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N

EW biocidal compounds were synthesized by reacting 4-hydroxy acetophenone with ethyl
cyanoacetate and 2-chlorobenzaldehydes and ammonium acetate in absolute ethanol to
give 4-(2-chlorophenyl)-2-hydroxy-6-(4-hydroxyphenyl) nicotinonitrile which by epoxidation
gives 4-(2-chlorophenyl)-6-(4-(oxiran-2-ylmethoxy) phenyl)-2-oxo-1,2-dihydropyridine-3carbonitrile. Another compound was synthesized by reacting 4-hydroxy acetophenone with
ethyl cyanoacetate and 4-nitrobenzaldehydes and ammonium acetate in absolute ethanol to
give 2-hydroxy-6-(4-hydroxyphenyl)-4-(4-nitrophenyl)nicotinonitrile witch by epoxidation
gives 4-(4-nitrophenyl)-6-(4-(oxiran-2-ylmethoxy) phenyl)-2-oxo-1,2-dihydropyridine-3carbonitrile. The synthesized four compounds and standard biocide (Zn omadine) were added
separately to LDPE and HDPE and polystyrene in the same ratio (0.1 phr) followed by studying
the melt flow rate and mechanical properties and electrical properties of LDPE and HDPE and
polystyrene. In addition the biological activity of the prepared blends with LDPE or HDPE or
PS were studied against two local isolates E. coli sero type O145 as gram-negative bacteria and
S. epidermidis as gram-positive bacteria The antimicrobial test was performed quantitatively
using the standard test method.
Keywords: 2-pyridone, epoxidation, antimicrobial activity, Plastic, Polyethylene, Polystyrene.

Introduction
Microbes are the source of infections [1]. The
most cause of infectious diseases is the pathogenic
microbes [2]. An antimicrobial agent is defined as
a material used to kill or inhibit microbes. The
antimicrobial agent in polymers include pyridine
[3], imidazole [4], N-halamines [5], metal ions
such as silver ions, copper ions, zinc ions [6- 8],
various types of quaternary ammonium [9-15]
and phosphonium salts [16-20]. The antimicrobial
polymers were discovered in 1965 [21]. The
antimicrobial polymers are applied in the medical,
food and textile industries.
According to the mechanism of antimicrobial
activity, the activity of antimicrobial polymers can
be categorized as either passive or active. A passive
polymer layer can reduce protein adsorption on

