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Abstract  Öz  

In this study, cadmium sulfide (CdS) nanoparticles were 

synthesized using crude extract of Macrolepiota procera 

(MP) as a biogenic reducing and stabilizing agent. The 

synthesized nanoparticles were characterized for their 

morphological structure, elemental composition, crystal 

structure, functional group content, and optical bandgap 

properties using FE-SEM, EDX, XRD, FTIR, and UV-Vis 

spectroscopy. FE-SEM images revealed that the 

nanoparticles exhibited a predominantly spherical 

morphology. EDX analysis indicated that the atomic ratio 

of Cd to S was approximately 1:1, confirming the 

stoichiometry of CdS. XRD results showed that CdS 

nanoparticles synthesized with MP-10 exhibited a cubic 

crystalline phase, with theoretical particle sizes estimated 

to be between 2.44 and 2.90 nm. FTIR analysis confirmed 

the presence of phytochemicals from the MP extract on the 

nanoparticle surface, acting as capping and stabilizing 

agents, consistent with previous reports. UV-Vis 

spectroscopy demonstrated that the bandgap energies of 

CdS-MP5, CdS-MP7.5, and CdS-MP10 were 2.65, 2.77, 

and 2.87 eV, respectively, all higher than that of bulk CdS 

(2.42 eV), indicating quantum confinement effects. 

 

 Bu çalışmada, kadmiyum sülfür (CdS) nanoparçacıkları, 

Macrolepiota procera (MP) ham ekstraktı biyojenik bir 

indirgeme ve stabilizasyon ajanı olarak kullanılarak 

sentezlenmiştir. Sentezlenen nanoparçacıklar; morfolojik 

yapıları, elementel bileşimleri, kristal yapıları, fonksiyonel 

grup içerikleri ve optik bant aralığı özellikleri açısından 

FE-SEM, EDX, XRD, FTIR ve UV-Vis spektroskopisi 

kullanılarak karakterize edilmiştir. FE-SEM görüntüleri, 

nanoparçacıkların ağırlıklı olarak küresel bir morfoloji 

sergilediğini ortaya koymuştur. EDX analizi, Cd ile S 

arasındaki atomik oranın yaklaşık 1:1 olduğunu göstermiş 

ve CdS’nin stokiyometrisini doğrulamıştır. XRD sonuçları, 

MP-10 kullanılarak sentezlenen CdS nanoparçacıklarının 

kübik kristal faza sahip olduğunu ve teorik parçacık 

boyutlarının 2.44 ile 2.90 nm arasında değiştiğini 

göstermiştir. FTIR analizi, MP ekstraktından kaynaklanan 

fitokimyasalların nanoparçacık yüzeyinde bulunduğunu ve 

bu bileşiklerin kaplayıcı ve stabilize edici ajanlar olarak 

görev yaptığını, önceki çalışmalarla uyumlu şekilde 

doğrulamıştır. UV–Vis spektroskopisi, CdS-MP5, 

CdS-MP7.5 ve CdS-MP10 örneklerinin bant aralığı 

enerjilerinin sırasıyla 2.65, 2.77 ve 2.87 eV olduğunu 

göstermiştir. Bu değerler, yığın CdS’nin bant aralığı 

enerjisinden (2.42 eV) daha yüksek olup, boyuta bağlı 

kuantum sınırlanma etkilerinin varlığına işaret etmektedir. 

Keywords: Green synthesis, Mushroom, Macrolepiota 

procera, CdS nanoparticles 

 Anahtar kelimeler: Yeşil sentez, Mantar, Macrolepiota 

procera, CdS nanopartiküller 

1 Introduction 

In recent years, nanomaterials have garnered substantial 

attention across a broad spectrum of scientific and 

technological disciplines—including medicine, 

environmental science, cosmetics, automotive engineering, 

food technology, energy systems, and electronics—owing to 

their distinctive chemical, magnetic, optical, electrical, and 

electronic characteristics. Conventionally, these 

nanostructures have been synthesized through a variety of 

physicochemical techniques, including hydrothermal 

reactions, microwave-assisted synthesis, solvothermal 

procedures, and chemical reduction methods. Despite their 

widespread utility, these approaches frequently require toxic 

reducing or capping agents, such as thioacetamide and 

mercaptoethanol, which introduce significant environmental 

and human health concerns. Additionally, conventional 

synthesis routes often involve extended reaction times, 

elevated temperatures, and specialized instrumentation, 

thereby constraining their operational feasibility and long-

term sustainability [1, 2]. 

