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Abstract
In the present study, ginger extract, which is widely available as a medicinal herb, is used to develop a
facile method for green synthesis of bare Ag and surfactant capped CTAB@Ag nanoparticles via
Hydrothermal route. The as-prepared Ag nanoparticles were characterized by UV-Vis spectroscopy,
photoluminescence (PL), X-ray Diffraction (XRD), Infrared spectroscopy (IR), and Scanning electron
microscopy (SEM). The catalytic properties of as prepared bare and surfactant capped CTAB@Ag
nanoparticles were also investigated in reductive degradation of Methyl Orange (MO) dye and 4-
Nitrophenol (4-NP). Surfactant-capped CTAB@Ag nanoparticles exhibit superior catalytic properties in the
degradation of MO and conversion of 4-nitro phenol to 4-amino phenol when compared to bare silver
nanoparticles.

Article Highlights
Bare and surfactant doped Ag nanoparticles were synthesized via green route.

The as-prepared bare Ag and CTAB@Ag NPs were characterized by various spectroscopic
techniques.

The as-prepared bare Ag and CTAB@Ag NPs have smaller in particles size.

The as-prepared CTAB@Ag NPs have excellent catalytic activities (3 min) for the reduction 4-
nitrophenol to their 4-aminophenol and catalytic degradation of methyl orange in very short time
span as compared to bare Ag NPs.

1. Introduction
The green synthesis of nanoparticles is considered as safer route due to their cost effectiveness,
environmental eco-friendly nature and simplicity in control of reaction parameters [1]. Metal NPs have
unique chemical and physical features, such as a large surface-to-volume ratio, that make them valuable
in different sectors, including electronics, photonics, biomedicine, and catalysis [2–6]. Various types of
nanomaterials such as zinc oxide, titanium oxide, gold, and silver have emerged [7] and are widely used in
products that come into direct contact with the human body, such as detergents, cosmetics, tooth paste,
in addition to medicinal and pharmaceutical uses [8]. Among these silver NPs have proved to be most
effective as it has good antimicrobial e�cacy against bacteria, viruses and other eukaryotic
microorganisms. Colloidal silver is of great interest due to its unique features such as high conductivity,
chemical stability, biocompatibility, and catalytic and antibacterial activity [7]. Silver nanoparticles have
been regarded an essential topic of research due to their distinctive and powerful plasmon resonance in
the visible region. Silver nanoparticles are used in a variety of applications, including solar energy
absorption coatings and battery materials, optical receptors, chemical reaction catalysts, biolabelling,
biomedical sensing and imaging, antimicrobial paint coatings, textiles, water treatment, medical
equipment, HIV prevention and treatment [9–12] etc.
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Traditional chemical procedures for synthesis of silver nanoparticles involve the use of ethylene glycol
[13, 14], pyridine [15], and sodium borohydride [16]. However, the chemicals used in these approaches can
be toxic and extremely reactive, posing a risk to the environment and individuals, or the procedures are
too costly to use on a large scale. Therefore, there is a need to develop low-cost, dependable, safe, and
green approach to the synthesis of stable metal nanoparticles with controlled size and form. As a result,
some novel methods for the synthesis of metal nanoparticles have recently been developed using
biologically derived reducing agents like chitosan [17], glucose [18], and polysaccharides [19], microbes
like bacteria and fungus [20, 21] and a variety of plant (seed, leaf, and tuber) extracts [22–27]. Among
them, plant leaf extract-mediated biological processes have been extensively studied due to their low cost
and simple technique. During the synthesis of nanoparticles, plant extracts may act as reducing and
stabilizing agents. The chemical content of the plant extract has a big impact on the size and shape of
nanoparticles (NPs), which could affect their catalytic activities for degrading organic e�uents [28, 29].

In the past few decades, catalysis has become the backbone of large-scale chemical and petroleum
sector production. New challenges and opportunities have arisen as a result of catalysis with the
advancement of nanotechnology. The nanocatalysts have a lot of catalytic activity in various reactions
such as oxidation, reduction, coupling, and electrochemical reactions.

Organic contaminants present in industrial or domestic wastewater e�uents must be eliminated or
destroyed before being discharged into the environment. Organic dyes are one of the most common types
of pollutants found in textiles, plastics, medicine, and a variety of other industries, and their hazardous
effects in waste water have long been a source of concern and, more recently, a major threat to the
environment. They are di�cult to degrade and are rarely removed from water by wastewater treatment
systems or traditional methods such as adsorption, ultra�ltration, chemical, or electrochemical
approaches [30]. Therefore, a convenient degradation procedure is reductive degradation of toxic dyes
using metal nanoparticles because of their unique physiochemical and electrical properties that are not
present in bulk materials [31].

