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Abstract 
Silver nanoparticles were synthesized using an aqueous extract of cinnamon 
berks (cinnamon cassia) as a reducer and stabilizer. The synthesized silver 
nanoparticles were characterized using UV-Vis spectrometry and Transmis-
sion Electron Microscopy (TEM), which revealed the nano nature of the par-
ticles. Nonlinear absorption and nonlinear refraction were measured using a 
Z-scan technique at different wavelengths with CW lasers. The third order 
nonlinear susceptibility was found to be between (1.5 to 22) × 10−14 m2/V2. 
The nonlinear property of the synthesized silver nanoparticles was used to 
demonstrate optical limiting and all-optical switching. An optical limiting 
threshold was found to be 0.1 mW at 632.8 nm. 
 
Keywords 
Green Synthesis, Ag Nanoparticles, Nonlinear Optical Properties, Optical  
Limiting, Optical Switching 

 

1. Introduction 

Metal nanoparticles such as silver and gold have attracted a significant interest 
relative to counterparts due to their wide range of applications in many fields, 
such as optoelectronic, medical diagnostic imaging and therapy, anti-bacterial 
and as a catalysis. Different methods have been reported for synthesizing silver 
nanoparticles (AgNPs), either physical or chemical methods [1] [2] [3]. Chemi-
cal reduction is the most common method which involves the reduction of the 
silver precursor in the liquid phase using sodium citrate. However, their disposal 
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raises environmental issues due to cytotoxicity provoked by citrate. Hence, it is 
essential to develop environmentally friendly techniques for synthesis of nano-
particles. Nanoparticles made by employing green-chemistry based on the ex-
tract of compounds from plants and microbes potentially eliminate the envi-
ronmental issues. These techniques are simple and less expensive and nanopar-
ticles of different sizes and shapes can be produced in large scale. Green synthe-
sis based on plants and plant extracts such as Hibiscus Cannabinus leaf [4], 
Curcumin [5], and Henna [6] have been successfully used for synthesizing metal 
nanoparticles. Extracts from plants usually contain sugars, terpenoids, polyphe-
nols, alkaloids, phenolic acids, and proteins, are excellent reducing agents used 
in the synthesis of nanoparticles. 

Metal nanoparticles such as Ag and Au synthesized by chemical reduction have 
been investigated for their large third order, nonlinear optical properties and 
their considerable fast time response, which are important for applications in 
optical devices such optical limiting and optical switching. The enhanced nonli-
near optical properties of such materials are due to the amplification of local 
electric fields at the surface of the metal particles at the range of surface Plasmon 
resonance frequency. The nonlinear optical properties are strongly dependent 
on the size, shape and dielectric properties of metals and its surroundings [7]. 

This study reports on the synthetization of Ag NPS using cinnamon berks. 
Two different methods were used: the normal heating method and the normal 
microwave heating. The nanoparticles were confirmed by UV-Vis spectrometry 
and Transmission Electron microscopy (TEM). The nonlinear absorption and 
nonlinear refractive index of silver nanoparticles were investigated at different 
CW laser wavelengths. The nonlinear optical properties were utilized to demon-
strate optical limiting and optical switching. 

2. Materials Synthesizes 

Silver Nitrate was bought from Sigma Aldrich chemicals, Germany. Cinnamon 
berks were bought from the local shop. The cinnamon berks were grained with a 
blender and sieved. A 2.5 g of grained cinnamon was dissolved in 100 ml of 
double-distilled water. Then, this solution was boiled for 5 minutes and filtered 
twice with the help of what man No. 1 filter paper. 

Ag nano particles were synthesized according to the procedure given in [8]. 
Briefly, a 42.1 mg of AgNO3 was dissolved in 100 ml of distilled water to prepare 
a 1 mM AgNO3 solution. 1 ml of cinnamon was mixed into 50 ml of the AgNO3 
solution. The mixture was divided into two parts. One part of the solution was 
placed in a microwave oven for 20 seconds and the other part was stirred and 
boiled for 2 minutes. In both cases, the reduction took place as indicated by a 
yellowish colour of the solution. The solution was found to be stable for a month 
with no colour changes and showed little or no precipitation. 

