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Abstract: Metal nanoparticles have attracted considerable interest particularly because of
the size dependence of physical and chemical properties and its enormous technological
potential. Among different metal nanoparticles, copper nanoparticles have attracted great
attention because copper is one of the most key metals in new technology. Chemical methods
are used to synthesize copper nanoparticles. In this paper, the new cationic Thiol
polyurethane surfactants with different alkyl chain length were synthesized (PQ10, PQ14
and PQ18). The chemical structure of the synthesized surfactants was confirmed using infra-
red spectroscopy (IR) and proton nuclear magnetic resonance spectroscopy (1H NMR).
Copper nanoparticles colloidal solution of 40-80 nm diameters was prepared using sodium
borohydride in aqueous solution at room temperature as reducing agent. The nanostructure
of the synthesized surfactant with copper nanoparticles with diameters ranging from 31.5 to
10.3 nm was prepared and characterized using ultra violet spectrophotometer (UV), infra-
red spectroscopy (IR) and transmission electron microscope (TEM). The results declare
formation and stabilization of copper nanoparticle using synthesized cationic surfactants.
Antimicrobial activity of the synthesized cationic surfactants and their nanostructure with
copper nanoparticles were evaluated against pathogenic bacteria and fungi. The
antimicrobial activity showed the enhancement in the antimicrobial activity of the
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synthesized cationic surfactants in the nanostructures form.
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Transmission electron microscope.

1. Introduction

Copper nanoparticles have great interest due to their optical, catalytic, mechanical and electrical
properties. Copper is a good alternative material for noble metals such as Au and Ag as it is highly
conductive and much more economical than them [1, 2]. Copper plays an important role in electronic
circuits because of its excellent electrical conductivity. Copper nanoparticles are inexpensive and their
properties can be controlled depending on the synthesis method. Also in catalyst, the nanoparticles have
a higher efficiency than particles [3, 4, and 5]. Copper nanoparticles are synthesized through different
techniques. The most important methods for the synthesis of copper nanoparticles are chemical methods
such as chemical reduction, electrochemical techniques, photochemical reduction and thermal
decomposition. Copper nanoparticles can easily oxidize to form copper oxide. To avoid oxidation, these
methods were usually performed in non-aqueous media, at low precursor concentration, and under an
inert atmosphere (argon, nitrogen) [6-10]. In the present study stable copper nanoparticles with narrow
size and homogenous distribution were synthesized via surfactant assisted wet chemical reduction
method using sodium borohydride as a reducing agent, cationic Thiol polyurethane surfactants as a
capping agent. Even today, the exact mechanism of antimicrobial action of the CuNPs remains unknown.
The general view seems to be a combination of several factors: releasing Cu*? ions, their penetration and
disruption cell membrane and biochemical pathway by chelating cellular enzymes and DNA damage [11-
13].

Previously reported antibacterial activity of copper nano particle, it was found that it has
significant potency to act as bacteriocidal agent than gold, silver, zinc nano particles. Combination of
different Nano particles such as Silver & Copper may show more significant effect on bacterial growth.
Gram-positive bacteria have a thick cell wall containing multiple layers of peptidoglycan, while gram-
negative bacteria have a relatively thin cell wall consisting of a single layer of peptidoglycan. Surfaces
of copper nano particles interact directly with the bacterial cell wall & outer membrane, leads to rupture
of cell wall & killing bacteria [14-16]. Mechanism of action of copper nano particle may be:

(2). Accumulation of nano particles in membrane alters permeability leads to release of

lipopolysaccharides, integral proteins & intracellular fluid.
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(2). Oxidative damage to cell structure due to formation of Reactive Oxygen Species.
(3). Bacterial cells generally take up whole metallic ions inside which deplete affect ATP production
& DNA replication[17].
Regardless of chemical & physical properties of copper nano particle it has extremely high
surface area to volume ratio. Specifically copper nano particles having a potential to kill pathogenic
bacteria [18, 19].

2. Materials and Methods

2.1. Materials

Fatty alcohols (octanol, dodecanol and hexadecanol) were purchased from Sigma, Germany.
Toluene diisocyanate TDI (97 %) was purchased from DOW, USA. Mercapto acetic acid, Bromoacetic
acid and Sodium borohydride were purchased from Aldrich, Germany. Copper Chloride dihydrate was
purchased from BDH, British. Triethanol amine and solvents were obtained from ADWIC chemicals

company, Egypt.

