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Abstract In the existing technology world, nano is a hot area for the researchers. 
Nanoparticles of very lesser size like 1 to 100 nm in dimension are used in various 
chemistry fields, physics related to atoms and several other fields. They were used 
to analyse and prove the performance of several materials which come in closer to 
it. Several approaches based on physics, chemistry and biology are used in prepara-
tion of these particles. But the most cost-effective, less time consumption and easier 
approach is the approach based on biology. In this paper, we analyse and synthesize 
silver nanoparticles (AgNPs) by using methods based on biology with Ocimum 
sanctum. Synthesis of silver nanoparticles was completed using tulsi by applying 
green synthesis method at different pH ranges. Using UV-visible spectroscopy, 
characterization of AgNPs was completed. Applying various ph ranges, the adsorp-
tion of dyes was conducted and resulted in adsorption of cationic and neutral dyes 
and pesticide reductions.
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1  Elementary Units of Nanotechnology: Nanoparticles

1.1   Intoduction

The basic building blocks of various applications in nanotechnology are the 
nanoparticles. Nanotechnology is playing a significant role in the day-to-day life of 
research fields. Various properties of nanoparticles vary based on their properties of 
physics, chemistry and biology. These properties differ based on the composition of 
both atoms or molecules present in them and also the entire materials. Carbon, 
ceramics, biomolecules, metal oxides, non-oxide ceramics and metals are some of 
the chemical nature of nanoparticles. Nanoparticles have several structures like cyl-
inders, tubes, spheres, platelets and so on. The design of nanoparticles is done by 
modifying the surfaces to cater the requirements of application for which it will be 
applied for.

Various features contribute to the diversity of engineered nanoparticles. The 
same chemical can generate a wide variety of nanoparticles.

1.2  Categorization of Nanoparticles

There are two groups in nanoparticles. They are inorganic and organic nanoparti-
cles. Carbon nanoparticles are present in organic nanoparticles and magnetic 
nanoparticles, and nanoparticles of metals like silver and gold and nanoparticles of 
semiconductor like zinc oxide and titanium oxide are present in inorganic nanopar-
ticles. Inorganic nanoparticles are used frequently and effectively since they pos-
sess several material characteristics with its flexibility in the functions, and this has 
been identified as the best device for imaging in medicines and in the treatment of 
various diseases because of their attributes in dimensions and its advantages over 
the drugs of chemical composition. Gold nanoparticles is mostly used in carriers of 
drugs and in therapy related to thermo- and biology [1]. Several inorganic nanopar-
ticles such as metallic nanoparticles and semiconductor nanoparticles portray the 
optical characteristics which increase the transparent nature of composites of poly-
mer particles. Hence these inorganic nanoparticles are playing a major role in pro-
viding the optical characteristics in composites. Several gold nanoparticles 
depending on size are widely utilized in colouring glass for several centuries [2]. 
Various adaptable characteristics of inorganic nanoparticles made its usage in cel-
lular delivery like availability, abundant functionality, rich compatibility and effi-
ciency of drug delivery [3].
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1.3  Features of Nanoparticles

The surface of the nanoparticle consists of many atoms or molecules, and the 
amount of surface area present in a unit volume of the nanomaterial is the important 
outgrowth for the nanoparticles. All these properties grow in magnitude with reduc-
ing the size of the particles. Due to the presence of physical, chemical and biologi-
cal characteristics, the nanoparticles come up from two features. The major 
boundaries of nanoparticles are the shape which includes aspect ratios. Complex 
structure of nanoparticles is possible with the difficult compositions of adsorbate 
which depends on the growth features and the lifespan of a nanoparticle. In the liq-
uid interface of nanoparticle, polyelectrolytes are used to change the features of 
surface and communication among the particles and their environment. They are 
used in a vast range of colloidal dispersions [4].

2  Silver Nanoparticles

The distinctive properties like shape and size based on the magnetic, electrical and 
optical properties that can be included in various applications such as biosensor 
materials, antimicrobial, electronic and cosmetic products. In the synthesization and 
stabilization of nanoparticles, various methods based on physical and chemical 
aspects have been devised.

