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Abstract

The use of plant extract for the synthesis of nanomaterials has been preferred over conventional
growth techniques due to its safety, simple, ecofriendly, cost effective and biocompatibility
properties. The present study includes environmentally friendly approach for synthesis of ZnO-
NPs using milky sap of calotropis procera (CP) parts. The biosynthesized ZnO-NPs were
investigated in terms of crystalline, morphology, and optical characterization. The CP has
resulted spherical shaped oriented nanoparticles, hexagonal phase and significantly reduced
crystallite size of -26.1 nm. The photodegradation of malachite green (MG) and methyl blue
(MB) dye under the illumination of UV light was investigated using biosynthesized ZnO-NPs.
The effect of different volume of milky sap of CP was considered as a point of care to
demonstrate its role towards the enhancement of photodegradation effectiveness of ZnO against
two different organic dyes like malachite and methylene blue owing their issues raised for
aquaculture and worsen environmental impacts. The degradation of both dyes was followed by
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pseudo first order kinetics and highest volume of milky sap of CP has given out high rate
constant value. The degradation efficiency of milky sap of CP assisted ZnO nanostructures was
found about 85.3% and 86.3% for MG and MB respectively. However, we studied the effect of
pH of dye solution on the photocatalytic performance of ZnO and it has revealed highly
enhanced degradation efficiency. The increased functionality of ZnO was connected to the
reduced particle size, optical band gap, and tunable surface properties with the use of terminal
oxygenated groups.
Keywords: Milky sap of CP, biosynthesis, ZnO nanostructures, photodegradation

1. Introduction
Synthetic dyes have been used extensively in various industries including textile, paper, plastic
leather, food, and others. Many of them these dyes belong to azo compounds like methylene blue
(MB), methyl orange (MO), Congo red (CR), direct black 38 (DB38), and malachite green (MG)
containing chromophore (—N=N-) in their chemical structures [1]. It has been remained a
practice for the discard of these azo dyes directly or indirectly into environment and ecosystem
of our water without or less likely treatment. Owing to their stable nature, they have been found
hazardous and threat to life due to mutagenic and carcinogenic properties [2]. The stable nature
of these dyes do not allow them for spontaneously degradation in the water, hence they have
been causing pollution not for ecosystem of water but at the same time for our atmosphere,
therefore the toxic effects on the aquatic life unavoidable. For these reasons, different
wastewater treatment methods have been utilized and proposed [3-7]. The challenges faced by
these established methods include the complicated working principle, high cost and some of
them produces secondary class of pollutants during the degradation process. Therefore, it is very
essential to realize new approaches with complementary technologies with low cost,
environment friendly, ecofriendly, and highly efficient to transform these stable dyes into
harmless minerals without producing the secondary pollutants.
Among these methods, the photocatalysis has been found thee potential approach for the
complete mineralization of these organic dyes into harmless products like H,O, and CO,. Today,
the photocatalysis is strongly supported by the advancement in the field of material science due
to extensive manipulation of wide range of materials at nanoscale dimension, hence vigorous
efforts have been devoted to synthesizing and characterize for the wastewater treatment

applications. It is the reason, wide range of nanostructured materials have been applied



particularly the semiconducting materials including TiO; [8], ZnO [9], Fe,O3 [10], CdS [11], and
ZnS [12] for the photocatalytic applications. Beside other semiconducting metal oxides
photocatalysts, zinc oxide (ZnO) is intensively investigated for the photodegradation of diverse
organic dyes due its significant catalytic activity, tunable optical band gap, low cost, easy to
fabricate and ecofriendly. However, the potential emergence of ZnO as photocatalyst for the
practical applications is restricted by the wide band gap, low density of catalytic sites and fast
charge recombination rate of electron sand holes [12]. Overcoming these main issues of ZnO for
the photocatalytic applications, various efforts have been effectively taken into consideration
such as adaption of new morphologies [9], use of new synthetic routes [9], engineering of optical
band gap via efficient dopant, making composites systems, and using natural compounds from
the plant extracts and biomass wastes as green methodology of preparation of ZnO
nanostructures [13]. Recently, the green preparation strategy is being used with overwhelming,
depicting its low cost, environment friendly, scale up, and avoiding the high consumption of
toxic chemicals for the synthesis of ZnO nanostructures [14]. The plant extract is associated
with the presence of large amounts of surface modifying agents, reducing agents, oxidizing
agents, capping, and stabilizing agents which together play a vital role in controlling the size of
nanostructured material, evolving the unique architecture of nanostructured morphologies [13-
16]. For this purpose, the recent literature shows the intense use of wide range of plant extracts
for the preparation of ZnO nanoparticles like Azadirachta Indica (L) [17], Eucalyptus globulus
(E. globulus) [18] , Moringa Oliefera leaf extract [19], Cassia fistula plant extract [20], Citrus
aurantifolia (lemon) peel extract [21], leaf extract of Calotropis Gigantea [22], Vitex negundo
leaf extract [23], Caralluma Fimbriata extract [24], and Solanum nigrum leaf extract [25].
Furthermore, Sharma et al (2016) and Dobrucka et al (2016) have synthesized ZnO nanoparticles
using Jacaranda mimosifolia and Trifolium pratense flowers extracts [26, 27].The synthesis of
ZnO nanoparticles using Lime juice has been reported by Pandit 2017 [28]. And the Suresh et al,
utilized the Artocarpus Gomezianus (AG) as fuel and followed by the combustion process for the
preparation of ZnO nanoparticles [29], whereas Yuvakkumar et al [30] has taken Nephelium
lappaceum L. (rambutan) peel extract for the biosynthesis of ZnO nanostructured material.
Calotropis procera is a desert plant known in Greeco-Arab medicine as Ushar or Madar.
Tropical and subtropical regions like Asia and Africa, have a large population of this plant [31].

