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Abstract— The influence of gamma irradiation on the
nonlinear optical properties of Congo dye films prepared by
casting method has been reported. The single beam Z-scan
technique was used to determine the nonlinear optical properties
of the Congo dye doped polymer film. The experiments were
performed using cw SDL laser with a wavelength of 532 nm.
This material exhibits a negative optical nonlinearity. Optical
limiting characteristics of the polymer film were studied. The
result reveals that Congo dye doped polymer film can be a
promising material for optical limiting applications.
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I. INTRODUCTION

Demand for polymers having improved surface and
bulk properties is continuously on the rise due to their use
for various scientific and technological applications [1-2].
Polymer films and Irradiation of polymers has established
itself as one of the most acceptable approach to alter
polymer properties significantly [3-16]. As advanced
technology keeps on developing every day, the demand for
polymers having improved properties is continuously on the
rise due to their use of various, scientific and technological
applications [17]. Irradiation plays a prominent role in
modification of properties of polymers significantly.
lonizing radiation passing through matter, deposit energy in
the material and cause irreversible changes in the
macromolecular structure of the target material. The most
prominent effects of radiation involve a change of phase in
the absorbing material due to the scissions or cross linking
formation. At the same time, it is also likely possible to
observe the creation of chemical bonds between different
molecules (intermolecular cross linking) in the main chain.
The mechanism of gamma rays interaction with nonlinear
materials fundamentally happens with a method for
electronic ionization, electronic excitation and principally
atomic separation of the orbital electrons [18]. So, this study
report the results on the effect of gamma irradiation on
optical nonlinearity of doped PMMA films with Congo dye.
The experiments performed using the Z-scan technique to
measure the magnitude and sign of the optical nonlinearity
for Congo dye doped polymethylmethacrylate (PMMA)
film. The optical limiting behavior of an irradiation and
unirradiation polymer films has been studied.
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Il. EXPERIMENT

The chemical structure of Congo dye are in Fig.1l. The
solution sample of the Congo dye was dissolved in
chloroform. The concentration of the dye solution is 0.5 mM.
To prepare the solid films, PMMA was selected as the host
material because it is hard, rigid and has a glass transition
temperature of 125 °C. It also exhibits good linear optical
transmittance, optical stability, thermal stability and
moreover better compatibility with organics [19,20]. A
known gquantity of PMMA and Congo dye were dissolved in
chloroform separately, the concentration of the for
un-irradiated and irradiated films in 42 GKy gamma dose
Congo dye in chloroform is 0.5 mM, later both solutions were
mixed and stirred for 2 hr using a magnetic stirrer. The ratio of
PMMA solution and dye solution is 1:1. The film was
prepared on a clean glass slide by the casting method and
dried at 38 °C for 24 hrs. The film sample has a good purity
and uniform thickness. The thickness of the pristine and
irradiated film was measured using digital micrometer and is
found to be 7um.
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Fig. 2. UV-VIS absorption spectrum of an irradiation and
unirradiation polymer films.

The UV-VIS (Ultraviolet-Visible) absorption spectra for un-
irradiated and irradiated Congo dye films are recorded using
Cecil Reflected-Scan CE 3055 reflectance spectrometer. The
optical absorption for gamma irradiated Congo dye doped
PMMA thin film with 0.5 mM concentration shows an
absorption peaks at 507, 531 and 560 nm, respectively, as
can seen in Fig.2. The spectrum of the optical absorption
was computed from the absorbance data. The absorption
coefficient (a) has been obtained directly from the
absorbance against wavelength curves using the relation
[21,22]

a=2.303A/d (1)
where d is the sample thickness, A is the absorbance. The
values of absorption coefficient (a) for 0.5 mM
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concentration of an irradiation and unirradiation Congo
polymer film are listed in table 1.

The Z-scan technique was applied for the measurements of
nonlinear optical characteristics of investigated samples. We
used a SDL laser beam with 532 nm wavelength and power
of 15 mw , which was focused by (+5 cm) focal length lens.
The laser beam waist mg at the focus measures 27.04um and
the Rayleigh length measured Zg= 4.31mm. A 7um
thickness of an irradiation and unirradiation optical polymer
films are translated across the region along the axial
direction of the laser beam propagation. The transmission of
the beam through an aperture placed in the far field was
measured using a photo detector fed to the power meter. For
the open aperture Z-scan, a lens was used to collect the
entire laser beam transmitted through the sample replaced
the aperture.

