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Abstract
In this research, A thin film of Rhodamine B dye and TiO2
Nanoparticles doped in PMMA Polymer has been prepared by
a casting method. The sample was spectrum absorption by UV-Vis.
The nonlinear optical properties were measured by Z- scan technique
using Nd:YAG laser with (1064 nm) wavelength. The nonlinear
refractive index (n2) and nonlinear absorption coefficient (β) were
estimated for the thin film for different energies of the laser, n2 and β
were decreased with increasing intensity of incident laser beam.
Also, the type of β was two-photon absorption and n2 negative
nonlinear reflective.
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دراسة الخواص الضوئية الالخطية لصبغة رودامين وجزيئبت التيتبنيب النبنومترية المشوبة
لبوليمر البولي مثيل ميثب أكريليث
لميبء قنذ خليف
 انعشاق, جايعح تغذاد,يعهذ انهيضس نهذساساخ انعهيا
الخالصة
ٍ ودلائك َاَىيه يB ٍ انًشاب تصثغح انشوداييPMMA ذى في هزا انثحث ذحضيش غشاء سليك يٍ انثىنيًش
 ولذ ذى لياط اطياف االيرصاص تاسرخذاو يطياف انًذي انًشئي – فىق.) (ثاَي اوكسيذ انريراَيىوTiO2 انًشكة
 كًا ذى لياط انخىاص انثصشيح وانالخطيح تاسرخذاو ذمُيح انًسح عهً انًحىس انثانث.)UV-Vis( انثُفسجي
 حيث ذثيٍ يُها وجىد يعايم اَكساس.1064 nm  تىاسطح نيضس َيذيًيىو – يان را انطىل انًىجيZ- scan
 ولذ.) في انغشاء ذحد انذساسه ونطالاخ يخرهفح يٍ شعاع انهيضسβ( ) ويعايم ايرصاص الخطيn2( الخطي
ٌ يٍ رواخ ايرصاص فىذىَيٍ واβ ٌ كًا اذضح ا. يع صيادج شذج شعاع انهيضس انًسرخذوβ  وn2 اَخفضد ليًرا
. يٍ رواخ يعايم االَكساس انالخطي انسانةn2
electrical, optical and magnetic
properties that are different from their
bulk
counterparts
[3].
Titania
nanoparticles have received much
interest for applications such asoptical
devices, sensors, and photocatalysis [4,
5]. Incorporating dye molecules into
solid matrices have resulted in
significant advances towards the
development of practical tunable solidstate lasers. The use of a synthetic
polymer host presents advantages as

Introduction
Rhodamine B dye belongs to the
xanthine family. It is one of the
most commonly used in various
spectroscopic Studies [1]. Poly (methyl
methane acrylates) are polymers of the
esters of methacrylic acids. It is
commonly called acrylic glass or
simply acrylic [2]. The oxide
nanoparticles synthesized by several
methods appears more and more useful
because these nanoparticles have good
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these materials show much better
compatibility with organic laser dyes
and are amenable to inexpensive
fabrication techniques. These polymers
provide an opportunity for the
production of active elements that can
effectively control the characteristics
of laser radiation. [6]. Dye-doped
polymers find applications in the fields
of modern photonic technology apart
from its use as an alternative to solid
state laser media. [7]. The Z-scan
technique is a simple, sensitive and
popular experimental method to
measure nonlinear optical prosperities
(NLO) of materials. There are two
parts of the Z-scan: closed aperture and
open aperture. Closed aperture Z-scan
helps to measure the sign and
magnitude of both real & imaginary
part of reverse saturable absorption
(RSA) depending on the pump
intensity and on the absorption cross
section at the excitation wavelength
[8]. Open aperture Z-scan helps to
measure the nonlinear absorption
coefficient ß2.

was prepared by dissolving 7gm PMMA
polymer in 100ml of chloroform solvent.
The compound added to the Rhodamine
B dye solution of concentration
1x10-4 mol/liter. The percentage weight
of Tio2 nanoparticles powder (0.1) wt%
was added separately and stirred by a
magnetic stirrer at room temperature to
get a uniform mixture. UV-vis
absorption spectrum was recorded
using
a
SHIMADZU
UV-1800
spectrophotometer. UV-Vis absorption
solution was measured in a 3 mL quartz
cuvette over wavelength range 190-1100
nm.
The nonlinear optical properties of
RB Dye and TiO2 Nanoparticles
Doped in PMMA Polymer were
investigated by using a Z-scan
technique which is a sensitive and
convenient method. The nonlinear
absorption can be revealed by the
study of the transmittance of the open
aperture Z-scan experiment, and the
nonlinear refraction can be revealed by
dividing transmittance of the closed
aperture Z-scan by that of the open
aperture. The open and closed
aperture Z-scan can be performed
simultaneously.
A
home
built
Q-switched Nd: YAG laser with 30 ns
pulse duration and was focused by a
lens with focal length of 5 cm for
different energies (131, 141,150 mJ).

