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Abstract: In this work, ZnO nanocrystals (NCs) have been effectively synthesized by a simple,
efficient and cost-effective method using coconut husk extract as a novel fuel. The synthesized NCs
are characterized by UV-Vis, XRD, FT-IR, SEM, EDX, Raman and PL studies. The obtained ZnO
were found to be UV-active with a bandgap of 2.93 eV. The X-ray diffraction pattern confirms the
crystallinity of the ZnO with hexagonally structured ZnO with a crystallite size of 48 nm, while
the SEM analysis reveals the hexagonal bipyramid morphology. Photocatalytic activities of the
synthesized ZnO NCs are used to degrade methylene blue and metanil yellow dyes.

Keywords: ZnO; coconut husk extract; UV light; photocatalysis

1. Introduction

Nanomaterials have emerged as an inevitable part of modern science due to their
disparate physical, chemical or biological properties with regard to their bulk composition.
Nanomaterials are generally the particles with a particle size in the range of 1–100 nm.
The surface activity of nanomaterials, which results in a greater surface to volume ratio,
was one of the vital components which holds an important place in materials science
research [1]. The applications of nanomaterials were not limited to materials science, but
found profound use in medicines [2–4], catalysis [5,6] and optical reactions [7,8]. Amongst
the different nanoparticles, metal oxide nanoparticles have attracted considerable attention
and have been attentively studied for the past few years due to their potential technological
applications in various fields, including diodes [9], detectors [10], solar cells [11,12] and
photocatalysis [13].

Zinc oxide (ZnO) nanoparticles are often chosen among the transition metal oxides
owing to their diverse properties, such as high thermal and chemical resistance [13], op-
toelectrical [14], semiconducting [15,16], catalytic [17], antimicrobial [18,19] and antibac-
terial [20]. Moreover, this n-type semiconductor has a broad bandgap of ~3.37 eV and
significant excitation energy of 60 meV. Consequently, ZnO nanoparticles can be termed as
a multifunctional material, with their role in optoelectronics [21], photoluminescence [22],
dye degradation [23], acoustic devices [24], pharmaceutical and cosmetic applications [25].
In recent times, degradation of dyes in the aquatic ecosystem using semiconducting ZnO
nanoparticles as photocatalysts has been explored for the retrieval of water bodies [26].
ZnO nanoparticles with a relatively high surface area and quantum yield display good
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photocatalytic activity with respect to the most common photocatalyst, TiO2. Another
study reported by Alanazi and coworkers employed the Gd/N co-doped ZnO for the
degradation of MB, which yielded good results [27].

Synthesis of ZnO nanoparticles was well-established through numerous physical and
chemical approaches, such as precipitation [28], the sol-gel method [29], solvothermal or
hydrothermal [30], electrochemical [31] and microwave methods [32]. Even though these
approaches are direct and feasible, several limitations are recognized through these ap-
proaches, including adsorption of traces of toxic chemicals on the synthesized nanoparticles.
The evolution of nanobiotechnology has urged the design of a green protocol for the synthe-
sis of nanoparticles, especially for biological and medicinal applications [33]. Various green
synthetic procedures [21,34] of nanoparticles are being proposed by global researchers, in
which plant-based materials are found to be superior in many aspects. Notably, shape-
dependent massive synthesis of nanoparticles can be achieved using plant-based material
reagents [1]. Moreover, the cost effectiveness, straightforward and environmentally friendly
nature of the nanoparticle synthesis through the green approach are other advantages.

Recently, plant extract-based synthesis of ZnO nanoparticles has been in high de-
mand due to the reproducible, biosafe, cost-effective nature. The capability of plant-based
biological materials as reagents for the fabrication of nanoparticles is yet to be fully ex-
plored. Herein, we describe the eco-friendly novel synthesis of ZnO nanoparticles using a
plant-based material, coconut husk extract. Coconut husk is a fibrous wrapping around
the coconut fruit and it is currently employed in the production of rope, floor mats and
brushes [35]. Coconut husk is a great source of cellulose, lignin, pentosans and polyphenols
such as tannin, hydroxybenzoic acid, ferulic acid, syringic acid and vanillic acid [36,37].
A few reports were available for the antimicrobial and antifungal applications of coconut
husk extracts against microorganisms, including bacteria [36–38].

