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A B S T R A C T

Gold nanoparticles are synthesized from alpinia calcarata extract. The synthesized nanoparticles are considered for
their structural, morphological and nonlinear optical properties. Powder X-ray diffraction analysis revealed the
structural purity of the prepared samples. FTIR confirmed the presence of biomolecules involved in the reduction
and stabilization process. UV–visible spectroscopic studies confirmed the Surface Plasmon Resonance of the
prepared nanoparticle. HRTEM exposed the spherical shape morphology of the prepared gold nanoparticles. Zeta
potential analysis inferred the stabilization of gold nanoparticles. The synthesised gold nanoparticles are found to
be poly-dispersed with an average size of 15 nm. The studies suggest that the glucose and its complex in the
alpinia calcarata extract are responsible for the reduction nanoparticles, whereas proteins act as capping agents
around the nanoparticles. The Z-scan studies discovered the nonlinear optical behaviour and thus measured its
parameters.
1. Introduction

In current scenario, green routed nanoparticles has garnered wide
interest owing to its intrinsic features such as eco-friendliness, cost
effective and easy synthesis method. Synthesis of nanoparticles by
chemical routes possesses challenges due to the fact that colloidal solu-
tions are contaminated with several by-products of chemical reactions
[1]. Considerable efforts have been made to develop environment
friendly protocols for the nanoparticles synthesis [2]. The tremendously
amazing functionalities of gold nanoparticles (NPs) have massive po-
tential on present technology and accentuating their uses in human
welfare. Presence of surface plasmon resonance (SPR) in the gold NPs
have significant applications in many fields [3, 4]. Gold NPs exhibit
significant bio activities and catalytic support [5, 6, 7], photonic [8] and
SERS [9, 10] applications. It is well known that conventional methods of
synthesis of gold NPs are usually slow and involve use of toxic reducing
agents such as trisodium citrate, sodium borohydride and dimethyl
formamide, which pose environmental burden [11, 12, 13, 14]. Hence,
the green methodology is widely used to overcome above said confines
[15, 16, 17, 18, 19]. Alpinia calcarata is as an effective medicinal plant
with strong antibacterial, antifungal, and antinociceptive activities [20].
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Alpinia calcarata is one of the potential source for the production of metal
nanoparticles [21, 22].

The unique nonlinear optical properties of metal nanoparticles are
widely used in nonlinear spectroscopy, fibre optic communications and
quantum memories [23]. Third order nonlinear property has been
studied on gold NPs prepared by chemical synthesis method [24, 25].
Morphology dependant non-linear optical properties have been reported
for Au NPs [26, 27, 28]. Recently, high-order harmonic generation in
Au NPs has been studied [29]. Gold NPs conjugated with methylene
blue showed improved third order non-linear properties [30]. However,
green synthesised metal nanoparticles possess promising non-linear
optical properties [31]. Nonlinear behaviour were checked for
different materials were performed using solutions and thick films.
Meanwhile it is fascinating to examine in nanoparticles (of order of a
hundred nanometers) [28]. Third order optical nonlinearity has already
been reported on silver nanoparticles in our previous study [31, 32]. In
this paper, we have synthesised green approached gold nanoparticles
using Alpinia calcarata root extract and prepared gold nanoparticle
shows that good stability even at room temperature, the size and shape
of the nanoparticle can be controlled by varying the volume and con-
centration of the extract. As synthesised gold nanoparticle shows
t 2022
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Figure 1. Schematic diagram of Au NPs synthesis process.

Figure 2. XRD pattern of synthesised Au NPs using A. calcarata.
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nonlinear optical behaviour hence, it is demonstrated as optical limiting
application aspects.

2. Materials and methods

2.1. Materials

The pure form commercial grade Gold (III) chloride trihydrate solu-
tion (HAuCl4 3H2O) was procured from Sigma–Aldrich chemical com-
pany. Alpinia calcarata root was acquired from local Ayurvedic store,
India. In the current study the double distilled water was used for syn-
thesis process.

2.2. Methods

The purchased A. calcarata roots were washed thrice and dried in
sunshade for three days and grinded as fine powder. 10 gm milled
powder was taken in a beaker having 200 ml of D. Distilled water, the
mixture were stirred continuously at 70 �C for 30 min then the mixture
were filtered using filter paper (Whatman No.1). To synthesis AuNPs
nanoparticles the filtrate (A.calcarata extract) was used.

