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Abstract

Nanotechnology is a fast-rising market in catalytic research; however, the production of eco-
friendly nanoparticles remains a significant challenge. In this study, silver nanoparticles
(AgNPs) were synthesized from the agro-industrial waste of leaves of C. longa, C. aromatica,
C. caesia, C. zedoaria, and C. amada at RT after 24 h, which was confirmed with UV-
spectrophotometric evaluation between 320-520 nm. SEM revealed cubic and 30-50 nm
AgNPs, while band-gap energy was presented as semi-conductors. Synthesized AgNPs were
experimented for their antioxidant, cytotoxic, PNP-catalytic, and photocatalytic activity. The
antioxidant assays were determined for WEs and AgNPs. The AgNPs revealed higher TFC, TPC,
and TAC than WEs. Cytotoxicity of AgNPs was assessed with the viability of Artemia salina and
approved to be non-toxic. PNP catalysis was executed with 4000 ppm AgNPs, and remarkable
PNP degradation was obtained within 30 minutes. Photocatalytic ability of 4000 ppm and
266.67 ppm AgNPs were tested to degrade methyl-orange, and a rapid degradation was
observed with NaBHa4. Results of these assays reveal that synthesized AgNPs are potential
candidates for integration into the manufacturing of catalytic and photocatalytic agents;
thereby, these AgNPs can improve the quality of life by providing cleaner environments for
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1. Introduction

Catalysis is adding a catalyst to speed up a reaction that is not changed during the chemical
reaction. Nanoparticles are considered catalysts due to their high active surface area, modifiable
surface properties, and high penetration capability, which can provide an adsorption/desorption
site for various reactions [1]. Nanostructures such as silver nanoparticles (AgNPs) are superior to
other metal nanoparticles since they have proven less toxic and cost-effective with a high surface
plasmon resonance (SPR), which can harness better optical, thermal, electrical, antioxidant, and
antimicrobial abilities. Therefore, AgNPs are exploited for several medical, industrial, and
environmental bioremediation purposes [2-4].

AgNPs can be synthesized through two major pathways: the bottom-up and top-down
approaches. The bottom-up approach exploits green sources or chemicals, while the top-down
approach utilizes physical or mechanical processes, as shown in Figure 1 [5]. However, chemical,
physical, and mechanical methods produce high expenditures and toxic by-products. In contrast,
the green synthesis involves the implementation of phytochemical compounds present in biological
sample like the plant extract to be utilized as a reducing agent to reduce Ag* ion of silver salt to Ag°®
atom which further grows and develops into AgNPs with a cap stabilizing it (Figure 2), therefore the
green process aids the current global state with sustainability, eco- friendliness, non-toxicity, and
moreover there are plenty of green sources available around various region of the world [6, 7].
Furthermore, water as a solvent for the extraction process provides a high diffusion capability and
thermostability of phytochemicals due to polar properties [8].

Page 2/24



Catalysis Research 2024; 4(3), doi:10.21926/cr.2403010

Leaves

Nanoparticle

Chemical:

. ~_Oxidisation,

Polymerisation,
Reduction : Plant
Bottom - up -
approach - Green Synthesis
Silver
nanoparticle Physical:

synthesis Thermal Bacteria
Evaporation, _
Thermal Pyrolysis, 'Micro-organism
Nano-spraying
Top — down . .
Fungus
Mechanical: Ball %
. Milling, Mechanical

approach
Attrition, Mechanical

Grinding Algae = /ﬁ

Figure 1 Synthesis of AgNPs, adapted from [5].
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Figure 2 Growth of Ag* ion to AgNPs [6].