The ancient Egyptians were aware of the plant's medical properties; excavations at Helwan in



Egypt revealed that the herb was used during the Neolithic period [32] In '‘Berliner' papyrus, the
plant is indicated for the treatment of nodular leprosy [33]. Since one decade, numerous scientific
investigations have been conducted on different parts of this plant. According to Prakash et al.
[34], C. procera negatively impacts both early and late pregnancy in rats. The extract of this plant
extract is used an anticancer [35] and nematocidal [36] properties. The flowers of C. procera
have a highly substantial antibacterial and anti-inflammatory activity [37]. Calotropis procera
(C. Procera, CP) is among the class of Apocynaceae and it is widely used for medicinal
applications such as fever, diarrhea, asthma, painful muscle spasms and an aspiration and
cleansing [38]. The CP is also applied for detoxify of the blood, making healthy hair, enhancing
the liver function and to maintain the blood sugar levels. The CP plant is carrier of wide range of
phytochemicals including triterpenoids, flavonoids, glycosides, anthocyanins, a-amyrin, -
amyrin, lupeol, B-sitosterol, flavonols, mudarine and resins | [39]. The king draw was used to

generate the molecular structure of various natural compounds of CP as shown in Scheme 1.
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Scheme 1: Molecular structure of different chemical compounds carried by CP

A. Muthuvel, et al. is the one who utilized the CP flower extract for the preparation of CeO, NPs
and applied for the photodegradation of methyl orange. However, CP being the abundant desert

and agriculture land plant around the world and carrying the favorable phytochemicals of milky



sap is not investigated and there is no report about the use of CP to improve to photocatalytic
properties of ZnO material towards the photodegradation of malachite green (MG) and
methylene blue (MB). Moreover, the role of different of volumes of CP on the structural disorder
of ZnO and their role on the pH dependent photocatalytic functionality of MG and MB
degradation in aqueous solution have never been studied and reported to date. Importantly, the
role of terminated oxygen groups present in the biomass for the alteration of morphology from
one dimensional (1D) to zero dimensional (OD) nanoparticles has not been highlighted and

studied previously.

In this study, an ecofriendly, cost effective and rapid method for the synthesis of 0D ZnO
nanoparticles using milky sap of CP was carried out. We have utilized milky sap of stem,
flowers and leaves of CP for the preparation of ZnO nanostructures and studied their
photocatalytic effectiveness during photodegradation of MB and MG under alkaline and acidic
conditions. These observed findings propose a new functional aspect for the synthesis of ZnO
nanostructures with outperform functionality under alkaline conditions and their suitability as an
alternative photocatalyst for the practical applications.

2. Material and methods
2.1.Material

Zinc acetate dihydate (ZnC,HgO, Mm: 183.48 g/mol), ammonia aqueous solution (33%),
ethanol (C,HsOH, 99%), sodium hydroxide (NaOH), hydrochloric acid (HCI, 37%), methylene
blue (MB) and malachite green (MG) were bought from Merck and used as received with no
additional sophistication. The deionized water was used to make a desired solution.

2.2.Milky sap collection from Calotropis procera and biosynthesis of ZnO nanostructures

Calotropis procera (CP) is commonly known by sodom apple and belonging to apocynaceae
family. The milky sap was collected from the various parts of CP including flower, stem and
leaves. The CP plant was located at the mountain locality of University of Sindh jamshoro and
prior to collection of milky sap, it was washed and cleaned several times with the deionized
water. The volume of 50 mL of milky sap was obtained and used for the growth of ZnO
nanostructures. The synthesis of ZnO nanostructures in the presence of milky sap of CP was
performed by the solvothermal method. A solvothermal process is low cost, facile, ecofriendly