In this present investigation, Zingiber O�cinale of the family of Zingiberaceae commonly known as
ginger is used as a reducing agent for the synthesis of Ag NPs. Nanoparticles are frequently judged
ineffective [32] due of their instability in aqueous medium, so in the present study surfactants are used to
stabilize the NPs. A surfactant molecule is described as amphiphilic molecules that has a lengthy
hydrophobic (water-hating or oil-loving) tail and a hydrophilic (water-loving) head. Depending on the type
of surfactant, it greatly reduces particle size without affecting the shape [33].

The present study describes a cost-effective and environmentally friendly method for the synthesis of
bare and surfactant capped silver nanoparticles using aqueous ginger root extract. Furthermore, the
catalytic characteristics of these as-prepared bare and surfactant capped silver nanoparticles were
investigated in the reduction of 4-nitrophenol and degradation of Methyl Orange.

2. Experimental
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2.1 Materials and methods

Silver nitrate (AgNO3), Cetyltrimethylammonium bromide (CTAB), Methyl orange (MO), sodium
borohydride (NaBH4) and 4-nitrophenol were purchased from S. D. Fine chemical Ltd. All other chemicals
were of analytical grade and used without further puri�cation. Double distilled water was used for all the
experiments. 

2.2 Preparation of ginger extract

The fresh ginger root (rhizome) of Zingiber o�cinale was purchased at a local market in Mumbai, India
and washed various times in double distilled water to remove dirt. The extraction process was carried out
using the direct boiling method. The rhizome was cleaned with distilled water several times. In a typical
process, 30 g of thoroughly cleansed �nely chopped and crushed ginger was used to make the ginger
extract. Further 100 mL distilled water was added to the crushed ginger, which was then boiled for 2 h.
The extract mixture was cooled to room temperature and �ltered thoroughly using Whatman �lter paper
no. 1. The �ltrate was collected and stored at 4 °C for synthesis of Ag NPs. 

2.3 Synthesis of bare silver nanoparticles using ginger extract

For synthesis of bare silver NPs, hydrothermal method was preferred. In a typical synthesis, 25 mL of
silver nitrate salt solution (1 mM) was mixed with 10 mL of ginger extract. The reaction mixture was
re�uxed with continuous stirring for 2 h. After 2 h the resultant suspension was cooled, centrifuged and
washed 4 - 5 times with deionized water (DI). The centrifugate product obtained was dried in oven at 70
°C for 10 h and used for further characterizations. 

2.4 Synthesis of surfactant capped silver nanoparticles using ginger extract

In a typical synthesis, 25 mL of silver nitrate salt solution (1 mM) was mixed with 10 mL of ginger extract
and 10 mM (25 mL) of CTAB was added into it. The obtained solution was re�uxed with continuous
stirring for 2 h. The resultant suspension was cooled, centrifuged and washed 4-5 times with DI water.
The obtained product was dried in an oven at 70 °C for 10 h before being used for further analysis.  

2.5 Characterization of materials

The powder X-ray diffraction (XRD) patterns were carried out on a Rigaku D/MAX X-ray diffractometer,
using Cu Kα radiation with λ  = 0.15406 nm. Fourier transform infrared (FTIR) spectra were recorded in the
range of 400-4000 cm-1 with Perkin Elmer FTIR spectrophotometer. The morphology of bare and surface
modi�ed silver nanoparticles were recorded using scanning electron microscopy (SEM) JEOL JSM-7600
FEG-SEM with the operating voltage of 0.01 to 30 kV. Absorbance spectra were recorded using a LAB UV-
3000 Double beam Spectrophotometer UV-Vis spectrometer at room temperature whereas the
photoluminescence spectra were recorded on Perkin Elmer LS 55 �uorescence spectrometer.  

2.6 Catalytic activity
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2.6.1 Catalytic reduction of 4-nitrophenol

The catalytic activity of bare and surfactants capped Ag NPs was determined by the reduction of 4-NP to
4-AP in the presence of NaBH4. In a 100 mL beaker containing 50 mL of 4-NP solution (1 mM), 10 mL of
NaBH4 (10 mM) and 5 mg of catalyst, i.e., bare and surfactant capped CTAB@Ag NPs, were added. The
solution was then continuously stirred with a magnetic stirrer. The 3 mL of aliquot solution was
withdrawn at different time intervals and reduction reaction was monitored using UV-Visible
spectroscopy. 

