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Silver/polyvinyl alcohol (PVA) nanocomposites are prepared via quick precipitation method, using hydrazine as a reducing agent. Preparing
of silver/PVA nanocomposites by this method is done for the first time. The samples are characterized by Uv-Visible spectroscopy, X-ray
diffraction (XRD), transmission electron microscopy (TEM). Nonlinear optical properties are carried out by Z-scan technique using a blue
CW laser beam operated at wavelength 405 nm. It is shown that the synthesized samples have negative nonlinear refractive index and the
magnitude is in the order of 10−8. The nonlinear refractive index increases as amount of reducing agent increases.
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1 INTRODUCTION

Nanoscience and nanotechnology primarily deal with the
synthesis, characterization, exploration, and exploitation
of nanostructure materials [1] and recently this field has
provided solutions to many technological challenges, e.g.,
solar cell, medicine, water treatment [2]. Nanoscale metals
show different properties than their bulk counterparts. Their
unique optical, electrical and magnetic properties depend
on the shape and size of the nanoparticles [3]. Among these
nanometals, silver nanoparticles are particularly important
due to their high electrical and thermal conductivities [4].

It has been shown that polymers are suitable host material
for metal nanoparticles with known characteristics [5]–[10].
Due to electrical, magnetic and optical properties and the abil-
ity to preclude oxidation and agglomeration, polymer based
nanocomposites have attracted more attention [7]. There are
many reports for the synthesis of metal nanocomposites us-
ing different methods, e.g., gamma radiation [9], chemical re-
duction method [5]–[6], sol-gel method [11], and laser ablation
[7]. In the most of the cases the polymer is prepared in the first
step, then metal ions are entered into polymers, and ions are
reduced to zero valent state by reducing agent or by heating
[9].

For metallic nanoparticles such as Ag, several investigations

concerning the nonlinear optical response have been done
and until the commencement of the laser as a source of pho-
ton, most of the optical nonlinear responses were not exhib-
ited [12]. Furthermore the optical nonlinearities of such me-
dia are attractive for applications in optical limiting, optical
devices, and optical signal processing [13]. Optical nonlinear-
ities are used in optical phase conjugation that is a research
topic the past few years [14]. For this propose Z-scan is a sim-
ple method for measuring both nonlinear refraction index and
nonlinear refractive absorption. This method has been used to
determine the sign of nonlinear refractive index too [15]. A
sample is scanned through the minimum waist point of the
Gaussian laser beam and the far field transmittance is mea-
sured after an aperture [16]. Depending on the sign of nonlin-
ear refractive index and the position of the sample relative to
the focus point, the sample produces both focusing and defo-
cusing pattern in the far-field [16]. While there are many re-
ports that study the nonlinear optical response of metal col-
loid under pulsed laser excitation, there have been some stud-
ies that have investigated CW laser excitation [17]–[19]. Ga-
neev et al. reported the nonlinear optical parameters of metal
colloidal solutions using Z-scan method using 532 nm, 28 ns
and 1064 nm, 35 ps laser pulses [13]. Jia et al. used the Z-
scan technique to investigate the nonlinear optical properties
of gold and silver colloidal solution under CW 632 nm ex-
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citation [17]. In [19] there is a thorough review on nonlinear
optical mechanisms of the inorganic nanostructures for opti-
cal limiting applications. It summarizes different experiment
methods used in research community.

In this paper we present our synthesis method, structural
and nonlinear optical properties of silver nanocomposites
which are produced, to the best of our knowledge, for the
first time by quick precipitation method in PVA liquid. We
study the nonlinear refraction and nonlinear absorption of
Ag nanocomposites made by different amounts of reducing
agent under CW laser excitation which is operated on 405 nm
wave length. In our work the nonlinear optical properties of
silver/PVA nanocomposites is caused by laser heating.

2 EXPERIMENTAL WORKS

2.1 Materials

Silver nitrite (AgNO3) was obtained from MERK and
polyvinyl alcohol (PVA) with the weight average number of
88000 was obtained from ACROS. Hydrazine (N2H4) was
purchased from ACROS which has been used as a reducing
agent.

