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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• AgNPs were synthesized using 
Sargassum spp. extract. 

• The AgNPs were observed to be highly 
stable zeta potential value (− 22.6 mV). 

• Developed colorimetric method to 
detect H2O2 in aqueous samples.  
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A B S T R A C T   

The present study investigates the algae-mediated synthesis, characterization, and H2O2 sensing ability of silver 
nanoparticles using Sargassum spp. extract. The synthesized nanoparticles were spherical agglomerates and 
exhibited an absorbance peak at 418 nm, as analyzed by FE-SEM and UV–vis spectrophotometric analysis. TEM- 
SAED analysis interpreted the size between 2 and 35 nm and crystallinity corresponding to face-centered cubic 
(FCC) silver structure. This was further supported from XRD findings, which ascertained the presence of (111), 
(200), (220), and (311) lattice planes. FT-IR analysis confirmed the capping of algal phenolics as corresponding 
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functional groups, which was further confirmed by XPS studies. The nanoparticles were observed to be highly 
stable in aqueous suspensions, due to the zeta potential value (− 22.6 mV). On incubation of synthesized 
nanoparticles, with H2O2 solutions, decolorization of nanoparticle solution was observed along with the 
reduction of absorbance peak at 418 nm. This color change could be utilized for H2O2 detection in contaminated 
samples. Therefore, this study reveals the potential of sustainable Sargassum spp. biomass in synthesizing 
beneficial silver nanoparticles which could be exploited for environmental detection applications.   

1. Introduction 

Nanotechnology is a fast-evolving subject that works with materials 
at the nanoscale with dimensions 1–100 nm. It has attained lot of focus 
in the recent decade because of its enormous potential and diversified 
uses in material engineering, nanomedicine, microfluidics, electronics, 
energy, and environment [1]. Nanomaterials, as opposed to bulk ma
terials, have superior physicochemical characteristics owing to minute 
size and distinct properties. This results in their reactivity as well as their 
exceptional chemical, electrical, optical, magnetic, and mechanical ca
pabilities [2]. Nanotechnology paves the way to design, manipulate and 
tailor various well known attributes of nanoparticles (NPs) like stability, 
high surface-area-to-volume ratio, charge and shape [3]. NPs are 
divided into many categories such as organic, inorganic, metals, metal 
oxides, ceramic, and carbon-based nanoparticles [4]. NPs produced 
from metals such as gold, silver and platinum have been extensively 
investigated upon, as they offer various benefits and hence, have been 
exploited for variety of purposes. Metal nanoparticles are widely used in 
healthcare, electronics, catalysis, and environmental applications. Metal 
nanotechnology is a developing field that is advancing through research 
[5]. 

Silver nanoparticles (AgNPs) are predominantly investigated, as they 
are highly stable and minimally chemically reactive, in comparison with 
other metallic NPs [6]. AgNPs have long been recognized to have anti
microbial characteristics, and fortunately, they appear to be more 
effective and efficient antibacterial agents than other noble metal 
nanomaterials [7]. AgNPs have been researched for their potential ap
plications in dentistry [8], wound healing [9], food packaging [10], 
cancer treatment [11], dye degradation [12], and various other envi
ronmental applications. 

Most of the physico-chemical and biological methodologies of NP 
synthesis are built on the principles of top-down and bottom-up 
methods. The top-down method emphasizes on condensation of bulk 
material to fine NPs by monomer formation, while in bottom-up, they 
are constructed from the atom. Physical methods include aerosols, arc 
discharge, and thermal decomposition [13], requiring extreme pressure 
and temperature. Chemical methods include chemical vapor deposition, 
micro-emulsion, sol-gel and precipitation, micro-emulsion [14]. How
ever, these solutions come at a cost in terms of the environment and 
energy consumption. Some of the downsides of this technology include 
the use of toxic materials, difficulties in scaling up, and lack of control 
over size and shape. Owing to these disadvantages, green synthesis is 
steadily substituting the physico-chemical synthesis of NPs [15]. 

