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Abstract
Objectives: The aimof this studywas to explore the rapid and extracellular syn-
thesis of silver nanoparticles (AgNPs) using aqueous Bombyx Mori Silk fibroin
(SF) solution, facilitated byUV irradiation. The study seeks to assess the stability,
size, shape, and other key properties of the synthesized silver nanoparticles.
Methods: Silver nanoparticles were synthesized by exposing the silk fibroin
solution to UV radiation characterization of the synthesized AgNPs was car-
ried out using various techniques, including UV-Vis spectroscopy to confirm
nanoparticle formation, X-ray diffraction (XRD) for structural analysis, trans-
mission electron microscopy (TEM) for morphological observation, Fourier
transform infrared spectroscopy (FT-IR) to identify protein functional groups,
and thermo gravimetric analysis (TGA) and differential scanning calorimetry
(DSC) to assess thermal stability. Findings: UV-Vis spectra confirmed the for-
mation of silver nanoparticles, with an increase in absorption corresponding to
longer irradiation times. XRD analysis revealed a face centered cubic structure,
indicating metallic silver nanoparticles. TEM images showed the nanoparticles
to be spherical or nearly spherical in shape. FT-IR spectra indicated the involve-
ment of silk fibroin proteins in the synthesis process. The TGA and DSC results
demonstrated enhanced stability of the SF/AgNPs composites compared to
bulk materials. Novelty: This study presents a simple, eco-friendly biosyn-
thesis approach for silver nanoparticles using Bombyx mori silk fibroin and
UV irradiation. The method provides a controlled synthesis process, allowing
for the adjustment of particle size and shape through irradiation parameters,
offering an alternative to more traditional physical and chemical methods in
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nanoparticle synthesis. The stability andminimal chemical reactivity of the synthesized nanoparticles enhance their
potential applications in various fields, including medicine, environmental protection, and nanotechnology.
Keywords: Bombyx mori silk; Silver nanoparticles; UV-Vis; TEM; TGA; DSC

1 Introduction
Nanoparticles (NPs) can be synthesized using various techniques, including physical, chemical, and biological approaches.
Conventional methods, such as chemical and physical synthesis, have been widely employed for the production of silver
nanoparticles (AgNPs). In recent years, metal nanoparticles—including gold, silver, palladium, and copper—have gained
significant interest due to their unique properties and promising applications in thin film coatings (1), catalysis (2), chemical
sensors (3), drug delivery (4), electronics (5), photochemistry, and photonics (6).Different synthesis methods provide alternative
ways to control key parameters such as shape, size, surface functionalization, and interparticle distance, all ofwhich influence the
final properties of the nanoparticles. However, achieving precise control over these parameters remains a challenge, leading to
extensive research in the field. Among these approaches, green synthesis has garnered attention, particularly the use of polymers
as stabilizing and reducing agents. Despite their advantages, some of these methods involve reagents that may be harmful to the
environment. To mitigate these effects, biological synthesis has emerged as a safer and more eco-friendly alternative, offering
reduced toxicity and lower production costs. Biological synthesis of AgNPs can be achieved using precursors such as algae,
microorganisms, lichens, and plant-based products.

Various techniques, including physical, photochemical, and biological methods, have been reported for AgNPs synthesis,
each with its own advantages and limitations. Challenges such as scalability, cost, particle size distribution, and uniformity
remain key considerations. Among physical methods, evaporation-condensation is commonly performed using a tube heating
system under controlled pressure. The irradiation technique has also been explored for producing fine AgNPs.

Photochemical synthesis can be categorized into two main approaches: photophysical (top-down) and photochemical
(bottom-up). In these methods, AgNPs are formed either through direct photoreduction of metal precursors or via the
reduction ofmetal ions using photochemically generated excited species—a process known as photosensitization.One common
photochemical method involves the use of silver nitrate (AgNO3) along with an aqueous silk solution as a reducing agent.

Due to their broad applications, AgNPs are extensively used as antibacterial agents in various sectors, including healthcare,
food storage, textile coatings, and industrial applications (7). Their multi functionality and effectiveness make them highly
valuable in numerous ecological and biomedical applications.

