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Background
Using ultrasonic waves, a multi-component reaction of aminotriazole, carbonyl
compounds and cyanoester derivatives, triazolopyrimidines are created with
outstanding yields in a shorter amount of time. Selenium nanoparticles (SeNPs)
with outstanding biological activity combined with triazolopyrimidine can imply
promising materials for different biological applications.
Objective
Synthesis of triazolopyrimidine compounds conjugated with SeNPs and their
incorporation into biodegradable polyvinyl alcohol for antimicrobial application
were investigated.
Methods
The synthesized triazole derivatives were used in the synthesis of in situ SeNPs.
The synthesized triazole derivatives and SeNPs were blended with polyvinyl
alcohol (PVa) to prepare composite films. All synthesized compounds were
confirmed using FT-IR, 1H-NMR, mass spectroscopy and elemental analysis.
The prepared PVa composite films with nanoparticles were tested against
Gram-positive (+ ve) and Gram-negative (−ve) bacteria.
Results
The treated PVA with the SeNPs showed high biological efficiency compared with
PVA treated with triazole derivatives.
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Introduction
The selenium element (Se) is extremely important and
benefits in the interest of human health, microbes and
animals. In recent decades, selenium nanoparticles
(SeNPs) have been gaining attention by many
researchers because of their ability to be compatible
with living tissue or a living system, their low toxicity,
available for the intended biological destination and
their high biological activity, so the use of SeNPs is in a
large range in medical and biological applications
[1–4]. Heterocyclic compounds, particularly those
having nitrogen atoms, are important molecules in
organic chemistry due to their extraordinary activity,
especially anticancer activity [5–12]. Triazole is an
important heterocyclic moiety, widely used in many
bioactive compounds and synthetic pharmaceuticals
[13–16]. Triazole fused with other heterocycles, such
as pyrimidine, is found in the core of various
pharmaceuticals and natural products, and has a
wide range of biological activities, including
Wolters Kluwer - Medknow
anticancer effects [14,17–22]. Some reports related
to the preparation of triazolopyrimidine have
appeared, however, it often requires drastic
conditions, long reaction times and the synthesis
pathways are complex and often require volatile
organic solvents [23]. Thus, a new route to the
synthesis of nanomaterial using bio-inspired and
greener methods is one of the most fascinating
aspects of current materials science. There is a
growing need to provide high-yielding, low-cost,
non-toxic, and ecologically friendly products’
synthetic methods for small-dimension materials,
which can be met by biological approaches.
Therefore, we focused on developing an
environmentally friendly synthetic method for
substituted triazolopyrimidines [24]. Recently, lemon
juice has been used as a biocatalyst in the synthesis of
heterocyclic compounds in our research because it is
DOI: 10.4103/epj.epj_172_23
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environmentally friendly, non-toxic, readily available
and inexpensive. Encapsulation or incorporation of
bioactive compounds and nanoparticles into a
biocompatible polymer was largely utilized to
minimize the side effect of these compounds on the
living cells [25,26]. Biocompatible polymers can be
found naturally such as chitosan, alginate, collagen and
gelatin, or synthetic ones such as polyvinyl pyrrolidone
polyethylene glycol and polyvinyl alcohol [27,28]. PVA
is a vinyl polymer with exclusively carbon-carbon bonds
with branched hydroxyl groups. PVA (polyvinyl
alcohol) is a water-soluble synthetic compound that
is commonly used in paints, adhesive, textile, paper
industry, food packaging industry and cosmetics
[29,30]. Enzymatic degradation of polyvinyl alcohol is
performed by Acinetobacter, Flavobacterium and
Pseudomonas bacterial strains having alcohol
peroxidase activity [31]. Therefore, in this study, we
reported a one-pot ternary reaction between amino
triazole, carbonyl compounds and active methylene
compounds in the presence of lemon juice using a
sono-synthesized method for preparation of bioactive