The risks associated with physico-chemical synthesis methods are 
substantially reduced by green nanotechnology, an effective approach 
that suitably simplifies NP manufacturing and applications [16]. Plant 
parts such as rhizome, seed, stem, fruit, flower, peel, bark and callus, as 
well as microbes like algae, fungi and bacteria are routinely employed. 
These biological sources’ organic molecules can be employed to reduce 
metal salts to nanoparticles [17]. Algae are popular for their abilities in 
accumulation of heavy metal ions and subsequent modification to 
simpler forms [18]. Algae have been used in the field of nanotechnology 
owing to their significant potential in bio-nanomaterial production as 
they are cost-effective, versatile, and eco-friendly [19]. 

Brown algae, also known as Phaeophyceae, familiar its applications in 
various fields including industries. Food and nutrition, pharmaceuticals, 
bioremediation, biofuel generation, and many others are among them. 

Owing to its eco-friendly approach, Sargassum species are utilized for the 
preparation of several NPs such as gold [20], silver [21], and zinc [22]. 
Recently, our research team has reported the synthesis of magnetite NPs 
using Sargassum species and explored the methylene blue dye degrada
tion potential [23]. 

Hydrogen peroxide (H2O2) is known for its peculiar properties such 
as both oxidizing agent and as a disinfectant make it useful in various 
applications [24]. Nevertheless, proper handling and safety precautions 
are required for guaranteed safe use [25]. As a result, developing precise 
and rapid ways to detect H2O2 is critical. Many techniques have been 
proposed to detect H2O2, including spectroscopic, electrochemical, 
fluorescence, and colorimetry-based methods. Among these methods, 
colorimetric detection stands out as the most preferred option due to its 
simplicity, quick response time, high detection limit, cost-effectiveness, 
and practicality [26]. Of particular interest in H2O2 detection are AgNPs 
due to their intriguing optical properties. The use of green chemistry 
principles in synthesizing AgNPs has yielded specific properties, such as 
enhanced stability through the capping action of phenolic compounds 
and a consistent UV–vis absorption spectrum of the solution [27]. 
Recent research has explored various green resources for AgNPs syn
thesis, including Capsicum baccatum extract [28], Benincasa hispida fruit 
extract [29], cellulose nanowhiskers [30], and lignin [31]. These envi
ronmentally friendly approaches have shown promise in producing 
stable AgNPs for H2O2 detection. Our team has also contributed to this 
area by publishing a research paper on rapid detection of H2O2 using 
Calliandra haematocephala leaf extract [27]. This complements the rising 
body of knowledge and underscores the significance of green resources 
in advancing H2O2 detection methods. 

According to our earlier study [23], Sargassum species-mediated 
magnetite nanoparticles could be employed to build a low-cost, long-
term solution for wastewater treatment. Likewise, in this case, there is a 
need for more specific and direct methods of sensing H2O2 such as the 
one sought in this study. Literature reveals that there have been no 
studies on employing AgNPs from Sargassum species extract for H2O2 
sensing. Hence, in this study, Sargassum spp. extract-mediated AgNPs 
were synthesized, and characterized and their potential in H2O2 detec
tion was investigated. 

2. Materials and methods 

2.1. Chemicals 

Silver nitrate and hydrogen peroxide utilized in this study were 
purchased from Merck, India. Analytical grade reagents were employed 
here. Distilled water was employed to make all the working solutions. 

2.2. Algal extract and AgNPs preparation 

The gathered brown algae [23] were cleaned, dried, and pulverized 
before being stored as a powder. This powdered algal biomass was 
blended with distilled water (100 mL) in a ratio of 1:100. The resultant 
solution was heated at 80 ◦C for 60 min before cooling to room tem
perature. Post filtration of cooled solution on Whatman No. 1 filter 
paper, filtrate was collected and stored at 4 ◦C until use [23]. Algal 
extract (25 mL) and silver nitrate solution (1 mM, 25 mL) were com
bined and held in a thermostat at 80 ◦C for 1 h. As the AgNPs took shape 
via a bottom-up approach, it led to a bright golden-brown colloidal 
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solution. Characterization and other applications were carried out with 
colloidal algal-silver nanoparticles that were referred to as Sa-AgNPs. 
The nanoparticles were termed so as they were created by the 
reducing effect of the phenolic components found in Sargassum spp. 
extract [32]. 