and environment friendly, and can be used for the large scale synthesis of nanostructured
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materials. In typical preparation process, we have used 2.22 g of zinc acetate dihydrate and 5 mL
of 33% aqueous ammonia solution in 100 mL of the deionized water. At the same time, 15 mL of
milky sap of CP was mixed with 20 mL of ethanol and homogenized mechanically. Then, milky
sap dissolved into ethanol was added in the four beakers containing zinc precursor of 2.22 g of
zinc acetate dihydrate and 5 mL of 33% aqueous ammonia with different volumes like 2 mL, 4
mL, 6 mL, and 8 mL respectively. The milky sap is carrying different types of stabilizing agents,
capping agents and chelating agent like oxygen terminals which could bind effectively with zinc
ions and played a dynamic role in the structure transformation and enhancement of
photocatalytic properties of ZnO. For understanding the role of milky sap of CP, we have
prepared the pure sample of ZnO under the same conditions without the use of milky sap. The
solvothermal process was initiated by covering the growth solutions with aluminum sheet and
left for chemical reaction at 95 °C for 5 hours. Afterwards, the white product of ZnO precipitates
was settled at the bottom of each beaker and collected onto the ordinary filter paper and washed
several times with the ethanol followed by deionized water. Then, the white product of ZnO was
left to dry at 65 °C for 12 hours. Later, the white product of ZnO of each sample was kept in
China clay made crucible and thermally treated at 250 °C for 3 hours in air. After the thermal
combustion, ZnO samples were used for the structural, morphological, and photocatalytic

applications.

2.3.Morphology, crystal phase and optical characterization of as biosynthesized ZnO
nanostructures

The crystalline phase and purity of as prepared ZnO nanostructures with milky sap of CP were
explored by powder X-ray diffraction (XRD) technique with scanning two theta angle from 10°
to 90° and X rays with a wavelength of 1.5406 ° were generated from Cu anode by applying
potential of 45 kV with a current of 45 mA [40]. The crystalline size was estimated by using
Scherrer equation (D = K A Bcos 0), here D is d- spacing of particular crystal planes, K is
constant (0.9), A as wavelength of used X-rays (1.5406 “A), B is the angular full width at half
maximum in radians and 0 is the Bragg’s angle. The morphology of milky sap assisted ZnO
nanostructures was investigated by using low resolution scanning electron microscopy (SEM
model JEOL JSM-5910). The SEM imaging was done with the accelerated voltage of 20 kV and
prior to analysis the samples were coated with 5 nm gold coating in order to measure the well

resolved images. The SEM imaging was collected with polaroid P/N 665 film [41, 42]. The

6



optical features about the biosynthesized were studied by employing UV-visible

spectrophotometer (PE Lamda 365) with wavelength 200-800 nm range [43].

2.4.Photocatalytic activity of biosynthesized ZnO nanostructures

The photodegradation was carried out with the use of 5 mg of different ZnO nanostructures
obtained with milky sap of CP were mixed with dye solution , homogenized with in
ultrasonic bath for 20 min in the dark. The placement of dye solution with ZnO
nanostructures in ultrasonic bath was done in order to achieve the equilibrium of adsorption
and desorption process. The photodegradation of both MB and MG dyes with milky sap
assisted ZnO nanostructures was done under the illumination of ultraviolet of light. For
comparison, the photodegradation of MB and MG with pure ZnO sample was also carried
out. For the photocatalytic activity, various ZnO nanostructures were treated with MG dye
concentration of 10.96x10°M and MB of 3.12x10°M. Then, 50 mL of each dye solution
was taken and 5 mg of each sample of ZnO was added and stirred for 30 min to reach an
adsorption-desorption equilibrium in the dark and we noticed that there was about 4-6 %
adsorption and further no visible changes were noticed with naked eyes. The dyes solution
with photocatalyst were placed in homemade UV light box consisting of six UV lamps of
wavelength of (365 nm and power of 60 W). Afterwards, 2 mL of aliquots of dye solution
was used in the cuvette and evaluated its absorption value by the UV-visible
spectrophotometer (PE Lamda 365) for wavelength range from 250 to 750 nm. The process
of each measurement was repeated for different intervals of time to monitor the degradation
rate with the decrease in the absorbance for both MG and MB dyes under the illumination of
UV light. The percent degradation was quantified by the following relationship:

Photodegradation efficiency (%) =Aq-A¢/ Ag % 100

Herein, the Ay and A; were initial and after certain interval time dye absorption and same

equation was used to evaluate the photocatalytic properties of pure ZnO and milky sap assisted



ZnO nanostructures.  The dye degradation Kkinetics was studied through under given

mathematical equation:

Ct
In (E) =kt
Whereas C, and C; are the dye initial concentration and after a specific time intervals for the
illustration of rate constant (K) values in (min™). The concentration of both dyes was expressed
as mg/L. Furthermore, the effect of pH of dye solution on the degradation rate was studied using

different ZnO samples. The pH of dye solution was adjusted by the use of aqueous solutions of
0.2M NaOH and HCI.

