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1. Introduction

Since the exploitation of nanotechnology, synthesis of nanoparticles has been the
heart of nanotechnology research. With various methods of nanoparticles syn-

thesis been developed to exploit this field of research, number of nanomaterials
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can be found in many applications at the moment. The synthesis of nanoparti-
cles is of interest due to their wide variety of applications in fields such as elec-
tronics [1] [2], photonics [3] [4] [5], catalysis [6] [7] [8], medicine [9] [10] and
water treatment [11] [12] [13], etc. The fundamental aim of their synthesis is the
ability to control the size and shape of atomic clusters or nanoparticles and their
ordering in 1D, 2D, or 3D arrays. Studies have shown that the size, morphology,
stability and chemical and physical properties of the metal nanoparticles are in-
fluenced strongly by the experimental conditions, the kinetics of interactions of
metal ions with reducing agents, and adsorption processes of stabilizing agent
with metal nanoparticle [14]. The most known conventional chemical route for
the synthesis of nanoparticles involved the reduction from the appropriate salt
solution, excess reducing agents such as sodium citrate [15] or NaBH, [16] [17]
and the stabilizing agent to stabilized nanoparticles in solution in order to pre-
vent aggregation. The stabilization, in general, takes place by the absorption of
electric charges on the surface, leading to a repulsion of the nanoparticles as long
as a critical distance maintained [18]. Generally, specific control of the shape,
size and distribution of the produced nanoparticles is achieved by changing the
methods of synthesis, reducing and stabilizing agent factors. The chemical me-
thods such as chemical reduction, micro-emulsions, thermal decomposition and
electrochemical synthesis are widely used due to ease of control, simplicity of
operation, limited equipment requirement and high quality of particles. Al-
though nanoparticles can be made using various physicochemical methods [19],
their synthesis using nontoxic and environmentally benign methods is attractive
especially if they are intended to be used in applications such as water treatment
or in human.

In particular, copper nanoparticles have been used with promising results as
bactericides [20] [21] [22], antimicotics [23] [24] [25], and anticancer agents
[26] [27] [28]. Umer et al. reported on selected methods used for the synthesis of
copper nanoparticles either by using a chemical or physical synthesis route [29].
Recent work by other authors in the synthesis of copper nanoparticles has been
either replacing the reducing agent or the stabilizing agent with an inexpensive
or less/non-toxic material such as natural clay. Clay is known to be an inexpen-
sive mineral and it is extensively used as filler in a number of composite materi-
als. Drelich et al prepared vermiculite decorated with copper nanoparticles as
novel antibacterial materials [30]. Fusion of metallic nanoparticles in the struc-
ture of aluminosilicates is a relatively new approach in the synthesis of nanopar-
ticles, few reports have been presented thus far on this topic. Hundakova pre-
sented the synthesis of silver and copper vermiculites and tested their antibacte-
rial effects against the two bacterial groups [31]. The method still follows the wet
chemical process but vermiculite is used to stabilize the nanoparticles. Hundakova
also studied the stability of silver and copper on clay minerals (montmorrilo-
nite) and vermiculite substrate in an aqueous environment and their antibac-
terial effect. Organoclay minerals represent a good candidate to prepare metal

nanoparticles which are stable and are anchored on the clay substrate.
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In this study, the nanoparticle growth substrate comes from a known com-
mercial compound of organo-montmorillonite, commercially known as Cloisite
30B. This montmorillonite is modified with methyl, tallow, bis-2 hydroxyethyl,
quaternary ammonium, where tallow is 65% C,, 30% C,,, and 5% C,,. We pre-
sent results on the synthesis of copper nanoparticles using this organoclay as a
substrate surface for the synthesis of the nanoparticles. Study the effect of in-
creasing the organoclay in the solution on the resultant nanoparticles. We have
characterized the resulting nanoparticles by SEM, TEM, XRD and FT-IR spec-
troscopy, TGA and study their antibacterial effect on the two well-known gram
negative bacteria of Escherichia coli and Pseudomonas aeruginosa. To the best
of our knowledge, this is the first report in the literature on copper nanoparticle

synthesis using commercially available organoclay such as Cloisite 30B.

