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Abstract

Background: Green synthesis emerges as a need to obtain functionalmaterials, but this also involves following certain principles that
imply methods and inputs that are friendlier to health and the environment. A wide variety of materials can be synthesized under
these principles, one of them being ZnO, which can be used for environmental, electronic and biomedical applications to mention
a few. In this work, ZnO nanoparticles (NPs) were synthesized using aqueous extracts of neem, chrysanthemum, Mexican marigold
and shiitake mushroom and subsequently used to degrade methylene blue (MB) under solar light irradiation. The NPs were charac-
terized by UV–visible spectroscopy, transmission electron microscopy, X-ray diffraction, Fourier transform infrared spectroscopy
and thermogravimetric analysis to investigate the structural, optical and electronic properties of the NPs.

Results: The results indicate the formation of hemispherical NPs with aggregates in a size range of 5.38–28.37 nm. All the
samples presented a hexagonal wurtzite crystalline structure. The best photocatalytic performance for MB degradation
was shown by ZnO NPs obtained using Mexican marigold (0.0873 ± 0.008 min−1) followed by those obtained using shiitake
mushroom (0.0602 ± 0.002 min−1), neem (0.0365 ± 0.02 min−1) and chrysanthemum (0.0357 ± 0.01 min−1).

Conclusions: Botanical aqueous extracts have the potential to be used in the synthesis of semiconductormaterials, as they allow the
modification of the size and band gap. Many of the phytochemicals present in the extracts help to improve the interaction between
catalyst and pollutants, in this case MB, and therefore have a positive impact on the degradation of textile pollutants.
© 2022 Society of Chemical Industry (SCI).
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INTRODUCTION
Organic dyes are widely used in the pharmaceutical, textile, food,
paint, paper and plastic industries, to name a few. However, the
dumping or accidental discharge of organic dye wastewater
affects aquatic bodies by inhibiting solar radiation and reducing
oxygen concentration, causing environmental and health prob-
lems.1,2 In particular, methylene blue (MB) is the most commonly
used thiazine dye in the textile industry, and prolonged exposure
to MB produces harmful effects such as cyanosis and skin or gas-
trointestinal irritation in living beings.3 Photocatalytic degrada-
tion of organic dyes with the assistance of semiconductors has
gradually been established as an efficient process for removing
these pollutants.4 However, the removal of dyes from industrial
waters through a sustainable and practical approach has attracted
the attention of many researchers. In this sense, environmental
nanotechnology has acquired great importance for the elimina-
tion of dangerous chemical substances, including dyes, with a
notable potential to promote viable and economical synthesis.5

Among metal oxide nanoparticles (NPs), zinc oxide (ZnO) NPs

are considered excellent candidates for photocatalytic degrada-
tion and environmental remediation,6,7 mainly due to their elec-
trochemical stability, high electron mobility and large surface
area,8 coupled with low cost and nontoxicity.
ZnO NPs have been synthesized using numerous approaches

and techniques, such as sol–gel,9 precipitation,10 hydrothermal
methods,11,12 spray pyrolysis,13 chemical vapor deposition14 and
ultrasound-15 and microwave-assisted techniques.16 On the other
hand, the green synthesis of NPs using plant extracts, like leaves,
roots, flowers and seeds, is a cost-effective and ecological process,
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which eliminates the high energy consumption and hazardous
chemicals required by conventional techniques.17 The presence
of various phytochemicals and enzymes (organic acids, flavones
and quinones) in such plant extracts aids in the reduction or oxi-
dation of a precursor material to ZnO NPs.7 Furthermore, the
large-scale production of NPs from plant extracts can be consid-
ered the best option. Parameters such as temperature, pH, precur-
sor concentration, plant extract concentration and reaction time
substantially affect the formation, stabilization, amount produced
and yield rate of green-synthesized ZnO NPs.18 However, among
these parameters, temperature, precursor concentration and the
type of plant extract play a dominant role in the formation of NPs.8

In the literature, many research works have been reported addres-
sing the green synthesis of ZnO NPs using various plant
extracts.5,19-27 There are some reports of ZnO NPs synthesized using
neem (Azadirachta indica) extract. For instance, Singh et al.28

reported the synthesis of ZnO NPs using an extract of neem leaves
and their biomedical application in the interaction with calf-thymus
DNA. Sohail et al.29 synthesized ZnO NPs using neem extract and
evaluated their application as potential nanoantibiotics against
drug-resistant microbes along with various biomedical applications.
Besides, Acharya et al.30 reported the synthesis of ZnO NPs using
A. indica extracts and their subsequent application for the fabrication
of an ethanol vapor sensor.
On the other hand, reports of using extracts from Tagetes erecta,

