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Calcium oxide (CaO) is a highly efficient chemisorbent and catalyst for the mitigation of hazardous gases, rendering it an important 

material in industrial and environmental applications. In present study, CaO nanoparticles (CaO NPs) were synthesised using a green 

hydrothermal approach using the marine squid (Sepioteuthis lessoniana) ethanol extract as a natural precursor. XRD analysis confirmed 

the crystalline nature, with an average crystallite size of 48.12 nm as estimated using the Debye-Scherrer equation. The successful 

conversion of the marine squid extract into CaO NPs was verified by FTIR and XRD analyses. Transmission electron microscopy (TEM) 

revealed spherical nanoparticles with an average particle size of approximately 50 nm. Field emission scanning electron microscopy 

(FESEM) images showed predominantly spherical particles with porous, rough surfaces and aggregation observed at the elevated 

temperatures. The synthesised CaO NPs demonstrated a high adsorption efficiency toward methyl red (MR) dye, with a maximum 

adsorption capacity of 42.34 mg/g and a Freundlich constant (Kf) of 22.45 (mg/g)(mg/L)ⁿ. Adsorption data exhibited an excellent fit with 

the Langmuir and Freundlich isotherm models, while Temkin isotherm and quantum chemical analyses suggested that the adsorption 

mechanism was predominantly physical in nature. 
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INTRODUCTION 

 Water, the universal solvent, faces severe contamination 

from dyes, solvents, herbicides, fertilizers, heavy metals and 

pharmaceuticals, which contribute to a global scarcity of safe 

drinking water, especially in industrialised areas. Dyes hinder 

light in aquatic environments, affecting photosynthesis and 

disrupting ecosystems [1-3]. Methyl red (MR), a synthetic 

azo dye, is poorly soluble in water but dissolves in organic 

solvents. It is used as an acid-base indicator and in textiles, yet 

wastewater containing methyl red poses significant environ-

mental and health risks [4]. Prolonged exposure to methyl red 

dye can cause skin damage, irritation of the eyes and intes-

tines and is associated with carcinogenic, mutagenic and toxic 

effects [4]. Its stable aromatic structure and azo groups lead 

to the generation of harmful aromatic amines. 

 Calcium oxide nanoparticles (CaO NPs) have gained consi-

derable attention due to their low toxicity and environmentally 
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friendly nature, which makes them highly suitable for environ-

mental remediation and biomedical applications [5,6]. Their 

significance has further increased with the development of green 

synthesis approaches that provide a sustainable and cost effe-

ctive route for producing CaO NPs with minimal environmental 

impact, making them particularly attractive for wastewater treat-

ment applications [7,8]. The effectiveness of CaO NPs in such 

processes is mainly attributed to their high surface basicity, 

strong chemisorption capability and notable catalytic activity, 

which facilitate efficient gas capture, pollutant adsorption and 

catalytic reactions [9]. In addition, CaO is naturally abundant, 

inexpensive, thermally stable and ecologically compatible, fur-

ther supporting its potential for large-scale industrial and envir-

onmental applications [10,11]. 

 Marine extracts are unique compared to plant extracts, 

comprising marine specific biomolecules (proteins, peptides, 

amino acids, chitin derived chemicals and minerals) that 

enhance nanoparticle formation [12]. These biomolecules 
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improve the surface functionality, stability and bioactivity of 

nanoparticles which is less common in plant extracts [13,14]. 

Utilizing squid extract for CaO NPs synthesis offers a sust-

ainable method in the marine biogenic nanotechnology [15]. 

The biogenic CaO NPs have potential in biomedical applica-

tions including cytotoxicity assessments with red blood cells 

and in environmental uses for the adsorption of harmful dyes 

like methyl red [16]. 

 Marine-derived proteins and biopolymers may affect the 

nucleation, size and morphology of CaO NPs differently than 

plant-based biomolecules. Although CaO NPs have shown 

strong adsorption performance toward several dyes and com-

prehensive comparative studies with conventional adsorbents 

including activated carbon and modified CaO NPs, particularly 

in the context of marine-mediated synthesis, are still scarce. 

The present study focuses on the biogenic synthesis of CaO NPs 

using the ethanol extract of marine squid (Sepioteuthis 

lessoniana) and evaluates their hemolytic activity and adsor-

ption performance for methyl red dye. 

