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Antimicrobial activity of copper chalcogenides nanoparticles was investigated by synthesizing copper selenide, copper sulﬁde, and
copper oxide via the hot-injection method. Since reaction time has a profound eﬀect on the nanocrystals size and shapes, the eﬀect
of reaction time was also investigated during the synthesis of the copper chalcogenides to obtain nanocrystals with desired
properties. The reaction time showed no eﬀect on the phase composition of the synthesized copper sulﬁde, copper oxide, and
copper selenide nanoparticles. However, the size variation of nanoparticles with diﬀerent reaction time was observed. Reaction
time of 30 minutes gave the best optical (the shape of the absorption band edge and emission maxima values) and structural (size
distribution of particles) properties for CuSe and CuS compared to other reaction times (15, 45, and 60 min). Their band edges
were located at 506 (2.45 eV) and 538 nm (2.30 eV), respectively. For this reaction time, copper selenide produced nanoparticles
with a size range of 1–27 nm and copper sulﬁde nanoparticles ranged 1–18 nm. The morphologies of both chalcogenides at 30 min
reaction time were spherical. Reaction time of 15 minutes gave the best optical and structural properties for copper oxide
nanoparticles with a band edge of 454 nm (2.73 eV) and particle size ranging 0.8–3.2 nm, but nonetheless, 30 min was used as the
optimum reaction time for all three chalcogenides. The optimum parameter (220°C, 30 min, and 1 : 1 ratio) was used to synthesize
the three copper chalcogenides which were then tested against Gram-negative (E. coli and P. aeruginosa), Gram-positive (S. aureus
and E. faecalis), and fungi (C. albicans) employing both agar disk diﬀusion and minimum inhibitory concentration (MICs)
methods. Copper oxide nanoparticles showed more sensitivity towards four bacterial microorganisms than the other two
chalcogenides followed by copper sulﬁde nanoparticles with copper selenide nanoparticles being the least sensitive. The sensitivity
of copper oxide nanoparticles is attributed to the smaller size of oxygen atom which strongly aﬀects its reactivity and stability and
hence very stable and highly reactive compared to sulfur and selenium.

1. Introduction
Copper chalcogenide nanoparticles are being sought in both
fundamental science and technological applications [1].
Copper-based semiconductors have recently gained recognition as biocompatible alternatives due to bacterial infections which has become a concern globally mainly due to the
development of antibiotic resistance. In the past years, there
has been an increased resistance in Gram-negative bacteria
[2]. The World Health Organization (WHO) estimated that
approximately 80% of the population of the developing

