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ABSTRACT 
 
This study presents an eco-friendly approach to synthesizing zinc oxide nanoparticles (ZnO NPs) using extracts from cellar spiders, 
addressing environmental and health concerns associated with conventional methods. The spider extract efficiently reduced zinc 
acetate dihydrate, and the synthesized ZnO NPs underwent comprehensive quantitative characterization, including size, shape, 
morphology, surface chemistry, thermal stability, and optical properties using Fourier-transform infrared spectroscopy (FTIR), X-ray 
diffraction (XRD), zeta potential measurements, thermogravimetric analysis (TGA), and UV-vis spectroscopy. The nanoparticles 
exhibited intended characteristics, and their adsorption capability for methylene blue (MB) was quantitatively assessed using the 
Freundlich isotherm model and pseudo-second-order kinetic model, providing numerical insights into MB removal efficiency. The study 
demonstrates the potential of these green-synthesized ZnO NPs for applications in environmental remediation, wastewater treatment, 
and antibacterial therapies, contributing to both sustainable nanomaterial development and quantitative understanding of their 
functional properties. 
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1. INTRODUCTION 

 

Nanotechnology enhances both farm yield and quality 
where this innovative approach not only boosts 
productivity but also sets new benchmarks for 
effectiveness in comparison to conventional techniques [1–
5]. Nanoparticles of precise shapes and sizes have been 
synthesized using physical, chemical, and biological 
processes [6–9]. Researchers are developing simple, 
effective, and trustworthy green nanomaterial fabrication 
methods. Green synthesis produces nanoparticles using 
environmentally friendly methods. Its cost-effectiveness 
and environmental friendliness make it scalable and less 
harmful than chemically generated nanoparticles [9]-[10]. 
Green synthesis uses plant extracts and bacteria, making it 
cost-effective, non-toxic, and ecologically beneficial [12]. 
To prevent harmful consequences, green synthesis must be 
dependable, sustainable, and ecologically beneficial. Green 
nanoparticle manufacturing reduces harmful chemical 
waste and promotes sustainability [13]. 

 
 

Recently there have been a lot of biological reagents used 
for capping for synthesis nanoparticles however less 
information using arthropods. Like other arthropods such 
as insects and arachnids are promising green synthesis 
candidates. Arthropods provide bioactive chemicals 
sustainably due to their abundance and simplicity of large-
scale production. Their ability to produce large amounts of 
bioactive chemicals quickly boosts their appeal as a source. 
Green synthesis uses arthropods, a broad collection of 
creatures that produce bioactive substances. Arthropod-
based green synthesis methods are cost-effective and 
commercially scalable. These processes employ moderate 
conditions instead than harsh chemicals or solvents, 
making them ecologically friendly. Biocompatible 
arthropod-derived bioactive chemicals reduce the risk of 
adverse responses in live creatures [14]. For instance, to 
underscore the advantages of cellar spiders, the silk fibers 
crafted by orb-weaving spiders stand out as some of the 
most formidable, pliable, and durable biomaterials 
acknowledged by the scientific community. 
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With that, this study was carried out to explore the 
potential of cellar spider for synthesis of Zinc oxide 
nanoparticles (ZnO NPs). These nanoparticles have 
excellent optical, electrical, and catalytic capabilities, 
making them useful in electronics, optoelectronics, 
catalysis, sensing, and biomedicine [15]. ZnO NPs' broad 
band gap and vast surface area make them useful. Green 
synthesis of ZnO NPs is attractive due to its environmental 
friendliness and possibility for large-scale manufacturing 
without harmful chemicals [16]. Green nanoparticle 
production uses natural resources, plant extracts, or 
biological agents as reducing and stabilizing agents . Zinc 
oxide nanoparticles are safe cleansers and antimicrobials. 
Antibacterial, antifungal, and antiviral activities make them 
useful in cell line investigations, dye degradation, and 
antibacterial research. Zinc oxide nanoparticles damage 
membrane structures and kill bacteria due to their 
permeability. ZnO NPs' nanosized and high surface area-to-
volume ratio make them effective[17]. ZnO nanostructures 
have been used as antibacterial agents in healthcare, 
cosmetics, food storage, textile coating, and environmental 
applications, but their toxicity and biological activity need 
further study [18]. Zero-dimensional ZnO NPs range from 
1 to 100 nm [19]. 
 
