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Abstract 

       The production of optical instruments, which are in great 

demand in various fields, expanded to include medical devices. 

In this study, the polymer is mixed with PVA-PAAm-PEG and 

different wt.% of CNT nanocomposite films synthesized by the 

solution casting method resulted in optical microscopy images 

depicting both feathering and homogeneous dispersion of 

nanomaterial within the films. The obtained products were 

identified by scanning electron microscopy (SEM) and showed 

a powerful dispersion of CNT on the surface of the polymeric 

matrix.  XRD analysis provided confirmation of this 

observation. the presence of semi-crystalline PVA-PAAm-PEG 

and CNTs forming square structures aggregated are observed as 

the weight percent weight of the additive increases up to 

20wt.%.Transmittance decreases with increasing CNT 

concentration, while extinction coefficient dielectric constant 

(real and imaginary) increases with increasing CNT 

concentration. This is attributed to increase in electronic 

polarization in nanocomposite contributed by concentration in 

films ie. charges within polymers), The study centered on 

analyzing the single oscillator energy (Eo), static refractive 

index (n(0)), and moments (M-1 and M-3). 

 

Keywords:PVA- PAAm-PEG: CNT, cast technique, structural 

and optical properties. 
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Introduction  

   In recent years, there has been significant focus on advancing and exploring 

various polymer blends to enhance material performance. These blends 

demonstrate unique properties distinct from those of individual polymers, 

influenced by the compatibility of the base polymers. The adaptability of polymer 

blends is highly attractive, as their characteristics can be tailored by incorporating 

different salts and nanoparticles [1,2]. The utilization of block copolymers is a 

frequently employed technique to improve the structure of immiscible polymer 

blends. Several experimental studies have shown that block copolymers play a 

crucial role in reducing the morphology of immiscible blends and improving their 

stability[3].Therefore, these advancements have captured the attention of scientists 

and engineers, as they enhance the properties of large polymeric materials for 

potential commercial applications[4]. 

Poly (vinyl alcohol) PVA, with the molecular formula (C2H4O)x, is classified as 

a semicrystalline polymer. It is highly regarded as a promising polymer owing to 

its unique characteristics, such as environmental friendliness, non-toxicity, 

exceptional water solubility, excellent electrical properties, chemical stability, and 

favorable optical properties.The hydroxyl groups in PVA enable internal 

interactions within the polymer composite through hydrogen bonding [5]. PVA is 

soluble in water and resistant to solvents and oils. Consequently, it finds extensive 

applications in manufacturing oxygen-resistant membranes in the paper and textile 

industries. Its melting point is around 230 ºC for fully aqueous solutions, 180-190 

ºC for partially hydrated solutions, and 75-190 ºC for the glass transition 

temperature [6]. 

Polyacrylamide (PAAm) is a water-soluble polymer with a distinguishing 

feature of being nontoxic, attributed to its 19.7% nitrogen content [7]. This 

chemical gel formulation exhibits high water solubility. Its ability to absorb water 

significantly results in the formation of weakly interconnected crystals, thereby 
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enhancing the tensile strength of water and strengthening the solution[8]. PAAm is 

utilized in various applications such as tissue coatings for burns, artificial retinas, 

and soft tissue, given its properties as a flocculent and material thickener [9]. 

Polyethylene glycol (PEG)  is a versatile polymer with the capacity to exhibit 

different molecular weights and functions. High molecular weight polyethylene 

glycol is also known as poly(ethylene oxide) PEO [10]. PEG and PVA share 

several common properties, including high solubility, low toxicity, 

biocompatibility, and rapid biodegradability in water [11]; Moreover, both PEG 

and PVA are characterized by essential functional groups, specifically one 

hydroxyl group and one carbonyl group per chemical chain [12]. The presence of 

these functional groups boosts the material's compatibility with a wide range of 

other polymers, fillers, and nanofillers, making them attractive to scientists, 

engineers, and researchers striving to modify or enhance material properties[13].  