country rely on traditional medicines, mostly plants or
derived products for disease treatment (WHO, 1993) [3].
Numerous therapeutic approaches are being used to
control diﬀerent diseases. A current approach is the development of new compounds such as nanoparticles. These
nanoparticles will need to be in the right size range and adequate cell biocompatibility [4]. The reason for this is because
the use of nanoparticles for biological-related applications is
strongly aﬀected by their sizes. In the colloidal method, the
investigation of reaction time is the main feature for particle
growth and size distribution in order to get nanocrystals with
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desired properties [5, 6]. The availability of a large number of
nuclei at a given time induces a decrease in the nanoparticle
size; hence, many nuclei are preferred. Shorter nucleation time
is better for control of size distribution [7]. Furthermore, the
particles with smaller sizes dissolve and recrystallize because of
their higher surface energy. This suggests that time has a
profound eﬀect on the nanocrystals size and shapes with
longer time reaction favoring large particle size [8]. The size
and the shape of particles are determined by the Ostwald
ripening process [9]. The keypoint to accomplish the desired
nanocrystals is to balance the nucleation and growth processes
kinetically because the size distribution of initial nuclei may
increase or decrease depending on the kinetics of the subsequent growth process. This may also prevent the formation of
bulk crystals [10].
These nano-sized semiconductors have been synthesized
by a variety of methods for tuning the properties for speciﬁc
applications. As mentioned in the previous work reported by
Mbewana-Ntshanka et al. [11], the methods that have been
extensively used for the synthesis of the nano-sized semiconductors include precipitation methods [12], sol gel
methods [13], solid-liquid discharge [14], electrochemical
radiolysis alcohothermal [15], alcohothermal [16], direct
thermal [17], sonochemical [18], microwave radiation [19],
and colloidal-thermal methods [20]. Nevertheless, these
methods are complicated and have disadvantages such as
requiring drastic conditions, diﬃcult control of particle
growth, and higher energy consumption [20]. The colloidal
hot-injection method which was employed in this work has
been reported to produce nanocrystals with a narrow size
distribution. This method allows you to control the conductive properties of the material by controlling the size of
the crystals. It further gives a privilege of separating nucleation and growth stages during the synthesis resulting to
high monodispersed material without having to do postsynthesis size-selective technique [21]. This method requires
relatively high but not extreme temperatures. Under those
conditions, particles with good crystalline structure are
obtained and can relatively be isolated after a short time of
synthesis.
The biological and medical research communities have
exploited the unique properties of nanomaterials for various
applications [22]. Semiconductor nanoparticles have been
proven to have a wide range of potential biomedical applications, especially when combined with antigen speciﬁc
coatings or functional groups on their surfaces [23]. The
extremely high surface areas and unusual crystal morphologies endow copper oxide nanoparticles with antimicrobial activity. The dose dependently inhibits Escherichia
coli strains but not Salmonella typhimurium [24]. This
ﬁnding provides a way to develop a novel and speciﬁc
antimicrobial agent such as copper chalcogenides nanoparticles. This study therefore attempts to explore the eﬀect
of reaction time during the synthesis of copper chalcogenides nanoparticles and their antimicrobial eﬀect on selected microorganisms using both agar disk diﬀusion and
minimum inhibitory concentration (MICs) methods. This
work will also facilitate the exploration of copper chalcogenides nanoparticles against other pathogenic organisms.
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2. Materials and Methods
2.1. Synthesis of Copper Selenide, Copper Sulﬁde, and Copper
Oxide Nanoparticles. Oleylamine (OLA), copper (I) chloride, selenium powder, sulfur powder, urea solid, methanol
(99.5%), and acetone (99.8%) were purchased from Sigma
Aldrich. In this study, synthesis of copper oxide, copper
sulﬁde, and copper selenide nanoparticles was approached
by the colloidal hot-injection method. About 5 ml of OLA
was placed in a three-neck ﬂask, equipped with a reﬂux
condenser (waterless condenser) and a thermometer under a
nitrogen atmosphere for both reactions. The content was
heated to 120°C under nitrogen environment with a magnetic stirrer on it. About 330 mg (0.0033 mol) of copper
chloride was dispersed into 3 ml of OLA and injected into
OLA that is in the three-neck ﬂask via a syringe. The content
was heated up to 220°C, at which a solution of about
26.06 mg (0.0033 mol) of selenium (sulfur or urea) in 3 ml of
OLA was added via syringe. The content was heated at 220°C
for about 30 minutes, followed by cooling to 80°C, and then
cleaning twice with ethanol and once with acetone via
centrifugation at 5000 rev/min for 10 min. The precipitate
was left to dry for 24 hours at room temperature. The sample
was dispersed into toluene, sonicated for 30 minutes, and
then characterized using ultraviolet visible spectroscopy
(UV-Vis), photoluminescence (PL), and transmission
electron microscopy (TEM). The solid sample was further
characterized with XRD.
2.2. Antimicrobial Study. The antimicrobial study of the
synthesized nanoparticles was carried out by testing them
against Gram-positive bacteria strains (Staphylococcus aureus and Enterococcus faecalis), Gram-negative bacteria
strains (Escherichia coli and Pseudomonas aeruginosa), and
fungal strain (Candida albicans). The disk diﬀusion method
was ﬁrst used to screen the antimicrobial activity; thereafter,
the minimal inhibitory concentration (MIC) method was
used, and neomycin was used as a negative control for
antibacterial studies and amphotericin for antifungal
studies.
2.2.1. Preparation and Test for the Agar Disk Diﬀusion
Method. Stock cultures were maintained at 4°C on slopes of
nutrient agar. Active cultures (Escherichia coli, Pseudomonas
aeruginosa, Candida albicans, Staphylococcus aureus, and
Enterococcus faecalis) for the experiment were prepared by
transferring a loop full of cells from the stock cultures to a
ﬂask containing Muller–Hinton broth (MHB) and Muller–Hinton agar (MHA) and incubated for 24 hours at 37°C.
Disk diﬀusion plates for the bacterial test were prepared
by weighing 10 g of malt-extraction agar (MEA) into a
200 ml ﬂask, and 200 ml of distilled water was added. The
solute was dissolved using a microwave, autoclaved for 1
hour, and then cooled to room temperature. The plates were
prepared by transferring about 15 ml of a molten media into
a sterile disk plates under sterilized fume hood. Disk diffusion plates for the fungal test were prepared the same way
but 7.6 g of Muller–Hinton agar (MHA) was used instead of
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malt-extraction agar. The disk plates were left for 10 minutes