EXPERIMENTAL 

 Preparation of CaO NPs: Fresh marine squid was coll-

ected, thoroughly washed with distilled water to remove the 

impurities and then shade-dried. The dried squid tissue was 

finely powdered and subjected to extraction using ethanol. 

Aqueous CaCl2 solution (80 mL of 1 M) was added dropwise 

while being continuously stirred to 20 mL of S. lessoniana 

extract followed by the addition of NaOH solution and the 

solution was stirred using a magnetic stirrer. The reaction 

mixture was maintained at room temperature until the 

formation of a white precipitate was observed, indicating the 

formation of CaO NPs. The suspension was centrifuged at 

10,000 rpm for 20-30 min and the precipitate was washed sev-

eral times with distilled water to remove residual biomolecules. 

The product was dried at 100-125 ºC and calcined at 400 ºC 

for 2-4 h to convert intermediate calcium compounds into CaO 

NPs. The obtained CaO NPs were stored in airtight containers 

for further studies. 

 Characterisation: The biogenic CaO NPs were charact-

erized using several analytical techniques. The optical prop-

erties were examined using a UV-visible spectrophotometer 

(JASCO V-650) within the wavelength range of 300-700 nm, 

with double-distilled water used as the reference. Functional 

groups involved in nanoparticle formation and stabilization 

were identified through Fourier transform infrared (FTIR) 

spectroscopy using a Thermo Scientific iS5 instrument in the 

range of 4000-400 cm–1 using KBr pellet method. The crys-

talline nature of the nanoparticles was investigated by X-ray 

diffraction (XRD) using an XPERT-PRO diffractometer oper-

ated at 30 kV and 30 mA with CuK radiation ( = 1.5406 Å) 

and the crystallite size was estimated using the Debye-Scherrer 

equation. The hydrodynamic particle size distribution was 

measured using dynamic light scattering (DLS) on an Anton 

Paar Litesizer after dispersing the sample in Millipore water. 

Surface morphology was observed using scanning electron 

microscopy (SEM) with a Carl Zeiss Ultra Plus FEGSEM 

operated at 10-30 kV, where the samples were coated with a 

thin gold layer to improve conductivity. In addition, transmi-

ssion electron microscopy (TEM) was used to further examine 

the particle size and morphology by depositing ethanol-

dispersed nanoparticles onto carbon-coated copper grids. 

 Cyclic voltammetry (CV) analysis: The electrochemical 

measurements were carried out using a CHI 650C electro-

chemical workstation. In reversible electrochemical systems, 

the redox couple remains in equilibrium during the potential 

sweep and the corresponding peak current (Ip) can be deter-

mined using the Randles–Sevcík equation, which is expressed 

as:  

  Ip = (2.69 ×105)n3/2AD1/2C1/2 

where Ip is the peak current (A); n is the number of electrons 

transferred; A is the electrode area (cm2); D is the diffusion 

coefficient (cm2/s); C is the concentration of the electroactive 

species (mol/cm3); and  is the scan rate (V/s). 

 Adsorption study: Batch adsorption studies were cond-

ucted to examine the effect of various experimental para-

meters including temperature, ionic strength, adsorbent dosage, 

contact time and pH, on the removal of methyl red (MR) dye 

using the synthesized CaO NPs. In each set of experiments, 

one parameter was varied while the remaining conditions were 

kept constant to evaluate its individual influence on the adsor-

ption process. For example, during the investigation of contact 

time, only the duration of interaction was altered, whereas 

temperature, pH and adsorbent dosage were maintained at fixed 

values. 

 The equilibrium adsorption capacity (Qₑ) of methyl dye 

on CaO NPs was calculated using the following equation: 

  i e
e
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−
=   

where Qₑ (mg/g) is the amount of dye adsorbed at equilibrium, 

Cᵢ (mg/L) is the initial concentration of methyl red dye solu-

tion, Cₑ (mg/L) is the equilibrium concentration, V (L) is the 

volume of dye solution and m (g) is the mass of adsorbent. 

 The percentage removal of methyl red dye was deter-

mined using the following relation: 

  i e
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 The measurements of the residual methyl red dye con-

centration were performed at the maximum absorbance wave-

length (max) of 525 nm using a UV-Visible spectrophoto-

meter. 

