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Study the optical properties of Fluorescein sodium dye doped
in polymer Poly Polyvinyl alcohol for different thickness

Juid (S pad gally dankaall o 933 guall Cpan s 518 ddpual & el el i) Al )2
daliial) dlacdd Jgasl)

Khawla J. Tahir' Furgan A.Tawil®
'Department of physics, University of Kerbala, kerbala,
khawla.taher@uokerbala.edu.iq,lrag.
Department of physics, University of Kerbala,
kerbala,gumana.altaweel@yahoo.com,lrag.

ABSTRACT

Z-scan method has been utilized at (532nm) and uv-visible and fluorescence
spectrophotometer have been utilized to study the spectral characteristics in order to compute the
nonlinear optical properties in two cases close, open aperture. The refractive index n, and
absorption coefficient B of various thicknesses (4,6,8,10,12) um for constant concentration
(5x102 M) have been determined. The empirical results for open- aperture showed that the film
models of fluorescein sodium dye have shown the saturation absorption or the two photon
absorption, also in closed-aperture showed positive or negative effect. Likewise for thicknesses
quantum efficiency have been calculated.
Keywords: Fluorescein sodium , linear and non-linear optical properties, Z-Scan method,
Fluorescence quantum efficiency.
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1.INTRODUCTION:

Z-scan method was created by Mansoor Sheik-Bahae et.al [1,2] because of simplicity and high
sensitivity were utilized for determining the nonlinear optical properties for various materials [3].
Non-linear optics are imperative parameters because of their applications to many branches that
occurred from the interaction between beam of light and matter [4,5,6,7]. The empirical part
computed when the film model is moved along Z-axis through the beam waist of Gaussian beam of
laser gradually. In figure (1) (2) two sorts of Z-scan method to compute n, and P respectively [2].
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Figure (1): schematic drawing close-aperture.
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Figure (2): schematic drawing open-aperture.

Xanthene dye is important dye, it have strong optical absorption, long phosphorescence life
time and number of double bonds. Fluorescein Sodium dye was a typical material utilized as a
medium described by high chemical stability, efficient manufacturing, has a chemical formula of

(C20H10Na,0s) and Molecular weight (376.3 ﬁ), orange- red powder was dissolved in alcohol [8].

Figure (3) demonstrated the molecular structure of dye.
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Figure (3): The structure of Fluorescein sodium[9].
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2.METHODOLOGY
2.1. Fluorescence Quantum Efficiency

fluorescence quantum efficiency (gem) can be defined as the proportion of the number of
quanta emitted to the number of quanta absorbed. The molecular fluorescence spectrum F(v) is
then characterized as the relative fluorescence quantum intensity at frequency (v ) ,normalized by
the relation[10].

Number of emitted photons

(D)

9FM = Number of absorbed photons

_ Kgm [M7]

I

Krwm : is the rate of fluorescence emission.

M’ is the molar concentration of excited molecules.

I ,: is the intensity of light absorbed.

quantum efficiency can be ascertained by the total area under the fluorescence curve, depending on
the equation[11].

Qfm =f F(D)dD v e (2)
0

F(D ) : is the intensity of fluorescence spectrum.

Quantum efficiency was considered as the most essential parameter of the dye molecular, and its
values range between (0-1), depend on nature concentration, viscosity, temperature and the solvent
molecular structure nature[12].

2.2. Fluorescein sodium
Fluorescein Sodium (FS) dye is used in this present work. The properties of this dye were
displayed at table (1).

Table (1) : The principle qualities of FS dye.

Productive company Lambda physics

( Germany )

Molecular formula CyoH1oNa,Os5
Molecular weight 376.27 -9
mol

Solvent Ethanol
Appearance Orange -red to dark red
crystalline powder

2.3. Polyvinyl alcohol

It is a white powder which has numerous properties like effectively fabricated, relative minimal
cost, good charge storage and dielectric material[13]. The properties of this polymer were
displayed in table (2) and the PVA molecule was clarified in figure (4).

Table (2) : The principle qualities of polymer.