The limiting effect of the samples was studied using the
same laser in the z-scan technique. The experimental set-up
for the demonstration of Z-scan and optical limiting is shown
in Fig. 3. A Congo dye doped PMMA thin film of an
irradiation and unirradiation are kept at the position where the
transmitted intensity shows a valley in closed aperture Z-scan
curve. A variable beam splitter (VBS) was used to vary the
input power. The input laser intensity is varied systematically
and the corresponding output intensity values are measured
by the photo detector.
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Fig. 3. Experimental set-up for Z-scan and limiting effect.

I1l. RESULTS AND DISCUSSIONS

Fig. 4 shows the closed aperture Z-scan data for 0.5 mM
concentration of an irradiation and unirradiation polymer
film at incident intensity 1,=1.306 kW/cm? of the laser beam
at focus z =0. The scan of both the samples have peak-valley
configuration, corresponding to a negative nonlinear
refraction index i.e. self-defocusing occur. The defocusing
effect is attributed to a thermal nonlinearity resulting from
the absorption of a tightly focused beam traversing through
the absorbing dye medium produces spatial distribution of
the temperature in the sample and, consequently, a spatial
variation of the refractive index that acts as thermal lens
resulting in phase distortion of the propagating beam.

Let AQg be the on-axis phase shift at the focus which is
related to the difference in the peak and valley transmission
AT . as [23]:

AT .= 0.406 (1-S)°* A@, 2)
Where S=1-exp(-2r%/mo?) [24] is the aperture linear
transmittance with ry denoting the aperture radius and o,
denoting the beam radius at the aperture in the linear regime.
Then, the nonlinear refractive index, n, is given by [25]

np, = A@O A /27[10Leff (3)

Where A is the laser wavelength, Legs =[1-exp(-ad)] /o [26] is
the effective thickness of the samples.

Fig. 5 shows the measured Z-scan data for open aperture
set-up for the irradiation and unirradiation polymer films.
The typical Z-scan data with fully open aperture is
insensitive to nonlinear refraction, therefore the data is
expected to be symmetric with respect to the focus, but
absorption in the sample enhances the valley and decreases
the peak in the closed aperture Z-scan curve and results in
distortions in the symmetric of the Z-scan curve about Z=0
[27-30].

The nonlinear absorption coefficient  can be estimated from
the open aperture Z-scan data [31-33]

B=22aT /15 Lg (4)
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Fig.4. Open data for polymer film
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Fig. 5. Closed data for polymer film

In general, the measurements of the normalized transmittance
versus the sample position for the cases of the closed and open
aperture allow for the determination of the nonlinear
refractive index, n,, and the nonlinear absorption coefficient
B, since the closed aperture transmittance is effected by the
nonlinear refraction and absorption. The determination of n,
is less straight forward from the closed aperture scans. It is
necessary to separate the effect of the nonlinear refraction
from that of the nonlinear absorption. A method [34] to obtain
a purely effective n, is to divide the closed aperture
transmittance by the corresponding open aperture scans. The
data obtained in this way purely reflects the effects of the
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nonlinear refraction. The ratio of Figs 4 and 5 scans is
shown in Fig. 6. The values of the nonlinear refractive index
and nonlinear absorption for the irradiation and unirradiation
polymer films at 0.5 mM concentration are given in Table 1.
The value of n, in irradiation dye doped film is found to have
large value than in the case of unirradiation, this may be
attributed to two reasons, firstly absorption coefficient (o) for
the irradiation dye doped film is large than in the case of
unirradiation polymer film[35], secondly the Irradiation in
polymers destroys the initial structure by way of cross linking,
free radical formation, irreversible bond cleavages, etc.,
resulting in the fragmentation of molecules and formation of
saturated and unsaturated groups. All these processes
introduce so-called defects inside the material that are
responsible for change in the optical, electrical, mechanical
and chemical properties of the material [36,37].
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Fig. 6. Pure data for an irradiation and unirradiation polymer

film.

Table 1: Linear and nonlinear optical parameters for an
irradiation and unirradiation films .

