
Introduction
 Energy and environment are the two main components due to 
which life exists on the earth and their connection with technology 
revolutionized the life in the advanced era. Similarly, the nano tech-
nology is associated with the nano materials and chemicals (metals 
and non- metals) present in the environment [1]. The new properties  
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are manipulated in the complexes that are totally changed from basic 
atoms or molecules. The altered properties shows its functionality, 
optical properties, their dimensional properties, magnetic properties 
and even the chemical properties. The nano technology plays a vital 
role in economic growth and sustainable growth of life [2]. In general, 
the characteristics of nano-objects are influenced by their chemical 
composition, as well as their size, shape, composition, and surround-
ings, as well as their three-dimensional dispersal. It is obvious that 
production processes have a significant impact on the characteristics 
of nano-objects. Synthesis methods can be used in a variety of ways.

 There are two types of strategies: bottom-up and top-down [3]. 
Many disadvantages, including as the existence of poisonous organic 
solvents, the generation of dangerous side-products and intermediate 
chemicals, and the large energy consumed, make chemical and phys-
ical NP synthesis difficult to scale up to large-scale manufacturing. 
Metal nanoparticles are commonly synthesized in aqueous environ-
ments, however due to the existence of attractive forces, such as van 
der Waal’s, those particles may agglomerate. To avoid particle aggre-
gation and regulate nanoparticle shape, several synthetic compounds 
known as “capping agents” were added to the steric stabilizers. Other 
issues with NP production include toxicity, decreased particle synthe-
sis rate, structural particle deformation, and particle growth inhibition. 
Furthermore, chemical NP production in nanocomposites or metallic 
NPs is made up of several chemical sorts (atoms) or fragments, which 
might enhance constituent’s reactivity, as well as affect human health-
iness and the atmosphere. On the basis of the large number of mole-
cules and atoms amalgamations used during Nano particles chemical 
production, it is prerequisite to consider all the information of the 
reaction conditions. This fact should be a prerequisite to track the mo-
lecular species involved along the kinetics of reactions [4]. Biochem-
ical NP production, on the other hand, is easy, cost-effective, more 
repeatable, and has well-defined physicochemical characteristics, in 
addition to being ecologically benign. Organic, Inorganic, and hy-
brid bio NPs are of the three types. Maximum macro-molecules and 
the cellular structures can generate NPs in response to environmental 
circumstances and sample treatment [5]. Oxides and metallic bio NPs 
are two types of inorganic bio NPs. The fabrication of Inorganic Bio 
NPs is generated by undefined reducing agents in the media by acti-
vating the system into the cell to decrease deadliness. The benefits of 
using biological patterns is the large variety of tridimensional (3D) 
bio configurations that can be used as originals to generate NPs with 
a wide range of characteristics and properties [5]. Eco-friendly chem-
istry also called as green chemistry that deals with the alteration of 
biological complexes to green chemicals which is further modified by 
the nanomaterial particles without using the toxicity of chemicals that 
is biosynthesized chemicals [6].

 Metal oxide when manufactured from plants i.e. synthesized 
through green synthesis, the phytochemicals present in plants act as 
reducing agent while the metal Nano particles act as stabilizer [7]. The 
production of Aluminum oxide nanoparticles can be done in a variety 
of ways (Al2O3 NPs or Nano alumina). The solution combustion tech-
nique is an energy-efficient and environmentally benign approach for  
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Abstract
 Green synthesis approaches are acquiring importance due to 
their environmentally safe, commercial scalability, versatility, cost-ef-
fectiveness, simplicity and efficiency on large scale synthesis. The 
extract of Trachyspermum ammi was used for the synthesis of Al2O3 
nanoparticles. The green synthesized Al2O3 nanoparticles were 
characterized by using by UV-Vis, FTIR, SEM, XRD and EDX. The 
green synthesized Al2O3 nanoparticles were characterized by using 
by UV-Vis, FTIR, SEM, XRD and EDX. The absorbance at 345.4nm 
from UV-visible spectroscopy shows the formation of Al2O3 nanopar-
ticles. The FTIR results indicated the presence of functional groups 
responsible for the formation of nanoparticles and the peak between 
710.71cm-1 and 871.92 cm-1 confirm the presence of Aluminium 
oxide. XRD analysis revealed the formation of Al2O3 nanoparticles 
with average particle size 25.7nm calculated from Scherer formula. 
EDX analysis demonstrated the elemental composition. The phyto-
chemical screening of Trachyspermum ammi was performed. The 
antibacterial activity of prepared Al2O3 nanoparticles was investigat-
ed by Well diffusion method. Plant extract consist of numerous bio-
chemical and phytochemical compounds that serve as capping and 
reducing agent that facilitates the production of non-toxic nanoparti-
cles that are useful for pharmaceutical and biological applications.