Carbon nanotubes (CNTs) are a distinctive carbon allotrope that manifests as 

cylindrical tubes constructed from graphite. Recognized for their unique properties, 

CNTs hold significant promise in the realms of nanotechnology and medicine. 

Typically measuring in nanometers in diameter and extending a few millimeters in 

length, these tubes showcase a wide array of electronic, thermal, and structural 

characteristics. The specific attributes of CNTs, such as their size, length, chirality, 

and surface properties, govern their diverse range of properties. Particularly 

noteworthy are their exceptional surface features, hardness, strength, and 

flexibility, which have garnered significant attention within the pharmaceutical 

industry[14]. Nanofillers, particularly carbon nanomaterials, consist of very low 

molecular weight materials embedded within the polymer matrix, resulting in 

remarkably advanced materials, especially polymer composites of CNT and 

Graphene, which have garnered significant interest in contemporary science and 

technology, primarily for their potential applications. When incorporated into 

polymer matrices [15]  graphene can imbue them with distinctive properties. 
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Notably, graphene has received particular emphasis owing to its exceptional 

attributes. Derived from natural graphite [16]. Graphene is distinguished as a cost-

effective alternative to other fillers, such as CNT [17]. The structures and optical 

properties of the nanocomposites were investigated (PVA -PAAm -PEG-CNT). 

Experimental 

Materials 

    PVA with a molecular weight of 18,000 g/mol and high purity (99.0%) from 

Panreac in Barcelona, Spain, was synthesized along with PAAmwith a molecular 

weight of 5 x 10
6
 g/mol in high purity (99.99%) obtained from British Drug 

Houses (BDH) and Reagent World. PEG with a molecular weight of 6000 Dalton 

and purity of 99.8% in granule form was also used. Additionally, the nanomaterials 

included varying percentages of CNTs with purity of 90%, a diameter of 100 nm, 

and a length of 10 μm. The preparation involved synthesizing PVA-PAAm-

PEG:CNT nanocomposites. 

 

preparation of PVA- PAAm-PEG: CNT nanocomposites 

   The casting method was employed to fabricate nanostructured films of PVA-

PAAm-PEG with varying ratios of CNT nanostructures. A total of 2 grams of the 

polymer was dissolved in 60 mL of water at 90 °C for 1 hour in a beaker to create a 

PVA-PAAm-PEG mixture consisting of 40% PVA, 40% PAAm, and 20% PEG-

PEG-CNT film was then cooled to approximately 25 °C before adding four ratios 

(0, 0.005, 0.010, 0.015, and 0.020) weight percent of CNT for 1 hour in each case 

to form PAAm-PVA nanoparticles, as illustrated in Table 1. Subsequently, each of 

these ratios was dispensed into a Petri dish (5 cm diameter) and allowed to stand 

for 7 days to enable the solvent to evaporate before gently peeling. 
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Table1.Summarized the preparation of PVA-PAAm-PEG and PVA-PAAm-PEG: CNT 

Nanocomposites. 

 

 

 

 

 

 

 

Results and Discussions 

   The morphological characteristics of the PVA-PAAm-PEG blend and the 

PVA-PAAm-PEG: CNT nanocomposite are portrayed through optical microscopy 

(OM) images at 100x magnification, as shown in Figures 1. In Figure (a), the 

polymer mixture displays a smooth surface and homogeneity without any apparent 

phase separation.  

  Figures (B, C, D, and E) within the same figure demonstrate the fine diffusion 

and dispersion of CNT within the blend polymers in the nanocomposites. The 

dispersion of CNT in the blend appears to be good with fine homogeneity within 

the samples, and no aggregation of nanoparticles is observed, which is attributed to 

the interaction among polymers and CNT due to the high surface-to-volume ratio. 

At a high concentration of 0.020 weight percent of CNT nanotubes, a continuous 

network of paths is formed through which charge carriers can traverse. This leads 

to a modification of the material properties, as indicated by the images presented in 

Figures (B, C, D, and E) [18].     