2.2. Instrumentation

e Elemental analysis: VARIO Elemental Analyzer

e FTIR spectroscopy: Perkin ElImer Genesis Fourier Transformer FTIR measured at 4000-400 (cm”
1y applying potassium bromide compressed thin pellet technique.

e The nuclear magnetic resonance spectra were measured by Varian NMR-300, Mercury 300 MHz
spectrometers using CDCls as solvent and trimethyl silane (TMS) as a reference to determine the
different chemical shifts d(ppm); GPC measurements were performed using GPC-7890A
instrument equipped with DB-23 column, 60 mm x 0.25 mm, i.d. of 0.25 um.

e TEM images were performed using TEM-JEOL JEM-2000, Germany.

2.3. Synthesis

2.3.1. Preparation of triethanol amine mono mercaptoacetate

Triethanol amine (0.1 mole) and mercaptoacetic acid (0.1 mole) were charged in 250 mL round
flask in presence of xylene (75 mL) as a solvent and p-toluene sulfonic acid (0.1 g) as a dehydrating
agent. The completion of the reaction was monitored by obtaining 0.1 mole of H.O (1.8 mL) [20]. At the
end of the reaction, the solvent was removed by evaporated by the effect of evacuation, while p-toluene
sulfonic acid was eliminated from the reaction medium by take out the obtained esters by dissolving in

ether (diethyl ether). The evaporated solvent was recovered and purified to reuse. The unreacted and
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excess reactants were eliminated from the products by successive sanitization of the crude products to

afford triethanol amine mono mercaptoacetate in a yield of 96%.

2.3.2. Preparation of thiol polyurethane (P)

Thiol polyurethane polymerization reaction was carried out in a suitable flat bottom glass reactor
(500 mL) connected to a mechanical rotor, dropping funnel, thermometer and condenser. Inside the
reaction vessel, a mixture of toluene diisocyanate (TDI, 0.1 mole) dissolved in methyl ethyl ketone (50
mL), triethanol amine mercaptoacetate (0.2 mole) and five drops of triethylene diamine dropped during
20 min was mixed [21]. The reaction medium was continuously mixed at 30 °C for 30 min to obtain the
pre-polymer. The ratio of isocyanates (NCO) to reactive hydroxyl group (OH) was reserved at 1:2 in
polyurethane reaction polymerization. The prepared polymer was washed twice using appropriate
amounts of methyl ethyl ketone and finally dried (yield 92%).

2.3.3. Preparation of fatty esters bromoacetate (Q10, Q14 and Q18)

Fatty esters bromoacetate (Q10, Q14 and Q18) were prepared throughout reacting different fatty
alcohols (0.1 mole) namely: decanol, tetradecanol and octadecanol and Bromoacetic acid (0.1 mole) in
the presence of xylene (100 mL) as a solvent and p-toluene sulphonic acid (0.01 wt.%) as dehydrating
agent under heating and stirring conditions until the expected amount of water (1.8 mL) is produced. At
the end of the reaction, xylene was stripped off using reduced pressure; p-toluene sulphonic acid was
eliminated by extracting the product from diethyl ether and the solvent was removed [22] to afford the
different fatty esters bromoacetate (yield 95-98%).

2.3.4. Preparation of cationic Thiol polyurethane surfactants (PQ10, PQ14 and PQ18)

Cationic Thiol polyurethane surfactants were prepared by refluxing equimolar amounts of Thiol
polyurethane (P) and decyl, tetradecyl, octadecyl esters (Q10, Q14 and Q18) individually in a
suitable amount of dimethyl formamide (DMF) for 20 h. The produced compounds were filtered off,
washed by excess DMF, and dried under reduced pressure at 50 °C to afford yellow to brown viscous
liquids designated as: PQ10, PQ14 and PQ18 (yield 82-89%) [23, 24] (Scheme 1).

