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Abstract
For the first report, the synthesis of a henna carbon-supported CuO

nanocomposite is disclosed. The co precipitation process is an excellent way to
make pure CuO and C- CuO nanocomposites and it has a better photocatalytic
degradation. FT-IR, P-XRD, FE-SEM, UV-DRS, and PL studies are used to assess
the structural, optical, and morphological characteristics of the produced
nanocomposites. The FE-SEM displays the composites' uniform distribution.
The FT-IR spectra is used to identified the CuO and C-CuO nanocomposite.
According to XRD, cubic phase is present in the nanomaterials. The bandgap value
of 1.81 for C-CuO and 2.46 eV for CuO, respectively, make these nanocomposites
as strong semi-conductors. CuO depicts the cube-shaped, smooth-surfaced
morphology, while the carbon is uniformly distributed throughout the CuO in the C-
CuO nanocomposite has a rod shape. Carbon may introduce defects, excited carriers
can lose their energy through these non-radiative pathways, resulting in a reduction
in photoluminescence intensity. To measure the photocatalytic activity of the
composites, methylene blue (MB) dye is used as a model pollutant. CuO and C-CuO
catalysts' photodegradation capabilities rose to 80.79 and 92.53%, respectively.
Therefore, the C-CuO combination works better than the pure CuO. Henna carbon is
synthesized from henna leaves. The carbon effect is proposed as one potential
mechanism along with the usual photocatalytic mechanism.
Keywords: MB dye , CuO, Henna carbon, Nanocomposite and Photocatalytic
degradation.

1. Introduction

Significant efforts have been undertaken in the last several years to degrade
micropollutants, which are low in concentration but have a substantial risk of inflicting severe
environmental damage. These pollutants include endocrine-disrupting chemicals, persistent
organic and inorganic contaminants, medicines, and more. Water is a vital resource for
survival, yet there is now a shortage of drinking water due to the discharge of harmful,
nonbiodegradable organic and inorganic chemical contaminants into water bodies. With the
growth of industries, it has turned into a threat to ecological balance, human health, and the
advancement of commercial society. Almost two million tons of industrial, agricultural, and
sewage waste are discharged into the water daily, causing serious health issues and over
14,000 human fatalities. Water contamination must be controlled immediately, which is why
several remedies have been adopted slowly. Numerous remediation approaches have been
industrialized to eliminate contaminants; nevertheless, since wastewater treatment procedures
need large amounts of energy and have significant treatment costs, it remains difficult to treat
effluent efficiently and economically. Coagulation, flocculation, ion exchange, adsorption,
precipitation, reverse osmosis, membrane filtration, chlorination, photoelectrochemistry,
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sedimentation, neutralization and other conventional techniques have all been used in the
past. These conventional methods have several drawbacks. For instance, extra chemicals that
can be dangerous are required for the procedures of flocculation and coagulation, which are
used to remove insoluble materials from water. Surplus anions and cations are also eliminated
via membrane filtering and reverse osmosis, although these processes often leave behind
organic pollutants and solvents (such as benzene, insecticides, and phenolic and halogenated
compounds). It should be stated that the aforementioned techniques have disadvantages, such
as the need for expensive equipment, high running costs, and poor energy efficiency.
Therefore, it is imperative to create innovative methods that may efficiently remove
contaminants from wastewater while remaining inexpensive and ecologically beneficial 1,

Among these tactics are chemical oxidation, ozonolysis, ion exchange, coagulation-
based, and photocatalytic degradation processes. Water contaminants may be removed by
adsorption. Nonetheless, it is thought that using a semiconductor photocatalyst for
photocatalytic degradation provides an economical and environmentally friendly method of
effectively degrading dyes B9,

The four primary methods now being explored to guarantee a decent degree of
control over the characteristics and performance of industrial-scale catalysts are
impregnation, hydrothermal approach and deposition—precipitation. Fusing and solid-state
reactions are two other techniques that may be used. However, a considerable amount of
solvent waste is always produced by solution-based procedures due to their inherent nature.
Furthermore, metal salts such as nitrate or chloride are often utilized as precursors, which
may result in the production of hazardous vapors during the subsequent calcination
operations. It could be necessary to take the necessary steps to stop these gasses from leaking
into the atmosphere 20221,