Table 1. Comparative analysis of AgNPs synthesis Methods
Synthesis Method Advantages Limitations
Physical (e.g., evaporation-condensation, laser
ablation)

Produces high-purity nanoparticles,
avoids chemical contamination

Requires high energy, expensive equipment,
limited control over size distribution

Chemical (e.g., reduction with chemical agents
like sodium borohydride, citrate, silk solution)

Simple, scalable, allows controlled
synthesis

Involves toxic reagents, potential
environmental hazards

Photochemical (e.g., UV-induced reduction of
AgNO3 with silk solution)

Environmentally friendly, avoids
harsh chemicals, allows controlled
growth

Requires optimization of light intensity and
exposure time, limited scalability

Biological (e.g., using plant extracts,
microorganisms, algae, enzymes)

Low toxicity, cost-effective, renewable
sources

Difficulty in controlling size and
morphology, batch-to-batch variations,
stability issues

2 Methodology

2.1 Preparation of silk fibroin (SF) solution

CSR2 cocoons were cut into small pieces and then treated twice with boiling aqueous solution of 0.02MNa2CO3, for 45 min to
remove gumming material like sericin protein and rinsed with doubled distilled water to remove salts and other impurities and
allowed to dry in air at room temperature.The degummed silk was dissolved in 9.3M LiBr salt solution at 60∘C for 4h, then the
obtained solution by this procedure is contaminated by Li ions, where it enters into the crystal domain of silk fibroin during the
treatment. In order to remove the ions, silk fibroin solution is dialyzed by de-ionized water for 72h by changing the water for
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Fig 1. Synthesis of silver nanoparticles under UVB light irradiation

every 8 hours at room temperature using a dialysis Cassette (MWCO: 3500). Finally, the obtained optically clear solution was
centrifuged at 4000r/min for about 20 min to remove small amount of undissolved silk aggregates formed during the process.
Then, the clear solution of SF was stored at 4∘C for further use. The concentration of SF was about 5wt% and was diluted to 1
wt.% by adding deionized water.

2.2 Preparation of SF-AgNPs solution

Ten to hundred milligrams of silver nitrate (AgNO3) were added into 10mL of SF solution to form a transparent SF-AgNO3
mixture solution. The final AgNO3 concentration in the mixture was 10 mg/mL and then the SF-AgNO3 mixture solution
was subjected under the UVB light of intensity watt produce heat from light. The SF-AgNO3 suspension were irradiated upto
4 hours the solution turns into golden yellow color, i.e. formation of SF-AgNPs composite solution. The prepared composite
solutions were characterized at ambient temperature. The synthesized silver nanoparticles were confirmed by UV-Vis, XRD,
TEM, SEM, EDAX, FTIR, TGA, and DSC.

2.3 Preparation of SF-AgNPs solution

Ten to hundred milligrams of silver nitrate (AgNO3) were added into 10mL of SF solution to form a transparent SF-AgNO3
mixture solution. The final AgNO3 concentration in the mixture was 10 mg/mL and then the SF-AgNO3 mixture solution
was subjected under the UVB light of intensity watt produce heat from light. The SF-AgNO3 suspension were irradiated upto
4 hours the solution turns into golden yellow color, i.e., formation of SF-AgNPs composite solution. The prepared composite
solutions were characterized at ambient temperature. The synthesized silver nanoparticles were confirmed by UV-Vis, XRD,
TEM, SEM, EDAX, FTIR, TGA, and DSC.

2.4 UV-Vis spectroscopy

UV-Visible (UV-Vis) spectra were measured using a spectrophotometer (Shimadzu UV-1800) in the wavelength range 190-
800nm.
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Fig 2. Silver nanoparticles solutions at different irradiation hours

2.5 Fourier transforms infrared spectra (FT-IR)

The FT-IR scans were used to identify the potential biomolecules in SF, which is responsible for reducing Ag+ to Ag0 FT-
IR spectra of the SF and SF-AgNPs were measured by Perkin Elmer 2674 spectrometer having a resolution 4 cm-1 in the
wavenumber range 500-4000cm-1.

2.6 Transmission electron microscopy (TEM)

Themorphology of the silver nanoparticles was studied using transmission electron microscope (TEM), which was performed
at 200kev using JEOL JEM2010. The selected area electron diffraction (SADE) data were also recorded.