2.3.5. Synthesis of colloidal copper nanoparticles self-assembled and stabilized by cationic Thiol
polyurethane surfactants PQ-Cu NPs

Colloidal Cu nanoparticles were prepared by the reduction of copper chloride dihydrate in
presence of cationic Thiol polyurethane surfactants as stabilizer and capping agent using sodium
borohydride NaBHs4 as reducing agent. [25, 26] (0.03 mole) of the synthesized cationic Thiol
polyurethane surfactants (PQ10, PQ14 and PQ18) dissolved separately in 100 ml ethanol and then, an
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ethanoic solution (30 ml) of copper chloride dihydrate (0.01 mole) was added dropwise under intense
stirring. The resulting mixture was added to ascorbic acid (0.1 mole) (as antioxidant of colloidal copper)
and mixed for 15 min. in magnetic stirring at room temperature. After then a freshly prepared aqueous
solution (50 ml) of sodium borohydride (0.1 mole) was added dropwise under continuous strong stirring
for about 30 min. The initial light green color of the reaction mixture turned blue and eventually dark
blue indicating the formation of colloidal copper nanoparticles self-assembled by cationic Thiol
polyurethane surfactants. The copper nanoparticles capped by the synthesized cationic surfactant were
separated and washed with deionized water by centrifugation, while using acetone as a non-solvent in
order to remove excess cationic surfactant. The resulting precipitates were dried under vacuum oven at
60 °C for 2 hours.

BrCH,COOH + CHs(CH,),CH,OH
¢ — -
CH3 o]
0] O H |
Il I OCCH,SH
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Scheme 1: Preparation of cationic Thiol polyurethane surfactants

2.4. Biological Activity

The antimicrobial activity of synthesized cationic Thiol polyurethane surfactants and their
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nanostructures with copper nanoparticles were measured against a wide range of test-organisms

comprising: (bacteria and fungi)

2.4.1. The media

The following media used in the antimicrobial activity of synthesized products, the bacterial
species grow on nutrient agar, while fungi mold grow on Czapek’s dox agar. (a) Nutrient agar: Nutrient
agar consists of Beef extract (3.0 g/l); peptone (5.0 g/l), sodium chloride (3.0 g/l) and agar (20.0 g/l),
then, completes the volume to 1 I, heated the mixture until the boiling and sterilizes the media by
autoclave. (b) Czapek’s Dox agar: Czapek’s Dox agar consists of sucrose (20.0 g/l), sodium nitrate (2.0
g/l), magnesium sulfate (0.5 g/l), potassium chloride (0.5 g/l), ferrous sulfate (0.01 g/l) and agar (20.0
g/l), then, complete the volume to 1 |, heated the mixture until the boiling, and sterilize the media by
autoclave.

Table 1: Elemental analysis of the synthesized cationic Thiol polyurethane surfactants

compound M.wt” Formula C% H% N% S% Br%

g/mole Calc. Found Calc. Found Calc. Found Calc. Found Calc. Found
PQ10 21400 (Ca9Hs601aN4S2Br2)n 48.54  48.50 7.05 7.06 5.27 5.25 6.02 5.98 1505 15.01
PQ14 23200 (Cs7H102014N4S2Br2)n 52.04 52.00 7.74 7.76 4.76 4.73 5.44 5.41 13.60 13.56
PQ18 25000 (CesH118014N4S2Br2)n 54.97 54.93 8.31 8.29 4.35 4.32 4.97 4.95 12.44 12.39

* Obtained molecular weight from GPC measurements, n~18

2.4.2. Microorganisms

The different species of tested organisms were obtained from the unit of Operation Development
Center, Egyptian Petroleum Research Institute. The used microorganisms were Gram-positive bacteria
(Bacillus subtilis and Staphylococcus aureus), Gram-negative bacteria (Salmonella typhimurium and
Escherichia coli), Yeast and Fungi (Candida albicans and Aspergillus niger). An assay is made to
determine the ability of an antibiotic to kill or inhibit the growth of living microorganisms, the technique
which used is: filter-paper disk-agar diffusion (Kirby-Bauer) are as the following [27]:
1) Inoculate flask of melted agar medium with the organism to be tested.
2) Pour this inoculated medium into a Petri dish.
3) After the agar has solidified, a multilobed disk that impregnated with different antibiotics laid on top
of agar.
4) The antibiotic in each lobe of disk diffuses into medium and if the organism is sensitive to a particular
antibiotic, no growth occur in a large zone surrounding that lobe (clear zone).
5) The diameters of inhibition zones were measured after 24-48 h at 35-37 C (for bacteria) and 3—4 days
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at 25-27 C (for yeast and fungi) of incubation at 28 °C
6) Measure each clear zone and compare between them to determine the antibiotic which is more inhibitor.

