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Optical Limiting Behavior of Congo red Dye Under CW
Laser
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Abstract— The optical limiting properties for solution of
Congo red dye in the solvent Dimathyl sulfoxide (DMSO)
is reported. Experiments are performed using the diode
laser beam at 532 nm wavelength and 40mW power.
Measurements were performed using two continuous
wave (CW) laser beams. The effects of concentration of
the sample on the optical limiting properties have been
investigated. The optical limiting behavior is investigated
by measuring the transmission of the samples. A
mechanism for the optical limiting is given.

Index Terms— optical limiting, dye , CW laser, Threshold
power.

1. INTRODUCTION

With the rapid development of new laser technology, the
optical limiting materials for the protection of optically
sensitive devices and human eyes from laser damage in both
civilian and military applications have received significant
attention in recent years [1,2]. An optical limiter strongly
attenuates the laser beam of high intensity whereas it is
completely transparent at lower light intensities. Ideally, the
laser beam transmitted through the limiter rises linearly with
input power and saturates to a constant value at high power at
which the transmittance is fifty percent. Above the threshold,
the output power is clamped to the saturated value which
depends on the material. The optical limiter is a device used to
protect the human eye, optical sensor, electronic devices and
other optical devices against the high intensity of the laser
light. OL is designed to have a linear transmission below
threshold for low level light inputs, and a constant
transmission above threshold for high power, thus it becomes
safe to the eye, optical sensors and to the electronic devices
[3]. The material must possess special characteristics to show
the optical limiter action such as high optical damage
threshold, high linear transmittance at low input power and a
low threshold value [4,5]. Optical limiters, whose filtering
action is instantaneously activated by the incoming intense
light represents a valid solution for the protection of sensors.
In this case, the incoming intense light alters the absorptive
and refractive properties of the materials in such a way that
the resulting transmitted intensity is greatly reduced [6-8].
Optical limiters based on reverse saturable absorption (RSA)
are very transparent for weak light and get opaque for the
intense light. Moreover, if only RSA occurs, the quality of the
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vision can still be maintained during the process of optical
limiting (OL) [9].The aim of the present work is to improve
the optical limiting properties for dye to obtain better optical
limiting properties as the results on the optical limiting
properties of an organic dye, Congo red dye dissolved in
DMSO solvent using a continuous wave (CW) laser was
reported. The threshold values of the samples are determined.
The dependence of threshold value on various parameters is
also investigated.

II. EXPERIMENTAL TECHNIQUE

The Congo red dye was purchased from Aldrich and used
without any purification. Fig.1 shows the molecular structure
of Congo red dye.
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Figurer 1: Molecular structure of Congo red dye.

The UV-visible absorption spectrum of Congo red dye in

the solvent Dimathyl sulfoxide (DMSO) was recorded using a
Cecil Reflected— Scan CE 3055 Spectrophotometer. The
optical absorption of the Congo red dye with concentration
0.04, 0.05, 0.06 and 0.07 mM shows an absorption peak at
529 nm as shown in Fig. 2.
The spectrum of the optical absorption was computed from
the absorbance data. The absorption coefficient (o) was
obtained directly from the absorbance against wavelength
curves using the relation [10-15]

2.303A
o0=—-"
L

where A and L are the absorbance and thickness of the cell
respectively.
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Figure 2: Absorption spectra of the Congo red at different
concentrations.
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The values of absorption coefficient (o) at wavelength 532 nm
for Congo red in solvent DMSO with different concentrations
have been calculated using Eq. 1 and the results are given in
Table 1.

Table 1: Absorption coefficient of Congo red at 532 nm

wavelength.
Concentration Absorbtion o (cm™)
mM
0.04 0.127 2.924
0.05 0.182 4.191
0.06 0.202 4.652
0.07 0.264 6.079

III. RESULTS AND DISCUSSIONS

A cw solid state laser (SDL) was used as a light
source. The wavelength of the laser is 532 nm. The
experimental set-up for the demonstration of an optical
limiting effect is shown in Fig. 3. The laser beam was focused
normally into the sample by a positive lens with a focal length
of +5 cm. In the case of the sample solution, a 1 mm quartz
cell was used to contain the solution of Congo red in the
solvent Dimathyl sulfoxide (DMSO). The sample could be
moved back and forth along the direction of the optical axis in
order to change the position of the focal point of the lens with
respect to the sample. A variable beam splitter (VBS) was
used to vary the input power. An aperture A of variable
diameter is used to control the cross-section of the beam
coming out of the sample. This beam is then made to fall on
the photo detector (PD). The input laser intensity is varied
systematically and the corresponding output intensity values
are measured by the photo detector that is connected to a
power meter (Field Max II-To+OP-2 Vis Sensor). In order to
avoid cumulative thermal effects, data were collected in the
single shot mode. The experiments were performed at room
temperature.
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Figure 3: Experimental set-up for an optical limiting effect.
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3.1 Optical limiting as a function of concentration

