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ABSTRACT

Green synthesis of silver nanoparticles possesses many merits compared to that of chemical
synthetic methods. Silver nanoparticles have been widely used in many applications such as catalytic
activity, dye degradation, antimicrobial and anti-inflammatory activities. In this study silver
nanoparticles (AgNps) were synthesized using extract of Raphanus sativus roots and identified by
the UV-Visible spectrophotometer. XRD peaks of the crystal confirmed the face-centered cubic silver
crystals with size of 49.16 nm. FT-IR spectrum indicated the functional groups on this nanoparticles.
Scanning electron microscope images showed the spherical shapes and size of the AgNps. The
photocatalytic degradation of methylene blue was performed by altering the weight of silver
nanoparticles and moles of NaBH4. The degradation mixtures of 5 mg AgNps and 5mL of NaBH,, 10
mg AgNps and 5 mL of NaBH4 and 10 mg AgNps and 10 mL of NaBH4 attain degradation of 5.088%,
83.86 % and 48.067% of the methylene blue respectively. This study revealed that green synthesized
silver nanoparticles from the extract of Raphanus sativus can act as a photocatalytic dye degradation
agent against methylene blue.

Key words: Green synthesis, AgNPs, XRD, dye degradation, methylene blue
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INTRODUCTION

Environmental pollution is one of the major problems currently the world is facing. Among other
pollutions, water pollution is an urgent crisis as flora and fauna depend on the water for their
survival. Industries including textile and apparel use of large quantities of water for fabric processing
and coloring. Organic dyes are being used for the coloring of textile products. Dye molecules consist
of two components namely the chromophores and auxochromes. The chromophores are mainly
responsible for production of color (Gupta, 2009). There are several dyes used in the industries such
as basic, acidic, reactive, azo, mordant, vat, disperse and sulfur dyes (Demirbas et al., 2009). The
major types of dyes used in the industries are also said to be azo derivative dyes (Forgacs et al.,
2004).

Cationic, anionic and nonionic dyes are another way of classification among the dyes (Salleh et al.,
2011). Methylene blue is classified under cationic dye and has been widely used in the apparel
industry and acute exposure can lead to cyanosis, quadriplegia, necrosis and vomiting (Vadivelan et
al., 2005). So, these dyes should be removed from the industrial effluents before it is released into
the environment.Several methods have been used for the treatment of wastewater containing
organic dyes namely incineration (Lee et al., 2001), biological treatment (Garcia-Montafo et al,
2008), ozonation (Chu et al., 2000) and adoption on solid phases (Prado et al.,2003). But these
processes havethe following drawbacks: the incineration can produce toxic byproducts, biological
treatment takes a long time and bad odor and the ozonation have a short half-life and the stability of
ozone is affected by the pH, temperature and presence of salts (Chekir et al., 2016). The
heterogeneous photocatalysis becomes a suitable treatment for the organic dye degradation. Many
catalysts have been widely used to degrade the dye moleculessuch as TiO,(Hadei et al., Khasawneh
et al,, 2021), ZnO (Ahmad et al., Nguyen et al., 2021), silver nanoparticles (Seerangaraj et al., Sharma
et al., 2021), grapheme (Wang et al.,, 2021), graphene oxide (Zhang et al., 2021) and reduced
graphene oxide (Bibi et al., 2019).

Nanotechnology is the hot topic in science which is focusing on the synthesis of nano size materials
and their applications across all field of science including synthetic and biological chemistry (Fakhari
et al., 2019). Nanoparticles comprises of novel chemical, physical and biological properties due to
their size and large surface with free dangling bonds which results in higher reactivity when
compared to that of bulk materials (Sharma et al., 2020). Silver nanoparticles are being widely used
in many applications such as antibacterial (Thi Lan Huong & Nguyen et al., 2021; Anuluxan et al.,
2022), antifungal (Mallmann et al., 2015), anti-inflammatory (Jain et al., 2019), and photocatalytic
activities (Chand et al., 2021) due to its merits such as ecofriendly, nonallergic, nonirritant and heat
resistant nature as well as chemically stable nature (Miri et al., 2018).

Many synthetic methods are available to produce silver nanoparticles such as chemical reduction,
light assisted methods, electrochemical methods, and green synthetic method (Pacioni et al., 2015).
Green synthetic method is an environmentally friendly method that involves the plant material,
fungi or bacteria for the reduction of silver ions to metallic silver. This method has been widely
investigated because of its non-toxicity and the usage of low amount of chemicals. Many plant
materials have been used form silver nanoparticlessuch as Turmeric (Alsammarraie et al.,
2018),Turbinaria ornata (Anuluxan et al., 2022),Diospyros lotus(Hamedi et al., 2019), Berberis
vulgaris (Behravan et al., 2019), and Lysiloma acapulcensis (Garibo et al., 2020). Plant parts contain

40



MY F Hasnaet al., JSLAAS,Vol. 6, Issue 1 (2024) 39-49

primary and secondary metabolites which reduces and stabilizes the formed nano-particles (Irshad
et al., 2021). The study reported that Raphanus sativushas consist of many biologically active
compounds such as flavonoids, phenols, terpenes, glucosinolate and fatty acids (Gamba et al.,
2021).Therefore, this research focused on the synthesis of silver nanoparticles using Raphanus
sativusroot and photocatalytic activity of prepared silver nanoparticles was evaluated by the
methylene blue (MB) degradation exposed to light irradiation. The effect of experimental conditions,
such as amount of catalyst and concentration of NaBH, were studied.

