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Abstract We have synthesized highly stable silver nanoparticles in aqueous solution at room temperature by standard

reduction method using de-oxyribo nucleic acid (DNA) as a stabilizing agent. The nonlinear optical properties of above
nanoparticles were investigated using Z-scan technique at 532n m.The obtained nonlinear absorption and refraction coefficient is found to be large. The imaginary part of third order susceptibility depends on the concentration of DNA at low pu mp
power of 50MW/ cm2 .It is observed that at high pump power of175MW/ cm2 , the imaginary part of third order susceptibility
does not depend on the concentration of the DNA. The imaginary parts of third order nonlinear optical susceptibility measured by Z-scan technique revealed that silver nanoparticles in DNA template are potential candidate for optoelctronic device
applications.The silver nanoparticles in DNA temp late show good optical limit ing property.
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1. Introduction
Synthesis of nanoparticle is an emerging field due to its
potential application in catalysis, optical,magnetic and electronic devices[1-4]. A mong biological mo lecules de-oxyribo
nucleic acid (DNA) has been used extensively as a biotemplate to grow inorganic quantum confined structure and to
organize non biological building blocks into extended hybrid
materials because of its physicochemical stability, well defined sequence of DNA base and a variety of super helix
structures[5-8].DNA template has also been described as a
smart glue for assembling nano particles. In general, synthesis of nano particles based on DNA template has been
done by incubating metal ion coated DNA in a reduction
agent solution. The ion DNA co mplexes controlled the release of metal ions, slowed down their reduction and effectively inhib ited metal ions fro m growing into big clusters.
Nano-structures of metals such as silver, gold, palladiu m,
platinum, copper, and nickel have been successfully synthesized by using DNA network templates[5-9].
In recent years, a nu mber of Ag nanoparticles with different shapes have been widely synthesized by using DNA as
the temp late because of its self-assembly and mechanical
properties, as well as the high affin ity between DNA bases
with Ag+ cations. Silver dendrites have been synthesised by
an electro chemical techn ique in an aqueous solution of
Ag NO 3 in t he p resen ce o f DNA [9]. Lan lan Su n et .al
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described the preparation of silver nanoparticles ring on
DNA template. The silver nanoparticles ring which was
about 1.5 μm in length, and about 2.2 n m in height can be
obtained by adjusting the reaction time[10 ]. A large-scale
λ -DNA network on a mica surface was successfully fabricated with a simp le method. Silver nanoparticles capped
with the cationic surfactant cetyl trimethyl ammoniu m bromide (CTA B) were self-assembled on to a two-dimensional
DNA network temp late by electrostatic interaction and
formed nano porous silver films, which can be used as active
surface-enhanced raman scattering (SERS) substrates[8].
DNA was found to be an excellent temp late for the growth of
metallic nanoparticles. Since nanoparticles are capped with
DNA, they are environ mentally friendly, non-toxic and renewable also.
Nonlinear optical and electronic properties of nano sized
metal part icles have drawn special attention because of their
strong and size-dependent plasmon resonance absorption
and their applicat ions as nonlinear materials for optical
switching, optical limiting,beam flattening and computing
because of their relatively large third-order nonlinearity and
ultra fast response time. Silver nanoparticles have
received increased attention in the past few years due to its
large third order nonlinearity. The nonlinear optical properties of the metal nanoparicles depend on the host material
which support them. A large nu mber of investigations have
been carried out to study nonlinear optical p roperties of
metal nano particles dispersed in different optically transparent solid mat rices and liquids[11-16]. However, seldom
research has been done on the nonlinear optical property of
the metal nanoparticles in DNA temp late. An advantage of
colloidal suspensions compared with fabrication of struc-
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tures in solid matrix is that the nanoparticles in suspension
are easily reconfigurable. The nanoparticle environ ment in
colloidal system is co mposed of the solvent and stabilizing
agents adsorbed on the nanoparticles surface to avoid aggregation. The solvent and the stabilizing agent may change
the optical properties of the nanoparticles in different
ways[15, 16].In this paper we report the results obtained
fro m investigation of nonlinear optical properties of silver
nanoparticles prepared in aqueous solution of DNA.