Bioremediation removes contaminants using bacteria, 
fungus, or plants. Due of its large surface area, reactivity, 
and antibacterial activity, ZnO NPs have been explored for 
bioremediation. ZnO NPs catalyst pollutant breakdown 
with certain microorganisms or enzymes. They also form 
stable complexes with metal ions to remove heavy metals 
from polluted locations by limiting their mobility and 
toxicity. However, nanoparticles may harm the 
environment and humans, requiring careful study and 
regulation to assure their safe and effective use [20–24]. 
 
 
2. MATERIAL AND METHODS  
 
2.1 Extraction of Cellar Spider and Its Preparation 
 
A total of one hundred cellar spiders were rounded up and 
put alive inside of bottles. In order to get the extract of the 
cellar spider, one hundred milligrammes of the cellar 
spider were combined with ten millilitres of 0.1M sodium 
hydroxide (NaOH) in a beaker. Following the distillation of 
the mixture at 90 °C for one hour, it was allowed to cool 
before being centrifuged at 5000 rpm for twenty minutes 
[25]. During the process of separating the filtrate from the 
supernatant, which contained the extract we were looking 
for, we collected the supernatant. The procedure was 
carried out three more times so that a total amount of 
cellar spider extract containing 500 millilitres could be 
obtained. After keeping the extract at room temperature 
and covering it with aluminium foil for the night, it was 
then placed in the dark and maintained there for further 
synthesis in a beaker. As depicted in Fig. 1 the extraction of 
cellar spider and its preparation.  The alteration in the hue 
of the reaction mixture, consisting of zinc acetate 
dehydrate solution and extract derived from cellar spiders, 
facilitated the formation of ZnO NPs, commonly referred to 
as zinc oxide nanoparticles. The reduction process 
required for obtaining ZnO NPs was verified through the 

transition in color, shifting from a pale yellow shade to 
white within the reaction mixture containing cellar spider 
extract and zinc acetate dehydrate. Initially, a transparent 
solution of zinc acetate dehydrate is subjected to treatment 
with subterranean spider extract, resulting in the 
emergence of a color resembling light yellow. 
Subsequently, the color shifts to white, ultimately yielding 
a white powder after the drying process, representing the 
formation of ZnO NPs [32]. 

 

 
 

Figure 1. ZnO NPs synthesis via color changes in reaction 
mixtures: (a) 100mg Cellar Spider, (b) Cellar Spider + NaOH, (c) 
Cellar Spider extract, (d) pale yellow to white with zinc acetate 

dehydrate, (e) centrifugation preparation, (f) ZnO NPs pellet after 
6000 rpm, (g) white ZnO NPs powder after 1-night drying. 

 
2.2 Synthesis of Zinc Oxide Nanoparticle 
 
The cellar spider extract is used to reduce zinc acetate 
dihydrate (Zn (CH3CO2)2·2H2O) to stable ZnO NPs. 
Dissolving 46 g of Zinc acetate powder in 100 ml of 
distilled water yielded a 2.5M solution. 15 ml of the cellar 
spider extract from its preparation was put to a beaker 
with 30 ml of Zinc acetate solution. Aluminium foil 
shielded the beaker from light. After 2 hours of stirring, the 
cellar spider extract and zinc metal ions from Zinc acetate 
reacted, changing the solution's colour from light yellow to 
white. The mixture was transferred to an Eppendorf tube 
and centrifuged at 5000 rpm for 15 minutes. The 
supernatant was discarded, leaving the ZnO NP pellet in 
the tube. The particle was carefully rinsed with distilled 
water and centrifuged again at 5000 rpm for 15 minutes, 
discarding the supernatant. This washing procedure was 
repeated with 10% ethanol to eliminate contaminants and 
collect pure ZnO NPs pellets. After washing and 
centrifugation, the particle was dried overnight at 60 °C 
[26]. Pulverised dry material was kept in an airtight 
container at room temperature for future investigation. 

