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Abstract

Nonlinear optical properties of adiedd 92 doped PMMA film have been investigated. The
measurements were performed using CW laser at BB2vawvelength by employing Z-scan technique. The
nonlinear refractive index is found to be of thelesrof 10° cnf/W. Moreover, a variation of nonlinear
refractive index with doping concentration is obeer Significant optical multiple diffraction ringsf the
sample under CW illumination at 4 mM, 8 mM and 1R1rdoping concentrations were observed. The
optical power limiting behavior of acid red 92 ddg@MMA film was also investigated. The sample wiith
mM concentration has the best limiting effect amthegother two concentrations.
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1. Introduction

Since the discovery of laser by Mainjin and transparent polymer with a glass transition
in 1960, it has been widely used in many fielddemperature of 128. Its average molecular weight
including industry, medicine, laboratory ands 6x10d. It is tougher than polystyrene. PMMA is a
military. While causing a great progress for th@olar material and has a large dielectric constant.
human society, it also brings a potential hazard fPMMA matrix is most preferred for designing
human eyes and optical sensors. Consequently, theoenponents because of its better resistance to
is a strong need for developing optical limiterdiydrolysis and good outdoor weather resistanas. It
which can effectively attenuate intense, potentialla thermoplastic and can be molten and molded into
dangerous optical beam, allowing only a reduceahy thing we want. Its physical durability is far
transmission to the target area, and thereforeegirot superior to that of other thermoplastics.
human eyes and optical sensors from beingdditional dopants to the polymer matrix will
damaged. For the development of such devicamodify the properties pertaining to optical,
appropriate optical limiting materials are veryelectronic and electrical conductivity behavior of
important. Many materials such aspolymers [19]. It gives flexibility in designing ¢h
metallophthalocyanines (MPcs) [2,3] andequired size and shape of the material for devices
porphyrins [4-7], gold nanopatrticles [8], carboneven with a small quantity of the dopant.
encapsulated magnetic nanoparticles [9]n this paper, xanthenes dye, namely acid red 92 wa
dibenzylideneacetone [10], TiOnanocomposites doped in methyl methacrylate (PMMA) to prepare
[11], cluster [WOSCuwl(2-MePy)] [12], mercury the film samples with various doping concentrations
dithizonate [13], complex Ghs [14], nickel The investigation on refractive index nonlineafy
complexes of multi-sulfur 1,2-dithiolene [15] havehe acid red 92 doped PMMA film was carried out
been widely investigated. Amongst the nonlineansing the standard Z-scan technique. Also we
materials, organic polymers are particularlynvestigated the self-diffraction and optical limg
attractive because of properties such as low dgnsiproperties of the sample under CW laser
mechanical flexibility and high nonlinear responsélumination at 532 nm wavelength
[16-18]. Polymethyl (methacrylate) is a hard, rigid
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2. Experiment and discussion
2.1 Preparation and spectrum of the sample

The molecular structure of acid red 92 hisven and dried at room temperature for 48 hrs. The other
in Fig. 1. The matrix material is PMMA. In our polymer films with 8 mM and 12 mM concentration
experiment, firstly, the acid red 92 and PMMAwere also prepared in a similar manner. The film
were dissolved by cyclohexanone. The content shmples have a good purity and uniform thickness.
acid red 92 and PMMA in cyclohexanone is 4 mMhe UV-VIS (Ultraviolet-Visible) absorption
concentration ; secondly, dissolved acid red &2d spectrum of the acid red 92 doped PMMA film was
PMMA were mixed, heated (up to5Q) and stirred recorded using an UV-VIS spectrophotometer (UV-
for 2 hrs, thus the mixed sols of acid red 92 an2t01 PC SHIMAZU). The optical absorption of the
PMMA were obtained. The film was prepared on acid red 92 doped PMMA film shows an absorption
clean glass slide by the repeat-spin-coating methpeak at 548 nm as shown in Fig. 2.
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Fig. 1. Molecular structure of acid red 92 dye.
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Fig. 2. UV-VIS absorption spectrum of acid red 92 doped PMMA film.
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2.2 Thermal self-diffraction

The experimental setup for self-diffraction isrefractive index change is responsible for the
shown in Fig. 3. A CW diode pumped Nd:YAGobserved diffraction. When the Gaussion beam
laser beam (Coherent, Compass 215M-50) is usediligminates the film, the medium absorbs the light
an illumination beam. The laser beam is focused land its temperature rises. The rises of temperature
a positive lens with focal length of 3.5 cm. Theesults in the change of local refractive index and
sample is placed closely behind the focus and thieus induces the self-diffraction. A typical paittef
beam is projected onto an observation screen, whitdte diffraction rings for concentrations 4 mM and
is placed 20 cm away from the focal point. Then th&2 mM is shown in Fig. 4.
pattern is recorded using a digital camera. MudtiplThe increasing of the number of diffraction rings
concentric rings appears on the screen when thed the size of the outmost ring with increasing th
laser power exceeds a certain value (thresholdevalconcentration are due to the increase in aggregatio
= 9 mW). The number of rings and the size of thef the dye molecules at the point of focus at highe
outmost ring are both increase with increasingrlaseoncentrations. The diffusivity extends to a larger
power. This indicates that they were intensityegion thereby causing more interference to take
dependent. We assumed that thermally inducgdiace leading to anincreased number of rings.

