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 Molybdenum oxides nanomaterials are gaining mounting popularity with 

potential applications in various fields due to their unique 

physicochemical properties. Making a nanocomposite is amended the 

properties of the original nanoparticles (NPs). In the present study, 

molybdenum dioxide/Graphene oxide /Chitosan nanocomposites 

(CS/GO-MoO2-NPs) were prepared using a chemical method and used 

for the extraction of precious proteins from human serum. CS/GO-

MoO2-NPs were used as a surface to extract follicular-stimulating 

hormones (FSH) and luteinizing hormone (LH) from the human serum. 

The newly synthesized nanocomposite was characterized using routinely 

used techniques, including SEM, FTIR, and XRD measurements. 

Different concentrations of the hormone solutions were incubated with a 

fixed amount of NPs, and quantities of hormone absorbed were 

calculated. The studies were carried out at different temperatures to 

calculate the thermodynamic parameters. Furthermore, the composites 

were incubated with the human serum to extract the FSH and LH 

hormones and eluted the desorbed hormone. The results revealed the 

formation of stable slabs of CS/GO-MoO2-NPs with an average size of 

23.5 nm. The nanocomposite can adsorb significant amounts of the FSH 

and LH hormones (7.07ug/g) from human serum. Freundlich's 

adsorption isotherm was obeyed during the adsorption process, showing 

that the nanocomposite surface was heterogeneous. Exothermic and 

spontaneous adsorption processes were revealed by thermodynamic 

research. FSH and LH hormones can be adsorbed spontaneously on the 

surface of CS/GO-MoO2-NPs as a tool for extracting hormones from 

serum and as a supporting media for FSH and LH in analytical kits such 

as ELISA and protein microarrays. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Chitosan is an important biomaterial for infection treatment because of its healing properties, hemostasis, 

and scar prevention capabilities [1], [2]. Because of its unusual polycationic characteristics and good 

biological qualities, chitosan, a biopolymer made from the alkaline deacetylation of chitin, has aroused the 

interest of researchers in the pharmacological and biological fields [3], [4]. Chitosan was selected for 
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nanoparticles because of its recognized mucoadhesive and ability to enhance the penetration of large 

molecules across mucosal surfaces [5]. The high molecular weight of chitosan might have a role in the 

protein or peptide release in the review of chitosan nanoparticles as delivery systems for macromolecules 

[6]. Chitosan-containing composites are an important technique to extend the properties of the nanoparticles 

[7]. As NPs can interact with human proteins through various mechanisms, including adsorption, the 

modification of NPs properties to extract the valuable proteins is very important and economically viable. 

Human proteins can be rapidly adsorbed on the surface of NPs, resulting in the creation of a protein 

"corona" [8- 10]. The interaction between proteins and NPs has many applications covered by different 

newly published papers [11], [12]. Proteins adsorb to NPs primarily due to specific or nonspecific 

interactions between the NP surface and the proteins [13]. Protein corona formation is discovered to be 

highly dependent on the protein properties and physicochemical parameters of the NPs. 

 

Follicular stimulating hormone (FSH) and Luteinizing hormone (LH) are heterodimeric glycoprotein 

hormones that contain differ in the beta chain and same alpha chain that is used in the modern ovarian 

stimulation techniques [14- 16]. Therefore, any difference in the biological, physical, and chemical behavior 

can be explained via the difference in the beta chain. The effect of protein-NPs interaction on protein 

conformation and activity depends upon the extent of protein adsorption on the NP surface [17]. The 

glycoprotein has an unstable structure and a short half-life of approximately 3 to 4 hours in blood [18]. FSH 

is a kind of gonadotropin, which can promote human reproduction and development. Abnormal FSH levels 

may lead to endocrine disorders and infertility. Sensitive determination of FSH is very significant for the 

clinical diagnosis of these diseases. Nanocomposites, compounded with graphene oxide (GO), were used 

for increasing the specific surface area to adsorb molecules and amplify signals. 

 

Graphene oxide (GO), a well-known monolayers of carbon atoms, that form dense honeycomb structures 

containing hydroxyl and epoxide functional groups on the two accessible sides and carboxylic groups at the 

edges [19]. It has been shown to have many desirable properties such as high mechanical strength [20], 

electrical conductivity [21], molecular barrier abilities [22] and other remarkable properties. For these 

reasons, it has been the goal of countless research efforts to incorporate graphene into polymers to design 

polymer-based nanocomposites [23- 25]. Various types of coating chemistry for hydrophobic and 

hydrophilic NPs which are useful in deriving water-soluble functional NPs [26]. The aim of the present 

work is to prepare a new composite (CS/GO-MoO2-NPs) based on the molybdenum dioxide coated with 

GO and CS study their interaction with the hormones (FSH, LH). 