2. Experimental Section
2.1. Materials

Analytical grade Zn(NO3)2·6H2O (SDFCL, Chennai, India) was used as-received
without further purification. A wastewater sample model was prepared by dissolving
methylene blue (MB, SDFCL, India) dye and metanil yellow (Sigma Aldrich, Bangalore, In-
dia) separately in distilled water (DW). Borosil glass wares were used throughout the study.
Aqueous extract of coconut husk powder was prepared by concentrating 250 mL of distilled
water solution containing 200 g of powdered coconut husk until the volume reduced to
50 mL. The extract was filtered and used for the preparation of ZnO nanoparticles.

2.2. Synthesis of ZnO Nanocrystals

Coconut husk extract was prepared by boiling 150 g of coconut husk (obtained during
de-husking of matured coconut) in 500 mL of distilled water for 2 h at constant stirring,
which was filtered and cooled. This extract was employed as fuel for the combustion
synthesis, and 0.595 g of Zn(NO3)2·6H2O was mixed with 10 mL of as-obtained coconut
husk extract at persistent stirring for approximately 20 min. Thereafter, a resultant gel-like
sample was obtained and was calcined in the muffle furnace (Utech Model Q-5247, Delhi,
India) at 400 ◦C. After 10 min, a pale-yellow powder was obtained, which was continued
in calcination at the same temperature for 3 h.

2.3. Characterization

The as-synthesized ZnO nanocrystals were characterized by XRD (Bruker, Karlsruhe,
Germany), UV-vis (Perkin Elmer, Massachusetts, USA), FT-IR (Bruker, Ettlingen, Germany),
FE-SEM and TEM (JEOL, Tokyo, Japan). The XRD characterization was carried out using a
Bruker diffractometer (Cu Kα (λ = 1.5406 Å) X-ray source). The spectral characterization
was carried out using a PerkinElmer UV-Vis spectrometer and a Bruker IFS 66 v/S spec-
trometer for UV-Vis and FT-IR spectral analysis, respectively. The microscopic analysis,
such as SEM, was carried out to understand the surface morphology, and particle size
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analysis was carried out by FE-SEM. TEM images were recorded with a transmission
electron microscope, JEOL JEM2100 PLUS, operating at a 200 kV accelerating voltage.

2.4. Photocatalytic Efficiency Measurements

For the present test, 100 mL of aqueous solution of MB/MY dye in different concentra-
tions, viz. 5.0, 10.0, 15.0 and 20.0 ppm, was used for photodecomposition processes. The
dosage of the as-synthesized photocatalyst, ZnO nanocrystals, was also varied at 5, 10, 15
and 20 mg. The solution was mixed with the photocatalyst and aerated for 100 min, while
kept in the dark and under visible and UV irradiation. The kinetics of the degradation was
examined periodically by collecting 3 mL of sample solution in 20 min intervals, which
was then subjected to centrifugation. From the absorption spectra obtained using UV-Vis
spectroscopy, the initial (C0) and final (Ct) dye concentrations in the system were estimated
and the degradation efficacy was calculated utilizing Equation (1):

Degradation efficiency =
C0 − Ct

C0
× 100 (1)

3. Results and Discussion
3.1. Characterization of the ZnO Nanocrystals

ZnO nanocrystals synthesized using coconut husk extract were analyzed qualitatively
and quantitatively by different characterization techniques. UV-Visible spectroscopy was
employed for the molecular absorption analysis and the obtained spectrum is depicted
in Figure 1. Absorbance of the prepared ZnO nanocrystals was measured in a range of
250–800 nm. A peak hike was observed below 400 nm with an absorption maximum at
approximately 355 nm, along with an absorption edge from 380 to 420 nm. This indicates
that the synthesized material is photolytically active in the UV domain. The bandgap of the
prepared photocatalyst was found to be 2.93 eV, which was calculated from the Kulbeka–
Munk function. The value of the bandgap was found to be lower than the reported values,
which is usually due to the incorporation or doping of ZnO nanoparticles with other
material, and hence this decrease in value can be attributed to the <2% of incombustible
remnants of the coconut husk extracts on the surface of the ZnO crystals [39].

