracts, microorganisms, etc. is followed for 
fabricating nanoparticles owing to their properties like eco-
friendliness, low toxicity, and cost-effectiveness [2].

Silica nanoparticles promise a wide range of new 
technological applications in various fields such as drug 
delivery, tissue engineering, cancer diagnostics, enzyme 
immobilization, cell imaging, sensor development, 
etc. These nanoparticles are used for the production of 
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multifunctional nanostructure materials for various appli-
cations. Silica nanoparticles are synthesized by both top-
down and bottom-up approaches. They are also synthe-
sized by different physical and chemical methods such as 
the sol gel method [3], chemical vapour condensation [4], 
photo-ablation [5], micro emulsion, etc. However, these 
physical and chemical methods for the synthesis of nano-
particles have some drawbacks like the need for costly 
raw materials, very high temperature, and production of 
more toxic agents like Nickel tetra carbonyl, Diborane, 
Silicon tetrachloride, etc. [6].

The green synthesis of silica nanoparticles has several 
benefits and is free from the disadvantages of nanoparticles 
synthesized by physical and chemical methods. Silica nano-
particles synthesized by the green chemistry approach are 
used in various applications such as in medicines, pharma-
ceutical industries, paints, cosmetics, etc. In the biological 
synthesis method, the toxic chemical is replaced by eco-
friendly nontoxic materials [7]. Nowadays, silica nanoparti-
cles are predominantly used because of their unique proper-
ties like larger surface area, excellent thermal stability, ease 
of surface modification, admirable zeta potential activity, 
etc. Several natural precursors like clay, rock, and agricul-
tural wastes such as rice husk, straw, sugarcane bagasse, 
Bambusa vulgaris residues, and weed plants are used for the 
synthesis of silica nanoparticles [8]. The extract of certain 
leaves and fruits and ash of some plants are used for the 
synthesis of silica nanoparticles. Currently, the green syn-
thesis method used for the synthesis of various nanoparticles 
includes ZnO [9], CuO [10, 11],  CeO2 [12] FeO [13], Au 
[14], and titanium oxide [15] for various applications. The 
research related to the synthesis of silica nanoparticles was 
limited, hence these nanoparticles were used in this study to 
assess their efficiency against various applications. Different 
types of biological materials are utilized for the synthesis of 
silica nanoparticles.

Euphorbia thymifolia (Fig.  1) belongs to the family 
Euphorbiacea. It is frequently found in wastelands, road 
sides, and wall side sunder humid conditions. It is popular 
for its medicinal use predominantly in Africa. Euphorbia 
thymifolia is used for treating various ailments that include 
skin infection, parasitic infection, menstrual disorders, uri-
nary tract infection, leprosy, dysentery, eye disease, and 
measles [16, 17]. This plant contains some low phytochem-
icals like flavonoids, phenols, gallotannins, isomallotinic 
acid, hexahydroxy diphenic acid, and gallic acid [16].

In this study, the Euphorbia thymifolia was used for the 
synthesis of silica nanoparticles without using harmful 
reducing or capping agents. Euphorbia thymifolia-medi-
ated silica nanoparticles were characterized by different 
techniques. In addition, the effect of bio-synthesized silica 
nanoparticles on the germination of Sorghum bicolor was 
determined.

2  Materials and Methodology

All chemicals and reagents (99.9% pure and of analytical 
grade) were obtained from Sigma Aldrich for this investiga-
tion. Fresh and healthy E. thymifolia L. was collected from 
Dharapuram District, Tamilnadu, India in January 2021. 
The plant has been authenticated by the Botanical Survey 
of India, Tamilnadu Agricultural University (TNAU), Coim-
batore, Tamilnadu, India. The authentication number is BSI/
SRC/5/23/2021/Tech./38.

