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Abstract

In this study, zinc nanoparticles (Zn NPs) were synthesized from the leaves of the plant Hypericum
calycinum L by the biogenic method. Ultra-violet visible spectrum (UV-Vis), Fourier transmission electron
spectroscopy (FTIR), transmission electron microscopy (TEM), and X-Ray were used to examine the
absorbance, vibration bands, morphological structure, particle size, and crystalline size of the
synthesized Zn NPs, respectively. Diffraction characterization (XRD) was performed. According to the
results obtained, it was calculated that NPs gave peaks in the absorbance ranges of 274 and 370 nm,
had a size of 29.066 + 10.561 nm, and their crystalline size was 16 nm. Then, photocatalytic processes
were started for the removal of methylene blue (MB) dye by combining the catalysis of NPs under the
photocatalysis of sunlight. The degradation process provided by photocatalytic processes was carried
out every half hour for 150 minutes. As a result of 150 minutes, the photodegradation efficiency was
calculated to be 70%. This study supports future photodegradation studies for the removal of waste
dyestuffs.

1. Introduction

Human beings are developing technology day by day. Industry is of great importance in the developing
technological process [1]. Therefore, the industry is developing in parallel. This progress is developing
further in various branches during the developing industrial process [2, 3]. The industrial process
manifests itself in agriculture [4, 5], dyestuffs [6, 7], fertilizers [8—10], food processing processes [11, 12],
and many other fields [13, 14]. Industry has many benefits as well as harm to human beings [15, 16]. For
example, waste dyestuffs and waste chemicals discharged from processes mix with water and soil,
causing serious harm to nature, the ecosystem, and thus the health of living things [17]. For this reason,
researchers have turned to studies on the removal of waste dyestuffs and chemicals removed from the
processes [18]. Among these studies, photocatalytic degradation studies have become a very
remarkable field.

Photocatalysis is a process based on the removal of harmful chemical dyes by using sunlight under UV
photons [19, 20]. In photocatalytic studies, photons act as a catalyst and have an effect on the
breakdown and removal of dyestuffs [21]. Dyes used in photodegradation studies are generally inductors
such as methylene blue (MB) [22], rhodamine B [23], or methyl orange [24]. Various reports have
appeared in the literature in this field of study. For example, zinc-oxide nanoparticles were supported
with activated carbon to create new nanoparticle derivatives (NPs), and the degradation of rhodamine B
with UV was investigated and the efficiency was determined to be 76% [25]. In another study, zinc
nanoparticles were synthesized and it was observed that the photocatalytic process was effective under
UV light [26]. Photocatalytic studies using titanium oxide nanoparticles also take their place in the
literature [27]. As can be seen from these exemplary reports in the literature, nanoparticles are used quite
frequently in photocatalytic studies.
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Nanotechnology is a branch of science that covers working sizes between 1-100 nm [28-30].
Nanotechnology, which deals with such small-sized particles, therefore enters almost every field of
human science [31]. The main ones are fields such as sensors [32-36], energy studies [37-39],
photocatalysis [40, 41], chemistry [42, 43], biology [44, 45], medicine [32, 46], optics [47] electronics [48,
49], etc. In photocatalytic reactions, UV light acts as a photocatalyst. Metal nanoparticles create a great
synergistic effect by acting as a supporting element for photocatalysts in the photocatalytic process,
and photocatalysis occurs faster, more actively, and more efficiently [50]. Bimetallic palladium-zinc
nanoparticles were synthesized from Citrus Paradisi (grapefruit peels) and their energy activity and
photocatalytic activity took place in previous studies [51]. Trimetallic palladium-platinum-cobalt
nanoparticles synthesized from Malus domestica peels (red apple peels) also took their place in
photocatalytic activity [52]. As can be understood from here, nanoparticle production from natural
resources as green synthesis has a highly interesting feature.

Green synthesis is a synthesis method carried out from plant leaves [53, 54], plant roots [55, 56], plant
bodies [57, 58], algae [59], fungi [60], bacteria [61], and completely natural resources in nature [58]. The
advantage of green synthesis is that it does not contain chemicals and is a process that is extremely
friendly to the health of living things and the ecosystem [58, 62]. In previous studies, nanoparticle
production from Nigella Sativa seeds (black cumin seeds) has taken its place in the literature [44, 63].
Likewise, nanoparticle studies synthesized from propolis, a honey product, have also been reported [64].
In this study, synthesizing zinc nanoparticles from Hypericum calycinum L. leaves using the green
synthesis method and carrying out the photocatalytic process attracted our attention due to their
functional functions and groups, which have a feature that attracts much attention.