its surface, thereby preventing the adhesion of
bacteria. Passive surfaces repel bacteria. Due to
the mainly hydrophobic and negatively-charged
properties of microbes, passive polymers should
be either (1) hydrophilic; (2) negatively-charged;
or (3) have a low surface free energy [22, 23].
Active polymers actively kill bacteria that adhere
to the polymer surface. Polymers functionalized
with active actions can be classified as electrostatic
interaction and biocidal interaction [24, 25].
Based on the polymer material type,
antimicrobial polymers can be classified as
bound or leaching antimicrobials. Antimicrobial
polymers can be divided into three types: polymeric
biocides, biocidal polymers, and biocide-releasing
polymers [21]. Polymeric biocides are polymers
that covalently link bioactive repeating units with
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antimicrobial activity such as amino, carboxyl, or
hydroxyl groups [22, 26, 27]. Biocidal polymers
contain cationic biocides, such as quaternary
ammonium, phosphonium, tertiary sulfonium,
and guanidinium. Microbes generally have a
negative charge at the outer membrane of the cell.
Cationic polymers can lead to the destabilization
of the cell surface and the ultimate induction of
bacterial death [28]. Biocide-releasing polymers
can be realized by (1) polymerization of biocidereleasing molecules to polymeric backbone; or (2)
polymer/biocide-releasing molecules composites.
The polymer in biocide-releasing systems is
used as a carrier for biocides. Polymers exhibit
antibacterial properties through the incorporation
of antibiotic and/or antiseptic compounds.
In this work, we focus our attention to
synthesize two heterocyclic compounds of
2-pyridone derivatives and subjected them to
alkylation with epichlorohydrin to give at the
end four products. The action of these materials
as antibacterial materials was examined as
antibacterial additives in various plastics such as
low density polyethylene (LDPE), high density
polyethylene (HDPE) and polystyrene (PS). The
effect of compounds on the main properties such
as melt flow rate, mechanical properties and
electrical properties of low LDPE, HDPE and PS
was also investigated.
Experimental
Materials
Ammonium acetate, O-chlorobenzaldehyde,
P-Nitrobenzaldehyde, Ethyl 2-cyanoacetate,
P-Hydroxyacetophenone, all purchased from
LOBA CHEMIE. Ethanol was purchased from ElNasr Pharmaceutical Chemicals Company, also
Epichlorohydrinand
N,N-dimethylformamide
purchased from Merck, zinc pyrithione purchased
from Arch Chemicals, polystyrene purchased
from Pak Petrochemical Industries, High density
polyethylene purchased from Sidpec, Low density
polyethylene purchased from Versalis.
Measurements and Instruments
The plastic sheets were created using Labtech
laboratory two-roll mill (LRM-SCR-150/0),
Thailand.
The plastic plates and specimens for laboratory
test were created using Gibitre laboratory press,
Italy.
The melt flow rate was measured
according to ASTM D 1238 using Zwick/Roel
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plastometer(Mflow), Germany.
The mechanical properties (tensile strength
and elongation at break) were measured according
to BS EN 60811-1 using Gibitre Tensor Check,
Italy.
Volume resistivity was measured according to
ASTM D-275-99 using TOA Ultrameghometer
(SM-8210), Japan.
Dielectric constant was measured according
to ASTM D-669,ASTM D-150,UNI 4289 using
Ceast instrument QMETER (mod. 0194C), Italy.
The 1H NMR was measured using JEOL and
BRUKER.NMR spectrometer in DMSO, and
the chemical shift values were given in parts per
million (ppm).Proton nuclear magnetic resonance
(1H NMR) was measured in deuterated water
using Jeol ECA 500 MHz NMR spectrometer.
All melting points are uncorrected and were
measured using an Electro thermal IA 9100
apparatus.
General procedures for synthesis of 2-pyridone
derivatives: 1a&b
A mixture of 4-hydroxyphenone (10 mmol),
ethyl cyanoacetate (10 mmol), appropriate
aldehydes
namely
2-chlorobezaldehyde,
4-nitrobenzaldehyde (10 mmol) and ammonium
acetate (80 mmol) in absolute ethanol (20 ml)
was heated under reflux for 12 hours [29,30]; the
formed product was filtered off and recrystallized
from acetic acid.
Alkylation with epichlorohydrin
A mixture of 1a,b (10 mmol), epichlorohydrin
(10 mmol) was added to dry DMF (10 ml) in the
presence of anhydrous K2CO3 (11 mmol), the
reaction mixture was heated under reflux for 12
hours [31], cooled and poured onto ice water, the
precipitate was collected, dry and recrystallization
from methanol.
Preparation of plastic sheets
LDPE – blank was produced in sheet by rolling
mill at 145 °C & adding Zn-omadine or RA1 or
RA2 or RC1 or RC2 at 0.1 % and mix again on the
roll for (three: four) minutes followed by pressing
(1 mm thickness) at 160 °C for three minutes.
HDPE – blank and PS – plank was produced in
sheet by rolling mill at 165 °C and adding Znomadine or, RA1, or RA2 , or RC1 , or RC2 at 0.1
% and mix again on the roll for (three : four)
minutes followed by pressing (1 mm thickness)
at 175 °C for three minutes. Then the sheets were
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cooled at 23 °C for 16 hr, cutting the pressing
sheet by dumbbell and testing the mechanical
properties at speed 50 mm/min and 23 °C, cutting
plastic sheet for (10cm*10cm) and measuring
volume resistivity, and cutting plastic sheet for
(12cm*12cm) and measuring dielectric constant.
Studying the biological activity of the prepared
compounds
Bacterial isolates
Bacterial strains used in this study are local
strains isolated and identified from normal water
samples. The bacterial strains isolated from animal
farms which isolated and identified according to
[32] as follow: Under complete aseptic condition
1ml of water sample was added to 10 ml peptone
water and vigorously shaken then incubated for 8
to 12 h at 37 °C. Ten microliters of each sample
were inoculated on mannitol salt agar plate and
MacConkey agar plate then incubated at 37 °C
for 18 to 24 h. Identification of colonies isolated
from mannitol salt agar plate was identified as
staphylococci based on colony morphology,
Gram staining, catalase reaction, oxidase test
and oxidative–fermentative test. After the
confirmation of the genus Staphylococcus, the
enzyme coagulase was characterized using
both the slide and tube methods. Coagulasenegative staphylococcus isolate was subjected
to identification to the species level using the
API Staph commercial identification system
(API Staph bioMerieux® SA 69280 marcy1’Etoile⁄France) [33,34] which were identified
as S. epidermidis. While colonies isolated from
MacConkey agar plate were identified as E.coli
based on colony morphology, Gram staining,
oxidase test and tested by the indole, methyl red,
Voges–Proskauer and Simmons citrate (IMVic)
tests as putatively E. coli. The strains were
subsequently characterized by the biochemical
API 20E test system (Biomerieux) according to
the manufacturer’s instructions [35] and identified
serologically as E. coli sero type O145. Strains
identified were sub-cultured, Colonies were
then transferred to Todd Hewitt broth (Becton
Dickinson Diagnostic Systems, Sparks, MD),
cultured at 37 °C for 18 h and stored in 20%
glycerol solution at −80 °C until its usage.
Antibacterial test
The antimicrobial activity of untreated and
treated plastic sheets was tested against two
isolates from animal farms(water samples) as E.
coli sero type O145 as gram-negative bacteria
and S. epidermidis as gram-positive bacteria .The

