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ABSTRACT

	 In recent years, green synthesis has received much attention due to its positive impact on 
the environment. Copper oxide nanoparticles (CuO-Nps) were synthesized using the co-precipitation 
method with three different approaches; traditional synthesis (T@CuO-Nps), synthesis via the 
Calotropis procera plant with and without carbon nanotubes (CuO-Nps@C.procera@CNT), (CuO-
Nps@C.procera), respectively. The photocatalytic performance was investigated by removing 
Alizarine Yellow R (AYR) dye under sunlight. The properties of the CuO-Nps were examined using 
X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy 
(TEM), and a Brunauer-Emmett-Teller (BET) analysis. Photocatalytic activities of the CuO-Nps were 
checked for the removal of AYR dye using a UV-Visible spectrophotometer. It was observed that the 
removal of dye reached 96.83%, 39.6%, and 32.37% for CuO-Nps@C.procera@CNT, CuO-Nps@C.
procera, and T@CuO-Nps, respectively. Furthermore, the biological activities of the CuO-Nps were 

tested, and antibacterial efficiency was shown against Gram+ve and Gram-ve bacterial strains.
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INTRODUCTION

	 Water pollution has become a critical 
problem that must be studied and resolved in 
the past few decades. According to the World 
Water Council, by 2030, the number of people 
living in water-scare areas will rise to about  
3.9 billion1. Textile wastewater is one of the most 

contaminated fluids to be treated because of its 
high color density2. It is high concentrations of toxic 
organic materials, these contaminations lead to 
high density of water, changing its salinity, pH, and 
turbidity3. Textile wastewater contains a diverse 
array of dyes, including anthraquinone dyes, 
azo dyes, triphenylmethane dyes, nitrogen dyes, 
phthalocyanine dyes, polymethine dyes, xanthene 
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dyes, and indigoids4. Furthermore, it contains 
inorganic heavy metals, which contribute to the 
overall contamination4. Treatment and eradication of 
these pollutants are of paramount importance due 
to their substantial impact on the environment and 
water quality5. The discharge of such contaminated 
industrial wastewater into the ecosystem causes 
damage to the natural ecosystem balance. Among 
the many dyes, Alizarine yellow is one of the most 
important dyes that affect ecosystems. It is an anionic 
dye, soluble in water, and is a type of sodium salt 
azo-dye named 5-[(p-Nitrophenyl) azo] salicylic acid6. 
Alizarine yellow has complex aromatic structures and 
thus contains long-lasting stability for degradation6. 
Also, it has high toxicity and carcinogenicity and 
is non-biodegradable in ecosystems; therefore, 
it must be treated before discharging into the 
ecosystems6. Therefore, finding an effective method 
to remove these dyes from textile wastewater is 
essential. Among these several technologies, 
such as adsorption precipitation, coagulation-
flocculation, ozonation, biological methods, and 
membrane filtration7–11, have been commonly 
used for treating dye-laden industrial wastewater. 
However, these methods are nondestructive, and 
the contaminants are transferred from one phase to 
another, which implies that more treatment will be 
required to eliminate these contaminants. Recently, 
photocatalysis has emerged as an excellent option 
for removing organic pollutants from wastewater12. 
Photocatalytic degradation is a promising technology 
because it has several advantages compared to 
other processes13, photocatalysis requires mild 
conditions and completely decompose organic 
pollutants with no disposal problems. 

	 In recent years, copper oxide (CuO) has 
gained much attention since it has good prospects 
in solar energy cells and environmental purification. 
CuO is a semiconductor material with a 1.7 eV 
constructed narrow band gap14. Copper oxide 
nanoparticles (CuO-Nps) have a wide range of 
applications across different fields, including drug 
delivery, biomedical application, and antibacterial 
application14. CuO-Nps have been synthesized 
through many techniques that affect the nano-
particles chemical, optical, electrical, and mechanical 
properties. Consequently, these properties affect 
the targeted field of applications15. On the other 
hand, carbon nanotubes (CNTs) represent the last 
century’s hub in many fields due to their extraordinary 