 
To underscore the advantages of cellar spiders, this study 
aims to achieve the following objectives: conduct a 
quantitative analysis of the ZnO NPs' size, shape, and 
morphology through techniques including X-ray diffraction 
(XRD), zeta potential measurements, and 
thermogravimetric analysis (TGA); investigate the surface 
chemistry of the nanoparticles by quantitatively assessing 
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functional groups via Fourier-transform infrared 
spectroscopy (FTIR); evaluate the thermal stability of the 
ZnO NPs through detailed TGA; quantitatively analyze their 
optical properties using UV-vis spectroscopy; and assess 
the adsorption capability for methylene blue (MB) through 
quantitative models such as the Freundlich isotherm and 
pseudo-second-order kinetic model. 

 
2.3 The Zinc Oxide Nanoparticle Characterization 
 
2.3.1 Fourier-Transform Infrared Spectroscopy 
(FTIR) 

 
FTIR analysis, a homogeneous mixture of 1g zinc oxide 
nanoparticle powder and 1g potassium bromide (KBr) 
powder is prepared. This mixture is pressed into a pellet 
using a pellet press or by hand. The resulting pellet is then 
placed on the sample stage of the FTIR instrument. The 
instrument collects a spectrum by measuring the 
absorption of infrared radiation at different frequencies in 
the mid-infrared range. The obtained spectrum is analyzed 
to identify absorption peaks corresponding to chemical 
functional groups. The spectrum is collected in the mid-
infrared range, which spans from 4000 to 400 cm-1. To 
determine the composition chemical availability in the 
sample, the spectrum is compared with reference spectra 
of pure ZnO nanoparticles and other forms of ZnO. This 
comparison allows for the identification of chemical 
availability  present in the sample [27]. 
 
2.3.2 X-ray Diffraction Analysis (XRD) 
 
Powder containing 5 mg of ZnO NPs was suspended in 50 
μl of distilled water. After a period of absorption, 30 μl of 
solution was deposited on a spotless wafer and allowed to 
dry. Next, the wafer is observed at a working distance of 8 
mm. Using a DMAX-2500 instrument from Rigaku, Japan, 
X-ray diffraction (XRD) was used to determine the 
crystalline structure of the synthesised zinc oxide 
nanoparticles. A nickel filter and a Cu Ka (1.54059 A) 
radiation source were utilised to prepare the operational 
configuration. The diffraction angle range for the XRD 
analysis was 10° to 90°, and the scanning rate was 0.5/s. 
The operational system was configured with a filament 
current and voltage of 40 mA and 45 kV, respectively [28]. 

 
2.3.3 Zeta Potential Characterization 
 
Using the zeta potential method, the surface charge of 
nanoparticles in colloidal solutions is measured. In order 
to determine the surface charge of ZnO NPs, a sample of 10 
mg is prepared in 20 ml of distilled water. The zeta 
potential and zeta size distribution of the nanoparticles are 
measured using a Zeta Potential Analyzer, such as the 
Malvern zeta-sizer nano series. Negative zeta potential 
values indicate a negatively charged surface, while positive 
values indicate a positively charged surface. The zeta 
potential values also reflect the nanoparticles' stability in 
solution, with a greater absolute value indicating greater 
stability [29] 
 
 

2.3.4 Thermogravimetric Analysis (TGA) 
 

Weigh 10 mg of the ZnO nanoparticles and place them in a 
TGA sample pan. Heat the sample pan at a constant rate 
while measuring the weight of the sample as a function of 
temperature. The temperature range used for TGA is 
typically 25°C to 700°C. The upper temperature used for 
TGA is normally 1000°C. The heat-up rate capability of TGA 
can vary from 0.1°C to 200°C/min. Observe the weight loss 
of the sample as a function of temperature to determine 
the thermal stability of the nanoparticles [30]. 
 
2.3.5 UV-Visible Spectroscopy 
 
The UV-vis energy range for the electromagnetic spectrum 
spans 1.5 to 6.2 eV, which corresponds to the wavelength 
range of 900 to 200 nm. In order to prepare the mixture 
for UV-Visible spectroscopy analysis, 3 mg of ZnO NPs 
material was dissolved in 3 ml of sterile distilled water. 
UV-Vis spectroscopy involves passing UV-Vis light through 
a sample and measuring the sample's light transmission. 
Absorption can be calculated from transmittance (T) using 
the formula A=-log (T) [28]. 
 