2. Materials and Methodology
2.1. Materials

Cupric sulphate pentahydrate (CuSO,-5H,0) and tri-Sodium Citrate (Na,C,H,O,)
were purchase from Associated Chemical Enterprises (ACE, South Africa). So-
dium borohydride powder (NaBH,) was obtained from Sigma-Aldrich Chemical
Co. (South Africa). The organically modified clay, Cloisite 30B (Organoclay)
obtained from Southern Clay Products (USA) was used as a substrate. Cloisite
30B is a montmorillonite organically modified with dimethyl-dihydrogenated
tallow quaternary ammonium, in a concentration of 90 meq/100 g clay. The sol-
vent used is N,N-dimethyl acetamide (DMAc) purchased from Sigma-Aldrich
Chemical Co. (South Africa).

2.2. Microorganisms

The antibacterial activity of prepared nanocomposites was determined using two
gram negative bacterial strains of Escherichia coli (E. coli) was obtained from
Centre for Metal Drug Discovery (CMDD) group at Mintek and Pseudomonas

aeruginosa (P. aeruginosa) was obtained from Biolabels group at Mintek.

2.3. Synthesis of Copper Nanomaterials

Copper nanoparticles were prepared following a modified method of Samim et
al [32]. In the current preparation, the stabilizing agent, Na,C;H;O,, was re-
placed with organoclay, acting both as a stabilizer and substrate for nanoparti-
cles. To a solution of CuSO,-5H,0 in 100 mL distilled water, 1% organoclay was
added while vigorously stirring at room temperature, stirring was continued for
an hour under nitrogen (N,) atmosphere. Similar reactions were prepared with
CuSO,5H,0 solution kept constant, with the addition of increased loading of
the organoclay (Z.e; 2% - 5%). A solution of NaBH, in distilled water was slowly
added to the mixture, with stirring continued for an hour. The resultant solution
was then centrifuged and organoclay/Cu nanoparticle hybrid was then air dried
and room temperature. Table 1 details the conditions/amounts used for the as-

synthesis organoclay/Cu nanoparticles.
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Table 1. Composition of the prepared copper sulphate and organoclay solution and their
designated names.

0.075 M CuSO,-5H,0 Organoclay added (%) designated name
100 1 CloCu-1 (A)
100 2 CloCu-2 (B)
100 3 CloCu-3 (C)
100 4 CloCu-4 (D)
100 5 CloCu-5 (E)

2.4. Instrumentation

Scanning electron microscopy (SEM) [FEI Novanano230, Netherlands] was em-
ployed to observe the morphology of the organoclay/Cu hybrid nanoparticles.
The instrument is equipped with an X-ray energy dispersive spectroscopy system
(EDS) [AMETEK GmbH, Germany] for compositional analysis. The high reso-
lution Transmission Electron Microscope (TEM) [JEOL JEM 2100F, United
Kingdom] was used to determine the morphology of the organoclay and nano-
particles. Information about the phases and crystallinity was obtained using the
Bruker D8 X-Ray Diffraction (XRD) [Bruker, South Africa] patterns which were
recorded in the diffraction angular range 5° - 80° 26 using a Bruker Advance 8
diffractometer, working in the reflection geometry and equipped with a graphite
monochromator on the diffracted beam (CoKa radiation). FTIR spectroscopy
analysis was performed on a PerkinElmer Spectrum 2000 spectrophotometer
[PerkinElmer, South Africa] with a resolution of 1 cm™. Infrared spectra were
obtained for the organoclay and organoclay-copper nanoparticles from 600 -
4000 cm™" using attenuated total internal reflection (ATR). The thermal stability
of the synthesized polymer nanocomposite was carried out with a Simultaneous
Thermal Analyser (STA) [Netzsch STA 429 Netzsch-Gratebau GmbH, Ger-
many] by heating in nitrogen atmosphere from 25°C to 1000°C with heating
rates 10°C/min. Heating was followed under a continuous nitrogen purge of 20

mL/min.

2.5. Antibacterial Testing

The antibacterial activity of the organoclay/Cu was tested against the two gram
negative bacteria of E. coli and P. aeruginosa microorganism zone of inhibition
(ZOI) method. This is a simple method of measuring the efficiency of an anti-
bacterial agent against the above mentioned bacterial growth. The suspension of
the bacteria cultures were prepared as follows: the Rapid E. coli chromogenic
agar powder was used as a culture medium for E. coli bacterial growth and Pseu-
domonas chromogenic agar powder was used as culture medium for the 2. aeru-
ginosa bacterial growth. The 37 g of each of the agar was dissolved in 1000 ml of
distilled water; then the clear brown solvent was obtained. Both agar media were
then sterilized at 120°C for 60 min in autoclave and then cooled to room tem-

perature, briefly 20 mL of each of the agar medium was poured onto disposable
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sterilized Petri dishes and allowed to solidify. The surfaces of the solidified agar
plates were allowed to dry in the incubator prior to streaking of microorganisms
onto the surface of the agar plates. Next, 100 pL of the microbial culture suspen-
sion in broth containing colony was streaked over the dried surface of the agar
plate and spread uniformly using a sterilized plastic rod and allowed to dry be-
fore loading the hybrid materials as disks. The organoclay/Cu hybrid materials
were made into 3 mm disks. The loaded disks were applied carefully to the sur-
face of the seeded agar plates using sterile forceps. The diameters of the zones of

inhibition were measured after 24 h of incubation at 37°C.