Additionally, for large-scale AgNP synthesis, the plants are suitable due to their presence of
numerous phytochemicals, such as flavonoids and phenols, which can differ according to various
species seasons and can be obtained at any location of biodiversity. Therefore, polydisperse AgNPs
can be produced. In contrast, microbes are inconvenient due to the biohazards and expenses of
handling and culturing [9]. In this study, the leaves of five species belonging to the family of
Zingiberaceae and genus Curcuma were utilized to synthesize AgNPs. This study also aims to
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investigate the possibility of forming AgNP using five different species since the previous research
shows that these five species have various levels of similar phytochemicals and other volatile oils
[10]. Moreover, Curcuma species are well known for their traditional medicine with anti-
inflammatory and antibacterial actions due to the presence of potent antioxidants like curcuminoids
and are widely consumed in Asia [11]. Million tons of these Curcuma plants are mass-produced and
harvested for their rhizomes, while their leaves are not widely consumed and are predominantly
considered agro-industrial waste, so they can be implemented as a potential raw material for
sustainable AgNP synthesis [12].

Since AgNPs are lethal to microbes, it is crucial to determine the cytotoxicity of AgNPs to ensure
the safety of the synthesized AgNPs within organisms. Cytotoxicity can result from cell death caused
by the accumulation of reactive oxygen species (ROS), which attacks the cell membrane,
deoxyribonucleic acid, and protein. This can be tested on AgNPs with a model organism called
Artemia salina (brine shrimp) to assess their viability, as it is one of the most preferred test
organisms exploited in current experiments due to low cost, rapidity, and convenience [13, 14].
Antioxidants can neutralize toxic compounds by scavenging away ROS like OH® and NO>*, which can
produce excess oxidative stress [15, 16]. Several studies claim that plant-based AgNPs possess
antioxidant ability as they are capped around different types of plants’ antioxidants [17, 18].

Environmental and marine pollution can be caused by para-nitrophenol (PNP), a chemical utilized
to manufacture dyes, insecticides, explosives, and drugs. PNP is toxic to organisms due to its high
stability and solubility in water environments [19]. According to the research [20], the removal of
PNP consists of membrane separation and chemical reactions, which are expensive and highly
energy-consuming. At the same time, several studies have documented that AgNPs are rapid and
affordable catalysts to break down PNP to para-aminophenol (PAP), which supports industrial
wastewater remediation [21, 22]. Several industries use azo dye to treat food, textiles, and
pharmaceutics. Still, due to their presence of azo bonds, harmful effects are impacted upon
ingestion since the bond cleavage forms aromatic amines that are carcinogenic and can harm
aquatic organisms [23, 24]. Furthermore, the conventional physical and chemical processes to
degrade azo dyes are considered to be inconvenient due to high cost and maintenance [25].
However, studies have utilized AgNPs as a cost-effective photocatalyst due to their high SPR
properties [26, 27].

The main aim of this study is to understand the catalytic activity of PNP and photocatalysis of
Methyl orange by using the silver nanoparticle synthesized by the extracts of five Cucurma species
leaves. Furthermore, antioxidant assessments for Total Flavonoid Content (TFC), Total Phenolic
Content (TPC), and Total Antioxidant Content (TAC) will be determined. Evaluation of cytotoxicity
will be carried out using Artemia salina. These biogenic AgNPs can be non-toxic and sustainable
candidates for industrial waste remediation and environmental protection.

2. Materials and Methodology
2.1 Materials

Aluminum chloride (AICl3), Ammonium Molybdate [(NH4)6éM07024], Folin & Ciocalteu’s reagent
(CeéHeO), Glacial acetic acid (CH3COOH), Methyl Orange (CiaH12N3NaQsS), Para-nitrophenol
(CeHsNOs), Potassium acetate (C;H30:K), Silver nitrate (AgNOs), Sodium borohydride (NaBHa),
Sodium carbonate (NaCOs), Sodium nitrite (NaNO3), Sodium phosphate (Na3POa), Sulphuric acid
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(H2S0a4).

2.2 Methodology

2.2.1 Sample Collection

The leaves of five Curcuma species were collected from the Arunalu plant nursery, Kurunegala,
Sri Lanka (Figure 3). The sample codes are given in brackets below.

- R Y -
Curcuma longa Curcuma aromatica Curcuma caesia

[C.lon] [C.aro] [C.cae]

Curcuma zedoaria Curcuma amada
[C.zed] [C.ama]

Figure 3 Leave samples selected for this study.
2.2.2 Aqueous Leaf Extraction

The collected leaves were carefully wiped with soft cloth and shade-dried for five days, followed
by oven drying at 40°C for three days. Dried leaves were finely cut, and 2 g of leaves were added to
50 mL of distilled water (DW). These samples were then boiled at 100°C for 15 minutes and cooled
down. Then the extracts were filtered through Whatman No. 1 filter paper. The obtained water
extracts (WEs) were stored at 4°C for future use [28].