2.3 Nonlinear optical measur ement

The single beam Z-scan technique [20] wasghere Lot = [1-exp(aL))/ a is the effective thickness
used to measure the nonlinear refractive indekef tof the sampleg is the linear absorption coefficient,
samples, where a Gaussian beam from a Nd:YAf is the laser wavelength, S is the aperture linear
laser of wavelength 532 nm is focused by a convepgnsmittance, L is the thickness of the samplés |
lens of focal length 3.5 cm. The sample was movefe jntensity of the laser beam at focus A, is
along the z-axis through the focal point. Thene gitference between the normalized peak and
transmission of the beam through an aperture placggjey transmittances for the closed aperture.un o
in the far field was measured using phOtOdeteCtg&periment S= 04.4+ 4.5 kW/end and L=1 mm

- . - 10 . - .
fed to the d_|g|tal power meter (Field master GStna nonlinear refractive index » nlen?/W) s
coherent). Flg. 5 shows the (.:IOSEd aperture Z-SCQiculated from the closed aperture normalized
data for different concentrations of acid red 9 ansmittance in Fig. 5. The obtainedfor 4 mM, 8

doped .PMMA fiIm._The peak fC_’HOWEd by a valley- v and 12 mM concentrations of acid red 92 doped
normalized transmittance obtained from the clos MA film were measured to be -1.7 x40 -2.6

aperture Z-scan data, indicates that the sigimenf x 10° and -3.8 x 18 cnf/W respectively.
refraction nonlinearity is negative i.e. self-

defocusing. Self defocusing effect is attributed to

local variation of refractive index with temperaur

The nonlinear refractive index is estimated by the

following equation [20]

AAT

p-v

To0s81271-9) =L, 1, W

n,

2.4 Thelimiting propertiesof acid red 92 doped PMMA film

The experimental setup is similar to Fig. Zurve of the optical limiting characteristics under
where the observation screen is replaced by amvelengths of 532 nm is shown in Fig. 6. It can b
aperture that is centered at the optical axis. Aettl seen that at a very low incident power, the
92 doped PMMA film with 4 mM concentration istransmittance of the sample is linearly increasing
placed at the valley behind the focal point. Thwith the incident power. However, for 4 mM of
input power of the laser beam and the correspondisgmple concentration, when the incident power
output power through the aperture are detected byeaches 12 mW, the transmittance of the sample
photodetector fed to the digital power meter. 8e, t starts to deviate from linearity [defined as limdi
characteristic curve of the output power as tareshold, that is, the incident power at which the
function of the input power can be obtained. Theansmitted power starts to deviate from linearity]
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With a further increase in the incident power, thand limiting amplitude of the film sample with 8
transmitted power reaches a plateau and is satiuraiteM and 12 mM doping concentrations are 10, 1.48,
at 1.9 mW (defined as the limiting amplitude, i.e.9 and 1.07 mW, respectively. Moreover, we can
the maximum output power), showing the opticahlso get the regularity: the more doping
limiting property. A similar behaviour is observied concentration, the lower the threshold value, dred t
acid red 92 doped PMMA film with 8 mM and 12better limiting effect is.

mM doping concentrations. The limiting threshold

Gaussian Beam

Sample
Lens Soreen

Fig. 3. Schematic diagram for self-diffraction.

@)

(b)

Fig. 4. A typical pattern of diffraction ringsilluminated by laser beam of 2 =532 nm for
concentrations: (a) 4 mM and (b) 12 mM.
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Fig. 5. Closed-aperture Z-scan data for different concentrations of acid red 92 doped
PMMA film.

24

214 ——4mM
—a— 8 mM

Output power (mW)

o 3 6 9 12 15 18 21 24

Input pow er (mW)

Fig. 6. Optical limiting effect of the acid red 92 doped PMMA film for different
concentrations.