2. Experimental
Silver nano particle is synthesized in aqueous solution of
DNA (derived fro m Herring sperm) by standard reduction
technique. A 20mL solution with a concentration of 0.25mM
AgNO3 and DNA with different concentration (0.05wt%,
0.1wt%, 0.15wt %,) in water is prepared. While stirring
vigorously 0.6ml of 10mM NaBH4 was added at once. St irring was stopped after 30 s. The silver nanoparticles are
characterized by UV-VIS absorption spectroscopy and
scanning electron microscopy method. A mode-locked
Nd:YA G laser having 10 ns pulses at a repetition rate of 10
Hz giving second harmonic at 532 n m was used in the z-scan
experiment to study the optical nonlinearity. The sample is
moved along the beam axis of light focussed with a lens of
focal length 200 mm. The radius of the beam waist w 0 is
calculated to be 42.56 µ m. The Ray leigh length z 0 = πω0 2 /

λ , is estimated to be 10.6mm, wh ich is much greater than
the thickness of the sample cuvette (1mm), wh ich is an essential prerequisite for z-scan experiments. The transmitted
beam energy, reference beam energy, and their ratio are
measured simultaneously by an energy ratio meter having
two identical pyroelectric detector heads. The effect of
fluctuations of laser power is eliminated by divid ing the
transmitted power by the power obtained at the reference
detector. The data are analyzed by using the procedure described by Bahae et al.[22] and the nonlinear coefficients are
obtained by fitting the experimental z-scan plot with the
theoretical plots.

minor groove. The diameter of the double helix is 2.0 n m.
Based on this structural mode, nanoparticles with size of
2-3n m will go into the major groove of the DNA where the
space is big enough to accommodate them. Average particle
size of the prepared nanoparticle is found to be around 60n m.
In our case the nanoparticles may go into the space among
the DNA chain network in solution[9]. Due to the long
polymeric chain of the DNA mo lecule there may be the
formation of mesh like net work in solution. The nucleation
may be occurs first starting from the Ag+ bound on the DNA
base or the phosphate groups, and then the silver ions are
slowly reduced to the metallic silver on the nucleation site.
The growth of the silver nanoparticles are finally blocked by
limited space in network[13].
Before carrying out the characterization of the optical
nonlinearities, the linear absorption spectra of silver nano sol
in different concentrations of DNA temp late was obtained.
Optical absorption measurement is an init ial step to ob-serve
the nano sol behavior. Absorption spectra of silver nanosol in
three concentrations of DNA (0.05wt%, 0.1wt%, 0.15wt%
respectively) are shown in fig.1.It is clear fro m the figure that,
the Ag plasmon resonance lies around 415n m and absorption
is less for higher concentration of DNA. This indicates silver
nano particle is fo rmed in all concentrations of DNA even
though the number of silver nano-particles formed in h igher
concentration is less. The SPR peak of silver nanoparticles
mentioned in many other previous report is around
420n m[4,5] wh ich is consistent with our observation. Figure(2) shows SEM picture of the silver nanoparticles formed
on DNA template.

3. Results and Discussions
a. Characterization of silver nano particles:
Silver nanosol in DNA temp late is synthesized as described above. The addition of DNA results stable solutions
of silver nano particles at roo m temperature and found to be
stable for several months. Two major challenges often faced
in the preparation of nano crystals in solution are Oswald
ripening and agglomeration. Use of capping agents prevent
these by effectively shielding the surface of the nuclei as
soon as they are formed and thus preventing them fro m
coming into direct contact with solution. Often molecules
with longer chains are used as capping agents[12].DNA acts
as a good stabilizing agent capping agents as well as template
for nano particles using the double helix nature of DNA. Per
helix turn of the DNA can produce one majo r groove and one

Figure 1. Absorption spectra of silver nanoparticles in aqueous solution
three concentrations of DNA. (Where C1, C2, C3 represents .05wt%,
0.1wt%, 0.15wt% of DNA respectively)

b. Open aperture Z-scan
Figure 3 is the plot of open aperture z-scan measurement
which shows the nonlinear absorption of silver nano sol in
three different concentrations of DNA at a typical ﬂuence of
50 MW/cm2 for an irradiat ion wavelength of 532 n m. The
data are analyzed by using the procedure described by Bahae
et al[18].Z-scan results are found to be analyzed using two
photon absorption process. In the case of two photon absorption; the nonlinear absorption coefficient is obtained by
fitting the experimental z-scan plot to Eq.(1)
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Figure 2. SEM image of of silver nanoparticles in aqueous solution of
DNA (0.05wt%)