2.7 Thermogravimetric analysis (TGA)

The degradation of silver nanoparticles was studiedThermogravimetric Analysis (TGA) was carried out with a TA instrument
SDTQ 600.The samples were heated from room temperature to 600∘C atheating rate of 10∘Cmin-1under a flow rate of nitrogen
gas of 100ml/min.

2.8 Differential Scanning Calorimetry (DSC)

The thermal phase behavior of the samples was investigated by the Differential Scanning Calorimetry (DSC). Each sample was
heated from room temperature to 600∘C by heating rate 10∘/min under a flow rate of nitrogen gas of 100ml/ min.

3 Results and Discussion

3.1 UV-visible Analysis

Theabsorption curves of pure SF andAg/SF nanoparticles are shown in Figure 3.There is absorption band at about 275 nmof SF
solution (which not visible) on the spectrum is mainly due to the 𝜋 to 𝜋*electron transition of the tyrosine (Tyr), phenylalanine
(Phe) and tryptophan (Try) residue in SF chain. The pH value changes between 6-10 and shows a linear relationship with
the concentration of SF at this peak. The average molecular weight of the amino acid residues is about 78, according to
the composition of the amino acids in SF (8). Thus the molar concentration of SF solution can be calculated from weight
concentration at about around 450 nm,which are typical Plasmon resonance absorption attributed to colloidal silver particles (9).
The optical spectrum of the metal nanoparticles is dominated by the SPR which exhibits a shifting of wavelength depending
upon the particle size, shape, and dispersions of the colloidal particles. Silk fibroin can reduce Ag+ to Ag0 by the strong electron
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donating property of its tyrosine (Tyr) amino acid residue. Meanwhile, UVB light irradiation is an effective method to assist
the synthesis of AgNPs or Ag clusters on aqueous silk solution (10).

Fig 3.UV spectra of pure SF and SF/AgNPs

The absorption band in the visible light region is typical for Ag nanoparticles. In this study, AgNPs were synthesized from
Ag+ in aqueous SF solution under UVB light irradiation.The reduction Ag+ ions into elemental Ag (i.e. AgNPs) in the aqueous
solution was confirmed by color transition of the solution from yellow to brown color and is associated with an increase in
the absorbance. AgNPs for which, maximum SPR intensity and wavelength represents a broad absorption band, with SPR at
around 440nm-430nm indicate that nanoparticles are monodisperse system and they are in spherical in shape. The broader
absorption band is an indication of larger particle size. From the absorption spectrum, the broadening of the peak increases
with increasing the irradiation hours. On increasing the irradiation hours, the absorption peak gradually increases and shifts
toward longer wavelengths.This is characteristic of increase in the irradiation time and size of silver nanoparticles.The amount
of silver reduced, and the extent of silver agglomeration increase with the irradiation time. The particle size distributions have
been studied by analyzing the TEM of nanoparticles having SPR maximum and minimum wavelengths as shown in Figure 4.

3.2 TEM Analysis

Themorphology of the AgNPs in aqueous solution was confirmed using TEM as shown in Figure 4. The shape and size of the
synthesized AgNPs varied depending on the irradiation hours. As the irradiation hours increased, the AgNPs became larger
and aggregated. The average diameter of the silver particles was at around 10nm to 14nm. Comparing the absorption spectra
of several SF reduced silver colloids prepared under same conditions; we found a good reproducibility (11).

These phenomena were observed in aqueous- stabilized AgNPs and were related to the formate ions and the viscosity of
the aqueous solutions. If the viscosity of the polymer solution was decreased, the AgNPs could easily come into contact with
other Ag molecules, further aggregation occurred, and the size of AgNPs decreased (12). It has been reported that silk further
the reduction of metal nanoparticles which involves tyrosine groups ionized at basic pH (13). In fact, molecules containing
tyrosine shows excellent reducing agents for synthesis and stabilization of metal nanoparticles in alkaline water (14) or water/
alcohol solution as a result of electron transfer mechanism from tyrosine phenolic groups, which are ionized at high pH, to the
respective metal ion. On the other hand, irrespective of pH values silk fibers were also found to reduce metal nanoparticles.
Thus, silver or gold particles were formed on silk fibers at neutral pH when tyrosine residues were nonionized (15).
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Fig 4. (a) TEM images of AgNPs biosynthesized using the Silk fibroin, showing that particles are well dispersed (scale bar: 100 nm), (b) Typical
high resolution TEM image of as biosynthesized AgNPs (scale bar: 50 nm), (c) High resolution TEM image of a single AgNPs (scale bar: 5
nm) (d) Typical selected area electron diffraction of AgNPs biosynthesized using Silk fibroin (scale bar: 5 1/nm)