Characterization 

Initial characterization of the silver nanoparticles was carried out using a 
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UV-Vis spectrometer (Shimadzu UV-1800). It is well known that the metal na-
noparticles exhibit distinctive optical properties due to the combined oscillations 
of conduction band electrons in resonance with the incident wavelength, which 
is known as the Surface Plasmon Resonance (SPR) band. The identity of the sil-
ver nanoparticles was confirmed by recording the absorption spectra over 200 - 
600 nm after 30 minutes of the heating process. Figure 1 shows UV-Vis absorp-
tion spectra of silver nanoparticles for boiling and Microwave Heating. The ob-
served SPR peaks around 433 nm is an indication of the formation of silver na-
noparticles. The full wave at half maximum (FWHM) of Plasmon peak gives in-
formation regarding the particles’ size. It can be seen from Figure 1 that the 
FWHM of SPR for nanoparticles synthesized by the boiling method is larger 
than the one of nanoparticles synthesized by Microwave method. This indicates 
that the size of the nanoparticles is larger for the boiling case than the MW case, 
which was confirmed by TEM images and size distribution of nanoparticles 
analyzed using ImageJ 1.5J software see Figure 2. The sharp peaks and symme-
trical nature of the absorption spectrum indicate the formation of spherical na-
noparticles, which was confirmed by TEM images. The stability of the samples 
was monitored over one month by recording the absorption spectra. During this 
period, the absorption band was constantly observed around 433 nm, confirm-
ing the preservation of nanoparticles in the solution. The broadening of the SPR 
band and a small shift in absorption peak of SPR (redshift) were observed over 
the time Figure 3. The shift in the absorption peak is an indication of the in-
crease in sizes of nanoparticles [9]. It was observed that the SPR peak at 433 nm 
increased as a function of time up to 14 days. After that time, a very small varia-
tion in the SPR peak was observed. This indicates the stability of concentration 
and sizes of nanoparticles [4]. This stability may arise from a balance between  

 

 
Figure 1. Absorption spectra of synthesized Ag NPs in water with different 
heating techniques. 
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(a) 

 
(b) 

Figure 2. Transmission Electron Microscopy image and corresponding particle size distribution using J-image software (a) boiling 
method. (b) Microwave method. 

 

 
Figure 3. Variation of the SPR absorption peak with respect to the 
time for Ag nanoparticles prepared by boiling method. 
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electrostatic repulsion force and a weak Van-der Waals attraction force [10]. 
Transmission Electron Microscopy (TEM) was performed for determining 
shapes and sizes of the synthesized Ag nanoparticles. The samples were prepared 
by dispersing a few drops of the solution on a copper grid and then at room 
temperature to dry. The TEM study reveals that the size and shape of most na-
noparticles are nearly spherical. The size distribution of nanoparticles was ana-
lyzed using ImageJ 1.5J software. This was performed by converting pixels on 
the TEM images into nanometers by applying the scale of the image. Figure 3 
shows TEM image and size distribution histogram of AgNPs. It can be seen that 
the nanoparticles have wide distribution range with a high yield of size, from 25 
nm for nanoparticles synthesized by boiling method (a) to 15 nm-size for nano-
particles synthesized by Microwave method (b). 

3. Results and Discussions 
3.1. Z-Scan Measurements 

The Z-scan technique was used to investigate the nonlinear optical properties of 
green synthesized Ag nanoparticles. This technique relies on the fact that the in-
tensity varies along the optical axis of the convex lens and it is maximum at the 
focus. The Z-scan experiment was performed using Argon ion laser (488 nm, 
514 nm, power 20 mW) and HeNe laser (632.8 nm, power 20 mW). A lens of 50 
mm focal length was used to focus the laser beam, to roughly a beam waist of 20 
μm. The sample can be moved along the z-axis by a computer-controlled moto-
rized translational stage. The transmittance of the samples was measured with 
and without aperture (closed and open scan) in the far-field of the lens, as the 
sample moved through the focal point. The closed case gives the information 
about nonlinear refractive index while the open one gives information on nonli-
near absorption coefficient. 

Figure 4 shows the normalized transmittance for the open aperture case for 
the sample size of 15 nm at an excitation wavelength of 488 nm. The transmit-
tance is symmetrical with respect to the focus (Z = 0), where it reaches a mini-
mum transmission. This is an indication that the sample exhibits reverse satura-
tion absorption, RSA. Similar characteristics were observed with the samples 
studied at 514 nm and 633 nm. 