3. Results and Discussion

3.1. Chemical Structure

Scheme 1 represents the preparation of polyurethane cationic surfactants. The elemental analysis
of the prepared cationic polyurethane surfactants (Table 1) showed the comparable values of the
predicted and obtained ratios of the different elements in their chemical structure. The chemical structures
of the prepared cationic polyurethane surfactants were confirmed using molecular weight measurements,

elemental analysis, FTIR spectroscopy and *H-NMR spectroscopy.

3.1.1. FTIR spectroscopic analysis

The chemical structures of the prepared cationic surfactants and their intermediates were
confirmed using FTIR spectroscopic analysis.

FTIR spectra of Triethanol amine mercaptoacetate showed the following absorption bands: broad
absorption band centered at 3435 cm™ corresponds to -OH stretching; weak absorption band at 2550 cm"
1 corresponds to stretching of S-H group; absorption band at 2932 cm™ attributed to symmetric stretching
of C-H group; 1018 cm™ corresponds to C-N stretching group of aliphatic amine and absorption band at
1732 cm™ corresponds to C=0 ester group.

Thiol polyurethane compound (P) showed the following absorption bands: 1663 cm
corresponds to C=0 of urethane group; 1458 and 1462 cm™* corresponds to N-H of urethane group; 1508-
1510 cm* described for the double bonds in the phenyl moiety (C=C) in toluene diisocyanate moiety
(TDI).

FTIR spectra of alkyl bromoacetate esters (Q10, Q14 and Q18) represented the disappearance
of the broad band at 3400 cm-1 of alcoholic hydroxyl groups of the reacted fatty alcohols, the appearance
of new absorption bands at: 1736-1738 cm-1 corresponds to carbonyl ester indicates the ester (Q10, Q14
and Q18) formation; 1275-1277 cm-1 corresponds to ether linkages C-O-C; 2920-2922 cm-1 and 2849-
2850 cm1 corresponded to symmetric and asymmetric stretching of C-H groups. The characteristic
absorption band of C-Br bond was appeared in the range of 663-667 cm-1.

FTIR spectra of the prepared cationic polyurethane surfactants showed similar absorption bands
to the absorption bands of triethanol amine mercaptoacetate, thiol polyurethane and alkyl bromoacetate
esters. Furthermore, IR spectra recorded a disappearance of the absorption band at 660 cm-1 and the

appearance of a new absorption band at 3040 cm-1 corresponded to C-N+ group (Figure 1).
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Figure 1: FTIR spectra of cationic polyurethane surfactants (PQ10).

3.1.2. 'H-NMR Spectroscopic analysis

The HINMR spectra of the synthesized cationic surfactants (Figures 2, 3 for PQ10 and PQ14 as
representative for the prepared surfactants) showed the appearance of signals at: & = 0.85 ppm (t, 3H,
CHpa) assigned to terminal methyl group; 1.25 ppm (m, nH, CH>) attributed to the methylene groups of
the fatty chains; 2.5 ppm (t, 3H, CHsPh) assigned to methyl group of toluene diisocyanate moiety; 7.8
ppm, 8.0 ppm and 8.2 ppm (m, 4H, phenyl group).
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Figure 2: 'H-NMR spectra of PQ10 surfactant
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Figure 3: 'H-NMR spectra of PQ14 surfactant

3.1.3. Molecular weight measurements

The molecular weights of the prepared cationic surfactants were determined using GPC
chromatographic measurements according to the methodology of our colleague [28]. The results showed
that the surfactant molecules contain an average of 18 repeated units (exactly 17.8 units). The obtained
values of the molecular weights of the different surfactants were listed in Table 1.

3.1.4. UV-Vis Spectroscopy

UV-Vis absorption spectra were used to determine the formation of colloidal copper
nanoparticles stabilized by different cationic Thiol polyurethane surfactants. UV—Vis absorption spectra
of the prepared colloidal copper nanoparticles stabilized by different cationic Thiol polyurethane
surfactants were recorded in DMF as a solvent in order to monitor their formation and stability (Figure
4). Cationic Thiol polyurethane surfactants with copper nanoparticles were confirmed by the appearance
of new bands in UV spectra. UV-Vis spectroscopy is quite sensitive to the formation of copper
nanoparticles due to surface Plasmon excitation.

UV spectrum of copper nanoparticles for characterizing the metallic nature whose broad peak
corresponds to the Cu range from 500-600 nm [15, 16].