Samples No. PVA PAAm PEG CNT 

1 0.4 0.4 0.2 0.000 

2 0.398 0.398 0.199 0.005 

3 0.396 0.396 0.198 0.010 

4 0.394 0.394 0.197 0.015 

5 0.392 0.392 0.196 0.020 
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Figure 1. Photomicrographs (100X) of PVA-PAAm-PEG with various content of CNT: (A) 

0 wt.% (B) 0.005 wt.% (C) 0.01 wt.% (D) 0.015 wt.% and (E) 0.02 wt.%. 

 

   Figure 2 presents an SEM micrograph of the surface of the PVA-PAAm-PEG 

blend and PVA-PAAm-PEG: CNT nanocomposite films. Images A and B in 

Figure 2 reveal a uniform morphology with a relatively smooth surface. In figures 

2 (C, D, and E), increasing the ratio of CNT in the polymer matrix for the PVA-

PAAm-PEG: CNT nanocomposites resulted in changes to the surface morphology 

and increased roughness. The nanocomposite films exhibit finely dispersed CNT 

without aggregates, evenly distributed on the surface, suggesting the presence of a 

homogeneous growth mechanism. In the SEM images, the sizes of CNT particles 

on the surface of the nanocomposites were measured. The particle sizes of CNT 

ranged from 339.7 nm in dimensions. These findings are consistent with the optical 

microscopy images. 
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Figure 2. SEM images of PVA-PAAm-PEG: CNT with various content of CNT and 

magnifications (A) 0 wt.% (B) 0. 5 wt.% (C) 1 wt.% (D) 1.5 wt.% and (E) 2 wt.%. 

 

 

 

 

 

 

 

 

 

Figure 3. XRD of PVA-PAAm-PEG with various content of CNT: (A) 0 wt.% (B) 0.005 

wt.% (C) 0.01 wt.% (D) 0.015 wt.% and (E) 0.02 wt.%. 
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The crystal structure of PVA-PAAm-PEG: CNT nanocomposites was determined, 

with the percentage of crystallinity in the pure nanocomposite-blended materials 

emerging as a crucial physical property. This significance was apparent in the 

blends of PVA-PAAm-PEG: CNT with varying weight ratios of CNT at at room 

temperature (RT),  as shown in Figure 3. X-ray diffraction (XRD) was utilized to 

analyze the crystallization transition of the pure nanocomposites. The diffraction 

patterns were obtained by measuring 2θ values ranging from 10° to 80°.The 

addition of nanoparticles to PVA-PAAm-PEG blends causes a shift in the 

diffraction peak at 2θ = 19.88° to 23.86°, which is attributed to the (101) reflection 

plane of semicrystalline PVA. This shift is a result of the hydrogen bonds between 

PVA molecular chains, indicating the semicrystalline nature of PVA [19]. The 

XRD spectrum of PVA-PAAm-PEG: CNT nanotubes reveals diffraction peaks at 

2θ = 26.71°, 41.6°, 50.57°, and 58.92° for the (002), (100), (102), and (103) planes, 

respectively. These diffraction peaks correspond to the rectangular structure of the 

CNT particles and are in agreement with the graphite database (JCPDS, Card 

No.75-1621) [20]. These peaksindicate that the well-dispersed CNTs have been 

successfully incorporated into the heterogeneous PVA-PAAM-PEG matrix. 

Figure 4 illustrates the The transmittance spectrum (T) of PVA-PAAm-PEG 

blend composites with varying concentrations of CNT nanocomposites was 

measured. The transmittance (T) was determined at room temperature as a function 

of wavelengths using the following equation1[21]:  

T = IT / Io   (1) 

    where IT is the intensity of the radiation leaving the film and the intensity of 

the radiation incident on the film Io. The decrease in transmittance spectra with 

increasing weight percentage of CNTs can be attributed to their addition. The 

CNTs absorb electrons on the surface, resulting in a decrease in transmission. In 

the case of the pure film, its message is enhanced. The absence of particles 



Page 8403 of  8412 
Khansaa Saleem Sharba / Afr.J.Bio.Sc. 6(5) (2024).8395-8412 

 

 

 

 

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

250 350 450 550 650 750

Tr
an

sm
it

ta
n

ce

wavelength (nm)

pure

0.001caf2

0.002caf2

0.003caf2

indicates a lack of free electrons, which necessitates a substantial amount of energy 

to break bonds during transition. These findings align with those reported by a 

previous researcher [22]. 