2.1  Preparation of the Extract

10 grams of fresh plantlets of E. thymifolia were weighed 
and ground by using a mortar and pestle with 250 mL of 
distilled water. Then, the extract was boiled at 65°C for 
30 minutes. After boiling, the mixture was filtered with a 
filter paper. This step was repeated three times to get a pure 
extract. Finally, the obtained extract was stored in the refrig-
erator for further use. The phytochemicals of E. thymifolia 
were assessed according to the methods of Harborne [18].

2.2  Production of Silica Nanoparticles 
and Characterization of Silica Nanoparticles

A 250 mL of Tetra Ethyl Ortho Silicate (TEOS) was 
prepared using de-ionized water. Aqueous extract of E. 
thymifolia was mixed with precursor solution. The mix-
ture of extract and TEOS solution was stirred at room 
temperature for 15 minutes. Later, 10 mL of ethanol was 
added to the above solution mixture at the same condi-
tion. Next, the 1 M HCl was mixed into that reaction mix-
ture and incubated for 20 minutes at room temperature. A 
precipitation-like jelly form was obtained at the end and 

Fig. 1  Euphorbia thymifolia 
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it was dried at 100 °C for 12 h. Finally, the fine white 
powder was achieved and stored in a sterile container for 
characterization.

Different spectroscopic and microscopic equipment were 
used to assess the physicochemical properties of green syn-
thesized silica nanoparticles. The optical properties of as-
synthesized silica nanoparticles were done using UV–vis 
spectroscopy. The nature and the average size of nanoparti-
cles were determined by XRD analysis. FT-IR analysis was 
utilized to know the functional groups of phytochemicals 
from E. thymifolia for capping and stabilization of silica 
nanoparticles. EDX analysis was utilized to comprehend the 
purity and elemental composition of nanoparticles. The sta-
bility of nanoparticles was predicted through Zeta potential 
analysis. The morphology of nanoparticles was determined 
by the SEM analysis.

2.3  The Effects of Silica Nanoparticles 
on the Germination of Sorghum Bicolor

Seeds of Sorghum bicolor were collected from the local 
market, Coimbatore, Tamilnadu, India. The effect of silica 

Table 1  Phytochemicals screening for aqueous extract of E. thymifo-
lia 

S.NO Phytochemicals Aqueous 
extract of E. 
thymifolia

1 Steroids Absent
2 Alkaloids Absent
3 Tannins Present
4 Saponins Absent
5 Tri terpenoids Absent
6 Glycosides Present
7 Flavonoids Present
8 Reducing sugar Absent

Fig. 2  UV spectra, where A = Silica nanoparticles and B = Extract 
of Euphorbia thymifolia 
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Fig. 3  FT-IR spectra, where A = Silica nanoparticles and B = Extract 
of Euphorbia thymifolia 
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Fig. 4  XRD spectra of E. thymifolia mediated Silica nanoparticles
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nanoparticles on the germination of Sorghum bicolor was 
studied using the protocol with minor modification of 
Maroušek et al. [19].

3  Results and Discussion

Phytochemicals in E. thymifolia were investigated through 
stranded techniques, which are presented in Table 1. The 
aqueous extract of E. thymifolia exhibited the presence of 
tannins, glycosides, and flavonoids. Similarly, Singh et al.
[20] have reported the presence of alkaloids, polypenoids, 
tannins, flavonoids, and glycosides in the methanolic extract 
of Azadiracta indica leaves.

Tetra Ethyl Ortho Silicate (TEOS) is a primary precursor 
to the preparation of silica nanoparticles. In the presence of 

ethanol, plant extract, and HCl undergo hydrolysis and con-
densation reaction to produce silica nanoparticles through 
a continuous stirring process. HCl is used as a catalyst to 
precipitate the silica nanoparticles. The formation of Si-OH 
occurs by the replacement of (-OR) group with (OH) group 
from plant extracts and ethanol. The highly formed Si-OH 
is dehydrated and dealcoholized to form Si-O-Si particles 
[21–25].