physical, chemical, and electrical properties16. There 
are CNTs were classified into single- and multi-wall 
(SWCNTs and MWCNTs)17. However, the lower 
cost of MWCNTs motivates research into making 
an efficient MWCNT-MOx photocatalyst18. Different 
metal oxide/CNTs composites were studied and 
found to have an improvement in efficiency in the 
presence of CNTs. Among these metal oxide/CNTs 
ZnO/CNTs, CuS/CNTs, CuS/CNTs, CuO-SWCNT, 
and ZnO-SWCNT were prepared and investigated 
for photocatalyst19–23. In general, the physicochemical 
techniques for synthesizing nanoparticles use 
hazardous chemicals that generate environmentally 
unfriendly by-products. Therefore, researchers have 
become increasingly interested in manufacturing 
nanoparticles using a green, environmentally 
friendly approach. Calotropis procera is a desert 
plant referred to as Ushar or Madar in Greco-
Arabic medicine24 (see Fig.125). This plant is a toxic 
evergreen. It is widely distributed and occurs naturally 
in different regions of Saudi Arabia26. During the past 
decade, this plant has received more attention, 
and many studies have been undertaken on each 
part of it. According to a survey conducted across 
different regions in the Kingdom of Saudi Arabia,  
C. procera aerial parts and roots are frequently used 
in traditional medicine to cure a range of illnesses, 
such as fever, joint discomfort, muscle spasms, and 
constipation27. A previous study reported that flower 
extracts of C. procera can be used as an antibacterial 
agent against pathogenic organisms28. Another 
report investigated the extract of the leaves of  
C. procera antihyperglycemic activity29. In this work, 
we have now aimed to investigate the synthesis of 
CuO-Nps via three simple co-precipitation methods 
to investigate the photocatalytic degradation of 
Alizarine yellow R (AYR) dye in aqueous solutions 
under sunlight. Furthermore, the biological activities 
of the prepared CuO-Nps were examined against 
pathogenic yeast and Gram+ve and Gram-ve 
bacterial strains.

Fig. 1. Calotropis procera plant25
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MATERIAL AND METHODS

Chemicals
	 The starting materials used in these studies 
included a 30% ammonium hydroxide solution 
(NH4OH), cupric acetate (Cu(CH3COO)2, 99% pure), 
dis. H2O, MWCNTs (95%; 9.5 nm in diameter), 
and AYR dye. All materials and chemicals were 
implemented as supplied and provided by Sigma 
Aldrich Company.

Preparation of C. procera plant extract
	 C. procera plant extract was collected 
from the garden of Jeddah University, KSA. Healthy 
plant C. procera samples were gathered and rinsed 
multiple times with water to eliminate dust and 
contaminants. Then the plant was then sun-dried for 
six days, ground after drying, and 10 g of plant in the 
form of powder was then combined with 100 mL of 
dis. H2O using a magnetic agitator until the solution 
was thoroughly mixed. Then, the mixture is placed 
in the Ultrasonic for 45 minute. Finally, the mix was 
let cool down until it reached ambient temperature 
before being filtered through a Whatman filter paper 
No. 1 for future use in experiments.

Synthesis of T@CuO-Nps
	 A simple precipitation process was utilized 
for the preparation of T@CuO-Nps traditionally. For 
preparation of precursor solutions, is dissolving  
10 g of Cu(CH3COO)2 in 100 mL of dis. H2O, and 
stirring at 50oC for 10 minutes. The co-precipitation 
process was achieved by adding NH4OH dropwise 
with continuous stirring to attain the value of the 
reaction mixture pH at 8. Subsequently, the green-
colored precipitate was isolated by centrifugation at 
10000 rpm for 10 minutes. The greenish precipitate 
was then washed multiple times with dis. H2O to 
eliminate surface impurities, followed by a rinse with 
ethyl alcohol to remove any unreacted particles. For 
one day, the nanoparticles were heated to 100°C in 
a hot air furnace after thorough multistep washing. 
Afterward, following a two-hour calcination process at 
600°C, with an average temperature rise of 10°C per 
minute, the powdered green copper hydroxide Cu(OH)2 
was pulverized using a mortar made from agate and 
pestle, sifted, and finally dried. The green color of the 
precipitate was converted into black-colored copper 
oxide (CuO) particles during calcination. Moreover, the 
powder is also used for characterization.