2.6.2 Catalytic degradation of Methyl Orange

The catalytic degradation activity of bare and surfactant capped Ag NPs was determined by the
degradation of methyl orange in the presence of NaBH4. 50 ml of 20 ppm (20 mg/L) solution was taken
from stock MO solution in a 100 mL beaker along with 10 mL of NaBH4 (10 mM) and 5 mg of catalyst i.e.
bare and surfactant capped CTAB@Ag NPs. A magnetic stirrer was used to mix the solution continuously.
At different time intervals, 3 mL of aliquot solution was withdrawn, and the catalytic degradation reaction
was monitored using UV-Visible spectroscopy.

3. Results And Discussion

3.1 X-Ray Diffraction studies
The as-prepared bare Ag and CTAB@Ag nanomaterials were characterized by XRD analysis. Figure 1
displays the XRD spectra of bare Ag and CTAB@Ag nanoparticles. It shows three distinct diffraction
peaks at 38.06°, 44.21° and 64.37° corresponding to (111), (200) and (220) lattice planes, indexed as FCC
silver structure (JCPDS, �le no. 04-0783) [27]. Average crystallite size (D) was calculated using Scherrer's
formula. The sharpness of the XRD peaks indicates that the bare Ag and CTAB@Ag nanomaterials are
very crystalline in nature. The calculated crystallite size was found to be 25.6 nm for bare Ag and 28.7 nm
for CTAB@Ag using the (111) diffraction peak.

D = 0.9 λ/ β cosθ

Where, λ = 1.54060 Å(Cu Kα) and β is FWHM (in radians) at the diffraction angle.

3.2 SEM analysis
SEM was used to examine the surface morphology of as-prepared bare Ag and CTAB@Ag nanoparticles,
as shown in Figure 2. The SEM analysis shows the bare and surfactant capped Ag NPs have smaller
particle sizes. The SEM images exhibits a few agglomerations of bare Ag and CTAB@Ag nanoparticles
with spherical and irregular morphology. The larger silver nanoparticles could be the result of aggregation
of the smaller ones.
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3.3 UV-Visible Studies
Noble metals are known for their unique optical properties due to the surface plasmon resonance
property (SPR). The formation of silver nanoparticles was monitored using UV-Vis spectroscopy [7, 34].
Figure 3 shows the UV-Visible spectra of bare Ag and CTAB@Ag nanoparticles. The absorption spectra
show the characteristics peaks located at 400-480 nm of bare Ag and CTAB@Ag nanoparticles. The
broad peaks suggested the formation of various shape and size of Ag nanoparticles [35]. The optical
band of bare Ag and CTAB@Ag nanoparticles were calculated using Tauc’s plot [36].

αhυ = A (hυ – Eg)n/2 (1)

Where A is the proportionality constant, α is the absorption coe�cient, h is the plank constant, υ is the
frequency of incident photons, hυ is the energy of absorption and Eg is optical band gap (separation
between valence band and conduction bands) and the component n depends on the optical transition.
For the direct band n = 1 and indirect band gap n = ½ [36]. The Eg value of optical band gap of bare Ag

and CTAB@Ag was calculated by extra plotting a linear graph of (αhυ)2 vs. photon energy (hυ) were
found to be 2.55 eV and 2.48 eV, respectively (Figure 4).

3.4 Photoluminescence (PL) studies
Figure 5 show the �uorescence spectra of bare Ag and CTAB@Ag nanoparticles obtained with 380 nm
excitation wavelength. The PL spectra show the emission peak of bare Ag and CTAB@Ag nanoparticles
at 468 nm and 469 nm, respectively [1]. The PL intensity of CTAB@Ag is lower as compared to bare Ag
nanoparticles, which indicating the CTAB@Ag has higher electron-hole pair separation e�ciency.

