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Abstract: Polymeric thin biofilms of polyvinyl alcohol (PVA)/sodium alginate (SA) doped with a 

different mass fraction of synthesized selenium nanoparticles were successfully synthesized using 

traditional solution casting routine. Obtained samples were studied for their structural variations using 

Fourier transform infrared (FT-IR), and ultravilot/visible (UV/Vis.) spectroscopy. FT-IR spectral data 

reveals the appearance of spectral bands characterized the functional groups of both PVA and SA 

structural units in their positions. UV/vis. spectral data was employed to calculate the optical energy 

gap of prepared samples. Antibacterial tests against pathogenic bacteria were performed and correlated 

to the optical energy gap.  

Keywords: Polyvinyl alcohol; Sodium alginate; Polymer blend; FTIR; UV/Vis.; Antibacterial tests. 

© 2020 by the authors. This article is an open access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Polymers are found in our daily life details. Due to their unique properties, the polymers 

industry has spread widely and become one of the most effective industries. Lately, a new 

concept has appeared and caused a revolution in polymer industries, it is called blending. 

A combination of two or more different polymers produces a new material system 

which is called polymer blend [1-3]. This new material has desirable characteristics than its 

components so blending is an effective process for improving characteristics of polymeric 

materials. Natural and synthetic polymers may be combined with different mass fractions to 

obtain superior materials for specific applications [3]. As the addition of synthetic polymer 

improves the mechanical characteristics of the natural polymer, as well as its stability and 

presence of natural polymer, enhance biocompatibility, biodegradability, and hydrophilicity. 

These blends-in most cases- tend to form hydrogen bonds [1, 3]. 

Sodium Alginate represents a class of natural polysaccharide that acquired from brown 

seaweeds [4-7]. It consists of linear chains of (1, 4) β-D-mannuronic acid and (1, 3) α-L-

guluronic acid units. Sodium Alginate has been listed as a safe material by Food and Drug 

Administration (FDA). So, it is used in food and drinks industry, it also has other various 

applications; it is used as an emulsifier and gelling agent, thickeners in paint and dye industry 

and chelator in medical fields [6, 8, 9], used in the cosmetic industry, textile industry and 

adhesive pastes [4, 10]. 

Polyvinyl Alcohol is a synthetic linear polymer that prepared via hydrolysis or 

alcoholysis of polyvinyl acetate under alkaline or acidic conditions [11, 12]. It was first 
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prepared in 1924 by W. Herrman and W. Haehel. It is characterized by its good film-forming 

ability [11], excellent physical properties and high stability due to its high chemical resistance 

[4, 5, 8, 11]. PVA is commonly used by blending with other polymers to improve mechanical 

properties [5, 8, 13, 14]. Its unique chemical and mechanical properties open many fields to be 

used in as pharmaceutical fields; coating of medicinal tablets, medical fields; making surgical 

threads and other industries as lacquers, resins, food package materials, paper, textile sizing 

and as a surfactant in making films and glues [4, 12]. 

Sodium Alginate is rigid and brittle polymer, so it has poor mechanical properties which 

can be improved through blending with a synthetic polymer as PVA [8] which has good 

mechanical properties producing miscible biomaterial with enhanced mechanical 

characteristics and biocompatibility [5, 7, 13]. Introducing nanoparticles to polymer composite 

is an interesting technique for many applications [8, 15, 16]. 

Selenium is a nonmetallic element that is located in the 16th group in the periodic table. 

It exists in organic and inorganic forms, it is essential in our daily diet. On the other hand, it 

has high toxicity if taken with too much dose in the diet. So toxicity of selenium forms 

hindrance in its applications. But it was found that Selenium nanoparticles are much less toxic 

than elemental selenium (about 7 times) [17, 18]. SeNP’s can be prepared by various methods 

with high biological activity and photoelectric performance so they have many applications; 

they are used in solar cells besides many various uses and most commonly used in the medical 

field as an immunostimulatory agent against different types of cancer [17, 18]. 

SeNP’s tend to agglomerate which decreases stability [16] so before using in any 

application, they must be stabilized firstly. Coating by polymeric material is a simple technique 

for stabilizing of SeNPs. As it causes increasing viscosity, reducing interaction between 

Selenium nanoparticles, decreasing agglomeration and also helping conjugation of 

nanoparticles with biomacromolecules. 

During the present work, composite films of PVA/SA filled with different mass 

fractions were synthesized and characterized using different characterization techniques and a 

trail to correlate physical and biological parameters was introduced. 

2. Materials and Methods 

2.1. Materials.  

Materials used within the preparation process are of pure chemical reagent and used 

without further purification. Sodium alginate (SA) purchased from Alfa Aesar Co., Polyvinyl 

alcohol of molecular weight 15000 purchased from MP Biomedicals, Inc., Sodium selenite and 

Albumin from porcine serum supplied by Sigma-Aldrich Co.  