triazolopyrimidines [24,32]. SeNPs were also
synthesized using triazolopyrimidines as a stabilizing
and co-reducing agent for the synthesis of bioactive
SeNPs. The incorporation of these triazolopyrimidines
and SeNPs into a PVa film matrix was investigated
towards different Gram-positive and Gram-negative
bacterial strains.
Materials and methods
TLC stands for thin layer chromatography employing
aluminium UV fluorescent silica gel. Merck Kieselgel
60 F245 was reapplied to the sheets, which was used to
monitor all reactions. It was viewed with an ultraviolet
lamp and iodine vapour. All melting points were
obtained using an electro-thermal IA 9100
instrument (Shimadzu, Japan) and are uncorrected.
The Micro analytical center (Faculty of Science, Cairo
University, Cairo, Egypt) performed the micro
analyses. IR spectra were collected using KBr discs
on a JASCO FT/IR 6100 Japan spectrometer
(National Research Centre, Cairo, Egypt). 1H-
NMR spectra were measured in DMSO, CDCl3 or
CDCl3/CF3COOD using a JEOL EX-270 at
270MHz, a JEOL ECA-500 at 500MHz and a
JEOL ECA-125 at 125-MHz spectrometer
(National Research Centre, Cairo, Egypt). The
chemical shifts were measured in parts per million
(ppm) against tetramethylsilane (TMS) as an internal
reference, and the coupling constant J was measured in
hertz (Hz). The GCMS Finnigan mat SSQ 7000
spectrometer (National Research Centre, Cairo,
Egypt) was used to record the mass spectra. The
elemental analyzer (EDAX AMETEK Inc.,
Mahwah, NJ, USA) was used with acceleration
voltages of 15 kV at the National Research Centre
in Cairo, Egypt. Fine chemicals of analytical grade
were used. Aldrich selenium sulphate (H2SeO3) with
ascorbic acid (99%).
Conventional method for 4a-b synthesis
In ethanol (25ml), an equimolecular amount of 3-
amino-1,2,4-triazole (1) (0.083 g, 0.001mol), aldehyde
(2) [5-methyl furfuraldehyde or 3, 4, 6-
trimethoxybenzaldehyde] (0.001mol) and (3) ethyl
cyanoacetate to produce 4a or malononitrile to
produce 4b was refluxed for about 5 days. However,
there was no reaction after the intermediate stage. The
reaction was then resumed after the addition of 4-5
drops of lemon juice; the colour quickly changed to
yellow, and the progress was observed using TLC. The
reaction mixture was left at room temperature
overnight. The precipitate that formed was filtered,
washed with ethanol, then dried and recrystallized
from ethanol. 4a, yield 75%; mp 160−162°C, 4b,
yield 70%; mp 168−170°C.
Ultrasonic technique for 4a-b synthesis
In the bottom of a conical flask with water and a few
drops of lemon juice (10ml), equimolarr quantities of
3-amino-1,2,4-triazole (1) (0.083 g, 0.001mol), 5-
methyl furfuraldehyde (2) (0.011 g, 0.001mol) and
(3) ethylcyanoacetate were added. The combination
was immersed in ultrasonic waves for 3 h at room
temperature using an ultrasonic bath (230V, 33-
KHz output frequencies). During the reaction, the
product started to separate. The crystalline substance
was filtered and determined to be pure on TLC,
indicating that no additional recrystallization was
required.
Ethyl-5-amino-7-(2,4,5-trimethoxyphenyl)-7,8-dihydro
[1,2,4]triazolo[4,3-a]pyrimidine-6-carboxylate 4a
Yellow powder, IR (KBr, ν, cm-1); 3420 (NH2), 3141
(-NH), 3091 (-CH, aromatic), 2921 (-CH, aliphatic),
1714 (C=O), 1H-NMR (DMSO-d6, δ ppm): 8.01 (s,
1H, −CH, triazole ring), 7.62 (s, 1H, −NH, D2O
exchangeable), 7,38 (s, 1H, −CH, aromatic), 6.95 (s,
2H, −NH2, D2O exchangeable), 6.89 (s, 1H, −CH
aromatic), 4.95 (s, 1H, −CH), 4.25 (q, 2H, J=5.3Hz,
−OCH2CH3), 3.98 (s, 3H, −OCH3), 3.94 (s, 3H,
−OCH3), 3.92 (s, 3H, −OCH3), 1.30 (t, 3H,
J=5.3Hz, −OCH2CH3); MS (m/z, %), 376.34
(M+1, 18.81%), 375.25 (M+, 25.43%), Anal; Calcd;
for, C17H21N5O5 (375.39): C, 54.39%; H, 5.64%; N,
18.66%; Found: C, 54.33%; H, 5.62%; N, 18.75%.
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5-Amino-7-(furan-2-yl)-7,8-dihydro-[1,2,4]triazolo[4,3-a]
pyrimidine-6-carbonitrile (4b)
Brown crystals, IR (KBr, ν, cm−1); 3428 (-NH2), 2218
(C=N), 1060 (C=C); 1H-NMR (DMSO-d6, δ ppm):
8.03 (s, 1H, −CH, triazol ring), 7.51 (s, 1H, −NH),
7.45 (d, 1H, J=2.5Hz, CH, furan ring), 6.52 (d, 1H,
J=2.5Hz, CH, furan ring), 5.02 (s, 2H, −NH2,D2O
exchangeable), 4.87 (s, 1H, −CH); MS (m/z, %),
243.11 (M+1, 50.44%), 242,15(M+, 89.23%); Anal.
Calcd; for C10H8N6O (228.22): C, 52.63; H, 3.53;
N, 36.83; Found: 52.50; H, 3.56; N, 36.92.

