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Abstract
In recent times the fast and rapid research innovation done in the field of the Herbal Drug
Industry as well as nanosciences and nanotechnology. They open the different doors of
research related to the field of diagnosis, treatment, cure, and prevention of several diseases
etc. Herbal-based formulation containing nano-range particles shows good effectiveness and
better bioavailability in systemic circulations recorded their several advantages. Plant-based
phytoconstituents are potential agents used for the synthesis of silver nanoparticles. Green
synthesis-based inorganic silver nanoparticles are a fresh and promising alternative to
chemically produced nanoparticles.
In this study green synthesis of silver nanoparticles using aqueous floral extract of Alstonia
scholaris Linn. R. Br. UV-Vis spectrometer uses to monitor the reduction of Ag ions and the
formation of silver nanoparticles with the plant extract. Particle size distribution TEM and
FE-SEM have been used to investigate the morphology characters of prepared silver
nanoparticles. FT-IR was performed to measure the different functional groups present in the
nanoparticles. The peaks in the XRD pattern are associated with that the face-centered-cubic
(FCC) form of metallic silver. The average grain size of silver nanoparticles is found to be
6.45 nm.
Keywords: Green synthesis, Silvernanoparticles, Alstonia scholaris, Aqueous floral extract.

1. Introduction
Nanoparticles are the smallest size particles they have remarkably different properties and
activities. Nanotechnology is the newer technology in which we are using small particle size
(10-100 nm), shape, and quite unique in nature solid colloidal particles of the materials. It is
widely used in different fields because of its various good advantages and applications [1-4]

They are classified and categorized in many ways, but application-based classification is very
important for the classification of Nanoparticles. Organic and inorganic nature-based
classification has easily differentiated the Nanoparticles. The different types of metallic
Nanoparticles are widely used in past and recent times eg. Gold, Silver, Copper, Iron, Zinc,
etc. Silver nanoparticles show good antimicrobial characteristics, and at present, their
severalapplications are being explored in consumer products such as medicines, shampoo,
hygieneproducts, and contraceptives [5-10].
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Alstonia scholaris Linn. R. Br. Plant is a large evergreen garden tree, belonging to the family
Apocynaceae. It is growing up to 15–21 m in height, with a straight often. They contain
different types of important alkaloids and other secondary metabolites. These substances are
responsible for showing different types of medicinal properties. The ethnomedicinal data
shows that all the parts of the plant are used for medicinal purposes Bark, including Leaves,
Flower, latex, etc [11-13].

In the present study, we prepared silver nanoparticles using the aqueous floral extract
of Alstonia scholaris by green synthesis approach and they are formulated and characterized.

2. Material and Method
2.1 Chemicals
All chemicals used by Merck Pvt. Ltd. and solvents were Qualigens.
2.2 Plant material
Flowers are collected from the medicinal garden of Vikram University campus Ujjain
(Voucher specimen MIPS- AS-001) according to session and shaded dry. Dry flowers are
grinded using a mechanical mixer and formed a coarse powder.
2.3 Successive solvent extraction method
Take coarsely powdered flower (40 g) were extracted by Soxhlet using non-polar to polar
solvents (300 ml). Then, after extraction, solvents were removed by Rotavapor (Buchi,
England), and a solid mass of aqueous extracts was procured. [14]

2.4 Green synthesis of silver nanoparticle using Alstonia scholaris flower aqueous
extract
In the green synthesis of silver nanoparticles firstly take 0.01M of an aqueous solution of
silver nitrate (99.99%) was used. 10 mL of Floral aqueous extract was added to 100 ml of
0.01M silver nitrate aqueous solution and allowed at the ambient condition to react. After
different time intervals, the colour change of the reaction mixture is observed from
transparent yellow to dark brown indicates that the formation of silver nanoparticles. The
silver nanoparticles solution was collected and UV-vis spectral analysis was used to
investigate the reduction mechanism of silver ions into nanoparticles in the solution.
The silver nanoparticles solution was allowed to centrifuge and the excess liquid was
removed by evaporation in a dryer yielding black-brown coloured silver nanopowder [15-17].
2.4.1 Optimization of parameters for the synthesis of silver nanoparticles Optimization
of external factors is critical to control reaction parameters. UV–vis analysis was done to
obtain the optimum wavelength for silver nanoparticles. [18]