 Hemolysis assay: Blood compatibility was determined 

through a hemolysis assay. Initially, 2 mL of blood was diluted 

with 4 mL of Dulbecco’s phosphate-buffered saline (D-PBS) 

and centrifuged at 10,000 g for 5 min to separate red blood 

cells (RBCs). The collected RBCs were washed five times with 

10 mL D-PBS to remove plasma residues and then resuspen-

ded to a final volume of 20 mL with D-PBS. For the assay, 

0.2 mL of diluted RBC suspension was mixed with 0.8 mL 

of nanoparticle suspension prepared in D-PBS to obtain final 

concentrations of 5, 10, 25, 50 and 100 g/mL. Distilled water 

and D-PBS were used as positive and negative controls, resp-

ectively, and each condition was tested in quadruplicate. The 

mixtures were incubated at room temperature for 4 h, follo-

wed by centrifugation for 5 min and then 100 L of the 
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supernatant from each sample was transferred into a 96-well 

plate and absorbance was measured at 577 nm using a micro-

plate reader (TECAN Infinite M200, Austria) with 655 nm as 

the reference wavelength. The haemolytic degree was expre-

ssed by the hemolytic ratio as the following formula: 

test negative control

positive control negative control

Hemolysis ra
OD OD

 (%) 100
OD

tio
OD

−
= 

−
 

 The CaO NPs synthesized using squid extract exhibited 

good blood compatibility and were classified as non-hemo-

lytic, showing less than 1% hemolysis up to a concentration 

of 100 g/mL. At relatively higher concentrations of 50 and 

100 g/mL, hemolysis ratios of 0.771% and 0.784%, respect-

tively, were observed. These results indicate that even at higher 

concentrations, the CaO NPs induce only minimal hemolytic 

effects on red blood cells. The slight increase in hemolysis at 

higher nanoparticle concentrations may be associated with 

mild oxidative stress generated during the interaction of CaO 

NPs with blood cells [17]. 

RESULTS AND DISCUSSION 

 UV-Visible spectroscopy: Fig. 1 displays the UV-visible 

absorption spectrum of biogenic CaO NPs reveals distinct 

bands at 255, 290 and 345 nm, primarily linked to electronic 

transitions rather than surface proteins. The band at 255 nm 

corresponds to charge-transfer transitions between O2⁻ (2p) 

and Ca2⁺ states, typical in CaO and other alkaline earth metal 

oxides. These nanoparticles show deep-UV absorption bands 

due to their broad band-gap of approximately 7.0 eV [18,19]. 

The peak at 290 nm in CaO NPs is attributed to defect-related 

states and surface oxygen vacancies, commonly observed 

due to lattice defects and surface hydroxylation. Furthermore, 

a broader absorption characteristic near 345 nm is associated 

with surface states and electronic transitions influenced by 

particle size. Smaller nanoparticles exhibit red shifts and band 

tailing, extending absorption into the near-UV range [20]. 

 

 
Fig. 1. Absorbance spectrum of CaO NPs synthesised with S. lessoniana 

 

 The band gap energy (EBG) of the biogenic CaO NPs was 

estimated from the wavelength of maximum absorption max 

using Planck’s relation (EBG = hc/max), where ‘h’ represents 

Planck’s constant and ‘c’ is the speed of light. The calculated 

band gap value was 4.86 eV, which is consistent with previ-

ously reported values for CaO NPs applied in photocatalytic 

systems (around 4.0-4.8 eV) [21]. Nevertheless, this value is 

higher than the commonly reported band gap range of 2.61-

3.65 eV [22], possibly due to the variations in nanoparticle 

size, synthesis conditions or surface properties. 

 The UV-Vis absorption behaviour of the synthesized CaO 

NPs is linked to the interaction between Ca2+ ions and bio-

active compounds present in the squid extract, which function 

as reducing, capping and stabilizing agents during the green 

synthesis process. The pronounced absorption in the deep UV 

region can be attributed mainly to →* and n→* elect-

ronic transitions associated with aromatic amino acids, pep-

tides and other organic molecules in the extract. In addition, 

ligand-to-metal charge transfer between Ca2+ ions and funct-

ional groups of these biomolecules may contribute to the 

observed spectral features. The presence of such biomolecules 

on the nanoparticle surface helps inhibit particle aggregation 

and improves stability. 