To understand the crystal structure of the synthesized ZnO nanomaterials, the XRD
spectroscopic technique was utilized. The XRD pattern obtained for the synthesized
nanomaterial is illustrated in Figure 2. A series of diffraction lines were generated by ZnO
nanocrystals, viz. 31.8◦, 34.4◦, 36.3◦, 47.5◦, 56.6◦, 62.8◦, 66.5◦, 67.9◦ and 69.1◦, due to the
crystal facets of (100), (002), (101), (102), (110), (103), (200), (112) and (201) planes. All these
diffractions are attributed to the most stable ZnO hexagonal phase (wurtzite structure) with
a space group of P63mc (a = 3.248 Å and c = 5.215 Å—JCPDS file number 36–1451) [40]. The
highest intensity values of (100), (002) and (101) peaks indicated the polycrystalline nature,
in which the maximum growth of ZnO nanocrystals occurred in the (101) direction. The
mean crystalline size and the lattice spacing of crystals along the (101) facet of synthesized
ZnO nanocrystals were calculated using the Debye–Scherrer equation and Bragg’s law,
which were found to be ~48 and 0.25 nm, respectively.

The FT-IR spectroscopic analysis of synthesized ZnO nanocrystals was carried out
in the frequency range of 400–4000 cm−1 and the obtained transmittance spectrum is
presented in Figure 3. Chemical bonding present in the several organic functional groups
and oxides of metals were resonated at different frequencies in the FT-IR spectroscopic
analysis. The infrared spectrum of spherical ZnO nanocrystals usually give rise to a peak at
464 cm−1. Conversely, a peak splitting would happen if the shape was anything other than
spherical, such as cylindrical or needle-like [41]. A similar pattern was observed with the
synthesized ZnO nanocrystals, exhibiting two characteristic stretching vibrations at 440 and
505 cm−1. A less intense broad peak formed between 750 and 1025 cm−1 corresponding to
the bending and twisting vibrations of Zn(OH)2 [42]. However, the pure ZnO diffraction
pattern was obtained from XRD, which confirmed the presence of Zn(OH)2 impurity in an
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insignificant ratio. In addition, another broad peak was obtained at 1250–1550 cm−1 due to
the bending vibrations of the hydroxyl group, possibly from the absorbed moisture content.

Figure 1. (a) UV-Vis and (b) bandgap spectra of the prepared ZnO nanocrystals.

Figure 2. XRD analysis of the synthesized ZnO nanocrystals.
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Figure 3. FT-IR spectrum of the as-prepared ZnO nanocrystals.

The structural characterization of the synthesized ZnO nanocrystals was further
carried out by Raman spectroscopic analysis. The attained Raman spectra for the pre-
pared sample are depicted in Figure 4 and are consistent with previous studies [43]. For
the wurtzite-like perfect structure, only the optical phonons are involved in first-order
Raman scattering at the Γ point of the Brillouin zone, which can be expressed by the
following equation:

Γopt = A1 + E1 + 2E2 + 2B1 (2)

Figure 4. Raman spectrum of the as-prepared ZnO nanocrystals.

Among the different modes represented in Equation (2), only A1, E1 and E2 modes are
Raman-active, whereas the B1 modes are Raman-silent. The prominent peak at 440 cm−1

was assigned to Eh
2 modes, which are non-polar Raman-active modes produced mostly by
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oxygen atoms [44]. The stronger E2 modes and weaker E1 modes indicate the lower oxygen
deficiency in the sample, which in turn proves the good crystal quality [45]. Some other
obscure peaks were also noticed in the Raman spectrum of synthesized ZnO nanocrystals
at 336, 389 and 589 cm−1 assigned to Eh

2 − El
2, A1(TO) and E1(LO) modes, where A1(TO)

and E1(LO) are polar modes [46].
The topographic features of the synthesized ZnO nanocrystals were examined employ-

ing FE-SEM. Figure 5a,b represent the two FE-SEM images obtained for the synthesized
ZnO nanocrystals in low and high magnifications, respectively. A close observation of
the SEM images obtained showed that they are similar to the closely packed hexagonal
bipyramid morphology with six facets folded [47]. The two vertical edges of the crystals
are slightly distorted. The size of the formed crystals is irregular, as expected upon using
the plant extract-based synthetic protocol [48].

Figure 5. FE-SEM images of the as-synthesized ZnO nanocrystals in (a) low and (b) high magnification.