Keywords: Aluminium hydroxide; Al2O3 nanoparticles synthesis; 
Trachyspermum ammi

E:\PDFS\2023\11 Nov\HAAS\HAAS-23-023\10.24966\AAS-8292\100050


Citation: Bibi E (2023) Synthesis and characterization of Al2O3 nanoparticles from Trachyspermum ammi. J Agron Agri Sci 6: 050.

• Page 2 of 4 •

J Agron Agri Sci ISSN: 2689-8292, Open Access Journal
DOI: 10.24966/AAS-8292/100050

Volume 6 • Issue 2 • 100050

producing low-cost nano adsorbents [8]. Trachyspermum ammi      (Um-
belliferae), also known as Ajwain in India, is found across the coun-
try’s northwestern regions [9]. Trachyspermum ammi is a well-known 
source of components with promise bioactivity that can be used in 
pharmaceuticals. T. ammi is an yearly grown herb that grows up to the 
90 cm tall and is endemic to Egypt’s desert and less desert areas [10]. 
They have stimulating, antispasmodic, and the carminative qualities 
and have been utilized in the cure of pomposity, atonic indigestion, 
abdominal tumors, diarrhea, stomach aches, piles, and bronchial dif-
ficulties, lack of appetite, asthma, and amenorrhea for centuries. The 
fruits consists 2–5% Ajwain oil, a brown-colored essential oil that is 
accountable for the plant’s odor and flavor. It’s used to cure gastric 
and intestinal disorders, a lack of craving, and respiratory issues [11].

Materials and Methods
 Optimized concentration of spice T. Ammi about 100g dissolved in 
1000ml distilled water and continue to heating on burner for 1hour, un-
til the 2/3rd volume of extract was left behind from total amount added 
distilled water. Extract was cooled and filtered using filter paper (What-
tman No. 1). Now, extract is ready for use. The extract was freshly pre-
pared for the synthesis of Al

2
O

3 NPs. Al2O3 nanoparticles was syn-
thesized by Co-precipitation method. In first step, Sodium hydroxide 
was mixed with extract and Aluminium chloride react with Sodium 
hydroxide. In second step, Aluminium hydroxide leads to formation 
of Al2O3 nanoparticles. In this method extract acts as reducing agent.

Procedure
 For the preparation of Al2O3NPs, 60g of AlCl3 was dissolved in 
200ml distilled water and 180g of NaOH in 200ml distilled water in 
ratio of 1:3. The extract was mixed with AlCl3 solution in the beaker 
at 25℃ and was put in funnel. On lower side, NaOH in a flask on hot-
plate, funnel on upper side and thermometer hang in it. The extract and 
AlCl3 solution fell drop by drop from funnel into NaOH solution which 
is on hotplate. Both the solutions of AlCl3 and NaOH were mixed with 
magnetic stirrer. The temperature which was recorded at this time 
between 60-80℃. At this point, the formation of nanoparticles was 
started. The second step of synthesis is washing. After centrifugation, 
the mixture was left for 24 hours. Next day, washing was done. During 
washing small quantity of ethanol was also added for the removal of 
some extra impurities. Last step is the filtration and drying. Dried 
NPs were obtained after 72 hours at room temperature, followed by 
calcined at 450℃ for three hours in muffle furnace and then subjected 
for the characterization of Al2O3NPs.