To mitigate these limitations, green synthesis strategies 

have emerged as a compelling and environmentally benign 

alternative to traditional physicochemical methods. These 
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sustainable approaches exploit the intrinsic reducing and 

stabilizing capacities of various biological systems—

including plants, microorganisms, algae, and fungi thus 

eliminating the necessity for hazardous chemicals and 

energy-intensive conditions [3]. Among these biological 

platforms, fungi have attracted particular scientific interest 

as highly efficient biofactories for metal nanoparticle 

synthesis. Their metabolic repertoire, comprising diversified 

extracellular enzymes, reductase systems, proteins, 

polysaccharides, and additional bioactive metabolites, 

enables the simultaneous bioreduction of metal ions and 

stabilization of nanoparticle surfaces. The natural 

biomolecular coatings impart enhanced colloidal stability, 

morphological uniformity, and functional surface chemistry. 

Moreover, the capacity of fungi to mediate both intracellular 

and extracellular nanoparticle formation facilitates 

scalability, promotes controlled biosynthesis, and simplifies 

downstream purification. Collectively, fungal-based 

nanomaterial synthesis constitutes a sustainable, cost-

effective, and high-efficiency strategy with broad 

implications for environmental remediation, biomedical 

innovation, energy conversion, and advanced materials 

engineering. 

A growing body of literature has underscored the diverse 

biological functionalities of fungus-derived nanoparticles. 

Owaid demonstrated that silver nanoparticles synthesized 

using Pleurotus ostreatus exhibit robust antibacterial, 

antifungal, anticancer, and antioxidant activities [4]. 

Similarly, Chaturvedi reported pronounced anticancer 

efficacy of silver and gold nanoparticles biosynthesized from 

Pleurotus sajor-caju polysaccharides [5].  Investigations on 

Ganoderma lucidum have revealed that AgNPs derived from 

this species possess strong antimicrobial activity against both 

Gram-positive and Gram-negative bacterial strains [6], while 

gold nanoparticles synthesized from G. lucidum exert 

substantial anticancer effects on HT-29 colon cancer cells 

[7].  Additional reports include marked antibacterial efficacy 

of AgNPs synthesized from Agaricus bisporus [8], the 

anticancer potential of a Amanita muscaria-based silver 

nanoparticle–hyaluronic acid gel formulation [9], and the 

growth-promoting activity of MgO nanoparticles on peanut 

seedlings [10]. Selenium nanoparticles derived from 

Hymenopellis radicata polysaccharides have been shown to 

exhibit superior antioxidant activity [11], whereas FeONPs 

synthesized using Pleurotus citrinopileatus demonstrate 

antibacterial and anticancer properties [12]. TiO₂ 

nanoparticles sourced from Hypsizygus ulmarius have 

similarly displayed anticancer activity against HepG2 liver 

cancer cells and inhibited several human pathogens [13]. 

Furthermore, ZnO nanoparticles synthesized using 

Trichoderma harzianum effectively suppressed Alternaria 

brassicae even at low concentrations [14], and those derived 

from the endophyte Xylaria acuta exhibited broad-spectrum 

antibacterial and anticancer activities [15]. Collectively, 

these findings underscore the extensive versatility and 

biomedical significance of fungal and other biologically 

derived nanoparticles. 

Parallel to these advancements, cadmium sulfide (CdS) 

nanoparticles have emerged as a central focus of 

contemporary nanotechnology research owing to their 

tunable optical and electronic properties, predominantly 

governed by size-dependent quantum confinement effects. 