In this study, zinc nanoparticles (Zn NPs) were synthesized from Hypericum calycinum L. leaves by a
biogenic method using green synthesis, and their photocatalytic activation was examined. To better
observe the morphological structure of Zn NPs, photocatalytic activation efficiency was calculated by
taking ultra-violet visible (UV-Vis), transmission electron microscopy (TEM), X-ray diffraction analysis
(XRD) and Fourier infrared microscopy (FTIR) characterizations.

2. Material & Method
2.1. Materials

MB, Zinc (ll) chloride (ZnCl,), and all materials were obtained from Sigma & Aldrich. Hypericum
calycinum L. leaves were collected from the Yuvacik part of Basiskele district of Kocaeli.

2.2. Instruments

Hitachi HT-7700 brand TEM device was used to elucidate the morphological structure of NPs and
calculate their size. A Panalytical Empyrean brand XRD device was used to measure the crystalline size
of Zn NPs. To observe the band vibrations of NPs, a Panalytical Empyrean brand device was used for
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FTIR analysis. Measurement of absorbance values of plant leaves and NPs and photocatalytic studies
were carried out on the HITACHI/U-4100 brand UV-Vis NIR device.

2.3. Synthesis of Zn NPs

5 g of Hypericum calycinum L. leaves were weighed and the extract was extracted in 100 ml of distilled
water using the microwave method. Then, 25 ml of this extract was separated and 25 mg of previously

weighed ZnCl, powder was added to obtain a new mixture. This resulting mixture was left at 70 °C for

three days until the color change occurred [43]. After the color change occurred, the NPs were washed by
filtration, dried in the oven, and stored for photocatalytic processes.

2.4. Photocatalytic studies

For photocatalytic processes, 10 mg Zn NPs were dissolved in 100 ml ultrapure water by sonicating for
half an hour. Then, 1 mg MB was added and UV-Vis characterization was taken. Then, the photocatalytic
efficiency was calculated by keeping this mixture in sunlight for half an hour and taking UV-Vis
measurements again every half hour [52].

3. Results & Discussion
3.1. UV-Vis

UV-Vis characterization was carried out to observe the absorbance values of Zn NPs and the extract of
plant leaves. Figure 1 shows the UV-Vis characterization. According to Fig. 1a, it was observed that the
extract of Hypericum calycinum L. leaves showed two small peaks at 316 and 368 nm. In previous
studies, it was observed that the Hypericum family also peaked in these absorbance ranges [65, 66].
According to Fig. 1b, it was observed that the absorbance of Zn NPs synthesized from Hypericum
calycinum L. by green synthesis was very weak at 274 and 370 nm [67, 68].

3.2. FTIR

FTIR analysis was performed to observe the stretching vibrations of Zn NPs. Figure 2 shows the FTIR

analysis of nanoparticles. According to Fig. 2, The distinct and sharp peak at 3252 cm™ " indicates the
presence of Zn NPs [69]. Stretching and vibration bands indicate C-Cl, C-Cl, C-N and C-N groups
originating from alkyl halides and aliphatic amines appeared at 857, 1003, and 1083 cm™ ', respectively
[70]. Also these groups are indicating to C-O group [69]. The symmetric peak appearing at 1434 and 1616
cm™ ! refers to nitro derivatives coming from aliphatic groups [70]. The peak seen in the 463 cm™ 'band

refers to Zn NP, which supports the reports [69], [70].

3.3. XRD
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Figure 3 shows the XRD characterization analysis of Zn NPs. According to the XRD characterization,
peaks appeared at 26.25°, 28.92°,31.78°, 35.01°, 35.81°, 45.89°, 54.54°, and 62.57 theta degrees, and
these peaks are (121), (111), (100), (002), (101), (102), (110) and (103) refer to lattice structures
respectively [71]. According to calculations obtained from XRD characterization, the crystalline size of
the nanoparticles was found to be 16 nm. This result supports previous reports with Zn NPs [69].

3.4.TEM

TEM characterization was performed to calculate the size of the synthesized Zn NPs and observe their
morphological structure. TEM analysis results are given in Fig. 4. According to Fig. 4a, the image of Zn
NPs taken at 100 nm scale is shown. According to Fig. 4, the nanoparticles partially agglomerated and
clustered in some places, but no agglomeration was observed in some places. The size of Zn NPs was
calculated as 29.066 + 10.561 nm and the histogram is shown in Fig. 4b.