Synthesis of in situ selenium nanoparticles (SeNPs)
using synthesized heterocyclic compounds 4a, 4b
Selenious acid (H2SeO3, 0.013 gm., 0.01mmol.) was
solubilized in distilled water (80ml.) in a conical flask.
Compounds 4a, and 4b (0.01 g) in DMSO (10ml)
were added to the selenious acid solution, after the
solution was heated to 60°C. Themixture was stirred at
60°C for 1 h; then 200 μl of 40mM ascorbic acid was
added as a catalyst to obtain the ruby red SeNP
suspension. The formation of SeNPs was confirmed
and evaluated by using an UV spectrophotometer,
dynamic light scattering and TEM.
Polyvinyl alcohol (PVa)/triazole composite film
preparation
PVa composite films in the presence or absence of
triazole derivatives and SeNPs were prepared using
casting evaporation technique. PVa was solubilized in
pure water at 90 °C for about 4 h to obtain polymer
concentration of 1%. Triazole derivative (0.02 g) was
dissolved in 5ml of DMSO and added dropwise to
20ml of PVa solution under vigorous stirring. The
polymer triazole derivative blend solution was poured
into a 15-ml petridish and evaporated in an oven at
50 °C for 24 h. For selenium composite film, the
suspension of SeNPs and triazoles prepared in the
previous step was added to PVa solution under
stirring, then poured in a petridish and dried with
the same condition of PVa triazole films.
UV-VIS (ultraviolet-visible)
Ultraviolet-visible (Shimadzu spectrophotometer) was
employed to monitor SeNPs production in
triazolopyrimidine solution within a spectral range of
400-700 nm.
Transmission electron microscope
High-resolution transmission electron microscopy
(HR-TEM) (JEOL, JEM-2100 TEM) was used to
get the shape and size of SeNPs. TEM samples were
made by putting a drop of SeNPs suspension on
400mesh carbon-coated copper grid; at ambient
temperature, followed by solvent evaporation.
Scanning electron microscope (SEM)
SEMwas utilized to examine the surface topography of
the prepared PVa composite films. It was performed
using SEM (QUANTA FEG 250 ESEM). To
determine the elemental constituents within the
examined films, energy-dispersive x-ray (EDX) was
employed using elemental analyzer (EDAX
AMETEK Inc., Mahwah, NJ, USA) using
acceleration voltages of 15 kV.
Dynamic light scattering (DLS)
A particle-size analyzer (Nano-ZS, Malvern
Instruments Ltd., UK) was used to assess the mean
diameter and size distribution of suspension samples.
The suspension samples were sonicated for 10-20min
just before measurements.
Agar disc diffusion test (ADDT)
The agar disc diffusion method was used to conduct
antimicrobial tests. Under aseptic conditions, sterile
plates of Muller-Hinton agar (Oxoid) and potato
dextrose agar were prepared. The media is then
allowed to cool and solidify for 15min. Freshly
prepared bacterial and mycotic suspensions were
made using reference strains/isolates. The surface of
theMuller-Hinton agar plates and potato dextrose agar
was then covered with 100 l of suspension containing
1×108 CFU/ml of pathologically tested bacteria/
mycotic strains/isolates. The material was then cut
under sterile conditions into 1-cm squares, and once
the reference strain had distributed, the material was
placed onto the surface and pressed well to allow the
spread of the active ingredient under research. After
that, the inoculation plates were incubated for 24 h
[33]. Antimicrobial activity was represented as
inhibitory diameter zones in millimetres (mm) after
incubation time. The experiment was repeated three
times, and the average zone of inhibition was
calculated. The zone of inhibition is determined
using a measuring calibre. When there is negative
inhibition, the results are reported as ‘zero” ZOI.
The following scales of −ve and +ve scoring were
used to indicate the results: 0-6mm (−), 7-12mm
(+), 13-18mm (++), 19-24mm (+++), 25-30mm (++
++) and 31-36mm (+++++).
Results and discussion
Chemistry
As continuation of our ongoing research endeavours,
to develop molecules of the privileged class [13], we
present herein one-pot synthesis of triazolopyrimidines
by reaction of a mixture of amino-triazole 1, aldehyde
compounds 2, and active methylene compounds 3 with
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an equimolar ratio in an aqueous medium to produce
triazolopyrimidines in a convenient and rapid manner,
owing to our particular interest in the use of the
aqueous medium for heterocyclic synthesis. The
reaction was evaluated under various reaction
conditions to determine the best outcomes and
optimize the procedure. Initially, we used the
standard way to explore the reaction in ethanol with
triethylamine catalyst and discovered that the target
product was produced in low yield. Surprisingly, no
product was produced when the reaction was carried
out in ethanol without the use of a catalyst using the
standard method. Furthermore, all of our attempts to
increase yield, such as higher temperatures and longer
response times, were not succeeded. To improve
efficiency, we elected to run the reaction in water at
mild conditions, and we noticed that the reaction went
smoothly, providing the needed product in good to
excellent yields. To improve the process even further,
the reaction was performed in an ultrasonic bath with
lemon juice as a green catalyst. Fruit juice acts as a
biocatalyst in a variety of chemical reactions, and this
biocatalyst satisfies all green chemistry standards.
Analytical and spectral data confirmed the structure
of the newly synthesized compounds (Scheme 1), as
follows:
Scheme 1