Nanoscale modulation of bandgap energy, enhancement of 

photoluminescence quantum yield, and controlled tuning of 

light absorption across the visible spectrum render CdS 

nanoparticles highly advantageous for diverse applications, 

including photocatalytic water splitting, visible-light-driven 

degradation of organic pollutants, high-sensitivity sensing 

platforms, and optoelectronic device engineering [16]. 

Additionally, their intrinsically high specific surface area, 

elevated surface reactivity, and chemically tailorable surface 

architecture support their integration into hybrid composites 

and fluorescent nanoprobes for biomedical imaging. 

Consequently, research on precisely controlled CdS 

nanoparticle synthesis remains essential for driving 

innovations in next-generation environmental, biomedical, 

and energy-related technologies. 

In this context, CdS nanoparticles have been increasingly 

utilized across a broad spectrum of medical, environmental, 

and food-related fields. Reported applications encompass 

drug-delivery [16], biosensing technologies [17], 

bioimaging modalities [18–21], antimicrobial activity [22–

24], cancer therapy [25–27], antifungal activity [28], 

photocatalysis [29, 30], photooxidation processes [31], 

photoreduction reactions [32, 33], biofilm-based food 

packaging systems [34], and optoelectronic device 

fabrication [35, 36]. 

The biological synthesis and functional activities of CdS 

nanoparticles have been the subject of extensive 

investigation. Elhenawy reported that CdS nanoparticles 

synthesized using Agaricus bisporus extract effectively 

inhibited the development of Musca domestica larvae, a 

vector associated with more than one hundred infectious 

pathogens [37]. Veeramani demonstrated that zinc-doped 

CdS nanoparticles (Zn–CdS NPs) synthesized using 

Hypsizygus ulmarius mitigated Paclobutrazol-induced 

toxicity in Danio rerio embryos and larvae [38].  Plant-

mediated synthesis approaches have also yielded promising 

outcomes; for instance, Faisal observed considerable 

antibacterial and antifungal activity of CdS nanoparticles 

produced using Lathyrus aphaca [39], whereas Jameel 

documented potent insecticidal, antibacterial, and anticancer 

effects of CdS nanoparticles synthesized from Nopal cactus 

fruit extract [40]. CdS nanoparticles derived from Camellia 

sinensis leaves exhibited antibacterial activity, cytotoxicity 

toward A549 lung cancer cells, and pronounced fluorescence 

for bioimaging applications [20]. Additional studies have 

demonstrated the antimicrobial and anticancer potential of 

CdS nanoparticles synthesized using Aspergillus niger [41] 

and the pro-apoptotic activity of CdS quantum dots derived 

from Raphanus sativus roots against MCF-7 breast cancer 

cells [42]. Collectively, these findings reflect the 

considerable biological versatility of CdS nanoparticles 

synthesized via fungi, plants, bacteria, and yeasts. 

Beyond their biological functionalities, substantial 

efforts have also been directed toward optimizing CdS 

synthesis protocols, characterizing structural and optical 

properties, and evaluating environmental applications. For 



 

 

 
NÖHÜ Müh. Bilim. Derg. / NOHU J. Eng. Sci. 16 (2026), 1773776 

A. Zeytünlüoğlu, O. Çaylak, H. İ. Çeliktaş 

 

3 

example, Tudu provided comprehensive physicochemical 

characterization of CdS nanoparticles synthesized using 

Termitomyces heimii extract [43]. Pandian synthesized CdS 

nanoparticles using Brevibacterium casei SRKP2 and 

subsequently encapsulated the nanoparticles within 

polyhydroxybutyrate (PHB) matrices [44]. Sanghi and 

Verma emphasized the critical role of fungal thiol groups in 

CdS formation using immobilized Coriolus versicolor [45]. 