2.2 Synthesis of si lver nanocomposites

The silver nanocomposites are synthesized by following steps.
5 wt% PVA solution is prepared by dissolving PVA powder in
deionized water at the 90◦C in water bath. After cooling down
PVA solution to the room temperature, it was divided equally
into 5 bottom flasks. Silver nitrite was added to PVA at con-
centration of 0.1 M. To prevent samples from oxidation they
were bubbled by nitrogen gas for 5 minutes and then contin-
uously stirred for 10 minutes. 1 M ratio of N2H4 as reducing
agent was added suddenly with the amount of 1, 2, 5, 10, and
15 ml. Finally samples were stirred in water bath for an hour
at 60◦C.

2.3 Characterizat ion

The optical spectra of silver nanocomposites in PVA were
record by UV-3600, Shimadzu spectrophotometer. X-ray
diffraction measurement was done by XRD 6000 Shimadzu
diffractometer and by using Cukα (0.154 nm) radiation at the
room temperature. The average size of the nanocomposites
was recorded by transmission electron spectroscopy (JOEL
2010F UHR) operated at 200 kV. For preparation the sample
was diluted in water and after 10 minutes ultrasonic, a drop
of sample was put on the copper grid and samples were dried
and kept under vacuum in the desiccators.

2.4 Nonlinear optical propert ies
measurement

The nonlinear properties of silver nanocomposites were in-
vestigated by using simple Z-scan technique. Figure 1 shows
schematic diagram of experimental Z-scan experiment which
was use in our measurement. The wavelength of the laser
used in the experiments was 405 nm. The sample was placed

FIG. 1 Schematic diagram of Z-scan measurement setup for close aperture.

in a quartz cell with a thickness of 1 mm for the measure-
ment. The quartz cell was moved across the focal point of the
lens by using BSC101 micro stepping controller from Thorlabs
that was controlled by Lab View. The focal length of lens was
10 cm which focused the Gaussian beam to a spot size with a
radius of ∼ 42 µm at the beam waist. The input and output
powers were measured by 1936-C power meter from New-
port. The detected power has been normalized by the power
value observed when the quartz cell located at the focal point
of the lens [20]. In our measurement the sample could be con-
sidered as a thin medium due to the satisfied the condition
πω2

0/λ > L, where ω0 is beam waist at focal point, L is the
thickness of the sample and λ is the wavelength of the beam.
An aperture placed before the detector (close aperture mode)
was used to disassociate the nonlinear refractive from the non-
linear absorption, which in second one we omit the aperture
or enlarge it (open aperture).

3 RESULTS AND DISCUSSION

By increasing the N2H4 as a reducing agent, the concentration
of nanocomposites and the size of the particles increase. It was
observed that the colloids could be preserved for more than a
month without any obvious changes in color and without any
agglomeration being formed. The characterization and non-
linear properties are discussed in this section.

3.1 Characterizat ion of si lver
nanocomposites

Figure 2 shows the XRD patterns of the silver nanoparticles
in PVA. It can be seen clearly that the samples consist of
crystalline phases presented by five main diffraction peaks at
2θ = 38.117◦, 44.301◦, 64.447◦, 77.402◦, and 81.545◦ that corre-
spond to the lattice planes (111), (002), (022), (113), and (222).
The broad peak presented by peak 2θ = 19.19◦ is due to
PVA existence [21]. In addition, the XRD patterns show that
the crystal structure of the sample is cubic. Synthesis of silver
nanoparticles in PVA was confirmed by JCPDS 98-006-2694.
As the amount of reducing agent increases in the samples,
XRD patterns show decreasing in impurities of PVA phase
and increasing in crystalline phases, which in the solution
with 15 ml of N2H4 we can clearly see the peaks are wide
and grown that can be the prove of increasing the crystalline
phases. There is no diffraction peak for Ag2O suggesting that
our bubblezation during the synthesis prevents the Ag core
from oxidation during synthesis.

Silver nanoparticles absorption characteristic was studied by
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FIG. 2 The X-ray diffraction pattern of silver nanoparticles in PVA using Hydrazine as a

reducing agent.

FIG. 3 UV-Vis absorption spectra of silver nano-particles prepared in PVA with various

amounts of reducing agent.