2.2.3 AgNPs Synthesis and Optimization

1 mL of WEs were added with 9 mL of 1 mM AgNOs. The mixtures were subjected to optimization
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at 60°Cand 90°Cfor 15, 30, 45, and 60 mins in a dry oven and at a dark place with room temperature
(RT) for 24 h. The transformation of color before and after the optimization was noted and
absorbance was measured from 320-520 nm using UV-Vis spectroscopy [29].

2.2.4 Scanning Electron Microscopy (SEM)

C.zed-AgNP was centrifuged at 5000 rpm for 5 minutes and repeated until the pellet was formed,
which was oven-dried at 40°C for 24 h and outsourced to SLINTEC, Sri Lanka, for the SEM analysis.

2.2.5 Antioxidant Assays

1 mL of WEs and AgNPs were diluted with 14 mL of DW (1:15) to make x15 dilutions and stored
at 4°C, which were utilized in TFC, TPC, and TAC assays.

TFC. 1.5 mL of samples were added with 0.9 mL of 3% NaNO3, 0.3 mL of 10% AICl3, 0.3 mLof 1 M
Potassium acetate and incubated for 30 mins at RT and performed in triplicates. The absorbance
was taken at 416 nm, using the DW as the blank. The TFC of WEs and AgNPs were represented in
equivalents of Quercetin standard in ug/QE/100 g [30].

TPC. 0.5 mL of samples were added with 0.75 mL of 10% Na»COs, then left for 3 minutes and
added with 0.95 mL of DW with 0.25 mL of 2 M Folin & Ciocalteu’s phenol reagent, followed by
incubation for 30 mins at RT which were carried out in triplicates. The absorbance was obtained at
750 nm, using the DW as the blank. The TPC of WEs and AgNPs were analyzed in equivalents of
Gallic acid standard in mg/GAE/100 g [30].

TAC. 3 mL of Phosphomolybdenum reagent (0.6 M H2S04, 28 mM NazPOas, and 4 mM ammonium
molybdate in 1:1:1 ratio) was prepared and added with 1 mL samples and incubated at 90°C for 90
minutes. The absorbance was attained at 695 nm, and DW was used as the blank. The TAC of WEs
and AgNPs were expressed with equivalents of the Ascorbic acid standard as g/AAE/100 g [31].

2.2.6 Cytotoxicity Assay of AgNPs

Artemia salina cysts were grown in seawater for 24 h under LED light with aeration. In each well
of 96 well-plate, 50 pL of 4000 ppm AgNP was added with 200 pL of sea water while 12.5 pL of AgNP
was added with 237.5 uL of sea water. Each well was added with two hatched brine shrimps and
left for 24 h, performed as triplicates. The control was seawater, and the percentage viability was
calculated according to Equation 1 [32, 33].

P tage(%)Viability = Number of alive brine shrimps 100 )
ercentage(7)Viabllity = Total number of brine shrimps

2.2.7 PNP Catalysis

A PNP control is compared to the catalytic activity of AgNPs by measuring the reduction of the
peak of PNP in the range of 280-540 nm, and also, the formation of the end product called PAP is
confirmed with the peak at 300 nm. Firstly, using a quartz cuvette, 2 mL of 0.1 mM of PNP alone
was measured for the absorbance from 280-540 nm. Then, the addition of 1 mL of 0.1 M NaBH4 to
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the 2 mL of 0.1 mM of PNP was evaluated, and finally, the 100 uL of 4000 ppm AgNPs with 1 mL of
0.1 M NaBH4 and 2 mL of 0.1 mM of PNP. The reduction of PNP was measured every 10 minutes of
interval [34].