3. Results and Discussions
3.1. SEM and EDS Results

Organoclay/Cu nanoparticles were successfully synthesized using chemical re-
duction method. The introduction of NaBH, solution, acting as a reducing agent,
caused the reaction colour to change from blue to dark brown which is an indi-
cation of the formation of Cu nanoparticles. The effect of organoclay on the size,
shape, stability and antibacterial properties of the synthesized organoclay/ Cu
hybrid nanoparticles was evaluated. Prior to testing the nanocomposites for an-
tibacterial effect, they were subjected to different characterization methods to
determine their physical and chemical properties. In this instance, SEM was used
to study the morphology of organoclay/Cu hybrid nanoparticles and distribu-
tions of nanoparticles on the surface of the organoclay. Figure 1 shows the or-
ganoclay decorated with copper nanoparticles in forming these hybrids under
SEM observation. Figure 1(a) exhibits the SEM image of layered organoclay
particles, with some traces of lumped particles observed forming bulky micron-
sized aggregates.

As the organoclay amount is increased from 1% - 5%, less agglomerated parti-
cles are distributed on the organoclay surface as seen on the images. This shows
that increased organoclay content provides more surface for nanoparticles to
form and therefore are separated enough to minimize agglomeration to some de-
gree. The agglomerates are also mostly observed when they are not formed on the
organoclay surfaces. This confirms that the organoclay acts as a good support for
nanoparticles formation allowing good dispersion of nanoparticles on the surface.

Energy Dispersive X-Ray Spectroscopy (EDS) analysis from each of the SEM
images confirms that the organoclay composition is dominated by C, O, Si and
Al peaks, with minor peaks of Mg and Fe observed, representing the structure of
the organoclay moiety in the hybrid. Similar peaks were reported by Bhatta-
charya and Mandot [33]. Cu nanoparticles peaks are also observed in the spec-
trum which confirms the presence of the copper nanoparticles in these hybrid
materials. No other chemical composition was detected in the samples signifying
the purity of the as-synthesized nanoparticles.

Confirmation of the size of copper nanoparticles was achieved through the

TEM analysis. Figure 2 shows the TEM micrographs of the organoclay/Cu hy-

148

K2
o5
“t:o

Scientific Research Publishing



M. F. Bambo et al.

10.00 12.00 1400 16.00 18.00 keV
Cu
Fe
Fe . cu
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 ke
Fe Cu
RASE WK
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 keV
Cu
Fe
Fe 4 Cu
4.00 6.00 8.00 10.00 12.00 1400 16.00 18.00 keV
Cu
Fe
e Jo
4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 keV

Figure 1. SEM micrograph and EDS analysis of the as-synthesized organoclay/Cu nanoparticles hybrid material.
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Figure 2. TEM micrograph of the as-synthesized organoclay/Cu nanoparticles hybrid material.
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brid materials (A-E). The images show that the copper nanoparticles are sup-
ported on the organoclay surface as observed in the SEM analysis. As stated pre-
viously from the SEM images, the supported nanoparticles are less aggregated.
The organoclay platelets can be seen on these TEM images. Particle size distri-
bution of the nanoparticles supported on organoclay is given alongside each re-
spective micrographs with an average size ranging from 10 - 80 nm for the cop-
per nanoparticles. Increasing organoclay leads to a slight decrease in the average

copper nanoparticles size as well as leading to less agglomeration.

