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Abstract: Problem statement: The third order nonlinear optical properties ofamic polymers are
used in high speed telecommunication, optical &nsitand optical computers. The purpose of the study
was to determine the third order nonlinear charesties and optical limiting effect of the orgartge,
metanil yellow in liquid and solid mediurApproach: The samples were prepared by dissolving the
dye in acetonitrile (liquid medium) at different rm@ntration and thin film was prepared by bulk
polymerization method. The nonlinear optical regasnof the samples were studied by using single-
beam Z-scan technique. The optical limitingeef$ of the samples were studied by using a CW,
Nd: YAG laser at 532 nmResults: The open aperture Z-scan of the solution and ssdichples
displayed reversible saturable absorption. Theed@perture Z-scan of the samples exhibited negativ
nonlinearity, which was larger in magnitude in ddilm compared to that in solution. The third arde
nonlinear susceptibility was found to be 2.00 ar@#210°° (e.s.u) for the dye in solution and film at
0.05 mM concentration. The saturated output powetHe dye in solution and film was found to be
1.2 and 0.8 mW respectively at 1.0 mM concentrati@onclusion: The dye doped in polymer can be
utilized in optical limiting, low-power degenerafeur wave mixing, data storage and grating
applications.
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INTRODUCTION In this study, optical nonlinearity induced in dye
metanil yellow by CW diode pumped Nd-YAG laser
In the recent past, rapid technological with an output power of 50 mW at 532 nm was studied
advancements in optics have placed great demand amsing Z-scan technique, based on the sample-induced
the development of nonlinear optical (NLO) material changes in beam profile at the far field. The stucg
with prominent ap]plications in optical limiting aradl  made for different concentrations of dye in acdtdai
optical switchin§ . Azo dye has good photo-thermal and dye doped polymer film. The nonlinear refragtiv
stability, dissolvability and easy preparationw&fso it indices n, nonlinear absorption coefficienftsand third
can be used as a kind of novel storage medium. Thgiger nonlinear susceptibilitiegwere measured. The

character of its molecular struc]ture is (_jebtbxbnd optical limiting behavior of the dye has been stddi
N = N between the two phen{id. The third-order

optical nonlinearity includes optical bleachinge(j. MATERIALSAND METHODS

saturation) or reverse saturation in the absorption

aspect, whereas self-focusing or self-defocusirmuec ~ Synthesis of dye doped polymer film: Metanil yellow,

in the refraction aspect. Of the various techniquedrom azo dye family was chosen for the study. The
available, Z-scan methbd is a simple and effective molecular structure of the dye is shown in FigThin-

tool for determining nonlinear properties and i®dis Layer Chromatography (TLC) test confirms the absenc
widely in material characterization because, itites  of any impurities in the dye. Methylmethacrylate
not only the magnitudes of the real and imaginags (MMA) was chosen as a monomer for synthesizing dye
of the nonlinear susceptibility, but also the safnthe  doped polymer films. The modification of the
real part. Optical limiting is a nonlinear optigalocess polymeric material by additive solvents enhances th
in which the transmittance of a material decreagés laser damage threshold. Spectroscopic grade
increased incident light intensity. It has beenacetonitrile was chosen as additive; because ibowes
demonstrated that optical limiting can be usedpfdse  good solubility for the Metanil yellow dye. Benzoyl
shaping, smoothing and pulse compredtifonThe peroxide was used as the initiator. The Dye Doped
potential applications of optical limiting devicese  Polymer film (DDP) was synthesized using thermal
sensor and eye protection. bulk free radical  polymerization mg“'“l
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The schematic diagram of the experimental set ep us

is shown in Fig. 3. A 1 mm wide optical cell comiaig

i ) . the dye dissolved in solvent is translated acroes t

Fig. 2. UV-VIS absorption spectrum of dye Metanil ¢yc5| “region along the axial direction that is the
yellow in acetonitrile direction of the propagation laser beam. The

transmission of the beam through an aperture placted

The optical quality of the film is checked by p&Ssi e tar field is measured using photo detectortdethe
He-Ne laser beam of power of 5mW. Film which ShOWSdigitaI power meter (Field master Gs-coherent). &or

no distortion or dispersion of the laser beam almne open aperture Z-scan, a lens was used to collect th

taken for further studies. The DDP film 0f gpiire aser beam transmitted through the sample wi

concentration 0.05 mM and thickness of 0.9 MM Waghe aperture replaced. The same was repeated dor th
synthesized. polymer film.