Chrysanthemummorifolium and Lentinula edodes are scarce. In partic-
ular, Ilangovan et al.31 reported the synthesis of ZnONPs using aque-
ous extracts of T. erecta flowers and their antioxidant, antimicrobial
and cytotoxic activity in the HeLa cell line. In our previous work32

we reported the green synthesis of ZnO NPs using extracts from
A. indica, T. erecta, C. morifolium and L. edodes with zinc acetate as
a precursor, and the photocatalytic behavior under irradiation of sun-
light in the degradation of the MB dye was evaluated.
Although the green synthesis of ZnO NPs and their use in the

photocatalytic degradation of dyes have been widely
documented,2,33-35 today there are few reports where ZnO NPs
have been produced by green synthesis with extracts of
A. indica, T. erecta, C. morifolium and L. edodes and used for the
same purpose. Considering the wide availability of these four
plants, ZnO NPs were synthesized in the investigation reported
here using their extracts and zinc nitrate as the precursor. The
NPs obtained were used to evaluate their photocatalytic activity
in the degradation of MB dye and analyze the effect of the type
of extract on the percentage of dye degradation.

MATERIALS AND METHODS
Reagents and materials
The experimental development was carried out with analytical-
grade chemical reagents, which were used as acquired without
further purification. Zinc nitrate (99%), sodium hydroxide (95%)
and ethanol (96°) were supplied by FagaLab, ICR and Alfimex,
respectively. Neem (A. indica) leaves were collected from trees
planted in our Faculty of Chemical and Biological Sciences facili-
ties. Chrysanthemum (C. morifolium) and Mexican marigold
(T. erecta) flowers as well as shiitake mushrooms (L. edodes) were
purchased from a local market. Prior to use, the botanical material
was cleaned with distilled water, dried in a tray dryer and stored.

Preparation of aqueous extracts
Aqueous extracts were prepared as follows. For the neem extract,
50 g of ground neem leaves was added to 500 mL of distilled

water at 60 °C for 30 min, until the color of the water turned
brown. Then, the obtained mixture was allowed to cool to room
temperature and filtered. The chrysanthemum, Mexican marigold
and shiitake mushroom extracts were obtained using the proce-
dure described above, except that 25 g of ground material was
used. The extracts obtained after filtration were stored at 4 °C
for further experiments.

Synthesis of ZnO NPs
An amount of 100 mL of 0.5 mol L−1 zinc nitrate solution was
mixed with the same volume of each aqueous extract (A. indica,
C. morifolium, T. erecta or L. edodes) in constant agitation, and then
a 1 mol L−1 NaOH solution was added dropwise until a pH of
7 was reached. The zinc nitrate–extract solution was heated at
70 °C for 1 h, then filtered and washed twice with distilled water
and ethanol. Once filtered, the precipitate was dried at 80 °C over-
night. Finally, the powder was sintered at 400 °C for 1 h.

Characterization of ZnO NPs
Absorption spectra (UV–visible) were obtained from ZnO NPs dis-
persed in water (0.01 g in 100 mL) and recorded in a wavelength
range from 325 to 600 nm using a Velab spectrophotometer (VE-
5100UV). Fourier transform infrared (FTIR) spectra were obtained
in a range from 4000 to 440 cm−1 using a System GX developed
by PerkinElmer. A Hitachi 7700 transmission electron microscopy
(TEM) instrument with an accelerating voltage of 100 kV was used
to obtain selected area electron diffraction (SAED) patterns and to
observe morphology. The Miller indices identification of SAED
patterns was made with Crystallographic Tool Box (CrystBox) soft-
ware using the ring analysis mode (ring graphical user interface).
X-ray diffraction (XRD) patterns of ZnO nanostructures were
recorded employing a Panalytical X'Pert3 MRD diffractometer
using monochromatic Cu-K⊍ radiation (⊗ = 0.1542 nm), the anal-
ysis being carried out in the 2⊔ range from 20° to 80° using a step
size of 0.05°. The Scherrer method according to Eqn (1)36 was
used to determine the average crystallite size (D) of NPs:

D=
0:9⊗

⊎ cos ⊔ð Þ ð1Þ

where ⊗ corresponds to the X-ray wavelength, ⊎ is the full width at
half-maximum intensity and ⊔ is the diffraction angle.
Finally, thermogravimetric analysis was performed with Q600

equipment developed by TA Instruments from ambient tempera-
ture up to 800 °C with a heating rate of 10 °C min−1 in air atmo-
sphere. The ZnO NPs were placed into an alumina pan with an
initial weight of around 30 mg.

