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Abstract: 

       This Study Demonstrates The Potential Of Mno3 Nanoparticle Addition 

To Enhance The Properties Of Polymeric Blends,  The Effect Of Adding 

Mno3 Nps Was Studied In A Polymeric Blend Composed Of  

Polyvinylpyrrolidone (PVP): Carboxymethylcellulose (CMC) With Different 

Concentrations Of Mno3 Nps (3%, 5%, And 7%), And The Study Of 

Structural, Optical, And Electrical Properties, The Results Show The Energy 

Gap Of The (PVA: CMC) Film Was Reduced From 4.48 (Ev) To 3.89 (Ev) 

By Incorporating 7% Mno3 Nps , This Change Suggests Enhanced Optical 

Properties, Including Increased Light Transmission And Reflection. 

Furthermore, The Conductivity Of The Blend Was Increased, Rendering It 

Suitable For Various Applications Such As,  Sensor And Optoelectronics 

Devices.   
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1. Introduction 

           Nanocomposites are very important in scientific applications, as they 

are prepared from mixing a polymeric matrix or composed of several 

different polymers with nanoparticles , which offer potential advantages in 

terms of improved optical, electrical, and mechanical properties. These 

components can be utilized to develop new materials [1]. 

Carboxymethylcellulose (CMC) is a chemically modified water-soluble 

cellulose derivative used as a substitute polymer for blending with proteins to 

produce flexible and strong films, It is chosen for its ability to form a 

continuous matrix, excellent viscosity, biocompatibility, and availability [2, 

3]. CMC is widely used in industries such as pharmaceuticals, packaging and 

food, due to its non-toxicity , safety, and its ability to enhance the 

mechanical, thermal, and barrier properties of films [4, 5]. 

Polyvinylpyrrolidone (PVP) is a water-soluble polymer derived from 

vinylpyrrolidone monomer. PVP has unique properties, including the 

formation of stable complexes with various compounds [6], In care products, 

PVP is commonly used as a binder, and also in hair styling products. It is also 

found in skincare products [7, 8] .  It is possible to prepare a material with 

better solubility, stability, and film-forming ability by blending PVP and 

CMC polymers.  MnO3 nanoparticles are used to further improve these 

properties . The addition of manganese trioxide (MnO3) nanoparticles further 

enhances these properties. MnO3 nanoparticles are incorporated using a 

deposition method, which offers advantages such as low cost [9]. The 

addition of MnO3 to a PVP: CMC polymer blend improves the material's 

characteristics, making it more versatile and useful across various 

applications [10, 11]. This study focuses on preparing the blend using a 50% 

ratio of PVP and 50% CMC, with the addition of 3%, 5%, and 7% MnO3 

nanoparticles to the polymeric matrix. The incorporation of nanoparticles 

enhances the structural, optical, and electrical properties of the resulting 

material. Moreover, the impact of the MnO3 NPs content on the FTIR and 

FE-SME, optical, and electrical properties for the produced nanocomposite 

films.  

2. Experimental Part 

          The casting method is a simple way to prepare PVP: CMC composite 

films. Using this procedure, PVP and CMC are dissolved at 60°C in a 

suitable solvent, such as water, The final solution is homogeneous, MnO3 

nanoparticles are added to the solution at varying weight ratios of 3%, 5%, 
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and 7% to improve the films' characteristics, The solution is then poured onto 

a flat surface and allowed to dry, forming thin films. By utilizing the solution 

casting method, researchers can easily fabricate PVP: CMC composite films 

with improved characteristics, The incorporation of MnO3 nanoparticles 

further enhances the properties of these films. 

3. Results and discussions 

3.1 .FTIR Spectroscopy     

        The FTIR of the samples were obtained using a Shimadzu Japan-IR 

Affinity-1 spectrometer in the wavelength range of 450-4000 cm
-1

. Figure (1) 

displays the distinctive FT-IR spectra of CMC: PVP and CMC: PVP with 7% 

MnO3 filler. 