The origin of nonlinear absorption in nanoparticles can be attributed to dif-
ferent processes such as two-photon absorption, inter-band, intra-band transi-
tions, excited state absorption and nonlinear scattering. In our Z scan experi-
ment, the excitation of the wavelengths was 488 nm (2.54 eV), 514 nm (2.41 eV) 
and 633 nm (1.96 eV). The energies of these photons are much less than the 
electronic transition gap between the d-bands and the conduction band (4.1 eV) 
for Ag nanoparticles [11] [12]. Therefore, the only possible transition would be 
through two-photon absorption process; therefore, the observed RSA in our 
study is attributed to this process. A slight mismatch between conduction band 
gap of Ag nanoparticles and the total energy of the two photons will be com-
pensated by phonon-assisted excitation [13]. 
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Figure 4. Open aperture Z-scan signal of Ag nanoparticles of diameter 15 nm at 488 nm 
and a line is a fit of equation 1 to experimental data. 
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where α  is the linear absorption coefficient (α  = Absorbance × ln(10)/l), l is 
the thickness of the sample and I0 is the peak laser irradiance at the focus 
( 2

0 02I P πω= ) where P is the laser power. A fit of Equation (1) to the experi-
mental data is used to calculate the values of nonlinear absorption at different 
wavelengths for both samples. The results are shown in Table 1. 

The nonlinear absorption coefficient β is related to the imaginary part of the 
third order susceptibility through: 

( )( )3 2
0Im 2n cχ ∫ λβ π=                      (3) 

where n is the index of refraction taken here to be 1.33, 0  is the free space 
permittivity. The calculated values of imaginary third order susceptibility are 
shown in Table 1. 

In the case of closed aperture configuration, the normalized transmittance is 
given by [14]: 
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where ϕ∆  is the laser-induced phase shift that is related to the nonlinear re-
fractive coefficient n2 by the Equation (5). 
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Table 1. Nonlinear absorption, nonlinear refractive index and nonlinear susceptibility values of Ag nanoparticles measured for 
different wavelengths. 

Sample (size) λ, nm Power (mW) β(cm/W) × 10−3 Δφ(rad.) n2(cm2/W) × 10−7 
Im(χ(3)) × 10−14 

(m2/V2) 
Re(χ(3)) × 

10−14 (m2/V2) 
⃓χ(3) × 10−14 

(m2/V2) 

1) Ag (15 nm) 514.5 18 5.2 - - 2.0 - - 

2) Ag (25 nm) 514.5 18 10.7 1.02 0.73 4.1 6.9 8.0 

7) Ag (15 nm) 488 24 1.9 1.27 0.53 0.7 5.0 5.0 

6) Ag (25 nm) 488 24 4.1 3.26 2.34 1.5 22 22 

9) Ag (25 nm) 632.8 17 0.4 0.42 0.16 0.2 1.5 1.5 

 
The nonlinear refractive index was measured by the fitting of Equation (4) to 

the experimental data. The values of the nonlinear refractive index for all sam-
ples are shown in Table 1. 

The refractive nonlinear coefficient is related to the real part of the third order 
susceptibility through: 

( )( )3 2
0 2Re 2n cnχ ∫=                      (6) 

The absolute value of ( )3χ  is then given by: 

( ) ( )( ) ( )( )
1 22 23 3 3Im Reχ χ χ = + 

 
                  (7) 

The calculated values of real and the absolute third order susceptibility are 
shown in Table 1. 

Figure 5 shows a typically normalized transmittance at wavelengths 514 nm 
(closed Z-scan) for the 25 nm-size NP’s as a function of the sample’s position. 
The normalized transmittance curves for our samples were characterized by a 
pre-focal peak followed by a post-focal valley. This peak-valley configuration 
implies that the nonlinear refractive index of the solution is negative (n2 < 0) 
(self-defocusing). Similar characteristics were shown by the sample studied at 
488 nm and at 633 nm. The observed asymmetric nature of the Z-scan mea-
surements along with the fact that the laser beam used in the experiment is a 
CW mode, together with peak-valley configuration suggests that the nonlinear 
refractive index observed is of thermal-origin [15] [16]. The nonlinear refractive 
index for all samples, in this case, may be attributed to a thermal nonlinearity 
resulting from the formation of the thermal lens in the medium around metal 
nanoparticles due to the effective heat transfer from the nanoparticles to the me-
dium. 

