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Abstract

Optical properties of Rhodamine-B thin film prepared by PLD
technique have been investigated. The absorption spectra using
1064nm and 532 nm laser wavelength of different laser pulse
energies shows that all the curves contain two bands, B band and Q
bands with two branches, Q; and Q, band and a small shift in the
peaks location toward the long wavelength with increasing laser
energy. FTIR patterns for Rhodamine-B powder and thin film within
shows that the identified peaks were located in the standard values
that done in the previous researches. X-ray diffraction patterns of
powder and prepared Rhodamine-B thin film was display that the
powder has polycrystalline of tetragonal structure, while the thin film
has an amorphous structure. SEM images for Rhodamine-B, shows
homogeneous distributed cauliflower-like nanostructures attached
with each other. FM diagram shows that the average grain size was
found to be 68.52 nm and the RMS surface roughness was 1.68 nm.
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Introduction

Laser Induced Breakdown
Spectroscopy (LIBS) is one of laser
based methods that widely applied in
material sciences [1]. LIBS was first
suggested as an analytical tool back to
1962, during last two decades much
improved in this method and several
new  applications have been
introduced [2].

LIBS have been used in many
applications; mainly due to its
flexibility [3]. Field portable LIBS
systems have been shown to be able to
detect hazardous materials including
bio aerosols [4,5].

In laboratory uses range from
industrial use (e.g.) as metallic alloy
composition measurements, steel and
glass melt testing, etc. [6, 7] to
detection of bacteria and other
pathogens, LIBS can be used to
discriminate between different strains
of the same bacteria [8].

The interaction of  strong
electromagnetic radiation fields with
the electrons in a condensed medium
with a band gap larger than the photon
energy, nonlinear processes such as
multiphoton ionization or the tunnel
effect can lead to the generation of in
the conduction band. A sufficient
kinetic energy from the electric field
can gained by these free electrons
produce more free carriers by inverse
Bremsstrahlung absorption through
impact ionization [9].

Plasma formation because of the
rapid ionization of the medium led to a
great increase of the absorption
coefficient, which caused a rise to a
rapid energy transfer from the radiation
field to the medium. when the free
electron density exceeds a critical
value of 108-1020 cm™ laser induced
breakdown is occur [10].

Breakdown can occur in one of two
ways, multiphoton ionization or
cascade ionization. In multiphoton
ionization, two or more photons are
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absorbed  simultaneously by the
particle so that there is enough energy
to ionize it. Because multiple photons
are needed for ionization to occur, high
irradiances are usually required [11].

Atomic processes within the plasma
govern the manner in which radiation
is absorbed, transported, or emitted
from plasmas. The populations of
different energy levels and the
ionization stages in the plasma are the
factors influencing this process [12].

Although it causes the damage of
optical components in high power laser
systems Laser-induced breakdown has
been studied mainly in solids because
of its importance. In recent years [13].

Rhodamine-B is one of the
commonly used dyes widely used in
industrial purposes, such as printing,
paper, paints, leathers etc. The present
promising application for the organic
dye is a photocatalyst due to
decomposition with superior activity.
The incorporation of organic dyes into
solid matrices has been a great deal of
interest, because of useful applications
such as light concentrators in solar
cells, optical waveguides, laser
materials, sensors, and nonlinear
optical materials [14].

Rhodamine B is a xanthene widely
used as an active medium in dye lasers,
as a photosensitizer, and as a quantum
counter [15]. The spectroscopic and
photophysical properties of this dye
have Dbeen extensively studied in
different media [16,17]. there is little
information on the optical properties of
Rhodamine- B [18].

Experimental part
1. Materials

Pure Rhadomine-B (99%) was
purchased from MERCK company,
appearance red to violet powder,
Chemical formula CygH3;CIN,O3 and
Molar mass 479.02 g-mol .


https://en.wikipedia.org/wiki/Chemical_formula
https://en.wikipedia.org/wiki/Molar_mass
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2. Sample preparation

Samples were prepared in the form
of pellets. Pressing (2 g) of material
by hydraulic press operating (6-8) bar
for (15min) to get a pellet of (20 mm)
in diameter and thickness of
approximately (5 mm).

3. Experimental Setup

The set-up of PLD consists, vacuum
chamber and laser system. A schematic
diagram illustrates the experimental
setup as shown in Fig.1.