2.2.8 Methyl-orange Photocatalysis

The photocatalytic activity of AgNP was measured by degrading the methyl-orange and tested in
the presence of NaBH4. These experiments were conducted under sunlight, and the absorbance was
taken at room temperature. At first, 50 mL of 1 mg/100 mL Methyl-orange was added to 0.5 mL of
4000 ppm and 266.67 ppm of each AgNP, which were left under sunlight. The same procedure was
performed by adding 0.5 mL of 0.2 M NaBHs, and then absorbance was recorded within time
intervals. The absorbance was determined from 300 to 600 nm, and the blank used was DW [35].

2.2.9 Statistical Analysis

A one-way ANOVA test was performed using Microsoft Excel, and the Pearson correlation was
carried out using IBM SPSS version 29.

3. Results
3.1 AgNPs Synthesis

Temperature and time optimization produced AgNPs at RT after 24 h within 320-520 nm (Table
1).

Table 1 Optimization table.

Temperature 90°C 60°C RT

Time 15 mins 30 mins 45 mins 60 mins 15 mins 30 mins 45 mins 60 mins 24 hours
C.lon X X X X X X X X v

C.aro X X X X X X X X Vv

C.cae X X X X v X X X v

C.zed x x x x v v v v v

C.ama X X X X X X X v v

Color change from colorless to reddish-brown was observed after 24 h (Figure 4).

Figure 4 Before and after AgNP synthesis.
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3.2 UV Characterization

AgNP peak was observed at 460 nm and 480 nm in RT for 24 h (Figure 5).

AgNPs peak of Curcuma species at RT after 24h

C.lon-AgNP
e C.aro-AgNP
e .cae-AgNP
e C.zed-AgNP

300 340 360 380 400 420 440 460 480 500 520  ===C.ama-AgNP

Absorbance
o
©

Wavelength (nm)
Figure 5 Peak obtained using UV spectroscopy at RT after 24 h.

3.3 SEM Characterization

Cubic AgNPs were observed with a diameter of 30-50 nm (Figure 6).

Figure 6 SEM pictures of C.zed-AgNP at 10.0 kV 10.5 mm x 70.0 k SE (left) and 12.0 kV
10.5 mm x 130 k SE (right).

3.4 Antioxidant Assays

3.41TFC

The TFC of AgNPs was higher than WEs (Figure 7) and supported by the p-value of the ANOVA
test (Table S1).
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Figure 7 TFC of WEs and AgNPs as ug/QE/100 g.

3.4.2TPC

The TPC with AgNPs was higher than the WEs (Figure 8) and confirmed by the p-value of the
ANOVA test (Table S2).

Total Phenolic Content

. 6000
[ =
-oqc-)o 4000 I I I = x
oo
2 § 2008 ) ) ) ) i
6 ~
S % C.lon C.aro C.cae C.zed C.ama
o % Sample ID
©
2 Mass in 100g WE (g) Mass in 100g AgNP (g)
Figure 8 TPC of WEs and AgNPs as g/GAE/100 g.
3.4.3 TAC

The AgNPs demonstrated a higher TAC than WEs (Figure 9), further interpreted with the p-value
obtained using the ANOVA test (Table S3).
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Figure 9 TAC of WEs and AgNPs as g/AAE/100 g.

3.5 Cytotoxic Assay of AgNPs

Artemia salina cysts had successfully hatched and survived after 24 h with 100% viability in all
200 ppm and 800 ppm AgNPs (Table 2).

Table 2 Viability of Artemia salina.

Sample Percentage viability
Control 100%

AgNPs 200 ppm 800 ppm
C.lon-AgNP 100% 100%
C.aro-AgNP 100% 100%
C.cae-AgNP 100% 100%
C.zed-AgNP 100% 100%
C.ama-AgNP 100% 100%

3.6 PNP Catalysis Activity

All AgNPs demonstrated complete degradation of PNP and formation of PAP over 30 minutes, as
confirmed by the color changes (Figure 10).
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Figure 10 Results of PNP catalysis in; A) NaBH4, B) C.lon-AgNP, C) C.aro-AgNP, D) C.cae-
AgNP, E) C.zed-AgNP and F) C.ama-AgNP with color changes.