2.3. Characterization 

Neon 40-Carl Zeiss, X-act was used to perform Field emission scan
ning electron microscopy (FESEM) and capture high-quality pictures, 
whereas, the corresponding elemental compositions were acquired 
using Oxford Instruments, UK correspondingly. High-Resolution Trans
mission Electron Microscopy (HRTEM) and Selected Area Electron 
Diffraction (SAED) pictures were attained using JEM-2100 Plus, JEOL 
Japan. The D8 Advance - Bruker, Germany X-ray diffractometer docu
mented XRD patterns as well as the data on their crystalline states. 
Functional groups found on NPs surface were analyzed by a FTIR 
Spectrophotometer (Cary 660 – Agilent Technologies, USA). Spectral 
information on the elemental valency states of the samples were recor
ded by X-ray Photoelectron Spectrometer, XPS (K-Alpha, Thermo Fisher 
Scientific, UK). Zeta analysis and hydrodynamic size were investigated 
by Malvern/Nano Zeta Sizer (ZS-90 m), United Kingdom. 

2.4. H2O2 sensing experiments 

Various concentrations of hydrogen peroxide (0–1000 μM) were 
prepared to assess the colorimetric assay sensitivity. Subsequently, a 1 

mL solution of H2O2 at the specified concentration was mixed with 3 mL 
of Sa-AgNPs and left to incubate for 3 h [30]. After the incubation 
period, the spectra and the reduction in absorbance were monitored by 
UV–vis spectrophotometer, at the respective concentration of H2O2. 

3. Results and discussions 

3.1. Visual and UV–vis spectral studies 

Post-visual inspection, UV–vis spectral examination was used to 
establish the synthesis of Sa-AgNPs. The steady color shift to golden 
brown that occurs after heating the mixture of algal extract and silver 
nitrate solution, acts as a preliminary confirmation for the formation of 
AgNPs [33]. Additionally, it reveals that the phenolic compounds amend 
the valency of silver from 1 to 0 in the synthesis process [34]. The 
spectrum of both algal extract and the Sa-AgNPs between 200 and 800 
nm is depicted in Fig. 1. Both spectra depicted absorption peaks at 276 
nm, which were due to (n to π*) or (π to π*) electronic transition of the 
phenolic moieties inherent to the extract [35]. The Sa-AgNPs spectrum 
portrays the realization of NPs, authenticated by the surface plasmon 
resonance (SPR) peak (418 nm), a distinguishing attribute of AgNPs 
[32]. This substantiates that reducing agents of algal extract are 
involved in Sa-AgNPs formation. A similar peak was noted for AgNPs 
using the Galaxaura rugosa extract [36]. Additionally, SPR peaks such as 
420 nm using Teucrium polium extract [37] and 424 nm using Callistemon 
lanceolatus leaf extract [38] were also documented. 

3.2. FE-SEM and EDS studies 

The topography and surface morphology of Sa-AgNPs were visual
ized using an FESEM image. Spherical-shaped Sa-AgNPs were witnessed 
(Fig. 2a) with agglomeration, forming spherical clusters which might 
have been owing to capping of phenolics in the algal extract [32]. En
ergy Dispersive X-Ray Spectroscopy (EDS) was exploited to catalog the 
elements present in the AgNPs. As observed from Fig. 2b, the spectrum 
indicates signals for Ag, C, Cu, and other elements. It is noticeable that 
the prominent occurrence of silver signal (3 keV) is undoubtedly from 
the synthesized Sa-AgNPs [39]. The signal for C at 0.28 keV is due to the 
phenolics of the algal extract. Further, the presence of Cu is due to the 
copper grid that was used during the analysis. The weak signal for other 
elements could be due to the components present in the algal extract. 