Synthesis of the triazolopyrimidine derivatives 4a,b.
Ethyl-5-amino-7-(2,4,5-trimethoxyphenyl)-7,8-dihydro
[1,2,4]triazolo[4,3-a]pyrimidine-6-carboxylate 4a
Yellow powder, IR (KBr, ν, cm-1); 3420 (NH2), 3141
(-NH), 3091 (-CH, aromatic), 2921 (-CH, aliphatic),
1714 (C=O), 1H-NMR (DMSO-d6, δ ppm): 8.01 (s,
1H, −CH, triazole ring), 7.62 (s, 1H, −NH, D2O
exchangeable), 7,38 (s, 1H, −CH, aromatic), 6.95 (s,
2H, −NH2, D2O exchangeable), 6.89 (s, 1H, −CH
aromatic), 4.95 (s, 1H, −CH), 4.25 (q, 2H, J=5.3Hz,
−OCH2CH3), 3.98 (s, 3H, −OCH3), 3.94 (s, 3H,
−OCH3), 3.92 (s, 3H, −OCH3), 1.30 (t, 3H,
J=5.3Hz, −OCH2CH3); MS (m/z, %), 376.34
(M+1, 18.81%), 375.25(M+, 25.43%), ;Anal; Calcd;
for, C17H21N5O5 (375.39): C, 54.39%; H, 5.64%;
N, 18.66%; Found: C, 54.33%; H, 5.62%; N, 18.75%.
5-Amino-7-(furan-2-yl)-7,8-dihydro-[1,2,4]triazolo[4,3-a]
pyrimidine-6-carbonitrile (4b)
Brown crystals, IR (KBr, ν, cm−1); 3428 (-NH2), 2218
(C=N), 1060 (C=C); 1H-NMR (DMSO-d6, δ ppm):
8.03 (s, 1H, −CH, triazol ring), 7.51 (s, 1H, −NH),
7.45 (d, 1H, J=2.5Hz, CH, furan ring), 6.52 (d, 1H,
J=2.5Hz, CH, furan ring), 5.02 (s, 2H, −NH2,D2O
exchangeable), 4.87 (s, 1H, −CH); MS (m/z, %),
243.11 (M+1, 50.44%),242,15(M+, 89.23%); Anal.
Calcd; for C10H8N6O (228.22): C, 52.63; H, 3.53;
N, 36.83; Found: 52.50; H, 3.56; N, 36.92.
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Synthesis of heterocyclic selenium nanoparticles 4a-
SeNPs, 4b-SeNPs using triazole derivatives (4a, 4b)
Nanoparticles have been characterized by their higher
surface area to volume ratio rather than micro- or
sub–micrometer-sized particles and can bind large
numbers of targeting biomolecules (such as enzymes,
proteins and DNA) or chemical substances
(chemotherapeutic agents). As a result, the researchers
attempted to synthesize unique SeNPs using the
synthesized triazolopyrimidines (4a, 4b), which have
adequate low decreasing but high stabilizing power
during SeNP production. Organic heterocycle
derivatives convert the Se+ cation to Se utilizing
ascorbic acid as a catalyst, which serves as an aldehyde
to produce SeNPs and stabilize their nanostructure from
aggregation [34,35].Organicmolecules having reductive
groups, such as −OH, −NH, −NH2 and others, could
decrease selenium cation. The synthesized structure
4a-SeNPs, 4b-SeNPs is presented in Fig. 1. SeNP
compounds (4a-SeNPs, 4b-SeNPs), UV
spectrophotometer, TEM method and particle-size
distribution all corroborated this.
UV-visible (UV-Vis) spectrum
The solution converting to red colour after adding
H2SeO3 to triazole derivatives was the first sign of
nanoparticle production. Compounds (4a, 4b) were
solubilized in DMSO and stirred for 1 h at 60°C, as
demonstrated in Fig. 2a. UV-Vis spectroscopy was
used to monitor the synthesis of SeNPs forming 4a-
SeNPs and 4b-SeNPs suspensions. The UV-Vis
absorption spectrum of SeNPs suspension is shown
in Fig. 2b. The absorption spectra of the suspension
solution of SeNPs showed an absorption peak at
Figure 1