2.4.2 Optimization of pH for the formation of silver nanoparticles
pH was varied from 5 to 9 with a difference of to estimate the optimal pH of silver
nanoparticles. [19]
2.5. Characterization of Silver Nanoparticles
2.5.1. Spectroscopical analysis
UV visible spectroscopy was performed on the aqueous floral extract of Alstonia scholaris-
based silver nanoparticles with suitable dilutions to analyze absorbance and ƛ max by
Shimadzu 1800 (Shimadzu Corporation, Kyoto, Japan), and the spectra were taken [20], [21].
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2.5.2. FTIR analysis
FT-IR studies of silver nanoparticles were done with an FT-IR spectrometer (Aligent Cary
630) from Diya Lab Mumbai using the dried powders between 4000–700 cm− 1 by means of
the KBr pellet method [22].
2.5.3. Particle size analyser by Malvern
Dynamic Light Scattering measures the translational diffusion coefficient of particles that are
subject to Brownian motion by analyzing the intensity fluctuations of laser light scattered by
the particles. The particle hydrodynamic size is then determined by modeling the particles as
perfect solid spheres and applying the Mie and Rayleigh scattering theories. [23]

2.5.4. FE Scanning electron microscopy
Silver nanoparticles were allowed to dry in a vacuum. Morphological analysis was done by
Carl Zeiss, Model Supra 55 (Made in England) [24].
2.5.5. Transmission electron microscopy (TEM)
The size of the nanoparticles was calculated by transmission electron microscopy (Tecnai
T20, 200 Kev FEI instrument) from Sprint Testing Solutions Mumbai. Silver nanoparticles
were loaded on TEM grids and kept in desiccators and transferred onto a specimen holder.
The particle size of silver nanoparticles was estimated using Image J 1.45 s software (NIH,
USA) [25].
2.5.6 X-ray diffraction study (XRD)
silver nanoparticles were characterized by XRD (Panalytical B.V. Lelyweg 1 7602 EA
ALMELO The Netherland). [26]

3. Results
The aqueous floral extract of silver nanoparticles was dark brown in color (Fig. 1)
nanopowder was stable. The optimum concentration of Alstonia scholaris Linn for
nanoparticle synthesis was 10 mL of Floral aqueous extract added to 100 ml of 0.01M silver
nitrate aqueous solution. It was observed that acidic pH (3–5) was inhibiting synthesis for
silver nanoparticles. A highly basic pH was optimum for the synthesis of green synthesis-
based silver nanoparticles. In earlier studies, it was established that alkaline pH is favorable
for the synthesis of silver nanoparticles
3.1 UV–vis analysis
UV visible spectroscopy spectra of the aqueous floral extract of Alstonia scholaris-based
silver nanoparticles with suitable dilutions. The intensity of the absorption peak at 425 nm is
recorded. (Fig. 1) shows spectra of aqueous floral extract of Alstonia scholaris-based silver
nanoparticles. UV range from 200 to 700 nm and Millipore water was used as a blank to
adjust the baseline.
3.2. FT-IR analysis
FT-IR spectra show different frequency ranges between 3600-3200 cm-1 representing a
hydroxyl (− OH) group peak report at 3365.8. (C-H) stretching from 2950-2840 peak report
at 2922.2, (N-H) Primary Amines 1650-1550 peak report at 1561.8, and carbonyl (C –O)
stretching of at (1275-1200) peak report at 1282.2, (Fig. 2)
3.3 Particle size
Silver nanoparticles Dynamic Light Scattering size measurements were performed on a
Zetasizer Nano(Malvern Panalytical Ltd., UK) equipped with a maximum 4 mW He−Ne laser
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emitting at 633 nm and Zetasizer Software, v. 7.13. Samples were contained in ZEN0040
(Malvern Panalytical) low-volume disposable cuvettes. Each measurement was performed at
a noninvasive back-scattering angle of 173° (in the dispersant) after thermally equilibrating
the sample at 25 °C for 3 min. (Fig.3)
3.4 FE-SEM
The reflected secondary electrons are captured by detectors and converted into images. In,
among all the microscopy techniques, SEM is the most efficient method for the measurement
of nano-level and identified easily different particle sizes and shapes of nanoparticles. It can
also determine the basic information about the surface morphology of nanoparticles in the
nanoscale.Fig.4 (A–B) illustrates the FESEM studies of Silver Nanoparticles.
3.5 TEM
Transmission electron microscopy (TEM) is an important method of characterizing
nanoparticle morphology (size and shape). TEM images of nanoparticles are typically
acquired in brightfield mode, based on the contrast generated by electron scattering from
heavy atoms. The different image analysis software to obtain statistical distributions in
particle size and shape. Individual nanoparticles can also be assessed for uniformity in shape
or size. TEM study shows a measured Minimum particle size for AgNP-AS of 10 nm. Fig 5
(A-E).
3.6 X-ray diffraction studies
X-ray diffraction pattern of AgNP-AS had Bragg’s reflections of (111), (200), (220) and
(311) planes, which confirms the face-centered cubic (FCC) crystalline structure of silver
(Fig. 6). Synthesized of AgNPs using floral extract of Alstonia scholaris was shown in Fig. 4.
The XRD was done to determine the crystalline nature of AgNPs and the resulting peaks
were found at 37.90°, 44.05°, 64.25° and 77.20° representing (111), (200), (220) and (311)
face-centered cubic structure of silver which were compared with the standard powder
diffraction card of Joint Committee on Powder Diffraction Standards (JCPDS), silver file No.
04–0783. A few intense unassigned peaks were also noticed which were raised at 320,
45.950, 54.60 and
57.20 .t.
4. Conclusion
The green synthesis-based method of AgNPs using aqueous floral extract of Alstonia
scholaris was shown to be fast, eco-friendly, and cheaply produced nanoparticles that are in
nano size and shape. Silver nanoparticles began to form with the addition of leaf extract to
silver nitrate as shown by the UV-vis spectrum at 425 nm. The XRD peaks are ascribed to the
FCC structure of silver. The synthesized silver nanoparticles were spherical in shape and
particle size was found about 6.45 nm from XRD results in addition justified further by the
SEM. The FT-IR spectrum ascribed the biological molecules which perform dual functions of
formation and stabilization of silver nanoparticles in the aqueous medium. So, it can be
summarized that green synthesis is an effective and eco-friendly method of producing metal
nanoparticles.
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Fig. 1. UV-visible spectra of silver nanoparticles prepared by Alstonia scholaris Linn aqueous
floral extract.