The elemental composition of the prepared ZnO nanocrystals was estimated using EDX
spectroscopy, and the obtained percentage data are shown in Figure 6. It disclosed that the
synthesized heterostructure contained the required elemental composition. Furthermore,
the EDX spectra of ZnO nanocrystals revealed that all the predicted elements, such as Zn
and O, exist, and the percentage of elemental compositions is shown in the inset table in
Figure 6, which is consistent with the desired ZnO.

Figure 6. EDX spectrum of synthesized ZnO nanocrystals.
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3.2. Photocatalytic Performance of ZnO Nanocrystals

The important objective of this work is to utilize the synthesized ZnO nanocrystals as
photocatalysts for the degradation of methylene blue dyes, a hazardous chemical present in
the aqueous emissions from the textile industry. The photocatalytic degradation activity of
the synthesized ZnO nanocrystals was studied by varying the different reaction conditions.
The theory of semiconductor-based photocatalysis stated that the surface area, bandgap,
morphology, crystallinity, particle size and amount of OH• free radicals on the surface
of the photocatalyst determine its photocatalytic efficacy [49]. The theory elucidated the
release of electrons and holes on the semiconductor surface by the absorption of light,
and the produced electrons and holes will participate in the reaction or reunite. If an
additional surface is provided for the electrons and holes before the reunion, they would
relocate, where the electrons are caught by the semiconductor while the holes are trapped
to produce OH• and HO2

•. For a ternary structure, more surface is available for relocation
of photogenerated charge carriers, and therefore the produced hydroxyl radicals were
efficiently utilized to decompose MB dye. As per the results obtained from the UV-Vis
spectroscopy, it is obvious that the synthesized nanocrystals are active in the UV domain.
Furthermore, the bandgap was calculated to be Eg = 2.93 eV. Parameters such as light
source, photocatalyst dose, dye concentration, irradiation time and pH were systematically
studied, and MB was selected as the standard pollutant for photocatalytic decomposition
in the investigation. The variation of absorption peak intensity recorded at 663 nm (λmax of
MB) was monitored to conclude the obtained results.

3.2.1. Influence of Light Source

The photocatalytic decomposition of MB dye in the presence of synthesized ZnO
nanocrystals, i.e., 5 ppm MB/MY and 15 mg ZnO, was performed in three different
environments, i.e., dark, UV light irradiation and natural solar irradiation. The obtained
data are presented in Figure 7. When the degradation experiment was conducted in
the dark, the photodegradation of the MB was insignificant. In case of the experiments
carried out under visible light irradiation and UV irradiation, the photodecomposition
of MB was much higher with UV irradiation. The UV-Vis spectrum of the synthesized
ZnO nanocrystals supported the results obtained for the degradation of MB under UV
irradiation. In a span of 100 min, ~99% degradation was observed under UV irradiation,
whereas 97% degradation of MY was observed. For the corresponding counterpart, i.e.,
visible light, it brought only ~22% of degradation.

Figure 7. Cont.
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Figure 7. Impact of light source on (a) MB and (b) MY photodegradation employing the synthesized
ZnO photocatalyst.

3.2.2. Influence of the Amount of ZnO Catalyst

After the confirmation of the photocatalyst composition and light source for the
efficacious photocatalytic property of the synthesized ZnO nanocrystals, the influence of
the photocatalyst dose on the photodegradation of MB/MY was also evaluated by varying
the amount of the photocatalyst (5–20 mg) under UV radiation (Figure 8). The results
disclosed that the photodecomposition of MB/MY was considerably influenced by the
photocatalyst dose. It is apparent that by increasing the photocatalyst dose from 5 to
15 mg, the degradation of MB dye enhanced from ~63% to ~99%, whereas from 61% to
97% for MY. This enhancement in the degradation is directly attributed to the introduction
of more photocatalytic active sites in the medium that can generate more radical ions.
Nevertheless, a further increase in the photocatalyst dose to 20 mg leads to a decrease in
the degradation efficacy to ~88% under the identical photocatalytic conditions, however
the degradation of MY was increased to 99% with a photocatalyst dose of 20 mg. When the
photocatalyst quantity exceeds a critical boundary, there will not be enough space for the
nanocrystals to disperse in the solution and the particles can stick to each other and become
aggregated, owing to the particles’ surface energy. Hence, most of the photocatalytic active
sites were blocked or covered up, and the degradation efficacy of the system decreased [50].
However, when the same reaction was carried out in the absence of the catalyst, it yielded
a 9% degradation of MB and 8% for MY under identical conditions. Accordingly, 15 mg
was selected as the optimal photocatalyst amount and was utilized for the rest of the
experiments to optimize other parameters.

