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Abstract 

Stevia rebaudiana plant leaves were used for biosynthesis of gold nanoparticles 

(AuNPs). Transmission electron microscope (TEM) images showed various shapes and 

sizes of AuNPs. Various amounts of AuNPs were added to polyvinyl 

alcohol/carboxymethylcellulose (PVA/CMC, 40/60) via the casting method. The X-ray 

diffraction (XRD) spectrum of pure blend shows the amorphous nature of the blend. FT-

IR spectra showed the interaction between PVA/CMC and AuNPs. The ultra-violet and 

visible (UV/VIS.) spectra showed emerge new peak of surface plasmon resonance (SPR) 

of AuNPs for the filled samples. SEM images showed bright spots on the sample's 

surface, which was attributed to AuNPs. AC conductivity exhibited enhancement after the 

addition of gold nanoparticles. The ε′ and ε″ were reduced with increasing the frequency 

due to direction dipoles of applied electric field. Because of the mobile charges inside the 

polymeric backbone, higher values of ε′ and ε″ were observed at low frequencies. The 

tanδ showed increased with an increase in AuNPs concentration and at the decrease the 

frequency, as expected. 
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I- Introduction 

Solid polymer electrolytes (SPEs) based on biopolymers have emerged as promising 

materials due to their potential applications in electrochemical devices[1,2] . Biopolymer 

materials are non–toxic, naturally abundant, renewable, bio-degradable, cost-effective and 

eco-friendly and can be easily obtained from natural sources like cell wall, plant,s, and 

animals[3,4]. Biopolymer/biodegradable polymer-based electrolytes have drawn much 

attention in recent years due to their eco-friendly nature and potential applications in 

electrochemical (EC) devices like supercapacitors, dye-sensitized solar cells (DSSCs), 

and batteries[5–7]. The developments of polymer electrolytes based on biopolymer are of 

great interest due to the presence of electron donor atoms such as O, N, etc. Donor atoms 

with the side chain of biopolymer interact weakly with the cations of the dissociated salt 

present in the polymer electrolyte[8]. Polymer nanocomposite has attained broad attention 

due to their high efficiency and multifunctional features obtained through the existence of 

just a minor quantity of the NPs inside the polymeric matrix. Polymer nanocomposites 

with nano-scale fillers demonstrate significant property creation at much lower loadings 

compared to polymer composites[8]. Importantly, the accurate selection of the host 

material and nano-filler is very critical for the manufacture of nanocomposites, which has 

a significant impact on their use and the efficiency of the devices[9]. Gold nanoparticles 

have received much attention because of their unique properties, such as non-cytotoxic, 

chemical inertness optical and electronic properties[10,11]. The development of 

successful green synthesis without the use of dangerous chemicals using natural 

reduction, capping, and stabilizing agents have attracted researchers towards green 

chemistry methods.The goal of adding metal nanoparticles inside polymeric matrices to 

develop the properties of the polymers. The structural and conductivity features of the 

nanocomposite will be enhanced when compared to their conventional composite[12,13]. 

PVA is a semi-crystalline polymer biocompatible, highly hydrophilic, nontoxic and 

thermoplastic polymer[14,15]. PVA is water-soluble a widely used conventional 

thermoplastic polymers[15]. Carboxymethyl cellulose (CMC) is mainly manufactured via 

reacting alkali cellulose with mono-chloroacetate or its sodium salt in an organic medium. 