Fig. 2. FT-IR analysis of silver nanoparticles prepared by Alstonia scholaris Linn aqueous
floral extract.

Fig. 3. Particle size distribution report graph of silver nanoparticles prepared by Alstonia
scholaris Linn aqueous floral extract.

Fig. 4. FE-Scanning electron microscopy images of silver nanoparticles prepared by Alstonia
scholaris Linn aqueous floral extract.
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A. Image B.Image

Fig. 5. FE- Scanning electron microscopy images of silver nanoparticles prepared by Alstonia
scholaris Linn aqueous floral extract.

A. Image B.Image C.Image

D.Image E.Image
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Fig. 5. X-Ray diffraction of silver nanoparticles prepared by Alstonia scholaris Linn aqueous
floral extract.



Preparation and characterization of silver nanoparticles prepared by floral aqueous extract of plant
Alstonia scholaris Linn. R. Br. By Green synthesis approach

Section A-Research paper

768
Eur. Chem. Bull. 2023, 12 (S6), 761 - 769

Reference
1. Balaji DS, Basavaraja S, Deshpande R, Mahesh DB, Prabhakar BK, Venkataraman A.

Extracellular biosynthesis of functionalized silver nanoparticles by strains of
Cladosporium cladosporioides fungus. Colloids and surfaces B: biointerfaces. 2009
Jan 1;68(1):88-92.

2. Sirelkhatim A, Mahmud S, Seeni A, Kaus NH, Ann LC, Bakhori SK, Hasan H,
Mohamad D. Review on zinc oxide nanoparticles: antibacterial activity and toxicity
mechanism. Nano-micro letters. 2015 Jul;7:219-42.

3. Xu C, Qu X. Cerium oxide nanoparticle: a remarkably versatile rare earth
nanomaterial for biological applications. NPG Asia materials. 2014 Mar;6(3):e90-.

4. Whitesides GM. Nanoscience, nanotechnology, and chemistry. Small. 2005
Feb;1(2):172-9.

5. Jaffri SB, Ahmad KS. Augmented photocatalytic, antibacterial, and antifungal activity
of photo synthetic silver nanoparticles. Artificial cells, nanomedicine, and
biotechnology. 2018 Oct 31;46(sup1):127-37.

6. Elahi N, Rizwan M. Progress and prospects of magnetic iron oxide nanoparticles in
biomedical applications: A review. Artificial Organs. 2021 Nov;45(11):1272-99.

7. Bharathala S, Sharma P. Biomedical applications of nanoparticles. InNanotechnology
in modern animal biotechnology 2019 Jan 1 (pp. 113-132). Elsevier.

8. Flejszar M, Chmielarz P. Surface-initiated atom transfer radical polymerization for
the preparation of well-defined organic–inorganic hybrid nanomaterials. Materials.
2019 Sep 18;12(18):3030.

9. Lizundia E, Puglia D, Nguyen TD, Armentano I. Cellulose nanocrystal based
multifunctional nanohybrids. Progress in Materials Science. 2020 Jul 1;112:100668.

10. Khandel P, Yadaw RK, Soni DK, Kanwar L, Shahi SK. Biogenesis of metal
nanoparticles and their pharmacological applications: present status and application
prospects. Journal of Nanostructure in Chemistry. 2018 Sep;8:217-54.

11. Ghosh R, Sarkhel S, Saha K, Parua P, Chatterjee U, Mana K. Synthesis,
characterization & evaluation of venom neutralization potential of silver nanoparticles
mediated Alstonia scholaris Linn bark extract. Toxicology Reports. 2021 Jan 1;8:888-
95.