Lakshmipathy synthesized CdS nanoparticles through a one-

step green synthesis method using agricultural waste, 

specifically watermelon rind [46] while Elakkiya further 

demonstrated the capacity of watermelon rind–derived CdS 

nanoparticles to remove Methylene Blue and Crystal Violet 

dyes from aqueous systems [47]. Additional studies include 

CdS biosynthesis by Lactobacillus sp. and Saccharomyces 

cerevisiae [48], size-controlled CdS formation using 

immobilized Rhodobacter sphaeroides [49], and the 

production of CdS quantum dots via Pleurotus ostreatus 

mycelium [50]. 

Macrolepiota procera, an edible parasol mushroom 

belonging to the class Agaricomycetes (Figure 1), represents 

a particularly promising macrofungal candidate for the 

biosynthesis of metal nanoparticles.  

 

 

Figure 1. Morphological structure of M. procera 

 

Its rapid growth rate and high biomass-generating 

capacity, combined with a metabolome enriched in phenolic 

compounds, flavonoids, proteins, polysaccharides, and 

various oxidoreductase systems, collectively facilitate 

efficient metal ion bioreduction and nanoparticle 

stabilization. These biomolecular constituents act 

synergistically as natural reducing and capping agents, 

promoting enhanced control over nanoparticle morphology 

and enabling the synthesis of nanostructures with improved 

uniformity. Accordingly, the biochemical versatility and 

metabolic richness of M. procera render it a valuable 

organism for sustainable, environmentally benign, and 

scalable nanoparticle production [51–55].  

In the present study, CdS nanoparticles were synthesized 

via a biogenic approach employing Macrolepiota procera 

extract as an economical, ecologically sustainable, and 

environmentally benign green synthesis agent. The 

synthesized nanoparticles were subjected to detailed 

morphological, structural, elemental, and optical 

characterization to elucidate their physicochemical 

attributes. 

2 Materials and methods 

2.1 Collection of mushroom samples 

M. procera mushroom was collected from a rural area in 

the Acıpayam District of Denizli, Turkey. The mushroom 

bodies were thoroughly washed with distilled water for 

removal of the soil and other residues from the mushroom 

surface. After washing, the mushrooms were air-dried. 

2.2 Preparation of mushroom extract 

Dried mushroom samples were ground into powder using 

a grinder. Ten grams of powdered mushroom samples were 

added to a beaker containing 150 mL of deionized water and 

maintained at constant stirring at 80 °C for 1 hour. The 

solution was cooled to room temperature and centrifuged at 

3,000 rpm for 10 minutes, and the supernatant was separated 

and stored at 4°C for further analysis. 

2.3 Synthesis of CdS nanoparticles 

50 mL of Cd(NO₃)₂ solution was mixed with different 

volumes of mushroom extract: 5 mL, 7.5 mL, and 10 mL, 

corresponding to the samples MP-5, MP-7.5, and MP-10, 

respectively. 0.1 M Na2S was added dropwise to the mixture. 

The solution was stirred at 60-80oC in the dark for 16 hours. 

The reaction was terminated when the color of the solution 

changed from brown to orange. The solution was centrifuged 

at 10,000 rpm for 10 minutes at room temperature. The 

resulting pellet was washed twice with distilled water, 

followed by centrifugation after each washing step. Then the 

pellet was dried (Figure 2). 

 

 

Figure 2. Schematic representation for CdS nanoparticle 

synthesis using M. procera extract 

2.4 Characterization of CdS nanoparticles 

The synthesized materials were thoroughly characterized 

using various analytical techniques, including UV-Vis 

(ultraviolet-visible spectroscopy), FTIR (Fourier transform 

infrared spectroscopy), XRD (X-ray diffraction), FE-SEM 

(field emission scanning electron microscopy), and EDX 

(energy dispersive X-ray spectroscopy) analyses. 

2.4.1 UV–Vis analysis 

CdS nanoparticles synthesized using M. procera were 

dispersed in DMSO using an ultrasonic bath and 

immediately transferred into a 10 mm quartz cuvette. UV-

Vis spectra were then recorded without delay using a 

Lambda 20 UV/VIS spectrophotometer (PerkinElmer, 

Varian, Australia), scanning in the range of 400–800 nm. 