There are many interesting properties of CMC, such as high chemical stability, strong 

solubility,and toxicologically harmless properties. Also is a biodegradable and 
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inexpensive polymer[16,17].   In a previous work, Abdelghany et al.[18] were 

investigated structural, optical, and conductivity properties of CMC filled with gold 

nanoparticles, the optical and conductivity properties of CMC films were improved after 

the embedded of gold. In the present work, gold nanoparticles were used with PVA and 

CMC as a polymer blend[19,20]. In view of the technological useful properties of pure 

PVA, CMC, and AuNPs listed above, and also their use as constituents in the production 

of many advanced composites. In this article, aqueous solution casting was prepared using 

polymer blend and PVA/CMC/Au nanocomposites with varying amounts of Au NPs. The 

effects of Au nanoparticles and dielectric permittivity on dielectric polarization and 

electrical conductivity of prepared polymer nanocomposites of these semiconducting 

nanofillers have been investigated. In the development of eco-friendly, modern 

organelectronic devices for integrated applications, the resulting highly tunable dielectric 

permittivity of these composites with nanoparticle concentration confirmed their 

suitability as biodegradable polymer nanodielectrics. 

2. Experimental  

2.1. Materials 

PVA was obtained by BDH-chemical Ltd Poole England Company with MW ≈ 

17,000 g .mol-1. Sigma-Aldrich sealed Carboxymethyl cellulose with MW ≈ 250,000. The 

leaves of Stevia rebaudiana plant were supplied during July 2018 from Daqahliyah, Egypt 

(Figure 1). Tetrachloroauric acid (HAuCl4 3H2O), with purity 99.9%, was attained by 

Aldrich/Germany. The double-distilled water (DDW)was used to dissolve the 

nanocomposites components. 

2.2. Preparation of the extract of plant leaves and AuNPs green synthesis 

The leaves of Stevia rebaudiana plant were washed fully thrice with DDW. 20 g of 

washed leaves are boiled in 60 ml of DDW in a 500 ml Erlenmeyer flask for 45 min at 

100 °C. The leaf extract was then gathered in a separate conical flask using a normal 

process of filtration, i.e. Filter paper Whatman No. 40. After that, 5 ml of Stevia 

rebaudiana leaves extract was added to 0.1 liliter of 1mM Tetrachloroauric acid in 

stopper-flask, and the color of the solution changes from yellow to a pinkish-red solution. 

This change denotes the production of AuNPs 

2.3. Nanocomposites films preparation 
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Filled and unfilled PVA/CMC films were gained via casting way. PVA and CMC were 

dissolved in solvent separately, after that, the PVA and CMC were added with each other 

for 8 hrs to get PVA/CMC blend with percentage 40/60 wt., then different concentrations 

(0.0, 0.05, 0.10, 0.20, 0.40 and 0.80) % of AuNPs were embed to the blend solution. 

Finally, the prepared solutions were cast into Plastic Petri dishes and leave to dry at 45 ∘C 

for 60 hrs.  

2.4. Experimental techniques 

TEM images were gained using a JEM/1011; JEOL-Japan. X-ray diffraction pattern of the 

prepared samples has been recorded at room temperature using DIANO corporation-USA 

with Cu-Kα radiation in the Bragg angle 2 10 to 80. Fourier transforms infrared spectra 

(FT-IR) (Nicolet iS10, USA) spectrophotometer measurements were performed at room 

temperature (RT) within the 400-4000 cm-1 range. At RT, the system of recording the 

absorption spectra of the samples was carried out using a UV-visible spectrophotometer 

(JASCO V-630-Japan) at 190-900 nm. The scanning electron microscope (SEM) of the 

samples was obtained using JEOL-SEM USA's model JSM/6510LV, with  20,000 V and 

a magnification of 1000 times. Conductivity measurement was carried out in the 1Hz-

10MHz range through broadband dielectric spectroscopy (Novo control Turnkey Concept 

40 System). 

 3. Results and discussion 

3.1. TEM micrograph of AuNPs 

The size and distribution of nanoparticles have been determined using TEM. Figure 2 

showed the AuNPs TEM image with its corresponding histogram of size distribution. The 

TEM image showed that there are many forms in the AuNPs: sphere, triangular, 

pentagram, and irregular. The TEM micrograph for synthesized AuNPs showed 

nanoparticle diameter ranging between 5.5 to 30.5 nm, this corresponds to the results of 

the X-ray measurement[21,22].  