Synthesis of CuO-Nps@C. procera 
	 10 g of Cu(CH3COO)2 dissolved in 100 

mL of dis. H2O and stirred at 50°C for 10 min was 
the procedure used to synthesize CuO-Nps@ 
C. procera. Then plant extract was added in a 1:1 
ratio with the Cu2+ solution. The co-precipitation 
process was achieved by adding NH4OH dropwise 
with continuous stirring to attain the pH of the 
reaction mixture 8. Centrifugation was used at 
10000 rpm for ten minutes in order to separate the 
green-colored precipitate, which was subsequently 
rinsed multiple times with dis. H2O and ethanol. 
Afterward, the obtained precipitate was dried at 
100oC overnight. Finally, following a two-hour 
calcination process at 600°C, with an average 
temperature rise of 10°C per minute, the powdered 
green copper hydroxide Cu(OH)2 was pulverized 
using a mortar made from agate and pestle, sifted, 
and finally dried. The green color of the precipitate 
was converted into black-colored copper oxide 
(CuO) particles during calcination. 

Synthesis of CuO-Nps@C.procera@CNT 
	 Synthesis of CuO-Nps@C.procera@CNT 
was achieved by dissolving 0.2 g of Cu(CH3COO)2  in 
10 mL of dis. H2O which contains 0.15 g of MWCNTs. 
The produced slurry was kept at 50oC for 10 min, 
with stirring, then the plant extract was added in a  
1:1 ratio. The co-precipitation process was achieved 
by adding NH4OH dropwise with continuous stirring 
to attain the value of the reaction mixture pH at 8. 
The obtained precipitate was separated, washed, 
and dried as described earlier. The dried green 
powder was crushed and calcined at 300oC for 2 h 
in an ambient atmosphere.  

Stock solution preparation of AYR dye
	 One gram of AYR dye powder was 
dissolved in one liter of dis. H2O to make a stock 
solution. The desired concentration of the dye during 
the photocatalytic process were obtained by dilution 
of the stock solution. The dye concentration was 
monitored by UV-Vis spectrophotometer by scanning 
the absorbance at λmax = range from 200 to 500 nm. 

Characterization
	 XRD was employed to determine the 
crystallite size and investigate the phase of the 
nanoparticles that were produced. This method, 
which employed CuKα radiation and a nickel 
filter, operating at 40kV and 40mA while scanning 
in the 2θ range from 20° to 80°. A UV-Visible 
spectrophotometer (UV-1800 Shimadzu) with a  
1 nm resolution was employed to monitor the dye 
concentration during the photocatalytic process. 
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The three samples morphology and structure were 
examined using two distinct microscopy techniques. 
SEM investigation was performed to assess the 
surface of the samples. A JEOL JSM-7600F 
scanning electron microscope was implemented 
to deliver high-resolution scanning of the sample 
surfaces in order to achieve this result. The samples 
internal structure was examined using TEM. 
Complex images of the samples inner architecture 
were generated by the JEOL JEM-2100 TEM when 
it was operating at 200 kV. The TEM was equipped 
with a CCD camera to enhance the resolution of the 
images that were acquired. A surface area analysis 
was performed using Brunauer-Emmett-Teller 
(BET) methodology, which operates on nitrogen 
gas adsorption and desorption at a temperature 
of -196°C (liquid nitrogen). This method yielded 
substantial data regarding the samples porosity and 
surface area.

Photocatalytic activity study
	 Samples were tested for their photocatalytic 
activity by observing how they degraded AYR 
dye when exposed to sunlight irradiation. In this 
experiment, 5g/L of photocatalyst CuO-Nps for 
the three samples was prepared and AYR dye 
aqueous solution was added and stirred in the dark 
for 1 h until equilibrium was reached. After that, the 
effect of contact time was performed by measuring  
25 mg/L dye solution, at different shaking times 
(60, 120, 180, 240, 300 min) for T@CuO-Nps and 
CuO-Nps@C.procera. Meanwhile, different times 
were taken at (15, 30, 45, 60, 90, 120, 180, 240, 300 
min) for CuO@C.procera@CNT, under sunlight. The 
yellow suspension was transformed into a colorless 
suspension. Then, the solution was measured after 
filtration by UV-Vis spectrophotometer.