Figure 4 shows absorption spectra of Cu NPs capped by prepared cationic surfactants, which
show absorption band listed in table 2 which an indication on formation copper nanoparticles, due to
surface Plasmon resonance of copper nanoparticles. Bands at Amax range from 208 to 224 nm
characteristic for the used capping agents, which matches with the band, appeared for aqueous solution
of the used capping agents alone. It is known that the amount and size of copper nanoparticles are
positively related with the adsorption peak intensity and the Amax on the UV-Vis spectra respectively.
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Figure 4: UV spectra of Cu NPs capped by prepared cationic Thiol polyurethane surfactants

Table 2: UV absorption maxima of Cationic Thiol polyurethane Nano compounds

Compounds Amax (NmM)
PQ10-Cu NPs 216,514
PQ14- Cu NPs 212,516
PQ18- Cu NPs 208, 518

3.1.5. TEM spectroscopy

TEM spectroscopy determines the size and morphology of the formed nanoparticles. The size
and morphology of the prepared colloidal copper nanoparticles stabilized by cationic Thiol polyurethane
surfactants were investigated using transmission electron microscope (TEM), Figures 5a-c. It is clear
from TEM images that the colloidal copper nanoparticles stabilized by cationic Thiol polyurethane
surfactants are predominantly spherical in shape and polydispersed. The size of CuNPs is ranged between
10.3-31.5 nm according to the TEM image. That was in consistent with the published data for the
synthesis of copper nanoparticles by the chemical reduction method [26]. The TEM image showed the
self-assembling of the prepared surfactant on the copper nanoparticles which causes the stabilization of

the nano size of these nanoparticles due to the formation of nano shells with the used surfactant.
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Figure 5a: TEM Image of CuNPs capped by PQ10 surfactant

Figure 5b: TEM Image of CuNPs capped by PQ14 surfactant
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Figure 5¢: TEM Image of CuNPs capped by PQ18 surfactant

3.2. Antimicrobial Activity of the Synthesized Cationic Surfactants and Their Nanostructures

The biological activities of the synthesized cationic surfactants (PQ10, PQ14 and PQ18) and their
nanostructures with copper nanoparticles was screened against pathogenic Gram-positive (Bacillus
subtilis and Staphylococcus aureus), Gram-negative (Salmonella typhimurium and Escherichia coli),
bacteria and also, some pathogenic fungi (C. albicans and Asperigllus niger) using the values of the
inhibition zone diameter tests and the results are summarized in Table 3. Data in Table 3 indicating that
the synthesized compounds have antimicrobial activity rang from a moderate to slight high effect on
Gram negative bacteria and Gram positive bacteria and moderate effect on fungi and high effect on yeast
compared to the drug reference used. Where the inhibition zone for Bacillus subtilis ranges from 13-33
mm/mg compared to 26 mm/mg for Chloramphencol drug, for Staphylococcus aureus range from 0-33
mm/mg compared to 25 mm/mg for Chloramphencol drug, for Salmonella typhimurium range from 0—
21 mm/mg compared to 28 mm/mg for Cephalothin drug, for Escherichia coli range from 10-26 mm/mg
compared to 27 mm/mg for Cephalothin drug, for Candida albicans range from 17-31 mm/mg compared
to 28 mm/mg for cycloheximide drug, for Aspergillus niger range from 0-16 mm/mg compared to 26
mm/mg for cycloheximide drug.

The biological activities of surfactants often show a non-linear dependence on their chain length,
where bactericides and fungicide activity increase by increasing hydrophobic chain length.

It is clear that the antimicrobial activities are gradually increased by increasing the hydrophobic

chain length. The PQ18 surfactant showed the maximum antimicrobial activities against the tested
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bacterial strains. That behavior is depending on the surface activities of these biocides. Increasing the
hydrophobic chain length increases the adsorption tendency of the biocide molecules at the various
surfaces (water or microorganism’s membranes).Hence, the potent action of the molecules is increased
due to their high population at the cellular membrane [29,30].

General observation for data in Table 3 indicates that the Gram- positive bacteria are more
resistant to the tested compounds compared with the Gram-negative bacteria. The data provided from
the inhibition zone diameter are describing the general behavior of the tested biocides against the
different bacterial genera. The results of the antifungal activity obtained from the biological study

showed promising features of the tested biocides against the most pathogenic fungal strain (C. albicans).