3.2.3. Influence of Concentration of MB/MY

The impact of initial dye concentrations on the decomposition performance of the
MB/MY was also assessed by varying the concentration of MB/MY from 5 to 20 ppm
under UV irradiation, while maintaining the photocatalyst dose at 15 mg. The attained
photocatalytic data are graphically presented in Figure 9a,b. The obtained results disclosed
that the photocatalytic performance of the ZnO nanoparticle is inversely proportional to the
dye concentration at similar conditions, i.e., maximum degradation efficacy was observed
at the lowest MB/MY concentration (5 ppm). By raising the MB concentration from 5 to
20 ppm, the degradation of MB gradually declined from ~99% to ~58% and the degradation
of MY was reduced from 97% to 56%. This abatement is owing to the decreased absorption
of light on the photocatalyst surface by raising the dye concentration, which in turn reduces
the production of OH• radical ions which play a vital role in the photodegradation process.
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Therefore, it is indispensable to keep the ratio of concentration of photocatalysts to dyes
alike. Hence, from the obtained results, it can be concluded that the highest degradation
performance of the catalyst can be achieved when the MB dye concentration is 5 ppm,
while an almost similar degradation was also obtained for the MB dye concentration at
10 ppm. Therefore, it can be said that the photocatalyst can be optimally used for MB and
MY dye degradation in the concentration range between 5 and 10 ppm.

Figure 8. Impact of photocatalyst dose on (a) MB and (b) MY photodegradation employing the
as-synthesized ZnO photocatalyst.

3.2.4. Influence of pH Value

It is well-known that the pH of the solution is one of the most significant parameters
in the photocatalytic degradation of organic dyes. This effect is attributed to the change
in surface charge of the photocatalyst, which in turn had a considerable effect on the
photocatalytic efficacy. Usually, the photocatalytic performance of the photocatalyst is
directly related to the availability of OH• radicals in the reaction medium, which improves
the photocatalytic decomposition of MB dye by many folds in alkaline aqueous solution.
Figure 10 displays the impact of pH value on the photodegradation of MB dye in the
presence of the synthesized ZnO photocatalyst. The impact of pH value on the removal of
MB/MY was examined at three different pH values of 4, 7 and 10. The results illustrated



Crystals 2022, 12, 22 10 of 16

that by raising the pH value to 10, higher photodegradation was achieved. At an acidic pH
value (i.e., pH 4), the lowest degradation performance was obtained, with ~38% degradation
of MB and ~33% degradation of MY. As expected, when the pH of the solution is increased,
the ZnO photocatalyst showed maximum degradation activity, and approximately 99%
degradation of MB was achieved at pH 10. This is possibly because the higher pH value
leads to the formation of negative charges on the surface. Since MB is a cationic dye that
possesses a positive charge and the dyes are adsorbed on the surface, which possess higher
amounts of OH• radical ions, hence the MB undergoes removal by a dual phenomenon,
i.e., adsorption/photodegradation, that leads to better removal of MB from the system.
However, in the case of MY, an anionic dye, the enhanced degradation at higher pH
can be attributed to higher amounts of OH• radical ions generated by the photocatalyst,
due to which the photodegradation process is performed more efficiently at higher pH
values [51,52].

Figure 9. Impact of (a) MB and (b) MY concentration on the catalytic performance of the
ZnO photocatalyst.
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Figure 10. Impact of pH value on the catalytic performance of the ZnO photocatalyst on the (a) MB
and (b) MY photodegradation.

The possible reaction mechanism of ZnO is shown in Figure 11a. When the photons
are illuminated on the surface of the nanocrystals, the valance band (VB) electrons become
excited and travel to the conduction band (CB). In this way, the formed conduction band
electrons and valance band holes initiate the reduction and oxidation reactions, respectively.
The superoxide radicals produced by the reduction reaction combine with hydroxyl radicals
and generate the H2O2, which further produces the OH• radicals. The produced hydroxyl
radicals can degrade the dye molecule.

The probable reaction mechanism for the MB dye degradation process is presented in
Scheme 1.