A peak at around 23450 cm
-1

 is indicative of the CMC backbones stretching 

vibration -CH. The carboxyl bond in CMC has a stretching vibration called -

COO-, which has a peak, at about 1650 cm
-1

, The CMC backbone's -CH 

bending vibration has a peak at around 1420 cm
-1

 [12, 13]. A peak at 3350 

cm
-1

, corresponding to the amide groups -NH stretching vibration [14, 15], 

The PVP backbone's stretching vibration -CH has a peak at about 2950 cm
-1

. 

The amide group has a stretching vibration that is -C=O, and this vibration 

has a peak at about 1550 cm
-1

 [16] Furthermore, due to the hygroscopic 

nature of CMC, Certain overlapping peaks, such as the -OH stretching 

vibration of water molecules, may also be seen in the FTIR spectra of (PVP: 

CMC). It is significant to remember that the particular ratio and blending 

technique employed may have an impact on the (PVP: CMC) FTIR spectra. 

Peaks of MnO3 nanoparticles: The -OH stretching vibration of the surface 

hydroxyl groups on the MnO3 nanoparticles is represented as a peak at 

around 3700-3300 cm
-1

 [17], A peak located between 1600 and 1500 cm
-1

 is 

indicative of the O-H bending vibration on the MnO3 nanoparticle surface. In 

MnO3 nanoparticles, the vibration of Mn-O bonds is represented as a peak at 

around 1400-1300 cm
-1

 [18, 19]. Furthermore, several overlapping peaks, like 

the -OH vibration of water molecules [20, 21], It is significant to remember 

that the particular doping concentration of MnO3 NPs and the preparation 

technique employed may have an impact on the FTIR spectra of CMC: PVP  

[22, 23]. 
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Fig 1. FTIR for the Samples. 

3.2 FE-SEM Analysis  
           Figure )2( displays field-emitting scanning electron microscopy (FE-

SEM) images of the sample (PVP: CMC) before (a) and after the addition of 

MnO3 nanopowders at different ratios (b). The images reveal that the surface 

of the (PVP: CMC) film appears rough. When MnO3 nanoparticles are 

incorporated, the reinforced polymeric films exhibit even more irregular and 

rough surfaces, along with increased surface porosity compared to the films 

prior to reinforcement. This rough and porous surface morphology is 

attributed to the formation of hydrogen bonding facilitated by the active 

carboxyl and hydroxyl functional groups present in the nanoparticles [24, 

25]. The irregular, rough, and highly porous surface enhances the adsorption 

chemistry of the composite films [26]. It is worth noting that the observed 

surface morphology has important implications for the overall properties and 

potential applications of the reinforced polymeric films. 



  الموسوو المؤتمر العلني السيوي الثالث والعشرون 

 (  في مجال العلوو الصرفة مؤتمر كلية التربية الأساسية )

 ( بالبحث العلني الرصين ىرتقي وىتعله وىتقدو) والميعقد تحت شعار

 9394/ 4/ 03-92  للندة  

  

                                                               

                                                          April  )9394(   نيسان                                                                            الاساسية التربية كلية مجلة

 93 

                                                                                                                            
 

 

 
Fig 2. FE-SEM for the Samples A- CMC:PVA Pure and B - PVP: 

CMC- MnO3 Nanocomposite. 

 

3.3 Optical Properties 

                The presence of MnO3 nanoparticles in the (PVP: CMC) blend can 

significantly alter the transmittance and reflectance properties of the material,  

Adding MnO3 nanoparticles to the blend reduces the amount of light 

transmitted in the visible and near-infrared regions, This is because more 

light is reflected from the material's surface when nanoparticles are present 

since they are more capable of scattering and absorbing light than the 

polymer blend [28, 27], The influence of MnO3 nanoparticles on 

transmittance and reflectance depends on the wavelength of the light and  

Greater dispersion and absorption are attributed to higher nanoparticle 

concentrations [29, 30], causing more pronounced changes in (T %) and (R), 

as depicted in Figure (3). 