to solidify. Inoculum suspension was swabbed uniformly
and allowed to dry for 5 minutes. A well of 6 mm was created
on a disk, and 50 μL (0.06 mg/L) of the sample was added.
The sample was allowed to diﬀuse for 5 minutes and then
incubated at 37°C for 24 hours. In general, antimicrobial
agent diﬀuses into agar during the incubation period and
inhibits germination and growth of the test microorganisms,
and the diameter of their inhibition zones are measured.
2.2.2. MIC Test Method. Minimum inhibitory concentration (MIC) of the plant extracts’ copper chalcogenides
nanoparticles (copper selenide, copper sulﬁde, and copper
oxide) was determined using the microdilution bioassay as
described by Gupta [25]. Overnight cultures (incubated at
37°C) of Escherichia coli, Pseudomonas aeruginosa,
C. albicans, Staphylococcus aureus, Enterococcus faecalis,
Klebsiella pneumoniae, and bacterial strains were each
diluted with sterile Mueller–Hinton broth (MHB) to give
ﬁnal inoculum of approximately 1 × 106 CFU/ml (colony
forming units). 60 mg of copper chalcogenides nanoparticles were each dissolved in 3 ml of 0.17% ethanol
solution to make a concentration of 20.0 mg/ml. One
hundred (100) microliters of each solution were serially
diluted to two-fold with sterile Mueller–Hinton broth in a
96-well microliter plate for each of the four bacterial
strains. A two-fold dilution of neomycin (20 mg/ml) was
used as positive control, and water was used as negative
control. One hundred microliters of each bacterial culture
were added to each well. Bacterial growth was indicated by
adding 50 μl of 0.02% resazurin. The plates were covered
and incubated at 37°C for 24 hrs. Since the colorless tetrazolium salt is biologically reduced to a red product due
to the presence of active organisms, the MIC values were
determined as the concentration in the last wells with no
color change observed. Bacterial growth in the wells was
indicated by a reddish-pink color. The assay was repeated
twice with two replicates per assay.
2.3. Characterization Techniques. The optical properties of
the synthesized material were determined by dissolving the
synthesized nanoparticles in a toluene and placing the
content in a quartz cuvette (1 cm path length). The absorbance measurements were recorded using a double beam
Perkin Elmer lambda 25 UV/Vis spectroscopy with a
wavelength range of 0–900 nm. The emissions were measured using a single beam Jasco spectroﬂuorometer FP-8600
with XE lamp at 150 W operated at 200–1010 nm. The
morphology of the particles was determined by drop casting
the particles that were dissolved in toluene to copper grids;
then, images were taken using transmission electron microscopy (Technai G2 TEM spirit) operated at 200 kV. The
X-ray diﬀraction patterns were determined using the Bruker
D2 phase analyzer, XRD Beam knife 3 mm (5 mm is all the
way up), and diﬀracted beam antiscatter slit 6.6 mm. Fourier
transform infrared analysis were recorded on a FTIR Perkin
Elmer 400 spectrometer using a diamond detector.
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3. Results and Discussion
3.1. Optical Properties of Copper Selenide, Copper Sulﬁde, and
Copper Oxide Nanoparticles. Semiconductor crystalline are
characterized by their band gap energy (Eg) that falls within
the range 0 < Eg < 4 eV and can be thought of as the minimum energy required to excite an electron from the valence
band to the conduction band [26]. Copper chalcogenides
(Se, S, and O) displays diﬀerent bulk band gaps and diﬀer in
their nanosize regime fundamentally based on their molecular sizes, ionization potentials, electronegativity, and
electron aﬃnity. The reaction times for the synthesis of
oleylamine-capped copper selenide, copper sulﬁde, and
copper oxide nanoparticles were investigated. Time was
varied to 15, 30, 45, and 60 minutes, while other parameters
such as temperature (220°C) and the concentration of the
precursors (1 : 1 ratio) were kept constant. The UV/Vis
absorption spectra of copper selenide, copper sulﬁde, and
copper oxide nanoparticles synthesized at 15, 30, 45, and 60
minutes are shown in Figure 1. Table 1 provides the
extracted optical parameters.
The absorption band edges of all copper selenide, copper
sulﬁde, and copper oxide nanoparticles that were prepared at
15, 30, 45, and 60 minutes were blue shifted from that of the
bulk material band gap (1180, 1022, and 1033 nm) respectively. This blue shift results from quantum conﬁnement
eﬀects [27]. The band edges of copper selenide nanoparticles
were observed at 766, 506, 587, and 674 nm, respectively. The
band edges of the synthesized copper sulﬁde nanoparticles
were found at 678 nm, 538 nm, 585 nm, and 598 nm, respectively. The band edges of both copper selenide and
copper sulﬁde nanoparticles that were synthesized at 30
minutes indicated a blue shift compared to other three
materials prepared at 15, 45, and 60 minutes. This suggests
that 30 minutes synthesis gave smaller particle size than all
the other times investigated.
The absorption curves of these two materials are also
diﬀerent from the rest of the three materials, suggesting that
the optical properties of this material would diﬀer from the
rest of the materials. Copper sulﬁde nanoparticles produced
two diﬀerent types of absorption curves predicting diﬀerent
optical properties. The materials prepared at times of 30 and
60 minutes resembled a chalcocite phase characteristic while
15 min and 45 min resembled covellite phase characteristics
as predicted by Ravi et al. [28], Moloto et al. [29], and Cheon
et al. [30] in their investigations. The band edge of the
material synthesized for 15 minutes is red shifted from those
of other materials that were synthesized for longer period
time. This higher wavelength predicts bigger diameter of
particles for the shortest time of 15 minutes. But when the
reaction time was increased from 30 minutes to 45 and 60
minutes, the band edges increased to higher wavelength
predicting an increase in particle size. This agrees with what
was reported by Kalenga et al. [5] who observed particle size
increment with reaction time through Ostwald ripening as
presented in Table 2. The absorption band edges of copper
oxide nanoparticles synthesized at 15, 30, 45, and 60 minutes
are observed at 454 nm, 457 nm, 460 nm, and 574 nm, respectively. UV-Vis spectra revealed that the absorption
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Figure 1: (a) Absorption and (b) emission spectra of copper selenide, copper sulﬁde, and copper oxide nanoparticles synthesized for 15, 30,
45, and 60 min in OLA at 220°C using 1 : 1 mole ratio.
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Table 1: Optical parameters of copper selenide, copper sulﬁde, and copper oxide nanoparticles synthesized for 15, 30, 45, and 60 min.
Nanoparticles
CuSe
CuS
CuO
Time (min)
Band edge Emission
Band edge Emission
Band edge Emission
FWHM (nm)
FWHM (nm)
FWHM (nm)
(nm: eV) max (nm)
(nm: eV) max (nm)
(nm: eV) max (nm)
15
766 (1.62)
505
61
678 (1.80)
482
68
454 (2.73)
445
90
30
506 (2.45)
365
55
538 (2.30)
468
72
457 (2.71)
502
69
45
587 (2.11)
417
102
585 (2.12)
471
91
460 (2.70)
503
81
60
674 (1.84)
457
53
598 (2.07)
482
95
574 (2.16)
622
116