Materials and methods
All materials used without further
purification. Rhodamine B supplied
from
Lambda
Physik
and
used
withoutfurther
purification,
Polymethacrylate (PMMA) from ICI
company. The solvent used was
Chloroform: From Lab-Scan Ltd.
Analytical Sciences HPLC, Dublin
Ireland. Titanium dioxide (Tio2) from
Aldrich nanopowder 25 nm particle size
(99.7%) trace metals basis Sample. The
Rhodamine B dye/ Tio2 nanoparticles
/PMMA film was made by casting block
method. The solution of the polymer

Results and discussion
A. Characterization of the sample
Fig.1
shows
the
absorption
spectrum of RB Dye and TiO2
Nanoparticles Doped in PMMA
Polymer. The absorption peak as can
be shown is in the UV-visible range.
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Wavelength (nm)
Fig. 1: UV-Vis absorption spectrum of RB dye and TiO2 Nanoparticles Doped in PMMA
polymer.

nm wave length. The transmittance is
decreased when the sample moves even
closer to the focal point, a curve with
symmetrical valley and two humps are
presented as shown in Fig.2 which
shows the results of the Z-scan
experiment at energies of (131, 141,
150mJ).

B. Nonlinear optical properties of RB
dye and TiO2 nanoparticles doped in
PMMA polymer
The RB dye and TiO2 nanoparticles
doped in PMMA polymer casting
method. The linear transmittance of the
RB dye and TiO2 nanoparticles doped in
PMMA Polymer was 82.948 % at 1064
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Fig. 2: Closed-aperture of sample for (131, 141 and 150) mJ at 1064nm.

For closed Z-scan of the thin films
for different energies, we can observe
the negative nonlinear refractive index.
The figure shows all the film behaviors
were self-defocusing NLR.

As seen from figures the transmittance
of all samples were enhanced with
increasing the intensity. Due to at the
intensity increases, the population of
electrons saturates the conduction band
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thus blocking further excitation from
valance band, hence transmission
through the sample increases [9].
The nonlinear absorption coefficients β
of the thin films were measured by
performing the open aperture z-Scan
technique. β is related to the imaginary
part of the third-order optical
susceptibility χ(3). Open aperture-Scan
that performed in this study exhibited a
reduction in the transmission about the
focus of the lens.
The transmittance curves ofthe thin
films at different energies of 1064 nm
are shown in Fig. 3. The behavior of
transmittance started linearly at
different distances from the far field of
the sample position (-Z). At the near
field, the transmittance curve begins to
decrease until it reaches the minimum
value (Tmin) at the focal point, where
Z=0 mm. The transmittance begins to
increase with the linear behavior at the
far field of the sample position (+Z).

The transmittance behavior of all
previous figures are started linearly
when the sample is located far from the
beam waist, where the beam intensity
is low; the transmission through the
aperture is normalized to unity. As the
sample is shifted closer to the waist,
the induced nonlinear absorption and
the transmittance curve begins to
decrease until it reaches the minimum
value (Tmin) at the focal point, where
Z=0 mm. Afterward, the transmittance
begins to increase the linear behavior
at the far field of the waist. In the
open-aperture z-Scan, the nonlinear
behavior of the transmission curves in
good agreement with the result
reported by Z.S.Sadik et al., Rawaa A.
Farisand Zainab F. ALBawi [9, 10,
11]. In the focal plane where the
intensity is greatest, the largest
nonlinear absorption is observed.
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Fig .3: Open-aperture of a thin film for (131, 141 and 150) mJ at 1064 nm.

The open aperture indicates that the
nonlinear absorption of the sample is
two-photon absorption with different
energies. From previous figures, the

nonlinear absorption coefficient and
nonlinear refractive indices can be
estimated as tabled in the Table 1.
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Table 1: The nonlinear refractive index and nonlinear absorption coefficient.
Energy mJ

n2

Β

131
141
150

0.10
0.14
0.42

7013.79
7896.195
10354.24

Conclusions
The nonlinear optical properties for
the Rhodamine B dye doped PMMA
with TiO2 nanoparticles was studied by
Z-scan technique using Nd: YAG laser
at 1064 nm. The nonlinear absorption
coefficient can be attributed twophoton absorption while nonlinear
refractive index leads to self –
defocusing in this film. And it found
that the film can be active medium as
dye lasers.
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