2.3.6 Water Absorption Activity 
 
In the kinetic study, a 20 mg sample of ZnO NPs was added 
to a 20 mL bottle containing a 20-ppm concentration of 
methylene blue (MB) solution. The mixture was shaken at 
room temperature and 150 rpm for various time intervals 
(3 min, 5 min, 10 min, 20 min, 40 min, 60 min, 90 min, and 
120 min), and the solution's concentration was measured 
using a UV-Vis spectrophotometer within the range of 650-
680 nm. For the isotherm study, a 20 mg sample of ZnO 
NPs was added to a 20 mL bottle containing different 
concentrations of methylene blue (MB) solution ranging 
from 10 ppm to 50 ppm, shown in Fig. 2. 

 
Figure 2. Concentrations of methylene blue (MB) solution 

ranging from 10 ppm to 50 ppm. 

 
The mixture was shaken for 1 hour at room temperature 
and 150 rpm. The concentration of the supernatant was 
measured using a UV-Vis spectrophotometer at 
approximately 664 nm, the commonly used wavelength for 
MB analysis. Investigate the adsorption behavior of ZnO 
NPs towards methylene blue by examining the kinetics of 
adsorption at different time intervals and the isotherms at 
various MB concentrations. The UV-Vis spectrophotometer 
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measurements provided valuable data for understanding 
the adsorption process and the interactions between ZnO 
NPs and methylene blue molecules [31]. 
 
 
3. RESULTS AND DISCUSSION  
    
3.1 Characterization of The Synthesized ZnO 
Nanoparticles  

 

3.1.1 Fourier-Transform Infrared Spectroscopy 
(FTIR) 
 
Figure 3 depicts the spectrum showing multiple peaks, 
reflecting the complex nature of cellar spider. The FTIR 
spectra of raw Cellar spider (red line) and ZnO NPs (blue 
line) are displayed. The peak at 3200-3500 cm-1 signifies 
the presence of surface hydroxyl groups (-OH) due to 
adsorbed water or hydroxyl groups on the nanoparticle 
surface [33]. The Cellar spider extract solution exhibits a 
peak at 3277.00 cm-1, indicating the presence of hydroxyl 
groups. Peaks in the range of 2800-3000 cm-1 typically 
arise from C-H stretching vibrations, possibly originating 
from organic compounds adsorbed on the nanoparticle 
surface or solvent residues [34]. Both Cellar spider raw 
and ZnO NPs show peaks at 2922 cm-1 and 2924 cm-1 
(ZnO NPs), indicating single bonds. The peak at 1640-1650 
cm-1 suggests the presence of water molecules adsorbed 
on the nanoparticle surface [35]. The peak at 1000-1350 
cm-1 corresponds to the stretching vibration of the 
carbon-nitrogen (C-N) bond, found in amines, amides, or 
nitriles [36]. Raw Cellar spider displays peaks at 1069 cm-
1 and 1235 cm-1, while ZnO NPs exhibit peaks at 1025 cm-
1 and 1342 cm-1, indicating the presence of carbon-
nitrogen (C-N) bonds. The peak at 500-700 cm-1 
corresponds to the stretching vibration of the Zn-O bond, 
characteristic of zinc oxide [37]. ZnO NPs demonstrate a 
peak at 674 cm-1, confirming the presence of the Zn-O 
bond. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

Figure 3. FTIR spectrum of raw cellar spider and synthesized 
ZnO NPs. 

 
3.1.2  X-ray Diffraction Analysis (XRD) 

 
The X-ray diffraction (XRD) pattern of ZnO nanoparticles 
exhibits peaks corresponding to crystal planes (100), 
(002), (101), (102), (110), (103), (200), and (112) [26]. 
These peaks, along with their relative intensities, provide 
insights into the crystal structure and orientation of the 
ZnO nanoparticles. Fig. 4 shows peaks (110), (112), (222), 
and (132) indicating the presence of ZnO crystal planes at 
(110) and (112), while the RAW (cellar spider) material 
exhibits peaks (104) and (113). The peak positions (2θ) 
are observed at values of 13.319, 33.077, 58.435, and 
69.785, representing the angles of diffraction peaks. The 
intensity values associated with the peaks are 462, 1249, 
665, and 320, with the second peak at 33.077 exhibiting 
the highest intensity. The estimated crystallite size values 
are 23.663 nm, 5.372 nm, 4.389 nm, and 7.943 nm, 
indicating the average size of crystalline domains within 
the material. Further quantitative analysis can be found in 
Table 1.  