3.7 Photocatalysis Activity

C.lon-AgNP showed no activity under sunlight, but with NaBH4, the methyl-orange degraded
within 30 minutes at 4000 ppm and 266.67 ppm (Figure 11).
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Figure 11 Methyl-orange photocatalysis by 4000 ppm C.lon-AgNP in A) sunlight, B)
sunlight with NaBH4, and 266.67 ppm C.lon-AgNP in C) sunlight D) sunlight with NaBHa.

In sunlight, C.aro-AgNP did not catalyze, and with NaBH4, the methyl-orange degraded in 30
minutes at 4000 ppm and 266.67 ppm (Figure 12).
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Figure 12 Methyl-orange photocatalysis by 4000 ppm C.aro-AgNP in A) sunlight, B)
sunlight with NaBHa4, and 266.67 ppm C.aro-AgNP in C) sunlight D) sunlight with NaBHa.

With sunlight, 4000 ppm C.cae-AgNP had no activity, while 266.67 ppm C.cae-AgNP showed
degradation within 300 minutes. Though, with NaBH4, a rapid degradation was observed in both

AgNP concentrations (Figure 13).
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Figure 13 Methyl-orange photocatalysis by 4000 ppm C.cae-AgNP in A) sunlight B)
sunlight with NaBH4, and 266.67 ppm C.cae-AgNP in C) sunlight D) sunlight with NaBHa.

C.zed-AgNP had a minute photocatalysis in sunlight within 300 minutes and complete
degradation with NaBHa with 4000 ppm and 266.67 ppm (Figure 14).
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Figure 14 Methyl-orange photocatalysis by 4000 ppm C.zed-AgNP in A) sunlight B)
sunlight with NaBH4, and 266.67 ppm C.zed-AgNP in C) sunlight D) sunlight with NaBHa.

C.ama-AgNP showed no activity under sunlight, however, photocatalyzed with NaBH4 in 4000
ppm and 266.67 ppm (Figure 15).
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Figure 15 Methyl-orange photocatalysis by 4000 ppm C.ama-AgNP in A) sunlight, B)
sunlight with NaBH4, and 266.67 ppm C.ama-AgNP in C) sunlight D) sunlight with NaBHa.

4, Discussion

AgNP synthesis was accomplished using five Curcuma species leave extracts that are eco-friendly
and cost-effective, ensuring large-scale manufacturing capability. In contrast, culturing of
microorganisms contributes to contamination and expenses [36]. Enhanced diffusion of
biomolecules and mass transfer was achieved using water as the solvent [37]. The phytochemicals
of plant extract play a significant role as the capping, reducing, and stabilizing agents of AgNP
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production, which consist of the activation stage where the Ag* is reduced to Ag® with a nucleus,
and in the growth stage, small AgNPs spontaneously coalescent to large AgNPs through Ostwald
ripening determining the shape and size of the AgNPs [38]. The AgNPs were initially confirmed with
the color transformation to reddish-brown, as demonstrated in Figure 4, which is due to the SPR
property that causes the resonance effect of conduction electrons at the surface of AgNPs and the
change of state from Ag* to Ag® [39]. UV characterization of AgNPs had formed peaks (Figure 5) with
respect to SPR electron oscillation at 480nm for C.lon-AgNP, C.aro-AgNP, C.cae-AgNP and at 460 nm
for C.zed-AgNP and C.ama-AgNP which highlights that the AgNPs formed are polydisperse as well
as smaller due to longer wavelength [40]. Concurrently, research studies of [41] on Curcuma species
also produced a peak around 475 nm. Furthermore, since the AgNPs were formed at RT for 24 h, it
could suggest a fast growth of AgNPs without the need for a higher temperature to support the
reaction. At 90°C and 60°C during the optimization (Table 1) the peaks were found at a higher
wavelength, which was not within 420-480 nm, depicting an aggregated AgNP growth [42]. These
peaks were confirmed with SEM characterization, which revealed cubic AgNPs with varying
diameters from 30-50 nm (Figure 6).

To analyze the conductivity of AgNPs, it is essential to determine the band gap energy, which
refers to the minimum energy required by the electrons to jump from valence to the conduction
band. Insulators require >4 eV of energy while semiconductors need <3 eV to transfer into the
excitation state [43], whereby all the synthesized AgNPs were semiconductors according to the
Equation 2 [44] with respect to the peaks produced at 460 nm and 480 nm (Table 3).