Sample | o(cm™)| n,(cm?/w) | Blcm/w)
x107°
x107°
irradiation 4619.19 29.46 32.20
unirradiation | 4951.71 48.19 55.69

The optical limiting curve for the irradiation and unirradiation
polymer films at 0.5 mM concentration is shown in Fig.7. The
output power rises initially with an increase in input power for
both samples, but after a certain threshold value the samples
start defocusing the beam, resulting in a greater part of the
beam cross-section being cut off by the aperture [38-40].
Thus the transmittance recorded by the photo detector
remained reasonably constant showing a plateau region. The
limiting behavior observed in both samples is attributed
mainly to nonlinear refraction. Since the samples were
pumped with cw laser beam the arising nonlinearities are
predominantly thermal in nature. The experiment was
repeated for the pure solvent chloroform to account for its
contribution, but no limiting was observed.
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Fig. 7. Optical limiting effects of an irradiation and
unirradiation polymer film.

IV. CONCLUSION

UV-VIS Spectrophotometric studies of non-irradiated
and irradiated polymer films at 0.5 mM concentration reveals
the large nonlinear optical parameters. We have measured the
nonlinear refraction, n,, and the nonlinear absorption
coefficient, B, for irradiation and unirradiation polymer films
using the Z-scan technique with 532 nm of SDL laser. The
results of Z-scan indicate that the samples have a large optical
nonlinearity compared with other optical materials: n, of the
samples is the order of 10° cm?W at 532 nm. The sample
show good optical limiting behavior at 532 nm. All these
experimental results show that the sample is a promising
material for applications in nonlinear optical devices.

REFERENCES

[1] R. W. Boyd, Nonlinear Optics, Academic Press, San Diego, CA, 1992.

[2] H. A. Badran and Alyaa A. Jari,* Measurements of third-order
susceptibility of 3-[[(4-methyl-1-piperazinyl)imino]- methyl]-
rifamycin vs using z-scan technique, ”International Research j of
Natural and Applied Sciences, 4 (2017) 29-38

[3] H.S. Shaaker, W.A. Hussain, H.A. Badran, “Determination of the optical
constants and optical limiting of doped malach- ite green thin films by
the spray method, Adv. Appl. Sci. Res. 3, pp.2940-2946, 2012

[4] H. S.Shaker, W.A.Hussain and H.A. Badran, “Determination of the
optical constants and optical limiting of doped malach- ite green thin
films by the spray method,”Advances in Applied Science Research,
vol.3, no.5, pp.2940-2946, 2012.

[5] K. Abd AL-Adel and H. A. Badran, “y3 measurements and optical
limiting in Bismarck Brown Ydye, International Journal of Emerging
Technologies in Computational and Applied Sciences (IJETCAS) vol.8,
no.1, pp. 64-68, 2014.

[6] H. A. Badran and K.A. Al-Adel,“Optical Nonlinear Properties and
Optical Limiting Effect of Congo red dyeunder CW Laser,” Misan
Journal for Academic Studies, vol.11, no.21, pp.1-9, 2012.

[7] A. Lafta Mghames, H. Ali Badran and H. Falih Hussain, Optical limiting
studies and saturated output of continuous wave laser in Fluorescein
solution, International Journal of Engineering and Applied Sciences
(1JEAS), Volume-5, Issue-8, 2018, 64-67

[8] H.A.Sultan, H.A. Badran, A. Y. Al-Ahmad and C.A. Emshary,*
Experimental and Theoretical Study of the Laser Induced Diffraction
Pattern in the Acid Orange 10 Dye: Polyacrylamide Gel,” J. of Basrah
Researches (Sciences) A, vol.39, no.2, pp.1-12, 2013.

[9] K.A. Al-Adel and H. A. Badran,” Nonlinear Optical Properties and
Diffraction Ring Patterns of Acid black 1,” Archives of Applied Science
Research, vol.4, no.6, pp.2499-2506, 2012.

[10] H. Ali Badran, A. Al- Maliki, R. K. Fakher Alfahed, B. Ali Saeed, A.
Y. Al-Ahmad,F. A Al-Saymari, R. S. Elias, Synthesis, surface profile,
nonlinear reflective index and photophysical properties of curcumin

48 www.ijeas.org



Gamma Irradiation Effect on Nonlinear characterization of Congo film for application in optical limiting

compound, Journal of Materials Science: Materials in Electronics
29,pp.10890-10903, 2018

[11] Tarig J. ALWAN, Gamma irradiation effect on the optical properties
and refractive index dispersion of dye doped polystyrene films, Turk J
Phys, 36, pp.377-384,2012