Results and Discussion
UV- Visible Spectroscopy: UV-Visible spectroscopy is an import-
ant technique used for the characterization of nano particles (Figure 
1). Its principal is chased an absorption of UV-Visible radiation. The 
absorbance peak from 200nm to 400nm show presence of nano par-
ticles. The broad band is observed of Aluminum Oxide towards blue 
shift at 345.4nm [12]. A smaller absorption edge is advantageous for 
simpler electronic conductivity (greater energy transformations) and 
consequently quicker ionic conductivity.

FTIR Analysis: FTIR is a time-saving, non - destructive approach 
for detecting a variety of functional groups and is responsive to  

fluctuations in chemical composition. The information provided by 
FTIR is influenced by the chemical composition and physical condi-
tion of the entire sample [13]. Figure 2 given below shows the spectrum 
of FTIR of biosynthesized Al2O3 Nanoparticles using Trachyspermum 
ammi. The absorption bands are observed. The bands are at 710.71cm-
1, 871.08cm-1, 1406.23cm-1 and 3366.11cm-1. The peak present at 
710.71cm-1 shows the C=C bending of 1,2-disubstituted diene (cis) 
while 3366.11cm-1 shows the N-H stretching of Aliphatic primary 
amines (Table 1). The peat at 1406.23cm-1 shows the O-H bending 
of alcohols. The broad curve between 710.71cm-1, 871.08cm-1 and 
1021.12cm- 1 shows the bending of Aluminum oxide. The peak at 
1021.12cm-1 Al bending of biosynthesized Nano particles [14].

Scanning Electron Microscope (SEM): Scanning electron micro-
scope is used for investigating topographies of nano particles at very 
high magnifications. It’s a sort of electron microscope that scans the 
surface with a focused stream of electrons to obtain pictures of nano 
particles. A grid scan pattern is used to scan the electron beam, and 
the location of the beam is coupled with the intensity of the received  

Figure 1: UV/Visible spectrum.

Figure 2: FTIR Spectrum.

IR Ranges (cm-1) Functional groups Compound class

710.71 C=C bending 1,2 disubstituted dienes (cis)

871.08 Al bending Al2O3 NPs

1406.23 H bending Alcohol

3366.11 N-H Stretching Amine compounds

Table 1: Evaluation of different functional groups in FTIR spectrum.
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signal to create a picture. The patterns of Aluminum oxide nano struc-
tures were depicted in the picture of SEM examination (Figure 3).

 When subjected to the energetic electrons of the SEM, the bright 
regions of the picture demonstrate a strong generation of secondary 
electrons. Because of the high specific surface area ratio in certain 
places, this is the case. SEM images showed that Aluminum oxide 
Nano-particles are almost spherical in shape (Figure 4), irregular and 
also showed agglomeration of disc shaped nanoparticles.

X-Ray Diffraction (XRD): XRD is a technique for determining the 
lattice parameters of a substance. XRD pattern of synthesized Al2O3 

nanostructures using the extract of Trachyspermum ammi is shown in 
Figure 5. The intensive peak were observed at 2θ = 26.5°c with (002) 
orientation. While rest of peak at 2θ= 29.4, 38.96and 47.92 are cor-
responds to the planes (101), (102) and (220). (Table 2) These men-
tioned peaks are in agreement with the standard JCPDS card number 
then the nan particle size was determined by using the data from the 
XRD pattern by using the Scherer formula.

D=kλ/βcosθ

Where, D = crystallite size

λ = wavelength of the X-rays produced in the machine β = width of a 
peak at half of its intensity 

θ = angle of the corresponding peak k = shape factor

The average crystallite size was found to be about 25.7nm

Energy-Dispersive X-ray Spectroscopy (EDX/EDS): Energy dis-
persive X-Ray spectroscopy is used to analyze the structure and ana-
lytical constitution of substances [15]. EDX spectroscopy is used to 
determine the chemical compositions of a material and use a SEM. 
EDX can identify elements qualitatively and quantitatively [16]. EDX 
spectrum shows the presence of Al and O in the biosynthesized Alu-
minum oxide nano particles as shown in the Figure 6. The peaks other 
than Al and O showed the presence of impurity (Table 3) [17].

Figure 3: SEM Analysis of Al2O3.

Figure 4: Size distribution ratio of Al2O3 NPS in nm.

Figure 5: XRD Analysis ofAl2O3.