 

2. Materials and Method 

 

2.1 Synthesis of molybdenum dioxide (MoO2-NPs) 

MoO2-NPs is synthesized by dissolving 0.6184 g of boric acid, 12.2122 g of urea, and 5.0g of ammonium 

molybdate (NH4)6Mo7O24∙4H2O in 40 mL of ultrapure water and heated to 55°C until a white solid 

precipitate was gained. Then the white solid substance was transferred to a furnace tube and heated to 

700°C for 2 hours at a heating rate of 5°C min-1 under N2 atmosphere, and then allowed to cool at room 

temperature to obtain a dark brown product of MoO2-NPs [27]. 

 

2.2 Synthesis of CS/GO-MoO2-NPs 

In a typical experiment, 0.5g of graphene oxide (Sigma-Aldrich -USA) and 0.1g of chitosan (CS) (Sigma-

Aldrich -USA) was dispersed in 500 mL of deionized water. Then, 0.5g of MoO2-NPs was added into the 

mixture and was agitated at room temperature for 2 hours. The resultant precipitate was separated by using 

centrifugation and thoroughly washed with deionized water to remove impurities and dried overnight at 
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80oC to yield CS/GO-MoO2-NPs composite [28]. 

 

2.3 Scanning Electron Microscopy (SEM). 

The surface morphological and structural properties of CS/GO-MoO2-NPs were studied using scanning 

electron microscopy (SEM) type AIS2300C. Nearly 1 mg of a sample was mounted on an SEM sample 

holder and sputtered with gold before analysis for better conductivity and resolution of the sample. This 

SEM permits ultra-high-resolution imaging of semiconductor materials. 

 

2.4 X-Ray Diffraction (XRD) 

X-ray diffractometer with Cu Kα radiation (0.15425 nm) in the range of 2θ from 10° to 100° was employed 

for the XRD spectroscope patterns of identifying the crystalline structure of as-prepared MoO2-NPs. The 

prepared materials are characterized by X-ray diffraction using (Shimadzu-XR-6000) device with the 

copper target, voltage (40 KV), and current (30 mA). Scanning is done on the range (2θ = 10.000-100.000) 

continuously with speed (5 degrees/minute) and receiving slit (0.3 mm). The Debye–Scherrer formula was 

used to calculate the average crystalline size of CS/GO-MoO2-NPs (Eq. 2) [29]: D=kλ/βcosθ, where D is 

the crystallite size, λ denotes the X-ray wavelength of radiations, β is Full width at half maximum 

(FWHM), and Ɵ is the diffraction angle, and k=0.9 represents the Scherrer formula constants. 

 

2.5 Fourier Transform Infrared Spectrophotometer (FTIR). 

The Fourier transition infrared spectrum (FTIR) measure for CS/GO-MoO2-NPs was with calcination 

temperatures 6000C carried out in the IR region between the wavenumber 400-4000 cm-1. The instrument 

FTIR-800S Shimadzu, Japan, was used for the measured spectrum for CS/GO-MoO2-NPs were recorded as 

(KBr) discs in the range (400-4000) cm-1. 

 

2.6 Particle size analysis (PSA) 

Particle size analysis of CS/GO-MoO2-NPs was performed by dynamic light scattering (DLS), using 12 mm 

cell of a 90Plus Particle Size Analyzer (Brookhaven Instruments Corporation, New York, USA). Samples 

were prepared by dispersing small amounts of powder in 100% methanol followed by sonication for 10 

minutes [30]. The DLS technique determined the size distributions of the NPs. The suitable parameters 

(density, dielectric constant, and refractive index) were chosen for each CS/GO-MoO2-NPs and dispersant. 

For CS/GO-MoO2-NPs sample: density 6.47, refractive index 4.9205, for water: density 0.997, refractive 

index 1.333, and dielectric constant 0-100 at 250C. The pH value of each suspension was adjusted by adding 

either NaOH or HCl. Histograms with the distributions of sizes were recorded. 