3. 2. XRD spectra 

Figure 3 show the XRD of AuNPs. The Figure depicted peak present at 38° assigned to 

(111), and author peaks at 45°, 64° and 78° have the miller index (200), (220) and (311) 

which denotes the face-centered cubic structure of AuNPs, these data correspond with 

data of JCPDS file no. (04-0784)[18]. Figure 4 displays the XRD pattern of PVA/CMC 
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and PVA/CMC doped with different contents of gold NPs.  The Figure 4 exhibit a broad 

peak at 7.9° and other peak at 19.8° which approve the amorphous feature of the 

PVA/CMC[23]. For the blend films filled with AuNPs we noticed that there is reduce in 

the two peaks intensity without change in the positions. These denote a reduce in the 

degree of crystallinity, as shown in Figure 4, which suggest AuNPs dispersed 

dramatically in the present films and caused a reduction in the degree of crystallinity, due 

to variation in the crosslink density, and manufacture more defects in prepared films. As a 

result, increasing the ionic conductivity. This shows that nanofiller adding induce 

interaction between gold nanoparticles and blend. These results denote that the AuNPs 

embed can causes structural variations in the prepared films[13,24]. The degree 

crystallinity (D) was obtained from the following equation[25]: 𝑫 = (𝑩 𝑪) × 𝟏𝟎𝟎⁄                                                    (1) 

Where B represented the total area under the peaks and C represented the area of 

crystalline peaks. Table 2 exhibit a reduction in the crystallinity degree of 

nanocomposites, which have an agreement with FT-IR measurement and confirms the 

interaction between blend and nanofiller. 

3. 3. FT-IR study 

FT-IR spectra have been received for the present samples, PVA/CMC blend doped with 

AuNPs, in the region of 400 - 4000 cm-1 to illustrate the interactions and complexation 

between blend and nanofiller as shown in Figure 5. The assignments of pure blend and 

nanocomposites are reported in Table 1. The spectra of blend and blend doped with 

different contents of gold nanoparticles in this Figure were nearly congruous to the pure 

blend spectrum. The influence of nanofiller on the vibrations modes was observed in 

terms of reducing or increasing in the intensities of the bands, broadening with Au NPs 

content which results due to the creation of cross-links between gold nanoparticles and 

functional groups in PVA/CMC blend[3] (Scheme 1). In these interactions the intensity of 

the bands at 1601, 1415, 1329 and 1063 cm−1 increase gradually with the adding of 

nanoparticles content.  The band at 1063 cm-1 ascribed to glycosidic ether C-O-C 

stretching reduced marginally lower than pure blend, reinforcing the existence of gold 

NPs in the polymeric matrix[26]. These findings indicate that with blend film, the gold 

nanoparticles have certain interactions and complexity. It could support the gold NPs to 
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transport within the chains of polymeric matrix. Thus, in the solid polymer electrolytes, 

these interactions play a critical role in regulating conduction behavior[27]. 

 

3. 4. UV- Vis.  

The UV-visible spectrum (Figure 6) pure Au NPs show absorption band in the visible 

region at λmax= 526 nm due to surface Plasmon resonance (SPR) of AuNPs[28,29]. The 

appearance of this band may be related to the synthesis of AuNPs by Stevia rebaudiana 

plant leaves extract. Figure 7 shows UV/Vis. spectra of pure blend and its nanocomposite 

samples. The spectra of all prepared samples showed a sharp absorption peak nearly at 

200 nm which was ascribed to п→ п* electronic transitions because the presence of C=O 

that existed already in both CMC and PVA[14,30]. The spectra of filled samples show 

start emerging of a new peak at about 533 nm for the sample with the lowest 

concentration of nanofiller, which was noticed obviously in Figure 6, this peak was 

shifted toward a longer wavelength (red-shift)and continuously intensity increases with 

increased concentration of gold NPs, where this peak was appeared at about 541 nm for 

the samples of the highest concentration of nanofiller, this red-shift denotes that the sizes 

of nanoparticles increased with increasing its concentration via the polymeric films. This 

new peak was ascribed to SPR of gold NPs, which created via the reduction of Au3+ 

ions[31,32], which was noticed at about 526 nm in the spectrum of AuNPs[33]. 