3.3. TEM studies and SAED patterns 

The TEM images (Fig. 3a and b), corroborated that the produced Sa- 
AgNPs were certainly spherical which aligned with the FE-SEM results. 
The images also revealed the presence of agglomeration in the sample 
which was attributed to the biomolecules capping the surface of nano
particles [23]. The nanoparticles had diameters between 2 and 35 nm, 
and 11.99 nm average diameter (Fig. 3c). Fig. 3d shows the SAED 
pattern of Sa-AgNPs, which depict concentric rings with occasional dots, 

Fig. 1. UV–vis spectra of Sa-AgNPs and algal extract.  

Fig. 2. FE-SEM image (a) and EDS image of Sa-AgNPs (b)  
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indicative of crystallinity of the nanoparticles [40]. This corresponds to 
the elemental silver face-centered cubic (FCC) structure. 

3.4. XRD results 

The XRD spectrum of the Sa-AgNPs (Fig. 4) shows Bragg’s reflection 

peaks at 2θ (◦) of 37.87, 45.92, 64.34 and 77.36. On comparison to 
reference (JCPDS Card No. 04–0783), the produced Sa-AgNPs closely 
match the crystallinity data. The peaks correspond to Ag crystalline 
planes (111), (200), (220), and (311) correspondingly. Similar results 
was reported by Jemal et al. [41] and indicates that the Sa-AgNPs are 
crystalline, cubic and face-centered, corroborating the SAED pattern. A 

Fig. 3. TEM images at different magnification (a) & (b), size distribution (c) and SAED patterns of Sa-AgNPs (d)  

Fig. 4. XRD image of Sa-AgNPs.  
Fig. 5. FTIR image of Sa-AgNPs.  
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number of unassigned peaks (*) were noticed, which could be due to 
crystallization of algal extract organics on silver surface [41], acting as 
capping agents [35]. Crystalline nature was computed by Bragg’s 
equation and the average crystallite size was 11.244 nm which was close 
to the average mean crystalline sizes from TEM studies. 

3.5. FTIR studies 

FTIR spectroscopy was performed for identification of functional 
groups in the synthesized Sa-AgNPs. The transmittance spectra for the 
sample can be seen in Fig. 5. Significant grooves around the regions 683, 
997, 1173, 1505, 1645, 2833, 3017 and 3586 cm− 1 were observed. 
Upon comparing with the literature, the band around the region 3586 
cm− 1 can be attributed to the alcoholic O–H stretching vibrations and 
closely matches the results reported by the researchers [32]. The band at 
2833 cm− 1 indicates C–H stretching by methylene groups as per the 
report [42], while that seen around 1645 cm− 1 is accredited to C=C or 
C=O moieties as described in a study [43]. The 1173 cm− 1 signal can be 
ascribed to the secondary amine C–N stretch [44], whereas the signals 
around 683 and 542 cm− 1 could be the innate proteins that interact with 
the synthesized Sa-AgNPs. The significance of the band seen at 1505 
cm− 1 certainly matches the N–H stretching by nitro compounds 
exhibited by AgNPs synthesized from Cannabis sativa extract [45]. 3017 
cm− 1 signal could be possibly explained by the moderately strong C–H 
stretching of alkenes and the one at 997 cm− 1 is owing to strong = C–H 
or C–H bending of monosubstituted alkenes [46]. Hence, the existence 
of the multiple functional moieties of the prepared Sa-AgNPs confirmed 
the role of the algal extract in reducing and stabilizing the nanoparticles. 