2.3. Gold nanoparticles synthesis

The Gold (III) chloride trihydrate (HAuCl4 ⋅ 3H2O) is used as pre-
cursor to prepare gold nanoparticles at the room temperature using
resultant filtrate extract. In order to understand the quantity of the
extract role in the synthesis process, different quantity of extract were
used in the process of nanoparticle preparation. 0.2 mM concentration of
gold source was used in the entire experiments. Figure 1 shows the
schematic sketch of the synthesis process. In every 100 ml of gold source
was used for various volume of extract like 0.5, 0.75, 1 ml of A. calcarata
root extract. The drop wise addition was followed for all experiments.
The addition rate of the extract was maintained for all experiments was
0.025 ml/minutes and then the stirring was continued for 1 h after the
completion of addition of extract. The dispersity of nanoparticles
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depends on the rate of addition of extract in precursor hence, its plays an
important role on the dispersity. To control the dispersity of Au nano-
particles, the addition rate of extract was varied in one experiments. The
colour changes indicates the formation of gold nanoparticles. The ob-
tained colloidal form of gold nanoparticles was used for further charac-
terization. The pH value of the reaction solution is 7 < 9, it varies with
reaction time. Since the solution is alkaline nature, the time duration for
formation of nanoparticles is very less. The formation of nanoparticles
ended up within 25 h at room temperature.

2.4. Characterizations

As prepared colloidal gold nanoparticles were subjected into cen-
trifugal action to separate the particle from its colloidal form and the
particles were dried in air oven. The powder X-ray diffraction analysis
has been done to confirm the purity and crystalline nature of the pre-
pared gold nanoparticles. The XRD pattern for dried AuNPs was recorded



Figure 3. SPR Band of synthesised Au NPs Using A. calcarata, (a)-0.5,0.75,1ml of extract addition, (b)-0.5ml of extract addition for different time interval, (c)-UV
spectra of A. calcarata extract.

Figure 4. FTIR Spectrum of A.Calcarata and AuNPS.
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using XRD (BRUKER D2 PHASER) Unit operated under the condition of
30 kV with CuK2 radiation (1.542�A) between 2θ angle (10–80◦). The
UV–Vis spectrophotometer (Shimadzu) has been used to monitor the
Surface Plasmon Resonance band of the synthesized colloidal AuNPs. The
High resolution transmission electron microscope (HRTEM, JEOL JEM
3010) was used to analyse the particle size and shape of the synthesized
AuNPs and elemental composition has been identified in HRTEM
equipped with EDX (JEOL JEM 3010). The functional groups which is
present in the aqueous medium are responsible for reduction and stabi-
lization of ions and are identified using Infra-Red spectrum, and the
spectrum was recorded in Perkin Elmer Fourier transform infrared
spectrometer with a resolution of 4 cm�1. The stability of synthesised
gold nanoparticles were measured using ZEN 3600 for zeta potential
measurements. A single beam Z-scan technique was used to analyse the
nonlinear behaviour of the prepared gold nanoparticles (wavelength of
532 nm using Nd:YAG (SHG) Continuous wave laser).

3. Result and discussions

3.1. Crystalline structure

The crystalline nature of the gold nanoparticle were revealed in XRD
pattern (Figure 2) peaks at angle 38.09, 44.36, 64.67 and 77.54 with
indexed planes (111), (200), (220) and (311) and matched with the
database of the Joint Committee on Powder Diffraction Standards, USA
(JCPDS No. 00-004-0784). Scherrer's formula was used to find the
average crystallite size of the prepared nanoparticles and it is found that
as 21 nm. No other peaks of crystallographic impurities were found in the
sample and it is confirming that the synthesized AuNPs are composed of
3

pure crystalline gold particles of cubic face centred structure. These re-
sults are matched with previous studies of gold nanoparticles results
reported [25].

3.2. Surface plasmon resonance analysis

The change of refractive index of the medium was analysed by the
surface plasmon resonance (SPR) which is recorded by UV- visible
spectrophotometer and it is an optical method to measure formation of
gold nanoparticles and how binding analyte molecules with receptor



Figure 5. HRTEM images of synthesised gold nanoparticles. ((a),(b),(c) - 0.5,0.75,1ml of extract (uniform addition), (d)-0.5ml of extract (sudden addition), (e)- lattice
fringes pattern,(f)-SAED Pattern.
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molecules on the metal surface [33]. This feats the generation of surface
plasmon resonance in the surface of metal, and produces a momentary
wave that extents a short distance in the colloids due to the total internal
reflection of light at a metal surface-solution interface. The formation and
stability of gold nanoparticles from the gold metal ions reduced by
extract was monitored on a UV–visible spectrometer. The addition of
extract speedily initiated the change of colour from the light yellow to
advent of a red wine colour, indicating the formation of AuNPs [34]. The
colour change was accrued due to excitation of surface Plasmon vibra-
tions with formed AuNPs. The size and shape of the particles is depends
Figure 6. EDX Profile f
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on the SPR absorbance and its peaks confirmed the formation of AuNPs.
The ability of alpinia calcarata extract to form nanoparticles was studied
in a periodic manner. Figure 3(a) shows UV–vis spectra of the prepared
nanoparticles with different volume of the extract. The volume of the
extract was played in size formation of nanoparticles from this UV-visible
spectrum the SPR band shifted towards the UV region. The blue shift
indicates that the size of particles decreases with increasing the quantity
of the extract because simultaneous reduction and capping of the nano-
particles. The surface plasmon resonance band obtained at 529, 521, 512
nm for different quantity of extract used to synthesis 0.5, 0.75, 1 ml
or Au nanoparticles



Table 1. Element percentages obtained from EDX.