The sample was scanned across the focused beam path for
a distance of 6 cm on either side of the focal plane. To estimate nonlinear absorption coefficient, experimental data
were fitted with nu merical simu lations. The nonlinear absorption coefficient α ( I ) is given by the equation
(1)
α ( I )= α + β I
Where α is the low intensity absorption coefficient and
β is nonlinear absorption coefficient.
The normalized trans mittance for open aperture Z-scan is
given by the equation


 −α I 0 Leff

1 + z 2
∞ 
z0 2

T ( Z) = ∑
m +1
m =0
Where L

that a laser pulse can cause interand or intraband electron
transition in the metal nanoparticle system depending on the
excitation wavelength and intensity. The excited electrons
are free carriers and leads to transient absorption. This also
leads to strong nonlinear absorption. Nonlinear scattering of
nanoparticle also contribute to nonlinear absorption. From
table 1.and absorption spectra, it is clear that the nonlinear
absorption decreases by approximately 30% when going
fro m C1 to C3 while the height of absorption the plasmon
resonance changes by 10% only. This discrepancy is may be
due to contribution of nonlinear scattering. As concentration
of DNA changes number of silver nanoparticle in solution is
decreased so that nonlinear scattering is also decreased. Here
enhanced absorption of the silver nanoparticles may be due
to the interaction between the nanoparticles with DNA matrix wh ich support them. The surface plas mon resonance
associated with collective oscillations of electrons in the
nanoparticles is strongly influenced by the host dielectric
function. Optical response of the nanoparticles may vary
when dielectric function of the surface layer of the nanoparticles changes with stabilizing agent[15]. Here DNA acts as a
good stabilizing agent for the nanoparticles.

m

(2)

L ) / α , z is the longitudinal displacement of the sample fro m focus (Z=0), I 0 is the peak
intensity at focus, L eff is the effective interaction length, L is
eff

= (1-e
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the sample length 0 is the Ray leigh length.
Imaginary part of the χ 3 is given by the equation
ε n 2c2 β
Im( χ 3 ) = 0 0

ω

n0 c β
(esu)
(3)
240π 2ω
Theoretical fit of the experimental data is obtained by the
substitution of Eq.1 into Eq. 2[19].In fig 3-4 solid line show
theoretical fit to the experimental data.
The obtained values of the nonlinear absorption coefficient and imaginary part of the susceptibility (Im χ 3 ) at an
intensity of 50 MW/cm2 are shown in Table 1. In this fluence
these values are found to be comparable with those synthesized through other procedures[13-17]. A lso we have observed that as concentration of DNA increases the nonlinear
absorption is found to be decreasing. This is due to the effect
of DNA on silver nano sol. As concentration of DNA increases the number of silver nanoparticles formed is decreased (absorption spectra). In effect the non linear optical
property of the silver nanosol is decreased. Nonlinear optical
properties of nanoparticles are strongly influenced by the
surface plasmon resonance (SPR) absorption. It is observed
(m 2 V 2 ) =

2 2

Figure 3. Open aperture Z-scan curves of silver nanoparticles in aqueous
solution with different concentration of DNA at a typical ﬂuence of 50
MW/cm2 . (where C1, C2 ,C3 represents 0.05wt%,0.1wt%,0.15wt% of DNA
respectively)
Table 1. Measured value of nonlinear absorption coefficient β eff and
imaginary part of third order susceptibility Im[ χ (3) ] for silver nanoparticles
in aqueous solution with different concentration of DNA at a typical ﬂuence
of 50 MW/cm 2
Concentration of DNA
0.05wt%
0.1wt%
0.15wt%

β eff cmGW -1
295.634
265.467
212.173

Im[ χ (3) ]x10 -7 esu
5.048
4.537
3.626

Figure 4 shows the open aperture zscan curves of the same
sample at h igher fluance of 175MW/cm2 .The obtained values of the nonlinear absorption coefficient β and Im χ 3 at
an intensity of 175 MW/cm2 are shown in Table 2.At high
pump power the value of the β is found to be decreased
compared to low pu mp power even though it shows high
optical nonlinearity. The increase in the laser intensity induces bleaching in the ground state absorption, which results
in a transmittance increase (SA process). This may be the
reason for the decreased non linearity at high pump power. It
is clear fro m the figure4 and table 2 that at high pump power
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the nonlinearty of the prepared samples do not depend on the
concentration of the DNA. Th is is due to the effect of DNA
on nonlinear optical properties of silver nano particles. At
high pump power DNA shows third order optical nonlinearity[17]. So at high pump power as concentration of the DNA
increases, the no:of silver nanoparticle formed is less, at the
same time nonlinearity of the DNA increases with concentration. These two effects compensate each other. In effect at
high pump power the concentration of DNA does not effect
the nonlinearity of silver nano sol.
Table 2.