 

 

 

 

 

 

 

 

 

 

Figure 4. The transmittance versus wavelength of PVA- PAAm-PEG blend and PVA- 

PAAm-PEG: CNT  nanocomposites. 

 

    Figure 5 The Extinction Coefficient (ko) of PVA-PAAm-PEG:CNT 

nanocomposites with different concentrations of CNT is depicted in the figure, 

illustrating its variation with wavelengths. The extinction coefficient (ko) was 

determined by applying Equation  2 [23]: 

Ko = αλ/4π                                    (2) 

   The figure shows that the extinction coefficient increases as the concentration 

of CNT in the PVA-PAAm-PEG nanocomposites rises. This can be attributed to 

increased optical absorption and photon scattering within the polymer matrix. 

Furthermore, the increase in extinction coefficient with wavelength can be 

explained by the constant absorption coefficient in the visible and near-infrared 

regions. As a consequence, there is a loss of resolution due to an increase in 

wavelength gradient [24]. 
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Figure 5. Variation of Extinction coefficient with wavelength of PVA- PAAm-PEG Blend 

and PVA- PAAm-PEG: CNT nanocomposites. 

 

   Figures 6 and 7 show the variation dielectric constant for two parts (real and 

imaginary) as a function of the wavelength. The dielectric constant for two parts 

(real and imaginary) has been calculated from equations 3 and 4 [25]: 

𝜀1 = 𝑛2
 − 𝑘0

2   (3) 

𝜀2 = 2𝑛𝑘0   (4) 

  The increase in both the real and imaginary parts of the dielectric constant is 

attributed to an enhanced electropolarization effect caused by a higher 

concentration of CNT in the sample. The figures show variations in the real and 

imaginary parts of the dielectric constant for both the PVA-PAAm-PEG blend and 

the PVA-PAAm-PEG:CNT nanocomposite at different wavelengths. This behavior 

can be explained by considering that the real part of the dielectric constant acts as a 

refractive index, particularly when there is minimal influence from the extinction 

coefficient. On the other hand, changes in the imaginary part of the dielectric 

constant are influenced by variations in extinction coefficient, especially within 

visible and near-infrared regions where there is relatively little change in refractive 
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index. The observed increase in extinction coefficient with wavelength contributes 

to these changes observed in the imaginary part of dielectric constant[26]. 

 

 

 

 

 

 

 

 

 

 

Figure 6. The real dielectric constant with the wavelength of PVA-PAAm-PEG blend and 

PVA- PAAm-PEG: CNT nanocomposite. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. The real dielectric constant with the wavelength of PVA-PAAm-PEG blend and 

PVA- PAAm-PEG: CNT nanocomposite. 
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Dispersion Parameters 

    The Dispersion parameters were studied and diagnosed using the Wemple 

DiDomenico model. For PVA- PAAm-PEG: CNT nanocomposite are determined 

from the relation Wemple and DiDomenico [27]:  

 n2 − 1 =
EdE0

E0
2− hv  2

                             (5) 

   In the given equation, 'n' denotes the refractive index, 'Eo' stands for the 

oscillator strength, and 'Ed' represents the dispersion energy linked with the energy 

of optical transitions [28]. These coefficients can be obtained by plotting (n
2
-1)

-1
 

on the y-axis against (hν)
2
 on the x-axis. Alternatively, the slope (Eo/Ed) and 

intercept (Eo/Ed) of the linear regression line can be used. Figure 8 demonstrates 

the relationship between (n
2
-1)

-1
 and (hυ)

2
[29].The resulting Eo and Ed parameters 

are summarized in Table 2. It was observed that both Eo and Ed values decreased 

with the increasing incorporation of CNT in the PAAm-PEG blend. Additionally, 

the bandgap (Eg) values can be approximated from the relationship Eo ≈ 2Eg [30].  