One important class of transition metal oxides is represented by copper oxides.
One of the two stable oxides of copper, the other being Cu,O (cuprous oxide), is cupric oxide
(CuO), also known by the mineral name tenorite. CuO is a black solid. CuO exhibits a
monoclinic unit cell with space group C./c, where four oxygen atoms coordinate with each
Cu atom. With a band gap of 1.2 eV, CuO is a significant, inexpensive, and nontoxic p-type
semiconductor material. Due to CuQO's many uses in gas sensors, biosensors, photo-detectors,
magnetic storage media, supercapacitors, photocatalysis, removal of inorganic pollutants, and
antimicrobial applications, knowledge of its physical and chemical characteristics is of great
interest (%31,

A cationic dye called methylene blue (MB) is often used in the production of silk
garments. It is thought to be carcinogenic and mutagenic, and it possesses hazardous qualities
for many kinds of life. In addition, the textile, paper, rubber, plastic, printing, and dyeing
sectors also create MB-contaminated effluents. Its structure is stable, making it difficult for it
to biodegrade. As a result, there is an increased need to create effective remediation solutions
to remove such toxic dyes 242!,

To the best of our knowledge, co-precipitation method was used in the synthesis of
pure CuO and C-CuO nanocomposite and produced carbon from the leaf of Lawsonia
inermis, often known as henna. Characterization of the nanocomposite is accomplished by the
use of FT-IR, P-XRD, FE-SEM, UV-DRS, and PL analysis. We assessed the catalysts
efficiency in photodegradation is also presented in detail.

2. Experimental methods

2.1 Materials

Henna leaves were collected from the Annamalai university campus. Whatman filter paper,
NaOH, EtOH, copper chloride (CuCl,), distilled water. All chemicals acquired from OTTO
chemicals, Mumbai and all aqueous solution was make using distilled water.
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2.2 Henna carbon synthesis from henna leaf
20g of the leaves were thoroughly cleansed with deionized water to remove any dust, and
they were left to dry for a week at room temperature. After that, the sample was put in an
alumina crucible and dried in a vacuum oven for five hours at 90°C. Taken the samples were
cooled naturally for three hours. Finally, the prepared carbon samples were collected for the
characterization.
2.3 Henna leaf extract extraction
To remove filth, refreshing henna leaves were continuously washed with distilled
water. To achieve the perfect amount of dryness, the leaves were then allowed to air dry for
five days at room temperature. After that, a mortar and pestle were used to grind it into a fine
powder. Ten grams of the powdered henna leaf were added with 200 mL of distilled water
boiled to create henna leaf extract. The mixture was heated to 80°C for 90 minutes. The
solution was allowed to grad cool to room temperature before being filtered through
Whatman Grade 1 filter paper and kept cold (at 5 °C) to keep it fresh for later use.
2.4 Synthesis of C-CuO nanocomposite
After dissolving 0.2 M CuCl; solution in 100mL of distilled water and magnetically

stirring for 20 minutes at 85°C, 30mL of henna leaf extract was added, and a precipitate was
produced. Next, addition of 0.1M NaOH to promote the precipitation of a dark black hue for
3 hours. Then, followed by the 0.05g of henna carbon was added and constantly stirred for 1
hour. The sample was filtered, cleaned through ethanol, and dried for three hours at 100°C in
an oven. It was then stored for 5 hours at 500°C in a muffle furnace. The same process
follows to synthetic bare CuO nanoparticles.
2.5 Studies of Characterization

The X-ray system (XPERT PRO) Cu-Ka radiation (A = 1.5418 A), which was used to
study the diffraction characteristics of the samples. The functional groups of the materials
were determined by the use of an FT-IR spectrophotometer (IR Tracer-100 Shimadzu).
Diffuse reflectance spectra (UV-vis DRS) between 200 and 800 nm were found using the
Shimadzu UV-2600. A Perkin Elmer LS 55 fluorescence spectrometer was used to measure
the sample photoluminescence emission. The morphology of the nanocomposites was
investigated using the CARL ZEISS-SIGMA 300 FESEM with the EDAX FE-SEM
apparatus model.
2.6 Photocatalytic study

The photocatalytic activity of the produced CuO and C-CuO nanocomposites was
investigated via MB dye. A 0.001M dye solution containing 0.1g of the photocatalyst was
used to individually photocatalyst the breakdown of MB in 100 mL of clean water. The
solution was exposed to under UV radiation in the photoreactor chamber, and samples
remained collected at regular 15-minutes breaks. A UV-visible spectrophotometer with a
wavelength range of 200 to 800 nm was used to assess the deterioration. The wavelength at
which MB dye absorbs was determined to be 665 nm.