3.5 FTIR analysis
In the present study, FTIR spectra are used to identify biomolecules that are responsible for capping and
stabilizing silver nanoparticles. FTIR spectra of bare Ag and CTAB@Ag are shown in Figure 6. The strong
bands observed at 3256 cm−1 and 3276 cm−1 are due to presence of –OH stretching vibration in both
bare Ag and CTAB@Ag nanoparticles, respectively. The medium intensity stretching bands observed at
2924 cm−1 in bare Ag and 2918 cm−1, 2843 cm−1 in case of CTAB@Ag nanoparticles is due to presence
of –CH stretching band of hydrocarbon [37]. The strong bands observed at 1631 cm−1 and 1624 cm−1 in
bare Ag and CTAB@Ag nanoparticles respectively suggests the presence of stretching vibration of –C=C
(alkene) [38]. Strong and medium intensity bands are observed in bare Ag and CTAB@Ag at 1444-1473
cm−1, 1348-1361 cm−1, 1152-1183 cm−1 attributed due to presence of methyl group, ether, alcohol. Some
others bands at 996-1017 cm−1, 754-760 cm−1 and 567-608 cm−1 are signi�cant indicators of
heterocyclic chemicals such as �avonoids and alkaloids, which are active components of Z. o�cinale
and serve as a capping agent [35, 37, 38].
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3.6 Catalytic activity

3.61 Catalytic reduction of 4-nitrophenol
The catalytic activity of bare Ag NPs and CTAB@Ag were investigated for reduction of 4-nitrophenol to 4-
aminophenol using NaBH4 as shown in Figure 7. The maximum absorption of 4-NP in aqueous solution
is 317 nm, but when NaBH4 is added, the peak shifts to 400 nm due to the formation of 4-nitrophenolate
ion. The UV–Vis spectral method was used to monitor the catalytic reduction activity. Figure 7 (a) shows
the presence of bare Ag NPs even after 45 minutes which indicates that the reduction of (4-NP) to (4-AP)
does not occur. The nitro compound could not be degraded by NaBH4 alone, and Ag NPs did not
demonstrate e�cient degradation, indicating that neither NaBH4 nor Ag NPs are capable of catalyzing the
fast reduction of 4-nitrophenol to 4-amonophenol. Furthermore, when the surfactant capped CTAB@Ag
nanoparticles was used, the reduction rate increases, indicating that CTAB@Ag act as a catalyst in the
reduction of 4-nitrophenol. After the addition of surfactant capped i.e. CTAB@Ag NPs, the red shift region
at 400 nm dropped out and new peak shoulder at 298 nm appeared simultaneously, con�rming the
reduction of a 4-nitrophenolate ion to 4-aminophenol. Figure 7 (b) shows that in the presence of
CTAB@Ag NPs the reduction reaction is completed within 3 min. In conclusion, surfactant capped Ag NPs
shows excellent catalytic activity as compared to bare Ag NPs. The Langmuir-Hinshelhood equation [39]
was used for calculation of reduction e�ciency rate constant (k) of catalyst based on ln(C/C0) = kt, where
k is rate constant and t represent reduction time. Figure 8 (a) show the plot of C/C0 vs time and Figure 8
(b) show plot of ln(C/C0) vs time. The linear plot of ln(C/C0) vs time revealed that the rate of reduction
reaction kinetics is pseudo-�rst-order. The e�ciency of reduction rate constant value of CTAB@Ag is
1.016 min−1, which is higher that bare Ag (0.035 min−1). This result con�rms that surfactant caped i.e.
CTAB@Ag exhibits better catalytic performance as compared to bare Ag NPs. Furthermore, the as-
prepared CTAB@Ag catalyst is superior as compared previously reported Ag catalysts for reduction of
nitro aromatic compounds (as shown in Table 1). 
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Table 1
Comparative catalytic reduction of nitro compounds by various