3. 5. Morphology of samples surface (SEM) 

To investigate the influence of AuNPs content and to study the dispersion of 

nanoparticles in the blend matrix, the phase morphology of nanocomposites samples were 

investigated via SEM. The SEM micrographs of the sample's surface are present in 

Figure 8. For the pristine film, as shown in Figure 8(a), the film's surface was uniform 

surface morphology, also a rather smooth surface. After added AuNPs to the polymeric 

blend, as depicted in Figure 8(b-f), bright spots and spots groups appeared on the surface 

of the films without any aggregation except in the highest concentration[34,35]. The 

bright spots increase as nanofiller concentration increase which denotes that these spots 

perhaps are of gold nanoparticles and propose the occurrence of a homogeneous growth 

mechanism[36]. The occurred variations at the filled sample's surface denote proved the 

complexation and interaction compatibility between the gold nanoparticles and the pure 
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PVA/CMC. The SEM micrographs were a good approval with the previous 

measurements. 

3. 6. Electrical conductivity: 

The AC conductivity of all samples of PVA/CMC-AuNPs in the frequency (f) range 

between 0.1 Hz to 2×107 Hz at room temperature, which are showed in Figure 9, the AC 

conductivity were calculated by equation follow[11,37]: 𝝈 =  𝑳𝑹𝑨                                                      (2) 
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Where R represents the resistance, while L is samples thickness and A represents the 

electrode's area. In general, the behavior of pure sample ac conductivity shows that the 

frequency dependence due to the polymeric nature is insulating materials but the ac 

conductivity of the nanocomposites films after addition the AuNPs was enhanced several 

orders of magnitude. At the highest concentration (0.8 wt.%) of the AuNPs in the 

polymeric matrix, the highest value of AC conductivity. This improved was due to the 

electronics and impurities contributions arising from the AuNPs, also, due to the 

increment for free volume around the polymeric networks reasons the mobility for 

polarons and/or bipolrons [38,39]. Also, at the increasing of AuNPs concentration, the 

molecules begin to bridge the gap separated between two localized states and the potential 

barriers between them, thereby expediting of the transfer of charge carriers[40,41]. An 

improvment of the ac conductivity for all nanocomposite samples compared to pure 

PVA/CMC is witnessed (see Fig.9). Among all prepared samples, Au/PVA/CMC films 

display the highest conductivity at a concentration (0.8 wt.%) of AuNPs. These findings 

align with the results of XRD, in which the adding of AuNPs into the PVA/CMC blend 

increases the disorder degree (see Fig. 3) of the Au/PVA/CMC films and therefore, 

promotes the ion charges mobility within the nanocomposites, leading to an enhancement 

of conductivity[41,42]. In addition, the findings of the optical band-gap values, in which 

the Au/PVA/CMC (0.8wt.%) has the lowest direct and indirect band-gap (3.6 eV and 2.9 

eV), support these findings. These ac conductivity values are higher than those that other 

reports have achieved[43,44]. 

3. 7. Dielectric properties 

The dielectric constant ()  and dielectric loss (") was calculated using the 

equation [45]: 

                                            = C d/oA                                                       (3)       

Where d is the film thickness, C is the capacitance, A is the cross-sectional area of the 

electrode, and o represented free space-permittivity (o =8.85  10-12 F.m-1).  