	 The removal amount at time t, q
t (mg/g) 

of the molecule and removal efficiency(%) was 
calculated by the following equation30:

qt = (C°-Ct)×V⁄m	 (1)

Removal efficiency (%)=(C°-Ct)⁄C°×100% 	 (2)

	 In this context, the initial concentration of 
AYR dye is denoted as C° (in mg/L). The concentration 
of the AYR dye at any given time t is represented as 
Ct (in mg/L). The quantity of adsorbent employed in 
the experiment is represented by m (in grams). In 

addition, the volume of the AYR dye solution that is 
being treated is denoted by V (in liters). 

Antibacterial activity
	 In this experiment, use of the agar well 
diffusion method was implemented to assess a variety 
of hazardous species, including pathogenic fungal 
yeasts, Gram+ve and Gram-ve bacterial strains. 
Begin by filling 20 mL of sterile nutritional agar (NA) 
material into petri plates. A suitable substrate for 
microbial propagation was provided by the medium 
after chilling and solidification. Following injection, the 
pathogenous species were subsequently uniformly 
distributed across the hardened agar surface. This 
promoted the dissemination of microorganisms 
throughout the plate. A sterile instrument was then 
employed to meticulously create small wells in the 
agar, each with a radius of 0.9 mm. Each well received  
100 µL of the prepared samples. The samples were 
assessed for their capacity to inhibit microbial growth. 
After the addition of the samples, the dishes were 
refrigerated for one hour. This procedure facilitated 
the diffusion of the materials into the agar, thereby 
enabling interaction with the microorganisms. 
Optimal conditions for microbial proliferation were 
established by incubating the dishes at 37°C for  
24 h following the refrigeration process. The zones of 
inhibition (ZI) surrounding the wells were measured 
in millimetres after incubation. The efficacy of the 
samples in suppressing the proliferation of the 
pathogenic species was demonstrated by the 
dimensions of these zones31,32.

RESULTS AND DISCUSSION

X-ray Diffraction Study
	 X-ray analysis was utilized for crystallite 
phase determination as well as the crystallite 
size calculation. Phase and crystallite system 
determination was achieved by X-ray diffraction study 
for three samples as shown in Fig. 2. The figure shows 
a pattern in agreement with (JCPDS-05-0661)33, with 
a peak at 2q = 38.9, 35.7, 48.9 and 61.7 for the T@
CuO-Nps sample. In addition, the pattern agrees with 
(JCPDS-05-0061)33, and the peaks appeared at 38.9, 
35.82, 49, and 61.8 for the CuO-Nps@C.procera 
sample. Meanwhile, the diffractogram assigned for 
the CuO-Nps@C.procera@CNT sample showed 
a pattern representing CuO-Nps with peaks at  
2θ = 35.56, 38.77, 48.29 and 61.57. The figure also 
showed peaks significatnt to CNTs at 2θ = 23.3 and 
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26.16. To comprehend the samples properties and 
potential applications, it is imperative to calculate the 
average crystallite size. For estimating the size of the 
crystallite of the synthesized samples, the Scherrer 
equation was implemented(3);

D=Kλ⁄βCosq	 (3)                                                                                                

	 Where, D represents the typical crystallite 
size. The geometry of the crystallites determines 
the dimensionless form factor K, which is typically 
approximately 0.9. Denoted by the symbol λ, the 
wavelength of the X-ray. β is the FWHM of the peak 
in the X-ray diffraction pattern, which signifies the 
peaks expansion as a result of the crystallites finite 
size. K is the Bragg angle that corresponds to the 
diffraction peaks position.

	 The calculated average crystalline size is 
found to be 41.9, 24.9 and 27 nm for T@CuO-Nps, 
CuO-Nps@C.procera, and CuO-Nps@C.procera@
CNT, respectively. Also, the diameter of CNTs was 
calculated to be ≈3.78 nm.