Chemical structures of synthesized Het-SeNPs 4a-SeNPs, 4b-SeNPs.
460 nm, which corresponds to the surface plasmon
resonance peaks.
Transmission electron microscope (TEM)
Transmission electron microscopy was used to
establish the feature of selenium nanoparticles
suspended in an aqueous solution [36]. The
produced selenium nanoparticles were examined by
TEM, either alone or placed onto the synthesized
triazolopyrimidines (4a,b). Figure 3 depicts the
existence of produced SeNPs in the tested sample.
SeNPs are spherical with minimal aggregates, with
particle diameters ranging from 24.98 to 60.78 nm.
Figure 3a-b show that when SeNPs are put onto the
examined compounds 4a,b, they distribute evenly
throughout both samples. The triazolopyrimidines
synthesized aided in the hindrance of agglomeration
of SeNPs. The stabilizing impact of nitrogen-based
molecules appears to have contributed to the creation
of segregated SeNPs [37].
DLS (dynamic light scattering)
Synthesized particle size 4a-SeNPs and 4b-SeNPs was
determined using dynamic light scattering (DLS)
techniques. The particle-size range shown in
Table 1, Fig. 4 is 50.43 and 80.90 nm on average
size. DLS measurement produces larger particle sizes
than TEM measurement because TEM delivers an
image for a definite selected area, but DLS delivers an
overall view of nanoparticles and their accumulations.
Furthermore, DLS refers to the hydrated particles
(hydrodynamic radius of nanoparticles) or coated
particles in an aqueous solution, whereas TEM
refers to nanoparticle dry diameter [38]. Mean