 FTIR spectral studies: In the IR spectrum of biogenic 

CaO NPs (Fig. 2), a broad and intense absorption band at 3456 

cm–1 corresponds to O–H stretching vibrations, indicating the 

presence of hydroxyl groups and surface-adsorbed water mole-

cules. A band near 1489 cm–1 is associated with C–H bending 

and C=O/C–N vibrations, characteristic of amide-II or carbo-

xylate groups originating from proteins, peptides and other 

organic compounds present in the squid extract. Although the 

typical amide-I band (~1650 cm–1) is not clearly observed, the 

presence of the 1489 cm–1 band along with the broad O–H 

absorption suggests that biomolecules from the extract act as 

reducing and stabilizing agents on the nanoparticle surface. 

Furthermore, absorption bands observed around 871 cm–1and 

in the 648-609 cm–1 region correspond to the Ca–O stretching 

vibrations, confirming the formation of CaO NPs and the 

presence of metal–oxygen bonds within their crystalline stru-

cture. 

 XRD studies: The obtained diffraction peaks closely 

match those of standard CaO (JCPDS card No. 37-1497), 

confirming the formation of pure CaO with a cubic phase. 

The multiple characteristic diffraction peaks at 2θ values of 

32º, 37º, 48º, 53º, 64º, 69º and 77º, corresponding to the lattice 

planes (111), (200), (211), (220), (311), (222) and (400), 

respectively. These reflections are indexed to a cubic crystal 

system with a lattice parameter of  = 4.8152 Å, assigned to 

the 3Fm m  space group [23,24]. The average crystallite size 

(D) was calculated using the Debye–Scherrer equation: 

  
K

D
cos


=
 

 

where K is the shape factor (0.9),  is the X-ray wavelength 

(1.54 Å),  is the full width at half maximum (FWHM) and 

 is the Bragg diffraction angle. The average crystallite size of 

the biogenic CaO NPs was found to be approximately 48.12 nm, 

while the most intense diffraction peak observed at 2θ = 29º 

corresponded to a smaller crystalline size of 9.65 nm (Fig. 3). 

The predominant diffraction peak at 2θ = 32º agrees well with 

previously reported values for CaO NPs [25], confirming that 

the synthesised CaO NPs possess a cubic monophasic structure 

with excellent crystallinity [26]. 
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Fig. 3. XRD studies of CaO NPs synthesised with S. lessoniana extract 

 

 DLS analysis: DLS analysis of the biogenic CaO NPs 

revealed a Z-average hydrodynamic diameter of 1097.2 nm 

with a polydispersity index (PDI) of 1.117, indicating a broad 

and highly heterogeneous size distribution dominated by large 

aggregates (Fig. 4). In contrast, TEM images showed primary 

nanoparticles in the range of 15-30 nm, suggesting that these 

smaller particles tend to aggregate in aqueous media to form 

larger clusters, a common phenomenon in green-synthesized 

nanoparticles due to intermolecular interactions and biomole-

cular capping. Despite this aggregation, FESEM and TEM 

observations indicated rough and porous surface morpholo-

gies, which provide abundant active sites and facilitate dye 

adsorption through accessible exterior surfaces and pore 

networks [27,28]. Thus, the adsorption efficiency remains 

largely unaffected by aggregation. However, the relatively 

large hydrodynamic size and high polydispersity may restrict 

certain biomedical applications, particularly intravenous use. 

Although the nanoparticles exhibit acceptable hemocompa-

tibility, further surface modification or size stabilization 

would be beneficial to enhance their suitability for advanced 

biological applications [29,30]. 

 SEM studies: The surface morphology of the biogenic 

CaO NPs was examined using scanning electron microscopy  

 
Fig. 4. DLS analysis of CaO NPs synthesised with S. lessoniana extract 

 

(SEM) at a magnification of 10.00 KX with scale bars of 2 

m and 10 m. The SEM images (Fig. 5) reveal a heterogen-

eous morphology consisting of rounded and irregularly shaped 

particles that tend to assemble into aggregated clusters rather 

than remaining individually dispersed. These clusters form 

porous, network-like structures composed of numerous smaller 

particles that merge into larger agglomerates ranging from 

approximately 1-5 m, while the primary particles are in the 

nanometer range. Such aggregation behaviour is commonly 

observed in biogenic nanoparticles, where the biomolecules 

present in the marine squid extract act as reducing, stabilizing 

and capping agents during nanoparticle formation. The rough 

surface texture and irregular morphology further indicate the 

presence of organic residues associated with bio-capping on 

the nanoparticle surface. In addition, a dense, rock-like particle 

distribution suggests partial fusion of smaller particles during 

the drying and calcination stages. The relatively larger particle 

size compared with materials synthesized under lower calci-

nation temperatures is consistent with UV-Vis results, which 

indicate a decrease in band gap with increasing particle size at 

higher temperatures [31]. Although CaO NPs exhibit a tendency 

 