 
Table 1 Quantitative analysis on XRD data 

 

Peak Position 
(2Ꝋ) 

Intensity FWHM 
Crystallite Size 

(nm) 

13.319  462 0.345 23.663 

33.077  1249 1.765 5.372 

58.435  665 3.458 4.389 

69.785  320 2.894 7.943 

Average size (nm) 10.342 
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Figure 4.  XRD diffraction peak of ZnO NPs and RAW. 

 
3.1.3 Zeta Potential Characterization 
 
In figure 5, Peak 1 exhibits the largest particles, with an 
average size of 584.1 nm, accounting for 81.0% of the 
volume. This peak demonstrates a varied population of 
larger particles, as evidenced by its high standard 
deviation of 99.32 nm. On the other hand, Peak 2 displays 
smaller particles, averaging 62.99 nm, comprising 19.0% 
of the volume. The decreased standard deviation of 8.010 
nm suggests a more uniform distribution of tiny particles 
within this peak. The data depicts a bimodal distribution 
with two peaks representing different particle sizes. Peak 1 
contains a greater number of particles compared to Peak 2. 
Both peaks exhibit a substantial volume, indicating a 
diverse range of particle sizes [38]. 

Figure 5. (A) zeta potential and (B) hydrodynamic size of ZnO 
NP. 

 
3.2.4 Thermogravimetric Analysis (TGA)  
 
Figure 6 illustrates the weight reduction of zinc oxide 
nanoparticles as the temperature increases, as observed 
through Thermogravimetric Analysis (TGA). The weight 
decreases from 97.99% at 40°C to 56.22% at 680°C, 
indicating the breakdown of nanoparticles due to the 
applied heat. The derivative weight (%/min) 
measurements exhibit an increase as the temperature 
rises, indicating a faster breakdown rate, ranging from 
0.3412%/min at 40°C to 0.1019%/min at 680°C. Notably, 
two significant weight loss periods are observed. Between 

120°C and 160°C, the weight drops significantly from 
92.07% to 86.74%, suggesting the decomposition or 
release of volatile components from the nanoparticles. 
Another weight reduction occurs between 160°C and 
180°C, with the weight decreasing from 86.74% to 81.87%, 
indicating further decomposition or changes. Furthermore, 
TGA experiments conducted using alternative methods 
reveal that zinc oxide nanoparticles experience a total 
weight loss of 6.10% around 492°C, attributed to the 
removal of moisture content. No significant decomposition 
is observed beyond this point up to 700°C [39]. The results 
from TGA investigations suggest that zinc oxide 
nanoparticles are thermally stable up to a certain 
temperature, with a gradual weight loss indicating a steady 
breakdown. 
 

 
 

Figure 6. TGA result for ZnO nanoparticles. 

 
3.2.5 UV-Visible Spectroscopy 

 
In the UV-Vis spectrum, the signal amplitude around 360 
nm was substantially reduced, indicating that the ion Zn 
cation may have been converted to metallic silver. This 
phenomenon was comparable to a previous study in which 
zinc oxide nanoparticles were synthesised using an 
artichoke leaf (Cynara scolymus) aqueous extract. 
Examining the UV-Vis spectrum, which is a common 
technique for characterizing zinc oxide nanoparticles [40], 
the researchers found an increase in absorbance in the 
range of 320-335 nm in that study (Figure 7). 
 