Morphological analysis 
	 The produced CuO-Nps morphological 
properties were examined using SEM. Detailed 
visual information regarding the structure of the 

surface and nanoparticles morphology is provided 
by the SEM images of the T@CuO-Nps sample, 
as illustrated in Fig. 3(a). The image shows an 
agglomeration of CuO that lacks homogeneity, 
possibly due to the rapid precipitation process. 
Fig.3(b) displays the SEM images of the CuO-
Nps@C.procera sample, showing agglomeration 
of CuO with low homogeneity. The SEM images 
also showed higher porosity of the as-prepared 
CuO-Nps; these findings may be devoted to the 
presence of plant extract, which acts as a template 
for the reaction. Fig.3(c,d) shows the SEM images 
of the CuO-Nps@C.procera@CNT sample. These 
showed that CuO-Nps clusters are homogeneously 
distributed all over the sample

Fig. 2. Comparing the XRD-pattern of the three samples

Fig. 3. SEM images of (a) T@CuO-Nps  (b) CuO-Nps@C.procera (c,d) CuO-Nps@C.procera@CNT
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	 The transmission electron microscope 
study for the sample of CuO-Nps@C.procera@
CNT is achieved to elucidate the CNTs structure 
and the nature of CuO-Nps distribution on CNTs. 
Fig. 4 it is clear from the TEM images that CNTs 

have a diameter ranging from 3.11 to 13 nm. Most 
CuO-Nps are deposited outside the CNTs as 
agglomerates from particles with sizes from 1.9 
to 27.5 nm. Only a few CuO-Nps are deposited 
inside the CNTs.

Fig. 4. TEM images of CuO-Nps@C.procera@CNT

Brunauer-Emmett-Teller (BET) analysis 
	 The desorption and adsorption of N2 
gas were employed to conduct a surface area 
investigation at liquid N2 temperature (-196°C). 
This approach is helpful in quantifying the 
samples surface area and pore characteristics, 
which in turn furnishes cr it ical information 
regarding its porosity and texture. It was found 
that the surface area of the prepared samples 
was 1.835 m2/g for T@CuO-Nps, and 2.299 
m2/g for CuO-Nps@C.procera . Meanwhile, 
the surface area for CuO-Nps@C.procera@
CNT was found to be much higher 180.38 m2/g 
almost too times higher. The sample of CuO-
Nps@C.procera has a higher surface area 
than the T@CuO-Nps sample. This agrees with 
data from both XRD and SEM which elucidate 
that green synthesized CuO-Nps has a smaller 
par ticle size than the traditionally prepared 
CuO-Nps. 

Adsorption in absence of sunlight irradiation
	 Firstly, the removal was carried out in a 
dark place using 25 ppm of AYR dye with adding 
0.5g/L of T@CuO-Nps, CuO-Nps@C.procera, 
and CuO-Nps@C.procera@CNT. The results, 
in this case, represent the adsorption process 
between the solid catalyst and dye solution 
in the absence of sunlight radiation. It was 
found, from these experiments, that adsorption 
efficiency reached equilibrium at 3%, 8.52%, and 
37.32% for T@CuO-Nps, CuO-Nps@C.procera, 

and CuO-Nps@C.procera@CNT, respectively. 
Even though the low adsorption efficiency the 
presence of the CNTs in dye solution largely 
affects adsorption activity.

Evaluation of CuO-Nps in the removal of AYR dye 
	 The contact t ime between the dye 
solution and solid catalyst plays an essential 
role in removing any environmental pollutants. 
Hence, a series of experiments were conducted 
at different contact times of the dye solutions 
shown in Fig. 5(a,b,c). The findings exhibited 
an upsurge in the apparent rate constant of the 
reaction with the increase in the contact time 
of the solution. Also, it was found, from these 
experiments, that the efficiency of photocatalysis 
of the dyes solution for the T@CuO-Nps sample 
reached 32.37% after 300 min under sunlight 
as shown in Fig.5(a). Meanwhile, the CuO-
Nps@C.procera sample reached 39.6% after 
300 min under sunlight as shown in Fig.5(b). 
Furthermore, the efficiency of photocatalytic 
degradation of dye solution for the CuO-Nps@ 
C.procera@CNT sample reached 95.90% 
within the first 60 min as shown in Fig.5(c). It 
was found, from these experiments, that the 
presence of the CNTs affects dramatically the 
photocatalytic activity in a short time this could 
be devoted to the increase of the surface area 
to volume ratio in CNTs. All experiments were 
performed in triplicate, each being repeated at 
least three times.
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Fig. 5(a,b,c). The effect of contact time on the efficiency 
of removal of AYR dye from an aqueous solution. The 