                = /o                                                           (4) 

Where  is represent angular frequency. 
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Figure 10(a, b) exhibited the and the  versus on frequency of the all prepared 

films are high, due to the direction of the dipole via samples to orient them in direction of 

the applied field. The reducing trend of and the  appears almost stable at higher 

frequencies compared with lower frequencies. This trend was assigned to dipoles 

orientation, causing difficulty to rotate dipoles at high frequencies. Moreover, at low 

frequencies, the and the  values were higher due to the effect of interfacial of the 

samples and the effect of the electrode[46]. Also, the and  increased gradually with 

AuNPs concentration denotes that the higher charge carrying capacity of loaded samples 

compared to pure sample. In terms of electrical conductivity, the higher value of the 

dielectric loss at higher concentrations of AuNPs can be understood. Furthermore, the 

mobile charges (polarons/bipolrons) that belong to conducting polymer and free charges 

increase as AuNPs concentration increases, cause influence lower value of and  at 

higher frequencies[47]. 

The loss tangent (tan) is another significant parameter that provides insight into 

the charge carrier’s number available for the conduction mechanism[48]. The tan is 

defined as the ratio between energy loss and energy stored[49]. The changes in tangent 

loss are obtained as[50]: 

)(5tan
 

The tan versus frequency graph given in Fig. 11 confirms that tan was substantially 

higher in these nanocomposite films at 30 Hz as compared to the pure PVA/CMC film 

values, which was certainly due to the interfacial polarization effect contribution. However, 

with an increasing frequency starting from 30 Hz, these losses decreased sharply and, over 1 

kHz, the tan became almost frequency independent with relatively very low values. 

Moreover, in the experimental frequency range for these polymer nanocomposite materials, 

there was no relaxation process corresponding to the interfacial polarization effect, this is 

consistent with a previous study[51]. 

Conclusions 

The AuNPs were created using Stevia rebaudiana leafs extract, which was confirmed by 

occurrence the SPR of NPs in UV-Vis. spectrum and from the TEM micrograph. The 

nanocomposite of PVA/CMC-AuNPs was reported and investigated by various 
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measurements. XRD measurement of nanocomposites films exhibited the decrease in the 

crystallinity after embedded the AuNPs due to the change in the crosslink density of 

PVA/CMC. The most obvious complexation between polymer blend and dopant occurred at 

wavenumber 900 to 2200 cm-1 and 2700 to 4000 cm-1 based on the FTIR study, where the 

peaks observed are assigned to CO,-OH, COO and AuNPs. The absorbance in the UV-Vis 

range has increased and the optical energy band gap has reduced. The SEM images revealed 

white granules on the films surfaces which proved the presence of AuNPs in the 

nanocomposites films. The increase in ionic conductivity after the adding of AuNPs is 

associated with an increase in the coefficient of ion mobility and diffusion. The highest ionic 

conductivity was obtained at room temperature for the blend doped with 0.8 wt. % of 

AuNPs. The increase in the film conductivity is proved by XRD, SEM, and UV-Vis. 

characterization. The and the  vs. frequency is plotted at various contents and at room 

temperature.  Based on these findings, it is believed that nanocomposites based on 

PVA/CMC doped with AuNPs could suggest a new insight into their potential use in energy 

storage systems. 
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Figures

Figure 1

The Stevia rebaudiana plant.



Figure 2

The TEM micrograph and the histogram of size distribution green synthesized AuNPs.

Figure 3

XRD pattern for AuNPs.



Figure 4

Pure PVA/CMC blend and �lled samples with various concentrations of AuNPs.



Figure 5

FT-IR spectra of pure blend with different concentration of gold nanoparticles.



Figure 6

UV/VIS. spectra of pure AuNPs and PVA/CMC-AuNPs nanocomposites in the wavelength of 450-650 nm.



Figure 7

UV/VIS. spectra of PVA/CMC-AuNPs nanocomposites.



Figure 8

The SEM images of the samples surfaces of pure blend and its complexes doped with various
concentrations AuNPs at magni�cation 1000 times.



Figure 9

The ac conductivity (log σ) versus log f of PVA/CMC with different concentrations of AuNPs at room
temperatures.

Figure 10

Variation of ε′ and ε′′ with respect to frequency of nanocomposites samples at room temperatures.



Figure 11

Variation of loss tangent (tan δ) with respect to frequency of nanocomposites samples at room
temperatures.
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