433

antimicrobial test was performed quantitatively
using the standard test method according to the
AATCC test method 100–1999 for Bacterial
Counting [36]. All tests were conducted by
standard plate count technique. All samples
were prepared at a standered weight. Each
microorganism used in this experiment were
individually inoculated into tubes containing
5 mL BHI (brain heart infusion broth) sterile
suspension. Such suspension was adjusted to 0.5
McFarland standards to match the turbidity of
1.5×10-8 mL -1colony forming unit (CFU)21 . All
samples were kept at controlled temperature of
37°C. After incubation, transferred into 100 ml of
nutrient broth (1:500) and mix vigorously for 1
min. Ten fold dilution with 0.9 % (w/v) normal
saline solution was prepared, spread at varying
dilutions onto plates containing macConkey
agar for E. coli and mannitol salt agar for S.
epidermidis. Incubation to all plates was done at
37 °C for 24 h. All experiments were performed in
triplicate. The antimicrobial activity is expressed
in % reduction of the organisms after making
contact with the test specimen compared to the
number of the organism cells surviving after
making contact with the control. All results were
expressed according to the following equation:

Where B = the number of microorganisms present
on untreated samples; and A = the number of microorganisms present on treated samples.
Results and Discussion
Synthesis and structural characterization
Two compounds of 2-pyridones derivatives
were Synthesized and subjected to alkylation to
give at the end 4 products. The structure of these
four compounds was characterized by 1H NMR.
Synthesis of 4-(2-chlorophenyl)-2-hydroxy-6(4-hydroxyphenyl) nicotinonitrile (RA1)
4-(2-chlorophenyl)-2-hydroxy-6-(4hydroxyphenyl) nicotinonitrile was synthesized
by one-pot condensation. The synthesis process
involves ethylcyanoacetate, 4-hydroxyacetophenone
and 2-chlorobezaldehyde, in presence of ammonium
acetate in refluxing ethanol (see Scheme 1).
A reasonable mechanism for this reaction is
shown in Scheme 2, addition of compound (7)
formed from para-hydroxyacetophenone and
ammonium acetate adds to the compound (6)
Egypt. J. Chem. 61, No.3 (2018)
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condensation product of 2-chlorobezaldehyde and
ethylcynoacetate. Subsequent addition to a cyano

O
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group followed by affords the desired product RA1.
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Scheme 2. Mechanism of synthesis of 4-(2-chlorophenyl)-2-hydroxy-6-(4-hydroxyphenyl) nicotinonitrile.
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Synthesis of 2-hydroxy-6-(4-hydroxyphenyl)4-(4-nitrophenyl) nicotinonitrile (RC1)
2-hydroxy-6-(4-hydroxyphenyl)-4-(4nitrophenyl) nicotinonitrile was synthesized
by one-pot condensation reaction. The
synthesis process involves ethylcyanoacetate,
4-hydroxyacetophenone and 4-nitrobenzaldehyde,

ylmethoxy) phenyl)-2-oxo-1,2-dihydropyridine-3carbonitrile(RA2)
Epoxidation
of
4-(2-chlorophenyl)-2hydroxy-6- (4-hydroxyphenyl) nicotinonitrile
with epichlorohydrin in the presence of K2CO3
was achieved in dry DMF (See Scheme 3).
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Scheme 3. Synthesis of 4-(2-chlorophenyl)-6-(4-(oxiran-2-ylmethoxy) phenyl)-2-oxo-1,2-dihydropyridine-3-carbonitrile.
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Scheme 4. Synthesis of 2-hydroxy-6-(4-hydroxyphenyl)-4-(4-nitrophenyl) nicotinonitrile.

Structural characterization
The structure of the prepared compounds
was proven and characterized using 1H NMR.

in presence of ammonium acetate in refluxing
ethanol (see Scheme 4).
Synthesis
of
4-(4-nitrophenyl)-6-(4(oxiran-2-ylmethoxy)
phenyl)-2-oxo-1,2dihydropyridine-3-carbonitrile(RC2):
Epoxidation of 2-hydroxy-6-(4-hydroxyphenyl)-4- (4-nitrophenyl) nicotinonitrile with
epichlorohydrin in the presence of K2CO3 was
performed in dry DMF (see Scheme 5).