//_\\\ P=2.5%107 mbar

/ \

Nd:YAG laser
wavelength=1064 nm
under vacuum

| rotery outlet

Schematic  of

Fig.1: the PLD
experimental setup in plasma lap for
higher studies.

PLD has been done inside the
vacuum chamber at pressure 2.5 x 107
mbar to cause the oxidizing of target
materials.

In the present work Nd:YAG laser
(Huafei Tongda Technology Diamond
288 pattern EPLS) is used. This device
was consisting of power supply
system, computer-controlling system,
cooling system, and the light route
system. The main laser system
parameters are, Q-switched Nd:YAG
model, wavelength of the first
Harmonic oscillator 1064 nm, Pulse
energy (10-2000) mJ, Repetition
Frequency (1-10) Hz, Laser pulse
duration (9 ns), Laser peak power (6-
36) mW, and Pulse width (10 ns).
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4. Steps of PLD working

The steps of PLD working as
follows:

1) Laser beams of 1064 nm
wavelength  with  different  pulse
energies (600, 700, 800 and 900) mJ
are focused through a Pyrex glass
window into the vacuum chamber at
pressure 2.5 x 10? mbar and hit the
surface of the sample with angle 45° to
the normal of the surface during a 500
shots.

2) Amount of sample was ablated
when the laser is focused onto the

sample, it is extremely small,
approximately Nano-grams.

3) The
films were deposited on glass or
silicon at substrate.

4) Repeating the above steps

using a laser source of 532 nm
wavelength.

Several things must be taken into
consideration during work. First is the
substrate is placed in front of the target
with sufficient distance (1-2.5) cm to
avoid blocking the laser beam by the
substrate holder and the second is that
the target surface was rotated in order
to expose a fresh surface after every
train of shots; this reduced the possible
effects of cratering e.g., plasma
confinement and/or occlusion by the
target surface formation.

Results and discussion
1. UV-visible measurements

The absorbance for Rhodamine-B
thin films on glass substrate prepared
by using 1064 nm and 532 nm laser
wavelength at different laser energies
were shown in Figs.2 and 3. Notice
that all the curves contain two bands, B
(at 308 nm) and Q bands with two
branches, Q; band (at 521 nm) and Q,
band (at 582 nm).

The Q; band is due to the transition
between the bonding and anti-bonding
(m-n*) at the dimer part, while the Q;
band corresponds to the absorption at
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the monomer part or as excitation
peak, while B band are attributed to o-
conjugated bithiophene substitution
[19]. Q1 and Q2 more distinguished for
thin films prepared with high laser
energy.

There is a small shift in the peaks
location toward the long wavelength
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with increasing laser energy from 600
to 900 mJ. Increasing laser energy
cause to increase film thickness and
crystalline size, so reduce the strain in
lattice and reduce the bond energy. The
absorbance peaks increased for B-band
and Q-band and the absorption
spectrum becomes wider.
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Fig.2: The absorbance for Rhodamine-B thin films deposited using 532 nm with different

energies.
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Fig.3: The absorbance for Rhodamine-B thin films deposited using 1064 nm laser with
different energies.

By comparing the result using the
two laser wavelengths, the peak
position blue shifted when use 532 nm
laser, due to increasing photon energy,
which effected on deposited film
structure.

Table 1 shows the bands data
(wavelength and the optical energy
gaps) for B and Q bands in
Rhodamine-B thin films deposited
using 1064 nm and 532 nm with
different energies.
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Table 1: Bands position and the optical energy gaps for Rhodamine-B thin films deposited
using 1064 nm and 532 nm with different energies.

Wab;zzrgth Laser energy peak position (nm) Eg (eV)
(nm) (mJ) B-band | Q1-band | Q2-band | Q band | B band
600 308 - 582 1.960 2.660
o 700 313 - 587 1.940 2.640
800 329 521 589 1.920 2.600
900 333 538 589 1.840 2.520
600 337 543 586 1.960 2.520
G 700 336 541 587 1.920 2.520
800 335 541 589 1.860 2.520
900 330 540 597 1.860 2.520

2. FTIR Measurements

Fig.4 shows the FTIR patterns for
Rhodamine-B powder and thin film
within the range from 400 to
4000 cm™, then focusing on the range
400 to 2000 cm™. The identified peaks
were located and matched with the
standard values that done in the
previous researches [20].