3. Result and discussion
3.1. Crystal phase, morphology and optical studies of milky sap of CP assisted ZnO

nanostructures

Crystal phase information was verified by the distinctive reflection patterns of biosynthesized
ZnO nanostructures using powder XRD technique as shown in Figure 1. The XRD reflections
were measured for the four samples of ZnO obtained with 2, 4, 6 and 8 mL of milky sap of CP
and pure ZnO as shown in Figure 1. The observed reflections were well matched with the
hexagonal phase of ZnO with typical wurtzite structure as reported previously [44]. Various
XRD reflections were identified at wide range of two theta angle as shown herein at 2(6°)
36.619° 34,335° 36.100° 47.367°, 56.313°, 62.645° 66.033°, 67.641° 68.737°, 72.362° and
76.588° corresponded to crystal plane including (100), (002), (101), (102), (110), (103), (200),
(112), (201), (004) and (202)respectively. All the noticed XRD reflections were further
supported by the standard JCPDS card (01-079-0208). There have been no additional reflections
which could not be labelled, confirming the high purity of as prepared ZnO samples. The relative
intensity of (101) crystal plane was decreased with increasing amount of milky sap of CP,
suggesting that the alteration of one dimensional nanostructures into heterogeneous structure due
to driving role of oxygenated and hydroxyl groups of milky sap of CP. These oxygenated groups
result the diverse and multidirectional approach of nucleation during the growth process,
consequently the transformation of morphology was expected as proven by SEM analysis.
Interestingly, the shift in the two theta along the (100) crystal plane was noticed as shown in



Figure 1b. This is connected to the wide range of polymeric biomolecules from milky sap of CP
which created stress on the crystal orientation, hence shift towards right angel was observed as
shown in Figure 1b. The induction of shift in two theta could cause the defects in the crystal
arrays and introduced the imperfection in the crystal arrays of ZnO [44]. Moreover, the XRD
results were used to describe the average crystallite size of biosynthesized ZnO nanostructures
using Scherrer equation. The calculations of average crystallite size of different samples of ZnO
prepared with 2, 4, 6 and 8 mL of milky sap of CP and pure ZnO were found in the order as 30.7
nm, 28.9 nm, 27.5 nm, 26.1 nm and 32.6 nm respectively a shown in Figure 1c. It is obvious that
the 8 mL of milky sap of CP resulted the lowest average crystallite size of ZnO owing to the high
density of oxygenated terminal groups which reduced the size of crystal. According to M.G
Demissie, et al. the average crystal size of biosynthesized ZnO NPs has decreased with
increasing volume of plant extract. This is because of the variation in the amount of effective
capping and stabilizing agents which controlled on the size of nanoparticles, and avoided the
possibility of aggregation, hence size of ZnO nanoparticles was decreased [45]. Furthermore, the
morphology of as prepared ZnO nanostructures with various volumes of milky sap of CP was
also examined using low resolution scanning electron microscopy (SEM) as depicted in the
Figure 2. The pure ZnO was identified with typical one dimensional (1D) nanorod like
morphology with obvious hexagonal faces, however they were found randomly oriented with
high degree of size heterogeneity as shown in Figure 2a. The milky sap of CP has shown the
dynamic contribution towards the transformation of 1D nanorod into zero dimensional (OD)
rounded particle like structure with dimension of 400-600 nm. The increasing volume of milky
sap has shown the significant indicators about the formation of special particles like morphology,
and it could be attributed to the wide range of oxygenated terminal groups from the different
natural compounds of milky sap. They have allowed the easy access to the zinc ions for binding
and the hydrophobic part of each molecule have evolved the morphology into spherical shape.
These oxygenated groups could be responsible for the new ways of crystal orientation during the
growth process, hence we have noticed the complete transformation of nanorod like morphology
into spherical particles [46, 47]. These observations could be supported from the XRD results in
terms of change in the intensity of reflections which enabled the crystal orientation in the
multiple directions in the presence of milky sap of CP as shown in Figure 2b-e. Previously, it has

been reported that the morphology of nanostructured material is highly dependent on the nature



biomolecules present in the biomass of plants [48]. Additionally, it has been described in the
literature that the spherical morphology is more likely useful for the antibacterial activity as it
can easily go inside the bacterial strains and thereby show an effectiveness to kill biological cell
[49]. On the basis of morphological characterization about the biosynthesized material, a
hypothesis for the formation mechanism of nanoparticles is depicted in scheme 2. Given that C.
procera extract is the abundant source of phytochemicals and many of the rich with terminated
atoms with lone pair which could effectively bound with the Zn** ions during hydrothermal
process. Then, the kinetics of zinc ions binding with hydroxyl groups could be well controlled,
hence shaping the structure from nanorods to nanoparticles. The availability of capping agents
and chelating agents from milky sap of CP ultimately supported for the formation of
nanoparticles [50].

