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  Abstract: 

The current research examines the biological manufacture of silver nanoparticles (Ag NPs) 

utilizing Bacillus thuringiensis. The minimum inhibitory concentration (MIC) test was used to 

determine the inhibitory concentration of AgNO3 against Bacillus thuringiensis and Bacillus 

subtilis. By using a green synthesis approach, silver nanoparticles were effectively manufactured 

from Bacillus thuringiensis. UV-visible spectroscopy, scanning electron microscopy (SEM), X-ray 

diffraction (XRD), and FTIR were used to characterize the Ag NPs in detail. The absorption peak 

was located at 420 nm using UV-visible spectroscopy. The SEM pictures demonstrate the presence 

of spherical silver nanoparticles in the sample. The silver nanoparticles are crystalline in nature, as 

evidenced by the FT-IR peak at 518 cm
-1

 matching to the Ag vibration seen in crystalline structure. 

Finally, the antibacterial activity of silver nanoparticles was tested using the spread plate 

technique, and it was discovered that silver nanoparticles are more effective against S. aureus and 

B. subtilis than E. coli. 

Keywords:Nanomaterials,Silica Nanoparticles,, SEM, UV-visible spectroscopyAntibacterial       

activity. 

Introduction: 

Nanomaterials are the fundamental building blocks of many nanotechnology applications. Because 

of the growing relevance of nanotechnology and nanostructured materials, we construct an 

increasing number of products on the market using nanostructure materials. The word 

"nanotechnology" refers to measuring and studying materials with nanometer-scale dimensions. 

At the nanoscale, materials' physical and chemical properties may undergo dramatic alterations, 

opening up a slew of new possibilities for future yet previously accomplished uses. Because of the 

nanometer-scale nature of biomolecules and other bio-entities, the nanoscale provides the best 

opportunity for studying these biomolecules and other bio-entities. 

Silver Nanoparticles: 

We may generate metal nanoparticles in various ways, including physical, chemical, and 

biological processes. Green synthesis is one such promising approach. We have phased various 
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quick chemical processes out in green synthesis during the last few years because of the process's 

reduced toxicity and higher quality. Because of their high conductivity, stability, and low sintering 

temperatures, we used silver nanoparticles in everything from photovoltaics to biological and 

chemical sensors, pastes, conductive linkages, and fillers. Silver nanoparticles also have unique 

optical, electrical, and thermal characteristics. We mainly employed nanoparticles for molecular 

diagnostics and photonic devices because of their optical characteristics. Many fabrics, wound 

dressings, and biomedical equipment incorporate silver nanoparticles that continually release 

silver ions to defend against germs for antimicrobial coatings. 

 

Concept of Nanotechnology 

Nanomaterials have a lengthy history, and substantial advances in nanoscience have been made in 

the recent two decades at that time as well.. In his outstanding presentation at the California 

Institute of Technology on December 29th, 1959, Nobel laureate Richard Feynman first introduced 

the concept of nanotechnology. Nanomaterials were the subject of one of his 1960 essays titled. He 

argued we needed if just 100 atoms to hold a single piece of information, then the whole corpus of 

human knowledge could be contained in a cube with sides 0.02 inches long. Norio Taniguchi 

coined the word nanotechnology in 1970.The broadest definition of nanotechnology includes a 

conceptual and experimental activity. While nanotechnology has just emerged as a hot topic in 

scientific circles, the underlying principles have existed longer. Tiny coloured metal particles, 

typically silver, have been added to the glass panes to give them a glossy golden tint ever since. 

 

SILVERNANOPARTICLES 

Since the Roman Empire, glassmakers have utilised silver nanoparticles because of their optical 

characteristics. The so-called Lycurgus cup, dating from the 4th century AD, is currently displayed 

at the British Museum. Metal nanoparticles (with an average diameter of 40 nm) were discovered in 

its bronze-mounted insets of stained glass in the late 20th century after a careful investigation of the 

composition of its bronze-mounted stained-glass insets. That the hue of the bowl changes from red 

to greyish green when illuminated by reflected light was explained in this way. Predominantly 

because of their potential application as highly distributed supports for increasing the Raman 

spectroscopy signals of organic molecules prior to the 1980s, silver nanoparticles were of scientific 

and practical importance. We have studied extensively silver nanoparticles over the last three 

decades. They show a unique combination of valuable properties, including unique optical 

properties associated with surface Plasmon resonance (SPR), well-developed surfaces, catalytic 

activity, and high electrical double layer capacitance. Thus, silver nanoparticles may construct 

electrical, optical, and sensor systems because of their high conductivity. Because of the downsizing 

trend and the pressing need for technical process modernisation, nanoparticle production and 

properties have seen a significant uptick in scholarly publications over the last two decades. 
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USE OF PLANTS TO SYNTHESIZENANOPARTICLES: 