 
Fig 3. Transmittance (T %) and Reflectance (R) for the Samples. 
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    Figure (4) illustrates the energy gap values of the pure (PVP:CMC) film 

and the reinforced films with varying concentrations of manganese oxide 

(MnO3) nanoparticles. The energy gap of the pure film was measured at 4.43 

(eV). As the content of MnO3 nanoparticles increased, the energy gap (Eg) 

values of the reinforced films decreased. Specifically, for reinforcement 

ratios of 3%, 5%, and 7%, the energy gap values were recorded as 4.33 (eV), 

4.27 (eV), and 3.89 (eV), respectively. This decrease in energy gap values 

can be attributed to the presence of MnO3 nanoparticles, which introduce 

defects in the films. These defects create localized states within the optical 

energy gap, leading to a reduction in the overall energy gap values as the 

concentration of nanoparticles in the polymer substrate increases [31]. As in 

equation (1) [32,33] : 

                                                               (1) 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 A.C. Electrical Conductivity  

            Figure (5) illustrates the electrical conductivity of the Samples, The 

presence of MnO3 nanoparticles increases the conductivity due to the 

introduction of additional free charge carriers, The size of the nanoparticles 

also plays a role in determining the impact on conductivity [34]. Moreover, 

the electrical conductivity of MnO3 -doped PVP: CMC is influenced by the 

frequency of the applied AC electric field, Depending on the frequency 

range, the conductivity can either increase or decrease [35]. 

 
Fig 4.  Energy Gap for  the Samples . 
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Fig 5. Dissipation Factor for the Samples. 

3.4 Dielectric Constant  

             In Figure (6), the incorporation of MnO3 nanoparticles into (PVP: 

CMC) blend  polymers increases the dielectric constant of the material, This 

increase can be attributed to the additional polarizability introduced by the 

nanomaterial. The effect of MnO3 NPs on the dielectric constant is also 

dependent on the shape and size of the nanoparticles, leading to more 

pronounced changes in the dielectric constant [36]. The dielectric constant of 

the Samples exhibits dependence on the frequency of the electric field [37]. 

Additionally, the temperature of the material can influence the dielectric 

constant, as higher temperatures can induce changes in polarizability and 

subsequently affect the dielectric constant [38]. 

 
Fig 6. Dielectric Constant for the Samples. 

 

 



  الموسوو المؤتمر العلني السيوي الثالث والعشرون 

 (  في مجال العلوو الصرفة مؤتمر كلية التربية الأساسية )

 ( بالبحث العلني الرصين ىرتقي وىتعله وىتقدو) والميعقد تحت شعار

 9394/ 4/ 03-92  للندة  

  

                                                               

                                                          April  )9394(   نيسان                                                                            الاساسية التربية كلية مجلة

 90 

                                                                                                                            
 

 

3.5 Dissipation Factor  

          The addition of MnO3 NPs to (PVP: CMC) blend leads to a decrease in 

the dissipation factor of the Samples, Figure (7) illustrates that the dissipation 

factor tends to decrease as the concentration of nanoparticles increases. The 

effect of MnO3 nanoparticles on the dissipation factor of PVP: CMC blend 

also depends on the size of the nanoparticles [39]. Additionally, the 

dissipation factor of MnO3-doped PVP: CMC blend can vary with the 

frequency of the applied electric field. Moreover, the temperature of the 

material influences the dissipation factor. At higher temperatures, changes in 

the polarizability of the material can lead to alterations in the dissipation 

factor. It is important to consider various factors such as nanoparticle size, 

frequency and temperature when assessing the effect of MnO3 NPs on the 

dissipation factor of (PVP: CMC) blend. These electrical properties have 

potential applications like sensors, and capacitors [40]. 

 

4. Conclusions 

    The addition of MnO3 nanoparticle at concentrations of 3%, 5%, and 7% 

for (PVP : CMC) blend  can enhance the structural properties of the material 

by using the casting method.  the optical properties of the blend can be 

improved, resulting in better light transmission also The energy gap (Eg), 

initially measured at 4.48 eV for the (PVA: CMC) blend , decreases to 3.89 

eV when the MnO3 NPs concentration is increased to 7%. The electrical 

properties of the blend can be enhanced by increasing its conductivity, This 

makes the blend suitable for various applications like sensors, and capacitor 

devices. 

 

 
Fig 7. Dissipation Factor (tanδ) for  the Samples . 
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