 

2.7 Zeta potential measurements 

The zeta potential of CS/GO- MoO2-NPs was determined by measuring the electrophoretic mobility using a 

90 Plus Particle Size Analyzer (Brookhaven Instruments Corporation, New York, USA). The conversion of 

the electrophoretic mobility to zeta potential was performed using the following Helmholtz-Smoluchowski 

equation, and the measurements were carried out at 25°C. The zeta potential was measured by analyzing 0.1 

g of CS/GO- MoO2-NPs in 10 ml of water. Before zeta potential measurements, all samples were sonicated 

for 5 minutes. 

 

2.8 Interaction of Hormone FSH, and LH with CS/GO- MoO2-NPs 

To study the interaction of hormones with CS/GO-MoO2-NPs, 100 μl of FSH, LH hormone solution into 

different concentrations (0, 5, 10, 15, 20, 25, 30, 35, and 40 mIU/ml was added of CS/GO-MoO2-NPs in the 

Eppindrof tubes. According to WHO standards, the units of hormone concentrations were converted to 

ng/ml. [31]. The tubes were shaken for an hour, which is longer than the equilibrium duration determined in 
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prior research. The mixture was then centrifuged for 20 minutes at 4000 rpm. The hormone content in the 

aspirated supernatant was determined using Monobind Co. USA's Enzyme-Linked Immunosorbent Assay 

(ELISA) Kits. The following equation was used to compute the amount of hormone adsorbed on the 

surfaces Qe=X/M=[V(Co-Ce)]/m, Where X: the quantity adsorbed (ng), V: volume of solution (ml), Co: 

initial concentration (ng/ml), Ce: equilibrium concentration (ng/ml), and m: weight of adsorbent. 

 

The adsorption isotherms needed to understand and interpret the systems in question were plotted against 

the equilibrium concentrations (Ce), and the resulting graphs show the Qe versus Ce values. Log Qe = 

LogKf + 1/nLogCe is the linear form of the Freundlich isotherm. It has been proven to be the most 

appropriate adsorption isotherm equation for hormone adsorption on CS/GO-MoO2-NPs. Kf is a function of 

adsorption energy and temperature. It is a marker of the adsorbent's absorptive capacity and is used to 

evaluate the interaction process. N is an empirical constant that is proportional to the adsorption driving 

force's magnitude (intensity of adsorption) [32]. 

 

2.9 Thermodynamics of the Adsorption Process 

Adsorption tests were repeated at three different temperatures (298, 308, and 318 K) to determine the 

thermodynamic parameters (ΔH°, ΔG°, and ΔS°) of the adsorption process. At each temperature, the 

equilibrium constant (Keq) of the adsorption process is calculated by dividing the quantity of hormone 

adsorbed on the surface of CS/GO-MoO2-NPs compounds by the quantity of hormone still dissolved in 

solution Keq=Qe*0.02/Ce*0.1, where (0.02 g) is the weight of the CS/GO-MoO2-NPs utilized in the 

adsorption process, and (0.1 ml) is the volume of the hormone solution used. The change in free energy 

(ΔG°) could be calculated using the following equation ΔG°=-RTlnKeq, where T is the absolute 

temperature, and R is the gas constant (8.314 J.mole-1. K-1). The heat of adsorption (ΔH°) was calculated 

from vantHoff's equation (lnKeq=- ΔH°/RT+ Constant). When Ce approaches zero at a given temperature, 

Keq represents the equilibrium constant. It was calculated by graphing each concentration's (ln Keq) against 

the matching Ce. Plotting (InKeq) versus (1/T) should yield a straight line with a slope of -ΔH°/R, from 

which the adsorption process enthalpy (ΔH°) can be derived (Al-Hakeim et al., 2014) The entropy change 

(ΔS°) was calculated from the equation. 

 

Eq1: ΔG° = ΔH° - TΔS°. 

 

2.10 Desorption Process 

To study the strength of the interaction of hormones with NPs, desorption experiments were carried out 

[33]. In each case, the percentage of hormone desorbed from the surface of CS/GO-MoO2-NPs is obtained 

by conducting desorption experiments. In general, as the quantity desorbed grows, the adsorption forces 

weaken, allowing the link between the adsorbent and the adsorbate to be easily broken. According to the 

desorption results, the FSH and LH have the highest desorption percentage (31.52%). To obtain a better 

conclusion about the forces between the adsorbent and adsorbate, Table II showed the Freundlich constants 

of the hormone- CS/GO-MoO2-NPs system. The value of n is a measure of the intensity of adsorption. 

Therefore, the hormone released from the hormone- CS/GO-MoO2-NPs system is predictable from the 

value that gave the highest absorption. 