3. Conclusions

In conclusion, the nonlinear refraetindex have different numbers of diffraction rings and
in the organic dye, acid red 92 doped PMMA filndifferent sizes of outmost rings. The number ared th
was investigated using a single-beam Z-scagize of diffraction pattern for the sample are éstg
technique under CW laser excitation at 532 nm. Wenes at 12 mM doped film. Additionally, the
also demonstrated the significant self-diffractiofimiting properties of the sample demonstrate a
under CW Nd:YAG laser illumination. Both theconcentration dependence. The limiting effect ef th
number of rings and the size of the outmost rirgg asample with 12 mM concentration is better than that
intensity dependent. Under the same incident powerf, the other two concentrations.
laser beams with different concentrations doped fil

K]
PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Jour nal of Basrah Resear ches ((Sciences)) Val. 35, No.2, 15 April ((2009))

Acknowledgements
I would like to thank Professor P. K. Palanisamgjvdrsity of Anna, Department of Physics, India,
for allowing me to use his lab to do this work.

References

[1] T.H. Maiman, Nature, 187, 493, (1960). [12] Y. Song, C. Zhang, Y. Wang, G. Fang, C.
[2] G. de la Torre, M. Nicolau, T. Torres (Eds.)Duan, S. Liu, X. Xin and H. Ye, Opt. Commun.,
Phthalocyanines: Synthesis, Supramoleculd68, 131, (1999).

Organization, and Physical Properties, Academ[&3] X. Yang, S. Qi, K. Chen and C. Zhang, Opt.
Press, New York, 2001. Mater., 27, 1358, (2005).

[3] K.P. Unnikrishnan, J. Thomas, V.P.N. Nampoorj14] S. L. Guo, T. P. Li, T. B. Wang, Z. S. Liu and
and C. P. G. Vallabhan, Opt. Commun., 217, 269, D. Cao, Opt. Mater., 29, 494, (2007).

(2003). [15] Y. Ji, Jing-Lin Zuo, L. Chen, Yun-Qi Tian, Y.

[4] D. Narayana Rao, Opt. Mater., 21, 45, (2002). Song, Yi-Zhi Li and Xiao- Zeng You, J. Phys.
[5] K. Sendhil, C. Vijayan and M. P. Kothiyal, Opt.Chem. Sol., 66, 207, (2005).

laser Technol., 38, 512, (2006). [16] P.N. Prasad, D.J. Williams, Introduction to
[6] K. Sendhil, C. Vijayan and M. P. Kothiyal, Opt.Nonlinear Optical Effects in Molecules and
Mater., 27, 1606, (2005). Polymers, Wiley, New York, 1991.

[7] P. Prem Kiran, N.K.M. Naga Srinivas, D.[17] H. Nalwa, S. Miyata, Nonlinear Optics of
Raghunath Reddy, B. E. Maiya, A. DharmadhikariQrganic Molecules and Polymers, CRC Press, In.,
A. S. Sandhu, G. R. Kumar and D. N. Rao, OpiL997.

Commun., 202, 347, (2002). [18] D.S. Chemla, J. Zyss, Nonlinear Optical
[8] C. Zhan, D. Li, D. Zhang, W. Xu, Y. Nie and D.Properties of Organic Molecules and  Crystals,
Zhu, Opt. Mater., 26, 11, (2002). Academic Press, New York, 1987.

[9] M. Bystrzejeweki, H. Lange, A. Huczko, H. I.[19] H.M. Zidan, J. Appl. Polym. Sci., 88, 104,
Elim and W. Ji, Chem. Phys. Lett., 444, 113, (2007)2003).

[10] A. J. Kiran, K. Chandrasekharan, S. R. Noojii20] M. Sheik-Bahae, A.A. Said, T. Wei, D.J. Hagan
H. D. Shashikala, G. Umesh and B. Kallaraysand E.W.Van Stryland, IEEE J. Quantum Electron.,
Chem. Phys., 324, 699, (2006). 26, 760, (1990).

[11] S. X. Wang, L. D. Zhang, H. Su, Z. P. Zhang,

G. H. Li, G. W. Meng, J. Zhang, Y. W. Wang, J. C.

Fan and T. Gao, Phys. Lett. A, 281, 59, (2001).

sic Nd:YAG s Jlaics PMMA s acid red 92 dssay e aldl 4aall (ol sad) 4 40
532 NM (A gall J gkl

-

4D

gl e il Juains PMMA 5 acid red 924aua; lhe aldl 4ladd) 4 jadl al @l 4 sl 138 J iy

& 3l Slaw iy iy 45 10° CNT/W 250m s Hlill LSV Jalas () 235 Gus. Z-SCAN4SES s 532 NM o 5al

ol A Uan gy il Zond) ol a0 Ay Cind) 30 6 i GBS o) e puine 3l Bl Latic 3 g il aladle
2O AN Cp S e &l dpas el 53 Juadl) elliey 12 MM S S

32
PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