The elemental information was verified by measuring the energy dispersive spectroscopy spectra
(EDS) for each sample of ZnO prepared with, 2, 4, 6 and d 8 mL of milky sap of CP as shown in
Figure 3. Except pure sample of ZnO which only consists Zn and O as main elements. However,
the milky sap assisted ZnO nanostructures do not only contain Zn, and Om but at the same time
Cl, S, C and Mg were also detected as shown in Figure 3 and such elemental chemical
composition of milky sap of CP is reported elsewhere. The optical characterization in terms of
optical band gap determination was also carried out to know the influence of milky sap of CP on
the tuning the band gap, hence UV-visible absorbance spectra were measured as shown in Figure
4. The band gap calculations were done by extra plotting of (ahv)? plot versus (hv) photon
energy. Herein, e a is known as absorption coefficient and it can be determined from the
absorbance spectra by employing the Kubelka — munk theory, and h is the plank’s constant, v is
frequency of used photons [51]. The linear part after extrapolation of (ahv)? versus photon of
energy (hv) gives out the value of optical band gap as shown in Figure 4. The obtained optical
band gap for pure ZnO sample was observed around 3.34 eV, and the ZnO material prepared
with 2, 4, 6 and 8 mL of milky sap of CP was estimated as 2.90 eV, 2.86 eV, 2.83 eV and 2.77
eV respectively. The band gap of milky sap assisted ZnO nanostructures was significantly
reduced, revealing an outstanding role of variety of biomolecules from the CP affecting the
optical features of as prepared material. The validation of band calculations of pure ZnO of 3.34
eV in this study could be verified from published works [44]. Furthermore, it should be noted in

the literature that narrowing band gap may be caused by the loading of the dopant into ZnO,
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creation of O and Zn vacancies, improved crystal quality at higher annealing and other
factors[52]. We have already observed from EDS analysis that there is presence of Cl, S, C and
Mg possibly they have been added into the crystal of ZnO, consequently the optical band gap

was reduced.

3.2.Photocatalytic applications of as prepared ZnO nanostructures with milky sap of
CP

a. MG degradation
The photocatalytic applications of as biosynthesized ZnO nanostructures were chosen on two
aspects one as the wastewater treatment and its environmental impacts and other is the water
pollution causing many issues for the aquatic life especially the aquaculture systems. Hence, we
have applied the newly modified ZnO nanostructures on the MB and MG for the evaluation of
their photocatalytic effectiveness. First, we have examined the photodegradation of MG using
10.96x10°M in aqueous solution against the pure ZnO and biosynthesized ZnO samples with 2,
4, 6 and 8 mL of milky sap of CP under the illumination of UV light. The absorbance spectra of
MG using pure ZnO as photocatalyst were recorded with different intervals of time like 25, 50,
75, 100, 125 and 150 min as enclosed in Figure 5a. The absorbance spectra were measured with
the gap of 25 min as shown in Figure 5a. It is obvious that the relative decrease in the
absorbance is limited, suggesting the poor performance of pure ZnO, owing to its wide band gap
and the fast charge recombination of electron and holes during the photocatalysis process as
previously described by several studies [53-55]. The degradation kinetics was also described by
pseudo first order kinetics as illustrated in Figure 5b and the ratio of dye concentration after
certain time of degradation process and the initial dye concentration was also measured as shown
in Figure 5c, indicating the pseudo first order kinetics which is mainly governed by the
concentration of MG. The degradation efficiency of pure ZnO was also investigated against the
degradation of MG and identified by a very low of 31.3% as shown in Figure 5d and describing
the solid reasons for the manipulation of pure ZnO properties by adapting new methodologies for
improvement in the photocatalytic properties of ZnO. Similarly, pure ZnO was used for the
photodegradation of MB and the obtained UV-visible absorbance spectra, reaction kinetics and
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degree efficiency studies are enclosed in Figure 6a-d. Again, the performance of pure ZnO was
found limiting and could not be useful for the practical applications.

Because the pure ZnO has limited photocatalytic activity and it has very less like potential to be
used for practical applications of wastewater treatment in its pure form [53], therefore new
roadmaps are highly needed based on ZnO by enhancing its photocatalytic properties for the
development of real time photocatalysts in the near future. This is the reason, we have used the
natural source of desert plant CP and it is widely distributed around the world, but its utilization
towards photocatalytic applications is limited despite it carries wide range natural compounds
including reducing agents, stabilization agents, capping agents and oxygen terminated groups for
the evolution of surface morphology of ZnO nanostructures and modification of its optical
properties. The milky sap of CP with different volumes like 2, 4, 6 and 8 mL were used to study
the structural disorder, optical characteristics variations and the degradation effectiveness of ZnO
nanostructures as shown in Figure 7. It can be visualized that the absorbance of MG decreased
very sharply with the use ZnO samples prepared with different amounts of milky sap of CP.
This confirms that the presence of natural products in the milky sap of CP have shown an
excellent role to drive degradation rate swiftly as shown in Figure 7. Obvious role of 8 mL of
milky sap of CP on the enhancement of photocatalytic of properties could be seen from Figure
7d. The estimated values of kinetic parameters of MG degradation are enclosed in Table 1 and
they were obtained from the plot’s In (Co/C;) versus time as shown in Figure 8a. The degradation
kinetics of MG was described by the pseudo first order kinetics as indicated by the (C/C,) of
MG as illustrated in Figure 8b. The degradation percentage of various of samples of ZnO
prepared with 2, 4, 6 and 8m mL of milky sap of CP was found as 47.8%, 66.4%, 78.5% and
85.3% as shown in Figure 8c respectively. From the degradation efficiency analysis, it is worth
to note that the 8mL of milky sap of CP has demonstrated the highest value among the 2, 4 and
6 mL of milky sap of CP, revealing that it contains higher amount of natural compounds which
together drive the degradation process very efficiently. These observations suggest that the 8 mL
of milky sap of CP has offered high reduction in the optical band gap, high enhancement in the
catalytic sites of ZnO, and high provision of electron and hole pairs during the photocatalysis
with minimum charge recombination rate. The high generation of electrons and holes offers the
large number of production of radicals like °OH and °O; to degrade MG very effectievly and