2.4.2 FTIR analysis  

The screening of functional groups on the surface of the 

CdS nanoparticles in the mid-infrared region (400–

4000 cm⁻¹) was performed using FTIR spectrometer (Bruker 

Tensor II, United States) equipped with a diamond crystal 
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ATR (Attenuated Total Reflectance) accessory, with a 

spectral resolution of 4 cm⁻¹ and 16 scans. 

2.4.3 XRD analysis 

XRD analysis was performed to investigate the 

crystallinity of the CdS-MP10 nanoparticles, which were 

selected for this analysis because they exhibited the smallest 

particle size according to UV-Vis spectroscopy results. The 

diffraction patterns were recorded in the 2θ range of 10° to 

80° using an XRD (Malvern Panalytical, United Kingdom) 

equipped with Cu Kα radiation (λ = 1.5406 Å) at a scan rate 

of 1°/min. 

2.4.4 FE-SEM and EDX analysis 

The morphological properties, particle size, and 

elemental composition of CdS-MP10 nanoparticles were 

examined using FE-SEM and EDX analysis (Tescan Mira3 

XMU, Czech Republic). The nanoparticle powder was 

dispersed onto carbon tapes and analyzed without coating, as 

the samples were conductive. 

3 Results and discussion 

3.1 UV–Vis analysis 

UV-Vis absorption spectroscopy, which is a cost-

effective, easily accessible, and rapid technique, is known to 

be an effective technique for quantitative determinations as 

well as for monitoring the optical properties of 

nanomaterials, which are directly related to particle size. 

CdS powder synthesized using the M. procera mushroom 

extract was dispersed in a 10 mm quartz cuvette using an 

ultrasonic bath in DMSO, and the spectra were demonstrated 

in the range of 400-800 nm (Figure 3). The maximum 

absorptions were found at 468, 448, and 432 nm for CdS-

MP5, CdS-MP7.5, and CdS-MP10, respectively. 

 

 

Figure 3. UV–Vis spectra of the synthesized CdS samples 

 

The spectra clearly show a significant blue shift in the 

UV–vis absorption edge of the green-synthesized CdS 

nanoparticles compared to bulk CdS (λbulk=515 nm, 

Eg(bulk)=2.42 eV. This blueshift tendency arises directly 

from the quantum confinement effect, resulting from the 

reduced particle size and the consequent widening of the 

band gap [56, 57]. The energy band gap of the green 

synthesized CdS nanoparticles was estimated using Equation 

(1) [58]. 

 

𝐸𝑔(𝑒𝑉) =
ℎ𝑐

𝜆𝑚𝑎𝑥(𝑛𝑚)
=

1242

𝜆𝑚𝑎𝑥(𝑛𝑚)
 (1) 

 

Here, Eg is the energy bandgap (eV), c is the velocity of 

light (2.998×108 ms-1), h is Planck’s constant (6.626×10-34 

Js), and λmax is the wavelength at which maximum 

absorption occurs. The estimated values of band gap energy 

for CdS-MP5, CdS-MP7.5 and CdS-MP10 are 2.65, 2.77 and 

2.87 eV, respectively. These values were high compared to 

the bulk CdS band gap of 2.42 eV. This clearly demonstrates 

the nanoscale nature of the CdS nanoparticles and their size-

dependent optical behavior. As the particle diameter 

gradually decreases, the energy levels become increasingly 

separated. Consequently, a reduction in the particle size of 

the synthesized nanoparticles with increasing fungal 

concentration was associated with an increase in the band 

gap [59]. 

The wavelength of maximum absorption (λmax), which is 

commonly used in the literature for an initial evaluation of 

quantum confinement effects and particle size trends, was 

used in this study to estimate the optical band gap energies. 

It is crucial to remember that the onset wavelength (λonset) 

obtained from the absorption edge should be used for a more 

accurate measurement of the optical band gap because it 

directly relates to the fundamental electronic transition [60]. 

Future in-depth optical investigations should use the λonset 

method for improved accuracy in absolute band gap 

quantification, even though the λmax-based values presented 

here provide a consistent comparative trend across our 

samples and match observable blue shifts. 