Degradation Rate (%) = g x 100 (1)
0
Where, Ct is the concentration of the MB after a certain amount of time, and Cgy is the
concentration of the MB at the start.

3. Result and discussion
3.1 FT-IR analysis

The FT-IR spectra of the C-CuO nanocomposite and the produced CuO NPs, as shown
in Figure 1(a,b), indicated the existence of primary peaks at the broad bands at 3400-3600
cm™, corresponding to the O-H bond asymmetric stretching vibration. This is due to the fact
that every distinct chemical link often has a distinct energy absorption band. In order to
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examine the kind and strength of bonding, it may also be used to gather structural and bond
information about a complex. Different types of bending vibration of the Cu—O bond is
shown by the existence of bands at 523 cm™, 1011 cm™, 624, and 844 cm™. The peak's
appearance at 1639 cm™ suggests that the Cu—O link in copper (1) oxide nanoparticles is
stretching. Furthermore, at 624 cm™, the existence of CuQ's distinctive vibrational peak is
noted 25281 Finally, it has been shown that doping tends to decrease particle size, as seen by
the growing and broadening of the IR band upon exposure of CuO to more carbon shown in
Figure 1(b). The system experiences local lattice distortions and defects as the particle size
reduces, which weakens the crystal symmetry and enlarges the FT-IR peaks.
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Figure. 1 FT-IR spectra of the synthesized a) CuO, b) C-CuO nanocomposite

3.2 P-XRD analysis

Using X-ray diffraction, the structural analysis of both C-CuO and virgin CuO
nanoparticles has been completed. Patterns of X-ray diffraction (XRD) are shown in Figure 2,
Figure 2 (a) show the synthesized CuO sample is in monoclinic phase. The XRD patterns
indicated diffraction peaks (110), (111), (211), (202), (020), (202), (022), (113), (202), (311),
and (004) match with the standard diffraction peaks (JCPDS: card no. 48-1548) rather well.
The (111) and (111) peaks have substantially greater intensities than the other peaks,
indicating that these orientations are where the produced nanocrystals prefer to be oriented.
Additionally, no impurity peak was seen in the XRD patterns. The monoclinic structure of
CuO diffraction data (JCPDS card no. 48-1548) is consistent with the well-defined diffraction
peaks [ %! Based on the discovered low-intensity peaks for C-CuO, the produced CuO
sample is largely composed of CuO nanocomposite is shown in Figure 2 (b). The intensity
was lower if the C-CuO, the carbon may be disordered or amorphous. This may lead to an
absence of distinct peaks.
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__ 0981
b= BCosb (2)

Where, D is the crystalline size, B is the full-width half maximum calculated from the peak of
greatest intensity, A is the wavelength of the X-ray beam operating system and 0 is the
diffraction angle. The average crystalline size of the CuO and C-CuO nanocomposite were
determined to be 10.26 nm and 8.63 nm, respectively, using equation 2 of the Debye-Scherrer
formula.
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Figure. 2 XRD pattern of a) CuO, b) C-CuO nanocomposite