    The moments of the optical spectra (M-1, M-3) of PVA- PAAm-PEG: CNT 

can be determined using the following equations [31]: 

Eo
2 =

M−1

M−3
                                                 (6) 

Ed
2=

M−1
3

M−3
   (7) 

     The addition of CNTs to PVA-PAAm-PEG blends resulted in an increase in 

the optical spectral moments, as shown in Table 2. At the same time, there was a 

decrease in the energy difference values as the number of nanoparticles 

increased.Moreover, the augmentation of CNT nanoparticles resulted in increased 

values of n (0), M-1 and M-3 as depicted in Figure 8. These findings align with 

those reported by the previous researcher [32].  
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Figure(8): Plot of (n
2
 -1)

-1
 vs (hʋ)

2
 ofPVA- PAAm-PEG-CNT with various content of CNT. 

(a) 0 wt. (B) 0.005 wt. (c) 0.010 wt. (d) 0.015 wt. and (e) 0.020 wt. 
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Table 2. Optical parameters of PVA- PAAm-PEG: CNT nanocomposite. 

 

paramete

r 

PVA- PAAm-PEG 

0 wt. 
0.005 wt. 

CNT 

0.010 wt. 

CNT 

0.015 wt. 

CNT 

0.020 wt. 

CNT 

Eo2 88.275 83.545 

65.9333333

3 59.925 

38.4445544

6 

Eo 

9.39547763

6 9.1402954 

8.11993431

8 

7.74112394

9 

6.20036728

4 

Eg 

4.69773881

8 4.5701477 

4.05996715

9 

3.87056197

5 

3.10018364

2 

Ed 

29.2694007

3 

42.1211769

6 

18.8835681

8 

15.1786744

1 

33.5336251

2 

n2(0) 

4.11526479

8 

5.60829493

1 

3.32558139

5 

2.96078431

4 

6.40832882

6 

no(0) 

2.02861154

4 

2.36818388

9 

1.82361766

7 

1.72069297

5 

2.53146772

2 

ε 

4.11526479

8 

5.60829493

1 

3.32558139

5 

2.96078431

4 

6.40832882

6 

M-1 

3.11526479

8 

4.60829493

1 

2.32558139

5 

1.96078431

4 

5.40832882

6 

M-3 

0.03529045

4 

0.05515943

4 0.03527171 

0.03272063

9 

0.14067867

1 
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Conclusions 

    PVA-PAAm-PEG:CNT blends were prepared using the injection method, and 

optical microscopy images revealed a uniform dispersion of the nanomaterial in the 

films. Scanning electron microscopy (SEM) was utilized to investigate the 

compatibility between different components of the polymers and nanomaterials, 

providing insights into the surface morphology of the PVA-PAAm-PEG:CNT 

nanocomposite films.XRD analysis confirmed the existence of semi-crystalline 

PVA-PAAm-PEG and aggregates, while also revealing the hexagonal structure of 

the CNT as the inclusion percentage increased up to 20wt.%. The transmission 

capacity decreased with higher concentrations of CNT. The extinction coefficient 

and dielectric constant exhibited an increase with increasing CNT concentration, 

which can be attributed to enhanced electrical polarization within the 

nanocomposite. This is a result of an increased number of charges in the polymer 

due to higher sample concentrations. Upon investigation of the scattering 

coefficients, it was observed that the augmentation of nanoparticles in the films led 

to a decrease in diffusion parameters such as Eo, Ed, n(0), M-1, M-3, and ε. To assess 

the feasibility of utilizing the nanocomposites in optical devices, the Wemple-

DiDomenico model was employed to ascertain these diffusion parameters. 
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