Evaluation of photocatalytic degradation
The photocatalytic behavior of the ZnO NPs was evaluated in the
degradation of a dye, MB, by direct sunlight irradiation (689–
765 W m−2 in Culiacán, Sinaloa). This study was conducted
according to the following procedure. First, 1 g L−1 of each type
of nanoparticulate material was placed in a reactor volume of
300 mL containing MB at a concentration of 10 mg L−1 (C0),
adjusting the pH to 10, this value being selected according to pre-
viously reported pH optimization results.32,37 Then, the solution
was placed in dark conditions with agitation for 45 min to achieve
adsorption–desorption equilibrium. Subsequently, the solution
was exposed to solar irradiation, taking samples every 15 min
and centrifuging them at 12 000 rpm to eliminate nanoparticle
interferences. Then samples were analyzed using UV–visible
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spectroscopy in the range of 450–750 nm. Finally, the removal
efficiency was calculated according to Eqn (2):

Degradation %ð Þ= C0−Cx

C0

� �
×100 ð2Þ

where C0 is the initial concentration and Cx is the concentration at
time t.

RESULTS AND DISCUSSION
Characterization of ZnO NPs
UV–visible spectroscopy
The UV–visible spectroscopic analysis (Fig. 1(a)) shows the
absorption band of ZnO NPs between 362 and 379 nm
obtained in the presence of the different botanical extracts.
However, the spectra of ZnO NPs synthesized in the presence
of C. morifolium and T. erecta extracts show a red shift in
the absorption edge. This may be due to the changes in their
morphologies, particle size and surface microstructures. In
the literature, it has been reported that ZnO particles that
exhibit absorption at a higher wavelength in the UV–visible
spectrum have a larger particle size. Additionally, due to the
poor definition of the absorption bands, agglomeration of
the particles can be inferred.
These results are in agreement with those reported in the liter-

ature for similar materials obtained via green chemistry.38,39

From the UV–visible spectral data, Tauc plots were obtained to
determine the band gap of the materials (Fig. 1(b)). The acquired
band gap values were 2.76, 2.81, 3.00 and 2.72 eV for ZnO NPs
obtained using C. morifolium, T. erecta, L. edodes and A. indica,
respectively. The values are similar to those obtained for other
ZnO NPs.40,41

X-ray diffraction
The XRD patterns (Fig. 2) each exhibit 11 diffraction peaks, which
confirm the hexagonal structure of crystalline ZnO NPs in accor-
dance with the standard values reported in JCPDS no. 36-145.42

No additional peaks are observed, indicating that the synthesis

procedure was performed correctly; therefore, no impurities are
present.
Nevertheless, the type of extract used during the synthesis

appears to have a significant influence on the intensity and
broadening of the diffraction peaks, indicating that the crystal-
lite size of the ZnO NPs can change as a result. The XRD pattern
of the ZnO NPs synthesized with A. indica shows the lowest
intensity and broadest peaks (Fig. 2). The XRD patterns of
ZnO NPs synthesized with C. morifolium and T. erecta extracts
present sharp and narrow peaks, indicating a greater crystallite
size. Table 1 confirms the above findings based on Scherrer
analysis.
It is important to highlight the effect of the botanical extracts on

the crystallite size, since the various functional groups present in
the extracts can help to control the size of the synthesized
materials.

Figure 1. (a) UV–visible spectra and (b) Tauc plots of ZnO nanoparticles synthesized in the presence of: (1) Chrysanthemummorifolium, (2) Tagetes erecta,
(3) Lentinula edodes and (4) Azadirachta indica.

Figure 2. XRD patterns of ZnO NPs synthesized using the various botan-
ical extracts.
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Thermogravimetric analysis
Figure 3 displays the thermograms of all the synthesized mate-
rials, where an average mass loss of 2.696 ± 0.76% is observed.
These results indicate that the nanostructures are stable since
the observed mass loss is attributable to the release of
absorbed water and loss of functional groups of the botanical
extracts.