Detailed NMR characterization
Figure 1 shows the respective 1HNMR
of
4-(2-chlorophenyl)-2hydroxy-6-(4hydroxyphenyl) nicotinonitrile. The nine
aromatic protons (1,2,5,6,9,15,16,18,19, Fig.
1) appear at ppm (6.82-7.72), while the protons
of hydroxyl group (20 Fig. 1) at ppm 3.9 and
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Scheme 5. Synthesis of 4-(4-nitrophenyl)-6-(4-(oxiran-2-ylmethoxy) phenyl)-2-oxo-1,2-dihydropyridine-3-carbonitrile.
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Fig. 1. 1HNMR spectrum of 4-(2-chlorophenyl)-2-hydroxy-6-(4-hydroxyphenyl) nicotinonitrile.

the proton of amine group (22 Fig. 1) at ppm
7.7.
Figure 2 shows the respective 1HNMR
spectrum of 4-(2-chlorophenyl) -6-(4-(oxiran-2ylmethoxy) phenyl) -2-oxo-1,2-dihydropyridine-3carbonitrile. From 1H-NMR (Fig. 2), the following
data was obtained, the three protons of oxiran ring
of 4-(2-chlorophenyl)-6-(4-(oxiran-2-ylmethoxy)
phenyl)-2-oxo-1,2-dihydropyridine-3-carbonitrile
(23 1H, 25 2H, Fig. 2) appear at ppm 3.6, 3.8 ppm,
the two protons (22 2H ) appear at ppm 4.2, the
nine aromatic protons (1,2,5,6,9,15,16,18,19 9H)
appear at ppm (7.00-7.9) and the proton of amine
group (6 Fig. 2) appear at ppm 10.1. It is also worth
mention the disappearance of the proton (OH)
group (protons 1,6 at 10.26 ppm Fig. 1), a good
sign for a successful epoxidation.
From 1H-NMR (Fig.3), the following data
was obtained, the aromatic 4 protons (1,2,4,5) of

Fig. 2.

2-hydroxy -6-(4-hydroxyphenyl) -4- (4-nitrophenyl)
nicotinonitrile, appear at ppm 7.7, while the single
proton (8 Fig. 3) appear at ppm 6.86, the four protons
(14,15,17,18) appear at ppm 7.5 and 7.01, the proton
of hydroxyl group (19 Fig. 3) at ppm 10.2 and the
proton of amine group (21 Fig. 3) at ppm 12.48 .
From 1H-NMR (Fig. 4) the following data
was obtained, the two protons of oxiran ring of
4-(4-nitrophenyl)-6-(4-(oxiran-2-ylmethoxy)
phenyl)-2-oxo-1,2-dihydropyridine-3carbonitrile (1 Fig. 4) appear at ppm 2.46, the
single proton of oxiran ring (2 Fig. 4) appear at
ppm 3.99, the two protons (3 Fig. 4) appear at
ppm 3.78, the nine aromatic protons (4,5,7,8,9
Fig. 4) appear at ppm (7.02-7.9) and the proton
of amine group (6 Fig. 4) appear at ppm 12.8 .
It is also worth mention the disappearance of the
proton (OH) group (protons 6 at 10.2 ppm Fig. 3),
a good sign for a successful epoxidation.

H-NMR spectrum of 4-(2-chlorophenyl)-6-(4-(oxiran-2-ylmethoxy) phenyl)-2-oxo-1,2dihydropyridine-3-carbonitrile
1
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Fig. 3. 1H-NMR spectrum of 2-hydroxy-6-(4-hydroxyphenyl)-4-(4-nitrophenyl) nicotinonitrile.
Effect of the prepared compounds on the different
plastic properties
The synthesized four compounds were used
evaluated as antimicrobial agents and compared
to the zinc pyrithione (standard antimicrobial
additive) on different plastic sheets. The plastic
used in this study are (LDPE, HDPE, and PS).
The effect of these materials on the MFR,
physical, mechanical and electrical properties of
the forementioned plastics were investigated.
Effect of the prepared compounds on LDPE
properties
In the following experiments the prepared
compounds were added to LDPE. All of

Fig.4.

concentration (0.1%). The effects of such addition
on the MFR, physical, mechanical and electrical
properties were studied.
The effect on melt flow rate of LDPE: At first
the four compounds were mixed separately with
four samples of the LDPE. The four samples
were tested in a (plastometer) melt flow index
instrument. The results of melt flow rate (MFR)
are listed in Table 1 and represented graphically
in Fig. 5. The values of MFR are mostly the same,
and the adding of the prepared compounds to
LDPE has no effect on the melt flow rate.

H-NMR spectrum of 4-(4-nitrophenyl)-6- (4-(oxiran-2-ylmethoxy) phenyl)-2-oxo-1,2dihydropyridine -3-carbonitrile.

1
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TABLE 1. Change in MFR (190 °C, 2.16kg) with addition of the prepared compounds to LDPE.
Specimen
Symbol
MFR(g/10min.)

LDPE

LD-0.1 Zn

LD-0.1 RA1

LD-0.1 RA2

LD-0.1 RC1

LD-0.1 RC2

LD-BLANK

LD-STD.