effcienctly.
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b. Degardation of MB
Furthermroe, the photodegradation of MB was performed with the use of biosynthesized ZnO
nanostructures in the presence of 2, 4, 6 and 8 mL of milky sap of CP. Before, the degradation of
MB, the absorance spectrum of bare dye was taken as shwon in Figure 9 and it is shown by the
absorbance bands in the region of 664 and 612 nm, idicating the typcial sulfur-nitrogen
conjugate bonding features and they have been labeled as the chromophoric groups within the
MB molecular structure [56]. It has been observed that the intensity of both peaks should
decrease once the degradation proces is started, would confirmt the cleavage of sulfurOnitragen
congugate bonding sites and further demethylation could result into other intermediates [57, 58].
ZnO nanostructuers synhtesized with milky sap of CP weer tested in MB dye solution 3.12x10°
M the use of 5 mg of each photocatalyst under the illumination of UV light. The UV-visible
absorbance spectra of MB under the treatment of various ZnO samples were measured the time
interval of 15, 30, 45, 60, 75, 90, 105, 120 and 135 min, each measurement with time gap of 15
min as enclosed in Figure 10. The sharp decrease in the absorbance was observed with increasing
amount of volume of milky sap of CP during the synthesis of ZnO nanostructures as shown in
Figure 10a-d. It is clear, that the 8 mL like in case of MG, has shown dominant role in degrading
the MB as well as shown in Figure 10d. The Kinetics was also examined about the degradation of
MB under the influence of biosynthesized ZnO nanostructures as given in Table 1 and from the
kinetics parameters it is confirmed that photodegradation was followed by pseudo first order
kinetics and it is only governed by the decrease in the absorbance of MB. The kinetics study of
MB degradation is illustrated by Figure 11a,b. The relative degradation of efficiency of various
samples of ZnO synthesized with 2, 4, 6 and 8m mL of milky sap of CP is enclosed in Figure 11c
and it was noticed in the order 36.9%, 51.0%, 62.4% and 86.32% r4spectievly. These findings
again, confirm that the morphology, optical band gap reduction, small crystallite size and surface
modified features dependence performance of biosynthesized towards the degradation of MB in
aqueous solution.

3.3.Effect of pH of MG and MB dye solution on the photocatalytic properties of ZnO