Transmission electron microscopy
The TEM images obtained for each nanomaterial are shown in
Fig. 4. The NPs present a spherical and hemispherical morphology
of various sizes (Table 2) depending on the extract used and,
therefore, on the phytochemicals present in it, which are respon-
sible for acting as capping agents. These results show that using
L. edodes extract it is possible to synthesize smaller particles. In
addition, using T. erecta and L. edodes extracts a narrower particle
size variation was obtained. On the other hand, the SAED pattern
(Fig. 4(e)) indexing indicates that the ZnO NPs present a hexago-
nal wurtzite structure; the presence of the Debye–Scherrer rings
indicates that the selected zone is polycrystalline. Although the
SAED pattern of only one sample is displayed, similar results were
obtained for all the other samples. The results are in agreement
with others obtained for the same type of NPs synthesized with
different botanical extracts.43,44

FTIR spectroscopy
Figure 5 shows FTIR spectra of ZnO NPs synthesized using the dif-
ferent plant extracts. All the spectra exhibit a band at 547 cm−1 assigned to the presence of ZnO NPs,45 which supports the for-

mation of ZnO using different botanical extracts. Besides, the
FTIR spectra of ZnO NPs show additional bands at 3408,
1582, 1426, 1412, 1119, 1063, 1020 and 870 cm−1, which are
due to the presence of various functional groups related to
the byproducts resulting from the usage of A. indica,
T. erecta, C. morifolium and L. edodes aqueous extracts. The
vibrational stretching bands at 3408 and 1426 cm−1 represent
O H groups in ZnO NPs.46 The less prominent absorption
band at 1582 cm−1 is indicative of C C stretching (in ring) of
aromatics and N H bending of primary amines.46,47 The band
at 1412 cm−1 is assigned to C C stretching.48 The band at
1119 cm−1 corresponds to C O stretching vibrations of car-
boxylic acids, alcohols, esters and ethers.49 The band at
1063 cm−1 may correspond to the C O stretch of alcohols,
carboxylic acids, esters and ethers, and C N stretching of ali-
phatic amines. The band at 1020 cm−1 is assigned to the
stretching of two O C bonds.50 Finally, the band at 870 cm−1

is indicative of C H bending of aromatic compounds.51 It is
important to mention that most of the bands are stronger in
the spectra of ZnO NPs synthesized using T. erecta and
L. edodes extracts. The active biocompounds from the botani-
cal extracts could be responsible for the reduction and

Table 1. Crystallite size of ZnO NPs

Extract Crystallite size (nm) SDa (nm)

Azadirachta indica 7.99 0.27
Tagetes erecta 28.96 3.74
Chrysanthemum morifolium 32.27 2.14
Lentinula edodes 26.27 2.02

a Standard deviation.

Figure 3. TGA curves of ZnO NPs synthesized using the various botanical
extracts.

Figure 4. TEM images of ZnO NPs synthesized with: (a) Azadirachta
indica, (b) Tagetes erecta, (c) Chrysanthemum morifolium and (d) Lentinula
edodes. (e) Indexed SAED pattern taken from the ZnO NPs obtained with
Lentinula edodes.
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stabilization of the NPs (phenolic compounds, carboxylic
acids, amines, etc.).

Photocatalytic activity
Dyes are used in various types of industries, so they are commonly
prevalent in wastewater, and therefore some bodies of water may
be affected. Their presence represents a risk for a variety of
aquatic organisms but also for people. Due to their impact, the
treatment of these types of pollutants is being addressed by
researchers worldwide. In this sense, one of the most used mate-
rials for the treatment of dyes is ZnO, which has reported high effi-
ciencies in the photodegradation of several dyes such as MB,52

rhodamine B,53 methyl orange54 and Congo red,55 to mention a
few. Figure 6(a) shows the UV–visible absorption spectra of the
photocatalytic degradation of MB in the presence of ZnONPs syn-
thesized with Mexican marigold extract, while Fig. 6(b) presents
the change in dye concentration for all extracts used. It is possible
to note that the complete photodegradation of MB in sunlight
occurred within 60 min in the presence of ZnO NPs synthesized
using T. erecta extract.
Depending on the extract used during the synthesis, the

properties of ZnO NPs can be different which is attributed to the
presence of different phytochemicals in each botanical material
used. Even if the sizes of ZnO NPs are quite similar, the remaining
presence of phytochemicals after thermal treatment, in some
cases, benefits the degradation of the dye, such as in the case of

best-performing systems involving T. erecta and L. edodes
extracts. It has been reported that Mexican marigold has a high
concentration of antioxidants, phenolics and flavonoids, such as
rutin, quercetin, myricetin and lucenin.56 On the other hand,
L. edodes may contain proteins and vitamins (C, B3, B6 and D), as
well as phenolic compounds and flavonoids (catechin and
quercetin).57