UV-Vis spectroscopy. Figure 3 shows the colloidal silver UV-
Vis spectra. In most experiments silver nanoparticles show
surface plasmon resonance in the interval 400-430 nm [22].
Here silver plasmon resonance appears at 419 nm and it goes
slightly to higher wavelength (red shift) by increasing the
amount of reducing agent. This shift to higher wavelengths
also shows an increase in the size due to capping agent. In ad-
dition, this increase in size was observed by transmission elec-
tron spectroscopy (TEM). Figure 4 shows typical TEM images
of silver nanocomposites and their size distribution. It can be
seen clearly that they are spherical in shape and no agglom-
eration is observed in the images. The particles sizes obtained
by TEM on average are in 6 to 25 nm range, which increase as
the reducing agent increases in solution.

3.2 Nonlinear propert ies of si lver col loids

In this part we present the nonlinear optical properties of sil-
ver nanocomposites. In general the nonlinear refraction and
nonlinear absorption in the presence of high intensity laser
can be described in terms of nonlinear refractive index n2 and
nonlinear absorption coefficient β through:

n(I) = n0 + n2 I, (1)

FIG. 4 TEM images and size distributions of silver nanoparticles in PVA; a) for sample

with 2 ml, b) 5 ml, and c) 15 ml reducing agent.

α(I) = α0 + βI, (2)

where n0 is linear refractive index, α0 is linear absorption co-
efficient and I is laser intensity.

The Z-scan curves for close and open aperture for silver
nanocomposites prepared by chemical method with different
amount of reagent 1, 2, 5, 10 and 15 ml respectively are shown
in Figures 5 and 7. The circles represent the experimental data
and solid lines are the theoretical fits. In the first series of ex-
periment, the aperture was placed in front of the detector and
it was partially open. Transmittance is related to the nonlinear
refractive index by following equation [23]:

∆T(z) = 1 +
4∆φ0x

(x2 + 1)(x2 + 9)
, (3)

Where x is normalized distance and it is related to the
movement distance of sample (z) through x = z/z0 and
z0 is the Rayleigh length and ∆φ0 is the phase change. The
nonlinear refractive index n2 is related to phase change by
n2 = ∆φ0/kLe f f I0, where k = 2π/λ is the wave vector,
Le f f = 1− exp(−α0L)/α0 is the effective length of nonlinear
medium, I0 is on-axis irradiance at focus, α0 is the linear
absorption coefficient of the samples and L is the sample
thickness. The quartz cell thickness was 1 mm in the exper-
iment. The theoretical transmittance curves fit well to the
experimental data. We noticed at ∆φ0 = -1.1, -1.32, -1.88, -2.9,
and -3.36 respectively for samples from 1 to 15 ml containing
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FIG. 5 Normalized Z-scan curves (close aperture) of silver nanoparticles in PVA, using 405 nm laser. a) 1 ml of N2H4 b) 2 ml of N2H4 c) 5 ml of N2H4 d) 10 ml of N2H4 e) 15 ml of

N2H4. The solid curve shows the model results.

FIG. 6 Far field laser beam profile: a) before the focal point of the lens, b) after focal

point.

reducing agent at the best correlation between the experi-
mental data and theoretical transmittance curves observed.
The value of nonlinear refractive index n2 calculated and it
was found to be negative which means the sample can be
considered as a thin negative lens. We start the scanning by
moving the sample along z-axis, before the focal point of
the laser beam was collimated that causes an increase in the
transmittance. After the focal point the negative lens diverge
the laser beam and causes decreasing irradiance in the far
field pattern. A pre-focus maximum followed by a post-focus
minimum indicates that the induced lens in negative [24, 25].
Figure 6 shows the picture of the laser beam profile before and

after the lens focal point, where the transmittance increase
and decrease respectively.

In the second series of experiments an open aperture was in-
serted before the detector thus the measurements were car-
ried out to measure the nonlinear absorption. In this case we
enlarged the aperture to lead the entire beam to the detector.
Figure 7 shows all samples have two photon absorption due
to their valley structured of the open aperture results. Trans-
mittance beam can be described by [15]:

T(z) =
ln[1 + q0(z)]

q0(z)
for |q0(z)| 〈1, (4)

where q0(z) = I0βLe f f /(1 + z2/z2
0) and β is the nonlinear ab-

sorption coefficient. There is a good agreement between the
experimental data and theoretical model fit based on Eq. (4).