Table 2: Optical and physical properties of copper selenide, copper sulﬁde, and copper oxide nanoparticles synthesized for 30 min in
comparison with previously reported data.
Nanoparticles
CuSe
CuS
CuO
Results obtained Literature [31] Results obtained
Literature [32]
Results obtained
Literature [33]
30
min
and
30
min
and
Optimum
30 min and
30 min and 220°C
25 min and 0°C
180 min and 400°C
220°C
220°C
conditions
220°C
Band edge/band gap 506 nm (2.45 eV) 400 nm (3.1 eV) 538 nm (2.3 eV) 593 nm (2.09 eV) 457 nm (2.71 eV)
_
Particle size
1–27 nm
2–9 nm
1–18 nm
3–5 nm
0.1–8 nm
26–30 nm
Undeﬁned
Particle shape
Spherical
Hexagonal
Spherical
Spherical
Spherical
clusters

bands tend to increase with the increase in reaction time.
This agrees well with what has been reported in literature
that prolonged time yields larger particle size due to the
Ostwald ripening process [34]. The absorption bands predict
that 15 min materials should have smallest particles while
60 min should have the biggest particles when four materials
are compared.
The emission spectra of the three diﬀerent materials are
shown in Figure 1. Copper selenide nanoparticles produced
their maximum intensity at 505, 365, 417, and 457 nm,
respectively, and for copper sulﬁde nanoparticles are located at 482, 468, 471, and 482 nm, respectively, corresponding for 15, 30, 45, and 60 min reaction intervals,
respectively. The emission peaks of these materials corroborate their UV/Vis spectra by following the same trend
as their absorption curve. In copper selenide, a broad peak
for the material synthesized at 45 minutes is observed with a
FWHM of 102 nm, and this suggests that the material is
polydispersed. The emission peak of the 15 min material is
also broad and red shifted from other three materials and
produced high intensity. This suggests that this material
should have the biggest particle size as suggested by its
absorption curve.
Narrow emission peaks for copper selenide were observed at 30 and 60 minutes with full width at half maximum
of 55 nm and 53 nm, respectively. Particles prepared at 15
and 45 minutes gave emission peaks with a full width at
height maximum of 61 and 102 nm predicting less monodispersity. Copper sulﬁde nanoparticles showed similar
trends to copper selenide, although copper selenide gave the
largest FWHM value at 45 minutes. In contrast to the other
materials, copper oxide gave the largest dispersity at 60
minutes with a FWHM of 116 nm.