Figure 2A and B show the UV spectra of green-synthe-
sized silica nanoparticles and aqueous extract of E. thymi-
folia. Silica nanoparticles show peaks between 300 and 400 
nm. Similarly, Periakaruppan et al. [26] synthesized the 
silica nanoparticles using the leaf extract of Punica grana-
tum and assessed its optical properties using the UV spectral 
study. They got absorption peaks between 300 and 370 nm 
in UV spectra for silica nanoparticles.

Fig. 5  SEM images of E. 
thymifolia mediated Silica 
nanoparticles
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Fig. 6  EDX spectra of E. 
thymifolia mediated Silica 
nanoparticles

Fig. 7  Zeta Potential analysis 
of E. thymifolia mediated Silica 
nanoparticles
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The functional groups of synthesized silica nanopar-
ticles and extract of E. thymifolia were evaluated and the 
spectra are shown in Fig. 3A and B. The strong peaks were 
displayed at 462, 555, 948, and 1049  cm−1. All the peaks 
indicate the presence of Si–O elements and symmetric Si–O 
bonds (Silanol). The functional group of O-H stretching and 
O–H bending occurred at peaks of 3348, 2121, 1635, and 
678  cm−1. Our result of FT-IR spectra is similar to the one 
obtained by Sankareswaran et al. [27], who bio-fabricated 
the biogenic silica nanomaterials using the extract of a 
medicinal plant (Bryophyllum pinnatum) and determined 
its functional groups and surface chemical moiety through 
FT-IR analysis.

Based on Fig. 4, E. thymifolia-mediated silica nano-
particles are found to have an amorphous pattern and are 
detectable by a peak at 2θ (Theta) =  28° in XRD spectra. 
The average size of the synthesized silica nanoparticles was 

calculated, and it was found to be 17 nm.This pattern is in 
agreement with other investigations [26, 28].

SEM analysis was used to find out the shape of the synthe-
sized nanoparticles. The SEM images (Fig. 5A -D) of green 
synthesized silica nanoparticles display the surface and spheri-
cal shape. A few of the nanoparticles were in aggregated form. 
EDX analysis was conducted with SEM analysis to reveal the 
purity and composition of silica nanoparticles. EDX spectra 
(Fig. 6) show the atomic percentage of Silica (41.02) and Oxy-
gen (58.98). Maroušek et al. [19] produced spherical-shaped 
silica nanoparticles using lignin from coir pith via the acidic 
sol-gel method. They detected the shape and purity of the silica 
nanomaterials using SEM with EDX analysis.

The stability of green synthesized nanomaterials is 
important for its practical applications. The stability is 
related to the surface electrical charge of the nanoparticles 
Uda et al. [29]. E. thymifolia-assisted silica nanoparticles 

Fig. 8  TGA analysis of E. 
thymifolia mediated Silica 
nanoparticles

Table 2  Comparison of 
green synthesis and chemical 
synthesis of silica nanoparticles

S.NO Parameters Green synthesis Chemical synthesis

1 Procedures/Steps Simple Complicated
2 Usage of hazardous chemicals Less High
3 Toxicity Less High
4 By products Easley degradable Partially /difficult to degradable
5 Biological activity High Moderate
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showed a minimum zeta potential of −2.00 mV (Fig. 7). The 
silica nanoparticles have a negative charge of zeta potential. 
Hence, it clearly reveals that the particles are stable because 
of the electrostatic repulsion.

Weight loss, crystallization temperature, melting point, 
sintering behaviour, and glass transition temperature of 
nanomaterials are investigated using the thermogravimet-
ric analysis (TGA) [30]. The thermal stability of the pre-
pared green-synthesized silica nanoparticles was character-
ized using thermogravimetric analysis (TGA) as shown in 
Fig. 8. TGA spectra of biosynthesized silica nanoparticles 
displayed a steady weight loss at the temperature range 
of 30 – 1000°C.A 35% of weight loss was observed up to 
200°C due to the loss of moisture by the silica nanoparti-
cles. Afterward, 25% of weight loss occurred until 900°C 
due to the decomposition of heat-resistive phyto-compounds 
in E. thymifolia-assisted silica nanoparticles [31]. Table 2 
explains the comparison of green synthesis and chemical 
synthesis of silica nanoparticles.