K Λ Peak Position 2θ β (FWHM) crystallite size (L)

(Å) Θ Θ nm

0.94 1.54178 29.4 0.25575 33.56685

0.94 1.54178 38.96 0.38196 23.05976

0.94 1.54178 47.92 0.42713 21.27393

Table 2: Particle size of Al2O3 nano particles from XRD data.

Figure 6: EDS Spot 1.

E:\PDFS\2023\11 Nov\HAAS\HAAS-23-023\10.24966\AAS-8292\100050


Citation: Bibi E (2023) Synthesis and characterization of Al2O3 nanoparticles from Trachyspermum ammi. J Agron Agri Sci 6: 050.

• Page 4 of 4 •

J Agron Agri Sci ISSN: 2689-8292, Open Access Journal
DOI: 10.24966/AAS-8292/100050

Volume 6 • Issue 2 • 100050

Biological Potential of Al2O3 nanoparticles: Antibacterial activity 
of Al2O3 nanoparticles was done against two bacterial strains (E.coli, 
S. aureus). Antibacterial potential of plant extract were determined by 
using well diffusion method.

Well Diffusion Assay: By using a well diffusion experiment against 
(E.Coli, S. Aureus), the antibacterial activity of Al2O3 nanoparticles 
were characterized with little amendments (Table 4). Powdered Al2O3 
nanoparticles were diluted 1 percent DMSO to make Al2O3 nanoparti-
cles solution for antibacterial activity. Similarly, solution of antibiotic 
was prepared by adding 100mg of antibiotic (Oxytetracycline) in one 
mg of distilled water. We used the backside blue micropipette tips to 
make two wells in the agar plate after inoculation. Aluminium oxide 
nanoparticles (100L) were then added to one well and antibiotic to 
another well. The plates were then incubated at 370C for 18 to 24 
hours. The zone of inhibition around the wells was seen after incuba-
tion, and the zone diameter was measured in millimeters (mm) with 
the ruler. It has previously been observed that as the concentration of 
nanoparticles increases, so does the inhibition of growth of bacteria 
takes place [18].

 The zones of inhibition are given in the table. The zone of inhibi-
tion for E.coli and S. aureus is at 18 and 16 respectively. The highest 
diameter of inhibition zone of Al2O3 nanoparticles was found to be 
18mm against E. coli.

Conclusion
 Trachyspermum ammi was used to successfully manufacture and 
analyze aluminium oxide nanoparticles. These nanoparticles’ func-
tional groups, crystalline structure, crystalline size, morphologies, 
and characteristics were compared to those of ordinary aluminium 
oxide nanoparticles. Then these nanoparticles are characterized by 
different techniques UV-Vis, FTIR, XRD, EDX and SEM. UV-visi-
ble spectroscopy shows the maximum absorption at the wavelength 
of 345.5nm. FTIR shows the Al2O3 nanoparticles peaks between 
871.08cm-1 and 1021.12cm-1. SEM and XRD analysis shows that 
they are spherical and oval shape having crystallite size of 25.7nm. 
EDX shows the elemental analysis and the impurity that is Calcium. 
Phytochemicals analysis done by using different chemical reagents 
that shows the presence of phyto-constituents in Trachyspermum 
ammi. Antibacterial potent of different bacterial strains were deter-
mined by using well diffusion assay. The natural mechanism would be 
more exquisite in manufacturing a range of other significant ceramic 
nanoparticles if it remained connected to green chemistry principles,  

practical efficiency, and the mildness of the reaction, economic vi-
ability, and biomedical application. In future we can make perfect 
material for Far-Infra red material, improve the plastic wear industry, 
decreasing the density of ceramic materials and in aerospace materi-
als for making aircraft wings leading edges.
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Element Weight % Atomic %

C 11.50 17.52

O 50.09 57.32

Al 30.22 21.318

Ca 8.19 3.842

Total 100.0 100.0

Table 3: Elemental ratio of Al2O3 Nano particles.

Bacterial strain

DIZ (mm)

Al2O3 NPs. Oxytetracycline

E.Coli 18±2.06 19±2.06

S. aureus 16±1.86 17±1.86

Table 4: Antibacterial activity of Al2O3 nanoparticles.
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