LD-RA1

LD-RA2

LD-RC1

LD-RC2

0.81

0.82

0.82

0.83

0.82

0.82

The effect of the prepared compounds on
mechanical properties of LDPE: Tensile strength
and elongation at break of LDPE sheets was tested
on a (tensor check) tensile machine according to
ASTM D-638-03-2003. The test procedure was
carried out at across head speed of 50 mm/min.
and at room temperature conditions.
Tensile strength and elongation at break
curves of LDPE/prepared compounds composites
displayed that the adding of the prepared

compounds to LDPE has a slight effect on
the tensile strength properties, which is not
significant. Also the elongation at break was not
much affected. The blank sample was 910%,
while in all samples that contain the compounds
the elongation was slightly decreased, that may
be due to some physical interactions such as
hydrogen bonding and/or surface migration. The
results are shown in Fig.5 and 6.

Fig. 5. Variation in tensile strength with addition of the prepared compounds to LDPE.

Fig.6. Variation in elongation at break with addition of the prepared compounds to LDPE.
Egypt. J. Chem. 61, No.3 (2018)
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Effect of addition of the prepared compounds on
electrical properties of LDPE
Effect of the prepared compounds on volume
resistivity of LDPE
Volume resistivity is the electrical resistance
through a cube of an insulating material.
When expressed in ohm-centimeters, it would
be the electrical resistance through a onecentimeter cube of insulating material. The
Volume resistivity was determined using (TOA
Ultrameghometer) according to ASTM D-275-99.
LDPE is covalently bonded; they are, in principle,
electrical insulators, due to an absence of free
and mobile electrons or ions. By measuring the
volume resistivity of the prepared LDPE samples,
it was found that the volume resistivity multiplied
by three after adding RC2. It can be expected that
the addition of RC2 which have a low polarity will
have a low melting point as a compound with a
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low polarity will have a weak dipole-dipole bond
and will require a low energy to break that bond.
The existence of polarity or double bonds reduces
resistivity so RC2 with a low polarity improve
the volume resistivity [37]. It was found that the
volume resistivity of RA2 and RC2 is higher than
RA1 and RC1 in the order, it can be expected
that the epoxidation of RA1 and RC1 causes a
decrease in polarity and melting point followed by
increasing in volume resistivity of RA1 and RC1.
On the other hand, it was found that the volume
resistivity decrease after adding zinc pyrithione. It
can be expected that zinc pyrithione having four
co-ordinate bonds and this cause increasing in
polarity and decreasing in volume resistivity. The
effect of adding the prepared compounds to LDPE
on its volume resistivity was shown in Table 2.

TABLE 2. Change in volume resistivity with addition of the prepared compounds to LDPE.
Specimen
Symbol
Volume resistivity
(ohm.cm)

LDPE

LD-0.1 Zn

LD-0.1 RA1

LD-0.1 RA2

LD-0.1 RC1

LD-0.1 RC2

LD-BLANK

LD-STD.

LD-RA1

LD-RA2

LD-RC1

LD-RC2

4.29*1016

3.42*1016

8.1*1016

11.6*1016

8.67*1016

14.67*1016

The effect of addition of the prepared compounds
on dielectric constant of LDPE
The effect of adding the prepared compounds
to LDPE on its dielectric constant was shown in
Fig.7.
Effect of the prepared compounds to HDPE
properties
The same evaluation steps were followed
exactly when HDPE was used as the parent

matrix.
The effect on melt flow rate of HDPE
At first a HDPE sheet was prepared by
roll mill and the four compounds were mixed
separately with four samples of the LDPE. The
four samples were tested in a (plastometer) melt
flow index instrument. The results of melt flow
rate (MFR) are listed in Table 3. The values of
MFR are mostly the same, and the melt behavior
is mostly unchanged.

Fig. 7.Variation in dielectric constant at break with addition of the prepared compounds to LDPE.
Egypt. J. Chem. 61, No.3 (2018)
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TABLE 3. Change in MFR (190°c, 2.16kg) with addition of the prepared compounds to HDPE.

Specimen
Symbol
MFR(g/10min.)

HDPE

HD-0.1 Zn

HD-0.1 RA1

HD-0.1 RA2

HD-0.1 RC1

HD-0.1 RC2

HD-BLANK

HD-STD.

HD-RA1

HD-RA2

HD-RC1

HD-RC2

0.19

0.2

0.2

0.21

0.21

0.2

The effect of the prepared compounds on
mechanical properties of HDPE
Tensile strength and elongation at break
of HDPE sheets was tested on a (tensor check)
tensile machine according to ASTM D-63803-2003. The test procedure was carried out at
across head speed of 50 mm/min. and at room
temperature conditions.

Tensile strength and elongation at break
curves of HDPE/prepared compounds composites
displayed that the adding of the prepared
compounds to HDPE has a slight effect on
the tensile strength properties, which is not
significant. Also the elongation at break was not
much affected. The results are shown in Fig.8 and
9.

Fig. 8. Variation in tensile strength with addition of the prepared compounds to HDPE.