nanostructures

The effect of pH of dye solution on the performance evaluation of biosynthesized ZnO
nanostructures was evaluated for the samples prepared with 8 mL of milky sap of CP using a
8.22x10°M MG as shown in Figure 12. The pH of bare 8.22x10°M MG solution was 6.3. The
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pH of 8.22x10°M MG was adjusted with the use of 0.2M NaOH and HCI solutions and 5 mg of
sample of biosynthesized ZnO nanostructures was mixed with the MG dye solution and the pH
of dye solution was used like 4, 8, and 10 as shown in Figure 12a-c. The well adsorption and
desorption equilibrium were achieved by mechanical stirring in dark. Afterwards, the pH-
maintained dye solutions with 5 mg of each sample ZnO were irradiated with UV light and
analyzed for the decrease in the absorbance of UV light. The pH 4 of MG dye solution related
decreases in the absorbance is enclosed in the Figure 12a. It is highly observed that the acidic pH
of MG dye solution has shown the limiting decrease in the absorbance, indicating the
unfavorable dye degradation due to the low density of radicals like hydroxyl or peroxide in the
acidic solution, hence poor performance of degradation was noticed. The pH 4 of MG was
changed to 4.3 during the degradation process. We have also studied the kinetics dye degradation
in the pH 4 and observed performance is defined by the low values of rate constant and the
reaction kinetics was predominated by pseudo-order kinetics as shown in Figure 12d. The most
noticed observation is about the ZnO sample prepared with 8 mL of milky sap of CP that has
shown the enhanced degradation rate. The degradation of MG under acidic environment of MG
dye solution was found as 55.1% for the time period of 90 min for different samples of ZnO
with the use of 8 mL of milky sap assisted nanostructures as shown in Figure 12f. Furthermore,
the pH 8 of MG dye solution was used to illustrate the effect of pH on the photocatalytic
performance of ZnO nanostructures obtained with 8 mL of milky sap of CP as shown in Figure
12b. It can be seen the activity of material is enhanced with increase in the pH of dye solution
from slightly alkaline conditions. We also studied the kinetics of degradation of MG under
slightly alkaline conditions and analysis is enclosed in the Figure 12e. The kinetic study has
revealed better reaction rate and 8 mL of milky sap assisted ZnO nanostructured has
demonstrated the significant rate constant value as shown in Figure 12e. The relative
degradation efficiency of ZnO sample prepared with 8 mL of milky sap of CP was observed as
92.6as enclosed in Figure 12f. It was noticed that the pH 8 of MG dye solution was changed to
8.3 after the degradation process. At the same time, have investigated the higher alkaline pH of
10 of MG dye solution against the ZnO nanostructures synthesized with 8 mL of milky sap of
CP as shown in Figure 12 ¢ with contributed decrease in the absorbance of light. These results of
pH 10 strongly suggest the outperform functionality of ZnO as photocatalyst against MG dye
degradation. This is because the higher alkaline conditions offer high amount of hydroxyl
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groups which played a dominant role in degrading the MG as a main radical component as
shown in Figure 12c. Similarly, the reaction kinetics was studied and described by the pseudo-
order kinetics and mainly governed by the concentration of MG as shown in Figure 12e. The
degradation of efficiency was found as 93.4 % for various samples of ZnO using 8 mL of milky
sap of CP for the time period of 20 min as enclosed in Figure 12f. The high performance at pH
10 is attributed to the point zero charge as previously observed by several studies [59, 60]. This
is because at alkaline pH, the surface of ZnO is decorated with negatively charged hydroxyl
which favored the degradation kinetics [61]. However, under the acidic conditions the surface of
ZnO is rich with positively charge of hydronium ions which repelled the cationic dyes like MG,
hence poor performance was observed at pH 4 of MG dye solution [59]. The pH 10 of MG dye
solution was also slightly varied from 10 to 10.4 during the degradation process. Additionally, it
has been shown that the slow degradation kinetics under acidic situations is attributed to the
corrosive nature dye solution for the etching of ZnO [62, 63]. At the same time, the influence of
pH of MB dye solution was also studied with the ZnO sample prepared with 8 mL of milky sap
of CP and its degradation kinetics and efficiency were studied as shown in Figure 13a-f. Both
the rate constant, and degradation efficiency were highly enhanced by the change in the pH of
dye solution. The degradation kinetics was following pseudo-order kinetics and suggesting that
the MB concentration is the effecting the rate of degradation. The summary of obtained results in
terms of rate constant with the use of different volumes of milky sap of CP and the effect of pH
of dye solution are given in Table 1. Both the volume of milky sap of CP and pH of dye solution
were found the key indicators for enhanced performance of as prepared ZnO sample with 8m
mL. After the degradation process, the pH 4, 8 and 10 was slightly increased 4.3, 8.2 and 10.3
respectively.

3.4.Generalized photodegradation mechanisim
The photodegradation is accompanied by photoexcitation, migration of charges, charge
separation and redox process on the surface of photocatalyst as already described [64]. The
reactive species like (h*, OH and°O,) have been observed when photons of particualr light are
striking on the surface of photocatalyst. For the possible illustration of possible photodegradation
mechansism by consideirng the reported research works [67-72]. At the time of irradation of
light, the electrons are moving from valence band to condctuon of band of , thereby creating a
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hole in the valence band as shown in Scheme 3. This scenerio offers the simultaneous
prodcution of electron and hole pairs and they have heven interacting with the water and
generate wide range of oxidizing radicals like hydroxyl (°OH) and superoxide (°Oy) [67-72] .
Later, these highly actiev radcials particpate in the dergadtaion of organic polutatnts like MB
and MG [65]. The photodegradation of organic dyes using nanostructured materials is mainly
giverned by the dimension, shape orientation and surface properties of as prepared
nanostructured materials [67]. The performance evaluation of presented work was compared
with the previous studies in terms of degradation efficiency, degradation time and synthesis
method as given in Table 2. It is obvious that the presented method of material synthesis is low
cost, green, ecofriendly, environment friendly, scale up production of material and the
degradation performance is either superior or equal to many of the recently reported works. The
improved performance of biosynthesized ZnO could be related to presence of the impurities like
Mg, CI, C and S in the samples suing milky sap of CP, and it has shown that the relative amount
of them is increasing with increasing amount of milky sap of CP. These impurities may play role
in making the crystal defects, narrowing the optical band gap and variation in the surface
chemical composition of ZnO, consequently they have shown favorable role towards the dye

degradation as confirmed by the use of higher volume of milky sap of CP.

4. Conclusions
In summary, we have prepared ZnO nanostructured materials using milky sap of CP through
solvothermal process followed calcination in air. The XRD study has verified the alteration inn
the orientation of crystal via decrease in the reflection intensities and suggested the structural
transformation of ZnO nanorod. XRD study has revealed the decrease in the crystallite size of
ZnO. Furthermore, it was verified by the SEM analysis and typical 1D nanorod like morphology
was transformed into OD spherical particle due to the high density of surface transforming
oxygenated terminal group’s presence in the milky sap of CP. The role of milky sap of CP was
found highly dominant on the optical properties of ZnO which was clearly defined by the
reduction in the band gap at higher amounts of 8 mL of milky sap of CP used for the growth of
ZnO nanostructures. The catalytic activity of as prepared ZnO nanostructures was evaluated