Molecular formula C,H,0
Solubility Water soluble
Physical Appearance White, odorless
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Figure (4): The structure of PVA..

2.4.The solvent ( Ethanol)

It is an organic solvent logical name ( Ethyl Alcohol ) and chemical formula (C,HsOH) and
atomic weight has (46.07g/ mol) , which solution polar base. The study employments utilizes pure
ethanol (99.99%). The properties of this solvent were displayed in table (2) and the ethanol
molecule was clarified in figure (5).

Table (2) The principle qualities of Solvent.

Productive company Avantor (Netherlands)
Chemical formula C,HeO
Scientific name Ethyl alcohol
Purity 99.99%
H H

Figure (5): The structure of Ethanol molecule.

2.4. UV-VIS spectrophotometer

UV-VIS spectrophotometer was utilized to measure the absorption spectra for solution and films of
fluorescein sodium dye, factory by (Optima, Japan, Aquarius 7000). the properties of this device
were displayed in table (3).

Table (3) Specification of the UV-Visible spectrophotometer.

Wavelength range 190nm-1100nm

Wavelength scan rate Maximum 1000 nm / min
Detector Silicon photodiode

Power requirements 220-240V.AC

Light source 6V 10 W Tungsten halogen lamp
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Figure (6) : UV-Visible Spectrophotometer.

2.5. Spectrofluorometer

Spectrofluorometer (F96 pro) was utilized to measure the fluorescence spectra for films,
factory by (chinese-made),the properties of this device were displayed in table (4).

Table (4): Specification of the fluorescence spectrophotometer.

Spectral Range (Ex & Em) 200 to 700 nm

Detector High sensitivity photo multiplier tube (PMT)
Scanning rate 200, 400 & 600 nm/min

Power requirement 230V £ 10%, 50 Hz, 10, Max.400 VA

Light source 150 watt Xenon arc lamp

Control Microprocessor, (computer-optional)

Figure (7) : Device fluorescence Spectrophotometer.
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2.6. Thickness measurement
Thickness of film was measured by a device of type (REED CM-8822 coating thickness gauge
micrometer factory in Canada), with (0.001 mm) measurement accuracy and range of (0-1000 pum).

Figure: (8) Digital meter.

2.7.Sample preparation

Powder was weighed by using of an electric balance. Concentration (5x102 M) dye doped
polymer PVA, a various thicknesses of films were synthesized by casting method in the ratio
3:1[14]

My, xC XV

1000 R )
W : weight of the dissolved dye (gm).

Mw : atomic weight of the dye (=--).

mol

C : Concentration of the dye (T)'
V : dissolvable of the dye (ml).

3.RESULTS AND DISCUSSION
3.1. Spectral properties of the films of fluorescein Sodium dye and Polyvinyl alcohol.

The Spectra of absorption and fluorescence for films at thicknesses (4,6,8,10,12 um) as
demonstrated in figure (6) and (7) respectively.
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Figure (10): Fluorescence spectra of thin films at different thickness.
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The table (5) explains quantum efficiency of various thicknesses.

The absorption and

Table (5): The quantum efficiency.

t(um) Dfm%
4 65%
6 66%
8 73%
10 69%
12 78%

the fluorescence spectra of the models

for various

thicknesses

(4,6,8,10,12) pm for constant concentration (5x10%) M pushed towards longer wavelengths (red
shift) with increasing thicknesses because of the inecreasing of the number of molecules ,
however the quantum efficiency increased together.

3.2. Linear Optical properties
The linear absorption coefficient of fluorescein Sodium and Polyvinyl alcohol was dictated by

utilizing this formulae [15].

1 1

Where

t:sample thickness.

T:transmission.

the extinction coefficient[16].
_ Mxa

K== i (5) where, A : the wavelength of the beam.

The table explains linear optical properties as appeared below.