Table 3: Antimicrobial activity of synthesized surfactants and their CuNPs against pathogenic bacteria,
yeast and fungi

Bacteria Yeast Fungi
Compounds Gram positive Gram negative
Bacillus  Staphyloco Salmonella Escherichia Candida  Aspergill
subtilis ~ ccus aureus typhimuriu coli albicans us niger
m
Control 26 25 28 27 28 26
PQ10 17 20 13 16 25 12
PQ14 23 14 0 10 17 0
PQ18 22 0 0 21 27 0
PQ10-Cu NPs 29 21 21 26 18 16
PQ14-Cu NPs 33 20 15 17 26 14
PQ18-Cu NPs 13 33 15 14 31 12

The bacterial cell membrane is composed of a thick wall containing many layers of peptideglycan
and teichoic acids, which are glycerol-ribitol (polyhydric alcohol) through a phosphorus bond surrounded
by lipids of lipopolysaccharides and proteins [31, 32]. In Gram positive bacteria (Figure 6), the
adsorption is occurred in the lipoteichonic acid layer which is characterized by the charged nature and
the ability to interact with the positively charged molecules. While in the Gram-negative bacteria (Figure
6), the lipid layer (highly nonpolar layer) is the target of the positively charged biocide molecules. So the
mode of action of that type of compounds on different microorganisms can be attributed to the adsorption
of amphiphile molecules on the outer cellular membrane of the microorganism due to their amphipathic
characteristics. In addition the similarity between the hydrophobic chains and the lipid layers and the
building units of the cell membranes and the monosaccharide in these compounds [33]. As a result of
that adsorption, the molecules penetrate through the cell membrane; furthermore the positive charges in
the cationic molecules neutralize the negative charges on the bacterial cell membranes. Accordingly, the

selective permeability which characterizes the outer cellular membrane is completely deactivated [34].
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Hence, the vital transportation of essential components, bioreactions and activities of the cell are

disturbed, causing death for these microorganisms.

Gram-Positive Bacterial Cell Wall Gram-Negative Bacterial Cell Wall
Lipoteichoic
Acid .
Outer Lipid [
Membrane
Peptidoglycan
Cell wall Peptidoglycan [
Plasma [
Membrane
Plasma [
Membrane
Alternating copolymer of
B(1-+4)-N-acetyl-D-glucosamine
and N-acetylmuramic acid
L-Ala-D-Glu-
" L-Lys-D-Ala
Pentaglycine cross-link / tateapeptite

Figure 6: Structure of the bacterial cell walls

By inspection data in Table 3, the biological activity of copper nanoparticle stabilized by
synthesized cationic Thiol polyurethane surfactants higher than corresponding synthesized cationic Thiol
polyurethane surfactants, this can be attributed to copper nanoparticle alone has biological activity, so
prepared surfactant capped copper nanoparticles have higher activity, this can be attributed to the higher
surface area of prepared nanoparticles and the acquired positive charge of prepared copper nanoparticles
in addition positive charge of cationic surfactants, where these positive charge facilitate adsorption at
negative cell wall membrane of bacteria. In addition to the bactericidal effect of metal nanoparticles has
been attributed to their small size and high surface to volume ratio, which allows them to interact closely
with microbial membranes and is not merely due to the release of metal ions in solution. A cell wall is

present around the outside of the bacterial cell membrane and it is essential to the survival of bacteria.

4. Conclusion

The main conclusions are as the following:
e The results indicate formation and stabilization of copper nanoparticle using synthesized cationic

surfactants.
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e By increasing the hydrophobic chain length of the synthesized cationic surfactants, the stability
of prepared CuNPs increase.

e The antimicrobial activities of the compounds toward bacteria and fungi were high compared to
the drug used.

e The antimicrobial activity depended on the chemical structure of the synthesized surfactants.

e The copper nanoparticles of the stabilized surfactants increase their biological activity.

References

[1] Athanassiou, E.K., Grass, R.N., and Stark, W.J. Large-Scale Production of Carbon-Coated Copper
Nanoparticles for Sensor Applications. Nanotechnology, 2006, 17: 1668-1673.

[2] Moya, J.S., Pecharroman, C., Cubillo, A. and Montero, I. Monodisperse and corrosion resistant
metallic nanoparticles embedded into sepiolite particles for optical and magnetic applications.
Journal of American Ceramic Society, 2006, 89: 3043-3049.