3.1  Analysis of Seed Germination

The seed germination analysis was performed using various 
concentrations of as-silica nanoparticles. Table 3 determines 
the effect of green-synthesized silica nanoparticles on the ger-
mination of Sorghum bicolor. The highest percentage of seed 
germination was observed at 200 ppm of silica nanoparticles 
as compared to the control of distilled water-treated seeds. The 
concentration of 500 ppm did not improve the germination 
percentages. Our finding is more similar to the one made in a 
previous research study [19]. Maroušek et al. [19] reported that 
a higher concentration of silica nanoparticles seemed to block 
the biochemical metabolism during the germination of seeds.

4  Conclusion

The present study makes out the best way to understand the 
green approach method to synthesize silica nanoparticles 
without using harmful chemicals. E. thymifolia-based silica 

nanomaterials were produced by a green chemistry approach. 
Phytochemical screening of E. thymifolia (aqueous extract) 
shows the presence of tannins, flavonoids, and glycosides. 
Silica nanoparticles were successfully characterized using 
UV visible spectroscopy, XRD, SEM, EDAX, FTIR, zeta 
potential analysis, and TGA. All the characterization reveals 
that synthesized silica nanoparticles were amorphous in 
nature with average size of 17 nm, pure and thermo-stable. 
This study concludes that the aqueous extract of E. thymifolia 
acts as a reducing and capping agent for the synthesis of sil-
ica nanoparticles. The lowest concentration of silica nanopar-
ticles was found to improve the seed germination percentage. 
It may play a vital role in the production of nano-fertilizers.

Acknowledgements Not applicable

Authors Contributions PR: Conceptualization, Supervision, Funding 
acquisition and Project administration RDN: Investigation and Writ-
ing- Original draft preparation SAA: Data Curation PV: Data Curation 
SKJ: Investigation and Writing.

Funding The authors have no relevant financial or non-financial inter-
ests to disclose.

Data Availability Not applicable

Declarations 

Ethics Approval Not applicable

Consent to Participate Not applicable

Consent for Publication Not applicable

Competing Interests The authors declare no competing interests.

References

 1. Nasrollahzadeh M, Sajadi SM (2016) Green synthesis of Pd 
nanoparticles mediated by Euphorbia thymifolia L. leaf extract: 
catalytic activity for cyanation of aryl iodides under ligand-free 
conditions. J Colloid Interface Sci 469:191–195

 2. Nasrollahzadeh M, Sajadi SM, Sajjadi M, Issaabadi Z, Atarod 
M (2019) An Introduction to Green Nanotechnology, Series 
Interface Science and Technology 28

 3. Jadhav SA, Garud HB, Thoravat SS, Patil VS, Shinde PS, 
Burungale SH, Patil PS (2021) Synthesis and testing of func-
tional mesoporous silica nanoparticles for removal of Cr (VI) 
ions from water. Biointerface Res Appl Chem 11:8599–8607

 4. Yu JH, Lee CW, Im SS, Lee JS (2003) Structure and magnetic prop-
erties of SiO2 coated Fe2O3 nanoparticles synthesized by chemical 
vapor condensation process. https:// doi. org/ 10. 1007/ BF027 00020

 5. San NO, Kurşungöz C, Tümtaş Y, Yaşa Ö, Ortac B, Tekinay T 
(2014) Novel one-step synthesis of silica nanoparticles from 
sugarbeet bagasse by laser ablation and their effects on the 
growth of freshwater algae culture. Particuology 17:29–35

 6. Azlina HN, Hasnidawani JN, Norita H, Surip SN (2016) Synthesis 
of SiO2 nanostructures using sol-gel method. Acta Phys Pol A 
129(4):842–844