3.1.1. Morphology of the Synthesized Copper Selenide, Copper
Sulﬁde, and Copper Oxide Nanoparticles. The morphology
of the synthesized copper selenide, copper sulﬁde, and
copper oxide nanoparticles was studied by TEM, and their
images are given in Figure 2 together with their size distribution graphs. Some of the size distribution graphs are not
displayed due to mixed morphologies of particles they
produced. 15, 30, 45, and 60 minutes reaction times of
copper sulﬁde produced particles in size range (2–108 nm),
(1–18 nm), (2–38 nm), and (5–58 nm), respectively. 15
minutes reaction time in copper selenide produced particles
that are highly agglomerated with no deﬁned shapes, and
this corroborates its corresponding emission peak that
produced high intensity. TEM image of the particles synthesized at 15 minutes suggest that this reaction time was too
short for a complete nucleation. Particles that were produced
at 30 minutes are sphere-like structures with size ranging
1–27 nm. 45 and 60 minutes produced particles with size
ranging 3–180 nm and 10–1200 nm, respectively, that are
mixed morphology. The sphere-like structures that were
obtained in this work have been commonly reported in
literature during the synthesis of copper chalcogenide
nanoparticles as given in Table 2 [31, 33]. When the time of
the reaction of copper selenide was increased to 45 minutes,
the spherical-like particles that were observed at 30 min
transformed into hexagonal structure, truncated triangles,
prisms, and cubes structures indicating a continuous growth
of particles. This size and morphology evolution could be
due to the Ostwald ripening process. Diﬀerent particle sizes
and particle shapes that are produced by material synthesized at 45 minutes are in good agreement with its FWHM
that suggested a polydispersed material. When the reaction
time was increased further to 60 minutes, the evolution of

6

Journal of Nanotechnology

(a)

CuSe

(b)

(c)

(d)

Abundance

(a)

8
7
6
5
4
3
2
1
0

2

4

6 8 10 12 14 16 18
Particle size (nm)
Size distribution

(a)

(b)
12

CuS

(c)

Abundance

10
8
6
4
2
0

5

10 15 20 25 30 35 40
Particle size (nm)
Size distribution

(d)

(e)
(b)

Figure 2: Continued.

(f)

7
14
12
10
8
6
4
2
0

60
50
Abundance

Abundance

Journal of Nanotechnology

40
30
20
10
0

0.8 1.2 1.6 2.0 2.4 2.8 3.2
Particle size (nm)

0

2
4
6
Particle size (nm)

Size distribution
(a)

Size distribution

(b)

CuO

(c)

(d)

70

12
10

50

Abundance

Abundance

60

40
30
20

8
6
4
2

10
0
0

0

2 4 6 8 10 12
Particle size (nm)

10

Size distribution
(e)

8

20 30 40 50
Particle size (nm)

60

Size distribution

(f)

(g)

(h)

(c)

Figure 2: TEM images and size histograms of copper selenide, copper sulﬁde, and copper oxide nanoparticles synthesized for 15, 30, 45, and
60 min with their corresponding histogram in OLA at 220°C using 1 : 1 mole ratio of CuO.

particle shapes stopped but the particles continued to grow
bigger.
Unlike copper selenide, 15 minutes reaction in copper
sulﬁde produced bigger particles that are mixed morphology. The mixed morphologies’ included truncated triangles,
cube-like structures, and spheres that are overlapping
resulting in high agglomeration. When the reaction time was
increased to 30, 45, and 60 minutes, a trend of size increase
with reaction time was observed just like in copper selenide.
This trend corroborates what was predicted by UV/Vis
absorption spectroscopy. In both chalcogenides, the material
synthesized at 30 minutes produced the smallest particle size
than other three materials with shapes that are almost
spherical. Copper sulﬁde nanoparticles synthesized at 45
minutes also produced small particles but with some smaller
clusters indicating that these particles were starting to dissolve in one another and forming big particles as Sibokoza
et al. [35] and Sibiya et al. [36] reported. This was conﬁrmed
by the material synthesized for 60 minutes which revealed
that the particles were becoming bigger with time through
the Ostwald repining process, and the evolution of shapes
was also observed. The small clusters were also observed
when Revaprasadu et al. [32] synthesized copper sulﬁde
nanoparticles using the parameters that are given in Table 2.
The material that was synthesized for 60 minutes also