3.3 FE-SEM analysis

As shown in Figure 3(a and b), the surface morphology of the CuO NPs and C-
CuO nanocomposite was investigated using field emission scanning electron microscopy.
Figure 3(a) depicts the cube-shaped, smooth-surfaced morphologies of the as-prepared CuO
NPs. While the carbon is uniformly distributed throughout the CuO in Figure 3(b), the C-
CuO nanocomposite has a rod shape. On the other hand, the CuO nanocomposite exhibits a
greater particle size than the C-CuO nanocomposite. High temperatures probably had an
impact on the rate of nucleation of the NPs in both pathways, which may have been caused
by product supersaturation and hastened formation. The structure and morphology of the NPs
may be determined by their rate of aggregation B3, CuO and C-CuO nanocomposite have a
mean particle size of about 54.45 and 35.41 nm, respectively, and exhibit excellent
homogeneity, cube form, and suitable separation. However, some aggregates were also seen,
which could have resulted from agglomeration during the washing process. The findings of
energy dispersive spectroscopy (EDS) on both pure CuO and C-CuO are shown in Figure 3.
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Since the only components shown in the research are the Cu, O, and C signals, EDS analysis
confirmed that C-CuO is produced.
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Figure. 3 FE-SEM image of a) CuO, b) C-CuO nanocomposite

3.4 UV-DRS analysis

Using UV-Vis-DRS spectra, the optical characteristics of both pure CuO and C-CuQO
nanocomposite were examined. Figure 4 displays the recorded DRS spectra. The diffuse
reflectance spectra (DRS) are shown in Figure 4. The optical reflectance spectra were
collected within the wavelength range of 200-800 nm. The well-known Kubelka-Munk
relation equation (3) was used to get the band gap values of CuO and C-CuO. The calculated
band gap energy values for each scenario are 2.46 and 1.81 eV (Figure. 4).

ahv = A (hv - Eg)*? 3)

Where, n = 2 is the direct energy bandgap, A is the material constant, and Eg is the bandgap
energy B* %1 The carbon composite in the C-CuO material clearly shows how its band gap
energy is lower than that of pure CuO in Figure 4. When carbon is added, the band gap of
C-CuO is less than that of pure CuO nanoparticles. Consequently, it is suggested that the C-
CuO nanocomposite's lower band gap energy may be used to provide the desired
photocatalytic activity.
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Figure .4 UV-DRS visible spectra of a) CuO, b) C-CuO nanocomposite

3.5 Photoluminescence analysis

The Figure 5 illustrates the excitation wavelength effect the photoluminescence
spectra of CuO and C-CuO. Two emission peaks were seen in the photoluminescence study
at 475 nm (blue) and 385 nm (violet) (Figure 5). The first one is associated with band-edge
emission, whereas the second one results from artifacts. Sharp visible emission peak and a
wide UV emission peak, referred to as the near band-edge emission, are present in the
spectrum. The UV emission peaks in Figure 5 are associated with spectra that are situated
between 360 and 390 nm. The findings of Figure 5 were obtained using an excitation
wavelength of 300 nm. According to the above-calculated Eg, reveals a blue shift with
decreasing nanoparticle size as a result of the narrow bandgap brought on by an increase in
guantum-confinement effects. The emission seen at the band edge is ascribed to the
recombination of electrons and holes of CuO-free excitons, a process that is very sensitive to
particle size in guantum mechanics. Consequently, the lower intensity of the C-CuO
nanocomposite in comparison to CuO indicates that electron and hole recombination is
suppressed and that these particles take part in photochemical transformation, thus
augmenting the photocatalytic activity of the nanocomposites.
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Figure .5 PL emission spectra of a) CuO, b) C-CuO nanocomposite

3.6 Photocatalytic activity studies

The nanocomposites' ability to remove MB is their photocatalytic activity is
measured. A 100 mg sample of CuO and C-CuO nanocomposite was added in 100 mL (10™)
of MB solution and exposed to UV light. To measure photocatalytic activity, 3 mL of the MB
solution is taken out of the dye solution every 15 minutes. Figure 6 shows the measurement
of MB dye absorption at a wavelength of 665 nm. Equation (1) was used to compute the
degradation rate % in this manner. Where Ct denotes the initial dye solution concentration
(mg L™) and Cy denotes the ultimate dye solution concentration (mg L™) at a certain time
point.