Table 3  Effects on Silica nanoparticles on germination of Sorghum bicolor 

Treatments Concentrations Germination 
percentage 
(%)

Control Distilled water alone 98
T1 200 ppm of silica nanoparticles 98
T2 400 ppm of silica nanoparticles 95
T3 600 ppm of silica nanoparticles 90
T4 800 ppm of silica nanoparticles 87
T5 1000 ppm of silica nanoparticles 80

https://doi.org/10.1007/BF02700020


 Silicon

1 3

 7. Sharma D, Kanchi S, Bisetty K (2019) Biogenic synthesis of 
nanoparticles: a review. Arab J Chem 12(8):3576–3600

 8. Rovani S, Santos JJ, Corio P, Fungaro DA (2018) Highly pure 
silica nanoparticles with high adsorption capacity obtained from 
sugarcane waste ash. ACS Omega 3(3):2618–2627

 9. Rajiv P, Vanathi P, Thangamani A (2018) An investigation of 
phytotoxicity using Eichhornia mediated zinc oxide nanoparticles 
on Helianthus annuus. Biocatal Agric Biotechnol 16:419–424

 10. Vanathi P, Rajiv P, Sivaraj R (2016) Synthesis and characteri-
zation of Eichhornia-mediated copper oxide nanoparticles and 
assessing their antifungal activity against plant pathogens. Bull.
Mater Sci 39(5):1165–1170

 11. Cuong HN, Pansambal S, Ghotekar S, Oza R, Hai NTT, Viet NM, 
Nguyen VH (2022) New frontiers in the plant extract mediated 
biosynthesis of copper oxide (CuO) nanoparticles and their poten-
tial applications: A review. Environ Res 203:111858

 12. Pansambal S, Oza R, Borgave S, Chauhan A, Bardapurkar P, Vyas S, 
Ghotekar S (2022) Bioengineered cerium oxide (CeO2) nanoparticles 
and their diverse applications: a review. Applied Nanoscience, 1–26

 13. Rajiv P, Manikandan R, Sangeetha S, Vanathi P, Dhanasekaran 
S (2022) Fabrication of Biogenic Iron Oxide and their Efficiency 
to Detect Carbofuran in vegetable samples. Inorganic Chemistry 
Communications, 109649

 14. Gopinath K, Gowri S, Karthika V, Arumugam A (2014) Green 
synthesis of gold nanoparticles from fruit extract of Terminalia 
arjuna, for the enhanced seed germination activity of Gloriosa 
superba. J Nanostructure Chem 4(3):1–11

 15. Jegadeeswaran P, Rajiv P, Vanathi P, Rajeshwari S, Venckatesh R 
(2016) A novel green technology: synthesis and characterization 
of Ag/TiO2 nanocomposites using Padina tetrastromatica (sea-
weed) extract. Materials Letters 166:137–139

 16. Nasrollahzadeh M, Sajadi SM, Honarmand E, Maham M 
(2015) Preparation of palladium nanoparticles using Euphorbia 
thymifolia L. leaf extract and evaluation of catalytic activity in the 
ligand-free Stille and Hiyama cross-coupling reactions in water. 
N J Chem 39(6):4745–4752

 17. Mali PY, Panchal SS (2013) A review on phyto-pharmacological 
potentials of Euphorbia thymifolia L. Anc Sci Life 32(3):165

 18. Harborne AJ (1998) Phytochemical methods a guide to modern 
techniques of plant analysis. Springer Science & Business Media

 19. Maroušek J, Maroušková A, Periakaruppan R, Gokul GM, Anbuku-
maran A, Bohatá A, Kříž P, Bárta J, Černý P, Olšan P (2022) Silica 
nanoparticles from coir pith synthesized by acidic sol-gel method 
improve germination economics. Polymers 14(2):266