The dependence of optical limiting on the sample
concentration is studied for different sample concentrations
by using the configuration shown in Fig.3. Since these
samples show absorptions at 522 nm, SDL laser at 532 nm is
used in this study. In this experiment the sample was placed
behind the focal point of the lens and the aperture size was set
to be Smm in diameter. The optical limiting curves for the
sample solution with different concentrations is shown in Fig.
4. The output power rises initially with an increase in input
power for all the samples, but after a certain threshold value
the sample starts defocusing the beam, resulting in a greater
part of the beam cross-section to be cut off by the aperture
[16,17]. Thus the transmittance recorded by the
photo-detector remains reasonably constant showing a
plateau region and is saturated at a point defined as the
limiting amplitude. i.e., the maximum output intensity,
showing obvious limiting property [18].
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Figure 4: Optical limiting of Congo red with different
concentrations
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Figure 5 show the normalized transmission curves as a
function of the incident input power for different
concentrations of sample solution. The optical limiting
abilities are quantitatively different. The optical limiting
thresholds (Ty) for the sample solutions are measured and
they are given in Table 2. It is well known that the
concentration plays a very important role in the optical
limiting action [19,20]. The optical limiting effect is enhanced
and the transmittance decreases with increasing
concentration. This is because a sample with high
concentration has more molecules per unit volume
participating in the interaction during the nonlinear
absorption processes [21-23]. So the optical limiting
responses of the low concentration samples are generally
much weaker than those of the high concentrated samples,
while high concentrated samples exhibit strong optical
limiting within the range of this study [24,25]. However, the
concentration of the sample should be chosen carefully in
order to reach the concentration threshold, which is an
important factor in the investigation of optical limiting.
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Figure 5 Normalized transmission curves of optical limiting.

Table 2: Optical power limiting threshold for the Congo dye

solution.

Concentration Ty (mW)

mM

0.04 10.7

0.05 12.4

0.06 15.5

0.07 18

CONCLUSION

It is evident that the optical power limiting effect
depends on the concentration of the Congo dye and increases
with increasing the dye concentration, while the power
limiting threshold decreases with increasing the dye
concentration. At high Congo dye concentrations, the output
power reached a plateau at low input power and the dye
medium exhibits strong optical power limiting effect. The
power limiting effect was observed in the Congo dye and is
affected by the variation of the concentration. These
advantages give an indication that the Congo dye is a
promising material for potential applications in nonlinear
optical devices such as photonic and signal processing device

REFERENCES
[1] H. A. Badran and 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 (JERM), vol.1, no.8,
pp.67-69,  2014.

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

[3] 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-diffrac tion, Optics & Laser Technology,
54, pp.72-78, 2013.

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

[5] 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 wavegreen laser light,”
Indian J of Physics. 87(11), pp.1153—-1156, 2013.

33

[6] N.A. Huda, S. akop and H. A. Badran, Single-Beam Z- Scan
Measurement of the Third-Order Optical Nonlinearities of Ethidium
Bromide, Int. Journal of Engineering Research and Applications, 4,
pp.727-731, 2014.

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

[8] 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.

[9] H. A. Badran, A. A. Al-Fregi, R. K. Alfahed and A.S.Al- Asadi,“Study of
thermal lens technique and third order nonlinear susceptibility of
PMMA base containing 5',5" dibromo-o cresolsulfophthalein,” Journal
of Materials Science: Materials in Electronics, 28(22), pp.17288-17296,
2017

[10] H. A. Badran, K. Abd Al-Adil, H. G. Lazim, A. Y. Al- Ahmad, Thermal
blooming and photoluminescence characterizations of sol-gel
CdO-SiO; with different nanocomposite, Journal of Materials
Science:Materials in Electronics 27, pp.2212-2220, 2016.

[11] H. A. Badran, A.Y.Taha and A. F. Abdulkader,“Preparation and Study
of the Electrical and Optical Properties of a New Azo
Dye(4-Acetaminophenol—[2-(4-Azo0)]-4- Amino Dipheyl Sulfone)”J.of
Ovonic Research,8(6) pp.161-170, 2012.

[12] 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, pp.5301-5309, 2016.

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

[14] 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.

[15] 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.

[16] 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 Quantum Electron , 4, pp.1859-1867,
2015.

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

[18] K.A. 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(2), pp.66-72, 2012.

[19] H. A. Al-Hazam, R. K. F. Alfahed, Abdulameer Imran,  H. A. Badran,
H. S. Shaker, A. Alrahman Alsalihi, K. I. Ajeel, Preparation and
optoelectronic studies of the organic compound[2-(2,3dimethyl
phenylamino)-N-Phenyl benzamide doped(PMMA)], Journal of
Materials Science: Materials in Electronics 30, pp.10284—10292, 2019.

[20] R. K. F. Alfahed, A.S. Al-Asadi, H. A. Badran, K. I. Ajeel, Structural,
morphological, and Z-scan technique for a temperaturecontrollable
chemical reaction synthesis of zinc sulfide nanoparticles, Applied
Physics B (125) pp.48-58, 2019.

www.ijerm.com


http://www.ijerm.com/

Optical Limiting Behavior of Congo red Dye Under CW Laser

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

[22] 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.

[23] H. A. Badran and K.A. Al-Adel,“Optical Nonlinear Properties and
Optical Limiting Effect of Congo red Dye under CW Laser,” Misan
Journal for Academic Studies, 11(21), pp.1-9, 2012.

[24] H. S.Shaker, W.A.Hussain, H.A. Badran, Determina tion of the optical
constants and optical limiting of doped malachite green thin films by the
spray method,” Advances in Applied Science Research, 3(5),
pp-2940-2946, 2012

[25] H. A. Badran, A. A. Fregi, “Synthesis and study of nonlinear optical

properties of a new azo dye by Z-Scan technique,’” International Journal
of Semiconductor Science and Technology, (2), pp. 26-36, 2012.

Hussain Ali Badran received his PhD

o~ degree in physical electronics in the

S D ) ;

) epartment of Electronic Science and

\\“5 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 120 papers.

Allya J.Jerry received his MSc degree in
Nonlinear physical in the Department of
Physics, College of Education for Pure
Science, University of Basrah, Basrah, Iraq, in
2018. At present, she is a Teacher at
Directorate of Education, Aktham Ibn-Sayfi
Secondary School for girls, Basrah, Iraq.

34

www.ijerm.com


http://www.ijerm.com/

	I. INTRODUCTION
	II.  Experimental technique
	III. Results and discussions
	Conclusion