3.6. XPS studies 

XPS assessed the binding state of Ag ions contained in the AgNPs. 
Fig. 6a depicts the XPS spectra of the synthesized Sa-AgNPs and their 
matching high-resolution spectra of silver (Ag 3d), oxygen (O 1s), and 
carbon (C 1s). The notable signals (Fig. 6b) at binding energies of 367.75 

and 373.85 eV correspond to the unperturbed metallic silver orbits Ag 
3d5/2 and Ag 3d3/2 respectively [42]. The carbon peak (Fig. 6c) is be
tween 284.95 eV and 286.36 eV, corresponding to C–C and C–O bonds 
[47]. Furthermore, as can be noticed, the high-resolution spectra reveal 
the presence of oxygen at 533.85 eV (Fig. 6d), which corresponds to the 
O–C=O bond of O1s [48]. Notably, the absence of additional peaks in 
the XPS spectra confirms the formation of pure AgNPs, implying that no 

Fig. 6. XPS images: complete spectra (a), Ag 3d (b), C1s (c) and O1s (d) of Sa-AgNPs.  

Fig. 7. Zeta potential (a) and size distributions (b) of Sa-AgNPs by 
DLS technique. 
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unreduced Ag (I) was present. Also, the obtained findings are consistent 
with the EDS pattern. Altogether, the presence of the unassigned 
diffraction planes in XRD, the various functional groups in FTIR, XPS 
analysis, and UV–vis studies provides evidence to support the part of the 
polyphenolic components as capping agents in Sa-AgNPs synthesis. The 
findings are coherent with the Acacia ehrenbergiana mediated AgNPs 
[35]. 

3.7. Zeta potential and DLS studies 

The stableness and surface charges of the Sa-AgNPs in aqueous sus
pensions, were studied using zeta potential measurements. A strong 
peak at − 22.6 mV (Fig. 7a), was noticed, that is indicative of excellent 
stability since this value is within the range of +30 and − 30 mV, a 
standard for stable colloidal systems [49]. Sa-AgNPs exhibited colloidal 
state in the solution, as confirmed from the negative value, confirming 
relative stability [50]. The negative value confirms the repulsive force 
between the particles, indicating that the nanoparticles are incredibly 
stable. As like charges repel each other, the constituent particles in the 
solution do not agglomerate, resulting in a stable colloidal solution. 

Fig. 7b depicts the outcome of particle size distribution by Dynamic 
Light Scattering (DLS) method. The poly-dispersity index (PDI) value of 
the produced Sa-AgNPs was 0.246, signifying the fact of devoid of 
agglomeration leading to better stability and monodispersity as 
described elsewhere [32,51]. A similar value (PDI: 0.237) was reported 
in our earlier study for the AgNPs synthesis by Arachis hypogaea nut 
extract [32]. The mean hydrodynamic diameter was measured as 50.73 
nm which is much higher than TEM results (11.99 nm) due to the dif
ference in the basic principle behind the two methods. Similar obser
vations have been reported for AgNPs synthesized using various sources 
such as Mentha spicata essential oil (Diameter TEM: 24 nm and Diameter 
DLS: 72 nm) [52], Trichoderma longibrachiatum cell filtrate (Diameter TEM: 
10 nm and Diameter DLS: 24.43 nm) and Pterodon emarginatus leaves 
extract (Diameter TEM: 33.20 nm and Diameter DLS: 68.72 nm). 

3.8. Colorimetric detection of hydrogen peroxide 

The absorbance spectral pattern of the colloidal suspension of Sa- 
AgNPs and various H2O2 concentrations was monitored (Fig. 8a). 
Absorbance peak at 418 nm reduced, while the solution gradually varied 

Fig. 8. Colorimetric sensing of H2O2 using Sa-AgNPs: UV–vis spectra of Sa-AgNPs at various H2O2 concentrations (0–1000 μM) with their respective photographs (a), 
linear response (Δ Absorbance at Ex418) of the colorimetric assay against increasing H2O2 concentrations (b & c). 
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from yellow to colorless with the rise in H2O2 concentrations (Fig. 8a 
inset). This implies that the silver in the Sa-AgNPs, which was initially in 
its neutral state (Ag0), is oxidized to Ag + by the addition of H2O2 which 
in other words causes degradation of the NPs [27] which underscores 
the mechanism of detection. Similar outcomes in the literature for H2O2 
detection using AgNPs and AgCl-NPs, wherein, the reductions of 410 nm 
[30] and 417 nm [53] peaks were respectively monitored with 
increasing H2O2 concentrations. This further strengthens the evidence 
for the concentration dependency of H2O2 in degrading Sa-AgNPs. 