2.2. Preparation of Selenium nanoparticles. 

0.2g of sodium selenite was stirred with 50ml bi-distilled water. 0.2 g of albumin was 

stirred in 20 ml bi-distilled water. Final obtained solutions were then mixed and placed in a 

clean autoclave regulated at about 120˚C for 20 minutes. The Solution of selenium 

nanoparticles has a reddish color was obtained. 
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2.3. Preparation of PVA/ SA blend. 

The base sample of PVA/SA was prepared by dissolving a pre-calculated equal amount 

of both polymers separately in bi-distilled water. After the solubility of the polymers, the two 

solutions were added to each other and stirred at 50 C for about 2h. The obtained mixture was 

then left to cool to obtain a bubble-free solution with acceptable viscosity and homogeneity. 

The solution was then poured in a plastic Petri-dish and water evaporates in an oven regulated 

at 45 C for three days. The film was then peeled from the dish and preserved in a dry place 

until use. The same steps were repeated with different calculated mass fractions of SeNPs to 

obtain the Se doped samples. Sample notation and composition was introduced in Table 1. 

Table 1. Samples notation and composition. 

Sample notation 
 PVA  SA  SeNPs  

ml added  Wt% Wt% 

PVA  100 - - 
SA  0 100 - 

PVA/SA  50 50 - 

Se2  50 50 2 ml 

Se4  50 50 4 ml 

Se8  50 50 8 ml 

Se16  50 50 16 ml 

3. Results and Discussion 

3.1. Characterization of SeNP’s. 

The formation of SeNP’s can be cheeked via UV/vis. The spectral analysis which was 

carried out in wavelength range 200-1100 nm as shown in Figure 1. Obtained solution exhibited 

absorption maxima at a wavelength around 388 nm which is the characteristic absorption of 

SeNP’s as reported by different authors [15-18]. Figure 2 shows transmission electron 

microscopic (TEM) images combined with their selected area electron diffraction (SAED). 

Drawn data approve the formation of crystalline nano-spheres of diameter ranging between 25-

50 nm.  

This section may be divided by subheadings. It should provide a concise and precise 

description of the experimental results, their interpretation as well as the experimental 

conclusions that can be drawn.  
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Figure 1. UV/Vis optical absorption spectra of synthesized SeNP’s. 
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Figure 2. TEM/SAED images of synthesized SeNP’s. 

3.2. Fourier Transform Infrared (FTIR). 

FTIR can be considered as one of the most important techniques for the characterization 

of systems; it provides us with information about the composition of the blend in the addition 

to interactions between polymers of the blend. Figure 3 shows FTIR spectra for pure PVA and 

SA and their blend before and after the addition of different concentrations of SeNP’s. Different 

characteristic bands previously reported [11, 14, 15] for studied polymers were observed in 

their positions. The bands located at about 3389 cm-1 in the spectrum of SA attributed for –OH 

groups, while that at 1610 cm-1 assigned for the symmetric -COO- stretching vibration and at 

band located at about 1416 cm-1 assigned to the asymmetric –COO- stretching vibration. The 

bands located at 3338, 2940, 1426 cm-1 assigned for –OH groups and stretching, bending 

vibrations of C-H groups respectively. 

For PVA/SA blend films, the characteristic band of the two polymers –OH group at 

3338 and 3389 cm-1 was observed shifted to less frequency range (3350 cm-1) in spectra of 

PVA/SA blend, this indicates hydrogen bonding [4, 6]. It was noticed that absorption bands of 

the blend are similar to those of the pure components with different intensity. It was observed 

also that introduction of SeNP’s in the previously mentioned concentrations resulted in 

observed changes both in the position or intensity of the absorption bands of the blend. Peak 

position and their assignments can be summarized and tabulated as shown in Table 2 [14-16]. 
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Figure 3. FTIR spectra for PVA/SA blend with different contents of SeNP’s. 
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Table 2. FTIR band position and assignment. 
Pure PVA 

3338 -OH group 

2940 Stretching C-H  

1426 Bending C-H 

Pure SA 

3389 -OH group 

2930 Stretching -CH 

1610 Symmetric -COOH 

1416 Asymmetric -COOH 

1040 C-O-C group 

PVA/SA 

3350 -OH group 

2930 Stretching -CH 

1610 Symmetric -CH 

1416 Asymmetric -CH 

3.3. Ultra Violet Visible spectra (UV-Vis). 

UV-Visible spectra for pure samples, pure blend, and blends with SeNPs were 

measured at a wavelength range of 200-1100 nm. As shown in Figure (4.a) both virgin samples 

of pure PVA and SA showed absorption bands in the UV region below 250 nm usually 

attributed to -electron transition and without any additional peaks till the end of 

measurements. Besides, transparent films of the PVA/SA blend showed a weak absorption 

band at the shorter wavelength without further peaks to the end of measurements. Figure (4.b) 

reveals UV/Vis. absorption spectral data of synthesized films before and after the addition of 

successive amounts of SeNP’s. With introducing successive amounts of SeNP’s to the 

(PVA/SA) blend no new absorption peaks were observed. It was noticed that the absorbance 

of the sample within the visible region increases with increasing SeNP’s content. Besides, a 

red shift in the fundamental absorption edge was also observed indicating a decrease in the 

optical energy gap associated with increasing SeNP’s content within the matrix [17, 18]. 
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Figure 4. UV-Vis absorption spectra of SA, PVA virgin samples, and their blend (a) PVA/SA with different 

contents of SeNPs (b). 