revealed mixed morphology shapes with hexagonal dominant. This revealed that with longer reaction time, there is
evolution of particle shapes, and the shapes of the particles
become more deﬁned and well passivized. No agglomeration
was observed in copper sulﬁde nanomaterials that were
synthesized for longer reaction time, and this conﬁrmed well
distribution of particles that was suggested by their optical
properties. A monodispersed population that was observed
in copper selenide nanoparticles that were produced at 30
minutes is consistent with its narrower emission peak. The
materials synthesized at 30 and 45 minutes gave better
optical and structural properties. The materials synthesized
for 30 and 45 minutes produced better optical and structural
properties in terms of UV/Vis and TEM than other two
materials and, therefore, were further studied for their
crystallinity and phase composition using XRD since smaller
particles are of interest in the antimicrobial study. Copper
oxide nanoparticles synthesized for 15, 30, 45, and 60
minutes yielded particles of size ranging 0.8–3.2 nm,
0.1–8.0 nm, 1–12 nm, and 5–60 nm, respectively. It is evident
that 15 minutes reaction produced the smallest particles than
those synthesized for longer reaction time.
The particle size of the four materials increased with the
reaction time, and this is consistent with literature reports
that suggest larger particle size when the nucleation time is
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prolonged [37]. The literature further explains this eﬀect by
the Ostwald ripening process, whereby particles group together with smaller ones tending to deposit onto big ones to
form larger particles [38, 39]. The synthesis at 15 and 30
minutes produced uniform sphere-like shapes that are well
dispersed without any aggregation observed. The materials
prepared at 45 minutes possessed larger particles which can
be attributed to the grouping of smaller particles via Ostwald
ripening. The particles grew as the synthesis time increased
to 60 minutes, and the sphere-like structures were distorted
to semisphere-like structures. These results indicate that the
eﬀect of time did not only inﬂuence the particles size but also
the morphology of particles, and this is in consistent with
what was reported by Ramasamy et al. [8]. Copper selenide
and copper sulﬁde demonstrated a diﬀerent behavior when
reaction time was investigated. In the synthesis of copper
selenide and copper sulﬁde, 15 minutes gave the largest
particles. The trend that is observed in copper oxides was
only observed in copper selenide and copper sulﬁde when
the reaction time was increased from 30 minutes to longer
reaction times. This conﬁrmed the higher reactivity of oxides
than sulﬁdes and selenides.
The XRD patterns of copper selenide nanocrystals
synthesized for 30 and 45 min are shown in Figure 3. The
XRD diﬀraction patterns conﬁrmed that copper selenide
nanoparticles were produced in both reaction times with a
mixture of phases. The major phase, hexagonal Cu0.87Se
(klockmannite), is indexed to PDF card no. 04-007-2214 and
the minor phase, orthorhombic CuSe2, indexed to PDF card
no. 04-004-2178. Impurities of unreacted selenium were
observed and indexed to planes (110) and (201) with PDF
card no. 01-086-2246. An unidentiﬁed impurity was also
observed at 79° and denoted by +.
Figure 4 shows the XRD patterns of the material synthesized for 30 and 45 minutes for copper sulﬁde nanoparticles. The XRD patterns conﬁrmed the rhombohedral
phase (Cu9S5, digenite with pdf card no. 00-047-1748) at
both 30 and 45 minutes of synthesis. Some features of the
covellite phase (CuS phase, PDF card no. 04-001-1461) were
also detected. The enhanced intensity of diﬀraction peaks of
the material synthesized for 45 minutes predicts high
crystallinity of bigger particles compared to those of 30
minutes. The presence of covellite was observed from the
absorption feature at 45 minutes of synthesis. Copper selenide observed a mixture of phases with time changes.
The synthesized copper oxide nanoparticles were conﬁrmed by XRD analysis, and their diﬀraction patters are
shown in Figure 5. XRD patterns of copper oxide showed
that three of the materials (15, 30, and 60 minutes) were
mostly formed in the cubic Cu2O phase (PDF card n.
05–0667). At 45 minutes, one characteristics peak was
identiﬁed as a cubic phase with 220 index.
Figure 5 shows the FTIR spectra of copper selenide,
copper sulﬁde, and copper oxide nanoparticles. Given the
shape of the spectra of copper selenide and copper sulﬁde, it
is almost impossible to accurately extract the absorption
peaks of the nanoparticles. Copper sulﬁde and copper oxide
nanoparticles spectra produced peaks that were observed
approximately at 2845 cm−1, 1618 cm−1, 1420 cm−1, and
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1582 cm−1 corresponding to –CH from the alkyl group, –NH
from the alkyl amine group, –CN from alkyl amine group,
and–NH stretching from the amine group, respectively.
Copper selenide nanoparticles produced a dark color in
solution, and therefore, the peaks produced were not as
pronounced as those of copper oxide nanoparticles. All the
observed functional groups emerged from the structure of
oleylamine [40] as shown in Figure 6.
3.2. Antimicrobial Study. Copper chalcogenide nanoparticles have been suggested for various potential applications, and antimicrobial has been listed among those
applications [20]. Disk diﬀusion and MIC methods have
been used to test for the antibacterial and antifungal of the
synthesized copper sulﬁde, copper selenide, and copper
oxide nanoparticles. From the copper chalcogenides,
Cu0.87Se, Cu9S5, and CuO produced best properties and
therefore were tested as antibacterial and antifungal (Figures 7 and 8). The bacterial species that were tested are,
namely, (1) E. coli which is a Gram-negative, rod-shaped
bacterium that is commonly found in the lower intestines of
warm-blooded organisms. In 1999, Mead et al. [39] estimated that this organism was responsible for approximately
73000 cases of human illness and 61 deaths per year in the
United States; (2) P. aeruginosa which is also a Gramnegative, oxidase-positive, rod that belongs to the family
Pseudomonadaceae. This organism is an opportunistic
pathogen that causes nosocomial infections, and it can also
be found in other environments through the world.
P. aeruginosa typically infects the pulmonary tract, urinary
tract, burns, wounds, and causes blood infections. (3)
S. aureus is a Gram-positive bacterium that is a member of
the Staphylococcaeceae which causes diseases such as bacteremia, endocarditis, toxic shock syndrome, sepsis, and
other metastatic infections; and (4) E. faecalis is also a Grampositive, nonmotile, facultatively anaerobic bacterium
inhabiting the gastrointestinal tracts of humans and other
mammals. E. faecalis can also cause endocarditis and bacteremia, urinary tract infections, meningitis, and other infections in humans. C. albicans were used for testing the
fungal activity of the selected agents. C. albicans are the
predominant commensal fungus inhibiting the human oral
activity, genitourinary tract, and leads to many Candida
infections.
A disk diﬀusion method was used to determine the
sensitivity of the abovementioned microorganisms that were
used for antibacterial and antifungal studies with respect to
the antimicrobial agents (copper selenide, copper sulﬁde,
and copper oxide). The same procedure that was reported in
the previous work conducted by Ntshanka et al. [41] while
testing the antimicrobial activity of Combretum molle and
Acacia mearnsii plant species was followed. The sensitivity
determination was carried out by measuring the inhibition
zone which is the area of media where bacteria are unable to
grow due to their sensitivity towards the antibacterial agent.
A large zone of inhibition is an indication of high sensitivity
of bacteria to the antibiotic drug. All three copper chalcogenides nanoparticles that were synthesized were eﬀective
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Figure 3: XRD patterns of copper selenide nanoparticles synthesized for 30 min (a) and 45 min (b) in OLA at 220°C using 1 : 1 mole ratio
of CuSe.
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Figure 6: FTIR spectra of oleylamine (a), copper selenide (b), copper sulﬁde (c), and copper oxide nanoparticles (d).