 

Silver nanoparticles were created by scientists and are now being manufactured in large quantities 

utilising many plants. We may synthesise nanoparticles using a variety of plants, which are now 

being studied. Live Medicago sativa (Alfa alfa)plants have been used to produce gold nanoparticles 

with a size range of 2 to 20 nm. Plants like Brassica juncea (Indian mustard) and 

Heliantusannushave also been shown to contain nanoparticles of silver, nickel, cobalt, zinc, and 

copper, which have been generated within the living plants (Sunflower). A group of plants called 

hyper-accumulators is recognised for accumulating more significant metals than other plants. 

.  

CATALYTICACTION 

Because of their enormous surface area and high surface energy, metal nanoparticles are suited 

to catalysis. For catalysts, tiny silver particles are more effective than colloidal particles. These 

increasing particles facilitated the borohydride reduction of many organic dyes. Compared to 

stable and bigger silver particles that are the ultimate products of growing particles, the reduction 

rate catalysed by growing particles is noticeably quicker. Effective particle-mediated electron 

transfer facilitates bH4-ion-electron transport. 

Materials and Methods are following: 

Chemicalsrequired 

 

Silver nitrate (AgNO3), Nutrient Broth, Nutrient agar wasof analytical grade obtained from Hi 

media, India. 

 Glasswares 

 

All glass wares (Conical flasks, Measuring cylinders, Beakers, Petri plates and Test tubes etc.) 

were purchased from borosil, India. 

 Strainsused 

 

Bacillus thrunigenesis, Bacillus subtilis, Sthaphylococcus aureus were used to test antimicrobial 

activity of AgNPs. 

MIC (Minimum inhibitory concentration)test: 

The concentration of an antimicrobial drug that inhibits microbe growth after overnight incubation 

is called the MIC (minimum inhibitory concentration). Antimicrobial resistance and the action of 

novel antimicrobial drugs may be determined and monitored via antimicrobial susceptibility testing. 

Bacteria strains B. thuringiensis and B. subtilis were cultivated in a nutrient broth medium and 

screened against silver nitrate to determine the minimal concentration of silver nitrate, which 

inhibits the development of bacteria. According to the research, we showed the lowest 

concentration of AgNO3 to have modest effectiveness against B. thuringiensis. 
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Characterization of silvernanoparticles: 

We characterise different nanoparticles using a variety of methods. In this section, we have 

explained the fundamentals of two approaches utilised to characterise the silver nanoparticles in this 

study. They include a UV-VIS spectrophotometer, a particle size analyser, X-ray diffraction (XRD), 

a scanning electron microscope (SEM), and Fourier transforms infrared spectroscopy (FTIR). 

SEM 

To produce a variety of pictures, the scanning electron microscope uses a high-energy beam of 

electrons to concentrate on an object's surface and then detects signals resulting from this contact 

with the object's surface. Using SEM pictures, which have a higher depth of field, one may get a 

better knowledge of morphology. It has a resolution of 10 nanometers or 10,000 X 

magnification. 

Scanning process: 

 While conducting a positive electric potential, electrons create a stream and travel towards the 

specimen. 

 The stream was constrained and concentrated into a narrow monochromatic beam using metal 

apertures and magnetic lenses. 

  

XRD 

A considerable portion of the dispersed radiation in XRD is not merely absorbed or transmitted by 

the object but is instead absorbed or transmitted. As soon as an X-ray beam enters an atom, 

it creates an electric field surrounding the atom by oscillating the surrounding electrons at 

the same frequency. 

FTIR 

Although it may also classify certain inorganic materials such as paints, adhesives, resins, 

polymers, coatings, and pharmaceuticals, FTIR (Fourier Transform Infra-red 

Spectroscopy) is a sensitive method for detecting organic molecules in many applications. 