Using the energy ranges obtained from the synthesized 

CdS nanoparticles, the particle size of the quantum dots was 

obtained by the Brus equation, one of the widely used 

theoretical models (Equation (2)) [61]. 

 

𝐸𝑔(𝑛𝑎𝑛𝑜) − 𝐸𝑔(𝑏𝑢𝑙𝑘) =
ℎ2

2𝐷2
(

1

𝑚𝑒
∗

+
1

𝑚ℎ
∗ ) −

3.6𝑒2

4𝜋𝜀𝐷
 (2) 

 

Here, Eg(nano) and Eg(bulk) (2.42 eV) denote the 

bandgaps of CdS nanoparticles and bulk CdS, respectively. 

𝑚𝑒
∗  (0.19 me) and 𝑚ℎ

∗  (0.8 me) represent the effective masses 

of electrons and holes, respectively. ε is the dielectric 

constant (5.7ε0), where ε0 is the permittivity of free space 

(8.85×10–12 C2 N-1 m−2). r is the radius of CdS nanoparticles, 

h is Planck’s constant, and e is the elementary charge 

(1.6×10–19 C). 

The diameters of the green synthesized CdS 

nanoparticles were estimated using the empirical equations 

found by Yu et al. (Equation (3)) and Henglein (Equation 

(4)) in addition to the Brus equation [62, 63]. 

 

𝐷 = −6.65𝑥10−8𝜆3 + 1.96𝑥10−4𝜆2 − 9.24𝑥10−2𝜆
+ 13.29 

(3) 

 

𝐷 =
0.1

0.1338 − 0,0002345𝜆
 (4) 

 

In these empirical equations, λ represents the wavelength 

of the absorption peak (λ_max) of the CdS nanoparticles in 
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nanometers (nm), as used in the cited references [64, 65]. 

The particle sizes of CdS nanoparticles calculated using 

equations 2, 3, and 4 were presented in Table 1. The size of 

fungal synthesized CdS nanoparticles was generally small 

compared to bulk CdS crystals (5.6 nm). It is estimated that 

this is due to the stabilizing effect of fungal proteins that act 

as capping agents [2, 45]. 

 

Table 1. Spectroscopic parameters and particle sizes 

calculated from UV-Vis spectra of synthesized CdS 

nanoparticles 

Sample 
λmax 

(nm) 

Eg 

(eV) 

Particle size (nm) 

Brus Yu Henglein 

CdS (MP-5) 468 2.65 4.83 6.16 4.16 

CdS (MP-7.5) 448 2.77 4.15 5.25 3.48 

CdS (MP-10) 432 2.87 3.76 4.59 3.08 

 

The effect of the amount of M. procera biomass extract 

on the sizes of CdS nanoparticles calculated from empirical 

formulas is given in Figure 4. It is clearly seen from the 

figure that the nanoparticle size decreases as the amount of 

extract used in the synthesis increases. This indicates that the 

CdS nanoparticle size can be adjusted by the amount of M. 

procera extract. The results obtained are compatible with the 

literature [43, 50, 66]. 

 

 

Figure 4. Effect of MP concentration on the size of CdS 

nanoparticles 

3.2 FTIR analysis 

Fourier transform infrared spectroscopy (FTIR) is one of 

the most common analytical methods used to characterize 

the structure of both organic and inorganic materials. This 

technique, which provides detailed information about the 

chemical properties of materials, is also frequently used in 

the analysis of metallic nanoparticles [67]. FTIR is also 

successfully employed to identify the functional groups and 

phytoconstituents present on the surface of the nanoparticles 

[68]. In this context, the FTIR spectra of CdS nanoparticles 

using MP extract at various concentrations are shown in 

Figure 5. 