METHODOLOGY

Preparation of Silver nanoparticles

Roots of Raphanus sativuswere washed in deionized water and then the skins were removed from
the roots and cut into small pieces. It was shadow dried for 7 days and grounded into powder and
stored at room temperature. 5 g of Raphanus sativus(Figure 1) powder was added to 100 mL of
deionized water and heated at 70" C for 20 minutes. Then the aqueous solution was filtered and
filtrate was stored in a refrigerator at 4°C.

Figure 2: Dried root sample of Raphanus sativus

10 mL of aqueous extract was taken in a conical flask and covered with aluminum foil. Then the
aqueous extract was added with 90 mL of 5 mM AgNOQOs. Solution pH was maintained at 3, 5, 7, 9, and
11. Reaction mixtures were stirred in a shaker for 24 hours at 300 rpm (Fadel and Al-Mashhedy,
2017). It was stored at room temperature until further analysis.

Characterization of AgNps

The silver nanoparticles werecharacterized with the UV-Visible spectrophotometer (Jasco V-570
UV/VIS/NIR) with 200 nm to 800 nm scanning range. The phase purity and the crystallinity of silver
nanoparticles were analyzed by powder X-ray diffraction (XRD) (PANalytical-AERIS). The XRD pattern
was obtained with Cu Ka radiation (A=1.5408 A) at room temperature, with the operational
conditions of accelerated voltage 40 kV and emission current of 44mA. The crystalline size of the
nanoparticles was calculated using Scherrer equation,

KA

D =
Beosd

(1)
Where K — Scherrer constant, A — X-ray wavelength, B — the line broadening at half the maximum

intensity, 6 — Bragg’s angle and D — crystalliM Y F Hasna et al., JSLAAS,Vol. 6, Issue 1 (2024) 39-49
by Hitachi SU6600 FE-SEM (Field Emission Scanning Electron Microscope) using carbon tapes.
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Evaluation of photo catalytic degradation of methylene blue

Green synthesized 5 mg of AgNps and 5 mL of ImM NaBH, were added into 50 mL methylene blue
solution (10 ppm). A control was prepared in a similar manner without addition of AgNps. The
mixtures were stirred under dark condition for 30 minutes to attain equilibrium. Then the mixtures
werekeptunder light irradiation with stirring until its complete decolorized and the samples were
withdrawn at 30 minutes interval and analyzed with UV-Vis spectrophotometer (Arunachalam et al.,
2012).The following parameters were chosen to obtain the optimum condition for the photocatalytic
degradation; 5 mg of AgNps and 5 mL of 1 mM NaBHas (a),10 mg of AgNps and 5mL of 1mM NaBH.
(b), and 10 mg of AgNps and 10mL of ImM NaBH, (c). The degradation percentage was calculated by
the following equation.

C,—C.
B = Mxlﬂﬂ%
Cl}

RESULTS AND DICUSSSION
Characterization of silver nano-particles

The colour change from yellow to dark brown were observed after the incubation period from the
shaker which is due to the reduction of Ag* ion to Ag metallic nanoparticles. The production of
nanoparticles was checked at various pH using UV-Visible spectrophotometer. As shown in the figure
2, UV-Visible peak at 430 nm confirmed the AgNpsformation and the highest intensity peak was
observed at pH 9 and the lowest peak was observed at pH 7. The formation of peaks around the 430
nm are due to surface plasmon resonance effect which is caused by the excitation of the electrons
and passed to the conduction band of nanoparticles (Gul et al, 2016).The figure 3 shows that the
colour became intense with the increase of pH
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Figure 3: UV-Visible spectrum of synthesized AgNps at different pH
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Figure 4: Colour of the AgNps mixture after 24 hours of incubation period

The crystalline nature of the synthesized AgNps was analyzed using X-ray crystallography.
Figuredclearly shows the pattern of synthesized AgNps and main peaks of 38.32 °, 44.59 °, 64.91 °,
78.16 ° and 82.44 ° corresponds to the planes of (111), (200), (220), (311), and (222) respectively.
These planes confirmed the face-centered cubic silver crystals. The nanoparticle size was found to be
49.16 nm which indicate green synthesized AgNps falls under nanoparticle range.
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Figure 5: XRD Spectrum of synthesized AgNps