#(Planks contant, 6.626 x 1073%) x C(Speed of light, 3 x 10%)

E()) = 2
0 A(Wavelength of AgNP x 1079) @
Table 3 The evaluated band gap energy of AgNPs.
Band E Band
Sample andgap Energy andsap Classification
() Energy (eV)
C.lon-AgNP 4.14125 x 10°%° 2.58
C.aro-AgNP 4.14125x 10%° 2.58
C.cae-AgNP 414125 x 10 2.58 Semiconductor
C.zed-AgNP 43213 x10%° 2.70
C.ama-AgNP 4.3213 x10%° 2.70

Flavonoids and phenols hold an aromatic ring with at least one hydroxyl-group, which can donate
electrons, providing an antioxidant action [45]. The TFC determination using AlCls colorimetric assay
forms acid-stable complexes when AICl; binds to flavonoids through C4 keto-group with C3/C5
hydroxyl-group and acid-labile complexes with ortho-dihydroxyl-groups of A/B-ring with maximum
absorbance at 416 nm. The TFC results in Figure 7 demonstrated that all AgNPs have higher levels
of TFC than WEs in the order of C.ama-AgNP = C.cae-AgNP > C.lon-AgNP = C.ama-AgNP which
correlated with the research of [46]. In addition, the ANOVA test between WEs and AgNPs (Table
S1) also provided a lower p-value of 1.97174 x 10~ (<0.05) and a smaller F-crit than F-value
approving a significant difference.

The TPC was assessed using a Folin-Ciocalteu colorimetric assay. The results of TPC (Figure 8)
proved that all AgNPs were high in phenolic content over WEs with the significant difference claimed
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through the ANOVA test (Table S2) where the p-value was 1.38 x 101! (<0.05), and F-crit was lower
than F-value. Moreover, research [46] also reported comparable findings.

The TAC was determined through the phosphomolybdenum assay. The AgNPs were significantly
higher in TAC than the WEs in the order of C.ama-AgNP > C.aro-AgNP > C.lon-AgNP > C.cae-AgNP >
C.zed-AgNP (Figure 9). A study of [17] has reported similar findings. The ANOVA test revealed a
significant difference as the P-value was 0.032536 (<0.05) and the F-crit was also lesser than F value
(Table S3).

Furthermore, correlation statistics were performed to determine the relation among the
antioxidant assays, and a strong correlation (>0.5) was seen with TFC and TPC. In contrast, a
moderate positive correlation was observed between TAC, TFC and TPC, as in Figure 16. The
relationship between TFC and TPC was highly linkable, resulting in an overall antioxidant activity. A
study of [47] had also produced a strong TFC-TPC correlation.

Correlation between antioxidant assays

TECTAC e 0.796
TPCG-TAC R 0.683
TFCG-TPC R 0.954
0 0.5 1 15

Figure 16 Pearson correlation coefficient.

Cytotoxicity assay revealed that all 200 ppm and 800 ppm AgNPs had 100% viability of brine
shrimps, according to Table 2. Moreover, the experimentation of [48] also proved that AgNPs are
non-toxic with the concentration-dependent study.

The catalytic and photocatalytic activity was determined using the pseudo-first-order kinetics
according to Equation 3 [49] since it is a rate-determining step.

C;(Peak concentration) ) )
1 ( — : ) = k(Rate constant) X t(Time at peak concentration)  (3)
C, (Initial concentration)

AgNPs catalyze and degrade PNP with the presence of NaBH4 by lowering the activation energy
and transferring six electrons per PNP molecule (Figure 17).