Since CdS synthesis was carried out with the same 

procedure for all extract concentrations, the FTIR spectra of 

the nanoparticles appeared almost the same except for the 

differences in the intensity of the peaks, related to the amount 

of functional groups on the nanoparticle surface. A broad 

absorption band observed around 3200 cm⁻¹ is attributed to 

the O–H and N–H stretching vibrations of hydroxyl and 

amine groups. These functional groups originate from 

phenolic compounds, alcohols, and proteins present in the 

mushroom extract. The weak bands appearing at ~2350 cm⁻¹ 

are commonly associated with the asymmetric stretching 

vibration of atmospheric CO₂ due to the environmental 

artefacts rather than the sample. The absorption band at 

2113 cm⁻¹ may be attributed to weak C≡C or C≡N stretching 

vibrations, which can arise from minor organic constituents 

or secondary metabolites present in the mushroom extract. 

The broad band between 1900–1700 cm⁻¹ may be attributed 

to overtone or combination vibrations related to carbonyl 

(C=O) groups, possibly associated with proteinaceous 

components or amide functionalities. The major peaks of the 

protein structure are observed at 1627 cm-1 and 1553 cm-1 

due to the amide I and amide II bands, respectively. Another 

characteristic peak of the mushroom proteins related to the 

C-H bending vibrations is observed at 1405 cm-1. In addition, 

C-O stretching vibrations, thought to belong to alcohol, ether 

or ester groups, appeared as a series of consecutive peaks 

between 1100 cm-1 and 1000 cm-1. The main bands belong to 

Cd-S stretching vibrations, which indicate CdS nanoparticle 

formation, were observed at 604 and 527 cm-1, in agreement 

with the literature studies [69, 70]. FTIR results show that 

functional structures in biomolecules found in mushroom 

extracts play a important role in CdS nanoparticle synthesis 

and stabilization as stated in the literature [29, 44]. 

 

 

Figure 5. FTIR spectra of CdS samples 

 

3.3 XRD analysis 

XRD, which is one of the most preferred powerful 

techniques in determining variables such as crystal structure, 

crystal phase and lattice parameters of synthesized 

nanoparticles, was used for the characterization of the CdS 

nanoparticles we synthesized. Figure 6 shows the XRD 

pattern of the crystallinity of green synthesized CdS 

nanoparticles. According to the results we obtained from the 

empirical formulas used, MP-10, which had the smallest 

particle size, was preferred for the XRD spectrum. In Figure 

6, there exist tetra peaks at 26.70◦, 44.05◦, 52.00 and 71.20◦, 

which correspond to (111), (220), (311) and (331) planes in 

cubic phase of CdS according to ICDD (89-0440) [71].  

The X-ray diffraction profiles clearly show that the 

intensity of the (111) reflection is significantly higher than 

that of the other diffraction peaks, indicating a preferred 

orientation. This confirms that the nanoparticles exhibit a 

face-centered cubic (FCC) crystal structure [72, 73]. No 

additional peaks corresponding to secondary phases or 
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impurities were observed, confirming the high phase purity 

of the CdS nanoparticles. Furthermore, while XRD reveals 

the internal crystal geometry of the nanoparticles, FTIR 

analysis confirms the presence of surface-bound 

biomolecules, indicating successful stabilization without 

altering the crystalline framework. The obtained lattice 

parameters are compatible with literature data [74–76]. 

Crystallite sizes were calculated using the Dybe Scherrer 

expression given in Equation (5) [77]. 

 

𝐷𝑎𝑣𝑒𝑟𝑎𝑔𝑒(average crystallite size) =
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
 (5) 

 

Where, K is the Debye–Scherer constant (0.94, ‘K’ value 

varying between 0.8 and 1.2 (typically equal to 0.9)), λ is the 

wavelength of CuKα radiation (0.154 nm), β is the full width 

at half maximum (FWHM in radians) of the peak, θ is the 

Bragg angle (Peak position (radians)). From the Scherer 

equation, the sizes of the particles were calculated in the 

range of 2.44 to 2.90 nm (Table 2). 