The two spectra show nearly same
peaks located at 517.98, 581.01 for
Metal bond, 681.21, 755.55, 816.97 for
C-H meta-substitution, 920.40 for C-H
mono substitution, 1007.68 for C-O,
1075.56 for C-N, 1128.89, 1178.99 for
C-O, 1248.48, 1272.73 for C-OH

stretch, 1342.22 for C-H3 stretch,
1410.1 for C-H bend, 1474.75 for nitro,
1507.07, 1550.71, 1589.49, 1642.83 for
C=C aromatic, 1694.55 for C=N,
2873.15, 2982.88 for C-H stretch,
3413.36 for O-H.

In addition, this figure indicates that
almost peaks has small shift toward
less values for thin film sample. New
peak appeared at 1752.73 cm
corresponding to C=0 band, while the
C=N peak disappeared, as shown in
Table 2. All peaks between 681 and
3413 cm™' corresponding to certain
chemical bonds of Rhodamine-B.
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Fig.4: FTIR for Rhodamine-B (a) powder
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Fig.4: FTIR for Rhodamine-B (b) thin film.

Table 2: FTIR band for Rhodamine-B powder and thin film.

Powder Thin film
517.98 519.59
Ml ee 581.01 579.39
681.21 682.82
C-H meta substitution 755.55 760.40
816.97 818.58
C-H mono substitution 920.40 920.40
c-0 1007.68 | 1010.91
C-N 107556 | 1073.94
o 112889 | 1120.81
117899 | 1178.99
1248.48 | 124525
© Ol s 127273 | 127434
C-H3 stretch 1342.22 | 1337.37
C-H bend 14101 1410.10
nitro 147475 | 1466.67
1507.07 | 1515.15
cec 1550.71 | 1547.47
158049 | 1589.49
1642.83 | 1637.98

C=N 169455 -
c=0 - 1752.73
2873.15 | 2890.04
orl Sl 2082.88 | 2970.22
O-H 341336 | 3413.36
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3. X-Ray diffraction

Fig.5 shows X-ray diffraction
patterns of powder and prepared
Rhodamine-B thin film using pulse
laser deposition technique (PLD). The

Vol.17, No.40, PP. 67-76

powder sample show polycrystalline of
tetragonal structure identical with
previous study [21], while thin film
sample has amorphous structure.
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Fig.5: XRD for Rhodamine-B powder and thin film.

4 -Scanning Electron Microscope
(SEM)

Fig.6 illustrates the SEM images for
Rhodamine-B, thin films prepared by
pulse laser deposition on glass
substrate in three magnification powers
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(x1k, x10k and x50k). The SEM
image for Rhodamine-B  shows
homogeneous distributed cauliflower-
like nanostructures attached with each
other. The sample surface has large
surface area.
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SEM MAG: 1.00kx |  Det: SE | | NanoLAB-MOST

SEM HV: 20.0 kV | Date(m/dly): 05/28/18 | 50 pm

SEM MAG: 10.0 kx | NanoLAB-MOST
SEM HV: 20.0 kV

SEM MAG: 50.0 kx | Det: SE | | NanoLAB-MOST

SEM HV: 20.0 kV fnategmfdfy): 05/28/18| 1 pm
Fig.6: SEM image for Rhodamine-B with different magnification powers.
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5 -Atomic Force Microscopy (AFM)
Fig.7 illustrates the AFM diagram

of the Rhodamine-B thin film and its

granulating distribution. The average

Vol.17, No.40, PP. 67-76

grain size was found to be 68.52 nm of
the deposited thin films and the RMS
surface roughness was 1.68 nm.

centage(%6)

Granulazity Cumulation Distribution Chant

Dismeter{nen

Fig.7: 3D AFM image and their granularity accumulation distribution for Rhodamine-B
thin films.

Conclusions

Rhodamine-B nanoparticles have
successfully been prepared using PLD
technique at different laser energies, a
small red shift of the absorption peak
with increasing laser energy from 600
to 900 mJ, film thickness and
crystalline size are Increasing with
increasing laser energy due to the
decreasing the strain in lattice and
reduce the bond energy. FTIR patterns
for thin film display a new peak
appeared at 175273  cm®
corresponding to C=0 band, while the
C=N peak disappeared, Thin film has a
homogeneous nanostructures
distribution cauliflower-like with a
large surface area, which can be used
in many applications.
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