3.4. X-ray diffraction. 

XRD is used to obtain information about the structure and crystallinity of the prepared 

samples. XRD patterns were measured within the diffraction angles 5-70˚. PVA, SA and their 

blend are represented in Figure (5.a) shows a sharp board peak located at 2θ=19.5˚ for pure 
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PVA which corresponds to the lattice plane (110) indicating the semi-crystalline nature of 

PVA. XRD pattern approves also the amorphous structure of the SA. The blending process 

appears to preserve the semi-crystalline character of PVA as that previously reported by 

different authors [19-21]. Figure (5.b) represents XRD of pure blend sample in addition to other 

samples with different concentrations of SeNP’s. Recorded spectra indicate that the addition 

of SeNP’s didn’t significantly affect the semi-crystalline nature of the blend. 
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Figure 5. XRD of studied biofilms. (a) XRD pattern of pure PVA and SA and their pure blend, (b) XRD pattern 

for PVA/SA blend with different contents of SeNPs. 

3.5. Antimicrobial analysis. 

Antimicrobial activity of pure PVA and SA and their blend with different contents of 

SeNPs was investigated against Staphylococcus aureus, Bacillus subtilis, Esherichia coli and 

Pseudomonas aeuroginosa bacteria and Candida albicans Fungus [22, 23]. Table 3 shows the 

diameter of the inhibition zone of the used microbes. The % activity index was calculated for 

the tested samples using the relation: 

% 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 =  
𝑍𝑜𝑛𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑏𝑦 𝑡𝑒𝑠𝑡 𝑠𝑎𝑚𝑝𝑙𝑒

𝑍𝑜𝑛𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑏𝑦 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 
𝑥100 

Figure 6 shows the variation of antibacterial activity versus SeNP’s concentration or 

optical energy gap within the polymeric network. 

Table 3. The diameter of the inhibition zone and % activity index for PVA/SA blend with SeNPs contents. 

No.  

Sample 

E. coli Pseudomonas 

aeuroginosa 

S. aureus Bacillus subtilis C. Albicans 

Dim. Act. Dim. Act. Dim. Act. Dim. Act. Dim. Act. 

1 SA 7.0 17.5 8.0 17.8 5.0 20 4.0 13.33 -- 
 

2 PVA 4.0 10 4.0 8.89 3.0 12 3.0 10 --  

3 S0 5.0 12.5 5.0 11.11 4.0 16 4.0 13.33 --  

4 S1 10.0 25 9.0 20 7.0 28 5.0 16.67 3.0 7.5 

5 S2 13.0 32.5 13.0 28.89 8.0 32 6.0 20 5.0 12.5 

6 S3 15.0 37.5 16.0 35.56 10.0 40 8.0 26.67 7.0 17.5 

7 S4 17.0 42.5 18.0 40 12.0 48 14.0 46.67 9.0 22.5 

 Ampicillin 40  45  25  30    

 Colitrimazole         40  
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Figure 6. Variation of activity index and content of SeNPs in PVA/SA blend. 

Among the studied samples and the different types of the tested bacteria, it was noticed 

that PVA/SA blend with 8 and 16 ml of SeNPs content had the largest inhibition zones and so 

the highest antimicrobial activity. From the obtained results it was found that both of inhibition 

zone and activity index against bacterial [21] and fungal activity increased widely with 

increasing of SeNP’s content in the blend until the content of 8 ml whereby increasing more 

content of SeNP’s causing a slight increase in the activity index so when using PVA/SA blend 

with SeNP’s the content of 8 ml SeNP’s is recommended. This antimicrobial activity is due to 

diffusion through the cell membrane and then interaction with the cell protein leading to its 

damage. It is known that nanoparticles are the best material increasing diffusion due to their 

tiny-sized particles so large surface area. So as the content of nanoparticle increases leading to 

facilitate more diffusion of material through the microbial cell causing faster and more damage 

to the cell. 

4. Conclusions 

 Composite biofilms of semi-natural polymer blend PVA/SA containing gradually 

increased SeNP’s were successfully synthesized via ordinary solution casting route. FTIR 

spectral data reveals a close similarity of spectral data of the two virgin polymers with that of 

the blend. SeNP’s resulted in observed changes either in the position or intensity of the 

absorption bands of the blend. UV/Vis. optical absorption data shows the dependence of 

SeNP’s concentration with the optical energy gap. Antibacterial tests against pathogenic 

bacteria were performed and correlated to the optical energy gap. 
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