4. Results & Discussion

Photocatalytic studies were carried out in the range of 0-150 minutes, and UV-Vis analysis was
performed by exposing the NP-containing with MB dye sample to the photocatalysis of sunlight every
half hour (Fig. 5). In Fig. 53, the effect of the photocatalyst every half hour is shown under UV-Vis.
According to this analysis, it was observed that there was a decrease in the peak absorbance observed
every half hour. In the latest application, the photodegradation efficiency was calculated to be 70% and is
shown as a histogram graph in Fig. 5b.

Figure 5. Photocatalytic studies performances (a) UV-Vis graphs of MB dye in a time-bound study (b)
the histogram graph of efficiency photodegradation.

Photodegradation of the photocatalyst under sunlight at 30-minute intervals occurred with the addition
of MB dye. Therefore, with the addition of MB concentration, this degradation occurred and the
degradation effect was further increased with each passing half hour. Figure 6 shows the graphs of
photodegradation versus time with the addition of MB dye. The degradation graph of the rate formed by
adding MB concentration against time is shown in Fig. 6a, and it is seen that the degradation increases
with time. The graphic curve of the linear photodegradation of the addition of MB concentration and the
rate of the first application is shown in Fig. 6b. According to Fig. 6b, the reaction rate is 0.95223 and it is
observed that the degradation reaction is first order. The reaction linear kinetic rate was calculated
according to Eq. 1 (Eq. 1). The reaction linear kinetic rate was calculated according to Eq. 1 (Eq. 1).

In(C/C ,) =kt (Eq. 1) [72].

According to Eq. 1, C is the concentration of MB addition, C, is the original concentration of the sample

before MB dye, k is the constant coefficient of the reaction, and t is the time. The previous studies of
photocatalytic prosesses and this study results were given at Table 1.
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Table 1
Photodegradation studies at previous reports and this study.

Entry Photocatalyst Method Material dye of Efficieny of Ref
photodegradation = photodegradation

1 Pd@ZnO NPs  Biogenic method R;lodamine B (Rh 75% [73]
B
2 ZnFe,0,NPs  Sol-gel/Co- Methyl orange 4% [74]
precipiation/calcined (M0O)
at 500 °C method
3 ZnO NPs Chemical method Ciyanide ions 100% [75]
(CN")
4 W-PZn NPs Electrochemical Malachite green 80% [76]
method (MG)
5 Zn NPs Biogenic method MB 70% This
study

A complete scheme of oxidation reactions and how the process works through the catalyst effect of Zn
NPs and the photocatalyst effect of sunlight in the photodegradation processes for MB dye removal in
photocatalytic processes, from the very beginning of the process to the results, is given in Fig. 7.

5. Conclusion

In this study, Zn NPs were synthesized from the leaves of the Hypericum calycinum L. plant. According
to the UV-Vis results taken to observe the absorbance range of the synthesized NPs, peaks were
observed at 274 and 370 nm. It was observed that the plant's absorbance values were at 316 and 368
nm before NPs were synthesized. TEM characterization was performed to measure the morphological
density and size of Zn NPs. According to TEM characterization, it was found to be 29.066 + 10.561 nm.
According to XRD characterization, the crystalline size of Zn NPs was calculated as 16 nm. Then, to
examine the removal of MB dyestuff by sunlight photocatalyst, photocatalytic processes were started by
including the catalysis of Zn NPs under UV-Vis. Photodegradation processes were repeated every half
hour and were completed in 150 minutes. The efficiency was calculated to be 70% in the 150-minute
period. These results yielded very important and effective results when compared to previous reports.
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Figure 1

UV-Vis characterization of (a) Hypericum calycinum L. leaves and (b) Zn NPs.
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Figure 2

FTIR characterization of Zn NPs.

Figure 3

XRD characterization analysis of Zn NPs.
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Figure 4

TEM characterization results (a) Zn NPs (b) the size histogram graph of Zn NPs.
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Figure 5

Photocatalytic studies performances (a) UV-Vis graphs of MB dye in a time-bound study (b) the
histogram graph of efficiency photodegradation.
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Figure 6

(a) Photodegradation curves of RhB under simulated sunlight(b) the first-order kinetics equation curves.

Oxidation .E- Blue
o
2
So
) 5
Sun

(Red) hys*+H20— . OH (%)
hvB* +OH - ‘OH

Figure 7
[llustration of MB dye using Zn NPs under photons of the sun for photocatalytic processes.
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