Measured value of nonlinear absorption coefficient β eff and

imaginary part of third order susceptibility Im[ χ (3) ] for silver nanoparticles
in aqueous solution with different concentration of DNA at a typical ﬂuence
of 175MW/cm2
Concentration of DNA
0.05wt%
0.1wt%
0.15wt%

β eff cmGW -1
91.619
92.09
89.058

Im[ χ (3) ]x10 -1 esu
1.448
1.456
1.418

Figure 4. Open aperture Z-scan curves of siver nanoparticles in aqueous
solution with different concentration of DNA at a typical ﬂuence of 175
MW/cm2 . (where C1, C2 ,C3 represents 0.05wt%,0.1wt%,0.15wt% of DNA
respectively)

50MW/cm2 But DNA shows strong nonlinear absorption at
175MW/cm2 ( β =12cm/ GW). Marek Samoc et al. reported
DNA
shows
moderate nonlinear absoption at
532n m[17].Nonlinear optical property of the DNA depends
on the polymerisation of DNA strand, mo lecular weight, host
material etc.
To examine the optical limit ing property of the silver
nanopartcles in DNA matrix the nonlinear transmission of
the silver nano sol is studied as a function of input ﬂuence
(Figure .6).The fluence level for optical limit ing at 532n m
for d ifferent concentration of DNA is found to be 88 MW/cm
2
. An important term in the optical limiting measurement is
the limiting threshold. It is obvious that the lower the optical
limit ing threshold, the better the optical limit ing material.
Optical limiters are devices that transmit light at lo w input
ﬂuences or intensities, but become opaque at high inputs.
The optical limiting property occurs mostly due to mechanisms like excited state absorption, two-photon absorption
and nonlinear scattering as well.[19].

Figure 6. Optical limiting performance of siver nanoparticles in aqueous
solution with different concentration of DNA. (Where C1, C2, C3 represents0.05wt%,0.1wt%,0.15wt% of DNA respectively)

4. Conclusions

Figure 5.
Open aperture Z-scan curves of aqueous solution of
DNA(0.05wt%) at a typical ﬂuence of 50 MW/cm2 and 175 MW/cm 2

To estimate the role of DNA on nonlinear optical property
of silver nanoparticles we also performed open aperture
Z-scan measurements on DNA (0.05wt %) in water at laser
intensity of 50MW/cm2 and 175MW/cm2 . As shown in
Figure.5 no obvious nonlinear absorption effect was found at

In conclusion, we have synthesized highly stable silver nanoparticles in aqueous solution at room temperature by
standard reduction method using DNA. The linear and nonlinear optical properties of silver nanoparticles at three
concentration (.05wt%, .1wt%, .15wt %) of DNA is studied.
Absorption spectra shows the Ag plasmon resonance lies
around 410n m and silver nano-particles formed in higher
concentration is less. The nonlinear absorption coefficient
β and imaginary part of third order susceptibility depends
on the concentration of DNA at low pump power of 50MW/
cm2 .It is observed that at high pump power of 175MW/ cm2
the nonlinear absorption coefficient( β eff ) and imag inary
part of third order susceptibility does not depend on the
concentration of the DNA. The imag inary parts of third
order nonlinear optical susceptibility measured by Z-scan
technique revealed that silver nano particle synthesized in
aqueous solution of DNA have good nonlinear optical response and could be chosen as ideal candidate with poten-
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tial applications for nonlinear optics. The optical nonlinearity and limiting properties of these Ag nanoparticles are
comparable or superior to those synthesized through other
procedures. The fluence level for optical limit ing at 532n m
for different concentration of DNA is found to be 88
MW/cm 2 . The nonlinear absorption of silver nanoparticles
at high intensity were attributed to the influence of DNA on
nanoparticles.
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