Fig. 2. FTIR spectrum of CaO NPs synthesised with S. lessoniana 
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to agglomerate due to high surface energy, electrostatic inter-

actions and surface reactions with atmospheric moisture and 

CO2, this aggregation does not negatively affect their adsorp-

tion performance. Instead, the resulting rough and porous 

agglomerates provide accessible active sites for dye adsorption 

and facilitate easier separation from aqueous systems, making 

them particularly suitable for environmental and catalytic 

applications [27-30]. 

 TEM studies: The TEM micrographs, obtained at magni-

fications within the 5-200 nm scale range, show nanosized 

particles with predominantly spherical to irregular morphol-

ogies (Fig. 6). The particle size was mainly distributed 

between 10 and 50 nm, with an average grain size of approxi-

mately 55 nm, which is slightly larger than the crystallite size 

estimated from XRD due to the difference in measurement 

principles, as TEM reflects the actual particle size including 

aggregation effects whereas XRD represents the coherent crys-

tallite domains. The selected area electron diffraction (SAED) 

pattern displays clear concentric rings corresponding to the 

(111), (200), (220) and (311) lattice planes, confirming the 

polycrystalline nature and face-centered cubic (FCC) struc-

ture of CaO, consistent with the standard JCPDS card No. 37-

1497. The presence of well-defined diffraction rings indicates 

good crystallinity of the synthesized nanoparticles. The TEM 

observations, together with SEM and XRD analyses, confirm 

the successful formation of crystalline CaO NPs with nano-

scale dimensions, which are suitable for applications such as 

adsorption and catalysis [32,33].  

 

 
Fig. 6. TEM studies of CaO NPs synthesised with S. lessoniana extract 

 EDAX studies: The EDAX spectrum of the biogenic 

CaO NPs (Fig. 7) confirms the presence of calcium (Ca), 

oxygen (O) and minor traces of phosphorus (P) and potassium 

(K), with prominent peaks appearing around 0.3 keV, 2.0 keV 

and 3.7 keV, respectively. The strong signals for Ca and O 

indicate that the NPs are predominantly composed of calcium 

oxide, while the minor elements likely originate from biomole-

cules present in the marine squid extract used during synthesis. 

Thus, the EDAX analysis supports the XRD and FTIR find-

ings, confirming the successful formation, high purity and 

elemental stability of the biogenic CaO NPs. 

 

 
Fig. 7. EDAX studies of CaO NPs synthesised with S. lessoniana extract 

 

 CV analysis: Cyclic voltammetry (CV) was performed 

to assess the electrochemical behaviour of biogenic CaO NPs 

using an electrolyte of 1 M KOH within a potential range of 

0.001-0.1 V vs. Ag/AgCl. The CV curves (Fig. 8), recorded 

at scan rates between 0.025 and 0.1 mV s–1, revealed distinct 

cathodic and anodic peaks at approximately 0.37 V and -0.43 V, 

respectively, confirming the reversible redox nature of the 

system. The nearly symmetrical CV profiles with increasing 

scan rates indicate stable electron transfer kinetics and strong 

electrochemical reversibility. The enhanced electrocatalytic 

activity and charge storage capacity are attributed to bioactive 

compounds present in the marine squid extract, which act as 

natural stabilizers and capping agents, improving electron 

transport and ion diffusion at the electrode–electrolyte inter-

face, which is crucial for excellent capacitive and redox prop-

erties for applications in the electrochemical sensors, energy 

storage systems and biomedical devices. 

 

Fig. 5. SEM studies of CaO NPs synthesised with S. lessoniana extract 
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Fig. 8. CV studies of CaO NPs synthesised with S. lessoniana extract 

 

 Adsorption studies: Adsorption studies were conducted 

to evaluate the efficiency of biogenic CaO NPs in removing 

methyl red dye from aqueous solutions through batch adsorp-

tion experiments. The effects of key parameters such as contact 

time (10-60 min), adsorbent dosage (20-120 mg), dye concen-

tration (10-35 mg/L) and pH (2-12) were systematically exa-

mined to determine their influence on dye removal efficiency. 