Figure 2

A photograph of the formed selenium nanoparticles (a) and UV-Vis spectrum of synthesized SeNPs (b).

Figure 3

TEM of SeNPs, loaded onto (a) compound 4a, and (b) compound 4b, respectively.

Table 1 Particle size of selenium nanoparticles

Compounds no. MPS (nm) PDI SD
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particle size (MPS) of selenium nanoparticles 4a-
SeNPs and 4b-SeNPs is shown in Table 1.
4a-SeNPs 50.43 0.666 ±5.876

4b-SeNPs 60.90 0.336 ±8.414
ATR-FTIR
Characterization of untreated and treated reactive
functional groups composite films: PVa, PVa/4a,
PVa/4a-SeNPs, PVa/4b and PVa/4b-SeNPs as
illustrated in Fig. 5, samples were analyzed using
FT-IR. The FTIR spectrum of untreated PVa
shows distinctive peaking at 3257 cm−1 linked to
−OH stretching, 2910 cm−1 related to −C-H
stretching vibration and 1326 cm−1 corresponding to
H-O-C symmetric bending vibration. The stretching
vibration carbonyl (C=O) of the acetyl group of the
unhydrolyzed section of the PVa structure was
responsible for the peak at 1712 cm−1. The infrared
spectra of treated PVa/4a indicated a small shift in the
peak of carbonyl bond: it appeared at 1720 cm−1 related
to a combination of the carbonyl of the polymer and
−C=O in the functional acetate (-COOC2H5) group
of triazole. The −C-N bonds have a peak at 1414cm−1,
and the aromatic protons have a peak around
2938cm−1. The IR spectra of treated PVa/4a-SeNPs
revealed a peak at 1731 cm−1 for the −C=O in the
functional acetate (-COOC2H5) group and 601 cm−1

for the selenium. The IR spectra of treated PVa/4b
revealed a peak at 2220 cm−1 associated with −CN in
the functional cyano group. The −C-N bonds have a
peak at 1415 cm−1, whereas the aromatic protons have a
peak around 2939 cm-1. IR spectra for treated PVa/
4b-SeNPs: the features peak at 2227 cm−1 for the −CN
functional cyano group and 608 cm−1 for selenium.
When untreated and treated PVa were compared, they
revealed similar peaks with minor shifts in some peaks



Figure 4

Particle size from DLS of SeNPs. a), b) SeNPs loaded onto 4a, b, respectively.
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due to the low percent of treatment chemicals
employed for treated PVa.
Scanning electron microscopy (SEM)
SEM images of untreated and treated 100% PVa, 4a/
PVa,= and 4a-SeNP/PVa samples are shown in Fig. 6.
Figure 5

FTIR of blank and treated PVa.
The blank-untreated PVa morphology (Fig. 6a)
showed a homogeneous and smooth surface, which
resulted from casting and evaporation technique that
produces dense and nonporous or rough surface [39].
Whereas the treated samples with triazole derivatives
(Fig. 6b) displayed a fairly rough surface structure,



Figure 6

SEM of surface of (a) PVa, (b) PVa-4a and (c) PVa-4a-SeNPs films,
respectively.

Table 2 Inhibition zone of tested composite films using agar disc d

Material tested/ Tested strains PVa/4b

Gram positive bacteria

S. aureus ATCC 25923 (1) 0 (−)

L. monocytogenes ATCC 7644 (4) 0 (−)

Methicillin Resistance S. aureus (MRSA) isolate (6) 0 (–)

Gram negative bacteria

E.coli O157 ATCC 700728 (2) 0 (−)

Shiga Toxin producing E. coli (STEC) isolate (8) 0 (−)

Salmonella enterica Typhimurium ATCC 14028 (5) 0 (−)

Fungus

Yeast: C. albicans ATCC 10231 (3) 20 s (++++)

0-6mm (−), 7-12mm (+), 13-18mm (++), 19-24mm (+++), 25-30mm (+
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maybe due to changes in the microstructural properties
introduced by triazole derivatives during the
preparation process. The surface topography of
composite films containing triazoles and SeNPs
(Fig. 6c) appeared with some pores and small
perceptible breaks that may be due to some
aggregation of nanoparticles during the evaporation
process [40].