 

3. Results 

 

3.1 Adsorption Process 

The highest amount of hormone adsorbed on the surface of CS/GO-MoO2-NPs, according to the adsorption 

of the FSH hormone on the surface of CS/GO-MoO2-NPs at 25°C, is 7.07ug/g. These results indicated a 
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proper capability of CS/GO-MoO2-NPs to adsorb this hormone efficiently at their relatively very low 

concentration. The adsorption isotherms of (FSH and LH) on the surface of the CS/GO-MoO2-NPs were 

shown in Fig.1. The linear version of the Freundlich equations for hormone adsorption on the CS/GO-

MoO2-NPs surface is presented in Fig. 2. The lines of the Freundlich equation are used to predict hormone 

adsorption on the surface of CS/GO-MoO2-NPs. 

 

 
Figure 1. Adsorption isotherms of FSH hormone on the CS/GO- MoO2-NPs surface. 

 

 
Figure 2. Freundlich lines of the adsorption of FSH hormone on the CS/GO- MoO2-NPs surface. 



A. A. Hadi, H. K. Al-Hakeim and N. Y. Fairooz, 2022                                         Azerbaijan Medical Journal 

 

3472 
 

3.2 Thermodynamics of the Adsorption Process 

Figure 3 shows Vant Hoff's equation for FSH hormone adsorption on the surface of CS/GO-MoO2-NPs at 

room temperature (298, 308, and 318 K). The thermodynamic parameters of hormone adsorption on the 

CS/GO-MoO2-NPs surface were reported in Table 1. Adsorption is an exothermic and spontaneous process. 

The drop in entropy shows that the adsorption system's chaos has lessened.  

 

 
Figure 3. Vant Hoff’s equation lines of the adsorption of FSH hormone on the surface of CS/GO- MoO2-

NPs composites. 

 

Table 1. Thermodynamic functions of the adsorption of FSH on the CS/GO-MoO2-NPs composites. 

NPs (1/T)*1000 Xm=Keq ln Xm Slope ΔG° ΔH° ΔS° 

CS/GO- 

MoO2 

3.356 0.005535 -5.197 

4.835 12.875 -40.201 -178.107 3.247 0.002977 -5.817 

3.145 0.002212 -6.114 

 

3.3 SEM / EDX of CS/GO-MoO2-NPs. 

SEM microstructure of the electrochemical reduction derived molybdenum oxide nanorod reveals the 

presence of dense agglomeration. Figure 4 shows these nanorods having a regular shape, and their 

distribution is not uniform. This is probably due to the partial solubility of the surfactant in the solvent 

under the given experimental conditions. Figure 4 shows the presence of crystalline nanorods that are 

arranged irregularly [34]. It was visible from the SEM micrographs that the size distribution of MoO2 

nanoparticles was fairly uniform. The image was mostly comprised of particles that had a hexagonal 

structure. Very few particles with an irregular shape have been identified, which were sparse in number. 
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The surface of the particles with hexagonal shape was smooth, whereas the unevenly shaped particles had 

spiked or rugged surface. Since the population of irregularly shaped particles was very skimpy compared to 

the particles with regular shape, it can be concluded that the MoO2 nanoparticles had a pretty uniform 

shape. 

 

One analytical method for structural analysis of the material is energy-dispersive X-ray spectroscopy 

(EDX). Figure 5 shows the elemental mapping pictures of CS/GO-MoO2-NPs. Figure 5 shows oxygen and 

Mo elements in the synthesized sample. It should be observed that the present atoms were distributed 

similarly to C, N, O, and Se atoms in the produced MoO2-NPs. Furthermore, the C, N, and O atoms 

corresponded to the CS molecule. 

 

 
Figure 4. SEM images analysis of CS/GO-MoO2-NPs. 
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Figure 5. EDX analysis of CS/GO-MoO2-NPs. 

 

3.4 XRD Analysis 

XRD analyzed the prepared molybdenum oxide nanorods for the determination of phase and symmetry. 

Figure 6 shows the XRD pattern for molybdenum oxide nanoparticles in which the number of peaks is 

observed at 300 angles due to the formation of high crystalline molybdenum oxide nanorods. The peaks 

were observed at 2Ɵ 27.3, 58.8, 64.9, and 79.7. Sharp peaks were obtained corresponding to the 

planes(111), (201), (211), and (312) indicating the MoO2 nanorods and which were found to be highly 

crystalline [35], [36]. 

 

 
Figure 6 XRD spectra of CS/GO-MoO2-NPs. 