3.3 FTIR Analysis

To further explore the in situ synthesis process, FTIR measurements were carried out to identify the possible biochemical
radicals among biomolecules, which could be responsible for the reduction of Ag ions to nanoparticles. Figure 5 represents the
FTIR spectrum of silver nanoparticles and shows the diagnostic peaks at 1620, 1511, and 1224 cm-1. These peaks are assigned
to the amide I, amide II, amide III (crystal region, 1224 cm-1, amorphous zone, 1260 cm-1) bands of proteins released by SFF,
respectively, which predominantly indicate 𝛽-sheet structure confirmation, and random coil confirmation.

The peaks at 1620 and 1160 cm-1 arise from a carbonyl stretching vibration and phenolic groups of Tyr, which shows the
carbonyl stretching vibration from the carboxylate ions and the hydroxyl stretching vibration from the phenolic ions in Tyr
of the SF respectively. The carbonyl stretching peak at 1745 cm-1 could be assigned to formation of a quinone structure due to
oxidation of the phenolic group in Tyr (16). It has been reported that proteins can bind tometal nanoparticles through either free
amine groups or cytosine residues in the proteins. In these circumstances, oxidized tyrosine molecules bounded Ag crystallites
through amine groups so that Ag nanoparticles could stabilize, and this is also supported by the shift of the characteristic peaks.

3.4 DSC Analysis

The thermal behavior of SF/AgNPs was investigated by means of DSC measurements. The DSC curves displayed two broad
endotherms, one at low temperature, due to loss ofmoisture, another at high temperature (endothermpeak at 294∘C), attributed
to thermal decomposition of silk (17). In the 100-200∘C temperature range pure silk from silver nanoparticles showed a thermal
stability. The decomposition behavior of the silk is influenced by the sample, the degree of molecular orientation being one of
the most important parameters (18). The endothermic peak observed at 370∘C in the DSCmeasurements could be an indication
of the formation of stable structure of silver nanoparticles (Figure 6).

Unoriented silk solution with 𝛽-sheet crystalline structure, such as decompose in the 290-295∘C temperature range, while
decomposition of amorphous silk fibroin occurs at lower temperature (< 290∘ C).
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Fig 5. FTIR curves of pure SF and SF/AgNPs

Fig 6.DSC graphs of pure SF and SF/AgNPs

3.5 TGA Analysis

The thermo gravimetric graphs of SF/AgNPs are shown in Figure 7. The initial weight loss of SF/AgNPs at around 100∘C is
due to evaporation of moisture. The complete degradation of SF/AgNPs occurred in second stage loss took place within the
temperature range between 300∘C to 350∘C and is associatedwith the breakdown of the side chain groups of amino acid residues
as well as cleavage of peptide bonds (19). The degradation of SF/AgNPs revealed that the nanocomposites having more stability.

https://www.indjst.org/ 1798

https://www.indjst.org/


Madhukumar et al. / Indian Journal of Science and Technology 2025;18(22):1792–1800

Fig 7. (a) TGA graphs of SF/AgNPs and (b) DTG graphs of SF/AgNPs

4 Conclusion
The study successfully demonstrates the green synthesis of silver nanoparticles (AgNPs) using an aqueous silk solution as a
reducing agent under UVB light irradiation. The formation of AgNPs is evidenced by the color change to dark yellow and
confirmed through UV-visible spectroscopy, where an increase in irradiation time correlates with higher absorbance peaks.
FTIR analysis indicates the degradation of proteinmolecules during nanoparticle synthesis. XRD results confirm the crystalline
nature of the AgNPs with a face-centered cubic (FCC) structure. TEM imaging reveals a well-distributed morphology of
the nanoparticles within the silk solution. Additionally, TGA and DSC analyses suggest that the resulting silk fibroin/Ag
nanocomposites exhibit enhanced thermal stability. These findings highlight the potential of using silk fibroin for eco-friendly
nanoparticle synthesis with improved material properties.
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