towards ﬁve microorganisms that were selected for testing as
indicated in Table 3 and 4. The antibacterial activity of
nanomaterials emerges from at least one of the following
mechanisms: (i) inhibition of cell wall/membrane synthesis,
(ii) disruption of energy transduction, (iii) production of
toxic ROS, (iv) photocatalysis, (v) enzyme inhibition, and
(vi) reduced DNA production [42]. The sensitivity of the
three copper chalcogenides is attributed to the ability of
copper to release Cu2+ ions which have the ability to penetrate and disrupt the cell membrane and biochemical
pathway by chelating cellular enzymes DNA damage [43].
Ruparelia et al. [44] suggest that Cu ions interact with
phosphorus and sulfur-containing biomolecules such as
DNA and protein to distort their structures and thus disrupt
biochemical processes. Chatterjee et al. [45] deduced that the
prime eﬀect of copper nanoparticles on microorganisms
originates from the oxidation of the metallic Cu ions which
kills the cells by NP-mediated ROS generation in cells. This,
therefore, results in cellular lipid peroxidation, protein
oxidation, and DNA degradation. In these experimental
results, E. coli was the most susceptible microorganism with

inhibition zone of 28 mm by copper oxide nanoparticles.
S. aureus showed more resistance towards copper selenide
nanoparticles by giving the smallest inhibition zone of 5 mm
compared to other antibacterial agents. P. aeruginosa
showed maximal sensitivities towards copper oxide nanoparticles with inhibition zone of 26 mm.
After the screening of the antimicrobial activity, a more
accurate and quantitative method (MIC) was used to determine the lowest concentration of the antimicrobial agent
to inhibit bacterial activity, and the results are given in
Table 4. The results revealed that all the microorganisms
that were tested were susceptible to all synthesized
nanoparticles. The growth was completely inhibited. Gramnegative (E. coli) revealed to be the most resistant
microorganism towards the selected antimicrobial agents.
In most cases, higher concentration of the antimicrobial
agent was required to inhibit E. coli microorganisms in
comparison to other microorganisms especially with copper
selenide nanoparticles. Gram-positive S. aureus and
P. aeruginosa revealed to be more sensitive towards all three
copper chalcogenides nanoparticles. E. faecalis showed high
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Table 3: Agar disk diﬀusion test for screening the activity of the antimicrobial agents.
Antimicrobial agent
CuSe
CuS
CuO