[3] Kang, X., Mai, Z., Zou, X., Cai, P. and Mo, J. A sensitive nonenzymatic glucose sensor in alkaline
media with a copper nanocluster/multiwall carbon nanotube-modified glassy carbon electrode.
Analytical Biochemistry, 2007, 363: 143-150.

[4] Kantam, M.L., Jaya, V.S., Lakshmi, M.J., Reddy, B.R., Choudary, B.M. and Bhargava, S.K. Alumina
supported copper nanoparticles for aziridination and cyclopropanation reactions. Catalysis
Communications, 2007, 8: 1963-1968.

[5] Rodriguez, J.A., Liu, P., Hrbek, J., Evans, J. and Perez, M. Water gas shift reaction on Cu and Au
nanoparticles supported on CeO2 (111) and ZnO(0001): intrinsic activity and importance of support
interactions. Angewandte Chemie International Edition, 2007, 46: 1329-1332.

[6] Panigrah, S., Kundu, S., Ghosh, S.K., Nath, S., Praharaj, S., Soumen, B. and Pal, T. Selective one-
pot synthesis of copper nanorods under surfactantless condition. Polyhydron, 2006, 25: 1263-12609.

[7] Nikhil, J., Zhong, L.W., Tapan, K.S. and Tarasankar, P. Seed-mediated growth method to prepare
cubic copper nanoparticles. Current Science, 2000, 79: 1367-1370.

[8] Zhong, C.J., Mott, D., Galkowski, J., Wang, L. and Luo, J. Synthesis of size controlled and shaped
copper nanoparticles. Langmuir, 2007, 23: 5740-5745.

[9] Wang, C.Y., Zhou, Y., Chen, B., Liu, HJ. and Mo, X. Preparation of shell-core Cu20-Cu
nanocomposite particles and Cu nanoparticles in a new microemulsion system. Journal of Colloid
and Interface Science, 1999, 220: 468-470

[10] Wu, S.H. and Chen, D.H. Synthesis of high concentration Cu nanoparticles in aqueous CTAB
solutions. Journal of Colloid and Interface Science, 2004, 273: 165-169.

Copyright © 2018 by Modern Scientific Press Company, Florida, USA



Int. J. Modern Chem. 2018, 10(2): 216-232 231

[11] Ki-Young Yoon, Jeong Hoonm Byeon, Jae-Hong Park and Jungho Hwang. Susceptibility constants
of Escherichia coli and Bacillus subtilis to silver and copper nanoparticles. Science of the Total
Environment, 2007, 373: 572-575.

[12] Raffi, M., Mehrwan, S., Bhatti, T.M., Akhter, J.I., Hameed, A. and Yawar, W. Investigations into
the antibacterial behavior of copper nanoparticles against Escherichia coli. ann Microbiol, 2010,
60: 75-80.

[13] Rispoli, F., Angelov, A., Badia, D., Kumar, A., Seal, S. and Shah, V. Understanding the toxicity of
aggregated zero valent copper nanoparticles against Escherichia coli. J Hazard Mater., 2010, 180:
212-216.

[14] Ravishankar R.V. and Jamuna B.A. (2011) Nanoparticles and Their Potential Application as
Antimicrobials, Science against Microbial Pathogens: Communicating Current Research and
Technological Advances. In: Méndez-Vilas, A., Ed., Formatex, Microbiology Series, 2011, 3: 197-
209.

[15] Subhankari, 1. and Nayak, P.L. Synthesis of Copper Nanoparticles Using Syzygium aromaticum
(Cloves) Aqueous Extract by Using Green Chemistry. World Journal of Nano Science &
Technology, 2013, 2: 14-17.

[16] Subhankari, I. and Nayak, P.L. Antimicrobial Activity of Copper Nanoparticles Synthesised by
Ginger (Zingiber officinale) Extract. World Journal of Nano Science & Technology, 2013, 2: 10-
13.

[17] Sawant, A.R., Raut, R.R., Patil, T.D. and Ruchi, R.M. Antibacterial Activity of Copper Nano-
Particles against Pathogenic Bacteria. International Journal of Chemical and Physical Sciences,
2014, 3: 77-82.

[18] Shivakumar, S.P, and Vidyasagar, G.M. Green synthesis, characterization and antimicrobial activity
of Silver Nanoparticles by using Sterculia foetida L. young leaves aqueous extract. International
Journal of Green Chemistry and Bioprocess, 2014, 4: 1-15.