FT-IR spectroscopic technique contributes significantly in the identification of the functional groups
which are present in the plant extract. The functional groups are responsible for the reduction of
silver ions from silver nitrate and stabilized the synthesized AgNps. FT-IR spectrum of the
synthesized AgNps is shown in Figure 5. The absorption peak at 1347cm™was assigned to the C-H
bending frequency of alkane and 1037 cmlis due to the C-C stretching frequency of alkane. The peak
at 1590 cm'1 was arisendue to the bending frequency of N-H bond of primary amines and the peak
at 3280 cm™corresponds to the stretching frequency of the O-H bond of hydroxyl groups.Protein
molecules could be present in the plant extract and act as a stabilizing and reducing agent.Gole et
al.(2001) mentioned that the cysteine from the protein molecules can bind to the AgNps and
prevent aggregation by functioning as the capping or stabilizing agent. Gamba, etal(2021) reported
that the sprout of Raphanus sativus contains glucosinolates, flavonoids, B-carotene.
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Figure 6: FT-IR spectrum of AgNps

SEM images showsthe surface morphology of the AgNps and most of the synthesized nanoparticles
were found in spherical shapes (Figure 6).SEM images of the nanoparticles revealed that the
nanoparticles were found in size below 100 nm.

SU6600 10.0kV 10.1mm x10 su 0 10.0kV 10 5 1.00um

SUB600 10.0kV 10.1mm x60.0k SE 6/9/2022 500nir

(7) 500nm
Figure 7: SEM images of synthesized AgNPs
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Photo catalytic degradation of methylene blue

Figure 7 a-c shows the photo catalytic degradation of methylene blue where the parameters such as
weight of AgNps and NaBH. were altered. Maximum absorbance of MB was observed in UV/Visible
spectrometer at 670 nm. The effect of initial concentration of AgNps under light source was studied
by using two different concentrations of the initial AgNps (5 and 10 mg per 50 mL)with 10
mglL concentration of MB dye as shown in Figures 7a and 7b. The rate of degradation was found to
be 5.088 % at 240 minutes with 5 mg AgNps and 5 mL of NaBH, and with 10 mg AgNps and 5 mL of
NaBH, attained 83.86 % at 45 minutes. When concentration of AgNps was increased from 5 to 10
mg, the photo catalytic activity was found to be increasing, this is due to the higher number of active
sites on the catalyst. But the degradation rate decreased with NaBH4 concentration (Figures 7c).The
rate of degradation was found to be 48.067 % at 45 minutes with 10 mg AgNps and 10 mL of
NaBH4.The results indicate that 10 mg AgNps and 5 mL of NaBHsare the most active concentrationin
the degradationof methylene blue dye.
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Figure 8: UV Vis spectrum of (a) 5 mg AgNps + 5 mL NaBH4) (b) 10 mg AgNps + 5 mL NaBH,) (c) 10 mg
AgNps + 10 mL NaBH,)
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The rate of photocatalytic degradation of MB was shown in the plot of In(C/Co) versus time, t at

different experiments a, b and c, (Figures 8a-c).

C
In— =—kt

Co (2)
where, Cois the initial concentrations of MB in solution and C is the concentration at times t, and k is
the first-order rate constant. The kinetics study (Figure 8 a-c) reveals that the MB degradation
belongs to first-order kinetics and the rate constants are 2.26536x10™, 0.03912and 0.00923 for
degradation mixtures a, b and ¢ while correlation constants R?, for the fitted lines were 0.97973,
0.97065, and 0.91637respectively.

a) b)

= 5mg AgNps + 5m| NaBH4
Linear Fit of Sheet1 B"In C/C0"
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Figure 9: Kinetic study of photocatalytic degradation of methylene blue a) 5 mg Ag, 5 mL NaBH,, b)
10 mg Ag, 5 mL NaBHg, c) 10 mg Ag, 10 mL NaBH,

CONCLUSION

Silver nanoparticleshave been successfully synthesizedfrom the aqueous extract of the Raphanus
sativus root sample and their performance toward the degradation of hazardous organic dyes was
studied. The UV-Visible peak found at 430 nm shows the formation of AgNps. XRD pattern of the
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AgNps reveals that the green synthesized AgNps were the face-centered cubic silver crystals. The
crystallite size of the synthesized nanoparticles was 49.16 nm. FT-IR spectram confirms the presence
of functional groups such as primary amines, free hydroxyl alcohol and phenol which can be due to
the presence of protein molecules in the plant extract of Raphanus sativus. The degradation of MB
dye was performed and a higher percentage of degradation was achieved with mixtures of 10 mg
AgNps and 5 mL of NaBH4. Biosynthesized AgNps can be effectively utilized to degrade various
environmentally hazardous organic dyes.
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