Element Weight % Atomic %

C K 9.12 33.87

O K 9.14 25.48

Cu K 46.55 32.68

Au L 35.19 7.97

Total 100.00

Figure 7. Zeta potential of Synthesised Au NPs nanoparticles.

Figure 8. Z Scan Profile of Au nanoparticles (a) closed aperture. (b)
Open aperture.
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respectively. The SPR band of the prepared gold nanoparticles were
monitored with different time interval for 0.5ml extract addition.
Figure 3(b) shows the SPR band of the gold nanoparticles with different
time period from this spectrum growth count of nanoparticles increases
with reaction time. The trace of 25 h and 50 h almost overlapped with
each other, from this spectrum it can be concluded the reaction was
completed within 25 h. The significant colour (ruby red) changes and
characteristic of UV–vis spectra are known to be due to the phenomenon
of surface plasmon resonance (SPR) displayed by AuNPs and UV-Visible
spectra for alpinia calcarata extract shown in Figure 3(c).

3.3. Functional group analysis

The FTIR spectroscopic analysis has been done to identify the
responsible functional groups for reduction and stabilization of the pre-
pared gold nanoparticle. The functional groups absorbs infra-red radia-
tion with its characteristic frequencies. Infra-Red spectroscopy is an
important and typical equipment to interpret the structure and identify
the compounds which is involved in the process. The amide and proteins
are active in the infra-red region and its gives well-known signatures
[35]. The phenolic, carboxylic, nitrogen compounds are playing impor-
tant role in reduction and stabilizing processes. Presence of flavonoids
(C¼O bonds (carboxylic acids and its derivatives) and O–H bonds
(phenol, alcohol)) and other phenolics could be reason for the formation
of nanoparticles by reducing its ions and proteins can bind the AuNPs
through either its free amine groups or cysteine residues [36], Hence of
the AuNPs become stable due to the presence of proteins at the surface in
the present green route methods [37]. Flavonoids and terpenoids char-
acteristics peaks are observed at 591, 1634, 2118 and 3298 cm�1 in IR
spectrum as protuberant peaks. The presence of such a compounds in the
extract leads the reduction of gold ions and stabilize the gold nano-
particles. Figure 4 shows the recorded IR spectrum. The strong absorp-
tion band at 591 cm�1, medium absorption band at 1634 cm�1 were
observed due to C–H bending vibration and C¼O stretching vibration of
carboxylic group respectively. The broad peak located at 3298 cm�1

could be assigned to the O–H stretching vibrations, which is indicating
that the presence of hydroxyl groups in the extract [38]. Comparison of
5

extract and solution of gold nanoparticles, the absorption peaks revealed
that shifts in the extract and colloidal AuNPs medium and it is anticipated
that the shifts in peak position is related to adsorption of extract con-
stituents onto the gold nanoparticles surfaces. The likeness between
colloidal solutions and extract indicated that the same compounds exis-
ted in both medium. Hence, from the above FTIR spectra details, it was
evident that the presence of various biomolecules in the A. calcarata
extract played a most important role in the reduction and stability of
AuNPs.

3.4. Surface morphological analysis

The surface morphology of the prepared AuNPs were analysed using
high resolution transmission electron microscope (HRTEM). The size of
Au nanoparticle varies with the quantity of A. calcarata extract. High
resolution TEM images show that the synthesised AuNPs are narrow size
distributed with spherical shape (varies from 20 to 25 nm). This green
route methods leads to produce high stable and significant reproducible
metal nanoparticle depends on the extract which was involved in syn-
thesis process, and it is found that the quantity of extracts increases, the
particle size decreases because of simultaneous reduction and capping
process. The HRTEM images depicted the size and shape of the prepared
gold nanoparticles with dispersity. Figure 5(a),(b),(c) shows the nano-
particles synthesised using 0.5,0.75,1 ml A. calcarata extract with uni-
form addition rate of extract Figure 5(d) shows the sudden addition of the
extract from these images the dispersity of the nanoparticles depends on
the rate of addition extract. The synthesised gold nanoparticles are
crystalline (Figure 5(f)) as revealed by the SAED pattern. The diagonal
lengths of the individual particles gives the maximum size of the



Table 2. Measured nonlinear optical parameters of AuNPs.