Fig. 9. Variation in elongation at break with addition of the prepared compounds to HDPE.
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Effect of addition of the prepared compounds on
electrical properties of HDPE
The effect of the prepared compounds on
volume resistivity of HDPE
HDPE is covalently bonded; they are,
in principle, electrical insulators, due to an
absence of free and mobile electrons or ions.
The Volume resistivity was determined using
(TOA Ultrameghometer) according to ASTM
D-275-99. By measuring the volume resistivity
of the prepared HDPE sheets, it was found that
the volume resistivity multiplied by three after
adding RC2. It can be expected that the addition
of RC2 which have a low polarity will have a low
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melting point and improve the volume resistivity.
It was found that the volume resistivity of RA2
and RC2 is higher than RA1 and RC1 in the
order, it can be expected that the epoxidation of
RA1 and RC1 causes a decrease in polarity and
melting point followed by increasing in volume
resistivity of RA1 and RC1. On the other hand,
it was found that the volume resistivity decrease
after adding zinc pyrithione. It can be expected
that zinc pyrithione having four co-ordinate
bonds and this cause increasing in polarity and
decreasing in volume resistivity. The effect of
adding the prepared compounds to HDPE on its
volume resistivity was shown in Table 4.

TABLE 4. Change in volume resistivity with addition of the prepared compounds to HDPE.
Specimen
symbol
volume resistivity
(ohm.cm)

HDPE

HD-0.1 Zn

HD-0.1 RA1

HD-0.1 RA2

HD-0.1
RC1

HD-0.1 RC2

HDBLANK

HD-STD.

HD-RA1

HD-RA2

HD-RC1

HD-RC2

6.2*10^16

4*10^16

11.3*10^16

12.3*10^16

11.9*10^16

13.7*10^16

The effect on melt flow rate of PS
A PS sheet was prepared by roll mill and the
four compounds were mixed separately with
four samples of the LDPE. The four samples
were tested in a (plastometer) melt flow index
instrument. The results of melt flow rate (MFR)
are listed in Table 6. The values of MFR of the
prepared polystyrene samples, it was found that
the melt flow rate increased about 30% after
adding RC2. It can be expected that RC2 has the
lowest melt point, and because of its dispersion in
the PS sheet, it may penetrate the PS polymeric
chain and, helps in fast flow of PS sample.

The effect of addition of the prepared compounds
on dielectric constant of HDPE
Effect of adding the prepared compounds to
HDPE on its dielectric constant was shown in
Table 5.
Effect of the prepared compounds to PS
properties
In the following experiments the prepared
compounds were added to PS. All of concentration
(0.1%). The effects of such addition on the MFR,
physical, mechanical and electrical properties
were studied.

TABLE 5. Change in dielectric constant with addition of the prepared compounds to HDPE.
Specimen
Symbol
Dielectric constant

HDPE

HD-0.1 Zn

HD-0.1 RA1

HD-0.1 RA2

HD-0.1 RC1

HD-0.1 RC2

HD-BLANK

HD-STD.

HD-RA1

HD-RA2

HD-RC1

HD-RC2

8.63

8.59

9.46

9.37

8.99

9.55

TABLE 6. change in MFR (200°c, 5kg) with addition of the prepared compounds to PS.
Specimen
Symbol
MFR(g/10min.)

PS

PS-0.1 Zn

PS-0.1 RA1

PS-0.1 RA2

PS-0.1 RC1

PS-0.1 RC2

PS-BLANK

PS-STD.

PS-RA1

PS-RA2

PS-RC1

PS-RC2

10.36

9.5

9.47

10.1

10.02

13.79
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The effect of the prepared compounds on
mechanical properties of PS
Tensile strength and elongation at break of
PS sheets was tested on a (tensor check) tensile
machine according to ASTM D-638-03-2003.
The test procedure was carried out at across head
speed of 50 mm/min. and at room temperature
conditions.

Tensile strength and elongation at break curves
of PS/prepared compounds composites displayed
that the adding of the prepared compounds to
polystyrene has a slight effect on the tensile
strength properties, which is not significant. Also
the elongation at break was not much affected.
The results are shown in Table 7.

TABLE 7. Change in tensile strength with addition of the prepared compounds to PS.
Specimen

PS

PS-0.1 Zn

PS-0.1 RA1

PS-0.1 RA2

PS-0.1 RC1

PS-0.1 RC2

PS-BLANK

PS-STD.

PS-RA1

PS-RA2

PS-RC1

PS-RC2

Tensile
strength (N/
mm^2)

25.14

20.37

19.63

21.43

24.85

21.61

Elongation
at break (%)

1.78

1.57

1.45

1.75

2.4

1.31

Symbol

Effect of addition of the prepared compounds on
electrical properties of PS
Effect of the prepared compounds on volume
resistivity of PS
Polystyrene is covalently bonded; they are,
in principle, electrical insulators, due to an
absence of free and mobile electrons or ions.
The Volume resistivity was determined using
(TOA Ultrameghometer) in according to ASTM
D-275-99. By measuring the volume resistivity
of the prepared polystyrene sheets, it was found
that the volume resistivity multiplied by three
after adding RC2. It can be expected that the
addition of RC2 which have a low polarity will
improve the volume resistivity. It was found that
the volume resistivity of RA2 and RC2 is higher

than RA1 and RC1 in the order, it can be expected
that the epoxidation of RA1 and RC1 causes a
decrease in polarity and melting point followed by
increasing in volume resistivity of RA1 and RC1.
In another hand, it was found that the volume
resistivity decrease after adding zinc pyrithione.
It can be expected that zinc pyrithione having
four co-ordinate bonds and this cause increasing
in polarity and decreasing in volume resistivity.
Effect of adding the prepared compounds to PS on
its volume resistivity was shown in Table 8.
The effect of addition of the prepared
compounds on dielectric constant of PS
Effect of adding the prepared compounds to
PS on its dielectric constant was shown in Table 9.