The nonlinear optical properties of Ag nanoparticles samples prepared by 
boiling and Microwave methods were investigated. For both samples, reverse 
saturation was observed. The nonlinear absorption and the nonlinear refractive 
index of samples found to be higher for 25 nm than 15 nm sample by a factor 2 
and 4 respectively at the studied excitation wavelengths. These differences may 
arise from the variation of the nanoparticle sizes to the nanoparticle sizes as ex-
plained above. In fact, the change in sizes leads to a slight change in the energy  
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Figure 5. Closed aperture z-scan for Ag nanoparticles of size 25 nm at 514.5 
nm and alineis a fit of equation 4 to experimental data. 

 
band gap [10]. The wavelengths used in this experiment are close to SPR peak 
corresponding to 2.41 eV to 1.96 eV which is close to the resonance (one photon 
absorption) corresponding to SPR peak at 433 nm (2.87 eV), therefore one pho-
ton absorption cannot be ignored. As mentioned above, the nonlinearity ob-
served, in this case, is due to the two-photon absorption which reveals that 
two-photon excitation cross section is enhanced due to resonant one-photon 
absorption. A mismatch between conduction band gap of Ag nanoparticles and 
one by photon energy will be compensated by phonon-assisted excitation [12]. 
The enhancement also arises due to an increased optical nonlinear interaction 
between the incident photon and the nanoparticles particles. This can be ex-
plained by the fact that, with an increase in particle size, there is an increase in 
the multiple scattering from the Ag nanoparticles which leads to a large effective 
interaction length whichin turn results in an enhancement in nonlinear absorp-
tion [12]. The nonlinear absorption and nonlinear refractive index values ob-
served in this experiment are in the same order of magnitude with the reported 
values by Shahriari et al. [17] [18] [19] and one order of magnitude lower than 
those reported by Faraji et al. [20]. 

3.2. Optical Switching 

A pump and probe experiment was used to demonstrate optical switching. A la-
ser beam from an Argon ion laser (λ = 514 nm, 20 mW) was used as a pump 
beam and a very low power laser beam from a He-Ne laser (λ = 633 nm) was 
used as the probe beam. Both beams were overlapped at the focus of a lens. The 
probe beam was isolated from the pump beam using a narrow band filter. The 
choice of these two laser wavelengths is based on the fact that the ground-state 
absorption at 632.8 nm is weak (see absorption spectra above). The experiment 
was performed by moving the sample to a position beyond the valley as demon-
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strated by closed z-scan experiment. The pump beam was modulated with a 
mechanical chopper. The input of the pump beam and probe beam transmission 
was detected by a photodiode and displayed on the oscilloscope. Figure 6 shows 
the traces of the waveforms for the pump beam (black trace) and the probe beam 
(red trace). It is clear from the figure that when the pump beam is in “on state”, 
the probe beam is intensively absorbed and is in “off state. This phenomenon is 
probably related to the presence of a strong nonlinearity observed at 514.5 nm. 

3.3. Optical Limiting 

The observed nonlinear refractive index is used to demonstrate the power limit-
ing performance. Silver nanoparticles in distilled water prepared boiling method 
are placed in 1 mm cuvette. In order to obtain the best performance, the sample 
is placed near post valley. The output power of the Argon Ion laser was recorded 
as the power of the incident beam is varied with neutral density filters. Figure 7 
shows the optical limiting behavior of Ag nanoparticles at 514 nm. It can be 
clearly seen from the graph that the transmitted output powers show no or a 
small variation at low incident power. At high incident powers, the output pow-
er shows a large variation compared to the transmitted output at low power ir-
radiance. The optical limiting threshold was found to be 0.1 mW. The low power 
limiting threshold observed here is may be due to a contribution of the thermal 
effect which may arise due to the nature of the laser used in this experiment. The 
optical limiting can be explained as follows: The localized absorption of the fo-
cused Gaussian beam by the sample produces a spatial distribution of the Tem-
perature in the sample solution which results in spatial variation of refractive 
index [14] [15]. This light-induced change of refractive index can have a consi-
derable effect on the laser propagation in the nonlinear medium, which leads to 
the well-known self-action effect phenomena such as self-defocusing, self-focusing. 
 

 
Figure 6. All-Optical switch inverter. 
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Figure 7. The optical limiting behaviour of Ag nanoparticle of size 25 nm at 
an excitation wavelength of 514.5 nm. 

 
Therefore, the observed nonlinear effect can be attributed to the thermal nonli-
nearity resulting from absorption of the laser beam used in the experiment by 
the AgNP sample at this wavelength. Further experiments with pulsed laser are 
needed to quantify the contribution of electronic versus thermal effects and are 
in progress. 

4. Conclusion 

Ag NP’s were synthesized using aqueous extract cinnamon berks. Microwave 
heating and boiling methods were used for preparation. The stability of Ag NPS 
was monitored over a month using a UV-Vis spectrometer. The green synthe-
sized nanoparticles showed nonlinear properties. These properties were used to 
demonstrate optical limiting and optical switching. The green synthesized Ag 
nanoparticles using cinnamon is quick, stable, and safe and can be used for opt-
ical devices and medical applications. 
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