ΔTp-v ΔΦo n2
(�10�8 cm2/W)

ΔT β

(�10�3

cm/W)

Re(χ3)
[�10�4

(esu)]

Im(χ3)
[�10�4

(esu)]

χ3

[�10�4

(esu)]

1.443 3.564 7.122 0.524 3.353 3.197 0.636 3.259

Figure 9. Optical limiting trace of prepared gold nanoparticles.
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respective particle. The presence of protein, polyphenolic and flavonoid
groups in the extract prevents aggregation of AuNPs. Since the particles
are spherical shape the edges were lighter rather than the centre in the
HRTEM images. Intrinsic capping compounds gives the stability of the
nanoparticles which is additional profit of the green synthesis method
[33, 39]. The HRTEM image (Figure 5(e)) indicate the atomic structure of
A. calcarata facilitated gold nanoparticle with its lattice fringes. The
elemental components existing in the prepared nanoparticles were
identified by Energy-Dispersive X-ray spectroscopy (EDX) armed with
(HRTEM). The purity of the prepared gold nanoparticles were noticed
from EDX profile (Figure 6) and the elemental percentage were tabulated
in Table 1. This profile exhibits the intense peak in the gold region
confirming the development of AuNPs. And other spectral signals may be
due to extracellular organic moieties from extract and signal for Cu is grid
which we used for analysis.

3.5. Zeta potential measurements

Zeta Potential analysis is used to determine the surface charge of
prepared colloidal gold nanoparticles. This measurements was carried
out at the angle of 90◦ with reference to the incident beam at 37 �C
temperature. The zeta potential measurement is used to characterizing
the outer, diffuse part of the double layer of nanoparticles. In General
nanoparticles have a characteristic surface charge that can fascinate a
single layer of opposite charge ions and these twofold layer ions lead with
the metal nanoparticle and it diffuses in the solution and the electric
potential at the surface of the twofold layer is called as Zeta potential of
the prepared nanoparticles and has normally betweenþ100mV and -100
mV. Synthesised nanoparticles possess electric potential values in the
range between þ25mV and -25 mV considered as high stable nano-
particles [40]. The charge distribution contributes towards the stabili-
zation of nanoparticles. From the Zeta potential profile (Figure 7) the
measured potential value is -35 mV and hence the prepared gold nano-
particles have high degrees of stability.

3.6. Nonlinear optical studies

As synthesised Gold nanoparticles were analysed for nonlinear optical
behaviour using Z-scan experiment. The single beam Z-scan technique
gives the nonlinear refractive index and its sign of the prepared materials
[41]. The Nd:YAG (CW) laser beam has focused through 3.5 cm lens. The
6

1 mm thick quartz cuvette containing gold nanoparticles moved in the
propagation direction in the focal region (þz to �z). An intensity of the
transmitted beam from gold nanoparticles were measured in closed
aperture Z-scan method through an aperture. Due to the self-lensing ef-
fect irradiation of the beam with gold nanoparticles is increasing while
moving towards the focal point and decreasing away from the focal point.
As synthesised gold nanoparticles exhibits the negative nonlinear
refractive index which is confirmed by the normalized transmittance
curve characterization Figure 8a. The nonlinear refractive index n2 and
nonlinear absorption coefficient β is measured from respective closed
aperture and open aperture Z-scan studies (Figure 8 (b)) [42, 43, 44].

The nonlinear optical parameters of the prepared gold nanoparticles
were calculated and tabulated in Table 2 and also compared with pre-
vious reported values [27] from that it is concluded as synthesised gold
nanoparticle exhibit the good optical nonlinear behaviour. The output
beamwere collected through an aperture and its intensity is linearly with
increase with increment of input intensity up to particular value then
there is no variation occurs with increment in the intensity hence, the
colloidal form gold nanoparticles exhibiting the optical limiting property.
The negative nonlinearity of the prepared Au-NPs can be used as optical
limiter. The optical limiting behaviour shown in Figure 9.

4. Conclusion

Gold nanoparticles (Au3þ to Au0) has been prepared usingA. calcarata
root extract. The aqueous extract acted as reducing as well as stabilizing
agent. The addition of extract plays an important role in the dispersity of
gold nanoparticles and the anticipated size can be achieved by varying
the quantity of the extract. By varying the quantity of plant extract, size of
the gold nanoparticles can be controlled. Electrostatic interaction of
carboxylic groups on the NPs surface may be key factor in controlling the
size and shape of the Au NPs. The Zeta potential measurement shows the
stability of prepared Au nanoparticles at room temperature. The
nonlinear optical parameters were calculated and the results confirm that
the prepared gold nanoparticles could be used in optical applications
such as optical switch and optical limiter.
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