The elemental analysis of the blank PVa in addition to
PVa/4a and 4a-SeNP/PVa was explored using EDX
measurement as indicated in Fig. 7. The PVa chart
displayed the carbon and oxygen elements representing
the chemical constitutions of polyvinyl alcohol
structure. After treatment of PVa with 4a, well-
representative peaks for carbon, oxygen and nitrogen
were obviously displayed with percent ratio of 63.90,
35.06 and 1.04wt%, respectively. The presence of
nitrogen element in this analysis indicates the
inclusion of triazole derivatives into the PVa matrix.
After treatment of PVa with 4a-SeNPs, the EDX chart
indicated well-characterized peaks for carbon, oxygen,
nitrogen and selenium, which obviously appeared with
percent ratio of 64.11, 34.34, 1.01, and 0.54wt %,
respectively. The existence of selenium and nitrogen
ions in EDX measurement indicates the successful
treated procedure of the PVa modification.
Antimicrobial activity
The in vitro antibacterial activity of the PVa blends
with 4a, 4a-SeNPs, 4b and 4b-SeNPs, against three
strains of Gram-positive bacteria (S. aureus ATCC
25923, L. monocytogenes ATCC 7644 and methicillin

resistance S. aureus (MRSA) isolate), whereas strains of
Gram-negative bacteria (E. coli O157 ATCC 700728,

Salmonella enterica Typhimurium ATCC 14028 and

Shiga toxin- producing E. coli (STEC) isolate) were
investigated using disc-diffusion methods as well as
mycotic reference strain/isolate, including yeast; C.
iffusion test (ADDT)

PVa/4b/Se PVa/4a PVa/4a/ Se Blank PVa

35 (+++++) 30 (++++) 45 (+++++) 0 (−)

0 (–) 0 (–) 0 (–) 0 (−)

0 (–) 0 (–) 0 (–) 0 (−)

30 (++++) 30 (++++) 45 (+++++) 0 (−)

0 (−) 0 (−) 0 (−) 0 (−)

0 (−) 0 (−) 0 (−) 0 (−)

34 (+++++) 32 (+++++) 35 (+++++) 0 (–)

+++), 31-36mm (+++++). *S=bacteriostatic antimicrobial activity.
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albicans ATCC 10231. The obtained results of
antibacterial and antifungal activities are shown in
Table 2. The given results of Table 2 clearly
revealed that the investigated PVa/4a-SeNPs, and
PVa/4b-SeNPs blends in this study have relatively
promising antibacterial efficiencies. This activity was
found to be significant against S. aureus as a the Gram-
positive strains and E.coli as Gram-negative ones.
Figure 7

EDX analysis of (a) PVa, (b) PVa-4a and (c) PVa-4a-Se films, respectiv
Moreover, the potency of all tested PVa blends were
extended to C. albicans as Yeast and showed high
potent activity. Concerning the Gram-positive
strains (L. monocytogenes ATCC 7644 and methicillin

resistance S. aureus (MRSA) isolate) and Gram negative
strains (Salmonella enterica Typhimurium ATCC 14028,

Shiga Toxin producing E. coli (STEC) isolate), the
antibacterial activity of PVa/4a, 4b blends under
ely.
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investigation clearly showed no activity. The most
expected important mechanism for antimicrobial
actions of PVa/4a-NPs and PVa/4b-NPs may be
due to the electrostatic contact between the ionic
SeNPs and microbial cell surface. The observed
antimicrobial activity of the investigated PVa/4a-
NPs and PVa/4b-NPs blends also can be due to the
presence of triazole units in the organic compound
since the grafted PVa containing the triazole ring is
biocompatible, biodegradable and antimicrobial
[41–43].
Conclusion
Our work is focused on modification of polyvinyl
alcohol (PVa) film using ecofriendly-synthesized
heterocyclic triazole derivatives 4a, b and selenium
nanoparticle-loaded heterocyclic triazoles
(SeNPs@triazoles) for antibacterial application. PVa
modification with triazole derivatives 4a, b and a one-
pot synthesis of SeNPs@triazoles was used. In this
study, triazole derivatives 4a, b and SeNPs@triazoles
were mixed with PVa polymer solution, then casted
and evaporated to obtain composite PVa films. Various
characterization instruments validated the effective
synthesis of triazole derivatives and the creation of
nanoparticles. The blank PVa and composite PVa
films were tested for their bio-activity towards G
+ve bacteria and G −ve bacteria. The results showed
high activity for selenium-containing films: PVa/4b-
SeNPs and PVa/4a-SeNPs than containing the
synthesized triazoles 4a, b only and blank PVa film.
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