[12] R. Elsaman, G. A. M. Ali , M. A. M. Uosif , K. H. S. Shaaban , Y. B.
Saddeek, K. A. Aly, K. F.Chong,Natural radioactivity of some Egyptian
materials used in glasses manufacturing and glass ceramics,
International Journal of Radiation Research, 16, pp.12-17, 2018

[13] Thaer M Salman, Alaa Y AL-Ahmad, Hussain A Badran and Chassib A
Emshary, Diffused transmission of laser beam and image processing
tools for alpha-particle track-etch dosimetry in PM-355 SSNTDs,
Physica Scripta 90 (2015) 085302 (8pp)

[14] R. K. Fakher Alfahed, Kareem K. Mohammad, Munaf S. Majeed
Hussain Ali Badran, Kamal M. Ali, Burak Yahya Kadem, IOP Conf.
Series: Journal of Physics: Conf. Series 1279 (2019) 012019

[15] Vijay Kumar, R.G. Sonkawade, A.S. Dhaliwal, Gamma irradiation
induced chemical and structural modifications in PM-355 polymeric
nuclear track detector film, Nuclear Instruments and Methods in
Physics Research B 290, pp.59-63, 2012

[16] Tanu Sharma, Sanjeev Aggarwal, Shyam Kumar ,V. K. Mittal , P. C.
Kalsi ,V. K. Manchanda,Effect of gamma irradiation on the optical
properties of CR-39 polymer, J Mater Sci 42,pp.1127-1130, 2007

[17] A. F. Saad,_ A. A. EI-Namrouty and S. Solyman, Scanning Aged CR-39
SSNTDs with Etched Alpha Tracks by Using Transmitted Laser Light,
Journal of the Korean Physical Society, 58( 4), pp.701-705, 2011

[18] S. R. Alharbi, K. F. A. EI-Rahman, Gamma lIrradiation Effects on the
Linear and Nonlinear Optical Properties of Noncrystalline Sh,sz Films,
Chalcogenide Letters, VVol. 14, No. 12, pp. 529-537, 2017

[19] H. A. Badran, Thermal lens and all optical switching of new
organometallic compound doped polyacrylamide gel, Results in Physics,
4, pp.69-72, 2014.

[20] F. A. Al-Saymari, H. A. Badran, A. Y. Al-Ahmad, C. A. Emshary, Time
dependent diffraction ring patterns in bromothymol blue dye doped
PMMA film under irradiation with continuous wave green laser light,
Indian J Phys, 87, pp.1153-1156, 2013.

[21] H.G. Lazim, K.I. Ajeel, H.A. Badran, The photovoltaic efficiency of the
fabrication of copolymer P3HT: PCBM on different thickness
nano-anatase titania as solar cell, Spectrochim. Acta Part A Mol.
Biomol. Spectrosc. 145,pp.598-603, 2015.

[22] H. A. Badran, study on optical constants and refractive index dispersion
of neutral red doped polymer film, American J. of Applied Sciences, 9
pp.250-253, 2012.

[23] H.A. Badran, Investigation of the Nonlinear Optical Response of
3-(Dimethylamino)-7-Aminophenothiazin-5-lum Chloride Dye, IOSR
Journal of Applied Physics, 1, pp.33-37, 2012.

[24] H. A. Badran, A.Y. Taha, A. F.Abdulkader, C. A.Emshary, preparation
and study of the electrical and optical properties of a new azo dye
(4-acetaminophenol-[2-(4-azo)]-4- amino dipheyl sulfone) J. Ovonic
Res. 8, pp.161-170, 2012.

[25] H.A. Badran, Z-Scan Measurement for the thermo-optic Coefficient
and transmitted beam Profile of 1.8- Dihydroxy- Naphthalin-3, 6
(Disulfonic  Acid-[2-(4-az0)]-N-5- Methyl-3 -Isoxazolyl)-Benzene
Sulfonamide, Adv. Phys. Theor. Appl. 26, pp.36-44, 2013.

[26] N.A.Huda, S.Yakop, H.A. Badran, Single-Beam Z-Scan Measurement
of the Third-Order Optical Nonlinearities of Ethidium Bromide,J. of
Engineering Research an Applications 4, pp.727-731, 2014.