3.2. XRD Studies

The crystal structure of the nanoparticles was verified using XRD technique.
According to Figure 3, peaks observed at 26 values of 42.5°, 51° and 74" corre-
spond to (111), (200) and (220) planes of metallic Cu as shown by the CuNPs
spectra in the figure. These three peaks were consistent with those of the stan-
dard JCPDS card No. 04-0836 for the standard spectrum of the pure fcc metallic
Cu which has been observed at the following 26 values; 43.297° (111), 50.433°
(200) and 74.130° (220), respectively, as reported earlier [34] [35]. Beside the
metallic Cu peaks, more peaks are also observed on the spectra at 26 values of
46° and 59°, these are reported to correspond to (200) and (220) of Cu,0O, re-
spectively, indication of the formation of copper (I) oxide nanocrystals [36] [37]
[38]. From the organoclay/Cu hybrids (Figure 3) it can be observed that the
metallic copper peaks appears at the same position as CuNPs spectra. Spectra A
shows the high intensity peak of the (200) reflection of the Cu metallic nanopar-
ticles. Increasing the organoclay into the hybrid result in reduced intensity of the
(111) reflection peak (B-D) and a slight increase at E. The broadening of the
peak in the XRD pattern indicates the presence of small nanocrystals of the cop-
per [39]. The XRD has confirmed the formation of the Cu nanoparticles in the
organoclay and also indicated the crystal structure of the nanoparticles formed.
The resultant nanoparticles are a mixture of metallic Cu and Cu(I) oxide nano-
particles. Other peaks observed are as a result of the organoclay presence in the
mixture. The (001) reflection peak of the organoclay at 28 value of 4.9° is shown
as an inset (i) in the figure. This is in agreement with the work by Petrova et al
[40], who reported the appearance of (001) reflection peak at 26 value of 4.9°.
XRD analysis is not just another tool for confirming the presence of copper
nanoparticles in the organoclay, but also determines the structure or even con-
firm whether organoclay was intercalated or exfoliated as the characteristics
peak changes with galley height (or spacing between the silicate layers) of the
organoclay. If the hybrid formed in the synthesis has intercalated structure, the
XRD peak is seen at larger d-spacing than the original organoclay or results in
peak broadening. However, if a completely exfoliated structure forms in the hy-
brid, no peak is observed at the position. However, for all the organoclay/Cu hy-
brids synthesized the intensity of (001) peak was observed in all the spectra and
is enhanced as the amount of organoclay is increased. For sample C and E, the

peak was observed to have decreased in intensity and broadening effect can be
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seen. As noted, there seem to be some degree of intercalation in the organoclay
galleries. Since small particles of the copper nanoparticles are observed as or-
ganoclay is increased, this can be that the particles are deposited in the interlayer
galleries resulting in decrease and broadening. But the same cannot be said for
D, which shows an increased intensity of the (001) reflection peak with no shift.
The diffraction peak remained unchanged, this essentially indicates that equilib-
rium shift between exfoliation and intercalation structures in the hybrid was not

experienced in the A, B and D samples during the synthesis process.

3.3. FTIR Studies

An additional confirmatory test was performed by studying the molecular inter-
action between the organoclay and the synthesized copper nanoparticles using
FT-IR technique. Figure 4 shows the spectra of the organoclay/Cu hybrid mate-
rials at different organoclay loadings. The FT-IR spectra for organoclay normally
show Al-O vibrations bands at 624, 792, 842 and 915 cm™" confirm the presence
of organoclay in the organoclay/Cu dispersions. The Si-O stretching peaks can

be seen at 1080 and 1030 cm™', with Si-O bending peaks appearing at 520 cm™,
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Figure 3. XRD spectra to study the crystalline nature of the as-synthesized organoclay/Cu
nanoparticle hybrid material.
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Figure 4. FT-IR spectra of the as-synthesized organoclay/Cu nanoparticles hybrid mate-
rial.

as observed previously by Hadj-Hamou et al [41]. Sharp peak at 3600 cm™ il-
lustrates Si—O—H stretching on surface of the clay. Peaks at 2900, 2840 and
1470 cm™' show asymmetric, symmetric and bending stretching of C—H bonds
in—CH, group of the organic modifier, respectively, in addition to in-plane
scissoring vibrations. Al—OH stretching peak appears at 920 cm™, while peak at
1040 cm™ represents Si—O and Si—O—Si stretching. Broad peaks at 3390 and
1640 cm™ indicate H—O—H stretching and O—H bending, respectively. The
intensities of the peaks at 3600 and 1040 cm™' become enhanced as the organo-
clay loading is increase indicating greater loading of organoclay in the organo-
clay/Cu hybrid samples. Peaks in the range of 1374 - 1465 cm™ correspond to
N—H bending in the surfactant used for organo-modification of the clay. Con-
firmation of FTIR spectra revealed vibration of the CuO band below 500 cm™; a
band at 624 cm™ was attributed to some other form of Cu nanoparticles as ob-
served in the XRD spectra [42].