 

The planes (111), (201), (211), and (312) correspond to the mixed-phase that contains molybdenum oxide 

nanoparticles and molybdenum oxide nanorods in the prepared samples of molybdenum oxide. The effect 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 07, September, 2022 

  

3475 
 

of temperature was found on the synthesis of molybdenum oxide nanorods, peak intensity increased with 

increasing of temperature, this is because that the crystalline nature of molybdenum oxide increase with 

increasing temperature of reaction [37], [38]. 

 

3.5 FTIR Analysis 

The IR spectra show distinct bands at 886 cm−1, 981 cm−1, 1120 cm-1, 1622 cm-1, and 3453 cm-1, which are 

due to the formation of MoO2, presence of carbonyl impurity in the sample (Fig.7). The band observed at 

3452 is due to the moisture absorbed from the atmospheric air during the storage. The spectrum also 

contains distinct peaks at 472 cm-1 and 898 cm-1 [39], [40]. 

 

 
Figure 7 FTIR spectrum of CS/GO-MoO2-NPs. 

 

3.6 Particle Size Distribution 

Particle size distribution for dynamic light scattering (DLS) measurements 12 mm cell was used. Samples 

were prepared by dispersing small amounts of powder in 100% water followed by sonication for 10 minutes 

[30]. The DLS technique determined size distributions of the nanoparticles. The suitable parameters 

(density, dielectric constant, and refractive index) were chosen for each CS/GO-MoO2-NPs and dispersant. 

For CS/GO- MoO2-NPs sample: density 6.47, refractive index 4.9205, for water: density 0.997, refractive 

index 1.333, and dielectric constant 0-100 at 25 0C. The pH value of each suspension was adjusted by 

adding either NaOH or HCl. Histograms with the distributions of sizes were recorded. 
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Figure 8. Size distribution of CS/GO-MoO2-NPs. Dispersants: methanol. 

 

3.7 Zeta Potential Measurements  

Figure 9 shows the changes in the zeta potential. In addition, particle size. The pH was 7.3, the value of the 

zeta potential is -17.91 mV. The following Helmholtz-Smoluchowski equation was used to convert the 

electrophoretic mobility to zeta potential ζ= E (4πη / ε), where: ζ = zeta potential (mV), E = electrophoretic 

mobility, η = viscosity of the dispersion medium, ε = dielectric constant of the solvent [41]. 

 

 
Figure 9. Mobility and Zeta potential of CS/GO-MoO2-NPs. 

 

4. Discussion 

The main finding of the present study is the ability of FSH and LH hormones to be adsorbed spontaneously 

on the surface of CS/GO-MoO2-NPs. Whether the changes in protein structure accompany the process of 

adsorption or not needs further studies. The applicability of the Freundlich equation (Figure 1) indicates the 

heterogeneity of a surface [42]. GO has a similar hexagonal carbon structure to graphene but also contains a 

hydroxyl (-OH), alkoxy (C-O-C), carbonyl (C=O), carboxylic acid (-COOH) and other oxygen-based 

functional groups [43]. By non-covalent protein-CS/GO-MoO2-NPs conjugation, Freundlich isotherms 

indicate various forces on the surface or hormone molecules to induce heterogeneity. The initial direction of 

curvature of the adsorption isotherms (Figure 2) shows that as concentration rises, adsorption becomes 
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easier, and more adsorbate is adsorbed over the first monolayer of protein. That is, molecules interact with 

one another side by side, causing them to stick to the surface more. The opposite force of the protein 

molecules' attraction to water pulls this molecule as far as possible into the water phase, and the net of these 

forces represents the adsorption intensity [44]. 

 

Protein molecules lose their ability to move in solution freely and are organized on the surface of the 

CS/GO-MoO2-NPs by various forces. Conformational variations can considerably influence the driving 

force for adsorption in the protein. These results were noticed previously [45]. In hormone adsorption, 

electrostatic interactions between the protein and the CS/GO-MoO2-NPs are not important. When the 

protein and the sorbent have the same charge sign, adsorption can still happen spontaneously and even 

exothermic. This complicated dependence implies that no single interaction is responsible for the enthalpy 

shift. As a result, ΔH° of the adsorption can only be evaluated if enough other information about the whole 

adsorption process is known [46]. 