Fig. 8b&c displays the calibration curves of the colorimetric assay 
responses. The plot of ΔAbsorbance (AbsorbanceSa-AgNPs – Absorbance
sample) against H2O2 concentration within two concentration ranges 
(1–150 μM and 250–1000 μM) demonstrates a linear relationship. The 
limit of detection (LOD) calculations were performed by following the 
procedures described in the literature [30,53]. The obtained LOD values 
for H2O2, using our colorimetric assay were 44.60 μM and 232.42 μM for 
concentration ranges of 1–150 μM and 250–1000 μM, respectively. 
Remarkably, these LOD values are comparable to the reported values of 
112 μM (H2O2: 60–600 μM) [30] and 110 μM (H2O2: 200–500 μM) [26] 
achieved using AgNPs for H2O2 detection. This comparison suggests that 
the synthesized Sa-AgNPs can be considered a reliable choice for 
detecting H2O2 in various samples. 

4. Conclusions 

Sargassum spp. biomass was effectively utilized for the synthesis of 
small-sized crystalline silver nanoparticles. The confirmation of the 
involvement of algal phenolics in the nanoparticle synthesis was ascer
tained by FTIR and XPS analysis. Their structure, shape, and size were 
confirmed from FE-SEM and TEM-SAED analysis. Sophisticated tech
niques like zeta potential and XRD assisted in the identification of su
perior qualities of synthesized nanoparticles. These nanoparticles could 
easily detect H2O2 in aqueous solutions, visually, as the decolorization of 
nanoparticle solution occurred with the H2O2 concentration rise. The 
use of these AgNPs ensures an easy and visual detection of H2O2 
ensuring its proper handling and usage. 
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Coast: a source for synthesizing silver nanoparticles with catalytic and antibacterial 
properties, Appl. Sci. 11 (2021) 4638. 
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M. Estévez, Green synthesis of homogeneous gold nanoparticles using Sargassum 
spp. extracts and their enhanced catalytic activity for organic dyes, Toxics 9 (2021) 
280. 

[22] H.A. Rudayni, A.M. Rabie, M. Aladwani, L.M. Alneghery, G.M. Abu-Taweel, W. Al 
Zoubi, A.A. Allam, M.R. Abukhadra, S. Bellucci, Biological activities of Sargassum 
algae mediated ZnO and Co doped ZnO nanoparticles as enhanced antioxidant and 
anti-diabetic agents, Molecules 28 (2023) 3692. 

[23] R. Bhole, D. Gonsalves, G. Murugesan, M.K. Narasimhan, N.R. Srinivasan, N. Dave, 
T. Varadavenkatesan, R. Vinayagam, M. Govarthanan, R. Selvaraj, 
Superparamagnetic spherical magnetite nanoparticles: synthesis, characterization 
and catalytic potential, Appl. Nanosci. (2022), https://doi.org/10.1007/s13204- 
022-02532-4. 

[24] S. Dadi, C. Celik, A.K. Mandal, I. Ocsoy, Dopamine and norepinephrine assistant- 
synthesized nanoflowers immobilized membrane with peroxidase mimic activity 
for efficient detection of model substrates, Appl. Nanosci. 11 (2021) 117–125, 
https://doi.org/10.1007/s13204-020-01577-7. 

[25] T. Mahaseth, A. Kuzminov, Potentiation of hydrogen peroxide toxicity: from 
catalase inhibition to stable DNA-iron complexes, Mutat. Res. Mutat. Res. 773 
(2017) 274–281, https://doi.org/10.1016/j.mrrev.2016.08.006. 