It is a very effective instrument for detecting and analysing organic contamination. We 

know that infrared light absorbs most molecules as Fourier transforms infrared 

spectroscopy or FTIR. It reflected the bonds of the molecule in this absorption. Wave 

numbers fall between the range of 4000 to 600 cm
-1

. First, the IR source's background 

emission spectra are recorded, then the source's emission spectrum with the sample in 

position is recorded. We directly linked spectral absorption to the sample spectrum's ratio 

to the background spectrum. 
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Results and Discussions:  

 

Fig3: MIC result of AgNO3  againstB.thuringiensis and B.subtilis 

 

[The fig3 contained X-Axis = Concentration of AgNO3 and Y-axis = Optical Density 

(absorbance)] 

The MIC test was performed to find out the minimum inhibitory concentration of AgNO3 

against two organisms. According to the fig-3 the MIC results shows that lowest conc. Of 

AgNO3 gives moderate activity against B. thuringiensis.So I have taken B. thuringiensisas 

potential bacteria for synthesis of silver nanoparticles. 

Synthesis of Silver Nanopartcles : 

 

Fig5:Synthesis of silver nanoparticles by B. thuringiensis. 
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Fig5- shows the over-night culture of B. thuringiensisalong with AgNO3 of concentration 35 

µM. Color of the solution clearly confirm the reduction of AgNO3 by B. thuringiensisforming 

silver nanoparticle 

 

Characterization of silvernanoparticles 

 

 UV-Vis spectroscopyAnalysis 

 

 

Fig 6: UV-Vis spectra of silver nanoparticles synthesized byB.thuringiensis 

 

Fig6- shows the UV-Vis spectra of silver nanoparticles synthesized by B. thuringiensis. The peak 

of the above spectra was found at 421nm and this peak is due to Surface Plasmon Resonance 

(SPR) property of silver nanoparticles. 

SEMAnalysis 

 

The morphological features of synthesized silver nanoparticles were studied by SEM analysis 

shown in fig-7 (below). SEM analysis suggested that most of the particles are spherical in shape. 
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Fig7: SEM image of silver nanoparticles synthesize by B. thuringiensis 

 

 XRDAnalysis 

 

Fig8: XRD spectra of silver nanoparticles 

 

XRD spectrum of synthesized silver nanoparticles (Fig.8) shows distinct diffraction peaks 

arround 32
0
. These sharp Bragg peaks might have resulted due to crystalline nature of silver 

nanoparticles. 
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 FTIRAnalysis. 

 

Fig9: FTIR spectra from solid powder silver nanoparticles 

 

The Fig 9-shows the FTIR image of silver nanoparticles synthesized from B. thuringiensis.FT-IR 

analysis revealed the strong bands at 3383, 2352, 1601, and 1404,1113, 675, 518 cm−1. The band 

at 2352 for O-H stretching corresponds to carboxylic acid, 1601 cm−1 for stretching C=C 

corresponds to aromatic amino groups. The band at 675cm−1correspondstoC-

Hstretchingofphenylringofsubstitutionband,whereasthestretchforAg-NPswas found around 518 

cm
-1

. 

Antibacterial activity test: 
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Fig10: Antibacterial activity of silver nanoparticles against B. subtilis, S. aureus, E. coli 

 

The Fig10- shows the antibacterial activity of silver nanoparticle against B. subtilis, S. 

aureus, E. coli. According to the figure-10, the growth of S. aureus and B. subtilis and E. coli 

is inhibited in the presence of nanoparticles as compared control. From the results, we can 

conclude that silver nanoparticles have significant antibacterial activity against B. subtilis and 

S. aureus whereas less against E. coli 

 

CONCLUSION:  

Silver nanoparticles made from Baccilusthringiensis have been effectively synthesised 

biologically. UV-Vis spectroscopy was used to examine the produced nanoparticle's Surface 

Plasmon Resonance (SPR) property, and a peak at 421 nm was discovered in the spectra. 

According to the SEM morphological investigation of AgNPs, they seem to be spherical in 

form and have diameters of between 450 nanometers and 1000 nanometers. A miller index of 

011 and 2 = 32
O

angle of diffraction were found by studying the physiochemical 

characteristics of silver nanoparticles in the presence of FTIR and XRD. We showed that silver 

nanoparticles had a considerable antibacterial effect on B. subtilis and S. aureus, but did not 

affect E. coli.d. 
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