 
 

Figure 7. UV-Vis spectra of ZnO NPs. 
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3.2.6 Water Absorption Activity 
 
Figure 8(a) shows the linear adsorption isotherm plots for 
MB adsorption on Zinc Oxide NPs for Langmuir and 
Freundlich models isotherm. According to the results, the 
Freundlich isotherm model had a better fit to the 
experimental data than Langmuir, considering its highest 
R2 value (0.9824), indicating that the adsorption of MB 
onto Zinc Oxide NPs is a multiplayer process and that the 
adsorption capacity of the solid is not constant, but 
increases with increasing concentration of the solute in the 
solution. The Freundlich model is commonly used for 
adsorption of solutes onto heterogeneous adsorbents, 
where the adsorption sites on the solid surface have 
different affinities for the solute. It also a simple and 
widely used tool for describing adsorption behavior, but it 
is not always suitable for all types of adsorption processes 
and should be used with caution, taking into consideration 
the specific characteristics of the adsorption system [41]. 
 
As shown in Figure 8(b), the pseudo-second-order kinetic 
model had the highest R2 value (0.9997), indicating that it 
best describes the adsorption of MB onto Zinc Oxide NPs. 
Consequently, the pseudo-second-order model was found 
to best fit the experimental data, suggesting that the rate-
controlling phase of adsorption is chemisorption involving 
valence forces through sharing and exchanging electrons 
between Zinc Oxide NPs and MB dye ions in solution [42]. 
Frequently, the pseudo-second-order model is applied to 
characterise the adsorption of solutes onto solid surfaces, 
such as in environmental remediation, effluent treatment, 
and drug delivery. 

 
 

 
Figure 8. The linear adsorption plots for MB adsorption on Zinc 
Oxide NPs: (a)Freundlich isotherm and (b)Psuedo-second order. 

 
 

The initial concentration of the pigment is another crucial 
factor influencing the adsorption procedure. Fig. 9 
illustrates the MB removal efficiency and adsorption 
capacity of Zinc Oxide NPs at various initial 
MBTconcentrations. The MB removal efficacy decreased 
from 88.35% to 16.77% when the initial MB concentration 
was increased from 10 to 50 ppm, according to the results. 
In general, the quantity of accessible active sites at a fixed 
adsorbent dosage was increased to accommodate the low 
number of MB dye molecules in the solution when the 
initial MB concentration was low. However, when there 
were more MB dye molecules in the solution owing to a 
higher initial MB concentration, the available adsorption 
sites of Zinc Oxide NPs became saturated. Consequently, 
MB adsorption on Zinc Oxide NPs was prohibited. Next, a 
higher initial dye concentration provided a stronger 
driving force to surmount the mass transfer resistance of 
dye between the bulk liquid phase and solid phase, thereby 
increasing the adsorption capacity of the adsorbent. When 
the initial MB concentration increased from 10 to 50 ppm, 
the adsorption capacity of Zinc Oxide NPs increased from 
8.83 mg/g to 21.89 mg/g. It is depicted in figure 9. 
 

 
 

Figure 9. Influence of MB initialTconcentration on theTMB 
removal efficiency and Zinc Oxide NPs adsorptionTcapacity 

atTthe following condition: 20 mg of Zinc Oxide NPs; 20 mL of 
volume; and agitation time of 1 H. 

 
 
CONCLUSION 
 
In conclusion, the study explored the potential of utilizing 
cellar spider silk for the synthesis of silver nanoparticles. 
The FTIR spectra analysis revealed the presence of surface 
hydroxyl groups, C-H stretching vibrations, and carbon-
nitrogen bonds in both raw cellar spider and synthesized 
ZnO NPs. X-ray Diffraction (XRD) analysis demonstrated 
distinctive peaks corresponding to ZnO crystal planes, 
providing insights into the crystal structure and 
orientation of the nanoparticles. Zeta potential 
characterization depicted a bimodal distribution of 
particles, indicating diverse sizes. Thermogravimetric 
Analysis (TGA) illustrated the thermal stability of ZnO 
nanoparticles up to a certain temperature, with gradual 
weight loss suggesting a steady breakdown. UV-Visible 
Spectroscopy indicated a potential conversion of Zn cation 
to metallic silver. The water absorption activity analysis 
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revealed the efficiency of ZnO NPs in adsorbing methylene 
blue (MB), with the Freundlich isotherm and pseudo-
second-order kinetic model fitting the experimental data 
well. The study underscored the multifaceted 
characterization of ZnO NPs synthesized from cellar spider 
extracts, showcasing their potential in diverse applications, 
particularly in the field of nanotechnology and 
environmental remediation. 
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