[19] Suleiman, M., Mousa, M., Amjad, H., Belkheir, H., Taibi, B.H. and Ismail, W. Copper (I1)-Oxide
Nanostructures: Synthesis, Characterizations and their Applications—Review. J. Mater. Environ.
Sci., 2013, 4: 792-797.

[20] Negm, N.A. and Mohamed, A.S. Synthesis, characterization and biological activity of sugar-based
gemini cationic amphiphiles. J Surfact Deterg., 2008, 11: 215-221.

[21] Shokry, S.A., El Morsi, A.K., Sabaa, M.S., Mohamed, R.R. and El Sorogy, H.E. Synthesis and
characterization of polyurethane based on hydroxyl terminated polybutadiene and reinforced by
carbon nanotubes. Egypt J Petrol., 2015, 24: 145-154.

Copyright © 2018 by Modern Scientific Press Company, Florida, USA


https://www.sciencedirect.com/science/article/pii/S0048969706008837?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969706008837?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969706008837?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969706008837?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697

Int. J. Modern Chem. 2018, 10(2): 216-232 232

[22] Negm, N.A. and Morsy, S.M.I. Corrosion inhibition of triethanolammonium bromide mono-and
dibenzoate as cationic inhibitors in an acidic medium. J Surfact Deterg., 2005, 8: 283-287.

[23] Zaki, M.F., Badawi, A.M., Sabbah, I.A., Abdelghani, R.A. and Hendawy, M.E. Synthesis,
Characterization and Surface Activities of Cationic Polysaccharide (Aloe) Schiff Base Surfactants.
J Surfact Deterg., 2015, 18: 455-461.

[24] Negm, N.A., El Hashash, M.A., Youssif, M.A., Ismail, E.A., Abdeen, Z.1. and Abdel Rahman, N.R.
Novel Nonionic Polyurethane Surfactants and Ag Nanohybrids: Influence of Nonionic Polymeric
Chains. J Surfact Deterg., 2017, 20: 173-182.

[25] Herndndez-Sierra, J.F., Ruiz, F., Cruz Pena, D.C., Martinez-Gutiérrez, F., Martinez, A.E., Guillén,
J.P., Tapia-Pérez, H. and Castafion, G.M. the antimicrobial sensitivity of Streptococcus mutans to
nanoparticles of silver, zinc oxide, and gold. Nanomed. Nanotech., Bio., and Medicine, 2008, 4:
237-240.

[26] Hegazy, M.A., Badawi, A.M., Abd El Rehim, S.S. and Kamel, W.M. Influence of copper
nanoparticles capped by cationic surfactant as modifier for steel anti-corrosion paints, Egyptian
Journal of Petroleum, 2013, 22: 549-556.

[27] Muanza, D.N., Kim, B.W., Euler, K.L. and Williams, L. Antibacterial and Antifungal Activities of
Nine Medicinal Plants from Zaire. Int. J. Pharmacogn, 1994, 32: 337-345.

[28] Azzam, E.M.S., El-Frarrge, A.F.M., Ismail, D.A. and Abd-Elaal, A.A. Enhancement of the surface
activity for some monomeric and polymeric thiol surfactants using silver nanoparticles. J Disp Sci
Technol., 2011, 32: 816-822.

[29] Cukurovali, A., Yilmaz, 1., Gur, S. and Kazaz, C. Synthesis, antibacterial and antifungal activity of
some new thiazolylhydrazone derivatives containing 3-substituted cyclobutane ring. Eur. J. Med.
Chem., 2006, 41: 201-207.

[30] Negm, N.A., Morsy, S.M.l. and Said, M.M. Biocidal activity of some Mannich base cationic
derivatives. Bioorg. Med. Chem., 2005, 13: 5921-5926.

[31] Koch, A. Bacterial Wall as Target for Attack Past, Present, and Future Research. Clin. Microbiol.
Rev., 2003, 16: 673-687.

[32] Walsh, F. and Amyes, S. Microbiology and drug resistance mechanisms of fully resistant
pathogens. Curr. Opin. Microbiol., 2004, 7: 439-444.

[33] Chernomordik, I., Kozlov, M.M. and Zimmerberg J. Lipids in biological membrane fusion. J.
Membr. Biol., 1995, 146: 1-14

[34] Saier Jr., M.H. Enzymes in Metabolic Pathways, Harper & Row, New York, 1987.

Copyright © 2018 by Modern Scientific Press Company, Florida, USA