2.1  Nanosilver

Nanosilver is a material used in nanoformulation. Nanosilver has many features 
which act against bacteria, and hence it is used widely in water filters to purify 
drinking water and in cleansing of water in swimming pools. Various methods like 
reduction in electrochemical, discharging of spark and synthesis of cryochemical 
use metallic silver confined into ultrafine particles [5]. The size of particles of 
nanosilver is very much lesser than 100 nm and comprises of about 15,000 to 20,000 
of atoms of silver. Application of nanostructures in films, wires, tubes, etc. is pos-
sible. When measured with nano scale, the particles of silver portray the contrast 
features related to physical and chemical depending on pH and dissolving particu-
lars, and the metal is compared with the biological activities [6]. The reason behind 
this is that the very huge amount of atoms interact with their environments because 
of the large surface area per mass. In recent days, nanosilver is widely utilized in 
products related to consumers and medicines because of the properties of silver at 
the nanoscale.
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2.2  Requirement for Silver

The basic element present in our planet is the silver. The silver is not costly and rare 
like gold but is available naturally with the features of ductile and malleability. The 
more pure the silver is, the more conduction of electricity occurs with very less 
resistance in contact. The first two are most widely used, and the second one are not 
stable in the aquatic environment [7]. Metallic silver does not dissolve in water, but 
metallic salts and silver chloride are dissolvable in water. Fungicides, coinage and 
splints are some of the fields where metallic silver is extensively used. In the treat-
ment of addiction of nicotine, mentally ill and diseases which are infectious such as 
syphilis, various compounds of silver like silver slats are extensively used [8].

3  Synthesization of AG Nanoparticles

Many researchers and scientists are developing materials having very good proper-
ties, working with high functions and at very less cost than the already existing 
materials. Various methods based on physical, chemical and biological methods of 
synthesis have been formulated and developed to promote the performance of 
nanoparticles which portray the improved features with the aim to have a good hold 
on the size of the particle, distribution and morphology [9, 10]. The challenges 
faced by the researchers in the synthesization of nanoparticles are on applying 
purity, size distribution, quality and quantity as economical processes which are 
environment -friendly in nature.

3.1  Silver Nanoparticles’ Synthesis Techniques

Approaching Physically Most evaporation and condensation and laser ablation 
are very significant physical procedures used in the synthesis of silver nanoparti-
cles. This evaporation and condensation method has been applied in the synthesis of 
several metal nanoparticles like gold, cadmium sulphide, silver and lead sulphide. 
The major advantages of physical approaches when compared with chemical 
approaches are that the absence of contamination of solvent in the thin films pre-
pared and the uniformity present in the distribution of nanoparticles. It was already 
proved that using a small ceramic heater comprising a local heating source, the sil-
ver nanoparticles can be synthesized [11].

Approaching Chemically Reducing the organic and inorganic agents chemically 
is one of the common approaches used in synthesization of nanoparticles. In com-
mon reduction of silver ions (Ag+) in aqueous or non-aqueous solutions, several and 
various reducing agents like elemental hydrogen, sodium borohydride (NaBH4) and 
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sodium citrate are commonly used. These reducing agents reduce silver ions (Ag+) 
and create metallic silver (Ag0). This is followed by agglomeration into oligomeric 
clusters which in turn lead to the formation of metallic colloidal silver particles [12].

4  Tulsi Silver Nanoparticles

The better platform that can be used for the synthesis of nanoparticles are the plants 
since they are free from chemicals which are toxic. In addition, the usage of extracts 
from plants is cost-effective regarding the isolation of microorganisms when com-
pared with the synthesis of nanoparticles by microorganisms. In this work we have 
explained the biosynthesis of silver nanoparticles utilizing the leaf extract of 
Ocimum sanctum.

The usage of seeds of plants, roots, bark and berries for the purpose of medica-
tions is referred to as botanical medicine or phytomedicine.

4.1  Several Species of Tulsi

Ocimum americanum This species has arisen from tropical Africa. It is also called 
as hoary, lime or hairy basil, and it is called as an annual herb having flowers that 
are white or lavender in colour in nature. Mainly it is used in medicinal fields for 
curing various diseases. These plants portray antioxidant and antibacterial activities.