Scheme 1. Possible reaction mechanism.
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Figure 11. Pseudo-first-order kinetics for (a) MB and (b) MY photodegradation over the
ZnO photocatalyst.

Figure 11a,b illustrates the photocatalytic decomposition of MB and MY dyes using
the ZnO photocatalyst for various pH values at optimum reaction circumstances, followed
by a pseudo-first-order reaction kinetics, which is given by Equation (3) as:

ln(C0/Ct) = kt (3)

where C0 and Ct are the initial dye concentration and final dye concentration at time t,
correspondingly, and k is the first-order rate constant. The obtained degradation rate
constants (k) are 0.0049, 0.0348 and 0.0441 min−1 for MB dye and 0.0047, 0.0143 and
0.0217 min−1 for MY dye at the pH values of 4, 7 and 10, respectively.

A comparison of the outstanding photocatalytic degradation efficacy of the ZnO pho-
tocatalyst for the photodecomposition of different dyes with formerly reported ZnO-based
photosystems is compiled in Table 1. It was distinctly noticed that the ZnO photocata-
lyst in the current study exhibited superior photodegradation efficiency compared to the
previously reported catalysts.
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Table 1. Comparative data of photocatalytic degradation of organic dyes using ZnO nanoparticle-
based photocatalysts.

Catalyst Dye Light Source Catalyst
Amount

Time
(min)

Degradation
(%) Ref.

Name Concentration

ZnO NCs

Methylene Blue

5 ppm UV irradiation 15 mg 100 99 Herein
ZnO 15 ppm Hg lamp 10 W 100 mg 120 90 [53]

ZnO NCs 10 ppm UV irradiation 200 mg 160 95 [26]
Au-ZnO 10 ppm UV irradiation 30 mg 180 95 [54]
ZnO/GO 5 ppm Mercury vapor lamp 80 mg 240 99 [55]

ZnO/GdCoO3 6 ppm Visible light 3 mg 120 92.4 [56]
ZnO-SnO2 nano-cubes 10 ppm UV irradiation NA 60 97.2 [57]

ZnO nanorod 10 ppm Sunlight NA 150 100 [58]
Ag-ZnO-Graphene 0.05 mM UV irradiation NA 360 96 [59]

GP-ZnO-NCs 10 ppm UV irradiation NA 180 89 [60]
Fe-Co-ZnO 5 ppm Sunlight 30 mg 60 98.8 [61]

ZnO/ZnSe/MoSe2 30 ppm Visible light 30 mg 180 91.5 [62]

ZnO NCs

Metanil yellow

5 ppm UV irradiation 15 mg 100 97 Herein
Sm-g-C3N4-550-4 h 20 mM Visible light 100 mg 360 83.7 [63]

ZnO 50 ppm UV irradiation 1 g 180 97 [64]
TiO2-coupled to membrane 30 ppm UV irradiation 500 mg 300 43 [65]

CdO-Al2O3 25 mM Visible light 6 mg 75 82 [66]
N-TiO2 0.018 mM Visible light 500 mg 360 89 [67]

PVA/AA-TiO2 0.88 mM UV irradiation 500 mg 110 90 [68]
SnS2-ZnS 0.025 mM Visible light 6 mg 180 90 [69]

Anatase TiO2 6 ppm UV irradiation 100 mg 90 81 [70]
CP1-CP4 0.01 mM Visible light + H2O2 15 mg 180 83 [71]

4. Conclusions

In this study, we reported on the successful green synthesis of ZnO nanocrystals
using coconut husk extract. The characterization of the as-prepared material revealed
the crystalline nature and nano-sized ZnO. The FT-IR spectra revealed the presence of
a Zn(OH)2 impurity along with ZnO, while the other characterization techniques, such
as XRD and Raman spectroscopy, did not reveal its presence, indicating the presence of
Zn(OH)2 in only trace amounts. The as-prepared material was tested as a photocatalyst for
the degradation of methylene blue dye, a harmful industrial effluent. The photocatalyst
displayed excellent degradation efficiency under UV light, with ~99% degradation in
100 min. It was also revealed that the photocatalyst can be optimally used for MB dye
degradation in the concentration range between 5 and 10 ppm and that pH 7 and pH 10
are optimum for the best catalytic activity. The kinetics of the catalyst revealed that the
degradation follows a pseudo-first-order reaction kinetics.
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