[27] H.A. Badran, A.A. Al-Fregi, R.K. Fakher Alfahed, A.S. Al-Asadi,
Study of thermal lens technique and third-order nonlinear susceptibility
of PMMA base containing 5, 5”-dibromo-o cresolsulfophthalein, J.
Mater. Sci.: Mater Electron, 28, pp.17288-17296, 2017

[28] M. Sheik-Bahae, A.A. Said, T. Wei, D.J. Hagan, E.W. Van Stryland,
Sensitive measurement of optical nonlinearities using a single beam,
IEEE J. Quantum Electron. 26, pp.760-766, 1990.

[29] H. A. Badran, K. I. Ajeel, H. G. Lazim, Effect of nano particle sizes on
the third-order optical non-linearities and nanostructure of copolymer
P3HT:PCBM thin film for organic photovoltaics, ” Materials Research
Bulletin, 76, pp.422-430, 2016.

[30] R. K. Fakher Alfahed, A.S. Al- Asadi, H. Ali Badran, K. I. Ajeel,
Structural, morphological, and Z-scan technique for a temperature
controllable chemical reaction synthesis of zinc sulfide nanoparticles,
Applied Physics B 125, pp.48-58, 2019.

[31] H. A. Badran, H. F. hussain, K. I. Ajeel, Nonlinear characterization of
conducting polymer and electrical study for application as solar cells
and its antibacterial activity, ” Optik, 127, 5301-5309, 2016.

[32] H. A. Badran and A. A.Fregi, synthesis and study of nonlinear optical
properties of a new azo dye by z-scan technique, International Journal
of Semiconductor Science & Technology. ” Vol.2, no.1,pp. 26-36, 2012.

[33] H. A. Badran, Thermal properties of a new dye compound measured by
thermal lens effect and Z-scan technique,  Appl. Phys. B 119 (2015)
319-326.

[34] H. A. Al- Hazam, R. K. Fakher Alfahed, Abdulameer Imran, H. A.
Badran, H. S. Shaker, A. Alrahman Alsalihi, K. I. Ajeel, Preparation and
optoelectronic studies of the organic compound[2- (2,3- dimethyl
phenylamino)- N- Phenyl benzamide doped(PMMA)], ” J Mater Sci:
Mater Electron 30, pp.10284-10292, 2019

[35] H. A. Badran, A.Y.AL-Ahmad, M. F.AL-Mudhaffer, C. A.Emshary,
Nonlinear optical responses and limiting behavior of sulfadiazine -
chromotropic acid azo dye,” Opt Quant Electron, 47,1859-1867,2015.

[36] A. Y.AL-Ahmad, M. F.AL-Mudhaffer, H. A. Badran,C. A.Emshary,
Nonlinear optical and thermal properties of BCP:PMMA films
determined by thermal self-diffraction, ”Optics & Laser Technology, 54
pp.72-78, 2013.

[37] H.A. Badran, A.A. Jari, Thermooptic coefficient and Transmitted beam
profile of Rifampin, ” Int. J. Eng. Appl. Sci. 5, pp.67-71,2018.

[38] H. A. Badran, N. Al-huda S.Yakop, Study of the optical limiting
properties of Ethidium Bromide under CW laser illumination, ” Inter. J.
of Engineering Research and Management(IJERM), 1,pp.67-69, 2014

[39] K.AA. AL-Adel, H.A. Badran, Nonlinear optical properties and
diffraction ring patterns of benzo congo red, "European j. of Applied
Engineering and Scientific Research 1,pp.66-72, 2012

[40] H. A. Badran, Khietam Abd Al-Adil, Haidar G.Lazim, Alaa Y. Al-
Ahmad, “Thermal blooming and photoluminescence characterizations
of sol-gel CdO-SiO, with different nanocomposite”, J Mater Sci:
Mater Electron 27, pp.2212-2220 ,2016.

Hussain Ali Badran received his PhD degree in
physical electronics in the Department of Electronic
Science and Technology, Harbin Institute of
Technology (HIT), Harbin, China, in 2004. At present,
he is a professor at University of Basrah, Education
College for pure sciences and has been engaged in
research in the fields of laser technology, laser
spectroscopy, and nonlinear optics. He has published
more than 110 papers.

Mustefa M. Jafer received his MSc degree in radiation
physical in the Department of Physics, College of
Education for Pure Science, University of Basrah |,
Basrah, Iraq, in 2018. At present, he is a Teacher at
Directorate of Education, Al-Yarmook Secondary
School, Basrah, Iraq.

49 www.ijeas.org