[26] L. Zhang, L. Li, Colorimetric detection of hydrogen peroxide using silver 
nanoparticles with three different morphologies, Anal. Methods 8 (2016) 
6691–6695, https://doi.org/10.1039/C6AY01108J. 

[27] S. Raja, V. Ramesh, V. Thivaharan, Green biosynthesis of silver nanoparticles using 
Calliandra haematocephala leaf extract, their antibacterial activity and hydrogen 

R. Vinayagam et al.                                                                                                                                                                                                                            

http://refhub.elsevier.com/S0254-0584(23)01495-5/sref1
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref1
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref1
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref1
https://doi.org/10.1021/acs.langmuir.3c00260
https://doi.org/10.1021/acs.langmuir.3c00260
https://doi.org/10.1016/j.tplants.2022.08.017
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref4
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref4
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref4
https://doi.org/10.1016/j.jddst.2019.101174
https://doi.org/10.1016/j.jddst.2019.101174
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref6
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref6
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref6
https://doi.org/10.1016/j.jksus.2021.101791
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref8
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref8
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref8
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref9
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref9
https://doi.org/10.1016/j.tifs.2021.04.031
https://doi.org/10.1016/j.tifs.2021.04.031
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref11
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref11
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref11
https://doi.org/10.1016/j.jics.2023.101003
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref13
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref13
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref13
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref14
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref14
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref14
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref14
https://doi.org/10.1016/j.mtcomm.2023.105863
https://doi.org/10.1007/s10904-022-02362-5
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref17
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref17
https://doi.org/10.1007/s11356-021-18419-w
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref19
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref19
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref20
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref20
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref20
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref20
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref21
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref21
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref21
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref21
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref22
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref22
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref22
http://refhub.elsevier.com/S0254-0584(23)01495-5/sref22
https://doi.org/10.1007/s13204-022-02532-4
https://doi.org/10.1007/s13204-022-02532-4
https://doi.org/10.1007/s13204-020-01577-7
https://doi.org/10.1016/j.mrrev.2016.08.006
https://doi.org/10.1039/C6AY01108J


Materials Chemistry and Physics 313 (2024) 128787

8

peroxide sensing capability, Arab. J. Chem. 10 (2017) 253–261, https://doi.org/ 
10.1016/j.arabjc.2015.06.023. 

[28] B. Kumar, K. Smita, S.K. Awasthi, A. Debut, L. Cumbal, Capsicum baccatum 
(Andean Chilli)-assisted phytosynthesis of silver nanoparticles and their H2O2 
sensing ability, Part. Sci. Technol. 40 (2022) 772–780, https://doi.org/10.1080/ 
02726351.2021.2006381. 

[29] K. Roy, C.K. Sarkar, C.K. Ghosh, Fast colourimetric detection of H2O2 by biogenic 
silver nanoparticles synthesised using Benincasa hispida fruit extract, Nanotechnol. 
Rev. 5 (2016) 251–258. 

[30] K.B.R. Teodoro, F.L. Migliorini, W.A. Christinelli, D.S. Correa, Detection of 
hydrogen peroxide (H2O2) using a colorimetric sensor based on cellulose 
nanowhiskers and silver nanoparticles, Carbohydr. Polym. 212 (2019) 235–241, 
https://doi.org/10.1016/j.carbpol.2019.02.053. 

[31] S.J. Lee, T. Begildayeva, S. Yeon, S.S. Naik, H. Ryu, T.H. Kim, M.Y. Choi, Eco- 
friendly synthesis of lignin mediated silver nanoparticles as a selective sensor and 
their catalytic removal of aromatic toxic nitro compounds, Environ. Pollut. 269 
(2021), 116174, https://doi.org/10.1016/j.envpol.2020.116174. 