Table (6): Linear optical properties.

t T% o Kx10" n

(um) (532nm) (cm™)

4 0.8979 269.24 11404.11 1.6039
6 0.8809 211.35 8952.08 1.6724
8 0.8696 174.65 7397.59 1.7177
10 0.8621 148.38 6284.88 1.7477
12 0.8374 147.87 6263.28 1.8468

3.3. Nonlinear optical properties
The T,and T, to compute (nz) by utilizing this formula [1].

n, = % e e e e o (6) Where, Ny nonlinear refractive index.
o Leff
Where
ATy_y = 0.406AQ ... ... cc. ecc ... (7)
ATP—V = Tp - TV (8)
K=2F e (9)
2
I, = H—V‘;’% e (10) [17]

Where, T, : max peak at the close aperture.

T, :min valley at the close aperture.

ATp_y :change in normalized transmittance between peak and valley, which it is equal |T,-Ty|.
A@,: nonlinear phase shift.

I, :intensity of the laser beam at Z =0.

11
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W,: the beam waist at the focal point.
P : the power of laser of laser.

1—exp %ot

Qo

Less : effective length of sample.

t : sample thicknesses.

a :linear absorption coefficient.

the AT to determine 8 by utilizing this formula [17].

B= sz AT ... ............(12) where  :nonlinear absorption coefficient.
0 Leff

AT:is the value of max peak or min valley at the open aperture.

The figures demonstrate (n,) and( ) respectively at various thicknesses.

12
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Figure (11): Closed-aperture Z-Scan.
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Figure (12): Open -aperture Z-Scan.
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The table (7) show the values of( ny) and ( B) as demonstrated below at power 21mW.

Table (7): The nonlinear optical properties.

t ATp_y AQ cm? Tnax cm
(um) (Rad.) n () B G
X 10—7 x 1071
4 0.84 2.0689 11.2 13.9 25.1
6 1.08 2.6600 9.69 13.89 16.9
8 1.98 4.8768 134 13.18 12.1
10 2.21 5.4433 12 13.19 9.72
12 3 7.3891 13.8 14.58 9.08

From this table it can be demonstrated that higher non-linear refractive index (n,) obtained
when the thickness is (12um), we additionally take note that the non-linear absorption coefficient
(B) decreased with increasing thicknesses .The non-linear refractive index changes between
positive (self —focusing :in which the order its entirety valley-peak),and negative (self-defocusing:
in which the order its entirety peak-valley).The non-linear absorption coefficient displayed the

behavior of saturated absorption.

The figures demonstrate (n,) and( B) respectively at various thicknesses.
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Figure (13): Close -aperture Z-Scan.
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Figure (14): Open -aperture Z-Scan.
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The table (8) explains the value of (n;) and (B) as appeared below at power 80 mW.

Table (8): The nonlinear optical properties.

t ATp_y, AQ cm? Trnax om

(um) (Rad.) n () B G

% 10—7 X 10_1
4 18 | 44.3349 63 80 38
6 40 98.5221 94.2 71.8 22.9
8 5451 | 134.2611 96.9 26 6.27
10 44 | 108.3744 62.8 32 6.20
12 38 93.5960 45.9 30 4.91

From this table it can be demonstrated that higher nonlinear refractive index (n,) obtained
when the thickness is (8 um), we additionally take note of that higher non-linear absorption
coefficient (B) decreased with increasing thicknesses. The non-linear refractive index changes
between positive (self —focusing :in which the order its entirety valley-peak),and negative (self-
defocusing: in which the order its entirety peak-valley).The non-linear absorption coefficient
displayed the behavior of Two-Photon Absorption at (8,10,12) um and saturated absorption of other
concentrations.

The empirical part values was determined ,dye doped film have larger values compared to
liquid state [18],therefore the nonlinear optical properties of the solid state are clearer than the
liquid [19,20].

4. CONCLUSION

In the present work the conclusions demonstrate the absorption and the fluorescence spectra of
the models for various thicknesses shifted towards longer wavelengths. The z-scan measurements
demonstrate that the fluorescein sodium dye standard sample display non-linear properties. The
nonlinear refractive index and absorption for fluorescein sodium dye with (532nm) (Nd:YAG)
CW laser with power (21,80) mW at various thicknesses have been determined.
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