 20. Singh B, Ahamad A, Pal V (2015) Evaluation of Antibacterial Activity 
and Phytochemical Screening of Azadirachta indica Leaves Extracts 
Against Staphylococcus aureus. UK J Pharm Biosci 3(4):43–47

 21. Selvarajan V, Obuobi S, Ee PLR (2020) Silica nanoparticles—a ver-
satile tool for the treatment of bacterial infections. Front Chem 8:602

 22. Prabha S, Durgalakshmi D, Rajendran S, Lichtfouse E (2021) 
Plant-derived silica nanoparticles and composites for biosensors, 
bioimaging, drug delivery and supercapacitors: a review. Environ 
Chem Lett 19(2):1667–1691

 23. Karande SD, Jadhav SA, Garud HB, Kalantre VA, Burungale SH, 
Patil PS (2021) Green and sustainable synthesis of silica nanopar-
ticles. Nanotechnol Environ Eng 6(2):29

 24. Durairaj K, Senthilkumar P, Velmurugan P, Dhamodaran K, 
Kadirvelu K, Kumaran S (2019) Sol-gel mediated synthesis of 
silica nanoparticle from Bambusa vulgaris leaves and its environ-
mental applications: kinetics and isotherms studies. J Sol-Gel Sci 
Technol 90:653–664

 25. Li Z, Mu Y, Peng C, Lavin MF, Shao H, Du Z (2021) Under-
standing the mechanisms of silica nanoparticles for nanomedicine. 
Wiley Interdisciplinary Reviews: Nanomedicine and Nanobiotech-
nology 13(1):e1658

 26. Periakaruppan R, Manju Praveena S, Priya C, Ranjitha P, Gokul Raj 
S, Danaraj J (2022) Biosynthesis of silica nanoparticles using the 
leaf extract of punica granatum and assessment of its antibacterial 
activities against human pathogens. Appl Biochem Biotechnol 1–12

 27. Sankareswaran M, Periakaruppan R, Sasivarnam M, Danaraj J, 
Dhanasekaran S, Abomughaid MM (2022) Bio-fabrication of bio-
inspired silica nanomaterials from Bryophyllum pinnatum leaf for 
agricultural applications. Appl Biochem Biotechnol 1–12

 28. Sankareswaran M, Vanitha M, Periakaruppan R, Anbukumaran A 
(2022) Phyllanthus emblica mediated silica nanomaterials: Bio-
synthesis, structural and stability analysis. Silicon 1–5

 29. Uda MNA, Gopinath SC, Hashim U, Halim NH, Parmin NA, 
Afnan Uda MN, Anbu P (2021) Production and characterization 
of silica nanoparticles from fly ash: Conversion of agro-waste into 
resources. Prep Biochem Biotechnol 51(1):86–95

 30. Rajendrachari S, Kumara Swamy BE (2020) Biosynthesis of silver 
nanoparticles using leaves of Acacia melanoxylon and their appli-
cation as dopamine and hydrogen peroxide sensors. Phys Chem 
Res 8(1):1–18

 31. Kumar R, Sharma P, Bamal A, Negi S, Chaudhary S (2017) A 
safe, efficient and environment friendly biosynthesis of silver 
nanoparticles using Leucaena leucocephala seed extract and its 
antioxidant, antimicrobial, antifungal activities and potential in 
sensing. Green Processes Synth 6(5):449–459

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Production of Biogenic Silica Nanoparticles by Green Chemistry Approach and Assessment of their Physicochemical Properties and Effects on the Germination of Sorghum bicolor
	Abstract
	1 Introduction
	2 Materials and Methodology
	2.1 Preparation of the Extract
	2.2 Production of Silica Nanoparticles and Characterization of Silica Nanoparticles
	2.3 The Effects of Silica Nanoparticles on the Germination of Sorghum Bicolor

	3 Results and Discussion
	3.1 Analysis of Seed Germination

	4 Conclusion
	Acknowledgements 
	References