against the MG and MB under the illumination of UV light and variation in the pH of dye
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solutions. The photodegradation efficiency of MG and MB was observed as 94.1% at 20-120
min and 93.9% of the MB at 15-135 min respectively. The reaction kinetics of both dyes
degradation was confirmed by the pseudo order kinetics. These obtained values of structural
disorder, optical band gap and the photocatalytic of ZnO, suggesting the potential and promising
features of milky sap of CP for other metal oxides and related nanostructured materials to drive

their enhanced functionality towards energy and environment related applications.
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Scheme 1: Preparation of ZnO nanostructures using milky sap of CP from leaves, stem and

flowers using solvothermal process followed calcination in the air
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Figure 1: (a) XRD patterns of pure ZnO and biosynthesized ZnO samples with milky sap of CP
(b), (b) shift at higher angle localized at (002) (c) calculated average crystallite size
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Figure 2: SEM images (a) pure ZnO, (b-e) ZnO samples prepared with different volumes of
milky sap of CP like 2mL,4mL, 6 mL, 8 mL
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Scheme 2. Typical proposed mechanism of formation of Biosynthesized ZnO with Calotropis
procera extract.
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Figure 3: EDX (a) pure ZnO, (b-e) biosynthesized ZnO samples with different volumes of milky
sap of CP suchas 2mL, 4 mL, 6 mL and 8 mL
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Figure 4: Kubelka—Munk plots of (a) pure ZnO and biosynthesized ZnO samples grown with
different volume of milky sap of CP like 2, 4, 6 and 8 mL
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Figure 5: (a) UV-vis absorbance for the decomposition of MG under ultra violate light exposure
using pure ZnO, (b, c) Kinetics study of MG degradation (d) removal percentage of MG using
pure ZnO.
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Figure 6: (a) UV-vis absorbance for decomposition of MB under ultra violate light exposure

using pure Zn0O, (b, ¢) Kinetics study of photodegradation of MB, (d) percent degradation
efficiency of MB
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Figure 7. (a-d) UV-vis absorbance for decomposition of MG dye under ultra violate light using
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Figure 8: (a, b) Kinetics study of MG using ZnO nanostructures prepared with different
volumes of milky sap of CP like 2, 4, 6 and 8 mL, (c) degradation efficiency of MG
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Figure 11: (a, b) Kinetics study of MB using ZnO nanostructures prepared with different
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Figure 12: (a-c) UV-vis absorbance for decomposition of MG under ultra violate light exposure
using ZnO sample prepared with 8 mL of milky sap of CP in different pH values like 4, 8 and 10,
(d-e) Kinetics study of MG under various pH values, (f) degradation efficiency of MG at 4, 8
and 10 pH values
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Figure 13: (a-c) UV-vis absorbance for decomposition of MB under ultra-violate light exposure
using ZnO sample prepared with 8 mL of milky sap of CP in different pH values like 4, 8 and 10,

(d-e) Kinetics study of MB under various pH values, (f) degradation efficiency of MB at 4, 8
and 10 pH values
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Table 1: Different parameters of biosynthesized ZnO nanoparticles

Samples Band gap Rate constant | Rate constant | Particle Size

energy (eV) | (K), min* (K), min*

MG MB

Pure ZnO 3.34 0.00255 0.00184 32.6
2mL 2.90 0.00517 0.00384 30.7
4 mL 2.86 0.00933 0.00506 28.9
6 mL 2.83 0.01196 0.00639 27.5
8 mL 2.77 0.01497 0.01304 26.1

Rate constant | Rate constant | Rate constant
Sample (K), min™ (K), min™ (K), min*

MG MG MG

pH-4 pH-8 pH-10
8 mL 0.00805 0.08277 0.20468

Rate constant | Rate constant | Rate constant

(K), min™ (K), min* (K), min*
Sample MB MB MB

pH-4 pH-8 pH-10
8 mL 0.00418 0.00892 0.01584

Table 2. Comparative list of ZnO NPs synthesized using various plants and their dye
removal percentages (%0).

Material | Biological Synthesis method Pollutant | Dye Time Ref.
Used entity removal | (min)
(%)

ZnO Azadirachta eco-friendly method | MB 82% 120 73
indica

ZnO Brassica calcination process MB 74% 180 74
oleracea L.
var. italica

Zn0O Becium green MB 69 % 200 75
grandiflorum synthesis Method

Zn0O Azadirachta Sol-gel and MB 82.2% | 200 76
Indica biosynthesis

Zn0O Amomum co-precipitation MG/MB | 38% 60 77
longiligulare method &66%

Zn0O Beta vulgaris solution combustion | MB 80% 150 78

synthesi
Zn0O Gynostemma ecofriendly MG 89% 180 79
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pentaphyllum

green synthesis
method

ZnO Camellia green-synthesis MB 80 % 120 80
sinensis Method

ZnO Allium Sativum | green synthesis MB 73% 120 81

method

Zn0O Camellia Combustion MO 80 % 180 82
sinensis
powder

ZnO Calotropis Hydrothermal MG/MB | 85.3% 120/135 | Present
procera & work

86.3%
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