The methyl red dye concentration was monitored at its maxi-

mum absorption wavelength of 570 nm. As shown in Fig. 9a, 

the adsorption of methyl red dye increased with stirring time, 

exhibiting a rapid uptake during the initial 10 min, where 

nearly 30% of the dye was removed within the first 30 min. 

Beyond this point, the adsorption rate slowed, suggesting that 

equilibrium was achieved due to saturation of the active adsor-

ption sites on the CaO NPs. These results indicate that the 

biogenic CaO NPs effectively adsorb methyl red dye, with the 

process primarily governed by the availability of active surface 

sites and contact duration [34]. 

 The equilibrium adsorption of methyl red dye increased 

with rising initial dye concentration (Fig. 9b). Higher concen-

trations provide a greater number of dye molecules in solu-

tion, which enhances their interaction with the available adsor-

ption sites on the surface of CaO NPs. Comparable trends 

have been reported for dye adsorption using CaO-based mate-

rials, where adsorption capacity increases with concentration 

until the active sites become saturated [35]. In this study, 

saturation was not reached within the tested concentration range 

indicating that the adsorption capacity of the biogenic CaO 

NPs may continue to increase at higher dye concentrations. 

 The influence of adsorbent dosage was evaluated by 

varying the amount of CaO NPs from 20 to 120 mg in 50 mL 

of methyl red dye solution with a stirring time of 30 min. As 

illustrated in Fig. 9c, dye removal efficiency improved with 

increasing adsorbent dosage and reached a maximum remo-

val efficiency of 97% at 120 mg. This improvement can be 

associated with the greater surface area and higher number of 

active adsorption sites available for dye interaction. However, 

excessive adsorbent loading may promote particle aggregation 

or overlap of adsorption sites, which can slightly reduce the 

effective surface area accessible for adsorption [36]. 

 The effect of solution pH on methyl red dye adsorption 

was investigated within the pH range of 2-12 (Fig. 9d). The 

adsorption efficiency increased under acidic conditions and 

reached a maximum removal of 93% at pH 6, followed by a 

decline to about 53% at pH 8, with a slight increase again 

under alkaline conditions. These variations are mainly related 

to changes in the surface charge of the adsorbent and the 

electrostatic interactions between the dye molecules and the 

nanoparticle surface. Under acidic conditions, the CaO NPs 

surface acquires a positive charge, which enhances the attrac-

tion toward negatively charged dye species. As the pH appro-

aches neutral or alkaline values, repulsive interactions become 

more significant, leading to lower adsorption efficiency. 

Similar pH-dependent behaviour has been observed in earlier 

studies on methyl dye adsorption [37]. 

 

 

Fig. 9. Percentage adsorption studies of methyl red dye using CaO NPs under varying conditions: (a) effect of contact time, (b) effect of 

initial dye concentration, (c) effect of adsorbent dosage and (d) effect of pH 
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 FTIR interpretation for adsorption studies: FTIR 

analysis was conducted to identify the functional groups in 

the adsorption of MR dye onto CaO NPs derived from marine 

squid extract. It was found that revealed that CaO NPs prior 

to adsorption show a broad absorption band at 3600-3400 

cm–1 indicating O–H stretching of hydroxyl groups and 

moisture, with a faint band at 1500-1450 cm–1 related to 

carbonate species (Fig. 10). The MR dye spectrum highlights 

N–H stretching at ~3400 cm–1, aromatic C=C stretching at 

1600-1650 cm–1 and peaks around 1500-1400 cm–1 for azo 

and C–N vibrations. Post-adsorption, the CaO NPs display a 

diminished O–H band suggesting hydrogen bonding with the 

dye, with confirmed adsorption through changes in charac-

teristic MR peaks and minor alterations in the Ca-O vibration 

band below 600 cm–1 indicating interactions with CaO lattice 

sites. 