Solvent of E. Faecalis, size of S. aureus, size of P. aeruginosa, size
E. coli, size of C. albicans, size of
plant extract inhibition (mm) inhibition (mm) of inhibition (mm) inhibition (mm) inhibition (mm)
Ethanol
12
5
12
14
6
Ethanol
8
9
24
25
5
Ethanol
12
13
26
28
12

resistance towards copper sulﬁde nanoparticles. C. albicans
showed high sensitivity towards all three copper chalcogenides nanoparticles. Amongst all three copper

chalcogenides nanoparticles that were tested, copper oxide
showed higher sensitivity towards all ﬁve microorganisms
in comparison to copper selenide and copper sulﬁde. It
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Table 4: Determination of minimum inhibitory concentrations (MICs) of antimicrobial agents by broth dilution.

Antimicrobial
agent
CuSe
CuS
CuO

Solvent of plant
extract
Ethanol
Ethanol
Ethanol

E. faecalis, MIC
(mg/μl)
78.13
156.25
78.12

S. aureus,
MIC (mg/μl)
78.13
78.13
78.13

P. aeruginosa,
MIC (mg/μl)
39.06
39.06
39.06

E. coli, MIC
(mg/μl)
5000
312.5
312.5

C. albicans,
MIC (mg/μl)
78.13
78.13
78.13

Table 5: Antimicrobial activity of the synthesized copper chalcogenides in comparison with previously published data.
Zone of inhibition (mm) and/MIC (mg/mL)
Bacterial
strains
Synthesized
NPs
CuSe
CuS
CuO

Enterococcus faecalis

Staphylococcus aureus

Pseudomonas aeruginosa

Enterococcus coli

References
Results
Results
Results
Results
Literature
Literature
Literature
Literature
obtained
obtained
obtained
obtained
12 mm
_
5 mm
_
12 mm
_
14 mm
_
_
8 nm and
9 nm and
24 nm and
25 nm and
0.39 mg/mL
<0.05 mg/mL
3.125 mg/mL
_
Mofokeng [43]
0.31 mg/mL
0.16 mg/mL
0.08 mg/mL
0.04 mg/mL
12 mm
_
13 mm
22 mm
26 mm
21 mm
28 mm
20 mm
Azam [33]

produced highest inhibition zones and required lowest
minimum inhibitory concentrations to inhibit growth. The
increased sensitivity is associated with high reactivity of
oxygen which is due to its smaller size. Copper selenide
nanoparticles demonstrated the least sensitivity towards all
the pathogens that were tested. Table 5 provides the activity
of the three copper chalcogenides with at least one data
from research that has been previously reported. The
ﬁndings of this work are in line with the results that are
previously reported; however, the data from copper selenide
nanoparticles are very limited, and this could be due to its
low antimicrobial activity towards microorganisms; hence,
not much has been performed on its antimicrobial study.

4. Conclusion
The investigation of reaction time revealed that the particle
size increases with longer reaction time and there is evolution of particle shapes. The shapes of the particles become
more deﬁned and well passivized at prolonged times.
Amongst the three chalcogenides that were synthesized,
copper oxide nanoparticles behaved diﬀerently from the
selenide and sulﬁde nanoparticles, and this is attributed to its
high reactivity in relation to the atomic size. With regards to
physical and chemical properties of copper selenide and
copper sulﬁde nanoparticles, 30 minutes reaction time gave
the best optimal time as compared to 15 minutes for copper
oxide nanoparticles. The antibacterial study revealed that all
the microorganisms tested were susceptible to all three
copper chalcogenide nanoparticles. Copper oxide showed a
higher sensitivity towards both Gram-negative and Grampositive bacteria and fungi compared to the two chalcogenides (CuSe/CuS), and copper selenide showed the least
sensitivity against all bacteria and fungi tested. This conﬁrms
its less reactivity compared to copper sulﬁde and copper
oxide nanoparticles. Over all the information about the
antimicrobial activity of copper selenide nanoparticles is
very limited, and this could be due to its low sensitivity
towards microorganisms.
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