experiments were performed under controlled conditions: 
AYR dye concentration was established at 25 mg/L, the 

sample volume was 10 mL, and 0.005 g was utilized. 
The solution exhibited a pH of 8, with the temperature 

controlled at 25oC

Antibacterial activity study
	 The biological activity of CuO-Nps 
invest igated towards both Gram+ve  and  
Gram-ve bacterial strains in the test samples that 
were prepared. The T@CuO-Nps sample was 
found to lack antimicrobial activity, which indicates 
that it was incapable of damaging the bacterial cell 
membrane. In contrast, the CuO-Nps@C.procera 
sample revealed antibacterial activity against  
S. aureus and E. coli; however, it was ineffective 
against P. aeruginosa, B. cereus, and C. albicans. 
Moreover, the CuO-Nps@C.procera@CNT sample 
unveiled antibacterial efficacy against E. coli,  
P. aeruginosa, and S. aureus. There are numerous 
factors that could account for the mechanism of 
this antibacterial action, including the prohibition of 
protein biosynthesis, the disruption of the bacterial 
membrane, the inhibition of nucleic acid synthesis, 
and the inhibition of cell wall biosynthesis. The 
eradication of bacterial cells is the result of these 
actions, which disrupt critical processes within 
the cells34. More specifically, electrostatic forces 
between bacterial cell membranes and nanoparticles 
can cause physical harm to the cells, potentially 
resulting in bacterial death35. Also, the small size 
of nanoparticles facilitates their interaction with 
bacterial membranes, and bacterial inactivation may 
occur alongside the penetration of nanoparticles 
into the bacterial cell36. This is supported by XRD 
and SEM data, which show that green-synthesized 
CuO nanoparticles have a smaller particle size than 
traditionally prepared CuO nanoparticles. On the other 
hand, the three samples T@CuO-Nps, CuO-Nps@C.
procera, and CuO-Nps@C.procera@CNT, have no 
antimicrobial activity against the pathogenic fungal 
yeast C.albicans, this behavior could be explained by 
the disability of these samples to injure or destroy the 
cell membrane, therefore cannot pass inside the cell37. 
The antibacterial activity was assessed by measuring 
the inhibition zones obtained (Table 1). 

Table 1: Diameter of the inhibition zones (in millimetres) for the samples

	Samples test bacteria	 T@CuO-Nps	 CuO-Nps@C.procera	 CuO-Nps@C.procera @CNT	 CN*

	 E. coli	 Nil	 13	 14	 17
	 P. aeruginosa	 Nil	 Nil	 Nil	 16
	 B. cereus	 Nil	 Nil	 12	 20
	 S. aureus	 Nil	 17	 19	 25
	 C. albicans	 Nil	 Nil	 Nil	 __

* Nil: No antimicrobial activity recoded
* CN: Gentamycin standard antibiotic disc (10.0 mcg)
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CONCLUSION

	 From this study, it could be concluded 
clearly that the presence of C.procera plant extract 
in the reaction medium affect greatly the particle 
size of the prepared CuO-Nps decreasing from 41.9 
nm to 24.9 nm for T@CuO-Nps and CuO-Nps@ 
C.procera, respectively. Consequently, this decrease 
in crystallite size affects dramatically the efficiency 
of CuO-Nps in photocatalytic degradation. Also, it is 
observed that even though the crystallite size of the 
CuO-Nps@C.procera and CuO-Nps@C.procera@
CNT samples, the removal efficiency of the CuO-
Nps@C.procera@CNT sample increases with great 
extent. This increase is explained by the presence 
of CNTs which causes an increase in surface area 

due to the dispersion effect of the CuO-Nps as well 
as the electromagnetic characteristics of the CNTs 
which act as co-catalysts and facilitate photocatalytic 
degradation. Finally, the biological activity studies 
showed anticipated antibacterial activity which valued 
the prepared compounds in wastewater treatment.
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