12. Hembram KC, Kumar R, Kandha L, Parhi PK, Kundu CN, Bindhani BK. Therapeutic
prospective of plant-induced silver nanoparticles: application as antimicrobial and
anticancer agent. Artificial cells, nanomedicine, and biotechnology. 2018 Nov
12;46(sup3):38-51.

13. Kaushik P, Kaushik D, Sharma N, Rana A. Alstonia scholaris: It's Phytochemistry
and pharmacology. Chronicles of young scientists. 2011 Apr 1;2(2):71-.

14. Mukherjee C, Suryawanshi PG, Kalita MC, Deka D, Aranda DA, Goud VV. Polarity-
wise successive solvent extraction of Scenedesmus obliquus biomass and
characterization of the crude extracts for broad-spectrum antibacterial activity.
Biomass Conversion and Biorefinery. 2022 Feb 11:1-7.

15. Vindhya PS, Sajan D. Green Synthesis and Characterization of Silver Nanoparticles.
In Methodologies and Applications for Analytical and Physical Chemistry 2018 Jul
17(pp. 91-100). Apple Academic Press.



Preparation and characterization of silver nanoparticles prepared by floral aqueous extract of plant
Alstonia scholaris Linn. R. Br. By Green synthesis approach

Section A-Research paper

769
Eur. Chem. Bull. 2023, 12 (S6), 761 - 769

16. GnanaJobitha G, Annadurai G, Kannan C. Green synthesis of silver nanoparticle
using Elettaria cardamomom and assesment of its antimicrobial activity. Int. J.
Pharma Sci. Res.(IJPSR). 2012;3(3):323-30.

17. Ahmad S, Munir S, Zeb N, Ullah A, Khan B, Ali J, Bilal M, Omer M, Alamzeb M,
Salman SM, Ali S. Green nanotechnology: A review on green synthesis of silver
nanoparticles—An eco-friendly approach. International journal of nanomedicine.
2019Jul 10:5087-107.

18. Khan S, Singh S, Gaikwad S, Nawani N, Junnarkar M, Pawar SV. Optimization of
process parameters for the synthesis of silver nanoparticles from Piper betle leaf
aqueous extract, and evaluation of their antiphytofungal activity. Environmental
Science and Pollution Research. 2020 Aug;27:27221-33.

19. Krishnaraj C, Ramachandran R, Mohan K, Kalaichelvan PT. Optimization for rapid
synthesis of silver nanoparticles and its effect on phytopathogenic fungi.
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy. 2012 Jul
1;93:95-9.

20. Bakar NA, Ismail J, Bakar MA. Synthesis and characterization of silver nanoparticles
in natural rubber. Materials Chemistry and Physics. 2007 Aug 15;104(2-3):276-83.

21. Ingle Jr, J. D., & Crouch, S. R. (1988). Spectrochemical analysis.
22. Kharat SN, Mendhulkar VD. Synthesis, characterization and studies on antioxidant

activity of silver nanoparticles using Elephantopus scaber leaf extract. Materials
Science and Engineering: C. 2016 May 1;62:719-24.

23. Dodge LG. Calibration of the Malvern particle sizer. Applied optics. 1984 Jul
15;23(14):2415-9.

24. Havrdova M, Polakova K, Skopalik J, Vujtek M, Mokdad A, Homolkova M, Tucek J,
Nebesarova J, Zboril R. Field emission scanning electron microscopy (FE-SEM) as an
approach for nanoparticle detection inside cells. Micron. 2014 Dec 1;67:149-54.

25. Inkson BJ. Scanning electron microscopy (SEM) and transmission electron
microscopy (TEM) for materials characterization. InMaterials characterization using
nondestructive evaluation (NDE) methods 2016 Jan 1 (pp. 17-43). Woodhead
publishing.

26. Richardson JT, Scates R, Twigg MV. X-ray diffraction study of nickel oxide
reduction by hydrogen. Applied Catalysis A: General. 2003 Jun 25;246(1):137-50.


	Saurabh Sharma 1 and  Swapnil Goyal 2
	Abstract
	1.Introduction
	2.Material and Method
	2.2Plant material
	2.3Successive solvent extraction method 
	2.4.2Optimization of pH for the formation of silver nan
	2.5.Characterization of Silver Nanoparticles 
	2.5.2.FTIR analysis
	2.5.3.Particle size analyser by Malvern 
	2.5.4.FE Scanning electron microscopy
	2.5.5.Transmission electron microscopy (TEM)
	2.5.6 X-ray diffraction study (XRD) 
	3.Results
	3.1UV–vis analysis
	3.2. FT-IR analysis
	3.3Particle size
	3.4FE-SEM
	3.5TEM
	3.6X-ray diffraction studies
	4.Conclusion
	Declaration of Competing Interest
	Reference