3.4. TGA Analysis

The weight percentages of copper nanoparticles-organoclay hybrids were deter-
mined by TGA analysis under inert (N,) atmosphere in each of the as-synthe-
sized hybrid materials (A-E) as shown in Figure 5. The thermograms of the or-
ganoclay/Cu shows weight-loss events as follows; the first event is located in the
temperature range between 200°C and 300°C that can be attributed to water
evaporation and volatiles compounds and where significant weight loss of or-
ganoclay modifier compound is most apparent is known as maximum degrada-
tion temperature. The second stage of material loss is between 300°C and 420°C
and is assigned to the degradation of clay modifier and some pyrolytic carbon
found in the clay material. The third stage of material loss can be attributed to

the softening of the metal nanoparticles. Similar loss was previously reported by
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Figure 5. TGA curves of the as-synthesized organoclay/Cu nanoparticles hybrid material.

Kobayashia et a/. [43]. The TGA profile for all the organoclay/Cu is almost simi-
lar in their degradation profiles, with the lower organoclay loading sample (A)
showing higher thermal stability and also higher decomposed char residue. This
can be attributed to the higher copper content of agglomerates. As the organo-
clay loading is increased, higher organoclay loading (E) also shows high thermal

stability due to the high organoclay content in the hybrid.

3.5. Antibacterial Studies

The organoclay stabilized copper nanoparticles exhibited both antibacterial ac-
tivities against Gram-negative bacteria of E. coli and P. aeruginosa. The orga-
noclay material supported the efficiency of the synthesized copper nanoparticles.
As shown in Figure 6, the antimicrobial activity (indicated by the zones of inhi-
bition) of organoclay/Cu nanoparticles materials (CloCu-1, CloCu-2, CloCu-3,
CloCu-4 and CloCu-5), respectively, was clearly observed in all the samples.
However, it is noteworthy that the zone of inhibition of the organoclay/Cu hy-
brid materials is generally increased when the organoclay loading is increased.
Greater antibacterial effect can be largely observed on the P. aeruginosa plates
since they show increased zone of inhibition as compared to the E. coli plates.
Organoclay/Cu hybrid materials showed a more effectiveness as antibacterial
agent to P. aeruginosa bacteria as compared to the E. coli bacteria. All the orga-
noclay/Cu compounds showed higher inhibition rates against the tested micro-
organisms suggesting that these hybrid materials are effective antibacterial
agents. Cu nanoparticles without addition of organoclay were also used as a ref-
erence and it also showed antibacterial activity as demonstrated by the zone of
inhibition. The higher antibacterial activity of the Cu nanoparticles is observed

with the P. aeruginosa microorganisms as compared to the E. coli. As compared
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Figure 6. Antimicrobial activity of as-synthesized organoclay/Cu hybrid materials Clo-
Cu-1, CloCu-2, CloCu-4 and CloCu-5 against two gram-negative bacteria using the disk
diffusion method.

with the organoclay/Cu hybrid antibacterial activity, Cu nanoparticles showed
higher bactericidal effect with the P. aeruginosa microorganism than with the £
colf, in which the hybrid showed a higher activity.

The bacterial effect of metal nanoparticles has been attributed to their size and
high surface to volume ratio, which allows them to interact with microbial
membranes and is not merely due to the release of metals ions in solution as re-
ported previously by Jung et al. [44]. The CloCu-5, which has the highest orga-
noclay concentration, was determined to be optimal, due to its higher activity
against the microbial species tested. This can be attributed to the smaller size of
copper nanoparticles formed as observed in the TEM micrographs results shown

above.

4. Conclusion

Copper nanoparticles supported on organoclay surfaces were successfully syn-
thesized via a chemical method. The organoclay material acted as a good support
for nanoparticles formation. Transmission electron micrographs for the CloCu-
5, the highest organoclay loading, indicate the size of the nanoparticles to be
smaller as compared with the other hybrid materials. XRD data showed that the
copper nanoparticles formed contained a mixture of Cu’ and Cu,O, crystalline
phases. The antimicrobial activity of the nanoparticles was determined accord-
ing to the organoclay loading using a couple of bacterial species. The CloCu-5,
which is the highest organoclay concentration, was determined to be optimal,
due to its higher activity against the microbial specie tested. This can be attri-

buted to the smaller size of nanoparticles formed as observed in the TEM mi-
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crographs. Our results indicate the future potential of these organoclay/Cu hy-
brids materials for combating pathogenic microorganisms. Further work still
needs to be carried out (in vivo studies) to determine the toxicity of these nano-

materials which will allow for the application and use of these nanoparticles.
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