Wavelength (nrir

Absorption spectra: The spectral property (absorption) optical limiting technique: The limiting effect of the
of the dye in liquid medium of concentration 0.0Mm 5, dye was studied by using a 50 mW Nd: YAG CW
is studied by recording the absorption spectrhefdye |aser at 532.8 nm. The experimental set-up for the
using an UV-VIS spectrophotometer (PERKIN-EIMER gemonstration of optical limiting is shown in Figg. A
LAMDA 35). The absorption spectrum of the dye is 1_mm quartz cuvette containing dye solution is katpt
shown in Fig. 2. The spectral parameters such age position where the transmitted intensity shaws
absorption-peak  wavelength, molar-extinction-yajley in closed aperture Z-scan cufieA Variable
coefficiente ()), oscillator strength (f), bandwidtiAy,,), Beam Splitter (VBS) was used to vary the input powe
were calculated to be 521 nm, 1@6'L moL™ cm™,  An aperture A of variable diameter is used to azintr
2.3410%* LmoL™ cm?and 4.%10° cm ' respectively.  the cross-section of the beam coming out of theptam
cuvette. This beam is then made to fall on the &hot
Z-scan technique for determining the nonlinear Detector (PD).The input laser intensity is varied
refractive index: A diode-pumped Nd: YAG laser of systematically and the corresponding output intgnsi
wavelength 532 nm (Coherent Compass TM 215 M-50yalues are measured by the photo detector.
is used as the excitation source for the Z-scan

technique. The laser of Gaussian beam profile was RESULTS
focused by a convex lens, of focal length f = 315 to
produce a beam waisby of 20.56 um. The peak The third-order nonlinear refractive index and

intensity of the incident laser beam §s13.78 kW cm®  the nonlinear absorption coefficigfit of the azo dye in
and the diffraction length,savas found to be 2.5 mm. acetonitrile at various concentrations and the pely
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film for the incident intensityol= 3.78 kW cri were The on-axis phase shifty, at the focus is related to
evaluated by the measurements of Z-scan. Figure S&e third order nonlinear refractive index)(by:
and b shows the open Z-scan curve for the dye in
solution at various concentration and dye doped® = Klerlo 2)
polymer film. The defocusing effect of the dye in
solution at various concentration and polymer fédne
shown in Fig. 6a and b. lo
The imaginary parts of the third-order nonlineark
optical susceptibility)’] is estimated using the value of
the nonlinear absorption coefficighbbtained from the
open aperture Z-scan data. L

Where:

The intensity of the laser beam at focus z =0
The wave number (k =)

The wavelength of the light used

(1-e")/a

The effective thickness of the sample

The thickness of the sample

The linear absorption coefficient

eff

a
B = 2V2.AT/loLest (1)
Experimentally determined nonlinear refractive
where, AT is the normalized transmittance of the index i and nonlinear absorption coefficiefitcan be
sample when at position Z. used in fmglmg the rgal and |ma(::]|r.1f'>1ry3 F[)S]rts oftthgj-
order nonlinear optical susceptibility]* according
to the following relations:
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Fig. 5: Open z scan curve (a): Dye in solvent at
various Concentration; (b): Dye doped Fig. 6: Closed z scan curve (a): Dye in solvemagibus
polymer film concentration; (b): Dye doped polymer film
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Fig. 7: Optical limiting effects of Metanil yellowlye
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Fig. 8: Concentration dependence of saturated d)utplﬂ;1

value of Metanil yellow dye in acetonitrile
m
By
Where:

g9 = The vacuum permittivity
¢ = The light velocity in vacuum

2,2
£,C°N°A

I x3(esu)= 10°
X (esu) e

(4)

Table.1. Nonlinear parameters-Metanil yellow dyadetonitrile

nx10° xx10° Lx®Lx10®

Concentration ATpy cnPW™ cm W Anx10™ (e.s.u)

Liquid medium

0.02 mM 062 -233 093 -1.58 1.03

0.03 mM 086 -323 121 -219 144

0.04 mM 106 -400 135 -271 177

0.05 mM 120 -451 153 -3.06 2.00

Polymer film (0.05 mM) 1.26 -5.27 1.88 -3.57 234
DISCUSSION

Z-scan studies. The metanil yellow azo dye studied,
displayed two absorption bands in the range 300-650
nm, being transparent in the near infrared regien a
observed from the Fig. 2. Localized absorption of a
tightly focused beam propagating through an abagrbi
dye medium produces a spatial distribution of
temperature in the dye solution and consequently, a
spatial variation of the refractive index that aats a
thermal lens resulting in the phase distortion o t
propagating beam. Z-scan with a fully open apertu

(S = 1) is insensitive to nonlinear refraction ifthi
sample approximation). S the aperture linear
transmittance is given by:

S = 1-exp(-Zralo?) (6)

With:

Denoting the aperture radius
Denoting the radius of the laser spot before the
aperture

a

Such Z-scan traces with no aperture are expeoted t
be symmetric with respect to the focus (Z = 0) wher
they have a minimum transmittance (Reversible
saturation absorption). The peak followed by aexall
normalized transmittance curve obtained from the
closed aperture Z-scan data, indicates that the aig

The absolute value of the third-order nonlinearthe refraction nonlinearity is negative (i.e.) self

optical susceptibility is given by the relation:

X =[ R0+ (1N ®)

The experiment was repeated for the pure solverifansmittances

(acetonitrile) to account for its contribution, bob
significant measurable signals were produced imeeit

the open or the closed Z-scan traces. The nonlineaTp.= 0.406 (1-Sy*Aqy|

parameters calculated are as tabulated in Table 1.
The optical limiting behavior of metanil yellowrfo

defocusing. The self-defocusing effect is due te th
local variation of the refractive index with temptirre.
The measurable quantiT,., can be defined as the
difference between the normalized peak and valley
, FT.. The variation of this quanty!

as a function ofA@,| is given by:

)

If we collect all the energy transmitted by the

different concentration in solution and dye dopedsample (open-aperture Z-scan), the measurement is
polymer film are shown in Fig. 7. The Saturatedpatit ~ sensitive to nonlinear absorption only. If an apertis
value at which the limiting occurs for the dye olvent  placed in front of the detector (closed-aperturscan),
is shown in Fig. 8 for different concentration. the measurement is sensitive to batbnlinear
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absorption and nonlinear refraction. To get theepur Onc'(sg)r fon(miD)

nonlinear refraction contribution, we divide thes#d-
aperture Z-scan transmittance by the one with opefig. 10: Concentration dependence of (a): (): pB;
apertur@?l and the experimental curves are shown in (C)1X3 of Metanil yellow dye in acetonitrile
Fig. 9a and b for dye in solvent and film.

The value ofAT,, has increased for the dye doped the refractive index profile. This intensity-induce
polymer film when compared to the dye in acetoleitri localized change in the refractive index resultsain
This may be due to the heat dissipation being ffaste €nsing effect on the optical beam
liquids as compared to that in a solid mediunanfr

Fig 10a-csthere Is an increa;ing.trend for the_evaluf intensity is found to vary linearly with the incice
Nz, B andx™ as the concentration increases. This may be, ., intensity at very low input intensities, tstarts to
attributed to the fact that, as the number of dyeyeiate at high incident intensities. With further
molecules increases when concentration increasegcrement of the input power, the transmitted istgn
more particles are thermally agitated resultingam  reaches a plateau and is saturated at a pointedeéia
enhanced effect. The opt|ca_ll nonImeanty of theedy the limiting amplitude. i.e., the maximum output
may be due to laser heating induced nonlinear &ffec intensity, showing obvious limiting property. Sinttee
laser beam, while passing through an absorbinganedisamples are pumped with CW laser beam the arising
induces temperature and density gradients ti@ige  nonlinearities are predominantly thermal in nature.
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The UV-visible absorption spectrum of the samples3.
before and after the laser irradiation shows tiat t
pattern and intensity of the spectrum does not sy
change, indicating that the samples possesses good
photostability. The dyes investigated here are very
weakly fluorescent and is non fluorescent at thed.
wavelength studied, optimizing the conversion dof th
absorption energy into hé&t The limiting effect
depends on the concentration and increases with
increases in concentration as shown in Fig. 8. Thé.
experiment was repeated for the pure solvent
(acetonitrile) to account for its contribution, bob
limiting was observed. The results were comparadble
some of the recent reports of low power optical6.
limiting™®. So; the sample possesses limiting effect for
the light of 532 nm.

CONCLUSION

The nonlinear absorption and refraction in the7'
organic dye, both in solution and solid film were
studied using a single-beam Z-scan technique under
CW laser with excitation at 532 nm. It is worth ingt
that the value of® for the dye studied is larger than
those of some representative third-order nonlinea?'
optical materials such as chalcone and its devigati
and organic dyes like Croconilff*®. It is found that
the observed nonlinear absorption is caused by a
reversible saturation absorption process. Thesdtses
are quite encouraging for possible applications in
nonlinear optical devices. Limiters based on nadmn
absorption phenomena have been designed for uke wit
high power pulsed laser sources, but limiters

demonstrated based on photo chromic-thermo optiéO.

nonlinearity such as the one studied here can &g as
efficient limiters in the CW regime.
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