 

Because of the increased molecular interactions that generate a negative ΔH°, the ΔH° of transfer of polar 

groups from the protein inside to the outside section to touch water molecules tends to be negative as 

temperature rises [47]. While the H of the non-polar group transfer from the protein inside into water is 

positive above 25°C to overlap the repulsion, the ΔH of polar group transfer from the protein interior into 

water is negative below 25°C [48]. Both non-polar and polar groups have negative hydration entropies at 

room temperature [49]. They indicate that both create order in the aqueous environment. However, these 

entropies differ concerning how they change with increasing temperature. Non-polar groups' hydration 

entropy decreases as temperature rises, indicating that they are less able to order water at higher 

temperatures and may contribute to its disorder by interfering with the size of the hydrogen-bonded network 

and permitting simpler water molecule rotation. When the protein is unfolded, there is also an entropy gain 

due to the increased freedom of the non-polar groups. 

 

On the other hand, polar groups have a lower entropy of hydration, which becomes more negative as the 

temperature rises because they can construct ordered hydration shells even from more disordered water. As 

a result, compared to merely water, the water is more organized around hydrophilic groups as the 

temperature rises and the negative heat capacity of this hydrophilic hydration [50]. Hormones 

spontaneously bind to the surface of CS/GO-SeO2-NPs due to changes in protein structure and an 

electrostatic attraction mechanism [51]. 

 

The diffractogram pattern obtained on the chitosan capped CS/GO-MoO2-NPs was characteristic of 

crystalline chitosan, as shown in Figure 6, with a large peak positioned at 2Ɵ: 26°. According to the 

literature, the triple-helical crystalline structure of chitosan is responsible for these distinctive peaks [52]. 

Also shown in Figure 6 are the distinctive diffracted peaks at 2Ɵ =20, 32.2, 42.5, 44, 51.1, 59.6, 64,5, and 

67, which correspond to the (100), (101), (110), (114), (121), (201), (002), (202), (210), and (211) 

reflections, Results match well with normal JCPDS data for the hexagonal phase of pure selenium oxide 

crystals with lattice parameters a=4.371 and c=4.8931 (JCPDS Card No. 06-0362) [53]. 

 

The peaks below 1500 cm-1 are caused by the bending and rocking vibrational modes of the C–H and C–C 

bands. Many gelatin peaks were discovered at 3350, 1530, and 1135 cm-1, perhaps attributable to hydroxyl, 

carbonyl, carboxyl, and methyl groups [54]. The broad and weak absorption peak at 2100 cm-1 is caused by 

the C–H stretching vibration frequency. Furthermore, large peaks at around 1640 cm-1 were discovered due 

to the stretching frequency of chitosan graphene oxide bonds. Methyl groups exhibited symmetric and 

asymmetric bending vibrations at 1460–1380 cm-1. These findings reveal that chitosan and graphene oxide 
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species become bound to the surface of the generated NPs. 

 

However, due to the relatively high desorption percentages under normal conditions, CS/GO-MoO2-NPs 

can extract these proteins from body fluids and immobilize the hormone to prepare the detection kits. 

 

The zeta potential thus indicates its likely physical stability [55]. 

 

Several researchers have investigated the connection of FSH hormone on the surface of NPs spontaneously. 

Our results are consistent with those of [56], which established the main relationship between FSH and LH 

hormones that can be adsorbed spontaneously on the surface of adsorbents. Our study tends to conjointly 

find a notable relation between FSH hormone can be adsorbed on the surface of CS/GO-MoO2-NPs 

spontaneously. Nanocomposite can adsorb significant amounts of the hormone (31.91%). Freundlich's 

adsorption isotherm was followed during the adsorption phase, showing that the nanocomposite surface was 

heterogeneous. Exothermic and spontaneous adsorption processes were discovered by thermodynamic 

research. 

 

According to our findings, the chemical approach was used to synthesize MnO2-NPs, which resulted in 

flakes-shaped MoO2-NPs successfully. The current work reveals that chitosan-loaded MoO2-NPs have 

much potential for biomedical applications if they are further developed. The FT-IR spectra indicated two 

characteristic metal-oxygen vibrational bands, and the CS/GO- MoO2-NPs have various basic vibrational 

modes. The average particle size of NPs is in the range of 23.5 nm as analyzed by XRD and EDX 

techniques. SEM images indicated that the NPs had flakes forms and that the NPs were nanoscale in size. 

 

5. Conclusions 

A new nanoparticle composite (CS/GO- MoO2-NPs) has been prepared. The present composite can adsorb 

FSH efficiently from the solution. A significant part of the adsorbed FSH can be eluted from the CS/GO-

MoO2-NPs composite to be used in medical or laboratory uses. 
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