The Z-scan measurement was carried out for all five samples
and the results are listed in the Table 1. The nonlinear refrac-
tive index n2 (close aperture scanned) and nonlinear absorp-
tion coefficient β (open aperture scanned) respectively refer
to real part and imaginary parts of the third order nonlinear
susceptibility through [26]:

χ(3) = χ
(3)
r + iχ(3)

i , (5)
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FIG. 7 Normalized Z-scan curves (open aperture) of silver nano-particles in PVA, using 405 nm laser. a) 1 ml of N2H4 b) 2 ml of N2 H4 c) 5 ml of N2 H4 d) 10 ml of N2 H4 e) 15 ml

of N2 H4. The solid curve shows the model results.

Re χ(3)(esu) = 10−4 ε0c2n2
0

π
n2(cm2W−1), (6)

Im χ(3)(esu) = 10−2 ε0c2n2
0λ

4π2 β(cmW−1). (7)

The absolute value of third order nonlinear refractive index is
calculated by:

|χ(3)| = [(Re χ(3))2 + (Im χ(3))2]1/2, (8)

where n0 is the linear index of refraction, c is the speed of light
in vacuum, and ε0 is the free space permittivity [15].

Various physical mechanisms independently contribute to op-
tical nonlinearities of the materials. In general, there are in-
tensive studies on electronic and non-electronic nonlinearities
of the materials. The electronic nonlinearity is very important
as it appears in most of the dielectric materials, while non-
electronic nonlinearities response is nonradiative interactions
like the change in density and temperature [27]. In our work
the nonlinear optical properties of silver/PVA nanocompos-
ites could be caused by laser heating.

These signify temporal variation of optical parameters, par-
ticularly refractive index. The laser heating generates acous-
tic waves which change the density of the sample. This is a

slow process in order of few nanoseconds and these phenom-
ena can be observed using CW laser, long laser pulses, or high
pulse repetition rate in which increasing heat have a promi-
nent role. In addition, due to increasing the linear absorbance
of samples by increasing the reducing agent the nonlinear re-
fractive index increase as it can be seen from Figure 5. Increas-
ing the linear absorbance show increasing in size or distri-
bution. In our experiments and from TEM images it is clear
that the size of nano-composites increases. This means that
the sample can accumulate more heat by increasing the size
or distribution and we can see increasing in nonlinear refrac-
tive index.

Origins of asymmetries that are seen in the curves in the Fig-
ure 7 are from impurities in the samples. The samples were
in liquid state and in addition to the silver nanoparticles there
are other materials (materials which are consequence of chem-
ical compounds between the sources) that create impurities.
Experiments were done by using CW laser and as it was stated
above laser heating creates acoustic waves which move the
samples inside the quarts cell. If the samples contain impuri-
ties with movements the asymmetric curves will be obtained
[28].

From our experiment result, Figure 8 shows the nonlinear re-
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Ag/PVA Amount of ∆φ0 α0 (cm−1) n2 (cm2W−1) Reχ(3) β (cmW−1) Imχ(3) |χ(3)|
samples reducing

agent (ml)
S1 1 -1.1 0.3654 -0.913×10−8 -4.290×10−7 1×10−4 1.514×10−8 4.29310−7

S2 2 -1.32 0.5531 -1.158×10−8 -5.458×10−7 1.2×10−4 1.822×10−8 5.461×10−7

S3 5 -1.88 0.9540 -1.911×10−8 -9.116×10−7 1.5×10−4 2.305×10−8 9.119×10−7

S4 10 -2.9 1.4094 -2.895×10−8 -1.384×10−6 1.71×10−4 2.635×10−8 1.384×10−6

S5 15 -3.36 1.5004 -3.369×10−8 -1.622×10−6 1.56×10−4 2.421×10−8 1.623×10−6

TABLE 1 Values of n2 , β and χ(3) measured for silver/PVA nanocomposites at different amount of using reducing agent.

FIG. 8 Nonlinear refractive index as a function of particle size of silver/PVA nanocom-

posites.

fractive index as a function of particles size, it clearly indicates
the increase of the nonlinear refractive index as the particles
size increases.

4 CONCLUSION

Silver/PVA nanocomposites have been synthesized and their
characterization and nonlinear optical properties were stud-
ied. The silver nanocomposites are nearly spherical and the
size is change from 10 to 25 nm. With simple and sensitive
Z-scan technique, the nonlinear refractive index and nonlin-
ear absorption were measured and the sign of nonlinear re-
fractive index was found to be negative. Increase in reducing
agent from 1 ml to 15 ml, the nonlinear refractive index in-
crease from -0.913×10−8 cm2W−1 to -3.369×10−8 cm2W−1.
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