With the information obtained from Fig. 6(b), graphs of ln(C0/Cx)
were constructed, and the kinetic constant was determined (Fig. 7).
This constant is considered according to a pseudo-first-order
kinetic reaction according to the following equation58:

ln
C0

Cx

� �
=kappt ð3Þ

where C0 is the initial MB concentration (10 mg L−1), Cx is the
residual dye concentration in solution after a certain time, kapp is
the rate constant (min−1) and t is the exposure time to
sunlight (min).
Table 3 exhibits a compilation of the calculated kapp values,

which consider the processes of adsorption, photolysis and
photocatalysis determined from Fig. 7. Table 3 also compares
our results with those of other research groups that used green
chemistry.
The apparent rate constant (kapp) is affected by the type of

botanical extract used as follows: C. morifolium < A. indica
< L. edodes < T. erecta. The difference lies in the composition
of the phytochemical profile present in the extracts and in those
that may remain anchored in the NPs even after heat treatment.
Similar behavior was observed in other research, which high-
lights the importance of the phytochemicals in the extracts
and their effect on the formation and stabilization of the NPs
and their photocatalytic properties.65,66

Comparing our results with those of other research
groups reveals that the rate constants are within the order
reported in the literature and, in some cases, with better perfor-
mance in terms of photocatalytic rate. This difference in the
photocatalytic rate is associated with the type of phytochemi-
cals present in the extract, which can modify the band gap
and size of the NPs and thus influence the performance of the
material.

Mechanism of photocatalytic degradation of MB
MB in aqueous medium shows two characteristic peaks of mono-
mers at 665 nm and dimers at 615 nm (Fig. 6(a)).67 At the end of
45 min in the dark, a significant decrease in the absorption of
both peaks is observed without modification in the wavelength,
which is due to the adsorption capacity of the material. Once
the samples begin to be irradiated with sunlight, an even greater

Table 2. Size variation of ZnO NPs

Extract Particle size variation (nm) Average (nm) SDa (nm)

ZnO–Azadirachta indica 9.46–19.53 13.98 3.01
ZnO–Tagetes erecta 14.19–20.26 16.67 2.21
ZnO–Chrysanthemum morifolium 9.83–28.37 15.59 5.71
ZnO–Lentinula edodes 5.38–13.19 9.84 2.19

a Standard deviation corresponds to the measurement of 30 samples.

Figure 5. FTIR spectra of ZnO NPs synthesized with: ( ) Tagetes erecta,
( ) Azadirachta indica, ( ) Chrysanthemum morifolium and ( ) Lenti-
nula edodes.
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decrease is observed with a blue shift due to the hypsochromic
effect.68 It is also observed that the degradation rate of monomers
is higher than that of dimers. When the reaction time is long
enough (60 min for Mexican marigold extract), both monomers
and dimers were completely decomposed. A proposed mecha-
nism for the degradation of MB catalyzed by ZnO NPs under sun-
light irradiance is presented in Fig. 8.
Once the catalyst is exposed to sunlight, the incident pho-

tons promote the separation of charge carriers, and electrons
(e−) acquire sufficient energy to jump from the valence band
(VB) to the conduction band (CB) leaving holes (h+) in their
place.69 The electrons in the CB interact with the oxygen (O2)
adsorbed on the ZnO NPs and superoxide radicals are gener-
ated (O2

•−). Moreover, the resulting protonation will give rise
to HO2

•, which can combine with trapped electrons to gener-
ate H2O2, which ultimately produces hydroxyl radicals (OH•)
on the surface of the catalyst.69,70 While holes (h+) in the VB
act as an oxidizing agent that interacts with water producing
highly reactive OH• radicals. These radicals come into contact
with the adsorbed MB molecules and the photocatalytic

Figure 6. (a) Absorption spectra of MB with ZnO–Tagetes erecta NPs. (b) Cx/C0 plots of MB with ( ) photolysis, ( ) Tagetes erecta, ( ) Azadirachta
indica, ( ) Chrysanthemum morifolium and ( ) Lentinula edodes. The first 45 min correspond to MB adsorption–desorption during dark equilibrium.