Figure 7(a,b) displays the photocatalytic activity of the CuO and C-CuO
nanocomposites. C-CuO nanocomposites have greatly more photocatalytic activity compared
with CuO NPs. After 15 minutes of exposure to UV radiation, MB is entirely photodegraded
by C-CuO nanocomposites. This highlights the critical role that transparency plays in MB
photodegradation. The photocatalytic activity rises with the concentration of henna carbon.
Figure 7 (a,b) illustrates the MB dye degradation on the catalyst surface during 120 minutes.
The concentration of the MB dye decreases with increasing time intervals.
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Figure .6 UV-Visible absorption spectrum of MB dye
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nanocomposite

Nanotechnology Perceptions 20 No. S14 (2024) 3489-3503



3498 T. Sivasankar Synthesis of Lawsonia Inermis

The fundamental reason of the photocatalytic degradation pathway is explained by
equation (4-9). Hydroxyl radicals blanket the catalyst surface as a result of electrons
migrating from the conduction band to the valence band. The hydroxyl radical produced has
an impact on the dye molecule's conjugation mechanism. Furthermore, the holes will react
with water to produce hydroxyl radicals, or radicals with an ‘OH suffix. As has been covered
in a number of papers, superoxide and radicals are the primary catalysts for the breakdown of
dye molecules, which results in the production of H,O, CO,, and other compounds %!,

C-CuO +hv Lth’ (4)
H,O +h' H" + OH (5)
Oxte —Oa, (6)
Oy + 2H" —ttal)) (7
‘OH + MB Dye =aggaded product  (8)
‘0, + MB Dye —Qy+H,0 ©)

Figure 8 shows the proportion of MB dye degradation (%). The breakdown of the aromatic
rings in the MB dye molecule reduces the absorbance of the dye solution even further. After
120 minutes of UV irradiation, CuO only destroys MB 80.79 %; in contrast, C-CuO
composite degrades the dye to 92.53%. The rapid photodegradation of MB dye by C-CuO
might be associated with a potent electron-hole dividing capability. The henna carbon effect
reduces electron-hole recombination, which boosts photocatalytic activity. Comparing the C-
CuO composite to the other samples, it exhibits more photocatalytic activity and a larger
active surface area. Their investigation revealed that the prevention of electron-hole pair
recombination promoted the activation of the active radical species, which in turn accelerated

dye degradation when UV light stimulated CuO nanoparticles supported by carbon.
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Figure.8 Degradation % of a) CuO, b) C-CuO nanocomposites

3.7 Study of Kinetics
Equation (10) shows that the photodegradation of MB dye with a photocatalyst often
occurs in pseudo-first order.
In (Co/ct) =kt (10)
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Where kt is the rate constant (min), C is the initial dye concentration, at reaction time (t), and
Ct is the final dye concentration at that end time. Figure 9 (a & b) displays a plot of the time-
dependent UV light irradiation, photodegradation rate, and photocatalyst efficiency for the
photocatalyst samples. The graph shows the C-CuO nanocomposite's dynamic efficiency of
MB dye degradation after a pseudo-first-order request response rate.

The linear connection between the slopes of the curves shows that the k values for pure
CuO and C-CuO are 0.0138 and 0.0222, respectively. CuO's R? value is 0.9648, whereas
C-CuO's is 0.975. Based on the rate constant values, the C-CuO shows improved dye
degradation efficiency in 9 (a& b).
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Figure .9 (a &b) Kinetic graph of a) CuO, b) C-CuO.
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4.Conclusion

This work successfully produced henna carbon, which was then used to
synthesize pure CuO and C-CuO. Utilizing FT-IR, P-XRD, FE-SEM, UV-DRS, and PL, the
produced composites were examined. MB dye is used to assess the photocatalytic activity of
the photocatalyst. The functional group of the chemical bond structure of the composites
were determined by the application of FT-IR data. The XRD investigation indicates that the
materials used in composites have various characteristics. The uniform distribution of the
composites was shown by the FE-SEM data. The constituents of composites have been
ascertained by the outcomes of an EDS analysis. An MB dye deteriorated by 80.79% in 120
minutes by CuO, whereas C-CuO demonstrated a degradation efficiency of 92.53%. It was
discovered that the effectiveness of MB breakdown is added by henna carbon. When
compared to CuO, C-CuO material has superior photocatalytic capabilities. The results imply
that these C-CuO might be helpful as potential photocatalysts in the dye pollution
photodegradation process.
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