TABLE 8. Change in volume resistivity with addition of the prepared compounds to PS.
Specimen
Symbol
Volume resistivity
(ohm.cm)

PS

PS-0.1 Zn

PS-0.1 RA1

PS-0.1 RA2

PS-0.1 RC1

PS-0.1 RC2

PS-BLANK

PS-STD.

PS-RA1

PS-RA2

PS-RC1

PS-RC2

1.4*10^16

1.2*10^16

1.5*10^16

1.59*10^16

1.53*10^16

4.33*10^16

TABLE 9. change in dielectric constant with addition of the prepared compounds to PS.
Specimen
Symbol
Dielectric
constant

PS

PS-0.1 Zn

PS-0.1 RA1

PS-0.1 RA2

PS-0.1 RC1

PS-0.1 RC2

PS-BLANK

PS-STD.

PS-RA1

PS-RA2

PS-RC1

PS-RC2

7.78

6.77

9.37

8.86

8.51

10.09
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The effect of addition of the prepared
compounds on Antibacterial properties of plastic
The development of antimicrobial additives
for plastic is an important purpose for their
application in many fields. The antimicrobial
activities of blank and the prepared compounds
incorporated plastic against local bacterial
strains recovered from normal water samples
(Staphylococcusepidermidis and Escherichia
coli O145) were evaluated by using the plate
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agar count method. As depicted in Table 10, it is
clear that the highest reduction percent against
Staphylococcus epidermidis and Escherichia coli
O145 was in PS-RC1 sample.
The
antibacterial
rate
against
S.
epidermidiswas100% in sample number 3 and 4
then decreased to 98.5%, 92.8%, 91.4%,58.6%,
35% and 22.5 while. The antibacterial
rate against E.coli was71.1%, 67.3%,
67.16%,54.8%,63.4%,62.6%, 40.2% and 34.6%.

TABLE 10. Showing the percentage of the bacterial growth reduction
Sample number

Sample code

Reduction % against
S. epidermidis

Reduction % against
E.coli

1

HD-RA1

35

40.2

2

HD-RA2

22.5

63.4

3

HD-RC1

100

62.6

4

HD-RC2

100

67.16

5

PS-RA1

58.6

54.8

6

PS-RA2

92.8

34.6

7

PS-RC1

98.5

71.1

91.4

67.3

8
PS-RC2
Reduction % is the percent of reducing bacterial growth.
Conclusion

Some biocidal compounds were synthesized
by the following reaction:
Reaction between 4-hydroxyacetophenone,
ethyl cyanoacetate, 2-chlorobenzaldehydes, and
ammonium acetate in absolute ethanol as a solvent
was heated under reflux for 12 hours which give
a new compound known as 4-(2-chlorophenyl)2-hydroxy-6-(4-hydroxyphenyl) nicotinonitrile
which by epoxidation give 4-(2-chlorophenyl)6-(4-(oxiran-2-ylmethoxy)
phenyl)-2-oxo-1,2dihydropyridine-3-carbonitrile.
Another reaction was done between
4-hydroxyacetophenone, ethyl cyanoacetate,
4-nitrobenzaldehydes, and ammonium acetate in
absolute ethanol as a solvent was heated under
reflux for 12 hours which give anew compound
known as 2-hydroxy-6-(4-hydroxyphenyl)-4-(4nitrophenyl)nicotinonitrile which by epoxidation
give
4-(4-nitrophenyl)
-6-(4(oxiran-2ylmethoxy) phenyl) -2-oxo-1,2- dihydropyridine3-carbonitrile.
The synthesized four compounds and zinc
pyrithione (standard biocide) were added
separately by one ratio (0.1%) to LDPE or HDPE
or PS then the melt flow was studied and it was