catalysts.
Catalysts Nitro compounds Time (min) References

Ag NPs 4-NP 15 40

Ag NPs 4-NP 15 41

Ag NPs 4-NP 12 42

Ag NPs 4-NP 22 43

Ag NPs 4-NP 24 44

Ag NPs 4-NP 12 45

CTAB@Ag 4-NP 3 This work

3.6.2 Catalytic degradation of Methyl Orange (MO)
The degradation of an azo dye Methyl Orange in the presence of bare Ag and surfactant capped
CTAB@Ag nanoparticles are shown in Figure 9. The maximum absorption of MO is known to appear at
465 nm. The blank experiment was performed without the catalyst and it was observed that the
absorption intensity decreases slightly on the addition of NaBH4, but the colour of MO solutions does not
change. On addition of bare Ag NPs along with NaBH4, the MO solution absorption intensity does not
diminish completely even after 20 min as shown in Figure 9 (a). Furthermore, the absorption intensity
decreases drastically after adding of small amount of surfactant caped i.e. CTAB@Ag catalyst and it
completely disappears after 3 minutes. Figure 9 (b) show the decrease of absorption intensity of MO at
different time intervals in present of CTAB@Ag catalyst. The rate constant value of catalytic degradation
of MO in presence of bare Ag and CTAB@Ag were calculated using Langmuir-Hinshelhood equation [39].
Figure 10 (a and b) show the plot of C/C0 vs. time and ln(C/C0) vs. time for bare Ag and CTAB@Ag
catalysts. Figure 10 (b) show a linear plot, which demonstrates that the rate of reaction for the
degradation of dye is pseudo-�rst-order kinetic reaction. The rate constant (k) values are calculated
0.7904 min−1 (CTAB@Ag) and 0.0607 min−1 (bare Ag) from the slopes of ln(C/C0). From the slope it was
observed that surfactant capped catalyst has excellent catalytic activity as compared to bare Ag catalyst
for the degradation of MO dye. In addition, when compared to previously reported Ag catalysts for the
catalytic degradation of methyl orange, the as-prepared CTAB@Ag catalyst is superior (as shown in Table
2). 
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Table 2
Comparative catalytic degradation of methyl orange using

different catalysts.
Catalyst Methyl Orange Time (min) References

Ag NPs MO 13 46

Ag NPs MO 6 47

Ag NPs MO 45 48

Ag NPs MO 6 49

Ag NPs MO 45 50

Ag NPs MO 10 51

Ag NPs MO 11 52

CTAB@Ag MO 3 This work

4. Conclusion
In the conclusion, synthesis of bare and surfactant capped silver nanoparticles from greener route using
Ginger extract. Surfactant is utilised to keep the silver nanoparticles stable. When compared to bare silver
nanoparticles, surfactant capped CTAB@Ag nanoparticles have smaller particle sizes. Further, all
synthesized nanoparticles were used a catalyst for the reduction 4-nitrophenol and deradation of Methyl
Orange. Thus, the surfactant capped nanoparticles (CTAB@Ag), were shown to have excellent catalytic
activity for the reduction of 4-nitrophenol to 4-amino phenol and degradation of methyl orange dye in
presence of NaBH4 as reducing agent as compared to bare Ag NPs. The as-synthesized surfactant
capped CATB@Ag are able to convert 4-nitrophenol to 4-aminophneno and degrade the MO within 3
minutes, respectively. The as-prepared surfactant capped CTAB@Ag nanoparticles are the most
promising catalysts, with good potential use as a catalyst in organic reactions and in the puri�cation of
industrial waste water, among other applications.
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Figure 1

XRD pattern of (a) bare Ag nanoparticles and (b) CTAB@Ag nanoparticles using powder samples from
20º to 80º 2θ range at scan rate of 2-degree min-1.

Figure 2
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SEM images of (a) bare Ag nanoparticles and (b) CTAB@Ag nanoparticles using a pinch of catalyst
dispersed in isopropyl alcohol and drop cast on pre-cleaned silicon wafer and air-drying.

Figure 3

UV – Visible absorbance spectra of (a) bare Ag nanoparticles and (b) CTAB@Ag nanoparticles using a
powder samples and dispersed in methanol.
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Figure 4

Tauc plots of (a) bare Ag nanoparticles and (b) CTAB@Ag nanoparticles.

Figure 5
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Photoluminescence spectra of (a) bare Ag nanoparticles and (b) CTAB@Ag nanoparticles using a powder
samples and dispersed in methanol.

Figure 6

FTIR spectra of (a) bare Ag nanoparticles and (b) CTAB@Ag nanoparticles using a powder sample.
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Figure 7

UV-Visible absorbance spectra for the reduction of 4-NP in the presence of (a) bare Ag and (b) CTAB@Ag
catalysts.

Figure 8

(a) Plot of C/C0 vs. time and (b) ln(C/C0) vs. time of kinetic linear �tting of the catalytic reduction of 4-NP
in the presence of bare Ag and CTAB@Ag catalysts.

Figure 9

UV-Visible absorbance spectra for the catalytic degradation of MO in the presence of (a) bare Ag and (b)
CTAB@Ag catalysts.
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Figure 10

(a) Plot of C/C0 vs. time and (b) ln(C/C0) vs. time of kinetic linear �tting of the catalytic degradation of
MO in presence of bare Ag and CTAB@Ag catalysts.
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