Table 3. MB dye photocatalyst performance under UV and sunlight irradiation over various green-synthesized ZnO NPs

Extract Crystal size (nm)
Irradiation
source [MB] Degradation (%) Time (min) Rate constant (min−1) Ref.

Scutellaria baicalensis ∼50 UV lamp 50 μmol L−1 98.6 210 0.016 59
Codonopsis lanceolata — UV lamp 50 mmol L−1 90.3 40 0.057 60
Syzygium cumini 11.35 Sunlight 40 mg L−1 91.4 180 0.005 61
Fresh cow dung ∼10 UV lamp 5 mg L−1 99.9 100 0.05675 62
Echinops kebericho 14.67–19.66 Sunlight 10 mg L−1 92.2 120 0.015 63
Rosmarinus officinalis 14.7–15.5 Sunlight 10 mg L−1 99.64 45 — 64
Azadirachta indica 9.46–19.53 Sunlight 10 mg L−1 100 120 0.0365 ± 0.02 This work
Tagetes erecta 14.19–20.26 Sunlight 10 mg L−1 100 60 0.0873 ± 0.008 This work
Chrysanthemum morifolium 9.83–28.37 Sunlight 10 mg L−1 100 120 0.0358 ± 0.01 This work
Lentinula edodes 5.38–13.19 Sunlight 10 mg L−1 100 120 0.0602 ± 0.002 This work

Figure 7. Plots of ln(C0/Cx) as a function of sunlight exposure time of MB
with the various catalysts.
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process proceeds with the oxidation of the dye.69 These reac-
tions can be shown as follows:

ZnONPs+hν→ZnONPs e−CBð Þ+ZnONPs h+
VBð Þ ðR1Þ

ZnONPs e−CBð Þ+O2 adsð Þ→ZnONPs+O2
•− ðR2Þ

O2
•−+H+→HO2

• ðR3Þ
HO2

•+H+ +O2
•−+ZnONPs e−CBð Þ→H2O2→OH−+OH• ðR4Þ

ZnONPs h+
VBð Þ+H2O→H+ +OH• ðR5Þ

MB+OH•→Oxidation products ðR6Þ

The oxidation products can be leucomethylene blue,71 single-
ring structures or fully degraded to CO2, Cl

−, SO4
2−, NO3 and

H2O.
72 In further work, total organic carbon and high-

performance liquid chromatography experiments will be carried
out in order to know with certainty the degradation products
and to establish an appropriate mechanism.

Recyclability of photocatalyst NPs
The NPs that showed the best photocatalytic performance (those
synthesized using T. erecta extract) were used to test their stability
and recyclability. They were first recovered by centrifugation and,
once the supernatant was eliminated, they underwent a drying
process in an oven at 100 °C for 2 h. The results of three reuse
cycles are shown in Fig. 9. According to the results obtained, a slight
decrease in the percentage of degradation can be seen with each
cycle, with a maximum loss of 2.77% in the last cycle. This result
indicates that the synthesized NPs are very stable and can be
reused for several cycles, still with a good photocatalytic activity.

CONCLUSIONS
Green chemistry has brought several advantages to the synthesis
of various materials, including semiconductors. Botanical extracts

Figure 8. Proposed mechanism for photocatalysis process in the presence of organic pollutant MB on green-synthesized ZnO NPs. CB, conduction band;
VB, valence band.

Figure 9. Recycling and reuse of ZnO NPs obtained in the presence of
Tagetes erecta.
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influence the formation (size control) and stabilization of mate-
rials in different ways. The presence of some phytochemicals also
favors the photocatalytic activity of the nanostructures, clear
examples of which are antioxidants, flavonoids and phenolic
groups, so different botanical specimens rich in these compounds
should be sought. Extracts of Mexican marigold (T. erecta) and
shiitake mushroom (L. edodes) improve the photocatalytic perfor-
mance of NPs in the degradation of MB dye, degrading it entirely
in 60 and 120 min, respectively. The synthesis method used is
simple and environmentally friendly, and allows the successful
use of thematerials to treat a dye of pharmaceutical and industrial
interest. Further studies of these NPs against other dyes and
organic components will provide additional information on their
performance and the possible correlation between the phyto-
chemicals of the extracts and the pollutants to be treated.
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