4-NP intermediate

"__,-" /> H \'\\
"0 0 OH B
SN N¢O Sy NH H,N
; +2¢ +H +2e7+2H" -H,0 +2¢, +2H" }
I" s e —_— _— L
-OH-
.. OH OH OH 0 OH .~

Figure 17 Catalytic degradation of p-nitrophenol (PNP) to p-aminophenol (PAP) [50].
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According to the research of [51], the Langmuir-Hinshelwood (LH) model suggests that AgNPs react
with borohydride ions (BHa4") to form silver hydride. At the same time, PNP simultaneously adsorbs
on the AgNP surface, reducing the adsorbed PNP to PAP, which will be desorbed again, and the
AgNPs will catalyze another PNP molecule. The PNP degradation was observed with the reduction
of PNP peak at 400 nm by all the AgNPs in Figure 10 within 30 minutes, while elevation of PAP can
be seen at 300 nm. The PNP degradation can be supported by the color change from fluorescent
yellow to colorless. The PNP control also produced a modest peak at 300 nm, which might have
occurred due to the presence of hydroperoxyl radicals formed by water [52]. Furthermore, the rate
constant value of PNP degradation kinetics was significantly high with C.aro-AgNP and C.ama-AgNP
followed by other AgNPs (Figure S1 and Table 4), whereby research of [49] emphasizes that the
tremendous catalytic activity is due to smaller AgNPs which facilitate more electron transfer from
the AgNP surface. A study [53] also demonstrated a similar and rapid PNP degradation with AgNPs.

Table 4 Rate constant values of PNP catalysis by AgNPs.

PNP degradation rate-constant value
Sample Rate constant value (k)
C.lon-AgNP 0.0615
C.aro-AgNP 0.0908
C.cae-AgNP 0.0509
C.zed-AgNP 0.0557
C.ama-AgNP 0.0817

Photocatalysis was focused on degrading methyl-orange using AgNPs. The UV rays of sunlight
excite electrons from valence to the conduction band in AgNPs, which drives the formation of ROS
from the available water and oxygen around the AgNPs. Consequently, ROS attacks the azo bond
(N=N), resulting in the degradation of methyl- orange while the addition of NaBH4 facilitates more
electrons on the AgNP surface as a nucleophile catalyst [54]. Under sunlight, none of the 4000 ppm
or 266.67 ppm AgNPs degraded significantly; however, favorably, under sunlight with NaBHg, all
4000 ppm and 266.67 ppm AgNPs rapidly degraded the methyl-orange (Figures 11 to 15), with
corresponding kinetics of R2-value (coefficient of determination) closer to 1 (Figure S2). Critically,
C.zed-AgNP was photocatalyzed under sunlight with NaBHa, which had the highest activity and
kinetics of other AgNPs (Table 5). A study [55] also demonstrated methyl-orange degradation by
AgNPs within 11 minutes.

Table 5 Rate constant values of Methyl-orange photocatalysis by AgNPs.

Methyl-orange degradation rate-constant value

Sample Sunlight with NaBH4
4000 ppm  266.67 ppm
C.lon-AgNP 0.0671 0.0025
C.aro-AgNP 0.067 0.0184
C.cae-AgNP 0.223 0.0027
C.zed-AgNP 0.1013 0.0661
C.ama-AgNP 0.0627 0.0083
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In the future, dinitrophenol can be tested for catalytic activity since it is used in industries and
can harm the marine-organisms. Also, formaldehyde production from methanol can be catalyzed
with AgNPs, while industrial demands such as ketones and aldehydes can be provided with alcohol
dehydrogenation. Photocatalysis of azo-dyes like malachite-green, methyl-blue, and methyl-red can
be examined since many of the azo-dyes contribute to toxicity.

5. Conclusions

This study successfully synthesized the AgNPs using five Curcuma species’ leaves at RT for 24 h,
which were defined with peaks at 460 nm and 480 nm in UV-Vis spectrometry and were disclosed
as semi-conductors and proved with SEM analysis, which showed 30-50 nm sized cubic
nanoparticles. All AgNPs showed excellent antioxidant activity with higher TFC, TPC, and TAC than
the WEs. 200 ppm and 800 ppm AgNPs provided 100% viability of Artemia salina, ensuring non-
toxicity. PNP catalysis of all AgNPs was completed within 30 minutes, and photocatalysis of methyl-
orange by all 4000 ppm and 266.67 ppm AgNPs was achieved with NaBH4 while C.zed-AgNP showed
greater photocatalysis with the addition of NaBHa.
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