 

 
Fig. 10. FTIR spectra of (a) squid extract (S. lessoniana), (b) methyl red dye 

and (c) methyl red dye after interaction with biogenic CaO NPs 

 

 Adsorption isotherms: The adsorption isotherm for the 

removal of methyl red dye by biogenic CaO NPs was anal-

ysed using the Langmuir, Freundlich and Temkin models to 

understand the interaction between the adsorbate and adsor-

bent surfaces (Fig. 11a-c). The Langmuir isotherm indicated a 

maximum monolayer adsorption capacity (Qe) of 42.34 mg/g, 

with an adsorption intensity factor (RL < 1) confirming the 

favourability of the process and a correlation coefficient (R2) 

of 0.6593. The Freundlich isotherm also showed a strong 

correlation (R2 = 0.6624), with a Freundlich constant (KF) of 

22.45 (mg/g)(mg/L)ⁿ and an exponent (1/n = 0.3928), sugges-

ting a heterogeneous surface and multilayer adsorption. The 

lower reduced chi-square value obtained for the Freundlich 

model compared to the Langmuir model indicates a better fit, 

implying that the adsorption process is likely heterogeneous 

in nature. The Temkin isotherm was also evaluated, where the 

constants BT (J/mol) and AT (L/mg) were determined from the 

slope and intercept of the plot of Qe versus ln Ce, providing 

information on the binding energy and heat of adsorption. 

The results (Table-1) indicate that the Freundlich model 

provides the best fit for the adsorption of methyl red dye onto  

 
Fig. 11. Plots of (a) Langmuir isotherm, (b) Freundlich isotherm and (c) 

Temkin isotherm for MR dye adsorption onto CaO NPs using marine 

squid extract at pH 6, a contact time of 60 min, an adsorbent dosage 
of 100 mg/50 mL and a temperature of 30 ºC 

 
TABLE-1 

ADSORPTION ISOTHERM PARAMETERS DATA 

OF CaO NPs TOWARDS METHYL RED DYE 

Model Parameter Value 

Langmuir 

Qmax (mg/g) 42.34 

RL < 1 

  

R2 0.6363 

Freundlich 

KF (mg/g)(mg/L)ⁿ 22.45 

1/n 0.3928 

  

R2 0.6624 

Temkin 

BT (J/mol) 0.1416 (from slope) 

A (L/g) -0.2863 

R2 ~0.636 

 

CaO NPs, suggesting multilayer adsorption on a heteroge-

neous surface influenced by bioactive compounds present in 

the squid extract [38,39]. 

 Adsorption mechanism: In this study, the point of zero 

charge (pHpzc) was determined to be 6, indicating that the 

adsorbent surface is electrically neutral at this pH. When the 

solution pH is below the pHpzc, the surface becomes positively 

charged, whereas at pH values above the pHpzc the surface 

acquires a negative charge. The maximum adsorption of methyl 

red dye was observed at pH 6, suggesting that adsorption is 

favoured under near-neutral conditions. Variations in adsorp-

tion efficiency at different pH values are primarily governed 

by changes in surface charge and the resulting electrostatic 

interactions between the dye molecules and the adsorbent 

surface.  

 Hemolysis assay: The hemolytic behaviour of S. 

lessoniana mediated CaO NPs was evaluated by incubating 

them with red blood cells at different concentrations. At 5 g/ 

mL, the nanoparticles exhibited a hemolysis ratio of 0.591%, 

indicating negligible damage to erythrocytes. With increasing 

concentrations of 10, 25, 50 and 100 g/mL, the hemolysis 
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ratios gradually increased to 0.617%, 0.683%, 0.715% and 

0.773%, respectively (Table-2). This slight increase at higher 

concentrations may result from interactions between the CaO 

NPs and red blood cell membranes that can induce mild 

oxidative stress [40-42]. However, the hemolysis values for 

all tested concentrations remained below 1%, which is well 

under the ASTM F756 non-hemolytic threshold of 2%, con-

firming the good hemocompatibility of the biogenic CaO NPs 

and their suitability for potential biomedical applications. 

 
TABLE-2 

HEMOLYTIC ASSAY DATA OF  

CaO NPs USING Sepioteuthis lessoniana 

Concentration (µg/mL) Hemolysis (%) 

5 0.591 

10 0.617 

25 0.683 

50 0.715 

100 0.773 

 

Conclusion 

 This study reports that calcium oxide nanoparticles (CaO 

NPs) can be effectively synthesised through a green hydrother-

mal process utilizing ethanol extract of marine squid (Sepioteuthis 

lessoniana), providing a cost-effective alternative to conven-

tional chemical methods. The marine biomolecules signifi-

cantly influence nanoparticle morphology and surface function-

alisation, enhancing the structural and surface qualities of the 

biogenic CaO NPs. The biogenic CaO NPs exhibit excellent 

adsorption capabilities for methyl red dye, making them effi-

cient adsorbents for wastewater treatment, with mechanisms 

driven by surface interactions and pH-specific charge distrib-

ution. 
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