 

 

Figure 6. Powder XRD patterns of CdS samples 

3.4 FE-SEM and EDX analysis 

Field Emission Scanning Electron Microscopy 

(FE-SEM) is a potent technique that has recently become 

widely used for high-resolution imaging of materials and 

determining the dimensional and morphological properties at 

both the micro and nanoscales. In the characterization of 

nanoparticles, FE-SEM enables obtaining both physical and 

chemical information, especially when used in conjunction 

with other powerful analysis techniques such as energy-

dispersive X-ray spectroscopy (EDX). Due to the smallest 

size, morphological and elemental characterization of 

CdS-MP10 nanoparticles was conducted using FE-SEM and 

EDX analysis, and the results are given in Figure 7. 

According to the FE-SEM image given in Figure 7(a), 

CdS nanoparticles were successfully synthesized through the 

biogenic method using MP mushroom extract. The 

nanoparticles were spherical in shape and agglomerated. 

This agglomeration was thought to be gravitational 

agglomeration due to the small particle size [78]. In addition, 

it is known that changing surface properties due to dense 

functional groups added to their structures may affect the 

agglomeration behavior of nanoparticles [79]. Thus, 

nanoparticles can appear larger than they actually are. Also 

according to the EDX analysis results shown in Figure 7(b), 

atomic percentages of Cd and S elements were quite close. 

This proves that the obtained chemical structure is in the 

form of CdS compound. In addition, the fact that Cd and S 

elements are found in the same regions in EDX mapping 

analyzes confirms the CdS structure (Figure 7(c)). It is 

thought that the intense amounts of C and O elements 

originate from the functional groups and phytochemicals on 

the nanoparticle surface, which is in good agreement with the 

FTIR results confirming surface-bound organic moieties. 

4 Conclusion 

The role of mushrooms in human life has been increasing 

due to advances in mushroom cultivation techniques. In 

parallel, there has been a growing interest in utilizing 

mushrooms beyond their traditional role as a food source, 

particularly owing to their rich metabolite content. One 

promising application is the biogenic synthesis of 

nanoparticles, which offers environmentally friendly and 

cost-effective advantages. Nanoparticles synthesized 

through this green method are being widely investigated for 

their potential use in medical, agricultural, and 

environmental applications.  

In this study, CdS nanoparticles were synthesized via 

biogenic methods using M. procera mushroom extracts 

highlighting the eco-friendly and economical nature of the 

process. Characterization studies confirmed the successful 

and desirable size properties of the synthesized CdS 

nanoparticles. FE-SEM analysis revealed spherical 

morphology, while EDX results indicated a Cd:S atomic 

ratio of approximately 1:1, consistent with the stoichiometry 

of CdS. XRD analysis demonstrated that the nanoparticles 

exhibited a cubic crystalline phase, with theoretical particle 

sizes ranging between 2.44 and 2.90 nm. FT-IR spectra 

confirmed the presence of phytochemicals on the 

nanoparticle surface, acting as stabilizing and capping 

agents. UV-Vis spectroscopy showed that the band gap 

energies of the CdS nanoparticles were higher than that of 

bulk CdS, indicating size-dependent quantum confinement 

effects. These findings demonstrate the potential of MP 

extract as a sustainable and effective biogenic medium for 

producing CdS nanoparticles with controlled size and 

enhanced optical features. In future work, it may be possible 

to purify the specific metabolites responsible for 

nanoparticle synthesis or produce them recombinantly in 

large quantities to enhance nanoparticle production. 

Furthermore, key parameters such as yield, particle size, and 

morphology can be optimized based on the intended 

application area.  

 

Table 2. XRD parameters of CdS nanoparticles (MP10 sample) 

Sample 2θ/degree θ/degree Miller Indices FWHM (°) β (radian) Size (nm) 

MP10 

26.70 13.35 111 3.493 0.0610 2.44 

44.05 22.03 220 3.160 0.0552 2.83 

52.00 26.00 311 3.180 0.0555 2.90 

71.20 35.60 331 4.080 0.0712 2.50 
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Figure 7. (a) FE-SEM image of nanoparticles, (b) EDX spectra and quantitative analysis results, (c) EDX mapping of 

CdS-MP10. 
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