Ocimum sanctum This is also called as tulsi in Hindi and is called as holy basil in 
English. This an erect, soft haired plant with a very good aroma of its herb or under-
shrub which is found throughout India. This tulsi is commonly cultivated in gar-
dens. There are two categories of Ocimum sanctum found. They are tulsi plant with 
green leaves called as shri tulsi and tulsi plant with purple leaves called as krishna 
tulsi. Ocimum sanctum is held by Hindus as a sacred one, and also it is used as a 
medicine in daily life in homes of India for various treatments. This has various 
medicinal behaviours. The commonly used area are antidiabetic, anticancer, antifer-
tility and several other diseases.

Tulsi (Ocimum sanctum) – Chemical Composition The family of Ocimum sanc-
tum is Lamiaceae. The biogenic inert nanomaterials have applications in the detec-
tion, diagnosis and monitoring of cancer and tumour growth.
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5  Materials and Methods

Collection of Plant Material First we should collect the leaves of Ocimum from 
the local garden. The collected leaves are washed thoroughly with pure distilled 
water in order to remove the dust particles. Then the washed leaves are then dried 
for an hour. Then these dried leaves are cut into small pieces.

Leaf Extract Preparation In a 250  ml beaker with 100  ml distilled water, we 
should add 3 g of finely sized leaves and allow them to boil for 2 h. Then we should 
filter the extract to remove the dust which is then stored in the refrigerator for the 
next characterization and other works to be carried out.

Silver Nitrate Solution Preparation We should prepare a fresh solution of silver 
nitrate by adding 17 mg of silver nitrate in 10 ml of pure water. In order to avoid 
reduction, we should cover this solution with aluminium foil in the dark.

6  Characterization Method

In order to confirm the production of silver nanoparticles, we use several methods 
for characterization of the green silver nanoparticles. In addition to the determina-
tion of size distribution profile and surface morphology, it is possible to find out the 
actual size of the particle. We use the following instrument to characterize the green 
silver nanoparticles.

UV-Vis Spectroscopy When we add O. sanctum leaf extract with solution of silver 
nitrate, we get a change of colour of the solution from transparent to dark yellow 
since there are silver nanoparticles produced. In order to find out the optical prop-
erty of biosynthesized silver nanoparticles, we analyse the samples using UV-Vis 
spectroscopic at room temperature which is operated at a resolution of 1  nm to 
250 nm and 700 nm ranges. The peak of the silver nanoparticles prepared at all pH 
by green synthesis lies between the range 420 and 480 nm.

7  Application of Tulsi AgNPs

Adsorption of Dyes We dissolve less quantities of solid dye (methylene blue and 
neutral red each 5 mg in 50 ml in double the distilled water in order to prepare the 
stock solutions of reactive dye). Several concentrations of dye were obtained by 
diluting this solution so as to form it as the working solution. We carried out this 
experiment using all the 5 ph (pH 4, 5, 7, 9, 11). In the 5 ml of tulsi solution of each 
ph, 100 μl of working solution of each dye at all ph was kept in the darkest place by 
adding all ph and then stirring at 30 °C. We use UV-Vis spectrophotometer to take 
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reading every 5 min and 25 min. The methylene blue showed peak at 660 nm and 
neutral red at 550 nm.

8  Conclusion

The efficient route for the synthesis of nanoparticles was performed at different ph 
mediums using the silver nanoparticles with Ocimum sanctum leaf extract which 
provided environmental-friendly, simple and efficient route for the synthesis. The 
size of the synthesized nanoparticles was 10 to 100 nm at different ph ranges, and 
their shape is sheet and sphere. A thin layer of tulsi is surrounded around the 
nanoparticles which contains carbohydrates and camphor taken from the character-
ization using a UV-Vis spectrophotometer technique. From these techniques we 
come to know that in the shape determination of the nanoparticles, the concentra-
tion of plant extract to metal ion plays a significant role. The highly concentrated 
nanoparticles appear in sheet -shaped size, whereas the lower concentrated nanopar-
ticles appeared in spherical shape. Thus based on the reduction of metal ions, the 
sizes of the nanoparticles in different ph ranges are different.
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