found that the addition of five compounds to
LDPE or HDPE have no effect. On the other
hand, the addition of five compounds to PS have
observed effect on its MFR and it was found the
addition of RC2 which have the least melting
point, has the highest MFR.
The mechanical properties of the prepared
blends with LDPE or HDPE or PS were studied and
it was found that the addition of five compounds
to LDPE or HDPE or PS make a slight effect on
its tensile strength and elongation at a break.
The volume resistivity of the prepared blends
with LDPE or HDPE or PS were studied and it
was found that the addition of five compounds
to LDPE or HDPE or PS have an effect on its
volume resistivity and it was noticed that the
addition of a compound which has little polarity
improve the volume resistivity and the addition of
a compound which has a high polarity decrease
the volume resistivity.
The biological activity of the prepared blends
with HDPE or PS were studied against Gram
positive and Gram negative bacteria using the
plate agar count method and it was found that all
of the prepared blends with HDPE or PS have
anti-bacterial activity against Staphylococcus
Egypt. J. Chem. 61, No.3 (2018)
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epidermidis and Escherichia coli O145 and
PS-RC1 sample have the highest anti-bacterial
activity.
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تخليق بعض المركبات ذات النشاط ت الحيوي و تطبيقاتها كعوامل مضادة للميكروبات في
صناعة البالستيك
4
أحمد ثروت زيتون ،1ياسر عاصم ،2أمانى عرفة ، 3أحمد مؤمن المصرى ، 4سعيد علي سعيد
1قسم البحوث والتطوير  -شركة السويدي للبالستيك – العاشر من رمضان – مصر2 .قسم البلمرات و المخضبات
– المركز القومي للبحوث – مصر3.قسم الميكروبيولوجي و المناعة – المركز القومي للبحوث  -مصر4 .قسم
الكيمياء  -كلية العلوم  -جامعة الزقازيق – الزقاويق  -مصر

تم تخليق بعض المركبات ذات ابادة حيوية بواسطة مفاعلة -4هيدروكسي اسيتوفينون مع ايثيل ثيانو اسيتات
و-2كلوروبنزالدهيد وامونيوم اسيتات باستخدام االيثانول كمذيب والتسخين لدرجة حرارة مرتفعة لمدة 21
ساعة لينتج المركب االتى-2(-4 :كلوروفينيل) -2-هيدروكسي-4(-6-هيدروكسي فينيل) نيكوتينونيتريل وعند
مفاعلة المركب الناتج مع االيبيكلوروهيدرين نتج المركب االتى-2(-4 :كلوروفينيل) (-4(-6-اوكسيران-2-يل
ميثوكسى)فينيل)2--أوكسو1-و-2دايهيدروبيرودين-3-كربونيتريل .وكذلك تم مفاعلة -4هيدروكسي اسيتوفينون
مع ايثيل ثيانو اسيتات و -4نيتروبنزالدهيد وامونيوم اسيتات باستخدام االيثانول كمذيب والتسخين لدرجة حرارة
مرتفعة لمدة  21ساعة لينتج المركب االتى -2 :هيدروكسي -4(-6-هيدروكسي فينيل) -4(-4-نيتروفينيل)
نيكوتينونيتريل وعند مفاعلة المركب الناتج مع االيبيكلوروهيدرين نتج المركب االتى-4(-4 :نيتروفينيل)
(-4(-6اوكسيران-2-يل ميثوكسى)فينيل)2--أوكسو1-و-2دايهيدروبيرودين-3-كربونيتريل.و كذلك تم اضافة المركبات االربعة الذى تم تحضيرهم وكذلك اضافة الذنك برثيون كال على حدا بنسبة
 %1الى كال من البولى ايثيلين منخفض الكثافة أوالبولى ايثيلين عالى الكثافة أوالبولى استيرين وبدراسة معدل
االنسيابية وجد ان اضافة المركبات الخمسة الى البولى ايثيلين منخفض الكثافة أوالبولى ايثيلين عالى الكثافة ال
يوجد تأثير .وعلى الجانب االخروجد ان اضافة المركبات الخمسة الى البولى استيرين تؤثر على معدل االنسياب
حيث ان البولى استيرين المضاف اليه  RC2ذات درجة االنصهار المنخفضة يتميز بأعلى درجة انسيابية.
بدراسة الخواص الميكانيكية للخلطات المعدة وجد ان اضافة المركبات الخمسة لكال من البوليمرات الثالثة
يحدثون تأثير طفيف على قوة الشد واالستطالة عند القطع .بدراسة المقاومة الحجمية للبوليمرات الثالثة قبل
وبعد اضافة المركبات الخمسة وجد ان اضافة المركبات الخمسة لكال من البوليمرات الثالثة يؤثر على المقاومة
الحجمية للبوليمرات ولوحظ ان اضافة مركب  RC2ذات القطبية القليلة يحسن المقاومة الحجمية للبوليمرات
و اضافة مركب الذنك برثيون ذات القطبية العالية يقلل المقاومة الحجمية للبوليمرات .وقد تمت دراسة التأثير
البيولوجى للخلطات المعدة مع البولى ايثيلين عالى الكثافة والبولى استيرين باستخدام طريقة اطباق االجار للعد
فوجد ان الخلطات المعدة مع البولى ايثيلين عالى الكثافة والبولى استيرين تمتلك نشاطية ضد البكتريا الموجبة
والسالبة واكثرهم نشاطية خلطة PS-RC1.
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