[32] T. Varadavenkatesan, S. Pai, R. Vinayagam, R. Selvaraj, Characterization of silver 
nano-spheres synthesized using the extract of Arachis hypogaea nuts and their 
catalytic potential to degrade dyes, Mater. Chem. Phys. 272 (2021), 125017, 
https://doi.org/10.1016/j.matchemphys.2021.125017. 

[33] T. Karan, R. Erenler, B.M. Bozer, Synthesis and characterization of silver 
nanoparticles using curcumin: cytotoxic, apoptotic, and necrotic effects on various 
cell lines, Zeitschrift für Naturforsch. C 77 (2022) 343–350. 

[34] R.G. Saratale, G.D. Saratale, S.-K. Cho, G. Ghodake, A. Kadam, S. Kumar, S.I. Mulla, 
D.-S. Kim, B.-H. Jeon, J.S. Chang, H.-S. Shin, Phyto-fabrication of silver 
nanoparticles by Acacia nilotica leaves: investigating their antineoplastic, free 
radical scavenging potential and application in H2O2 sensing, J. Taiwan Inst. 
Chem. Eng. 99 (2019) 239–249, https://doi.org/10.1016/j.jtice.2019.03.003. 

[35] W.M. Alamier, M. D Y Oteef, A.M. Bakry, N. Hasan, K.S. Ismail, F.S. Awad, Green 
synthesis of silver nanoparticles using Acacia ehrenbergiana plant cortex extract 
for efficient removal of rhodamine B cationic dye from wastewater and the 
evaluation of antimicrobial activity, ACS Omega 8 (2023) 18901–18914, https:// 
doi.org/10.1021/acsomega.3c01292. 

[36] R.R. Alzahrani, M.M. Alkhulaifi, N.M. Alenazi, N.M. Almusayeib, M. Amina, M. 
A. Awad, A.H. Elmubarak, N.S. Aldosari, Characterization and biological 
investigation of silver nanoparticles biosynthesized from Galaxaura rugosa against 
multidrug-resistant bacteria, J. Taibah Univ. Sci. 14 (2020) 1651–1659. 

[37] G. Hashemitabar, F. Aflakian, A.H. Sabzevar, Assessment of antibacterial, 
antioxidant, and anticancer effects of biosynthesized silver nanoparticles using 
Teucrium polium extract, J. Mol. Struct. 1291 (2023), 136076, https://doi.org/ 
10.1016/j.molstruc.2023.136076. 

[38] K. Sharma, S. Guleria, K.H. Salaria, A. Majeed, N. Sharma, K.D. Pawar, V. 
K. Thakur, V.K. Gupta, Photocatalytic and biological properties of silver 
nanoparticles synthesized using Callistemon lanceolatus leaf extract, Ind. Crops 
Prod. 202 (2023), 116951, https://doi.org/10.1016/j.indcrop.2023.116951. 

[39] D. Kavaz, H. Umar, S. Shehu, Synthesis, characterization, antimicrobial and 
antimetastatic activity of silver nanoparticles synthesized from Ficus ingens leaf, 
Artif. Cells, Nanomed. Biotechnol. 46 (2018) S1193–S1203, https://doi.org/ 
10.1080/21691401.2018.1536060. 

[40] K. Venugopal, H.A. Rather, K. Rajagopal, M.P. Shanthi, K. Sheriff, M. Illiyas, R. 
A. Rather, E. Manikandan, S. Uvarajan, M. Bhaskar, M. Maaza, Synthesis of silver 
nanoparticles (Ag NPs) for anticancer activities (MCF 7 breast and A549 lung cell 

lines) of the crude extract of Syzygium aromaticum, J. Photochem. Photobiol. B 
Biol. 167 (2017) 282–289, https://doi.org/10.1016/j.jphotobiol.2016.12.013. 

[41] K. Jemal, B.V. Sandeep, S. Pola, others, Synthesis, characterization, and evaluation 
of the antibacterial activity of Allophylus serratus leaf and leaf derived callus 
extracts mediated silver nanoparticles, J. Nanomater. 2017 (2017) 4213275, 
https://doi.org/10.1155/2017/4213275. 
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